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FOREWORD

MAPSEP (Mission Anslysis Program for Solar Electric Propulsion)

is a computer program developed by Martin Marietta Aerospace,

Denver Division, for the NASA Marshall Space Flight Center under

Contract NAS8-29666. MAPSEP contains the basic modes: TOPSEP

(trajectory generation), GODSEP (linear error analysis) and SIMSEP

(simulation). These modes and their various options give the user

sufficient flexibility to analyze any low thrust mission with respect

to trajectory performance, guidance and navigation, and to provide

meaningful system related requirements for the purpose of vehicle

design.

This volume is the second of three and contains the input/

output description of MAPSEP and other user related information.

Other volumes relate to analytical program descriptions and to

program logical flow.
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1. INTRODUCTION

This manual provides the user of MAPSEP (Mission Analysis

Program for Solar Electric Propulsion) with all the information

necessary to input the program and to obtain meaningful output.

In addition to listing all the input variables, their definitions,

units, etc., there are chapters discussing recommended usage.and

limitations, and sample runs.

MAPSEP is composed of three primary modes, each of which

performs a given function in a trajectory analysis. TOPSEP

(Targeting and Optimization for SEP) evaluates performance by

generating realistic integrated trajectories which meet whatever

mission and system constraints are imposed by the user. GODSEP

(Guidance and Orbit Determination for SEP) evaluates trajectory

dispersions, using linear error analysis techniques, in the presence

Qf dynamic and navigation uncertainties. SIMSEP (Simulation

for SEP) deterministically simulates single or multiple trajectories

in the presence of discrete system errors.

For the user who is unfamiliar with MAPSEP, it is recommended

that he first study, briefly, Chapters 2 and 3 on Input and Output,

respectively, to familiarize himself with some of the nomenclature

and options. Next, a careful study of Chapter 4 on Operating Guidelines

will yield considerable insight on MAPSEP Usage. The user can then

return to Chapters 2 and 3 for specific information on his particular

application. Finally, as additional background information, it is

recommended that the Analytic Manual (Reference 1) and Program Manual

(Reference 2) be referred to extensively.



2

2.0 INPUT

The basic input to MAPSEP is in the form of namelist data, fixed

field cards and magnetic tape. This chapter describes all available

input. Chapter 4 will discuss the organization of this input for

specific analysis functions.

All MAPSEP modes require the namelist $TRAJ which 
contains refer-

ence trajectory and spacecraft characteristics. If desired, this

namelist can be written on a disc file (STM) and eventually stored on

magnetic tape to facilitate later runs or 
stacked cases in the same

run. Following TRAJ is mode peculiar input.

The reference trajectory generation mode (TOPSEP) requires 
the

namelist %TOPSEP to follow TRAJ. $TOPSEP contains parameters that

determine the strategy for generating a trajectory 
which meets

desired target conditions and mission constraints. The reference

trajectory defined in %TRAJ is used as the initial guess.

The linear error analysis mode (GODSEP) requires the namelist

$GODSEP immediately after %TRAJ. %GODSEP contains system uncertain-

ties and navigation and guidance related data to perform a covariance

analysis about the reference trajectory. Following $GODSEP, fixed

field cards are input to describe measurement and propagation sched-

ules. Two disc files or tapes are often used: STM and GAIN. These

files contain trajectory and transition matrix data (STM) and a-priori

covariances and orbit determination filter gains (GAIN) to improve

computational speed and to provide additional 
flexibility. Another

namelist %GEVENT is optional and contains guidance event information.
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The trajectory simulation mode (SIMSEP) requires the namelist

$SIMSEP to follow $TRAJ. $SIMSEP contains parameters which describe

the scope of the simulation, expected dynamic errors, and cumulative

statistics from previous SIMSEP runs. Following %SIMSEP are a set

of $GUID namelists, one for each guidance correction maneuver. %GUID

describes the strategy, knowledge or estimation uncertainties and

cumulative statistics for that particular maneuver.

The trajectory displayrnode (REFSEP) requires only the namelist

$TRAJ followed by scheduling cards, similar to those used in GODSEP.

The fixed field schedule cards define: types of data displayed, span

of interest, and frequency of printout.

For those users who can vary the amount of blank common storage in

their runs, a guideline to estimate the total MAPSEP core requirements

is given below. Blank common length is related directly to the dimen-

sion of the dynamic state (NDIM) used in transition matrix (STM) com-

putation, and, the total augmented (knowledge) state (NAUG). The values

of "program" and "blank common" must be added to compute the total decimal

core for a CDC 6500. Other operating systems must scale these requirements

appropriately.

TOPSEP: program = 23400 2 (N = number of
blank common = 800 + 68(N)+(N) contro para-

meters)

GODSEP: program = 23900
blank common = 100 + 9 (NDIM)2  (if STM created)

= 100 + 9 NDIM)2 + (if STM used)
5 (NAUG) 2

= 100 + 13 (NAUG) (if PDOT used)

SIMSEP: program = 39100 2 (N = number of

blank common = 900 + N(NAUG) guidance
events)

REFSEP: program + blank common = 21000
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2.1 Trajectory - %TRAJ Input Description

The namelist $TRAJ, which is read in by DATAM, contains reference

trajectory and spacecraft related information for ballistic or low thrust

missions. Many of the variables have adequate default values such that

the user only has to input those which are different. The variables are

grouped as either trajectory, spacecraft or miscellaneous parameters.

Namelist JTRAJ:

a) Trajectory Parameters:

Variable Dim Default Units Definition

STEP 1 .5 - Scaling factor of the inte-
gration step size.

BODYIN 16x1 This array allows the user
to input ephemeris data for
a body that is not already
included in MAPSEP (Planet
Code is 10). The default
values are those of the
comet Encke. Orbital ele-
ments are of the form
X(t) = X + o( t where X

o o
is a constant, ae is the
rate of change and t is the
time in Julian Centuries.

BODYIN(1) 2444580.0 days Julian date of ephemeris
epoch.

BODYIN(2) 500.0 km Mean equational radius.

BODYIN(3) 1000.0 km Radius of the sphere of
influence.

BODYIN(4) 10-9 km3/sec2 Gravitational constant.



Variable Dim Default Units Definition

BODYIN(5) 33180812.67 km Semi-major axis (a).

BODYIN(6) 0.0 Km/J.C.* Time derivative of the semi-
major axis.

BODYIN(7) 0.847 Eccentricity (e).

BODYIN(8) 0.0 l/J.C. Time derivative of the
eccentricity.

BODYIN(9) 11.95 deg Inclination of the orbit
plane (i).

BODYIN(10) 0.0 deg/J.C. Time derivative of the
inclination.

BODYIN(11) 334.2 deg Longitude of the ascending
node (1).

BODYIN(12) 0.0 deg/J.C. Time derivative of Z1.

BODYIN(13) 160.2 deg Longitude of periapsis (Wa).

BODYIN(14) 0.0 deg/J.C. Time derivative of j .

BODYIN(15) 0.0 deg Mean Anomaly (M) at ephem-
eris epoch.

BODYIN(16) 0.0 deg/J.C. Mean motion (n); computed
internally if input Is zero.

DRMAX 1 50. km Maximum deviation from the
reference conic before
rectification.

FRCA 1 0.4 Scale factor of the target
planet semi-major axis used
as the maximum S/C-target
distance below which the
closest approach test begins;
this avoids local minima, or
"false" closest approaches,
especially for inner planet
missions.

* - J.C. is a Julian Century (36525 days exactly).
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Variable Dim Default Units Definition

IAUGDC 10 10*0 - Flags used to identify the
augmented dynamic state for

GODSEP in the STM file gen-

eration submode. Non-zero

entries will activate a para-
meter.

IAUGDC(1) S/C position and velocity
vectors

IAUGDC(2) Thrust bias: proportionality,
pitch and a yaw.

IAUGDC(3) Not used.

IAUGDC(4) Gravitational constant of
Earth.

IAUGDC(5) Gravitational constant
of sun.

IAUGDC(6)-(7) Not used.

IAUGDC(8) J2 zonal harmonic.

IAUGDC(9)-(10) Not used.

ICOORD 1 3 Planet code (see next
page) of reference body

of input state (STATE);
positive values indicate
1950.0 ecliptic inertial
coordinates; a value of
-3 indicates geocentric
equatorial coordinates.



CODE PLANET

0 Sun

1 Mercury

2 Venus

3 Earth

4 Mars

5 Jupiter

6 Saturn

7 Uranus

8 Neptune

9 Pluto

10 User Specified

11 Moon
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Variable Dim Default Units Definition

ISTOP 1 1 - The trajectory termination
flag. There are four pos-
sible criteria for terminat-
ing the trajectory.

= 1, final time (TEND)
= 2, closest approach
= 3, sphere of influence

= 4, stopping radius (RSTOP).

NB 11 11*0 This array is used to input
the bodies to be considered
in the trajectory propaga-
tion. The entries in NB,
correspond to the non-zero
values of the planet codes.
The sun is automatically
included.

MORBIT "1 1000 REV'S The number of orbital
revolutions between the
coarse shadow tests.
o If IM RBITI 1000 or
MORBIT = 0 the shadow

logic will not be executed.
o If 1000 > MORBIT > 0 shadow

logic will be executed but
shadow phase changes will
not be printed.

o If -1000 ( MORBIT < 0
shadow logic will be
executed and shadow phase
changes will be printed
(IPRINT must not equal
zero).

J2 1 1.08264 J2 zonal harmonic.
x 10-

J2FLG 1 0 J2 activation flag.
= 0, no J2 effect.

= 1, J2 on.

INORB 1 0 - FLAG indicating the type of
components comprising the
initial state vector (STATE)
= 0, Cartesian state
= 1i, Orbital elements.
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Variable Dim Default Units Definition

NTP 1 3 The planet code of the tar-

get body.

RSTOP 1 31096.5 km The stopping radius must be

specified when ISTOP is set

to 4. The default value is

set to a synchronous Earth

orbit.

STATE 6 6*0. km, Initial state vector; if
km/sec, INORB = 0, then cartesian

deg (X, Y, Z, X, Y, Z); if
INORB = 1i, r

periapsis
rapoapsis,i, X ,is f ttrue

anomaly) (see also ICOORD).

TEND 1 0.0 days The trajectory termination

time, tfinal, relative to
launch. The input may be
full Julian Date or days
from launch.

TLNCH 1 0.0 days The Julian Date of the tra-
jectory epoch (launch).

TSTART 1 0.0 days The trajectory time associ-
ated with the input state.
This can be a Julian Date
or days from launch.

XBODY 1 6HENCKE Hollerith label for the
input body (BODYIN).

b) Spacecraft Parameters:

Variable Dim Default Units Definition

ENGINE 30 This array defines the space-
craft thrust subsystem
(Section 4.1, Reference 1).

ENGINE(1) 21.65 KW Useful power from the solar
array at 1 AU (Po).

ENGINE(2) .65 KW Housekeeping power (PHK).

ENGINE(3) 21.65 KW Maximum power when r& r
(P ax). See ENGINE(9). min
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Variable Dim Default Units Definition

ENGINE(4) 1.4382 - Power Constant (C1).

ENGINE(5) 0.0 - Power Constant (C2).

ENGINE(6) -0.2235 - Power. Constant (C3).

ENGINE(7) 0.0 - Power Constant (C4 ).

ENGINE(8) -0.2147 - Power Constant (C5 ).

ENGINE(9) 1.0 AU Heliocentric distance for

which the power is a maximum

(rmin •

ENGINE(10) 29.418 km/sec Ion exhaust velocity (c).

ENGINE(11) 1.0 - Thruster efficiency (~1).

ENGINE(12) 0.0 I/sec Power loss (PL).

ENGINE(13) 0.0 days Time decay of power loss
prior to start of the
mission.

ENGINE(14) -- Not used.

ENGINE(15) -1.0 (meters)2  Radiation pressure coeffi-
cient times the effective
cross-sectional area of the
solar arrays (C A). If
negative, no radiation pres-
sure.

ENGINE(16) 1.0 Scale factor on ENGINE(15)
when r < r min"

ENGINE(17) 3 min. Thruster startup delay time

ENGINE(18) 9 min. Lafter end of a shadow period.
ENGINE(19) .464 min/sec If shadow time . ENGINE(17),

EN ) 0 2then delay = 0., otherwise
ENGINE(20) 0n/seJdelay = ENGINE(18) + ENGINE(19)

* shadow + ENGINE(20) f(shadow)'.

FLX 1 0. 1014 Cumulative particle flux (1 MEV
part/ equivalent)
cm2

FLXDOT 1 0. 1014 Flux rate.
part/
cm

2

sec
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Variable Dim Default Units Definition

IENRGY 1 1 - This flag determines the

type of power subsystem.

0 - Ballistic

1 - Solar Electric Power

2 - Nuclear Electric Power

ISCD 1 0 - Solar cell (and power)

degradation flag resulting
from particle flux.

= 0, no power degradation
= 1, power degradation by

flux

PHAS .4 Thrust control phasing para-
meters (See also THRUST).

PHAS(1) 0. deg Pitch (or in-plane) phase
angle.

PHAS(2) 0. deg Yaw (or out-of-plane) phase
angle.

PHAS(3) O. --- Not used.

PHAS(4) 0. rad/sec Mean motion used when "fast"
variablo is time dependent
anomaly.
>0., time dependent enomaly

relative to phase start

time,
S0., eccentric anomaly.

SCMASS 1 2000.0 kg Spacecraft mass at TSTART.

THRUST 10x40 This array defines the
thrust contrpl policy for
the trajectory. Each column
contains the controls for
each segment of the trajectory
for i = 1 to 40 segments.
For orbit plane system,

In-plane thrust = a0+alt+a 2 sin (E+PHAS(l))

Out-of-plane thrust = a3+a 4 t+a5 sin (E+PHAS(2))

For pitch/yaw Policy 1,
pitch = ao+a +a2 sin (E+PHAS(1))

yaw = a3+a4 t+a5 sin (E+PHAS(2))

For pitch/yaw Policy 2,
pitch = a +a sin (E+a )

yaw = a3+a4 sin (E+a5)
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Variable Dim Default Units Definition

where E = eccentric or time

dependent anomaly (See PHAS(4));
See also Analytic Manual, P. 17).
Note that the THRUST array allows

for 40 control segments; however,

this full capability is used

only in the GODSEP mode (See

P. 156) whereas TOPSEP and
SIMSEP are restricted to 20
control segments.

THRUST(1,i) 9.,39*0. = 0., last thrust phase
= 2., orbit plane thrust policy

= 3., pitch/yaw policy 1

= 4., pitch/yaw policy 2
= 9., coast

THRUST(2,i) 40*1020 days Days from launch for which
the ith phase ends.

THRUST(3,i) 40*1.0 Throttling level (TL).



Variable Dim Default Units Definition

THRUST(4,i) 40*0.0 deg In-plane or pitch angle (a0).

THRUST(5,i) 40*0.0 deg or Thrust policy coefficient

deg/sec (a ).

THRUST(6,i) 40*0.0 deg Thrust policy coefficient

(a 2 )

THRUST(7,i) 40*0.0 deg Out of plane or yaw angle (a3).

THRUST(8,i) 40*0.0 The number of thrusters.
This is required only for
GODSEP and SIMSEP.

THRUST(9,i) 40*0.0 deg or Thrust policy coefficient

deg/sec (a 4)

THRUST(10,i) 40*0.0 deg Thrust policy coefficient
(a )

c) Miscellaneous Parameters

Variable Dim Default Units Definition

EDIT 200 200*0.0 - These arrays are used for

IEDIT 20 20*0 - storage related to temporary
LEDIT 20 20*.F. - program modifications.

IOPT 4 2,1,0,1 - Optional trajectory control

flags.
IOPT(l),(2),(3) Not used.
IOPT(4) Primary body change test

= 0, check for body changes
= 1, no check

IPRINT 1 0 - This flag controls trajectory
print.

> 0, Print every IPRINT
integration steps.

= 0, No print.

= -1, Print every XPRINT
days.

= -2, Print every event.

IPRINT = -1 should rarely be
used, especially in the
GODSEP mode. It is suggested
to set IPRINT = 20000. The
result will be prints, at
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Variable Dim Default Units Definition

every primary body and
thrust control phase change
and at termination.

NEQPRT 1 0 Flag to turn on equatorial
trajectory print (if = 1).

ISTMF 1 1 - This flag is used in con-
junction with the STM file
and the namelist $TRAJ.

= 0, Ignore.
= 1, Write the namelist

%TRAJ onto disc; create
the STM file if the
mode is GODSEP.

= 2, Read VTRAJ from disc;
read the STM file if
the mode is GODSEP.

= 3, The same as 2, but also
read the a-priori covar-
iances from the GAIN
file if the mode is
GODSEP.

= 4, Read $TRAJ from disc and
update with a second in-
put $TRAJ namelist.

MODE 1 2 This flag indicates the operat-
ing mode of MAPSEP. Positive
values will recycle back to
MAPSEP main, while negative
numbers will return to the
main of the mode. This fea-
ture allows the user to run
stacked cases.

= +l, Targeting and Optimization
(TOPSEP).

= +2, Error Analysis (GODSEP).
= +3, Simulation (SIMSEP).

PRNML 1 F Do (T), do not (F) print in-
put namelist VTRAJ

XPRINT 1 1020 days Trajectory print frequency.
Must be specified when

IPRINT = -1 (MPRNT = -1
in $TOPSEP)
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d) REFSEP Parameters

Variable Dim Default Units Definition

ELVMIN 1 0. deg Minimum elevation angle for
tracking S/C or target body.

KARDS 1 0 Number of formatted print
schedule cards to be read
in after the $TRAJ namelist

NPUNCH 1 0 = 1, punch THRUST array to

include shadow periods
as coast phases.

= 0, no punch cards.

PITCHI 1 16700. kg-m2  Moment of inertia about
pitch axis.

ROLLI 1 123000. kg-m 2  Moment of inertia about
roll axis.

SPHLOC 1.T. = .T., station locations in

spherical coordinates
= .F., station locations in

cylindrical coordinates

STALOC 3x9 km, Array of tracking station
deg locations; coordinate system

determined by SPHLOC; for
Ith station,

STALOC(I,I) = radius or spin
radius

STALOC(2,I) = latitude or
longitude

STALOC(3,I) = longitude or
z-height

Default stations correspond
to:

I = 1, Goldstone, California
I = 2, Madrid, Spain
I = 3, Canberra, Australia
I = 4, Johannesburg, South

Africa
I = 5, Carnavon, Australia
I = 6, Fairbanks, Alaska
I = 7, Rosman, New Mexico
I = 8, Santiago, Chile
I = 9, Corpus Christi, Texas

YAWI 1 136200. kg-m 2  Moment of inertia about yaw
axis.
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2.2 TOPSEP Input Description

The input for the TOPSEP mode is transmitted via the namelists

$TRAJ and $TOPSEP. $TRAJ contains the basic trajectory and space-

craft information for a nominal low thrust mission. $TOPSEP contains

the necessary parameters to alter the nominal trajectory in order to

obtain a more desirable trajectory. All namelist vairables assume

the program default values if they are not specified by input. In

addition, once a variable has been set by namelist input or by

default, it will resume that value at the beginning of all succeed-

ing stacked cases even though the value may have been changed by

the program during any one stacked case.

Namelist $TOPSEP:

Variable Dim Default Units Definition

BTOL 1 .05 Tolerance on control bounds

within which a modified con-
trol correction may be imple-
mented (See Page 143).
The tolerance region within
the minimum and maximum
bounds (ULIMIT(I,1),ULIMIT
(1,2)) is defined by BTOL x
(ULIMIT(I,2)-ULIMIT (I,1)).

DFMAX 1 1000. Maximum increase allowed in
the cost index per iteration
(decimal percent of nominal
cost index value) (See Page
146)

DP2 1 0.04 Estimated region of linearity
(See Page 150).
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Variable Dim Default Units Definition

EPSON 1 0.0 - Scalar multiple for control

perturbation; if no accept-
able control step, then a
new sensitivity matrix will
be calculated based upon the
revised perturbations

H(IJ) = H(I,J) X EPSON.
(See Page 144).

EDIT 200 200*0.0 .This array is used to input
real variables for temporary
program modiciations.

G 20x1 20*0.0 Performance gradient (may
be input if available from
a previous computer run)
(See Page 146).

GTRIAL 5x1 One-dimensional search
constants (See Page 144).
Let P = P (") be the func-
tion to be minimized (the
cost index and/or the error
index) and T be the step
size scale factor to be
optimized, then

GTRIAL(l) 0.1 i+may not be less than
-ri x GTRIAL(1).

GTRIAL(2) 5.0 - i may not be greater than
GTRIAL(2).

GTRIAL(3) 0.01 If the A% of i+1 to i
is less than GTRIAL(3) then
P( T) is considered minimized.

GTRIAL(4) I.E-15 If the A% of the estimated
Pi to the actual Pi is less
than GTRIAL(4) then P(ZT) is
considered minimized.

GTRIAL(5) 4.0 Real flag designating the
extent of the curve fitting
in the new control direction.

= i., two-point-one-slope fit;
= 2., three-point-one-slope

fit;
= 3., three-point fit;
= 4., four-point fit.
(e.g., GTRIAL(5) = 4. indi-

cates that all four
curve fitting tech-
niques may be applied
in the preceding order).
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Variable Dim Default Units Definition

H 10x 2 2  220*0. Mixed Array of control designations.
A non-zero value indicates the

associated parameter is a con-

trol.
If
IASTM = 0, values of H are

perturbations used
in finite differenc-

ing.

IASTM = 1, values of H are used
only as activating
flags.

The first 20 columns of H cor-
respond to elements of the
THRUST array (See Page 10-B)
(e.g., H (4,1) = .1 identifies
the cone angle of the first
phase as a control. Note:
THRUST (I,J), I = 2,7 and
J = 1,20 are the only valid
thrust controls). The last
two columns of H correspond
to the parameters listed be-
low. When the grid mode is
operative the H array repre-
sents the first step for the
selected controls (See HMULT
for designating second step).

Parameters Selected as Controls
H(1,21) km x, STATE(1)
H(2,21) km y, STATE(2)
H(3,21) km z, STATE(3) Geocentric or
H(4,21) km r, STATE(7) Heliocentric
H(5,21) km/sec x, STATE(4) Ecliptic
H(6,21) km/sec y, STATE(5) Initial State
H(7,21) km/sec i, STATE(6)
H(8,21) km/sec v, STATE(8)
H(9,21) km Parking orbit radius of periapsis.
H(10,21) km Parking orbit radius of apoapsis.
H(1,22) deg Inclination of parking orbit.
H(2,22) deg Longitude of ascending node of

parking orbit.
H(3,22) deg Argument of periapsis of parking

orbit.
H(4,22) deg True anomaly of S/C at initial

trajectory time.
H(5,22) kw Base power at 1 au, ENGINE (1)
H(6,22) km/sec Exhaust velocity, ENGINE (10)
H(7,22) kg Initial mass, SCMASS
H(I,22) - I = 8,10 ; not used
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Variable Dim Default Units Definition

HMULT 20 20*0 - Scalar multiple of non-zero ele-
ments of the H array (max of 20)
used to define the second step in
the grid mode. See p. 138.

IASTM 1 1 - Flag designating the method of com-
puting the targeting sensitivity
matrix
= 0, finite differencing by means

of perturbed trajectories
= 1, integrated state transition

matrices
If IASTM = 1 the parameters avail-
able as controls are restricted.
See Page 140 and Page 15.

IEDIT 20 20*0. - This array is used to input
integer variables for temporary
programs modifications.

IMODE 1 2 - TOPSEP submode designation.

= 1, reference trajectory
propagation.

= 2, target and optimize.
= 3, generate trajectory

grid.

INSG 1 0 - If flag set to 1, then target sen-
sitivities S and the performance
gradient G are input; if flag left
0, ignore (See Page 146).

IWATE 1 1 - Type of control weighting (See
Page 141-A).
= 1, unity weighting.
= 2, normalized control

weighting.
= 3, sensitivity weighting.
= 4, combined sensitivity, target

error, and control weighting.
= 5, target gradient weighting.
= 6, averaged gradient and con-

trol weighting.

JWATE 1 0 Target weighting flag (See P. 142)

= 0, do not weight target
variables.

= I, use tolerances to
weight targets.

LEDIT 20 20*F This array is used to input logical
variables for temporary program
modifications.
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Variable Dim Default Units Definition

MPRINT 10x1 10*0 - Print option flags.

=-i, -print every XPRINT

days and at control

phase and primary
body changes.

= 0, no trajectory print.

= I, print every I inte-

gration steps.
MPRINT(1), reference trajec-
tory and grid print.
MPRINT(2), perturbation tra-
jectory print.
MPRINT(3), trial trajectory
print.
MPRINT(4), supplementary
print fo targeting mode.
MPRINT(5) - (10), not used.

NMAX 1 1 Maximum number of iterations
allowed.

OPTEND 1 89.999 deg Optimization termination
angle; optimization is
considered complete when

cos 9 = G - A2

IGIx Ii Ull

approaches 0 (when 9
approaches 90 deg). If
OPTEND< 9<90 optimization
is considered complete. If
OPTEND is set to 0 deg
TOPSEP will generate a tar-
geted but not optimized
trajectory.

OSCALE 1 1.0 Scale on performance index
for simultaneous targeting
and optimization (See P. 149).

PCT 1 0.2 Fraction of target error to
be removed in the first
iteration (See P. 143).

PRNML 1 F Do (T), do not (F) print
input namelist $TOPSEP
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Variable Dim Default Units Definition

S 6x20 120*0.0 Mixed Target sensitivities (may be
input ir available from

previous computer run) See

Page 146.

STOL 1 0.001 Minimum difference allowed
between the inner prodicts
of the columns of the sen-

sitivity matrix and the
inner product of exactly
linearly dependent vectors.

If S1 and S2 represent the
first two columns of the S
matrix and

1 ~ - 2 (STOL

then the two columns are
considered linearly dependent
and the control associated
with one of the columns

(U(1) or U(2)) will be dropped
from further consideration
during the current iteration.
(See Page 142)

TARGET 6xl 6*0.0 Mixed Target values; must be input
in the same n=mcrial 3ider
as indicated by the index on
the TARTOL vector.

TARTOL 25x1 25*0.0 Vector of target tolerances;
a non-zero value of any com-
ponent indicates that the
associated target parameter
will be included in the tar-
geting process. A positive
tolerance denotes an ecliptic
reference system. A negative
tolerance denotes an equatorial
reference system. If any tar-
get is flagged equatorial, all
targets are assumed referenced
to the equatorial system. The
desired target value should be
input in TARGET. The targets
are evaluated at the stopping
condition (ISTOP in $TRAJ) WRT
the target body (NTP in $TRAJ).
The targets which are allowed
are:
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Variable Dim Default Units Definition

TARTOL(1) km (1) x-comp of S/C WRT target
body.

TARTOL(2) km (2) y-comp of S/C WRT target
body.

TARTOL(3) km (3) z-comp of S/C WRT target
body.

TARTOL(4) km (4) r , radial distance
from target body.

TARTOL (5) km/sec (5) k-comp.

TARTL (6) km/sec (6) -comp.

TARTOL(7) km/sec (7) -comp.

TARTOL(8) km/sec (8) 1v , velocity magnitude.

TARTOL(9) (9) Not used.

TARTOL(10) km (10) Radius of periapsis.

TARTOL(11) km (11) Radius of apoapsis.

TARTOL(12) deg (12) Geocentric equatorial
latitude.

TARTOL(13) deg (13) Geocentric equatorial
longitude.

TARTOL(14) days (14) Time of periapsis
passing.

TARTOL(15) km (15) a, semi-major axis.

TARTOL(16) - (16) e, eccentricity.

TARTOL(17) deg (17) i, inclination.

TARTOL(18) deg (18) . , longitude of
ascending node.

TARTOL(19) deg (19) 1 , argument of
periapsis.

TARTOL(20) degq (20) MA, mean anomaly.

TARTOL(21) deg (21) TA, true anomaly.

TARTOL(22) days (22) Time of apoapsis
crossing.

TARTOL(23) kg (23) Final S/C mass.

TART0L(I) I = 24, 25 not used.
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Variable Dim Default Units Definition

TLOW 1 1.0 - Limit of quadratic error
index (EMAG) below which
optimization only is per-
formed. (See Page 150).

TUP 1 1.0 Limit of quadratic error
index (EMAG) above which
simultaneous targeting and
optimization is discontinued
and targeting only is initi-
ated. (See Page 150).

20
ULIMIT 20x2 20*(-10 , Mixed Minimum and maximum bounds

102) on the controls in the con-
trol vector. The units are
the same as those of the
controls (See Page 141-A).

UWATE 20x1 20*1.0 User input control weight-

ings which are applied for
all choices of the variable
IWATE.
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Tug Parameters

Variable Dim Default Units Definition

AZMAX 1 120. deg Maximum launch azimuth con-
straint for inner parking
orbit
(launch from Cape Kennedy)

AZMIN 1 35. deg Minimum launch azimuth con-
straint for inner parking
orbit
(launch from Cape Kennedy)

RP1 1 6567.26 km Inner parking orbit radius

TGFUEL 1 10673.0 kg Maximum weight of fuel for
transfer stage

TUGISP 1 309.2 sec Specific impulse of transfer
stage

TUGWT 1 1714.6 kg Dry weight of transfer stage
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2.3 GODSEP Input Description

Three forms of input are used by the error analysis mode. The

namelist $GODSEP is used to define output, all measurement and event

information (except the scheduling of measurements and propagation

events), and all covariance initialization and propagation informa-

tion. Immediately following $GODSEP are NSCHED cards defining the

scheduling of all measurements and propagation events. The format

for these cards, as well as a definition of data type codes, appears

after namelist $GODSEP is defined.

Following the measurement schedule cards are a series of

optional namelists for guidance, each called $GEVENT. Reading of

$GEVENT is controlled by the guidance flag array IGREAD, described

in $GDSEP.

Reference is made below in the definitions of IPFORM and

IGFORM to the "packed" and "unpacked" forms of a matrix. If the

solve-for covariance matrix PS is dimensioned 10 x 10, but the

current run has only 2 solve-for parameters, the 2 x 2 PS matrix

is considered "packed" if the four covariance elements occupy the

first four consecutive words of storage for the PS matrix. This

can be achieved in namelist input by

PS = 9., .63, .63, 4.,

If, however, the namelist input contains

PS(1,1) = 9., PS(1,2) = .63,

PS(2,1) = .63, PS(2,2) = 4.,

the four elements of PS will occupy words 1, 2, 11, and 12 of the



22

PS matrix due to internal storage standards and the matrix is termed

"unpacked."

2.3.1 Namelist $GODSEP - Covariance Initialization and Propagation:

Variable Dim Default Units Definition

IPFRM 1 ' - 0, input knowledge
standard deviations
and correlation co-
efficients in packed
form (see above for

definition of packed

and unpacked)
-- , iLpuL ',uowledge in

unpacked form.

IROT 1 0 . = 0, knowledge covariance
is in ecliptic coordi-
nates.

= 1, covariance is equatorial.

P 6x6 1000 km. Standard deviations and
.05 km/s correlation coefficients

each cioj- of state at epoch defined

ponent by TCURR

CXS 6xll 0 Correlations between
state and solve-for
parameters

CXU 6x13 0 Correlations between
state and dynamic
consider parameters.

CXV 6x15 0 Correlations between
state and measurement
consider parameters

CXW 6x10 0 - Correlations between
state and ignore
parameters.

PS llxll 0 - Std. dev. and correlatiQn
coefficients of solve-
for parameters

CSU 11x13 0 - Correlations between
solve-for and dynamic
consider parameters

CSV llx15 0 - Correlations between
solve-for and measurement
consider parameters

CSW llxl0 0 Correlations between
solve-for and ignore
parameters
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Variable Dim Default Units Definition

PU 13x13 0 Std. deviations and correlation
coefficients of dynamic
consider parameters

CUV 13x15 0 Correlations between dynamic
consider and measurement
consider parameters

CUW 13x10 0 Correlations between dynamic
consider and ignore parameters

PV 15x15 0 Std. deviations and
correlation coefficients of

measurement consider parameters

CVW 15x10 0 Correlations between
measurement considers and

ignore parameters

PW 10xl0 0 Std. deviations and
correlation coefficients of
measurement consider parameters

IGFORM 1 0 - Ignored if CONRD = .FALSE.;
if C1NRD =.TRUE.,
=0, input control uncertainties
packed
=1, input control uncertainties

unpacked. (see above
definitions of packed and

unpacked)

PG
CXSG Standard deviations and corre-

CXUG lations of control covariance

CXVG (analgous to P, CXS, ... , PW);

CXWG if CONRD = .FALSE., then control

PSG covariance is set to a-priori

CSUG knowledge; if CONRD = .TRUE.,

CSVG then control must .be input

CSWG at epoch defined by TG.
PUG
CUVG
CUWG
PVG
CVWG
PWG

CONRD 1 F =F, set apriori control to
a priori knowledge
=T, assume a-priori control
read in namelist
(See Page 159)
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Variable Dim Default Units Definition

DYNOIS 1 T - =T, compute effective process
noise matrix for use with state
transition matrix propagation
=F, don't compute effective
process noise

SCMVAR 1 0. kg initial S/C mass standard devi-
ation

SIGON 1 0. sec Standard deviation in thrust
start-up process.

ITVERR 1 1 - Type of second thrust noise process
= 1, thruster dependent
= 2, thruster independent (vehicle

dependent)

EPSIG 3x2 mixed Process noise standard deviations,
used only for STM (not PDOT).

EPSIG(1,1) .035 Std. dev. in magnitude proportion-
ality noise

EPSIG(2,1) .01 rad Std. dev. in itch (or in-plane)
angle noise.

EPSIG(3,1) .01 rad Std. dev. in yaw (or out-of-plane)
angle noise.

EPSIG(1,2) 0 - Std. dev. in secondary process
for magnitude proportionality.

EPSIG(2,2) 0 rad Std. dev. in secondary noise process
for pitch (or in-plane) pitch angle.

EPSIG(3,2) 0 rad Std. dev. in secondary noise process
for yaw (or out-of-plane) angle.

EPTAU(1,1) 4 days

EPTAU(2,1) 1 days corresponding to EPSIG (I,J)

EPTAU(3,1) 1 days and PDOT process noise

(See Page 159)
EPTAU(2,2) 0 days

EPTAU(2,2) 0 days

EPTAU(3,3) 0 days

IAUG 50 50*0 - Parameter augmentation control
IAUG(I) controls augmented of
parameters to state vector as
follows
=0, not used

=1, parameter solved-for

=2, parameter considered
=3, parameter ignored (generalized

covariance only)
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Variable Dim Default Units Definition

IAUG(I) parameters available
(1) thrust acceleration

proportionality
(2) pitch (or in-plane) angle bias
(3) yaw (or out-of-plane) angle

bias.
(4) gravitational constant of the

Earth
(5) gravitational constant of the

Sun
(6) J2 zonal harmonic
(7) not used
(8) thrust noise magnitude first
(9) thrust noise pitch angle noise
(10) thrust noise yaw angle process*
(11) thrust noise magnitude second
(12) thrust noise pitch angl enoise
(13) thrust noise yaw angle process*
(14) radius, Station #1
(15) longitude, Station #1
(16) latitude, Station #1
(17), (18), (19) radius, longitude,

latitude for Station #2
(20), (21), (22) radius, longitude,

latitude for Station #3
(23), (24) 2-way doppler, range

bias from Station #1
(25), (26) 2-way doppler, range

bias from Station #2
(27), (28) 2-way doppler, range

bias from Station #3
(29), (30) 3-way doppler, range

bias from Station #1, 2
(31), (32) 3-way doppler, range

bias from Station #1, 3
(33), (34) 3-way doppler, range

bias from Station #2, 3
(35), (36) azimuth, elevation

angle biases from Station #1
(37), (38) azimuth, elevation

angle biases from Station #2
(39), (40) azimuth, elevation

angle biases from Station #3
(41) star-planet angle bias

star #1
(42) star-planet angle bias

star #2
(43) star-planet angle bias

star #3
(44) apparent planet diameter

angle bias
(45) horizon scanner altitude (CO 2)

bias

*Pitch and yaw may be replaced by in-plane and out-of-plane angles.
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Variable Dim Default Units Definition

(46), (47), (48) horizon scanner
angle biases

(49), (50) Not used.

PDOT 1 F logical flag controlling
covariance integration
T, propagate covariance by

integration
F, propagate covariance by

state transition matrix
method

PROPG 1 F not used for input, overridden
internally

SCHFTL 1 T logical flag
" T, failure to mesh on STM

file within tolerances
defined by TOLFOR and
TOLBAK is fatal

= F, mesh failure not fatal
TCURR 1 TSTART days Epoch for input knowledge uncer-

(ATRAJ) tainties, referenced to TLNCH (if
PDOT = .TRUE. and TCURR # TSTART,
(See Section 4.2.5).

TFINAL 1 TEND days Error analysis final time,
($TRAJ) referenced to TLNCH

TG 1 TCURR days Epoch for input control uncertain-
ties if CONRD = T and control epoch
different from knowledge epoch

TOLBAK 1 1.0 days Backward tolerance on meshing
scheduled event times with STM
file times

TOLFOR 1 .002 days Forward tolerance on meshing
scheduled event times with STM
file times

Measurement Related Variables

Variable Dim Default Units Definition

C0RLON 1 .9 Station-to-station longitude
correlation for ground-based
tracking stations
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Variable Dim Default Units Definition

DOPCNT 1 12 Meas./ Nominal number of dopler measure-

Day ments to be taken per day for
scaling doppler noise (SIGMES(1)
and SIGMES(3))

GAINCR 1 F Controls GAIN file creation (See
Page 162)

= T, create GAIN file
= F, do not create GAIN file

GENCOV 1 F = F, current run not generalized

covariance
= T, generalized covariance run,

forces IGAIN = 4

HC02 1 1.03632 km Altitude of C02 layer for horizon
scanner

IGAIN 1 1 - Defines OD filtering algorithm
= 1, Kalman-Schmidt

= 2, sequential weighted least
squares

= 3, User-supplied filter (See
Analytic Manual, Section 6.4)

= 4, read filter gain from GAIN
file (TAPE 4)

NSCHED 1 0 Number of measurement and propa-
gation event scheduling cards to
follow namelist $GODSEP

SIGMES 15 mixed Array of measurement white noise
standard deviations

SIGMES(1) 1.0 mm/sec/l min sample 2-way doppler

SIGMES(2) 3.0 meter 2-way range

SIGMES(3) .1 mm/sec/l min sample 3-way drequency
drift

SIGMES(4) 10.1 meter 3-way range
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Variable Dim Default Units Definition

SIGMES(5) 1600. M-rad azimuth angle

SIGMES(6) 1600. /A-rad elevation angle

SIGMES(7) 150. & -rad on-board optics -- star planet
angle

SIGMES(8) 150. -'A-rad on-board optics -- apparent

planet diameter

SIGMES(9) 10. km on-board optics -- center-finding
uncertainty; used in conjunction
with star-planet angle

SIGMES(10) .48 km horizon scanner altitude

SIGMES(11) 291. /--rad horizon scanner angle

SIGMES(12)-(15) - - not used

SPHLOC 1 .T. coordinate system of station
locations and their errors
= .T., spherical

= .F., cylindrical

SIGALT 1 35. meter altitude
a-priori

SIGLAT 1 35. meter latitude standard
deviations

SIGLON 1 35. meter longitude of equivalent
station

SIGRS 1 35. meter spin radius locations (See
IAUG and SPHLOC)

SIGZ 1 35. meter z-height

STALOC 3x9 - km,deg Array of tracking station
locations (See REFSEP input,
P. 12-B)

STARDC 3x9 array of ecliptic star direction
cosines (or, equivalently, unit
vectors in star directions) used
for star-planet angle measurements;
vector locating Jth star loaded in
Jth column of STARDC

default values are (fictitious
stars)
STARDC(1,1) = .98, .16, -.07
STARDC(1,2) = -.64, .70, -.31
STARDC(1,3) = -.34, -.86, .37
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Event Variables

Variable Dim Default Unit Definition

NEIGEN 1 0 - Number of eigenvector events to
be scheduled (maximum 10).

TEIGEN 10 10*0. days Array of eigenvector event times
(See Page 158).

NPRED 1 0 - Number of prediction events to be
scheduled (maximum 10)

TPRED 10 1010. days Array of prediction event times

TPRED2 10 10*0. days Array of times predicted to

NGUID 1 0 - Number of guidance events to be
scheduled (maximum 20)

TGUID 20 20*0. days Array of guidance event execution
times

TDELAY 20 20*0. days Array of guidance event delay
times. Guidance events are scheduled
at execution time minus delay time,
and covariances are propagated for-
ward to execution time.

TCUTOF 20 20*0. days Array of guidance event cutoff
times for impulsive maneuvers,
set TCUTOF(I) = TGUID(I)

IGPOL 20 20*0. - Array of guidance policy control

flags (targets evaluated at
TIMFTA)
= 0, no maneuver, print control

uncertainties
= 1, target to cartesian state,

X,Y,Z
= 2, semi-major axis (a),

inclination (i)
= 3, a, i, RCA
= 4, Irl, I1y , i
= 5, variable time of arrival (XYZ

targeting)

IGREAD 20 20*0. - Array of guidance event read control

flags'(if non-zero, control weights
CONWT will be read), See Page 163.
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Variable Dim Default Unit Definition

= 0, do not read namelist $GEVENT
= 1, read namelist IGEVENT, and

recompute control and target

variation matrices (VMAT and

SMAT)
= 2, read $GEVENT

NCON 1 4 Number of controls for low thrust

guidance (must be greater than or

equal to number of target variables).
Controls are ordered:

magnitude
pitch*
yaw*
cutoff time

start-up time (or arrival

time if IGPjL = 5)
= 1, magnitude only

= 2, magnitude and pitch*

= 3, magnitude, pitch,yaw-*
= 4, magnitude, pitch, yaw* Gutoff

time

= 5, use all five controls

CONWT 5 5*1. Relative weighting factors for
controls defined by NCON
Small number weights out effect
of control.

CONWT may also be re-defined in
namelist %GEVENT

UMAX 5 5*50. %, Maximum allowable (10') control cor-
deg, rection as defined by NCON
day

TARWT 3 3*1. Relative weighting factors for target
parameters defined by IGPOL

TIMFTA 1 0. days Stop time for target conditions

(overrides TFINAL).

SIGDV 4 mixed Array of standard deviations defin-
ing impulsive AV execution errors

SIGDV(1) .01 - Standard deviation of proportion-
ality error

SIGDV(2) 2.E-4 km/s Standard deviation of resolution

error

*Pitch and yaw anglesmay be replaced by in-plane and out-of-plane angles.
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Variable Dim Default Unit Definition

SIGDV(3) .065 rad Standard deviation in ecliptic
pointing angle

SIGDV(4) .065 rad Standard deviation in out of

ecliptic pointing angle

Output Control

Variable Dim Default Unit Definition

CHEKPR 10 10*F - Array of logical flags controll-
ing check point options which may
be useful in debugging. The fol-
lowing elements of CHEKPR are
activated if set equal to .TRUE.:

(1) - writes to nominal output
file (TAPE 6) all information
on STM file (TAPE 3) during

file generation and all
information reads from the
STM file. In addition, the
results of each transition
matrix chaining operation
in subroutine STMRDR (See
Program Manual) is also printed.

(2) - Prints every measurement.
(3) - Prints full covariance, not

standard deviations and
correlation coefficients,
before and after each meas-
urement.

(4) - Writes to nominal output file
(TAPE 6) all information
written on GAIN file (TAPE 4)
during creation, and all infor-
mation read from GAIN file for
IGAIN = 4 option.

(5) - Writes to nominal output file
(TAPE 6) knowledge and control
uncertainties at end of burn
interval and transition matrix
over burn interval for low
thrust guidance, or eigenvalues
and eigenvectors of expected
AV covariance for impulsive
guidance.
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Variable Dim Default Unit Definition

(6) - computer time computation and

display
(7) - print 6x6 covariance in

equatorial coordinates
(8) - reads from STM file to compute

coordinate transition matrices
needed for guidance rather than
calling TRAJ.

(9) - Prints covariance before and
after each propagation

(10)- dump core when mission time .

TDUMP.

TDUMP 1 1020 days dump time (See CHEKPR(10))

IPROP 1 0 - Propagation event print control
= 0, no print

= 1, print standard deviations and
correlation coefficients of
S/C state only

= 2, full eigenvector event

JOBLAB 10 Blank Hollerith label to be printed with

each measurement and event print

MPFREQ 12 12*0 Measurement print frequency con-
trol. If MPFREQ(I) = N, the
first time the data type corre-
sponding to MPFREQ(I) is scheduled
it is printed. Thereafter, that
data type will be printed each
time its count is divisible by N.
The following correspondences
between MPFREQ and data type are

used. (See also Section 2.3.2).
(1) - two-way doppler (code 10OX)
(2) - three-way doppler (code 11XX)

(3) - simultaneous 2-way/3-way
doppler (code 12XX)

(4) - differenced 2-way/3-way

doppler (code 13XX)
(5) - two-way range (code 200X)
(6) - three-way range (code 21XX)
(7) - simultaneous 2-way/3-way

range (code 22XX)
(8) - differenced 2-way/3-way

range (code 23XX)
(9) - azimuth-elevation angles

(code 30XX and 300X).
(10)- star-planet angles (code 4XXX,

40XX and 400X).
(11)- apparent planet diameter (code

5000).
(12) - not used.
(13) - horizon scanner observations

(code 7000)



33

Variable Dim Default Units Definition

PRNCOV 5 Print control for standard deviations

and correlation coefficients. (T =

TRUE, F = FALSE)

PRNCOV(1) T Do (T) or do not (F) print state

standard deviations and correla-

tion coefficients and correlations

with all augmented parameters

PRNCOV(2) T Do (T), do not (F) print solve-for

standard deviations and correlation

coefficients and correlations with

other parameters

PRNCOV(3) F - Do (T), do not (F) print standard

deviations and correlation coeffi-

cients for dynamic consider para-

meters and correlations with other

parameters.

PRNCOV(4) F - Do (T), do not (F) print standard

deviations and correlation coeffi-

cients for measurement consider

parameters and correlations with

ignore parameters

PRNCOV(5) F - Do (T), do not (F) print standard

deviations and correlation coeffi-

cients for ignore parameters

PRNML 1 F - Do (T), do not (F) print input
namelist %GODSEP after reading

PRNSTM 5 - Print control for state transition
matrix partitions. The flagging

of any PRNSTM element causes prints,
with each state transition matrix
print, of the sensitivity of the rele-

vant parameter set to the entire

augmented state vector.

PRNSTM(1) T Prints sensitivities for S/C state

PRNSTM(2) F Prints sensitivities for solve-for
parameters

PRNSTM(3) F Prints sensitivities for dynamic
consider parameters

PRNSTM(4) F Prints sensitivities for measurement
consider parameters
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Variable Dim Default Unit Definition

PRNSTM(5) F Prints sensitivities for ignore
parameters

PUNCHE 5 5*F Punch flag for complete knowledge
or control standard deviations and

correlation coefficients at events

= T, causes punching

= F, does not
Elements of PUNCHE are:
(1) - knowledge at propagation

event
(2) - knowledge at eigenvector

event
(3) - knowledge at thrust event

(4) - knowledge at time TPRED2

for prediction events

(5) - control before and after

maneuver at each guidance
event

SUMARY 1 T = T, write SUMMARY file (TAPE 8)

= F, do not write SUMMARY file
(TAPE 8)

2.3.2 Measurement and Propagation Schedule Input

Measurement schedule cards follow directly behind namelist $GODSEP.

Each card contains three time control variables in Columns 1-30 in

format 3F10.4 and one measurement code (MESCOD) right justified in

Column 40 (format 110).

Time control variables are START, STOP, DELT

START = start time, referenced to TLNCH, for scheduling

current data type;

STOP = stop time for current data type;

DELT = time interval increment for scheduling.

For example, if START = 10.5, STOP = 20. DELT = 1.0, the current data



35

type will be scheduled ten times at 10.5, 11.5, 12.5, ..., 19.5 days.

Internal tests modify START if it is less than TCURR, and STOP if it

is greater than TFINAL so that no measurements are scheduled outside

the requested error analysis interval.

One additional option is available on scheduling. Any scheduling

card on which DELT is zero or negative redefines the allowable schedul-

ing interval from (TCURR, TFINAL) to the (START, STOP) interval defined

by that card. All succeeding measurements are scheduled in the interval

defined by that card until another card with a zero or negative DELT is

encountered.

If DELT is greater than zero and no measurement code appears

(MESCOD = 0), propagation events will be scheduled. Except for pro-

pagation events, all other allowable measurement codes are 4-digits,

defined as follows (station and star numbers are defined in STALOC

and STARDC, respectively):

100n 2-way doppler (range-rate) from Station n;

llmn 3-way doppler from Stations m and n;

12mn simultaneous 2-way/3-way doppler from

Stations m and n;

13mn differenced 2-way/3-way doppler from

Stations m and n;

200n 2-way range from Station n;

21mn 3-way range from Stations m and n

22mn simultaneous 2-way/3-way range from

Stations m and n;

23mn differenced 2 -way/3-way range from

Stations m and n
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300n azimuth and elevation measured from

Station n;

300m azimuth and elevation measured simultaneously

from Stations m and n;

400n on-board optics, angle measurement between

primary body and star n, defined by nth

column in STARDC array;

40mn two simultaneous star-planet angle measurements

with primary body and Stars m and n

4kmn three simultaneous star-planet angle measure-

ments with primary body and Stars k, m and n;

5000 apparent planet diameter measurement of

primary body.

600n not used.

7000 horizon scanner measurement (3 simultaneous

angles).

2.3.3 Namelist $GEVENT

One copy of namelist $GEVENT must appear after the measurement

schedule cards for each guidance event which has its corresponding

value of IGREAD greater than zero. Default values are nominal input

or computed values prior to reading $GEVENT.

Variable Dim Default Units Definition

BURNP 4 4*0. km/s, Thrust acceleration and mass at

Kg beginning and at end of guidance
interval (See Page 163).

CONWT 5 - See namelist $GODSEP

NC0N 1 See namelist $GODSEP
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Variable Dim Default Units Definition

SMAT 3x5 15*0. mixed Sensitivity matrix of target
parameters WRT control parameters
(See Page 163).

TARWT 3 See namelist %GODSEP

UMAX 5 - - See namelist %GODSEP

VMAT 3x6 18*0. mixed Variation matrix of target para-
meters WRT state at guidance epoch
(See Page 163).
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2.4 SIMSEP Input Description

Input to the simulation mode is transmitted to the program

through three namelists: STRAJ, $SIMSEP, and GUID. As before, the

$TRAJ namelist essentially defines the reference trajectory initial

conditions, spacecraft.parameters (thrust, mass, electric power, etc.)

and other baseline quantities necessary to specify a reference mis-

sion. In general, the $TRAJ inputs for SIMSEP are obtained as results

from a precursor TOPSEP analysis where a targeted reference trajectory

has been determined.

The first namelist peculiar to the SIMSEP mode is called

ISIMSEP. Its primary function is to initialize a priori statistical

descriptions of those error sources which remain nearly constant dur-

ing the course of an individual simulation in the basic Monte Carlo

cycle. In addition, various parameters which, for example, specify

the number of guidance events, the output frequency, the number of

Monte Carlo cycles, etc., are also read from SSIMSEP.

The second of these namelists unique to SIMSEP is GUID. As its

name implies, it is responsible for initializing parameters and data

used at guidance events. Unlike %SIMSEP which is read only once for

each SIMSEP run, $GUID is read for each specified guidance event

being simulated along the mission. Variables initialized by this

namelist include such things as guidance event times, knowledge

covariances, guidance law and policy specifications, etc.

Finally, it should be noted that both $SIMSEP and $GUID can also

contain certain statistical arrays computed in previous SIMSEP analyses.
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These arrays are key to SIMSEP's restart capability and provide the

means to continue an analysis with many more Monte Carlo cycles in

a series of SIMSEP runs. The format for input is, generally, a

(nxn) correlation matrix of standard deviations and correlation

coefficients. An extra column vector augmented to the right hand

side of the (nxn) matrix, thus creating a (nx(n+l))matrix, serves

to store mean values to complete the statistical description for

the parameter of interest. Unfortunately, the multitude of options

available in SIMSEP make the real numerical format used for input a

bit awkward. In particular, the variables, CCOVG, CNTCOV, TARCOV,

etc., are actually.read as one long column vector with separate

columns in the correlation matrix being stored consecutively. This

apparent difficulty is somewhat off-set by the fact that these arrays

are ordinarily generated as output from a previous SIMSEP run and

have automatically been punched in the requisite format.

Another important capability in SIMSEP which relates to the

namelists %SIMSEP and /GUID is the multiple run or stacked case

feature. In particular, once normal computer processing of a run

is completed, the program automatically recycles to read $SIMSEP

again if the $TRAJ variable, MODE, has been set to a -3. When this

occurs, only changes to $SIMSEP from the previous run need to be

input. Likewise, the tGUID namelists are also read in the same

sequence as they were for the first run. Guidance event data need

not be read anew unless there are changes to a particular data set

or if there are more guidance events in the second run. The only
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drawback here is that a zero-data namelist, i.e., a $GUID card fol-

lowed by a $END card, must be input for each event even though there

may be no changes. This is also a requirement for the $SIMSEP name-

list upon recycling.

Given below are detailed descriptions of the variables, dimen-

sions and default values (where applicable) for both $SIMSEP and

$GUID. The parameters are divided into appropriate groupings; for

$SIMSEP: run definition, a-priori control and ephemeris errors,

spacecraft parameter errors, and accumulated statistics and para-

meters; for %GUID: event initialization data, optional initialization

data, guidance law and policy, knowledge error, guidance control data,

and accumulated statistical data.

2.4.1 Namelist: $SIMSEP

Run Definition Parameters:

Variable Dim Default Units Definition

A0K 1 100. Backup convergence toler-
ance for the weak con-
vergence test.

CPMAX 1 10000. sec Computer processing time
limit (See Page 175).

DVMXN 1 0.1 km/sec Maximum magnitude allowed
for a delta-velocity cor-
rection.

INREF 1 0 Option flag to indicate
whether or not state varia-
bles, s/c mass, targets,
etc. are to be read as
input during the XGUID name-
list read.
= 0, No data input (computed

internally).
= 1, Input data.
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Variable Dim Default Units Definition

If INREF = 1, the variables
listed under Optional
Guidance Event Initialization
Data must be input along with
MEND and XEND (See Page
172 and 173).

If INREF = 0, the optional
guidance event data are
automatically computed.

IOUT 1 1 - Print output flag which acti-
vates printout for every
IOUT Monte Carlo cycle.

IPUNCH 10 - Punch output flag.

= 0, no punched statistical
arrays (covariance
matrices and vector
means) at the end of
the run.

= 1, punch.
IRAN 1 1 - Monte Carlo random number

seed to initiate the gener-
ation of random number
from RANF.

SO0, regular Monte Carlo
analysis.

= 0, forced Monte Carlo
sampling of one-sigma
for all error sources.

NCYCLE 1 1 Number of Monte Carlo mis-
sion cycles to be executed.

NGUID 1 1 Total number of guidance
events, both low thrust and
impulsive velocity changes,
to be executed on each
simulated mission. A maxi-
mum of five guidance events
is allowed.

PRNML 1 F Do (T), do not (F) print
input namelist $SIMSEP after
reading.
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A-Priori Control and Gravitational Errors:

Variable Dim Default Units Definition

GMERR 2 km3/ One sigma uncertainties in
sec 2  the gravitational constants.

GMERR(1) 0. Solar mass error.

GMERR(2) 0. Earth mass error.

J2ERR 1 0. -- One sigma uncertainty in

the J2 - coefficient of

the geo-gravity potential

function.

PG 6x6 0 ..... 0 km Correlation array describing
km/sec the a priori Cartesian con-

trol errors associated with
the initial reference state
vector. A 6x6 array is
read for the S/C control
errors with standard devia-
tions along the principal
diagonal and correlation
coefficients off-diagonal.
Only the principal diagonal
and lower triangular parti-
tion of this array are
actually necessary.

S/C Parameter Errors:

Variables Dim Default Units Definition

EXVERR 4 One sigma midcourse velocity
correction execution errors.

EXVERR(1) 0. - Proportionality error.

EXVERR(2) 0. degs In-ecliptic-plane pointing
error.

EXVERR(3) 0. degs Out-ecliptic-plane pointing
error.

EXVERR(4) 0. km/sec Resolution error.

SCERR 6 One sigma SEP s/c errors.

SCERR(1) i 0. kg Initial s/c mass uncer-
tainty.
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Variables Dim Default Units Definition

SCERR(2) 0. km/sec Low thrust exhaust velocity
uncertainty.

SCERR(3) 0. kw Uncertainty in electric

power at 1 A.U.

SCERR(4) 0. Uncertainty in thruster
efficiency.

SCERR(5) 0. Uncertainty in the effective
radiation pressure coeffi-
cient.

SCERR(6) 0. % Per cent uncertainty in the
effective thruster start-up
time after exiting the
shadow.

TCERR 9x20 0 .... ,0 One sigma thrust control
biases.

TCERR(1, j) days jth thrust phase end time.

TCERR(2, j) jth thrust phase throttling.

TCERR(3, j) degs jth thrust phase angular
coefficient number one,
e.g., in-orbit-plane or
pitch angle. (See Section
4.1 of the Analytic Manual.
Also see Page 10-B of the
User's Manual.)

TCERR(4, j) degs or jth thrust phase angular
degs/sec coefficient number two.

TCERR(5, j) degs or jth thrust phase angular
degs/sec coefficient number three.

TCERR(6, j) degs jth thrust phase angular
coefficient number four,
e.g., out-orbit-plane or
yaw angle.
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Variables Dim Default Units Description

TCERR(7, j) Not used.

TCERR(8, j) degs or jth thrust phase angular
degs/sec coefficient number five.

TCERR(9, j) degs or jth thrust phase angular
degs/sec coefficient number six

TVERR 6x3 One sigma time varying
thrust control errors (dy-
namic process noise speci-
fications), corresponding
correlation times, and
correlation time uncer-
tainties for two simulta-
neous, independent processes.

TVERR(1, 1) 0. First process, thrust pro-
portionality uncertainty

(per thruster).

TVERR(1, 2) 1. days Correlation time for thrust.
acceleration.

TVERR(1, 3) 0. days Uncertainty in the thrust
acceleration correlation
time.

TVERR(2, 1) 0. degs First process, pitch angle
uncertainty.

TVERR(2, 2) 1. days Correlation time for pitch
angle.

TVERR(2, 3) 0. days Uncertainty in the pitch
angle correlation time.

TVERR(3, 1) 0. degs First process, yaw angle
uncertainty.

TVERR(3, 2) 1. days Correlation time for yaw
angle.

TVERR(3, 3) 0. days Uncertainty in the yaw
angle correlation time.

TVERR(4, 1) 0. Second process, thrust
acceleration uncertainty
(per thruster).

TVERR(4, 2) 1. days Correlation time for thrust
acceleration.
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Variables Dim Default Units Description

TVERR(4, 3) 0. days Uncertainty in the thrust
acceleration correlation
time.

TVERR(5, 1) 0. degs Second process, pitch angle
uncertainty.

TVERR(5, 2) 1. days Correlation time for pitch
angle.

TVERR(5, 3) 0. days Uncertainty in the pitch
angle correlation time.

TVERR(6, 1) 0. degs Second process, yaw
angle uncertainty.

TVERR(6, 2) 1. days Correlation time for yaw
angle.

TVERR(6, 3) 0. days Uncertainty in the yaw
angle correlation time.

Accumulated Statistics and Parameters:

Variable Dim Default Units Definition

ADVT 2 Accumulated delta-velocity
magnitude statistics for
all impulsive velocity cor-
rections along a mission.

ADVT(1) 0. km/sec One-sigma delta-velocity
magnitude.

ADVT(2) 0. km/sec Mean delta-velocity magni-
tude.

ENDCOV 6x7 0.,,,0. km S/C control error correlation
km/sec array computed at the trajec-

tory time TEND. This array
is input as a (6x6) matrix of
standard deviations and cor-
relation coefficients. Only
the principal diagonal and
the lower triangular sub-
matrix are necessary. The
7th column of this array
contains the means.
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Variables Dim Default Units Definition

AMASS 2 Accumulated S/C mass sta-
tistics at the final time.

AMASS(1) 0. kg One-sigma s/c mass.

AMASS(2) 0. kg Mean s/c mass.

MEND 1 0. kg Final s/c mass on the refer-
ence trajectory at time
TEND. This variable is

required only if INREF = 1
and is used in computing
AMASS statistics.

MC 1 0. Number of Monte Carlo
cycles executed in a previous
SIMSEP run in which statisti-
cal variables ADVT, AMASS,
ENDCOV, and ATHCOV are com-

puted. MC is used to re-
start accumulated statistics
for the current run.

ATHCOV 420 0,...,0. Accumulated statistics on
the active thrust controls
changed at scheduled low
thrust guidance events. A
maximum of twenty active
thrust controls are allowed.
This array is input as a
(nxn) matrix of standard
deviations and correlation
coefficients, where n is the
total number of low thrust
controls. As before, only
the principal diagonal and
lower triangular submatrix
need to be input. The (n+l)th
column vector contains the
means.

XEND 6 0,...,0. km, Final reference trajectory
km/sec state vector at the trajec-

tory time TEND. This vector
is required input only if
INREF = 1 and is used in com-
puting the ENDCOV covariance
matrix.
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Variable Dim Default Units Definition

KATHC 1 0 -- Dimension of the ATHCOV matrix.

S/C Parameters for Midcourse Velocity Corrections:

Variable Dim Default Units Definition

SPFIMP 1 265. sec Specific impulse for chemical
propulsion system.

DVMDOT 1 .05 kg/sec Mass flow rate for chemical
propulsion system.
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2.4.6 Namelist: $GUID

Guidance Event Initialization Data:

Variable Dim Default Units Definition

KTER 1 0. - Option flag to indicate
whether or not target errors
are to be evaluated after
the current guidance event.
If KTER = 1, a trajectory is
integrated from the point of
the guidance event to the
target.

TGUID 1 0. days Epoch of the current guid-
ance event specified as
either a Julian date or the
interval of days since
launch.

TTARG 1 0. days Designated epoch of arrival
at the target specified
either as a Julian date or
as the interval of days
since launch.

Optional Guidance Event Initialization Data: These variables are

required input only if INREF = 1 (See SIMSEP).

Variable Dim Default Units Definition

MGREF 1 0. kg S/C reference mass at the
current guidance event.

MTREF 1 0. kg S/C reference mass at the
designated target time.

S 36 0,...,0. Mixed Sensitivity or guidance
matrix which has been com-
puted in a previous analysis.
For linear guidance, S is
input as a guidance matrix.
For nonlinear guidance, S
is input as a targeting sen-
sitivity matrix.
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Variable Dim Default Units Definition

TARGET 6 0,...,0. Mixed Array of reference target
values evaluated at the

designated target time.

XGREF 6 0,...,0. km, Reference trajectory state

km/sec vector at the current guid-
ance event.

XTREF 6 0,...,0. km, Reference trajectory state
km/sec vector at the designated

target time.

PRNML 1 F -- Do (T), do not (F) print
namelist $GUID after read-
ing.

Guidance Law and Policy Data:

Variable Dim Default Units Definition

IGUID 1 1 -- Guidance law flag.
= -2, nonlinear, impulsive

guidance.
= -1, linear, impulsive

guidance.
= 0, zero-action guidance

event with no maneuver
performed but control
statistics computed.

= +1, linear, low thrust
guidance event.

= +2, nonlinear, low thrust
guidance event.

ITARGT 25 0, ....,0. -- Target policy vector; a non-
zero value of any component
indicates that the associated-
target parameter will be in-
cluded as a target variable.
All targets are evaluated at
the designated target time.

ITARGT(1) km X-component of the S/C state
relative to the Earth.

ITARGT(2) km Y-component of the S/C state
relative to the Earth.
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Variable Dim Default Units Definition

ITARGT(3) km Z-component of the S/C state
relative to the Earth.

ITARGT(4) km Ir - radial distance from
the Earth.

ITARGT(5) km/sec Vx - component of the S/C
state relative to the
Earth.

ITARGT(6) km/sec Vy - component of the S/C

state relative to the Earth.
Earth.

ITARGT(7) km/sec Vz - component of the S/C
state relative to the
Earth.

ITARGT(8) km/sec ~v - velocity magnitude
relative to the Earth.

ITARGT(9) - Not used.

ITARGT(10) km rca - radius of closest
approach.

ITARGT(11) km Radius at apogee.

ITARGT(13) degs Geographic longitude of the
S/C.

ITARGT(14) days Perigee measured relative
to TLNCH.

ITARGT(15) km a, semi-major axis of the
osculating conic relative
to Earth.

ITARGT(16) -- e, eccentricity of the osculat-
ing conic relative to the
Earth.
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Variable Dim Default Units Definition

ITARGT(17) deg i, inclination of the osculat-
ing conic relative to the

Earth.

ITARGT(18) deg %9 , longitude of ascending
node of the osculating conic
relative to the Earth.

ITARGT(19) deg W , argument of periapsis
of the osculating conic rel-
ative to the Earth.

ITARGT(20) deg M, mean anomaly of the osculat-
ing conic relative to the
Earth.

ITARGT(21) deg , true anomaly of the oscu-
lating conic relative to the
Earth.

ITARGT(22) days Time of apogee measured rela-
tive to TLNCH.

ITARGT(23)-(25) -- Not used.
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Variable Dim Default Units Definition

TARTOL 6 0,....,0. Mixed Target tolerance array. When
the miss for each target vari-
able is less than or equal to
the corresponding TARTOL value,
the strong convergence criterion
is satisfied.

Knowledge Error Data:

Variable Dim Default Units Definition

CXS 6x11 0,...,0. - Cross correlation array of
solve-for parameters which
have been augmented to the
state vector.

KDIMEN 1 6 Dimension of the augmented
state vector.

= 6, s/c state vector only.
= 7, s/c state vector and

one mass (sun or
Earth).

= 8, s/c state vector and
two masses (sun and
Earth).

= 9, s/c state vector and
thrust biases (magni-
tude, direction.

= 10, s/c state vector,
thrust biases, and
one mass.

=11, s/c state vector,
thrust biases, and
two masses.

= 12, s/c state vector and
J2 error.

= 13, s/c state vector, J2
error, and one mass.

14, s/c state vector, J2
error, and two masses.

= 15, s/c state vector, J2.
error, and thrust biases.

= 16, s/c state vector, J2
error, thrust biases,
and one mass.

= 17, s/c state vector, J2
error, thrust biases
and two masses.
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Variable Dim Default Units Definition

P 6x6 0,...,0. km, Correlation array describing
km/sec the Cartesian knowledge

errors associated with the
actual trajectory state at

the guidance event. The

input format is the same as
EPHERR (See Page .41).

PS llxll 0,..,0. Mixed Correlation array of solve-
for parameters which have
been augmented to the s/c
state vector. The input.
format is the same as PG.

Guidance Event Control Parameters:

Variable Dim Default Units Definition

H 10x20 0,...,0. Array of quantities used to
identify the active thrust
control variables to be
used during the current low
thrust guidance event.
Entries in H have a one-to-
one correspondence to ele-
ments in the THRUST array.
(See Page 10-B). If the
sensitivity matrices are
being computed by numerical
differencing, the values of
H also define the magnitude
of the perturbation forced
in each control variable.
Comment: Only the first
six non-zero entries will be
used since a maximum of six
controls at any given guid-
ance event is allowed (See
Page 170).

H(l,j) Not used.

H(2,j) days Active thrust control is the

jth thrust phase end time
(THRUST(2,j)).
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Variable Dim Default Units Definition

H(3,j) Active thrust control is the

jth thrust phase throttling
level (THRUST(3,j)).

H(4,j) degs Active thrust control is the

jth thrust phase angular
coefficient number one, e.g.,
in-orbit-plane or pitch angle
(THRUST (4,j)).

H(5,j) degs or Active thrust control is the

degs/sec jth thrust phase angular
coefficient number two.

H(6,j) degs or Active thrust control is the

degs/sec jth thrust phase angular
coefficient number three.

H(7,j) degs Active thrust control is the

jth thrust phase angular
coefficient number four, e.g.,
out-orbit-plane or yaw angle.

H(8,j) Not used.

H(9,j) degs or Active thrust control is the
degs/sec jth thrust phase angular

coefficient number five.

H(10,j) degs or Active thrust control is the
degs/sec jth thrust phase angular

coefficient number six.

IASTM 1 0 - Flag to indicate whether or
not numerical differencing
will be used in computing
sensitivities matrices.
Numerical differencing is
used when IASTM = 0.
Integrated variational
equations are used when
IASTM = 1.

NMAX 1 1 Maximum number of non-linear
guidance iterations allowed.

UWATE 6 1.,...,. - Array of control variable
weights that may be used to
arbitrarily increase the
sensitivity of a given con-
trol relative to other con-
trols.
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Accumulated Guidance Event Statistical Data:

Variable Dim Default Units Definition

CCOVG 6x7 0,...,0. km, S/C state vector control

km/sec error array computed at

the current guidance

event. This array is
read as a (6x6) matrix

of standard deviations

and correlation coef-

ficients. Only the
principal diagonal and

the lower triangular
submatrix are necessary.
The 7 th column of this

array contains the mean

values.

CCOVT 6x1 0,...,0. km, S/C state vector control

km/sec error array computed at
the designated target

time. This array is
read as a (6x6) matrix

of standard deviations,
correlation coefficients,
and means in the same

format as CCOVG. Computed

whenever KTER=1.

CNTCOV 6x7 0,...,0. Mixed Correlation array for the
active thrust control

variables used at this

guidance event. This

array is input as an

(nxn) matrix of standard
deviations and correlation
coefficients where n is
the number of low thrust
controls. Only the prin-
cipal diagonal and lower
triangular partition need
to be input. The (n+l)th

column vector contains

the control means.

DVMAG 2 Delta-velocity magnitude
statistics.
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Variable Dim Default Units Definition

DVMAG(1) 0. km/sec One-sigma delta-velocity

magnitude.

DVMAG(2) 0. km/sec Mean delta-velocity magni-

tude.

DVMCOV 3x4 0,...,0. km/sec Delta-velocity vector cor-
relation array. Input
format is the same as

CCOVG (See Page 51).

GMSCOV 2 S/C mass statistics eval-
uated at the current guid-
ance event.

GMSCOV(1) 0. kg One-sigma S/C mass.

GMSCOV(2) 0. kg Mean S/C mass.

MSAMP 1 0. -- Number of Monte Carlo

cycles executed in a pre-
vious SIMSEP run in which
statistics on CCOVG, CCOVT,
CNTCOV, DVMAG, DVMCOV,
GMSCOV, TARCV, and TMSCOV
were computed. MSAMP is
used to re-initialize the
accumulation of statisicts
for the current run.

TARCOV 42 0,...,0. Mixed Correlation array describ-
ing target error statistics.
The format here is the same
as CNTCOV (See Page 51) except
the dimension of the input
matrix is determined by the
no. of target variables. This
array is input whenever KTER =
1, or at the last guidance
event.

TMSCOV 2 S/C mass statistics eval-
ulated at the designated
target time. Computed
whenever KTER = 1.

TMSCOV(1) kg One-sigma s/c mass

TMSCOV(2) kg Mean s/c mass
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2.5 REFSEP Input Description

Input to the detailed trajectory print mode of MAPSEP is

.made through the namelist $TRAJ and formatted cards. In addition to

the baseline trajectory parameters, $TRAJ contains several variables

used only in REFSEP (See Page 12-B). Of particular importance is the

variable KARDS which must be set equal to the number of formatted print

schedule cards to be input following the namelist. These cards contain

such information as start and stop times and time intervals between

specified blocks of trajectory output. The format for these cards is

exactly the same as that for measurement schedule cards characteristic

of the GODSEP mode (See Page 34). A brief summary of the format and an

example follow.

Each schedule card contains three time control variables in

Columns 1-30 (format 3F10.4) and one print code right justified in

Columns 37-40 (format I110). The time control variables are START,

STOP, and DELT where

START = start time, referenced to TLNCH, for scheduling

current print blocks;

STOP = stop time for current print blocks;

DELT = time interval increment for scheduling.

Internal tests modify START if it is less than TSTART, and STOP if it

is greater than TEND. TSTART and TEND are input variables in $TRAJ which

define the initial and final trajectory times respectively. An additional

option of specifying DELT=0O. aids the user in redefining the range of

times which are allowed on subsequent cards. The START and STOP
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times on a DELT=0. card designate the new scheduling interval for

all succeeding cards until another DELT=0. card is encountered. The

redefined interval supersedes the nominal (TSTART,.TEND) interval.

The print code (klmn) is a four digit number designating the

print blocks to be output at the appropriate times. Each digit re-

presents a different type of print block and the value of the digit

determines the level of detail to be printed (i.e. the largest value

of the specified digit includes the print suggested by the smaller

non-zero values). The blocks of print are selected as follows:

n = 0 to 3, Nominal Trajectory Print

kImO current time and the Julian date

kjml body relative S/C states and S/C accelerations

kem2 individual perturbing accelerations, planetary
ephermerides, flux data, and sun occultation data

kJm3 integration data, Encke formulation

m = 0 to 2, Primary Body Data

kiOn no primary body data

kiln osculating conic data

k12n relevant unit vectors

= 0 to 1, Target Data

k0mn no target data

klmn closest approach parameters, and orbital elements
relative to the target body
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k = 0 to 1, Tracking Data

Ofmn no tracking data

1/mn S/C in-various topocentric coordinate systems;

and azimuth, elevation, range, and range rate

from specified tracking stations.

For the special case when the print code is set to (0000) or when

the code is not input on the schedule card at all, the default print

code of (0001) is assumed. If the variable KARDS is set to zero, no

formatted input cards will be read by the program and thus no detailed

print blocks will be scheduled. However, trajectory print may be

obtained by setting IPRINT and MORBIT to the desired values in the

$TRAJ namelist.

Figure 2-5 is an example of one possible schedule card. If this

card is encountered by REFSEP the print code 1123 will be scheduled

at 100.5, 110.5, 120.5, ... , 190.5 days or a total of ten times.

Note that the stop time of 200. days is not a scheduled print time.

100.5 200. 10. 1123

Columns 1 to 5 11 to 14 21 to 23 37 - 40

Figure 2.5 REFSEP Detailed Print Schedule Card

The code 1123 designates all possible print blocks as previously

described to be printed at the ten time points. The fact that track-

ing data.is to be computed necessitates the inclusion of the Earth

code in the NB array found in $TRAJ. Thrust phase change print and

shadow phase change print are not included in this code. To obtain
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this output the flags IPRINT and MORBIT in $TRAJ must also be

specified. One way to obtain print for all thrust phase changes

is to set IPRINT to a large positive number (e.g., 10,000). If

MORBIT is set to a negative integer between 0 and -1000, all

computed shadow phase changes will be printed also.

REFSEP provides an important interface between the Earth

orbital versions of TOPSEP and GODSEP. Due to the specialized

function of REFSEP in this regard, an explanation of the specific

input is required. Two REFSEP applications will be discussed:

(1) preparation of the TOPSEP reference trajectory for GODSEP

analysis, and (2) preparation of the measurement schedule for

GODSEP from REFSEP tracking information.

The nature of the iterative process in TOPSEP requires that

the shadowing logic be executed during trajectory propagation.

However, in GODSEP the reference trajectory remains fixed. The

shadow entrance and exit times are pre-determined over the total

mission. To decrease the integration time in the GODSEP mode

the shadow times, which are computed in TOPSEP, are scheduled

as imposed coast periods. REFSEP provides a convenient

means of incorporating the shadow phases in the thrust

profile by punching the THRUST array on cards suitable for

a GODSEP run. Each column of the THRUST array (ten parameters)

will be punched on four successive cards. The necessary thrust
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controls for a "shadow-in" phase will be punched as a column of

the THRUST array with the thrust policy (THRUST(1,J)) set to

nine indicating that a coast phase is scheduled. The phase end

time (THRUST(2,J)) set to the time of shadow exit. The remaining

eight elements of the Jth column are set to zero. The "shadow-

out" phase will be punched to reflect the original thrust control

profile in effect for that time period. Once all the columns of

THRUST are punched they may be attached to the $TRAJ namelist and

submitted for a GODSEP run. To implement this REFSEP option, the

$TRAJ variable NPUNCH must be set to one and the shadow logic

must be executed (See MORBIT in $TRAJ namelist description, Page

8).

REFSEP may also aid in construction of a measurement schedule

for GODSEP. The tracking information, which REFSEP provides,

includes S/C elevation, azimuth, range, and range rate as measured

from those stations designated in STALOC in the $TRAJ namelist. A

time history of these data over segments of the trajectory is valu-

able in selecting those stations which can best track the S/C. A

simple plot of the elevation angle versus time sufficiently identifies

trajectory arcs which are plainly "visible" from each station. The

following figure illustrates such a plot for the Goldstone tracking

station. The data were assembled from the REFSEP sample case on

Page 132-D.
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Figure An Elevation Angle Time History

For a SEP S/C as Measured from
the Goldstone Tracking Station

If a fifteen degree minimum elevation angle restriction is imposed

(the dotted line), Goldstone will be able to track the S/C from

roughly 0.6 day to 1.0 day or nearly one-third of the orbital

period.

To obtain an adequate number of data points for an elevation

time history, the user must choose an appropriate time interval

for tracking computations (DELT on the REFSEP schedule card).

Although the value is dependent upon the reference mission, one

can generally rely upon an increment of one fifth of an orbital

period to provide sufficient information. The user could specify

tracking computations to be output over the entire mission in

increments of DELT days; however, it is most economical to

schedule such output over shorter trajectory arcs of probable

interest during the mission.
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3.0 OUTPUT AND SAMPLE CASES

The form, type and amount of MAPSEP output depends upon the operating

mode and whatever options and submodes have been exercised. Output can be

very extensive or it can be quite simple and in summary form. Because of

MAPSEP complexity, a general rule of thumb is to output as much as possible

unless the user has a very specific purpose in mind.

3.1 Card and Tape Output

All modes are capable of storing reference trajectory data via the

$TRAJ namelist on disc (the STM file) for subsequent stacked cases. By

transferring the results on tape (or permanent file), a permanent record

can be obtained to be used for future runs. However, because of the rela-

tively small amount of card input for $TRAJ, use of permanent STM file is

not recommended except for GODSEP where a great deal of additional data

is stored.

Available card and tape output is shown in Table 3-1 with the input

flag that triggers the output. Certain output in the form of punched

cards are automatically output if specific options are exercised. Obvi-

ously, more than setting an input flag is required for meaningful output,

and the user is referred to Chapter 4 for recommended operating procedures.

3.2 Printout and Sample Cases

There are two blocks of printout which are common to all modes:

initialization and TRAJ print. Initialization print is displayed on the

first page of every run and contains the reference trajectory data, includ-

ing start and end times, initial state vector, spacecraft characteristics,

thrust control parameters, etc.
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Input Output
Control

Mode Flag Format Data

TOPSEP ISTMF STM File $TRAJ namelist

GODSEP ISTMF STM File $TRAJ namelist; state transition
matrices and trajectory data at

specified trajectory times.

GAINCR GAIN File $GODSEP namelist; event schedule;
filter gains at measurement events.

SUMMARY SUMMARY File Navigation summary

PUNCHE Cards Knowledge (P) and control (PG)
covariances at selected event
types.

IGREAD=0O Cards Computed variation (VARMAT) and

(and NGUID#O) sensitivity (S) matrices for
guidance events.

SIMSEP ISTMF STM File $TRAJ namelist

IPUNCH Cards Cumulative statistics for each
maneuver (CCOVG, CNTCOV, DVMCOV,
GMSCOV, CCOVT, TARCOV, and TMSCOV)
and for the total mission (ATHCOV,
ADVT, ENDCOV, and AMASS).

IPUNCH Cards Reference trajectory (XEND and

(and INREF=0) MEND) and guidance event data

(XGREF, MGREF, S, XTREF, MTREF
and TARGET).

REFSEP ISTMF STM File $TRAJ namelist

NPUNCH Cards Thrust profile (THRUST)

Table 3-1 Card and Tape Output

TRAJ print is output when the trajectory propagation routine is called

(and the related print flag is triggered) by the mode in operation. TRAJ

print is used either by itself or in association with mode peculiar print
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and displays instantaneous trajectory information at a specified time.

Trajectory data includes current mission time, spacecraft mass and thruster

p-ower, state and acceleration vectors, etc.

The best illustration of mode related output is by example. Hence,

the following sections contain sample printout from TOPSEP, GODSEP and

SIMSEP, including all necessary input to make the runs. The mission used

for all three sample cases is an SEP Earth-orbital mission.

3.2.1 TOPSEP

The TOPSEP sample case illustrates the finite differencing targeting

procedure for an Earth orbital SEP mission designed to raise the semi-major

axis while maintaining circularity. This run represents one iteration in

the later stages of the targeting process in which targeting error only is

to be minimized. Convergence has not been attained at the conclusion of

this iteration, but convergence really was not the prime motivation behind

the targeting strategy. The desired target values were intentionally set

much higher than those that were realistically attainable. By minimizing

the error in the target conditions, the orbit is raised as high as

possible within the alotted time.

The first page of output is a listing of the $TRAJ input cards

which contain reference trajectory data and MODE = 1 specifying the

TOPSEP mode. All $TRAJ variables which are not listed on this page assume

the default values as specified in Section 2.1 (Page 4). Together with

the default parameters these variables specify the details of the Earth

orbital mission. The initial state is defined by equatorial orbital

elements (ICOORD = -3 , INORB = 1) for the launch date of March 21, 1980

(TLNCH = 2444320.). The trajectory control profile (THRUST) consists
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of three segments whose combined duration is 11 days (TEND = 11). The

thrust policy is orbit plane (i.e., in-plane and out-of-plane thruster

orientations). Since orbit plane changes are not required the out-of-

plane control coefficients are set to zero. Note that the shadowing

logic will be executed (MORBIT = 1); however, the shadow phase changes

will not be printed since the value of the shadowing flag is positive.

A summary of the above variables and other pertinent $TRAJ parameters

may be found on the first page of the sample case output.

The remaining output pages refer to the TOPSEP mode exclusively.

The $TXPSEP input cards, following $TRAJ, contain control and target

information. The TOPSEP submode flag (IMODE = 2) designates the target-

ing and optimization option. The TOPSEP initialization summary follows

on the next page and is self-explanatory. The abbreviations RP and SMA

in the target parameter list refer to radius of periapsis and semi-major

axis, respectively. The desired target values for both RP and SMA are

31500 km and the selected tolerances are 20 km. Four controls have

been selected to raise the orbit and maintain circularity. They are:

Al and A2 of the second phase (H(5,2) and H(5,3)) and AO and A2 of the third

phase (H(4,3) and H(4,4)). These controls are coefficients in the instantaneous

in-plane angle equation which may be found on Page 17 of the Analytic Manual.

Corrections to these controls shape the low thrust trajectory from five days

to the final time of 11 days: the five day trajectory arc from the initial

launch epoch remains fixed.

The first operation that TOPSEP performs after initialization is

the tug parking orbit transfer. The orbital elements for the inner

parking orbit, the transfer orbit, and the outer parking orbit (orbit
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specified at launch epoch) are computed. The tug fuel requirements are

estimated based upon the impulsive 641 's needed to complete the transfer.

Beginning at the launch epoch, TOPSEP propagates the reference initial

conditions over the eleven day arc. The termination print block follows

immediately and displays the values of all possible target variables.

Included in this list are the values of RP and SMA which are 30848.8 km

and 31127.4 km respectively. The initial target error index is 1.4 x 103

Following the zeroth iterate and each subsequent iteration is the

iteration summary. The parameters which are listed in the summary are

defined below and are discussed in Reference 1, Section 5.3.

F = performance index (mass) DP2 = optimization scaling

EMAG = quadratic target error GAMA = control step scale factor

E = target error (desired - actual)

DPSI = desired amount of target error to be removed

G = performance gradient WRT control parameters

DU1 = optimization control correction

DU2 = targeting control correction

.DU = control correction for this iteration

C*DU = scaled control correction (GAMA*DU)

UOLD = nominal or previous control parameters

UNEW = control parameters after this iteration

P1 = net cost (Analytic Manual, Page 51) for nominal and each trial step

P2 = EMAG for nominal and each trial step

P1P2 = OSCALE*Pl + P2

SENSITIVITY MATRIX (printed twice) = change in target parameters WRT

control parameters.
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The sensitivity matrix is computed next. Each of the four controls is

perturbed in turn and the associated variant trajectory is propagated from

the beginning of the active control phase to the end time. The appropriate

weights are applied to the sensitivity matrix and the control correction

(DU) is formulated which reduces the target error. The control correction

is displayed in both the weighted and unweighted control space. The

maximum scale factor (GMAX) for the control correction is then computed

so that the values of the controls will always be within their appropriate

bounds. Subsequently, four trial trajectories are integrated each of which

incorporates a scaled control correction in the thrust profile. The scale

(GAMA) is computed using a polynomial minimization technique which is sum-

marized at the end of the four trial trajectories. Notice that the pre-

10
dicted minimum for the third trial trajectory is -10 . This value indicates

that the cubic fit predicted a continuously decreasing error index for an

increasing value of GAMA. Indeed, the scale chosen for that trial tra-

a jectory is the largest allowed (GMAX). The best trial trajectory is, of

course, the one which minimizes the error index. Clearly the best trial

trajectory is number four which has reduced the error index to 3.43 x 10

For this trial trajectory, the radius of periapsis is 31150.5 km and the

semi-major axis is 31377.8 km. Not only has the orbit been raised 250 km

more than the reference trajectory by changing the four controls, but also

the eccentricity has been reduced from 0.09 to 0.07. The new control

vector is printed in the summary for the first iteration. It is formulated

as follows:
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u = uo + u
-new Id

or

-3
-6.521 x 10-3 1.100 x 10-3 -7.621 x 10

3.815 = 45.000 + -41.185

-7.209 9.400 -16.609

8.984 42.000 -33.016

where the units for ul are in degrees/second and the units for u2, u3 and

u4 are in degrees. In terms of the printout in the iteration summary

UNEW = U0LD + C*DU

At the conclusion of each run the best trajectory is integrated once again

and printed according to the format requested (MPRINT(1) = -1). For this

Earth-orbital mission the fixed five day arc is not duplicated since it

appears in the very first trajectory printout of the zeroth iterate. The

trajectory segment which changes from iteration to iteration is printed,

however. This arc includes the second and third thrust phases. If the

iteration process were to continue, this trajectory would become the

reference for the second iteration.
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TOPSEP Sample Case

PRNmL = T
SCMASS=50O0.8

TN'OPB = 1p rCOOPr = -<3, NTP=39 NH=31
STATE = ?8571.j29571.p28.7 ,o.,o.,o.,
TL-NCH=?4443?09, Tf~N)=1I.,

THPUST=

2,.)15..t 1 y 9.4,p -5-.F-6.* '.;. 0.,* 1.,j o 9. 0.j
PH44SMi = -45..v PAS(4) 1..,
STEP = 0.5p
ENGTME=14.A25qf)..jI4*4?5, Ek-GI :F(M7=1 E20;

MOPRIT =11

MODE 1.
%END
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P$TOP';PP
PPNML Tp IMODE 2 2

I ASTM=th,

(ILINTT(1It) =-I.F-4.9 -90., -90.p -90.)

UAF= 1.) 3*.

GTRIAL = .01p 5. .001# 1 .C--6, .
FTOL-= I E-5)
PCT =.5

.$ENID

'ORIGIN AD i, J ,

OF POOR QUALITy



TRAJECTORT INITIALI7ATI!O

INITIAL EPOCH (REFFRENCF DATE)
JULTAN SATE .... 2444121.0000000009 ---- --
CALFNnAR DATE .... 1980 MAR 21 12 HR 0 MIN 0.1000 SECS

TRAJECTORY START FPOCH 0.000000000 DAYS AFTER THE INITIAL EPOCH
JULIAN 1ATE .... 2444320.00000.0000----- - -
CALENDAR DATE .... 1980 MAR 21 12 HR 0 HIMN .0000 SECS

TRAJECTORY f!9 FPOCH 11.000100000 CAYS AFTER THE INITIAL EPOCH "
JULTAN IATF .... 2444331.000000001 --....
CALvNDAR DATE .... 1980 APL 1 12 HR 0 MIN 0.0000 SECS

INITIAL STATE INPUT IN EARTH FOUATDRIAL COORDINATE SYSTEM
ORRITAL ELEMENTS AT 0.S0009000 DAYS AFTER THE -EFRENCE POCH --- - ..

PERTAPSIS VADTUS .285T10000000E*05
APOAPSIS DaDIUS *2857T 1O10D000EO05-----
INCLINATTON .28700000000000E*02
ASCENOINr NODE 0.
ARGUMENT OF DERTOPSTq 0. -
TRUE ANOALY 0.

INTTIAL STATE VECTOR IN ECLIPT1 CORUTATE SYSTM --- -- _S------ --. -------
X Y Z HAGNITUDE

POSTTTON .28571000000000E+05 0. 0. .28571000000000E005
VELOCITY U. - - - a 0 --r-.ST 39 u u SSuuw SSI2 0u -3?41E0

SEPS MASS _________________ __- ____
EXHAUST VELOCTTY 29.4180000000 KM/SEC
ELECTRIC POWED AT 1 A. U. 14.4250000000 KM
FLUENCE -- -... 00..............p.RTTCt-..S-
THRUSTER EFFCICIECY 1.0000000000
RADIATION PRESSURE COEFFICTENT -1. Po000 0000

LIST OF GRAVITATINr OOOTlS
SUN

- AOTH . .....
TARGET PLANET IS FARTH

TTECRATION PTFP FACTOR - .000 o

THE SHADOWING LOGIC WILL RE EXECUTED.

-FERRrCE THRUST CONTROLS - .. .
THRUST THRUST PHASE THRUST PHASE THRUST PHASE THRUST PHASE THRUST PHASE THRUST PHASE NUMBER THRUST PHASE THRUST PHASE
PHASE END TIME THROTTLING AD = PITCH Ai A2 A3 = TAN OF A4 AS
NUMBER~-- (DAY) TutL. -autbe3t 1 tueM)u Iumqatqs InUSTERS tMuStrtes-tI GE) -

1 5.0"0000 1.000000 17.000000 -. 000011 0.000000 0.000000 1.000001 0.000000 0.000000
2 .00000 1.000000oooooo 12.200000 .00011 5.000000 0.000000 1.000000 0.000000 0.000000
3 15.000-0 110400 p uuu0 9.u4u090 42.uu uuu 0000---- ou ------2 .,00o --

THRUST CONTROL PWASING ANGLES (DEG)
a S.00 0.000 .1o00- - --
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TOPSEP SURNOOE nESIGNATTON ; GENERATE TARGETEO AND/OR OPTINIZEO TRAJECTORY

METHOD THE PPOJECTEO GPADIENT MFTHOD

REFERENCES ROIEN.J.B., THE GRADOINT PROJECTION METHOD FOR NONLINFAR PROGRAMMING
1.'PAPT I , J. SIAN o VOL. 8v NO. to MARCH, L960.
2. PART I!, J. SIAN , VOL. q, NO. 4s TlEC e 1961. ..

TARGETING AND OPTIMIZATTON DATA ___

NO. OF TARGETS v TUP z .10000E*01 GTRTALO) 9 .100000E-01
NO. OF CONTROLS 4 TLON = .100000*0 O .... - GTRaLI21 ---Ts0Oo000 0s _--___ --.
MAX. TTRATTONS I DP2 .40000r-Ol GTRIAL3 = .100000E-02
OFMAX = .100E+04 EPSON= 0. GTRIL(4) = .100000E-05

PCT = .500E.00 STO E=- " 0u Ou - . .. . GTR AI A 1T - - .IOu

TARGET PARAMETFR~

TARGET VALUE TOLERANCE

1 RP .35000 .20000000000000E*02 .200000000OO 02
2 SNA .3r5000OO0000E+5 .20000000000000E+02

THRUST CONTROL PERTURBATIONS FOR COMPUTING THE SENSITIVITY MATRIX

THRUST THRUST PHASE THRUST PHASE THRUST PHASE THRUST PHASE THRUST PHASE THRUST PHASE THRUST PHASE THRUST PHASE
PHASE END TIqE THROTTLING; AO = PITCH At A2 A3 = YAW A4 A5
-NUMBER -- (ODAYSI tuII .ULtbutGlSt " OututlrtU uts u ut u. jEGIOtf SE~Ct

1 0.00009 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000
2 0.00000 0.00000 0.00000 .00000 -. 50000 0.00000 0.00000 0.00000
S .0--0000 0.00000 -------vuOuu -. uu"u u.u.u5 u.uu ..00000 . .1

-USERWINPUT WEIGHTTNG

SCALE ON CONTROLS IN WEIGHTING ALGO0ITHM

1 .1OO00E+01 2 .50000E+01 3 .50000E+01 4 .5000OE*01

BOUNDS ON CONTQnLS

n-AY .I0000000 00E-3 '.1 0OWouuuuntu3 .uuuuuuouuutvuz .12cuuuuuu u ....
MIN -. 100000000000E-03 -. 900000000000E*02 -. 900000000000E+02 -. 9000000000000 E02

INACTV(I) = 1, rONTROL ACTTVE
0, CONTROL TNACTIVE (ON BOUND)

-1, CONTPOL WITHIN TOLERANUL KtbLUfn

INACTVII = 1 1 1 1

(BLANK COMMON REQUTRE, 009566 OCTAL)
tCOPE REQUIRED FOR THIS JOi, 064100 OCTAL)
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9 9 * ' * ' ' , * * ' ' * * * REFERENCE TRAJECTORY INTEGRATION * O S 5 5 * ' ' 9 "

*9e* TUG MULTIPLE-TMPULSE PARKING ORBIT TRANSFER **"**

LAUNCH CONSTRATNTS

MINTMUM 00ETER LAUNCH AZMUTH" 5.9000 OE_
MAXIMUM BOOSTER LAUNCH AZIMUTH 120.00001 DEG
LATITUDE OF LAUNCH SITe 28.60800 DEG

INNER PARKING ORWIT ICTRCULAR

MAX ALLOWABLE Eo TNCLINATION 59.76472 DEGC "4

NIN ALLOWAPLE FO INCLINATION 28.60000 ODEG

CONIC ELEMFNTS A E INC NODE APS
FCLTPTTC .6567260E.04 0. .525R 15E+01 0. 0.
EQUATORIAL .6567269E,+0 0.; ;270OOE 2 U -- 0- u.- -

MODIFIED HCHMANN TRANSFER ORBIT - ----------- ____.. ------.

PERIAPSIS PADIUS 6567.26000000 KM
APOAPSIS PAOTUS 2R571.000000U K ---- -

MIN PLANE CHANGE 0.00000000 DFC

'CONIC ELEMFNTS A - T--- - -1 T-PE ....... -- NUU- A..
ECLIPTIC .175691fE+05 .6262046E+00 .525145E*01 0. .1i00000E+03
EQUATORIAL .1756913E+05 .6762046E+00 .28700PCE+02 0. .1800000E+03

OUTFR PARKING ORcIT (SIC AT INITIAL INTEGRATION TIME)

CONIC ELEMENTS A E INC NODE APS MA TA
SIC ECLIPTIC .2?710E+05 .5296977E-13 .525814SE'O 0. .1800000E 03 .1800000E*03 .1800a00E+03
-S/C EQUATORIAL .2057107E 05 -- 5Z977E-TT .U70 B9 02u. .2ouuuuuEt0 .ato6OOfEs3 t sOOEc03-r-* ..

-TUG CHARACTRISTICS AND REOUIEM Tr N_- .........

DRY WEIGHT 1714.600W0 KG FIRST IMPULSE, DELVA .21422267E+01 KM/SEC FUEL FOR DELIA .881498376E+04 KG
MAY FUEL EIGHTib 10b671U. U 0OI Ab XGUN tDIHUULLtUtLyU .14512D69StUA .ll'ZLC rU L FUK I UVtl D26-1?9239SJ 04 -
SEP SIC WEIGHT 5000.00000 KG TOTAL VEL INCREMENT .359575566E*01 KN/SEC TOTAL FUEL .120762430E+05 KG
TOTAL WEIGHT 17387.60010 KG

'SPECIFIC ITPULSE 309.20030 SEC -

-TEPUlELUUREUIRfU FO-TR SFfRIRRf bKLEYAtK IMiN T itE 4UbS rUtlL CAVkir
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* .w• . p 5 s . S . . u.s U . S . . U . U r TRAJ. INTEG. FOR CONTROL NO. I1 ' * * * * * 5 * 9 5

U

.110000000000E-04 .450000000000E#02 .940000000000Ee01 .420000000000E*02

OFLTA U

*1000 0O000E-05 0. 0, .; -.-.---- -- - I. ---- ------ _ .. . .

i+444*j4444*V44 '4. 44444 ++ r+144 4 AI 4IT R4T4T4R nTW 44 4 4 4w4 4 444

REOUESTEO STOPPTWC CnmOTTION , TEND FLIGHT TTME .11000000000000E402
-ACTUAL STOPPING CONDITION , TENDO. FINAL - iC ASS ... O970 4y000 6O- . .--.. . .4

FCLIDTIC EQUATORIAL

X = -.3015119417375OR Vyx= 854523226391352E+00 X = -.30151194973375E+05 VX= .85423226394352E+00Y = -.7597r217826B48E+0 VV= -. 3462942762537E*01 Y = -.66923058555297E+1 VY= -.30503496756509E+01
S= -. 6991A5814e545E+0 WZ=

-  
31867869683 E +---- -. 3656T9r gOTT38599 6T--- 66997-6----501---

p = *31101539454648E60o V .35809550086342E+01 R = .31101539S454648+05 V = .35809550086342E+01

RP = .30900853493538E+05 RA .313360?5478983E+0o LAT = -.67654280507427E*01
VP .36041249692799E+01 VA .3579007891233E+01 LON = .182514132e2251E03
TR = .1085046f984929E +2 . TRA--...... ;-11"

6 6
61it85 4 bO*ue rI0 1I = a -- - --___

CONIC ELEMENTS A E INC NODE APS MA TASC ECLIPTIC .311134 6E fW - .MWr i ue juJ *L S'(ir 9ii .o 71ES/C EQUATORIAL .3111846E#05 .6992986E-02 .2869972E+Q2 .359999gqE03 .1082616E*03 8.51397?E.02 .8593879E*02

PERTURRYE TRAJFCO R SUMMA.RY---

REFERENCE CCNTQOL 1 .. . 11 000oo 0oO E-

PERTURBATION .999qqqqqqqqq9999999999-06

PERFORMANCE INOE* -.4o704960007776E+04

PERFORMANCE GPAODENT ELEHEMT -. 441682 T781617E0-4

SENSITIVITY MATRF COLUMN .520484192'8091E+08
S-917194 53 q4EFT-

PERTURBED TARGETS ... RP .30900853493538AE05
S;; S.a E 31116;841586261 E,

OELTA FROM NOMINaL TADGETS .5204841925092E*02
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* S S 5 9 5 5 9 S 9 5 5 9 5 TRAJ. INTEG. FOR CONTROL NO. 3 
• •  

5 
• •  

0 5 • 9 • 9 • 9 5 9 5 • • 5 • • • •

U

.110000000P0ao-04 .450000000000E+02 .940000000000E+01 .4200000O0000E+02

DELTA U

0. 0. -.50S00011000E+11 0. ---- --

1666 ~66 66666&6~~~~D INA'TOK DATA 1445 4 le~r~Ws s T .a..s,.DAT --,. --

REOUESTEO STOPPING CONDITION , TFND FLIGHT TTME .1100000000000E+02
ACTUAL STOPPING CONDITTON v TEND -- FINA SC MASS ; ;9 0320390q1IZE0i ..--

rCLIPTIC EQUATnRIAL

X = -. 30101101s8942SqE+P VX= .0173917361144.+0o X = -. 30301104189429E,05 VX= .80173927361144E+00
V = -. 7227723?7432815E+9 VY= -. 3469303722034't+01 Y = -. 63665674332746E*04 VY= -. 31559530841937E+01
Z = -. 665155960460E+03 V7= -.- 9 264-17Z9335E+0a--- =-- 3aS5 -- Z--,-
R = .31158294831658E+05 V = .357502220523r5E+1 R = .311582q483i658E+35 V = .35?50222052365E+01

OP = .30849142q4979qfE+0 RA = .3140083918192E+05 LAT = -.64229347640459E+01
VP .361067187?24c08E+01 V = .35784161831684E+01 LON = •16186555951312E*03
TRP = .10832078516341.E+Z TO Il l ,p 11438tOr1mrq 2r ---- ?7-2 Ev S- - ----- -- --

CONIC ELEMENTS A F INC NODE ApS 4A TA-S/C ECLIPTIC .T11287E*05 .;895 t7r' - ~ .- 6 .t-9999ESOZ- - -.t- -tt---- Q . . 96-81t91 -- --
S/C EQUATORIAL .3112876E+05 .8973279E-02 .2869972E+02 .3599999E+03 .9688948E+02 .9555903E+02 .9658129E+02

PPERTURBEODTRAJCTORY SUMNA L .V .

REFERENCE CONTRL 3 - . 3 .9399q99Q ggq qET1- -......

PERTURBATICN -.50f10000000o000OE+

PEPFORMANCE INDEX -. 497T493203q902E+04

PERFORANCE RADIENT ELEMENT -. 7103874 t37653...-.

SENSIITVITY NATRrX COLUMN -. 12408474329002E#01

PERTURBED TARGETS ... RP .30649429497996E+05

DELTA FROM NONINL TARGETS .624423716450tsc1 O0



U . . ... _ _ __ _ _ _ __ _ _... .

.110000000OE-04 .*450000000000E+02 .94000000000E1OOO .420000000000E+02

OELTA U

- -------.-- .9 00000 E t

REOUESTEO STOPPING CONDITTON , TFND FLIGHT TIME .11000000000000E+02

ACTUAL STOPPING CONDITION , TEND - 4 ------- -l

ECLTPTIC EQUATORIAL

X -.30304443865882Egr VX= .8000oq08O29887E00 X = -.3q304 358O652E 05 VX= .8000906029878fE+00

y = -.72118073635372E+04 VY= -.3469T9?0i9Zql9E01 Y = -.63525474128085E0. V= -.30563876006502E+01

- Z= ;;66 3rQ03tq 40693 1ET 4 -
-

p = .311578235486E*q0' V .35751356666361E01 R .31157523548864E05 V = ,35751356866361E 01

RP .30051951807021E+05 RA = 314076246A152E+05 LAT = -.64088287030042E+01

VP .f36149378701.09E01 VA .3517R356817221E+01 LON = .181836899q6966E+03

-'TRP -10j83?5998?1qE+02 - TR j- .111488774SOZ-t82tC2 
- -.6 J t1 EFtt

-

CONIC ELEMENTS A E INC NODE APS MA TA

SPC E tIPTIC---- .31IV97rT1'O5 -O1..2 v o ., .ccruc o .99
9

8'..2

S/C FQUATOPIAL .31t2979E 05 .692509E-02 .2a69972E*02 .3599999E+03 .9714089E+02 .9528257E02 .962991E 02

--PERTUPRBETTRJICTOR SUMA.V. .

REFERENCE CONTPOL 4 ... 2. .42o0000001 OE

PERTUPRATION -.5**S0F00000000E+00

PERFORMANCE INDEr -.'970493068844tE+04

-PERFORWANCtGPAnrlFNT ELEMET --. 9 8 O'1TS76165997F-t3

SENSITIVITY NAT IX COLUMN -.62935454829130E+01

PERTURRED TARGETS ... RP .30851951847021E#*5
DELTA FROM NOMINAL TARGETS .31167782.14565E I_- _

O.LTA FROI NOnNCn, TIRETS .31467727414565E+01
....................... .-"-- --'-3-86--- G1



-EIGHTED SENSITIVITY PATRIX

.Zq82?E10fl -.31111E+15 -. 3T777E+03 -. 18030E+04
-.q1092E+09 .32247E+ 4. -.78772E+03 ;-.I W'9JE0i

-CONTROL VECTOR TNNER POOUC.TS

1 0.00000 .99780 .253P4 .68034
-2 .,9978a 0.00000 . .3174 .5. 7 -
3 .25384 .31745 0.00000 .88159
4 .68034 .72747 .86159 0.00000

THF FOLLOWING COITROLS ARE LINEARLY DEPENDENT

P WEIEHTED SPACE IINTERNaLT UNITS ---------

-. 32559745S28 E+03 -.186309159600E+63

STNV

-. 15A9910525;4E-09 -. 288537194137E-09
-.450781197832E-04 -.263114690096E-03
;; 11786491959E-04 -. 106b0b SDI[ulk
-. 361375T12567E-04 -. 210930015262E-03

Ou1

-0. -0. *U - ----------- -. -U.

-.5893383 601041.E-0 -.63697992220E-01 -.256674802010E-01 -.510644986489E-01

OU

-.589q38301604E-06 -.636979982220E-01 -. 256874802010E-01 -.510644906489E-01

r********* UNWETGHTED SPACE (INTERNAL UNITSI *"*'****

SINV

-.15,99104 255E-9 -.288537194137E-0
-.22539059A916E-03 -. 131557345048E-02
-. 908932259793F-04 -.530531067094E-03
-.160687906284F-03 *.105465007631E-02



us

-. 5109i7et220?E#09 .3224.69298923E+04 -.TB1?16O15206E*03 -.13Y8?0536EC'.

WG

0. 0. 0.

-. 5U99336361601*F-06 -. 3i04S9991ii0F+00 -. 12843740100SE,00 -. 25532293244'E+00

ou

----.58q"930160.E-06 -.IZ8911Ef0 1S3~t~~u .29323 2VIWUM

-ULTlqTT - * -----

-. 174532925199E-05 *i7i.r32925M9E-05
----. 57076367E.+ Ot - 2V94'3qsjU239E40rT

-.157079632679E*01 *I57079632679E+Oi
-. 157079632679F*01 .209439510239E+01

WAYIWUM G-AWMA A~rWEO ____________________________________

*32872?229240E+01 * 73960173S190E*Ol *I35074149966E+02 *90232340I161E*V1

*.32672 7279 240E+01
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n V113a
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vMa ax3 ON svN o19flo

0 0 10#3491690609127 104300000040-007' .

.0 0 EQ3ZZCL+S 03196ZzLeass" MP +36Z66 9ZELIV

.0. 0 10-3405910IbfLZ69o TO-3tUL990V D0-364ST629L*

______Id

0043 f0fSS29Zf - 0 0,3Q9fZ9%T4i9I GG+03OL9Sb6S04O - 90-3z9ls3blzzfs4._
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.IlaoooOq00QF-04 *4 5G0foot!ql~'EO2 *qtOOOODOOOOE+O1 .420oooDol2ooOOEI02

n F L T A U _ _ _ __'_90 7 7 E F S 9 1

_.ijiaofeool0~E-03 -.1599665797~3EO ~ ~ l7f6'O it8~88AEO

RMDESTED STnppiNG roNnTTTt)N , TFNO FLIGHT TINE jjooo0e9EQ

ACTUAL STOPOINrC ONflrTInN , TEND - mlESfCHS

ECLYPTIC 
EQUATORIAL---------------- 

--- -

= vX= -.4 ?4'507i7847'443EOO0 
x = -.312 9850~7OO06E+05 

VX= _.U.?4.;o?i784?4'3EOO0

Y *i5~82~1qi7eO VY ~ 31.~q~~§1'3Eni 
V = * 3 6 0 4 7328?569qE.O4 VY= .37669369a,2i4EOI ____.---.

7 = .3 e23995gj73323E#03 -V =R :1?533i3+' v .356 S364 23$-EU1-

R 3 S 5 3 1 7 0  ~ ~ V= *59~ 4 228E1R = 31575533437103E05 
V 35396444227387E+01

=P .31097379244535E605 
RA .315 8301339i586E+05 

LA! .3 6388170393108E01i

*o.3 5 94 6 40114 174 E +0 VA .3 5 6 6324.794.6325E+01 LON .16332921459465E+03

TRP_ ;j1079597f32399EO* - _TqA.125e,,eu

CONIC FLENFNTS A E INC NOOE APS MA TA -

SIfC 1EQUAbORIAL :313-1019E+05 *774.78I.E2 *2869972E*02 .3139999E+03 *655I.77OE+01 .1656324E+03 *165650?E*03

-. 1 93?31%69TtE-05 -. jQ.6q6332318E+01 -. 2226709632E+00 -. 8~ 393i55766q)EOO

P? -

*lU.0?326"9929E*'I .550872722967E+03 .4 .52753320E+0l3 .469176969794E+03 0. 0.

0. *i000000000E~ol .12 7809069t62E#Ol 
.3 26?2722925.0E+01 

0. 0.
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SEtFCTION OF THE BEST TRTAL TRAJECTORY

I. TRIAL TRAJECTORY NUMBFR

X(I), SCALt (GMMNAl ON CONrTROL CORRECTION (DU)

X() NONMINAL FIRST STEP SCALF TACTOR
Xt21 OUKORATIC EXTRENUM ESTIMATION ITWO POINTS, ONE SLOPE)
X(3) CUBIC EXTREMUM FSTIMATION (THREE POINTS, ONE SLOPE)
i. (41 CUBIC EXTREMUM ESTIMATION FOUR POINTS I
X(S) OUKDRATIC EXTREMUM ESTIMATION (THPEE POINTS)

- VIt;.I ADRATIC FRROR INOEX 'EMAG)

OYOXIt EXPECTED CHANGE IN QUAORATIC ERROR INtEX WRT CHANGE IN SCALE FACTOR

I X(T) Y(I) PREDICTEO MIN

0 0. .14072481077174E*04
I .1000000000000E01 .55802?308013E*03

.2 .9270916195E*iOi 8555 .25IS31545fua t-UzlDU6fUdU4t*UJ
3 .32872T22q92429E*01 .46911137423362E403 -. 10000000000000E+1i
4 .2256935891577E-01i .371?4370?6709E03 .30178871606735E+03

-- 0; .. . .

nYnxl= -. 14067966(,4E,04 IN=-4 YIMIN)= .34274371076709E+03

TNACTVrII = E 1 1 1

* CURRENT CP TIHE 5.822

-- w w vw w u
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3.2.2 GODSEP

The GODSEP sample case performs a short error analysis over a

trajectory similar to that used in the TOPSEP sample case, except 
there

are no radiation flux or shadow effects. The initial conditions cor-

respond to a 12000 km circular orbit on March 21, 1980. The run actually

consists of two cases, the first to create an STM file containing appro-

priate state transition matrices and the second case performs the error

analysis.

The first page of output is a reproduction of-the $TRAJ and $GODSEP

namrelists used to create the STM file. Of particular interest in $TRAJ

are the variables MODE = 2 (for GODSEP), ISTMF = 1 (for STM generation),

and IAUGDC = 1, 1 (for augmenting the basic spacecraft state vector with

thrust bias parameters). The $GODSEP namelist specifies STM time span

from 0 to 7 days and only one scheduling card. STM time points will

correspond to the single eigenvector event of .5 days and to the schedul-

ing card which follows $GODSEP. The scheduling card is a set of dummy

measurements to create transition matrices at one day intervals.

Output from the run begins on the next page with MAPSEP initiali-

zation print. This is followed on the next two pages by GODSEP initiali-

zation print and the standard TRAJ print blocks every 35 integration

steps (IPRINT = 35 in $TRAJ) which are displayed during the creation of

the STM file. STM generation ends with the output of the last STM record,

over the next two pages. This contains trajectory related data such as

current (TCURR) and previous (TPAST) STM time points, and finally the

transition matrix (PHI) over the interval TPAST to TCURR.

Next, the namelists $TRAJ and $GODSEP are shown for the subsequent

error analysis using the previously generated STM file. With ISTMF = 2 in
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$TRAJ, reference trajectory data is obtained from the STM file. $GODSEP

namelist for the second case specifies a spherical a-priori knowledge

covariance, one guidance event executing after one day, and no measurement

print. The total augmented state consists of nine solve-for parameters

(S/C state and thrust biases).

Five scheduling cards specify three measurements occuring at .5

days (2-way range-rate, 2-way'range, simultaneous azimuth/elevation

angles, all from Canberra), one CO02 horizon scanner measurement at

3 days, and one star/planet (Earth horizon) measurement at 6 days.

Output from the error analysis run begins with MAPSEP initiali-

zation print followed by 3 pages of GODSEP initialization print, includ-

ing the input a-.priori covariance.

The first event printed is a low thrust guidance correction. This

begins with a TRAJ print at day one which marks the beginning of the guid-

ance interval. The state transition matrix and effective process noise

(Q) matrix are displayed. These are used to map the error covariances

since the time of the last processed measurement (.5 days) to the guid-

ance execution time (1 day). Next, TRAJ prints are output corresponding

to the end of the guidance interval (4 days) and time at which target

variables are evaluated (7 days). After the TRAJ prints, the sensitivity

matrix of guidance cutoff state with respect to thrust control parameters

(thrust magnitude, direction angles, and cutoff time) is shown.

The knowledge (estimation error) covariance is printed at guidance

initiation in standard deviations and correlation coefficients. After

the knowledge covariance, the control (actual error) covariance is shown

in analogous fashion.



81-A

namelist for the second case specifies a spherical a-priori knowl-

edge covariance, one guidance event executing at L + 567 days with

a half day delay time, and no measurement print. The total aug-

mented state consists of 15 solve-for parameters (S/C state, thrust

biases and Encke's state) and nine consider parameters (tracking

station location biases).

Four scheduling cards specify (1) simultaneous 2-way/3-way

doppler measurements twice per day from Goldstone and Madrid, (2)

2-way range once per day from Madrid, (3) 3-way range once per

day from Goldstone and Madrid, and (4) three simultaneous star-

Encke angle measurements taken twice per day.

Output from the error analysis run begins with MAPSEP initial-

ization print followed by four pages of GODSEP initialization

print, including the input a-priori covariance.

The first event printed is a low thrust guidance correction.

This begins with generation of required transition and sensitivity

matrices, as represented by TRAJ print at 566.5 days (last effective

time of tracking to be used for guidance computations), 567 days

(beginning of guidance interval over which thrust control corrections

will be computed), 587 days (end of guidance interval and time of

nominal thrust shutdown), and 593.5 days (desired target time and

time of nominal Encke encounter). After the TRAJ print, the

sensitivity matrix of guidance cutoff state with respect to thrust

control parameters is shown.

The knowledge (estimation error) covariance is printed at guidance
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After the control covariance display, VMAT and SMAT are printed.

These are sensitivity matrices of target parameters WRT guidance initiation

state and target parameters WRT thrust control parameters, respectively.

VMAT, SMAT and BURNP (S/C mass and thrust acceleration magnitude at guidance

start and end) are also provided on punched cards to be used in subsequent

GODSEP runs in order to minimize computational time (See $GEVENT in

Section 2.3.3).

Guidance corrections are computed next. The reader is referred to

Section 6.6 of the Analytic Manual to better understand the actual guidance

computation logic. The guidance cycle uses the various sensitivity matrices,

thrust control constraints, and control and target weighting in ultimately

computing a "final" set of control corrections. The cutoff time refers to

an imposed coast period in the nominal thrusting profile, but would normally

be associated with thrust shutdown for a shadowing segment. Also shown is

the additional propellant needed to execute these corrections, in this case

.1356 Kg. The GAMMA matrix is the final guidance matrix of control correc-

tions WRT guidance initiation state error.

Finally, the guidance event ends with a display of the new

control covariance, which assumes all guidance corrections have

occurred, and the projected target dispersions before and after

guidance initiation.

A measurement event is printed next for a star/horizon,

This is the last measurement in the run and is printed even when

no measurement print was requested. The TRAJ print is followed by the

knowledge covariance before measurement processing. Navigation related

matrices are output which include the observation matrix of augmented

state WRT the measurement and the filter gain matrix. The knowledge

covariance is then printed after the measurement(s) have been processed.
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The final event shown is a "zero burn" guidance event. This

occurs automatically (if a previous guidance event has been executed)

at termination time (TFINAL = 7 days in $GODSEP) to display the final

knowledge and control covariances.

For this GODSEP run, the contents of the SUMARY file are printed.

Results of every measurement (before and after processing) are displayed

and include measurement time and code, RSS S/C position and velocity,

and the standard deviations of the knowledge covariances for both S/C

state and augmented solve-for parameters.

By necessity, only a limited amount of program and print 
options

were exercised in this sample case. The user should read Pages 31-34 on

output control for a better understanding of GODSEP flexibility 
in terms

of printout.
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GODSEP Sample Case

PSTRAJ
TLNCH=2444320.o TEND=7.,
SCMASS=5000.,
STATF= 28571.,0.90.*90. 3.7209449,-,3255405,
THRUST=3.,10.,1,20.,.00717,10.,-7.,6.,O.,63.,
PHAS=0.,90,.
STEP=1.,
ENGINE=14.425,O.,14.425, ENGINE(17)=1,E20O
ISTOP=1,
IPRINT=35,
IAUGDC=1,(1
ISTMF=l1

SEND TRAJ

PSGODSEP
TCURR=O.t TFINALg7.,
NEIGFN=1, TEIGEN=,5,
NSCHED=19
SEND GODSEP

0. 7. 1. 1001
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p-t

TRAJECTORY INITIALTZATION

INTTIAL roOCr (PFFF'PENE nATC)
JULTAN IATF .... 2444321.90000009q

. CALFJAR nATe ....-- 190 MD---21 .--- 1Z-H 0 IN 0.C30000 SECS -

TRAJrTnRY STAoT ro~DCH .3fP00000l 9 DAYS AFTER THE INITIAL EPOCH

JULTAN 9ATF .... 2444320.0001000001
-...- ALNAR nATE-,...- 1980 MA--.-2.1 - 12 HR .-4 MT4--3.000 SECS ----------

TRAJECTORY rNO EPOCH 7.0GO1OC032C nAYS AFTQ THE INITIAL EPOCH

JULTAN DATE .... 2444327.000000000
CALFDAR D -- 12 HR 0- NN -- -30000 -ES---- ---- ------------------- -

INITIAL STATE VECTOR IN EGLIPTIC !OOR INATE SYSTEM
X Y Z MAGNITUDE

..-.. OSTn It -... . 5,71 00400~3.35 -.... . O - ....---- -- ---- ..... o 2AS ZObSZa 00f OLIS0.--5

VELOCITY 3. .37209449000000E+01 -. 3255490000OOOOE+00 .37351583053435E#01 0

SEPS MASS 5300.9301000000 KG

EXHAUST VELOCITY 2'.41f!C0900 KM/SEC

-ELECTRIC-POWER AT 1 A.- .. --- --. 0.0000--M- ----- - -
FLUENCE 0.9003000900 E14 PARTICLES

THRUSTEP FFFICTFNCY 1.1010003000

-RADIATION-4PESSURE CrF-ICTE.I ----------- -3 000.0.0--.. .--- .---- -....

LIST OF GRAVITATTNG 9nQIES

EAoTH
TARGET DLaNEf IS EARTH

INTEGRATION STEP FACTOR 1.0000

---- THEZ -SN-AOWING-LGI WILL- NOT-BE--EXECUT ----. .- -----.. ---. ------ --- . . . . .

REFFRENCE THRUST CONTROLS
THRUST THPUST PHASE THRUST PHASE THRUST PHASE THRUST PHASE RTPUST PHASE THRUST PHASE NUMBER THRUST PHASE THRUST PHASE

- HASF .-- -. TIM --THOWLR G--U-A. =--PITCH A-- -- - A --- - VMOF

NUMMER (3AY) IDEG) (DEG.SECI IDEG,SEC) IDEGSEC) THRUSTERS (DEGSECI (OEGoSEC)

1 10.000000 1.000000 20.000000 .00?170 10.000000 -7.000000 6.000000 0.000000. 63.000000

THRUST CONTROL PRASING ANGLES (OEG)
0.010 q0.000 0.000 0.000
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INITIALIZATION AND SETUP FOR SIN FILE GENERATION RUN OTE 02/22/75

SCHEODULED TRAJECTORY TTMF 0.000' DAYS

._..- -ST-C-JT4IIW---EO-0.00--)AYS

E-- 4EASNR .r - . Ppp A IFGAV -6 VLO -C ---A- - - -.-----------

S - -J TO--- , ... ........... . . . ..- a0 DAYS- .- C O NOM.- 0 1-

_ EGNVECTO- EVE-NTS------- -

EVENT T4FE (DAYS)

.500

T4PUST EVENTS

0 ,UIdANE EVFNTS

. ... ... p;OITTO I JV..O S----------.--------------- ----- -,F V-F ___I .. ...

CURRrNT RUN SFGMEIT CREATES STM FILE

---------------------------------------------------------------------------------------------------------------------------

__ CONDTRDL.PHASE C"ANGE **

JULIAN OATF -- 24432.00CO^0300 CONTROL PHASE -- i PRIMARY BODY -- EARTH

--DAYS... FRO LAUNCH- J...3 l 00 .. -- PRESENT.-MASS .. (KG)--.. 5000..000.00000 ......... FLU X IF1J-..-. B..Gfoo t
DAYS FPOM CJUTOFR-- 7.0003010 PRESENT PITCH (DErI-- 20.0000000030 FLUX RATE (E14VSEC)-- 0.

PRESENT YAW (OFGI-- 290.001003000 AVAILABLE POWER (KW)-- 14.4250000000

THRUST PHASE THRUST PHASE THDUST PHASE THPUST PHASE THRUST PHASE THRUST PHASE NUMRER THRUST PHASE THRUST PHASE

DURATTnON THROTTLING AO = PITCH At A2 AT = YAW OF Al4 AS

(..... DAYr) .. IDEG) -- 10 .,OESEC)- (OEG.SEC) .... (OEG,SECl -- THRUSTEtS.-_ OIfG.PSECiL -1DEGSEC). -

10.0001n0 1.030330) 20.000000 .0071700 10.f000000 -7.0000000 6.0000 0.0000000 63.0000000

== ==--- ECLIPTIC -
----- _ --- - - --. .

BODY RFLATTVr S/C STATES X Y Z. HAGnITUOE

SUN POSITTn -. 14 l.36523641E+0q -. 26945142067351E+07 0. *1490280134
2 9 0 2

E*09

VELOCITY-I .52Z97597352Z5EF--- 1...... -.. 2617172. 366265EZ ....- ,3255 S00 r.t n  
_:.6173 Z5595.

FARTH POSTTION .285710006C0000E+05 9. 0. .28571000000000E*05

....... -VELOCTTY ----------------. -T- .---3729 49 0.OOE. . ,0 . 3 .. _-a 5 00 .335150._5_35E-

S/C ACCFLERATIONS X Y 7 MAGNITUDE

PPIMCARY BODY -. 4 8 98R66860519E.33 - .. 0 - - - __ __NZ&L666051i9E-_A"

PFRTURBING 90I9S .229q42?1151714E-08 .6210S475750162E-10 0. .?2.902634025861E-08

THoUST -. 24 79441.44138E-07 .62612529986232F-07 -. 18430982466295E-06 .19613841065524E-06

.. J2. .+ RA. PRE SSLRE . ......----.. -.-.--------- ....... . 0... q _
-------------------------------------------------- -------



JULIAN ATF -- 2'44321.9991901t CONTROL PHASE -- I PRIMARY BODY -- EARTH

DAYS FROM LAUNCh-- t.q9Qitq0 PRPSENT MASS (KG)-- 1994.241791753 FLUX (Et.)-- 0.0000000000

DAYS FROM rUTOFF-- r.0308989 PRESENT PITCH (nEG)-- 182.045033630 FLUX RATE ElSEC-- 4250000000
PRESFNT YAW (DEG)-- 51.846766201 AVAILAqLE POWER (KW)-- ti14.250000000

====== ECLTTTC ==== AGNTUDE
BODY RELATIVE Sir STATES X Y Z AGNTUDE

--SUN - -- P-OSITIt -- -- .-.----. 144 Ai-505425E+O --- .- ,7 123--8000 .---442768636819*O] i-916867764 9--

VELOCITY .2463 ART298239Ei01 -. 33307787900624E+02 *31616970532835E*00 .33396098646916E#02 5

-RT--- POSI - --------- --------------- - -- --. 1-O320902403406705- --------. 42?6$568&41VEA ----- -8q5434 64Eb-OS------

VELOCITY .13233724131724E+01 -. 34515998618940E+01 .31616970532835E+00 .37100969573772E*01

_----S._ YCGELERa;.IOIS - ---- -------- -"AC-
PRIMARY BODY .44389386067663E-03 .16944136493383E-03 -. 15477664923702E-04 .4753857314q988E-03

PERTURBING ROOTES -. ?291t99289824E-
0 8  

.23860786387679r-09 -. 37695013972690E-10 .22320265515164E-08

THRUST ------- - --- * --- 17-163- 646-0----- - 1)4312U431-3E--6-- - -- -0 0

J2 * RAD. PRISSURE 9. 0. 0. . 0.

---------------------------------------------------------------- - -------------------- -------------------------------------

-JULTA4 DATE -- --------- --COn42OL---PASE- --- L -i - I
DAYS FROM LAUNCH-- 4.C3 A4 37 PRESENT MASS (KG)-- 4988.368072696 FLUX E )14-- 9.0000000000

DAYS FRPO rUTOFP-- ?.96151563 PRESENT PITCH IDEG)-- 155.109359711 FLUX RATE (EL4/SEC)-- 0.

----------- ---E -- --- J6. 13S624-462--9------AWALLE-G) -nEA-KW -- _l-t-SO aGa

======= ECLIPTIC ......

SCOIYRELATTVFT VES/t.-STTFS---- ----- - y .X AC-ITUDE- - -

SUN POSITTn -. 14862Q0214366F+09 -. 130907302048'.E+08 -. 18662E)86R137:7E~ .14,24404 5j79E+09

VELOCITY -. 325235r573Z126E+00 -.27147417188989E+02 -. 26172493633395+01 .270 5 o3 710q999+020

EARTH POSITTON .2; 971655926E+05 .19459011i0029CE+5 -. 1R662808683
3
7TFC4 .29739qb3qq6599E+5

VELOCTYT -. 24694493l526FJli .273o3977357q49+01 -. 26172493o83395E+00 *.o853464159683E041

S/C AC.ELqrATT014 X Y Z MAGNITUDE

PRIMARY nCEY -. 34542129039341E-03 -. 3J738125451195E-03 .29480410573921E-04 .46
33 2 2 2 4q89346E-03

--pRT'RIN, l O7TE-S-- ------ .1937537394F-08 ... .530 -7614159F- ----- 456.Ss24z3E-.20 .20035591057719-0----

THRUST -.2A893665312049E-09 .1159339043632-06 -. 1577404900888E-06 .1965957762166E-06

JZ + RAD. PRESSURF , -. O. 0.

--------- ---------------------------------------- -------- 7 ------- --

JULIAN DAT N -- 2144326.11471476 CONTROL PHASE -- I PRTMARY BOOY -- EARTH

DAYS FROM LAtJNCH-- 6.1147476n PRESENT MASS (KG)-- 4982.387873028 FLUX (E1)-- 0.000000000

OAYS FRnM CUTOFF-- AA52524 ..... PRESENT- PITCH (Og)-- 216.91415078 - FLUX RATE....IEtI/SEC)-- 0.

PPFSENT YAW (OEGI-- 21.708383519 AVAILABLE POWER (KW)-- 14.4250000000

-- === FCLIPTTC =MAGNITUOE

BODY RELATTV S/C STATES X Y Z MAGNITUDE

SUN LOSITIO" -. 14F3j6797q9~791E+9 -. 184699T7020026E0*8 .26250775945211E*04 .14933337470152E*09

- - -- 4. TY .6450T9912635t*0F10-- -- -..... 231345248 342E*02 ...--. 16687869 640 --OE c-- 3ZC2SQ1023002E*0---

EARTH POSIT IT -. 1 3 5 95472 1 a3991rqC5 -. 2Z23Z1245859qfE+i5 *2625977591S 211FC4 *29662383296016E+05 -

.. . EL T -. . -..3 89-6----E01 .6.--.9416567R65216,4574E*O--- --.16689064444-OO-636665554-20 -SFO .---..

S/C ACCELEPATTOS X Y Z MAGNITUDE

-. PRIrAPr -BOY- - -- - .207640750954(LE-03 - - -033-65
Z 62 9

63F
-
0

3-
_ 

-  
0i

5 9 9
s 

L
B8Ef

-
lr 5 iZn26i94Zio8E-l-3---

PERTURBING ROTS -. 1443660854761 E-08 *79824671752583E-09 -. fl664830648924E-09 .16529687697180E-08

THRUST .1270779493q9310E-06 -. 13150548734386E-06 .72602726179220E-07 .19683174378800E-06

'__ ~-t. D--P.RESSURE- - ... ----------. -- I



TCJ)PQ 7.110
n

TDAST 6.0300
NDRI ' 3
NTr4A. t
APVOT

.15352759'-J8 --.7.4,8t9E-9 .060q993RE-9q

.15352759E-08 -. 7446It4E- 9 .1060qq38E-09
C. 0. 0.

.... .............. . .. . -. --.. .. --. O .----- ---- -----...............--------
n, 0. 0.
o. - n.

.. .....~.. -....~- - -.......... ...... .---- ----- ....--. -0 --.. .. .......

n. O. 0.
J. 3. n.

.........APR ..-...- ..2139 026- Z -----3_06
- --  a -  - " -

MaSS .4979R3A1E*C4
RPA 0. 0. - 0.
T ACC ..-. 91 iBLE-07 -..-. 12165 OE- 06 . .1.Ill80 9ZAkIa-E 6.. -. ,

tip

a. .* 0.
_. -- 6 t-- n----------- - ------------------- 0-

0,. 0. 0.

0. . 0.

. .

r. ~. 0.

VP

.I6447I. F+01 -. 29609750F 02 0.
O. J. 0.

_ -0 ------------------ _.---------- a.--
, t. -

a. a.0. . 0

____ -~--------0- -----------___ ------------------

0. . 0.
o. O. o.
. a - 0-

O. C. a.
0. 0. 0o.

-. t4789736E+09 -. 206865L18Ea8 -. 26625730E+04
.a1qi54.E+05 .26 86090E05 -.26F, 730E04

-- - -. ------- - 0.---

O. O. O.

--.---- ---. - d* ------------- - --- --

a. a. a.
a. . a.

__- 0------------ -- a. ----- __ __ ..----- ------------. --- ___ _____--'--0. Q. 0.

.q93369E+09

. 3 29A7 R4IEi05 ------- -.- _-70_

0.

0. 3. -O- - -_--_-

0.
0.

O.ftO



*.352288rJq .17396662E~gi -.176i390"7E+01

0. 0.

, 2701 741lrE#02
* 3651 I51 F +11

-.4---------- ------ --- --- -.-. - ----- --

VTUM .3.l~tEn

CTSAVE

-. 91671it8-07 .128185R0E-16 -. 11609794.E-0~6
-. i28tR553F-0'b -. 91673904IF-.17 -. 2489621iE-Ll

.68?00q7L.V-07 .9FOSPIT06E-07 .15759226E-06,

FLxflOT 0.
PHI

--- ~----.-------.--.Sd7G7'?l-E+J2. --.-. 1.L09-O --- 16 1EO --- .-1628'631E-02-_ -.2l979k448E-0Z - -.ZR23S383E--03-

fl. 0.- P. *32348353E+gi -.4583Fi2tiE+00 i10B3392SE-01

.28b4?g'l7E-33 .28?61755E-13 -.I6q(.5717E-04 0. 0. 0.
____ .-34Q34t.43B ----- .R2+E0.-.---~1~-36E0-- .. &05~.d-- ---456'4749E04.----.-1494-9E--43----

0. 1 50P164231E+05 .307i7436E#05 - .307260q3E,0*
-. ?299250E+01 :.58126246E-01 *5912902E-00 0. 0. 0.

-.- ---V46Oi-& --.. 113O.5734EG05 -1747n12I4

1. 0. 0. .24.329504E+05 -.1151LB6E*05 --. 66.ZI796E*0'.
.15'67057E+01 .2t.6S9272E+01 -.57859605E+09 1. 0. 0.

-~~~~~~~~~~~~~~~~~~~~~~~~ 1t44 44~-- --.42G5~-0- ---. I6480 - 4~18q4--- .7-41-AF0 0------J4005-1

.iOC0~lOEI+2 0. 0. .39393175F+03 -.1'.35i6i1E+03 .1?77129E*02

.?5?r'380E-01 .. 2'.'3E-Di -.4.7722379E-02 0. .10O0DOCOE4Ci 0.
--- 32QfE0 ---- -- 1--- *--0--' - .U-18IF-4-291692000--2- -

0. 9'. *100DO000E401



88

PSTRAJ
ISTMF=2, SEND

PSGOD SP
IPFORM = 1,

P(191)=.1, P(292)=.1, P(393)=.1,

P(44)=.00019 P(55)=.Oo0001 P(6,6)=.00019

PS(191) = .022. PS(29?) = .0359 PS(3,3) = .0359

MPFREQ=13*0O

IAUG=319'
TCURR=O.o TFINAL=7.'

NGUID=1~ TGVID=1.t TCUTOF=4., TIMFTA=7,, IGPOL=1,

NSCHED=5
EPSIG(l12)=.1,019,0

1 9
EPTAU(19,)=3*.02,
SEND EARTH ORRIT GODSEP

.5 .5 ,05 1003

.5 .5 .05 2003

.5 .5 .05 3003

3, 3. .05 7000

6. 6, .05 4001



TRAJECTORY INITIALIZATION

INITIAL EOOCH (qEF0ENfE" gATr
JULTAN IATE .... 2*4132.0OC00130GO~

- CALENA DAW-....- IA A1984-MAI.----- - it H 0 IN --- Ifl 00-SECS-
TRAJECTORY SF4AT FPOCH .. 00010000C0 OAYS AFTER THE INITIAL EPOCH

JULTAM nATE .... 24420.0000100 1
- C- -.. -CFN OARa.- T- .-- 99- QA1 1AR -.- 2 f T------ ra---.- I . -1 SFrs *

TRAJECTOOY riD FPOrH T.C?030o0" OYS AFTER THE INITIAL EPOCH
JULIAN lATE .... 244427.00199000

.. - CALENDAR.-OATE ...... - 980AR..- 28...- 12 HR O.MI . -OO SE S3

INITIAL STATE VECTOR IN ECLIPTIC COORDINATE SYSTEM
X Y Z MAGNITUOE

.. .....PnSITION -- ,85 71O0OOO --- . ---.... .. .A *7nflnflflnnofn~_lfl

VFLOCTTY 3. .37209449000QO 0E+01 -. 32554050000000E+00 .37351S63053435E+01

SEPS MASS 530G.00~0000000 KG

EXHAUST VFLOPITY 29.418fl000On KM/SEC
ELECTRIC. P-OER AT -1 A. U ... 4..--... .. 2500000 .-ic -

FLUENCE 4.3000000000 E14 PARTICLES
THRUSTEP cFFTCTEWY I.0000 "000

RADLAIOA 4PRE SUF--. FFFICN - 0000000 --

LIST OF GOAVrTATTNG BOITFS
--SUN

EAoTH
TARGET PLANET IS FAPTH

INTEGRATON STEP FACTOR 1.0000

-- THE SHA.0MING LOGIC WILL- NOT- BE LEXECUTED.___ _

REFERENCE- THRUST CONTROLS
THRUST THRUST PHASE THRUST PHASE THRUST PHASr THRUST PHASE THRUST PHASE THRUST PHASE NUMBER THRUST PHASE THRUST PHASE

...- PHASE- - - FNO TIM ..... IHOLUN ..- -A --- PITCH..-- -Lu .. -..... -- A A. :IA _ OF _ Als __AS

NUWMED (nAY) (DEG) (OEGSEC) (OEGSEC) (DEGSEC) THRUSTERS (OEGSEC) IDEGtSEC)
i 10..00031 1.000000 20.000000 .007170 10.000000 -7.000000 6.00q000 0.000000 63.00000

THRUST CONTROL PHASING ANGLES (DEG)
0.OO - 90.000 0.000 0.000



GOnSEP INITIALITZATION ANO SET'IP FOR ERROR ANaLYSIS PUN DATE 02122/175

SCHEOULD TAJFrTURY TTME 0.0' ODAYS
-- --- -- -Sr- -FTA--T RAJr(anRY TMKF___ . Y _0004-DAYS--

TOTAL- JOB F-ELf LrNGTH = 0411O0 OCT4L .
LENGTH OF 8LANK rolhMO' 003r"

- F---VASrMM4Ua a r .. Dp WAO T .-- v S(CIEflM-----

------------ --- 5I0 JAYS TO .5- 5000-DAYS IN RENS -0 500SS - CO0E NO_- 10n
FDOM .5,100 JAYS T3 .5'C00 IAY IN INCREMENTS OF .05000 DAYS -- CODE NO. 2003
FROM .ISC'0 DAYS Tn .5300C0 DAYS IN INCREMENTS OF .05000 DAYS -- CODE NO. 3003

"--- Jumt - -404340 3JAYS- TO- --0 00- IS-bC E F 5 n nav -- .nnF n nQp p
FROM 6.00030 JAYS TO 6.00000 DAYS IN INCREMENTS OF .05000 OAYS -- COnE NO. 001

0 ETIGNVECTO FVrNTS

T" UST FVFNtS

- - - --WC-4CU 4 k.A -- UVAJ __ ___-------

GUIDANCE GUIANCE
- FV t TIMr- ADAYS - - CUTOFF--TME EAYS AE TIME _avYS . POn Try REAn COnrmTn

1.001 4.030 0.000 1 0
S ~ ~ ------------- - -- _____________ ______________________

S C -PREDICTION EVENTS

FILTIEI4G ALORITNM TS Y'LMAN-7CHMTOT

NEASUREOIhT WHITr NOISr STANPARD OCVIATIONS

05T Type STO OFV
2-WAY tOpnLED .19i90E+1 MM/S PER I HIN SAMPLE AT 12.0000 COUNTS/DAY---2-bWAY RAN- .... 33f013EC L M ETERS .
3-WAY JOPPLEO .1n0C003 * Mn/S (FREQ OOIFT)
'T-WaY AqGM .1003300E+O 2 METEPS

-AZIT ..... ...16300030E04 I ICRO-RADIANS .....-..
ELEVATION .16C03000E+04 MICO-RAOIANS
STAR-PLANT ANGLE .1503 3 iLt+3 MICRO-RAOIANS

...-- ..- PLANET L.ITM AeNGL. . ----.. .30 tr3 NI."RO-RADIAS_
CENTCR-FINDIN" .10003COE+02 KILOMrTEPS
CO? LAYER ALTITUnF .48000063E+00 KILOMEITFR
HORIZ SENSOR ANGLE .2910il03Et+3 mICRO-RAOIANS .

TOLERANCE ON MES4ING SCHEDULED TIME POINTS WITH THOSE AVAILABLE ON SIN FILE = .200F-02 DAYS
. .- -- . TOLERAMCEON MESHING SCHEDULED IME _PiOIfS._IIELTHSF AVATI ARI FmLSIM FILF = .o QOEAI DYS

FAILURE TO MFSH WTTHTN TOLEPANCE IS FATAL
.CONTOL IS PoOPAGATEO STMULTANEOUSLY WTTH KNOWLEDGE



INITIAL 'RAJFCTn"V TTMlr . .00jr fAYS

.D1Ib4--ONToflL ......---

0 c.~ 0 ~ 0 0 0 0

STATI(W LOCATCIN r'OOROTNATFS

___ __- aQJJIJS NT-..--lAITUOE--- - &4.rUF-. ----.--

1. 2,V -+ 24.3.167 35.160 -6.163

3 t)37 1 1 10E+C. 14.78~ -35.'.02 -6.062

4 r-J7'b&-103E+04 2.0-25.735 -2.522

6 .63619FF04 212.4FP7 64..B24 -17.195
7 Cl'jl~tEq.F0 277.125 35.017 -6.076

4 28. 33 -3. ()7-s-5. 21.
I .r3 73556 C E + 262.622 27.4.95-.60

-EOIJIVAtrNV IFATION4 LOCATION ER4RORS 4ONE-STrKA) ..---.. _______________

--.. AL~TI~un---- - ~ 0-4f.~ -.- - -- . . . .- --. .----- ------ ___ -________

LONr.TTU1F 35.O000 METERS
LqT

1
TTUOc 3S.010C0f 'IETrOS

THRU;ST '4-ISE- PiP0CFSS ONF-I-S -;k~tSTFR PEPENDfENT

SFCOmn PROCESS TS I WHtERI: 1=TH"UtSTER INDEr, 2=DEPENDANT

-----%YA*!G-"MTS-F PAR&4FNET-- -- ------

pporFss STn 0FlV CORRELATIr)N TTRF

'IAGNTT1'I 1 .1153110F*0i PER C.ENT k I00Q0a3E+0L DAYS
PITCH .2jC00OE-G1 RADIANS , *i0000Et"i OAYS
v- ---. VN -. -~*a~aL0-3Y __ ____________________ __

-. 0-- *AGW-TUOF -2.-- LU--41 -P.ER-CET __z --- A
PTTCH *iT2000DE-01, RADIANS , 20010E-01 DAYS
Yaw .10OOOOE-01 RAoIANS * .20000OF-01 DAYS

510 0EV 14 THRUST ON Trmr= o.00 SEC



A 10RtO0I KNOWLIDGE UNC 9TATN'Y AT TRAJc:CTORY rINE 0.0100 DAYS

~~D~ S POST T~fnM =-- .47-120 5AE.0 )-KN

R173 VEL')CITY .173200$F+F0 M/l.S

STATF P&'ITS

STANTIARO nEVIATT"NS An COWRLATTON CO~rFICTENTS

S10 9FV x Y Z VX VY VZ

.1)00 O~02E.. 1. 002l1

Vx .1VC-V10"OE-33 0.010S0100 0.00993M3 0.003030 1.00000001
VY t0cl.3101E-13 0.000030 0.9icanala 2.0000000 0.09190000 1.00000000

ArCPRO 0.no0000000 0.00003030 0.00001000 0.03000000 0.00000000 0.00000080
PITCH 0.03ai0" 3.00(00000 0. 0000f00 0 0.0n000000 0.00000000 0.000800000

- YAW ___ __-.n~.--C----0"033 -0fl""" 0-0Qnannan '0 "'o0"00f 0 00IflAon

SOLVE-FOR OAR414ETFOS

STAN!nAR0 OEVIATTONV ANn CO?RELAEION COEFFTrIENTS

SWn D':V ACCPRLJ PITCH YAW

ACCPR0Li -. ZZ003C3E-J1 1i.n0030000---- -------------____--------_______________________

PITCH *350!1"30E-)1 9.0100000 1.J3001000
YAW .15010130c-l± 0. 00,000010 0.0000900i 1.00000000

INITIAL S/C MASS ERR'1P 0.1002 KG



GOr)SrP ANALYSIS ;VENT POINTOI)T RUN DATE 02122/75

SCHEnrnLD TOAJECtr'RY TIMF* 1.0000 DAYS w_

---------- -PNF -- ---- ----------------------..----- --------------- __-..---.----------- ..............

JULTAN nATE - 24413?.00I0000 CONTROL PHASE -- j PRIMARY BODY EARTH
DAYS FOM LAtJNC4-- 1.10110.1i PQESFNT MASS (Kr3-- tq,47.119779523 FLUX (E14)-- a .00 0 0Goa0 0~

-DAV-S FROM.UTflFF- 6.00030 PRF SENT -P- C-A IOEG)-- . .2.63946qS26 - - _FI.UX RAT-E _tE±IdSqECJ.-- -, ._,
PRESENT YAW (DEG)-- 323.153003717 AVAILAnLE POWFR (KW)-- 14.4~250000000

FCC I T TC .. . . . . - - ..----- - -___. - - - -

RODY PFLATTVE lzfr ;TAT--',; X Y, 7 MAGNITUDE
SUN PO';ITTOw 14404A41 4 17 15F#19 -.53J'.621f,O5?t4i'.+7 *24989733183074F+IP4 *i49092Pt0??7209E+09

- - VVLOCITV - . .417?5934 0--- -.28931420932043F-02------. T944644dl56211 4-------- Z.9ZUl0?95149Z3E+02----

EARTH POSTT~nN .69482962379E+34 -.2781274222I.56?E+05 .?a0t9730307.F+ .28785193288174.E+09

-- VELOGI!V -.. -4e-,QJ548I4gq271ii.1 - --. eg44080~,0~.3ZLZ0.10466572 MV-.04

S/C ACCEtr0ATTCNS X Y 7MAGNITUDE
.RIARY-fOGY - -- - -.J146797.-132711F-33----------6.011d~7~-0~ - .4...a7i587.k209.52L4 L4
PERTURBING 41DyrS .44I504A4L950i4L-)9 it13924??33qF)9E-06 -.49669I.3250743GE-10 *12?5373568517.E-08
THRUST .1692478807535QE-gr, .6q;7I.06U!1l5t682F-G7 -7e.L.SL.73328853IF-07 ti9625L47i11832E-06

.F~V~S4.~'ASS TAiJOAwo nrWvATTONS i(4)
CONTROL= Ic~iq KNOJWLEflGE= 1$18.4910J

TPA!JSPO'.r" (IF STATE TPANSITTDN MATRIX PARTITIONS OVER TIME INTERVAL .5000 DAYS TO t1000 DAYS

ST~RT
X Y z Vx VT ~ vz

- x -.1355jlr22E+C2 -..T9)A616153F*0L .35368915 0E0 0 74TL432 743E-33.. -.i1030054.(.F-02 .151581.332E-03.
Y .11698360F+02 .411i6i4AE+tI -,28766d3c;?EIi0 -.23%I2Jt7?-03 .12685137DE-O? -.10r59t2430E-03
7 -'~9,3r1 .2A2L7391E+30 .8ud599118F-qG .2I286ct107E-04 -. 10586,86r0E-03 .902698a74E-0.

SVX . .A1~'E-5 -. 2G943-'165JE4;5 _. R53c!2JtjE0A4 .3744q74L.a . .LLG1276564E+02. .981131999E+00 -

VY -. i11?dI7I .IF' -.35231'362qE+05 *270420?ICE0. .33GqJ226-2r,01 -.1289223'44E+12 .1218i6?9lE+Qj
V7 .i~n100J55E+n5 .273977956E+0I. . 505281.3FIflU. -.293637729;E*00 .12i623090E+01 .669763236E+00

.526603235inE'-23 .1527567134.12F+93 -.36514a12'43gbE+02 -.t69174384905E-01 .6i5200135.'A'E-0i -.17b973442i63E-02

.1527567134.1?E+13 .4L.32c;8098877E+1l2 -.10!;913153746AE+02 -.490535142984E-02 .178445104634.E-01 -.513254337489E-03
-.3b514llZ939fE+02 -. if'9353749~E+32 .261708919iJGiE401 ll?t7751?00tE-02 -.42662'.926a25E-l2 . 1089952846F,?E-03
_.j69j743R495E.0i -.4qCr,3';j92A4E-32, .1171775iM00E-02 .565241879901E-56 -.1968290638?BE-05 .477253745036E-07
* 615?001354A4E-11 .1784415l0'.6"E-01 -. 4.266249q26625E-02 -.19682906387SE-05 .719157459663E-05 -.2102746459O6E-06
-.176q73a.&9J1E-? -.c:13?SL.T374RIE-07 .10Aq95244671E-03 .477253745936F-07 -. 2102746(*59flSE-06 .12542975F.77AE-07



----------------------------------------------------------------

C - _ CONTROL PHASE CHANGE *'.

-JUL-TAN-J3AT . -- .2444;34.OQn3Q . ..- -CONTROL PHASE .. -- --.----- -- _--PRMARY-0o -- ......-EARTH
DAYS FQnH LAUNCH-- 4.0~o0"Gn PRESFNT MASS (KG)-- 4998.478918093 FLUX tE14)-- 0.00000300DAYS FROM CUTfFF-- 001.000o POESENT PTTCH (OEGI-- 3114.775q422 FLUX RATE (EIS4fEC)-- O.

PRESLNT YAW (DEG)-- 293.051433878 AVAILABLE POWER-KNIM- 14.4 25000000--

THOUST PHASE THRUST 'HASF THRU T PHAFE THRUST PHASE THRUST PHASE THRUST PHASE NU4BER THRUST PHASE THRUST PHASEDURATION THROT.TLING . AO =PTH - . ----.-- .. AZ - -... A = Yau . -OE---.. AS-InAYS) (DEC) (OFG,SECI (DEGSEC) (IEGSEC) THRUSTERS (DEGSEC) (OEG,SEC)
10.001f100 1.Cl0 LOi 20.0110~00 ,0071700 13.000010 -7.0000000 6.3030 0.0000000 63.0000000

-=--=== FCLIPTTr ==
BODY RELATTVE SIC STATFS X Z MAGNITUDE
SUN --- POST TOM 

l-. -1 lo7ZS13J87 9.Li .. - 32229336Z.~.O -.----. ~a3 225La 901ne ,19765694225E Q09__VFLOPITY .9832793 184152L+01 -. 262916'0317060E+02 -. 33393079969394E+00 .26312119760119E+02

EARTH POSITIOn ....... .27120718079213E-05 .- .893977 2777738E+0 -. -. 862992S50390LD.E~i 3---- - S293z611iii2 5E2S05__
VELOCTTY -. 11?8139655658L+01 .3q492471362207E+01 -. 33393079969394E+00 .36852864583537E+01

-...S/C ACCELEEAT.IONS........ x -X_ 7 MAGNITUDE ._ _
PRIMARY nOnY -. liJ?1312'i'.qE-13 -. 1412359437053F-P3 13591489060689E-O4 .463365b6166228ZE-03PERTURTNG ROOTFS . Aq s9q5l240?15k-08 -. 584167188940OSE-IO ,34377584876274E-1o .22993942727990E-08
THRUST A... 28. .26838276668 7 .2277955435341E- . .1B&9 812989E-. L 659L 4 -95fiSLS
JZ + RAO, DRSIIF 3. . O n.

-SC AS-=--,4912QQ? i 2 *4- LRUST . A -. 164..--L TIE -...1.0.0____

S/C MASS= .4984R8r# 4 THVUST= .196991E-06 Ar TTPM 4.0000

-----------------------------------------------------------------------------------------------------------------------------------

-.---- A -- H---CONTROL. P4ASE.CHANGE__ ___ __ _

JULIAN DATE -- 2Li4327.030000 CONTROL PHASE -- 1 PRTMARY BODY -- EARTH-DAYS-FROH LAUNCH-- 7.03300 ...... PRESENT MASS . (KG)--. 979.3816662 ...--- ----FLUX- Il -- 41- O..aD.OzaOOOl6aDAYS FRnH rUTOFr-- .~3130000 PRESENT PITCH (DEG)-- 27.619844466 FLUX RATE (E14fSEC-- 0.
PRESENT YAW I(EGI-- 323.043480445 AVAILABLF POWER (KWI-- 14.4250000000

THRUST PHASE TH
0
UST IHASF' THRUST PHAS, THRUST PHASE THRUST PHASE THRUST PHASE NUMBER THRUST PHASE THRUST PHASEDUPATION THPOTTLIN AD = PTTCH Al A2 A3 = YAW OF A4 A5( AYS) - (DEGCt ... D. OEG,SEC). (DEGSEC)- (OEGSECI THRUSTERS . (DEG.SEt DEG,SEC .......10.0000On .m0o J) 0 23.001339C .0071700 t10.0000000 -7.0000000 6.0000 0.0000000 63.0000000

-=- .--z.ECt.RIIC .....-..
ROOY RELATIVE Sir: STATr X Y 7 MAGNITUDE
SUN POSITTON -. t47RT97309760L+09 -,206845475900 -590 -.26598971074795V,04 .14933674910lE+009ELOCITY ..... 30844653283t ...... -27863596241029fDL?_ .. -.17683Z7BZ14T ,2867999176 E +2

EARTH POSITION .143q9005909q60E+S .2bO59290718648E1+05 -.26598971C74795E+04 .29872106317519E+05-.. ELO T TV --- ----. 331664C 73 A54. L ... 1-Zh 6L5 33 O055fiSSltL .176- &I 11A jLz 7 77qkFn .TA h i AnRQF n

S/C ACCELFOATIOY 4 X Y Z MAGNITUOE
PRIMARY-. ODY -.. .21

4
71543124317E-03 -. 3896704.33030E-03 . - .----. 

3
97766..6Z3832E-nk .E c .kNtOii3.L-

PERTURBING qOOTES .15386921479121E-98 -. '28 54875492E-09 10599853?688qE-09 .17191 5C46771lOE-OTHRUST -.91561299qjljbbE-37 .12795694066689E-06 -. 11839886334339E-06 .19693252516868E-06
__J2 _*_RAMflJRE SSUF- --- .1. 0.



UNWFIGHTED SFNSTTTVTTY MATRIX (CUTOFF WRT CINTROLS) .

.2101;29"58" + 4 .9559?9n7009E+33 -. 65itt4711447E+02 0.

-.622355103'EJT4 -. 210O71435236E+04 -. 64Q001756332E+03 0.

--- U933lJ&TRE+ 4-----. 25 1272.ALM.Ee ---- 932392&9O2--4-.- -. ---------

.76131799?72E+1G .J367TC3520 3E+01 .783989672687E-01 .26483828764 E-7C

.25525?972297E+*l .97629871734E-tJ .626171405488E-01 .722779554353E-07

....----~.~W R A9E0- 0----.. 165t 785-4? - -- .--,7436649012- Q 2--.--.-.18O- -9 .lZ ! -FL

KNOWLEDGE 'OVAoIANrE AT MANFUVFO EXECUTION TTME 1.0030 DAYS
.---. JASEG- ON HE ASUREMENI -UP- O -- . ----. 1. 03 OA.YS._. - --

RSE POSITTIO =. .2947879?L+02 KM

..._...... . ... ESS VECncT Ty - -...... . 1W6 X637E* i - ........................ .- -

STATE PAP4AETEPS

STANDARO OFVIATTONS AMO CO RELATTON COEFFICIeNTS

. .
... . . . . .. . 
I-- E ------ Y-V V Y V7

... -x .-.... 14 53E 2 -------.. . .000000 -----

y .t1732f59E+)1 .9966229 1.0C000030

Z .Z3521331F', l -. 734647c0 -. 72272473 1.00000008

____ -- -. 94924 4E-14 --- -,9-- 48-45------ 97T4276 - - 74774924 -1.800000

VY .lTT4612'E-12 .q9994925 .99 .8537 -. 727376q7 -. 98234636 1.00000000

VZ .1862 2^9E-33 -. 6ti83517 -. 67926977 .17310568 .63305197 -.69960900 1.00000000

AGCPPO----- -r- -.J1i0y932 --. 3540J63 -- -. wLa81 ?-Z-------.-ZZ-9C - 3u61on 'n?3-' £13rr

PITCH .G~7R7739 .04565081 .0887454 -. 09239939 .07567769 -. 09624859

YAW -. 0231659 -. 08479346 .09306799 -.04928325 -.0 145271 -. 03464640

SOLVE-FOR PAPAIETrRS

STANDARD OFVIATIONS ANn COIRELATION COFFFICTENTS

STn nrV AVCPR -....--...... - -C - ..... YaW

ACCPPO .1Ct63A9 E-'l 1.00Jt"330
PITCH--N .38fARRL.-, -- - ---. 3 69635----4.000000 --------

YAW .3093J;R2F-31 .57342560 -. 11129551 1.00000000

- -- GONTRL C--OVAIANCr AT MANE4IVER -EXrcUT-ION T-T ----- -- --- IiaY4-YS - -_.....

RSS PnSITTO = .c5415141E+I? KM
RS -VELCCITY = .7444141E+01 MI-S-- - - - -



S TA rr fl8PA-IrrOr ---

STANOAPO DFVTAT104S AN-) C")'RFLA'TON COFrFrTINTS 
-_______

x .SZ23231'qE,'l? 1.301iJC3ll
Y -t9r28701E.22 .995A3187 ~~j~~

VX .1?jjq6.39 I -. 9jcjq~jI -.90'1363. 1.000"1000vx -763t-2-.99146919 -.97772304 SU91 1270? 1.00300000VY .459RE1 999520tc,7 .99727035 -.9023144.5 -.9898317 1.00000000--9 -4294 982 - 241? .77612A4. .906373A5 --94.692089 1.00000000-

----ACCPRfl -5 57 6- -. 207A.Qgo -~69.3
YAWC -~"~q 1238Z398 -.04M13501 -.117024.56 :125564"16 --130974.51AW-.It139264.7 -.10118791 .0922174.6 .09788680 -.-19537952 .08110845

SOLVE-FIR PAFRA4FTF9S .....

STANDARD nEVIAIIO4S '%NO CO'P LATT!ON cflEFFICTENTS

A C -p .- T O !1 ; - - A C C P P O - - P ! f

YAW .35C111CIE-3i P-.G00 .0l000 i.00rag0eo 
0'

-rARr.Vr- WJRT. RUPJ - TAR-T S1TF

-. 9.2C~65..1 .12798716qlr'E.j2 .-112173559-465E+01 -. 106682781560F+06 -. t.238i5l.25510E.05 *37?1161281.861.E,01*25 33-12 4131;16E, + I I- 84 3 65 237 1 62F f 0 - .*645 d356 IC 05 3E, 3 0 -. - 7 9 45 913 0 3E * 05._-2M 1.i7fl C1 13 +f Q- 2s5-%SAhisSqF * nI..27~ 67 J .816129844.E+03 -. ?586301.72677r,00 -. 761030S53649qE+C4 -. 13242128799YE&O0b *560105215569E,04. -

--- 2-T~JFd%-RT- rCOMTpL __

-.1.570435,79 4 04l +-34 -.1'.5492cS1"57;E.04 -- 1156244124.35F+04 .178124?3?4F-02

-. 3C~?186d.3~r~~;. 5"4 963 RI8E +1~2 -u19133 34 7 8 E+ 2 -.59191812.33g1E-03

-- YAW-.1k.
rltJTf)F7F .i0, OE.J1

-- ARGFT wFrlrv - - - - - --- ---- ________ _________

Y .ilhf'F+gl
--- Z- - .12E0.- -- - -- -~~-- ________ ________________



UNWEIGHTEO GUIflAM'CE MATPIX (CO.4TPOLS WRT TARGETS)

-.8lqA6157063 -03 -.59I.390044Cr63F-03 .3OJ8'53637915E-02
l0J25~j?'-" .167*1516OL.561,F-32 -.696663984132-'12

-- _.3?4722!467r-a3 - * 7
91(.53A.SE-.3-.36hg6961a.1E..OZ - --- _____________________

.3150292077641+12 ..21602AT3174iE+01 .9238964.5723E+93

STANOARD OfrVIATTONS AND CnORELATION COEFFICIENTS

s1n nrV ACCPPO PITCH YAW CUTOFF

ACCPOO L99~34,37E-11.1"io
PITCH 143A7465c-51 -. 983957"q 1.03fl03030

CUTOFF .t&5q3lc;7Et14 -.6829?79R *r'2735890 .61532918 1.00000000

ACf!PqO. ST(,mA= tI9r,43E-01, MAX ALLOWEfl= .50000--.0l
PITCH, srGmA = .7675E-11, "AX ALLIWEO= .97266E+00

---MW -SICMA=- -- t44 -E0I,--AX--AttoWFn---..?6E0----.-----.-.--~. __________________________

CUTnFF.-STGMA= .1859'IE.0, MAX ALLflwEO= .43200E+97

*----FsIQO---.ApCrt T_ C000 ------------ ________ __________________

STAW4ARO--F VIA T TNS Aln COR~ft-ATION GOEFF-ICIF MIS-.-- -- __________________

STU OrV X Y Z

X .111431TE-I11190li
Y .124577'214E-10 *.637?23 1.00000000

---7- - lA854i94F-tl -- -. 85739146 ------ -. ?74820- --. ~-00-. ____________________

UNWETC~rTr rGuTUANcF MATISX (CONTROLS WPY TARGETS)

-.01898570f,3E-03 -59'.39uA40673E-03 .300O'.538S795E-02
.iCl32AJ?7r-)2 li7l5;5 6;i-l? -.696r'61984.132E-02
.'7a427?21S.7F-1-J-.Z153RRJ.-.$Z91AtE9 - - -__________________________

*31r02O20776.F. 2 .216028771 741E+JlR .'.9-2389b4572.3E.03

-,FINAL-- CONTOOL COPRFCTI.0NS. UJCIUnTNG CONSTRATNTS-_______________________

sumAOARD- nfVIAT TONS ANO Cn2ItAINCOEFFICXENTS 
___________________

STn I~- ACCPPO PITCH YAW CUTOFF

ACCPPO .19387r-11 .no~
PITCH .4 v A74 6 5E --3 1 -. 98385V'9 1.00003000

-4R.264r6..41. .7875 .- 9-9552 -- t.080003000 -- -_________________

CUTOFF . VA5 q3 it5 7E + )u -.b8292798 .62738890 .6t5l2qlS 1.00900080O

------ 4rONTROL STANDARD OFV.IA!IONS ANn NAXIMUf-ALUES---- -------------------------------- __________

ACCP'O 1.96935 5.2.0 2 PER rcNT
PITT.N 2.'1383 - 5.2.00 .F.ES ----- - ----- _________________ _______

YAW .84835 9;u.00 DEGRES
CUTnFr .02152 51.00 fnAYr



MASS STANIAlRO OrVTATIO41 FOR 'rUTflA-)E .1356

GAMMA WA1DIY

-. 169?73rq38E-J2 .530 0 3O8 1737E-02 -. 246Z2251653E-02 -. 4.aO216238ts85E+02' -. 660763635962E*O1 .1671744E16052E+02
*J9qJ28(-fi929E-12 -.68I.6051 61q4E-32 .5240?546127qE-32 .712625868796E+02 -.'.225755720ASE*01 -.368221240349E+02

- .-. 20129t.664.SIE-02 .17586&Z9.0------ i251173*2 -;J2flD7Fn I Ph 1 1 Q,j AgAFflp
.35552510175~3t+33 -. 11~2462464.659F+04 -.269329t86541E#03 .908240~951464E+07 *iT6964O3410OIE+CFl *267?69'.96548E*O?

STATE ERROR AFTCP 0119N

CONTROL r OVAQIAO-frr AT MANEUVER FXErUTTON TIME 1.OJ00 OAYS

STANO)ARD OrVIATTONS A40 C'PELATION COE.FFtrIFTS

STE) nCV x 'r vx VYvz

x .2 4 'r 5E+ 2 1.1301,000
v .01173:^qE+?i .99,652?Q 1.'io000joo

VX .9192394 tE-,3 -.983'.dt45 -. q734.0276 .71774923 1.00000000
VY .3-334bIlgE.)2 .99440925 .991.89537 -.72737697 -.90234636 i.DM00000

Z -67w"7 -Z3456 F.I3054 or --6996090n 4. 00o0~o04

.-- ARrZU.. ERROR .8EFORTF-URN.. ------- .. ------- __________________________

:4TAMADD PVIArTus! ANfl .C232"~AIZOMCO.E54tIE UTS

STfl nEv x Y 7

x .2JL.2r,12CE+i7
Y *1JC164~u4E+j2 -.A0651377 t..OOOOOcoo

- -. Z ~ - *7"LJ.36 I flfllIoi9flf

TARGET RROR AFTER n'JRN

STANnAR OaEVIATrn4S A~n COIRFLATION COEFFICTIENTS

4 T fF V vyz

V - *r9329!'RF+2 -.953?29 1.90mo"030t
Z .34891367E.1i .74991074. -.6376q266 t.00000000

...................................................- -. . . .... ...--... ...



!EH4'1ULEG 4--ASUorMrNf PRINTOUT PUN DATE O2f22/75

SrH_:,t;LFO TQAJTCIORY TImF 6.oC30 flAYS
TM FTLE - RA~ftcT-OQY..TTAF -.. -- 4.- G' BAYS - -.. . . .-------- --_ _ _ ------

.. E A' E EN t -G-10~ . 400 1 --------- ------ --- _ _________

S STA 0- OLA N-_T A GLE S

-..- NASURc)4JT- WTTW. STAP, I .. ____ .. ___.~___

STAO-PLANFT A4GIr, J7.341j BEGS, MEASURED FROM STAQJ.

S/C rFICFNrRIC cn'W(oINATES
LATTTIU'E =2.71485 OEGS LlNGITuflE= 1?6.091312 flEGS ALTITUDE 23587.065 KM

- --- .----------------------------------------------------------------------.

JULIAWOAT~ - 243~0 "00 CONTROL PHASE -- i PRIMARY BODY -- EARTH
DAYS FROm LAINI--- ; .r)"acni..... PRESENT MASS (*(r,-- 4.982.71837714.0 FLUX (E14')-- 0.000i0010000
D AYS FRON rUTnFFr~- . 0C.n- P2FSET -VICw-40EG) - --- 27.61 844466-__... F LUX AtATE.-.4E 41SCJ .. _-G- ,-._ . ____

PPF'.FNT TAW (DEGI-- 323.1434804.5 AVAILABLE POWER (KWI-- 14.4'250000000

SOnY RELATTVF c:/C STATFIZ X Y z MAGNITUDE
SUN POSITION -. i'.)233954440JIFOq -. 181453qj17t.786Ei;9 -.376623226052i6E.03 - . 14q3'.0'1812071E.O9

.--VFLnCTTY........ 1-2844072f* 11--- 33.2541 58454,f 66 34240Z.1iE-

EARTH PSI TOM -. 2q379..flA!814qsF+Jc .301776554231695E4 -. 37662322635216E+03 .?q63706r3q'.e3?So5
.'d- VEO I TY --. .4A31 jARJ38 q97rF~j E3). -.-... -.IA42821200R76 01-.-. -

S/C ACCELEDATTON' Y .z MAGmITUDE
-- PRIMAPY-OOT........-.. 3522OE. -5.0773-~ .- 5744444320 5 .- -- 45J90Q5A299QE--GOS-
PFRTUPSING 900YES -.223I47A5325VIL-08 -.571'.6639387i58E-09) .1501l6756558614.F-10 .2306i53.6M5622E-08
TMPUST . -. '.7704.T232,.5tiPF-07 -. 88631.57t.105T'.tE-n7 *l62i6544885566E-P6 t*l868~hTq2252F-0b

.2--R 0 DQ SS. 0. * * - - -.-. .-- _ _ _

TRANIPOSE. O)F STArF TA-JSITInN 'iATRIX PARTTIoNS OVER TIME INTERVAL 3.0000l DAYS TO .6.0900 DAYS

.STATE --- ------
y Y Z VX VY Vz

X -. 2398iSSz*Fi - 3q377'ElF+ 2  .297641~904.F.01 *3A82.733E-02 -. 7115gi362F-03 .68T20575BE-04
- ~......x3-- - 978QE431 - .-7569-33640E*32 -.7255701q3E*33. -.9369L.51qE-O4 -.... 9~92s36E-02 .-.. 5099219SE-03

z -.79756'?.88E.10 -. 72Q]j3S63E+fj .i9680103E*01 .9!381i49'.3E-03 -.i5382jftlqE-3 -.q'.3293c;20E-0.
VX .clbj1'9Qt6E+.35 -.61058r,?70E*9f, .5961I39339E+05 *778502t.AIE.02 -.1240?1'58E+0? *II8qiA25E+01

.._V -.32'lq,,78E,~5 -. '3*111572EFo, -. .2364667I1E*05-- .295331166F402--_.-.Q~33E0--~.46233EO
vz .3,11'i,87E.'lE. .2393f,7048E+05 .4.59619067E,04. -.2A8014tlE+0l .4.34897509E#00 .440572471IE+00

.IjqP651R90-t7E+P5 .II'.53563A381E.06 -.14U5.'.382'.78E.05 -. 14.42707830.5E4-02 *2344I0007079IFO0l -.190687680332E+00
::1093q86F32?6r+,% -. lJ5'48

3
8?'.78t+35 .9708AS6j5rq.3E.3 .13276A7'3323E.01 -. 21969801&3523E+00 .17596911821;IE-01

-1'.'I659i2A~iL#3I -.i'.'.?G7A3345E+02 *132?687?3523E*01 .181652557637E-0P -.29510l60i7'3E-03 .23990201644L.E-o'.
*2'.311!?I68jqF.I,1 .234400071~7q1F+01 -.21R;69601#3523E+00 -.2q5t04QlT77'3F-G3 *.8001810724.6F-04 -.396306071913E-05

-.1980I1t4'6960E-01 -. jq0R87680332EQrI .I?5969Ila26lE-Oi .239q0201644l.E-0. -. 3961I)60?19I3E-05 .44'30OIT794E-06



PSS PflSTYTON .47 73717E+13 KM
-- RL. 5 -------. SS N -_ELOCTY =- -.-... 55_165tE_ _ _...n/$ ......

STATE PAPimETrQS

STANDARD DEVTATIIlS A'n CORRrLATT)N COEFFrIrTrTS

STD FEV . - ----.. ... .... ...... .........-. ..... ...--. . ... Uvx VZ _ _ __

-.. 4 7 5 *-- --1.0-35 031 ---

V 9 *,s ''v. *~.e15495,1 69 1.900
7 .4 171 S'r ie' -. 71j15616 -. g9on7753 1.P 0C000

VX .5l.3823JE-U. -. 98571841 ...-.999952 5 . 98B61 ... 1 139000
VY .915529P8E-12 .9642.27 .99541163 -. 99426251 -. 99479837 1.90000000
V7 .8Z11763F-J3 -. 85797598 -. 14502034 .8417100? .84455838 -. 83889353 1.00000000

ACCPP ... .26606538 ....37052344 .. ,JuB9 ...... .. 361tk.3 . fI ln1q1 -.- 937 0
DTTrH .17429267 .37488683 -. 4016o235 -,37153113 .45227089 -. 30718027 O

YAW .01181789 .19782294 -.20436601 -. 19111902 .28306950 -. "9894922

SOLVF-FOR PARqAETrPS

STANDARD FEVTATI3NS ANG CO'DEL4TION COEFFICTFNTS

ACCOP' .134q5741 -:1 1.11000330
PITCI ... .33739835E-.1 . 3043591k .--. 3 .00O0000 .....------------- - - -

YAW .30699R3'E-31 .57162513 -. 11823475 1.00000000

-- ORSERVATTn w.)iTARIx . -

X .436135129E-15
Y .T21651'07E-1'.
......Z - - 9

VX ".
VY

.... -AC V7P... .-..-...- . .---- ---- - - -

ACrPvn-- n .-.----
PITr4

YAW

NEAS NOISE

.13634q910055E-"l



H*P*HT I O

.21167745175qE-3

rAIM MATRIX

Y .2q863q4l3L+35
Z -. 2A374qL.7IE'4

. . V- .. . 1 .... ___748 0 5_ ...........
VY .61Q?16452E+l0
V7 -. 476944923E-11

ACPPO .3tJ33149Eq+C
----PITCH - -- .- -7_ 94_ _6__

Ya .4135971977FC"m

KNOWLEDGE COVIRTANCF AFTEP THE MnASUOENFNT AT 6.09000 DAYS

PSI POSITIO'I .1365q096fE+2 KM
PSS VELOTTY = .17852454E+1 M/S

STANARC EUV-TATTONS AND CrFLATION.-OEFFICTENT$ ----. . .. .-

Tfn nEV X Y Z VX VY VZ

X .76518232E+1 1.3030ir00
- -- ------ 410Gga2OE4. - --.---. Co6345I1 - 1. _ _nO_ _ _ _ _ ________

7 .246333E+11 .1566649q -. 3457518 1.00o01030
VX .t14674n4F-1 -.'159g497 -.93235575 .22819367 1.00000000
VY. .- .. 49 ialE-13 ........... ~.663464 --. .33188955 .... 15878198 .--. 09810370 -. 00-0080
V7 .4 9119Q3E-j3 -. 7330L895 -. 02061771 .03307146 -. 01030092 .U3124453 1.00000000

ACIPO0 -. 60331491 .9355t166 -. 541q5127 .21342663 .44947254 .23056551
P-- DTTCH ----. -- .0280226 -. 2241876 -- 52443598 ...158963 ... ZZZ9533 A20.290

YAW -. 9348q94 . 0360054 -. 16462179 .17426475 .89093404 .12681610

.SLV-FQR .0ARAAFIrFQS - ....

-STANDAR. OVIATIONS AND. CORRELAIIONCOFICIFNS---...........................................

STn nFV ACCPPO PITCH YAW

ACCPO .12539Q34E-31 1.00000000
PITCH .3127137E-31 .19217626 1.00000000

----- A ---W .01C1749E-31 .5479 9Z-1479.. -__1_9-_______5O-_0_-_



GOnSEP ANALYSIS SVFNT DINTnUT RUN DATE 2122/175

SrHnULFD TRAJFrTORY TTME 7.0009 DAYS
S ---.. IL6 --TRAJECTOQn.TIME .. 7.0 -D AYS .. _.._..

.- UTnANr.E.......

---------------- L---i---- -- T--Tt-t--r------ -'----- --- t~ -Z ------------------ -----

JULIAN fAT -- 3 27OI.0 r CONTROL PHASE -- I PRIMARY BODY -- EARTHDAYS FROM LAUNrH-- 7. g31019C PPESENT MASS IKGI-- 4q79.434106664 FLUX (E141-- 0.0000000000DAYS FROM CIJTOrP- .......... J0e ....PRESEPT.-P-ICH ICEG)-- 27.61886Y466 1...----FLUX. RATE--L4L4Lj EC-- .. -,
PRESENT YAW (DEG)-- 323.043480445 AVAILABLE POWER (KWI-- 14.4250000000

BODY RELATTVE S/C STATFS Y y 7 MAGNITUDE
SUN POSITION -.14787T5961732F+09 -.206R4517919349E+08 -.?662572954R296E+04 .14q33679476287E+09

- VELOCITY. ........ .. 3Y52 ;892.830 .- - 2-780 383367866E+3Z-- .ilb139_6555ZZU_ t 8 TsT

EAPTH POSITIOn .14:91;114Q367r15 .26086089815626E+05 -.2662572q54529oE+04 .29871813942557E+05- --- VE-- LOCITY--- - - 33v2f212267a.3s51i01-60 I Z36 I77v 2
-E n0 1 1 761 -1l9 Al5 71 P7n I1.A8g II 1,Q lft, 9FAgF01

S/C ArCELERATTnNr X Y MAGNITUDE
.-RINARY BODY .. .. -*39726229774E-03 . ..... 039J0 862338246SE-03- .. --- 3981559Z -L __. .kA669Oll F-nPERTUR9ING BODTES .1535275973256rE-08 -.7446R14706148E-09 .10609934988595E-09 .17096431486615E-08THRUST -. 1171Al41662774E-07 .1281857960 420E-06 -.118099836012i8E-06 .19693252516862E-06

EFECT-IVE-S/C MASS STANDARJ DEVIATIONS I(KG) ...
CONToOL= .R645 wNOILEnGE= 185.1420

TRANS"OSE Or STTE TRANSITION MATRIX PARTITIONS AVER TIME INTEOVAL 6.0000 DAYS Tr 7.0000 nAYS
STA

T

x y 7 VX VY VZ

- -... X - -.258707?77E2 . .. 11716094E+02 -. 116766394E.Ji -.i62846310E-02__ -. 27979794483E-02 .....2233582TE-03Y .3121R3531'.31 -.4321ii3Z 0CG .iIR339253E-01 .286429if8E-03 .282617552E-03 -.169457169E-047 -. 3143923,4CE+0 .915265433F-02 -. 33443q621F+00 -.2810659~6E-04 -. i5641793-F-O4 .119419922E-03Vx. -. 518642315SE35_ . 307174365E+05.. _-=_.337260932Et0f ..-. 252992502E+01 . -. 588262463E+01 ... .591280207E00VY -.241568155E+06 .t365nR498E+06 -.1138573V8E+05 -.149515810E02 -.248251978F+02 .247303318E01VZ .743795942E*3) -. 11511060E+05 -.6f"217956E#04 .150670575E+01 .2468927172E01 -.578596018E+00

.723517290161r#04 -. 15026fR12c47E+0# .2156
5

7275653F+02 .195581166908E+00 .33687365933?E*00 -. 394074612900E-01-.1532c8842567E+ 4 .698'491067"1E#03 -.9q7595607567E+01 -.908394321116E-Ci -. 156477827655E*00 .183067065589E-01.2156572756c3F+3
2  -. q975Q56C0767E+91 .539q10804644E+0J .130385291238E-02 .224700852056E-02 -. 24628796491SE-03*195M16F,9ar+10 -. q93T94321116E-01 .133385291238E-02 .118396517427E-04 .203483528916E-04 -.236764444013E-05.336871659377F+lO -.156677827655+F0 .224700852356F-02 .203483529q16E-04 .351055127524E-04 -. 412393495437E-05-. 947GF f20npr-9 .471r67f55RE-!1 -.24628796 4915F-03 -. 23676444413p-05 -.412393495437E-05 .505008217156E-06



KNOWLEDGF COVAQIANCE AT NANEUVER EXECUTION TIME 7.0000 DAYS
@AASE OH 'Ef'RE NE4-4JP- -- .T ---.- -*- .ME . - -... ..... . . . . . .. .

RSS POSITTON .10978029E+03 KM
-- ------------- -E .L.. .arT---.= .---. 20. 48.F . ...S-....

STATE PARA4ETEQS

STANOARD DFVIATT04S AND COORELATTON COFFFICIENTS

... . ... .- -----ST O V r - ....- .. ---.- .. X..... x . . . . . . V-

--- . .--r-- , 40n E , ~ ........ .. .-no o00000-
Y .45114601E+32 -. 958*4465 1.30000090
Z .3q56442Et~1 .50462d79 -. 4A038955 1.0,3"0O000- --- 4 -- -t 49... 9B* g-4Q6. 2- -- -.--995 11824 --.... 4538628- ... 442726 Z --.. ~, 0000000- --

VY .TJ310165F-91 .9480215 -. 9909b836 .45687650 .99692153 1.00000000
V7 .12642225E-12 -. 9593 640 .94472797 -. 39213946 -.972582r7 -. 97281634 1.00000000

--. iCP-RO------ ---- -..- ------........ ---- -. 56 -2 . 10-764.41 .-----.-1197 417. -- 23116883----08 4556--- J 4595-
PITCH .397370n3 -. 336A4025 .49910652 .42223404 .37788362 -.42424248YAW -. 17810619 .19

6
76805 -. 4922609; -. 09739621 -. 08699460 -. 01610464 ,

SOLVE-FOR PARAMW'TRS .

STANDARD DEVIATIONS AND COPRFLATION COEFFICIENTS

"-- -T~-- --------- ACCPO -----. ...- PITG ----- . - -A-

ACCPRO .12539034F-11 1.00300000
--- P-C-----.-1 -a7--34 7E-31 ------.... 1921776 6-- 1..0 00000 -.

ANW .3010174QE-31 .54791379 -. 21099235 1.00000000

---. GOTR-4L- -R- ATANE--AT- NANEUV-R- X T I N I IE-k4E --- .M00_0-___S . ... •

RSS POSITION *3275203 L+14 K4
- ---- -~SS- V L O.ITY - 246256F*3 Mt--.

STATE PAR4 TFPS

STANDARD OEVIATIONS AND r.OqRELATTON COEFFTCIEN_

- )...F ¥E ............... . .... ... ------- . ¥T uT

------ -- ----- a4870-31 *4 -- --- gagage- __ ____
Y .13332607E+14 -. 99394415 1.00?OJ000
Z .Z;26589R5E+33 .99946270 -. 99942650 1.00009000

0---- -Yr ---- 2 4-38S99 90 ---------. 996 -- 99983.9--.SSSLS7Q i--iinannn
VY .3479103E+10 .99998838 -. 99995527 .9994r795 .9999r727 1.00000000
VZ .32664888E-31 -. 99992348 q9989835 -. 99922622 -. 99987258 -. 99993360 1.00000000



ACCPPO .3692~b11 -. T03578..__ .362189.45 .36905261 .37083887 -. 37751822
PTTCM .17572012 -. 1774?164 .17933924 .17312699 .174976b6 -. 18009366

YAW .13925315 -. 14018442 .13065962 .14113951 .14285138 -. 14638985

SOLVE-FOR PARAIETEPS

STANOARD DEVIATIONS AND CORELATION COEFFIIENTS

- -- -- - -DE- -- ---- ACCPDO ---- PTTCH - YAW . . .

ACrPPn .14063890E-11 1.000l000l
P ITCHt - -3l.A5(&AE-t3i -- 96963. l5 4000486-

YAW . .3393682E-11 .57342560 -.11129551 1i.l01n00

.5000 BEFO0E M=1003 P= .7334Ef02 KM STATE .1308E*02 .Lql4E+92 .2653E+01 .2161E-02 .15?3E-02 .2176E-03
-V= --.2653EG1 /S. SQO.VE-FOQ .2200E-01 - .$50E.-0--- -- - --350F

.5000 AFTER M=1093 P= .3989E+1 KM STATE .2419E+61 .3038E+01 .9125E+00 .4525E-03 .326 E-03 .2163E-03
V= .598E+00 4/S SOLVE-FOo .2182E-01 .3486E-01 .3471E-01

- 508914 .EOnE-=2,3 P=- 944401 0t ---- STATE- .2419E401 .*3, ---- 2 Il 4525 E S--.
V= .5982E+0 M/S SOLVF-FOR .21 2E-01 .3486F-01 .3471F-01

.5030 AFT P N=2033 n= .3826E+01 KM STATE .219AL+ l .3030E+01 .8962E+3n .4422E-03 .3154E-03 .2163E-03
- -. 586E00-N/S- SOLVE-FfOR - .146E-01-- .36E -- .394E- --.-.

.5000 REFOR M=3013 P= .3176E+*1 KM STATF .219tE401 .30I0F*91 .8962E?0 .4422E-03 .3154-03 .2163E-03
V= .5 46E+00 M/S SOLVF-FPo .i4e6E-01 .3386E-01 .3394F-01

-- 5001 -Ar.FT .- =3~O f.P- 3R25E*01 -. ---- STAT e. ---.- fE 6F33 -0 00i A.ASE S ZiE-3 35k £2g3- ___-
V= .A4rE+00 M/S SOLVE-FR .146E-01 .3385E-dI .394E-I1

3.0000 q8FOPE M=7000 P= .4495F+03 KM STATE .3993E+03 .2074F+03 .1952E*32 .1760E-01 .5358E-01 .472E-02
V= .56r

0
E+0? 4/1 SOLVE-FIR .1416E-01 .3385E-01 .3194E-01

3.0001 AFTER =7003 P= .893'IE+01 KM STATE .75R1E+.l .473E+01 .1824E+1i .49RSE-03 .1167E-02 .2342E-03
V= .129r+01 MIS SQLVE-FOP .I150E-01 .337E-di .3070E-01

6.000l 9EFODP M=n11 P= .4397E+03 KM STATE .4375ZA2 .4346F03 .4G91E*12 .5'49E-I1 .9055E-02 .8212E-03
PRTMT V= .5524E+02 M/S SOLVF-FOR .1352E-P1 .3374c-91 .3C7CE-0I

6.0000 ACTEP M=40~I P= .165iE+0? KM STATE .7651E01 .113E+n2 .2246F+31 .1469E-J2 .9149E-03 .4391F-03
---- - -- --- -.- .1i 78E±.SiXS-OLVE-F.-.--- . 125'E-c1. - . 3127E-01 - .3Ji5E-0l-----------.32E0



Pages 105 through 116-F have been deleted.

NGE BLANI NOT 2IL
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3.2.3 SIMSEP

The SIMSEP sample case studies a seven day segment of an

Earth orbital mission where solar electric propulsion is used to

increase the semi-major axis. Initially the orbit is the same as

that used for the GODSEP sample case (Section 3.2.2) with the period

being 13.35 hours and the inclination equal to 5 degrees (with

respect to the ecliptic plane). However, different analysis assump-

tions, e.g., the inclusion of shadowing and J2 effects, cause the

trajectories to diverge even after just seven days of propagation.

The SIMSEP sample case is simulated under the influence of

control errors which directly affect the S/C motion, e.g., PG,

SCERR, TVERR, TCERR, etc., and knowledge errors which affect the

ability to control the motion, e.g., P, PS, and CXS. Only one

sample mission is calculated in the program's "forced Monte Carlo"

mode (IRAN = 0) where all error sources are sampled at their one-

sigma levels. A single guidance correction has been included to

indicate computational steps and effectiveness of the Newton-

Raphson algorithm in re-targeting dispersed trajectories. Although

the scope of this analysis is limited and in no way exercises the

full capability of SIMSEP, it does use the fundamental computational

cycle and displays the basic output.

Referring to the sample printout (see Page 119), the first

page shows a listing of the $TRAJ namelist as has been presented

in previous TOPSEP and GODSEP sample cases. The trajectory

initialization data which follow define the reference trajectory



118-A

integrating conditions underlying the SIMSEP analysis. Next, the

first mode peculiar namelist, $SIMSEP, is listed and is followed

by the SIMSEP initialization data on the two succeeding pages.

Among the error sources are the initial s/c state (PG), the value

of J2 in the gravitational potential (J2ERR), s/c mass (SCERR(1)),

exhaust velocity (SCERR(2)), and electric power to the thrusters

(SCERR(3)). Thrust control biases (TCERR) in the reference control

profile and thrust process noise (TVERR) are also input as error

sources. For this run, NCYCLE is automatically set equal to one

since the forced Monte Carlo mode is being used.

Because only one guidance maneuver has been specified in the

$SIMSEP input, i.e., NGUID = 1, only one $GUID namelist is read.

The resultant guidance initialization data are shown on the next

three pages where the guidance event times, target times, active

thrust controls, and targets are identified. Because INREF = 1 in

$SIMSEP, the s/c state and mass at the maneuver time, sensitivity

matrix of targets with respect to controls, and nominal target

conditions are input and printed. If INREF had been zero, trajec-

tory information relevant to the guidance event would not be available

at this point in program execution, but would have been computed and

printed at a later time.

The trajectory simulation begins when the initial s/c errors

and any errors that act as biases throughout an entire mission are

sampled. For example, the a-priori control error covariance is

sampled to form a discrete actual trajectory state. Likewise, thrust

biases, errors in the gravitational constants, and initial thrust
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process noise are computed for the current mission 
cycle. These

actual values, the corresponding reference values, and the sample

derivatives are printed as part of the actual trajectory initializa-

tion data. Subsequently, trajectory data are printed as the actual

trajectory is propagated to the first guidance event 
time.

The single guidance event included in this sample output is

a'nonlinear correction scheduled at one day after the mission has

begun. The active thrust controls are the thruster throttling and

the initial pitch and yaw angles, acting over the second thrust

phase. These three variables are used to control the perigee radius

and semi-major axis of the osculating orbit at the target time. The

designated target time corresponds to the nominal trajectory end

time, thus making the duration of the guidance event six days.

Before the re-targeting algorithm is executed, the program

simulates the orbit determination process to form a state vector 
on

the estimated trajectory. Simply stated, the knowledge covariance

is sampled to obtain a knowledge error. This error is then added

to the actual trajectory state, thereby defining initial conditions

for the estimated trajectory. The results of this sampling process

and other auxiliary calculations are printed as part of the normal

SIMSEP print at guidance events.

A numerical differencing procedure is used to calculate tra-

jectory sensitivities of state variable changes with respect 
to con-

trol changes over the active thrust control phase. The integration

of the reference and perturbed trajectories accounts for additional

trajectory printout following the estimated trajectory print.
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At the designated target time (P. 131-E), target conditions eval-

uated along the estimated trajectory are computed and compared with the

reference, or desired, targets. The miss, i.e., deviations between

the estimated and reference targets, is seen to be approximately 39

km for perigee and 41 km for semi-major axis, giving 78.11 for the

quadratic error index. Various trajectory related information, i.e.,

, Su, and I( matrices, are printed along with the guidance matrix

computed from these sensitivities.

The first nonlinear guidance correction (printed as "UPDATES"

at the top of Page 131-F) is calculated to be -.5%, .0234 rad., and

-.0136 rad., and causes a slight reduction in the target deviations

on the estimated trajectory computed for the next iteration. In

particular, the updates over-corrected the thrust controls to yield

misses of -39. km and -36 km, respectively. The third set of updates

(P. 131-Q) decreased the target errors to 2.8 km and 7.3 km within the

5 and 10 km tolerances. Thus, the guidance procedure has converged, and

the commanded and executed thrust control corrections are printed.

The actual trajectory is propagated to the final time (TEND)

since there are no more maneuvers. At TEND, a Monte Carlo mission

summary is displayed showing the final trajectory conditions.

If more sample missions had been requested and run, additional

output in the same format would result (if requested) as the computational

cycle proceeded. This would, of course, include the sampling of initial

errors, data for the guidance maneuver, and summary print. In the

event that more than one mission simulation had been executed (without
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guidance divergence), additional output is displayed after all

Monte Carlo cycles in the form of accumulated statistics (means,

variances, and correlations). In particular, state error covariances,

s/c mass variation, estimated control correction covariances, etc.

would be printed and punched (if requested).
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SIMSEP Sample Case

PSTRAJ
TLNCH=24443?0o' TENfl=7.,

SCMASS=9000. 9
STATE= 2897log* ,0 ,0 0 3.7?0944Q,-.32554n5q
PHAS=fl. ,Q9*
PHAS (4) =1.

STEP=1.,

TCOORD=39 NTP~lq tNQ3,o

TSTOP=l o
DPMAAy=5..
THPOST(11)3.9,'1.l.,0071710979$9O

6 3 *9

THPtJ'ST ( 1,93) =3. .10 ., I . 33g .0071 7,910.9 -7. 96. 0. ,63.

TSTME =0,

PRM,_=T.
JFLG=1,9
TPRTNT=-1,
XPPTI.T=7.9
t4)PBTT=1,

$EN~D TRAJ

ORIGINAL PA
OPOOR QUALITY



TRAJECTORY INITIALIZATION

INITIAL FPOC (REFERENCE DATE)
JULIAN BATE .... 2444320.0000000000
CALENDOAR DOATE .... 1980 MAR - ?- .--.... |2 --- -N -- OOO--0

TRAJECTORY START EPOCH 0.0000000000 DAYS AFTER THE I TTIAL EPOCH

JULIAN SATE .... 2444320.0000000000
-CALENDAR DATE ,1980 MAR---- 21----- - .2 MR--- G QKL-04 qrC'z01---

TRAJECTORY END EPOCH 7.o000000000 DAYS AFTER THE INITIAL EPOCH

JULAN DATE .... 2444327.-000000000

. ALENOAR OATF .... 198 -8 . ----8 .--- 0- -- (-N0N---l.OO 40 ECST

INITIAL STATE VECTOR IN ECLIPTIC COORDINATE SYSTEM MAGNITUDE
X Z MAGNITUOE

POSITTON .,2471#0000000E'-0 ---- - 2 87O 0 000 2 OOOE05 ....

VELOCITY 
-0. .37.09449000000E+01 -. 32554050000000E+00 .37351583053435E+01

SEPS MASS 5000.0000000000 KG

EXHAUST VFtOCITY 29.4180000000 KM/SEC

-FLECTRIC POWER AT I A. U. ... 4---- --- .- k -00" 0 a u

FLUENCr 0.0000000000 E14 PARTICLES

THRUSTER EFFICTrNCY 1.0000000000

-RAO ATIN PRErSURF COEFFICIENT- ...-- - noononno 0

LIST OF GRAVITATING RODIES

EARTH
TARGET PLANFT IS EARTH

THE PERTURBING EPFECTS OF A NON-SPHERICAL CENTRAL BODYO ARE MODELED AS A J2-TERM IN THE GRAVITATIONAL POTENTIAL

fJ? = .1682645nE-02)

INTEGRATTON STEP FACTOR 1.0000

4E--SHADOINIW -LOGIC IL-L--E -E XECT- -

REFERENCE THRUST CONTROLS
THRUST THRUST PHASE THRUST PHASE THRUST PHASE THRUST PHASE THRUST PHASE THRUST PHASE NUMBER THRUST PHASE THRUST PHASE

P- S--------- .O TINr .------.TOTTL.ING - PbT H A -A 2M A3 =Y yAXn A(, .-AS.__

NUMBER IPAYS (OEG) (OEGSEC) (OEGSFC) (DEG,SEC) THRUSTERS (OEGSEC) (DEGSEC)

1 1.000OO 1.000000 20.000000 .007170 10.000000 -7.000000 6.000000 0.000000 63.000000

2 ----- 2.000803-6--6000 -0*407 t' 100 -Z000000 6 000Q-'n a a nn a - n aim

3 10.000000 1.000000 337.952000 .007170 10.000000 -7.000000 6.000000 0.000000 63.000000

THRUST CO -NTR4L---ASING-ANGLE-
4 0

EG

6.00e qo.n00 0.000 .00?
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$STPSEP
&()K=1no., ORIGINAL PAGE IS

Io(ir=le Towep=C1o Of' POOR QUALTYi

NCYCLE!,v NCrUIJI=l
PRNMI. =To
GMEP0=1 * .00lI.

TCFQP(?,1)=.Olq TCEJk(3q1)=.S7* TCERP(6,1)=.b7*
TCE0RU?.?)=.01 * TCEPR(3q?_)=.57v TCERRU&,?)=.51q

TVErQR(?.1 )*.7,T TVEkQ(2qp)=3,.
TVFPR(3*1)=.c,7, TVFQ~P(3,a)=-3.q

XE~~j=.5,iS17097,:,E '04, P?93 427RO~ 22519c)83155E+0 4 9

-.3603734147?M5E+01* .696106697727E+009 -.1'36331001879E--Olq

M F7 01 r .497':7331fJ66C+04



JLN33 b3d 0000100009B bob3 dfl 1Wis 3mis33 Lflo-oovwNs

GD00100090 0000000008'T 1Imiji3oa 3anSLbd NDIIWIO~b

2000100000, 000000BslV"IT nlv I IV ailNOd NI3313

33/NI 001000 D0D00T.6 ALiinui3A isflvHx3

NOIILVA30oabVUNViS 3nl1VA IVNIMON
SWVWSlS-3N02 S7S3A3MW7AWd Sd3S ONIMO11Oi 3H4. NX S311NI1Wb3Nn

UU5UUUUUUUUUMUSo JiuqpnN-~3rItI 3"-z-3"'- *1 NOliVJA30 66OVIS

~..3SJ~.h4)E£-3006000000001. INViSNO3 1VNOIIVIIAVbS H1IbV3 3)4 NI NO11V.1A30 OSVONVAS

Z**33Sfl..NX I0,300GD000000071 1NV14NO3 IVNDIJ.WIAWS9 d~lOS 3)41 NI NOIIVIA30 OaVONVIS

0 ~~ ------------

10 I0*300000000000* .0 00-
. 0 10#3000000000007 0

0 0 0 0 10430S00000000

.0' 0 0 70 3 0 0 00 0 0 i 0300 000 alOOOT'

VOSASS(SNwnio3 NI) SbOI33AN3913 iU XIb.&WM

33NVIbAOD) IIINI 3)41 AG S31AWANiJ)I3

~ 90300000000S *00 . .00 ZA

* 0 90-300000000002, :go - -.I*-A

00+3000060000052 : 0 *0 A
0 00,30030000000000is A

ZA AA XA z A S3MAVO N 3N~V

90-30040000_____________ 0;00000000.........olo0000000000GoDa 
0a0 -0A

CO30O00003 0000000000!1 000C000000.0 006006000910 6000060.0000 XA

_____-~~OCOOO 
0____ _____ jfjOOO0 - -----

6043000000000006 Q0Q0000 A
00*300000"00000s. x

SNOllW13bdOO I)NV SNOIIVIA30 OGsWUNVIS

*0000029014Z ='G1)SAVO 00000 - 31411 A1iOIj34'ai IV BONV1VAOO 10biNO3 IVIIINI



THRUST CONTrL. EPRORS (ONE-STGHaTHRUST ?HRUST PHASE THRUST PHASE THRUST PHASE THRUST PHASE THRUST PHASE THRUST PHASE NUnqER THRUST PHASE THRUST PHASE

PHASE ENO TIM THROTTLING = PITCH A A2 A3 = YAW OF A A5

P-jOEl 4OD . - - -T TL 04 # SE0
-  -  E G

-
-

TCS 40- - D E
GSEC -----(OEG,SEC)

1 0.000000 .010000 .570000 0.00000 0 0.000000 .570000 6.000000 0.000000 0.000000

2 0.000000 .010000 .570000 0.00000 000000 .570000 6.00000 0.000000 0.000000

" 0.000000 0 .000000- 0-- 0 0----0-00 000000 n- C 0.000000

E-VARYTNG THRUST ERR ONE-SGMA LEVEL CORRELATION TIME STANOARO DEVIATION

THROTPLING *100000000000E-01 .500000000000E+01 0.

CONE ANGLE 50000000005E+00 .300000000000E+01 0.

-......ACLOCK ANGLE - -----. ?000000 EOS4 0 ,........0000 ... .44

THROTTLING 0. .IOO000000000E01 0.

CO. -gNHGLE--- 0 - 4I00s- 0-

CLOCK ANGLE 0. .10000000000i0s e 0.
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T n

GI T r) = 2

(49).E5 P(,?)Ol,-5 p(J 3 )=olq5.- ORIGINAL PAGOEIS

SC 1w) ] .EL7, OF Poop, QUALITjY

A'; TOA=O.

TA~eriT H o)=1 TrAPGT (15) -2.
ARTOI =5. 10,..

UJTn= .2444321 OOOOOE079
APG= .?4443?700000F+079
PF= .723?;26017574F+04, -. 277?6c796670F+OS, .236616864464E+049

*3603?004611P+'nlq .4317$149059b9F+009 -. 7889363415OOE-O.1,
RFFP= *41971197292Er'4q
RF V .56?iq?733R1QF+04' .289890629713F+05* -. 222454145189E+049

-.36fl3j4?4j4633F.P1% .699154466145E+004 -*738662121glOE-O1,

P~rF= 0497OH361066e6E4O49

Rr,PT= *?')q1?16000L.Obq .?yA499963112E-+n5g 0.
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w ew e .****************** .+ +* ****** **** * ** *ct°GUIDANCE EVENT NUMBER I ,,...

-- GUIANE-EVEMT TTME 2444321.00000-t i.8 ! DAYS RON1 -LAUNCH -

DESIGNATED TKRGET TTME 2444327.00000 AT 7.00000 DAYS FROM LAUNCH

DURATION OF THE GUnIANCE TRAJECTOPY IS 6.00000 DAYS

REFERENCE IPIJECTORY STATE VECTOR AT THE GUIDANCE EVENT(J.O. 
2444321.0000q)

X .72322c,17574E+04 KN

. .. -. 27726796670*05 K --------
Z .2366166 O 64E+4Q KM
VX .390321047611E+01 KM/SEC

_Y .931714905969E*00 KNWMEC--- 
-

VZ -.7A893634i500E-01 KM/SEC

SEPS MASS
4997.11973 KG

CURRENT THRUST PHASE NIINBFR
2

SENSITIVITY MATRTX OF TARGET VARIABLES W.R.T. CONTROL VARIABLES( 2 X 3

.,00811O91774E+03 .325236146?34E+03 -. 738794119936E*02

.73q39q?24700v03 .393329140n-90Eta3 -1~1--

REFEQENCF TRAJFCTORY STATE VECTOR AT THE TARGET TTMEtJ.D.- 2444327.00000 N

----- .56239273381q+0l-KK 
'

Y .269890629713E*05 KM

Z -. 22251i445189E*04 KM
VX -.360314241483E*01 K/SC--------

VY .699154466145F+00 KM/SEC

VZ -. 7866212i910E-01 KM/SEC

SEPS MASS
-479,8311 KG

OESIGNATED TARGET VARIABLFS
... TARGET VALUS-- -TOLERANC-----------

RCA .295q91026000E+05 .59000000D0000E+01 KH

A .294q5963112E05 .*10000000 0000E+02 KN

THE GUIDANCE LAW FOR THIS EVENT IS LOW THoUST-NONLINEAR WITH 5 ITERATION(SI

- eS-NS4 T.rIVITY MATRICES OF TARGET -- rCHAHGE ARE CO.PTED BY N.MERICA LL E..C .---------

PERTURPEO TRAJECTORIES WITH THE REFERENCe

-ACTIVE--THRUS? CONTROLS FOR TI-G.UTOANC NC-EN---
THRUST PHASE NUMBER CONTROL VARABLES PERTURBATION

2 THROTTLING .0010

. . ...... . 2 ITCH G.E 0-

2 TAN ANGLE 0100

--.---- 4E IGTS 4DECIFIE FOR EACH 0..NT-ROI---VARkI A-F
.100g0000OOOE*01 . n000000O00OOE*01 .100000000000E*01
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-------------------------------------------------------

**** CONTROL PHASE CHANGE *r

JULIAN OATE -- 214432J.10000 CONTROL PHASE -- i PRIMARY BODY -- EARTH 0
DAYS FROM LAUNCH-- 0.000o0000 PPESENT MASS (KG)-- 5'000.000001000 FLUX IEl4)-- .0 000000000

DAYS FROM CUTOFP-- 1.00010000 PRESENT PITCH (OEG)-- 20.465403051 FLUX RATE (E14fSEC)-- 0.

NOTION (DEGISEC)-- .00749042071626 PPESENT YAW (nFG)-- 56.465403051 AVAILABLE POWER 0KWI-- 14.4250000000

THRUST PHASE THRUST PHASE THRUST PHASE THRUST PHASE THRUST PHASE THRUST PHASE NUMBER THRUST PHASE THRUST PHASE

DURATION THROTTLING AO = PITCH At A2 A3 - YAW OF A4 AS

.(AYI IDEG) .. -40EG.SEGI.. -- EGSIEC) ----- 40E.F C ---THRUSTERS--4 DSEC - IDEGSEC)

1.0000000 1.0040825 20.2327015 .0071700 10.0000000 -6.7672985 6.0000 0.0000000 63.0000000

-...... FCLIPTTr 
K_** • -

BODY RELATTVF S/I STATES X Y Z MAGNITUnE

SUN POSITTON -. 14900365177641Ft09 -. 2694513706731E#07 .5000000000000E+00 .1902801292006E+09

VELOCTTY .529975q7354252E-01 --.--- --- -. 26171224367106E*40 ---- --. 0405 4000000E*04- . *26173296409612E*02

EARTH POSITION .285715C000000Ef05 .50000000000000E*00 .50000000000000E+00 .28571S00008750E+05

-... VELnCrTY .50000000000000E-3 -------.- 3-21444900000404 .-------354~0 000000E~0- -- *37356128975546E001
1--'

S/C ACCELEATIONS X Y Z MAGNITUDE

- PRIHARY POnY -. 4886950262187E-43 -------- 98545-449332704--08 ------- .48828950277141E-03 00

PERTURBING 0nTPS .228q4623494547E-08 .62086534366044E-10 -. 20046325235619E-13 .22903040382714E-0S

THRUST -. 39876799822414E-07 .10122589805650E-06 *16415925887737E-06 .19693934060159E-06

--J2 +- RA. PRESSUjE...---- - - .395538R9620554E-07 - -7--.-04656.(
L1 1  

2 ?2- ?622-3E- 1--- - .39553089716488E-07.

-------------------------------------------------------------------------------------------------------------------------------------

JULIAN nATE -- 2444321.0000000 CONTROL PHASE -- 1 PRTMARY BODY -- EARTH

--0YS FROM LAUNCH-- ------ 1.00000000 . ----- -- PPES A4T--4SS----4K--- ---- 4997-, 07!96T ---- FLUX----- ------- 4-- 0.0000300000

DAYS FROM CUTOF'-- 0.00000000 PRESENT PITCH (DEG)-- 270.399193498 FLUX RATE (EI4fSEC)-- 0.

MOTIoN (DEGISFCI-- .00749042071626 PRESENT YAW (DEGI-- 12.065964813 AVAILABLE POWER (KW)-- 14.4250000000

::::= ECLTPTTC =:: NU

O8DY RELATTVE S/C STATES X Y Z MAGNITUOE

--SUN. - POSITTor -------------. 1499831603.2.EQ9 5-761l922 7 365656871L3Etl ------ .14909271183740E*09

VELOCTTY .41764876A77031E+01 -. 26965727611882E+02 -.770?5022428044E-01 .29265378283056E+02

EARTH POSITTON .70 3227420059qE 04-7---L686-0O"F '27 r'7-5687t3 1E -- .2Of#4575758 0805 -- .

VFLOCTTY .*60A2180104452E+01 .9131417275614TS E+0 -. ?7075022428044E-01 .37227700338543E+01

-S-/C ACCELERATIONS x -------- __*. -- - - ----- - AGNITUDE

PRIMARY P09y -. 11875550845568E-03 .46554947791068E-03 -. 396623214044OE-04 .48209157523308E-03

PERTURBING BOOIES .44788809382757E-09 .11376576612376E-08 -. 94732311968998E-10 .12264982726284E-08

--T-HoUST- - - ----- .192528139980E-06 .49271?.4tf5-O? .4 8 1 14 S1 E-0? .079 0310.94E-06- -

J2 RAO. PRESSURE -..4972529?202000E-08 .28962772182739E-07 .20177714950247?E-07 .356416997066359E-07
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m OOF 180.135751±7 180.10912885 .02672294-DEG
A
D
STS 323.77934927 322.60870876 1.12064051 DEG
N A 140.37638253 141.61133314 -1.43495061 DEG

ESTTMATEn J2,COEFFICIENT OF THE GRAVITATIONAL POTENTIAL
J2 .108374500000E-02 .106'44500000E-02 .9q9999999959E-07 "

"" ------- --------- .----------------------------- ----- ---- - - ---------------------................. - -...--

-- - 4--ONTR PHASE-C4ANCE F*-----___-_--c

JULTAN DATr" -- 2 44321.00000000 CONTROL PHASE *- 2 PRIMARY BODY EARTH 7-- OAYS FROM LAUNCH-- ..... 00000 .. PSS---0..KG. ..--P- s-s9.52 --- FLU- --.-- -I-- 4) -- 0.0000000000 -DAYS FROM CUTOFR-- 6.00000000 PRESENT PITCH IDEGI-- 279.720701526 FLUX RATE (Ei4ISEC)-- 0.MOTION tDEGSEC)-- .00749042071626 PRESENT YAM IDEG)-- 56.232701526 AVAILABLE POWER (KWI-- 14.4250000000

THRUST PHASB THRUST PHASE THRUST PHASE THRUST PHASE THRUST PHASE THRUST PHASE NUMBER THRUST PHASE THRUST PHASE
DURATION THRfTTLING AO = PITCH Al AZ A3 = YAW OF A4 A5- -(naYS) .OEG) - -I - .... EG, ECI ,---- E+C-.--RUDERS- 44,EGEC _----- DEGtSEC)
3.00 0000 1.0040825 279.7207015 .0071700 10.0000000 -6.7672985 6.0000 0.0000000 63.0000000

-- llm ECLTPTIC .s ....
BODY RELATIVE S/C STATES X y Z MAGNITUDE
SUN POSTTTOK -. 1489931602826Fq9 -. 53045768059227E+07 .23656875687142E+04 i4909271182705E+09----- VELOCITY - *4175376877030E, o ----------. 289656 7  

1l 882 E 0c-------- -7425022 28043E-01 - .29265335798968E+02

EARTH POSITION .70832374200590F#04 -. 27767911686300E.+0 .23656875687142E204 .28754569387997E+05VELOCITY .360 268 15154E+O4 1----4.-9 7 7r4T t TE0 - 2-42 4043E. .--... .37228297250271E+01_

S/C ACCELERATTOWS X Y Z MAGNITUDE 0
--PMP-lAR BODY - --. -. 75575---0 -- 44499643 9-3 - -- a iS4244"6-C--'-- .--- .4929G178885580E-03.
PERTURBING RqODES .44788893589250E-09 .11178573050281E-08 -.94732712433455E-1l .12264982805963E-08THRUST .10722982431425E-06 .22322251185824E-07 .16360852855q1E-06 .19q705266339022E-06--J2- RAD. OESSUOE -. 49730120103731-44-- ---- 4954 494 4 --- 4 6433 7 - 35650323450

----- ------- -- --- -- --------------------------------------------- -----------------

eeoc CONTROL PHASE CHANGE SW..

-JULTAN DATE -- 2444324.00000000- C-- COROL-PuMSE.---.------------_ -y _ -ERH
DAYS FROM LAUINC-- 4.00000000 PRESENT MASS tKGI-- 4988.443642125 FLUX IE14-- 0.0000000000DAYS FROM CUTOFP-- 1.00000000 PRESFNT PITCH (DEG)-- 337.952000000 FLUX RATE- IE14/SECl-- 0.

-- MOT-0 (OEG/SECI---.80722649401007-p~ ~ -r--r- LAoannnnnuE _Ns- 1442500800000 -

THRUST PHASE THRUST PHASE THRUST PHASE THRUST PHASE THRUST PHASE THRUST PHASE NUMBER THRUST PHASE THRUST PHASE------- OUR ATION -- T-ROTTLtNG - AO p PITGW.t-- A A2 AS - YAW F a- A5--A ...5......S- ...
(DAYS) IPEGI (DFGSFC) DFG,SEC) IOEGtSECl THRUSTERS (DEG.SEC) (OEG*SECI6.000000 1.f0oo0o00 337.9520000 .0071700 10.0000000 -7.0000000 6.0000 0.0000000 63.0oo0000

Dl= =:: ECLIPTIC =====
BODY RELATIVE SIC STATES X Y Z MAGNITUDE-SU POSITrTn ... ....-. 148630 

7 8 3 6 0
29 5

'F4
9g.-- -.-qmT-300n0.Tle -- 29o31946usoE.*e ft3 A9L9825561s92E09 ---

VFLOCTTh .747775262q9762E+00 -.26363795164829E+02 -.30036045259173E.00 .26376108123420E+02

--EARTH - POSITTTO------- .271582A59X1341TO "- - --- .? - - 729781 3l6$A63E.J*0 g .oasua038315?69E05
VELOCITY -.13635429946591E201 .34202961892898E+01 -.30036045259173E+00 • .36943053368983E+01

--S0 ACCELFATI(WS--- ---- - ---- y ANITUOE -
PRIMARY BOnY -.43327715064013E-03 -.17222352825342E-03 .11634701327257E-04 .46639618268792E-03PERTURBING BOOTEIS .22574783244394E-08 -.1860395428421E-09 .29141?14089192F-10 .22619293009592E-08-- T4RUST .322308639255 04-0.7 -- 1051024-53194 4E..406 62nan.iE33on -95.r9sZ 67980oo±3Fn -__
J2 + RAD. DRESS E -.30948315027701E-17 -.15862544096402E-07 -.738120 5041598E-08 .355513811689812E-07
-------------------------------------------------------------------------------------------------------------------------



LO-3999972996VS96i* 20-36059*2Z%1666C91*- lO-?9fglo9fi9T*- LO-3l9qov6g9lo9Ci- 36DSSbd a~.90-3TSOL696T- - -9-3&-tAfooibeT-v-t-9~f~a~.-------o3oaL~~~L- - isnbl4-
BO-3S92f?96S666SZZ* . D-3690i2ZZE03ThZ 60-366ffSi6ZZ416iT- Q0-3SQQO~lD9bf)ZZ 5,3100s SN18bflb3d
t0-39CeXTZ"9Z6Zl9*i* *P0-3ZT2?2LC19l99IV* 2-3ZGsfb69Si-i99l*- L 3SOT.2'.-AOG A IfMIlj3unhIN!3vw z A x SUOliVbJl333V O/S

0,*3C9S1 S92Tf9b9f* 0D4316C6L 90116OLSU - O.439S9TZtSZ6GLvL 1O43D~iUZS09909b6T*- "IaJjGl3A
fiD43LlT26Ti'9O2b2* Lfl.3Z6996Z9O'j2Cill- - 03 b6L0 0+3G LTbl20 L2* NUILISOd wlbv3i

Z0+36SeS69LZ6Se99z 00*3J69f9Z690L2SgZ'- Z036rE50~f92- 0C#3fl2b6TZEr;4.* A113013A

3onlIN!3VW Z A xSaJIS 3/S JAILVI36 AOU
... z J1±d1133

0000000*r9 00000foo0 0000*9 00000D0,1- 000000010T O002U0 0000296*iif 60000001*r 0000000*9
133S'301 133S'9~301 Sb3LSAbHI 133S&530) (33S'930) (3s3S31 0'30) ISAVO)

sW V - --vt-r-----~------ H311d -UT SN1111OUNA NOllVbflo
3SVHd isfbl~H 3SVHd ISfbl~H b39HfN 3SWHd isnilk 3SVHd iSAbHI 3Svwci Isntiml 3SVHd iSfldHk 3SVHa isflbHi iSvHd isfbl~H

00C00DSZ.~X --11 3N~d31t9t16v- S-LzL U0 - -- r 2sn3ol NUOibt
*0 -- (33S4fi731 31Vb xflis 00060026L -- (93UL H311d INSS3dd 0000000 --AMOII. h4OU SAVO0000100000*0 -- IT31 xnlj T0t6 -- (Sx1 SSVH lk3S3bd 0004000016) --hJNflVI MWadi SAVO

-HlJV3 - m - -AG8wA 'iaT d-- t S~d1uLO--- - 000000 0 0 -~-vj- 31VO NVIWt-

39NVH3 3SVe~d 100iAN03

------------------------------ -------------------------------------------------------------------------------------- --------------

-L-~0Ort09r-----,.lz~~so-, -t~0
4
9C0Ic -- t0-ut~ 3bflSS3bd *OVb + 2iP---

9D-3fC09".T6e'j2l6T; 90-32290 9TL6 91: 10-30i929 tZZ 90-39M;TU9LL01 iSioNi
90-36941099b,921* 0T-3004f#2T 4f6 - 90-3 t90 S 60-J2bO3 409 9699141 S31Uub ~9Iflj3d

-S-~e099Tflg~-- ~ 09WZ'i,,-,',& - v3t6bS9- -- t1 ,0 S2I - AO0b A~zVlWId--
3oflLIN9VW L A x SMAil~bil333V 31S

S003LbbIL69SS,92 0432 2799SZ9969f22 so43o099icLb9lZ- '?0*306S00Z9Lf2990L eO11ISOd HlaEV3

20431r66LSrfSgZo3-- T0z3ElCD9ZDZ1SZOtt ?#3~Wll99tt- 4~~91*S '------A.L13013A
603Z*9TZ6~f'#Q32tL9s.99s92* 204320Z96T89L5t0l5- 60.39(GV209Ti966g#fT*- iloilSOd HflS

3oflLINSVM 2 A x S31VIS W/S 3AIIV13a AGUe

C 000000GIE9 068oooo*o 0009 696219L*9- 0a00000*01 0011Loo* fil020L612 szoescaoi o0006
4 -- (3S*30--3s- g-- *30--S3-snbai-r ~josS Sjo-.c-- I ~ 0--- - -~- SAVOI --

bW #IVzW NVA = EV 2V IV 14311 = OV SNI11IONH1 NOlivanfo
3SV~d isflbHi 3SVHd isInhHi b39knfN 3SWHd iSEnhHi 3SVHd isnESHi 3SVHd A I1bft 3SVHd iSnaHl 3SVHo lSfA61i 3SI48 iSfldH&

000006062'PT, -- (M)I) b3M~d 31OBV1IVAV 99STOLZEE9 --E530) DNVA iN3S3bd 100T0V6'99Z21GD* :-403SI93091 N~li~oW*0 --133Sj4,13l 31VI xfli 92S0022261 ::0(3G) HJIld IN3S3bEd 0000,000 w ,A~ SAVO
00000000000w-s d, *S ttSa ------- 0000. -- -- NV W-d LA- --coc I

HldV3 AGOG00 AbVlHId z -- 3SWI~d lObiN00 0000000 --E1it 31gO kinr1fl

sj)NVpiJ-3SIH4- ,uprIMu, - - -

10-3!Ll6699L2Z9ZITE' 10-3f6S"~T22C5.4f9- 10-3if6%Sl60909002*- 20-3UiIS9Sb99E996##- 3dMS3bd *ovb * zr
___90-3C6C0Z026if696T' Z0-39i02i62000990* 90-3'lK606

4
vi9909iTX* 9C-3Tl4Lb0092Z19ST'- ASdnai

V- 90-3fir2919410 It~ 64'40-32#12129 llgfSOLL C0 It 5SZ~Z6tSh* 00,~oov2zT*- - GI OOW SVId

T0+4p.0292£62L99E To-320.900Th0£0.96'- 40*39SitlS16T6il6' &43022Z2 Lwi~f- Ai1.013A
0.3066009617Z60962* ##03fLD6696TZ- 6C#3Z2*9 095ltC9Z -0*39ff6S909..bei* sIlulISOd HlbV3

20436699909OZZE992* TD-32D"902.95L096-- Z0*36966Z910992*- Q0*3999u£1SS060;I* A11iO'l3A
6036r029Z.,r69T* q0*3ZE1206L69962- 9C*36iQ29Z660Z2990Z- 6C4i09.9U£jj061tI*- iklilISOd NtiSS 3onlIN!)w-*---- 

X-- ------ N- -- Sil-V± -0.4S i1w~-u'

000090S0 'ff9 --103 3Oa 318T~lVAV .91zfz 00tl --19301 IIVA IN3S3bd L091996.992Z1Q00 -- (33S/!030 NOllOW0 -- M3S4'913 3iL~b xnhi4 L096096 .96# --(933U) HOiId AN3S3bci 000000a0*0 --dUIuAfl WOUA SAVO
000000000010 -- I.91L xflhi fr6901OZO 6,L61 --10)1 SSWW lN3S3bd 000000001L --lONflul NOBA SAVO

H12WV3 AGOG00 AbVWlbd f - 3SVHd '1O8LNOD 4400 000* 2£9'112 -- 31V0 Ul9IIW



.0 -- 6O3SJtu13l 31vb xfli 0000002S6LU -- 49~30) H3Z~d 1N3S3bd 00000000*t -- WMifl MOdi SAVO
00000000600 --6fl1 xflh szlzt~9fhiqg# t -- b ) SSVW INMS4Md 000B0000" --OCNnvi woai SAVO

flI~p -- AGON AOWNAOU L - 3SWn* FOUI. ONOI3*4Z ---- -it--ttiflf

393NVN4O 3SV~d 108INOD

90-3220bE99Z50L6r 90-3sECo992S9OO99* IQ-39tSbtE2 90-6LIz~so;* isflbNi
90-369"SD96f)9221 tI3SoTASi-9-3f9s~kLsv~iTT 6C-32L0L9Sf69W9I 4 Pll S31006 !)Ni9aIflb3d

t0-L0O-SgtL16O2'r--t r - -- Aijti-AbVpokid-
3anlNSVW Z A x SNW1±VbJ1f33V 31S

So+6IoE696"9Z' f?03ZTL9S 999* S03~99t69I* t 430b50D2'YIEZiBO£* 04O11ISOd HPIV3

- 20 3£1Th6 £SrS9Zb 2 - --- TTD- t? rZ?fl 2tt-ttt4 1 9ufr£--------1 Ait~b9 I~ 90£3 -~ - ----i ~3 -
60. flZWTLZ606fs1 90*3ZtTgSI9969EZ* LG0291Q95'799- 60+39CQZ091f9b6QpT'- hIO1iiSOd NAS

3OflJINOW Z A x SB1VAS Dvf~i 3A!LW13b AGO
____________----_ - sas ldl193 ----- -

00000002t9 0000000 000019 SgbZL9L£9- 000600*;OT DMiTS00 STC1LD1*61Z szV0,001 *7 Oo00*1i
* 13S 0) SS'3t! -S&3iSnhl-- vo,,' 5qu - S~0 4ags*030- - + fsaif - SAVO)

fiv Au VA = v 2V TV NH311d = OV tiNI1i106H& NOlivaAo
3SVI~d isfl~ 3SVI~d isInhHI a39HfN 3SVHI isAnb.L 3SV~d 1SIIbHI 3SVHd isflbHi 3SVH.i .Lsnbw 3SVHG isflb~i £vHd isfl)H

0000D0006240,iT -- 19)11 b3IIOd 31SY11VAV 9zsloizfz296 -- 0(~30) DIVA INiSMad 1669.L6ESSE210* -- f3~3S/tJ3.l) hNlOllk
*0 -I03S/T31 3ivis xfl 9ZiT0DL6LZ -0 ~30) H11&d J.N3S3Hd 000001009 -- Lmoifl3 wuj SAVO

000000000o*o -9-l0---- ------Xftls---- I4---~~)--Sv-S3i---- - OOD,---HDNIIVI WU((j SAVOt--
--JV ACO AbIVUl1d 2 -- 3SVHd 1oblNO3 0003GD0.0002t59992 -- jiVa NVXlnr

pq--------------------------------------------
3 ~ni?---------------------------------------------------

10-3TOIS9S69CS11? LO-3099192992107- LC-36Sfi66S~wt,960','- 90-3tikTbl9Zl0GSC*- 3anSS3do *owb * Zr
-490-366ST6792tC6961* L0-30fiL~b096S1201i 90-3C60S96b0f2#iT03£b£0TSLr isnbHL

90-3~9e ~SB66ft1 ----i !-~,b9 flt~t it-------tO-3001£ O~~kOb ------------ C--39g62t99 ousS31U0 ishblibd -

L0309~6S29S 0-3T960£Lci5T61LZV* ED-I2012120[tit- 9-329S76ZStD66T9*- A(30Q AbVklid
30nflNovw Z A x NO~ivo313"&v 3/5

T0436S0Tt991L9C* 10-30i9l9tCI0S2SSJ.- 00.3200906bSS0#p6ts 70*31509996699i- A.LI0013A
5 0 43 6 7S 009 9 fT9 6 2 O43L~b2S66RiTZ*- 6 0432 99b9£Ilk,9V99 90 *31 Z 2 OrT Ifs 2929 IlOI11SOd Hi~dVa

20#35SUL00SC992* 70-30L9q99,0£s2SSL - Z0*36f524i6E50f99Z2- 10-31T~fiT2LLS* All O13A
6 0 +3 92Z 0 4l 69 t043I062559 £T792*- 90032140596I199021- bC R 117T " S 0 loI- kOiLlSOd Nns

3flhXN!)VW X--- ----- ------------- x 3 S WiS 3A~il38 AUO9-
-===== 311dI13.i====

'a 00C0CZV9 Nh-Vtd3S'?R--------9fyTTht -(~U--DVA-icd-- - Tb916EitZI8G' - -43E3S.49sG) NOIADW-
-a -- 4)3S.'9133 31Vb xflhi 04Ttbc 94 -19!30) N3ild kN3S3bd 0000000010 --d440L NGbi SAVO

~ 4 000060C000*0 -- 140131 xfll3 l99962V19646 --1 )i I SSV I N3S3sd 00000000*i -M)NOVI W08.4 SAVO
HiJV3 -- -- 1~8A&VMld------ ------ f-- 3SVfdtit4ozy -- 00000s~d2f"4ra -- BIN0 ftVllf--



MOTION (OEGISEC)-- .00r2540049519q DPESNT -YAI (DEC-- 56.uOu00O000 AVAILABLE POWER (KWI-- l.42?50330000

THRUST PHASE THPUST PHASE THOUST PHASE THRUST PHASE THRUST PHASE THRUST PHASE NUMBER THRUST PHASE THRUST PHASE

DURATION THROTTLING AO = PITCH Al AZ A3 = YAW OF Ak AS

(DAYS) InEG) (OEG.SEC) (DEG,SEC) (DEG,SEC THRUSTERS (DOEG,SEC (DEG,SEC)

6.0000000 1.0000000 337.9520000 .0071700 10.0000000 -7.0000000 6.0000 0.0000000 63.000000

-.....= FCLIPTTC- =--=--
BODY PELATIVF S/C STATES X z MAGNITUDE 0

SUN POSTTTON -.- --309139261E09 -. .. 306 8 . .7299 62200203 - .14919836Z77043Et09

VELOCITY .7122728428085E000 -.26374552176774E+02 -. 2862270747177RE,00 .26385735752502E+0

EARTH POSITION .OZ7028114171127E+05 ---- - 11044187681466 S..- .... 299670692Z002E03 .2926606942832E+05

VELOCITY -. 1398490973?7586E01 .34095391773447 E01 -. 28622707T7177BE+00 .36963136052906E+01

S/C ACCELFP ATTONS x .. .... . Y .- ---- -Z . MAGNITUDE

PRIMARY BODY -. 43243008159586E-03 -. i766989346729qE-03 .1167893q36739E-04 .46728437446513E-03 J

PERTURBING BODIES .?2497?70971834E-08 -. 14988203137367E-09 .2916909286R56F-10 .225Sq4675864TSE-08

THRUST .32231045891992E-07 -- -- -. 10501968h236 E-06 .. .16298301793796E-6 -- .19659279840112E-06

-------------------------------------------------------------------------------------------------------------------------------------

JULIAN DATE -- 2444327.0000000l CONTROL-PHASE -- 3 -------- PRIMARY BODY--.--. -- EARTH

DAYS FROM LAUN'C-- 7?.0000000 PRESENT MASS (KG)-- 497q.802830694 FLUX (EI4)-- 0.0000000000

DAYS FROM CUTOFP-- 0.00000000 PRESENT PITCH (DEG)-- 46.093786815 FLUX RATE (E14ISECI-- 0.

MOTITON DEGISECI-- .00721540049519 -APPRES~MT--AM.----- 40GA-- -8.86835A05A -- -- AVAILABLE POEiR.I-K -- 14.250000000.

-====== ECLIPTIC =====
BODY RELATTVr S/C STATES X ....--- ....-----.... MAGNITUDE

SUN POSITION -. 14 79538699687Eq0q -. 20681742440l. 94E08 -.2134263173192ZE+04 .14934436038110E+09

VELOCITY .58226145431334F-01 -. 28828613572460E*02 -. 75q74203753684E-01 .28d2877Z282953E+02

EARTH POSITION .6281769716115E*04 .26861597415345E+05 -. 21342631715928E+04 .29614312711584E+05 p,
VELOCITY -. 358652?6385895E+ l .78113596995810E+00 -. ?7597q42375368E-01 .36713880372842E+01 ,

S/C ACCELFRATIONS x Y Z MAGNITUDE

DoIHARY RODY -. q6409652892494E-04 -. 44295423831285E-03 .32755668538129E-04 .45450655906329E-03

-PERTURBING BODIES .95948027621692E-09 --- --. 980524090-363E-09 ------ .. 8503k3852491E-1- - .13745038006038E-08

THoUST -. 1575221127329E-06 - .11422433538110E-06 .303419311294OE-07 .19693392020091E-06

J2 + PAD. PRESSURE -. 351069q6595409F-08 -. 24899074341814E-07 -. 19031023694503E-17 .3153519892701RE-07

-----------............... ......................-------------------------------------------------------------------------------------------------------------------------

SCON ROL.-----COTO PRASE-CANGE- --- --------- -

JULIAN DATe -- 2444321.01000000 CONTROL PHASE -- 2 PRIMARY BODY -- EARTH

---DATS FROM LAUNCH-- 1.0000o00 ------- PRFSENT--ASS---- IKGI-- -99Z7.19721520.------ - FLUX I-- IE1I-- 0.0000000000

DAYS FROM CUTrFF-- 6.03000000 PRESENT PITCH IDEG)-- 279.720701526 FLUX RATE (EI4SEC)-- 0.

MOTTON (DEG/SECI-- .007235 0049519 PRESENT YAW (DEG)-- 56.242701526 AVAILABLE POWER (KW)-- 14.4250000000

THRUST PHASE THPUST PHASE THRUST PHASE THRUST PHASE THRUST PHASE THRUST PHASE NUMBER THRUST PHASE THRUST PHASE

DUPATION THROTTLING AO = PITCH Al A2 A3 = YAW OF A4 AS

(DAYS) (4OEG) - --- EE -- -- DEGSECJ. --- Lr-e C--- THRUSTERS.. (OEGSEC..-- (OEGSEC)

3.1000000 1.0040825 279.7207015 .0071700 13.0000000 -6.7572985 6.0000 0.0000000 63.0000000

=-==- FCLTPTTC ... ...

BODY RELATIVE S/C STATES X Y Z MAGNITUDE

SUN POSITION -. 1499831602408E+09 -. 53045?68156202E+07 .2365687587142+01. .14q9927Ti82721E+09

VELOCITY .41765376896394E+01 --.- --. 289656776181U. Et2- - .770Z502228003E-OL .29265335799177E02 ..

EARTH POSITTnt .70832374200590E+04 -. 277679146R6300E+05 .23656875687142E+04 .2675456938799?E+05

VELOCITT .360268010 442E*04----------.--9,-19782O5611.E*00 .. l. . n An Z~O. 2n0 r- .37228297250271l0....

S/C ACCELERATIONS X Y Z MAGNITUnE
PRIMARY BODY -. 11875575504713E-03 .46554961969222E-03 -. 3966251542446SE-04 .482091768855O0E-03

PERTUBING BODIES .4478R93567072E-09 .11378573050643E-08 -. 94732712433150E-10 .12264982805489E-08

THRUST .10720183278018F-06 .2231642396904E-07 .16382764241416E-06 .19705266339022E-06

J2 * PAD. PRESSUDE -. 4973012015Z73T3E08 .2A96S50064963TE-07 .20179556133724E-07 .35650323450704E-07
CI, CCCCCCC O I CICI T I



-------------- -- -- -- --- -- -- -- --- -- -- -- --- -- -- -- --- -- -- --- -- -- -- --- -- -- -- --- -- -- -- --- -- -- --

**** CONTROL PHASE CHANGE *

JULIAN DATF -- 244324.00000003 GONTROL HMASE- - -- 3 --- - PRIMARY BODY -- ARTH

DAYS FROM LAU f-- 4.00000000 PRESENT MASS (KG)-- 4986.443642124 FLUX (E14)-- 0.0000000000

DAYS FROM CUTOFF-- 3.000O000 PRESENT PITCH (DEG)-- 337.952000000 FLUX RATE (EI4/SECI-- 0.

MOTION (DEG/SrCI-- .10723541876279 PRESENT--TAN-- -bEG)-- 56.0V00Q0 -. AVAILABLE POWER.-(KN)-- 14.4250000000

THRUST PHASF THRUST PHASE THRUST PHASE THRUST PHASE THRUST PHASE THRUST.PHASF NUMBER THRUST PHASE THRUST PHASE

TUPATION THROTTLING A = PTTCH -------- -- A2 -A------ ...... .......-------........ AS

(nAYS) tDEG) IODEG,SEC (DEG,SEC) (OEG,SEC) THRUSTERS (DEG,SEC) (DEGSEC)

6.0000000 1.0300'00 337.9529000 .0071700 10.000i000 -7.0000000 6.0000 0.0000000 63.0000000

====== ECLIPTIC
BODY RELATIVE SIC STATES X . Y Z MAGNITUDE

SUN POSITION -. 14R63091414279E+49 .- -.13000110135360E08 .... -..... -730070276568T7E413 .14919836294665E+09

VFLOCTTY .7176697910656Es00 -. 2 23?4572743653E+02 -. 2862221683949E+00 .26355754585465E+02

EARTH POSTTTON .27027Q0394431E*0S - .11044568388195E05 .- -.---- 730007027654872E03 .-. . .29206557395752E+05

VELOCITY -. 139A5512784501E+01 .3409518610465RE+01 -. 28621621683919E+00 .369630676503t5E+01

S/C AfCELFOATIOwS x -- - -- - -- Y - ------ .. MAGNITUDE..

PRIMARY RODY -. 43202R91951330E-03 -. 17670592501073E-03 .11679638583611E-04 .46726595990334E-03

PFRTURBTNG BOITES .22497583267798E-q8 -. 14989908484936F-09 .29170689482788E-10 .22549352969550E-06

THRUST .32231046124579E-07 -------. 1.0514196835S266E-06- -------cS 9834 794902E-06 .1965q279800113E-06

J2 * RAD. DQESS oE -. 3099q444777887E-07 -. 16260880906592E-07 -. 76438484973754E-08 .15657404058566E-07

---...------------------------------------------------------------------------------------------------------------------------

JULTAN nATE -- 2444327.000040o CONT-ROL-PHASE - -- 3 --------- ---- PRIMARY BODY---------- -- EARTH

DAYS FROM LAUNCM-- 7.0000!00f PRESENT MASS (KG)-- 4979.802830694 FLUX (E14)-- 0.0000000000

DAYS FROM rUTnF-- 0.03091000 PRESENT PITCH (nEG)-- 46.093994874 FLUX RATE I14ISFC)-- 0.

MOTION (DEG/SEC)-- .00723541876779 POESENT-YA - 4OEG)-- - .5.&540931-- ------ AVAILABLE POWER-tKI)-- 14.4250000000

ECLIPTIC ======

BnDY RELATTVr SIC STATFS x -Y ... -. Z .---- MAGNITUDE

SUN POSITION -. 147905T9C2 934E09 -. 20681741R62156E+08 -. 21342801767709E04 .149344.36354190E+09

VELOCITY .5125941R03013E-11 -. 2882q016343688E02 -. 7593A967320921r-01 .28829174956917c~02

EARTH PSTTTOW .278497399134qE+04 .26862176152639E+05 -. 21342801767709E+04 .29614183995678E+05

VELOCTT -. 586622R42217RE+01 .7607331987.3044E+00 -. 75936967320921F-01 .36113995242518E+01

S/C ACCFLFRATTO S X Y Z MAGNITUDE

PRIMARY BODY -. 96360684985578E-04 -. 44296889644742E-03 .32756356610599E-04 .45451051003154E-03

PrRTUPBING ROOT S .Af9592l3rr68jE-09-... ann503's-95nE--490--- .12t43874623061E-0 -

THRUST -. 15753078475018E-06 .11422533047969E-06 .30324819183349E-07 .19693392020093E-06

J2 + RAD. PRESSWoE -. 350R7440045390E-08 -.24899207856449E-07 -. 19031952247839E-07 .31555647174777E-07



ESTIMATED TP JECTORY CONDITIONS FOR NONLINEAR TARGETING

ITFRATION NUMqFQ I -.

TRAJECTORY SPATE AT 7.00000 OAYS(J..= 2444327.00000)
ESTIMATE REFERENCE .OEVIATION .....-- -

x .789460655429E*04 .56?392733819E+04 .22706791610E+04 KM

Y .2850475626qcF+05 .2A9890629713E+05 -. 84 0670167 033 KM

Z -. 219656979027F 04 -. 22241r4l4I89F+*4 -. 279716616168E*02 KM ------------ ------ -. .

VY -. 353364324 27E+01 -. 360314241483E*01 .692991685580E-01 KMISEC

VY .977919574924E+00 .69915446614rF+00 .278765108779E+00 KM/SEC

V7 -. q6703c412lnO4E-O --. 73A66221910E-01 -. 228373290094E-01-*-K/SEC -- ------- ----. .

S/C "ASS 4979.8283 4979.83811 -. 03528 KG

S/C ORBITAL ELEMrNT; - -
ESTIMATE REFERENCE DEVIATION

A .296906572672E*05 .296495963037E+05 .4106096388F+02 KM

r .00203742 .00197557 ..-- ,00006225 -

T 4.50636596 4.45855352 .04781244 DEG

Nonr 184.08199769 183.97618124 .10581645 DEG

APSTS 191.66969973 - - 203.38768681 - ---- 11.71798708 OG .--- - -

4 A 5f.62410102 51.52277713 7.10132390 DEG

-- TARGET VARIALF - -

ESTIMATF REFEDENCE DEVIATION
oCA .296301531865E+05 .295910216000E+05 .391315864746E~02 KM £

A .29qQ0657267?E05 .296495963112E+05 .O14609559531E00Z KM--- - -.

QUADRATIC ERROR FUNCTION TO MEASUPE RATE OF CONVERGENCE
0 = *78A112;34386E+02 FOR ITERATION NUMBF . I

PHI MATIX nVER TDAJFCTORY ADC 1.19000 TO 7.00000 DAYS

x Y Z ..... ....-. ---. V¥ --- VZ

x -. 21269?87261E+91 .150131561689E+0? -. 145731387222E+01 -. 117851293647E*06 -. 522017730052E+05 .324219650672E+04

Y .186982t,736?2E+1 -. 643108140063E+01 .528325244060E+00 .545302811640E+05 .143034170251E+05 -. 581819527906E+03

7Z .2?172091D9 7+3 .7T777635568AE+00 .. 88A302367819FE*00 .,-6646'.1.978 6k- -,16291630864E+ .. -----r.24645758956E+04

VX .2796664953qE-14 .372156587674E-03 -. 37873546644F-04 -. 23723363188E+01 -. 18781585419?E*01 .25Zb529.048E+00

VY -. TTR024256,02?E-93 .186959390298E-02 -. 186488238444E-03 -. 144989300745E*02 -. 587637192320E*01 .294774280620E*00

. V7 .294342276182E-0 . -. 162458702476E-03 -. 515633172144-04 .- A 2741.41ZiSF O. -_M9916865216 0- - 801i20168695E ~0 -

THFTA MATRIX OVER TRAJ-CTORY AD
P  

1.00030 TO 7.00000 DAYS

. (ALL ELEMENTS ARE IN INTERNAL UNTTS) - ------- -

THROTTLING PITCH ANGLE YAW ANGLF

X -. 162697344008E07 -. 924087349615E+07 -. 925962338230E+07

V . 3594316279A0E+6 .204454916066E*07 - -_2047865810LE+07 --- - - -

7 .646899jqR2FEfJ5 .3 6990617153E+0r .356t93196119E+06

VX -.531227223331E+02 -. 101830684711E+03 -. 302404809211F+03

..-- VY- -. 198q139 44E.
+ 13 -. 112748700419E,04- -~ LZ97947g1~33E& .O ---

V7 .211778365758E+02 .118770354780E+03 .118972244668E+03

ETA MATRIX AT THE TARGET POINT -- -. . .

(ALL ELEMENTS ARE IN INTERNAL UNITS)
x Y Z VX VY VZ

SRCA- .121851216q9FE+01 .11956 95956Eai- .*AZI5456'- E- I 5fllf- L& -alZ3Z7761ZSEtk---3170225947T9Et.3

A .5334862037135E+00 .19262233411iE+01 -. 148434316507E+03 -. 156305267665E+05 .432543073199E+04 -. 427728896087E+03

-- TARGET/CONTROL SENSITIVITY MATRTX -- -3------------------------ - - --

(ALL ELEMENTS APE TN INTFRNAL UNITS)

THROTTLING PITCH ANGLE YAW ANGLE

RCA - -. 138606404050E+06 -.7833898207OEA6.+9-- -9----- -

A -. 2226191q957E+06 -. 125446721477E+07 -. 125916260009F07



GUIOANCE MATtIXI 3 X ?4 FOR NfNLINEAR GUIDNCL COPRECTION 
0

(ALL ELFHENTS APF IN INTERNAL UNTTS) 0
RCA A

THROTTLTNG .406354093858E-02 -. 253739454043E-02

PITCH ANGLE .. i35171828452E-02 .108 l1299396E-0P

VYA ANGLE .101081424600E-02 -. 63155732391F-03

ESTIMATED CONTROL CORReCTION FOR ITERATION 1 IN INTERNAL UNTTS
OLD fOMTROLS UPDATES NEW CONTROL ,

THROTTLING .100406248290E+01 -. 548249569D03E-0* - .949257525924E*00 ---

PITCH ANGLE .~88204T72761E+01 .23435S369216E-01 .490594266453E*01

YAW ANGLF -. i8111l639844E00 -. 136224176181E-01 -. 1317340G5762E+00

-------------------------------------- ------------------------------------------------

**- & -- -- CONMROL. PHASE-CHANGE--- - -- ' --- '.

JULIAN DATE -- ?444321.00000000 CONTROL PHASE -- 2 PRIMARY O00Y -- EARTH

-- AYS FROM LAUNCHW-- - 1. 00000000 PRESENT-WASS -- KG)-- .-.-a i.9.l 450----.-- FLUX- -.. --- E14)-- 3.000000000

DAYS FROM CUTOFP-- 6.00000000 PRFSENT PITCH IDEG)-- 281.063453152 FLUX RATE (EiS4SEC)-- 0.

MOTION IDEG/SECI-- .00723541876279 PRESENT YAW IOEG)-- 5.452194489 AVAILABLE POWER (KWI-- 14.42SO000000

THRUST PHAS9 THRUST PHASE THRUST PHASE THRUST PHASE THRUST PHASE THRUST PHASE NUMBER THRUST PHASE THRUST PHASE

DURATTON THROTTLING AO = PITCH Al A2 A3 = YAW OF A4 A5

(DAYS OEGI (40E vS ) SECC) ----- 4G E-Ct---- THRUSTER% lOEG,SEC.---. (DEGSEC)

3.000000 .9492575 ?R1.0634532 .0071700 10.0000000 -7.5478055 6.0000 0.0000000 63.0q00000

L . .a-* FCLIDTTC *U* sam .. ... " ............

BODY PELATITV S/C STATES X Y Z MAGNITUnE

SUN POSITION -. 14899031602ROREq09 -. 53045768156202E*07 .23656875687142E+04 .14Q09271182721E+09

VELOCITY -- .417657696394F*01 -. 2896567761114E402 - ..---.770J25022428043E*0l .29265335799177Et02

EARTH POSITION .70812374200590E+04 -. t2776790468610Eta .23656875687142F*04 .28754569 T6997E#05

VELOCIT .31602680104452E0.1 --- -. 11977 h -- . ---.- *7 2502Z426043E- 01 .37226297250271E*01

S/C ACCELrA'rTONS X Y Z MAGNITUOE

- PRIMY O O -. 118 557547 - ... ----.- 20655619222Q- .------ eT9655154 468E- .8209178885580E-03

PFRTURBING ROOTFS .44768893567072E-19 .113785730506 3E-0S - -.94732712433150E-lO .12264982805469E-08

THRUST .10269778215999E-06 .23949152147694E-07 .1534393S384806E-"6 .18629318498364E-06

J2 * RAn. PRrSSUoE -.49730120150273E--. . .28Q&500649637E-I7 ...-- --.. l25~7 1337 4E-O . . 35650323450704E-0

----------------------------------------------------------------------

**** CONTROL PHASE CHANGE oo*o

JULIAN DATE -- 2444324.00000000 ... -- CONTO--P90 ASE----- ..... PRIARY 80OO ---... -- EARTH

DAYS FROM LAUNCH-- 4.0900000 PRESENT MASS (GIC-- 4988.917374239 FLUX IE14).-- 0.0000000000

OATS FROM CjJTiFP-- 3.00000000 PRESENT PITCH lOEG)-- 337.952001000 FLUX RATE (EI4/SEC)-- 0.

-- NOTION 4DEGISECF-- -.00724476146396 --. - PRSE -*W- c- ----56..0300000-0 - - AVA.ABLf-PO-E R-4Kut-- 14.4250000000

THRUST PHASS THRUST PHASE THRUST PHASE THRUST PHASE THRUST PHASE THRUST PHASE NUMBER THRUST PHASE THRUST PHASE

OURATION THROTTLING AO = DTTCH----AL --- . .. .. . AS

(DaYS) (OEG) IDEGSEC) (OEGSECI (OEGoSEC) THRUSTFRS (DEGSEC) tDEGSEC)

6.00e0090 1.0000000 337.9520000 .0071700 10.0000000 -7.0000000 6.0090 0.0000000 63.0000000

sw:==== ECLIPTTC ===
BODY RELATTVE S/C STATES X Y Z MAGNITUOE

-SUN---- POSITION ..-... .14631202684139E409 -_A,1 .9 44182P?1E0 -L7A7198AI& £03-----....... .40L385964994YE609 ..

VELOCITY .6375641878575iE+00 -. 26406988161250102 -. 28419217965791E*00 .264160921861801E02

-- EARTH- POSTTTO .......... 26739175385135E.0-- --- L6652092Z875- - '934ZA2S183.03------ - .29183326069108E+05 ..

VELOCTTY -. 1477S?540746992E*01 .33771031926686E+01 -. 28419217965791E+00 .36q76079813444E+01

-SIC ACCELERATIONS X- - ----- - -. 7 *AGNITUDE ........

PRIMARY 80TY -. 4288143005425E-03 -. 18T70.33866985E-03 .12716689026320E-04 .46801739026355E-03

PERTURBING POOTE .*22334043477752E-06 -. 17713944938794E-09 .31691202005062E-10 .22406422511141E-08

THRUST .3228370160442E-07 .10509144320178E-06 .16296755903254E-06 .19657413015901E-06

J? + RAD. PRESSURE -. 30303374259964E-07 -. 17096945192693E-07 -. 8042048409007TE-08 .35710986671811E-07
-----------.--------------------------------------------.----------
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I -------------------------- ----------------------------------------------------- ------------------------

-*e* CONTROL PHASE CHANCE -r**

JULIAN DATE -- 2444324.000000000 CONTROL-_PHASE - -- 3 .P-.R... I-------- PRIMARY-BODY --- .- EARTH

DAYS FROM LAUNCH-- 4.00000000 PRESENT MASS (KGI-- 4988.917374239 FLUX (E14)-- 0.0000000000

DAYS FROM CUTOFfr-- 3.0000000 PRESENT PITCH (OFG)-- 307.452000000 FLUX RATE (EI4FSEC)-- 0.

MOTION (OEG/SECI--- .00 724444536269 PRESE4T--AN- -- OEG)-- - 56,Q0G04----------- AVAILARLE POER-(K)I-- 14.4250000000

THRUST PHASE THRUST PHASF THRUST PHASE THRUST PHASE THRUST PHASE THRUST PHASE NUMBER THRUST PHASE THRUST PHASE

OURATION THROTTLING A) = PITCH ------------ --- A2 .- -- -A- M---. ---- OF ----- ---- A------- - A5

(DAYS) (OFG) (DEGSEC) (DEG.SEC) (DEGSEC) THRUSTERS (DEGvSEC) (DEGSEC)

6.0000000 1.000000 337.957"000 .0071700 10.0000000 -7.0000000 6.0000 0.0000000 63.0000000

-- -== ECLIPTIC = NITUDE
BOY RELATIVF S/C STATES X Y Z AGNITUE

SUN DOSTTTON -. i*.63119853qOE4 9994972565-12F - -. 1- 7 2580543 732E03----4919859289563E+09

VELOCITY .63365897459670E+00 -.26406600409438E+02 -. 28466354929433ECO .*26415735882540E+02

-EARTH POSIT ON .26743472.8'976i4E-S- 1------- - 657447236Q9 r 7732E --- 918 339682E -05-- -. 1

VELOCTTY -. 14776592829600E*01 .33774909446802E+01 -. 28466354929433E+00 .36975607329984E+01

--S/C ACCELE ATTON
I  X ------------ ---------- MAGNITUDE . . 4

PRIMARY 00Y -. 42884006858532E-03 -. 1069343r045831E-03 .12697414761686E-04 .46799181793302E-03

PERTURBING RODIES .22376630013782F-0R -. 17679117669394E-09 .3164078'0733bSE-10 .22408718534167E-08

---THRUST . 322283656L471E-0 --- 50918-507 5 F--3 1 67-586836-L-O -- 1965761301590OE-06

J2 0 DAO. PPESSURF -. 3030722?446524F-17 -. 170852455A7667E-07 -. 8037866510531E-09 .35707715559086E-07

-------------- ----------------------- ---- -------------------------- --------

JULTAN DATE -- 2444327.00000900 CONTROL PHASE -- 3 PRIMARY 800T -- EARTH

DAYS FROM LAUNCH-- 7.00000000 PRESENT MASS (KG)-- 4980.276562808 FLUX IE141-- 0.0000000000

DAYS FRONM UTOFF-- 0.00000000 PRESENT PITCH IDEGI-- 46.188690042 FLUX RATE (EISSLC)-- 0.

- OTTOR IOEGISECf-- .I0724444536'49 PRaSENT--vAd --4DEG)-- ---.. S4 ... AVAILARLE POMERa-EM)-- 14.4250000000

= ==== rCLIPTTC ======= MAGNITUDE
-BOO- RELATIVE SIC STATES - X - ---------- MAGNITUDE --

SUN POSITIOW -. i'7Q 075F308451iE 09 -. 20681392306964E*38 -. 218305 t30S2232E@04 .14934647691951E+09

VELOCITT .77530133502819E-02 -. 29097698079g20E02 -.54655640621415E-01 .29097?5043451SE02

EARTH POSTTTOR .40956822293107E+04 .29211731345404E+05 -. 2183051304223ZE+04 .29578126616073E+05

VELOCTTY -. 36369957706706E+01 .51205146299866E+00 -.54655640623415E-01 .36732713180061E+01

S/C ACCELERATIO S X Y Z MAGNITUDE

PRIMARY BODY -. 63089594148295E-04 -. 44997540623672E03 .33627565098361E-04 .45561933260359E-03

-- PTHF TU TR 8 G B D ES - - 7 6 3436679642r F-44 - IO..295-06Z 3 2 0 08 - .9 35Z761 97E- 07 1196 - 6 4kZZ8 2i9 6'1 9 E-0 7

THRUST -. 156266007051E-06 .11462142780577E-06 .2179823369039E-07T .19691516752188E-06

J? * RAO. PRFSSURE -. ?2476393778283E-08 -.2494140454725E-07 -.19351T60406979E-07 .31646320246109E-07



ESTIMATED TRJECTOQY CnNOIIIONS FOO NONLINEAR TARGETING

.-TfRAT ION NUVI FR - -

TRAJECTOIRY STATE .AT 7.00000 OAYS(J.O.= 2.43247.00000)
.... ,ESTIMATE - -EFERENCE---- -. -V ...

'x .403855407864EO+4 .562392733819E0 .15l537325955E*') KM

v .292183696466E+05 .289890629iJ713E 05 22966T5250+*3 KM

7 -. 21t1235637 F*04 -. 222454145 89E*41---3L78 1-----" - ..

VX -. 3638C950643rE401 -. 360314241483E+01 -. 34952649519F-Ot1 KM/SEC

VY .505017180348E0o0 .6991544661.5E+O0 -. 19j1372$579TE+O0 KM/SEC

V7 -. 5382R 07423?E-O L ,-3 66212q3E _2 0 ZaE I--/ -C ......

S/C MASS 1980.27656 4979.8381 *.43846 KG

-- S/C OW TA  
LEENTS TMATE REFERENCE DEVIATION

A .29612772170E+05 .296495963337E+05 -. 363190867048E+0? KM

v .002079 *001975-7-- --- ..... 009.523-- - -

T 4.31057216 4.45855352 -. 14798116 DEG

NOnE 183.30845925 183.97618124 -. 66772199 DEG

APSTS 705.39143443 203 .38768681 - .-2.037451 6--. OE---------

M A 53.27090975 t1.52277713 1.74613263 DEG

. A.... T- T VADIA LE LF 
. . .. . . .

ESTIMATE REFERENCE DEVIATION

orA .29551954?191E#05 ,295910216000E05 -.390673806666E+02 Kn

A .2q6132772173EG65- .- g6 qq963L2E ~05 .36 Z93F2-K1------- .

QUAODATTC FRROR FUNCTION TO MEASU
P

E RATE OF rONVEOtENCE

0 = T7811126343R6E02 FOR ITERATION NUWBFP -I--

0 .7 424tl753q6F+0. FOR TTEPATION NUMNFP 
2

.-----PI MATRIX OVER TRAJFrTORY APC 1.09Q00 TO--.00000 -OAYS- --- - VZ

K Z VX VY VZ

X -. 2073f7?55tF1i .153521591q33E+02 -. i410QT277266E+01 -. 119,20749899E*06 -. 540124367875E05 .338348697199E+04

Z -. 169994I72?E+10 .49414435106E400 -. 92200174?904F+O0 -. 47875523826.E+04 -. 64858498?511E*03 .336304723808E+04

S .74569997471~7727E*5 .9508450112E-03 -. i074527e9920E-04 ' .231298678345E+00 -. 1 01911925466E+01 
.679476763745E-01

--- VY -05Z6546093E-03 .*R672?43495riEG Z .---. 17.146740036E-03.va2.J 
-49* -C26F.ZJA45 8E; SO .....3089OS2014SE +00

VZ .*4903?409012F-1 -. 15a48602255E-03 -. 303073675782E04 .t112235724592E+01 .393273110963E+00 -. 86336S1943431E00

THETA MATRIX OVFR TRAJECTORY AR 1.00000 TO-- 7.0,000 OAYS-

(ALL ELEMENTS ARE IN TNTERNAL UNITL)

THPOTTLING PITCH ANGL YAW ANGLE

X - 15797433Q6E+0 .331a5536867E86--37320124~10--------. 
-

Y -. 1243459477E*05 -. 382201027217Et0
5  

-. 380346639269E+O5

Z -. 1201 6?sq83E+'. -. 106658062407?E05 -. 110451392051E+05

VK .2022091727??E,. 1 .61l-A30071--O-----------------S 
..

SB

VY .130390935836E+32 .408275910362E+02 .403934707795E+02

VZ -. 13168194878tE+31 -. 473844090603E+01 -. 473855118923E+01

ETA MATRIX AT THE TARgET POINT

(ALL FLEMENTS ARE IN INTERNAL UNITS) _ VZ

. . -y_ . - W --,54-6-12261420 ,381--- 60VZ- 5E-

RCA .7987CE4228958E*90 .12619286471E*01 -. 91761 17101SE01 -. 753327T07370E40' -. 548681221i42E+04 *381694604235E+03

A .2 73766509490E00 
.198066211713E01 .1i47654546667E+00 -. 160078757079E05 .222211069072Eo04 -. 236649612265E+03

TARGET/CONTPRL rNSTTVTTY MATRIX( 2 X 3)

(ALL ELENMNTr ARE IN INTERNAL UNITS)

-... nI. T ~I.N--G --. --- PITC--ANGE yu v)J NC'

RCA .1423S2788699E04I 539916179182E+04 .52784518445 E04

A' .1 4 22Z871690SE61 .58317511S4E*04 .576423369993E04



GUIDANCE MATRIXt 3 X 71 FOP NONLINEAR GUIOANCu CORRECTION

tALL ELEMENTS ARE IN INTFRNAL UNITS)
RCA A

THROTTLING .749959 387E-02 -. 713394047056E-02

PITCH ANGLE .109065286Z42E-02 -. 92264975104qE-03

--YAW- ANGLE .3016 539074E-02 .286741202217E-02

ESTINATED CONTROL CORRECTION FOR ITERATION 2 IN INTERNAL UNITS

OLn rONTROLS ----- ---- -UPDATES -............ C-E- GONTOLS ---------------

THROTtLTNG .949257525424E+00 .436726118721E-01 .9q2q30137796E+00

PTTCH ANGLE .4905l4666'53E+01 .90991729297E-02 .491458i81i82E+01

YAW ANGLE -. 13173457462E+04 --. 136846821798E-41 -*,14541474A9642E+00 ----... . .

----- ---- ---- - ---- ---- ---- ---- ----- ---- ---- ----- ---- ---- ---- ----- ---- ---- ----- ---- ---- ---- ----- ---- ---- ----

**** CONTROL PHASE CHANGE

---JULTAN OATE -- ?444321.00000000 -CONTROL--PH4ASE --.--- .-2------------- --- PRInARY -BODY -- - EARTH

OAYS FROM LAUNCR-- 1.0900000 PRESENT MASS (KG)-- 4997.119729520 FLUX 'E14)-- 0.0000000000

DAYS FROM CUTFF-- 6.00000000 PRESENT PITCH (nEGI-- 281.584795869 FLUX RATE (EIlfSECI-- 0.

SOTTON (OEGISFC)-- .00724444536260 PRESE T--VAi4 -- 0EGI-- -5.664.149956-- AVAILABLE POWER..(KW)-- L4.4250000000

THRUST PHASEI THRUST P.HASE THRUS'T PHASE THRUST PHASE THRUST PHASE THRUST PHASE NUMBER THRUST PHASE THRUST PHASE

DURATION THROTTLTNG AO = PITCH -AL -- A -- A2F--- Al--YAW OF A* . AS

(DAYS) IDEl I(EGSEC) (OEG,SFC) IOEG,SEC) THRUSTERS ( EGSEC) (DEG,SEC)

3.0000000 .9929101 281.5807959 .0071700 10.0000000 -8.3318800 6.0000 0.0000000 63.0000000

======= ECLIPTIC

BODY RELATIVE SC STATES x Y Z MAGNITUDE

-SUN - - POSITInM -..1489 - 31602808E+09 ------ .5.3045768156?2E*07 ------ 23656875687ll42E#+0 .- 4.- .909271182Z7iE+09 -

VELOCITY .41765'
7
6896394E+01 -. 28965677611814E*02 -. 77025022428043E-01 .29265335799177E+02

EARTH OPSITION .70432374230590E40. - - .27767?Q4686300E*05 ------ .23656875687142E+04 .. ZB?5'b938799?E+05

VELOCITY .360426n0101452E+01 .91319782756147E30 -.77025022428043E-01 .37220?97250271E+01

--S/C ACGELERATTWS x ----- -- ------ ---- --- Z_- _ - M..... AGNITUDE

PRINARY BODY -. 11875755 04713E-03 .46554961969222E-03 -.3q662515424468E-04 .48209178885580E-03

PERTURBING BODTS .4478893567072F-09 .11378573050641E-08 -. 94732712433150E-10 .12?64982805489E-08

THoUST *10952387015095E06 ------- 265 4164071309E-07 - -- S89g0 k6 -06 .19g486399926746E-06 --

J? + RAD. PRESSUoE -. 49730120150273E-OR .289655S0649637E-07 .201?9556133724E-07. .35650323450704E-07

- ------------------------------------------------ 
-------------------------------

**** CONTROL PHASF CHANGE ****

JULIAN DAT
C  

-- 2444324.O00000000 CONTROL PHASE -- 3 PRIMARY BOnY -- EAPTH

DAYS FROM LAIINCH-- 4.0000000 PPESFNT MASS (KG)-- 4988.540090735 FLUX IEi4)-- 0.0000000000

-AYS FROM CUTOr-- 3.00000000 -- - PRESET--PITCH (DEG -- - - 337.95-004 ------- FLUX-RATE. 4UlkISEC)-- 0.

MOTION IOEG/SECI-- .03723503107552 PRESENT YAN (DEGr-- 56.000000000 AVAILABLE POWER (KW)-- 14.4250000000

THRUST PHASE THRUST PHASE THRUST PHASE- TRusT--PWAS-E-- THRUST PHASE--4uNs, H-PASF.--NUMBER----THRUST PNISE- -THRUST PHASE

DUPATTON THROTTLING AO = PITCH At A2 A3 = YAW OF A4 Ac

(DAYS) IDEGI (OEGSECI IOEG,SEC) IOEGSEC THRUSTERS (DEGSEC) (OFG,SEC)

-6.000000 - 1.000000 337. 952800--- -----O9037 ----07O.000004-------0-.0000----6.0000--- --- 0.00000- 63.0000000

======= FCLIPTT ===...

-BODY-RFLATTVE S/C STATES - X---- ---- MAGNITUDE

SUN POSITTO -. 14863094632193Ft09 -. 13000027439178E,0R -. 73900054951446E+03 . 4919A38778793E+09

VELOCITY .70359247342682F+00 -. 2 6 3 7855723918E+02 -. 28648824405150EfOO .26389494204586E+02

EARTH PCSTTION .2699573449795E+05 .11127264569507E*05 -. 73900054951446E+03 .29208420681242E+05

VELOCTTY -. 14077257841Z99E+01 .34055340302008E+01 -. 2648624405150E+00 .36961370904199E+01

S/C ACCELFAtTIO S X Y 7 MAGNITUDE
PRTIMARY BOY -.43183158052931E-03 -. 17799494152516E-03 - .11821266473555E-04 .46722634289177E-03
prRFURBING BOOIES .22480771815330E-08 -.15346305S59SA8E-09 .29530051044931E-10 *2255025q53326E-08

THRUST ,32230473T30514E-07 . .10509991880452E-06 .16297987203846E-06 .19658900035171E-06

J2 + RAD. PRESSURE -. 307171Q0737504E-97 -. 1635966375973E-07 -. 76882230275145E-08 - .35641081917243E-07
---- --- -- ---- --- --- - -- - - - - -- - - - - -- - - - - -- - - - - -- - - - - -- - - - - -- - - - - -- - - - - -- - - - - -
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CONTROL PHASE CHANGE 0***

JULIAN OATE -- 244432.00 0001 CONTROL PHASF -- T PRIMARY BODY -- EARTH
DAYS FROM LAUNH-- 4.00000000 PRESENT MASS (KGI-- 4988.540007435 FLUX (E14)-- 0.0100000000DAYS FROM UTOF-- ST-- -.l 3370040 -- 5200PRS P00 -- FLUX RATE LEI'/SEC)-- - 0.
MOTION (OEG/SEC)-- .0972353549P040 PRESENT YAW (DEG)-- 56.000000000 AVAILABLE POWER (KWI-- 14.4250000000

THRUST PHA E THRUST H THRUASE THUSTHASE THRUSE-PHASE- THRUST PHASE --THRUS--PHASE NUMBER INRUST PHASE THRUST PHASE
OUPATTON THROTTLTNG AS = PITrH At A2 A3 = YAW OF A4 AS(DAYS) (DEG) (DEGSEC) (DEG,SEC) (DEGSEC) THRUSTFRS (DEGSEC) (OEG,SEC)
6.000000 .n000ooo0 317.9520000 ----.00740 10. 000000.0 --10-0O00O- 6.0000 0.000000 ... 6.0000000

====== ECLIPTTC ==
ROODY RELATIVE S/C STATES X -- -----. . Y - Z .-. MAGNITUDESUN POSITTO4 -. 14A63095045632F*9 -. 13001987s4854E08 -.74032144490O89E+03 .14919839124750E+09

VFLOCTTY .702c096807345lE+00 -. 2637889R8172s3E+02 -. 28598872162756E00 .?6389801191654E+02 v

EARTH POSITImn .269916004r8299E.,5 .11134828893559E+05 -. T403214449808qE+03 .2920755999?7F+05
VELOCITY -. 14088085768221E+ 1 .34051926368750E+ 1 -. 2859887t216756E+00 .T6961966430C47E+01

S/C ACCELERATTMS x Y Z MAGNITUDE
PRIMARY BODY -. 0318055716q081E-03 -. 17813249582925E-03 .i1843496471387E-e4 .46725529020253E-03
PERTURBING BOOTFS .22478292386912E-08 -. 15380145705718E-09 --- .29582831235422E-10 .22532790147720E-08
THRUST .32230477855154F-07 .10509991697312E-06 .16297987240379E-06 .19658900035171E-06J2 + AOD. PRESSUDE -. 3071442A45076E-07 -.163712209525?SE-0F -. 7692ft719807667E-08 .3564493027f277E-07~---'- -- ............-------- _~~~r----- --- -- ------------------------------------------ ----------------------------

JULIAN qATv -- 2444327.0000000 CONTROL PHASE -- 3 PRIMARY BODY -- EARTHDAYS FROM LAUNCH-- 7.000' nO" PRESENT MASS (KGI-- 4979.899196005 FLUX (EiL)-- 0.000000000DAYS FROM rUTnFm-- 0.00000000 PRESENT -PITCH ODE- -. 4b.093268L39 FLUX RATE LEl/SEC)-- 0.MOTION (OEG/SFCV-- .00723535498040 PPESENT YAW (DEGI-- 8.876101703 AVAILABLE POWER (KW)-- 14.4250300000

.====== ECLIDTTC
BODY RFLATTIV S/C STATES X Y 7 MAGNITUDE
SUN POSTTTnW -. 14790549067008E,09 -. 20681712593857E+n8 -. 21391944911892E+04 .1493444582215E+09

VFLOCT'Y .56505671539327E-01 ... o241221836714E+,2 -. 7720237054270E-01 .28841373979741E+02

cAPTH POSITTON .61780966576612F+14 .28891444451931E+05 -. 2139194491ii92E*04 .2921961344610E+05VELOCTTY -. 5842431124815E+01 ... ... 7652770570494F* ... -- 747243705270E-01 ... .36703823482755E+01

S/C AC'rLEATT"MS X Y MAGNITUDE -
PRIMARY BOnY -. 94745095313352E-04 -. 44306892721661ED1 .. ---. 32805926678106E-04 .45427187473390E-03
PERTIIRING RODTES .95194602766484E-19 -.983344369068n5E-Oq .85230445275363E-10 .13712883054145E-08THRUST -. 1575187109r387E-06 .11421969164207E-06 .30383971326534E-07 .19693010936104E-06
J2 + RAD. PRESSURE -. 34445118269342E-08- - -.. 87263197Le1 07- .... t --- 190261J66G52E-07 .31500733754245E-07

----- -- ----- ----- ---------------------- --------------------

*** CONTROL PHASE CHANrE *

JULIAN DATE -- 2444321.00000000 CONTROL-PHASE- .... -. 2 . PRIMARY O8Y..- -- EARTH
DAYS FROM LAUNCH-- 1.00000000 PPESENT MASS (KGI-- 4997.119729520 FLUX IE14)-- 0.0000000000DAYS FPOM CUTnFP-- 6.00000000 PRESENT PITCH (DEG)-- 281.584795889 FLUX RATE IE14ISEC-- 0.
MOTION (OEG/RECI-- .00O7253549Rf40 PRESEN-YAW (ODEG.- . 5,.678119956. .. - AVAILABLE POWER KWI-- 14.4250000000

THRUST owHAE THRUST DHASE THRUST PHASE THRUST PHASE THRUST PHASE THRUST PHASE NUMBER THRUST PHASE THRUST PHASEDURATION THROTTLING AD = PITCH A. A2 . A-. -- . A OF . . A...._ A5
(DAYS) (DFG) (OEGISEC) (DEG.SEC) (OEGSEC) THRUSTERS (DEGSEC) (OEGSEC)

3.0000000 .9929301 281.5847959 .0071700 11.0000000 -8.3218800 6.0000 0.0000000 63.0000000
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rONVERGENCE rN THE NONLINEAR GUIDANCE ALGORITHM AFTER 3 ITERATIONS WITH QO= .8553E00

--- ESTIATED TRAJFCTORY--G NDITIONS FOP NONLINEAR TARGETING ----- *-......

ITERATION NUW~ER 3

TRAJECTORY STATE AT ?.OOGOO nAYrTJ.D.= 244327.0000)
ESTIMATE REFERENCE DEVIATION

S-- .623517486977E04 -- .5623927338 19E*04----612I75315 SEO n--K . .

Y .288806213005E+05 .2890629713E+05 -. 108441670836E+03 KM

Z -. 214082855600E+04 -. 222454145189E+04 .837128958907E+02 KM

Vx -. 35466076523E01 ...---. 360314241483E+0--- .,65347624041
r

E-0J--
- 
CMEC tl - --

VY .775508498180E+00 .699154466145E+00 .763540320354E-01 KM/SEC
V7 -. 7558187851T7E-01 -. 738662121910E-01 -. 171566632680E-02 KM/SEC

. S/C MASS 4979.89920- ------- -4979.83811- ------- .-06--89 - - --

/C ORBITAL ELFNMNTS
ESTIMAT -E REFERENCE. -- EVIION --

A .296568724276E+05 .296 95963037E+35 .7276123q5945E+01 KM

E .00712418 .00197557 .00014861

I 4.30749q424 --- --.. .45855352 -- ----- .1510929--E

NOnF 183.66927247 183.97618124 -. 30690877 OEG

APSTS 1q6.0972(506 203.38768681 -7.29944175 DEG

M A 57.89167356 5±.5227713- ...... -.. 6.36896f. ~- --- - - -

TARGET VARIARLFS
FSTTMATE -- - - REFERENCE -- -- -DEVIATION. --- -----.-..----- ---- -. L

RC .2q593875Q175E+05 .25910216000E+05 .285431751027E+01 KM .

A .296566724276E+05 .2q6495963112E.05 .727611642471E*01 KM

QUARRATIC FRROP FUNCTION TO MFASUPE RATE OF CONVERGENCF

q = .?811126~T436E+02 FOR ITERATION NUMBER I

_.- 0 = .742411753496E+02 FOR ITERATION NUNBER 2-- ---_..- -- _...

O = .8A53l384026E+00 FOR ITERATION NUMBER 3

PHI MATRIX nyER TRAJECTORY ADC 1.00000 TO -4.00000 OAYS.
x Y 7 VX VY VZ

X -. 207241O5051E+31 .1509946A3529E+02 -. 139770129214 +01 -. 11813170062qE+06 -. 529996817065E+05 .328365956222E+04

----- .171103 24lE+ -. 555940622941E01---4 3422570928 2E+00-k-,Z-32555E.5 -1 t15AlaZ2B.6E-45--*.662362358 E098E3+-

Z -. 186665000087F10 .593400519886E+00 -. 897654956824E+00 -. 55273120128E*04 -. 110874329387E+04 .388138325105E+04

VX .5F440?533.5E-lh .252262789856E-03 -. ?43795251229E-04 -. 14T070174?15E+01 -. 150745205ii lE01 .980049575548E-01

----- VY -. 3190t7Z9q35E-90 .186159552901E-02-- .. 17717-565439E-83-- 41k39680222L -L-98395247ZSEi-0 .30011i9329712E00

V7 .25351472132?E-14 -. 148171020151E-03 -. 474875011315E-04 .11052755070?E*01 .380381072725E+00 -. 82817?417090E+0

THETA MATRIX OVrR TPAJECTORY ARC 1. 0000 O-- 7 --- 90 0-DAYS--
(ALL ELEMENTS APE TN INTERNAL UNITS)

THROTTLTIG . DITCH ANGLE YAW ANGLE

-X - .1399 7029'E&05 -.327034065620E06- -- I3308125"Zt59(E6 O

y .?47189643i1E+04 .62012090014E+05 .624222922989E+05

Z .268860171513E+14 .936250170723E*04 .902367442516E+04

V- -..---.43f86 001113Fe00 -. q370q58TtOEE*l- -- rZ Z -E---- ---

VT -. 168167643678E+g1 -. 399969946498E+02 -. 4047117070E+02

VZ .445448518523E+30 .493684193138E+01 .493151820229E*01

ETA MATRIX Ar THE TARGET POINT
tALL FLEMENTS APE IN INTERNAL UNITS)

X . __ __________ _________._ __ - .....---...-....

RCA .1139~f357885E*+l1 .125433684443E01i -.887q42727422E-01 -. 904215426964E+04 -. 507254875643E+04 .338672711514E*03

A .4219110r3709E+0 .195424404286E*01 -. 144I61892913E+00 -. 15828265293E+0R .342234592477E+04 -. 333545410365E+03

TARGETICONTP"L SFNSITIVIT MATRIXI 2 3)

CALL ELEMFNTS ARE IN INTERNAL UNITS)
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MONTE CARLO CYCLE NUMIrR 1
GUIDANCE EVENT NUMBER 1

OUTPUT OATA AT THE OESIGNATEO- TAGET.-N- T .--------.--- - ------

- GUTOANCE EVENT TIME 2444321.00000 AT-----1.00000 DAYS- FROM--LAUNCH - - ----- - -
DESTGNATFO T*RGFT TTNE 2444327."0000 AT 7.00000 DAYS FROM LAUNCH
DURATION OF rHE GUIDANCE TRAJECTOPY IS 6.00000 PAYS

SfC STATE VFCTOR AT fRAJECTORY TIME = 7.00000 OAYS(J.).= 2444327.00300)
ACTUAL REFERENCE DEVIATION

X .45902057140E+04--- 62392733819EE04----t-03T72161979E04--- -- ................
Y .291504924170E05 .289890629713E+05 .161429445699E03 KM
Z -. 217182719930E+04 -. 222455145189E*04 .527143425878E+02 KM

. . VX -.362711446890E+01 --. 360314241483E*0 1-.239760540715E-01--KM/S C-. --...............--

VY .57281i981177r+00 .699154466145E+00 -. 126339484968EQ00 KM/SEC
VZ -.591237787592E-01 -.738662121910E-01 .147424334318E-01 KH/SEC

S/C MASS 4980.17665- - ----- 479.834-- -- ---. 33854--K-- ------------

S/C ORBITAL ELEMFNTS
ACTUAL ------ ----- REFERENCE-- -------.. V -AT.ION..--.-----.

A .296255825203E+05 .296495963037E,05 -. 240137433712E+02 KM
F .00203417 .00197557 .00005860
T 4.30799384-- --------4,45855392- ----------.150596---E---- -- -----.-

NOnF 183.36707158 183.97618124 -. 60910966 DEG ..
APSIS 204.41450679 203.38768681 1.02681998 DEG Li

M A 53.11678264- ..- 51.52277713- --------... .5940T55 ---D .... .....

TARGET VAPIaALES
ACTUAL - -------- - REFRFNCE------EVLATION.- -

RCA .295653191761E+05 .2Q5910216000E+05 -. 257024218976E*02 KM
A .296255825293E+05 .296495963112E+05 -. 240137909069E+02 KM

-------------- -----------------------------------------------------------------------

S---#-"-..-------COA.TROL PHASE. CHAN G - -ew

JULIAN DATE -- 2444321.0100000" CONTROL PHASE -- 2 PRIMARY BODY -- EARTH
--DAYS FROM LAUNC-- - 1.03000000 - -PRESENT. -ASS -----4KG)-- ---497-.1C7OZ961L.3--------.. FLUX . -.... El4)-- 0.0000000000
DAYS FROM CUTOFV-- 6.00010000 PRESENT PITCH IDEG)-- 281.663700844 FLUX RATE (E14/SECI-- 0.
MOTTON (DLG/SEC)-- .10724234350175 PRESENT YAW (EC.G-- 55.192847306 AVAILABLE POWER (KW)-- 14.4250000000

THRUST PHASE THRUST PHASE THRUST PHASE THRUST PHASE THRUST PHASE THRUST PHASE NUMBER THRUST PHASE THRUST PHASE
DURATION THROTTLING AO0 = PITCH A1 A2 A3 = YAN OF As A5
(DAYS) 40- (EGO) - - E.G--SEC--- ---- tEGSEC) ..----- i __-THRUSTERS. ODEGSECL. - (DEGSEC)

3.0000o .9594574 281.4309993 .0071709 10.0000000 -8.0396542 6.0000 0.0000000 63.0000000

- === CCLTPTIC = =- --- - -
BODY RFLATIVE S/ STATFS x Y 7 MAGNITUDE
SUN POSITIOI -. 1489981i603808E+09 -. 5304576825f202E+07 .23656775687143E+04 .14

0
092711837r6E+09

VELOCTTY - - .4176476 39440L---- ----- .28Q65761814 * ------- ._ 52z2AO4E-O .. -.292653 78283265E#02

EARTH POSITITO .708322742005q90E04 -. 27767914686300E*05 .236567756F7143E+04 .28754575758808E+05
--- -VELOCITY --- - --. 360a21ea OL44o52Ei r 4,-- 9134827~r6 lE00n -~7ZrOZSn32 8R i.-.-- ... .-----.-37227700338543E.01

S/C ACCELERATTOWS X Y Z MAGNITUDE
-P1lARY BODY --- -.---- 116I5540A4558AE-03-- - 55979103E-P - 396232 70E-C , ZC575233-8e-,03

PERTURRING !OOTES .447888609360579E-09 .11378576612737E-08 -. 94732311968692E-10 .12264982725810E-08
THRUST .10442543579842E-06 .2546080392'124E-07 .15460365634064E-06 .18829555154650E-06
.J? + RAO. PRFSRE - -. 497252920&2008E-44 a9r27721s 6-39E-4-0 . n7(r 71~r 950 2?EA-nZ r40616& g 3 - . .

---- * ----------------------------- -------------------------------------------------



CONTROL PHASE CHANGE *o

JULIAN DATE -- 2 444324.0000000 CONTROL PHASE -- 3 PRTMARY BODY -- EARTH

DAYS FROM LAUNCH-- 4.00000000 PRESENT MASS (KG)-- 4988.817470922 FLUX 4E141)-- 0.0000000000

DAYS FROM CUTOF-- 7.00000000 PRESENT PITCH (DEG)-- 335.184701526 FLUX RATE CEI4fSECI-- 0.

MOTION (DEG/SE(I-- .0072423435R175 PRESENT YAW (DEGI-- 56.232701526 AVAILABLE POWER (KW)-- t14.4250000000

THPUST PHASP THRUST 'HASE THQUST PHASE THRUST PHASE THRUST PHASE THRUST PHASE NUMBER THRUST PHASE fHRUST PHASE

DURATION THROTTLING AO = PITCH At A2 A3 = YAW OF A4 AS

IDAYS) (DEG) (DEG,SECl (DG,SECI (OEGSEC) THRUSTERS (OEG.SEC) InEG,SEC)

6.0000000 . -1.0000000 337.9520000- --- 0-.-0170 . 10. 0000.--.---7-~. 8..---6.0000- -. O.0060---- 3.000000000

====== ECLIPTTC ======

BOY RELATIVE SIC STATES X - ------- M ----- . MAGNITUDE

SUN POSTTTON -. 1863115084446E*09 -. 12999592649694E*00 -. 782907347?6758E+03 .14919855364922E+09

VELOCTITY .6469300643222E+90 -. 26401473248549E*02 -. 26452262221630E+00 .26410915119825E*02

EARTH POSITION .267q1212316984E+05 .1156205405 755F+05 -. 72907T.4776758E+03 .29190119822706E+05 U

VFLOCITY -. 14E5025251124SE+01 .33826181055692E+01 -. 284S2262221610E*00 .3697209401066E+01

SIC ACCELFPATTOWS X Y Z MAGNITUDE

PRIMADY ROOT -. 42916654643535E-03 -. 18529604324994E-03 .12547162266803E-04 .46781238527096E-03

PERTURBING BOOTES .223642S2509586E-08- -----.. 172569.094314 B09tE0 -- ,312663795396E-0-.-- .22'3308627403E- ....

THRUST .31610129897861E-07 .10458965372212E-06 .16341607927792E-06 .19657825654034E-06

J2 * RAO. PRESSURE -. 303759382268.9E-07 -. 1694991943173E-07 -. 79702271105379E-08 .35686438770175E-07

---....--..........................--.................. ---------------------------

JULIAN DATE -- 2444327.00000000 CONTROL PHASE -- 3 PRIMARY BODY -- EARTH

DAYS FROM LAIjNCI-- 7.Oaqq009 PRESENT MASS IKG)-- 4980-.176651438 FLUX (El4)-- 0.0900000000

-nAYS FROM CUTOFF-- - -- O.000000 .... _ p~Eur PT CF-- EG--------k nna TL FLUX RATE--__tL4/SECJ-- 0. -

MOTION IDEG/SECI-- .00724234358175 PRESENT YAW (DEGI-- 7.173683521 AVAILABLE POWER (KNI-- 14.4250000000

-. E === ECLIPTTC --------
BOOTY RELATIVE SIC STATES X Y Z MAGNITUOE

SUN POSITIO -. 1479070Tf56102E+09 -. 20681453545892EI0 -. 21718271093022E+04 .14934599564081E+09

VF LOCITY- - .--- .------- . 17630315119305E-1 - 290369. 5. n247rAn .- 5937- ZsarZ.-ns -2903700010612E02 -

EARTH POSITION .45902057183q83E+04 .29150492416999E,05 -. 21718271093022E+04 .29589491879439E*05

---VELOCI-T -------- -362711 A6g#91SEr04.- S296.9u4 TI767nn b I?7?787-454hL-0 T3bZ46W7Si.E9li

S/C ACCELERATIONS X Y 7 MAGNITUOE

-PIMARV--AOOY- --- ----- -- - - -. 7062754-A50&49E-%I- "LB5 T6794L6216-031 131 3...... A0n 36 nk 455269Z39912'2E-03-.

PERTURBING BOOTES .83330359632736E-09 -. 1019101103700OE-08 *86527933006706E-10 .13192607679294E-08

THRUST -. 15878.201.78239E-06 .11384283855479E-06 .2458742324800E-07 .19691932822276E-06

-k . .-- ---- --.- 2. 360er 3nSe f. zi. 9 ?5_-n_ ntlnE -T. ..9....791.iS.-n 7 136 2h569SE-07 -



**** CONTROL PHASF CHANGE

JULIAN IAT1 -- 2444324.00000000 CONTROL PHASE -* 3 PRIMARY BODY -- EARTH

DAYS FROM LAUNC-- 4.000000PO PRESENT "ASS (KG)-- 4988.817470921 FLUX (El4)-- 0.0000000000

OAYS FROM CUTOFP-- 1.00000000 PRFSENT PITCH InEG)-- 338.184701526 FLUX RATE (EI4FSEC)-- 0.

MOTION (OEG/rFCI-- .00724209865533 PUESENT-A4 --- 4(EGi-- - - 56.232701-5-26- ----- AVAILABLE-POWER-"IM)-- 14.425a000000

THRUST PHASE THRUST PHASE THRUST PHASE THRUST PHASE THRUST PHASE THRUST PHASE NUMBER THRUST PHASE THRUST PHASE

DUDATTON THROTTLING AO = PITCH ------A---- - -- AZ ---- --- A- -YA--- OF Ak AS

(DAYS) (OEGI (OG,SECI (OEG,SEC) (DEGSEC) THRUSTERS (DEG,SEC (DEG,SEC)
6.0000onl 1.0000000 337.9520000 .0071700 10.0000000 -7.0000000 6.0000 0.0000000 63.0000030

====== ECLIPTIC --
BODY RELATIVF S/C STATES X Y 7 MAGNITUDE

-- SUN POSTTTON -. 1463114760941E*0-- -12995946465545E*08 --- .819L735266L1E03 -.- .1.919855093320E+09

VELOCITY .64712125069038E+00 -. 264 1188625861E+02 -. 28S694366819E*00 .26410654834039E+02

-- EARTH POSITIOA .26794447365087E5-- ------. 15562-382 4 05.--- - .1931735266 E03 .29190759981000E+05

VELOCITY -. t4641970066663E+01 .33829027282576E+01 -. 28488943668109E+00 .36971699628656E+01

S/C ACCELERATION - ----- -.-- -------------- - -Y----.---- --- --- ---- - ------ .-- MAGNITUDE

PRIMNAY BOnY -. 429390141559S7E-03 -. 18519265169877E-03 .125307222?7939E-04 .46779186708680E-03

PERTURBING 900TES .22366373330996E-18 -. 17230864354061E-09 .3124345457295E-10 .22434823616207E-08

- THRUST .31610126703310E-07 - .1058965510245-06 . --. . .63160790123E-0 . 19657825654035E-06

J2 + RAO. PQFSSURE -. 30378557038499E-07 -. 169410481q4040E-0? -. 79671555697804E-08 .35683769553216E-07
-----------------.... -----------... .... .......----- ----------------------- .-- ------- --.-------------------

--JULTAN nATE -- 2444327.00000000 ----------COMTROL-RMASL----- --- - . PRIMARY BOODL- -- EARTH

DAYS FROM LAUNCW-- 7.00000000 PRESENT MASS (KGI-- 4980.176651438 FLUX (E14)-- 0.0000000000

DAYS FROM CUTOFP-- 0.00000000 PRESENT PITCH (DEG)-- 46.398336511 FLUX RATE (E1f1SEC)-- 0.

- MOTTON (DEGISEl)-- COZ24209885533 .--- PRESErur -TA --- l OEG). .- -4 69 a Aae __e ... AVAILABL.-POFR .I(KMJ-- 14.4250300000

====== ECLTPTTC =======

-- 80Y-REL-ATIVE S/C STATES--- ------- X--- Y Z-7 MAGNITUDE

SUN POSITION -. 147907034?1951E*09 -. 206814594184 3 7?*06 -. 21732497151901E+04 .14934595303495E+09

VELOCITY .1658158803769E-91 -. 29031545647367E02 -. 59765871251455E-01 .29031613112433E+02

EARTH POSITION .46340472322648E*04 .291446lq871913E+05 -.21732497151901E+04 .29590645068226E+05

VELOCITY -. 36261671952171iE01 .57820389505112E00 -.59765671251455E-01 .36724624206773E+01

S/C ACCELFRATIOWS X Y z MAGNITUDE

PRIMARY ROOTY -. 71291q?2133312E-04 -. 4483720867749qE-03 .3343411285394BE-04 .45523391063469E-03

-FPY4JRBIN--MOOIEP ---- - - -- .63664n - a~5 b5&A68526-ZF-'l 0ZO-430675S070566E-,0,4--_ --

THRUST -. 15875550415404E-06 .11363254186755E-06 .24820639405027E-07 .19691932822277E-06

J2 + RAO. PRESSURE -. 25503451583604E-06 -. 24q91217819275E-07 -. 1927066476S153E-07 .316003327611936-07
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3.2.4 REFSEP

The REFSEP sample case provides detailed trajectory print

for an Earth-orbital mission. A run such as this is likely to be

made after the reference trajectory has been determined in TOPSEP

and prior to a GODSEP error analysis run. Of particular importance

to the GODSEP user is the tracking information which is available

over any desired trajectory arec and from which a measurement sched-

ule can be made. The remaining output provides a detailed descrip-

tion of the integration process and the changing geometric relation-

ships among the S/C and the bodies considered.

On the first page of output is a listing of the $TRAJ namelist

describing the Earth-orbital mission. Except for two of the vari-

able,KARDS and ELVMIN, the input is standard to all the MAPSEP modes.

(Other REFSEP peculiar input is described in Section 2.1, Page 12-B

of this manual.) The value of KARDS indicates the number of formatted

print schedule cards which are to be read during the execution of the

REFSEP run. Images of two print schedule cards (KARDS = 2) may

be found immediately after the $TRAJ namelist on the first page.

These cards specify the start times, stop times, and time incre-

ments for the various print codes. On the second page of output

is a summary of the trajectory initialization data. As indicated

on this summary page, the flux model, the non-spherical central

body model, and the shadow model will be implemented during trajec-

tory propagation (ISCED = 1, J2FLG = 1, MORBIT = -1). The following

pages of output illustrate control phase print (IPRINT = -1), shadow

phase print (MORBIT = -1) and scheduled REFSEP print
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blocks. The fact that tracking computations are made from 0.4 day

to 1.0 day in increments of 0.1 day provides a sufficient number of

data points to allow the user to construct a short elevation angle

time history of the S/C with respect to the input tracking stations

(The default stations are: (1) Goldstone, (2) Madrid, (3) Canberra,

(4) Johannesburg, (5) Carnarvon, (6) Fairbanks, (7) Rosman,

(8) Santiago, and (9) Corpus Christi.) Thus, the user can identify

those tracking stations from which the S/C is "visible". This

information can then be applied to measurement scheduling for a

GODSEP run.
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REFSEP Sample Case

SC7mASS=Ro 00.,
Tt hCH=P4444?n., TEN)=1.I
TSToP=j j
STATF= 2P571.,O.,o. ,Q.9 3.7?09449p-.32554n5,
TrOOPO=3t

KI T P =3)

FNGTF~j.4?5(.)jj4,?5$ENIjNF( 17)=l.e20#

PHASz:O,9O9.v

TS1,C D = I
J?FPL G=I
MOPRTT...l,
TPRP'T -1,
qTrP=. L;

FI..VMTNI =

*RFln T PrAj

0.1 1. 0.11 1000

GC~IA PAGE ISOF OOR QUALIy



TRAJECTORY INITIALIZATION

TNITIAL IDOCH (RFFERENPE fhTE)
JJLTIM DATE .... 24463?0.00030900000
CAL749AR DATE .... 1980 MAR 21 12 H 0 MTN 0.0000 SECS

TRAJECTO3Y START FPOC 0.0000000000 DAYS AFTER THE INITIAL EPOCH
JULI4N nATq .... ?444320.0000000000
CSLcDOAP DATF .... 1980 MAP 21 12 HR 0 MTN 0.0000 SECS

TRAJE)Tl'f rNO EPnCH 1.0000000000 DAYS AFTER THE INITTAL EPOCH
JULTum DATE .... 2441.321.0000000000
CALE()AR nATF .... 19A0 MAR 22 12 HR 0 MIN 0.0000 SECS

TNITIAL STATE VECTOR I4 ErLIPTIC COORDINATE SYSTEM
P Y Z MAGNITUDE

POSITYn .28571000001000E+05 0. 0. .28571000000000E+05

tEL':ITY f. .37209449000000E+01 -. 3255050000000E+03 .37351583053435E+01

SEPS MASS 5000.0000000000 KG

EXHAUST VLOrTvY 29.4180000000 KM/SEC
ELECTRIC D23W AT i A. U. 14.4250000000 KW

FLUENCE .0000000001 EI4.PARTTCLES
THRIUSTED FFFT'TNCY 1.0000900000
RADIATION PRESSURE COEFFICIcNT -1.0000000000

LIST OF ;'AVITATINr R37TS
SU)

TARGET PLAN4T IS EARTH

THE PEPTUR3T4~ FFFETS JF a NON-SPHFRTCAL CENTRAL BODY ARE MODELED AS A J2-TERM IN THE GRAVITATIONAL POTENTIAL
(J2 = .10A2650F-n2)

INTEGRATIO)N rT F a~R;T) .5000

THE SHAn4DING LOGIC WILL RE EXFCUTEn.

REFERENCE THRUST CONTRnLL
TARI1ST THRJST PHAE THRUST PHASE THRUST PHASE THRUST PHASE THRUST PHASE THRUST PHASE NUM8ER THRUST PHASE THRUST PHASE

PDAS 'NP TIM THROTTLING AO = PITCH At %2 A3 = YAW OF A4 AS

4JMBR (tAY) (DEG) (DEG,SFC) (OE;,SEC) (DEG,SEC) THRUSTERS (OEGSEC) (DEG,SEC)

I 1o.000000 1.000000 20.000000 .007170 10.010000 -7.000000 6.001000 0.000000 63.000000

THRUST CONTROL PHASTNr ANGLES (PEG)
0.0no0 0.000 0.000 0.000

nETAILED PRINT EVENT S'H=DULE

FO4 .40000 DAYS T0 1.00000 DAYS IN INCREMENTS OF 1.00)00 DAYS -- COOE NO. 1123
CRO4 .50000 DAYS TO 1.00000 DAYS IN INCREMENTS OF .10000 DAYS -- CODE NO. 1000

(CORE RFQJUIRk~ OR THIS Jo3, 054400 OCTAL)

------------------- *------------------------------ --------------------------- **---------------------------------------- -----------



JUILIAN OarV -- ? 432.0000000 CONTROL PHASE -- t PRIMARY BOGY -- EARTH

OATS FROM LAJN-H-- 0.Q000000 PESFNT MASS (KG)-- 5000.003000000 FLUX (EI4)-- .0000000001

DAYS FROM CUTOFF-- 1.0000000 PRESENT PITCH (DEG)-- 20.003000000 FLUX RATE (EI4/SECI-- 0.

PRESENT YAW (DEG)-- 290.001000000 AVAILABLE COWER (KW)-- 14.4250000000

THRuST 1iASF THRUST PHASF THRUST oIASE THRUST PHASE THRUST PHASE TIRUST PHASE NUMBER THRUST PHASE THRUST PHASE

OURATI)N THDOTTLING An = PITCH At A? 3 = YAW OF 4 A5

(OlAT3
1  (OEG) (OEGSEf) (DEG,SFC) (3EG,SEC) THRUSTERS (0EGSEC) (DEG,SEC)

10.00nn0O0 l.nO000oo 20.0000000 .0071700 10.0000000 -7.0000000 6.0000 0.0000000 63.0000000

=:=== rLI 
T  C ::: M HMAGNITUDE b

BODY RELATIVT S/C STATEl X Y z GN

SUN POSITION -. 14900365223641E 09 -. 26q451t20 73lE+07 0. .1g90C2801342902E+09

VELOOr'IY .524975973543 E-0i -. 261717243669q4E+02 -. 32554050000000E+00 .2617380157632E*E02

EARTH POSI'TON .28571000000000E+f5 0. 0; .28571000000000E+05 o

VELA T
T
Y . .37209449090000E,01 -. 32554050000000E+00 .37351583053435E+01i

S/C ACf!
r V

TT
n N

S Y y Z MAGNITUDE

PRISaRY qOnY -. 88365934869E3 -0. -0. .8830659348649E-03

PEKTUR3TNS InOIES .22IFtu94?t. I704-0. .62105475750162E-10 0. .22902634025861E-OR

THRUST -. 74079844143538-07 .62612529986232E-07 -. 18430982466295E-06 .19613841865524E-06

J2 . RAD. PR-SSUPF -. 39519356007?5E-07 0. 0. .3951935600T735E-07

----------------------------------- 
---------------------------------------- -----

SHADOW-IN PHASE CHANSE m

JULIAN ODATE -- 743Z2n.760120O CONTROL PHASE -- I PRIHARY BOGOY -- EARTH

nAYS FOMO LA9fPH-- .26014205 PRESENT MASS (KG)-- 4999.25 946782 FLUX (El4)-- .003191965

OATYS FRO" -')TOFF-- .719C95 79 PRFSENT PTTCH (DElnG)-- 179.135704790 FLUX RATE (EI4/SEC)-- .884941E-07

PRESENT YAW (DEG)-- 54.701659056 AVAILABLE 'OWER (KW)-- 14.1716938014

ECL== I'IC ==.= 
L

BODY RFLaTIV S/C STATFS X y Z MAGNITUDE

SUY 3SI
T
I/ON -. t4905754876A65E+09 -. 3360624544q116E#07 -. 5t115870865286E+03 .14909542797318E*09

VEL3 I'Y -. 57?7110116444E+fl0 -. 335117'90q0527E+02 .32028491249981E+00 .33538160151975E+02

FARTH POSTTInN -. 28014583t81520E+05 .57618439606119E+ 4 -. 51175870865286E+03 .28605552147033E+05

VELIVTTY -. 7950261802?83E*00 -. 364179q0599212E401 .32028491249981E+00 .37339157790183E*01

S/C ACCELRA4InNS Y Z MAGNITUDE

PRIMARY BOGY .4770639844094E-03 -. 9811919098q847E-04 .87148056796122E-05 .48712767189764E-03

PFRTURBING 9j1TES -. 22268354195354E-08 -. 30635805871453E-09 .20491987911629E-10 .22479037273436E-08

THRUST 0. 0. 0. 0.

J2 + RAO. P7SSURE .17734419855608E-07 -. 97547309t35401-08 -.39088156592753E-08 .39170397711704E-07

---------.------------------------------------------------------ 
------------------- - - --- -- -------- **

444 ~S HADOW-OUT PHASE CAN;E 4**w

JULIAN nAT' -- 244320.3000043' CONTROL PHASF -- 1 PRTHARY 803Y -- EARTH

DAYS FROM LAIN H-- .30001433 PRESENT MASS (KG)-- 4999.25946782 FLUX (E14)-- .0033794893

nAYS FROM CiTIrF-- .69999567 PRESENT PITCH (DEG)-- 20.26 34955 FLUX RATE (EI4/SEC)-- .256412E-07

PRESFNT YAW (nEG)-- 54.137994875 AVAILABLE POWER (KW)-- 14.1662169536

====== ECLII'TI ==

BODY PEL4TTWV S/C STATEc X Y Z MAGNITUDE

SUN 3DSITrIN -. 14900661805982E+09 -. 347626864ttS52E+07 .60539103535681E+03 .14909711897261E+09

VEL3'ITY .11102371iiQ2iOE+01 -. 334964d5692647E+02 .31750540356400E+00 .33516303951355E+02

EARTH POSI'ION -. 277624Z03158?3E+05 -. 69351227466563E+04 .60539103535661E+03 .28621979999702E+05

VELVTTY .902q510?255109E+00 -. 36069372886946E+01 .31750540356400E+00 .37317726127389E+01

S/C ACCELERAITONS X Y Z MAGNITUDE

PRPIMAY 90nY .47195730525884E-03 .11789567262798E-03 -. 10291541621086E-04 .48656864942045E-03

PFRTURBING 1~nTES -. 221488247074F-08 .19962911507935E-09 -. 24240400768915E-10 .22504923938737E-08

THRUST .55744112675187E-07 -.98132899599400E-07 .15612777770567E-06 .19264826771357E-06

J2 + RAG. PRFSSURE .36o3235223235RE-07 .1162q250404S17E-07 .473?6410276887E-08 .39008759899350E-07

...... . - ..----------------------------------------------------- ----------------------------------------------------------- ------



JULIAN DATE -- 244432.3999'9 CONTROL PHASE -_ 1 PPIMARY BODY -- EARTH

DAYS FOOH L41AN
H -

- .4000000 PRESENT MASS (KG)-- 4998.975118197 FLUX (E14)-- .0034399176

DAYS FROM ClIJfFF-- .6000000q PRESENT PITCH (OEG)-- 277.595227831 FLUX RATE (E14/SEC)-- .133334E-08

PDESFNT YAW (DEG)-- 5.597674550 AVAILABLE POWER (KWI-- 14.1614997933

= ==== rCLI'TIC ======= MAGNITUDE

ROnY RELATIc S/C STATES X Z MAGNITUDE

SUY POSITTON -.149032f33990E+09 -.37555487071592E+07 .24649978603893E+04 .14907984492716E+09

VELfNITY *.91 6645573833F+01 -.30628420124906E+02 .66520474671243E-01 .30877394453870E+02

FARTH oDSITrOY -. 560 02?2479l08E+04 -.27976710817436E+05 .24649978603893E+04 .28656049543575E+05

gVL3ITY .3653795021357TF+01 -.7401972272078E+00 .66520474671243E-01 .37286103255997E*01

S/C ACCELFP4TIONS X Y Z MAGNITUDE

PRIMARY BODY .q641493562472E-04 .47390486441207E-03 -. 41755247227839E-04 .*4541236180880E-03

PERTURBING 33DIES -.53092368312889E-09 .11013952564623E-08 -.9873510152487E-10 .12305862961364E!08

THRUST .IA933781718947F-06 .3011262000546qE-07 .18787707163962E-07 .19263561401984E-06

J2 + RAF. Pv SSURE .4042440'649313E-08 .29485236312837E-07 .20425123205343E-07 . 36095791246560E-07

PIT^J YAW POLL

ANrLE (ng) , 277.591 5.598 36.194

RATE (D/S) . .74308E-"2 -. 80107E-02 -. 66181E-01

TOoQUE (-4). -. 044566E-n4 -. 51260E-03 .37q75E-01

SOLAR AR4Y 'OrTATIN= 80.576, ECC ANOMALY= 7R.465 7 iTvn3 10d dO
CUMULATIV '.UX = .343991PF-02 10'14 PARTICLES I Vcl 6I NIIDI8O
FLUX RAT .*3 4 ~4Eq-58 10"-4 PART/SE7

oOWER 'EcrPAIO TION= 1.805344 OE!;ENT

SUN OCCULTATTION nATA

ORBITAL ERI)n 1l 3c;037q5q HRS SHADOW ENTERED, THRUSTERS IN)PERATIVE .260142151 DAYS

SHanw TIM
r  

57.40 695154 MIN SHADOW EXTTFO , THOUSTERS OPERATIVE .300004335 DAYS '

WARM-U
0 
Tr4 0.0000qf000 MIN % OF ORBITAL PERIOn THRUSTERS INOPERATIVE 7.166046568

INnIVIDUAL 3--TUZBINr ACCEL-RATTON- 
Ij

IlI ........... -. 53q9236
83

'28A9E-0Q *11013952564623E-08 -. 98735101452487E-10 .1230584298.1364E-08

PLANETARY EPF rRIn S .14907345273155
ARTH o3SIT3N -. 14902684159610E+09 -. 3727571q963410E+07 0. *9073527355E+09.

VEL3)ITY *,5886953602603F+00 -. 29892229n215 F+02 0. .29889343948762E+02

INTEGRATION nATA, aNCKE FOR4ULATION

CONIC POSrTION -.569657663133qF+04 -.2797520623352?E+5S .24603441418129E+04 .28655277136306E+05

CONTC OrL3"ITY .365764T5507012*F+l -. 74008274393092E+00 .65742543021842E-01 .37274356338109E01

OFLtA POSITION .50754151990602E+01 -. 14145839094759E+01 .46537185764064E+01 .70297925764698E+01

DELTA VL T Y 1i1614706560741E-02 -.11447968986744E03 *77793164940127E-03 .14026037699413E-02

DFLTA AC'. -.90250750774050E-07 .16227f16392796E-07 -.55133902196484E07 .10701706654720E-06

RECTTrTCATT'I, ...........

INEGRATTON TFPS ....... *****
STED ST7E AYI) ........ ** .2840284274830E-01

--- TARGrT DATA .

SUN-TARGET-SIC ANGLF 102.83RA2071576' DEG

EXHAUST-LINE OF SIGHT 109.86473878?069 DEG

SfC-TARGET U4IT VED .19862480483521E+00 .97629335735528E+00 -.86020156289893E-01"

OSCULATING CIC DATA WRT TARGET BODY

OSCULaTT4G C'NIC ' ILLIPSF

PERIPOINT VETO3R -. 18890807414700F+05 .2140983814967E+09 -. 18943566368274E+04 .28615247012617E+05

PFRT-VEL VE3TO
O  -.28046258849550E+01 -.24555666478128E+01 .21556816222457E+00 .37339260235014E+01

CONIC ELEMrNrS A E INC NODE APS MA TA

S/C WRT TARGIT .28r40FFE*05 .f879190E-OR .5039264E+ 0 .1802225E+03 .3110909E+03 .1271499E+03 .1272309E+03



-- TJACKIq 1AT4 -----

SUN-EARTH-S/~ ANrLc 102.883820715763 BEG
RaNGr-V:L IN"LUD D AN-LE 89.959QS4716671 DFG
GFOCENTRTC c UATORTAL IE -18.02710396S4s nFG
RIGHT ASC~NSTBN ?27.943356099829 DEG
EAST LONGTTU)E 114.390957969646 BEG
'RENWTICM HOJ1 ANGLE 143.5r2398120181 OEG

MINIMUM ELEVATIO ANGL................. 15.000 DEG

STATInN ELrVATION AZIUTH RANGE RANGE RATE

1 -49.79 ?4 276.9175r .33736374158816+F05 -.19096390862700E+00
2 -47.57f43 86.04791 .325?793123956E+05 .25375745?99550E+00

49.15qr9 299.4485 .23733207724248E+15 -.23529189592208E+00
4 -2.24)q1 105.02923 .25188875975824E+05 .33321862497528E+00
5 81.31350 5.37056 .22338582178016E+05 -.33632936509380E-03
6 -30.69Q4 269.16407 .31376774658123E+05 -. 10366246853726E+00
7 -71.21705 313.4766T .34615156068159E+05 -. 61265733328588E-01
A -47.42'89 116.17152 *33022367373006E+05 -. 58770067484046E-01
9 -64.'5qt4 281.15491 .34291903065615E+05 -. 13850001859204E+00

------------ ----- ---- -----------------------------------------------------------

JULIAN BATE -- 2444320.500000 0
DAYS FDOO LAIN"H- .oo000o0o

-... -TRACKIG DATA-

SUN-EARTHN-'/ ANLEL 13.590787571798 DEG
RANGF-VrL TrLUnEn ANGLE 89.996764261c98 OEG
GEnCENTRIC r)UATO'IAL hE -10.955467399018 DEG
RIGHT ASCEN3'OJ 7?4.367476301043 nEG
EAST LOrcTTU!E 144.71;514124746 BEG
GREFNWIC H4JR ANGLr 179.650962856897 DEG

MINI'MUH LEVArTON A~NGL ............... 15.000 DEG

STATION rLEVATInN AZI1UTH RANGE RANGF RATE

1 - 4.7 490 265.74285 .30748563676567E+05 -. 36735651710458E+00
2 -56.92047 51i.6734 .33785711087105E+05 .23442795420152E-01
3 58.50a b 349.96502 .23015295460539!+05 .83883788501592E-01
4 -2q.74351 112.63869 .31290570455144E+05 .35217266960234E+00
5 49.19387 70.41907 .23537786057771E+05 .26486543715987E+00
6 -13.27342 245.35 0? .29451002236541E+05 -.32170618448850E+00
7 -49.02230 297.19277 .33171473885094E+05 -.26425589933494E+00
8 -43.84149 223.68979 .32710193233254E+05 -. 22743031637786E-01
9 -39.56077 272.87158 .32302&52419728E+05 -.31042798162464E+00
--------------------------------------- ------------------------- -------------------------------------------

JULTAN nATE -- 244320.59999999
DAYS FROM LAUNCH- .60"0000



.T A C K I 4r A T - - -

SUN-EAPTH-Sf
^ 

aNGLE 25.705387123170 DEG
RANGE-VEL IN-LUfrn anrHLE Q0.nnf733482975 DEG
rEOCENTRIC EIUATORIAL DE! 8.332863507977 DEG
RIGHT AS:rNStON 26.122379815461 nEG
EAST LONGITUPE 170.372852221850 DEG
GPEENWICH HIIR aNGLr 215.749527593611 nEG

MINIMUM ELEVATION ANGLE ............... 15.000 DEG

STATION FLVATIrN AZI4UTH RANGE RANGE RATE

1 6.95843 266.96403 .27284695095Z16E+95 -. 40696886564888E+00
2 -4Q.44609 7.179iA .332054345q1641+t35 -. 13076870015417E+003 30.52972 28.97517 .24873606637691E+05 .29960491724176E+00
4 -57.3A4m5 109.37765 .33929772742444E+05 .22011888208935E+00
5 13.17191 66.49581 .265

3
37355 1715E+05 .3Q830713770460E+00

6 13.88046 227.75493 .26467282067730F+05 -. 31896914815634E+00
7 -20.65517 286.593A6 .302870316444g1E+05 -. 38259176778134E,00
8 -39.72512 60.86635 .32218448682316E+05 -. 11892959108349E+00
9 -10.7'!53 27A.42757 .29163606049042E+05 -. 39878674180494E+00

-------------------------------------------------------------------------------------

JULTAN OATF -- 24443290.999999Q
DAYS FRO4 LA'IN74- .700000un

----- TPACKTV nATA -

SUN-EARTH-I-S ANGLE 90.010493690991 DEG
RANGE-VEL I-4LIUrE ANGLF R9.970093838414 DEG
GEOCENTRIC EEUATORTAL OE- 15.35R901744000 nEG
RIGHT ASCENSION 91.827276921249 nEG
EAST LlNGTTUIE 199.979184590924 DEG
GREENWICH H32R ANGLE 251.848092330325 OEG

MINIMUM ELrV4TIOl ANGLE............... 15.000 DEG

STATION FLEVATION AZINIITH RANGE RANGE RATE

1 38.24726 257.75198 .24284609750217E+05 -. 25061340980352E+00 -
2 -77.37866 334.11321 .320R993835110E+05 -. 99760271449592E-01
3 4.9?046 50.74676 .274138574 4066E+05 .25239817570203E+00
4 -81.58763 134.32540 .34964925263133E+05 .39557946338431E-01
5 -16.53307 71.76760 .298397126f3536E+05 .33623520821053E+00
6 31.92897 196.26384 .24796136588768E+05 -. 32030467137906E-017 7.90797 278.40858 .7ZTO83541111498E+05 -. 32145560779310E+00
8 -21.?7999 285.88'79 .30366451043966E+05 -. 30957250451934E+00
9 20.112r 279.28819 .25849843131865E+05 -. 33410938Z75825E+00------- ---------------------------------------------------------- --------------------------------------------------------

JLPLIAN 8'rE -- 2444320.8000000n
DAYS FROM LAJNCH- .80000000

----- TRACKl OAT4-

SLUN-FARTH-S/, ANGLE 154.262689164796 DEG
RA4GE-VEL IN'LU'En AN&LE 89.9?8748963585 DEG
GrOCENTRTC EIUATO!IAL nF? 7.3199544188A7 DEG
RIGHT ASCENSION 157.170257258703 OEG
EAST LONGItUIE 229.223600191664 DEG
GREENWTCH H3UR ANGLr 787.946657067039 DEG

MINIMUM eLEVATTON ANGLE................ 15.000 DEG



STATION rLVATION AZIMUTH QANGE RANGE RATE

1 51.3941' 207.96331 .23445299212699E+05 .63101138847437E-01 0C
2 -32.46~5 101.059~6 .31612174945951E+05 -. 26936588908580E-01
3 -9.094277 78.34q88 .29005604320819E+0 .12676338348579E+00
4 -67.3u7'1 231.53544 . 3448tO0399098Tr95 -. 1513049q264622E+0
; -36.4612l 94.03414 .32029050234246E+05 .168q6411409656E+00 -
6 19.90874 160.47382 .25974016495111E+05 .27351512668033E+00 >-
7 26.708?O 249.35q01 .2526'457728610E+05 -. 87610428764645E-01
8 7.4q406 293.61113 .27163548q90160E05 -. 40043910211277E+00 p
9 43.1R05 243.74640 .23962213276713E+95 -. 84343947434139E-01

------------------------------------------- - ------... -------------------......... ......---- ---------------------------------

SHADOW-IN DHASE CHAN;E 64 .

JULIAN DATE -- 2444320.81997560 CONTROL PHASE -- i PRIMARY BOOY -- EARTH
DAYS FROM LAUNCH-- .81907960 PRESENT MASS (KG)-- 4997.793176244 FLUX (E141-- .0062249051
DAYS FROM "CirOFF-- .18002440 DRESFNT PITCH (DEG)-- 166.02i712335 FLUX RATE (EI4/SEC)-- .155662E-06

PRESENT YAW (nEG)-- 54.80;170178 AVAILABLE OWER (KW)-- 14.1008583141

= CLTITIC =======
BM0Y PrLATITV S/C STOrFS X . Z MAGNITUDE
SUN P3SETTON -.14q0416q3t56b2E+0q -. 48065340095106E+07 -. 49801160318604E+03 .14911917739951E+09

VELO9ITY -.24528823968683E+nO -. 3352J94504431E+02 .32373416664651E+00 .33526405436111E+02

EARTH POST'TON -. 28176066871051E+05 .54928812887478E+04 -. 49801160318604E+03 .28710808151829E+05
VEL3"-TY -. 72074677S33935E+00 -. 36419277439850E+01 .32373416664651E+00 .37266496241998E+01

S/rC CCELeRATINS X Y Z MAGNITUDE
PPIMARI 1400 .474556t3103552E-01 -. 92511994396562E-4 .83877732367814E-05 .48356252481192E-03
PERTURBIN; 9qnTES -. 2?312373230476E-08 -. 32831094706160E-09 .19931995974191E-10 .22553503839059E-08
THRUST q. 0. 0. 0.
J2 + RAD. P7SSURE .37344310096899E-07 -. q13634624 349E-08 -. 3620620785114E-08 .38615789699288E-07

------------------------- --- ---------------------------------------

SHADOW-OUT PHASE CHANSE *

JULIAN DAT -- 2444320.85989694 CONTROL PHASE -- 1 PRIMARY BOOY -- EARTH
DAYS rRO4 LA'INCH-- .85989695 PRESENT MASS (KGI-- 4997.790176244 FLUX (E141-- .0067710531
nAYS FROM 3'JUrFF-- .14"10305 PRESENT PITCH (DEG)-- 195.174019080 FLUX RATE (EI4/SEC)-- .153459E-06

PRESENT YAW (nEG)-- 54.934816796 AVAILABLE POWER (KW)-- 14.0907982344

ELT'TTC =======
BODY DFLATTV S/C STATES X Y Z MAGNITUDE
SUN . POSITION -. 1 903964678098E+09 -.,9222917001320E*07 .63076140557920E+03 .14912090828675E+09

VcL-ITY .14276R94'23252E+01 -. 334731490q0830E+02 .31982818420036E+00 .33505108526219E+02

EARTH oDSITION -. 7805286292953E+nq -. 71q48029765654E+04 .63076140557920E+03 .28727982798231E+05
VFLO'ITY .93164792584174E+00 -. 35918035748956E+01 .31982818420036E+00 .37244208738770E+01

S/ ACCELE~'
T
INS X Y Z MAGNITUDE

PIHMARY nr)Y .4674719304q7o5E-0? *1209619691603E-03 -. 1n604573021344E-04 .4829845165973E-03
PFRTURBING 9f1IES -. 25t11154334229E-0P .17699966329119E-09 -. 25244182926185E-10 .2258204033994SE-08
THRUST .31036747483546E-07 -. 10761516720881E-06 .15513984098082E-06 .19167895334967E-06
J2 + Pa9. P VSSURE .36238642683318E-07 .11822142539650E-07 .48170366271590E-08 .38421427870713E-07

----------------------------------------------------------------------------------

JULIAN )ATE -- ?44437?.99999999
OAYS FPRO LAJN"H- .90000000

-... TRAZKIG DATA -----

SUN-EART4-Sr ANrLr ~4t.615597743'9 DEG
RANE-VEL IM:LUOEn ANGLF 89.938658330977 OFG
GEOCENTRIC EIUATORIAL nEC -11.76?974727421 DEG
RIGHT ASCENStON 211.813061083009 OEG
FAST LON'ITUE 254.767879279255 nFG
GREENIr HO'IR ANGLE 374.045221803754 OEG



MINI4UM ELrViTION ANL ............... . 15.000 OEG

STATION ELEVYvTON AZIMUTH RANGE RANGE RATE

1 r.q347 164.61554 .
2
4951879292501E+05 .23869653654585E+00

2 -27.2189 267.96546 .31104766541139E+05 -. 12226980008267E+003 -11.56487 108.78873 .3005109867496qE+05 .14443490635665E+004 -40.52083 236.5640q .32474297321353E+05 -. 296261?0434332E00
S-4(3150 129.3 767 .32997735239062E+05 .78064660234740E-01
-5.52145 138.41916 .78660770092804E+05 .29521501217009E+00

7 2'.?8516 208.47749 .25'59009978764E+05 .46362757951472E-018 42.52713 295.r3700 .
2
4049719867482E+05 -. 28725025836163E+009 40.26937 1q2.01525 .

2
4209300476301E+05 .1058

7
839663118E+00

--------------------------------------------- ------------ " -----------------------------------------------------

JULTIAN DTE -- 24432D.99q99qq
DAYS FDoO L'4'I:H- 1.0000000

---- TRACKTNG rATJ

SUN-rART-Src ANGLE 77.6t1310454914 rEG
RANGE-VEL ITJ;LDED ANILE 89.q85 q9387319 OF CGEOCENTAIC S'UATORIaL DE -17.74774r51937 DEG
RIGHT ASN'rNrTN 785.012549015209 '3EG (
EAST LONzITJIE 284.948762474740 OEC
CREFNWTCH MlJR ANGLF .14178654047" DFG

MINIMUM ELEVTITON ANLE ............... 15.000 DEG

STATInN cLEVATITN AZIMUTH RANGE RANGE RATE
i 11.3t?39 136.04593 .26823668350573E+5 .1

6
886927664221E+002 -19.23036 244.24190 .29205443163956E+05 -.

3
1444294312976EO003 -33.122q 134.26412 .3174713434 492E+05 .24951647883357E+00

4 -15.50035 '40.499n9 .
2
9816022477191E+05 -. 28943850862435E+00S -54.10l63 167.77948 .3768465582636E+05 .84875060301547E-016 -20.77939 113.20975 .30

3 9 9
616362277E+05 .88349450587866E-017 25.14677 170.692c8 .

2 5
472609040221E+05 -. 12252514076734E-018 6q.9097

3  344.41748 .226965053117t6E+05 -. 71649251673691E-029 28.63514 151.48333 .751609782 04.79E05 o93414329915181E-01
----------------------------------------------------------------------- 

----------

JULIAN fAYT -- 2444321.0 00000 CONTROL PHASF -- PRIMARY BO -- EARTHDAYS FOOM LAINCH-- 1.00000000 PRESENT MASS (KG)-- 4997.395218139 FLUX (E14)-- .0077557414
DAYS FROI rUTOOr-- 0.00000000 PRESENT PITCH (DEG)-- '89.181444520 FLUX RATE (EI4/SEC-- .515989E-07PRESENT YAW (OEG)-- 337.523535468 AVAILALE POWER (KW)-- 14.0758074941

C=LITIC =======
BODY PELATTVF S/' STATEr X Y Z MAGNITUDESUN MOSIrTTON -. 14899826602953E+n9 -. 530456463611O6E,07 .2

4
779610861788E*04 .14909266142881E+09VrL3;ITY .41

7
390993q8373E+01 -. 2896037202110qE02 -. 80093934657639E-O1 .

2 9
259717818620E*02

EARTH DOSITION .7133236147890Er+04 -.27?5573387152E05 .24779610S61788E,04 2 8 7
64633971083E+05VEL3'TTY .

3
6056402625816E+01 .91850341822256E 0 -. 80093934657639E-01 .37216535667368E+01

S/C ACCELFRATIONI Y Z MAGNITUDE
PRIMARY 9OD.E -,11

9
46857qO5747E-03 .46485728911479E-03 -. 41501270936471E-04 .48175448536329E-03PERTURBING q30TE .45193744459635E-09 .11375853847544E-O8 -.

9 9
228746921044E-1o .1

2
260856263513E-08THRUST .1

6
49414?237453E-06 64044O562446703E-07 -. 73219463871i937E-07 .1

9 1
49012685676E-OEJP + RAO. P1 SSUQE -. j1071578i5t69?E-08 .29P014361051IE-07 .197413?6839009E-0O .

3
564i329Z7358E-07



4+444++ ++++++++++++++++++++444444++++4444*44+4444444444 TERMINATION OATA ++++ 4+44+4+++++4+4++4+4+++++44 +++++++4 +4 4 64

REQUESTED ST1'PINI CONDITION : TEND
ACTUAL STOPPIr, rON)TTTON TEND

FLIGHT TIlE .11 n0000OEOOOOOE+0
FINAL S/P IAS7 .49a739r2(183q9O+049

ECLIPTTC EQUATORIAL C)

X = .71'J361794E+0f VX= .36056402625816E+1O X = .71332361478904E+04 VX= .3605640?625816E*01 O

Y = -. ?775734 7 415?E+05 VY= .91 503I8 2?56E+00 Y = -. 26450672817370E+05 VY= .87455689516494E+00

Z = . 4776tS61788E+14 V7Z -. 80093934657639E-01 Z = -. 87682961319329E+04 VZ= .29191406657789E+00 d
R = .2875bo.39710 tE+05 V = .37t165l566736E+01 R = .28764633971083E+05 V = .3?216535667368E*01

RP = .2873,633453aOE+0 DA = .28766475568428E+05 LAT = -.17747879621681E+02

VP = .*7?5' 9050q282E+Oi VA = .372347E575293E+01 LON = .28494R73610092E+03

TPP = .7627391836564E+qO TRA = .10434329480168E+01 PERIOD = .56t51805934223E+00

bONIC ELLNre A E INC NODE APS MA TA

S/C ECLIPTIC .787505rE+05 .5517652E-03 .5094519E*0O .1803191E+03 .3118566E+03 .1521543E*03 .1521839E+03
SIC EOUAT3 IA. .28750o5E+05 .5537652E-03 .1834744E+02 .3599100E+03 .1322599E+03 .1521543E*03 .1521839E+03

e~~~e~e~~e~~e~tf IF#lp f*q.+VIt +IF VP**#fI.+#

(J
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4.0 OPERATING GUIDELINES

This chapter is intended to provide useful operating guidelines

for MAPSEP. It is assumed that the user has (1) some knowledge of

the methods (Volume I, Analytical Manual), input variables (Volume II,

Chapter 2) and output (Volume II, Chapter 3) and (2) a particular

analysis application. Among the latter possibilities, for example are:

o time history relationships of the spacecraft, Earth and

sun.

o generation of an integrated trajectory meeting mission

requirements;

o trajectory sensitivity to selected parameters;

o trajectory dispersions and their propagation effects;

o ground based and on-board navigation requirements;

o thrust control authority and thrust accuracy requirements;

o trajectory and system estimation accuracies;

o evaluation of dynamic and measurement error sources;

o mission strategy evaluation;

o probabilities of mission success or science return.

Many of these applications in terms of MAPSEP operation will be dis-

cussed in the following sections.

It is clear that MAPSEP has a sizeable amount of input in order

to be flexible in its analysis capability. However, only a small

segment of input is often used at any one time. The question of

where these input values come from is problem dependent. For example,
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if MAPSEP is used as part of a Phase B system design process, then

TOPSEP would be operated first to generate one or more integrated

reference trajectories for the baseline configuration(s), GODSEP

would be tised parametrically to examine the effects of various levels

of error sources on the system and trajectory, and SIMSEP 
would be

operated sparingly to evaluate specific error values. The initial

trajectory values, e.g., specific impulse, launch velocity and mass,

power levels, etc. would be obtained from the 
mission analysts who

performed mission opportunity searches. Earth based navigation

characteristics (including their respective error sources) would be

obtained from operational tracking networks. Thrust performance and

other on-board characteristics, and uncertainty levels, would 
be

obtained from the respective subsystem areas. Guidance success

zones and mission strategy would depend primarily on science or

other mission objectives. Unfortunately, many of the input values

are not received in forms that are directly usable. A small amount

of preparatory analysis and supplementary software 
is often needed.

This requires knowledge both of the subsystem where the data origi-

nated and of MAPSEP. A reverse problem also exists, namely, how to

translate MAPSEP results into information needed by other 
subsystems.

Thus, operating MAPSEP effectively is considerably 
more involved

than just being familiar with the input and output.

The common element of all mode usage is the %TRAJ namelist which

describes the nominal trajectory. The required input of TRAJ con-

tains as a minimum the variables
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TLNCH, TEND, STATE, SCMASS, THRUST, ENGINE, STEP, ICOORD,

ISTOP, NTP, NB, MODE,

with other parameters being optional. In the following sections,

it is assumed that the basic $TRAJ has been input, except as noted.

Each mode is then treated as a separate program, which is true for

most MAPSEP applications.

4.1 Trajectory Generation - TOPSEP

There are four basic applications of the TOPSEP mode: (1)

trajectory propagation, (2) trajectory grids, that is, a matrix of

trajectories corresponding to different control parameter steps (3)

trajectory targeting to meet mission objectives, and (4) trajectory

targeting and optimization. These submodes are often used in

sequence to eventually obtain an optimal low thrust trajectory. They

can also be used independently, for example, to generate a time his-

tory of Earth-Sun-vehicle relative geometries for a baseline mission.

Each submode or TOPSEP option is defined by parameters in the namelist

%TOPSEP which is input directly after $TRAJ.

The most common usage of TOPSEP is in generating a targeted

trajectory with system constraints reflecting a proposed spacecraft

and mission. Final mass optimization, is generally not used because

most low thrust trajectories have relatively flat performance curves

in the local area of interest.

The targeting (and optimization) procedure begins with an initial

guess of the trajectory controls: initial state and mass, thrust
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segments including duration, thrust magnitude and pointing, and

vehicle characteristics including specific impulse, base power level,

thruster efficiency, etc. These inputs are put in $TRAJ. The ini-

tial guess is often a combination of engineering intuition and results

from a mission opportunity search program, for example, SECKSPOT

(Reference 8) and POST (Reference 9). The value of a reasonably

accurate initial guess cannot be overemphasized. The targeting

process for low thrust trajectories is often so non-linear that

many iterations are spent just to bring an initial guess into the

"ball park".

Assuming that a bad initial guess occurs, which is generally

the case, then many single trajectories are computed for various

values of initial coast time, thrust direction and magnitude in

dominant thrust phases, power level, etc. One or more trajectories

are selected from this semi-random collection to start the targeting

submode. An alternate, or supplementary, technique is to apply the

grid submode. This permits a somewhat more organized search for

acceptable trajectories and also reveals the extent of nonlinearity

in the control vs. target error hyperspace. In any case, the inte-

gration step size factor should be set to a large value, e.g.,

STEP = 1., to minimize run time and cost because many trajectories

may have to be examined before a satisfactory one is reached.

The initial guess selection represents the zeroth level of a

targeting strategy. Thereafter, the targeting submode is entered
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and the strategy is to stabilize the targeting process and prevent

divergence. An example of a targeting strategy for an Earth-orbital

mission is Table 4-1 (specific numerical examples can be found in the

sample case of Section 3.2.1). The first level varies initial condi-

tions, segment times and control parameters in the early thrust (and

coast) phases. The target parameters are usually specified at some

intermediate point in the trajectory rather than at the mission end

time. The second level strategy then continues to vary thrust duration

and controls to target to other intermediate time points until the end

time is finally reached and the end time targets are within rather

loose tolerances. The third level then successfully refines the con-

trol parameters and the trajectory accuracy until all desired target

conditions are met within the tight tolerances. (An alternative

strategy might be to set the desired target values higher than those

possibly attainable at the intermediate and final time points and

simply remove as much of the target error as possible.) Thereafter,

optimization with respect to final mass may be performed if desired.

CONTROL PARAMETERS TARGET PARAMETERS
LEVEL STEP SIZE SENSITIVITY

(STEP) TYPE TO TARGETS TYPE TOLERANCES

0 Large Initial High- All (Inter- Very Loose
Conditions, Medium mediate
Early time)
Segments

1 Medium Initial High- All (Inter Loose
Conditions, Medium mediate
Early time)
Segments

2 Medium Early and High- All (Inter Loose
Intermediate Medium mediate

time)
3 Small Intermediate Medium- All (final Tight

and Late Low time)

TABLE 4-1 Earth Orbital Targeting Strategy
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It is apparent that every mission will have a different effec-

tive targeting strategy depending upon the initial guess and mission

objective. Furthermore, there is a considerable amount of user

decision making and intuitive reasoning that is required. The

unfortunate result is that the targeting process becomes less

mechanical and more subjective.

4.1.1 Trajectory Propagation

The simplest TOPSEP application is propagation of a single

trajectory for spacecraft ephemeris information. In addition to the

trajectory parameters in TRAJ with MODE = 1 (See Section 4.0), the

required %TOPSEP parameters are IMODE = 1 and MPRINT(1) equal to the

appropriate print option.

4.1.2 Trajectory Grid

As mentioned earlier, the uses of a trajectory grid can be (1)

searching for a reasonable initial trajectory to start the targeting

submode, (2) investigating the non-linearity of the hyperspace

containing control and target parameters, (3) determining appropriate

perturbing step sizes in control parameters for numerical differenc-

ing, or (4) any combination of these.

The grid submode in TOPSEP requires only a few more parameters

in $TOPSEP than the simple trajectory propagation. These are IMODE =

3, H(I,J) = perturbation from the nominal for the(I, J)control para-

meter, HMULT = scale factor of perturbations for second step, and

MPRINT(1) equal to the appropriate print option.
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For example, an input of H (2, 2) 
= 2., H (8, 21) = .01,

HMULT = 2., -.5, would result in the display of five trajectories:

(1) the nominal, (2) nominal with duration of second thrust phase

extended by two days, (3) nominal with duration of second thrust

phase extended by four days, (4) nominal with initial velocity

magnitude increased by,.01 Km/sec, and (5) nominal with initial

velocity magnitude decreased by .005 Km/sec.

If more than two steps in each control direction are desired,

it is a simple matter to stack cases. The organization of the

input deck is as follows. After the first case (%TRAJ and $TOPSEP

namelists) each succeeding case requires only a $TOPSEP namelist

with the appropriate changes to H and HMULT. To cycle back to

the TOPSEP data overlay the parameter MODE must be set to -1 in

the $TRAJ namelist. The main overlay will not be re-entered; thus,

the run will be terminated after the last TOPSEP namelist. Any

additional %TRAJ namelists will be skipped in the search for

TOPSEP namelists. If the user wishes to adjust the nominal tra-

jectory for any of the subsequent stacked cases (i.e., add thrust

phases, extend or reduce phase durations, change cone and 
clock

angles, etc.) MODE must be set to 1 in the first TRAJ. Each of

the following stacked cases 'consists of pairs of %TRAJ and STOPSEP

namelists. The user should realize, of course, that any inputs,

which are not explicitly reset, maintain their last value 
in

succeeding cases.

4.1.3 Trajectory Targeting

The primary purpose of the TOPSEP mode is to generate an
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integrated trajectory which fulfills a given set of mission constraints

while minimizing fuel expenditure (or maximizing deliverable payload).

By far the most difficult part of trajectory generation is the target-

ing process. Non-linearities in trajectory dynamics often wreak havoc

with the linear methods used in both targeting and optimization. This

is especially true for Earth orbital low thrust trajectories with an

inaccurate initial guess. It is highly recommended that the user famil-

iarize himself with Chapter 5 of the MAPSEP Analytic Manual, and con-

tinually refine his targeting strategy depending upon the results of

each iteration.

Input for a TOPSEP targeting run consists of the namelists $TRAJ

and $TOPSEP. The $TRAJ variables define the reference trajectory and

serve as the initial guess (zeroth iterate) for the run. The $TOPSEP

namelist defines the targeting strategy. Those parameters which are

used to alter the initial trajectory in the TOPSEP mode are described

below.

o IMODE = 2 specifies the targeting (and optimization) submode.

o IASTM = 1 refers to the augmented state transition method of

targeting. The sensitivity matrix, which is necessary to com-

pute the control correction, is calculated from the integrated

STMs. Selection of this option precludes the optimization

process and also requires that the trajectory be terminated on

final time (ISTOP = 1 in $TRAJ). The set of controls is re-

stricted when STM targeting is used. The controls which may be

selected are: 1) the initial state (x, y, z, x, y, z); 2) thrust

phase end time; 3) throttling; 4) pitch angle (or in-plane

angle); and 5) yaw angle (out-of-plane angle).
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If IASTM = 0, numerical differencing techniques are used

to compute the sensitivity matrix. This targeting procedure

requires more computation time; however, there is no restric-

tion on the set of controls which may be selected.

o Non-zero values in the H array denote active control parameters.

In addition, when IASTM = 0 the values of H represent the con-

trol perturbations to be used in constructing the sensitivity

matrix. For example, if H(4, 21) = 10., H (2, 1) = .1,

H (4, 5) = .5 are input, then there will be three active con-

trol parameters: initial position magnitude, phase end time

of the first thrust phase and thrust pitch angle of the fifth

phase. The perturbations used to construct sensitivity matrices

will be 10 Km., .1 days and .5 degrees, respectively.

o ULIMIT are the minimum and maximum bounds, if any, on the con-

trol parameters. ULIMIT can be used not only to impose hard-

ware related constraints, but also to modulate the targeting

process. Used in conjunction with PCT, ULIMIT insures that

control corrections will not be unacceptably large. Also,

proper usage of ULIMIT will restrict controls such as phase

end times from drifting through any other set phases.

o IWATE determines the type of weighting scheme to be applied

to the control parameters. The most frequently used values

of IWATE in order are:

oo IWATE = 2 for normalized control weighting when

very little or no information about the target-

ing problem is present and when controls with
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different units are used simultaneously.

This is also valid when all the controls

are thrust phase times, and normalization

is still according to the magnitude of

the controls.

oo IWATE = 1 when the user has gained expe-

rience with the specific targeting problem

and can select his own weights.

o UWATE are control weightings which scale the basic weighting

scheme specified by IWATE. The relative weights among the

control parameters impact the targeting process.
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In general, weights should be smaller for controls earlier

in this mission than for similar control parameters in later

mission phases to account for diminishing target sensitivities

to controls in these latter phases.

o Non-zero values in the TARTOL array denote active target

parameters and their tolerances, analgous to the H array for

control parameters (any negative tolerance denotes

equatorial targets).

o TARGET contains the desired values of the active target parameters.

o JWATE is used to "normalize" the target variables by dividing

by their respective tolerances; this is especially helpful in

determining linear control dependency (See STOL) when different

types of target variables are used, e.g., position and velocity

or time of flight and closest approach distance.

o STOL is used in linear dependency tests, that is, if two (or

more) control parameters have the same effect on the target

parameters, as measured by a vector inner product test of

the appropriate columns of the sensitivity matrix, then at

least one of the dependent control parameters is deactivated

for the current iteration. STOL is the sine of the minimum

acceptable "angle" between the column vectors of the sensitiv-

ity matrix and is highly sensitive to the control weights

and target tolerances. If no target weighting is employed

(JWATE = 0), then STOL should be quite small, for example

STOL = l.E-6; otherwise, STOL should be about .001. STOL

can also be used to terminate a targeting run after the
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sensitivity matrix has been computed and before any trial

trajectories are taken (STOL=1).

o PCT determines what fraction of the target error should be

eliminated for the.current iteration and scales the control

correction accordingly; if the targeting porcess is very

non-linear, then the sensitivity matrix (used to compute

control corrections) is valid only over small regions around

the nominal, and PCT should be set to a small level, e.g.,

PCT = .1; on the other hand, a full control step (PCT = 1.)

will attempt to remove all the target error at once which

is effective only for relatively well-behaved (linear)

problems.

o NMAX is the maximum number of iterations which is typically

set to less than 3 so that the targeting process can be

continually monitored and the targeting strategy can be

changed accordingly.

The parameters H, ULIMIT, IWATE, UWATE, TARTOL, TARGET, JWATE, STOL,

PCT and NMAX generally provide the most significant effects and are

the most often used parameters in the adaptive targeting process.

However, there are also a number of options which are very helpful

in stabilizing or accelerating convergence of the targeting process

under certain conditions.

o BTOL is used in conjunction with the control constraints

(ULIMIT) to define a marginal area near control boundaries.

If a control lies in this area and a control correction is
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made to the ULIMIT boundary, a modification is made to the

iteration process. The control on the bound is made

inactive and a control step using the remaining controls

is computed from the modified performance gradient and

sensitivity matrix without incrementing the iteration

counter. If the control is in the feasible region but not

in the tolerance region and a control correction is made to

the boundary, the control is also made inactive; however, a

new performance gradient and sensitivity matrix are computed

for the next step.

o EPSON determines what action is to be taken if all the trial

trajectories are worse than the reference in terms of the

quadratic target error index. If EPSON is zero, the run

is terminated; if EPSON is non-zero, it is assumed that

the sensitivity matrix is invalid and a new sensitivity

matrix is computed using the reference trajectory and new

control perturbations (the old values (H) scaled by EPSON).

The trial trajectory process is then repeated. EPSON is

used to compute a more well-behaved sensitivity matrix by

changing secant partials to tangent partials, or vice

versa, depending upon the strategy.

o GTRIAL are the one-dimensional search constants, which are

used to find the minimum target error (or cost index) in

the A U direction. They are useful tools to restrict the

search in the ~U direction depending upon the level of

the targeting search (refer to Table 4-1).
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oo GTRIAL(1) is most useful in restricting the per-

centage decrease in the size of the control scale

factor from the preceding estimate.

oo GTRIAL(2) restricts the scale factor estimate to

a maximum allowable value.

oo GTRIAL(3) is a minimization tolerance on the control

scale factor. A "loose" tolerance value of .1 will

cause the search to terminate if the estimated

control scale factor is within 10% of the preceding

value. A "tight" tolerance of .01 or less may

result in the use of all of the possible polynominal

curve fits in the AU direction since convergence

is based upon a 1% difference in two successive

scale factor estimates.

oo GTRIAL(4) has a .similar control on the search as

GTRIAL(3). 'The factors which are compared are the

estimate and actual values of the index to be

minimized. If GTRIAL(4) is relatively small (< .01)

it is likely that more trial steps will be taken per

iteration than if the tolerance is "loose" (> .1).

oo GTRIAL(5) restricts the extent of the search in the

SU direction. The maximum value is 4 which indicates

that all four curve fitting techniques may be used if

convergence is not realized up to the fourth fit

(e.g., two-point-one-slope fit, three-point-one-

slope fit, three-point fit, four-point fit).
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o An option that can save significant computer time is the

ability to input the target sensitivity matrix S and per-

formance gradient G, by setting INSG = 1 in %TOPSEP, instead

of computing S and G internally. This might be done, for

example, if (1) a previous run computed a sensitivity matrix,

but neither the trial trajectories nor a control correction

were implemented, or, (2) the number of controls and/or tar-

gets were to be changed (the input G and S would be composed

of elements from previous G and S matrices) assuming the refer-

ence trajectory has not been changed (much), or (3) a sensi-

tivity matrix is available from some other program or method.

o DFMAX is used to restrict increases in the cost index (nega-

tive of payload) associated with a targeting step. For ex-

ample, if a targeting control correction reduces the target

error but also reduces the SEP payload more than the DFMAX speci-

fication the control.correction will be appropriately scaled.

The targeting process can best be illustrated by a simple example.

Figure 4-1 is a diagram of control parameter space (U1 , U2) with con-

tours of constant target error (T5  T4  ... To ). Target contours

are a strong function of the particular types of target and control

parameters, and are often very non-linear. The outer dashed lines

represent control constraints (ULIMIT) and the region between the

inner and outer dashed lines represent the "marginal" area. The

starting point or initial guess lies at U 2 = 0 and the boundary U1
ULIMIT(1, 2). The eventual point of convergence is near one of two

possible minima and on the boundary U2 = ULIMIT(2, 2). Convergence

to a local minimum and not to a point of zero target error is gener-

ally the case rather than the exception even though there are more

r-
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Figure 4-1. Example of Targeting Process
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controls than target parameters. The control correction steps

A U(1), ... , t U(5) represent the results of five corresponding

iterations of TOPSEP, each one of which includes computation of the

sensitivity matrix and trial trajectories. Note that , U(3) resulted

in controls which lie in the feasible region but outside the marginal

area, and the next iteration & U(4) resulted in contact with the U2

boundary. The next iteration U(5) moved along the U2 boundary

to the point of minimum target error. If AU(3) had ended up within

the marginal area, but not necessarily on the U2 boundary itself, then

the BTOL logic discussed above would be exercised.

Although the control corrections appear to be orthogonal to the

target error contours, this is not always the case (except in a small

region near the reference control point of each iteration). The con-

trol parameter weights (UWATE) and basic weighting scheme (IWATE) are

used to alter the shape of the general contours such that the control

correction is applicable over a wider control area, rather than the

localized area near the reference point. Indeed, a more accurate

representation of the contours and targeting process would be in

"weighted" space, that is, control and target parameters divided by

their respective weights. In weighted space, wherein the control

corrections are actually computed, contours might look completely

different. Furthermore, the test of linear dependency (STOL) between

control parameters takes on a more obvious geometrical significance

because the weighted control and target parameters are not so depen-

dent upon units (seconds vs. days, radians vs. degrees, etc.) or

mission segment (early vs. late).
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The targeting strategy can be reduced to choosing appropriate

control and target parameters and their weights. Because of this,

targeting is more an art than a science. Furthermore, a good initial

guess is required to minimize computer time and !'artistic" effort.

4.1.4 Trajectory Optimization

When a trajectory has been found which meets, or nearly meets,

desired targeting conditions, TOPSEP can be used to refine the tra-

jectory and maximize payload. However, this option is rarely used

because by the time a targeted trajectory has been computed which

also meets the varied constraints of the mission and S/C system,

there is little performance left to optimize. It is probable of

course that only a local optimum has been reached, but to find

another local optimum (much less the global optimum) requires

untargeting the trajectory, at least temporarily, to reach a signif-

icantly different point in control vs. performance space.

The optimization problem is similar to that illustrated previ-

ously in Figure 4-1 where target error contours are replaced by

performance contours. A significant difference, however, is that

the starting point is already very close to the (local) optimum.

The inputs to $TOPSEP for optimization include all of those

required for targeting, in addition to

o OSCALE, used to establish the relative weighting between

net cost (See Analytic Manual) and target error for

simultaneous optimization and targeting; that is, the

parameter to be minimized is the sum of net cost,
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multiplied by ISCALE, plus the quadratic target error;

note that the quadratic target error depends upon both

the actual target error and their tolerances, and it is

close to or less than one for a reasonably targeted

trajectory.

o TUP is the boundary of quadratic target error above which

targeting only is performed and below which simultaneous

targeting and optimization occurs.

o TL4W is the boundary of quadratic target error above

which simultaneous targeting and optimization occurs and

below which optimization only is performed.

o DP2 is a constant which is used to scale the optimization

correction relative to the constraint correction. Thus,

the user is capable of restricting optimization control

corrections which introduce large target errors. (Analytic

discussion in Reference 1, page 50.)
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4.2 Linear Error Analysis - GODSEP

The linear error analysis mode provides a relatively quick

evaluation of trajectory errors due to anticipated system and envi-

ronmental uncertainties. There are several analysis techniques

available within GODSEP depending upon the mission 
segment, affected

systems and desired analysis depth. The most common options are (1)

generation of trajectory and state transition 
matrix data related to

a selected reference trajectory and storing the data 
on disc and/or

tape, the STM file, (2) a covariance analysis 
about some portion or

all of the reference trajectory using data on the STM file, 
(3) a

combined STM file generation and covariance analysis in a single

run, (4) an evaluation of error source mismodeling 
effects (gener-

alized covariance) based upon a previous covariance 
analysis (which

assumed perfect modeling), and (5) a covariance analysis of the-

reference trajectory using integrated covariances 
(PDOT) instead of

the transition matrix methods.

Whatever option is chosen, the namelist $GODSEP must be input

directly after ITRAJ to specify necessary parameter values. Other

input features are optional, for example, specification of STM and/or

GAIN files, input of namelist $GEVENT for guidance events, and input

of fixed field cards containing measurement event 
and propagation

event data.

A typical error analysis needs as input 
(1) an integrated ref-

erence trajectory, (2) expected dynamic and navigation error 
sources,

(3) a guidance and navigation strategy, and (4) system constraints,
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tolerances and evaluation criteria. The reference trajectory is

obtained from TOPSEP as discussed in the previous section. Both

expected error source levels and the guidance and navigation strategy

are related to mission objectives and subsystem characteristics.

Strategy includes the type and density of observations used in navi-

gation, both on-board and ground based, orbit determination (OD)

method, and the type and frequency of guidance updates.

System constraints and tolerances can be defined a-priori or

can be determined as part of the error analysis. Generally, some

baseline requirements are established and the error analysis either

confirms them or points out needed changes. Another criterion for

evaluation of trajectory errors is the guidance success zone. This

is the region of acceptable terminal error as determined by minimum

science return and/or by post encounter requirements.

In terms of MAPSEP and GODSEP operation, once a trajectory has

been defined by TOPSEP, that is, initial state vector, thrust/coast

segment times, thrust controls, etc., then the linear error analysis

begins with generation of an STM file. The STM file is created by

propagating the reference trajectory and writing, on disc, state

transition matrix and trajectory related data at specified epochs.

The STM file can be saved on tape for permanent storage such that

subsequent analyses do not need to regenerate the reference data.

This is often the case for a parametric examination of error sources

and mission strategies.

Once an STM file is created, GODSEP can be operated in the
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standard covariance mode. That is, a-priori covariances (control

and knowledge) are propagated using transition matrices, off the

STM file, from one event to the next. At each event the control

and/or knowledge covariance is modified. For example, at a meas-

urement event, observation matrices and a filter gain are computed,

then the knowledge covariance is updated to reflect the new trajec-

tory estimate (non-deterministically). The only exceptions where

a covariance is not modified at an event are eigenvector (for

instantaneous covariance display) and prediction (for display of a

future covariance assuming no further measurements or guidance).

Thus, a time history of expected uncertainties in actual (control)

and estimated (knowledge) parameters is computed as the sequence of

mission events unfolds.

In the course of a system design, the standard covariance

analysis is run many times with varying levels of error sources,

measurement schedules, guidance policies, etc. At some time, how-

ever, certain key assumptions should be evaluated. One of these

assumptions is the effective process noise model which .is an integral

part of covariance propagation using transition matrices. The PDOT

option in GODSEP permits a more realistic (in a mathematical sense)

evaluation of thrust process noise by integrating a state covariance

explicitly. The state is augmented by parameters which characterize

the noise process. Correlations between thrust noise and other para-

meters, dynamic and measurement, are computed as part of the PDOT

covariance propagation. This is in direct contrast to the standard
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covariance analysis where these correlations are assumed to be zero.

In many cases, these correlations will be small, but in some mission

phases they may contribute significantly to the error analysis results.

The PDOT option does not use the STM file, but is more costly

to run than STM file generation and a standard covariance analysis

combined, primarily because of the augmented state. Furthermore,

because of its support role, no guidance or prediction events are

allowed in PDOT.

A second assumption in the standard covariance analysis is that

all process characteristics and expected performance deviations are

known. That is, the OD algorithm assumes that uncertainties in

dynamic and measurement parameters are perfectly described by input

levels. If the true uncertainty in any parameter is different from

that assumed by the OD process, the error analysis results may be

invalid. Verifying error analysis results can be done by simulation

(See SIMSEP description) but this can be expensive. So, an alterna-

tive verification technique is provided in the error analysis mode,

called generalized covariance.

The importance of parameter mismodeling is not just knowing

that it exists -- it will always be impossible to model the real

world exactly -- but also knowing what its impact is on the error

analysis. To determine this, generalized covariance first requires

running of a standard covariance analysis with the filter gains at

each measurement being written on the GAIN file. The GAIN file

should be created in the course of any standard covariance analysis
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if it is anticipated that a generalized covariance will be run later

to evaluate suspected mismodeling.

In execution, generalized covariance operates on a set of "true"

covariances, propagating them by using the STM file and updating them

at a measurement with the assumed filter gain from the GAIN file.

The "true" covariances may have different a-priori levels on some

parameters and may even include parameters not appearing in the orig-

inal error analysis. The resulting output may then be compared to

the original results to determine the sensitivity of the OD process

to the mismodeling.

Note that generalized convariance handles, in effect, two-types

of mismodeling: differences in the level of process uncertainty and

mismodeling of the process itself. Obviously, a more rigorous analysis

would apply the trajectory simulation mode, SIMSEP. However, running

SIMSEP would be very costly to produce the studies that generalized

covariance can perform in one short run. This assumes of course

that linearity is valid which is the key assumption in GODSEP. By

~sing generalized covariance in GODSEP, SIMSEP can be used primarily

for testing linearity assumptions and not mismodeling.

4.2.1 STM File Generation

A basic requirement for the standard covariance analysis is a

reference trajectory with associated transition matrix information.

The trajectory data is first created by GODSEP and stored on a disc

file (STM). The STM file can then be used and reused for any ntumber

of linear error analyses related to the reference mission.
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In addition to the standard trajectory variables (Section 4.0),

the $TRAJ namelist requires

o ISTMF = 1

o MODE = 2

o IAUGDC to designate which dynamic parameters are

augmented to the basic spacecraft state of position

and velocity.

Since the STM file is intended for many applications, it is recom-

mended that IAUGDC activate all parameters that the analyst thinks

might be needed in subsequent error analyses. Also, since the

THRUST array computed by TOPSEP does not contain explicitly any

coast periods due to shadow (TOPSEP shadowing is accounted for

internally), then the THRUST array must be modified to include

explicit coast periods representing shadow plus thruster start-up

delay time. This can be done automatically if REFSEP is used

(See P. 52-E). Since the THRUST array is currently limited to

40 phases, GODSEP can analyze a trajectory segment that contains

at most 19 shadowed occurrences, in any one run.

The next namelist, %GODSEP, is required to establish the grid

of trajectory points at which spacecraft state and mass, thrust

acceleration and other trajectory data are computed, and between

which transition matrices for the augmented state are computed.

The grid of time points need not correspond either one to one or to

an exact time of events of a following error analysis but should be

set up to cover approximately the expected events. For example, a

greater intensity of time points should be inserted where Earth-
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based tracking arcs are anticipated whereas only a few points should

be placed between tracking arcs. It is very important that the time

grid on the STM file cover the maximum conceivable event schedule to

avoid regeneration of an STM file.

Time points can be established in many ways. The simplest

method is to set NSCHED equal to the number of scheduling cards and

then follow the %GODSEP namelist (which would contain only NSCHED)

with scheduling cards corresponding to a desired trajectory grid.

Either arbitrary measurements or propagation events can be used.

An alternate scheme is to use an anticipated error analysis

event schedule. That is, specify appropriate eigenvector events

(NEIGEN and TEIGEN), prediction events (NPRED, TPRED and TPRED2),

guidance events (NGUID, TGUID, TCUTOF and TDELAY) and NSCHED. Then

follow with scheduling cards corresponding to a desired measurement

schedule. Of course, the composite event schedule should be set up

to cover all possible future analyses.

Whatever the method of establishing time points for the STM

file, a number of additional time points will be inserted automat-

ically. These correspond to thrust policy changes, that is, thrust

reorientation and thrust/coast switching, and to changes in the

number of operating thrusters.

4.2.2 Standard Covariance Analysis

Once an STM file is generated, the standard covariance analysis

can be run either as a stacked case or as a separate run. The only

variables required in %TRAJ are ISTMF = 2 and MODE = 2. Inputs to

$GODSEP are much more involved and depend upon the particular anal-

ysis in mind.
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The easiest GODSEP application is propagating a covariance from

one time point to another. This may be desired, for example, to

look at effects of thrust or other dynamic uncertainties on the

growth of trajectory errors. In this case $GODSEP requires:

o TCURR = input epoch of the a-priori covariance;

o TFINAL = GODSEP termination time; this is required

only if it is different from the final time on the

STM file;

o P is the a-priori covariance (in standard'devia-

tions) and associated dynamic and/or measurement

covariances: CXS, CXU, CXV, PS, CSU, CSV, PU, CUV,

PV. Note that the augmented parameters for a simple

covariance propagation may be input as either solve-

for or consider parameters;

o IAUG denotes the augmented parameters which

correspond to the input covariances;

o NEIGEN the number of time points at which the

covariance is printed and TEIGEN is the array of

time points; the exact times will correspond to

whatever is available on the STM file, near the

desired times, within the forward and backward

time tolerances, TOLFOR and TOLBAK, respectively;

the user shall keep in mind that thrust control

events (switching of thrust policy or number of

operating thrusters) are automatically printed

at the exact times of occurrence;
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o EPTAU and EPSIG are required if thrust noise

is present, otherwise DYNOIS = .FALSE. must

be set;

o JOBLAB is used for a job heading to describe

this run.

No other input needs to be included in %GODSEP, nor are scheduling

or any other cards required.

The most common GODSEP usage is the evaluation of a naviga-

tion strategy and a set of error sources for the reference mission.

This includes tracking, orbit determination (OD), guidance and,

possibly, prediction, propagation and eigenvector events for addi-

tional data display. In this case, $GODSEP requires all of the

inputs needed for the simple covariance propagation plus

o CONRD = .TRUE., and PG, CXSG, ..., PVG, for

the a-priori control covariance if it is

different from the input knowledge covariance,

and TG, XG, GMASS to define the trajectory

epoch;

o Guidance event parameters: NGUID, TGUID, TCUTOF,

TDELAY, CONWT, IGPOL, IGREAD, TIMFTA to denote
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characteristics of the thrust update process;

if IGPOL is zero for any guidance event (that

is, an artifical guidance event whose sole

function is to print the control covariance,

analgous to an eigenvector event), then the

corresponding event values in TCUTOF, TDELAY,

CONWT, and IGREAD are ignored;

o Other non-measurement events: NEIGEN and

TEIGEN for eigenvector; NPRED, TPRED and

TPRED2 for prediction;

o IGAIN for the type of OD filter;

o SIGMES, SIGALT, SIGLAT, SIGLON, CORLON for track-

ing measurement noise standard deviations;

o PUNCHE to denote at which event types punched

card output is obtained (covariance and

state);

o NSCHED

There are of course many optional parameters which may be input

depending upon the particular GODSEP application. For example, if

the number of 2-way doppler measurements per day is different than

12, then DOPCNT should be changed, or, if the error analysis event

schedule must be meshed with a fairly different STM grid, then the

tolerances TOI 0R and TOLBAK might be altered.

With regard to schedule tolerances, the user should keep in

mind the process of which events are chosen to be executed at which
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STM time points. For example, in Figure 4-2, Event El will be per-

formed at the STM time point STM(I). Event E2 will not be processed

STM(I+1)

STM(I) -

2 E3 E

TOLFOR

Figure 4-1. Event and STM Meshing

at all; if SCHFTL = .TRUE., then the run will be terminated immedi-

ately. Events E3 and E4 will both occur at STM(I+I). In Figure 4-3,

where TOLBAK is so large that it overlaps a previous STM point, E1

is still executed at STM(I) because an earlier STM point and its

tolerances take precedence over subsequent STM points. Events E2,

E3 and E4 are all executed at STM(I+1). Thus, it is very important

that some foresight be applied to creation of the STM file and some

consideration be applied to the use of the STM file in event schedul-

ing of a covariance analysis.

STM(I+1)

STM(I) . M
E 23 L4

TOLFOR

OLBAK

Figure 4-3. Event and STM Meshing
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A number of print and-input/output options also exist in $GODSEP.

One of the more important output controls is GAINCR which determines

whether or not a GAIN file is to be created for a subsequent general-

ized covariance analysis (Section 4.2.4). Another option is the

punch flag, PUNCHE, which produces punched cards of state and cov-

ariance for selected event types. This option is quite useful in

subsequent error analyses to eliminate unnecessary repetition of

mission segments, especially tracking arcs.

Following the %GODSEP namelist are fixed field schedule cards

which determine the type, density and span of measurements used for

navigation and the spacing of propagation events. Propagation

events are used primarily to condition the process noise terms, in

particular, to break up long propagation intervals, for example

those greater than 2 days, wherein there are no other events and

in which the effective process noise model breaks down.

An option which can be used to facilitate parametric operation

of GODSEP is storing the $GODSEP namelist on the GAIN file (GAINCR =

.TRUE.) even if no subsequent generalized covariance analysis is

intended. In any following error analysis run, setting ISTMF = 3

in TRAJ will cause the $GODSEP namelist to be read off the GAIN

file and the user need only input those parameters in %GODSEP which

are different from the run that created the GAIN file. The user will

still, however, be required to input NSCHED and follow the $GODSEP

namelist with the appropriate measurement and propagation event

scheduling cards.
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After the scheduling cards there exists the possibility of one

more set of cards, the namelist XGEVENT. If guidance events are

requested and if any of the entries in IGREAD (in $GODSEP) are non-

zero, then the %GEVENT namelist must be input immediately after the

scheduling cards. If IGREAD = 2, $GEVENT allows input of VMAT, the

variation matrix of target parameters with respect to guidance start

state, SMAT, the sensitivity matrix of target with respect to guidance

thrust controls and BURNP, guidance burn parameters. If IGREAD = 1 or

2, $GEVENT also allows updating of values in CONWT, NCON, TARWT and UMAX.

One $GEVENT namelist is required for each non-zero entry in IGREAD up

to the number of guidance events (NGUID). Using $GEVENT increases the

speed of a GODSEP run by eliminating guidance related computations

already performed by earlier runs. A standard output at all guidance

events are punched cards for VMAT, SMAT and BURNP whenever these

matrices are computed and not already input.

It is apparent that GODSEP input (Figure 4-4) is complicated

because of the requirement for extensive analysis capability.

/ GEVENT /

$GEVENT
STM

Schedule Cards i

$GODSEP

%TRAJ

Figure 4-4. Standard Covariance Analysis Input
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There is no substitute for experience in terms of what input/output

options are chosen and what sequence of GODSEP runs should be made

for a specific mission or problem.

4.2.3 Combined STM File Generation and Error Analysis

In general, it is not recommended that GODSEP cases be stacked

in a single run because of the amount of output which the user

should look at before submitting the next case. There is one recog-

nized exception -.- combining the STM file generation with a standard

covariance analysis. However, even this stacked case is not without

peril because of the danger of miscreating the STM file with subse-

quent operation by an unsuspecting covariance analysis. The combined

STM generation and analysis run may be used for two reasons: (1) the

covariance analysis is a simple check case to verify the adequacy of

the STM file, or (2) the reference mission is relatively unique and

no further analysis is anticipated.

The inputs to MAPSEP are straightforward (Figure 4-5) and

Schedule Cards

9GODSEP

ITRAJ

Schedule Cards Covariance
Analysis

GODSEP

STRAJ

STM File
Generation

Figure 4-5. Combined STM Generation and Error Analysis Input
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follow the detailed descriptions contained in Sections 4.2.1 and

4.2.2 for generation of the STM file and covariance analysis, respec-

tively. Since GODSEP does not retain event information from one run

to the next, the event and scheduling cards used to generate the STM

file must be repeated for the error analysis (assuming the STM file

is to be applied only for that error analysis).

4.2.4 Generalized Covariance

A standard covariance analysis (SCOV) assumes the OD filter

knows percisely the form, behavior and initial-level of any process

uncertainties, and can estimate and/or consider their appropriate

effects. Generalized covariance (GCOV) is used to examine differ-

ences between the assumed and real-world uncertainties as they

interact with the OD process. Thus, an explicit requirement for

exercising the GCOV option is a previous SCOV run which has written

its filter gains on a GAIN file (GAINCR = .TRUE. in $GODSEP). The

GCOV run(s) can be stacked behind the SCOV, although this is generally

not recommended.

Exercising GCOV requires two tapes or files, STM and GAIN. The

(TRAJ namelist requires only MODE = 2 and ISTMF = 3. The $GODSEP

namelist also requires only a few inputs because the measurement,

propagation, and print schedule, a-priori covariance, noise levels,

etc. are all obtained from the GAIN file. Thus, $GODSEP input is

o GENCOV = .TRUE. and GAINCR = .FALSE.;

o IAUG to activate ignore parameters, that is,

those parameters known to the real-world
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(GCOV) but not by the assumed world (SCOV);

note that only those parameters not already

activated as solve-for or consider in the

SCOV are available to be used as ignore

parameters;

o CXW, CSW, CUW, CVW, PW (covariance terms) for

the ignore parameters;

o Any parameters to be mismodeled, for example,

covariance p, CXS, ..., PV, measurement

noise SIGMES, thrust noise EPTAU and EPSIG,

etc.;

o Changes in events, although this is not

recommended because it may alter the cov-

ariances even without mismodeling.

If the user is confident of his input, then several cases of

GCOV can be stacked (by repeating the TRAJ and %GODSEP input

described above). Such a run-might include, for example, comparison

of different thrust noise levels and correlation times from those

assumed by the OD filter. The sensitivity to mismodeling of thrust

errors can be a very important criteria in the choice of an OD filter

for low thrust missions.

4.2.5 PDOT

One of the key assumptions in a standard covariance analysis is

the effective thrust noise model. A means of evaluating this model,

as well as other dynamic modeling assumptions is the explicit
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integration of the covariance matrix differential equations (PDOT).

This is in contrast to the transition matrix methods used in the

standard covariance analysis.

Since no transition matrices are required, the STM file is not

needed except in the possible case where a default STRAJ namelist is

desired which contains reference trajectory parameters. In this

case, MODE = 2 and ISTMF = 2 are the only inputs required in %TRAJ.

Otherwise, the normal %TRAJ inputs are required: TLNCH, ..., NB,

along with MODE = 2 and ISTMF = 0.

The $GODSEP namelist and scheduling cards are identical to that

used in the standard covariance run (Section 4.2.2) except for

PDOT = .TRUE. Most of the options are also available, for example,

generalized covariance.

There are a number of restrictions on PDOT capability because

of its function as a support option intended to check on covariance

propagation modeling. In particular, no prediction or guidance events

can be performed. Furthermore, if the input covariance epoch, TCURR,

is not equal to the trajectory epoch, TSTART (in $TRAJ), then STATE

and SCMASS in $TRAJ must be altered and correspond to TCURR.
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4.3 Trajectory Simulation - SIMSEP

The two main purposes of trajectory simulation are to examine

(1) deterministic trajectories, especially the effects of dynamic

nonlinearities, and (2) the impact of process mismodeling on

trajectory errors. Each trajectory is simulated in an operational

environment with a parallel set of "real world" and "assumed world"

conditions. The real world conditions are randomly selected from a

set of uncertainties associated with the dynamic, environmental, and

systems models. The assumed world conditions represent a best

estimate of what the real world is like. It is obtained by direct

(but corrupted) and indirect observations of the real world processes.

The trajectory or mission is carried through a set of trajectory

related events, e.g., orbit determination and guidance, until a

stopping condition is reached, usually target encounter.

Once a mission has been completed, the trajectory is character-

Ized by fuel expenditure, terminal error, magnitude of thrust control

updates, etc. In line with the main objectives, a comparison can

then be made between real and estimated world terminal conditions.

Furthermore, it will also be possible to make a comparison between

real (and estimated) terminal conditions computed in SIMSEP and

results computed in an equivalent linear error analysis run. Based

upon these comparisons many actions may be taken, the most obvious

being an update of assumed world processes and models to reflect the

real world more accurately.

SIMSEP has been designed to run a sequence of trajectory simu-

lations in order to generate statistics on the terminal conditions.
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Clearly, the confidence attached to these statistics is largely

dependent on the number of samples taken. As a consequence, this

Monte Carlo approach is, generally, very expensive in terms of

computer processing time. This often restricts SIMSEP operation

to a support role or to analysis of specific processes, e.g., ter-

minal guidance algorithms or thrust noise effects.

Because SIMSEP can have a complicated input, and is expensive

to run, it is recommended that a zero-error case be made first to

prevent undue expense as a result of input mistakes. This involves

running a single cycle of the reference mission, including all guidance

events and related inputs, but with zero-values input for dynamic errors

or knowledge uncertainties. The results from one mission cycle with no

errors should compare favorably with the targeted reference trajec-

tory obtained from TOPSEP, except for small differences due to

numerical integration noise. After a successful zero-error case,

SIMSEP can be executed to examine any desired problem.

4.3.1 Single Cycle - No Error

The zero-error case is a means of verifying the basic mission

input and is one of the easiest SIMSEP runs to make (Figure 4-6).

SGUID

GUID

%SIMSEP

$TRAJ

L L L.

Figure 4-6. SIMSEP Mode Input
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After the standard TRAJ namelist containing TLNCH, ...., NB,

and MODE= 3, the input to $SIMSEP is NGUID for the number of

maneuvers or guidance events and INREF = 0, forcing SIMSEP to

compute reference trajectory conditions at each event and at the

final time. For each guidance event, there must be a corresponding

$GUID namelist containing

o KTER to determine whether or not target conditions are to

be computed after this guidance event in order to evaluate

its success;

o TGUID for the maneuver epoch;

o ITARGT and IGUID for the guidance philosophy;

o H array to define the active low thrust control parameters

for this guidance event; note that, if numerical differencing

is to be used in generating state/control sensitivities, then

the value of each component of H is also interpreted as a

perturbation forced in the control. In addition, it should

be noted that controls can be either an impulsive delta-

velocity or low thrust parameters; if they are impulsive,

no entries are required in H;

o TTARG for the target time;
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o UWATE for control parameter weights;

o TARTOL for allowable tolerances on the target errors; and

o NMAX for the maximum allowable number of iterations if non-

linear guidance is specified.

The zero-error case should result in extremely small guidance

corrections and target errors. Besides confirming the mission and

guidance input, a zero error case will generate punched card output

(independent of IPUNCH) which will greatly facilitate subsequent SIMSEP

runs. Assuming INREF = 0, the punched cards will include at each guid-

ance event, the reference state, mass, target variables and either a

sensitivity matrix of target parameters w.r.t. control parameters (for

the nonlinear guidance case) or a guidance matrix of control correc-

tions w.r.t. state errors at the guidance-time (for linear guidance).

The reference state and mass at the trajectory end (TEND) time will

also be punched.

4.3.2 Single Cycle - Forced Monte Carlo

A very useful method of evaluating either specific errors or worst

case missions is a "forced" Monte Carlo run. With the random number

seed, IRAN, set to zero, all error sources are set at their one sigma

levels. Thus, discrete known levels of errors can be studied, instead

of randomly sampled. Of course, if all the error levels are one-sigma,

the mission itself may represent a very improbable case, possibly as

high as 100 C.

Input for a forced Monte Carlo run is the same as for the
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previous zero-error case with the obvious exception of non-zero

errors. The $TRAJ namelist is the same, and the %SIMSEP namelist

contains

o IRAN = 0;

o J2 and gravitational errors: J2ERR, GMERR

o Spacecraft and thrust related errors: SCERR, TCERR,

TVERR;

o AV execution errors: EXVERR, if there are impulsive

maneuvers; the chemical propulsion specific impulse SPFIMP;

o The control covariance, PG, representing the initial

position and velocity uncertainties; a forced Monte

Carlo state error consists of a vector containing

the square root of each eigenvalue rotated back into

state space;

o A0K, the upper bound of acceptable quadratic target

error for non-linear guidance events (total convergence

occurs when the quadratic target error is less than

unity);

o INREF = 0, or if reference conditions are available,

then INREF = 1, and the reference state and mass at

the final time (XEND and MEND, respectively) must

be input;

o NGUID for the number of maneuvers.
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Each $GUID namelist must contain

o KTER, TGUID, o..., NMAX , the guidance characteristics

as in the zero error case;

o If INREF = 1 in XSIMSEP, then the reference state

(XGREF and mass MGREF) at the maneuver epoch, target conditions

(TARGET, XTREF, MTREF) and either the sensitivity matrix

for nonlinear guidance or the guidance matrix for

linear guidance (S) must all be input;

o KDIMEN to denote the augmented parameters to the space-

craft state which have been estimated for this maneuver;

If the J2-term in the gravitational harmonic function has

been estimated, then KDIMEN is read as twelve or greater,

depending on the number of augmented parameters. (See

Page 48 on the SIMSEP input description.);

o P, PS, CXS are estimation uncertainties corresponding

to the spacecraft state, augmented parameters and

correlations, respectively.

The forced Monte Carlo option is often used in parametric fashion

to study specified levels of a particular error source, for example,

thrust noise. Stacked cases can be used to perform the parametric

study by repeating the namelist sequence %TRAJ, $SIMSEP and the

appropriate number of /GUID's. An alternate, and more efficient,

method is to set MODE = -3 in the first case %TRAJ namelist and

make use of the fact that the initial $SIMSEP and fGUID namelists

are saved on disc. After the first case, the $SIMSEP and AGUID

namelists are repeated for each subsequent case. If this



174

operational procedure is used, those variables that are different

from the first case need to be redefined during input after the vari-

ables read during the previous analysis are set to zero. In addition,

the user must be careful to read zero-length namelists, i.e. $SIMSEP

or $GUID card followed by a $END card, for all namelists nominally

requested even if the original is unchanged.

4.3.3 Monte Carlo

The most often used application of SIMSEP is in the Monte Carlo

mode where all mission uncertainties are sampled and the trajectory

is simulated accordingly. By looking at a number of typical missions,

each with varying degrees of expected errors, an idea of the trajec-

tory errors and required control corrections can be obtained. Sta-

tistical analysis of key parameters, such as final target error and

mass, total required thrust control correction, etc. should evaluate

or define realistic system constraints and probability of mission

success. Obviously, a large number of missions, on the order of

hundreds, are needed to have reliable statistical data, but even a few

sample missions will reveal the scope of trajectory non-linearities

and mis-modeling effects.

Input to a full Monte Carlo simulation is basically the same

as that for the forced Monte Carlo. The namelists $TRAJ, $SIMSEP,

and $GUID are all needed with parameters as specified in the previous

section. Additional variables to be considered in $SIMSEP are

o IOUT to specify which sample missions are to be

printed in detail; if only a few missions are
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generated then all of them should be printed;

o IPUNCH = 1 to provide punched cards of all the cumula-

tive statistics at the end of the run; this will allow

a subsequent run to continue the statistical analysis

rather than starting anew;

o IRAN is the random number seed, typically set to unity

for the first Monte Carlo run;

o NCYCLE for the number of missions to be simulated;

o CPMAX is an optional parameter for maximum computer

processing time; if the actual processing time

approaches CPMAX and it is estimated that the desired

number of missions (NCYCLE) cannot be completed, then

the current mission is completed and final output is

generated. This includes punched cards for restarting another run.

The cost of simulating one sample mission with a number of guid-

ance events can be quite high, especially if nonlinear guidance is

used. Therefore, it is recommended that considerable planning be

made before a full Monte Carlo study is run. Some of the possible

short cuts are increasing the trajectory integration step size (STEP

in %TRAJ), using linear guidance wherever possible, minimizing the

maximum number of iterations ( NMAX in $GUID) for nonlinear guidance,

and eliminating unnecessary computations (for example, KTER = 0 in

%GUID). Another possibility is simulating only key mission segments,

in particular the terminal approach phase, and studying other segments

with a few simulations and/or with the forced Monte Carlo option.
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4.3.4 Monte Carlo Continuation

It is often wise to divide a Monte Carlo analysis into smaller

sample sizes thnn one large run. This serves two purposes: (1) the

early detection of input errors before sizable computer time is spent,

and (2) examination of missions as they are generated. The latter rea-

son could conceivably result in a change in guidance strategy which

would cause the Monte Carlo study to begin again.

A prerequisite to the Monte Carlo continuation are punched cards

containing statistical results of all previous runs (IPUNCH = 1 in

$SIMSEP). The input to a Monte Carlo continuation is the same as in

the previous section except for inclusion of the cumulative statistics.

In $SIMSEP these include the total thrust control correction covari-

ance (only of the active controls used in guidance events) ATHCOV,

totalby variance, ADVT, state covariance at the final time ENDCOV,

final spacecraft mass variance AMASS, and the number of Monte Carlo

cycles used to generate these statistics, MC. In each $GUID namelist

the parameters to be included are: state control covariance CCOVG,

AV covariance DVMCOV,AY magnitude variance DVMAG, spacecraft mass

variance GMSCOV, thrust control correction matrix CNTCOV, state error

covariance at the target time CCOVT, spacecraft mass variance at the

target time TMSCOV, target error covariance TARCOV. CCOVT, TMSCOV,

and TARCOV are computed only if KTER = 1. The number of maneuvers

used in computing these statistics is specified by the variable MSAMP.

All of the matrices noted above contain not only variances and covari-

ances but also the cumulative mean values.
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4.4 Case Stacking and Mixed Mode Operation

Case stacking is generallynot recommended within modes and

definitely not recommended for mixed mode operation. There is too

much room for error, even for the experienced user, to assume the

input and operation of one case will successfully provide the

required data for the next case. There are a few exceptions which

might warrent case stacking, and some of these conditions have been

discussed in previous sections.

The MODE flag in namelist STRAJ controls not only the mode

(TOPSEP, GODSEP or SIMSEP), but also the point to which program

logic will cycle back. A positive MODE will return to MAPSEP main

and will expect a %TRAJ namelist for the next case. A negative

MODE will return to the mode main and expect a mode namelist. Note

that once recycling is done within the mode, logic will never return

to MAPSEP main, therefore, (1) any subsequent cases must apply only

to that mode and (2) no changes to the reference mission are allowed.

Some of the possible conditions under which case stacking might

be performed are:

MODE
Mode Flag Function Conditions

TOPSEP +1 Trajectory Generating time histories for
Propagation different missions.

TOPSEP +1 or -1 Initial Generating more than one ini-
Guess tial guess for subsequent

targeting by applying different
sets of initial conditions,
thrust parameters, and/or
mission constraints for each
case.
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MODE
Mode Flag Function Conditions

TOPSEP -1 Grid Extending the scope of the tra-
Generation jectory grid.

TOPSEP -1 Targeting Examining various targeting
strategies for a given mission.

GODSEP +2 STM Generating a STM file with
Generation verification by a simple error

analysis check case.

GODSEP +2 Covariance Generating a STM file for a
Analysis unique mission with a subsequent

error analysis.

GODSEP +2 Covariance Analyzing different navigation
Analysis strategies and/or error sources

for the same mission.

GODSEP +2 Generalized Performing a standard error
Covariance analysis to generate a GAIN

file and using generalized cov-
ariance to evaluate suspected
mismodeling effects.

GODSEP +2 Generalized Analyzing different mismodeling
Covariance assumptions with generalized

covariance runs.

GODSEP +2 PDOT Performing parametric variations
of dynamic error sources and
evaluating their covariance prop-
agation effects with the PDOT
option.

SIMSEP +3 Missions Simulating several different
missions for comparison.

SIMSEP +3 Errors Examining different sets of error
sources on the same mission
(forced Monte Carlo).

SIMSEP -3 Guidance Examining different guidance
strategies for a given mission.
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