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'FOREWORD

MAPSEP (Mission Anslysis Program for Solar Electric Propulsion)
is a computer p;ogram developed by Martin Marietta Aerospaée,
. Denver Diyisién, for the NASA Marshall Space Flight Center under
Contract NAS8-29666. MAPSEP cqntains.ﬁhe basic modes: TOPSEP
(trajectory generation), GODSEP (linear error analysis) and SIMSEP
(simulation). These modes an& their various op;ions glve 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/
oﬁ;put 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. INTRODICTION

This manual provides the user of MAPSEP (Mission Analysis
Program for Soiar Eléctric Fropulsion) wifh all the information
necessary to input the program and to obtain meaningful output.

In addition to listing all thelinput 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 éunction in a trajectory analysié. TOPSEP
érargeting and Optimization for SEP) evaluates performance by
generating realistic integrated trajectories which meet whétever
mission and system constraints are imbosed by the user. GODSEP
{Guidance and Orbit Determipation for SEP) evaluates trajectory
dispersions, using linear.error analysis téchniques. in the presence
of dynamic aﬁd navigation uncertainties. SIMSEP (Simulation
far SEP) deterministically simulq}es single or multiple trajectories
fn the presence of discrete system errors.

" For theruser who is unfamiliar with MAPSEP, it is recommended
that he first gtudy, briefly, Chapters 2 and 3 on Input and Output;
respectively, to familiarize himself with some of the nqmenclature
gnd 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 Analyt1c Manual (Reference 1) and Program Manual

(Reference 2) be referred to extensively.



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 trajectorf and spaéecraft éharacteristics. If desired, this
namelist can be written on a disc file (STM) and eventually stored on
magnetic tape to facilitate later rums or stacked cases in the same
run. Following $TRAJ is mode peculiar input,

The reference trajectory genmeration mode (TOPSEP) requires the
namelist $T@PSEP to follow $TRAJ, $TPPSEF contains parameters that
determine the strategy for generating a trajectory which meets
desired target conditions and mission constrainté. The reference
trajectory defined in $TRAJ is used as the initial guess.

The linear error analysis mode (GODSEP) requires the namelist
¢GPDSEP immediately after $TRAJ, $GPDSEP 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 flexibilicy. Another

namelist $GEVENT is optional and contains guidance event information.



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 display mode (REFSEP) requires only the namelist

#TRAJ followed by scheduling cards, similar to those used in GODSEF.

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.

23400
800 + 68 (N)+(N)

TOPSEP:  program

blank common 2

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

= 100 + 9 &NDIM)Z +
5 (NAUG) 2

= 100 + 13 (NAUG)

SIMSEP: program = 39100 9
blank common = 900 + N(NAUG)

REFSEP: program + blank common = 21000

(N = number_of
contro% para-
meters

(if STM created)
(if STM used)

(if PDOT used)

(N = number of
guidance
events)



2,1 Trajectory -~ $TRAJ Input Description

The namelist $TRAJ, which is read in by DATAMN, containg 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 FTRAJ:

a) Trajectory Parameters:

Variable Dim Default

Units

Definition

STEP 1 .5

BDYIN 16x1

B@DYIN(1)

BODYIN(2) 500.0

B@DYIN(3) 1000,0

BEDYIN(4) ' 10f9

2444580.0

days

lam

lem

kmslsec

Scaling factor of the inte-
gration step size,

This array allows the user
to input ephemeris data for

‘a body that is not already

included in MAPSEP (Flanet
Code is 10), The default
values are those of the

comet Encke, Orbital ele-

" ments are of the form

X(e) = X 4+ & t where X
o o

is a constant, & 1is the
rate of change and t is the
time in Julian Centuries,

Julian date of ephemeris
epoch, ’

Mean equational radius,

Radius of the sphere of
influence,

Gravitationmal constant,



Variable Dim Default Units Definition
B@PDYIN(5) 33180812,67 km Semi-major axis (a).
B@DYIN(6) 0.0 Km/J.C.* Time derivative of the semi-
major axis.
B@EDYIN(7) 0.847 Eccentricity (e),
B@DYIN(8) 0.0 1/J.cC. Time derivative of the
eccentricity.
BODYIN(9) 11.95 deg Inclination of the orbit
' plane (i).
BADYIN(10) 0.0 deg/J.C, Time derivative of the
inclination,
B@DYIN(11) 334.2 deg Longitude of the ascending
node (£1).
BADYIN(12) 0,0 deg/J.C. Time derivative of £1,
B@DYIN(13) 160.2 deg Longitude of periapsis 033).
BODYIN(14) 0.0 deg/J.C, Time derivative of & .
BQDYIN(IS) 0.0 deg Mean Anomaly (M) at ephem-
eris epoch,
RODYIN(16) 0.0 deg/J,.C. Mean motion (n); computed
’ internally if input ds 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).



Variable Dim Default Definition

TAUGDC 10 10%*0 Flags used to identify the
gugmented dynamic state for
GODSEFP in the STM file gen-
eration submode, Non-zero
entries will activate a para-
meter,

TAUGDC (1) $/C position and velocity
vectors

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

TAUGDC (3) Not used.

TAUGDC (4) Gravitational constant of
Earth.

TAUGDC (5) Gravitational constant
of sun,

TAUGDC(6)-(7) Not used.

TAUGDC (8) J2 zonal harmonic,

TAUGDC (9) - (10) Not used,

ICOGRD 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 A Sun
1 ' Mercury
2 Venus
3 Earth
4 . Mars
5 Jupiter
) Saturn‘
7 ‘ " Uranus
g Neptune
9 Pluto
10 . User Specified
11 Moon




Variable

Dim Defsult

Units

Definition

IST@P

M@RBIT

J2

J2FLG -

INGRB

1 1

11 11%0

1 1000

1 1.08264
x 107

REV'S

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

final time (TEND)
closest approach

sphere of influence

, stopping radius (RST@P).

WLy Ly

Mow oW

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.

The number of orbital
revolutions between the
coarse shadow tests.

o If JM@RBIT/ 2 1000 or
M@RBIT = 0 the shadow
logic will not be executed.

o If 1000 > MPRBIT >» O shadow
logic will be executed but
shadow phase changes will
not be printed.

o If -1000 ¢ MPRBIT < 0
shadow logic will be
executed and shadow phase
changes will be printed
(IPRINT must not equal
zZero),

J2 zonal harmonic,

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

FLAG indicating the type of
components comprising the
initial state wvector (STATE)
= (, Cartesian state

= 1, Orbital elements.



Variable Dim Default Units Definition

NTP 1 3 . - The planet code of the tar-
get body.

RST@P 1 31096.5 kam The stopping radius must be

specified when IST@P 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, IN@RB = 0, then cartesian
deg X, Y, 2, X, Y, 2); if

INGRB = 1, T

. periapsis
Tapoapsis,i, £, W, £ ttrue
anomaly) (see also IC@@RD).

TEND 1 0.0 days The trajectory termination

' time, tfjnay, 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,

XB@DY 1 6HENCKE - Hollerith label for the
input body (B@DYIN).

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 K 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

min
(Phax)' See ENGINE(9).



10-4A

Variable Dim Default Units Definition

ENGINE (4) 1.4382 - Power Constant (Cl)'

ENGINE (5) 0,0 - Power Constant (Cz).

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

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

ENGINE (8) -0.2147 - Power Constant (CS)°

ENGINE (9) 1.0 AU Heliocentric distance for
which the power is a maximum
(rmin)'

ENGINE (1Q) 29,418 km/sec Ion exhaust veloeity (¢).

ENGINE (11) 1.0 - Thruster efficiency ("l).

ENGINE (12) 0.0 1/sec Power loss (PL).

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

ENGINE(14) - - Not used.

ENGIRE(15) -1.0 (meters)2 Radiation pressure coeffi-
cient times the effective
cross-sectional area of the
solar arrays (C_A), If
negative, no ragiation 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. after end of a shadow period.

ENGINE(19) 464 min/sec | If shadow time £ ENGINE(17),

X 2] then delay = 0., otherwise

ENGINE(20) 0 min/sec’ i 1ay = ENGINE(18) + ENGINE(19)
% shadow + ENGINE(20) % (shadow)?.

FLX 1 0. 1014 Cumulative particle flux (1 MEV

part/ equivalent)
cm
14

FLXD@T 1 0. 10 Flux rate.

part/
cm

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 pnwer degradation

= 1, power degradation by

flux

PHAS b 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} 0. —-- Not used,.

PHAS (4) X Q. rad/sec Mean motion used when "fast"
varisble is time dependent
anomaly,

2 0., time dependent anomaly
relative to phase start
time,

4 0., eccentric anomaly.

SCMASS 1 2000,0 kg Spacecraft mass at TSTART,

THRUST 10240 This array defines the

In-plane thrust

Qut-of-plane thrust =

pitch
vaw

pitch

yaw =

thrust contrel 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,

= g +a t+a, sin (E+PHAS(1))

0,71 2
a3+aat+a5 sin (E+PHAS(2))

Tor pitch/yaw Policy 1,

ao+al+a2 sin (E+PHAS(1})

33+34t+35 sin (E+PHAS(2))

For pitch/yaw Policy 2,
+ .

:0 a, sin (E+82)

4 X
4T, sin (E+a5)



Variable

10-C

Dim Default Units

Definition

THRUST (1,1)

THRUST(2,1)

THRUST (3,1)

9.,39%0, -

40*1020 days

40%1,0

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,

.. last thrust phase

.. orbit plane thrust policy
pitch/yaw policy 1

., pitech/yaw policy 2

., coast

- ou

i
WO e O

Days from launch for which
the ith phase ends.

Throttling level (TL).



Variable Dim Default Units Definition

THRUST{4,1) 40*0,0 deg In-plane or pitch angle (ao).

THRUST (5,1) 40%0,0 deg or Thrust policy coefficient

deg/sec (al).

THRUST (6,1) 40*0,0 deg Thrust policy coefficient
(a,)

THRUST(7,1) 40%0,0 deg Out of plane or yaw angle (a3).

THRUST (8,1) 40%0.0 - The number of thrusters.
This is required only for
GPDSEP and SIMSEP.

THRUST{9,1i) 40%0,0 deg or Thrust policy coefficient

deg/sec (a,) ‘
4

THRUST (10,1) 40%0,0 deg Thrust policy coefficient
(as)

¢) 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,

1¢PT 4 2,1,0,1 - Optional trajectory control
flags.

IPPT (1), (2), (3) Not used.
I@PT (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.
Print every XPRINT
days.
= -2, Print every event.

f
1
—

-

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 comn-
junction with the STM file
and the namelist $TRAJ.

= 0, Ignore.
=1, Write the namelist
2TRAJ onto disc; create
the STM file if the
mode is GODSEP,
= 2, Read $TRAJ from disc;
read the S8TM 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.

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

= 41, Targeting and Optimization
(T@PSEP) .

= 42, Error Analysis (G@DSEP).

= +3, Simulation (SIMSEP).

PRNML 1 F - Do (T}, do not (F) print in-
‘ put namelist $TRAJ
XPRINT 1 1020 days Trajectory print frequency.

Must be specified when
IPRINT = -1 (MPRNT = -1
in $TPPSEP)



d) REFSEP Parameters

Variable

Dim

12-B

Default

Units

Definition

ELVMIN

KARDS

NPUNCH

PITCHI

RALLI

SPHL@C

STAL@C

YAWI

1

3x9

0.

16700,

123000,

.T.

136200,

deg

kg-m2

kg-mz

deg

. kg-m2

Minimum elevation angle for
tracking S/C or target body.

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

= 1, punch THRUST array to
include shadow periods
as coast phases,

= 0, no punch cards.

Moment of inertia about
pitch axis.

Moment of inertia about
roll axis.

= ,T., station locations in
spherical coordinates

= ,F,, station locations in
cylindrical coordinates

Array of tracking station
locations; coordinate system
determined by SPHL@C; for
Ith station,

STAL®C(1,1)

radius or spin
radius
latitude or
longitude
longitude or
z-height
Default stations correspond
to:

STAL®C(2,1)

1l

STALGC(3,I)

= Goldstone, California
Madrid, Spain
Canberra, Australia
Johannesburg, South
Africa

Carnavon, Australia
Fairbanks, Alaska
Rosman, New Mexico
Santiago, Chile

» Corpus Christi, Texas

]

Lo B o T o IO |
1

LA FURE Bl
v w

»

O 00~ O LA

HHHAHH
I
v ow v o

It 0

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 $T@PSEP. $TRAJ contains the basic trajectory and space-
craft information for a nominal low thrust mission. $T@PSEP 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 PTEPSEP:

Variable Dim Default Units Definition

BTHL 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 BTQL x
(ULIMIT(I,2)-ULIMIT(L,1)).

DEMAX 1 1000. - Maximum increase allowed in

the cost index per iteration

(decimal percent of nominal
cost index value) (See Page
146)

DP? 1 0,04 - Estimated region of linearity
{(See Page 150). ‘
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Variable Dim Default Units Definition

EPS@N 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(I,J) = H(I,J) X EPS@N.
{(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 ¥ be the step
size scale factor to be
optimized, then

GTRIAL(1) 0.1 - . may not be less than
i+l
T, % GIRIAL(1),
GTRIAL(2) 5.0 - 'ri may not be greater than
GTRIAL(2).
GTRIAL (3 - '
(3) 0.01 If the A% of ¥, to ¥

is less than GTRIAL(3) then
P(¥) is considered minimized.

GTRIAL(4) 1,E-15 - If the AY of the estimated
P; to the actual P; is less
than GTRIAL(4) then P(¥) is
considered minimized.

GTRIAL(5) 4,0 - Real flag designating the
extent of the curve fitting
in the new control direction.

= 1., two-point-one-slope fit;

= 2., three-point-one-slope
fic;

= 3., three-point fit;

= 4., four-point fit,

(e.g., GIRIAL(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 10x22 220%0, Mixed Array of control designations.
A non-zero value indicates the

X associated parameter is a con-
trol.

if

TASTM = 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 wvalid

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 %, STATE(4) [ Ecliptic

H{6,21) km/sec v, STATE(S5) Initial State

H(7,21) km/sec %, STATE(6) '

H(8,21) tan/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

BMULT 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.

TASTM 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 IABTM = 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.

IM@DE 1 2 - T@PSEP 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 § 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,
= 1, 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.

=-1, 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.,
MPRINE(2), perturbation tra-
jectory print.
MPRINT(3), trial trajectory
print.
MPRINT (4), supplementary
print for targeting mode.

MPRINT(5) - (10), not used.

NMAX 1 1 - Maximum number of iterations
allowed.
@$PTEND 1 89,999 deg Optimization termination

angle; optimization is
considered complete when

cos 8= G AU
i¢lx jaly)

approaches 0 (when 8

" approaches 90 deg). If
@PTEND < 6 < 90 optimization
is considered complete., If
@PTEND is set to O deg
TOPSEP will generate a tar-
geted but not optimized
trajectory.

PSCALE 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 S$TPPSEP
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Dim

Default
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Units

Definition

5

STPT

TARGET

TART@L

6x20

bxl

25x1

120%0.0

0.001

6% 0.0

25%0,0

Mixed

Mixed

Target sensitivities (may be
input i{ available from
previous computer run) See
Page 146,

Minimum difference allowed
between the inmer prodects
of the columns of the sen~-
sitivity matrix and the
inner product of exactly
linearly dependent vectors.
If S; and S, represent the
first twe columns of the 5
matrix and .

S, . 8
1 —(“ﬂ ~2 1 STPL

[EIENEY

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.

(5ee Page 142)

Target values; must be input
in the same numerical cider
as indicated by the index on
‘the TART@GL vector.

Vector of target tolerances;

g non-zeroc 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 (ISTPP in $STRAJ) WRT
the target body (NTP in $TRAJ).
The targets which are allowed
are:
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Variable Dim Default Units Definition
TARTPL(1) km (1) x-comp of $/C WRT target
body.
TARTPL(2) lem (2) y-comp of §/C WRT target
body.
TARTYL (3) km (3) z-comp of §/C WRT target
body.
TARTOL (4) km (4) r , radial distance
from target body.
TARTQL(5) km/sec (5) x-comp.
TARTQL(6) km/sec (6) y-comp.
TARTOL(7) km/sec (7) Z-comp.
TART@L(8) km/sec (8) jv , velocity magnitude,
TARTAL(9) - (9) Not used,
TART@L(10) km {10) Radius of periapsis.
TARTAL(11) km (11) Radius of apoapsis.
TART@L(12) deg {12) Geocentric equatorial
latitude.
TARTAL(13) deg {(13) Geocentric equatorial
longitude.
TART@L(14) days (14) Time of periapsis
passing.,
TARTEL(15) “km (15) a, semi-major axis.
TARTPL(16) - (16) e, eccentricity.
TART@L (17) deg (17) i, inclination.
TART@L(18) deg (18) .., longitude of
ascending node.
TARTOL(19) deg (19) ¢, argument of
perliapsis.
TARTHL (20) degqg (20) MA, mean anomaly.
TARTPAL(21) deg (21) TA, true anomaly.
TART@L(22) days (22) Time of apoapsis
crossing.
TART@L(23) kg {23) Final S/C mass.
TARTPL (1) I = 24, 25 not used.
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Dim

20-A

Default Units

Definition

TLOW

TUP

ULIMIT

UWATE

20x2

20x1

1.0 -

20
X -
20% (=107 .,

1077)

Mixed

20%1.0 -

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

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

Minimum and maximum bounds
on the controls in the con-
trol vector. The units are
the same as those of the
controls (See Page 141-4),

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 Kenmedy)

AZMIN 1 35. deg Minimum launch azimuth con-
straint for inmner 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 $G@DSEP is used to define output, all measurement and event
information {except the scheduling of measurements and propagatioﬁ
events), and all covariance initialization and propagation informa-
tion. Immediately following $GPDSEP 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 SG@DSEP is aefined.

Following the measurement schedule cards are a series of
optional namelists for guidénce, each Ealled $CEVENT. Réading of
$GEVENT is controlled by the guidance flag array IGREAD, described
in $GODSEP, | |

Reference is made below in the definitions of‘IPF@Rﬁ and
IGFPRM 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 achiceved in namelist input by

S = 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



PS matrix due to in

"unpacked."
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ternal storage standards and the matrix is termed

2.3.1 Namelist SG@DSEP - Covariance Initialization and Propagation:

Default

Units

Definition

Variable Dim
IPFYRM 1
IR@T 1

P 6xb6
CXS bxl1
CXU 6x13
CXV 6x15
CXw 6x10
PS 1ix1l
CSU ‘ 1lix13
Csv 11x15
CSW _ 11x10

0

1000 km,
.05 km/s

each ¢cow-
ponent

0

= 0, input knowledge
standard deviations

and correlation c¢O-
efficients in packed
form (see above for
definition of packed
and unpacked)

- 1, luput hunowliedge in
unpacked form.

= (, knowledge covariance
is in ecliptic coordi-
nates,

= 1, covarisnce is equatorial,

Standard deviaticns and
correlation coefficients
of state at epoch defined
by TCURR

Correlations between
state and solve-for
parameters

Correlations between
state and dynamic
consider parameters.

Correlations between
state and measurement
consider parameters

Correlations between
state and ignore
parameters.

Std., dev. and correlatian
coefficients of solve-
for parameters '

Correlations between
solve-for and dynamic
consider parameters

Correlations hetween
solve-for and measurement
consider parameters

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 13=x15 0 - Correlations between dynamic
consider and measurement
consider parameters

CcuwW 13x10 D - Correlations between dynamic
consider and ignore parameters

PV 15x%15 0 - Std. deviations and
correlation coefficients of
measurement consider parameters

CVW 15x10 0] - Correlations between
measurement considers and
ignore parameters

PW 10x10 0 - Std. deviations and
correlation coefficients of
measurement consider parameters

IGFPRM 1 0 - Ignored if C@NRD =.FALSE;
if CANRD =.TRUE. ,
=0, input control uncertainties
packed
=1, input control uncertainties
unpacked. (see above
definitions of packed and

unpacked)
PG
CXSC -] Standard deviations and corre-
cxXua lations of control covariance
cxvVe {analgous to P, CXS, ..., PW);
CXWG if C@NRD = .FALSE., then control
PSC covariance is set to a-priori
CSUG - knowledge; if C@NRD = .TRUE.,
CSVG - then control must be input
CSWC at epoch defined by TG.
FUG
CUvVG
CUWG
PVG
CVWG
e ]
CPNRD 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
DYN@IS 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. ke initial 5/C mass standard devi-
ation
SIG@N 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 Ix2 mixed Process noise standard deviations,
used only for $TM (not PDOT).
EPSIG(1,1) .035 - Std. dev. in magnitude proportion-
ality noise
EPSIG(2,1) .01 rad Std. dev. in onitch (or in-plane)
angle noise,
EPSIG(3,1) .01 rad Std. dev. in yaw (or out-of-plane)
angle noise,
EPSIG(L1,2) 0 - 5td. 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-plsane) angle.
EPTAU(1,1) 4 days
EPTAG (2,1) 1 days | corresponding to EPSIG (I,J)
EPTAU(3,1) 1 days and PDOT process noise
See Page 159
EPTAU(1,2) 0 days | ¢ & )
EPTAU(2,2) 0 days
EPTAU{3,3) 0 days
IAUG 50 50%0 - Parameter augmentation contreol

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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Dim

Default
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Units

Definition

TAUG(I) parameters available
(1) thrust acceleration
proporticnality
(2) piteh (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) J, zonal harmonic
{(7) not used
(8) thrust noise magnitude first
(9) thrust noise pitch anglf} noise
(10) thrust noise yaw angle process
(11) thrust noise magnitude second
(12) thrust noise pitch angl%}noise
(13) thrust noise yaw angle J 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 Statiom #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 (002)
bias

*Pitch and yaw may be replaced by in-plane and out-of-plane angles,
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Definition

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

{49}, (50) Not used.

logical flag controlling

covariance integration

= T, propagate covariance by
integration

% F, propagate covariance by
state transition matrix
me thod

not used for input, overridden
internally

logical flag

= T, failure to mesh on STM
file within tolerances
defined by TALF@R and
T@LBAK is fatal

= F, mesh failure not fatal

Epoch for input knowledge uncer-
tainties, referenced to TINCH (if
PDOT = .TRUE. and TCURR # TSTART,
(See Section 4.2.5),

Error analysis final time,
referenced to TLNCH

Epoch for input control uncertain-
ties if CPNRD = T and control epoch
different from knowledge epoch

Backward tolerance on meshing
scheduled event times with STM
file times

Forward tolerance on meshing

scheduled event times with STM
file times

Definition

Variable Dim Default Units
PDPT 1 F -
PROPG 1 F -
SCHFTL 1 T -
TCURR 1 TSTART days
(ATRAJT)
TFINAL 1 TEND days
(3TRAJ)
TG 1 TCURR days
TOLBAK 1 1.0 days
TOLFAR 1 .002 days
Meagurement Related Variables
Variable Dim Default Units
CARLYN 1 .9 -

Station-to-station longitude
correlation for ground-based
tracking stations
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Variable Dim Default Units Definition
D@PCNT 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
do not create GAIN file

il
o]

GENC@V 1 F - = F, current run not generalized
covariance
= T, generalized covariance run,
forces IGAIN = 4

HC@2 1 1.03632 km Altitude of CO2Z layer for horizon
scanner
IGATIN 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 $G@DSEP

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/1 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, M -rad elevation angle
SIGMES (7) 150, M -rad on-board optics -- star planet
angle
SIGMES (8) 150. M -rad on-board optics -- apparent
planet diameter
SIGMES(9) 1c. ke on-board optics -- center-finding
uncertainty; used in conjunction
with star-planet angle
STIGMES (10) A48 km horizon scanner altitude
SIGMES (11) 291, M-rad horizon scanner angle
SIGMES (12)-(15) - - not used
SPHL@C 1 .T. - coordinate system of station
locations and their errors
= ,T,, spherical
= ,F., cylindrical
SIGALT 1 35, meter altitude 3
) a-priori
SIGLAT 1 a5, meter latitude standard
. deviations
SIGL@N 1 35. meter longitude 7' of equivalent
station
SIGRS 1 35. meter spin radius locations (See
TAUG and SPHL®C)
SIGZ 1 35. meter z-height y
STAL@C 3x9 - kit,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 astar 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



Event Variables

Variable

Dim

Default
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Unit

Definition

NEIGEN

TEIGEN

NPRED

TPRED
TPRED?Z

NGUID

TGULD

TDELAY

TCUT@F

IGPYL

IGREAD

1

10

10

10

20

20

20

20

20

10*0,

10%0.

10x0.

20&0,

20%0,

20x0,

20%0,

20°¢0.

days

days

days

days

days

days

Number of eigenvector events to
be scheduled (maximum 10).

Array of eigenvector event times
(See Page 158).

!
Number of prediction events to be
scheduled {(maximum 10)

Array of prediction event times
Array of times predicted to

Numbexr of guidance events to be
scheduled {(maximum 20)

Array of guidance event execution
times

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.

Array of guidance event cutoff
times for impulsive maneuvers,
sct TCUT@PF (1) = TGUID(I)

Array of guidance policy control
flags (targets evaluated at
TIMFTA)
= (0, no maneuver, print control
uncertainties
= 1, target to cartesian state,
X,Y,2
= 2, semi-major axis (a},
inclination (i)
, a, i, RCA
=y, ix| . %
variable time of. arrival (XYZ
targeting)

I}
|, Ve

Array of guidance event read control
flags {(if non-zero, control weights
C@PNWT will be read), See Page 163.
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Variable Dim Default Unit Definition

= 0, do not read namelist EGEVENT

= 1, read namelist ZGEVENT, and
recompute control and target
variation matrices (VMAT and
SMAT)

= 2, read $GEVENT

NC@N 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¥
vaw®
cutoff time
start-up time (or arrival
time if IGPAL = 5)
magnitude only

magnitude and pitch*

magnitude, pitch, yaw®

, magnitude, pitch, yaw* cutoff

time

= 5, use all five controls

-

I
TV
»

CONWT - 5 5*1, - Relative weighting factors for
controls defined by NC@N
Small number weights out effect
of control,
CONWT may also be re-defined in
namelist $GEVENT

UMAX 5 5%50. Ty Maximum allowable (1) control cor-
deg, rection as defined by NC@N
day

TARWT 3 3%1. - Relative weighting factors for target

parameters defined by IGPL

TIMFTA 1 0. days Stop time for target conditions
' {overrides TFINAL),

SIGDV 4 mixed Array of standard deviations defin-
ing impulsive A V executicn errors

SIGDV(1) .0t - 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
Qutput Control
Variable Dim Default Unit Definition
CHEKFPR 10 10% - 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.

Prints every measurement.

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 &) 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,

(2)
(3)
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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 2
TDUMP.
TDUMP 1 1020 days dump time (See CHEKPR(10))
IPRGP 1 0 - Propagation event print control
= 0, no print
= 1, print standard deviaticns and
correlation coefficients of
S/C state only
= 2, full eigenvector event
JPBLAB 10 Blank - Hollerith label te 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 100X)

(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 obseryations

{code 7000}
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Variable Dim Default Units Definition

PRNC@V 5 - Print control for standard deviations
and correlation coefficients. (T =
TRUE, F = FALSE)

PRNCEV (1) T - Do (T) or do net (F) print state
ctandard deviations and correla-
tion coefficients and correlations
with all augmented parameters

PRNCEV (2) T - Do (T), do not (F) print solve-~for
standard deviations and correlation
coefficients and correlations with
other parameters

PRNC@V (3) F - bo (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

PRNC@V (5) ) - 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 PGPDSEP 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(?) F Prints sensitivities for soive-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 flapg 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

L

event _
(2) - knowledge at eigenvector b ;
event
(3) - knowledge at thrust event
- knowledge at time TPRED2

(4)

\ 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 S$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 I10).

Time control variables are START, ST@P, DELT

START = start time, referenced to TLNCH, for scheduling
éurrent data type;

STOP = stop time for current data type;

DELT = time interval increment for scheduling.

For example, if START = 10.5, ST$P = 20. DELT = 1,0, the current data
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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 ST@P if it
is greater than TFINAL so that no measurements are scheduled outsiﬂe
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
(MESC@D = 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 STAL@C

and STARDC, respectively):

100n 2-way doppler (range-rate) from Station n;
1lmn 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



300n

300m

400n

4.0mn

4kmn

5000

600n

7000
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azimuth and elevation measured from

Station n;

azimuth and elevation measured simultaneously
from Stations m and n;

on-board optics, angle measurement between
primary body and star n, defined by nth'
column in STARDC array;

two simultaneous star-plénet angle measurements
with primary body and Stars m and n

three simultaneous star-planet angle measure-
ments with primary body and Stars k, m and n;
apparent planet diameter measurement of
primary bedy.

not used.

horizon scanner measurement {3 simultaneous

angles).

2.3.3 Namelist BGEVENT

One copy of namelist JGEVENT must appear after the measurement

schedule cards for each

value of IGREAD greater

guidance event which has its corresponding

than zero, Default values are nominal input

or computed values prior to reading ¥GEVENT,

Variable Dim Default Units Definition -

BURNP 4 4%0,

CONWT 5 -

NC@N 1 -

km/s, Thrust acceleration and mass at
Kg beginning and at end of guidance
interval (See Page 163).

- See namelist SGPDSEP

- See namelist BGPDSEP
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Variable Dim Default Unitg Definition

SMAT 3x5 15*Q, mixed Sensitivity matrix of target
parameters WRT control parameters
{See Page 163).

TARWT 3 - - See namelist F$GPDSEP

UMAX 5 - - See namelist ZCPDSEP

VMAT 3xb 18%*0. mixed Variation matrix of target para-

meters WRT state at guidamce epoch
(See Page 163).
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2.4 SIMSEP Input Description

Input to the simulation mode is transmitted to the program
througﬁ threé ﬁamelists: #TRAJ, KSIMSEP, and BSGUID. As before, the
STRAJ 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
ﬁSIMSEP. Its primary function is to initjalize a priori stétistical
descriptions of those error sources which remain nearly constant dur;
ing the course of an individual simulation in the basic Monte Carlo
cycle, 1In addition, various parameters which, for example, specify
the number of guidance events, the output frequency, the ﬁumber of
Monte Carlorcycles, etc:, are also read from FSIMSEP. |

The second of these namelists unique to SIMSEP is gCUID, As its
name implies, it is responsible f;r initializing parameters and data
used at guidance events. Unlike ZSIMSEP which is read only once fof
each SIMSEP run, FGUID 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 ZSIMSEP and ZGUID can also

contain certain statistical arrays computed in previous SIMSEP analyses,
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The;e 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+1»1natrix, 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
Sit awlkward, In particular, the variables, CC@VG, CNTC@V, TARCEV,
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 énd
have automatically been punched in the requisite format.

Another important capability in SIMSEP which relates to the
namelists ZSIMSEP 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 ZSIMSEP
again if the ETRAJ variable, M@DE, has been set to a -3, When this
occurs, only changes to FSIMSEP from the previous run need to be
input, Likewise, the ZGUID namelists are also read in the same
sequence as they were for the first run. Guidance event data need
not be read amew 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 SGUID card fol-
lowed by a SEND card, must be input for each event even though there
may be no changes, This is also a requirement for the ESIMSEP name-
list upon recycling.

Given below are detailed descriptions of the variables, dimen-
sions and default wvalues (where applicable) for both ZSIMSEP 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 AGUID: event initialization data, optional initialization
data, guidance law and policy, knowledge error, guidance control data,

and accumulated statistical data.

7.,4.1 Namelist: $SIMSEP

Run Definition Parameters:

Variable Dim Default Units Definition

AQK 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 FGUID name-

list read.

= 0, No data input (computed
internally).

= 1, Input data.



Variable

Definition

IGUT

TPUNCH

TRAN

NCYCLE

NGUID

PRNML

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.

Print output flag which acti-
vates printout for every
I@UT Monte Carlo cyele,

Punch output flag.

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

= 1, punch,

Monte Carlo random number

seed to initiate the gener-

ation of random number

from RANF.

# 0, regular Monte Carlo
analysis.

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

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

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,

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
3
GMERR 2 km™/ One sigma uncertainties in
sec? ~the gravitational constants.

GMERR (1) 0. Splar mass error,

GMERR (2) 0. Earth mass error.

J2ERR 1 0. -- One sigma uncertainty in
the J; - coefficient of
the geo-gravity potential
function.

PG 6x6 0,c0..,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.
sl

S/C Parameter Errors:

Variables Dim Default Units Definition

EXVERR 4 One sigma midcourse velocity
correction execution errors.

EXVERR (1) . - Proportionality error,

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

' eYTor.

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

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

SCERR 6 One sigma SEP s/c errors.

SCERR (1) 1 0. kg Initial s/c mass uncer-

tainty.
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Units

Definition

SCERR(2)

SCERR (3)

SCERR (4)

SCERR (5)

SCERR (6)

TCERR

TCERR(1,
TCERR (2,

TCERR(3,

TCERR (4,

TCERR(5,

TCERR (6,

i)
i)

i)

i)

il

i)

O'

9%20 0,¢0..,0

km/sec

kw

%

days

degs

degs or
degs/sec

degs or
degs/sec

degs

Low thrust exhaust velocity
uncertainty.

Uncertainty in electric
power at 1 A.U.

Uncertainty in thruster
efficiency.

Uncertainty in the effective
radiation pressure coeffi-
cient.

Per cent uncertainty in the
effective thruster start-up
time after exiting the
shadow.

One sigma thrust control
biases,

jth thrust phase end time.

jth thrust phase throttling,

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

.th
Jt thrust phase angular
coefficient number two.

.th
j thrust phase angular
coefficient number three.

jth thrust phase angular
coefficient number four,
e.g., out-orbit-plane or
vaw 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 6x%3 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-
porticnality uncertainty
(per thruster).

TVERR (1, 2) 1. days Correlation cime for thrust
acceleraticon.

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

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

TVERR(Z, 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, yvaw 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) a. 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 vaw

angle correlation time.

Accumulated Statistics and Parameters:

Variable Dim Default Unicts Definition

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

ADVT (1) 0. km/sec One-sigma delta-velocity
magni tude.
ADVT (2) 0. km/sec Mean delta-velocity magni-
tude.
ENDC@V 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 trianmgular sub-
matrix are necessary. The
7th column of this array
contains the means.
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Inits

Definition

AMASS

AMASS (1)
AMASS (2)

MEND

MC

ATHCOV

420 0,0-0,00

6 0,.--,00

kg

kg

3
km/sec

Accumulated 5/C mass sta-
tisties at the final time.

One-sigma s/c mass,
Mean s/c mass.

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.

Number of Monte Carlo

cycles executed in a previous
SIMSEP run in which statisti-
cal variables ADVT, AMASS,
ENDCAV, and ATHC®V are com-
puted. MC is used to re-
start accumulated statistics
for the current run.

Accumulated statistics om
the active thrust controls
changed at scheduled low
thyust 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, Asg before, only
the principal diagonal and
lower triangular submatrix
need to be input, The (n+l)th
column vector contains the
means.

Final reference trajectory
state vector at the trajec-
tory time TEND, This vector
is required input only if
INREF = 1 and is used in com-~
puting the ENDC@V covariance
matrix, ‘



Variable Dim Default Uni.ts Definition

KATHC 1 0 -- Dimension of the ATHC@V matrix.

S/C Parameters for Midcourse Velocity Corrections:

Variable Dim Default Units Definition

SPY IMP 1 265, sec Specific impulse for chemical
propulsion system,

DVMD@T 1 .05 kg/sec Mass flow rate for chemical
. propulsion system.
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2.4,6 Nemelist: SGUID

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 & guidance matrizx,.
For nonlinear guidance, §
is input as a targeting sen-
sitjvity 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 conatrol
statistics computed,

= +1, linear, low thrust
guidance event,

= +2, nonlinear, low thrust
guidance event.

TTARGT 25 0,00..,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 $/C state
. relative to the Earth.

ITARCT (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 $/C state
relative to the Earth.

ITARGT (4) km {r} - radial distance from
the Earth.

ITARGT (5) km/sec V, - compoment of the s/C
state relative to the
Earth, ’

ITARGT (6) km/sec Vy - compoaent of the S/C
state relative to the Earth.
Earth.

ITARGT (7) km/sec V, - 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,

TTARGT (10) " km reg - radius of closest:
appreach.

ITARGT (11) am Radius at apogee.

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

ITARGT (14) days Perigee measured relative
to TLRCH.

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.



Varisble Dim Default
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Units

_Definition

ITARGT (17)

ITARGT(18)

ITARGT (19)

ITARGT (20)

ITARGT (21)

ITARGT (22)

ITARGT (23)-(25)

deg

deg

deg

deg

deg

days

i, inclination of the osculat-
ing conic relative to the

Earth.

S, longitude of ascending
node of the osculating conic
relative to the Earth.

&) , argument of periapsis
of the osculating conic rel-
ative to the Earth.

M, mean anomaly of the osculat-
ing conic relative to the
Earth,

i , true anomaly of the oscu-
lating conic relative to the

Earth.

Time of apogee measured rela-
tive to TLNCH,

Not used.
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Variable Dim Default Units

Definition

TART@L 6 0,04s4,0, Mixed

Knowledge Error Data:

Target tolerance array. When
the miss for each target vari-
able is less than or equal to
the corresponding TART@L value,
the strong convergence criterion
is satisfied. '

Variable Dim Default Units Definition

CXS 6xll 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

= 10,
= 11,

= 12,
= 13,
= 14,
= 15,

- 16,

vector,

s/c state vector only.
sfc state vector and
one mass (sun or
Earth).

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

sfc state vector and
thrust biases (magni-
tude, direction.

sfc state vector,
thrust biases, and
one mass.

s/c state vector,
thrust biases, and

two masses,

s/c state vector and
J2 error.

s/c state vector, J2
error, and one mass.
sfc state vector, J2
error, and two masses.
sfc state vector, J2.
error, and thrust biases.
sfc state vector, J2
error, thrust biases,
and one mass.

s/c state vector, JZ
error, thrust biases
and two masses,
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Units

Definition

Variable Dim Default
P 6x6 D’CI"OI
PS 11x11 0,06:0.,0.

Guidance Event Control Parameters:

km/sec

Mixed

Units

Correlation array describing
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).

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

Definition

-t
Variable Dim Default
H 10x20 0,...,0.
H{1,j)
H(Z,j)

days

Array of quantities used to
identify the active thrust
control wvariables to he
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).

Not used,

"Active thrust control is the

jth thrust phase end time

(THRUST(2,3i)).
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Units

Definition

H(3,3)

H(4, 1)

H(5,3)

H(6,]3)

H(7,3)

H(8,])

H(9,3)

H(10,j)

IASTM

NMAX

UWATE

Dim Default

6 1.,...,1.

degs

degs or
degs/sec

degs or
degs/sec

degs

degs or
degs/sec

degs or
degs/sec

Active thrust control is the
ith thrust phase throttling
level (THRUST(3,j)).

Active thrust control is the
jth thrust phase angular

coefficient number one, e.g.,
in-orbit-plane or pitch angle

(THRUST (4,3)).

Active thrust control is the
jth thrust phase angular
coefficient number two,

Active thrust control is the
jth thrust phase angular
coefficient number three.

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

Not used.

Active thrust control is the
jth thrust phase angular
coefficient number five.

Active thrust contrel is the
jth thrust phase angular

coefficient number six.

Flag to indicate whether or
not numerical differencing

will be used in computing
sensitivities matrices,
Numerical differencing is
used when TASTM = 0.
Integrated variational
equations are used when
IASTM = 1.

Meximum number of non-linear
guidance iterations allowed.

Array of control variable
weights that may be used to
arbitrarily increase the
sensitivity of a given con-
trol relative to other con-
trols,



Accumulated Guidance Event Statistical Data:

Variable Dim

Default

Units

Definition

CCova 6x7

CCPVT 6x1

CNTC@V 6x7

DVMAG 2

o,...,0,

0,...,0.

lam,
km/sec

Mixed

S/C state vector control
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 7P column of this
array contains the mean
values, :

5/C state vector control
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 CC@VG. Computed
whenever KTER=1.

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+1)th

column vector contains
the control means.

Delta-velocity magnitude
statistics.
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Dim Default
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Units

Definition

DVMAG (1)

DVMAG(2)

DVMC@V

GMSC@V

GMSC@V (1)

GMSCOV (2)

MSAMP

TARCHV

TMSC@V

TMSC@V (1)

TMSC@V (2)

3x4 0,...,0,

42 0,...,0.

km/sec

km/sec

km/sec

kg

kg

Mixed

kg

One-sigma delta-velocity
.magnicude. :

Mean delta-velocity magni-
tude.

Delta-velocity vector cor-
relation array. Input
format is the same as
CCPVG (See Page 51).

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

One-sigma S5/C mass.,
Mean 5/C mass.

Number of Monte Carlo
cycles executed in a pre-
vious SIMSEP run in which
statistics on CC@VG, CCWVT,
CNTC@V, DVMAG, DVMC@V,
GMSC@V, TARC@V, and TMSC@V
were computed. MSAMP is
used to re-initialize the
accumulation of statisicts
for the current run,

Correlation array describ-
ing target error statistics,
The format here is the same

as CNTCPV (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, :

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

One-sigma s/c mass

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 T10). The time control variables are START,

ST@P, and DELT where

START = start time, referenced to TLNCH, for scheduling
current print blocks;

ST@P = stop time for current print blocks;

DELT = time interval increment for scheduling.,

Internal tests modify START if it is less than TSTART, and ST@P if it

is greater than TEND, TSTART and TEND are input variables in $TRAJ which
define the initial and final trajectory times respectiveiy. An additional
option of specifying DELT=0, aids the user in redefining the range of

times which are allowed on subsequent cards. The START and ST@P
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times on & 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
ko current time and the Julian date
kfml body relative S/C states and S/C accelerations
kfm2 individual perturbing accelerations, planetary

ephermerides, flux data, and sun occultation data

kfm3 integration data, Encke formulation
m = 0 to 2, Primary Body Data
kfon no primary body data
kfin osculating conic data
kﬂZn relevant unit vectors
§ = 0 to 1, Target Data
&k Omn 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
0fon no tracking data
lihn §/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 va;iable 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 M@RBIT 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,

1

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

100.5 200, : 10, 1123
\M\MM\.—-\,-——/

Columns | 1 to 5 11 to 14 21 to 23 37 - 40
Figure 2.5 REFSEP Detailed Print Schédule 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 M@RBIT 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
MPRBIT is set to a negative integer between 0 and -1000, all
computed shadow phase changes will be printed also.

REFSEP provides an important interfacé 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 trackiﬁg information,

The nature of the iterative process in TOPSEP requires that

the shadowing logic be executed during trajectory'propagation.

Howéver, in CODSEP 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 CODSEP 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 poliey (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 G@DSEP run. To implement this REFSEP option, the
$TRAJ variable NPUNCH must be set to one and the shadow logic
must be executed (See M@RBIT in S$TRAJ namelist description, Page
8). |

REFSEP may also aid in construction of a measurement schedule
for GODSEP. The tracking information, which REFSEP provides,
includes 8/C elevation, azimuth, range, and range rate as measured
from those stations designated in STAL@PC 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 Goldstome tracking
station. ‘The data were assembled from the REFSEP sample case on

Page 132-D,
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If a fifteen degree minimum elevation angle restriction is imposed
(the dotted line), Goldstonme will be able to track the 5/C from
roughly 0.6 day to 1.0 day or mnearly 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
incrementg 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 OQUTPUT 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 dise (the STM file) for subsequent stacked cases. By
transferring the results on tape (or perménent file), a permanent record
can be ohbtained 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 STRAJ namelist
GODSEP ISTMF STM File $TRAJ namelist; state transition
matrices and trajectory data at
specified trajectory times.
GAINCR GAIN File SGADSEP namelist: event schedule;
filter pgains at measurement events,
SUMMARY SUMMARY File Navigation summary
PUNCHE Cards Knowledge (P) and control (PG)
covariances at selected event
types.
TGREAD=0 Cards Computed variation (VARMAT) and
(and NGUID#0) sensitivity (8) matrices for
guidance events.
SIMSEP ISTMF STM File 5TRAJ namelist
IPUNCH Cards Cumulative statistics for each
maneuver (CCPVG, CNTC@V, DVMCEV,
GMSC@V, CCAVT, TARCHV, and TMSC@V)
and for the total mission (ATHC@V,
ADVT, ENDC@V, and AMASS).
IPUNCH Cards Reference trajectory (XEND and
(and INREF=0) MEND) and guidance event data
(XGREF, MGREF, S, XTREF, MIREF
and TARGET).
REFSEP ISTMF STM File STRAJ 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
power, state and acceleraflion 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 TOPSEE

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 targéting process in which targeting error only is
to be minimized., Convergence has not been attéined 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 M@PDE = 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
orbical missiﬁn. The initisl state is defined by equatorial orbital
elements (IC@PRD = -3 , INPRB = 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 plame (i.e., in-plane and out-of-plane thruster
orientations). S8ince orbit plane changes are not required the out-of-
plane control coefficients are set to zZero. Note that the shadowing
logic will be executed (MPRBIT = 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'$T¢?SEP input cards, following STRAJ, contain control and target
information. The TOPSEP submode flag (IM#DE = 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 A0 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 Manoual.

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 inmer

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 AY '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'103J
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

DUl = optimization control correction

DU2 = targeting control correction

.bU = control correction for this iteration

C*DU = scaled control correction {GAMA¥*DU)

UOLD = nominal or previous control parameters

UNEW = contrcl parameters after this iteration

P1 = net cost (Analytie Manual, Page 51) for nominal and each trial step
P2 = EMAG for nominal and each trial step
P1P2 = ¢SCALE*P1 + 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 correctioﬁ in the thrust profile. The scale
(GAMA) is computed using a polynomial minimization technique which is sume
marized at the end of the four trial trajectories. Notice that the pre-
dicted minimum for the third trial trajectory is -1010. This value indicates
that the cubic fit predicted a continuously decreasing error index for an
increasing value of GAMA., 1Indeed, the scale chosen for that trial tra-
jectory is the largest allowed (GMAX), The best trial trajectory is, of
course, the one which minimizes the error index, Clearly the best trial
trajéctory is number four which has reduced the error index to 3.43 x 102.
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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Ynew = %o1a T 2
or
—-6.521 x 10'3- I 1.100 x 1(::“3_| I -7.621 x 10'3-1
3.815 = 45,000 + -41,185
-7.209 9,400 ~16.609
8.984 o | 42.000 _ | -33.016 _

where the units for uy are in degrees/second and the units for Uy u3 and

u, are in degrees. In terms of the printout in the iteration summary

4

UNEW = U@LD + 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}. TFor 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

PETRA,
PRNM = T’
SCMASS=500N,
INORB = 1, TCOOPD = -3, NTP=3, NB=3,

STATE = 28571.328571452R47 30epNaglay
TLNCH=2444320,y  TEND=1],,
THPUST =
Zed Sag lesg 17es =141E=5) 0us Gep layp Bap Ouy
2-, ﬂ-’ 1., 12.2) 1.1E“5’ 45-, ﬂ.) l-’ Oo’ 0-’
Z-,IS., l-’ Q.ﬁ, "5.15-6, ﬂ?-, 0-, l-’ 0-) 0.)
PHAS(!)Y = -45-, PHASESGY) = 1ed
STEP = 0,5,
ENGIME=14,425¢0,,14,425, ENGIMNE(17) =1 ,F20,
MORRIT = 1,
MODE = 1,
FEND
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PETORSEPRP
DANMI. = Ty IMODE = 2
NHMAX=] g
TASTM=0N,
MPRIMT==1505091y
H{52) 1oE=6p =459
Hl4g3) = =,%30,9=.5s
ULIMIT(Lpd) = =1.E=4y =90., =90, -S04y
ULTMIT(197) = leE=49 12049 90ey 1204y
UWATE = 1. 3%5.,
TAGTNL (101 = 20,, TARIOL(1s) = 2049
TARGET = 2#31000,,
GTRIAL = .01y 5.9 20G1ly la{-67 3.9
STOL=1,E-Sy
PCT = .5y
KEND

[{ I

'ORIGINJALJ Favit

Fois

OF POOR QUALJITY,
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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, exéept there
are no radiation flux or shadow effects. The initial conditioms cor-
respond to a 12000 km circular orbit om 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
analyéis.

The first page of output is a reproduction of-the $TRAJ and $GPDSEP
namelists used to create tﬁe STM file, Of particular interest in STRAJ
are the variables MPDE = 2 (for GODSEP), ISTMF = 1 {(for STM generation),
and TAUGDC = 1, 1 (for augmenting the basic spacecraft state vector with
thrust bias parameters). The $GPDSEP namelist specifies STM time span
from 0 to 7 days and only one scheduling card. STM time points will
corresbond to tﬁe single eigenvector event of .5 days and to the schedul-
ing card which follows $G@DSEP., 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 $G@DSEP are shown for the subsequent

error analysis using the previously genmerated STM file, With ISTMF = 2 in
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STRAT, referencé trajectory data is obtained from the STM file. $G@PDSEP
namelist for the second case specifies a spherical a-priori knowledge
covariance, one guidance event execﬁting.after one day, and no measurement
print. The total augmented state consists of nine solve-for parameters
(8/C state and thrust biases).

Five scheduling cards specify three measurements occuring at .2

days (2-way range-rate, 2-way range, simultaneous azimuth/elevation

angles, all from Canberra), one CO2 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 (.S'days) to the guid-
ance execution time (I 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 étate 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 enalegous fashion.
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namelist for the secdnd 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 {(5/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 parasmeters 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),

Guidan;e corrections are computed next. The reader is referred to
Section 6.6 of the Analytic Manual to better understand the actual guidance
computation legic. The guidance cycle uses the various semsitivity matrices,
;hrust control constraints, and control and target weighting in ultimately
computing a "final" set of control corrections., The cutoff time refers to
an imposed cepast period in the nominal thrusting profile, but would normally
be associated with thrust shutdown for & 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 guldance event ends with 2 display of the new
control covariance, whiech assumes all guidance corrections have
océurred, and the projected target dispersions before and after
guidance initiation.

A measurement avent 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 qovafiance 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 dafs in $G@DSEP) 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 §/C position and ﬁelocity,
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

PETRAJ
TLNCH=2444320,+ TEND=7.»
SCMASS=5000.»
STATF= 2BS71a900900900s 3,7209449¢-,3255405,
THRUST=3491009) . 9200900717010 ,0=T096,90e4634
PHAS=0.,290.
STEP=) .
ENGINE=14,42590,¢1%44425, ENGINE(17)=1,E20+
ISTNP=1,
IPRINT=35,
JAUGDC=1+91,
ISTMF=1,
$END TRAJ

P$GODSFEP
TCURR=0,9 TFINAL=T Wy
NEIGFN=1» TEIGEN=.S»
NSCHED=1»
SEND GODSEP

0. Te | lq ’ 1001
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THRUYST PHASE THRUST PHASE NUMBER THRUST PHASE THRUST PHASE
OE AS

REFFRENCE THRUST CAONMTCOLS

THRUST THPUST PHASE THRUST PHASE THRUST PHASE THRUST PHASE
e RHASE. .- END. TIME.- . THROTILING. . AD .= PITCH .. .. .Ad.— ... . A2 83 = AN YA
NUMSER tDaYl MEGH LDEG, SEC) tDEG, SECY LDEG.SECT THRUSTERS (DEG,SEC) {UEGs SEC)
1 10.000000 1.007009 20.000000 J007170 10. 000000 ~7.5000040 6.000000 9.020008 . 63.000900

TMRUST COMTROL PHASING ANMGLES (DEG)
n.070 90.000 0.000 0.000



L L} ATTON AND SETUP FOR STH FILE GENERATION RUN DATE 02722/75 '
._umuu!j;gis M_i ﬁ':: -';3 E L E suxEy E.=.!.3‘_'_",15!;!!_;2;!_'!,11!!: P L T Y T Y YT YIRIL LRI S Lo iy CNSERIRIR USRI ERRINIONEIRBOINS

Wfpyana -

SCHEOULED TRBJECTORY TINE 0.000" DAYS
e ST EILE— IRAJENTORY-TINE - . ..0.0433-DAYS
e E ASURENS HT-—AMN.. DRGAACAT L ON EYFHT_SCHEDULE S - . §
e EDOM_ - C.035607 JAYS.IO.___ .7.09000 DAYS IM JHCREMEMIS OF . 1.80000 .DAYS. ea CODE M0.- 1001 . - ; g
: : o
e A - ELGENNMELTOR EVENTS oo o o om ciim mmen e e oo e s s i ns e B -
EVENT TT“E (DAYS) =
+500 L
N TuRYST EVENTS o
] GUINANGE EVFNTS

e B PRENICTION_EMENTS

TUARENT RUM SFGMEMT CREATES S5TM FILE

,,,}}-o;_-,-,-;-----t-v;v-o_'u_ml-_--n-,-u-l}q;-uac;su-u'-pcndilqs"!uuatnul:sntu.l_l¢l-u'¢yl'lglt‘u_q!}!!!_g!_-_g_.__l_u!05'_0_!__9_9__!_!).'!-llgy;o-lu-'o'tluuo

- A R ok R R e e A A R R e Rk ok o -

e asss CONTROL PHASE. CHANGE exes
JULIAN DATE ee 2444327,00000300 CONTROL PHASE - 1 PRIMARY BODY -- EARTH
_DAYS.FRON LAUNGH—= . . 1.28029008 _ .. _.._PRESENT.MASS . {KG}-- G5000.000008008 . ... FLUX ______(Ei&)-- _ D.00f7008008
DAYS FROM CUTNFR-- 7, 03010900 PRESENT PITCH DEGI--  20,000000070 FLUX RATE (E1&FSECI-- 1. '
PRESENT YAW  (OFGI--  240,000003800 AVAILADLE POWER (KW)-- 14.4250004000
TNRUST PHASE THRUST PMASE THPUST PHASE THPUST PHASE THRUST PHASE THRUST PHASE NUMRER THRUST PHASE THRUST PHASE
BURATTON THROTTLING 83 = PITCH 1] a2 81 = YA oF T A5
e e {DAYSY .. . . ADEG)....—.... ADEGeSEC).  (DEGSEC) ... {DEG,SEC! .. TMRUSTERS.  (OFGGSEC) . IOEGLSECI . .
10.0009000  1,0302303 20.0090000 .0071700  11.1009009  <7.00000d0  6.3000 0.P000000  63.0200040
zzmzzzz= ECLIPTID Smmc=mm . i o e e e e e e - : e e e v
BODY RFLATIV® S/ STAYES X v z HAGNITUNE
SUN POSITION — L LbANN3E522I661E4 09 - 2B0451420E7351E4D7 1. .1890280134290 26409
O UELOCLIY - o - . . 52407507352775E-01 .. =.26171724366265E442_ ____ ~.32954050000000Fe00  L276173801575595Ee02
FARTH  PASTTION L2A571000040009E405 ", o. L, 2857110000080 0E05 _
. L NELSCYTX. 8. . S AT200449000000ES0Y . _+.32GSA0ED000000FE00 . 37IGISA3DEIeISEedy
S/C ACLELERATIONS X Y 7 'WAGNTTUDE :
PRINARY BOOY . .. - 4AGPYAGEES0SLI9E=A3 ... =N, . e ,4ABZ9BGHARNS1GEEAY
PERTURBING AONIES 2249621185 1714E-08 L B2105475750162E-10 8. , _ .22902634025861E-08
THOUS T - 25579064144 38E-07 -62642529386232F-07 -e10630902466295E-06 . 1961384186552 hE-06
P % RADs PRESSIRE oo B oo Ma 1. B

e e L e e P T L L T T PP LT PR - S ol o
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JULTAN MATE == Zubt3zl.9991901t
DAYS FROM LAUMCH-- 1.9991%311
NAYS FROM CUTOFF == %.01080989

CONTRnL PHASE .-
PPESENT MASS (KGY ==
PRESENT PITCH (NEGY ==

PRESFNT YAH (DEG) -~
a=z==== ECLT°TIf =====3=
BODY RELATIVE 5/0 SPATVES X Y
BUN -~ - POSITION - - oo m y LUAGA (4SO NEL2GES JF - =y TABSTHA123
VELOCITY L2615 3BAT29B2I9E 1 -.3330774790
—EARTH- - -POSITION... — o=y 2733822749525 96435 - -—— — 1032090243
VELDCTTY .13233726131720Ee 01 -, 3451599861
A0 AGCELERATIOMS —mnme oo mme K - e
PRIMARY ROOY 4438938606765 3E-03 « 1694411649
FPERTURBING RONTES -.221R9159289824E~ 08 +2386178638
e FHRUST —me o s im e ey 13 716 35568 86 80 E2 Q7. - =, 12383326118
JZ + RAD, PRESSURE 7. ‘ 6.

- v o - - -

1 PRINARY BOOY - EARTH
899%,241791753 FLUX GElLI--  0.0000000000
182,065033630 FLUX RATE (E14FSECY-- U4

$1.846786201 AVAILAALE POMER (XW)=- 144250000000
) 7 WAGNTTUDE
A2BAESDT— . e BL27EB36368104E60T— L 14FLGARTIGA102E609.—
P624ESD2 .316169705326355400 . 333960 98546916E402
30BE805. e B 2TEBI6IGBLIMERIT . 2695643821 B66LEL0E —
BOLAE+0L . 31RLEITUSIZAZSE+ D0 + 171009695737 72E4 01
e 2 MAGRITUDE
1363E-03 - 154 TTE8L323702E-0h <47538573149988E-03
7679F=09 -, 3769501397 2690€-10 «22320265515164E~08
PR T R 1 ST T TN TTR P14 S0 T Smm——t T+ T VY1351 1A S
0. : 0 : )

.
@ o b A ok - -

—JULTAN NATE e e PLilI24. 03848636 o - CONTROL .PHASE ... e i e i i — PRIMARY _BO0Y == EARTH
DAYS FROM LAUNCH=~- waC3BURLIT PPESENT “ASS tKGy-+- G49BB.3HR8072696 FLUX LELig) == 9,000a090300
DAYS FPOM TUTAFFP-+ 2,961515673 PRESENT PITCH IDEG)-~- 155.119359711 FLUX RATE (ELL/SEC) -~ 0.
S SO PS e ——— ] S 3 2 PEEE A0 Rl =306, lsﬁzam—u—-——uAIle‘l].ﬂ!—kikﬂmuﬁﬂﬂu
sezxz=== ECLIPYIN =======
—-B00Y - RELATTYE S/0- STATES . LR e e — e Y - o e i e e T e e v e e MEGNITUOE
SUN POSITINR - 14RE 2021543066409 ~,1399073020 THBLE+DS -e16RB2RIBLALITITE+SY 2144921450095 79E+09
VELOCTTY ~e 325235507 39126E+ 00 “a 274 7H171889R9E02 -s26172493033395:+07 L 27053c387109997+02
EARTH POSETTOM J2LAR?1NH550926E+ 05 194597151092190+55 -2 1REH2BUAGHLIATECCL 293379439965 99E+°5
YELNCTTY =, 2456794695526 F+ N1 «2730%397T73I5790F¢01 ~e 2B6LT2493083395E+30 +ToA53464549503E+N1
S/C ACCELERATTANS X Y 4 MAGRITUDE
PRIMARY RCJY ~ o JuFW2N29039)%1E-03 ~a30738125451195%E=073 2948061057 3921E~Th B 332224989364 6E-01
e PFRTURAING. BONTES. —— . .~ w191 7IA53I72394F~ 048 imm =25 301 L0LTHL ‘oﬁl595'59—---—Lu—of-‘bsﬁﬁ'ian‘i‘iZEEJE--tﬂ—-x-‘—.»—w&a2“0355910 E7Ti9E-08.. -
THeUSY -~ 2RAITRE5312049E-09 «115933hA0496322-06 = 154770490 0BBAE~TE «10B59577621066E~06
J2 ¢ RAD. RRESSURFE L . n, 0.
e Ll e it e e e i [ Y T L TP T P e PP Y L EY L LR XL R s
JULTAM NATE ~e FLLLIZBLLLILTLTER CONTROL PHASE - 1 . PRTMARY BOOY - EARTH
DAYS FROM LAUNCH=-= b.1LL7LTEN PRESENT MASS [XGY == GIAR.387873028 FLUX LELb)== 0.0000000000
AAYS FRNOM CUTOFT == JARGZLZLN . PRESENT. PIIGH CDERY -~ 216.%16150788. . FLUX RATE . LELL/SEC)-- 0. e e
PRESENT VAW (DEGY == 21. 708383519 AVATLABLE POMER {XWi=- 14.%250000000
ag=====. FCLIPTIN =sz=2z=== . .. i e e e - - . . J— -— —— - . [ —
AODY RELATTYE SFC STATES X ¥ k4 MAGNITUOE
SUN COSITIOM ~.14A1RBTITIL? A1+ NG - 18646937 02ANZEHECTN 2262509775945 211E¢ 04 «169313374701L52€409
[P — = R ]k 4 L. < 6LSDTU9L2E IGO0 o =e313524A030LL2ES0T e 1B6ATRE69)60LGOE 0D ee-32002601023002€002 ————
EARTH POSITINM ~,13595472193931C4+15 - 26232124585396E+ 45 «26259775945211F ¢4 «29662383296016E00% -
s e - NELORTTY .. e --ad 2368306 646245001 - - - — = 16?—5&25521&755563i—————-——-wl%ﬂ?&ﬁumml—oa———— 3666555AL20455F+0L
S/C ACCELEPATTONS X ¥ z MAGNITURE
- PRIMARY -BGRY- . e e -~ PUTBLOTSI950LLEFO3 e~ 4 B0IGITED 1 29639F-03 . o LlNGOORLEIGEBAE =0 L LS3INZT26192118E-03
PERTURBING RONITS =~ 443660854 7HLRE-OB «7TYB245T717525635-09 ~s106B4B306H3924E-09 216529687697 180E~-08
THRUST <1277 TS 9IAIL0OE-06 -, 131505487 In386E-06 7280272617 9220E-07 «19683174378300E-06
22 % RADe PRESSURE. oo oo Da o omrmsimm e eens o one : ol f.

KIrmvn® %00d J0

1 E0vVd TyNIDIEO

¢8



TCuRD 7,178
TeAST £.020
NeRT

NTPHAS

apcoY

n
g
3
1

»15352789¢-08 -.7445B1L9E-19 +1060993RE=DQ !
L15352759F=08 - 744BALLIE-I9 +1060993BE-09
c. f. 0.
_ . [ S b . e
. s
L e 0.
0. . 9. & 5%?
[ DU UGN . P VPR . O by ey
L 0. . eE? 2
a. 3. o, 57
[ P JR O SO OO | PO P —— LN
. Q. a. & S.
e. n. . 0.
e APRIM .. =, 21397B2BE=03 = JALLARZIE=03 3981559 0E=0k S
naSS (4I7TINIALE DL A ] Jol-
RPACE 0. 0. : 0. £ 9
e THRALC. . e QLEFLELBE=OT . +12ALBSR0E-0h. .. T+LlB097BLE~QR e :E? (
uP
1. e n. 53
i e AAE AR ERDY . 20740604ELT8 8
LR 7. 0.
n., ", 0.
R i P s SO + [P Ur U O —
n. e n.
a, 1. 1.
[ [, N ——— n
a. 1. L
. as q.
mmiamm—————— e e Da ~ Da S | 1 USSP -
. 2. 0.
ye
——— e Ry e By . n
L T6RL7LABEH0L  -.296097SrEsg2 0.
0. 0. ¢.
— PUNDURENI ; P e Do . U,
ﬂ " '-!‘ "C
0. a. 1.
1] e —_——1 -
0. 9. 0.
. 1. .
————— e D e 1 - [N | I e i e e e -
0. e .
0. 0, a.
_____________ UPFL o e e e e i e D AL e ————— e o e e . .
-, 14799736F¢09 -.206RL51AE¢0R  -.26625730E+04
+1LFI9L56E +05 L26NBRI9OF*35  =-.26R2%730E+04
- - . A s D [P | RS PO e o —————
r, M. n,
0. 9. T.
S SN S, o .
3. 3. e
0. e n.
D e i B B e e—n _ e —
n. e .
0. is .
— ' Y I I . " —— - —
UBFLM
. 14933679E+09
2 29ATARLLE+DS.. [ - — - U —
a.
",
Y | PO R —
1.
ﬂl
0. ~
0.
"
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yeer . ,%3
3520015003 med7HZEORILHI2  ~ 1 THLIFOTESDD e = ;?
-. 320522887404 173966625401  -,17613907E+30 By Ay
5 :: ' S5
— 8, e — D B e S
. 3. 0. & A
n. 8 0.
. S - S . £ &
" 7. ", Ty
. s 2. A
e B e D e e P _ e : o TN
a, s a. : i)
0 i X g
[ T - { N - U U TREERISTRPIEP R 51_7
L2TATLLINGE+D
L 36511580F 01
U . I [ et e e e r e
.
N
[, I8 e e e e e e e e e e e e —
L8
n.
e — s e e o ke e me———
L
%,
[V | P - —— = P e im— . - e o e mem cmim s ———————————
uTRUF L1G3jHELESNS «7B7R6090ELNS -, 26625730E+04
VTRUF -.32052288E+71L LA7IGRA6R2E4NL  =.1TB13907E+040
———— e TR FM e ?7387L8LLFALN- . s mea e o e o s e it —_
yrepLx JIRGLIRAIEML
HOOWE®D +LUR2IOG0En2
,,,,, JUVNPUI— 5 § . e Dk e e - . .- o i C e aa e —— e
= 9157 {RIAE-07 JIPRLIASROE-06  -.11B197BLE=NG
~ IPN1ASEIF =05 - 1BTIIMLUF=07 -.26A99216€-11
e @ RATIHOTLE=Q7 - . »BRIGATREI-JT LARTRIZZRE0A - . . e e e e e
nYSAvVE
-+ 9167141 8E~07 L128185816-7%  =.11B097ALE~D6
— = 12818550F <N - = 9LHTINNLE-IT . = 26B9821RE-LL - e e o e e —
~6RTFOATLF =0T JOFDSATIRE-QT 15759226E-06
geeERt 9. 1. NN
—————— . FL%X——— - . .0, ce e e e e e e e e e ot e - e —— e —_
FLXNAOT n.
PHI .
[U— e ma 2GBTLT AL Y2 o e 21 TLBOCEH 02 o -l 1B76BTIE0L .~ lBZAUBILE =02 . ~a 27 I7ORLAE-D2 2R 23IISA3IE-D3
0, 0 Pe «3248353E408 - 45A3R211E+ 00 +108339256-01
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e B AL IOP TR 038 e n FABZRELDE =02 ey TBLIIGRE D0+ 28106580 E 0w iSELITLIE-D—— o 11961992C-03
[N 7. n, -a5URBL2ALE+DS 3074 7L3IBERDE ~230726093E+04
-.26299250E+01 - GRA2624L6E+ 0L +59128021E490 0. . % .
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PSTRAJ
ISTMF =2y, $END

P$GODSEP
IPFORM = 1o
P(1!1)=.19 P{212)=.1g p(3’3)=019
P(4s41=,0001 P(Ss5)=.0001> P(Gs6)Y=,0001

PS({1s1) = ,022. PS(2+2) = .035, P5(343) = ,035
MPFRFEA=13%09 .
[AUG=3#1

TCURR=D.» TFINAL=T e

NGUID=1s TGUID=1.9 TCUTOF=G4.y» TIMFTA=T .0 IGPOL=1s
NSCHED=5»

ERSIGI192)=eloalleelly

EPTAU(1+2)=3%,02,

SEND EARTH ORRIT GODSEP

«5 5 05 1003
+5 5 « 05 2003
05 05 ’ 005 3003
3. 3. « 05 7000

6. 6. +05 4001
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TRAJECTORY TNITIALIZATION

’..l"'.ll'l".l'll'l'.¥¥l..lIll"l!l'l.ll""l"."..-'l"U-‘.‘-'-"."ll-l'llll'..'""...".’.‘...-“.‘...'..ll.'.".'ll.I.-’..'...

INITIAL ’-"’OCH (°"F'-'QENF‘E nﬂ""
JULT AN NATE ,,,.. Z+44327,0000290G07

——————————— CALENDAR . DATE. wees —-1983 MAR .24 ... .12 -HR. .0 MIN - 0.0093.5ECS—.
TRAJECTNRY START FPOCH ".0007T00DC]I0 NAYS AFTER VHE INITIAL EPOCH
JULTA* DATE +uwn 2Les3I20,0003000037
e~ G ALFNPAR DALF . sape—L9BL MAR 23 . 12 HE..0 .MIN..0.030309.3FCS
TRAJECTOPY NN FPNMH 7.CPO0792337 OAYS AFTER THE INITIAL EPOCH
JULTAN BATE ..ss 2444327, 00000900200
e~ CALEMDAR. DATE s —L9A0. MAR _ 28 . 12 HR 0. MIN D.0008 SEQCS . . ...

INITIAL STATZ VECTOR IN ECLIPTIC COORDINATE SYSTFM :
x ¥ 4 MAGNT TUDE

CPASTTION o o e 28571 00000 0090E£35 P 1 J2ASZ100NNDNGRCESNS
VELOCTTY : I « 3720946903000 0E+01 -, 32554050000000E+00 «37351583053635E401
SEPS Mass S300,00100400000 XG
EXHAUST veLnrITy 29.41 800000100 KM/SEC
ELECYRIC .POWER AT 4.8, Vs . ib 4250000000 K . ... -
FLUENCE de 1003000000 E14 PARTICLES
THRUSTER TFFTCTENNY 1.0090%93000
-RADIATLON PRE SSU!F---F-O-E'FE ICIENT o =1,.030000400010
LIST OF GPAVITATING BOATFS
e e SUN . e e e e e e
EARPTH

TARGET PLANEY JS FAPTH

INI’EGRdTTUN STEP FACTOQ L. 0000

e — CTHE SMANOMING LOGIC WELL NOT BE EXECUTED. ... .

REFEREMCF - T“RUST r‘rwrom_s
THRUST THRUST PHASE  THRUST PHASE THRUST PHASF  THRUST #HASE THRUST PHASE THRUST PHASE NUMBER THRUST PHASE THRUST PHASE

——— e PHASE_ . .FND TIMT .. . THROLTLING ... _AQ. = PITCH . Al —— A2 A3 S ¥AM nF AS
NUMIER (navYd . (NEG) IDEG‘SECD (0EG ySECY I0EG,SECY THRUSTERS IDEG-SEC) 1DEGy SECY
i 10,5003 1.0%0400 20,.0004809 - 307170 10. 0000040 =-7.40000m" 6.000000 a.0008000 63.000000

THRUS‘I’ CONTROL P‘!ﬁSIHG ;;GL;SL (OEG)
0. Qan - 90,400 r.000 J.000

68



GNASEP INITIALTZATION AND SETUP FOR% FRROR ANALYSIS PUN OATE 02722775
B et At A L LR L I Ry Y Yy L Yy Y P T T Y YT Y ] FERSF ARV RORYNELRERS !}j;l}g__l_‘_!__l!_l_!Iltl'i'ltcunucit!&aclouulalrtvo

SCHEAULED TIAJFOTURY TTHE g.07J% DAYS
o STH-FEHE TRAJFCTARY. TIME.. - _0.0000-0AYS . ..

v e TOFAL- JOB FEELD LENGTH = 0A1103. OCT&L - oo ... . e ot e en
LENGTH NF BEANK rOMMO'! = 0023r4

e E ASURENENT _AND DROPASATLON EVENT SCHENULE

mreereeme——FRON . ,S0000 JAYS TO ... .. LS5JU00. DAYS .IN. INCREMENES. OF__ _ . 0S000.DAYS == .COBE HO 1003
FROM «SR000 JAYS T2 «57000 TAYS IN INCREMENTS OF +05000 DAYS -~ CODE WO, 2003
FROM 21070 Jays o +570C2 DAYS TN IWNCREMENTS OF » 05020 DAYS -- CODE NO. 3003
Fonu 2.00034 -08¥S_TO. . 3.01000 DAYS_ TN TNCREHMENIS OF ..  JS000 DAYS. =- CODE MO 7000
FRNM 6,00030 Javys 1O f.00000 DAYS IN THCREMENTS OF »0%000 DAYS -~ CONE NO. 4001

n EIGINVECTOR FVENTS

& TuRUST FVENTS
e 1 - ——GUIRANGF _FVENTS.
GUIDANCE GUIMARCE
-~ FMENT TIMF. 4DAYSY . . . CUTOFF. TIME {0AYS) ... QELAY. TIME (0AYS).____ _  POIICY READ CONTROL
1.1949 4. 039 g.000 1 0 :
—— - S I.030 U O + 11 i 0.000 o A -
o e § PREBICTION. FWEMTS . S
FILYERTING ALGORTTHM TS KALMAN-SCHMTINT
MEASURZMEMT WHITS NDYSE STANMARD DEVIATIONS
o DATS typec . . 7 3T an‘ T T e e e
Z-WAY noprLFD +17990040E47 MM/S PER 1 AIN SAMPLE AT 12.0000 COUNTS/DAY
..... —  2-WAY RANGE .. . ... . 300100023C¢0% METSRS ...
F-WAY JOPPLI® «1%9399615457 MMZS {FRED DPLIFT)
T-WAY RANGT «10904300E+ 92 METERS
e AZTUUTH — «1B300300E+04 MICRO-RADIANS. ... ... . .. .. -
ELEVATION +16C3T000E+ 04 M[CRPO-RADIANS
STAR-PLANTT ANGLT +15013040C+03 MINRO=RADIANS
e e PLANET LTMA AMGLE. . L 350200505eC1 MICRO-RAODTANS
CENTER-FINDINA «10010DCOE+ D2 KILOMFTERS
CN? LAYER ALTYITUNF «LBN00GHIE+ G0 KILOMETFRS
. - .. HNRIZOH SENSDR AMGLE «29492003E+ 03 MICRO-RADIANS _ ... .. s e

TOLFERAMCE DN HESHING SCHEOULFD TIME POINTS HITH THOSE AVAILABLE ON STH FILE = »200F~-02 DAYS
«—— —— . TOLERANCE ON MESYHING. SCHEDULED TIME POINIS WIKIH THOSE AVAILABLE ON STH FRLE = 2100€E¢01 DAYS
FATLUPE TD “FSH WYTHTN TNLEPANCE IS FATAL

.CONTROL IS POOPAGRTEN STHMUL TANEOUSLY WTTH KNOWLEDGE
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[NITIAL YRAJECTOARY TTME | o.nppone NAYS
ELNAL-TRAJELTARY TIME m e T 0JBF-DRYE —om o o — o

e e PATHT CONTRAL . . - O RISt
a G 1 [+ 3 il 9 1 1] 0 ] n 9

STATION LOCATCIN NOOROTHNATES

e . RADINS oo WONGI TUDE . — — LATITUOE - — e e —ALTTFUDF,

L LeTT2I0CINE+TH o 2at, 167 35,160 ~6.163
e m . iB3T0M19GIFeRh. . 355.83L ia e h2a2BT o e e 2B dl
3 «B3T211100E+0 4 1L4R,97R C =35.602 -6.062
¢  .E37TEL1DIE+D6 27,707 -25.735 -2.522
Bee o AITUMIBEOETE e 123726 ey TOY e e mem3L 75k . R
2 L,B636390RIAF 04 212 LET BuB24 -17.196
7 LHTFLIRTACE DL 27Tr.125 35,017 6. 176
e R .AT725428aE4N6. . - 28933 e m3BLAPS . . . mBeBRL — o .
k] F3IT355RCCE+0Y 262.622 27,495 -k K0T
— - EAUIVALENT STATION LOGATLON ERRORS fOME-STEMAE o o mom oo oo U
e ALTETUNE - 3%, ARG DO AETERS oo e . S L ——- I
LAOHGTTUNE 35,.0006G0N METERS
LATTTUDE  45.07300% 4ETrog
I LANEITUNG- COPDELATTIAN - yQOROGE o meooe -
——THRRST MOQISE. PROTFSS: ONE-IS -ITHRUSTERP QEPENDENT - - e m e e e e e J VR
SFCOND PROCESS TS {1 WHERE 1=THTPUSTER INDEP, Z=DSPENOANT
e DYHAMIG MOTSE PARMMETERS. oo woo. . - . e e e
PROFCFSS STD DEv VCUQRELATIHN TtME
MAGNTTINE 1 LTSINBIF+01  PER RENT LUONNIESOL  DAYS - -
PTTCH L110000E-01 RAGIANS , L1107C0E+M L DAYS
. e e ¥YEKM . . el L L1CNO00F =L RADIANS g - +1040000E+0L DAYS
e e M AGNI TUDRE 2. e mo—l _,;Mﬂ,ﬂﬁﬁjaz .PER_CERT 23000DE=04 DAYS
PETCH L133000E-04 RADIANS ., .200M00E=01 DAYS ,
Yau .11G0D0E-01 RACTANS + L200000F-01 0AYS
STN DEY IN THRUST ON TIMC= J.0n SEC h
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A PRIOPI KNONLEDOGE UMCTRTAINTY AT TRAJSCTORY TIWE 0.0100 DAYS

0SS POSITION.= 47 XZ050RE409 KN
RS3 VELOCITY = L1732050AF+00 M/S

STATE : PARRYTTERS

SID Dx X Y z L2 vy vZ
X .l?ﬂﬁﬂﬂﬂﬂE#]u 1.9930£100
Y JANENATOQFENT 2. 04300700 1. 03900009
cveee v Tie - 13033353E430 . 0.38300070. - -PLDJRDOCDYD . 1.30a03000 . ...
VX f11E9N0NJE-23 0.97350199 0.30003430 f.0103099%8 i1.00000000
vy LLOLTIN0NE-NT 0.723¢0033 G.00000437%0 J7.000¢n000 0. 00300000 i.0Q000000

e e N T G10CTQROEAl3 . 00300008 0.00000000.  0.20000000 . 0.00 unnnnn__n.n.umm_t..um

Taccers 7777 g.nooggano 0.00002030  0.00009000  0.03000000  0,00080900 000000800

PITCH £.03307070  3,00003009  0.000073a0  0.003060C  0.08000008  9,000890C0 .

NSt S c mmn_m__n,mnuu__hnnnum._&nmnm_J.mmuu%_a.mmum—_
SOLVE-FOR D ARAMETE®S

STANNAROD DEVIATIONE AND GO?RELATION COEFFIRIENTS
T Ustnony T aceere PITCH YoM
o ACCPRO. . ,22003180£-13 . -1.10100870.. e et e ;

PITCH \35071099E-01 1.07100920  1,40007000

Yau .¥50103705-11 0.003¢¢090  0,20000007  1,00000007

INITIAL S/C HlSS CARNRA 0 GUDB KG
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SCHENULT
v BTM FILF

- —— RUTRANCE

S A B e 0 O e o e O e o o ol O o D e AR R T B

JULT AN NATF

-= Z4u4321,00000007

NALYSIS ZVENT PRINTONT

G TRAJECTNRY TIMF
TRAJECTOAY - TTHE. ...

1.0000 DAYS
-1.-0400 DAYS

CONTROL PHASE

RUN DATE

p2ra2zrs1s
AR ABSARERANNESEVSENESNEIELES SIS P AANE S RISARDUNIDASNSEN RS RIS AT VNS USSRV IC IS S SN S EL ATV L IREC RSN R EERERSIPIRREESFFINESESTRUFSSSAENOVRE

¥00d J0

Y NTOTHON

-~ 1

PRIMARY BODY -- ‘EARTH
DAYS FROM LAUMCH=- 1.239719¢04°7 POZSENT MASS [KGY =~ L997,119729523 FLUX (Edt) -~ J.00000004500
-DAYS FROM . FUTOFF«=. .......6.82C0DP0CY . - PRESENT.RPITCH IDEG) =~ 27.639469526- - . _FLUX RATE _(EIGISECK-- 0. = . .. .
PRESENT ¥ AW {0EG)}=~ 323.153003717 AVAILARLE POWFR (KW) -~ 14.,02%0000000

. s=szzx=x FLI®TIL ======= - e e . S S - s -
RQ0DY FFLATIVE ©/n STATES ¥ Y z MAGNITUDE R
SUN POSTITIO™ =+ LUHGIRGLIILETIGF+ 19 =+ 53462160570 10F¢07 w2URBITIINGIOTHESDY «1WINI2ROTTT209E+09
R ~VELOGCTTY - - eWl77RPL5LISITLEC QL. e - . me 28931062093 204L3E402 - e TILLGLBLOSZLLE~dL . 292810795149 23EL02

N ol
EARTH OOSTTION 0 9R8B23262 31790+ 4 ~s 2TR12 74222456 TE+Q5 P 24RA97II0ATOTLC+ 04 +287BS1932881T4E+DS

e MELDGITY e 3RS RBAI92T DL - e < BTLUBLGIGAINIQEMDY. . . e FQLLGIRLOCE2L4E.0) . L 3720404L065222 e
S/C BCCELTeATICNS X Y T MAGNITUDE .

- PRINARY.-.NODY. . e e LABTITLBLAZTTAF =TT . e BUBAZLIILBMTTAE-03 . . L LASYSTINLZZ0G9E-0L 0 L LA105S87S54L3452E6-03 .
PERTURATING A0S »Uh1504RLINTLLE-NT »11392427133969E=08 -+ 996694 3IZ50TLIGE-10 1225372356851 7WE-08
THRUST 21697478897 5359E- 0% «65740610151682F~-07 -+ TUGALLTIIZBASRE-OT «19€25147011832E-06

—2--#-RADy- PRESSURF SR o - .- B B Tm—— Y :

EFFECTIVE-S/G-MBZS STAMOARD NFYIAYTCNS {KG)
CONTROL= 3019 KNOWLENGE= 148,4914

- Da

STATF

x
IE— =, 1355314522+ L2.
Y «176598380F+02
z -, ARNR54513¥ + 50
-¥x = ACRTLLIARIE DS
vy =+ 117522ATOC+ 1R
v7 «1GANDGIGSE +15

a SRR NE]

5266032350400+ 03
«152756T713412E413
~+36516419Z93FRE+ N2
e 1BIITUIRGINGE =L
«B1520J135uA4E=-10]
-2 17697 L P 16TE=- N2

15275687

« 44326800087 7ENR2
= LME9 53153 7RAE+D 2
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TRPANSPOSE NF STATE TRANSITTOM “ATRIX PARTTITIONS OVER TIME [NTERVAL

Z

«353689150Ee00
~+ 2876603152E4 0]
«803599148FeN0
-wlR5I62I11E40 4
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vy vy
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=+ 2933R 3I722%E+00 121623030+ 01

1.1009 DAYS
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+1515B84332E-03
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«9026980T4E~0L
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13ui2F+03 =+36514102939bE+02 =+1691743B84905E-01 JE15200135484E-01
-+105913153764E+02 = 490535192984E-02 »1784651004630E-01

£ 261708190015 +01 «137177512001E-02 ~u 425624026 825E-02
«117177512001€-02 +SES2418T7I9]1E~N6 -+196829063B7RE~15
=e426624926825%-02 ~+196829063RTAE-(5 +T1LIN5T459663E-05
.1089952R46T1€-03 WMTT253TLE036F=0F ~e 2102 7460M59NBE~06
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ey T ”COMI’FDL DHA;SE CHANEE IR P
— JULTAN- - DAYE .. | «e 264L326,0001323060 . . -CONTROL..PHASE .. .. »= .1 e —-PRIMARY BOOY = . EARTH.
QATYS FROM LAUNCH-~- LI ARl NV PRESENT MASS (KGl~=- LO9%3.478918093 FLUX (ELh) ==~ 2.0000036000
DAYS FROM CUTNFF-- .0017000n0 PBESENT ATTCH (NEGE - 3ie ATTSN0OLZ2 FLUX RATE (E14/SER)-~= n.
. PRESENT YBW {DEG} =~ <93, 0535433878 AVAILABLE POKER (KM)lw= 14.42500605000 -
THRPYUST PYAST  THRUST PHASF  THRUST PHASE THRUST PHASE THRUST PHASE THRUST PHASE NUMBER THRUST PHASE THRUST PHASE
_— ougATION . -THRQTTLING . . AD =.PITCH. .. 8L ... A2 __ .. = SR o | - Al AS
(hayYsy {OER) {D7G,5EC) (DEG, %20 IDEG.SEC) THRUSTERS (DG, SECY (DFG,SECY
13.06%0930 1.6009340 20,0200 0071700 17.40000019 =7.0000000 6,700 0.000n0404a 63,0000000
s=z=s=2> FCLIPTIN =x=sc== B
BODY RELATTVE S/ STAYES X . ¥ z - MAGMNTYUDE
- SUN . POSLYTOM e S bMAGSNA21FIATICS0 e = 131022160933 GTREL0A . ma BE029925039010€E+0X L 14919765694225E+09
VELOTITY «983279001841520+00 =+ 2629162031 7T060E+02 ~« 3233930 79969394E+ 00 e 2631211976011 9E+02
EARTH POSITION e - #2TA2DTLIANTY212ER 05 ae e s BRIITFATIFTIAESDL .. .. ... =.86029925039010E201 » 2932961141 02AG5FE:08
VELOCTTY ~«117871392556554L+01 » JAD26710362207E+01 =.33393079369396F+0Q +»368528R4583537E401
—-5/0C. ACCELERATIONS. . . . - RO, .- [ z _MAGNITUDE .
PRINA®Y ROnY © =eab1 10T 1312 T149E=T3 =s 141235404 37053F-12 +135914A890650689E-104 «46336561662282E-02
PERTURRING nOntes « 229839592417 15k~ 08 ~+58016738894L05€-110 «3U3ITTSALBTE2THE~-LD «2299394L2T27990E-08
- THRUST .. ___ . - - 4 CBUR3BEBTRURRAE-0F . . . L T22TT7Y955435341E-07. . - =+18089612A12989E=06._ . ,196591407273255E=06
JZ ¢+ RAD. PRESSRE 2, e 0. T

—SAC-MASS= L4 GUFL2F 40k __IMRUST-. {962G1E=0K. AT FIHWE. . 1.00B0 .

S/7C MASS= L9884 ATeNY THEUsST=z  L196%91E-06 AT TIME 4L, 0000

_ 'U--'!q(!!!'l'!l!-l'Cs'l.![pvvq!!'.l'!l..!.qp'!‘?l#lq.fl!!!}!tllllj!qqu!l‘..l!ltl'!l'#![tl!j.

Al Y Y Yy T I LYY

o e o — O 2T Y ~LONTROL PHASE CHANMGE ... L LLL
JULTAM DATE == 20L64327,07530000 CONTROL PHASE -- 1 PRTMARY BODY -- EARTH
. -DAYS _FROM LAUNCH-- B 1.5 1 1,77 B - PRESENT. _MASS . (XG)-- 4979,838106662. .. _ __FLUX LFiL}=--  0.0060008600 .
DAYS FROM nUTOFF-- .Gal13o0090 PRESENT PITCH (DEG) -- 27.618804666 FLUX RATE {ELWFSECI-- 0.
‘ . PRESFNT YAW  IDEGI==  323.043480445 AVAILABLF POKER (KW)-- 14,4250000000
TMPUST DHASE  THOUST "HASF‘ THRUST PHASS THRUST BHASE THAUST PWASE THRUST PWASE NUWBER THRUST PWASE Tweust pease ™™
DURATINN THRATTLING A3 = PITRY a1 Az AY = YAW . OF Ak AS
cee o inAYR) I . ADEGL .. . IDEG,3EC). (DEG,SEC} LOEG,SEC)  THRUSTERS IQFG.SFLD .. (DEG,SEC)_ ____
13.8600000 1.n0m0308 23.0001180 .0071709 1o, 9009000 -7.0000060  &,0000 G.0000000 63.0000000
_ EmEemow = EQLIPYIC =z==sra e [, A Z
AODY FELATIVE S/r STATFS X Y z MAGNITUDE
SUN POSITION -«107R9730476004E40G -« 2068454674 7590E+G8 =+ 2659897107 L7ASE Qg «14933674910411E+09
e oo MELOCLTY < e WH30BLUTES3283E4 00, . . ~.27863596241029T¢02_ . .. —~alTGBILTEA97TSLEC00 . P7AGTETIVOTOGAESN2
EARTH  POSITION +16759005901960E+75 »20U59290 7186485405 ~e2659897LCT4TISEH b0 +298T 2106317519405
............ —VELOCTTY ot SZULBBATOZIRSLESTL . LAZWGLIGII0OSSALFE0L .. - 17RBILTAASTISREsN]
/ SFL ACCELFoATIONT x Y z MAGNITUDE
o -~ PRTMARY. BODY ¢~ =e234TISH3124347E-0F .. . ~.38957404133030E-D3. . - e 39TT0MOPRIZRIZE 0 . L LMEGAALSTO{1I1ZAE0X
~ PERTURAING RODTES +15386951479121E~8 ~s TH2A5 IS4 BT5L02E-19 410599245376839E-09 «17119154677h10E-08
THRUST ~e9156129994 1A 16E= 197 « 12798694 066HB9E-06 -.11839886334339E-06 ~19693252516068E-06
42 ¢ _RAD. DRESSUSE N D Y PR _ .. f.
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B
UNKEIGHTEN SFNSTITIVITY HATRIX (CUTOFF WRT CONTROLS?Y

w21uNRT2ARNGAC 4+ Ny L95592 301 Ta5q9E+ 33 ~o 6511547 LW TE+D2 0.
- 5223551070330+ 04 -« 2510714 35236E+04 - HUNILY256RIT2ZEH0T 0.
—— .1 5 PN R R R R L2-4 R-4 S A e -6008932392A9L402—— 0~

WTBE1317L99722E+ 10 «FURTLL3ISZI2IE40N «T83989672687E~01 w26LASBZETELTE=-CT
«2552579T2297Z+ N «97h285A71LTIGE~JL «h2Fi716405GBAE-0 LT2277T9558353E-0T
e o AABZALSZRRIE-DL .~y WE6GAT2PTBLSE -2 — e TH3I66I0L12E0F 02  ~ 180294128130Ea06
KMOWLENGE ROVAPIANGE AT MAMFUVF® EXECUTION TIME 1.0090 DAYS
e AASEQ. ON MIARURENMENTIS UP-TO o o A 3DIT DAY¥S e e e
RSS POSITINN =, 29678797k +32 KM
et e e e ESS VELNNTTY = ., 3LR3LITESDL MIS . . . o T
STATE PARA4LTERS

STANDARD NFYIATTONS AMQ COPRELATTION COEFFININNTS

e IO B e e Ko e e W e e " VX MY LW
....... K 2B ZPUGIGERN2 108300000 —— —
Y ALATAFLALIA DD « 93667229 1.92700030
F4 «23621331F» 1 = 7I464TE0 - FRAT24L7Y 1.00043097
e R B3O B U AT e, GHRLBLNS ey WT 2T — - 7L T 70923 1. 08090020 ——-
vy «3ITYHL2AE-02 « 93947925 «994B83537 - 72737697 -.98234636 i.00000000
v A8H2G2"IE-]3 -+ 68183517 =.67926977 «17310568 63305197 ~«69960900 1.00000000
e ACEPRO. e - e i e - = 3LG10932 ¢ w350 032ET L 15B12827 2T DN B24A 2. 31624109 47334853
PITCH LG7TRATTIG « 06565081 «08874R5L -. 19239939 »07587T69 ~a 09626359
YAW ~.02%31659 =D B4aTI346 03306799 -« 04928325 -. 01145271 = 034640840
SOLVE=FDR PARPAMETFRS
SYANOARD DFVTATIONS ANN GOIRELATION COFFFICTENTS
et i e STOLAEY . L. L CLACSPRN o L PTTGH L YAN —
ALCPPO +16CBIRFE~1 1.20200701
PITGH—. . . 2338CLARALE=GY v 309509835 1. 1,00303000 - e e e
YAW <INDIARAZF =134 ST 362560 =:11129551 1.000004000
e e CONTROL--NOVAD TANCE AT MANEIWER EXERUTION - TIME- o o} 3B80-DAYS .o

RS POTITION

= LAER1IGELLE4NT KM
ot mme e RES MELQRTTY = « TRt LILEE+L MAS..
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STATE

STANDAPD OFVIATIONS AM) CAPRFLATTON COFFFICITNTS

PARAYE YrOn

—_ e . SID o nEy — X . . N el MY _yY .M
x +623211709E4172 1,397109¢331
Y «19538701F+}7 +995R3147 1.02030039
z JIRTORENIE LN -.97199491 ~.30713634 1.0039%000
vX AT766E3T1E-97 -, 99946819 -.97772304 89412707 1.00200000
vy SP41579RAE-TD +999528K7 +99727015 -.90231445 -, 9BRLIN 317 1.3000a080
vz .553891745-13 ~34ZBcIR2 -.95324687 JTTTEN2AY + 90637345 -. 9692789 1,00000000,
—-ACCRRO . _ .. [ ,..___-.225[]1.7&.“_.____..—..2@&1,9:“ﬂ = 25394335 18187876 - PhTiLARY y ???Qh’?‘l
PITCH 12787699 12382398 - DaR13561 =~ 11702456 212556416 - 13097451
Yaw -.11792647 -a10318791 09221746 09784880 +.19537952 081100845
SGLVE-W‘:R PHR;*%'H;QS o h o B ST T
STANDARD MEVIATIONS AND COPRELATION COEFFIFTENTS
B . .STD nEY L ACCPRO ... _ . PYTCH. .. YAW_ .. . .
" actero R LI LLLY. LSNP 1."1100040
— B IICH .. L 35CJ0388E~31 . ..._ ..0,00000000 . 1.03501089. . B
YAK 23501900831 f.0)uub021 3.20000031 i.0ar090n0
—-- TARGET . WRT RURM _.STARY. STATR. ... ... ... ... ...
e MMAY S
~e19G1ZARRGE05LT 471 +127987369892E432  -.112774559T65E400  -.1065827A1560E406 -, 42381512561 0E405 « 371561284 864E+0% )
momme #25J3L2LLIANGEH L. -0 843650374162F001.  _ .66SAISELC05IENI0 . . LILOLSAGLI40TE DS _ L 47390 5 ~.91P52S6MF159€403
=, 25203128347 AR5 10 +071612918044E¢D)  ~o7SABIDLT26T7C¢00  =.761030857649E404 -, 132621287997Eegs +560105215569F+0%
e FARGET. MRY._. CONTEL ...
e SMAY. . - . - . - - — e O
“eLSTOLTIETOMOLE 4L =, {U5UB2SINGTSEClL =,115626612435F 04 ATB1267ITTLLF D2
I e LLISRARORLIL G+ T a2LA323837230iE+0 2 J18694LA07937EeD = o 3I538871 21 IAGE -3
~o419133147181F€¢02 =-,591918123381E-03

—+ 326974064735 403

—— -GONIRNYL. NF IGHIS .
ACcnenn
CITCH ~laf)Feny
CYAM L L1000 EedL
«10R0Ze9%

THUTDFF

- — TARGET WFIRHES .
X 210006471
Y «1ILPFe)
——de

$1097E471

-1030Z400 ..

=1 2524 53RLSTAE N 2

ALITVOD 4004 40
ST 39vg 7 VNIOIIG
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UNMEIGHTED GUINAMEE MATPIX (C

ONTROLS WRT TARGETS)

~«1819%R157063°-03 =« 563NN ATIF-03

.300B453837956-02
.10332509 453 7c-np V167157606565E=02  -,5966639841326-12
e e BPRURTZLIMGTE 03 | ETILLGSISIRGAE-03 . - 2367696 18041E-02 . .. _
«3150292077RUE 402 L 216724734 741£ 4013 +4923A96L5723E003
-.UMCOMSIRAJLNED_.I:QNIEL‘IL CORCECTIINNS
STANDARD DFVTATIONS AND COPRELATION CNEFFIRTENTS
ST ney a5nPRO PITGH Y au CUTOFF
ACCPP0  .196934ATE-71 1.m71%790
PITCH Wb 3ATGRABES]] -.983AE7%9  1,03003020
AR 4 BIBRERERTE e m W O7B87053 . LQYAE528A . ——1,03080000- .
CUTHFF L1595 7E 14 -.6829773A JR2738890 .51532918 1.00000000

ACTPRO. STLMAST L 19633E-01, MAX ALLOWER=  ,.500005+00
PITCH, SIGMA=  ,4T8T5E=T1, ™AX ALLINEN= ,R7266E+00
e e F By STRMAS e L LB IGE R D Ly MAX AL OWFA= . BTZBAE SO0 .

CUTAFF, ‘STGMA=  L1AS5G3E404, MAX GLLOWEN=  .LI2CHE+07

)

- RESID— TARARER. EDOQD i e, FE
STANDARD-OF VIATIONS. AND. GORRELATION COEFFICIFMIS oo oot e oo -
STO Oy X i z
X CLVTLOIETE-LD 1.1170€990
Y A ZUSTPZIE-11 +B6137223 1.0J090000
————————l JLLRHGARLF =1y . e BGTIPNLE . oGB2BLB20- . 1.00009060 .. .

UNHETGHTED GUTDANGE MATRIY (CONTROLS WPT TARGETS)H

=.1819861570A3E-07 =+ 59 TGURLDET SE-N I «JOQAL5383795€E-02

J1GN3ZEAIIE27E~12 L IRPISTENG565E=127  =,596R613R61 32612
i AT ABZTEZLLATE =13 . e BEGLLBLEI AUAE AT ey 2367606 180 LE~DT
L315020207754F4 N2 216028721 7ulc+d? 432 3AGBA5723E403
_FINAL. GONTROL CORRFGTIANS. INCLUNING CONSTRATNTS- oo S S
STANDARD NEVIATTONS AND COORELATTAON .COSFFIMTENTS . . ...
STh ory ACCPFO PITCH vau cuTnFe
T ACEPPO | .19691687F-11 1,308 S ) T
AITCH TR TREOLE - -.98385778  1.00007000
e ¥AM. . 14RIB4SRERIL. - ..... =,97807051 __ _ 00955288 _ _ 4.00000000 ... ..
CUTOFF «18523TL70+ 24 -, 08292798 «R2T3IBAGD 01532318 1.00000000
...... —CONTROL STANDARD DEVIATIONS AND MAXIMUM_VALUES ... . . o o
RCCP®N  1,96975 53.00 PER GCNT
e BTTEH Z.B138F . 520 DEBREE S o e o
YAW  .ALATS 53.90 DEGOEES :

TUTOFF 2152 57.00 navs



MASS STANDLR] QEVIATION FOR SUTNAMNE=:

GAMMA mATOIY

-+ 18929575 938E- )2 2 SOOTNIREATRFS~ 2

- ZLB2225164535-02  <.GBIZT6Z3BUBSE+02 =, 600763635962E401 . 1671744160526402
« 39932 BLH1929E~-12 -«BB4B05LAG19LE~D2 «524025481279E=-22 WT12625B6ATABE+ (2 -~ 4225FSST20A5E+01 = 368221250 %49E+02
lmimme e @A RZTHIAGNAETC =02 . -, 20420L66LSLIE-02 .. LAPSSOAROGL2SE~02 210052 1AT73E#02 =~ 2402L08024178F+00 =
«I55525101 753+ )3 — 1120562466 659F +0 4 ~.209329186541£¢03 JIA2LEISIUELES LT « 176966034 104E«0T »26T7T694I6540E+0T
STATE GZPRO® AFTCR  (MRN
CONTROL COVARIANRF AT MANEUVER FXECUTTON TIMF 1.0400 OA&YS
STANDARD OFVIATYONS AND CHIRELATION GOEFFINIFNTS
STO n*y X v 7 vx vr vz
X 20 EP4LFIL0452 1.'.‘-:!]0"‘[‘(]1!.“
¥ PLERAUERE:E T By | «99RE652729 1.70902200
e PP SE P N L FF R ) N L Jo ) REVEREON - & F-17% §3 I 2272413 —--1.04000000.
v JATG2I9L1E-3] 98344145 =97 Tu0276 STLTTLG23 1. 00900040
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3.2.3 SIMSEP

The STMSEP 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 J, effects, cause the

2
trajectories to diverge even after just seven days of propagatioh.
| The SIMSEP sample case is simﬁlated under the influence of
control errors which directly affect the S$/C motion, e.g., PG,
SCERR, TVERR, TCERR, etc., and knowledge errors wzich affect the
ability to control the motion, e.g., P, PS, and CXS, Only one
sample mission is calculated in the program's "forced Monté Carlo"
mode (IRAN = Q) where all error sources are sampled at their one-
sigma levels. A single gﬁidance correction has been included to
indicate computational steps and effectiveness of the Newton-
Raphson algorithm in re-targeting dispersed trajectories. Although
the scope of ﬁhis 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 (sge Page 119), the first
page shows a listing of the $TRAJ namelist as has been presented

in previous TOPSEF and GODSEP sample cases. The trajectory

initialization data which follow define the reference trajectory
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integrating conditions underlying the SIMSEP analysis. WNext, the
first mode peculiar namelist, $SIMSEP, is listed and is followed
by the SIMSEP initialization daté 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 shdwn 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, semsitivity
matrix of targets with respect to controls, and néminal 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. TFor 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 migsion cycle, These
actual values, the corresponding refergnce 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 ti%e.

The single guidance event included in this sample output is
a' nonlinear correction scheduled at ome 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
t£me, 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 grfor. This error is then added
Vto the actual trajectory state, thereby defining initial conditions
for the estiméted 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 fhe 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, 1s 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.,
¢, eu, and 7 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 estiméted trajectory computed for the next iteration. In
particular, the updates ovef*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 errérs 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 timé (TEND)
since there are no more maneuvers. At TEND, 2 Monte Carlo mission
summary is displayed showing the final trajectory conditions.

If more sample missions had been requested and run, addifional
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 cﬁvariances,
s/c mass variation, estimated control correction covariances, etc.

would be printed and punched (if requested).
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§lMSEP Sample Case

PSTRAJ
TLNCH=2644370,+ TENND=7.5
SCMASS=S5000,.~ :
STATE= 28571a90.90e904s 3,72004469+-,3255405
PHAS=N 450, »
PHAS (&) =1.>

STEP=1.+»

ENGTNE=14,47540,014,42%5¢ ENGINE(L1T)=1.F20,
TCNORD=3+ NTP=73, NR=1,

TSTOP=1.

DRMAY =50, s
THQUST(I.I)=3.9]o*l-‘zn.q.00717910.!—7.1591000630’
THRUST (1421 =20 s%a1le027G, 4884,N0717910.49s=Tos60¢00a06309
THRUST(193)5300¢10e9109337.95244007175100s~Ter642009630>
TISTME =0,

MODE==3+
FRNMIL_ =T
JEFLG=1
IPRIMNT==1.
XPRINT=T.»
MORBTIT=1,
SEND  TRAJ

ORIGINAL PAu.. -.
OF POOR QUALITY
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PSS EEREFRANE SIS B FIRLB NS

THITIAL EPOCH (REFERENCE OATE)
JULTAN BATE sase Zn4t320,0000090000 .

SatRE . CALENOAR DATE .ese 1980 MAR ... 21.. .13 HR.- 0 MIN._0.0008. SECS [P VU p—
TRAJECTORY START EPOCH 0.0000000000 DAYS AFTER THE Ir‘T?IlL EPOCH
JULIAM BATE v4us 2444320.0000000000 :
—_— - _CALENDAR DATE seve 4980 MAR.___ 21.. - . $2 BR__0 MIN __0.0030.2ECS P
TRAJECTORY ENN FEPOCH 7.0000000600 DAYS AFTER THE INITIAL EPOCH
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: X

¥ z MAGNI TUDE
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VELNCTTY D »37209449000000E401 -,32554050000000E+ 00 » 3735158 3053435E402

SEPS MASS 5300.9000700000 KG

EXMRUST VFLOCITY 29.4180000000 KN/SEC

-FLECTRIC POWER AT 1 A, Do~ - - A4, 4258000000 KN

FLUENCF 0.0000000000 E1k PARTIGLES

THRUSTER EFFICTFNCY 1,0000020800

—RADIAFION PRESSURF COEFFIGTEMY — - — =31.0000000000

LIST OF GRAVITATING RDODIES

- - ’uUN e e -

EanTH

TARGET PLANET IS CARTH

THE PERTURBING EWFECTS OF A NON-SPHERICAL CENTRAL B80DY ARE MODELED AS A JZ-TERM IN THE GRAVITAVTONAL POTENTIAL
t4? = L 1N8264L50E=02)

INTEGRATION STEP FACTOR

1.00040

———THE-SHADOWTNG: -LOGIC WILL-BE-EXEGUTEN. ——

REFERENCE THRUSY CONTRALS
THRUST THRUST PHASE THRUST PHASE THARUST PHASE THRUST PHASE FHRUST PHASE THRUST PHASE NUMSER THRUST PHASE THRUST PHASE

PHARE - —-FND TINF THROTILING AQ <= PITCH AL A2 A3 = YAM OF | {7 S—— —.AS

NUMBER fnay) ' {UEGY IDEG,SEC) §DEG,SFCH (DEG.SECY THRUSTERS DEG+SEC) {DEG,SEC)
i t.000000 1.000000 20¢.000000 LERYA] 10.9091004 ~T.DO0000 6. 000000 g.000040 &3.000000
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3 10. 004040 1. 000000 337.952000 +O0TLT0 10. 000000 ~T.000000 5.00000¢ 0.0000840 63.000000

—THRUST—CONTROL—PHA SING - ANGLES L DEGS
8. 000 28,004 0.4a00 «207
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ESTMSEP
ﬂGK‘—‘lﬁO. L]
IMREF =1
T0UT=1s TPUNCH=]
TRANZN. i
NCYCLE=)»
PRMM) =T«
GMERPEzT s 000«
SCFRE=k®] F—=6e
JEFRR=) JFE =60
PG(141)=.5¢
PGl414)=5_F=~b,
TCEFRR(P2e11 =4l
TCERR({P+2)=alls
TYFRR(1e]l)=all
TVERR (P11 =eC T
TYVERR [ 31 )=a%T7y

MEUID=1 s

pr?‘d)zo‘%'
RR(SHeG)=h E-ty
TCEHR (3411 =e5 7
TCERR{342) =57y
TVEHRF (1 e2)=%4 0
TVERR (P21 =3,
TVFRR (3e2)=3,,

XEMD= «5B991STNIT22E+ 04,
-a 360373457235 +01
MEMD = LAOTIRBELORAAL + 04

_%END
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ORIGINAL PAGE IS
OF POOR QUALITY,

5‘7'("'(3"3)3059
B (6s6) =5 ,F~4

TCERP (6911257
TCERR(Es2) =457

. #PRYG31943273F+050

»H9610665TT2TE+0D

- P225199R3155E+04%>»
~«736331001879E=01
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THRUST CONTROL ERRORS {ONE-SIGMR)
THRUST TPTHRUST PHASE THRUST PHASE THRUST PMASE ~ THRUST PHASE THRUST PHASE THRUST PMASE NUMAER THRUST PHASE THRUST PHASE
A2 A ns

PHASE END TINMT THROTTLING a9 = PITCH AL A3 = YA oF
- HUMBER - (DAYY - e o e DE Y ———— 4 DF Gy SEGl———H}EG-'SEG}'A—GBEGwSEG}—l“RUSVEHS—-—‘—ﬁlBEG.SEC!—-—-—Q‘DEG'SECI
. 1 0.00060109 « 0100007 570000 4.000000 0.000000 570000 G.000000 0.006000 g.000000
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TIME-VARYING THRUST ERRORS

ONE-SIGMA LEWEL CORRELAFION TIME STANDARD OEVIATION
THROTPL ING .100000300000E=D1 .550000000g00€+01 0. '
CONE ANGLE .570070000009E+Y0 +300000000000E¢01 0.
e _CLOCK ANEGLE - - —+57000000000GE430 —300008000000E432 % S
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GUIN=24
NTMEN=TZ
(l1sl)=,N1s
{Gaa)=8,F~5,
S{191)=],E-T,
MAY =5,
ASTH=0.

WATE £, o
TARGT (10) =1
ARTOL =5, 410,
(3421=,0019 Hi4+2)=alil0

F(PeP)=oN1lw
P(545)=5,8~5,

ITARGY (1S} =2

Hin= w2444 321000C0E 407
ARG= w2046 I2TOO0NDE + 0T
REF = M2APPEN0LTSTAE L4
«36032004T611F+nly

RFF = LA9GTY1972952F N4y
RFF = T WBh2AYPTABALIGE 4 NG
-, 36031624 1483F+r ],

REF= L409TOK33INAARRF N4

REFT= CP29RGIN2TIA000E+05

JB00BI1HIITT4ELO3y
L 29337291490RB80E+03

P(3'3)='019
P{AhebH)=H,E=5,
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H(71?)=001!

~ 2172657366 T0F+05,
2 331784505969E 400,

2898906297 13K +05.
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«PIRE98F63112ES NS
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. 3252361467348 +03,
«+A9T8434149R5F+02,
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HOTINN (DEG/ASEGH -~

THRUST PHASE

THRUST PHASE THRUST PHASE THRUST PHASF THRUST PHASE NUMBER THPUST PHASE THRUST PHASE
DURATION THROTTLING aAp = PITCH Al ¥4 A3 = YAW QaF Ak AS
tOAYS) INEGY {DEGSED) LDEG.5EC) (DEG +SEGH THRUSTERS (BEG,SECY {0EG,5EC) !
6.00000N0 1.00000400 337.95200040 L0074700 10.0003000 -7, 0000000 6.0000 o.0000090 EI.BUGDQGD
mzz=ss== FLLIPTIO =======
BODY PELATIVF S/C STATES 4 L 4 4 MAGNITUDE
SUN ROSTTTON 1485309139426 E409. - ... = 130001106L6066E208. . . =,72996706922002E+03 e - #1491 938 302770 4L3E 0T
VELOCITY «71282728428085F+00 = 263745521 TH7THEDD = 2862270747 LTTRESQD « 263857 35T525025+02
EARTH POSITION +2T02R1L6171127E405 el1l0kG1876B1LEAT+0S . =, T2986706922002E+035 .. . ... « 292066 069U 2A32E+05
VELNCITY =2 13904097 I2TSAET1 « 34095391 T730uTELDL =. 28622707 4717TAE+0D «36963136N052906E+01
S/C BCCELFRATTONS % e e e e Y . T USRI U MAGNITUDE
PRIMARY AONY ~.43243008159586E-03 -+ 17669B89346729RE~-D] «116784939R36739E-06 «46728437046513E-03
PERTURAING BNOIFS «PZ49TT09T183T4LE-08 ~» IHOBR2OILITIGTE-GD « 29169092 b6 R5NGF~10 «2254946T7SBALTSE~DS
_ THRUST «322310LSA91992E=07 ... .. - 1051019634423 GE-06. . . _ __.15298301793796E-(6. »1965927984U112E-06
J2 » RAD. PRESSURF 2307996002943 76€-0T7 -.1626026829304L9E-07 - TE435631L593R6E-08 3565719788235 2E=-07
.............. e o o e R i = 1 T T 2 e e Ll A A AN A ANEAESTESTaEe——.——.
- JULTAN DATE - 2LL4327.0000000N CONTROL. PHASE - 3 - PRIMARY BODY___._ .. . == EARTH
DAYS FROM LAUNTH-- T.0n000009 PRESENT MASS IKG} == 64979.802830694 FLuX (Ef1t) =~ n.0000900000
NAYS FROW CUTOFP-- d.0007°0000 PRESENT PITGCH {DEG) -~ 46,N93THEDBLS FLUX RATE ([EL14/%5EC)~-- 0.
- MOFTON T0EGFSECE~-- Q0727540049519 - -PRESEMT- VAR ... ANEGY==. .. __ 8.,363548059 .. . CAVAILABLE POMER _CKM)=-- 16,4250000000. ... .
======= ECLIPYIQL ==z=z==== .
..B0ODY RELATTIVYF S/C STATES R e N e e e 2 P MAGNITUOE
SUN POSTITTIN -~ 1479053869968 TE+ (T = 20681 TL2LHGAILERDS -, 21342631 735928E+ 00 1493443603811 0E+09
VYELOCTTY 58226165431 3360F =01 ~. 2882861357 2460E002 -, 75974 203753606E-01 «2BA2BTT24B2953L 02
EARTH POSITION L5281 TH9A716115E+ 00 w2 BAB1S9TLIBIWE5E+DS «296143127 14584LE+DS
VELOCTTY -+358R5276385A95EF N1 » 7T8113596995%8105+00 = 1594203753684 E~01 «36T1IAB03I72AL2ELD]
S/C ACCELFRAT IOWS X Y z MAGNITUDE
PO INARY ROBDY -+ 954096528924 94LE-04 s 4l ?95423831285E-03 «327556R8530129E-04 «45u50655906329E-03
-PERTURBING RODIES *95368027621692€=09 - . _ ... -.98052609083634E-09 . .BS03L138526591E-40 - ..._.. .13745033006038E-08
THOUST ~+ 1675282112 7329E~06 . » 11422433530110E-06 «303419311429L0E-07 «19693%392020091E~ 06
JZ + P2D, PRESSUSE ~.3%106976595409F~-08 “y 24899076 3G AALLE-0DT =+ 19031023694503E-07 «31535198927010E-07

T TN L A N ey YLy L Y Y I R RN LRI R LRI L P T R YL RIS P ALY R AL Syl gLl d i gl bl bl St S

« 0072450049519

THRUST PHASE

DRESFNT "Y AW

(NEG) ==

56.000080000

CONTROL PHASE . CHANGE . _._ ... . "¢

AYALLABLE PONER (XN) ==

14.62506020300

JULTAN DATF -=- Zh4ulZ2t.Q0090R000 CONTPOL PHASE -- 2 PRINARY BODY - EARTH

-~ -DAYS FROM LAUNCH== 1.80001000 s PRESEMT_MASS . IKG) ==~  B997,139729520 - .. = FLUX. .. . .. __IE1G}~-= t.opaaateoon
NDAYS FROMN PURNFF=-- A.,D)000040 PRESENT PITCH 10EGY -~ 279.720701526 FLUX RATE (E14/SEC)-- 0.
MOTTON [DEGFSECK=-- L00F235L9069519 PRESENT YAW (DEG) =~ S6.262701526 AVAILABLE POWFR (KW)-- 154.4259000000

THRUST PHASE
DURPATION

THRUST PHASE
THRAOTTLING

THRUST PHASE

THRUST PHASE THRUST PHASE THRUST PHASE HNUMDER THRUSY PHASE THRUST PHASE

40 = PTITCH Al az A3 = VAW oF Ab
— - {0ys) {DEG) v -UDEGSECK - _ (DEG.SEC). ... __LDEGLSEC) _ THRUSTERS (DEG,SEC) . (DEG,SEC)
I.npooood 1.0040825 279,7207015 Q071704 13.30000090 ~H5.7572945 6. 03049 0.0000040 63.0090000

s=zzszsr ECLIPTIC ======= \ vt e i e mne it e A

800Y RELATIVE S/C STATES X Y z MAGNITUDE

SUN POSITION - 14AIIATLAC2R0BEL DD ~.530457T68156202E+07 2236568 TSHATLILZE DG +1490927L1B2721E+09
. VELOCITY YuiT653IT6RB9B3EFDL . =, 2BY6SETTALIBLGES02 . = ZT702502262B063E-0) . 2292653357991 77E+02
EARTH POSIT I STORIZITRZ00590E+ 04 =« 2776794 6A6300E405 «23656AT56ATI2E+ 0N S 28754563387997E+05

VELOGITY L360826A010LLS2E60L L S13197AP7SELLTESND. . = FP?025022G28043E~01 ... . L3T22829T250274Ee0L . ..

S7C ACCFLERATIONS L3 Y F4 MAGNITUNE
PRINARY BODY ~«118755756504LT13E~-03 +4b558961969222E-03 ~. 396625154244 68E=-0h ~4BZ09178BB5580E-03
PEOYURBING BODIES b TRARGISHTIT2E-T9 «11378573050643F-08 ~sQ4T32712433150E~-10 «1226L9628054B9E-0N
THRUST 1072018327 8018F~-06 « 2231642396904 8E=-07 «16382764241416E~-06 «19705266739022E-06
J2 ¢ BA0, PRESSUPE ~e49T30L20150273F~108 2836550064963 7E~07 201795561337 24E-07 +356503236450T04E-0T7
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hadhd CONTROL PHASE CHANGE wensy
- JULTAN BAYF w= ZabbI26,00000000 GOMTROL PHASE. - . - == 3 - —-—-— .- . PRIMARY BOOV -- EARTH
DAYS FROM LAUNCH-~- 4, 0n Q00000 PRESENT MASS (KG) == LOBA,LLUIEM2L124 FLUX tE14d-= 6,0000000800
DAYS FROM CUTOFF=~ J.000n0D00 PRESENT PITCH (DEGH -~ 337.952000000 FLUX RATE (E1M/SEC) -~ 0.
- WMOTION [DEG/SFCYI== L0DT23541876279 PRESENT YAW-- - IDEG) ==~ 56+ 008000000~ - AVAILABLE POWER {KW}-- 14,4253000000
THRUST PHASF THPUST APHASE THRUST PHASE THRUST PHASE THRUST PHASE THRUST. PHASE NUMBER TFHRUST PHASE THRUST PHASE
DURATION THROTTLING AQ = PTITOH. AR — — - - . A2 - AF—=YAM—- . OF .. S Ak AS
inays) (DEGY IDEG, SEN) {DcG,5€C) (ODEG,SEC) THRUSTERS {DEG,.SED) tDEG,SEC)
6.00000040 1.0%040900 337.95290010 0071700 10. 00007000 =7.0000000 6.0000 g9.0000000 63.0000000
BO0Y RELATIVE SFC STATES * Y z MAGNITUDE
SUN POSITION ~. 1086 3091415279E409 - ... w L13LO0L10135360E208 . .. ... =, 73000702765687E¢DY +»16919836234665E+409
YELOCTYY «T1?7669791065CE+00 ~a 2B370572703653F02 -, ZB6218215683949E+ 00 s 26305754585665€+02
- EARTH  POQSYTIOW e 2702790358L021E0 05 e 4104 4568388195E805 . . w, TI0007027565LBTE4DS . . L29206557395752E+05
VELNCTTY ~.13995512784501E¢ 01 + 30951861 04658E+01 -.2B621821683949E+ 0D +36963067650315E« 0L
S/ ANCELEPAT IONS S B 2 o e MAGNITUDE..-
PRIMARY B0DY e 43262 R91951330E-03 -u 1767059250107 3€-03 «116706 185836 11E=-0k «HbGT285959903J4E-DT
PFRTURBTING BONIES «2P7497583267798E-02 -—.149893084E4336F=-09 291706894827 88E~10 . 2254935296955 0E-08
- - THRUSY L 322310561 2R579E=07 . - . L10510196835266E=06 162983047 96G902E-06 .. .. 519659279800113E-0B
J? ¢ RAN, PRESSYCE =+ 307994 44T 7 TAATE~D? ~.16260880906592E~-07 - TELIBLALITITSLE-NA LISESTLO&DBB566E-0T
e - — EX T L R PR R LR L A W W Ay e S b ol o o R L T W TR W NN MR OE A MR W W e oy o W o e o A B B e WU A LTS L W N AW WA W -
JULTAN NATE -~ k4327 .000000090 CONTROL-PHASE - - S CPRIMARY BOOY. ... == EARTH
DAYS FRNM LAUMCH=-= 7.a000n00" PRPESENT MASS [KG) == L979,802830694 FLUX [E1b]l~-~ 0.0000000000
DAYS FROM PUTNFR-~ 0.03091¢00 PRESENT PITCH (NEG) -~ 46.093994870 FLUX RATE (E14/SFCH-~ n.
MOTION $DEG/SER == .B0723%418767279 PRESENT_YAM . - LDEC) == 8,358509388 ... AVATLABLE POMER {XMI-- 14.4250000000
=s=z=== ECLIPTIL ====zz=s=
~BADY RELATIVE S/C STATFS ¥ . [ — B A [ JE—— MAGMITUDE
SUN POSITTION -~ 1479051902 RGILF+ 09 = 20681 741IREZ1SHES DR ~a213642808767709E+04 L14934436356190E+09
VELNCITY 5812594180361 3E-01 ~e2882901634368RE (2 =+ 75934967320921F-01 2802317495691 7c¢02
EARTH  PNSITION LR27T849739513L9E+ 00 «28862176152639E¢05 -s21342801767709E+04 + 2061418389567 8E+05
VELOCTITY - YGR662ZAL221ITAESL DL o 780733L9AT3I0LGESDD - 75938967 320921F~01 3671399524 2518E401
5/7C ACCFLFRATIONS X Y 2z T T  magetTune
PRIMARY BODY -.96360684385578FE=-04 - 442968896 L6TL2E-0] +32756356610599E~04 »45451051003154E-03
- PERTYPBING RODTIES 959236498590 08E09 G BIGGIHHEIIYLIELDQY AGOILEINS7PZ632EwLN . 1374L3374623061E-08
THRUST - 15 7E30TALTS)LBE~ D6 «1142253304T269E~06 +3032481918334%3E-07 +19693392020093E~06
32 + RAD. PRESSUPE =+ 3508764004 5390E~08 = 2489920785644 9€-07 ~s 1903195226 TB39E~0T

wJISISEUTLTATTTE-OT

30

ALTVO0 00T

a-1etl



ESTIMATED TREJECTORY CONDITIONS FOS NONLTNEAR TARGETING oy
- TTERATIGN NUNRFE 1 - ——— - - 55_53“ :
IRAJECTORY SPATE 8T  7.00000 DAa¥S(J.N.= 2484327.00000) 2? Eg
, ESTIMATE - REFERENGCE . DEVIATION , A
x LTHGREDA55L20T¢04  L5E7392733819E+04  .227067921610E+04 KH = g:
Y L 2A506L7EhZ69RTE05  LZRUBING2ITIIEA0S  ~.kBLITETOLR7YES03 KM
2 - 2196569790 27F 40k =.22245L14S189F 604 . J2TOTIEGLIGLIGAECOZ KM _ Y YR
VX =, 3533AL3IZUAZTELDL  =,3603162414R3E+d1  JB92991685580E-01 KMISEGC o U
vy 1977919574924E400  «699154L66145F#00 2787651047 7SE+00  KH/SES = >
V?  +.96703561201045+01 -=.73B6621219106-01 el226771799094Ew 01  KMISEC o B
S/C MASS 4979,89283 4979, A38¢1 -.03528  XG —
S/C ARBITAL ELEMENTS S C - - =~ -
ESTINATE REFERENCE GEVIATION
s .2969055726726405  .296495963037E¢05  .N106006T4B7BF+02 KM
£ .002037A2 00197557 . .- V00006226 .+ oo B
T 4.50636596 4, 45855352 L0L788244 DEG
nans 184,08199769 183.,97618126 10581665 DEG
ARSTS 191.66969973 .. 283,3876B68%1 - .. —_-11.71798708 .OEG . . .
" oA 5A. 624610102 51,52277713 7.10132390 DEG
TARGEY WARTAFLES “ el - - [
ESTIMATF REFEQENCE DEVIATION
T .296301631A65E405  .795910216060E+05  .3A1316BGL746EC02 KN
2 TPI6ANGETIETPESDS  .2964959631112€+05  410600558531E402 KMo . _
QUADRATIC EFRO® FUNCTION TO MEASUPE RATE OF CONVERGENCE
‘ B =  L7R1117516384E+02 FOR ITERATION NUMBFR . t e e B - o
PHT MATOIX NYWER TPASFGTORY 89C  1,11300 TO  7.,00000 DAYS
. X Y P Iz IO e N MY M2 - -
x L PLOENAPRTIEIESTL  o150131561689E402 ~. 1457313872226 401 =.L117M5129366TED6 =.522017730052E+05 - ,J24219650672E+04
¥ CIBEORZGTIEAZE4NL  -.64T058160963C+01  .528325244060E+00  L5L5I02811640E405  .163036170251€¢05 ~,501819527906E¢03
7 ee2172031PATIRE€ON  LPYTTTEISERASF 400 . AAI023ETAIGFE4) —m BELABIISTBIBE DL = LhE2016300ELEDL. 14 2654575RT56E 404
v P UEBEGLISIHeTh L 37PLSLEBTHTRE-GI =, TTAATISuBBA4F-04 <-.2372336I1BATE+01 =, 1BTB1GASALIZECOL 12250429634 BE+D0
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ESTIMAYED TREJECYORY CANOITIONS FOR NONLINEAR TARGETING

e FTERATION MUMBER 27 - - R

TRAJECTORY SFPATE -AY 7.00000 DAYS(J,0.= 24446327.00000)

—_ - —— . -# . ESTINAYTE _REFERENCE .. ——— DEVIATION... .- .. —— p— [ER—
I 403855 H0TBELE0L L562392733A195¢0t «,158537325955E+0% KM (@)
¥ 2921836964 65E405 28983062971 IE+05 L229I0GETS2SAE+NS KM Eﬁ

e—- . 7 - 21811235637 7F+0L. ’.222h5k1k51895i0%—.&3“1?“312165“12.._KH - e ¥ -
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S/C HASS %980. 27656 4979,83811 +43BLE KG
—.. S/C OVBITAL FLEMENTS B — — e
ESTIMATE REFERENCE DEVIATION
A L29ELTZTTZITIESDS  .296495063137E+05 -—.363100867048E402 . KN
£ ,00207079 - DETTTEITT I 1.1.1.0 1 S
T 4.31057216 4,45855352 -.147381%6 DEG
HONE 183.307L5925 153.97618124 ~.66772199 DEG
e - APSTS 20%. 39141663 . . .. 203.38768681 — . 2.00374761 DEG. oo e oo
M A 53,2709097% 61,52277713 1.74413263 OEG
e FARGET. VARLAALES U B} —
ESTIMATE REFERENCE DEVIATION
ora ,29551954719TE+D5 . 205910216000E¢05 -.39067 I806666E+02 KM
— a 3GELI2772170E405 - -+ 296495063L12E#05  ~. I6ILVIGAZINIELLZ. KN - - _
QUADRATTC FRROR FUNRTION TO HEASUPF RATE 0F GONVEPGENCE
- H =  JTBI1126343AGE+0Z FOR ITERATION NUMBFR 4. e -
n = .7Th241175IuAEF+D)? FOR TTERPATION NUMBFR 2

e  PHT MATREY QBER TRAJFOTORY APC 1.00000 TH - Z.00000-DAYS

A-TeT

X ¥ I VX vy ve
X -, 207361775451FeN1 L153621501 113402 =.Lbf07L12TT266E401 ~.119720749899E¥ 06 =-.540124357875E+05 *338368637199E+ 04
¥ LLRZITS1729RAE DL -.uu.u330::1snn1:...._-,szrssunsussstnn,#_.muzmmmsu_.muzmuzusmu..._-.‘zasuususrsnns
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- THETA MATRIX OVFR TRAJECTORY ARG 1.00080 0 ..7,30000 DAYS. - - e —
tALL ELFMENTS ARE TN ITNTERMAL UNITS}
THPOT TLING PITCH ANGLE YANW ANGLE
- X L1NG787433216E+0R L3F1LO553686TES06 ——-327320152488E 06 -
¥ - 1243IR4 536 TTEDS -, 3B2204027217E+05 =.380366639263€+05
4 -, 1207T6ETSINAIES"G A 10 6E5R0GZLOTESDS =-,110651392051E+05
vy «2022094727A2EN1 6411983007166 +01 . H2ABLABASNTE DL — -
vy +130390935836E¢)2 ,b08275910362E+02 G0INZNTOTTISESDZ
vz ~ 1316819487ALE+]L -t T3BLL090603EC0L ~.h730855118923E+01
FTA MATRIX AT THE TRRGFT FOINT
fALL FLEHENTS ARE IN INTERNAL UNTTS)
E q Y- 1 '3 Ny e [ b S,
RCA «GR7LGL228958E 00D 12764928647 1E+01 ~91TEL0171013E-01 ~,753327707370E+ 04 - GRB68122B142E400 . 3016946042 35E+03
a .27 3766509490E+30 J19R066211713E 401 a1k 785454666 TE+0D e 160078 T5T07IELOS 222211069072E40%

TARGET FCONTRFL SENSITIVITY MATRIXE 2 X %)

C(ALL ELEMENTS ARE IN INTERMAL UNTTS)

~.236843612265€+03

o e .- THROTYLING. - . PITCH ANGLE NAM _ ANGLE N
RCA 1623627886096 +04  .530916179182E+04 L 527845184458E40%
x TiN22R5716908E406  .503175180184E404 5764233699034 04



GUIDANCE MATRIXL 3 X

79 FOW NONLINEAR GUIDAKNCS CORRECTION

1ALL SLEMENTS ARE N INTFINAL UNITS)

RCA A
THRATTLING -« TPL99A591387E-02 -, T1330404T7056E-02
PITCH ANGLE 2. 10906528R242E-02 ~,922649T751049F-03
- TAM - ANGLE ~e301615390TLBE~02 L 2867B12R2217E-02 =

ESTIH&TED COMTROL CORRECTION FOR ITERATION

2 IN INTERHAL UNITS

oL rONTROLS - c - e URDATES. - - MEW GONTRMS
THINTPL TNG -QQQZSTSZBQZHE’UD SeI6T261187 21E-01 +9929304 37 796E+00
PITCH ANGLE »4905LB266L53E+01 +»909914729297E~02 «HO1458101102E401
s—s se- - YAW ANGLE « 13LTICNSP462E400 - =o136806821798E~01 =~e14541ATI96L2EQ0

."‘.."."'."l.."'."‘-"""'"'-l.'.'."...""II"'.‘I""'“'.“"l'l'l"‘.'.-'

—JULTAN DATE
DAYS FROM LAUNTH~--
DAYS FROM CUTNFR=~-

- MOTINOM (DEG/SFCY=-

YTHRUST PHASE THRUST PHASE THRUST PHASE THRUST PHMASE THRUST PHASE THRUST PHASE NUMRER THRUSE PHASE
— DURATION THROTTLYNG Al = PITCH .. 595 AZ AT = XA . . 0oF . Al
tDAvYS) 1DEG) (DEG,SEC) ({DEG,SFC) 10EG,SECY THRUSTERS (DEG,SEC)
3.o000000 « 9929701 281.586T959 «007170D 1. 0000000 -8.3318000 6.0000 0. 0000000
z==s==% ECLIPYTIC =======
BODY RELATIVS S/0 STATES X Y z
—SUN - - POSITINR L .. e lG89QBTIL02808FE¢0G. - . 53057581562 N2ER0T L ZICSEATOLATLIGIESOL -
YELOGITY s 17TESXTEBIHIILESOL ~e 289656776 1181LEHD2 ~s 770250224208062E=-01
EARTH onsSITION »TOAB23I7L200590E+ 0L - o 2T77H7TRINGAGINEDE .. .. « 236568 7568T142E+0G . . ..
VELOCTTY «IEORZERN10W452Ee 01 «31319782 7561075400 =, TT0250224%2A043E-01
~-5/C AGGELERATTNS ¥ emme e e+ e o - ¥ — T ... e
PRIMARY RBODY .115?55?550&?13E 03 ~46554961969222E-03 - JGER 25154244 68E-04
PERTURBING BODIES +LUTBBBI3SETOT2F-09 «11378573050643E-04 ~.9u732T12433150E-1D
THBUST L1095 JETDIS095E~06 — . . 265MLLELDTLIIEIE-0F . L 1BAGTLGOLLLSELE-TDB ... .. ..

J? ¢« RAD, PRESSHPE

PABKTS PP I UNERUE N RS U SR SRR SRS R RANNEEST

i —y—— -

JULTAN DATF -
NAYS FROM L BYNCH-~
- PAYS FROM GUTOCT-=
HOTION TOEG/SFECYI==

THRUSY PHASE
DURATTON
(DAYS)
coe By 0293080

==z===x FCLIPYTIT

—B00Y-RFLAYIVE S5/0 STATES

SUN °gSIT M
VELOTITY
FARTH PCSYTTON
YELOLTTY

S/C BCCELFOBTIMS
PRIMARY BONY
PFRIURBING BONIES
THRUST

J2 ¢ RAD. PRESSURE

THRUST PHASE

LA LT

~L49730120150273F-0A

CONTROL nHlSE CMANGE

== P444321.00000000 - GONTROL--PHASE. - —— == e e —
1.9000004D PRESENT WASS (KGI== 4997.119729520
5.00000001 PRESENT PITCH (NEGH~-- 2al.58u7953809

«DAT 26644536260 PRESENT. YAM .. . {DEG) == .5k,668119956. - ... ...

-em e -- PRIMARY .BODY - - EARTH
FLUX TELLY == g.00800n8000
FLUX RATE (E14/5SEG)-- 0.

«289695N064L9637E-07

« 201795561337 28E-07 .

AVAILABLE POMER .(KMI=~

th.u250000000

THRUST PHASE

[ AS

(DEG,SEC)
53.0000000

NAGNITUDE
«14909271182721E409
«29265335799177E+ D2

»2B754569387997E+105
L37228297250271E+0¢

MAGNITUDE
+4820017B8B5580E-03
«122660982805489E-08

. «1948639992674BE~D6
« 356503234 50704E-07

“.."“‘."l-‘"l"'.".C‘-.""".l..l'.‘-"-".""'.““‘I'.'.l".....‘.."'.Ul.."l""’

o e PO A S A R A Y P Y Y ol e s %A o R e T ) T T e R

CONTROL PHASE CHANGE

resR

S2EPR
2u46324,00000000 CONTROL
L.0NBONOQD FPESFNT
%.999406000n0
»03723503107552 PRE SENT

- - PRESEMT_PIICH .(DEGI-~- .

THRUST PHASE — THRUST _PMASE - THRUST

PHASE - 3
MASS (4G) == 4IBB.540097435
YAW

(DEG) == 56.000003000

-337.952000080

PRIMARY A0DY
FLUX

PHASE . THRUST RHASF .. _HUKBER _THRUST PHASE._.

THROTYLING Al = PITCH Al a2 AY = YAN nf Ak
IDEGH (DEG,SECI 10£G, SEC) (DEGSEC) THRUSTERS (DEG,SELY
- 1.0000000 337.9520000- - — 087 L700 130000000 ———=7 . QOOR000 60000~ —.- 9.0000000.. .
T=ZHERD
. L' — i S -
=o14853096632133F409 =.1300002T7439178E+10R =~ T3I900056 95 1L46E+03
«7T0359247 34 2682F+00 - 2HITBEETI239105+02 <, 28648520 405450E+ 00
.zaqqsrasuuQIQSEons «11127264569507E+ DS +a73900054951646E¢03
-a 1077 25TAM1ZIYE+ 0L +340553403020082¢01 ~, 2866882440 5150E+00
x ¥ 7
~e 431834580529 1E~03 “e177996490152516E-03 +1582126B473555E=0%
«226480771315330E-18 =2153463054598RAE-09 «29530051064931€-10
«322304TITI0NCLI4E~-DY . « 10599991 880452E~06 «16297987203846E-06
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COMVERGENCE TN THE NONLINEAR GUINANCE ALGORITHM AFTER

3 ITERK

——~ESTINATED FRAJEGTORY-GANDITIONS FOR NONLIKEAR TARGETING —-

ITERATION NUMBFR 3

TRAJECFORY STATE AT

TL00G00 NAYSES.De=

Phble 327, 0000M

TIONS HITH Q0=

«8553E+00

=]
ESTIMATE REFERENGE DEVIATION o E’
B AL IR TT TR, X 62351 PLARGTTESDL . 5623927330100k BL12LT7S3158GE403 KM [ Wﬁw—? -
Y L268806213005E 485  J2B9800R29713E+05 =-.1084L16705T6E+0T KM
7 -.7164087855600€+04 +.222654145189E404 . 837128958907E+02 KM L)
e e VX  =,35RB60765263IE40% - =e3B03LA261443E401 1653475626 04IE-01— XMLSET I e~ EE
YUY  LTTSS0649818IE+00  .699154466L45E+00  7HISHO03203SHE-01 KHMZSEC i
V7 -.75SBLATAS1FAE~-01 =-.738662121910E-01 =-.171566632680E-02 KM/SEC )
———— e SAC MASS 5979,89920. . ... .. B979.83811 — .« QBL09 __KG ———— —ij——— - —
S/C QRBITAL ELFHENTS :?53
e e ESTTMATE .. REFERENCE.. DEVIATION. . ... . N
B J296568726276E405  .295495363037E+I5  .727612395945E+01 KN
£ 007124318 00197557 L 00016861
[ —— I L 307490624 — - .. L .LSB55352 __ ____+,15108929 __ _OFG - ———
NOnE 183.66927247 183.37618124 -.30690877 OEG
PSS 106.09224506 203.35768681 -7.29%44175 DEG
e w o 57.89167356 §1.52277743. _ .. _6.3688964k ._OEG ] e
TARGEY VARIMRLFS :
e e FSTTHATE e REFERENCE.. .. __ . _DENIATION . . . e et =
REM  .29693875917SE+05  .295010216700E+05  .285431751027E40L KN
B .Z96S6B7242TEE+05  .206495063142E+05  JT27ELIGLZLTIE+0L KM
QUANRATIC ©RROP FUNGTION TO MFASUPE RATE OF CONVERGENCF
@ = J7R11126763A6E¢02 FOR ITEPATION NUMBER 1
———— . -@ = TLZ25117G53496E402 FOR TTERATION MUMBER 2. .. .- ... ... e = -
0= LES53138402TRE+QT FOR TTERATION NUMBER 3
e PMT. MATRIX WER TRAJEGTORY ARPC  1,00000 TO 7.00830 G&VS . : S
X Y z VX VY ¥z
X - 207257BR50G1E+)1  J1509946A3529E+02 ~.13977012924045401 =-.1186131700629E+06 =.52999RB1P6SE+NS . 328365356222E+ 06
N uY711002524R1F¢01 =-G550606221F 401 .. _ou3GZ25709282E+00_ &Z76070325556405 . o 1158087821 26E405 26623623584 98E 403
z =, 1AGRRSO0DNBTF+ 10 «GAZLOJSIGRARE+DD ~.B8976540956A264E400 =,552731208128E+04 = 1108TL329387E+04 «38B138325105E+04
vx ERGUTPFEIVLEE-04  .252762TA9856E-03 =.743795251229E-06 -.1407017F715E401 ~.150745205141E¢01 . 980049575548E=01
e WY —y3190L279A?35E-0T  L$86159552904F-02..a. 1771745654 39E-03 = 14363 039SZMTTSELGL. .. . $00419729742E+00
vz 5151672132610 - 1481T1020154E-03 ~.4748750118156-06  ,4i10527550707E401  L3803810727T25E400 ~-.028174117050€+00
— —THETA MATRIX NYTR TRAJECTQRY ARC 1.00G80..J0.... 7. 09000 0AYS ... — s [
CALL ELEMENTS APE TN INTERNAL UNITS)
THROTTLING BITCH ANGLE YAW  ANGLE
X . - =41390ANET297E 605 -, I2TOIL0656206606 =, TICAL2EITCALELLS - .
Y L3L7IB364IRIRES)L  .6201209000B4E0S 624222922949 405
z L268BEI171513E €14  .Q362GQ1TOTZIEL0E 902367 4MZSIGESOL
o WK e k3AEESOO111TEAI0  -.Q370NGSATILOES0L - O51LRTAGTETLELDL s .
Y e 1ABIE76LIBTBEHTL =, 3999699464 08E402 -, 0471100707 4E+D2
vz TLO5LEBS18523E400  L493685193138E401 4931518202295 401
ETA MATRIX AP THE TARGEY POINT
TALL FLEMENTS APE IN INTERNAL UNITS)
L % . z X Y vz i
"CA J11I0UISTEASUEST1  J12543B68LaLIEL01  ~.88TO42T2TN22E-01 ~.90k215426064E0 0 = 507254B75643E¢ 06  J3T6T2711514E403
A Te2191105I70OE 400  L1G5424h04ZBEE+N] =, 164856180291 3E¢00 ~,15827B265293E405 342234552477 ¢0% -.3335454103656403

"‘;GETICVDNTR'UL SFNSITIVITY MATRINE 2 X ™)
CALL ELEMFNTS ARE IN INTERNAL UNIYS)
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CU OB C RSOSSN RS ARG AT RS U C S ARSI R O S S U E S NG S R IR A NS R AT L SRR R R AU UL ERCO R BB YIS CEG RIS S RS FOSEDPS P ECOLS OIS IO S PURR R SA G4SN BUTERRlY
HONTE CARLO CYGLE WuMArR o
GUTDANCE EVENT NUMBER 1

U : QUTPUT NATA AT THE DESIGNATED TARGET. FIME S

LA IS AL I IR R Rt SRR IR RO Sl R Iyl R S R I Y R R e Ry Ny T Ry Ry LY Ry YRy L N Y PRy Y T Py T ey S Py R Y P YR Y EYN PSP R FYYFY N Y

—- - GUEDANCE EVENT TIME 2444321400000 AT $.00000 OAYS- FROM-LAUNGH - - o - o o
DESTGNATED TARGFT TTNE 2444 327,M0000 AT 7.00000 DAYS FROM LAUNCH .
OURATIGN DF THE GUIDANCE VYRAJECTORY IS 6.00000 DAYS

SFC SYATE YFCTOR AY¥ TRAJECTORY TIME = 780000 DAYS(J.N.= 2444327,00000)
ACTUAL REFERENCE DEVIATION
X C 5002057184 0E+ b - 5623927330196+ 04 = 1DIIT2LR197TIES D4 KN “ren = et i iem
L 291504920 170E+05 «289890529713E+05 +161529445699E4037 KM
? = Z21T162710939€E4 0k <~ 222074145 109E+ 08 WSETLLTIHZG8TBECQ2 KM
L “eFO2711846090E4 01 - =~e 300314241 4BIE404— 2337605407 15F =01 KN/SEC ——

vy +ST28149RLI77EHD0 L639154 0661455400 =,12633940496AE4+00 KM/SEC ;
V?  +.591237T7ATSQZE-01 ~.738662121910F~01 . 167626336319E-01 KM/SEC vl
- ST MASS BOALL 17665 - - . HOTF.B83BLLo- o . o 33854 _KEG C@FE .
o
S/C ORBITAL ELEMFNTS . [ fior
..... B ACTUAL - -oeo. - - REFERENCE.. e DEMTATION e e Y
A «296255R25203£¢05  .29649596303TER05 =, 2401378 33712F402 KN )
13 L00203617 .00197557 © o .00005860 o} ",
T 4 30799386 ... M. &5B55IBZ e =, 15055969 _0EG ... .. S b =
NODF 183.,36707158 143.97618124 -.60910966 DEG hiad oY
ADSTS 204, 41450670 203.38768681 1.12681998 DEG ey (25
—— ™A SY.11678264.— ... ..51,52277F43. .. 1.5940055L _DFG.__. . :gg,a_o,
TARGET VARIARLES
ACTUAL - . - REFERFNGE oo - _DEWIAYION.. . .

_CA +29%653191781E+05 »205910216000E+05 =~,2570242189TRE+D2 KM
L] 29625582520 3E+05 + 2966959631 L2E+05 ~.240137909069E+02 KN

— BRI PPNV F N F N R R AR RNV SR RN P R F LRI RN A TR T RO G H PP F O I RN PP S SR UN EA N SR RN SRS S AR TN RN SRS RN AR RRR LG PO TR LSS S H F SF N U RSP UR SO E

.............. m o e e e mm e o k2 7 ot s 2 S e e 2 e o mm
- R  CONTROL PHASE.CHANGE ... . ¥®®® i
JULTAN DATE -= 2LG4L3I21 00040000 CONTRAOL PHASE - 4 PRIMARY BODY - EARTH
~-GAYS FROM LAUNCH=-=- . - t.B3800000 -« - -PRESENT. _MA5S .. {XG) =+ _L997.107969173 .. ... . FLUX .. . .. _QEiu)-=- ﬂ-ﬂﬂ_ﬂnﬂﬂﬂﬂﬂu
DAYS FROM CUTOFF-- 6.0090000¢ PRESENT PTICH (DEG)--  281,66370084k FLUX RATE (EL14/SECI-- 9.
MOTIOM (CEGASEC-- 0724234350175 PRESENT YAW  (NEGE--  55,192847306 AVAILABLE POWER (KW)-- 14.4250000000
THOUST PHASE THRUST PHASE THPUST PHASE THRUST PHASE THRUST PHASE THRUST PHASE NUMIER THRUST PHASE THPUST PHASE
DURATION ¥YHROT.TLING a0 = °ITCH AL A2 AT = YAW nf AS
- OAYSE oo , 10EG) . .. IDEGoSEC)- _ 40EC,SECH  _ IBEG,SEC) __ THRUSTERS.. [DEG,SECL.—_ CDEG,SECH
1.0000004 .9594574  281.4309393 L007170%  $0.0009000  -8.0398562  6,0000 0.1000008  &3.0a00000
- m==xz=z=z FCLIPTIE =z==c-zx S e e e —————— L e O
BODY RFLATIVE $#% STATES X Y 7 MAGNTTUDE
SUN POSITION -, 148998716 03808E+ 09 -.5304STEAZSR202E407 \236567756B7143E 404 L 149092711837565+09
S VELOGITY o o LuiTEW8TEAAIGMESOL - 289657276 11824E02 T 70PE 02242 A0MME DL . ...292651708283265E402
EARTH POSITION +T0B32Z2THL2005T0E+ 04 = 2T767LL6ARI0NER]S 22305ETTIERT143E+ 04 «2BTS4ST5TSR808E+05
— ___NELOGTTY v e B BOR 180N ML EEA N L QAZILTARTSELIAPEAQD = FYOFEDI2LZAOMME=DY — 3722770032854 3E40L
S/C ACCELERAT TONS x v z HAGNITUDE
- BRINARY BODY - . aaliATESRDAAGEREER0T . 4 65G4O4TTII068E0] . = 30RG2IZIABAATOE-O&__ L 4B2091575233)8E-03
PERTURAING WODTES - eh7388033605 7909 J11378576612737E-08 -, 04732311968692E~10 1276498272581 06~08
THOUST S10442543579842E~06 - 25460803927124E-07 - 15480365634 064E-06 . 1882955515465 0E~06
2 + RA}, PRESSORE - ~e43725202082000E-08 — _28962772482739E-07 .. 203477714950247Er0l — . .3564693706A350E-07_ .

SEFRC R AR AN SR ST S RVEP R RN RO IS T IR U RO R SR PPNV A SR S RPN SN R P NRE R R SRV AT S E NS N ER R E R AN IN EFC R A RE RGNNSO PSR R BT LIS O U RPN SRR U S LS FRU SIS N G

—— - i ey L A o o - — -

gy A

S-1¢1



o - PSR PSR PR Y P RS S Y Y YL LA il ol b el ittt R

1Ty CONTROL PHASE CHANGE L ddd

JULIAM DATE =+ 2u0L4324.00070000 CONTROL PHASE - 3 PRTMARY BODY - EARTH

DAYS FROM LAUNCH=- 4. Q0000000 PRESENT MASS ftKG) -~ L9AM,A174LT7DO22 FLUX AELL) == 3.0000000000
DAYS FROM CUYQFR-= T. 00900000 PRESENT PITGH (DEGY-= ~ 33I8.18u701526 " FLUX RATE (ELLFSEC) == 0.
MOTION (DEG/ZSER)== .00726236358175 PRESENT YAW  IDEGY--  56.,232701526 AYATLABLE POMER (KW)-- 14.4250000000
THRUSYT PHASY THRUST "HASE THOUSYT PHASE THRUST PHASE THRUST PHASE THRUST PHASE NUMNBER THRUST PHASE THRUSY PHASE
NURATTON THROTTL TG A0 = PITCH a1 Az a3 = YAW oF B
- 10aYS) LOEG) {DEG,SEC) {DEG,SECY {DEG SEC) THRUSTERS {DEG.SECY {NEG.SEC)
£.8879000 . 4.0868000  IIF.9520000- — — 0Z4703 - . 10.0000000 _.-=7,0000000 . §.0000_ .. 0.0000800 . &£3.0000800
======= FCLIPYIL ====33= .
.BOnDY RELATIVE Sf#C STATES x e e ————— e W r MAGNITURE ——
SUN POSTTTON ~e 1486311508 4466E+ 09 - 1299959264 9694E¢ 08 -~ 782907 INTTETSAES02 L 14919855364922E409
- VELOCITY 6462930064 3222E400 -2 264014 P32485LIE+ 02 -, 28452262 221630E400 L764L10315119825E 02
EARTH  PASITION LPB79121231€984E405 1156205405 TE5E406 - TRESQ7 TN TT6T58ES03 . 2919011982270 6E 405
VELOCITY - 14E50252511265E+01 3302618105569 2E+01 - 28452262221670F+00 3697209404 3066E¢0L
S/C ACCELFPATTOMS x v 2 T WAGMITUDE T
PRINARY RANY - 42a6654K435TSE-03 ~e 185298 04324994 E=G3 «1254T182266803E-04 L WBTBL2TA5ZTI9BE=03
PERTURBING BODTES L 22364422509586E-08 ce 172569409431 5AE-00 L 347BGG3TUSIOBME-1D . .224330846274D3E-08.
THRUST S 31610129097861€-07 1045896537221 2E-06 L 16381607927792E-06 196578256540 34E-06
J2 ¢+ RAD. PRESSURE - 3037597822684 3E=07 -a 1694091943174 3E-07 <. 79702271105379E~08 S35686438770175E-07
.-------------—--------.--.d---H-.-—-------‘.---.-‘l--...-.--I'---.---q-tt'- PR B b LR - A o _,.'.‘_'.‘-----------.-‘.-.-.-'-
JULTAN DATE -- 2%44327.00000000 CONTROL PHASE  -= 3% T prMary BODY - EARTH
BAYS FROM LAUNCH-- Y.98000001 PRESENT MASS  (KG)-- 4380176651438 FLUX LE14) ==  0.0100000000
_NAYS FROW GUTOFF-= . - G.0BRf0080 -—— . PRESEME PITCH [DEC) -~ .. &6,400792325  FLUX RATE _(ELA/SECI-- 0.
NOTION CDEG/SECH-= .00724234358175 PRESENT YAW  IDEG)-- 7173683521 AVATLABLE POWER (KW ~= 14.5250000000
—zr===== FCOLIPTTC ====x=x.._._ [ ..
BOOY RELAYIVE S7¢ STATES x Y z MAGNITUNE
SUN POSTTION —e 14790 707A56102€4 09 - 206A1653545092E008 - 217T18271093022E006 - 1493459956408 1E+09
e e NELOGTTY o oi76303156410305E~04— . 29036945612426602 . =,5912377875912kE=01 . 29037000106124E+02
EARTH POSITION «&590205T183983E+04 «?91505925L16999E+05 + . 21T18271093022E¢+ 00 -295!9"&9!37‘]‘0395‘“5
o WELOBITY e — = 36274 LONGAGGIEEA0Y o ET2RLMGBIATEIIESD0 . = SOI2XTIATSQIZHESDL 36F25L5693T93I1Ee0L
S7C ACCELERATTOMS X v 7 HAGNITUDE
CARIMARY_BODY - - - e - muTB62ETERLBE0B0EAGS o m kWBGIKEETANG22E0T L ITRIELIAGOIGLLE=Qe . AS526939491262E-03
PERTURBING BOOTES V833303596 32736E- 09 ~.1019101103780GE-08 L 86527933006706E-10 131926078792 94E=08
THeusT - 1587842067 8239E~ 06 < 117842838554 79E~06 L 24588742326 800E-07 - 196919328 2237 6E=06
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CONTROL PHASE CHANGE

LI 3] ]
JULTAN DATE - 2644&374.00000000 GONTROL PHASE -- 3 PRIMARY BDOY - EARTH
DAYS FROM LAUNCH=- L.a0000000 PRESENT WASS  (KGl=-= LUBE, 817470921 FLUX {Eik}l=~  0,0000000000
DAYS FROM CUTNFF-= 3.60080000 PRFSENT PITCH INEG)I--  31K,1B4701526 FLUX RATE {E14rSEGC)=- D.
MOTION (0EG/SFCI == LO00726209885531 PRESENT YAH - {NEGIon - - 56.232704526 . . .. AVAILABLE POMER-IKMI=~ 106,4252000000
THRUST PHASE THRUST PHASE THRUST PHASE THRUST PHMASE THRUST PHASE THRUST PHASE NUMBER THRUST PHASE THPUST PHARE
- DUDATTON THROTTLING A0 = PITCH <o — AL — .. - - B2 . .. _A3.=_YAW .. . . OF Y T — AS
1DAYSY (DEG) (NEG,SECH - {DEG.SEQ) (DEG,SECY  THRUSTERS (DEG,SEE) (DEG,SEC)
5.0000NT0 1.0000000 3137.9520000 .0071700 10.0000000 =7.0080000 6,0000 0.0000009 £3.0000030
.======= ECLIPT r': =ETEIEER T e o T .
BODY RELATIVE S/f STATES X ] i 7 MAGNITUDE
—SUN POSTTTON e 1486 3114TH094 LESDG- 2o 12999534L655L6E408 . =, 7819317352666 E003 . _ _.»16919855093320E+09
VELOTITY JB4TLZ12508903AE 00 - 2640118862506 LE4+02 ~e2B848894366ALN9E40] 2264106548 340396402
— EARTHM . POSITION 26790 IES06TERDS o . 1155623820407 REC0S . =, 7H1934TIC266LLESDI. . .29190759981000E+05
VELOCTYY ~e14641970066663E#01 +338290272082576€+01 -, 2848894366810GE+00 » 3697169942 R6SEE+0Y
. SIC ACCELEGAT TONS : S OO DR S MAGNITUDE
PRIMARY BONY -452939014155957€= 03 -.1851926516987TE-03 .12530722276939£-04 WOBTTILEETOAGADE-D3
PERTURBING RODTES L 22366373330996E-18 e 1 TZX0864 354A61E-09 « 31245450 857295E-10 W 22434623616207E-08
-~ THRUST «31510426703310F707 . o 104589655 10245E-06 — — . 16341607901243E~06 «13657825656035E-06
J2 + RAN, ©OFSSIRE -oZ03TAS57038439E-NT ~e 16941 048196040E-07 - 796715556978 04E-048 «35683769553218E=07
........... .-y o i e e B S S T = R M= R = A o4 AR mmms A mm-—am— e .- ——————
~—JULTAM NATE = 2444327,000008000 - . __ _COMYROL PHASE .. ==_____ 3. PRIMARY RODY _____  =-- EARTH
DAYS FROM LAUNCK=+ 7.01000008 PRESENT NASS  (KGY-= 4980.176651438 FLUX (E14)--  0,0000000000
DAYS FROW CUTOFP=- 3.000400000 PRESENT PITCH (DEG) -~ 45.398336511 FLUX RATE (EX&/SECH-- O,
— MOTION ¢DEG/SEF)-- 0724209885533 cee— PRESENT YAM  {DEG)=x _Z.26i69816% ... AVALLABLE.POMER (KMi-- L154.4250300000
z====== EQLIPTID ===s===x
—BODY. RELATIVE S/C STATES.. . . . X Y F R HMAGNITUDE e
SUN POSITION =~ 147907 NILTL95LE+ 09 ~,20681459186375+08 ~e 21732497151901E¢ 04 +14934595303495E+409
VELOCTTY .18581588803TH9E- 01 ~e290I154564TIGTECDZ ~a597658T71251455E~01 L 2903161311243 3E402
EARTH  POSITION «8E3H0472322648E4 DL « 2918461987191 3ESES e Z1TI2497151904E+0% 2959064506 82266405
VELOCTITY - 362616719521 71F¢01 «5T820389505112E%00 =459765871251455E~01 «I6T2ZHH28206TTIESOL
S/C ACCELFRATIOWS x ¥ 2 " magWituoe
PRIMARY ADODY e 7129197213331 2600 ~o 4UBIT2U86TTLISE=D3 W 3T0TLL1L2B5I9LBE -0 «45523391663489E-03
PEATURBING-MODIES o e - B3660023038028E=00 =, 15iB8161S839B082Fm08 L SGSBLGASZE20R2E-1D L 13206250750566E-08.__
THRUST =L, 1587555041 S404E=-06 113832541 86755606 «24B20E3040S02TE-TT +196919320822277E-06
J2 + RAQD., PRESSURE -~ 2550365158604 E408 -y 2HILUZITBL92TSE-TT =,1927066476 S153E-07 «31600332761193E~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 arc and from which a measurement sched-
ule can be madé. 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 é listing of the STRAJ namelist
describing the Earth-orbital mission. Except for two of the vari-
able, KARDS and ELV&IN, 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 ekecution 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 prop;gation (ISCED = 1, J2FLG = 1, MPRBIT = -1),  The followiﬁg
‘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 elevatioh-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) Johanﬁesburg, (5) Carnarvon, (6) Fairbanks, (7) Rosman,

(Sj Santiago, and (9) Corpus Christi.) Thus, the user can identify
those tracking stations from which the S/C is "wisible". This
information can then be applied to measurement scheduling for a

GODSEP run.



REFSEP Sample Case

PETRALI

SCMASS=8000,,
TLMNCH=2444320.,

‘TSTOP:I’

[ R}

STATF= Z2A571.30430.30.
ICOORN=3,

ME=13,

MTD:?,

FNGTMF=14.47550,3514,425,

132-C

TEND=103

? 307?094&9,_.3255405,

ENGINFE(17)=1,.F209

THQUST=R.JIOQ’]5’20.’.00717’10-,”7t}$.,0¢’63.,

PHAS=N, 390,
TSCD=1,
JPFLG=T,
MORSTT=~1,
IPRIMT = -1

STFP=,5,

MODE:&,

FLVMIN = 15,

KAENE=2,

SFND TP

.l 1.0 1.0

oS 1.0 el
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TRAJEGTORY INITTALIZATION

.."“!‘."‘ SR LI NS EB NS SR PAE NN F VSRR FE S IR A ERA RS S ISR RN IR S AN T INR VS LT URRE L SN S BRI FCERAT S RREBN LS R S S VIV FEUNOSS SRS IGRINC SR SRS TONPNES

INITIAL Z70CH (RFFERENFE NATE)

S BBEFSRFISRERERE R RI RN RSN RIEEFTRV SR ISR DABN RIS FV SR BN R SIRNCRR ANV IFE NSRS I SE P PSS NR IS U TSI R FR RSB SISV SRR ISP R EIS RN IV EFEF IR SRRESS

JILTIN DATE <aue

2u46320.0002020000
CALENDAR DATE +e0. 1980 MAR 21 12 HR 1 MTN D0.0000 SENS
TRAJECTG?Y START FPROCH 0.000

JULIAN NATE ...

TALcMDAR DATF ...
TRAJEZTA?Y =NA TPACH

JULY AW NATE

Phebt 320,000
1980 MAP

Qnt0000 DAYS AFTER THE INITIAL EPOCH
go0J000n0

21 12 MR 0 MTN @,.0000 SECS

1.00000000900 DAYS AFTER THE IMITTAL EROCH

asasn Z446321.0000000000
TALTANAR MATF ,.,. 19A0 HAR 22 12 HR @ MIN 0,9000 SECS
THNITIAL STATE WEQTOR IN ENLIPTIC COOIDINATE SYSTEM
X Y H
POSITTNN «28571000009000€E+05 0. 0.
VILITITY n, «3T209449000000E+ 01 ~2 325560500000 00€4010

SEPS MWASS

EXMAUST voLO~T Iy
ELEGTRIC PJuc2 AT { &,
FLUERCE

THRISTE® ZFFTTIFNCY
RADIATIDN PRESSURE CDEFFISICNTD

e

LIST OF
Sy
raeTy

TARGET PLANMST IS EARTH

FIAVITATING RIDIES

THE PERTURITN™

EFFELZTS OF 8 NON-SPHFRICAL
tl1e =

+10AZ6LG0F=N2)

INTEGIATINN STE? FRSTI? .5000

THE SHANJAIRG LOGIC WILL ME EXFCUTEN.

REFERENCE THRUST CONTRMLS

S900,006N000000 X6
29.6160000000 XM/SEC
14,4250000000 KW

«0000000001 €14 PARFICLES
1.0080000080
=-1,000000000D

CENTRAL BODY ARE MODELED AS A J2-TIRM IN THE GRAVITATIONAL POTENTIAL

"MAGNITUDE
«28571000000000E+05
a3T351583053435E+01

T4RII3T  THRJIST PHATE  THRUST PHASI  THRUST PHASE THRUST PHASE THRUST PHASE THRUST PHASE NUMIER TYHRUST PHASE THRUST PHASE
PuASE END TIME THROTTLING AD = PITRM Al L ¥4 AY = YANW [ A% AS
NJMBIR tnaY) . (DEG) LOEG 4SFC) (DE> +SECH (DEG,SEC) THRUSTERS {0EG,SEC) {DEG,SEC)
1 1d.000000 1.000000 20. 04009400 L007170 to.0x 0000 -7.000000 6.001000 0.000000 63.000000

THRUST COMTRAL PHASTNG ANGLES (PEG) .

n, ngn Fo.nO00 .03 k. 009

NETAILED PRINT EVENT STHFOULE

FROY « 40000 DAYS YO 1,00030 DAYS IN INCREMENTS OF 1.00000 DAYS -- CODF NO. (123

FROY - 50000 DAYS TO 1.,00000 BAYS IN INCREMENTS OF -10000 DAYS -+~ CODE NO. 1000
(CORE RFQUIREY FOR THIS Jn3, 05L40Q OCTAL)

YTyt Ty I NI T Yy Y LT Ry Y Y YTy Y PR R PNV TR YIS S LR AL LR RIS NI R YRR SRS R A LRSI SR RAS AR 1 RS RSS2 LY
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THRUST
J2 & RAD., PRISSURE

L L L] '.‘.."‘I"“‘I"""l.".--.."J"“"'.'i"".l"'l

JULIAN DATE - Pu0a3IZ0. 76014204 CONTROL
NAYS FoOM LAUNTH-=- +26016205 PRESENT
HAYS FRO% ~'JTOFF== « 73985795 PRFESENT

n=s==xS EQL[D;IC ZITEETT

BODY RFLATIVE S/C STATES

SUN PASETION
VELITITY
FARTH POSTTINN
VEL?™ITY

$7C ACLELFRATINNS
PRIMARY BODY
PFRTURBING 3INTES
THRUST

J2 + RAN, PITSSURE

ST EERUSNS PR F YR SRR RN AR NS TRV RRLSSUTRERER SN

e e

JULTAN NATE
DAYS FROYM LA INTH-~-
NAYS FROM CJTIFF==

zzz===z FOLITTIN =a=swax

AaDY PELATIV: S/C STATES

SuN 23SITION
VILIZITY
EARTH POSITION
VELATTTY

S§7C ACCELERATTIONS
PRIMARY QNNY
PFRTURBING T MTES
THRUST

JZ + RaQ, PREISUPE

== 2444320,30000637

=, 24079840 6433RE=07
-.39519356007735€E~07

L3 L2

PRESENT

4
-.14905754876RB5E+09
—.5TPTRLL10116044E+AD

-, 2801450181520 E0S5
-.7E950261802233E+00

X
ATTO6TIRLLLOILE-NT
-.2276A354195354LE=08
9.
WJITTING13855608E-07

«62612529986232E-07
0.

0.
~.18430982466295E-06
0.

Tanw3 T ——CONTROL PHAESE THANGI ™~~~ — 7 ww»=
JULIAN NRYE -= PWhL3Z20,N0000000 CONTROL PHASE -- 1 PRIMARY BODY - EARTH
DAYS FROY LAINTM-= 0.90000000 FOESFNT MASS {¥KG)=-=- S5000.003000000 FLUX (Elul-~- 0000000001
DAYS FROM CUTOFF=- 1.70000000 PRESENT PITCH (DEG}-- 20.003) 000000 FLUX RATE ({(E1&/SECI~- 0.
' PRESENT YA (DEG)=--  290.00%000800 AVATLABLE PO0WER {KHW) == 14.4250000000
YHRUST 94ASE THRUST PHASF TMRUST ©4ASE THRUST PHASE THRUST PHASE T4RUST PHASE NUNBER THRUST PHASE THRUST PHASE
DURATION THOATTLING AN = PITCH At Az A3 = YAM oF L A
NAYSY (DEG) (DEG,SER) (DEGSFC) EG,SEC) THRUSTERS (DEG,SEC) (DEGSECY
10.00n0N00 1,M000000 Z0.0000800 +3071700 10. 0000000 -7.0006000 6.0000 0.0960000 &%, 0090000
=s2z=2=z FOLITIC
-BODY RELATIVY S/C STATE®T X ¥ T MAGNITUDE
SUN 8OSITION -.14900165223651E+09 -, 269451420 T351E407 L L 14902801342302E4+09
VELORITY 52437597354 056E-01 ~uZ61TL7Z036690LEC 02 =.32554050000000E+00 L261T380157632uE202
EARTH  POSTTION +.2857L000000000E+0S 0. B . 28571000000000E+05
VELAZTTY N . 37209449000000€+01 -.32554050000000E+00 «37351583053435E+04
S/C ACTELFPATYANS ¥ Y k4 MAGNITUDE
PRIMARY apnY - 48830659346669E-N3 -0, : -0, L 4B8301659348649E~03
PERTURITNG ANDIES W2ZM94P 11851704500 521054 75750162E=10 L2290263L025861E~04

«19613841465524LE-06
239519356007735E-0T

S BRI PRERPSIVE N FFESFERREN ""“'U"I.ll"."..-.."5""'.".'5""".'

SHADOW=-IN PHASE CHANGE Fone
PHASE - 1 PRIMARY BNOY .= EARTH
MASS (KG) == 4999,253 346782 FLUX fEl%) == «0031914965
PYTCH (DEGYI=- 179,13570%790 FLUX RATE {EL&/SEC) -~ +83L4SLLE-07
YA tDEG) -~ 64.703659056 AVAILABLE TOMER €KM}~~ 14.1715932015
¥ z MAGNITUDE
= 33ENBZ24S5441016E+0T “.51175870865286E+03 « 1590954279731 8E+09
-« 3IGTLTTIOROS2TESOZ «32028691249901LE+070 +33538160151975E402
«57618639606119E4+00 =.51175A70865286E+03 « 20605552 L4TOIIELDS
=+ 3641739059921 2E+01 «32028491249981E+00 23733915T790183E+08
Y ) 4 MAGHITUBE

~+9681191909BBLTE-T4
-.30635805871453¢€-01
0.

~u 375473091 35407F=-08

+A71LB056796122E-05

»20491987911629E-10
n.
~+390B83156592753E~-08

+WBT12767189764LE-D3

« 2247903727 343GE-08
O.

+ 39170397711 704LE-D7

FEELTESTRRGEIRVEEI ISP AR RN RPN SNSRI RY BESNSSEN IS FUSIRNIRUTSHSSRSSUSSSETENETUNSSINERSGE

SHADOW-CUT PHASE CHANSE ewee

sens
CNONTPOL PHASE - 1 PRIMARY BOJY - EARTH
#300004633 PRESENT MASS TG —=  4999.251 966782 FLUX (E14) == «0033794893
«69999567 PRESENT PITGCH LDEG)~-- 208,262 3314955 FLUX RATE (EL&/SEC)~-~ +256412E-D7
PRESENT YAW (NEGY == Sk 137 99LATS AVAILABLE POMWER (KWi-- 15k.1662169536
% Y 2 NAGNITUDE
-.14905661805982F+00 =~ 34TH2OREALLLISP2EXDT +60539103535681E+93 «1490971489T7261E409
v111023TLAN21A0E+01 ~,334964US6I76LTEL (2 317505803564 00€+00 «33516303951355E+02
-, 277H2LRAILSB23IC+05 =-269351227466563F+ D4 +B60539103535681E+03 «28621979999702E+05
.20295402155109€+00 =.360693728863466+01 « 317505403564 00E+00 «3TILT72612T3I89E+D1
X ¥ z MAGNITUDE
L7195 73M525384E-03 +11789587262798F-03 -.10261541621086E~04 +UB65686L942045E-03
-, 2241989824707 4F-00 «19962911507935E~09 -,242406000768915E~110 «2250492393873TE-08

W55 7641L267518TE=-DT
«»36932352232350E~-07

~.981326995994L00E-07
116292504041 72E-0T

e A -

-

-

- - - ——

JAGELZTTTITUSETE~DG
a7 3I76410276387E-08

«19264826T71357TE-06
+33003759893350E=-07
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AN



JULIAN DATE == 2hhL320
DAYS FROM LA IN"H=-=
DAYS FROM CUTNFF =~

ge====zz TLLITIC ==s====e

BRONY RELATIVE 5/C STATES

SuN POSITTON -
VELN"ITY

FARTH BOSTTTOM
¥ELITITY

S/C AGLCELTRATIONS
PRIMARY BODY
PERTURBING AONDIES
THRUST

J2 + RAND, PACEIYSE

PIToM
ANRLE (DF5) 277.%
RATE (D/S) . « THIUBE~-
TUPQUE (N=M}, = LASHEE-
SOLAR ARZAY YOTATTIN= ]

CUNUL ATIVF =_U¥ = 34
FLUX RATZ = +13
POMER PESPAINTION=

SUN OCGCULTATTOIN NATA

ORBITAL 2II1N 17,3510
sHanNNW TIYC 57.431
WAQM=UD TI47 9,001

INDIVIDUAL 2-2TURBINS ACGE

< sasrnr e R

PLANETARY EPHFIMTRINFS
FARTH LISITTIN
VELISITY

« 39999799 CONTROL PHASE .- 1 PRIMARY BOOY =-- EARTH
<&N000000 FRESENT MASS {KG == 4993,975118197 FLUX EL14) -~ 0035399176
60000009 PRESENT PITCH (DEGY-- 277.593122783% FLUX RATE {E1ek/SEC)-- «133334E-08
PPESENT YANW tOEG) =~ 5.597 874550 AVAILABLE POWER (KW)-- 14.1644997%33
X Y z MAGNIYUDE
=.14903253339905E+09 -a 3PS5 LATATISG2E0T7 224 64997B603893E+04 149079644927 16E+0S
1917664557833 401 -, 30628420124906E402 JBES20L746T124HIE-01 +30877396453870E402
~,56215022L7940BE+04 - 27976710817636E+05 2464997360 3893E+04 »28656049543575E405
»36537950213573F+01 =2 7401972227207RE+Q0 65204746 T712L3E-01 «37T28610325599TE«DL .
X Y 4 MAGNITUDE
«AEL16935629A72E~04 A4TI0LBELUL120TE-NS ~41 75524722 7839E=06 +B541236180880£-03

-+53032363312889E-09
«1R933781718937F=06
JL0W265076493L 3E-08

YAW
93 5,394
ng -.8N507E-02
ny =+51260E-03
0,576, ECC ANOMALY=

«11013952564623E~08
-3011262000569E-17
2948523631 2837E-07

eOLL
36,194

-.66181E-01

«ITN7SE-0L
TR GRS

39941pE=(2 10**14 PARTINLES
113, 25=-08  10%*1u PART/SETD

1.3053340  OERIENT

134950 KIS
ARS315 MIN
nanooa HIN

LERATINONS
~.53992368%12R09€-02

-,14902684159A90E+09
2588595360260 3F+00

INTEGRATINN NATA, =NCKE FORMULATION

CONIC  POSETION
CONTC  #ELDTITY
DELYR  POSITINN
DELTA  YELOSIVY
DELTA ACrE.

RECTICTICATIVY srsseevanss
INTEGRATTON STFPS eenveven
STE® STTE  {VAYS) .uusvans
----- TARRET NATE ==a=-
SUN=TARGET~S7C ANGLF
EYHAUST-LINS OF SIGHT
S/C=TARGET UMNIT VED
DSCULATIMG COWIC DATA WRT
OSCULATTNG TANILC » FLLIPST

PERIPOINT VE“TOR
PFRY=VEL VEZTOC

CONIC ELEMTNTS A
570 WRT TARGEY +2RR40F

-,569687 76631 33GF+ 0L
+IB576455070127 4N
«S50T54151930602E+01
«116147065607%1E~02

«,90275075740450E=D7

k-
15
L28G0284327T4E30E-01

102 .63 32071576
109,.643238782069
«19862480483521E+00

TARGET BONY

~,18B890A074LA700F+05
-,280456258849%5 0E+01

E
®Ee 05 387949 0E-D2

SHADOW ENTERZD,

«110134952564623E-08

= IT2TSTI996 TH1NELDT
-, 29898222902185F+02

=, 2797529623352 7E+05
- 74008274303092€+00
~s 14165839034 758E+01
114479689867 4LE-03
‘-16227016392796E-07

DEG
DEG
«9T6Z93ISTIGS2AEL00

+21%0983814L96TSE+0S
-, 245556664 T8120E+01

NG NODE
«5039260E+0Y «1802225E+03

: THRUSTERS INIPERATIVE
SHADOW EXTTFG , THRPUSTIRS OJPIRATIVE
% OF ORBITAL PERION THRUSTEIRS

=+987351084524L8TE-10 7

«18787707183962E~07

2042512320534 3E-07 .

IROPERATIVE
~.38735101452437E~10

206034414181 29E¢04
«ESTL25430218062E-01
JH4ES3TLASTENI6LEDL
«T77T93164940127E-03
=+551339021964A4E-07

=.86020156289893E-01"

«1230584L298136LE-08
+19263584401984LE-06
+ 3609579124656 0E-07

ALITVAD ¥00d 40
S1 HOVd TVNIDIIO

.260142351 DAYS
300004335 DAYS
7.166046568

. 12305842961364E-08

»16907345273155€E+09

«29889343948762E+02

286552771 36306E+05
«3T7276756338109E+01
»TN2979257646908E+DL
+14026037699413E~02
w1070L706654T20E=06

=+ 1H94356631682TLHE+DL »2861524701261TE+D5
«21556816222457E+00 L3733926023501L6E01
APS M TA
«3110909E+03 «1271499€+03 «1272309E+03 .

“ -2l



=w=e= TRACKIHG NATA ~=eem

SUN-EARTH-S/7 ANSGLT
RANGF=YEL INTLUUST ANFLE
GFOCENTRIC TIUATORTAL NES
RIGHMT ASLENSTAM

EAST LONGITUIE

GPEFNNTICH HOIR ANGLE

MINIWUN ELEVATION ANGLE..
STATINW ELFVATION

-43.32124
42 ,5TFL3
4%,12595
- 2,249
81,31350
=30,.50394
=-71.24170%
=47,.,.2785
-64.7 5914

-0 BESELURY I g i

iy gy oy rerasetE s R -

JULIAN DATE -~ Zhik320
DAYS FPOM LAIN“H=-

=== TRAGKIMG DATH -=-=-

SUN-EARTH=S/" ANSLE
RANGF=¥FL TNRLURNEN ANALE
GERCENTRIC ZIUATNRIAL MES
RIGHT ASCENSTOM

EAST LONSTTUNE

GREFWNICH HTYJR ANGLF

MINIMUM FLEVABTTON ANGLC,.
STATION FLEVATINN

=67 4590
=56,92047

58.30A%%
=29.74351

49.19387
=13.2 73R
=53,.027310
=h3. 04149
=19,56077

oS N P

- R A e T T A R Bk S i R b ol

JULTANM NATE -+ 2LLW320
DAYS FROW LAUNZH-

102.883820715763
BR.95947 2168671
~18.02710396%475
257. 943356009629
114.730957959646
143,.552398120181

ssarssserenss 15,000
AZIHUTH

Z70.9175%
RB.06791
291 ,.44825
105.%02923

5.37%%6
269.YRL0OT
313 L7567
in6.17152
281.15491

«S5p0goonn
+50080030

A8,5307a7571718
89. 998764261590
=10,95546739918
F2u.IETLTEINLAL]
144, 7165161264746
179.650962856897

tresssancises 15,000
AZIMUTH

Pahl.742A%
51,6714
349.96502
112.638560
7d.4m907
245,350
2T 19277
223 .%8979
272.,87T58

+ 599999499
600 NAN00

OEG
DEG
neEG
DEG
nEG
DEG

DEG
RANGE

+33723637615881RF+05

+3257931273459565+05

2373320772424 8F+05
231 6887597S6824E+05
-22338582178016E405
+313767746SBL123E+05
«3461515606A159E+05
«33022367373006E+05
»34291903065615405

NEG
DEG
NEG
NEG
nEG
DEG

DEG
RANGE

« 3074356367656 7E +05
»33785711087105E+05
«230%529564605335+05
»31290570L55144E +05
2238377860577 T1E+0%
23451 0027236501E405
«33171673605094E+0S
+32T101937233254E+05
«32302052419728E+05

- e e~

RANGE RATE

=+12096390862700E+04

+25375745299550E+010
=+ 23529189592208E+00

«33321862497528E+00
~+336329365093380F-03
~e10366266853726E+00
~.61265733328583E~ 11
-« 58770067 63404EE-01
~+13850001459206E+00

L s el e

RANGFE RATE

~» 36735651 T104658E+00
«2360L2755420452E-04
-B83583780501592E-01
»35217266960234E+00
«268B6543715937E+00
~+1217061844BASTE+DD
+s 2642555993 34F4E+00
= 22743031 6377TREE-D1
=+ J1042798162464E+00

4004 B0

vd

YO
g1 WO

Al

-

o-zel



=== TRACKING TJATH ew=acs ) :

SUN=EARFH~-S/™ BNGLE
RANGE-VEL INTLUNCN AMALE

25.705387123170 DEG
90, 101273482975 DEG

H-Z¢1

GEOCENTRIC ETJATARLAL DE- B.332063507927 DEG 1 ) S,-
RIRHT ASIENSION 26.122379815461 NEG =
EAST LONGITINE 170.372452221850  DEG v
GREENWICH HOWR ANGLF 215.749527593611 NEC S
HINIMUM ELEVATION ANGLE.sosssavsesssss 15,000 DEG ' g% E
sTATION FLEVATION AZTHUTH RANGE RANGE RATE
B
1 5.15843 266.96A03 « 27284695095 216F 405 - 40696886564888E+00 & %
2 -0, 60805 7.1798% »33205434591 6412405 -+ 1307687001541 7E+00 = G
3 AN.32972 28.97517 «24B73R06637691E+05 v 29960491 T241TEE+ D — e
% -57.3m405 109,37765 I3N29772702444E 405 .220118282085356+00 :2 —
5 11.17191 66449581 « 26533735541 715605 . 3983071377046 06+ 00 %
6 17.88046 227.75493 .26467282067730¢+05 -+ 31896914 A15634E+ 00
7 -20,55517 286.59306 302870 316444 51E 405 - 382591767784 34E+00
8 -39,72612 750 .86635 3221844 BEB2316E 405 =+ 1189295910834 9E+00
9 -10.76463 278.42757 +29163606049042E+05 - . 39878674 18049LE+00
JULTAR DATE  ~. Z2444320,4999999a
DAYS FROY LANTH- «700000un
m==-= TRPACKTHA NATA =caa- ‘
SUN-EARTH=S/3 ANSLE "90.010493690981  DEG
RANGE-VEL TNILUNED ANGLF 19,97019383841k  DEG
GEQCENTRIC ZTUATORTAL DES 13.358081744000 TEG
RIGHT ASCENSTON 91.827276321249 NEG -
EAST LONGTTUIE 199,979184590926  DEG
GREENWICH HIUR ANGLE 251.808092330325 nEG
MININUM ELEUATIONY ANGLEwasesasvamnssas 15.000 ODEG
STATTON FLEVa TTON AZIMITH RANGE RANGE RATE
1 ¥8.29726 257.75198 < 2428460975021 7E+ 05 - 25061340980352E 400
2 -7.37866 334.11321 «320M9323835110E+05 =+ 99760271 449%92E~11
3 4.92046 50,7466 \27413857434066E+05 .25239817570203E400
. -81.58763 134.32540 + 349649252631 335405 + 335579463384 31E~01
5 15,5337 71.76760 .29839712633536E405 «33623520821053E+00
& 31.32897 196,26384 «247901365887T6RE+DS ~a32030467137906E-01
7 7.99797 278.40858 27083541111 498E+05 - 3214556077931 06400
8 -21.24993 285.88%79 «303656451043966E+05 -+ 30957250451934E4 60
3 21,1125 275.28819 +2584980 3131865E+05 - 3361093875 82756400
JULTAN DATE  -- 2448320.80000000
DAYS FROM LAJNCH=- +80000000 -
—mem= TRACKTYG DATA =mmm-
SUN-FARTH=S/3 ANGLE 154, 262689164796  DEG
RANGE-VYEL INTLUDSN AMALE 89.978T4B363585 DEG
RFOCENTRIC ETUATO?IAL nFe 7.3199544 18887  DEG
RIGHT ASCTMSION 157,.170257254870% DEG
EAST LONGITUTE 229.223400191664 DEG
GREENWICM HOUR ANGLF 787.946657067039 DEG

MTMIMUM FLEVATTON OMNGLEweswsavassrvesss 15,000

DEG




STAYINN FLEVATION AZ TMUTH RANGE RANGE RATE
1 S1.79L1Y 217.96331 »234045289212699%405 »B3101133484T03TE~01
2 ~32.4u5A5 191.05996 «31612174945951E+05 ~.26936538908580E~01
3 =9, 0277 78,3988 2905604 320819E+05 «12676338 3L 8579E+00
& =67,3L7T] 231 .53580 » 3l 8100 29A0D9BIF 415 =e 15130632846622E+400
b =36,46125 u,03610 «J20290502 342 46E+0S «16896411409656E+00
6 19.20876 160.47382 259760164351 11E+405 « 27 351512668033C+00D
v ZB.7DALA 249.354901 «2526ALSTT20610E+05 =« B7H10642876464L5E-01
] T.unG 06 293,61113% 2 27168354890160E+05 =41 06L39102112T77E+00
9 43.ir0m5 2hI. 70500 2396221 32767132415 ~a BB 34396T43L139E~01

LE ARl ERS IS AT R I R NSRRI AR R L R T Y PRy Y FE S PR RPN TR T A Y FREFLFRFFEFEVRER SRR RR SRR RSSO RRU SR SRR NRBNERLS R RS VLD,

L L A A P W Y O L A e o T T R e e o Y T Y D

bt SHADOW~-IN CHASE CHANGE ene
JULIAMN DATE == Zu4hIPN. 81997560 CONTROL PMASE - 1 PRIMKARY BOOY - EARTH
DAYS FROM LAUNGH=-- «81997560 PRESENT MASS (KGY== 4%997.791176240% Fi.ux (EL4p-~ +0062269051
DAYS FROY ~ITOFF == «18002400 PRESFNT PITCH (DEGY-- 166.023712335 FLUX RAYE [(E14/5ECH=-=- +155662F~06
PRESENT YAW (REGY -~ Ga.803170178 AVAILABLE J0WER (KMW)=-- 14,.100858315%
Zz==z=== TOLTITIC === =
8nnyY RELATIV:S S/C STAYES X .Y . z MAGHITUOE
SuN PISITION -+14904169315623E+09 =+ 4B0BSILONSSL06E+G? =+ 498011R031AGOLE+DS »ik911917739951E+00
VELNZITY =+ 2452B823900683E¢0D ++ 335259450443 1F+02 «3237T3416E64651E+00 + 1352640543611 1E+02
EARTH POSITINN ~.2B175066871051E+05% +54928812BB747BE+0Y =+h3001160313604E+03 «28T710808151829E405
VELD™ITY ~«72076677833935E+00 = 366192774398505 401 «3ZITIH16E6L651E4+00 «37266496261998E+01
S/0 ACCILTRATIANS X ¥ . 4 MAGNITUDE
PRIHARY QDY ATU55613103552E=-073 =+32513994136562E~N4 - «BIBTTTI2ILTBILE=-0QS ~4B83562524081192E~03
PERTURBING 90NTES ~22312373230476E-08 -,32831094706160€E~09 +19931495974191E=-10 «22553503839059E-04 |
THRUST N, 0. . 0. ‘
JZ2 4+ RAD, POTSSURE «37346,FL0096309E-07 ~a M1 3634624N3475E=-08 = JEZDGZOTAS1114E~04 + JA615705699208E~07

LR LI Rl SRS NS RN EL ISR R R LTSN PR AR R I SRR S EL I P RY YT INY ) LI R A R R AL R I A Pl A YRl RS YRR SRS RN Y YRV YT

AIITVNY 9004 40

SI dHVd TVNIDIHO

I-2¢1

. wrne SHADOW-QUT PHASE CHANSE b
JULIAN OATZ -= 2hLuX20.85989694 CONTROL PHASE - 1 PRIMARY BOQY - EARTH
DAYS FROY LA'NNH=- +B85989R9% PRESENT MASS 1XGY=~ 4997,790 1756244 FLUX TELWY - 0067710531
RAYS FROM COTAFF =« L14ni03nS PRESENT PITCH (DEG)-=- 195.17+ 013080 FLUX RATE (ELi4/SECH-~-- «153459E-06
PRESENT YAW MMEG)~= 54.03% 816796 AVAILABLE POWER (KHW}~~ 14.090798234%
az==z== ESLT'TT( sSz===z==
BODY SELATIVT S/0G STATES X ¥ z MAGNITUOE
SUN . POSITION -+1490396457003RE4+09 -~ 49222937001 320E+07 «63D76160557920E+03 +169120908286T5E+09
VELIITY AL2ToNILT2I252E401 ~e330473149090830€+02 +»31932818420036E+00 +33505108526219€E+02
EARTH eISITInN =, ?7TB05205292953E+0% ~oT19%8029765650E+00 ~5I076140557920E+03 -23?279!2793231E;D5
¥YFLO®TITY «IFLBHTIZ5BLITLEDD =+35313035748956E+01 «31982813420036E+00 - + 372002007 34TTOE+OL
sS40 AGTELIATINNS x ¥ z . MAGNITUOE
PRIMARY RAONY WUETUTLATNLGTOSE-OT +12096144AG1603E~03 ~e INBE0WSTI021I64E=00 oﬁ8298k51ﬁ559735703
PFRTURBING 9N1IES = 225111533022 RE=-0F «17699N66329119€~09 ~. 252441829261 A5E-10 » 2258204033998 5E-018
THRUSY « 3D IGTLTLARGLAE-07 ~+10761516720831E~-16 «15513384098082E-06 «1916T89533496T7E~D6
J42 + PanN, PITSSURE «362%3RL26B3318E-07 +11822142539650E-07 +48170366271590E~-D8 »JBUZ2IM27ATOTLIE~TT

JULIAN NATE
DAYS F2OM LAJN"H=-

== 2544371,%9999999
.9000ra00

----- TRAZKING DATA ==e=e

SUN<EARTU=27" ANAGLE
RANGE=YEL INZLUDEN ANGLF
GEOCENTRIC EJvavOrRIAL NED
RIGHT ASCENSION

FAEY LONSIYUIE

GREENHITH HI'IR ANGLE

-

141.5675597276379 DEG

84.978658330977 NFG
=11,752974727421 DNEG
214.312061053009 ODEG
254. 76TAR927925% nrg
I70.M5221803754 NEG



MINIMUA SLFVATION ANALSsuasnavanansnna 15,000 DEG

STATION ELEVAYTON AZIHUTH RANGE
1 TN AILT? 164.56855, 249518792925 01E+05
2 =27 ,%2%89 267 .955045 «311067665411395+05
3 =17.36407 108.78873 «INO0SL0986TLYBIE+ DS
L ~40.520R3 236.56409 «3247L297321353E405
5 =46, 13650 129.30767 « 329977 352390R2E+ 05
LIS ~5.52145% 138.41516 »PB65IT70DIZB0LF+05
T 27.2851% 2DB. 47749 «25759009978764E ¢ 05
8 k2.5273% 295.73tan »24049T198674LE2E+05
9 40.26937 172,0152% «242N33D0476301E+05

JULTAwW DATE == 244K320.99999939

DAYS FoOd LAMINSH- 1. 00000000

wwmee TRACKTNG NATY ewam

SUM=FARTU-S/ " ANGLE 77.661319454916 TNEG

RAMGE=VEL TV.LUDED AwrLE 89.985793L8T319 OFG

GEOCENTRIC I UATQORIBL DEZ =1T . 74T7L4R51337 DEG

RIGHT ASTFHSTON 285,092549015209 NEG

EASY LONRITUOE 284,94 8762476740 NEFL

RREFNWICH HNIR ANGLT 21473654047  DFG

MINIMUNM ELEVATION ANAGLE vausuearnnssane 165,000 OEG

STATINN FLEVATION AZIMUTH RANGE
1 11.3573% 136.04593 «2BB236633505T3E+N5
2 ~19.23036 Zh6, 24190 +29205443153956F+ 05
3 =31.12248 134.260812 W3LTRTLILILNGI2EC NS
4 =15.5103%5 *48.409909 «2981602Z47719154+05
5 ~54,10563 167.77948 « 3768565527826 36E 405
& =20.,77925 113,201975 +30399616362277E+05
T 2R, 14677 170.692%8 264 T7260R040221E+05
-] 69.30573 ELT AR I ) + 22696505311 736E405
9 28.63514 151.808733 «?5160978230479F 405

JULTAN narec == 2444321.09000000 CONTROL PHASF -

DAYS FPON LA INGH=-=-
OAYS FROM CUTHTE--

0.n00000an0

E=zz=== COLI?TIC ====z====

BODY PELATTVE S/ STAYES

<N POSITION
VELIZITY

EARTH DOSITIGN
VILYItTYY

S/C ACCELFRATION®
PRIMARY B80DY -
PERTURBING BI0TES
THRUST

J2 ¢+ RAD. PRESSUOE

+09900300

X
=-14699826602953E+ 09
«H173309939837 3401

«7133236107RG0LF+04
+36056402625816E+01

L
=+11946852905747E~03
45193744 459635E-09
«1649414223T453E-06
=+51071578951692E~08

PRESENT WASS (KG)== 4997,395218139 FLUX
FRESENT PITCH {DEG)-~ 289,181 444520 FLUX RATE
PRESENT YW (DEGY-- 337.521535468
Y . z
=+53045666361106E+07 +»2LTTI5L0861T788E+04 .
~+289650372021109E+02 =.80093934657639E~08
e 2TTS5TIUBTLLIS2E0S «2L779610861788E+0%
«218503481822256E+00 =aB800939366575639E-01
¥ 4
« 4648572891147 9E-02 =ak1501270936471E~0%
+11I7SBSEMLTSRLE-(A ~«99228746321064E-10
Bh0GLSE26L6T03E-07 =+732196463871937E-07
«29201436180511E-07 «19741376839009E-07

RANGE RATE

»23869653654585E+00
~«1222R281008267E+D0
« 1bbl343063I5665E+00
=+29626120434332E+00
TROGGE60234TLOE-DL
«22521501217009€+00
B 36275795147 2E~01
~.28725025836163E+00
«10582839663110E+00

A

RANGE RATE

« 1688692766 42216+ D0
=« J1L6429LI12976E+ D0
+ 24051647083 357E+00
=+ 289438508624 35E+00
+AL875060301547E~08
» 88349450587066E~101
= 122525140767 34E-01
=~ 716692516 73691E-02
«93414329915181E-01

PRIMARY BODY

o0
RS
Q
= B
&
e
52
& 5
=
e EARTH
{E14) -~ 0077557414
(EL14/SECY -~ «515983E-Q7

AVAILABLE POWER (KNI -=- 16,.0758075941

MAGNITUDE
+14909266142881E+09
«29259717818620E402

+2AT6A633971083E+0S
«37216535667368E+0%

MAGNITUDE
+QBL75448536329E-03
« 1228085626351 3E-08
+191690126856T6E-0¢
« 35616413297350E-07

£=-2e1



bbb s bbb bbb bbbk bt b s bR bbb bbb bbb rh bbb bbb bbb b bs bt TERMINATION DATA #8043 23 40 bbb 3333 4030 b b dd bbb bbbt bt dbdd s+ 3340004400 43443
'

REQUESTED STI2PIN%G ZONDITION ' TEND

ACTUAL STOPPIMG CONNTYION 3 TEND

FLIGHT TIME .t1Rna000C00000E+01 R o
FINAL S/7 9qA3= «HI97IFA2LA1I0EL 08 =) a
o G2
ECLIPTIC _ EQUATORTAL %% =)
X = L7LTS?I6LLTRGILESNG VX=  .36056402625816E401 X = L7131236147 8904 E+TL Viz  J36056402625816E+01 =] %;
¥ = =e2F7SS734ATMISPEHNG VY= LO1AS0341A22256E+00 Y = -.264506T28L 73706405 V¥z  LAT455684516494E+0D
Z = L2677TI61N86LTBBE+14 vi= -.80033934657639E-01 7 = -.87682961319329E+04 VI=  L2919140€6577A9E+00 £
R = 2875164397107 TC+05 V¥ = .3721651566T36RE+01 R = 2876463397 1083E+05 V=  L37216533667368E+01 %5 [
ey
)
RP = .287346334530nRFe0T PA = L, 28T66WTSS5EB4ZAEC(S LAT = . 177 47BTI6Z1681F+02 ‘ —y &
WO = L TT?S5TOQ5058TZE4DL VA = L 37234TE5475293E+01 LON = J28%94A73610092E+03 :ji 7
TRP 3 L762573918355645+00 TRA = L104343Z94B0T6BE+01 PERIOD =  .56L51805934223E+00
BONIC ELEMENT® A E ING NOOE APS HA TA
S/C ECLIPTIC LPA75056E406  S5V7EG2E-03  .G094519E+01  L{803194E+03  ,3118566E+03  ,1521543E403  ,1524839€+03
$/C EQUATIRIA. «28TINTEELES (55ITES2E-D3  L18347euEe0Z  L3G99100E+D3  .1322599E+03  L15215G3E403  L1521839E+03

FHSERRRLRR R RP PR R PR LG AR R PR R PR R E R P F AR LA R LR RPN I R R R R LR AL SR LR E PR RF RL PR RL PRSP LLRELNPERRRIRECTIRRRLROP LR RPELLLL LR GIY
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4,0 OQPERATING GUIDELINES

This chapter is intended to provide useful operating guidelines
for MAPSEP, 1t is assumed that the user has (1) some knowledge of
the methods (Volume I, Analytical Manual), input wvariables (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;

0 trajectory sensitivity to selected parameters;

0 trajecfory dispersions and their propagation effects;

o ground based and on-beard 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 wil]l 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 mére integrated
reféreﬁce trajectories for the baseline‘configuratién(s), GODSEP
would be used parametrically to examine the effects of various levels
of error sources on the system and trajectory, and SIMSEP would be
pperated 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 (includiﬁg their respective error sources) would be
obtained from operational tracking networks. Thrust perforﬁance and
other on-board characteriétics, and uhceftaint&lleVelé, would be
oghtained from the respective subsystem areas. Guidance success
zomes 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 énd supplementary software is often needed,
This requires knowiedge both of £he subsystem where the data origi-
gated and of MAPSEP. A reverse problem'also exists, namely, how to
translate MAPSEP results into information needed by other subsystems.
Thus, opergting MAPSEP effectively is considerably more invoived
than just being familiar with the input and output.

The common element of all mode usage is the #TRAJ namelist which
describes the nominal trajéctory. The required input of ¢TRAJ con-

tains as a minimum the variables
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TLNCH,'TEND, STATE, SCMASS, TﬂRUST, ENGINE, STEP, IC@@RD,
IST@P, NTP, NB, M@DE,
with other parameters being optional, 1In 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 applicatioms,

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
t;ajectories corresponding to different control parameter steps (3)
trajectory fargeting 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 miséion.
Each submode or TOPSEP option is defined by parameters in the namelist
FTEPSEF 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

N et e o
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segments including duration, thrust magnitude and pointing, and
vehicle characteristics includiﬁglsﬁecific 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 aﬁd also reveals the extent of nonlinearity
in the control vs. target error hyperspace. 1In 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 éxamined 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

diverpence. 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 duratiop
and controls to target to other intermediate time points until the end
time is finally reached and the end time targets are within rather
lobse tolerances. The third level then successfully refines the con-
trol parameters and the trajectory accuracy until all desired target
condifions 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 (Intexd Very Loose
i Conditions, Medium mediate
Early time)
Segments
1 Medium Initial . High- All (Intery; Loose
Conditions, Medium mediate
Early time)
Segments
2 Medium Early and High- All (Inter4 Loose
Intermediate Medium mediate
time)
3 Small Intermediate Medium- All (final Tight
and Late Low 'time)

TABIE 4-1 Earth Orbital Targeting Strategy
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It is apparent that everf 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
decisioﬁ making and intuitive reasoning that is required. The
unfortunate result is that the targeting process becomes less

mechanical and more subjective.

4,1,1 Trafectory Propagation

4

The simplest TOPSEP application is propagation of a single
trajectory for spacecraft ephemeris information. 1In addition to the
trajectory parameters in $TRAJ with M@DE = 1 (See Section 4.0), the
required $TPPSEP parameters are IMPDE = 1 and MPRINT(1) equal to the
appf0priate 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 térget parameters, (3) determining appropriate
perturbing step siges in control parameters for numerical differenc-
ing, or (4) anylﬁombination of these.

The grid submode in TOPSEP requires only a few more parameters
in $T@PSEP than the simple trajectory propagation. These are IM@DE =
3, H(I,J) = perturbation from the nominal for the(I, J)control para-
meter, HMULT = scale factor of perturbétions for second step, and

MPRINT(l) equal to the éppropriate print option,
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For example, an input of H (2, 2} = 2., H (8, 21) = ,01,
CHMULT = 2., -.5, would result in the display of five trajectories:
(1) the nominal, (2) nominal with duration of secﬁnd thrust bhase
extended by tﬁo days, (3) nominal with duration of second thrust

phase extended by four-days, (4) nominal with initial velocity
magnitude increased by: .01 Km/sec, ;nd {5) nominal with initial
velocity magnitude decrcased by .005 Km/sec.

if morelthan 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.;ase ($TRAJ and $TPPSEP
namelists) each succeéding case reqﬁiréé Enly a.3T¢PSEP ﬁamelist
‘with the appropriate changes to H and HMULT. To cycle back to

the TGPSEP data overlay the parametef MﬂﬁE must be set to -1 in
the ¥TRAJ namelist, The main overlay will ndt be re-entered; thus,
' the run will be terminated after the last $TPPSEP namelist. Any
additional $TRAJ namelists will be skipped in the search for
$TPPSEP 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 clocki
angles, etc.) MﬁDE‘must be set to 1 in the first $TRAJ. Each of
the following stacked cases'con§i§£§ of pairs of.STRAJ and $T@PSEP
namelists. The user should realize, 6f 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 delivérable 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 optimizationm. This
is especially true for Earth orbital low thrust trajectories with an
inaccurate initial guess. It is highly recommended that the usér famil-
iarize himself with Chapter 5 of the MAPSEP Analytic Manual, and con-
tinually refine his targeting strategy depending upon the results of
eaéh iteration.

Input for a TOPSEP targeting run consists of the namelists STRAJ
and STOPSEP. The S$TRAJ wvariables define the reference t;ajectory 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 IM@PDE = 2 specifies the targeting (and optimization) submode.

o IASTM 1 refers to fhe augmented state tramsition method of
targeting. The sensitivity matrix, which is necessary to com-
pute the control correction, is calculated from the integrated
STMs. Selection of this éption precludes the optimization

process and also requires that the trajectory be terminated on
final time (ISTYP = 1 in STRAJ). The set of controls is re-
stricted when STM targeting is used. The controls which may be
selected are: 1) the initial state (x, v, z, %, v, 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 TASTM = 0, numerical differencing techmniques 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.
Non-zero values in the H array denote acgive control parameters.
In addition, when IASTM = 0 the values of H represeﬁt 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., .l days and .5 degrees, respectively.
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.
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 sﬁould be smaller for controls earlier

in this mission than for similar control parameters in later
ﬁission phases to account for diminishing.target sensitivities
to controls in these latﬁer phases,

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 tafgets).

TARGET contains the desired values of the active target parameters,
JWATE is used to '"mormalize" the target variables by dividing
by their respective tolerances; this is especially helpful in
determining linear control dependency (See ST@L) when different
types éf target variables are used, e.g., position and velocity
or time of flight and closest approach distance.

ST@L 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 Ene of the dependent control'parameters is deactivated
for the current iteration, STPL is the sine of the minimum
acceptasle "angle' between the column vectors of the sensitiv-
ity matrix and is highly sensitive to the control weights

gnd target toleramnces. If no target weighting is employed
(JWATE = 0), then ST@L should be quite small,-for.example

STPL = 1,E-6; otherwise, STYL. should be about .001, ST@L

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 (ST@L=1).

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,

NMAX is the maximum number of iteratiomns 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, TART@L, TARGET, JWATE, ST¥L,

PCT and NMAX generally provide the most significant effects and are

the most often used parameters in the adaptiveltargeting 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.

0o BTPL is used in conjunction with the control constraints
(ULIMIT) to define a marginal area near control boundaries.

1f 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 énd 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.

EPS@N 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 EPS@N 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
céntrol perturbations (the old values (H) scaled by EPS¢N),
The trial trajectory process is then repeated. EPS@N is
used to compute 2 more well-behaved sensitivity matrix by
changing secant partials to tangent partials, or vice

versa, depending upon the strategy; |

GTRIAL are the one-dimensional search constants, which are
used to find the minimum target errof {(or cost index) in

the A}_.i direction, They are useful tools to restrict the
search in the,Aleirection depending upon the level of

the targeting search (refer to Table 4-1).
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GTRIAL(1) is most useful in restricting the per-
centage decrease in the size of the contrpl scale
factor from the preceding estimate.

GTRIAL(2) restricts the scale factor estimate to

a maximum allowable value,

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 .0l 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% differenge in two successive

scale factor estimates,

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 GTRYAL(4) is relati.vely small (& .01)
it is likely that more trial steps will be taken per
iteration than if the tolerance is "loose" (> .1).

GTRIAL(S5) restricts the extent of the search in the

' A U direction, - The maximum value is & 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 f£it).
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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 $TYPSEP, instead
of computing S and G intermally. 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 nmumber of controls and/or tar-
gets were to be changed (the input G and S would be composed
of elements from previcus G and § matrices) assuming the refer-
ence trajectory has not been changed {(wuch), 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 (Ul, U2) with con-
tours of constant target error (T5 T4 au 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 U2 = 0 and the boundary U1,=
ULIMIT(1, 2). The eventual point of convergence is near ome of two

possible minima and on the boundary U, = ULIMIT(2Z, 2). Convergence

2

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
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‘ Figure 4-1. Example of Targeting Process
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controls Fhan target parameters. The control correction steps

A U), ..., A 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 A U(3) resulted

in controls which lie in the feasible region but outside the marginal

area, and the next iteration A U(4) resulted in contact with the U2
boundary. The next iteration A U(5) moved along the U2 boundary
to the peint of minimum target error. If AU(3) had ended up within

the marginal area, but not necessarily on the U, ‘boundary itself, then

. 2
the BT®L logic discussed above would be exercised,

Although the control corrections appear to be orthogbnal to the
target error éontours,:tﬁis.is not élwéys_ﬁhé bése (except.in a2 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 cqntrol
correction is applicable over a wider control area, father than the
localized area near the reference pbint; Indeed, a more accurate
iepresentation of the contours and targéting process would Se in"
"weighted" space, that is, control and target parameters divided by
their respective weights, In weighted space, wheréin the control
corrections are actually computed, contours might look completely
different. Furthermore, ﬁhe test of linear dependency (ST@L) between
control parameters takes on a more obvious geometrical significanﬁe
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 trajecéory has been computed which
also meets the varied constraints of the mission and §$/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 $T@PSEP for optimization include all of those
required for targeting, in addition to

o @SCALE, 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 SCALE, plus the quadratic target error;
note that the quadratic target error depends upon both
the actual target error and their tolerances, and it is
clogse to or less than one for a reasonably targeted
trajectory.

TUP is the boundary of quadratic target error above which
targeting only is performed and below which simulﬁaneous
targeting and optimization occurs.

TLGW is the boundary of quadratic target error above
which simultaneous targeting and oﬁtimization occurs and
below which optimization only is performed.

DP2 is a constant which is used to scale the optimization
correction felative 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 proviaes a relatively quick
evaluation of trajector} errors due to anticipated system and envi;
rormental uncertainties. There are several analysis techniques
available within GODSEF depending upon the mission segment, affected
"systems and desired analysis depth, The most common options are (1)
generation of trajectory and stafe 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 trajecﬁofy using data on the STM file, (3) a
combined STM file generation and covariance analysis in & éingle
run, (4) an evaluation of error source mismodeling effects (genér-
alized covariance) based upon a previous covariance analysis (which
assumad perfeét 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 $GPDSEP must be input
directly after $TRAJ to specify necessary parameter values. Other
fnput features are optional, for example, specification of STM aﬂd/or
CAIN files, input of namelist $GEVENT for guidance events, and input
of fixed field cards contéining meésu?ement evéﬁtKAna propégaf&on
event data,

A typical error analysis needs as input (1) an integratedlref-
erenée 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 an@ 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—ﬁriori or
can be determined as part of the error analysis, Generally, some
béseline requirements are established and the error analysis either
confirms them or points out needed changes. Another criterion for
evalﬁationlof 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 referenge trajectory and writing, on disc, Etate
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 étrategies°

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 eéch 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 covériance is updated to reflect the new trajec-
tory estimate (non-deterministically); The only exceptgons where
a. covariance is not modified at an event are eigenvector (for
tnstantaneous covariance display) and prediction (for display of a
future covariance assuming no further measﬁrements or guidance).
Thus, a time history of expected uncertainties in actual (conﬁrol)
and estimated {knowledge) parameters is cdmputed as the sequenée of
mission events unfolds, |

In the course of a system design, the standard covariance
analysis is run many times wi;h varying levels of error sources,
measurement schedules, guidance policies, ete. At some time, how=-
aver, certain key assumptions should be evaluated. Onbe of these
assumptions is thé effective process noise model which .is an integral
part of covariance propagation using transition matrices. The PDOT
aption in GODSEP permits a more realistic (in a2 mathematical sense)
evaluation of thrust proéess 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 contfibute significahtly 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 coQariance analysis
combined, primarily bééause of the augmented state, Furthermore,
because of its support role, no guidance or prediction events are
ailowed in PDOT, _

A second assumption in the standard covariance analysis is that
all process characteristics and expected éerfonnance deviations are
known, That is, the OD algorithin assumes that uncertainties in
dynamic and measurement parameters are perfectly described bywinput
Ievels, If the true uncertainty in any paraﬁeter is different from
that assumed by the OD process, the error ahalysis results may be
fnvalid. Verifying error analysis results c¢an be done by simulation
-(See SIMSEP description) but this can be expensive. So, an alterna-
tive verification technique is provided in the error'analygis mode,
called generélizéd covariance.

The importance of parameter mismodeiing 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 pf "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 mot appearing in the orig-
inal error analysis. The resulting cutput may then be compared to
the oriéinal results to determine the sensitivity of the OD process
to the mismodeling.l

Note that generalized convariance handles, in éffect, two-typeé
of mismodeling: differences in the level of process uncertainty and
mismodeling of the process itself, Obwviously, a more rigorous analysis
would apply the trajectory simulation mode, SIMSEP, However, running
SIMSEP would be wvery 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, Ey
using generélized covariance in GODSEP, SIMSEP can be used primari}y

for testing linearity assumptions and not mismodeling.

4.,2,1 STM File Generation

A basic requirement for the standard covariance analysis is a
reference trajecto?y with associated transit{on'matrix information,
The trajectory data is first created by GODSEP and stored on a disc
file (STM). Thc STM file can then be used and reused for any number

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 M@DE 2

o TAUGDC 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 TAUGDC 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
deléy time, This can be done automatically if REFSEP is used

(See P, 52-E). Since the THRUST array is currently iimited to

40 phases, GODSEP can analyze a trajectory segment that contains
at most 19 shadowed occurrences, in any one run.

The next namelist, $GPDSEP, 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 a2 few points should
be placed between tracking arcs. It is very important that the time
grid on the STM file cover the'maximum conceivabie 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 ¥G@DSEP 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, TCUT@F 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 correspon& 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 M@DE = 2. Inputs to
$GPDSEP are much more involved and depend upon the particular anal-

¥sis 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. 1In this case PG@UDSEP 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;

¢ P is the a~priori covariance (in standard devia-
tions) and associated dynamic and/or measurement
covariances: CXS, CXU, CXV, PS5, CSU, CSV, PU, CUV,
PV, ©Note that the augmented parameteré for a simple
covariance propagation may be input as either solve-
for or consider parameters;

o TAUG denotes the augmented parameters which
correspond to the input covariances;

¢ 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 andlbackward
time tolerances, TPLFPR and TPLBAK, 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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o0 EPTAU and EPSIC are required if thrust noise
is present, otherwise DYN@IS = ,FALSE, must
be set;
o JOBLAB is used for a job heading to describe
this run,
No other input needs to be included in #GPDSEP, nor are scheduling
or any other cards required.

The most common GODSEP usage is the evaluation of a naviga-
tion strateg& 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. 1In this case, $G@DSEP requires all of the
inputs needed for the simple covariance propagation plus

o C@NRD = .TRUE., and PG, CXSG, ees, 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;

© Guidance event parameters: WNGUID, TGUID, TCUT@F,

TDELAY, C@NWT, IGPPL, IGREAD, TIMFTA to denote
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characteristics of the thrust update process;
if IGPPL is zero for any guidance event (that
is, an artifical guidance event whose sole
function is to print the control covariance,
ahalgous to an‘eigenvector event), then the
corresponding event values in TCUT@F, TDELAY,
C@NWT, and IGREAD are ignored;
0 Other non-measurement events: WNEIGEN and
TEIGER for eigenvector; NPRED, TPRED-and
TPRED? for prediction;
o IGAIN for the type of OD filter;
o SIGMES, SIGALT, SIGLAT, SIGL@N, CPRL@N for track-
ing measurement noise standard deviations;
0 PUNCHE to denote at which event types punched
card output is obtained {covariance and
state);
o NSCHED
Thére are of course many optional parameters which may be input
depending upon‘the particular GODSEP application, For example, if
the number of 2-way d0pp1ef measurements per day is different than
12, then D@PCNT should be changed, or, if the error analysis event
schedule must be meshed with a fairly different STM grid, then the
tolerances TYLFPR and TPLBAK 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 E. will be per-

1

formed at the STM time point STM(I)., Event E., will not be processed

2

STM(I+1)
STM{I)

—f
=
=

S
TELFPR
P il

Figure 4-3, 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+l). In Figure 4-3,

where T@LBAK 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 EZ’

E3 and E4 are all executed at STM(I+l), 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)

Figure 4=3, Event and STM Meshing
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A number of print and-input/output options also exist in $G@DSEP.
One of the more iﬁportant 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 $G@PDSEP namelist are fixed field schedule cards
thch 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, iﬁ
particular, to break up long propagation intervals, for example
those grearer than 2 days, wherein there are no other events and
in whieh the effective process noise model breaks down.

An option which can be used to facilitate parametric operation
of GODSEP is storing the $G@DSEP namelist on the GAIN file (GAINCR =
.TRUE.) even if no subsequent generalized covariance amnalysis is
intended.l In any following error analysis run,‘setting ISTMF = 3
in $TRAJ will cause the $G@DSEP namelist to be read off the GAIN
file and the user need only input those parameters in $G@DSEP which
are different from the yun that created the GAIN file, The user will
still, hqwever, be required to input NSCHED and follow the $G@DSEP
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 ZGEVENT. If guidance events are
requested and if any of the entries in IGREAD (in ZG@DSEP) are non-
zere, then the PGEVENT 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, JGEVENT also allows updating of values in CONWT, NC@N, TARWT and UMAX.
One $GEVENT nemelist is required for each non-zero entry in IGREAD up
£o the number of guidance events (NGUID). Using $GEVENT increases the
speed of a GODSEP rum by eliminating guidance related computations
already performed by earlier runs. 4 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,

s =
Ve Fa [
_#" | EGEVENT //,//,
==
$CEVENT | ‘
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e
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Schedule Cards
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$C@DSEP 1 ~

e T e J

$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 rumns should be made
for a specific mission or problem.‘-

4.2,3 Combined STM File Genération and Error Analysis

In general, it is not recommended that GODSEP cases be stacked
in a single run because of the améunt 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 aﬁalysis. However, even this stacked case is not without
peril because of thé danger of miscreating tﬁe ST™ file with subge-
quent operation by an unsuspecting covariance analysig. The combined
8TM generation and analysis run may be used for two reasons: (1) the
covariance énalysis is a simple check case to wverify the adequacy of
the 8TM file, or (2} the reference mission is relétively unique and
no further analysis is anticipated.

The inputs to MAPSEP are straightforward (Figure 4-5) and

! Schedule Cards

4CODSEP

Schedule Cards

Covariance
Analysis

STM File
Generation

Figure 4-5, Combined STM Generation and Error Analysis Input

$C@PDSEP

$TRAJ
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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 onme run
to ;he next, the event and scheduling cards used to generate theASTM
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 filterr
knows percisely the form, behavior and initigl-level of any process
uncertainties, and can estimate énd/or coﬁsider their appropriate
effects. Generalized covariance (GCOV) is used to e#aﬁiﬁe 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 YG@DSEP)., The
6COV run(s) can be stacked behind the SCOV, although this is generally
not recommended,

Exércising CCDV requires two tapes or files, SfM_and GAIN, The
§TRAJ namelist requires only M@PDE = 2 and ISTMF = 3. The #GPDSEP
namelist also requires only a few inputs because the measurement,
propagation, and priat schedule, a-priori covariance, noise levels,
etc, are all obtained from the GAIN file, Thus, $G@DSEP input is

o CENC#V = .TRUE. and GAINCR = .FALSE. ;
o IAUG to activaté ignore parameters, that is,

those parameters known to the real-world



166

(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
paraﬁeters;
o CXw, CSWQ'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 E?fAU and EPSIG,
ete. )
o Changes in events, although this is not
recommended because it may altér 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 $GYDSEP input
described above). Such a run might include, for example, comparison
af different thrﬁst noise levels and corrélation ﬁimés,frémlkhoée
assumed by the OD filter. The sensitivity to mismodeling of thrust
€rrors 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 afe required, the STM file is not
needed except in the possible case where a default $TRAJ namelist is
desired which contains reference trajectory parameters., In this
case, MPDE = 2 and ISTMF = 2 are the only inputs required in $TRAJ.
Otherwise, the normal $TRAJ inputs are required: TLNCH, ..., NB,
along with M@DE = 2 and ISTMF = 0.

The $GPDSEP namelist and scheduling cards are identical to that
used in the standard covariance run {(Section 4.2,2) except for
PD@T = ,TRUE. Most of the options are also available, for example,
genetralized covariance.

There are a number of restrictions on PDOT capability because
of its function as 2 support option intended to check on covariance
propagation modeling, In barticular, no prediction or guidance events
can be performed. TFurthermore, if the input covariance epoch, TCURR,
is not equal to the trajectory epoch, TSTART (in $TRAJ), then STATE

and SCMASS in STRAJ 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 con
trajectory errors. Each trajectqry is simulated in an operaticnal
environment with a parallel set of 'real world" and "assumed world"
conditicns, The real worid conditions are randomly selected from a
set of uncertainties associated with the dynamic, envirommental, and
éystems models, The assumed world conditions represent a best
estimate of what the real world is like, - It is obtained by direct
(but corrupted) and iﬁdirect observations of the real world procésses,
The trajeétofy or mission is carried through a set of trajectory
related events, e,g., orbit determination and guidancé, until a
stopping cond%tion is reached, usually target encounter,

Once a mission has beén completed, the trajeﬁtory is character-
tzed 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 eétimated) terminal conditions computed in SIMSEP and
results computed in an equivalent linear efror 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 cdnseqﬁence, 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 T@PSEP, except for small differences due to
. numerical integration noise. After a successful zero-error case,
SIMSEF can bg executed to examine any desired problem,

4,3,1 BSingle Cvyvecle - No Error

The zero~error case is a means of verifying the basic wission

input and is one of the easiest SIMSEP runs to make (Figure 4-6}.

Figure 4-6. SIMSEP Mode Input
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After the standard ﬁTRAi namelist containing TINCH, ...., NB,

and MBDE-= 3, the input to BSIMSEP 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

2GUID 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;

TGUID for the maneuver epoch;

ITARGT and IGUID for the guidance philosophy;

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., 1In addition, it should
be noted that controls can be either an impulsive delta-
velocity or low thrust parameters; 1f they are impulsive,

no entries are required in H;

TTARG for the target time;
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o UWATE for control parameter weights;

o TART@YL 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 &rrors 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 O .

Input for a forced Monte Carlo rumn is the same as for the
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pPrevious zero-error case with the obvious exception of non-zero

ELTOrs,

contains

o

o

The ¥TRAJ namelist is the same, and the $SIMSEP namelist

TRAN = (g

J2 and gravitational errors: J2ERR, GMERR

Spacecraft and thrust related errors: SCERR, TCERR,
TVERR;

AV execution errors: EXVERR, if there are impulsive
maneuvers; the chemical propulsion specifie impulse SPFIMP;
The contrel 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;

A@K, 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);

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;

NGUID for the number of maneuvers,
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Each #GUID namelist must contain
o KIER, TGUID, ..., Nmﬁﬁ, the guidance characteristics
as in the zero error case;
o If INREF = 1 in #SIMSEP, then the referen;e state
(XGREF: and mass MGREF) at the maneuver epoch, target conditions
(TARGET, XTREF, MTEEF) and either the sensitivity matrix
for nonlinear guidance or the guidance matrix for
linear guidance (8) mﬁst all be input;
0 KDIMEN to denote the augmented parameters to the space-
graft state which have been estimated for this maneuver:
If the J2-term in the gravitational harmonic function has
been éstimated, tﬁen KDTMEN is read as twelve or greater,
depending on the number of augmented parameters. {(See
Page 48 on the SIMSEP input desgcription.);
o P, PS, CXS5 are estimation uncertainties corresponding
to the spacecraft state, augmented parameters and
correlations, respectively,
The forced Monte Carlo oﬁtion 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 PTRAJ, SIMSEP and the
appropriate number of ﬁCUID's. An alternate, and more efficient,
method is to set MPDE = -3 in the first case $TRAJ namelist and
make use of the fact that the initial #SIMSEP and BAGUID namelists
are saved on disc, After the first case, the ZSIMSEP and £GUID

namelists are repeated for each subsequent case. If this
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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 zerco-length namelists, i,e. $SIMSEP
or $GUID card followed by a ZEND card, for all namelists nominally
requested even if the original is unchanged.

4.3.3 Mﬁnte 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. 5ta-
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 basica}ly the same
as that for the forced Monte Carlo. The namelists STRAJ, BSIMSEP,
and AGUID are all needed with parameters as specified in the previous
section, Additional variables to be considered in ZSIMSEP are

o IPUT 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 numbgr seed, typically set to unity
for the first Monte Carlo run;
0o NCYCLE for the number of missions to be simulated;
o CPMAX is an optional pazrameter 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 OuEﬁut is
generated, This inciudes 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, minimiziﬁg 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 Carle Continuation

It is often wise to divide a Monte Carlo analysis into smaller
sample sizes th=n one large run. This serves two purposes: (1) the
early detection of input errors before sizable coﬁputer 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 Carleo study to begin again,

A prerequisite to the Monte Carlo continuation are punched cards
containing statistical results of all previoﬁs runs (IPUNCH =1 in
ASTIMSEP),. The input to a Monte Carlo continuation is the same as in
the previous section except for inclusion of the cumulative statistics.
In BSIMSEP thesé include the total thrust control correction covari-
ance (only of the active controls used in guidance events) ATHCOV,
total A¥ 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 CCEVG,

& covariance DVMC@V, & magnitude variance DVMAG, spacecraft mass
variance GMSCAV, thrust control correction matrix CNTC@V, state error
covariance at the target time CC@OVT, spacecraft mass variance at the
target time TMSC@V, target error covariance TARC@V. CCEVT, TMSC@V,
and TARC@V are computed only if KTER = 1., The number of maneuvers
.used in computing these statistics i specified by the variable MSAMP,
All of the matrices noted above contain not only variances and covari-

ances but alsc the cumulative mean values,
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4.4 Case Stacking and Mixed Mode Operation

Case stacking is generally not 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 theﬂhext case, There afe a few exceptions which
might warrent case stacking, and some of these conditions have been
discussed in previous sections,

The M@DE flag in namelist $TRAJ controls not only the mode
(TOPSEP, GODSEP or SIMSEP), but also the point to which program
Togic will cycle back, A positive M@DE will return to MAPSEP maiﬁ
and will expect a §TRAJ namelist for the next case. A negative
MPDE 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 oniy
.to:that mode and (2) no changes to the reference mission are allowed.

Somelof'the possible conditions under which case stacking might

be. performed are:

M@DE
Mode Flag Function Conditions
TOPSEP +1 Trajectory Generating time histories for
Propagation different missions,
TOPSEP +1 or -1 Initial Generating more than one inj-
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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M@DE
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 ST™ Generating a STM file with

Generation . verification by a simple error
analysis check case.

GODSEP +2 Covariance Generating a 3TM file for a

Analysis unique mission with a subsequent
error analysis,

GODSEP +2 . Covariance Analyzing different navigation

Analysis strategies and/or errdr 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,

STMSEP +3 Migsions 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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