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NOTICES

DISPOSITION

Destroy this report when it is no longer needed. Do not return it to
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CAVEAT

USACDC Institute of Systems Analysis (USACDCISA) was redesignaLed USACDC
Systems Analysis Group (USACDCSAG) by General Ordc, Number 184, effective
15 April 1971. Reference to the Institute of Systems Analysis (ISA)
throughout this report should be Systems Analysis Group (SAC).

DISCLAIMER

The findings in this reFort are not be be construed as an official
Department of the Army position, unless so designated by other autih.r/zed
documents.
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FOREWORD

This final report describes the work conducted by Cornell
Aeronautical Laboratory (CAL) for the Institute of Systems Analysis of the
United States Army Combat Developments Command under Amendment
P00004 to US Army Electronics Command Contract DAAB07-69-C-0069.
Earlier efforts under this contract, performed in response to technical
direction of the Systems Technical Area, Combat Surveillance, Target
Acquisition and Night Observation Laboratory ECOM,were concerned with
the definition of ST ANO* system concepts and the analytical evaluation
of system performance. The : sults of these efforts were reported in
System Integration and Tes)-in.j(U), Quarterly Progress Reports Nos.
1, 2, 3, 4, and 5, R&D Technical Report Nos. ECOM-C069-1, -2, -3,
-4, -5, April 1969, June 1969. October 1969, November 1969 and
May 1970. The technical efforts performed under the amended contracts
and reported herein were directed toward the synthesis of an assess-
ment methodology and the design and development of a computerized
simulation for use in generating information about the performance of STANO
systems. The digital computer simulation model will hereinafter be referred
to as the Phase I Systems Assessment Model (SAM I).

The results of this present technical effort are presented in
three volumes, as follows:

Vol I - Model Description (this volunme)
Vol II - Users' Manual
Vol III - Program Listings and Flow Diagrams

The Model Description (Vol I) includes a detailed discussion of
all major model components and is presented in non-machine-oriented language.
Program subroutines describing system components and parameters, environ-
mental aspects and the analysis of derived data are presented in terms of the
physical processes being simulated and the mathematical and logical processes
that have been employed. Detailed discussions are also given delineating
the methodologies and techniques employed for computer implementation of
the model. Overall rniodel structure.; prbgram fl-w and computer coi3trol
logic are provided in depth.

The Users' Manual (Vol II) presents the requisite data
required for exercising the model. In addition to providing operating and

STANO is the acronym for Surveillance, Target Acquisition, and Night
Observation.
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machine processing instructions it contains detailed instructions on the 1ormat
and preparation of planners' input. Also included are data on cisigner input
tables and block data incorporated in the model design.

Program Listings and Flow diagrams (Vol III) contains
listings and I'ow diagrams for all subprograms of the overall model. '1 hc
flow diagrams were processed through a proprietary AUTOFLOW proura!i
leased by CAL, from Applied Data Research, Inc. Unlike Volumes I and II,
this volume consists of unbound computer printout, two copies of which have
been submitted to USACDCISA.

9v
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ABSTRACT

This report was prepared by Cornell Aeronautical iaboratorY, I1c.,
for US Army Combat Developments Command, Systemis Analysis Grokip, tinder
Contract DAAB07-69-C-0069, A.naerdment P00002. This model was evtclopetl
to support the STANO Program.

Abstract: The STANO Phase I SAM is designed to sLmulate a brigadu or
smaller STANO System in a low-intensity cunflict. The model will
pcrmit the establishment and evaluation of numerous effectiveness
criteria for individual STANO sensors and subsystems. It will facili-
tate the formation of improved candidate STANO Systems, through
better understanding of shortcomings in nrganization, materiel and
c oncepts of employme-at. It has the capability of producing, informa-
tion permitting scientifically supportable evaluations and judguments

Sof interface requirements and trade-off options of STANO subsystenr.
The model can be used for parametric analysis, trade-off analysis,
and system performance sensitivity tests.

The two volumes of the report are as follows:

Volume I - MODrL DESCRIPTION
PART I

MODEL DESCRIPTION
PART II

Volume II - USERS' MANUAL

B.
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Section 1

SiSU10ARY

1 .1 GENERAL

The Phase I Systerrms Assessn.cric Model, described in detail
in the subsequent sections of this report, is designed to provide a cor.iprehen-
sive and realistic digital simulation of STANO systems in a real world
environment. The simulation utilizes operational type inputs concerning
men and equipment derived from postulated battlefield situations to exercise
the sensor performance routine and determines the outcomes of sensor versu.,
target encounters. These encounters are conducted under realistic conditions
with respect to sensor reliability, emplacement, terrain, foliage, wind,
temperature, rain, day, night, battle activities (artillery, vehicles, aircraft),
local cultural aspects (indigenous personnel, animals) to examine the total
system performance. Thus, SAM I simulates STANO systems within the
context of their operating environment and the variety of interactions which
exist between and among these elements.

1.2 MODEL OBJECTIVES

The general objectives pursued in developing the SAM Iwere
to provide by use of digital simulation a means of generating information
concerning STANO systems performance that would aid in:

a. evaluating candidate STANO systems

b. reducing the number of candidate systems to be tested

c. reducing number and type of field tests to be conducted

d. determining where improvement in system performance
is warranted

e. establishing system requirements.

Specifically, the objective was to design a computerized
mo..el to simulate the performance of a brigade STANO system in a low
intensity SEA environment. Significant features required to be incorporated
in the model design were as follows:

a. Capability to accept detailed inputs in terms of what
comprises the candidate system. Also be abl,. to
operate with less detailed data.

b. Permit economical expansion.

1-1



c. Muc1.c_ performance of STANO systems in terms of
range, resultition, system accuracy, sensor logic,

line of sight requirements, false alarms, -eliability,n
life expectancy and failure rates.

d. Model processing of STANO derived data insofar as
p ra ctic all e.

C. Reflect organizatior.al concepts and methods of
employment.

f. Model movement of men and equipment with some measure
of tactical realism.

g. Model sources of false alarms i-acidental to operation of *
combat forces as realistically as possible.

h. Provide model outputs suitable for use in quantitative
assessment of candidate STANO systems.

1. 3 BACKGROUND

The technical effort leading to the development of the Phase I
System Assessment Model described herein evolved from technical analyses
conducted by CAL's Project MASS* under the technical guidance and sponsor-
ship of the United States Army Electronics Command. The initial work
comprised analysis of a variety of problems associated with utilizing electronic
data collection devices in a battlefield environment. Results of these analyses
and particularly studies of remote unattended sensors, demonstrated the need
for a digital computer simulation capable of adequately evaluating the
performance of the various STANO sensor systems. The diversity
of potential system configurations and the number of parameters to
be considered under differing operational envrionments, as well as the
complexities of the interactions, made it all but impossible to assess system
capabilities without a computer supported simulation. Accordingly, during
the later phases cf the systems studies under ECOM auspices, emphasis
shifted to the broader problem of developing a computer model for simulatii.g
the performance of electronic sensor systems. The initial model activity
was reported in the fourth and fifth quarterly ri:ports, covering
the p.!riod July-December 1969.

MASS is an acronym for Mobile Army Surveillance System.

Refer to System Integration and Testing (U), Quarterly Progress Report
Nos. 1, 2, 3, 4, and 5, R&D Technical Report Nos. ECOM -0069-1, -2, -3,
-4, and -5, Cornell Aeronautical Laboratorý, Inc. April 1969, June 1969,
October 1969, November 1969, and May 1970 CONFIDENTIAL.
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While the model development was progressing undcr U. S.
tArmy Electronics Command monitorship, there was evolving at the samne
,time within the U.S. Army STANO project a requirement !or a STANO

Systems Assessment Model for use in various portions of that pro ect. The
U. S. Army istitute for Systems Analysis (ISA) of the Combat Developments

Command, after reviewing CAL's Mobile Army Surveill,•nce System (MASS)
model concept determined that this concept, when implemented, would most
closely satisfy the SrANO Systems Assessment Model requirements.
Accordingly the Electronics Command contract with CAL was modified
(Amendment P0002) to provide a new work statement and CDC/ISA assurned
t-rnnical direction of the contract.

1.4 OVERALL MODEL STRUCTURE

1.4. 1 The Simulation Problem

The multitude of physical processes and operational activities
embodied in the installation and operation of STANO systems require 3 the
comprenhensive simulation of numerous factors. This section presents a
broad overview of the mary significant factors which were considered in the
development of the SAM I. Imporcant features of military activities and
critical system parameters requisite to the realistic simulation of STANO
systems are delineated in order t, provide a situaticnal background for sub-
sequent detailed discussions ahout model components.

In developing the SAM I concepts it was assumed that lue
battlefield environment consists of a U. S. Army brigade area of operations
in a low intensity SEA environment. Friendly and enemy units are assumed
to be based in and move about the area of operations in the process of
meeting assigned military objectives. A 30 km x 30 km area of operations
was selected as sufficient to adequately circumscribe the brigade's activities.
Within this area, friendly forces are assumed to carry out various inilitary
functions including the inst-,lation and operation of a variety of S'l ANG
systems to m.Jnitor or detect enemy activities. These military activities
also include the establishment of base camps and fire bases requiring
defensive surveillance activities, and reconnaissance sweeps using a't typt-,
of sensors. Both manned and unmanned ground based sensors and manned
airborne sensors are assumed to be employed by all echelons in acc,)rdanct,
with the appropriate employment doctrines and the avoilability of ecqtiptnen'
Artillery ambushes or fire traps are assumed established to provide target
information for artillary fire missions. Friendly and enemy forces, il( lttdint.
men and vehicles are assumed to move throughout the area. N,-couatats

* are also assumed to be prts .nt in the area of operations.

Since the basic objectives in the design ot 5AM I Ias W ,)
provide a simulation model for assessing the performance of S IANO .vsti.is
it was necessary to consider not only the rensor system technical Parametcrs
and the potentical targets (friendly and enemy men and vt-l icles) hut als')
the environnientatl factors that degrade system pt-rformance.
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Line-of- sight considerations significantly affect the performance
of both data links and many specific sensor types. Accordingly, terrain and
foliage features must be simulated. Atmospheric environment also has con-
siderable impact in sensor performanceltherefore such factors as wind,
rai-, cloud ccver, fog, daylight, moonlight, and temperature must be
accounted fo'-.

The performance of imaging type sensors is lensitive to
ambient light conditionu ; therefore, the presence of outside sources of
illumination must be included in the simulation. In addition, seismic and
acoustic sensors are affected by battlefield activities such as artillery
firing, mines, vehicles and aircraft;hence these events must be included
to provide simulated "reai life" conditions. Analogous to the battlefield
activities are the sensor responses occasioned by the presence in the area
of operations of non-combatants and their associated acdvities such as
personnel and vehicular movements, aircraft, and domestic animals.

Seismic, accoustic and other type of sensors are also subject
to fals, ilarrns caused by natural phenomena such as lightening, thunder,
earthquakes as well as intern~il electronic circuit noise and means
must be provided to account 'or the effects of these phenomena.

The many sensors available for employment in the brigade
STANO syst,:n also permit the use of alternative emplacement means,
resulting in the introduction of different values of sensor location errors
and in varianices in the commanders' knowledge of the actual location. Hence,
for ourposes of assessing sensor performance (i.e. actual target detection
opportunities versus potential opportunities) the true sensor location as well
as the desired or commanders' location estimates must be determined.

Equipment reliabziitj, maintenance dovn periods and battery
life fo- battery-power equipment materially affect the performance of STANO
syster-iz: a ,d each of these .factors must be incorporated to achieve a
useful sin,.*iati,', model.

La stly, in the Final analvsis the worth of any STANO
systemn must be assessed in terms of the intelligence that can be derived
from the sensor detection or non-detection reports. Accordingly, simula-
tion of the processing of the sensor responses in ternis of the nature of the
targets, their locations, direction and rates of movements and the assess-
ment of whether the responses are true targets or false alarms must be
made. Finally, the transmiss:on of the processed data to appropriate
ccmmand '.evel5 completes the STANO system simulation and ensures a
complete and practical systems assessment model.

1.4.2 Model Features

"The SAM I described in this report is a large scale digital
simulation model that I,-c,)rporates a number of features designed to provide
wide model utility and to provide a widc range of options to the model user.
While primarily structured around the svnsor systems the simulation includes
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submodels of the terrain and foliage; atmospheric, battle field and cultural
environments; communication flow processes and the interaction of all these
elements. This results in a large number of factors being modelled. Specific
features incorporated into the model design that materially enhance the
model usefulness are tabulated below:

(1) Selected levels of simulation are available in many
"portions of the model. Thus the planner may input
quite specific weather conditions or use the model's
capability to generate a complete represeatative weather
profile for the scenario area and duration of game.
Sir.,i1arly, sensor line-of-sight checks, where appropriate,
c ,n be bypassed or included. Most other factors con-
sidered can be similarly controlled by planner control
of acenario inputs.

(2) The model has been designed for ease of economical
expansion in the future. A modular concept is employed
such that the model is operated in a series of sequential
but not continuous computer time operations. This
permits model expansion caFability in terms of required
computer storage while limiting computer running time
for any particular job step to reasonable quantities.
Data sets are constructed to permit easy expansion to
laiger quantities if computer storage is available.
Additional sensor system types can be added with
minimum difficulty.

(3) Since the model is designed at present to accept problems
at the Brigade level, with a nominial capacity of 100 enemy
targets and 400 sensors plus supporting equipments,
planner inputs can be sizable. On the other hand,
wherever possible, internal data sets called Model Designer
Inputs are provided to assist in reducing the planner's
problems where practicable.

(4) By the use of auxiliary output programs, the planner may
select the level of information output desired. That is,
if sensor detection performance is all that is required, the
user can stop at that level of model design output. If
sensor report analysis is desired, this may be further
investigated by using the auxiliary output information
processing programs.

(5) Related to (2) above, computer running time was recognized
early as becoming sizable if not carefully controlled. The
basic approach to minimiring running time was to design
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model steps of prerequisite functions so that the
functions must be satisfied before the next step is
called, and before calling the most complicated and
time consuming operations, such as exercising the
sensor performance detection subroutines.

(6) A final feature of the model which assists in parametric
analysis is the retention of the outcome of the many
decisions made during a game. Thus the planner may
select one (or a few) factors for parametric analysis
and arrange that the decision outcomes for other factors
be retained fixed for repeated runs. This allows for
the feature under investigation to be incremented over a
range of interest without the confusion of varying other
factors.

1.4.3 Model Overall Design

The Phase I Systems Assessment Model is a time-stepped
simulation. That is, the model first accepts planner inputs and prepares
all necessary data holding time at t = 0. The model then proceeds to generate
a series of events associated with the sensor systems, potential target
detections, false alarms, etc. 'These events are then played in sequence
through the sensor systems with the outcomes becoming the primary output.
The simulation is very detailed in many of the effects considered and because
of its resultant size and complexity has been divided into a series of submodels.
The overall structure of these submodels in relation to the total Phase I SAM
is shown in Figure L4-1.

As can be seen from Figure 1.4-1, inputs to the model come
from digitized topological and terrain data tapes which are then "thinned"
and used as inputs to the PRERUN program and as additional inputs to the
Radar Contour submodel and the Data Link submodel. Atmospheric conditions
are also entered as needed and the game planner inputs all other desired
scenario conditions. PRERUN and the Main Simulation Model (MSM) are the major
operating programs which provide the basic output for further analytical
processing. The main de3ign goal was to provide the user with complete
flexibility in selecting and specifying inputs and in exercising post-MSM
processing or in choosing any combination of the many model options.

Nine separate submodels make up the total model as follows:

Auxiliary Input Prograýns

Atmospheri,:

Make Sparse Terrain '

Radar Contour Plots

RFk Data Link Analysis
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Primary Program

PREHUN

Main Simulation (MSM)

Information Processing Programs

Unattended Sensor Analysis

Attended Sensor Analysis

Tactical Communications

The following summarized description of each submodel
provides an understanding of how the overall model operates to achieve the
previously cited task objectives.

As an initial auxiliary input step, the Atmospheric model is
designed to generate the atmospheric environment present in the scenario
area for the duration of the game time. Its output is used by both the PRERUN
and MSM and consists of some 18 subroutines. Using optional levels of
planner inputs, this program generates 16 meteorological values necessary
for us- in later parts of the simulation. These values are produced and
stored as tables. (The values change with time and as significant changes
occur in the parameters.) As currently supplied, the model is capable of
supplying the atmospheric environment in South Vietnam for any game up to
six weeks duration based on actual weather statistics supplied by the U. S.
Air Force Environmental Technical Applications Centeir, Washington, D.C.
Tihis model is discussed iLa detail in Section 5. 2 of this Volume.

The Make Sparse Terrain Tape model is used as an auxiliary

input submodel to produce a digital terrain tape of up to a 30 x 30 km scenario
area based on ISA modified digital topographic tapes supplied by the U. S. Army
Topographic Conmmand. Twu subroutines make up this submodel and its
output (data points on tape spaced approximately 100m apart) is used as an
input to PRERUN and the other two auxiliary input models, Radar Contour Plot
and RF Data Link Analysis. A closely related program of the model provides

for the development of input unit terrain descriptor tables and an input
terrain index/x, y coordinate table which specifies a terrain type ior each
500 sqaare meters of the scenario area. These terrain indices and tle*r
associated nineteen terrain feature parameters of interest (foliage, scil
tvne. etc.) are used as required inputs for both primary models (PRERUN
and MSM) and in tne RF Data Link Analysis and Radar Contour plot submodels.

These terrain feature tables are not computer generated but are planner
prepared based on a grid overlay of scenario area. Both the terrain tape A

submodel and terrain parameter development process are discussed in more
detail in Section 5.3 of this Volume.
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The Radar Contour Plot model is an auxiliary input submodel,

"which can be used to check coverage of selected radars on the scenario. The

20 subroutines making up this program provide plotted contours of radar

coverage, taking into account foliage and terrain masking in the area surround-

ing the radar site. This submodel is discussod in more detail in Section 6.2

of this Volume. The use of this submodel is optional.

The RF Data Link Analysis is similarly an ontional auxiliary
input model, operated independently of the main simulation flow. Using planner
inputs on sensor transceivers, monitors, and relay locations and equipment
characteristics together with computed terrain and foliage path data, this
model computes the prospective transmission losses of each link and the
likelihood of communication success. This model's 22 subroutines operate in
two steps--first extracting the terrain and foliage data for the RF path between
terminals and then computing RF losses anticipated over the path. It is
designed as an aid in checking RF data link communicaticais efficiency. This
submodel is discussed in detail in Section 6.3 of this Volume.

Referring to Fig . 1.4-1 again, the next step in -iodel processingI involves the use of atmospheric model outputs, the digital terrain tape, and
other planner inputs to carry out the series of job steps, titled PRERUN. The
PRERUN portion of the model was designed as a means of reducing overall
computer storage requirements and for conserving continuous computer
running time. By processing all the interactions that are not required to be
run in actual game time sequence, it was possible to derive an ordered set
of significant events which could then be processed in the Main Simulation.
This processing was further broken down into a series of !3 sequential
job steps covering the functions shown in Tah 1.4-I. Some 96 subroutines

and 20 internal data sets are included in PRERUN. This job step
breakdown has alleviated the need for large blocks of storage and allows

S~the program to be run without requiring a large single block of computer time.

The steps have been so designed that further sub-division is easily done if it
is desired to reduce the storage requirements and/or to process a much larger
scenario than the original design specified. Thus, although this version was

run on an IBM 360/65, it is easily adaptable to other machines.

Table 1.4-1

PRER'JN JOB STEPS

Step Description

0 Sets game variables - Reads and converts planner input.

1 Computes up/down times of monitors, firetraps, relays,

data links and unattended ground sensor arrays.

2 Computes up/down LJ',,e: of sensors in unattended ground

sensor arrays and stationary scanning arrays.
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Table 1.4-I(Cont.)

PRERUN JOB STEPS

Step De c ription

3 Computes ground truth positions for sensors in unattended
ground sensor arrays and stationary scanning arrays.

4 Computes ground truth positions and up/down times for
moving sensor arrays.

5 Prepares system parameter data set for use by MSM.

6 Plays Battle and Culture activity.

7 Computes false alarms and sensor parameter changes.

8 Generates targets from BLUE-RED forces - Plays
earliest/latest possible detectior times fo:, sensor-target
combinations.

9 Line of Sight checks.

i0 Creates MSM sensor interrogation events (Type 1) -

Adds false target information where required.

11 Merges all MSM events generated by PRERUN,

12 Blocks MSM events (900 or fewer words/block).

The primary PRERUN output is a time-sequenced listing of
events which are processed in the Main Simulation (MSM). These events
comprise 10 types requiring MSM processine ilus an END event. These
ten types are shown in Table 1.4-11. Also, output from PRERUN provide
various sensor and background parameters necessary for later sensor
detection processing.

Table 1.4-11

LIST OF EVENT TYPES

Event From PRERUN
Type Code Event Descriptive Name Step No.

I Sensor Interrogate (against Target(s)) 10

2 Sensor False Alarm 7

3 Sensor Parameter Change 7

4 Sensor Up/Down Status Control 2,4

5 Monitor Up/Down Status Control 1

) Data Link Up/Down Status Control

7 Firetrap Up/Down Status Control 1
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Table 1.4-11

LIST OF EVENT TYPES

Event Fronm PRI:R T,
Type Code Event Descriptive Name Step No.

8 Arrays: Ernpla, e/Cease Operations 1,4

9 Battlefield jilunmination 6

10 Sensor Reposition (coordinate change if 3
reemplacemerl. occurs)

99 END (terminate MSM processing; no 3
more event data)

PRERUN processing details are presented in Section 2. 1
of this Volume; the sensor background subroutines used in Step 7 are discussed
in Section 3. 2; the interaction subroutines involving emplacement and
reliability, ground truth position, sensor/target interaction, false alarms,
and line of sight are discussed in Section 4. Cultural and battlefield effects
are discussed in Section 5. 4.

The next step in the model structure involves the use of
PRERUN output event schedules to drive - single job step the Main Simulation
Model (MSM). The sequence of these events dictates the dynamic execution
within the MSM. Additional inputs are required involving time, terrain,
equipment parameters, atmospheric conditions, and other miscellaneous clata.

The MSM is a complex of 75 subroutines tli.:t ;inmlate the
actual sensor equipment performance and also pro,,ide for necessary proceslinu,
control, input and output processing and other auxiliary computation,,. The-s
75 MSM subroutines fall into 10 general categories as shown in Tablc 1.4-1I1.

Table 1.4-III

MSM SBT13 ROi' E\NE.S

: No.
Categ or Progranms

Block Data I

Executive Routines, Level 1 3

Kxcýcutive Routines, Level 2

Executive Routines, Level 3 8

Sensor Subroutines 1 I

Output & Output-Related 9
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Table 1.4-111

NISM SUBROUTINES

No.

Category Programs

Input Auxiliaries 3

System Utility Routines 9

Storage Access Utilities 6

Geometry & Other Auxiliary 17

Total 75

Included in the MSM are nine generic sensor type performance
models as follows:

"o Seismic o Passive Infrared

o Acoustic o Radar

"o Magnetic o imaging devices

"o ARF BUOY o Thermal devices

o Breakwire

The MSM output, in the form of . n "immediate" printed output and a data set
stored on tape or disc, conisists of the time histories of the various sensor
detection results together with amplifying data on target identity, game play
and game truth. In addition at thC- end of a game certain summarized informa-
tion is printed. i'he MSM processing is discussed in Section 2.2 of this
Volume and the nine Sensor Subroutines themselves in Section 3. 3.

Three further information processing submodels are included
in the overall model structure. These submodels are in the category of
output processing--that is, they a-e intended for use in deriving further
information from the sensor detection decisions output by the MSM. They
are not, at this time, designee to be directly linked to the MSM output, which
means thc, inputs to these mudels require manual preparation using the MSM

output data.
The Unattenaed Sensor Analysis submodel has been designed

for the purpose of processing and analyzing activation signals (including false
alarms) received at a remote monitor(s) from various types and combinatiuns
of unattended sensors/sensor arrays and providing target reports in terms of
timeliness, accuracy and content. This suhbnodel consists of 22 subroutines
which presently analyze inputs that consist of manually prepared activation
events received over ciata links frtom the various unattended sensors and arrays
of sensors. These sýtbrtutines perform a series of evaiuations of the sensor
activation data in deve Iuping' .% triety of inforniation for inc Iu-ion in target
reports. "fhcsc rc'l),r.r nan .ncluie target presence, type, speid, direction
of moven'ent. n..t>, ,u:ibcr of elements, estimated times of a-rival at
future positio:i.•, tino:s of oýurr.nt e of various events and targe!t locat~ons
as a mia xit11u i d.p,-ndlin : on inis-i(n objcctives and sensor array c o fig-ura -
tions utili.'ed. 'I 'jiiiwtl i disiussed in detail in Section 6.4 of ;Iois report.
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The Attended Sensor Analysis submodel is designed to
transform target detection signals f-oom manned type sensors (radar, image
devices) which are the output of the attended sensor performance subroutines
in the MSM into the type of target information which an operator would derive.
For a radar, for example, this submodel will yield target range and bearing
based on MSM detection decisions and sensor game play locations. This
model has been designed with exemplary linkages to the MSM output tape in
order to demonstrate how this can be accomplished in future model expansion.
This submodel is discussed in detail in Section 6. 5.

The Tactical Communications submodel is designed to
simulate the processing of STANO system derived target information
messages between various command levels of the brigade. It consists of
12 subroutines and is designed around timne delay considerations in such
message communications. It is designed as an auxiliary model which also
requires manually prepared input based on MSM output. Four communications
nets, four levels vf command, and interaction with non-STANO traffic are
included in the programs design. Total delay from operator target recognition
to message delivery is the output for each message introduced in the programs.
This submodel requires manual preparation of input message parameters and
is discussed in Section 6.6.

1.5 APPLICATION OF THE PHASE I SYSTEM ASSSSMENT
MODEL

The preceding paragraphs have delineated the situational
problem simnulated ir SAM I. Also, the model features have been discussed
and the overall model structure in terms of the major submodels has been
described. It seems appropriate now to discuss briefly some of the more
significant applications of the Systems Assessment Model. Experience in
using the model will undoubtly aid in the discovery of important applications
other than those included herein, however, the uses discussed below will
serve to indicate the potential worth of applying the SAM Ito U.S. Army
problems.

The acceptance of detailed input data and the modular features
of the model provide the necessary flexibility required for application of
SAM I to a broad spectrum of problems ranging from single-sensor simula-
tions tc, complete large scale brigade STANO system operations. Specific
applications are outlined below.

a. SINGLE-SENSOR PARAMETRIC/SENSITIVITY ANALYSES

Purpose

Evaluation of changes in sensor performance, versus controlled
changes in:

(1) sensor parameters (including hypothetical changes not
necessarily available in current hardware)

1 -1



(2) target types and target-sensor geometries

(3) environmental factors (meteorological, terrain,
and noise-producing background)

Characteristics of Program Operation

Single sensor evaluations

Low storage requirements

Fi st computation

Explicit planner control of game (e.g., no red 'is.
blue strategy; parameter variations controlled,
not stochastic)

Critique

Very simple application of SAM I model

Absolute performance values of less importance
than relative changes caused by controlled
perturbatioes

In the early post-development period, the sensitivity
meas,-ri-s (and, to a limited extent, the absolute
performance values) are important in:

(a) providing limited-scope data that can be compared
against field data, for validation of program,
and/or

(b) indicating what parameters are critical, so that
the problem of verifying simulation accuracy, or
of obtaining better numerical data (by field test,
for ex;,mple) can be split into "critical" vs.
"noncritical" categories.

b. SINGLE-ARRAY PARAMETRIC/SENSITIVITY ANALYSES

Purpose

Evaluation, of relative effects on array performance versus
controlled changes in:

(1) target types and target locations relative to array

(2) environmental factors (irieteorologi .al, terrain, and
noise -producing bac kivround)

(3) lokat geoinetries of sonsor ernplacenmcnts vithin the
a r ray
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(4) mixes of different generic types of scnsors within
the array

(5) reporting and decision 'ogic involved in multiple-
sensor-array data interpretation

Characteristics of Program Operation

Single arrays (with variable number of sensors,
possibly of mixed types)

Low storage requirements

Fast computation

Explicit planner ccrtrol of game (e.g., no red vs.
blue strategy; parameter and logic variations
controlled, not stochastic)

Critique

Simple application of SAM I Phase I model, but
moderate amount of pre-plarining required.

Application to an entire level of complexity
higher than the single-sensor simulations.

Results, however, are more useful in evaluating
the doctrine of sensor use (at a local level) than
in evaluating individual sensors, so this applica-
tion does not replace the single-sensor simulations
in terms of value.

c. LARGE-SCALE SYSTEMS OVER LARGE AREAS,
LONG TIMES

Purpose

Bona fide use of the SAM I to answer basic military qusti(,ns
on sensor system deployments, operations, etc.

Two basic problems connected with bona fide largc-scale
simulations hinge on:

(1) Problem definition: exactly what useful answe' rs areI " expected from the simulation runs?

(2) Experimental design: exactly hoA% is the prokrani
to be controlled over a se l,,ence cu run_,, so that
statistically valid conclusions cain be dramtn %%ithin
reasonable computer running timei
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Characteristics of Program Operation

Requires exercise of complete model

Maximum storage requirements

Planne.- data inputs ýarge

Parameter and logic variations stochastic

Provides data applicable to assessing
large-scale system performance

Allows alternative levels of activity to be

evaluated.

Critique

The stochastic elements of the game, including
the implied independent red-vs-blue strategy
in target and sensor layolts, imply that
"experimental 'esign" carries most of its
formal statistical meaning. Thus the collfkctive
"user" needs statistical/analytical support
as well as military judgment.

The use of a portion ,f a 'previous" run as a
partial basis for a "new' run requires careful
attentior. o the control of the numerous random
generators internal to the prcgzr.m.

d. OTHER USES OF THE MODEL ARE:

(1) Support of field tests by employing the SAM I to:

(a) Screen ca didate systems to be tested

(b) Assess the effect of small changes in a
candidate system shown from field test
to be better than oths.:r candidate systems.
The type of "what if' questions that could
be further explored without addiLional
field test might be as follows:

o What if environmental conditions
(weather, time of day, etc. ) had
been ditierent:

o What it failure rate of equipment
had b,'en different?

o What if srsor location errors are
dif'ferent V
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(c) Screening organizational and operational concepts
to be tested

(2) Support for development of new items of STANO
equipment by assessing e'fiect of envircnment on
conceptual hardware designs.

(3) Support of Engineering Test by screening items

to be tested.

1.6 CONCLUSRJA

The Phase I Systems Assessment Model as now developed
is a large and complex simulation. To give some pe.:spective to its present
size, the dimensions of the basic planner input data sets are shown in
Table 1.6-1. It totals among its nine subrrodels approximately 240 sub-
routines and the total program involves some 40, 000 FORTRAN statements.
As currently implemented in terms of designer inputs, terrain, environment
and other aspects, it is applicabie to low-intensity Southeast Asia conflicts
involving a U.S. brigade sizc operation. There are, however, no known
limitations to its being expanded to larger size operationr3, higher conflict
situations, or different areas of conflict. Nine major generic sensor types
have been modeled and additional ones can be easily added as required.

In addition to its capability of simulating rather large
scale (brigade size) STANO systems, it also provides efficient simulation
for smaller scale problems - for example, sensitivity analyses - that may
have nearly equal near term imortance. A large number of system features
are treated in detail, yet the program is not self-limiting; flexibility is
maintained for additions, deletions, or changes that would naturally be
indicated as the base of available data, the development of new system hard-
ware or operational End organizational concepts, and the experiences with
the initial version of the model - all change with time.

0,
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Table 1.6-1

PLANNER INPUT DATA SET DIMENSIONS

Data Set Dimension

Unattended Ground Sensor Arrays 200 V

Position Error Parameter Set 50

Sensors 400

Sensor Description Parameter Set 100

Firetrap Kill Point Systems 50

Monitors 100

Monitor Parameter Set 10

Relays 50

Relay Reliability Parameter Set 10

Data Links 500

Receiver!Transmitter Paramete'r Set 10

Path Data 275

Force Type Parameter Set 100

Coverage Scan Parameter Set 150

Navigation Systems (4 types) 4 (each type)

Stationary Scanning Arrays 300

Moving Arrays 200

Blue Forces (Potential False Targets) 300

Red Forces (Targets) 100

Notes: Total sensors is 400, which is less than the sum of
the (maximum) dimensions for each sensor type array.

2. The Blue Force includes moving arrays; thus, if
200 moving arrays are input, an additional 100 Blue
Forces (non-sensors) maximum is allowed.
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Section 2

MODEL PROCESSING

PRERUN

2. 1.1 Introduction

PRERUN is the first of the two primary and major Phase I
System Assessment Model sections. Its purpose is to simulate all the

k V" activities associated with the scenario and STANO system operation up
to the point of sensor detection simulation. The basic purpose of PRERUN
is thus to produce an ordered sequence of events for MSM processing
through the various generic sensor type performance models. As such,
PRERUN includes all the reliability subroutines; ground truth positions
are computed and the space-time intersections of targets and sensors are
computed. Line-of-sight is treated where necessary. The Culture and
Battle programs are called to produce background effects, false targets,
and illumination-type events. False alarms and sensor parameters which
are functions of environmental conditions are computed. An attempt has
been made to include as much preprocessing as possible in order to pass
only significant events to the Main Simulation Model (MSM).

The primary input to PRERUN is the Planner Scenaric, Data.
Other inputs include the Atmospheric Data generated by the Atmospheric
submodel, the Digital Terrain Data (from MAKTAP Program) and terrain
description data (subroutine TERAN). These are discussed further in Section
2.1.2.

As noted above, the primary output is a time-ordered
sequence of events for processing in the MSM. Ten types of events are
provided as shown in Table 2. 1-1. These events are generated in PRERUN
as the result of simulating activities in the scenario area leading up to
sensor detection simulation. Based on planner inputs, sensors in arrays,
data links, relays, and monitors are emplaced and up/down times computed.
Emplacement errors are computed and ground truth positions established.
Targets (from both red and blue forces) are moved through scenario areaI as dictated by planner and times of possible detection by those sensors
which are operational are computed. Battlefield and cultural environment
events and background effects are assessed and false alarms and sensor
parameter changes computed. Sensor line of sight is checked where
appropriate. The PRERUN thus serves to simulate all the movements
and activities on the scenario area that may influence sensor performance.
All such activities are scheduled by time and type for playing in the NISM.

PRERUN has been subdivided into 13 job steps, containing
96 subprograms and 20 internal data sets. The steps are shown in Table 2.1-11.
This has alleviated the need for large blocks of storage an3 allows the
program to be run without requiring a largL single block of computer time.
The steps have been so designed that further subdivision is uasily done if
it is desired to reduce the storage requirements and/or process a much larger
scenario than the original design specified. Thus, although this version
was run on an IB 360/65, it is adaptable to other machines. The use of
USASI FORTRAN throughout frees PRERUN of any machine dependence.
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Table 2.1-I

LIST OF EVENT TYPES

EVENT
TYPE CODE EVENT DESCRIPTIVE NAME

1. Sensor Interrogate (against target(s))

2. Sensor False Alarm

3. Sensor Parameter Change

4. Sensor Up/Down Status Control

5. Monitor Up/Down Status Control

6. Data Link Up/Down Status Control

7. Firetrap Up/Down Status Control

S. Arrays: Emplace/Ceasa Operations

9. Battlefield Illumination

10. Sensor Reposition (coordinate change if
reempla ement occurs)

99. END (terminate MSM processing; no more
event data)
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Table 2.1-I1

PRERUN STEP DEFINITIONS

MSM EVENT
STEP DESCRIPTION CREATED( 0 Sets Game Variables - Reads and Converts Planner Input

1 Computes Up/Down Times of Monitors, Firetraps, Relays, 5,6.7 & 8
Data Links and PGS Arrays

2 Computes Up/Down Times of Sensors in UGS Arrays and 4
STASCAN Arrays

3 Computes Ground Truth Positions for UGS Arrays and 10
STASCAN Arrays

4 Computes Ground Truth Positions and Up/Down Times for 4,8
MOV Arrays

5 Prepares System Parameter Data Set for use by MSM

6 Plays Battle and Culture 9

7 Computes False Alarms and Sensor Parameter Changes 2,3

8 Generates Targets from Blue-Red Forces - Plays ELPDT
(Sensor-Target Detections)

9 Line-of-Sight

"10 Creates MSM Event 1 - Adds False Target Information
Where Required

11 Merges all MSM Events (,enerat '-d b) UN

12 Blocks MSM Events (900 or Fewer Words/Block)
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The relation of 13RERUN to remainder of SAM is shown
in igur, i .. I -1. The following paragraph will discuss its operation in
mPlI det,)il. Sincev what it accomplishes is best understood in terms of
its inputs and outpu-s, the.se are covered first in Sections 2 1.2 and 2. 1.3.
I'ololo.ving this the internal PRERUN structure is discussed together with
several importirit featntrL!s (Section 2. 1.4). Following this, the descriptive
comments of each subroutineŽ are presented (Section 2. 1. 5) and, finally,
the PRERUN coiornuon are as are presented ( &,etion 2. 1.6) since these
govern the size of the ii odel.

2. 1.2 Input Data

Three input data sets are required for PRERUN as follows:

(a) Planner Input Scenario (data on cards via SYSIN).

(b) Time parameters (BASIC'r) and Atmospheric
data tables (ATMON) (disu rIle; MASSDAT;
prepared by Atmospheric modet prior to PRERUN
"execution).

(c) Digital Terrain*:: (tape file; JPOUT; prepared
bv MAKTAP prior to PRERUN execution),

The planner prepared scenario data is entered into the
program by a card deck that includes an initial block of 18 header cards
followed by cards, corresponding to 29 majar data sets. The card deck
is ilhstrated in Fipure 2. 1-2 and the data sets are listed in Table 2. 1-Il1,
Suggested formats of the heade.r cards and a detailed description of the data
sets and their preparation is contained in Volume II (Section 6 and
Appendix F).

2.1.3 Output Data

PRERUN generates two outputs, both of which become
the primiary inputs to the MSM. These twvo outputs are:

(a) Systern Parameters (edited for MSM use;
disc file; JTFWDF).

(b) Events (disc file; EVENT 1).

The system parameters are the sensor system parameters

as received froin planner input and prepared or modified in PRERUN.
These svste~ni pararriters are j)rep, Lred for the rSM in PRERUN Step 5

Nut recq .ired it ci,,: line,-,f--sight rmitine is used.
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Table 2.1-Ill

PLANNER INPUT DATA SETS FOR PRERUN
(SCENARIO SPECIFICATIONS)

DATA SET NAME

0 Header Cards

SI Arrayugs

II Position Error Parameter Set

III Sensors

Sensor Descriptor Parameter Set

V Firetrap Kill Point System

VI Monitors

VII Monitor Parameter Set

VIII Relays

IX Relay Reliability Parameter Set

X Data Links

XI Receiver/Transmitter Parameter Set

X1I Path Data

XIII Force Type Parameter Set

XIV Coverage/Scan Parameter

XV Navigation System (HYPERBOLIC)

XVI Navigation System (RHO-THETA)

XVII Navigation System (DOPPLER)

XVIII Navigation System (Normally Distributed Errors)

XiX STASCAN Arrays

XX MOV Arrays

XXI Blue Forces

XXII Red Forces

XXIII Battle PIEVT Table (Planner Events)

XXIV Battle RSFVT Table (Random Events)

XXV Batt!e XCLUA Table (Exclusion Area)

XXVI Battle FSPTB Table (Fire Support Base)

XXVII Culture PCET Table

XXVIII Culture RCEVT Table

XXlX Culture SNFDX-Y
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using a coliverted data s:,t of planner input (DATAIN) and the ground truth
positi,,n t.•L, L-s )f th', .. ;C:lsors which in turn are generated in earlier

PRERUN steps. I'he pararieter.3 transferred to MSM include only those
use(d in the MSM and thos are subsets of the original planner inputs.
Spc i fik nLMcric 1at ., of data may also be different from orininal

Planner values ctic to unit conversion and "game truth" changes. MSM
uses only "game truth" "alues for coordinates and for operational times

of :cnsor :;yst(,"nm cl.ýc:-c'nts. These "game truth" valuers are derived in

PRERUN. The system parameter output data to MSM is contained in a
data set labeled JI'FWDF and the categories of information are shown

in Tabie 2. 1-iV%. Appendix C contains additional information.

The other PRERUN output, the EVENTS provide the

dynamic linkage between PRER9UN and MSM, and the entire concept of

being able to have a PRERUN submodel is based on being able to establish

such an event schedule. By following such an event schedule and only

calling the sensor models into the simulation as required, computer
running time and storage needs are minimized. PRERUN computes

10 types of events as previously shown in Table 2. 1-I and merges them

into a time-ordered sequence. These are placed on a disc file in groups

not exceeding 900 words for use by the MSM (again for computer storage

requirements considerations). Each event has an associated sublist

of words '.!t:> the structure designed for model growth in two respe~. os:

(a) Although only 10 event t~pes are provided
in this initial model, no restriction on
nuILM r of types exists in ba 'ic format.

(b) Lists for each event are not restricted
to a fixed length.

Referring again to Table 2. 1-I, the type I events a.e the primary items

of interest. It is these events which call a sensor into action against a

potential target. The creation of the type I events :ccurs in PRERUN

Step 10 based on Steps 8 and 9 results. In Step 8, all sensors are played

against all targets for "geometrical detection" through ELPDT subroutine.

That is, each target which is in the geometrical area of contact by a

sensor is computed. In Step 9, the "geometrical detection" of Step 8 is

n,.hekcrd for line-of-sight if the sensor is line-of-sight sensitive.

The type I events thus cover ttlic~ times when a target is within the

potential detection area or range of a sensor. It sh)uld be noted that

false targets will also generate type I events based on targets or events

output from th. battle and cutlture environment in St,.-p 6.

C'y pe 2 .-vents (false alarnis) are created in PRERUNN

Step 7 uSii'g p1tanIler, atnlos.pheric, battle, and cultu, ral data. Type 3

events (senz.-,,r aparaireter changes) art, also cormputed in this PRERUN

step due to at i',,pheri, varatitn.i and ba,:kground noise levels comLputed

f'ru~ni battle .1nd Lult .tt al s,, ~tlnrttt ir .



Table 2.1-IV

DATA CATEGORIES WITHIN PRERUN OUTPUT, JTFWbF

ANALOGOUS
TITLE PLANNER SET

UGSARRAYS I

STASCAN ARRAYS XIX

NMV ARRAYS XX

BLUE FORCES XXI

RED FORCES XXII

SENSORS III

SENSOR DESCRIPTOR PARAMETERS IV

FIRETRAPS V

MONITORS VI

DATA LINKS Xr

PATH DATA xli

FORCE TYPE PARAME'IERS XIII

COVERAGE/SCAN PARA.METERS XIV

2.
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Types 4, 5, 6 and 7 events are up/down status controls
associated with sensors, monitors, data links, and firetraps respectivo-ly.
while type 8 is the emplace/cease operation flags on sensor arrays.
These events come from the PRERUN Steps L, 2, or 4 where up/down
times of each item is computed.

Type event 9 (battlefield illumination) is derived in
PRERUN Step 6 based on battlefield illumination event inputs and type
event 10 %sensor reposition) occurs based on planner input in PAERUN
Step 3.

Complete details regarding the Event 1 output are included

in Appendix A.

2.1.4 PRERUN Structure

2.1.4.1 Job Steps

As noted earlier, the PRERUN has been divided in 13 job
steps (numbered 0- 12 as shown in Figure 2. 1-3) and is comprised of
96 subroutines. Table 2. 1-I1 defined the steps and related them to the
output events for MSM. These job steps must be run in the order shown
although iai separate units of computer time if desired. Use of this
technique has significantly reduced the amount of computer storage
required.

The 96 subroutines may be divided into five classes as
shown in Table 2. 1-V as:

1. There are 14 executive subroutines. These
are the main programs which control each
job step. Note that Step 9 has two main
programs. MAINLS controls the main line-of-
sight routine which computes time line-of-sight
using subroutine LOS, MICTER, ISRAN,
BRKLOS, and FOLAGE. PREMNC controls
a call to a dummy line-of-sight routine LSGT
which i5 used when it is not desired to play
true line of sight.

2. There are 15 sub-executive subroutines. These
ro~utines locate the planner input data appropriate
for the job step and call the model routines.

'I

3. There are 24 model subroutines. These are
the main computing routines of prerun
which compute up/down times, ground truth
positions, target, sensor locationE early/late
detection times, line-of-sight, etc.

2-10
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4. There are 31 special purpose subroutines.
Most of these are short subroutines which
perform special computations such as GREC,
SECT, and SIRC which are geometry sub-
routines used by ELPDT to calculate sensor-
target interaction or perform special tasks
such as VALID which determines valid
sensor-target combinations as specified
by designer table.

5. There are 12 utility subroutines used by many
of the programs to locate parameter, order
data sets, merge events transfer data, and
generate random numbers.

2. 1.4.2 Common Features

PRERUN has several common features which are important
to model design and processing. These include the following:

1. Compressed storage is used whenever possible
to eliminate the need of assigning unused
storage space. The primary compressed
data sets are:

a. The master data stream in the common
statement:

COMMON/DATA1IN/NDATA, NSETS, LDATA(M), NDATC(M),

IDA TA ( N).

where:

NDATA actual number of data points in IDATA

NSETS number of major data sets

LDA TA (J) pointer locating the location of the first
"point of major data set J in stream

NDATA(J) count cf the number of points in each
subset of set J

IDATA( ) = the master data stream

M storage allocated for pointer LDATA -
must be one greater than the number of
major data sets

N storage allocated for master stream -
depends on the planner scenario

For brevity, the sIbroutines Us. this i. tCIO !U ;

COMMON /DATAIN/•.rNN, M,., LD(M). NVN 1'(Nl) I1)(N)

2Z-13



The number of major sets is easily extended but the
order of the defined sets must not be changed. The
format is controlled by header cards read in front
of each major set. A data set may be empty but
the header cards and a set of blank data cards must
be in the proper order. The number of sub-sets in
each major set is variable and determined automati-
cally by the read-in routine.

Internally, PRERUN locates a data set by use of a sub-
routine called FINDX. For example:

CALL FINDX (3, II, IA, IB) returns the II
as the location of first point in set 3, IA the
location of the last point, and IB the number
of points in each sub-set. Set 3 is the sensor
data. A do loop.

DO 100 I - II, IA, IB will scan all the sensors.

If the set is void (no sensor data given), FINDX will
return a zero for II.

b. The up-down times of the various elements in
the common statement as used in Step 1.

COMMON/UPDOWN/N F, UDTM(MI), KREL(M3),
KDLK(M4), KARR(M5)

where:

NT = number of points in the data stream UDTM

UDTM(MI) = the sequence of up/down times

M I storage allocated for UDTM

KMUD(M() M peinter for monitor data

M2 must be one greater than the n~mbt r of
monitors ,

KREL(M3) pointer for relay data

M3 must be one greater than the number of
i ela y,;

KID) LK(M4) pointer for data links "U

M!4 nrist be one greater than the nut er of
data links

KAi i(.MS) pointer for UGS arrays

MS!5 must be one greater than the niunber of
t.'KS arrays

S~2-14



Since the number of up/down times depends on
the statistical results of the reliability routines,
the dimension of the storage allocatpd for UDTM
may be difficult to determine in advance.

At the end of Step I, this is further compressed
and only the times for the UGS arrays are saved
with the appropriate pointer and written on disc
for use of subsequent steps.

The common statement is then used as:

COMMON/UPDOWN/NT, UDTM(MI), KARR(M2),
KSDN(M3)

or COMMON/UPDOWN/NT, LJDTM( ), KARR( ), KSEN(

where:i ! KARR(M2) is the pointer for all arrays

XSDN(M3) is the up-down pointer for all sensors (KSEN)

(M2, M3 must be one greater than the total number
of arrays and sensors, respectively).

Updown times are located by use of a subroutine
FINDY. For example, the call to FINDY:

Call FINDY (KARR, M2, I, IA, IB) will
return IA equal to the location of the first
up time of array I and IB equal to the loca-
tion of the last down time for this array.
For each element, the times have been
stored sequentially in pairs. If the element
was never up, no times were stored and
FINDY will return a zero for IA.

c. Ground truth pcsitions of sensors and correspond-
ing times are stored in the compressed set SXYTT.

COMMON/STASEN/NXY, KSSN(MI), SXYTT(M2)
COMMON/PXYTP/NT, KXYT(MI), SXYT(MZ)
(these two sets are equivalent)

4 .

where:

NXY number of points in SXYTT

KSSN (MI) time and position pointer for sensors

M I must be one greater than the nuniber
of sensors

SXYTT compressed storage

2-15



For the stationary sensor, the data is stored in the,
fo r m.

DX, DY, X, Y, TA, TB

where DX and DY specify the orientation of a path
defining the sensor position. If the sensor i: not
located relative to a path, DX and DY are zerL..
X, Y are the ground truth positions for the sensor
and TA and TB are initial and final times. If the
scnsor is relocated, the stream is extended by
adding X, Y, T, T as many times as necessary.

For moving sensors, the data is stored in the form -

XA, YA, TA, XB, YB, TB

which defines to beginning and end points of the
sensor position. The sensor is assumed to move
in a straight line at constant velocity between the
space time point XY, YA, TA and the point XB,
YB, TB.

If a second leg is used, the triad XC, YC, TC
is added, etc.

The subroutine FINDY is used to locate the data
referring to a particular sensor.

d. The MSM event list is stored in

COMMON/EVENTS/MEV, IEV(MI), IVE(M2), MVE

where:

MEV number of cards in IEV

IEV master storage of MSM events

IVE temporary working storage

MVE number of xvords in IVE

In use, events as created are placed on the array IVE
and then ordered and merged by b*ocks into the
m;aster streai IEV. At different places in PRERUN
thc inaster list is stored as a record on a disc and a
nu%ý list :,tarted in ,rder to handle the ckimplete event
list for MSM whi h miay require a very large amiount

t- 6 rage.
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Events are located by starting at the first word
in any record and using the format of the event
itself to find the next event.

e. In several places where a variable number ot
fixed length sets are required, the subscriptine
convention A(N, M) is used where N is the
fi.,ed length and M is the variable. This pacts
the 3ets in the core to use only the space
requi-'ed.

1. An element may be removed from play by
specifying a planned up ti.me equal to or
greater than the planned down time. This
creates a great versatility for the planner
when he chooses to modify the scenario.

2. Various play and print options are available.
Using the play option, entire Pets may be
played using planner input data as given.
The print options control various BCD output:
the same is used for reporting the results of
various reliability routines and some are
used for program checkout purposes.

3. Designer input values are inserted in PRERUN
by the use of data statements in the apprpriatu

routines and by the use of block data sub-
programs.

4. The following basic game information J; in~put throu-'h
PRERUN step W and is transmitted to ell subsequent
PRERUN steps via disc:

TSTART start of game in seconds

TMAX = end of game in seconds

ZMAP = standard deviation of map error :n inctcr;

XLOC 1 play location errors. 0 dn( ,t pity

RELOC - I play relocation errors, - 0 don't play

ANAV 1 play navigation errors, G, don't play

ARTY 1 play out!inirtar ,,ccatIon e rorL,
d(n't play

AIRD 1 play) vertical fail crr ,r

XSW southwest \ coordinate (if cadiiic a rc:& c:,- r

YSW southwvest Y coordinate of ,amc ai rea, c':

2-17



I
XNE - northeast Y coordinate of game area, meters
YNE .:northeast Y coordinate of game area, meters .

IPRINT BCD output unit

ICARD card inp•ut'unit
MPRINT( ) BCD output options

MTAPES( ) defines disc units

NPLAY( ) option to use planner input

The above variables are set by PRERUN - STEPO - INMAIN
executive routine.

5. Where bo*,h fixed (integer) and floating point
variables are stored in the same array, an
equivalence statement is used. This makes
it easier to do the Fortran coding. For example:

DIMENSION FR(1O), IR(1O)

EQUIVALENCE (FR(1), IR(l))

This allows the FORTRAN statements (without
conversion)

A - FR(l) + B

I IR(2) + K

where a. floating number is stored in the 1st cell
of the array and an integer in the second.

2.1.4.3 PRERUN Data Sets

Figure 2. 1-4 provides a detailed master diagram of the
roles of data sets in linking together the job steps of the overall model
in general, and of the job steps in PRERUN in particular. The boxes
along the left edge represent job steps or subroutine packages. The

syinbols across the top represent data sets with currently assigned data
set names (except that 'SYSLN', card reader, and PRINTER are not job
unique names).

The connection matrix is interpreted in terms of the hori-
zontal line from a subroutine box (to a vertical line for a data set):

(a) if the arrow points to the subroutine box,
then that subroutine reads data from the
corresponding data set,

(b) if the arrow points away frunm the subroutine
box, thcn that subroutine write s data onto the
daIta ---t,

2- IM
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(c) if a double arrow appears (both directions), then
both reading and writing occurs; i. e. , the data
set is altered (updated).

Except for the printer, data sets are indicated for conven-
ience by a common (tape) symbol. The actual physical devices are, however,
chosen by the programmer/user. Recommended or typical device choices
are:

SYSIN card reader

TOPO tp
JPOUT) tape

MSMOUT tape or disc

all others disc

The Data Sets used in PRERUN are as follows:

M Tape Name

Master Data Stream I DATAIN
Common Game Information 2 JFMSTR
Up-Down Times 3 JFUDT
Master Event List types 4-5-6-7-8-10 4 JFEVT
Ground Truth Information 5 JFPXY
Atmospheric Data 6 MASSDAT'*::,
Targets from MVS 7 JFTAR
Targets from Battle-Culture 8 CRTARG
Event type 9 from Battle 9 CREVT9
Events 2-3 t0 MASSEV23
Type 1, Events 11 JFEVLC

Work unit all events 12 JTFWEV
Work unit for FMERGE 13 FJEVL
Merged Events 14 JFIEV
Early late detection - NLOS 15 JFNEV
Early late detection - LOS 16 EVNTLS

Early late detection info for LOS 17 JFZEV Al

Final MSM Blocked Events 18 EVENT)*

Culture Background 19 CRCLTB

Battle Background 20 CRSEIS

Planner Input for MSM JTrWDF":

These two data sets are the primary input to MSM.
':'This data set comes from the Atmospheric Model

All other data sets are internal to PRERUN. They contain informatlor, that

may he of value to any output pro.7essor.

The exezutive subroutines reading or writing the data

sets are shown pictorially in Figure 2. 1-4.
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2. 1. 5 PRERUN Descriptive Summaries of Subroutines

In this section are contained descriptive summaries of
each subroutine comprising the PRERUN submodel. The subroutiner are
grouped by job step and then by type of subroutine within job step. All
the utility subroutines are grouped together at end of this section.

2. 1. 5.1 PRERUN Step 0

Step 0 comprises a main program (INMAIN) and four sub-
routines. It uses data set, SYSIN, and enters operating parameters for the
PRERUN steps by three mechanisms:

(a) DATA statements within subroutines INMAIN and
CONVRT.

tb) FORTRAN statements (of form 'parameter name
number') within INMAIN.

(c) Planner prepared data cards (Scenario Specifications).

In addition to providing the direct read of planner input
data, this job step also:

(a) co,,verts data from "external units" to
consistent "internal units" of measurement
(e. g., all angles are converted tc radians,
ail distances to meters).

(b) storea on a disc file (DATAIN) the so-called
Master Data Set.

(c) stores on a disc file (JFMSTLl) other data
(common infrmation) common to many
subsequent job steps.

The Step 0 subroutine descriptive summaries arc shown
in Figures Z.1-5, 2.1-6. Z.1-7, aad Z. 1-8. The ERAS2 subroutine is
not described herein since it is a general utility routine used in several
of the models.

Z. 1. 5.2 PRERUN Step I

Step 1 in PRERUN comprises the main program (PRENINI)
with 7 subroutines shown in Table 2. I-V plus 5 utility subroutines.

External data sets required as input are "DATAIN' and
"JFMSTR", both generated in Step 0.
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C4PRE RUN 1.xiC.rv X IV( S*'
C*
C * PULRPOlS E*

C*THIS SfF0n [NiT ATFS THF "AIN' P10 !?0N SEQUENCE
C*
C* USAGF

C* AIN~ PRrOGRAM*

C*IT f)EI-1NFS'
C IPRINT-FORMATFD :1,Jb'JUT TAPE
C*ICARD - CARP PEA)FR*
C*TSTAPT-TIME OF G';Al- SrART (I)AY-H(IUR-MI~NUTE)
C*TMAX -TIME 0E G ý*.*, F;49) IDAY-HflUR-NiINUTF)
C*ZMAP -STANO)APO OL AII(F~ MAP ERROR (METERS)*

Cs XLOC =1 PLAY l.frIATrPN FPROR ,=0 DONOJT PLAY
C* ELiIC=l PLAY Pl:LOCATIOIJ FRRrDR ,=O DON'T PLAY *
C*ANAV =t PLAY NAV/I;TIUA ERROR ,=O DON'T PLAY *

C* ARTY =1 ART/*VCiRTA ERRO)R =O DON'T PLAY *
C* AIRD =1 PLAY VE'ýTICAL FALL ERROR ,=0 DON'T PLAY*

C*XSW SOUTH WIEST X Cni - IPDIATE OF PLAY ARFA*
It* YSW SOUTH WFST Y C.:Iil')INATE OF PLAY AREA*

C*XNE NORTH,' F4SI X Cl.;iRDIJNATE OF PLAY AREA*
C#YNE NORTs- FASýT Y Cb-tli[I:IJATE CIF PLAY AREA*

C*
C* MPRINT -AN ARQ~AYh U~VI TO CONTROL $iCO PRINTING

C*0- Dfl.q'T PCý JT i PRINT*
C* %PRI N T 1 -UP0NI 1

C*2 -P SNP*

C*3 -U') 0*.

C* 6 -UPI)1 *

CS 8 -tip 0 4Q

CS 13 CU(K T JUk r
C*14 9 A TT I- F
C*15 r ULtB I 4r

CS 16 4 AT TL~ r

C 14 -U I)\ 1. 1
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C * ~INFHIW'ATI)N T,! I i SHý: UE STF Pr~S
C* VTAPE -AN4 ARRAY ilýL) rO !OFF [NE fiNARY

ct MTAPV 1) MASHt lmrA STRFA4
C*f-TAPF ( 2) C0O41Pi I \VO
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CM tTAPE(3) UPDOWN TIMES *
FITAPE(4) MSM-EVENTS *
MTAPE (5) GRnUND TRUTH *

C* MTAPE(6) ATMOSPH4ERIC 10ATA *
C* MTAPE(7) TARGET INFO FROM MAVSNE
C* 8 TARGET INFO FROM RATTLE CULTURE *
C* 9 EVENT' T.YPE 9 FROM BATTLE *
C* 10 FVENTS 2-3 FRIM SENS. PARM. *
C1 it EVENTS I *

.2 WOPK TAPE FOR FINAL MERGE *
CC* 13 WORK TAPE FOR FINAL MERGE *

uC* 14 MERGED TAPE OF EVENTS NOT BLOCKED *
C* 15 FARLY LATE DETECTin N- NON LOS *

C* 16 EARLY LATE DETECTION- LOS *
C* 17 EARLY LATE LEV'S FOR LOS INPUT *
C* 18 FINAL OUTPUT FnR MSM BLOCKED EVENTS •
C* 19 CULTURE BACKGROUND *
C* 20 BATTLE BACKGROUND *
C* NSFTS NUMBER OF DATA SETS
C* IF IJPLAY=O PLANNED UP-DOWN TIMES USED *

C* NPLAY( 1) UPDNI ARRAY UGS/MONITOR-DATA LINK *
C* NPLAY( 3) UPDN3 ARRAY UGS-SENSORS *

C* NPLAY( 6) UPDN6 MONITORS *

C* NPLAY( 8) UPDNS RELAYS
C* NPLAY(130 UPDNIO DATA LINKS *
C* NPLAY(191 UPtN19 ARRAY STASCAN-SENSORS *

C* NDLAY(20) !IVS MOVE ARRAYS/SENSORS *
C*. *

C* REA'RKS S
C* •
C* ALL nF THE AB(IVE PARAMETERS MUST iE SET BY DATA STATE'MENJTS *
C* OR BY FORTRAN STATEMENTS IN THE BEGINNING OF THIS PROGRAM *
C* NOTHING IS READ OFF OF THE HEADER CARDS BY THE PROGRAM *
C* *
C* METHOD *
C* THE BASIC GAME INFORMATION IS SET AND RECORDFn ON MTAP7(2) *

C* DATA SET-JFMSTR. THE HEADER CARDS ARE READ AND PRINTED. *

C* SURPOUTINF QEAD',i IS CALLED TO READ IN THE PLANNER INPUT. ,
C• THE MASTER DATA STRF'A• IS RECORDED ,]N t4TArF(I)-DATAIJ. *
C* PRERUN ASSUMES THAT THE PLANNER INPUT DATA HAS BEEN PROCESSED*
C* RY SUBROUTINE SCREEN. *
C*
C* SUr6ROUT INE S REQUIRFI) •
C* ERASE *

a, C* TIMrR
C* READIN *
C4?

Figure 2.1-C (Con4.)
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c *¶4. *A 1, 6** It****It*I, f** It ~,ADI)N *****-it***t 194# t #4i***

CREAr) IN PLAVJNER DATA. GENUrATE "lAIN DATA STREAMl. S

C*DFF INF- POT NTRS*

C**

C* r)5Cw1PrTrij -)F PARAMFTERS*
C ;* INVOT V

0* NSFT -NUM'4ER OF DATA SFTSSEK

C* 4SENVR DFCRIP~rNPARAMETER SET 4

C* 5F[~TRAP KILL POINT SYSTEMS
C* WN ITOR S

0* 7 JNTnfl' PAPA'4ETER SET
C* 8 PAYS*

qRFLAY RFLIA6tILITY PAK~APTFTR SET
04 10 DATA L INKS
C* 11 7F(:E IVFP/,TR VJS-1 I TrE PAPAMFET I SFT
C* 1? PATH DATA*
C * 13 FORCE TYPE PARAM[TFP SFT*
C* 14~ CrOV~Aq/SCAN PARAMEIEP SET*
Ct4 15 NJAVILATI:7J SYSTEI' lHYPv'Qr0L IC)*
0*t 16 NAVVrAIION SYSfeM (RHO THETA)
C t 7i 44JV I l TT 11N SYSTf1-M (DC1PPLFR) 4

Ct , ý14'IV I(ATV[TN SYSTEM V(!C'WALLY DISTNI'UTýt) [Rý!OS)*
0* n' wsr.SA;N ARRAYS (R.AI.AP ANti VISUAL)*

C~ It.3C 40"VF A~RRAYS*
C* ?1 ~llt.) FOQCES #

C* ?2 -qE FO QCFS

C* t. 4 11 AT f ,SEVT TAIll F
C#~ 25 ' qAT TL E XLL-UA TAR)L C
C* ?6 3ATTLE FSPTH T Ab fi.
C* ?I CJIi TURF PCF-VT TAtSL E
0* r' C UL TV F P C Fvr T A~iL E
C* 2. C UL T 1)R S14FJX-Y TARL E
C, MAX A V Im A 11) RA F AL L! C A T;-L F'lP I I I T A

Figure 2.1-6
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C

* OUTPUT * .
C* NDATA NUMBER OF DATA POINTS
C* L'ATA(J) POINTER LOCATING SET J ,
C$ NDATC(J) NUMBER OF POINTS IN J SFT ,
C* IDATA( ) 4ASTER Dm.TA STRPAM $
C$
('.* ME-TI4O) *,

C$ THE PLANNER INPUT DATA IS REAn UNL)FR CONTrUL OF A Or' t.{OI[P.*
EACH SET IS ORFCFO)I) RY 3 HEADER CARDS WHICH ARt READ Al,,) *

C* PRINTED. COLUMNS A-2,E OF THE FIRST CARD SHOULD BF USED T *
C* IDEI,!TIFY THE SETS. THE FIRST FOUR COLUMNNS I-F THE SECOND CAP) t
C* ARE RFAI O WITH AN C4 FORMAT AND USED AS THE COUNT OF THlFNUMVbER E
C* OF WORDS IN EACH SURSFT, COLUMNS 5-72 OF THE SECOND CARD ANDE
C* C HLUMNS 5-72 OEF THE THIRD CARD MUST CENTAINT THE FORMAT FIT R I
C* THE SUBSET. H
C* THE NUTBER ('IF SUNSVTS NFED NOT OE SPECIFIER. THE ROUTINN E
C* LDFTF.R4INOS THE E LND BY LOOKING FOR A ZERP. R A ALANK IN THEMC$ FIRST WO'RD, THUS A SET OF BLANK CARDS IS INSERTED RY TIIE USER,

C* AT THF END OF EACH MAIN DATA SET. IF THE SUBSETS HAVE THREE
CA CARDS THEN THREE ELANKS MUST BE USEDA ETC.
C* ALL HEADER .CARDS MUST ME IN THE INPUT DECKN !F IT IS
C* DESIRED TO OMIT A SET-THE HEADER CARDS MUST {'IE ':OLLOIWED B Y
C$ THE PROPER NUMR•FR OF BLANKS.
C* SUBROUTINE CO)NVRT IS CALLED TO PERFORM THF NECESSARY
4" COINVERSIONqS OF THE PLANNED INPUT TO INTERN•AL FORMAT.

C* THE POINTERS ARE SET.
C* IF THE DATA EXCEEDS THE STORArE AS SET BY MAX READING IS
C* TERMINATED WITH AN ERROR MESSAGE. THE DIMENSION MUST BF

C* INCREASED OR THE PLANNER INPUT REDUCED.
C*

" SUBROUTICNES REQUIRED
C* CONVRT

4,

Figure 2.1-6 (Cont.)
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cs~sss~sss***~*sss'~***CONVRTF***55*******5***
C*
Cs SUBRUUTINE CONVRT
C* ,
Ci, PURPQSE * E
C* TO PEPFORRM NECESSARY CONVERSIONS OF PLANNER INPUT DATA *

C*
C* USAGE
C* CALL COrNVRT(K,tRFP| *

Cs*
Ce DESCRIPTION OF PARAMETERS *

C* * INPUT * *
C* K DATA SET NUMBER *

C* TR-FR DATA SET INTEER-FLOATING
C* DATA SETS *
C* 1 ARPAY UGS
C* 2 POSITION ERROR PARAMFTER SET
C* 3 SENSORS *
C* 4 SENSOR DESCRIPTION PARAMETER SET *

C* 5 FIRETRAP KILL POINT SYSTEMS *

C* 6 MONITORS
C* 7 MONITOR PARAMETER SET 5

C* 8 RELAYS
C* C4 RELAY RELIABILITY PARAMETER SET
C* 10 DATA LINKS *

C* 11 RECFIVFR/TrANS4ITTEQ PARAMETER SET *

C* 12 PATH OATA
C* 13 FORCE TYPE PARAMETP-R SET
C* 14 COVERAGF/SCAN PARAMETER SET
C* 15 NAVIGATIl'> SYSTtM (HYPFR9..LIC) *

C* It NAVIGATIni SYSTEM (RHO THETA)
C* 17 NAVI(r•I2"'N SYSTFM (DOPPLFR) ,
C* IS &,JAVIGATI"N SYSTEM (PRMALLY DISTRI3UTED ERRORS)

:•C* 19 STASCAfq As•RAYS (kAnAQ AND) VISUAL)
C* 20 M'OVE ARRAYS ,

C* 21 RLJE F'IRCES
C* 22 APL) FORCFS
Cs 23 HATTLE PIEVT 1A~iLE *
Cs ?2' 13tTTLF PSEVT TAt3LF
C* 25 BATTLE XCLUA TAPLE * "•
C*' 26 r6ATTt F FSPTt TAr 6LE
Ci' -7 C UL. TUREF PCEVT TABLE ,

C* 2A CUL TU"W RCFVT TAfLE L
C* 29 CU TURF- SNFI)X-Y TA'IL E

Figure 2.1-7
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co MFTH"D *
CT TRANSFER TO THE APPROPIATE CONVERSIONS IS [,ONE BY A *

C* COMPUTED GO TO. *
C* ALL TIMES ARE CONVERYED TQ SECONDS •
C* ABSOLUTE TIMES ARE CONVERTEO TO SECONDS SINCE START fOF *

C* GAMF 9Y A CALL TO SUBROUTINE TIMFR. •
C* ALL MAP COORDINATES ARE CONVERTED TO RFLATIVE GAMF CUoRD. •
Ct. ALL AN'GLES ARE CONVERTED TO MATHEMATICAL ANGLES IN RADIANS*
C* ALL DISTANCES APE CONVERTED TO METERS *
C* ALPHABETIC INFORMATION IS CONVERTED TO 0 OR L WHERE ,
C* REQUIRED. •
C* NUMBERS ARE FIXED OR FLOATED WHERE REQUIRED. *

C* VARIOUS DESIGNFR INPUT VALUES ARE SET USING THE PLANNFR *

C* INPUT CODE AND VALUES SPECIFIED BY DATA STATEMENTS. •I **C• SUBROUTINES REQUIRED•

C* TIMER *
C*

Figure 2.1-7 (Cont.)

2
I"
i
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SUBIROUTINE TIMER
r, *

C* PuRPr SF
C* Tn f..NVERT A PLANNER INPUT TIME GIVFN IN DAYS-HeIURS-MINUTES
C* IDHHVsil TO SECOlNDS SINCE START OF GAME

C**[~ C USArSrF ~ T

C* SUAROUTrNrS RFQUTREU
*NON E

C*4

Figure 2.1-8

.4
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I
This step (a) computes up-down times of monitors, data

links, firetraps, and UGSARRAYS, and stores this information on disc
(JFUDT), and (b) cceates event types 5, 6, 7, and 8 for MSM and stores
them on disc (JFEVT).

The 8 subroutines unique to this job step are described
in the following figures:

Figure 2.1-9 PR EMNI
2.1-10 UPDNI
2.1-11 UPDN5
2.1-12 UPDN6

2.1-13 UPDN8

2.1-14 UPDN1O

2.1-15 READUP

2.1-16 COMMUP

Further descriptions of the up/down sirsiulation are
contained in Sectiun 4. 2..

2.1. 5.3 PRERUN Step Z

Step Z in PRERUN comprises the main program (PREMNZ)
with 4 subroutines listed in Taole 2. I-V plus 8 utility subroutines.

External d&t;i sets required as input are "DATADIh",
"JFMSTR", "JFUDT", and "JFEVT", generated ia Steps 0 and 1.

This step computes up/down times of those sensors from
UGSARRAYS and STASCAN ARRAYS, the primary sub :outine being RUSUP.
The up/dcwn disk file "JFUDT" is updated and events type 4 (sensor up/down)
logic is contained in Section 4. 2.

The five subroutines unique to this step are described in
the following figures:

Figure 2. 1-17 PREMNZ

2.1-18 UPDN3

2. Z.1-19 UPDN19

2.1-20 RUSUP

2.1-21 EVNT48
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r*
C* PRE-RIJN EX(FCUTIVE - STEPI *
C* *

CS PURPOSE: THIS ROUTINE INITIATES THE PRE-RUN SEQUFNCF * ,
C• IT INIrIATES THE UP-Dflfl'd TIME SEQUENCES AND THE 1¶SM •
C* EVENT STREAM

CSW MAIN PROGRAM *

C* mF-T-40n)1
(* THF 4ASTEQ r)ATA STREAM AND THE COMMON rAMF INFOrRMATIUN (
C* ARF PEAD. CALLS Tn THE UPDN RrIUTINES ARE MADLE. BEFn'QE EACH t
C* CALL THE VARIARLF MVE IS SET TO ZERiO TO INITIATE A NEW *

C* TFmPORARY EVENT LIST. *

C* AFTER{ ALL U.JNS HAVE BFEN CALLED THE DATA STREAM FOR THE *
C* UP-OWN TIMES IS COmPAESSED - PRESERVING ONLY THE TIMES FOR *
C', THE ARRAYS AND THE POINTFR KARR. *
C* THE UP-DOWN TIMES ARE RECORDED nN MTAPFI(3-JFUnT *

C* THE EVENTS ARE RECORDED ON MTAPEI4)-JFEVT *

C* *

C* SUBROUTINES CALLEr:
C• TIMER - CO4VERTS DAY-HOUR-MIN TO SECONOS SINCE *
C• c-TAfT OF GAME •
C• UPDNI PLAYS PFLAYS THAU COMMUP I
C* UPON5 CREATES MSM EVENT 7 FOP FIRETRAPS •
C* UPDN6 PLAYS mONITORS THRU RrADUJP -MSM EVENT 5 *
C* UPONIO UP-DnWN DATALINKS- USES RESULTS OF UPDN8 *
C* -MS4 EVENT 6 *
C* UPONI UP-DOWN OF ARRAY UGS -MONITOR-DATALINK •
C# USES RESULTS OF UPON6,UPUNLO, S
Cc -MSM EVENT 8 •
C*

C* SUB3ROUTINES RFQUIRED OTHER THAN THOSE DIRECTLY CALLED n
Cs COMMUP
C* READUP I
C* ERASECs ri!'ox ,.
C* MERGDR S
C* DnIRDER S

C* G4ERGF
CS FINDY S

CsS
C***************SS*******S**S****S*SS**S***************SS**SSSS**********

Figure 2.1-9
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UPNI

C•
C• SUBROUTINE UPDN1
C*
C$ PURPOSE *
C• THIS RnUTINE COMPUTES THE UP-DOWN TIMES OF THE UGS ARRAYS *

D* OUE TD TIE AND-OR COMBINATIONS UF THE UP-DOWN TIMES OF •
C* THF MONITORS AND THE DATA LINKS *
C* *
C* CALLING SEQUENCE *
C* CALL UPDNqIINPLAY) *
C* *
C* DESCRIPTION OF PARAMETERS
C* $ INPUT * $
C* PLANNER TABLE ITEM *
C* TT(L) PLANNED UP TIME 1 9 •
C* TT(2) PLANNED 'OWN TIME 1 10 *
C$ *
C$ OUTPUT $ *
C* TT( ) ACTUAL UP-DOWN TIMES *
Cs MR NUMBER OF TIMES *
C* KARR POINTER FOR ARRAY TIMES IN STRING $
C* UDTM UP-DOWN STRING $
C* NPLAY PLAY OPTION $
C* *
C$ METHOD $
C$ , IE PLANNER INPUT DATA FOR UGS ARRAYS, MONITORS AND DATA *
C LINKS ARE LOCATED BY CALLING FINDX. *
CT THE PLAY OPTION IS CHECKED. *C* THE UP-DOWN TIMES FOR THE MONITORS AND THE DATA LINKS ARE
C* LnCATED IN THE UP-DOW,4 TIME DATA STREAM UOTM BY CALLS TO

C$ FINDY. THF NECESSARY ANt/OR COMBINATIONS ARE COMPUTED. •
C$

j .. C* MSM EVENT TYPE I IS CREATED AND THE UP-DOCWN TIMES ARE U
C' OUT INTn UDTM AND POINTER KARR IS SET.
C* C AFTER ALL ARRAYS HAVE BEEN PROCESSED MERGOR IS CALLFI) *
•CW• TO ORDER AND MERGE THE EVENTS INTO THE MASTER LISI.

C$ $
C$ SUBRnUTINE AND FUNCTION SUBPROGRAMS REQUIRED •
C* FINOX $
C* FINDY
C' MERr,O4 •

SC~~ee ****ee* * .*e* $$*****e***4************$$$$$$,•$$$$$$$ $$$$$$ $ $$$$$* *

t Figur- 2.1-10
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r SIJ'3ROUT INE LJPflr)'5
C.. C** $

C PURVISF F
C* THIS POUTINF CREATES MSM EVENT TYPE 7# THE UP DOWN TIMES *

C* OF THF F IRPETRAPS

Cs
C* CALLIN SEQUENCE
C* CAL, UPONS(NN|

C': .lESC[IPTION OF PARAMETERS *

*" * INPUT * *
C. PLANNER TABLE ITEM ,
C* FO( 02 PLANNEO UP TIME 5 3 *

C* Fn(N+3) PLANNED rOWN TIME 5 4 *

Cs IO(NI IDENTITY 5 1

C* NN DUMMY *

C*
C*' METHOD)

C* THE PLANNER INPUT FOR FIRETRAPS IS LnCATED BY FINDY.
Cs THE OPTION TO PLAY IS CHECKED AND MSM EVENT TYPE 7 IS
C* GENERATED., M[RGpDR IS CALLE1) TO ORDER AND MERGE THE EVEN1TS |

C*
Cs SURRf1UTINF AND FUNCTION SUBPROGRAMS REQUIRED *

rC FINDX *
C*' 4E R eOR •

F r .

Figure 2.1-11
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upi

C*
C* SUBROUTINE UPDN6
C*
C* PURPS E *
C* THIS R'IUTINE COMPUTFS THE UP-DOWN TIMES OF THE MONITORS *
ct USING SUfRRUTINF READUP ,
C*
C* CALLING SEQUENCE
C* CALL UPDN5(MPRINTtNPLAY)
C*
C* DFSCRIPTiON OF PARAMETERS *
C* I NPUT * *
C* PLANNER TARLF ITEM *
C* A MEAN TIME BETWFEN FAILURES 7 3 *
C* B MEAN TIME in REPAIR 7 4 *
C* C STANDARD DFVIATIriN OF REPAIR TIME 7 5 *
C* T(l) PLANNED UP TIME 6 6
C* T(2) PLANNED DOWN TIME 6 7 *
C* MPRINT PRINT OPTION .
C* NPLAY PLAY OPTIfp ,
C* *
C* OUTPUT * *
C* TT( ) ACTUAL UP-DOWN TImizS *
C* 4M NUMBER OF TIMES IN TT *
Cs
C* MFTImrlD
C* THE PLANNER INPUT OATA FOR THE MONITORS ANO THF MONITOR *
C* PARAMETER SETS IS LOCATED BY USE (1F SUBROUTINE FINnY. s
CR THF OPTIONS TO PLAY PLANNED UP OnWN TIMES ARE CHECKED. ,
C* SU8RrUTINE READI.P IS CALLED IF REQUIRED. THE PRINT OPTION ,
C* MPRI NT IS CHECKED) ANU MSM EVENT TYPE 5 CREATED. *
C• ~AFTEP ALL MONITORS HAVE BEEN PROCESSED THE EVENTS ARE . *
C* iiRDERED .',ND MERGED RY A CALL TO SURPOUTINE MERGOR. *
C* THE UPDOWN TIMES ARE PLACED IN THE DATA STPFAM UDTM *

A•NO THE PQINTER KMUO IS SFT. *
C*
Cs SJSQOUTIN- oAND FUNCTION SUBPRnGPAMS REQUIRED *
C' F INrX
C* RE AUUP *
C* MERGOP *
C*

Figure 2.1-12
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UPNI

C*
r.• SUBRnrUTI NE UP[)NA

C*
C* PtSEPnSE*
C* THIS RrUTINF COfMUTES THE UP-DOWN TIMES 3F THC RELAYS *
C* USINqG SUobPOUTTI1E COMMUP *
C'
C* CALLING SEQUENCE *
C* CALL tJPON8(MPRINT,NPLAY) •
C* *

C* DESCRIPTIrrb OF PARAMETERS
C* * INPUT * *
C• PLANNER TABLE ITEM *
C* TTHI) PLANAEFf UP TI.AF 9 7 *
C, T?(2) PLANNED DOWN TIME p
C* M NUMBER OF TIMES *
C* ISO) SELF DESTRUCT 819) 16(6) )
C* MPRINT PRINT IPTIftN (SET IN PRERUN STEP 0) *
C* NPLAY PLAY OPTION (SET IN PDERUN STEP 0) *
C* *
C* • OUTPUT *
C* TT( I UP DOWN TIMFS
C* M NUMBER OF TIMES
C* LLU CODE IDFNTIFYING TIMES (SEE COMMUP) *

C* UOTM( ) UP-OOWN STRING 5

C* KREL( ) PnINTER FOR RELAYS IN UOTM *

C S
C* METHOD *
C* THE PLANNER INP11T FOR THE RELAYS AND THE PARAMETER SFTS *
C* ARE FOUND BY CALLING SUBROUTINE FINDX. *
C* THE PLAY AND PRINT OPTIONS ARE CHECKEo. *
C' SU0ROUTINE CIM.AUP IS CALLED WHEN NECESSARY TO COMPUTF •
C* THE UP DO)WN T!MFS. *
C* THE UP-DOWN TIMES ARV PLACED IN THE DATA STREAM UDT4 ANO D
C' THE P"OINTER KREL IS SFT.
C*•
C* SUBR"IUTINF ANt) FUNCTION SUVPRO'RAMS R-EQUIRED
C* F INIX •

C* COMMJP *
C* •

Figure 2.1-13
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C*
C* SUIROUTINW UPI)N1O *
C*
C* PURPOSE ,
C* THIS ROUTINE CO4PUTFS THE UP-DOWN TIMES OF THE DATA LINKS *
C* USING THE RELAY UP-}OWN r!MFS IF REQUIRED *

C*
C* CALLING SEQUENCE
C* CALL UPONIO(NPLAY) $
C*
C* DESCRIPTION OF PARAMETERS *

C* PLANNER TAKLE ITEM *
C* NR NULFR OF RELAYS 10 4 *
C* MI IDENTITY OF FIRST RELAY 10 5 *
C* M2 IDENTITY OF SECOND RELAY 10 6 .
C* NPLAY PLAY OPTION (SET IN PRERUN STEP 0) *

C,, *

C* METHOD *

C$ THF LOCATION OF THE PLANNER INPUT DATA FOR THE RELAYS *
C* AND THE DATA LINKS IS FOUND BY CALLS TO FINDX. THE UP-DOWN *
C, TIMES FOR THE RELAYS ARE LOCATED IN UOTM BY CALLING FINDY. ,
C* IF MORE THAN ONE RELAY IS SPECIFIED THE I AND I OF THE TIMES *
C$ IS COMPUTED. THE TIMES ARE PLACED IN THE STRING UDTM AND 0
C* THE POINTER KOLK IS SET. MSM EVENT TYPE 6 IS GENERATED. *
C* AFTER ALL OF THE DATA LINKS HAVE BEEN PROCESSED MERGDR IS *
C* CALLED TO ORDER AND MERGE THE EVENTS WITH THE MASTER LIST. $
C*

C* SUBROUTTNF AND FUNCTIOJN SUBPROGRAMS REQUIRFD *
C* FINDX *
C* FINDY
C* MEP•On

Figure 2.1 -14

2-35



~**#***g~RF A OUP

C 
IiREJ~N IA1)LIP 

4

r. TwS *'OUtT~i4F CflMPUyFS THE FAILLJ% AN1n REPAIR TIMES
C flFIF n I'QpC-S T14 TRUE UP DOjWN TIM1ES OF A r0EV ICE WITH 4C* A PLANNE0 UP-DOWN SEQUENCE

C* CALL INC. SF,)UINCF 
*G* ALI. PE.AniP( S,NK, FMIF,FMUR,SIGR.TJ.,4J

C* *ECTr-, I F %PUT
C*S( I PLANINFO UP-DnWN TJIMFS

r*K INUMBER OJF PLA~vVFn tiP DOWN TIMFS*C*Fmtr MEANJ TIMi RETWEFpJ FAILURESC*FMURi mFAA4 T14F TO REPAIR~C*SIG'R STA'JJARD UEV!AVION OF REPAIR TIME*C*
C4' OUITPUT *

C*T( ACTUAL UP-DOWN TIMEFS*C*N N'JMoEw OF ACTUAL UP-flOWN T14FS 
4

r.

C* RF%44RiKS*
C* OFLIAAILITY LIFE IS ACCUMULATED) DURINGJr ON TIME ONLYC.

CATHE 
4FAN, TIMEz 4ETWEEN FAILURE IS COM'PUTED FROM A POISSON

C* OISTý'rRUTrrJ. A~l 1H4 RECPAIR TIME IS FSOUND FR(rM A GAUSSIAN *
co tHfr5j TIMFS ýR C~imPARED) TO THE PLANNED UP-OrIWN TI4ES TO *

rý- ) 'oFrr1%1: THE ACTUAL rrFvE HI STORY.

C**

*See UP DN 6 .Pg. 2-33Fi 
u e 2 1 5
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C* PURPO SE
C* THIS POIJTINE cOn4PUTES, FOR EACH REMOTE UNATTENDED SENSOR DATA

C*WIA KEEAY, THE GAME TIMES DURING WHICH THE RELAY IS EMPLACED AND)

C* CALLING SFQUENCE
C* ~CALL COMMUP (X'41JFtiMF, SIGEXMURSIGRXMIJLSICLX , MU1, SI Gkl,NP-iC,

Cs* TMAXtPAISDtILIR,M,K,T,N)
C**

C* INPUTS SOURCE TABLE ITEMIC* XMUE- PLANNEDF UP TIME 8 -RELAYS 7
C* SIGF- ST. 0EV. OF UP TIME 8 -RELAYS 9
C* T.%44X- PLANJNFD DOWN TIME 8 -RELAYS q
Cs XMIJF- P4TBF Q -REL.RELB. 3
C* XMUL- AVERAGE BATTERY LIFE 9 -REL.QELO. 4
C* SrGL- ST. 0EV. OF RAT. LIFE 9 -REL.RFLB. 5
C* XMUM- AVERAGE MAINT. INTERVAL 8 -RELAYS 11
C* SIGM- ST. 0EV. OF MAT14T .8 -PELAYS 12
C* XMUR- AVERAGE REEMPLACEMENT TIME 8 -RELAYS 13
CS* S104- ST. 0EV. OF REEMPLACEMENT TIME 8 -RELAYS 14
C* NMC - MAX 0 OF REEMPLACEMENT MISSIONS R -RELAYS i5s
C* PA - PR08. OF ABORT 8 -RELAYS 10
C* ISO - SELF nESTR~UCT CAPAB. 1-YES 0-NO 9 -RE%..RELR. 6

C*- SHALL SELF OEST. USEDI-YES 0-NO 8 -RELAYS 16
C* ISO IS.ANO. OF THESE -DONE BY CALLING PROGRAM
C* OUTPUTS
C* T(1)91-194 TIM4E HISTORY
C* KII), flM CODE -1 REFMPLACE UP
C* -2 NORMAL uJp*
C* -3 ABORT
C* -4 REt YADIIITY FAILURF

C*-5 LIFE FAILURE
C. * -6 NIRMAL 0-3WN

C* K' NUMIER OIF REEMPLACEME.NT MISSIONS TRIED
C*

CV EMA4KS
C* MAINTENANCE ASStJM¶Fr r~NLY TO RC-PLACE bATTERIES
C5 FrfUTTNF COUNTS RELIABILITY FAIL';Rf ONLY IF TURNED) ON
C*
C*
(s SUnROUTINrS RFQJUIRFl)

Cs .

Figure 2.1-16
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C**

C* METHOD 
,

C*
C* THE FIRST STEP IS TO COMPUTE THE INITIAL RELAY EMPLACEMENT TIME. ,

C* IF THIS INITIAL RELAY EMPLACEMENT TIME IS GREATER THAN THE PLANNED ,
C* DOWN TIME, ADDITIONAL REEMPLACEMENT MISSIONS ARE UNDERTAKEN PROVIDED *

C SUCH MISSIONS REMAIN. -,' 'IW INITIAL EMPLACEMENT TIME IS LESS THAN *

C* THE PLANNED DOIWN TIME, A CHECK IS MADE FOR MISSION ABORT BY COMPARING *

C* THE MISSION LA)RT PROBABILITY (PA) WITH A UNIFORM RANDOM NUMBER. IF ,
C* THE MISSION ABORTS AND NO MISSIONS REMAIN, THE RELAY REMAINS DOWN. *

C* HOWEVER, IF THE MISSION ABORTS AND MORE MISSIONS REMAIN, A NEW EMPLACE-**

C*MENT TIE IS DETERMINED.*
C* IF THE MISSION DOES NOT ABORT, A TIME TO FAILURE IS DETERMINED FOR *

C* THE RELAY. THIS INVOLVES THE DETERMINATION OF TIMES TO RELIABILITY *

C* FAILURE AND LIFE FAILITRE AND A TIME TO MAINTENANCE CHECKS. IF THE ,
C* RELAY DOES NOT FAIL BEFORE ITS PLANNED DOWN TIME, THE PROCESSING THROUGH*
C* COMMUP IS COMPLETE. HOWEVER, THE RELAY CAN FAIL DUE TO EITHER A LIFE *

C* OF RELIABILITY FAILURE (MUST OCCUR PRIOR TO PLANNED DOWN TIME), AND *

C* THAN REEMPLACEMENT WILL TAKE PLACE PROVIDED ADDITIONAL MISSIONS REMAIN. ,

2-37.5
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C**~****** *********'~***PRE MN2 * ***********
C**
r* PRE-RUN EXECUTIVF-- STEP 2 $

a **

C* PIJRPnSE *
C* CALLS SUB* TO PLAY ARRAY UGSv AND STASCAN THRU RUSUP $

C**

C* USArF *
C$ MAIN PROGRAM $

C**

C* REMARKS
C, THE EVENTS MAY BE WRITTEN AS A SEPARATE RECORD. TO $
C$ ACCOMPLISH THIS ONE NFED ONLY REMOVE THE REWIND M4, REMOVE
C* THE DO 50 LOOP AND REMOVE THE CALL TO GMERGE FROM THE *
C$ PROGRAM. ,
C$
C$ SUBR'nUTINES CALLED *
C* UPDN3 PLAYS UGS THRU RUSUP MSM-EVENT 4 $
C$ UPDN19 PLAYS STASCAN THRU RUSUP MSM-EVENT 4
C,,
C* SUBROUTINES REOUIRED *
C* ERASE ,
C* FINDX ,
C, MERGOR *
C*, DORDER
C$ GMERGE *
C* FINDY
C$ RUSUP
C* EVNT48
CC
C* METHOD
C* THF COMMIN GAME INFORMATION IS READ FROM JFMSTR, THE *
C$ PLANNER INPUT FROM nATAIN AND THF UPDflWN TIMES FROM JFIJI)T.
C* SUBROUTINES UPDN3 AND UPDN19 ARE CALLED. IF MPRINT(30) $
C* IS NOT EQUAL Tn ZERO THE UPLOWN TIMES FOR THE SENSOR)S IS C
C* PRINTED. THE UPDf'WN TIMFS ARE RECORDED pig JFUDT. THE EVENTS *
C$ ARE READ FROM JFEVT AND "4ERGED WITH THE EVENTS GENEFRATE') AY $
C* UODN3 AND UPONI9. THE MERGED LIST IS WRITTEN ON JFEVT $
C$ *

Figure 2.1.17
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****UPQN3

C*SUIROUTINE UPDN~3
C**

C* plpPIJfsF*

C* TH IS ~10Ur I NE PLA~YS T14F~ SFWSIRS 4sSSCIATrr) WITH THE
C" UG ARRIAYS THROUG.H SlJRRflUTINF RUSUP*
C*
C* C.ALLJNG SrQUENCE*
C* C At.L P ON I( I OP INT PNPL 4Y)

C* DESCRIPTION flF PA,4A'4FTERS*t ~C* INT'PUT **
Cl' PLANNER TAI3LE ITEM

C*NUMBER flF SENSORS 1 ft

Coo X U F OLANNFD UP TIM'F 1 9 *

C* SIr;F S T AN 1)A~f DFIT'1 OF UP TIME 1, 24

C*PA PRltiABILITY OF APIORT 1 23 *

l* Cp CRITERIA LFVEL 1 26

C* 14mc 'WUBER OF MISSIONS 1 25 *

C* X'MUR REF*4PLACEMENF TIME 1 29

C* SIGR STANOAR') 0EVIATIO3N OF REEMPLACEMENT TIME 1 30 *

C* XM(JM ~4AI,4TE'ANCF INTERVAL 1 31 *

C' S I G' STtC'iOARDO E-IATrION OF MAINTI:NANCE 1 32 *

C*P1C NUMHER OF ATTFMPT; PER 4ISS~nN 1 24
C* %PL MODE O~F Fv-PLACEMENT 1 1

C**

C* I P4EýN BATTERY LIFE 4 5 *

CIO 2 SIANDAPLI DEVIATION OF BATT~rPY LIFE 4 6 *

C* 3 PAEAN TIME R3ETWEFN FAILUIPFS 4 4
C*4 SELF DESTRUCT 1(4) 27(7)5

C* PnAUX I~ nF SURIVA 4 9 *

C* Is AUXIMIT rF PURIVA 4 9
C* ~ 4PkINT PRINT OPTION
r. NPLAY PLAY (TTION(
C.
C* S1 OUJTPULT *

I'' t~ll 1 dP-')'CWN rlI *~S
C' K.jI)N PoIMJFR FOR SENSOPS IN UOTM

Cs EV 4ASTER EVE0T LIST
Cs*
co S111000T jtr RUQo I'Er9
CS r 1 WjX

Cs RLISUP
1. - AO.1

I: Figure 2.1-18
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C* M•T-r!f) *

C,. THE PLAN'ER INPUT )ATA I-OR THE UGS ARRAYc,, TMF S;-N'.f rkS
C$ AwI' THE SI-,JSOR PARA'IETFRS ARE LrlCATCO BY CALLI-'r FIN[)X. THF ,
C* PLAY OPTInN IS CtIECKE9. TI1E SENIN TA:3LF IS SFT AN!) RUSIi( IS *
r.* CALLED. AFTER THF CALL THE PRINT OPTION IS CHFCKFr), AN') THE *
C* RESULTS 1F RUSUP APF PRINTED IF OESIRED. EVNT48 IS CALLED) TO *
C. DECODE THE RESULTS OF RIJSUP AND SET THE UPDOWN TIMES AND Mým *
C* EVENT TYPE 4, AFTFR ALL APRAYS HAVf tFE14 PROCSSFl )P:_"DR *

CS IS CALLEP TO ORDER ANO MERGE THE EVENTS WITH THF MASTER LIST *

C*

Figure 2.1-18 (Cont.)
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r**

Cs SU31f4)UrINF UPDOI)
C*,

C* PURPOSF ,
C* THIS RJUTINE PLAYS THE SENSORS ASSOCIATEn WITH THE ,
Cs STASCAN ARRAYS T14ROUGH SUBROUTINE RL'SUP
C* *

C* CALLINV SEQUENCE
C* CALL UPnNqI(MPRINTNPLAY|
C* *
C* DESCRIPTION OF PARAM.TERS
C5 * INPUT 5

C* PLAWhER TABLE ITEM *
Cs N NUMBER OF SENSORS 19 4 *
C* XMUE PLANNED UP TIME 19 9
C* SIGE STANGARD DFVIATION OF UP TIME 19 15
Cs PA PROBABILITY OF ABORT 20 5

C* ICR CRITERIA LEVEL =I

C* NMC NUMBER OF MISSIONS =I
C* XMUR REEMPLACFMENT TIME 19 16
C$ SIGR STANDARD DEVIATION OF REEMPLACEMENT TIME 19 17 ,
Cs XMUM MAINTENANCE INTERVAL 19 18 $
Cs SIr,,4 STANDARD DEVIATION OF MAINTENANCE 19 19 9
C* NPC NUMBER OF ATTEMPTS PER MISSION -1 5

Cs MPL MOOF OF EMPLACEMENT 19 11 5

C* TX PLANNED OnWN TIME 19 10 5

C* I MEAN BATTERY LIFE 4 5
CS 2 STANI)ARD DEVIATION OF BATTERY LIFE 4 6 *

C* 3 MEAN TIME BETWEEN FAiLURES 4 4
C* 4 SELF DESTRUCT -0 5

C, 5 AUX OR PRI 4 8 '
C* 6 PR0OARILITY OF SURVIVAL 4 9 5

C* MPRINT PQINT n 'TION (SET IN PRERIIN STEP 0) 5

co NPLY PLAY nPTIr',, (SET IN PRERuN STEp 0) s

CS 5 OUTPUT 5 s
Cs Ur)TM JP-DOWN TIMES s
C, KSDN POINTER FOR SENSORS IN UOTM ,
Cs IFV MASrER EVENi LIST

C* SU3RCIJUTINCS RFQUIRED S

Cs F INDX
C',USLJP S

Cs *FV' JT41,
C* MF 14,'H

Figure 2.1-19
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C,
C* METH9rD
C* THE PLANNER INPUT IATA FOR THE STASCAN ARRAYSt THE SENSOIRS*
C* AND THE SENSOR PARAMETERS ARE LOCATED UY CALLING FINDX. THE *
C* PLAY OPTION IS C4FCKEf). THE SENIN TABLE IS SET AND RUSUP IS *
C* CALLED. AF-TER THE CALL THE PRINT OPTION IS CHFCKED, AN) TIHE *
C' RESULTS Or- RUSIJP ARE PRINTFO IF DESIRED. EVNT48 IS CALLED TO *
C* rECODF THE RESULTS OF KUSUP AND SET THE UPDOWN TIMES AND 4S4 *
C* EVENT TYPE 4, AFTER ALL APRAYS HAVE REFN PROCESSED MERGDR ,
C* IS CALLED TO ORDER AND MERGE THE EVENTS WITH THE MASTER LIST *
C*,
C**"*""********************************************.********1'***********

Figure 2.1-19 (Cont.)
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C* METHOD *
C* INITIALLY, EMPLACEMENT TIMF (TE) FOR EACH SENSOR IS SET TO *
C* PLANNED UP TIME (XMUE) PLUS THE STNDARD DEVIATION OF THE EMPLACE- *
C* MENT TIME (SIGE) MULTIPLIED BY A NORMAL RPtOM NUMBER. THE EM- *
C* PLACEMENT TIME MUST BE GREATER MHA" HALF TAlE PLANNED EMPLACEMENT *
C* TIME. *
C* A MATRIX (LR) IS INITIALIZED TD ZERO (DOWN). LR WILL CONTAIN *
C* A RECORD OF WHETHER EACH SENSOR IS UP OR DOWN. *
C* THE INITIAL TIME FOR EACH EMPLACEMENT MISSION IS CHECKED AS *
C* FOLLOWS: IF THE EMPLACEMENT TIME IS GREATER THAN THE PLANNED DOWN *
C* TIME, THE TIMES IN THE TT TABLE 0.R ALL SENSORS IN THAT ARRAY ARE *
C* SET ID THE COMPUTED EMPLACEMENT TIME AND THE ICODE IS SET TO -18. *
C* A SECOND TIME (DOWN TIME) IS CALCUT.ATED BY ADDING 1. 'IO THE OLD *
C* EMPLACEMENT TIME AND THE ROUTINE IS EXITED. *
C* IF THE EMPLACEMENT TIME IS NOT GREATER THAN THE PLANNED DOWN *
C* TIMF, A CHECK IS MADE TO SEE BOW MANY MISSIONS ARE REQUIRED TO GET *
C* THE REQUIRED NUMBER OF SENSORS EMPLACED. A UNIFORM RANDOM NUMBER *
C* IS COMPARED WITH THE PROBABILITY OF MISSION ABORT FROM PLANNER IN- *
C* PUT. IF THE MISSION IS ABORTED, ICODE IS SET TO -13, AND THE TIME *
C* FOR REMACEMENT TO OCCUR IS CALCULATED USING SIGR AND A NOP'"AL *
C* RANDOM NUMBER. THIS ASSUMES A NEW MISSION. BASED ON THIS NEW *
C* MISSION TIME, A TIME FOR THE SENSOR TO GO UP IS SET. THE COUNT IS *
C* THEN SET FOR THE ARRAY ID AND THE TT AND LL TABLES ARE SET FOR ALL *
C* OF THE SENSORS IN THIS ARRAY. IF THE EQUIPMENT IS HAND EMPLACED, *

A CITCK IS MADE TO SEE IF THE END OF THE GAME OCCURS PRIOR TO THE *
C* EQUIPMENT BEING REPAIRED. IF SO, THE ROUTINE IS EXITED. IF NOT, *
C* A NEW UP TIME IS CALCULATED. A MISSION TO REPAIR/REPLACE THE *
C* SENSORS MAY OR MAY NOT OCCUR. *
C* IF THE MISSION IS NOT ABORTED, THEN A MISSION WILL BE STARTED *
C* WITH AS MANY ATTEMPTS AS ARE &ZLOWED (NPC) TO EMPLACE THE SENSORS. *
I C* THE LR TABLE IS CHECKED 10 SEE HOW MANY SENSORS ARE UP. AS ADDI- *
C* TIONAL SENSORS ARE EMPLACED, PROBABILITY OF SURVIVAL OF EACH SEN- *
C* SOR IS COMPARED WITH A NORMAL k.ANLOM NUMBER AND SENSOR STATUS IS *
C* UPDATED. *
C* IF THE SENSOR IS A PRIMARY SENSOR, THEN THE ASSOCIATED AUXIL- *
C* IARY GOES DOWN WITH THE PRIMARY. THE DOWN TIME OF EACH SENSOR IS *
C* CALCULATED AS THE MINIMUM OF: TIME TO SENSOR FAILURE, BATTERY *
C* FAILURE, SCHEDULED MAINTENANCE, OR END OF GAME. FOLLOWING EQUIP- *
C* M-ENT FAILURE, THE NUMBER OF OPERATIONAL SENSORS iS CHECKED TO SEE *
C* IF THE ARRAY >MUST BE REPLACE? OR ANOTHER REEMPLACEMENT ATTEMPT *
C-* MUST BE MADE.

C* REMKs *
C* RUSUP LIMITED BY DIMENSION STATEMENTS ONLY, *
C* SUBROUTINES REQUIRED *
C* DORDER *
C**

Figure 2.1-20 (Cont.)
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T'4

C****************�**e*$ FVNT48 .*5*5* J*#***************S**S****

C**

C* SUBROUTINE EVNT44 ,
C* *
Cs PURPOSE •
C* THIS RUUTINE IS USED BY UPDN3 AND UPDNI TO DECODE •
CS THE OUTPUT OF THE RUSUP ROUTINE AND GENERATE MSM EVENT *

C• 4 AND THE UP-DOWN SEQUENCE OF THE SENSORS •
C• *
C* CALLING SEQUENCE •
C* CALL EVNT48.(MVE1VFtIDt NtKNT9LLTTUDTMNTKSEN I
C* •
C* DESCRIPTION OF PARAMETERS •
C• MVE NUMBER OF -!ORDS IN EVENT LIST *
C• IV£( ) EVENT LISf *

C* In IDENTITY OF FIRST SENSOR
C• N NUMBER OF SENSORS S

C* KNT NUMBER OF TIMES ASSOCIATED WITH EACH SENSOR •
Co LL( CODE IDENTIFYING TIMES (SEE RUSUP) *

C* TT( ) ARRAY OF TIMES •
CS UDTMI I MASTER TIME STRING
CS NT NUMBER CF WORDS IN UDTM *

Lse KSEN( ) POINTEk FOR SENSORS IN UDTM
C*

C* REMARKS S
C* NONE •
C• *

C* SUBRCUTINES REQUIRED *

C* NONE •
C* *
CS METIOD
CS THF RUSUP CODE IN ARRAY LL IS CHECKED TO IDENTIFY THE *

CS TIME. ONLY TRUE UPDOWN TIMES ARE PLACED IN UDTM, THE P)I1TER *

Cs IS SET AND EVENT TYPE 4 IS GENERATED, -
CS •

Figure 2.1-21
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2. 1. .4 PRERUN Step 3

Step 3 in PRERUN comprises the main program (PREMN3)
with 9 subroutines listed in Table 2. I-V, plus 7 utility subroutines.

External data sets required as input are "DATAIN",
"JFMSTR", "JFUDT", and "JFEVT" generated and updated in Steps 0, 1,
and 2.

Designer input values for SNPGT routine are set by BLOCK
DATA (JFBLK3). See volume II, Appendix I.

This step coiputes the ground truth positions for sensors
within ARRAYUGS and STASCAN arrays using SNPGT subroutine. These
ground truth positions are stored on disc (JFPXY). In this step also, data
set 'JFEVT" is updated by inclusion of type 10 events (Sensor Reposition).
Section 4 contains additional information on logic used.

The Step 3 3ubroutines are described in Figures 2. J-22 -

2. 1-31.

2. 1.5 . 5 PRERUN Step 4

Step 4 in PRERUN comrrises the main program (PREMN4)
with I of the subroutines listed in Table 2. l-V, together with use of 5 of the
subroutines from Step 8 and 6 utility subroutines.

External data sets required as input are "DATAIN", "JFMSTR",
"JFUDT", "JFEVT", "JFPXY", and "MASSDAT" generated and updated in
previous steps.

Designer input values for MVS routine are arrays PRNVI,
PRNV2, PRNV3, PRNV4 (nominal navigation system errors). These
values are the same as those in BLOCK DATA (2FB.-K3) and in the previous
step. Any changes to these values must be made in )oth steps.

Figures 2. 1-32 and 2. 1-33 describe the subroutines unique
to this step.

T'his step computes ground paths for moving arrays
(MOVARRAY), up/down times for the associated sen.or-, and defines the
moving platforms as targets. These targets are stor.od on disk (JFTAR).
Events type 4 (Sensor Up/Down) and events type 8 (A.'ray Up/Down) are
added to tht disc event file "JFEVT". Section 4 of 'hio vlume has addi-
tiinal mate, ial on logic involved.

2.!. S.6 PRERUN Step 5

Step 5 in PRERUN comprises the main program ('I RNPAR)
with 3 -ubr(uLltines listed in Table 2. I-V plas 5 utility subroutines.
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C* *
C• *PRE-RUN FXECUTIVE - STEP 3
C• •
C* ,::.k PR)SE

C* CALLS SUBS TO PLAY UGS AND STASCAN THRU SNPGT *C*

C* USAGE ,
C* MAIN PROGRAM *
C*
C* I-'FTHrD *
C* THE Cnt440W GAME INFORMATI0h4: THE wASTER DATA STREAM, TH. •
C.* UPDOWN TIMES ANO THE MASTER EVENI !ISI ARE READ FROM THE *
C* 3DATA SETS, THE FOINTER ARRAY KSSN IS F:T TU ZERO.
C* SUBROUTINE PSNP AND PSNP19 ARE CALLED TO VETERMINE GROUID *C* TRUTH POSITIONS,

C, THE GROUND TRUTH POSITIONS ARE PRINT-SUBROUTINE FINDY 1
C* IS USED TO LOCATE THE DATA FOR THE INDIVIDUAL SENSORST 0C* SXYTT AND THE POINTER KSSN ARE WRITTEN ON MTAPEIS)- JFP'XY
C* T14F UPDATED EVEN; LIST IS WRITTEN ON MTAPE(41-JFEVT ,

C* *

C* SUBROUTINES CALLED ,C* ERASE
C* PSNP - PL.AYS; UGS THRU SNPGT MSM EVENT 10
C* PSNP19-PLAYS STASCAN THRU SNPGT MSN EVENT 1D •
C*

C* SUBROUTINFS kFI•U D ,C* F INDX
C* FINDZ,

C* FINDY
C* SNPGT
C* nDOPLER
C* HYPERB
C* NORMER *
C* RHOTHE *
Ce REqR R
C* MFRGDQ
C* DIRDEP *
C* GmERGE
C , *
C' REMARKS
C* RFOUIRES OLnCK DATA JFHLK3 (DESIGNFr INPUT ) *C* INITTATFS GR')UNn3 TRUTH POSITIONS IN SXYTT, PnINTER KS;4

C' I|r REQUESTS 1;ISC SPACE F'R r;ROUNU TRUTH -MTAPF(51
C* *

Figure 2.1-22
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C* *
C SLUB(JUIINE PSNP ,

Cs *

C* PURPOSE *

Cs COMPUTES GRllUNr) TRUTH POSITIONS UF UGS ARRAYS *
C*

C• CALLING SrQUENCE
Cs CALL PSNP(MPRINT) S

Cs 5
C* DESCPIPTION OF PARAMETERS s

C* * INPUT * *
C* MPRINT CONTROLS BCO OUTPUT
C*

Cs PLANNER INPUT TABLE ITEM *

C* PRP!Vli .10) NAVIGATION SYSTEM HYPERBOLIC 15 ALL *

Cs PRNJV2( , 7) NAVIGATION SYSTEM RHO THETA 16 ALL *

C* PRNV3( , 7) NAVIGATION4 SYSTEM DOPPLER 17 ALL *
Cs PiNV4( ) NAVIGATION SYSTEM NORMAL 18 ALL *

Cs 5

Cs S1,ER TABLE PLANNER INPUT TABLE ITEM 5

C* SNER( tl) SENSOR ID 3 1 5

C* SNERI ,2) MODF OF EMPLACEMENT 1 11 5

C* SNER( ,3) OPOER OF EMPLACEMENT 5

C* SNERt ,41 STANDARD DEVIATION OF MAP ERROR S

C* SNER( 5) STANDARD DEVIATION OF LOCATION ERROR 2 3 •
C* ,NER( .61 RELATIVE LOCATION ERROR 2 4 *

C* SNER( 7) NAVIGATION SYSTEM OR WEAPON CODE 2 S-4 *

C* SNER( ,q) POSITION ERROR PARAMETER SET ID 2 1 *

C* SNER( 99) X (MPL NE I) 2 5
C* SNER( ,10) Y (MPL NE 1) 2 6 5

C* SNEQ( 9111 PLANNED X 3 5-6-7 5

C* SNFP( ,12) PLA'JiJFO Y 3 5-6-7 5

C* SNER( ,11) AI R0(PIAY VERTICAL FAIL ,RROR: YES 1 1, NO = 0)
C* SNER{ ,14) AIRCRAFT TYPE 2 4*

C* SNEQ( 915) F)RfP SPEED 2 75

Co SNER( ,1b) DROP ALTITUDE 2 J

C* SNER( ,17) PiTH ANGLE S
C* SNLq( 920) VEkRSInN-NAVIGATION SYSTEM 2 3 5

C* SNEPE TABLE •
Cs SNFPF( l1) ORDFR a
C€ SNFPF( if) 1=2,5, REEMPLACEMENT TIMES s

Co OUTPUT 5

Cs SXYTT- I)XL)YXC,Y0,TOTl, X1,YlTZ,T3,X2,Y2,T4vTSvFTC. 5

C' OlY ANI bY' ARE PATH DIArCKTION Sr-G-ENTSFr)LLnwFoD "Y
Co X-Y LrCrT ION A14I0 C'lPES')L•4DING TIME INTERVALS TOTI 5

Cs 4-ASIC XYrT PATTEOD' IS REPEATF) AS OFTEN AS NECESSARY
Ce F[)I fr!:•L-ACf4FI-Tr: ANY
C' sSS'J( :41 PIIINTi'-ý (IVI,'4 LOCATION OF START OF SXYTI'

Figure 2.1-23
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C* INFORNATION FOR SENSOR N IN SXYTT.( )ARRAY *

Cs IVE(MVE+ I EVENT TYPE 10 FOR MSM AS REQUIRED *

C* UnTM UPOOWN TIMFS *

C* KSDN POINTER FOR SENSOR UPDOWN TIMES IN UDTM *
C*•
C* SUBROUTINF REQUIRED •

SNPGT - TO COMPUTE GROU14D TRUTH *
Cs MERGDR- TO MERGE MSM EVENTS *
C* •
C* METHOD
C* THE PLANNER INPUT PRNV TABLES ARE LOCATED USIN' FINOX. IF A *

C• TABLE IS VOID THE VALUES IN THE BLOCK rATA ARE USED. THE *
C# PLANNCR INPUT DATA FOR THE ARRAYS, POSITION ERRORS, SENSORS •
C* AND PATHS ARE LOCATED BY CALLS TO FINDX. *
C• THE SNER AND SNEPE TABLES ARE SET. UPDOWN TIMES ARE LOCATED •
C* IN UUTM BY CALLING FINDY. THE PATH DATA IS SET INTO ARRAY *
C* TRAIL. THE VARIOUS PLAY OPTIONS ARE CHECKED AND THE *
C• APPROPIATE PARAMETERS ARE SET. SUBROUTINE SNPGT IS CALLED. *
C* THE GROUND TRUTH POSITIONS ARE PLACED IN SXYTT ALONG WITH S

C* THE CCRRESPONDING TIMES AMD THE POINTER KSSN IS SET. IF •
C• THE SENSORS WERE RE-ENPLACED SXYTT IS AUGMENTED AND MS4 *
C* EVENT TYPE 10 IS GENERATED. THE PRINT OPTION IS CHECKED. 5
C* AFTER ALL ARRAYS ARE PROCESSED MERGDK IS CALLED TO ORDER AND *
C* MERGE THE EVENTS WITH THE MASTER LIST. *
Cs *

Figure 2.1.23 (Cont.)

Z-49



~~~~ ~~~PSNPI10 ****~*********$*

L* SUOROUTINE PSNPIQ

C.' PIIRPjS F
C* CWAPWJT-S ,PnutqD 1ikUTH POSITIONS OF STASCAN ARRAYS
C*
C* CALLING SEQUFNCF

C' CrALL PSWjPj'4tPRIi4Tl

C' r)F5CMII)TIN OF PARAMETERS
C' 1 INJPUT *
C' P1Q INT cflNTROLS ticD OUTPUT
C*
C* PLANNER INPUT~ TABLE 1TF4 0
C' PHNVI( f10) NAVIGATION4 SYSTEM HYPERAjOLIC 15 ALL *

C*PPNVZ( ,7) NAVIf-;ATfION SYSTEM RH') THETA 16 ALL *
C*PRNV3( ,7) NAVIGATICI SYSTEM DOPPLER 17 ALL *

C' PQ!4V4( I NAVIGATION SYSTEM NORMAL 18 ALL *
C*
C' SNr-R TABLE PLANNER INPUT TABLE ITEM *

0* SNEQ( 91) SENSOR 10 3 1 *
C* SThIR( Z~) AMr~fE OF EmPLACEMFNT 19 11 *
C' S.NE'( l~) ORDFR OF EMPLACEMENT
C' S-JER( ,4) STANDARD ORVIATION OF MAP ERROR
C' SPFR( 95) STA.NDARD DEVIATION OF LOCATIUN ERROR 2 3
C* SNFR( 61~ RELATIVF L')CAT ION ERROR 2 4

r*SNERI ,7h-o
C* SNFP( 41=0

C' SNE'k( .9) NOT USFD
C' SNPR( tI1O)=O
C* SNFR( 911) PLANINED X 3 5-6-7 *
C* VJEQ( 912) PLAN4FD Y 3 5-6-7 *

C* SNFR( tl4)zsO

C* S. E( #15)=O I
C' SNL-R( p16)z=3
C' SNER( ,17)zO

r S~r.JR( 0O)~zzo
C* ~SNFDE T ABL E

C' SNE0 F( I1) ORDER
C'SN-PEI .1) 1 2, REE MPL ACE4ENT TI MES

C'
'* nUTPOT a

C' SXYTT- JXofL'YXO9 YOv TOoTI, XI YjT?, T3,X2,Y2,T4, T5,ETC.
C' DX AND) fY ADE PATH nIRFCTIJN SEG4ENTS.FrJLLCWE0 BY ~ *

CsX-Y LnCATI ).'J APr) C--lQESPflNDING T IMF INTER~VALS TOpri
C' !IASIC XYTT PATTEPNJ IS REPFATED AS OF-TEN AS NFCESSARY

ro ~FOR RE1MVLACFmfIN1T-!F- ANY
rsK SS,( N1 0 OC T In~AARY GI VING LOCATION.1 OF S TART OF SXY TT a

Figure 2.1-24
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INFO'MATION FnR SFNSfR 14 IN SXYTT( 1APP1AY *

C* I'/FI4VF+ I FVENT TYPE 10 FOR MSm AS REQUIRED *

tJ UDTM UPOOWN TIMFS *
C* KSDN POINTER FOU SFNSOR UPDOWN TIMES IN UDTM *
C* *

C* SUIiRf:UT INE REQUIRED
C* SNPGT - TO COM4PUTE GROUND TRUTH *

4* MERGDR- TO MERGE MSM EVENTS *

C* *

C* '4ETNOD *
C* THE PLANNER INPOT PRNV TABLES ARE LOCATED USING FINDX. IF A *
C* TABLE IS VOILD THE VALUES IN THE BLOCK DATA ARF USED. THE *
C* PLANNEL) INPUT OATA FOR THE ARRAYS, POSITION ERRORS, SENSORS
C* AND PATHS ARE LOCATED BY CALLS TO FINOX. *

C* THE SNER AND SNErE TABLES ARE SET. UPDOWN TIMES ARE LOCATED *

C* IN UDT4 BY CALLING FINDY. THE PATH DATA IS SET INTO ARRAY *

C* TRAIL. THE VARIOUS PLAY OPTIONS ARE CHECKED AND T4E *
C* APPROPIATE PARA4ETERS ARE SET. SUBROUTINE SNPGT IS CALLED *
C* THE GROUND TRUTH PUSITICNS ARE PLACED IN SXYTT ALONG WITH *
C* THE CORRESPONDING TIMES AND THE POINTER KSSN IS SET. IF a
C* THE SFNSORS WERE RE-EMPLACED SXYTT IS AUGM4ENTED ANG MS4 *
C* EVENT TYPE 10 IS GENERATED. THE PRINT OPTION IS CHECKE)
C* AFTER ALL ARRAYS ARE PROCESSED MERGOR IS CALLE-D TO ORDER AND *

C* MERGE THE EVENTS WITH THE MASTER LIST. a
C* **

Figure 2.1-24 (Cont.)
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-vPG

C**

C* iUilPGUTINF SNPGiT

C* Pu~pflsE
CsTHIS R!)UTINE DETERMINES FTHE GRUUNUi TRUTH POSITIONS
C*OF THE STATIONARY SFNSORS

C ALrSEQUENCE

C**

C* DESCRIPTION OF PARAMETERS
C*INPUT ANO OUTPUT VIA BLAN~K C04MON AND LABELED COMMON BLOCK 4
C4 /MVSNP/.

C.
C* GLoS;APY
C*SNEQ SNL'GT CP TEMPORARY PLANNER INPUT TABLE, SENSOR GAME-DATA
C*AT*IGF- S-1PGT CP ARTILLERY / MORTAR EMPLACEMENT ERROR (19JIKI
C*ADRPI SNPGT CP AIR OROP SENSOIR FALL ERROR-ROTARY WING A/C (JLM)
C*StJNPF SNDGT CP SNPGT TABLE FOR STORAGE OF GUN POSITION ERROR
C*SNPUO SN~nT CP S14PGT TAPLE, STORES SENSOR REEMPLACEMENT POSITIONS
C*S SNPC;T OP ONE STANDARD DEVIATION OF A NORMAL DISTRIBUTION
C*CX SNPGT DP DUMMY VARIABLE X DIRECTIIJN,MFTERS
C*CY SNPGT DP OUM'4Y VARIABLE Y DIRECTIONMETERS
L*VX SNPGT OP RANDOM N4ORMAL DEVIATE X DIRFCTIONMETERS
C*VY SNPC;T flp RANDOM NORMAL DEVIATE Y OIRFCTIOM*METfkIS
C*Px SN~PGT DO RANDOM NORMAL OEVI'.TE X DIRECTION,METERS
C*P., S'J06T DP RANDG4 NORMAL DEVIATE Y DIRECTION,*4ETERS
C*PGTX SNPG1 CP TFMP STORAGE OF X COnPD OF SENSOR GROOND TRUTH POSN *
C*Pr,TY SNsP'T CP TEMP ST9RAGE OF Y C09RD OF SENSOR GROUND TRUTH POSN *
C*IFLAG SNPG)T DO INOICATOROS SENSOR FIRST EMPLACEMENT OF ARRAY
C*VD SN~rCT OP RA~ID04 P19PMAL DEVIATE O)F WEAPON DISPERSION IN
C*VI) SN'PGT OP rJEFLECTION
CCIMAX SNPnT CP 4AX NUUAIFR OFE ROWS OF DATA IN THE SNFR TABLE
C*IX S'"G T CO STARTER 'JU,'3ER FOR~ RANDOM NORMAL NUMBER GENERATER
C*NAVSW SNDGT OP INDICATOPR OF TYPE AIR NAVIGATION SYSTEM PLAYEDC

C SNPlrT DO LENGTH OF LINE SEGMENT (RANGE)tMETERS
C*SL S "Ic OP SLOPE OFE LINE SEGMENT,RATIO
C*VR SNL"';T 09 X COM0 nNFNT nFl RAND.-,40R.DFV* OF WPN RANGE DISPER'N
C*vYP SrN:prT flP Y ClMPfjNFNT OF RA,'D.NfilP.0EV. OF WPN RANrF OISPER'N C
C*VXD SNID'I On' X Cl'!AP'r CF QAND.Nr,;?.DEV. OF WPN DEFL'N PISPIN
CevYr) SNJ'T OP Y COJt-P'T (F RAN0.N(JR.DEV, OF WPN DEFL'N DISPON
C*SI Sýý'"r 0;7 114E STANDARD DEVIATION OF A NORMAL DISTRIBUTION 0
CC*S2 NG T On ti,4 srAN)Aut) DEVIATION OF A NORMAL DISTRIBUTION
CVR S, :,)U 0 P RA'fqrPfM N1IRAL DEVIATE OF WEAPONV DISPERSION IN RANrE 0

r.fR SN'ýT ')1 X CtVO'4PNVNT CF NAVIGATIION SYIrEM fRPr'R,METIFRS 0
cst-".y S'j.1GT fiP Y CI)MPONFNr fiF NAV IfAT I UN SYSTEM ERRO4,METERSC
COAT X Spr. f !)P x COIPAWN. 4T OF ALONt,-TRACK FRRnO,,METEI<SC

C*ATY Skpr r r,) Y C.)%'Pfl0rý. F OF ALfONG-TRACK fERROQ,4FtE *

coCIx Tr 0)3 X COMPJNEINT OF CROSS-TRACK ERR IME FERS

Figure 2.1-25
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C*CTY SMDJOT DP Y CO4PONENT OF CROSS-TRACK ERRORMETFRS *

C$| SNP',T CP SE.qSOR II)E0TIFICAT ION NUMdElIIrTFRGER •
C*MJ SNfGT DP INDEXING iNTEsER •
CSSNEPE RU!,UP CP TABLF OF SENSURIUP TIMES'DURING THE (;AMF(M,N),SECONDS*
C*DX SN'tT 9P RANDO4 NO'RMAL DFVIATE X DIRECTIONtMETFRS *
C*DY SNOGT DO RANDOM NORMAL DEVIATE Y DIRECTION,METERS •
CSAT SNPG*, OeP ALONG-TRACK COMPONENT UF SENSOR FALL ERRORMETEkS 5

C*CT S0PrT OP CORSS-TRACK COMPONENT OF SENSOR FALL ERRORMETERS *
C*JPMAX SNPGT CP MAX GAME ID N3 OF GUN POSITION OF GUNDE TABLE *

C*MMAX SN'"GT CP MAX NUMBER OF ROWS OF DATA IN SNEPE TABLE *
CSNMAX S'jPGT OP MAX NUMRFR OF COLUMNS OF DATA IN THE SNEPE TABLE *

C*A SNPGT DP DUMMY VARIABLE FOR POSN GROUND TRUTH COORDINATE *

C*B SNPGT OP TEMP VALUE TO DETERMINE J FOR ADRP TABLE *
CSJ SNPGT OP INDEXING INTEGER
CeK SNPGT OP INDEVING INTEGER *

C*L SNPGT OP INDEXING INTEGER *
C•JP SNPGT DP INDEXING INTEGER
C*ADRP2 SNPGT CP SENSOR FALL DISPERSION ERROR FOR FIXED WING A/C *

C*TRAIL SNPGT CP INPUT TABLE OF PLANNER ESTIMATED TRA:L SEG. COORDS *

C*GX SNPGT DP RANDOM NORMAL DEVIATE X DIMENSION OF ERROR *

C•GY SNPGT OP RANOnM NORMAL DEVIATE Y DIMENSION OF ERROR *

C*PGX SNPGT OP X COORD OF PLANNERS INTENDED SENSOR EMPLACEMENT SITE *
C*PGY SNPGT nP Y COORn OF PLANNERS INTENDED SENSOR EMPLACEMENT SITE •
C*X1 SNPGT OP X COORD OF TERMINAL OF LINE SEGMENT METERS *
CoYI SNPGT OP Y COORD OF TERMINAL OF LINE SEGMENT METERS *

C*X? SNPGT DP X COORD OF TERMINAL OF LINE SEGMENT METERS 5

C*Y2 SNPGT DP Y COORD OF TERMINAL OF LINE SEGMENT METERS *
C*THETS SNPGT DP SLOPE OF TRAIL SEG. At SENSOR POSN (FROM POS X AXIS) *
C$THETR SNPGT OP SLOPE OF LOCATI(IN ERROR VECTOR MEASO FROM POS X AXIS *
CSPI SNPGT OP NUMBER OF RADIANS IN 180 DEGREE SECTOR (RADIANS) *

CeTHFTI SNPGT OP DUMMY VAR. FOR LINE SLOPE (MEASO FROM POS X AXIS) •
C*THET2 SNPGT UP DUMMY VAR. FOR LINE SLOPE IMEASD FROM POS X AXIS) 5
COALPHA SNPGT OP ANGLE FOR PROJECTING ERROR VFCTOR TO Th.AIL SEGMENT 5

C*BX SNPGT DO X COMO1NENT OF ERROR VECTOR (METERS)
C*BY SNPGT 1P Y COMPONENT OF ERROR VECTOR (METERS)
C*ZAP SNPGT UP I)U4MY VARIABLE (METERS)
C*M SNPGT DO 10 OF ROWS OF DATA IN SNEPE TABLE S

C$N SNPGT DP ID OF COLUMNS OF DATA IN SNEPE TABLE •
C5TI4ETA SNPGT OP SLOPE OF LINE SEGMENT MEASURED FROM POS X AXIS •
Cs •
Cs *
co METHDD: SEE PAR 4.3.1, PAGE 4-28 VOL 1, PAWT II.
Cs
Cs •
C$ SUIAROUTINFS RE.IUIRED •
CS GRN •
Co HYPER13
C• RHIOTHE S

CS DOPLFR •
C* NOR14FCI

Figure 2.1-25 (Cont.)
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C /t t , i 4 .r*
C SUW()UTINE OnPLFR *

C* PURPOSE
C* USED TO GE:P.'rATE X AND Y COMPONENTS Of SYSTEM ERROR EXPECTED FROM A *

C. DOPPLER NAVIGATION SYSTEM.

C* CALL ING SEQUENCE
C* CALL .OrJPICR(NVSW2,NSLFG, IUPDTVS#ALTPXPYtX29Y2,-PRNV3,

C' EKRXFRRYUPDXqUPOYl
C**

C 4 Or.SCRIPTI('lN OF PARAMETFQS *

C* GLFSsýAR Y *

C*PRNV•0 [)PLFIJC INPUT TABLE OF DOPPLER NAVIGATION SYSTEM ERROR DATA C

C*FAK OOLERO NAV SYSVEM INFLIGHT UPDATING ERROR FACTOR *

C*TI IrfPLERDD TImF REQUIRED TO TRAVERSE LEG (SECONDS) *

C*A O(l)GLFROo PRODUCT OF TI AND A ,
C*M4 DOPLERDP NOISE HANDWIDTH OF DOPLER SYSTEM (I/SECONDS) *

C*ATSE OOPLERDP ALONG-TRACK DiPPLER SENSOR ERROR (MFTERS) *

C*ATCE OOPLFROP ALONG TkACK DOPPLER COMPUTER ERROR (METERS) *

C*CTSE DOPLEPDP CROSS TRACK DlPPLER SENSOR ERROR (METERS) ,

C*CTCE )flPLERO0  CRISS TPACK DOPPLER COMPUTER ERROR (k:TFRS)

CvRS DOPLFRr)P ONE STO DEV ('ORMAL) OF DOPPLER REGISTRATION ERROR *

C*NSLEG ')>'LERCP ID OF LEG INITIATION POINT INTEGER

CX2 O0PLFQCP X COO4D OF MOVEMENT LEG INITIATION POINT (METERS) *

C•Y2 OfIPLFPCD Y CO-:P OF MOVEMENT LEG INITIATION POINT (METERS) *

C*PX ')OPLEACP X CJO(R, OF INITIATION POINT OF PREVIOUS MOVEMENT LEG *

COPY 0)1PLFRCD Y COORO OF INITIATION POINT OF PREVIOUS MOVEMENT LEG *

C*f)IST DOPLFQDO LEI LENGTH (METERS) *

C*VS 0t:'PLERCP AVERAGE VELICITY OF MOVEMENT ON THIS LEG I
C*ALT ,WPLEWCD FLFVATION OF THE SENSOR PLATFORm ABOVE GR))UND LEVEL *

C* IJD[X r.'PLFRCP X C''APONENT OF NAV SYSTEM ERROR AFTER UPDATING *

C*IJPOrT &•OPLFRCP SIGNAL T, SHOo, IF DOPPLED ERROR WILL HE UPDATED *

C*•IT D'lPLFPOR' FACTO( FOR COMPUTING ALONG AND CROSS TRACK ERRORS *

C*ATF iYPLEROP ONE STO ,"OnRAL 0EV OF ALONG TRACK ERROR (METERS) *

C*CTE D)PLFROP INt STD NORMAL 0EV OF CROSS TRACK ERRJR (METERS) C

COATS oOPL PDP COrMBINEE .ONE STD NORMAL DCV OF ALONG TRACK ERROR *

C*CTS DOJLFROP CO",BINED ONE STO NORMAL 0EV OF CROSS TRACK ERROR •

CAEX qp1L r fP X COMPONENT OF ALONG TRACK FiROR (METFRS)

C*AFY OJULEPDP Y OP4POt'NENT OF ALONG TRACK ERROR (METERS) C

C*CEX )JO'LFRPOP X CO4PONENT Os: CROSS TRACK ERROR (METERS)

COCEY )OPpLrRDP Y COMPONENT CF CROSS TRA.K ERROR (MFTEPS) *

C*AT OO')-L!kOP RANr,.M NORMAL DEVIATE iF ALONJG TRACK ERROR (METERS) * ,9
COCT ;)YPL[ROP QANDO4 NIQTmAL DEVIATE OF CROSS TRACK ERROR (METERS) *

CIPIRX :)-PLFRCP X-CO4P1iENT ,F TOTAL DOPPLER ERRO), 140TERS)

C*FkRY H)PL RCP Y-COMPrNFNT LF TOTAL DOPPLER ERROR (METERS)

C*SL 0," .'PL t OD LIIN SLOPF •EAL R

C* T4r TA llWL FR.' ANGtLV:t SLOPE OF 14OVFMENT LFG FROM POSITIVE X AXIS C

CONVSW? I])Dl.VPCn 10 LF TH[ PARrICULAR SET (OF4) OF DOPPLER NAV SYSTFM . -0

C,*t"•)Y '"L' r.(:-P Y C'lAP,:'%iNT C( NAV SYSYTtM EPU1P AFTE,0 UPDATING C

C* iElHDD: SEE 2-54.5. *

Figure 2.1-26
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C* METHOD *
C* FROM THE DOPLER NAVIGATION PARAMETER TAaLr, NAVIGATION SYSTEM ;'
C* ERROR PARAMETERq i.ND A SYSTEM UPDATING FACTOR ARE OBTAINED. ONE *
C* STANDARD DEVIATION OF DOPPLER REGISTRATION ERROR IS ESTABLISHED. *
C* THE NEXT STEP IS TIG CALCULATE THE DISTANCE AND TIME USED IN TRA. *
C* VERSING THE LEG. THE FACTOR FOR COMPUTING ALONG AND CROSS TRACK *
C* ERRORS IS FOUND AND IS USED IN COMPUTING ONE STANDARD NORMAL DEVI- *
C* ATIONS OF ALONG TRACK ERRORS AND CROSS TRACK ERRORS. RANDOM NOR- *
C* MAL DEVIATES OF ALONG TRACK ERRORS AND CROSS TRACK ERRORS ARE COM- *
C* PUTED.
C* AT THIS TIME THE X COMPONENT OF ALONG TRACK ERROR AND CROSS *
C* TRACK ERROR IS CALCULATED AND COMBINED INTO AN X COMPONENT CF SYS- *
C* TEM ERROR. THE SAME PROCEDURE IS UTILIZED TO OBTAIN A Y CO WONFT%,r *
C* OF SYSTEM ERROR. IF UPDATI!Z IS CALLED FOR, ONE STANDARD DEVIA- *
C* TION (NORMAL) OF DOPPLER REGISTRATION ERROR IS CALCULATED FROM ALR-*
C* CRAFT ALTITUDE AND THE ERROR FACTOR. THEN X AND Y COMPONENTS OF *
C* UPDATED NAVIGATION SYSTEM ERRORS ARE COMPUTED.
C**

Figure 2.1-26 (Cont.)
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C. •

C• SUBROUTINE HYPERB *
C* PURPOSE *
C*' USED 7O COMPOTE X AND Y C011PONENTS OF SYSTIM ERROR WHEN A SENSOR FLAT- *
C* FORM IS SUPPORTED BY A HYPERBOLIC NAVIGATION SYSTEM. *
C*
C* CALLl4G SEQUENCE *
C* CALL HYPERB(NVSW2,NSLEGITRALPXtPYX2,Y2,SXSYPRNVIERRX,
C* ERRY) *
C, *
C* DESCRIPTION OF PARAMErTERS
C* GLOSSARY *

Ct'4VSW2 HYPERRCP ID OF THE PARTICULAR SET OF HYPERBOLIC NAV ERROR *
C.*SLE HYPERBOP NAV GRND. STA. LOC. ERROR (ONE STD OEVCIR NORM) *
C*TrM HYPERBOP TIME DISTANCE MEAS ERROR ONE STD DEVtNORMAL DIST
C*XSi HYPERRDP X POSITION COORD, FIRST SLAVE STATION (METERS)
C*Y31 HYPERB9P Y POSITION COORDFIRST SLAVE STATION (METERS)
C*XS2 HYPERBOP X POSITION COORD SECOND SLAVE STATION (METERS) *
C*YS2 HYPERBtP Y POSITION COCRD SECOND SLAVE STATIC4 (METERS) *
C*XS3 HYPERBDP X POSITION COORD THIRD SLAVE STATION (METERS) *
C*YS3 HYPERBDP Y POSITION COORD THIRD SLAVE STATION (METERS) *
C*XMS HYPERBOP X POSITION COORD MASTER STATION (METERS) *
C*YMS HYPERBOP Y POSITION COORD MASTER STATION (METERS) *
C*PRNVI hiPERBCP INPUT TAbLE OF NAVIGATION SYSTEM ERROR PARAMETERS *
C*ITRAL HYPERBCP FLAG Trl SHOW IF MOVEMENT FOLLOWS PROMINENT ROUTE *
C*BETAI HYPERBOP ANGLý FROM OS X-AXIS TO LINE FROM SLAVE 1 TO SENSOR *
C*BFTA2 HYPERBOP ANGLE FROM POS X-AXIS TO LINE FROM SLAVE 2 TO SENSOR *
C*PIETA3 HYPERBOP ANGLE FROM POS X-AXIS TO LINE FROM SLAVE 3 TO SENSOP *
C*BETA4 HYPERRDP AN4GLF FROlM POS X-AXIS TO LINE FRDM MASTER TO SENSfR *
C*ALPHI HYPFRBDP ANGLE FROM L..P°1 TO LINE .JOINING SENSOR & SLAVE I *
C*ALPH? HYPFR3DP ANGfLE FROM L*U.P.2 TO LINE JOINING SENSOR t SLAVE 2 *
C*ALPH3 HYPERROP ANGLE FROM L.O.P.3 TO LINE JOINING SENSOR & SLAVE 3 *
C*THET3 HYPERBOP ANGLE BETWEEN POS X--AXIS AND L.O,P.3 (RADIANS) S
C*FXI HYPERBOP X COMP OF ERROR FOR POSN FIX FROM LOP I AND LOP 2 *
C*FY1 HYPFRBDP Y COMP OF ERROR FOR POSN FIX FROM LOP I AND LOP 2 *

C*FX2 HYPERBOP X CO4P OF ERROR FOR POSN FIX FROM LOP 2 AND LOP 3 *
C*FY2 HYPER80OP Y ComAP OF ERROR FOR POSN FIX FRON LOP 2 AND LOP 3 *
C*SGI HYPERBDP ONE SrO NORM DEV OF SENSOR POSN ERR. PERP TO L.O.Pl *
C*SG2 HYPERBOf UNE STD NORM )EV OF SENSOR POSN ERR. PERP TO L.O.P.2 *
C*SG3 HYPFiRPDP ONE STD NORM DEV OF SENSOR POSN ERR. PERP TO L.O.P.3 *
VFI| HYPFRODP RANDOM N'9PMAL DEVIATE OF SENSOR POS. ERROR TO SGI •
C*F2 i'ýPFRBDP RANDOM NORMAL DEVIATE OF SF.NSOR POS. ERROR TO SG2 *
C*THFT1 HYPERROP ANGLE BETWEEN POS X-AXIS AND LOP 1 (RADIANS) *
C*THET2 t1YPEPOPP ANGLF BETWEFN POS X-AXIS AND LOP2 IRAOIANS) *
C*FIX HYPFRADP X CU'MP0.FNT OF SENSOR POSITIO1,N ERROR FOR LOP I
C*F1Y #00 FRBOP Y COMPONENT OF SENSOR POSITION ERROR FOR LOP I *
C*E2X HYPER RDO X COMPONENT OF SENSOR POSITION FRROR FOR LOP 2 -
C*E2Y HY'FiL DP Y COM;)ONFNT OF SF!4SOR POSITION ERROR FUR LOP 2

Figure 2.1-27

2-55



I4

C*X2 HYPERACP X COORtDINATE OF INITIAL POINT OF LEG IMETERS)
C*Y2 HYPtR3CP Y COORDINATF OF INITIAL POINT OF LEG IMETERS) *
C*F3X HYPERBOo X COMonFNT OF SENSOR POSITIUN ERROR FOR LOP 3 •
C*F3Y HYPERBOP Y COMPONENT OF SENSOR POSITION ERROR FOR LOP 3 •
C*E3 HYPERROP RANDOM NOR4AL DEVIATE OF POSITION ERROR FROM SG3 *

C*ERRX HYPERBCP X COMPONENT OF AGGREGATED ERROR FOR HYPERB SYSTEM *
C*ERRY HYPER3CP Y COMPONENT OF AGGREGATED ERROR FOR HYPERB SYSTE4.
C*FX3 HYPERBOP X COVP OF ERROR FOR FIX FROM LOT I AND LOP 3 *
C*FY3 HYPERBDP Y COMP OF ERROR FOR FIX FROM LOP I AND LOP 3 *

C*IGAS HYPERBDP FLAG TO SHOW IF JUST 2 OR ALL 3 LOPS ARE USEFUL •
C*qR HYPERBOP MAGNITUDE OF ERROR VECTOR FROM LOP I AND LOP 2
C*R2 HYPERBOP MAGNITUDE OF ERROR VECTOR FOI LOP 2 AND LOP 3 *
C*Rl HYPERBOP MAGNITUDE OF ERROR VECTOR FOR LOP 3 AND LOP 1 *

C*NSLEG HYPERBCP ID OF LEG INITIATION POINT *

C*PX HYPER8CP X COORD OF INIT*PT. OF PREVIOUS MOVEMENT LEG ,
C*PY HYPERBCP Y COORD OF INIT.PT. OF PREVIOUS MOVEMENT LEG S
C*SX HYPERSCP X COORD OF INIT.PT. OF SUCCEEDING MOVEMENT LEG ,
C*SY HYPERBCP Y COORD OF INIT.PT, OF SUCCEEDING MOVEMENT LEG *
C*IX HYPERBCP STARTING AND SUBSFOUENT RAND* INTG. FOR RAND.NO.GEN. *

C*SLI HYPERROP SLOPE OF LINE JOINING SLAVE STN NO I AND SENSOR *

C*SL? HYPERBOP SLOPE OF LINE JOINING SLAVE STN NO 2 AND SENSOR •
C*SL3 HYPERBDP SLOPE OF LINE J(,INING SLAVE STN NO 3 AND SENSOR *
C*SL4 HYPERBDP SLOPE OF LINE JOINING MASTER STN AND SENSOR •
C*R HYPFRBDP MAGNITUDE OF HYPERBOLIC SYSTEM ERROR (METERS) ,
C*RX HYPERBDP COMPONENT OF HYPERBOLIC SYSTEM ERROR (METERS) *
C*RY HYPERR)P Y MPONENT OF HYPERBOLIC SYSTEM ERROR (METERS) *
C*RSL HYPERBDP SLOPF OF HYPERBOLIC SYSTEM ERROR VECTOR *

* C*THETR HYPEQBDP SLOPE OF HYPERPOLIC SYSTEM ERRr1R VECTOR IRAuiANS) •
C*PSL HYPERRDP SLOPE OF LINE FROM PRESENT TO PAST LEG START POINT ,
C*THFTP HYPFRBDP SLOPE OF LINE FROM PRESENT TO PREVIOUS LEG START PT. *

C*SSL HYPERRDP SLOPE OF LINF FROM PRESENT TO NEXT LEG START POINT *

C*THETS HYPERRSP LOPE OF LINE FROM PRESENT TO NEXT LEG START POINT *
C*PI "4YPERBOP SYMBOL FOR THE NUM3ER OF RADIANS IN 80 DEGREES S
C*ALPHA HYPFRBOP THE ANGLE BFTWFEN A MOVEI.ENT LEG AND THE ERR.VECTOR
C*ZAPI HYDERRDP TEMPORARY NAME FOR THETAL (RADIANS) S
C*ZAP2 HYDFwhD(P TEMPORARY NAME FOR THETA2 (RADIANS) •
C*
C* METHOD: SEE 2-56.5. *

Figure 2.1.27 (Cont.)
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C* METHOD *
C*: THE SYSTEM GROUND STATION LOCATION AND ERROR COMPONENTS ARE *
C* EXTRACTED FROM THE NAVIGATION PARAMETER TABLE. THE SLOPE OF THE *
C* LINE (BETA), WHICH IS MEASURED BETWEEN ONE OF THE FOUR GROUND STA- *
C* TIONS (ONE MASTER, TIHEE SLAVES) AND THE SZNSOR PLATFORM IS CALCU- *
C* LATED AND SUCH BETA VALUES ARE UTILIZED TO COMPUTE THE ANGLE ALPH, *
Cl- WHICH IS BETWEEN THE BETA LINE AND THE CORRESPONDING LINE OF POSI- *
C* TION (LOP) TO THE SENSOR PLkTFORM.
C* CALCULATIONS ARE THEN MADE ON THE VARIABLE SG, WHICH IS ONE *
C* STANDARD NORMAL DEVIATE OF SENSOR POSITION ERROR PERPENDICULAR TO *
C* THE APPLICABLE LOP. SUCH SG VALUES ARE DEPENDENT ON THE SPH VARI- *
C* ARLES WHICH EQUAL THE SINE OF THE APPROPRIATE ALPH ANGLE. THE *
C* ABOVE NAMED CALCULATIONS IN CONJUNCTION WITH AN IGAS VARIABLE ARE *
C* USED TO DETERMINE THE NUMBER OF USEABLE MASTER SLAVE COMBINATIONS. *
C* ALSO, THE SLOPE OF THE LINE OF POSITION THET IS ALSO CALCULATED. *SC* NEXT RANDOM NORMAL DEVIATES OF SENSOR POSITION ERRORS TO THE*
C* SG VALUES ARE CALCULATED. UTILIZING THE THET VALUES, X AND Y COM- *
C* PONENTS OF SENSOR POSITION ERRORS (EIX, ElY) FOR THE APPLICABLE *
C* LOFS ARE COMPUTED. *
C* A CALL IS MADE TO SUBROUTINE RERR TO FIND THE POINT OF INTER- *
C* SECTION OF TWO LINES, ONE PASSING THRU THE POINT (EIX, ElY) AND *
C* PARALLEL TO THE LOP WITH SLOPE THET I AND THE OTHER PASSING THRU *
C* THE POINT (E2X, E2Y) AND PARALLEL TO THE LOP WITH SLOPE THET 2. *
C* THE VECTOR FROM THE SENSOR POSITION TO THE ABOVE NAMED INTERSEC- *
C* TION ?OINT IS THE NAVIGATION ERROR VECTOR FOR THE STATION PAIR *
C* DESCRIBED. ALL THREE POSSIBLE ERROR VECTORS ARE CCMPUTED. *
C* THESE THREE ERROR VECTORS (RI, R2, R3) ARE CCMPARED AND THE *
C* SMALLEST VECTOR IS SELECTED ALONG WITH ITS X AND Y COMPONENTS. *
C* FURTHER COMPUTATIONS ARE MADE If THE MOVEMENT IS NOT CONFINED TO A *
,* TRAIL, AND THE X AND Y COMPONENTS OF THE ERROR VECTOR THAT IS PRO- *
cw JECTED ONTO THE TRAIL SEGMENTS ARE CALCULATED. *
C* *

Figure 2.1-27 (Cont.)
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C ******i~****************RFRR *************4***

C. SU6ROUTINE RERR *

C**

C* PtJRPflS E. *
C* USED IN THE COMPUTATIJN OF NAVIGATION ERRORS

C* CALLING SFOUENCE *
C* CALL RERRIZX1.ZYI#ZETA1,ZX2,ZY2,ZETAZ,ZXZYR) *
C* *
C* GLOSSARY *

C*ZX RERR CP X-Cnmp OF EPRnO OF A FIX FROM 2 LOPS (METERS) *

C*ZY RERQ CP Y-COMP OF FRR(1R OF A FIX FROM 2 LOPS (METERS) *

C*ZXI RFPR CP X-CUMP OF ERRL)GR FUR LOP I (METERS) *

C*ZYl REHR CP Y-COMP. OF ERROR FOR LOP I (METERS)
C*ZX2 RERR CP X-COMP OF ERROR FOR LOP 2 (METERS) *

C*ZY2 REQI$ CP Y-COMP OF ERROR FOR LOP 2 (METERS) *
C*ZFTAI RFRR CP ERROR I MAGNITUDE *

C*ZETA2 RERP CP ERROR 2 MAGNITUnE
C*R RERR CP TOTAL ERROR MAGN(TUOE FOR FIX FROM 2 LOPS (METERS) *

C* METIDD *

C* THE X AND Y COMPONENTS OF ERROR AND THE TOTAL ERROR MAGNITUDE FOR *
C* A FIX FROM TWO LINES OF POSITIONS ARE SELECTED. A VARIABLE E 1S CALCU- *

C* LATED BY MULTIPLYING THE X COMPONENT OF ERROR FOR LINE OF POSITION 1 BY *
C* THE Y COIPONENT OF ERROR FOR LINE OF POSITION 2 AND THEN SUBTRACTING THE *
C* PRODUCT OF THE Y COMPONENT OF ERROR FOR LINE OF POSITION I AND THE X *
C* COMPONENT OF ERROR FOR LINE OF POSITION 2. IF THE E VALUE IS ZERO, THE *
C* PROCESSING IS COMPLETED; IF THE E VALUE IS NOT EIQUAL TO ZERO, THE X AND *
C* Y COMPONENTS OF ERROR OF A FIX FROM TWO LINES OF POSITION AND THE TOTAL *
C* ERROR MAGNITUDE FOR A FIX FROM TWO LINES OF POSITION ARE COMPUTED. *
C**

Figure 2.1-28
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C* *

Co *
C# SURROU, INE NfIRMER
C* PURPOSE *

C* USED "To COMPUTE X AND Y COMPONENT NORMALLY DISTRIBUTED NAVIGATION ERRORS *
C* WHEN POSITION LOCATION IS DETERMINED IN OPEN TERRAIN FROM MAPS AND VISUAL *

C* SIGHTTINS. *

C* CALLING SEQUENCE *
Cs CALL NORMF RINVSW2 tNSLEG, ITRAL, PX#PY tXZtYZSXt SYqPRNV4, EPR X,
C* * ERRY) *
C* *

C* *
C* DESCRIPT ION OF PARAM4ETERS *

C* GLOSSARY *

C*PRNV4 N(.kMERCP INPUT TABLE OF NORMER NAVIGATION SYSTEM ERROR DATA *

C*X2 NflRMERCP X COORD. OF M9VEMENT LEG INITIATION PT. (M4ETERS)
C*Y2 NOPMERCP Y COGRO. OF MOVFMFNT LEG INITIATION PT. (METERS) •
C*SX NORMERCP X-COORD OF INITIATION PT. OF SUCCEEDING LEG (METERS) *

C*SY NIIRMERCP Y COORD OF INITIATION PT. OF SUCCEEDING LEG (METERS) *
C'0 X N'JQMERCP X COORD OF INITIATION POINT OF PREVIOUS LEG (METERS) *
C*PY NnRMERCP Y COORD OF INITIATION POINT OF PREVIOUS LEG (METERS) *
C*ITRAL NflQMERCP INDICATOR TO SHOW WHETHEk OR NOT TRAIL FOLLOWING $

C*ITRAL qnPMERCP APPLIES 0
C*PS NORMERDP ONE STD OEVCIRC-NORM DISTOF NORMER LOCATION ERROR *
C#IX NnRMERCP STARTING AND SURSFQUENT RAND. INTEGERS FOR *
C'IX NORMEACP RAND. NO. GEN. *

C*AR NWJRMEROP NflRMER LPCATION ERROR RANDOM DEV. OF CiR NOR.DIST. *
C*SL NORE -ODP LINE SLOPF
C*THETA NORt-Rr)P ANGULAR SLOPE OF MOVEMENT LEG MEAS FROM POS X AXIS •
C*ERRX NI)PMRECP X COMPnNFNT OF ERROR FROM NURMER SYSTEM (METERS) *

C*ERRY 0O4RMERCO Y COMPONENT OF FRPOR FROM NORMER SYSTEM (METERS) *

C*NVSw2 Nr"RmFRCP ID OF A NAV SYSTEM WITHIN A SET OF SYSTEMS ALL fOF $

C*NVSW2 NRME4CP ONE TYPE
C*NSLEG N.IR4ERCP ID OF LEG INITIAL POINT
C,.
C* RFMAKS S

Co NONE
Co
C* SURROUTINES REQUiRED S
C* GRN

C* METHOD: See 2-58.5.

Figure 2.1-29
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C* METHOD *
C* UTILIZING THE INPUT TABLE OF NORMER NAVIGATION SYSTEM ERROR *
C* DATA, ONE STANDARD DEVIATION UF NAVIGATION LOCATION ERROR IS OB- *
C* TAINED. THEN A CHECK IS MADE USING THE IDICATOR ITRAL TO SEE *
C* WHETHER A MDVEMENT FOLLOWS A TRAIL. WH9N DVEMENT FOLLOWS A TRAIL *
C* (ITRAL- 1), A RANDOM NORMAL DEVIATE IS CALCULATED THAT REPRESENTS *
C* THE NAVIGATION ERROR VECTOR. IF MOVEMEir DOES NOT FOLLOW A TRAIL, *
C* X AND Y ERROR COMPONENTS FROM NORMER SYSTLY ARE COMP)4UTED. *
C* IF THE RANDOM NORMAL DEVIATE CALCU;.ATED FOR MOVEMENT ALONG A *
C* ','RAIL IS NEGATIVE, THE NAVIGATION ERROR VECTOR TS ASSUMED T BE DI- *
C* RECTED TOWARD THE STARTING POINT OF THE PREVIOUS TRAIL SEGMENT. IF *
C* M RAIMM NORMAL DEVIATE IS POSITIVE, THE ERROR VECTOR IS DIRECTED *
C* ITWARD THE STARTING POINT OF THE NEXT SEGMENT. THEN 'PIE X AND Y *
C* COMlPCFENTS O? THE NORMER ERROR ARE COMPUTED. *
C**

Figure 2.1-29 (Cont.)
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c*4~~** ** ~ ~ RHOTHF**************s**

SUBR(OUTINE RHO.1THi *
C* PURPOSE
C USED TIO COMPUTE X AND Y COMPONENT ERRORS REPRESENTATIVE OF A RHO THETA •
C RADAR TRACKING NAVIGATION SYSTEM.

C**
C* CALLING SFQUFNCF
C* CALL RHOTNHE(NVSW?,ALTX2tY2,PRNV2,ERRXERRY)
C.
4'C DESCRIPTrIN OF PARAMETERS

C* GLOSSARY
C*PRNV? R4OTHELC INPUT TABLE OF NAV SYSTCM ERROR PARAMETER OATA,REAL *
C*NVSW2 RHt l"HECP IFD OF PARTICULAR SET OF RHOTHETA NAV SYS. DATA USED *
C*Zi RHnTH[InO ELEVATION UF RADAR SITE ABOVE MEAN SEALEVEL I4ETFRS) *
CsHI .:-1flT1•OP HEIGliT OF SENSOR AROVE RADAR SITE (METERS) *
CfSLF RH TH--O" NAV SYS STATION LUC ERROR ONE STD 0EV CIRCULAR NORM
C.*RRE RH--':r0)P DIPECTION RESOLUTION ERROR OF RHOTHETAONE STD *

C*BRF RHrTHE0P NORM. 0EV.
C*RQE RHOTHCDP RANGE RESOLUTION ERROR OF RHOTHETA,UNE STD NORM DEV *
C*HPF RHnTHFrOP ALTITUDE RESOLUTION ERROR OF ALTIMETER ONE STD *
C*HRF RHOCTH EDO NORM 0EV
C4'xi RHOTHFDP X COORD OF RHOTHETA GROUNO STATION POSITION (METERS) *
C*vY Rwr,,THCDP Y COnRD OF RHflTHETA GROUND STATION POSITION (METERS) *
C*ALT RIf4JrHC 0  SFNS1)R ALTITU)E ABOVE MEAN SEALEVEL (METERS) *
C*X2 RHOTHECP X CflOPD OF LEG I1-ITIATION POINT (METERSI
C*Y 2 RHTHFCP y COflnr) OF LEG INITIATION POINT (METERS) *
C'00r) R'I1TTHEDP SQUARE OF GROUNO 0IST FROM RADAR STATIUN TO SENSOR *
C*fl2 RWOTHFOP S(4UARE OF SLANT RANGE FROM RADAR STATION TO SENSOR
C*GRRS RH'ITHEOP ONE STO NOR4AL OEV OF SENSOR POSITION ERROR IN RANGE *
C*fQAS RWfOTHEOD LUNF STO NORMAL 0EV , • ENSOR POS. ERROR IN AZIMUTH *
C*SL RWOTHF4OP LINE SIflPE •
C*UTHFTA DHI:THrFo 0IRECTIflN FPO4 POS. X-AXIS UF SFNSOR GROUNO PLANE *
C* (,.4F RRH1T rOP RAND. q,3Rm. DFV. OF SE;ASOR PUS. ERROR IN RAN(e 4
C*(,£AE RH- THE')P 0A,1). NORM. 0EV. OF SENSOR POSN FRRGR IN AZIMUTH ,
CtrQY LT4)THEflD X COMPC'NFNT OU SENSOR POSITIn.h4 ERROR IN RANOE •
C*GcpY R"TTH0E Y COF11PONENT OF SENSOR POSITIO-"4 ERROR IN RANGE
C4GAX t f' ITHE 0 K COYPOU NT OF SENSOR POSITION ERROR IN AlIMUTH •
C*GAY R4(iT rOP Y CJMP()r N)r OF SENSOR POSITION ERROR IN AZIMUTH 0
C*F:)PRX T IT F FC D X COMPONFNr OF TOTAL ERROR (METERS) •
C'*-wQY RH TrH!-C. Y CON49PY:FNT Or TOTAL EIROR (METERS) *
C*IX (I yvir Cp :TARTIN(; AN') SUhSFQUFNT RANOriM INTEGERS
Ci[x RTiMC£ FRJM RAN). NO. GFNERATOR. *

C* RFMAkKS *

C. *•~~U N. I3IE

Co ,RN •
C* L"7TwD: See 2-59.5.

Figure 2.1.30
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C* METIHD
C* THE NAVIGATION PARAMETER TABLE IS UTILIZED TO OBTAIN SYSTEM *
C* COMPONENT ERRORS, SUCH AS NAVIGATION SYSTEM LOCATION ERIRR, DIREC- *
C* TION RESOLUTION ERROR, RANGE RESOLUTION ERROR, AND ALTITUDE RESOLU- *
C* TION ERROR. THE X AND Y COORDINATES OF THE RHO THETA GROUND STATION*
C* ARE ESTABLISHED AND THE ELEVATION OF THE RADAR SITE IS DETERMINED. *
C* AFTER THE ABOVE NAMED PARAMETERS ARE OBTAINED, CALCULATIONS ARE MADE*
C* TO OBTAIN THE SQUARE OF THE GROUND RANGE AND THE SQUARE OF THE SLANT*
C* RANGE TO THE SENSOR PLATFORM. THEN ONE STANDARD NORMAL DEVIATIONS *
C* OF SENSOR POSITION ERRORS IN RANGE AND AZIMUTH ARE COMPUTED. *
C* UTILIZING THE SLOPE OF THE LINE JOINING THE CROUND ST,%TION AID *
C* THE SENSOR PLATFORM, X AND Y COMPONENTS OF RANGE AND AZIMUTH ERROR *
C* ARE COMPUTED. THE X COMPONENTS OF RANGE AND AZIMUTH ARE ADDED TO *
C* GIVE AN X COMPONENT OF SENSOR POSITION OF TOTAL ERROR AND A Y COM- *
C* PONENT IS CALCULATED IN THE SAME MANNER. *
C**

Figure 2.1-30 (Cont.)
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C*~*s*s**~ss*~*5**ss*s**JFD1LK 3 ****************
C*
Cs
Cs PuQPnSE *
C* BLUCK DATA USEO TO SFT DESIGNER INPUT VALUES FUR THE *

Cs DETERMINATION OF GROUND TRUTH POSITIONS s
Cs *
C* CALLING SFQUENCE *
Cs N'3NF •

Figure 2.1-31
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PREMiJ4
C• *

C* PRE-RUN FXECUTIVF-STEP 4
C* •
C* PURPOSE: *
C* PLAYS MOVING ARRAYS THROUGH .MANDUP AND MVSNF *
C* PRFSENTLY MANDUP AND MVSNF ARE COMBINED IN SUB. MVS *
C• INITIATES TARGETS FROM MOVE ARAAYS *
C• ,
C$
C* USAGE 5
C* MAIN PROGRAM
C• •
C* REMARKS S
C$ TRNPAR ROUTINE MAY BE CALLED AFTER STEP 4 •
CS REQUESTS DISC SPACE FOR TARGET INFD -MTAPE(7T •
C• S
Cs SUBROUTINES CALLED *

C* MVS -COMBINED MANDUP-MVSNE - •
C• SUBROUTINES REQUIRED •
C* HYPERS *
Cs RHOTHE
Cs DOPLER
C* NnRMER
Cs RERR s
C5 FINOX •
C* FINDZ 5

MERGOR s
Co OORDER S
Cs GMERGE
Cs 5
CS METHOD •
CS THE COMMON GAME INFORMATION, THE AASTER DATA STREAM, THE S
CS ATMOSPHERIC DATA, THE UPDOWN TIMES, THE GROUND TRUTH ARRAY 5

C* AND THE MASTER EVENT LIST ARE READ FROM THE CORRESPONDING
Ce UNITS.
C* AS THE ATMOSPHFRIC DATA IS READ ONLY THE TIME, VISI8ILITY *
Cs A4D CEILING ARE SAVtD IN ARRAY A(4,ZOO). THE SOLAR ALTITUDE *
Cs IS USED TO S[T THE OAY/NIGHT CODE (0/1) IN A(4,N). ONE 0

Cs AI)DITIUNAL SET OF POINTS ARE RECORDED TO ACCOMODATE THE SCAN *
C• LOGIC OF MVS. 5
Cs 4VS IS CALLED *
CS THE TARGET INFORMATION IS PRINTED AND RECORDED ON MTAPF(Ti*
Cs THE GkULINO TRUTH POS'TIONS ARE WRITTEN ON MTAPE(5) AND THE S

CS EVENTS ON 4TAPE14).

Flguu. 2.1-32
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MVS ****s********s***
C* *

SUiR.UTINE MVS •

Ct OFTPAINFS THE r,PnJNn TRUTH PATH OF 1HE MOVING APRAYS *

C* AND THE UP011W4• TIMFS OF THE ASSOCIATEO SENSORS *

Cs
C* CALLING SrýUENCE F
C* CALL '4VS(.IPRINTNPLAY) •
C*
C* OESCRor1nTI'r OF PARAAI.TERS
C* * INPUT * •
C* NPLAY PLAY OPTION *

C* MPRIWT PRINT OPTION •

C AT'IFN(1,M) TIME ATmnSHERIC DATA VALID M=lMMAX •

C AT*4ENI I,PI1AX+1) TMAX *

C ATMEN12,'i) VISIBILITY (METERS) •

C AT4FN(3,M) CEILING (METERS)

C ATME,,(4iM) DAY= 0 , NIGHT= 1 •
Cs •
Co PLANNER INPUT TABLE ITEM *

C# PRNVI( ,101 N4VIGATION SYSTEM HYPERBOLIC 15 ALL *
C* PRNV2( , 7) NAVIGATION SYSTEM RHO THETA 16 ALL *

C* PRNV3( , 7) NAVIGATION SYSTEM DOPPLER 17 ALL *

C' PP'4V4( ) NAVIGATION SYSTEM NORMAL 18 ALL *
C*'

Cs
C* NSrN NUMBER OF SENSORS 2! 4 *

C* ISN I0 OF FIPST SENSOO 20 5 •

Cs IBF IO OF PLUE FORCE 20 6 *

C* INAV NAVIGATION SYSTEM 20 7 •
C* ICNV VFRSION OF NAVIGATION 20 8 *

C* PA PRnBRAIiLITY OF MISSION AgnRT 20 9 *

Co DAYN DAY/?,IGHT RESTRAINT CODE 20 10 5

C* CFIL MINI 4UM CFII. ING 20 II
C* VIS MINIM4UM VISIBILITY 20 12 •
r. LFC BLUE FnACF LOCATION IN DATA SFT *

CC TUP STAKT OPFPATINS TIME 21 6

NFL NUMBER OF ELEMENTS 21 5 s

C* IF-P 10 OF FOPCE TYPE PARAMETER SET 21 7 *

Co' IA FIRST •O•'E 21 10 s
Cs IPH ID OF ROUTE 21 q ,

Cs INR SECONr) NUDE 21 10 •
Cs SP SPEED 21 11 *

Cs aLT ALTITUDE 21 12

C# LFP LOCArIIN OF FJRCE PARAMETFk SET
Cs Fm FERRnUS METAL PRESENT 13 2 ,

v S r) VISUAL SECURITY DFSCRIPTION 13 3 *

Co SVC SPACING AFTWEEN ELEMENTS 13 4 5

Fipau 2.1-33
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C* IFR A Fu1PMATIOiN OrSCRIPTION 13 5 *
0- D ILS l S ) 'F-AN TIME I3-TWFFN FAILURtS 4 4 *

* fl'JTPOiT *
C' SXYT( ) ARRAY (IF SFNSLIR SPACF TIME POSITIONS-XYTXYT- *

C*Aw I TA•) GT PARAMFTERS -BLUF Ffll(C[ AS A TARGET *

C* IVFI I 4¶S" EVENTS 4t,q
C* UnTJ( ) JP-)flWN TIMES OF SFNSORS *

C* KSFNI ) PnINTFR FOR UP-nOWN TIMES •
C* KXYT( I PrIITER Flict PIJSITIO)NS *

C*
C* REMARKS *

C* REPAIR OF MOVING SENSORS NOT PLAYED

C* SUgiR(OUTINES REQUIRED *

C* FINDX •
C* NORMER *

C*GRN
CUN •
C* HYPERO B
C* MERGOR *

C* RHOTHE *

C* OflPLE-l
C*
C•
C"I METHOD ,*

C* THIS ROUTINE PROCESSES THE MOVING ARRAYS. THE PLATFORM5 *

C" ARE CONSIOERED AS TARGETS. THE SENSOR POSITIONS ARE RFCORDEF *

C* AND THE RELIABILITY IS COMPUTED. *
C, THE DATA FOR THE PRNV TARLES IS LOCATED BY FINUX. IJ A SFT"
C* IS VOID THE DATA IN THE DATA STATEMENTS WILL RE USED. *

C" FIJonX IS USED TO LICATE ALL THE DATA FOR THE HnVING ARRAYS*
C" THE BLUE FOKCF AND THE SENSORS. FOR EACH ARRAY THE PARAMETERS*
C* ARE EXTRACTFD FROM THE PLANNER INPUT.
C• THE STAR INI, TIME FnR THE MISSION IS DFTERMINE:) HY NITING "

C" THE PLANNFD STARTING TIME, THE MINIMUM CEILING AND VISIBILITY*
C* AND T4E DAY/NIGHT CONDITIONS. THE ATMOSPHERIC TABLES (ATMEN) •
C* ARE CHECKE'J AND THE MINIMUM TIME AT OR AFTER THE PLANNED •
r.* TIME W1i-N ALL CONDITIONS ARE MET IS USED AS THE START TIME •

IF ALL CINr)ITI'nIS ALF NOT MET rHF MISSION IS SCRATCHED. THE *
Cs SCAI IF THE ATMEN TABLE IS CONTINUED TO FIND THE LrNGEST ,
C• PnSSI'LE DURATIf)N OF THE MISSION. *

C" THE ;RIuNrP TRUTH PATHS ARE COMPUTED AND THE TARrGET PARA- *
C" METrRS ARE SET ALONG WITH THE SENSOR GRCUND TRUTH OATA. A', S

CS TOF POSITIONS ARF FOUND THE DURATION IS DETERMINED. IF THE 0
C* ATMOSPHrRIC CONDITIONS ARE NOT 4ET I-Ok TIIS INTERVAL THE 0
C" UISSin'4  IS SCRAT-.04F:j. A OANLn)4 NU-4tER IS DRAWN TO SEt IF TN[*

, Cs "ISMI"' A•.-RrS. I- SO, A UNIFOR4M RA-4IOV ,UMIiER IS SFLF•.IEr TO.
C I)r'rF4•'I!l- THF TIME OF THF AIfRT. ,
Co IF AN ADlP'rT OCCURS THF MISSIUN IS RETURNED TO iTS
Co STARTIN(. PIINT Athld', A STQ'AIGHT LINE PATH.

Firum 2.1.33 (Cont.)I Zb



C* MSM EVrNT TYPrR IS CREATEn.
C TARt;FT INl-ý)RIAA7ION IS PUT IN'TO THE TARG ARkAvY SENSOR R *C lhJfH0R%4ATIr)% IS PUT (NT:1 THE SXYT ARR4AY AND PLI[NTER KXYi [S *C SET. ITIHE ."EAN F-AiURF TIME OF THE SENSORS IS COMPUTED AND THEC* SFNSno UP-DOWN tr1,ES ARE STORE.!) IN UOTM WITH POINTER KSEN. *C,, EVI''T TY•E '# IS C!rATED.C* AFTER ALL AIIRAYS ARE PROCESSED THE EVENTS ARE ORDERED AND *C* MERGED WITH THE MASTER STREAM BY A CALL TO MERGDR. *C*

Figure 2.1-33 GCont.)
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External data sets required as input are "DATAIN" and
"JFPXY", both generated in previous steps.

This step prepares the system parameter data set for use
in MSM and stores this set on disc (3 VFWDF)..

Figures 2. 1-34 through 2. 1-37 describe the subroutines

used in this step.

2.1.5.7 PRERUN Step 6

Step 6 in PRERUN comprises the main program (PREMN6)
with 14 subroutines listed in Table 2. I-V, plus 5 utility subroutines.

External data sets required as input are "DATAIN" and
"JFMSTR", both generatcd i.i previous steps.

Designer input values for Battle and Cultural are set by
BLOCK DATA (JFBLK6). See volume II, Appendix I, for Designer Input
Tables. In addition, a DATA statement within BSCHDL sets designer
values for ba'tlefield illumination parameters (array ELIGHT).

This step creates battle and cuitural background noise levels
in dE for PRERUN Step 7 and stores these values on disc (CRSEIS for
battle values, and CRCLTP for cultural values). Step 6 also stores
generated false targets on disc (CRTARG) and stores generated battle
illumination events type 9 on disc (CREVT9).

The battle and culture processing is further described in
Section 5 of this volume.

Figures 2. 1-38 through 2. 1-52 describe the subroutines

of this step.

2.1.5.8 PRERUN Step 7

Step 7 in PRERUN comprises the main program (EVNT23)
with 11 subroutines listed in Table 2. 1-V, plus 4 utility subroutines.

External data sets required as input are "DATALN",
"MASSDAT", "CRSEIS", and "CRCLIB", all generated in previous steps.

This step creates events type 3 - senor parameter changes
due to (a) atmospheric variations and (b) ba-kground noise levels computed
hy battle and cultural routines (Step 6). Step 7 also creates events type 2d-
false alarms. Event histories for these two event types (2 and 3) are
merged in time sequence and stored on disc (MASSEV23).

Figires 2. 1-53 through 2. 1-60 describe the major sub-
routines of this step.
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TQNPAR ********'********
C*
C* PRE-RUN rXFCJTIVF STFP 5 *
C.
C* PtJRPISF *
C* EXECUTIVE PROGRAM TO TRANSFER PLANNER INPUT DATA TO MSM $

C**
C* USACIF
C* MAIN PkR.,RARq ,

r* METHID •
C* THF PLANJNFP IJ PUT DATA ARE RFAD ý(l SUBROUTINE TRiNP1 rIs *
C*CA tLE'). THL 13 ')AT' SETS ARE ORINTE0) UNDER COINTROL OF A 00

SL0,0 *
C* *C******4***4************k************************************************* I

Figure 2.1.34

26
'9 1
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r********t~***********~**TRNPR I ***~***********
C$

SUBIROUTINE TRNPRI $
C**

C* PURPUSF $
C, PROGRAM (I EXTRArT DATA FROM4 DATAIN AND TRANSFER Tl MSM ,
C**
C* CALLING SEQUENCE *
C*' CALL TRNPRI
C$
C* fESCRIPTTP'.q ()F PARAMETEPS ,
C•* ALL INPUT AlJf OUTPUT VIA COMM-11N BL()CKS/DATAIN,JTFWf)FPXYTP/ *
C*w
C* REMARKS $
C$ NONE *
C$*
C* SUBROUTINES REQUIRFD *
C* EPASE *
CC VALID *
C* FFINnX
C* FINDY $
C. TRAN ,
C, TRAN2 *
C* DSKOUT $

C**

C* METHID $
C$ THE OATA IN THF PLANNER INPUT IS LGCATED BY FINOX AND *
C$ THF PAPAMETEPS ARE TRANSFERRED INTO THE ARRAY IFRY AS *
C$ REQUIRED BY MSM. SUBROUTINE DSKOUT IS USED TO WRITE THE *
C* BINARY OUTPUT. *
C* THE SFNSOR POST TIONS ARE FOUND BY READING THE GROUND
C, TRUTH POSITIONS ON JFPXY, ARRAY SXYT WITH POINTER KXYT. ,
C* SUBROUTINE FINDY IS USED Tf", FIND THE DATA FOR A PARTICULAR *
C* SENSOR. SUBROUTI.'E VALID IS USED TU UETERMINE SENSOR TYPF $

C**C*** * *****C******C****,********~**t'* *

Figure 2.1.36
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C********* ~t******4.****** (SK')UT
C,
C, SUaR.)UT1INE 0SKOUT ,
C, *
C* PURPOSE *

C* WRITES DATA ON BINARY UNIT ,
C* w
C* USAGF

C, CALL DSKOUT(MvNJ
C,.
C* DESCPIPTION flF PARAMETERS
Cs * ;NPUT * *
C* 9 LOCATION YINUS ONI OF ARRAY TO BE WRITTEN
C* N NUYBER OF VALUES FROM THE ARRAY TO BE WRITTEN ,
Ce ARRAY OF ITEM1S Tn RE WRITTEN ARE IN LABELED COMMON/JTFWDF/ *
C* *

C* REMARKS *
C, THIS ROUTINE WRITFS THE BINARY MSM INFOPRATION ON UNIT 2 *

C* IT IS USED SOLFLY BY SUBh(OUTINF TRNPRI *
C* *

Figure 2.1-36
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IAI
I

COOO4OOO*OOOOO*OOOOOOOO*OOOOOO VAL I' *OOOOOO**O*O***O••OOO•OOOO*OO•t~e~

C• SUBtROUTINE VALID
C* *
C* PUR PrSE

C* RnUTINE TI [ETERMINE VALID SENSOIR TARGET COI8iBINATIONS •
C* IT DETERIINES WHETI"ER LOS IS NECESSARY
C*,

C* REMARKS
C* IT ASSIGNS A NUMBFR TO EACH TYPE SENSOR AND EACH TYPE TARGET
C* *
C* INPUTS REI.'J[QED qY SUBROUTINE
CO
CO SEqSNR - SENSOR NAME RIGHT ADJUSTD '
CO TARGET - TARGET NAME RIGHT ADJUSTEDf
CO VS - SENSOR VELOCTY *
C* VT - TARGET VELOCITY *
CO FM - FERROUIN 4ETAL PRESENT *
CO INTEGER 1 - YES *
CO INTEGER 0 = NO *
CO
CO OUTPUTS RETURNED BY SUBROUTINE
CO
CO NS - SENSOR NUMBER
CO NT - TARGET NUMBER *
C* NV1 - LINE OF SIGHT REQUIRMENT 0

CO =0 NO LOS OR 8REAKWIR REQUIRED
CO =1 LINE OF SIGHT PEQUIRED 0
C* =2 RREAKWIR REQUIRED
C* NV2 - PLAY TARGET IF NONZFRO
C* =0 NO PLAY *

CO =1 PFRSONNEL
C* =2 VFHICLFS AND BOATS
CO =3 AIRCRAFT AND Ai4Mp •

CO )PfMD: See 2-69.5.
CO
**********OOO*OOO****************0*0**0*******0****0********0*0**********

Figure 2.1-37
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C* METHOD *
C* IN A DO-LOOP, EACH SENSOR NAME IS COMPARED WITH THE NAME OF *
C* T"E FIRST ITEM IN A TABLE CALLED STABLE. IF THEY ARE THE, SAME IT *

C* ASSIGNS A CODE (NS) TO THE SENSOR TYPE CORRESPONDING TO THE POSI- *
C* TION OF THE SENSOR IN THE STABLE LIST. A CHECK IS THEN MADE TO SEE *
C* IF THE TARGET TYPE IS GREATER THAN 19. IF IT IS NDT, THEN THE TAR- *
C* GET NTMBER (NT) IS SET TO THAT VALUE. IF THE NUMBER IS GREATER *
C* THAN 19, THEN IT IS BEING READ AS AN ALPHANUMERIC AND A SIMILAR *
C* CHARACTER COM'ARISON IS MADE BETWEEN THE TARGET NAME AND A TABLE *

C* CALLED TTABLE TO OBTAIN THE NT VALUE. *
C* A LIST OF SENSORS AND TARGETS IS PRINTED OUT. *
C4 THE SENSOR TYPE (NS) IS THEN USED IN A LOOK-UP TABLE TO DETER- *
C* MINE LINE-OF-SIGHT REQUIREMENT. VALUES OF 0, 1, 2 ARE ASSIGNED TO *
C* SHOW LOS NDT REQUIRED, LOS REQUIRED, OR THAT DEVICE IS A BREAKWIRE *
C* TYPE DEVICE, RESPECTIVELY. THE TARGET TYPE (NT) AND SENSOR TYPE *
C* (NS) ARE THEN USED IN A LOOK-UP TABLE (CTABLE) TO DETERMINE TARGET/ *
C* SENSOR COMPATIBILITY. IF CTABLE SHOWS COMPATIBILITY, ADDITIONAL *
C* CHECKS ARE MADE FOR TARGET MDVEMENT REQUIREMENTS AS SPECIFIED IN *

C* TARLE DCODE. DCODE n 0 INDICATES TARCET MUST BE STATIONARY. *
C* DCODE - I INDICATES TARGET MUST BE MDVING. DCODE a 2 INDICATES *
C* TARGET MAY BE EITHER MOVING OR STATIONAPY. CHECKS ARE ALSO MADE *
C* FOR REQUIREMENT FOR FERROUS METAL TO BE PRESENT IN THE TARGET AM *
C* FOR THE TARGET.VELOCITY TO BE GREATER THAN .035 M/SEC TO BE PICKED *
C* UP BY MTI RADARS. *
C* *

Figure 2.1-37 (Cont.)
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C**PFN6
C**

C* PRERUN FXFCIDTIVE - STEP 6 *
C*
C* PURP(ISF *
C* INITIALIZES TAPFS AND PARAMETERS USED BY BATTLE AND CULTURE *
C* ROUTINFS AND CrINTAINS THF CALL STATEMENTS TO THE EXECUTIVE *
C* (44TT r; ANr) CIlTIh;(F SlJ'H0OLTIN% ;. *
C* *
C* USArF *
C•AU AIM pR•IRAM *
C* *
C* 'ESCRIPTTC:4 qF PARAMETERS *
C• ALL INPUT ANr POUTPUT VIA LABELED COMMON BLOCKS/ RCJUTE,EXCLUO,*
C* DATAIN,UrMCOM,TIMFS,OUTPINOUT,OPTION,POSFRR, EINDS,SNr)XDY, *
C* FSBAS[/ *

C* •
C* REMARKS *
C* NONE *

C* *

C* SUBROUTINE AND FUNCTION SUBPROGRAMS REQUIRED *
C* FINDX

C* CULTEX •
C* RATEX *C*

C* METHn' *
C* THE COMMON GAME INFORMATION AND THE PLANNER INPUT TABLES *
C* ARE kFAD. AN END fF FILE IS WRITTEN ON THE UNIT FOR FALSE *
C* TARGET'3, THIS INSURES THAT LATER ROUTINES WILL RUN IF NO TYPE*
C* TARGETS ARE GENERATED BY BATTLE, OR CULTURE. *
C* THE PLANNER INPUT OATA FOR THE PATHS AND FOR THE FXCLUOED •
C* A'ýFA IS LOCATED BY FINOX AND PUT INTO THE APPROPRIATE ARRAYS *
C* THE r;A'4E iIOUNDARIES ARE SET AND THE NUMtBER OF '),•YS FOR *
C€ T14E GAIE AND TWE NUMBER OF QUARTERS(.)F A D)AY) ARE SET
C* THF SUR-EXECUTIVE 'ROUTINES Tu PROCESS CULTURE AND RATTLE ,
', C* AE CALLED. It!E :,,UTINES ARE WRITTEN SO THAT EITHER MAY RBF

C CALLED FIRST. *
C**

Figure 2.1-38
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C*
C* SUBPOUTINE CULTkX
C• *

C, PURPnfSE *
C* THE EX[ClJTIVE ROUTINE THAT CALLS SUBROUTINES CSCHDL#CULTBKt •
C* AATLTG FOR PROCFSSING THE CLLTURE EVENTS DESCRIBED BY THE ,
C* PLANNER.
C*
C* CALL I NG, SEQU" NC E
C* CALL CULTEXINDAYSDTIME) *
C*
C* ODSCRIPTION OF PARAM4ETERS *
C' ALL INPUT AND OUTPUT VIA LABELED COMMON BLOCKS, DATAINPAR, *
C* SUBCUL,SNOXOY,ROUTETARGOUTP,INUUT. *

C* •
C* * INPUTS *
C• ,
C* NDAYS NUMBER OF DAYS *
C* DTIME TIME INCREMENTISECONDS)
C*
C* * OUTPUTS * *

C*
C* TRGTS(IJ), I=ItI3),J-1,NTR TARGETS DETECTED *
C' REMARKS *
C' NONE
C' *
C' SUFIR.]UTINF AND FUNCTTOAJ SUBPROGRAMS REQiUIRED •
C' BATLTG,,CSCHDL,CULTBK, ,
C* I
C•

C' METHOD n
C* THE TARGET DISK IS ADVANCED. FINDX IS CALLED TO LOCATE *
r.* THE PLANNER INPUT FUR THF CULTURE ROUTINES *

C, THE DETFRM4IIN!STIC EVENTS ARE PROCESSED FIRST, AND THE RAND'M *
C' EVENTS LAST. AS FACH EVENT IS PROCESSED THE BATTLE CULTUIE *

C* TARGET ROUTINE IS CALLED TO GENERATE FALSE TARGETS •
Co AFTER ALL CULTURE EVENTS HAVE BEEN PROCESSED THE CULTURE •
C* (.ACKGPOUND ROUTINF -CULTBK - IS CALLED TO COMPUTE RACKGRUUND IV
C* NOISE LEVELS AND END 9F FILE CONDITIONS ARE RECORUED *
C* •

Figure 2.1-39
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qATE X t~**********~**
C**
C* SLBRfUT I NE RATEX *
C**
C* PURPOSF *
C* THt EXECUTIVE ROUTINE THAT CALLS THE VARIOUS ROUTINES FOR *
C* PROCESSING THE BATTLE EVENTS AND DIES THE INITIALIZATION *
C* REQUIPEn. *
C* *
C* CALLING SFOUENCE $
C* CALL BATEX(Nr)AYSDTIME, CSSAC) *
C**
C* DESCRIPTION OF PARAMETERS *
C* ALL INPUT AND OUTPUT, EXCEPT AS NOTED BELOW, VIA COMMON *
C* BLOCKS DATAIN, BATTEL, BB, ROUTE, EXCLUF), BBNOS, EVENTS, TARG, $
C* INnUT, OUTP, FSBASE. *
C* $
C** INPUT $ $
C$NDAYS NUMBER OF DAYS *
C* OTIME TIME INCREMENTISECONDS) *
C* CSSAC NOISE RATIO FADE CONSTANI FOR SEISMIC AND *
C* ACOUSTIC SENSORS *
C**
C* REMARKS

NONE
C$

C$ SUBROUTINF AND FUNCTION SUBPROGRAMS REQUIRED *
C* FINDX
C* BSCHDL
C* BATLTG $
C* BATLBK *
C* EVNT9 $
C* 'ERGDR $

C* METHODC* THE TORGDT DISK IS ADVANF.F, F[NDX IS CALLED TO LOCATE

C THE PLANNP INPUT FOR THE BATTLE ROlIJTIoES. ,
C* THE DETFRMINISTIC EVENTS ARE PROCESSED FIRST, AND THE *
C* RANDOM EVENTS LAST. AS EACH EVENT IS PROCESSED THE BATTLE *
C* CULTURE TARGET RDUiINE IS CALLED TO GENERATE FALSE TARnETS. *
C* THE BATTLE BACKGROUND ROUTINE(BATLBK) IS CALLED TO CO4PUTE *
L# BACKGROUNn NOISE LEVELS ANfl A CALL TO ROUTINE (EVNT9) *
Cs DFTELMINES ANY CV9NT JUE TO ILLUMINATION.
C* *

m,, ~C****S****,*,,$$$$**$,$,$ **w,$**$***$*$**$ $,,**S*$$ $*,*S#i* .*~, i $$$

Figure 2.1-40
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C<' BATLBK *
C, *
C S9RLOUr INE MATLBK *
C•
C*# puqlr'qS E

C' # FTF.'4INFS THE SFISMIC A04) ACOUSTIC BACKGROUND NOISE, •
C* IF ANY. *
C' *
C' CALLING; SQtJEUNCE *
C CALL ',iATI.H)K[SCHI)I.,ACST,SEISCSSACtOTItAFNBMAX) *

C,' OrSCPIPTIN (1IF PARAA4TEPS *
f, * !LL INPUT AN') OUTPUT VIA LABELED COMMON RLOCKS/8ATTEL, 8B,
C* EXCLIUD, 4rUTF, B!3NDS/ EXCEPT AS NOTED BELOW. *
C*'

C, * INPUT $ *
C4 SCHnfl BATTLE SCHEDULE TABLE $
C* CSSAC NOISE RATIO FADE CONSTANT = O.Q9
C$ i)Tl•Ir TIME INCREMENT - 3600 SECS. *
C* NSMAX MAXIMUM NUMBER OF TIME PERIODS TO BE PERMITTED *
C4
C* OUTPUT
Ct SCIS BATTLE f3t2K'R0UND NOISF DETECTFS) BY SEISMIC SENSOR *
C' ACST B1ATTLE 'ACKGROUN40 NOISE UETECTF) BY ACOUSTIC SENSOR*
C*
C' REMARKS $
C. lACK(-A'tUND N~'ISE IS IN DFCIBELS. *
C* *
C' S(05,7UTTINE A'ID FUNCTION S'BPROGRA&9S R{QUIREO •
C* N:WNE •

C* FrTL4nn ,
Ct F-PR ALL ACG)tUSTIC. ANU SEIS•IC S-.NISrRS A BACKGQOUND NOISE S
C* LEVEL IS C040IJ0TED AS A FUNCTION OF NUMBER OF VOLLEYS FOR *

ts FXPLrOSIVF 0fVYCeS AND AS A FUNCTION OF NUMLOER OF VEHICLES, *
C* T]IM, AND DURATION FLO MILITARY GROUND VEHICLES AND AIRCRAFT.
C. THE PLJAQ4R TABLE ZNO(AS (NG(INAL AFFECT ON SENSOP OF PARTIULAR. •
C * TYPE EVENT) IS USED TO COMPUTL THE NOISE LEVELS. •
C'

Figur 2.141
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C****• $55'•5'$* *$• 5e5*$5$ e5et5 •$ IATL TG $$$*$$5* •$*e55ee*5*t*•#tses
rs

C. S~t4P()UTINE RATLTG *
C*
C• PURqPOSE
C* DOFINFS TIHE BATTLE OR CULTURE TARGET POSITION, TIME,
C' ALTITUDF#VELOCITYt LEG OF PATHt AND VISUAL SECURITY DESCRIPTIVE
C* DARAME.TER.
C*

C• CALLING SEQUENCE *

C* CALL BATLTG(NCALLvCv20UTX9ROUTYvNRT)
C#
C* DESCRIPTION OF PARAMETFRES
C* ALL INPUT AND OUTPUT,EXCEPT AS NOTEU BELOW, VIA LABELED ,
C* COMMON BLOCKS TARG, nUTP. •
C* •
C* , INPUT t •
C* PICALL NCALL = 0 CeTTLE TARGET *

C* NCALL = I CULTURE TARGET •
C* C TABLE SCHOL IF BATTLE TARGET 5

C* TABLE CSH[L IF CULTURE TARGET •
C* ROUTX X COORDINATE OF PLANNER TARGET PATH NODE 5

C* ROUTY Y CUa}RDINATE OF PLANNER TARGET PATH NODE •
C* NRT NUMBER GF TARGETS
C* S
C* REMARKS *

C '4ONE E
CS ,
Cs SUBROUTINF AND FUNCTION SUBPROGRAMS REQUIRED
C* N'0Nr F

C* METinOD
C* TARf-ET PARAMETERS FOR FALSE TARGETS FROM BATTLE AND O
C* CULTUPE ARF SET. THE EVENT C.OE IS CHECKED TO DFTFRr4ANE
C, THF TYPE AND T14E PARAMETERS OF THE TARGET. •
C$

Figure 2.1-42
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C****~*********s [ SCHOL 5S*t***********5
C*

SUBRUUTINE RSCHDL

C* PuqprIsE
C* COMPLFTES THE B3ATTLE SCHEDULE TA,'LE (SCHOL) FOR EACH EVENT *
Cs SCHEDJULED BY THE PLAN\IFR. C0'4ý1NEO ALL kANOOM EVENTS THAT ARE *
Cs SCHFnuLýr WITH PLANNER INPUT.*
C*
C* CALLIN;, SE'OUENCE

C*CALL B3SCHi9L(S)*
C*
Cs DESCP'IPTIflN OF PARA'AETERS*

C* LL INPUJT AN) OUTPUiT VIA LABELED COMMON BiLOCKS BATTELv BK9
C* Rr)U.E,:XLtU9 FSbASE, BBINDS, INoiur.*

Cs I NPUT *
C*s EVENT SCHEDULE TABLE OF PLANNER SCHOL*

C*
C* REMARKS*

C* SUIR')UTWN AND FUNCTION SUBPRUCRAMS, REQUIRED *

Cw FMAP*

C*SE LC TR*

C**

r**
C* r TL~fl *

C# ANYHO PLANNE4INU VALUE THAT IS NOT sPECIFIED IS SET

Cs ~ A NtOMLY .
C*

Figure 2.1-43
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~~~~~ ~~~~CSCHDL ******i**********

C$ *
C* SUIR'iUT INE CSCHOL $
C*

C* PURlrlSE
C, TO CL'iPLEIF T"HE CULfURE SCHUL)ULE H-JR tACH TYPE Of EVENT *

C* SCHEDULED BY THE PLANNER. COMKINES ALL RANDOM EVENTS THAT ARE *
C* SCHEDULED WITH PLANNER INPUT. *
C*
C* CALLTNr SEQUEN'CF
C* CALL CSCHOLIC)

C* DESCRIPTION OF PARAMETERS
C* ALL INPUr EXCEPT SCHEDULE TABLE(C) VIA LABELED COMMON *
C* AREAS SUBCUL, PAR, SNDXOY, ROUTE, INOUT. *

C**

C* OUTPUT * *
C, :: C CULTURE SCHEDULE TABLE CSHDL

C$ REMARKS
C* NONE
C,*

C* SUBROUTINES AND FUNCTION SUBPROGRAMS REOUIRED *
C$ NUMBER

C$ PATHS
C$
C* METHOD
C*
C* METHOD *
C* ANY PLANNER INPUT VALUE THAT IS NOT SPECIFIFD IS SET *
C* RA'4DOmLY

C**

Figure 2.1-44
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c~~*~ ~**~~* ~ CULTHK **4 .****r*****t*'*

SUJ~R(1UTINF CULtT K

C*NrIISE, IF ANY.*
C**

C* rALLIN!S SEQUENCE
C*CALL CJLI'i'( CSHOL9,CLr9GRNCEV)

C**

C* nESCR I TIIIN OJF PARA*4OFTERS
C* INPUTS, VIA C(I'lMq ARE-AS DATA IN, SL'BCUL# PAR, OUTP, I NOUT.

C**

C* INPUT *
C*CSH4UL PLANNER CULTURE SCHEDULE TABLE
C*NcFV NUMB3ER flF CtJLT.PLL EVENTS

C**

C* OUTPUT *
C**

*C L T BGý AR~RAY qlF CULTURE BACKGI4UUNO NOISES(OECIBELS)*

C* RFMARK(S

C**

C*SFN XY*

C**

C * METHflD*
C*FIP ALL ACnUSTIC ANO SEISM'IC SENSORS A BACKGROUND NOISE *

C*LFVFL IS Cn4DtTED AS A FUNCTION OF THE DISTANCE OR THE*
sm cr rj.4 THE SE NSOR. SUbiROUT INE SENXY I S USED T ) L PC.ATE

C*Týi0 SC4S,1R,ý. ni:SIGNEk INPUr TARLE CFVrOBA IS USED TO SET *

C*NOISE LEVELS.
C**

Figure 2.1-45
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4C

C***********O~*~*** EVNT9**1c ********t*r*(*

C* PURPflSF
C* AlAS TO THE LIST OF EVENTS ANY EVENT DUE TO ILLU&IsiATIO' *
C* OF THE PLAY AREA *

C* CALLING SEQUFNCE *
C* CALL EVNT9(SCHDL) *
Cc'
C* DESCRIflTTO'j OF PARAMETERS *
C* * INPUT *
C*, SCHnL SCHEDULE ARRAY FOR A PARTICULAR TYPE EVENT*

C* * OlUTPUT * *
C* ALL OUTPUT VIA LAHELED COMMON BLOCK/EVENTS/. *
C*

C* REMARKS *

C* USED EXCLUSIVELY BY SUBROUTINE BATEX *
C**

C* SUBRnUTINES REQUIRED *
C* NO N F
C**

Figure 2.1-46
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C*5***5****~s*s~sSs*~*ssPATHS $5 5*S**55*5**5*
Cs
C* SUBROUTINE PATHS *
C* ,
C* PUP~"PSE *
C* DETERMINES A PATH FnR THE EVENT FROM PLANNER ROUTX, ROUTY *
C* TABLFS.
C* *

C* CALLMIN SEQUENCE
C* (A) CALL PATHS(S(4),S(51,S(B),S(9),S(IO),IV2,NCALL,IROUTX,
C* ROUTX,ROUTYl $
C* (8) CALL PATHS(C(4[,C(5),C(6),C(7),C•, IV2,NCALLtIqOUTX, 9
C* ROUTXROUTY) *
C* FORM 1A) ABOVE IS CALLING SEQUENCE USED IN SUBROUTINE BSCHDL *
C* FORM (B) ABOVE IS CALLING SEQUENCE USED IN SUBROUTINE CSCHDL *
C*
C* OESCRIDTIUN OF PARAMETERS
C* * INPUT * *
C* 1V2 TYPE OF EVENT FROM PLANNER TABLE *
C* NCALL NCALL=O BATTLE EVENT, NCALL=I CULTURE EVENT *
C$ IROUTX NUMBER OF ROUTES GIVEN BY PLANNER 5
C* ROUTX X CnfORD. OF PLANNER PATH POINT 5
C* ROUTY Y COORF. OF PLANNER PATH POINT *
C* S(4) X COOR). OF BATTLE EVENT, START OF EVENT PATH *
C* C(4) X COORD. OF CULTURE EVENT, STAPT OF EVENT PATH 5
C* S(51 Y COORP. OF BATTLE EVENT , START CF EVENT PATH *
C* C15) Y COURD. OF CULTURE EVE IT, STA"T OF EVENT PATH *

* OUTPUT * *
C* S(IR) X COORO. :)F FND OF PATH FOR BATTLE EVENT *
C* S(Q) Y CnORD). OF END OF PATH FOR 8ATTLE EVENT
C* SIO) RANDnM SELECTION OF A PATH START POINT IF *
C* NOT GIVEN IN PLANNFR SCHEDULE TABLE *
C**
C* C.() X CJonRD. OF END OF PATH FOR CULTURF EVENT
C* C(7) Y C90RO. 31 ENO OF P4TH FOl, CULTURF EVENT
C* CIP) TYPC OF PATH TRAIL, RADWAYWATFRNAY ETC.*
C* C9 C(l/10. S

C* RFMANKS
C* NUNE
C* SUBROUTINE AND FUNCTION SU9PROf;RAMS REQUIRED
C* NONE
C

Figure 2.1-47
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C* METH&r *
C* IF A PATH IS NnT GIVE, BY THE PLA4NJER EVENT TABLF ONE IS *
C* RANDOM)'LY SELECTED. THIS PATH IS CHECKED TO DETERMINE ITS *
C* VALIDITY FOR TYPE EVENT BFING CONSIDEREDl. START AND END *
C* COORDINATES OF THt. PATH ARE CHOSEN FROM THE PLANNER DESIGN *
C* TABLES(ROUTX,QOUTY) IF WITHIN A 10 MrTER RADIUS OF THE START *
C* AND END COORDINATES GIVEN BY THE PLAINER EVENT SCHEDULE *

C* TARLE. IF NO START ANF) ENO COORDINATCS ARE GIVEN THF *
C* PROGRAM r)EFINES SOMEI 6Y RANDOM S'LFCTION. *
C* *

Figure 2.1-47 (Cont.)

28
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C**s*~4~~~*9**~******9* SFN4XY*'r***************
co*

SUiIROUTINE SFNXY*

C' PURP-Is T
O[T .'AIN~ES SFNS(IR LOCATinN COORDINATES (X,Y *

C**
C* CALLINII SEQU['JINE*

C*C4LL SirNXYI SENSP IN)
C**

C* ncsc~ipi~rtqn F PsIRAMETFRS
C*INPUjT VIA LA'3ERF0 COMION nATAIN *

C**
ct* INt'UTS**

C**

CU I SJNSQO IDFNTIFYING INDEX

C.** OUTPJT **
C**

C*SENW)? X COORDINATE OF SENSOR
C*SENSM3 Y CO(1ROINATE OF SEN4SOR

C*

Ct

C'* SU3W1UTINF AND FUNCTION SUfBPROrRAP4S
C* k~nN E

C**

C * M ET1 10 )*
C*T14cX,Y~ Cry')ýR(rNATFrS OF THE SENSORS IS OFrEPME1NE0. PLA-4,IFD *

C ~ xY P"SITIONS 4R97 LSED.

Figure 2.1-48



C* PJUPPnSF *
C TO SELECT A UNIr.JPM RAN0OUM ,UMBER FROM 1-10 FOP PURPOSES OF *
C* INCREASING A GIVEN NU'4(ER(K) AS FOLLOWS, 4

C* K = K WHEN RAND.NO. <= 6 *

C* K z K + I WHFN PANO.(Nrj. > 6 *

C# K = K + 2 WH4EN RANO.NO. > 9
C* *

C* USA.'F
C* K = NU'JVER(KI *
C* *

C* OESCQIPTInN lOF PA-4METERS *

C* K ANY INTEGFR FROM 1 - 3
C* S

C* METW-o *
C* A NUMSER IS DETERMINFD WITH A 60 PERCFNT PROBABILITY *
C* OF BEING EQUAL TO K,A 30 PERCENT PROBABILITY OF BEING ONE OVER K AND ,
C* A 10 PERCENT PROBABILITY OF BEING TWO MORE THAN K.
C,
C*

!I ~ Figure 2.1-49
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* Used in BATTLE and CULTURE to randomly pick value from tables acccrding

to distribution 60-30-10.
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C****************** S ELCTR
C**
C* SUBROUTINE SELCTR *
C**
C* PURPOSE *
C* THIS SUBROUTINE IS USED BY SUBROUTINE BSCHD1J TO SELECT VALUES OF *
C* MILITARY VEHICLE SPEED, NUMBER, AND SPACING VARIABLES FOR THE BATTLE *
C* SCHEDULE TABLE (SCHDL) WHEN IT IS DESIRED TO TREAT THESE VARIABLES AS *
C* RANDOM. *
C**
C* CALLING SEQUENCE *
C* CALL SELCTR (N,NX, INV,JN,SS,Y) *
C**
C* DESCRIPTION OF PARAMETERS *
C* * INPUT * *
C* N - NUMBER OF BATTLE EVENT CLASSES IN ARRAY Y FROM WHICH VALUES *
C* OF THE RANDOM VARIABLE ARE SELECTED. *
C* NX - NUMBER OF VALUrS OF RANDO9M VARIABLE IN EACH OF THE N EVENT *
C* CLASSES OF ARRAY Y. *
C* IVN - BATTLE EVENT, EVID, NUMBER CORRESPONDING TO BnTTLE *
C* EVENT TYPE 18 AND CLASS 1, 2, 3, 4, OR 5. *
Cw JN - INDEX FOR DEFAULT OPTION OF VARIABLE. *
C* Y - DESIGNER DATA SET FROM WHICH RANDOM SELECTION IS MADE, *
C* EITHER VSPED, CNVti, OR SPACE. *
C*

C* OUTPUT * *

C* VALUE OF FAJDOM VALUE SELECTED FROM ARRAY Y AND STORED IN *C* TABLE SCHDL.*

C**

C* METHOD *
C* *
C* WHEN IT IS DESIRED TO PLAY A MILITARY VEHICLE BATTLE EVENT *
C* WITH RANDOM VEHICLE SPEED, RANDOM NUN3ER OF VEHICLES IN A CONVOY, *
C* OR RANDOM SPACING BF2EEN VEHICLES, THIS SUBROUTINE IS USED TO SE- *
C* LECT A VALUE FROM THE APPROPRIATE DESIGNER INPUT DATA SET; E.G., *
C* VEHICLE SPEED SET (VSPED), CONVOY SIZE SET (CNVOY), AND SPACING *
C* BETWEEN VEHICLES SET (SPACE). EACH DATA SET PROVIDES FOR UP TO *
C* FIVE CLASSES OR SIZES OF MILITARY VEHICLES. VSPED IS DIMENSIONED *
C* FOR THREE SPEEDS; CNVOY IS DIMENSIONED FOR EIGHT CONVOY SIZES, AND *

3* SPACE IS DIMENSIONED FOR FOUR VALUES OF SPACE bETWEEN CENTERS OF * ,"
C* VEHICLES. *
C* *
C* SUBROUTINES AND FUNCTION SU'BPROGRAMS REQUIRED *
C**
C* URN *

C* *

Figure 2.1-50
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j******* 4************t5********************"**********#*5***********5*"
**C*******************5********4* I*******************~****5**********5****
Cs
C PURP-SF *
Cs BLOCK DATA USED TO SET DESIGNER INPUT VALUES USED TO
C* COMPLETE BATTLE AND CULTURAL SCHEOULE TABLES *

C* CALLING SFUENCF *

C* NONF

C* OESCRIPTInN OF PARAMETERS
C• ALL INPUT VIA LAEIELFD COMMON BLOCKS/BATTEL,9B,EXCLUD, *

C* SUBCULoPAR/ *

Figure 2 1-51
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C**

C* PUP~SAG

C* OSREGIPN OF 1>IFPAYAMý FA *

C** INPUT * $

A FVFNT InENTIFICATInN CnnF
13 Y lrnnanJNATF OF EVENT

c s, ClOROI)NATF rF EvNT

ijP R,ROUTF,ýiANfls,F)(LUD, INOLIT/.
C.
C* REMARKS

C*E

C. *
C* IF THF noORr)INATFs OF A SPECIFIC Fy10) rODF ARE IN AN EXCLUnfl~)*
C*AREA THE PROGRAM REJECTS THE CHOICE SY RFTURNING, A tEP~)

IF THF frOOF IS NOT FOUNT) THF P~nGRAM '4111. PP TNT AN Fpofln
C. P4cSAGE ANO ACCEPT T14F CH('rfC.

C**

r**

Figure 2.1-52
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I

C******AO*****5**A"*AS*5****$***$$*$$* FVNT2I $9*****5**4,, ***$$$$.******$
Cs *

C* PRE-RUN CKrCUTIVE STEP T S

I ~ C4 PURPn.SE,.

C* TO CRFATF EVE"JT TYPE 2 (rFALSE ALARM4S AND EVENT TYPE 3 *
C* ISEiSFnR PARAMETER CHANGES WUE TO BACKGROU"ID ENVIRONMENTI.
C* *

C* CALLING S)OUFNCE
C$ MAIN P'ROG•AM
CS
C$ RFMARKS •

PROGRAM QFwUIRES PLAN"ER INPUT, BATTLE, CULTURAL, FlASICT, *
CO AND ATMENV DATA SETS. •
C*

C* SUBRnUTINE AND FUNCTION SUBPROGRAMS REQUIRED.
C, FINPX LnCATES POINTER FOR PLANNEq INPUT DATA SETS.
C* TERAN GENERATES UNTER AND UTVSXY DATA IN LARFLIED C¢1'4'•N. *

C* VALID VALIDATES SENSOR - TARGET COMBINATIONS
C* IUTFVL LOCATES INDEX ON UNIT TERRAIN *
C* SEIStkK COMPUTES BACKGROiUND CONDITIONS FrOR SEISrMIC SENS'RS.=
C$ ACOUCK COMPUTES IiACKGROUND CONDITIONS FOR ACOUSTIC SENSORS,*
Cs ARFBK CnMPUTES BACKGROUND CONDITIONS FOR ARFBUO(J SENSORS.*
C$ PIRBK COMPUTES BACKGROUND CONDITIONS FOR PIRID SFN &-,CS.*
C$ LIWIRBK COMPUTES RACKGROUIND CONDITIINS FOR BREAKWIR SC,4sFlRS..o
C* tAVIR COMPUTES BACKCROUND TEMPERATURE. *
C* TRNSFR TRANSFERS ARRAY CLUCKS FROM ONE SET TO ANOTHER. *

C$ FAINTV PROVIDES QANoOm FALSE ALARM TIMF INTFRVA-S.,
C* MERGEI ME•fFS AND ORDFRS BY TIME 2 DATA SETS.
C$ $

Figure 2.1-53
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Cs
C•, SUBROUTINE SEIS3K
C*
C* PURPOSE:
C, THIS ROU T IVE IS USED DURING PRERUN, TO ESTABLISH OPER- 4
C* ATIONAL PARAMETERS FOR SEISMIC SENSORS (THESE PARAM-
C, FIEqS TO HE USED DURING MSM STAGE BY SUBROUTINE SEISTG).
C* OUTPUT PARAMETERS ARE--
C* AMPLIFIER GAIN
C* THRESHOLD VOLTAGE
Cs RMS BACKGROUND NOISE VOLTAGE
Cs AVERAGE TIME BETWEEN THRESHOLD CROSSINGS
C*
C* USAGF:
C, CALL SEISRK(IUTDBCtJLTtDBBATLISEXP,ITREEIFIXGN,
C* THRESH, GEQUI LVNOISE ,AVGTHCI
C*
Cs DESCRIPTION OF PARAMETERS
C* SEF GLOSSARY BELOW
C*
Cs REMARKS:
C* NONE
C*
Cs SUBROUTINE AND FUNCTION 'IJBPROGRAMS REQUIRED:
C* ALOGIO SUPPLIED BY FORTRAN
C, SQRT SUPPLIED BY IFORTRAN
C*
C* METHOD:
Cs BACKGRO'UNI) LEVELS ARE ASCRIBED TO THE COMMON SOURCES OF
C, BACKGROUND MICROSEIS'41C LEVEL. THESE LEVELS ARF MODIFIED BY
C* ENVIRONMENTAL FACTORS SUCH AS FOLIAGE DENSITY, SOIL WETNESS AND THE
C* LIKE. THE SENSOR RESPONSE TO THE NOISL LEVEL IS COMPUTED GýIVING
C* AN R"S NOISE VOLTAGE AGAINST WHICH SIGN kLS MUST COMPETF AND
C* FROM ,WHICH THE AMPLIFIER AUTOMATIC GAIN SETTING AND FALSE ALARM
C* RATE ARE DETERMINED.
Cs
C* GLOSSARY:
C INPUT VALUES
C ORBATL SFISAIK CP BATVLF NOISE (0B)
C DBCULT SFISBK CP CULTUiAL NOISE (OB) .y
C IFIXGN SFISBK CP =0 NO FIXED GAIN,=I,2,3,4,5 PLANNER SET GAIN,=h SEL. GA!'%
C ISEXP SFISRK CP INDEX FOR BURIED, l=0.OIBURIEn), 2=6.0(NOT BURIED)
C ITREE SFIS9K CP INDFX ON TREE DISTANCE 0= TREE, 1n NO TREF.
C 1UT SEIS4K CP INDEX ON UNIT TERRAIN
C
C LABELLED C04MON INDUTED VALUES
C RIASSF SINVAR THL),ESHOLD SETTING (VOLTS)
L BWSEIS SENVAR EFFECTIVE BAND 4IDTH OF NOISE SIGNAL, IN HERTZ
C CONSTS SENVAR AVERAGE AMPLIVIFR OUTPUT.

Figure 2.1-54
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C IPRINT CONST nUTPUT DATA DEVICE OFSI(GNVATOR = 6
C iSM UNTER INDEX DESCRIBING SOIL r4MISTURE (.fNDIrIO)NS.
C IVCCV UNTER INDFX VEr, COVER
C LDUUMP CONST TRUE= INTERMEDIATE CALCULATIONS PRINTED, FALSE.: WJl" PRINT,
C PRATE ATMENV RAIN FALL RATE (MMIHR],
C PTOT24 ATMENV TOTAL PRECIPITATION DURING THE LAST 24 HRS.
C WSPEED ATMENV WIND SPEED (KM/HR)
C
C INTERNALLY STORED DESIGNER INPUT VALUES.

C BETA SEISRK P AVGTHC MODIFIER FOR FIXED GAIN SENSORS.

C F1BATL SEISBK P VALUE FOR BATTLE EFFECTI=1.51LOW INT.),2=.I5(m),3=.I(H)
C FCULT SEISBK P VALUE FOR POP. E6FECTi=,251iEM.,12=.LS(RUR.)ti=.L(IJWB.)
C FRAIN SEISBK P VALUE FOR RAIN EFFFCT-,•.¶(LOW),2=.3(MOO.),3=.2(HEAVY)
C FWIND SEISBK P VALUE FOR WIND EFFECT,1=.'.,2=.493=.3,94=.2,5=.2
C SENSEX SrTSBK P EFFECT OF SENSOlR BEING AUJRISt..
C SET SEUrRK P TABLE OF GAIN VALUES.
C SOILM SEISBK P SOIL EFFFCTS ON RAIN NOISE
C VEGCVR SEISBK P VEGETATION COVER EFFECTS ON RAIN NOISE
C VEGCVW SEISBK P VE%,ETATION COVER EFFECTS ON WIND NOISE.
C
C COr4PUTED VALUES
C OBRAIN SEISBK OP RAIN NOISE (OB)
C MBWIND SEISBK OP WIND NOISE (08)
C DELTA SEISBK UP MOOIFIER OF FALSE ALARM RATEFIXED GAIN SYSTEM
C DUM SE!SBK m,' RANDOM NUMBER 0-1
C IFIXGS SEISRK DP ABS, VALUE OF IFIXGN (INDEX FOR GAIN SELECTOR.)
C ISOILM SEISBK OP IND.-SOIL MODIF.,d=DRY(O.,12=WFT(3),3=VWET(6I,4=SAT.,6)
C IVCOVP. SEISBK JP INDEX VE(,. COVER,1=HFAVY,2=MED.FOR.,3=L.FOL.,4=H2Ot,5SO.E'
C KBATL SEISBK DP INDEX BATTLE NOISE,1=1.5(LOW INT.),2=.7(MED.),3=.4lHIGHl
C KCULT SF.ISI,: OP INDEX CULT. BACK.
C KPAIN SEISBK OP INDEX FOP, RAIN CONDITIONS.
C KWIND SEISBK OP INDEx FOR WIND GUSTINESS,
C L SEISBK .rP DUMMY INOEX
C ONOISE SFISBK LP OUTPUT NOISE FUR CIXFD GAIN SYSTEM
C VBATL SEISBK np OBRATL CONVERTED TO VOLTAGE.
C VCULT SFISBK OP DBCULT CONVERTED TO VOLTAGE.
C VRAIN SEISBK OP "BRAIN CONVERTED TO VOLTAGE.
C VWIND SEISRK OP DBWIND CONVERTED TO VOLTAGE.
C
C OUTPUT VALUES
C AVGTHC SFTSRK OP AVG. TIME BETWEEN THRESHOLO CROSSINGSIIN SECONDS).
C GEQUIL SEISBK OP AMPLIFIER GAIN
C THRESH SEISRK OP THRESHOLD (VOLTS)
C VNOTSE Si:ISBK OP RMS SUM OF BACKGROUNf) NOI.E V'OLTAGES
"C*

Figure 2.1.54 (Cont.)
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C***** ACUIJ'0K ~**********Sb
C.

C. 0SIHROUT INE AC(ILJ(K
C*

C* IN! S R:OUT THE IS USEDJ O)I'Jl n*;ýjU, TO FSTARL TSH OPFR-
C* ATIIJNAL PA14AMETCRS r0R ACITLISTIC SFNSL)RS (THESE PARAM-

co CET FR S Tn rl Rf U S FUL) IUP I A 1,4 S 1ST A E 4Y SIRO lkn)T ITNE AcnUTG I
C* nuouI(U PA~lAlETERS AlAE--

C* THRESHO)LD VOL TA;F

C* AVERAGE TI~lF BETWEEN THRESHOLD CRr)jsINGS

C*
C* USAGF:

C* CALL ACOWIBK(IUT, r"IJLT,)OH;IATLTHRE.SHCOUIL,VIJOISEAVGTI4CI

C* DESC'RIPT!ONl IF PARAMETERS
C.* SEF GLOSýAl~f BELOW

C* REMARKSi

C*SURPOLJT NF AND FUNCTION SUBPR05RAMS REW~IRED:

C* ALOrplO SUPPLIED B'f FORTRAN
C* SORT SUPPLIED 'It FORTRAN
C*

C* METHOD:I
CS RAK~lrr NOISE LFVELS ARF ASCRIBED TO THE COMMOfN SOURCES OF
C* ACOUSTIC BACKGROUND. THESE LEVELS WHICH ARE FUNCTIONS OF THE
CS ENVIRONMENT, TERRAIN, TIME OF DAY, CULTURAL LEVELS, ANO RATTLE
C* CONOITIflNS APE CnMBINED TO Dr.VFLflP bN RMS NOISE VOLTAGE AGAINST
C* WHICH SIGNALS MUST COMPETE AND FROM' WHICH AMPLIFIER -AI1N SETTINGS
C* AND OF/ICE FALSE ALARM RATF AQF O)ETF$41NEU. THE FALSE ALARM RATE
CS IS OF FMPIRICAL BASIS AND FURTHER EFFORT IN SIGNAL ANALYSIS WILL
C* BF REQUIRED TO PROVIlE AN ACCURATF ANALYTICAL TREATMENT.

C* GLOSSARY:
C INPUT VALUES
C DHLbATL ACOUliK CP ýýATTLF NOISE (9fl
C 08CULT ACOUliK CP CULTUJRAL NoISE (DR)
C
C LAB~ELLED CrlMIOlN INPUTED VALUES
C BIASAC SFNVAR THRESHOLD SrTTI!4r, (VOLTS)
C HWACnU SENVAR BANU WIDTH
C (.nJSTA SFNVAP AVERAGE AMPLIF:IFw nUTPUT.
C IPRINT CONST UUTrUT DATA DEVIGE O)LSIGNATI1R =6
C [TOO RASICT TIME OF DAY
C LO(UMP CGjNST TRUEa INTERMEDTArE CALCULATIONS PRINTE~I, FALSE= Nt7 P-INT.
C PRATE ATMENV RAIN FALL RATE ('4l/HRI
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C WSPEEO ATMENV WIND SPEED (KM/HRI
C
C INTFRNALLY STORED DESIGNER INPUT VALUES.
C FANrBL ACOUBK P FAUNA NOISE TABLE, SELECTED BY INDEX KFAtJN
C FBATL ACOUBK P BATTLr- NOISE SELECTED BY INDEX KBATL
C FCULT ACOUBK P CULTURAL NOISE SELECTED BY INDEX KCULT
C FFAUN ACOUBK P FAUNA NOISE SELECTED BY INDEX KFAUN
C.
C COMPUTED VALUES
C DBFAUN ACOUBK OP FAUNA NOISE. (DR)
C OBRAIN ACOURK OP RAIN NOISE (OB)
C OBWINI) ACOUBK D0 WIND NOISE (OB)
C FRAIN ACOUBK DP RAIN NOISE
C FWINCI ACOUBK OP WIND NOISE
C KBATL ACOUBK DP INDEX FOR BATTLE NOISE
C KCULT ACOUBK DP INDEX CULTURAL NOISE
C KFAUN ACOURK nP INDEX FAUNA NOISE
C VBATL ACOURK OP BATTLE NOISE (VOLTS)
C VCULT ACOURK OP CULTURAL NOISE (VOLTS)
C VFAUN ACOUBK OP FAUNA NOISE (VOLTS)
C VRAIN ACC'UK DP RAIN NOISE (VOLTS)
C VWINO ACCURK DP WIND NOISE (VOLTS)
C*
C OUTPUT VALUES

C AVGTHC ACOUBK OP AVG. TIME BETWEEN THRESHOLD CROSSINGS (IN SECONDS).
C GEOUIL ACOUBK OP AMPLIFIER GAIN
C THRESH ACrDUBK OP TI4kESHOLD (AMPLIFIER)
C VNOISE ACOUqK OP TOTAL BACKGROUND NOISE.
C*

Figure 2.1-55 (Cont.)
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C*w•**************,*,*$*****.********* ARF fK *,**,**,****** s ****, *,,*, ***** ** j
C* SURRrnUTItE ARFRK
C.
C* PURPOSE
CS THIS ROUTINE IS PROVIDEC TO DETERMINE THE AREA DENSITY OF RUTTOn
C*= BUMBLETS FO]R USE IN ARFTGt AND TO DEVELOP ESTIMATES FOR FALSE ALARM4

Co RATE AND AVERAGE FALSE ALARM INTERVAL.
C, USAGE
C* CALL ARFr3K(NBM8LTIEMPLCIGEOMtIMAGvDIMMAX, tIDTHAVFATM,AREAONI
C*

CS DESCRIPTION OF PARAMETERS
C* SEE GLOSSARY BELOW
C*
C* SUBRnUTINE AND FUNCTION SUBPROGRAMS REQUIRED:
C* ALOGIO SUPPLIED BY FORTRAN
C*
C* METHOD
C*
C* THE SENSOR BEING SIMUJLATED CONSISTS OF A NUMBER OF EMITTERS
C* WHICH ARE EXCITED BY APPLICATION OF FOKCE OR BY MOTION OF MAGNEVIC
C* MATERIALS DEPENDING ON THE TYPE OF DEVICES EMPLOYED. THE BASIC
CS OBJECTIVES OF THIS ROUTINE ARE TO TAKE PLANNER INPUTS TO DEVELOP
C, THE AREA DEtSITY OF DEVICES AND TOGETHER WITH ATMENV DATA TO
Cs PROVIDE AP AVERAGE FALSE ALARM INTERVAL FOR THE FALSE ALARM ROUTINE.
C, THREE TYPES OF ARRAYS ARE CONSIDERED, NAMELY, 1 (OPEN CIRCLE)t
C* 2 (3PEN LINE - WHICH IS BASICALLY A RECTANGULAR ARRAY DISPERSED IN

C* AN OPEN AREAl, 3 (A TRAIL/ROAD ARRAY) DEVICES MAY BE OF THE
C* NOISELESS OR MAGNETIC TYPES. THE AREA DENSITY IS DEVELOPED SIMPLY
C, AY DIVIDING THE NUMBER OF EMITTERS DEPLOYED BY THE AREA OVER WHICH
C* THEY ARE DEPLOYED.
C*
Cs GLOSSARY
C*
Cs INPUT VALUES
C DI1MAX ARFRK CP MAX. DIM. OF SEEOED AREAIRECi. LGTH. OR CIRC. DIAM.U (MET,
C IEMPLC ARFBK CP METHOD OF EMPLACEMF.=T# Is HAN') , 2=ARTILLERY, 3=AIR
C 15FOM ARFBK CO =I (OPFN CIRC.)v =2IPPEN LINE), =3(ROAD OR TRAIL)
C IMAG ARPBK CP INDEX ON ROMBLET TYP- in0 MAGNETIC, 1' NOISELESS).
C NBMBLT ARFBK CP NO. OF B')MBLETS USED.
C WIDTH ARFBK CP WIDTH OF SEEDED AREA (METERSI.
C,
C' LABELLED COMMON INPUTED VALUES
C IPRINT CONST OUTPUT DATA OEVICL DESIGNATOR a 6
C LDUPP CUNST TRUEa INTERMEOIATE CALCULATIONS PRINTED, FALSEs NO PRINT.
C PRATE ATMENV RAIN FALL RAT. (MM/HR)

Figure 2.1-5S
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C*
C* INTERNALLY STO1RED OEI•GNER INPUT VALUES.
€5

C-* COMPUTED VALUES

C FARATE ARFAK OP FALSE ALARM RATE.
C RAINF ARFBK OP FACTOR GIVING FFFECT OF RAIN ON FALSE ALARM RATE.
C SAREA ARFRK OP AREA OF THF NBB ARRAY (SO. METERS)
C SNULMB A'FBSK OP NUMBER OF NBBOS
C*
C, OUTPUT VALUES
C AREAON ARFBK OP APEA DENSITY OF THE N68iS (SQ. METERS).
C AVFATM ARFBK OP AVERAGE FALSE ALARM VALUE
C*

Figure 2.1-56 (Cont.)
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C*
C* SUFiROUTINE ENVIR
C*
CC PURPOSE
C* THE TEMPERATURE OF THE BACKGROUND IS A COMPLEX FUNCTION OF A
C* NUMBIER OF FACTORS INCLUDING TIME OF DAY, SEASON, CLOUD COVER,
C* VEGATATION COVER, VEGATATION CHARACTARISTICS, AIR TEMPERATURE AND
C* OTHFRS. IN THIS ROUTINE ESTIMATES OF BACKGROUND "IEMPERATURE ARE
CC DFVELnPED ALONG WITH ESTIMATES FOR THE VARIATION IN THE TEMPERATURE.
C*
C, USAGF

C$ CALL FNVIR(IUTTEMPEVSIGMA)
C*

C* DESCRIPTION nF PARAMETERS
CC SEE GLOSSARY BELOW
C*
C, SUBlROUTINE AND FUNCTION SUBPROGRAMS REQUIRED:
C* ALnGlO SUPPLIED BY FORTRAN
C*
C* METHOD
CC THE TEMPERATURE. OF THE BACKGROUND IS CONSIDERED TO BE RELATED
C* DIRECTLY TO THE AMBIENT AIR TEMPERATURE BUT THE AMOUNT BY WHICH THE
C$ BACKGROUND DIFFERS FROM AMBIENT IS TAKEN TO BE A JUNCTION OF A
CC NUMBER OF VARIABLES. THESE INCLUDE. WIND SPEED, PRECIPITATIONt
CC VEGETATIOr' TYPE MAKING UP THE BACKGROUND, VEGETATION COVER ABOVE
CC THF BACKGROUN[) TO BE VIEWED, SO 1R ALTITUDE, AND CLOUD COVER.
C* ESTIMATES OF THE EFFECTS OF EAC. BASED UN A SMALL AMOUNT EM1PIRICAL
CC INF'.)PMATION ARE INCLUDED AS EQUATIONS OR TABULiR DATA. CORRELATION
CC BETWEEN VARIABLES IS NOT CONSIDERED. THIS ROUTINE IS TO BE
C* CONSIi)ERED TO liE INTERIM WITH CONSIDERABLE EMPHASIS REQUIRED TO
CC DEPICT M(.]RE COMrLETELY AND ACCURATLY, THE ACTUAL DESCRIPTION r]F
CC BACK'GROUND TEMPERATURE,
C*
CC GLOSSARY
C*
CC INPUT VALUES
SIUT FNVIR CP INDEX UNIT TERRAIN

CC
C* INTrRiqALLY STORED DESIGNER INPUT VALUES.
C CUOUF F;NVIR P CLOUD FACTOR DATA
C CLnUDV EKDVIR P VARIANCE FACTOR CLOUD DATA
C FIGHT FNVIR P CONSTANT (7,9qqqql

C RAINF ENVIR P RAIN FACTOR DATA
C RAINV rNVIR P VARIANCE FACTOR RAIN f)ATA
C TYPFF ENVIQ p BACKGCOUND TYPh FACTOR DATA
C TYPEV F%VIR P VARIANCE FACTOR BACK. TYPE DATA
C 'IFr.F rNViR P VE',. FACTOR DATA
C VEGV ENVIR P VARIANCE FACTOR VEG. DATA
C WINDF FNVIR ' WIND FACTOR DATA

Figure 2.1-57
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C WINOV ENVIR P VARIANCE FACTOR WIND DATA
C*

C* LABELLED COMMON INPUTED VALUES
C ATEMP ATMENV AMMIENT AIR TEMPERATURE.
C JIACK U'-fER INDEX IDENT. MOST LIKELY BACK. REFLECTANCE FUNCTION.
C PRINT ,I)NST OUTPUT DATA DEVICE DESIGNATOR z 6
C ITOD BASICT TIME OF DAY
C IVCCV UNTER INDEX VEG. COVER9 I=HEAVYZ.MEDt3=LIGHT,4'=OPENt5=WATER
C LDUMP CONST TRUE= INTERMEDIATE CALCULATIONS PRINTED, FALSEz NO PRINt.
C PRATE ATMENV RAIN FALL RATE (MM/HR)
C SOLALT ATEMNV SOLAR ALTITUDE (DEGREES)
C TCLCUD ATMENV TRANSMISSION OF CLOUD COVER.
C WSPEEI ATMENV WIND SPEED (KM/HR)
C*
C* COMPUTED VALUES
C CFACT ENVIR OP CLOUD FACTOR
C CVAR ENVIR DO VARIANCE FA•CTOR DUE TO CLOUDS
C HRLCCL ENVIR OP LOCAL TIME
C ICLD ENVIR OP INOFX-ON CLOUD COVER
C IRAIN ENVIR UP INDEX ON RAINFALL RATE
C ITYPE FNVIR OP INDEX ON BACKGROUND TYPE
C IVEGCV ENVIR OP INDEX ON VEGETATION COVER
C IWIND ENVIR DP INDEX ON WID0
C RFACT ENVIR DP RAIN FACTOR
C RVAR ENVIR DP VARIANCE FACTOR DUE TO RAIN.
C TFACT ENVIR OP BSCKGROUND TYPE FACTOR
C TVAR ENVIR OP VARIANCE FACTOR G(E TO BACK. TYPE
C VFACT ENVIR DP VEG. FACTCR
C VVAR ENVIR OP VARIANCE FACTJR DUF TO VEG.
C WFACT ENVIR OP WIND FACTOR
C WVAR ENVIR OP VARIANCE FACTOR DUE TO WIND.
C*

C* OUTPUT VALUES
C SIGMA ENVIQ OP STANDARD DEVIATION OF BACKGROUND TEMP. FLUCTUATIJN.
C TEMPEV ENVIA OP BACKGRCUID TEMPERATURE IC DEG.)

% r*

Figure 2.1-57 (Cont.)
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P IRbKC*

C* SuRqr]UTI NE PIRBK
C* 0
C• PURPOSE
C* THIS ROUTINE PROVIDES THE POWER LEVEL INCIDENT ON THE DETECTOR
CS OUF TO BACKGROUND BALANCE, AND ESTIMATES OF AVERAGE FALSE ALARM
C* INTERVAL.
CS THIS ROUTINE IS USED DURING PRERJN, TO ESTABLISH OPER-
C* ATIONAL PAQAMETERS FOR PIRID SENSORS(THESE PARA!4-
C* ETERS TO BE USFD DURING MSM STAGE BY SUBROUTINE PIRBKI.
CS USAGE
CS CALL PIRBK( IUTtTEP'('"a, FIELD)tEXPAN,WATTBK, AVGTHC)
C*
CS DESCRIPTION OF PARAMFTERS
C* SEE GLOSSARY BELOW
C*
Cs SUBROUTINE AND FUNCTION SUBPROGRAMS REQUIRED:
C* FRFC(XI COMPLEMENTARY ERROR FUNCTION OF X
C* FNVIR COMPJTES TEMPEV AND SIGMA
C*
C, METHOD
C, BACKGROUND TEMPERATURE AND ITS FLUCTUATIONS AS DERIVED IN THE
Cs ENVIRONMENT ROUTINE ARE EMPLOYED TO ESTABLISH THE BACKGROUND POWER
CS INCIDENT ON THIE DETECTOR AND THE VARIANCE OF NOISE DUE TO BACK-
C* GROUND. THE VAPIANCE IS USED IN COMPUTATION OF FALSE ALARM RATE.
C, THE SIGNAL DUE TO A TARGET PASSING THROUGH THF FIELD OF VIEW IS
C* DETERMINED AND IF IT EXCEEDS THF THRESHULD A DETECTION IS DECLARED.
CS ALL COMPUTATIOINS ARE REFERRED TO THE INPUT Ov THE SENSOR.
C*
C* GLOSSARY
C* INPUT VALUES
C [UT PIRBK CP INDEX UNIT TERPAiN
C SIGMA PIRBK CP STANDARD DEVIAT:ON OF BACKGR1OOND TEMP. FLUCTUATION.
C TEMPEV PIRBK CP TtMP. nF BACKGROUNU OETERMINED IN i•Ei ENVIR. SUB. (C DEG)
C
C* LABElLED COMMON INPUTED VALUES
C BWPIR SENVAR BAND WIDTH (HL./SEC.)
C DEVXMN SENVAR OPTICAL SYSTEM TRANSMISSION FACTOR.
C DIAM SENVAR IDIAMETFR OF SENSOR (MM).
C IPRINT CONST OUTPUT DATA DEVICE DESIGNATOR = 6
C LnUMp CoNST TRUE- INTERMEDIATE CALCULATIONS PRINTED, FALSE- NO PRINT.
C PHIAZ ScNVAR AlIMUTH4 ANGLE IN RADIANS.
C PHIEL SvNVAR ELEVATION ANGLE IN RAOIANS.
C SrEFK CONST ST"FW4 BOLTZMAN4i CONSTANT /PI (1,B54•SSE-8) "

Figure 2.1-58
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C
C* COMPUTED VALUES
C AREA PIRRK OP AREA OF SENSO0R IN SQUARE METERS.
C P104 PIRBK P PI/4 (0.785398)
C PROBTH PIRBK OP PROBABILITY OF CROSSING THRESHOLD.
C RADBAK PIRBK DP BXCKGROUND RADIANCE.
C TEMPKL PIRBK DP BACKGROUND TEMP. (DEG. KELVIN)
C*
C* OUTPUT VALUES
C*
C AVGTHC PIRBK OP AVERAGE THRESHOLD CROSSING
C EXPAN PIRBK OP INTERMEDIATE CALC. (AREA * FIELD * DEVXM4N)
C FIELD PIRBK nP FIELD OF VIEW.
C WATTBK PIRBK OP BACKGROUND POWER INCIDENT ON SENSOR.
Cs,

Figure 2.1-58 (Cont.)
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C*
C SUMýORUTINF 3WIRBK
C*
C* PtRPflS E:
C.* THIS ROUTI'F IS USED DURING PRERUN, TO DEVFLOP FALSE ALARM
C* DATA Fr-R USE IN SCHEDULING FALSF ALARM EVENTS THRU FAINTV.
C*
C* USAGF:
C* CALL BWTRBK (IUT,ALENGTAVGTHI,4)
C*
C* DESCOIPTI(1p4 OF PARAMETERS

* C* SEE GLOSSARY BELOW
C**

C* SUBROUTINE AND FUNCTION SUBPRI)GRAMS RFQUIRED:
C*
C* METHOD:
C* ESTIMATES OF THE EFFECTS OF VEGETATION,WINDAND FAUNA ON
C* THE LENGTH OF TIME THE SENSOR MAY BE MAINTAINED WITHOUT
C* ACTIVATION ARE SELECTFD BASE) ON THE ENVIROMENTAL
C* CONOITIONS,(UNTER AND ATMENVI.THESE ESTIMATES ARE NOT
C* SUPPORTED BY FIELD DATA AND ARE THEREFORE SUBJECT TO
C* CHANGE.FROM THESE ESTIMATES THE AVERAGE TIME TO ACTVATE
C* THE SENSGR IS DEVELOPED AND SUPPLIED TO FAINTV FOR
C* DETERMINATION OF. BREAK EVENT TIME.IF TIME TO BREAK IS-
C* GREATER THAN DURATION OF FNVIRflMENT CONDITIONS USED
C* IN ESTIMATE DEVELOPMENT,BREAK EVENT IS SCHEDULErD FOR NEW
C* SET OF CONDITIONS.
C*
C* GLOSSARY:

C INPUT VALUES
C ALENGT BWIQBK CM LENGTH VF LINE I)LPLOYED. (YDSl
C IUT ',WIRBK CM INDEX ON UNIT TERRAIN.
C*
C INTERNALLY STORED oESIGNER INPUT VALUES
C DLENGT BWIRr5K 4 LENGTH OrF LINE AVAILABLE (YDS.) SET TO 2500.

C FNCr4P BWIRRK M FAUNA COMPONENT FACTOR
C WCOMP BWIRBK M WIND COMPONENT FACTOR.
C*
C LABELLED CCM mnrN INPUTED VALUES
C IPRINT CONST OUTPUT DATA DEVICE DESIGNATOR = 6
C -TOO BASICT TIME OF OAY
C LDUMP CONST TRUE= INTE,,:EDIATE CALCULATIONS PRINTED, FALSE= NO PRINT.
C WSPEED ATMFNV WIND SPEED IKM/HR) ,h
C
C COMPUTED VALUES
C DUM BWIRBK DO DUMMY ARGUMENT.
C FAFACT BWIRBK 09A DUMMY ARGUMENT.
,; KFAUN BNIRBK DM INDEX IN ANIMAL ACTIVITY I1= 6AM-6PM, 2= 6PM-6A.).
C WFACT BWIRBK DM WIND CVMPONENT FACTOR FOR PARTICULAR VEGFTATION TYPE.
C*
rZt OUTPUT VALUES
C AVC, THC T.'0' Q.K OM AVFRAGE THRESHOLD CR'ISSI11G

Figure 2.1.59
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r FA It rv * 4oL**t 4*o,4 *5*v fAf *I

C FUNCTIONi FAINTV *

C* PURPOSE *

C* SPECIAL -' RPOSF RANDOM NUMBER GENERATOR. PROVIDES
C* RANDOM FALSE AkLARM TI4E INTERVALS FOR 5 TYPv.S OnF

C* SENSORS, WITH STATISTICS APPROPRIATE TO (A) SFNSOP
C* LOGIC AND (B) AN AVERAGE TIME PARAMETER SUPPLIED
C* AS AN INPUT VARIABLE. *
Cw*

C* USAGE
C* TIME = FAINTV (AVGT, ITYPSN) *

C*
C* DESCRIPTION OF PARAMETERS
C* ITYPSN INTEGER CODE FOR SENSOR GENERIC TYPE. *

C* VALID VALUES ARE I (SEISMIC), 2 (ACOUSTIC), *

C, 4 (ARFMUOY), 5 (PASSIVIR), AND 0 (BREAKWIR). *

C*
C* AVGT FOR APFBUOY AND BRFAKWIR, = AVERAGE FALSE *

C* ALARM TIME. FOR OTHER SENSOR TYPES, = AVERAGE *

C* THRESHOLD CROSSING TIME. *

C* *
C* REMARKS:

C. THIS FAINTV ROt')tINE REPLACES ALL PREVIOUS VFRSIONS, *

C* THAT WERE LESS Y.-NERAL AND/OR REQUIRED EXCFSSIVfE

C* COMPUTATIONAL TIME. NOTE THAT CALLING SEQUFNCE

C* DIFFERS FROM4 PREVI!1US VERSIONS. *

C*
C* 2. DESIGNER VALUES ARE USED IN PROGRAM FOR THF N AND T

C* IN 'FALSE ALARM WHEN N THRESHOLD CROSSINGS IN T *

C* SECONDS', AND FOR THE: 0)EAD TIME (SENSIR INACTIVATED) *

C* FOLLOWING A FALSE ALARM. SPECIFICALLY... *C*

C* N T DEAD TIME

C* SEISMIC 4 6 SECONDS 15 SECOlNDS *

C* AcOuSTIC 4 6 SECONDS 15 SECONDS *

C* PASSIVIR 2 1.5 SECONDS 1.5 SECONDS *

C* ARFBUrY I IRRELEVANT o SECONDS *

C* BREAKWIR I IRRELEVANT 0 SECONDS *

C* METH)D:*c* IF SUBROUTINE IS CALLED FOR SENSOR TYPES OTHER THAN I (SEISMIC),
" c* 2 (ACOUSTIC), 4 (ARFBUDY), 5 (PASSIVE IR), OR 9 (BREAKWIRE); A DIAGNOS-
C* TIC IS PRINTED. *
C* BASED ON THE SENSOR TYPE, THE FALSE ALARM INTERVAL IS CALCULATED

C* USING THE APPROPRIATE FORMULA (SEE PAGE 4-64, VOL 1, PART IM. THE

C* ACTUAL FALSE ALARH TIME IS DETERMINED BY MULTIPLYING THE AVERAG7 RATE •
Ilk C* BY THE LOGARITHM OF UNIFORM• RADO NUMIBER.

C*

C* SUBROUTINE AND FUNCTION SUBPROGRAMS REQUIRED
C* URN (UNIFoI•I RANDOM, NLMBER GENERATOR) *
C*

Figure 2.1.60
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2.1.5.9 PRERUN Step 8

Step 8 in PRERUN comprises the main program (PREMNB)
with 10 subroutines listed in Table 2. 1-V, plus 2 utility subroutines.

External data sets required as input are "DATAIN", "JFMSTR",
"JFPXY", and "JFTAR", all generated in previous steps.

[ This step sets up RED FORCES, and BLUE FORCES not

"•associated with moving arrays, as targets. It plays all sensors against
all targets for "geometrical detection" through ELPDT subroutine. These
detections are stored on two separate disc files: the non-LOS events
'JFNEV) and the LOS eveents (JFZEV).

Figures 2. 1-61 through 2. 1-70 describe the subroutines
of this step. Subroutine VALID was described previously in Step 5.

2.1.5.10 PRERUN Step 9

Step 9 handles line-of-sight calculations. Options exist on
subrdutine structure: the user may play Line-of-Sight with full achievable
accuracy based on digital terrain tape, or he may use a dummy LOS routine,
by simply inserting the subprograms comprising the deck setup desired as
Step 9.

(a) For dummy LOS, the Step 9 setup comprises
the main program (PREMN9) with 1 subroutine
(LSGT). External data sets required as input
are "JFMSTR", and "JFZEV", both generated
in the previous steps. The dummy LOS routine
simply stores the LOS geometrical detections
on disc (DSNAME=EVNTLS). Figures 2. 1-71
and 2. 1-72 describe the subrn1itinPs of th.-,

dummy LOS Step 9.

(b) For "accurate" LOS, the Step 9 setup comprises
the main program (NMAINLS) with 7 suoroutines
listed in Table 2. 1-V, plus I utility subrnutine.
External data sets required as input are
"MASSDAT", ;'JPOUT", and "JF ZEV"
generated in previous steps. This program
plays actual LOS and stores them on disc
(EVNTLS). Further infor-nation h. given in
Section 4.

Figures 2. 1-73 through 2. 1-77 deo.ribe the subroutines
of the LOS program.
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C*****************l **PREMNB **********4******
C1*

C* PRERUN EXFCUTIVE - STEP 8 1
C* •

C* PURInSE *

C• PFADS IN! TARGETS FROM MOVE ARRAYS AND FROM BATTLE-CULTUPE F
C1 CALLS TARGBR TO GENERATE TARGETS FkOM BLUE-RED FORCES AND *

C* CALLS ELPEX THE EXECUTIVE ROUTINE THAT CCNTROLS THE PLAY 1
C•O F THE SENSOR TARGET DETECTIONS. WRITES OUT THE NON LINE F
C, OF SIGHT AND THE LOS fiN SEPARATE TAPES. *

C**

C* USAGE *
C* MAIN PROGRAM

C**

C* DESCRIPTIftq OF PARAMrTFRS
C* ALL INPUT AND OUTPUT VIA LABELED COM4ON BLOCKS/TIMES,OUTP, *

C* DATAINTRGRNVPXYTPPOSERR, INOUTOPTION/.
C**

C* SUBROUTINFS REQUIRED
C* TARGEX
C* ELPEX

C**

C0* METHOD *

C*" THE COMMON GAME INFORMATION, THE PLANNER INPUT, THE
C* MOVING ARRAY TARGETS AND THE FALSE TARGETS ARE REAn IN *

C* TARGEX IS CALLFD TO GENERATE TARGFTS FROM THE RLUE-REO *

C*W FORCES. ELPEX IS CALLED TO DETERMINE SENSOR-TARGET DETECTIONS*

C*

C 1** ********************** *********************************************

Figure 2.1-61

U1
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TAR GCX ****************

CA• SUn•r'!ITt-qF TARGEX
C,
C# PlJqRIn1
C* Fol'4S TA'(GETS OF THE BLUE AND RED FPRCES BY CALLING TARGBR
C* SURROIJTINFS REQUIRED
C FINX *
r* T A Qr;'3Q
C'
C* vFTHUO
C* THE PLANNER INPUT FOR THE BLUE FORCES IS LOCATED BY FINOX *

C* ANO TARGRR IS 'ALL ED. IF THE BLUE FORCE !S ASSOCIATED WirH *

C$ A 4CVING ARRAY TARGRR WILL GIVE AN 14.CDIATE RETURN SINCE *
C* THIS CASE HAS ALREADY EEEN PROCESSED. $
C$ THE RED FORCES ARE LOCATED BY FINOX AND TARGBR IS CALLFD. *

C$
C**

C*

fe

Fgure 2.1.62
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4,, , ** L OF X* ,, ***•, • *,., , (.,.****,

CS *

C* SURPUOTINE ELPFX(MPRINTI *

C* PURPnSE *

C* THIS IS THE nASIC ELP'IT ROUTINE W4I CH SC ANS ALL THE SENS1RS
C* AND CALLS ELPr)T To PLAY EACH SENSOR AGAINST EVERY TAP;RG S

C* USAGE *
C* MAIN PRLUGRAM *
C**

C* DESCRIPTION OF P4RAMETEPS PLANNER INPUT *

C* rS-SENSOR ID 3 1 *

C* IJK- COVER SCAN ID 3 II *
C* KPARM- SENSOR DESCRIPTOR 3 4 *
C* WAVE 4 1 *
C* CLFAR 14 11 *
C* SXYT- ARRAY CONTAINING SENSOR UP-DOWN TIMES AND LOCATION *
C* xxYr- DICTIONARY FOR SXYT *
C*
C* REMARKS *
C* THE PRESENT VERSIOqN (OF THE GEOMETRY ROUTINES CIRC AND SECT *
C* REQUIRE THAT ALL MOVING SENSORS USE RECTANGULAR COVERAGE *
C* AND BE PROCESSED BY SUBROUTINE GREC. *
C* EACH LEG OF THE PATH OF A MOVING SENSOR IS PROCESSED BY A *
C* SEPARATE CALL TO ELPLfI.
Co THE DETECTIONS ARL WRITTEN ON DISC FOR LATER USE *
C* LTNE OF SIGHT ARE WRITTEN SEPARATELY FROM NFIN LOS *

C* *

C* SUii.OUTINFS REQUIPFI) *

C* FIN'IX -TO FIND BASIC DATA SETS *
C* SFNSO -TO )ETER.'I1NE COVER SCAN PARMETERS *
C* FLnr)T -Tl PLAY AGAINST ALL TARGETS
C* FINfY -TO DETERMINE SENSOR UP-DOWN TIMES AND POSITIONS *
C*
C~' M[ rHID *

C" ,FINDX IS CALLED fO LOCATE DATA IN THE PLANNER INPUT TAOLt-S*
C* THE CrUVERA.;E PARA.FTES ARE FOUNrl IY CALL Tn SENSQ. THE *
C* POSITIONS AND UP TIMES FOR THE SENSORS ARE FOUND BY USING *
C* SUBROUTINF FINDY TO LOCATE THE DATA IN THF SXYT ARRAY. SINCE S

C* THE FOrQMAT F9R THE MOVING ARRAYS IS DIFFERENT FROM THE rOqMAT*
C* FOR THE STATIONARY ARRAYS A BRANCH IS MADF TO THE APPRr)PRIATF*
C* SEDUENCE 01- INSTPRICrTINS. FACH BRANCH SETS THE COVF:RArr *

CS PAAMFTIRS AN) CALL., ELPOT TO DETERMINE SENSOR TARGFT
L{ r.* nF-T rr: T I 0,I•,,

CS c!l' EACH SENSn% J THE- RESULTS (IF FLPDT WILL ME P INIF:) IF
C* THE PRINT 0OTlfIN IS SF" TO A NON IER.I VALUE. *

C* OETFCTICON RFOUIRING LUS ARE SEPARATED FRr'W THOSE NOT ,
C• REQIIIRINlG LrOS bY rLPDT. EN) ,IF FILE INDICATORS ARt WRITTEN S

Figure 2.1-63
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OJN THF DATA SETS NON-LINE OF SIGHT MTAPE(I i AND LINE OF *

C SIGHT '4TAPE I-"
C. *

Figure 2.1-63 (Cont.)

C* ,
C, SUBROUTINE TARGSR •

C**C* PURPnrSE i
C* FOR•MS TARGE.TS rnF THE BLUE AND RED FORCES,,

C* FOR A MOVING FORCE A SEPARATE TARGET IS GENERATED FOR EACH *
C* LEG OF THF PATH

C* REMARKS
C, BLUE FORCES ASSOCIATE) WITH MOVE ARRAYS ARE SKIPPE0,HAVING
C* BEEN TREATED EARLIFR IN PRE RUN *
C• SU.RnfT ITNES REQUIRED *
C* V.INDX

C* *
C,* METH" ODi

C* THE TARGET PAOAMETERS FOR THE RED FORCES AND FOR THE BLUE *
C* :OPCFS NOT ASSOCIATED WITH MOVING ARRAYS ARE EXTRACTED FROM *
Ca THE PI.AN4NER INPUT.
C* A MOVING FORCE is DEFINED AS A SEPARATE TARGET FOR EACH •

C* LEG OF ITS MOJTION AND THE LEG NUMBER IS CODED WITH THE *

C• TARGET in I(IE. TARCGI-1NTAR) - TARGET ID + IDOOSLEG ) *
C* TAkr, I,NTAR) = ID÷1OOOLEG *

C* TARG(2,NTAR) = XA X POSITION AT TIME TA *
C* TARG(39NTAR) - YA Y POSITION AT TIME TA ,
C* TARGi4-NTAR) = TA TIME
Cr TAQGcSNTAR) = XR X POSITION AT TIME TB '
C* TARG(6,NTAR) = YB Y POSITION AT TIME TF, *
C* TARG('7,NTARI ) TB TI4E *
C* TARG(RNTAR) w SPEED OF TARGET *
C* TARG|99ATAR) a FERROUS MATERIAL •
Co TARGI (jNTAR)= ALTITUDE ,
C* TARG(I1, NTARk- TARGET T(PE *
C* TAQG(IZ,NTAQ)= LE'GTH *
C' TARG(13#NTAR3, VISUAL SECURITY DESCRIPTION *

C€C ***********S**** **4******** ***************************S***************** A,

Figure 2.1-64
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r* *

C* SLJBOnUTINE ELPOT
C*
C* PURPOSE
C* TO DETERMINE SENSOR TARGET DETECTIONS USING THE APPROPRIATE *
C• GEOMETRY ROUTINE
C* IF LOS IS REQUIRED ADDITIONAL PARAMETERS ARE RECORDED *
C* DESCR'IPTIOv nF PARAMETERS
C* TARG ARRAY CONTAINING TARGET INFO *
C• FPDT EARLIEST POSSIBLE DcrECTION TIM4E
C* FLPnT LATEST POSSIBLE DETECTION TIME
C• NEV NON-LOS DETECTIONS SENSOR ID,TARGET I, EPDTtFLPDT
C* ZEVS LOS-DETECTIONS
C* SUBROUTINES REQUIRED *
C* VALID - SENSOR-TARGET COMBINATIONS TABLE III *
C• SECT CIRCULAR 04 SECTOR COVERAGE *
C* GREC RECTANGULAR COVERAGE *
C* *
C*I METHOD I

C* ELDOT PROCESSES ONE SENSOR ',GAINST ALL TARGETS BY MEANS *

C* OF A 00 LOOP. SUBROUTINE VALID IS CALLED TO DETERMINE *
C* POSSIBLE SENSOR TARGET COMBINATIONS AND TO INDICATE WHETHFR *
C* LINE OF SIGHT IS REQUIRED. SEPARATE CALLS TO VALID ARE MADF *
C• FOR FALSE AND REAL. TARGETS TO PROPERLY IDENTIFY THE TARGET. *
C, ( FALSE TARGETS HAVE A NEGATIVE IDI. *
C* SUBROUTINES SECT OR GREC ARE CALLED DEPENDING ON THE TYPE *
C' OF COVERAGE. *
C' IF LINE OF SIGHT IS REQUIRFD THE APPROPRIATE DATA FOR TE *
C* LINE OF SIGHT ROUTINES IS COMPUTED AND PUT INTO ARRAY LENS •
C• AND LINES OF SIGHT DETECTIONS ARE PUT INTO NEV. *
C* *

C* NEV(ItM÷KXI = SENSOR ID *
C* NFV(2tM+iY) a TARGFT 10 *
C* NEV(3,M.BX) - EARLIEST POSSIBLE DETECTION ON TIME *
C* NEV(4,M+BYI = LATEST POSSIBLE DETECTION ON TIME *
C'
C'

Figure 2.14
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C*

C*
CN PUUPns T
C* THIS '1:)'JTINE IS USED TO FIND THE COVIARAGE PARAMETERS
C$ O)FTH[ SFNSORS
C* USAGE

S~~C$ CALL SENSQ[ TT # Kt KPARMt KSN)

C* DFSCIIPTION Fn PARAMFTERS
C $ $ INPUT $

C$ KPARI-l-LI~fr.TION OF SENSOR DESCRIPTOR PARAMqETER SET$

C* KSN -LOCATION ['F COVER SCAN SET *

C* IJK =0 NO CnVFR SCAN SET *
C* =1 COVER SCAN SET *

C$ OUTPUT $ *
C$ TT -ARRAY PLANNER INPUT TABLE *
C* TT(9) INI1MUM RADIUS OR WIDTH 4 12-13 *
C* TTI1.Ii MAXIMUM RADIUS OR LENGTH 4 11 ,
C$ TT(11) AZIMUTH ANGLE -(ORIENTATION ANGLE) 3 9 $
C* TT(12) COVFRAGE ANGLE 4 11
C$ TT(13) ALONG TRACK DISTANCE 4 it $
C$ TT(14) ACRrlSS TRACK DISTANCE 4 n1 *

C$ T[(1'0) TYPF COVERAGE 14 2 $
C* TT(20)-TT(21I-TT(27I VARIABLF MAXIMUM RADIUS OIR WIDTH 4 13-14-15*
C* *

C* REMqARKCS
C* DATA FRUM COVER SCAN SET IF GIVEN OVERRIDES OATA FROM *
C* SENSOR DESCRIPTIUN SET $
C$ $
C' METH'1D
C' THF ClVfRACGE PARAMETERS ARF EXTRACTED FROM THE PLANNER
C$ INPUT DATA. IF A COV'ER/SCAN SET IS SPECIFIED THE CnVFRAGE *

C$ PAR'4ETAF S ARE BOUNDED 9Y THP NON ZERO VALUES IN THE COVER *

C$ SCA4 SET
C* *

Figure 2.1-66

2-105



~*s***s~T~**sss~sss*ssssssCIRC ****55t****'***4
r
C* SUBRUTINE CIRC *

C,* PURPOSE *

C4. PRFRUN GEOMETRY ROUTINE. nETERMINES INTERSECTION(S)t
C* IF ANY, OF A STRAIGHT LINE WITH AN ANNULAR REGION
C* (C('4CENTRIC CIRCLES# RAUII RMAX, RMIN. RMIN MAY BE *
C5' 7ERO). *

C*
C4* CALLING SE')UENCE *

C* CALL CIRC ,

C* DESCRIPTION OF PARAMETERS
C* 4LL INPUT AND OUTPUT VIA COMMON AREA /PGMPAR/. *
C*.

C4 TNPJTS ' *

C* RMIN RADIUS OF INNER CIRCLE *

C* RMAX RADIUS OF OUTER CIRCLE *

C4 OX X COMPONENT OF TARGET PATH *

C* OY Y COMPONENT OF TARGET PATH 4
CfX i INITIAL X DISTANCE 0o- SENSOR FROM TARGET *

C* DYI INITIAL Y DISTANCE OF SENSOR FROM TARGET 5

C, OT TOTAL TARGET TIME INTERVAL
C* TITYM INITIAL TARGET TI'4 *

C* TA MAX(INITIAL SENSOR TIME,INITIAL TARGET TIME) 5

Cs TB MINIFINAL SENSOýk TIME,FIIIAL TARGET TIME) 5

Cs 4 OUTPUT * *
C* L NUM4ER OF SEGMENTS OF INTERSECTION,=O IF NONE F
Cs FRPThI) I=I,L EARLIFST TIME OF SEGMENT I 5

Cs FLPOT(I) -l1,L LATEST TIME OF SEGMENT I 5

C, RFMARKS
C* NONE
C*
C, 5

C* SUFiROcI1 INE AND FUNCTION &.UBPROGRAMS REQUIRE[)
C* NONF

C* *
C*
C'
Cs METHOD
Co SENSOR A-I0 TAb•GFT POSITIONS ARF EXPRESSED PARAMETRICALLY
C- AS FUNCTI'NS Or TIME, THE DISTANCES FROM THE CONCENTRIC *

C' CIRCLES IS CHECKFn TO DETFRM(NE POSSIMLF SFNSnR TAR'.FT 5

C' LrTECTI'vIS. T74r TIM4FS ARF CHECKFo TO ASSURE A TIME INTFV- S

cS SECTIrIN. T- PADAA'•tTEt I, IS SET TO O,i, OR 2 LtPENUING IN *
Cs THE NUMBlEA nF SPACF-TIME INTERSECTIONS FOUND S

C* S

Figure 2.1-67
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C. ,
C* SUP,4tlUTINE SECT
C* *
Cs PURPnsr
Cs PRERUN GEOMETRY RflUTI'IE. DETERMINES II4TLRSECTIUNISt
C' IF ANY, OF A STRAIGHT LINE WITH A SECTOR *
Cs
C* CALLING SEQUENCE *
C' CALL SECT *
C*
C* DESCRIPTInlq OF PARAMETERS *
C* ALL INPUT AND OUTPUT VIA COMM-N AREA /PGMPARI. 5

C* INPUTS •
C*

C* CVANGL COVERAGE ANGLE OF SECTOR
CD Xl INITIAL X DIST. OF SENSOR FROM TARGET *

C* DYI INITIAL Y DIST. OF SENSOR FROM TARGET
C* OXA COS(PI!2 -AZIMUIH ANGLE - COVERAGE ANGLE/2)
C* DYA SIN(PI/2 -AZIMUTH ANGLE - COVERAGE ANGLE/2)
Co OXB COS(PI/2 -AZIMUTH ANGLE + COVERAG' ANGLE/2) S

C* OYB SIN(PI/2 -AZIMUTH ANGLE + COVERAGE ANGLE/2)
C*TITYM INITIAL TARGET TIME
C* TETYM FINAL TARGET TIME

C** OUTPUTS * *
C*
C' L NURBER OF SEGMEf!TS OF INTERSECTION, =0 IF NONE *
C.* EPOTII) I =1,L EARLIEST TIME OF SEGMENT I
C* FLPOTWli I =lvL LATEST TIME OF SEGMENT I *
C*
C*
C* REMARKS
co AZIMUTH ANGLE IS MEASURED CLOCKWISE FROM. NORTH *

C* *

C* SU4M(DUTINE AND FUr'CTIC'N SIJRPr.'.)GRAMS REQUIRED s
C* CIRC *

C* SECLO'
C*
C' UETHOD
C* SUJROUTIiNE CIFC IS CALLED TO FIND THE POSSIBLE INTFR *
C* SECT10NS WITH T9F CIRCULAk COVERAGE. IF THE CtCVERAGE *
C* ANGLE IS GRFATER OR EQUAL TO 6a28 RADIANS NO FURTHER
C* CALCULATIONS ARE MADE.*
Cs FOR TRUE SECTOk TYPE COVERAGE THE INTERSECTION WiTH 5
C" THF SFCTOR ARE FUUND OY LISE OF SUBROUTINE SECLOG
Cs THE PARAMFTIR L IS SET TO) THE NtIMBFP OF VALID SPACE *
C' TI4E 14TFRSECTIfNS THAT APE FOUND (n.1,2,OR 3). THESE
C' INtERKFCTIINS Az.- FOU4L) BY USE OF THE FLECK/BuITLER FtlkTRAN s
Cs *Ad11'' ALC,CRITHM
C* *

Figum 2.1-61
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C* *

C* SUB'AOUTINE GREC •
CH *
C* PURPnSE
C* PRERUN GEOMETRY ROUTINE. DETERMINES INTERSECTION(S), *
CS IF ANY, OF A STRAIGHT LINE WITH.A MOVING RECTANGLE S

C* S
Cs
CS
C* CALLING SEQUENCE ,
C* CALL GREC S
C* *
CS DESCRIPTInN OF PARAMETERS s
C, ALL INPUT AND OUTPUT VIA COM'1ON AREA IPGMPARI. ,
C* * INPUTS * *
C* S
C* DX X COMPONENT OF TARGET PATH S
C* ny Y COMPONENT OF TARGET PýTH
C* DXI INITIAL X OISTANCE OF SENSOR FROM TARGET *
C* DYI INITIAL Y DISTANCE OF SENSOR FROM TARGET ,
C* DXB COSINE OF ANGLE OF SENSOR MnVEMENT *
C* - DYS SINE Orf ANGLE OF SENSOR MOVEMENT S
C* TA MAXIINITIAL SENSOR TIMEtINITIAL TARGET TIME) S
C* TB MINI FINAL SENSOR TIME. FINAL TARGET TIME) *
CS DT TOTAL TARGET TIME INTERVAL ,
C* TITYM INITIAL TARGET TIME s
C* DA CROSS TRACK DIST. MINUS 0.5 WIDTH OF RECTANGLE S
C* fB DA + RECTANGLE WIDTH S
CS DC ALONG TRACK DIST. MUNUS 0,5 LENGTH OF RFCTAJ(GLE S
C* RMAX LENGTH OF RECTANGLE S
C* VS VELOCITY OF MOVING SENSOR *
C* S
C• * OUTPUTS S
C L NUMBER OF SEGMENTS OF INTERSECTION, =0 IF NONE S
C* EPDTII) Il,,L EARLIEST TIME OF SEGMENT I *
CS FLPnT(I) I=lL LATEST TIME OF SEGMENT I
CS
C* REM4RKS S
Cs NONE *
Cs SURROUTINE AND FUNCTION SUBPROGRAMS REQUIRED •

% CS NONE S
C* •
CS ME THr S
CS THE P"SITIONS OF THE SENSOR AND TARGET ARE EXPRESSED •
Co PARA'4ETRICALLY AS A FUNCTION .'F TIME, POSSIBLE INTER- 5

Cs SECTIONS WITH THE O),UI*IOARIES PARALLEL Tn THE PELATIVF 'AOTInIN *
C* ARC CHECKED FIRST. IF ANY EXIST THE INTEkSFCTIONS WITH THE 6

C* PERPEN,)ICULAR SPACF TIME AOUNDARIES ARE DETFkMINrD. TH. 0
C* PARAMM L IS SET TO THE NUMBER OF INTERSECTIONS (o OR i)
Cs *
C*SS*SSS************************SS* *55* *555 5* SS *S*** *****s* *5*5* *****

Figure 2.1-0
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~~~~~ ~~~SFCLOG**.''**************

SUP'ROU I TIF SECLIG(AB9fitKl *
C;4 *

(* PURWýSF *

PRERUN GFON¶ETRY RUUTI;,IF. DETERMI'NES IF A POINT LIES 11 *
[ C* A SECTOR*

C* CALL ING SEQUENCE *
C* CALL SFCLIG(P ,8,C,K) *

C**
C* DESCRIPTIPN OF P-ARAMFTFPSi C* * It,)P•,)T **

r* A DISTANC.E OF POINT FROM LINE LI
C* l DISTINCE OF POINT FROM LINE L2 *

C* C CHOSS PRODUCT OF UNIT VECTORS DESCRIBING SECTOR ILI*L2) *

C**
C** OUTPUT * *
C* K =0 POINT NOT IN SECTOR *

C* =1 POINT IN S&CTOR *
C* REMARKS *
C* NONE *
C**
C**
C* SUBRfIUT!N. ,AND FUNCTION SUBPROGRAMS REQUIRED
C* Nr)N E

C :: *C**

C**

C'* METHnD *
C. * THE PISITION (+ OR -) RELATIVE TO THE SECTOR BOUNDARIES *

C* ARiE CHFCKEL0 TO DETERMINE POSSIBLE INTERSECTIONS

(CP *

Figure 2.1-70
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~~~~ ~~~PREMN9 *'*********
C€
C* PRERU'J EXMCUTIVE - STEP . *
C*
C* PURPnSE
C, EXECUTIVE TO CALL DUMMY LOS OR OTHER ALTERNATF LOS ROUTINES ,
C*
C* USAGE
C, MAIN PROGRAM *

C*
C* DESCRIPTIflN OF PARAMETERS
C*
C* IN!UT * *
C*, ZEV AN ARRAY CONTAINING 22 PARAMETERS FOR EACH SENSOR-TARGET*
C$ DETECTION (SEE COMMENTS IN ELPOT OR MAINLS) *

C, $
C* O OUTPUT * *
C* NEVIIt ) SENSOR ID
C* NEV(2, ) TARGET ID *

C* NEV(39 I EARLIFST POSSIBLE DETECTION TIME $
C, NEV(4, I LATEST POSSIBLE OETE.TION TIME. *

C* RFMARKS
C, THE SIMPLFST VERSION OF LSGT WHICH ASSUMES PERFECT LINE *
C*, OF SIGHT (FLAT EARTH) IS SUPPLIED* MORE ELABORATE VERSiLCNS *

C$ MIAY BE WRITTEN AND USED WITH THIS EXECUTIVE ROUTINE IF
C* DESIRED.
C*, IF THE DETAILED LINE OF SIGHT IS DESIRED EXECUTIVE
C* ROUTINF MAINLS SHn•ULD RE USED INSTEAD OF PREMN9
C*,
C*• SUBROUTINJ:S REQUIRED$

C,*, LS,.•T
sit C*,,

C* METHOD)
C* THr CIJMMON GAME INFORMATION AN)' THE ZEV TABLES ARE READ C

C$ SUBROUTINF LS!7T IS CALLFO TO GENERATE T4E NFV TAFILF ANf)
f TNIT NEv APE WRITTEN Ci'- MTAPE(161. A ONF ANo r/OUR ZFROES ARE $
SWRITTEN ON MTAPE(161 TO INDICATE THE ENO OF FILE. $

C**

Figure 2.1-71
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_ ..M';r.L1,wWC1,~ Wfl . .

C*
C* SURROUTINF LSGT *
C*
C* PURPOSE
C* 1UMMY LOS ROUTINr - READS IN THE ZEVS AND WRITES THE
C* NEV APRAY - EQUIVALENT TO LINE OF SIGHT ALWAYS THERE *

C**
C* CALLING, SEQUENCE *
C* CALL LSGT(MtZFVNNEV) *
C¢
C* DESCRIPTION OF PARAMETERS *
C* " * INPUT * *
C* '1 NO. ITEMSIN 7ARLE 1EV
C* ZEV ARRAY OF EVENTS *
C*

C* * OUTPUT * *
C* N NO. ITEMS IN TABLE NEV
C* NEV ARRAY OF EVENTS
C*
C* REMARKS
C* NONE
C*
C* St?8ROUTINES REQUIRED
C* NONE *

CS METHOD
C* THE FIRST FOUR ENTRIES IN THE 1EV TABLE ARE TRANSFERRED TO *
C* THE NEV TABLE. THIS HAS TH37 EFFECT OF ASSUMING LINE OF SIGHT S

C* ALWAYS EXISTS.
C*
CS $
C *SS$*S*,,**** *5,5*S$,5, $,$$,$SS**** $$**$ $€,$*S**S$**S$$SSS$,$$*$$,$$$$$$,$

Figure 2.1.72
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C*
C* MAIN PROGRAM *

C* •
C* PURJOSE *
C* CnMPUTF LINE-OF-SIGHT FOR ALL SCANNING TYPE SENSnR'S.
C.m,
C* CACLING SEQUENCE
C* MAIN PROGRAM
C*
•,* REMARKS Il
Cs PROGRAM RE•UIQFS EARLIEST AND LATEST POSSIBLE DETECTION •
C* INFORMATION AND THE TERRAIN TAPE. *
C* •
C* SUBRO!JTINF AN) FUNCTION ROUTINES REQUIRE'). •
C* LrlS COMPUTES LINE OF SIrHT *

C* TERAN GENERATES UNTER 6ND UTVSXY DATA IN LABELLED COMMON. *

C*

Figure 2.1-73
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r* DURO)SF
P1 TOETF41INE WHFTHFH LIN; r.F SIGHT EXISTS OFTWE)FN PflINTS I

C* ANn 2 ON' A TýRPA IN, GIVEN' X, Y COORi)INATFS UF POINTS ANW) Or-cSEtS
(-4SI1 APOVE nUf) l(lNT I IS REGAROF0 AS SENSORk, POINT 7

(.* AS TARGET,
C.
C* us"vF
C CALL LOS (X19 Yl, Hlt X2, Y2, H2, SQANGF, IFLPEN, RCLEAR# 9SECiUR,
c D, 1701
C*

C* X19 YI POSITIO~N cnooQINATFS, POINT I (METERS)
C* x?, Y2 POIIION COrWOINATES, POINT ? (METFRS)
C* , 1492 IFr-SFTS A'qOVF GROUND FlP POINTS 1, ? RESP. IMETFRS)
C* SRAlGF SENSOR PANcE (M4ETERS)
r* LFLP'EN IF FOLIAGE PCNETRATIV1dGt SFT Trl TRUF, OITHERWISE FALSE

C* Rr.LEAQ FO)LIAGF FREE DISTANCE AT SFNSOR (METERS)
C, KSC110 ZFQtI, IF rA.4GET TAKES AfOVANTAGE OF COVER- OTHFRWISF I

C. OISrANCE TARGET HAS MOJVED FROM LAST CALL-NECESSARY
I ~FOR L.INIKAGE.TC SUBROUTINE 11ICTER

C. OUTPUT PARAMETERS
C* LZO LIGICAL VARIABRLE. *TRUE. IF LnS EXISTS,

C' 9THERWISE .FALSE.
C* REMARKS
C* A~ FALSF. PSTIIRN CAN OCCUR FOP ONE OF THESE REASONS--
C* 1. TF-IRAIN, + FfýLIAGE CONTLItJQ BLOCKS LINE OF SIGHT PATH

r*2. LOICAL FFrFr.TS ('41CR0-STRUCTURF OF TEPPAIN + F-'LIAGE
r. + CULTURAL ')NITS) BLOCK LOS.

C* 3. DMSTANCE FPnv SEN30R TO TARGET FXCFFOS SENSOR IANGF
r.* T415S RflhiTI qE PR IMAR ItY HANf)LES CALCULATIOjN FOR THE F IRST OjF

C * THcSE. ALTHOUGH THE CALLING PROGRAM (EXECUTIVE RO)UTINE)
c* S'-4IL[) NORMAI.LY NOT RFQUEST A LOS UETERMINATION FOR SENSOR-
C* TARrFT LOISTAWES REYOND SENSOR RANGE, THE POSSIBILITY IS

C* CHECKEr). THE A99FO CO)MPLFXITY IS 4INOIR, AN') THIS CHECK
r.. AItnWS Dofl-DA4 TO HAi'IOLE CUORENTLY UNPLANN.ED) TASKS, 14D

C* ALS;' PRnVTO;F% PROTECTInN ArAINST INPlUT FRRORS.
C*. * OCXAL MAS K ING, IN IMMEDIATE VICINI1TY OF SENSOR OR TARGET,
C* IS !ICTFRMINFC' EXTERNALLY (THAT IS, THIS ROUTINE REQUESTS
C's LICAL '4ASKING EFFECT BY CALLING ANOTHER SUBPROGRAM)
co
C* SU3RrllJTTNES ANO FUNCTIONS REQUIRED;
C* TrP Ak4 EFETCHrS QEQUIRE') TERRAIN)
Co FOILArr (AOOrS Frl.IAGF FFFFCTS TOl SErNSOP/TARGET)
C* 14ICTE4 (ADOS '4ICRO-E'JVIRONMENTAI EFFECTS TO SFNSOI?/TAR'~rT)

L* UrE-Vi (COA4ITES Aý INDEX 4IASEf ON X,Y POSITION FIR USr
r# IN I a8-L r'"4P40 N NUNTFON

ca
Co M'FT-4O9 Fqc TI'4'AIN QFTPIFVAL FfrI SHORT RANGE SENSORS.
C' IFIVF wit'luFTrOS IN4 'AXIIIJ-4 IANr.F)

Fipgr, 2.1-74

2-1113



T iF A RRAY MtIP I'% O)F IGNE D Tr)C~' IN C JkF TERR A I P4 XT&NO Ili , I I
'. * KILI'4LTERS IN THE X I)!RECTfliN AND 10 KIL)NFIMTERS IN THF Y OIRýECTION.
C* THESF FIGURES APE 9AsFo nN A TERRAIN GRID RFS1LUTION OF 100 METERS.

*C* WHEN Tr-RRAIN IS QFQ(J!I~rO FOR A PARTICULAR SHORT RANGE SFNSfl%, A
f* "STRIP- flF TERRAIN WHflSF DIAGONAL COORDINATES CORJRFSPON/) TO
C* MI-41MUM ANI) MAXIMUM PAIPS IF X AND Y IS R-OUrAT I.'TO C.1RF. rHESF
C* COOR~INATES ARE CH"SFN SO THAT THEI SENSOR IS CENTFRED WITHIN TH-F
C* "STRIP". SIJCCEEUING SENSORS COORDINATES ARE THEN CI4FC.KEfl AGA1i'dST

* C* THE "STRIP" C'JflP0INATES TO ESTABLISH NEED Fnk A StI8SEQ'JEýT TERRAIN
C* RETRIFVAL. EXCEPT FOR PLAY FIFLO EDGE FFFFCTS, THE CFNTEPINr, OF
C,* SENSLIR TO TERRAIN WILL BF ADHERED TO*

C* METHOO3' FIP TERI(AIN QETRIFVAL Ff)P LONG RANG1- Sr-NSOPS.
C*(MnPF~ THAN~ 5 KIL04FTFOS 63UT L7ýSS THAN~ IL EGUAL TI) 12 .(ILIM9FRS

C" IN RANrE)
C*

C* THE ARRAY MAP WILL HOLD IN CORF 24 KILOMETERS OF TERRAIN INJ THE
r, * X nIRPC TION AND 12 KILOMFTFPS IN THF Y OIRI-CTION. T~ff CFNTýRING
Ca TFCHNI4JUE DESCRIBED) A,3IiVE WILL 'nE EXECUTF0 FOR A SFMI- CIRCLF OF
C* RADIUS 12 KILOMFTEPS AND CFNTEQF!) IN THE X DT'ECTION ON EITHER
C* TH-F 1IPPFr- qR LOWER )EQC OF THF"STRIP11.
Ca
C* POETHOD FOR LINE OF SIGHT DETERMINATION.
C*
CC TERRAIN HFIGHT FOR EACH INCRFMENT IN DISTANCE FROJM SENSO'I' TO
C* TARGFT IS IETFRuINEn AND SIMPLY CO'4PAREI) TO THE RISE IN THE LINE OF
C* SIGHT RAY IJ T64AT INCPEMENT. MASKING, i)CURS wr4EN THE LJCAL TEQANIN
C* fl1iSCUFES THE LIAE OF SIGHT RAY.

C*
C* GLOSSARY:

r ITRNHT L rS Cfl INTFGERIZED TERRAIN IN STi1RAGF
C SHORT LO(S CP 4ANGE OF SHORT RANGE SF.NSORS
r nn~o LOlS CR GRID SIZE
C XREF LOS CD X-O'RIGIN OF PLAYING FIELD (NORMALLYO0. FRn C114PAT-

C L S CD 14 It ITY W ITH UNTFR T4)LES I
C YREF Lr'S CP Y-ORIGoIN OF PLAYING FIELD (SAMP RFMARKS AS XRFFI

C XRANGE LIS CP MAXIMUM X LFNGTH OF PLAYING FIELD (METERS)
C YR 14Nr- LOS C'P MAXIM4UM Y LENGTH OIF PIAf[4G FIELD (METERS)
C MXRrF LIS CR INTFcERIZED X REFERENCF OF PLAYING FIELD
C OYR EF LIS CR INTEGER IIFD Y REFERENCE O)F PLAYING FIELD
C PLjmIT 115 OlP MAXIMUM SEN~SOk RANGE ACCDOD49ATE3 BY STt'RED TFRRAIN

C 40XTFNjT L,)S CO INTEGEPIFO X RANGE 9F DLAYIN6G FIELD
C 141 NX L US D 0 CIJMPUTrFO MINIMUM X INDEX RFUUIRF!D FOP STORFO TFRQAT4
r' C YTF'JiT L'S CP INlTEGEFPIjF0 Y RANGE F 01; LAYIN". FIFL)
r OR AY L, S CD r'.;zFMF1TAL D)ISTANCF ALONIG LINF 1F SIGH 1.4 XV PLAN!
rC- "I N L'IS jo CrOmPUTr! 'AIN Imum V INDEX 4 EQU I REI) FOR STO1'0-) TFODA TN4
r 1XI LI'S 1)R INTERNAL VARIASIE (SENSnbk X CrfIRDFlIATI-)
r fYI II' Os 1 INTFO'dL VARIARLI- tsF,4sIjR Y ConODINATF)

Figure 2.1-74 (Cont.)
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C IX? LOS OP INTFrNAL VARIABLE ITARGET X COORDINATE)
C IY2 LlS DP INTERNAL VARIABLE (TARGET Y CrofRDINATEH
C MAXX LOS rP COMPUTEO MAXIMUM X INDEX REQUIREn FOR STORED TERRAIN
C MAXY LOS OP COMPUTED MAXIMUM Y INnEX REQUIRED FOR STORED TERRAIN
C MTNYO LOS OP INTERNAL VALUE
C MINXO LOS OP INTERNAL VALUE
C R12 LOS OP DISTANCE nETWEEN POINTS ICI IN THE XY PLANE
C COSTH LOS DP COSINE AZIMUTH ANGLE TO R12
C SINTH LOS DP SINE AZIMUTH ANGLE TO Rt1
C FFICH LOS D;' TERRAIN READ ON FIRST RETRIEVAL
C OR LOS nP LTNE OF SIGHT PROJECTION ALONG R12
C X LOS DP INTERNAL GENERALIZED X VALUE
C Y 1nS OP !NTERN•A. GENEPALIZED Y VALUE
C ZO LOS OP IN TERNAL CFNERAL|IED OFFSET VALUE ABOVE LOCAL TERRAIN
C XO LOS UP INTERNAL VALUE
C Fl LOS DP INTERNAL VALUE nF TERRAIN INDEX
C F2 LOS DP INTERNAL VALUE OF TERRAIN INDEX
C F3 LOS OP INTERNAL VALUE OF TERRAIN INDEX
C F4 LOS OP INTERNAL VALUE OF TERRAIN INDEX
C 11I LIS UP INTERNAL VALUF- TERRAIN HF!GHT INTERPOLATION
C Z22 LOS OP INTERNAL VALUE- TEPRAIN HFIGOT INTERPOLATION
C ZPT LOS ')P LOCAL TERRAIN INTERPOLATED HEIGHT
C ZSENS LOS DP LOCAL TERRAIN HEIGHT FOR SENSOR
C ZTQGT LOS OP LICAL TFRRAIN HEIGHT FOR TARrfT
C DZOR LOS OP TA\(ENT OF FLEVATION ANGLE TO LINE OF SIGHT RAY
C ZTST LOS OP TEST VALUE FOR LINE 9F SIGHT OR MASK
C LZO LOS nO LINE OF SIGHT = TIRUEI nR F(ALSE) ON MASK
C LFLPEN LoS OP LOGICAL VARIABLE IS .TRUEo FOR FOLIAGE PENETRATION
C Q/ICTR LOS OP IASE ntSTANCE FOP SUBROUTINF MICTEQ (NnRQMALLY 250
C L'IS UP METERS , RUT MAY BE LESS)
C IWORK LOS OP BUFFER WORK AREA DESIGNED TO HOLD X TERRAIN AT CONSTANT
co LOS Y. DImENSION OF 513 PERMITS AN Y EXTENT nF 51.3
C* LOS KILOMETERS ALLOWABLE IN THE PLAYING FIELO.
C* LOS THIS FIGURE IS BASED ON THE CONSIUCTION AF A "SPARSE"
C* LnS TAPE FROM THE ORIGINAL TOPOCOP SOURCE TAPE
C*
C*
Cs

C....s ****......*. ...*.************ ***.* ************21 o*******.*********
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C******************•****•*€***s '1M CTER *
C* *
C* SUBROUTINE MICTER *
co *
C.* PURPOSF *
C* AN AUXILIARY TO THE BASIC LOS ROUTINE, MICTER IETERMINFS *
C* WHETHER A TAKGET WOULD HE VISIBLE (lP NrT, INSOFAR AS THE *
C* MICRO STRUCTURE OF ENVtRONMFNT IN THE IMMEDIATE VICINITY *
C* (IF THE TARGET IS CONCERNED. *
C* *
C* CALLING SEQUENCE *
C• CALL MICTER (RMICTRD,IUTDZDPKSFCUR, LOSMIC) *
Cs
C* *
C* SUBROUTINES AND FUNCTIONS REQUIRED *
C*
C* URN UNIFORM RANnOM NUMBER GENERATOR *
Cs *
C* DESCRIPTION OF PARAMFTFRS *
C* NOTE- FIRST 5 PARAMFTERS IN CALLING SEQUFNCE ARE INPUT •
C* * VARIABLES TO MICTER, LAST PARAMETER (LOSMIC) *
C* IS OUTPUT VARIABLE.
C' *
C* RMICTR DISTANCE FROM TARGET, OVER WHICH MICTER HAS *
C* RESPONSIBILITY. (METERS) *
C* 0 DISTANCE TARGET HAS MOVED SINCE LAST CALL Tn *
C* MICTER, FOR MOVING TARGET. LENGTH OF TARGET, *
C* FOR STATIONARY TARGFT. FOR FIRST CALL ON *
Cs MOVING TARGET, 0 SHOULD BE ZERO. (IETERS) *
C* [UT UNIT TERRAIN INDEX IINTEGER) AT TARGET POSITION *
Co nZnR VFRTICAL SLIOPE OF LINE CONNECTING SFNSOR AND *
C* TARGET. NEGATIVE VALUE CORRESPONDS TO SENSnR #
Cs $LOOKING rOWN' AT TARGET (E.G.,AIRBORNF SENSOR). *
C* KSECUR TARGET PAR&METER (INTEGER) ORIGINATING IN PLANNER *
C* INPUT TABLES. VALUE IS 0 IF TARGET IS TO BE S
C' ASSUMED TO TAKE MAXIMUM ADVANTAGE OF COVER, *
C* VALUE = I OTHERWISE *
C*
C* I.OSMIC LOGICAL VARIABLE, OUTPUT. HAS VALUE .TRUE. IF •
C* VISIBILITY IS IMPLIED BY MICTER CALCULATIONS, *
Cs HAS VALUE .FALSE. IF LOCAL MASKING IS IMPLIFD. *
C* *

C* 1. THERE IS ONE MAJOR BRANCH IN THE PROGRAM, BASEl ON N
Co THF nZDR VARIABLE. FOPR oZR LESS THAN -1.0, VISI- *
C' BILITY IS BASE) 'IN CANOPY CLOSURE (tHIS CASE WrIULD *
Cs NORMALLY OCCUR FOR AN AIRBORNE SFNSOR, BUT COULD nC- *
CS CUR FI3H OBSERVATION OF VALLEY REGIONS FRrM HNGH
Co POSITIONS.)

Figure 2.1-75
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Cý' 2. IF GROUND-7O-GROUND VISIBILITY MUST BE CHECK-", THE FXILLOWING CAL- *
C* CULATIONS ARE MADE: *
C**
C* A. IF THE "REGION 02 RESrONSIBILIVIY OF MICTER IS GREATER THAN THE *
C* UPPER VISIBILITY LIMIT, IT IS ASSUMED LOS DOES NOT EXIST AND *
C* THE SUBROUTINE IS 7XITED. *
C**
C* B. IF THE "REGION CF RESPONSIBILITY" (RMICTR) IS LESS '.MAN THE A
C* LOWER LIMIT OF VISIBILITY, IT IS ASSUMED LOS DOES EXIST AND THE *
C* SUBROUTINE IS EXITED. *
C**
C* C. IF RMICTER LI T .MITS OF SIBIL-!C* ITY, LOS IS RANDOMLY AS FOLLOWS:
C**
C* (1) PROBAFILITY OF LOS IS DETERMINE USING LINEAR INTERPRE- *S C* TATION.*

C**
C* (2) THE NUMBER OF RAYS OR AZIMNITHS ALONG WHICH LOS IS POBA *
C* CHECKED IS CALCULATI BASED ON DISTANCE TARGET MVED AND *
C* LOWER LIMIT OF VISIBILITY. *
C**
C* (3) IF THE TARGET IS ATTEMPTING TO AVOID DETECTION, THE NUMBER*C* OF "LOOKS" IS DIVIDED BY TldO.*
C**
C* (4) THE PROBABILITY OF LINE-OF-SIGHT IS SET AfF I- PROBABILITY *

C* ~OF NOT HAVING LOS RAISED 70 THE EFN•LKS POWER AND IS COM- *
• ~PARED WITH A UNIFORM RANDOM NUMBER.*

C* 3. IF AIR-TO-GROUND VISIBILITY MUST BE CHECKED, THE CALCULATIONS ARE *
C* THE SAME EXCEPT THAT THE PROBABILITY OF NOT HAVING LINE-OF-SIGHT *
C* IS SET AT A NUMBER CHOSEN RANDOMLY BETWEEN THE UPPER AND LOWER *
C* PERCENT CANOPY CLOSURE VALUES. *
C**

Figure 2.1-75 (Cont.)

291

2-117



C ***************~***s***TrRANE *****#****4*****

CeSIýRnllTI NF TE' ANF I MI Iqv MAXtm I NY? 4AY.Y, 'A Pq I 0MX, I il Y, V 0J4 1

r* re ~ nE
C.' Tn 4R I Nr I NTO THE AQR AY "MAP," A TERRA IN MAP -SECTIO 104PES IDENT

C' ON AN~ FXTERNAL OEJ)IUM SEQUENTIALLY OIRGANIZED. SPFCIFICALLY
C.' FACH RE-CORD ON TL4r mEDIum IS CONSIOERED A "SCAN LINE" AT A
C.'CONSTANT "XII AND CfONSIST~S OF ENO3UGH "Y" ORDINATE POIN~TS TO

C* DFFINF A PLAYING FIFILD.
C* "PLAYINC, FIELD"t AS USEO HERE INCL'JDFS ALL. THE TERRAIN RESIIFNT ON
C* TAPE OR DISK.
C.'
C* ARrn'JMENTS:
C.' MIN~X, YAXX, MINY, MAXY. MAP, ID'4X, IO'4YP IrOU"'

C. SU0R'UTINES RE~ttiIEfl: NO"JF
C *

C*
C.' THE "END"1 PAKA"ETFR I S USEI) IN, THE R EAUJ OF TFRRA IN FROM TAPE
C.' OR IISK TO SIGrNI FY END OF P'lAY F IELD DATA(LAST "SCAN" (IF X- O)ATA)

C.' "ENO" CflULO BE ELIMINATED IF INPUT DEVICE INDICATES
C* NU46FR OF RFCL3RD TO RE READ ON EXTERNAL MEDIUJM*
C.'
r. GLOSSARY:
c MINX IFRANE DP X ARSCISSA CrIUNT INITIATE X READ
r 4Axx TFRPANF OP X 41SCYSSA COUNT TERMINATE X READ
C 14INY TFR AVE lP Y O)RUINATE COUNT INITIATE Y READ
C MAXY T ER ANE OP Y ORDINATE COUNT TERMTNATFS Y READ
( MAP Tr:PANF 0OP TFR'OAIN ARRAY IN CORE
C IDM X TFRANF QP X r)IMENSION Or- "MAP" (NIRPJALLY: 301 FnR SHORT
CCTrRANE RANGE SENSORS, 241 FAIR JONG RANGF SENSORS)

C IUmy TPRANE ODP Y DIMENýION~ OIF "MAP" (NORMALLY: 101 FJ3R SHnRTI. CCTERANE RANGE SENSORS, 121 FOR LONG RANGP SFNSnR)PS
C LAS,'FC TFPANF OJP LAST Rf-C V'D READ FROM MEDIjUM
f JO)Uk TER.A":E 14UFfFrR AREA Trl HOLD ONE "SCAN" OF TERRAIN AT 'r!hST ANT

C x M "'N TcPkNE CP X COIRDINATF OF TERRAIN HELn IN COOF
r Y*ATN TEPANE CO Y COnRDINATE OF TERRAIN HELD) IN COD)E
C XMAX TFRANE r, G MAXIMUM X CIOODINATE OF TER-.AIN HELO IN' COREP
C YMAX TERANE CP MAXIMUM Y cooRDINATE OF TERRAIN HELD IN C9RE
C MICREF TFRANE CP TNTEGERIZED X 9RIGIN OF PLAYING FIELD
C *AX TENT T':RANF CP INTEGEr IZFD X EXTENT OFl PLAYING FIC-Lr)
C MYTFNT TERANF CP INqTrEPEIZEfl y RANGE OF PLAYING FIELD
r IR FAf) TF.RANE WP NUMIFR (IF TImFS THIS ROJUTINE IS ENTERFEDI'C vAS TAP Tr-RiNF- Of TAPC OR DISK ')NIT NUM4FI-
C XL fNfl TFP ANE nP LrN'~TH nF X AXIS OF TERRAIN
r YL llN:G Tf.RANF OP LENGTH OF Y AXIS '-F TERPAIN
C I ",tUT rF-RANE t-)P NU141FR OF nUTPUT DEVICE

r ? MTlD: See 2-118.5.Fiue217



C* HMTOD*
C* THE LENGTH OF THE PLAYING FIELD IS T'ETEIGNED. A CHECK 13

C* MADE TO SEE IF THE WEST BOUNDAtRY OF THE IREA OF INTEREST IS EAST *
C* OF THE LAST RECORD (ELOCK OF TERRAIN) READ FROM TAPE.. IF IT 1S, *
C* THE TAPE MUST BE ADVANCED MO FIND THI DATA OF INTEREST. IF NOT, *
C* IT MUST BE RMNOUD. A CHECK IS THEN FADE TO SEE IF THE WEST EDGE *
C* OF THE AREA OF INTEREST IS THE FIRST SCA' LINE. IF IT IS, THEN THE
C* TAPE IS ADVANCED M THE DESIRED SCAN LINE. A NESTED DO-LOOP IS *
C* ENTER WHICH EXTRACTS DATA FROM XMIN TO XMAX FROM THE TAPE AND *
C* PUTS IT ON70 LIST. EXTENT OF THE DATA IN THE NORTH-SOUTH DIRECTION *
C* ON LIST IS ENTIRE PLAYING FIELD. DATA IS TRANSFERRED FROM A TEM- *
C* PORARY WORK AREA (IDUM) TO A IW DIMENSIONAL TERRAIN ARRAY IN CORE *
C* (MAP). THIS DATA IS FROM MINY TM HAXY AND WILL VARY IN SIZE DEPED-! *
C* ING ON SENSOR TYPE. THE COORDINATES OF THE MAP AREA ARE CALCU- *
C* LATED AND THE SUBROUTINE IS EXITED. A PRINT OPTION EXISTS AND RE- *
C* QUIRES CONVERSION OF A COMMENT CARD TO A PRINT STATEMENT. *
C* **

Figure 2.1-76 (Cont.)
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C**
C* PURPOSE
C* ILOCK DATA USFO TO SET PARAMETERS XRFFYREFXRANGEYRANGE, *

C* LOUMPIPRINT IN -HE LOS PROGRAM.
C. *

C* ABOVE PARAMETERS ARE OFIFNED 1i LABELED COMMON BLOCKS *

C* LOSCOM AND CnNST, •
C* *

Figure 2.1-77
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2.1.5.11 PRERUN Step 10

Step 10 in PRERUN comprises the main program (PREMNA)
with 2 subroutines listed in Table 2. I-V, plus 4 utility subroutines.
External data sets required as input are "JFMSTR", "CRTARG", "JFNEV"
and "EVNTLS", all ge!nerated in previou.s steps.

This step creates events type I (sensor interrogate). False
target information is merged into the event I lists where required. Event 1
lists are then stored on disk (JFEVLC). Figures 2. 1-78 through 2. 1-80
describe the subroutines of this step.

2. 1.5.12 PRERUN Step 11

Step 11 in PRERUN comprises the main program (PREMNB)
with 1 subroutine FMERGE plus the utility subroutine GMERGE. External
data sets required as input are "JFMSTR", "MASSEV23'", "JFEVLC",
"CREVT9", and "JFEVT", all generated in previous steps. This step
collects and merges all events of ail types that have been generated and
stored in the previous PRERUN steps. The merged sequence of events
are stored on disc iJFIEV). Figures 2. 1-81 and 2. 1-82 describe the
subroutines of this "tep.

2.1. 5. 13 P-hRUN Step 12

Step 12 in PRERUN has one (main) program (PREMNC),
and requires only 1 external data set "JFIEV" as input. This step takes
all the rneiged events, blocks them for MSM (900 or fewer words/block),
and stores them on disc (DSNAME=EVENT1).

Figure 2. 1-83 describes subroutine PREMNC.

2. 1.5. 14 Utility Subroutines

Most of the PRERJN steps use various utility type sub-
routines. These are listed in Table 2. 1-V and Figures 2. 1-84 through
2. 1-91 describe these subroutines.

2.1.6 PRERUN Common Areas

Common areas are used to allocate storage (and hence
limit the size of the model). They Eerve to transmit information between
the various programs of a job step. Included in this section is a table of
RPERUN common areas (Table 2. 1-7I) arranged alphabetically. For each
area, a brief description of the variables is given, along with a list of all
subroutines using the common staterrent. If any dimension statement
is changed, all subroutines using the common area involved must be 'S
recompiled.

2-120



C***~*'*•*$************ ***•**** PREMNA **************************#*****

C* PRFRLJ;': .XECUTIVF - STEP tO *
C*•
C* PURPnSE ,
C* GENERATES MSM TYPE I EVENTS FROM OUTPUT OF ELPOT AND LOS *

C* ADDS FALSE TARGET INFORMATION *
C**
C* USA.F *
C* MAIN PROGRAM *

C**
C* DESCPIPTION OF PARAMETERS *
C* ALL INPUT AND OUTPUT VIA COMMON BLOCKS/ WEVTUTMCOM,TIIES, *
C* INOUT,OUTP, OPT ION, POSERR/
C**
C* REMARKS *
C* NONE *
C* SUBROUTINES REQUTRED
C* DORDER -TO ORDER TIMES *
C* SEQ -TU GENERATE MSM EVENTS *
C* GMERGE -TO MFRGE EVENTS *
C* FLSTG -TO ADD FALSE TARGET INFO *
C**
C* METHOD *
C* THE COMMON GAME INFORMATION AND THE FALSE TARGET *

C* INFORMATION ARE READ* *

C* THE NON LINE OF SIGHT DETECTIONS (NEVI ARE READ. EACH *
C* SFNSOR IS A SEPERATE RECORD. THE ORDER OF THE EARLIEST AND *

C* OF THE LATEST DETECTION TIMES IS DETERMINED BY CALLING *

C* DORnER. SEQ IS THEN CALLED TO CREATE EVENT TYPE 1. GMERGE *
C* IS CALLED TO MERGE THEM WITH THE MASTER LIST. AFTER A BLICK *
C* nF MAX? IN LENGTH HAS BEEN GENERATED FLSTG IS CALLED TO ADJ *
C* THE FALSE TARGET INFORMATION TO THE EVENT AND THE MASTER *
C* LIST IS WRITTEN ')N MTAPEIII)-JFEVLC AND A NEW MASTER LIST IS *
" C* STARTED. THE PRINT OPTION IS CHECKED AS EACH SET OF NEV IS *
C* READ. *
C* THE LINE OF SIGHT DETECTIONS ARE PROCESS( BY THE SAME *
C* SEQUENCE (IF INSTRUCTIJNS. *
Ca A ONE-ZERO IS WRITTEN ON MTAPE(II) TO INDICATE THE END *
,C nF FILF. THE :4UMFHR OF RECORDS AND THE MAXIMUM LENGTH IS *
C* ORINTED IF DESIRED (MPRINTOUT REMD) *
Ca*

Figure 2.1.78
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C**l*************************'** FLSTG *******,, ***,,,,, **,,,i ssssss•s.
C* *
C* SUBROUTtNF FLSTG *
C*
C* PURP0SE *
C, TO ADD FALSE TARGET INFORMATION TO TYPE I EVENTS ,
C*
C* CALLING SEQUENCE *
C* CALL FLSTG(NEVtIEVvNTAR#TARGtMAX
C,
C* DESCRIPTION OF PARAMETERS *
C*
C* REMARKS *
C* NONE
C*
Cs SU3Pf)UTINES REQUIRED
C* TRNSFR
C*
C* METHnO ,
C* THE EVENTS IN IEV ARE PUSHED TO THE TOP OF THE STORAGE
C* AS SET BY MAX. EACH EVENT IS SCANNED FOR A NEGATIVE TARGET *
C* ID WHICH INDICATES A FALSE TARGET. IF NO FALSE TARGET IS
C* PRESENT THE EVENT IS ADDED TO THE IEV TABLE WHICH STARTS AT *
C* THE FIRST CELL* IF A FALSE TARGET IS PRESENT THE EVENT IS *,
C* RECRDEEED TO CnMFORM TO THE MSM FORMAT AND THE FALSE TARGET
C* INFORMATION IS ADDED. (THE MINUS SIGN IS DELETED FROM THE *
C* FALSE TARGET ID AND WORDS 2-12 OF THE TARGET INFORMATION *
C, IN TARG ARE ADDED BY A CALL TO TRNSFR) *

C**

, ,9"

Figure 2.1-79
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C,
C* SUBROUTINE SEQ *

SC* PURPOSE
C* TO GENERATE AN ORDERED LIST OF TYPE 1 EVENTS FROM THE
C* ELPDT LIST OF DETECTIONS FOR A GIVEN SENSOR *

C**

C* CALLING SEQUENCE *

C* CALL SEQ(ITIrOvLEELFFMMAXLLtLVIP.KVITARG) *
C**
C* DESCRIPTION OF PARAMETERS *

C**
C** INPUT *
C* IT EVENT TYPE *
C* I1 ID OF SENSOR *
C* LE ARRAY DEFINING ORDER OF EARLIEST DETECTICN TIMES ,
C* E EARLIEST TIMES
C* LF ARRAY DEFINING ORDER OF LATEST TIMES *

C* F LATEST TIMES
C* MMAX NUMbER OF EVENTS
C* ITARG TARGET IDtS *

C**

C** OUTPUT * *
C* LL STORAGE FOR EVENTS AS GENERATED. *
C* LV COUNT OF WORDS IN LL. *
C* IP POINTER LOCATING EVENTS *
C* KV COUNT OF WORDS IN POINTER *

C**

C* REMARKS *
C* NONE
C**
C* SUBROUTINES REOUIRED *

"C* NONE *
C**
C* METHOD *
C* THE ARRAYS DEFINING THE ORDER OF TIMES ARE SCANNED AND THE *
C* EVENTS ARE GENERATED IN AN ORDERED FORM IN COMPLIANCE WITH ,

- C* THE MSM FORMAT FOR EVENT TYPE l. THIS ROUTINE DOES NOT *
C* DISTINGUISH BETWEEN REAL AND FALSE TARGETS* *
C*

Figure 2.1-80
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PRE4NB

S~~~CS,•$•S*SSS•SSS•**••*,*,**$$•$S$S PRE'4N8 $$S*,eS,*•SeSSSeS* $,SS*S*SSSS*SS**S

C* *
CS PRERUN EXECUTIVE - STEP 11 5

C# SUBROUTINE PREMNB 8
C*

C* PIJRPOSF
C* FINAL MERGE OF ALL MSM EVENTS CRFATED BY PRERUN *
C* *
C* USAGE *
C* MAIN' PRfIrRAM ,

SC*
C* DESCRIPTIn'A OF PA.RAMETERS
C* ALL INPUT AND OUTPUT VIA COMMON BLOCKS/ WEVTUTMCOMvTIMESt *
C* TNOUTOUTPtOPTICON,POSERR/ •
C*
C* REMARKS *
C* NONE *
C*
C* SURROUTINES RFQUIRED *

C* FMERGE ,
C* S
C* METHnD
C* THF MSM EVENTS GENERATFD BY PREVIOUS STEPS OF PRERUN *
C* ARE REAO FRO" THE VARIOUS DATA SETS AND WRITTEN AS A S
C, SEQUENCE OF RECIRUS ON A SINGLE UNIT MTAPE(12) *
C* I-FRGFE IS CALLED TOl MERGE THESE EVENTS AND WRITE THEM *
C4[ ON UNIT MTAPE(14), MAXIMUM STORAGE IS DEFINED BY MAX* AND *
C* THE LENGTH OF RECORDS BY MAXI, A ONE t ZERO IS WRITTEN *
C* TO INDICATE END nF FILE. *
CS THE PRINT OPTION IS CHECKED AND IF DESIRED THE RECORDS S
C* WILL BE PRINTED.
C* ,
C*********SSS**********S**S*S************S*SSSS*SSSS*SSS*SSSS*SSSSS*SS*****

Figure 2.1-81
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~~~~~ ~~~FMER GE SS**S**S*SS***S*

C* *

CS PUQPSE *

CS 4FRGFS EVENT ARRAY IEV WITH EVENT A14RAY IVE $
C*
C$ CALLING SEQUENCE *

CS CALL FMFR(,F(IRIIR2,IR3tIEV,IVEMAXMAXI) *

C* ,
C* DESCRIPTION OF PARAMFTFRS
C$ * INPUT *
C* 1PI DISK OR TAPE UNIT TO 8E READ ,
C$ IR2 DISK OR TAPE ON WHICH ARRAY 1EV IS WRITTEN
C* IR3 DISK O]P TAPE ON WHICH ARRAY IVE IS WRITTEN *

C* IVE ARRAY TO BE MERGED *

CS IEV ARRAY Tn BE MERGED *
C* MAX THE MAXIMUM ALLOWABLE NO.OF ITEMS FOR THE $
C* RESULTING MERGED ARRAY(IEV).
C* MAXI MAX. ALLOWABLE NO.OF ITEMS IN ARRAY IVE. S

C* *

CS REMARKS
CS NONE
C* *

CS SUBROUTINES RFOUIRED
CS CMERGE
CS S

C* MFT1'OD
C$ THE RECORDS ON IRI ARE READ AND MERGED BY GMFRGE. S

CS STORACE IS CONTINUALLY CHECKED (MAXI) THE OVERFLOW IS S

C$ WRITTEN ON IR2. AFTER A COMPLETE PASS THROUGH IRI THE *
CS ARRAY IVE WILL CONTAIN THE BLOCK OF EVENTS WITH THE SMALLEST *

C* TIMFS, THIS IS WPITTE4 ON IR3. THE ROLES OF IRI AND IRZ $
C* ARE INTFRCHANGED AND THE PROCESS CONTINUED UNTIL ALL EVFNTS
CS HAVE FF.N PROCESSED AND WRITTEN ON IR3. *

CS

Figure 2.1-82
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c.*.~*.**..*.*....*....*PREMNC S*************s.
C**

C* MAIN PROGRAM *
C**

C* PURPnSE
C* TO SURDIVIDE EVENT LIST tNTO GROUPS LESS THAN OR EQUAL TO 900*

C**

C* CALLING SFQUENCE
C* MAIN PROGRAM
C* NONE
C* REMARKS *
C* EVENTS CANNOT NECESSARILY BE SPLIT UP INTO SETS OF EXACTLY 900,
C* THEREFnRE GROUPS FOR MSM CAN BE LESS THAI 900. *
C**
C* SUBROUTtNFS AND FUNCTION ROUTINES REQUIRED. *
C*

C**

Figure 2.1-83
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C* SUBROUTIN•E FINDX
C,.
C* PURPOSE
C* THIS IS A UTILITY ROUTINE USED TO LOCATE A PARTICULAR
C* DAT4 SET IN THE MASTER DATA STREAM
C*
C* CALLING SEQUENCE
C* CALL FINDX(NIJK) *
C,.
C* DESCRIPTIrN OF PARAMETERS *
C,.
C * INPUT * *
C* N I OF DATA SET

C**

C* * OUTPUT *
C I LOCATION OF FIRST WORD IN MASTER STREAM
C* J LOCATION OF LAST WORD IN DATA STREAM
C* K NUMBER OF WORDS IN SUB SET
C,.
C* REMARKS *

C* DO LOOP O0 NN L=IJK WILL SCAN ALL SUB SEIS OF 4
C**

C**

C* SUBROUTINES REQUIRED
C* NONE *
C*

Figur 2.1-84
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C************************F INDY ****************
C*,
C*, SUBROUTINE FINDY

C**

C* PURPOSE
C* THIS IS A UTILITY ROUTINE WHICH IS USED TO FIND THE
Ct flStTifiN OF A DATA SET IN A STRING. rROM THE POINTER INFO *
C 4.:
C* CALLING SEQUENCE
C* CALL FINrOY(LM,[IsJK *
C* *
C* DESCRIPTION OF PARAMETERS *
C, INPUT *
C* L( ) POINTER *
C* M MAXIMUM DIMENSION OF POINTER *
C* I INDEX OF DEVICE WHOSF TIMES ARE TO BE LOCATED *
C**
C* * OUTPUT * *
C* J LOCATION OF FIRST TTtIE (=O IF NEVER ON) *
C* K LOCATION OF LAST TIME *
C* *
C *******************************************V ***************************

Figure 2.1-85
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C*

C* SUROUTINE MERGDR*

CM PURPOSE *
THIS ROUTINE TAKES A SET OF FIXED LENGTH MSM EVENTS,*

C* ORDERS THEM AND MERGES THFM WITH THE MASTER STRING IEV *
C**
C* CALLING SEQUECE*
C* CALL MERGjR(MFVIEV#IVEiMVEtLLtMRI1,MAXI

C* DESCRIPTION OF PARAMETERS'

C* TEV NUMBER OF POINTS IN MAIN TABLE E
C* TEV MASTER TABLE S
C* IVE TABLE TO BE ORDERED AND MERGED*
C* MVE NUMBER OF PINTS IN IVE*
C* LL WORKING STORAGE
C* MR NUMBER OF EVENTS TO HE ORDERED AND MERGED

C* iE LENTH OF EVENT*
C* MAX MAXIMU4 DIMENS10N OF STORAGE ALLOCATED FOR EVENTS

C**
C* METHOD
C* THE ORDER OF THE EVENTS IS DETERMINED BY A CALL TO ['ORDER.*
C* THF nRnERED) LIST IS PLACED ION TOP OF$ THE MASTER L'ST
C* AND MERGED BY A CALL TO GMERGE,
C*
C* SU4ROUTINES REOUTRFD
C* DORDER
C* GMERGE
C*

Figure 2.1-86
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~~~~~ ~~~~DORDER **********s****s
c*: *
Cl.C* SUBROUTINE DORDER

C**C* PURPrnSE

C* THIS ROUTINE DETERMINES THE ORDER OF A SET OF FIXED *
C• LENGTH EVENTS WH-ERE THE VARIABLE IN THE FIRST POSITION •
C* OF EACH SET OF LENGTH I IS USED TO DETERMINE THE ORDER *
C-
C* CALLING SEQUENCE *
C* CALL fl0RI)ER(IEtLNI)

C**

C* DESCRIPTION OF PARAMETERS
C* IF ARRAY TO RE ORDERED ON FIRST WORD •
C* L DEFINES ORDER *
C* N NUMBE' OF EVENTS Tfl BE ORDERED •
C* I LENGTH [IF EACH EVENT
Cl.
C* REMARKS
C* L(N) WILL GIVE THE LOCATION OF THE N'TH EVENT IN THE *
C* OfDERED LIST. *
C* FOR EXAMPLE: IF M EVENTS ARE TO BE (JRDERED, L(l)-K WnULD *
C* INDICATF THAT THE KTH WORD IN THE ORIGINAL LIST IS THE *
r* BEGINNING OF THE FIRST EVENT. *

Cl.
C* SURROUTINES REQUIRED •
Cl. NONE •
Cl.

Figure 2.187
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S

~~ **~~~~** ~GmFRGE 5* ************s
C*

C* SU3ROUTINE GMERGE *
C* 5
Cs PURPOSE S

C* THIS IS A UTILITY ROUTINE USED TO MERGE TWO ORDERED 5

C* EVENT LISTS •
Cs •
C* CALLING SEQUENCE *
C* CALL GMERGE(MEVtNtNVSMAX) *
C* •
C* DESCPIPTION OF PARAMETERS
Cs M 4EV LIST TO BE MERGED
C* N NUMBER IN MASTER LIST *

Cs NVS TOTAL NUMBER IN LIST *

Cs MAX MAXIMUM DIMENSION ALLOCATED FOP MEV •
Cs •
C* REMARKS
C* PRIORITY IS GIVEN TO POINT TYPE .EVENTS •
C* FOR EVENTS TYPEI WITH EQUAL UP TIMES PRIORITY IS GIVEN 5

Cr TO THE ONE WITH THE SMALLEST DOWN TIME 5

C* OTHERWISE PRIORITY IS GIVEN TO EVENTS ALREADY IN THE
Co MASTER LIST *

C* *
CS SURROUTINES REQUIRED *
C* NONE *

CS METHOD
C* THE MASTER LIST IS IN WORDS 1-N OF MEV. THE LIST TO BE *
C* MFRGFD IS IN WORDS N÷l TO NVS. THE ENTIRE LIST IS SHOVED *

"Cs TO THE END OF THE ARPAY AS SPECIFIED BY MAX AND THEN THE *

C* MFRGE IS BEGUN. AT TIHE END THE MERGED LIST EXTENDS FROM 5

Cs 1 TO NVS*
C*

Figure 2.1-88
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* C*~*** ***********p********MERGEI **************
C*
C* SUBROUTINE MERGEI *

C*
C* PURPOSE
C* SPECIAL MERGE ROUTINE, THAT WILL MERGE TWO EXISTING •
C* LISTS OF 'EVý-NTS't INDIVIDUALLY TIME ORDERED# INTO A
C* NFW C4MBINEJ LIST THAT IS TIME ORDERED.C* •

C* THE 1EVENTS4 CORRESPOND TO VARIABLE LENGTH SUBLISTS9 *

C* WITH *
C* IA) SECOND WORD IN EACH SURLIST GIVES LENJGTH •
C* (I WORDS) OF THAT SUBLIST. *

C*
C* (6) FOURTH WORD IN EACH SUBLIST GIVES INTEGER *

C* TIME VALUE, ON WHICH ORDERING IS BASED. •
C*
C*
C* USAGE
C* CALLMERGE1 (LISTALISTB, 4 _VTSANEVTSBt LISTCNEVTSCtNWRDSC) *

C•
C.* DESCRIPTION OF PARAM (ERS *

C•
C* INPUT
C* LISTA, LISTB TWO ARRAYS OF EVENTS, TO BE MERGED *

C* NEVTS4, NEVTSB NUMBER OF EVENTS (-NUMBER OF SUBLISTS) •
C* IN LISTt,, LISTB RESPECTIVELY *

C$ OUTPUT *

C* LISTC OVERALL I4ERGEDI LIST FORMED FROM *

C* LISTA AND LISTB •
C* NFVTSC NUMBER OF EVENTS IN LISrc *

C* NWRDSC NUMBER OF WORDS IN LISTC *
C*•
C•
C* REMARKS •
C* EVENTS CAN CORRESPOND EITHER iO A SINGLE INSTANT OF TIME OR TO A TIME
C* INTERVAL.

C**

C* THIS MFRGE PROGRAM IS INTENDED FOR 'SINGLE INSTANT OF •
C* T!ME' EVENTS. IT WILL ALSO ACCOMMODATE 'INTERVAL' $
C* EVFNTS IF NO OVERLAPS OF TIME OCCUR&
C* a

C* SUBPrUTINES AND FUNCTIPN SUBPkJGRAMS REQUIRED •
CS4. SUBROUTINE TRNSFR •
C$•

C *** ******~***** ******************************* *****.*~*.************* ***

Figure 2.1-89
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TRAN*b*
C*

cs SUliROUTINE IrAN

C* PURPOSE
Co FUNCTI(IN ROUTINE TO TRANSFER A VARTA8LIEC.
C* USAtS

'V TRAN(IX*
C*[* 

* 
NU

C* X IN4PUT VARIABLE TI BE TRANSFER~rOC* 'V OUTPUT VARIAMLE*
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C* SUBROUTINE TRAN2
C*

C* PUR.'nSE *
C* TRANSFEPS A BLOCK OF STORAGE *
C* *
C* CALLING SFQUE*CE *
C* CALL TRAN2(ABN) *

C**

C* rOF~cr~nrIolN nF PARAMrTERS
r* * INPUT * *
C* N NUMBER OF ITEMS TRANSFERRED
C* B ARRAY OF ITEMS TO BE TRANSFERRED *

C* OUTPUT * *
C* A ARRAY OF ITEMS TRANSFERRED FROM ARRAY 8 *
C**

Figure 2.1-91
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The rumber cf elements that may !e in a game are prirmarilv
limited by the amount of storage allocated for the master data stream and
the pointers. The present subroutines have been cornpi1ed with a dimension
of 12, 000 for the master data stream, IDATA (or equivalent ID). A ,=hange I
in this dimension would require a recompilation of all the subroutines
using DATAIN.

To accommodate a very large data set, it would be desirable
to change PRERUN Step 0 so that each planner input set is written as a
separate record. A subroutine cotld then be written which could be used
by each PRERUN executive subrouj:ine to read in. only the data sets required
for that particular step. Such a subroutine could redefine the pointers in
LDATA, so that no further changes would be. required other than a
recompilation of the eight execu'Ave subroutines involved.

Present bounds on planner inputs as restricted by dimension
statements are as follows:

Planner Input
Sets Set No. Pointers* Common Area

Arrays I, XIX, XX KARR(301) UPDOWN

Sensors III KSDN(401), U PDOWN
KSEN(40 1),
KSSN(401) STASEN
KXYT(401) PXYTP

Monitors VI KMUD(l01) UPDOWN

Relays VIII KREL(41) UPDOWN

Data Links X KDLK(301) UPDOWN

The pointer must be set to a dimension at least one greater than the
desirecd number of elements. The reference to the last value of the
pointer must be changed in PRERUN Steps 1, 2, 3 and 4 (i.e., UPDN6
sets, KMUD(l01)= NT+1, etc.).

Secondary limitations have been imposed by the dimension P
statements for the storage of up/down times in UDTM (common area
UPDOWN), SXYTT (common area STASEN), SXYT (common area PXYTP),
IEV and IVE (common area EVENTS), and TARG (common area TRGB).
The dimensions for these arrays are not readily determined in advance
since they depend on probabilistic game results. The PRERUN subroutines
are so designed that it is not difficult to modify them such that they will
dump these arrays on discs and reload the arrays as often as necessary
if storage is a problem. This has already been done for the targets
generated by the Battle and Culture subroutines (see BATLTG for an
example).
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2.2 MAIN SIMULATION MODEL -- MSM

2.2. 1 Introduction

The Main Simulation Model (MSM) is a complex of 75
subprograms that controls the simulation of actual sensor system performance,
associated input and output, and auxiliary computations necessary for its
operations.

The combination of MSM and PRERUN forms the basic
simulation structure for the System Assessment Model (SAM). MSM
thus uses the results of initial processing by PRERUN. The basic block
diagram for this combination, Figure 2.2. 1, shows the data linkage from
PRERUN to MSM as well as other data inputs to MSM. Functionally, the
PRERUN-generated sequence of events is the impcrtant input to MSM, as it
dictates the dynamic executions to'•Feisimulated. The other input files
provide time, terrain, atmospheric and miscellaneous data, and the initial
set of system parameters.

MSM output consists of "immediate" printer output and a
data file, on binary tape or disk, called MSMOUT.0 The latter may be used
as input for one or more OUTPUT PROCESSOR (post-MSM) analysis programs.
These outputs provide time histories of sensor reports, both "garre play"
and "game truth," and auxiliary but related information.

In the following discussion, the rather complex structure of
MSM is summarized according.to various viewpoints. From the external
point of view, the important aspects of MSM concern only what it accomplishes,
which is tantamcunt to specification of what the inputs are and what the final
output results are. Thus, the summary begins with a discussion of input
data, including the operational events that control MSM (Section 2. 2. 2), and
of output information flow (Section 2. 2. 3).

The internal, structure of MSM is discussed in several major
subsections. Section 2. 2. 4 provides an overview of the basic program
structure and ccntent. Section 2. 2. 5 then centers discussion on the individual
subprograms. Finally, Section 2.2.6 discusses the content and storage logic
for data storage arrays required by nearly all of the subprograms. Within
this Volume, additional information of a detailed nature is provided in
Appendices, referenced at the appropriate points. For individual subprograms,
Volume III (program listings, AUTOFLOW diagrams) may be referenced. For
the mechanism of program operations, the Users' Manual (Volume 11) may be
referenced. For the special and important case of MSM sensor routines,
extensive documentation may be found in Section 3 of this Volume; in this
section, only the placement of sensor routines within the overall MSM program
structure is explicitly discussed.

2.2.2 Input Data

Input information for MSM (see Figure 2.2.1) falls into five
categories. Header cards, terrain data and system parameters are essentially
*Note: This precludes running PRERUN and •M on two different machines.
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static -- although alterations to system parameters are allowed via spe ial
events. Atmospheric data and events are dynamic, the former typically
changing (as game time advances) much less frequently than the latter. The
data sets are briefly discussed, by category, in the following text.

*2.2.2. 1 "Header Cards"

The so-called "header cards" (18 punched cards), also used
as input to PRERUN, are not critical to MSM operations.* With the exceptiun
of reference state integers for random numnber generators, card content is
used only in alphanumeric form. Specifically:

(a) The complete content of the cards is printed on
the first page of MSM output, in alphanumeric
form, for user reference.

(b) Significant alphanumeric content (essentiaily run
identification), on the first two cards is preserved
in storage, and used consistently as page heading
for each of the MSý * printed page outputs.

(c) Provided non-zero (or non-blank) entries are pro-
videdi on the last two cards, the integer values in
the appropriate fields are used to set or initialize
the states of the uniform and gaussian random number
generators used by MSM.

Exact formats for these 18 header cards, irrelevant to the immediate descrip-
tion of MSM, may be found in Volume II. All operations with header cards
are handled by EXECI.

Z. 2. 2.2 Terrain Data

MSM does not use detailed digital terrain data, the processing
of which is a PRERUN task. MSM does, however, require two sets of terrain
parameters:

"UNTER" Table Terrain and foliage descriptor parameters.
one set for each (of the typically 8 or so)
different unit terrain types.

"UTVSXY" Ta'WLe Packed-format data, from which a specific
unit terrain type code (11UT value) can b'
derived from specified x, y coordinates.',""

Indeed, MSM would operate with 18 blank cards for this data set.

Subroutine IUTEVL (IUT EVaLuate) is supplied to make this evaluation
upon call from other prog-rams.
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In the current program setup, these data are entered into MSM on punched
cards and read into storage by subroutine TERAN (via subroutine TANDT
and EXEC 1). Exact cards formats and content are described in Volume It.

2.2.2.3 System Parameters

Physical parameters that define the elements of a
scenario are transferred to MSM from PRERUN via data set JTFWDF.
These data originate in the 29 sets of planner scenario specifications*
that are entered in PRERUN step 0. Because of the difference in data
requirements between PRERUN and MSM, however, content of data set
JTFWDF differs from content of the original planner data sets in these
aspects:

(a) MSM requires only 13 data categories of the
original 29. Table 2.2-I lists these categories,
and their correspondences with original data
set category numbers.

(b) Within the 13 accepted categories, some data
are not needed and are not passed to MSM.

(c) As passed to MSM, all data are in consistent
internal units (e. g. , radians for angles, meters
for distances).

(d) For certain parameters, particularly emplace-
ment positions and timts of operation, there is
a distinction between "game play" values as
given by planner data, and "game truth" values
reflecting random variations that would occur
in field operations. MSM is given only game
truth values, as derived in PRERUN by simula-
tion of random variations.

Despite the abridgment of content, the number of par-
ameter values passed to MSM is typically very large". In addition, these
values are constantly referenced throughout computational processing by
MSM subprograms. As a result, details of where parameter data are stored,
of content of the various parameter lista, of assoct.ted pointer tables, of

Explicit content of these data sets is descriLed in Volume II (see PRE-
RUN, Step 0).

Space for 20000 words was reserved in initial MSM coding.
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TABLE 2. 2-I1

CATEGORIES OF SYSTEM PARAMETER DATA

(INPUT TO MSM)

Categort Analogous
Number Title Planner Set*

I UGSARRAYS I

2 STASCAN ARRAYS XIX

3 MOVARRAYS XX

4 BLUE FORCES XXI

5 RED FORCES XXII

a SENSORS III

7 SENSOR DESCRIPTORS IV

8 FIRETRAPS V

9 MONITORS VI
10 DATA LINKS X

II PATHS XII

12 FORCE TYPES XIII

13 COVERAGE/SCAN XIV

These correspond to the first 13 parti-

tions of storage arrav MSMPAR. See
Section 2.2.8.

See PRERUN documentation, (Volume I andVolume 11) for description of the originall29 planner data sets (scenario specifics-

-ion).
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implied subprogram design... were critical to MSM design and are
critical to full understanding of MSM program operations. Thus, directly
or indirectly, considerable amount of later documentation in this Volume
is related to system parameters*.

Finally, it should be noted that not all of the system
parameter data stored within MSM are static. Changeable parameters
include up/down flags, coordinates of sensors (upon reemplacement), and
certain operational-physical parameters for some sensor types. Certain
dynamic input events (see Section 2. 2. 2. 5) are designed to effect parameter
changes at the appropriate game times.

2.2.2.4 Armosp,,eric and Time Data

Time parameters and atmospheric data tables are related,
in that they are stored within the same physical data file (the former as the
first record).

The time parameters (collectively referred to as "BASICT"
information, after the name of the labeled common area used for storage)
are read into storage by subroutine TANDT, which is called by EXECI. The
only variable in this set explicitly used within MSM is ITODST -- the time of
day (integer, seconds) at which simulation is specified to begin.

An atmospheric data table "s initially read into storage, then
updated by new read operations as game time advances. Control of atmospheric
data reading is by subroutine EXECIB. Content of these tables (called ATMENV
tables) is documented in Section 5 of this volume.

2.2.2. 5 Events

Primary dynamic input to MSM is a time ordered sequence
of simulation events, prepared by PRERUN and placed on a disk data set for
access by MSM. Although the total number of computer words required for
the .vent sublists is typically very large, the dat2 set is blocked into groups
not exceeding 900 words, and only 900 words of storage are reserved within
MSM for these data. Level 1 executive routine EXECIB has control of reading
event data (one 900-word block at a time, as required during the simulation),
and of causing these events to be executed in sequence.

Section 2. 2. 6 and Appendix D discuss details of storage allocation within
labeled common area /BIGSTR/. Section 2. 2. 5 discusses associated
subprograms, of which EXECIA, DUMPMS, PARPTR, PARVLU, ARRPTR,
ARRVLU, TGTPTR and TGTVLU are especially relevant. Dynamic changes
in parameters are handled by level 2 executive routines EX2SPC (sensor
parameters), EX2UPD (up/down flags) and EX2SPC (sensor position I
coordinates).
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Each event has an associated sublist (or simply list) of
computer words. The structure of these lists is designed to be adaptable
to program growth in two respects:

(..i) The event type code is an element of a list (first
word). Although 11 event types are accepted by
the initial MSM program, no restriction on the
number of types exists in the basic input format.

(b) Lists are not restricted to a fixed length; the
word count for the list is ehtered as a list data
element (second word). List length is not even
necessarily the same for a particular event type;
two of the 11 event types provided in the initial
MSM program have in fact variable length lists.

It may be noted that inclusion of list lengths as data allows contiguous packing
of event data, for any mixture of list lengths.

The descriptive titles for the 1 1 event types programmed for
MSM are given in Table 2. 2-I following page. Detailed discussion of
events -- exact meanings, list contents, formats, units, etc. -- is given in
Appendix B.

2.2.3 Output Data

MSM provides formatted output on the system printer for
immediate use and information, and unformatted (binary) oatput on tape or
disk for subsequent input to one or more OUTPUT PROCESSOR programs.

The relationship of output channels to tI¢ subprograms that
write output data is shown in Figure 2.2-2. Details are provided in Section II
and its associated Appendices, in support of summary information given below.

2.2.2. 1 Printer Output

Immediate printed output covers a variety of information.
The current program provides ,ight categories of information, listed below.
The thi.d item (c) is the primary dynamic output; the last item (h) is the
basic system summary:

(a) Listing of the alphanumeric content of the 18 header
cards provided by the user.

(b) A listing ("dump") oi ýhe common area /BIGSTR/,
in which system parameters are stored.

(c) Time histories of sensor reports. Printer for-
matting essentially places "game play" information
on the left hand side of the page, and "game truth"
information on the right hand side.



Table 2.2 -11

LIST OF EVENT TYPES

Event
Type Code Event Descriptive Name

1. Sensor Interrogate (against taet(e))
2. Sensor False Alarm
3. Sensor Parameter Change
h. Sensor Up/Down Status Control
5. Monitor Up/Down Status Control
6. Data Link Up/Down Status Control
7. Firetrap Up/Down Status Control8. Arrays: &splac,/Ceaae OperRtions
9. Battlefield Illumination

10. Sensor Reposition (coordinate change
if reerplacernmt occurs)

99. D (terminate M!M processing; no noreevent data)
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(d) Ptriodic summaries ("system snapshots") of
sensors and arrays currently active. As originally
coded, but easily altered, these snapshots are
provided at the end of every two hours of game
time.

(e) on ef'ective times that sensor arrays
are emolated o~r cease operations.

(f) Notationd on begin and cease times of firetrap
operations.

(g) Notations on beginning of precipitation and its rate,
and on cessation of precipitation.

(h) System summary, provided at term'nation of
simulation, based on some 128 system counters
assigned to various events and results.

Subprograms generating printed output (see Figure 2.2-2)
are associated with these categories as follows:

Printed: Output Responsible
Category Subprogram

a. EXECI
b. DUMPMS/EXEC I
c. UGSOUT and

SCNOUT
d. EXZSNP
e. EX2UPD
f. EX2UPD
g. EXEC IB
h. EXZHLT

Additiona. ietails, as well as illustrative printed information
for eazh category (as generated by actual exercise of the simulation model)
are given in Appendix C.

2.2.3.2 Binary Output -- 'MSMOUT'

The MSM binary output file, called 'MSMOUT, ' contains
data on tape or disk that would be useful as input for one or more applications
of post-MSM processing programs. Structured in many respects like the
input event file, this output allows variable length lists and can be readily
expanded to any number of different event type codes. In the initial version
of MSM coding, three categories of output information are provided
corresponding to 10 distinct event type codes. An l1th type code is added
to indicate end of data.
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The three categories of output information, and the MSM
subprogram directly responsible for the write operation, are listed below:

System parameters EXEC I

Sensor-to-monitor reports UGSOUT
by unattended (UGS) sersors

Sensor reports from sca-ining SCNOUT
(attended) sensors

The end-of-data indicator is written by subroutine !'XZALT.

The explicit con'tent of the sublists for each of the output
event type categories is given in Appendix B,

2.2.4 The MSM Subprogram Structure

MSM comprises a %otal of 75 subtrograms,: in 10 general
categories, linked together into a single job step. Table 2. 2-111 gives the
names of the categories into which programs are classified, and the to~al
number of subprograms per category. Table 2. 2-IV an expansion of 2.2-1II,
lists explicit subprogram names by category.

In the imiied.ate sequel, the basic structure of MSM is
described in terms of simplified block diagrams, in which subprograms of
an auxiliary nature are suppressed. The roles of the various subprograms
are then discussed, in a category-oriented sequence of subsections. In
general, details supplementing the general text are provided by "comments
blocks," extracted from program listings and inserted into this Volume as
Figures within the appropriate subsections. Actual program listings and
AUTOFLOW diagrams (Volume III) may be referenced for additional details.

2. Z. 4. 1 Basic MSM Flow Diagrams

The bhrsic flow of MSM operations hinges on (a) control of
-rogram sequencing by executive routines, (b) sensor routines, and (c) flo%%
of information to the two output channels. Subprograms not within these
executive-sensor-output categories have auxiliary roles; they are essential
fc- complete computation, but do not fundamentally influence overall logical
structure.

A block diagram showing the relationship of subprograms to
the two output channels has previously been shown (Figure 2.2-2; Section
2.2.3).

Not counting standard FORTRAN subprograms (e. g., SQFT). The main
program and a single BLOCK DATA subprogram are included in the count.
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Table 2.2 -111

MSM SUBPROGRAM COUNTS BY CATEGORY

.NO. OF
CATEGORY PROGRAMS

0. BLOCK DATA I

I. EXECUTIVE ROUTINES, LEVEL 1 3

2. EXECUTIVE ROUTINES, LEVEL 2 8

3. EXECUTIVE ROUTINES, LEVEL 3 8

4. SENSOR SUBROUTINES* 14

5. OUTPUT & OUTPUT-RELATED 9

6. INPUT AUXILIARIES 3

7. SYSTEM UTILITY ROUTINES
8. STORAGE ACCESS UTILITIESJ 8

9. GEOMETRY & OTHER AUXILIARY I?

Total: 75

"Wine basic routines, one for each sensor g4nerlc type,
plus two sensor-unique auxiliaries for the IMAGE routine.
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Table 2.2-1V

MSM SUBPROGRAM STRUCTURE
SUBPROGRAM NAMES BY CATEGORY

(Sheet I of 4)

BLOCK DATA

0. MSMBLK BLOCK DATA SUJIPPOGRAM FOR MSM

EXEC ROUTINES, LEVEL I

1. EXECI MAIN PROGRAM.

2. EXECIA PARAMETER CONTROL. INPUT, EDITING, STORAGE ALLOCATION,

POINTER TABLE SETUP.

3. EXECIB SUPERVISES DYNAMIC EVENTS. DIRECTS CONTROL TO LEVEL 2

EXEC ROUTINES, ACCORDING TO EVENT TYPE.

EXEC ROUTINES, LEVEL 2

4. EXZSNR CONTROLS EVENTS TYPE 1, SENSOR INTERROGATE. DIRECTS

CONTROL TO LEVEL 3 SERIES (EX3...) ACCORDING TO

SENSOR TYPE.

5. EX2SFA CONTROLS EVENTS TYPE 2. SENSOR FALSE ALARMS

6. EXZSPC CONTROLS EVENTS TYPE 3, SENSOR PARAMETER CHANGE

7. EXZUPD CONTROIS EVENTS T'.PE 4 THRU 8 (UP/DOWN)

8. EX2BFL CONTROLS EVENTS TYPE 9, BATTLEFIELD ILLUMINATION,

IN TERMS OF STORAGE CONTROL.

9. EXZSRP CONTROLS EVENTS TYPE 10, SENSOR REPOSITION (CHANGE

OF COORDINATES).

10. EX2SNP SYSTEM 'SNi.'-PSHOT'.

II. EX2HLT CONTROLS SYSTEM RESULTS SUMMARY AFTER COMPLE1ION OF

DYNAMIC SIMULATION. TERMINATES SIMULATION.

EXEC ROUTINES, LEVEL 3

12. EX3SAC SUPERVISORY PROGRAM FOR SEISMIC, ACOUSTIC ROUTINES

13. EX3MAG SUPERVISORY PROGRAM FOR MAGNETIC SENSOR ROUT!NE

14. EX3ARF SUPERVISORY PROGRAM FOR ARFBUOY SENSOR ROUTINE

15. EX3PIR SUPERVISORY PROGRAM FOR PASSIVIR SENSOR ROUTINE

16. EX3RDR SUPERVISORY PROGRAM FOR RADAR SENSOR ROUTINE

17. EX31MG SUPERVISORY PRxOGRAM FOR IM'vAGE SENSOR ROUTTINE

18. EX3THV SUPERVISORY PROGRAM FOR THiERMVEW SENSOR, ROUTINE

119, EX3BKW SUPERVISORY PROGRAM FOR BREAKWIP SENSOR ROUTINE
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Table 2.2-1V

MSM SUBPROGRAM STRUCTURE
SUBPROGRAM NAMES BY CATEGORY

(Sheet 2 of 4)

SENSOR ROUTINES

20. SEISTG SENSOR ROUTINE, SEISMIC

21. ACOUTG SENSOR ROUTINE, ACOUSTIC

22. MAGTG SENSOR ROUTINE, MAGNETIC
23. ARFTG SENSOR ROUTINE, ARFBUOY

24. PIRTG SENSOR ROUTINE, PASSIVE IR

25. RADAR SENSOR ROUTINE, RADAR

26. IMAGE SENSOR ROUTINE, IMAGE DEVICES

27. THERML SENSOR ROUTINE, THERMAL VIEWER

28. P.RXWIR SENSOR ROUTINE, BREAKWIRE

29. ANG '\UXILIARIES TO

30. QUAD IMAGE ROUTINE

OUTPUT AND OUTPUT-RELATED ROUTINES

31. UGSOUT OUTPUT ROUTINE FOR UGS

32. SCNOUT OUTPUT ROUTINE FOR SCANNING SENSORS

33. SACDET INTERFACE, EX3SAC TO UGSOUT

34. UGSDET INTERFA(.E, EX3... TO UGSOUT FOR OTHER UGS

35. PGSKIP BASIC PAGE SKIP, HEADER PRINT

36. PGSKP2 SPECIAL PAGE SKIP, SENSOR REPORT HEADING PRINT

37. TIMOUT INTERNAIL-TO-EXTERNAL TIME CONVERSION

38. ALFCVT SPECIAL INTEGER TO ALPHANUMERIC CONVERSION

39. DUMPMS STORAGE LISTING AFTER EXECIA PROCESSING

NOTE: EXZ}1I.T ALSO GENERATES PRINTED OUTPUT 1

EXECI GFNERATES BINARY OUTPUT AP4 Pv.Ik0trL OUTP"r

INPUT AUXII.JARIES (EXEC LEVEL. I)

40. TANDT CALLED BY EXECI, TO READ 'TIME AND TERRAIN'

DATA ;ýNTO STORAGE (BASICT, UTVSXY AND UNTER

COMMON AREAS)

41. PARMIN SIMPLE READ ROUTINE FOR PARAMETERS

42. TERAN CALIED BY TANDT TO READ TERRAIN DATA
-J
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Table 2.2- IV

MSM SUBPROGRAM STRUCTURE
SUBPROGRAM NAMES BY CATEGORY

(Sheet 3 of 4)

SYST rl TYPE. I7TLT" 'I OLOUTII -a

43. ERSE CLuAMRS (S.'S TO O) FlCX 0,.' STORAGE

44. TRR HLOCK Tr•,lSFM. OF rATA

45. TIRN UNIFO-M FIVVIft NUNB GEPWIATOF.

146. URN•W SETS INITITL STATE OF URtJ OEPJTO.

47. IRNASK I WrERO0AT"S STATE 0` I)rN OEW1FATT

M8. ORN GAITSSIAN1 •A.1I4O1 '!U' GEN ".r.ATM

h9. 0RNORO Sy"S INITI,'L STATE OF (;RN ,E'.ATOP

5o. Wl~nASK INI'F'"OOATES- STATrE OF rfl?'!* OF'WATTOP.

51. 3tnC CaW ",Z!F'rARY F.OP. m-N(ION

STORAGE ACCESS UTILITY ROUTINES

52. PARPTR DETERMINES POIN7ER TO SPECIFIED WORD, I), AND

GENERAL PARAMETER STORAGE AREA

53. PARVLU SIMILAR TO PARPTR, BUT RETURNS PARAMETER VALUE

RATHER TITAN POINTER VALUE

54. ARRPTR SPECIAL FORMS OF PARPTR, PARVLU (WITH SIMPLER

55. ARRVLU CALLING SEQUENCES), FOR PARAMETERS OF SYSTEM

55. TGTPTR ARRAYS (SENSOR ARRAYS) AND OF 'TARGETS'

57. TGTVLU (RED, BLUE FORCES), RESPECTIVELY.

GEOMETRY AND OTHER AUXILIARY ROUTINES

58. TGTLG BASIC COMPUTATION OF STATIC MOTION PARAMETERS

FOR SPECIFIED TARGET AND LEG

59. TLXTY GETS DYNAMIC VALUES (I. E., FOR EXPLICIT TIME)

OF TARGET COORDINATES

6o. STRECT 'STATIONARY RECTANGLE' GEOMETRY CALCULATION

61. STC!RC 'STATIONAR' CIRCLE' GEOMETRY CALCULATION

62. EVNEFD EVALUATES NO. OF TARGET ELEMENTS IN SENSOR FIELD

63. CLOSEL DETERMINES CLOSEST TARGET ELEMENT (TO SENSOR)

2-159



Table 2.2-tIV

MSM SUBPROGRAM STRUCTURE
SBPR JGRAM NAMES BY CATEGORY

(Shaet 4 of 4i

6h KSTVLU DETERMINES 'KSTRNG' (STRENGTH OF SIGNAL INDEX)

65. FTPARI DETERMINES STATIC AND DYNAMIC PARAMETERS,

66. FTPAR2 RESPECTIVELY, FOR FALSE TARGETS

67. BFIASK USED FOR INITIAL SEARCH (OUTSIDE OF LOOP) AND

68. BFILUM ACTUAL ACCESS (INSIDr. LOOP), BATTLEFIELD IL-

I UMINATION DATA FOR SUBROUTINE IMAGE

69. SCANI SCAN ROUTINES, FOR TWO SCANNING LOGICS, USED FOR

70. SCAN2 SENSORS IN SECTOR SCAN MODE

71. SETSCI PRELIMINARY ROUTINES (OUTSIDE OF LOOP) TO SET WORK-

72. SETSCZ ING PARAMETERS FOR SCANI, SCAN 2, RF.PECTIVELY

73. ITODEV EVALUATES 'TIME OF DAY' FROM ITIME (TIME OF DAY

REQUIRED BY SOME SENSOR ROUTINES)

7L. IUTEVL EVALUATES IPT INDEX (UNIT TERRAIN TYPE) FROM X, Y
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A block diagram showing all other essential features of MSM
structure is given in Figure 2 2 -3. This figure is clearly keyed to the
various levels of executive routines, down to the EX3... series that act as
interfaces with the primary sensor routines.

The basic sequence of operations, by levels as shown ir
Figure 2.2-3, proceeds as follows:

LEVEL 1:

EXECI, EXECIA Initial one-time-only processing
to load storage with required
parameter data.

EXECIB General control of dynamic simu-
lation events; passes control to
appropriate level 2 exec for specific
simulation tasks.

LEVEL 2: Responsibility for specific tasks,
as assigned by EXEC 1B.

LEVEL 3: Sensor routines and level 3 execs,
called for the event "sensor inter-
rogate" only by level 2 routine
EXZSNR.

In the following Section 2.2.5, the roles of &II MSM sub-
proirams are discussed. In particular, the discussions of level 1, level 2
and level 3 executive routines provide additional information about the
logical structure of Figure 2.2-3.

2.2. 5 MSM '3ubprogram Descriptive Summaries

2.2.5.1 MSM Executive Routines -- Level 1

Although not significant contributors to the purely com-
putational aspects of MSM simulation, the executive routines have a unique
importance in control of computation, and would be the immediate routines
of interest in event oi program extensions.

As previously indicated (e. g., Figure Z. 2- 3), executive
routines are considered to form a three-level hierarchy. The level I exec
routines are the main program EXECI and two subroutines (EXEC IA and
EXECIB), controllina such major operations as to be considered level I.

EXECI, the MSM main program, is relatively short and does
little but call other routines and handle some simple input/output operations.
EXECI specifically:
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(a) Reads and prints the 18 header cards, stores run
identification alphanumeric information in storage,
and sets the random number generators according
to the content of cards 17 and 18.

(b) Indirectly reads "rime and Terrain" data by
calling subroutine TANDT (tables read are
BASICT, UNTER and UTVSXY).

(c) Call3 EXECIA (see discussion below of EXEC IA).

(d) Calls an output routii'e, DUMPMS, to list ("dump")
system parameter storage that has just been filled
by !XE-`IA.

(e) Writes the .'-3me system parameter data as output
event type )9')9, on the binary output file.

(f) Transfers control to EXECIB.

After EXECIB is called, control never reverts to EXECI.

EXECIA is called once, by EXECI. It supervises the
reading of systeri parameter data (frrm the PRERUN generated data set),
allocates storage locations within storage array MSMPAR, edits the original
data, and fills in the tables of pointers to the subsets of MSMPAR.

EXECIB is called once, by EXECI, and thereafter becomes
the effective main program for MSM simulation. EXECIB has general control
over all dynamic simulation events, most of which are sp.cified by the
EVENTS data set from PRERUN, some of which corresptnd to updating of
atmospheric tables or ), internally generated events. Specific execution
tasks are then directe to the appropriate level 2 subroutines, according
to the type of event being processed.

Specific operations under general control of EXECIB are:

(a) Reading initial atmospheric data tao1e, and updating
this table as required as game time advances.

(b) Reading events data from the external data file,
in blocks of (at most) 900 words; and regeneration
of the stored block after the "current" one has
been executed.

(c) Unpacking specific event sublists from the 900
word block, interpreting, and passing :ontrol to
the appropriate level 2 sub'outine according to the
event type specified in 'tc first word of each
sublist.
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(d) Periodically during game tir-e initial MSM coding:
every two hours), request ý. so-called system
snapshot from level 2 subrcutine EX2SNP.

(e) Rather minor printout operations (notations about
beginning or end of precipitation).

It is perhaps appropriate to mention the role of EXECIB in
the context of potential program growth. The critical operation for dynamic
events is the decoding of -.ent types and the transfer of control to a level 2
exec routine tailored to hcndle the particular event type noted. Coding for
this step hinges on a COMPUTED GO TO statement, that branches according
to event type to a CALL statement to a level 2 exec. Incorporation into the
program of a "new" event type requires, at the EXECIB level, only the
extension of the number of branches for the GO TO statement, and a new
CALL for a presumably new level 2 exec.

Additional detail information on the three individua' level 1
exec routines is given in Figures 2. 2-4 through 2. 2-6. These figures are
the formal "Comments Sections" extracted from program listings.
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C * * 1 *~~~*s ~EXECi (4iAINJ s)s*.*s*~*S*

1**

WMAIN PQ('(;QAM, M¶SM
C*
t* PURPCSF

C* ~ M~AIN rXrrl.JTIVE PPOGPAM FOJP THE M S 14 PnRtMIiN Lt THr
C*PHAsr I SYSTEM 6SSFSSMlErT monEL (SAM), C"IR14FLL PEQO *
C*LA4 PROJFCTSAM I. EXECI, WITH ITS AUXII I IR TES
C*FXFC1A AND FXFC19, FQOOP THE LFVFL I SET OF FXFCUTIVE*

C* P"'UTINFS FOP MSM.

C* CALL IN(7 SF(jUEjCF
C* HAIN n'klrAM
C*
C* REMARKS*

C*PQOfrAM EXPECTS 11 'HEADER CAPOS' IN C1rT) kFADER. ALL lA
C* ARE I'4"ECIATELY PRINTED ON FIRST 'AGE OF OUTPUT FOR USFQ'S

"C, U1n~aN (IDENTIFICATION OF RUN ETC.).*
C*

C* SIGNIFICANT CONTENT OF FIRST 2 CARDS IS SAVED TO RE USE!)
C* AS TITLE FOR SUBSFQUENT PAGES OF PRINTED OUTPUT. THE NU- *
CS MERIC VALUES ON THE LAST TWO CARDS ARF USED AS INITIAL*
C*REFFRENCE VALUES FOP UNIFORM ANr) GAUSSIAN PANDOM NUMBFR

C* GENERATORS.*
C**

C* CONTENTS OF COMMON 'ý'EA IrilrS;Iý ARE WRITTEN ONTO MSM*

C* HINARY (lUTPUT UNIT (",)) AS OUTPUT EVENT TYPE 100, AFTER

C* SRnTN N UCINSUAPROGRAMS R,-QUTRFD
C* PS~rP CONTOLS AGESKIPS (PQINTEQ), I NCLULIDJN1

PRNTNGO STANDARD IIFADINC READ INTO
C* STORAGE RY EXPCI.

C UNG SETS INITIAL STATE OF UNIFORM RANDOM NUMRER
C*rENF: .A Tn P.*

C* GRNnpcG SET'S If1ITIAL STATE OF GAUSSIAN RANDOM NUMBER*
CS GENERATOR,
C* TArJDT CGN'ISIVEIkED AUXILIARY ROUTINE, TO READ INTn

C*STORAGE $TIME AND TFRRAIN'... SPECIFICALLY,
C* THP CONTENTS OF CommON AREAS /SASICT/ ANT)
C* /UTVSXY/.
C* FXFCIA LEVEL. I EXEC, TO HAN')LE nARA4,TEP. INPUT, EDIT-

I* Nr., STORAGE, ALtflcATInA~ AN) PVOINTFR TA~iLES. *
fC* DtJ'4PmS CALLEU AFTER EXECIA, rO LIST ($DUMP#) THF CON~-
iff C TENTS OF T11E DARAMETER STORAG;E AREA /RI[GSTR/,
if C* AFTER AIL FnIiINn.
FC* EXFC1A LEVEL 1 FXFC, TO EXERCISE GENERAL CONTROL Of:*

rS S1401 A TI (,N FV EN TS, A r-.I,)SPHrctIC DAT1A Ct.iN-,[S,
CS DYt4AM IC SvS TFM ' SN AP SHnTS'

Figure 2.2-4
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C ~ '~' * ~ X FC I A

CStbi 'It)T 1 NE EX 1-C I A

" "U';PrliSF
'.AJ LC\11-1i FxrCIJTJVU QmflLr J. SUprRV ISf"S THF INPUT,

*F0! r , S T1IArF 'i(L flC.%1 ('j N) 0P3V!I NITER TA13Lt- S FRri THV

1C.IiT VIrV;' I FS ;)F ~SYSTF 1 P ARAIE T ER PLAL F ) 1 NTJj STOPAGF

C,5-PU Tn: CRlLZARA I S~rA, A RE (TUNft FrNTA r FUT AD * FSY %

C* JUSTARLF, tO1MFNSIINY ('JF 2fl000 wfln~r)S
c1NITA1NING SY~rFM PAAFES MS4¶PAR*
I S PF-rARDED AS COMAPRISING 13 91OC'KS9

C*Dr-,1TFfl uSIj TH4RU MS'113--
r.~~Mv -. o VI u'S AR~RAYS
CMS14? STASCAN ARRAYS
r*MSM3 M4OVAPR AYSN

MS`A4 BLUF F)'?Ci7S*

ms .A NFJSrq~S

P37 SFNSfOP JFSCPiPTORS
r*p Cf F!WCITRAPS

CS m S I 'TA L INKS*
r. s SI I clA THS

r*LS'*'12 F')RCE TYPF PARAM[TFRS
r*A-SM 13 C(Vt-i!1AG! /SCAN PARAmFT~rS

-Nil S . S.rI5 TAALF 'W NtlMRý4 OF DATA SETS IN FACH4 SLOr.K

(E. C.. 0 N')S4lS" I I . NO, OF Uf5. A,4AVS).

r PA Ir~s Pr'!NTF'4F Trl THF Y'SPAR ~'tLr3LKS (E.';, IF
I~i!CSA) 421?, THF~t, T1F FIR1ST WOc' I

C~~ Ofi!AI T MSM AE ('12 ) ) .

Is P 14 . j TAI'LF IcP~I~T S T ) 14LU.L: rf ' jCrS VA.TA STrT.
V*(F.(.I PtALUI(17 ) .4r~UL ) -i r TIIF O'r'fINMI Ti

1AAA4T 1 11J ~~ I NC. Ur P A,'4 r TF P S''~ 4L 11 F

t4  Figure 2.2-5
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C*FORCEF NO. 17) *
r*

C*I "PATH TARLF or PnINTFPS TI) PATHS OATA SETS.
r**

C* ~THF INP'UT TABLE LJU14P HAS VALUFS SLT BY THE. DRMR MS'4
C* LnCK DATA SURPRCV'RA1M, MSI'BLK--

C.
** L JLJp4 TAMLr- nF THE LEN~GTHS fJF D)ATA SETS (E.(r., *

C* LJUMtP46) a 24 -- EACH SENSOR D)ATA SET
r* WITHIN MSM6 REQUIRES 24 WORDS).

C* PEP4ARVS*
1* ., IATA SFTS WITHIN ANY ONE 8L9CK OF MSMPAR ARE OF FIXFD

C*LENC.TII, WITH TWO) EXCEPTIONS -- WSM4 (81IJE FORCES)
r*AND) 4SM11 (PAThIS). LjU4P(6) AND LJIJmP(11) APE NOT*
C*usron FOR nETERJ4ININC. STORAGF ALLOCATION OR SUBSEQUES'JT
C4 AnURFSS CALCULATION. INSTEAD, THF SPECIAL POINTERS

C* IPSLIJ AND IPPATH A'RF USED.
C.
C* 2. nATA ARE PACKED INTO MSMPAR WITHOUT THFf "GAPS" THAT
C. WCuLU RESULT FROM FIXED DIMENSION STATEMENTS. WOlRD~S
C* ARF REAL, INTEGER, LOGICAL OF ALPHANUIIERIC AS RE-
CS OUIPFI) (VEN THOUGH IMSNIPARI IS AN INTEGER NAMF).
C*
r* 4. INPUT PARAMETERS CORRESPOND TO ORIGINAL PLANNER IN-
C* PUTS,. AUT (A) SLIME OF THE nRIGINAL VALUES, "NOT RE-

C* UIRrt) gY MSM, APE rMITTED, (Bl) SnME OF THE ORrI'NAL
C*VALUES REACH MSM AFTER PRERUN MODIFICATION.S

CS 5. ALTHOUGH, SPME OF THE INPUT PAPAMFTEQS ARE TVANS-
CvFERKtU UIR~ECTLY TC MS'4PAR Srr'RkGE9 ADD[T[CNAL EDIT-

C* ING HITHIN THIS ROlUTINF MOOIFIES OR AlV'S To THE F
C* CO'4TFAf. FOITINr, OF 0SENSflPS' (MSMf6I IS THE "IUST*
CS SIGNIFICANT IN THIS REGARD.
C.

C*6. THTS Q0UTTN4F CALLFD ONLY BYV EXE-Cl.
C*
C* 7. FOLLV1WiNC MS~413 IS AN AREA QF 160 wnRDS REScpvDV) FfIv

C.*SUI3SFQ'JFNT STOIRAGF Or BATTLEFIFLn ILLUmINATION EVENT
0* PARAVETERS. THIS AREA MAY tIE REGARDED AS MSM14.
C* EXECIA HAS NO PROCQAY STE.,'S ASSnICIATFQ) WITH MSMi4s
CS Excrpr TO SUPPLY THE PRIMARY POINTER VALUF IPfrtS(I41.
C*
0* R. T"'E lPJCf~l!ITTTF0 AREA FFOLLOWING" MS%414 I-.AS, AT THE

r*CURRENT flAT',v N!( PLAI!NFO) 11Sý. lPSlGS(151 POINTS TO *

(7.* THE FIRST LOC.ATIOIN IN TL4IS 'FREE' OR 'MiSMI51 ARFA.

C* S(1134ý0IJT NF ANIO FUNCTInN, SUDI'POiGR44S RIOIJIRF0
C ~~P jP 4 . INPtuT SuHpnJT IMEr, Rr S"tIONS IDLE FOR rNTFR Iljc.

F~igure 2.2-5 (Cont.)
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C, ONE DATA SFT INTO II)ATA ARRAY AT EACH CALL. ,
C* (NITE., FIRST WORI) IN. TDATA = 99q9 SIGNIF- ,
C* IFS rNO OF AM MSM* BLOCK).
C* Pr.SKIP CONPROL PRINTER PAGF SKIP, PAC.F NU4BFRING, *
C* ARRVLU EXTRACTS PAR4UFTFR V4LUE FUR A SYSTFM ARRAY. *

C* IUTEVL EVALUFATES THE 'IUTe VALUE, THAT IDENTIFIES •
UNIT TERRAIN TYPE AT A GIVEN LOCATION. *

C* TRNSFR RLnCK TRAhSFER OF WORDS *
C• PARPTR PROVIDES POINTER TO A PARAMETER IN STORAGE *

C• ERASF CLEARS (SFTS TO 0) BLOCK OF STORAGE *

C* TGTVLU FXTRACTS PARAMETER VALUE FOR SPECIFIED TARGET •
C* (FORCF), RED OR BLUE *

C**

Figure 2.2-5 (Cor.t.)
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C**
C* SURRr1UTINE EXECIR *
C*
C* DIJRPr•SF.

C* MSM LFVEL 1 FXFCUTIVE ROUTINE, CALLED nY EXECI. *
C* SUPERVISES THE FXFCIJTIPN OF SI-IULATION EVENTS-- *

C*
C* EVENT TYPE I SENSOR INTERRnGATF
C* rVENT TYPE 2 SENSOR FALSE ALARM *

FC•EVENT TYPE 3 SENSOR PARAMETER CHANGE
C* EVENr TYPE 4 SENSOR UP/DOWN
C* EVENT TYPF 5 MONITOR UP/DOWN *

C* FVFNT TYPE 6 DATA LINK UP/DOWN *
* EVNT TYPE 7 FIRETRAP UP/DOWN *

C* EVENT TYPE 8 ARRAY UP/DODWN *
C* EVrNT TYPE P RATTLFFIFLD ILLUMINATION *
C* EVENT TYPE 10 SENSOR REPOSITION •
C*
C' EVEINT TYIE r'" STflP PRUGRAM *
C* " *
C' CALLING SEOUENCE *
C* CALL EXECIB *
Ce
C* DESCRIPTION OF PARAMETERS
C. •
C• EVENTS-TYPE PAPAMETERS TAKEN ONE SET AT A TIME FPO'4 *
C* STORAGE ARRAY LISTEV, WHICH IS'FILLED' AS REQUIRED *
C FRO'4 A PRERUN -GENERATED FILE, EXACT FORMAT OEDENOS *
C* UPON EVENT TYPE, BUT FIRSI FUUR WORDS ARE CONSISTENT-- *
C*
C* WORD I EVENT TYPE CODE *
C* WORD 2 WORD CnUNT OF EVENT SURLIST *
C* wnRo 3 ID NUM6ER *

C* WORD 4 INTEGER TIME VALUE (BEGINNING TIMEF FOR *
C* INTERVALS, ONLY TIME VARIABLE FOR *
C* POINT-IN-TIME EVENTS *
C*
C* SUBROUTINE AND FUNCTIr)N SIJBPROGRAMS QFFUIRED *
C*
C* THESE POUTINES (LEVEL 2 EXEC) HANDLE SPECIFIC EVENT *
Co TYPFS-- *
C' EX2SNR EVENT TYPF 1 (SENSOR INTrRROrATEl C

EX2SFA EVENT TYPS 2 (SENSOR FALSE ALARM4S) *

ct FXSPC EVENT TYPE . (SE'ISOP PARAM• CH4"IG.)
C* FX2UPD EVENT TYPES :, THOU 8 ' LL UP/DOWNS) S

r* EX2rFL EVF'T rYPF (tATTLEFID IL.LU9Nl *
co FXSRP FV.NT TfPE lo (RFPnSITIt)N SENSOR) *

'. EX24LT EVENT rYPE qo (apnGRAm STOP. rXHLT
Ct CLFAt'S TEMPrORARY DATA STnPES 4F-

figure 2.2-6
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C*FURF EXECUTING ABSOLUTE STflp)
FXZSNP HANr)LrS AN INTFRNALLY-GFNEPATEr) rVFNT

CALLFO THAT P'"IlrJCES
r* PRINT&O SijrAAQY nIF ACTIVE SYSTEM4
C. Ft FmrNTS. *

r, * AtSri CALLF)
C**

C*P(;S(P2 SPECIAL PA'Th SKIP
. TQNSFR BLOCK( TRANSFER OF DATA
f*T I MOUT COWVEPTS !NTFRNIAL TJMP Tr) EXTERNJAL*

CFORM, SUi TABiLE FOR PRINTOUIT

Figure 2.2-6 (Cont.)
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2.2. 5.2 MSM Executive Routines -- Level 2

There are eight level 2 executive routines, all called by
EXECIB. Each is responsible for a particular event type or (in the case of
EX2UPD) a class of event types. Table 2. 2-V summarizes the functions
of these eight routines, and their coriespo.-,dences to event-type code
numbers.

Of the eight level 2 routines, only EX2SNR (which has
general control of sensor interrogation events) places calls to level 3
executive routines, discusaed in Section 2.2. 5. 3. All of these routines,
of course, do depend upon various auxiliary routines.

Figs. 2.2-7 through 2. 2-14 provide additional detail
on the level 2 routines, including their direct use of auxiliary routines.
Reference in also made to Section 2. 2. 3 (this Volume) and Appendix C,
which discuss and illustrate EX2HLT results in the context of output onto
the printer.
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C*******~**~55*S*t*~*~**~t X7SNR
C*

SLJORMlITp"'E E92SNJR

(S LFVFL 2 rXrc YS 9 TI' HANiLM TYPE I FVFNTS (SENSOR
C* IN~roorrkTF ACTUAL FwrCUTlQ'J ')F THESr FVENTS F-rq

IJPI'4 SFgJqflI, TYPE. EX2SýIlw DETFf11iIlrS THIS TYPE ANOr
(S ~TQ.ANsrrPs CnNTRnL Tr. THE PR:PER FX3--- IRflUTINF.*

V* CAILI~r, SFE'i)EE1C

(S CALL FX7SN4R (LIST)
r. (C AL LEFD ONLY BY FXrC11-)

C*
r-, iJCP IPTI'N PF VA'lAMrTF-S
Cs LIST 'WTLL (RF AN FVENT TYPE 1 SUflLIST. IN PAKTICU-

C*LAR9 LI ST (3) WILL BE T14E SFASflR In.*

C*11PLICIT P"AQAMTFP.S FROM LABELLCO Cnmo'4N. *

C* PF!AQKS
C*NJ CHFCKS FOR CALLWIN ERRORS

C*
C* SUt1R.JUTINFS AknD FINCTIIN SURPPPOGRA'AS QEQUIRro)
r* PARP'TO GETS POINTIR FOR SENSOR PARA'4 SUIILTST *

C, F X 2AC LEVEL 3 ROlUTINE FOR& SFIS9IC 12MI) ARG I 1 AND
ct . ACOUSTIC (2ý') ARC. = ) SENSORS
C* EX 3M4Ar L[VFL 3 P.OUTINf F~OR 4AG,.JET!C SEi4SrRS*
CS EX3ARF of 3 It to ARFRUnýY *

C*FX3PIQ '' 4 to *'VASSIVIR of

r. *F x3~O p S- 3 II * RWAR I I
CS FX31'C, I of I' ' MAGE

FX3TWV '' ' ' rHEPMVFW '
CXIRKW '3 lRF 'P.AKWIR ''

C*

Figure 2.2-7
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r***********.************ X?SFA **************:

Cs SURflRUTINF EXZSFA

C**

C* MSM LEVEL 7 EXECUTIVE ROUTINE. HANDLES INPUT 1EVFNTS' '
C* OF TYPE 2, SENSOR FALSE ALARMS. CALLED ONLY BY EXECIS. S
C.

C* CALLING SErENCF *

C• CALL EXZSFA (LIST) *

C.
C* I)ESCRIPTION OF PAPA4ETFRS *

C• LIST AN EVENT-TYPF-2 SUBLIST. THE 31RD WnRD GIVES
C. THE ID OF THE SENSOR, THE 41TH WORO GIVES
C* THE (INTEGER, GAAME-) TIME THAT FAL•E ALARM IS *

C• TO BE ENTERED INTO SIMULATION* •

C* REIARKS
C* THERE APE TWnO ASIC TASKS WITHIN EX2SFA, FIRST, A •
C* SENSOR OUTPUT REPnRT MUST BE SENT TO THE OUTPUT ROUTrIE *

C* UGSOUT (WITH PARAMETERS INDICATING FALSE ALARM TYPE OF *

C* REPORT)* SECOND, ANY SENSOR PARAMETERS INFLUENCED BY S

C* A FALSE ALARM MUST BE CHANGED. :
C* *
C' SU3ROUTINE AND FUNCTION SUBPROGRAMS REQUIRED *

C* PARPTR MSM UTILITY POUTI4E, POINTER DETERMINATION. •
C* TRNSFc' BLOCK TRANSFER OF DATA *

C* UnSflUT OUTPUT ROUTINE FOR UGS SENSORS REPORTS *C,

ligure 2.2-8
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C .S l- t) TrI NE EX 2SPC

CLEVr-L 2 EXrC1JTIVr RnUTINz FOR~ ISm. 14ANnLFS FVFNTS OF
r* TYPF 3 (%FNS.dR PAR.A*4FTFR r,14ANrGF). CALIEO) ONLY lAY I-XFCIA.

r* U S Ar,r F
C ~CALL ýX2SPC It IST)

C*
C* OFSC0 IDTTI"" 'IF PAQA'¶ETtRS

coI ST AN FVrNT T',Pl 3 SUFILIST... *II E A4
4IflIi) ID 10F SENS"R1 VO HC*4WPR

crA'E.TEiR VALUES A-ý[ Rr!Ný, ENTFf~rD

C* wtorn 5 AU4VEQ OF 0APANiFTERS TO B~E CHANGcEr) *I
CS WORVJS 6,... NEW VALUES OF PARAOFTEKS*

C* SOLAýIUTINF A41) FUNCTIONh S'JOPPOGRA"AS 0 EQUIRhEIl
C*PARPTR UTILITY ROJUTINE Tfl flFTERPINF POINTER T9~ DAQAM-

C* FTE4 LUCATI'Y4S IN4 STORArF AREA F4SMPAR. IN THIS
C* fl~flP,44, APGUMAENTS ARE
C* IST = 6 (SENSnR PARA14FTERS IN "Sm'4)

C* 2ND = 1F) OF SENSOR
C*3Rn = 16 (PARAMETE~RS THAT CAN BF CHtAVrvEf BY

C* A TYPE 3 EVFNT ALWAYS REGIN IN
CS woRn 16 qF A SEr4Sfl OATA SFTI

C*TR NSr- P LOCK TRANSrER. IN THIS PROGRAv, TRNSFR MI'VES*
C* NPARCH wnPDS INTO' MS4PAk STORAGE FROM INPUT LIST.

Figu.o 2.2-9
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C.
C*SjBRnUTj4E EX2tJPU

C* LEVVL 7 EXEC FnR MS-I. CONhTROLS tiP/DOWN INOICATORS
C* ANrD/UP. PR~INTED UIJTPI.IT FOJR SFNSrIRS, M!?NITTORS9 UATA

C* LINKS, FIRETRAPS AND A4RAYS. CALLED RY EXECIR3.

Cs CALLINIG SEQUENCE
*C* CALL EXZIJPO (LIST)

C*
Co DFSCQIPTYinN OF PAPA4FTFRS
CS LIST WILL BE AN FvtENr SUBLIST CO0Rr-SPt-Nr)IN^ T *
C* EVENT TYPF 4, 5, 6, 7 ORe A (ALL UP-DOW'N
CS LOG"IC-- FVENT TYPE A'i. INnICATFS WHAT TYPE

C* nF SYSTFM ELCTmFNT fVc.NT APPLIES TO).
C*
C* REMA.RKS
Cs LOGICAL OPERATION VS. EVFNT TYPE INDICATED 9ELOW
Cs*
CS FVFNT TYPE FLENIENT UP/DOWN FLAG PRINTEO
Cs NUMBER TYPE SET IN STORAGE MESSAGE*
C* FnR THE EVE'4TS THAT GET PRINTED, A BINARY OUTPUT ON TAPF

C*tfR DISK) IS ALSO GENJERATED [OUTPUT FVENTI. 10, 11 FREP,)
Cs
Cs 4 SENSno YES NnJl
Cs 5 MONITnR YES NO*
CS 6 DATAL INK YES NO
C* 7 FIRETPAP YES YES
Co ARRAY NO YES
C*
Cs Sqoi)TfIITNES AsND FUNCTIOnl SU`I3DQORA1lS REQUIRED
C* PARPT1R PROVIDES POINTEQ LOCATING SPECIFIEO WORD IN

C* THE MSMPA!ý ARRAY*
fC* TT'MDUT COlVERTS INTE'qNAL T1~4E VARIAKLE (INTEGER NO.

LIEO SECoND)S INIn GA44E) INT11 DAY, CLOCK AND*
C* SrC VAQIARLFS FOR 'EXTERNAL' TIME, IN FORM
C* St'!TAILF FOR PRINT WITH I-FORMAT.
C* PGSKP2 SPECIAL PAGE SKIP CONTROL
Cs
Cs MEpinn (CI'MNT
co THE4 UP/10J4N FLArG IN Sr-JQA',E IS AL44YS INITIALIZED T'I TNF

C*VALUP 0 ()li. FOR AN UP/DOWN FVENT, HIwrVfP., THIS; rL.V
C*WILL 5F SET Tfl *TivE ( I11TFEGIR -V4 FrR AN UP CONJTROL,

6C* To -T I IF FnP DOWN Ctrj4T4I) ... WITH4 APPRUI I RAUF GhihAfl F'14
C*T14E T!WF 0 SPýCIAL CASF. TIiuS,rThuS FLAr. CA4R iFS

Cs TI14F-tiOl -R TI'ME-DOnWN I'NVrOMATI0N iS 4ý-u., AS UP/')wIN S

CS STATUJS.
C*

figure 2.2-10
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C*SUlqV)UTINE EX28FL
C* I HATTLEFIFLn LIGHT)

* *

CM1S~l LFVý-L 7 FXFCUTIVF RC'tiT!NE, CALLED) ONLY BY E'cEC19.*
C*~ SUPCfRVISrS, SrCPAGE !'r DATA FOR EVCNT TYPE Q
C*i BATTLE FIELD ILLLJ1NMATTOP ElY FLARESt ETC. ), THAT s4ILL*
C* LATE; i'E USED) BY 14 GHT'TIME- IMAGE-DEV ICE ROUTINES.

C* CALL fX7RFL MLST)
C*
C* n~Esc~iprioN or P~dARAFTFRS
C* LIST A TYDE Q EVENT SUtILIST OF FOLLOWING CONTENT-

C* WORD
C* I TTYPFV EVENT TYPF CODE I=fl)
C* 2 LNGTHS LIST LENGTH1 fal0)*
C* 3 InILDv ALPHANOMERIC 1-WORn DEVICE In
C* 4 ITIMI1 INTEGFR GAME TIVEt ILIUM tlFGIN*
C* 5 ITIM2 INTEGER GAME TIME9 ILLUM END
C* 6 X X- GAME CnOODINATE*
C* 7 Y- GAME COOROENATE

C* H HEIGHT ABOVE GP.GU'l AT ITIMI *
9 A IN TNS INTFNSITy OF LIGHT SOURCE *

C' 10 ~400F MUOE-0F-ILLUMkINAm ION
C**

C* REMARKS*
C* 1.. OlNLY THE LAST 9 WORDS ARE STORPD.
C*
C* ?, WOR') 3 (IOILr)V) CANJ 4E AN AR3ITRARY 1-14ORr) (4-CHARACTFý.)

C*IDENTIFICATION. NOT USFD FOR COMPUTATION.*
C*

r*3. SPlRAGE Iý RESERVFr) FOR up rO 20 SIMULTANFOUSLY ACTIVE *

C* (ALL ACTIVE), THF NEwEST REOLACES (ERASES) THAT EVENT

C* NEAREST Tni EXP(AATION, AND A DIAGNLOST[C MESSAGE IS
C* PRINTEO,
C'
C* SUBAOUlTINr AN! FO'4CTInN SII'SPR'VR.A~4S REQUIRED
C* TSRNSFQ 13LICI TRAN4SrFFR 9F OAfTA
C* PrSKID PACE SK(IP C INTR'.0L
Cs

Figure 2.2-11
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C**S****4*****S*e~.ss.s*.FX2SRP **sS***SS**SS**S
C*
C* SUBROUTINE EXZSRP
C* (SFNS.1R REPOSI TON) *

C**
C, PURPOSE
C* MSM LEVEL 2 EXECUTIVE ;OUTINF9 TO HANr)LF EVENTS TYPE 10 *
C* (SENSOR REPOSITION). SEE 'REMARKS' BRLOW. *

C. *

C* CALLING SFOUFNCE *
C* CALL FX2SRP (LIST)
C*
C* DESCRIPTION OF PARAMETERS
C* LIST WILL RE A 6-WORD SUBLIST CORRESPOINDING TO *

C* EVENT TYPE 10:
C* *
CS WORD *
C* I ITYPEV EVENT TYPE CODE i1n01o
CS 2 LNGTHS LIST LENGTH v6)*
C* 3 IOSNR I0 OF SENSOR
C* 4 ITIM INTFGER GAME TImE (SECONDS) *

CS THIS EVENT TO OCCUR *

Cs 5 X NEW CrOORDINATES (REALMETERS,
CS 6 Y GAME VALUES) FOR SENSOR *

C*
CS REMARKS •
C* 1. THIS ROUTINE CALLED flNLY BY EXECIR.
CS *

C* 2. THIS RIUTINE CALLEr ONLY WH4EN A STATIONARY SENSOR
F CS IS REE4PLACEOv IN W4ICH CASE Pr)SITION|Nr, ERRORS *

CS ARF LIKELY TO CAUSF DEVIATIONS FROM THE ORIGINAL *C* XY COO)RDINATES.o
C*
CS 3X mNT, IN PARTICULE R THAT (A) THIS ROUTINE HAS NO

CS RFAR!T4n nN MOVING SENSORS, AND (B) IT IS NOT USED •
CS FOR THE INITIAL COORDINATES VALUES OF A SENSOR •

C* THUS. EX2SRP CANNOT BE CALLED IN A SIMULATION UNLESS
C' MULTIPLE EMPLACEMFNTS OF STATIONARY SENSORS OCCUR, S

CS SUBROUTINE A')r FIJNCTInN SURDROGRAPIS REQUIRED
C* PARPrR JTILITY RqUTINE TO LOCATE SYSTEM PACAMETERS *
C* IN STORAGE
Cs TRNSFR BLOCK TRANSFER OF IArA

C•

rFipe 2.2-12
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r,* SUnROIJTINE FX?SNP
C*ISYSTrE4 'SNAPStIOT'I

C*PRflV7I)E PI.'TFl 'SN4PSHOT' O3F SYSTEM ELEMENTS (SENJSr1PS,
r.s * ARAYSI ACTIVE AT A FIXAT) INSTANJT nF TPk4E.
C*
C* CAL(. TNr, Sr'jIJFt4CE
r. CALL C X7SKP (ITSNJAP)
C*
C* flESCIITPT~fl' or PADAMETEQS

r*I T SP4P INiTE-rFH GAME TIM$E AT WHICH SiJAPSH('T APPLIES
r**

(5 rlIjTPqTS (POIATEfnJ AS FrILLOWS, FOR ACTIVE SE;N5O 0 S ONLY:
C,* . FIR STAT11N40Y SENSflRS/AARAYS*

C*SFNSOR in~
rASF-4SO4 GENJEPIC TYPE
C 4- PPAY IDn
C* AM4F X,Y Cr)CROINATES*

C* 4 F01 4 VIJVNG SENiSORS/ARRAYS
C*SENSOOIn 0

C' SENSOR GFNFPTC TYPE
C*ARRAY IDJ

C* TO OF RnUTE
C* TO OF ASSnCIýTEO HLUF FURCE

C* R(UNI VS. AIR99KNE NOTATION
C*
C* RFMAPKS

1. I THIS RIUTINE RSGA~r AS A LEVEL 2 MS4 EXECUIJTVI
r* ROOIT IkF.* CALLED Ol~Ly RY EXEC14.

C *

Cs 2. PRINTE-) 4ESIJLTS ,IASE0i r'N UP/1)OWN FLAGS, SFNSflP BY
Co SENS1)Q. THUS, IT IS POSSIBLEi FOR SOME BUT NOT ALL
C* SFNSOOS IN~ SAMF ARRAY TO APPEAR IN OUTPUJT LIST.
C*
CS 1. THF RntTTINF EX2SNP O)OFS NOT INTERACT WITH BASIC

r.*SIMIILATI.N i-LOW. rHtIS, T14IS VERSION CAN BE REVISED
Cs FREELY, AccrilmINIP TO USERS' F-VALUATION OF CONTENT,
C* WIT~41IT EFFECT no r)THFP PlOGRAM4S. FOR PPnnUCTtUN #

r* 1UNNT'.Ji A 0tI14AY VFRSIPN (NO OPERATIONS AT ALL)
C* 14AY IRE f)ESIPARLE.
C' *
C. * IJ14ý111' 114r' A110 FIJNCrTI-IN S~JPkflGR.,A'AS RFO'UIRFr)
r., T I. iUT C(INVFP.TS G;A 1E~ T IMF IATO -)AY, CLfCK VALUES

C '% f~".S KI PArE SK(IP C rJViRr)L
Co TG 'Vt.V1) tuS'?) w-ICF T') rWFT IflPATH FOR, BLUEF F'JRCE

C *se.- t *t *.o ot 0 v4* ** ***5*****S**************

Figure 2.2-13
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CS**SSS*55****SSSSS*5S5** X?HLT ** *5S**********

Cs SUjRW)UT!NE FX214LT
C*
C# PUppflsE

*CS VS LF.Y~l ? EXEC ROIJTINFr, CALLED BY FXFClR TO SUM~MARIZE
C* SIMULATIONJ RFSULTS, TH~EN TERMINATE MSM PRO~CESSING;.
C.
C. CALLINr, SCQUENCF
CS CALL FXC2NLT*
C*
Cs DESCRIPTION OF DARAMFTEPS *
C* FX2HLT USFS SYSTEM C.JUNTER VALUES STORFO IN
C* COMMON /SYSCNT/.
C*
CS RE&4ARKS
rs, IN ADIITIVJ TO SUMM~ARY TA4LES tJFRrVED FRO'4 SYSTEM COUNTFRS,
C* THE FINJAL REFERENaCE VALUES FOR SYSTEM RAW NWISP4E CEN- *
C* CRATURS (UNIFORM AND GAUSSIAN) ARE PRINTF0. T1HESE VAI.UFS
Cs MAY BE USED AS INPUT (ON 1HEAnER CARDS') FOR~ SU4SFOUFNT *
Cs SIMULATTiN4 RUN IF DESTRED (ASSURES NJEW SEQUENCE OF 4A'Won *
C* NUVRERS).*
CS
Cs SUR!PnUTINE AND FUNCTION SUnPROGRAMS REQUIRED
C* FRASE CLEARS BLOCK OF STORAGE*
C* PGSKIP PAGE SKIP CONTROL
C* 1JR14ASK OBTAINS INTFGER REFFRENCE STATE FOR
C* UNIFnRM RANWMb NUM,3FR GENFRATOR
CS GRNASK SAME* 3IJT FOR qAUSSIAN RAr4DOM NUMRER
CS GENERATOR
C*

Figure 2.2-14
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Table 2.2-V
SUMMARY OF LEVEL 2 EXECUTIVE ROUTINES

NAME EVENT PROGRAM PURPOSE ANCOMMENTS

EXRSNR I Sensor interrogates potential sensor response
to one or more targets.

EX28FA 9 Sensor false alarm (UGS sensors only). Game
play: sensor reports to monitor. Game truths
output program notified that response Is false
alarm.

EXASPC 3 Sensor parameter change. Certain physical
parameters (gain, for example) depend upon
background noise duo to atmospheric, cultural
and battle effects. These parameters.,computed
In PRERUN,ore. passed to MSM as event type Sin
order that MSM can alter these parameters in
storage.

EX2UPO 4-8 Up/down (or start/stop) status control for
sensors, for monitors, for data links, for
arrays, and for firetrap operations. Flags
In storage are set and/or printed messages
are prepared.

EX2BFL 9 Battletield lighting. Position, parameters
and start and stop times for battlefield il-
lumination source are placed Into storage.

EX9SRP 10 Sensor reposition: change of coordinate values
uDon reemplacement ol sensor. (Sensor coordi-
nates for first emplacement are not entered by
an event type 10).

EX28NP ** System "snapshot." A printed summary if all
active sensors Is prepared for the Instant of
time specified.

EX2HLT 69 "HALT" routine. End of event data from PRIERUN
has been reached. EXSHLT prepares a system re-
suits summary based on about 18 system counters
of basic events and results; prints other termi-
nal data; and enters an end-of-data I'dlcator on
the MSM binary output device.., then causes a
program STOP to be executed.

Type codes for PRERUN-genersted Input events, corresponding
to the tasks assigned to the level exec routines.
Event not from PRERUN; no number assigned. Event generated
internally within EXECIB.
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2. Z. 5.3 MSM Executive Routines -- Level 3

The heart of MGM simulation is the collection of EX3...
executive routines and associated sensor routines. Here is the center of
computation for the primary simulation event,-- sensor responses to one
or more targets. Here, also, is the center of MSM "busyness" and
activity, in the sense that most of the demands for auxiliary subroutine
support originate at this level.

The eight level 3 executive routines are called only by
EX2SNR. There is an EX3... subroutine for each of the different generic
sensor types, except that EX3SAC controls both SEISTG and ACOUTG
(seismic and acoustic sensor routines) that have nearly identical control
requirements and internal logic.

Although represnted as executive routines, the EX3...
programs enter into MSM at a ljvel where the distinction between "c.nmtrol"
and "computation" becomes indistinct. In fact, an EX3... routine exhibits
some of the characteristics of a sensor routing per se. An EX3...
routine also acts as Pa extensive interface routine. Gat links together
the:- (a) sensor routines, (b) executive commands from EX2SNR, (c) data
from variable length storage arrays, (d) auxiliary computational routines
and (e) output routines.

Comments on the eight individual EX3... routines are
given in Figs. 2.2-15 through 2. 2-22 respectively. Because of the direct
relationships between these routines and the sensor routines, the following
Section 2. 2. 5. 4 is also relevant.
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~~~~~ ~~~~FX3SAC *.t***:**?********

rSUWIJ)T IN~E FXISAC
r**

C* p~j'jRlnSF
C* 'iS 41 I-VrvI FXFC. HAWNI. F S OFTAILs nF TYPE. L EVFNTS*

r 7 F-1J1rW I 4(F~zn;',TFl P114 SEISMIC AND ocniJSTIC SENSORS.*

re CAL L I ' S; ýfjNr-:E F
C* CALL FXIS!.C (LTST*ISoRAA

C* fOECRiPTI~jP 1W PARA.4FTFRS
(.A LIST A TYPE-l-E0V'1T SU1BLIST9 CONTAININr, SENSOR~ I-It

r.TJ'1 INr04VIATIflN, rARSET MI'S,
VS nlA Irjnl(tAT0R, SEISRIC OR~ ACOUSTIC.,. VALUES I. 0OR

Ca 2t RFSPF-CTIVELY*

C* IMPLICIT PARA4TFS (POR SEN'SOR' AW~) TARGETS) FROMJ CPOMM. *

C*

r* 1. THIS Sl~r4'b1Li(Ttr4J CALLED 014LY RY EX2SNA.
CC ? THI1S SI BO:JTI".E 'S W'IE or- b4 (N T14F EXI ... SERIFS. IT

C, * 1 TE ONL-Y (INC TO) HAVE TAC EXPLICIT ARGUMEqNTS, AND *

CC PFSPiINSTBILITY FIR rWl SEN'SOR GENERIC TYPES -

Ce A CrJJSFQUFNCF OF THE NrUAqLY IDENTICAL LOGICAL*
C*C14ARACTFRISTTCS 91F SFiSMIC ANn ACOUSTIC SE~qSflR
C4 IJTINFS,

C*
C* S'flI4rtjT I1-F Ar'4f rtJNJT!(jj S )'qPflrRAMS REFtJTRED
C, SF I S T SUBSR:JUTINF FOR SEISMIC SENSOR RESPONSES

r.*TO TARGFTS.
C* Ar 1) T11 Jlr~rtJTI14C FIR ACOIJSTIC SEFjSr)P oESOFnjqSES
C* TO tAPrFTS.

rý*I TfOEV rVALIIATFS TIff O]F trAY FROM' ITI'4E*
C*CAE t3L(OCI E'rASF (SIFT T'OP 0)

C* PA'(PTO UTIL ITY RrnUTtN4r TO L;)CATF PARAM'S IN C0r44001
(' Tl Tt)T,' UT I L I TY .oitJ T NF TO LOJCATE TARGET PAP.A US

r* n~A 0VL' I ! rL I TY 4irUTI NF TO GFT PARAPI VALUES
CC TRNSFR UTILITY PlUTINE FOR 4LOCK TOANSPED I!F r)ATA
r.0 TrTLX! UTILITY Rt1UTINJF TO LfICATE XY De1S[T!1,1 IF TAQrFT,
r* NO. CF rL.ýmclITS I~N A LEG, SPFE0' OF TA~rET.
Ce GTPARI qnfl'TIP:p.5 TO FRPIVE STATIC ANr) IYNAMIC PAR-

CerTPAQ? '.'4TFRS, t)ESD., FIP' FALSE TA~'rETS
cc s~corr INTFqFAr.F Tm t¶JTPtT (P04~ IJs$ SENSOIR 0ErFcTIo,4sI
C*

Figure 2.2-15
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C************4***,******' X 3MAG
C o

C* SUt$RA~tUTINF FX3MA'!

C. PU'4P'nSF
C* %ISM LEVFL 3 EXEC* NANDLES ')ETAtLS OF TYPF 1 EVENTS

r* (SEVJSPR INTEIRROGATE CUR MAGNFTIC SENSOR
C**

C* CALLIhlf srrillFIC F
C* CALL rX34AG (LIST)

C**

C* flEScLIPT104 IJE PAPAMETEP'S
C* LIST A TYPE-I-EVE4T, SIISLIST, CONTAINING SF-NSOR ID,
C* TIME INFOR",ATIDN, TARGET IDOS.

C* APLICIT aARANIFTERS fFJQ SENS'JQ ANDJ' TARGETS)I FROM Cr1144i'N.
(,5

C* PFMiARKS
C*1, THIS SU69nUTTNF CALLED ONLY BY EX2SNR.

C*
Cs StJ'IRnuT NF AND4 FUNCT MrN SIUsPROGRAMS REOUIRFD
CS ERASE BLOCK FPA-E (SET Tr 01
C* CLOSEL GET FLEmENT OF A TGT CLOSEST TO SENSOR
C* FTPARI ROUTINES TO DERIVEi STATIC AND DyNA'IIC PAR-
C* FTPAR? AMETFfRS, ,RESP., FOR FALSE TARGETS
C* 1441TG S119ROUTINE 9:0 %IAGNETIC SENSOR RFSPONSFS
C* TO TA~rFTS
C* PARPTP UTILITY RO)UTINr TO LOCATE PARA?4S IN COMMON
C* TPNSFQ UTILITY ROUTINF FOR 31LOCK TRANSFER ()r DATA
C* TriTOTP UTILITY ROUTINE TO LICATE TAQGFT PARAMS
C* TGTLXY UJTILITY RrUTINE TO LICATE X,y PnSIT~flN 9iF TAPGFT,
C* NO, rF FLFMFý..S ON A LEG, SPF-ED OF TARrFT.
C* UJGSflET 1-ITFRFACE Tfl OUTPUT (rOR tJ(GS SENSnR OFTE.T IONS)
CS UJONASK SAVES THF Rf:F. NO. IF 1HE URN GENERATOR.*
C*

Figure 2.2-16

2-183



C.
,CSIIMFUTINE. EX3AI2F

Ca, P*pi
C*'4S LFVF-L I F)XFC* HANILFS DETAILs OF TYPE I EVFiNTS

C* CALLING SEQUEN" ~E
co CALL. rX3AIF (LIST)
C. a
C* nrsc~IPTrrl. 'IF PARA'4-TFMS

*LI s r A TYPE-I-EVý0!T SUPBLIST, CINTAtNTNG SFNSrJR 1I),
reITME TNFOýMATION, TARrFT IDIS.

C IPLICIT PAOA'4ETýDS (Fo~p sEijSnD~ ANDO TA0GFTS) FROP CU~MM1N. *
Ca,
C* R r-A ARK S

r*1. THIS Sw3P(WUTNE CALLED ONLY tY EX2SNP. a
Ca,
Ca, S039-7fl0T I 4F A..'49 FUNCTION SUBPROrRAMS REQUIRED a

** FQ AC. BLOCK FO.ASE (SET TO oi a
Ca, FTP ~Uj PJUTINES TO DERIVE STATIC AND DYNAf'IC PAR-*

C*FTPAP? Af4ETFRS, RESP., FOR FALSE TARI'ETS a
C*AQFTG SLJIROUTINIF FORH ARFBU(IY SE4SOR FIELD RESPONSES a

TO Il TAI~rETS a
C*' VN FF0 NO. OF F-LF'4`i'TS TO ANI ARFfitJOY FIELD a
C*PARPTR 11TILITY ROUT~INV: TO LCCATE PARAM¶S IN CrJMMON a
C*TRNSFR UT IL Try Q..UTIPNE FOP ~iLrICK TRANSFER (IF DATA*
C*TCT!TD) UTILITY ROUT INE TO LOCATE TADGFT PAP.AMS a

C' UCSflFT INTERFACE TO rUTPUT (FO? UGS SF.NS'JR DETECTIONSI a

Figure 2.2-17
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IX I
Cs
C* SUdROUTINE EX3PIR
C*
C* PURPOSF *
C* MSM I.FVFL I EXEC. HANI.F.S DETAILS OF TYPF I EVENTS *
Cs (SENSOR (I4TFqROGATEJ FOP PASSIVE IR SENSORS
Cs
Cs CALLING QUIJFNCF
Cs CALL EX3O0N L'ISTI *
C.
C* flFSCLJIPTfliq nF PAPA4FTFRS
C* LIST A TYPE-I-EV.NT SU8LIST, CONTAINING SENSOR ID| .
C* TIME INFflRIATIONi TARGET IrlS. *
C* IMPLIT|T PARAMETERS (FOR SENSOR A0ID TARGETS) FROM COMMON. ,
C* *

CS REMARKS
C* 1. (HIS SUROUTINE CALLEO ONLY BY EX2SNR. *
C*
co SURROUTIM. A'4D FUNCTION SUBPROGRAMS REQUIRED •
"C* EPASE BLOCK ERASE (SET TO Of *
C* URN UNIFORM RANDOM NUMBER GENERATOR *

GRN (AAUSSIAN RANOOM NUMisER GENERATOR *
C.e FTPAP! ROUTINES TO DERIVE STATIC AND DYNAMIC PAR- *
c. FTPAR2 AETFRS, RESPat FOR FALSE TARGETS *
cs PIPTG SURROIITINE FOR PASSIVE IR DEVICE RESPONSFS S

Co TO TARGETS
C* PARPTQ UTILITY ROUTINE TO LOCATE PARAMS IN COmMUN •
co TRNSFR UTILITY ROUTINE FOR BLOCK TRANSFER OF DATA -
go TGTPTR UTILITY ROUTINE TO LOCATE TARGFT PARAMS *

$* PARVLU UTILITY RrnUTINF TO GET PARAM VALUES *

to IJCSV)ET INTERFACE TO OUTPUT (FOR UGS SENSOR OFTECTIONSI *

TGTLG UITILITY ROUTINF FOR TARGET/LEG CALC'tUS *

Ftaw 2.2-18
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r**

r, *

"*"S%4 LEVFL I FXFCUTIVr- ROUJTIN~E, SUPF.RVISJINI CALLS TO
ct. ~SFý4SrJ S91ROUIT INE TIAPAR. AND) PR'JVTO)ING CONTROlL ANO

CS YNTr-RFCF WITTH INPt)T CrIrfJT5, OUTPUT ROUTINES, STOR-
Ar.E, ANI) ý(JC PELATC-O 4flUT!NFS AS SCAN! ANID SCA'12

r*IN THE RA'JAD CPNITFxr.
C"
C' CALL!INIP SFO)UPhCE*
C* CALL EX31mfp (LIST)

C**

C* L TS T IS AN Ex1'LICITT INPUT ARRAY, CflPRESI19NDIrV *

rs TO AN FVE-NT TYPE 1 SUFILIST...
Cs WORO(S)
C.* 1 ITYPFV Is 1)

C* 2 LNGTHS (LENGTH 9F LIST)

C* 3 TnSNSR
CS4 IT IP41 (3EG!N AND ENO rIME. TNJT-*

C. 6 NRBTGS (N~UMBER CIF P.ED/BL'JF

C* TARGETSI
C* 'P THRU (TARGET In/LEr, CODES FflR
C* 6+'qPFrrS) REIJ/tLUE TADGETS. C00E,

C* DNOTTED RY InTLo IS 11P

r'tFflRM 10 + 1000*LFrNtl.)
(NEXT) IF FALSE TAP(;ETS EXIST,

C* THIS WORD SPF-CIFIFS
C * NfTGTS (NOJ. OF FfkLSE

C* TAP.CErs)
C* (REMAINING) DARAYFrEPS FOR FALSE TcTS S

C.S ARE PASSFD IN THE EV~rnT
coLIST PFP SE, WITH NLJ'A4FIR

CS OF WflpIS PEQ FALSE T(T
C.- 12. FIRST "ORO FOP A

C* GIVEN FALSF TARGET IS A *

C* TYPE C~flF (EVID) FORMEIP
IN fIATTLF OR CULTU4E
ROU(TINES.

C**I+- 'JC P-CT ý12 flCCIJIPS, THE 9UiTPtjT antJTI NE SC-XVUT I S
CAlI LEn1. 1r~rdF'4Ar 101 IS PASS!-I) By rXPL.IC IT AwrIUF 4TS

CS A'0 VIA C(1%040"h AkE.%S /SENSnR/, /TAR'1-T/ A4n! /TGLk^C4~/.

r"
2. P5A A'*, rE-CS F116P "F)/'ILIE TARG.ETS APE )i3TAjIr4Fn FRIJ14

Figure 2.2-19
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C* STOR Apr ARRAY MSMIIAP, VIA LJTILI TY P)U I INrS IF NFC-*
CS* ESSARY. PARA~4 E rERS FOR FAL SE TAIQ'rFTS ARP ACCESS F(J
C* np FOLRIvFI) FP0'4 THE INPUT EVENT tIST.*
C*

C*3, STORKA(E SPACF AVAILAKIF IN CO'MOnN /TAkGrT/ I.1'41TS
C* TOTAL 4114PER OF TAR~GETS (TARGET/LEGS) THAT CA~4 B3E*
C* S!'i'LTANEOIJSLY HA.qOLrI.) TrO 16. IF mwflE CHAH 16~ APE
CS IjN)ICATFf) IN THE INPUT LIST, THrN (A THE TOTAL
CS NlJ'lr-v IS TRUNCATED) TO 169 WITH 001OR~I TY TO) RFr)/*
C* BLUJE TARGETS, AND (4) A DlArN'.lSTIC MEFSSAGE IS
C* PRI1JTFO To INDICATE LIfSS OlF TARGFTS*
C*

c*4. b-ARTIAL PRnTECtIOrN AGAINST IrNCONSISTFNT DATA IS
C* PROIVIDE!), WITH DIAGNOSTIC M4ESSAGES PRINTFD.
C*
Cs K, STnQArCE COnqTRC.L IS RFLATIVELY CPYPt.IcATFO. IN AD-
C* DITIUN4 TO THE ORVInUS CO'4m0N AREAS ISENSrlL/ AND)
C* /TARGFTI, 50 AND 210 WnORS RES 0 FCTTVFLY, ADDIT-
C* InN.AL STORAGE FOlR (TARGFT) PARAMETERS EFFECTIVELY
C* IS PRnvIDFn, By Co'imnN /TGC',1CM/ AS WFLL AS THE EVENT *
C* LIST. USE OF IT(GL.GCM/ INVflLVFS KNIIWLEDG)E OF TH-E
C* INTERhNAL OPERATIONS OF SUBROUTINES TGTLG AND TGTLXY.
C*
C* 6. THIS RnUTINE HAND0LES BOTH MOfVING RFCTAqr.LE AND SECTOP
C* SCAN COVERAGE MnDES. IT DOES NOT HANi)LE STATIONARY
C* PFCTANGLE OR SNECTIJR MODES. TWO TYPES OF: SECTOR SCAN *
C* LnG1IS ARE PPrOVIDED, CORRESPONDIING TO SkIRIHOIJTINES
CS* SCANI AND SCAN2o
C*
C* 7, IF RA0AR IS MOVIN1, IT IS ASSUMED TO BE AIBRqn~kE.
C*
C* SU3R~OUTI'Jr AN!) FtJNCTIC.'N TYPE SIJnP'P~OVPAMS RFQIJIPFO
CS* (IN DRnER OF OCCORRENCE IN PRDGkA'mI
C*
C* ERUASE BLOCK ERASE (SET TO 0)
C* TRNSrq OLnCK TRA'JSFE-k OlF DMATA
C* PAQPTP M514 UTILITY, TO, LOCATE PARA'45 IN STllRArF
C. I rTPTP '4SM WJ1LITY, FfR PInjjTER OETERIAINATION
C* YGTVL.II mM5~ UTILITY. G;ETS VALUE OF A RFD CR RLOE
C* TARGFT [FORCES) PARAMETER
C* KSTVLU EVALUATES OKSTRNrf VARIARLES FOR TARGET
CS rTpA41 UERIVFS AND ST10ES STATIC FALSF TARGET PRA-

C*AMSTERS
C* Tr.TI.C 'IASIC TAPGFT/LEC SUrI4CUTINE

C*1;FT sr.I SETS Wt'QKIN', PAQAMFTi:R'S ErnR ';..Nl
C* 'TSC7 SETS 411'WKi'4lý PAPUlwETtrPS FOR SC ANJ2

C* TGTLICY rFTS TAkGr.T/LCG PIARA'4ETP4S TH-AT CHVkGF W.ITH Tl,!E
C* rGKN GAUSSIAK PAJ1)D4 NUm9irP GENERAT!iP

C*FTPAH) DERIVFS A"ID STO'PFS ')YNA4IC FALSE TAQrET PAKA4S.
cs sr.A F4 IMF TWl DjAtSIC SFCTOR %~CAN Pr)'11FIINS (NIT CALLFD

figure 2.2-19 (Cont.)
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SCAN2 EýOR YOII Rr(CTAN'rLr CrWRAGE)
C*PIERýNsOR SUhR J'JT!NE

C*S( lltW SEIJST') PE~flRT 1rur)PI)r (SCANNING SFNtSORS'

Figure 2.2-19 (Cont.)
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r.********************** 'X31 MG ****4*****b*****
C. •
C. SUBRnUTINE EX3IMIG

C* PURPOSE
C* MSM LEVFL 3 EXECUTIVE IkUTINF, SUOEPVISING CALLS TO *

C* SFNSI•P SIIBROUTI"JF [4AGE, AND PR1VIOING ClNTRnL AND
C* INTERFACE WITH INPUT FVrNTS, OUTPUT ROUTINdES, STOR- *

C* AGE, AND SUCH RELATF.. R)UTINES AS SCANI AND SCAN2 *

C* IN THE 14AGE CONTEXT. *
C*

C* CALLING SEOUENCF *
C• CALl EX3IM, (LIST) *

C*
C* DESCRIPTION OF PARAMETERS ,

C' LIST IS AN EXPLICIT INPUT ARRAY, CnRRESPONDING *

C* TO AN EVEN( TYPE 1 SUBLIST...
C* WORDn(Sl
C' 1 ITYPFV (s 1) *
C* 2 LNGTHS (LENGTH OF LIST) •
C* 3 IDSNSR *
C4 4 ITIMI (BEGIN AND END TIME, INT- *

C* 5 ITIM? EGERt OF EVENT INTERVAL) *

C' 6 NRBTGS (NUMBER OF RED/BLUE
C' TARGETS)
C' IT T4RU (TARGET IO/L.FG CODES FOR •
C* 6.NRBTr.Sl RED/BLUF TARGETS. CODE, *

C* DENOTED BY IDTL, IS CF *
C* FORM 10 + lOOO*LEGNO.)
C' (NEXT) IF FALSE TARGFTS EXIST, *

go THIS WORD SPECIFIES *

go NFTGTS (NO. OF FALSE *

co TARGETS). *

C* (REMAINING) PARAMETERS FOR FALSE TGTS *

co ARE PASSED IN THE EVENT •
go LIST PER SE, WITH NUMBEP •
go OF WORDS PER FALSE TGT
to a 12. FIRST WORD FOR A
cs GIVEN FALSE TARGET IS A *

Co TYPE C'DE (EVID) FrnRa4ED
Ce IN RATTLE OR CULTURE *

Co ROUTINFS. s
C*
C* RF4ARKS
Cs 1. IF DETFCTION nCCIJpS, THE OUtPUT ROUTIN SCNnUT IS
Cs CALLED. INFnPMATION IS PASSED BY EXP•LICIT ARGU'4ENTS
C' AND VIA Cfl440N AREAS /SEJSnj/q /TARGFT/ ARD /TGLGCm/. 9

Cs ?. PARAOETERS FOR IRED/fILUF TAQG-rTS ARE nrTAINF.D FR3Im

Figure 2.2-20
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ST;I'- 111C ARRAY MSMPAP,9 VIA 'JTIL ITY RnlJTINES IF N4EC-
r F~~-SSA'!Y. PARAMETFRC. FIIR FALSE TARGFTS ARF ACCESSEn 0

(1 io ' n~IVrr FROM'~ THE INPUT FVFNT LIST.

I. S~r,':.AiGF SPACP AVAILAf3IF IN Cfnl~MrfN /TAR4GET/ LIM4ITS 0
TqTAL N'J'~ikl rF TA'GrETS fTqRGET/LFGS) THAT CAN BE 0
SIMULTAJEOUSLY HA-40LED) Tn 16. IF mnRE THAN 16~ ARE

C*INDICATF:) 14 THF INPUT LIST, THEN (Al THE TOTAL
C*NOJMR' IS TRIINCATCD TO 16, WITH PRIORITY TO1 RFD/
C*BL'Jý: TAUrETS, 114D ('a) A DIAGN'OSTIC MESSAGE IS
C#PRINTE!) TM' INDICATF LrISS nF TARGETS*

C c-
CV:4. PAPTYAL PRflTfCTI~fl. AGAINST INCONSISTENT OATA IS*
crPkflVIODEL) 141TH DIAGNOSTIC MESSAGES PRINTED.*

Cs
Cs F" Srn~a~r rONJT'mL IS RELATIVELY CCmPLICATEn. IN AD-
C* DITTflN Trl T'IF nj.VInUS COMMOJN AREAS /SENSflR/ AND It

C* /TA4'WT/, 50 AN) 210 wCrOS PESPECTIVELY, AODIT-
C* TON'ýL STORAOF FOR (TARGET) PAR&44ETFRS EFFECTIVELY*

C*IS flQOVIOJF) BY C9+lM'.N /TGLGCM/ AS ftFtL AS THE EVFNT *
C*LIST. USE OF /TGLGC'4/ INVOLVES KNOWLEDGE 9F THE*

C* INTFRNAL OPERATICIS OF SUBROUTINES TGTLG AND Tr;TLXY.
C*

C*6. THIS qnlJTTNF HA.qIDLES BOTH MOlVING RECTANGLE ANU SECTnR
C,, SCAN COVERAGE M4"DFS. ITt DOES NOT HANDLE STATIONARY *
C* RECTANGLF OR SECTOR MODES. TWO TYPES OF SECTOR SCAN

C*LnCJCS ARE PROVIDED, C')RRPSPoNnING TO SURR9UTINES
C*SCANI AND SCAN2.

C*
C*7. ROUTINE ACCO'MMPDATES STATI9INARY GROUND, MOVING GROUND

C*ANf) AIRRr)RNE IMACE SFNSDRS.
C**

C* . H5ATTLFFIELD ILLLImi!ArTON (E.G..t FLA.RES), IF ANY,
C* IS ACCESSFD FROM STORAGE (1MSM14) ANO PASSED TO

C*THF SENSn! RlUTINE. IN THE RARE FVENT THAT '4ULTIPLF
C* ILLUMlINATI-1J'S FXI ST SIMULTANEOUSLY (ANT) N(ITING THAT

C*SFtis'1'q MUTIN'E IM1AIE CAN iCCr04.1OATF ONLY flNF SUCH
V-FV4TI , THAT ILIUJINATIfl.N SDURCE CLOSEST To THE -

CSF NS OR .4 (LI b USE. F0
C'

C~SU'1'7f)JTTIF Akir) rUNrTION TYPE %UI3PR-)QA'4S REQUIRED
C* IN OqUFR nP rCCtJPREN'A5 IN PRIGQAM) £

CF RA rF t0LflCK ERASE (SET Tn 0)
PAR?)TQ iSm (IT 11. TY, TO LOCATE DARA'*S I N STORAGE
T"?4sr, 'ALfCK Tk~o45FFQ OF 'IlAT

C TC.rill' 4Sm UTILITY, F'n4 P-11ZITFA OFTER'4INATIO4
r 16 TVLjl '4Sm UTILITY. r~rTS VALUEf lF A 14ED OR ILUE

Cl VAwl;rT (FnRC9Sl PAIA*4rFTR
r#v ST VLJ FVALUATI S e<ST4N~l VAPIA'lLFS F90 TAQC.FT

Figure 2.2-20 (Cont.)
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rTPA~ DFRtVkS AND~ STORES STATIC FAL~SE TARr.rT PAR-
C* A'4ETFRS

C* IFIASX PqrLIM1j.4A"Y RATTLEFIELD ILLUmfiqATHION INFO.
C*TT~rTI TASIC TARGET/LEG SUB11,00TIrJE

C* SFTSC1 SETS .L0PKTNr, PARAMET~f<S FOR SCANI*
*C* SFTSC2 SETS WO'7KTNG PADAMETERS FOR SCAN?*

C*TGL GXY (,ETS TArPGET/LFr, PAQAIFTEQS THAT CIfDNNC1F WITH TI1F -
C*r.pN GAUISSIAN RA14-nm' tquWrvR ';FN~FRAT(lR
C*FTPAR2 DER IVES AND ST0RES DvNJA4IC f-&LSE TARlr-T PARV*'S.

#IFILUM 9ATTLEFIlELD 1LLUMINATIP'01
C*SCA'J1 THF TWfl 8AStC SECTr'R SCAN RnUTINEIS jjn CALLED
C*SCA'42 FOR MOVINI RECTANILE COVERAGE)

C* IMAGE SFNSOR SURR)IJTINE
C*SCrP1UT SENSOR REPORT OUTPUT (SCANNING, SENSORS)

C*

Figure 2.2-20 (Cont.)
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Cs
CS U,11,JRIUTIN F FX 3rHv

C* M'SM LFVrL 3 FXFCtJTIVE ROUTJINF, SUP'ERVISING rALLS TO*
C*SE-4S1R S[)QI0TIuri- r'Ey'-IL, Al)0 PR1V ID !NY CONJTROL ANt)
C*11JTE'PFACI: WITH INPUT vVENTS, OJTPUT ROUTINES, STOP-*
C~~ Ar~E, ANPl) SUCH PELAT'0 VOU TrINFS 4S SCANI AND) SCAN?
CS TN TUE THE,ýIL r.INTFXT.

C.
C* CALL~rVr SFG(lctECE *

*CMAt FX'STHV I L ISl T
C*
C* -IF D4;Ak*FMFTS
C.

v.L I ST IS AN FXPtICIT INPUT ARAY9 C-DoPESPONflING~
C* Tu AN EVENT Ty~f- 1 Su4LIST .. .

*WPIRD( S)*
C*I ITYPFV (z 1)

C* 2 LNCTHS (LENGTH flF LIST)
C*3 IDSNSR
C*4 ITTI~l (BFGril' 4ND) END TIME, TNT-
C*5 ITV4? EGER, OF EVFNT INTERVAL)

6 NRRT5YS (NLISISER OF RED/BLUE
C*TARGETS)

C*(7 T'iRU (TARGj-T ID/LEG CO)DES FOlR *
r* 6+RfliIS) RFD/RLUE TARGETS. C'1DEv

OENOThf) B3Y OTori IS OJF
C*FORM 1') + 1000*LE'NO.)

C* fEXT) TF FALSE TARrETS EXIST, *
C* VIIS WOmD SPECIFIES

LIST PrR SE, WITH NUIMBER *

O*'F WORDS PER~ FALSE TGT
C*=12. FIRST W'lPrl FO~R A

CS GIVFN FALSE TARr.ET IS A
CA~ TYPE C'101 (Fy10) FORMED L

11 RATTLF OP CULnURE

r**

1* fvC T [,A ', IýCUO TH[ rJIlrPlJT Rmtu rl '.r Sr,4ntlT IS
CAtApfr. I iJ'IA ' ýI DASSfl) HiY Fkdt IC IT AQrU4FNTS A

AJVIA C1,011V14 AlEAS /SEAS'"Rf, /TAQ^"YT/ AND /T11L',C4/.

Figure 2.2-21



C* STORAGE ARRAY MSMPARV VIA UTILITY ROUTINES IF NEC-
C* ESSARY. PARAMFTEFS FnR FALSE TARGETS AOE ACCESSED *

C* OR DERIVED FROM THE INPUT EVENT LIST.
C* •
C* 3. STnRAGE SPACE AVAILA8LE IN CON4f04l /TARGET/ LIMITS •
C' TOTAL NUMBER OF TARGETS (TARGET/LESI THAT CAN RE *

C* SIMULTANEOUSLY HANOLEO TO 16. IF MORE THAN 16 ARE *

C* INDICATED IN TNF INPUT |srt, THEN (A) THE TOTAL *

C* NUMIER IS TRUNCATFD fn 16, WITH PRIORITY TO REO/ *

"f0;"_ ..... ... - ' 6BLUF tARGETS, ANID (13) A DIAGNOSTIC MESSA'E IS *
C* PRINTED TO INDICATE LOSS OF TARGETS *

C* *
C' 4. PARTIAL PROTECTION AGAINST INCONSISTENT DATA IS •
C* PROVIOErt WITH DIAGNOSTIC MESSAGES PRINTEDo.
C*
C* 9. STORAWE CONTROL IS RELATIVELY COMPLICATEfD. IN AD- *
C* DITIO4 TO THE OBVIOUS COMMON AREAS /SENSOR/ AND *

C* /TARGET/, 50 AND 210 WORDS RESPECTIVELY, ADDIT-
C* IONAL STnRAGF FOR (TARGET) PARANETERS EFFECTIVELY *

C* IS PROV&DED BY COMMON /TGLGCM/ AS WELL AS THE FVENT S

C* LIST. USE OF /TGLGCt4/ INVOLVES KNOWLEDGE OF THE *
C* INTERNAL OPERATIONS OF SUBROUTINES TGTLG AND TGTLXY. *
C* *

C* 6. THIS ROUTINE HANDLES ROTH MOVING RECTANGLE AND SECTOR *

C* SCAN ClIVEPAGE MODES. IT DOES NOT HANDLE STATIONARY
C* RECTANGLE OR SECTOR MODES. TWO TYPES OF SECTOR SCAN *

C* LOGICS ARE PROVIDED, CORRESPONDING TO) SIJBROUTI14ES •
C* SCANI AND SCAN2. *

C* *
C* T. ROUTINE ACCOMMODATES STATIONARY GROUND, mnVIN; GROUND *

C* AND AIRBORNE THERMAL SENSORS.
C* *

CS SUIAPUTINF AND FUNCTION TYPE SURPRnI'RAMS REOIJIRtDO
C' (IN ORDFR OF OCCURRFNCE IN PROGRAM)

C* FRASF BLOCK EPASE (SET TO O0 *

Cs PARPTR '(S5 UTILITY, TO LOCATE PARAMS IN STORAGE *

C' TRNSFR KLOCK TRANSFER OF DATA *
C* TGTPTP MSIM UTILITY, FOR POINTER DETER4INATION •
C' TGTVLU MSM UTILITY. GETS VALUE OF A RED OR BLUE s

C* TARGeT (F.IRCES) PARAMETER S

C' KSTVLU FVALU/TFS OKSTRNGO VARIARLES FOR TARGET
C' FTPARI DERIVES AND STORES STATIC FALSF TARGET PAR-
C' AMETERS
C' TrTLG BASIC TARGET/LFG SUBROUTINE
Co SETSCI SETS WrRKIN', PARAMETERS Ffo SCANI
C' SFTSC2 SETS ,nFKIN^ PARAMETERS FOR SCAN2
Cs T6!LXY 4FTS TA•rpET/LEG PARAM'¶ETERS THAT CHANGE WITH TIME S

C' GRN GAUSSIAN RANDOM NU:4M'R rsýNERATnR *

C' FTPAR7 OFRIVES AND STORES DYNAMIC FALSE TARGET PARAMS. •

FIgure 2.2-21 (Cont.)
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CAc SAHIU TH17 TW'I IIASIC SECTOR SCAN POUTINES umfl CALLEI) *
CAs SVA12 rjq MO(VINS .E:CTAAJGLE COVERAGF)

T ir QMt SFNSIIR S(JsRiJUrTNE*
*scNf1ur SU'1Sfliý RFP'C'IT OUJTPUT (SCANNINn SFNSflkS)*

Figure 2.2-21 (Cont.)
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C #Ate.*1i**le*A**** FX3RKW

C.ý.
C* SUIrOjqrtTIMF FX3IRKW

C,
C* 'PURPOSE

4C* 1S'4 LEVEL 3 EXEC* HANDLES nETAILS OF TvPr I FVFMTS
C* (eENsnR INTIýQOGATFI FOR RREAKWIRE

C* C.A1:1.1iPW, S'JU=NCS
C* rALL EX3qKW (LIST)

C**
C* OFSCRIPTIO" OF PARAMETERS

C* i.1ST A TYPE-I-EVENT SUBLISI, CONTAINING SENSOR IOP
C* TT14E iwnFRMATtfnr, TARIET In'So

C* ~!NqfL!C IT PAPA~'IEFP tr-np SEMSn:? AN,) TAPGFTS) FRO'4 COMP~r14,J
Cs
C* REM~ARKS
C* 1. TH!S SU3ROULTPE CALLED ONLY BlY EX2SNPo
C.
C* siJm3Rr1TTNE AND FUNCTInN SIJOPRnGRAMS R4EOIJIRFfO
C* FRASE BLOCK ERASE .(SET TO Of
C* r-TPARI DERIVES STATIC PAPAMETFRS FP'Q FALSE TARGET
C* BRKWIR SMJ'RfUTINE FOR F'REKWTwRE RESPONSES
C* TO TARGE~TS
CS* PAPOTP LUTILITY PriUTIPNE TO LOCATE PAPAmS IN CrPAWIN
C*TRMSr-R UTILITyv PrUTINE FOF, fiLICK TR)ANSFER OF DATA t

CS Tr.TPTR UTIL TTY ROUT INti Tn LOCATF TAP GFT PARAP'1S
r.Tr'M01 GIVFS rHF rTT'F OF DAY
C* GS nET YNTERFACE TO OUTDIJT fF00 UGS SENSOR OETECTIO'JS)

C*

Figure 2.2-22

2-195



2.2. 5.4 Sensor Routines

In MSM are those sensor subroutines that are concerned
with sensor responses to discrete targets.. For some sensor types, a
corresponding background routine -- part of PRERUN, not MSM -- does
calculations of operating parameters as they are affected by atmospheric
variables or by background noise sources. Parameters so calculated are
transmitted to MSM (for use by the target-interaction sensor routines) by
input event type 3 (Sensor Parameter Change).

There are 11 subroutines in MSM that are regarded as
sensor routines. The 9 primary ones correspond respectively to the
9 generic types of sensors considered. The names are:

1. SEISTG Seismic
2. ACOUTG Acouftic
3. MAGTG Magnetic
4. ARFTG Arfbuoy
5. PIRTG Passive infrared
6. RADAR Radar
7. IMAGE All image type sensors, including

unaided human vision, binoculars,
starlight scopes, night vision
devices

8. THERML Thermal vi:ower
9. BRKWIR Breakwire

The numeric order has some significance to MSM coding, inasmuch as
sensor generic types are internally referred to by the numeric code
I through 9. Supporting the IMAGE routine are two auxiliaries, ANG
and QUAD, that do not interact with any other MSM subprograms.

Explicit detailed descriptions of sensor routines per se
are given in Section 3. The placement of these roitines within the overall
MSM structure is shown in Figure 2.2-3. Although Fig. 2.2-3 does not
show the roineroub auxiliary routines, it may be noted that the only major
interactions if sensor routines with MSM occur via the EX3... series of
sensor executive routines.

2.2. 5. 5 Output Routines

There are in MSM nine subprograms that write printer or
binary tape out.put onder normal* circumstances. Of these, seven are show,,
on the MSNI O!JTPUI diagram of Fig. 2.2-2; the other two are minor
.auxiliary r-'.utines.

A-\ .t:,9*r of programs may print diagnostic messages in event of certain
.1 . rr-! s. P'rograms for which this is the only possible

tp,' : " t counted.
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The primary output routines are considered to be:

UGSOUT Reports from UGS sensors to
monitors

SCNOUT Re )rt's from scanning (attended)

sensors
EX2HLT System summary preparation

and print

The former two write both printer and binary output. The last writqs
only printer output.

The following two subroutines are strictly output routines,
but produce output less "physically" important than that produced by the
three routines listed above:

EX2SNP System snapshot: printed summary
of system sensors active at a given
instant of time

DUMPMS Produced a printed dump of the
system parameter data from
common area/BIGSTR/

These routines are considered to be optional. Because their operations
do not influence basic MSM computation, they can be replaced without
recompilation of any other subprogram. If the printouts are not desired,
for example, dummy versions (with'RETURN' as the only executable
statement) could be substituted. Or substitute versions giving lesser
or greater detail could be substituted. It is felt, for example, that full
DUMPMS output is desizale during exploratory exercise of the simulation
model, but that -i dummy version may be desirable for later production
running.

Printed alphanumeric information from header cards is
produced by EXECi, which also writes a binary output listing of system
parameters (counterpart of the printed listing produced by DUMPMS).

The following two subroutines produce minor printout
(no binary output):

EXECIB Notations on beginning or end of
precipitation

EXZUPD Notatious on (a) beginning or end
of firetrap operations, and (b)
effective times of array emplace-
ments and cease operations.

Two utility routines, not shown in Fig. 2. Z-2. provide
control of printer page skip. page and line count 3equencing, and page
heading printouts. PGSKIP is the basic 'page skip' routine. I called, it

(a) advanced the printer page
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(b) increments the page number, and resets the
line count

(c) pritits a top-of-page heading comprising page
number and run identification (alphanumeric)
that originally came from the first two header
cards.

Subroutine PGSKP2 performs a bookkeeping and heading
print function for subroutines UGSOUT and SCNOUT. It determines (from
line count) if the printer page should be advanced. If so, then PGSKP2:

(a) calls PGSKIP

(b) prints those column headings appropriate for the
data output of subroutines UGSOUT, SCNOUT

(c) exits with line count adjusted for the space
taken by the column heading print.

It may be noted that the column headings are meaningful only to identify
UGSOUT and SCNOUT data, so only PGSKIP (not PGSKP2) is called for
other categories of printout.

The following two subroutines do not in themselves create
output, but they do act in direct support of UGSOUT:

UGSDET collects informa ,ton on reports
from four types of UGS sensors,
and reduces this information to
a cor-mon format acceptable to
UGSOUT

SACDET same purpose as UGSDET, but
only for seismic and acoustic
sensors (that have storage formats
considerably different from the other
four types of UGS sensors).

Thus, UGSDET and SACDET act as interfaces between the EX3... sensor
executiv routines and the UGSOUT routine. Both subroutines are shown
in Fig. 2.2-2

The following two programs are not shown in Fig. 2.2-2,
but do support output programs:

Magnetic, passive infraree, ARFUUOY and breakwire.
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ALFCVT Special integer to alphanumeric
conversion, for sensor report print-
outs (for positive integer, forms
dlphanumeric equivalent; for zero
.nteger, forms alphanumeric blanks;
13r negative integer, forms string of
asterisks).

TIMOUT In MSM printer output of sensor
reports, time is printed in "external
units, " i. e. , day, military (24 hour)
clock, and seconds. TIMOUT converts
simulation internal time (integer
seconds into game) to data words
corresponding to external time.

ALFCVT is one of the few subprograms supplied that is (slightly) machine
dependent. Comments heading the program listing discuss adaptations to
machines with, for example, different word or byte structures.

Comments on the nine individual subprograms related
to output are given in Figs. 2.2;-23 through 2.2-31, respectively.
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C** t o sor********c****** USf
C**

C*SU.~RROUTINE UCS!UT 4
r**

C* PIJRPr)';E*
C* sm ourPLJT PRnGqA'l FOIR ALL (JGS SFE4SSOR REPO.RTS. PRINTS
C* IA4iF PLAY$ AND 1GRO'llJ)J TRUTell INFOJRMATION. ALSO PUTS
C*ALL BASIC IiFonK*4TION 014 AINAPY TAPE (OP DISK) FOR USE
rIN POST-PRrICESSING.

C**
C* CALLI'~f SFLJqJERICE

*ý., . CALL UQGS1UT... 6

C*
C.* 0ESC'ýI0TIrO~ iF- PAR4,'4F?'RS

r** IP10 1JT (RASMC *
C*fVýSIC SEiqSnR '!F;)PT DATA ARE SOPPLIED AS INPUT 9Y OINE OF

C4THE 3 CALLINr, PROJGRAMS IN THE FIRST 13 WORDS OF COMMON
C*AREA /PIUTCOM/.*

C*

C* * RAS!C DJTPUTS ARF:
C*PRINTED -- srAME PLAY' + GROUND TRUTHi' INFORMATION
C*ON S~ENSOR REPORTS

C*BINARY TAPE (OJR DISK) ALL RASIC SF14SOR REPORT liqf:OR-
C* ATIO'I, FOR USE IN POIST-PROCESSING.

C*PRr)GRAM ALSO INCREMEFNTS SYSTEM COUNTIERS.
C.
C* RF'iARKS

C* 1. OATA IN /DlUTC9'AI ARE SET BY, AND LIGSP~UT CAL.LED BY,
C* THr-SF THREF MSHM P~flGRA'4S:

C*SACOE T REPORTS FROM SE(SMIC AND ACOUISTIC SEJSORS
Ct 'JCSOET REPORTS FRL~i THE 4 TYPES OF UrS SENSORS *

C* OTHER THANJ SFIS141C AND ACOUSTIC*
C* X2SF:A FAL~jE ALARMi REPORTS

C*
C* . IN THIS VrIUTINE IS CHI-CKFr) THE INFORAATION FLr>E FRrlM

C. SENSIR TO MiONITr1P VIA DOAT4 LINK. OUTPUT r.ONTAI'JS*
C* 1I0ýOPM*ATIflq )tJ WHICH- Mr"NITOQ(S) RECETVF SIG;NAL.

C**

C* 3. FOP SENSORS 1.4THO'JT AN AND-LOGIC SPECIFICATION, THERE
C* IS IM1EU!ATE OVUCESS114G AND flUTDUr. FOR SENSORS WITH-
C* AND-LOGI C SPEC I FI E9, REI 3RTS A14 E OIJEUFD IF NECF SSARY
C* ,ýWA ITINJC, REPORT C:ROM CUNFIRI 41N(6 SENSC)4A. NO OUTPUT IS
Ct GNFAF:ATFO INý THIS CASE UILESr. THE TWO ASSOCIATE[) SEN-

r*~ ~ SlQ P3It RE-OR orHIN A~ Sf-:CI:tEU TIAE INTERVAL.

4. THF ý0,1TcPR OF THIS RlUTINF (FO1R UrS RFPJP~TS) IS
C*SC'JNýJT ( Ff1'.' SCANkiliCj SFNS:IR REPOPTS) * FORPIATS. OF*
C. r! 4T!7,JT, AN~D VýOErIN(; nF DAT A 914 BINARY OUTPUT, ARE *

C * Fl)!JI VAkL-T FIR OATI.~ HAVINC Cr)MPARSLC MEANIN6S.

Figu-~ 2.2-23
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"M -P1

I C* *
C* S. THE OUTPUT UNIT DESIGNATION FUR BINAPY OUTPUT IS UE- *
C* NnTA) HFRF BY THF NAME TOUT70, AND GIVEN THE NU*EQI-
C* CAL VALUE 70 B ')ATA STATEMENT. ROUTINES SCNOUT AND *
C'f PGSK02 REFER TO THIS UNIT WITHSAME NAME AND VALUE. *
C* ANY CHAIJGF IN NUMERICAL VAL:JE MUSY BE MADE IN ALL *
C* THREE RROUrINES. *
C**
C* SU13nIOTINE A-D FUNCTION SUIOP'GR.MS PFOUIRFO * *
C* (IN ORn-R nF OCCU;RENCF IN PROGRAM LISTING) *
C* PARPTR MSM UTILITY, TO SET POINTERS TO PARAMETERS *
C* ARRPTR MSM UTILITY, TO SFT PQINTERS TO SYSTEM ARRAYS *
C* PARVLU MSM UTILITY. GETS VALUE OF A PARAM *
C* ALFCVT CONVERTS INTE694S TO SPECIAL-FORMAT ALPHANU-
C* MERIC TR'4, FOR PRINTOUT
C* TRNSFA 3 BLOCK TRANSFER OF STOQED DATA *
C* PGSKP.- PAGF SKIP CINTROL PLUS CONTROL OF OAGE HEAD- *
C* INGS UNIQUE TO SENSOR-REPORT PRINTOUT. *
C* TIMOUT CONVERTS INTERNAL GAME TIME TO EXTEkNAL (DAY, *
C* CLnCKSECnNU) FORM *
C* * ARRVLIJ MSM UTILITY. GETS VALUE OF AN ARRAY PARAM *
C**

Figure 2.2-23 (Cont.)
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r ***'Y*z r,*x 4** SC NOUT ***********4****

CSUBPWJTTNE SCN')UJT*

C OUTP[UT I(PP IjEI) AND BINARY TAI~r ) ROUTINE FOR THF THREE*
r*TYPES f~f SCA-JNfl~r SFNSrlPS.-- RAOAR, IMAGE AND THERMVEW. *

C* ALL.Ef 4Hý)J A L)F3CCTIllN OCCURPS WITH SCANNING SEN4SOR.
f**

C* CALL ING SEQUJ`ICE
C*CALL SCNFILIT (TIME, INnD-XSrN(IS,PDETTSCANARrLST)

C**
C* nESCQIPTIrlU riF PARAMETERS*

C** INPUJT, EXPL TCIT*
C*TT'E GAVE T!IWý, aRFAL, SECO-10S*

C*IOX SiIHSCRIPT FOJR STORAGE APPAYS IN COMMON /TARGET/t
C*CflRESPONOTNC Trl THE PART ICULAR TARGEFT (OF A *

C*POTEN-TIAL 16) THAT HAS BEEN DETFCTED.*
C5 rlNjO!S FOR RADAR, THE SIGNAL/NOISE (SIGNAL/CLUTTER)*

C*RATIO IN O)B. FOR IMAGE ANJD T14FPMVEW9 THE*
r*ANALOGOUS MEASURE.

C* PfOET OETECTWrN PROBAB3ILITY REPORTED BY SENSOR ROUTINE
C*ISCAN SCAN'CODF, = 1 OR 2 FOR SECT9R SCAN OF TYPE*

CI SCANI, SCAN2 RESP., = 3 FOR MO% NG RECTANGLE.
C* ARrLST 'LAST ARGUMENT' =FDO.'LP (DOPPLEP FREQUENCY)

C*1fR HADAR, =TIXT9A (INDICATOR OF BATTLEFIELD ILLUMI- *

C* NATIn.N, GT 0 IF SUCH FXISTS) FOR IMAGE, NOT SIG44IFICANT *
C* FOR THFPMVEW. *
C*
C.** INPUT, IMPLICIT *

r*VIA CfilMON AREAS /SENSOR/, /TPrGET/ AND /TGLCP4/*
C*

** OUTPUT -- EXTFPNAL AND VIA COMMON*
C* FRATTED OUTPUT ON PRINTER. UNFORMATTE01 UiINAQY)

nOTPUT ON TAPE OR DISK 'UNIT 70', 33 WOJRDS. SYSTEM*
C*C:ItjqTF4S IN ISYSCN4T/ APE- INCREmENTED.*

C*
C* PrFMAlPKS*
C* THI-lS OUTPUT PUIJT INE- FOR SCANNING SEN~SOR S I S THE C'1UNTEQ-
r* PART -F UGSr)UT, THE 11JTPUT ROUTINE FOR UG,-S SE'4SfRS. BOTH
C~ 'P INTECO AND TApr nUTPIITS ARE ' 4ATCHE0' FOR THUSE [JATA
C* THAT HAVE SA'mF MEANINGS.

C* SIjl'.RIUT INES AIDO FUNCTION St)4Pk.UGPAMS REQUIRr~r)*
Ct TRNSFP P.LnC. TPA-JSFEP OlF DAT .i

CPG SK P92 SAFC IAt nt~rr- SKID~ CONT40tL AND )fEADER PRINT
r LFCVT SP'FCIA1 lNlcE'E,-TtU -A1P'1ANUli:PIC POUTINE

C* T I "OUT CilklVr-TS INTERNAL THEA TO EXTER'1AL FORM
M4QARPTR 'ES- UTILITY: -P' GETTING POINTER VALUES

Al APVL'i 'mSY -JTILITY, Tfl ArCCESS VALUE nF PARAMETER*

Figure 2.2-24
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C**
C*SU13PO'TINE SACOFT*

r. *
C* pUR~pnSE

* ~C* MS4S INTERFACF RO1UTINE 13ETWýEN FX3SAC (WHICHI SUPERVI SES
C* SEFIS41C AN40 ACOUSTIC Sr-NSnI ROtJTlNE.S Aonf THE GENrPAL4
C* UCS OUTP'iT ROUTINE (JGSOUT. CALLED BY FXiSAC WHEN A*
r* SEISMIC np AfCOUSTIC SENSOR ROUTINE REPORTS A DETECTiON.
Cs

* Cs CALL IrN' SEQUENCE
*Cs CALL SACDFT (ID)SNR,IS-,)RAXSNR,YSN-R,NPBITGS,NFTGS)*

CS
C* DESCRIPTION OlF PARAMFTEP.S
C*
C* Il,'PUTv EXPLICIT*
CS IUSNQ ID OF (SEIS4IC9 ACOU)STIC) SENSOR*
C* isnN'A - 1 ri SFISMIC, OlR 2 FOR ACOUSTIC
C* XSNR COORDINATFS*
C* YSNR OF SFNSOP*
CS NRBTGS NUM'BFR flF RED+BLUE TARGETS*
C* NFTGS NUMBER OF FALSE TARGETS*
C*
C* INPUT, IMPLICIT**
C*

T* TIME DETECTION TIME (INTEGER SECONDS INTO GAME),
CS ACCESSEn VIA COMMON /BASICT/*
CS* ALL TAR- ACCESSED VIA COJMMON /TARGET/*
C* GET DAR- SEE EX3SAC DOCUMENTATIONJ FOR*
CS AMETERS EXPLICIT OESCRIPTION.
CS
C* RFMAQKS
CS SAC9IT, LIKE OTHERS IN THE ,,nOET SERIES FOR UGS SFNSORS,

C*PERFlIP14S THE DATA EDITING AND MANAGEMENT NECESSARY THAT
r.*T1E C1440.1~ OUTOUT PriurTijE. UGSOiJT, BE CALLEL) WITH A CON-

C* SISTENT FO904AT.*
C*
C* SUlPlUTINr AND FUNCTION SIJ!3PROGRAMS REQUIRED
C* UrYSOUT OUTPUT ROUTINE FOR ALL UGS SENSOR DETECTIriNS
C*

Figure 2.2-25
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C*~**~*g'***************** UG SDE T *****S**********

C*SUPýJJTINE UGSf~l.T*

C* PUo~nSF *
M*kSM INTERFACE RnOJT1iE BETWEEN~ EX311AG, EX3ARF9 CXAP!Rq

r,*FX311KW AND THE GENER.AL nUTPUT ROiUTINE, UGSOUT, FOR UGS
Co SENSOR OrTECT IONS. CALLFD BY THlE EX3.. * ROUT1NE W~HFN*

C*CnRPESPOV)41mGr SEtisOR 'AOU71NE REPORTS A DETECTION.*
C**

C* CALLING SF-QUINCE*
C. CALL U'rSDE.T (IDSR.ITPSRXSRYSR,IOTGXTGYTG,NRBTGI*

r**

C* DESCRIPTION OF PARAMFTERS
CS * IN"DUT, EXPLICIT *

C* TOSR 10 op SENs9R*
C* ITPSR INTEr.ER TYPE. CODF FOR SENSOR (3=MAfGNETTC, 4=ARF- *

B* UOY, 5=P'ASSIVIR, q=BREAKWIR)
C*XSR conRIRDPATIS*
C*YSR flF SFNSOR
C* IDTG TO OF TARGET
C*XTr, COORtD:NATFS
C*YTG nFl TAPGET

C* NHBTG NO. OF RED/BLUE TARGETS... =~1 OR 0, LATTER*
C*CASE IMPLYING FALSE-TARGET DETFCTION

C*
C* * INPUT, IMPLICIT*

CTI i- INTErER GAME TIME, VIA COMMON /BASICT/*
C* * OUTOUT

C*FIRST 13 W9RDS OF CnMMON /nUTCIM,11 TO BE USED BY SUll-
C* R1UTINEUGSSOIT.

C. PE4.%QKS
I* . THERr ARF 6 TYPES OF Ur.S SENSORS, DETECT0iONS FROM

C* WHICti ARE HANUL~r) PRIMARILY BY UGSOUT. THE INTER-
CS FACF RETWEEN THF SENSnQ EXEC ROUTINF (EX3...) AND

CS UrSf)IJT IS H"'NDLED 3ýY
CS IJSSET FOR TYPES 3 (MArC), 4 (ARF), 5 (PIR),

C* AND 9 (BKW)*
C* S!ACDFT FOR TYPES 1 (SET) AND 2 (ACol
C. *
C* 2. THlE SENSOR TYPPS H4ANnt.Er) fY THIS ROUJTINE D)IFFER FROM
C* SrTS.I'IC AND ýtCOUlSTlr, IN T-4AT O)NLY ONE TARGET CAN

C*AFFECT It DfTvCTTO'ý AT ANY INE INSTAN4T Or- TIME.*

c~SUwllJT!r mil~ F-UWrTIO'; TY-ý S118PV),R %'S kFQoIIREO
co tjr'SnkJT nurl0~j 0'11JJJN Fr; UJ u rsETFCT,,rqS*

Figure 2.2-26
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C t, 4,, ,i*,*,$,******$.*~~***** $****** •GKP,.$e$**$$,.•*, • ** $**

*S Ut)KI'TINE PGSK!P

C*

C* PUIPOSE
C* CONTROLS PRINTER PAGF SKIP, PRINTING OF HEADING AN4 PAGE *

C* NUMBIER, AN4 RESETTING PAGE ANO) LINE COUNTS. $
C**

C* CALLIN5 SEfOUENCF *

C, CALL PGSKIP
C*

C* DESCRIPTION (IF PARAMETERS
C$ PARAMETERS TAKEN FRCM COMMON AREA /rGCONT/ -- *
C*

C* hLINES LINE COUNT (NO. OF LINES USFO ON PAGE) *

C* PAGE PAGF COIUNT *

C* HFAD'G ALPHANUMERIC TEXW, PRINTED AS HFADING ON *

C- FIRST LINE OF EACH PAGE OF .SM PRINTOUT. *

C$ ARRAY CONTAINS 68 CHARACTERS IN 17 WORDS. *
C=

C* REIARKS
C* 1. LINE AND PArE COUNTS ARE INITIALIZEn TO ZERO IN MSM $

C$ BLOCK DATA. HEADING TEXT IS USER INPUT... $

C$ SEE COMMENTS IN EXECI PROGRAM. $

C$ 2. OPERATIONS OF PGSKIP--
C* A. PRINTER PAGE IS ADVANCED *

C$ B. PAGE COUNT IS INCRFPFNTED BY I

C* C. HEADING AND 'EW PA(.E NU. ARE PRINTED *

C$ n. TWO LINFS ARE SKIPPED $

C$ E. LINE COUNT IS SET TO 3 $
C*

C* SUBROUTINF AND FUNCTION SURPROGRAMS REQUIRED *

C$
CA* *******A********AAA ****AA A C *A CA A CA AA ACCA ** "$*=*****$

Figure 2.2-27
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r****~~-~ **4~* PCSKP2 .***~~*********

St'ýU:IR TIr.IF PGW2?
r**

C * pu40M r
r *m 'l UTILITY ROlUTINE FOR OUTPUJT CONTHOLt SUPPLEMENTING
C# T 'IUIF P(,S IP , IN WU!)TVTI N TI' CONJTROLLING PAGE SKIP,
C*THIS W'IT14 'JE ''1ITS Ttllr CflLUJ',I oFADIN5,S Q ECUIPEf) FO~P*
C*SFý.JSOK U,"'TS.

C* CALL To" SE(jUEAlCE
C.CALL PC,5KP2*

C**

C* rflSC,)IP71nl IF PA'QAmETEPS*
C*Nrl 'zXPL[CIT A.RG11?4ENTS*
C*TE tAF V 3t[ C !LINrS IN COMMONJ /PGCIIUNT/ IS AN INPUT VARY- *

c*. Ar3LýFl i~,ABANCHIN(,j AND[ IS ALTERED I INCREMENTEOJ IF

C*HTIWNG CALE Crv)NTEDT. 4 ITNT UPTPOT~S
C**

C. TH 'UF 4U~R AOD TK SU'TTP DS)SEIIr
C I& T41 'lST1A4GLE 9 WITH SOANTS SPEPARFIED Y INT ED BUTUT RU

C*TINES. THE UNIT NtJMqER HERE IS CALLED TflUT70. ITS VALUE
C*IS SFT RY A DATA STATEMENT (Tfi VALUE 70).*

r**
C*~ SUR~ROUTIN~r 410 FLINCTIflN SjPipnflRAmS REQUIREU
C*PGSK'1P PRIMARY PAGE SKIP/CflNTROL ROUTINE*

Figure 2.2-28
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C* *
SrJ9RUUTINE TI4OUT *

Co *

C* PURP11SE
C* CONVERTS ITIME f= INTEOEWR NUM9FP OF SFCoNDS INTO GAMF) *
C* INTq 3 INTFGEp, WORDS REnPFSENTINW DA( OF GAME (Oi,...., *

C* MILITARY CLOCK TIME ('IHMMI AND SýTCONUS, SUITABLE FOR *

oO*RINTOtjT IN 12, 14 AND 12 FORMITS, RESPECTIVELY. *
C* o

SC* I US-AGE
C* CALL TI'40UT {IIAYICLK24,TSEC)
Co

C* O[-SCOIPTIrOl" OF PARAMFTERS S

C* *
C* INPUTS (IMPLICIT-- FROM C011MON /IASICT/)
C* I.TIMF INTEGEQ TImE (SECONDS) FROM GAME START o
CO ITOoST TIME OF DAY AT GAME START (INTEGER, SEC- o
C* ONOS SINCE CLOCK 0000 OF START DAY) *

C* *

C• OUTPUTS (EXPLICIT.AIN ARGUMENT LIST) *

C* IDAY DAY COUNT (0 FOR INITIAL '0-DAY', *

Co I FOR D-DAY+I, ETC.) *
C* ICLK24 MILITARY (24-HR) CLOCK TIME HHMM, WHEN ,

Co PRINTED AS A 4-DIGIT DECIMAL INTEGER *

Co ISEC TWO-DIGIT INTEGER (00 THRU 59) = SECONOS *

C• PT'4ARKS S
C* THF QUANTITY ITOFST IN IBASICT/ IS A GAME CONSTANT.
r* ITIME, HOWEVER, VARIFS... SO CALLING PROGRAM MUST ASSURE *

Cr THAT ITIMF IS CORRECTLY ENTERED INTO IRASICT/ BFOFRF S

C*' SUBROUTINE T!4OUJT IS CALLED.

7.* Sij9DnUTINE AN) FIJNCTION SUBPROGRAMS REQUIRED *

CS

Figure 2.2-29
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C******************t~*'** ALFC VT****'I***********

FUNCTION ALFC VT
C*
C * PUQDnSE * *
r. CONVERTS INTEGER INPUT TO ALPHANUMERIC FORM REQUIRFO BY-
C* SUBRUUTINE UGSOUT FUR PRINTOUT, *
C**
C* CALLINI, SFPOI/ENCE (FIINCTION TYPE)

Ce ADIGIT = ALFCVT(KDIGI *
C.
C* OFS.QIPTInN OF PARAMETERS *
C, KDI., INTrGER (OF 3 OR FEWER DECIMAL DIGITS IF POSITIVE) ,
C*
C* PEMAqKS
C* *
C1 *. PPOGPAM S(OMEWHAT MACHINE DEPENDENT. PRESENT FORM *
C• COMPATIBLE WITH 184 360 SERIES AND OTHER COMPUTERS *
C* HAVING THIS WnRO STRUCTURE FOP ALPHANUMERICS: *
C* A. q BITS PER BYTE *
C* B, 4 BYTES PER (NORMAL LENGTH) WORD ,
C* C. ALPHANUV.ERIC BLANK HAS 0 LEADING BIT (WORDO
C* BEGINNING WITH BLANK WOULD BE CONSIDERED *
C* POSITIVE IF USED IN ARITHMETIC EXPRESSION) *
C* MINOR CHANGES WILL ADAPT PROGRAM TO OTHER WORD STRUCT- *
C, URES. FOR EXA'MPLEt IF ALL BUT (A) ARE SATISFIED, THEN
C, THE DATA STATFMENT FOR NBYT NEED ONLY BE CHA'4GED FROM *

C* 2**9 = ?25 TO 2**N (N = NO. BITS PER BYTE). *
C*
C* 2. THE CONVERSION P.ULFS ARE
C* A. IF KDIG = O OUTPUT = t ' (ALL BLANKS) $
C* B. IF KOIG IS NEGATIVE9 OUTPUT = ' *** (BLANK, *
C, FOLLOWED BY 3 ASTERISKS) ,
C* C. IF KDIG IS POSITIVE, THE 3 LOW ORDER DIGITS S

APE CONVERTED TO 0'lF OF THESE FO•MS *
C* BRBB, IF KDIG OF FORM 0 (1 DIGIT) *

C, 'B0D3' IF KUIG nF FORY DO (2 DIGITS) *
C* '@no,0' IF KDIG OF FORm DOD (3 DIGITS) *
C*
C* 3. IF THE TN0 9'J VARIA3LF KDIG HAS MORE THAN 3 SIGNIF- ,
C* ICANT DIG'TS, PROGRAM OPERATES ON LAST 3. *
C* *

C.
C, SJV.•cUTI'IE A,4;) F0"'CTI IN SUJiPROGRAMS REQUIRED

C*

Figure 2.2-30
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C*
C* SUBROUTINE DUMPMS
C*
C* PURPOSE '
C* LISTS ('DUMPSO' PAPAMFTFR STORAGF AREA /BIGSTR/, AFTER *
CS FDIT|Nr-, Ff.R REFF-7,NCE AND/OR PRnfGRAM OR DATA DEbUtGINr,/
C* VFRIFTCNTION. *
C.*
C* r.ALLING SEOUENCE *
C* CALL DU4PMS
C. *
C* nESCq1PTTON OF PARAMETEPS *
C* NO FXPLICIT PARAMETFRS *
CS IN~fnRMATIf)N REQUIRED 3Y DUNRPMS ALL IN COMMON AREAS
C*
C* REMARKS
C* REAL, INTFrER FORMATS MATCHED TO MSMPAR CONTENT, EXCEPT
C* FOR A FEW VARIABLES FOR WHICH THE TYPE IS VARIABLE. TH4F
CS oCURRFNT (20 OICT 1Q70) PROGRAM USES Z-FORMAT (HEXADECIMAL) *
C* FOR THESE... ,A MACHINE-!IEPENDENT AND NON-USASI-FORTRAN
C* FORMAT. *
C*
C* SUBROUTINE AND FUNCTION SIJBPRfGRA4S REQUIRED

Co PGSKIP PAGE SKIP IPRINTER)t RESETS PACE AND LINE
C* COUNTS, PRINTS STANDARD HEADING *

C*

Figure 2.2-31
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2,2.5.6 Input Routines

Three short inpat subroutines are invoked during initial

loading of storage. TANDT (Time AND Terrain), called by ENEC 1,
directly reads time parameters (BA3C--table), and calls TERAN to read
the UTVSXY and UNTER terrain param~eter tables. PARMIN, called by
EXECIA, is a simple read program for the data file of system parameters.
Each call to PARMLN zausee a small block of storage in EXECIA to be
filled with (a) one parameter subset (c. g.. the parameters for one sensor,
or one UGSARRAY), or (b) the special indicator flag that delimits a major
data category.

Figures 2. 2-32 through 2. 2-34 provide comments for these
three subroutines -- TANDT, TERAN and PARMIN -- on &fn individual basis.*

*TERAN is more fully documented in Section 5. 3 of this Volunu, and in

Volume I. It is used in PRERUN and in auxiliary program blocks, as
well as in MSM.
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C' ~SUBROUTINE TANUT
C*
C* PURPOSP

"" 'SM R"IJTI'JE, 'tUXIL1ARY TO FXEC1. READS $TIME ArNO TFRRAINI
CINTO STflQA6E.

C* CALt I N' SF r'U5JC F
C* CALL TAN4UT
Cs
C* I)ESC~RIPTI1IN nF PARA4F~TERS

C* AN INPuTr SUBROUTINE, TANOT PEAr)S INTO STnRAGF THE TIME
C* AI4 TEFPAIN rADAMETERS FOR THESE FOUP COY'40N ADEAS

C*
COL/flASTCT/ '3ASIC GAME T1'4E PARAMETERS

C* /ATTIME/ TABLE~ 'IF TIME VALUES AT W~HICH THE DIE-
C*FERENT ATm4OSDHERIC TABLES BiECO)ME

C* EFFrECTIVE
C* /UfJtlFll TABLES OF PARAMETERS FOR UIP TO A UNIT

C* TFRRAIN TYPFS
C*/UTVSXY/ TABLES FROM WHICH THE UNIT TERRAIN TYPE

C*CAN AE KEYED TOJ GEOGRAPHIC POSITION
C* WITHIN PRE-SET SCENARIO AREA.
C*
C" REMARKS
C* 1. ALTnUrLGH TANDT COMPRISES [N4 EFFECT ONLY A FrW REAO
C* STATFMF.'JTS, IT is CODrED AS A DIST1INCT SLJPP~OJTINE Tr *

C' FACII.rrATr CHANGES DUE TO VARYING INPUT SOURCES F'IR
C* THE DATA.

C' 2. IN PARTICULAR, THIS PAPTICULAP VERSION (27 OCTOBER 70)
C' TS TENqTATIVE, FOR US;: IN MSM4 PRflCAU r)EVELnPm%4ET.

C*p~f3ABLY nESIRADLE, LATER, WOULD 9E A TAPE OR DISK

C*FILE POF11PFD IN PRERUN FOR WHICH 2 SIMP! F READ
co SrATFMýENrS COULD aF CODED TOJ REPLACF STATEMENT 10.

r*SUCH A CIIANGE W-JULI) EL1I'41NATF THF NEED IN a5'4 FUR SUB-
C*ROUT [NF TERJI A140 ITS IMPI IEn NEEF) FOPR CARD DATA.

C.
C'
C* 3. INPUT U4IT (IIINIT3) FOP /BASICT/ ANn /ATTIMF/ REFFRS

f-*TO THr TAPE (fR I)ISK) AT'4fSPHFQIC DATA FILE. JCL
rý*(X'A CPNTý,L LANGUJAGE) CAN ASSIGN THE CnRRESPONL)TNG

C, OHYSICAI. INPUT rfVICF. CONSISTENCY "UST i3F VAIN-
C tr~y'.ro wITp StJliR0UTtE EXEC1'3 ( CORR FS PP~JN 'Jr UNIT

C* At~c FC)FNATEI) IlUNIT3* WITH S%141 f4U-%IIC VALUF, 3)...
Ct THF IUNIV n~lIgF9 MS14 01t)'ýQAM4 ACCESSING THIý r ILE *

r.' SýpvlllU1 [E A,4; ruNCrT I(N SJ'W'4 ')GRkAMS RWL)uIREn
C' EA (",F( '~PýAA 2 A411VF)I

Figure 2.2-32
2-211



TEQAN **********~**~***

C
C* sUr;RrUT INE TFRAN

C* PURPOSE ,
C*S
C THIS ROFUTINE PLACES THE PLANNER INPUT DATA DESCRIBING THE *
C* AQrAL FXT~pr 'IF THE UNIT TE4RAIN TYPES OVE1R THE SCFNAQIO AREA *
C* INT H '. 'UTVSXY' COMMON AREA AN.D PLACFS THE DESIGNER INPUT FOR *
C* TH-F IrTFR TA3LES INTO THE *I'NYER' COMMON AREA. ALL DAVA INPUT
C* IS ASSUVFD TO BE 'N CARDS,

Figura 2.2-33
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C~b*********~****,e~****~* PAPM IN ****~***********

C* SU3R'1UTINE PARMIN *
C*
C$ PURPOSE,$

C* INPUT RIOUTINE FOR THE BODY OF SYSTEM PARAMETERS PASSED).
C* TO 4S" rRilM PRFPUi4. CALLED ONLY FiY EXFClA. *

C* CALLING SEO.IEN E:
C$ CALL PARMIN (InATA) *C•

C* DESCRIPTION OF PARAMETERS
C* IDATA AN ARRAY INTO WHICH PARMIN MUST PLACE (ON ANY *

ONE CALL)-- ,
C* *

Cs A. PARA'4"*TFR SUBLIST FOR ONE SYSTEM ELEMENT ,
C* OR ONE DESCRIPTOR DATA SET, OR *
C*
C* B. THE FLAt, VALUE Qq99 IN! IDATAIl), SIrNf- •
rC FYING THE END OF A MAJOR DATA CATEGORY, $
C . , *

C* IUNITP INPUT UNIT r)ESIGNATION FOR THE DATA SOURCE. *
C* *
C* *

C' VALUE ASSIGNED HERE IS 11, BUT JCL (JOB CONTROL *
C* LAN1GUAGE) WILL CONTROL ACTUAL ASSIGNMENT. *

Ct! RE%4ARKS
(, ALTIIO!IGH NEAR-TRIVIAL IN CONTENT, PAPMIN IS CODED AS A *
C• DISTINCT SUBRnUTINE Tf) PROVIDE CONVFNIENT ACC'}MrIDATIONI ,
C* TO POSSIBLE CHANGES IN INPUT DATA SOURCE OR FORMAT. ,

C* SUIPnTTPTNF AND FUNCTION SUBPROGRA'OS REQUIRED *
C* NONE F

C**

Figure 2.2-34
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2, Z. 5. 7 System Type Utility Routines

Nine, of the MSM subprogram s have no implih•Ations of
"physical significan•'e, " and are denoted as system utility routines.
'System' in this, context refers to a general computational system, not the
physical sensor system being simulated.

ERASE and TRNSFR provided convenient control of olock
storage operations. ERASE is used for erasure (setting to zero) of an
arbitrary block of storage. TPNSFR iE used for block transfer of data
from one storage array to aol ier.

ERFC is a function-type subprogram that evaluates the
complementary error function:

Z

0

The FORTRAN-coded version supplied is fully general enough and accurate
enough for the simulation model; it is not intended as a general routine for
computer installations. Required by the sensor routines, this ERFC
program is supplied as part of the MSM package for two reasons: (a) some
.. crr fputer installatinns do not provide an ERFC routine in their software
suppr.., an,; q come "standard" ERFC routines supplied by computer
manufacturers generate :.:1-P underflow diagnostics when the argument
becomes large (and the mathematical value of ERFC becomes smaller
than the smallest floating point number that can be represented internally).

Two random number generating decks, each with three
entry points, were supplied as IBM 360 assembly language programs.
This is the sole deviation from FORTRAN. Although it is possible to write
random number generators in FORTRAN language, nearly all major
computer installations use machine language coded generators because of
the very significant speed advantage for a program that tends to ue called a
very large number of times in typical usage. The deck supplied allows
CAL-generated results to be duplicated exactly on any IBM 360 large
enough to handle the model.., a very desirable feature in transfer of
programs.

The uniform random number package has three entry points,
logically equivalsi t to three distinct subprograms.

URN acts as a function type subprogram in which the
argument is a dummy (not used). Each zall provides a "new" random
number, fror.i a statistical distribution uniform over 0.0 to 1.0.

URNORG is used to set the initial integer "state" of the

generator. Provision is mnade on one of the header cards for the user to
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insert an initial state reference value. If this data field is not zero or blank,
EXEC 1 calls URNORG with the planner's value as aegurnent.

URNASK provides for interrogation of the random number
generator as to its 'current" reference state. URNASK is called by
EXZHLT, which then prints out the reference value that existed at the
termination of MSM processing.

The entry points for the gaussian randorm number package--
GRN, GRNORG and GRNASK- -are analogous to URN, URNORG and URNASK,
respectively, and the same comments generally apply. The difference, of
course, is that each call to GRN provides a standardized (i. e., zero mean,
unit variance) random variable with gaussian distribution.

Figurer 2. 2-35 through 2. 2-39 provide comments on
individual subprogram (or entry points, in the case of the random number
generators) for the routines in the system utility category.
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C********V• • •'4'•w *; ***** •** * • ERASE ************************,*****s*
C*

C, SUBROUTINE EPASE *

C*,
C* PIJlPr'SE * ,
C* ERASES (SFTS TO ZERO) A SPFCIFIED BLOCK nF STORAGE
C*• CALLING SFQUENCE

C, CALl. F4ASF(A.,N)
C* OR *
C* CALL ERASE (IA,N) *
C*
C* OESCRIPTION nF PARAMETFRS *
C A,9IA VARIABLE NJAMF, SPECIFYING FIRST WORD OF AREA *
C* TO BE EWASED. PEAL nR INTEGER NAME MAY BE *
r* SPECIFIED IN CALLING; SEQUENCE. ,
C* N NUMBEQ OF WORDS (IN SEQUENCE) TO HE ERASED *

C* ,
C* RFMARKS *
C* N = 0 IS A VALID IF TRIVIAL ARUMFNT VALUE. A NEGA- *
C* TIVE VALUE OF N IS TREATED AS IF N = 0. *
C* *
C*** *********************************************************************

Figure 2.2-35

i

A
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*************************TONSFP * *******~********~****************

C* SJRPOUTINE TRkASFR *

C**

C* PURPOSE *
C* RLUCK TRANSr-FR flF INFORJ44TION IN bNE STORAGE ARFA *
C* INTr ANO)THEP. *
C**
C* USAGE *
C* CALL TNSF', (ARRAY1,A'ýQAY2,N) *
C**
C* DESCRIPTIr9*I OF PARAMETERS *
C* FIRST eJ WnRDS OF ARRAY2 ARE LOADED WITH VALUES OF *
C FIRST N WORDS OlF APPAYI. ARRAY1 IS LEFT UNCHANGED *
C* IF THE TW4O AREAS DO NOT OVERLAP, *
C**
C* A 'WORD' IN THIS CASE IS 'NOPMAL' OR DEFAULT LENGTH *
C* IE.G., 4 BYTFS ON IBM 360). WORD TYPES (kEAL, *
C* INTEGER, LOGICAL, ... ) IMMATERIAL. *
C**
C* RFMARKS *
C* 1. ZERO VALUE FOR N IS ACCEPTABLE. NEGATIVE .ALUIJS *
C* OF N (ERROR) TREATED AS IF N=O-- THAT IS, NO *
C* TRANSFER OCCURS. NO DIAGNOSTIC MESSAGE. *
C* *
C* 2, THIS FORTRAN PROGRAM, PROVIDED AS A PROJECT SAM I *
C* AUXILIARY PRfnGRAa, SHOULD IDEALLY BE REPLACED WITH *
C* AN ASSrMfLY (MACHINE) LANGUAGE DROGRAM4 FOR WHATEVER *

C* COMPUTER IS USED FOR 'PRIODUCTION1 RUNNING. *
C* *

Figure 2.2-36
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C* PLJ4PrsP S
( t

I~1ATHF44T [CAL FIJJc. r n:N SUJl3r)RncGnA FOR DQOJrCT SARI SDIMUA-L* TO' *'1FL. F-VALOATFS ",')YPLEMýNTARY ERROR FUNCTION*C*FRFr(IX) P: POsIrrvF (OR lFkO3 X, TO APPROXIMATELY*C*5 DFL? MAI. PL r ACCUlRACY.*

C**C* CAW NVG SrlJF:NC,- CILL'JSrPArIvr)

C* Of:SCR! I P II OF PAPANIFTFP~S
C*X FOR THIS PROGRAM, X MUST BE POISITIVE OR ZERO. *

r**C* 4FTHnO AND RFFFrZEN4CF
A-. F[OR X GF5TER THA-1 5.0v A ZERO VALUE IS RETURNED*C*(COMPATIB8F OfTH ACCURACY CRITERIO-N OF 5 OFCI-*M41. PLACES)*

C*R. FOP X IN THE 0 Tnl 9 INTFRVAL, A #HASTINGS' TYPE AP-"OROXIMATION FJP~4ULA WITH ERýJR NOT EXCEFOINIC*2,'5E-9 IN MAGNI TUDE IS USED. .. FORMULA 7.1.25C* PRO4 fN)LLOWIqiNG 4 EFERFNCE:

C*HANDRIOK OF MATHEMATICAL FUJNCTIO)NS*CIEDITED) FY: ABRAMnwITZ, STEGUN*C*NATIONAL 60UEAU OF STANDARDSC* APOLIErJ kATIIFMATICS SERIES 55*r*J1NF 1964 PAGE 299*

C*(ORIGINAL SOURCE: C. HASTINGS, JR.,C*'APPROXIMATIONS 
FOR O1GtTA!. COMPUTFRSI)

C* SIJ3qnUT INF A~ND rUNCTION SJ11PR11GRAMS REQUIREDC* NOV

Figure 2.2-37
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***.************** URN PACKAGE ***************0030100

*UNIFORM RANDOM NUMBRE~ GENERATOR S 0000)')
* 000000

* PUQPnSF * 00001)
M ULYIPIAr-FNTRY PROGRAM rOR GENtCRATIfl14 (.,F JNIFORM RAND- *010000)
To fl PUM11FRS, AND SETTIN4G rip. INTU.RROGATING THE REFEFRENCE * 000011)

*STATE OF T14F CENEPATOR. * 00100')
* 01o000o

* LS~rE 0000011
*ILLUSTqATIVE FORTRAN CALLS OF THE VAP,(nUS FNTRIES ARE-- * 000011

* a 00o0o1
1 . BASIC URN ENTPY - FUNCTION TYPE * 00000

*t . URDN (OU0my) * 000011
*WHERE T4F AVGIJNENT I1tJ'4MY) IS Ir.NORED GIVES INOF- * 0000o1

P F,4nENT, FLOAT INr,-PnINT, SIfnGLF PRECISION (4-BYTE) * 000011
*NUMhiF

0
S UNIFflPm ON (0,1.03. * 000001

** 000011
% dTE. PAtDGRAM CA"11J1T RETURN AN EXACT 0.0 OR 1.0, BUiT * 000002

*CAN RETIJQN VALUE WITHIN ONE~ BIT OF 1.0, AND A VALUE 0 O000002
*AS SlI'&LL AS 2**1-241 IABOIIT 6X10**(-All. * 000032

** 000012
*2. IIRNTP F4TRY (rILL AN ARRAY WITH URN'S) * 000002
*CALL UqNTO (ARRA~vNI * 010032

*PUTS URN'S IN ARRAY(l),ARRAY(2)lf... ARPAYINI * 0000012
** 000002

I . UR4JRST ENTRY (RFSET G.ENERATOR TO LOAD-TIME STATE) * 900002
*CALL LIRNRST * 000002

*RESTLJRr-S IrFNERAT0)R TO ITS L')AD-TIME STATE * 000003
I X17EFFFFFFF' . 2*5 31-? - F'21474R3,400' * 00001)

*4. LJRPOI'G ENTRY (SPT !R1,N i). STATE) *000013

SETS CTALL(NI C111r I'll ft gT.TE VALUE UF IPFFEX- * col

N!ITF. THF ALrflkI"4N DRrCLIJO)ES NEGATIVE OR EFFFCT! VF- *001)014

*LY ZF-Qf' VALIWS. PR(IGA4A c,!j%,OS AGAINST SUCH VALUES *00rC000'
4 lEINr TNADVERTENTLY SLJ"PLIE'J 1Y USFRS. *011c,9

S . JiRMASK FSIT4Y IINTýRqnGATE STATE) *00001.
* CALL UR"4A5I 1IREF) 00 o'0L

* SrTS VALUE OF IRFF rrn VALUF OF THE PIfC(7qNCF STATE-.. 000014
* *00')')4

* . R4PMT EN4TRY (P'Q tNT STAVE) *0Q0101:4
* CALL IJRNORT 010 OC)s

*CA'Jsr% STATr XMF.~-R&CF~ (StNI rnI lE IRINTFD IN I cnR... 0 S ci

Figure 2.2-38
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* MAT, WIrHi APPROPRIATE k4ESSAIIE. *noocos

* * 000005

* RMARKS 9 00c005
*THE AUXILIA'qY FNTQ IES FACILITArF CONTROL. OF #WHERE- THE * 001005S
*GENERATOR~ IS'. FnR EXAMPLE# IF UNNYPRT IPOUIVALFNtLY9 * O0000J5
*URMIASK PLUS USE * S OW1I PRINTflhjT) IS USED! AT T11F TFQM I- * 000005
*NATIONJ OF A C0~mPUTEI qIJN, A S'JASEOUENT F~UN CAN 3f TJITI- * 000005
*ATFO) FROM TIIE SA"F URN STATF FI-- * 000006.

I A) 'FAEDI-14G TIM E FERE14CF Nt.JMIIER FROM A DATA CART) * 000006~
*(131 jStlrr, UpNORG Tfl INITIALIZE TH4E GENFRATf'R. * 000005

** 000006

* U~vWOfUTIlDE AN!) FUNCTInN SUiil'f!OI.A9S REQUIRED) * O00000s
*ERR- S *. 30000'st

009006.

* METHU0 oc)
*THý ALr1QI1'I4A l)SFr) FOý THE 8ASIC IINTEGFR) RANOUM *000007,

N U4'9ERS P IS 000007
*(JI - A*(N 00p 0CO7,

* 0100007

CAAIY N SA0*(tIFlO FP * 0000071
** '300007ý

INTI AE *3- ;* 'ICDN~ ULqG * Ca00007

Srsrr~ FILL or flITS (.N1TF SIGN 4T N+,T USED., SO ONLY A *!007

* 1-4PIT ar'; STE IS ASq'JVEO2 * AN') A -3125. * 000007.
* f~ '300004(

* * 010003
*T'wF VALUFS 'RFr'M~Et) I! CA&LLNr. PJ!(.RA.% FOR THCi URN OR * 00000'4.

F nAr r'TIE f I0.T' Alf) SCALED ITO 0.0-1 .0)) vFR- 0 030o'.q
* SION5 He' T-4: HASIC INTý:rcPS. THE~ CURRENT VALUE nF T14E * ()000014
* ASIr. I'T~rrR (0~ IN rlIO!Yil IS CALLFr3 THF ST4TE Oc THE * 01,00nI
* rNEk.¶T`:. ,)CAN .ýE IjqTc~znrA !vF OR 4FsFF 4I TH THE *
* INTRIFS UkNNRST, UPlASK, U-'NtGI~ P URNDPT. * jrQ

I *l * 00000q,

GA I)VI19W. HUT'>4IS'1' * l00CCg
* 5. NF.4 IJNIýJ1JJ rr<N4 Nkl hl'lv CENCMATOlRy S 9 )

r crl;A . C4V A. . 11 NI. JlJNFI1P,' PArc 432 0 0100009

Figure 2.2-38 (Cont.)



aaaaaaaaaaaaaaaaaa GRN PACKAGE aaaaaa~aaaaa.*.030000f
# 000000

*CU 0024 * 0001000
*GAIISSIAN4 RAF4r)MM NUMBER GENERATOR $ 00000')"
aCnNTROL SECTION NA4Et GAUSS * 000010.
* ENTRY PnINTS1 000000)
* CRN GRNTPr 6.NRT000000
* GDNRST G NOR . GRNS( K 000000n

*0 ' * 0000
* PURPOSE $ 000001

a GENERATION OF PSEUOII-lANQOM GAUSSIAN OF.VIATES, WITH AUX- * 00000
* ILIARY FNTRIES FOR SFTTING OR INTERROGATING THE --EqERATOR. * 000001

0 000001
t* USASF *oo000i

0 000001
I . (,RN ENTRY- FtuNCTION-TYP1 ENTRY * 00000

*CALIFO IN FORT0AN wiTH OUN4%Y A rUmEN1', E.S. 0 000011
G - GRNNOIJMNYJ 000001~o

*THF RESULTS ARE FLOATING POINT, SINGI F-POE- * 09POC2
*CISION, ZERO MFAl, UNIT VARIANCE. * 000002

4 * 00002
a 2. GRNTP ENTRY- SUBROUTINE-TYPE ENTRY FOR FILLING AN ARRAY 0 000f032
*WITH 4,144S. * 000032
*CALL GRNTP(ANRAYNI s 000002

aWILL CAUSE GONIS TO BE GENEPATFn ANO PLACýO a 0f00002,
aINTO THE N4 FULL wORDS ARRAY(tiARRAY(2) ... * 00000?
a .ARRAY(N) * 00000?

0 00000?
1.~ GQNQST FA~TPY- THE STATEIPF1T * 03000.)

aCALL GRPMST * 0O0003
*WILL CAUSE THE RtFERFP4CE STATE (SURNG) 0 001003
aOF THE rEN4ERATOR TO BE RESET* THAT IS* * 000003
aSET TO THE LOAD-TIME VALUE X'7FFFFF Ff'. * nonooi

* 000003

4. GQNlRG ENTRY- THE STATvEMET a looolo
CALL rRNit,RCISTATF) * 000003

WILL SET THE REFE-RFr4CF STATE Or THE GE'd- a 0000))
ERAT3R TO THE VALtiE OF ISTATF, FXCEPT 0 3000033

THAT: o 00n004
a A. T14F RtrHT~n0t 3t BITS OF tSTATE ARE a 000004
aUS~Fn (LEAOIFIG 31T IS 4ASXE)) f~lUD * 00fiC34

A. Ir THF )&FSU!T OF A IS OiNE OF THE Twnf $ 000C04
#ILLEGAL' VALUFS, 0 OR X'7FFFFFFF', a o00000
THE CALL IS IN4TFRPRFTEI) AS CALL .R NO S1 0 010100

aT-4AT IS, T14F VALUE X'rFfFrFFFE* IS a 000004
*USFr) INS1EAl; ,ý VSTAT(, * 000004

a S1000014

S . qDNASR F,4TJf- FC'u INTfI.J0OA.TIqr.. THE %TATIFMFiT (1000104
a CALL GKNASKMITATEI 01OD00%

aCAUSES THE PEFE.PFPICr STATE OF THE rFN- 0 0:U)OJ%

Figure 2.2-39
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*FRATflP TOI 8F PLACED) INTO LnCATtoN ISTATE * 100l005
0 0 00005

* G c'(jppr FNTRY- ALTFRNATIVr METHOO) OF INTFRROcArI)N. rit: * 000005
*STAh'IFNT * 000005
*CALL r.RNr'PT 0 000005
*CAUSFS A SYSnUT PRINrflht OiF THIE REFERENCE * 000005
*STATE dITH 4ESSAGF, E.'p. 0 () 000 ý

0 000005
rORQt~F"TI r~RN REFFRENCE SIATF x 2747483646 IDFC 0 f00006

*IMALI w FFFEFFF ISASF 161 0 000006
P4THS MESSAr.F APPEARS ON 04E LINF, 1% PRF- * 000006

*CEDFO HY A BLAN4K LINF. * 000006
** 900006

rl4.QKAR( * 000036
1 . THý nFC'. RF.)UI~fS .FIO(RASE 16,) - 1248t.,ASF 101 qYTES. 0 000000)

* 2. FXFCoTIr), TI"ES VARY QANDXWLY, BUT AVF-PArf, T14E TO * 900009',
* C.T L101F npl IS A131UT 05 MICROSECONDS ION 360/651. * 000006

* * W010~6
* SHjP,.UTINFS A,40t FUsiCTTj' SUqP~fl(.P&'4 PErjUIRED 0000

* ER~qC, 000017
*SORT * 90002.7
*ALO'( * 00000?
*EXP *00000?

( ALL LOADF)' AUTf)A'AT [CALL Y FROM CAL SYSTEM LIBRAAY3 0000,7
* * 000007

* 4FTIAC-1, REFFRENCES 0 0100007
1 . INTERNALL.Y GENERATE') UNIFOR4 RAr~nnm NUM4BERS APE MAPPE1 * 000007

*INTO GAUSSIAN OFVIATýS ACCORDIN~G To THE METHOC DESCRIr4F, * 000007

r (.MARSACLIA Aqn T.R'PAY * 000004
94' CONVI.NIEP'T vFrH'1r) FORI GENERATING * oonOO4

* '4i~4AL VARItRLS' * 00
* SIft 'WEVIEW. Vii.',. W1.3, JULY, I'i64 PP260-764 *000004

* iRVFIY, 1"4E LOCIC IS' noo0000
* IF THF TIt4C: AVERQAGE. 3 '2NTFCRm DEVIATES * 00004
* ~' 7 rIF TH~F TPAE: 4VFPAGf 2 ONIFOP'4 OEVIATFS * P3000

7 .?qv OF THE TIMq: Cn'IPLICATEU PEJFCTlnN -F1'.4JO 0.1000i
! .?'?Y )F TlfF WrI% (VALUES PrvU%0 3 S IGCA) 00COJ4

*US' PrILAP 'J.' ItI) 030,009
*TwI MF.T,41'Y) (.HCIFVFS ql',i? AVE-:,'.E SPFFP, qY iSTIr.V SIktPLE * 1000C01
*AN f FAST ALCrflq ITHMS fIR 'A~CRE T.II.N :)7). CF THE GRN EVALI)- A of0G0o)
*ATIONS. tJVC'-ALt MlAPPINr IS -4', W4'4AtICAtLL EXACT. 0 001oD)

** 000#,~jl
* ~ . 9q NA1'I' 1IF UN')FMI YI111 ,NIFCAl DlEVIATES, THIS 0 00c 32~

m L 4L Ir4-ICI ItI V f-f : N (' k-J FN II A I 'F T HQ1i IS U'~O % r, f)
lo i'(I.lI - ItU(N 1 ")PAO P 0 O011O09

0 IOOC9o)
l ',rPr )tjo4TTIF', i-I4TrlEIc,. UtIK) RFP,9FSENTS TH4F * I onC 11

tK-T4 tlirgiF jqt ih< . P 1fT'F LAR('-ST PAI41 LESS * f00~

rigure 2.2-39 (Cont.)
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I THAN 74431, WHICH HAPPENS Tr) BE OO00001
P 2**31-1 a 21474116647 EHASf: 102 * nnlI4- 7FIFFFFF IRASE 16) * onnolo

* A ~IS A PPI'41rIVr RnOPT OF 0. THF 0R~Tv ROTUE! N :00020

THIS PROlGRAMj IS 000010EQcru~r N oot
qERE*E -, 010002U

* .W. Hu'CHINSON~ * 000011
'A 04EW UrdIFr"R9 PSEU'09-RANr~nM *000021

* NU'I'IPR rENE)ATnk, * 000012

Cn24M. ACm VOL. I' NO). 6 JUNE#j16e, 000021

Figure 2.2-39 (Cant.)
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2.2.5.8 Storage Access Utility Routines

Six utility routines are provided, that simplify coding tasks
for access to system paramveters in storage area MSMPAR, and reduce the
amount of storage that would be required if access instructions had to be
duplicated many times over in the numerous users (programs) of parameters.
These subroutines occur in pairs, according as the rteturned value is to be a
storage pointer (program names ending in... PTR) or an actual parameter
value (program names ending in...VLU). The names are

PARPTR
PARVLU
ARRPTR
AP, RVLU
TGTPTR
TGTV LU.

The basic pair are PAIRPTR and PARVLU, that can be used
for access to any system pararrmter. Input arguments specify category
(1 through 13, corresponding to !vISM1 through MSM13), subset count within
category, and word count within subset list. The value returned is the
pointer t-, the specified word if PARPTR is used, or a parameter value (any
type: real, integer, logical, alphanumeric) if PARVLU is used.

Because of (a) frequent occurrences of need for parameters
of system arrays and of forces (red or blue), and (b) special bookkeeping
instructions required for these, four other access routines are supplied that
rty be regarded as special cases of PARPTR or PAR.ILU. ARRPTR and

ARRVLU apply to system arrays; the subroutines themselves determine
whether the spccifiad ar:ay ID corresponds to UGSARRAYS (MSM1),
SCANARRAYS (MSM2) or MOVARRAYS (MSM3), Analogously, TGTPTn I
and TGTVLU apply to "target" (red or blue force) parameters; the sub-
routines themselves determine whether th7. specifiet, target ID corresponds
to a blue force (MSM4) or red force (MSM5).

Exact calling sequences, definitions Jf a•guments, and
other comments are given in Fig. 2. 2-40 *hrough 2. 2-45.

2-224



2.2.5.8.1 General ;leLhodology

General Methodology for Determining Internal Storage Locations
and their Values for Items of Data in MSM Storage follows.

The general form of the callifg sequence to determine the in-
ternal storage locations of items of data in SM storage is:

Call X (I, J, K, INDEX) where:

X - specifies thf! subroutine.

I - specifies major block; valid values 1 thru 13 for •MSl
thru MiSMl3.

J - specifies data set or sublist within major block.

K - word number within sublist.

AI•EX - the internal storage location for the word specified by
I, J, K.

In order to come up with a methodology, the storage arrays
IPBIGS( ), IPBLU( ), IPPATH( ), LJUMP( ) and MSMPAR( ) mumt be used. These
are defined respuctively as the pointer or storage location of the first word
of each major block of data in storage, each blue force, each path, the number
of words in each data set of these major blocks, and master stream of data
values in MSM storage.

Two equations of the following general form are required:

(1) INDEX -A + B + C I - 1, 13, I1 4, I 0 11.

(2) INDEX - B+ C I w 4 or I - 11.

In equation (1), let A equal the storage location of the first word of the
first data set of major block (I). Thus A m IPBIGS(I) and

(3) INDEX - IPBIGS(I) + B + C

I + 1, 13, I 0 4, I 0 11.

Continuing, A + 1 * LJUMP(I) gives the storage location of
the first word of the 2nd data set of major block (I) and A + 2 * LJUMP(I)
gives the lt word of the 3rd data set of major block (I), etc. Thus,
A + (J - 1) * LJUL(I) gives the storage location of the 1st word of the Jth
data set of major block (I) and B a (3 - 1) * LJUip(I) giving:

(4) INDEX , IPBIGS(I) + (J - 1) * LJUiP(I) + C

I - 1, 13, I 4, I 0 11.
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To fiad C, A -- L + 1 gives the storage location of the second

word of thc, ith data •et of m.njor block (I). A + B + 2 gives the storage loca-
tion of the 3rd w,•rd of the Jth data set of major block (I), etc. Thus, A + B +
(K - 1) gives thc qt•,rage location of the Ktb word of the Jth data set of major
block (I) and C - K - I.

giving:

('•) IDEX ý IPBIGS(I) + (J - 1) LJUMP(I) + K - 1

I - 1, 13, I 0 4, I @ 11.

which is the required equation of the general form INDEX - A + B + C. Equation
(5) will then be equal to the storage location of the Kth word of the Jth data
set uf the Ith major blocK.

In equation (2):

(6) INDEX = B + C I - 4 or I - 1..

In this equation IPBIGS(1) is not needed because the storage arrays IPBLU(J)
for I - 4 and IPPATM(J) for I - lI hold the appropriate 'starting locations for
these major blocks. Thus. following the same logic as before:

(7) INDEX- B + C

(8) INDEX - IPBLU(J) + K-i I 4.

This gives the storage location of the Kth word for the Jth blue force in MSM
storage and:

(9) INDEX - IPPATH(J) + K - I I - I.

This gives the storage location of the Kth word for the P1h path in MSM storage.

To get the values associated with each data item in MSM stor-
age, the master data stream array, MSNPAR( ) Is used. The general form of the
calling sequence to determine any value is CALL X (I, J, K, IVALUE) where I, J,
K are defined as before and:

(10) IVALUE - MSMPAR(INDFX) where INDEX is calculated as
be fore.

Equation (00) will then give the value, based on INDEX, of
the Kth word of the Jth dat- isl of the Ith major block in MSM storage.
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C*SUMPC')ITINE PARPTR
C**

C* PURP9SE*
C*MS'4 UT~IL.ITY RnuflJNE. OETE'V4!NIS POI!NTER TO PAkAMiETEk( IN *

C* ARFA %4SM'Pl!) Fn SPFCIFIFI) 4¶AJ-)R R1L]CK, SWflLIST 4dITHIN
C* MLnCKv A1q,0 WOCý0 COflUT WITHIN SUIBLISr.

C* CALLIMI; SE-1ENCF
C*CALL. PAUý)TR (19,19K, Ti1flEXI

C**

C* (DESCRC!"TION4 OF PAR'14ETEfRS*
C* 1,.,K I- !NflUTS%
*IANDEX -- fUTPLJT*

C**

I SPECIFIFS MAJnRP RLt3CK, VALID) VALUFS I (FOR MS4¶1)
T'4'HQU 13~ frflQ MSM4Ii)

C*j SPEC1FIFS DATA SET OJR SUI3LIST WITHIN BLflCK*
C*K SPECIFIES WOR') NU;413$R WITHIN S'JBL!ST*

C.
r*INDEX THFsq IS THE Pr'JHTER rn MS.MPAR FOR~ THE Wr'Qf) SPECI- *

V* IED AY* T,J,K
C*
C* RFMARKS
CsRELATE!) SUB~ROUTINJES AR~E PARVLU, AR!IPTRt ARPVLU, TGTPTR,
C*AND TGTVLUo

C* SI.IRRUTINr AND) FUN'CTIWk SUOORM REQUIRE.D
C* NONE*
C*

Figure 2.2-40
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C*SUiR:'tJT INE PARVLU*
C*
C* Pu~prSE
C* 4SM UTILiTY ROUTINE. EXTRACTS PARVAIITEP V.ýtlE FROM STOrl- *
C* A r, F ARFA 'ISMPAR, F(oR SDFClrIlEC MAJUR EAL(CK9 SUBLIST WI[THIN'
C* RI(OCK, AND) WORD CCUINI 4dTHIN SU!3LIST.*
C*
C* CAL-ING SF'j'UENCE*
C* CALL pAqVLU (ItJoK, VALUE)
C' OR
CS CALL PARVLU ([,J,K, IVALUE)
C*
C* (OESCPIPTlP'N O3F PARAMFTERS*

C*IqJoK, -- INPUT
C* VALUE !ý R [VALUE -- 'UTPUT
Cs
C* THE O'JTPIJT VARtALbLF NAMF MAY RE CHOSEN REAL (E.Gt VALUE)
C* OR IN4TtGFO (F.G., IVAI.UEJ, CrIPRESDONIJING TO WHAT THE*
Cs STORErD FORM IS.*

C* I SPECIFIES WHICH M4AJOR B10C1: OF MSMPAR IS DESIRED. *
C* VALID VALUES I. (COPQFSPOrJDiNG TO IMSMI, OR UGS*
C* ARRAYS) THRIJ 13 (CORRESPONDING tO MS413v OR*

Cs COVERAGE/SCAN PARAMETER SETS)*
C* J SPECIrTFS A PAPTICULAR SUBSET WITHIN THE*

r~'IAJ(JR R1. *K
C* K SPF.CIFIFS 41RO~f NUMBER WITHIN THF SUBLIST SET
C* BY I AND J.
CS
C* REMARK(S
C* RELATFD 5IJBR'UTINE -- PARPTR*
Cs
C* FXAMPLES OF U5F OF PARVLU
C* 1. CALL PARVLU (1,12,q, IDMONI)
C* [0M0141 WILL 3E THC VALUE OF THE 90TH

C* IS, THE POTH WORD FOR ARRAY 12 WITHIN
C* THE U1fS ARRAY PARAMETER BLOCK. IN PAR-5
C* TIC'JLAR~, InMCJNI WILL FIE THF ID OF THE
C* PQI4A!Y MO.'NITOR FOR UGS ARRAY 12.
C*
C' 7 CALL PARVLU (5t,1201, ORIFNT)
Cs GIVES AS 'ID ENT TH4E VALUE (IF THE URIENTA-

Cs TIrl'q ANCL'ý rIVFN IA WDRO 10, SE~qSrIR 17.

C* 3. CALL PAR&VLU 1',1299# InFTDP)
C* GIVES VALiE OF 91T*A WrRD#O 17IT4 SUISF1 OF
co vSm2 (STAS':AN ARRAYS). NOTE THAT THIS SE-

Figure 2.2-41
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C*QUFNCF KEY; rn THE 121TH STASCAN ARRAY, NOT
C* ME SYSIEM4 ARRAY WITH ID m 12. THF VALUE O'M-
C*TAbNEfl, IACIDFN'TALLY, is 10 or FIRETRAP ASSOC-*
C* IATED WI Tif TIHE 17' TH STASCAN ARRAY.

C*
C* SIJ9QrUTINF AND FtINCTTION S'J8PRrGR/.4S O.EQUIw~FL
CS ~NONE

C*

I Figure 2.2-41 (Cant.)
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C, *
C* r(IiYUTIN~F AR'0PTR

S* mS UT I L I TV ROOlU rI N. DF-TFRMINE-S POINTFfP Tfl A PARAf4FTER
tlr A S;YSTFi' SCN7,1'4 ARRZ

r**

C t DSr~iPTjnq If PAQA'1ErT'4S*
C* NDFX (OUTrPUT) WILL C,)IRESPONI) TO THE J'TH WORD OF THE*
CAr'rH SYSTEM A~RRýY. THAT IS, THC JOTH WflHD CF THE I'TH
7,SYSTF1' VAPAY CAN nc LflCATFO AT MSMPAQ(1NflEX)

C *
C * 0 F~1 PK S

'1' I RFf FPS TfI THE PLA'JiqFR-SPFC ff Er) ARPAY ID. PROGRAM4
C* WILL DFTERAINF 'wliT1AF'Z TlfSVLUIOREPNS TO ISMEI

r* AND FL .TEQ4N PI~OTIN~e V-ARRLUEACRIGY

r**

C* SUR T~r Sr8RUTINE -- FNT~l ALBRflRAVLU ~ URF
C*NF

C* SB-ýUTIN AN FUNT~n SU~~nGA4S EQURFZ

Figure 2.2-42
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r*~***.*******.**.,'.***,s* A4PVL U ****'*****s ~~***
C*

C*StPROIJTINF ARRVLU
C.
C* PIJQpVt5S

C* SM UTILITY P.IUTINE. EXTRACTS PARAMETER VALUF FOD A
C*SYSTC-M SFNSOR APH IY* F~n? PAVA4,-TEI SDPtrrF* ApR-A 'SMPAR. *

r**
(C* CALL1G i ý r-)JFJCF*

C*CALL PVIVI-0 (1flA0AYIIr0D, JVALUrl
C* np

.* ALL ARWVLU (IUARAY91wmorg VALUED
C.
C* flýSCý110TI1N "I- PARA'4FTFLRS
C*IflARAY INPUT. SPECIFIES 11) OF ARRAY (WHFTHrQ

C*UGS, STASCAN1 r'R f4flVli4'7 *
C!IWO RD INPUT. SPECIFIES WHICH WORD RrQU;IREf) FROMW

C*PAQAMFTFR S',J!LIST FOR~ INDIJCATEDn ARRAY.

C*IV'ALUF OUrPIur. VALUE OF WORD) rjrNTIFIED BY JO)ARAtY
C*0" VAL'JF A14D IWOPO. REAL OR INTEGER NAME~ CAN BE

C*JSED, OEPF.N)ING tJP'J,4 FORM IN kISMPAR STnPAGr-.
C*
C* RFMARKS
C. RELATFU SU;14rIIJTINFS ARE ARRPTR9 PARVLU, PARPTR9 TGTVLU

k*AND) TGTPTK. T41US PROUrINF M4AY IF Cr)NSIEpr-) A MnGr)FICA.-
C*TIUN Or PARVLU, V'RFi CONVEivir TU USE FOR ARRAYS.

C* SUi~nUTINF ANO FUNCTInN SUV'RL'GRAMS REQUI'RFO
C* ARRPTR GETS POINTFR IINOEX) OF LflCsi OF I'WSIPEO PARAM.

r**

Figure 2.2-43



CTGTPTR 5*5*5*S5****5*s
C*
C* SUER~JUT1MF TGTPTF4
Cs
Cs PURi'lnsF
C* MSt4 UTILITY a0UTI'lE. DETERMI'JtES POINTER TI) A PARA'ýETF9
C* OF A 'TAQGFT' IRED OR BLUE FOlRCE) IN STORAGF AREA MSMPAR.
Cs
C* CALL ING, SF.01IFNCE
C5 CALL TGrPTR (1,J, INDEX)
Cs
Cs DESCRIPTVIN tiE PARA4ETEPS5
C* INti1:X (OUTPUT) 4ILL C1RRESPON() TO T~ff JITH WORD OF THE*
Cs ItTH Ffl',CF, THAT IS, THE JTH~ WURD OiF THE PARAM~ETER*
C* LIST FOR THE FORCE WITH 11 x I WILL BE STORED IN*
CS MSMPAR (INDFX1.
Cs
C* RFe4ARKcS
C* NOTE 1ST ARqUMENT IS A FOQCF ID. PROGRAm WILL DETFR-
* -MINE WHFTI4EQ THE CORRFSPONDING FORCE, OR TARGET, IS

C* PED OR SLUEF AND C04PE~4SATE 'I)R THE DIFFERENT ORIGINS
C*AND SURLIT' LENGT14S OF REO VS, BLUE,

C*5
Cs QELATFD SURRCJUTINF-S ARE TGTVLU, PARPTR, PARVLU, ARRPTR*
Cs AND AqRVLU.*

C* SlJR~RnUTtN9: ANi' FUNCTION SUIPROGRAMS REOUIRFO.0,

C*

Figure 2.2-44
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2.2.5.9 Geometry and Other Auxiliary Routines

Seventeen MSM subprograms, listed below, make geometry
calculations or perform other auxiliary functions:

TGTLG Basic computation of sttic motion
parameters for specified target
and leg

TGTLXY Gets dynamic values (i. e., for
explicit time) or target coordinates

SI RECT ' Stationary Rectangle' geometry
calculation

STCIRC 'Stationary Circle' geometry
calcu.lation

EVNEFT Evaluates No. of target elements
in sensor field

CLOSEL Determines closest target element
(to sensor)

KSTVLU Determines 'KSTRNG' 'strength of
signal index)

FTPAR 1 Determines static and dynamic
parameters,

FTPAR2 respectively, for false targets

BFLASK Used for initial search (outside
of loop) and

BFILUM actual access (inside loop), battle-
field illumination date for sub-
routine image

SCANI SCAN routines, for two scanning

logics, used for

SCAN 2 Sensors in Sector scan mode

SETSC1 Prelimizary routines (outside of
loop) to set working parameters

SETSCZ for SCANI, SCAN ., respectively
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ITODEV Evaluates 'Time of Day' from ITIME
(time of day required by some sensor
routiners)

IUTEVL Evaluates IUT index (unit terrain
type) from X, Y

These are briefly discussed below. Additional information
is given in Fig. 2, 2-45 through 2. 2-48 in the internal comments within the
program listings (Volmne III), and by AUTOFLOWS (also Volume III).

TGTLG and TGTLXY arc closely related subroutines, the

former , ing use by e lattTer 'Both refer to positions of a "target" (in

this context, either a blue or red force; false targets are handled by different

routines) on a specified path leg. TGTLG gives static parameters, and
TGTLXY uses these s tatic paramete.s to determine dynamic positions at

specified time values.

The basic input argument to TGTLG is an integer word

combining target (force) ID and leg number, in the form

IDTL = ID + 1000;:(LEG NUMBER)

It should be noted that PRERUN passes to MSM target identifications in this

form, and that this form is much more useful than would be just the ID

itself. TGTLG then supplies the following information in one of 20 available

"slots" in common area /TGLGCM/: *

XO,YO coordinates of initial point of leg

TO time that target (leading element)
reaches (XO, YO)

XI, YJ coordinates at terminal end of leg

TI time target reaches (XI, YI)

VX, VY x and y components of target
velocity on the indicated leg

SPEEDL target speed on indicated leg

TLO time length of target on the leg

By providing a "circulating storage" for 20 sets of data, redundant

calculation is greatly reduced. TGTLG does not need to calculate

again any data already in one of the slots; it simply determines the

ccrrect KTL value and returns it.
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r*****~*~'******e~*'~e*** TGTVLU ***4**~***t****~s

IýUAROUTINE TGTVl.U
C*
C* PUpRPOSE

C*4S'4 UTILITY q')tT!NF, PRO~VIDES T4F~ VALUE OF A PARAMFTER
r*r~n'A T14~ MSMPAM cTPr-Ar A'PEA F(lk A SI'ECIFIFD wnRD OF: A
r* S~PECIFIPI) TAPrfT (rnvCFS) 10,

Ce
C* rALLIN.r SFQUENCE*

C*CALL TGTVLU ( INlWO'RDt IVALUE)

Ce 'CALL TGTVL'J (In,!wUOo VALUE)
C*
C* nrsrPIPTI'IJ OIF PARA'IETEDS
Ce to INPUT**. 10 OF (BlUE OlR RED) FO~RCE

C* wn'~m INPUT... '400D NlIM~~Eq IN T;4F STORED LIST OF4
C* PARAMETERS FflR INDICATEn FORCE

C*IVALUF OUTPLJT..VALIJE OF PARA'4ETFP INDICATED RY*
C* OR VALI)E INPUT VARIABILES, REAL OR INTErFR
C* NAME CAN OE USED, DEPENDING UPON*
C* FOR~M IN STORAGE.,
C*
C* QFMARKS
C* RELATED SURROUTINES -" TGTPrR, A~tRVLUt ARHPTP, PARVLU, *
C* AND PARPTQ*
Ce
C* THE TAPGET/FIRCES I1) MAY CORRESPOUND EITHER. TO FILUF
C* ErnRCES (PARAMETEPS IN M5S'.) OR RED FORCES (PARAIETEDS
C* IN M4SM5), THE PRflfRA~i WILL DETERMINE WHICH, ANI) EXTPACT
C* TH'E PAQAMETER VALUE FRO." THF PROPER GlENERAL AREA*

C**

C* SU.!J1NE A) FUNCTIrlN1 SiJ~kPllGRAMS QFQUIP.FD
C* TrJ070 rETS SPECIFIC Lr'CATI(J4 fF DESIRE') PAPAmETER~

r**

Figure 2.2-45
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C* (TARGET/LEGI

r**

C* PURPlsF
C*MSM. UTiLITY VfNUT1NE FOR) TARcET/LEG MOTInN PARAMEYER
C*CALCULATiflqs (PI.UF AND REI FfJRCFS AS TARGETS... NOT
C*RELEV'tNT FOR FALSE TA:A(;ETS). THI1S ROUTINE CALCULATES*
C*AND STOR.ES ('ASIC TARGET/LFC, PAqAMETERS THAT 00 NOT
C*HINGE IN A PARTICULAR IAJSTANT OF TIME.

C**

C* CALLING StFQ'JE4CE
C*CALL TrrL(G ( IOTL)

C**

C* TOF PACKED~ INTEGER COMBINING A TARGET

OUPTS(L TO CIOFlM ARNA /ILEGQ NUOR(L*I

C**

C*KTL SUBSCRIPT VALUE TO Cnmmilil ARRAYS
C* DEINE) BELOW, CORRESPnNDING TO
C*THE If)TL VALUE GIVEN AS INPUT.
C*KTL WILL HAVE VALUE 1 THRU 20.

C**

C*THE FOLLOWING 11 VARIABLES IN /TGJJQAIAPE
C*ARRAYS WITH DI~4c-NSION 20. Wi(H THE EXCEw'-

C* TIriN OF IDTGTI,, T14ESE VARIABLES ARE AILL*
C* REAL AND IN INTERNAL GAM4E UNITS
C*
C* I')TGLr, STORFD TARGFT TO/ LEG NO.

C* X3X-Cflrjt, OF ENTRY-N~fOD OF L' G
C*YO Y-COI~RO) OF Ek:T;Y-NOflE 1 LE G

.- TO -fT"-Lf tA-DNG ELEMI"tT OF TARGF-T
REACIIES (X0,YO)

C* X1 !-conRn OF LEAVE-NODE OF LEG
C* y Y-ConRO OF LEAVF-NoflF OF LEG

C* TI TT'lE LFADINt; ELEMENT OF TARGET
C mLEAVES (XIYlI

Cs ';L oMl-LFNGTA4 OF TARGET* SECONDS.
C* (VARIFS WTrH LFG Nn. AS WFLL

C* AS N9rMIMftL TAR4GET SPEE~D.
C * SPFF0L SPFE') CF TAP4GFT ON SOECIF TEl LFG.
(5 Vx X-CO'4pPIEPIT OF VELOCITY r)4 LEG*
r,. *y Y-CflMDONENT OFr VFLUCITY ON LEG,

Figure 2.2-46
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C* REMARKS At
C* 1. THIS R.)JTINF USES A RFVr'LVI.4(G sroJRAGF C(JNCFPT. PROVIDED
C* IDTGTL(K) IS NrIN-ZF.PI' THE SET OF ARfAY VARIABLES WITH *

C* THE SAME SIJBSCPIPT (K) IS VALID Arm CONSISTENT. HE'CF, *

C* UP TO ?O VALI) TAR,-T/LFG SETS .CAN ME HELD SIMULTAN- *

C• EOUSLY IN THE CO'4MUN ARE1,
C* At

C, 2. WHEN A PRnrQAM rALI.S TGTLG, THE SCALAR VAPIAILE KTL THAT 0

C* IS RETURNFn INFORMS IT OF THE PROPER OK', OR SUBSCRIPT, *

Ce TO USE FOP TH4E INPIOT VARIP.BLE IDTL. IT IS IMPLIED THAT, •
C* AFTFR THE CALL, IDTCTLIKTL) WILL EQUAL IDTL. ,
C*'

C* 3. WHEN THE ROUTINE IS ENTERED, THE STORED) IDTGTL VALUES *

C• ARE SEARCHEr) FOR ARqEEMENT WITH IDTL, IF AGRFEMENT IS *

C• FOUNO, NO CALCULATInq nR STORES ARE NFCESSARY, AND 4

CI KTL IS RETURNEr WITH THE APPRflPRIATF VALUE. *

C•
C4 4. IF NO ArREEMFNT IS FOUNDt CALCULATION OCCURS. SUB- *

C• SCRIPT USED IS A INEWN ONF IF POSSIRLF. fnTHEQWISE •
C* THE '•DLESTI SET OF PARAMETERS IS ERASED AND REPLACED •
C* WITH NEW VALUES.

C**

C* 5. THE STORAGE CONCEPT IS A COMPROMISE BETWEEN THE FAST- •
C* BUT-MAXIMUM-STORAGF POSSIRILITY (STORING 11 PARAMETERS *

C• FOR EVERY TARGET/LEG CrMBINATION) AND THE MINIMUM- •
C* STORAGE-RUT-VERY-SLOW POSSIBILITY OF COMPUTING PARAM- *

C* ETERS EVERY TIME (MULTIPLE COMPUTATION OF SAME DATA). •
C* *
C* 6. NOTE TI IS THE TIME THAT LEADING ELEMENT O'F TARGET *

C* OR FORCE LEAVFS LFG. TARGET LEAVES LEG COMPLETELY •
C* AT TIME Tl÷TLO (TRAILING ELEMENT LEAVES). *

C* •
C* *

C* SUBROUTINF AND FUNCTION SURPRnGRAMS REQUIRED *

C* TGTPTQ PRnVIDFS PnINTEP TO A TARGET PARAMETER *

C, PARPTP PPnVIDFS PnINTER TO APRITRARY PAQAMETER •
C* *

Figure 2.2-46 (Cont.)
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C~t~CS AS* * ox.- tt* TrTL XV ******Y***sss
C**

r,* UlPflutfNfl r';rLxy
r**

c* P1piprsr
C' 4SM AUXIýI'AA'Y R!IlITIwE. TO O)ETFRMIN4E xqy CnflprINATES flF
C * THfE LrAr~fiG FLFMFPNI OF 4 TAR';FT WITH RESPECT Tr' A GIVEN
C*PATH Lr-C-, THE NUMIER OF ELFAENTS A'.40 THE SPEFD OF THE

C* TA4rrT ONj THAT IFrj.
C*
C* CALL 14G SFjrklcF . *
C* CALL TGTLXY (!DTL#NFLrrlr, XT';TLEtYtGTLEPNELLFGtVELLEGI
C*
C* r)FCRIPTI0,lJ r)Fl PALqAmETEP%

CJ ITL I'%JTEfR Wf~l~ nF FORMi 1000*LFGNn~sIO (COMBT-
C* NATInN OF TARGFT ID ANn) LEG, NUMBER). (INPUT)

C* ELTOT TOTAL NIJt1f'l IF ELE~4Fr4TS IN TARGET. (INPUTI
C*
C* XT';TLF C0OO'f)NATS nF LEADING; ELEMENT OF TAR';ET SE';-

CoYT(ITtF MENT rN SDECIFIFD LEG. IOLITPUT)
C* ELLEG NU13ER nF TARGET ELEMENTS ON LEG (OUTPUT)

C* vrLLFro SPFED Or TAVrET ON LF'; IOUTPUT)
C*IT14E IMPLICIT INPUT VIA CO~¶MrN. INTEGER GAME TIME *

C* VALUF FIR WHICH CALCUATIONS APPLY,
C*

.* REMARKS
C* mnTION "ARA4ErýRS REOIJTREO ARE PROVIOFr) B~Y SUBR~OUTINE
C* TGTL;,9 WHICH LEAVES RFSULTS IN 114F OF THE SLOTS IN

C*C0'4MDN ARF4 /TGL5CM/. THE INTEGER KTL USFO THROUGH-
C* OlUT THF CfOnTNG 5ELUW IS THE SIUaSCPIPT POINTER FOR
C* ACCESSYNIG ,r';LGC4/o
C*
C* S03ilIUTfNF: ANn FUNCTION SIJ$0RO';RAMS kFQUIRED

C*TrPT LC.
CS

Figure 2.2-47
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C m* e,•.**•.• • ••, •,• • STRrCT ****************

Cr SUIPOUTINE STRECT
CS (STATIONARY RFCTANrLF) *

C* PURP'nSF F
C, MSS4 UTILITY (rEfnl,.TRY) PUUTINE. CALCULATES IAAStC
C* VARIAAI.FS RELATED TO THE INTERSECTIflN OF A TARGET
C* #TRAVFLI4G ON SOfClFjrFl DATH L11) ,ITH1 A STATIONARY *

C* RFCTANGLE SENSOR rIFL0 *

r**

C, CALL ING SFOUJENCE *
C* CALL STRECT (IDTLXCYCRLvQW,THETA, TLEENT,TLFFXT,TIMLT) *
C*
C, nESCRIPTION OF PARAMETERS;

** INPUT VARTABLFS *
C* TnTt TO OF TARCETILEG C(V4'1INATION (IN FORM
C* IDTrT #- OO*LFNr.N))
C* XC GAME CCOaOn'pATES OF CENTFR
C* YC OF RECTANGLF *
C* PL RECTANGLF LENGTH *
C* RW RFCTANC;LE. WIDTH *

C* THETA ORIENTATION ANGLE OF RECTANGLE *
C* *

C* * UIJTPUT VARIA3LES , *
C, TLEENT TIME LEADING ELEMENT (or TARGET) ENTERS THE *
C* RECTANGULAR FIELD *
C* TLFEXT TIME LEADING ELEMENT EXITS FROM RFCTANGLE S
CS TIMLT TIME LENGTH r1F TARGET FORCE ON SPECIFIED LEG S
CS
C* RFMARKS
C* 1. ROUTINE INTENDED ONLY FOR MOVING TArETS. *
CS 2. RFLATFO ROUTINE IS STCIRC (FOP CIRCULAR FIELDS) S
C*
C* SURI'UTINE AND FUNCTION SUilPROGRAMS REQUIRFD *
C* FPASF EUASE (SET TO ZFQO) RL'ICK r)F WOPDS S
CS TGTLG TARGET/I.EG 4rTInN PARAMErER CO4PUTATION *
CS
C* METI.D *
C* INPUT VARIABES ARE UTILIZED TO COMPUTE THE COORDINATES OF THE FOUR *
C* CORNERS OF THE RECTANGULAR SENSOR FIELD. OTHER VALUES ARE USED TO CO0M- *
C* PUTE LENGTH AND VELOCITY VARIABLES RELATING TO THE FOUR SIDES OF THE REC- *
r, TANGLE. TWO VARIABLES, ALPAlI AND TAU ARE CALCULATED WHICH ARE USED TO *
C* DETERMINE WHETHER A TARGET WOULD HAVE INTERSECTED THE SENSOR RECTANGULAR *
C* FIELD. *
C* WHEN THE PROPER CONDITIONS POR THE VARIABLES KOUNT, ALPHA, AND TAU *
C* EXIST, TIMM THAT THE LEADING ELEMENT OF THE TARGET ENTER AND EXIT THE *
C* RECTANGULAR FIELD ARE COMPUTED AS IS THE TIME LENGTH OF A TAXJET FORCE ON *
C* A SPECIFIED LEG. WHEN AN INTERSECTION IS NOT MADE, THE ENTRY AND EXIT *
C* TIMES ARE SET EQUAL TO ZERO. *
C**

Figure 2.2-48

2-237



C*
C* SUBROULTINE SrC I*
C*
C*
CS PUPrPOSE *
C' MSM UTILITY PROUTINE (,FO4ETRY), FOR DETERMINING ENTRY *

C* AND EXIT 1'." FIR A TARGET THiUJ A SENSOR FIELn TIHAT S

CS IS A STATIONARY CIRCLE (E.G., ARFaUnY WITH GEOMETRY
C* INflEX 1) *
C*

CS CALLING SE•UENCE *

C* CALL STCIRC (IOTLXCYCRCs TLEENTTLEEXTTLTIMI )
CS
C* DFSCRIPTIC'4 IF PARAFTERS
C* INPUT * *

Cs TOTL 10 IF TARGE"/LEG *
C* XC COOROINATFS OF CENTER S

CS YC OF STATIONARY CIRCLE S

C* RC RADIUS OF CIRCLE
C* OUTPUT *

Cs TLEENT TIME THAT LEADING ELEMENT
CS OF TARGET ENT.RS CIRCLE S

C* TLEEXT TIME THAT LEAnING ELEMENT
CS EXITS FROM CIRCLE,
C* TLTIM TARGET TIME LENGTH IN SECONDS
C* *
C* PFMA¶.KSS
C* 1. 1HE 'TARGET' MAY BE ANY MOVING BLUE OR REr7 FORCE. S

C* THIS ROUTINE NOT APPLICABLE FOR FALSE TARGETS OR
CS FOR STATIONARY TARGETS.
CS S

CS 2. IF THE. TARGET DnFS NOT IN FACT INTERSECT THE CIRCLE S

C* WHFN ON THE INDICATF1) PATH LEGt THE OUTPUT VARIABLES _
C* TLEEENT AND TLEEXT WILL BflTI4 BE SET TO O.0.
C*
C* SU9RnUTINF ANO) FUNCTION SUBPROGRAMS REQUIRED
C* TGTLG CALCULATES PARAMETERS FOR TARnET/LEC. Ri-SULTS
C* ACCESSE) VIA /TGLGCI/ CCMMON AREA. *
CS
C* TIVTMD *
C* TIE TOLGCM CO))WN AREA IS ACCESSED TO OBTlN TIH SPECIFIC PARAHE- *

C* •TEE REQUIRED. THE IN•E•ER KTL IS THE SUBSCRIPT POINR FOR ACCESSINi *
CS TCLGCM. CALCULATIONS AIM MADB INVO.VIIG DISTANCES, DOCITIU ANI) TIES. *
STHE VARIABLE DISCR (1XSCININAMIT) IS DETEMIIED AND I17 1115 VALUE IS *
C* LESS THAN OR EQUAL TO ZERO, THE SUBPROGRAM IS EXITED AND TIE LG HAS *
C* No VALID INTERSECTION WITH THE CIRCLE. THUS, THE TIRS THAT TIE LEADING *
C* TARGET EL.:T flB AlN) EXITS TIHE CINILE ARE SIT EQUAL TO . *Z
C* TIF THE DI6'IITNANT VALUE IS GREATER TIAN ZIO TUC fUT31 PATT *
C* LEG AT LEAST INTERSECIS THE CIRCLE. IWEM, IT MJST STILL E Diii- *

C* MINED WHETHER THE ACTUAL PATH LE INTEREECTS TIE CIRCLE. MW ADI IT *EI

C* TIMES ARE COMPUTED AND IF THE RELATIONSIHIP IS SUCO THAT TIE TI THAT THE *

C* LEADING ELEMENT OF TARGET ENTERS THE CIRCLE 1 LM TUN THE EIiT TDI *

C* A VALID INTERSECTION HAS OCCUZ. SUCH 311 AND EXIT TINES An 1 *

C* R•".U.NED TO THE N. *

Fig•ire 2.2-49
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CS**Sh******S****SSSS • •S*.'*'e*S EVNEFn **SSS***S**SSSS*SS*SS**S***S*
C*
C* SU(IROUT INr FVNEFF ,
C* (EVALUATE NO. ELEMENTS IN FIFLD)
C. * *
C* PURPOSE
C* MSM AJXILIARY RnlFTfNE, r" EVALUATE THE NUMR~fR OF TARGET

C* ELEM4ENTS W I HINJ AN ARF61JOY SENSQJR F IELn (MOVING TARGETS,
C* REDI rR BLUE# rONLY),

C*
C* WIT1 PROPER PREPARATION OF VARIALF.S IN COMMON, EVNFFD *

C* COULD ALSI RE USED FOR SE4SORS OTHER THAN APFBUOY. *

CS

C* CALLING SEOUENCFL
C* CALL rVNEFD (IrTLrnF.LE't NELFL09VELTAR)
C*
C' nESCRIPTION OF PARAMETERS
C* * nlJTPUT VARIABLES •
Cs NELLD NO. OF TARGET ELEMENTS IN SENSOR COVERAGE FIELD S

C* VFLTAR SPEED OF TARGET ON GIVEN LEG *

Cs &
Co * INPUT VARIABLES, EXPLICIT *

CS TOTI. TARGET LEG ID (IDTGT + 1000*LEGNO) *

C* NOELEM TOTAL NO, OF ELEMENTS iN TARGET FORCE S

Cs *

C* , INPUT VARTABLES, IMPLICIT VIA COMMON * S

CS ITIME INTEGER GAME TIME (VIA /BASICT/) S

C* XC XY COORDINATES OF CENTER OF SFNSOR
CS YC FIELD (VIA /SENSOR/) *

C* THETA ORIENTATION ANGLE (VIA /SENSOR/). USED S

C• ONLY FOR OPEN RECTANGLE OPTION, IGEO4 • 2. 5

CS IGEnM GEOMETRY INUEX AS DEFINED FOR ARFRIJOY FTELOS S

C, (VIA fSENSOR/1... S

C* IGF.OM - I OPEN CIRCLE
C* a 2 (OEN RECTANGLE '
C, = 3 PATH LOCATION S

Cs DI~UAX LENGTH !)F RECTANLE (IGEOM a 2,3)t OR DIAMETER *
C' OF CIRCLE (IGEOM x 1)
C* WIDTH WIDTH OF RECTANGLE (MEANINGFUL. IN MSM ONLY S

C• FOR IGEOM - 2)
CS
CS REMARKS
CS 1. THIS QnUTItNE VALID FOR MOVING RED OR BLUE FORCES RE-
Cs GAPDIED AS TARGETS.
CS 2. FAlR;)) DIArNOST!C PRINTFD IF STATIONARY TARGET IMPLIED S

Cs BY rHr IDTL INPUT. PRUGRA%.v rHEN CONTINUJO WITH *

CS NELFLD SET Tn IFRn.
CS S

C* SULROUTTVF AAIL) FIUNCTION SIJRPROGRAMS REQJUIREL)
C* TGTLG TARGET/LEG RASIC CIMPUTATIONS S

Figure 2.2-50
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C STCIRC CALLrr) IF ITrFIIM 1= (CIPCULAD FIFLO) *

C.* TRFCT CIA.LFf) IF IF-)M % 2 (OPEN' qFCTArI'JLE)
C PrSKIP PAfF SKIP ClINTRRL (POSSIBLY CALI.Er IF *
C. flIAGNLJSTIC IS PPINrTD) *

c. METHOD*
C* THE SPEED OF A TARGET ON A SPECIFIVED LBO IS OBTAINED• THROUGH THE *

C* USE OF THE KTL SUBSCRIPT VALUE IN ACCESSIIN THE COMWN AREA 7GLGCM. If *
C* THE SPEED VALUE EQUALS ZERO AN ERROR DIAGNOSTIC IS PRINTED AND THE *
C* NUMBER OF ELEMENTS IN THE FIELD IS SET EQUAL 2D ZERO. IF THE TARGETS *
C* ARE OF A MOVING TYPE, AN IGRDM VARIABLE IS CHECK It SEE WHETHER THE *
C* SE R FIELD IS AN OPEN CIRCLE, OPEN RECTANGLE, OR PATH LOCATION. *

C* WHEN IGRDM - 1, THE SENSOR FIELD IS AN OPEN CIRCE AND SUBIOUTINE *
C* STCIRC IS CALLED. THE THREE VARIAB.ES, LEENT, TLERXT, AND TIMLT ARE *
C* RETURNED TO THE PROGRAM EVNEYD AND FURTHER CALCULATIONS AR MADE 70 DE- *
C* TERINE THE NUMBER OF ELEMEWS IN THE FIELD. 71#0 TInE VARIABLES (TDEP *
C* AND TINEM) ARE COMPARED AND IF TIMEP IS LESS THAN TIMER TUE NUMBER OF *
C* ELEMENTS IN THE FIELD IS SET EQUAL TO ZERO. IF TInEP IS GREATER THAN *

* TINEM AND TIDLT IS GREATER THAN ZIRO, A CALCLATION IS MADE TO DETEMINE *
C* THE NUMBER OF ELEMENTS IN THE FIELD. *
C* WHEN IGSOM - 2, THE SEINOR FIELD IS AN OPEN RECTANGLE AND SUB- *
C* ROUTINE STRECT IS CALLED. TiE THREE VARIABLES, TLEENT, TLEEXT, AND *
C* TIMLT ARE RETURNED 70 THE PPOGRAM VNEED AND THE SAME CALCULATIONS *
C* DISCUSSED ABOVE AIE MADE. *
C* WHEN IGEOM - 3, A PATH LOCATION IS DENOTXD. CALCULATIONS ARE MADE *

C* INVOLVING DISTANCES, SPEEDS, AND TIM . THIS LEADS TO TIE ODMPUTATION *
C* OF THE THREE VARIABLES, TLEINT, TLEET, AND TIMLT. AT THIS POINT, THE *

C* PROGRAM CONTINUES IN THE SANE MANNER AS PREVIOUSLY DISCUSSED FOR IGCOM *

C* VALUES OF 1 AND 2. *C**

Figure 2.2-50 (Con.t)
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C*
r.*SU'iPOUTINk CLOS17I *

C* (ICLnsIEST r-LEMEPJ' I)
C.

r#44 RUT 1*, 'QT MAP ItY ESTABI ISHFO TO SUPPt3PT THE

C#. GEOsAFTRY LtNKAflE FORh THF 4AGNETIC SENSOR POTIN VALUE OIZ *

C* ~ANn ITS CLINTR'L FenhJTl'JE EX3MAG, PROVIOfS TFVLEO
C* vCLFL (WHICH ELEM4ENT ')F A TAPrsWT IS Cl.OSEST TO THE

C**

C* CALLING SFQUENCE
t.CALL C!.SEL (IflTLNlELF'4,KSNSR,YS4SRq NvCLEL)

C**

C* OESrRIPTfn'4 OFPpAaA'4FTERS
C*InTL CnM41INFr) TA'IGFT (RED f)R I3LUF FnRCEI 10 AND

CO LEG NU9' . IN F07~4 1O.10000LEGNO.
C* ')FLEM TOJTAL NUMI4E1 OF ELEMENTS IIN TARGET FOOCE

C* XýNSR X,Y COURnINATES OF SENSf3R (OR ARB8ITRARY
C* YSNSR REFERENCE POINT)

C**

C*ITIME INTFnER GAME TIME (IMPLICIT INPUT VIA CO04MON)
C.
C* NCLEL OUTPUT. IINTEGER VALUE FQOM I TO NOELEM# CORR-
C* ESPONflING, TO WHIC4 TARGET FLEMFNT IS CLOSEST
C* TU (XSNSMYSfNSR) AT TIME - ITIME.

C* SUBROUTINE AND FUNCTION SUBPROGRAMS REOuI~rCD
C* TGTLG PROVIDES BASIC TARGET/LEG MOTION PARA-ETERS,
C* ACCESSED AFTER CALL FRflm COMM~ON /TGLGCMI.
C.
C* METHOD
Co IF A TAetGFT* REGARDED AS A MOVING LINE SFGM4ENT, 114CLUDES
C* THE P'IINT OF CLO)SEST APORn1ACH, A PARAMETER ALP11A IRETWEFr.J

C*0.0 A141) 1.01 rS C.ALCULATE) THAT SPECIFIES THE POINT ()'J
C* THE TAkGIET AT THE CLOSEST APPROACH. ALPHA = 0. Wt]UI.fl COR'-
cRFSPONI) T'1 LEADINjG ELEMENT OF TAPGI:T (H4ENCE NCLEL v I3,

C* ALPHA a 1.0 WOULn CnRqFSPOND Tfl TRAILING ELEMENT OF THE
C. TAROGET (HENCE NCLFL * NOELFM).
Cft IF THE SEG"'FNT k)n;:S NOTy INCLUIJE THF POINT OF CLOSEST
C APPROACH, THEN EITNER F40POINT MUST BF CLOSEST TO)

S' (X4S'~,YSASRI. THIS PO1SSIBILITY IS AUTOMATICALLY ACCOjUlTFU
C* Fný? B SETTING ALPHA Tn 1.0 IF THE NOMINAL VALUE EXCEEDS

Figure 2.2-51
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CKSTVLU S*S*SS***SSS***

C*
C* FUNCTION KSTVLU
C*
CS PURPOSF *

C* M4SM AUXILIARY RU1UTINE IFUNCTION TYPE) Tn FVALUATE THE *

C. 'KSTRNGI PARA4IETFR (MEASURE OF TARGET'S 'STRENGTH# IN *

C* CREATING SIGNAL TO SENSOR). *

C*

CS CALLING SEQUC'•C S.

Co KSTRNr; - KSTVLU (IOTGTI 0

C* fltSCRIPTIN OF PAPAMETERS s
C* IDTGT I1) rIF A Rrf- OR BLUF. FORCE. RErARDED AS A
C* SENSOR TARGET s
CS
C* RFMARKS
Cs THIS ROUTIN4E ACCESSES 'TARGET# INFORMATILIN FROM CnMMON *

1r. fBIGSTR/, FOR RED/BLUE TARGETS OOLY. NOT APPLICABLE S

C* * FOR FALSE TARGETS, *
C* *

C* SUafQOUTINE AID FUNCTION SUBPROGRAMS REQUIRED S

C* TGTPTR 4SM UTILITY, TO DETER41NE POINTERS TO RED
C* OR BLUE FnRCES DATA
CS PARPTR MSM UTILITY, TO OET.RMINE POINTERS TO GENERAL S

CS PARAMETER SET •

Figure 2.2-52
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C*
C* SUPRJUTINE FTPARI
C*
CS PURPOSE *

C* PROVII.FS STATIC PA4AMETERS IAS nEFINED BELOW) FOR A *

CS FALSF TAqrFt. *
C* •
CS CALLING, SrlJJENCE
'* CALL FTP?1 |LTSTFITYPSNt, IDCifDE,IDTGTIT'TTPKSTR'G.NFL)

|C (KSTRNG, NFL 9 SPACE I
C* *

CS DESCRIPTION OF PARAMFTERS
C* * INPUT VARIABLES * *

r* LISTF DEFINES A 12-WOR0) ARRAY OF FALSC TARGET PARAM- *
C* ETERS (IN PRACTICE, A SULIST OF A TYPE I •
C* EVENT LIST) *
C* ITYPSN GENERIC TYPE COOE FOQ SENSOR THAT WILL USE THE *
C* FALSE TARGFT DATA (AFFECTS COMPUTATION OF *

C* THF KSTPN4 PARAMETER)
C*
CS * OUTPUT VARIABLES •
C* ItCflOE ANALOGOUS TO '|OTL' FOR RED/BLUE TARGETS S

C* TOTGT AN ID CODE OF TYPE DEFINED FOR FALSE TARGETS
CS ITGTTP TARGET GENERIC TYPE CODE AS USED BY SENSOR S

C* ROUTINES IE.G, 1 FOR PERSONNEL OR ANIMALS, *
CS 2 FOR VEHICLES, ... I *

C* KSTqNG *STRFNGTH' CiOOE, AS USED BY SENSOR ROUTINFS *

C* NEL NUMBER VF ELEMENTS IN TARGET *
C* SPACE SPACING BETOEEN TARGET FLEMENTS *
CS

C* RFMARKS
Cs I. FTPARI IS AN MSM AUXILIARY ROUTINE, PRIMARILY USED
CS BY THE FX3... SERIES OF PRO$I&RAMS. 5

r.S

r. 2. RFLATED TO THIS •lUTINE IS SUSROUTINE FTPAq2, WHIC4 *

C* FETEq'4INES OYNA'41C PAPAKETERS OF FALSE TARSETS. •
C•
C* 3. NWL, SPACE ARE NOT EXPLICITLY PRrVIDED DATA. FSTI- *
CS MATES ARE INFEPRED FROM DATA THAT APF AVAILARLE.
C* S

Co SURlqntJTINE AN) FJNCTION S;JRPRr1GRAMS RFQUIREO
C* jnfNE *
CS
c** s*******s*******i*s*SsS************** .***S***S.**********SS***********

Figt•re 2.2-53

Z-Z43



(~*********.****~*~**tA FTPA(4? 7 **********#***

0SP'U'~'TINE FTPAQ2

C*PQnVIfAFS 0Y.'A'4JC PAPA9FTEiiS (AS OFF INFU APLOW1 FoR A
r,*rALSF TAV~,FT.

r* r.ýLL rN~r. SnUrNCF
(.oCALL 'TVAV2 ILISTF,1(iti, X,YVX,VY,SPFEn.I

C* nESCPIPT~r-N n)F PAIýAlCTEP.S
C 4. INP'JT VARTArILES*

ctLISTF VF IN,ýS A 12-W!Rr, AR&RAY OF FALSF TAR~GET PARA.~1-
C E~rP'S IIN PRACTIC~, A SUALIST OF A TYPF I
C*rVFN'T LTST)

C*TIM1r rl'r ('GA4Fl TIMF IN SECnND)St REAL)
C**

C* nUOiTo VAkIAI3LFS (ALL FVALtIJTEO AT r6rVEN T IV %'- I
C*x rCl'ROfI'ATFS (IF

y F4LSr TARGEiT (REAL, METERS)
C*VX X AV'1r) Y CoAti~.4ENTS*

r*VF1P TAO GET VELOCITY IRFAL, PMETEQS/SEC)
C*SPEED SPEED (REAL, !4ETERS/SEC)

C**

C.* Rr9ARKS
C* 1, FTPAP? TS AN MSMA AIJXILAPY RrnlOT"JE, PR.IMARILY USP)
C* flY TwQ EX3... SERIFS CF PROrRAMS.

aP:4T~Fn Tfl THIS P.11JT!IEI IS SJqRntUTINE FTPARI, WHICH4
C* ETcQM4INFS STATIL PARAM4ETERS tlF FALSF TARGE-TS.

C'' SIj4QnIJTTNJF 414U FUN~CTIOlN sUq9~nf.(RAm'; 'EQLJIPEO

ct *

Figure 2.2-54
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£4~~~~~ *********i~r ~ 3ASK *** * **1

C*S~JOiH1tTI-N4r. nFIASK

C* PURwOSI *

sERvrS TiJ !lAKC OP'FLIMMT~ARY SEARCH or fPATTi.EFI(Lr) fLtUM-
IJNA TlIn-4 OAT. A 11 'A'S "14. rrn OFr F,< 14rw fA I IF AF4Y It L 11 1-
NAT 11P4 f-VrNTS rXIST III rGIVEN TP14F JNlt-P-VtL, (P.) IF Sr,

C'TO flET ýP.4Trqe CAR( r-t;r ANI) LATPSt T I MFS wITITwI~ THE
Cs ~TNTFI4VAL THAT ANY IILLIMINATIiJN EVENT CnuLLJ O~CCUR, AJ!)

C* NI)MBE'P f)F SUCH EVFNTS.
C *

c; * CALL ING SE!•JUFNICE
C* CALL r~rIASK (ITI~1,ITIM?7, ILLLJM,'INLMlAX, TJLMINTIL.MAX)

C**
C' nFSrRIPTl!lN f)F P-1A9F.TFRS
C* * INPUT *
C* ITIMl IITFnFk TIMP VALUES, AEGIN-
C.' ITTI2 NI!JC AN) F'JU nr T14F INTFRVAL
C' *
C* nt f'ltJT*
C* I LL IY LOGIC 4L VAR I Ai3r-. TRUE IF ANY ILLIJNVINAT1O)N
C* EXISTS 'OURING ITI'41 TO YTIM2. IF 11LU-4 IS
C* FALSE, VALktS FOR FcLL~nWIrJ(; THPFF VAPIARLES *

cS ARE SET TO ZEQO. OTHER WI SF. # .
.:Nt. AX COUNT flF JIJMRER rFl flISTI"4CT ILLUM'IJ EVF'4TS

C*ACTIVE flUR~Ir.! ITIMI1 TO ITJ'42
C* T IL MIN EARL!EST Pf SSflLF TrHE (RFAL) WITHIN~ TJAE 1,NTrR-

C* VAL THAT ILLUMINATIOS1 CAN OCCUR
C* TIL'4AX LATEST P-IS$IlLE T11E IkEALI WITHIN INTERVAL
CS THAT ILlU4INATICM CAN 11CCUP
C*
C* 4-m'ARKS

C* 1 T141S Rfl')TINF CALLEn RY SWJIRrMJTINE EX31MG
F,2, DATA flN WHICH T4IS ROUTINE OPERATES ARE IN 20

C* 3LfCKS, 4 WIPDS EACH, IN MS4S14. F(10 FULLt FORMAT
CS FflESIPTIH1- SEF Crfl.'vFNSTS EFnR SIJMR)IUTINFS 6FIL'A *

CS lR EX2(%FI.

Cs

Figure 2.2-55
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Ca SUdiR'UTTNE BF-ILIJMa
C* 194TTLrFFELO ILLUMINATION~)*

C* PUQPOSE
C*MS .RfllUTJir, CALLFO BY EX31MGr, TQ P1C)VIDE INFORM9ATIO~N

C* ABOUI -IATTLFFIFLfl ILLUMINATION (FLARFS, INUIRECT SEARCH-
Ca LI'jHT) FOR USF BY I,'AArE SIJBROtIJTINF.
C,
C* CM.LLNr, SF'3JENCE*
C' CALL BFTIUM ILITLST)*
C*
C* I)FSCRIDTION OF OAQAMETFTRS
Ca
C* LITLST A~N ARRAY OF Ot4FNSt¶JN 11 IN CALLING PROGRAM,

INTO4'r WHICH iF[L(l4 PLACES ITS OUTPUT INFfOR-
Ca MATirn.
C* LITLSTMI W4ILL CONTAIN COUNT OF NUMBER OF

C*SIMULTANEOUSLY ACTIVF LIGHTa
C* *SnURCES. IF 0, REMAINDFR OlF

C*LITLST ARRAY IS IRRELEVENT.
C* LITLST(2)LITLsrm#,.

C*WILL C3NTA!IN POINTER VALUES TO
C*MS14PAR FOR THOSE ACTIVE LIGHT*
C*SOURCES (HOWEVER MANY ARE INO!-*

C* CATEO BY LITLST(1)).*
C*
C*ITIYE IMPLICIT INPUT PARAMETER, PASSFU TO BFILUM VIA

C*LASELEO COM40N /BASICT/.a
C*
Co QFMAQKSa
C*
C* 1, EXAMPLE. supansE LITLSTII) x 2, LITL.Srf?) a16300,
ca Alfl LITIS T() m1$)324. THEN THE-RE APF ? ACTIVE
Ca LIGHT SOUJRCES AT ITIME. QARA,4FTFQ LIST (A WnROSa
c* L()N5 FOR THF FIRSt flF'iINS AT MSMPAR(16300). PAR-
Ca AMETER LIST FOR THE SECOND BEGINS AT MSPPAR(16324). a

C*a
Ca 2. PARAMETER LISTS FOR LICýHT SOU9CES APE 8 WORDS LONG,
C' AS F'ILLr]WS--a
Ca
C* wn Qr)
C* I ALPflANU'4ERIC ONE-WORD inFNTIrTCATIONa
Ca 1 IT 141 Tr'4r ILL1U4 9frINS ( INTECAR)a
fa 3 ITI42 TTMF ILLOM EXPIRES 1 '1 1

C*4 x nAME CogunJNAT~s nF ILLUvINA-
C* 5 Y TION SOURCE (DEAL, MFTERS)
C. 6 4 k4EIGHT AiOVIE rROUNn OlF ILLUMINAT[IN
C' SOUcrC> AT TIvE ITI411 (orALIFTERSI*

figure 2.2-56
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C A[ NTNS TNTFNSI rY (if: SOIIiRC.F (PFAL)
C*1 MflDf MI)flF-rlF- ILLU~41NATI (IN

r, *

r. 1. StrF TANH US Y(II VAC IA LE MAYL UM I NAT IIDON SlY CFILNI F

CE*,4 Fk l IN SACHi T ILL 41 E VALIJEiS *LTS )WILB 0

C*

C*5 *iDFL THAS 1 A RELATED SOPEQATI"N, AT FIRST 10 FL CuI 2

C* H~AN)ADLIANOSTICOR SAGE qFTLU1AIN ~EVPNTEDAT IN*

C*

r* SWJUIN AX2F) ISA ELTOD S10PRGRMSROU~~EQAT FXFO EE

C C Ks PANLIGF SKIPAG ~ COTRLLUIAINEFJ AAIT

Figure 2.2-56 (Cont.)
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C* SthI**U.** E SCAN I*J*************,

C**

C* A7 r'4FJ SAFPS (JE MATFa NU9I~E AZIMUTH SWFCP S,
ce O9N(;F INJ~~ T IS AD04T qT AS) ONE-WAY SRAECLIE
C* P0 TnE A7lR JNCF"T LIMI T TTH THAT TREGANDESTS

C*VLEAFTEW. IRMAXI I.; IRA1N' -- RANGF SWFEPS
C*ARE AL4YS FRO1M M'IN TO MAX*

C**
C* CLIGSCCQUýCE*

C*CL CN TIMERTGT,AITCT, 1111T)
C#

0*nýýIOI1O APA4ETEPS
r, *ift NIPU, rXLIrCrr *
C* TMF 44' T1MF% RFAL, SFCCP4OS*

C* PTGT 414GE Tn TADt;ET FROM~ SFNSOR, '4FTFRS
C* AlAT I714rH ANGLE OF TARSEI RELATIVE TO SFNSO)R (PCAL,
C*RADIANS, MIATH. CONVENTION FOR 0 (FAST) ANn 10

* C*U POSITTVF .')TRECT~rN 1ccn

r**

C* 1141 T t I F TAtrGET IS ILLLUAINATtD
(v0 "IT''EqWISE*

r**
CATmPLICTT INPuIT PARANMFrT~S FROMA C0'4MON /CO'mSCI/

C.

co 1. '4S14 R))UT14ce CALLFC) ýY EX3RD)R, EX31MG AND EX3TIIV 4HIEN *
C* SF14SIR I1 SiE& [NED) TOJ HAVE T YPF 1 SEC ToR scAN.

C*2. THeF srATIC W"IKff,- PARA-FTFQS FOR SCAN!, THAT ARE
r e ArcF!.St)0 rkfV4 C¶j~1~41N /Cn,4SC 1/, MUST RE PLACEII THERF 0
C. t5Y A I'IV ALL T11 SFrSC1. 0

r*~su~~'ir r &I FIJNCT f!' SJ4iPROrPRA~4S R` *~r

Figurie 2.2-57

Z-248



C**
C* HETHDD
C* TIME VARIABLES ARE COMPUTED THAT ARE USED IN LATER CALCU- *
C* LATIONS. BOTH LOWER AND MAXIMUm,( LIMITS OF THE RANGE BUCKET ARE *
C* COMPUJTE AND A CHECK IS MADE ON THE RANGE TO THE TARGET. IF THE *
ch RANGE TO THE TARGET IS LESS THAN THE MINIMUM OR GREATER THAN THE *
C* MAXIMUM RANGE BUCKET LIMITS, THE VARIABLE IlHT IS SET EQUAL O *
C* ZERO (TARGET IS NOT ILLUMINATED) AND THE PROGRAM IS EXITED.
C* IF THE RANGE TO TARGET IS WITHIN THE ABOVE LIMITS, AN AZI-
C* MUTH CHECK ID WITHIN HALF A BEAMIJIDTH OF THE BEAM CENTER IS CON- *
C* DUCTED. CALCULATIONS ARE MADE INVOLVING COVERAGE ANGLE, AZIMUTH -
C* SWEEPS, A'IMUTH SWEEP RATE, ETC. THAT LEAD TO A STEP COMPARING *
C* THE MODULUIS OF ABSOLUTE (ABS) (AZTCT-AZ, TWOPI) WITH BEAUIfDTH/2.0*
C* 1I THE W(DULUS VALUE IS GREATER, IHIT - 0; IF THE MDDULUS VALUE *
C* IS LESS THAN BEAMWIDTH/2.0, IHIT - 1 AND TARGET ILLUMINATION HAS *
C* OCCURRJ. *

Figure 2.2-57 (Cont.)
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C*~******S~~*t***S******~* SCArW 55 *'2***'S*~*****
C**

CS SUBROUJTINE SCAN2 41

C* flETER'4TNFS WHFT4EQ A TARIFT POSITION IS WITHIN AN*
C* ltLLUlI"JATIfl4 CELLO F3P A SENSURJ ofITH A SCANN4ING;S
C* PATTERN QvF "TYPE 2"0.

C* nEFTNITION4
C* A "TYDE 2" SCAN IS UFFINED BY:
c# 1. FORP FIXFD AZIMUTH WINDOW, A RANGE GATE IS SWEPT AT
C* SPECIFIEO SWEEP RATE FR04 SPECIFIED MINIMUM TO
C* MAXIMUM4 RANGE VALUES
C# 2, AFTER FACH RANGF SkEEP9 THE AZIMUTH WINDOW IS MOVED
C* 13Y ONE IAJCRF~FNT.
CS 3. WITH REGARfI TO AZIMUTH, Tsr STEPPEn VALUES GO IN

r*SEQUENCE F~OOI %IN1IJM-TO-MAXTMliM, MAXIM.UM-TQ-MIN-
C* IMOM, THEN *FEPCAT.
CS
C* CALLING SFQUE':CE
C* CALL. SCA12 lTISmERTGTvAZTGTv IHIT)
C*
C* nESCR!PTm-,N OF PARAMETERS
C* INPUT (EXPLICIT)*
C* TIMF rAME TIME (REAL, SECOID0S)

CQ TrT RANGE TO TARr,ýT FRnM SENSOR (REAL, MFTER%
CS AZTGT AZIMUTH OF TARGET MEL, TO SENSOR IREAL, RADIANS)
C* I4ATHrMATICAL CONVENTIONJ FOR ZERO) (sEAST) AND
C* PnSITIVF OIRECTION (CrJUNTER-CLCCK(WISE)
C*
C* rlUTPUT *
C* [HIT x 1 IF TAPGET IS ILLU;'-.;NATED
Cs a 0 OTHFRWISE

r#IMDLICIT INPUT PARAM4ETERS FROM CnOMMON /COMSC?/S
C*
C* OFMA4iKS
C* it 4S QJUTINF, UJSED BIY FY3Ur)R, FX314r; ANI EX3THV WHEN 4
co SFNSOR IS WEINED TI HAVE A TYPE 2 SECTOR SCAN*
C*

CS 2. T'4E STATIC Wfl0KIN"G PARAMETEt(S FOR SCAN?, THAT ARE
ACCESSED FR114 C,-Mflt /Crl4SC2, APE IeNSfRT~Fn THERE 41
flY oysusMnwjTI' SFISC?.

C*
C* ALTHIIJGH TWE, FUNCTI INS OF SFTTSC2 AND SCAN?2 (nULD BE

C* C~tA~r~M.-fATFL) INTO A SINGLE SUrIPROGRA4s, PR.ICriCAL
fC USAGI.F 14 VL I E sorToprAELY LAR .F NUMB~ER OF C AL LS TO S

CS SCAN2 FrIR CFRT41N WIjIF- nVEwAGE SFNSrRS. RY ASSIGN-
Co I wG S T AT IC -PAD A*4[TE r2cVALJA T I )NS Tr SE TSCZ 9 W04 IC H

Figure 2.2-58
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C* MAY rlF CALLEr *f)IJTSInF THE LOOP1, SC4N2 CAN nPFRATF
C* WITH! REDUCED CO"IPUrIN-, TIME.
C**
C* 3. SCA':2 IS ONE (.F TI1E TWO POSSILE SFCTOR SCAN ROUTINrS.

* *
C* SUB;40LITINE ANID FUNCTTfN S!JBRPnCRAMS REIQUIREI)
C* NrONF

C**

C* METICD
C* UTILIZING THE RANGE LIMITS, RANGE SWEEP RATE, AND NDDULUS FUNC- *
C* TION, THE VARIABLE R IS COMPUTED. IF THE ABSOLUTE VALUE OF THE RANE *
C* TO THE TARGET 1INUS R IS GREATER THAN THE RANGE GATE/2 THE PROGRAM IS *
C* EXITED WITH ND TARDET ILLUMINATION. *
Ck R)WEVER, IF THE ANSWER M THE ABOVE QUESTION IF FALSE, FURTHER *
C* CALCULATIONS ARE MADE USING RANGE SWEEP RA-%, RANGE LIMITS, COVERAGE *
C* ANGLE, INCREMENT IN AZDT ANGLE, OIRNiETATON ANGLE, M)DULUS FUNC- *
C* TION AND THE INTEGER FUNC`TION. AT THIS TIME, THE MRXYLUS OF THE *
C* ASOLUTE VALUE OF AZ-AZI"T, TVOPI IS CHECEM AGAINST AZIBY2 (INCRE- *
C* IT IN AZIMUT ANGLE/2.)IF THE N)DDLUS VALUE IS LESS THAN AZIBY2, *
C* IHIT - 1 AN) TARGET ILLUMINATION OCCURS. IF THE ZODULUS VALUE IS *
C* GREATER, INIT 0 0, AND THE PROGRAM IS EXITED. *
C* *

Figure 2.2-58 (Con.t)
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C **** Srrc TSC I*.******,.**.

C**
r, * StYW'JIJTINE SFWTSCI 4Sr.* PUR1"ISF

r. * PQFSFTS WIR<TNG OAA M4TCRep FIV'. SCANNING RoomIN SCANI.

r* CALLINrIG SFUIJr!jCF
r, CALL SFTiC1 (kP~ I QINRpMf* 44~ ITmA4IMX

C RPI NUM'i3ER (iF AZI'4(JTH SWEEPS FI)R WHICH RANGE
C* 7ATF IS 4F~Lfl CONSTANT

C*RINCR RMIGr rNC;E'IENJT IRANGE GATEI
OFA AllIMUTH ANGLE SWEFP RATF, RADIANS/SF.C

REAIAW 11FAMWIr)TH, RAflIAN5
f*IS? TY' IrNTEGEP rAMF TImE RADAR OR OTHER SCANNING

C*SFI4S'iR IS SITED (TIME OPERATIONS BEGIN)
Ce PUIN* MINIMUM4 AND MAXIMUM RANrAFS
C."tOAX OF SFLECT.~n RADAR SCAN PAtTTRN
C*AZCTR (iRTENTATFII ANGLE... AZIMUTH VALUE AT

C* CFNTER OF SCAr4, N~ RAfDIANS
C* VANGt. cnvFRAr.F AN3LF (SECTOR WIDTH), IN RADIANS

Cl*
C* RFMARKS

rS eFTSCI '1Usr IF rALLED R~FFrRF SCANI IS CALLEDN
C* IN jkrlP Til SFT THE WrJRKING PARAMETERS FOR SCANI.
C*SCA'I1 WILL GENE-HALLY OF CALLEDO rFIEN (WITHIN LOOP).*
CCTHE tISr IF: SFTSCI (flUTSIOF OF ILt flo) ELIM4INATES THE

Cs N!1(i FOP. QP'r)LTIrIVE RFDU'JnANT CALCULATIONS IN SCAI. *
r*CPMMLU'!ICATION4S WITH- SCANI (PASSAGF OF WOMKKNG PAR-

Ce AMFTFRS) IS VIA LAtiELED C 4'40N /Cn14SCI/.
C*
C'* SUiROUTIPIF A'0 FUNCTV'lN SOBPROGRAMS REQUIRED)
Co NON F
CC

Figure 2.2-59
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C*SU4RlUtrNE Sr.TSC2

C* PURP"SE
C* RESFTS W.QKIN'; DAIAMETFRS FOR SCA.4NTNG I2)tJTrINE SCAN'2*

C* CALL ING, SF:'JOFNCF
C* CALL. SFrS(C? (AZCTPCV NGL, !,q4oMAXA7INC,flRfTIRCA1TrSITYM)
C*
C* O)ESC;RIPTjO'4 OF PARANIFTFRS

* C* AICTR ORIFNTATIONI ANGLE ISCAN CENTER3, RADIANS
* C* fVANG TOTAL CI'VFRAGE nF SCkN, RAOIANS
* C' RVUN RANCE LIMITS FOR

C* DCMAX SCAN? ROUTINE
C*AZINC INCREMENT 1'4 AZIMUTH A~NGLE (AFTER PANGF SWEEP),RAD

C* ng 1) T SWEEP "ATE IN RANCF, 4ETERS/SEC
C*RGATF * ANGF GATC, MiETFRS

ISITY'M INTEGEP GAME TIME RAtIAR fROHRSANN F~l
C* IS SITFO (TJ'F IPERATION'S qFGIN)
C* PEM4A)KS
C*SrTSC2 musr OF CALLFfl 43FORE SCAN2 IS CALLEn, IN OR9ER TO
C*SET THE wnRKING PARAMETEPS FOR SCAN2. COMMUNICATION4S oFr

C' PARAMETER~S IS VIA CLOM¶rN /COMSC2/.
C. *
C* Sl1V"lIjTtNr A-i FlINCTfrflr SU4*RnGRA4S RFQUIRFfl

C* N19E
C'

Figure 2.2-60
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C~******~**************~***** I IT!iUF V ***********'***
C**

C*FVALUATES THF TIMF-0F-0AY VARIABLF# ITnD# FROM THE
C* INJTEGER 6.A'F TJMr VARIABLF9 [TIME.
C*
C* CALLINI, SFQIJItJCF
C* CALL ITODEV
Cs
C* DESCRIPTION OF PARAMETERS
C* ALL REQUIRED PARAMFTERS APE INI COMMON /AASICT/o
C* ITIME AND ITflDST (THE LATTER A CONSTANT ;r4RnUGHr)UT*
C* GAME PLAY) ACT AS IINPUTS', [TOO IS '011TPUT'.

Cs SUqRnl~JTINE AND FUNCTION SUJBPROGRAMS REQUIRFO*

C*

Figure 2.2-61

Z-Z53



C*
C* FUJNCTIOJN IUTFVI
Cs
Cs VPUQPnS E *
Cs * LNCTIOr4 TYPF StUBPPflGv!. GIVFN. CfloRnIiAT,ýS XY AS
C* INPUT AR'UvFwTS, IT Pm'Vf~rS AN JUT VALUF9, THAT*
co inrNTrirrs WHI1CH UNIT TFRRAIN TYPE COPI'FSPONO)S TO X,Y.
Cs
CS CALLI'4' SEQ'JFNCF (ILLUSTRATIVEM

- JIUT a IUTEVI.(X9YJ
Cs
C* DESCRIPTION OF PARMEER
C* EXPLICIT ARGIJIENTS
ro X GAME COflRr)NArEs nF
C' V POINT, REAL, METFRS
C*

C* EQIJIREfl COMMO0N AREA I)ATA
C* C04~MON /UTVSXY/ IUrXY(l59601
Cs
C* CONT41NS THE IUT VALUES BY 11LOCKV IA BLOCK BEING
Cs A 500METEQXSOOMETER SQUARE), IN A SPECIAL PACKEf)

C* ORMAT,
C.
CS REFERENCE- SAM IMEMO lOlo" (CAL), R. KIN7LYt 5 AUG 1970
Cs
Cs C0V4MENTS
Cs THIS SUBPROGRAM4 HAS Nfl BUILT-IN E~RtJR CHECKS.
Cs PATA ARE ASSUJMED) PRESENT IN COmmON AREA /UTVSXY/,
Cs ANO I"PUT PARAMETERS X AND Y ARE ASSU'4E0) COMPATIBLE
C* WITH THESE DATA,
C*
C*

Figure 2.2-62
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IDTGLG the input IDTL value is placed in
the same slot as the other vari-
ables for subsequent identification

Also returned in common is an index, KTL, that identifies to the calling
program which of the 20 slots was used for storing requested variables,

TGTLXY supplies the following information, keyed to a
specific game time value:

X, Y coordinates of target leading
element on the specified leg
(at the given time)

NELLEG number of target elements on leg
(possibly less than total number of
elements in target)

VELLEG target speed on the leg

TGTLXY may ba regarded as a "time interpolator" for the end point data
given by TGTLG.

STRECT and STCIRC relate to the geometry of a moving
target passing through a stationary rectangular or circular field,
respectively. The results are based on a line target, but are reasonably
good estimates for non-line targets*.

FOR STRECT, the input variables define the rectangle
(coordinates of center, length, width and orientation angle), and the "IDTL"
identifier for target and leg. The aubroutine returns three variables
explici.tly:

TLEENT time that target leading element
enters the rectangular field

TLEEXT time that target leading eloment
exits from the fiald

TIMLT time length of target on specified
leg.

Exact calculations for intersections of circle with rectangle, rectangle
with rectangle, or circle with circle, are extremely difficult, and not
justified by accuracy with which target and sensor field geometries are
known.

2-255



Because STRECT calls TGTLG, the program that calls STRECT may also
access the /TLG, CM/ common area for additional parameters.

STCIRC is exactly analogous to STRECT, and returns the
same output variables. The calling sequence is slightly simpler, because
no length-vs-width distinction exists for a circle and orientation angle has
no significance.

EVNEFD, as used in the initial MSM coding, solves a
geometry problem for AIIUOY sensor calculations only. It provides (a) the

number of target elements within the ARFBUOY field for any of the three types
of field geometry that may be specified* by planner data, and (b) target
speed within the field. The number of input variables, including those
implicit via common areas, is relatively large; the reader is referred to
Fig. 2.2-50 (or to program listings) for full specification. EVNEFD calls
subroutines TGTLG, and either STCIRC or STRECT according to field
geometry.

CLOSEL (,closest element"), a geometry routine, supplies
an integer that sapeiies which target element is closest to a fixed position.
This rather special jaformation is used only to support the magnetic sensor
routine, MAGTG, and its executive routine, EX3MAG. It calls TGTLG,
STC!RC, STRECT.

KSTVLU is basically a storage lookup routine, that
determines a strength-of-signal index (KSTRNG) variable required by
sensor routines.

FTPARI and FTPAR2 are the only two MSM routines
uniquely addressed toiiata manipulation and access for false targets.
False target data, unlike data for red and blue forces regarded as targets,
do not reside in system parameter storage, but are passed within the
sublist for any type I event that refers to (one or more) false targets. *
FTPARI and FTPARZ provide the means for conveniently accessing the
appropriate words from these lists and passing to the calling prograrrm the
input data or values derived from the input data.

FTPARI provides static information, and FTPARZ provides
dynamic information. In usage, FTPARI is called outside of the "time loops",
while FTPARZ must be called within these loops. FTPARI specifically
provides these data for false targets:

"*1IOpen circle, " "open rectangle, " or "path (road) emplacement".

See Appendix B: format for event type I sublists.
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IDCODE as provided by PRERUN

ITGTTP a target generic type code as
required by sensor routines
(I = personnel, 2 = vehicles, etc.)

KSTRNG strength- of-signal index required by
sensor routines

NEL estimate of number of elements in
target

SPACE estimate of spacing between target
) elements, or altitude, according

ALT j as the target type code specifies
ground or aircraft target.

FTPAR2 specifically provides these data for false targets, corresponding to
a specified time (input variable):

X coordinates of
Y target

VX x and y components of
VY target velocity

SPEED target speed

Two subroutines, BFIASK and BFILUM, support the IMAGE
sensor routine and its executive (E in providing access to battlefield
illumination data. Although these routines could have been combined into
one, separation allows a potentially significant reduction in computation time
by placing a static screening routine (BFIASK) outside of the time-consuming
computational loop in EX31MG.

Battlefield illumination data are stored in partition MSM14
of storage array 2ASMPAR, which has potential storage room for up to 20
simultaneous sets of data (8 words per set). BFIASK searches this area
prior to the main computational lop within EX31MG. If no illumination
events occur during the time interval covered by the loop, a logical variable
is set FALSE., and the loop logc avoids repetitive search and access
operations. If one or more illu-nination events do occur within the time
interval, then BFIASK determincs the earliest and latest times that
illumination needs to be explicitly accessed in the loop.

BFILUM is called within the major tir--,e loop (in EX3IMG).
If so directed by BFIASK-generated keys, BFILUM accesses battlefield
illumination data from storage and passes the appropriate words to sub-
routine IMAGE via reserved words in common area / SENSOR/. If onl.
one illumination event is active at a given time, this operation is trivial.
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If more than one, the program assumption is made that these multiple
lightings are not in the same local area or, if so, that the closest
one would dominate. At any rate, a search is made over the active light
events to determine which is closest to the. sjnsor, arnd the one set of
parameters for this closest one is placed into common /SENSOR/ for
use by subroutine IMAGE.

Four subroutines are addressed to scanning logic and
calculation, for those sensors that may have sector scanning (radar,
image and thermal viewer). Two sector scan logics are defined. For
"type I" scan, the appropriate subroutines are SCAN I (used dynamically
within computing loop) and SETSCI (which establishes working parameters
for SCAN 1, outside the computing loop). For "type 2", the analogous
routines are SCANZ and SETSC2. Definitions of the two types of scan
logic, calling sequences, etc. are given in program listings (Volume III),

and in Figs. 2.2- 57 and 2.2-58. A qualitative description of the role of
SCAN I (or SCAN 2) in program operation is, however, given below.

For definiteness, consider a radar sensor interrogation,
anda type I sector scan logic. In EX3RDR, a double computing loop is
used for the sensor-target search: a loop over time valueb, and for a
fixed time a loop over possible targets (up to 16). Consider, then, a
fixed time and a fixed target. Program logic then proceeds according to:

(a) a call to SCAN I is made, to determine if the
target is within the illumination window of
the scan; if not, the following step is bypassed.

(b) if the target is illuminated, according to
SCAN I, the RADAR sensor routine is interro-
gated.

The implicit assumption in this logic is that the radar
maintains a consistent search mode based on the planner-specified scan
parameters and does not, for example, switch from a search to a track
mode. Programming changes to effect such a switch would not per se
be difficult, but the doctrine for switching in a multi-target environment
would require considerable care in definition.

ITODEV is a short utility routine, that evaluates the
time-of-day value from the current value of time. Game time internally
is specified by number of seconds from specified game start.

IUTEVL (IUT EVaLuation) is a short utility routine that
is used both in hTS and 5W!'fR"T1.. Its input variables are x and y game
coordinater. The value rziurned is the "IUT" index that specifies the
unit terrain tyne. This IUT value may then be used to access the proper
variables from the so-called UNTER tables of terrain parameters.
IUTEVL, in effect, unpacks the information in common area /UTVSXY/
in order to associate the proper IUT value in the 500 -. eter by 500 meter
square containing (x, y).
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z. 2.6 MSM Labeled Common Areas and Storage Control

Labeled common areas, used extensively for linkages
among MSM subprograms, have considerable influence on the details of
MSM structure and design. A very special case exists for labeled common
/BIGSTR/, which is used for storage of system parameters and associated
pointer tables. Here, the storage logic centers on efficient vise of storage
for externally supplied data, having an indefinite mix of lists lengthd and
types of variables.., to be implemented witlh USASI FORTRAN coding.
Thus, storage allocation, editing, and sa' rage access control not only
indicated requirements for special explicitly associated subprograms, but
affects and details of operation of the others.

In the following subsections, a general overview of MSM
labeled common areas is followed by specific discussion of areas /BIGSTR/,
/SENSOR/ and /TARGET/. These three have unique features, important
to MSM program structure understanding. In particular they have variable
content depending upon external data (/BIGSTR/) or upon local points of
use within MSM (/SENSOR/ and /TARGET/).

2. 2.6. 1 Overview of MSM Labeled Common Areas

Table 2. 2-Vlsummr rizes the significant labeled common
areas within MSM. Not shown are those that have very restricted
useage -- e. g., ones that only provide linkage between two related
routines.

Necessary initialization of values within labeled common
blocks is performed in a single BLOCK DATA subprogram called MSMBLK.
A reproduction of the FORTRAN listing of MSWBLK, given in Fig. 2. 2-63.
identifies the common areas so initialized and the numerical values
assigned.

The bulk of initialization centers on clearing to zero the
starting values of parameters. The non-zero value assignments are:

(a) /SENVAR/ Designer values for MSM sensor
routines. These values are not
normally consid,:red subject to change,

but the option to change requires only
MSMB LK recompilation.

(b) /CONST/ Mathematical constants her* are of
course not intended to be changed.

LDUMP controls dumps of internal
variables of the sensor routines
upon each call. The value . TRUE.
(which would energize these dumps)
would be useful only for debugging

purposes.
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ICA-RD, IPRINT correspond to unit
devict numbers for the system card
reader and printer, respectively.
The values 5, 6 assigned correspond
to riost IBM computer installations. *

(c) /BIGSTR/ One array, LJUMP, has non-zero
values, assigned. These correspond
to the lengths of data subsets within
MSMPAR. For example, the first
assigned value (15) gives the number
of words allocated to each UGSARRAY...
the first category stored within MSMPAR.

i



C.
C* LflCa IATA M~t*RLK

co
Cs PUROsus*
C. FASYC nIOCK OATA PROGRA&A FnR ALL l4im Cn~4'nCI AREAS
C.

C****.**

C.

F C
8LOJCK DATA

COMM~ON /T4LGCM/ nTGnrr~(7OIEOf20IY3(20JTO(701,Xj(20).VI(201,

014ENSI'N TLU(14(22U1
EQUIVALFNCE (TUjIL*FT;r()
DATA rL01J4/2210.o(u;

CO4fl'I!4 /Rt"STR/ LJIP1)4em-13,.RGISY~L101
X tPPATH(fbOI,4$vPAQ(20O.)O1
DATA IJU4P/15R.F390,O)4.Z4.3d.1OlI1,?.O,7,10/. I4DSMS'4113*OI.
X IPRIGS/15*O/t JPILU/Z00*O/t. PPAr'4/jIoo0/ NMS#PAI/?flOOO*O1

C

C
C

Afl4M3 /PGYCG.4T/ IL I 1,Kol cjI3),vAf ;I3 KA ;; )*K I0 3

cnoo K3~',SCNSSCT/ ~KSr-N:1 ,KAC~42T,9CAr.N1T.KAS YZT.KPSI ,UACO

2 KO~4MAG#,*PADRf4!pFWF(IP~~P3t ,'EFV2,V1),KEVIMGKEV5.KDTVAKEV?

S IMFNSfO'4 ICNTSYS11?R)
EQUIVALF4Ck (K4ITSV5tl).'(SEI(Il)
D)ATA X4TYS 1123*01

C
C **/ANI)QUF/ 0**

FiAre 2. 2-63 a=~ DATA SUflPGUN* MCI=
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2 YSN( 10). flrPM:.I II ,pJMN( 10 ),1IDML(iO, 10 2(1019 )4¶3t 101 ,TDAR (10)
3 1 D;:TR(II1ýi A') II )) ,~v A' "2 10 nIAO'l3 I V)ALIFTR I Vo) AT)CF" I 10

0t~A r41~rjv W)s. j

c /(,.I CO*

I N.FTGfS# 1JPTCT, X')r~r,YDrr- ,OPT'T,X NRYSS)

3 AflnNt,A')M3N2,3-)-N3,if~TeRP,4-CfNFI

DATA trýUTC,07",*l

CM%0Y/SENV4')/ Cl'I'STATcLA9cQIASAC,1WAC¶)J,

2, PHI Al PHI fL,')I A 1 , VX V14
3 ,X'4iN')EVoflANr)TH,Al.,ýfirPrX%P%4
4 *T4qcSP,DFLA?,T~vm-%X

!)ATA 9`11AS.tC # WAC ,r ,C11STAv TOO:L2Af(','o ?o;(09, 1 .0940.0/
nATA ýIASF,Rh.JSEIS,C.JNST5,Tr)Et 7S0..', 1O.0O,1.3,40.O/
DATA P41IAZ, 41FLi1AM,3wPblflCvxmApi / ý.JIt7t5143.O.O5235Q9,10.0,If)0.

nArA flDTXIN/.QeJ(./
DATA THRFSi 1 ,I)fýL 1,T!"AX/J.I;F-U7,l).034Q,3.0/ 

.

C
C

C o~om /cisr ST'"KvSrT/qfRIN

LrG CAL [.01,110
OAT{ LDniNP,S1)2,OF-,, ',AtPJSTFr-K/.r-ALSIr.,l.4i4?I4, 57. 29578.0.01 ?4'3
13,3 jJR0~3,j -`'-aPQ

Figure 2.2-63 MOCK DATA SUBPROGRAM4, MSMN.K (Cont.)
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2.2.6.2 Labeled Common IPIGSTR/

MSM computational steps constantly require from storage
values of various physical system parameters (e. g., of sensors, arrays,
forces, monitors, etc. ). The number oi such parameters will be large in
all practical simulation scenarios.., large enough that unnecessarily
severe restrictions on scenario complexity woL, d be imposed, for a given
"reasonable" computer size, if simple FORTRAN coding and routine
assignments of DIMENSION statements were to be used for storage control.

In this context, special attention was paid to the storage
allocation, control, access and editing of system parameters. A singly-
subscripted storage array called MSMPAR, with initial dimension of
20000 words, was established to hold system parameters, whatever their
mix in terms of content, variable types (real, integer, logical, alphanumeric),
sublist lengths, and numbers of subsets vs. major data categories might
be in any particular job app'ication. Storage allocation and access control
were then developed (without deviation from USASI FORTRAN coding) to
allow contiguous packing of these mixed data. With such logic, the MSM
restriction on "scenario size" then applies only to the total number of
parameter data, not upon their numbers by individual category; and full
utilization of available storage is closely approached.

Conceptually, MSMPAR is conceived as having 14 par-
titions, labeled MSMI through MSMI4.* The first 13 of these correspond
to 13 categories of system parameters. The 14th (MSMI4) is used for
storage, during dynamic simulation, of battlefield illumination event data.
Names of these 14 categories, and some associated numerical values, are
given in Table 2.2. VII.

The first 13 partitions are of indefinite length. In any
one job application, lengths are determined by externally established scenario
specifications. Access to these contiguous partitions is based on pointer
tables, that can be used directly by working subroutines, or used indirectly
by calls to storage access utility routines. 9* Labeled common area
/BIGSTR/ holds these pointer tables and the storage array MSMPAR.
Complete specification of /BIGSTR/ content, and initialization of values
by BLOCK DATA, are given in the MSMBLK listing, Fig.2.2-63. Meanings
of the tables within /BIGSTR/ are given in Table 2. 2.VIII.

The residual, or unused, portion of MSMPAR could be thought of
as a 15th partition (MSM15), available for future program growth.

**PARVLU, PARPTR, ARRVLU, ARRPTR, TGTVLU and TGTPTR, dis-
cussed in Section 2. 2.5.8.
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Table 2.2-VI1

PARTTIONING OF STORAGE AREA MSMPAR

W P'
PARTITION SHOW*" PARAMIET•IR STORAGE MR:

m16 15 USARRAYS

M8 STASCAN ARRA1S

16N3 8 MDVING ARRAMI

** BLUE FORCES

MBM6 24Sao=U

S38 SMSOR DESCIPTOS

M" 10 rnurRAs

MMO 7 DATA LINKS

ISMM PATH SPECIFICATIONS

MSM12 17 FPRCE TYPE DATA

1M 0 COYUIAGR/SCAI PARAMETERS

MP11J 8 BATTLEPIKLD ILLUMINATION DATA

(6K15) (Unoomaitted portion of 1'~S16AR)

MUTESs F For example, data stored for one t•0IAA requires
15 words of storage in MSM. Total storage for ,6MM
would therefore be 15 times the number of DSAIRRAYs.

*' Variable length. Separate pointer tables generated.

SEXAIA provides a pointer value to ),6S• but does rnot
load M1M14 with data. Reserved space is 160 words
total, to aoooodate up to 20 sets of battlefield
illumination data simultansively in storage.
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Tabb 2.2-VII1
ARRAY VARIABLE DEFINITIONS FOR LABELED CO9AMON/BIGSTR/

AMaY
M D!DMION DIFINITION

LJW 13 LJM(Z) specifies momt of storae for one
data subset within partition or category 1.
For K - (BLUE FORC) end x - n (PATHS),
the LMP value Is not used.

t190 13 XWGK(K) specifies the nmber of data sub-
sets stored withiz partition K.

1PBI(3 15 Master pointer table. 1BI3(5I(K) is the point-
er value (subscript of JS1PAR) for the begin-
nin of data in partition 1.

PEW 200 Audxliar pointer table for E FW•IQW.
dabs subsets. within 3LRd. IP1tUCK) gives
the pointer value for the Ith blue force.

IPPATH 100 Awdliary pointer table, for PATHS data sub-
sets within 119l1. IPPATH(K) gives the
pointer value for the Kth path.

BWAX 20000 Priary storage array for system parmeters.

Notes, 1. A1 arrays ecept LJ are initialised to sero
by =LOCI DATA aubpregrim l115MM. Noesero values
of WUWU are set in SIMB. See Figure 2.2-63.

2. Values within all arrays wept LWJW are entered
by sbroutine UMRIA, during the processing of

parmer iput data.

3. The DDI BION lules for QA3, IPWLD un Ie PPATE
ae partially arbitrary. Provided oonsistent w-
ompuilation in carried throughout all IGN prorm

In wAich /BIZSt/ is definedg, these diewnsions can
be ehmged to aeommo ate co•puter attoroge capacity.
The dimensin of NWAR i, ofea mae, the most
critical.
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The lo-din, ,i MSMPAR with system parameter data is
a inajor MS,%MI task, t}h it is handled under control of a level I executive
roitj.ne l.XECIA (see *3cction 2.2. 5). The overall execution of this task
involves sr-veral, elements of ,:ontrol:

(a) Rceading parameter data, one sabset at a time,
froth the PRERUN-generated parameter data
file ("JTFWDF") into a buffer area.

(b) Editing cor.tent of each subtet (additions and/or
changes, depending upon the data category rep-
res 5nted).

(c) Transferring the edited subset to a pre-
ailocated section of MSMPAR 3torage.

(d) Updating pointer for subsets (in preparation for
the next stf.p (c)); and if a change in major data
category occurs, or if variable length sublists
for blu': forces or for paths are being controlled,
inserting appropriate values into the pointer
tables. .I

(e) After all parameters are initially stored, a
final editing pass is made, that implements
changeF not porsible at the time step (b)
occurred in the storage sequencing.

Details of these steps, and their effect on the final
storage map, are extensive and important only to user programmers

having an interest in internal program details (as, for example, in
extending the initial scope of the SAM). These details are discussed in
Appendix D.

2.2.6.3 Labeled Common Areas /SENSOR/ and /TARGET/

In a general sense, /SENSOR/ is used to pass sensor
parameter values to the sensor routines and /TARGET/ is used to pass
target parameter values to the sensor routines.* The feature of these
common areas th;.,- required special discussion is that their content, in
the sense of va.:a -lea (variable names) and storage map, varies depei•Jing
upon the point ci use, For example, the tenth word wi,'hin /SENSOR/ has a
completely different meaning in the EX3SAC/SEISTG (seismic sensor)
linkage than it would in, say, the EX3RDR/RADAR linkage.

Recall that a sensor routine represents only a generic sensor type,
e. g. , seismic. Distinct'on between two different sensors of the same
generic type is based on *ensor-specific parameter values dynamically
made available (-n common area/SENSOR/) as requiree.
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This variable definition logic is, of course, perfectly
valid and does rot imply any deviations from USASI FORTRAN. It does
imply some extra attention to details for those interested in a full de-
scription of ?idM program structure.

Details for /TARGET/ are relatively sin',pie, and needed
information can be deduced from individual progr,-.•m listings (for the
sensor routines and associated EX3... executives). Details for /SENSOR/,
on the other hand, inter.ct with details of the MSMPAR (see Section 2.2.6. 2)
storage map, and require specific discussion on a sensor-by-sensor basis.
Details for common areas /TARGET/ and /SENSOR/, per se, are covered
in approprtate program listings. The information placed into /SENSOR/
hinges strongly upon the MSM6 partition of MSMPAR (words 16 f. f., that
are sensor type dependent); reference to Appendix D, which discusses list
structures within MSMPAR, may provide additional useful data.

2
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TABLE 2.2-IX

MSM CO.VN AREAS

USE I VARIABLES FUSED BY

ODMHDN/BIGSTR/LJUMP (13), MDSMSM (13), IPBIGS (15), IPBLU (200), IPPATH (100),
_SHAR (20000) , ' .

Major Storage Area LJUMP (13) p 2-266 designer irput: EXEC 1
System Parameters & specifies amt. of stor- EXEC 1A
Pointer Tables age for one data subset EX2 BFL

v/in partition or cate- EX2 ILT
gory K EX2 SFA

NDSMSM (13) designer input: 13*0 EX2 SNP
specifies # of data EX2 SNR
subsets stored W/in EX2 SPC'
partition K EX2 SRP

IPBIGS (15) - designer input: 15* 0 EX2 UPD
master pointer table EX3 ARF

IPBLU (200) - designer input: 200*0 EX3 BKW
auxiliary pointer table EX3 IHG
for BLUE FORCES EX3 MAC

IPPATH (100) - designer input: 100*0 EX3 PIR
auxiliary pointer table EX3 RDk
for PATHS EX3 SAC

tMSNPAR (20000" - designer input: 20000*0 EX3 THV
primary storage array DUMPMS
for system parameters SACDET
(p 2-266) SCNOUT

UGSDET
UGSOUT
DUMPM;
ARIWTII
ARRVLU
PARPT"
PARVLU
'rGTPT'I',
TGTTU
TGT.G

KSTVLU
BFIASK
BFILUM
MSMBLK
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USE VARIALES [USED BY

CE1CN/TGLGCM/IDT1JLG (20), X0 (20), YO (20), TO (20), Xl (20), Yl (20),
T_ (20_)._.TL..T (202)2 SPEEDL (20) . () (20). VJ2)J _.TL

LINKAE & STORAGE: IDTGLG (20) - stored target ID/leg no. EX3 WC
"Target-Leg" X0 (20) - X-co~rd of entry-node of EX3 MAG
dynamic variables leg I X Pt.R
DIMESION 7LDUM (200) YO (20) - Y-coord of entry-node of EX3 RDR

TL)M 4200I) - 200l * 01 leg EX3 TV
EQUIVALEICE To (20) - time leading element of SCYOUT

7LDU)M(1), ID7GG(1) target reaches TGTLG
Xl (20) - X-coord of leave-node of TGTLXY

p 2.234 leg........ . . STNi=T.
Y1 (20) - Y-coord of leave-iode of STCIRC

leg rMViFD
T1 (20) - time leading element of CLOSEL

target leaves MSM K
7.0 (20) - time length of target,

seconds
SPEEDL (20) - speed of target on

specified leg
VX (20) - X-component of velocity

on leg
VY (20) - Y-component of velocity

on leg
KTL - subscript value to above

arrays

CoWE/sCNT/KSEI (3), KALD (3), •0W (3), Off (3), [FIR (3), MR (3, 3),
lKDAiT (3), i•DFJIt (3), ]•lRiR (3,3), I•DDO• (3, 3), K•DTHV (3, 3),

iDEIW (3), K3811, K3UCO, O3VG, K3A31, K3P]R, K3RDR, K3UM13,
K3TVV, K3B3W, KSCH11, I0CN2R, KS0111, KS021, KS1HIT, KSQI2T,
K]SX1, 1IACD, KJKAG, KlrAR, 11PIm, OlKW, KEVI, 11V2, 11V3,
11V4, 0,15, K1V6, KVEW, K1V, KIV9, KIV1O, 10I1OZV, KIRTPR,
UPM. XMIRI. KRT. KBT. KY?_______

SYSTEM COUNTERS KS!! 11slm = 3
.UI VALENCE KACO 1ACOUT E2 ILT
KNT(1SYS), 1•0 ,12 UPD
1811(l) KARPl 11•3 Al

where: KiPl PIRIU 13
EIOIMS(128) - Kl ounts calls RADAR 113 1IM

128 *0 [Dto Imea EX3 MA
KTIV Thermal 113 PIll
Ksw• •Brakwir EK3 IRDR
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USE VARIABLES USED BY

CON•VN/SYSCNT/ Con't

Counts number of EX3 SAC
real target de- EX3 THV
tections made by: SCNOUT

UGSOUT
KDSEI Seismic 11SMLK
KDACO Acoustic
KDMAG Magnetic
KDARF Arfbuoy

KDPIR PIR
KDRDR Radar
KDIMW Image
KDTHV Thermal
KDBKW Breakwire

K3SEI - seismic
K3ACO - acoustic
K3MAG - magnetic counters of
K3ARF - arfbuoy calls to sen-
K3PIR - passiVe ir or exec rou-
K3RDR - radar tines
K31MG *- image
K3THV - thermal viewers
K3BKW - breakwire I -

KSCNlR C ounts # of calls to scan
KSCN2R . routines 1 and 2 for radar,
KSCNII image devices and thermal
KSCN2I viewers.
KSCNlT
KSCN2T

Counts false alarms
for:

KFSEI seismic
KFACO acoustic
KFMAG magnetic
KFARF arfbuoy
KFPIR passive infra-red
KFBKW breakwire
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USE I VARIABLES j USED BY

,COMN SYSCNT/ Con't

KEVI - senor interrogation counter
K.V2 - sensor false alarm counter
KEV3 - sensor parmeter change counter
KEV4 - up/down status changes counter
KEV5 - monitor up/down counter
KEV6 - data link up/down counter
REV7 - firetrap begin/end counter
KEV8 - array emplace/cease counter
KEV9 - battlefield illumination counter
KEVIO - # sensor repositions (counter)
100EV - page control counter
KRTPRI - red forces total sensor re-
KBTPxI - blue forces ports by category

of primary "tar-
| get"

KPTPRI - false /

XRT - red forces total multiple
KBT - blue forces )tarzets affecting
KFT - false targetsJ sensor detections

coun.ed according
to multiplicity

COWN/ANDQU•b/CD(lO), ITPSN(IO), MSN(10), ITDT(10), NRT(10), NBT(10), NPr(10),

IhlDT(l0), XPRT(lI), YPRT(l0), MRT(l0), XSN(10), YSN(l0), IDCFM(10),
106(10), IY7Al(10), IDM2(10), IDM3(l0), IDAP(10), DFTR(10), -IDM1(10),
hAiK2( 0). AD143ClO). ADFTR(10). ADCIH(10)_______

QUEUE FOR KDCD - target code 1 red, 2 - blue, UGSOUT
AND-Logic 3 - false HSMBLK
sensor reports ITPIN - sensor type
awaiting confirma- IDSN - sensor ID

tion ITDT - target ID
EQUIVALEICE NRT - Number of red target3 in se- r

IANDQ M)IRDCDMl range
where: N'T - Number of blue ta-.joet ir Tr

IADQ (250) range
250 0 NYT - Number of false targets in sensor

range
IDPRT - ID of primary target
XPRT - X coordinate of primary target
YPRT - Y coordinate of primary target
RPRT - range of primary target
XS1 - X coordinate of sensor
Y-h - Y coordinate of sensor
IDCF4 - ID of confirming sensor
NM - Number of monitors

2-272



USE VARIABLES I USED BY

CoKMMN/ANDQUE/ Con't

IDM1 - ID of lot Monitox
IDM2 - ID of 2nd Monitor
IDM3 - ID of 3rd Monitor
IDAR - ID of array
IDFTR - ID of fire trap
ADM1 - Alphanwueric conversion of IDX1
ADM2 - IDM2
ADM3 - "IDM3
ADFTR - " IDFTR
ADCFM - " IDCFM

COLM4N/OUTCOM/KDQODE, ITYPSN, IDSNSR, ITIMhT, NRT[TS, NBTGTS, NFTGTS, IDPTGT,
XPTGT, YPTGT, RPTGT, XSNSR, YSNSR, IIrDNF, NHDNS, IDMDNl, IDNDN2,
IDMDN3. IDAY. IDFTRP. ADMDNl. ADMDN2. ADMDN3. ADYTUP. ADCONF

LINKAGE: KDCODE - 1 - red target EX2 IFA
UGS sensor 2 - blue target SACDET
reports to 3 - false target USSOUT
output routine 4 - initial setting UGSDET
UGSOUT ITYPSN - I - seismic MSMBLK
EQUIVALENCE 2 - acoustic

IOUTCM(1) 3 a magnetic
KDOODE 4 - arfbuoy

where 5 - passive ir
IOUTCM(25) = 9 - breakwire
25* 0 IDSNSR - ID sensor (seismic, acoustic)
I ITIIDT - detection time (integer seconds

into game)
NRTGTS - # red targets
NBTGTS - # blue targets
NF7GTS - # false targets

IDPTGT - ID present target
XP__T - X coordinate of present target
YPTGT - Y coordinate of present target

RPTGT - range f(XPTT - SNSR)2 + (YPT YSNSR)2

XSNSR - X coord of sensor
YSNSR - Y coord of sensor
IDCONF - ID confirming sensor
NMDNS - # monitors
IDMDNl - monitor 1 ID

IDMDN2 - monitor 2 ID
IDMDN3 - monitor 3 ID
IDARAY - planner specified array ID
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USE VARIABLES USED BY

c*o1DN/OUTCOM/ Co' t

IDFTRP - fire trap ID
ADWN1 - alphanumeric conversion of IDIDNI
ADMDN2 - " " IDMDN2
ADIDN3 - " " IDMDN3
ADFTRP - " " IDFTBP
ADCONF - " " IDCONF

CO)BDN/SIffVAR/CDNSTA, TDEL2A, BIASAC, BWACOU, CONSTS, TDPEL23, BIASSE, BWSEIF,
PHIAZ, PRIl, DIAM, BWPIR, DEVXMN, XMNDEV, BANDTH, ANEP, OPTXMN,
T1RESP. DELAZ. TIMAX. ,

Designer Values See Page 2-142., Vol I, Part 1, Item # 29. SEISBK
for Sensor SEISTG
Parameters ACOUBK

ACOUTG
PIRBK
PIRTI
THERML
IMAGE
MSlLK

COWN/CONST/LDtI . SQZ. DE. RAD. Pf. STEW• ICARD. .IhINT

miscellaneous LDUHP - Designer input value • FALSE ; SEISBK
Conutants controls dumps of internal SEISTG

variable of sensor routines ACOUEK
SQ2 - Designer input value 1.414214 ACOUTG
DE - " " " 57.29578 ARFIK

degrees/radian ARFTG
RAD - Designer input value 0.0174533 ENVIR

radians/degree MACTI
PI - Designer input value 3.141593 yr PIR3K
STEKW - " " " 1.805455E-8 PIRTG

Stefaen-loltzmggg TIIERML
1y RADAR

ICARD - Designer input value 5 card reader IMAGE
IPRINT - " " " 6 output data S .IROK

drive designator 5IXWIR
-MSMjLX
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USE VARIABLES USD BY

COMM N/PGCONT/ 11L INE IPAiE. HEADING (17) _______

Page control; ILINES - No of lines used on page MSMBLK
page count, line IPAGE - Page count EXECi
count, alpha- Heading - Alphanumeric text, printed as EXECiB
numeric heading heading on first line of each EX2BFL

page of MSM printout. (68 EX2SNP
characters in 17 words). EX2UPD

VX31M

EX3$AC
EX3THV
DtMPMS
SCNOUT
PGSKP2
PaSKIP
UISOUT
DMHPMS
EVNEFD
BFILUM

COMN4N/AThENV/ITEFF, SOLALT, ALTLtN, PHSLUN, IPCODE, PRATE, P10T24, H2ODEN,

WSPEED. CCOVER, ATMP, PRESUR,. HUMTY. VISIB. C•lL ASID(3).TCIOUD

Atmospheric (See Table 2.1-VI Prerun Common Area, EXECIB
Data page 2-135.) SFISK.

SEIST1
ACOUBK
ACOUTG
ARFBK
PIRTG

BWUIRB

ENVIR
RADAR
PIRBK
IMAGE

COMcN//UTVS)Xr/IUXY (15. 60),,

Packed Data: to IUTflY - Contains the IUT values by "Block" TERAN
establish unit (Block - 500 meters x !00 motor sq.) in TAINTterrain type from special packed format IUTEVL

coordinates I
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""__USE I VARIABLES __USED BY'

CCM*ON/UNTER/XFIELD, YFIELD, ZFIELD, SCLL(10), SGUL(10), CHLL(I), CHUL(I),
TDLL(l0), TDUL(10), SPLL(lO), SPUL(OO), ITRDEN(I), CCLL(10),
CCUL(10), IVCOV(10), IBACK(10), TVEG(IO), ISM(3,10), VISBLL(1O),
VISBUJ' ,lo)

Terrain, foliage XFIEWD - X component of earth's magnetic EXEClB
parameters for field SEISBK
up to 10 unit XFzELD - Y component of earth's magnetic ACOUTG
terrain types field MACTG
TERAN places ZFIELD - Z component of earth's magnetic RADAR
designer input field IMAGE
for UNTER TERAN
tables into SGLL - lower limit of slope gradient, % TAMDT
UTUR common SGUL - upper limit of slope gradient, % FOIASG
area; all data CHLL - lower limit,on foliage transmission,%. ENVIR
assumed to be
on cards CHUL - upper limit, canopy or vegetation
(page C-2, Vo12) TULL - lower limit of tree diameters, (DIM),

meters

TDUL - upper limit of tree diameters,(DBH),
meters

3PLL - lower limit stem or clump spacing,
meters

SPUL - upper limit stem or clump spacing,
meters

ITRI8N - tree density; 1 - sparc., 2 - light
forest, 3 - dense forest

CLLL - lower limit, % canopy closure

CCUL - upper limit, % canopy closure

IVCOV - index vegetation cover; 1 - heavy,
2 - medium, • light, 4 open,S~5 - waera

IBACK -index on background type(page 5-127)
MC t an/mitta ice of vegetation cover

of -anopy for light
is - index describing soil moisture

conditions (page 5-127)

VISULL - lower limit, ground to ground
visibility (meters)

VISBUL - upper limit, ground to ground
visibility (meters)

2-276



(XflDN/HASICT/I~fg IMDfl ITOD8T. 1TDUReN, IDATI IDAREA ______

Game tim~e, plus (See Table 2.1-VI Prerun Cdamon Areas, ECECIB
other time page 2-135.) EX2SFA
parameters iEX2SNP

EX2UPD
FaC3ARF

EX3DW

IX3MAG
EX3PIft
EX3RDR
EX3SAC

E3HV

SEISTC

SEISBK

SACDETK
SCWTG
TmRtrr

MAGTLX

QO8TG
BYTLU
THRUMV
zrmi

31~9~/c~i~~tXTA1, TAJO, TVEF? T&CYC 17~RCVA CVX2,NW, BWK
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USE VMRIA LES IUSE- By

_CO01. 1/obCl/ Con't

TWAJOR - TFDWR * FLT(NRKtS),
TSWEEP - CVAML/O=A-A(coverage angle in

radlans/azi ith angle sweep rate)
TAZCYC - 2.e0 * TSWREP
TIIXDR - TSWEEP * ILT(NMRI -= of azimuth

maeps for which range gate held
constant)

CVA - CVAXGL (coverage angle in radians)
CVAX2 - 2.0 * CVA
B1 a BUMAW (bem vidth radians)
B)4BY2 - W41/2.0
OHM - O1MA (azimuth angle sweep rate,

radians/sec)
AMNIN a AZCTR (orientation sonle) -

CVANML/2.0
3IMNSC - tHIN (miniman and maximum ranges)
RGAT - RINCRt (range increment, range rate)

COMVt/4D"M6C2/TSTART, TMA.)R, TMO, 07'JW, IMISC, 10TBY2, RSWPRT, AZINCR,

WAZ .IN AZI'Y2

SETSC2 sets TSTART - ISITYM (integer ga time radar SCAN2
ý,jrking param- or other scanning sensor is SETSC2
stare for sited; time op begins)
SCAN2 TRSWlE - (RNAX-MIUN - range limits for

SCAN2)/DRDT - sweep rate in rangp
ThJOR - TWO * FLT (AZ - CVA1L/kZINC

+ 1:0)
HTIWA- TMAJOR/2.0
VMR"lSC - WIN£)
EGTBY2 - WATE/2.0 range gate, meters
RSWPRT - DRDT sweep rate in range, meters/sec
AZINCR u AZINC increment in azimuth angle

after range mop
AW4IN - AZCTI(orientation angle) - CVAI1L

(total coverage of scan)/2.0
AZ"1Y2 - AZINC/2.0

S- dui y array SEISTG
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- USE WORDW VARIABLES - T usNI By

COHMN/SENSOR

(Definition 1 IDSNSR - Vol 11, page F-16,Item 1 EC3ARF
and names of 2 IDAPAY - Vol 1., page 1'.16,Item 2 EX3BKW
variables in 3 ITYPSN - " " " 3 EX31M1

argument list 4 I2VVE - Vol I, paga C-19 EX3MAG

vary based )n 5 IDSDPS - Vol II, page F - 16,Item 4 .E3PIR
3d level MM 6 IDPATH - " " Item 5 EX32DR
routine using 7 XSNSR - " " , Item 6 EX3SAC
the parame- 8 YSNSR - " , Item 7 EC3THV
ters. 9 OFFSET - " " Item 8 SCNOUT
Linkage: Sen- 10 ORIENT -" Ite. 9
sor Parameters 11 IAWM - " Item 10

to Sensor rol- 12 IDCSPS - " Item :i
Lines. 13 IAMD - " Item 12

14 IUPFLC - Up/down flag 0 dowr 1- up
15 IUT - Unit Terrain Yndex, Vol I,

pages 3-3f, 3-123

1 IDSNSR - Vcl II, page F-16, Item 1 EVNEFD
2 DUM 1(5) - Dummy filler
3 XC - Vol I, page 2.239
4 YC - Vol 1, page 2•239
5 OFFSET - Vol II, page F-16, Item 8
6 THETA - Vol 1, )age 2-239

7 DIM4 2(7)- D filler
8 IGEOM - Vol 1, page 2-239
I DI1*tAX - Vol I, page 2-239

10 W)TH - Vol 1, page 2-239
11 DUM 3(30)- DL-my filler

*************************** A***********

1 IDSNSR - Sensor TD ACOMU
2 NOTUS 1(5) - Dummy filler ARFIU
3 XSENS - X coordinate of sensor HAGLG
4 YSENS - Y coordinate of sensor PIRTG
5 NOWrS 2(6) - A=ny filler SEISTC
6 IUT - Uni t Terrain Index THERML
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U S E W R VA I g E

QMN SENSOR Con' t.S B

1 IDSNSR 
- Vol 1, page 3-1222 NTUS 1(13) - Vol I, page 3-122 BRKWIR

4 IUT , ,

5 NOTUS 2(35) Vol I, page 3-122

I IDSNSR - ID Sensor2INOTUS 1(2) - Dummy filler IMAGE
3 uI R - Airborne Sensor4 WTtS (2) - DUmmy filler5 XSENS - X coordinate of sensor

YSENS - Y coordinate of sensor7 NOTUS 3(6) Dunuy filler

IUT - Unit Terrain Index
9 ITIMEP -. Time of previous sensor, use

SICLEAR - Clear or Cloud ShadowSIVISUL - Sensor Class. Direct - 0,
12 Electronic Aided =

ITYPE - 0 - Daylight Type 1 =NightVision
13 TIMCON - Sensor Time Constant1: FOCALL - Focal length of opticalSystem

15 XMTF - Area under Modulation

Transfer Function16 FNUMBR - Focal length to Diameter
Ratio17 ISECH - Index, .= qatural Light,
1 - Searchalight19 XSJjCH - X coordinate of sensor using
searchlight19 YSRCH - Y coordinate of sensor using
Searchlight20 .DTH - Beam width of sensor using
searchl ight2 CPOWER - Peak candlepower of sensor22 HITCAR - Height of aircraft23 nXTy _ - Is there external Illumi-

nation, 0 . No24 X - X coord of flare or indirect
25 YLITE - light

- Y coord of flnre or indirect
26light

2 FLAR~r - Height of Flare
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USE WORD VARIABLES USED BY

CO•rtfN/SENSOR Con' t

27 AINTNS - Intensity of Flare or
Searchlight'

28 MDDE - See page 3-100, Vol I
Unused(16)

****** ***************** ***************** I
1 IDSNSR - Sensor ID Rlacr
2 NOTUS (5) - Not used (Dummy) (see page

3-77)
3 XSENS - X coordinate of Sensor
4 YSENS - Y coordinate of Seisor
5 NOFF
6 RAZANr. - Radar Azimuth with respect

to Path
7 NOTUS 2(4) - Not used

8 IUT - Unit Terrain Index
9 PRIMFR - Precipitation Tmprovement

Factor
10 CLIMFR - Clutter Improvement Factor
11 RA4BDA - Radar Wave Length
12 FNKTB - Filter Thermal Noise
13 RADCAR - Radar Characteristic
14 SCANRT - Scan Rate
15 ICON - Code, 0 means coherent,

1 means noncohýrent
16 BEAMAZ - Antenna Azimuth Beam Width
17 BEAMEL - Antenna Elevation
18 aGATE - Range Gate
19 SIGSTB - Sigea of Clutter Spectrum
20 FCU7Lo - Lower Corner of Filter
21 FCUTnI - Upper Corner of Filter
22 HGTANT - Height of Antenna
23 PFA - Probability of False Alarm
24 FDOPLER - Doppler Frequency
25 FTGMIN - H'zimmum Usable Doppler Freq.
26 FTGMAZ - Maximum " " "

27 NOTUS (17) - Not used

71 GEQUIL - Vol I, page 3-49 ACOUTG
8 THRESH "t SEISTC
9 VNOISE - , output

noise
10 ITIMLR - Vol I, page 3-49, time of

latest report

******************* * **************2**28
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USE wORD VARIABLES USED BY

CODMOND/SENSOR Con't

11 ITIMLE - Vol I, page .3-49, time last
entry to subroutine

12 GAIN - Vol I, page 3-49, amplifier

gain
13 GINLST - Vol I, page >-49, gain at last

entry

16 AREADN - Area density of NBB EX3 ARF
17 IMAG - Bomblet type: 0 - Magnetic (continued)

1 t NBB See page 3-31
18 IGEOM - 1 a open circle, 2 - open

line, 3 - road or trail
19 DIMMAX - Vol II, page F-22, Item 19
20 WIM, - Vol II, page F-23, Item 20

16 ITIMEP - See Item 9 when used by IMAGE EX3 IM
17 ICLEAR - " " 10 (continued)
18 IVISUL - " " 11
19 ITYPE - " " 12
20 TIMCON - " " 13
21 FOCALL - " " 14
22 XMTF - t " 15
23 FNU13R - " " 16
24 ISERCH - " " 17
25 XSRCH - " " 18
26 YSRCH " " " 19
27 BWIDTH - " :' 20
28 CPOWER - " 21
29 WTAC " 22
30 ILXTRA " " 23
31 XLITE - " " 24
32 YLITE - " " 25
33 FLARHT - " " 26
34 AINTNS - " " 27
35 MDDE - " 28
36 Unused (4) - Du.may filler
37 ,MIN - Vol I, Page F-60, Item 3
38 X - " " " " 4
39 CVANGL - " " " " 5
40 CTCRCT - " " " 6
41 NREPRI - " " " i 7
42 RINCR - " " " " 8
43 CMEG A " 9
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USE I-1ORD I VARIABLES I USED BY

CUO.HX*4/SEINSR Con"t

44 BFAMIW - Vol II, Page F-60, Item 10
45 ASPEED - Average speed of sensor

46 IDTLS - Vol I, Page 2-236, Same as
IDTL

47 KTLS - Vol I, Page 2-234, Same as
KTL

** **** ** A*** ****** ******** ***** *** *******

16 PRIMPR - See item 9 when used by RADAR EX3 RDR
17 CLIMFR - 10 " " " (continued)
18 RAMBDA - " " 11 " "

19 FNKTB - " . 12
20 RADCAR - 13 " "

21 S('ANRT - " " 14 " " "

22 ICOH - 15
23 BEAMAZ - 16
24 BEAMEL - " 17 " f I "
25 RGATE - " " 18 "1 " " "

26 SIGSTB -" " 19 " " "

27 FCUTLO - 20 "
28 FCUTHI - 21 " " "
29 HGTANT - 22 " " "

30 PFA - 23 "
31 FDOPLR - 24 " " "
32 FTGMIN - " 25 " " "
33 FTGMAX -" " 26 "

34 TIME - Game time, real
35 Unused (5) - Dummy filler
36 RMIN - Vol II, Page F-60, Item 3
37 RMNX - I " " " 4
38 CVANGL - "I I " 5
39 CT'RCT - " " " 6
40 NREPRI - " i " " 7
41 RINCR - " " " 8
42 OMEGA - " " t " 9
43 BEAMW - " " 10
44 ASPEED - See EX3 IMG, item 45
45 IDTLS - Vol I, Page 2-236, Same as

IDTL
46 KTLS - Vol I, ?age 2-234, Same as
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USE woRD I VARIABLES UED I By

CONW)N/SENSOR Con't

16 TEMPEV - Background Temperature EX3 THV
17 FOCALL - Vol II, Page F-22, item 20
18 RESOL - Vol II, Page F-23, item 21
19 FNUMBER - Vol II, Page F-23, item 22
20 HTGAC - Aircraft Height
21 TIME - Game time, seconds

22-21 Unused (18) - Dummy filler

***** * ****** ********** ** *.********* **** ** **

16 TLTC - Time of last threshold crossing EX3 MAG
17 THRESH - Vol II, Page F-23, item 21e

16 EXPAN - AREA X FIELD X DEVXMN EX3 PIR
17 FIELD - Field of View
18 TEMPEV - Temperature of bac ,round
19 WATTBK - Background power i,. ident

on sensor

16-2l Unused (24) - Dummy filler SCNOUT

29 RMIN - Vol 11, Page F-60, Item 3 EX3 THV
30 RMAX - " " " " " 4 SCNOUT
31 CVANGL " " " " " 5
32 CTCRCT - " " " " " 6
33 NREPRI - " " " " " 7
34 RINCIi - " " " " " 8
35 OMEGA - " 1 " " It "o 9
36 BEA&4o - " " " " " 10
37 ASPEED - Average sensor speed
38 IDTLS - Vol I, Page 2-236, Same as

IDTL
39 KTLS - Vol I, 2'age 2-234, Same as

KTL

******************** ********************
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USE ,WOR I VARIAL&I USED BY

CONDN/SENSOR Con't

7 AREADN - Vol I, Page.3-.65 RG
8 IMAG - Vol I, Page 3-65
9 IGEOM - Vol I, Page 3-31
10 DIMMAX - Vol I, Page 3-31
11 WIDTH - Vol I, Page 3-31

******* * ******* ** ********* *** **** * ******

7 TLTC - Vol I, Page 3-66 MAGTG
8 THRESH - Vol I, Page 3-66
9 Unused (33) - Vol I, Page 3-66

7 EXPAN - Vol I, Page 3-57 PIRTG

8 FIELD - Vol I Page 3-57
9 TEMPEV - Vol I Page 3-57
10 WATTBK - Vol I Page 3-57
11 Unused (31) - Vol I Page 3-57

14 IFIXGN - Vol i, Page 3-37 SEISTG
15 Unused (27) - Vol I, Page 3-37

7 TEMPEV - Background temperature THERML
8 FOCALL - Focal length of viewer
9 RESOL - Resolution of viewer

10 FNUhBR - F-number of viewer
11 HTGAC - Height of aircraft
12 Unused (30) - Unused duwny
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USE RD VARIABLES USED BY

COM4N/TARNET/ ______________________ ______

(Definition 1 ITTAB (9, 10) - Target parameter list ID EX3 ARF
and names of 2 Unused (120) - Unused dummy EX3 BKW
variables in EX3 MAG
arguments list EX3 PIR
vary based on SEISTG
3d level •M ACOU2U
routines using SACDET
the parameters.
Linkage: **********************************
Target
Parameters to 1 ITTAB (9, 10) - Target parameter list ID EX3 SAC
Sensor routines 2 LEG NO (10) - Leg of path target presently
(First 6 vari- on
ables remain 3 NOELMD (10) - Number of elements in target
constant durin 4 IDOODE (10) - ID code of target (one of
execution, next 19)
7 varyp with 5 Unused (90) - Unused dummy
time.)

1 IDOODE (16) - Target code EX3 ING
2 IDTGT (16) - Target ID EX3 RDR
3 LEGNO (16) - Leg number on path EX3 THV
4 ITGTTP (16) - Target type
5 KSTRNG (16) - Strength constant, Vol II,

Page F-56
6 •NDELD (16) - Number of elements in target
7 XTGT (16) - X coordinate of target
8 YTGT (16) - Y coordinate of target
9 RIUT (16) - Range from target to sensor
10 AZTIT (16) - Azimuth to target
11 VRADL (16) - Radial velocity of target
12 NIFLD (16) - Number of elements in field
13 KTLT (16) - Detection counter
14 NRBTGS - Number of RED/LBUE targets
15 NFTGTS - Number oi false targets
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Section 3

SENSOR PERFORMANCE MODELS

3.1 INTRODUCTION

3.1.1 General

The sensors of the Systems Assessment Model are the devices
(expressed in the format of computer subroutines) through which possibilities
for detection of enemy, friendly, or other target types are developed. The
sensor subroutines are limited in scope to the determination of probabilities
of detection and certain other expressions of sensor performance given that a
target is within the field of view and within some maximum range of the sensor.*
To determine the sensor-target interaction outcomes, a considerable portion
of the Systems Assessment Model is employed to specify sensor-target encounters,
conditions prevailing at the times of encounters such as atmospheric and cul-
tural ecaronment, terrain data, foliage data, light levels and the like. In
addition, sensor parameters, as defined by the planner or taken from
designs? tables, are required input as also is the description of the target,
in terms of type, rate of movement, structure and the like. In this section,
discussion is limited to the sensor subroutines except where for clarity or
completeness reference to other subroutines is required.

3.1.2 Subroutines and Classification

The subroutines to be described are the following:

Background Routines Sensor Performance Subroutines

SEISBK SEISTG
ACOJBK ACOUTG
ENVIR P IRTG
PIRBK AiR72G
ARFBK K~AGTG
BWIRBK RADAR

• - THER41,
IMAGE
BRKW¢IR

The sensors considered have capabilities for detection which
are functions of targct characteristics, sensor parameters, and the environ-
ment. Target characteristics as seen by the sensors are functions of time
and can be treated properly only as a part of the main simulation. Thus, the
sensor performance subroutines are included as part of the Main Simulation
Model (Ms-). However, some factors which influence sensor performance,
notably environment, are factors which remain relatively constant over a
period of time long compared to some target-sensor ýngagements. Where

* Estimaticn of addit:ional target information is developed in subroutines
ANAZLKN (6.4) and attended sensor analysis (6.5) making use of sensor subroutine
outputs and other data such as prior detection history, sensor location, sensor
position in array, geometry of engagement, and others.
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practical, the long term effects are developed as part of the PRERUN processing.
Thus the gain of an adaptive sensor, adapting to background noise, can be
determined for each period of constant background and can then be supplied
to the MSM as a parameter. F-ise alarm statistics in particular are a major
computation of PRERUN, being independent of target activity. The six back-
ground routines of the above table are thus included as part of the PRERUN
model (PRERUN).

It is to be noted that all sensors do not have background ele-
ments ac part of the PRERUN. While all sensors have performance characteristics
modified by the environmrent, data processing convenience in some cases
dictates that background or environmental eff3cts be treated as part of the
MSM. For example, the clutter return from a clutter patch in radar problems
could be computed in PRERUN but the size of the patch and its range from the
sensor will not be defined until the range of the target is defined. A similar
argument applies for atmospheric attenuation, background irradiance and
others. Thus aome background computation will be found in sensor perfor-
mance subroutines of the MSM, iL particular those relating to radar, thermal
viewer, and imaging type sensors.

3.1. 3" Sensor Types

It can be seen that the generic types of sensors treated in the

simulation are nine in number. However, each subroutine is designed to
accommodate a number of actual equipment types to the limits imposed by
assumptions on which the models are based. For example, the seismic
sensor model (SELSBK and SEISTG together) will provide a sinulation for the
Minisid, the Handsid, the ATMOD, and a number of others inciuding fixed
gain and adaptive gain control equiinienics. A limitation is imposed by the
simulation of the sensor logic where detection determinations are based on
signal to threshold ratios. Some seismic or acoustic sensors may have pro-
cessorj which enhance d.-tection of vehicles by filtering techniques. Because
of the great variability in the seismic path loss particularly as a function of
frequency, a frequency dependency could not be developed within the lir,.,ts of
the present study. Hence, such specific detail is not treated at this time.

The radar subroutine is basically limited to simulation of MTI
radars at this time and more specifically to MT! radars operating against I
ground targets. Radars simulated at this time include the PPS-4, PPS-5,
PPS-9, TPS-25, APD/9, a.nd CS II. This listing may be easily extended to
additional ground and airborne radars as data is acquired. Some radars
such as the MPQ-4 are MTI equipments that are not simulated in their pri-
mary role at this time (for the MPQ-4 in the counterbattery role), becausa
of the target/ground clutter relationships. Changes to accommodate such
expansion are not extensive, but have not 'been included because of time and
data limitations. I
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The IMAGE subroutine embraces a wide range of sensors including
natural sight, binocular-aided vision, passive night vision devices, low light
level and daylight TV. Requirements imposed are only that the proper set of
equipment descriptors be provided.

It is not to be implied that the models have been tested against
the full range of equipments. For the IMAGE routine, simulation exercisin3 was
carried out for natural sight, binocular-aided sight, and a number of night
vision devices, namely the TVS-4, PVS-2 and TVS-2.

3.2 BACK'GROUND SUBROXUTINES

3.2.! General

Some sensor types, and particulr-.:1- the general class of remote
unattended sensors, have background noise and false alarm statistics which are
essentially Independent of range.

3ince the parameters on which background noise is based are
established as p art of the PREMJN processing, it was decided to include those
elements of the sensor routines in PRERUN as well, thus eliminating a sub-
stantlal part of processing required far target detection from MSH in which
time and speed are important considerc.tions. In the following sections, each
of the sensor background routines are presented,

At the initiation of sensor subroutine development, attempts
were made to define in as much detail as possible the relations between driving
functions and system responses for noise (and target) signals at the sensor.
Examples of the general nature of the approach are contained in the functional
flow diagrams, Figures 3.2-1 through 3.2-4.

Studies were conductEd chiefly through examination of the per-
tinent literature in order to provide the mathematical relations linking cause
and effect. The references listed at the end of this section are a significant
but far from complete set. It was found in many cases that very little data was
"avllable'2d" that "Ltr 6ime instlnces the data wlas licking in specikic detail "to
link cause and effect. Because of this void, it was necessairy to develop argu-
ments relating cause and effect on the basis of interpretations of the limited
data, on specific findings reported in the literature, on examination of the
broad background of geophysics, and in some cases on intuitive reasoning. Thus
some of the arguments are open to question and it is anticipated that reviews
of existing engineering data and new field data dill provide the basis for cor-
rection, refinement, or verification of ihe arguments proposed. ThL models are
structured In such a way that updating may easily be incorporated and even re-
structuring of the cause and effect arguments .ncluding addition of some not
foreseen can be carried out within the limits of thb information provided to
the subroutines through the CALL, CCHOlN, and DATA statements. These models
are consideeed to provide relatively crude estimates of noisk levels and false
alarm rates but nonetheless are considered adequate for present simulation nur-
poses in tl:at the output levels and rates agree to a significant extent withthe limitLcd field data.
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It is emphasized that the structure is available within these
subroutines to allow expansion as additional pertinent data and relations be-
come available. The major needr, so far as data input is concerned are in-
cluded in the common statements giving atmospheric (AIMENV) and terrain (UTLIER)
data for each time period of interest. Thus, for example, effects on seismic
background due to soil type, temperature, wind-rain correlation, time of day,
solar altitude, and others v'an easily be introduced without major program re-
vision, provided the interrelations can be defined.

The descriptions that follow havw been prepared to serve as a
guide by means of which the reader may follow the listing of the program being
described. It is not essential that the program listings be consulted for

reading the following. It is emphasized, hoiever, that the comment statements
in the program listing also provide valuable insights into the program organi-
zation. All of the designer input values required for functioning of the pro-
gram are contained in those listings.

3.2. 2 Subroutine SEISBK

3..2.21 Purpose

Sub-ýoutine SEISBK is employed in PRERUN to establish the
seismic noise environment in which each seismic sensor will be operated.
From the environmental data,the noise level at the sensor and the root mean
square (RMS) output noise level (for fixed gain sensors) or amplifier gain (for
AGC type sensors) is determined for use in the MSM.

3.2.2.2 Glossary of Inputs, Computed Values, and Outputs

Input Values

DBBATL Battle Noise (dB)
DBCULT Cultural Noise (dB)
IFIXGN =0 No Fixed Cain, =1, 2, 3, 4, 5 Planner Set Gain, =6, Sel.

Gain, = Negative Number Fixed for Game
ISEXP Index for Buried: I=0.0 (Buried), 2=6.0 (Not Buried)
ITREE Index on Tree Distance: 0=Tree, l=No Tree
IUT Index on Unit Terrain

Labelled Common Inputed Values

BIASSE Threshold Setting (Volts)
BWSEIS Effective Band Width of Noise Signal, in Hertz
CONSTS AveNge Amplifier Output
IPRINT Output Data Device Designator = 6
ISM Index Describing Soil Moisture Conditions
IVCOV Index Vegetation Cover
LDUMP True = Intermediate Calculations Printed. False No Print
PRATE Rain Fall Rate (mm/hr)
PTOT24 Total Precipitation During the Last 24 Hours
WSPEED Wind Speed (km/hr)
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Internally Stored Designer Input Values

BETA AVGTHC Modifier for Fixed Gain Sensors
FBATL Value for Battle Effect, 1=1. 5 (low int.), 2=. 15(,M), 3=. I(H)
FCULT Value for Population Effect, 1=. 25(Rem.), 2=. 15(Rur. ), 3=. l(Urb.)
FRAIN Value for Rain Effect, 1=. 5(Low), 2=. 3(Mod. ), 3=. 2(Heavy,
FWIND Value for Wind Effect, I=.5, 2=.4, 3=.3, 4=.2, 5=.2
SENSEX Effect of Sensor Being Buried
SET Table of Gain Values
SOILM Soil Effects on Rain Noise
VEGCVR Vegetation Cover Effects or Rain Noise
VEGCVW Vegetation Cover Effects on Wind Noise

Computed Values

DBRAIN Rain Noise (dB)
DBWIND Wind Noise (dB)
DELTA Modifier of False Alarm Rate, Fixed Gain System
DUM Random Number 0-I
IFIXGS Absolute Value of IFIXGN (Index for Gain Selector)
ISOILM Index - Soil Modifier, l=Dry (0), 2=Wet (3), 3 = Very Wet (6),

4=Saturated (6)
IVCOVR Index Vegetation Cover, h=Heavy, 2-Med. Forest, 3=L. Fol.,

4=H20, 5=Open
KBATL Index Battle Noise, 1=1. 5 (Low Int.), 2=. 7 (Med.), 3=. 4(-ligh)
KCULT Index Cultural Background
KRAIN Index for Rain Conditions
KWIND Index for Wind Gustiness
L Dummy Index
ONOISE Output Noise for Fixed Gain System
"VBATL DBBATL Converted to Voltage
VCULT DBCULT Converted to Voltage
VRAIN DBRAIN Converted to Voltage
VWI14D DBWIND Converted to Voltage

Output Values

AVGTHC Average Time Between Threshold Crossings (Second#)
GEQUIL Amplifier Gain
THRESH Threshold (Volts)
VNOISE RMS Sum of Background Noise Voltages
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3.2.z.3 Description of Subroutine

a. Outline of Problem. Sa-ismic waves are generated by a wide
range of sources and may propagate in many modes. The study of earthquakes,
tremors, high energy explosives, and the use of.seismics in geological survey-
ing are well known. Because of the fact that vehicles and troops also give
rise to seismic waves which ate of suificient strength to be observed at some
distance from the actual ;,ource, seismic sensors have found use as intrusion
detection devices. While In general waves of'a number of types can be pro-
pagated, those of interest in the intrusicin detection problem are surface waves.
Thus the intruder, interacting with the earth's surface through his movement,
causes seismic surface waves to be generated and propagated. The generation
and propagation processes are very complex depending on the surface character-
istics, particle size, dryness or hardness, vegetation, rock formations, sur-
face undulations and the like. Because of these factors source strength and
path loss are found to be highly variable from location to location in a given
area and even mote so when widely different areas are compared.

In seistric processing and similar operations where data storage
and extensive post processing are allowed, waves of a number of types and meas-
uremetits at a number of locations can be treated. While array processing of
real time signals may some day be introduced in the intrusion detection scheme,
current state of the art and tactical limitations and economic considerations
require that in vast cases relatively simple processing must be employed in an
unattended sensor, the output of which will in general be a "yes-no" detection
decision.

In this simulation, an output report is generated whenever the
signal due to a target exceeds a threshold level computed or set for the con-
ditions prevailing. Thus the target detection aspect of the problem consists
of computing the target strength at the sensor a .1ifier output and comparing
that level with the threshold level. That threshuld level may, how ver, also
be exceeded by the noise in the sensor output. Further, the threshold may be
made adaptive to the noise level to limit the false alarm rate for high noise
conditions (reducing of course sensitivity to target signals at the sane time).
It is the -function of the SEISBK to establish the noise level at the sensor
input and at the sensor output. For a filed gain sensor the output noise level
is variable while for an adaptive sensor, the output noise level is fixed but
the gain is varied.
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In a number of seismic progrp.,z observation of seismic back-
ground levels were undertaken, for example in References 1 to J (page 3-126).
While the seismic background is seen co be a function of time and location,
under very quiet conditions, lavels of the order of -120 dB relative to a
particle velocity vf one centimeter per second have been observed. T1his level
is undoubtedly a function of the general location of the sensor and probably
varies over a substantial i Age over the earth's surface. A seismic sensor
(as for example, the mass, spring, damper system that constitutes a geophone),
if properly constructed, will have a sensitivity adequate to respond to the
-120 db signal level. In general, however, noise background will be signifi-
cantly greater than -120 dB even in relatively quiet areas. Wind, rain and
other sources will hawe an appreciable effect on the noise level. One of the
main purposes of the SEISBK subroutine is the development of the noise back-
ground level to which each seismic sensor is exposed for each period of con-
stant enviroiuent as developed in the P1NM processing.

"b. Outline of Subroutine Flow. The simulation of seismic
sensors follows the general outline given below and Is shown in Figure 3.2-5.

1. Components of noise due to each of the general forcing
functions(wind, rain, battle and cultural activity)are developed. Only the
first two are developed in the seismic subroutine. Battle and cultural noise
are provided from other subroutines.

2. These noise levels are converted to voltages (taken to be
RMS values) uni are summed by the root mean square procedure.

3. For adaptive sensors, the gain required to achieve an
output RMS voltage level of one volt is canputed and assumed to apply. For
fixed gain sensors the gain employed is selected by one of three means based
on input data.

4. The average threshold crossing rate for noise is computed.

5. The values of gain, threshold, output noise level and
average threshold crossing rate (GEQUIL, THRESH, VNOISE, and AVGTHC)
are supplied to other subroutines and to the IMSM for further computations.

c. Assumptions Embodied in the Subroutine.

1. It is assumed that the microseismic limit of -120 dB is
effective for all seismic sensors.

2. The noise level to which the sensor is exposed will be
insreased by wind, rain, battlefield, and cultural effects. Factors as high as
10• (60 dB) can be expected for battlefield and high level cultural activity.
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3. The noise is .onsidered to possess a Gaussian distribution,
the -120 dB level cited above being the RMS value. The variaz-ce of the
Gaussian distribution will be related to the magnitude of the several noise
components. The variance is the determining factor in false alarm (threshold
crossings by noise) determinations.

4. All sensors employed are of design adequate to sense the
background noise level. Sensori are not limited by internal electronic noise.

5. All sensors are designed to have gains adequate to raise
the input signal level (as low as -12C dB' to an output level of 0.0 dB (0.0 dB
equa-ls one volt thus giving an assumed geophone sensitivity of one volt/cm/sec.).
Fixe4 gain sensors have specific gains assigned, but for geophones of the same
sensitivity defined above.

d. Description of Subroutine Lozic and Processing. ]?his
subroutine derives data from a number of areas. As can readily be observed
in the listing (see Volume 1I), the common areas CONST, BASICT, ATMENV,
SENVAR and UNTER are referenced. In adlition, the calling sequence provides
additional input information specific to each sealdor namely the IUT value,
DBCULT and DBBATL, ISEXP, ITREE, and IFDCGN, which refer to unit ter-
rain type in whi:h the sensor is placed, the seismic background levels due to
cultural and battle noise, the index on sensor exposure (buried or ground em-
placed),-,the nearness of the sensor to trees, and the type of gain control
employed in this sensor. Data stored within the routine include effects of soil
moisture (SOILM), vegetation cover for rain effects and wind effects (VEGCVR,
VEGCVW) and the variance factors associated with the several levels of wind,
rain, battle, and cultural noise (FWIND, FRAIN, FCULT, FBATL). Also
included in the stored data set arc the five values of fixed gain that may be
assigned to a fixed gain sensor.

The index defining vegetation coverage is taken directly from
the input description of foliage (IUT) at the sensor location. The index of soil
moisture (ISOILM) is taken directly from the unit terrain (UNTER) table, but
requires use of a dummy index (L) for complete specification. L is an integer
function of the integrated rainfall over the preceeding 24-hour period (PTOT24)
and can take on the values 1, 2, or 3.

The noise level in dB due to rain is then derived. The equation
provided shows the empirical relation between noise, rainfall rate, soil mois-
ture, vegetation coverage, and exposure as:

Noise = 20 Log1 0 (Rainfall Rate + 1.0) + Soil Moisture

Effect + Vegetation Cover Factor + Senso:

Exposure Factor.
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The effect cf wind speed is also considered to be logarithmic
with its influence modified by vegetation covdrage and nearness to trees. A
sensor emplaced in heavy vegetation is considered to be less strongly influenced
by wind than a sensor emplaced in an exposed area. A sensor emplaced near
a tree in an exposed area will also be subjected to a higher noise level than
one far removed from trees. The effects of wind speed, an input variable from
atmospheric environment common area, are contained in the following state-
ment including the getation and emplacement modifiers.

Wind noise (dB) = 20 logl 0 (win,' speed + 1.0)
+ Vegetation Cover Factor
+ Tree Amplifier Factor

The final statement thud assigns an increase of six dB to the background wind
component for a sensor emplaced near a tree. The data describing effects of
vegetation are stored in the subroutine under the labei VEGCVW and are se-
lected' on the basis of the index IVCOVR developed from unit terrain (UNTER)table data.

Input noise levels from the cultural and battlefield background
subroutines are contained in the arguments DBCULT and DBBATL in the sub-
routine calling sequence, and are available as kiputs to the subroutine from
cultural and battle subroutines.

As shown in the flow diagram and listing, each of the noise
levels in dB is converted to i noise voltage. by statements such as:

(Windnoise- 120)

Wind noise voltage = 10 20

This statement gives thc conversion from dB to voltage with the note that the
reference level of -120 dB is introduced. All the noise levels are computed
with respec: to thiA refereuce and to convert to voltage it is neceStsry to
introduce the reference. The reference is to be taken as the minimum seismic
noise level that will be expegienced. Converted to particle velocity, the mini-
mum level is seen 1o be 10- centimeters pez second. This level m9y vary
somewhat over the earth's surface, but adequate data for further expansion of
the model ir not available at this time. Nqte that the thermal noise*at the
amplifier input is taken to be less than l0"0 volts and that the conversion from
particle 1'elocity to .,#3Ltage is taken to be unity, 10- cm/sec is equivalent to
I microvolt. A'• Sasumption implies a specific transducer sensitivity but
if -e sens t'vity ýs adequate to observe the microseismic level before thermal
noise becomes piedominant, no loss in generality is introduced. Sensors of
adequate design will generally meet this requirement.

*See References 8,9,12, & 16
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Having computed the various component noise voltages, a
composite of the background noise level can be determined by computing the
RMS value derived from the components.

A substantial fraction of the veitmic sensors presently em-
ployed are designed to be adaptive to the noise environment by irclusion of an
automatic gain control system in which the amplifier output noise level is
held constant for varying input levels through a feedback gain cotitrol system.
The average output level of the amplifier, CONSTS, located in the SENVAR
common input area is assigned to be one volt. The actual equipment value
may differ from this value, but since the gain is arbitrary, it will differ from
the equipment amplifier gain in the same ratio as the thresholds. The gain
level, GEQUIL, is found by the statement:

GEQUIL = CONSTS/VNOISE

where VNOISE is the RMS noise level. GEQUIL is an output parameter that
it supplied to SEISTG subroutine in the MSM.

Fixed gain sensors must also be considered. It is assumed
that thtese sensors will have five gain settings available, the settings Iiffering
in sequence by 6 dB with position 1 having the highest gain, 6.31 x 10 volts/
volt as contained in the data set of this subroutine. An index, IFIXGN, is used
to denote the planner or sensor parameter designtr ictated selection of gain
type. The following index descriptions apply:

IFiXGN = 0 AGC System

2 Fixed Gain Selected by Planner
3 and Fixed for Game Duration
4

6 Fixed Gain Selected by Routine
on First En4Ey and Maintained
by Game Duration

Negative Fixed Ga:n Selected by Routine
Number on Each Entry to Simulate Com-

manded Sensors

For IFIXGN = 6 or negative number, the fixed gain value that is closest to
the AGC gain value on the low gain side it selected by the subroutine. IFIXGN
settings of I through 5 are not likely to be employed because the planner
does not have a priori information on the background noise level and, there-
fore, has no bVas;1sIo selection. It may, however, be a useful method of
parametrically examining effects of gain changes.

For the fixed gain equipments the implifier output RMS noise
level is computed. Note that as the game progresses, the background noise
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level will change. Increases in background can be such that the output RMS
noise level is greater than the threshold in which case a high false alarm
rate will be experienced. If this should be the case, the average threshold
crossing rate (AVGTHC) is set to 0. 1 seconds. For all other conditions,
however, the AVGTHC is developed from stored data and indices developed
from, each of the component noise levels. The basic AVGTHC term is de-
veloped in the statement:

AVGTHC = (Wind Effect + Rain Effect + Cultural Effect

+ Battle Effect) x 6.0

This statement is very much of empirical origin designed most specifically
to produce, through the False Alarm (FAINTV) subroutine, false alarm events
at rates that are consistent with field experience. There is only a small data
base on which to draw and it is to be expected that by correlation with speci-
fic field data, rriodifications to this argument may be required.

For fixed gain sensors the AVGTHC value is modified to
account for the fact that the fixed gain system RMS output (ONOISE) may dif-
fer significantly from CONSTS on which basis the AVGTHC empiricism is
based.

The outputs from this subroutine are passed through the sub-
routine argument list and include amplifier gain (GEQUIL), RMS sum of back-
grol,,nd noise voltages (VNOISE), average time between threshold crossings

(AVGi'Ac) and threshold (THRESH) where

THRESH = CONSTS + BIASSE

and CONSTS is typically 1. 0 and BLSSE is 0.2.

3.2.3 Subroutine ACOUBK

3.2.3.1 Purpose

Subroutine ACOUBI .9 employed in PRERUN to determine the
acoustic ambient noise environment ir. which each ac-'ust'c sensor will be
operated. From environmental data in unit terrain (UNTER) and atmospheric
(ATMENV) tables, battlefield and cultural backgrcunds and tin-ie of day, the
noise level at 'he sensor and the gain level of the AGC amplifi.r ar,-, deter-
mined for the MSM. In addition the average threshold crossing time (AVGTHC)
is computed and supplied to the false alarm :FAINTV) rubr -utine for scheduling
of false alarm events. Outputs from this routine are THRESH (amplifier
threshold, a parameter defined by equiprr.mnt p.,ranr, attrs), GI;QUIL (AGC
determined amplifier gain level for noise only), VNOISE (input RMS noise
level to the sensor), and AVGTHC already defined.
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3.2.3.2 Glossary of Inputs, Computed Values, and Outputs

Input Values

DBBATL Battle Noise (dB)
DBCULT Cultural Noise (dB)

La1bedled Common Inputed Vale.es

BIASAC Threshold Setting (Volts)
BWACOU Bandwidth
CONSTA Average Amplifier Output
IPRINT Output Data Device Designator = 6
ITOD Time of Day
LDUMP True = Intermediate Calculations Printed, False No Print
PRATE Rain Fall Rate (mm/hr)
WSPEED Wind Speed (km/hr)

Internally Stored Designer Input Values

FANTBL Fauna Noise Table Selected by Index KFAUN
FBATL Battle Noise Selected by Index KBATL
FCULT Cultural Noise Selected by Index KCULT
FFAUN Fauna Noise Selected by Index KFAUN

Computed Values

DBFAUN Fauna Noise (dB)
DBRAIN Rain Noise (dB)
DBWIND Wind Noise (dB)
FRAIN Rain Noise
FWIND Wind Noise
KBATL Index for Battle Noise
KCULT Index Cultural Noise
KFAUN Index Fauna Noise
VBATL Battle Noise (Volts)
VCULT Cultural Noise (Volts)
VFAUN Fauna Noise (Volts)
VRAIN Ram Noise (Volts)
VWIND Wind Noise (Volts)

Output Values

AVGTHC Average Time Between Thresho'ld Crossings (Seconds)
GEQUIL Amplifier Gain
THRESH Threshold (Amplifier)
VNOISE Total Background Noise

3.2.3. 3 Description of Subroutine Logic and Processing

The arguments leading to the development of the noise level to
which the acoustic sensor is exposed are similar to those for the seismic sensor.
In order to determine the detection performance of a sensor when a target of
given strength is located at a specific distance from the sensor it is necessary
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to compare the target signal at the sensor with the background noise whether
that noise be derived principally from sensor internal sources or from the
environment. Hence it is necessary to establish the external noise level to
which the sensor is exposed (an assumption in the model being that internal
noise wil always be less than that due to external sources).

The noise environment for acoustic sensors may be due to
one or more of a number of oources including wind, precipitation, cultural
sources such as urban or rural activity, road traffic, heavy machinery,
battlefield oources, especially weapons effects, animal, bird and insect noise
and others. These sources are modified to some extent by foliage attenuation
and the similar effects.

The flow of this routine is shown in Figure 3.2-6, where it "cau
be seen that five basic noise sources are included. First the effect of rain is

considered in the expression:

Rain Noise (dB) = 40 logl 0 (Precipitation rate + 1. 0)
+ 12.0

where -the logarithmic relation between rain rate and noise is evident. At nine
m;'llimeters an hour the rain noise would be 52 dB while at 99 millimeters
aa hour 92 dB would lo, computed, all with respect to a refprence level of 0
dB, equivalent to 10" (1 watts/square centimeter or 2 x 0"' dynes/square cen-
timeter. The constant value, 12, included in this equation and in the equation
for wind combine to define the assumed minimum background noise level to
which the sensor would be exposed under field conditions.

Wind effects are seen to follow a linear relation, namely:

Sois Cdl --3. Wind S ed,
d Noise (d) = 3.40 + 12.0

Two effects are included in this relation, namely the effect of wind on the
microphone itself, important in the case in which the microphone is exposed
to the wind, and the effect of wind on vegetation for the case where the sensor
is located in or near foliage.

Battle and cultural inputs are provided from other routines and
except for conversion to voltage are not processed further.

Another major source of noise is that due to the fauna in the
locale of the sensor. Based on very limited data, the argument employed
shows that maximum noise would be experienced in the 0300 to 0900 hour
period with minimum from 2100 t' 0300 hours, and with tine being the only
parameter of importance.
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It must be evident that the relations given are very crude indi-
cators for the real-world situation. In the caqe of fauna for example, the user
must be aware of activity of many spe.-.:,-, t.ir acoustic levels, the popula-
tion density for various types of terrain, vegetation coverage, climatic condi-
tions, distance of major sources from the sensor and others. For both rain
and wind, the piacement of the sensor relative to vegetation, the vegetation
coverage, type of terrain, soil type and moisture and other factors need to be
considered. However, a review of the available literature shows that the
environment is only poorly described in terms of acoustics and that for a more
complete description, significant effort must be applied to the development of
a field data based exposition.

Because of the wide variation in noise level, AGC is
normally employed in which the RMS output level for a no-target condition is
maintained at an average constant level (CONSTA). As the noise changes
from period to period as defined by changes in atmospheric environment para-
meters, the gain is increased or decreased as appropriate to maintain the
fixed output level. Since, as will be described in the ACOUTG subroutine,
target signal can also modify the RMS long term output of the sensor, both the
noise background in volts and the gain setting are supplied as outputs of
ACOUBK to ACOUTG. A threshold (THRESH) is defined for the detection pro-
cess by adding to the constant level (CONSTA), an offset threshold setting level
BIASAC. For detection* the signal must exceed the threshold (THRESH =
CONSTA + BIASAC) some prescribed number of times in a given time interval,
but that level can be e-,ceeded by signal or noise and hence statistical fluctua-
tions in the noise level must be considered.

In this subrou-ine estimates of variance in RMS acoustic noise
are developed in an empirical expression defining the average threshold
crossing time. This parameter is described by the equation:

AVGTHC = (Wind Noise + Rain Noise + Battle Noise

+ Fauna Noise + Cultural Noise) x 6. 0

Cultural and battle noise are considered to be most variable at lower levels of
activity, that is, at low levels of the noise effects. Similar accounting is in-
cluded for wind, rain, and fauna effects. Future il"ign e4foet- h•eIdP4es,6 ---

*The detection processes that may be employed in acoustic sensors are varied
ranging from the threshold crossing type defined here to types that include an
itctual operator listenin3 mode. While one mode may provide a decided detec-
tion advantage over another or a significant false alarm advantage over another
for the same detection capability, sigi:ificant effort would be required to define
those differences. Hence at this time, wily the single detection criterion is pro-
vided as representative of the capabilities of all systems. Should field results
show a bias due to this assumption, modifiers for equipment types can be easily
introduced.

3-19



emphasis on developing average threshold crossing time as a function of
threshold and bias so that problems of a more general nature, i. e., study of
effects of threshold, can be carried out.

3.2.4 Subroutine ENVIR

3.2.4.1 Purpose

A number of sensors contained in the STANO equipment
listing are limited in performance by or depend for reference on the radiance
of the background. The purpose of this subroutine is thus to compute back-
ground temperature and standard deviations of background temperature fluctua-
tions for use in the sensor performance subroutines In the MSM. Depending on
the wave length region in which the sensor operates that radiance may be pro-
vided by reflection of sun or moonlight, or by self emission of the backgroundacting as a black or gray body at the temperature of the background. The

latter came applies to se 'nsors operating in the 7-15 micron regior, because

radiance due t0 reflection of sunlight in this region is less than the radiance
of the black or gray body background.

3.2.4.2 Glossary of Inputs, Computed Values, and Outputs

Inp0ut Values

IUT Index Unit Terrain

Internally Stored Designer Input Values

CLOUDF Cloud Factor Data
CLOUDV Variance Factor Cloud Data
EIGHT Constant (7. 99999)
RAINF Rain Factor Data
RAINV Variance Factor Riin Data
TYPEF Background Type Factor Data
TYPEV Variance Factor Background Type Data
VEGF Vegetation Factor Data
VEGV Variance Factor Vegetation Data
WINDF Wind Factor Data
WINDV Variance Factor Wind Data

Labelled Common Inputed Values

ATEMP Ambient Air Temperature
IBACK Index Identification Most Likel7 Background Reflectance Function
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Labelled Common Inputed Values (continued)

IPRINT Output Dath Device Designator 6
ITOD Time of Day
IVCOV Index Vegetation Cover, l=•1eavy, 2=Medium, 3=Light, 4=Open,

5=Water
I.DUMP True = Intermediate Calculations Printed, False = No Print
PRATE Rr.in Fall Rate (mm/hr)
SOLALT Solar Altitude (Debrees)
TCLOUD Transmission of Clou, Cover
WSPEED Wind Speed (km/hr)

Computed Values

CFACT Cloud Factor
CVAR Variance Factor Due to Clouds
HRLOCL Local Time
ICLD Index on Cloud Cover
IRAIN Index on Rainfall Rate
ITYPE Index on Background Type
IVEGCV Index cn Vegetation Cover
IWINP Index on Wind
RFACT Rain Factor
RVAR Variance Factor Due to Rain

TFACT Background Type Factor
TVAR Variance Factor Due to Background Type
VFACT Vegetation Factor
VVAR Variance Factor Due to Vegetation
WFACT Wind Factor
WVAR Variance Factor Due to Wind

Output Values

SIGMA Standard Deviation of Background Temperature Fluctuation
TEMPEV Background Temperature (C Degrees)

3.2.4.3 Description of Subroutine Logic and Processing

The temperature of the backgrr ad is a complex function of
the background type, its component parts, the environment, surface features,
soil conditions, exposure to the sun, viewing angle with respect to sun-
background direction and others. An examination of Figure 3.2-7 shows the total
cycle of tho major processes that are involved, the pertinence of each in a
given location being a function of the above factors. Little work has been re-
ported on the in situ measurement of background temperature in the detail
required to identhtIbackground-environment interdependencies. Airborne
measurement of surface temperature is now widely employed for several pro-
blerms, but these show the temperature differences for small changes in distance
without ascribing any description of the backgrounds so that a ca~use and effect
might be observed. Because of the limited data, an argument describing the
reiationship between air temperature and background temperature was developed
as a set of empirical dependencies derived from interpretation of the meager
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literature. These relationships are the basic content of ENVIR subroutine
using the atmospheri: environment (ATMENV), unit terrain (UNTER) and time
as inputs and provides estimates for background temperature (TEMPEV) and
temperature fluctuations (SIGMA) as outputs.

The argument developed is that the background temperature
will differ from the ambient air temperature by a factor:

Solar AltitudeS 5.0 )(Vegetation Factor)(Cloud Factor)

(Wind Factor)(Rain Factor)(Ter~perature Factor)

where the altitude of the sun will be positive during the day and negative at
night. Since all the modifiers are positive, the prediction is made that back-
ground temperatures will be warmer than ambient air during the day and
cooler at night. Solar altitude can reach a maximum value of 90* for tropical
regions so that the maximum difference between background and air tempera-
tures will be 18"C because the multiplying factors range between zero and one.

The effects of the five modifying factors in the equation above
are contained in the subroutine in, a 3et of data statements. The indices re-
quired to select one set of values assigned to each factor are developed from
input data describing wind speed, background type, vegetation cover, cloud
cover, and precipitation. For example, the wind speed values between 0 and
50 kilometers per hour arc divided into ten intervals, each of which is denoted
by an index (IWIND) from the expression:

Wind S ed
Wind Inde.x 1.0 + .e

Thus, for a wind speed of 0 to 4.9 kilometers per hour maxi-
mum deviation between background and air temperature is permitted, while
for speeds of 45 kilometers per hour the difference will be minimum.

Similar arguments are developed for each factor. Since cloud
cover transmission (TCLOUD) varies fr-,m zero to orAe and is maximum for
clear skies, the index on cloud cover (ICLD) is developed as:

Cloud Index = 8(TCLOUD) + 1.0

yielding integers varying from one to nine as TCLOUD varies liom zero to
one. For clear skies, TCLOUD = I and maximum difference between back-
ground and air temperature is allowed, CLOUDF = 1; while for heavy over-
cast, TCLOUD = 0 and the background takes on the same vlue as the air
temperature, CLOUDF = 0.

For vegetation coverage, concern centers on transmission by
the foliage of solar energy so that conditions of heavy forest cover, medium
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cover, or light or open areas are defined. Since IVCOV, the index on vegeta-

tion cover supplied from unit terrain (UNTER) ranges from one to five but with

values three, four, and five describing relatively open areas, the index is re-

duced to range from one to three as the index for vegetation cover (IVEGCV)

in this subroutine. The background and rain indices are developed in similar
fashion.

It is known from limited field data that false alarms are ex-

perienced with PIRID type sensors in field use and in field test. These alarms
are attributable to the fact that the power incident on a single detector is not
constant but is continually fluctuating and hence for a prescribed threshold, a

noise signal may be generated which will be identified as a target event. Un-
fortunately, the literature contains practically no information on this particular

problem. As was the case with background temperature, an empirical expres-

sion for the standard deviation of backgraind temperature fluctuations (SIGMA)

was developed to provide the inputs to the false alarm process as follows:

SIGMA * 0.72 - (0.001465 X MTIMR X WVAR X CVUR X WAR
X TVAR X RVAR)

Where MT]hE - Absolute value of (local time - 9)
WVAR n Wind variance factor
CVAR - Cloud variance factor
VvA a Vegetation variance factor
TVAR a Temperature variance factor
RVAR - Rain variance factor

The rationale for the expression developed is that, through it,

a value of SIGMNA is produced which when entered into the PIRBK subroutine

and subsequently to FAINTV subroutine, produced false alarms events con-

sistent with the very limited field data. Based on field data the mid-morning

time centered on 9:00 AM is ascribed the maximum SIGMA, i.e., highest false

alarm rate, but with SIGMA .nd false alarm rate modified by the five factors

shown. The same factor L,di..!s described earlier are ised to select appru_)-

priate variance factors from, ti;e stored data set.

The outputs of this subroutine, background temperature

(TEMPEV) and background temperature fluctuation standard deviation (SIGMA).

are supplied through the call statement to PIRBK subroutine for development

of background power information. The descriptive flow of Figure 3.2-8 shows
the simple sequential pv,'cess of this subroutine.

3.2.5 Subroutine PIRBK

3.2.5.1 Purpose

The PIRID sensor is a hand-emplaced sensor operating as a

passive intrusion detection sensor in the 7-15 micron region. Two fields of

view and appropriate timing logic are included to provide for target dctection.

Noise, however, may also satisfy the logic requirements and hence false

alarms events need also to be considered. It is the purpose of the PIRBK

subroutine to develop the power incident on each detector due to the back-

ground and the average threshold crossing rate for noise (fluctuations in

background radiance) making use of background temperature (TEMPEV) and
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;lurt altion estimate (SIGMA) supplied by the ENVIR subroutine for the loca-
.ýn, uackground type and environment supplied from planner input, unit

terrain, and the atmospheric environment tables. The outputs, background
power incident on sensor (WATTBK) and average threshold crossing (AVGTHC)
are supplied to the PIRTG and FAINTV subroutines respectively.

3.2.5.2 Glossary of Inputs, Computed Values, and Outputs

Input Values

IUT Index Unit Terrain
SIGMA Standard Deviation of Background Temperature Fluctuation
TEMPYV Temperature of Background Determined in the Environment

Subroutine (C. Degrees)

Labelled Common Inputed Values

BWPIR Band Width (Hz/Sec)
DEVXMN Optical System Transmission Factor
DIAM Diameter of Sensor (mm)
IPRINT Output Data Device Designator = 6
LDUMP True = Intermediate Calculations Printed, False No Print
PHIAZ Azimuth Angle in Radians
PHIE.L Elevation Angle in Radians
STEFK Stefan-Boltzmann Constant/PI (1.805455E-8)

Computed Values

AREA Area of Sensor Input Aperture in Square Haters
P104 PI/4 (0. 785398)
PROBTH Probability of Crossing Threshold

RADBAK Background Radiance
TEMPKL Background Temperature (Degrees Kelvin)

Output Values

AVGTHC Average Threshold Crossing
EXPAN Intermediate Calculations (Area * Field * DEVXMN)
FIELD Field of View
WATTBK Background Power Incident on Sensor

3.2.5.3 Description of Subroutine Logic and Processing

The PIRID sensor consists of two detectors and an optical sys-
tem through which two fields of view are defined. These fields are separated
from one another by an unobserved region to provide for two independent
sequential indications of target passage. At all times except during target
passage, power incident on the detectors will be due ýr radiance of the back-
ground as contained within each field and by radiance of the atmosphere which
will be important under conditions of poor visibility. The power incident on
both detectors for the non-target case need not be the same, since a nulling
system is included in the sensor design. However, short-term fluctuations
in received power (those that fall within the pass band of the target signal)
cannot be eliminated and hence must be considered as potentiai sources of
false alarms.
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Slow

This device operates as a passive system in the 7-15 micron
region. Each field of view will be filled by a composite radiating background
consistan. of trees, grass, brush, water and sky, depending on the emplace-
ment location and the manner in which the device is emplaced. Background
radiance will be due predominantly to the radiant emittance of the background
corstituents, radi.ting as black or gray bodies. Reflection of sunlight can be
expected to be considerably less than the black body radiance as may be seen
in Figure 3.2-9 but in sms cases may be adequate to eause chesop sufficient
to produce false alarm problems.

The first problem treated in the PIRBK subroutine (see
Figure 3.2-10) is computing the pawer incident on each detector. Here it is
assumed that the powers will be the same for both fields, and since differences
are removed by nulling, this assumption is considered to impose no serious
limitation at this point. First, a call it made to the ENVIR subroutine to
provide estimates of the background temperature, TEMPEV, and fluctuation
in background temperature, SIGMA, for the appropriate location, location
description (IUT) and environmental conditions (ATMENV). The background
temperaire" is then employed to coimpute he' radiance of the bachground IS,/'
the expression:

Background Radiance = 0. 27 a (Background Temperature)4

where a is the Steftn-boltsmann constant over ?I (8Z1K) and the background
temperature (CfDhlL) is in degrees K. The factor 0.27 is included to account
for the fact that for the temperatures of interest, epprouimately 27 percent
of the radiance lies in the 7-15 micron region. This is obtained by integrating
the Planck radiation lae:

/ 1 d1A

over the wavelength region from 7-14 microns for Tr 300* Kelvin (see
Reference 4).

While the actual percentage will deviate a small amount from
27 percent (2Z to 29 percent) over the range of background temperatures to be
included, the target temperature will in general be related to the environmental
temperature and will differ from it by only of the order of 10" C so that actual
integration of the Planck equation is not required.

It is further assumed that both fields of view are filled by
black bodies radiating at the background temperature. Thus the power inci-
dence on each detector can be computed from the data defining the sensor
aperture and the angular dimensions of each field of view (aaae'med to be the
same). The area of background subtended at a range, R, by the field of view
would be:

Background area x (FlieW of View)(R
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that is, the area contributing to the power incident on the detector. The
solid angle subtended by the sensor for background at range, R, is the ratio
of the area of the sensor to range squared; this is:

Angle subtended = • -- e

A
Combining both expressions and including the transmiss-'on (7-15 microns) of
the optical system, the geometrical factor reduces to:

(Field of view)(Area)(Transmission factor)

which is seen to be independent of range (hcnce range is not a required input
for this set of computations). The effects of atmospheric attenuation on back-
ground power have been included in an indirect way, through the definition of
background temperature (TEMPEV) as a function of background and environ-
mental parameters in the ENVIR subroutine.

Because of t.,e lack of data describing the fluctuations in
background radiance and its spectral distribution, the detailed analysis of
false alarm statistics originally planned had to be modified such that the
avertge threshold crossing is an approximation designed to provide false
alarm data consistent with the limited field data. The probability of crossing
the threshold (PROBTH) is computed as follows:

0.18
PROBTH = Complementary Error Function of 0.18

with the constant (0. 18) included in place of Threshold/2, the value used in
the standard form.

The Average Threshold Crossing (AVGTHC) is computed from
the probability of crossing the threshold on each chance, the number of inde-
pindent chances per second provided by the bandwidth and the factor 2 to
account for the fact that the crossing may take place in either channel as
follows: -

1
AVGTHC = (PROBTH)(BANDWWTJ*)

The AVGTHC is then supplied to FAINTV for scheduling of false alarm events.
The otLer outputs. FIELD, EXPAN and WATTBK are stored so that they marr
be supplied for the appropriate time interval for use in the PIRTG subroutine.

3. 2.6 Subroutine ARFBK

3.2.6.1 Purpose

The ARFBUOY sensor consists of a number of button bomblets
distributed over an area to be monitored and a tr4..sceiver located within 100
meters of the fartlest limits of the array of bomblets. When an intrusion takes
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place, and if a bomblet is disturbed, a signal is generatel by the bomblet
which is received by the transceiver, coded anm transmitted to a monitor.
The ARFBK subroutine is included to determine, from planner inputs, the
area density of bomblets deployed from which pi obabilities of excitation will
be developed in the ARFTG subroutine of the MSM. In addition, an estimate
of the average false alarm interval is developed from the number of bomblets
deployed, the method of deployment, and the environmental conditions con-
sidered to be pertinent.

3.2.6.2 Glossary of Inputs, Computed Values, and Outputs

Input Values

DIMMAX Maximum Dimension of Seeded Area (Rectangle Length or
Circle Diameter) (Meters)

-IEMPLr, Method of Emplacement, 1-Hand, 2=Artillery, 3=Air
IGEOM =1 (Open Circle), =2(Open Line), =3(Road or Trail)
IMAG Index on Bomblet Type (O=Magnetic, l=Noiseless)
NBMBLT Number of Bomblets Used
WIDTH Width of Seeded Area (Meters)

Labelled Common Inputed Values

IPRINT Output Data Device Designator = 6
LDUMP True = Intermediate Calculations Printed, False = No Print
PRATE Rain Fall Rate (mm/hr)

Computed Values

FARATE False Alarm Rate
RAINF Factor Giving Effect of Rain on False Alarm Rate
SAREA Area of the NBB Array (Square Meters)
SNUMB Number Within Area Containing NBB's and Target

Output Values

AREADN Area Density of the NBB's (Square Meters)
AVFATM Average False Alarm Interval

3.2.6.3 Description of Subroutine Logic and Processing

The deployment of an ARFBUOY may be extremely varied
depending or the purposes for the emplacement, the type of terrain in which
emplacement is made, ve#getation density, and other considerations. Three
basic types oi geometry are allowed the planner in this simulation: a uniform
distribution empi-A!td in open areas with either circular or rectangular
limits, or a distribution along a road, also described by rectangular limits.
In all cases, the planner must specify the type of configuration (IGEOM) and
the number of emitters to be employed (NBMBLT).

This simulation is based on several additional assumptions.
First, the emitters are uniformly distributed, retain the uniform distribution
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over the game, and art not lost to the game by exitation or other causes ex-
cept for the transceiver, the reliability of which is treated in the subroutine
designed specifically for reliability analysis. It is also assumed that the
principal cause of false alarm is basically rain, with other sources being of
such small import that they are neglected. It is also assumed that button
bomblets of the magnetic type will eventually be available and that the false
alarm rate for this class will be different from the shock excited noiseless
units.

In the subroutine (see Figure 3.2-11) the area over which the
bomblets are distributed is computed. From that value and the planner
input of number of bomblets, the area density (AREADN ) is determined for
use in the ARFTG subroutine. Then, based on the rainfall data and the type
of bomblet deployed, the false alarm rate (FARATE) and average false alarm
time interval (AVFATM) are computed.

False alarm rate is considered to be related logarithmically

to rain rate by the expression:

False Alarm Rate Rain Factor (RAINF) = log 10 (rainfall

rate + 1.0)

This expression results from an intuitive argument and is not supported by
data at this time. A constant is also included in the false alarm rate calcula-
tions to account for other disturbance sources such as animals, birds and
wind since lack of data prevented any different treatment for this equipment.

The noiseless bomblets are considered to have a false alarm
rate (FARATE) given by:

FARATE= (RAINF + 0. 5)(No. Bomblets in Area)

0.3 6 x 106

where FARATE is given in events per second.

The magnetic bomblets are considered to have a lnwer basic
false alarm rate given by:

FARATE= (RAINF + 0. 1)(No. Bomblets in Area)

0. !6 x 106

except that for air-dropped units, the rain effect factor is increased by a
factor of 2. The average false alarm interval (AVFATM = I'FARATE) is
supplied to the FAINTV subroutine for false alarm event scheduling and area
density of bomblets (AREADN) is supplied to ARFTG subroutine in MSM.
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3.2.7 Subroutine BWIRBK

3.2.7.1 Purpose

The breakwire device of which the AN/GSS-9 equipment. is
an example provides an alarm when a thin wire is broken. Since the wire may
be broken by natural causes such as by wind driven brush, animals, birds,
falling branches and others in addition to target intrusion events, there is a
need to compute the probability of time of occurrence of the non-intrusion or
false alarm event. This is the purpose for the BWIRBK routine.

3.2.7.2 Glossary of Inputs, Computed Values, and Outputs

Input Values
ALENGT Length of Line Deployed (Yards)
IUT Index on Unit Terrain

Internally Stored Designer Input Values

DLENGT Length of Line Available (Yards) Set to 2500
FNCOMP Fauna Component Factor
WCOMP Wind Component Factor

Labelled Common Inputed Values

.PRINT Output Data Davica Designator
ITOD Time of Day
LDUMP True = Intermediate Calculations Printed, False = No Print
WSPEED Wind Speed (km/hr)

Computed Values

DUM Dummy Argument
FAFACT Dummy Argpament
KFAUN Index in Animal Activity fo=6 AM-6 riM, V=6 PM-6 AM)
WFACT Wind Component Factor for Particular Vegetation Type

Output V1 lue s

AVGTHC Average Threshold Crossing

3.2.7.3 Description of Subroutine Logic and Processing

The two major causes for accidental activation of the break-
wire device are considered to be wind and fauna (see Figure 3.2-12). The wind
will be effective in those cases in which brush and ground cover are available
to be driven by the wind against the device as well as by wind caused move-
ment of those natural objects to which the breakwire is anchored, such as
trees. The factor, WFACT, associated with the wind is given for a particular
vegetation type by the relation:

WFACT - (Wind Component Factor)(Wind Speed)/100
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that is, a linear function of wind speed. The wind component factor (WCOMP)
is derived from a stored data set in this subroutine which is keyed to the index
of unit terrain (IUT) descriptions. Based on the descriptions of vegetation types
used in the unit terrain (UNTER) tables, the following modifiers were assigned
to WCOMP and to a similar factor for the fauna component (FNCOMP).

Terrain
Index
(IUT) Terrain Descriptions WCOMP FNCOMP

1 Rice Paddy 0.2 1.0

2 Single Canopy - Light Undergrowth 0,7 1.0

3 Brushwoods - Coffee and Tea Plantations, 1.0 1. 0
Rolling Hills

4 Brushwoods - Coffee and Tea Plantations, 1. 0 1. 0
Flat Valleys

5 Multicanopied Dense Undergrowth Fore st, 0.5 0.6
Upper Slopes

6 Multicanopied Dense Undergrowth Forest, 0.5 0.6
Lower Slopes

7 Single Canopy Light Undergrowth Forest 0. 1 0.3
with Bamboo

8 Dune Grass and Casuarina on Sand 0.2 1.0

9 To Be Defined 0.0 0.0

10 To Be Defined 0.0 0.0

These values assigned are considered to be preliminary, requiring further
validation or modification.

As noted above, the wire may also be disturbed by fauna.
Animal and bird activity are assumed to be most extensive during the hours
6 AM to 6 PM. The fauna index (KFAUN) is computed for the time of day and
may take on the values 0 (0000 to 0600). 1 (0600-1800), and 2 (1800-2400).
The range of KFAUN. however, is limited to I and 2 by setting KFAUN = 2
whenever the computation result is 0. The fauna factor (FAFACT) is computed
as inversely proportional to KFAUN, thus making the effect of time apparent.
In addition to time, an estimate for the concentration of fauna and hence the
total activity level is used. These estimates are included by use of the fauna
component numbers keyed to terrain description for a sensor's locatinn as
shown in the table above. FAFACT is calculated as directly proportional to
these estimates.
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Tb,. average threshold crossing time (AVGTHC) or average
time for accidental breaks of the wire is derived as inversely proportional
to the sum of the wind and fauna factors and also is modified by the proportion
of the wire actually deployed (ALENGT) to the total wire available for the
AN/GSS-9 (2500 yards), upon which the break fictors were based. AVGTHC is
supplied to the false alarm subroutine for scheduling of breakwire false alarm
events. AVGTHC N Numerator

((Wind factor + fauna factor) X ALENGT)

3.3 TARGET DETECTION SUBROUTINE

3.3. 1 Subroutine SEISTG

3.3.1.1 Purpose

This subroutine is employed to determine target detection
events for seismic sensors. It is called by appropriate executive subroutines
in the MSM at event times when a target- seismic sensor interaction exists and
some probability of detection is possible.

3.3. 1.2 Glossary of In|-its, Computed Values and Outputs

Input Values

ALPHA Propagation Factor
ALPEAB Propagation Factor
CUPCOF Acoustic to Seismic Coupling Coefficient
GEQUIL Gain for an Equilibrium Noise - Only Situation
HTAC Height of Aircraft (Meters)
HTFOL Height of Foliage (Moters)
HTMUN Height of Detonation of Munitions (Meters)
IACTYP Aircraft Index Selector, 1- Helicopter, 2 -Propeller, 3-Jet
IBOAT Boat Index Selector, 1-Raft or Sampan, 2- Outboard,

3- Patrol Boat
IDSNSR Sensor ID
IDTCT Target Number
IFIXGN -0 No Fixed Gain, -1,2,3,4,5 Planner Set Gain, -6 Selected

Gain
IMA Man Index Selector, 1-Small Man, 2-Large, 3-T.:,% Animal
I.ITYP Munition T'mex Selector, 1-Small, 2-adium, 3-Large
ITGTTP Target Type
IUT Index on lhsit Terrain
IVEGDN Index for Foliage Density
IVEH Vehicle Index Selector, 1-Jeep, 2-Truck, 3-Tank, 4-Train
MFO7. Index Type of Formatfon (Troops), 1-S.F., 2-D.F., 3-Open
NMSURF Index for Men Noise Modifier
K=EM Number of Elements in a Target
NOTGTS Total Number of Targets
NTAR Dumy Array
NVSURF Index for Vehicle Noise Modifier
RA Range to Target From Sensor (Aircraft)
M4 Range to Target Frao Sensor (4unitions)

3-37



Input Values (continued)

RT Range to Target from Sensor (Troops)
RV Range to Target from Sensor (Vehicles)
RW Range to Target from Sensor, (Boats)
TARNOT Number of Targets in Group fol Troops
TARNOV Number of Targets in Group for Vehicles
THRESH Threshold (Volts)
TSPACE Space Between Targets in Group for Troops
VNOISE Background Noise Voltages
VSPACE Space Between Targets in Group for Vehicles
XSENS X Sensor Position
XTGT X Target Position
YSENS Y Sensor Position
YTGT Y Target Position

Labelled Common Inputed Values

ATEMP Ambient Air Temperature
CHUL Upper Limit, Canopy or Vegetation
CONSTS Average Amplifie.: Output
HZODYN Grams/CC of Water in the Air
IPRINT Output Data Device Designator = 6
ITIME Game Running Time
TTTAB Array for Target Parameter List
IvCOV Index for Vegetation Cover
LDUMP True = Intermediate Calculations Printed, False No Print
TDEL2S Time Delay Times 2

Internally Stored Designer Input Values ***
ACTAR Aircraft Noise by Type (105.0, 115.0, 125.0)**
ARTTAR Value for Munition by Type (dB) (-18.0, -12.0, -6.0)
DBEW Noise Value for)3esas (dB) (-54.0, -51.0, -48.0)
DEWi Input Value for Man Target (dB) (-66.0, -60.0, -57.0)*
DISURF Target Noise Modifier due to Surface for Vehicle (dB)
DSVEH Input Value for Vehicle Target (-48.0, -45.0, -42.0, -39.0)*
FOLATN Foliage Acoustic Attenuation Factor (0.15, 0.2, 0.05)*
TAROw; Seismic Source Strength modifier (d0) based on target forma-

tion value - Formation, 1-0 (Single File), 2-6(Double), 3--6(OP)
TKM Target Noise Modifier due to Surface for Man (d0)

Computed Values

A31AIN Atmospheric Attenuation
DALPHA Random Number
DBATAR Aircraft Signal at Sensor
DRITAR Munition Signal at Sensor
D3SZNS Target Signal Level at Detector
DBVrAR Vehicle Signal at Sensor
DXLRV Distance Traveled by Lead Vehicle Between First and Second Entry

* Ref 1,2, ) **2 Designer input values are given
** Ref 2,16,17 ) P| 3-126 in the Program Listing.
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Cogputed Values (continued)

DELTAT Difference Between Beginning of Game and Time of Last Entry
FN Total Number of Increments of Time After Passing Point of

Closest Approach
GAIN Amplifier Gain
GINLST Gain Value at Last Entry
GINPUT Nominal Gain Detected from Noise + Target or Noise Only

Environment
ISENPR Previous Sensor ID
IT Dummy Index
ITARPR Previous Target ID
ITINLE Time of Last Entry to Subroutine
ITIMLA Time of Latest Report
KI Dummy Index
11IRST Logical Indicator
LSEC Logical Indicator
OUThAX Value of Signal for Threshold Computation
RAIR Range in Air (Moeters)
RANGE Range to Target from Sensor
RFOL Range Through Foliage (Meters)
RHO Intermediate Calculation
RHYPOT Indicator. for Arrival of Last Vehicle at Range of Closeit

Approach
RVREP Range to Lead Vehicle on Previous Look for Approach Target
SICVAR Random Number
TARLEN Target Length Squared
TEDAMK Ambient Air Temperature (Kelvin)
YFL Dummy Argument
VSENSQ Sum of Voltages Squared

output Volume

LDET Detection Decision

3.3.1.3 Description of Subroutine Logic ad Processing

Seismic sensors are a class of the unattended ground sensors
employed in the surveillance or target acquisition mission. Being emplaced
near or on the earth's surface they are responsive principally to Rayleigh
waves travelling through the earth along the surface.* These waves are gener-
ated by a variety of sources some of which were considered previously in the
SEISE subroutine, namely, those sources which are quasi-continuous leading to
a background noise level. In addition, signals attributable to a set of ob-
jects referred to as targets and including man and animals, vehicles, aircraft,
munitions and boats which are of a transient nature are also observed. If the
signals due to these latter sources are of adequate strength when referenced to
the noise level or threshold for a particular logic processing, they can be de-
tected as targets. Thus the objective of this ibroutine is the determination
of detection events through analysis of target signal strengths.

* Ref 1,2, PS 3-126
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The simulation of the sensor it carried out in the following
way (see Fig. 3.3-1). The transducer is assumed to respond to ground particle
velocities at the transducer over the frequency range of 5 to 100 Hz, but with
bandwidth as a design parameter that may be specified. The sensitivity of the
transducer is not considered specifically, the assumption being made that the
transducers will in all cases be responsive to the microseismic background
level which is taken to be -lZ0 dB relative to 0 dB for one centimeter per
second. Secondly, the amplifier employed with the transducer will have a gain
capability sufficient to cause the amplified RMS noise level to achieve an
average amplifier output (CONSTS) for AGC systems, that is, a constant out-
put reference level. Thus, differing sensitivites would require differing gains
in the ratio of Gain = CONSTS/(microseismic noise)(senfitivity) so that reduced
sensitivity would only require increased gain. A third assumption is made
that the amplifier thermal noise outpt is less than that due to the microseis-
mic background level so that gain la always a function of input noise level.

A threshold is defin-d for target detection as a voltage level
above CONSTS, the reference average amplifier output level, where the off-
set is given as BIASSE so that threshold is determined as:

Threshold BIASSE + CONISTS

where BIASSE is a design parameter which may be varied as it the parameter
CONSTS. In this simulation, CONSTS has been arbitrarily set to the value of
1. 0 volt.

It is also noted that in the sensor logic. requirement& are im-
posed on the number of threshold crossings per timing interval such as four
events in six seconds, or on the integrated output signal level, where integra-
tion is over some period of time, for example, six seconds. These criteria
are applied for noise. For targets, the fact that a signal exceeds threshold
os a specific entry to the subroutine is adequate. This compromise is re-
quired in order to limit the amount of computer time required.

Detection logic may also impose some dead time in sensor
reporting, for example, a period of ton seconds following a report in which no
additional reports may be issued. Such logic is included to limit the battery
drain in field equipments and is included as part of the seismic subroutine.

In addition to the abeve, computations for the signal levels at
the sensor are required for completion of the detection assessment. The
SEISTG subroutine ti called at time iztrrvals o: five seconds of gamie time
typically whenever a target or targets are within a maximum range specified
for each target type. The actual determination of target position with respect
to the sensor and maximum range checks are performed in PRERUN subroutines
with range and target description being input to this subroutine. The target
source strengths with reference to seismic wave generation are specific to the
seismic sensor only and are, therefore, contained in a set of data statements
in the SEISTG subroutine. Similarly, s-.rface effects. effects of target organi-
sation, attenuation factors and the like are also specific and are, therefore,
contained within the subroutine as may be seen by examination of the program
listing (Volume I1I).
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On entering the subroutine, VSENSQ, the square of th.? out-
put signal level is initialized to zero. Vegetation factors, temperature, and
other required values are inputed from the SENSOR, ATMENV, and UNTER
common areas. Entry is then made into the target signal analysis loop wherein
the loop is entered once for each target within range of the sensor. The index,
IT, is developed and used in the CALL TRNSFR statement to introduce indivi-
dual target descriptions. After computing the range to a specific target, a
branch is made to the appropriate signal analysis segment of the subroutine
based on target type (troops, vehicles, aircraft, munitions, boats).

If the target is of foot troop type (ITGTTP= 1), an argument
describing the source strength at the target is employed in which the target is
considered as a single element even though a number of elements ma7 be in-
cluded. The single element source strength, derived from stored data, is
keyed to a particular target description and it modified by the number of ele-
ments in the target, by element spacing, by formation type of the target and
by surface conditions. A multielement target location is taken as the coordi-
nates of the leading element and a single speed is used. Consideration should
be given during later simulation activity to the treatment of such troop targets
as a column such as is done for vehicles (described later in this section). The
multielement troop target source strength (DBMTAR) is computed as follows:

DBMTAR = DBMTAR. + 20 [LOgl0 (No. Targets in Group)

-gl(Space Between Targets +Frmto"l~l03] + Formation

Type Modifier + Surface Noise Modifier

A path loss between target and sensor proportional to Rn is employed. Litera-
ture searches have shown that in general attenuation is proportional to

R'5 e-aR

where a is a function of frequency and of the propagating medium. Because
of the very limited descriptions of target, target-medium interaction leading
to seismic wave generation, and of the dispersive characteristics of the soils
and geological structure to be encountered, this expression cannot be ermDloyed
in this simulation. However. as a result of extensive field tepts in Snuthecst
Asia, it has been established that a simplified expression of the form of R-n
where n varies from 1. 6 to 2. 6 applies (see Figure 3.3-2..) In this simulation,n
is given a value of 2. 2 in the product of(20) (propagation factor) in the dev lop-
ment of the target signal at the sensor (DBSENS). In addition, the path loss is
found to vary from position to position about the sensor for positions at the
same range. To introduce this variability, a random component (DALPHA)
which may vary from -0. 1 to + 0. 1 is added to the propagation factor (ALPHA)
before the multiplication. Future effort should consider relating the field
observed values of n to soil types as defined in the terrain table.
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Having determined the source strength at target (DBMTAR) and the attenuation
coefficient (ALPHA + DALPHA) the signal level at ti e sensor is determined
from the relation

DBSENS = DBMTAR - (ALPHA + DALPHA)

[20 logl 0 (Target Range + 1. 0))

this signal is converted to voltage, squared, and then added with any other
Signals to form the sum of the squares of the target signals from which the RMS
value will be obtained. Return is then made to the beginning of the target loop
where the target index is modified to provide the proper index for the next iet
of target descriptors to be introduced.

If the target is of vehicle type (ITGTTPz2) computations for
path loss quite similar to that described above are carried out. However,
multielement targets (NOELEM > 1) %re treatel in a different manner than
that described above for troops. Multivehicle targets may cover an extensive
length of path or road so that treating the lead or centroid of the column would
not be satisfactory. Rather the vehicle closest to the sensor is treated as the
major signal source at a specific time. Thus for a group of vehicle targets
the lead element of which is approaching the sensor, signal level is determined
by the source strength of the first vehicle and its range from the sensor.
After the lead element passes the point of closest approach but before the
trailing vehicle reaches that point, the range employed is that to the point of
closest approach. After the trailing vehicle has passed the point of closest
approach, range to the trailing vehicle is employed. Since the range given as
input is that to the lead vehicle, computations internal to the sensor subroutine
must be employed to determine where the lead and trailing elements are with
respect to the sensor. The signal strength at the sensor (using same formu-
lation as for troop targets) is again converted to voltage, squared and added
to the sum of target signal squares before return is made to the beginning of
the target loop.

Aircraft targets are treated next. The values of aircraft
source strength were taken from Reference 2 and are given as acoustic source
strengths in the data statements. The acoustic wave generated by the aircraft
is assumed to be propagated through the air to the sensor location at which
location the acoustic waves give rise to seismic waves through acoustic to
seismic coupling. (A discussion of this coupling process for which the above
model is a rough approximation is contained in Reference 2.) The conversion
factor is given as a coupling coefficient which relates dB in the acoustic Oystem
(relative to 5 x 10-6 cm/sec) to the reference system for seismic signals
0 dB a I cm/sec).
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The sensor may be emplaced in a region o, heavy foliage
determined from canopy or vegetation upper limit from unit terrain descrip-
tion of sensor location so that foliage attenuation of the acoustic signal must
be included. This factor is introduced into the model as a simple geometri-
cal factor through similar triangle relations in the expressions:

Range in air = (Range to aircraft from sensor). ,Hgta/c ' Htfol-

Hgta1 /c

and Range through foliage = Range to aircraft from sensor -

Range in air

It is suspected that refraction problems are also present in the air-foliage
acoustic path so the estimates developed in this simulation are quite preli-
minary and further examination of the acoustic propagation process should
be m-nade.

Atmospheric attenuation (ATMATN) as a function of water
content and temperature was developed from a set of data given in Reference
I. Additional consideration might be given to aircraft altitude in the expres-
sion ased because of the relation between air density and altitude. However,
because of the expected low altitude of target aircraft, Liclusion of altitude
was not considered necessary.

Munition targets preset a complex problem for seismic
signal generation and very little information regarding such actual weapon
and munition effects is available. * In this model, the seismic signal,
g.nerated by acoustic to seismic coupling at the source, (the weapon munition
functioning location) is considered to be the major component of seismic
energy at the sensor for a munition source. The source signal is attenuated
in the same manner as for the walking target except the randomness (SIGVAR)
is imposed on the source strength rather than on the path loss. For a munition
bursting at some height above ground (HrMUN) the approximation is made that
signal strength is reduced by the amount 6.0 log (HTMUN + 1); that is, that
signal strength is related logarithmically to burst'height.

Boats are also considered to be targets for a seismic sensor
and treated in the same manner as walking targets. In practice the pressure
waves generated and propagated in the water couple with the earth to prodtice
seismic waves. The overall attenuation law is taken to be R-nwhere n is
nominally 2. 2 but with some random variation included.

*Air and surface changes have been employed in geophysical research, e.g.,
Reference 3, P. N.S. O'Brien, "The Efficient Use of large Changes."
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Seismic sensors of several classes may be employed and a
distinction must be made between fixed gain and automatic gain control (AGC)
types. For the AGC types, the long time average output is maintained constant
by modifying amplifier gain in an appropriate manner. Since time constants
of 20 seconds are usually employed and slncz targets will often be within range
of the sensor for that period of time, target effects on AGC must also be in-
cluded. To determine the level to which the AGC system has been driven sincc
the last time the gains for a particular sensor were examined requires the use
of several estimates of gain, namely:

GAIN-The value of amplifier gain to be used in comr-iting
outputs signal and to be stored for reference on the next entry to this sub-
routine.

GEQUIL-The gain value which would apply if equilibrium
background noise only were effective, i.e., no target.

GINPUT-The value of gain which would be effective if present
RMS value of signal and noise remained effective for a long period of time.

GINLST-The value of GINPUT computed on the previous entry
to this subroutine for the sensor ih question.

The ie are combined in the expression:

GAIN 1 ..0 [(GINLST + GINPUT) p + (I-p) GAIN)
1.0+ p

where Game Time - Time of Last Entry

Z(Sensor Time Delay)

The response predicted by this expression is illustrated in
Figure 3.3-3

0I TA-I TA TA+l GEQhIL

" time .. . . GINPUT

Figure 3.3-3 GAIN CONTROL TIME RESPONSE

Initially only noise is present. At time T , however, GEQUIL will be
greater than GINPUT because the signal levet input at the sensor (signal +
noise) has increased. At time TA-1 noise only was present so GAIN and
GINLST as read are equal to GEqUIL. If we assume 2 (sensor time delay) is
40 seconds and TA - TA.1 is four seconds then p - 0.1 and the computation
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specifies GAIN to be:

GAIN - I_._ [(GEQUIL + GINPUT)(0.1) + (I -0.1)(GEQUIL) ta) I1.1ta

GAI _ . I [(GEQUIL) + (GINPUT)(0.1)]
1.1 ta-I

since GINPUT is less than GEQUIL, GAIN *111 be elso less than GEQUIL.

(NOTE: If GINPUT had been equal to GEQUIL the result, MAIN - GEQUIL.

would have been obtained.) If, for example, a munition signal had been

processed and GINPUT was found to be 0.1 (GEQUIL) then GAIN would have been

computed asr: A = I+ 0.1(GEQUIL) ta 0.1 + (1 - 0.1)GEQUIL)ta.I

- _ (GEQUIaI + 0.01(GEQUIL) taI

1.1 a-i

.l0--1 czQUILa
1.1 a-i

For later times of entry the same argument follows but the computation is
somewhat more complicated because the value of GAIN employed is a function
of prior values of GINLST and GAIN.

If the time since last entry is greater than twice the filter

time constant, GAIN will be based only on GEQUIL and the current value of

GINPUT where the letter is weighted by p to account for tie fact that the tar-

get must have produced some small effect on GAIN if GINPUT is less than

GEQUIL as seen in the expression:

GAIN = 1 [p(GINPUT) + GEQUIL]

In the event that f-.ed gain is employed, a number of options

are open as have already been d&scussed ir, the SEISBK discussion (Section
3. 2.2). In this subroutine, the value of GAIN associated with the sensor with

index IFIXDCN in input through the corranon area labelled SENSOR. Then the
value of GAIN is used tM compute output sibnal level (OUTMAX) in the expres-
sion:

OUTMAX IVSF.$NSQ)(GAIN)
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Sensor characteristics such as a ten-second inhibit period
following each message have already been discussed. It is assumed that this
particular characteristic applies to all sensors. If the time since last report
is less than 15 seconds (ten second inhibit + five second detection period), a
report cannot be generated so the detect'mn decision is declared to be false in
alb cases. If the time interval is 15 saconds' or more and the signal exceeds
the threshold, a logical TRUE is generated and IT2IMLR, the time of last
report, is updated to ITIME, the present time, for future use. Then finally
time of last entry, ITIMLE, is also set to ITIME for use by the GAIN compu-
tation on the next entry. This latter statement applies for all entries, whether
detection is TRUE or FALSE. C/ontrol then is passed back to the calling
subroutine.

3.3.2 Subroutine ACOUTG

3.3.2.1 Purpose

This subroutine is provided to determine detection events for
acoustic type sensors for troop, vehicular, aircraft, artillery, and river
craft type targets.

3.3. t. 2 Glossary of Inputs, Computed Values, and Output

Input Values

BOATNO Number of Boats
BSPACE Spacing Between Boats

GAIN Amplifier Gain (Units)
GEQUIL Gain for an Equilibrium Noise - Only Situation
GINLST Gain Value at Last Entry
HGTAC Height of Aircraft (Meters)
HGTFOL Thickness of Foliage (Meters)
IAA Index ior Aircraft Noise !=105(Helicopter), 2=115(Prepeller),

3=125(Jet)
"IDSNSR Sensor ID
IDTGT Target ID
ITGTTP Target Type
ITIMLE Time oi Last Entry to Subroutine
ITIMLR Time of Latest Report
IUT Index on Unit Terrain
KMAN Thdex for Man Noise, 1=20(Silent), 2=50(Talk), 3=65(Animal)
KMUN Index on Munitions Noise, l=Small(100), Z=Medium(130),

3=Large(150)
KWATR Index for Boat Noise, l=Motor Sampan 82, 2=Patrol 88, 3=94
KVEH Index for Vehicle Type, l=Jeep(85), Z=Medium Truck(107),

3=Tank(l 13)
NFOI Index for Type of Formation for Troops, 1-Open, 2-Single File,

3-Double File.
WOWI Index for Type of Formation for Boats (Single File only)
NHSURF Index for Noise Modifier Man, 1- -3(Open), 2,0(Hard),

3- 3(Grav.)NOELEN Number of Elements in the Target

3-49

I'



Input Values (continued)

NOTGTS Total Number of Targets
NTAR Dummy Array
NVSURF Index for Noise Modifier, Vehicles, l=Field (-3), Z=Hard (0),

3=Grav (6)
RA Range from Aircraft to Sensor (Meters)
RM Range from Man to Sensor (Meters)
RV Range from Vehicle to Sensor (Meters)
RU Range from Munitions to Sensor (Meters)
RW Range from Water-borne Target to Sensor (Meters)
TARNOT Number of Men
TARNOV Number of Targets in Group for Vehicle
THRESH Threshold (Amplifier) (Volts)
TSPACE Spacing Between Men (Meters)
XSENS X Sensor Position
XTGT X Target Position
YSENS Y Sensor Position
YTGT Y Target Position
VNOISE Total Background Noise (Volts)
VSPACE Spacing Between Vehicles

Labelled Common Inputed Values

ATEMP Ambient Air Temperature
CHUL Upper Limit, Canopy or Vegetation
CONSTA Average Amplifier Output
H2ODEN Grams/cc of Water in the Air
IPRINT Output Data Device Designator = 6
ITIME Game Running Time
ITTAB Array for Target Parameter List
IVCOV Index Vegetation Cover, l=Heavy, 2=Medium, 3=Light, 4=Open,

5=Wate r
LDUMP True = Intermediate Calculations Printed, False = No Print
TDEL2A Time Delay Times 2

Internally Stored Designer Input Values

ALPAIR Target Noise Due to Aircraft (dB) (105.0, 115.0, 125.0)*
BOTORG Format.= Function for Boats (1.0, 2.0, .2)
DBSURF Target Noise Modifier Due to Surface (dB) (-3.0, 0.0,6.0)
FOLTBL Attenuation Due to Foliage Density (0.05,0.1, 0.15)
TBLMAN Man Signal (dB) (20., 50., 65.0)*
TBLMUN Target Signal Due to Munitions (dB) (100.0,130.0,150.0)*
TMM Target Signal Modifier Due to Surface (dB) (-3.0,0.0,3.0)

TROORG Terrain Function for Men (-3.0,0.0,3.0)
VEHTBL Vehicle Signal (dB) (85.0,107.0,113.0,125.0)*
WTRTBL Target Signal Due to Boats (dB) (82.0,88.0,94.0)

Computed Values

ALA Attenuation Coefficient for Free Air (dB/Meter)
ALPFOL Attenuation Due to Foliage Density

*Estimtes Developed from Reference 1,17, Pg 3-126.
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Computed Values (continued)

DBAC Target Signal Due to Aircraft (dB)
DBMAN Target Signal Due to Man (dB)
DBM'uN Target Signal Due to Munitions (dB)
DBTARG Noise Level at Sensor Due to Target (Use Maximum Value)
DBVEH Target Signal Due to Vehicles (dB)
DB'WAT7Z Target Signal Due to Boats (dB)
DELRV Distance Travelled by Lead Vehicle Between First and

Second Entry
DELTAT Difference Between Beginning of Game and Time of Last

Entry
FN Total Number of Increments of Time After Pý ssing Point of

Closest Approach
GINPUT Nominal Gain Detection from Noise + Target or Noise Only

Environment
ISENPR Previous Sensor ID
IT Dummy Index
ITARPR Previous Target ID
KFOL Index for Foliage Attenuation, 1=0.05, Z=0. 1, 3=0.15
KI Dummy Index
LFIRST Logical Indicator
LSEC Logical Indicator
OUTMAX Previous Values of OUTMAX
PLOSAC Total Attenuation Due to Range (Aircraft)(dB)
PLOSSB Total-Attenuation Due to Range (Water)(dB)
PLOSSE Total Attenuation Due to Range (Munitions)(dB)
PLOSSM Total Attenuation Due to Range (Man)(dB)
PLOSSV Total Attenuation Due to Range (Vehicles)(dB)
PLOS6S Attenuation Due t0 Divergence (Aircraft)(dB)
RANGE Range to Target from Sensor
RHO Intermediate Calculation
RHYPOT Indicator for Arrival of Last Vehicle at Range of Closest

Approach
RVREF Range to Lead Vehicle on Previous Look for Approach, Target
TARLEN Target Length Squared
TEMAMK Air Temperature (Kelvin)
VSIGSQ Sum of the Voltages Squared
X Dummy Argument for Random Number Gezierator

Output Values

LDET Detection Decision

3.3.2.3 Description of Subroutine Logic and Planning

This subroutine is very similar in structu" e to the SEISTG
subroutine already described so that only a general outline will be presented.
Emphasis will be placed on those areas which are not treated in the SEISTG
sub routine.
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When this subroutine is called, considerable information
must be passed to it in order that the proper computations can be carried out
and the required outputs generated. These inputs are contained in the argu-
ments of the CALL statement (NOTGTS) and in the BASICT, ATMENV,
UNTER, TARGET, CONST, SENSOR, and SENVAR labelled common areas.
Some of the input is derived from PRERUN as output from the ACOUBK suib-
routine and others from previous entries to this subroutine itself, e. g., time
of latest report (ITIMLR), time of last entry for a specific sensor (ITIMLE),
the amplifier gain (GAIN), and the gain value at last entry (GINLST), all con-
tained in the SENSOR common area. Target information is input through the
target common area with descriptors for target type (ITGTTP) and classifi-
cations within that type. The target paranm.eters associated with these de-
scriptors are contained within the subroutine as data statements.

As with SEISTG, on entry into the subroutine a target loop is
encountered through which passage must be made once for each target deter-
mined to be within range by external subroutines (Figure 3.3.-4 ); thus cycles
for total number of targets are made through the target signal development
loop. The first type of target considered -s the vehicular which is treated in
identical manner as that described in SEISTG including the rnultielement tar-
get. tource strengths and surface effects are, of course, those pertinent to
the vehicles and contained in the data statements for acoustic source strength.
Four vehicle types are include,i, namely: small (I/4 ton) trucks at 86 dB;
medium (107 dB); large (tank, 112 dB); and trains (125 dB). These source
strengths are estimates developed from the literature but should be considered
to be tentative only at this time. Path loss is proportional to 1 /R 2 but with an
additional loss due to foliage included. * The index of foliage loss is developed
from data supplied from the terrain table for the locaticn of the sensor in
question.

Troop-type targets are treated in cor-nposite fashion as in
SEISTG with source strength (DBMAN) being a function of troop activity
(quiet (20 dB) or noisy (50 dB)) and modified by number of elements in the
target, element spacing, troop organization, and surface condition as shown
in the expression:

DBMAN = (Source Strength). single man

+ 20 [logl 0 (2(No. Men)-loglO pacing3 )]

+ f(Terrain Function) (Formation Index)

+ f(Surface Modifier)(Surface Noise Index)

This expression is seen to be an elementary estimate for source strength which

may be subject to modification when additional data are developed through field
experiment or test. Path loss is of the same typeas that for vehicles described
above.

*See References 1 and 5.
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River craft targets are assigned a source strength (DBWATR)
according to the following statement:

DBWATR = f (3oat TIy•) + ipictiog FunctLon X
Formation Function

where the elemental boat signal source strength has assigned values as raft
or motorless sampan, 82 dB; motor sampan, 88 dB; patrol craft, 94 dB.
Thete estimates are based on very limited data and as first estimates would
appear to be high.

Munition targets are treated as a simple acoustic source with
path loss proportional to 1 /R , with added loss introduced by foliage. It is
assumed that if foliage is present at the sensor, the acoustic signal is attenuated
over its entire path from eve-nt to sensor by the associated foliage attenuation
facto;. Treatment of air and foliage refraction processes and determination
of extent of foliage between target and sensor were beyond the present scope
of the model, but it is to be noted that sufficient information is contained on
which to base a much more detailed simulation for the acoustic path loss.

Aircraft targets are treated in a similar way with range
through foliage being developed from similar triangle considerations as is
done in SEISTG subroutine. Atmospheric attenuation based on water content
and temperature is also included in the path loss term as in SEISTG and the
same considerations of disregarding aircraft altitude and altitude dependent
water density and temperature apply.

Having determined the sum of the signal voltages
at the sensor input (VSIGSQ), the output is computed directly from the value
of GAIN that applies. GAIN is developed in the same way as for the AGC
system of SEISTG. Output detection logic and time indexing are identical to
that described in the SEISTG subroutine. I

Estimates of source strength and effects of environment on
propagation were developed principally from References 1, 2, 4 and 5
although considerable additional literaturi was reviewed.

3.3.3 Subroutine PTRTG

3 3.3.1 Purpose

Using the background power estimates developed in PIRBK,
this subroutine is employed to develop estimates of power due to target and
background, and the signal to background ratio from which the probability of
detection is determintd. A *:st of the probability by comparison to a random
number is then used to d&tjrmine occurrence or absence of a detection event.
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3.3.3.2 Glossary of Inputs, Computed Values and Outputs

Input Values

EXPAN Area of Input Aper'xre x Field of View x Optical System
Transmission Factor

FIELD Solid Angle Field of View
IDSNSR Sensor ID
IDTGT Target ID
ITGTTP Target Type
KSTRNG Index on Strength Type of Target
TENPEV Background Temperature
VELTAR Velocity of Target
WATTBK Background Derived Power from PRERUN
XSEN Sensor Position X
XTGT Target Position X
YSEN Sensor Position Y
Y1CT Targat Position Y

lnteafnally Stored Designer Input Values

AREABO Area of Target for Boats (0.4,0.7,2.0 meter 2 )
AREA.MN Area of Target for Man (3.1,10.0, 20.0, 50.0 m2 )
AREAVH Area of Target for Vehicles (1.0, 5.0, 10.0)

Labelled Common Inputed Values

DELAZ Angle Between Center Linei of the Two Beams
H2ODEN Atmospheric, Water Content in Grams/cc
IPCODE Precipitation Code Identifying Type of Precipitation
IPRINT Output Data Device Designator 6
ITIME Game Running Time
LDUMP True = Intermediate Calculations Printed, False = No Print
PRATE Rain Fall Rate (mm!hr) -8
STEFK Stefan-Boltxmsmn Constant/PI (1. 805455X1 0
THRESH Threshold
TIMMAX Maximum Time Allowed for Detection (Common Senvar), 2.0

Seconds
Computed Values

AREREF Reference Area Defined by Field of View and Range
ARTAR Area of Target
BEAMRG Distance Between Beam Centers at Target Range
BEAMTM Time Required f.r Target tc Traeel Distance BFAMRG
DUM Dummy Variable
FOCATN Attenuation Modifier
INTER Intermediate Index
PRAIFI PRATE x 0.1
PWRA Fraction of Background Power Received, Target in Field
PWRAIR Power Due to Radiance of Atmosphere
PWRBK Background Derived Power
PWRINT Received Power from Background
PWRTAR P-wer at Sensor Aperture Due to Target
PWRTOT Total Power at Sensor Aperture Due to Target and Background
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Computed Values (continued)
RADAIR Radiance of Atmosphere
RADTAR Radiance of Target
RANGE Distance Between Target and Sensor
RATIO Ratio of Target Area to Area Subtended by the Beam
STOT Signal to Threshold Ratio
TEMAMK Ambient Air Temperature (Kelvin)
TEMPTG Target Temperature
TEST A Random Number Between 0 and 5

Output Values
LDET Detection Decision (True or False)

3.3.3.3 Description of Subroutine Logic and Procesring

The PIRID device (and other devices of this class) are passive
infrared equipments operating in the 7 to 11 micron region. Two fields of
view :and two detectors are employed to provide bott a reference system anda deteý:tion logic which potentially reduces false alarms to a very low rate.
The t,,o fields of view are offset from one another by a small angle which intro-
uces a dead zone so that there will exist a null zone in target passage from

one field to the second. For the PIRID device, azimuthal width for each field
is 1.0 degree and the field center lines are separated by 3.0 degrees. A
nulling type system is employed using feedback to the input stages of the two
independent amplifier channr• s to reduce the output difference to zero for long-
time average effects. When a target enters one field, the null balance is upset,
a detection or threshold crossing takes place, and a timed logic sequence is
initiated. If the target passes through the second beam, the balance is similarly
upset and a second threshold crossing takes place. If the time between thres-
hold crossings it within prescribed limits, a detection report is generated.
The second beo must be intercepted within 3 seconds of the actuation of the
first bean (Tfl*MAX) and thus detection is a function of target speed. The
signal to noise ratio is computed for one beam only and fion it the probability
of actuating each beam is determined and tested by selection of a random number.
Timing requirements may, of course, be met by noisi leading to false alarms as
already discussed in the PIREK subroutine.

On entry into this subroutine (Figure 3.3-5) a check is made
to determine if target velocity is adequate to met the logic requirements of
the sensor. It is assumed that the device is positioned so that the centerline
of the system viIl be perpendicular to the trail or road being monitored so
that target vector will always be perpendicular to the centerline. For more
general applications such as base defense when small fields of view and long
ranges are employed, a more general solution may be required. Since the PIRID
is a "vry limited range device, the approximation employed is considered to be
satisfactory.
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If the target velocity is satisfactory, target temperature is
next established. Again, relatively little information on the average tempera-
ture of a target is available, so tle set of data developed as part of the Warren
Grove experiments (Ref. 6) were used. The data were plotted and straight line
fits were applied as shown in Figure 3.3-6 (also see Ref. 7, page 103). Using
those results, it is argued in the model that the target of cross sectional
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area given in the data statements of this subroutine will have temperatures
defined as follows:

a. For military personnel type target, the ;naximum per-
missible temperature of the man and clothing will be 3181 K, which will apply
if the background temperature should be greater than 318* K. For lower back-
ground temperatures, the temperature of the target (TEMPTG) is related to
the background temperature by the relation:

Target Temperature = 0. 7(Environmental Temperature) + 285

where the environmental temperature (TEMPEV) is determined in the sub-
routine PIRBK and passed on to PIRTG through the SENVAR common area.

b. If the target is a large anim.al, the target temperature
defined for a target of cross sectional area two meters square is given by:

Target Temperature = 0. 7(Environmental Temperature) + 280

There is no support for animal temperatures in Reference 6, but the tentative
equation is considered satisfactory for present purposes.

c. For inanimate objects the target temperature was found
in Reference 6 to be approximately five degrees higher than the background
temperature. Thus,

Target Temperature = Environmental Temperature + 278

while: Ambient Air Temperature = Environmental Temperature + 273

d. Target t-mperature (TEMPTG will be modified substantially
by precipitation since both target and background temperatures are reduced by
the coavection coolin; provided by precipitation. At high rates of precipitation
the differences in these temperatures approa3ch zero. This argument is intro-
duced by the fosilowing statements:

Target Temperature TEMPTG - 0. l(Precipitation Rate)

(TEMPTG - Ambient Air Temperature)

Water DensityTarget Temperature TEMPTG - 0.3 . (TEMPTG
0.3 x 10

-Amzbient Air Temperature)

where it can be seen that target temperature is reduced by the difference
between target and ambient air temperatures and by arguments related directly
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to precipitation rate or fog density. The ATMENV table is not specific on
fog except to indicate that fog is present. In the sensor subroutines, fog
density is assumed to be related to atmospheric water content, H2ODEN,
as a temporary expediency. Again these arguments are unsupported by data
but appear to bL adequate for present purpose&.

If the difference between target and background temperature
is less than 0. 25 degrees C., the target cannot be detected no matter how
much of the field of view the target fills so that a direct step to the RETURN
statement is made. This is a sensor design consideration which presents
the minimum detectable temperature difference under optimum conditions.

The target also may not fill the field of view in which case
it is necessary to dttermine the total power incident on one of the detectors
where part of the power is derived from the target and the second component
from that amount of background within the same field that is not obscured by
the target. The target areas are selected on the basis of target type (ITGTTP)
and classification (KSTRNG) from the data statements contained within the
subroutine. If the area of the target is greater than the reference area
(AREREF) which is the area subtended by the field of view at the range of the
target, then the problem is simply that of comparing target with background
power. If the target area is less than AREREF, then targe# plus background
must be compared with background alone as noted above.

It is to be noted that in general the background will be distri-
buted in range. The lower reaches of the field of view will be exposed to
surface vegetation near to the sensor while at the upper limits, background
may be located at a considerable range from the sensor. Since, however,
all the background is taken to be at the same temperature, the field of view
is taken to be filled by a black body radiating at a temperature defined as that
of the background. Thi_- approximation will be somewhat in error for poor
weather conditions where atmospheric attenuation, which is a function of
range, is an important factor.

Having defined the target and background, power is determined
from the subroutine PIRBK and the target component is computed by the ex-
pression:

Radiance of Target = 0. 27 a(Target Temperature)
4

where a is the Stefan-Bo!tzmann constmnt/tr. It can be seen that the Stefan
Boltzmann equation for radiance is thus employed. The factor, 0. 27, is
introduced to assign the 7-15 micron interval fraction of total radiance to
radiance of target.

The power on the detector due to the target is comnpute ar:

PWRTAR 7 (Target Radiance)(EXPAN)(RATIO)

where EXPAN is the geometrical gain factor relating device characteristics
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(area, field of view, optical system transmission factor) to power incident
on the detector as computed in PIRBK, and RATIO is the fraction of the field
of view filled by the target. If attenuation due to fog is an important factor,
the power due to target and background are both scaled to lower values as,
for example:

PWRTARAtten : (PWRTAR) e -(Attenuation Modifier) (Range)

In addition, the radiance attributable to the intervening atmosphere (between
sensor and target) is added. (Attenuation due to precipitable water is not
included because of the limited range of this sensor. A more general approach
would include atmospheric attenuation as is done as part of the THERML stab-
routine. )

The signal to threshold ratio is next computed. The signal is
taken to be the difference in power on the detector due to target plus back-
ground compared with the power on the detector due to background alone.
Threshold is a designer input selected here to denote detections w.--n the tar-
get filled field of view observes a temperature 0. 25 degrees C. d ierent from
that ol the background filled field of view.

Two tests are made in 0Jilch the signal to threshold ratio is
compared with a random number. If in both tests the signal to threshold ratio
is the greater, a detection report is generated. For any other comba.lation of
outcomes, no report is made. This argument simply indicates that both beams
must be actuated, and for low signal to threshold ratios, there is some pro-
bability that one or neither of the beams will be activated.

Finally, it is noted that the simulation described depicts the
situation for one target element. For multi-element targets the entire pro-
cess is repeated at those times that the MSM executive subroutine determines
that a target element passes through the field.

3.3.4 Subroutine ARFTG

3.3.4.1 Purpose

This subroutine is provided to determine the probability that
a target element or elements will excite an intrusion detection element
(Button Bomblet) in a two-se,:ond interval for the specific targets within
Button Bomblet distributions.
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Input Values

AREADN Area Density of the Bomblets in Number (Square Meters)
IDSNSR Sensor ID
IDTGT Target ID
IMAG Index on Bomblet Type (O=Magnetic, l=Noisless)
ITGTTP Target Type
KSTRNC Index on Strength Type
NOTFLD Number of Targets in a Seeded Area
VELTAR Velocity of the Target

Labelled Common Inputed Values

IPRINT Output Data Device Designator 6
ITIME Game Running Time
LDUMP True = Inteimediate Calculations Printed, False No Print

Internally Stored Designer Input Values

AREAM Area Covered by Troop Target/Troop/Sec/Meter/Sec *
AREAMM Area Covered by Troop Target/Troop/Sec/Meter/Sec (Mag.

But. )
AREAV Area Covered by Vehicle, Target/Vehicle/Sec/Meter/Sec
AREAVM Area Covered by Vehicle, Target/Vehicle/Sec/Meter/Sec

(Mag. But.)
SAMPTM Time Over Wh'ch System is in a Single Sample Cycle (2 Sec.)

Computed Values

ARTAR Area Covered by Target/Sec/Meter/Sec
DUM Dummy Variable
PROB Overall Probability of Excitation in a Sampling Interval
PROBUT Probability of Actuation of Bomblet by a Single Target
TARNUM Number of Targets in a Seeded Area

Output Values

LDET Detection (True-False)

3.3.4.2 Description of the Subroutine Logic and Processing

In subroutine ARFBK, the area density of intrusion detection

elements was computed from the planner input information regarding number
of elements and the configuration and area size of the distribution. As a part
of the MM executive subroutine, computations are carried out which describe
the number of target elements contained within "he sensor field at any time
(TARNUM). With this information and a not of stored response areas contained

within the DATA statement sets of this subroutine, the probability of an
actuation is determined. By testing against a random number, the success or
failure of the detection test for the entry in question is determined.

In the subroutine the areas that are disturbed by individual
targets ire stored as data under the names AR!1AM, AREAV, AREAH4M, and

ARYAVN (see glossary) for both trooper and vehicle type targets and for

• This area was estimated by measurement of the area swept by a man's feet in

one second given a speed of I meter/sec. The area covered by all elements of
the target Is then a function of the number of elements, the target speed, end

the observation time. Values are given in the program listing.
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noiseless and magnetic type buttom bomblets. The areas are the areas per
element per second per meter per second that each target would perturb. On
entry into the subroutine (Figure 3.3-7), target specification is first assessed
from the descriptors ITGTTP and KSTRNG, parameters that serve as indices
for selection of the required areas from the data sets discussed above.

The average number of bomblet activations in a sampling
period (AVGNBT) is given by the expression:

AVGNBT = ARTAR • VELTAR . SAMPTM . AREADN

TARNUM

where ARTAR is the target disturbance area discussed above, VELTAR is
the target velocity, SAMPTM is the sample time defined by the data state-
ment as two seconds, AREADN is the area density of bomblets computed
in subroutine ARFBK, and TARNUM is the number of elements in the field
as computed by the Executive subroutine. The probability of actuating a
bomblet in any sampling period (PROB) is given by

-AVGNB T
PROB = I - e

Tests are tren made against a random number, one on each
entry to the subroutine. If the. probability exceeds a random number selected
from the uniform distribution lying between 0. 0 and 1. 0, a detection report
is generated, otherwise the detection is declared to be false. Return to the
calling routine is then made with the detection result being transmitted through
the argument list in the sensor call statement.

3.3.5 Subroutine MAGTG

3.3.5.1 Purpose

This subroutine is employed to develop the report events and

times that result from the interaction between targets and the magnetic,
gradiometer type sensor as the targets pass in the vicinity of the sensor.

3.3.5.2 Glossary of Inputs, Outputs, and Computed Values

Input Values
IDSNSR Sensor ID
IDTGT Target ID

IREF URN Reference Number
ITGTTP Target Type
KSTRNG Target Classifier
NCLOSE Number of Closest Element to Sensor
NOELEM Number of Elements in Target Group
THRESH Thresiold
TIME Running Time in Half Second Intervals
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Input Values (continued)

TSPACE Target Spacing (Average)
VELTAR Target Velocity
VX Target Velocity X - Direction.
VY Target Velocity Y - Direction
XSENS X-Coordinate of Sensor
XTGT X-Coordinate of Target
YSENS Y-Coordinate of Sensor
YTGT Y-Coordinate of Target

Internally Stored Designer Input Values

PERM Target Permeability
POLIND Pole Induced Fact, Unit Poles/Gauss
POLRES Residual Pole Strength, Unit Poles
RMAX Maximum Range
TARLEN Target Length (cm)
ZOTABL Table of Heights Above Ground (cm)

Labelled Common Inputed Values

IPRINT Output Data Device Designator = 6
ITIME Game Running Time
LDUMP True = Internmediate Calculations Printed, False No Print
XFIELD X Component of the Earth's Magnetic Field *
YFIELD Y-Component of the Earth's Magnetic Field
ZFIELD Z-Component of the Earth's Magnetic Field

Computed Values

CLOSE Dummy Variable
DELTAT Time Difference
DUM Dummy Variable
EMOMX Dipole Moment Due to Residual Poles, X Component
EMOMY Dipole Moment Due to Residual Poles, Y Component
EMOMZ Dipole Moment Due to Residual Poles, Z Component
HDOTZ Time Derivative of Vertical Component of Field at Sensor
I Dummy Index
INDEXH One Space More Than Closest Element Index
INDEXL One Space Less Than Closest Element Index
IREFP URN Reference Number Changed Every 60 Seconds
ISAVE Dummy Variable
ISKIP Dummy Variable
ISIZE Index on Target Length
J Dummy Index
KI Dummy Index
MTRLT Duom Ci Variable
PARTI Random Component Associated with X for Carried Target
PART2 Random Component Associated with Y for Carried Target
PART3 Random Component Associated with Z for Carried Target

PARTSQ Vector Length of X, Y, Z Random Components
POLL Computational Variable

*Reference 4, Page 3-126
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Computed Values (continued)

RANGE Range from Target to Sensor (Meters)
RANGE5 Range to 5th Power
RANGE7 Range to 7th Power
RMOMX Dipole Mcment in X Due to Residual Poles
RMOMY Dipole Moment in Y Due to Residual Poles
RMOMZ Dipole Moment in Z Due to Residual Poles

SPACE Distance from Closest Element
TLTC Time of Last Thrtdhold Crossing
VXCOMP Intermediate Calculation
VYCOMP Intermediaje Calculation
XCOMP Computational Variable
XLEN Length of Target in X Direction
XMOM Total Moment for X Dipole Component
XVAL X Coordinate Position for ith Target Component
XYCOMP Product of (XCOMP • YCOMP)
YCOMP Computational Variable
YLEN Length of Target in Y Direction
YMOM Total Moment for Y Dipole Component
YVAL Y Coordinate Position for ith Target Component
ZLEN Length of Target'in Z Direction
ZMOM Total Moment for Z Dipole Component

Output Valu'-s

LDET Detection Indicator (True-False)

3. 3. 5. 3 Descriptioni of Subroutine Logic and Processing

The MAGID s,.nsor which is the basis for this subroutine (Fig-
ure 3.3-8) consists of two, many turn, solenoids which are emplaced in the
earth with longitudinal axis along the vertical so that voltages are produced in

response to changes in the vertical or Z component of the magnetic field at
the solenoids. The solenoids are placed so that one unit is near the trail or
road being monitored while the second is emplaced as remote to the trail as
possible serving as a ba.ckground reference for the first. The solenoids are
connected in opposition to one another so that for the same changes in field
at both solenoids no output is produced. In the frequency range employed,
earth's field fluctuations are area type fluctuations of such extent that the
change in field at both solenoids is approximately the same to within the thres-
hold setting. Thus the earth's field fluctuations are essentially removed and
false alarm rates are held to a low level. When, however, a ferrous material
is passed along the trail the change in field at the trail solenoid is much
greater than that produced at the remote solenoid so that an imbalance exists
whict if large enough and of sufficient duration, will actuate the detection
logic networks. While the difference ia jignal is the important signal com-
ponent, it is assumed in this model that the target will always be much closer
to the trail solenoid than to the reference unit so that only the field changes
at the trail solenoid need be examined. Hence, the simulation is that for a
single solenoid.

3-69



SET "0OS9 FOR MUTEING ONJ APPROACH TARGET, FIRST AND
I APPIE TYPE 001 BSSE Of @*CO ELEMINI ANN TREATMD
CLOSEST ELEMENT OF A Maum pASSGE THE CLOSEST

TARETELEMENT AND ILEMENT ONd EACH
SON 00 CLOSEST ELEMENT ARE
TREATED, FOR RECEDING TARGET
LAST T1111 ELEENTS ARE TREATED.

ROWN STORED REFERENCEs
swLcT APPROPRIATE RAMIOSi
wwwEs SAVED Pon THE
INDEXED PIAFORE

DITERMINE,.,Y ORIETATON I. S

of. DIPOLE LENGTFOM.HMI

ISNOTIMENT OFUT V. v. ANMD
REEDSA 9TRN VLLS ORTAEE

WAOM SAIT OTIJE NIFIRNTEI

CORPUTII TOTALR ,MOMEKIINTS

i OIJTS I A N AMOO O .IAE

OF TUARG ELEMEONT I ROE

COMITI ROAG LEMN kTmO

Figure ?.- )4ACTG )4ACROFLOW
iShe.t 1 of 2)

3-70



"A4,"

CHANGEI~f WIT TIME O

AT 'I

ADD OOTZ "ALUS COPUTE



It is found that the rate of change of field strength at the
solenoid is a function of the range to the ferrous object from the sensor, its
size and orientation, prior induction history, earth's fi.tld components and
rate of movement with respect to the sensor. It can be shown that the
potential (V) at the sensor due to the magnetic.dipole (M) described by the
ferrous object is given by:

v : (x° +VQA +(Yo +VyOM +zoMz

r [(Xo + Vt) + (y + vt) + z

where xo, yo' and z are initial or reference target positions with respect

to the sensor and (x0 + vxt) is the X-axis position of the target with respect

to the sensor at any time t. The vertical component of the magnetic field
(Hz) is given by:

M
HzJV z = "--_r + 3z°[(x° + v xt) Mx + (yo + v t) My + zo0M z3

zd0  r 5
r

2 2 21/2
r = ((x0 + vt) + (v t) + (z 0)

Then the rate of change of Hz with respect to time is given by

dH M 3z

z 3 z [(x + v t) v + (y + -yt) Vy) + --•r(vxMx +VyMy)]

15 -• [(x + vt) M + (y + vyt) M+ ZoM ]

[(x+ vt)V + (y +vt) vINO x 0 y y

To carry out this computation it is necessary to know the
dipole moments, M, M and M , as well as the geometrical factors and

rates. Tne targets employed at the present level of simulation are described
by target type (ITGTTP) and classification (KSTRNG). In order to limit the
complexity of these descriptors, it was decided that ferrous cbjects would be
assigned one to each target elemen" for troop type targets, wi h definition of
dipole moment limited to one value for each vehicle element. However, since
entry must be made to this subroutine over an extended period of time in
which time several sensors may actuall, be encountered, it became necessary
to include a memory systeri so that assignment of weapons and their orienta-
tion can be retained on a one-to-one basis for the duration of a target-sensor
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engagement. Thus, each element of a troop target is assigned a weapon on
entry to this subroutine and the weapon is oriented in a random manner but
the orientation is held for a time corresponding to the duration of the engage-
ment. Later, engagements of the same target with other magnetic sensors
%ill find a redistribution and reor_--ntation of the weapons among the ele-
ments. It is also to be noted that the residual and induced pole strength per
unit field, the target lengths, and heights are stored as data statements in
this subroutine.

On entry a call is made to subroutine URNASK to obtain the
value of the dummy variable, ISAVE, which is an index on the random num-
ber generator. Then, since the sensor is applicable only to troop and vehicle
type targets, the specification of target type greater than two will cause a
branch to return to the calling routine with a detection equal false report.
Next it is necessary to determine which element of a multi-element target
is closest to the sensor (NCLOSE) so that the element and those adjacent to
it can be trer ýed as the target at the present time (Figure 3.3-9 ). Closest
target clement (NCLOSE) is computed by the MSM executive routine and
passed into the subroutine through the calling sequt-"ce. The value of
NCLOSE is used to determine the indices on the computing loop by which the
several contributions to the time derivative of the vertical field component
(HDOTZ) are determined. If the target is approaching, the closest clement
is the first element in the column and only the first and second elements are
examined; thus, NCLOSE = 1 and NCLOSE + I = 2 and CLOSE, an index on
the number of spaces between NCLOSE and the first target element is set to
zero.

For a receding target in which the last element has passed j
the point of closest approach the targets considered are the last and second
to last elements. In this case the second to last element =- ]1-2iLEM-1 and
the last element = NOELEM, where NOELEM is the number of elements in
the target. For NCLOSE equal to any element from two to NOELEM-l, the
indices run from NCLOSE-l to NCLOSE+l; that is, three targets are con-
sidered to be effective. In this case, the first effective target (NCLOSE-I)
will be at an X, Y position determined from the X and Y coordinates of the
lead element and at a distance depending on average element spacing, TSPACE.

In the next set of statements, the appropriate references on
the random number selector are established. The reference number is held
constant for at least 60 secords of game time. The integer variable is then
used as index in the call to URNORG subroutine which initializes the random
number generator index. Note that as game time changes by 60 seconds the
reference number is indexed by one but a whole new sequence of random
numbers results from this change of reference. Then, the proper number
of random numbers must be skipped in order that assigned weapon and orienta-
tion or vehicle random variable may be properly assigned. Having deter-
mined the set required, a computing loop is employed to actually select the
random numbers. This sequencing is required in order that the target
orientation may be maintained fixed for t!ie short intervals of time considered
in target passage.
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Before entering the major loop in which HDOTZ is comrnuted,
HDOTZ is initi--lized to 0. 0 and the direction cosines of the velocity vector
are determined as VXCOMP and VYCOMP since these values do not change
with progress through the loop.

If the target is defined as a troop target, then a weanon will
be assigned to ech element' within the limits of the closest element indices
according to the value of target length index which will range from one to
seven depending on the random number selected. Next the X, Y, and Z
components of target length are computed. The three basic random corn-
ponents associated with carried targets (PARTI, PART2, and PART3) will
vary from -I to +1 depending on the random numbers selected, The values
of X, Y, and Z target length are then determined from the ratio of PARTI,
2 or 3 t,, PARTSQ where

PARTSQ = JIPARTI + PARTZ + PART3

The reason .hat the range -l to +1 is employed is to allow negative and posi-
tive values of X, Y, and Z target length compor.ents so that the dipole mom-
ents formed by the residual poles may be positive or negative, i.e., so
that there will not be a biased orientation.

Vehicle targets are assumed to be oriented with the dipole
axis along the direction of travel, that is, parallel to the trail or road. A
random component is associated with the X, Y, and Z target length com-
ponents for vehicles so that vehicles of the same size will not appear to be
identical to the sensor because, in practice, vehicle to vehicle variations
are observed.

The three components of residual dipole moment, that due to
residual pulse, are determined, e. g., for X from:

(Dipole Moment) = Residual Pole Strength(ISIZE) • (LengthX of Target)X

where the index ISIZE provides the means for selecting the proper value from
the data stored in this subroutine. Similarly the induced moments are
found from

(Residual Poles Dipole Moment)X = POLL . (Earth Mag

Field)X " I X Length

of Target I
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The absolute value of X target length is used because the polarity associated
with the induced poles will depend only on the earth's components. The
POLL computational term arises from the induced poles and a factor for
target permeability (PERM) which is included to allow study of changes in
relative permeability of the target material. The total moments are then
computed as the sums of the induced and residual components.

Having defined M.1 M y, and Mz for the particular element

being considered, the position of that element with respect to the sensor is
next determined. Since target position is given as the location of the lead
element in the target, the position relative to the sensor for the element in
question is determined by computing the X and Y distances from the lead
element at which the element in question is located. This operation is
carried out by the following computations:

Distance From Closest Element = CLOSE • TSPACE

whe;e CLOSE is the number of spaces of length, TSPACE, that the element
lies behind. Then with lead element coordinates, sensor coordinates, and
offset from the lead element for the element in question, the X and Y com-
ponents of the horizontal projection of the target elernent-ser1sor line can
be determined (XVAL and YVAL). With these components and zo, the ele-
ment-sensor range is determined.

After forming the remainder of the intermediate variables

required, XCOMP, YCOMP, and XYCOMP, the time rate of change of ver-
tical field at the sensor (HDOTZ) due to the target element is computed.
CLOSE is then increased by one and return is made to the target %i .ment
loop to introduce the second element in the same manner as for the first as
described above. The value of HDOTZ for the second element is added
vectorally to that due to the first. If a third element is to be considered,
a third pass is made through the loop. In each case the random numbers
are selected in appropriate sequence from the index provided.

When the elements have been processed for the particular
instant of time in question, the detection logic simulation is examined. If
the absolute value of the time demlvative of vertical field (HDOTZ) is less
than the threshold, there can be no detection event and cortrol is returned
to the executive subroutine. If, however, HDOTZ is greater in absolute
value than the threshold a test of the logic circuitry is made. If the time
since tile last threshold crossing lies between 1. 5 and 3. 5 seconds, a detec-
tion is declared to be true, otherwise false. If the time interval (DELTAT)
since last crossing is greater than 1. 5 seconds, time of last threshold
crossing is set equal to the present value of time so that if DELTAT is
greater than 3. 5 seconds, the present crossing serves as the initiator of
the logic timing for reference in future entries for this particular sensor.
In all cases, a reference number (ISAVE) is called to reset the random
number generator before control is returned to the executive subroutine.
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3.3.6 Subroutine RADAR

3.3..).l Purpose

This subroutine is employed as a simulation for MTI type
radars to determine the probability of detecting targets of the type and range
specified by the executive subroutine. Having determined the probability, a
test is made against a uniform random number to decide whether or not a
detection had occurred.

3. 3.6.2 Glossary of Inputs, Computed Values, and Outputs

Input Values

AS PEED Aircraft Velocity
BEAMAZ Antenna Azimuth Beamwidth (Radians)
BEAMEL Antenna Elevatation Beamwidth (Radians)
CLIMFR Clutter Improvement Factor
FCUTHI Upper Corner of Filter (Hz)
FCUTLO Lower Corner of Filter (Hz)
FNKTB Filtered Thermal Noise Level (dB)
HGTAC Height of Aircraft (Meters)
HGTANT Height of Antenna (Above Ground)
ICOH = 0 Means Coherent, -1 Nor, Coherent
IDSNSR Sensor ID
IFOL - 0 Means No Foliage, a 1 Foliage
ITGTTP Target Type
KSTRNG Target Classifier
NOTFLD Number of Elements in the Field
PFA Probability of False Alarm
PRIMFR Precipitation Improvernrit Factor
RADCAR Radar Character -icw
RAMBDA Radar Wave Lengtn (Mieters)
RAZANG Radar Azimuth Angle Measured wita Respect to Aircraft Axis
RGATE Range Gate (Meters)
SCANRT Scan Rate (Radians /Second)
SIGSTB Standard Deviation of Clutter Spectrum (Radar Instability)
TARITGT Target Height (Meters)
VRADL Radial Velocity, Relative (Meters/Second)
XSENS X Coordinate of Sensor
XTGT X Coordinate of Target
YSENS Y Coordinate of Sensor
YTGTr Y Coordinate of Target

Labelled Common Inputed Values

CHUL Upper Limit Canopy or Vegetation Height (Meters)
IPCODE Precipitation Code Identifying Type of Precipitation
IPRINT Output Data Device Indicator = 6
IVCOV Index of Vegetation Cover, l=Heavy, 2=Medium, 3=Light,

4=Open, 5=Water
LDUMP True Intermediate Calculations Printed, False No Print
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Labelled Common Inputed Values (continued)

PI Ratio of the Circumference of Circle to Its Diameter (3. 141591)
PRATE Precipitation Rate (mm/hr)
SQ2 Square Root of 2.0
VISBLL Lower Limit, Ground to 5round Visibility (Meters)
V15BUL Upper Limit, Ground to Ground Visibility (Meters)
WSPEED Wind Speed (km/ft)

Internally Stored Designer Input Values

ATATEN Atmospheric Extinction Table (Two-Way) *
BSECTN Clutter Cross-Section Per Unit Area Table
DCLEAR Clear Distance to Foliage, Minimum Value
FPREC1 Precipitation Factor Table
FPRECZ Precipitation Factor Table
TARGHT Target Height Set to 1. 5
TLAM Table of Wave Lengths
XSCMAN Radar Cross Section of Target in Range Gate - Man
XSCBOT Radar Cross Section of Target in Range Gate - Boat
XSCVEH Radar Cross Section of Target in Range Gate - Vehicle

Computed Values

CLATEN AttenuaLion for Clutter Signal
COSRDA Cosine of Radar Depression Angle
CSECTN Clutter Cross Section (Square Meters)
CSUV Precipitation Cross Section Per Unit Volume
DBCLUT Clutter Level in dB at Receiver
DBPREC Precipitation Signal Value (dB)
DPSIG Target Signal Level (dB)
DUM Dummy Argument
FDOPLR Doppler Frequency, Target (Hz)
FIPCL Filtered Clutter Power (Watts)
FIPPRE Filtered Power Precipitation (Watts)
FNKTBP Filtered Thermal Noise Level (Watts)
FTGMAX Maximum Usable Doppler Frequency (Hz)
FTGMIN Minimum Usable Doppler Frequency (Hz)
GGVISB Ground to Ground Visibility (Meters)
HTFOL Height of Foliage
I Index to Pick Up Tabular Values as a Function of Wavelength
IPRECP Precipitation Code Modified for Radar
IUT Index on Unit Terrain
IUTS IUT of X, Y Sensor Position
PATEN Attenuation Coefficient Due to Precipitation

PSECTN Precipitation Cross Section
PWCLUT Clutter Level in Watts at Receiver
PWPREC Precipitation Signal Value (Watts)
PWSIG Signal Level (Watts)
RANDOM Random Number
RANGE Slant Range, Radar to Target (Meters
*Desiner Input values are given in the progran listit•.
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Com•uted Valv:es (continued)

RANGEF Range Throuih Foliage
RANGE4 Range to the 4th Power
SIGCAN Standard Deviation of Clutter Spectrum Due to Scan Functior,
SIGPRE Standard Deviation of Precipitation Signal
SIGTOT Overall Standard Deviation
SIGTSZ Overall Standard Deviation Times Square Root of 2. 0
SIGVEL Standard Deviation of Clutter Spectrum Due to Aircraft

Velocity
SIGWND Standard Deviation of Clutter Spectrum Due to Wind
SINRAA Sine of Radar Azimuth Angle
SINRDA Sine of the Radar Depression Angle

SUMVAR Sum of Variarces
TARNUM Number of Elements in Field
TATATN Total Atmospheric Attenuation
TSECTN Radar Cross Section of Targets in Range Gate

Output Values

PD £T etc tin Indctýtor (grue-False)96oabiitv of et?ý-on
STOCL a to lutter Ratio
3.3.6.3 Description of Subroutine Logic and Processing

Since this subroutine (Figure 3.3-10) is errmployed to simulate
a number of radars, airborne and ground, fixed and scanning, VHF through
microwave, the engagement problem i3 solved by external subroutines. Thus,
through appropriate processing and subroutine calls the MSM executive sub-
routine establishes when a target is in a position in which some detection pro-
bability exists. For microwave radars, for example, the MSM executive
subroutine must determine that target sensor line of sight exists for both
terrain and foliage considerations when it has been established that the target
is within range of the sensor. The major inputs to this subroutine consist of
the target description and the description through parameter specification of
the radar in question. Target description must include target-type, number
of elements within range gate and target radial velocit.

The major structure of the simulation consists of computing
the received signal due to target and clutter, the development of the clutter
spectral width, and sbsequently the signal to clutter or aignal to thermal
noise ratios, the latter be!.ng computed only if thermal noise is the principal
limiter. The signals are computed 1rom sensor/target range information,
radar parameters, target parameters, atmospheric losses due to precipita-
tion and foliage losses for the foliago penetration radars. The clutter in all
rystems includes the power scattered by the background while, for micro-
wave radars, the power scattered by precipitation within the range gate being
examined is also included in the clutter spectrum. The effects of precipita-
tion on attenuation and backscatter were described in Reference 8. Essen-
tially, straight line fits are defined by a set of coefficients termed FPRECI
and FPREC2 in the data sets of this subroutine. Atmospheric attenuation
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also taken from Reference 9 is described in the data set as ATATEN while
background clutter cross section as a function of wavelength is given as
BSECTN (Reference 10). Other data statements contain information on
troop, vehicle and boat cross sections, XSCMAN, XSCVEH and XSCBOT.
All target heignts are taken to be 1.5 meters 'above the earth or water our-
face. It is also noted that a cleared area defined by a circle of 500 meters
radius and centered on the radar is considered to apply in all cases, i.e.,
DCLEAR .= 500. The actual lfne of sight: and fol iage ma dcaertinations
are made in ot•er rouc nes which procee thts routiN:e atega. ng sequence.

On entering the subroutine a check is first made to determine
if the target radial velocity is adequate for detection. The doppler filter is
assumed to be of bandpass type with a high pass section having a cutoff char-
acteristic of 24 dB per octave and a low pass section with a slope of 12 dB.
per octave, as seen in Figure3.3-11.

FCUTLO FCUTHIiI 1

GAIN
IdB)

i I

FREQUENCY
.OG SCALE

Figure 3.3-11 DOPPLER FILTER CHARACTVRISTICL

If the target doppler, determined frorn

doppler frequency-
2(Radial Velocity)

Wave Teength

is less than 1/4 of the lower doppler filter corner frequency- or greater than
four times the upper corner frequer -y the tai-get will not be detected and re-
turn is made to the executive subroutine.
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If the target velocity satisfies the requirements, the terrain
features are inputed and the foliage index (IFOL) based on the UNTER table
value of vegetation at the target is generated. IFOL = I means that heavy
foliage will lie between the target and the radar and IFOL = 0 means no
foliage. Following computation of geometrical factors slant range (RANGE),
4th power of range (RANGE4) and sine of raar azimuth angle (SINRAA), the
wavelength index I is developed from the input value of wavelength, RAj,,IBDA,
and the stored table of wavelength values, TLAM. The index I is employed
to select proper values of precipitation factors (FPRECI, FPREC2), atmos-
pheric extinction (ATATEN) and clutter cross section (BSECTN). Then the
index for precipitation (IPRECP) is generated from the ATMENV value of
precipitation code.

The target cross section to be employed will be a function of
target (ITGTTP) and target characteristics (KSTRNG), and on the number
of elements within the range gate. A random variation is included to account
for fluctuation and vector addition of randomly spaced target elernents. (It
can be shown that with two elements in the range gate, cross section will
range between zero and four times the cross section of a single element, a
cosine distribution about two times the cross section of a single element. )
Thefi it is noted that if the height of the antenna, HGTANT, is greater than
50 meters above the surface, the radar is to be considered airborne.

In the computation of range through foliage a distinction is
made between ground-based and airborne radars. For ground-based systems
range throagh foliage (RANGEF) is given by

RANGEF =(Slant Range)- (Ground-to-Ground Visibility)

where ground-to-ground visibility will have a minimum value of 500 meters
as specified by assumed clear distance to foliage. If the radar is airborne
the depth through foliage is detirmined from similar triangles relating the
height of aircraft/height of foliage ratio to the corresponding ratio on range.
For airborne antennas, the assumption on clear distance to foliage from
radar does not apply.

Next the effects of precipitation on attenuation are considered.
If the radar wavelength is greater than 0. 05 meters, precipitation effects
are negligible and a bypass around the computations is taken. If for wave-
lengths less than 0. 05 meters range through foliage should be greater than
ten meters, then the target is obscured by foliage; all further computations
are bypassed and a return to executive made. For those cases in which by..
passes are not taken (wavelength less than 0. 05 meters and range through
foliage less than ten meters) attenuation due to precipitation (PATEN) is
computed making use of one of three expressions depending on the value of
the precipitation index (IPRECP) described above. Drawing the appropriate
atmospheric loss factor (ATATEN) from the stored data set through use of
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index I, the total attenuation (TATATN) is computed. At this point, attenua-
tion for the clutter return is also set equal to TATATN and is maintained at
that value unless depth of foliage is greater than ten meters for the low
frequency radars (wavelength greater than 0. 05 meters).

If the latter conditions apply, a set of empirical equations
are erployed to determine the loss over free space for the target and the
clutter. Since the clutter signal will be derived from the foliage top surface
while the target is embedded in the foliage, the target path loss will be
greater than that for clutter as may be seen in the relations:

41.3 Iogl 0 (Range Through Foliage) - 0. 12192(Antenna Alt + Tgt Hgt)
Attenuation =Range

Clutter 41.3 logl 0 (Range Through Foliage) - 0. 12192(Antenna Alt + Foliage Hgt)

Attenuation Range

However, if IFOL- O,that is target not in foliage (although foliage lies between
radar and target), then the two losses are set to be equal. These equations
were developed from Reference 11.

Next the signal power at the receiver (DBSIG) is computed in
the expression:

1 RADCAR , Target Cross Section)

DBSIG 10 logl 0 (-- Range%

- (Attenuation) (Range)

In this expression the label RADCAR describes the radar characteristic, the
combination of those parameters which do not change for a specific radar,
namely:

PT GT GR X2 LT LR

where PT is the peak power (or average power times compression factor for

correlation type radars), GT and GR are the transmitter and receiver antenna

gains and LT and LR are the transmitter and receiver losses. If the signal

level computed is less than the thermal noise power in the doppler filter,
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FNKTB, the signal cannot be detected and return to the executive subroutine
follows. FNKTB is found by multiplying the radar receiver thermal noise
power by the ratio of the doppler filter width to the IF bandwidth and con-
verting the result to decibels.

The clutter power in the doppler filter is determined by
assuming that the clutter power spectrum has a gaussian shape with mean
value at 0.0 Hz and a standard deviation which is a function of the several
variables: platform motion, scan motion, wind speed, and radar instability.
These variables are combined to produce sigma (SIGTOT) in one of two ways.
For a coherent radar the expression employed is:

SIGTOT = S'uIm of Variances of Individual Sigmas

while for an incoherent system, SIGTOT is given by:

SIGTOT = z(Sum of Variances of Individual Sigmas)

This approach follows the analysis of clutter spectra as given in Reference li,

After computing the clutter power at the receiver and making
use of the overall standard deviation of the clutter power the amount of power
within the doppler filter (FIPC L) is computed by the expression:

0.5(Rcvr Clutter)[ERFC(Lower Filter Corner).ERFC(Upper Filter Corner

0.C fztd. Dev. 4-2Std. Dev.

FIPL - C.lutter Improvement Factor

where ERRC is the complementary error function-of the tervo within parentheses.
It is seen that the complementary error function is employed to determine the
difforence in areas in the tail of the gaussian spectrum, that applies to the
value of sigma and the cutoff points which are defined by the corner frequencies
of the doppler filter as shown in Figure 3.3-12. The parameter for cl*%tter
improvement factor (CLIMF) applies to special processors of the KALI(AS type as
used in the CS-I! radar. Clutter and precipitation (PRIIGR) factors are intro-
duced to account for the inproved performance of the KALMS filter over the
standard doppler method. The only known radar using this technique at the
present time is the CS-I!. A three decibel improvement in signal to clutter
ratio over the standard doppler method is assumed. If che signal power ex-
ceeds the sum of the clutter and thermal components of noise in the doppler
filter, computation continues.
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Figure 3.3-12 EFFECT OF DOPPLER FILTER ON CLUTTER POWER

To this point the contribution of precipitation return from
precipitation within the range gate has been neglected but must be considered
s nce it adds appreciable clutteir noise in the microwave radar cases. If the
wavelength is less than 0.05 meters, the precipitation cross section per unit
volume, the total precipitatijn cross section and the signal level at the re-
ceiver dua to precipitation are compated by one of three sets of expressions
depending on the index of precipitation (IPRECP). The standard deviation for
precipitation clutter power (SIGPRE) is taken to be

SIGPRE 410 (1 x 102

'Wave Length

from Reference 12. The overall variance on clutter power is then modified
to include the precipitation component. The amount of precipitation clutter
power found within the doppler filter is then computed again making use of
the complementary error functions as des-ribed for clutter power above.
Thiq expression includes the use of the parameter PRIMFR which serves the
same purpose as CLIMFR but for precipitation. In all likelihood CLIMFR
and PRIMFR are the same for a radar. Note that if precipitation power is
not defined (e.g., v -velexgth greater than 0.05 rnWers) or for no precipita-
tion, the filtered precipitation power is set to 10 " a value so low as to be
of no consequence but adequate to avoid computer problems.

3-87



The signal to clutter ratio (STOCL) is then formed as

STOCL = Target Signal LeveK-10 logl 0 (Filtered Precipitation Power

+ Filtered Clutter Power + Filtered Thermal Noise Level)

The probability of detection TPD) is then determined from the input value of
probability of false alarm (PFA) and STOCL computed above as

PD = PFAn 1 ____where n I- 1 and r =ST L

Here PFA simply serves as a form of gain control by which the single pulse
false alarm rate is set. The operator will not respond to single pulse events
since-these will ýe lost Yn the filtering provided. Only when PFA becomes
quie large, 10" to 10- , will high noise false alarm rates be encountered.
The actual false alarm rates for MTI radars are difficult to establish without
careful consideration of operator performance.

The probability of detection is then tested against a random
number. If the random number is greater than probability of detection, the
logical decision on detection is LDET = False, but if the random number is
less than probability oi detection, the detection event is declared to be true.

One further comment is considered to be important. In the
development of the standard deviations for clutter power, a value is assigned
to the radar instability dependent factor (SIGSTB).* It it recognized that even
under ideal conditions of stationary radar and near zero winds (conditions that
reduce aircraft velocity clutter, scan clutter and wind clutter standard devia-
tions to zero) there still remains an applicable clutter dpectrum spread which
can only be associated with the radar itself. However, values of SIGSTB are
not published so this value has been selected by the designers to provide the
range performance that matches field experience. The values of SIGSTB so
derived were found to be consistent with radar experience, but should be
substantiated by further investigation of source "ata.

3.3.7 Subroutine THERML

3.3.7.1 Purpose

This subroatine is included to provide simulation of sensors in
which thermal imaging it employed to provide a target detection capability.
Typical sensors include the hand-held thermal viewers and FLIR type equip-
ments operating in the three to five micron region.

*Using the rRdar performance curves of Reference 13, the value of SIGSTB was
adJusted until the model results agreed with the actual performance. The
values obtained are consistent with estimates reported in Ref. 9 and Ref. 13.
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3.3. 7.2 Glossary of Inputs, Computed Values and Outputs

Input Values

FOCALL Focal Length of the Optical System (Millimeters)
FINUMBR F/Number, Focal Length to Diameter Ratio
IDh.NSR Identity Number of Sensor
ITGTTP Target Type Index
IUT Index on Unit Terrain
KSTRNG Subindex on Target Type
RESOL Resolution of Optical System (Radians)
TEMPEV Temperature of Environment (Centigrade)
XSENS Sensor X Coordinate
XTGT Target X Coordinate
YSENS Sensor Y Coordir.ate
YTGT Target Y Coordinate

Labelled Common Inputed Values

ANEP Noise Equivalent Power of Detector (Watts)
BANDTH Sensor System Bandwidth (Hz)
HUMDTY Relative Humidity (Percent)
H2ODEN Atmospheric Water Content (Grams/cc)
IPCODE Index on Precipitation
IPRINT Output Data Device Designator = 6
ITIME Game Running Time
LDUMP True = Intermediate Calculations Printed, False = No Print
PRATE Precipitation Rate (mm/hr)
STEFK Stefan-Eo1tzmann Constant

XMNDEV Optical System Transmission Factn.
Internally Stored Designer Input Values

P104 P/4 = 0. 7854
SKYCON Radiance of 250 KAtmosphere (Watts/M. Sq. /Sterad)
TLENBT Target (Boat) Length (Meters)
TLENMN Target (Man) Length (Meters)
TLENVH Target (Vehicle) Length (Meters)
TSIZBT Target (Boat) Width (Meters)
TSIZMN Target (Man) Width (Meters)
TSIZVH Target (Vehicle) Width (Meters)

Computed Values
BACCON Attenuated Radiance of Background (Watts/Square Met,:rs/SR)
BACFAC Fraction of Background Radiance in 3.5 to 5 Micron Interval
BAKCON Unattenuated Radiance of Background (Watts/Square Meters/SR)
BAKGND Power in Element Viewirg Background (Wafts)
BAREA Background Area in Resolution Element Containing Target
DUM Dummy Argument
ELEMTS Number of Sensor Elemental Fields Subtended by Target
FACTOR Intermediate Variable
FAREA Area of Target Defined by Optical Resolution
FDIMEN Diameter of Area Subtended by Optics at Target
FOGXMN Fractional Transmittance Through Fog
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Computed Values (continued)

FOLXMN Fractional Transmittance Through Foliage
OFACT Solid Angle Subtended by Receiver Times Losses
H2OPRE Precipitable Water (mm) In Path (Range)
H2OXMN Fractional Transmittance Through Atmosphere

PRATEl Precipitation Effect on Target Temperature
RADBAK Radiant Intensity of Background in Target Resolved Element
RADSKY Radiant Intensity of Atmosphere in Single Resolved Area
RADFLD Radiant Intensity of Backgrouz.d (Watts /SR)
RADTAR Radiant Intensity of Target
RANGE Sensor Target Range (Meters)
SAREA Area of Sensor Limiting Aperture (Meters)
SIGNAL Power Incident on Element Containing Target
TARCON Radiance of Target (3. 5 to 5 Microns) (Watts /Square Meter/SR)
TAREA Area of Target Within Resolution Cell
TARFAC Fraction of Target Radiance in Sensor Bandwidth
TARLEN Length of Target (Meters)
TARSIZ Width of Target (Meters)
TEMAMK Temperature of Environment (Kelvin)
TEMPTG Target Temperature
TOTXMN Total Fractional Transmittance (Fraction)

XNEP Noise Power in System Bandwidth (Detector)

Output Values

LDET Detection Decision
PET Vrobability of Detection

Apparent ontras t Detector Elements

3.3.7.3 Description of Subroutine Logic and Processing

The thermal imaging sensors are generally constructed in the
following way. An array of detectors of tOe order of 50 or more are emplaced
in an optical system so thiA the instantaneous field of view of each single de-
tector is of the order of 0. ? to 2, 0 milliradians. A scanning mechanism is
provided so that the fields of view are swept across the total image plane at
the rate of the order of 15 times per second. The total image plane will sub-
tend angles of the order of 6" vertical by 1Z" horizontal at the sensor. Thus
each instantaneous field is swept repetitively across the larger field of view
defined by the 6' or 12" angle. In this scanning process the detectors respond
to the energy incident lying between three and five microns.

In this simulation the following steps are carried out:

a. From target size and range, the angle subtended by the tar-
get at the sensor and hence the nu.,aoer of elemental fields of view containing
the target are computed.
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b. The powers received by an element field containing target
and by an element containing background are computed from which apparent
contrast at the sensor is computed.

c. From the number of elerrents containing the targv- and the
apparent contrast, the probability of detection is determined.

d. Atmospheric effects on attenuation of 3 to 5 micron radia-
tion are included in determination of target and background received powers.

e. The target and background radiances are limited to those
derived from these sources acting as black body radiators at the tempera-
tures assigned in this subroutine. Effects of solar or moonlight direct re-
flectance are not included. Since the crossover between solar and black
body radiation as the predominant source of radiance occurs at three microns,
this assumption is considered adequate. Since these devices are employed
generally under night or foliage obscuration conditions, the assumption is
further supported. However, actual measurements should be made to support
this assumption or provide the data base for required modifications.

The data required to carry out the computations of this sub-
routine are provided through the labelled common areas SENSOR, ATMENV,
BASICT, UNTER, CONST, and SENVAR, through the argument list of the
calling statement, and through the set of data statements contained within
this subroutine. That data relates particularly to the length and minimum
width, TLEN-- and TSIZ-- respectively of the target elements.

On entering this subroutine (Figure 3.3-13 ) the target element
length and minimum width are selected from the stored data based on the
target descriptors jITGTTP and KSTRNG) supplied through the subroutine
argument list. These variables are labelled TARLEN and TARSIZ. Air-
craft awd artillery type targets cause a branch to the RETURN statement
since they are not appropriate targets for the equipment considered. (The
artillery piece itself was assumed not to be a target.1

In general the equipments simulated have some small foliage
penetration capability, that is, targets masked by small depths of foliage
can be detected. Because of the coarseness of the unit terrain data (100
meter increments) depth of foliage masking a target will generally be exces-
sive based only on target and sensor positim and unit terrain data. Thus,
it is assumed that line of sight exists when this subroutine is called and the
foliage transmission factor (FOLXMN) is set equal to unity. Program modi-
fidation to include estimate of foliage depth between target and sensor should
be considered.

The other factors which contribute to attenuation of radiant
energy in the three to five micron region are precipitable water in the sensor
target path and scattering due to fog. Attenuation as a function of precipitable
zaillimeters of water and wavelength have been extensively reported in tabular
data form as for example in Reference 7. The expression relating attenuation
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to precipitable water used in this simulation was developed by (I) averaging
transmission over the 3.5 to 5 micron interval for tne values of 0. 1, 0.2, 0. 5,
1, 2, 5, 10, 20, 50, 100, 200, 500 and 1000 millimeters of precipitable

water. Then (2) a square law curve was fitted to average transmission versus
precipitable millLmeter values giving the expression:

Fractional Transmittance Through Atmosphere -[0. 922 - loglo (H2ODEN)

(1000)(RANGE) ][0. 096

+ 0.05211 log1 0 (H2ODEN)

(1000)(RANGE)]

where H2ODEN = Atmospheric Water Content in grams/cm3 as

taken from ATMENV table

To find the number of precipitable'millimt .ers over the sensor/target range,
multiply by 1000 to iind precipitable millimeters /meter and then range to
obtain millimeteras.

The fog transmission factor was developed from observations
relating the number of particles per cubic centimeter to the amount of water
contained within the same volume. The amount of water in the fog fraction
is found to be at least two orders of magnitude smaller than the total water
content. It is reported in Reference 7 (page 161) that with 200 particles of
five micron radius, transmission is reduced to a low level of the order of
one percent in a 100 meter path. Using the equation:

T - e 8

it is found that T = e" 3 . 1 = 0.045 when the total volume of water in the path
is that for 200 particles/cubic centimeters and 100 meters of path. This
result is approximated closely by the expression:

T =• -(H2ODEN)(100)(1000)

for values of H2ODEN near saturation, for example 30 x 10 grams/cubic
centimeter. For that value and 100 meters range the result:

-3
T e is obtained.
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Since the exponent given above is precipitable water (HZOPRE) as computed
in the subroutine, fog transmission is approximated as:

Fractional Transmittance Through Fog = e-precipitable water

Next the target and background temperatures are defined. Since
this development is identical to that of the PIRTG subroutine,(para 3.3.3.3),
it will not be discussed further at this point. The environment temperature
(TEMFV) is that computed by use of the subroutine ENVIR.

To compute the power incident on a detector in a single resolu-
tion cell it is necessary to determine the fraction of the cell that is filled by,
target and that by background, fractions that are functions of target size and
range. The area at the target's range subtended by the resolution element
(FAREA) is given by

FAREA D=

where D F Is the diameter of that area given by resolution angle in radians

times range. Several cases arn considered as shown in Fig. 3.3-14 (1) If the
target area is greater than the field area (FAREA) and the minimum target
dimension is greater than the field diameter (D ) then the target will fill the

resolution cell and the number of cells filled by the target is given by the ratio
of target area to field area; (2) If the target area is smaller than the field area,
only one element contains the target and target area is given as TAREA; (3) If
the target length is greater than the field dimensions, the number of cells con-
taining a fraction of target and background is determined. The background
area (BAREA) in a resolution element is then given a-i

BAREA = FAREA - TAREA

and the areas so developed are treated versus black bodies at the temperatures
computed.

In order to employ the Stefan Bolzmann equation which gives the
radiance over the entire wavelength interval it is necessary to determine the
fraction that is to b- found in the 3. 5 to 5 micron region at a given temperature.
That fraction is foind from the Planck integral to be a function of temperature
for which the following expression was developed:

F 3 . -5 [5. 72 - (0. 0623 - 0.001 6T)TIO. 01
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Since the target (TEMPTG) and background (TEMAMK) temperature differ, this
computation must be carried out for both fraction of target radiance (TARFAC)
and fraction background -,4diance (BACFAC) in the subroutine. Then the
radiant emittance of the target (TARCON) is given as:

TARCON = (TACFAC)(STEFK)(TTGT4

where STEFK is the Stefan Boltzmann constant divided by n, with a aimilar
expression for the background.

The radiance of the target (RADTAR) is given by the radiant
emittance and target area within a resolution element. The radiance is effec-
tively reduced by atmospheric attenuation as expressed in the following:

Target Radiant Jntensity = (Radiant Emittance)(Target Area)(Total Fractional

Transmittance)

= (TAR CON) (TAREA) (TOTXMN)

Again a similar expression applies for background except that background will
not be reduced by foliage losses. For a resolution element containing only
background, the radiance is found to be:

Background Radiant Intensity = (Background Unattenuation Radianco(Atmosphere

Fractional Transmittance)(Fog Fractional

Transmittance)(Resolution Cell Area at Target)

= (BAKCON)(H2OXMN)(FOGXMN)(FAREA)

For the fractional component of background in a resolution element containing

both target and background (RADBAK) the radiance is given by:

RADBAK = (Attenuated Background Radiance) VAREA-AREA)

(1-Foliage Fractional Tranamittancea
S(BACCON) AREA - A RE A)(l -FOLXM NjJ

Here it is noted that target area is reduced by and background area increasedby foliage attenuation.

For conditions in which atmospheric attenuation is large (long

ranges or high atmospheric water content or fog) the atmosphere itself will
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become an effective radiator, filling the field of view with a uniform back-
ground at a temperature of approximately 2501 K (see Reference 7). Thus
the sky radiance is also included as RADSKY.

Next the sensor parameters are employed tc define the effec-
tive area of the sensor for each resolution element (SAREA) which is seen
to be given by the expression:

SAREA F 2 ( T) X ( 1x 0 6) meters
SAREA FL 2 -

where focal length (FL) in given in millimeters and (Focal Length/Diameter(D))
is the f/number, FNUMBR. The angle subtended by SAREA at the target
(GFACT) is given by:

GFACT (XMv!NDEV) ARE Z

where XMNDEV, the device transmission factor, is included for convenience.
Then the detector noise power is computed using the detector noise equivalent
power (NEP) and the detector bandwidth. The bandwidth selected for checkout
purposes was 2600 Hz determined from computing the number of resolution
areas each resclution element would cover per second for a given resolution,
and overall field size, (6* x 12*).

The background power on a detector (BAKGND) is found to be:

BAKGND = (Background Radiant Intensity

+ Atmosphere Radiant Intensity) (GFACT) +

(Noise Power)

= (RADFLD + RADSKY) (GFACT) + XNEP

for a cell in which no target input is found. For a cell containing target the
signal is found to be

SIGNAL (RADTAR + RADBAK + RADSKY)(GFA(AT)

+ XNEP

From these two values the apparent contrast is then determined.
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The probability of detection is argued to be a function of the
apparent contrast (TRAST) and the number of resolution elements in which
target radiance is contained by the following expression:

Probability of Detection = lI-e"(I Elements)(TRAST)

This expression produced detection results which were consistent with those
of Reference 6. The final steps are then involved in the test of detection
probability using a random number to produce a true or false conclusion.

3.3.8 Subroutine D&MXGE

3.3.8.1 Purpose

This subroutine provides a simulation for imaging devices that
operate in the 0. 4 to 0. 95 micron region. Equipment types simulated include
passive night vision, low-light level TV, natural eyesight and biiocular-aided
vision. Illumination is provided by natural light due to sun, moon or skyglow
and alto by direct searchlight (aimed at the target), indirect searchlight
(aimed at cloud base above target), and flares. The model of Reference 13,
Carmonette IV considers many of the basic attributes required in the SAM
simulation. The following discussion describes an extensive modification of
that model.
3.3.8.2 Glossary of Inputs, Computed Values, and Outputs

Input Values

AINTNs Intensity of Flare or Indirect Searchlight, Candlepower
AKAG Magnification (Eye - 1), (7 x 50 Binoculars - 7)
ALPHA Effective Lens Area of Natural Vision Sensors (Eyes, 0.5

Square Centimeter)(Binoculars, 33 Square Centimeters)
BWIDTH Beamwidth of Sensor Assigned Searchlight (Radians)
CP0WER Peak Candlepower of Sensor Assigned Searchlight
DEVCAL Exponent Weighting Factor in Detection Probability Computation

for Natural Vision Sensors (Eyes, 1.5) (Binoculars, 0.01)*L
FLARHT Height of Flare (Meters)
FNUMBR Focal Length to Diameter Ratio
FOCALL Focal Length of Optical System (Millimeters)
HTGAC Height of Aircraft (Meters)
LAIR Index on Sensor Usage (Negative Number - Airborne, 0 - Ground

Moving Sensor, Positive Number - Ground Stationary Sensor)
IDSNSR Identity Number of Sensor
ILXTRA Index on External Illumination, 0 - No External Sources
ISERCH Index, 0 - Natural Light, 1 - Searchlight, 2 - Searchlight

vith Pink Filter
ITGTTP Index on Target Type
ITYPE Index on Type of Electronic Aided Sensor(Daylight,O)(Night

Vision, 1)
IUT Index on Terrain Type
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Input Values (continbed)

IVISUL Index on Sensor Class, Direct - 0, Electronic Aided I 1
KSTRNG Subindex of Target Type Based on Target Formation for Personnel

Targets, and Target Size for Vehicle and Boat Targets
MODE Flare-Ineirect Searchlight; 1 a Flare, 2 a Indirect Searchlight,

0.017 Rld. Beaemidth, 3 a Indirect Searchlight, 0.051 Rad
Beanwidth, 4-:ndirect Searchlight, 0.085 Rld Beomvidth,
5-Indirect Searchlight, 0.017 Rad Boamuidth, Pink Filter,
6.Indirect Searchlight, 0.051 Rad Beamwidth, Pink Filter,
7lIndirect Searchlight, 0.085 Rld Beamwidth, Pink Filter

FMAX Maximum Detection Range (Meters)
TIMCON Electronically Aided Sensor Time Constant, 0.1
XLITE X Coordinate of Flare or Indirect Searchlight
XMTF Area Under the Modulation Transfer Function Curve
XSENS Sensor X Coordinate
XSRCH . X Coordinate of Sensor Assigned Searchligiht
XTGT Target X Coordinate
YLITE Y Coordinate of Flare or Indirect Searchlight
YSENS Sensor Y Coordinate
Y'qRCH Y Coordinate of Sensor Assigned Searchlight
YTGT Target Y Coordinate

NOTFID Number of Targets in Field of Viw

Labelled Con Inputed Values

ASID1 Amplitude Coefficient of Spectral Irradiance Due to Direct
Sunlight or Moonlight (Watts/Square Meter)

ASID2 Amplitude Coefficient of Spectral Irradiance Due to Diffuse
Sunlight or Moonlight (Watts/Square Meter)

ASID3 Amplitude Coefficient of Spectral Irradiance Due to l4i*ht
Sky Clow (Watts/Square Meter)

CCOVER Cloud Cover, Fractional
CEIL Cloud Ceiling (Meters)
CCLL Canopy Closure, Lower Limit (Percent)
CCUL Canopy Closure, Upper Limit (Percent)
H20M3N Atmospheric Water Content (Gram/cc)
IA& Index on Background Type
IPCOM Index an Precipitation
IPRIXT Output Data Device Designator - 6
ITIMI Game Running Tim
LDuP True - Intermediate Calculations Printed, False - No Print
OPTDU Optical System Transmission Factor (Assumed Value - 0.8)
PI latio of Circumference of Circle to Diameter (3.141593)
TCLOUD Cloud Transmission Factor (Decimal Traction)
VISIB Meteorological Range (Meters)
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Internally Stored Designer Input Values *

AGVISB Air-to-Ground Visibility (Percent)
BEAMWD Searchlight Eeawidth Keyed by Mode (Radians)
CAY3 Exponent Weighting Factor in Detection Computation for

Electronic Aided Sensor (0.256)
FOIOPT Spectral Weighting for Light Adapted Eye
RBACK1 Spectral Reflection Coefficient for Type 1 Background
RBACK2 Spectral Reflectio. Coefficient for Type 2 Background
RBACX3 Spectral Reflection Coefficient for Type 3 Background

R•ACK4 Spectral Reflection Coefficient for Type 4 Background
RBACK5 Spectral Reflection Coefficient for Type 5 Background
RFOG Height of Fog, (30 Meters)
RTGTBT Spectral Reflection Coefficient for Boat Target
RTGThl Spectral Reflection Coefficient for Man 1 Target
RTGTM2 Spectral Reflection Coefficient for Man 2 Target
RTGTM3 Spectral Reflection Coefficient for Man 3 Target

RTCTVH Spectral Reflection Coefficient for Vehicle Target
SCOPT Spectral Weighting for Dark Adapted Eye
SEAIRCH Spectral Distribution of Searchlight Power
SENSPH Spectral Response of Extended S20 Photocathode
SIDl Spatial Irradianje Density Functim for Direct Sunlight or

Moonlight(Meter )
SID2 Spatial Irradiance Density Function for Diffuse Sunlight or

Moonlight (Met.,-l)
SID3 Spatial Irradiance Density Function for Night Sky Glow (Meter"1 )
SQ2P1 Square Root of 2 x PI
SRV!ISB Slant Range Visibility (Percent)
TAUO Average Interval for Change in Cloud Cover
TSIZBT Target Size (Minimun Dimension), Boat
TSIZMN Target Size (Minimum Dimension), Man
TSIZVH Target Size (Minimum Dimension). Vehicle

Computed Values

ALOLS Loss Due to Scattex for I.direct Seaichlight Mode
ANGLE Minimum Resoivable Angle for Light Level and Contrast Available
AREASN Area of Senior (Alpha)
ATRANS Atmospheric Loss for Searchlight to Cloud Path
ATRAST Apparent Contrast, Target to Background, As Seen At Sensor
BKNOIS Electronic Noise Component Due to Background And Sky
BTRANS Atmospheric Extinction for Flare
CANDLE Light Level Incident on Target and Background (Footcandles)
CAYl Radiance of Sky Due to Scatter
CAY2 Fraction of Background Radiance Available at Sensor
COtIST2 Area of Sensor Resolution Element x 16
CQTRA Log Base 10 of Apparent Contrast
CPRIME Frction of Sky Clear of Clouds
DELRNG Length of Volume Defined by Sensor and Slight Intersection
DELTAT Time Since Last Call on Specific Sensor

*Designer Input Values are contained in the Program Listing
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Computed Values
DELTAZ Difference in Height Between Coiling and Flare
IMVCOH Computational Variable with Appropriate DEVCAL Value
D!VMAG Computational Variable with Appropriate AMAG Value
DUN nmmy Argument
ECOMP Component of Irradiance Due to Flare per 50 Micron Interval
EFACTR Relative Flare Irradiance, Atmospheric and Geometric Losses

Included
EFFECT Effective Sensor Resolution
FACTOR Number of Linqs of Sensor Resolution Intercepted by Target
FCLOUD Transtission Factor for Clouds
P71 Float of Number of Target Elements (Not Field)
FNTR Effective Number of Target Elements
FOLIOG Transmission Factor of Light Through Vegetation Canopy
FSCAT Light Scattering Function for Direct Searchlight
GAMMA Extinction Coefficient (Meters)
I Index on Wavelength Increment
IBACKP Dummy Index Derived from IBAC
ICLASS Type of Detector, O-Natural, lElectronic Aided
ICLEAR Computed Index on Clear or Cloud Shadow
INDX Index Computed from Mode Referring to Indirect Searchlight

Beawidth
ITIMEP Tim of Previous Sensor Use
OFFSET Length of Perpendicular from Sensor to Searchlight-Target Line
PCL•AR Weighted Result of Cloud Cover Decay Computation
PROB Probability of Change in Cloud Cover Condition
RADBAK Radiant Intensity of Background
RADNCK Irradiance of Horizontal Plane Due to Natural and Searchlight
RADSKY Radiant Intensity of Sky
RADTAR Radiant Intensity of Target
RANGE Sensor to Target Range
RANG21 Range, Searchlight to Torget (Meters)
RANG82 Range, Searchlight to Sensor (Meters)
RANGE14 Range, Flare to Target (Meters)
RANG16 Range, Indirect Searchlight to Cloud Above Target (Meters)
RIFLBY Background Reflectance
REFLNF Reflection Factor for Clouds, Indirect Searchlight
REFLTG Target Reflectance
RELLUM Weighting Function Due to SENSPH, FOroPT, SCOPT, etc.
RESLEN Length of Sensor Defined Resolution lemient (millimeters)
RNGFOG Range Through Fog
INOISs Receiver Noise Level
RSCRE Square of Range, Sensor to Target (Square Meters)
t1Scm Square of Range, Searchlight to Target (Square Meters)

R2SQRE Square of Range, Searchlight to Sensor (Square Meters)
R4SQRZ Square of Range, Flare to Target (Square Meters)
R6SQRE Square of Range, Indirect Searchlight to Cloud Above Target
SCAnK Atmospheric Scattering Function
SFACTR Irradiance Loss Due to Atmosphere and Geometry
SIGNAL Signal Level in Sensor
SGNOIS Signal to Noise Ratio
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Computed Values (continued)

SKYCUP Fraction Coupling of Input Radiation to Atmosphere Scattered
Light

SPCTRM Spectral Distribution of Searqhlight Power
TARBIZ Mini=m Dimension of Target
THETA Angle Formed by Intersection of Sensor and Searchlight at

Target
TLIGHT Total Spectral Light, Natural Plus Searchlight
TRASTI Inherent Contrast
VISANG Log of Minim:ma Resolvable Angle
X415N Fraction of Radiant Intensity Available at Sensor
MC Optical System Modulation Transfer Const'nt

YYY Maximu Limit on Angle
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output Value

LDET Detection Decision, True or False
PDET Probability of Detection
RATIO Ratio of Angle Subtended by Target to Minismum Resolvable Angle

3.3.8.3 Description of Subroutine Logic'and Processing

Because of the fact that a broad range of sensors, sensor types,
light sources, and methods of deployment are included in this model, this sub-
.jutine is the most oxtensive and complicated of the Systems Assessment Model
sensor simulations. Sensors that may be employed are of natural vision types
such as natural eyesight and binocular aided vision (IVISUIL-O), or electronic
aided types (IVISUL-I). This latter class is further subdivided into daylight
(ITYPE-3) and night vision (ITYPE-I) devices. Further, the sensors may be
airborne (1AIR- -Number), moving ground (lAIR0), or stationary (IAIR- +Number).

Light levels are due to sunlight (ASID 1), moonlight (ASID2), or
sky glow (Starlig,.t) (ASID3) or combinations of these levels. In addition light
may be provided by direct searchlight (ISERCH-l), pink filtered direct search-
light (ISERCH-2), or l'y auxiliary sources (lI.XTRA ;,0) in which case the souzce
may be a flare (O4DE-l) or indirect soarchliSht (MODE-2 to 7, depending on
filte; type and beamaidth).

The subroutine is organized such that the light levels incident
on target and background are computed. Using target and background reflectance
data stored within the program, the radiant intensity of these two components
and of the sky component are computed, The inherent contrast of the target as
seen through the spectral response function of the sensor (SENSPH, FOTOPT, SCOPT)
is determined and the degraded value (apparent contrast, degraded by scatter
light and atmospheric attenuation) is determined. The size of the angle sub-
tended by the target is compared with the minimnum resolvable angle that can be
observed by the sensor for the light level prevailing and from this comparison,
the probability of detection is computed.

Under some conditions of natural and aided illumination, levels
will be ruch that passive night vision devices would be saturated. In such a
situation, the operator would most likely sake use of natural vision. To Indi-
cate this course of action, under these conditions, the progras causes a switch
to be made to the natural vision routine and detection probability for the human
observer is made. To indicate the fact that detection is due to natural vision
when by input an electronic aided sight was employed, the ratio of angle sub-
tended by the target to the minimim resolvable angle, a quantity that would al-
ways be positive is set to its negative for natural vision. Thus a key is pro-
vided to following routines to allow indication of the detection mans. This
parmz~er along with probability of detection, the decision on detection, and
ratio, the parameter defined above, are subroutine output parmeters.

On entering the subroutine (see Fig. 3.3-15) the index
ICLASS is set to IVISUL. It will be seen later that the choice between natural
vision a.ad electronic aided devices is keyed on ICLASS, and this index may be
set to 0 under high illuminatton conditions as noted in preceding paragraphs. Next
the range to the target in the ground plane is computed and foliage transmission
(FOLXMN) is set equal to unity. For ground-based sensors, the subroutine is
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called only if line of sight exists. If, however, the sensor is airborne
(IAIR < 0) the slant range from sensor to target is computed and foliage
transmission is computed making use of the upper and lower limits of foliage
transmission (CHUL and CHLL) as derived fgom the unit terrain table.
Shouldthe sensor height for the airborne case bý greater than the ceiling, no
detections are allowed and an exit is made from the program. For ground or
airborne sensors, the device parameters as input by the planner (sensor area,
response factor, and magnification) are assigned to intermediate variables
AREASN, DEVCON, and DEVMAG because these parameters may be set to
new values should light level be above the threshold for use of night vision
devices during simulation run.

Next the appropriate spectral reflectance characteristics and-
target size for the target are transferred into the active program based on
the target descriptors, ITGTTP and KSTRNG. At this time only three spectral
characteristics are provided: one for troop targets, one for vehicles, and
one for river craft. Additional target spectral data may be introduced by ex-
pansion of the data set contained within the iubroutine. Then the background
spectral reflectance characteristic is transferred also, based on the back-
ground index (IBACK) contained in the unit terrain table description for the
target location.

Atmospheric transmission factor for the sensor-target path
is computed by the function, e-x, where the form x depends on the situation.
Several conditions must be considered including ground and airborne sensor
situations and the presence of fog. The fog is assumed to be a uniform slab,
30 meters in vertical extent.

The amount of illumination due to natural sources at the ground
will depend on cloud cover. In order to include some coherence in cloud
cover from entry to entry into this subroutine particularly for those spaced
closely in time, a brief set of statements is included that relates probability
of cloud cover to percentage of cloud cover, time since last entry, and
cloud cover conditions at the time of last entry. If, on test, it is concluded
that clouds do not lie between target and source, one calculation for irradiance
(RADNCE) is carried out using spectral irradiance arnpiitudes of light sources
and wavelength weighting coefficients. For cloud cover the computation of
irradiance includes fraction of cloud cover and cloud transmission factor con-
siderations. The values of RADNCE, 12 in all, are given in units of watts/
square meter/meter of spectral width.

External sources of illumination are next c% sidered. If the
spectral irradiance at 550 millirnicrons is greater than 10, watts/square
meter/meter,* "external sources are considered to be ineffective and the pro-
gram progresses directly to detection by natural vision sensors. Sensor

* 105 watts/sq meter/meter - 10-8 watts/cm2/milliuicron

** Wavelength in units of meters is used to be consistent with the ATKENV
subroutine (5.2.11)
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parameters are then modified by later statements to conform to those for dl -
tection by natural eyesight. If, however, the light level is loes than 10 , a
test is made to determine if a direct searchlight is employed. By direct
searchlight, we mean that the target is illuminated by direct rays of the
searchlight and not by diffusely scattered light, If a direct searchlight is
not employed the program bypasses to other program statements. Should a
searchlight be employed, however, the following arguments are made. If the
searchlight is located at the sensor, as will be the came for airborne systems,
anid as may be the case for ground systems, a minimum offset of ten meters
between the sensor and searchlight is assumed. The offset is used in deter-
mining the length of the path commn to both sensor and searchlight, i.e.,
path length over which backscatter light must be considered. The problemi is
shown in Figure 3.3-16.

f ~ ~PATH LENGTH commiGNT 1111000EN11 AM LIGHT

SENSOR

Figure 3.3-16 DEFINITION4 OF nZ7J=

if, however, the direct searchlight is not colocated with the sensor, the geo-
metry illustrated in Figure 3.3-17 must be salved where two possible positions
are shown: (1) giving backscatter light while (2) produces forward scatter
light from the aspect of the sensor.

SENSOR
SEARCHLIGHT 0 2

SEARCHILIGHT 01 ORADSAId
(BACK SCATTER) FRADIAIR

Figure 3.3-17 DEFINITION OF OFFSET AND SC.ATTER&ING FUNCTION4
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The dashed lines show the perpendiculars to the searchlight-target line of
sight. The intersections of these lines with the sensor-target line or line
extended produces the coordinates XINTER, YINTER. The lengths of the
perpenJiculars are taken to be the searchlight offset distances for computing
the scatter length. The conclusion to this section is the determination of the
scattering function (FSCAT):

FSCAT = 1. 0 for backscatter case

or FSCAT = 1 + 2 cosine (angle between SL and sensor at target)
for forward scatter

Next the atmospheric scattering factor is computed for the
searchlight to target path, fog being taken into consideration in the same way
as for the sensor-target path. The irradiance at the target due to the sea rch-
light (SFACTOR) is then computed a,.:

SFACTOR = (Foliage Transmission) e - ' RangeSL.TGT
Range S L-TGT

where y = atmospheric scattering function (if clear)

or y = atmospheric scattering function + 1000 (water content)
(if in fog)

The total light level in each wavelength interval (I) at the target is then obtained
by summing spectral components of natural light and searchlight in the expression

Total Light = RADNCE + SFACTOR , CPOWER -. 269" SEARCH(L ISERCH)
Level (I) (I) BWIDTHz

liere RADNCE is previously discussed natural light level; SrACTOR is irradiance
due searchlight; SEARCH (I,ISERCH) is the relative spectral distribution of
power in the searchlight for the particular filter employed (ISERCHI--clear,
ISERCH,2-pink filter); CPOWER is the peak candle power of the searchlight em-
ployed, and BWI)DTH, the beameidth of the searchlight. ISERCH, CPOWER, IIIDTH,
and the X and Y coordinates of the searchlight are planner input parameters.
The factor 0.269 is a conversion factor required to transform peak candlepower
into spectral emittance (watts/steradian/mster) where maters is the unit of
wavelength. The conversion probldm is outlined in Figure 3.3-18 where the
actual distribution of power in the searchlight is shown as (1) and that con-
talned within the definition of candlepower, i.e., luminous efficiency by the
indicator (2).
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Figure 3.3-18 SPECTRAL DISTRIBUTION OF SEARCHLIGRT OUTPUT
W VISUAL RESPONSE

Flares and indirect searchlights can also be employed in the
simulation for illumination. Flare position in X,Y, and height are pro-
vided to the subroutine through the sensor common area. So also are the
parameters for the indirect searchlight, XLITE, YLITE, AINTNS, and for
both the indicators ILXTRA and MODE. Either of these light sources may
be used with a direct searchlight but both indirect searchlight and flare can-
not be input at the same time. in this model it is assumed that the indirect
searchlight illuminates the cloud base immediately above the target. The
assumptions applJing to flares are described below in the description of the
subroutine.

A value for the index ILXTRA greater than 0 indicates that
external sources are to be considered. If the index MODE is equal to 1,
flares are to be treated, whereas, if MODE lies between 2 and 7 inclusive,
indirect searchlights are employed. The MODE integers 2, 3, and 4 indicate
a clear searchlight with beamwidths of 0. 017, 0. 051, 0. 085 radians respec-
tively, while the integers 5, 6, and 7 carry the same beamwidth connotation
but for a pink filter searchlight.

Considering first the flare, determinations are first made to
locate the flare with respect to cloud ceiling. If the flare height (FLARHT) is
greater than the ceiling (CEIL), the flare intensity at the target must be re-
duced by the cloud transmission factor (FCLOUD). The range from flare to
target is inputed and denoted by RANGE4. Fog effects are treated in the same
manner described previously and atmospheric transmission is denoted by
8TRAN•S. Thus the relative irrindiance is given by the following expression.
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EFACTR= FCLOUD. BTRANS
(RANGE4)Z

and the spectral irradiance (ECOMP) as:

ECOMP = (EFACTR)(AINTNS)(5 x 10 )

where AINTNS is the c&rn'dlepower of the flare and 5 x 103 is a conversion
factor to transform from candlepower to watts /ste radian /meter. Here it is
assumed that the flare radiates uniformly over wavelength at a level given b.y

that within the luminous efficiency curve. The luminous efficiency curve is
assumed to be square in shape and 0. 2 microns in width. The flare is also
assumed to radiate uniformly over a solid angle of ir steradians.

Flare irradiance is then added to the total irradiance in each

wavelength increment (I) computed to this point as:

Total light level in wavelength increment I -

Natural source component in wavelength increment I
+ Searchlight component in wavelength increment I
+ Flare light cd.onent in wavelength incremsnt I

If a flare had been employed a branch in the program is now made to bypass

the computations for indirect searchlight since both are not treated simul-
tane ous ly.

If flares had not been considered, the index MODE had a
value of 2 or higher, the program would have bypassed the flare routine and
re-entered the subroutine for indirect searchlight simulation. First checks
are made on cloud cover (CCOVER) and ceiling (CEIL) to inseire the require-
ments are met. It is assumed that indirect searchlight will be ineffective if
cloud cover is less than 50 pe:-cent or if ceiling is greater than 2000 meters
and this segment of the subroutine would be bypassed if either assumption is
not met.

Assuming conditions are proper, range from searchlight to
cloud base above target is computed as RANGE6. Atmospheric transmission
and fog effects are treated as previously described in previous discussion.
The reflective factor (REFLNF) for the cloud is assumed to be

REFLNF = 0.05 (1-TCLOUD)

where TCLOUD is the cloud transmission factor, a decimal function ranging
from 0. 0 to 1. 0 and derived from the ATMENV table. It is assumed that the
cloud can be treated as an extended area source that provides diffuse
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illumination to the ground below. The geometric loss factor (EFACTR) for the
problem illustrated in Figure 3.3-19 ic expressed as:

EFAGTR ALOSS • REFLNF CEIL
Er(BEAMWIDX . RANGE6) + CEIL3

where ALOSS is the total atmospheric transmission factor, BEAMWD(INDK) is
the beamwidth of the searchlight as derived from the subroutine data state-
ment keyed by INDX which is itself given by (INDX = MODE-I). The total
function of irradiance incident: on the target (ECOMP) is them computed as:

ECOMP =- 0269AIN . EFACTR
(BEAMWDINDX)"

and after selecting the appropirate filter keyed on MODE as noted above, the
total irradiance for each-wavelength increment (I) is computed by:

Total Light Level = (Total Light Level)Nat + SL + (ECOMP)(Spectral Distribution
I

of Power•)

I1

CLOUD LEVEL 
;

CEILING ICEIJ
RAJG-E6

TARGET

-_______- -- GROUND LEVEL

K~.OF SEARCI4LI'2HT

Figure 3.3-19 MCMETRY FOR INDRECT SEARCHLIGHT
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At this point all sources of light have been examin . and com-
putations for sensor perforrnance are next executed. First, several checks
are made. If the index ICLAb, ib zero, natural vision is implied. If, for
natural eyesight, the light level at 550 rnillimicrons is iess than one watt/
square meter/meter;" probability of detection will be zero and an exit will be
made from the subroutine. If the spectral irradiance lies between I and 100
watts/square meter/meter, scotoptic vision response values are employed,
but for levels above 100 watts/square meter/meter fotoptic vision response
is used. These responses are located in the data Etatements in the subroutine,.

5 If ICLASS had been one and light level at 550 millimicrons less
than 10 , a night vision device can be applied and the program would have
branched to transfer the photo cathode spectral response data into the seb-
routine. This course will also be taken if light level is greater than 10 but
a daylight device (ITYPE=0) had been employed.

Having selected the appropriate sensor responses, light level
(TLIGHT) is next converted from units of watts,•square meter/meter to
watts/square centimeter/millimicron by a 10-1 factor multiplication. Then
by making use of an integrating function subroutine QUAD, computations of
total background target, and skylight radiances (RADBAK, RADTAR, RADSKY)
are carried out by introducing background and target spe:ctral reflectivities
(REFLBK and REFLTG)." It should be noted that atmospheric scattering is
considered to be insensitive to wavelength in this simulation, a factor that
should be considered in further simulation development. The inherent con-
trast of the target with respect to the background (TRASTI) is then determined
as

TRSI RADBAK - RADTARI
TRASTI RADBAK

and can take on values from 0 (RADBAK = RADTAR) to - (RADTAR # 0,
RADBAK = 0). The remainder of the subroutine treats the loss in inherent
contrast due to atmosphere and sensor and subsecuently the probability of
detection.

The apparent contrast (ATPAST) is computed from the equation

ATRAST TRASTI
I + CAY2

where the ratio CAYl ICAY2 is the ratio of the amount of power at the sensor
due to atmospheric scattered light to that due to the background. The problem
is iliustrated in Figure 3.3-20.

*I watt/sq. u=ter/emter -0"13 watt/cm. sq/milltmirron •- 10-5 foot candiss.

3-117



SKY LIGHT TARGET

SENSOR I' BCGON
CAVI

CAY2 "ARS/ INHERENT CONTRAST

SCATTERING WITHIN BEAM

Figure 3.3-20 DEFINITION OF SCATTER CO'PONENT, CAY1

Note that for searchlight problems, the atmospheric scatter component,
CAYI, is increased by scattering of searchlight power over the sensor-search-
light intersection region.

If an electronic aided sensor is employed the total current on
the sensor due to light falling on its aperture is computed as background noise
(BKNOIS) as follows:

BKNOIS = (TIM0N) (0TXMN) ( ) (CAYI + CAY2)

4(FNUMBR)2 (1.6 x 1017 )

The 10- factor inludes the conversions from photons or charge/second to
current (1. 6 x 10- 1 ) and conversion from square millimeters to square centi-
meters. The response of the imaging device is given in terms of modulation
transfer function which relates relative amplitude of output cyclic response to
input cyclic forcing functions as shown in Fig. 3.3-21. The subroutine uses the
modulation transfer constant, the area under the modulation transfer function
curve. Thus two devices with the same area would show equal performance
although in practice some differences would be observed. Compare the solid
(1) and dashed (2) curves which have the same area. The present structure of
the model is not adequate to distinguish between these two devices. However,
the differences between the first two and that denoted as (3) in the figure are
of significance in the simulation.
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Figure 3.3-21 MODULATION TRANSFER FUNCTION

Ref. (See for example, Ref. 13)

Using the area under the modulation transfer function curve (XMrF),
the minimn resolvable area on the sensor is compUted as .CNS12 b -fhe .Q1l•Lng
sequence of calculations.

XMTC lO00 XMT.
FOCALL

where FOCALL is the focal length of the sensor in millimeters and XMTC has

units of cycles /millimete-.

Then the minimum resolution length (RESLEN) is:

RES LEN 2 *W(XMTC)

and

CONSTZ = 4y (RESLEN) 2

The noise per unit resolvable area is then computed as

RNOISE = MKNOIS + CONST2
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The computation of SIGNAL, apparent contrast times back-

ground noise, and the signal to noise ratio are straightforward.

The resolution of the sensor will be a function of the light

level and of the signal-to-noise ratio (SGNOIS). The effective sensor resolu-
tion (EFFECT) is shown in Figure 3.3-22.

RESOLUTION

(line pairs mm:

SIGNAL TO NOISE RATIO. LOGARITM"C SCALE

Figure 3.3-22 SENSOR RESOLUTION VS SIGNAL TO NOISE
(Ref 13, 14)

If signal-to-noise ratio is greater than five, the response increases only
slowly with signal-to-noise ratio itself a function of apparent contrast and an

inverse function of the square root of the noise current, a function of light
level. For signal-to-noise ratio greater than five the functional relation is
given as

EFFECT = 2 XMTF (0. 883 + 0. 166 logl 0 SGNOLS)

The bracketed function is designed to be unity at a signal-to-noise ratio of

five. For SGNOIS less than five the response EFFECT falls off at the rate

given by

EFFECT = 0.4 SGNOIS + XMTF

Then the ratio of the angle subtended by the target to the mini-

mun, resolvable angle (RATIO) is found for the conditions prevailing. Multiple

element targets are introduced through the index FNTR which is a function of
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the number of elements in the field of view. The empirical relation for the
exponent function EXPON is then determined as:

EXPON - CAY3 (RATIO . FNTR) 2

where CAY3 is a weighting factor. The subroutine then proceeds to the proba-
bility of detection, PDUT which is computed as:

PDET - 1 - • -(EXPON)

PDET is subsequently tested against a random number to develop the logical
output, WDET a True or False.

For natural vision, the subroutine is re-entered where the con-
version from irradiance to illuminance is made. The light level incident on
target and background (CANDLE) is converted to units of foot lamberts so that
the data of Reference 15may be employed directly. This data permits the
logarithm of apparent contrast (CONTRA) and the light level in foot lamberts

to be employed to determine logarithm of minimum resolvable angle sub-
tended by a target for these conditions (VISANG). The functional relations
between logarithm contrast, logarithm visual angle and light level are con-
tained in a separate function subroutine ANG. In using function subroutine
ANG, and by entering with CANDLE and CONTRA, VISANG is determined.
VISANG is converted from its logarithmic basis to minutes by:

ANGLE = 1 0 (VISANG)

Then the ratio of the angle subtended by the target to the minimum resolvable
angle is determined using a factor 3437. 747 for the conversi'.n from radians
to minutes. As with electronic aided devices,the multiple-element target fac-
tor FNTR and RATIO are used to determine the exponent function

EXPON - DEVCO (RATIO . FNMR) 2

where DEVCON is a weighting factor with the appropriate • of DEVCAL. Tha
probability of detection is determined as described above.
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3.3. 9 Subroutine BRKWIR

3.3.9.1 Purpose

This subroutine provides a sirhulation of breakwire devices
for determining probability of actuating the sensor and to generate an output
report, either a true or false detection.

3 . 3.9.2 Glossary of. Inputs, Computed Values, and Outputs

Input Values

KSTRNG Target Classifier
IDSNSR Sensor ID
IDTGT Target ID
ITGTTP Target Type
IUT Index on Unit Terrain
NOELEM Number of Elements in Target Group

Internally Stored.Designer Input Values

DISCOM Detectir Factor, A Function of Vegetation

Labelled Common Inputed Values

IPRINT Output Data Device Designator =6
ITIME Game Running Time
ITOD Time of Day
LDUMP True = Intermediate Calculations Printed, ralse No Print

Computed Values"

DAYLIT Detection Factor, A Function of Light Level
DISCOV Detection Factor, A Function of Vegetation
DUM Dummy Argument
EXPON Effective Number of Elements
KFAUN Didex on Time of Day, l=Day1ight, Z=Night
PBRK Probability for Single Element to Break Wire

PDET Probability of Detecting Target
PDWI1RE Probability of Detecting Wire
PWDET Probability of Detecting Wire, Best Conditions

Output Values

LDET Detection (True-False)

3. 3. 9.3 Description of Subroutine Logic and Processing

The breakwire device consist- of a thin cable conristing of hvo
very fine wires (AWG44, for example) which is emplaced around a perimeter
or along a line to be monitored. lf an intrusion takes place, the wire is
broken and continuity being checked at the monitor is los;, resulting in an
alarm. The simulation of this type device, therefore, consista simply of a
probability statement regar-ling the breakage of the wire given an intrusion
event.
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In this subroutine the probability of breaking the wire is given
as a function of the number of elements in the larget, the probability per ele-
ment of breaking the wire, the probability per element of discovering the
wire before breakage, and the target type. On entering the subroutine (Fig.
ure 3.3-23) processing is directed to one of seven sets of assignment state-
ments depending on target type (ITGTTP) and character (KSTRNG). Each
set of assignments contains an estimate of the probability for breaking the
wire per target element (PBRK) and an estimate of the probability of the wire
being detected by the first element in the target (PWDET). Thus for a troop
type target PBRK is assumed to be 0.5 and PWDET to be 1.0. This latter
estimate will be modified by foliage and light level at a later stage in the pro-
gram.

Next a determination of time of day of significance to this sensor
is computed through the index KFAUN. Daylight is considered to extend from
6AM to 6PM with KFAUN = I and a light level detection factor, DAYLIT = 1. 0
for this condition. For night conditions DAYLIT is set equal to 0. 1.

The vegetation characteristics in the vicinity of the sensor will
also play a role in the detection capability of the intruder for the wire. A set
of wire detection modifiers are contained in the data set labelled DISCOV which
is keyed to the terrain index (IUT) number, (Section 5.3.2), The assignments
based on intuitiv2 argument only, are shown in the table below.

IUT IUT
Number Description DISCOV

Rice Land 0. 5

2 Single Canopy, Light Undergrowth 0.2
3 Brush Wood, Coffee Plantations 0.2
4 Brush Wood, Coffee Plantations 0. 2

SMulti-canopy, Dense Undergrowth 0. 1
6 Multi-canopy, Dense Undergrowth 0. 1
7 Single or Multiple Canopy, Bamboo 0.1
8 Dune Grass on Sand 0.7
"" Not Specified as Yet 0.0
10 Not Specified as Yet 0.0

The probability of detecting the wire (PDWIRE) is computed as:

PDWIRE = (PWDET)(DAYLIT)(DISCOV)

This result is tested against a random number and if detection probability is
greater than the ranaom number, the number of elements in the target is
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reduced by a factor of ten. Otherwise the effective number of target elements
is the actual number. The variable for effective number of elements (EXPON)
is thus developed by these selection rules. If EXPON is less than 0. 11, how-
ever (which would be the case if the number of elements in the target was one
and the discovery of t'V wire was found to be true), detection is declared to be
false and control is returned to the executive subroutine. Otherwise proba-
bility of detection (PDET), probability of target breaking the wire is given by:

PDET = 1. 0- (1. 0 - PBRK)EXPON

A test is then made on PDET by comparing PDET with a random number. If
the PDET is the greater, a detection is declared to take place, otherwise
LDET = False.

It is to be noted that the probabilities associated with the target
types for both breaking and discovering the wire are only suggested values at
this time having no supporting field data for a basis. As such they must be
regarded as tentative and highly subject to change as the field data base is
developed.
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