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PREFACE 0

This is Volume I of the Final Technical Report
on Transportable MAPS Software. It describes
the development of the TransMAFS software
package; its companion volumes contain the
TransMAPS User's Manual (Volume II) and
TransMAPS Maintenance Manual (Volume III). This
volume is submitted in fulfillment of CDRL item
A002 of Contract # F30602-80-C-0326.
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TRANSPORTABLE MAPS SOFTWARE

SECTION ONE

INTRODUCTION AND SUMMARY

Micro-Adaptive Picture Sequencing (MAPS) is a computationally-efficient,

contrast-adaptive, variable-resolution spatial image encoding technique.

This document describes the implementation of the general MAPS process as

a transportable software ensemble which will hereafter be referred to as

the TransMAPS Package or simply as 'TransMAPS'.

1.1 Background and Objectives

Micro-Adaptive Picture Sequencing originated in the Information Sciences F

Division of Control Data Corporation and has undergone extensive further
development and exploration with sponsorship from the Rome Air

Development Center. These efforts are summarized in the following

reports and articles:

References:

RADC MAPS-Related Reports:
---------- ------------ --------

Labonte, A. E. and C. J. McCallum (Control Data Corporation)#
IMAGE CUMPRESSION TECHNIQUES, RADC-TR-77-405 December 1977. -,

Final Technical Report, Contract No. F30602-76-C-0350.

haBonte, A. E. and T. E. Rosenthal (Control Data Corporation),
MAPS IMAGE COMPRESSION, RADC-TR-8O-173, May 1980,
Final iecnnlcal Report, Contract No. F30602-78-C-0253.

Labonte, A. E. (Control Data Corporation),
INFRAREV DATA COMPRESSION STUDY, RADC-TR-BO-2B7, August 1980,
Final lechnical Report, Contract No. F30602-79-C-00O.

SPIE Proceeaings Articles:

Laeonte, A. E., "Two-Dimensional Image Coding by
Micro-Alaotive Picture Sequencing (MAPS)*,
Proceedings of the society of Photo-Optical
Instrumentation Engineers, Volume 119,
APPLICATIONS OF DIGITAL IMAGE PROCESSING,
pp V9-106, 1977.

baBonte, A. E., 0Micro-Adaptlve Picture Sequencing
(MAPS) in a Disolay Environmentm, Proceedings of
the Society of Photo-Optical Instrumentation Engineers,
Volume 249, ADVANCES IN IMAGE TRANSMISSION lIt
pp 61-7u, 1980.
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These prior investigations have dealt with many different facets of the

image representation problem including ima o partitioning, large-area or

macro-fidelity control, local or micro-fidelity control, coding

strategies, and artifact-masking or perceptual quality enhancement in the

reconstructed imagery. Through these studies, MAPS has evolved into a

mature set of processes which still retains a rich space of user

options. The present effort integrates these previous developments to

form the TransMAPS software package.

The general objectives of this implementation are to coordinate existing

MAFS results and to make MAPS functionally available to a much wider

community of potential users. TransMAPS fulfills these objectives F

through use of a readily-available language (FORTRAN) running on

widely-used computer systems (DEC PD-1ll and VAX). More specific

objectives emphasize transportability within this DEC system environment

and interactive capabilities to support a broad spectrum of user

experience levels and applications intent.

1.2 Software Development

Four main activities were involved in the TransMAPS development cycle.

*- First was evaluation and coordination of the large space of MAPS user

*options which arose as the technique evolved. Here the principal

problems involved assessment of potential conflicts and automation of
those features where a clear-cut choice could be made based on the

results of prior investigations. Note that overall organization of

TransMAPS is determined primarily by the structure which results from

this option-space evaluation. Moreover, at least one and sometimes

several detailed 'algorithms' are already available for each of the

subprocesses invoked by each selected option. Thus, the option

assessment really becomes the first stage in the top-down TransMAPS

software design.

1
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* Again, because of the algorithmic detail already known, the second stage

"" of the development cycle focused on the constraints and compatibility

issues raised by the characteristics of the host computer. Here, the

sixteen-bit word length of the POP-1l systems was the dominant

controlling limitation. The resulting address field constraints together

, with the option structure imposed the requirements for extensive

partitioning of the MAPS process.

Implementation considerations formed the core of the third major activity

group. Issues of modularity, transportable constructs, file environment,

and internal program documentation guidelines were principal subtopics.

This stage carried development through detailed TransMAPS code F

preparation.

The fourth phase involved comprehensive program testing followed by

TransMAPS installation and demonstration on the target PDP-ll/70 in the

RADC Image Processing System.

1.3 The TransMAPS Fbckage

The fact that TransMAPS is an integrated software 'package' and not just

a collection of computer programs is implicit in all of the development

efforts. This package contains seven interrelated main program modules,

six data sets, a MAPS standard file structure, a set of pre-planning aids -.

for user interaction support, and the TransMAPS user and maintenance

documentation. The contents of these five categories is refined one more

level In the following tabulation:

I
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TransMAPS Package:

Seven Main Program modules:

31 SUdFR% Raster to bubframe Conversion - SF.FSV, SF.OBJ
#2 MAP8 MAPS Compression - MP.FSV, MP.OBJ
.3 DMAPS MAPS Decompression & Level Image Formation

- DM.FSV, DM.0BJ
34 ADAPT MAPS Adaptive Image Smoothing - AD.FSV, AD.OBJ
IS DIFFER MAPS Difference Image Formation - DF.FSVp DF.OBJ
36 RASTER Subframe to Raster Conversion - RS.FSV, RS.OBJ
37 ANNOTE Image Assembly and Annotation - AI.FSV AI.OBJ

Provided on Coiputer-Compatible Tape (CCT)l
FORTRAN IV-Plus Source Code - x.FSV
FORTRAN Object (F4P) Code - x.OBJ

Six Data Sets:

Annotation Symbol -Map Tables - SYMBOL.BIN
MAPS Comoresslon Test Image (160 x 128) - MTEST.BIN
Sample MAPS User Parameter Set (Use with mTEST) - MSET.SIN
MAPS Product Generation Test Image (120 x 128) - GIRL6.BIN
Two 'Video Frame' Images (480 lines x 624 pixels):

Building Scene - BLDGIMG.BIN
IEEE Girl - GIRLING.BIN

Provided on Computer-Compatible Tape (CCT)

MAPS File Structure with Standard Filenames and Headers:

Source Imaoe (One SubfraMe/FIXED Record) IMAGE.DAT
User Parameter Set MSET.DAT
MAPS Compression Stream (FIXED Records) MAPSoDAT
MAPS Block/Pattern Image (Subtreaes) DMAPS.DAT
MAPS Resolution Image (Subframes) LEVEL.DAT
MAPS Adaptively Smoothed Imae (Subrames) - ADAPT.DAT
MAPS Difference Image (Subfranes) - ERROR.DAT
Fiaelity Performance Summary (Listing) - EPRINT.DAT
MAPS Product Image (Raster) - xRAST.DAT

x a I.DvL.A.I
Annotation Symbol-Map Tables - SYMBOL.DAT
Annotated Image (Raster) - ANIMG.DA?
Annotated Printer Pseudo-Image (Listing) - APRINT.DAT

User Interaction Pre-Planning Alds:

MAPS Planning Form - Compression
MAPS Planning Form - Product Generation
Annotation and Image Assembly Planning Form

Documentation:

TransMAPS User's Manual
TransqAPS Maintenance Manual

1-4
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The first six program modules all implement processes directly related to

MAPS. This set of six further divides into modules #1 and #2 which deal

with compression and modules #3 through #6 which provide the generation

of MAPS output 'products'. Four product types are available: MAPS

directly-decompressed tonal images, MAPS resolution or level images, MAPS

adaptively-smoothed tonal images, and MAPS difference images. The

'level' images give direct display of the pattern of variable resolution

generated by the MAPS compression process. The 'difference' images

display the fidelity between source and product images in terms of either

a 'signed' error with a neutral gray zero-point bias or an 'amplified'

absolute error.

The seventh module provides a stand-alone image assembly and annotation

capability. It is included to support the display of the MAPS products

but can be used to format and label imagery from other sources as well.

Figure 1-1 exhibits a source image, its MAPS tonal decompression, the

corresponding resolution image, and an amplified difference image

assembled and annotated using module #7. The original image in this

example is 480 lines x 624 pixels x 8 bits; the MAPS compression level is

2 bits/original pixel; and the difference amplification factor is 10. In

the resolution image, successively lighter regions correspond to finer

levels of local MAPS resolution. The difference image has been

complemented (during the assembly process) so the lighter flecks

represent larger absolute source-to-MAPS differences. The sample in

Figure 1-1 is intended to give the flavor of the capabilities of the

TransMAPS package and to illustrate them with 'real-world' imagery (in

this case a frame of 'video' size).
I

1.4 Documentation Organization

The complete documentation for TransMAPS is distributed across three
p

volumes: this final report, the TransMAPS User's Manual, and the

TransMAPS Maintenance Manual. The User's Manual emphasizes the basis of

1-5
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Figure 1-1. Example of TransMAPS Software Application

1-6



the MAPS subprocesses, the space of user options, and the interactive

protocols needed to apply the package as an image coding system. The

focus in the User's Manual is thus on MAPS as an integrated family of

techniques and on the concepts which underlie them. The user mayeither

apply MAPS for functional image compression or may use TransMAPS to

become familiar with and explore the MAPS conceptual and process

structure. The perspective here is on 'what it does".

The Maintenance Manual emphasizes the system and specific implementation

aspects of TransMAPS. It addresses MAPS as hosted by the computer system

and focuses on installation,.modification, and code maintenance issues.

The Maintenance Manual contains complete COMMENT-annotated source F

listings of the seven program modules and these listings form the

ultimate level of detailed implementation documentation. The perspective

here is on 'how it's done'.

The present document - the project final report - is presumed to contain

both the User's Manual and the Maintenance Manual in its scope. They are

simply published as separate documents for the convenience of later use

where their roles are quite different. The remaining topics which must F

. be covered in this document, then, involve descriptions of the activities

-. specific to the original construction of TransMAPS; in essence, the

'scaffolding' of the TransMAPS development. Four topics - user option

assessment, process partition, implementation, and testing - are

discussed briefly in the sections which complete this volume. Readers

unfamiliar with the basic MAS constructs may wish to read the synopsis

of these processes in Section Six of the User's Manual to gain a

framework for the rest of the documents. Alternatively, the references

* outlined in Section 1.1 may be consulted for this purpose.

1-
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SECTION TWO

USER OPTION ASSESSMENT

The organization of TransMAPS is determined primarily by the structure

*imposed on the space of user options. Throughout previous development

and refinements of the MAPS technique, many alternate configurations and

strategies were investigated. This resulted in a very large space of

potential user options. Thus, the first task in the TransMAPS

integration involved three subtasks focused on this option space:

reduction of the space by 'automating' some of the selections; sequencing

and 'grouping' the retained options to structure the process; and

assessing the 'compatibility constraints' within this structure. Each of

. these subtasks will be dealt with in turn.

2.1 Automated Selections

The variety and nuances of possible MAPS alternatives is bewildering.

Thus, any reduction in this option space which does not significantly

degrade flexibility or performance will enhance the usability of

TransMAPS. Two types of option selection 'automation' were sought. In

the first type, the selection is made implicit as a part of another user

action so that it becomes transparent. In the second type, the range of

states for a particular option dimension is restricted to those where

clear advantages have been demonstrated.

Three subclasses of implicit selections arose - in image staging, in

process mode, and in generic options. In image staging, the DEC systems

are heavily disk-file oriented and do not support simple direct magnetic

tape interaction under FORTRAN. Thus, file skipping and positioning

occur only on transfer of image files from tape to disk and not on every

processing pass through a given source file. Moreover, communication of

I-8



image data between processes is disk-based and this communication can be

made transparent by implementation of a MAPS file structure with standard

naming conventions. The staging tasks are then handled either

automatically or as part of the initial data entry and need not be made

explicit.

*Specification of the MAPS process mode involves selection of the

process(es) to be run on the source imagery and their sequence. These

choices are made implicitly as the user invokes the corresponding

TransMAPS program modules. Furthermore, since intermodule communication

is accomplished through the standard file structure, the user gains

flexibility in sequence specification because the required intermediate

*results are generated and saved automatically. Thus, the full mode

* selection need not be developed beforehand - invoking TransMApS modules

remains interactive.

Generic options allow more specific option types to be absorbed as

special cases and thus simplify the explicit tree of options without

reducing flexibility. One potential option absorbed in this manner is

the 2x2-element-sharpening heuristic from the adaptive smoothing module

which is superseded by the more powerful subelement pattern coding which

applies to 2x2 and larger MAPS elements if desired. Even more generality

*is represented by the use of piecewise-linear code-space-to-constrast-

space and code-space-to-intensity-space remapping specifications. More

* specific options such as log or exponential remappings can be

approximated by and thus absorbed into the process of defining suitable

breakpoints for the piecewise-linear mappings. Specification of the

required intensity-space-to-code-space demapping is automated by
inverting the code-to-intensity remap.

Five subclasses of state-restriction selections arose - in file

annotation, in performance evaluation, in resolution image generation, in

pattern bias specification, and in adaptive smoothing control. Since the

I 1'9I€



MAPS file structure must serve intermodule communication, certain

ancillary information such as image size and partition parameters must be

included as part of the file information. Thus, some form of file header

is required and a standard header format was chosen. This format

includes an 'image name' field and is added automatically to all of the

standard MAPS files. Thus, the user no longer need choose whether to

provide such annotation or not.

Ierformance evaluation for both compression level and fidelity in overall

image terms is a simple by-product of the statistics which must be

gathered for determining optimal pattern biases. Thus, these evaluations

have a negligible impact and are automated as part of the compression

process. Gathering data for more detailed fidelity distributions,

however, does have a significant impact on compression computational

efficiency. Moreover, if adaptive smoothing is to be applied, the

process is sufficiently non-linear so that difference statistics can only

be gathered during or after the smoothing process. Thus, more detailed

fidelity performance analysis is deferred until the point where MAPS

difference images are formed. These statistics are easily obtained there

so they are included as an automatic rather than optional by-product in

the difference process.

The MAPS resolution or level image is a useful evaluation tool to assess

how MAPS is distributing its resources relative to the image content.

The information in this resolution image is also a necessary input to the

MAS adaptive smoothing process. Thus, formation of the level image is

conveniently automated as part of the direct MAPS tonal image

decompression. The only remaining potential option in this case, then,

is the selection of the gray-scale values to be associated with each

level. This association must present the 'level' image itself in a

discernible form and must make the information easily accessible for

I-10
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adaptive smoothing. A suitable selection which automates the gray-scale

assignment and meets these requirements is one in which the MAPS level or

resolution codes are simply stored in the upper three bits of each level

image byte.

Selection of appropriate pattern biases to be used with the MAPS

subelement pattern coding mode can be optimized in a mean-square-error

sense and automated based on statistics gathered during the compression 9

step. Thus, the imagery itself yields the best choice for these bias

values and the user need not be burdened with their separate

specification.

In MAPS adaptive smoothing, the 'adaptation' includes three different

considerations: the size of the 'convolution' window, activation of

surrounding elements based on their size relative to the target element,

, and activation of surrounding elements based on their intensity relative

to the target element. Although specification of each of these could be

left to the user's control, specific choices perform well and have

* significant a priori justification. Thus, the window size is chosen to

have an edge which is one cell smaller than the target element. This

* makes the window 'odd' (symmetric about its center pixel). This choice
is consistent with the assertion that the target element size reflects

* the local intensity correlation length in the image. The 'surround'

activation based on size is chosen to include all elements no smaller

than one resolution level below the target element. This is consistent

with the assertion that finer relative resolution is a priori evidence of

localized image activity and should not be included in the

'convolution'. Finally, the selection of weighting functions for the

convolution is restricted to a choice between uniform weight over the

* window or two-dimensional Gaussian weight with user specified spread.

Uniform weighting has a particularly simple implementation and Gaussian

weighting exhibited slight superiority among the various functions
investigated in previous MAPS studies.

4
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2.2 Option Groupings

Following the pruning of the option tree, the next major task in the user

option assessment is to order the remaining options and to cluster them

into groups according to the processes which require them. The ordering

* chosen is essentially the sequence in which the option selections are

used. The process groupings are as follows:

Option Groupings:

Raster to Suotrame Conversion:
-------------- ----------- -----------

Source image ldentification
Source image Position Specification
source image Size Specification
Source Image Partition Specification

MAPS Compression:

User Mode Selection -
Macro-Fidelity Control
MiCro-Fidelity Control
Gray-scale Manipulations

MAPS Decompression and Resolution Image Formation:

(User Transparent)

MAPS A aptive Imeot Smoothings

----------------------- ---------------
Convolution weiahting specification
Ditner Amplitude specification

MAPS Difference Image Formation:

Input Image Pair Selection
Difference Image control

Subframe to master Conversion:
------------------- ---------w-----------

Output Product Image Type Selection

Image Assembly and Annotations
---------------------------- ----------

Output Image Soecification
Lmbeaed input image Specifications
Emoedded Annotation Specifications

Note that this tabulation displays only the first level of refinement

under each process. Particularly in the MAPS Compression and the Image

Assembly and Annotation processes, several further levels are needed.

1-12
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This option hierarchy coupled with an appropriate default structure

allows the casual or inexperienced user to treat TransMAPS as a 'black

box' (or more nearly dark gray) image coding system. Very few parameters

need to be specified for simple uniform fidelity coding and

reconstruction of the source imagery. On the other hand, the more

experienced user or one who seeks to gain more insight into the MAPS

processes can selectively penetrate the option tree and tailor the

control as desired.

In order to assist with such exploitation or exploration, the option

space has been laid out in three detailed 'User Planning Forms'. They

are intended to serve as an aid for pre-planning of complex interactive

*- sessions, to provide a convenient record of MAPS processing, and to form

*a 'road-map' which lays out the entire option space at one time. Reduced

versions of these Planning Forms are exhibited here as Figures 2-1 (MAPS

Compression), 2-2 (MAPS R'oduct Generation), and 2-3 (Annotation and

Image Assembly).

The information on these three forms, then, characterizes the option

structure and thus the organization of the Interactive TransMAPS

package. Further descriptions of the individual option entries is given

in the User's Manual, Section Seven.

2.3 Compatibility Constraints

The remaining option analysis effort was directed at uncovering

combinations of active options which are internally incompatible. Only

two significant problems were found and neither restricts the performance

of the package appreciably. Both problems involve the 'staggered'

subframe image partition. Both also arise partially due to 'computational

considerations' so they are not strict option incompatibilities.
e

1-13
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WAS PLANNING FORM (ALLOWED RANGE) IDEFAULTJ DATE____________
(COMPRESS ION)

MODULE USER INPUTS

= 01 ~~~~SOURCE IMAGE FILE NA14E (---------

FILES: USER IM4AGE NAME(--------)

IN - USER RASTER SKIP LINES [01..... SKIP PIXELS 10]

OUT - IMAGE.DAT PROCESS LINES[ _____ PROCESS PIXELSt

BITS/PIXEL ( * 8£ 8

SUIFRAMiE SIZE ( 6 16 32 )I]SUIFRAME GRID (SQUARE STAGGER) ISOUAREJ

SIe ONLY

&Lwk MODE (QUICK USER FULL) [I

PILES: MACRO FIDELITY CONTROL:-
IMAGE PARTITION:-. . . . .

IN - IMAGE.DAT

OUT - MAPSAT PXLIDXDRCIN4

IN/OUT - MSE7.DAT LINE INDEX DIRECTION

USER PARAMETERS

EACH CELL (1 2 34) [ALL 11

MICRO FIDELITY CONTROL:

PARAMETERS GROUP 1 GROUP 2 GROUP 3 GROUP%

*CONTRAST SCALE 1 _TAPER 130 [3073
STEP FRACTION 105 o T o IT - r

0: STEP BIAS [o= to -T to 1 -10T
MATRIX E M L U E M L U E N L U E N L U

0-1
1-2 ---

2-3
3-4I _____

4-~5

BLOCK/PATTERN ASSIGNMENT. EACH4 LEVEL (B P) (B1PPBB3
012345 LEVEL

GRAY-SCALE MANIPULATIONS:

CONTRAST REMAP: CODE CONTRAST INTENSITY REMAP: CODE INTENSITY INTENSITY RESET:

PICE0S I20.2~ 0 0 (MEAN)

BREAKPOINT (LOWEST)
PAIRS - -- -(SECOND)

(NON-DECREASING) - -- -(THIRND)

CODE (0-255) CODE (0-215) (HIGHEST)

CONTRAST (0-4095) INTENSITY (0-4096) [MEAN]

RESULTS: COMPRESSION: ________LEVEL: 0 1 2 3 '4 5
MEAN SQUARE ERROR:............., WASELS: - - - - -- :

OPTIMAL BIASES: - - - - -

Figure 2-1. MAPS Compression Planning Form
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MAPS PLANG Foam (ALLOWED RANGE) IDEFAUAT] DATE

(PRODUCT GENERATION) IMAGE NAME

COM PRESS ION_

MODULE USER INPUTS F

MU ~APS
FILES:

in - AAPS.DAT

OUT - DMAPS.DAT r
OUT - LEVEL.DAT

RUN ADAPT /NOT wHim STAGER awi/
PILES: CONVOLUTIONI WEIGHTING (GAUSSIAN UNIFORM) [G.

IN - DMAPS.DAT SIGMA MULTIPLE AT WINDOW CORNER [2.0] /GAUSSIAN ONLY/

IN - LEVEL.DA RANDOM DITHER AMPLITUDE [4.0]

OUT - ADAPT.DAT

RUN DIFFER

F ILES: FILE PAIRINGS (IMAGE vs DIAPS IMAGE vs ADAPT DMAPS vs ADAPT) [I D]
IN - JMAfE.DAT DIFFERENCE PARAMETER:

( 90 SIGNED "O STATISTICS ONLY 0 AMPLIFICATION FACTOR)[IO].
IN - DMAPS.DAT ANY TWO

IN - ADAPT.DAT

OUT - ERROR.DAT

OUT - EPRINT.DAT (LISTIN6)

RUN RASTER

MAPS RASTER PRODUCT (IMAGE MAPS LEVEL ADAPT ERROR) [DMAPS]

IN IAGE.DAT
IN -DMAPS,DAT

IN - LEVEL.DAT ANY ONE

IN - ADAPT.DAT j
IN - ERROR.DAT J

OUT - IRAS7.DA7
OUT - DRAST.DAT

ouT - LRAST.DAT TYPE MATCHES INPUT

OUT - ARAST.DAT

our - ERASI.DAT J

Figure 2-2. MAPS Product Planning Form
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The first difficulty is among the staggered subframe partition, the

larger subframe sizes (16xl6 and 32x32), and the maximum array size

addressable on a sixteen-bit computer. The essence of the problem is

that a 16 or 32 line recirculating buffer is too restrictive on the

source image size, and implementation in terms of an 8-line recirculating

buffer with successive partial subframe extraction is too disk I/O

intensive to achieve a reasonable efficiency level. However, the

advantages of a staggered subframe grid in reducing the perceptible

'blockiness' in the reconstructed image are mostly lost in the larger

subframes anyway since 16x16 and 32x32 block sizes can usually be

discerned independent of the characteristics of their surroundings.

Thus, restriction to 8x8 subframes for the staggered grid partition is

not a serious operational limitation.

The other difficulty is among the staggered subframe partition, the

adaptive smoothing process, and the 'fast' algorithm for the required

'convolution'. This fast algorithm gains a major portion of its

efficiency from the fact that the active elements surrounding the target

element have invariant sampling point positions given the size

(resolution level) of the target. In the staggered mode, the 'surround'

for elements along the subframe edges is different from the surround for

an element interior to the subframe. Thus, this crucial invariance is

lost and a much less efficient sampling strategy would be required.

Thus, adaptive smoothing is restricted to square grid subframe

partitions. Note, however, that subframe stagger and adaptive smoothing

are really competing processes which both seek to decrease the perception

of 'blockiness' in the reconstructed MAPS imagery. Stagger has very low

computational cost but is only partially effective in hiding

'blockiness'. Adaptive smoothing is very effective in perceptual

improvement but also incurs relatively higher computational expense.

Adaptive smoothing combined with stagger seems unlikely to give

significantly better perceptual quality than is achieved by adaptive

smoothing on square grids. Again, no appreciable operational capability

appears to be lost through this constraint.
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SECTION THREE

*FROCESS PARTITION

The sixteen-bit word size of the POP-11 systems introduces three types of

* constraint on the TransMAIS development. The three types are: task

. space limitations, array address limitations, and system overhead costs.

Together, these constraints dictate the need to partition MAPS into

process modules which can be accommodated individually within the PIP-11

operating environment. The next three subsections discuss the

implications of the limitations; the final subsection then describes the

partition and the associated intermodule communication structure.

3.1 Task Space Limitations

Even though a typical large PDP-ll system may have several hundred V

thousand bytes of main memory, individual tasks are limited to 32K if

* standard FORTRAN constructs are employed. In 'mapped' PDP-ll systems,

: this restriction can be circumvented by the process of 'windowing' in 4K

* blocks (with some overhead for window maintenance). In general, such .

*, windowing is not directly accessible via FORTRAN except for data space

. extension through the VIRTUAL array declaration. Although VIRTUAL allows

data access outside of the normal 32K task space, it does so at some

expense in program efficiency. Thus, the VIRTUAL construct should be

exploited only where absolutely needed.

Another strategy for handling programs which exceed the 32K task limit is

- through the use of overlay structures. However, this approach is

appropriate where the excess size is due to executable code which can be

* overwritten when its functions have been completed. In the TransMAPS

process (as with many 'image processing' tasks), the size requirements

are dictated more by the image data needs than by the program statements

to manipulate that data. Furthermore, many of the subprocesses are
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table-driven with table space dominating the size of the task. Again,

this is more data-like than program-like so overlays are of marginal

utility.

Four guidelines emerged from these considerations:

* Restrict code to FORTRAN constructs, if possible, to simplify
transportability and program maintenance; I

* Attempt explicit process partition into modules which reflect
the logical structure of MAPS and avoid the complexity
inherent in overlays;

e Minimize use of the non-standard and relatively slow VIRTUAL
declaration wherever possible; and

* Exploit process symmetries to reduce table size for
tabl e-driven processes.

F

3.2 Array Address Limitations

The sixteen-bit word size also limits the maximum number of addressable
*elements in an array to 32K. Elements could be single-byte, two-byte,

four-byte, or eight-byte. However, the basic source image pixel size is

single-byte (8 bit or 6 bits right-justified in 8). Thus, image
manipulations are much easier to understand if the arrays are directly

organized into bytes. But this leads to a problem if 32x32 pixel r

subframes are to be used since 32 lines of data must be accessed to

- obtain each subframe. Straightforward implementation of a 32-line buffer

would then limit the image edge (line length) to a thousand pixels. This

is clearly too restrictive for a general MAPS capability.

Fortunately, both PDP-ll file systems - FCS-11 and RMS-11 - support a

DIRECT access capability for binary files of FIXED record length. This

makes it possible to develop input and output modules which reorganize

the raster source imagery to subframe format by extracting segments and

updating subframes from successive swathes of lines. An eight-line swath

at four thousand pixels per line will still fit within the 32K array

4t address constraint. This sets an acceptable limit (4000 pixels) on the

* :size of the source image.

1-19
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Once in subframe format, all subsequent TransMAPS modules can then deal

with the data in terms of deterministic record (subframe) size. These

sizes are 64 bytes (8x8 subframe), 256 bytes (16x16 subframe), and 1024

bytes (32x32 subframe). Even the largest of these is a small fraction of

the available 32K task space. Moreover, all three sizes are sub- or

supra-multiples of the basic disk sector length of 512 bytes. The DIRECT

- mode of disk access exploits this in finding the track and sector for a

particular subframe index; a significant efficiency advantage.

3.3 System Overhead

The 32K task space must also accommodate some system overhead in the form

of data communication buffers. The space set aside for this purpose is

determined by two Task Build parameters - ACTFIL and MAXBUF. ACTFIL

determines the maximum number of files which can be active (open) at one

time. MAXBUF determines the maximum record size which can be handled on

any file. The buffer space is determined by the product of these two.

Thus, it is important to restrict the number of files to the minimum

needed and to open, read, and close any initial table-loading files

before opening image handling files in each module.

Furthermore, where possible, it is desirable to employ file types with a

* minimum physical RECORDSIZE. For modules employing subframe data in the

DIRECT access mode, this size is at least 1024 bytes. For raster

organized image files, the record size will depend on the RECORDTYPE.

Another Task Build parameter, UNITS, also affects the system overhead

charged against the task space. UNITS must be set at least as large as

the largest logical unit number employed in the program. File table

space is set aside for each possible logical unit number up to UNITS

whether each number is used or not. Thus, use of the small numbers, 1

through 4, for the data files in each module is advantageous. Unit 5 is

the default terminal designation and Unit 6 is the default printer value;

retention of these seems reasonable for standardization. Extension

1-20
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beyond the default, UNITS=6, does not appear necessary.

3.4 Intermodule File Communication

The logical partition of the MAPS processes is already supported by the

user option evaluation results. MAPS compression, MAPS product

*formation, and Image Assembly and Annotation form the three major process

categories. Compression is further divided into the macro step of

subframe reorganization and the micro step of MAPS coding within each

subframe. Product formation is also further divided into MAPS

decompression with resolution image formation; adaptive smoothing;

difference image formation; and reformatting back to raster

organization. In summary, a suitable logical partition into seven

modules (including process mnemonics) is:

#1 SUBFRM Source raster to subframe conversion;
#2 MAPS MAPS subframe compression;
#3 DMAPS MAPS decompression/level image formation;
#4 ADAPT MAPS adaptive smoothing;
#5 DIFFER MAPS difference image formation;
#6 RASTER Subframe to raster conversion; and
#7 ANNOTE Annotation and image assembly.

The user interaction with each of these modules was outlined in Sectio.

* Two. However, appropriate image data must also interact with each of

these modules and this communication has several requirtents. te

process should be transparent to the user. This implies the need for

standard (dedicated) file names which can be opened automatically when a

particular process is invoked. It also mears that necessary control

parameters from previous processes be carried internal to the file; a

standard header format meets this latter need. Moreover, the file names

should be mnemonic for the file type but sufficiently unique to avoid

confusion with other files likely to reside in the system. Such a

combination of dedicated mnemonic file names enables effective and

efficient file maintenance activities to be carried out on the TransMAPS

data environment even if they are generated over an extended period of

time.
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A standard configuration of twelve file types was developed for this

intermodule communication function. They are exhibited along with the

corresponding modules in Figure 3-1. This figure presents the complete

macro-structure of TransMAPS; it is the key organizing chart for the

entire software package.

1
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SECTION FOUR

IMFLEMENTATION

Detailed program module development is the next broad step in the

top-down design which implements the structure of TransMAFS given in

Figure 3-1. Here, 'working models' for many of the process steps already

existed in the various MAPS software elements available from prior

internal Control Data implementations. Thus, much of the effort

consisted of coordination and integration, and the TransMAS

implementation phase could emphasize the issues of transportability and

its close relative, software maintainability. Both maintenance and

transport are aided by use of standard constructs, modularization of

* code, standardization of file structures, and consistent internal program

* documentation practices. Each of these areas is discussed briefly in the

remainder of this section.

4.1 Transportability

Some of the transportability considerations have already been mentioned;

an example is the use of file types supported by both FCS-11 and RMS-11

file systems. More generally, coding was restricted to FORTRAN

constructs supported in both DEC compilers - FORTRAN and FORTRAN IV-R.US

- insofar as possible. This restriction was imposed even where small

penalties in execution efficiency were known to accrue.

In two instances, TransMAPS employs constructs which only FORTRAN IV-F.US

supports. In ANNOTE, the image assembly and annotation module, extensive

use is made of the library shift function, IISHFT. The shift allows very

rapid manipulation of the annotation character bit maps in the various

resampling operations; any other approach seemed unnecessarily obscure

and cumbersome.

The other type of construct limited to FORTRAN IV-FLUS involves use of
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Integer*4 (i.e. four byte integer) arithmetic in several calculations

needed for performance evaluation and element or subframe counts. Simple

FORTRAN supports the Integer*4 data type but only allows Integer*2

arithmetic operations. Although the four-byte arithmetic can be

partitioned into two-byte arithmetic with extensive overflow checking,

the efficiency penalties seem far in excess of the slight gains in

transportability. In any event, such two-byte for four-byte replacement

can be treated as a maintenance function in the rare instances where it

is required by the system.

4.2 Modularization
i I .

To support maintenance activities and possible future software

modification or extension, the TransMAFS detailed design is extensively

modularized. Including the main routines, the seven principal modules

contain a total of sixty-eight routines. The average routine length
without COMMENTS but including continuations is less than fifty lines.

Although most routines fit on a single page (at least before COMMENTing),

the code for the user interactions was not so restricted. For each r
module, the interactive protocols were grouped in one (or two) routines

* for ease in location rather than being broken up arbitrarily to achieve

artificially short code segments. Moreover, the FORMAT statements are
placed at the point of use rather than being collected at the beginning

or end of the routine. This allows the interaction to be followed
sequentially through its steps by anyone reading the code and should

* contribute significantly to rapid understanding of its flow.

* Each interaction is in the form of a ITYJI statement (with FORMAT) which

*: queries the user and gives current default values and allowed ranges

*where appropriate. This prompt is followed immediately by the

corresponding 'ACCE'V statement which processes the user's response. If

applicable, validity checking is included following the response; such

data checks are typically set off by indenting the corresponding code in

the user interaction routines. Thus, the interaction proceeds in
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consistent chunks with the FORMATs providing integrated internal

documentation. Except to set off major groups of user parameters,

further COMMENTs in these routines were thought to be more intrusive thap

helpful and were not used.

All routines were restricted to a single entry and a single exit point.

Within the routines, flow is either simple sequential, simple conditional

(the equivalent of 'if-then-else'), simple iteration ('DO-loop'), or the

non-linear recursion implied by the MAPS resolution adaptation. Thus,

except for the MAPS recursive sequencing, all control constructs are of

the classical 'structured' variety. The MAPS sequencing is also simple

and clear from context.

In many instances, iterative control involves several levels of nesting.

For these cases, the hierarchy is set off by extensive and consistent use

of DO-loop indentation in all TransMAPS routines other than those for

user interaction as already described.

4.3 Raster Image File Formats

As noted earlier, DEC FORTRAN does not support direct magnetic tape

operations in any simple manner. Thus, the communication of image data

to and from the TransMAPS package is via disk file. Since there does not

appear to be any generally-accepted standard format for raster image

files, a specific file structure was chosen to satisfy other conditions

in TransMAPS. in particular, TransMAPS expects input raster images to be

in the form of sequential binary files with a SEGMENTED record type. The

advantage of this form is that large logical records (up to four thousand

bytes) can be accommodated without the necessity to handle

correspondingly large physical records. Thus, the buffer space does not

have to be allocated on the basis of this largest logical record size and

MAXBUF need not be set larger than 1024, the largest expected record of

FIXED type. This limit on the buffer overhead, in turn, has allowed

TransMAPS to be implemented without resorting to the VIRTUAL declaration
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in any of the modules; a significant gain in efficiency! Even with this

restriction, three of the seven modules are well over 31K in required

task space. Hence, the restriction on raster file format is a necessary

one to gain this benefit.

4.4 Subframe Image File Formats

Sequential binary files of FIXED record type were selected as the format

for the subframe-organized images (and for the stream of MAPS-compressed
data). This choice allows use of the DIRECT access mode which in effect

gives random image access at the individual record level. Several

benefits accrue from this. In the process of conversion from raster to r
subframe organization, groups of raster lines can be partitioned into

, partial subframe segments and the corresponding subframe records

retrieved and updated individually as needed. An analogous process in

the conversion from subframes back to raster lines is also supported by

this random access to individual subframe records.

In the adaptive smoothing process, it is necessary to have access to the

* data from subframes bordering the subframe of current target interest.

Again, a random access capability which allows retrieval of individual

subframes is required; DIRECT access mode also supports this need.

Finally, some data in the file header is not available until all

* following records have been completed. The DIRECT access mode allows
this first record to be inserted in the file at the end of the process

and does so in a simple fashion.

* As noted earlier, both DEC file systems - FCS-ll and RMS-11 - support
such FIXED record type DIRECT access binary files. Thus, TransMAPS

transportability is not compromised.
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4.5 COMMENT Guidelines

For a competent FORTRAN programmer, the most useful internal program

documentation is the flow of the executable code itself. Once program

intent and basic definitions are understood, COMMENTing within the flow

can often be more distracting than helpful. Thus, a consistent

philosophy of program COMMENTs for TransMAPS has been employed which

seeks to aid without intrusion.

File communication, overall intent and structure, and definitions of key

variables are grouped at the beginning of each of the seven main

modules. Each subroutine, then, is provided with a much briefer heading

* which also narrates intent and describes local CALLing links. In-line

COMMENTs are restricted to setting off major blocks for quick location.

On-line flags (using the DEC separator convention 1.') are used to locate

points where default values are set and to note points at which 1*4

arithmetic is carried out. These flags are supplied to simplify

site-specific maintenance and installation changes.

The modularization within TransMAPS is dictated more by the need for

logical refinement into 'graspable' chunks than by requirements for code

segments which are used repeatedly at different points in the flow.

Thus, intermodule communication need not have extensive lists of formal

parameters which take on different values at different call points.

* Rather, the various routines tend to work on a common body of data and

use a common set of control parameters. Thus, the communication problem

is handled by extensive use of named COMMON blocks. Eachmaln module

contains a complete description of the COMMON blocks with variable names,

data types, and role characterization. In effect, this description

becomes a data dictionary for the module.
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The COMMENT formats are summarized schematically in the following

tabulation:

COMMENT Formats.

Principal Nodule Headers:

C
C-- ------------------------------...... eeft.+

C I I
C I TransMAPS Podule en: process descriptor I
CI I
C ---- --- C--------- -- pora ti .. .. n - 8.
C
C Control Date Corporation - 19 2
C
c Fies: Unit Name Content From/To TYPO r
C In/Out n zzzzz descriptor module BEGNEHTED
C or DIRECT
C or rIxED SEQ,
C or FORMATTED
C
C User Interaction:

C principal Interactive parameter groups
C
C Program Structure:
C ----- = -----------

C subroutine calling hierarchy with brief process outline
C
C COMMON Block Communication:

C /blocKname/ descriptor length (102 words)
C host routine names
C
C varlable Idatatype) descriptor
C
C (These lists provide a module DATA DICTIONARY)
C
C order conventions or geometry detinltlons (if appropriate):
C ft ve .m o ----------- ----------- ---------- ----- ..... ..........

Subroutine Headers:

C
C Purpose: brief process description
C
C CALLed from: calling routine name(s)
C
C CALLs: called routine name(s)
C
C geometry definitions If appropriate:
C ...... ....................cceeeeeeeeeeeeeee--eeeeeeee-eeeeeeeeeeeeeeeeeee

On-line Flags:
..eees. .. e...

Expression Comment runetion
........ ....... ..

I Default (default values set in USERx)
1 14 (four-byte Integer arithmetic)
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SECTION FIVE

TESTING

Verification of the TransMAPS package was divided into three major

parts: the MAPS compression logic, the MAPS product formation options,

and the annotation capability. This report of the TransMAPS development

efforts concludes with a brief discussion of these tests.

5.1 Compression-Logic Diagnostic Test Image

The principal complexities in MAPS arise during the compression process

and are further compounded by the extended space of user options in this

step. This is the most likely area for small errors in logic or code

entry. Moreover, because of the adaptive nature of MAPS, the effects of

such errors might remain very localized and easily go undetected in

review of the compression of a general image scene. Thus, tests of the

* compression logic must be capable of exhausting the various patterns of

- intensity which MAPS might encounter in real imagery. For this purpose,

it is sufficient to include only 'generic' patterns which represent all

* geometries but not all possible intensity levels. A 'binary' image of

light (gray scale 0) and dark (gray scale 255) will suffice.

Such a diagnostic test image was created for TransMAPS and is displayed

as Figure 5-1. This image is 160 lines by 128 pixels and is suitable for

the line-printer pseudo-image display mode of the TransMAPS ANNOTE

module. An overlay pattern of lines along 'natural' MAPS boundaries has

been added to the pseudo-image.

* From the figure it is seen that four complete patterns representing lxl,

2x2, 4x4, and 8x8 elements are displayed. Also, one quadrant of the

pattern at 16x]6 and a single dark element at 32x32 have been included.

The full patterns at the four lowest resolutions are each made up of

twelve 'quads' of light and dark elements. Indeed, all possible

1-30

I • .



.................. ......... ..... .... *....

......... ......... ......s . ....... s..

Ies. f 
5 

S * 5 l 5 5 s . . ~ .
N5 

l 5 5 * 5 5 . . f . * . . .

MMS6116 demand a Deal..55.....
as55555a55s**s***as..a5 * 5 5 5 5 5 5 * . . . . * * .5 5 * * * 5 * * * * * . 5 .. . 5 . . . . . .

SoM

I.N



arrangements of 'one light and three dark', 'two adjacent light and two

adjacent dark', and 'three light and one dark' are present for all four

resolution levels. For the 16xl6 case, at least one pattern from each of

the three classes is represented. Note further that for each resolution,

the quad patterns of 'all light' and 'all dark' are shown somewhere in

*the image.

This test image supports the following classes of verification

diagnostics:

Compression-boglc Diagnostic Tests:

Image Partition and Macro-Fidelity Control:

Input Image Line and Pixel Skips
Subirame Phaslnq (Square and Staggered)
Macro-Partition Group Assignment

Micro-Fidelity control:

Zigza9 Sequencing
Contrast Control as a function of Transition bevel
Contrast Control as a Function of Contrast Type
Pattern Code Assignment

Gray-Scale Manipulation:

Contrast Space Ouad SOrt
intensity Space Quad Sort
intensity Reset Assignment

Micro-performance of TransMAPS was verified in all of these areas. The

diagnostic test image is also included as part of the TransMAFS package

and can be used for verification on installation and, perhaps in an even

more valuable role, to familiarize the user with the detailed effects of

many of the user options. Several specific examples of its use are given

in Section Eight of the User's Manual.
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5.2 roduct-Generation Familiarization Test Image

Another 'toy' image was generated by resampling the video-sized frame of

the IEEE Girl image down to 120 lines by 128 pixels. The result is shown

in the pseudo-image of Figure 5-2. The source version was also scaled to

six-bit intensity (right-justified in eight bits) to test the six-bit

option of the raster to subframe conversion. At this size, the image

content is rather strongly undersampled but this makes it effective in

emphasizing small artifacts in the resultant product images. The coarse

gray-scale granularity of the pseudo-image also serves to enhance

otherwise small artifacts. This combination, then, is very suitable for

familiarizing the user with the types of fidelity compromises which the

MAPS process introduces during compaction.

A series of products were generated to compare various compression and

reconstruction strategies with the compression level held constant (at

two bits per pixel). This entire sequence is displayed in Section Nine

of the User's Manual. In addition to illustrating the strategies, the

results of the sequence verify the expected performance characteristics

of the various product generation options. This test image is also

included in the TransMAPS package. Its small size makes it very

effective in exploring a wide range of strategies at very modest

computational investment.

5.3 Annotation Option Test Patterns

The various annotation options in ANNOTE were sampled with a small test

pattern using the printer pseudo-image for display (see Section Four of

the User's Manual). As the final test step, however, a much more

complete test of the annotation capability was provided by constructing

the test pattern shown in Figure 5-3. This result was generated on a

PDP-II/70, transferred to magnetic tape, and then to film using an

Optronics Riotowrite. The test pattern shows all sixty symbols in all
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four orientations at all four magnifications in alternate direct and

complement presentations.

This concludes the brief discussion of the development of TransMAPS which

constitutes this first part of the project "Final Technical Report."

Indeed, this description is transitory and the 'scaffolding' it

represents can be removed. The TransMAPS User's Manual is the central

portion of this total document and is designed to stand alone in its

support of the functional application of the TransMAFS package. Finally,

the TransMAPS Maintenance Manual completes the current document. It

presupposes understanding and familiarity with the User's Manual and adds

the 'systems' perspective necessary to provide transparent software

installation and maintenance to the user community.
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PREFACE

This is Volume II of the Final Technical Report
on Transportable MAPS Software. It constitutes
the TransMAPS Software User's Manual; its
companion volumes contain a description of
TransMAPS development (Volume I) and the
TransMAPS Maintenance Manual (Volume III). This
volume is submitted in fulfillment of CDRL item
A003 of Contract # F30602-80-C-0326.

i"r

I



TABLE OF CONTENTS

VOLUME 11. TRANSMAPS USER'S MANUAL

Section Title Page

1.0 TRANSR)RTABLE MAPS SOFTWARE: THE USER'S VIEW ...... II_ 1

1.1 Rirpose and Applications ...................... 11- 1

1.2 User's Manual Organization .................... 11- 2

1.3 References ....... *. .. ... . . ... .. ..... .......... 11- 2

2.0 TRANSMAPS OVERVIEW ........................... . ... 11I- 4

2.1 The TransMAPS Package............... ..... .. 11- 4

2.2 - TransMAPS Structure.................... .....o.. 11 7

3.0 TRANSMAPS INTERACTION ENVIRONMENTo.....o..... ... 11- 9

3.1 Input and Output File Formats........... lI- 9
3.2 Terminal Interaction Formats.... ........... 11-10

3o3 PIP Filename Manipulations............. 11-12

4.0 IMAGE ASSEMBLY AND ANNOTATION.o.oo... o..o ..... ... 11-15

4.1 Annotation and Image Assembly Planning Form... 11-15

4.2 Output Frame Specfcation.............. 11-17

4.3 Embedded Input linage Specification ...... 11-18

4.4 Annotation Message Specifications.......... 11-19

4.5 Image Labeling Example.,............. 11-21

4.6 Annotation Options Examples ................... 11-23

5.0 MA PS COMRESSI0N/DEC0MPRESSI0N: BASIC USE.o...... 11-28

5.1 Raster to Subframe Conversion - SUBFRMo....o. 11-28

5.2 MAPS Compression -MAPSo...... .oo......... .... 11-29

5o3 MAPS Decompression - DMAPS ....... .........- 0 11-29

5o4 Subframe to Raster Conversion - RASTERo...... 11-30

5.5 User Interaction Protocol ('Quick' Mode)... ... 11-30

11-i1



F

TABLE OF CONTENTS (Continued)

Section Title Pge

6.0 MAPS CONCEPTS AND FROCESSES ........................ 11-37

6.1 Image Frtitioning ............................ 11-37

6.2 Sequence Conventions .......................... 11-38

6.3 Micro-fidelity Control ........................ 11-41

6.4 MAPSe1 Coding ................................. II-44
6.5 Adaptive 'Convolution' ........................ 11-47

7.0 MAPS USER OPTIONS ..................... ......... 11-50
7.1 Raster to Subframe Conversion ................. 11-51

7.2 MAPS Compression .............................. 11-51

7.2.1 User Interaction Mode .................... 11-52

7.2.2 Macro-Fidelity Control ................... 114

7.2.3 Micro-Fidelity Control ................... 11-54

7.2.4 Gray-Scale Manipulations ................. 11-55

7.3 MAPS Decompression and Resolution Image
Formation .............................. 11-57

7.4 MAPS Adaptive Smoothing ....................... 11-58

7.5 MAPS Difference Image Formation ............... 11-58

7.6 Subframe to Raster Conversion................. 11-59

8.0 MAPS COMFRESSION: EXTENDED USE .................... 11-60

8.1 MAPS Compression Planning Form ................ 11-60

8.2 TransMAPS Compression Diagnostic Test Image... 11-60

8.3 User Interaction Protocol ('User' and 'Full'
Modes) ...................................... I11-64

I

II

I , 1



TABLE OF CONTENTS (Continued)

Section Title Page

9.0 MAPS FRODUCT GENERATION: EXTENDED USE ............. 11-78

9.1 MAPS Product Generation Planning Form ......... 11-78

9.2 User Interaction Protocol (All Modules) ....... 11-78

9.3 Resolution (level) Image ...................... 11-88

9.4 Block Decompression ......................... 11-88

9.5 Block Mode with Uniform Adaptive Smoothing .... 11-88

9.6 Pattern Decompression ......................... 11-89

9.7 Pattern Mode with Uniform Adaptive Smoothing.. 11-89

9.8 Pattern Mode with Gaussian Adaptive Smoothing. 11-89

9.9 Fbttern/Gaussian Mode with Dither ............. 11-89

9.10 Mean Square Error Performance Comparisons ..... 11-105

9.11 A 'Real'-Image Example ........................ 11-105

APPENDIX FULL SIZE TransMAPS PLANNING FORMS.................. 11-113

4

" ll-iil



LIST OF FIGURES

Figure Title Pag e

2-1 TransMAPS Structure ..................... ........... II- 8

4-1 Annotation and Image Assembly Planning Form ........ II- 16 -

4-2 Image Labeling Planning Form................... 11- 22

4-3 Example of ANNOTE Image Labeling .................... II- 24

4-4 Annotation Example Planning Form ................... 11- 25

4-5 FPeudo-image Annotation Examples ................... 11- 26

4-6 Annotation Options ....................... II- 27
5-1 Basic MAPS Compression Example ..................... -II 36

6-1 MAPS Image Partition Concepts ...................... 11- 39

6-2 MAPS Sequence Concepts ............................. 11-40

6-3 MAPS Contrast Control ............. II- 42

6-4 MAPS Threshold Selection..................... 11- 43

6-5 MAPS Pattern Mode ................. 11- 46

6-6 MAPS Adaptive 'Convolution' ....... 11- 48

7-1 MAPS Compression Options Overview. II- 53

8-1 MAPS Compression Planning Form .................. 11- 61

8-2 MAPS Compression-Logic Diagnostic Image............ II- 62

8-3 Planning Form for MEST Example 11- 65

8-4 MAPS Decompressed and Resolution Images

for Diagnostic Test Example...... . .. 1- 77

9-1 MAPS Product Generation Planning Form ..... II- 79

9-2 MAPS Resolution Image at 2 bits/pixel ............ II- 90

9-3 Simple Averaging to Achieve 2 bits/pixel........... II- 91

9-4 Error Histogram for 2x2 MEAN Example.............. II- 92

9-5 MAPS Block Mode at 2 bits/pixel..... ..... II- 93

9-6 Error Histogram for DMAPS B2 Block Mode Example.... II- 94

II-iv

I m , ,



LIST OF FIGURES (Continued)

Figure Title _tge

9-7 MAPS Block Mode with Adaptive Smoothing
(Uniform Weight) .............................. Il- 95

9-8 Error Histogram for ADAPT B2 Block Mode Example.... II- 96

9-9 MAPS Pattern Mode at 2 bits/pixel .................. II- 97

9-10 Error Histogram for DMAPS P2 Pattern Mode
Exampl e ....................................... 11I- 98 i

9-11 MAPS Pattern Mode with Adaptive Smoothing

(Uniform Weight) .............................. II- 99
9-12 Error Histogram for ADAPT P2 Pattern Mode Example.. II-100 r

9-13 MAPS Pattern Mode with Adaptive Smoothing

(Gaussian Weight) ............................. 11-101
9-14 Error Histogram for GAUSS P2 Pattern Mode Example.. 11-102

9-15 MAPS Pattern/Gaussian Mode with Dither ............. 11-103

9-16 Error Histogram for Pattern/Gaussian DITHER 8
,Example ....................................... 11-104

9-17 Compression Planning Form - Building Scene ......... 11-106

9-18 Product Generation Planning Form - Building
Scene ......................................... I11-107

9-19 Annotation Planning Form - Building Composite ...... 11-108

9-20 'Real'-Image MAPS Example - Building Scene ......... 11-110

9-21 Error Histogram for Building Scene ................. If-111

Il-v



LIST OF TABLES

Table Title ae

2-1 Contents of TransMAPS.......................... 11-5



TRANSMAPS USER'S MANUAL

SECTION ONE

TRANSPORTABLE MAPS SOFTWARE: THE USER'S VIEW

This document provides formal description of the Transportable MAPS

Software Package or 'TransMAPS' from a user's viewpoint.

1.1 FUrpose and Applications

Micro-Adaptive Picture Sequencing (MAPS) is a computationally-efficlent,

contrast-adaptive, variable-resolution spatial image coding technique.

The TransMAPS Software Package implements the MAPS processes and related

support functions in an integrated software system which is designed to

be transportable among a variety of high-use mini-computers in the DEC

computer family. The purpose of this implementation is to broaden access

to MAPS. The ultimate intent is to establish a vehicle suitable for

direct exploration of the MAPS technique and to provide a system capable

of supporting functional application of MAPS to real image coding tasks.

The current document addresses those areas specifically concerned with

the user's application of the TransMAPS software. These include an

overview of the structure of TransMAPS, general guidelines for user

interaction, detailed information on user options, a concise description

of the underlying MAPS concepts and processes, and several examples of

*. MAPS interactive protocols. The intended audience includes both those

*who wish to use TransMAPS as a 'black box' for operational image coding

and those who wish to explore the MAPS technique itself. The emphasis

here is on 'what it does' and 'how to invoke it'.
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1.2 User's Manual Organization

Sections Two through Five provide the information needed to gain an

initial facility with the basic TransMAPS capability. Section Two

presents an overview of the contents and structure of the package.

Section Three discusses general guidelines for the TransMAPS interaction

environment. Section Four then describes the stand-alone image assembly

and annotation module, ANNOTE. This module provides rudimentary but

rapid and effective image display support, even for systems with no

formal image display device. Finally, Section Five describes the basic

protocols needed for MAPS compression and decompression operations.

Sections Six through Nine cover topics intended to give the user much

deeper understanding and fluency in applying TransMAPS. Section Six

presents a summary of the underlying MAPS concepts and processes. r
Section Seven then describes the entire space of interactive user options

in detail and on a module-by-module basis. Finally, Sections Eight and

Nine present protocols for the extended use of the TransMAPS compression

and product generation capabilities.

1.3 References

The information in this manual provides a self-contained guide to the use

of TransMAFS. However, the related volumes - TransMAS Final Technical

Report and TransMAPS Maintenance Manual - may be helpful in giving

additional context on the development of the package and its specific

embodiment of the MAPS processes.

For more detailed information on the origin and evolution of MAPS, the

user may also wish to consult the following reports and articles:
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SECTION TWO

TRANSMAPS OVERVIEW

This section gives an overview of the contents and structure of TransMAPS.

2.1 The TransMAPS Package

The contents of the TransMAPS Package are summarized in Table 2-I. The

installed software consists of seven process modules supported by an

extended MAPS file structure and several related test image and data

files.

The first six program modules are all directly MAPS-related. This group

is further subdivided into modules concerned with MAPS compression (#1

and #2) and modules concerned with MAPS product formation (#3, #4, #5,

* and #6). The seventh module provides a stand-alone image assembly and

annotation capability which also gives immediate image display support

for the MAPS processes.

* Modules #1 (SUBFRM) and #6 (RASTER) embody the basic image interface

processes - conversion between external raster image format and internal

MAPS subframe organization. Modules #2 (MAPS), #3 (DMAPS), #4 (ADAPT),

and #5 (DIFFER) operate on subfrane-organi.ed imagery. They provide

respectively, MAPS compression, MAPS decompression and resolution image

formation, MAPS adaptive image smoothing, and MAPS difference image

formation. Module #5 also yields an evaluation of MAPS fidelity

performance. Finally, module #7 assembles up to two input raster images

into a single frame and allows addition of annotation in a variety of

orientations and type sizes. The resultant output image can be either in

the form of another standard binary raster file or in the form of a

formatted pseudo-image file suitable for listing on the system line

printer.
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TABLE 2-1. CONTENTS OF TRANSMAPS.

TranSMAPS Paclcag*S

.... .. . .. .

Seven main Program Modules:

61 suaTRA Rester to SUbirame conversion -S.SS.B

02 MAPS MAPS compression -MP.F5V, 9P.0D.J

#3 OMAPS MAPS D&OecOm SSIOfl & Level Image Formation 7
-DM.Fsv, DN.oBJ

64 ADAPT MAPS Adaptive Image Smootning -AD.FSV, AD.OBJ
05 LDIfFER MAPS Diggerenee Image Formation -DF.FSV, DF.O6J

66 RASTER Suoframe to Raster Conversion -RS.rsv, Rs.oBJ

#7 AND4OTE Image Assembly and Annotation -AI.FSV, AI.0893

Provided onl Computer-Compatible Tape (CCT)l
FORTRAN IV-Plus Source Code -x.rSV

FORTRAN Object (F4P) Code - .OBJ

Six Data Sets:

Annotation Symbol-Map Tables - SIKSOL.BlN

MAPS Compression Test Image (160 x 128) - MTEST.BIN

Sample MAPS User Parameter Set (Use with NYUT) - MSET.BIN

MAPS Product Generation Test Image (120 x 126) - GIRL6.BIN

Two 'video Frame' images (480 Lines x 624 pixels)t
Building Scene - BLDGING.DIN

IEEE Girl - GlRLIMG.BIH

Provided on Computer-Compatible Tape (CCT)

MAPS File Structure with Standard rilenames and Headerst
------------------ ---- --------- ---- -------- --------- --- --------

Source Image COne SubframeTFIXED Record) I MAGE.DAT

User Parameter Set - SET.DAT

MAPS Compression Stream (FIXED Records) -MAPS.DA?

MAPS SIOCK/Pattern Image (SUbtrames) -DMAPS.OAT

MAPS Resolution Image (SUbf raises) -LEVEL.DAT

MAPS Adaptively Smoothed Image (Subfrafles) -ADAPT.DAT

NAPS Ditference Image (3ubtramos) -ERRDR.DAT

Fidelity Performance Summary (Listing) -EPRINT.DhT

MAPS Product Image (Raster) -xRAS?.DAT

x a I.DtL.A.E
Annotation Symbol-Map Tables - SYMNbO.DAT

Annotated Image (Raster) - ANING.D&T

Annotated Printer pseudo-Image (Listing) - APRINT.DAT

User Interaction Pre-Planning Aidst

NAPS Planning Form - Compression
MAPS Planning Form - Product Generation
Annotation and Image Assembly Planning Form

Documentation:

TransMAP3 User's manual
TraflsMAPS Maintenance manual
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Six data sets are provided with the package. The first contains the

bit-map tables for the annotation symbol set. This resides as a system

data file, SYMBOL.DAT, and is read in automatically by module #7, ANNOTE

when it is invoked. The second and third data sets consist of a

'toy'-sized diagnostic test image, MTEST.DAT, and a corresponding sample

set of user parameters, MSET.DAT. The fourth data set is also a

'toy'-sized test image, GIRL6.DAT; it is particularly suitable for

initial familiarization with the MAPS processes. The fifth and sixth

data sets, BLDGIMG.DAT and GIRLIMG.DAT, are examples of real-world
'video'-sized images.

Communication of image data among the modules is provided through the

MAPS file structure. Ancillary data is contained in standardized file

headers and each file type has a unique but standard name. Thus, the

intermodule data transfer is transparent to the user. However, the file

names provide simple mnemonics for their contents so the user can assess

the status of MAPS processing through a simple review of the appropriate

file directory.

Application of TransMAPS is supported externally by a group of user aids

and the set of software documentation. The aids are presented as three

'planning forms' for MAPS Compression, MAPS Product Generation, and

Annotation and Image Assembly. These forms chart the extensive space of

MAPS user options and allow its structure to be seen at a glance. User

entries on the forms provide for both pre-planning and documentation of

TransMAPS interactive sessions.

The formal software documentation consists of the TransMAPS Maintenance

Manual and this TransMAPS User's Manual.
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2.2 TransMAPS Structure

The structure of the TransMAPS software system is depicted in Figure

2-1. This presentation shows the detailed relationship between the seven

TransHAPS process modules and the TransMAPS system of MAPS standard
files. Figure 2-1 provides a self-contained roadmap to TransMAPS and

should be viewed as the key reference whenever a system overview is

required.

r4
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SECTION THREE

* TRANSMAPS INTERACTION ENVIRONMENT

TransMAPS is designed to be extensively interactive to accommodate the

large space of available user options. This section describes the

general guidelines appropriate to these interactions.

3.1 Input and Output File Formats

The communication of external image data files to and from the TransMAPS

system takes place in modules #1 (SUBFRM), #6 (RASTER) and #7 (ANNOTE).

TransMAPS expects these images in the form of raster-organized binary

files with one image line per logical record. The raster geometry

conventions require the pixel index to increase sequentially along each

line from left to right, and the line index to increase sequentially down
the image from top to bottom. This is essentially a video convention for

the geometry except that it does not involve line interlace.

Two pixel formats are supported for the external imagery in TransMAPS -

an eight-bit pixel and six-bit pixel right-justified in an eight-bit

field (the so-called DICOMED format).

TransMAPS is designed to accommodate logical records up to 4000 pixels

(bytes) in length, although such large images are computationally

expensive to process on a mini-computer system. However, in order to

minimize buffer space requirements, TransMAPS expects the logical records

to be partitioned into much smaller physical records through the use of

the SEGMENTED record type. Since no universal standard for image file

format is available, each local 'standard' digital image form is unknown

a priori and likely to vary from site to site. Thus, responsibility for

expressing the raster source imagery as a SEGMENTED binary file is

49
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presumed to reside with personnel at each site. The test imagery

supplied with the TransMAP5 package is, of course, already in this

SEGMENTED format.

3.2 Terminal Interaction Formats

Each of the seven TransMAPS modules is invoked by an MCR (DEC's Monitor

Console Routine) command of the generic form 'RUN Taskname'. Here,

'Taskname' takes on either a long or short version for each module as

listed in the following tabulation:

Module #1: SUBFRM or SF

Module #2: MAPS or MP

Module #3: DMAPS or DM

Module #4: ADAPT or AD

Module #5: DIFFER or DF

Module #6: RASTER or RS

Module #7: ANNOTE or Al

Once the module is invoked, code internal to the module directs the

interaction to select values or states for the required user options.

Typically, the program requests an update to an option with a query in

the form:

'Option descriptor' ? ('Allowed Range') 'Current Value'

The 'Allowed Range' is adjusted dynamically to account for any changes in

constraint imposed by prior option selections. 'Current Value' initially

displays the system default value for the option. Thereafter, it

presents either the most recent selection or the closest value from the

current allowed range.
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Insofar as possible, user responses to these option queries are limited

to a very small number of generic types. Consistent response formats

have been sought. These types divide first into two general categories -

numeric and alpha-literal. The numerics are mostly single numbers (a

string of contiguous decimal digits, possibly with sign and decimal

point). Occasionally, a numeric response in the form of a vector of

numbers is required. In I-e vector case, successive components are

separated by simple blank spaces. If several adjacent components have

the same value, they may be entered with the sequence of a 'repeat count'

followed by an asterisk followed by the common 'value' (r*v). For all

numerics, a slash character (/) followed by a carriage return is used to

denote the default response, 'no change'. A slash (/) inserted before a

list of vector components is exhausted denotes that all remaining

components are left unchanged.

The alpha-literal responses further subdivide into three types - Y or N

for 'yes' or 'no'; a single mnemonic letter for a menu choice; and a

contiguous symbol string for a filename, an image name, or a message.

text. The 'no change' default for alpha-literals is normally a simple

carriage return. However, for consistency with the numeric case, a

leading slash (/) is also interpreted as the 'no change' response. The

only limitation that this imposes is that a message text cannot begin

with a slash symbol (/).

Module #2 (MAPS) and module #7 (ANNOTE) have particularly extensive

option spaces. In order to avoid the tedium of providing long strings of

'no change' responses, the interactions for these modules have been

subdivided into smaller groups of related options. At the beginning of

each group, the user is given the choice of entering the group for option

review and update or simply accepting the current values for all options

in the group.
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The user is also given extensive recovery and change control in the
* interaction. For matrix option specifications such as those for

macro-fidelity image partition or micro-fidelity contrast thresholds, the

code provides immediate feedback by updating and displaying the matrix

after each line (vector) of user responses. Moreover, the user can

access any line again and in any order to make corrections. In effect, a

*simple 'editing' mode is available. Similarly, for extended text entry

such as that which may be encountered in defining annotation messages,

all text is collected and displayed together on the terminal screen after

initial entry. Again, an 'editing' mode is enabled which allows

individual messages from this collection to be repeatedly corrected until

the total text is satisfactorily defined.

Finally, the last query in the interaction for each module gives the user

the choice of returning to review (and possibly modify) the entire set of

option selections or to proceed. This insures the opportunity for

parameter verification before the image processing resources are

* committed.

3.3 PIP Filename Manipulations

The modular structure of TransMAPS allows many strategies and time

sequences for the application of the package. For example, the raster to

subframe conversion (SUBFRM) might be run once on a particular source

image. Next, the MAPS compression process (MAPS) might be run several

times with different control parameters before proceeding with MAPS

product generation. Each invocation of a process module produces a new

set of output files. For files with the same filename - for example,

MAS.DAT - successive files are distinguished by increasing file 'version

numbers'. The file specification has the form MAPS.DAT;'version' where

'version' is an octal number. When a module is invoked which requires a
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particular file type as input - for example, module #3 DMAPS requires

MAFS.DAT - it automatically opens and accesses the latest version.

In order to access earlier versions of a file, some capabilities of DEC's

PIP utility (Peripheral Interchange Program) can be exploited. In

particular, the PIP switches '/RE', '/EN', and '/RM' along with the

subswitch '/NV' are relevant. These switches play the following roles:

/RE Rename - allows any portion of a file specification,

'filename.filetype;version' to be changed;

/EN Enter - allows a synonym file specification to be

entered into the file directory, access to

the file is allowed under any of its synonyms;

/RM Remove - allows a synonym to be removed from the file

directory without removing the file or its

other names;

/NV New Version - supplies a 'version number' one larger

than the latest version when used with

/RE or /EN.

An example of the use of these switches is provided by the following

generic command line:

PIP Filename.DAT/RE/NV = Filename.DAT;earlyversion.
4

In this case, learlyversion' is renamed to the (new) latest version and

will be accessed by any module which opens 'Filename.DAT' for input.
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Additional PIP facilities which are useful in controlling file

proliferation are the purge and delete switches '/RP and 'I/DE'. RJRGE

eliminates all but the most recent version associated with a particular

filename and DELETE eliminates a file with an explicit version numbe

specified. Obviously, these commands must be used with care to avoid

inadvertent deletion of files which were to be kept.

These various PIP system utilities clearly provide great flexibility in

maintaining the MAFS file environment.
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SECTION FOUR

IMAGE ASSEMBLY AND ANNOTATION

Module #7, ANNOTE, provides a stand-alone image assembly and annotation

capability which can be used either with MAPS products output from module

#6 or with other user-supplied raster images. Because of its role in

'quick-look' pseudo-image display (using the system line printer), ANNOTE

is introduced in this section, out of normal order. As a consequence,

ANNOTE becomes available to provide visual output for examination of the

results of MAPS process applications.

4.1 Annotation and Image Assembly Planning Form

The user options for ANNOTE are summarized in the 'Annotation dnd Image

Assembly Planning Form' presented in reduced size as Figure 4-1. The
actual form just fills the length of an 8-1/2" by 11" sheet - large

enough for comfortable user entry. ANNOTE allows the assembly of up to

two input raster images into a single output frame. Moreover, it can be

run recursively to assemble several images by taking the output from a

previous run as one of the inputs to the current run. Restriction to two

input images at a time is largely a consequence of the 32K task size

limit imposed by the sixteen-bit word length of the PDP-11.

ANNOTE has two output frame modes. In the first, an ordinary binary
raster image file is created. This is the mode to be used for recursion

or for making large image frames (up to 4000 pixels) for subsequent

transfer to a large-format display device such as an Optronics

Riotowrite. The second mode is limited to image widths of 128 pixels per

line and creates a formatted pseudo-image file to be listed on the system

line printer. This mode has very coarse intensity granularity (only

eight gray-scale levels) and uses only one overprint per line. Even with
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these severe dynamic range restrictions, the resultant 'images' convey a

surprising amount of information. indeed, certain small irregularities

- and artifacts are enhanced by the process so it makes a very effective

tool for exploring MAPS fidelity performance.

Two of the main features of the ANNOTE option space have just been

* discussed. From the planning form in Figure 4-1, however, it is seen

that there are three groups of options and each group contains several

entries. These three categories will be discussed in the next three

subsections.

4.2 Output Frame Specification

The first user option is the choice between output image types - raster

file (the default) or printer pseudo-image. The standard filename for

the raster file is ANIMG.DAT; the filename for the printer listing is

AFRINT.DAT.

The next pair of options specify the size of the output frame. Numeric

values for the number of image LINES and the number of PIXELS per line

are required here. The number of bits per pixel is always assumed to be

eight in this module. Note that the 'video' geometry conventions - pixel

index increasing left to right, line index increasing top to bottom - are

in force for all images in ANNOTE.

The final output frame option is the choice of whether to make the frame

* background clear (gray-scale 0) or opaque (gray-scale 55). The default

is 'clear' but a 'Y' response to the 'COMPLEMENT ?' query will change the

background to 'opaque'.
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4.3 Embedded Input Image Specifications

The first option is the choice of the number of input images to be

assembled. The allowed values are 0, 1, and 2. A value of '0' skips the

rest of the specification and would be chosen if a 'text-only' output

frame were desired. A value of '' would be chosen if it were desired to

annotate a single image. A value of '2' implies the assembly of a pair

of images, one or both of which might have been the output from previous

ANNOTE invocations.

Each embedded input image then requires specification of eight additional

selections. First, the filename for the input image must be entered;

this can be up to nine characters long and is an alpha-numeric string.

If the input image is a MAPS raster product, the filename will be one of

IRAST, DRAST, LRAST, ARAST, or ERAST dependent on the product type. The

latest version of the corresponding file will be accessed. Raster images

other than MAPS products, or MAPS images which have been renamed using

the PIP utilities, will have to have the corresponding filenames entered

as they appear in the file directory. Note that in all cases, the file

type must be '.DAT' and is not entered explicitly.

The next two input image parameters involve file positioning. ANNOTE

contains provision for skipping into the image bya specified number of

lines and pixels. The queries require numeric values for SKIP LINES and

SKIP PIXELS. The default for each is zero.

The size of the embedded image is selected next through input of two

numerics for LINES and PIXELS. Note that the embedded image must be

smaller than the output frame; the program enforces this condition if
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values which exceed this are transmitted. The number of pixels allowed

is also constrained by the condition:

PIXELS + SKIP PIXELS < 4001

Two more numerics are required to specify the position of the embedded

input image in the output frame. The position is given in terms of the

output frame location for the START LINE and START PIXEL corresponding to

the upper left pixel ('origin') of the input image. Here again, the

allowed range is determined and displayed in terms of the relative sizes

of the input and output frames; violations are automatically reset to the

closest allowed value.

The final option for each input image is the choice of whether the gray

scale is to be direct (the default) or COMFLEMENTED. This feature is

useful in creating or converting images in 'negative' form.

Note that when two input images are to be assembled, they are allowed to

'conflict' within the output frame even though each must fit

individually. The conflict resolution convention is that Input Image 2

overwrites Input Image 1 where they overlap. Thus, if successive images

are being added to a frame by recursion, the output image from the

previous ANNOTE run should be Input Image 1 in the current run.

4.4 Annotation Message Specifications

The number of annotation messages can range from zero to twenty and this

is the first option selected in the embedded annotation interaction. If

zero is chosen, the remainder of the interaction is skipped.

Each message, up to the number chosen, is then entered in a hierarchical

fashion. Successive option choices for the message tend to constrain
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later choices and this is reflected in the dynamic changes of the

respective 'allowed range' displays. Seven options must be entered for

each message.

Messages can be oriented in any of four directions with the top of the

symbols toward the 'Top', 'Bottom', 'Left', or 'Right' of the output

frame. This facility is provided so that the annotation can be matched

to the scene content if the scene doesn't match the 'video' geometry.

The user must respond with a single character literal T, B, L, or R to

this orientation query.

Once the orientation has been specified, the number of symbols of each

size which can be fit within the output frame can be determined. The

next option requires the user to give a numeric specification of the

message length in characters. This length can be up to the maximum

allowed by the image frame at the desired symbol size (but no more than

fifty characters if that is smaller). Allowed ranges as a function of

symbol size are supplied as part of the interactive user prompt for this

option selection. Note that a particular message can be deleted during

any editing step by simply specifying a zero character count.

*The symbol size is then chosen from those still allowed for this

orientation and message length. Initially, symbol sizes of lx, 2x, 3x,

and 4x are possible. These correspond to characters in frames which are

16x16, 32x32, 48x48, and 64x64 pixels in size.

Location of the message in the output frame is selected next. This

position is specified by giving the output frame CENTER LINE and CENTER

PIXEL coordinates. Specification of the position of the center of the

message avoids having to remember an orientation-dependent convention.

The user is also given the choice of whether the characters are to be

I
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'direct' (opaque symbols in a clear frame) or COMPLEMENTED (clear symbols

*in an opaque frame).

Finally, the user supplies the message text stream itself. This is

prompted with a display of the sixty allowed symbols in the annotation

character set and a line of dashes corresponding to the chosen length of

the message.

Note that annotation overwrites the embedded images where they overlap.

Later messages can also overwrite earlier messages. However, this is

usually not desired except in very special circumstances. Thus, ANNOTE

provides a message conflict analysis and prompts editing of either the

overwritten or overwriting message to correct the situation.

Nevertheless, the conflict can be retained if desired.

4.5 Image Labeling Example

Figure 4-2 shows a completed planning form for a simple example of image

labeling. The pseudo-image output mode has been chosen and a single

input image is used. This image is the GIRL6.DAT 'toy' test image which

has been converted from 6-bits to 8-bits by running it successively

through SUBFRM and RASTER. Note also that the product image IRAST.DAT

has been renamed to GIRL.DAT using PIP with a /RE switch.

The output frame was given twenty more lines than the input frame size.

, This extra space was then used to 'annotate' the input image with a
message outside of its boundaries. The 'message' in this case simply

lists the image size in 'lines x pixels'; the smallest symbol size was

chosen here.

The results of the ANNOTE interactive session are displayed as

Figure 4-3. Note here that the printer has been reset to
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eight-lines-per-inch mode to make the 'pixels' more nearly square (a

ratio of 8:10 rather the normal printer 6:10). This printer mode is

recommended for consistent use with ANNOTE.

4.6 Annotation Options Examples

Figure 4-4 presents the completed planning form for an 'annotation-only'

output frame which exhibits samples of the various annotation options.

Again, the pseudo-image output form was selected but this time with the

background COMR.EMENTED. The messages were constructed to show the range

of symbol size, the four message orientations, direct and COMPLEMENTED

messages, and the complete set of sixty characters.

The resultant printer listing is displayed as Figure 4-5. The various

messages fill the output frame except for a small rectangular patch in

the upper left-hand corner; there the effect of the background complement

is seen. Independent planning and replication of this image is an

excellent exercise to familiarize the new user with the annotation

process.

A much more ambitious illustration of the annotation options is portrayed

in Figure 4-6. Here, all sixty symbols appear in all four sizes at all

four orientations with alternate direct and COMPLEMENT intensities. This

example was prepared on a PDP-11/70 and then transferred via magnetic

tape to an off-line Optronics Rhotowrite facility. Figure 4-6 summarizes

how the ANNOTE annotation options appear in a real image display mode.
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Figure 4-5. Pseudo-image Annotation Examples
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SECTION FIVE

MAPS COMPRESSION/DECOMPRESSION: BASIC USE

* The basic or core MAPS processes are contained in four modules #1

* SUBFRM, #2 MAPS, #3 DMAPS, and #6 RASTER. This section describes the

broad classes of user interaction required by each of these modules. It

then illustrates the entire flow by presenting the complete interactive

protocol for a simple example. The protocol is a direct photocopy of the

* resulting DEC-writer listing.

* 5.1 Raster to Subframe Conversion - SUBFRM

The user interaction in module #1 is divided into four option groups.

The first group involves 'source image indentification' and requires

. specification of the filename for the source raster and a user image name

to be carried in the MAPS standard file headers.

The second group involves 'source image position specification' and

requires input of the number of lines and pixels to be skipped into the

source raster file. The defaults are zero for both lines and pixels.

The third group involves 'source image size specification' and requires

input of the number of lines, the numbr of pixels per line, and the

number of bits per pixel for the portion of the source raster frame to be

processed. The number of pixels to be skipped plus the number of pixels

retained can total up to 4000. The number of bits per pixel can be

either eight or six right-justified in eight; the default is eight.

The final group involves 'source image partition specification' and

requires choice of the subframe size to be used. The subframes can be

8x8, 16x16, or 32x32 pixels. The source image frame is automatically
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padded in both the line and pixel directions to allow division into an

integral number of complete subframes. If a subframe size of 8x8 is

chosen, the user has the additional option of selecting between a square

grid of subframes or a 'staggered' grid. In the staggered case," each

successive subframe along the pixel direction starts three lines later

(or five lines earlier) than the immediately preceding subframe. This

gives the grid somewhat of a 'brick wall' appearance and tends to break

up the 'blockiness' of the partition. The default selections are 8x8

subframes in a square grid.

5.2 MAPS Compression - MAPS

The complete option space for module #2 allows subtle and flexible

control over the MAPS compression process. However, for basic MAPS

compression applications, a very simple control strategy suffices. The

first query in the interaction for this module requires selection of the

subsequent interactive mode. For routine use, the 'Quick' mode should be

selected. The other two modes, 'User' and 'Full', will be elaborated in

Section Seven. Note that the 'Quick' mode is also the default.

The only other option required of the user, then, is specification of the

'Contrast Scale' for the MAPS micro-control thresholds. This is the one

parameter which is strongly dependent on scene content and overall image

intensity statistics. An intuitive sense of approximate range for a

given image type and desired compression should emerge with experience.

Initially, however, empirical exploration appears to be required here.

5.3 MAPS Decompression - DMAPS

This module generates the tonal decompressed image from the MAPS data

stream. It also creates a companion MAS 'resolution' image from this

same stream but it is an ancillary product and will be illustrated
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later. MAPS decompression is automatic and requires no interaction other

than initial invocation of the module.

5.4 Subframe to Raster Conversion - RASTER

The only option to be specified in this module is the selection of the

MAPS product type. Two products are relevant for the basic application

of MAPS. The first is simply the re-establishment of the source image in

an eight bit version and raster format with only the selected number of

lines and pixels retained. Here, the user selects conversion of file

IMAGE.DAT to file IRAST.DAT.

The other, more interesting, basic product is the MAPS decompressed tonal

image. Here, the user selects conversion of file DMAPS.DAT to DRAST.DAT.
4

5.5 User Interaction Protocol ('Quick' Mode)

The following sequence of modules was invoked to illustrate the basic

application of MAPS to image coding and reconstruction:

RUN SF Conversion of source image to. subframes
RUN MP MAPS compression
RUN DM MAPS decompression
RUN RS Conversion of source image to raster
RUN RS Conversion of MAPS image to raster
RUN AI Assembly of images for printer display

The input image was chosen as the GIRL6.DAT 'toy' image and an 8x8

staggered subframe partition was used.
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The SUBFRM protocol follows and is just as it evolved on the DEC-writer.

User responses are left-justified along the edge of the listing. The

listing is essentially self-descriptive:

RUN DR1:E50.273SF

|* ,
MAPS RASTER TO SUDFRAME CONVERSION MODULE *

***SSSS*SSSSS1SSSSSS*S**SS** 8S***S*$*

SOURCE IDENTIFICATION:

SOURCE RASTER FILENAME? (UP TO 9 CHARACTERS) FORO02
OIRL6

USER IMAGE NAME? (UP TO 9 CHARACTERS)
GIRL

SOURCE IMAGE POSITION?

NUMBER OF LINES TO SKIP? 0 (I - NO CHNO;; /
NUMBER OF PIXELS TO SKIP? (< 4000) 0 (I - NO CHNO)

/

SOURCE IMAGE SIZE:

NUMBER OF LINES TO PROCESS? 480 (I - NO CHNG)
120

NUMBER OF PIXELS TO PROCESS? (UP TO 4000) 624 (I*NO CHNG)
128

NUMBER OF BITS/PIXEL? (6 8) 8 (I a NO CHNG)
6

SOURCE IMAGE PARTITION:

SUBFRAME EDGE? (8 16 32) 8 ( - NO CHNG)
/

STAGGER ORID? (Y OR N) N
Y

USER SPECIFICATION COMPLETEt
SSSSSSSSSSSSSS**$$S$S

REVIEW (Y OR N) N
N

CONVERTING IMAGE GIRL TO 254 SUDFRAMES
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The MAPS protocol shows selection of the 'Quick' mode and the subsequent

choice of a 'Contrast Scale' of 72. The 'SAVE ...' query is associated

with retention of parameters for later use in the 'User' mode; it will be

discussed in Section Eight. The resulting DEC-writer listing is:

RUN DR11[50,273MP

* *

$ MAPS COMPRESSION MODULE S

USER OPTION HODES$

0 - QUICK MODE (SELECT CONTRAST SCALE ONLY)

U - USER PRE-DEFINED PARAMETERS FROM FILE MSET.DAT

F - FULL OPTION REVIEW AND SELECTIVE REVISION

MODE? (0 U F) 0

CONTRAST SCALE? 20.0 (/ - NO CHNG)

72

USER SPECIFICATION CONPLETES

REVIEW? (Y OR N) N
N
SAVE THESE PARAMETERS FOR FUTURE USE? (Y OR N) N

N

MAPS COMPRESSING IMAGE GIRL p 120 LINES BY 128 PIXELS

MAPS FILE CONTAINS 7 512-BYTE RECORDS PLUS 413 BYTES IN THE LAST

MAPSEL DISTRIBUTION:

LEVEL: 0 1 2 3

COUNTS 1172 1571 422 32

OPTIMAL BIAS: - -6 -2 0
+ 9 5 0

COMPRESSION RATIOS 2.882 1

BITS/PIXEL: 2.08177

MEAN SQUARE ERRORt 0.17221 2

Note that after completion of the compression task, module #2 returns a

brief summary of results. These include: the number of 512-byte records

required for the MAPS stream; the distribution of 'MAPSels' by size;

optimal bias values for the subsequent pattern decompression (see Section

Six); the compression level; and an overall fidelity measure in the form

of the mean square error (MSE) in percent.
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The protocol for DMAPS is very short:

RUN DRlSC50.273DM

*SSSS****$*SSSS*SSSSSSSSS*$$$S**S*
* *

MAPS DECOMPRESSION/RESOLUTION IMAGE MODULE S
*

NO USER INPUTS REQUIRED

MAPS DECOMPRESSING IMAGE GIRL , 120 LINES BY 128 PIXELS
>

The protocols for the two subframe-to-raster conversion runs are also

self-explanatory. Note that RASTER reports both the user image name and

the type of product being formed:

RUN DR1:E50273RS

MAPS SUDFRAME TO RASTER CONVERSION MODULE

MAPS PRODUCT IMAGE TYPE:

I - IMAGE (ORIGINAL SOURCE)
D - DMAPS (MAPS DECOMPRESSED)
L - LEVEL (MAPS RESOLUTION CODES)
A - ADAPT (ADAPTIVELY SMOOTHED)
E - ERROR (DIFFERENCE)

TYPE? (I D L A E) D[MAPS]

USER SPECIFICATION COMPLETEt

REVIEW? (Y OR N) N
N

CONVERTING IMAGE GIRL , FILE TYPE: IMAGE

TO 120 LINE BY 128 PIXEL RASTER, FILE TYPE: IRAST

1
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RUN DR$tC50273RS

$$*$S*$58SSSWSS***$$SSSSSS$5S$SSS$$$$S*
* S

MAPS SUBFRAME TO RASTER CONVERSION MODULE|* ,

MAPS PRODUCT IMAGE TYPE:

I - IMAGE (ORIGINAL SOURCE)
D - DMAPS (MAPS DECOMPRESSED)
L - LEVEL (MAPS RESOLUTION CODES)
A - ADAPT (ADAPTIVELY SMOOTHED)
E - ERROR (DIFFERENCE)

TYPE? (I D L A E) D[MAPS3
D

USER SPECIFICATION COMPLETE:

REVIEW? (Y OR N) N
N

CONVERTING IMAGE GIRL FILE TYPE: DMAPS

TO 120 LINE BY 128 PIXEL RASTERP FILE TYPE: DRAST

Finally, the protocol for ANNOTE image assembly follows:

RUN DR1:c50r273AI

IMAGE ASSEMBLY AND ANNOTATION MODULE *

OUTPUT IMAGE SPECIFICATION:

OUTPUT FILE MODE:

R - GRAY SCALE RASTER IMAGE FILE 'ANIMG.DAT'
P - LINE PRINTER PSEUDO IMAGE FILE OAPRINT.DAT'

MODE? (R P) R
P

NUMBER OF LINES? 900 (/ - NO CHNG)
241

NUMBER OF PIXELS? (UP TO 128) 128 (/ - NO CHNG)
/

COMPLEMENT BACKGROUND? (Y OR N) N

11-34



EMBEDDED IMAGES:

NUMBER OF IMAGES? (0 1 2) 0 (/ - NO CHNG)
2

IMAGE 1:

FILENAME? (UP TO 9 CHARACTERS) FORO02
IRPST

SKIP LINES INTO INPUT IMAGE? 0 (- * NO CHNG)~/
SKIP PIXELS INTO INPUT IMAGE? (<4000) 0 (I * NO CHNG)

/

NUMBER OF LINES? (UP TO 241) 241 (/ a NO CHNG)
120

NUMBER OF PIXELS? (UP TP 128) 128 (/ u NO CHNG)
/

STARTING LINE? (RANGE 1 - 122) 1 (/ U NO CHNG) "
/

STARTING PIXEL? (RANGE 1 - 1) 1 (I * NO CHNG)
/

COMPLEMENT IMAGE? (Y OR N) N
N

IMAGE 2:

FILENAME? (UP TO 9 CHARACTERS) FORO03
DRAST

SKIP LINES INTO INPUT IMAGE? 0 (- * NO CHNG)
/

SKIP PIXELS INTO INPUT IMAGE? (<4000) 0 (/ - NO CHNG)
/

NUMBER OF LINES? (UP TO 241) 241 (I - NO CHNG)
120

NUMBER OF PIXELS? (UP TP 128) 128 (/ - NO CHNG) "

STARTING LINE? (RANGE I - 122) 1 C/ a NO CHNG)
122

STARTING PIXEL? (RANGE 1 - 1) 1 (/ - NO CHNG)
/

COMPLEMENT IMAGE? (Y OR N) N

EMBEDDED ANNOTATION:

NUMBER OF MESSAGES? (0 - 20) 0 (/ - NO CHNG)
/

USER SPECIFICATION COMPLETE:slslsssssssssssssss$1S$s$SSs

REVIEW? CY OR N) N

N

ASSEMBLING AND ANNOTATING IMAGE:

241 LINES BY 128 PIXELS TO FILE "APRINT.DAT"

The resulting pseudo-image is displayed in Figure 5-1.

4>
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Figure 5-1. Basic MAPS Compression Example.
Top -original; Bottom -MAPS Decompression
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SECTION SIX

MAPS CONCEPTS AND FROCESSES

This section provides a synopsis of the key MAPS processes and concepts.
More detailed discussions can be found in the references listed in

Section 1.3 1

6.1 Image Partitioning

The MAPS partition of an image from the full frame down to the level of I

individual pixels is a two-stage process. First the frame is divided

into square subframes, all of the same size. The pixel count for the

subframe edge is required to be a power of two. Subframe sizes of 8x8

pixels, 16x16 pixels, or 32x32 pixels are allowed. 6

The subframes tesselate the image in either a square grid or a grid which

is 'staggered' in one direction to give a 'brick wall' effect. Stagger

is allowed only with the 8x8 subframe size and is intended to break up I

the perceptible 'blockiness' of the grid.

Within each subframe, the image is further divided by successive

'quartering'. This results in a series of nested 'quads', each quad I

*having an edge pixel count which is a power of two. This division

continues until the original pixel size is reached.

MAPS recodes the image from many simple fixed-sized pixels into a I

variable resolution pattern based on the image content. Each MAPS

element or 'MAPSel' coincides with one of the natural quad units.

MAPSels can range in size from original pixels up to entire subframes.

The MAPSels are constrained, however, to give a complete S

(non-overlapping) tesselatlon of the image.

1 -
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Thus, the MAPS partition processes involve a 'griddinq' operation to form

subframes, and a 'quadtree' division within the subframes. These
concepts and associated labeling conventions are summarized in Figure 6-1.

6.2 Sequence Conventions

MAPS coding involves order conventions for sequencing the subframes and
for sequencing elements within the subframes which allows element
position information to remain implicit. That is, the element position
is given by the location of the element in the storage sequence.

Square subframes are ordered in a simple coarse raster proceeding through
* rows of subframes in the 'Pixel' direction and then advancing from row to

row in the 'line' direction. Staggered subframes are ordered first by

their startline and then by their position in the pixel direction. Thus,
* every eighth subframe along the pixel direction is given in sequence, and

the startline is then advanced to the next row of every eighth subframe

(see the stagger pattern in Figure 6-1).

Within each subframe, the nested quad pattern is traced from the lowest

composite index to the highest. This results in the 'zig-zag' pattern

* through the source image as shown in the upper portion of Figure 6-2.

This zig-zag pattern is also applicable to a valid sequence of MAPSels if

the subpatterns within each larger element are collapsed to a point. An

example of the resulting MAPS sequence is displayed in the bottom portion

* of Figure 6-2.

In essence, the MAPS order convention is that of a 'sequential quadtree'.
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Figure 6-1. MAPS Image Partition Concepts
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SOURCE SEQUENCE

MAPS SEQUENCE (Example)

Figure 6-2. MAPS Sequence Concepts
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6.3 Micro-fidelity Control

Formation of MAPSels larger than the original pixels involves successive 5

evaluation of quad 'contrast'; testing of these contrasts against control

thresholds; and composition of a quad into the next larger single element

if no thresholds are exceeded. For each 'level' in the nest of quads,

four contrasts are defined among the quad components as shown in the

upper portion of Figure 6-3. A separate threshold is applied against

each of these contrast types. This allows control on both adjacent

intensity steps among the four elements and on the overall intensity

range within the quad. The thresholds depend not only on the particular

contrast type, but also on the level (element size) of the quad. This

leads to a matrix of contrast control thresholds as depicted in the lower

half of Figure 6-3.

In general, the threshold should be smaller for the 'step' contrasts than

for the 'extreme' contrast. Moreover, the 'middle' step threshold may be

set smaller than the 'outer' steps to preserve patterns where faint

horizontal or vertical edges coincide with the quad centerlines. b

Finally, the thresholds should decrease rapidly with increasing element

size since small intensity differences are much more noticeable among

larger blocks. These observations are summarized in the plot given as

the upper portion of Figure 6-4. |

*. The contrast threshold matrix may be set directly by selecting each of

*. its components. However, the threshold loci suggested in Figure 6-4 can

be generated from a smaller set of parameters. Specification from a

four-parameter set is illustrated in the lower part of Figure 6-4. the

first parameter is an overall 'contrast scale' which is the 'extreme'

threshold for the level transition from lxl to 2x2 elements. The

4 'recursive taper base' provides exponential threshold decay with

increasing level. The 'step fraction' specifies the 'middle step' in
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SORTED INTENSITIES
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Figure 6-3. MAPS Contrast Control
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CONTRAST THRESHOLD

EXTREME

La WER/UP PER
STE P

I

RESOLUTION ELEMENT SIZE

CONTRAST THRESHOLD LOCI

EXTREME (L-L+1) =EXTREME (L-1-a-L) IB

MIDDLE (L- L+1) =F * EXTREME (L-4-L+1)

LOWER (L-,-L+1) - (F +)*EXTREME (L-.m-L+1)

UPPER (L- L+1) = (F +6) *EXTREME (L-e-L+l)

WHERE USER INPUTS SPECIFY:

EXTREME ( 0O-12) - CONTRAST SCALE
B - RECURSIVE TAPER BASE
F - STEP FRACTION

- STEP BIAS

PARAMETRIC MATRIX DEFINITION

Figure 6-4. MAPS Threshold Selection7
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- terms of the 'extreme' threshold at a given level. Finally, the 'step

* bias' makes the 'outer' step thresholds larger than that for the 'middle

step' at the same level.

Extensive empirical studies have shown that 'universal' values can be

chosen for the taper base, step fraction, and step bias with little loss

of performance over a wide range of imagery. These values are:

Taper Base, B 3.0

Step Fraction, F 0.5

Step Bias, A 0.1.

The contrast scale, however, is strongly dependent on image content and

intensity distribution. Thus, this is the one control parameter which

must be chosen in the 'Quick' mode of MAPS option selection.

6.4 MAPSel Coding

MAPSels are increased in size until some quad threshold is exceeded, or

until not all four sub-components of the quad are available (due to a

* prior threshold violation). The resulting sequence of MAPSels must then

*be coded in such a way that the image scene can be reconstructed.
I

As has already been discussed, position information remains implicit in

the MAPSel stream. However, intensity anbd resolution information are

given explicitly. For 8x8 subframes, there are only four allowed MAPSel

levels so the resolution code occupies two bits per MASel. For

.- compatibility with typical machine environments, such MAPSels are taken

in groups of four and the four two-bit resolution codes are packed into a

single byte. This is then followed by four bytes of intensity

information.

1 -
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For 16x16 and 32x32 subframes, there are five and six possible states,

respectively. In this case, the MAPSels are taken in groups of three.

The 16x16 subframe case requires 5x5x5 = 125 states to describe the

resolution code triplet. The 32x32 case requires 6x6x6 = 216 states.

Both of these fit within a single byte. Indeed, there is a bit 'left

over' in the 16x16 case and this can be used for internal parity if

desired. Again, the resolution code byte is followed by the

corresponding intensity bytes (three).

Two forms of intensity coding are used. In the 'block' mode, a uniform

intensity over the entire MAPSel is coded as an eight-bit byte. In the F

'pattern' mode, only the top six bits of each byte contain direct

intensity information. The two lowest-order intensity bits are replaced

by a two-bit pattern which reflects one of four generic subpatterns for

4 the quad. The relevant subpattern assignments are shown in Figure 6-5. 6

The pattern bits are an automatic by-product of the contrast formation

step so the compression computation is not significantly complicated by

this process.

On decompression, the truncated intensity values are modified by a

* pattern of bias values which reflect the generic patterns. The bias

-. values are constant over the image but vary among the MAPSel levels.

Optimum image-wide biases (in a mean square error sense) can be

*determined by accumulating simple statistics during compression.

The pattern mode clearly makes no sense for MAPSels at level zero (lxl)

4 since no pattern information is available. Also, the pattern mode is not

*" very effective for large MAPSels since the loss due to intensity

truncation from eight to six bits exceeds the size of the optimal biases

in most cases. For middle-sized MAPSels, however, the improvement is

4 dramatic. Thus, the user is given the option of selecting which levels

will be coded in the 'block' mode and which will use the 'pattern' mode.

1
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Figure 6-5. MAPS Pattern Mode
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6.5 Adaptive 'Convolution'

The pattern mode makes dr&iatic improvements in MAPS image quality.

Also, the use of subframe stagger tends to reduce the perception of
'blockiness' in the reconstructed imagery. However, such 'blockiness'

can be masked much more effectively through use of a MAPS-based adaptive

smoothing process. Note that this adaptive 'convolution' can be used V

with the pattern mode but is inconsistent with subframe stagger.

The adaptive smoothing is based on the following general observations.

First, the size of a MAPSel is a rough estimate for the local

'correlation' length in the image. Thus, a local 'convolution' window of

comparable size is appropriate for image smoothing. Second, the makeup

of the 'surround' of the MAPSel to be smoothed contains useful control

information for the convolution. Surrounding MAPSels which are much

smaller than the target MAPSel give a priori indication of localized

image activity which should not be included in the smoothing. Thus,

'surround' elements are activated only if they are no more than one level

smaller than the target MAPSel. Finally, this restriction on activation

means that the convolution depends on only sixteen regions - four in the

(patterned) target MAPSel and twelve in the surround.

The geometry and numbering conventions for the adaptive 'convolution' are

shown in Figure 6-6. The dynamic window size is adjusted to be one pixel

narrower than the target MAPSel (to make it symmetric about the target

pixel). Thus, any target pixel smoothing will depend on at most nine

different local and surround elements. Moreover, the window weights can

be pre-summed over each of these nine regions for each of the target

pixel locations. The convolution then becomes a table-driven process

involving just nine regional intensities, nine pre-summed weights, and

nine activation flags for each target pixel.
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Figure 6-6. MAPS Adaptive 'Convolution'
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Since the weights are pre-sumed, complex weighting functions can be used

at no significant extra expense in computation. The user is given the

choice between simple uniform weighting and a two-dimensional Gaussian

weight with selectable spread.
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SECTION SEVEN

MAPS USER OPTIONS

In this section, all of the user options for modules #1 through #6 are

collected and tabulated. Where the role of the option is not clear from
the context, a brief discussion is included. The first level of

refinement of the total TransMAFS option space is reviewed in the

following tabulation:

Option Groupings:

Raster to Suofrace Conversion:

Source Image lientification
Source Image Position Specification
Source Image Size Specification
Source Image Partition specification

NAPS Compgession:

user Node Selection
Macro-Fldelity Control
Mlcro-Fidelity Control
Gray-Scale Manipulations

MAPS Decompression and Resolution Image Formation:

(User Transparent)

MAPS Adaptive image Smoothing:

Convolution weighting Specification
Ditner Amplitude Specification

MAPS Difference Image Formationt

Input image Pair selection
Difference Image Control

Subframe to Raster Conversion:

Output Product image Type Selection

Image Assembly and Annotation:

Output image Soecification
Lmoedded input image Specifications
Emoedded Annotation specifications
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7.1 Raster to Subframe Conversion

The options in program SUBFRM are as follows:

Source Image Identification:

SOURC.E RASTER FILENAME (Up to 9 characters)

USER IMAGE NAME (Up to 8 characters)

Source Image Ibsition Specification:

SKI P LINES (Default 0)

SKIP PIXELS (Default 0) 1

Source Image Size Specification:

LINES

PIXELS (Skip pixels + Retained Pixels <4001) I

BITS/PIXEL ( 6 or 8, Default = 8 )

Source Image Partition Specification:

SUBFRAME EDGE ( 8, 16, or 32, Default - 8 ) I

SUBFRAME GRID ( Square or Stagger, Default = Square )

Constraints: Stagger with 8x8 only,

Stagger incompatible with Adaptive b
Smoothi ng.

7.2 MAPS Compression

The MAPS Compression module has a particularly extensive option space.

It is subdivided into three option classes - macro-fidelity control,

micro-fidelity control, and gray-scale manipulations. The entire

interaction is preceded by a 'user mode selection' which determines the

l* overall interaction strategy.

* I
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Because of the complexity of the MAPS compression interaction, a separate

'road map' of the decision hierarchy has been included here as

Figure 7-1. This presentation shows both the forward penetration of the j

* hierarchy and the structure of return paths when local 'editing' modes

are invoked.

7.2.1 User Interaction Mode

Three interaction strategies are available in the MAPS module - the

'Quick' mode, the 'User' mode, and the 'Full' mode. In the 'Quick' mode,

only the overall image 'contrast scale' need be selected. This is the

normal application of TransMAPS as a 'black box' image coding system.

The 'User' mode allows input of a set of user options defined on a

previous interactive session with the MAPS module. The parameter set is

stored on file MSET.DAT and overrides the default settings if this mode

is selected. Note that the user can establish a new version of MSET.DAT

for future use as the last interaction in the current run.

The 'Full' mode allows complete hierarchical penetration of the MAPS

option space under user control (see Figure 7-1). Also, a decision to

'Review the Complete Specification' automatically returns the interaction

to the beginning of the 'Full' mode sequence. Thus, the user can invoke

a previous set-up with the 'User' mode and then edit this further with a

'Review' selection. This is helpful, for example, where a complex

macro-fidelity partition is to be held fixed as a various micro-control

strategies are explored. 0
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NAPE Compression User Option Decision Hierarchy (Subroutine USERM):
------------ ----------- ---- ------ -- -t--- --------- -------------------

Bode Select: C Ouicx User Full

*Quick' Node
Contrast Scale, Group 1

'User' Node
(Input-from File MSET.DAT)

r-sFull' Node

NoMcro-Fidelity Control: Review/Revise?Fy r~i ycurrent Image Partition)
No matrix Row to Change?

L Revise Selected Row

I iCro-Fidelity Control: Review/Revise?
-(Loop on Active Groups)

I i fltCDisplay Contrast Threshold Parameters, Group k)I 'C(Display Contrast Thresnold Matrix, Group K)
Revise Specifications? (No Scale-only Parameters Matrix)

I I 1 ~Scaleonly:
U~ j Revise Contrast Scale, Group kI j I Parameters:

Revise Contrast Scale, Group K
NO I Revise Taper, Group k

Revise Step Fraction, Group K
L ~ Revise step Bias, GroupK

YES matrix:
I ge-Row to Revise?

Revise Matrix Row, Group K
(End L........(Display Contrast Threshold Matrix, Group K)I..(n LOWo

(Display Block/Pattern Assignment Vector)
I Revise block/Pattern Vector

I Gray-Scale kanipulations: Review/Revise?
Coe Space to Contrast Space Remapping:I1PR C~slyContrast Remap breaxpoint Pis.-
~.- Revise Contrast Remap?

ho CLoop on Breakpoint Pairs)I L.. (Exit from Loop if Code Space Exnausted)-
'-em-Code(End Loop)

No L CodeSpace to intensity Space Remapping:
(Display Intensity Remap Breakpoint Pairs)-. -
Revise Intensity Remap?

(Loop on breakpoint Pairs)
No Revise Next Breakpoint PairI

I I '-a'-~(E ioop from Loop If Code Space Exhausted)-' -

L. (Display Intensity Reset Node)
Revise Intensity Reset: C N P b S T H J

fReview Complete Specification?

NO*
' Retain Specification on File MSET.DAT?

No L-YES--P.(Open and write MSET.DAT)

To NAPS Compression Process

4 Figure 7-1. MAPS Compression' Options Overview
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7.2.2. Macro-Fidelity Control

Different micro-control strategies can be applied in different parts of

the scene by establishing an appropriate macro-fidelity image partitidn.

This involves specifying a 16xl6 matrix which divides the source frame

into 256 equal-area but distinct rectangular subpatches. The

micro-fidelity control for each patch may be selected from any of up to

four control parameter groups. Thus, the matrix component corresponding

to each patch is assigned one of the digits from 1 to 4.

The normal default is to assign all patches to Group 1. However, the

macro-fidelity image partition matrix can be changed on a row by row

* basis. Each row (16-element vector) update is followed immediately by

* display of the revised matrix. Thus, the patches can be reassigned until

a satisfactory pattern for the scene content has been achieved.

Once the user has signalled an end to the macro-fidelity editing process,

the matrix is scanned and all active groups (any subset of the numbers

(1,2,3,4)) are noted. The interaction then automatically queries the

user to set just those corresponding micro-fidelity controls.

7.2.3 Micro-Fidelity Control

For each active control group (up to four) there are three modes of

i: control matrix specification available. The user may choose to specify

only the 'contrast scale' for the group and leave the other parameters

unchanged. Or, the user may elect the 'parametric' mode to change any

among the 'contrast scale', 'taper base', 'step fraction', or 'step bias'

for the group. A new matrix is then generated and displayed along with

the parameter set.
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Finally, the user may choose to edit the matrix components directly and

* by-pass the parametric generation. This approach is particularly

appropriate where 'forced compositing' or 'forced resolution retention'

is desired. Contrast thresholds which exceed the dynamic range of the

possible contrast values will insure forced compositing; threshold values
of 255 will work for 8-bit data. On the other hand, negative contrast

thresholds will insure forced resolution retention. Examples are given

*in Sections Eight and Nine below.

The micro-fidelity control interaction also allows selection of the

'block' and 'pattern' mode assignments by MASel level. The choice is

made by specifying an alphabetic string of B's and P's; the level

association proceeds from left to right. Thus, BPIBBB would specify the

'pattern' mode for 2x2 and 4x4 MAPSels with the 'block' mode for the
other levels. This particular 'block/pattern' vector is, in fact, the V

normal default selection.

" 7.2.4 Gray-Scale Manipulations

'- The options described in this section have the effect of allowing MAPS

control to vary as a function of the image intensity. This is achieved

in three ways - by contrast-space remapping, by intensity-space

remapping, and by alternative intensity reset strategies.

The effect of a contrast threshold which varies with image intensity can

be achieved by keeping a fixed threshold but using a non-linear mapping

of the image data from code space (8 bits) to a new contrast space.

Furthermore, if the constrast space is coded using more than eight bits,

distinctness among the original levels can be preserved even though their

relative spacing is changed. This capability is implemented in the MAPS
module by allowing the user to specify a piecewise-linear mapping from

8-bit code space to 12-bit contrast space. The mapping can have up to

11-55
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eight segments, continuous at segment boundaries but with a different

slope for each segment.

The user specifies the mapping by responding with successive breakpoint

coordinate pairs. That is, a segment end from code space and the

corresponding point in contrast space are entered together as a

two-element vector. The entry starts at the (0,0) point and proceeds
monotonically until the last entered pair exhausts code space (255,

< 4096). This approach allows the user to differentially retain certain

*features, such as radar strong returns, in very high fidelity while

smoothing and compressing data from other portions of the gray-scale

range.

A similar mapping from 8-bit code space to 12-bit intensity space allows

non-linear formation of MAPSel intensities. This is appropriate, for-I

* example, if the image 8-bit code space represents a logarithmic encoding

of the intensities. In this case, simple averaging of the code values in

a quad is equivalent to taking the 'geometric' mean of the original

signals rather than the 'arithmetic' mean. This would imply significant I

iT and systematic distortion of the radiometric information in the image.

Again, the MAPS module allows a piecewise-linear mapping from code space

to intensity space; up to eight segments are also permitted here. This "

mapping could be used to approximate the transformation from code space

back to the original intensity domain. Note that the module

automatically forms the inverse demapping from intensity to code space in

order to restore the final MAPSels to the proper range.

User specification of the intensity remapping proceeds in exactly the

same manner as that for the contrast remapping. In both cases, the user

must determine the basis to be used for the remappings before undertaking

*i the Interaction.
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The final gray-scale manipulation option involves the selection of an

"" intensity reset strategy. Here, the user is given six choices for the

mapner in which the quad is to be composited from its components. These

*i choices are as follows:

* Mean of the four quad components;
0 Feudo-median of the quad (mean of the two middle

elements):
* Lowest intensity in the quad;
- Second-lowest intensity in the quad;
0 Third-lowest intensity in the quad;
* Highest intensity in the quad.

This choice may be used to avoid local drop-outs, isolated saturated
points, or noise pulses of either sense. It is expected that this

facility will be used only in very special image-dependent

circumstances. The default selection is the simple mean which is the

choice which minimizes the mean square error.

7.3 MAPS Decompression and Resolution Image Formation
LI

As discussed in Section Five, this module proceeds automatically once it
is invoked. However, two MAPS products are generated which may require

some interpretation. The first is the DMAPS.DAT file which is the MAPS
decompressed tonal image in subframe form. The only special feature here

is that the optimal pattern biases are automatically applied to all
levels for which the 'pattern' mode was selected. The bias information
is transmitted as part of the standard MAPS file header.

-. The second product is the MAPS 'resolution' or 'level' image in file
LEVEL.DAT. This is an 'image' formed by placing the host MASel
resolution code in the upper three bits of each pixel. For 'pattern'

* mode MASels, the two pattern code bits are also included, shifted in two
bits from the right edge of the byte. This product, then, gives a visual

*•- display of the MAPS resolution coding and is useful in understanding both- -7
11-57
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the MAPS process and the structure of a particular scene. Examples of

the MAPS level image are given in Sections Eight and Nine.

7.4 MAPS Adaptive Smoothing

Two option selections are required in the ADAPT module. They are:
• I-

Convolution Weighting:

UNIFORM or GAUSSIAN (Default Gaussian)

SIGMA AT WINDOW CORNER (Gaussian only, Default 2.0)

Dither Selection:

DITHER AMPLITUDE (Default 4.0)

A small dither may be added in the adaptive smoothing process to mask any 1

residual contouring. The amplitude is in gray levels relative to the

* eight-bit code scale. The random variable is drawn from the system's

pseudo-random number generator.
I

7.5 MAPS Difference Image Formation

* Three option selections are required in the DIFFER module. They are:

First Image of Difference air:

IMAGE.DAT (source) or DMAPS.DAT (MAPS decompressed)

Second Image of Difference Fair:

DMAPS.DAT or ADAPT.DAT (MAPS smoothed)

Difference Image Control:

AMPLIFICATION FACTOR (Default 10.0)
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If DIAPS.DAT is chosen as the first image, the second automatically

defaults to ADAPT.DAT. Thus, any of the three pairs - IMAGE-DMAPS,

IMAGE-ADAPT, or DMAPS-ADAPT - can be formed. S

The value of the amplification factor controls the type of difference

image formed. A negative value results in a 'signed' difference with a

neutral gray bias at gray value 127. A positive value results in an

'absolute' difference, amplified by the selected factor. A zero value

results in the production of the fidelity statistics only, with no image

file formed. The fidelity statistics are output to the printer listing

file, EFRINT.DAT.

7.6 Subframe to Raster Conversion

The only option selection required in the RASTER module is selection of

the desired product type. The range of possibilities is:

IMAGE.DAT to IRAST.DAT Source image

DMAF'S.DAT to DRAST.DAT MAPS decompression

LEVEL.DAT to LRAST.DAT MAPS resolution

ADAPT.DAT to ARAST.DAT Adaptively smoothed

ERROR.DAT to ERAST.DAT MAPS difference

The remaining two sections provide several examples of TransMAPS

interactive protocols and sample results.
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SECTION EIGHT

MAPS COMFRESSION: EXTENDED USE

This section presents examples of TransMAPS application with emphasis on

MAPS compression options.

8.1 MAPS Compression Planning Form

Figure 8-1 presents a reduced photocopy of the MAPS Planning Form for the

compression-phase tasks. The planning form summarizes the user option

space for modules #1 (SUBFRM) and #2 (MAPS).

Note that the relevant file set for each module is shown. In addition,

the three major option subgroups for the MAPS module - macro-fidelity

control, micro-fidelity control, and gray-scale manipulations - are

clearly distinguished. Finally, formal space is provided at the bottom

of the form to record the output summary for the resultant MAPS run.

8.2 TransMAPS Compression Diagnostic Test Image

A special 'toy'-sized diagnostic image was developed as part of TransMAPS

to test several aspects of the MAPS compression logic. This image is

displayed in Figure 8-2 with an overlay of grid lines to show 'natural'

MAPS boundaries relative to the various patterns. Four similar patterns

are seen which differ only in scale. These structures contain generic

quad geometries for MAPSels of sizes lxl, 2x2, 4x4, and 8x8. In

addition, one quarter of the structure for 16x16 MAPSels and single

MAPSels of size 32x32 are represented.

For each of the four smallest MAPSel sizes, all possible generic quad S

patterns of the following types are included in the twelve quads of the
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MAS PLANNING FORK (AL.LOWED RANGE) (DEFAULT) DATE ___________

(COMPREsSSION)

SOURCE IMAGE FILE NA14E C_ -USE -NUT S-I PIXELS - -

OUT - IMAGE.DAT PROCESS LINES! I PROCESS PIXELS! 3
BISPXL ( 6 8 ) (ak]

SUFAESIZE ( S 16 32 )I]SUSPRAAME SRID (SQUARE STAGGER) ISGUAREJ

A&W..1 (QUICK USER FULL) 191

FILES:MACRO FIDELITY CONTROL:

IN - IMAGE.DAT IAEPRIIN

PIXEL INDEX DIRECTIO4-9.....................
OUT - MAPS.DAT

IN/OUT - MSET.DAT LINE INDEX DIRECTION r
USER PARAMETERS

EACH CELL (1 2 3 4) [ALS)

MICRO FIDELITY CONTROL:
PARAMETERS GROUP 1GROUP 2 GROUP 3 GROUP 14

CONTRAST SCALE

TAPER 13. [r33O1. TP f
STEP FRACTION 10 Sr to -T [0oS5

OSTEP IAS to. b01F

MATRIX E M L U EM L U EM L U EM L U

1-?2 -

2-3 --

3-14 ____
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$LOCK/PATTERN ASSIGNMENT, EACH LEVEL (B P) J(uPPUs)

012345 LEVEL

GRAY-SCALE MANIPULATIONS:

CONTRAST REMAP: CODE CONTRAST INTENSITY REMAP: CODE INTENSITY INTENSITY RESET:

o 0 0 0 (MEAN)
SEA P ~s~ * [S6 (PSEUDO-MEDIAN)

3IAXPOINT (LOWEST)
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(NON-DECREASING)-- -(TI)

CODE (0.25!) ___ CODE (0.2!!) (HIo.IEff)

CONTRAST (0.4095) INTENSITY (0.4096) ___
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Figure 8-1. MAPS Compression Planning Form
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Figure 8-2. MAPS Compression-Logic Diagnostic Image--
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basic structure:

e one dark MAPSel and three light MAPSels,

* two adjacent dark MAPSels and two adjacent light MAPSels, and

* three dark MAPSels and one light MAPSel.

At least one pattern of each of these types is also included for the

16x16 MAPSel size. Finally, the full frame contains examples of quads

with four light MAPSels and others with four dark MAPSels for all five

sizes - lx, 2x2, 4x4, 8x8, and 16x16.

This diagnostic image can then be used to implement all of the following

compression-logic tests:

Compression-Logic Didgnostic Tests:

Image Partition and Macro-Fldeilty control:

Input Image Line and Pixel Skips
Subtrame Phaslno (Square and Staggered)
Macro-Partition Group Assignment

micro-Fidelity controlt

Zigzag Sequencing
Contrast Control as a Function of Transition Level
Contrast Control as a Function of Contrast Type
Pattern Code Assignment

Gray-Scale Manipulation:

Contrast Space Quad Sort
intensity Space Ouad sort
Intensity Reset Assignment

The diagnostic image is sufficiently small and regular so that the

effects of input line and pixel skips can be predicted and verified

directly. In addition, the effects of subframe phasing relative to the

image structures and the natural MAPS boundaries can be varied by

controlled line and pixel skips. These effects can also be predicted for

both square and staggered subframes and can be verified very simply by

displaying the MAPS resolution image.
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Correct performance of the mdcro-fidelity image partition and

corresponding control group assignment can also be established with this

image. In this case, if only the first 128 lines of the 160 line by 128

pixel image are used, the macro-fidelity partition will divide the image

into a 16x16 pattern of 8x8 pixel patches. Each of the complete scene

* structures can then be assigned to a different control group and treated

with different micro-control strategies. Again, the results can be

simply predicted and verified using the MAPS decompression and resolution

image products.

*Verification of the zig-zag sequencing is implicit in successful

reconstruction of the varying MAPSel sizes following 'perfect fidelity'

coding using zero contrast thresholds. Verification of contrast control

as a function of transition level and contrast type is also possible

using combinations of threshold which should yield varying 'forced

composition' and 'forced resolution retention'. Finally, correct

'pattern code' assignments can be verified from the various 'two adjacent

dark/two adjacent light' configurations which exhaust the generic

'pattern mode' geometries.

Selective combinations of thresholds to give controlled 'forced

composition' plus 'forced resolution retention' can also be used to

verify the quad sort results in both contrast and intensity space. The

nearly exhaustive generic quad configurations also provide the vehicle

for verifying the various intensity reset assignments.

S
Examples of several of these compression option explorations are

contained in the protocol presented in the next subsection.

8.3 User Interaction Protocol ('User' and 'Full' Modes)

A completed MAPS-compression planning form for the example in this

section is presented in Figure 8-3. The SUBFRM portion of the form
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NS P.ANIm Foo. (ALLOWED RAM) [DFAULT] DATE A1/ A /362

IILE USER IOWS

SOURCE IPME FILE NME s
FILES: USER ima m 7- L f

IN - USER RASTER SKIP LINS oLES , ,., too X

u- INNAEDAT P, ESS LIN 41103 / P ROCS PImLS[34. I.

UISPNLt & S
BUBFRAP1 SIZE ( S 32 ) UIRH 411 9wmi RI ~TAOER) !bouARE1

all 2w

ODSI 10(iJiCh Ussi 101

FLEV MACRO FIDELITY COITROL: . 4: 4
i ME - T.DA'T 111 PRTITION.

OUT - %VS. DAT ~ PIXEL INEXR DIRECTION-.-4
PSDAT 1

l/ou - IWTDAT LIN iEX DIRECTION 1.. ... .. .. ..
USER PARIETERS 4

EAC ELL 1 2 3 4) [ALL ] 4 1 1

4 4-

PARAMETERS GROUP aw G2I ROUP 5

CONTRAST SCALE

TAPE, R [37 .. 1- [F -w t
STP FRCTO 1 T *Ir-
STEP 51S Tb-T

MATRI EN L U E N L U E N L U E N L U

0-1 . 0 0 " aa 0 .-L.• o o a 0.. 0.
1-2 , a - -. -a - a o
2-3 a o L 0 0i a15 0 SS a .a a 0 a

"-5-

LOCK/PATTERrS ASSIWUNT, EACH LEVEL (B p) [Sems j
011345 LEVEL

GRAY-SCALE MAl IPWATIONS:
CONTRAST RMAP: CON CoNTRAST iMNSITY REW: COD INTENSITY INTENSITY RSET:

~E~IS [Dj..5 0 (IRAN)MIA

"RIMKPOINT ( OE T
PAIRS (SECOND)

(ION-.NCILASIN) (THIRD)

CODE (0-55) -CODE (0-2i - (NIGNEW)
CONTRAST (0405) INMENSITY (S-OS (iv0

"' "" LEEL----------......--..... -- -" " i -- "-

MENSufERROR tALS03ft EPSLS: IL. ?& 1 2 36

OPTIMAL ES: -- - -

Figure 8-3. Planning Form for MTEST Example S
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reflects the usage of the diagnostic image, MTEST.DAT. It also indicates

* that only the first 128 lines (of 160) are to be used here. The image is

to be partitioned into a square grid of 16x16 pixel subframes.

The MAPS portion of the planning form exhibits an extensive

macro-fidelity-control image partition. The 'scene' has been segmented

into four regions, each containing one of the full MAFS test structures.

Group 1 is assigned to the patches covering the lxl-MAPSel structure;

group 2 to the 2x2-MAPSel structure; group 3 to the 4x4-MAPSel structure;

and the remainder of the frame to group 4. This last group contains the

entire 8x8 MAPSel test structure as well as isolated 16x16 and 32x32

MAPSels (see Figure 8-2).

This macro-fidelity partition allows different micro-control strategies

to be applied to each of the full test structures. Direct specification

* of the contrast control matrix is used in each case. For group I (and

the lxl-MAPSel structure), two thresholds - the 'extreme' and 'upper

step' for the level 0-1 transition - are set to the 'forced compositing'

value, 255. All other group 1 thresholds are set to the 'perfect

• ifidelity' value, 0. The effect of this specification should be to

-] combine quads of lxl MAPSels which contain 'one dark and three light'

components, and to leave the other quad types in the lxl-MAPSel structure

unchanged.

*The contrast threshold matrix for group 2 (and the 2x2-MAPSel structure)

*• Is set to the 'perfect fidelity' condition except for the level 1-2

4 transition. This second row is set to the 'forced resolution retention'

value, -1, for all four thresholds. Actually, any one of the thresholds

set negative is sufficient. This means that the region controlled by

group 2 will be coded by MAPSels no larger than 2x2, independent of the

local scene content.

1 -
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The contrast control matrix for group 3 (and the 4x4-MAPSel structure) is

set with the 'perfect fidelity' condition in rows 1, 2, and 4. Row 3,

corresponding to the level 2-3 transition, is set to the 'forced

compositing' value, 255, in all four thresholds. The effect of this

should be to composite all quads in the 4x4-MAPSel structure (level 2),

to 8x8 MAPSels (level 3).

Finally, the remainder of the image, control group 4, is set completely

to the 'perfect fidelity' value, 0. Thus, each element in region 4

* should grow to its 'natural' MAPSel size.

'. Note that the 'block' mode is to be selected for all levels in this

example.

Both the 'contrast remap' and 'intensity remap' are to be left in their

default form - the identity mapping. However, 'pseudo-median' intensity

reset is to be selected.

The results from the actual MAPS module run using these settings are

* entered at the bottom of the form. Fhotocopy reproductions of the actual
* interactive protocols from the resultant DEC-writer listings are

-* displayed below.

* The protocol for SUBFRM is as follows:

RUN DR13E5O,273SF

*. *

NAPS RASTER TO SUDFRANE CONVERSION NODULE *

SOURCE IDENTIFICATION:

SOURCE RASTER FILENAME? (UP TO 9 CHARACTERS) FOR002
TEST

USER IMAGE NAME? (UP TO 8 CHARACTERS)
NTEST 16
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SOURCE IMAGE POSITION:

NUMBER OF LINES TO SKIP? 0 (I * NO CHNO)

NUMBER OF PIXELS TO SKIP? (< 4000) 0 (/ - NO CtN) j7
/

SOURCE IMAGE SIZE:

NUMBER OF LINES TO PROCESS? 480 (I - NO CHNO)
128

NUMBER OF PIXELS TO PROCESS? (UP TO 4000) 624 (I - NO CHNG)
128

NUMBER OF BITS/PIXEL? (6 8) 8 (I - NO CHNO)
/

SOURCE IMAGE PARTITION:

SUBFRAME EDGE? (8 16 32) 8 (I - NO CHNG)
16

USER SPECIFICATION CONPLETE:
$$SS***S$$$s*Ss$$S$8$$$$SS

REVIEW? (Y OR N) N
N

CONVERTING IMAGE MTEST 16 TO 64 SUIFRAMES

The protocol for MAPS is presented next. Actually, the macro-fidelity

image partition matrix had been established on a previous run and saved

on file MSET.DAT. (This sample file is also provided as part of the

TransMAPS tape.) Thus, the 'User' mode was chosen to re-enter this data,

and a 'Y' (yes) response to the 'REVIEW ?1 query was used to transfer

back to the 'Full' mode for further editing. The MAPS protocol follows:

RUN DR1C[509273MP

*S

M MAPS COMPRESSION MODULE S
S S
**$$$$$$$$$$S*$SSS$SS$S$$S

USER OPTION MODESt

a - QUICK NODE (SELECT CONTRAST SCALE ONLY)
U - USER PRE-DEFINED PARAMETERS FROM FILE MSET.DAT
F - FULL OPTION REVIEW AND SELECTIVE REVISION

MODE? (0 U F) 0
U

USER SPECIFICATION COMPLETE:

REVIEW? (Y OR N) N
Y
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MACRO-FIDELITY CONTROLS REVIEW/REVISE? (Y OR N) N
Y

CURRENT IMAGE PARTITION

4 44 44 4 444 4 444 4 44 ROW I
4 44 44 44 44 4 444 4 44 ROW 2
4 44 44 44 44 44 44 4 44 ROW 3
4 44 44 44 44 44 44 4 44 ROW 4
4 44 44 44 44 44 44 4 44 ROW 5
4 44 44 44 44 44 44 4 44 ROW 6
4 44 44 44 44 44 44 4 44 ROW 7
4 44 44 44 44 44 44 4 44 ROM 8
4 44 44 44 44 44 44 4 44 ROW 9
4 44 44 44 44 44 4 44 44 ROWl10
4 41 11 12 22 23 33 3 33 ROW 11
4 41 11 1 222 2 333 3 33 ROWI12
4 41 11 12 22 2 33 3 333 ROW 13
44 11 1 122 2 23 33 3 33 ROW 14
4 44 44 44 44 43 33 3 33 ROW 15
4 44 44 44 44 4 333 3 33 ROW 16

ROW TO CHANGE? (1-16) (I=NO FURTHER CHNG)

MICRO-FIDELITY CONTROL: REVIEW/REVISE? (Y OR N) N
Y

GROUP I CONTRAST THRESHOLD MATRIX
E A L. U

0-1 0 0 0 0 ROW 1
1-2 0 0 0 0 ROW 2
2-3 0 0 0 0 ROW 3
3-4 0 0 0 0 ROW 4

SPECIFICATION MODES:5
N - NO CHANGE
S - SCALE ONLY
P - PARAMETRIC
M - MATRIX

REVISE SPECIFICATIONS? (N S P M) N

4 MATRIX ROW TO CHANGE? (1-4) (I-NO FURTHER CHING)

REVISE GROUP 1/LEVEL 0-17
E M L U
0 0 0 0 (/NOCHNO)

255 0 0 255

4GROUP 1 CONTRAST THRESHOLD MATRIX
E M L U ~ ~

0-1 255 0 0 255 ROW 1
1-2 0 0 0 0 ROW 2
2-3 0 0 0 0 ROW 3
3-4 0 0 0 0 ROW 4

4/ MATRIX ROW TO CHANGE? (1-4) (I-NO FURTHER CHNG)
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GROUP 2 CONTRAST THRESHOLD MATRIX
E M L U

0-1 0 0 0 0 ROW 1
1-2 0 0 0 0 ROW 2
2-3 0 0 0 0 ROW 3
3-4 0 0 0 0 ROW 4

SPECIFICATION MODESt
N - NO CHANGE
S - SCALE ONLY
P - PARAMETRIC
M - MATRIX

REVISE SPECIFICATIONS? (N S P M) N

MATRIX ROW TO CHANGE? (1-4) (I-NO FURTHER CHNG)
2
REVISE GROUP 2/LEVEL 1-2?

E M L U
0 0 0 0 (/NO CNO)

GROUP 2 CONTRAST THRESHOLD MATRIX
E M L U

0-1 0 0 0 0 ROW 1
1-2 -1 -1 -1 -1 ROW 2
2-3 0 0 0 0 ROW 3
3-4 0 0 0 0 ROW 4

MATRIX ROW TO CHANGE? (1-4) (IaNO FURTHER CHNO)

GROUP 3 CONTRAST THRESHOLD MATRIX
E M L U

0-1 0 0 0 0 ROW 1
1-2 0 0 0 0 ROW 2
2-3 0 0 0 0 ROW 3
3-4 0 0 0 0 ROW 4

SPECIFICATION MODE9S
N - NO CHANGE
S - SCALE ONLY
P - PARAMETRIC
M - MATRIX

REVISE SPECIFICATIONS? (N S P M) N
M

MATRIX ROW TO CHANGE? (1-4) (I*NO FURTHER CHNG)
3
REVISE GROUP 3/LEVEL 2-3?

E M L U
0 0 0 0 (/NO CHNG)

4*255

GROUP 3 CONTRAST THRESHOLD MATRIX
E M L U

0-1 0 0 0 0 ROW I
1-2 0 0 0 0 ROW 2
2-3 255 255 255 255 ROW 3
3-4 0 0 0 0 ROW 4

MATRIX ROW TO CHANGE? (1-4) (I*NO FURTHER CHNG)
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GROUP 4 CONTRAST THRESHOLD MATRIX
E N L U

0-1 0 0 0 0 ROW I
1-2 0 0 0 0 ROU 2
2-3 0 0 0 0 ROW 3
3-4 0 0 0 0 ROU 4

SPECIFICATION MODES:
N - NO CHANGE
S - SCALE ONLY
P - PARAMETRIC
M - MATRIX

REVISE SPECIFICATIONS? (N S P N) N
N

BLOCK/PATTERN ASSIGNMENT:

LEVEL 01234
MODE 3BB3

REVISE B/P VECTOR? 333339

GRAY-SCALE MANIPULATIONSt REVIEW/REVISE? (Y OR N) N

Y

CONTRAST SPACE REMAPPING$ PIECEWISE LINEAR

(CODE SPACE/CONTRAST SPACE) BREAKPOINT PAIRS

0 0
255 255

REVISE CONTRAST REMAP? (Y OR N) N
N,

INTENSITY SPACE REMAPPINGO PIECEWISE LINEAR

(CODE SPACE/INTENSITY SPACE) BREAKPOINT PAIRS

0 0
255 255

REVISE INTENSITY REMAP? (Y OR N) N
N

INTENSITY RESET:

N - MEAN OF QUAD
P - PSEUDO-MEDIAN OF QUAD

*1 L - LOWEST IN QUAD
S - SECOND IN QUAD
T - THIRD IN QUAD
H - HIGHEST IN QUAD

REVISE RESET? (M P L 8 T H) M
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USER SPECIFICATION COMPLETE:

REVIEW? (Y OR N) N
N

SAVE THESE PARAMETERS FOR FUTURE USE? (Y OR N) N
N

!i
MAPS COMPRESSING IMAGE MTEST 16P 128 LINES BY 128 PIXELS

I

MAPS FILE CONTAINS I 512-BYTE RECORDS PLUS 86 BYTES IN THE LAST

MAPSEL DISTRIBUTION:

LEVEL: 0 1 2 3 4
COUNT: 32 280 a 92 36

OPTIMAL DIAS: - 0 0 0 0

+ 0 0 0 0

COMPRESSION RATIOS 27.398 S 1

SITS/PIXELS 0.29199

MEAN SQUARE ERROR: 5,90364 %

Note that the micro-fidelity control matrices had all been set to the

'perfect fidelity' condition as part of the prior MSET.DAT definition.

Also, the 'block/pattern' vector had been set to all 'block, mode,

BBBBB. The only editing required was that to revise the contrast control

matrices for each group and to update the intensity reset strategy.

The results for this example were retrieved and displayed by invoking

modules DMAPS, RASTER (twice), and ANNOTE. The protocol for DMAPS is:
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RUN DRl$C5O.273DN

MAPS DECONPRESSION/RESOLUTION IMAGE NODULE *

K- $$$$$*SSS*SSS**S5555555555*$$$$$SS$*S*555

NO USER INPUTS REQUIRED

NAPS DECOMPRESSING IMAGE MTEST 16P 128 LINES BY 128 PIXELS

>I

The RASTER runs converted both DMAPS.DAT and LEVEL.DAT. The RASTER

protocols are:

RUN DR1:[5O927RS

NPS SUIFRAMNE TO RASTER CONVERSION NODULE

NAPS PRODUCT IMAGE TYPES

I - IMAGE (ORIGINAL SOURCE)
D - DNAPS (NAPS DECOMPRESSED)
L - LEVEL (NAPS RESOLUTION CODES) 5'
A - ADAPT (ADAPTIVELY SNOOTHED)
E - ERROR (DIFFERENCE)

TYPE? (I D L A E) DCMAPS]
D

USER SPECIFICATION CONPLETE:

REVIEW? (Y OR N) N

N

CONVERTING IMAGE MTEST 16P FILE TYPE: DNMAPS

TO 128 LINE BY 128 PIXEL RASTER, FILE TYPES DRAST

1 -
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RUN DR1IC50,273RS

S8$ s*s$$$8*8*s$$$$$$$$$$$8**$$$$$$,$$$$$$
* *

MAPS SUBFRAME TO RASTER CONVERSION NODULE I

MAPS PRODUCT-IMAGE TYPE:

I - IMAGE (ORIGINAL SOURCE)
D - DMAPS (MAPS DECOMPRESSED)
L - LEVEL (NAPS RESOLUTION CODES)
A - ADAPT (ADAPTIVELY SMOOTHED)
E - ERROR (DIFFERENCE)

TYPE? (I D L A E) DCMAPS]

L

USER SPECIFICATION CONPLETE:

REVIEW! (Y OR N) N

N

CONVERTING IMAGE MTEST 16v FILE TYPE; LEVEL

TO 128 LINE BY 128 PIXEL RASTERv FILE TYPE: LRAST

Finally, the ANNOTE protocol is:

RUN DR1:E50v273AI

* IMAGE ASSEMBLY AND ANNOTATION MODULE 8

OUTPUT IMAGE SPECIFICATION:

OUTPUT FILE MODE:

*R - GRAY SCALE RASTER IMAGE FILE "ANIMO.DAT"
P - LINE PRINTER PSEUDO IMAGE FILE *APRINT.DAT'

MODE? (R P) R
P

NUMBER OF LINES? 800 (/ - NO CHNG)
257

"4 NUMBER OF PIXELS? (UP TO 128) 128 (I - NO CHNG)
/

COMPLEMENT BACKGROUND? (Y OR N) N

N
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EMBEDDED IMAGES:
>

NUMBER OF IMAGES? (0 1 2) 0 1I - NO CHNG)
2

IMAGE 1:

FILENAME? (UP TO 9 CHARACTERS) FOR002
DRAST

SKIP LINES INTO INPUT IMAGE? 0 -l - NO CHNG)

SKIP PIXELS INTO INPUT IMAGE? (<4000) 0 (/ m NO CHNO)
/

NUMBER OF LINES? (UP TO 257) 257 (I - NO CHNG)
128

NUMBER OF PIXELS? (UP TP 128) 128 (I - NO CHNG)
/

STARTING LINE? (RANGE 1 - 130) 1 (I - NO CHNG)

STARTING PIXEL? (RANGE 1 - 1) 1 (I - NO CHNG)
/

COMPLEMENT IMAGE? (Y OR N) N
N

IMAGE 2:

FILENAME? (UP TO 9 CHARACTERS) FORO03LRAST

SKIP LINES INTO INPUT IMAGE? 0 (I * NO CHNG)
/

SKIP PIXELS INTO INPUT IMAGE? (<4000) 0 (I m NO CHNG)
/

NUMBER OF LINES? (UP TO 257) 257 (I - NO CHNG)
120

NUMBER OF PIXELS? (UP TP 128) 128 1I * NO CHNG)

STARTING LINE? (RANGE 1 - 130) 1 (I - NO CHNO)
1 30

STARTING PIXEL? (RANGE 1 - 1) ( * NO CHNG)
/

COMPLEMENT IMAGE? (Y OR N) N
N

EMBEDDED ANNOTATION:

NUMBER OF MESSAGES? (0 - 20) 0 (/ * NO CHNG)
/

USER SPECIFICATION COMPLETE:$SS$SSSSsSS***$8*SSSSS S

REVIEW? (Y OR N) N

N

ASSEMBLING AND ANNOTATING IMAGE:

257 LINES BY 128 PIXELS TO FILE "APRINTDAT"

>
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The resultant MAPS 'decompressed' image and the corresponding MAPS

'level' image are displayed in Figure 8-4. For the lxl-MAPSel structure,

the 'one dark and three light' quads are seen to be forced to 2x2 form

and to show up as 'light' MAPSels. This intensity reset is a consequence

of the 'pseudo-median' selection and the fact that the two 'middle'

intensities are both 'light'. The other quads of lxl MAPSels are left

unchanged. Thus, the predictions for this structure are all borne out.

In the region corresponding to group 2, the resolution image shows that

2x2 MAPSels are used throughout. Again, the predictions are verified.

In the group 3 region, all 4x4 MAPSels are seen to be composited to 8x8

form. The 'one dark and three light' quads go to all 'light'. The 'two

adjacent dark and two adjacent light' quads go to a 'mid-gray'. The

'three dark and one light' quads go to all 'dark'. Each of these is

consistent with 'forced compositing' and 'pseudo-median reset' as

expected.

Finally, region 4 shows the predicted 'perfect fidelity' decompression

and 'natural MAPSel' resolution-image structure.

This example demonstrates the diagnostic and verification power of the

special test image, MTEST.DAT. It also shows the potential of this image

to illustrate the detailed performance of the MAPS compression options.

The user is encouraged to exploit this image for further development of

MAPS process understanding and 'intuition'.

4 5
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SECTION NINE

MAPS PRODUCT GENERATION: EXTENDED USE

This section presents examples of TransMAPS application with emphasis on

MAPS Product formation options.

9.1 MAPS Product Generation Planning Form

Figure 9-1 presents a reduced photocopy of the MAPS Planning Form for the

product generation tasks. The planning form summarizes the user options

for modules #3 (DMAPS), #4 (ADAPT), #5 (DIFFER) and #6 (RASTER).

These modules have relatively few interactive parameters compared with

* the compression-phase tasks. However, the file structure is much more

extensive and complex (see Figure 2-1). The relevant files for each

module are listed on the form.

g.2 User Interaction Protocol (All Modules)

The remaining subsections describe a series of examples in which the MAPS

compression level is held fixed at essentially two bits per pixel. The

source image for the series is the 'toy' (120 line x 128 pixel) GIRL6.DAT

image. The examples depict the evolution of increasing MAPS image

'quality' under alternative compression and product generation

strategies. Seven examples make up the series and the comparative

control states are summarized in the following tabulation: S

I 1

I
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MAPS PLANNING FORM (ALLOWED RANGE) [DEFAULT] DATE__________

(PRODUCT GENERATION) IM AGE ________

Cwassvn

MODULE USER INPUTS

RUN DMAPS

FILES$,.

IN -MAPS.DAT

OUT - DMAPS.DAT

OUT - LEVEL.DAT

RUN ADAPT /NOT wiTm STA66ER GRiD/ CNOUINW1NIG(ASINUIOM 6
FILES:

IN -DRAP.DATSIGMA MULTIPLE AT WINDOW CORNER [2.0] - /6AUSSIAN ONLY/

RANDOM DITHER AMPLITUDE [4.0)
IN - LEVEL.DAT

OUT - ADAPT.DAT

RUN DIFFER

FILE: FILE PAIRINGS (IMAGE vs DMAPS IMAGE vs ADAPT DRAPS vs ADAPT) [I D]

IN - IMA6.DAT ~ DIFFERENCE PARAMETER:

- I (0P.DT myn SIGNED -0 STATISTICS ONLY -0 AMPLIFICATION FACTOR)[1......

IN - ADAPT.DATJ

OUT - ERROR.DAT

OUT - EPRINT.DAT (LISTING)

RUN RASTER

FILE$: MAPS RASTER PRODUCT (IMAGE DMAPS LEVEL ADAPT ERROR) [DRAPS]

I- IMAGE.DAT
IN - DMAPS.DAT

IN - LEVEL.DAT ~.ANY ONE
I- ADAPT.DAT
IN - ERROR.DAT

OUT - IRAT.DAT

4OUT - DRAST.DAT

OUT - LRAST.DAT )TYPE MATCHES INPUT

OUT - ARAST.DAT 1
OUT - ERASI.DAT

14

Figure 9-1. MAPS Product Generation Planning Form
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Product Generation Examples:

Example Contrast Scale BlocK/Pattern Convolution Dither

2X2 MEAN force Level 1 ....

DMAPS 52 72 sBs - "

ADAPT 52 72 8BBB Uniform 0

DNAPS P2 72 BPPP - -

ADAPT P2 72 BPPP Uniform 0

GAUSS P2 72 BPPP Gausslan12 0

DITHER 8 72 BPPP Gausslanl2 I
I

A sample protocol from one of the examples is exhibited as the remainder

of this subsection. The protocol corresponds to the 'GAUSS P2' case and

involves all seven modules in TransMAPS. The sequence of module

invocations is as follows:

RUN SF
RUN MP
RUN DM
RUN AD
RUN DF
RUN RS (Convert ADAPT.DAT)
RUN RS (Convert ERROR.DAT)
RUN AI S

By this point, the protocols should be self-explanatory so they are

displayed sequentially without interruption:

RUN DRitE5Ot273SF

$ *

MAPS RASTER TO SUBFRAME CONVERSION MODULE S* S

SOURCE IDENTIFICATION:

SOURCE RASTER FILENAME? (UP TO 9 CHARACTERS) FORO02

GIRL6

USER IMAGE NAME? (UP TO 8 CHARACTERS)
GIRL 9xS
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SOURCE IMAGE POSITIONS

NUMBER OF LINES TO SKIP? 0 (I = NO CHNG)

NUMBER OF PIXELS TO SKIP? (< 4000) 0 (I - NO CNNG)
/

SOURCE IMAGE SIZE:

NUMBER OF LINES TO PROCESS? 490 ( - NO CHNG)120

NUMBER OF PIXELS TO PROCESS? (UP TO 4000) 624 (/ - NO CLING)
129

NUMBER OF BITS/PIXEL? (6 8) a (I * NO CHNG)
6

SOURCE IMAGE PARTITION:

SUBFRAME EDGE? (9 16 32) 8 ( * NO CHNG)

STAGGER GRID? (Y OR N) N
N

USER SPECIFICATION COMPLETE:

REVIEW? (Y OR N) N
N

CONVERTING IMAGE GIRL 8x8 TO 240 SUBFRAMES

S S

M MAPS COMPRESSION MODULES

USER OPTION MODES:

0 - QUICK MODE (SELECT CONTRAST SCALE ONLY)
U - USER PRE-DEFINED PARAMETERS FROM FILE MSET.DAT
F - FULL OPTION REVIEW AND SELECTIVE REVISION S

MODE? (0 U F) 0
F

MACRO-FIDELITY CONTROLS REVIEW/REVISE? (Y OR N) N
N
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MICRO-FIDELITY CONTROLS REVIEW/REVISE? (Y OR N) N
Y

GROUP 1 CONTRAST THRESHOLD PARAMETERS
CONTRAST SCALE 20.0
TAPER 3.0 F
STEP FRACTION 0.5
STEP BIAS 0.1

GROUP 1 CONTRAST THRESHOLD MATRIX .
E M L U

0-1 20 10 12 12 ROM 1
1-2 7 3 4 4 ROW 2
2-3 2 1 1 1 ROW 3

SPECIFICATION MODES:
N - NO CHANGE
S - SCALE ONLY

P - PARAMETRIC
M - MATRIX F

REVISE SPECIFICATIONS? (N S P M) N
S

GROUP I CONTRAST SCALE? 20.0 (/ - NO CHNG)
72

GROUP I CONTRAST THRESHOLD PARAMETERS
4 CONTRAST SCALE 72.0

TAPER 3.0
STEP FRACTION 0.5
STEP BIAS 0.1

GROUP 1 CONTRAST THRESHOLD MATRIX
E N L U

0-1 72 36 43 43 ROW 1
1-2 24 12 14 14 ROW 2
2-3 a 4 5 5 ROW 3

SPECIFICATION MODES:
N - NO CHANGE
S - SCALE ONLY
P - PARAMETRIC
M - MATRIX

REVISE SPECIFICATIONS? (N S P N) N

N

BLOCK/PATTERN ASSIGNMENTS

* LEVEL 0123
MODE BPPB

REVISE B/P VECTOR? BPPB
BPPP
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GRAY-SCALE MANIPULATIONS: REVIEW/REVISE? (Y OR N) N

USER SPECIFICATION COMPLETE?
$S$SS$*SsSSSSSSSSS

REVIEW? (Y OR N) N

SAVE THESE PARAMETERS FOR FUTURE USE? (Y OR N) N

N

MAPS COMPRESSING IMAGE GIRL SxSp 120 LINES BY 128 PIXELS

MAPS FILE CONTAINS 7 512-BYTE RECORDS PLUS 234 BYTES IN THE LAST "

MAPSEL DISTRIBUTION:

LEVEL: 0 1 2 3
COUNT: 1052 1557 425 20

OPTIMAL BIAS: - -6 -2 0
+ 9 5 3

COMPRESSION RATIO: 3.017 : 1

BITS/PIXEL: 1.98854

MEAN SQUARE ERROR: 0.18080 z
>

RUN DR1:C50273DM

M MAPS DECOMPRESSION/RESOLUTION IMAGE MODULE S

NO USER INPUTS REOUIRED

MAPS DECOMPRESSING IMAGE GIRL 8x8p 120 LINES BY 128 PIXELS

4 I
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RUN DR1:r5O,273AD

M APS ADAPTIVE SMOOTHING MODULE*

CON VOLUT ION WEIGHTING:

UNIFORM OR GAUSSIAN? (U 6) 6

SIGMA MULTIPLE AT WINDOW CORNER? 2.0 (I=NO CHNG)

RANDOM DITHER:

AMPLITUDE? 4.0 (I-NO CHNG) i
USER SPECIFICATION COMPLETE?

REVIEW? (Y OR N) N

N

MAPS ADAPTIVE SMOOTHING IMAGE GIRL 8xS, 120 LINES BY 129 PIXELS
>

RUN DR1:E5Op273DF

*MAPS DIFFERENCE IMAGE MODULE*

INPUT IMAGE TYPES:

I - IMAGE (ORIGINAL SOURCE) IMAGEl ONLY
D - UNAPS (MAPS DECONPRESSED)
A - ADAPT (ADAPTIVELY SMOOTHED) IMAGE2 ONLY

IMAGE17 (I D) IF iAGE3
I

IMAGE2? (D A) DCMAPS3
A

DIFFERENCE IMAGE TYPE:

AMPLIFICATION FACTOR
<0 SIGNED AND BIASED DIFFERENCE IMAGE
=0 NO DIFFERENCE IMAGE. STATISTICS ONLY
>0 AMPLIFIED DIFFERENCE IMAGE

(VALUE IS AMPLIFICATION)

FACTOR? 10. NI O ClING)
60

USER SPECIFICATION COMPLETE1

REVIEW7 (Y OR N) N
N

DIFFERENCING GIRL Sxg TYPE IMAGEP VS GIRL Sx8 TYPE ADAPT
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RUN DR1:C50273RS

MA APS SUDFRAME TO RASTER CONVERSION NODULE $

NAPS PRODUCT IMAGE TYPE:

I - IMAGE (ORIGINAL SOURCE)
D - DMAPS (NAPS DECOMPRESSED)
L - LEVEL (NAPS RESOLUTION CODES)
A - ADAPT (ADAPTIVELY SNOOTHED)
E - ERROR (DIFFERENCE)

TYPE? (I D L A E) DCMAPS3
A

USER SPECIFICATION COMPLETE:

REVIEW? (Y OR N) N
N

CONVERTING IMAGE GIRL SxS FILE TYPE: ADAPT

TO 120 LINE BY 128 PIXEL RASTERP FILE TYPE: ARAST

RUN DRl$C5O273RS

M NAPS SUSFRAME TO RASTER CONVERSION NODULE *
* S
*$SSS*$*$SSS $S*SSSSSSS**SSS**$*$$S$$$

NAPS PRODUCT IMAGE TYPE:

I - IMAGE (ORIGINAL SOURCE)
D - DMAPS (NAPS DECOMPRESSED)
L - LEVEL (NAPS RESOLUTION CODES)
A - ADAPT (ADAPTIVELY SMOOTHED)
E - ERROR (DIFFERENCE)

TYPE? (I D L A E) DCMAPS3
E

USER SPECIFICATION COMPLETE:

REVIEW? (Y OR N) N

CONVERTING IMAGE GIRL x898 FILE TYPES ERROR A-I

TO 120 LINE BY 128 PIXEL RASTERP FILE TYPES ERAST
>
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RUN DR1:[50273AI

IMAGE ASSEMBLY AND ANNOTATION NODULE S
* $*S ZSIS$$$SS$8 $85J

OUTPUT IMAGE SPECIFICATION:

OUTPUT FILE MODE:

R - GRAY SCALE RASTER IMAGE FILE *ANIMG.DAT"
P - LINE PRINTER PSEUDO IMAGE FILE OAPRINT.DATO

MODE? (R P) R
P

NUMBER OF LINES? 800 (/ NO CHNG)256
NUMBER OF PIXELS? (UP TO 128) 128 (I - NO CHNG)

/

COMPLEMENT BACKGROUND? (Y OR N) N

EMBEDDED IMAGES:
I

NUMBER OF IMAGES? (0 1 2) 0 (I - NO CHNO)
2

IMAGE 1:

FILENAME? (UP TO 9 CHARACTERS) FORO02
ARAST

SKIP LINES INTO INPUT IMAGE? 0 ( = NO CHNG)

SKIP PIXELS INTO INPUT IMAGE? (<4000) 0 (I - NO CHNO)
/

NUMBER OF LINES? (UP TO 256) 256 (I - NO CHNO)
120

NUMBER OF PIXELS? (UP TP 128) 128 (I - NO CHNG)
/

STARTING LINE? (RANGE 1 - 137) 1 (I - NO CHNG)

STARTING PIXEL? (RANGE 1 - 1) 1 (I - NO CHNG)
/

COMPLEMENT IMAGE? (Y OR N) N
N

IMAGE 2:

FILENAME? (UP TO 9 CHARACTERS) FORO03
ERAST

SKIP LINES INTO INPUT IMAGE? 0 (/ - NO CHNG)
/

SKIP PIXELS INTO INPUT IMAGE? (<4000) 0 (I - NO CHNG)
/

NUMBER OF LINES? (UP TO 256) 256 (I - NO CHNG)
120

NUMBER OF PIXELS? (UP TP 128) 129 (I - NO CHNO)

STARTING LINE? (RANGE 1 - 137) 1 (/ * NO CHNG)
137

STARTING PIXEL? (RANGE 1 - 1) 1 (I - NO CHNG)
/

COMPLEMENT IMAGE? (Y OR N) N
N
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EMBEDDED ANNOTATYON:

NUMBER OF MESSAGES? (0 - 20) 0 (I - NO CHNG)

MESSAGE 1

ORIENTATION IN FRAMEP TOP OF SYMBOL TOWARD:
T - TOP
B - BOTTOM
L - LEFT
R - RIGHT

ORIENTATION? (T D L R) T

MESSAGE 1 LENGTH

0 - 8 CHARACTERS AT 1X
0 - 4 CHARACTERS AT 2X
0 - 2 CHARACTERS AT 3X
0 - 2 CHARACTERS AT 4X

CHARACTER COUNT? 0 (I - NO CHANGE, 0 - DELETE)
a

MESSAGE 1 SYMBOL SIZE? (1 ) 1 (I - NO CHNG)
/

MESSAGE CENTER AT LINE? ( 8 - 248) a (I - NO CHNG)

MESSAGE CENTER AT PIXEL? ( 64 - 64) 64 (I NO CHNG)

COMPLEMENT MESSAGE 17 (Y OR N) N
N

ALLOWED CHARACTERS

ALPHA CAPS: A B C D E F G H I J K L M N 0 P O R S T U V W X Y Z
NUMERALS: 0 1 2 3 4 5 6 7 8 9
PUNCTUATION: ( ) * 7 : Space
ARITHMETIC: + - * / Z
RELATIONAL: - < > f(<orm) i(>or-)
DIRECTIONAL: a (East)

(ARROWS) n (North) n
w (West) b a
s (South)
a (NE Northeast) w + °
b (NW Northwest)
c (SW Southwest) C d S
d (SE Southeast) £

MESSAGE 1 TEXT? ( 8 CHARACTERS)

GAUSS P2

MSG LINE PIX TEXT
1T IX 128 64 GAUSS P2

MESSAGE TO CHANGE? (1 - 1) (I NO FURTHER CHNG)
/

USER SPECIFICATION COMPLETE: *

REVIEW? (Y OR N) N
N

ASSEMBLING AND ANNOTATING IMAOEI

256 LINES BY 128 PIXELS TO FILE "APRINT*DAT"
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9.3 Resolution (level) Image

Figure 9-2 shows the source frame and the resolution or level image which

exhibits the same form for all of the runs at contrast scale 72. The

white areas correspond to lxl coding, the 'dots' to 2x2's, the 'minuses'

to 4x4's and the 'pluses' to 8x8's. Note that MAPS concentrates its

resources at points which define the key features of the image content.

Figure 9-3 presents the results of simple 2x2 averaging to achieve two

bits per pixel. This then forms the baseline for comparison with MAPS

products at the same compression level. This case was established using

TransMAPS with 'forced compositing' (threshold 255) for the level 0-1

transition and 'forced resolution retention' (threshold -1) for the level

1-2 transition.

The lower half of Figure 9-3 portrays the results of the DIFFER Module

applied between the source (lxl throughout) and the 2x2 MEAN image. An

amplification factor of 6.0 was used. The corresponding error histogram

is displayed in Figure 9-4; this is the EPRINT.DAT file from DIFFER.

9.4 Block Decompression

Figure 9-5 shows the MAPS decompression and amplified difference image

*(factor = 6.0) for simple 'block' mode compression at all levels. The

error histogram is shown in Figure 9-6. Note that MAPS definition around

the eyes, mouth, and jaw line is considerably sharper than in the 2x2

MEAN case. Howeve-, the image is quite 'blocky' elsewhere. S

9.5 Block Mode with Uniform Adaptive Smoothing

Figure 9-7 corresponds to subsequent adaptive smoothing of the 'block' 

mode results in Figure 9-5. The comparable error histogram is given in

Figure 9-8. Note that the smoothing process does much to eliminate the

perceptible artifacts. However, the smoothing process is relatively

expensive in computation time. 5
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9.6 Ihttern Decompression

Figure 9-9 shows the MAPS decompression and difference image with the

'pattern' mode used throughout. The error histogram is given in

Figure 9-10. This case shows significant sharpening of features relative

to the 'block' mode and is quite acceptable even without further

smoothing. The difference image exhibits a mostly 'salt and pepper'

texture which is largely decorrelated from the scene content. Note that

this is the normal default mode recommended for MAPS use and is very

efficient computationally.
I

9.7 Ibttern Mode with Uniform Adaptive Smoothing

Figure 9-11 corresponds to the adaptive smoothing of the 'pattern' image

in Figure 9-9; the error histograms are shown in Figure 9-12. Here,

'uniform' convolution weighting was used in the smoothing process. This

version is slightly better than the direct 'pattern' mode but at

considerable extra computation.

9.8 Pattern Mode with Gaussian Adaptive Smoothing

Figure 9-13 depicts the same case as Figure 9-11 except that 'Gaussian'

convolution weighting was substituted for 'uniform' weights. The spread

of the weighting function was chosen so that the 2.0 sigma point occurs

in the corner of the convolution window. Very small differences can be

discerned between the results in Figures 9-11 and 9-13. The error

histogram for the Gaussian case is presented in Figure 9-14. "

9.9 Pattern/Gaussian Mode with Dither

Figure 9-15 repeats the Gaussian-smoothed results except that a random

dither has been added to the 'smoothing' process. The maximum amplitude

of the dither is 8 gray levels (of 256) with the actual sign and size for

each pixel determined from a pseudo-random number generator. Figure 9-16

gives the matching error histogram. This example is seen to have less

perceptible intensity 'contouring' than the cases without dither.

11-89



........................................... ................................

. ........... ... ...

..........

I Hin a~ ..

............ -: H

.. .. . . .. H. . . I

K..
........... ...

................
.. f_ _ _ _ -:H .....

..... ....

Figur 9-2. MAPSResoltion mageat.2.its/pxel.

.... ... ......... .



..... ..... ...........

..........

...... .... .... .

... .....

ME.

----- ~ -r - r

n ~ ... . .. ...

'i .......

............

........

Figure~~~ .-. Sipl Avrgn to... Achiev.2.bit/pixe

.......... ..9..

................ ; I
:::11:::::::::::::,_::::- , .



po l e

rhi 0000000000000000000000000000000
lob
99 90

0 4

£x

hi-a M00600

zaa

in 14 5~
I- u

ME a

o4-)

a. d?\#
4~~~~~f .. . .ffffffflllllll

0 z w 0*4@Ut@mreuamf4wrOin40. .... e.. 4..r4e943mt L

14 4- a a . .

Z K 0 -1.. . . .. .

A~... 96 0f .. .. .
W .9 X
wr 3v ~ * *w *4.

w b S* * r- )

00 S11-92



iz ...........iaiT irijjj. -,

.........

.........

........................ ... ... ... ................. ... ....:

..........

.: .. ......W

...... . ~ ...... t

.9.&... .. . s .. .~ .

.. .... . .. ... ... ....

.1.....1-9 ......
.. .....0... .



W 0400000900oocooooocccegeEooooooc

hCi

. 4 c

3 Mdflan hw..wan.A-0.
4"M -%_"~~ d 0-r4wt 0 "M womqUO--^rWne- ZA.

hiM"t, -% Nt MVnO Wwt heoqt Mte.% dnm

It c
0

hi 00000

o A.

0 40
a . oem:

td W

3 0

ILA.

ft d 4- - - - - - - - - - - i ...... fflllff~lfffll
Ba~ Id

C,4 I.~ ooooooaoooaaoeeaaoooeeaeoaooooac

0.l WON**hhhhiiiiii hhiiiiiiiih iiiii hihShII

_c o 4 er~O3' O.~a 4 qfO w f~.f. Ut @.. .m0.~~f

4 g hihinq@*w C4

U hihhi~hi nnn~n nnnN11-94.



*.. .-........... 'ir
......... ... .z.

Ii. . ....

....... .....;

.a .........

......... .......

... ....... N

...................... .................. ...................................

.......... M I

. . . . . . . . . . . . . ....... . . *

..4 ....... 1 ~ I
_______________________!__________g____ ..iM

Figur 9 7 APS lock ode ith Aaptie.Smothin
4~ (Uifr Weight)..

............ .....



'aI

40
SC

.4 1afm Mm 0f-009Cat *me mkfn.or"mfeo%

4.4

hi o

%. U . jt
B. .I

. . . . . . . . . CA

ft . . . . . L.

~a Is

0~ Of .q~.......

* *N.0.~ .4.4.4 80%~.4 .~4 *0.Nm 00w N 44E4r*..0 ~am..0~ ~

hi haNN4N~NE0N NlON E ~ .4.NN~4#qEt~le4Yf~mt11-96f *4Jf



.........

.. .... ... .. .. ..

.......................................... ! l............

.a: 
,..E

N. 7,

...................................... ..............

.... ........

Figure... 99.MAS.PaternModeat. 2bitspixe

11-97..........
........................



42000909000ccokcooooocoo~goo00000 CU

let
99C

I ' 9 8 6 91U9 8 6 I I
Be **@ofO@O@@@@@~@fN1 ei..-44-@@OOOO@@O@

= tM* - *44@9@*.904
dl 1

hi.

W'OP3 00--4 O'CV C-I 4v-*O -W.M00% 'Ov
4 q-~t f-ttf.N -- jMPloeoOOttW4 b*ft ~tM*WIM0

14 V -

ai 000000000000000000000000000000000000000000000000000C00000000000 V)

00

4 IW~hl : I

a 4- U 4-0

ILI

44g I

o *r4

46 1
abC I
-w 51 140000 00:1 00000000r.40000000000000000000

4 .3 -4.4

K 0 S ., 1
hi S* ...."Wft

Kv~ M

4 * S .944*9*411-98.



....C......

... ...... ...

......... ... '
N . ~ 33 . ............

..........

.......... ..... j .... S

NES
... Fiur 9-11.. MAP.Pttrn.od.Wth .datie. Soohig.

(Unfor Weight).... .......

.... .... ... 1........
.... ..... .. .. ... ... .... . ... ... ... .. . ..



211

.01
4 @ @ @ @ O @@@ @ @ @.mi@btte.eh @@@sooo.@o@.

"am 00o inn O.o."f omm_""C

44 o

W 
4

hi -. O
X -Now-em -oaii.4nnfe4~

--- Sgg.,ee~ggs~i4-eg C-
o ~ h 'a, 9 Ln

;a W
" a o ~ -@@~U~U*ii~Nf~t .3 1 ...... nme..ee.meo...f
1u .4 IIft...

*. 4 4 .

a a -em

0

'0- -11 U- I
40 h MN M N n * p dB . e . 4 n M . .q

off .

-. ~~ ~ ~- c~ f"- - - - ~ ~ NN N N N

4 hiin D



A r .....- --

..........tn . j...

H.K.-M

. . . . . . . . . . . .. . . . . . . . . . .... ............. . . . .......

. ......

.* .. .....

. ...... :::::I:::

Fi ur .-13. MAPS. Pa t r Mode. With Ad pt v Smoo hin I ........ . .. .. .

IM 1-10.
Hill *.... .



IdI

ft,

I)L

*.6 ott"Ot
IU Q

4-

ft

0i a i

A .3

a.. .09 4
ft, ma I* *I ...*I ***n P*

at =71..

Go 96

-11-10



4F

4P

................ ......- ............

9 ... ..... . .

...........

................................. ............. . ............ .. . ....

... .. ..

.. ..... ........

............................................ ........... ......... "I

.~~ a ... .....

............... 4 .. '~

..... . .

Figure 9-15. MAPS Pattern/Gaussian Mode With Dither
(Amplitude = 8)

11-103



Ij ftmoc oo los$8697 a-----
hi

Oak

.4, ae 1 9 1 97 7

2 w-- --

ft

* f--ff-.I.. ************ M-.9-----AOW -M"f~ ~NW e~~omW

4-

hi 00000000000oO0eOO0000000oea00000~00O00@0000000000ozo

g

I- S-SOOSU

*C C
-u m

c2 8fII

@0 0 CD.
u - f-n .@$~dfO *h 4-l* 00.rw fttO @ :0*r-n-0@

43 . 3

0 --

-w d Z
CL -6

33 Id I2.222

2 wi. 1. 1LL
I q 4. d4 f a 4 f 4 W I 4Wjgt 0 O t ~ e 4 e a 4 P4 @ 4 4 4 t 0 m t @ W

it In-t qt. 1 8 . ?~. .~ 0 9 9 t # 4 dO~ 0 0 t t t f W

Jrdlro2 f

11-104



9.10 Mean Square Error Performance Comparisons

The qualitative image improvement described for the above sequence is

also borne out by the quantitative fidelity measures. The histograms in

Figures 9-4, 9-6, 9-8, 9-10, 9-12, and 9-14 exhibit progressive narrowing

with a slight relaxation when random dither is added (Figure 9-16). The

following tabulation of summary error statistics reflects this

improvement as well:

Mean Square Error Performance:
---- ------ ----- ------------

Example Mean Square Error Relative MSE RmS Error
------------- m ---------- --------------------

2X2 MEAN 0.66055 % 2.73859 % 12.317

DMAPS b2 0.30531 1 1.26561 % 8.374

ADAPT B2 o.27657 % 1.15492 % 7.996

4 DNAPS P2 0.18019 % 0.74706 9 6.433

ADAPT P2 0.16595 k 0.68602 % 6.173

GAUSS P2 0.16167 % 0.67027 % 6.093

DITHER 9 0.17555 % 0.72780 % 6.349
I

From these summary statistics, it is seen that the 'block' mode is

significantly better than simple averaging and the 'pattern' mode gives a

further dramatic improvement. Although it is a heuristic technique,

adaptive smoothing is also seen to yield a small but consistent

enhancement in fidelity. Finally, the slight loss from the addition of

dither seems more than compensated by its improvement of visual quality.

9.11 A 'Real'-Image Example

This closing subsection presents an example of the application of

TransMAPS to a 'real' (video-sized) image - the BLDGIMG.DAT file which is

supplied with the package. The interaction is summarized on the three

planning forms displayed as Figures 9-17, 9-18, and 9-19. Not shown are

two ANNOTE protocols, each of which assembles two image frames prior to

the final four-frame composite. This is, however, an example of the

recursive use of ANNOTE.

1
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MAPS PLANNING FoRm (ALLOWED RANGE) [EFAULT] DATE MavC-h /89?
( OMPRESSION)

IMODULE USER INPUTS

RUNi ,UBR SORE ,,GEFLE kW (8 -L. P-k. L_ ____ - _
FILES: USER IMAGE NAME & .( i . 2.L Y .)
IN - USER RASTER SKIP LINES [01 0 SKIP PIXELS [0] 0

OUT - IMA6E.DAT PROCESS LINES[460) .80 PROCESS PIKELS[r, 4,...j
SITS/PIXEL ( 6)) [a]
SUSRA, SIZE ( )1 2 ) 13 SUFRME SAID [SUARE

R USER FULL) W01

MACRO FIDELITY CONTROL:FILES:
IMAGE PARTITION:z.- IlMAE.DAT

PIXEL INDEX DIRECTION-*
ot- IMAPS.DAT

IN/OUT - MSET.DAT LINE INDEX DIRECTION
USER PARAMETERS

EACH CELL (1 2 3 4) [ALL 1]

MICRO FIDELITY CONTROL:

PARAMETERS GROUP spGOUP 2 GROUP GR~OUP '1
CONTRAST SCALE
TAPER p. 01 ' -3 - P'-
STEP FRACTION I. - o- -

STEP DIAS to =D i= -- Lb-'-
OR"

MATRIX E M L U E M L U E A L U E M L U
o-1 __

1-2
2-3
3- _
4-5

BLOCK/PATTERN ASSI OPMlNT, EACH LEVEL (4 P) ([oPRS]
012345 LEVEL

GRAY-SCALE MANIPULATIONS:

CONTRAST REMAP: CODE CONTRAST INTENSITY RE4AP: COE ZITENSITY INTENSITY RESET:

0 0 0 (MAN)

PI ECEWISE J3SJ,25sy-i b~ (PSEUDO-MEDIAN)

OREAKPOINT (LOWEST)
PAIRS (SECOND) S

(NON-DECREASINS) (THIRD)
CODE (0-250l)- - (uIGHEST)

CONTRAST (0-4095) INTENSITY (0-40E1) - IMAM]

RESULTS: C;.ESSuN: 1.jSfG37 6/0 LEVEL: 0 1 2 3 41 5

MEAN SQUARE ERROR: II 10 11 !MAPSEL : pAS . Of' _-

OPTIMAL BIASES:- - - -

Figure 9-17. Compression Planning Form - Building Scene
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MAPS PLANmN FoRM (ALLOWED RANGE) [DEFALT] DATE N*,*A /9B0

(PRODUCT GENERATION) IMAGE NAME Bul oDly
Cujeus,,0,. I..P9,37 S

MODULE USER __TS

RUN MNAPS

FILES:

in - MAPS.DAT

ouT - D1MAPS.DAT

OUT -LEVEL.DAT

RUN ADAPT /0OT WITH STAGGER Ao/

ILES: CONUTIO ITING (GAUSSIAN UmIFOaM) [6]

Io - DMAPS.DAT SIVA MULTIPLE AT WINDOW CORNEA [2.0] - /GAUSSIAN ONLY/

in - LEVEL.DAT RADOM DITHER AMPLITUDE [4.01

OUT - ADAPT.DAT

RUN DIFFER "

FILES: FILE PARIS( vs IMAGE s AA zMAPS vs ADAPT) [I D]

I - IMA6E.DAT DIFFERENCE PAR R:t[

C 0 SIND 00 Su.TISTIC1 ONLY 30 AMPLIFICATION FACTOR) [so31 .
IN - DMAPS.DAT ANY TWo

IN - ADAPT.DAT

OUT - ERROR.DAT 5
OUT - EPRINT.DAT

RUN ASTER / T he t mes i2 a"s ._

FILES MAPS RASTER PRow €T (IMAGE ADAPT [DRAPS]

IN - IMA6E.DAT
IN - DMAPS.DAT

in - LEVEL.DAT AM ONE

IN - ADAPT.DAT
IN - ERROR.DAT

ouT - IRAST.DAT 1

ouT - DRAST.DAT
ouT - LRAST.DAT TYPE PATCHES NP

OUT - ARAST.DAT
OUT - ERAST.DAT

Figure 9-18. Product Generation Planning Form - Building Scene
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* Figure 9-20 presents the overall visual results. The frame contains the

*. original source image, the MAPS decompressed image (at 2 bits/pixel), the

resolution or level image, and an amplified difference image which has

been complemented in ANNOTE so large differences are light in a dark

frame. Finally, the difference statistics for this example are displayed

as Figure 9-21.
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SOURCE SB/P MAPS 2B/P

a as

%a

a a.pP: ob

0 %

e a * A a

e L RESOLUTION DIFFERENCE

Figure 9-20. 'Real'-Image MAPS Example-Building Scene
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APPENDIX

FUI I. SIZE TransMAPS PLANNING FORMS

(Suitable for Photocopying)
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MWPS PLANNING FORM (ALLOWED RANGE) [DEFAULT) DATE

(COMPRESSION)

MODULE USER INPUTS

RN SUBF RM
SOURCE IMAGE FILE NAME ( ------- --

FILES: USER IMAGE NAME (- -------

IN - USER RASTER SKIP LINES [01 SKIP PIXELS to]

OUT - IMAGE.DAT PROCESS LINES! ] PROCESS PIXELS1 3
SITS/PIXEL ( 6 8 ) [s]

SUSFRAME SIZE ( 8 16 32 ) [8] SUDFRAME GRID (SQUARE STAGGER) [SQUAREJ

axe ONLY

MOD..ME (QUICK USER FULL) [I S

FILES: MACRO FIDELITY CONTROL:
IMAGE PARTITION:IN - IMAGEDAT

OUT - MAPS.DAT PIXEL INDEX DIRECTION--*

IN/OUT - MSETDAT LINE INDEX DIRECTION

USER PARAMETERS

EACH CELL (1 2 3 4) [ALL 1]

MICRO FIDELITY CONTROL:

PARAMETERS GROUP 1 GROUP 2 GROUP 3 GROUP 4

CONTRAST SCALE

TAPER [3. O [3. " - [3. O [3.o O
STEP FRACTION 10S os- - -- [- --
STEP DIAS too E [01] [.--- [ 7

OR:
MATRIX E M L U E M L U E M L U E M L U

0-1
1-2
2-3 ---
3-4

4-5

BLOCK/PATTERN ASSIGNMENT, EACH LEVEL ( P) [BPPBBB)
012345 LEVEL

GRAY-SCALE MANIPULATIONS:

CONTRAST REMAP: CODE CONTRAST INTENSITY REMAP: CODE INTENSITY INTENSITY RESET:

0 0 0 0 (MEAN)
PIECEWISE [2-2 - [25 (PSEUDO-MEDIA')
LINEAR 12ssl- -

BREAKPOINT (LOWEST)
PAIRS - - (SECOND)

(NON-DECREASING) (THIRD)

CODE (0-255) CODE (0-255) (HIGHEST)

CONTRAST (0-4095) INTENSITY (0-4095) [MEAN]

255 255

RESULTS: COMPRESSION: LEVEL: 0 1 2 3 4 5

MEAN SQUARE ERROR: * MAPSELS:

OPTIMAL BIASES: - -

II-114

I



II

MAPS PLANNING FORM (ALLOWED RANGE) [DEFAULT] DATE_ _ __ __

(PRODUCT GENERATION) IMAGE NAME_ _

COMPRESSION,

MODULE USER INPUTS 5
RUN DMAPS

FILES;

IN - MAPSDAT

OUT - DMAPS.DAT

OUT - LEVEL.DAT I

RUN ADAPT /NOT WITH STAGGER GRID/

FILES: CONVOLUTION WEIGHTING (GAUSSIAN UNIFORM) [G]

IN - DMAPS.DAT SIGMA MULTIPLE AT WINDOW CORNER [2 .0] /GAUSSIAN ONLY/

RANDOM DITHER AMPLITUDE [.01 -
IN - LEVELDAT

OUT - ADAPT.AT

RUN DIFFER

FILES: FILE PAIRINGS (IMAGE vs DMAPS IMAGE vs ADAPT DIAPS vs ADAPT) [I D]

IN - IMAGE.DAT DIFFERENCE PARAMETER:

<0 SIGNED =0 STATISTICS ONLY >0 AMPLIFICATION FACTOR)DO]-
IN - DMAPS.DAT ANY TWO

IN - ADAPT.DAT

OUT - ERROR.DAT

OUT - EPRINT.DAT (LISTING)

RUN RASTER

FILES: MAPS RASTER PRODUCT (IMAGE DMAPS LEVEL ADAPT ERROR) [DMAPS]

* IN - IMAGE.DAT I

IN - DMAPS.DAT

IN - LEVEL.DAT ANY ONE

IN - ADAPT.DAT

IN - ERROR.DAT
OUT -

OUT - IRAST.DAT
~OUT - DRAST.DAT

OUT - LRAST.DAT TYPE MATCHES INPUT

OUT - ARAST.DAT

OUT - ERASI.DAT

11-115
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PRE FACE

This is Volume III of the Final Technical Report
on Transportable MAPS Software. It constitutes
the TransMAPS Program Maintenance Manual; its
companion volumes contain a description of
TransMAFS development (Volume I) and the
TransMAPS User's Manual (Volume II). This
volume is submitted in fulfillment of CDRL item
A004 of Contract # F30602-80-C-0326.
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TRANSMAPS MAINTENANCE MANUAL

3

V SECTION ONE

TRANSPORTABLE MAPS SOFTWARE: THE SYSTEMS VIEW

This document provides formal description of the Transportable MAPS

Software Package or 'TransMAPS' from a systems viewpoint.

1.1 Purpose

Micro-Adaptive Picture Sequencing (MAPS) is a computationally-efficient,

contrast-adaptive, variable-resolution spatial image coding technique.

The TransMAPS Software Package implements the MAPS processes and related

support functions in an integrated software system which is designed to
be transportable among a variety of high-use mini-computers in the DEC

computer family. The purpose of this implementation is to broaden access

to MAPS. The ultimate intent is to establish a vehicle suitable for

direct exploration of the MAPS technique and to provide a system capable

of supporting functional application of MAPS to real image coding tasks.

The current document addresses those areas specifically concerned with

the relation of TransMAPS to its host computer system. These include

software installation, modification, and maintenance activities. The

intended audience consists of systems personnel charged with support of

TransMAS at their site and others who wish to understand MAPS at a

detailed level of 'how it's done'.

1.2 Maintenance Manual Organization

The information necessary for initial installation of TransMAPS at a new
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site is given in Sections Two, Three, and Four. Section Two provides an

overview of TransMAS and the conditions assumed for the host computer

environment. Section Three describes the extensive file system which

supports TransMAPS and specifies the requirements imposed on

communication of user image files. Section Four deals specifically with

questions of TransMAps installation from its source on

computer-compatible magnetic tape.

Sections Five and Six discuss more details on the internal structure of

the TransMAs process modules. Section Five addresses questions of

program modification which may arise in refining TransMAPS for a

particular site. Section Six outlines general program structure

conventions which should provide helpful guides in subsequent program

maintenance activities.

Finally, Sections Seven through Thirteen contain complete

COMMENT-annotated program listings of the TransMAps source code. These

listings have had running titles appended which give both main module and

current-routine names. This should be an aid to rapid location of the

relevant section for this deepest level of detailed documentation.

1.3 References

The material on initial installation in this document is intended as a

self-contained path to achieving a functioning TransMAS system. Beyond
1this however, at the level of program modification or maintenance, it is

assumed that the reader is familiar with both the conceptual basis of

MAPS and the structure of the user option space in the TransMAPS

package. This material is described in the TransMAPS User's Manual to a

level adequate for most purposes. For more detailed information on

specific MAPS concepts and processes, the reader is referred to the

- following collection of documents:
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SECTION TWO

TRANSMAPS OVERVIEW

This section outlines the contents of the TransMAPS package, its

structure, and the assumed host computer environment.-

* 2.1 The TransMAPS Package

The contents of the TransMAPS package are listed in Table 2-I.

The seven main program modules are provided on computer-compatible

magnetic tape in the form of both source code and object code files. The

first six modules relate directly to MAPS processes. Module #7 provides

* a stand-alone image assembly and annotation capability. This seventh

module supports di-splay of MAPS product images with assembly of

comparative image frames and corresponding identifying annotation. It

can, however, also be used with other user imagery to integrate and label

*related frames for various forms of presentation.

* The six MAPS modules further subdivide into two functional classes. The

first two relate to the MAPS compression phase. Module #1 converts the

* raster source imagery to the appropriate subframe organization for MAPS

processing. Module #2 implements the actual MAPS micro-coding technique

on a subframe by subframe basis. This second module contains the most

complex portions of the interactive user option space.

*The next four modules deal with MAPS product formation from the

compressed image stream. Module #3 reconstructs the tonal image - MAPS
I: decompression - and simultaneously generates a MAS 'resolution image'

which displays the micro-adaptive variable resolution created by MAPS.

111-4
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TABLE 2-1. CONTENTS OF TransMAPS

transaPS ractage:

Seven Main Program Noduless

#I SUAFRM Raster to Subtrame Conversion - SF.FSV, sF.oBJ
02 MAPS NAPS Compression - NP.Fsv, MP.osJ
03 DRAPS MAPS Decompression & Level image Formation

- DN.Fsv, Dm.oBJ
04 ADAPT MAPS Adaptive Image Smoothing - AD.Fsv, AD.OBJ
15 VIfFER MAPS Ditgerence image Formation - DF.FSv, Dr.oBj
06 RASTER Suoframe to Raster Conversion - Rs.FSv, Rs.oSJ
17 ANrJOTE Imea Assembly and Annotation - AI.FSV# AI.OSJ

Provided on Comouter-Compatible Tape (CCT):
FORTRAN4 IV-Plus source Code -xoFsv

FORTRAN ObIect CF4P) Code *x.083

SIX Data sets:

Annotation Symbol-Map Tables - SYMSOb.91N
MAPS Compression Test Image (160 x 126) - NTEST.BXN
Sample NAPS User Parameter Set (Use with NTEST) - PSET.BIN
NAPS Product Generation Test Image (120 x 129) - GIRL6.BIN
Two 'Widto Frame' Images (460 lines x 624 pixels):

Building Scene - BLDGING.BIN
IEEE Girl - GIRLIMG.BIN

Providea on Computer-Compatible Tape (CCT)

MAPS file Structure with Standard Filenames and Headers:
----.-.-.---.----.---.--.---- ..-------.-.--------

Source image (One Subtrame/FiXED Record) - IMAGE.D&T
User Parameter Set - MSIT.DA?
NAPS Compression Stream (FIXED Records) - MAPS.DA?
MAPS BlocK/Pattern Image (Subframes) - DMAPS.DAT
MAPS Resolution image (Subtrames) - LEVELODAT
MAPS Adaptively Smoothed Image (Subframes) - ADAPT.DAT
NAPS Difference Image (Subtrames) - ERROR.DAT
Fidelity Performance Summary (Listing) - EPRIMT.DAT
MAPS Product Imago (Paster) - XRAST.DAT

x z I.Dpb.APE
Annotation Symool-Map Tables - SYNBOL.OAT
Annotated Image (Raster) - AN1MG.DAT
Annotated Printer Pseudo-Image (Listing) - APRINT.DAT

User Interaction Pre-PlannIng Alds:

NAPS Planning Form - Compression
NAPS Plannino Form - Product Generation
Annotation and Image Assembly Planning Form

Documentation:

TransMAPS user's Manual
TrafisMAPS maintenance Manual



Module #4 further refines the decompressed image through a MAPS-based

adaptive smoothing process. Module #5 evaluates the fidelity of the MAPS

coding through formation of a difference image between the source and

product images. Finally, Module #6 converts any of the subframe

organized MAPS images back to raster format for interface with the

outside world.

The seven program modules are supported by six data files. The first,

file SYMBOL, contains the bit maps which make up the source data for the

annotation symbol set. Each of the sixty symbols is represented by a

48x48 bit map packed as forty-eight lines of three sixteen-bit words

each. Bit packing is left to right within each word. Once established

on the system, this file is read in automatically when Module #7, ANNOTE,

is invoked. The annotation symbols are then generated as needed by

resampling these bit maps to the user-requested size.

Two 'toy' size images - files MTEST and GIRL6 - are supplied with the

package. These images are designed for rapid testing of the modules and

to aid with inexpensive exploration of the space of user options. A

sample set of pre-defined user parameters - file MSET - is also provided;

it is set up to be used with the MTEST image.

Finally, two 'real world' (video frame size) images - GIRLIMG and BLDGIMG

- are included to provide more realistic test examples.

Intermodule communication is provided by a set of twelve standard MAPS

files and is designed to be transparent to the user. Dedicated mnemonic

file names are used, however, so that both user and systems personnel can

easily assess status of the process following interruption or deliberate

suspension of a MAPS interactive task.
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) - The user is also aided by a series of three 'planning forms' which
display the space of user options schematically. These forms have spaces

for entry of user-selected options to assist in pre-planning and

documenting a MAPS interactive session. Moreover, the planning forms
provide a convenient guide to the location of various user option

interactions for the use of systems personnel.

*. The TransMAPS package is completed by two volumes of formal documentation

- The TransMAPS User's Manual and this Maintenance Manual.

2.2 TransMAPS Structure

The previous section provides only a tabular listing of the contents of
the TransMAPS package. The key structure of TransMAPS is presented in

Figure 2-1. This diagram shows the interrelationships among all of the

process modules and data files. A brief descriptor of the contents of
each file is given along with the corresponding standard file name.

Figure 2-1 is the primary portrayal of the overall organization of

: TransMAPS.

2.3 Host Computer Environment

TransMAPS is intended to run on DEC PDP-11/45, PDP-11/70, and VAX
computer systems. It was targeted specifically at the PDP-11/70 in the

Image Processing System at RADC. The modules are all written in DEC's
FORTRAN IV-RLUS. They are each designed to run under DEC's RSX-llM

*Operating System as single task loads without overlays. The file systems

:" are such that they should be compatible with either RMS-ll or FCS-ll.

The TransMAPS modules do not make use of the VIRTUAL declaration

construct so a 'mapped' memory system should not be necessary. Moreover,

the restriction to FORTRAN IV-FLUS is thought to involve only the use of

111-7



User.DAT
source nester Image

8 Source Subfreme

MMA Sopeso #t2s

UAPr Parameers MAt_ rn

Subira.MAPS esoion Sbr m s

MAPSS Adpiv3urm

MAP RRoRk~tof P.DAT LVL

MAPS Resoluticn Subfrsms

SYMBOADAPT I s4DA

ADAPTNT.AT

PrAces MTdwl iSk Fdpive Gb

MAP Di f ig uroe (Any OnnM Srcue)

L111-8



the IISHFT library shift function in Module #7 and the use of Integer*4

arithmetic for a few performance statistics and element count

accumulations. At some penalty in execution efficiency, it should thus

be possible to modify the code to be compatible with the more restricted

DEC FORTRAN compiler if necessary at a particular site.

The user interaction portion of the code tacitly assumes a high-speed

channel to the interactive terminal. Thus, some of the query prompts

update rather extended text with each user response to provide complete

and immediate feedback. If much slower te.,ninal channels (e.g. low-speed

telephone modem) or hardcopy terminals are to be employed, these sections

of the interaction can be slightly modified to reduce the text

redundancy. Guidelines for such changes are provided in Section Five.
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SECTION THREE

TRANSMAPS FILES

This section discusses user image file conventions, the formats of

standard MA5S files, and the contents of the MAFS file header.

3.1 User File Communication

DEC FORTRAN does not support direct magnetic tape access in any

convenient way. Thus, user-supplied source imagery must be entered as a

disk file for communication to TransMAPS. Furthermore, there does not

appear to be any standard format for image data files which extends

across the systems on which TransMAPS is to be used. Thus, the file

format for TransMAPS input was chosen to minimize the buffer overhead

incurred in the program modules.

TransMAPS assumes that user raster source images will be supplied as

sequential binary files written using the SEGMENTED record type. This

form allows the physical record size (and consequently the buffer) to be

much smaller than the largest logical record size expected. Moreover,

the physical records are sufficiently small that file transfer utilities

such as FLX can be employed. Because the types of source formatting for

a particular site or application are unknown, responsibility for

provision of the conversion utilities to establish the SEGMENTED source

raster files is presumed to reside with each site. For test purposes,

the imagery delivered as part of the TransMAJS package his already been
placed in this form. Thus initial installation and checkout can proceed

independently from the generation of this image conversion capability.

TransMAPS does accommodate both eight bit per pixel and six bit per pixel

source forms. For the six bit sources, the so-called DICOMED format

convention is assumed; namely, six-bit pixels right justified in

eight-bit fields. This convention avoids the 'byte-swap' complications
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encountered between DEC (lowest byte first) and many other computer

systems (most significant byte first). This six bit convention is also

" the standard for such imagery at RADC.

* 3.2 MAPS File Formats

File formats for the remaining MAPS files are determined by access type

and file content. Printer listing files are, of course, of FORMATTED

type. All raster image files (input or output) are of SEGMENTED binary

type. Subframe-organized image files are of FIXED record length binary

type suitable for DIRECT access under either FCS-11 or RMS-11 file

systems. The MAPS compressed image stream is also written as a FIXED

record length binary file with records of 512 bytes. Finally, files

i containing user parameter sets and the symbol table bit maps are

expressed as SEGMENTED binary files.

All MAPS data files with their mnemonic file names, content descriptors,

and file type characteristics are listed in Table 3-1.

3.3 Standard MAPS File Header

The various 'internal' MAPS image files - IMAGE, MAPS, DMAPS, LEVEL,

ADAPT, and ERROR - all require certain ancillary information in their

roles of intermodule conmunication. This information is carried in a

standard MAPS file header which is the first record in each file. In

each case, the record length is adjusted to match the corresponding FIXED

length for the file. Thus, the header content must fit within the

smallest allowed value of this record length - namely, 64 bytes.

I
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TABLE 3-I. TRANSMAPS FILES.

File Characteristics:

Filename Content riletype

User Source image, Roster SEGMENTED

IMAGE Source lmage,, Suoframes FIXED *

MSET MAPS User .Parameter Set SEGMENTED

MAPS MAPS Compression Stream FIXED *,

DMAPS MAPS Bldck/Pattern, Subtrames FIXED 4

LEVEL MAPS Resolution Image, Subframes FIXED *

ADAPT MAPS Adaptively Smoothed, Subframes FIXED *

ERROR MAPS Difference Image# Subtrames FIXED *

EPRINT Fidelity Performance Listing FORMATTED

IRAST Source Image, Raster SEGMENTED

DRAST MAPS Decompressed Imaqe, Raster SEGMENTED

LRAST MAPS Resolution Image, Raster SEGMENTED

ARAST MAPS Adaptively Smoothed, Raster SEGMENTED

ERAST MAPS Ditterence lmage, Raster SEGMENTED

SYMBOL Annotation Symbol-Map Tables SEGMENTED

User Emoedoed Input Image, Raster SEGMENTED

ANIMG Annotated Imacs, Paster SEGMENTED

APRINT Annotdteo Pseudo-image Listing FORMATTED

* 'FIXED' Subtrame Hecords are 64, 256, or 1024 bytes
4$ 'FlXD' Compression Stream Records are 512 Bytes
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Currently, the header information occupies the first fifty of these

locations and is organized as follows:

Standard MAPS File Header:

Bytes;
Identigication: .....
-------------------------------

File Type 0 IMAGE 2
1 MAPS
2 DNAPS
3 LEVEL
4 ADAPT
5 ERROR I-D
6 ERROR I-A
7 ERROR D-A

Image Name

image sizes

Lines/lmaqe 2
Plxels/Line 2
blts/Pixel 2

Image Partitions

Subframe Size (9 16 32) 2
Subtrame Grid (OsSquare, luStagger) 2
Subtrame Count 4

MAPS Results:

NAPSe Count 4
BlocK/Pattern Vector

(I Bit/Level. Paecked Right to Left) 2
Optimal Pattern biases

(Level [>0]. Low/High) 5x2x2 * 20

Future Use:
... .... 14

TOTAL 64

Thus, there are fourteen additional bytes available for future expansion

before a more elaborate header structure must be sought. Note that a

separate record is used for the header on the MAPS-compressed data

stream. This, however, is not really necessary since the division into

512-byte records is arbitrary and asynchronous. The MAPS file header

could be incorporated into the first fifty bytes of the first record

followed immediately by the start of the MAPSel data stream. Only slight
modification to the initialization procedures would be required to
accomplish this. It can be done in situations where minimum compressed

data size is sought.

., 111-13
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As might be expected, almost all information in the header is created in

the first two modules - SUBFRM and MAPS. The first two bytes encode the

type of data in the file. This preserves the integrity of the file

contents through subsequent file name changes. The next twenty-two bytes

describe the source image and its partition into subframes in program

SUBFRM. The remaining twenty-six bytes characterize the MAFS compression

and the optimum pattern bias values needed for decompression. This data

is generated in Module #2, MAFS. The unused header bytes might be

*' employed in the future to carry the control selections used to create

alternate product images.
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SECTION FOUR

*I NSTALLAT ION tj
This section describes the procedures required to transfer TransMAPS from

its source computer-compatible magnetic tape to a functional system.

4.1 FLX File Transport

The TransKAPS software and support data resides on nine-track magnetic

tape (density 800 bpi) in the form of twenty FLX files. These are

further subdivided into three file categories - seven FORTRAN source code

*files, seven FORTRAN object code files, and six data files.

The command sequence to enter these files on the system is as follows:

ALL MMu: Allocate tape drive

FLX MMu:[50,27]/LI List FLX tape contents
(optional)

FLX SY:[g,m]/RS - MMu:[50,27]*.*/DO Transfer all TransMAPS
files

PI P/LI List transferred files

(optional)

DEA MMu: Deallocate tape drive

Here, 'ul is the physical unit number of the tape drive on which the

TransMAFS FLX tape is mounted and [g,m] is the UIC (user identification

code) under which the TransMAPS software is to be Installed. The UIC

under which the system was originally transferred to tape was (50,27].
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The file names and sizes which should appear in the directory listings

are as follows:

File Content FLX size

SF.FSV SUBFRM FORTRAN Source Code 29MP.FSV MAFS FORTRAN Source Code 67
DM.FSV DMAPS FORTRAN Source Code 20

AD.FSV ADAPT FORTRAN Source Code 43
DF.FSV DIFFER FORTRAN Source Code 28
RS.FSV RASTER FORTRAN Source Code 23
AI.FSV ANNOTE FORTRAN Source Code 61

SF.OBJ SUBFRM Object Code 26
MP.OBJ MAPS Object Code 71
DM.OBJ DMAS Object Code 30
AD.OBJ ADAPT Object Code 38
DF.OBJ DIFFER Object Code 25
RS.OBJ RASTER Object Code 17
AI.OBJ ANNOTE Object Code 67

SYMBOL.BIN Symbol Map Tables 37
GIRL6.BIN Girl 6-bit 'Toy' Image 34
MTEST.BIN MAPS Logic Test 'Toy' Image 46
MSET.BIN Sample User Parameter Set 2
BLDGIMG.BIN 'Building Scene' Video Image 631
GIRLIMG.BIN 'IEEE Girl' Video Image 631

4.2 Data Files

The six TransMAPS data files are all transferred under file type '.BIN'.

Each of these files is in SEGMENTED binary format. The choice of the

'.BIN' type allows FLX to default automatically to Formatted Binary

mode. Note that in the FLX tape versions of the files, binary headers

and checksums are added to the data. This means that the FLX file size

for such files will typically be somewhat larger than the corresponding

Files-11 versions. These differences will be reflected in the file sizes

reported when PIP is used to list the directory after file transfer. In

the Files-li disk environment, for example, the 'video' image sizes are

each 608 blocks.
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4.3 FORTRAN Source Code Files

The FORTRAN source code for the seven TransMAPS modules was transferred

with an arbitrary file type of '.FSV'. This was done to permit retention

of the original version of the source code if later versions are created

and then all but the most recent eliminated by a PIP purge switch.

4.4 FORTRAN Object Code Files

The object code for the seven TransMAPS modules was produced by the

FORTRAN IV-R.US compiler (F4P) under RSX-11M on a PDP-11/70. Here, the

standard file type, '.OBJ' was used for the transfer. This file type is

another of the small class of names for which FLX correctly defaults to

the Formatted Binary mode.

4.5 File Renaming and Protection

Note that for both the source and object code files, the file names have

been shortened to two-character mnemonics. Experienced users will find

these short names useful in reducing the keystrokes needed to invoke the

processes during interactive execution. Inexperienced users, however,

will probably prefer the security of the longer mnemonics. Thus, it is

suggested that the '/EN' switch be used with PIP to enter both the full

and short versions of the file name as synonyms in the file directory.

This probably need be done only for the task files, type '.TSK', after

they have been generated.

The program modules will expect the data files to exhibit type '.DAT'. 3

Thus, the '.BIN' files should all be renamed using the PIP switch '/RE'.

Alternatively, the '.BIN' files can be retained as backup and copies

created by PIPwith a file type of '.BAT'.
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In addition to or as an alternative strategy to protecting 'the key

TransMAF5 files by using multiple copies with different names, the

* explicit protection status of the files can-be changed via the PIP switch

'/FR' with appropriate subswitches. The source code files and the

critical data files (SYMBOL.DAT, MTEST.DAT, and GIRL6.DAT) can all be

changed to read-only through the switch/subswitch sequence

'/FR/SY:R/OW:R/GR:R/WO:R'. The sample user parameter set file, MSET.DAT,

can be given deletion protection by replacing the ':R' entries with

':RWE'. Read-only protection can also be applied to the '.TSK' task

files once they have been built into the system. Such protection

redefinition should help to insure that the functional package is not

inadvertently deleted during file maintenance operations where 'wild

- cards' are sometimes used in some of the file specification fields.

4.6 Program Compilation

*In principle, task building could proceed directly from the set of

TransMAPS object code files provided as part of the system. At new

sites, however, it is probably safer to recompile the FORTRAN source

code. This is done for each of the seven modules by the command line:

F4P Flle.OBJ,Flle.LST=Flle.FSV or F4P File,File=File.FSV.

Here, 'File' takes on the 'values' SF, MP, DM, AD, DF, RS, and Al. Note

that this compilation string produces a source code listing with a

cross-reference map as well as the object code file for each module.

4.7 Task Building

Following compilation, each module must be 'task built' into a lotdable

form. Task building of most of the TransMAPS modules also requires

exercise of some of the 'TKB' options to change various default settings.

4Q
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The general sequence and the specific options are outlined in the

following tabulation:

Took Build Optionas
.. a aw.. fl n

General Sequence:
*.... .. ... a

),TKD 4cr)
TK) task/FPvAapaobjeCt 4cr)
TK / 4cr)
ENTER UPTIONS:
,K8) optioliosh ter)
TKB> optlon2mn2 tcr)
TK&S) /I 4cr)

Program Nodule Options Required

&UBFRN (Sf) NAXBUFnl024

NAPS (MP) NAXBUF1024

DNAPS (DN) NAXBUFnI024

ADAPT CAD) NAXBUFnio24

DirrR (Dr) mAXbUru1024
ACTFiL5s

RASTER (R8) MAXBurxto24

ANNOTE CAI) None

Note that all but one of the options involves increasing the maximum file

buffer size to accommodate the largest expected FIXED record length in

the subfrauem-organized files. The ACTFIL increase in the DIFFER module

(from the default value of four) is required by the addition of the

performance evaluation listing, EFRINT.DAT, to the normal set of image

data files.

It might also be noted that a shorter task build command can be used with
the ANNOTE module since no TKB options are required there. The

appropriate command line takes the following form:

, TKB AI.TSK/FP,AI.MAP'AI.OBJ or TKB AI/FP,AI-AI.
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The '/FP' switch which shows up on the task file in all cases here is

used to invoke the 'Floating Fbint Processor'. Under some versions of

*RSX-lM, this switch is required even if the module contains no

instructions involving floating point processes. Failure to include this

, switch is not detected at task build but generates run time error #2:

"TASK INITIALIZATION FAILURE".

4.8 Test and Verification

Once the seven modules have undergone task building and the data files

have been renamed (or copied) to type '.DAT', the TransMAPS software

*should be ready for application. Several quick tests can be run to

verify the system. A suggested sequence to check the interface modules

proceeds as follows:

* RUN SF on GIRL6.DAT to convert the 120 line by 128 pixel
by 6 bit raster image to 8 bit subframe
form;

* RUN RS on IMAGE.DAT to convert the resultant subframe image
back to raster organization; and

* RUN AI on IRAST.DAT with annotation and in the pseudo-image
mode to replicate the output shown in
Figure 4-1.

This process will verify operation of these three modules and will

exercise the SYMBOL.DAT bit map tables. It also provides immediate

* visual confirmation via the line printer even on systems where no other

image display is available. Note that the printer should be switched to

an eight-line-per-inch mode to more closely approximate square pixels (an

8:10 ratio rather than 6:10).

The IMAGE.DAT file for the girl 'toy' image can also be used to test the

various processes directly related to MAIS. Here it is suggested that

111-20



some or all of the examples in Section Nine of the User's Manual be

reproduced. Because of the small image size, such runs go very quickly

and provide immediate feedback via the printer.

Finally, the detailed MAPS logic can be verified with the diagnostic

image MTEST.DAT as displayed in Figure 4-2. Examples of the use of this

image are presented in Section Eight of the User's Manual. The sample

user parameter set on file MSET.DAT can be used in conjunction with this

image to check and demonstrate the macro-fidelity control capabilities of

TransMAPS. The user options can be reviewed and updated to implement

various combinations of the following diagnostic tests:

Compression-Logic DLdgnostLc Tests:

Image Partition and Macro-Fidelity Control:

Input image Line and Pixel Skips
Subtrame Pnasino (Square and Staggered)
Macro-Partition Group Assignment

Micro-Fidelity Control:

Zfgzaq Sequencing
Contrast Control as a Function of Transition Level
Contrast Control as a Function of Contrast Type
Pattern Code Assignment

Gray-Scale Manipulation:

Contrast Space Quad Sort
Intensity Space Quad Sort
Intensity Reset Assignment

4

Successful completion of such checks should then insure an operational

MAFS compression capability suitable for further exploration or

functional image data base preparation.
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SECTION FIVE

*1 mMODIFICATION

This section discusses three known circumstances where TransMAPS

modifications might be desired - default parameter changes, accommodation

of interactive terminal limitations, and system-specific code constraints.

5.1 Default Settings

TransMAPS contains an extensive space of user options and each option

generally has some preset default selection. As experience with the

package grows or as typical image characteristics emerge at a particular

site, it may prove advantageous to change some of these default parameter

settings. For example, it may be found that a particular image frame

size is encountered on a regular basis. In this instance, the default
line count and pixel count for the source imagery might be set to this

size. As another example, a different standard subframe partition may 4e
best for a large class of images and the corresponding controls can be

selected for the default. Or again, a different set of contrast control

generator parameters (taper, step fraction, or step bias) may be desired

for 'normal' operation.

In order to support such changes, the default parameters for each module
have been collected and placed together near the beginning of the user
interaction subroutine for that program. Moreover, to make these default
settings easy to locate, the relevant program lines have been 'flagged'

with on-line COMMENTs of the form '. Default'. In order to effect a

default change, the system personnel need merely isolate the appropriate

setting in the source code, modify its value, recompile the module, and

rebuild the resultant task. 7
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5.2 Hard-copy or Low-baud-rate Terminals

TransMAFS has been implemented to give extensive feedback in the user

interaction by providing immediate update and display of user option
selections. In addition, extended prompts have been used to remind the
user of the range of choices available at various points. This strategy

is very helpful in a system with fast communication channels and video

rate terminal displays. However, slow channels such as low-speed phone
lines or hard-copy terminals such as tele-type or DEC-writer are less

satisfactory for this approach because of their long response time.

To reduce user frustration in such environments, it is probably desirable
to restructure the interaction to provide updates or complete prompts

less often. Reduced frequency of output is recommended in the following

three areas:

In MAPS - Present the updated image macro-fidelity partition
matrix only after the user has signalled that all
desired line-editing is complete;

In NAPS - Present the updated micro-fidelity control parameters
and corresponding threshold matrix only after a user
signal that editing is complete; and

In ANNOTE - Present the allowed character set only once before the
definition of the first annotation message, not as a
prompt to every message text definition.

Other user communications which could be shortened are those in ANNOTE

which define the message orientation and the message length. Note that

in the slowest interaction - the hard-copy terminal - the prior copy

itself is available for review. Thus, reissue of prompts is required

much less than in a faster but more volatile soft-copy environment.
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*5.3 System-Specific Code

Two known constructs specific to FORTRAN IV-PLUS were used in TransMAPS.

* If it is necessary to transport the package to a system where only the

* FORTRAN compiler is supported, these constructs would have to be

*simulated by less efficient code.

The first limitation is restricted to Module #7, ANNOTE, where the

library shift function, IISHFT, is used in the symbol bit-map resampling

processes. The shifts could be replaced by multiplies and divides with

i* powers of two. However, the bit-map tables should probably be redefined

as forty-eight lines of six bytes each, rather than as forty-eight lines

of three sixteen-bit words each. This is the first step in circumventing

the problems of sign interpretation and overflow in the high-order bits

of the Integer*2 words. Note that each byte should first be transferred

to the lower portion of a normal integer (two bytes) and sign-corrected

* before any of the arithmetic operations (pseudo-shifts) are carried out.

Note also that the 'byte-swap' problem must be accommodated since the

* bit-maps are stored left to right in the original two-byte words.

The second construct involves use of Integer*4 arithmetic at several

points where performance statistics or element counts are accumulated.

Since the ordinary FORTRAN compiler supports the Integer*4 data type but

only allows Integer*2 arithmetic on such variables, all Integer*4

arithmetic constructs must be converted to compound Integer*2 processes

with extensive overflow checking. Should such conversions be needed, an

attempt has been made to flag all lines containing Integer*4 arithmetic

with on-line COMMENTs of the form "' 1*41. These flags should at least

help to localize the conversion process.
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SECTION SIX

MAINTENANCE

This section describes common features among the program modules in order

to provide a framework for understanding the overall philosophy of

implementation used in TransMAPS. This information should provide useful

guidance for any necessary software maintenance activities on the package.

6.1 Generic Program Structure 2

All seven principal TransMAPS modules have essentially the following

overall structure:

Generic Program Structure:

User Interaction - Subroutine USERx Cx = I,K*D,AER)

rile Establisnment - Subroutine FILESx Cx a INMDA..R)

Process Initialization - Subroutine SETUPx (x 8 INDA.E,R)

PRINCIPAL LOOP on Subtrames or Lines

Each program contains three main preprocess steps - user option

interaction, opening and positioning of files, and initialization of

tables and variables. The names for the primary subroutines which

implement these preprocesses also exhibit a consistent convention -

USERx, FILESx, and SETUPx. Here, 'x' is a single-character mnemonic for

* the host module which calls the routine. Note that the calling order for

*these preprocesses does vary among the modules since the file header

information is needed to direct the user interaction in some cases, while

the user interaction selects the relevant files in others. Such usage is

clear from context in the actual program listings.
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The body of each program is then typically a loop which iterates on lines

or subframes within the image(s). Both the preprocesses and the body of

each program are further modularized at points of natural process

division. This partitions the implementation into 'graspable' chunks

with an average routine length of less than fifty lines including

continuations but excluding COMMENTs. Both the number of subroutines and

the overall task length for each module are listed in the following

tabulation:

Module Characteristics:
----------------------

Program SuoroutInes Task Length
------- ----------- -----------

SUBFRM 6 31936

MAPS 15 31410

DMAPS 6 16720

ADAPT to 27968

DIFFER 5 25312

kASTER 5 29664

ANNOTE 14 31640

Note that with the exception of Module #3, DMAPS, all of the programs use

a large fraction of the available 32K task space. Indeed, three of the

modules just fit within the constraint imposed by the sixteen bit word

length.

111-28



I

6.2 Integrated User Interaction

In general, the user interaction portions of the code were not further

partitioned into smaller chunks. In this area, it was felt that the flow

several small routines.

The sequence of interactions tends to exhibit a natural punctuation.

Typically, the definition of each user option or parameter proceeds
through a sequence of fairly well-defined steps. First, the current

value (initially the default) is checked for consistency with parameters

defined previously in the interaction and reset as necessary. Next, the

user is prompted with the parameter under consideration, its current

value, and its current allowed range (if applicable). This prompt is in

the form of a query to which the user can respond with either a new value

or 'no change' as desired. The user's response is then used to update

the parameter and it is again checked and corrected for consistency with
the allowed range. The interaction then proceeds to the next option or-

parameter. Thus, the code comes naturally in a sequence of easily

grasped packets.

In the TransMAPS implementation of the user interactions, the packets are

further set out by indenting the consistency checking operations.

Moreover, the FORMAT statements containing the query communications are

placed at the location of the corresponding packets (rather than being

4 collected at the beginning or end of the routine). These FORMAT

statements then serve as integral documentation of the interaction and

the flow of code need not be interrupted with separate COMMENTs.

6.3 Subroutine Communication
K

Modularization in MAPS is intended more to give conceptual organization
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to the process than to isolate multiple-use segments of code. The flow

is characterized by a sequence of processes on a common body of data

using common control parameters. Thus, formal parameters to accommodate

varying points of application are not needed for subroutine transfer.

The data and control parameters are then conveniently organized into

named COMMON blocks for interroutine communication.

These labeled COMMON blocks serve to give further structure to the

process and to provide mnemonic groupings in the data and parameter

spaces. Indeed, such blocking provides the organizing principle for

construction of an effective DATA DICTIONARY for each module. This

information is then documented by including it in the program COMMENTs.

6.4 Intra-Program Documentation

. For a capable programmer, the flow of code itself is the key

documentation in a program and extensive in-line COMMENTs often prove

distracting. Hence, a consistent pattern of header COMMENT blocks has

been adopted for the internal documentation of the TransMAPS modules. An

extended block is given at the beginning of each of the seven main

modules with abbreviated headers given in each of the other routines.

The generic formats for these headers are summarized in Table 6-I.

Note that the main block contains a brief process descriptor, file
communication definitions, a user interaction outline, a 'structured'

process hierarchy, and a data dictionary. The subroutine headers contain

a brief description of purpose plus the CALLing links to and from the

routine.

The remaining seven sections of this manual present the detailed listings

of this annotated TransMAFS source code.
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Table 6-I. GENERIC MAPS PROGRAM COMMENTS

COMMENT Formats:

Principal module Headers:

C

C I IJ
C I TransAPS Module on: process descriptor I
C I I
C ----------------------------------------------

Ci C Control Data Corporation - 1982

C Files: Unit Name Content From/To Type
C ------
C In/Out n zzzzz descriptor module SEGMENTED
C or DIRECT
C or FIXED SEQ.
C or FORMATTED
C
C User Interaction:
C -----------------
C principal Interactive parameter groups
C
C Program Structure:
C -----------------
C subroutine calling hierarchy with brief process outline
C
C COMMON Block Communlcation:
C ---------------------------
C /bloCkname/ descriptor length (1$2 words)
C host routine names
C
C variable [datatype) descriptor
C
C (These lists provide a module DATA DICTIONARY)
C
C order conventions or geometry definitions (If appropriate):
C --------- t------------------- -----------------------------

Subroutine Headers:

C
C Purposes brief process description

4 C
C CALLed from: calling routine name(s)
C
C CALLs: called routine name(s)
C
C geometry definitions if appropriate:
C ----- t-----------------------------------------------------

On-line Flags:

Expression Comment Function
----------..... - - - -

I Default (default values set In USERx)
, 14 (four-byte Integer arithmetic)
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K SECTION SEVEN

TRANSMAYPS MODULE #1: RASTER TO SUBFRANE CONVERSION

*7.1 rogram Characteristics

Program Names: SUBFRM or SF

Subroutines: USERI
FILESI
SETUPI
SQUARE
STAGGR
LINEIN

Files: User.DAT (i nput user raster)
IMAGE. DAT (output)

Task Build Options: PAXBIJF =1024

Task Size: 31936

7.2 Source Listing

The COMMENT-annotated source listing for SUBFRM follows:
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Raster to Subtra:e Conversion: TrensMAPS 1-1 UBFRMj

~PROGRAM $UFmm

.C + -----------------------------............................
C I
C I TransMAPS Nodule #it Raster to Subaream Conversion I
CI I

C

C rues: Unit Name Content rom/To Type

C ......

C In 2 User source raster image User SEGMENTED
C Out 3 IMAGE Source Image. subfraees MAPS DIRECT
C or DIFFER
C or RASTER
C
C User Interaction: In Subroutine USERI

"C ........ w -------

C o ource Image Identification
C Source Image Position SPecification
C Source image Size Specification
C Source Image Partition Specification
C

fC

C Program Structure:
C .. s s.. .. .. .. ..

C PROGRAM SUBFRM
C CALL USERI Specify image name, position, size, partition
C CALL FILESI Open and position input file, open output tie
C CALL SETUPI Characterize image Partition and padding
C ir square grid:
C CAL SUUARE Convert restart GxG 16x16 32X32 Subtraoes
C Loop on rows of subfraces In line direction
C LOOP on a-line swathes within Subframe rows
C CALL LINEIN S cells, line input, 6-8 bit
C Loop on subframes in Pixel direction
C Input prior partial subfraMe (it 16 32)
C Update subframe with S line segments
C Output updated subframe'
C or IF staggerea grid: .

C CALL STAGGR Convert raster: 6x8 staggered subfremes
C Loop on lines
C CALL LINEIN Input next line# 6-9 bit conversion
C Loop on subframes completed on this line
C Extract subframe from recirculating buffer
C Output subfratms
C
C COMMON Block Communication:
C ft --- a ........

C oBlank. Raster image Input date Length$ 16128
C SUBFRM,5OUARESTAGGRLINEIN
C
C I5UF(4032,O) (Byte) Block or recirculating 6-line buffer
C
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Raster to Subframe Conversion: TrensMAPS 1-2 SUBFRN

C /HEADER/ Standard MAPS file header Lengths 32

C SUBFRMUSERI,FILESISETUPI
C
C IFILE (1*23 File type
C INANE(M) (Byte) User-selected image name

C NL (1*23 Number of lines In source Image

C NP (1*23 Number of pixels in source Image
C NB (3*23 Number of bits/pixel In source image

C KSF (1*2] Kind of subframe 8x8 16x16 32x32

C IGRD (3*2) Subframe grid: square(O)/staggered(1)

C NS (1*43 Total subframe count
C MC (1*4] MAPSel count
C NIXBP (1*23 Packed blocKtO)/pattern(l) mode (rt-lft)

C IBV(5,2) (1*2] Optimal pattern biases by level,low/high

C IPAD(7) (1*2J Space for future extension

C
C /INAGIN/ Source file and position data Length: 7

C USEKI,FILESI,SETUPI
C
C FILNAM(IO) (Byte] Source raster tile name

C LSKP CI*23 Lines to skip Into source raster

C KSKP 132 Pixels to skip Into source raster

C
C /LINEUP/ Line Input control parameters Length: 7

C SETUPI,SOUARE,STAGGR,LINEIN
C
C IP (3*2) Initial pixel to retain (KSKP+i)

C 1PR (I*23 Total input pixels to read
C LP (3*21 Last Pixel with subtrame completion pad

C NT (1*2 Bit count flag 6(1) or 8(0)
C LB E1421 Current line mod 8

C #K (3*23 Current line In input raster incl skips

C LSKPT (3*23 Lines skipped (copy of LSKP)

C
C iSFDATA/ Subframe output date Length: 512

C SETUPI,SQUARE,STAGGR
C
C ISF(i024) (Byte] Subtrame image assembly array
C
C /SFTEMP/ Subtrame and image size parameters Length: 6

C SE'UPISOUARESTAGGR,LINEIN
C
C NLT (1*23 Number of lines in Image
C NPT (1*23 Number of pixels In Image with pad

C KSFT (3*23 Subtrame size: edge
C KSQT (1*2] Subframe size: pixel count
C NST (3*43 Subframe count
C
C /SQR/ Square grid partition controls Length: 3

C SETUPIrSQUAHE
C
C NPS (1*2] Number of pixel-dlrectlon subframes

C NLS (3*23 Number of line-direction Subfraaes

C NSWTH (3*23 Number of swathes/subframe (1 2 4)
C

4
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RAer to Subtrame Conversion: Tran$MAPS 1-3 SUBFRM

C /STGRO' Staggered grid Partition controls Lengths 24
C SETUPIvSTAGGR
C
C NP5LCS) (1*2] Number of Staggered subframes In pixel
C direction for each Startline mod 8
C NbsLSe) C1*21 NUMber of Staggered subframes In line
C direction for each Itartline mod 6
C ZpiiSLC) (1*21 Initial pixel of first staggered
C subtrame for each startline mod 8
C
C ...... w------ ---------------- ..........-.. ......... ---

COMMON 18UFC4032,8)
BYTE IBUF
COMMON /HEADER/ IFIILEINAMECS),NL,NP,NB,KSF,IGRD.NSNCMZXBP,
* IBV(5,2),IPA,(7)
BYTE INAME
INTEGER*4 NS.MC
CALL USER!
CALL FILMS
CALL SETUP!
TYPE 500,INAME,NS

500 FORMAT(/,iX,*CCNVERTING IMAGE ',@Al,. T-,17,- SusFRANES-)
IF(IGRD.NE.0) GU TO 110
CALL SQUARE
GO TO 120

110 CALL STAGGR
120 CONTINUE

C6OSE(UkIT=2)
CLOSE(UNITs3)
END

111-35

- -



Rbiter to Subf rame Conversion$ TransMAPS 1-4 SUBrRN/USEtRI

SUBROUTINE USERI
C
C Purpose: User Interaction for rester to subi rame conversion
C Source Image Identification
C Source Image position
C Source Image size
C Source Image partitionp C
C CALLed from: SUBFRM
C
C ------------------------------------- e ............-...

COMMON /NEADLR/ IFILE,INAME(b),NL.NP.NB.Ksr.IGRDNSMC,MlXBP.
+ IBVCS,2),lPAD(7)

BYTE INAxE
INTEGER*4 NS,MC
COMMON /IMAGIN/ rihNANCIO),LSKP,KSKP
BYTE FILNAM
DIMENSION NANETCIO)
BYTE NAMET,NAML1
EQUIVALENCE CNAMEi~hAMET(l))
DATA IF1LE/0/ I Default
DATA INANE/S*IH S Default
DATA NLNPNB.K~r,IGRD/48O.624*,,0/ I Default
DATA NStMC,MlXbpvIBV.IPAD/2*Ov1SSo/
DATA FILNAM/lHF,IHOiHR,1Ho,IHO,1H2,4*0/ I Default
DATA LSKPoKSKP/2*0/ I Default
DATA MPIX/4000/
TYPE 500

500 rORMAT(/,iX,45(IH*) ,/,1X,-*',43X,.*./,X,
* SMAPS RASTER TO SUSFRANE CONVERSION NODULE '

100 CONTINUE
TYPE 510

510 roRMATC/,3X,-So0RCE IDENTIrICATIONI')
TYPE 520,F16NAP

520 FORMAT(/,SX,-SouRCE RASTER FILENE? (UP TO 9 CHARACTERS) '
+ lOAI)

ACCEPT 1,NAMET
I FORMATCICAl)

IF(HNEI.EU.IN ) GO TO 130
IF(NAME1.ku.1H/) GO TO 130
IFCCNAME1.GE.1HA)*AND.(NAMEILaE.1HZ)) GO TO 110
TYPE 530

530 roRMATC/,IX,'*** FILENAPE MUST START WITH LITTER')
GO TO 100

110 DO 120 1=1,9
F1LAM(I)vNAMEI CI)
IFCNAMET~i).L.H ) rILhN(I)N0
xF(NAMETCI).EQ.IH/) FILGdAM(I)80
iFCI.EOi) GO TO 120
IF(FILNAMLI-1).E0.0) FILNANCI)R0

120 CONTINUE
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Rbster to Subi rose Conversion: transhAPS 1-5 5UBFRN/USERI

130 TYPE 540,IMANE
540 FORNATC/,5X,'USER IMAGE NAME? (UP TO S CHARACTERS) ',gAl)

ACCEPT 1(AEC)116
DO 140 1z1.6

L 1F(NANET(I).NE.14 ) GO TO 150
140 CONTINUE

GO TO 170
I50 IF(NAMEI.E0,WH) GO TO 170

DO 160 1&1.8
IMARECI)aNAMET(I)
ir(IhAD4E(I).LE.114 ) INAMsE(l)=IH

160 CONTINUE
170 TYPE 550
550 FORNAT(/,3X,PSOURCE IMAGE POSITION:')

TYPE 560,LSKP
560 FORMATC/,5X,*NUMSER OF LINES TO SKIP?*,IS,5x,*/ a NO CHNG)')

ACCEPT *,LSKP
TYPE 570,NPIX,KSCP

570 FORMATC5X,'NUMBER OF PIXELS TO SKIP? C('.5.')',I5,4X,
I (/ a No ClING)')

ACCEPT 0,KSKP
IF(KSKP.GE.NPIX) KSKPuMPIXl1
TYPE 580

580 FORNAT(/.3x,#SJURCE IMAGE SIZE:')
TYPE 590,NL

590 rORMAT(/,5X,-wU4BER OF LINES TO PROCESS?'#15.0 u a NO ClING)')
ACCEPT *,NL
NXP=MPIX-KSKP
IT(NP.GT.MXP) NP8MXP
TYPE 600,NXP,NP

600 rORMAT(5X.NU~bER OF PIXELS TO PROCESS? (UP TOI,IS,')',15o
+/a No ClING)')

ACCEPT *,NP
iFCNP.GT.MXP) NPwNXP
TYPE 610,hb

610 rORMATC5X,'NUMbER OF BITS/PIXEL? (6 0)',I3,4X.'C/ a NO ClING)l)
ITEMS
ACCEPT *,IT
zm(IT.EQ.6).OR.CITEO.8)) N~mIT
TYPE 620

620 rORMATC/,3X,*SOURCE IMAGE PARTITIOWS)
TYPE 630,1(51

630 rORNAT(/rS,XsuorRAME EDGE? (S 16 32)'.13#7X.C/ a NO ClING)')
ITwKSr
ACCEPT $,IT
irC(IT.EQ.8).OR.(IT.EQ.16).OR.CIT.EQ.32)) 1(8731?
IFCKSF*NE*S) GU TO 18O
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Raster to SubI rame Conversion: TransMAPS 1-6 suBrRm/USERI

6GRDU INN
iFCiGRD.NE.0) 6GRDCI1NY
TYPE 640,LGRD

640 FDmAT5XSTAGGEP GRID? (Y OR W) *,Al)
ACCEPT 1,61T
XF(LIT*.EINd IGRO
IrCLITEQ.1NY) ZGRDUI
GO TO 190

18O IGRDuO
190 TYPE 650
650 rORMATC//,3X,'U3ER spECIFiCATION COMPLETEZ-,/,3X,29(IHS),//,5X,

* 'REVIEw? (Y ONt N) NO)
ACCEPT IlbIT
IFbLIT.EQ114Y) GO TO 100
RETURN
END
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Roster to Subf rame Conversion: TransNAPS 1-7 susmR/ribEsi

SUBROUTINE FILES!
C
C Purpose: Open and position flies
C
C CALbed from: SUBFRM
C

C --------------------------------------------- ........... --------------
COMMON /NEADER/ iriLEINANE(8).IiL,NP,NB,Ksr,iGRD,Ns,NC,NixSP,
* 1VC5v2),IPADC7)
BYTE INAME
INTEGER$4 NSNC
COMMON /1NAGIN/ FILNAN(IO),bSKP,KSKP
BYTE FILNAM
OPENCUNITU2.TYPEuOL1D ,NANEUFILNAN.FORNu*UNFORNATTED'.READOULY)
ir(LSKP.LE.0) GO TO 130
DO 110 aLU,LSKP
READ C2,ENDmi2O.ERRz12O)

110 CONTINUE
GO TO 130

120 TYPE 500,L
So0 FORMATE/,IX,P*00 Eor/ERR AT SKIP bINEP,15)

STOP
130 CONTINUE

LSFO(KsF'Ksr)/4
OPEN(UNITU3,TYPENEWD.NANE.DIMAGE',roRNoUNroRATTED,

+ RECORDT!PEaUFIXED.RPECORDSIZEuLsrACCE&SxmDIRECT*)
RETURN
END
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Abster to Subf rame Conversion: tranoNAPS 1-S SUSfRN/3ETUPI

SUBROUTINE SETUPI
C
C Purpose: Istablisl subf rams Partition parameters
C Write subftast output fi10 standard NAP& header
C
C CALLed from: suarkm
C

COMMON /HEADERk/ irILEINAMECB),NL,NP,NBKsr.IGRD.NS.N,NImxBp,
* XV(5,2),IPAD(7)
BYTE INANE
INTEGILR*4 NS,MC

DIMENSION JHEAD(32)
ZOUIVA.EtCE CJHEAD(i) PIFILE)

COMMON /IPAGIN/ FILNAR(1O),LSKP,KSKP
BYTE rILNAM
COMMON /LINEUP/ IP,IPR,LPUBTPLSLKLKSPT
COMMON 1309/ NP~vNLS,WNSNTH
COMMON/STGR/ ftPSL(S),NLSL(9)*IPSL(3)

DIMENSION JPSL(8),JLSL(8)
COMMON /SFTEMP/ NLT.NPT,K3FT.KSGT,NST
INTEGER*4 Nat

BYTE ISF

DIMENSION JSF(S12)
EQUIVALENCE CJSFCI),lSP(l))

INTEGER*4 lSTAK4 -

DATA IPSL/1,2b.49,9,33,57,17,41/ -

DATA JPSL/7,4 1 .6,3,0,5.2/,JLSL/7,14,13,12,1ielO,9,S/
DATA .isr/si2s0/
NPSU(NP-I)/ICSF+l
IPUICSKP~i
IPRxKSKP4MP
LPsKSKP+KsrshPS

IrCNB.EQ.6) TI
LSKPTuLSKP
irCIGRD.NE.O) GO TO 110

C
C Square grid Partition
C

NLSBCNL-1)/KS7+I
ISTAR4zNPS
NSwISTAR4*kLS 1 1*4
NSWTHUI
IFCKSF.EQ.16) NSWTNw2
IF(Ksr.Lo.32) hSWTN=4
GO TO 130

110 CONTINUE
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Raster to Subtramg Conversion: TrarisMAPS 1-9 suSFUN/SETUPI

C
C Staggered Grid Partition
C

N330
DO 120 Ji's,
NPSLCJ)uCNPS*JPBL(J) )/8
ISTAR4xhpsu(J)
NLSLC3)uCNL+JLSLCJ) )/S
NSUNS.NLSL (1) *ISTAR4 11*4

120 CONTINUE
130 NLTxNL

NPTUK8F$NpS
KSrTxKSF
KSQT=KSF*KSF
NSTzNS
DO 140 Jw1.32

140 JSFCJ)UJNEAD(J)
WRITE (3'1) (159(j),JnI,KSUT)
RETURN
END

71
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* Raster to Subftame Conversion: TransMAPS 1-10 suFmm/&QUAPE

SUBROUTINE SQUARE
C

*C Purpose: Convert source Imaae rester to square grid of subtrames

C Loop on rows of subframes in line direction
CLoop on S-line swathes within subrame rowsj
C Input next S lines
C Loop on sabi tames In pixel direction
C InDut prior partially-completed subftame

*C Update SUbframe with S line segments
C Output Updated subtrame
C
C CALed from: SUBFRM
C
C CALLs: LINElk
C
C------------ w--------------.. ------- w------------- --- ft------ o .....

COMMON 1BUF(4032,S)
BYTE IBUF
COMMON /LINEUP/ IPIPR,LP,NBT.LS,LK,LoSKPT
COMMON ISO&/ NP&,NLS,NSWTH
COMMON /SFTEMP/ NLTNPTKSFT,KSQT.MST
INTEGER*4 MST
COMMON /SFOATA/ ISFC1024)
BYTE ISF
INTEGER*4 KRECJREC

KREC=I
DO 300 JLSUiNLS

Do 270 JSWTI4UI.NSWTH
DO 140 JL~hs1.S

bIK UL. SK PT
ir(L..LE.MLT) GO TO 120
JPNEV*JLINk1
IF(JPREV.EQO) JPREV86

DO 110 JPIXaiNPT
*110 IBUF(JPIX,JLXN)aiurU(jpix,JPREV)

GO TO 140
120 LSSJLIN

CALL LINEIN
*140 CONTINUE

JRECuKIREC
"'Pal
JLPuKSFT
XSQTmS*KsrT*(JSWTH-1)
DO. 260 JPS=1,NPS
JRCURC* 1 1*4
XFC(JShTHeNEo1) Go TO 220

DO 210 JSOT=l,KSQT
210 isr(JSGT)=0

GO TO 230
*220 READ CY'JREC) CISF(JSOT),JaQTalKSQT)
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Rbster to Subtrame Conversion: TranSPAPS 1-11 SUSFAN/SQUARE

230 JSQT=ISQT
DO 250 JLIwaIS

DO 240 JPIXsJIP.JbP
240 JSQT&JSUT~1
240 15rCJSOT)uZSUF(JPIX*J.IN)

250 CUPTINUE
NITE C3JREC) Cisr(JSGT).JS0Tul,K50T)

260 JLP.JLP+KSFT
270 CONTINUE *
300 KRECUKREC+NPS 1 1*4

RETURN
END
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Rester to Subf rame Conversions TransMAPS 1-12 SUBrRN/STkGGK

SUBROUTINE STAGGR
C
C Purposes Convert source image roster to staggered grid of subf rames
C Loop on lines
C Input next line
C L"op on subtrames completed on this line
C Extract $Ubframe from recirculating buffer
C Output SUbframe
C

FC CALbed from: suB!km
C
C CALbs: LlNEIN
C
C-------------------------------............

COMMON i8ur(4032,S)
BYTE IbUF
COMMON /LINEUP/ IP,IPR.LPNBT,LI.LK,LSKPT
COMMON /STGR/ kPSLCS),NLSLCS),IPSL(8)
COMMON /SFTEMP/ NLT,MPT.KSFTKSOT,NST
INTEGER$4 MST
COMMON /SFOATA/ ISF(1024)
BYTE ISF
INTEGER*4 JREC
JRECT-l
NL7uNLT+7
DO 300 LXI,kL7
LKzL+LSKPT
LSTRTaL.AND. "7
LSIabSTRT.1
IF~bSTRT.EQ.0) LSTRTx8
IFCL*LE.MLT) GG TO 120

JPREVuLSTRT-1
ir(JPREV.O) JPREVaS
DO 110 JPlX=l.NPT

110 IBUF(JPI)X,LSTMT)aUF(JPIX,JPREV)
Go TO 140

120 LSLlSTRT
CALL LINEIN

140 IF(b.GT.1) GU To 200
DO 160 JLINa2,9

DO 150 JPJXwI,NPT
150 I8UF(JP1X,JLXN)wisurPCix1)
160 CONTINuE
200 CONTINUE

JPSLONPSL(LSI)
JFCJPSL.EO.0) GO TO 300
JIPzlPSL(LSI)
JLPsJ IPt7
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R6ster to Subtrame Conversion: TransNAPS 1-13 suerRM/SiTAGGR2

DO 230 JalJ~

JSQTu0

DO 220 JLYU1,S
DO 210D JPIXSJIPPJLP
JSGTNJSQT.1

210 isr(js&T)aisurCjpzx.jbxw)
JbLINJLIN,1
1F(JLIN.GT.9) J16INEI

CON ON TINU
JRE RNl1 *
ENTD3JRC lr(STSQzST

Jl~nJIP+I
23 JUxb16
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R&ster to Subf tame Conversion: TransMAPS 1-14 suarRoNumEI

SUBROUTINE LINEIN
C
C Purposeg Input next line from source Image raster Input file
C Pad line to Integral number of subf tames

*C Convert Pixels from 6 bits to S bits If designated
*C SKIP designated number of Input Pixels

C
C CALLed fromi SQUARESTAGGR
C

C ~ ~~ e e e e e e ---- -- - - -- - - -- - - -- - - -- - .. . . .. . . .. . . .. . . .

COMMON IBUF(4032,S)
BYTE isur
COMMON /LINEUP/ IP,IPRtLPtNBTrL8#LK,LSKPT
COMMON /SFTENP/ NLT, NP!*KsrT. KSQ?,N8T
INTEGER*4 NST
DIMENSION KPX6C64)
DATA IPX/,410,814,020,824.")O,-34,40,"44,SO,054,0064,
* 70,N74,*100.in104,-110,8114,-120,u124,U130,0n134,NI40,u144,
* 150,'140160,164,170,174,"200,6204,-210,.214,0220,.224,

+ -230,u2 34 ,-24 0,0244,8 25 0 ,6254,0260,0264 ,0270,027 4 ,0300 ,-3 04 ,
+ 0310,0314,0320,324,0330,0334.'340,0344,03503S4,0360,364,
+ 4370,6374/

READ C2,ENDzIIO,ERRm11O) CIBUrC3.LI),jmj,IpR)
GO TO 120

I10 TYPE 500,LIC,LSKPT
500 FORMAT(/v1X,'$** EOr/ERR AT LINII5,' CINCLUDINGuI,5

+ I SKiPS)e)
STOP

120 DO 130 JaIPR,LP
130 iSuFC.341,L6)mjsUTCJ,LS)

DO 140 JPIXuI,NPT
IPxxmaur(IPIX,L@)
IPIXzIPIX+l
irCNBT.EO.O) GO TO 140
IPGKPIXAND,077
KPXuKPX6CKP6+1)

140 IBUFCJPIX,Lo)xKPIX
150 RETURN

END
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SECTION EIGHT

TRANSHAPS MODULE #2: MAPS COMPR~ESSION

8.1 Program Characteristics

r'ogram Names: MAPS or MP

Subroutines: FILESM
USERM
SETKCM
SET U FM

J R MPSE T
ZIGZAG
LVLSET
SFMAC
SF IN
SFMA PS
QDIFF
THRESH
MAPOUT
LSTREC
SUMMRY

Files: MSET.DAT (input/output)
IMAGE.DAT (input)
MAPS.DAT (output)

Task Build Options: MAXBUF =1024

Task Size: 31488

8.2 Source Listing

The COMMENT-annotated source listing for MAPS follows:
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1APS Compression: TransKAPS 2-1 MAPS

PROGRAM MAPS
C
C -- - - - - - - - - - - - - - - -- - - - -
C II
C I TransMAPS Module 12: MAPS Compression I
C II
C ........ww....................................
C
C Control Data Corporation -1902
C
C flies: Unit Name Content From/To Type
C......-
C In/Out I MSET User-defined Parameter set MAPS SEGMENTED
C in 2 IMAGE Source Image, subtrames SU9FRm FIXED SEQ.
C Out 3 1NAPS MAPSel stream. 512 byte ree. DMApS DIRECT
C
C User Interaction: In subroutine USER%
C------------------
C Macro-fIdelity Control
C Micro-fidelity Control
C Gray-scale Manipulations
C
C Program Structure:
C --- --- --- - - -

C PROGRAM MAPS
C CALL FlLES4 Open files, read file header for source Image
C CALL USERM Specify macro-fidelity, micro-f idelity, and
C gray-scale controls
C CALL SETKCM(K) Establish contrast Control matrix, Set K
C CALL SETUPM Establish compression control tables
C CALIL R9MPSET Establish contrast and intensity mappings
C CALL ZIGZAG Establish raster to zigzag reorder table
C CALL LVL.SET Establish 3 MAPSel/byte level packcing
C Loop on subframes (LoopsF)
C CALL SFMAC(Loopsr) Determine macro-fidelity position
C CALL SFIN Input subframe, map gray scales, zigzag order
C CALL SFMAPS MAPS subtrame compression Kernfl
C Loop on levels (resolution)
-C Loop on MAPSeI quads
C CALL ODirr Form contrasts# sign-sort vector
C CALL THRESH Test contrasts, form NAPSeI
C Transfer completed MAPSels to output buffer
C CALL MAPOUT Output MAPSOI stream record
C CALL LSTREC Output final (partial) MAP~el stream record
C CALL SUMMRX Determine optimal biases, compression, 6 MSE
C

4C COMMON Block Communication:
C -. . . .. . .- . .. . .. .

C /BLKPAT/ SlocK/pattern **o by level Le*ngths 21
C SETUPMSrMAPS
C
C LBPTC5) (1*23 SlocK(O/pattern~l) for levels 1-5
C IQBP(4,4) t!*2J Low/High Index by Quadrant,Pattern

4 C

111-48



MAPS Compression: TransMAPS 2-2 MAPS

C iCNTRST/ Functional contrast control matrix Length: 9i
C SETUPN,srNAC,srxAPsTHRESH
C
C KCMTCBO) [1$21 Sequentially-oddressed contrast matrix
C KINDEX (1*2] Pointer for Current macro-tidelity Index
C
C /CONTRL/ User-interactive Input Specifications bength: 415
C USE&M .SETKCN ,SETUPM ,kMPSC? .srMAc
C
C MAC(16,i6) (1*2] Macro-fidelity imaq* partition
C KCS(4) (1*23 Micro-type: parametric(0)/matrixl)
C CS(4) ER*4] Contrast scale parameter
C TBM4 CR*4] Taper best parameter
C Sr(4) CR*4] Step fraction parameter
C 58(4) (R*43 Step bias parameter
C KCM(4,5.4) (1*2) Contrast control matrices
C (ContrastTrAknsltionMacro-group)
C LsPC6) (1*21 Block(O)/patttrnci) mode (Level,1)
C KSP(2,9) (1*21 Contrast-space remap breakpoint pairs
C IBP(2,9) (j*2] Intensity-space remap breakpoint pairs
C IRSET (1*23 Intensity reset type CM P b S T H)
C

*C /GRYSCL/ Gray-scale remap tables Lengtht 4608
C SETUPM,RMPSET~sriN1 SFNAPS,THRESH
C
C KRMPC25S) (1*21 Code to Contrast space remap
C IRMPC256) (1*23 Code to Intensity space remap
C IDMP(4096) (1*23 Intensity to Code space demap
C
C /HEADER/ Standard MAPS file header Length: 32
C MAPS,FILESkUSERN,SETUPM,SUMKRY
C
C IFILE (1*2] rile type
C INANE(S LFyte] User-selected Image nameC ML (1*23 Number of lines In source Image
C NP (1*2J Number of pixels In source Image
C No 11*2] Number of bits/pixel In source image
C Ksr (1*23 Kind of subframe SxS 16xi6 32x32
C IGRD (1*23 Subframe grid: squar*(0)/sta,,p,*redC1)
C NS (1*41 Total 5ubframe Count
C KC (144 MAPSel count
C MIXOP (1$23 Packed bloCK(0)/pattern~i) *ote (rt-Ift)
C IBVCS.2) (1*23 optimal pattern biases by leveltlou/high
C 1PADC7) (1021 Space for future extension
C
C /LVTOL/ Resolution (level) code packing te31e Length: 366
C SETUP0,16V[SET,MAPOUT.LSTREC
C
C 16VLT(366) [1*23 Level code triplet to byte conversion
C
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NAPS Compression$ TransMAPS 2-3 NAPS

C /NAPSSF/ NAPS suborame data spaces bength8 4093
C SETUPM,SFINSFNAPSTHRESH
C
C NSQ [1*21 Number of total Pixels/subframe
C NLVL (1021 Number Of active Levels (4 S 6)
C ICODE(I024) (1*2] Subframe Pixels In code (I bit) space
C KNTRST(1024) (1*21 Pixel/NAPSeI remap to contrast space
C INTENS(1024) (1*21 Pixel/MAPSel remap to Intensity space
C LEVE6C1024) (Byte] NAPSeI resolution (level) code
C PATTRN(i024) (Byte] NAPSel pattern code
C
C /NDATA/ NAPS output buffer Length: 259
C MAPSrILESMSETUPNSFNAPS,
C NAPOUTLSTRECSUNNRT
C
C NREC (1*41 Index of most recently written record
C NLOC 1*2] Index of most recent buffer entry
C NSF(512) (Byte) NAPSel stream assembly buffer
C
C /NSTATS/ Accumulators for optimum bias & MSE Length: 80
C SETUPMSFSAPSSUNNkY
C
C KOUNT(2,b) (1043 Pixel count by low/high,level
C DIFF(2,6) [R*8] Sum of (I-N) by lOw/high,level
C DIFFSo [R*6. Sum square of (IN) (source-MAPS]
C SUNS0 [R*S] Sum square of 1 (source intensities]
C
C /NTEMP/ Temporary staginq, partial multipiets Length: 11
C SETUPN,SFNAPSMAPOUTLSTREC
C
C NM (1*21 Nultiplet size (4 for x8G, 3 for 16. 32)
C KM 11*21 Count currently In list
C NAPSEL(S) [1*21 MAPS intensity/pattern values
C NLVL(4) (1*21 NAPS resolution (level) codes
C
C /QUAD/ Current quad of NAPS elements Length: 17
C SFMAPSPQDIFF°ThrESH
C
C KT(4) [1*21 Contrast space quad
C IT(4) (1*21 Intensity space quad
C NT(b) (1*21 Contrasts: 3-2, 3-1, 2-0, 1-0, 2-1, 3-0
C LO 1*2] Location of quad (zigzag Index of start)
C LVLP (1*21 Level resulting If quad is combined
C NN (I*2J Contrast-sign sort vector

* C
C IRESET/ Intensity reset controls Length: 6
C SETUPMoRMPSET,THkESH
C
C NSK(4) [E*2] Activation masks by sort order
C NORM (1*2l Normalization divisor (4 2 1)
C NDIAS [1*21 bias for rounding (2 1 0)
C
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NAPS Compression: TransNAPS 2-4 NAPS

C /SUCNTL/ Subtrame Index to Macro-fidelity Index Length: 25
C SETUPN,ZIGZAG.SFNAC
C
C KsFT (1*2] Subframe size: Edge (1 16 32)
C KSOT [1*23 Subframe size: Pixel count
C UPST (1*21 Number of sunframes in pixel direction I
C NPSL(s) (1*2] Number of staggered subframes in pixel
C direction for each startline mod 6
C NPSL(S) (1s2] middle pixel of first staggered
C subrae for each startline mod S
C KSFH (I*23 Subframe half size
C FL [R*4) Line to Macro-tidelity Index factor
C FP (P*43 Pixel to Macro-fidelity Index factor
C JGRD [I*2] Grid type: square(O)/staggered(i)

C /SFDATA/ Source Image subframe data Length: 512
C SFIN
C
C 1SF(1024) (Byte] Subfrae Input array
C
C /ZIGZAG/ Subframe rester to zigzag conversion Length: 1024
C SETUPMZIGZAGSFir
C
C IZZ(i024) [1*2] Raster to zigzag lookup table
C
C Zigzag Order Convention:
C a---------------------.

C Pixel direction
C a-.>

C I I I
C 0 1 1
C
C ine direction I I. .... I

C V
C Ln2 d 3 NAPSel Quadrants

CI

C 4..S....0 e -,

C ... oweon..............------.. o...f..............---------.....

COMMON /HEADER/ IFILE.INANECS)lNL.NPNBKSF.IGRDNSMC,NIXBP,
+ IBV(5,2),IPAD(7)

BYTE INANE
INTEGER*4 N5,MC

DIMENSION JHEAD(32)
EOUXVALENCF (JNEAD(I)IIZLE)

COMMON /MDATA/ NREC,MLOCNSF(512)
BYTE NSF
JNTEGER*4 NREC

DIMENSION JSF(256)
EQUIVALENCE (JsFmi),msr(i))

INTEGER*4 LOOPSF
CALL FILESM
CALL USERM
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TYPE 500,INANEPNL,NP
500 rORMAT(/,.1X,*APS COMPRESSING IMAGE bSI.I. INES BY',

* 15.' PIXELS')
CALL SETUPM
DO 110 LOOPSfal,NS 1 1*4
CALL SFMAC(LOOPSF)
CALL SFim
CALL SFMAPS

110 CONTINUE
CALL LSTREC
CALLb SUMMRY
DO 120 J81,256

120 JSF(J)a0
DO 130 Jal.32

130 JSF(J)ZJHEAD(J)
WRITE (3'1) JSF
CL.OSE(UNI~m2)
CLOSE(UNIT=3)
END
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SUBROUTINE rILESM
C
C Purpose: Open tiles, read Inout header, write Preliminary output
C header
C
C CALLed trom: MAPS
C

S.. . .. . . . . . ft ............. .... .. ..

COMMON /HEADER/ IFILE.!KAKC().NL,NP.NB,Ksr,IGRDNS,NC,NIXSP,
+ IBV~b,2),IPADC7)

BYTE INAKE
INTEGER*4 NS,MC

DIMENSlOh JHEADt 32)
EQUIVALENCE (JHEAD~l),IfILC)

COMMON /NDATA/ MRFC,M:AOC,M3F12)
BYTE NSF
INTEGER44 NREC

DIMENSION JSr(256)
EQUIVALLNC. C(i ),marci)

OPEN(UNITx2,TYPEU'OLD',NANESIMKAGE'.FORWZ~uWFORMATTED.0
* RECORDTYPE*'FIXED')
READ (2) JHEAD
OPEN(UNITx3,TYIE8'NEW*,NAMESNMAPS'.FFORN~OuroNATTED',
*RECORDTYPEUFriXED',RECORDSlZ~ai2SACCCS3auDIRECT')
DO 110 Jml,256

110 JSFCJ)m0
DO 120 Jul.32

120 JSF(J)MJHEAD(J)
WRITE (311) JSF
RETURN
END
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SUBROUTINE USERM

C Purposes User Interaction ftor MAPS compressionl
C Mode: QuickC User Full
C MAPS macro-fidelity control
C MAPS micro-fidelity control
C MAPS gray-scale manipulations
C
C CALbed from: MAPS
C
C CALLS: SETKCM
C
C ------------- ---------- ----------- -- -- .----.......-..........

COMMON /CONTRL/ NAC(16,16),KC5C4),CS(4).TBC4).srC4),5BC4).
+ KCNC4,5,4),LiBP(6),KBPC2.9),IBP(2,9),IRSET

COMMON /HEADER/ IFILEINAME(U),NL,NP,NB,KSrIGRD.NS,NC,NIXBP,
+ IBV(5#2),IPAD(7)

DIMENSION MSET(415)
EQUIVALENCE (ASETMAC)
BYTE INANE
INTEGER*4 NS,MC
DIMENSION AT(lb),IAC4)
DATA CSD,ThDSFu.SBD#/2O.O.3.O,0.5,0.1/ I Default
DATA LBP2,L8P3.LBP4,LBP5,LBSPb/l1,,00,0 I Default
DATA MAXKNAXI/4095,4095/

ir(Ksr.IQ,16) bLLU
IF(KsF.EQ.32) LVLE6
LTwLVL-1
DO 10 L8I,16
DO 10 l1.1l6

10 MA(.~iIDefault
DO 20 K=1,4
KCS (K).1 HP
CS(CK )uCSD
TBCK)=TBD
sr(K)=SFD
SB CK )NSBD
CALL SETKCMCK)

20 CONTINUE

6BP(2)uLBP2
6BP (3 )ULP3
LBP(4)zbBP4
LBP(5)wLBP5
LBP(6)uLBP6

KBPC2.I)80
IBPCI.1)20

IBPC201)u0
DO 30 J82,9
KBP( 1,J)u255 I Default
KBPC2,J)*255 I Default
IBPCIJ)u255 I Default

430 IBPC2,j)u255 I Default
IRSETmINM IDefault
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TYPE 500
S00 roRNATC/lX,27(N*)..lx1,25X,S*,/*1,x

IS M APS COMPRESSION PODULE .

TYPE 510
sic FURMATC/,3X,.USLR OPTION NODEStv,

* //,5X.0 - QUICK NODE CgCLECT CONTRAST SCALE ONLY)'*
+ lSX#*U -USER PRE-DEFIWED PARAMETERS FROM FILE MSETDATO,
+ /.5X,*F -FULL OPTION REVIEW AND SELECTIVE REVISION',
+ //,SX,'MODE? C0 U F) 0-)

ACCEPT 1,LIT
t FORMATC1OAL)

IFCLIT.EQ.IIIF) Go TO 100
iFC;ITEQ.IHU) Go TO 80
TYPE S20,CS(1)

520 FORMATG'.SX.*CONTRAST SCALE?'vr7.1v5X#'C/ aNO CNNG)I)
ACCEPT *vCS(l)
CALL SETKCN(1)
GO TO 400

so OPENCUN1TalTYPEOLD.,NAMEUNSETFroRmx'UwroRATTED.ERR90)
kEAD (1) M5ET
CLOSECUNIT=1)
GO TO 400

90 TYPE 530
530 rORMAT(/,lX.*;s* NO PRE-DEFINED PARAMETER FILE FOUN:

* 'SET DIRECTLY')
C
C so* MAPS Macro-fidelity Con~trol
C
100 TYPE 540
540 FOIMAT//.3Xr'MACRO-FIDtbITY CONTROL: REVIEW/REVISE?.

* 'Y OR N) No)
ACCEPT 1,LIT
IF(LIT.NE.1HY) Go TO 140

110 TYPE 550.(MAC(l,L).Iul,16),L,L14,6)
550 roHNATC/,12X,-CURRENT IMAGE PARTITION',/,

+ 16C/,9X,1612.SX,'ROW'.13).//,5X,-ROW TO CHANGE? (1-16)0#
+ 51,'(/ x MO FURTHER CHUG)')

ACCEPT *,L
zF(CL.LT.1).OR.(LGT,16)) GO To 140
DO 120 1.1.16

120 NTCI)zMAC(1,L)
TYPE 560,L,NT

560 FORMAT(3x,'RevI5E ROW',12,'? (RANZE: 1-4) Ul NO ClING)',
+ 1C1X.I1))

ACCEPT *vMT
DO 130 1=1.16

IFCCITvGE.1).AND*CIToLEq4)) MACCItL)uIT
130 CONTINUE

GO TO 110
140 DO 1SO Kal,4
150 IA(K)zO

4 DO 160 LuI,16
DO 160 131.16
ITMACCIPL)

160 IACIT)81A(IT),1
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C
C *S NAPS Micro-f idelity Control
C

TYPE 570
570 rORNATC/1 3X,'1CRO-FIDELITY CONTROL: REVIEW/REVISE? '

lTCLITeNE,IHY) GO TO 300
200 DO 270 K=1,4

IFCIACK).LE.U) GO TO 270
210 ir(KCS(K).EQ.1HM) GO TO 220

TYPE 590vK,CS(K),T8(K),SF(K),Sb(K)
580 FORMATC7X,'GROUP',12,v CONTRAST THRESHOLD PARAMETERSP,

+ /,9X,'CONTRAST SCALE',F7.1,/.9X. 'TAPER',9XF7.1,
+ /,9Xv'STEP FRACTION ',F77.1,/9XP'STEP BIAS ',r7.1)

220 TYPE 590,K,(L-1,L,(KCNCJ,L,K).Js1,4),L.Lzl,LT)
590 FORMAT(/,7X,'GR0UP-,I2,' CONTRAST THRESHOLD MATRIX-,

+ /,16X,'E 14 L U'.5(/,9X,Il,'-',I1,415,51,'ROW',12))
230 TYPE 600
600 FORMAT(/,5X,'SPECirICArI0N MODESt',/,7X,'N - NO CHANGE',

+ ,/,7x,'s - SCALE ONLY',/,7X,'P - PARAMETRIC'./,7X,'N - ATRIX',
+ //,5X,'REV1S. SPECIFICATIONS? (N S P N) N')

ACCEPT 1,LIT
IF(LITNE.ZINM) GO TO 250
KCSCK)SINA

240 Lao
TYPE 610,LT

610 FOHNATC/,5X,'MATPIX ROWt TO CHANGE? CI-1,I1,')',SX,
+ C NO FURTHER CHNG)')

ACCEPT *,L
IF((L.LT.1).OR.(L.GT.LT)) GO TO 270
TYPE 620,K,L-1,L,(ftCM(J,L.K)#Jwl,4)

620 roRMATC2X,'REVISE GROUP',12,'ILEVEL'.1''I,?,
+ /,4X,'E N 16 U',/,415,5X,-C/ a NO CHUG)')

ACCEPT *,(KCMCJ,L#K),Jut,4)
TYPE 590,K,(L-1,L,CKCNCJ,L,N),Jsl,4),L,Lal,LT)
GO TO 240

250 IFCCLIT.NE.1HS).AND.CLIT.NE.IHP)) GO TO 270
KCS(K)=1HP
TYPE b30,K,CSCK)

630 FORMAT(5X,'GROUP',12,' CONTRAST SCALE?*,r7.1,5X,
* '(/ 8 NQ CHNG)')
ACCEPT *vCS(K)
IF(LIT.EQ.IHS) GO TO 260
TYPE 640,I(,TDCK)

640 roRMAT(5X,'GROUP',12,' TAPER?',Fb.1,5X,'(/ a NO CHUG)')
ACCEPT *,TB(K)
TYPE 650sKvSf(K)

650 roRMAT(5X,'GR0jUPv,12,- STEP rRACTION?-,F4.1,SX.'C/ a NO CHUG)')
ACCEPT *,srm~
TYPE 660,KSB(K)

660 rORMAT(SX, GROUP',12,- STEP BIAS?',r4.1,SX,fC/ a NO CHUG)')
ACCEPT *,Sb(K)

260 CALL SETKCM(K)
GO TO 210

270 CONTINUE
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DO 210 bla,LVb
MT(L)ulhB
IFLb9P(L).NE.O) NT(L)NIHP

260 CONTINUE
TYPE 670,(L-1@Lul#LVL)

670 FORMAT(/,3X,'BbOCK/PATTfRN ASSIGNMENT:Z.//,9X,'LEVEL 1,611)
TYPE 690,(NT(L),LwUI.LVL)p 600 roRMAT(9X,-AODL -,WA)
TYPE b90,CNT(L),Lw1,bVL,)

690 rORMAT(/,5X,'REvISE B/P VECTOR? ',6A1)
ACCEPT 11 (mT(L),Lu1#bVL)
DO 290 L=2,LVL
ir(NTCL),9Q.IH8) LBPCL)c0
IFCMTCL).EQ.1Hp) LSP(10*1

290 CONTINUE

C APS Gray-scale mantpuletions

700 roRNAT(/I3X,-GRAY-SCALE MANIPUATIONS: REVIEW/REVISE?
Icy( OR N) N')

ACCEPT 1,blT
4 IFCLXTNE.1NY) GO TO 400

310 Do 320 K=2,9
IF(KBP(1,K).GE.255) GO TO 330

320 CONTINUE

330 TYPE 710,(KBP(i.J).KBP(2,J)vJwl.K)
710 FORNAT(/,SX,'CONTRAST SPACE RENAPPINGS PIECEWISE bINEAR*,//,

+ 7X,'CCODE SPACE/CONTRAST SPACE) BREAKPOINT PAIRS*,//,
* (IIX#13,6X#14))

TYPE 720
720 FORMAT(/,SX,-REVISE CONTRAST REMAP? (Y OR N) N-)

ACCEPT 1,61T
IF(bIT.NE.1HY) GO TO 350
00 340 Ku2#9
KILuKBPCI,K-1)
IUCK.EQ.9) KlLu2S5

wo K2b*KBP(2, K-I)
KI Uw2S5

K26=NAXK
K1TUKBPCIK)I
IF(KIToLE.K1L) KITXKIL
K2TsRBPC2,K)
IM(MTLE.K2) K2TUK2L

4 TYPE 730t,KlK1LIIU,K2L,92U,KtKlToK2T
730 FORNATC/,7X,'POINT',12,':',/.9X,'CODE SPACE RANG9E.6X. .

+ 'C',13,'-'.13,')',/,9X,'CONTRAST SPACE RANGE I,4~.i,'
+ //,5X,'REVISE',I2,- (CODE/COhTRAST)?.1I4tI5, C NO CHNG)')

ACCEPT ',KIT,K2T
xr(KIT.LE.KIL) KlTuKIL
irCKIT.GT.KIU) KITmK1U
KBP(1 ,K)mKIT

* IFCK2T.LE.K2L) K2TuK2L
irCK2TGT.K2U) K2TSK2U
KSPC2.K)aK2T
IMCIT.EQ.255) GO To 310

340 CONTINUE
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GO To 310
350 DO 360 132,9

IFCISP(1.1).GE.255) GO To 370
360 CONTINUE

lo9
370 TYPE 740,CIBPC1,J).IBP(2,J),JwlI)
740 rOkMAT(/,5X,'1NTENSITY SPACE REMAPPING: PIECEWISE 6INEARk,#//

+ 7X*,CCODE SPACE/INTENSXTY SPACE) BREAKPOINT PAIRS-,//,
+ (IIX,13,6X,14))

TYPE 750
750 roRMAT(/,5X,.REVISE INTENSITY RENAP? (Y OR N) N')

ACCEPT l,LIT
irCLIT.NEiHY) GO TO 390
DO 330 Ix2,9
ILEIuBP(10I-1)
IF(I.EQ.9) 11"u255
12LuIBPC2,I-1)
IlUz255
12UBMAXI
IIT=IBP(1,I)
IF(IlT.LE.IIl) 11TEZIL

.14 I2TslBP(201)
IF(12T.LEeI2L) 12Tu12L
TYPE 760,1Ij1I.,I1U,I2L,12UI,IITI2T

760 FORMATC,7X,-POINT',12,1:./,9X.ICODE SPACE RANGE-,?X,
* (&,13,-',13,')*,/,9X,IINTENSITY SPACE RANGE C'.14,.*,14,
* ')',//,5X,*RLVISE',12,1 * CODE/INTENSITY)?.,14.IS.

C/UNO ClING)')
ACCEPT *tllT,12T
IF(IITLE*I1l) IlTaIlL
irCIIT.GT.IIU) IITuIlU
IBP(1,1)811T
IYCI2T.LE.12b) 12T=12L
irC12T.GT,12U) 12TBX2U
IOPC2,I)u12T
IFIlToEQ.255) GO TO 350

380 CONTINUE
GO To 350

390 TYPE 770,IRSET
770 rORMAT(/,5X,OlhlEhSITY RESETIZ,//,7X,'N -MEAN or OUAD,#/*7X,

+ 'P - PSEUDO-MEDIAN OF OUAD',/p7X1'L - L#OWEST IN QUADSt,7X,
+ 'S - SECOND IN QUAD@,/,7X,tT - THIRD IN QUAD*,/,7X,
+ 'N - HIGHEST IN QUAO*,//,SX#.REVISE RESET? (N P ba A T H).
+ Al)

ACCEPT 1lvIT
4 IFCLIT.EQa.IHM) IRSIT81HM

IFCbIT.EQ.IHP) IRSETumHP
IFCLITvEO.IHL) IRSETuLb
IFCLIT.EQ.INS) RRSETUII4S
zrCLXT.EQ.IHT) IRSET21HT
irClITEQ.1HH) lRSETxIHN
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400 TYPE 700
710 roRMAT(//,3X,*USER SPECIrICATION COMPLETE: 'S.1,X28C1Ns),//,5X,

+ 'REVIEW? CT OR N) N#)
ACCEPT l,LIT
XF(bLT.EQ.IHT) GO TO 100
TYPE 790

790 rORNATC3X,-SAVL THESE PARAMETERS FOR FUTURE USE? CT OR N) Np)
ACCEPT 1.LT
irblITNE.1HY) GO TO 410
OPENCUNITI ,TYPEU'NEW',NANEU'NSET' ,rORNa'UNFoRNATTID')
WRITE (1) MSET

ENDriLE1
CL6OSECUNITul)
TYPE 300

600 rORMAT(5X,'PARANETERS SAVED ON FILE MSET.OAT')

RETURN
END

J
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SUBROUTINE SETKCM(K)
C
C Purposes Inter GrouP K contrast control matrix from parametric
C specification
C
C CAbbed from: USERM
C
C -------------------------------------------------------- 0 .........

COMMON /CONTRL/ MACCI6.16),KCS(4),CSC4),TB(4),srC4).SI(4),
+ KCNC4,5,4),LbPC6).ICBP(2,9).IBP(2,9),IRSET

TE=CS (K)
BETS (K )
rNzsr(K)
FO3FN+SB(K)
IFCB.GT.0.) GO TO 10
TYPE 100,8,K

100 FORMAT(/,-***** GROUP',12,0 TAPER 8',FS.1)
10 Do 20 bl,5

lTuTE+O.S
KCM(1 ,L*K)=IT
ITuFm*TEe0 *5
KCm(2eL,K)IlT
1T=FU*TEtO.5
KCNC3,L,K)1IT
KCN(4,b,K)=IT

20 TExTE/B
RETURN
END
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SUBROUTINE SETUPM
C
C Purposes Establish MAPS compression controls
C Pack block(O)/Pattern(i) modes to bit vector by level
C Establish subframe partition parameters for macro-fidelity
C Index determination
C Establish contrast control matrices with single Index
C addressing
C Establish contrast remap and Intensity remap/demap tables
C Establish subframe raster to zigzag conversion
C Establish level-triplet to byte resolution packing table
C Initialize optimUM bias and performance evaluation
C accumulators
C
C CALLed from: MAPS
C
C CALLS: HNPSETZIGZAGIPLVLSET
C
C-. -------------------------------.................

COMMON ICONTRL/ MACC16,16),KCS(4),CSC4),T8C4),srC4).SB(4).
* KCN(4,5,4),LBPC6),KCBPC2,9),lbP(2,9),IRSET

COMMON /HEADER/ iFILEINAkE(8),NL,NP,wB,Ksr,iGRD,Ns,Nc.MIXBp,
+ IBV(5,2),IPAD(7)

BYTE INAME
INTEGER04 NS,NC
COMMONe /BFCNTL/ KsrTKSOT,NPST,NPSLCS),MPSL(8),KSFN,rL,FPJGRD

DIMENSION JPSL(6)
COMMON /MDATA/ MRECMLOC,msr(512)
BYTE MSF
INTEGER*4 MREC
COMMON /MTEMP/ NM,KM,MAPSELC5),M.VL(4)
COMMON /CNTRST/ KCMT(8O),KINDX
COMMON /BbKPAT/ LOPT(5).IQBP(4,4)
COMMON /GRYSCL/ KRKPC256),IRMP(256),IDMP(4096)
COMMON /RESET/ MSK(4),MORM.NBlAS
COMMON /ZIGZAG/ IZZC1024)
COMMON /LVLTBL/ LVLT(366)
COMMON /NAPSSr/ NSQNLVL,ICODE(1O24),KNTRSTC1O24),INTEN3(1O24),
* LEVEL(1024),PATTRN(1024)
BYTE LEVEL,PATTkN
COMMON /MSTATS/ KOUtT(2,6),DiFF(2,b),DirFso.sumsQ
IF4TEGER*4 IKOUNT
REAL*S Dirr.UlFrso,sumso
DATA NPSL/S*O/,MPSL/28,52,12,36,60,20,44,4/

DATA JPSL/4, 1.6,3,0,5.2,7/
DATA IOSP/1,1.,2221,2,1,1,2,1 .2,2,2,1.1/
IFILEzI

DO 110 ja1,6
NlXBPuMIXBP.OR.CM*CLDP(J) .AND. 1))

110 M=2*M
KsrTaKSF
KSOT2KSF$KSF6 NPSTs(NP-1J/KSF,1
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IF(IGRD*EQ.0) GO TO 130
12 O0 120 Jul.8
10 NPSLCJ)=(NPST+JPSL(J))/B

130 KSFHnKSF/2
FLz16./NL
FPalb*/NP
JGRD=IGRD
PRECal
MLOCUO
DO 140 Jal,512

140 #SF(J)aO
NN=4
IF(KSF.NE.8) Nmu3
Kma0
ISO
DO 170 Lz1.4

DO 160 1(31.5
DO 150 ju1.4

150 KCATCL)=KCM(JK.L)
160 CONTINUE
170 CONTINUE

KINDXmI
DO 190 Jzl,5

180 LBPT(J)=LBP(J+1)
CALL ROPSET
CALL ZIGZAG
lF(KSF.GT*B) CALL LVLSET
USQ=KSF*KSF
NLVL=4
IF(KSr.EQ.16) NLVLzS
IF(KSF.EQ.32) NI.VL=6
DO 190 Jul,1024
ICODE(J)u0
KNTRST(J)sO
INTENS(J)ao
LEVEL(J)mo
PATTRN(J)ZO

190 CONTINUE
DO 210 J=1,6

DO 200 1=1,2
KOUNT(IJ)xO

200 DIFF(IJ)w0.D0
210 CONTINUE

DIFTSQOO.DO
SUMSQ490. Do
RETURN
END
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SUSROUTINE RopsET
C
C Purpose: Establish functional gray-scale manipulation controls
C Establish Code ($-bit grey-scole) to contrast space resop
C Establish code to Intensity space remap and demap
C Establish intensity reset masks, normalization factor,C and rounding bias
C
C CALLed from: SETUPM
C
C--------------............~f......................... ....

COMMON /CONT~tL/ NACCI6,16),KCS(4),CSC4),TBc4),5Fc4),59C4),
* IC(4,5,4).LBPC6),KSP(2,9),lBP(2,9),IRSET

F COMMON /GRYSCL/ KRMPC256),IRNP(256),IDXPC4O96)
COMMON /RESET/ mSK(4),NORm,NSIAfiI! 00 130 JSEG=2,9
LBPlUKBP(i .JSEG-1 )+l
bBP2=KSPCI.JSEG),1
DhoULP2-ISPI
NBP1.KBPC2,JSEG-1)+l
NBP2zKBP(2,JSEG)+lL DkzUNSP2-NBPi

* Ir(l#9PI.EQ.LBP2) GO TO 120
rFDN/DL,

0O 110 JxL5P1.LBP2
110 KRMP(J)aNBPI+F*CJ-LmPI)gO.5
120 KRNpPBMENepi1

XFCLSP2,GE*256) Go TO 200
130 CONTINUE
200 DO 250 JSEG=2,9

LBPIIBP(1 .jSEG-i )+1
USP2=IBPCI ,JSLG)41
DLwbBP2-LDPl

NSPluIBP(2@JSEG-1 )+i
NSP2=IBP(2,JSLG),i l
iFCLBPl.EQ.LBP2) GO TO 220
ruDN/Db

DO 210 JnLBP1,LBP2
210 IR"P(J)xNbPl+F*(J.LBPa)-u.5
220 IRMP(LBPI)xNbPl-l

ir(NsPi.EQ.NBP2) GO TO 240
FmDL/DN

DO 230 JwNBP1,NBP2
230 IDMP(J)uLBPl+Fs(J.NsP1)-0.5
240 IDNPCNBPI)ULBpIl

IFCLBP2.GE.256) Go TO 300
250 CONTINUE

4J
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300 DO 310 jul,4
31 SK(J)KOF IRUIRSET

E. IF((IR.EQINN).OR.CIReLQ.IHL)) MSKC1)a*7777XFC(R.E.IH) .R.CR.E.IHJ.O.C1.EQINS) NK(2)s*7777ZIC (IR.EQ.IHM) .OR. CIR.EQ.INP).OR. (IR.EQ.IH?)) N8KC3)s*7777IT(IR.~iIbI).O.(R.E.IH))NSKC4)w07777
MORMaI
IFCI.EO.IHP) MORMa2
IF(1R.CO.IHM) NORM=4
MDI ASuNORM/2
RETURN
END
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SUBROUTINE ZIGZAG
C
C Purpose: Establish subframe rester to zigzag conversion table
C
C CALbed trom; SETUPM

COMMON /SFCNTL/ KSFT.KSQT,NPSTNPSL(S),NPSblC).KsrH,rL.Fp,JGRD
COMMON /ZIGZAG/ IZZ(1024)
DATA IZZ/1024$0/
DO 120 JZZzl,KSQT
NZzuJZZ- I
KNSKaNZZ.*AND.0525
LNSKECMZZ/2) .AtiD*0525

DO 110 J*1,5
KTmKMSK.AND. .1
KuK.ok. CN*KT)
LTwLMSK.AND."I
LUL.OR. (M*LT)
KNSKuKMSK/4
LNSKaLMSK/4

110Mu 2*M
IRSTaKSFTL.+Kt1

120 IZZ(IRST)mJZZ
RETURN
END
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SUBROUTINE LYLSET
C
C Purpose: Establish level-triplet to bYte-pacKed conversion table
C Levels (resolution codes) are concatenated as aILC three-digit octal number to form the look-UP address,
C 163L2L1. Maximum value Is octal 555 for 32x32 case
C
C CAL6ed from: SETUPM

V C

COMMON /LVLT~bL/ LVLT(366)
DIMENSION We3b)
DATA LVLT/36b*-1/
DATA N/1,6,64, 1,64,0, 9,1,64, 64,1,8, 8,64,1, 64,8,1/

DO 140 11.1,6

DO 130 12=1,11
b2312-1

DO 120 13=1,I2
b3=1 3-i

DO 110 IPxi,6
LVuLuiSMC1,1P)IL2*M(2,1P)+L3$N(3,ZP)e1
IFCL#VLT(LV).NE.,-1) GO TO 110

LVLTCLV)8Ll
110 CONTINUE
120 CONTINtJL
130 CONTINUE
140 CONTINUE

RET URN
END
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MAPS Compression$ TransNAPS 2-20 NAPS/SFNAC

SUBROUTINE SFNACCLOOPSr)
C
C Purposes Convert the subtrame index, LOOPSF* to the corresponding
C macro-fidelity control
C Determine the center line and pixel of the subtrame
C Scale to the macro-fidelity coordinate Indices
C Generate the contrast control matrix base address for
C the corresponding fidelity control group (1-4)
C
C CAbbed tr'cms MAPS
C
Cf ... a...................................... Wenn ....... t..

INTEGER*4 LOOPSF,!STAR4
COMMON /CONTRhL/ NAC(16.16),KCS(4),C5C4).TP(4),5FC4),5SC4),

+ KCN(4,b,4),LBPC6).KWP(2,9),IBP(2,9).IkSET
CONNON /srcNTL/ (srTTKSOT.NPSThPSL(U),MPSLCS).KSFN.FL,rP.jGRD
COMMON /CNTRST/ KCNT(UO),KINDX
1STAR4=CLUOPSF-1 )/NPST 1*
NROW=1STAR4
LErTaLOOP5F-NPST$I STAR4 £1*4
IFCJGRD.NE.0) Go TO 110

C
C Square Grid Partition
C

KaKSFT* CLErT- 1) .KsFI

Go TO 150
C
C Staggered Grid Partition
C
I10 LFT=LCFT

DO 120 jai,@
LTNP8LFT-ftPSbdjJ
IF(6TMP.LE.O) GO TO 130

120 LFTzLTMP
130 KzKr5T*(brTft1)+mPSLCJ)

L3KSFT*CNRON.1 )iISFH+J
150 NKUFP*K,1

IF(MK.LT.i) MK=1
1F(MK.GT.16) 011(16
NLuFL*L, 1
IFCNL.LT.i) XLz1
ir(ML.GT.ib) ML816
ICINDXx2O*NACCNC,Mb)-19
RETURN

END
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MAPS Compression: TransMAPS 2-21 MAP&/&rzN

SUBROUTINE Sri%
C
C Purposet Input and convert next source Image subf rams,
C Re-oraer from subf rafte raster to zigzag position
C Remap gray scales grom Code to contrast and intensity
C spaces
C InItIalIze level and pattern assignments
C
C CAhhed grom: MAPS
C
C ................... on eeeeeeeeee.....--- .......... f

COMMON /SUDATA/ 157(1024)
BYTE isr
COMMON I/GRYSCh/ KRPP2S6),lRMP(256),IDMPC4O96)
COMMON /ZIGZAG/ IZZC1024)
COMMON /MAPSSF/ NSQ,NLVL.ICODE(1024),%NTRST(1024),INTENS(1024),

h EVEhCIO24),PATTRNCIO24)
BYTE LEVELI,PATTHN
READ (2) cisrCj),ju1.Nso)
DO 110 Jzl,NSQ
NmisrCJ)
ir(M.LT.O) NwN+256

4 JZZSIZZ(J)
ICODE(JZZ)=N

KuICRAP(N)
KNTRST(JZZ)I(
IzIRMPCN)
INTEwS(JZZ)XI
LEVEhCJZZ)=O
PATTRN(uJZZ)wO

110 CONTINUE
RETURN
END
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MAPS COMprOsSIOl trten&MRPS 2-22 NAPs/srMAPS

SUBROUTINE SFMAPS
C
C Purpowe NAPS compression of source Image sultroe
C Loop on levels
C boop on NAPS91 quadas (in igzag order)
C Form Contrasts and sign-sort vector
C Test contrast$ and tore NAPSel (1f required)
C Recursion on completed NAPSels
C Accumulate optimum bias and performance statistics
C Transfer MAPSeI2 to Output buffer
C output 512-byte NAPSOI records asynlchronously
C
C CALbed from: MAPS
C
C CALbs: QDirF,THRESH,MAPOUT
C
C-- -- a-...........................* l -.. n.n.0...

COMMON /MDATA/ MRECPLoc,Nsr(512)
BYTE NSr
INTEGER*4 NREC
COMMON /NTEMP/ NM,KN,MAPSCLCS),NL6VLC4)
COMMON /CNTRST/ KCMTCSO).KXNDX
COMMON /BbKPAT/ LSPT(5),IOBP(4,4)
COMMON /GRYSCh/ KHMP(256),IRNPC256),IDMPC4096)
COMMON /MAPSSF/ NSO.NLVL.1C0DEC1024).KNTRST(1O24).11TE15C1024),

+ L6LVELCIO24).PATTRN(IO?4)
BYTE LEVEL..PATTkN
COMMON /MSTATS/ KOUNT(2,6),O1FF(2,6),Dlrrs0.8uNso
INTEGER44 KOUNT
REA*se DiFF,DiI'FSO.SUMSO
COKMON /QUAD1 ()l()N()LWPM
DIMENSION NSTEP(6)
INTEGER'4 151AN4
DATA NSTEP/i,4,16,64,256,1024/

DO 130 LTRNSS1,NTRNS
LSfTPwaNSTEPCLTRw6+i)
XSTPwMST6PCLTRMS)
LVLULRNS-l
LVLPoLTRNS

DO 120 bQUAVl#m1NSOvLSTP
bOSLQUAD
INAPSOLQUAD

0O 110 NPSLLui,4
IF(LEVEL(IMAP3).NE.LVL) GO TO 120
FT(MPSEL)sKkTRST( MAPS)

4 ITCNPSEL.)nINTENStIMAPS)
110 IMAPSnIMAPS+NSTP

CALL 001FF
CALL THRESH

120 CONTINUE
1)0 KINDXOKINDX*4
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MAPS CoopreSSlon: TransHAPS 2-23 MAPS/SUNAP5

200 LVLUL.EVELCLQ)
L.VLPoLVbL,
INTSINTENS(LUJ,1
KODEsIDOP(INT)
IFCLVL*GT.0) GO TO 210
ICulCODECLO)
ISTAR481C
BUMSG=SUNSQ*1STAR4*ISTAR4 1 1*4
INxIC-KODE
ISTAR42IN
DIFFSQzDirrso4iSTAR4* 15TAH4 1 1*4
KOUNT(I,1)SKOUNT(ltl)+l £ 1*4
lOGuLG41
KBPT*O
GO TO 300

210 K5TPxKSTEP(bVL,)
IPATCPATTRN(LQ)
JPATuI
KSPT=LSPT(LV.)
IFCKSPT.NE.0) KODE=KODE.AND*0374
DO 230 JQUAD81.4
IFCKBPT.NE.O) JPATuIQBP(JQUAD#IPAT+1)

DO 22J0 INGiJADuI,MSTP
ICuICODE(bi)
ISTAR4=IC
SUNSQXSUNSg+ISTAR4*ISTAR4 1 104
Imz1C-KOE
ISTAR4a1m
DirrsozDirrboISTAR4*XSTAR4 1 1*4
01FF (JPAT.LVLP)UOIFF(JPAT. LVIP)4KBP?*1N
KOUMCJPAT.LVLP)aKOUNT(JPAT.LVLP),1 1 1*4

220 LOULGgi
230 CONTINUE
300 KNUKN*1

IFCKBPT.NE.O) KUDE2UIODE.OR.1PAT
NAPSELCKmi1 )=UDE

IFCKX.LT.N%) GO TO 310
CALL NAPOUT

310 iFCLQ.LE.NsQ) GO TO 200
RETURN
END
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MAPS Compression: TransHAPS 2-24 MAPS/QDIFF

SUBROUTINE ODIFF
C
C Purpose: Generate quad contrasts and sign-sort vector
C Form all six quad contrasts: 3-2 3-1 2-0 1-0 2-1 3-0
C PacK signs of contrasts In left-right order shown
C tor siqn-sort vector
C Lowest two bits automatically give pattern code
C
C CALbed from: SFMAPS
C
C----------------------------------- -------------- -----------------

COMMON /QUAD/ KT(4),IT(4),NT(6),LQ,LVLP,NN
NT(i)SKT(4)-KTC3)
NT(2)sI(C4)-ICT(2)
NTC3)uI(T(3)-i(T(1)
NTC4)xKTC2)-KT(1)
NTCS)uKT(3)-(T(2)
NTCS)wKT(4)-KT(1)
NNZO
DO 110 J=1,6
NNz2$NN
IF(NT(J).LT.0) NNBNN+1

*110 CONTINUE
RETURN
END
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MAPS Compression: TransMAPS 2-25 MAPS/THRESH4

SUBROUTINE THRESH
C
C Purpose: Test contrasts and form nlew composite KAPSel (If required)

B ased on sign-sort vector Index HN:j
C NSRT gives contrast Indices In following order:
C (Extreme Middle step bower stop Upper step)
C ISART gives Intensity Indices In increasing-value order
C Demap new MAPSeI from intensity space; then remap to
C contrast space
C

C CALLed from: SFMAPSCJ
C--------------------------------------------------- --------------....

COMMON /CNTRST/ KCMT(8O),I(INDX
COMMON /GRISCL/ KRNP(256),IRMP(256),IDMP(4096)
COMMON /RESET/ NSKC4),NORM,NbIAS
COMMON /MAPSSF/ NSG,NLVL,ICODE(1024),KNTRST(1024).INTENS(1024),

+. LEVEL(1024),PATTRN(1024)
BYTE LEVEL,PATThN
COMMON /QUAD/ KTC4) ,IT(4) ,NTC6) ,LG,LVLP,NN
DIMENSION NSRT(4,64),ISRTC4,64)
DATA NSRT/6,5,4,1, 4*0, 6,5,3,2, 4*0, 2,3,4,1. 20*0, 1,4,3,2,

4+ 4*0, 2,3,5,6, 4,1,5,6, 1,4,5,6, 3,2,5,6, 3*0, 4,1,3,2. 28*0,
+ 5,6,3,2, 5,6,1,4, 12*0, 3,2,1,4, 3,2,4,1, 12*0, 5,6,4,1,
+ 5,6,2,3, 28*0, 4,1,2,3, 3*0, 3,2,6,5, 1,4,6,S, 4,1,6,5,
+ 2,3t6,5, 4*0, 1,4,2,3, 20*0, 6,5,2,3, 4$0, 2,3,1,4, 0*0,
+. 6,5,1,4/

DATA ISIRT/1,2,3,4, 4*0, 1,3,2,4, 4$0, 2,1,3,4, 20*0, 3,1,2,4,
* 4*0, 2,3,1,4, 2,3,4,1, 3,2,1,4, 3,2,4,1, 6*0, 1,3,4,2, 23*0,
+ 3,1,4,2, 3,4,1,2, 12*0, 3,4,2,1, 1,2,4,3, 12*0, 2,1,4,3,
+ 2,4,1,3, 28*0, 2,4,3,1, 8*0, 1,4,2,3, 4,1,2,3, 1,4,3,2,
+ 4,1,3,2, 4*0, 4,2,1,3, 20*0, 4,2,3,1, 4*0, 4,3,1,2, 4$0,

* 4,3,2,1/
NNPBNN4 1
IXzKINDX-I
DO 110 J=1,4
NDXBNSRTCJ,NNP)
KXmKX*1
zr(IIABS(NT(NDX)).GT.KCMT(KX)) GO TO 130

110 CONTINUE
NEWRNBIAS
DO 120 Ja1,4
IDX21SRTCJ ,NNP)

120 NEWzMEW.(MSIK(J).AND.IT(IDX))
NE w8NE N/NORM
KNEWUIDMP(NE*+1)+l
INTRST(LQ)8KHNP(KNEW)
INTENS(LO)zAE*
LEVEbLL)zLVLP
PATTRN(bQ)zNN.AND."3

130 RETURN
END
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NAPS Compression: TransMAPS 2-26 MAPS/NAPOUT2

SUBROUTINE NAPOUT
C
C Purpose: Transfer Completed MAPSel multiPlets to Output butterC Pack level mUlt~pletS to byte (4 It 8xi. 3 It 16X16 32x32)C Transter Intensity/pattern codes to following bytes (4 3)C Output 512-byte NAPSSI stream records asynchronously
C3C CALbed from: SFNAPS
C

. . . . . . . . . . . . . . . . . . . . . . . . . . . .............eene

COMMON /MDATA/ KREC.NLOC.NSF(512)
BYTE NSF
INTEGER*4 NREC
COMMON /MTEMP/ hM,KN.NAPSEb(5)vNLVLC4)
COMMON ,/LVbTab/ LVLT(366)
IFNN.EQ.3) GO To 120

LVaLV+N*NLV6(4)
110 Mu4*x

HAPSEDI1)zLoV
Go TO 140

120 Mal

0O 130 ~J1,KM
LV*Ly,.N*MLy6(j)

130 NS.*N
MAPSEb(l)zL~ybr(Lv)

140 KMAuMCN 
6DO 150 Jat,KM

X~zNAPSEL(J)
IF(NT.GT*127) MTwPT-256
ILOCONLOC, I
MSFCNLOCJUNT
IFCMLOCLT.512) GO TO 150
MRECwMREC.1 1 1*4VRITE (3N0REC) NSF

150 CONTINUE
KNU0
RETURN
END
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MAPS Compresslon: TranSMAPS 2-27 MAPS/LSTREC

SUBROUTINE LSTREC
C
c Purpose: Transfer reualralnq NAPS@1s to output butter and complete
C NAPSeI stream
C
C CALLed from: MAPS
C
C e----------------- ------------------------- w m-----------..-------------..

COMMON /MDATA/ NREC,NLOC.Nsr(512)
BYTE Nar
INTEGER*4 NREC
COMMON #MTEMP/ NMKMMAPSEL(5),MLVLC4)
COMMON /LVLTBL' LVLT(366)
irCKN.LE.O) GO To 200
IF(NM.Eg.3) GO TO 120
Mal
LVU0
DO 110 Ju1,KM
LV=LVtM*MLVLCJ)

110 Mc4*M
MAPSELCI )=LV
GO TO 140

4120 M421
LV~l
DO 130 JI,(M
LVzLVNMNLVL(J)

130 Mae*"
MAPSELCI) .LVLT CLV )

140 KMI(M+1
DO 150 J1I,KM
IIIZMAPSEL(J)
IF(MT.GT,127) MT="I-2S6
MLOC=MLOC#I
msrCNLOC)xMT
IF(MLOC.LT.512) GO TO 150
NRECUNREC.l 1 1*4
WRITE (3'NREC) PSr
NLOCZO

I50 CONTINUE
200 IFCNLOCLE.O) Go TO 300

NLP=NLOC. I
DO 210 JuALP,512

210 NSF(3)uO
NRECmXREC+l 1 1*4
WRITE (3'NREC) NSr

4300 RETURN
END
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MAPS Compression; TransMAPS 2-28 MAPS/SUMNRY

C Purpos:: Deemieopiumpttrbae where desglnsted and

Creport overall copOS~ n ieiyPertormance

C CALbed trou: MAPS
C
C -------.----------------- ................................... -- 0 .........

COMMON /HEADER/ iriLE.INANEC8),NL,NP,Ns,KsFIGRD.NSMC,MIXBP,
+ IBV(5,2),1PADC7)

BYTE INANE
INTEGER*4 NS,.NC
COMMON /NDATA/ MNECNLOC.msr(512)
BYTE Nsr
INTEGER*4 NREC
COMMON #'NSTATS/ KOLUT2,S),Dirr(2,6),Dlprso.suNso
INTEGER44 KOUNT
REAL$$ DIrreDlFFsoesumso
DIMENSION NSIZE(5)
INTEGER44 LITISTAR4
REAL*S TEMPS.PIX,BITI,SITM
DATA NSIZE/4,16,64,256,1024/
NCzKOUNTC1 ,1)4KuUNTC2,1) 1 1*4
IOUNT(1#1)uMC
DO 120 J=1,5
jjxj+l

DO 110 181.2
IOPTzO
IF(KOUNT(I.jj).EQ.0) GO TO 110
TENPS.KOUhTCI .JJ)
OPT=DIFF(Igj)/TEMPS
IOPTzOPT40 *5
ir(OPT.LT,0.) IOPTOOPT-0.5
DirrsGoDIrrso-2.*IOPT*DFF(I ,JJ)IIOPT*1OPT*TEMPS

110 1BY(J,1)=IOPT
KOUNT(1,JJ)=(KOUNT(,jj)+K0UNT(2,JJ))/mSlZE(j) 11*4
NCNC+KOUNT(1 .jJ) 1 1*4

120 CONTINUE
TYPE 500#NREC-2,NLOC

500 FORNATC/,IX.'NAPS FILE CONTA1NS',16#1 512-BYTE RECORDS PLUS',
+ 14,1 BYTES 1N THE LAST*)

NLVLu4
Ir(KsF.EQ.16) hLVLS5
xr(KSFEQ.32) NLVLs6
TYPE 5l0*Cb-1.U.1,NLVL)

510 roRNATC/,IX,.MAPSEL DISTRIBUTION:',//,3x,'LEVELI;17,519)
* TYPE 520,(IKOUNT(1,WL),L1.NLVWa

520 rORNATC3x,'COUhTI'#619)

TYPE 530,CIBV(j,l)#JulNLVL)
530 FDRMATC/,JX,'OPTIPAL B1AS: -',17,419)

TYPE 540,(IBV(J,2),Jwl.NLV.
540 rDRMAT(17X,0+'.17,419)
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MAPS Cospression: TransMAPS 2-29 MAPS/SUMRY

ISTAR4=NL
PIX=NP*ISTAR4 1 1*4
BtTI=NB*PIX
LBITs(NC+2)/3 £ 1*4

iF(Ksr.EQ.S) hlBT6(MC.3)/4 ! 1*4
BIT8*(MC+LBIT) ! 1*4
CRuSITI/BITK
BPPxSITN/PIX
ERRORzlOO.*(DIFFSO/SUMSQ)
TYPE 5S0,CRBPP,ERROR

550 rORMAT(/,1X,PCOMPRESSOJ RATIO:'.FS.3,' : ',//a,X
+ 'BITS/PlXEL:l,F6.5,//,1X,'MEAN SQUARE ERROR:',F9.5. 01)

RETURN
END)
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SECTION NINE j
TRANSMAPS MODULE #3: MAPS DECOMPRESSION AND RESOLUTION IMAGE FORMATION

9.1 Program Characteristics

Program Names: DMAPS or DM

Subroutines: USERDFILESD

SET U PD
GAZGIZ
LDCSET
SFDMAP

Files: MAPS.DAT (input)
DMAPS.DAT (output)
LEVEL.DAT (output)

Task Build Options: MAXBUF = 1024

Task Size: 18720

If,

9.2 Source Listing

The COMMENT-annotated source listing for DMAPS follows:

1
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NAPS Decompression and Level imaoe Formation: TransNAPS 1-i DNAPS

PROGRAM DMAPS
C
C ---------------------------------- ---..............------0OOO e

C I I
C I TransMAPS Nodule #3: MAPS Decompression & Level Image Formation I
C I I
C ------------------------------------....................O ..eee.. e...

C
C Control Data Corporation - 1902
C
C Files: Unit hame Content From/To Type

C In 2 MAPS PAPSel stream, 512 byte rec. MAPS- FIXED SEQ.
C Out 3 DMAPS NAPS Decompressed image, ADAPT FIXED SEQ.
C subframes or DIFFER
C or RASTER
C Out 4 LEVEL Level (Resolution) image, ADAPT FIXED SEQ.
C subtrames or RASTER
C
C User Interaction: No parameter inputs required
C e-e-eeeee

C
C Program Structure:

C PROGRAM DNAPS
C CALL USENkD Dummy routine for future user interaction
C CALL FILESD Open tiles and read/write headers
C CALL SETUPD Establish Control tables
C CALL GAZGIZ Establish zigzag to raster conversion table
C CALL LOCSET Establish byte to level-multiplet table
C Establish 1ntensity/pattern decode table
C Loop on subframes
C CALL SFDNAP Convert MAPSeI stream to decompressed end
C resolution (level) images by subframe
C
C COMMON Block Communicatlon:
C ---------------------------

C /BLKPAT/ Block/pattern mode by level 6engtht 21
C SETUPDSFDMAP
C
C LBPT(S) 11*21 Block(O)/Pattern(l) for levels 1-5
C IOBP(4,4) 11$2) Low/High index by Quedront#Pattern
C
C /DNAPSF/ Decompression and level image output Lengths 1025
C F1LESDSFDMAP
C
C NSQ 11*21 Number of total Pixels/subframe
C ISF(I024) (Byte] Decompressed subtrame array
C LSF1024) (Byte] Level image subtrase array
C
C /GAZGIZ/ Zigzag to raster conversion Lengthl 1024
C GAZGIZsrDMAP
C
C NZZ(1024) 11*2) Zigzag to raster conversion table
C

111-78

'H



MAPS Decompression and Level Image Formation: TransMAP5 3-2 DRAPS

C /H4EADER/ Standard MAPS file header Length: 32
C DMAPS.FIbESO.SETUPD
C

C IFI6E (1*21 file type
C INANEMS (Byte) User-selected Image namej
C L1 (1*23 Number of lines In source Image

C NP (3*23 Number of pixels In source Image
C MB (3*23 Number of bits/pixel In source Image
C Xar (1*23 Kind of subtrame 8x6 MIS1 32x32
C IGRD (1*2) Subframe, grid: squareCO)/staggered(1)
C WS (3*43 Total subframe count
C MC (144 MAPSeI count
C K1XBP (1*23 Packed bloCK(0)/pattern~l) mode Crt-lft)
C 1BV(5,2) t1*23 optimal pattern blases by level,low/high
C IPAD(7 (1*23 Space for future extension
C
C /LDCODE/ Byte-paCked bevel decode Length: 1024
C LDCSETPSFDMAPS
C
C L6DC(4,256) (1*2) Byte to level-oultiplet decoding table
C
C MNAYA/ MAPSeI stream data Length: 260
C ri6ESD,SFDMAP
C
C NLOC 1*2 Current location in MAPS Input buffer
C MSrC5i2) (Byte] NAPSel stream Input buffer
C NL6VL (3*23 Current packed level byte
C MN (1*23 number of levels/byte IxS(4)
C 16x16 or 32x32(3)
C KM (1*23 Current position of Level In byte Cl-MM)
C
C /MDCODE/ Intensity/pattern decode Lengths 2560
C SL1UPDvSfDMAP
C
C NDC(256,4,S) (1*21 Intensity/pattern decoding table by
C intensity/pattern byte,quadrant,level
C
C .. . .. . .. . . .. . .. . .. . . 0. .. . . .. . .. . .. . . 0. .. . .

COMMON /HEADER/ iriLt,IMAME(O),NL6r.p,MB,Ksr,IGRD,NS.MCM1XBP,
+ IBV(S,2),IPADC7)

BYTE INANE
INTEGER*4 MS.NC
INTEGER*4 LOOPsF
CALL USERD
CALL riLESD
TYPE 500,INAME,N6,NP

So 50 oRMAT(/,lX,'xAPS DECOPPRESSING IMAGE ',9AI,','15,' LINES BY*,
+ 151, PIXELS')

CALL SETUPO
DO 110 LoopsrmiNs 1 1*4

110 CALL srDMAP
CLOSECUNITE?)
CLOSE(CLNITn3)
CLOSE(UMIT84)

4 EN&J

111-79



MAPS DeCompression and Level Image Formation: TransMAPS 3-3 DkAPS/USERD

SUBROUTINE USERD
C
C Purpose: User interaction for MAPS decompression and level ImageC formation

C Dummy routine for possible future extensions

C CALLed from; DNAPS

TYPE 500

500 FORMAT(/,1X,46(cH*),/,X,'*,44X,.*$,/,1X,
+ ' MAPS DECOMPRESSION/RESOLUTION IMAGE MODULE *',/,IX.'S*,44X,

ET*R',/olX,46(N#),//,$X,'NO USER INPUTS REQUIRED')RETURN
END

- I
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MAPS Decompression and Level Image Formation: TranSMAPS 3-4 DMAPS/FILESD

4 SUBROUTINE riLEso
C
C Purpose: open files, read/write standard MAPS headers
C
C CALLed from: DMAPS
C

----------------- ...---------- m---------------- m-----------------------------efnb
COMMON /HEADiER/ !FILE.INAME(B),IdL,NPNBKSF,NS.MC,NIXUP,
* IBVCS.2),IPAD(7)
BYTE INANE
INTEGER*4 N6,MC

DIMENSION JHEAD(32)
EOUIYALENCL (JIEAD(1).IFILE)

COMMON /MDATA/ xLoc,msr(5j2)rNLVL,NMM
BYTE NSF
COMMON /DAAPSF' NSQ.ISF(j024),LSF(1024)
BYTE ISFLSF

DIMENSION JSF(512)
EQUIVALENCE (JSF(1).ISr(1))

DATA ISF/1Q24*O/,Lsr/1024*O/
OPEN (UNIT.?. TYPE8UOLD' .NAMEuMNAPS',FORNU*UNFORNATTED.,
* RECORDTYPE=*IIXED')
READ (2) JHEAD
iF(IFILE.EQ.I) GO To 110

TYPE 500.IFILE
500 FORMAT(/,IX,$*o FILL. TYPL*,13*, NOT NAPSeI STREAM')

STOP
110 READ (2) NSF

NLOCz1
MLYLBMSF( 1)
IF(NLVL.LT.O) mLVLUaiLVL+256
NLVL.3NLVL*1

lF(KSF.NL.S) Nmu3
KMUO
NSUUKSF*MSF
LSQ=NSGf 4
DO 120 Jzl.32

120 JSFCJ)EJHEAD(J)
OPEN CUNlTa3. TbPk:u 'MEW' ,NAMEE 'DMAPS' * ORM.' uNFORMATTED',

+ I4CORDTYPE3'FIXED' .PECOMDSZZEULSQ)

WRITE (3) (ISF(J).Jul,NSO)
OPEMCUNITz4,TIPES'NEW'.NAMES'LEVEL' .FORMU*UNFORNATTED.,

+ RECORDTYP~a'FIXED'.R.CoODSIZEULSO)
,ISFCI)x3

4 WRITE (4) (ISF(J),JrnlphSO)
DO 130 jul.32

130 JSFCJ)80
RETURN
END
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MAPS Decompression and Level imaqe Formations TransHAPS 3-5 DNAPS/SETUPD

SUBROUTINE 5iLTUPD
C
C Purpose: Establish decompression control tables
C Establish ziqzag to subtrame raster conversion table
C Establish byte to level Multiple -*solution decode table
C Establish Intensity/pattern bYte decode table
C by byte value, Quadrant, level
C
C CALLed from; DNAPS

* C
C CALLS: GAZGIZ,LDCSET
C

* ~ ~~ C------------------------------------------------------------------------ e

COMMON /NEADiEW/ !irLEINANECS),NL.NP.NB.Ksr,IGRDN5.NCMIXBP,
+ IBV(5,2),IPAD(7)

BYTE INAME
INTEGER*4 NS,%C
COMMON /MOCUDE/ ODC(25b,4.5)
BYTE MDC
COMMON /BLKPAT/ LBPT(S),IOBP(4,4)
DATA IOBP/i,1,2.2, 2,1.2.1, 1.2.1,2, 2,2,1,1/
ICsrTuKsF

4 CALL GAZGIZ(KSrr)
CALL LDC5ET(KSVT)
N=2
DO 110 Jzi,5
LBPTCJ)=(MIXBP/M) .AND.Il

110 N32*M
DO 150 LV1.5
KUPT=LBPT (LV)

00 140 J#Jvi.4
DO 130 131,256
Mm 1-1
IF(KSPT.EO.O) GO TO 126~
IPAT=M.AND.03
INT=M-IPAT
IBPXl~bP (JG,IPAT+1)
JBVuIBV(LV,IBP)
AzINT+JbV
IF(A.LT.0) M=0
IF(M.G7.255) MNz255

120 IF(M.G1.127) Aug-256
130 ADC(I,JQ,LV)OM
140 CONTINUE
150 CONTINUE

RETURN
END
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NAPS Decompression and Level Image rormatlon: TransNAPS 3-6 DXAPS/GAZGIZ

SUBROUTINE GAZGIZ(KSFT)
C
C Purposes Establish zigzag to sUbfr*We raster conversion table
C
C CALLed from: SCTUPD
C
C ................................................................

COMMON /GAZGlZ/ NZZ(1O24)
DATA NZZ/1024*0/
KSOTaKsrTCKSFT
DO t20 JZIz.KSGT
MZZZJZZ-1
KMS(N5IZZ.AND.0525
LNMSKa(MZZ/2) .AhD.*525
1K=0
Lao
pal

DO 110 3.1.5
KTRKMSK.AND. ul
KaKoOR. CM$PT)
LTLSK.AND.01
L=L.Ok. (N*LT)
KNSKuI(NSK/4
LMSKULMSK/4

110 N3244
IRSTaKSFT*LK,1

120 NZZCJZZ)zINST
RECT URN
END
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SUBROUTINE LDCSET(KSFT)
C
C Purpose: Establlsn byte to level multiplet resolution decode table
C by MAPSel sequence (1-4 for 8x@# 1-3 for 16x16 & 32x32)
C and byte value
C
C CALLed from: SLTUPD
C
C-m-- ------------------ m........ a.......................................e

COMMON /LDCO.L/ LDC(4,25b)
DMILNSION M(3,b),LVLT(3bb)
DATA LDC/10244-1/
DATA LVLT/366*-I/
DATA M/1,8,64, 1,64,8, 8,1,64, 64,1,8, 8,64,1, 64,9,1/
IF(KSFToNE.8) GO TO 200
DO 120 I=1,256
LPACK:I-l
MTz1

DO 110 Jzl,4
LDC(JI)=UPACK/MT).AkD.3

110 MTm4*MT
120 CONTINUE

GO TO 300
200 LI=2

DO 240 11=1,6
LlzII-I

DO 230 1231.1
L2332-1

0U 220 13m1.12
b3zl3-1

DO 210 1P=1,6
LVZLI*Ntl,IP)+L2*M(2,IP).L3*N(3,IP) I
IF(LVLT(LV).NE.-i) GO TO 210i. LI=LI¢I

LVT(LV)zL1
210 CONTINUE
220 CONTINUE
230 CONTINUE
240 CONTINUE

DO 260 IT=1,366
ILVLT(IT)
IFCI.EQ.-1) GO TO 260
LPACK=IT-1
MT=1

DO 250 sl,3
LDC(Je1 )a(LPACK/NT),AND.07

250 MT9$MT
260 CONTINUE
300 CONTINUE

RETURN
END
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NAPS Decompression and bevel Image Formations TransNAPS 3-S DMAPS/SFDMAP

SUBROUTINE SFDPAP
C
C Purpose: Convert MAPSel stream to decompressed and resolution (level)
C Images by subframe
C Recursion on 0APSels (automatic zigzag order)
C Retrieve level Code
C Retrieve intensity/pattern byte
C Asynchronously Input next MAPS record as needed
C Loop on MAPSel quadrants
C Convert Intensity/pattern byte
C Loop on pixels within quadrant In zigzag order
C Determine subtrase raster address
C Set decompressed and level Image pixel
C Return for next MAPSeI until subtrame completed
C Output decompressed and level Image subframes
C
C CALLed from: DRAPS
C

---------------------------------------------.......... n .. o n

COMMON /NDATA/ MbOCmSFC512),MLVLWNNKM
BYTE NSF
COMMON IDMAPSF/ NSOISF(IO24),LSF(1024)
BYTE ISF,LSF
COMMON IGAZGIZ/ NZZ(1024)
COMMON /LDCODE/ LDC(4,25b)
COMMON /MDCODE/ NDC(256#4,S)
BYTE MDC
COMMON /B6KPATI bbPT(S),IQP(4,4)
DIMENSION NSTEP(5)
DATA NSTEP/i,4,16,64,256/
JZZ=O

100 KMzK+I
IF(KM.bE.MM) GO TO 120
KNUI
MLOCzMLOC+ I
iF(MLOC.LE.512) GO TO 110MLOCUI .

READ (2) mSF
110 MMvUNsF(NLOC)

IF(MLVL.LT.O) MLVL=MLVL+256
NLVbNLVb+l

120 UV=LDCCKMMLVL)
MLOCuNLOC+1
iF(NLOC.LEo512) GO TO 130
MLOCB1
READ (2) NSF

* 130 MIZMSFCNLOC)

IF(6LV.GT.0) GO TO 200JIZZ3JZZ I1

IRSTnNZZ(JZZ)
ISF(IRST)mMl

LSr(IRST)=O
IFCJZZ.GE.NSQ) GO TO 300
GO TO 100

i
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MAPS Decompresslon and Level xIoage rarmation: TransMAPS 3-9 DNAPS/SFDMAP

200 NSTPuNSTEP(Lv)
ZPAT=O
lF(LSPT(LV).NE.0) IPAT=PI.AND.03
L332*L V+4$l PAT
IF(L.GT.127) 1.31-256
XF(MX.L.T.O) klaml*256

DO 220 JQ=1,4
I=NDC(NIPhDQ.LV)

DO 210 J~l,NSTP
JZZUJZZt 1
IRST=NZZ(JZZ)
ISF(IRST)ul

210 - SF(IRST).L,
220 CONTINUE

IF(JZZ*LT.NSUJ GO TO 100
300 WRITE (3) (laF(J).JzlNS0)

WRITE (4) (LSF(J),Jml,NSQ)
RETURN
END
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SECTION TEN

TRANSMAPS MODULE #4: MAPS ADAPTIVE IMAGE SMOOTHING

10.1 Program Characteristics

Program Names: ADAPT or AD

Subroutines: USERA
FILESA
SET U FA
LINPIX
WGTSET
UNIFRM
GAUSS
SFLOAD
SF U PDT
SFAD PT

Files: DMAPS.DAT (input)
LEVEL.DAT (input)
ADAPT.DAT (output)

Task Build Options: MAXBUF = 1024

Task Size: 27968

10.2 Source Listing

The COMMENT-annotated source listing for ADAPT follows:
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*" NAPS Adaptive Image Smoothilng TransMAPS 4-1 ADAPT

PROGRAM ADAPT
C
C i--------------------------------------------------------lneC I I_
C I TransMAPS Module 041 NAPS Adaptive Image Smoothing I
CI I
C +f ------------------------- -------------

C
C Control Date Corporation - 1912
C
C F&les: Unit Name Content From/To Type

C In 2 DMAPS MAPS Decompressed image, DRAPS DIRECT
C subtrames
C In 3 LEVEL Level (Resolution) Image, DMAPS DIRECT
C subframes
C Out 4 ADAPT Adaptively smoothed Image, DIFFER FIXED &EQ.
C subframes RASTER
C
C User Interaction: In Subroutine USERAC .................--
C Convolution weighting Specification
C Dither Amplitude Specification
C
C Program Structure:
C ---------------
C PROGRAM ADAPT
C CALL USEHA Specify convolution weighting and dither
C CALL FIESA Open files, check Integrity* read/write headers
C CALL SETUPA Establish control tables, subtrame partition
C CALL LINPIX Establish, Zigzag to line, pixel, & raster
C index conversion tables
C CALL wGTSET Establish pre-summed convolution weights
C CALL UNIVRM(LVL) Establish uniform window weights
C or CALL GAUSS(LVL) Establish Gaussian window weights
C Loop on subtrame rows in line direction
C CALL SFLOAD Initialize first subframe In row and Its
C surround
C Loop on subframes within row -,1
C CALL SrUPOT Update to next subtreme & Its surround
C CALL SFADPT Adaptively smooth MAPSels In subframe
C
C COMMON Block Communication:
C w~ . .. .. .. .. .. .. ..

C /GAZGIZ/ Zigzag to raster conversion Length: 1024
C LINPIXSFADPT
C
C NZZ(1024) (1*2] Zigzag to raster conversion table
C

8

111-88



MAPS Adaptive Image Smoothing: TrSf5MAPS 4-2 ADAPT

C /HEADD/ Standard MAPS tile header from DNAPS Length: 32
C ADAPTFXLESASETUPA
C
C IF1LED (1*21 ile type
C INAMED(S) (Byte] User-selected image name
C NLD (1*2] Number of lines in source image
C NPD (1*21 Number of pixels In source image
C NBD (1*2] Number of bits/pixel in source Image
C KSFD (1*2) Kind of subtrame lxO 16x16 32x32
C IGRDD 1*2) Subframe grid: square(O)/staggered(l)
C NSD (143 Total subframe count
C MCD (1*41 NAPSel count
C MIXBPD (1*2] Packed block(O)/pattern(l) mode Crt-lIft)
C IBVD(5,2) (1*2] Optimal pattern biases by levelelow/high
C IPADD(7) (102] Space for future extension
C
C /HEADL/ Standard MAPS tile header from LEVEL Length: 32
C FILESA
C
C IFILEL (1*2] File type
C INAMEL(8) [Byte) User-selected image name
C NLL (1*21 Number ot lines in source image
C NPL (1*21 Number of pixels In source image
C NOL (1*21 Number of bits/pixel in source Image
C KSFL (1*23 Kind of subtrame lxO 16x16 32x32
C IGRDL I*23 Subframe grids square(O)/staggerod(l)
C NSL (*4] Total subframe count
C MCL (1*41 MAPSeI count
C NIXBPL (1*2] Packed blocKCO)/pattern(1) mode (rt-lft)
C IBVL(5,2) (1*2] Optimal pattern biases by levol~low/high
C IPADL(7) (1*21 Space tar future extension
C
C /LPZZ/ Zigzag to line/pixel conversion Length: 2046
C LINPIXt"GTSET,SFADPT
C
C LZZ(1024) (12) Zigzag to line conversion table
C KZZ(i024) (1*23 Zigzag to pixel conversion table
C
C /SFDATA/ Adaptive Image subfreme data Length: 512
C FILESA,SFADPT
C
C ISFA(1024) [Byte] Adaptive image subtrame array
C
C /SFINPT/ Input Image (DNAPS.LEV£L) control Lengths 12
C SETUPA,6FLOADSFUPDT
C
C KIST EI*21 First pixel in buffer
C KLST 11*21 Liat pixel in buffer
C LIST t1*2] First line In buffer
C LST (1*21 Last line in buffer
C KREC (I*4] Record number of current subfreo
C KBCK (1*4 Record number of adjacent prior
C row subfreme
C KrND (1*43 Record number of adjacent following
C row subtreme
C NRIC 9114) Total number at input file records
C
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MAPS Adaptive Image Smoothing: TransMAPS 4-3 ADAPT

C 4SFLOOP/ Subtrame control parameters bengths 6
C ADAPT,SETUPA,bINPIXSFUPDT,SFADPT
C
C KSF [1*2] Subframe size: edge
C NSG [1*2] Subtrame size: number of total pixels
C NLS [1*2] humber of subirames In line direction
C NPS 11*2] Number of subframes In pixel direction
C LS [1*2] Current Subtrsme Index in line direction
C KPS (1*23 Current SUbframe Index In pixel direction
C

C /SHARE/ DMAPS/LEVEL data; Shared with weight Length: 2210
C window during weight table generation
C WGISET,UNIFRM,GAUSS,

C SFLOAD,SFUPDT,SFADPT
C
C ISFD(65,34) (Byte] DMAPS subframe end surround data array
C ISFL(65,34) (Byte] LEVEL sUbframe and surround data array
C Equivalenced with:
C WNDW(31,31) (R*4] Convolution weight window
C
C /WGTDIT/ Convolution and dither selections bength: 5
C USERA,WGTSETGAUSS,srADPT

C KCW (1*25 Kind of convolution weight:
C Unitorm(U) or Gausslan(G)
C SIG [R*41 multiple of Gaussian sigma at
C window corner
C DIT [R*4] Dither amplitude
C
C /WGTTBL/ Pre-summed convolution weights Length: 6120
C bGTSET,SFADPT
C
C WGT(9,340) [R*4] weight table addressed by:
C surround index.
C Compound level/quadrant-zigzag index
C
C NAPSel Surround Conventions:

C ->

C Pixel direction
C Target MAPSeI weight Index
C L I I Region Quadrant i 2 3 4 5 6 7 6 9

C I 1 1 2 3 1 4 Associated Surround Index
C n I
C .................. 6 0 1 2 3 5 6 7 9 10 11
C I I I
C I D S 6 1 1 4 3 2 7 6 12 11 10
C 1 1 1
C V r 9 110 i1 12 1o 2 13 14 15 9 10 11 S 6 7
C 1 I
C C W-- ............. 11 3 16 15 14 12 11 10 S 7 6
C t I
C 1 13 1 14 lb 1 16
C 0 
C n
C
C .O......... .............o. ..---.o o eoeo....fl
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NAPS Adaptive Image Sm0othIng: TransMAPS 4-4 ADAPT

COMMON /IEADD/ IFILEDINANED)NLDNPDNBDKsrDIGRDDNSDMNCD,

BYTE INAMED
INTEGER*4 NSDMCD

COMMON /SFLOOP/ KSF#NSOoNLS#NPS#KLSKPSCALL USERACALL FIL.ESATYPE 500,1NAMEVNLDDNPD
S00 rORMATC/,1XDMAPS ADAPTIVE SMOOTHING IMAGE -,IA1.v.'Z5,

+ I LINES by.Ib,' PIXELS,)
CALL SETUPA
DO 120 ILS=I,NLS
KLSILS
KPSul
CALL SFLOADi DO 110 IPS=1,NPs

KPS=IPS
CALL SFUPDT
CALL SFADPT

110 CONTINUE
120 CONTINUE

CLOSE(UNIT*2)
* CLOSE(LJNlI=3)

CLOSE(UNIT=4)
END
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MAPS Adaptive Image Smoothing: Tran&MAPS 4-5 ADAPT/USERA

SUBROUTINE USEkA
C
C Purpose; User Interaction for MAPS adaptive Image smoothing
C Convolution welqhtlng
C Dither Amplitude
C
C CALLed from: ADAPT
C
C------ ---------------------------------------------------------- .

COMMON /WGTOIT/ KCW.SIGDIT
DATA KCW/IH/,/SIG/2.0/ I Default
DATA DIT/4.0/ Default
TYPE 500

500 FORMAT(t,IX,34(1HC),/,Ix.'*32X, *,/,IX,
# '* MAPS ADAPTIVE SMOOTHING MODULE *'
* /,1X, 'S',32Xo°'*',/,IX,34(INS))

100 TYPE 510,KCW
510 FORMATt/W3XWCONVOLUTION WEIGHTING=:.//v5X,

' UNIFORM Ok GAUSSIAN? (U G) ".A1)
ACCEPT 1,LlT

1 FORMAT(IOAI)
IF(LIT.EU.IHU) KC~xLIT
IF(LIT.EQ.IHG) KCWzLIT
IF(KCw.LV.IhU) GO TO 110
TYPE 520,SIG

520 FORMATCSX,'SIGkA MULTIPbE AT WINDOW CORNER?*,Fr.1,2X,
+ '(I U NO CHNG)')

ACCEPT *,SIG
110 TYPE 530*DIT
530 FORMAT(/,3X,'RANDOM DITHER:'.//SX,'AMPLITUDEK.FS.1,24X&

+ '(/ 8 NO CHNG)')
ACCEPT *,DIT
TYPE 540

540 FORMAT(!/,3X,'USER SPECIFICATION COMPLTE:',/3X,28(IH*),//,5X,
+ 'REVIEW? (Y OR N) N')

ACCEPT 1,blIT
IF(LIT.E.IHY) GO TO 100
RETURN
END
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KMAPS Adaptive Image Smoothlnq3 TranMAPS 4-6 ADAPT.4ibESA

SUBROUTINE ribESA
C
C Puarpose: Open files, chck Int~qrity, read/write heders
C
C CALbed from: ADAPT
C7
C-------------- - -eeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeee.

COMMON /HEADD/ iriLEDINAmEDC8)DNLD.NPD.NBDDxsrD,IGRDD.N8DNCD,
+ MIXBPD,IBVD(5,2),IPADD(7)

BYTE INAMED
INTEGER44 NSDMCD

DIPENSION JHEADD(32)
EQUIVALENC. (JHFADD( 1),xrilLED)

COMMON /NEADL/ irILELJNAMELBt),NLL,NPL.NBL.KsrL.IGRDL,NSL,NCL,
+ MIXBPL.IBVL(S.2)#IPADL(7)

BYTE INAMEb
INTEGEk'4 NSL,NCL

DIMENSION JHEADb(32)
EQUIVALENCE CJHEADL(1) ,irILEb)

COMMUN /SFDATA/ ISFAC1024)
BYTE I&FA

DIMENSION jsr(512)
EQUIVALENCE (JsrCI),isrACI))

OPEN(CUNITE?, TYPE 'OLD' *NAMEu DMAPS , FoRMsuNroRMATTED',,
+ RECORDTYPEs'F1XID',ACCES~s'DIRECT')

READ (2'1) JHEADD
ir(IGRDDNE.0) GO TO 210
OPENCUNITS3,TIPE'OLD',NAEKi..EVEL',roRNE'UNrORMATTED',

+ RECOIDTYPEu'F1XED',ACCESS.'DIRECT')
READ (3'1) JHEADb
II(IGRL)L.NE.0) GO To 210
DO 110 Ja1's
IF(INAMED(J).NE.INAMEGCj)) GO TO 220

110 CONTINUE
IFCNSD.NE.NSL) GO To 220
ir(MCD.NE.MCL) GO TO 220
KSQTUKSFD*KsrD
bSQEKSQT/4
OPEN(UNlTs4,TYPEs'NEW',NANEU'ADAPT .TORMU'UNFORNATTED's
* RECORDTYPEx'FIXED.*RECORDSIZEELSQ)
DO 120 J=1,32

120 JSF(J)UJHEADD(J)
Jsr(l)u4
WRITE (4) CisrA(j),J=1,KSQT)
GO TO 300

4210 TYPE 510
510 roRMAT(/,lX,'*** NON-SQUARE GRID, ADAPT PRECLUDED')

STOP
220 TYPE 520,INAMEDINEL,#NDS.NSLMNCD,NCL
520 FDRMAT(/,1X,'*** DRAPS AND LEVEL PuIs UNNATCHED:*,/,

+ BX.'IMAGE: ',@AI,' VS ',gAl,/,Sx,*&sUDRAMEs:',17,

300 CONTINUE SO

RETURN
END
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MAPS Adaptive Image Smoothing: Trans"APS 4-7 ADAPT/SETUPA

SUBROUTINE SETUPA
C
C Purpose: Establish adaptive smoothing control tables
C establish Ifter-SUbframe position controls
C Establish ZigZag to line, pixel, and subframe roster
C conversion tables
C Establish Pre-summed convolution weights
C
C CALLed from: ADAPT
C
C CALLS: LINPIXtWGTSET
C
C---------w-----------w.................... .....................ee*S..a *.*

COMMON /HEADD/ IFILED.IMAMEDCS).NLD,NPDNBDKSFD,IGRDD.NSDMCD.-
* IXBPD,IBVD(5,2),IPADD(7)
BYTE INAMED
INTE.GEN*4 NSD,MCD
COMMON /SFLOOP/ KSF,MSOoNLSNPS,KLSKPS
COMMON /SFINPT/ KISTKLST,LiSTLLSTKRECKSCK .KFWD.MREC
INTEGER*4 KREC,KBCI'.KFOD,NREC
ISFzKSFD
Nso.IKsr*KSF

$ NLS(CNLD-1)/KSFii
NPS=CNPD-I)/KSF.1
KiSTUICSF+2
KLST82*KSF+ I
LIST=2
LLST=KSF.1
KRECzI
KBCKmKREC-NPS
KFWDuIXREC+NPS
MRECBNSD.l 1 1*4
CALL LINPIX
CALL NGTSET
RETURN
END
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NAPS Adaptive 1mage Smoothings TransMAPS 4-6 ADAPI/bINPIX

&UbROUTINE bINPIX
C
C Purpose: Establish zigzag to line# pixel, and subtrame raster
C Index conversion tables
C
C CALbed from: SETUPA
C
C -- a. o a a ....... ... 0 ........aas*a s ......... s ......... ..

COMMON /srLOUP/ SDSNL.PLKP
COMMON /GAZGIZ/ OZZC1O24)
COMMON /LPZZ/ LZZCIO34)oKZZCIO24)
DATA NZZ/1024*u/
KarTaKsr
DO 120 uIZZujlo24
NZZuJZZsl
KMSK2ZZAMU. 525
LNSKX(NZZ/2).A"D.*525
KwO
L=O

DO 110 J81.5
KTBKNSK.AND.* I
KBK.OR, CM*IT)7

bft.OR. (MOLT)
KP4SK=KNSK/4
L'451(LMSK/4

LZZ(JZZ)aL*2
KZZCJZZ)ZK,2
IR&TxKSFT*LI, 1

120 NZZJZZ)*zlSr
RETURN
END
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NAPS Adaptive 1ma9e Smoothing: TransMAPS 4-9 ADAPT/WGTSET

SUBROUTINE NGTSET
C
C Purpose: Establish oro-Summed convolution weights
C Loop on levels at target MAPSel
C Establish convolution weight window:
C uniform or Gaussian
C Loop on pixels In first MAPSel quadrant; zigzag order
C Determine Line and pixel ranges for 9 distinct
C MAPSel and surround regions
C Loop an regions
C Loop on lines, pixels within regions
C Sum convolution weignts over region
C Set weight by region and pixel zigzag Index
C
C CALLed from: SETUPA
C
C CALLS: UNIFIIMvGAUSS
C
C-------------------------------------------------------------

COMMON /NGTDIT/ KCWPSIGDIT
COMMON /SH4ARE/ ITEMP(2210)
DIMENSION whDN(31#31)
EQUIVALENCE (wNDW(i11) ,TEMP(1))
COMMUN /LPZZ/ LZZ(1024),KZZ(1024)
COMMON /wGTTBL/ WGT(9,340)
DIMENSION LW1(J),LWL(3J.KW1(3),KWLC3)
DIMENSILm MQSZ(S),L*C(5),LwND%(5)
DATA MQSZ/1,4,16,64,256/.LWC/1 .2,4,8,16/,L#WNDW/1,3,7,15,31/

LW1 (1)m1
KIb(1)u1
DO 160 LV=2,6
LVL=ZLV
IFCKCW.NE.1NG) CALL UNIFRM(LVL)
IF(KCW.EQ.1I4G) CALL GAUSS(LVL)
NG=MOSZ CLW)
LWCTuLWC(LV)
LWL(3)LWN0bv(LV)
KWL(3)LNDU(hV)

DO 150 JZZzl,NO

LxLZZCJZZ)-i
Kq3KZZ(JZZ)-l
bW6(I)ULWCT-L
LWIC2)sLaL(1 )41
bWL(2)xLWL(I)+LWCT
bW1C3)=zPL(2)+I
KWL I )xLwCT-K
Kw1(2)xKwL(1)+1
KdLC2)sKwL(1)+LWCT
KWI 3) UK N( 2) .1
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MAPS Adaptive 10a90 Smoothing: TransAPS 4-10 ADAPT/NGTSET

D0 140 GREG81.3
6IWSTOLO.1CIIEG)
bWLSTuLmL C REG)

Do 130 KREGaI.3
KwlSTUwI C(KkEG)
KaLSTOKWLCKREG)

IF(CLWIST.GT.LWLST).OR.(KNIST.GT.KWL5T)) 60 TO 130
DO 120 LwaL.%1STLWLST

DO 110 KhaKWlSTr~klST
110 WT~wT+WNDWEKW,bW)
120 CONTINUE
130 WGI(JWrIW)xT
140 CONTINUE
150 CONTINUE
160 CONTINUE

RETURN
END
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NAPS Adaptive Image Smoothing: TransAAPS 4-11 ADAPT/'UNIFRM

SUBROUTINE UNZFRM(LVL)
C
C Purpose: Establish normalized uniform window weights for level LVI.
C
C CALbed trom: YGTSET

* C
C --------------------------------- f....f..........

COMMON /SHARE/ ITENP(2210)
DIMENSION NNDP(31,31)
EGUIVAbENCE (WNDWCI.1),lTEMP(1))
DIMENSIUN LbiNDa(5)
DATA bWNDW/1,3.7,15,31/
NWNDWuLWNOW(LVL)
WPIXBNNNDW*NNNDW
WT8I ./WPIX
DO 120 Lnl.NMND*

DU 110 KwI,NWNDW
110 WNDW(K,L)EWT

*120 CONTINUE
RETURN
END
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MAPS AdaptIVe Image smoothing: TransHAPS 4-12 ADAPT/GAUSS

SUBROUTINE GAU&SCLVL)
C
C Purposes Istabllsn normalized Gaussian window Weights for level LYL

C
C CALLed iroms WGTSITI
C -- e..................... ... ...... ..... .W ... ... -----

COMMON /WGTDIT/ KCWPSIG*DIT
common /SHARE/ LTEMP(2210)
DIMENSION aNDW(31,31)
EQUIVALENCE (WftuN(l.1).ITEMP(i))

DIMENSION LwC(5).LWNOW(5),CORNLRC5)
DATA LNC/1.2.4.Slb/,LmtDW/1,3,7,15,31/,CORNER/O.,l..3.,7. .15.1

N WNDWRLWND NCLVL)
C=COMNEP CLVL)
C5032.4*CC
rfiO2u-(SiGSsiG),(2.'CSO)
SUMZO .
DO 120 LzlNwkou
VUL*LOCT

DO 110 Km1.hmNDN
Xu%'-LWCT

WTOEXP(rSQ2*CXX*YT))
SUMBSUM+07

110 WNDCRLdm.T

120 CONTINUE I
210 WNDW(KvL)uwrqDN(KtL)/SUM r
220 CONTINUE

RETUR~N
END
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MAPS Adaptive Image Smoothing: TranSMAPS 4-13 ADAPT*4fiLOAD

SUBROUTINE SFL.OAD
C
C Purpose: Initialize first target *ubframe and its surround for each
C new line-direction subframt row
C blanK surround along left image edge
C Lead last line of pixels from prior-row SUbframe
C Load first line of pixels from following-row subfra
C Load target subfraaO
C
C CALed from: ADAPT
C
C........................---------------------------- w-------w----------

COMMON /SFIPT/ %ISI,KLST,LISTLLST,KRECKBCKKFWD,NREC
INTEGER*4 KREC,KBCK,KFWD,NREC
COMMON /SHAkE/ isrD(65,34),isrL(65,34)
BYTE ISFD,ISFL
LPoLLST~ 1

1=KST-i
DO 110 L6=1,L6P
ISFD(K,L)xO

110 ISFL(K*L)RO
DO 120 K=1.KL5T
ISFD(K,1)aO
isrD(K..LP)NO
ISFL(K#1)uO

120 ISFLCK,LP)uO
KRECzKREC* 1 £ 1*4
KBCKwKBCK+1 1*4
MFWDaKrWDq1 1 1*4
ir(KOCK.LL.1) GO TO 140
READ (2'KBCK) ((ISrD(K.L),KUKiSTKLST)1 L.uliST.LLST)
READ (3'KbCK) Lt1SFL(K.L),KK3I1ST.KbjST)gL3LlST,LLST)
DO 130 KSK1STKLST
ISFD(K,1 )zisrDc,LLST)

130 ISFL(K#1)=ISFL(r%.LLST)
140 iF(KrwDGT.NREC) GO TO 160

READ (2'Krwu) (C1SFD(N.L),KzK1ST,KLST),bLULSTLLST)
READ (3'KFWD) (!isrLKL),KzK1ST,KLST),LlST,LLST)
DO 150 K1ST#KLST
isFD(K,LP)zISFD(K,L1ST)

150 lSL.(I(LP)z1SFL(K.L1ST)
160 CONTINUE

READ C2'KREC) i((SFDCK,L)9KUKISTKLST),LblISTLLST)
READ (3KNEC) ((ISFLCK,L),KSKIST,KLST),LuLIlST.LLST)
RETURN
END
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MAPS Adaptive Image Smoothing: TrenSMAPS 4-14 ADAPT/SFUPDT

SUBROUTINE SFUPDT
C
C Purpose: Update target subframe and Its surround
C Transfer left surround, prior-line surround, following-
C line surround, and target subframe from right surround
C area to target area
C Load last line of pixels from upper right corner
C surround suotrame
C Load first line of pixels from lower right corner
C surround subframe
C Load right surround Subframe (next target subframe)
C Note: "boadSo are replaced bY *BlanKsm whenever
C subtrame references would be beyond
C Image boundaries
C -

C CALbed from: ADAPT
C
C Geometry of decompressed and resolution Image input buffers:
C *---- - a aa-- - a---- - a-- a--- --- - - -- -- -

C
C Pixel Direction ----
C
C last line of pixels from
C record KbCK-1 record KBCK record KBCK*I
C upper left upper surround upper right corner
C corner
C L*
C in nnnnn nnnnnnn.......o.nnnnnnno...
C n *
C • left *1 1
C surround *1 1 right surround I
C D I *1 Tarqet I (next target I
C I I *1 Subframe I subframe) I
C r I record *1
C e V KREC-l $I record KREC I record KREC+1 I
C C *
C t last column *1 1 INPUT REGION, I
C I of pixels 41 1 ALL SUBFRAAES I
C 0 ......... -................

C n SI******sss ** i **eesss**.ss..
C lower left lower surround lower right corner
C corner first line of pixels from
C record KFWD-1 record KFWD record KFWD+I
C
Ca.....................O~Ca a. ----------------------- .....

COMMON /SFLoOOP/ KSF,NSQ,NLS,NPSKLS,KPS
COMMUN /SFLNPT/ KIST,KLST,LIST,LLSTKREC,KSCKKFwDNREC
INTEGER*4 KREC,IIBCK,KFlWD,NRLC
COMMON /SHARE/ ISFD(6S,34),ISFL(65,34)
BYTL ISFDISFL
LPzLLST+ 1
KPSKSF+4

I0Li
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NAPS Adaptive Imoge Saaothlng: TransPAPS 4-15 ADAPT/SFUPDT

DO 120 blLP
KKaKSF

DO 110 KmlKP
KKUKK 1
ISFDCK.L)=ISFD(KK#L)

110 ISFLCIC,16)=ISFL(KK*L)
120 CONTINUE

DO 130 Lul,LP
isrD(K1SI.L6)uO

130 ISFbCKlST,L)a0
DO 140 KSK1STKLST
ISFD(K,1 )=O
ISFD(K,LP)uO
ISFL(K,1)uO

140 ISFG(K#LP)sO
IFCKPS.Eu.*PS) GO TO 200
KREC=KREC+1 1*4
KbCK=KBCK41 1 1*4
KFWDaKrWD. 1 1*4
XF(KBCK.LE.1) GU TO 160
READ C21(BCK) (EISFD(K.L),KSKIST,KLST),.LLST.hlLST)
READ (3KSCK) ((ISFL(K.L),KuKISTKLoST).hLlST.LLST)
DO 150 KuKIST.KL.ST
ZSFDCKtl)sISFD(K.LbST)

ISO ISFLC(K#1)BIbfb(iK,LLST)
160 IF(KFWD.GT.NKtEC) GO TO 160

READ C2*KFOD) C(ISFDCK,L),KzISTKLST).LULIST,LT)
READ (3*KFWD) ((ISFb(K,L),kKlKST,KLT),L3LIST,LT)
DO 170 KZKIST,KGST
xsrD(K,bP)aISFu(KLIST)

170 isrbCK.1LP)mI6FL(KLIST)r
ISO CONTINUE

READ (2'KREC) C(ISrFiK,L),KuKlSTKLST),LSLISTLLST)
READ W3KREC) ((ISFL(K,L),KUKISTKLST),LblST.LLST)

200 CONTINUE
RETURN
END
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NAPS Adaptive Image Smoothinql TransMAPS 4-1b ADAPT/SFADPT

SUBROUTINE SFADPT

C Purpose: Adaptively smooth all MAPSels > 2x2 In target subtrame

C Recursion through all NAPSels in target subtrame, -
C zigzag order
C Establish line and pixel Indices for sixteen target

C and surround elements
C Loop on target/surround elements
C Retrieve element intensity
C Retrieve element level; set activation If

C surround element no more than one level below

C target MAPSel
C Loop on pixels In first (upper left) target MAPSel

C quadrant in zigzag order
C Determine symmetric target-pixel zigZag addresses

C In other three quadrants
C Accumulate convolution sums for target pixels
C from each quadrant for active elements from
C nine associated target/surround regions
C Reset (smooth) target pixel from each quadrant
C with additive random dither if designated
C Return for next MAPSel until subframe is exhausted

C Output adaptively smoothed subtraMe
C
C CALLed from: ADAPT
Cc ....... ---------------- ...... ...

COMMON /WGTDIT/ ICW,SIGDIT
COMMON /SFLOOP/ KSFNSQ.NLS.NPSKLSKPS
COMMON /GAZGIZ/ NZZiO24)
COMMON /LPZZ/ LZZ(1024),KZZ(1024)
COMMON /WGTToL/ WGT(9,340)
COMMON /SHAkE/ ISFD(65,34),ISFL(6S,34)
BYTE ISFD,ISFL
COMMUN /SFDATA/ ISFA(1024)
BYTE ISFA
DIMENSION LVSZ(S),MOSZCS),MXZZ(S) MSZ(S) MHSZ(S),IVWGT(S),IWT(9,4)
DIMENSION LSUR(4),KSUR(4),SURI(i6ISURLI16),LQZZ(4).5C4),SWI(4)
DATA LVSZ/4,16,64,256,1024/ i
DATA MOSZ/1,4,i6,64,256/
DATA MXZZ/3,15,63,255,1023/
DATA MSZ/2,4,8,16,32/
DATA NHSZ/1,2,4,S,16/
DATA LVWGT/0,O,4,20,S4/
DATA INT/1,2,3,5,6,7,9,10,11, 4,3,2,8,7,6,12,11,10,

+ 13,14,15,9,10,11,5,6,7, 16,15,14,12,11,10,8,7p6/

DATA IRJR/2*O/ -Jzz-1 *.
100 #.zLZZC.JZZ)

KnKZZ(JZZ)
LVLIUSFL(KL
IF(LVL.LT.O) LVLZLVL+2S6
LVsLVL/32
IF(LVLE.i) GO TO 160
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MAPS Adaptive Image Smoothing: TransMAPS 4-17 ADAPT/SFADPT -
6SUR(1)ub-1
LSUR(2)uL
LSUR(3)zLNI4SZ(V)
LSUR(4)=L+ASZ(LV)
I(SUR(1)ui(-1
KSUR( 2) UK

KSUR(3)zK*MHSZ(LV)I KSUR(4)=K+MSZ(LV)
JT=O
D0 120 LTl,4
LS=LSUR (LT)

DO 110 KTm1,4
KSwK5UR(KT)
JT=JTtII' IF(IT.LT.0) ITmZT+25b
SURI (JT)MIT
LVT=ISFL(Kb,bS)
IF(L.VT.LT.O) LVTUVT4256
SURL(JT)al.
IFC(LVL-LVT).GT.44) SURb(JT)=O.

110 CONTINUE
120 CONTINUE

JWT=LV*GT(LV)
N Q N SZ(CLV )
DO 170 LUCZZz1.NO
LOZZCI)=LUCZZ-1
L0ZZ(4)wNX7ZZ(LV)-LQZZC1)
LQZZ(2)3(Lb0ZZ( ) .AND.01252).OR (LoGZZ(4).AND.652S)
LQZZ(3)m(LUZZ(1).AND.5S25).OR.(LOZZC4).AND.01252)

DO 130 JU=1,4
SW(JQ)=O.

130 SWI(JO):0.
JwT=JwT~1
DO 150 J=1,9
WT=NGT(JoJ NT)

- _7 DO 140 30.1.4

SWTzWT*SURL(I)
SW(JO)=SW(JQ),SwT

140 SWI(JO)=SW1(JQ),SWT*SURI(I)
150 CONTINUE

DO 160 J~al,4
IzIWT(5,JQ)
AIRSURI~i)
IFCSwCJO).GT.0.) AI=S'iv(JQ)/SW(JQ)
IF(DIT.NE.O.) AISAI+DIT*CRAN(1RJR)-.S)
ITzAIU.5
IF(1T.LE.0) ITw0
IF(IT.GT.255) IT*255
XT(IT.GT.127) ITNIT-256
JJZZxJZZ+LDjZZ (JO)
I RSTaNZZ (33ZZ)

160 ISFA(IRST)wJT
170 CONTINUE

GO To 200
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MAPS AdaPtIV* 19age Smoothlng: TranskAPS 4-18 ADAPT/SFADPT

Igo IRSTxNZZ(JZZ)
ISFA(IRST)mISFbi(K.L)
IFCLV.EQ.O) GO TO 200
Do 190 J=1,3
JJzzZJzz+J
KUKZZCJJZZ)
IRST=NZZCJJZZ)

190 ISFA(IRST)=ISFD(K,L,)
200 INCZZmI

IF(LAVONE.O) INCZZuLVSZ(LV)
JZZaJZZ*INCZZ
IF(JZZ.LE.NSO) GO TO 100
WRITE (4) (ISFA(J)vJz1.NSO)
RETURN
END

4

111-105



* SECTION ELEVEN

* TRANSMAPS MODULE #5: MAPS DIFFERENCE IMAGE FORMATION

11.1 Program Characteristics

Program Names: DIFFER or OF
r

Subroutines: USERE
FILESE
SET U PE
SF DIFF
ESTATS

Files: EPRINT.DAT (listing)
IMAGE.DAT or DMAPS.DAT (input)
DMAPS.DAT or ADAPT.DAT (input)
ERROR.DAT (output)

Task Build Options: MAXBUF = 1024

ACTFIL = 5

Task Size: 25312

11.2 Source Listing

The COMMENT-annotated source listing for DIFFER follows:
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KDifference Image and Statistics Formation: TransMAPS 5-1 DIFFER

PROGRAM DIFFER
C
C + ---------------------------------- --------- ....

C II
C I TransMAPS Module #5: Difference image & statistics Formation I
C II
C ------------------------------------------------------eeeeee-ee e e e e

C
C Control Data Corporation - 1982
C
c Files: Unit Name Content From/To Type
C ...
C Out I MPINT Difference statistics report Printer FORMATTED
C In 2 IMAGE Source Imager SUbframes asUBRM FIXLD SEG.
C or DMAPS Decompressed Image, SUbframes DMAPS
C In 3 DNAPS Decompressed Image, subframes DMAPS FIXED SEQ.
C or ADAPT Adaptively smoothed, subframes ADAPT
C out 4 ERROR Difference Image, $ubframes RASTER FIXED SEQ,
C
C User Interaction: In Subroutine USERE
C m - - - -- --n-

C Image Pair Selection for Dlfferencing
C Difference Imaye Control
c
C Program Structure:

*C --C ----------------.
C PROGRAM DIFFER
C CALL USERE specify image pair to difference and output type
C CALL FILESL Open files, check integrity, read/write headers
C CALL SETUPE Initialize statistical sums and arrays
C Loop on subframes
C CALL SFfjIFF Difference Images and accumulate statistics
C CALL ESTATS Output fidelity measures and Image distributions
C
C COMMON block Communications
C .. tt------------------
C /DlFF/ User Imaoe controls Length& 8
C DIFFER,U3ERE,FILESE,SETUPE
C
C IiTYPC6) Esytei Filename for Input Image #i
C 12TYP(b) Ceytei FilenaMe for Input Image #2
C FAC CRS4J Difference Image control parameter:
C < 0 form signed and biased difference
C s0 find difference statistics only
C >0 form amplified absolute difference
C FAC Is amplification factor

* C
C /DIFFOP/ Derived difference controls Length: 6
C SETUPEsFDiFF
C
C FACT (P*43 Cop" of FAC
C Fs [R*41 Activation factor for signed difference
C FA tR'4j Activation factor for amplified difference
C
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DLference Image and Statistics Formation: TransMAPS 5-2 DIFFER

C /HEADl/ Standard MAPS file header, Image #1 Lengths 32
C DIFFEHFILESE
C
C IFILEl [12] rile type
C INAMEICS) (Byte) User-selected image name
C NLI (1$2] Number of Lines in source image
C UPI (1*2) Number of pixels in source image
C NBI (1*2] Number of bits/pixel In source image
C KSFi [1*21 Kind of subtrame Sxe 16x16 32x32
C IGRDI [1*2] Subtrame grids squareCO)/staggered(),
C NSi (1*4] Total subtrame count
C MCI (104) MAPSel count
C NIXBPI [1021 PacKed block(O)/pattern[i) mode (rt-lft)
C IBV1(5,2) [1*23 Optimal pattern biases by levelplow/high
C IPADi(W) (1*22 Space for future extension
C
C /HEAD2/ Standard MAPS tile header, Image 02 Length: 32
C DIFFER,FILESE
C
C IFILE2 (12] File type
C INAME2(6) (Byte] User-selected image name
C NL2 (1*21 Number of lines in source image
C NP2 (12] Number at pixels In source image
C NO2 (1*2) Number at bits/pixel in source Image
C KSF2 (1*2] Kind of subtrame 9x@ 16x16 32x32
C IGRD2 (1*2] Subframe grids square[O)/staggered(l)
C NS2 r1*4] Total subframe count
C MC2 (1*4] PAPSel count
C NIXBP2 (1*2] Packed block(O)/pattern(l) mode (rt-lft)
C IBV2(5,2) (102) Optimal pattern biases by level,low/high
C IPAD2(7) [1421 Space tar future extension
C
C /SFDATI/ Subtrame data, Input image 1i Lengths 512
C SFDIFF
C
C ISF11024) (Byte] Image 01 subframe data array
C
C /SFDAT2/ Subrame data, Input image 62 Lengths 512
C SFDIFF
C
C ISF2(1024) (Byte] Image 02 subtrame data array
C
C /SFDAT3/ Subtrame data, difference image Length: 513
C FILESE,SFDIFF
C
C NSG [1*2 Number of total pixels/subframe
C iSF3(124) (Byte] Difference image subtrame date array
C
C /STATSE/ Image distributions Length: 6576
C SETUPE,SFDIFF,ESTATS
C
C 11VS12(64,64) [1*4] Image 61 vs Image #2 2-0 histogram
C IIH(64) (1*4) Image 6I histogram
C 12H(64) (1S4] Image 62 histogram
C llN2H(64) (1*4] Difference histogram
C (All distributions In steps of
C 4 gray-scale level increments)
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Diference Image and statistics Formation: TransMAPS 5-3 DIFFER

C-
C /BUNS/ Fidelity measure accumulations5 Length$ 20
C SETUPE.srDiFF.ESTATS
C
C PhX (RS8J Total pixel count for subtrames
C SU~i (HS) sun of Image 11 grey-scale valuesr.C SUMS0l (R*ej Sun of squares of Image of values
C 01FF (R*61 Sum of difference gray-scale values
C DIFFSQ tR*e] Sum of squares of difference values
C

COMMON /HLADI/ iriLEl,INAMEI(B),NbliNPINBi,KSFiIGIRDI,hSl,MC1,

* MIXBP2,Iavl(5,2),IPADIC7)
BYTE INAME2
INTEGER*4 N52.,MC2
COMMON /D1FF/ XlTYP(6,X2TYP2(6),NFAC ,B2KrGD2N2N2

BYTE IITYP,X2TYP
INTEGER*4 bUUPSF',ISTAR4
DIMENSION FNAMI.S(6.4)
BYTE FNAMES
DATA FNAMES /IHI,IHK.IHAIMG,iHE,1H olMD,iHN.INAIHPINSIH

+ 1HbplHE.1HV,it4E,INL.IH *IHA,11HDIHA,IHP,INTIHI
CAhL USERE
CALL FILESE

Im(1.EO.O) 11=1
12xlFIlE2
IFC12.EO.O) 12=1

TYPE 500,INAMEI, (FNAMES(J,11),JS1,5),INANE2.CFNANESCJ,12).JuleS)

S00 FORMAT(/,1X,#DlfrERENCING .BAi,* TYPE ,$Al,-, VS ',9A1,
CALL SETUPE

DO 110 hOOPSFmi,NSl 1814

110 CALL SFDIF ,
IF(MCI.LQa.0) Gu TO 210 3*
ISTAR43(NC 1+2)/3 4
im(sril..) I5TAR4w(MC1,3)/4 1 1*4
ISTAR4US* (KC1+15TAR4) 1 1*4
DEWBI4LI
SPPI8ISTAR4/DEN
BPPI.BPPi/NPi

210 WRITE (1,bO0) INAMEI,(FNAMES(Jeli),Js1,5)uSPPI -

6 00 FOIMATIMi~bX,'DIFFERENCE STAT1ST1CSs',/1*I0Xp1NAGE1 *,$Al,
* ' TYPE: ',5A1.*, BITS/P1XELI1,rS.s)
SPP2=NS2
IFCMC2eEQ.O) Go TO 220
1S1Ak4n(mC2+2)/3 1 1*4
ir(KSF2.EU.S) ISTAR4x(1C2*3)'4 1 44
ISTAN4uS*(MC2,ISTAR4J 1 1*4
DEkwNL2
BPP2aISTAR 4/DEN
BPP2aBPP2/NP2
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Differenc* Imago and statistics Formation: TransMAPS 5-4 DIFFERJ

*220 WRITE (1,610) INANE2,CFNANESCJ.I2),Jsl,5),5PP2
610 FORNATCI2X,*VvS,/,10X,-IMAGr2S U. TVPIR 1,SAI,

+ P, SITS/PIXEL:,F8.~b./)

zrFcFACT.o.) WRITE (1,620) 151
620 rORmATCSX,*SIGNED IFEREwCE IxAGr ProDucED,,

* *SUBFI(AMESO,/)
iFCIFAC.GT.0.) WRITE (1,630) N81,rAC

630 roRPATC15X,.AnPLiFIeD D1FFEREWcE IMAGE PRODUCCDI.17p
* SUSFRAMES, AMPbIFICATION*,F6.1,/)
CML ESTATS
CLOSE(CUN 1131)
CLOSECUhlTw2)
CbOSECUNIT*3)
iFcFACNE.O.) CbOSECUNITz4)
END
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L Difference Image and Statistics formation: TransMAPS 5-5 DIFFER/USEREJ

SUBROUTINE USERE
C
C Purpose: User Interaction for difference Image and fidelity

Cperformance evaluation i
C Subframe image type for Input Image 01 (IMAGE or DMAPS)

CSuDtrame Image type f or Input Image 12 (DNAPS or ADAPT)
C Difference control parameter
C
C CALbed from; DIFfER
C

----------------------------------------------------------------- ~---------------
COMMON IDIFF/ IITYP(6),l2TYP(b),FACj
DIMENSION hAMES(6,3)
BYTE NAMES
DATA lITVP/Ihi,1HN.IHA,114GIHE,0/ !Default
DATA I2TYP/IHD,lHM,lHA11b4P.1hS,0/ ! Default
DATA Ac/ILo./ £Default
DATA NAMEs/1HI,lHM,INA. 1HG,IIE,0.IHD,INN,1NA.HP1I4S,O.

* INA,114D,1HAIHP,114T.0/

12x2
TYPE 500r

500 FORtNAT(/,lX,32(1H*) ./,IX, S ,30X, *-,/,IX,
+ '* MAPS DIFFLINENCE IMAGE MODULE .
+ #,X**3X 5,' X3(H)

100 TYPE 510
510 FOiRNAT(//,3X,*INPUT IMAGE TYPES:*,//,7X.

+ 'I - IMAGE CORIGINAL, SOURCE) INAGEI DN6Y-,/#7X,
+ 'D - DMAPS (MAPS DECOMPkESSED)',/,7X,
+ 'A - ADAPT (ADAPTIVELY SMOOTHED) INAGE2 ONLY')

TYPE 520,11TYP
520 FOkMAT(/,5x,#lMAGEI? (I D) #,Al.'L',4A1.J'1,AI)

ACCEPT 1lbIT
I FORMNAl)

XF(LIT.EQ.1HI) 1131
IF(L~IT.EQ.IHD) 11=2
DO 110 1=1,6

110 I1TYP(I)zNANESCI,I1)
IF(I1.NE.2) GO TO 130
12=3

DO 120 Iul,b
120 12TYP(I)uNAAES(I,I2) 1
530 FORNAT(5X,'IMAGE2? (0 A) ',Al,'[',4A1*)',Al)

IF(II.EQ.2) GO TO 150
ACCEPT 1,LIT

IFCLIT.EG.IHA) 12u3

DO 140 iIl,
140 12TYPCI)xNAMLS(1,I2)
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Difference Image end4 Statistics Formation; Trans%&PS S-6 DIFFER/USERL

150 TYPE 540.IAC
540 roRKATC/,.3XDIrERENcE IPAGL TYPE:',//,7X,

* AMPLIFICATIONd FACTOR',/,9Xv
(U0 SIGNED AND BIASED DIFFERENCE IMAGE*,/.9X,2

+ no No DIFFERENCE IMAGE, STATISTICS ONLY',/*9X,
*>0 AXPbIFIED DIFFERENCE IMAGE*,/,1511+ *(VA6UE IS APPLIFIC&TION)'v//,SXv

+ -ACTOR?-,F5.0,5X,'(/ a NO CHNG)')
ACCEPT *,FAC
TYPE 550

550 FORMATC//,JA,*uSER SPECIFICATUE CO0PGETE:*,/,3X,28(lH'),//,SX,
+ 'REVIEW? (Y ON~ N) N')

ACCEPT 1l1?l
irFCLITEQ.IHV) GO TO 100
RETURN
END

7r
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Dttgerea-:e Image and Statistics Formation: TransMAPS 5-7 DiFER/FIbESE2

SUBROUTINE FIbESE

C
C Purpose: Open tiles, cheCK integrity, and read/write tile headers
C
C CALbed trom: DIFFER
C
C --------------------------------------------------------.. l......

COMMON /HEADI/ IFILEI,INAMEICO).Nbl,NPi,NSI,Ksri.iGRDi,Nsi,Nci,
+ MIXdPZIBV1(5,2),IPAD1(7)

BYTE INAmEI
INTEGER*4 NSI,MC1

DIMENSION JNEAD1C32) F
EQUIVALENCE (JI4EA1C),IFILEI)

COMMON /HEAD2/ iriLE2.lNAME2(9).NL2,NP2.NS2,K5F2IGRD2.NS2.MC2,
+ NIXBP2,IBY2CS.2),IPAD2(7)

BYTE 1NAME2
INuTEGER*4 h52,oC2

DIMENSION JHEA02C32)
EQUIVALENCE (JIEAD2(l),IF1LE2)

COMMON /OIFF/ IITYP(b),I2TVP(b),FAC
BYTE I1TYP,I2TfP
COMMON /SFDAT3/ NSQ*1SF3C1024)
BYTL ISFJ

DIMENSION JSF(512)
EOUIVALE.CL (JSF(i),ISF3(1))

OPEN(UNIlTm2,TXPEu'OLD' .NANEaIlTYP,FORMU*UNrORMATTED',
+ RECORDTYPE2'FIXED')

READ (2) JIIEADI
I1=IFILEl
IF((Zi.EeJ.O).OR.( CI1.GE.2).AND.CIl.LEo4))) GO TO 110

TYPE 500viTell
S00 FORMATC/,IX,'*** FILE.,12,* TYPE1,12,. INVA6ID INPUT')

STOP I
110 OPEN(UNITz3,TYPEuIOLD',NANEUIZTYPFOR~muNroRMATTED',

+ RECOIRf.TYPEFIXED')
READ (3) JHEh02
12=IFILL2
IFC(12.EU.0) .OR.((12.GE.2).AND.C12.LE.4))) GO TO 120

ITz2
TYPE 500,IT,I2
STOP 2

120 lF(KSFI.Ea.K5F2j GO TO 130
TYPE 5l0,KSF1.Ksr2

510 FORMAT(/,lX,S*** SUBFRAME SIZES DISAGREt.I3# VS',13)
STUP

130 ir(Ns1.E9.NS2) GO TO 200
TYPE 520,NS1,NS2

520 roRMAT(/,lX,'$** SUBFRAME COUNTS DISAGR99S*,I7.' VS5.17)
STOP
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200 N3QuKsrl*KSr1
IFCFAC.eQ*0.) GO TO 250
b&QaNSQ/4
OPENCUNITu4,TYPEOSNEW9 ,NANEUCERROR ,FoRNU~uNrORNATTED,#

+ RECORDT!PEuFrIXED',RECORDS1ZEuLSQ)
DO 210 Jul.32

* 210 .jsrCj)uJI4EADl(j)
irXLE3a5
ir(12T!PCl).E0.IHA) iriLE3=6
IFUIlT!PCI).EU.1HD) XF16003

WRITE (4) CISr3(J),Jxi#%sQ)
DO 220 Jul.32

*220 JSF(J)80
*250 OPENCUNIxlTTPLu*NEW,NANEUOEPRINTO)

RETURN
END
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Difference Image end Statistics Formation: TransMAPS 5-9 DIFFER/SETUPE

SUBROUTINE SETUPE
C
C Purpose: Initialize statisticol sums and accumulation arrays
C
C CALbed from: DIFFER
C
C .............. w~ee -------------------..........

L'ommoN /oirrF 11TYP(6),12TVP(6),FAC
BYTE IITYP,I2TYP
COMMON /DIFFOP/ FACT,Fs,rA
COMMON /sUm/ Pix.sumisooi *U OFDirFSO
REAL'S PIX,SUMISUMSQI,DirrDIFFSO
COMMON /STATSE/ IIVS12(64,64),I1H(64),12HC64),IiM2H(64)
INTEGER*4 IiV$I2,IIH,IZH.IiM2H
rACTzrAC
F.Bzi.
FASO.
IFCACT.LE.O.) Go To 110

FAUF ACT
11O CONTINUE

PIX=O.DO
SUMlzO.DO
SUMS~iUO.D0
DIFFzO.D0
DIFISOzoD 0

DO 130 Jxl,64
DO 120 1311b4I

120 I1VS12CI,j)zO
IiHCJ)U0
12H(J)zO

130 IlM2H(J)uo
RETURN
END
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Oilterence Image and Statistics Formation: TransMAPS 5-10 DirrER/srDIFF

SUBROUTINE SFDIFF
C
C Purpose: Accumulate difterence statistics and generate difference

p.C 1mage suoframe
C
C CALLed troa: DIFFER

* C
C ..----------------------------------------- -------

COMMON /DIFFOP/ rACT,rs,FA
COMMoN /sums/ Pix.sumi .sumsoi .D1F,DIFFS0
REAG*6 PIXSUMISUMSOI.DirF,DIFFSQ
COMMON iSTATSE/ JI1'S12(64,64),I1H(64),12H(64).11M2I(64)
INTEGER*4 11VS12,XIN.12N.IIM2H
COMMON /SFDATI/ ISFI(1024)
BYTE IS1
COMMON /SFDAT2/ 1572(1024)
BYTE ISF2
COMMON /srDAT3/ NSQ1SF3(1024)
BYTE 1873
READ (2) CISF1(J),Jxl,ftSO)
READ (3) (1SF2(j).J31,Nso)
DO 110 IulNSQ
11:ISFI(I)
ir(ii.LT.0) 11z114'256
12a1872(1)
IF(12.LT.0) 12x12+256
11N2211-12
PIXaPIX+1 .DO

SUMIxSUM1+GS1
SUMSO1BSUNSG1,GS1 SGSI

DIFF20IFF+GSIM2
DIFFSOr-DIFFOi'GS1 M2*GSI N2
J1=11/4+1
J2xI2/4*1
J1M21IiM2/4+33
IF(jlm2.LT.1) J1M2w1
IFCjiM2.GT.64) J102w64
IIVSI2(J1 ,J2)*hIv$12(J1 .j2)+l 1*4
IiI4CJ1)zIIHCJ1)+1 1 1*4
12H(J2)012,4(J2),1 1 1*4
I1M2HCJ1M2)8I1M2H(JlN2),1 1 1*4
IPOS=IIN2
IF(IPOS*LT.0) IPOSE-IPOS
iDxrrzrs*( I~m2+j27 )IFA*IPOS
IF(IDIFFLL.0) IDIFFuD0
irclDxrrGT,25 IDIFFw255
ir(1D177.GT,127) xoirrwiDirr-2sB
1673(1 )aIDIrr

110 CONTINUE
IF(FACT.hE.0.) WRITE (4) (1873(J),Jal,NSO)
RETURN
END
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Dierence imaec and Statistics rormation: TraflsMAPS S-11 DIFFER/ESTATS

SUBRO6iINE ESTATS
C
C Purpose. OUtpUt fidelity measures and Image distributions
C
C CA1Led from: DIFFER4
C

COMMON /suns/ pIx,SUMl,SUmSO1.Dirr,DirFSQ
REAL*8 PIX,SUMl.SURSQ1.DIFFDIFFsQ
COMMON /STATSE/ IIVSI2(64,64),IIN(64),12H(64),IM2H4C64)
INTEGER*4 lIVSI2,I1Ii.1214.IIm2H
DIMENSION LbLL(b4),LINE(b4)vhSYMS(lI)
INTEGER#4 NRmPIX,ISTAR4
REAL*8 SSQREL
DATA LOLL./29;1H IHI.1j"%.IHAIHGvlHEvIH *1H2.281 H
DATA LSYMb/IH. .1141.112.1143, 144.15,H6,1K7,lNU.1H9,IH*/
AVDIFFEDIFF/PIX
RATIOxDIFFSQ/PIX
RMSxSQRT( RATIO)

IF(SUMSQI.GT.0D) ERRw1OO.9(DIFrso/sumsoi)
RELzO.
SSURELUSUASQ1-SUPI*SUgI/PIX
IF(SSOREL.GT..D) REbLOO.*(Dirrso/5SQRE6)
WRITE (1,640) AVDIrr,RMSERR,REL

640 FORMAT(1OX.'DIFFERENCES, IMAGE1-IMA-GE2: MEAN*,F$.3o', RMS',
+ FO.3#'p MSL',F9.Sv,%# RMSE*,F9.S.'%*,/)

NRMPIX-PIX/640. DO 1 104
WRITE (1,700) NHMPIX

700 rORMAT(20X,'IMAGE 1 (UNIT x',16,' PIXELS)P,40X,
+ 'UISTkIBUT1OhS'./.7OX,'GRAY SCALE IMAGE I IMAGE 2*,4X,
+ 'DIFFERENCE IMAGEI-INAGE2e,/3X,4+,64C114.),)

DO 150 Jul,64
DO 110 131.64

110 blNECI)1lH
LINE(J)a 114
DU 120 131.64
ISTAR4I1lv6I2(Ifj)
ir(ISTAR4,EQ.O) GO To 120
IlcISTAR4/ftKMPlX~l 1 1*4
IF(II.GT.10) 11311
LINE(I)uL.SXMB( II)

120 CONTINUE
bbu4*(J-1)
L*UWLLo+3
LD6*4'tJ-33)

E LDUuLDb+3
WRITE (1,710) LBLL(J),LINE.LL.LbUIICJ)124(J)oLD,LDU11N(J)

710 rORMAT(lXAI.' g.,64A£.'1.I4,* Ta',14,219.I*,0 10.IS,111)
ISO CONTINUE

WRITE (1,720)
720 rORMAT(3x,-+',b4(1H-) ,*')

RETURN
4 END
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SECTION TWELVE

TRANSMAPS MODULE #6: SUBFRAME TO RASTER CONVERSION

12.1 Program Characteristics

r-ogram Names: RASTER or RS

Subrouti nes: USERR
FILESR
SET U FR
UNSQR
UNSTGR

Files: IMAGE.DAT (input)
or DMAPS.DAT
or LEVEL.DAT
or ADAPT.DAT
or ERROR.DAT

IRAST.DAT (output)
or DRAST.DAT
or LRAST.DAT
or ARAST.DAT
or ERAST.DAT

Task Build Options: MAXBUF =1024

Task Size: 29664

12.2 Source Listing

The COMMENT-annotated source listing for RASTER follows:
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Subtrame to Raster Conversion: TranfMAPS 6-1 RASTER

PROGRAM RASTER

C
*C * ... f.e ...... e .. w ........ "awefl

C II
C I TransMAPS modulz 061 Subtrae to Rester Conversion I
C I I
C + .... . . . ..........................
C
C Control Date Corporation - 1932
C
C FIles: Unit Name Content from/To Type
C ....

C In 2 IMAGE Source Image, subtrames su5 mm DIRECT
C or DMAPS Decompressed Image, subWraes DRAPS
C or LEVEL Resolution 1ige, subtrame8 DRAPS
C or ADAPT Adaptively smoothed, subtremes ADAPT
C or ERROR Difference Image, subreames DIFFER
C Out 3 IRAST Source image, raster User SEGMENTED
C or DRAST Decompressed image, raster
C or LRAST Resolution Image, raster
C or ARAST Adaptively smoothed, raster
C or ERAST Difference image, raster
C
C User Interactions In Subroutine USERR
C ...........

C image Type Selection for Conversion
C
C Program Structure:
C .. .. .a --------

C PROGRAM RASTER
C CALL USERR Specify liege to be converted p
C CALL FiLESn Open files, read header, check type Integrity
C CALL SETUP" Establish partition controls, check image
C size integrity
C IF square arldI
C CALL UNSOR Convert xS 16x16 32x32 subframes to raster
C Loop on rows of subtrames In line direction
C Loop on S-lne swathes within rows
C Loop on subfraees In pixel direction
C InPut subframe
C Extract line segments for swath
C Output completed lines (burst of 0)
C or IF staggered grids
C CALL UNSTOR Convert Wil staggered Subframos to raster
C Preload buffer with all subfraces with first line
C Loop on lines
C Output current line
C Replace all subfraees heeded to finish next line
C
C COMMON Block Communication:

C *blank. Raster Image data Uengthl 16000
C RASTERfUNSOR,URSTGR
C
C isur(4000,0) (Byte) Bloct or recirculating 3-line buffer
C
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tuberose to Rtester Conversion$ ?ran§NhPS 6-2 385113

C #M0o0kl Square grid partition controls bengths 3
C SETUemIumAGN
C
C upS (IS2) Number of PixeI-directien subS races
C 11.5 11423 Number of line-direction suhiremss
C ES"TH (1*23 lumber of svathessv~trae (1 2 4)
C
C /DSGkCi Staggered grid Partition controls Lengths 17
C IZUPPUUSTGR
C
C UPS? t3e23 lumber *t pixel-direCtion subiraes total
C lPS1.CS) 162) lumber ot staggered subtrames in pixel
C direction for each startline sod S
C IMS(s) (1*23 Initial Pixel of first staggered
C subgrase for each startline sod I
C
C MADER5/ Staneard NAPS file* header Lengths 32
C NASUIR .ULEStrEUPe
C
C I116. (1*23 file type
C 11811(8) [Byte] User-selectd Image name
C IL 11423 lumber of lines In source Image

4C up t1023 lumber of pixels In source image
C No (1*23 lumber ot bit$/Pixel In source image
C 357 IM)2 Kind of subf race US I~S 32332
C IGED (1*33 Subf rabe grid: squareo3/staggered(I3
C US (104J Total subS race count
C NC 11041 0APS4I count
C MixSp 11033 Packed block(0)/pattern(l) co (ri-it)
C 15VC5.2) (1*23 Optimal pattern biases by leveleu/high
C IPAV(7) 913)2 Space tor future extension
C
C /OUTYR/ Output file* identification Lengths 3
C RASURUSER~e3..sp
C
C MAKERC4) tbyte) Output file@ name
C
C /SFDATA# Subfrace data Lethi 512
C UNSQR.UISGR
C
C 157(1034) (bytel Subf race data Input array
C
C IS57U1Pi Subi race control parameters Length: 4
C SITUPI, UNSQR *U 1816
C
C ILT (1023 lumber of lines In ieage

4C UP? (1023 Number of pixels In image
C 3Sr? (1*23 Subtrao* sizes edge
C 3501 1*623 subi race sizes pixel count
C
C /susUUN Input filt Identification Ledths 3
C USEUER,FILKSH
C

C NANCF(6) (BYte) Input file name
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dtOtie eec Image Assembly# TransaAPS 7-3 ANNOTE

c toIOg4s Output image sode bengths 1
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c
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Annotation and Image ASsembly: TransPAPS 7-4 ANNOTE

CALL USER
CALL SINDEX
CALL SYNBIN
CALL FILSET
IF(IPRNT.EQ.O) TYPE 500,NLNP

500 rORMAT(/.IX,'ASSEMBLING AND ANNOTATING IMAGES',h/,
+ 51,15o' LINES BYI15,' PIXELS TO FILE OANINGDATOI)

IFCIPflNT.NE.O) TYPE 501,NL,NP
S01 rORMAT(/.1X.IASSEMBLING AND ANNOTATING IMAGE:#,//,

+ 5X,15#' LINES BY.IS5,' PIXELS TO FILE -APRINTDAT-1)
JCOLx128
ir(NP.L.T,128) JCOLBNP
JCOjLIujCOLi1
JSY"P81k+
JSYMAZk-
IrCIPRNT.NE.O) sRITL (4,510) CJSYMNN.JslJCOL)*JSYIPr

510 roRNATC1HI.*',,129Al)
DO 400 bl1.Nb

DO 210 jml,NP
210 LINE(J)aO

IFCKONP.EQ.0) Go. TO 230
DO 220 jsl.NP

220 LINECJ)3377
230 CONTINUE

IF(NIMG.LE.0) Go T0 350
DO 330 Iu1,hING
IFCL.L6T*IL(I)) GO TO 330
IF(L.GT.LjL(1)) GO TO 330

INUINPCI)
READ JIUpEhDu320) CLTNPCJ)#JalIN
JIUIP(I
JFuLPCI)

JCsIC(I)
DO 310 JBJIOJF

lFCJC*NE.O) LTNPC.JJ)a.NOT9LTNPCJJ)
b1NEC(I)*LTMP(JJ)

310 CONTINUE
GO To 330

320 CONTINUE
CbOSCUNIT=IU)
LLCIMU-l
LIUL-MLI)
KL(I)uLZ
LISULIF(J)
TYPE 6OO.ILI,J)LCI)

600 roRNAT(/,1X,Ifs* END Of MIE ON ZUAOI.1Z2v
* *.ONLY1%I50 LINES CZNCLUDING.,150' SKIPS)*)

330 CONTINUE
350 CONTINUE

CALL TXTASTCL)
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Annotation and Image ASsebblYg TransNAPS 7-5 ANNOTE

XVCIPRtET.EG.O) GO To 390
DO 380 Jul,jCoL
6jUL.INECj)
ir(LJ.ibT.o) Lj3Lj*256
6jaL6J/32+1
LINE(J)EISrftlCLJ)
GTNP(J)cISYM2(LJ)

300 CONTINUE
LINECJCGL1)alHI
WRITE (4r520) (LINECj).jul.jCohl)

520 FORMAT(1A.1.*129A1)
WRITE (4o530) (bTAP(j).Js1.JCOL6)

530 rORMAT(1H,l128At)
GO TO 400

390 WRITE (4) (LINE(J),1jml,Np)
400 CONTINUE

IF(IPRNT.NI.0) sPITE (4.S40) (JI5TNN.Jsl,3Coh),vJ5ynp
540 roRMAT(lx,'+*,129A1)

ENDFILE 4
Z7(NING.GE,1) CLOSfCUNITu2)
IF(MING.GE.2) CbOSE(UNITm3)
CbOSE(UNITx4)

j END
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Annotation and Image Assembly$ TraflsMAPS 7-6 ANOTE/USER

SUBROUTINE USEN
C
C Purposes User Interaction for image assembly
C output Image specification
C Node: rester Image tile or line-printer pseudo-image
C Frame size and background direct/complement select
C Embedded Image specification
C Imao. count Co 1 2)
C Image description
C File Identification
C input positioning (line & pixel skips)
C Size (line & pixel counts)
C Output location (starting line and pixel)
C Direct/complement select
C Embedded annotation
C Message count (0-20)
C Messaoe description
C message overlap assessment and editing
C
C CALbed from: ANNOTE
C
C CALbs: OVHLAP,UMSG
C
C -.. .... ..-- ... ....---....---.... ... .... ....----------.... ...

COMMON /OUTING/ NL.NP.KOMP
COMMON /EMBIMG/ lmIGFILNANCIO.2).jL(2),JPC2),KL(2),KP(2),

+ INP(2).lb(2),LL(2ZbIP(2),LPC2),ICC2)
BYTE FlLNAM
COMMON /I;MBMSG/ Nm$G,MSGo(20),MSGNC20).MSGM(20).MIS(20).

+ NSGL(20),MSGP(20),MSGCC20),TEXTCSO,20)
BYTE TLXT
COMMON /NBOUND/ MIGC20)vMLLC2@)vM1PC20),NLP(20)
COMMON /MODEU4/ IPRNT
DIMENSION NAMET(10)
BYTE NAMET,NAMEI
EQUIVALENCE CMAMEINAMETCI))
DIMENSION bSLO(4)vMSGT(5O)
BYTE bLGO.SGT
DATA NPIX.IPIX/4004000/

C -----...- .........---....... Defaults -
DATA £PRNT/O/
DATA IL1 NP/SOOIO0/
DATA KOMP/O/
DATA NIMG101
DATA rILNAM/Ill, INO, ZNR.2*iNO#iN2,4CINFOiOINR,2C1N0,lH3,4S0/ I
DATA JL.JPKLAPIL.IP.IC/200.290.2$400,20624,2*l,2Ci,2*0/I
DATA INP.LL.LP/2*624,2*0.2C0/I
DATA NMSGIO/
DATA M800.MSCN,mSCN.MSGLMSGPM5GC/2001.20S0.20*i.40*i ,20*0/ I
DATA TEXT/250*IN *25001Hi 2*10S 2*2OIN

DATA MILNMLLIP,MLP/2091,20*O,2O*i,2@*O/
DATALL/ITIRNLI /
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Abnotatioi and image Assemblys f roeasAPS 1.1 AUUOTViUSEP

TYPE S00

* *0 INAGE ASSEMBLY AND ANNOTATZON NOOULE $6

C
C *so Output 1946o Spocliiestlon
C
100 CONTINUE

LITxINA
ir(IPRnT.uE.0) uLiftI9P
TYPE WOWLI

510 roRxATC/.31.OUTPUT IMAGE SPSCIFICATIOUIS,/1,
* 'OUTPUT rIbE hoDeI%,i,Ux,
* R - GRAI SCALE AASTER tamA ribg vAmina.oAt-.e6I
* P - LINE PRINTER PSEUDO INA9E FILE 4APR2UTeDAT~vifl
* 51.ODE? COI P) *@At)
ACCEPT 1.1.3?

ircCL.T.GIHP.0OR.(LIT.g@.1NP)) IPNVTxI
TYPE 520.11.

120 roRniTCu5E'nuam5 0r LiaEsVi5.1, (/ so ClUB))
ACCEPT *.N6

NPIX=*P1x
ftilPRaY."t.0) "PIX8IZS
iUCNPOGIIPPII) uPI

TYPE 5300"PIAXhI-
130 rooMwsX.Numsep or PiXELS (UP TO %14v)*II.4Xvv(&I so CHNG)l)

ACCEPT *Shp
iFCNPGT,%PIX) opumpix

LITaINN
IFCKONP~hE.0) L1181HY
TYPE 531.1.1?

535 FORMATC5I.'CONPbtmgNT BACKGROUND? (T ON 0) %At)
ACCEPT 1,61?
irCC1.IT.EU.IHM).OR.(LIT.EOlkn)) ROMPS@

C
C so* Embedded IM49e 50eclileftlons

TYPE 540,33MG
540 rORmAit//.,EmBEDE IAGSI//5

' NUMBER or IMAGes? co I 2)%1351.'/ a so CUNG)')
ACCEPT *,*ING

IFCmlG.LT.0) NinMoU

ZFCING.EO.@) Go TO 200
DO 15O Iul.NZMG

It0 TYPE 5S0,I.(FILNAM(J.1)tjalI0)
550 roKXAT(SX.'INAGE',I2.'',ll.7X,

* 'ILENAME? (UP to 9 CHARACTERS) %IO0AI)
ACCEPT I.NAXET

I ropmAT(SOAI)
IFCANi.EO.im ) 6O TO 140
irCNAKEI.EOI,W) GO TO 140

irCCMAMI.GE.INA).AND.CUAM91.Lg.1NZ)) Go TO 120
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An~cotele ad Ze"e hsfeeblv TraftelAPS 7.6 AmUoIE#U~gU

60 TO) 110
120 00O )0 Jl1

FtL3A0(J.ZIw4AmITMJ
LVCUnlANE).E13 ) tMu(J.1)GO
ZFCMAN9T(J).U.$1N/) ULAI.)O5
J0.l0) coo to 130

I)0 CONTINUE
140 CONTIOUC

Tire 57@.JA011J
$70 FORNATM(11EP INES INTO INPUT I4A69?v.1SSZ.(/ 030 CUG)*)

ACCEPT *.Jlo(l3
TYPE sl@.1v1XlJp(I)

sea foommuTz.4IP PIX9LS INTO INPUT INAGE? ((.14.),eIsosI

ACCEPT .JpiI~)

ILLI).GT.NL) KLC(INL
Tire $90,MI..XL(II

Soo r?%AT(7A,*%UmvIN Of L16961 WU 10 a1.)1.z( N o CHUG)
ACCEPT 0.KL(1)

ML(Do1)GleRLI LZ6l
KAXPOUP

400 ropmATMOIN9u6su or PIXuLS? (up TV N.411.5( O CNNGl)
ACCEPT 009P(ji

lIMPCI)GT.NARPI AP(i)UmAXp
I"P(1)UjP(I).Xp(R

TYPE 6IO0.LVlUL(I)
410 ?DNNA(?X,SAXTRNG LINE? (RANGE 1 -10l40e)0014Z

* It/ a No C"000)
ACCEPT *.1LMI

IV(I)*LT*1) LlE

TYPE 620,IPU,lPtI)
620 rOkNA?(7x.'STAKTING PIXEL? (RANGE 1 *%014.O)VO14410

* (/ a no CHUG)*)
ACCEPT *,IP(I)

PIPCI)LT91) PlS

LITMI MN

TYPE 630,11
630 r0N4At(71.C0P.ENET IMAG9? (1 00 N) *,At)

ISO CONTINUE
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C
C "a. g60. aes&&*a £oeo..uetse
C

"PC 640064"

* o 01 W568 £ASUS o0 * lU)%I4011304 C10601
&CunA 0.eon"

002 Sao 4010114
auen8441
5316060) 60 "0 ISO
po11O1118 1614 03 ST
a3 TO . I.3.8 os 02
aces"053

. w"T 93as ao Is*&$*s120.3*.Zuso asso 032#14&11
1163&&(3S.6T.3) so TO ISO
TIPS£I.T~o 60 T031
1101 010101

30 CASP 6064401
320 COUTINWIL
ale lift 400

00 SO 6.0466 O

11f1 6600
so 3104IN

34 M 66016oW41) aw 0MC)toca #

* P W*111.1.B1t

3000 TO I"6
TiA" ""M33
so* "0a£.8U0 Mo180?(1*I.%

A" Conte" 46 C63
CA6..ILA
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C ftqrg" ies.. bwsa i. mes 61194 %SILO te *slummI..*
c
C C4& steel &0@th
c

USE"b t8144to 0*1JISJIS

is 9so$.*
ftAb41
soamws ~.
A&S4 *5 1 "0 J.JI.~
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c se~eP&a
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£Ao1tation and Image Assembly# TransNAPS 7-10 ANNOTS/TXTACT

SUSAOUZME ?XTSETC L
C
C purposes get annotation line segments Sor all messages active on line b
C Loop on mO8sales
C Branch on orientation CT#9 vs LR)
C identity symbol Nap lines or columns to extract
C extract Symbol Nap lines or columns
C Resemble lines or columns to required symbol size
C Transfer message segment to output line butter
C
C CALUed trees ANNOTs.
C
C CALs1b3.$zU.LNOmsPi5P235P3SN
C

CoNNON /gms.SC/ mmGoSGO6(2@).N861C20).N5CN(2@).xsS(2@),

SillZ T9X?
CORROM /NSOUmDI Mi L120),4161600) v 41100), LP( 20)
CON~ON N/WI5N LZI(4000)

COPOft 1INGASQ LTNP(4006)
Sill 1610P
COMMON 'IeM, UleUL.5L4,mL4(2).Kf.L4T(3.2).CNAIC64)
*SIU CHN
39(SNSG.EO6o) a41 TO SID
DO0500 08i0441W

IFtPI.LL.@i04 70 TO 00

IIL9LL.O) 60o TO S00

118054O(m)
INTONSGNI

OLOLP~aI
Do $so JsuJ,

ZFUI*"j) O.1 to tjBoo

CA"~i 1.0(1
50 2*0 solva?

00 21 o ax
ale C"ORCJM00 a

1P1NU00990@1 go t0 220

CAL" 610911
AP(Mlegue5) CALL PSIPLI
iIm?.~ea.2) CALL PSPL2
1P4i?.so.11 CAL& &SPLE
iP441*10.41 CALL WS4PL4
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Annotetlon and Image ASemblys TransXAPS 7-19 ANNOTE/TXT&ET

220 KXu9-leuX
ircIT.ia.2) Go To 230
IPTUJZI#XR

GO TO 240
230 XPTaJL-KX

240 DO 250 Jul ,NX
LTNP(JPT)uCNARCJ)

250 IPTSXPT*ZNC
260 CONTINUE

Go TO 400
300 CONTINUE

ir(IT.C0.4) UCuLFI
KMC/AX
NL=NC4I-KSNX

CALL INDEX4
DO 310 Jwi.NX

310 CHAR(J)wO
IF(NL4.EO.0) GO TO 320
KTBTEXTCKPP)
CALL CNS4
zr(NT.EQ.1) CALL PSAPLI
IFCN?.LU.2) CALL RSMPL2
1V(NT.Eu.3) CALL RSOPL3
irCNTEU.4) CALL PSMPL4

320 Ir(IT.L0.4) GO TU 330
IPTEJI
local
GO TO 340

330 ZPTU.JL
INCE.1

340 DO 350 Jaj.NX
LTPIPT)zCHARCJ)

350 IPT*IPT#IhC
400 CONTINUE

IlrN5GC(P).EGO0) GO TO 420
0O 410 JUJijL

410 LTPJ)m.kOT.lTNP(j)
420 DO 430 JaJI*JL
430 LINECJ)sLNP(J)
500 CONTINUE
510 RETURN

END
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Annotation and 1mage AssemblYS TransMAPS 7.20 ANNOTE/ZtEDEX4

SUBROUTINE INDEX4
C
C Purposes Determine Symbol map lines or columns to be extracted
C N4 - Number of llnes/columns tor glven
C message line, symbol size
C G4 - Index of first line/column to be extracted
C from Symbol gap
C
C CALLbed from; TXTSET
C

C . 0~~~O..................................w... - ...

COMMON iLCLMSG/ NT.,bNL4,N4(2).KTL4T(3,2)CIAR(64)
BYTE CHAR
DIMENSION N4Cb4,4),L4Cb4,a)
BYTE N4.L.4
DATA N4/260,12*2,2*0.4S*o. 4*002442,450.3260,

+ 1.8.......*.60 *0.48*l.S*0'
DATA G4/0,0,2,6, 10,14,1S,22,26,30,34,38,42,460,0,O4900,

+ 4*0,1,3,5,7,9,11,13,15,17,19,21,23,25,27,29,31,33,35,37,39,
+ 41*43,45,47,44O,32*O. 6*0,1,2,4,5.6.S9.910.12,13,14,16.17.1S.
+ 20t2l#22,24,25p26,28,29.3op32,33,34,36,37,3g,40,41,42,
+ 44,4b.46,46,bs0. 16*0, S*0,1,2,3,4,S,6,7.6.9,1O.11.13.13.14,
+ 15.1b.17,16,19,20,21,22,23.24,25,26,27.26,29.3@.31,32.33.34,
+ 35.36,37,36.39,40.41 .42.43,44,45.46,47,4.SSO,'

NL64vN4(ML. NT)
IF(NLP4.EQ.O) Go To 120
Kb4L#4(ML,MT)-1
DO 110 J=l.N64

110 Mb4(J)nK64+J
120 RETURN

END
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Annotation and Image Assembly$ TransMAPS 7-21 ANNOTt/6NIYE4

SUBROUTINE LINES4
C
C Purpose: Extract Line(s) from Symbol Map (3 words/line)
C
C CALLed from: TXTSET
C

C0..Ma-" ..... e .. .. a....i . .n n... ~ e

COMON /LCUNSG/ MT.NL.Nb4,Nb4(2),KT.L4T(3,2),CNAR(b4)
BYTE CHAR
COMMON /SYNBOL/ ISYNM(3.40,60)
DO 120 Jx1,ML4
KL4UML4(J)

D 110 Jjel,3
110 L47(JJ,J)ulSYMB(JJKl4,KT)
120 CONTINUE

RETURN
END

414
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Annotation and 1mag0 A55*mblVl TransNAPS 7-22 ANNOTE/CLNN&4

SUBROUTINE CLN54
C
C Purposes Extract column(s) trom Symbol Map (3 wordslcolumn)
C
C CALLed groat TXTSET
C

COMMON ILCUNSGI NT.NL..NL4.ML4(2).KT.L4TC3.2).CNAB(64)
BYTE CHAR
COAXON /SYMBOLIS 1591(3,48.6@)
D1MENSION JJT(48),JICT(48)
BYTE JJITJKT
DATA JIT.'l*1.16'2,1603/
DATA T/1,1,1.1.1,1,9S-7..S..3..1O

DO 130 JS1,NL4
JL4=ML4 (3)
JJWaJJTCJL4)
JsJKT(JL4)
K100

00 120 3331,3

DOn 0 110 JjPin1,16
NL48KL4+1
ITS8ISVM9(JJWIU.4,IT)
JT53335
%blIIS4PT(ITS#JT5) .AND*0

JTSB16-JJP
NOXNW.Og.ll&HFTCITSJTS)

110 CONTINUE
L4T(JJJ)UNV

120 CONTINUE
130 CONTINUE

RETURN
END
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ARSMoaIsm 40d Image ABOOD61YI Tramn#APS 701.2 uOgBM

C
C purposes Resamble 42 symbol nat to In symbol $is*
C
C Aa C 0
C symbol map c r 6 m IResapl a a £P..r.E)eaftd0(6.er.J)
C 4X4 cell I a L P1101
C p aOP
C
C CALLed groat TXUBE?
C

CONNON /LCbft&G/ NT.NL.3L4.NL4(2)eRT.L4T(I.2),CNAR(4*)
BITE CNII
JCHRs2
DO 120 jjsCj*
b4TIuL4TCJJ. 1)
L4TZEL4TCJJ*23
Z1SuI,4T2
JTSwl
WL4UL4S.ON.1ISNT(18T83M
ZTSOLMT
L4r3L4roAmIDCZISNUTI 1t.TS) .Ok.L4T2)
JaN-14

D0 110 jp*L.4
JCHREsR. I
lTSaL4r
JTalsuJS SM)AN
IF(M.WE.) CNAP(JCNN)00377

Ito JSsJS+4
120 CONTINUJE

RETURN
too



C
C Purposes Bgoot asy~ol see to 22 gym*& size
C
C Aasc ues 0
C synu..a. irs b esompe atCo"*
C 434 coll I J 9 L. Pine615 fla 1600406h
C ua o R.L0We
C
C CAL40 items :31551
C

COMMON il6CS.U"/ NT.IL.UL4on&4C3),CTeI.U(3.21.CUAS(54)
site Cussl
zFCRGOA0000.*)6co0 40 to Ago
M au a @4210
Pm980al*142
6O to 30

Is* RSto10a42
0SB2US@4210

126 JCNftm4
DO 140 jimil

L4T2mL4T(JJ).2)
215356411

L4S1S115Nfl(1S.jSS) .AOL4rZ

t.45X2L4T1 .AN0.IlSmV?( 1I8.18)

JSN-15
00 130 jP231

11551.41 TM.40.1

*S.II119t(18JS)emom

140 COUTIluUK
01RINI
gap
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