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Abstroct

The six month effort was responsible for the development, test, conversion, and
documentation of computer software for the mission analysis of missions to halo orbits
about libration points in the Earth-Sun system. The software consisting of two pro-
grams called NOMNAL and ERRAN is part of rhe Space Trajectories Error Analysis
Programs (STEAP)} developed by MMC. ]

The program NOMNAL targets a transfer trajectory from Earth on a given launch
date to a specified halo orbit on a required arrival date. Either impulsive or
finite thrust insertion maneuvers into halo orbit are permitted by the program. The
transfer trajectory is consistent with a realistic launch profile input by the user.

The second program ERRAN conducts error analyses of the targeted transfer tra-
jectory. Measurements including range, deppler, star-planet sngles, and apparent
planet diameter are processed ian a Kalman-Schmidt filter to determime the trajectory
knowledge uncertainty. Execution errors at injection, midcourse correction and orbit
insertion maneuvers are analyzed along with the navigation uncertainty to determine
trajectory control uncertainties and fuel-sizing requirements. The program is also
capable of generalized covariance analyses.

The fimal report consists of two volumes: an Analytic and User's Manual and
a Programmer's Manual.
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PREFACE

The objective of this contract (NAS5-24067) is the development of
computer software for the preflight mission analysis of missions to esarth-
sun libration points. This software, designated STEAP-L, extends the capa-
bility of the Space Trajectories Error Analysis Programs (STEAP) developed
under contracts NAS1-9745, NAS5-11795, and NAS5-11873 and begins the inte-
gration of STEAP with the Goddard Trajectory Determination System (GIDS).

The software produced consists of two related programs, both of which
use the GIDS Cowell propagator for the computation of the trajectory and state
transition matrices. The first program, NOMNAL, is responsible for the gen-
eration of the nominal trajectory from launch at earth to insertion into halo
orbit about the desired libration point. NOMNAL uses a Newton-Raphson
‘iteration (moving backward in time from the insertion maneuver) to perform
the targeting of both impulsive and finite burn insertions into halo orbit.

A user-controlled launch profile allows the transfer to be tied to a realis-
tic launch and injection, NOMNAL stores the targeted trajectory and state
transition matrices on a file for later analysis by the second program
ERRAN,

The program ERRAN parforms generalized linear error analyses along
gspecific targeted trajectories. Knowledge and control covariances are pro-
pagated along the trajectory through a series of measurements and guidance
events in a totally integrated fashion. The knowledge covariance is pro-
cessed through measurements using a Kalman-Schmidt recursive filter with
arbitrary solve-for/consider/ignore state augmentation. Probabilistic
midcourse corrections are computed using an exact analytic formulation,
ERRAN obtains the trajectory and state transition matrices from a file
generated by NOMNAL for program efficiency,

A major conclusion of this effort is that the complementary features
of the GTDS and STEAP systems may be effectively combined to yield a signifi-
cantly improved system. Thus the Cowell file generator/reader capability of
the GIDS has been combined with the generalized covariance analysis of STEAP
to yield a more efficient, extended error analysis capability than either
system had previously, Other conclusions reflect the efficacy of the back-
ward targeting algorithm developed for the libration mission targeting and
the analytic formulation implemented for the midcourse correction sizing.

The general recommendations for future effort identified during this
study are two-fold. Because of the success of this preliminary integration
of the GIDS and STEAP systems it is recommended that this effort be coentinued
and enlarged. In the specific area of libration point mission analysis, it
is recommended that more de-ailed models (e.g., pulsing thrust insertion into
halo orbit) be developed aud continued studies be made of critical problems
(e.g. station-keeping error analysis) for these peculiar missions which are
neither interplanetary, lunar, nor earth-orbiting,
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1. INTRODUCTION

This Analytic and User's Manual is intended to provide the reader with
a detailed description of the capability of the STEAP-L {8pace Trajectory
Error Analysis Programs - Libration Point Missions) programs. This volume
includes descriptions of the mathematical analysis, assumptions and restric-
tions upon which the STEAP-L programs are based. It also details the usage
of the two programs of STEAP-L: NOMNAL, the nominal trajectory generator;
and ERRAN, the linear error analysis program. An accompanying volume is
the Programmer's Manual which defines the structure and coding of the pro-
grams and routines. This volume is divided into three major parts. This
introductory chapter discusses the general development of the STEAP library
of programs, describes the libration point missions toward which the cur-
rent effort is directed, and summarizes the capability of each of the pro-
grams developed for this application: NOMNAL and ERRAN. Chapters 2 through
5 form an analytical manual comprised of NOMNAL analysis, ERRAN navigational
analysis, ERRAN maneuver analysis, and ERRAN generalized covariance analysis
respectively. Chapter 6 details the usage of NOMNAL; Chapter 7, the usage
of ERRAN. These chapters describe the input and output of each program and
discuss sample cases generated with each program.

1.1 Development of STEAP

STEAP is an acronym for Space Trajectory Error Analysis Programs. Rather
than a single computer program, STEAP is a library of related programs for the
analysis of the navigation and guidance characteristics of space missions.
These programs have been developed, modified, and extended over a number of
years by the Martin Marietta Corporation (MMC) under the direction of NASA in
a variety of contracts.

There are two primary unifying elements in the development of the STEAP
system. The first is in the underlying philosophy of STEAP. STEAP has always
been directed toward the performance of a totally-integrated analysis of the
navigation and guidance processes of space missions. Thus interaction is
continually forced between the tracking uncertainties and the maneuver execu-
tion errors to determine the evolving uncertainties in the knowledge and con-
trol of the spacecraft trajectory. The second element is in general program
structure. The STEAP software has continually been divided into three dis-
tinct operational modes responsible for nominal trajectory targeting and
generation (NOMNAL), linear error analyses (ERRAN), and single-case or Monte -
Carlo simulations (SIMUL). The current effort does not address the third of
these types of programs.

The mathematical foundation for the STEAP system was Iinitially developed
under Contract NAS8-21120 for Marshall Space Flight Center. The first ver-
sion of STEAP (Contract MAS1-8745) was constructed for general interplanetary
ballistic missions for Langley Research Center to support the Viking mission
analysis and design. Later development of STEAP was performed for Goddard
Space Flight Center (Contracts NAS5-11795 and NAS5-11873) where specific ex-
tensions required for Planetary Explorer (later known as Pioneer Venus) and
general lunar missions were added in a version called STEAP-II. More recent-
ly, programs for the navigation and guidance analysis of low thrust inter-
planetary and near-Earth missions have been developed for Langley Research
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Center (NAS1-11686) and Marshall Space Flight Center (Contract NAS8-29666),
Throughout this time, improvements in the analytical techniques and program
structure have been continually identified and incorporated into the STEAP

series of programs. (References 1-5.)

Under the current contractuval effort, versions of NOMNAL and ERRAN
appropriate for missions to Earth~Sun libration points have been developed
(termed STEAP-L). A very significant feature of this effort is that the

' Goddard Trajectory Determination System (GIDS) Cowell propagator is being
integrated into the STEAP-L programs. The Cowell propagator permits the
generation of a file containing trajectory and state transition matyix
(computed by integration of the variational equations) data during the
NOMNAL run. This data may then be efficiently retrieved in subseguent ERRAN
runs, thereby eliminating the costly integration cycle from ERRAN.

A number of new analytical features have been added to STEAP under this
contract. An unusual appreoach has been used in the targeting of the libra-
tion point missions. Backward integration is used in computing the success-
ive trajectory iterates and targeting matrices required by the Newton Raphson
targeting algorithm. This backward targeting scheme efficiently produces a
targeted transfer trajectory that is consistent with realistie launch and
injection constraints. The approach is well-suited to cometary or lunar
missions as well, :

An exact computation of the probabilistic midcourse correction require-
ments using the recently publighed technique of Lee-Beain (Reference 6) has
been added to ERRAN (see Section 4.4). This replaces the previous model
which employed the Hoffman-Young approximation (Reference 7) and which could
lead to significant errors at the higher probability levels. This technique
is applicable to lunar or interplanetary trajectorles as well as the libra-
tion point missions.

A third significant item developed during this effort has been the re-
formulation of the variable time-of-arxival (VTA) guidance policy for the
libration point mission application. The guidance policies available in
previous versions of STEAP always assumed that the target state was refer-—
enced to a gravitational body such as the moon or a planet. This restriction
has now been removed (see Section 4.4).

Details ef these and other mathematical models and algorithms developed
for the libration point mission application are provided in Chapters 2
through 5 of this volume. The characteristics of the libration point
missions necessitating these extensions are described in the summary of the
libration point missions given in the next section. The capabilities of
the resulting programs NOMNAL and ERRAN are then detailed in the next two
sections.

1.2 Libration Point Mission Application

The STEAP-L programs developed under this contract are designed for
use primarily for the analysis of missions to the two Earth-Sun libratiom
points near the Earth. These are designated L, and Ly in Figure 1.1, which
shows schematically the location of all five c%assical Lagrangian or li-~
bration points.

1-2



Figure 1.1 Earth-Sun Libratien Figure 1.2 Details of L1 and L,

Points Libration Foints

Figure 1.2 shows in more detail the location of points I, and L, with respect
to the Earth, with the orbit of the Moom, the classical or Laplacian sphere
of influence of the earth, and an enlarged version occasionally used in tar-
geting of swingby missions, The two spheres of influence are defined by

2/5
Rgor = Rsp(Mgp/Mg)

- 1/3
Rpgor = Rsp(Me/Mg)

where Rgp is the Earth-Sun distance and My and Mg are the masses of the Earth
and Sun respectively.

Efficient transfers from circular Earth parking orbit to the L; and L,
points have been shown (Reference 8) to fall into at least two major families;
those with short (~25 to 50 day) transfer times and those with long (~100 to
135 day) transfer times, The fast transfers require from 341 to about 400
meters/second AV to insert into orbit near the libration point, with the
minimum AV at about 36,4 days. The slow transfers require insertion AV of
from 272 to about 400 meters/second, with the minimum AV at about 116.8 days.
These optimum insertion values are based upon the Earth in a circular orbit
around the Sun and will vary slightly due to the ellipticity of the orbit of
the Earth. The influence of the moon will affect them also. Both of the
Families discussed above assume a posigrade transfer orbit upon leaving the
Earth; corresponding [amilies exist for retrograde departures, but these re-
quire higher insertion AV at the libration point., For long flight times at
least two other families of trajectories exist but have higher AV require-
ments. Even more families exist with longer flight times (~175 days) that
have lower AV requirements (~200 meters/second) (Reference 8).
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The primary feature of the libration points is that they are equilibrium
points of the system; i.,e,, if a spacecraft is placed exactly at a libration
point with no motion relative to the system, it will remain at that point
relative to the two-body configuration. The collinear points (Lq, Lj, L3)
are unstable while the equilateral triangle points (L, LS) are only quasi-
stable. Thus, some form of station-keeping is necessary to maintain the
spacecraft in that location. However, the fuel required is still much less
than it would be at arbitrary points of the system. Thus, the Ly and Lp
points offer attractive stations for spacecraft for monitoring solar or solar/
earth phenomena (Reference 9). To facilitate communications, the spacecraft
would generally be placed in a "™halo-orbit"™ about the libration point so that
the sun would not obstruct the view of the spacecraft from earth. A typical
halo-orbit in the plane normal to the rotating earth-sun line is illustrated
in Figure 1.3.

X-axis from Sun to Earth

Z—axis Normal to Eecliptic

Y-axis Completes Right Hand
System

115
T

Figure 1.3 Typlcal Halo-Orbit as Viewed from Earth

The current effort is directed toward the study of the transfer and in-
sertion phases of the libration point mission; the station-keeping while in
the halo~orbit was not addressed in this effort. The two programs developed
for the analysis of libration point transfers include the nominal trajectory
and maneuver targeting program NOMNAL and the navigation and guidance error
analysis program FRRAN summarized in the next two sections.

1.3 Summary of NOMWAL

The computer program NOMNAL is responsible for the generation of a nomi-
nal trajectory from injection at earth to insertion intc a halo orbit about
a libration point in the earth-sun system.

NOMNAL uses a specialized version of the GIDS Cowell propagator for the
integration of the trajectory equations. The dynamic model used in the re-
duced Cowell propagator includes the accelerations, on the spacecraft pro-
duced by a central body, up to two non-central bodies, and finite thrust
engines, The Cowell propagator generates state and control transition ma--
trices by integration of variational equations simultaneously with the equa-
tions of motion., These matrices are then used in the targeting of the li-
bration point missions within NOMNAL and in the propagation of covariance
matrices and the error analysis of the finite burn insertion maneuver in ERRAN.
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NOMNAL has the capability to target transfer trajectories to libration
points using both impulsive and finite thrust insertion maneuvers. In either
case a backward targeting scheme is employed where conditions at the libra-
tion point are iteratively Improved to yield trajectories which when propa-
gated backwards in time from the desired arrival point and time to the earth
satisfy desired target conditions. The three target conditions at the earth
are radius of closest approach, equatorial inclination at closest approach,
and time at closest approach. These three conditions are normally selected
to be consistent with the desired parking orbit radius, launch site latitude,
and desired trip time.

In impulsive targeting the three controls at the libration point are the
three components of velocity on the transfer trajectory. In finite thrust
targeting the controls are the right ascension and declination of the thrust
direction and the duration of the burnm; the thrust magnitude, engine specific
impulse, and initial spacecraft mass are held constant at the user-supplied
values. A Newton-Raphson algorithm is used to iteratively improve the con-
trol parameters to determine their required wvalues.

The program includes three options for the determination of the zero
iterate values to begin the targeting process: table interrogation, conic
approximation, and user-specification. Tables defining targeted velocities
have been constructed for transfers to the Ly and L points with trip times
in the vicinity of either optimal transfer (tabulated AVs for trip times of
from 25 to 50 days and from 102 to 130 days at 1 day intervals). Initial
values of velocity may then be interpolated from the data stored in these
tables. The second option computes the initial libration peint velocity by
solving Lambert's thecrem for the geccentric conle connecting the libratiom
point radius and the injection radius in the desired time. The third option
accepts a user-supplied zero iterate vector computed by the user outside the
program.

NOMNAL can adjust the injection time of the transfer to correspond to a
realistic launch preofile specified by the user., It then adjusts the arrival
time by the same amount to hold the trip time at the user-desired value,
NOMNAL computes and records such information as the required launch azimuth,
coast time, and whether or not a coplanar injection maneuver is required.

1.4 Summary of ERRAN

The error analysis/generalized covariance analysis program ERRAN is a
preflight mission analysis teel that is used to determine how selected error
sources influence the orbit determination process for libration point missions.

In the error analysis mode, ERRAN provides three primary quantitative
results: (1) knowledge covariance matrices, which provide a measure of how
well the actual trajectory is known, (2) control covariance matrices, which
when propagated forward to the target provide a measure of how well the
nominal target conditions will be satisfied by the actual trajectory, and
(3) statistical midcourse AVs, which provide a measure of the amount of fuel
required for a successful mission.
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In the generalized covariance analysis mode, ERRAN provides all of the
above information plus corresponding "actual" statistical information. The
three results discussed in the previous paragraph are all computed on the
basis of statistical distributions assumed by the navigation filter to des-
cribe the significant errcr scurces. In the generalized covariance analysis
mode, Mactual” knowledge covarilances, control covarianrnes, and statistical
nidcourse AVs are computed on the basis of statistical distributions that
actually describe both error sources acknowledged by the navigatilon filter
- and the error sources ignored. The primary use of the generalized covariance
analysis program is to study the sensitivity of filter performance to off-
design conditions.

Up to 15 measurement parameters may be solved-for or considered by the
navigation filter employing a Kalman-Schmidt sequential formulation. Param-
eters not acknowledged in design of the filter may be treated as ignore pa-~
rameters when ERRAN is run in the generalized covariance analysis mode.
Measurement biases include biases in the locations of the three earth-based
tracking stations, and biases in all measuremeﬁts. Available measurement
types are range, Doppler, and a simple optical model., Measurement noise
for each measurement type is assumed to be constant.

The computational procedure in ERRAN is divided into basic cycle com-
putations and event computations. Basic cycle computations are concerned with
the propagation of covariances forward to a measurement time and processing
the measurement. Events refer to a set of specialized computations, not
directly concerned with measurement processing, that can be scheduled to occur
at arbitrary times along the trajectory. State transition matrices interpo-
lated from the file created by NOMNAL are used for all covariance matrix
propagation. ' '

The four events available in ERRAN are eigenvector, prediction, guid-
ance, and final insertion into haleo orbit. At an eigenvector event the
position and velocity partitions of the knowledge covariance matrix are
diagonalized to reveal gecmetric information about the size and orientation
of the pesition and velocity navigation uncertainties. At a prediction event
the most recent covariance matrix is propagated forward to some critical tra-
jectory time to determine predicted navigation uncertainties in the absence
of further measurements.

The guidance event is the most complex event and yields much useful
information for preflight mission analysis. Several types of guldance events
are available in ERRAN. At a midcourse guidance event the user can choose
from either fixed or variable time of arrival guidance policies (FTA or VTA),.
Execution error statistics are generated using an impulsive error model de-
fined by a proporticnality error, a resolution error, and two pointing angle
errors. The execution errors of the insertion maneuver may be modeled as
either an impulsive maneuver (defined above) or a finite thrust maneuver
(component errors modeled as two pointing errors and a thrust magnitude
uncertainty). The target condition covariance matrix both before and
after the maneuver is printed out for midcourse and insertion maneuvers.
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2.  NOMNAYL ANALYSIS

This section of the report summarizes the analytical foundation of the
NOMNAL subprogram developed for the libration point mission application. It
therefore describes the mathematical assumptions, models, and restrictions
used in the program. The major topics are discussed in the following order:
trajectory and transition matrix generation, zero iterate computation,
impulsive targeting, finite burn targeting and launch phase modeling.

2.1 Trajectory and Transition Matrix Generation

NOMNAL uses the Cowell propagator developed for use in the GTDS for the
simultaneous integration of the spacecraft equations of motion and the
variational equations defining the state transition matrix. This Cowell
propagator has been specialized to the libration point mission application to
reduce core storage and time requirements. Only the major modifications and
critical features of the Cowell propagator will be discussed here as complete
documentation of the propagator is available at GSFC.

2.1.1 Trajectory Propagation

The equations of motion of the spacecraft state (R,V) with respect to
the central body are assumed to be of the form

dR

ac =V
(2.1
dv
In this equation, the central body acceleration Ag is given by
R
Ac = -5 (2.2)

BES
where u is the mass of the central body. The non-central body gravitational
accelerations Ay is given by

z“: (“i(Ri—R) Hi Ri) (2.3
AN i=1 IR:L-RI:S IRiIB

where R, and pu; are the relative position and mass of the ith perturbing body.
The num%er of perturbing bodies can be zero, one or two at the option of the
user. The ephemerides of the gravitational bodies are obtained from the perma-
nent direct access file of the GTDS as supplied by GSFC. To implement the
finite burn targeting (discussed in detail in Section 2.4) a specialized ver-
sion of the finite thrust acceleration Ay was used. The finite thrust is
agsumed to be in a fixed direction determined by the heliocentrie ecliptic
right ascension o and declination 8. The thrusting engine is assumed to have
a constant mass flow rate m given by m = T/(gISP) where T is the thrust mag-
nitude, Igp is the engine specific impulse and g is the gravitational accel-
eration of Earth, The instantaneous spacecraft mass is then computed from

m =m - mt, where my is the initial spacecraft mass and t is the time from
thrust initiation. The parameters m,, T, and Igp are specified by the user.
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The resulting finite burn acceleration is then given by

(T/m) cos o cos B
A (T/m) sin & cos B (2.4
LﬁT/m) sin B

The actual integration of these equations of motion is performed by the GIDS
second sum Cowell integration scheme using the regular vary-step integration
mode with the multi-step starter. The evolving components of state are stored
sequentially as an orbit file for later use by ERRAN. Thus, the targeted tra-
jectory need be fully integrated only once while all ERRAN studies made of
that trajectory are performed off the orbit file generated by the Cowell
propagator.

2.1.2 Transition Matrix Generation

Along with the spacecraft equations of motion, the Cowell propagator
integrates the variational equations to generate the state transition matrix.
The Cowell propagator has been extended to automatically integrate augmented
partitions to the variational equations to compute gtate sensitivities to
finite thrust parameters. These matrices are then used in the finite thrust
targeting algorithm of NOMNAL and the finite thrust execution error model in
ERRAN. The apecifics of the state transition matrix generation of the Cowell
propagator are detalled in GIDS documentation and will only be briefly sum-
marized here. However, the extensions to the Cowell propagator variational
equations for the finite thrust modeling will be discussed in some detail.

The nonlinear equations of motion (2.1) can be rewritten as
X = F(X,U,t) (2.5)
where X now represents the six-vector of spacecraft position and velocity, U
represents a three-vector of finite thrust control parameters (defined below),

and t represents time., Small deviations (8X, 6U) from the nominal state and
controls obey the linearized dynamic equations

8% = £(t) 86X + g(t) &U (2.6)
where a VooV, V A'x Ay A
f(t) = _a_f_ IX(t),U,t] - ( X2 'yrVze Z)
)4 Q(IS{,Pv,Rz,Vx,Vy,VZ)
V oV g A
g(t) = 2E [x(t),u,t] = 20y 2ttty fa) (2.8)

au B(Ul,Ug,U3)
given the form of the above equations, the solution to (2.6) may be written:
SK(t) = @(t,t,) 6X, + O(t, t,) 8U, (2.9)

where the state transition matrix ¢ and the control transition matrix © are
the solutions of the linear differential equations:



_cl[@ e]= fox6  B6x3 [<I> o]
de |¥ & 03X6 0333 v oo
¢ B _1lex6 O

[w ﬂ] (£g) = {0 Iaxa]

It should be noted that only the equations for ¢ and © need be integrated
here since ¥ = 0 and Q = I. The relevant equations are therefore:

(2.10)

3

£e : @(to,to) =1 (2.11)

-f 0+ g et ,t.) =0 (2.12)

e o*to

The integration of (2.11) was previously included in the Cowell propagator;
the augmentation of (2.12) has been added to the integration cycle during
this effort.

The form of equations (2.1) through (2.4) results in the f-matrix assuming

the form
) T |
f = (2.13)
G 0

where the gravity gradient matrix G may be written for an inverse square law

R
[&[3

T
¢=-% 335—2- - 1) (2.14)
T |RI .

The integration of the control tramsition matrix equation (2.12) is performed
only during the thrusting arc. Within the arc, the three parameters control-
ling the thrust are the angles defining the thrust direction (o, B) and the
thrust magnitude T. A fourth thrust control parameter is tg, the duration of
the burn, whose sensitivity must be handled somewhat differently. Differen-
tiation of (2.4) yields the following form for the g-matrix for the first
three control parameters

F = =u

g 0 0 0 7
0 0 0
g=1|. 0 r 0 . 0 (2.15)
-ﬁrsin o cos B -~ cos a sin B ﬁ-cos ¢ cos B :
%-sin a cos B —%-sin o, sin B ﬁ-sin o cos B
T 1 .
N ] ﬁ-cos B E-51n R i



Equation (2.12) can now be integrated with the aid of equations (2,13-2.15) to
yield the control sensgitlvity matrix Op used in computing insertion dispersions

i.e., 0g = -%é : %%~! %%—. This matrix is then used in the computations in
ERRAN of the insertion dispersions due to execution errors in a, B. and T (see
Section 4.5).

The control parameters used in the targeting are thrust direction and dur-
ation (o, B, and tp) where the thrust magnitude T is held at its nominal (input)
value. The first two columns of the control sensitivity matrix %g-and %%—gen—
erated in backward integration by Cowell are augmented to the burn duration

sensitivity vector which may be simply computed as

T
=10, 0, 0, A, Ay, Al (2.16)
I 1
to yield the targeting sensitivity matrix &p = gz-l X lgg—]used in the
3o I ag |atB
finite burn targeting (see Section 2.4). Thus the Cowell propagator has been
effectively modified to automatically and efficlently generate all the tra-

jectory related data required by both NCMNAL and ERRAN.
2.1.3 Trajectory Data Retrieval

The Cowell propagator storage and retrieval of the trajectory and tran-
sition matrix data has not been altered during this effort. The data is
stored sequentially on a file as the targeted trajectory is propagated in
NOMNAL. ERRAN then interrogates the file for the trajectory and transition
matrix data required.

Since the transition matrix data is cumulative, some processing of the’
data is required. Suppose that the state transition matrix ¢y, over the
interwval [t ,tl] is required. The data available from the file are the cumu-
lative (interpolated) matrices ¢k,o and @1’0. The desired matrix is then

given by

-1
?1,k = %1,0 %k,0 (2.17)

Because of the symplectic property of the state transition matrix (resulting
from the form of equations (2.13) and (2.14) the inverse may be computed quite
simply as

R LA
¥ o = S (2.18)
’ o | of
31 1
where the form of @k 0 is given by
EQI | 22
& =l == = (2.19)
0 ey e,

This property is exploited repeatedly in ERRAN in the computation of required
state transition matrices. It should be noted that the state transition ma-
trix storage and interpolation scheme used in the Cowell propagator can be
used for any sequence of measurements desired in the error analysis study.
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2.2 Zero Iterate Generation

Iterative refinement procedures used in targeting trajectories require
a zero iterate value for the initial trajectory state. For the targeting of
trajectories to halo orbits a targeting scheme which works backward in time
has been developed and is discussed in detail in the next two sections. Thus
the control parameters are the three components of velocity at the halo orbit
point V,. In NOMNAL three methods are available to the user for generating
Vy. The values can be input directly by the user when he has a priori
knowledge of the particular case. A second option is to obtain the value
from a set of tables included in the program to provide V, as a function of
the flight time and location of the libration point. The third option is to
solve the Lambert problem for the two-body geocentric conic connecting a
psuede injection position and the positiom at the halo orbit in the desired
time interval. These latter two options are discussed below.

2.2.1 Table Interrogation

If the orbit of the Earth around the sun were exactly circular, then in
the absence of any other perturbations the characteristics of transfer orbits
from the Earth to a libration point are not a function of arrival date. 1In
fact, for orbits confined to the ecliptic plane with a given parking orbit
radius, the transfer orbit characteristics are a function of only the time
interval of the transfer, This fact has been used to generate a set of zero
iterate tables. The assumptions used in the tables are as follows:

1) Earth orbit is circular

2) Earth mass is equal to the sum of the actual masses of
the Earth and Moon

3) Transfer orbit is in ecliptic plane and terminates exactly
at the libration point

4) Injection occurs from a circular parking orbit of altitude
100 kilometers

The data are tabulated as a functiom of flight time giving the magnitude of
the transfer orbit veloecity at arrival at the libration point (V,) and the
angle that this arrival velocity vector makes with the radius vector measured
in a clockwise direction (8). This is illustrated below.

Ay

2N : .

Ll(LZ) Earth

Figure 2.1 Parameters for Zero Iterate Tabulation



Table 2.1 Zero Iterate Veloclty Vector for Ly Point

AT |v| e
(days) | (km/sec) | (deg)
25 .3593 - 4,32
26 .3316 - 4,28
27 .3053 - 4.14
28 .2808 - 3.88
29 2577 - 3.48
30 .2362 - 2,92
31 . 2165 - 2,17
32 . 1980 -1.21
33 .1808 0.04
34 . 1647 1.68
35 .1498 3.76
36 .1360 6.40
37 .1234 9.74
38 .1122 13.89
39 .1025 19.05
40 L0945 25.19
41 .0885 32.48
42 . 0847 40.49
43 .0835 49.01 |
44 .0846 57.46
45 .0880 65.38
46 .0935 72.27
47 .1008 78.06
48 .1093 82.99
49 .1184 87.09
50 .1279 90,22

AV AT |v] e AV
(m/sec) (days) {km/sec) (deg) {m/sec)
449.3 102 .6079 ~67.72 350.7
429.1 103 L5911 -68.72 331.4
411.1 104 . 5790 -69.45 317.5
395.5 105 . 5704 -59,99 307.86
382.1 106 5642 -70.39 300.5
370.9 107 .5590 -70.74 294 .4
361.8 108 .5548 -71.03 289.5
354.4 109 5512 -71.29 285.4
348.8 110 . 5484 -71.50 282.0
344.9 111 5461 ~71.68 279.2
342.3 112 5443 -71.83 277.0
341.3 113 . 5429 -71.%6 275.3
341.5 114 . 5419 -72.06 274.1
342.9 115 . 5412 -72.14 273.2
345.5 116 . 5410 ~72.20 272.7
349.0 117 . 5410 ~72,24 272.6
353.7 118 .5413 =-72.26 272.8
359.0 119 .5419 -72.27 273.4
365.13 120 5428 -72.26 274.2
372.3 121 . 5439 -72.23 275.4
379.9 122 . 5453 ~-72.19 276.9
388.3 123 . 5469 -72,14 278.6
397.4 124 . 5488 -72.07 280.6
406.9 125 .5510 -71.98 282.9
416.5 126 .5533 -71.89 285.4
426.1 127 .5559 -71.78 288.2

128 .5587 -71.65 291,2
129 .5617 -71.52 294.5
130 5650 -71.37 298.1
131 .5685 -71.21 301.9
132 .5722 -71.04 305.9
133 .5761 -70,86 310.2
134 . 5801 -70.67 314.6
135 .5843 =70.47 319.2
136 . 5887 -70.26 324.1
137 .5932 ~70.05 329.0
138 5980 -69.82 334.3
139 .b029 -69.58 339.8
140 . 6080 -69.34 345.4

-




Table 2.2 Zero Iterate Velocity Vector for L, Point

AT || 0 AV AT tv| o - AV
(days) (km/sec) | (deg) {m/sec) {days) (km/sec) {deg) {m/sec)
25 3641 - 4,863 452.8 102 . 6443 -65.27 362.3
26 .3363 ~ 4,23 434.0 103 6214 -h6.64 365.7
27 .3101 - 3.78 417.1 104 6030 -67.75 344.5
28 . 2855 ~ 3.36 402.0 105 .5888 -68.63 328.0
29 v 2623 ~ 2.94 388.4 106 .5782 -69,30 315.8
30 L2407 - 2.46 376.6 107 .5703 -69, 80 306.6
31 .2209 - 1.86 366.9 108 L5647 -70.18 300.1
32 .2023 - 1.09 358.8 109 . 5606 -70.47 295.3
33 .1850 - 0.11 352.3 110 . 5566 -70.74 290.6
34 .1687 1.19 347.4 111 5534 -70.98 286.8
35 *.153¢ 2.88 344.0 112 . 5509 -71.18 283.8
36 .1395 5.11 342.1 - 113 . 5487 -71.35 281.2
37 .1266 8.01 341.7 114 WS471 ~71.49 279.2
38 . 1150 11.74 342.6 115 5458 ~71.61 277.6
39 . 1047 16.52 344.9 116 . 53449 -71.71 276.4
40 .0961 22.35 348.3 117 L5444 ~-71.78 . 275.7
41 .0895 29.49 352.9 118 5442 -71.83 275.4
42 . 0851 37.47 358.4 119 5443 -71.87 275.4
43 . 0831 46.13 364.7 120 L5447 -71.89 275.7
44 .0835 54.81 371.5 121 . 5453 ~-71.89 276.2
45 .0864 62.86 379.1 122 . 5463 -71.88 277.2
46 L0911 70.14 387.1 123 5475 -71.85 278.4
47 L0974 76,25 385.5 124 . 5489 -71.80 279.9
48 . 1049 81.42 404.2 125 . 5506 ~71.74 281.7
49 L1133 85.74 413.3 126 5525 ~71.67 283.7
50 .1222 89,27 422.4 127 . 5546 -71.58 286.0
128 . 5570 -71.48 238.6
129 . 5595 -71.37 291.3
130 . 5623 ~-71.25 284.3
131 « 5653 -71.12 297.6
132 . 5684 -70.97 301.0
133 .5718 -70.81 304.7
134 5754 -70.64 308.7
135 5791 -70.46 312.8
. 136 . 5830 ~70,27 317.1
137 .5870 -70.08 321.5
138 5912 -69.88 326.1
139 . 5956 ~69,67 331.0
140 L6002 -69.45 336.1
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The tables are in two parts corresponding to transfer times in the neighbor-
hood of both the "fast" and "slow" optimum transfers, i,e.,, flight times of
from 25 to 50 days and from 102 to 130 days. The data for V_ and 6 are stored
internally in the program for generating the zero iterate vaiue. Tables 2.1
and 2.2 display these data; in addition the value of the required AV to ren-
dezvous with the libration point is tabulated.

2.2.2 Lambert Theorem and Solution

If one of the first two options is not chosen or if a flight time outside
the range of tables is specified, a zero iterate using the solution of Lambert's
Theorem is provided. This zero iterate is quite good for the short transfer
times, but is of questionable value for longer transfer times.

The method used is to assume that a good estimate for the periapse vector
is given by the vector 179 degrees from the Earth to libration point vector,
of magnitude equal to the desired parking orbit radius and such as to give the
proper motion-—whether posigrade or retrograde. The geocentric conic between
these two vectors with the desired flight time is then found by solving Lam-
bert's problem by the method of Battin {Reference 10). For a greater tham 360
degree transfer the solution to Lambert's problem is solved using the method
of Lancaster-Blanchard (Reference 11).



2.3 TImpulsive Targeting

The special characteristics of libration point missions make it advisable
to use a somewhat unusual approach in the targeting of these missions. ¥For
interplanetary missions the specification of a launch planet and date and an
arrival planet and date essentially determines the heliocentric coniec which in
turn fixes the launch asymptote. A realistic launch phase can then be modeled
using the fixed asymptote and the assumed launch parameters (launch site lati-
tude, azimuth, and selection of either long or short coast time) to yield an
accurate estimate of 1njection time of day and position and velocity (Reference

3.

For libration point missions there is no immediately-available parameter
which is analeogous to the launch asymptote of the interplanetary missions in
its ability tc tie down the launch phase. This causes difficulty in determining
a realistic initial guess for the trans-libration point injection state which
has led to the development of a targeting algorithm which works backward in time.
The libration point position BRpp at the desired arrival time 1s easily computed.
The conditions defining a reasonable near-earth conic are conveniently stated
in terms of the perigee radius (equal to the desired parking orbit radius), the
geocentric equatorial inclinmation (which should equal the launch site latitude
to be consistent with a launch azimuth of 90 deg and a coplanar launch and in-
jection) and a time at closest approach {consistent with the desired arrival
time and flight time). These parameters denoted rgp, igas tcp define three ter-
minal conditions. Thus the system of six differential equations (2.1) correspond-
ing to ballistic flight

R=v (2.22)
¥ = A, + A

in conjunction with the six boundary value conditions

R(tL) = Rip

r(tca) = rca

i(egp) = ica (2.23)
r(tcA) =0

{where upper case symbols denote vectors; lower case, scalars)

defines a consistent two-point boundary value problem.

The inclusion of inclination as a target parameter is a matural choice but
introduces some ambiguity which must be eliminated. For a given value of in-
clination such that 0 < i < 90 deg, there are four possible near-earth trajec-
tories that make an angle 1 with the geocentric equator, These solutions cor-
respond to either posigrade or retrograde motion in either of two planes making
an angle i with respect to the equator (see Figure 2.1), The two planes A and
B both make an angle i with the equator, The two planes may be distinguished
by the argument of perigee w however; onme will have 0 < |m| < 90 deg while the
other will have 90 < [w| < 180 deg. Therefore to allow either solution to be
targeted the program permits posigrade inclinations to be specified as i) = 1,
0 < i < 90 deg and retrograde solutions as 1pp = 180 - i, 0 < i < 90 deg.



Figure 2.2 Trajectory Options for Single Inclination

NOMNAL then signs the inclination according to ips = sgn (sin w) ig,.

In the impulsive case the term Ap 1s missing from (2.1). In this case the
problem becomes the determination of the velocity Vp at the libration point such
that when the system (2.22) is integrated backwards in time from the initial
conditions at the libration point (Rpp, Vi) the state at time tg, satisfies the
last three conditions of (2.23). The top initially determined may not be con-
sistent with a realistic launch and injection. If that 1s the case the incor-
rect time is replaced by the nearest realistic injection time tgy and the ar-
rival time t; at the libration point is adjusted by the same amount to hold the
flight time constant. One iteration of the backward targeting is generally suf-
ficient to produce a time-adjusted solution which is now consistent with a real-
istic launch (see Section 2.5).

The actual targeting of the trajectory employs a standard Newton-Raphson
iteration. The iteration is started with the zero iterate or initial guess
generated by one of the methods described im Section 2.2. The iterative scheme
then proceeds as follows. Let the initial guess eof the wvelocity at the libra-
tion point be denoted V.. Then the equations of motion (2.22) are integrated
backward in time from tge state (Rpp, Vp) to the fixed time tpy which may or may
not actually be the time at closest approach. The state at this time (Rg, Vg)
is then used to compute the near-earth conic and the actual (or achieved) values
of the target parameters are evaluated:

IcA a (1 -e)
A A
T = [ica| = |sen (sin w} 1 (2.26)
A . .
LtCA- b CA + b a3 M—

The errors in the actual values of the target parameters relative to the desired
values are then computed
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D A

Tea T Tea
D A
€ ={ica - icy (2.23)
D A
Lca ~ tead

If each component of € is less than the user~specified toleraunce the process 1is
terminated. Otherwise a new estimate Vl of the velocity at the libration point
is computed.- The integration of the current iterate simultaneously produces
the state transition matrix ¢ (tg, t ) (see Section 2,1)., The state transition
matyrix has the property that linear varlatlons at the libratien point map into
variations at the earth according to

8xg = Pgp OXg, (2.26)

Now the target parameters T are functions of the state at the earth. The sensi-
tivity of changes in the targets to changes in state may be computed efficiently
by numerical differentiation since no trajectory propagation is involved. The
matrix g thereby computed then satisfies

8tp = ng Sxg (2.27)

where np is the (3%6) matrix defined by

5 (ReasIca,Tga) (2.28)
a(rx:ry$rz:vxsv :vz) )

Ng =

Combining (2.26) and (2.27) yields in partitiom form

| | |
5TE = [nE JIr]‘E?] [fbl :_@_2_] [ng::I (2.29)
hta
@3 | @4

Substituting the desired change in target parameters € for GTE and the condition
that Srp, = 0 yields the equation

e = (ng ¢y + ”E 04) SV (2.30)

The change to the velocity at the libration point is then given by

v—L

8Vy, = Te T = (nE ¢2 + ng 2,7 (2.31)

This process is repeated until the errors in the actual target values (2.25) are
less than the specified tolerance or a maximum allowable number of iteratiocns
has been made, If the maximum number of iterations is made without successful
convergence the initial guess probably needs to be improwved.

The impulsive insertion AV then is given by

AV = Vip - Vy, (2.32)

+d

where v, is the velocity of the libration point and V is the final targeted
velccity of the spacecraft at the libration point,
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2.4 PFinite Thrust Targeting

A very efficient algorithm has been developed for the targeting of 1i-
bration point missions using finite thrust models for the insertion into halo
orbit. The operation is essentially identical to the backward integration
scheme described in the previous section for impulsive targeting. The main
tdifference is in the new contrel vector U, = (a, B, tg) of finite thrust direc-
tion (@, B) and duration tp instead of the three components of impulsive velcc-
-ity.

The two point boundary problem is slightly altered from the impulsive case.
The differential equations are now

.

=V
? i e B (2.33)
U=20
m = T/g Isp
where the finite thrust acceleration must be computed over the thrust arc.

The parameters Up defining the finite thrust are assumed to be constants. The
boundary conditions are

R(ty) = Rpp
V(tL) = VLP
r(tey) = rg, (2.34)
itea) = ica '
f(tCA) =0
m(tgy) = my

where upper case symbols denote vectors; lower case, scalars,

The vectors Rpp and Vpp are the position and velocity vectors of the 1i-
bration point relative to the central body at the desired time, The target
conditions at the earth are identical to those for the impulsive targeting
discussed in Section 2.3. The ten conditions (2.34) imposed on the system of
ten differential equations (2,33) results in a consistent targeting problem.
Our formulation determines the three controls Up to meet targets of rg,, 1cas
and top-

The finite thrust model is defined by specification (by user input) of
the thrust magnitude T, the thrust specific impulse Igp and the initial space-
craft mass m,, During the course of the targeting the program determines the
thrust right ascension a, declination B, and thrust duration tp, which com-

prise the control vector Uq.

The initial values for the control vector are determined from the im-
pulsive approximation of the problem; that is, the impulsive targeting defined
in the previous section is automatically performed before any finite burn
targeting. Let the impulsive solutiomn (2.32) be denoted AV. Then the initial
values of the controls are
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¢ = arc tan (AVY/AVX)

8 = arc sin (AV,/[aAV]) - AV (2.35)
m —mf

tg = — where my = m  ef Isp
i
The iteration process used for finite thrust targeting is formally iden-
tical to the impulsive targeting algorithm using a Newton-Raphson iteration
with backward integration. The only difference 1s in the computation of the
targeting matrix I' required for the new controls,

The trajectory is schematically depicted in Figure 2.2. The natural
trajectory begins with injection from earth at tgy, a coasting arc until time
ty when

B

: o

Figure 2.3 Finite Thyust Trajectory Schematic

the finite thrust is initiated, and the thrusting arc from tp until when
the desired conditions of the libratlon point are attained. For the targeting
however the direction is reversed., Using the current controls the final space-
craft mass mg at the time t; is computed. The equations of motion (2.33) are
integrated backwards from time ty, state (RLP, Vip), and the current thrust
direction (@, B) through the thrusting arc to the predicted time tp, continu-
ally increasing the mass until the "initial" spacecraft mass mg 1s obtained at
tg. The ballistic trajectory is then propagated backwards in time to the tar-
get time tcA(tE). The actual values of the target parameters t are evaluated
by the equations (2,24). The correction to the current value of the controls
Up is then given by

AUp = T ¢ (2.36)

where the error £ in the current targets is given by € = 0 . A,

The computation of the targeting matrix I' proceeds along lines similar to
that of the impulsive targeting. The control sensitivity matrix Opp relating
changes in state at time ty to changes in the controls &, B over the arc (tj,
tB) is determined by the integration of the variatilonal equations (performed
by the Cowell propagator and discussed in Section 2.1)

O=f0+g  O(t,tp) =0 (2.37)

where the matrices f and g are defined in (2.13) and (2.15). Following this
integration the first two columns of the control transition matrix are avail-

able: I 1

O(tg,ty) = [Ba "ap ! ooty
| |

(2.38)
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The definition of the third column immediately leads to its computation. If
the duration of the burn is shortened by the infinitesimal amount Aty the
state at tg (the nominal value) is changed by

ARg = YAy Atd

and therefore from the definitien of the derivative

E_}E_E_ _ 1im ARB/At - __g_ (2‘40)
otg At > 0 |AVg/Aty Ap
Therefore the control transition matrix pj, is easily computed and

§Xg = Opp SUp (2.41)

The variation in state elements at the time tp, (tp) caused by state devi-
ations at tg is given by

6Xgp = %gp 6Xp (2.42)
Thus cbmbining (2.41) and (2.42) we obtain

§Xp = ¢gp OpL SUp- (2.43)
~ and using the ng matrix defined in {2.28) we have

étg = ng 2ER Opr SUp ' ' (2.44)
Thus the targeting matrix is

I' = [ng ®pp GBL]_I (2.45)
where the matrices ¢gp and Op], are automatically computed by the. Cowell propa-
gator and the matrix ng (requiring no integration) is computed by simple nu-

merical differencing. The succeeding iteration then uses the control correc-
tion AUp = T e and the ‘process is repeated until convergence is obtained.
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2.5 Launch Phase

The targeting algorithms discussed in the previous two sections use
backward integraztion to allow the generation of a transfer which is consis-
tent with realistic launeh constraints, The process by which these require-
ments are factored into the transfer trajectory design is the subject of
this section.

The result of either the impulsive or the finite thrust targeting is
a trajectory which when evaluated at closest approach to the earth satisfies
input constraints of radius rops equatorial inclination ipg, and time tpop.
This trajectory, when propagated forward for the desired flight time Atg,
arrives at the selected libration point with the proper velocity after per-
forming the targeted imsertion maneuver (impulsive AV or finite thrust con-
trols Up). The purpose of the launch phase analysis is twofold: 1) to cor-
rect the initial time at closest approach to the earth (injection time) to
be compatible with a realistic launch profile, and 2) to compute the launch
profile (launch time of day, launch energy, coast time, etc.) corresponding
to the targeted transfer.

The first of these two objiectives is caused by the initial user uncer-
tainty as to the required injection time. The user inputs the desired in-
jection time tgp and flight time Atg, The time at the libration point t
is then computed as ty = tpp + 4tg. The libration point position R LP an&
velocity Vip are computed at that time and the backward targeting to the
desired near-earth conditions is performed.

However the injection time input by the user may be incompatible with
a realistic launch profile and the geometry of the targeted near-earth conic.
Thus it may be necessary to compute a corrected injection time tEA = top +
At.. 1If this is necessary the flight time is held constant at Atf and the
arrival time is adjusted to t¥* = ty, + At The targeting cycle is reentered
with the corrected times and one iteration generally produces a targeted
transfer that is now compatible with launch requirements,

The launch profile analysis will now be discussed in detail, The tar-
geted state at closest approach (Injection state) 1s given in equatorial
coordinates as (Rppas Veop)e The unit normal to the osculating transfer orbit
plane at that point is then

_ Rea X Vgp

R (2.46)
1ReaxVeal
The inclination of the orbit plane i (= arc cos W,)} should equal the desired
input value. The orbit plane inclination must equal or exceed the latitude
of the launch site ¢; to permit a coplanar parking orbit and transfer orbit
as indicated in Figure 2.4a,
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a. |sin i| > [sin ¢ ] b. [sin 1] < [sin ¢ |
Figure 2.4 Transfer Plane/Parking Orbit Geometry
In the case that |sin 1] > |sin ¢L| the launch azimuth is defined by
- cos i
sin ZL P ¢L (2.47)

and the solution with 0 < I, < 90 degrees is selected, In this case the
parking orbit normal is identical to that of the transfer plane given by
(2.46), -

If Isin i[ < |sin ¢ l, the parking orbit and the transfer orbit cannot
be coplanar (Figure 2,4b§. In this case the parking orbit is defined to be
in the plane having a launch azimuth of Z; = 90 deg, containing the closest
approach radius.vector Rca, and nearest the transfer plane. (Note the al-
ternate parking orbit plane in Figure 2.4b which also satisfies the first
two of these requirements.) The unit normal to the parking orbit plane is
given by

PR '

[ReaxVp

where V_ is the velocity vector at the injection point in the parking orbit.
VP is given by

-cos Bp sin GP cos Ep -sin Bp sin Zp
VP(ZP) = |-sin 6, sin Sp cos Ep +cos BP sin Zp (2.49)
L coS 6P cos Ep |
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where (8 _, § ) are the equatorial right ascension and declinatioh of the
periapsig pogition Repe For the specific parking orbit plane having Iy =
90 deg, including Rga, and nearest the transfer plane Ep must satisfy

cos ¢L
sin Ly =\ '
P |cos Sp (2.50)

sgn(cos Zp) = sgn [VCA » Vp(0)]
where 0 5-2p < 180 deg and where the equation (2.49) is used.

Thus the unit normal to the parking orbit plane W may be computed by
either (2.46) or (2.48) and the launch azimuth is either given by (2.47) or
Z: = 90 deg. In either case the remaining calculations proceed as follows.
T%e right ascension at launch GL is defined by

W, sin ey sin Iy + Wy cos Iy
cos BL = 2
W -1
2 (2.51)
Wy sin @L sin ZL - Wy cos ZL
sin @L = 2
Woo-1

41

The launch date input by the user is recalculated as the integer day {Oh T
closest to the initial date input by the user. The Greenwich hour angle at
OR UT of the launch date is then

GHA = 100707554260 + 079856473460 T4

(2.52)
229015 x 10713 1,2
The launch time on the day of launch is
(OL - 61, - GHA) med 27
fL T w (2.53)
where w is the rotation rate of the launch planet and

ff, 1is the longitude of the launch site, both being read in as input.
The unit vector toward the launch position is the

ﬁL = (cos @L cos Oy, cos @L sin O;, sin 1) (2.54)
The true ancmaly of the launch site f; is calculated as:

~

cos fL = Ry, ° RCA

A A (2.55)
sin fj = By = Vea
The angle between launch and injection is
by = 21 - £ (2.56)
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The coast time t_ may now be computed

tc = [14'JB - (Ipl + ‘pz)] k@ (2,57)
where ¢1 and Y, are the angles of the first and second burns and

ky is the inverse parking orbit coast rate, all of which are input,

The time between launch and injection is therefore

tg =ty + t2 + tg (2.58)
where 31 and ty are the input time durations of the first and
second burns,

‘The injection time is then

£ =ty + tp (2.59)

The first time through the injection date so calculated is compared to
the desired value of closest approach tgs. The difference At ='tI = tey is
then added to the time at the libration point and the target time at chsest
approach is set equal to ty. One iteration of the targeting generally results
in a totally consistent trajectory.
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3. ERRAN NAVIGATION ANALYSTS
3.1 General Description of ERRAN

The error analysis program ERRAN is a preflight mission analysis tool
and is concerned primarily with the propagation of covariance matrices
along selected trajectories. All random variables are assumed to have
gaussian distributions, and linear theory is assumed for propagation of
all covarlance matrices,

There are four main quantitative results that come from the error
analysis program, all of which are very important for trajectory design
during preflight mission apalysis. The first output is the orbit deter-
mination or navigation uncertainty at selected trajectory times, The
processed (knowledge) covariance matrix of orbit determination uncertainty
gives a probabilistic answer, for a specific reference trajectory, to the
question "how well will the actual trajectory be known after optimal pro-
cessing of the tracking information?" The error analysis program can be
used to study the effects of dynamic model errors, sensor errors, and
measurement schedules and types on the orbit determination process. This
chapter addresses the mavigation analyses of ERRAN.

A second result obtained from-the error analysis program is equally
important, Orbit determination uncertainties, although they are signifi-
cant, do not by themselves answer all the pertinent questions related to
mission success. Another question that must be answered is, "how close
will the actual trajectory come to meeting the specified target conditions?"
Because of injection errors and dynamic model errors the actual trajectory
will depart from the original targeted nominal trajectory. The statistical
measure of such dispersion is represented by the control covariance matrix
which, unlike the knowledge covariance discussed above, 1s unaffected by
the processing of tracking information. The propagation of this control
covariance forward to the target will provide us with preobabilistic infor-
mation relating to target miss in the absence of midcourse guidance correc-
tions., However, a midcourse guldance correction can be performed to
reduce the actual trajectory dispersion about the target. Propagation of
the sum of the knowledge covariance and the guidance execution error
covariance forward from the midcourse correction time to the target will
provide us with probabilistic information relating to target miss follow-
ing a midecourse guidance correction. This maneuver-related data is
highlighted in Chapter 4.

The third main result from the error analysis program is concerned
with the probabilistic determination of likely fuel budgets required for
the mission., Without performing any estimation, the different probability
levels of the midcourse correction magnitudes can be computed along with
means and variances. This computation permits the mission analyst to
calculate reasonable fuel loading requirements that are critical in the
design of an actual system. This topic is also discussed in Chapter 4.
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The fourth critical capability of the error analysis program is in
generalized covariance analysis. This allows the mission analyst to de-
termine how the navigation and guidance algorithms will perform in the
presence of unmodeled or erronecusly-modeled dynamic and measurement
parameters. The discussion of generalized covariance is deferred to
Chapter 5. '

In the navigational analysis of ERRAN, two matrix quantities are

" carrlied along for amalysis. One is the nominal or reference state vector,
which is needed for many computations, and the second is the covariance
matrix of navigation uncertainties associated with the state wvector. The
state vector is comprised of spacecraft position and velocity plus any
augmentation parameters included in the analysis. The covariance matrix
is a square, symmetric, positive definite matrix of associated uncertain-
ties whose dimension corresponds to that of the state vector.

The computational operation of the error analysis program may be
separated into two distinct calculation procedures. The first of these is
called the basic cycle and refers to the process of propagating uncertain-
ties from one measurement to the next. A Kalman recursive filtering al-
gorithm with a consider option is used to process the measurement and compute
the state vector associated covariance matrix that begins the next step in
the basic cycle. Events refer to computations in the error analysis that
are not simply propagations of the navigation uncertainty covariance matrix
from one measurement to the next and subsequent optimal filtering of the
new measurement. In the error analysis program, four kinds of events are
permitted.

The four events allowed In the error analysis program are eigenvector
events, prediction events, guldance events, and final Insertion events. At
an eigenvector event, the position and velocity covariance matrix partitions
are diagonalized to reveal geometric information about the size and orienta-
tion of the position and velocity navigation uncertainties. At a prediction
event, the most recent covariance matrix is propagated forward to some criti-
cal trajectory time, usually a guidance correction time, to determine pre-
dicted orbit determination uncertainties in the absence of further measure-
ments. When a guidance event occurs, a rather lengthy computational process
determines the likely magnitude of the guidance correction together with
execution error statistics based on an underlying physical model for the
correction process. The final insertion event computes the execution errors
associated with the final impulsive or finite burn and adds them to the co-
variances.

The next section of this chapter details the Kalman recursive estima-
tion algorithm that is assumed to be the underlying orbit determination
procedure, Section 3.3 discusses dynamic and measurement noise covariance
matrices, BSection 3.4 treats the methods used in the error analysis pro-
gram for computing state transition matrices. Section 3.5 presents the
equations required for the computation of observation matrices for each
type of measurement. Finally, Section 3.6 discusses eigenvector and pre-
diction events. The guidance and insertion events are discussed in Chapter
4 and the generalized covariance analysis is summarized in Chapter 5.
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3.2 Recursive Estimation Algorithm

The recursive estimation algorithm refers to the computational
procedure which combines dynamic model and measurement information to
generate estimates of spacecraft position and velocity deviations from
the nominal trajectory, estimates of certain dynamic and measurement
parameters, and the knowledge covariances associated with these estimsates,
The error analysis program treats the estimation process in an ensemble
sense. Only the knowledge covariances are generated in ERRAN, and not the
estimates themselves, The Kalman recursive estimation algorithm with a
consider option 1s modeled in the STEAP programs, But before presenting
this estimation algorithm, the linear dynamic and observation models will
be described,

The linearized system Is assumed to be described by the augmented
state vector

5 (3.1)

where

W
1

spacecraft position/velocity state (dimension 6)

Xg = solve-for parameter state (dimension nl)

u = dynamic consider parameter state (dimension n2)
{included only for generality since none are available in STEAP-L)
v = measurement consider parameter state (dimension n3)

All the above state vectors represent deviations from nominal state vectors
and all parameters are assumed to be constant, The distinction between
solve-for and consider parameters will be clarified subsequently.

The linearized dynamic model is assumed to have form

Bepp = (8, BIX F exxs (g tk)xsk +

£ '
e Erprr 5 Y 9 (3. 2)

where
o 0
(12 Gedo xx (tqpps byds and O (t 105 )
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are state transition matrices over the time interval [ tk’ tk+1 ] relating

changes in x, X _» and u, respectively, at time t to changes in x at

k

time t The wvariable qk represents the effect of dynamic noise over

k+1°
the interval,

The linearized observation model is assumed to have form
= + + ’
yk Hkxk + M’kxsk Gkuk + Lkvk nk (3.3)

where observation matrices Hk’ Mk, Gk’ and Lk relate changes in x, X s

u, and v, respectively, to changes in the observable y. All observation
matrices are evaluated at the nominal condition. The variable n, repre-
sents measurement noise,

Under the usual assumption of white nolse, the dynamic and measurement
noise statistics are describe by

E[q] = E[n,] =0

il

T
E [qkqj I

Q 5k
Ef{nn.j= R &
ki 0= R %5k

An estimation algorithm with no consider option treats all assumed
dynamic and measurement parameters as ''solve-for" parameters, i,e., the
estimation algorithm generates estimates of the parameters, as well as
estimates of the spacecraft position and velocity. Continued processing
of measurements will often reduce knowledge covariances to unrealistically
low values, a situation which can induce divergence in the estimation
algorithm, Divergence is said to occur when the actual estimation error
grows without bound, One method used to prevent divergence is to incore
porate a consider option into the algorithm and divide all assumed para-
meter into either solve-for or comsider parameters. Consider parameters
are not estimated by the algorithm, nor can their knowledge covariances
be reduced by measurement processing, In essence, by not solving for all
parameters in the assumed parameter set the algorithm acknowledges the
fact that its assumed set of dynamic and measurement parameters do not
fully describe the real world, and that it is impossible to reduce para-
meter uncertainties indefinitely.

The knowledge covariance for the augmented state is defined as

AN B A S A SR (3.4
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where X indicates estimated values and x indicates actual values, In-
troeducing equation (3.1) into equation (3.4) and expanding the result
permits us to write the covariance matrix in the following partitioned

form:

L

Xu.

(3.5)

Covariance matrix partitions P, PS, U&, and VO are all symmetric and

represent the covariance of the spacecraft position/velocity state,
solve-for parameters, dynamic consider parameters, and measurement

consider parameters, respectively.

The off-diagonal covariance matrix

partitions represent the correlations between the two variables indicated
represents the correlation between solve-

by the subseripts,

for parameters and dynamic consider parameters,

Thus, C
X u

The assumptions implicit in the consider option fequire that co-

variances U0 and V0 remain constant with time.

Estimates u and v are

always zero. Although the consider option does not require it, it is
realistic to assume no correlation between dynamlc consider parameters
and measurement consider parameters exists, so that Cuv is always zero.

The covariance equations involved in the estimation algorithm are of
two types: prediction equations and filtering equations.
equations describe the behavior of the covariance matrix partitions as they
are propagated forward in time with no measurement processing. The filtering
equations define the covarlance updating procedure whenever a measurement

is processed,
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The prediction equations are summarized below:

+I T

- T
v - @ +6 ¢ +o ¢ 3o
KTl [ XX XX b.a b xuk
S &
k
+ C ol 4+ C o + Q (3.6)
XX XX pp X
S+l 8
- + + +F
C = oC + 0 P +06 ¢ (3.7)
xX XX XX Sk. xt1 xsuk
Sk+1 Sk 8
- +
P =P (3. 8)
Sk+1 Sk
¢ = et 4o T +o U (3.9)
xuk+1 xuk XXS XS k Xu o]
- +
Cx u =Cu (3.10)
S k41 Sk
¢ =oct 10 et . (3.11)
X'Vk_'_l ka KXS XS
k
- +
Cx v =% (3.12)
5 k1 Sk

A minus superscript on covariance partitions indicates the covariance

partition immediately prior to processing a measurement; a plus super-
script, immediately after processing a measurement.

The filtering equations involve equations for the measurement

residual covariance matrix J, Kalman gain matrices K and S, and covariance
updating. The measurement residual covariance matrix is given by

where

Ter1 = Bog A T M B Gt Dt Y Lt B P Rerr a1

- T - T

- T - T
Ak+1 - Pk+1 Hk+1 + Cxx M1<+1 + Cxu G k+1 + va L1<+1
Spet1 k+1 k+1
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B =P U T et i T
T e Mo T Gy Bhon % u i T S v Len
Sk+1 k+1 k+1
T T
- T - T T
D1 = Cxuk " B Y% 0 M T Y Sen
S k+1
E .. =C. T4 C'T +v 1k
k+1l ~ Txv Hk+1 X v Mic+1 o Lk+1
k+1 s K+1

The Kalman gain matrices for both position/velocity state and solve-
for parameters are given by

~-1
= J
Kt ™ M1 Ten (3.14)
-1
et = Benn enn | (3.15)
The covariance partitions immediately after processing a measurement
are given by

+ - T
Per1 = B 7 Kerr A (3.16)
+ - T
Cxx - Cxx - Kk+1 Bk+l (3.17)
S+l S+l
-+ - T
P =P 5 B (3.18)
St Spqq | RHL Tkt
+ - T
C = C - K 2 (3.19)
e M g KL
C e -5 . DF 3.2
xu T Cxu k1 Drerl (3.20)
K+l S K+l
-+ - T
C = C - E (3.21)
ka+1 ka+1 Kk+1 k+1
+ - T
% v T %v 7 S B (3.22)
® k+l ® kHl
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It should be noted that the covariance matrices themselves are not
printed out in STEAP, Rather, all variances appearing along the diagonal
of the augmented covariance matrix defined by equatien (3.5) are con-
verted to standard deviations and all ofif- diagonal covariances are
converted to correlation coefficients, Thus, 1if covariance a,, is an
element of the augmented covariance matrix, then the correlatign coe-
efficient is given by

a,.
P = —— 14
] O'io‘j
where standard deviations 0, and ¢, are glven by 0, = 31/2 and g, = a1/2.
i j 1 ii j iji

Following these transformations all standard deviations and correlation
matrix partitions are then printed out,

3.3 Dynamic and Measurement Noise Covariance Matrices

The problem of filter divergence has been mentioned in the previous
section in connection with the consider option. The basic cause of
divergence is modeling insufficiency and many separate categories of this
insufficiency can be enumerated, The causes of the divergence proble
and possible solutions to it are given in greater depth in the analytical
discussion of the simulation program, The purpose of including a dynamic
noise matrix Q in the error analysis program is to examine the effect of
dynamic model iInsufficiency on the key outputs of the error analysis program
Some dynamic or unmodeled noise always corrupts an interplanetary trajectory;
what is interesting, from the point of view of the error analysis program,
is how the primary quantitative outputs are affected by various levels
of dynamic noise,

The dynamic noise model used in the error anmalysls program is
somevhat arbitrary and its interpretation is difficult, Over any time
interval At between measurements, the dynamic noise matrix Q is computed
from three input constants that remain the same throughout a trajectgry

run. These three constant inputs Kl’ K2, and K3, whose units are km

roughly correspond to variances of assumed unmodeled accelerations, The
dynamic noise matrix Q added over any interval At is diagonal., Specifically,
if At is the interval between measurements, the six nonzero terms of Q are
given by

/sec4,

Qp = Kyat?

= RK, At

Q33 = K gAL" | ' (3.23)
= K, At2

= Ryat?

Kght?
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Some explanation of this form for the dynamic noise is necessary.
It was decided early in the design of the program that the physical inter=
pretation of arbitrary dynamic noise must be made possible by relating
the Q matrix, in some fashion, to unmodeled accelerations. Similarly, it
appeared that the magnitude of the dynamic noise should be a function of
the specific time interval over which it was added; in other words, the
dynamic noise added when two days were between measurements should be
greater than that added when only two hours separated the two measurements.

The first attempt to satisfy these two constraints resulted in the
assumption that the unmodeled accelerations could be represented as biases
with zero mean and variances Kl, KZ’ K Consider, for example, a vector

3
random variable (&%, &Y, SE)T
02 = K1 02" = K2 62 = K3
X §Y 82

and correlation coefficlents set equal to zero. If these accelerations
represent bilases, then cover any interval At they are related to position
and velocity uncertainties through

6% = X (At); &X = % (8X) (At)2
and similarly for the other components. Under this model for the dynamic

noise, the Q matrix would be the same as that given in equation (3.23)
except for the completely correlated off-diagonal terms resulting in

1 3 1 3 1 3
Q=3 KAt Qg =5 Ky A7, Qqp = 5 Ky 4t

Clearly, if the unmodeled accelerations are indeed biases, the & and
X uncertainties due strictly to the dynamic noise must be completely
correlated.

This initial model for the dynamic noise was unsatisfactory for two
reasons., First, the resulting error analysis was forced to assume that
the unmodeled acceleration was a constant bias throughout the trajectory
as well as over each interval, The physics of the problem suggests
that unmodeled accelerations are probably constant biases over short
periods, but over an entire trajectory they probably wvary considerably.
Secondly, if the values for Kj are large enough for the dynamic noise to

significantly affect the processed covariance matrices, their total
correlation induces an unrealistically high correlation between the same
terms in the resulting uncertainty matrices. '

A more careful modeling of the stochastic process was discarded
due to the arbitrary nature of the Q matrix, The dynamic nolse matrix
was chosen as in equation (3.23) because uncoupling the position and
velocity uncertainties due to unmodeled accelerations retained a physical
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feel for the meaning of Q and permitted its computétion to be viewed as
a combination of random and bias errer in the unmodeled accelerations.

The measurement nelse covariance matrix R requires little comment,
‘We simply assume the measurement noise for each measurement type has
constant statistics, and hence constant covariance matrix R, for a given
mission.

3.4 State Transition Matrices

State transition matrices describe the dynamic behavior of linear
systems, The derivation of the general form of the lipear system modeled
in STEAP will be summarized here. The computation of the state transition
matrices is performed by the Cowell propagator and was discussed in
Section 2.1.

The nonlinear equations describing the motion of the spacecraft
have form

X = £(X, W, t) (3.24)

where X denotes the spacecraft position/velocity state and W is a vector
of dynamic parameters which define the dynamic model. The linearized
version of equation (3.24) is given by

of af
N I (3.25)

where X and W represent linear deviations from nominal states X and W,

respectively. Partial derivative matrices %% and %% are evaluated along

the nominal state.

The discrete solution of equation (3.25) over the time interval
[tk’ tk+1] is given by

X = gy 8D ¥ Ol £ W - (3.26)

where state transition matrices &(t tk) are required

N A L
to define the solution. In STEAP the parameter deviation vector w is
assumed to be constant. By dividing parameters into solve-for and consider
parameters, we could expand equation (3,26) into equation (3.2).

In the current version of STEAP, all state transition matrices required
by ERRAN are computed from a file created by the Cowell propagator during
the NOMNAL run, This permits a very efficient operation of the ERRAN program,
The generation of retrieval of this data was discussed in Sectiom 2.1.
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3.5 Observation Matrices

Observation matrices relate deviations in spacecraft position/
velocity state and deviations in dynamic and measurement parameters
from nominal values, Before discussing the observation or measurement
types available in STEAP and the technique used to construct observation
matrices, the derivation of the linearized observation equation will
be summarized.

The general nonlinear observation equation has form

Y= £(X, W, t) (3.27)

where Y denotes the observable, X denotes the spacecraft position/
velocity state, and W is a vector of dynamic and measurement parameters.
The linearized version of equation (3.27) is given by

3f af
Y='§'}‘(K+WW (3.28)

where y, x, and w represent deviations from nominal ¥, X, and ﬁi
respectively, and partial derivative matrices

o 3
§§ and 5% are evaluated at the nominal condition.

If we partition the parameter vector w inte a solve-for parameter
vector X, @ dynamic consider parameter vector u, and a measurement

consider vector v, then equation (3.28) can be written as

y = Hx + Mks + Gu + Lv (3.29)
where we have defined H = %%, and partitioned %é into three sub-matrices

M, G, and L. Adding measurement noise to this equation, we would obtain
equation (3.3)

Earth-based range and range-rate measurements are availabe in STEAP:
Earth-based range and range-rate measurements can be taken from 4 tracking
stations, one of which 1s an idealized station located at the center of
the earth, while the remaining three can be positioned at arbitrary locations
on the surface of the earth, The relevant geometry for such measurements
is depicted in Figure 3.1 The X, Y, Z coordinate system represents the
inertial ecliptic coordinate system. The %, ¥, z coordinate system re-
presents the geocentric equatorial coordinate system. Axis x is always
aligned with axis ¥, The rotation of this coordinate system relative to
X, Y, Z system is defined by ¢, the obliquity of the ecliptic. The states
of the spacecraft and the Earth relative to inertial space are given by
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Figure 3.1 Earth-based Tracking

Xs/c and Xp, respectively. The tracking station state relative to the center
of the Earth is denoted by XS. The geographical location of the station
is defined by radius R = IXsl 5, latitude 8, and longitude ¢. Longitude

is measured positive east from the Greenwich meridian. The hour angle of
Greenwich is denoted by GHA, Finally, the position of the spacecraft
relative to the tracking station is given by the vector p. The scalar
observables are range, also denoted by p, and range-rate 5._ Also available is

a simple optical model including star-Earth angle measurements and apparent
Earth diameter.

The nonlinear observation equations for all measurement types are
summarized in the subroutine TRAKS analysis section. Also presented there
are expressions for the partial derivatives required to construct the
observation matrix partitions H, M, G, and L.
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3.6 Eigenvector and Prediction Events

At an eigenvector event we simply transform the knowledge or navi-
gation uncertainty covariance matrix P into useful geometrical information,
which includes eigenvalues, eigenvectors, and hyperellipsoids. Define ty

at the time of the last processed measurement before the elgenvector
event and let Ek and P: be, respectively, the nominal trajectory and the

orbit determination uncertainty covariance matrix after processing the

measurement at ¢ . If tj is the time of the eigenvector event, then Xj,

the nominal state vector at tj, is computed from the trajectory file reader

subroutine. The navigation uncertainty covariance matrix at t, defined by
P. is given by equation (3.6) with subscript k+l replaced by j. All state

J
transition matrix partitions are understood to be defined over the time

interval [ty, tj]e

The eigenvalues and eigenvectors could be obtained for the 6 x 6 Pj

matrix, but their geometrical interpretation is difficult. 1If, instead,
we operate on the 3 x 3 position and velocity partitions of Py we can ob-

tain geometrical information which is both useful and readily interpreted.

Let Pp and P, denote the position and velocity partitions, respectively,
of covariance Pj. Then at an elgenvector event these partitions are diagonal-

ized to produce position and velocity eigenvalues and eigenvectors. The
principal axis assoclated with the minimum eigenvalue defines the direction
of minimum uncertainty; the axis associated with the maximum eigenvalue de-
fines the direction of maximum uncertainty. The method employed is described
in more detail in the subroutine JACPBI analysis section.

At a prediction event at time t., the nominal trajectory Kj and asso-

ciated knowledge covariance Pj are first computed just as at an eigenvector

event, Now define t, as the time to which the prediction is being made.

P
Then the knowledge covariance at tp, assuming no measurements over the time

interval [tj,tp], can be computed using equation (3.6) with ty = tj and
tk+l = tp a
Within the prediction event algorithm of the error analysis program

the resulting covariance matrix Pp at the prediction time is also diagonal-~

ized to produce eigenvector and eigenvalue information., Thus, by superim-
posing this geometrical information about Pp for different prediction event

times ti, one can observe the effect of additional tracking on predicted

navigation uncertainties,
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4. ERRAN MANEUVER ANALYSIS
4,1 Introduction

0f the many types of events available in the STEAP programs, maneuvers
are the most complex. The purpose of Chapter 4 is to provide a comprehensive
and unified discussion of the analytical basis for all types of guidance
events modeled in ERRAN.

Guidance events yield much useful information for preflight mission
analysis. Using ERRAN we can evaluate, in a statistical sense, the efficacy
of the guidance process in achieving desired target conditions., Equally im-
portant is the determination of the statistical AV requirements for the
mission. The coupling of the guidance and navigation processes has been
carefully modeled in ERRAN.

At a midcourse guidance event the user can choose from two midcourse guid-
ance policies: fixed-time-of-arrival (FTA) and variable-time-of-arrival (VTA).
Midcourse corrections are modeled as impulsive velocity corrections. An inser-
tion maneuver model is provided for the insertion into the halo orbit about the
libration point. Either impulsive or finite thrust models are available for
the error analysis of this maneuver.

In the following section the concept of control covariance will be
presented, and all features of the guidance event which are independent
of the specific guidance policy will be discussed. Section 4.3 treats the
execution error model emploved for impulsive AVs. Section 4.4 treats linear
midcourse guidance. The insertion maneuver analysis is discussed in Section
4.5,

4,2 General Analysis

Most variables used in the general analysis have been defined previously.
We shall assume an arbitrary guidance event is to be executed at guidance
event time t:. 1In the following analysis the notation ( ), will be used to
indicate the values of variables immediately prior to the &xecution of the
event; ( )T, immediately after. Although denoted simply by P earlier, the
knowledge Covariance will now be denoted by Py to distinguish it from the
control covariance P . Only the spacecraft position/velocity knowledge and
control covariance partitions are required for guidance analysis, although
the entire set of covariance prediction equations given in Section 3.2 are
used whenever covariances matrices are to be propagated over some interval
of time.

Before proceeding with the general analysis of a guidance event, it is
necessary to digress briefly to discuss the control covariance P, and how it
differs from knowledge covariance Pg., Recall that the knowledge covariance
represents the statistical dispersions of the estimation errors about the
spacecraft state estimate and is defined as

Py = E [8e deT] (4.1)

4-1



where estimation error 8e 1s defined as

~

Se = 6% - 6X (4.2)

Here &X and 6% denote the estimated and actual deviations, respectively,
from the most recent nominal trajectory. Processing of measurements nor-
mally reduces the knowledge covariance, which, in geometrical terms, corres-
ponds to a contraction of the knowledge covariance hyperellipsoid. The
-control covariance represents the statistical dispersions of the actual
trajectory about the targeted nominal trajectory and is defined as

-

P, = E [8X 6XT] (4.3)

where 6X denotes the actual deviation from the targeted nominal trajectory.
The time behavior of the control covariance depends solely on modeled space-
craft dynamics and is in no way (except at a guidance event) influenced by
measurement processing. Control covariances, like knowledge covariances,

are propagated across an interval of time using the covariance prediction
equations given in Sectiom 3.2. However, the covariance filtering equations,
which are also presented in Section 3.2, are never used to update control co-
variances. Control covariances are used in ERRAN to predict statistical tar-
get miss dispersions. The control covariance is also important in the com-
putation of statistical midcourse guidance corrections in ERRAN.

We return now to the discussion of a general guidance event. At each
guidance event a commanded velocity correction AV, is computed. The nature
of this computation is, of course, Eolicy~dependegt and will be treated in
subsequent sections. In general, AV, will be a function of the desired tar-
get conditions and the estimated spatecraft state. Since midcourse guidance
corrections are treated in an ensemble sense in ERRAN, only the statistical
"E [AVj]" can be computed.

Due to execution errors the actual velocity correction will differ from
the commanded correction. The actual velocity correction AVj is given by

AV = AVy + aavj (4.4)

where 6AV. is the execution error. The guidance process acknowledges the
existence” of an execution error by generating the assumed statistics of the
execution error. The execution error is assumed to have zero mean and co-
variance Qy, which is defined as "

= T

= E [8AV, 4.5

This matrix is generated using the execution error model described in
‘Section 4.3. '

The covariance matrices associated with the spacecraft state are altered
when a guidance event is executed. The remainder of this section develops all

the equations required in this updating process for an impulsive velocity cor-
rection.



At a guidance event our estimation error Se is changed by the execution
error. Thus

+ - 0
5 = R S 4.6
ej tSeJ [GAV ] ( )
where

S§e.” = 8X.” - 8X,”. (4.7)

The minus sign appears in equation (4.6) since, according to equation (4.4),
§AV, is defined as the actual minus the estimate, while the estimation error
Se is defined as the estimate minus the actual. The knowledge covariance
immediately following the guldance correction is defined by

+ + .+T 4.8
PKj E [aej Sey ] (4.8)
Substitution of equation (4.6) into equation (4,8) readily yields the re-

quired knowledge covariance update equation:

h] J 0 ' Qj
The control covariance following the maneuver P + is then set equal to this
updated knowledge covariance, 1.e. P.. = PK .
3 ]

4.3 Execution Error Model

The computation of the execution error covariance matrix Q is based on
an execution error model defined by four independent error sources. The
first error source 1s called proportionality error and is in the direction
of the velocity correction vector AV with magnitude determined by the pro-
portionality factor k. A second error source, in the direction of AV but
independent of its magnitude, is the resolution error s that cgrresponds
to a thrust tailoff error from the engines. Two pointing errors defined in
terms of angles da and 88 complete the error model. From this description
of the error model, the equation for SAV can be written as

AV
GAV k AV + s Tm‘ + aAvainting (4.10)

where SAV is defined by two angular pointing errors, do and 88,

pointing
For purpcses of unique specification, assume that da is a pointing error

angle measured in a plane parallel to the ecliptic plane and along a vector

orthogonal to the velocity correction vector AV, If QAVl is the velocity

error due to the angular pointing error 8o and i1, j, k form the unit triad

in the ecliptic system, then for small angles 8o, GAVl is given by

4Vy .

aav = péo (4.11)

2

< 2
n:
[

AV + AV AVX

where AVX and AVy are the X and Y ecliptic components of the velocity cor-

ection wvector AV and p is the magnitude of AV. Note that the velocity error
§AV, resulting from da has components only in a plane parallel to the ecliptic.
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The second pointing angle 68 defines a velocity error §AV, that is ortho-
gonal to both §AV, and the velocity correction vector AV, Again for small
angles &B, the velocity error resulting from this pointing error, referenced
to the ecliptic system, is given by

e :-L- ~
i+ i-6pav? 4+ avdH% R (4.12)
2 21k 2 2v% X Y
(avy + AVY) (avE + AVE) ™

6AV2 =

From these equations it is clear that the vector set AV, SAV. and §AV
satisfies the mutual orthogonality imposed by the model. The complete des-
cription of the execution error vector 64V may then be written in ecliptic
coordinates as

pAVY o + AVX AVZ 88 |

AV = [(k + .s.) Avy + -

J AV, AV, 6B - pAV, 8l '
z ~
+ |k + 2} avy + X S , (4.13)
! P u
* -
’ ‘
a . &
+ L{k +3) av, - uGB]k

where AVy, AVy, and AV, are the ecliptic coordinates of the veloecity correc-
tion; 1, j, k are unit vectors in the X, Y, and Z directions; o is the mag-

nitude of AV; k, s, 8o, SR are the four iudependent error sources; and u is

an intermediate variable defined by

L .
u = (AVZ + AV%) ‘ (4.14)

The expression for the execution error covariance Q; is obtained by sub-
stituting equation (4.13) into equation (4.5). The equations which result
from this operation are summarized In the subroutine GQCOMP analysis and will
not be presented here. However, these equations have form given by

5 _ = 2 2 2 2
Qj = Qj (av, Oks Tgr Ogyo GSB) (4.15)
where o2 through U% are the assumed variances for the four error socurces

which define the error model. No cross—correlations appear in this equation
since all the error sources are assumed to be independent. Since for a sta-
tistical midcourse guidance maneuver, no commanded AV is available, ERRAN
computes an effective velocity correction which is used. The derivation of
this quantity is described at the end of the next section.



4.4 Linear Midcourse Guidance

Linear impulsive midcourse guidance policies have form

AV, = T, 6%~ (4.16)
] J ]
where AV, is the commanded velocity correction required to null out devia-
tions frdm the nominal target state, TI'. is the guidance matrix, and J&X is
the estimated spacecraft deviation from the targeted nominal trajectory just
prior to the guidance correction.

Two midcourse guidance policies are modeled in ERRAN: fixed-time-of-
arrival (FTA) and variable-time-cf-arrival (VTA). The derivation of the Pj
matrix for each policy will be summarized below.

The variation matrix n. relates deviations in spacecraft state at t. to
target state deviations. I% T is a vector which defines the target statg,
then

§t = n, 6X (4.17)

For FTA guidance the target state 7 is the nominal position vector at the
target time tp. State deviations at tj are related to state deviations at
tp by the equation

§Xp = #(tp,ty) OX, (4.18)

where @(tF,t.) is the state transition matrix over the interval [tj’tF]'
Thus, for FTA guidance the variation matrix is given by

ny = [0y | 4] (4.19)

where ¢; and ¢, denote the two upper 3x3 partitions of ¢. We wish to select
a AV, such that 6t = 0 in equation (4.17}. Employing equation (4.19), this
condition reduces to the equation

. 0
- (5[ 1])

which, when solved for Aﬁj, yields

Aﬁj = [‘¢§l¢1 Po1]oexy (4.20)
and 1
PFTA = [_¢5 ¢1 1 -I}. (4.21)

For VIA guidance the target state T will be defined by assuming again
that all deviations are linear. Then when the nominal trajectory is at the
nominal target time, only deviations from the nominal which are normal to
the insertion velocity vector are corrected while any deviations along this
vector are left uncorrected. This philosephy is exactly equivalent to the
two variable B-plane (2VBP) targeting mode used in interplanetary targeting.
To determine the VIA target state, the state deviations at the nominal tar-
get time must be rotated to a coordinate system whose Z-axis is aleng the
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nominal insertion velocity vector. These are given by multiplying equation
(4.18) by an appropriate rotation matrix R, thus the rotated state deviations
86X} are given by

5x% = RéXp = R¢(tF,t4) X (4.22)

i
The target vector, then is just the first two components of 8Xj, and the
variation matrix for VTA is simply given by the upper 2x6 portion of the
-6x6 matrix product R¢(tp,ts). This 2x6 n, matrix is partitioned into two
2x3 matriceg A and B as follows \

ny = [A]B] (4.23)
We wish now to select a AV such that 81 = 0 in equation (4,17). Employing
equation (4.23) and defining 6Xj = [SRj avj] , this condition reduces to the
equation

A SR, + B(&Y, + a¥4) = 0 (4.24)

]
This equation has no unique soluticn for AV, since the inverses of A and B do
not exist. Non-uniqueness of AV, is to be expected since three components of
8V; can be varied to satisfy the” two components of t. One degree of freedom
remains and it will be used to minimize the magnitude of AV which is equiv-

alent to minimizing Av, T Using standard constrained m nimization tech-
niques, the solution fbr A 3 is given by

Ai‘zj = I'yta aij (4.25)
where 1 '

ryrs = (-BT(8BT)"1 & | -8T(38T) " B). (4.26)

This concludes the derivation of the guidance matrices for the two midcourse
guldance policies modeled in ERRAN.

A quantity: which is particularly useful in ERRAN since it provides the
basis for the computation of statistical AVs 1s the velocity correction co-
varilance matrix SJ, defined as follows:

= v.T .27
5;=E [Avj av4T] (4.27)

A useful expression for S
J
Reference 2,

will be developed below. The derivation follows
Substitution of equation (4.16) into equation (4.27) yields
S; =TI, E [6X,~ 6%, 1] r.T (4.28)
N b 3 i 3
But according to equation (4.2)

8X.” = 8X.,7 + Se.” (4.29)

Substituting equation (4.29) into equation (4.28) and expanding yields



~T - g =T
. = I',|E [8X.  &X, + i X.
8 j( [6%;7 6%,7"] + Elée;” 6%;7"]

3
- =T - -T T
+ E [SXj Gej ] + E [Sej Gej ]) Fj

Employing the definitions given by equations (4.1) and (4.3) the preceding
equation reduces to

(4.30)

~ ~ sy =T . - o =T “\, T
., =T, + Se,” 8X. + X + P r, 4,31)
5 I‘J(ch E[eJ 6X,77) + B [8X57 8ey 7] Kj)J (
Pre-multiplying the transpose of equation (4.29) by 6ej", and taking the
expected value of the result yields _
Se.” §X.7T] = sk - 4.32

E [ ey §X,71] = E [dse.J %771 PKj ( )
If we assume that the estimate 6X,™ and the error in the estimate fe,” are
orthogonal, as is the case if the recursive estimation algorithm is aptimal,
then

E [aej‘ aﬁj"T] =0 ‘ (4.33)

so that equation (4.32) reduces to

- gy =T
E [de, 68X, = -P 4,34
Lseg” oM = o (4.34)
If we substitute equation (4.34) into equation (4.31), we obtain the desired
result:

, =T, - -p,) r.T : 4.35
sJ 3 (ch PKj) j ( )

It was stated previously that ERRAN treats the midcourse guidance correc-
tion in an ensemble sense. State estimates are not generated in ERRAN, so
that equation (4.16) cannot be used to determine AV_, Instead, we compute a
statistical or effective velocity correction in ERRAN. Simply taking the
expected value of equation (4.16) does ngt yield useful information. The
expected value of AV; is zero since E [8X;] is zero, which is a consequence
of the fact that our recursive estimation algorithm is an unbiased estimator.
However, if we define the effective velocity correction to be

o
" TN = J
J
where R
oy = E [jav,]] (4.37)
and a./lo is a unit vector aligned with the most likely direction of the

velocity gorrection, then information which is useful for fuel sizing studies
can be obtained. This effective velocity correction is also used to evaluate
the execution error covariance Qj in ERRAN.

It remains to define expressions for magnitude p. and direction o, Lee
and Boain (Reference 6) have developed an analytic tetChnique for compuging
probablistic levels of AV required for a midcourse maneuver as a function only
of the trace and eigenvalue ratics of the S, matrix., This analytic method
produces the AV requirement for any desired percentile level, replacing the

47



approximate method of Hoffman and Young used in previous versions of STEAP
(Reference 7) which found approximations of the values of ¢, and the vari-
ance ¢ AD Not only does the analytic method produce exacé rather than
J

approximate, values for Dj and 0. but alsc exact values for arbitrary per-
centile levels (i.e., 90%, 994 39 9%, 99. 994) without having to assume a
Gaussian distribution for AV and using and O: to compute the percen-
tile levels. Given the eigenValues of the g matrix expressed as (G 220
k252) where 1 i_kz 3_22 > 0 the Lee-Boain me%hod expresses the probability

density function for the square of the velocity function (2 = |AV|2) as
o T (mFl/2) (u-s) F
£(z) = C m‘\; Ty ar b L [ @¥3/2)5 (y)z]  (4.38)
where
a = 1? B = 1 , ¥ = ;2,C= 1 __ Y2
2 22,252 2x% 20k V2n

and where T" is the gamma function and 1F1 is the confluent hypergeometric
function. Thils expression for £(z) can be reduced to Horn's confluent
hypergeometric functlon in two wvariables, and further reduced for computer
evaluation to an infinite series involving a triple Cauchy product. Although
this exact method iz amenable to computer evaluation and is far faster than
Monte Carlo analysis, it can still represent a small but significant fraction
of the total computation time {of the order perhaps, of one to ten per cent of
the total time used for a typical ERRAN run). By using the exact method to
generate tables covering all possible eipernvalue ratios for several percen-—
tile levels (i.e., 90%Z, 99%, 99.9%, 99.99%), a simple two dimensional inter-
polation scheme allows three to four significant figure accuracy to be main-
tained. Thus the output of ERRAN at a guidance event will now include as
before the mean and sigma of the AV distribution (although the values will
now be exact) as well as the required AV-load at several pre-set probability
levels. The computation cost for this process is negligible.

The velocity correction covariance S, can also be used to determine the
direction a;. Let A,, Ags and Ay be the gigenvalues of 54. It can be shown
that, under™ the assumption that some correction takes place, the most likely
direction for the midcourse maneuver, defined probabilistically, is the di-
rection of the elgenvector assoclated with the maximum eigenvalue of §j.
Define aj as the edigenvector associated with the maximum eigenvalue.

It should be stresged that the computation of the effective midcourse
correction vector "E [AV4]" within ERRAN is only an artifice to permit a
realistic, a priori computation of the execution error covariance 0:. The
nominal trajectory returned to the basic cycle is not affected by the com-
putation, However, the calculated information concerning likely magnitudes
and directions for the maneuvers is critical for fuel sizing studies.



To determine the efficacy of the midcourse correction at time t, in
meeting specified target conditions, it is necessary to compute the zarget
condition covariance matrix Wi both before and after the correction. Co-~

variance Wj is defined by

Wy = E [81 §cT) (4.39)

where 8T represents the actual target state deviation. Thus W: represents
the statistical dispersions of actual target state deviations about the nomi-
nal target state. Substitution of equation (4.17) shows that

= . .T T = ,T
Wj oF E [GXJ 6XJ ] nj N3 ch nj

Thus, immediately prior to the midcourse correction

- - _T
W;m = ny ch ny (4.40)
while immediately after the correction
+ + T
. =n, P .41
Wy ny e N, (4.41)
Recall that control covariance PC_ is obtained by propagating Pc+ over the
i j-1

time interwval [t'—l’ t.], where t;_1 is the time of the previous guidance

event, using the standard covarianci prediction equations in Section 3.2.

Recall also that P.' is equal to Py'. Thus, the total target error can be
3 k| :

divided intc the target error due to the navigation error

Enavj = My Gej_. (4.42)
and the target error due to the execution error
0
£ =n, |- ~-"= - ‘ (4.43
1 [ GAVj] )

It will be helpful to summarize all the quantities computed at a mid-
course guidance event in ERRAN., A summary is presented below:

£57r X7, Py BT, Wy

tj: I'j, "E [AVj]", Q.
+, Ft + + +
tj : Xj, PK ’ Pc ’ Wj
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4.5 1Insertion Maneuver Analysis

The analysls of the terminal insertion maneuver is similar in many ways
to a normal guidance maneuver as discussed in the Section 4.4, however, there
are several important differences., ¥First, of course, is that the insertion
maneuver may be eilther an impulsive or a finite burn, Second, since the
time of insertion is in fact the final time, no guidance can be performed,
All that is necessary is for execution errors assoclated with the insertion
-maneuver to be calculated (for either the impulsive or finite burn cases)
and added to both the knowledge (PK ) and control (Pc ) covariances,

F F

For the case of an impulsive insertion maneuver the nominal AV is de-~
termined by simply differencing the velocity of the nominal trajectory at
Tp with the desired velocity at the target point. The components of this
bV are then used in the executlon error model as described in Sectiom 4.3,
with the exception that there ig no need to generate an effective AV from
the statistics since the actual AV is available. Once the execution error
matrix Q has been calculated then the knowledge and control covariances
after the insertion are computed as

+t o p - S0 Q.
PKF PK + [ 0 { ﬁ ] (4.44)
-] (4.45)

For the case of a finite burn insertion maneuver, the computation of the
final knowledge and control are somewhat different. Dispersions at the final
time for this case arise from two sources, namely the state dispersions at
the start of the burn arc and the errors associated with the burn itself.

The effects of both of these error sources are found by the use of the state
transition matrices $F,B and Op g over the arc from ty the initiation of the
burn to the final time tp. The first of these is the 6x6 state to state
transition matrix, relating deviations in the final state to deviations in
the initial state. The second is the 6x3 control to state transition matrix,
relating deviations in the final state to deviations in the control parame-
ters. For the finite burn model used here, the three control parameters are
the two angles (g ?) specifying the inertial direction of the burn and the
thrust magnltude Both of the matrices oF,B and Op,p are generated by
NOMNAL and stored on the trajectory file. Thé final knowledge and control
covariances are found as

+ . - T P

PK_F = ¢p,B PKB tp,s * Opp U Op (4.46)
+ - T T

Pe = bp,3 Pey *5,8 * Or,8 U OF,3 (4.47)

Where Pp” and PCB are the knowledge and control covariances at the start of

B
the burn and U is a diagonal 3x3 covariance with elements ci, 02 and 02 des-
cribing the assumed statistics of the finite burnm errors. It should bé noted
that equations (4,46) and (4.47) have presumed that mno correlation can exist
between the thrust control parameters and the state deviations at the start
of the burn arc,
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5. GENERALIZED COVARIANCE ANATYSIS
5.1 Introduction

The performance of navigation filters for orbit determination
depends on how well the physical environment and ground-based or
onboard measurement instrumentation can be modeled. The design
of a navigation filter involves not only selection of an algorithm
for processing measurements, but also specification of error models
for all error sources thought to be important. The use of an er-
ror analysis technique, such as the one described in Chapter 5,
is not sufficient for determining actual filter performance in the
presence of incorrectly modeled or unmodeled error sources. Al-
though one could, of course, resort to a simulation technique such
as SIMUL (Reference 3) to study filter performance, the operation
of simulation programs is expensive and only a single sample of
the navigation process can be generated on each run. A generalized
covariance program, however, can provide much useful information
relating to the design and performance of navigatiom filters, with
a significant reduction in program operating costs.

The generalized covariance technique described in this chapter
is primarily concerned with the propagation and update (at a meas-
urement) of both actual and assumed, i.e., filter-generated, es-
timation error statistics along a nominal trajectory. The deviation
of the generalized covariance equations assumes linearity and
gaussian statistics. Actual error statistics, however, are not
required to have zero means. The equations are written in recur-
sive form and are filter-independent, l.e., filter gains are not
assumed to have been generated by any specific type of navigation
filter.

The generalized covariance equations for the basie cyele
{measurement processing) are derived in section 5.2. These equa-

tions can be used to determine filter sensitivity to differences
between assumed (by filter) and actual:

1) Injection statistics;

2) Measurement noise statistics -- doppler, range
measurements;

3) Dynamic parameter statistics —- gravitational constants,
target planet ephemerides;

4) Measurement parameter statistics -- instrument biases,
station location errors;

5) Dynamic noise statistics.



The differences between assumed and actual error statistics can
involve differences in means, standard deviations, and correlation
coefficients. Actual error statistics can also be defined for
parameters whose uncertainty has been ignored in filter design.

In section 5,3 the generalized covariance technigue is ex-
tended to the guidance process. The equations presented there
permit one to determine the sensitivity of the guidance process
to differences between assumed and actual execution error statis-
tics, as well as to differences in the previously described er-
ror statistics. Although execution errors are assumed to be un-
correlated, they are permitted to have nonzero means. The gen-
eralized covariance technique, as applied to the guidance process,
primarily involves the computation of both assumed and actual
target dispersions and velocity correction statistics.

The notation employed in this chapter is very similar to the
notation used in previous chapters, except for the following dif-
ferences:

1) Estimation errors are dencted by %X, etc instead of
by de, etc;

2) Actual errors, deviations, means, covariances, etc
are usually denoted by ( )'.

5.2 Generalized Covariance Propagation and Update
5.2.1 The Basic Cycle

The generalized covariance basic cycle consists of the propa-
gation of both actual and assumed estimation error means and co-
variances from the previous measurement time {or event) to the
present measurement time, and the updating of each of these quan-
tities after the measurement has been processed. The propagation
and update of the assumed covariances was treated in Chapter 3
(assumed estimation error means are zero). The equations required
to propagate and update the actual estimation error means and
covariances are derived in this section. These equations are
filter-independent and are expressed in terms of arbitrary filter
gain matrices.

LA A
The filter employs an augmented state vector % partitioned as

X

X
=]

x = (5.1)

u

v
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where x denotes assumed position/velocity deviations (from nominal);
X s assumed solve-for parameter deviations; u, assumed dynamic

consider parameter deviations; and v, assumed measurement consider
parameter deviations. The assumed dynamics are described by

xk+1 = ka * Bxxs Xsk + sxu uk + wk+l (5.2)

where state transition matrix partitions o, exx , and exu are
8
defined over the time interval [tk, tk+l]’ and @ denctes the

contribution of assumed unmodeled accelerations over the same time
interval., Parameter deviations are constant. The assumed meas-—
urement is given by

= +
Vw1 = By T Mxg

+ G +Lv, .+ v (5.3)
1 “k+;— ktl © R+l

where H, M, G, and L are cobservation matrix partitions evaluated
at time tk+l’ and Vsl denotes the assumed measurement noise.

The actual augmented state vector x'A is partitioned as

[ ']

<A =] (5.4)

where x' denotes actual position/velocity deviations; x;, actual

solve-for parameter deviations; u', actual dynamic consider param-
eter deviations; v', actual measurement consider parameter devia-
tions; and w', actual dynamic and measurement ignore parameter
deviations. The paranmeters xé, u', and v' correspond to xs, u,

and v, respectively, but have different statistical representations.
Ignore parameters w' are parameters whose statistical uncertainty

is completely ignored by the filter, but not by the actual esti-
mation error mean and covariance propagation process. (Parameters
not treated by either the filter or the actual propagation process
will be referred to as neglect parameters.) The actual dynamics
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are described by

L = 1 L} + 1 + 1 [}
X1 ¢xk + 6xxs XSk exu uk 8xw Wk tow k+1 (5.5)

where wé+l denotes the contribution of actual unmodeled accele-
rations over the time interval [tk’ tk+l]' State transition ma-
trix partition exw relates changes in ignore parameters to changes

in x'. All parameter deviations are constant. The actual meas-
urement is given by

] - ] ] ] 1 ] ¥ ’6
Yer1 = B stk+1 FGupy t Ly Nty (5.6

where v! denotes the actual measurement noise at t .
k+1 k+1

The actual estimation errors are defined by

Hrl T el T Nl (5.7)
i;k+1 ) ﬁsk+1 ) xs"1<+1 -8)
e = Opp ~ Y1 T 7Y (5.9)
Vel T ekl T Vel T Y (5.10)
Tl T k1 T e T Y (5.11)

where equations (5.9), (5.10), and (5.11) have used the fact that
estimates 4, ¥, and w are always zero. '

The estimates propagate over the time interval [t , tk ]
according to k +1

"~ ~t ~t
X4l - ¢xk + exx X (5.12)
s k
and
e et
X = X . (5.13)
k+1 k



where ( ) denotes values immediately before processing a meas-

urement and ( )+ immediately after. Substitution of equations
(5.5) and (5.12) into equation (5.7) yields the following equation
for the propagation of the actual estimation error:

=~ _ ~+' ~+| _ T _ L 1 .
o= ¢xk + axxs xsk exu u, wa v SR (5.14)
Similarly,
- +
}”{S' = is' . {5.15)
k+1 k
At measurement time tk+l the estimates are updated using
the equations
I ! (5.16)
b1 T Tt T K1 Skn1 ‘
£ =% s el (5.17)
"kl Sk+l

where Kk+1 and Sk+1 are the filter gain matrices (generated by an

arbitrary filter). The actual measurement residual €' is defined
as the difference between the actual and predicted measurements

el =yl . - HE o - Mx_ - (5.18)
k+l  Tk+l e+l Si11

Substitution of equation (5.6) into equation (5.18) yields

1 = _ 1w ! R S 1 t ' ' B
fx+1 AX b1 stk+l tGu, Ly, Nw VR4l (5.19)

The update equation for the actual estimation error is obtained

by substituting equation (5,16} into equation (5.7). The resulting
equation is : .

+

1 = ot '
a1l T el T R ke (5.20)
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Similarly.

= = ! 1 .
g X, + Sk+1 € 1 (5.21)

The propagation and update equations for the means of the
actual estimation errors and the actual measurement residuals can
now be derived. The filter assumes zeroc means for all estimates
and all error sources. Except for actual dynamic and measurement
noises, this is not the case for the actual propagation and up-

. date process. Thus,

Bloy 4] = -ug

Elvpyq]) = ¢

Ela), ] = ! (5.22)
Eluy ) =0

JOMET

No generality is lost by setting the mean of the actual measurement
noise v' to zero, since a nonzero measurement mean can be absorbed
into the mean of the actual measurement bias. The model for the
actual dynamic noise w' will be assumed to have the same form as
the model for the assumed dynamic noise described in section 3.3 so
the mean of w' is also set to zero.

Applying the expectation operator to equations (5.14) and (5.15)
yields the following equations for the propagation of the means
of the actual estimation errors:

! = » "'+ a "'+l _ o _ Tt .2
Elx ;] = ¢ - E[x ']+ exxS E[xsk] B ul =8 W (5.23)

E[x' ] = E[}"c:'] . (5.24)



To initiate the propagation process described by the previous two
equations requires initial values for the means of %' and xs At
initial time t we have

E[%)] = E[% ] - E[x[] (5.25)

and

E[&' ] = E[i‘;S 1 - E[x; 1, (5.26)
Q Q fa .

Because initial estimates are always assumed to be zero, equations
(5.25) and (5.26) becocme

E[x]] = -x; _ o (5.27)
E[i; ] = —Eg (5.28)
] o

where ;; and x' are the initial means of the actual position/
5o
velocity and solve-for parameter deviatioms, respectively.

Applying the expectation operator to equation (5.19) yields
the following equation for the mean of the actual measurement
residual:

' = - . g 1 —_ . 3 1 ot ! - -
E[Ek+1] H E[xk+l] M E[xS j+ Gul + Lv| + Nwl . (5,29)
k+1
The update equations for the means of the actual estimation
errors are obtained by applying the expectation operator to
equations (5.20) and (5.21). The resulting equations are:

E[x k+1] = El& ] * Ky - Elegy] (5.30)

EIi+' ] = E[% ! ] + Sk+l . E[€k+l] N .(5__3]_)

5=7



The remainder of this section will treat the derivation of
the propagation and update equations for the actual knowledge
covariance matrix partitions. Since the actual estimation errors
do not, in general, have zero means, it becomes more convenient,
from both an analytical and a computational standpoint, to develop
propagation and update equations for the 2nd moment matrices rather
than for the covariance matrices, and then simply convert the 2nd
moment matrices to covariance matrices using the standard relation-
ship

cov (x,¥) = E[xyT] - X ;T {5.32)

where cov (x,y) denotes the covariance of x and y, and E[xyT]
denotes the 2nd moment matrix of x and y.

The required actual 2nd moment matrix partitions are defined
in the following pages. Note that primes have been dropped from
the ?2nd moment variables to make the equations more readable in
the remainder of this section. The 2nd moment matrix partitions
that must be updated whenever a measurement is processed are listed
first.

- o ! T = 1 ' T
P = E{% ] Ps E[XS % ]
- t 2T = ~y =L
Cxx Elx X ] Cx u E[xs u'"]
s s
~ T ~y ~¢1
CXu = E[x' u'"] Cx v = E{x' v'"] (5.33)
s
= ' s 'T = ! ~'T
va E[x' v'7] Cx w E[% 1 .
s
c_ = E[z W'

xXw

The remaining 2nd moment matrix partitions do not change with time:

c =g v']=c U=Ed @) =u
uv uV0 o}
= A - = w1 1L =
€, = Ela"@'] cqu V=E[¥' v =V, (5.34)
cC = E[¥ "'T] = ¢ W=E[w ::r'T] =y
Vw VWO (o]



The 2nd moment matrix propagation equations for the time in-
terval [tk’ tk+1] are obtained by substituting equations (5.14)

and (5.15) into (5.33) and expanding. All equations are simplified
4 1 =1 =1 ~ 1t | t

by assuming Wy and (xk, xs » Qs Yy ﬁk) are uncorrelated. Thus,

for example, k

Blx o'} = B[%] - Elw'] = 0

since the mean of mﬁ has been assumed to be zero. The final

propagation equations are summarized below:

p” .={ept+8 cT 4+ T 45 T Yo'
k+1 k bio 4 XX Xu xuk KW XW
Sk k
- T - T . - T .
+ Cxx 8xx + Cx 8xu + Cxw wa + Qk+l =(5'35)
3 3 uk+l k+1
k+1
c” ot +8 pTo+e T 4+ (T (5.36)
XX xX XX Sk Xu X U W Xw
Sk+1 Sk S k k
C_ =9C + 8 ¢ +8 U +8_ T (5.37)
X‘U.k+l xuk XXS XSU p A (o] Xw uwo
k
o = oCt  + 0 ¢t +e6 ¢ +8_ ct (5.38)
XV RV, 4.4 x Vv Xu uv W VW
k+1 k 5 s I
c = oC + 6 ¢ + +0 W '
W XX X W XU UW W 0 (5.39)
k+1 k s -] K .
- +
P =P (5.40)
Sk+1 Sk
- o+
CXSU. CX u (5'41)
k+1 5k



Cev " Sy 1(5.42)
S k41 ®x

- ot

C. o =C. . . (5.43)
Skt s

The actual dynamic noise 2nd moment matrix Q will be assumed
to have form

= Lot booLop oLt b gt oAp2 2
Q,, = diag 4 K] At*, %K) aeY, % Ky ott, KJ Ae?, Ké AtZ, Ké BE2)  (5.44)
= - 1 ' 1 :
where 4t = Y tk, and Kl’ K2, and K3 are constants which roughly

correspond to the variances of the actual unmodeled accelerations.
The form of this-equation is identical to that of equation (3.23),

The actual measurement residual 2nd moment matrix is defined
by

T
a— L} 1
Tetr = Elopqg B 1 (5.45)

Substituting equation (5.19) into equation (5.45) yields

Tepr THA T By T Oy T LB P NP TRy (5148)

where observation matrix partitions H, M, G, L, and N have been
defined previously, R is the actual measurement noise 2nd moment
matrix defined by

= ' T \
Bit1 = ElVi41 Viwr ! (5.47.
and
Ayl ™ P;+l oY + ¢ T+ ¢ ¢ + c; Iy N (5.48)
XX ot Vit B+l
k+1
- T -T T - T - T - _
Bk+l Psk+l M + Cxx H + Cx u G+ Cx v L™ + CX w N (5.49)
S+l k+1 k+1 S K+l '
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D = C H + C M +UG +C N +¢C
k+1 xuk+l X u o uwo uv
k+1 ©
E .=¢T mf4ct M+ N +vil+cL
k+1 ka+l xsv vwo o uv0
kt+1
P =WN +cY Hl 4T ML+ ¢ T Tyt
k+1 o K+l xsw W uw0
k+1 e

The 2nd moment matrix update equations, which correspond to
the processing of a measurement, are obtained by substituting equa-
tions (5.20) and (5.21) into (5.33) and expanding. The final up-

date equations are summarized as

+ - T T T
Pet1 = Prr1 ~ K A - MGy T R Tk K

+ - T T T

Cxxs = Cx “ K1 B85 T R Y Sknr
k+1 S+l
+ - T
C =C - D
el Y et
+ - T
C = C - K E
ka+l ka+1 k+1
+ - T
C =C - F
el e+l e
+ - T T T
P =P -s B" - BS +S J S
Sy 41 141 K+l - k+1 T Ck+1l “k+l Ck+l
+ - T
Cx u - stu Sk+1 D
$ Kkl k+1
+ - T
Cx v =C v Sk+l E
® k+l k+1
+ - T
stw = stw ~ 8.1 F
k+1 k+1

where Kk+1 and Sk+1 are the filter gain constants.
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5.2.2 Eigenvector and Prediction Events

The generalized covariance treatment of elgenvector and pre-
diction events is quite similar to their treatment in an error

analysis., At an eigenvector event, eigenvalues and eigenvectors
are computed for both assumed and actual knowledge covariances.

At a prediction event, both assumed and actual knowledge co-

variances are propagated forward to tp, the time to which the

prediction is to be made.

5.3 Generalized Midcourse Guidance Analysis
5.3.1 Target Condition Dispersion Analysis

To generate actual target condition dispersions (mean plus
covariance) requires that equations be developed, first, for prop-
agating actual deviation means (control means} and actual control

Znd moment matrix partitions over the time interval [tj—l’ tj]

separating two successive guidance events. Second, equations must
be developed for updating actual knowledge and control means and
2nd moment matrices following the execution of a guidance event.
These equations are derived in this section.

The actual dynamics over the time interval [tj—l‘ tj] are
described by
7= ex™T b8 x40 uw e w4y (5.62)
b i-1 XX, s, Xu o ¥W 0 3

where actual parameter deviations xé, u', v', and w' do not change

- +
with time. Notation () and {( ) iIndicates values immediately be-
fore and after a guidance correction, respectively. Applying the
expectation operator to equation (5.62) yields the following mean
propagation equation:

T o=ex'T 46 X' +8 u'+o8 w! (5.63)
]

i-1 XX S Xu o Xw
] o

where we have assumed that the mean of actual unmodeled accelera-
tion wa is zero.
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The dispersions of the actual deviations about the targeted
nominal trajectory are represented by the control 2nd moment matrix

P' =E [x' x!T]< , (5.64)
ey 373

and related partitions. Equations (5.35) through (5.43) can be
used to propagate all control 2nd moment matrix partitions over
the interval [tj-l’ tj] if we treat all 2nd moment variables ap-

pearing in these equations as control 2Znd moment variables.

" Initial control 2nd moment matrix partitions are identical to
initial knowledge 2nd moment matrix partitions since all initial
estimates are zero.

. The updating of actual knowledge and control means and 2nd
moment matrices following the execution of a guidance event re-
flects the introduction of actual execution error statistics into
the mean and 2nd moment matrix propagation processes. The actual
estimation error at a guidance event is increased by the actual
execution error

5&v3 = av& - AV5 (5.65)

where AV3 is the actual velocity correction and Aﬁi is the actual

commanded velocity correction. Therefore, the estimation error im-
mediately following the velocity correction is given by

+ _ -
= X,
3

l - A. * GAV! _Eih

T
1 . ,

e

A=10

The actual knowledge 2nd moment matrix immediately following
the correction is defined by

o+ w1t AT
PKj = E [xj * ] . ‘ (5.67)
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P!T = P! 4+ A - E{saV! 6AV'T < AT = A e E[MV'. }"{f_T]
Kj Kj k| k|

- E [if- 6AV'T] O (5.68)
] |
Defining the actual execution error 2nd moment matrix by

Q-_'; = E[aav; aav:"T] (5.69)

and assuming the estimation error immediately prior to the cor-
rection and the execution error to be uncorrelated permits us to
rewrite equation (5.68) as

+ P | e At T - N T . ._|"T
PI'{j = PKj + AL A - A E[savj] E[xj ]

- E[i%']- E[aavf] . A'T—l . (5.70)

The mean of the actual estimation error immediately following
the correction is obtained simply by applying the expectation
operator to equation (5.66) to obtain

+ -
' - ) - . SAV!
E[xj ] E[xj ] A E[Avj] , (5.71)

The propagation equation for E i'g is given by equation (5.23).
An expression for E[ﬁavg] is given in section 5.3.3.

The actual estimation error following the correction is de-
fined by

}”c:'1+ - ij!'* - x:']+ _ (5.72)

But, since we assume that the nominal state 1s updated with the most
recent estimate at a guldance event,

x'" =0 . (5.73)



Then, substituting equations (5.72) and (5.73) into equation (5.66)
yields

x5+ - - iﬁ' + A - 6AV5 : (5.74)

The actual contrel 2nd moment matrix following the correction
is defined by

prt - g [xt+ x',+T] : (5.75)

Substitution of equatien (5.74) into equation (5.75) and comparing
the result with equation (5.68) shows that

v+ v+
=P
Pc K

] j

(5.76)

Taking the expected value of equation (5.74) and comparing
the results with equation (5.71) shows that

| E[xJ!+] - - E[xj'+] : (5.77)

Similarly, under the assumption that we update the nominal solve-
for state, we can write

E[x::\ - - E[i:] , (5.78)
'3 ]

The remaining control 2nd moment matrix partitions are updated
in the same manner as the position/velocity partition is updated
in equation (5.76).

Equations for the actual target dispersions can now be de-
veloped. The actual target state deviation 6T3 is related to the

actual state deviation x3 at time tj according to

513 =7, x! (5.79)

where nj is the variation matrix (see section 4.4) for the ap-

propriate midcourse guidance policy. The mean of 5T5 is giﬁen by
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E [§t'] =n, E [x!'1 . (5.80)
] ] 3

The statistical target dispersions are represented by the actual
target condition 2nd moment matrix W', which is defined as

i

W= E [esﬂ artT] _ (5.81)
j i

Substitution of equation (5.79) into equation (5.81) yields

W=, B! n,T . (5.82)

i J

Equations (5.80) and (5.82) are evaluated immediately before
and after the guidance correction at time tj.

5.3.2 Velocity Correction Analysis

The actual commanded velocity correction 2nd moment matrix
is defined by

57 = E[ai‘r' m?‘_T] (5.83)
h| i o3

where the actual commanded velocity correction is given by

QV3 =T =T, (x'+ :7::'_1) . (5.84)

ot

. K

i3 i

The guidance matrix Fj corresponds to the appropriate linear mid-

course guidance-policy (see section 4.4).

Substitution of equation (5.84) into equation (5.83) yields

sJ' =T, {E[x; XST] + E[i:'] xST] + E[x3 iJ'T] + E[x3 x:'jT]} 1‘? . (5.85)

We can write

E[x'. i'.T] = E[:T{T fc'.T] - E[x i!T] - (5.86)
3 ] J 1] 1 1]

Then, substituting equation (5.86) into equation (5.85), we obtain

g1 = 1‘.{E[x! T - E[}”c'. xtT] + l:.[x ;z'.T] re[z 2 TI0T L e
] ] J ] J 1 1 1 1 ] ]
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1f we define

¢! = E[x3 x;IT] (5.88)

and use the definitions of control and knowledge 2nd moment matrices,
we can write equation (5.87) as

st =1, (PL -B +C +cE'T)r§ . (5.89)
LR U E R B
The corresponding expression for the assumed velocity cor-
rection covariance (section 4.4 is given by

T
- - ) .90
sj I’j (ch PKj) rj (5.90)

The assumed covariance CE does not appear in equation (5.90) since

j ]
the navigation filter assumed the estimate and the estimation er-
ror to be orthogonal (if the filter employs an optimal estimation

algorithm).

The proper evaluation of equation (5.89) for S; requires that

CE and associated partitions be propagated between measurements
J

and updated at each measurement. A set of propagation and update
equations for Cé and assoclated partitions can be developed in a

straightforward fashion. These is some question, however, about
the feasibility of carrying along an additional set of 2nd moment
partitions merely to obtain a better value for S;. The programmed

generalized covariance guidance model will assume CE can be
neglected in equation (5.89). b

The mean of the actual commanded velocity correction is ob-
tained by applying the expectation operator to equation (5.84):

E[Aff:'.l] -1, {E[xj'] + E[s'cj']} _ (5.91)

Expressions for E[g&] and E[Rﬁ] are already available.

Equation (5.91) gives us no useful information for fuel siz-
ing studies. Instead, we operate on the S' matrix (5.89) to define
E [IA@"] using the Lee-Boain technique exemplified by equatilon
(4.38) " of Section 4.4.
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The actual effective or statistical AV is then defined as
s gl n _ ol !
E[AV4] E[|AVj[] o (5.92)

’ 1
where o, denotes the unit eigenvector of S; corresponding to the

maximum®eigenvalue,
8.3.3 Execution Error Model

The actual execution error 6&V5 will be assumed to have form

av!
§AV! = k'AV! + g' —d— + say' (5.93)
j lav'| pointing
i

where k' denotes the actual proportionality error; s', .the actual

resolution error; and SAV' . | the actual pointing error.
pointing

These actual execution errors are not required to have zero-mean
statisties.

Both the mean and 2nd moment of aavg are difficult to eval-
uate because of the complicated functional dependence of 6AV3 on
Aﬁ;. This problem is also encountered in the generation of as-
sumed execution error statistics, and will be resolved by making

certain simplifying assumptions.

The components of SAV' can be found in equation (4.13) and
are reproduced as J

o\ .. o'l sa’ + AVl AV s

sV = (k' +-ET) AV + T = 2 (5.94)
o\ Av? Aﬁ; sp' - p'Aﬁ; '

savt = k' + 25 ) afr + X ; (5.95)

y P y "
1
say! = (k' + ET) Av; - u'sp' (5.96)
~ -~ " L’
where p' = [aV'|, u' = [Av;c2 + Av;z]z, and 6a' and 8B8' are the

actual pointing angle errors.

Before operating on equations (5.94), (5.95), and (5.96) to
~ T
obtain expressions for E!?AVE} and Q; = E{?AVﬁ GAVE ], we shall

assume that AV;, Aﬁ;, and AVQ can be replaced by the components
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of the actual statistical velocity correction "E[AVE]". This

means only k', s', 8a', and éB' need be treated as random variables
when we apply the expectation operator to these equations or to
any products of these equations.

Under the previous assumption, we obtain the following ex-
pression for the mean of SAV::

h|
E[SaV"] = E[6AV'] e+ E[SAV'] e + E[84V'] e (5.97)
3 X' X y v z' 2z
where R ~ ", —
- A p'AY; so' + AV; v’ s
] = L] - ] +
E[SAVX] (k. + y A x o (5.98)
e\ ., AV 8T 8R - pnal) o
"1 =(k" + >} av + .
Eléavy] (k p,) y 7 (5.99)
_ o' N —
E[aavé] = (k' + ET) AV; - u' 8B’ (5.100)

and e ey’ and e, denote three unit vectors alipned with the

inertial ecliptic coordinate axes.

Denoting the elements of 65 by Qik’ we will define

=
Al = 12 0 = 2 G} = 12
Qy, = E[8aVi21, @, E[sc\vy I Qg4 = E[64V]2]

A' = A' = ' 1

1 = @ = Elsav) aavy]

. > (5.101) .

St oAt = v’ '
Q)4 = Q4 = El8avy s4v’]

At = A' = ' '
Q23 Q32 E[SAVy SAVZ] )
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Substituting equations (5,94), (5.95), and (5.96) into
(5.101) and assuming all execution error sources to be uncor-
related, yields

1 ~ —_ N R —_
t = ' 12 r2 t2 1 1 12 12 1 1
Qp, = &' atr2 + ;Tg'(p AVY So'Sa av:2 a2 587 68

247!
+ 2p" AV AV! AV' So! 68') + u.x c'(p'av; Ao’ + A?; Aﬁ; B') (5.102)

- ~ 1 -~ ~ —_—r 12 g2 T 1 Y
Voo et 12 12 AG12 ERT GRY + AV'E Sa' Su
Q22 g AVy +"1]-,"2' (AVY AVZ B B & x
R T A A
- toATr AG! ' T 5R" + Yy .t VT oAUY TRl o b et ¥
20" AL a0 aV) Sa' 8B ) ¢ (AVY av! B p' 4V} sa )
(5.103)
N 2 ool _ Groor 1t T
Q33 £ AVZ + u 88768 2 AVZ Bz 6B (5.104)
Q' = Q! = g' av Al v 51z a0 a0 a0 S8 - p' (aV'2 - A¥'2) 5q°
12 21 x 'y ' Xy gz b ¥
' 1 o At2 AUt ot T T ' v G12 _ agr2 T T
+ ?;'2' { o AVK L\.Vy o' Sa' + p AVZ AVy AVX)GOL B
+ AV AV aU'2 387 87 } (5.105)
Xy 2
o A a0 o _
L U 1 BT ' ' g 1 v LA P ' ¥
Qu3 = Qyp = €' AV aV) + ¢ " (p AVy Sa' + AVS sz 8B ) " AVx 5B
- o' AV’ §a' F8T - AV' AV’ B’ GR" (5.106)
X x oz
L L Al __ .
' A e ot ' vyt AVT ' T _ A0 AT l-)_ 1o L
Q23 Q32 £ Avy AVZ e o ( Vy AVZ SR o ﬂvx So ) u AVY SR

+ 0 aﬁ; Sa' 587 - AQ; Aﬁ; SB' SR (5.107)
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where

I (5.108)
p

and

' ’ ' (5.109)
0
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6, NOMNAL USAGE

This chapter details the usage of the NOMNAL program for the person who
needs to operate the program. Section 6.1 defines the input requirements of
NOMNAL. The input to NOMNAL is entered via the NAMELIST option with default
values stored internally for most variables to simplify program input. Sec-
tion 6.2 describes the output generated by the NOMNAL program. Finally Sec-
tion 6.3 discusses several sample cases made with NOMNAL. Sample output from
these cases are included in Appendix A.

6.1 NOMNAL Input Description

1. An option card must be the first card read. The character string
'"HALO' (punched in columns 1 through 4), will cause execution of
NOMNAL halo orbit routines. 1If any other character string is pre-
sent, the program will attempt to execute the non halo orbit rou-
tines., No default is provided.

2, Namelist &HALOIN 1s read by subroutine HPRELM. The variables in
this namelist and their definitions are as follows:

ALPHA Right ascension of finite burn vector (0.0 degrees)

ATRY Initial guess to start solution to Lamberts problem
for transfers involving one or more full revolutions
prior te encounter {-0.1)

BETA Declination of finite burn wvector (0.0 degrees)
BTIME Finite burn duration (1296.0 seconds)

CSUBR Spacecraft reflectivity constant (1.0/AU%)
DTAR Array of target values

(1) = Radium of closest approach (6560.0 kilometers)

{2) = Inclination (28.317 degrees)

(3) = Packed calendar date of closest approach in

format YYMMDD.HHMMSS (740411.0)

DTOL Array of target wvalue tolerances
(1) = RCA tolerance (10.0 kilometers)
(2} = ICA tolerance (1.0 degrees)
(3) = TCA tolerance (0.0l days)

DVMAX Maximum change allowed to velocity contreols in the
targeting process, if (AVX2 + AV, “ + szz)ﬁ exceeds
DVMAX, the vector (4Vy, AV _, AV,) is normalized to
that magnitude. ¥

IBIAS Flag to indicate that a bias vector is to be added to
the libration state prior to targeting

0 Target to libration state (default)

1 Target to libratiom state + ZBIAS

2 Target to ZBIAS

3*Target to libration state + ZBIAS as calculated

from rotating coordinate system variables

IBTYPE Burn option

0 Impulsive burn only (default)

1 Target impulsive burn; calculate ALPHA, BETA and

BTIME and then target finite burn
2 Target finite burn only

I

}

o

il

* See Table 6-1 for figures and definitions.
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IDISK "~ Spacecraft trajectory file
= 0 Do not write trajectory tile (default)
= 1 Write sequential trajectory file with partials
INSYS Flag to indicate input system of all input vectors
(XINT, ZBIAS and ZDAT) (0)
= 0 Cartesian state in inertial ecliptic
= 1 Magnitude, right ascension and declination
with respect to the coordinate system rotating
with 1ibration points
ITMAX Maximum number of targeting iterations (6)
IZERO Flag to indicate source of initial state vector
= 5 User supplied initial velocity of spacecraft
at libration point in vector ZDAT
6 Initial velocity of spacecraft at libration point
found by interpolation of time-of-flight table
7 Initial wvelocity of spacecraft at libration point
found by solving Lamberts problem (default)
LAINCH Flag for launch profile data
= 0 Launch profile data is printed only
= ] Launch profile data is printed and trajectory is
retargeted for updated launch time (default)
LIBR Libration point of interest
= 1 Earth Sun libration point (default)
= 2 Earth anti-Sun libration point

MSGLVL Flag for printing debug output, the higher the number
the more debug print (0)
NB Array of bodies used during integration 1 = Sun,

2 = Mercury, 3 = Venus, 10 = Pluto, 11 = Moon
(1) = Central body (4)

(2) = First non-central body (1)

(3 Second non-central body (11)

NBQOD Number of bodies used during integration maximum of 6 (1)

NFR Number of full revolutions around Earth from injection
to libration point encounter

NPOINT Number of special print points (0)

PERT Perturbation levels

(1) = Positlon perturbation level (2.0 kilometers)
(2) = Velocity perturbation level (5.0D-4 kilometers/

seconds)
PHILS Latitude of launch site (28.317 degrees)
PsIl First injection burn arc (17.0 degrees)
PSI2 Second injection burn arc (8.0 degrees)
RLIBR Array of Earth state scaling constants required to
generate libration state according to the following
definition: ' :

(1) = -0.0100109819
(2) = 0.0100782451

RPRAT Inverse parking orbit rate (15.041)
SCAREA Spacecraft area (30.D-6 kilometers?)
SCMASS Spacecraft mass (1000.0 kilograms)
SIGMAL Nominal launch azimuth {90.0 deprees)
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SMU(11) Gravitational constants of bodies (kilometers3/second52)
(1 Sun (1,32715445D11)

(2) Mercury (2.21815976934672D4)
(3) Venus (3.2477627D5)

{(4) Farth (3.986008D5)

{5) Mars (4.2977368D4&)

{6) Jupiter (1.2670935D8)

(7N Saturn (3.79187D7)

(8) Uranus (5.787732462712586D6)
(9) Neptune (6.890576272066444D6)
(10) Pluto (7.324089348785859D4)
(11) Moon (4.902778D3)

Table 6-1 Input Description for Finite Burn and L Point Target Variables

Finite Burn Parameter Description

ALPHA and BETA are measured with
respect to the inertial ecliptic
co-ordinate system.

Rotating Co-ordinate Parameter Description

X = kAy sin Tl X = kwxy Ay cos Tl
vy = Ay cos Ty y = _mxy AY sin Tl
z = A, sin T2 Z = W, A, cos T1

where,

Tl = mxyt -+ Bl

Input Variables (IBIAS = 3)

T, = w,t + 6
ZBIAS (1) = A 2 z 2
y ikilometers 2¢ Wy
ZBIAS (2) = A, Kk = y
m2 + (2wz + C2)

ZBIAS (3) = Wyey Xy

' d
ZBIAS (4) = w % eg/sec - 360 degrees

o z number of seconds/yr
ZBIAS (5) = 8y

%deg

ZBIAS (6) = €



TDUR Time of flight (days)

THEDCT Rotation rate of launch planet {15.041 degrees/hours)

THELS Longitude launch site (279.457 degrees)

THRMAG Thrust magnitude (1.0 Newtons)

TIMIL Duration of first injection burn (500.0 seconds)

TIM2 Duration of second injection burn (100.0 seconds)

TMPR Number of days between print points {10.0 days)

TP Array of special print points in days from injection
(100%0.,0)

XINT Injection state vector to be integrated if ITMAX = O
(6*0.0)

XISP Specific impulse (265.0 seconds)

ZBIAS 6 vector added to libration state for targeting when
IBIAS = 1,2 or 3 (6%0.0) (See IBIAS)

ZDAT 3 vector of initfal guess of spacecraft velocity at

libration point, if TZERQ = 5 (3*%0.0)
6.2 NOMNAL Output Description

The output from the nominal trajectory generator NOMNAL is divided into
four sections: TInitial Conditions, Launch Profile Targeting and Trajectory
Data. Each section is discussed individually,

6.2.1 1Initial Conditioms

The banmer of the initial conditions section indicates to the user that
the source of the initial conditions is 'from input', 'from table' look up
or 'from Lamberts Equation'. The following data is printed:

INJECTION DATE The proposed Julian and calendar date of injection.
This date is derived from input and does not take
into account the launch related data.

FLIGHT DURATION Time from injection to arrival at the libration

) point (days)

ARRIVAL DATE The proposed Julian and calendar date of arrival at
the libration point. This date is a function of the
initial conditions injection date and the flipght
duration.

LIBRATION POINT The number of the injection point of interest
(1 = Earth-Sun, 2 = Earth~antiSun)

BIAS VECTOR A 6 element state vector added to the state of the
libration point prior to targeting.

STATE AT L-POINT 6 element state vector at the libration point (X, Y,
Z (km) and XDOT, YDOT, ZDOT (k110meters/seconds)
in ec11ptic coordinate system,

STATE AT INJECTN Similar to 'state at L-point' except this state is at
closest approach.

CENTRAL BODY Name of the central gravitating body.

NO. OF BODIES Number of bodies used during integration.
BODY NO. 1 Name of first body in Universe

BODY NO. 2 Name of second body in Universe

BODY NO, 3 Name of third body in Universe



6.2.2 Launch Profile

The banner of the launch profile section indicates to the user that the
following information has beem used to update the trajectory for targeting
('Launch Profile for Targeting') or is printed for information only ('Pro-
jected Launch Profile'). The following data is printed in either case:

INJECTION DATE
AZIMUTH

LS LONGITUDE
LS LATITUDE
BURN1 ANGLE
BURN2 ANGLE
LAUNCH TOD
BURN1 DUR-SEC
COAST TIME-SEC
BURN2 DUR-SEC
INJECTION TOD
INJECTION GHA
INT DV

ouT

STATE (ECL)

. ELEMENTS (ECL)

STATE (ECQ)

ELEMENTS (ECQ)

Julian and calendar date of injection

The launch azimuth required for launch into parking
orbit (degrees) '
The launch site longitude {(degrees)

The launch site latitude (degrees)

The first injection burn arc (degrees)

The second injection burn arc (degrees)

Launch time of .day (days from 0 hours iInput)

The duration of the first imjection burn (seconds)
Coast time in parking orbit (seconds)

The duration of the second injection burn (seconds)
Injection time of day (days from O hours input)
Injection Greenwich hour angle

Injection AV (kilometers/second) and

an indication of in- or out-of-plane

6 element state vector: ¥, Y, Z (km) and XDOT, YDOT,

ZDOT (kilometers/seconds) in ecliptic coordinate system.
Semi=-major axis (km), eccentricity,

6 element vector:
inclination (degrees), longitude of ascending node
(degrees, longitude of periapsis (degrees) and true
anomaly (degrees).

6 element state vector similar to 'SAATE (ECL) !
except in Earth equatorial coordinates.

6 element vector similar to 'ELEMENTS (ECL)' except
in Earth equatorial coordinates.

6.2.3 Targeting

The banner of the targeting section indicates to the.user the libration
point being targeted and the iteration number, The following data is printed:

TARGETING EVENT AT JULIAN DATE Julian date at libration point

DESIGNATED TARGET TIME AT JULIAN DATE
Julian date at closest approach

SPACECRAFT STATE VECTOR AT INITIAL JULIAN DATE

GEO-EC 6 element state vector at the
libration point (X, ¥, Z (km) and
XDoT, YDOT, ZDOT (kilometers/seconds)
in Geccentric Eecliptic Coordinates.

GEO=-EQ 6 element state vector similar to

'GEO-EC'.



CONTROL VARTABLES RAME
VX
vY
VZ
ALPH
BETA
TBRN

TARGET VARTABLES RCA
ICA
TCA

OF CONTROL VARIABLES

-

ACTUAL TARGET VALUES - Values of
resulting from integration.

XDOT at the libration point

YDOT at the libration point

ZDOT

Right ascension of finite burn vector
Declination of finite burn vector
Finite burn duration

Radius of closest approach
Inclination of closest approach
Time of closest approach

RCA (km), ICA (deg) and TCA (days)

TARGET ERROR Error resulting from comparison of actual
target values with desired target values.

TARGET TOLERANCES Maximum allowable error between the actual
target values and the desired target wvalues.

TOTAL CHANGE TO THE CONTROL VARIABRLES - The change to the control
variables from the first to last iteration

NOMINAL THRUST CONTIROLS FOR THE CURRENT TRAJECTORY - The values of the
control variables used during previous
integration

DIFFERENTIAL TRANSFORMATION MATRIX - Partials of target variables with
respect to Earth equatorial state vector at
the libration point. The format is as follows:
RCA/X RCA/Y RCA/Z RCA/XD RCA/YD RCA/ZD
ICA/X ICA/Y TICAfZ ICA/XD ICA/YD ICA/ZD
TCA/X TCA/Y TCA/Z TCA/XD TCA/YD TCA/ZD

STATE TRANSITION MATRIX - Partials of state vector at closest approach
to the state at thrust initiation in the
ecliptic coordinate system. The format
is as follows:

X/x
Y/X
z/X
XD/X
YD/X
ZD/X

X/Y X/z Xf/Xb X/¥D X/ZD
¥Y/Y Y/Zz Y/XD Y/YD Y/ZD

z/Y zf/z Z/XD Z/iD Z/ZD

XD/Y XD/Z XD/XD XD/YD XD/ZD
YD/Y YD/Z YD/XD YD/YD YD/ZD

ZD/Y ZD/X ZD/XD ZD/YD ZD/ZD

PARTIALS OF STATE VECTOR AT THE TARGET TIME WITH RESPECT TO THE FINITE
BURN CONTROL VARTABLES, The format is as
follows:
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X/ALPH X/BETA X/TBRN
Y/ALPH Y/BETA Y/TERN
Z/ALPH Z/BETA Z/TBRN
XD/ALPH XD/BETA XD/TBRN
YD/ALPH YD/BETA YD/TBRN
XD/ALPH ZD/BETA ZD/TBRN

PARTTALS OF STATE VECTOR AT THE TARGET TIME WITH RESPECT TQO THE FINITE
BURN CONTROL VARIABLES., The format is identical
to previously mentioned format of state with
respect to finite burn control variables,

TARGET SENSITIVITY MATRIX - Partials of target variables with respect
to control variables. For the impulsive burn
case the format is:

RCA/XD RCA/YD RCA/ZD
ICA/XD ICA/YD ICA/ZD
TCA/ALPH TCA/BETA TCA/TBRN

TARGETING MATRIX - Inverse of target sensitivity matrix

PREDICTED CONTROL CHANGES = The delta that must be added to the current
values of the control varlables to target
the frajectory,.

6.2.4 Trajectory

The banner of the trajectory section indicates to the user that the
information printed is a normal print point, a 'special point' or a 'special
print for burn point', The following data is printed:

DATE The Julian and calendar date associated with the
following trajectory data

DAYS FROM INJECTION - Self explanatory

DATA WITH RESPECT TO = The name of body to which the following data
is referenced

STATE (ECL) 6 element state vectory of the spacecraft (X, ¥, 2
(km) and XDOT, YDOT, ZDOT (km/sec)) in the ecliptic
coordinate system

R=-MAG Magnitude of the radius vector (km)
V-MAG Magnitude of the wvelocity vectory (km/sec)
RA (ECL) Right ascension of the radius vector in the

ecliptic coordinate system (deg)

DEC (ECL) Declination of the radius vector in the
ecliptic coordinate system (deg)
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STATE (ECQ) Similar to 'state (ECL)' except in the Earth
equatorial system.

RA (ECQ) Right ascension of the radius vector in the
Earth equatorial coordinate system (deg)

STATE PARTIALS State transition matrix (FEOM injection to current
.print point) in units of km and km/sec in the
following format:
X/X X/Y X/z X/XD X/YD X/ZD
Y/X ¥/Y Y/2Z Y/XD Y/YD Y/ZD
Z/X /Y Z/Z Z/5D Z/YD zZ/zn
X/X  Xp/Y ¥/z  Xp/XD Xn/YD  XD/ZD
YD/X ¥YD/Y ¥p/Z ¥YD/XD YD/YD YD/ZD
Zp/X Zn/Y zp/Z ZD/XD  ZD/YD  ZD/ZD

DATA IN RLP SYSTEM - Magnitude, right ascension and declination of
both the position and velocity in the retating
libration point system. The impulse magnitude,
right ascension, declination and vector to rendez-
vous with the libration point are also output.

6.3 NOMNAL Sample Case Description

Two targeting cases performed by the targeting program NOMNAL will
be described in this section to illustrate the operation of the targeting
process. The cases to be discussed are:

Case N-1. Short (36 day) transfer time mission to the
L1 point with finite burn insertiom.

Case N-2. Long (118 day) transfer time mission to the
L; point with impulsive insertion.

6.3.1 Inputidata

Table 6.1 is a copy of the input data for both cases as indicated.
The purpose of the NOMNAL run is to first target the desired trajectory
and then generate a file containing trajectory and state transition matrix
information for subsequent ERRAN runs. Any values not specified in the
namelist will take the default values as specified in Sectionm 6.1. The
case N-1 will illustrate essentially all of the capability of NOMNAL, since
a finite burn case can use a targeted impulsive case as a first guess.
This option is specified by IBTYPE = 1, targeting an impulsive case back-
wards in time from the libration point at DTAR(3) + TDUR to injection at
DTAR(3). The tolerances are specified by the DTOL array, the maximum
number of iterations by ITMAX, use of the buillt in zero iterate table by
IZERQ = 6, the number of bodies and which ones by NBOD and NB, the mass
of the Earth (SMU(4)) is taken here to be equal to the sum of the Earth-
Moon system, and the spacecraft parameters by SCMASS and XISP, Similarly
in case N-2 the flight time, libration point (LIBR = 2) and insertion type
are specified.
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&HALOIN

NPOINT=2s TP=0,5¢ 5.0
DTAR(3)=740709,1608,
DTOL(1)=la940014,00001,
IBTYPE=1>»

IDISK=1ls

ITMAX=10»

1ZERO=6y

NB(1)=491s00¢

NBOD=2»

SCMASS=400.9
SMU(4)=403503.97887»
TDUR=364

XISP=215.»
LEND

a. Case N-1 Input

&HALOIN
DTAR(A)=740709,2216
DTOL(1)=14940014,00001,
ITMAX=10+
IZERO=69
IDISK=1¢»
LIBR=2
NBI(1)=491s00
NBOQD=2»
SMU(4)=403503.,97887»
IDUR=11869

&END

b, Case N-2 Input

Table 6.1 NOMNAL Sample Input



6.3.2 Discussion

From these runs it is seen that both of these cases take several
iterations to converge, case N-2 due to the much greater sensitivity of
the long flight time cases (use of DVMAX advised) and case N-1 due to
the greater non-linearity of the finite burn controls, For case N-l,
it is seen that after the impulsive case converges, the burn parameters
are approximated and targeting proceeds in the finite burn phase. After
convergence on the date specified the launch phase adjusts the injection
time for a realistic launch and retargets the case holding the flight
time constant.

For both cases after convergence has occurred, the trajectory file
is generated (if IDISK = 1) and the trajectory is printed out forwards
in time from injection once every TMPR days and at any special print
points desired, at the initiation of the finite burm if there is ome
and at the fimal time.
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7. ERRAN USAGE

7.1 ERRAN Input Description

The input of the error analysis/generalized covariance analysis
program consists of:

a) An error analysis namelist section entitled ERRAN;
b) The measurement schedule;

¢) A generalized covariance analysis namelist section
entitled GENRAL, that must appear only if a generalized
covariance analysis is to be performed.

Most namelist variables are preset by the program; these preset values
are the quantities enclosed in parentheses in the namelist definitions.
Unless otherwise indicated, input units correspond to the internal units
defined by the variables ALNGTH and TM. Unspecified angular units are
assumed to be radians.

7.1.1 HNamelist ERRAN

1. DNominal trajectory variables

M@ Month of final computation (integer)

IDAY Day of final computation (integer)

IHR Hour of final computation (integer)

IMIN Minute of final computation (integer)

SECI Second of final computation (floating)

IYR Year of final computation (integer)

ALNGTH Length units per AU (ALNGTH = 149597893, kilometers)
TG Initial control covariance time (TG = 0)

T™ Time units per day. (TM = 86400. seconds)

TRTML Initial trajectory time., (TRTM1 = 0)

All other trajectory and state transition matrix data are contained on
the file generated by NOMNAL.

2. Parameter Augmentation Variables

TAUGIN(24) Array of augmented parameter codes; unspecified ele-
ments are assumed to be zeros., Up to 15 solve-for
parameters may be augmented; up to 15 measurement-
consider parameters; and up to 15 ignore parameters,

neglected parameter (preset value)

consider parameter

solve-for parameter

ignore parameter (generalized covariance only)

TAUGIN(I)

!

il
wr = o
i

i

7-1



Radius error of station 1
Latitude error of station 1
Longitude error of station 1
Radius error of station 2
Latitude error of statiom 2
Longitude error of statiom 2 |
Radius error of station 3
Latitude error of statiomn 3
Longitude error of station 3
Undefined (no dynamic parameters are currently
included in STEAP-~L)

18 Range bias of station 1

19 Range-rate bias of station 1
Star-planet angle 1 bias

21 Star-planet angle 2 bias

22 Star-planet angle 3 bias

23 Apparent planet diameter bias
24 Undefined

measurement
parameters

O WU B

=
I

-

~

neasurement
parameters

3. Measurement Variables

NENT

NST

Number of entries (cards in
[NENT = 0])

Number of tracking statlons
tating earth (WST = 3). If
information is read in, the

measurement schedule

(at most 3) on the ro-
no tracklng station
following three stations

will be assumed:

Altitude Latitude Longitude
1. Goldstone 1.031 km 35.384 N 116.833 W
2. Madrid .050 km 40.417 N 3.667 W
3. Canberra L.050 km 35.311 8 149.136 E

If different tfacking stations are desired, their locations must be speci-
fied by the following three arrays.

SAL(3) Array of altitudes of each tracking station (spherical Earth)
SLAT(3) Array of latitudes of each tracking station in degrees north
SLEN(3) Array of longitudes of each tracking station in degrees east
UsST(3) Direction cosine arrays of three reference stars.
VST(3) If not specified, the three stars and their direction
WST(3) cosines are as follows:
Canopus Betelgeuse Rigel

UST -.061351 .028986 .201963

vsT .237886 .960388 .831343

WST ~.969355 -.277141 -.517784

7-2



4, Eigenvector and Prediction Event Varilables

NEV1 Number of eigenvector events (NEV1 = 0)

T1(20) Array of times at which eigenvector events occur;
specified only if NEV1 is nonzero. Chronological
order required.

NEV2 Number of prediction events (NEV2 = 0)

T2(20) Array times at which prediction events occur;
specified only if NEV2 is nonzerco. Chronological
order 1s required, Exactly NEV2 entries must be
input.

TPT2(20) Array of times to which one wishes to predict. The
elements of the TPT2 array must correspond to the
elements of the T2 array.

IPUNE Flag controlling the punched output for eigenvector
events (IPUNE = 0).

0 - Do not punch.

1 - Punch the P, PS, CXXS, CXU, CXSU matrices

i H

IPUNP Flag controlling the punched output for prediection
events (IPUNP = 0).

= 0 - Do not punch.
1 - Punch the P, PS5, CXXS, CXV, CXSV matrices at the
time predicted to

il

F@P A value to be used as an off-diagonal annihilation
element in subroutine JAC@BI for gosition eigenvalues
and eigenvectors (F@P = 1. x 10-15)

Fgv A value to be used as an off-diagonal annihilation
' element in subroutine JACPRI for veleocity eigenvalues
and eigenvectors (FgV = 1. x 10~25)

5. Covariance Variables (filter, or azsumed, covariances)

P(6,6) Initial P {(position and velocity) covariance matrix,
Referenced to inertial frame (diag P = 1., 1., 1.,
1. x 1074, 1. x 10-4, 1. x 10-4.)

The structure of the following ten parameter covariance matrix partitions
must correspond to the structure of the solve-for and measurement-consider
parameter vectors, The last five matrix partitions are at the time TG
which may be different from TRTMI1,

PS(15,15) 1Imitial Pg (solve-for parameter) covariance matrix
(PS5 = identity matrix)

V0(15,15) Initial V_ (measurement-consider parameter) covariance
matrix (VO = 0)

CXXS(6,15) Initial Cex covarlance matrix (CXXS = Q)
s

CXv(6,15) Initial Cy, covariance matrix (CXV = 0)

7-3



CXSV(15,15)

PG(6,6)

PSG(15,15)

CXXSG(6,15)
CXVG(6,15)
CXSVG(15,15)

IFCNRI

IFPCAY

IFGCEV

IDNF

DNCN(3)

MNCN(12)

Initial Cx v covariance matrix {CXSV = 0)
s

Initial control (position and velocityz covariance
matrix (diag PG = 1,, 1., 1., 1. x 107%, 1. x 10“
1., x 10™%)

Initial solve-for control covariance matrix
(PSG = identify matrix)

Initial control Cxxs covariance matrix (CHXSG = 0)
Initial control Cyy covariance matrix (CXVG = 0)
Initial contrel CXSV covariance matrix (CXSVG = 0)

Flag for inputting the initial control covariances
(IFCNRI = 0)

= 0 control covariances not input (set equal to the
initial covariances)

= 1 control covarilances input as PG, PSG, CXXSG,
CXVG, CXSVG at time TG
Covariance input code (IFPC@V = 0)

= 0 P and PS are input in covariance form

= 1 P and PS are input in standard deviation and
correlation form {standard deviations on diagonal
and correlations in lower left triangle)

Control covariance input code (IFGC@V = 0)
= O PG and PSG are input in covariance form

= 1 PG and P56 are input in standard deviation and
correlation form

Dynamic noise flag (IDNF = 0)

0 Dynamic noise is zero

1 Dynamic noise is not zero

Array of constants used to calculate dynamic noise
covariance matrix; must be specified if IDNF equals 1.

Array of variances for each type of measurement. If
not specified, the following values are assumed:

MNCN(1) = 1. x 1076 Range (idealized station)
(2) = 1. x 10-12 Range rate (idealized station)
(3) = 1. = 10-6 Range (station 1)
(4) = 1. x 10-12 Range rate (station 1)
(5) = 1. x 10-6 Range (station 2)
(6) = 1. x 10~12 Range rate (station 2)
(7) = 1. x 10~6 Range (station 3)
(8) =1, x 10712 Range rate (station 3)
(9) = 2.5 x 10~2 Star-planet angle 1

7-4



SLIGRES

SIGPR@

SIGALP

SIGBET

IGEN

Print Codes

IPRINT

KPRINT

IERPR

IPRYB

MNCN(10) = 2.5 x 10~7 Star-planet angle 2
(11) = 2.5 x 10-9 Star-planet angle 3
(12) = 2,5 x 10~? Apparent planet diameter

Variance of resolution execution error
(SIGRES = 4. x 1078)

Variance of proportionality execution error
(SIGPR¢ = .0001)

Variance of pointing angle alpha execution error
(SIGALP = .0043625 radians?)

Variance of pointing angle beta execution error
(SIGBET = .0043625 radians?)

Code that indicates if a generalized covariance
analysis is to be performed {(IGEN = 0)

0 No generalized covariance analysis

1 Generalized covariance analysis

Measurement print interval; measurement information

printed every IPRINT measurements (IPRINT = 1)

Correlation matrix print code (KPRINT = 1)

i

0 Print out P and Pg correlation matrices and
standard deviations at a measurement

i

1 Print out all correlation matrices and
standard deviations at a measurement

Namelist print code (IERPR = 0)
0 Do not print namelist ERRAN
1 Print namelist ERRAN

It

Problem number

Guidance Event Variables

NEV3

T3(20)

ICDT3(20)

Number of guidance events (NEV3 = Q)

Array of times at which guidance,events occur;
specified only if NEV3 is nonzero, Chronological
order required

Array of codes specifying the guidance policy
{ICDT3 = 20%1)

= 1 Fixed time of arrival (FTA)
= 2 Variable time of arrival (VTA)



IFVMRI

RADA(3,6)

SKALE

IPUNG

Flag to indicate whether the targeting matrix n(ADA)
is to be calculated or input (IFVMRI = 0)

= 0 ADA is calculated
= 1 ADA 1is input via the matrix RADA

. ADA matrix if it is to be input

NOTE: Only one ADA matrix may be read, so this
option should not be used with multiple
guldance events,

Scale factor used in calculating the § matrix
(AV covariance) (SKALE = 0)

Flag controlling the punched output for guidance
dvents (IPUNG = Q)

= () Do not punch
= 1 Punch the B+, ps*, cxxs™, cxv', cxsv' matrices

Insertion Event Varilables

NEV4

T4(20)

BRNTIM

REXV(3)

U0(3,3)

Number of insertion events, should be either 0 or 1
(NEV4 = 0)

Time of the Insertion event; specified only if NEV4
is nonzero {days).

Duration of the finite insertion burn, if less than
one second burn is assumed to be impulsive (BRNTIM = 0)

< 1, sec Impulsive insertion maneuver

> 1. sec Finite insertion burn of duration BRNTIM
seconds

Insertion AV vector for an impulsive insertion maneuver

Covariance matrix of execution errors for finite burnm,
diagonal elements are the varlances of the right
ascension (@) and declination (R) both in radians® and
of the thrust level (T) in newtons? (UQ = Identity)

7.1.2 Measurement Schedule

The measurement schedule must appear immediately after the namelist

ERRAN secticn,

It appears on NENT cards.

Each card defines an entry in the measurement schedule according to

the following format:

From DAYl (F10.0) to DAYZ (F10.0), every X (F10.0) days, measurement
code ITRK {I10).

The measurement codes are defined as follows:

7-6



ITRK

Range rate (idealized station)
Range and range rate (idealized station)
Range rate (station 1)

Range and range rate (station 1)
Range rate (station 2)

Range and range rate (station 2)
Range rate (station 3)

Range and range rate (station 3)
Three star-planet angles

10 Apparent planet diameter

11 Star-planet angle 1

12 Star-planet angle 2

13 Star-planet angle 3

OO SN BN

The total number of measurements must not exceed 1000, and measurement times
must not coincide.

7.1.3

Namelist GENRAL

GP(6,6)

GPS(15,15)

Gv(15,15)

GW(15,15)

GCXXS(6,15)

GCXV(6,15)

GCXW(6,15)

GCXSV(15,15)

GCXSW(15,15)

GCVW(15,15)

EXI(6)

EXSI(15)

Actual spacecraft position/velocity covariance matrix
P; (GP = P)

Actual solve-for parameter covariance matrix P;
(GPS = PS)

Actual measurement-consider parameter covariance
matrix Vé (GV = VO)

Actual ignore parameter covariance matrix Wé
(6W = identity matrix)

Actual state/fsolve-for parameter covariance matrix
1 -
CXxs (GCXXS = CXXS)

Actual state/measurement-consider parameter covarilance
matrix C;v (GCXV = CXV)

Actual state/ignore parameter covariance matrix Ciw
(GCXW = 0)

Actual solve-for parameter/measurement-consider
parameter covariance matrix C&Bv (GCXSV = CXSV)

Actual solve-for parameter/ignore parameter covariance
matrix Cigw (GCXsW = ()

Actual measurement-consider parameter/ignore parameter
covariance matrix Cy,, (GCVW = 0)

Actual spacecraft position/velocity deviation mean
x, (EXI = 0)

Actual solve-for parameter deviation mean Ego
(EXSI = 0)
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EV(15) Actual mezsurement-consider parameter deviation mean

—f =

Vo (EV = ()
EW(15) Actual lgnore parameter deviation mean ﬁ; {EW = 0)
IGRPR Namelist print code (IGRPR = 0)

= 0 Do not print namelist GENRAL
= 1 Print namelist GENRAL

IGDNF Actual dynamic noise flag (IGDNF = IDNF)
= 0 Actual dynamic noilse is zero
= 1 Actual dynamic noise 1s not zero

GDNCN(3) Array of constants used te calculate actual dynamic
noise covariance matrix; must be specified if IGDNF
equals 1

GMNCN(12) Actual measurement noilse variance for each type of

measurement, OGMNCN{(l)} refers to same measurement
type as MNCN(I) (GMNCN = MNCN)

EVK Actual proportionality execution error mean (EVK = 0)
EVS Actuél resolution execution error mean (EVS = 0)
EVA Actual pointing angle alpha execution error mean
(EVA = 0)
EVB Actual pointing angle beta execution error mean
(EVB = 0)
VARK Actual proportionality execution error variance

(VARK = SIGPR@)

VARS Actual resolution execution error variance
{VARS = SIGRES)

VARA Actual pointing angle alpha execution error variance
(VARA = SIGALP)

VARB Actual pointing angle beta execution error variance
(VARB = SIGBET)



7.2 ERRAN Output Description

The printed output of the error analysis mode is described in this
section according to the following groups: input data, measurement output,
eigenvector event output, prediction event output, guidance event output,
and final insertion event output.

7.2.1 1Input Data

The initial output consists of the following input data:

(1)
(2)
3
(4)
(5}
(6)

(7)

(8)

9
(10)

(11

Namelist ERRAN (if IERPR # 0).

Calendar date and Julian date at launch.

Final calendar date and Julian date.

Initial trajectory time in days (TRTM1).
Definition of inertial frame (geocentric ecliptic).

Initial spacecraft position/velocity state vector components
and magnitudes in inertial, heliocentric, and rotating geo-

centric coordinates. (In the last, the geocentric ecliptic

x- and y-axes are rotating so that the x'-axis is along the

sun-earth line.)

Lists of solve~for and measurement consider parameters aug-
mented to the position/velocity state vector. Definitions
of names appearing in this list are given below:

RADIUS 1 Radius error of station 1
TAT 1 Latitude error of station 1
LONG 1 Longitude error of station 1
RADIUS 2 Radius error of station 2
LAT 2 Latitude error of station 2
LONG 2 Longitude error of statiom 2
RADIUS 3 Radius error of station 3

LAT 3 Latitude error of station 3
LONG 3 Longitude error of station 3
RANGE Range bias of station 1

R-RATE Range-rate bias of station 1
ST ANG 1 Star-planet angle 1 bias
ST ANG 2 Star-planet angle 2 bias
ST ANG 3 Star-planet angle 3 bias
APP DIAM Apparent planet diameter bias

Measurement schedule; measurement codes defined in section
dealing with input descriptiom.

Schedule of eigenvector, prediction, and guidance events.

Initial P, Cyx_s Cyy, Pg, and Vo covariance matrix partitions;
defined in secgion dealing with input descriptionm,

Definition of structure of augmented slLate transition, cbser-
vation, and covariance matrices and their dimensions.



(12) Dynamic noise constants used to compute the dynamic noise
covariance matrix 1f dynamic nolse 1s nonzero,

" (13) Measurement noise for range, range-rate, star-planet angle,
and apparent planet diameter measurements.

(14) Tracking station locations,
7.2.2 Measurement Qutput

Meagurement information is printed every IPRINT measurements. At
such a time the following information is printed:

(1) Measurement number and corresponding trajectory time.

(2) Type of measurement,

(3) Trajectory time t; ; at most recent measurement or event
(initial trajectory time).

(4) Trajectory time ty at present measurement (final trajectory time).

(5) Initial and final spacecraft position/velocity components and
magnitudes in inertial, heliocentric and rotating geocentric
coordinates,

(6) State transition matrix over the time interval [typ-j7, tk}, re-
lating deviations in spacecraft position and velocity at time
tx-1 to spacecraft position and velocity deviations at time .
Note that transposed matrices are printed.

(7) Diagonal of dynamic noise covariance matrix Q; represenits un-
modeled accelerations over the time interval [typ_j3, tl.

(8) Observation matrix partitions H, M, and L, relating deviations
in spacecraft position and velocity, solve-for parameters, and
measurement consider parameters at time tj to deviations in the
observables at time ty. Note that tramsposed matrices are printed,

(9) Measurement noise (covariance matrix R).

(10) Kalman gain matrix partitions. The K matrix is used in the fil-
tering equations to compute the P, Cyxx,, and Cyy covariance
matrix partitions. The S matrix is used in the filtering equa-
tions to compute the P; and stv covariance matrix partitions.,

(11) Correlation matrix partitions and standard deviations at time
ty, must before the measurement. The first group of correlation
matrix partitions represents the correlation between spacecraft
position and veloecity and the variables listed in the left hand
column; they are obtained by converting P, Cxxss and Cxy into
the corresponding correlation matrices and standard deviations.
The second group represents the correlation between the solve-
for parameters and the variables listed in the left hand column;
they are obtained by converting Pg and Cy_, into the correspond-
ing correlation matrices and standard deviations.

(12) Correlation matrix partitions and standard deviatiens at time tp,
just after processing the measurement. See (11) above for defi-
nitions of the two groups of matrix partitions,
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7.2.3 Eigenvector Event Qutput

7.2.4

7.2.5

At an eigenvector event the following information is printed:

(L
(2)

(3
(4)
(5)

(6)

(7)

Name of event and event time taye

Spacecraft position/velocity state vector at event time tgoy
in inertial, heliocentric, and rotating geocentric coordinates,

State transition matrix ¢, over the time interval [t,_;, teyls
where ty_j is the time of the most recent measurement Or event.

Diagonal of dynamic noise covariance matrix Q; represents un-
modeled acceleratioms over the time interval [tp_1, teyl-

| Propagated covariance matrix components and the total covarlance

matrix at tgy.

Correlation matrix partitions and standard deviatlons at event
time tgy propagated forward from time t, ;. See artdicle (11)
under measurement output for definitions of the two groups of
matrix partitions,

Spacecraft position and velocity elgenvalues, square roots of
eigenvalues, and eigenvectors at event time.

Prediction Event Output

At a prediction event the following information is printed:

(1

(2)
(3)

(4)
(5)

(6)

(7

Name of event, event time tgy, and time t, to which prediction
is being made.

Articles (2) through (6) under eigenvector event output.

State transition matrix partitions ¢, over the time interval
[tev, tp] .

Diagenal of dynamic noise covariance matrix Q; represents un-
modeled accelerations over the time interval [tev, tP].

Propagated covariance matrix components and total covariance
matrix at tp.

Correlation matrix partitions and standard deviations at time
t_ based on prediction from time t_,. See article {11) under
mgaSurement output for definitions of the two groups of matrix
partitions. ’

Spacecraft position and velocity eigenvalues, square root of
eigenvalues, and eigenvectors at time tp.

Qutput Preceding All Types of Guidance Events

At any guidance event the following information is printed:

(1)
(2}

Articles (1) through (7} under eigenvector event output.

State transition matrix partitions over the time interval
[t,, tey], where t, is the time of the previous guidance
evént (tg = t, if no guidance event has occurred previously).
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(3) Diagonal of dynamic noise covariance matrix Q; represents un-
modeled accelerations over the time interval [tg, tev] .

(4) Propagated control covariance matrix components and total
control covariance matrix at tg,y, based on conditions just
after the event at oo

(5) Control correlation matrix partitions and standard deviationms
at time tgy, just before the guildance correction is applied.
See article (11) under measurement output for definitions of
the two groups of matrix partitions. Eigenvalues and eigen-
vectors are also printed,

7.2.6 Linear Midcourse Guidance Event Output

Two midcourse guidance policies are availlable: fixed-time-of-arrival
(FTA) and variable-time-of-arrival (VTA).

{1) State transition matrix over the time interval [t,, tp] where
ty is the final time.

(2) Guidance policy and variation matrix n relating position/
velocity deviations at time t,, to target condition deviationms.

(3) Target condition correlation matrix and standard deviations
(covariance matrix W-) immediately prior to guildance correction,
together with elgenvalues and eigenvectors.

(4) Guidance matrix T’ used to compute the velocity correction
required to null out target condition deviatioms.

(5) Velocity correction correlation matrix and standard deviations
(covariance matrix S).

(6) The AV statistics: the eigenvalues of S, the trace of 5 and its
square root, the eigenvalue ratios, the elgenvectors of §, the
mean and standard deviation of the AV maneuver, and the values of
required AV corresponding to 90, 99, 99.9, and 99.99 percentiles.

{7 Expected value of the effective velocity correction (a vector).

2 2 2 2

pro® “res* %a’ Oge

(9) The execution error_correlation matrix and standard deviations
{covariance matrix Q).

(8) The execution error model: ©

(10) Control (and knowledge) correlation matrix partitions and
standard deviations just after the guidance correction at time
tays together with eigenvalues and eigenvectors.

(11) Target condition correlation matrix and standard deviations
(covariance matrix W+) just after guidance correction is applied,
together with eigenvalues and eigenvectors.
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7.2.7 Final Insertion Guidance Event Output

(1)
(2)

(3

(4)

(5)

Final insertion type: impulsive or finite burn.

If impulsive:

(a)
(b)
(c)

Final insertion AV in coordinates (from input).
2 2 2 2

pro* “res: %u» 9g*
Execution error correlation matrix and standard
deviations, 1ts eigenvalues and eigenvectors.

Execution error model: o

If finite burn: execution error standard dev1ations and
correlation matrix from the covariance matrix Q ou, oT
where & is the control-to-state transition matrix, and U
ig the diagonal input covarilance matrix of thrust controf
parameters, with dlagonal elements c&, og, O«

The control correlation matrix partitions and standard
deviations just after final insertion. The position and
velocity partition elgenvalues and eigenvectors.

The knowledge correlation matrix partitions and standard
deviations just after final insertion. The position and
velocity partition eigenvalues and eigenvectors.

7.2.8 Additional Generalized Covariance Output

The generalized covariance mode of ERRAN generates additional data
which are ocutput in conjunction with the normal output data at measurement
and event times.

data block.

(1)

(2)

The additiomnal input data are also listed in the input

For each of the ocutput data blocks described in sections 7.2.1
through 7,2,7 the additional generalized covariance output is listed below:

Input data output:

(a)
(b)

(e)

(d)
(e)

(£)

Namelist GENRAL (if IGRPR # 0)

Ignore parameters are listed with the other augmentation
parameters

Inicial p051tion/velocity, solve-for, measurementwcon31der,
and ignore parameter deviation means

Initial actual covariance matrix partitions

Definition of structure of augmented actual covariance
matrix

Actual dynamic noise and measurement wvariances

Measurement output:

(a)

(b)

(c)
(d)

Observation matrix N, relating deviations in the ignore
parameters to the observables

Actual dynamic and measurement noises

Actual measurement residual mean and second moment matrix

Actual estimate error means and correlation matrix parti-
tions just before and Just after processing the measurement
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(3)

Guidance event output: Generalized covariance analyeis infor-
mation relating to the execution of the guidance event is
printed immediately after the standard ERRAN guidance event
information has been printed. This standard guldance event
output, which is described in the ERRAN output descriptioen,
comprises the assumed guidance data in contrast to the actual
guidante data generated by the generalized covariance analysis.
The generalized covariance.analysis guidance event output for
a midcourse guidance event follows.

(a) Actual propagated control covarilance matrix components
and the total actual control covariance matrix at tgy.

(b) Actual position/velocity and solve-for parameter deviation
_ means just before the guidance correction,

(c) Actual control correlation matrix partitions and standard
deviations just before the guidance correctiom.

(d) Eigenvalues and eigenvectors of the position and velocity
partitions of the actual position/velocity control co-
variance matrix.

(e) Actual targét state deviation mean, E[S8t'], just before
the guidance correction.

(£) Actual target condition correlation matrix and standard
deviations just before the guidance correction (2nd
moment matrix W'™).

(g) Elgenvalues and eigenvectors of actual target condition
covariance matrix,

(h) Actual velocity correlation 2nd moment matrix S'.

(i) Actual velocity correction second moment matrix s*, the
expected mean velocity correction, and the AV statistics
as described in section 7.2.6 articles (6) and (7).

(j) Actual statistical, or effective, velocity correction,
"E[AV' ]ll.
(k) Actual execution error mean, E[sAaV'].

(1) Actual execution error correlation matrix and standard
deviation (2nd moment matrix Q').

(m) Actual position/velocity deviation means just after the
guidance correction.

(n) Actual position/velocity estimatiom error means just
after the guidance correctiomn.

(o) Actual control (and knowledge) correlation matrix parti-
tions and standard deviations just after the guldance
correctioun,

{(p) Eigenvalues and eigenvectors of the position and velocity
partitions of the actual position/velocity control (and
knowledge) covariance matrix.

(q) Actual target state deviation mean, E[s1't], just after
the guidance correction.
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(r) Actual target condition correlation matrix and standard
deviations just after the guidance correction (2nd
moment matrix W'Y),

(s) Eigenvalues and eigenvectors of actual target condition
covariance matrix.

7.3 ERRAN Sample Case Description

Two error analysis caseé performed by the error analysis program
ERRAN will be described in this section to illustrate the operation and
versatility of ERRAN. The two cases to be discussed are:

Case E-1. Short (36 day) transfer time mission to the
Ll point with finite burn insertiom.

Case E-2., Long (118 day) transfer time mission to the
L2 point with impulsive insertion and gener-

alized covariance analysis,
7.3.1 Thirty-Six Day Mission to Ll
a) Input Data

Table 7.1 is a copy of the input data for this case. The trajec-
tory and state transition matrix information for this case is all contained
on the trajectory file generated by the corresponding N@MNAL case.

The TAUGIN array defines the parameter augmentation for this runm,
and indicates that there are nine consider parameters - the three station
location parameters for each of the three tracking stations. The errors
for these quantities are input in the VO array and are in a spherical co-
ordinate system corresponding to the station location parameters (radius,
latitude, longitude). The actual values used are consistent with a set
of station location errors in the cylindrical co-ordinate system (radius
from Earth spin-axis (rg), longitude (A) and z-height (z)). The uncer-
tainties are o, = 4,05 meters, 7y 3.70 meters. ¢ = 10.0 meters, and
a correlation bebween station loangitudes of PAA = .9, .

The number of entries in the measurement schedule, given in Table 7.1,
is specified by NENT,

The first row of the measurement schedule indicates that range-rate
measurements from Station 1 will be taken once a day beginning at .042
days and ending at 1.0 days (so only the single measurement at ,042 days
is made). The other rows are interpreted in similar fashion., The measure-
ments are seen to divide into three groups., The first group is eleven
measurements, once an hour from one hour through eleven hours after injecﬁion
prepatory to a midcourse maneuver at 12 hours. The second and third groups
are similarly prepatory to m dcourses at 5 and 31 days respectively,

The variables NEV1 and Tl indicate that an eigenvector event will
occur at 26 days, while NEV2, T2 and TPT2 indicate that a prediction event
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LERRAN

P{lel)=uBbonlTée=nll5s2.2TD=64,2.002D-49=1,3130~4,
P{292)=2:9¢0072+=145439D0=394,1711D=3+5,98D~5

P(393)=22.2839=2,865D=4y 1,T27D~4y 2,5351D=3,

Ploaed)=1,96450=3, =1,1801D=3s =1,788D~4,

P({5¢5)3T,88l0=44~2.847TD=4%+

P{6eb)=Z2.65030~3,

V0(lo))2A,46432984D~5s VO(192)=6.1946257D=Fy VO0(2+1)=64194625TD"9
V0(292)=1,7730911D=129 V0(3+3)25,07413640~13y VO0(3+6)24,8902881D~139
V0(339)=4,56259TTD=13s V(Q(494)=5,15428940=5s VO0(4+5)26,4769909D~9,
VOi594)26,4T69909D~9s VO{5451=21,5979264D=12y VO0(6+6)25,81856433D~13,
VO(6e3)26,8858708D-13¢ VO0(6+3)=4.89028810=13» VI{T+7)=4,4332462D=5
V0(TeB)z=6,1890988D<9y VO(BryT)=~6.1890988D-9r V0(8+81=1,7755676D~12»
V0{949)=5,0649737D~13s V0{993)=4,5625977TD~13r V0(9:6)=6,8858708D=13y
MENT=219

MNCN(4) =] ,6666666TD=14,

MNCN(6)=1.6666666TD=14,

MNCN(B)=]1,6666666TD=14,

IYR=1974s [MO=8y IDAY=14sy IHR=16y IMIN= 8¢ SECI=23%»

NEVI=1l, T1=26,,

NEVZ=l:s T2=1.5%s TPT2=5,,

NEV3=3s T324595,9314¢

SIGRES=1.D~10s SIGPRO=1,D=4sy SIGALP=3,430-4s SIGBET=3,43D0=4»
ICDT3=1ls510ls

NEVa=1ls T4=34,54719013¢ BRNTIM=1,45280987+ IPRINT=104

TIAUGIN=9%],

U0t1el)=3,430=4, U0(2+2)=23,63D=4y U0(3s3)=1,D=%s

&END

« 042 1a l, 3
«083 l. l, 3
=125 la 1. 3
o167 ls 1, 3
«208 i, 1. 3
«25 ic 1. 7
292 la 1, 7
0333 1o 1. 7
0 375 1, 1, 7
«417 1, 1, 7
+ 458 l. . le 7
-] 4,6 1, 7
«8 4.6 l. 5
1,0 . beb 1, 3
1.2 4.6 l. 3
1.4 4.6 1, 7
25,0 30,5 1, 3
25.2 0.5 1, 3
25.4 30.5 | 7
€5.6 30,5 la 5
25,8 30,5 1. 5

Table 7-1. ERRAN Input Data Case E-1
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will occur at 1.5 days and predict to 5.0 days. Three guidance events are
scheduled at 0.5, 5.0 and 31.0 days as indicated by NEV3 and T3. The
ICDT3 array specifies that all three maneuvers are fixed time of arrival
(FTA). The values of NEV4, T4 and BENTIM indicate that there is a finite
burn insertion maneuver, when it begins and its duration.

The spacecraft injection covariance matrix is given by P and is sim-
ilar to a typical Delta TE-364-4 injection covariance for a RAE-B mission.
No initial correlations are assumed so that the initial value of CXV is
zero. The measurement noise statistics for this case are given by the
MNCN array. The values of SIGRES, SIGPR@, SIGALP, SIGBET and VO specify
the execution error statistics for the impulsive midcourse maneuvers and
finite burn insertion maneuver respectively. The code IPRINT indicates
that every tenth measurement will be printed out. All other variables
take on their internally specified values.

b) Discussion

The mission analyzed here is a 36 day transfer from Earth parking
orbit to insertion at the Earth-Sun L; point using a finite burn, Given
the large injection errors inherent in a Delta TE-364-4 launch, the first
midcourse maneuver must be performed almost as early as possible. The
first maneuver is scheduled for 12 hours after injection. The expected
value of the maneuver is about 27 meters/sec but fuel for a maneuver of
about 85 meters/sec must be loaded to allow for all but the worst one
per cent of possible maneuvers. Due to the assumed execution errors (1%
proportionality and 1.5 deg pointing) and the size of the first maneuver,
sizable execution errors occur which are removed by the second midcourse
planned at five days. The expected value of this maneuver is less the
one meter/sec, with the 99 percentile value about 2.7 meters/sec. The
third midcourse is scheduled five days before arrival at the L1 point
and is much less than one meter/sec in size.

The final insertion burn is modeled as a finite burn and is about
1.453 days long. Given the length of the burn and its size (effective
AV = 374 meters/sec) the uncertainties in spacecraft control and knowl-
edge after insertion, are totally dominated by the execution errors, with
res:lting RSS position errors of 582 kilometers and RSS velocity errors
of 9.53 meters/sec.

7.3.2 Omne hundred and Eighteen Déy Mission to L2

a) Input Data

Table 7.2 is a copy of the input data for this case. Many variables
are quite similar to the corresponding ones in the previous case and so
will not be discussed. Again three midcourses are planned at 0.5, 5.0 and
113.0 days, the last one being arrival minus 5 days. For this case the
ICDT3 array specifies that the first maneuver is to be fixed time of
arrival (FTA), while the last two will be variable time of arrival (VTA).
The values of NEV4 and 14 with the absence of a value for BENTIM (default
value = 0.) indicate that the final insertion event is to be impulsive
with value of the AV given by REXV.
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&ERRAN
IPROB=118,
Ptlol)22e90elThe .07394,1711D=34=1.5439D=3+5,.980=5
P 2e2)=:2840"6c11592.002D~4352,27D=45~1.31306,
P(393)=2.28391 . 727D=47p=2,865D=4¢2,5351D~3+
Pl96) 2T 8810=84=1.1801D=39y~2,84TD~4,
P(545)21.9645D~3+=1.7880=4
PlEr6)T24,6503D=23,

VO{lel)=4.46432984D~5

¥0(2+2)=1,77309110-12
Y0U(3e9)54,.56259770~13y
Y0(526)=6,4769909D=9,

¥Hi{6e9ims 8858708013y
YO0I(TaB)m~6,189090880~9¢
V0i949)25,0649737D=]13¢
NENT=21,

VO(1s2)=6.,194625T7D=9
V0{393)=5.0741364D=13
V0 (4+4)=5,1542894D=5»

V0(5:5)=21,5979264D=12
V0{693)=4.89028810~13¢
VO(BesT7)==6,1890988D~9,
V0(9e3)26.562597TD~130

V0{2:1)=6.1946257D~5
Y0(3.6)=4,8907881D~13;
Vi{4¢5)=6.4769909D0~9,
V0(6+6)=5,81864330-13,
VO(T»7)=6,43324620-5,
VO (Bs8)i=1,T755676D=~12>»
VO({996}=4,8858708D~13»

MHCN{4)=]1,56066666TD=14,
MNCN16)=]1,6666666T0~]14&,
MNCN(B)=1,666666670=14,

IYR=1974s 1IMO=11, IDAY=4s [JHR=22, IMIN=2les SECI=3.¢
MEVi=1lp, T1=108.

NEVZ2=]ls T2=1.5¢ TPT2=z=5,,

NEY3=32 T3=e5:¢5,¢113.0

SIGRES=1.D=-10s SIGPROzl.D~és SIGALP=3.43D=4y SIGBET=3.43D=6¢

ICOT3=19202

REXV(1)=,015965s ~.285378y =,037971,

NMEVa4=1ls T4=1l8,s IPRINT=]10.

IGEN=1,

TAUGIN=9#%] ¢
&END

D42 l,. 1. 5
2083 le l. 5
« 125 la la S
2167 1, le 5
2208 i, le 5
25 1. 1. 5
«292 le e 5
«333 ) 38 l. 3
+ 375 1, la 3
« %17 le i- 3
c 458 1e le 3
] b6 ls 3
o8B 4,6 le 7
150 ¢96 10 5
1.2 &6 la 5
l.4 4.6 1l 3
107, 112.5 ) I 7
167.2 112.5 e ]
107.4 112.5 i- 5
107.6 112.5 la 3
107.8 112:.% le T
&GENRAL

G¥{lel)=4,4432984D~3¢
GYi{2:+2)=1,77309110=10¢
GY¥{3s9124,5625977D=110
GV {5:4)=6,6TH9900N=T,
GVi6s2}=24,8858708D=11
GYi{Ts8)=-6,1890988D0-T
GY18e08)=5,0649737D=11,
EEND

Table 7-2,

GV(1e2)=6.1546257D=T,
GV¥1(303)55.0761364D=11>
GVi4046)=5,1542894D=3¢

GV (Ss5)=1.5979264D=10»
GV(5s3)=6,8907881D=11,
GV(Be7)==6,.1890988D~T¢
GV{9+31=4.562597TD=11+
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GY{29])=641946257D=T,
GV{3+6)54,89028810~11»
GV(4+5)26,4769909D~T,
GV(696)=5,81864330~11,
GV{T»7)54,4332662D-3
GV{BsB)=] ,7T55676D-10
GV(9+6)=4,.8858T708D-11

ERRAN Input Data Case E-2



The flag IGEN indicates that this is to be a generalized covariance
run with the GENRAL namelist indicating that all actual parameters will
have the same values as the assumed parameters with the exception of the
station location errors whose actual standard deviations are ten times the
size of the assumed ones.

b) Discussion

The mission considered here is a 118 day transfer from Earth park-
int orbit to imsertion at the Barth~Sun Ly point using an impulsive burn.
The first midcourse in this case is far larger than the corresponding one
for the previous case, primarily it is believed, due to an unrealistically
oriented injection covariance., For this reason the subsequent maneuvers
are also larger although this is due also to the longer propagation arcs
involved.

Of greatest interest in this run however is the use of the generalized
covariance option. The actual station location errors are taken to be ten
times larger than the assumed errors, which lead to actual knowledge uncer-
tainties larger by a factor of two or three than the assumed knowledge. As
soon as the guidance maneuver is performed, however, the execution errors
are dominant and must be tracked out, At the second guidance event the
difference between actual and assumed is a factor of six to ten, indicating
that now the dominant limiting factor in the knowledge is the station loca-
tion errors. At the third guidance event the significant error source for
knowledge is seen to be the station location errors, which however is
dominated by execution errors. The execution errors of the final insertion

AV amount to about 8.1 meters/sec and thus are the dominant final error
source.
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APPENDIX A

Selected Sample Output from NOMNAL



CASE N-1
Short (36 day) Transfer Time Mission to the

L1 Point with Finite Burn Insertion

A-2
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‘#*iﬂﬂaﬂdﬂ#ﬂﬂﬂﬂ#iﬂnﬁuéh#nﬁ#nﬁbnﬁd#&G#qnn&n*##»eueuﬂn#uauueuobﬂ*#ﬂ#ﬂ4!bﬂaﬂaﬂ#ﬂobﬁoa#n*nuu*gogaﬁnpﬂag49#aGnunoc&o#u#vnnala&auuunaggn

INJECTION DATE
FLIGHT DURATION
ARRIVAL DATE
LIBRATIUN POTNT
STATE AT L=POINT

CENTRAL BODY
NO. OF BODIES
BODY WO 1
RODY NO 2

P44223B,177 -
364000
24422T4.177 =

1
~0.,11812%nsn+07
=-0,99730175n=01
E&ARTH
2z
EARTH
SuUN

INITIAL CONDITIONS (FROM TABLE)
TRAJECTORY DATa
T/ 971974 1ls. 8, 0
8/14/71974 14. 8, C

Do 486835770401
De436462130V6

0,95175934N+06
0.96600Rqgn=01
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L1=LIRRATTON POINT TRAJECTORY TARGETING
ITERATION NUMBER 1
NEWTHON=RAFPHSON TARGETING ALGORITHM
&naunﬁ;gaquqaqquqewuaoooawoaﬁuqo@oaaoﬂﬂgou*onﬂ;ﬁqauuﬂuuu6*##&nqaﬂ?aaﬂﬁﬁa#nﬂﬁﬂ&#aeqﬁﬂauaouneauwo#uaaqau&ﬁaﬁ#ﬁanﬂaawaaaaaoaa#@@a&oo%oa

TARGETING EVENT AT JULIAN DATE 2442274,172222

DESIGNATED TARGET TIME AT .JULTaN DATE 24462239.172223

SPACECRAFY STATE vrCTOR AT InItTalL JULTAN NATE

X=r0OHP y=r0omP 7=COMP YX=CQAOMP VY=r0OMP VFZ=COMP
GEN=FC =0,11A124061RA190+07 0,951750315586N+06 ©,4R6B3576T916D+01 =0,957301745178Da0] 0.96&600A908994AR0-01 0.4354621259230=06
GEA=ED =0,118124n51R190:07 0,87315a318462Nn+056 0,378643010676D406 =0,9573017451780-01 0.ARH2719938070=01 0,3843114904250=0]
SPACECRAFT STATE VECTOR AT TARSET JULIAN DATE
K= OMP Y=rOMP 7=COMP VX=COMP VY=COMP VZ=LOMP
GEN=EC =0.8921176344210+05 U,13292R6020020+06 0,7AIR2T94221060+00 =0,1509473235130+01 0.14529n360784D+01 0.B432T5107926D=05
GED=FO ~0,89211763642]10+08 0,121956261252D+06 0,578a388114710+05 =0,1209473235130+01 0,133297626%110+01 0,57A0165739210+00
CONTROL VARIABLFS TARGET VARIARLES ACTUAL TARGFT ValUES TARGET FERROR TaRGET TOLERA&NCES
vk RCA 1.6?R476B660580+04 (  KM) 0,27523133%41K0*03 0.100000000000D%01
vy Ica 0,.23442R90236910+02 ( DEG) De487510963093001 t.100000000000D=07
vz TCa 1,244P237565190+0T7 ( DaY) 0.60703192604TD+00 0,1000000000000=04

NIFFERENTIAL TRANSFORMATION MaTRIX - {PARTTALS NF TaRGET VARIABLES WRT FINAL EQ=STATE VECTOR)

N.?592T0RBBATON+00  0,24511827279a0+0V
0.02T904B557RA?N=09 =0,4R4363263n300=03 (,111T7@n2K3744D=02
N-1045691014730=05 =~0,4585542187450=02 -0,19BA410806050D-05

STATE THANSITION MATRIX =
0,4T0T274T2358N+01 =0,4023377138840+0) =0,2245245739420=-04

“0.479A10023691D+0)1 0,410129070aga0+01
=0 2AOTIILIATADLIN=04 0,23038A24T4600=04
=0, 2REI004409910=04 0,2576451082040n-04
0.416823133096%0=04 =0,34RA8T22]134300=04
0.PI58T2S30A91N=0F =0,20208654470aN=-0Y

TARGET SENSITIVITY MATHIX = {(PARTIaLS OF

=0 .,697T7T0834R5110+05 =0,216R654685341D+00
-0, TE45YA9654T2N=02 0,1020707SA144D=01
“0.54993502056TNe02 0,.531983BR4RGAN0Z
TARGETING MATRIX =

-0,341388169324n=05 =0,869282455792N=07
~0.I52GU9E79463D~05 0,612001826994D-00
=0.17T7430921464R0=10 =0,128467900324N=0¢

PREDICTED CONTROL CHANGFS

0,2R057A551154D=04
-0,110576452132D-01
06,1405117904R8D~06
=0,1993795843790=09
0,B937457334730=0¢

-0,4893033849180=04
-0,356370026655D=02

=0,7565633560466D+07
0,6718952706210+07
0,37a87R14422682D+02
0,39910573R428D402
=0,646113836799D402
-0, ,36405%6222540-03

TARGET VARTAALES WRT CONTROL VARIABLES)

-0,98114G903291D+n0
-0,7T784040]9092D+03
0.290A36A173410-03

{INVERSE OF THF SENSITIVITY MATRIK)

=0.1385273R8BROTD=01
0,44TT40478271D=02
0.194782020180n=06

CONTROL VARTABLE CHANGE
VX ~0,9314R66623266D=02
vY 0,174669889652N=07
vZ -0,.62628%063736D-02
UPDATEDR INITIAL FC-STATE VECTOR
X=(OMP Y=COMP Z=LOMP

VX=COMP

0,106PB9RR4ALON+ A0 ~0,2349245574200405 ~0,1468R720737aD05

0,286266T07780D<02
0.1R968B09R1134D<00

(PARTIALS OF LARTH INJECTION EC=STATE WHT EC=STATE AT LIB2ATION POINT)

0,5RT402418692D+07
=0,7150003553100+07
-0,341879436952D+02
=0,44094363414a0D+02
0.,5399272317820+02
0,342016067T0410=-03

YYaCOMP

=0,63694190328680+04
«0.660159927207N+02
0.822544017140N=01

0,3234478489620+02
=0,33372T1440%0N+02
=0,103562856270R+07
-0.2421414713100=03
0.3342836873320~03
=0.670515111417D<01

VZ=COMP



Sy

=0e11B124051819N+0T7 0,95175033553/04+08 0, 4R6A3STATOLEN+0] -0,1050788407500+00

TOTAL CHANGE TO THE CONTROL VARIAR FS AFTER 1 ITERATIONS

CONTROLS VARIABLES TUTAL CHANGE
'Y =N 934BER62IR66N=N2
vY 0.17*6632R96520D=wN?
vZ =-N,626284063736D=-n7

0,98347537R913D-01 =0.626P404175230-02
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L1=LIGRATTION POINT TRAJECTORY TARGETING
ITERATION WUMRER 2

NEWTONSRAPHSON TARGETING ALGORITHM ‘ o
owu¢*dacquaeoeonovcaaouwn»aqdﬁnn4nﬂo&oounqﬂﬂaouoebouﬂaeu6?wow5eonﬂadb#onnanoaﬂuu|¢Goooaaouoacoow°6dqunoweeo0GQO&ﬂ#inoiﬂﬂﬂﬂﬂﬂﬁﬂﬂG*lfﬁ

SPACECHAFT STATE vrCTaOR AT TangeT JULIAN DATE
A=COMP Yer OMP 7=COMP VX=COMF VY=COME VZ=(OMP

GEQ=FC 0,791864B1A5a890+04 0,.83110876521740+06 0,1120612670540+04 -0,8885222760850+00 0.8253225618060+01 0,64621138816680+00

GEN=FN  0,791864A18%890+04 0,7T1800R460381TD+06 0,4334871017220+04 ~0,8845222760850400 0.7316544704400+0)1 0.3872494889770+01

CONTPOL VARIABLES TaRGEY VARIABIES ACTUAL TARGET ValLUES TARGET FRROR TARGET TOLERANCES
VX RCA 0,6A5N909868450+04 (KM} -0,90909868458TD+02 0 .100000000000D+01
VY ica 0,2R372P6525840+02 | DEG! ~0+542602583524D=01 0,100000000000D=-02
vz {oh 0,244P23R157220+07 ( DAY} 0,150006935000D~01 0.100000000000D=04

DIFEFRENTIAL TRAMSFORMATION MATRIY - (PRATTALS OF TARGET VARIABLES WRT FINAL EQ=STATE VECTOR)
N.17B2361366R00+0] =0, 1046919156320+ 0U  0,21R4051028390=n1 =n,143304790190D+04 0,507027995149D+03 0,1A848980372440+03
=0,714980675998N=04 =0,6306193RA0ARDP=04 0,1175137198%00-02 ~0,2963525571360+00 -0,261385643740D001 0,487083064465D+01
-, akT4UAISNAGEN=0A =0, B2T28985176n0=0% ~0,4723904%8294D~06 =, T090266754850=-03 0,225276997052D-02 0,116577556476N=02

STATE THANSITION MATRIX = (PARTTALS OF EARTH INJECTTON £C-STATE wRT EC=STATE AT LIBrATION POINT}
0.,27108557R3T2N+01 =0, ,235705540691N+01 =0,1754942445710=01 o0 ,414794161358D07 0.363910n05397D<0T 0,602233T696T7TN+05
=0.75983323TR4AN+02 0,.2725405997a?D+l2  0,1529483551920+00 0,377307034193D+08 ~0_ 366AR19224410+08 w0, 7227437125320+ 06
-0, P02040RR0TBAN+NT  0,173126962A41NDs04 =0,120639023R44N=01 0.293532988R44D+0T7 =0, 2A504575T0400+07 -0,236013039273D+06
0.6836043722300=02 =0,5&N3732)1241AN=02 =0,3R083161249A0=04 ~0,9549854773620+04 0,91697T029917AD+04 0,1R31001473990+03
0. ARFESARIRKAGTN=02 =0, 5A9860630077D=0¢ =0,3R6R159219740=04 -0,996R233TT169D+0s 0,977869439297D+0% 0,2099453043650+03
N,9303177ARA3AN=-03 =0, 7055569504740=03 «0,133R6])7AT5530-04 -0,1343332934920+04 0,132137450717D+04 ~0,7511293092530+02

TARGFT SENSITIVITY MATRTX = [(PARTrTArS OF TARGET VARTAALES WRT CONIRDL VARIARLES!)
=0, TAOTITI4ILIPNL05 =0,2100330nT72a4N+00 =0,721111512396140+05

0.2617573164560+02 (,.RAPA3942UTINN+0E =0,80243R220AAAD+03
—0,5PTAIZTTN399N+02 0,51A106413174D+02 0.106A826A86000+01

TARGETING MATRIX = (INVFRSE UF THE SENSITIVITY “ATRIX)
-,331589)181406D=05 0,6A414935159TN=U% =0,14132n7103890~01
~0,376R439065R&N=05 0,95150T2R524nN=0% 0,490232140989D=02
aN &702B0100098N=06 =0,12313746122390n=02 0,6601%12726BTD=04

PREDICTED CUNTROL CHANGFS

FONTROL VAPTASLE CHANGE
VX 0,a574359467320~04
vy 0,374598B13R2IN-N2
vz . 0,1106976555240=03

UPDATFD INITIAL EC=STATF VECTOR
A= NMP Y=COMP Z=COmMp VA=COMP VY=COMP VEZ=COMP
=N,11A124051R19N+07 0,951759335RRAD+00  0,4BH6A3GT6TF1AD0] -0,104993097156D<00 ©0,9R72213€70510=0) -0,515170651931n-02

TOTAL CHANGE TQ THE COmMTnOL VARIARLFS AFTER 2 ITERATIONS

rONTROLS VARIABLES TUTAL CHANGE
VX -n,926292263793D=n2
VY n.,21€123771035N=?

vi “NehlP214298144D=0F
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L1=LIBRATION POINT TRAJECTORY TARGETING
N ITERATION NUMBER 3
NEWTON=RAPHS0ON TARGETING ALGORITHM
LA LI ET LY AL T L L LT P R T AL R L PR P TR AL LT YL L Y L R R T T T YL L P Y P T Y F T T T YT YT

SPACECRAFT STATE vrCTOR AT TAQRAET JULTAN DATE

X=COMP y=roMP 7=COoMP VX=COmMP VY= OMP VZ=COMP

GEO=EC 0.,5385247395A10«04 =~0,3746535133240+04 =0,2300B2443R67D+02 0,630330340638D+01 D.502546457TR3D+01 0,1081552640600+01

0,63033034063680401

GEO=FA, 0,5385247395A10.04 =D0,342R)170%46220+04 -0,1%115936976504+04 0.78502702987R0+01 0,45RZR32086T710+0)
CONTROL YaRIABLES TARGET VARIARIFS ACTUAL, TARGET VaLUES TARGET FRROR TARGET TOLERANCES

VX RCA 0,6560317114980¢04 ( KM} =0+3171149812100+00 0,1000000000000+0)

vy ICA 0.2831762434120+02 { DEG) 0.3756588490340~03 0,1000000000000=02

L ¥4 Ica D.244223R172240+07 ( Day! %.20111210996880-04 0,1000000800000D=04

NIFFERENTIAL TYRANSFORMATION MATRIY - (PARTTALS NF TARGET VARIABLES WRT FINAL EQ~STATF VECTNR)
0.,819214399750D+00 ~0,57443T440a73N+0Y =0,231A291140900+p0 =n,1423512H3830D+01 0.91164158038704+00
N,P?2533093744TNh=03 0,200%017198240=02 =0,3744401PR]106AD=02 =0,239R559234070+00 =0,2134261564920+01

“04119630763613N=15 =0, 14948R4A52TAIN=05 =0, 8729510009070 ~04 ~0,1020075683291D=02 0,6%7200752197D=03

0.402492391913D+00
0.368576640717D+01
0,290525417552N=03

STATE TRANSITION MATRIX = (PARTTALS OF LARTH INJECTION EC=STATE wWRT EC=STATE AT LIBRATION POINT)

=N, 199286579995M+02 0,17N07TNBASTHON+0Z  0,109%91440595D+00 D, 28677R4ORZ290+068 =0,2A335868R0AA0+408 =-0.588440055635N4+06
=N 2R4I24A46ATD+02  0,2432026R2404D+02  D,18114336472130+00  0,411948059634D4+08 =0,4019310R0682D+08 =0,806357285381N0+86
=N, 341051634820N+01 0,29158135117&N+01  0,1393044RERA0GD=01 0,493115647318D«0T =0,4R30629133320+07 =0,942362547515N+05
NeP430445105250=01 =0_207535007A02N=01 =0,13321393R4290=03 =0,35056467T30580D+05 0,344R3183903%2040+05 0,716460735619D+03
=04 1A84890209430=01 0,144199215710D=01  0,9774526536580=04 0,244661161171D+05 =0.2376TB5464120+05 ~U,. 4562904602650 +03
=0.940897866951N=04 0, A550608RBR03D=04% =0,20373TAAGAL1ED 04 0,1615199278110+03 =0,1099973342200+03 -0,175345403046N+03
TARGET SENSITIVITY MATRTX -~ (PARTTAILS OF TAWKGET VARTARLES WRT CONTROL VARIABLES)
=0.7561390758030+05 =0,217555907471N+06 =0,207450791013D+05
N1.2A1253189274N+02 D,A58795653251)+02 =0,A807R12933A3aD+03
=D HPTEHII40L0RD+I2  N,31705635]1R22D+02 0,10493545PT11D+01
TARGETING MATRIX = (INVERSE OUF THF SENSITIVITY MATRYX)
=0,3334049734BAN=05  0,2725231538140N=0% =0,141399805%810=01
=0.333307220TB3N~05 0,93511959175n0=08 0,4%0A3A3R56BKN~02
=0, 4/RIAT423040N~06 =0, 225708¢27870=-02 (.042734701054D=-04
PRFDINTED CONTRO{ CHAMGFS
CONTRUL VARYABLE CHANGE
VX 0,79R1596190600=0h
VY 0,1201943320142N0=05
V7 =0,31069%303265N<04
UPDATFD INITIAL FC=STATF VECTOR
X=COMP Y=COMP 2=COMP VX=CUMP VY =COME vZ=COMP
=0,118124051A19N+07 0,9817593355840+06 0, 48AR3GTRTO1AD+0] =0,1049922989960+0U0 0,987233465443D=0L «08,615201717861N=-02

TOTAL CHANGE TO THE CONTRODL VARTARLFS AFTER
CONTROLS VARIAALES

3 TFTFRATIONS

TUTAL CHAMGE

VX -0,920212447896N=n2
VY N.PlE244754985N=p2
vz mN,A102453640740=07
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L1=LIRHATTNN POINT TRAJECTORY TARGETING
ITERATTON NUMRER &
NEwTON=HAFHSON TARGETING ALGORITHM
[ rwpmareerrr e ey e g g ey g e L p e re ey Y- TR L AP A LT EL AL PR L L LS PR LR PR DL L L L L LR AL L Ll b R R RS L

SPACECRAFT STATE vFCTOR AT TARARFT JULTAN NaTE
X=rOME ¥eroMP 7=CUMP VK=COMP VY= OMP V7 =COMP

GEQ=FC  0,5374032045R90404 =0,376201463218D+04 =0 ,P4RR64041439D+02 0,6316797232460.01 0.9016354151550-01' 3.1081600£50710+01

GEO=FN  1.5%3740326458904+04 =0,344]150409040690+04 =0,151947904235RD+04 (,0I1RTIT23IE46N+N] N.T7A418519300A0+01 0,457930571022D+01

CUNTROL VARIABLES TAHGFT VarIar|FS ACTIIAL TARGET VaLUES TAHGET FRARORA TARGEY TOLERAMCES
VX ’RCA 0,65A00D0023240+G4 [ KM) =0.2323610070750D=04 0,l0000n0000000+0]
vy 1rA n,2R31BOLHOLEAD+02 ( DEG) =0«15315073%1570=07 0.1000000300000D=07

74 0a D Ph&P2A8172222407 ( DAY) Nal210719347000-07 0,100000000000D=04

CONVFRBENCE HAS nCCURREN AFTER 4 JTFOAITIONS,

THE TATAL CHANGF TO THF CONTROL varTafRLES 1S comPuTFD TO BE
PELTA= VX =z =0,92nCl2447836N=n2
nELTa= VY = D, PlP2”44754955M=n2
NELTA= W7 = =N, 8152453640740 ~=n2
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L1=LIAaRATION PQINMT TRAJECTORY TARGETING
ITERATTON NUMBER H
NEWTON=RAPHSON TARGETING ALGORITHM
09#ﬁ#o*o#uonh&uﬂﬁﬂnﬂ*ﬁib**#ﬂ#ﬁ*#*q#aﬁono4#*“ﬁHn*a»nﬂbunaﬁ“#ﬂ##u*#fﬁ#boﬁnnﬂﬁ“#ﬂ##&&ﬁﬂ»éann#oeﬂ&ggﬂﬁgaﬁ*nﬁﬂn&gaba§¢¢44¢¢nuaowﬁnq&onanﬂ

TARGFTING FVENT AT JULIAN NATE 24477T4,172223

NESIGNATED TARGET TIME AT JU ran DATE 2442238.1722¢23

SPACECHAFTY STATE VFCTOR AT IaTTIab JULTAN NATF

X=COMP ¥ = OMP 7+COMP VX = OMP VY=cOMp VZ7=COMP

GEO=FC =0.1181240518190+07 0,95175933%2860+06 0,48AR357679160+01 -0,182358565566D+0n =N,.2311RR&4289440¢00 -0,95TN62046R13D=015
GEO=ER =0,.1181240518]19D+07 0,8731933J8462N+0h (,378A430106T00+06 -0.1823585655660+0n0 ~0.2121071184770+0n «0.9198250435470=01

SPACECHAFT STATE vrCTOR AT TaRGFT JULTAN DaATE

X=COMP Y-rnOMP Z=COMP YR =COMP VY=£Ooue V7 =COMP

GEN=FC =0.A572949920030+05 0,]114222471417N+0h O,5781B0762h220+04 =0,16N0T731064166D+01 0.37699973046410401 0,5149509560090~01

GEQ=EN =0.A52294692803D+08 0,1024942219650+06 0,5nTa56932n690¢Us «0,1607910%45660+01 0.153916942575D+01  0,72354574873]10+00

COMTROL VARIABLES TARGET VARIAQ|FS ACTIAL TARGET VALUES TARGEY FRE0R TAaRGET TOLFRANCES

aLPA RCa D.6ARNAS2HOBTAN+04 [ KM) =0, 00852505 T23Nn+03 G.lo0n0n00anoaDens
> RFTA ICA 0.28263P7241412D+02 { DEG) D«S4TTSASATIRIN-N] 0, 100000n0000N0=N?
i TBKN ica ND.2646223T71610u+07 { DAY} De%456123A006830+0N 0.i00n0n000000N=04
NOMINAL THRUST CONTROLS FOR THE CtooenT TRAJECTNRY
CONTROL VARTARLES CONTROL VALUES
ALPH Ne206Un22782T4D+03
RETA D 10384A98055TD+0]
THRM Dual2523179036TD+06
DIFFFRENTIAL TRAMSFORMATION MATRIY = (PARTIALS OF TARGET VARIABLES WRT ¢ INAL EU=STATE VECTOR)

0,311964TRIIVP0+00 0,2502557A2n5A0+00  0,15P7841A9940N+00 ~0.2073097Un00TD+0% ~0,101935R75190D+05 «0,.671505823472N+04
~0,T7499076250910=04 =0,6535396851410=02  (,1223599057100=02 0,3236352313510+01 0,2R195BTR6560D<02 =0,52T9008729140s02
0:4R0BTTARTEAAD=06 =D ,41823838T276N=05 «0,2204379090510=05 0,126564838006D=01 0.12690124R684D+00 ©0,6R5E518137550=01

STATF TRANSITION MATRIX = (PARTIA| S OF EARTH INJECTION FC=STATE WRT EC=STATE AT THRIST INITIATION)
0e46231834574AN+01 =0,408329585a0AD+0] =0,.30390P608798D~N]1 ~0,722T614245R6D«07 (,591522504B78D+07  0,94T597047536N+05
=0,5110955640090+01 0,453454606R24N+01  0,335902R45R15D=01 0,704354457640D+07 -0,Te4193458139D+07 =0,10806951299004+0A
=0, 15277T76577350+00 0,1352029143300+00  0,1136777A11220=02 0,220108424TB3D406 =0 21010854 T19A0+06 «0.94371389646T0+06G
=0.,344322636517N=04 ©0,316092537180D=04 §,245882923691D0~06 0,463595334563D+02 -0,544B8683327240+402 =0,1092D8658497D+01
0,5939852617400-N4 =0,516169651472TD-04 =0,4045956336600=0& =0,B68B014351519D0+902 0,7937905185140+02 O0,1T71R2T344A220401
0.209R87296340]1N=05 =0,266076261177D=02 0,104469111944D=-05 -0,4347991854110+01 0,4777097052740+N) ~0.8227279221610<01
PARTIALS OF STATE VECTDR COMPONENTS AT THE END OF THE THRUST PHASE WRT THRUST CUNTROLS
0.37028R061027TD+03 0,157184>08n2aN+01  g,¢
= ARG3145B00TIN+02 0.671034721n750+01 0.0
=0,175419812712np=04 0,3801647655120«03 0,0
“N.B760806727540=02 «0,2441853184740=0%4 0,.5706866304530-04
0,1354024247280-02 =0,1043693134490-03 (0,2433570183090-05
0.,A21766297697D=09 =0,5911742247450=02 =«0,4530931740390=07

PARTIALS OF STATE VECTOR COMPONENTS aT IHE TARGET TTME WRT THRUST CONTRULS
Ne51T7144788731ND+05 =0,103286563B834aD+04% 0,102685549915n+02

~0sR3IZL0595R25AN+ (05 0,13084364424100+04 =0,1458T72590948200+02

~0,1620820066380+04 0,5596648T75)11aN+04% =(,34294193263104+0D



01-v

~0a3564001092550«00 0,112620T747/14N=01
N.F455307705110+00 =0,146/340R5394N0=04
037180924821 7D-0]1 0,4Rk5176879931n=01

TARGFT SENSITIVITY MaTRIX =~ (PARTTALS U
0.175121141501D¢03 (,18K2914nT564N 003
=0a47140982725P0=01 0,46721496537040+01
N+ IRGIS4IHRSBEKRN00 =N, 103004B8R2RKAN=01

TARGFTING MaTRIX =
0,409571204304Nn=0% =0,731656545a54nN=0
0,9n2335115950N=06 0, 20R927640135N+UY

~0.159T4R55930aN+01 0,.518803439pARN+02

PHEQTCTFD CONTROL (HANGES
CONTROL VARTARLE
ALPH
BETA
TRRN

=0,106085578327D=03
0,14241R9A40A10=03
N.8295870A55200=05

TARGET VMARTARLES WRT CONTROL VARIARLES)
=0.5727091203240D+00
0+25460A1794240=03
0.929R83TARGABLID=04

[INVFRSE OF THF SENSITIVITY WMATRIX)

0.P5426R040TB1D+01
=0,1A31147RTT63IN=01
N.TT3I2690K03TAD+03

CHANGE
D,111R0°999RATZD+0}
~0,50961 38520940 =07
0,51A65 15424080403

UPNATED THRUST cNNTROLS FOR NEXT TRAaJECTORY TARGETING ITERATION

cOonNTRHUL VARTAHLES

CONTRAL vALUES

ALPH 0422792n34R573D+03
RETA 0.1033273pRT0SD+01
TRN Da1257am844TY910D+D6

TOTAL CHRANGE
CONTRULS VARIARBLFS

ALPH

BETaA

THRN

TO THE CONTHOL VaRYan| FS AFTER
TOTaAL CHaNGF
N,1118HUEI9GHT2Nen]
=-0,509613852094N~0n2
Ny5166575424n0BN+n3

1 TTERATIONS



Wﬂa&eﬂﬁﬁnuﬂﬂ«#%nunu#n#ﬂﬁﬂﬁ#ﬁ&ﬁﬂﬁGnﬂu#oeau»#éﬁcﬁﬁé#ﬁﬁénucoutﬂuﬁuﬂ&&uuﬁﬁnu#oﬁﬁaiﬁanﬂﬁn*ﬂnnnﬁaaﬂegq&neaGaoﬁdaaub*nﬂaﬂwagu&.ggangqﬂanol#
L1=LIARATION POINT TRAJECTORY TARGETING '
- ITERATION NUMRER 2
NEWTONRAPHSON TARBETING ALBORITHM
LLLLE D L L R L Y Y T R A e T T L T 2 A F L R T Y R T T T - ST g O ¥ WA WA S g g g B e s ¥ Y

SPACECRAFT STATE VFCTOR AT TARGET JULTAN DaATE
X=COoMP Y =rOMP ' Z=COMP VX =LOMP YY=(OMP VZ=COMP

GEQ=F 0,44577112R87810D+04 =0,4RTn4a6AB0IBN04 -0,1552852240410+03  0,7313380302710+01 0.R17839385184D+0]1 0£,10A2034473910+01

GEO=FQ 0,44577]112P7B7&1D+04 ~0,440607679365D+04 «0,20B008625338D+04 0,T7T313360302T1ID+01 G,7CTRB7S5B7P3AD¢01 0,4246333ABR520eN1]

COMTROL VARTABLFS TARGBET VARIABLES ACTUIAL TARGET val UES TARGET FRROR i TARGET TOLERANCES
ALPH KCA 0,653572011677D+04 (KM} 0+2427988322540+02 0,100n00000000D+01
RETA IcaA 4,2831172698150+62 ( DEG) «0e1372699149910-01 0.100000000000D=02
THRN Tea 0.2462238173630+07 { DAY) =0,14069TAB15T9N~02 0.,1000000000000~04

NOMINAL THRUST CONTROLS FNrR THRE ChRaeENT TRAJECTNRY

CONTROL YARYABLES CONTROL valLUES
ALPH 0227020 4A2TIN+03
BFTA 0033327 34ATUSD+O]

TBEN Nad25T5R447910D+06

NIFFERENTIAL TRANSFORMATINN MATRIx ~ (FARTIALS OF TaRGET VARIAHLES WRT FINAL EU=STATE VECTOR)
C.AZ453TA30R64N0NT =0, ,5800107712120+00 =0,242T7979745530+00 9,991270583745D+02 ~0,6571068422R2D+02 =0,289485846490n+02
0.2R13441817TRTH=-03  0,240138720PR&D~0¢E =0 ,44R446)3243610=02 =0,21580369710A0+00 -0,1R41946257690+01 0.343069930040N<0]
~1e15]12A15952111=05 =0,11RT7T21249779D=02 =0,7305630743190~06 ~0,1171347350350=02 0,5014230527560«03 0,1950P0RR0&B1N=03

I-v

STATE TRAMSITION MATRIX = (PARTTALS OF EARTH INJECTTON Ec~=STATE WRT EC=STATE AT THRNST INITIATION)

=0, 21336R09TH23IN+02  0,1KAIFR4AFaA4NDDE  0,1344235225060+00 0.2995980872120+08 «0,307743394325D+08 =0,65964084457850+06

=0.237R16ETRZORNS02  0,21039583000730+0¢  0,15342580527940+00  0,3363445902750+08 =0,340040077922D+08 =0,7060490573790+¢06

=0.31503901R7T0NN+01  0,27A5521751460+00  0,1715049535670=01 ©,44422840P412D407 =0, 4G7R9H61124T7D+07 =0,6991T467T26B8N+05
N, 1RZ2IBR3E1T0IN=N]1 =4, 14#0R30691030D=01 =0,1133211313420-03 =-0,25583663R9240+05 0,.2AP685943245D405 0,.57T11046717330+03

~N.19R4030215260=01 0,175493450164D=01 0,1290450050850~03 0, 2B80593779509D+05 =0,28440229824aD+05 ~0,5724193526130+03

"N, h24995491T708D=03 0 ,.56RAF4TA4NTIN=03 «0,14352637T8A900=-04 0,90641AR20436D0403 =0, B74A00294A51D+03 ~0,152A37S50R090N+03

PARTIALS OF STATE VECTOR COMPONENTS AT THE ENDG OF THE THRUST PHASE WRY [HRUST CUNTROLS

N.375161099193N+03  0,1446016827440+00  §,0
=N.803890549930N+02 U,b765356468320D«01 0,0
=0,177441793661004 0_JA3GHEIRTIAIN+NI 0,0

=na5R)19349901R”RN=0p
N.124TH10HBLAON=02
0.B279B1864171N=09

PARTTIALS OF S5TATE VECTOP COMPONFNTS AT THE TARGET TTIME WRT THRUST CONTRULS

=N« PPENLY6RUI2ANG06
0. P4A6L03UGARTIN+NS
20,3287 790285TN+0S

0, 1R95TK215ATIN+D3
=0, 8NT3IF9E866980N+N3
=0, b5 38145943300+ 0]

=0,.272365K3RBUNIN-0%
=0,1047810700R3N=Ud
-0,593819R#3506N=02

U,6R19530975Tahs 04
0,T179605R37244N+ 0%
0,B11724756%307N+0d
=0,569754991i429Ns01L
0,.58910943422aNn+01
0,121385566433D501L

TARGET SENSITIVITY MATATA - (PARTTAIS Ub

0,2205THR430340N«03
=0,h6696131115AN=~01

N, 1500828559 74D+03
0,401470042424D+ 01

N.35165A950626N«00 =0_1025525R6063D~01

0.923n9313614AD=0h
0,24442468455340-058
=0 450869RTTH6GED=07

-N,5951A56315170+07
=0, 657TNHERRQIGEZN+ (2
=0.874307TARO1B5D+0}

0,507995078947D=01
~0,9481145426340=01
=0,1656392r6020D=02

TARGET VARTABLES WRY CONTROL VARIABLES)

~0,56404591R251D+00N
0.259214646)5AD=03
0.934093277836D=04

TARGFTING MATRIX = (INVFRSE OF THF SENSITIVITY MATRIX)
0,4231RRBTORZEN=03 =0, 770308816717 1h=Up

0.,257a760007190+0)



e~y

N,9109T40T6041N=04 O, Z04R1860501aN+V0 «=0,1829423710650=D1]
=0,15R31TI145]sn+N1 0 _ 5148630T75a3nN+u2 D,10078028825880*04

PRFOTATED CONTRQIL CHANGFS

rONTHUL VARTABLFE CHANGF
ALPH 0 ,RTRS20977T114D=07
BETA 0, R7396719130AD=013
THRN -0,4055693309420<07

UPNATED THRUST CONTARDLS FOR NEXT TRAJECTORY TARGETING ITERATION

rONTROL VARTABLES CONTRnA VALUES
ALPH 0222792710394 30+03
BETA ' 0s103279069Y%8860+01
TBRN GalZETOTRIOITTNHNA

TOTAL CHANGE TO THF CUNTROL VaRTAa Fs AFTER 2 JTFRaTIONS

CONTRULS VARTARLFS TUTAL CHANGF
ALPH N,112482526B49N+0]
HETA =1450T0105T1225D~n2

THRN NeaTHLO00B09314N+N3
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LR R PR 2L E L LT EE L LR LR LA LT L T LY LR E LT R L LD L R Y LY YRR R AT ¥ 2 L R L T R R - Y. Y
L1=LIGRATTINN POINT TRAJECTORY TARGETING
ITERATION NUMARER 3
NEWTON=RAPHSON TARGETING ALGORTTHM
GHOFABADRROHAERBHEER ARG RRRBEIARNG AR v R ARt RS IRt L e R R T N R GG R SRR R B LA BN DT RS RAS ARG R ADODOBNRILBORLDEGREDARBEG

SPACECRAFT STATE wrCTOR AT TarasT Jut TaN NATE

X O OMP ¥t OMP Far OMP VX =L OMP VY=00MP VZ=0OMP
GEN=EC 0,5691668T4494D404 =0, 33074538T1430«04 0. 476R19T3AGTID+02 0.59HINRARY4THN01 0.92208F1IN26B2De01 0,.1090B37256R6Nen1
GEO~FN  0.56916AAT4409404+04 ~0 3047021893240 +04 <0, 12T46TH4537290+04% 0.SYAL0ARRRP4TADLN] 0.RP02552B744570+401 0,4669019450280+01

CONTROL VARIABLES TARGET VARLARLFES AnTiAL TARGET VALUES TARGEY FRRUR TARGET TOLERANCFS

ALPA RCA 0.,65R404T4406RD+0& [ KM} =0.4047440660250,¢01 0,100000000n000D=0]
RETA IcA 0,2R3]1618RY4D(D+0P [ DEG) 0:181105996579n=02 0.100000000000D=07
TRRAN icA N, 2447P38171520+07 ( DAY} Ge6F2H-RTECHIIN-L3 g,1000000000000=04

NOMIMAL THRUST COMTROLS FoR fHE CiiooEMF TRAJECTNRY
CONTROL VARTARLFS CONTRAL vaLUES

ALPH Ue€3TaaT1038%30+03
AETA Na1U327505994AN+01
TRRN 0+128TP7RANDITTD+06

DIFFFRENTIAL TRANSFORMATION Malblvy ~ (PART[ALS NF TARGET VARIAHIES WRT FINAL EU~STATE VECTOR)
0,R14BDATARILEN+00 ~0,5384756544722n+00 =0, 237223106423D+00 =0,485R39806906D+02 0,37132192175820+02
N,217T66244R160=03  0,1R628065482 0=l =0,34807867R1TRO-02 =0 ,261G0%4002050400 «0,2232780175260401

=0, 1044065ATIS0N=08 <N, ta722130619230=00 ~0,90ARBAR4IRP2ND=0F =0,9642549544360=03 0,746100RR7G4290~03

0.1415R0457257N<02
0:217397R44n054D+01
0.34B22103RR2TN=03

STATE TRANSLTION MATHRIX -

=0,17454666345560402
=Ns2681310%RAL40+07
“M.3174R412R4RIN01]
1,2348489030050=01
~0,135777271398AN=0]
Ne1R4A0THEI41AN=A2

H,154140003p0aN+02
N,23776409482 7N+ Ue
0,2R04843010900n+9]
w( , 20T530%4%s 3en=01
v,1202323717392D=01
=0,185885K07200an=493

0,.,100QYGR29TAIN+00
0.1731396/91520400
0., 14C3B\GrAGAAD=0]
=3, 1477959 14R410=03
3,950 7A04053D=04
=0.1824218400T730=04

{PARTIAI S OF LARTH [NJECTTON FC=STATE wHT EC=5TATE AT THRuST INITIATION)
N, 244543697 P40+0H
0,3792149H48532n+03
D,44ANSS38N0290+07

=0,330ARBE6HRIREND+09
0,192729B1R555D+0%

-0,24443344558R04+03

-0.251950466B41D+«0H
-0,3R449231R785cD+NE
-N,4561693573I2R1)+07
1,3379503692SBaN 05
-0,1940491857810+05
0,2RBI256543900N«0d

PARTIALS OF STATF VECTU® COMPUNFNTS AT THE ENR nF THE THRUST PHaRE wRT THRUST CUNTRALS
N.37491445104A0+03  0,14434330R713ap+0L 0,0

=0,802900082118n+«02 ©0,67T5716léln1an+dl ¢,0

=, 1769830604A55N=04 0 ,2RIPZRTIZ2TAN+DI (.0

~0.5R10046085900-02 ~0,223330845231N~04% 0,527r05046142D=0k
N.1P458A8T46857N=02 =0,104688824147D0w03  0,.244430R55347N=05
N AZGO9S6AORARD=09 =0,5936122540910=02 ~0,450R1047TB42D=0T

PARTIALS OF STATE VECTOP COMPONENTS AT IHE TARGET TTIME WRT THRUST CONTRULS

w(,181485215651N+06 0,541011%53789n+0% =0 ,487544554419D+072
a{l,2R01B896T9RGAD+0O6 0,8064353R477ANN4 =0 F&120334640310+02
=0,3313139%89F7%D+05 0,100%0802504anel4 «0 ARDILY3IISH43D+0]

0.244T076002680+03 =0,72422391879a1D+01  D,.652R4514TPU4=01]

=, 1422090966240+03
0.180389281215n+01

0.39371221891nn+01
0,97592964a8950+00

TARGET SENSITIVITY MATR1K = (PARTTALS UF

=0.3733859390270=01
0.591317745%0RAL=0]

TARGET VARTARLES WRT CONTROL VARIABLES)

0.27118R9983BEN+03  0,149951042207N+01 =0,5652574209300+00
~0.66350807078AN=0] 0, 4R02020A4T764N+0L 0,25791139911A0~03
0+351516BTRERGD+00 =0, 1024802040840=01 0,934913R439740=04

TARGETING MATRIX =

(TNVFAGE OF THF SENBITIVITY MATRTX}

N.4227699634190=03 =D, (7013849499nNw02 §,PS5773I3S5E3374D+0]

=0,538RO02203002N+05
=0.731462F259254N05
=0.1n229217695%8N:06
4. TP00B0R9A554N:03
=0, 37FTI6ERAARPLTAND]
=0o1h99324027F4N203



ri-v

N.9NGAL035R39aN~08 0,2n53T74959242n+00 =D.1829457R668B4D=01
(1. 1579616419750+01 0,9146R0B5533aD+0<  0.1003675055530+04

PREDICTED CONTRNL. CHANGFS

CONTROL VARTARLF CHANGE -
ALPH 0.AN0527/8172790=-0a
BETA =0, 77510¥6791420-05
TBAN 0,7181789753090+01)

UPDATED THRUST CONTROLS FNR NEXT TRaAJECIDRY TARGETING [TERATION

CONTROL VARTAALES CONTHOL VALUES
ALPH 2379271 /3H30D03
BeTa 0e103279194bT6D+N]
ThRN fo12RTIS0T2T000+NE

TOTAL CHANGE TO THE CONTRNL VARIARLES AFTER 3 TTERATIONS

CONTRULS VARTABLES TOTAL CHaNGF
ALPH n,11c48AR3I2)172THen]
HETA =050/ TRS6BO904N=0P
THRN N, 48328239906 TN+N3
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LI=LIBRATION POINT TRAJECTORY TARGETING
ITERATION NUMBER &

i NEWTON-RAPHSON TARGETING ALGORITHM
LEEL TP L E T T T ST P S P T C LT P s L L T P T T MY R TR TI LY R S E Y R R L P TN PR TR Y T A I Y P Y PR T YT A Y A P AT A T T

SPACECRAFT STATE VFCTOR AT TARGET JULIAN DATE

X=COMP Y -COMP 1-COMP VX=COMP VY=tOMP VZ-COMP
GEO=EC 0,5Z4T16556519D4+06 =0,3235640261130+04 w0.5a1896990941D¢02 0,6532156437030+01 0,80580554142060+01 0,1092125159940+01
GEO=EQN 0.5247165565190404 «0,359R104708080+04 ~0,15974R176520D+04 0,6932156437030401 D047694715653430+401 0,452697559991D01
CONTROL VARIABLES TARGET VARIARLES ACTIIAL TARGET VALUES TARGET ERROR TARGET TOLERANCES
ALPH RCA 0,655928B220B1n+04& ( KM} 0.7117791941920+00 0,100000000000D+01)
RETA Ica 0.2831832631160+02 { DEG) =02326311676920D-03 0.1000000000000=02
TERN fca 0.244223R172350+07 { DaY) =0,122247T729450D-03 0,100n000000000=04

NOMINAL THRUST CONTROLS FOR THE ClIRRENT TRAJECTORY
CONTROL VARIABLES CONTRO|. VALUES

' ALPH 0+257927163895D403
BETA 0.1032751948/6D401
THAN N+125715072756D+06
DIFFERENTIAL TRANSFORMATION MATRIX - (PARTIALS OF TARGET VARIABLES WRT FINAL EQ~STATE VECTOR)
0,8105416681490+00 =0,53520461991A0+00 =0,236774948R230+00 0.856022510652D+0) =0,5662892830510+0F -0,249531364589D+01
0.2432939000520=03 0,2081372933340-02 ~0,38RRBA66030D-02 =0,244B0T7326268D+00 -0,209432023914D+01 0,3913058077500+01

§1-v

=0,125712869T76210=05 =0,145279182847N~02 =0 ,856201207975D=0s ~0,102396763613D-02 0,653256507143D=03 0,285570392127N-03

STATE TRANSITION MATRIX = (PARTIALS OF EARTH INJECTION Fc~STATE WRT EC~STATE AT THRUST INITIATION)

TARGETING MATRIX =

=~0,190600190053D+02 0,1683196647020+02 0.120085400R35D+00 0.,267544693692D+08 ~0,275041395061D+08 -0,588280482156N+06
~0.2GTA636531770+02 0,2279918402900+02 0,1662425a1258D400 0,364382825246D+08 «0,369492946728D+08 -0,76212896)1434D+06
=0.,317905046140N¢0]1 ©,2R11T7BG9R54D+01 0,1529279R84308N=01 0,4484798683T1D+07 =0,.4560115036830+07 -0,9018275073320405 -
0.2186675899200=01 =0,1931713182230-01 =0,1370572365330~03 =0,307598200281D+05 0,3149081454770+05 0,675862931A170+03
=-0,1635100567390~01 0,144723794521D=-01 0,10711915826AD=03 0,23168537TR659D+05 =0,2340353471490+05 -0.4626399A8889N+03
=0,133752217559D=03 {1,1224B89724050-03 =0.16TR47234046D~04 0,2144118926070+403 =0,16B08944493RD+03 =0.179693892759D+03

0,422652333372n=-03 =0,77013TB1R062D=02

TARGET VARTABLES WRT CONTROL VYARIABLES!

(INVFRSE OF THF SENSITIVITY MATRIX)

0.2577274R690B0+01

0+374960219527D0+03 0,14435A92549%50+01 0,0
=(.8029932500250+02 0,67T57928177570+01 0,0
-0.177044399853n=04 0,3R327200inAnN+03 0,0 )
=N.5810407943290-02 ~0,22334184708nD~04 0.5228024854910=0%

No1R45959076T10=02 =0,104494562444N=03 0,2464430510T400~05

0.82633587345AN=09 =0,593649029784D=02 =0,450A1609633RD-07

PARTIALS QF STATE VECTO® COMPONENTS AT THE TARGE! TIME WRT THRUST CONTRULS
=-0.158221758551D+06 U, 59065724TAB2D+0% -0,53214R0A7363D+02
=0.769250T1T013D+06 0,775953693n69D+0% =0,7123113005290+02
=0.3316924173790+05 0,3%3372133903aD+03 =0 ,881960271942D+01
0.,227T13686803N+03 =0,677368234954D+01  0,60R6151R96E2RD~0]
=0e1710T1602318D+03 0,47944R493339N+0L1 =0 ,45072056564RD~01]
=0,1515240B82445D+01 0,1073761959240+0) -0,.750470194696D~03

TARGET SENSITIVITY MATRIX = (PARTTA|S OF

0+2211366TTTLITD+03  0,1499605804A9D+03 «0,565p5123151RD+00
=0+BA4266549062D=01 0,4A04172414310+01 0,.258101933168D=03

0.3515264686030+00 =~0,102482025007D«0) 0.9347R9AK44ARD-04

PARTIALS OF STATE VECTOR COMPONENTS AT FTHE END OF THE THRUST PHASE «RT THRUST CUNTROLS



9I-v

N,9n741305902470=04 0,205280%17394N+00 =0,1R2219567229D=01
=N, 1SANIAZTTN4&N+NT  D,21666109137n0sle 0,1003TTOSTSTID G4

PREDICTFLD CUNTHRNDL CHANGFS

cONTROL VARTARLE CHANGE
ALPH =0,115753%3449470=04
HETA ~0,181A13IRTFIPISD~0A
THRN =0, 1PA4E%4GRN25D+0)

URPATFD THRUST cNNTROLS FNR NEXT TRAJFCTORY TARRETING ITERATION

CONTROL VARTARALFS CONTRNL VALUES
ALPH . N«25792718230D+03
BETA Na10327917A7150+0]

THRN 0.126713ANRB210+06

TOTAL CHANGE T THE CONTRGL VAHTIAALFS AFTER & TTFRATIONS

CONTROLS VAQTARLES TOTAL CHANGE
ALPH n,1124R73T4%R3N4+01
RETA ~1.56/80)1R62202N-n2
THRN n,48cN1A1540RTND+N3



posbsBiospotdadtotoppdidodbatacodutituapodtoRosdddtotosasiaRepRtRpdngidosoattpeddsasdddopgeaupnddgoidtosdpbdtpdsdgiadipaausdianddondaonnod
LI=LTRRATION POINT TRAJECTORY. TARGETING
TTERATION NUMBER S
NEWTON=RAFHSON TARGETING ALGORITHM
e wwerey FRTEY LY e FE ey L L PR L LY L LY EY  EE ST - LYY LR DL LA L L L LD YL DL LD LY Y Y- Y R R

SPACFCRAFT STATE vrCTOR AT TARGET JULIAN NATE

X=(OMP Y=DMP ?=COMP YX=COMP VY= OMP V7 =COoMP
GEO=FE 0.,5328400199390+04 =0,3R2AR4111115D+04 ~0,2n67325937990402 0,6437855151450401 0.R9EBI12968840+401 0.109245730544D+01
GEO=FQ 0.5328400199390+04 =0,35025n212284D+04 «0,1541274143420+04 0.,643785515145D4+01 D.7757299943070+01 0,.4554475531060+01
CONTROL VARIABLES TARGET VARIARLES ACTUAL TARGET VALUES TARGEY ERROR TARGET TOLERANCES
ALPH RGA 0,656012543005D+04 | KM} ~041254300512080+00 0,100000000000D«01
RETA l1ca 0,2R3179426799D+02 | DEG} 0+573200A52081N=04 0,100000000000D=02
TRRN ica 0.244223817220D+07 ( DAY) Ne2152775414290=04 0.,1000000000000=04
NOMINAL THRUST CONTROLS FOR THE CURRENT THRAJECTORY
cONTROL VARTABLES CONTRnL VALUES
ALPH 0425T927152420D+03
BETA 0.3032791787L5D+01
TBRN 0e125713808521D+06
DIFFERENTTAL TRANSFORMATION MATRIv - (PARTIALS OF TARGET VARIABLES wWRT FINAL EQ=STATE VECTOR)
0.8104173144000+00 =0,5361207774150+00 =0,2362377T4614AD+00 =0,150736817341D0+0] 0,.9971B1S5798050+¢00 0,439400557298N+00

{1y

0,39611813544AN01
0.296350051400D-03

0,204369552751N=02 =0,341a5265967210=02 =0,247T97311545D+00 -0,212604441307D+01
0,.6716281237293D=03

N.,238RT3417297T0=03
“0,172169204247D=05 =0,1477095A50040N=00 ~0,RE69TIRGEL20N~06 =0, 100RR2IURTOED~0E

STATE THANSITION MATRIX = (PARTIALS OF EARTH INJECTION EC~STATE WRT EC~STATE AT THRUST INITIATINN)

~0,1ATE526315Ta0+02 0.165A9318%024D+02 0.118360403158D+00 0,2636780T7T7RAD+0H ~(,2710RB359613D+08 ~0,579786864496D+06
-0,259651 7468580402 0,2297527322240+02 0,1675430769190+00 0,367198B1144TD+08 =0 ,37T23427656250408 -0,7677341909020+04
-0,317993591550D+01 0,281262R19581D«01 0,15078A749844D=0]1 (,44R63481B031D<07 =0,55T0145062570+07 -0,92370337343RN+05

0.2270011783520=01 =0,196127594R42D=0] =0,139253An09500~03 =0,312345002R01D+05  0,319663417945D+05 0.6R57939450030403
“0,|RBRYBO00196D=01 0,140A51924404N=01 ,104213514356D-03 ©0,22521264A2850+05 ~0,2273810365550405 ~0.44837F3606600403
=0.7728046T4811N=04 0, T72546409920]1N=04 =0,1T705270314570-04 0,1347723952960+03 =0 ,B845035123402D+08 =0.1780460564RT5N+03

PARTIALS OF STATE VECTOR COMPONFENTS AT THE END 0F THE THRUST PHASE WHT THRUST CONTROLS

0.2T4952231650n+03
“1.8029769148990+02
=0.1770333524900~04
=0.5810344224600n-02
0+1245946573550=02
N.8262924083440=09

0,.14435%976909D+0L
D,67577A31B&9TN+0L
0,3832638%61240+03
-0,22333959687raD=0%
=0,104A%3389009N=03
-0,593642556243D=02

0.0

0.0

0,0

0.522A02979340D=06

0.2444309001900=05
-0,450616025832D0~07

PARTIALS OF STATE VECTOR COMPONENTS AT [HE TARGET TIME WART THRUST CONTRULS

~{14195357B61TB2N+08
2, 2T132T630RTIN+06
=0.3317955551640%05

0«231210395995D+03
=0,1662T4082199N+03
=0,9261530818B0N+00

TARGET SENSITIVITY MATRIX =

0+221145806834p+03
~0.6641352357280-01
0.3515247936180400

0,5R214325482aN+04
0,7TRIT6TL9642AD 04
0,946811578aagn+03
-3,687113383263h+01
0,4651351850420+01
0.)105608B63957D+01

(PARTYIALS UF
0,14995a677353D+03
0,480379346160D+01

-0,1024815536610=01

=0,52451077279404+02
«0,717R021A7845N+02
=0,8821208165970+01
0.6177524KT5340=01
=0 43TALSRZ4GA0D=01
=0.1339365A66990=03

TARGET VARIABLES WRY CONTROL VARIABLES) -

=0.,5650875475380+00
0.2580673060830=03
0.93401257347AD~04

TARGETING MATRIX = (INVERSE OF THF SENSITIVITY MATRIX}

0.422837831251D=03

«0,770136813418p~-0¢

0.25772857847HD+0]
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049nT3056A5T4AND=04 (,P0529T4R225NN+0U =0,1829720171110~01
~D.1SEN0B31GBTIN+01  ©,51466366532R0+02 (1,10037TA1P1899D+0D4

PRFDICTEY CUNTROL CHANGFS

CUNTROL vaPTABLE CHANGE .
ALPH 0,200513006250N=05
AETA =0, h46045T19R441-0R
TRRM G, 722T74869379TD+N0

URRATFD THHUST CONTROLS FnR NFXT TRaJFCEQRY TARGETIMG ITERATION

CONTROL VARPTARLFS CoMTROL waALUES
aLPH 1.257327154325N0+03
HE TA N.10327917A0CYN+N]
T4HN N.125714n3127UN+Dé

TRTAl CHANGE TO THF CONTROL YAHTAGLFS AFTER S TIFRATIONS

rONTHOLS VARTARLES TUTAL CHANGE
ALFH ., 11¢4RTRT7S0qHNLN]
HETA -f,56fBG»488337N=n7
TN n,48r24059027R11en]
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L1-LIRRATTON POINT TRAJECTORY TARGETING i
: ITERATION NUMRER -]
* NEWTON=RAPHSON TARGETING ALGORITHM
EEDTEE Y EEF-ET-EY-E WA T2 R TR N L T LLL- T Y Y LT RS Y YRR YR T L L T Y R LN I L L YL R T LYY SRR g2 2 L)

SPACECRAFT STATE VFCTOR AT TARGET JULIAN DATE
K =COMP y=C0OMP I=COMP VX=COMP VY= OMP VZ=COMP

GED=FC @.53141R102838D+04 =~0,3846071606752D+04 nﬂ.é301230326960¢02 D.645456186TEI001 0aB891T019929070+01 04109241628534D+01

GED=FN 0,53141R102838D+04 =0,351945R42977D+04 =0,155119605430040% 0,6%5456186729D401 0,7756404884610:01 0.4549T0A48718D+01

CONTRNL VARIABLES TaRGEYT VARIARLES ACTUAL TARGET VALUES TARGET ERROR TARGET TOLERANCES
ALPH RCA G.6559977920370+04 ( xM) 0.,22073630R150D~01 0,100000000000D+0Y
RETA IcA 0,£A831R801009790+02 ( DEG) ~0+100978TARBBED~04 0,1000000000000=02
TBRN Ich 0,2442238172230+07 ( DAY) -0,378955155611D~05 0,100000000000D=04

NOMINAL THRUST CONTROLS FOR THE CurprEMT TRAJECTORY

CONTROL VARTABLES CONTRNL valUES
ALPH De2979271543250+03
BETA N,10327917800690+01
TARN 0.125T140312700+06

CONVERGENCE HAS OCCURRER AFTER & TTFRATIONS.

THE TOTAL CHANGE TQ THE CONIROL VARTARLES IS COMPUTFO TH BE
DELTA=ALPH = 0,112487575028n+90]
DELTA=BETA = ~0,56780248R337Tn=n2
PELTA=~TRRN = 0,4H2240902781Nn+03

61-v
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LaUnCH PROFILF FOR TARGETING

TRAJECTORY DATA
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T/ 971974 1a,. B,.74%

0c-v

INJFETION OaTF
aZIMUTH

.S LUNGITUDF
LS LATITUDE
RiRM] anGLE
FimM2 ANGLE
LAUNGH 00
oIkl DLK=SEn
CnaST TIME=SFC
k2 DJa=5e1
IMAECTION ThAn
IMGFCTIUN hRaA
fragd v IR
STATE (FCL)

FEFMENTS (EFf! )

STATE (RCR)

FILEMENTS (Frn)

PasdZ3A_ 11 -

NeRITHO0ORIN N
A PTO4BT00MNT
Ne2A3]7008N.nP
N 1700Ga000N4N2
Ne@NORUAGH "]
=Ne34401473INnann
N«EANDDUNURMenT
NeTNT29%4 44140
n.10uuvgentneni
why YPAMRLGLINENN
12418395404
=N ePEITHYATR+ Hi5
Nys3141H1UNGNG
Ne 45486190401
e Rl H94634 40 0A
=n,33a7D1AQNsNZ
NeB3141AINN+NG
ka5 G56T9M4nN]
NeBIHI4G 3400 0Kk
“NaRRABTIIOENG ]

~1a34KR071TD+ N4
0,A%]1TN100N+01
UG, BR94013N+00
= QUPARIBIN+O])
“N.3A5194584N+ 04
D,774640409N+10]
N.9R9407 33n+00N
~{«.”98AR150N+N2

=0.230123030+02
D,10924163N+01
0,567094980+01
«},3163495R0~01
=U,155119e1D+04%
0,45497065L0+01
¢,28318010n+0g
=-0,316349580=01
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L1=LIRKATION POINT TRAJECTORY TARGETING

SRR GR RSB ORNBI RO BHH DG RNSERNCO RO a e R B antan st OdR R R PSR BRRREASENRADBERRN RN bRt U RRRRERUREROA RGO IRRAROSRARIRNBRINITLND

v

TARGETING EVENT AT JULTAN DATE

DESIGNATED TARGET TIME AT JULIAN UATE

ITERATION NUMRER 1
NEWTON=RAPHSON TARGETING ALGORITHM

244227T4,171114

SPACECHAFT STATE VECTOR AT INTITIAL JULTAN DATE

N=rOMP YerOMP Z=COMP VA=COMP VY=COMP
GEN=FC =0.1181272307017D+07 0,9517A1455220D+06 0,4R69272817920401 =~0,1823585655660400 =D,23118042894A0+00 =0,.957062046813D=-05
GED=EQ ~0,118122307017T0+07 0,B73218611958D+06 0,37R6518113730.06
SEACECRAFT STATE VECTOR AT TARGET JULTAN DATE
X=00MP y=r0MP Z=COMP VA-COMP VY=rOMP
GED=EC 0.5334642523490+04 =0,30)187R805219D+04 =0,1961TA3917040+02 0.643077481944D+01 0.833350142¢
GEN=EQ 0,533464252349D+04 =0,349577732952D+04 ~0,1537227344510+04 0.643077481944D:01 0.7761579639
CONTROL VARIABLES TaRGET VARIARLES ACTUAL TARGET VALUES TARGET ERROR
AlLPH RCA - 0,4656059957937D%04 (KM} =0.5995793701380+00
RETA IcA 0.2R31772355480+02 { DOFG) 0+2764452351230-03
TRRN TCa 0,264P23B1T108D+07 { DAY! 032202107A3140=04
NOMINAL THRUST CONTROLS FOR THE CURRENT TRAJECTORY
CONTROL VARTARLES CONTROL VALUES
ALPH 0.2579271543250+03
BETA D.10327917R0B9D+0]
TaAN 0.125T140312/0D+06
DIFFFRENTIAL TRANSFORMATION MATRIY ~ (FARTIALS OF TARGET VARIABLES WRT FINAL EU=STATE VECTOR)

244223R.171116

'0.8104107271150¢00 «0,53I613ATO4TIANGOV =0,23674554944704a0 ~0N.2254T4A124870401]

0.238536164760Nn<03

STATE TRANSITION MATRIX =

=0, 1pTA43055253D+82
=0, 259TBEQ581232D+02
<0.317272T6T3610N+01

0.2P2205B88096AD=01
=0.158531864115D=01
=0.TF30773261303Nn=04

6.1491662%0703D+01

0.,204080863204D~02 =0,3813157629420=02 =0,2480P2064A490+00 =0,2121965731420+0]
=6a1229021229570~05 =0,147BB8760928a0=02 =0 ,R677960493680-06 =0,1007R35911200=02

0,1657164832q91500¢
0,2P9RT62274750+02
0,2A1256335726n¢01
=0,19053172397470-01
0,1503343154 7001
0,6883136A83010=04

0.1182313901160400
0:167831349592000
0:1504140943610-01
=0.,1393929856230=03
0,10398464763950=03
=0:.17070801R7490-04

0,2633815594980+ 04
0,.3673724294555D-08
0.448605149437D+07
=0 ,3126353450250+05
0,224697243121D209
N,.12R84616265800203

0.6731068053200-03

{PARTYALS OF EARTH INJECTION EC=S5TATE wRT EC=STATE AT THRUSY IMNITiaTIion}

=0,2T707R7U364470208
=0 A7254269%52060208
~0,457001578940D+07

0.3199680194630205
=0 . 2P6R62462826404056
=0, B08&BBP524280202

PARYIALS OF STATE VECTOR COMPONENTS AT THE END OF THE THRUST PHASE wHT IHRUST CONTROLS

0,3749536347840+03
=0, 802979811708D+02
=0 1770346238790~04
=0,58]10355316940=02
0,1265%94883150n=02
0.8262948858060-09

D,1443564873140401
0,67578085TA3IN01
0,383265291749D+03
w0 223339978 TRD=0%
=-0.1046%3592n240=03
=0,.59364369T70R7N=0E

0.0

0.0

0.0

0,5223028937990=04

0.244430902020D0=05
=0.4508160230130=07

PARTIALS OF STATE VECTOR COMPONENTS 4T [HE TARGET TIME wRT THRUST CONTRULS
-0.19514048231560¢06 0,5815153383410+04 =0,52395621746A0+02

=), 2714638434750 +06
~0.331776526T00D+05

0. TR21T0559435D+0¢
0,947734353525D+03

“0.7181963187900+02
~0.80821040663890401

V?=COMP

-0,182358565566D+0n ~0.212107118477D+00 =0,%9198250435470=01

VZ=Chme
T2D+01
07D 0]

TARGET TOLERANCES
N.100n00000000D401
0,1n000000n00n0=0>
0,100000000000D=04

0.6572892425650200
0.3004807V579A7N-01
0.,297200807=28N=03

=0,2791512490T706N-06
=0, TeB109TaRRTEN+ 06
=0,9252TT75T47SN05

C.ARSRTTTIGASON03
~0.44T25611348R1N=03
=0, 1F7RI121432%D+03

0,10924070%4400401

0,455625409049D+01



@y

Ne231426T00567TH¢03 =0 ,6RTT3N5450r 1D+l
=04, 1658940463300+03 0,46402067972420+01]
=0.0823018124580+00 0,10865%88A27107N+0V1

TAHGET SENSITIVITY MATHIX = [(PARTTALS UF
D,2P11421R822520+03  0,149%601R0a9nN+04d
=0,6R4 |HAKZASORD=-Y] 0,440 15R64575nD+0]
0a3IRINA04B7374an+00 =0,102483504015nN=10]

TARGFTING MATRIX =
0,4P7203R8152167N=03 =0,77017hé2a5ATN=ULC
f.INTP422042RTN=04 0,20530685ARR04N+DL

=0, 1GH00N%59T3aNeN]  0,5146698R8%631D+0

FREDTCTFI) COUNTHNOL CHANGFS
CONTRUL VARTABLE

0.6183449R561AD=D1
=0, 436R4TIRTTAGN-N]
=0,122797R&04370=03

TARGET VARTABLES wRT CONTROL VARIABLEDS)
-“0,%6510605938RU+0

0.2580479877900=03

0.934R4797ST6RD=04

LINVFRSF OF THF SFENSITIVITY “ATRYX)

0.2577272R04890+01
=0,1R29297633240=01
0,100398R730070+04

CHANGFE

AL.PH =0,172A60532199N=-013
HETA 0,17705592R9TAN=0%
THRN 0,003AY38733640+00
HPDATED THROST CaNTROLS Fan NEXT TRAJECTORY TARGRETTI~G TTFRATION
rONTROL VARTAHLES COMNTRNOL valUES
ALPH Nael2T7a26u5A12550+03
KETA De103ZTRRERIPHN+NOL
THRN Ne1257T165025104N4+04&
TOTAL CHANGE TO THE CONTROL VARTAR| FS AFTER 1 ITFRATIONS

CONTRULS VaRTAHLES
ALPH
HETA
[RRN

TNTAL
“n,1 12660532199 N=n3
1,1 fTUS%9239TAN=-n5
n,973493473344N+0"0

CHAMGF
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Li=LIRRATTION POINT TRAJECTORY TARGETING
ITERATION NUMBER 2
NEWTON=~RAPHSON TARGETING ALGORITHM
lon&ouﬁnoﬁnab#aﬁue«»aﬂﬂvuoqubnnaﬂqﬁanaannn*ﬁﬁﬂ#ﬁ**009q¢44*¢§aﬂ¢0»ﬁu#*Gonuﬁoﬂnﬁﬁﬂﬁn#ﬁ#bnnuﬂoo&ﬂ#ul.oeio.ltﬂﬁnnnouﬂeuunainﬁnonubnbnbno

SPACECRAFT STATE VFCTOR AT TARGET JULTAN DaTE

X=COMP ¥e=rOMP Z=COME Y X=COMP VY=rOMP VZ=COMP

GEO~EC 0.530671826563D+04 =0,3856240375450404 =0,24251A0904870+U2 0,646337757305D0401 0.89107063117aD+01  0,1092402848370+01

GED=EQ 0,530671828563D404 =0,352329489024D+04 -0,155637866932D404 0,64633T75730504+01 0,7740615909730+01 0,454718161643D401

CONTROL VARIABLES TARGET VARIARLES ACTUAL TARGET ValUES TARGET ERROR TARGET TOLERANCES

ALPH RCA 0,6559901418410+04 (  KM) 0,985R15864260D~0] 0,1000000000000+01
BETA Ica 0,2831804507010+02 ( DEG) ~0.4507308129910-04 0,1000000000000~02
TBRN ica 0,2442238171130+07 { DAY} 0,100000000000D=04

=041697232953340D~04

NOHINAL THRUST CONTROIL S FOR THE CLRRENT TRAJECTORY
CONTROL VYARTIABLES CONTROL VALUES

ALPH D+25T9260R16650+03
BETA 0.1032793551280+0)
THAN D.125715025104Dw06

PIFFFRENTIAL THANSFORMATION MATRIv - (PARTIALS OF TARGET VARIARBLES wRT FINAL FQ~STATE VECTOR)
0,8104060558350+00 =0,53613337523rN+00 =0,23624732171680+00 0,1184560879070+0]1 =0,7A392311388460+00 =0,3454302R5961N+00
U 2400787503030=03 0,2053865917R4D~VE =0,3R3751626092D~02 —0,2470103525030+00 =0,2113191940800+01 0.394R3640204TD+01
=0.123130805783n=05 =0,1470700077AaN=0" =0 ,R641597418440=0a ~0,101282094405D=02 0,6K67025582860=-03 0,2034615924940-02

€2-Y

STATE TRANSITION MATRIX = (PARTIAILS OF LARTH INJECTION FC=STATE WHRT EC=STATE AT THRUST IMITIATION)

~Ne1R8S92900444N+02 0,1465532560110+02 0,1YBAZAR&AN42ID+0N 0,264719277404D+08 ~D,2721620833697D+08 -0,582089226700D+06

=0.259117609323N+062 0,22928827793aDp+02  0.1AT19AZRA4200%00 ,366441390545008 ~0,3715901913580+08 ~0.7REP4BTRAGTTIN 06

=0,317974303204n+0]1 0,2R8125459875An+01  0.15136A141480D0=01 0,44B856085020710+07 =0,4570093072590+07 =0,.917A3A1331930406
DsPP11218671200=-01 =0,195355174n7aN=01 =0,138477AA11850=-03 =¢,311091882896D4+05 0,318420473584aD+05% O ,6R2R2R64AG4BN«03

=0.1601462762620~01 0,14175938T7p70n=-01 0,105003131206D=03 (,2265642970990+05 =0,2791089956450D+05 =0,452746A5246940403

=0.923870405007N=04 D, 85909979353 7N~U% ~0,149808926520N=04 0,1360792230260+03 =0,10862%46T290D+03 0,1 7A49N5T79754N+03
PARTIALS OF STATE VECTOR COMPONEMTS AT THE END OF THE THRUST PHASE WeT I1HRUST CUNTROLS

0.3749596602780+03 0,144361181n120401 0,0

=0.B030045945134n+02 0,67579287242an4U01 0.0

=0, 177043585441 4D=04 0,38327169472920+03 0,0

=0.5R104014T63RN02 =0, 2233454246410=-0% 0,522814259418D~06

0.1245977083100n=02 =0,1046946028040=-03  0,244430744336D~05

0.R263315995010=09 =0 ,59364R7E8601NN=V2 =), 450R16T795440D=07

PARTIALS OF STATF VECTOR COMPONENTS AT

-0.19613229707AD+06 0,5844598A9030D+0% ~0,5265893R69380+02
=0.270773506942N+406 0,TR023IT2520R6N+04 =0.7163560675920+02
~0.331777293877N+05 0,943363332793N+03 =0 ,BA21257RAR9AD+0]

0.230291212G310+03 =0,6R4573453531N+01 0.615367821587D=01
), 16T5TE0630B2N+03  0,469026463016N+0]1 «0,4413476092230=01

=0,.,1083766T71571N+01

0,106143250427D4+01

YARGET SENSITIVITY MATRTX - (PAR1TALS OF

~04175R6AKPIS43D~0T

THE TARGET TTME wRT THRUST CONTRULS

TARGET YARTABLFS WRT CONTROL VARTABLES)

0.,221166TRE64T40+03 0,149961616934AD+03 =0(,56507634T479D+0n
~0.6£R4266476790D-0]1 0,4820389606740D+01  0,2580764984450=03
0.351524057264N+N0 =0,102484059A53D=01 0.934A277T5B2930~(4

TARGETING MATRIX = (INVFRSE OF THF SENSITIVITY MATRIX)
0,422848431797D~03 =0,770171594134D~12

0.257725R52343D4+01



ve-v

N,%073336TT203N=-04

0,2052929524A3N+00 ~0.1R297A4k3IRATN=11
«(s 15B00934T7343N+H1

0.51466R454079N+04  0,.100386574A83N+04

PRFDTCTED CUNTROL. CHANGFS

CONTROL VARTARLFE CHANGE

ALPH -0,158322098A07D=05
BETA 0,166113095740D=04
THRN

=0,175070452946D+00

UIPRATED THRUST CONTROLS FOP NEXAT TRAJECIORY TARGETIMG ITERATION
COMTHROL VRRTABLES CONTROL vaLUES

ALPH . 0u2h 792608000403
BETA 0e]1042793552890+01
TRKN

f,12671486004T11+08

TOTAl CHAMGE TN THE COMTROP VARTAR|FS AFTER 7 1TFRATIONS
CONTHDLS VARIBHLFS {0 al

CHANGE
ALLEH N, 1T 2440531550 =n3
RETA Ne17/220042074N=n5%
THHN

n,AL¥BLT4204180400



P A g PP ST L 2. PP L T YT YT ree e e e et P 23 EL PSSR LTS8 L Lo PR TS LS L LS 2 s CEL LA DL L LS L DAL L L LS s
L1=LTRRATION POINT TRAJECTORY TARGETING
ITERATION NUMBER 3
NEWTON=RAFHSON TARGETING ALGORITHM
PR PP e T e g e 3 - TR P P T EY A L L LT DL L SRR S L L DA LR LS S T S e R L D222t LA it b Lt

SPACFCRAFT STATE VFCTOR AT TARRET JULIAN DATE
¥=rOMP 7=-COMP VX=COMP VY-cOmMP VZ=CoupP

X=CQOMP
GEO=EC 0,53179147056404+04 «0,384097A31092N+04 =0,2737370613720+028 0,645026503736D+01 0.892008460151D+0]1 0,109243R77343D<01
GEO=FO 0,5317914705640¢04 =0,3515039536650+04 -0,1548583874B20+04 0,645026503736N«01 077492076497 70+01  0,455094533813D+01
coONTROL, VARIABLES TARGET VARIARLES ACTUAIL TARGET valLUES TARGET ERROR TARGET TOLERANCES
aLPH RCA 0.6560017359090+04 (KM} =0s173550853155N=-01 0,1000000000000+01
RETA Ica 0.2B31799206290+02 ( DEG) 0.7937146086864D-05 0,100n000000000D=07
TBRN TCA 0,2642238171110407 ( DaAY) 0,297953374684D-05 0,100000000000D-04

NOMINAL THHUST CONTRDLS FOR THE CurrENT TRAJECTORY

CONTROQL VARTARLFES CONTRNL vaLUES
aLPH 0e2279269800910+03
BETA 0.103279355289D0+01
TARM D,125714850087D+06

CUNVERGENCE HAS NCCURREN AFTER 3 ITERALIONS,

THE TOTAL CHANGE TO THE CONTROL VarTABLES 18 COMPUTFD TO BE
DELTA=ALPH = =0.174244053155n=n3
NELTA=BETA = D0,177220042074nwns
NELTA=TERN = 0,A18R17420418n+n0

G- v



AR BBAREHCERGABER A RLNONIARORBROCR OSSR LRGBS URGROHEBRRRALROBCARDREGRAODREGRORERES

PROJFCTED LaUNEH PROFILE’

TRAJECTORY DATA
LT Ry L L Y R Y T L T T e R e L L e P B Y P T R LA LS S L R L Y P L LY P L P T T Y R LR R L L DL S LA

SLEROGIEHHBERDRGR RS pR OOt onobabbdsnanntRudonney

9

TMJFCTINAN DATF
AZIMUTH

LS LONGITUDF
L& LATITUNFE
ALIRE ] ANGLE
RHPNZ ANGLT
LAaUNCH 109
RUKRNL DUR=SFC
COAST TIME=CFC
CIHRMNZ [JR=5F¢
INJECTION TOD
TNJECTION GHA
Faud oy (TN}
5TaTE (ECL)

FIEMENTS (Fr])

STATF {ECQ)

FI EMENTS {FCQ)

PauZPiIRn T
QeBY7H230TNeN2
NP T45TI0N+NR
De PRI TONGME NP
Bl 7000UD0GNLN2
NeROANANAANLA]

=N 34403231 Nenn
nN,=0000000n+n3
Na¥N752982M4n3
N lnouadatnend
=N AZRB6HAGM+ NN
neP4163925n+05
=N e P49 TRNGEN R
Ne53LTI14TRens
Nah&502650Mmen]
Auh1R963AINSNA
=0 e AIRT12A0Nen?
n.531T91aTnend
NebaS50Pb5GNeN]
Neh1RZ43R3N+ NG
-1 hEAEGYBRTINGN]

T/ 971974 1%,

~0,33409783N+04
F,R9200R461N+N1]
aBR94O1ZTNND
~0,.,p002a204N+0]
~0.351502A95N+04
0.77437076D+01
N.9RG40127TN+ 08
=0.P4BAYALIND2

6.25

~0,22373706D+02
0410%2438BD+01
0+567098S3D+01
ND,p4d7n8420=01
-0.15485439D+04%
0,455004030+01
0,28317992D+02
0,2487nu420=01



LR T R R TR R T ey e PP L P T T T T T Y e T T T T Py Ty Y L Py P Y T T T T YT Y Y Y
TRAJECTORY DATA

LA L LE R R R L L P A L T R LR LY L TR P L A L e A A L P R R L L T AT Y AT AT YL S AL TR Y AR P YT

2442238,171 = T/ 971974 164 6424

. DATF
DAYS FROM INJECTION 0.0
DATA WITH RESPECT Tn EaARTH
STATE (ECL) 0.53179147D+0% =0.384097R3n404 =-0.223737060+02
0.64502650N+01 0.B92008460+01 0.109243880+01
R=MAG 0.656Nn0177N+04
VaMAG 0.1106810730+02
RA (ECL) 324,140
NDEC (ECL) =-0,1%%
STATE (ECD) 0:53179147D0+0% ~0.35150395D+04 =0.15485839D¢04
0.64502650D+01 0.,77492076D+01 0, 455094630401
RA (ECQ) 326,56
DEC (ECQ) -13,684
STATE PARTIALS 6,10000000n4+01 0.506007130~18 0.0 =0421778547D0-14  0,32384456D=16 =p,72177B120-18
0,10120143n=17 G.10000000D+01 0.395318070~20 D:242A83420-16 =-0,.388613470~14 0.1BSTH26TD=]1R
~.59297710D=20 0.19765903D=-20 0.100000000401 ~0.72738524D~18 0,126501780=1A <0,390232T0N=14
0. 7245349TN=17 =0,A28110R2D~19 0.556417710=21 0,1000n000N+01 =0,35742313D-17 0.2070277T1D=19
=0,B53086200~19 -0,1203G23oN=10 ~0.374U024660-21 ~0.,46374206D=17 0.10000000D+01 =0,12939232D=19
0.57620n16D=-2) =0,343608494D=21 ~0.595204650-19 0+20702771D=19 «0,1552707480=14 0,10000000D4+01

NDATA WITH RFSPECT Tn SUw

STATE (ECL) 0.43760R1T0D+UE  =0,1456A158D+09 =0.658905T70D+03
0,344R9871D+02 Da173T4276D*02 0.109220830+01
I R=MAG N,15209302N«0Y
s V=MAG 0,.,386341270+ 02
- RA {ECL) ER6, 722
DFEC (ECL} -0,n00



D P S G PR A g R SR ITG T A S R P I T R L Ry T - A g B L L L L I LT LIy
SPECIAL PRINY PoInNT 1

TRAJECTORY DATA
HEE PR LR BN R BV O RR R GG PR U B AR HAE R R PG PR OB AR GGG O R P HR R R RGRMaadtaoa et Lpdsaatitsedoopdpedigtotndndonaaodagadapndang

2442238,7] =
0,500

NaTeE TZ10/719T4 4, A,24

NayS FHIM INJECTION

NATA WITH RESPECT Tn FaRTH

STATE (ECL) =0,7147B193Nns+02 N.1Z2N49049N+ 06 0.59THBR53D+04
-G.15682317n+01 N« 162851250+ 01 0.4762145920=-01
P=MAG D,14023197N+ 00
V=HAG 0.275925A5M+01
WA (ECL) 126,676
neEc (ECL) 2,404
STaTE (ECA) =G, T14TB19AM+UD NalURITGTITN®NE 0-534237110+05%
=0.18652217n«N1 Da14751468D¢0] 0.69156208D*00
Ra (ECH! 173,455
NFEC (ECUH) 22,394 .
STATE PaARTIALS N.244%R4157N+ 02 D 4ANZ2HAAON+0L 0.2318A8P53D+01 0.263147260+05 =0,64413413D+03 N.112091RRD+0G
0,11509272h+03  ~4,695T1751D+02 0.7P4803870+01 0.1017n7691+04 0.11839401D+04 N.149722200+05
N,119285740402 =0,38R5973300+01  =0.19250%02D+02 0956120680404 0,.930641310:04 D.63RR1T7SONS04
-0,231038420=-03 0eb740791A0=03 0.450485420=04 =0.9235642403=01 =0,633%12140+00 =0,593A393AD=01
Na3340637RN=UE «0,21275541N=-02 U,375132190=64 De2928814304+0] 0,357079930+01 0.4534AP1RND+00
Da2Ri%4anaD=03 =0,121237910=03 «0,333181900-03 0,2343n2310400 0,256317180+00 0.707R410GN=01

NaTA WITH KFSPFCT Tn SUN
2’ STATE (FECL) Na%483355950+08  <0,1451RKA90N+09 0.533499830%04
gg ] N, 264031860+ h.10319474N+02 Dad72109470=01
R=MAG Nelslasnpansity
VaMhG n.2R3481g00el<
HAa (Ecl) 281,184
PEC O (ECLD 0.nnp2



DRBOHSE RO E R BT DD OO RO AU R RS R T RGOSR LR O R G S B R B BB P RO H OB RR R RS ORGSR RSt R UaRaRENARRGALQRSRGEIRGRDLIRGRRVodalidbaRdtatiade
SPRERIAL PRINMT POINT 4

TRAJECTORY NATA
[T T XY S YT -E- -0 -F 2. 0 P2 F. R P - L P P L P T F R R R R R LR RV Y YN L ER TR R T Y RPN R Y ST Y S S e

NDATF 2442243 171 = T/14/1974 16. Ha24
NAYS FROM IMJECTION 5,080
DaTA wWITH RESPECT Tn EARTH
STATE {ECL) -},43530532%06 0,426 T44712N¢N6 Ne 1N9345130D+05
=0aBBTRIAARD S (] 0.%95650NnT70+0D lee2o6d]1588U=0n2
R=MAG §.60968019n+06
Y=MAG N4831A6NT4ND+0D
RA {ECL) 135,560
DEC (ECL) 1,128
STATE {ECQ} =N,%43530532n+086 G« 3RTLTNAON4NE De179803640*06
=Y.6hTRIARANGY 0+45355TR4N+00 0.19990770D+00 :
RA {ECD) 138,345
DEC (ECQ} 17,157
STATE PARTIALS =0.90955179D+0J 0. T340R230N+N2 0.154038850+02 ~0.74530496N+06 =N, 1161720AD+07 -0,31374R33AD40S
0.198712070+0%  =0,1354]1732Nn+04 0,590941110+01 04171448740+07 0.22365776De07 N,?2TRA1S140+08
0,11816k59N+U3  «0,630865490+07 ~0.9nd223550+02 0993113300+05 0,118983570:06 01.234406418N=05%
=N IATRB44N=02 Ne?P9051K6N~02 0e3N4699040=04 =0.325670270+01 =0D,46510P370+01 =0,56370n792D+00
Na58150277n=02 =0,40753107N=02 =0.3698410601~05 D,4981a50204+01 N.66R256B820409 0.,RPEG6LT4GAN+00
De26HA3TEAN0I  ~0,1676]13450=03 ~-0,1233R2036=03 0+22783]1360+00 0.29005244040n0 N.306RTS9BN~01
= NaTA wITH RESPECT Tn SUN
g STATE (ECL) 0,5526T657n+08  20,141070990+09 (104482310405
[3 0.86573181 N+l 0.,11794RIGN+A2 0e3AL992950=n7
R=MAG 041581810290+ 07
VaMAG N,2RBT3u9aNn+02
Ra (ECL} 291,394
DEC (ECL} 0,004



EL R R L R L L R I Y L e Y S S A LA P A T L EE T T P ST T T T T P LS 2 1)

TRAJeCTaRY DATA
bR A R R L R T L P R T T e S e e P T A LN L LT LR R A R R R P Y R T AR LI Y RS P T D RS L

NATF 2a422A8,171 = R/ B/10T4 1A, A24
NAYS FRUM [NJECTION AL, 0n0
naYa WITH RESPECT Tn FARTH
STATF (ECL) =0.,11122037nsUf 1.91442A726N+06 0.279839740+04
=0e141104420+00 0.,1215R40820+00 ~U.603632800=02
PaMat H.14308R29N+0 7
VeMAl G,1R634a1RN+0D
BA (ECL} 140,574
NEC (ECL}) t.111
STATE (ECM:} ~n,1112z010n+0/! NAZTBIR40ON0E C+366353T74D+06
=Uy14110642N«00 0.1139321AD+00 D.47268240640=D1
@A LECQ) 143,nn9
NEC (ECH} b6 ,Tan
STATE PARTIALS =l(a®32ABYAON+UD D4 1AAZRIN]N+AS 0.114736BL0+03 =~nNa1971a77TD+0R =~0,276475010+0R =0.335415260en07
N.26B324H 100D =p 177255000+ 05% ~=0.6451110100+02 0+21153900D+08 0,269052960+0R N,.353386T71D+07

Neb2214402Ne03 =0,4043976lP+N3 «=0.,1RZ691T7TU*03 0.52B0a5SAAND+* NG G.69307Tn250+04 N.AR1AAG41D+0S
~N.l8135373N=01 NalINBARNNN=N1 0.7033IP252A0=04 =0.,10401T42D*»02 «~0,212365200:07 =0.760PR957Den]
Palh9318e20=tl «n,119lansqni=-n] =n.652600080=04 N,14040430%02 0.1937349404C7 0.23T44914De01]

n,l752176 N0l

~0,12789414N=073

0.5304R448U-n%

NDATA vl TH HFSPECT Th st

slalE (ecL) Ny LBRDT 2714 0% a1 uR6197&N+0T CalRBTP4B9D+ N4
> N, 70298p3ane 0 0,P1200201N+072 =0.869127730=n2
&b HaMAply Gululsbn2aNeyr
o VM N, P93ALTATE I+ P

Rra (EcCL} 15,18

DFE (FCt) fhonnt

Del49326R0N+00

0.,20754R3A0+00

0.,19974R210=01



LTTEYY Y PR T Y YT LY R EFEE T re P ry Y Eee ¥ L L LS P ES PR PR LD L LR DDA LY YL L L L L L L L L L L L L AL Ll AL

SPECTAL PRINT FUR BURN POINT

TRAJECTORY. DATA
BRGGHBUDH L RATRRELSOSEAED VDO RGN DHOR G nad AR EHRERERR R ROt RAB e Rt tnaouRRlORHORRANNaptantRoataRttdednRuRORRARMOGRUGEROOBG

DATF 2642272,7T16 = 871371974 S.11s 9
DAYS FROM IMJECTION 34,545
NaTa WITH RESPECT To FARTH
STATE (EcL) -0,116253250+07 0.95007743Nn+06 Na401953170+02
=-0.11697ANTN+Q 3.1081B449D+00 «D.B)14136520=02
R~MAG 0.15070R71N+0F
V=MAG 0.15810388N+00
RA (EcCL) 140,478
NEC (ECL} 0,015
STATE {(ECQ) -0a11675325N0+07 0,8797T5440D+06 D.3815186BD*05
=0e1168TANTN00 0.999633300=01 0.36609¢1R0=01
RA {E£CQ) 142,a83
NEC LECR) 14,680
STATE PARTIALS «0.311737540400 Ny 226 060020+05 0.,145050520+03 ~0.2641R162D+08 =0,366827B1D+08 =n,448A15R2D+07
N.319067050+05 =0.22R260520+0% ~N,973429250+02 0.271613180¢08 0,371981220+08 B.657019360+07
0,68410017N+03 =0,450256110+03 =0,178260870+03 0.5B000BATN+06 0,767017290+08 0,9208R5430+0%
-0,221575210=01 0.1%595n2050=01 0.845673240=04 =0.18R210RTD¢02 =0,25939040D0+02 =N,3179R363D+01
N,1957572nN=01 =0,14119057N=01 ~0.789939250+04 De166215850+02 0,22952991D+6G2 0,2R1PRIATED+0O]
0.138974AAN=UI  =0,104%3709D=03 Bel17ul?7850=04 0al185ARTAD+D0 0,16737TRBOD+00 n,151070640D=01
= NATA WITH RESPECT Tn SUN
o STalE (ECLY 0.11450487N1+0Y  «0.,9698R5740+08 «~0.2]1021R460+403
= G.1RB59N58N+02 H.22732170R+02 =04511963450=02
ReMAG 0, 15004048109
VaMAG 0.296093R4ND+0
Ra (ECL) 319,735
DEC (ECL) ~U.nnn
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TRAJFCTORY DATA
YR g et T e PEEEFE RS TL S PL LR LSS A dE Sy S A LA A LA L L L LA L L Ll L R L LR AR R L g

2442274171 =
36.0nD

NaTF 871471974 164 624

nay$s FROM IMECTION

MATA WITH REGPECT Tr FAKTH

STATE (RCL} =n,l141223in+0f N,9AG17R146N+NY Ja4R693ISTIN*N]
~N.18215a87N+0V <0,2311AA43N+N0 =l 95706081005

Fembifls Nalglegnprn+ Ut

Yk N, 29445328+ 0U

KA (ECL) T4l,14n

nFC (ECL) 0,ona

STATE (HCQ)

=hal141l2231N807
=g lAZ1RPE TN 0V

NeRTIZIAF2N+0E
=Na?1P10P1ED+OY

Na378651810*06
=0,91982604001

RA (ECG) lal,s2n

NFC (FCw) 14,455

STaTE PARTITA|IS N.10009ag00s00 ~0s1R1BT7I24D~02 =0.703711020-06K DelZBTRERED*0DA =0 ,75797318ND+02 =D.756AT7R1D=-02
=0,181872040=-02 (e10602AE1R+G) T 0,24197A950"06 =0,TS5T570350402 N.12572559D+04 n.AP2281520=02
-0 ,.26354R0N=04 e P4]RAGRPN=06K 0.998TATL4D«DO =04 79638538002 0.6220436RA0=-02 N, 1259A4335D+06

a,15530a17n=-0f
=11, PATLREETAN-UT
-0,316A50RaN~1]

=N PATYSINAD=0T
N,4NT434Rn0N=0R
N, 2R1N641105N=11

=5.3172139T0=1]
Vs 261091340711
=0419557A110=07

DATA WITH WESFFCT T &UN
p STATE ¢RCLY} 0. 11681150+ U7 «N,4412]1808N+0H =(,481520850+03
S 0180333 1N+0E V22861 954N+02 (eR46544910~03
™~ atAG 0.,150n12g9nMs04

Vab i Ge2911Ba4aN+UE

Ba {ECL) 371,140

NEC {FCL) =0,0n0

THRUST AR
SOFCIFIG TMPOLSE
INMITIAL S/C HASS
WASS BATE

FINAL MagS

FEC INSKT DFITA V

(FR/SEC)

n.lo0n0nanansid
n,215%0nnnns+Us
na4buednpnne Ul
NJ4749ln11n=U3
N.d39040an3sU3
N.37301nAAN+ 04

0100038210401
-D,180346280=02
=Na 0465 TADON=0A

=0,1R0347750-02
0,100024610401
¢,859179730-07

-0,10477429D=06
0.RHE01P49TN=07
0. 9RTTIITN+0N



CASE N-2
Long (118 day) Transfer Time Mission to the

Ly Point with Impulsive Insértion

A=-33
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INITIAL CONDITIONS (FROM TABLE)
TRAJECTORY PATa
@Qaanaﬁﬂmaaaaoe@aooeqaﬁmonaaabﬂoﬂbﬂaﬂoaobeﬂﬂﬁaaoenaaGoauaooaooooawoaeobaanoﬂaoaﬁaaaoaoﬁoonooﬂﬂoﬁoauanaomﬁaanaiaaaouono@aaauoosnoaa

INJECTION DAYE 264223B8,478 = T/ 971974 22,18, O

FLIGHMT DURATION 1184000

ARRIVAL DATE 2442356,42R =« 11/ 471974 27,16, O

LIBRATION POINT ?

STATE AT L~=POINT 0,111498R0N+07 0.995834291D+06 =0.53469755p+V1
=0,217864420n+00 0.4986B493D+00 =~0.194864254D=05

CENTRAL BODY EARTH

NOo, OF #0DIES 2

BODY NO 1 EaRTH

a0DY NO 2 SuUN



*9##&#&#06&9###“ﬂﬂ###“6&ﬂﬁﬁ##ﬂnﬂﬁ*ﬂ#4###Gﬂ“*##o&##ﬁu*&*#69##&“#&5*##“##ﬂ**“*##ﬁ#ﬁﬁ@*“ﬁﬂﬂﬁﬁﬂ“ﬁﬂﬂ##ﬁuﬁ*ﬁ*ﬁ.eﬂﬂG#GGGO“###“###&#GG&#&GQG
L2=LIaRATION POINT TRAJECTORY TARGETING
ITERATION NUMBER 1
NEWTON=RAFPHSON TARGETING ALGORITHM
ﬁbnh*#*b949#5#0&»##ﬂaoﬂnn#ﬂoﬁ#&uhnﬁﬂﬂaun**#*ao**##uuﬁo&oﬁ°oﬁbuﬁa5?ﬂu?ﬂﬂ#4aﬂng#GG4«ﬂbﬁaaqunﬁnﬁﬁan#uﬂqﬂqaﬂ&uGanu#uquaaaqoﬁqnuaoauqauba

TARGETING FVENT AT JULIAN DATE 2442356 ,427779

NESIGNATED TARGET TIME AT JULTAN DATE 2442238.427779

SPACECRAFT STATE VFCTOR AT INTITIAL JULIAN DATE

X=COMP YmCOMP Z=COMP VR =COMP VY=COMP VZ=COMP
GEO=EC 0.111498p02062D+07 0,9950429084710+06 ~0,5346975465810+0]1 «0,21786461511004+00 0:.4986856925314D4+00 «0.194642442B48D=05
GEQ=FQ  U.11143AR020620+07 0,9134473547530+06 0,39A1T1177838D«06 -0,217R64615120D400 0.45752567862R0+400 0,19R3907TR3252D+00
SPACECHRAFT STATE VECTOR AT TARGET JULTIAN DATE
X=COMP ¥ = 0MP Z=COMP VX=COMP VY=-CcOMP VZ=COMP
GEO=FC U0,4797810n014970406 ~0,728466428T84D+06 0,233414395079D0+00 ~0,1907642506350+00 0,5106842857470+00 0,30RA6729368]10=05
GEO=EQ 0,479781001497De06 =0,6687043A1£84N«06 =0,2R9964P456030406 «0,190764250635D400 D.468530T7641410+00 0,203168311434D+00

CONTROL VARIARLFS TARGET VARIARLES ACTUAL TARGFET YALUES TARGET FRROR TARGEY YOLERANCES

VX RCA 0.140T04R2989ARD+05 ( KM) -0,7510432989760+04 0.,1000000000000+01
> VY 1cA ~0,2344340Ra9240402 { DEG) 0.517614088%240+02 0,l1000000000000=-02
Ja Vi tca 0,2642768141610407 ( DAY} -0«9713233621700+01 0.100000000000N=04
wun

DIFFERENTIAL TRANSFORMATION MATRI¥ - (PARTTIALS nF TARGET VARIABLES WRT FINAL E@=STATE VFCTOR)
0,136979699633D+00 0,471970840408D=00 0,20469A107757D=n1 0,l968062921780¢06 0,117956A39300D+06 0,5]115540582790+05
0,2307267266130=08 D,41038111448AD=0% =0.9463669521100=04 0,5802411607210=02 0,1032074378920+03 «0,2379914945060+03
Ne10529492RAGAD=04 ~D 9543027692040~ =0,4137947189450-05 0,7099772725990+01 =0,452R66103503D+0% =0, 196362R951P0N+01
STATE TRANSITION MATRTX = (PARITALS OF BARTH INJECTION EC=STATE #WRT EC=STATE AT LIBRATION POINT)
~D.1468975444900402 -0,B5RA49179251N«0)  0,46355013A2870n-04 0.3316201B7891D+08 ~0,425174048222D+07 =0,7568613615344N402
0.328091585119n+02 0,.1745933243R10+02 =0,1124671752440=03 =0,T131014286070+04 o, 31927BBT4687920+D7 0,1605585123410N+03
0.558526213202n=04 ,332367455160N-04% =0,6817304015260+00 ~06,137599280403D+03 0,22156241097640+02 -0.14T45874900104+07
=0,198645445524N=04 =0,103812292992D-U% 0,6951698620450=10 0,4354684851784D+02 ~0_307B31158312D0+01 =0,101764067976N=03
0.7338931286750=06 0,1299590419510-04 =0,79035564A80630=10 =0,5137576063130+02 0,3995542R71440+0]1 0,]1298695A1800=03
0.545BTR5884BAD=10 0,27034508842aD-10 0,505609235R2]10=04 =0,1166417252500=03 0,456311T318110=05 «0,373219294457N+040
TARGET SENSITIVITY MATHIX = (PARTTALS UF TARGET VARTABLES WHT CONTROL VARIABLES!
0.2795578753890+07 =D,469320454850D+06 «0,15470217212310+02
=0.167984716592D+00 0,85798411430AD=02 0,24R9214105320+03
0.1653692714350+04 «=0,12721256024a0+03 =0,390R0]1594696D=02
TARGETING MATRIX = (INVFRSE OF THE SENSLITIVITY MAYRIX)
=0,3025417611270~06 -0,12792458203RD=-U8 0,1116155799840=02
=0+39320750629RD=05 =0,140043368001D=-08 D, A64RS54720775D=02
~N,6861181080340=10 0,4017332217810-02 0,.524078%507012n=06
PREDICTED CONTROL CHANGES
CONTROL VARIABLE CHANGE
1’2 ~0,203035925289D-02
vY -0,.830443177364D02
vZ 0.492637194518D=01
UPDATED INITIAL EC=STATF VECTOR
X=COMP Y-COMP Z=00MP VX=COMP YY=COMP yZI=COMP



Oe-v

¢, 1114988U20620407 0,9958629084710+06 =0,534697546581D+01 =0,219994%743630400

TOTAL CHANGE TO THE CONTROL VARIARLFS AFTER 1 [TERATIONS

FONTROLS VARIABLFS TUTAL CHANGE
v =1.2030359252RFD=02
vy -0,A3044317736%N=02
v 0.492637194518D=n1

u.aqnaaaagasaonooa' 0,4926177302730-01
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L.2~LIRRATION POINT TRAJECTORY TARGETING
ITERATION NUMBER &
NEWTON=RAFHSON TARGETING ALGORITHM

LA LI LR TR RS PR P T ALY Y LY PR AR A AL R LR N L LR LR A L T YL LYY PRI R L L LYY

eV

SPACECRAFT STATE vrCTOR AT TaARGET JULIAN naTE
X=COMP ¥aCOMP i Z=CQOMP VX=COMP VY=-COMP VZ=COMP

GEO=EC ~0,30531920446750+046 0,580A123610300+04 «0,2339596287330+02 «~0,B8360455909B60+0]1 ~0,4373046752330+01 0.5771557129240+01

GEO=EQ =0,3053192044750+04 0,53361A90%309D0+04 0,228R38472696D¢04 «0,B836045590986D+0] =0.6308189934790+01 0,3556543940193D+01

CONTROL VARIABLES TARGET VARIARLES ACTUAL TARGET VALUES TARGET ERROR TARGET TOLERANCES
VX RCA 0.,56550000030900+04 (  KM) ~0,309020842906D-04 0,10000000000n0+01
vY Ica 0,2831799986930+02 { DEG) 0+1306531878240-06 0,10000000000n0n0-02

vz TcA 0.244223842774D+07 1 DAY} 0+1136213541030-06 0.1000000000060D-04

CONVFRGENCE HAS OCCURREN AFTER & ITERAIIONS.

THE, TOTAL CHANGE TO THE COMTROL VaRTARLES IS COMPUTED TO BE

DELTA= V¥X = =0,3199484A55939n=02
DELTA- VY = 0,8T742545390%6N-~02
DELTA= VZ = 0,3652790601i6n=01 -
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LAaUNCH PROFILE FOR TARGETING
TRAJECTORY DATA
FRodoHat e Rd R R AN R R A A R E U R G a G R P RO O SRR AN AR RSO BRBOHRUITRGRARLRUS LB REN NG dgaRaORRtLEtRARREREHSORRSDLGRESHODRDLEAOUBHLG

BE-¥

INUECTIUN DATE PasEP3R,43)1 = T/ 971974 p2,2l. 2
AZIMUTH NeHB7531335M4np
LSs LUNGITUDF NeATY657IN0N+NT
.S LATITUDE na28317000ReN2
RLIANL ANGLE Na17000000n+n?
RIIRNZ ANGLE NANNDNONON+N1
LAUNCH TQD =nhel14TRENLINa0N
FRIIRNL DUR=SFQC PEOUUNODON+NI
CNAST TIME=SFC Ne33787E53NeNg
RIRNZ DlIR=5F0 Neln0DNONOP«n3
TNJECTIUN TOD =n.ARTLAEDAEN=N]
TMJFCTION GHa Ne?4168302N4+0NA
INJ DY (TN} “Ne 24977991 N+NG
5TATE (ECL) “0e 30531970 NG D.5R0K8173A4N+0N4 =0,23395563N0+02
=0 o 33634559N+01 =0,4373046AN+N0] 0,577155710+01
ELEMENTS (ECI) NeSHABITULINFNA 0., FRAARATIABAN+ A0 Ge3145%a6h0+02
A 11RUT200N+NT  —0,392535080+00 0.047158910=-03
STaTE {ECH) =ne30531YPON+ NG Ne5336]1RFIN+ 04 D.7288384TD+ (4
=N+A3AT4559P+n]  ~0,630R183949N+0] 0,35554394D+01
ELEMENTS (ECO) NaBR65QTOLN+NK 0,988A81685MN4+00 d,283180000+02
N, 760RGT10N+nP D.4733851AN02 0,9471%89]10=03
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L2=LIRKATION POINT TRAJECTORY TARGETING
ITERATION NUMBER 1
NEWTON=RAFHSON TARGETING ALGORITHM
LA EL L ELEL RV EA LD R L LT L AL P YL LR LR FR R R R R R Y P R R R T R R Y

TARGETING EVENT AT JULIAN DATE 2442356,431284

DESIGNATED TARGET TIME AT JULTAN DATE 2442238431284

SPACECHAFT STATE VFCTOR aT InITIAL JULTAN DATE

X=CnMp Y=r0MP 7=Comp VX=COMP VY=CcOMP VZ2-COMP
GEQeFC 041114926010020+407 0.99591n03996320+06 =0,534375797999D+0]1 «0,221064101669000 0.5074294707050+00 0.365259595R8T40~01
GEO=EQ 0.111492601002D+07 0.9137092779000+056 0,3961980307920+06 ~0,2Z21064101669D+0n C.4510147141200+00 ©0,2353816923ATD+00
SPACECRAFT STATE VFCTOR AT TARGET JULIAN DATE
X=LOMP Y OMP Z=-COmMP VX=COMP VY=COMP VZ=COMP
GEQ=FC 0,3357287177430+05 =0,114n2n6589880+05 -0,14R4024658170+05 =0,32744540110230D01 0,295T1843281AD0+01 0.9170T147112AD+400
GEO=EQ 0.33572a717743D+058 =0_4557036387760+04 =0,1A15140330170405 «0,3274440110230401 ©0.2348257517970+01 0,2017R31594AR29D+01
CUNTROL VARIARLES TARGET VARIARLES ACTIIAL TARGFY VALUES TARGET ERROR TARGET TOLERANCES
VX ROA 0,6564282132610+04 (KM} 0.928213261295n+01 0,100000000000D01
h S VY iIca 0,2837133324200+02 { DEG? =0.3333P42045%80~02 0,100000000000D=02
W V2 TCA 0,244223A85]11360+07 ( DAY} ~0,8007917110G61D=C1 ¢.100000000000D=D4
(Yo}
DIFFERENTIAL TRANSFORMATION MATRIX - (PARTIALS 0F TAaRGET VARIABLES WRT FINAL EW-STATE VECTOR)
0.3023996658600+00 0,697113413102D+00 «0,1146030227200%00 0,1462191243870404 0,664506A33062D«04 0,09078A944]00N+02
=0.5410128R0705D~03 0,13446R63369qD~03 =0,1034417736510-02 0,1335432572070+0]1 =0,3319215944230:00 0,2553349828A850+01
0.250466T655R3D-05 0, 10770955505aN=05 =0,1169954641530=05 0,1246918789120-01 0,5586966285530~02 -0,5795259463220=02
STATE TRANSITION MAYRIX = (PARTTALS OF LARTH IWJECTION EC-STATE WRT EC=STATE AT LIBRATION FOINT
=043415805305740403 =0,143253205530D+03  0,783257560536D+01 0,7511976717110409 =0,59530517847460+08 ~0,IN542R9090760+08
0.308270240427N+03 0,1652921729807N+03 =0, 7050444RT4T2D+01 =0,67T5844136770+09 0,52030545763a0+08 0,2756509321R100+08
" 0495760A6A21000+02 0,513693100522D+U2 =0,22441096B8517D0+01 ~0,21056446429750409 0.166N412994020+08 0,B813R619630A40+0T
=0,24888382803A0-01 =0,133462997a340=01 0.572)126R50095D-03 0,5471552651460+05 =0,430021411525D0+06 =0,221703450285004
0.84510805529A8N=02 0,453320730494D~02 -0.195169806A70N-03 =0,18959644964380405 0,1494216162580+04 0,T4B02606T2550403
0,1098558A8120N=01 0.5A892447963140-UZ ~0.2460913R01370-03 =0,2415499574T00+05 0,1907B68298190+0% 0,10033469156465N+04
TARGET SENSITIVITY MATRIX - (PARTTALS OF TARGET VARTARLES WRT CONTROL VARIABLES)
N,39011717260RND+08 =0,20073451611a0+06 0,761684731794D905
0,450906325554n+01  0,32109270198480+03 0,48208P9412420+03
D.265546THLTSTN+04 =0,2101107234A80+03 =0, 10734 74277810403
TARGETING MATRIX - {(INVERSE OF THE SENSLTIVITY MATRIX)
~0.,7260796474040=06 0,1266772982080=03 {,4095799736670-03
=0,4328618532370=05 0,8234909611450~03 0,63452292%]157D=-03
0.,28T98B26T70064D=05 0,1521817368339N=02 =D ,4258620617090=03
PREDICTED CONTROL CHANGFS
CONTROL VARIABLE CHANGE
VX =0,311225696221D=04
vy «0,1337815846B6Du04
vz 0,27283146047610=05
UPDATED INITIAL EC~STATE VECTOR
X=COMP Y=COMP Z2=COMP YX=COMP VY=COMP YZ=COMP



0.1114924010020+07 0,58959103595370+00 -0.5343757979950+01 =0,22109%2242390+00

TOTAL CHANGE TO THE CONTRUL VARTARLFS AMTER 1 ITERATIONS

CONTROLS VARIARLES TUTAL CHANGF
X ~0.311225696221N«n4
vy -n,1337T815846A6N=N4
Vi N.2203146047610~05

or-v

0,.50T416092547D+00

0.3452824273340=-01
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L2=LIRRATION POINT TRAJECTORY TARGETING
TTERATION NUMBER 3
. NEWTON=RAPHSON TARGETING ALGORITHM .
lloﬂ#ﬁ#o*&ﬁnﬂﬂ#ﬂbuuu*ﬂqau&ﬁuﬁnpg#oeuGaaoauﬂ*hﬂnb#ﬂﬂ##9##&#!94#65Qi#u##ﬁaﬂﬂﬂﬂn#lo*hﬂﬁﬂ6qgﬁn#aoeﬁolluanaob§&¢¢9we¢66¢oigsuanwnaﬁﬁenaan

SPACECRAFT STATE YFCTOR AT VARGET JULIAN paTE
X=COMP y¥=rQOMP I=COMP VX=COMP VY=COMP VZ=COMP

GEO=EC =0,305344798306D4+04 U,5805088723960+04 -0,234618872012D+02 -0.836006T50295D401 =0.437336029540D+01 0,.57718921888a0+01

GEN=ER =0.305344798306D+04 0,533609157207D+04 0,27BA27058222D4+04 ~0,836006750295040]1 ~0.630860691620D+01 0,3555612A9408D+01

CUNTRGL VARIABLES TARGET VARIARLES : : ACTUAL TARGEY VALUES TARGET ERROR TARGET TOLERAMCES
VX RCa 0.6560000008240%046 (KM} ~0,8240170245700-05 0.1000000000000+01
VY ica 0.283179999653D+02 ( DEG) G+3465548914510=07 0,100000000000D=02

vZ ica 0.24422384312R0407 ( DaY) ~0,1303R5160446N=07 0,100000000000D~04

CONVERGENCE HAS OCCURRER AFTER 3 ITERATIONS,
THE TOTAL CHANGF TO THE CONTROL VariaslLES IS COMPUTFD TO BE
" DELTA= VX = =0,3096403436320-04
NELTA= VY = =0,1199776028B52n=04
NDELTA= VZ = 0,212B67757584n=05 -

v
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PHRAJFATER LaUNCH PROFILE

TRAJECTORY DATA
#Qﬁugﬁgﬁg#o&%ﬁﬁqﬁﬁﬁgp*}ﬁﬁ&*ﬂﬂ**ﬂﬂn*ﬂﬂn**“n*ﬁﬂﬁﬂﬁﬁﬁﬁhﬁﬂﬁﬁéﬁﬂﬂﬁﬂﬁ&”“ﬂﬂ““Qﬂﬁﬂ*“ﬂﬁ&ﬂﬁﬂﬂﬂ*@#*“oﬁ§ﬂ°§ﬂ“5ﬂ§Eﬁﬂﬁﬁﬂﬂﬂﬂﬁﬂﬁﬂ@ﬂﬁ5u*ﬂ°ﬂaﬁﬁ*ﬂﬂ°’

-y

InNJECTION DATE F4a2238,437 - T/ 9/1974 PP.Pl, &
A?IMUTH ALRFTS1323N N7
LS LUNGITUDF A,27945700N+n3

LS LATITURE
RIIRML ANGLE
RIIRNZ ANGLE
LAUNCH Tan
RIHN] [UR«SEC
CNAST TIME=SFC
BURNZ UK=SFC
TNJECTION TOn
lNJFCTIHN GHA

Ne2R317000N+n2
Nal17000000Men2
Ne AOAVALDHON+N]
=fnalla/5048MN+ND
NLEHD0DONOMeN3
NeIZTBTL4BNING
na1n00A0NGN«n3
“NeHBTOO4PI01-N]
NaP24165302006

Thg OV (D) =NaP4QT7991N+05
5TaTE (ECL) “N.30534450ne04 1.5505988TN+04 =0,2346]1BB7D+02
=naB83A006TENeN1  =U,.43733403N+01 0.STTIRB2Z2D+01
FLEMENTS (EG1L) NaSRESG6IIN+0A 0.9RBARLABEN+00 0.3145T7441De0&
Ne1180754404n3  =0,392560372N+00 =0.]0BRA4Z29D=0I
STATE (ECQ) -he3nSA44R0NeNG 0.53360016D+04 0,226882706D«04
~N.A3A00675n+n]  =0,630R6069D+01 0,355%4129D0+01
ELEMENTS (ECQ) N«GARSF691N+0k 0.9RBRL1ABSN+ON 0,72831R000D+02
NeT7THLY}340N+NP G44T73364T1ID+02 =0.108RA429N=03



L 2T RL R P PR LY L T AL T TR L L LYY IR Y Y Y Y L R Y R E TR PR R P S P R . R Y

TRAJECTORY 0ATA
LA 2T T TR S e AT T e A L R AL Y ST AL P R P T R N AL AL AL PR LA A PR T L E P T YL L Y T Y Y Y YA PN P P e e e

v

DATE 2442238,431 = T/ 9/1974 722,21, &

DAYS FROM INJECTION 0,0

DAYA WITH RESPECT Tn EARTH

STAVE (ECL) =0.305344800+04 0.540598ATDe04 «0.234618870+02
=~0,B3600a75Re0L =0,43733A03N+01 0.577188220+401

RmMAG 0656000000404

V=MAG 0,1106036130+02

RA (ECL) 117.740

DEC (ECL) =0,205

STATE (ECO) =04305344RDD+0% 0.53360916D+04 0.228827060%04
0. 83600A7EN+0] «0,630860R9DN+0] 0.3555612%90+%01

Ra (ECQ) 119,779

DEC (ECQ} 20,415

STATE PARTIALS 0.,10000p00D+0)  =p.S50982423D-18 0.0 014552933013 =0,244T1563D=16 0.0

0.0 0,10005000D+01 0,0 =-0.815718760~17 0.14430085D0=-13 0,509A2423D=18

=0431864n34N=1Y <«0,318640140N~19 0,100000000%01 =04152947P70~17 0,0 N.13328845D~13
w0, 10390355N=19 =D 59744542N~19 =0,104816160-20 0,1000n000D01 =0.265993090=17 =0,13247703D-18
«0,623421310=19 0.54549364D=19 0,357T168460=20 =0.1994Q94820=17 0,100000h00D+0] 0.24934B852D~1R
=1.2110%40a0=20 =0.,4675659R0-19 =0, 135074627D~18 N,24936R52D=1R 0,100000000+01

DaTA «ITH RESPECT Tn

sTATE (ECL)
Re=MAG
V=MAG

Ra (ECL)
DEC (ECL)

SN
0,443821180n+08
0.19642620D+02
0,152080AA0+0%
0.20900230D+02

2R6 .98
-0,.nn0

D«A7I4DA2GD=~20

«0.14546051D+09
Na42040R93D*0]

=0.701790040+03
0:.5771T71s20401
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TRAVECTORY DATA

P PR e g g g e LR et e et PTFS TR E YL LIV RN L DL LS R EY VUL EY L L LAY AL ST P AT DL LD L L DL L LS

NATE
Nays FHUM INJECTION

Pa42Paf, a] -
10,nad

7/19/1974 22.,21. 2

NaTA #1TH RFSPECT Tt FARTH

sTalE (ECL} N.35155879D+ 006
Ne274R115AD+0V
H=MAG NeHRHZIROARN+UD
V=MAG 0.531Aa10R9D+00
Ha (EcCL) 293,428
Dec (ECL) 2,70
STATE (EcCQ) 0.351954Tan+Ub
NadT4A115AD G
Ra (el 294 ,7A7
UDFC {ECH) -1H4,86R9
STATE PARTIALS =0 ,535374920+03
0,3253353 7004

=}, 1bas7TIN+ 03
=0,1613060TH~=02
0.,540R18300=02
(), TASAZAT4AN=US

DaTA WIfH RFSPECT TH SliN

STATE (FECL) D BHAD3NATN+ U
D.26456445N+0E

R=MAG Hel5%290874N+07

Vaial 0233454/ TD+0E

Ra {ECL) 296490

nEC (ECLY 0,016

=0,A112931A0+06

=0.45467R560+00

=0.T612AGND4N+06
=0.4N310392N+00

tellaédRIAYN N4
(614543732004
NellGB7636D+04
A.317738NAN=07
=0,103520890=01
Nal125643760-072

=0.134852160+09
0127428320+ 02

04426254200405
-0.201002550=01

=0.2R364959U+06
=0.199304810+00

=0.11171%140+03
-0,249691820¢02
~0sba306TiTLHO2
=) HA%6]1B050"0n4%

0.R192R04TU~0S
0. 3R3005R0D=04%

0.425350560+05
=0+19376750U=01

=0+ 10706a64,3D+0T
0462226TROD+QT
=04 1205729230+07
=0e31064645D+0
0e1045a4830+02
-0,132071R9D+01

«0,70163169D+0n
0,319918300+07
=0,537318420+ 0,
=0.16961466D+01
0.54245980D0+01
-0,633483810+00

0.,78363619D+06
=0,427AN5600+0T
0.81233227D0+406
N.216322690+01}
=0,720717920+01
0.R93250490+00



LAl A Rl b LA SR Rl LR AT LA R T E R A D EL LR N TR LR L LR LR LYY Y Y T B - A R A A

TRAJECTORY DATA
Gﬁéﬂoﬂﬁﬁ&nﬂ#ﬁﬁﬂﬂ*ﬂ#ﬂb%ﬁ*nﬂﬁ*#&ﬂﬂb&ﬂbﬁaﬁuﬂﬂ““G#uhﬂﬁGoﬂ»nQ*GGQEﬁﬂoQﬁﬂuﬂﬂ##oﬂﬂﬁﬂ9Qiaaﬂﬁ#ﬂoaaﬁ#ﬁ#ﬂ&G0&5&#6GGGGGﬂb“ﬁﬂﬁﬁbﬁﬂﬂﬂﬁﬁnﬂﬂﬁﬂbﬁﬁa

NATE 2442356 ,431 = 11/ 471974 22.21. 2
DAYS FRUM INJECTION 118,000
AATA WITH RESPECT Tn EARTH
STATE (ECL} Nal1l49260D+07 0,99591040N0+06 =0.534408440%01
~0.22109504D00 0,.50741747N+00 0.365280880=01
R=MAG De149495740e07
Y=MAG D.5546979RD+ 0V
RA (ECL} 41,773
DEC {ECL) =0,0n0
STATE {ECQ} 0.,11149240D07 0.913TN9PRD+ 06 03956198030+ 06
=0,22109505D4+00 0.451002R60+00 0,235378870+00
rRa {ECQ) 39,335
DEC (ECQA) 15,348
STATE PARTIALS =0,1004BR13D+u 1 0.15111504D+07 =0.T08834610+404 ~Ds19249958D<10 =8,10074383D¢10 8.13290806D«10
G.793A1A42N+05 =0,15110785D+06  0.77881366D+03  0.15204953D+0¢  0,7Q78TITOD+08 =0,10505T44D408
0.407376570+02 «0,771821650+05  0.,400040230¢403 0.77845924D¢08 0,40638767D+08 «0,537200730908
=0,456950100+00 0,865065G40e00 -0,359701260=02 =0,87539137D+03 ~0,458082338D«03 0,60438635D¢03
=0,245110500+00 Ne4BARIBAENN+00 =0,194056730-02 =0.469570640D+03 =0,245737100+03 0,324720T20D+03
0,10489151D=01 =0.19966nnGD=01 B.79270AT4D=04 022010A8RE0¢02Z  0,10529297D+02 =0,138790240+02
DATA WITH RESPECT To SUN
STATE (ECL) 0.111741860+09  0.998138)17D«08 «0.53556T7900+03
. =0,205397720402 0.22R20451D+02 0.,375820640=01
L R=MAG 0.149R30040+09
&5 V=MAG #.30554319D+02
RA (ECL) 41,773
DEC {ECL) =0,0n0
IMP INSRT DELTA V 0,2RT35414D«0U



APPENDIX B

Selected Sample Output from ERRAN



CASE E-1
Short (36 day) Transfer Time Mission to the

Ll Point with Finite Burn Insertion



INPUT DATA FOR PRORLE®™ ., ., , ,
MODOF TO RE EXECUTED, . LERROR Amal YSIS

. LAUNCH DATE T 9 1la 6 R4,421 1974

FINAL DATE R 14 1la 8 34,000 1974

INITIAL TRAJECTORY TIME 0.0

INFRTTIAL FRAME IS GEORENTRIC FCLTIPTIC

INITIAL STATE YECTOR
AT TRAJECTORY TIME 0ed

STATE X=CUOMP Y=CUMP L=COMP

INERTTIAL Gs53179150404 =0,38409780404 =0.22373710+07
HELI10= U43TH05IN408 =0,1456616N+09 =Da04305640+03
ROT,GFO=  (.5208534n+04 0,39R8043D+04 ~0.2237371D+07

THE FOLLOWING QUANTITIES ARE TN RE AUGHMENTED To

MEASUKEMENT CONSIDER PaRaMETERS )
HADIUS 1}
LAt i}
LONG 1
RALDIUS 2
LAT 2
LONG 2
rRADIUS 3
LAT K|
LONG 2

JULTAN DATE o o +24422384171171595

JULEAN DAYE , o «2442274.17251570

RADIVUS x=-DOT
0.6560018D+04 6.452026504
0,1520930D«09 134,4H8967577
0.6%560018D+0n4 -b,6BK46646

THE STATE VECTOR

Y=noT

8.92008460
17,3742588%
A,T742B2626

7«DOT

1.0924387TT
1,09220739
1.09243877

VELOCTTY

11.06197319
38.63412381
11.06n71617



v-9

MEASUREMENT NO 1 AT TRAJFCTNRY TIME N.0&7 ’ PRORLEM, , 0

RANGE=HATE wAS MFASURED FRDOM STATIUN } AT TRaJFCTORY TIME 0,04200 DAYS
INITIAL TRAJECTORY TIME Nah
FINAL TRAJECTORY TIME Do N4P
INITIAL
AT TRAJECTORY TIMF [ )
STATE X=COMP ¥=COMP L=COMP RADTUS A=DOT Y=nOT ¥=nOT VELOCTYY

INERTTAL 0.5317915M¢04 =0,3A40978N+04 =0.223T73AT1D+02 0,65600)1B0+0% 6,42026504 8,9200R460 1,082438T7 11,06197319
HELTO=- 0.4376053N408 =0,145461601+09 «~0.5430564ND+03 0.15209300+n9  34,4896757T7 17,1T4z2k086 1.09220739 3R,63412381
ROT GFO= 0.%5208536N406 0,308a0830404 =0.2237371D402 06,h5600180¢0% =6, bBE4AR4EH B,74283626 1,09243R87T 11.0607T1617
FINAL
AT TRAJECTORY TIME 0.0420

STATE X=COup ¥+COMP L=COMP RADIUS x=001 Y=noT 7=p0T VELOCTTY
INERTTAL 0,3%45082n+04 0,23441020405 0.£1285000+04 D.23802970+05 =2,28098263 S,PRT0G905 0,30967735 £.76643521

HELTO= 0.4306050D+0R =0,14560360+n09 0a1507397N404  0,15206630+0%  25,75253596 13,76113995 0.30945598 29.20030554
ROT . GF0w =0.21422370405 0,101564050D+05 0.212a500D+04 0.23802070e05 <5,718268R4 =-0.45535263 0.30967734 6. TEAO2512

STATF THANSITION MATRIX PARTITIONS OVFRY 0,0 s 6,062) ==TRANSPOSES SHOWN
Xt 0.042) Y{ 0,062) 20 0,042} ¥X{ 0,042) VY( 0.042) VZL 0,042}
Xt G0 ) D 69TU24T79180+01  0,26T01525T750+0]1 0.6980566930D+00 0,1703593169n=-02 0,1654n65920n=02 0,27239087010=-03
¥Y( 0,0 1 =0.111786A594D¢01 =n,1454369001N+01 =0,452308654770=01 =) ,?694TT2949n=03 =0,9327400756N=03 ~0,2909528001D=04
7 U.0 ) 0.3857&0735UN<00 n,1643959847N+00 =0.16210603430*01 U,1146200684n=03 0,7680735134n=04% =0,7413604T74620=03
VXt Q.0 1 0,595N0172R6TD+04 n,258197R16AN+04 D.43621295750+03 U, 1689]157T114n+01 0,1452R7S5804N+0]1 0,1962256659D00
VY( 0.0 } 0.13697923280+04 0,3729264891N+04 0,224B5612580+03 U,6604346306n+00 0,1939599540n+01 0,1331462234D+«00
VZ¢( 0.0 1} 0.,3356444422D0403 0,P9£49434540403 0,19575249350+04 U,1308852497n+00D 0.,1770028816N+00 0,289846826900+00

SOLVF=FOR PARAMETFRS
-=MNONE
DYNEMTE CONSIDER PARAMFTERS

==NONF
IGNORE FARAMETERS

-—=MNONE

DIAGONAL OF DYNAMIC MOTSE MaTRIX
Nal [ 0.0 0.0 0,0 0.0

OBSERVATIAN MATRIX PARTITIONS == TRANSPASES SHNAWN
: RaNGF=RATE (1}
=0.70113643160=04
=D+86350995600~05
0,83460596R20=06
-0,12062111300¢00

€=



vy N98F3B0 1651000
vz 0.9€71a433010=01

SOLVE=FOR PARAMETERS

=aNONE

DYNAMIC CONSIDER PARAMETERS

==NONE

MEASUREMENT CONSIDFR PARAMETFRS

FADIUS 1

LAT 1

LONG 1

RaDIUS 2 0.0
LAT 2 0.0
LONG 2 0.0
RapIUS 3 0.0
LAT 3 1]
LONG 3 Ual

IGNORE PARAMETERS

——NONE
o0
I

MEASUREMFNT NOISE MATRIX
Nel6EGERRETH=13

GATIN MATRIX PARTITIONS
K=MATRIX

D.6679R6AT2TO=05
De1656RAAR2IV=0]
~0.,525374528Th=0p

D«1814736%£3D+05
De3TQ7/21003D+ 04
~0+23506T9298D+04
D.46247032VRD+N]
D«2901R818T19D+01
“0417045940210=nl

SaMATRIX

NOT DEFINMEN

CORRELATION MATRIX PARTITIONS AND STAnmDARD UEVIATIONS AT TIME

STp DEV A

X 0,226454440403 1,00000000

¥ 0.75429202n+02 0.55322390

z 0.98854806N+02 n,008505697

VX 0.55112515D~01 0.,99952146

vy 0,26215466D=01 0,97228975

vz 0.14443271n~01 0,306022p¢
RSS POSITION ERRORS. o » N«24839591A47R40403
RSS VELOCITY ERRORS, + « 0:627156124049D~01

Y

1.00000000
=0.49235532
0.56997860
0.7753s722
=0,33009576

0.042 DAYSe JUST HEFORE

z

1.00000UDOD
008603995
0401699310
0.67287957

vX

1.0pp00000
0+97751128
0430890698

THE MEASUREMENT

vy

1,00000000
0,20691708%

vZ

1.00000n00



9-9

RADTUS 1
LAT 1
LUNG 1
RapIUS »
LAY 7
LONR 2
RADTUS 3
Lat 3
LONG 7

SOLVE=FOR PARAMETE®RS
~atNONE

PYNMAMIC CONSIDER PaRaAMETERS
==NONE

ME ASUREMENT CONSINFR PaRAMETFRS

D20 00D o0 D

NO SOLVE-FDR PARAMFTFRS

S oD Do
" »# = w o & & 0 B
22D ITIISITD

CORHFLATIONN MATRIX PARTITIONS AND STAMDARD JEVIATIONS AT TIME

R§S PnSI
RSS VFLO

RADIUS ]
LAT
LONR 1
Rantus ?
LatT »?
LONG 2
RADIUR 3
LaTl 3
LONG 3

STP HEY X
0,1Q76956TR+n3 1.,00000000
0,10hABZA3N02 n,3nl75667

0,07B16436R+N2 0.1R077640
Na47401901h=01 n,o99%417Nn
0.19391910¢N=91 n,9a740538
Del4442a500=0] n,354/6931

TION ERRORS, . .
CITY ERRORS, « .

Ne220828A073210h¢U3
05321261 T11AON=01

SOLVF=FOR PaRAMFTERS
= NONE

DYMAMIC COMSIDER PaRAMETERS
=-=MINE

MEASUKEMENT CONSIOFR PARAMETERS
—0,00G00551]
~0,000008p8

n.N0eU0D3S
0.0

0.0

6,00000031

0.0

n,0

0,00000031

ND SOLVE-FOR PARAMFTERS

Y

1.00000000
=0,ATNS54381
0,23629135%
N,36900911
=0, 77107874

=0, N0002135
=0,Nn0018923
N.00000133
0an
NenN
0.000006120
a0
flal
0.0

co00120

Usl

0,042 DAYS» JUST AFTER

z

1,60000000
0.18774898
0,10968723
Ua.2a2]3175

000000144

0.00000428
-U.,00000009

0.0

0.0
~0,00000008

0.0

Ca0
=4,00000008

0.0
0.0
0.0
Ded)
Ded
LY
0.0
0.0
0o

vX

i.00n00000
0.99685695
0.36132038

-0.00n00585
=0,000005148
GeOONONO3T
[ Y]
Us0
0:00n00023
060
Uel
Ge00000033

[ - - - = ]
- &8 » = w2 o8 e @
[N ==

=

THE MEASUREMENT

VY

i.00000000
0.28660A02

~0,00000RS7
~0,00000795
0.00000056
0.0
0.0
0000050

* & O
Lo = I =

ag00050

DD O0IIO0O0D
FOD2OSDIDPOID

- " 2 o= % & 0¥ b

vZ

l.00n000000

t.00000n07

t.ononooat
-0,00000000

De0

0.0
=0.00000N000

O-D

00
=d.00p000000



ERROR ANALYSIS MODE=~ GUIDANCE EVENT AT TRAJECTORY TIME 0,500000000+00 DAYS PROBLEM, . a.
ﬂnuucﬂonoaq#lq#u*#ec&uﬁ&»nﬁuonaobaéanaaunn**ﬂhaoﬂooucnboﬁuabaannnoﬂowo#aoo#?uuub#nﬁﬁobquouw»6##&aaﬁauoﬂchnﬁﬂnigd&oaunﬂiuﬁ&aa#!#oo

AT TRAJECTORY TIME 0+5000
STATE X=COmMp Y=COMP L=CoMpP RADIUS X=DQ7T Y«nOT " z=00T VELOCTTY
INERTIAL =0.T714TR19N+05 0,12049950+06 0.997ABHSD+04 0.1402320D+06 -1,56522)73 1.62R051249 0,04762]148 2425925647
HEL.10= 0.6489351N«08 =0,14516450+09 0.5350811D+04 1,1519502D0+89 26.40316035 10,3104575] ¢.06750999 28,34810812
ROT.GF0~ ~0:1362454N+06 =0,32656590+05 0+.D9TREBGN+04 0,1402370De06 =2,024T6295 =0,9R753505 0,047862156 7.25326504
STATE TRANSITION MATRIX PARTITIONS OVER{ 0,458, 8,500 ~=TRANSPDSES SHOWN
Xt 0,500} Yi( 0.500) Z{ 0,500 VXe 0,50 VY({ 0.500) vZie 90,5009
Xt 0,458) 0,99aT3406760400 ~0,1410676340N=02 -0,7097106404D~04 -V, 138679777I0-06 =0,7571166326N=06 =0,3T7U62225920=~0T
'Y{ 0.,4%8) =0.14J0ARBROABD=NZ N, 10013457240+0) 0.12227128260=03 ~U,75T12958A1N0=-06 0,7171391872Nn=06 0,650591]1133D=07
Z( 0,45B) <0.70973BARBAD=04 D0,122271822BN=~03 0.998921357680+00 ~U,3796329454n=07 0,65059830T4Nn=07 =0,577238T150N=06
Vi d.458) D4 3A2PR4IERG5D404 N, 10801434T750401 =0.8322R391490=01 U.9997620404n+00 =0,.13367805370=02 ~0,6676125A130=0%
VY{ 0,458} -0.1460151396D+01 0.36303712690+04 0,1425933334D+00 =0,133626896190-02 0,10012554360+01 0.,113TT460T90D«03
VZ{ 0.458) =0,83720006070-01 0,1%259377100400 0.36275338400+04 =U,66762005T7n=04 0.1]3775112aq-03 1.59A9R35939D+00
w SOLVF=FUR PARAMETERS
Ly
-=NONF
DYNSMIC CONSIDER PARAMFTFRS
= wNONF
IGNBRE PARAMETEAS
=NONE
NIAGONAL OF DYNAMIC MOISE MATRIX
N.D 0«0 0.0 0.0 Oett Net
MATRIX 1 = PHI#P#PHT (TRANSHFOSE) - . )
0:25R5315219¢10+06  0.263990617804D+0n C«T3R6935023320+00 0.B834939089BUD=05 ,721a945360020~06 0.647R10523672D~06
0.763990617804D+00 0434479987091 D4n0 (107235197 0740+0] 0,1182650B46T4D=04 te9611035258130-05 Na3I0I&40604700D=05
0.7384935023320400 0.1072351979TADen)  0.3517775471770¢0)  0.3726068960820~04 0.3019106600000-04 0.1282837215440=04
0.AA34939089800-05 0.1182650B4674D=-06 U«3726068360A870-04 0,40T4B66046420=019 U0.3307919340640-09 0,112T71873100K0=08
Ne7218945360020~05 N,951113525B13N~05 (¢301919540n900=04 0,330791934064D=09 3+268a103503R40=09 O0.BA4A41R22312D=10
0.RETEINS2IRTED~0A N,.3034496047900-05 01282837215440=04 0,112T18T7310U6D=00 $48846418223120=~10 0.1104143926150~09
TOTAL COVARIANCE MATRIX AT wel
0.255531521901D+00  0,26359n617R040+nn  0«T73IR4LI3ISN2IAPD+ON 0.8B349390A9BUD~05 (0.721R94536002D=05 0.566781057236720=04
0.263990617804D+00 0.3442998709130+0n ©@410723519797AD+01 0,11B2650846740=04 0+961103525B813D0=-0% 0.303449604790D=05
«73R4935023320+0n0 0,1072351979T40+01 Q3517775471 720+01 0,3726068060820=04 G43019196600500-04 0.128283721544D=04
D.A834939089A0D=05% (.1182685084674D-04 OQ.3T2606R26062D=-04 0.4074866044420«09 (0.3307919340640«09 0411271A731006D=09
0.7218945360020=05% 0,5A11035258130=-05 0.30191964009060=046 0,3307919340640=09 0+26Ra103503R4D=00 0.RA46418223120=10
D.667810523672D=06 0,3034496047909D=05 U+12B2837215440-04 0.1127187310060=09 0.884441822312D=10 0.110414392615D=09
CORRELATION MATRTX PARTTTIONS AMD STANDARD DEVIATIONS AT EVENT TIME D.500 DAYS
RASED ON MEASUREMENTS UP [0 TTME 0.458 Days
STh DEV X ¥ VX VY vz



X 0.50550126n+00 1,00000000
Y B.RAGTTOTIN*00 n,89001602
7 0.1ATE5734n+0] 4,77871556
VX NePnlBAR2ITH=N4S n,an5914499
vY 0.16395437Tn=04 n,ARTLU2079
vz : 0,10%07825N~4 n, 12372400

e3P 13RTPOTHRN* UL
GePAGHBITRIININ=04

RSS PASITION ERROPS, «
RssleronITY ERRORS. o o
SOLVE=FOR PARAMETERS
==NONE
PYNAMIC CONSIDER PARAMETERS
== NONE

MEASUREMENT CONSTDFR PARAMFTFRS

RADTUR 1 n,12940213
LAT 1 n,0A2b2037
LONG 1 -n,1165T14n
RADTUS 2 0.0

LAT 2 a0

LONG 2 ~-0,13599409
RaDYLIS R n,01521947
Lal 3 -0,010Y0619
LONG 3 ~0,17052716

NG SOLVE=~FDR PARAMFTERS

PNSITION ETGENVALUFS

1 0,1059754779651D+n0
2 0,1973RrHE66496%D=02
3 0,400965749991 70«01

PASITION ETGENVECTNRS

1 N.910R441133352D+00
2 -0,3506428271623D+00
3 0.2042996376519D4+00

VELOCITY ETGENVALUFS

1 0.71034340137910D=09
° N,9623%4R9251430~13
3 0.,762T17n6RT23V0D=10

VELOCITY EIGENVECTORS
1 n,TE555191716480D0+00
2 =0,6350332640A340D+n0
3 “0,161007TRT17QE7D+0D

1.70000000

N.aT439460 1.00000000
N.99A84AK179 0.9A%14743 l.00n0n000
0,9990305%0 0.9A182558 Ve 99048783 1,00000000
N, 497215885 V.A5D91565 0.53140615 0.51348957
0.791977101 D.406T7T2654 ¢.30416983 0,30723953
N.19811883 0.2767T01S] 0,207T04865 6,20R29530
-n.n63201%2 0.01234723 =0,04023361 -0,04TET184
Nen D.D 040 0,0
n.n 0.0 0.0 0,0
=N ,NTO4BATY U.01073642 ~0.04571377 =0,05500952
=-N,?35054]12 -0.259T4806 “0.,25057071 =0 ,260224651
N 16R16126 G.18555/10 017737487 0,1R310772
-n,nBS&0R14 U.01031854 =D 05527373 -0,06825037
SQUARF RDOTS OF EIGENVALUES
1 0432553875030+00
2 Dat462Bs4aZin=01
k| 0,20024129190+01
A, 2941058185436D+00 =0,2895941762507TN+00
0,9112239168746D4+00 =0,2025980544500N+00
0.2R83%68460550D+00 0,93546]148737506D+00
SQUARF ROOTS OF EIGENVALUES
1 Ds26652268220~04
2 0.,310£249011Dp~06
3 0+873335674250=05
N.61256586978320+00 0.2322796513R62D+00
0.77190750766170+00 0.29858/8684210D-01
«0.17006426665320+00 0.9721906245223D+00

1.00000000

0,54480013
0,38261640
0,000044R3
0,0

0.0
0.03826021
~0,070045A6
0.05108290
0. NBROT2KT0



o
b

MATRIX I =

STATF TRANSITION MATRIX PARTITIONS OVFR(

X¢ 0.500)
X 0.0 ) 0.250R4156800+02
¥{ 0.0 ) 0.46026659620+¢]
2t 0.0 ) 0:.2R1RR2H53260+01
VEL Q.0 ) 0,2531472643N+05
VY{ a0 ) =0.66413412A7D+03
VZI¢e G.0 ) 0.1120918786N+04

Yo 9.500)
0,115092719860+*03
=s6IOTITS0RRD40R
0. 224RB93IATASD+0
0,1017076928N+06
0.112394010860+06
0,)14972230240+05

0.0 0.

S00)

Z{ 0,500}
0.11928523770+02
~},38659329650+0]
wha1925090176D+02
0.95612668450+04
.93064130A90204
Hek36B1749920+04

=~TRANSPOSES SHOWW

VXL 04500} ¥Y{ 0+500}
=0,2310354181n=03 0,3342637793D~02
U, 47407917940 =03 =0,2127556147TN=02

U, 4504854218n=04 0,3751321874n=04
=0,9235642445N=01 0,29285143280+01
=V,633412135An+00 0,35707992920+01
-0,5936393838n~01 0,4534821760n+00

VZ{ 0.500)
0.28154698730~03
=0.,12123790470=03
=0+.3331R189850=-03
0,23430230040D400
N+2563171843D0¢00
0,7075410870D=01

SOLVE=FOR PARAMETERS

~=MNONE

DYNAMIC CONSIDER PARAMFTFERS

==NJNE

IGNORE PARAMETER

5

NONF

# 8SSUMEN GUINANCE EVENT #

DI AGONAEL
(U]

PHY#HePHT (
0+13952T76513310+07
0.15923659935440+07
0.1936T1931181D+06
0.1543A3452R883D+07

-0.3R6BPT3T40520+02

0.397T7159380570+01

0.1395276513310+07
De152365093544D¢0T
0.1936719311R1Nv04
0,1543634528830+07
0., 3BEBPTIATE4ND2D+02
0.3977159380170+01

CONTROL CORRELATION

OF OYNAMIC NOTSE MATRTY

LYy

TRANSPOSE)
0, 152355993540+ 07
0. 19A86R8220390D+07T
Da1819956793570+04
0.152a39041950D+02
D4512793520663D.02
0.,460226225742D4+01

TOTAL COVARTANCE MATRTIX AT K+l

0,15236%9935440+07
0.196682203%00en7
0,1R199567935 7040k
0,152A39041950D+07
0.5127935206630+07
0.460226225742D+0]

MATRI¥ PARTITIONS AND STANDARD DEVIATIONS JUST BEFORE GUIDANCE CORRECTION AT TIME

C.0

Cal93RT1I9311R1D+06
U2 1R]1I956793570+06
0.900P10416A1RD+05
D+230670A7303370401
3.4565927493672D+01
1.970945230660D+00

Da193671931181D¢04
0.181195679157n+04
V3008104164 1AD+05
0423070673033704+01
04 4565927493920+01
UsOT5045230660D+«00

UeD

0,1543634528R3n+02
0,1526390419500+02
0,2307T067303370+01
0,179158133486p=03
0.380433782090n=03
0,426TBUT250TdN=04

0,154363452883n+02
0.1524330419500+02
0,2307T06T730337D+01
0,1791581334660=-03
0,380433T820900~-03
0.426T807T250780=04

5TD DEV X Y Z
X 0.11B12182n+n4 1.n00u00006
¥ (+14023R45N+D4 n,919794%1 1.00000000
7 0.30013504N+03 n,54628571 . 43N0HELT 100000000
VX Ne13384997n=-01 6,9763287% n,R1I16799 t.57428213
vy 0s34A3T7344N=D1 0,A%384567A 0,99804806 0.41522963
vz 0438734789N~07 n,8692439] 0.R4T23340 UsB394T7458

RSS PNSITION ERRORS, .« .

N«185796656560N+04

n,o

Ga386R27374052D+02
0,512793820663D+02
0.,4565927493920+01
04380432TR2Z000D=01
Uel34729495229D=0P
0.11R4973249040=01%

U+38AR27374052D+02
0.512793520663D+02
0.456592749302D+01
0.380433TR2090D=-03
0.134229455229D0~02
0.11BA97324904D=02

*ﬂﬂ'“*“ﬂ#ﬂ#hﬂ#ﬁﬂ“ﬁﬁ#ﬂ»#ﬂﬁﬁ#*0G9“#ﬂﬂﬂﬁﬂ-1!G{-ﬂDbgﬁﬁﬁﬁﬂﬁﬂﬂﬂﬁﬁﬁ-nﬁﬁﬂﬂﬁﬁ*ﬁEﬁﬂ#ﬂ'#'H'u#ﬂ°“nGﬂ-Gﬁﬂ-ﬁ##“b#ﬂi&#ﬂ#ﬂﬁﬁﬂbﬂﬁﬁ#ﬂﬂﬁﬂ#ﬁoﬂﬁb&ﬂﬂﬂﬂﬂ###ﬂﬂﬂ-ﬂﬂﬁﬂ

0,0

039771893801 7n+0]
0.4A0226225742N0])
0:97594523066004+00
04257807250 TAN=04
0+118697324904N=03
0 1R0N3IRIQNG2ANNS

0e3ATTLIHOAANITDO]
044602262257420+01
0+975945230660D+00
0+4267TRANT2507RANA04
0:118697324904Nw03
0.15003830052R0=04

ux vy uz
1.00000000
D« TT=T7688 1,60000000
U=A2316204 0,B3640333 100000000

N.5000000 DaYS



RSS VELOCITY ERRDRS. o & Ns3919T76647RTTN=0]

SOLVE=FOR PARAMETERS

==NONE

NYNAMIC CONSIDER PaARAMETEKHS

- =NONE
MEASUREMENT CONSINDER PARAMFTFRS
RANIUS 0.0 fan
La? 1 () 0,60
LONG 6.0 Oan
RADTUS 7 . 0,0 Naf
LaY 2 0.0 0.0
LONG 2 a.0 fign
RahTUS 1 n.o Nen
Lal 3 ft,0 0.0
LONG 3 0,0 04N
MO SOLVE=FNR PARAMFTFRS
PASITION ETGENVALUFS SOHAQF
1 0,1449993325R67D+nA
2 Ne32531Uas3TR51ND+07
ol 3 N.539307AB7323490+05
e
=]
ENSITION ETGENVECTNPS
1 N, 6853440 Ta6RUINeNN -1,
7 Ne637T10RR1&132UD NN 0.
3 -0, 152BGTORPRNETD«ND o,
VFLOCTITY EIGFNVALUFS SQUARF
1 0,6655721451A950-048
2 Ne1466£0087408LID=02
3 0.320B73a7040730=n5
VELOCTTY ETBENVECTNRS
1 1,949572395042040+00 iy,
? e 2BA4A95DI7A16330+n00 0,
3 -0,1308144711R210+00 -0,
STATF TRANSITION MATRIX PARTITIONS OVFRY 0,500, Ak,
X{ AH.001) Yi{ 3,00l
K( U.500) 0. %463NBPPI6N*02 -0, GibAIREIREN?DP
¥({ 00,5001 =0,A?13704R22N*02 n,T2T726499R1N+02
70 0,500) =0.3934533572D+01 n,.38436RIABS2neN]
vt D0.500} 0.,7439505055N0+07 -N.6024062852N+07
Yyt 0,500} =0.T139R02H6TN+0T 0,7T2RT13549n+07

0.0 Va0 0,0
Ba0 0.0 0.0
Bet 0,0 0,0
Vel 0ell 0,0
g.0 Vel 0.0
0.0 DeD 0,0
Uet Vel 0,0
0.0 0.0 0,0
[ ] 0a0 0,0
ROOTS OF EIGENVALUES
1 0,3RUTATTTHYDD3
? 0.18036378900+04
3 0,2322300341D+03
61245247313480+00 0,39396124772550+00
TREPIHAHATI5018L+00 0,8205625392543D~01
1941426068889D+00 0,91537576T72263D+00
ROOTS OF EIGENVALUES
1 0.8158260508p=02
2 0,3829622603D=01
3 0e1R16252331D=02
2934464B517n60+00 0.11068603755456D+«00¢
954£3524987320+00 0,86438598701530=0]
50603359972480-01 0,9901145742430D+00
onl} ==TRANSPOSES SHOWN
20 36,001} ¥X( 3600l VY({ 36,001}

SO0 O0CaA0
" > a2 w % e " S8
SO0 ODODAD

¥Zt 36,001}

=0,993933675601200 (,32¢B8716752n=04 =0,2956B8TROTAN=04 ~0,205R419211D0=06

0,15080151340e01 =0,5392774756N-04 (.4651AB82760N=04

0,32627941980~06

“0,7741704991us0]l =U,2666R2T322n=05 0,23492638670~05 =0,95543857930=n6
0. G195T5L1000+05 U, 46T74947844n+01 ~0,.4108A%9938001 ~0,27441369710=01

D.104035289604+06 =v,5102103901n+01 1, 44391657350201

0.,258A0T29450~01



-4

YZ( 0.500) =0,2157AT5964D+06 0,2047873982D+06 0,97629B09060+06 ~0,1471221080n+00 0,1293338RT0D+00 -0.61573552!‘0-02

SOLVE=FOR PARAMETERS
==NONE
DYNAMIC CONSIODER PARAMETERS

==NONE
IGNORE PARAMETERS

-=NONE
(VARTIATION MATRIX HAS BEFN COMRUTER anND PUNCHED)

VARIATION MATRIX

0.4463082236D+02 «Ne8213704R22D+02 -De39345336720+01 0. 74495059550+ 07 «0+71398028670+07
=0,.,51849051060+57 N.727264799a810+02 n.3&435a38520¢01_ ~3+6054062R520¢07 0eT728713549D¢p7
~04993933ATS6N+ 00 Dal50B015134V+0} ~Ne 7741704991 N+01 =D FLYSTEILIGOD+0S 0.10403928960+06

TARGET CONDTITION CORRELATION MaTRIX AND STAMNARD DEVIATIONS BEFORE GUIDANCE CORKECTION

DePRS2I4TTEID (6 0,1000000000N+0] =0.9991859147D+00 “Ne 9901 7IVA2TID+0O0
De2TTATSNITADHDA =0.9991858147N+q0 0.1000000000D+01 Ne9F45TS21TTD+00
NA2154391030+04 =0,990173932Tn+00 0. 9945TR21T7TD+00 0.1000000000D+01
ETGENVALUFS SQUARE RDOTS OF EIGENVALUES
1 0.6040155433797D+0A 1 G.T77184369UD+04
2 N.147574004635204+12 2 0.3841536211D+06
3 N.11093T1RAR3ILIID0E 3 0e3330723468D+03
EI1GENVECToRS
1 N.72156457R345ED+0D 0,68692725664710+00 0,B662T736147720=01
2 =0,69044122435710+00 0.72321017328A80+00 0.160611430932BN=01
3 =0.5161720928ATHO=01 ah,T1400205370630=01 0,996111276009R2N+00
GUTDANCE MATRIX <= FIXED TIMg OF ARREIVAL GUIDANCE POLICY -
0.1774197TRBBL=05 G« RURFAIAROGIU=0NE Ne323074AK3ID-06 =0.100000000060¢0] 0.0
0.RGLHIBIARIIN=-05 =0.306UR299910«=05 =Ne45RAKLTHELID=06 Del =0.100¢0000000+n0)
0.323074R632N=0k «(e456480TR410=06

N.80087261040=05 NDel 0,0

VELQCITY CORRECTIOM CORRELATIUN wATHIX AND STANDARD DEVIATIONS
Ne7I44980970D=02 0.1nnnon00pON+01 =N, 49730123940+00
G+3267B41155D=0] -0,4973012394D+00 0:10000000000*0]
0.25610856246D=-07 =0.3935299392N+00 0.98473776300+00

=0.3935299392D+00
DeQR4T3TTEAND+0N
0,10000000000+01

“0,215T6T59R4D+ 06
0.204TATISAZD+06
0.97629809060D+06

0.0
0,0
=0a1000000000D+0]1



g

s
™

DELTA=VEE STATISYTICS ===

ETGENVALUFS OF S ===

TRACE OF § ===

SUUARE RONT OF TRACF ===

EIGFMVALIIF RATIOS ===

EJSEMVECTNRS OF

1TRANSPOSF)

MEAN =m

STANDARD NFVIATIONM

DELTA=VFE (90}
DELTA=VFE (a9}
ODELTA=YFE (099.91

DELTA=YEE (99.99)

i n

S =em=

UalORRATIRD=07
Vs 22R3G040D=D7P
Va335915230=n)
iepnonboon
0.9923A7130+nn
=0ea11486842D+nn
=Us44530445D=01
Ge2T73ABY3TD=0]
U+19448306D=901
DeBapa37680~Mm
0.852252530-01

Ual0AaT754020+00
a12A523260+00

KMR/SECE

KmM2/SECR2

KM/SED

KM/SEC
KM/SEC
KM/SEC
¥M/SEC

KM/SEC
KM/SEC

0.036%947A0

N.110971660+UD
049904473000 U0
D+81850038D-0}

0.,402018510~04 xM2/5EC?

Us0ndl1a764

0,535070440=-01
U.7e2R089TN=01
0.99564934D+00

D.11711RO0D=06 KM2/SEC?

SIGPRO=
SIGALP=

EXECUTTON FRHOR CORDFLATINN

FXOECTFN VaLUF OF VEIOCITY CNRRFrYTON

“0,314~12230130=n7

0 10GG00ABR00=-07
03430000 0000=03

DWRNGRTHNBTTN=03
N.,2803203%6460=-03
D.5NER040T2TIN=03

CONTROL

RSS POSTITION ERRORS, . .
RSS VELOCITY ERRORS, . o

{AND KNUWLFPRGE)

o

v

LxA

SIGrFS=<
SIGHFT=

MATRIX aND
0,.1anA000000N+N}
0,14/457320501400
G 6P4AARDY20N-02

02712729304 m01

N P0R8362263N={2

Usl00n000Nn0GAN=G0
U+3430000000Nn=03

STANMNARND DEVIATIDNS

ETGENVALUFS

N

N.2573027R19811N=04
Ne7511%3RR3003/D=07T
N2573027R190110~0K

E1GENVECTORS

Lad My

STh NEV

0.50550126n+00
N.SRKTTOTIN+*DDO
P LATSHT34N+01
B, 5NHS2TAR49N=N3
0.7A2079946N=03
0L.50631312N=03

N.993258a7104210+00
“N, 1148684 181529D+0n
0,1555%8293RR6TD=~y1

X
1.000Up0n0
pD,R%0NL602
n,778715%4
n,N3479000
Nn,NR088787%
0.002603223

0.202918RT>07AN+0]
NeTHRGAGIB4E96N=U]

Nel4H4BTSH2USN4GO
Ge10GROQOU00ON+Y]
=Na970080RG4G0=0]

SOUARF, RODTS OF EIGENVALUES

1
2
E|

Ge50725021630=03
0427407186Ti0=-03
0,5072502]1630=-03

0.62466609200~-07
=0.970080B444D=01
Ga1000000000D+D1

0.115717898360TD«00 =0.6795682996]480=02
0,9904473038€43D«00 0,76284a0T242910=01
=0.7495004164606D=01 0.9970629033041D+00

Y

1,00000000
N.,87T435460
N.N39BRG3R
n,n5833181
N.N1N21407

z

lennoootoo
0+03931751
005732725
0.01350885

vX

1.00n00000
Yalbpa2239
#20046R093

CORRELATION MaToTX PARTITIONS aND STANDARD DEVIATIUNS JUST AFTER GU(DAMCE CORRECTION AT TIME

VY

1.00000000
=-0,09619949

0.500 DAYS

vZ

1.000000n0



£1-4

SOLVE=FDR BPARAMETERS

==NONF

DYNAMIC CONSIDER PARAMFTERS

~=NONE

MEASUREMENT CONSINFR PAaRAMETERS
RADIUS 1 0,12%00213
LAT ) n,0A262037
LONG 1 =0,11607148
RapIUS 2 0.0
LAT 2 0.0
LONG 2 -0,13599409
RADTUS 3 D,N1521947
Lal 3 =0,010%08619
LONG 3 «0,17422T14A

0.7919770L Gs406T2654
0.19811883 Ge27670151
=0,N6320158 Ge01234723
Dol U.n

0.0 Go
=-0,nT04RBTS U,010736642
~0,23A05412 =0.75974806
N.1AE16128 0+18855710
-0, 0B560R14 D.D103L854

te01215184
U, 00827177
-t.00160737
a0
Oeld
=0 00182630
~0,0001N&]
De00708627
~D.00p24016

0,01793923

6,01216227
-0.00279516

0,0

0,0
-0,00321192
=D.01519422

D.01069137
=-0,003%8556

NO SOLVE-FOR PARAMFTERS

POSITION EIGENVALUFS

SQUARF ROOTS OF EIGENVALUES

1

. 1059754 7796510+00

1 043255387503p+00
2 0e6452B46421D0-01
3 0.2002412919D+01

0,25410581854360400
0.911223591687460400
0,PBB396B84605500+00

SOUARE RODTS OF EIGENVALUES

1 0.50774855310=03
2 0,27444410190=03
3 $.507326755930=03

~0,28959417625070+00
=0,2025%9Ra544C00004+00
D,535461R737506D+00

2 Ne19TIABRH549690D=02

3 0.4009657409917/D+01
PNSITION EIGENVECTORS

1 N.9108441033352D+00

2 =0,358642R271KE3N+00

3 0,2042994376515D+00
VFLOCITY EIGENVALUFS

1 0,25TBABER3IZ16FD=06

2 0.753206A2AK046D=0T

3 N.2573784073R1/D=0p
VELOCTTY ETGENVECTORS

1 0,96720614350190+n0

2 =0.1165R83A1917220+00

3 =D.22565548701060+00

TARGFT CONNITION CORRELATION MATRIX aAND

N,3583581n734480=-01
0D.90027923252540+00
=-0,100R4870463980+00

STaNnarD DEVIATIONS AFTER GU

0.39R4468064104+04 0,100n0000000D+01 =0, 98953491990+ 00 "0
Oe3&TPRD4LIHAD+ 04 -}, 90953491990+ 00 N,1000000000N+01] 0.
Ne493R4654TID¢03 ~0.76571395460~01 NeHBRETIOLIISD=0] 0.
ETGENVALUFS SRUARE RODTS OF EIGENVALUES
1 0.,27794824435470+08 1 0527207970704
2 0.1421375255430D+05 2 0377011306904
3 0.243907TR038T753De 05 3 0uba387001700s
EYGENVECToGS
i Na7542964813476D+00 ~0,66643854506RT0+00
2 D.A5287Tn3917210D400 0,74896011260T740+00
3 =0.69198249q276p=01 ~0,89874337146090=p1

0,23521856507060+00
0,75915590980310=0}
0,9689731934R68D00

IDANCE CORRECTION
758233954¢0=01
B6RE71913RD~0]
16000000000+01

04
03
03

~0.6B1751787R885N=02
0.,113182731781AD+00
0.9935507992433D0+¢00

0,01130657
0.00794067T
0.00000092
0.0
0.0
0.,0007T9404
~0,00145370
G.001267R0
0,00167537



PREDICTION EVENT AT TRaJECTORY TIME U,15000p00De0l DAYS PROALEM, . 0
PRENICTING TG TRAJECTORY TIMEs o o 0,500U00000D0+0]1 Davs

GﬁnGﬂﬂoﬂGo#ﬂﬂﬂﬂbaﬁouéoﬂnﬂnnaﬂaabﬁcﬁenaﬁ,uaﬂqunooouqao“nnaﬁ##ﬂ#uﬂbnooﬂnﬁo#nﬂéioﬂﬂu&lﬁﬂﬁqqlnﬁﬁbﬂouwoQaﬁaaiiuwaﬂuiyﬂclanuiuaaG*weﬁﬂb#

ERROR ANALYSIS MODE=-

AT TRAJECTORY TIME 15000
STATE X=COoMP y=COMP Z=COMP RADIUS X~DOT Y=pOT Z=-D0T VELOCTITY
IMERTTAL =041A254000«06 0,22510497408 D.896503510+04 0,289938TD+06 =1,10026085 0,06420RB88 0.01R28510 1.461684699
HELTIO= 0:4719259n+08 =0,14429)05+00  0/823107N+04 0,15181250+409 26,7£025286 10,125147483 0.01841908 2R.,5T7430424
ROT.GFD= =0,27T0T&T1N+06 =0,1033355Nn+058 0.84650351N+04 n,28993R7U+nE -1,27BB6062 *0,69366870 0,01B28940 1445323219
STATE TRAMSITINN MATRIA PARTITIONS OVFa¢ 1400, 1.500) ==-TRANSPOSES SHOWN
Xt la500) YI  l4500) U l.500) VXL 1.5n00) VY{  1+500) VZI{ 1.500)
¥t Laanyp) ol00011REHINSG] =0, 98Y2422037N=03 =0,37557361850=04 0,2700381847n=nT =0,22416440150=-056 -0,84R4375733D~0A
Yo l.400) «0,0a9244]1348D0+03 0,10U05RRK14N+D]  0.46808218910-04 =¢,2241655611N=06 0.1259509210n0~06 0.10547007R10=07
7t lLeag) =0,37557523B6D=C4 N,46U0832T06N=04 0.,99932522600U0n =0, B8484473077N-08 0,1054707441D=07 =0,15279213180=-06
VX 1.6060) 0.8640735430041064 =0, 2THTIP0BLNN«0] =0,10548560840+00 v, 1000116386n+01 -0,5673276370n-03 =0,35739841810~04
VY Pa.800) =D 2TATI412A6N+0]1 0, 8641545731IN+04 G.131116381T70+00 =U,9473237118n=03 0,1000529536n+01 0.4430R055780=04
@ vz 000} »0.1054a751300+00 A, 131]11760260+00 0,A6IR0995950+04 =U,35T74001606N=-04 0,58308]1T7564n=04 N.9993545036D+00
1
= SOLVF=FOR PARAMFTERS
=-=NONE
OYNAMIC CONSINFR PAKAMFTERS
-
IGNORPE PARAMFTFRS
-—NUNE
NIAGAONAL OF DYNAMIC NATSF MATRTX
n,n ftal (.0} fed O.n Dotk
MATRTIX 1 = PHI#P#PH] (TRANSPASE)
Na16447707¥3731N400  (,155n871000T87D+0n  0.3ARREI5410500+00 0,191736614748D=05 0.1601261225760=05 0.23439n7764RA50=-05
04 1550R1G9907870D+0n  0,173515257354D40n LVa4y12653979080D+0n 0,220308262833D=-05 G.183410308427D=05 0,2703243157620=05
0, 6ARRTIZ4]1A99D+0N  0,40126539T9908D4AN V12751 3342743D+0G1 0,5261498041530=05 0,432713127815D0-0% 0.T7T51079651791N=05
DIRITIRELETEAN=NS  0,P2070A252R370ans  D,526149AN4150=05 §,291A8187959090=10 0.23999R244T7640=10 0.2A92384291550=10
0.1601241225760=08 0,1R34103084270-05 0443271312 1R150~058 0,2399982447640=10 0,19872)6662450=]10 0.2355617647430=10
0,21439077440850=06 0,27032431576720-05 U.7510794G17910=05 6.78923R42915%0=10 0,235c617A4T430=]10 D+52T7T7151032230=10
TOTAL MOVARTANCE MATRIX AT K+1
Ge1447702937310¢00 0,1550R10907870+nn U36AR635410500+00 0.191736614T4BD=05 0.1601241225760=05 0+214390774485Dw05
0.1550A199UTATD+00  0.17381525735404nn  0440126539795950«0n0 0,P20309252833D=05 0.183410308427D-05 0.2703724315762D0=05
0. 6ARRIGLI0SIN4NN 0,40126530T095040n D4122513342743D+0]  0,526149804153D0-05 0,4327131278160-05 0.751079651791D=05
Da19173A614T748D=05  0,2203NAZ52833D=05 U+526149804153n-05 0.291A14795909D~10 ¢.23999A2447640=10 0.20923R4291%50=10
0.160124122576D=05 0,1834103084270-0% U+432713127R150~05 0,23999B2447640=10 (.1983216662450=10 0.2355617447430-10
Na2143907744R5N=-05 0,P209243157620-06 (#7510796517910n0%  0,2892384791550=10 0.,2355617&4T¢3D=10 0.5277151032230=10
CORRELATION MATRTX PARTITINONS AND STANDARD DEVIATIONS AT EVENT TIME 1.500 LAYS

RASED ON MF

ASUREMENTS UP

to TYwE

1.400 Davs



- 61-4

STD DEV

X Y z (34 vy vZ
% 0.38048692n+0n 1.0000V0000
Y 04416551630+00 0.,9794B192 1,00000000
. 7 0.11068575n+01 n,a7053537 0.,ATO3044]) l.00000000
VX 0.54020255n~05 n,93284330 0,07905097 0.87595627 1.00000000 .
VY 0,44533321n=05% n,a4500037 n,9aRT1205 0.87785603 0.99762217 1.00000000
vz 0.,726640020=05 D,77565144 n,72810470 0.93410251 0.73705450 0.72814849 1,00000000
RS5 POSITION ERRORS, « o« N.128234414857N+01
RSS VFLOCITY ERRORS, . o 0s+1008ABA2A191D-04
SOLVE=-FOR PARAMETFRS
-=NONE
NYNAMIC CONSIDER PaRAMETERS
-—NONE
" MEASUREMENT CONSINFR PaRaMFTRRS
RapIUS 1 0.,61025411 t.,57756642 ¢.795B844RA 0.53K04555 0.55669897 n,773264R8
LAT 1 N, 42298119 0,40287960 0.5534206R3 Ue3T3R4TDY 0,38R02598 0.54024015
LONG 1 an, 43077117 =0,33737097 ~ia 01790800 =0s38317114 «N,2p7152009% ~0,N1R14RTY
RADYUS 2 -N,01577910 “N,1015022% V00257263 “04+13584156 -0,1447171) 0,06055829
LatT 2 -0,011492378 =-0,.,n7329277 §.00185765 ~0sl0n9T76A2 -0,10449737 0.043T2794
LONG 7 ~N,33920924 ~0,23R188493 Gs040R2300 “0.07709499 wd 11754095 0,02569300
RaDIUS 3 -0, 17487514 -0.20658718 ~0.10158bR4 ~0e26947TH0 =-0,25247322 =0,20159451
LAT 13 n.1266R8R16 6.15060730 ¢.07552862 0.1918a791 0,18279496 0.13517353
LONG 3 -n,79194903 =-1,7039297A 0,10506459 =-0,03758852 -0,0B146963 0.09533406
NO SOLVE=-FOR PARAMETERS
TARGETED NOMINAL AT S,000
-0.435305319D+086 0,426744122N+06 0,1093451760+05 =Ca66T81B6800+00 De495650074D+00 1.,296R158R00N-02
STATE TRANSITTON MATRIX PARTITIONS OVeRrg 1.5004 5.000) -=TRANSPOSES SHOWN
Xt S.000) ¥{ S.000% It 5.000) VX{ Senna) ¥Yi  S.000) . VZI{ 5,000)
Xt 1.5%00) 0.1126834210D401 =n,S5U22262103N+00 ~0.16T72276120=01 U,B050036412n=06 «0,2525757355n-05 -0,8004246469D=07
Y{ 1.800) =0,50754550500+00 0,18944R4T04N«D1  0,19339316AB0-01 =U,2582989726M-05 0,1377433787TN=05 0.9068224159D-07
2t 1.500) -0,1723095172n=01 0n,19%0698859iN=N1 0.6R552247910¢00 =U.B51453U7730~07 0,9432)1012B1n=07 =~0.14R3676904D=05
VEE 1,500 0.3)1120475310+06 «n,32499469300+05 =0.10110424670+04 0,1079949357n+0] =0,2393R570120+00 ~0.7020344R20=072
YWY 145000 =0,37649051650+05 n,31722073770+406 G110921460440404 =0,2413029326n+00 0.1106194641D+01 0.T492104R160-02
VI 1.500)  -0.10244U99540+04  0.11187411A2N+04 0.261470283404+06 =U,7196660862n~02 0,7617S2T0TEN=02 0.R494366445D+00

SOLVF=FOR PARAMETERS
==NONE
DYNAMTC CONSIDFR PARAMETERS

==NONE
IGNORE PARAMETERS



91-8

0.0 a0 0e0 0.0 0.0 0.0
MATRIX 1 = PHI®HOPHT (TRANSPNSF)
02976556 T4R%4De0) (0,2731493897040D+01 Ue3TRI52948B031N«01 ©¢,6562077991%00=05 0.582R490056380=05 0.545894841654D-05
0,2T31RY3IBIT0AN0Y1 0.25Tn64676356D+0] D0+3447940511500+0]1 0,6118347R60190=05 0.,5493059192940=056 0.4R7244918680D=0%
0.,37A3579680310+01 0,3447940511500+01 D+76585659019T1D+01 0.831033In76960=05 0,73136A1537500=05 0-1261171515200=04
DeASRPOTTIGIOUD=08 0.611R34T7R60190=ns 0+4831033107A0AN=05 0,148T7¢16649060~10 0.,131293068T2TD=10 0.1187243765830=10
0.58P840800638D0=05 [.549305919294D=05 0,73136A1537800=05 0,1312930687270=10 0, 11TRE52737030=-1n D.102538T7R0234D=10
N«G4GAQ4RE]AS4D=08 0,4872449]18AB00=-ns 0,1261171851%52n0=04 (,11B724276583D=10 0C.10253ATA02340=10 0-218375455415D0=-10
TOTAL COVARTANCE MATRIX AT K+l
02976654 T4B94D«0] 0,273189309T70nD+01 D«.3783929480310+01 0.656207799190D=05 0.587204980563PD=D5 0+54509484)1854D~05
0.7731A03BYT0ED+0]  0,257064A7HASRD+NT . 0<3447940511500+01 0,611R34T786019D=05 0.5493059192940+-05 0+4872429168880D-05
e ATAIGPA4B031N+0]1 0,344794051150D+41 0476585590157 10+01 0,6831n033107696D=05 (.73136A1537500-05 0.1261171515200=00
0.65APNTTIFIFUN=05 (.6118347B6010D=-08 Us8310371076960=05 - 0,148741664906D=10 0.1312530687270-10 0+11BT243765820=10
N.GRPRLIADSEIAN=05 (.5453059192940=08 0731366153 7500-08 0,1312930687270=10 0.117a852737030-1n 0.10253RTROZI4N=1]
N.,54540408416540=08 0,4RT?449186800-05 0,1261171515200-04 0,118724376583D-10 0.1025387A02340-10 0.21B8375455415D=10
CORRELATION MATRTX PARTITIONS AND STANDARD NEVIATIONS AT TIME S.000 UAYS
BASEN ONM PRFUTCTIOM FRUM TIMF le500 DAYS
STN DEV % Y Y4 vX vy vz
X 0.,17107182n+n1 1.,00000000
Y 0.1603323TNn+0n1 n,99bu1104 1.00000000
7 N.PT&TH10IANSN] a,T7T99180R9 0,77707270 1.00000000
VX 0e18567041N=05 N,90459574 0,98945636 Ve?77862519 leCna0noad
vY N.34330056N=05 n,392438K5 N.9979T248R 0476981575 0+99163300 1,00000000
V7 Deab730HAD0=NS n.6R265517 0.4503]156% V,97521121 0.65R75158 0.63916314 l,na000ng0
RSS PNSITION FHRORS, , » Nna36270874585RN+0]
RES VFLOCTITY ERRORS, . o Ne&hI6339593442N=05
SOLVF«FOR PARAMETERS
==NONE
NYNAMIC CONSIDER PaRAMFTERS
==MNONE
MFASUREMENT CONSIDFR PARAMETFRS
RADIUS 1 #,54843T07 0,56354687 0,789 74660 0.81015007 0,.55928986 0, 74171228
LAT 1 6,AR220545 ¢,39314853 0,55105087 Ue35RE472) 0,390%4T41 0,51912143
LONG 1 -0,2272169% -0,73495144 =0.0183%199 =(+15373567 -0,18551151 ~0,01768645
RADIUS 7 -n,11686595 -0,14332072 0.0652077) =0el4424700 -0,16648089 0,07864537
LAT 2 -0, 08538659 -0,1034R906 0.0326935% =0+10415790 =0,12021256 0,056643R5
LONR @ -0,12201253 =0,13223166% V03020822 =0 04529304 =0,0R2T5172 0,01965442
RaDIUS 3 -0,25972296 =0.24237358 =0,17691922 =0.28691350 =0,25269514 =0,230645871
LAT 2 0,1R680389 0.17547884 0.120A7118 020577565 n,18273563 0.15207013
. LONG 3 -0, 01404355 -0,09850605 0.0992433] D 00366432 -0,05226331 0,08A900871

==NOMNE

NIAGONAL UF DYNAMIr MOTSF MATRYX

NO SOLVE=-FOR PARAMETERS

POSITION ETGENVALUES
1 0.,1341514315903001 1

SQUARF ROQTS OF EIGENVALUEYS

0+411582375990+01



L1-4

PNSITION

LU VI

VFLOCTTY
1

2
3

VFLOCITY
1
2
K]

D.2164545258]142D=02
0,118050R455]104D+02

ETGENVECTNRS
N.G4387692396764D+a0

=N.70020510T7T4RTIN+00
0. 4625055156350D+00

ETGENVALUFS
0,4005594083329YD=10
N, I0SBTT0239711D=12
0.8335421545156D=11

EIGENVECTORS
Na568T34R479597D+00

“D. 672471887207 3D+00

=N 47367653a7312D+nn

2 Ge95731631440-01

3 Ge34358528140+01
4.,5555226A450430+00 ~0,62696153347980+00
0,71351364565110+00 0.24720131R3172n~-01
n,42695T663B1650+00 0,77T04208550050+00

SQUARE ROOTS OF EIGEMVALUES
1 0.63289762860=05
2 . 32938T749820-06
3 H+2R8711301E0=-05

0,.50079444582170+00 0.6524310357730n+00
0, T39I T00TB656U400 0,182714n3148230=01
=0,44917406513030+00 0.75757544R43B3N+00



ERAOR ANALYSTS MODE=FINAL INSERTTON EVENT AT TRAJECTORY TIME 0,34547190D+02 Days PROBLEM, , [}
whqﬂpauﬂﬁnnu#nﬂﬂobnnqbuﬂcqap&oabﬂaou“a@qpoG@GQ@QOQ@&&&Qg.’gQ#ﬂ“ﬁ@ﬂﬁ“.*ﬁ&ﬂﬁ“E#ﬁ“*ﬂl“'b?aub#ﬂﬁ..ﬂﬁiﬁﬁﬁﬂﬁeuﬁﬁwiﬁbﬂﬁwﬁolﬂoiﬂlﬂﬁﬂﬂﬂﬁﬂbﬁ

AT TRAJECTORY TIME 34.5472
STATE X-camp ¥=COMP ZoCOMP RADIUS x=00T Y-pDOT z=00T VELOCITY
INERTTAL =0,11625560+07 0.959097BN¢ns 0.%007736D4+03 0,15071170+07 =~0,11696875 9,10617756 =0,00a14138 0,15R800200
HELT1Q=- 0:11450R4N+09 =0,943R422D+0A ~042005447D+03 0,1500604D+09 18,65823215 22,732875027 <«0.00512210 29.40940768
ROT,GFO= =0,1508994M+07 =0,l9296500+nS 040077360403 0,15071170+07T -0,16162185 0,797Ta6B8 =0,00613297 033885740
STATE TRANSITION MATRIX PARTITIONS OVFR( dl.000 34,5471 ~=TRANSPOSES SHOWN
X( 36,547 Y{ 36,547 7¢ 34,567) VX( 34.54T) VY( 34.547} VZI{ 34,547
X( 3l.000) 0,1005953R92N+01 «n,1149116945N=0] =0.15516746410~04 U,38189682608Nn=-07 =0,740R2965580-07 ~0,800801350680-10
Y[ 31.000) «=0,1149160675D~01 0,10019647620n+01 G,.]127772389170=04 =U,7409013956n=07 0,1249164078D~07 0.66537167170~-10
2{ 31,0001 =0,IS54449896D=06 0,12795349130=04 0,99224120580+0n =U,81246125620=10 0.6690490158N=10 =0.4691436557D=07
VX{ 31,0000 D.307071N023N*06 =0,11573776030+04 =0,125658240%0+01 U,.1005T796574n+01 =0,1118515416N=01 =0,92571666930=05
VY({ 31,0001 «0,115T406464D+04 0, 30066957340+0% 0,.10348094840e01 =~¢,111R563614n~01 ©,1001A196810+01 0,76267993370-05
w YZ( 31,0001 =0.125R428/1300n+01 n,10363314150+01 0.30569470570+06 =0,92839313T7TN=-05 0.T64R%16153D-05 0,99244159270+00
] h
o SOLVF=FOR PARAMFTERS
-=NONF
DYNAMIC CUNSINFR PARAMETERS
weNONF
IGNDRFE PARAMETERS
==NONE
NIAGONAL OF DYNAMIf NNTSE MATRTX
a0 DeD Dol 0.0 0.0 0.0
MATRIK | = PHISP#PHT { TRANSPNSE)
0.67T0R3I242T6AD+N1 =0,312900208759D+01 U28302245526rD+01 0,1RT060A594980=04 =-0,14400608216R40=04 =0,250486462095D-08
a0,3129NN20HT5IN+0] D.A46E0411540900en1 00394P32051AR3804+01 =0,1456842542150=04 0.165r085325470=04 0.446044844340D=06
0.28382P455258D+0] 0,3942320510350¢01 041516211633510+02 =0,1168090713730~06 0.6749825356460~06 0.37507A3239300~05
D.1AT06NE5949RN=04 =0, 145684254216D=04 «=02116R09071373D=-06 0,6156326351300-10 =0.4803836875310~10 «0,5131782208320=-12
. 144806R216840=04 0.1450945326470~04 0+674982535646D=06 =0,.4B803B3I6ATS5310=10 0.5407074065380-10 0.5m43329767360=12
=0, 2504AR4AA0SSD-NA 0,465044R569340Dw0pr 0.37507A32393nD~05 =0,51317622083¢0=12 0,58473729767360-12 0.982532546783D=11
TOTAL COVARTANCE MATAIX AT K+l
0.6TINAIL42THAN+0] «0,3129nn208759D0401 Vv28382245%26RD+0]1 0,1B8706065%4%80~04 =0.,1404R068216840=04 ~0.2504864620950~08
=0,31290N208TSI0+0] 0.666941154090D+01 ©0=3942320518350+01 =0, 1456R42542150=04 0,1658965325470-04 0:446044844340D~06
0.2R3B7245525HD+01 0,3947232051835040] 001516211633510407 =0,1168090713730=06 0,6749825356460-04 0.37507A323930D-05
0.187060653698N<04 a0, 1454042542150 =04 =0¢11AA090T137AIN=0A 0,51563263513U0=10 ~0.4B03B36875310~10 =0.513178270832D=12
w(,144806R216040=04 0.16509653254670=0¢6 Vo674982535646D~06 =0,0803836R75310=10 0.540T70T406538D~10 0.504332976736D=12
a0 PHO4RAGEBZNISO=0R (.6460454R64340D=06 0:37507832393nD=05 =0,5131782208320=12 0.584332976T36D-12 0.9R2532546T83Da])
CURRFLATION MATRTX PARTTTIONS AMND STANDARD REVIATIONS AT EVEANT TIME 34,547 DAYS
RASED ON MFEASUREMENMTS UP TO TIME 31.000 Davs
STD DEV X ¥ 2 v vY vZ



6l-4

X 0.26020823n+n] 1.,00000000
¥ 0.25825208n+01 -0.46503012
Z 0.38538562n+01 0,28012109
. VX 0.7845622611=05 0.9162217AR
vy 0,73532309n~-0% -0, 75680994
vz 0.31345378n=05 -0,00030711%

RSS POSITION ERRORS, + »
RSS VELOCITY ERRORS. + «

1534811 T4R4170+0]
Nell1200BK2RGA9D~04

SOLVE=FOR PARAMETERS
w=NONE

OYNAMIC CONSIDER PaARAMETERS

~~NONE
. MEASUREMENT CONSIDER PaRaAMETeRg
RADIUS 1 H.2359T136
LAT 1 0.16300269
LONG 1 -0,24475987
RADTUS 2 4,185393449
LAT 2 6,117%0348
LONG 2 -9.233333R5
RADIUS 3 0,0Tl%91as
LAT 3 -0, 04932563
LONG 3 =0,200076%48

NO SOLVE=FOR PARAMFTFRS

POSITION EIGENVALUES

1 N.9TRY007234739%D+01
2 n.185037a1044%10+01
3 G,.1696297Ra51730+027

PHSTTION EIGENVECTIARS

1 0.75313783n84670w00
2 0.63651817311530+00
3 f,166218158428%D+n0

VELOCITY ETGEMVALUFS

1 N.,10600T445A81 FlD=09
2 0.9602840659546D=11
3 0,%849043158003D-11

VELOCITY EIGENVECTORS

1 0,7340523292596D+00
2 0.5343R320A1A460+00
3 0.242332426RR530+00

1.00000000
0.39203809
=0,71896548
0,AT159953
0,05510123

D,37476411
N.?5901837
=N P637T406
D,16493759
0.1166503]
=0,22801733
=0, 00067AR0
0,00060285
=0.,22255347

1
2
k]

©1.00000000

=D, 003082428
0.02357350
0:.30730426

U.81070816
056009351
003368606
0e43502515
0.30767129
0.07887H93
0.14559004
~Ue10025590
0.12068100

SAUARF RQOTS OF EIGENVALUES
0+31287381400+01
0.1360286400D+01
0:4118613702D+01

=-0,652R3674594540+00
0,.69196024759A6L+00
0.30821291161580+00

1
P
3

SAQUARE ROOTS OF EIGENVALUES
1+10295991746D0=04
G,3p988450530~05
(e 31383185240=05

-0,67T904529624720+00
#.66590209194630+00
0.,2508636854370U+00

le«00000000
-0.337618%2
»0,0208657%

~G.00213212
=0.00155279
0.00109735
0.0078R103
000202369
=0.000T70456
Us00003657
=0+00n03570
0s004PP405

1.00000000
0,02535162

0,02363532
0.0161098s
0,00&647030
-j,00082371
~0,00060550
G.,00774797
«0.01806919
0,01244345
N.ons29113

0.,Bl166752754300n=01
=0,3%0640n314662D+00
0,9366834B49154D«00

=0,8041912797659D=02
=0.348701766306004+00
0,9371992348554D+00

1.00000000

0,07687363
0.,052170A6
-0,01324388
=0.,00722R27
=0 ,005358K2
0.00279404
=0,0R357345
0 .n5791271
0,011084apR2



STATF TRANSITION MATRIX PARTITIONS OVFR(¢ 41,0004 34,547 ==TRANSFOSES SHOWN
. X 4,547 Y{ 34,5471 Z( 46,547 VX 34.547) VY{ 34.557) VZ{ 34.547)
X¢ 3i.000) D.1005R53I&F2N*N] =n, 11491169450 -N1 =0.15516746410~04 U,3818982608Nn=07 =0,T740R296588N=0T ~0,8B0R0]3I505AD=-10
¥{ 31.000) =N.1149160675N=-01 A7,.1001944762M+0]1 D0.12772389170=0¢4 =U,7409013956n-07 0,124916407RBN=0T7 0.6653716717D-10
70 31,000} =0,15%54449896N=04 0,12/9534913N=04 0.99224)1Z20580+00 ~V,A124612562n=10 0,6690490158N=10 =0,4091436557D=07
VX ( 3l,000) D.3070710023N+06 =n,1157377603Nn%04 =N.12565824090+01 0,1005796574nen1 -0,11185819416D=01 ~n,9257166A93D~-N5
VY ({ 31.,000) =0.115740444404%04 0n,3006695734N+06 0,1034809484D+01 =U,1118563614n=-01 0,1001A4196B1D+01 0,76267993370~-05
V7t 31,000} =0,125R42R130D+61 n,1036331415n+01 D.305&06T7057Ds06 =U,9283931377Tn=05 0,764R8916153n=058 0,9924415927D+00

SOLVF=FOR PARAMFTERS

~=NONE

DYNAMIC CUNSIDER PARAMFTFERS

==NONE
IGNORE PARAMETFRS

== MNONF

RGO RO EH O BO BB OGN LPOREGE TR NGt s R REORRE AR AR RO aGROERAR LS AR LORdREREAN RSOl O ad Rt RUONRRERRORRQIRELGARRERNERDRRESOLGORR

# ASSUMEN GUINANCE EVENT &

0c-9

DIAGONALL OF DYNAMIC nDISF MATRTX
0.Nn Len
MATRIX ] = PHI®P®PHT (TRANSPNSE]

0.67TT0RIZ242T66D+0]
=0.312900208759D+01
0,PRIAZP4EE52580+01
0.1R70A04594980=04
=0.14480AR21AA4D=04

=0,31290n020875%90+N}
De6f6Q41154090D+01
0,3942320514350+01
=0.}456R42542])150=04
0.16589653254FD=4

w(,2604R6462095D=08 0,446044064340D=0%
TOTAtL, COVARIANCE MATRIX AT K+1
0.67TTORI242THAN+D] =0,3129002087550.0
~0,317900208T59D0+0]1 C.6669411540930+01
0.P83B7P45525AD+01 04394232051R3%D+0)
D 1R7060659498D=04 =0,1456B4254215D-04%
~0.14480AB216A4D~04 0.165A9653254T0-04
-0, PSN4RALE2095D=0R 0.446044R44340D=04A

CONTROL CORRELATIOM MATRIX PARTITIONS AND STANDARD DEVIATIONS JUST BEFORE GUIDANCE CORRECTION AT TIME

¢.n

Be2R3R22455252N+0]
Ue334232051R350+01
0.151A21163351D+02
=Us 116REQ0T13TID=DA
Ush 7498253504 AN=0R
0¢375n78323530D=05

0+.283R2245525RD+01
0+394232051R35N+01]
0+15162116335)10D+02
=0+115R090713790=08
0:674982535646N=06
0+437507R3239300~-05

V.0

0.1870606594%80~04
=-0,1456642542150=04
~0,1168090713730=06
0,6156326351300-10
=0.480383687534iD~10
-0,31317822083D=-12

0.18T060659498D=04
~0,1456842542150-04
=0,116809071373D~06
0,5156326351300=10
-0,480383687531D=10
-0,513178220832p-12

STn DEV b Y z
X 0,76020823n+01 1,00000000
Y 0,P5825204n+0] -0,46303012 1.00000000
7 0,3A938562Nn+01 n,28042109 0.39203809 l.00000000
VX 0,78462261n=05 nN.91622178 =0, 71895548 =-0e00382328
vy 0,73532809N"05 -0, 75680994 0.,AT3I59953 002357390
V7 0,31345375n=05 -0,0n030711 0,05510123 030730426

RSS POSITION ERARORS, .« o« N.5348117454170+01

0.0

“leld4nlAR215R4D=04
0,16539653254TD=04
0+6746825356460=06

-0.48p3B836RT531D~10
0.540707406538D=10
D0.5843329767360D=12

=0,.144806B21684D-04
0.165R9653254T0D~04
0.6749825356460=06
~0,480383687531D0~-10
0.54070T74065380=-11
0.584332976T360=12

D.n

=0.25048A4620050=0R
D:446044844340D=06
0.375078323930D-05
=0.51317R2720832n-12
0.5043329767360=12
02982532546 TR3N=11

=0.250485462095D0=-08
0:4460644844340D=06
0+3750TA3239300=05%
=0.5131TA2208320~12
0+5R43329767360=12
0.98253254567030-11

vX vY vZ
l.00n00000
=0.83261892 1.,0p000000n0
=0.02086575 0,02535162 1,00000000

3445471901 DAYS



RSS VELOCITY ERRORS,

>

»

Nu1l200BAZRIAIN~UL

SOLVF=FOR PARAMETERS

~=NOME

NYNAMIC CONSINDER PaRAMETERS

==NGME

MEASUREMENT CONSIDER PARAMETFRS

RADIUS 1
LAT 1
LONG 1
RaADYIUS 2
LAT 7
LONG 2
RADIUS 3
LAT 3
LONG 3

*,235971236
r. 16300269
-0,24475987
0,10593449
0.1174034A
«0,23383305
0.0714913%
-0, 04932563
~0,2008765R

MO SOLVE~FOR FARAMFTERS

POSITION ETGENVALUFS

I¢-9

1

2
3

0.9TRI002347399D+01
0,1850379104494D+01
8,169629TRRR1TIDeN?

POSITION EIGENVECTNRS

1

2
3

6.7531375304467Deng
0.6365181731153D+00
0.1662181364283D400

VFLOCITY EIGENVALUFS

2 ,9602860859546D=11 2 0.30988450530=-05
3 4384904 11380030~11 3 Uad138318K240=05
VELOCITY EIGENVECYORS
1 1, 73405232125%840+00 «0,6790452962472D+00 n0,8061912F9765%0-02
¢ 0.6343833NA1A460D+00 01.6899020919463D+00 =0,34870176830600+00)
3 N.242332426A625D+00 0,25086358564370D+00 0.,93719923485540+00
STATE TRANSITION MATRIX PARTITIONS QO¥rR( 34,547, 36,000 ~=TRANSPOSES SHOWM
X{ 36,000} ¥{ 36,000} Z¢ 36,000} VXt 364000} VY{ 36.000}
X( 34,547} 0.1000965990D+01 -0,18101038220~02 =0.29294047840=06 U,15506342210=07 =0,2875091423D0=07 -0,31663T18620-11
Y( 34.547) =0,1810205714n=02 0,10002643200+01 0.24138600500=06 ~0,28751643180=~07 0,4069481775n=08
ZO 34,547} =0,2931501745TD=06 0,24147547410=06 0.99877119708+00 =0,317189915an=11
VX({ 34,547) 0.12556338510%06 «~0,7545115749N+02 =0,75437541400=02 U,10009T79007n+0) =0,17979824180=02 =0.1046297705D-06
VY( 34,547} =0.T754514345T0+402 n,12953346710+06 0.62039361080=02 =0,1797597055n~=02 0,1000245306n+01

1

G.1060074458171D=-09

0,3T476R41)
0,75001837
'40?6377406
0.1649375¢
0,1166503]
-G,P2A01733
=0, N006TBEO
0,0p040249
=n,P22553467

i
2
3

D.a1070818
0.5m00p9351%
Ve03968406
0043502515
030767129
0+078RTHED]
D«.14559004
=0.100255%0
0,12068100

SOUARE ROOTS OF EIGENVALUES
0e3128738140D+01
0.136028540504+01
Na%ll86137050+01

-0 ,652R3614594540+00
n,569196024T759360+p0
0.30821291141540+00

1

SGUARE ROOTS OF ETGENVALUES
Nek0295991T40~04

=0.00213212
«D,001565279
V00109735
0.0828R103
0400202369
=0, 00nT04%6
VeODpOIGSKT
=0 00003570
000422405

0,02343533
0,01610984
0,00447030
=0,00082371
=0,0006059D
0.00774797
«0,D1B06919
0., 01244345
n,n06291113

0.81166T6275430N=01}
=0.340640n03)46620+00
0.93668368491540+00

0,076873563
0.05217nRé
~0,0}324388
~0.00722R827
~0,00535862
0,00279494
=0,NR357345
0.,n5792127]
0,01108RR2

VZ{ 36,000}

0.,2506237424D=11
0,2610725732n=11 =0,1952789444D=07

0,.85895451120=07



VZt 34,547)

=0, 7946540290 =02

SOLVE=FOR PARAMFTERS

==NUNE

DYNAMIC CONSIDFR PARAMETERS

0.2029424664B0+05 <«0,43458R5069N+04 =0.47T7815649340=03
D.20764525790+05
D.37397377820+03

0,78130961330+02

IGNORE PARAMETERS

~=NONF

L2 2 0.5 211X X ]

MATRIX 1 =
0«12477752559R0+07
0, TRYSEN&4TTTAT0]
0.2807132651620+01]
0.?HR3]THOBALGD=04
=0.,2089612132450=04
=0,122811120255D=-06

FINAL IWNSERTINN HAS DURATION

PHI#P®PHT (TRANSPNSF)

=0.75765047T7T4704+071
04117127R49491D4+07
D.80R32204569RD+ 01
=0,210323290225D0=-04
0.2363272404690=04
0,44040751556T7T004

TOTAL COVARIANCE MATRIX AT K+l

0, 1247775255980+902
=0 THTSONGTTTATD+0]
0.P80T713265162D+01
0426R317568619D=04
=0a2NA9A121I2450=N4
-0.1228111202550~04

MATRIX 1 =
0,124777525S948D+02
=0.7575504T77470N+01
0.2ANT132651620+01
D+ 26H31T5ABA1GD=04
=0:20R9612137450-04
=0.122811120255N=06

~0,75TG9N&TTT47TD401
0.11712284%2491D+07
0.,4NRIZPDAGAAD D)
-0,210323279022%0-04
N, 2363272404690=04
0.40DaD7TS15547T0=04

PHI#PSPHT { TRANSPASE )

=0, TRTHS04TTT4TD+DY
0.117122R494910407
0.40R2P0656%RD4DY
«0,2103232602250=04
N.2363272404550=04
0.44040751584TD~0n

TOTAL CUVARTANCE MATRIX AT we}

0.12477T5255380+07
=0 7575504 TT74TD+01
0.7807132651620+01
N«PHRA31756B6190~04
=0,208%617132450=04
=0.1228111202550-06

=0, TR7S2N4T7TT47D+01
0.1171228494%10407
0,40R327206%69RD+01
=0,210723290225D~04
0:236327240469D=04
0e440607515547D=0A

0,6206294368N=02

0,36576769120+013
—0,43344685T7200¢04 =0,P028923743N+05

EXFCUTTIUN ERROR CORRFLATION MATRIX AND .STANUARD DEVTATIONS

0.37TA34R5]19D4+03
0«21R3T946TN+013
0«3R42121350+03
N 619590296002
Na357600526D0=02
0.APH94R00BN=02

COnTRUL

N.100nv0on0nNn+0]
»(.,?595774930+00
0.270968307TN=02
1.9996999H8n+00
~0.2R0N31PHAD400
N, 2F096R1R40=N2

0.
B
-n.
O
Na

0,14528098700+01 Gnbpanoten

02807132651A42D+0]1 0,2603175686190=04 -D.20R80612]13245D=06 =0,122811120255D-06
U«60R3I220A5A9AD+01 =0,2103232002290=04 0,2363272404690+046 0.440407515547D=04
De1621963630050+02 =0,2535016350590=-06 0.68278R8453TETD~06 D.44679749T7550D-05

=0+2535016350500=06 0,6328864904T20=10 =0,49613%024047D=10 =0.523409T7T56T470=12
Ve6B2T8R4GITSTD=06 ~0,6961350240670+~10 0.,5524678166140=10 0+5747698291430=12
Vs 6679740T550D=05 =0,523409786747D«12 U.5T47698291430=12 0.9460TRIPIRIZD=-11
Ue28071326516PN0¢01 0,26B8317568619D=04 =0,2000612132450-04 «0.1228111202550D~06
Co&0A3P206569AD0] =0,2103232902250=04 0.2363272404630-04 0444040751554T70=06
0.,1621956343005D«02 =0,2535016350590=-06 0,68278p4537570=05 0,.466797497550D~05

=0s25350163505%n=06 0,5632R864504T720=10 ~0.496135024047D=10 ~0.,5234007567470a=12
D, 4B2T7TARGG3TSTH=0k =0,.4961350240470=10 0.5524678166140-10 0.5747698p9142D=12
0.46619T4978650D=05 =0,523409756747D0=12 0,574760829143D-12 0.9A60T7RI2ZIRI2ND=1]
De280713285162D+0]1 0,268317568619D~04 =0.20R961213245D0=04 =0.122R11120255D=06
Des0A3220R569RN+N]1 =0,210323290225D=064 0,2363272404690=04 0.44040751554T7D=06
0e162196343005D«02 ~0,253501635059D=06 0,68278A45375TD~06 O0.44657974975500=05

=0e¢263501635050D=06 0,532R86490472D=10 =0.4961350240470=10 =0.52340907TR6T4¢TD=12
0+6827RRGKITHRYD=0A =0,4961350240670=10 0.,D5246TB166140=10 0.5767698791430=12
Da666TIT49TEGAD=05 =0,523409756T4T0=12 C.5747698291430=-12 0.%36607832356320=11
0«2807132691A2D¢0]1 0,2683175686190=04 =0,20R0A121324550-04 =0.12281112025%5N=06
Ve40R32208569AD+0]1 =0,2103232902250=-04 0,238327240689D=08 0:44040751554T7D=06
041621963430050¢02 =0,2535016350590~06 0,68278R4537STD=08 0.4467974575500=05

«0.2535016350590=0r D,6328864504720=10 =0,496135024047TD=10 =0.52340075674TD=12
D.682TBR4SITSTD=06 =0,.496135024047TD-10 0,5524678166140=1n0 0.574769829]143N=12
DatbBATITH4OTESRD=05 -D,523409T5674TN=12 0,5747698291430-12 0.96607R3236320=-11
100000N00ON=N)

21¥751497D-01 0,100000000D+01

2997286680«00 6,270598571D=02 0.1000000000+01

399989HGAN+0N N,219T71094TD=01 ~0+2501824190¢0n 0,100000000N+01

Pl7751904N=01 0.,100000000N*C1 0D.2705984480=-0> 0,2197109%%D0=01 0.1000000000+01

0.,12547150380°06

-0,1047458123n-06

0,1277897515n=02
-0,70886011780~01 =0,3321R752470+00

CORPRELATION MATRIx PARTITIONS aAND STANDARN NEVIATICNS JUST AFTER FINAL INSERTYON

0,85%98955532p=-07

0.598B85496980=02

0,3323481729n+00 =0,7125082400n~01 =~0,B82554666750-08
0.33958391620+00
N.6121878%480-02

0,998T7TI0610+00



¢l-9

STn OEVY X

X 0,37836501n+03 1.00000000
¥ 0,2184062Bn+03 -n,25982594
7 0.3R423330n%03 n.o0272871
* VX 0,61959081n=0n2 0.99996703
VY 0.35761030n=02 -0,26003481
vz 0.,62894809n~02 0,00270949
RSS POSETION ERRORS, + o« N+581804A1R597D+03
RSS VELOCITY ERRORS, o .  +9525510939630-02

SOLVE=FOR PARAMETERS
-=NONE

NYNAMIC CONSIDER PARAMETERS

=mMNONE
MEASUREMENT CONSIOFR PAHAMETFRS
RADTUS 1 0.00151417T
LAt ) o,n0lllag)
LONG 1 -n_ nolbrRaTYy
RADIVS 2 N, 00114773
LaT » 0000681201
LONG 2 -0, 00160870
RaDIUS 3 0, 00049226
LAT 3 wit, 00033940
LONG 3 -0,00136345

NQ SOLVE-FOR PARAMFTFRS

POSITINN ETGENVA| UFS

1 0,14TT60544152290+06
2 0,430668TR446221D+05
3 N.1476A938023530+06

POSITION EIGENVECTNRS

1 Ne9TT7TRBIROASALYD+0N
2 0,2096214RR30960+00
3 ~N.1183081071990D=02

VFLOCITY ETGENVALUFS

1 0, 39627577543070-04
2 N,115411nANG2560=04
3 N.39866675n753/N=04

VELOCITY ETGENVECTARS

1 N.9775963020122D+00
2 N.2099723759353D+00
3 0,1472732117892D=01

KNNWLEDGE CORRELATION MATPIX PARTITrONS AND STANDARD NFVIATIONS JUST AFTER FINAL INSERTION

STp DEV

A
X 0.37836501n+03 1.00000000

Y 2 WX vY
1.n0000000
002201994 1.,80000000
-1.7597121) te00270573 l.00000000 ,
0,99990521 G,02197034 ~0.26018388 1,00000000
N.N2197281 V299994648 000270597 0,02197107
0.N0a52650 0.00828438 =0.00000571 0,0000443R
N.,0n312812 d.00572247 =0.00000405 0,00003049
~-0,N0309562 Ueinn38813 Vs 00000295 6,00001254
0,00194374 Qe0439577 . De0On0ONZ76 =0,00000465
N.0D13745¢ 0.003108K5 DeODn0D197 =0,.00000337
“0,0n265909 0.00080125 De00N0DO3D 0,00002018
-0, NND0RBSS Vennl3BanT 0e0DnOOOSH =0,00003866
0,00005842 ~l. 00095548 =0.00n00040 0,00002663
-0,00260136 0.00123284 0s00nNDGTO 0.00001R45
SQUARE ROOTS OF ETGENVALUES
1 0+3R43062038D+03
4 0.20752538270+03
k| 0. 3642T7774880+03
=0.20956316519320+00 0,50839530308120=-02
0,9776156003356000 =0,180712813296880=01
0,1A735457924730=01 0,9998237759403D+00
SQUARFE ROOTS OF EIGENVA|UES
1 Dab6295043R8TD=02
? 0.3397220341p=-02
k| 0.6290204693D~02
=~0,21019066678160+00 =0,11188294003220=-01
0,977541n0T754A00+00 =0 ,18U3260Ra07730=0]
0.152T946RB573410=-01 0.99977479656720+00
Y 2z VX VY

vz

1,00000000

0,00002846
0.00001920
=t 00000707
~0.,00000RRE
=0,00000639
g.onn00044
=0,00004336
0.000030n0%
0.00000406

vz



ve-4

Y D.21A40A2BN*ND -0,725902598
2 0.33423370n*03 0,nn272871
v 0.£19590R)n=n2 n,99996703
vy 0.35761030N=n2 =0,?A0N34R1
V7 Ga&2HFLROON=02 n,nn27u9se

RSS POSTITION FRRORS, o
RES VFLODCITY ERRDRS, . .

ALERIBouRIarRaTN+L]I
N,082551093943N=02
SOLVE=FDR PARAMFTERS

==NONF
NYNAMTC COMRENER PaRewE TENS

- NONE

MEASURFMENT CONSTINFR PARAMETFRA=

RADTUS 1 n,oalolaly
LaT n.anlllenl
LONG 1 «n, nnlée7Arr
RADTUS P n.nnllaTra
Lal =2 n,aaustlzael
LONG 2 -n (10160RTO
HADTUS R n nnls+g2pg
LaT 2 -J,00033984
LONG 1 -0, n1l36355

MG SOLVF=FNR PARAMFTFPRS

PNSITION ETGFNVALUFS

1 V.14776044152250+08
? D.43N6ERTALAARRDING NS
3 Ny l476693002393D40A

PASITINKN EIGFNVECTARS

1 0.,977T7PlagasNlY0enn
@ f,2096214R=30Y60+0nN
k| =0,1183n810719%00=-0?

VFLOCITY ETGENVALUFS

1 0.3962757754307D=04
4 0,115411nANG256~04
3 0.3956A6T50T5ITD=04

VELOCITY ETGENVECTNRS
1 8,9775963920124D+00
-4 0,.2099723799353N+00
3 n.1472732>1178920=01

1.00000000
G,n2201594
=0,?50T71211
0.999%0521
n.n2197r281

n,N045726%0
n,nniltpaiz
=-3,n0306562
Nn.npl9437s
0, 00137459
=-N.n0265%09
-0, N00085%94
n,0nN0584Z
~0,00260136

1 De3AuA9xZ70380+N03

F4 Ds20T52530270+03

3 0. 2R427774880+03
-0,20956316519320+00

1.000000p0
D.np270573
Ve 0219TU34
0.009940R8

Da.00Aa28438
D.np572207
D.0n03BH13
Ve00439277
DsDQIL0BES
00080125
0.00138807
-VaNp0955068
D.Onlz3dne

SQUARE RODOTS OF EISENVALUES

N.,97761560053560+«00

Y.00n00000
“R+26N1R3R8
Be00270597

=0.0nn00571
=0:0000n405
B.00n00295
0.0nn0N276
UeDNn00D193
0.00n00030
R.000000586
=0,00000040
UeQ0n0UBTO

1,60000000
0,02197107

0.0000443R
n,nnnn3n4s
0, 00001354
-0,0n000469
=n,00000337
p,00002016
=N,00003864
0,000U2aB3
N.0NDUIRES

0.508395%0308120-02
~0,1807126132988D~01

0.1RT35457924730=g] 0.,9998237759403D+00
SGHIARF ROOTS OF EIGENVALUES .

1 0.6295043887p~02

? 0.339722p3410~02

3 G«62902046930-02
=N,2101906567R160s00 =0.11188204003220=01
0.,9775410072480D+00 «0,18032698R0T773D-01
0.1527946085T73410=01 0,99977479656T2N« 00

1.00000000

¢,000028046
0.00001970
-0,006000707
=0.,00n00RRE
=0,00000&79
0.00000044%
=0,00004336
0.00003004%
t,00n00406



CASE E-2

Long (118 day) Tranefer Time Miassion to the L. Point with

2

Impulsive Insertion and Generalized Covariance Analysis

B~-25



9¢-9

INPUT DAYA FOR PRORBRLE®M, , PR
HODE TO BE EXECUTED. . .ERROR AnaLYSIS

LAUNCH DATE T 922 21 2,100 1974
FINAL DATE 11 & 22 21 3,000 1974
INITIAL TRAJECTORY TYME = 0.0

INERTTAL FRAME 715 GEOCENTRIC ECLJIPTIC

INITIAL STATE vECTYOR
AT TRAJECTORY TIME 0.0

STATE X=C0up Y= OMP Z«COMP

INERTIAL =0,3053546n204 0,5805989n404 =0.23461890.0p
HEL[0= 0.,4438201D+08 =0,145460500y -0:b4ART24D+03
ROT,GF0= «0.64463550s04 ~0,1226105Nn204 =0,23461890402

THF FOLLOWING QUANTITIES ARE Tn gF AUGMENTED To

HEASUREMENT CONSIDER PaARAMETERS
RAUIUS )
LAT 1}
LONG 1
rADIUS 2
LAY 2
LONG 2
RADIUS 3
LAT 3
LONG 3

e

JULIAN DATE o« o «2442238.43127425

JULIAN DAYE , 4 «2442356.43170458

RADIUS X=DOT Y-no?
0.65600000+08% ~8,360086750 =5,37335030
0.15208070+409 19,64P62685 $.70406799
0.65600000+04& 1.79293999 =8,2712099%

THE STATE VErTOR

Z-D0T

5.7718821%
5.77171304
5,77138719

VELOCTTY

11.06035315
20,90023083
11.0592a55%



Le-4

MEASUREMENT NO 1 AT TRAJFCTORY TIME D.n42 PROBLEM, . 118
RANGE=RATE WAS MEASURED FROM STATIUN 2 AT TRAJFCTDRY 1IME 0.04200 DaAYS
INTTIAL TRAJECTORY TIME 0,0
FINAL TRAJECTORY TIME 0,N&2
INITEAL )
AT TRAJECTORY TIME 0.0
STATE X=COMP ¥=COMP L=COmP RADTUS X=D0I Y=D0T 7=-00T VELOCITY
INERTTAL =0.3059344A0+04 0,5R05989N¢04 =0.€346189D202 0,6560000040& =A,36006750 =-4,37336030 5,7718821% 11,.08035315
HEL10- 044438201D+08 =0,14546050+09 «0eb4HART260+03 0,15208070+09 19,64262685 4,720406799 5,7T171304 20,90023083
ROT,GEQ= =0+644643550+04 ~0,12261050404 =0+423461890D4+02 0,.65600N00+0% 1,74293999 =9_.57120995 S5.771BR?19 11.0%592A559
FINAL
AT TRAJECTORY TIMF defuzl
STATE X=COMP Y=COuP L=COmp RADTUS X=001 Y=noTt z=00T VELOCITY
INERTTAL =0.10939770+05 »0,179RB190+08 0+110R442D4+05 0,.23793230+05 0.UBRINILIE =5 ,54R52751 1,56176517 C. 76451768
HELIO= De444TSTINHOB =0,14545320+08 02404542005 0.15210100+0Y 28,06302100 3.0487R712 1,56160410 2R,27130815
ROT.GFO= 0.14001470+05 =0,15722990+05 D«110A4420+05 0,23793230+05 G.3¢721843 =1,56228173 1,5617651R G.T6245118
STATE TRANSITION MATRIX PARTITIOGNS OVER( 0,0 o 0,042) ==TRANSPOSES SHOwWN
X{ 0,042y Y( 0.042) Z( 0,042 VXL 0.042) VYL d.042) VZ{ 0,047}
Xt 0.0 ) 0. 464201 2RA60+0]1 -0, 1349}31823n+01 =0.30115556020+01 U,12791466T7r=-02 0,15685T61650=01 ~0,114271666800=02
¥{ 0,0 )} =0,45995927550+01 -0,120264097AN+00 D,2040431068D+91 =U,148519435Tn-02 ~0,87269476¢330=-03 0,83582618220~03
Z{ 0.5 ) =0,20754692390+0]1 0,2858626333N+00 «0,61861140280400 ~0,6699301473n=03 =0,5053A15407N=04 =0,37797599317D~n3
VX( 0.0 0.55677826480+04 0,47370351760¢03 =0.23253316AR30+04 U,1935294756N+0]1 0,68324020100+00 ~0.1096972695D+(1
VY( 0,0 } ~0,573653R433D+03 ,2538312855D+04 0,12980696730+03 U,2B0T7660340n=02 0,55929825690+00 =0, 85824610040=01
I 0.0 ) «0,20231963040%04 ~n.436626316TN+03  0.31315005010+04 =0,9010596950n400 =0,.45281T774000200 0. BRLPTEASABN+OD
S0LVE-FOR PARAMETERS
==NONE
DYNAMIC CONSIDER PARAMFTERS
-=NOME
IGNORE PARAMETERS
wwMONE
DIAGONAL NF DYNAMIC NOISE MaTRIX
0s0 NN 0,0 0.0 0,0 Oe0

OBSERVATION MATRIX PARTITIONS

2K N e

== TRANSPOSES SHOWN

RANGE=RATE (2)
67711RR5101U=04
=~0:4TR2524B620~-04
=0,27T07Rr23615V=04
=0,34350na17BY+00



82-9

VY -
L¥rd
SOLVE=FQOR PARAMETERS
~=NONE
NYNAMIC CONSIDER PaRaM
-=NOME
MEBSUREMENT CONSTDFR P
RADTUS 1
Lat 1
LONG 1
RaLIUS 2
1.aT 2
|LONG 2
RADIUS 2
baT 3
| ONG 3
TGNORE PARAMFTERS

==NONE

MEASHHEMENT NOISF MATHIY
N, I8LARAGTD

GAIN “MaATHTX PaRTITINMS
KmMATH]X

S=MATH X

N

0.Rl65a575080+00
De46ABNGTBO5U+00

ETEHRS

ARAMETFRS

0.0

0.0

00
te9B)irORIALU=DS
0.27900A0T7R2L+0D
N.49544/7395U=0}
Dan

DaD

0.0

~13

=Ne2TRIRIGLVEN + 4
“etBnGAIT4YID+03
Ne32A4IRGBYBL+UA
=Nal1P1AR310D+0O]
=Ne®™Z741424030+00
NeSGIPRARTIZIID+00

I DEFInER

CORRFLATINN MATRIX PARTITIONS aND STANDARD UEVIATIONS AT TIME

STH DEV
X D.P332AR442N+01
¥ 0.11495341n403
7 NaTRTPERGTAN+NT
VX D.TR1ITH3SIN=N]
vy N.?9850TRAN=N]
V7 D.5R352800N=D1

RSS PNSTTION ERRNDRS, . &+ nedl
RES VFLOCITY EHRORS, &« & Nel0

X
1,000uUg0Nn
-0, 57224312
N, R4285909
n,973975037
0.,4124%4241
=0,RATE3DER

TOL32T100RN+03
A01T94105RN+00

Y

1.00000000
. N4R5749%
=, AT T4R29
0,510597A1
nN,13436377

D.042 NDAYSe JUST BEFORF THE MFASUREMENT

4 uXx . vY
l.00p0000¢
=0.93328U23 la00odnnp?
=D.pr3290128 U« SRER5295 1.00000000
Ue90570648 =0+961T1R79 -0,TRI1ABIAS

v2

1.,00000000



6¢-g

RADIUS 1

LAT 1
LONG 1

SOLVE~FOR PARAMETERS
-=NONE
DYNAMIC CONSIDER PARAMETERS

~=NONE

Raprus 2 -

LAT 2
LONG 2

RADIUS 3

Lal 3
LONG 3

NO SOLVE=FOR PARAMETERS

DDV OoO

OSSO0 0O0DOoODI0C O
LT AT T R A S N )
2223222209000

CORRELATION MATRIX PARTITIONS AND STAMDARD VEVIATIONS AT TIME

sTn DEV A
X N.17759680N+H3 1.0000000N
¥ 0al1D15T7407N+D13 =0,90809844
7 0.56414407N+02 -0,97944721
VX 0.,4R192290N=01 0.999852005
LA 4 O.,RAP94ATIIIN=NE =0,990£249%5
vz 0,22157340n=01 =1.99509656
R5S POSITION ERRORR, . « Ne2]1222747T238004+03
RSS VELOCITY ERRDRS, + » 0s5368656005430=01
SOLYE=FOR PARAMETERS
-nMNONF
NDYNAMIC CONSIDER PaHAMETERS
== NONE
MEASURFEMENT CONSTDER PARAMETFRS
RaDTUS 1} 0.0
LAT 1 0,0
LUNG 1 n,.00000053
RADTUS 2 0. 00000506
LAT 2 0,0n000631
LONG 2 0,0000005%
RADIUS 2 0,0
LaT 13 0.0
LLONG 3 0.00000053

ND SO0LVE=FNR PARAMETERS

Y

1.00000000
0,28987936
-0.99888612
0,89951495
N,999£N914

0000014
L0000015¢
N1.,n0000193
n,nannnnla
(]

0N

0,000000ke

0.0
Na0
Na0
0

G0 Gul

Qa0 0.0

O0eD Val

Gap 0.9

e 040

Uan 0.0

GeD 0.0

0.0 Vel

Ge0 Dud

GoD42 DAYSs JUST AFTER
z uX

1.00000000
=0+98256786 le0000000Q0
U+99264257 *0.99725231
De909291404 =0+9966R934
0.0 Q.0

U0 0.0
~0.00000198 ¢uQ0R0ONORO
=0, 0pDOLBTS Us0DROOTRT
=0+00002346 0.00000947
=0.00000220 Qe D0OnONOPYS
Uad 0.0

Vol 0.0
=0:000601398 0.00000080

(== == = = =]
L2 A T T I I )

L= Q=== ===

THE MEASUREMENT

vY

l.00000000
0.99990913

0
0
00000218
60002048
00002562
00000240

DO S OoODDIO0
2 & o ®

[~ -]

0000214

QoOoODOoOODOO
LI N I R I R I
o000 OQ

vZ

l.00000000

oﬂo

0,0
=0.00000152
=0,00001444
-0.00001806
=0,00000169

.0

6.0
-0,00000152



0c-4

CluuﬁﬂunﬂﬂnuenﬂOﬂqn&uooﬁoonun&on#wﬂe#u*uon*#uﬁ*uGanuﬂnnu*##ﬂﬂ&##ﬁQ#b##oﬂoqﬂGno&ﬂﬁaﬂﬁGuao#&onﬁDeﬂﬂﬂﬂnoﬂﬂﬁﬁnnoaobauaewauﬂaﬁn9&&#996

ACTUAL FSTIMATION FRROR ST#TISTICS

DIAGAONAL OF AcTUAL DYNAMIC NOISF COVAKIANCE “ATRTX

0.0 : D0 N=0 D.0 ‘ 0.0 Y]
ACTUAL MEASURFMENT NNISE CORWELATION MATRIX aNn STANDARD DEVTATIONS
Da12909945N~06 1.00000p0nN
ACTUAL MEASURFMENT RESTDUAL MEAN
0.0
ACTUAL MEASUREMENT RFSTDUAL ORIFLATION MATRIX awd STANDARD DEVIATIONS
0,%4365413n=01 1.,00090000
ACTUAL ESTIMATION FRPOR WeaANS 4T TIME 0.042 NAYS REFORE THE MEASUREMENT
X 0.0
Y 5.0
4 0,0
VX 0,0
vY i 4]
vi 0,0

ACTUAL CURBELATTION MATRIX PALTTTTONS AMD STasmDarn NEVIATTIONS Al TIME N.N42 DAYE JUST REFORFE THE MEASURFMENT

STh DFV A Y 2z vX vy vi
X f,7A376437M+07 1.,0n00g040n
k4 0.10n495341Nn+D3 -N,5TE£<4512 1.000G0000
7 0.1R87T26974N0+N01] - R4ZHS09G n.n4857499 le.0p000000
VX 0 7R1TE3IB0N=N1 0,97975032 -0, 9774529 ~0.93328u23 1.0000n000
vy 0.298507T8AN=0] 0,61204241 n.slps9r6l =-0.83290128 ¢+5ARE8299 1.00000000
V7 n,sA352800M=01 -0 ,ARTOA0AA Ne13435377 0.90570648 =0.94171879 =0,TBALA0Q35 l.000000n00
SULVE=FOR PARAMFTERS
=-=NONE
DYNAMIC CONSINER PARAMETERS
==MONE
MEASURFMENT CANSTDER RARAMFTERS
RADTUS 1 0.0 NN 0.0 0.0 add 0.0
Lat¥ ) n.0n a0t [ ) VoD 0,0 0.0
LONG n,0 Nath 0.0 0.0 0,0 0.0
RaDIUS 2 a,n [ G.0 /] 9,0 0.0
LAT 7 ] .0 0.0 0.0 0.0 0.0 0.0
LONG 2 0.0 0.0 0.0 0.0 0,0 0.0
rRanTUs 3 NeN L) 040 De0 0,0 0.0
LaT 2 0.0 [ 0.0 Ded 0.0 0,0

LONG 3 0,0 N.0 0.0 0.0 B.0 0,0



IGNDRE PARAMETERS

==NQNE

SOLVE=FnR PARAMETERS
NO SOLYE=FOR PARAMETERS

ACTUAL ESTIMATION ERROR MEANS
X ¢.0

Y 0,0

Z 0,0

VX n,o

vY 0.0

vz 0.0

8T TIME

0,042 DAYS

AFTER

THE MEASUREMENT

ACTUAL CORRELATION MaTRIX DARTTTTIONS ANA STANDARN DEYVIATIONS AT TIME

STn DEV X
X 0.17T596R0D+03 1.00000000
Y 0.1015740Tn+03 ~N,998U9AR473
Z Gua5Ak1640974D2 -N,97944719
VR 1.48192291n=01 n,99982095
VY 0.A294T71410=02 -0,99622490
o vZ 0272157340001 - ,99509455
Yo ,
= SOLVE=FOR PARAMETERS
==NONE
DYNAMTC CONSINER PARAMETERS
==NONE
MEASURPEMENT COMSIDER PARAMETERS
RADIUS 1 0.0
LAaT 0.0
LONG 1 n,00080533
RaADIUS 2 0,00005048
LAT 2 o.,nn006311
LONG 2 n.0n0DOSge?
RADIUS 3 6.0
LaT 13 0,0
LONG 3 0.,00000533

IGNORF PARAMETERS

==NONE

Y.
1.00000000
0.,98987933

=0G,9988061]
1,99951B92
0,9992R912

f.0
G,n
¢.00000163
3,00001541
f.nnntioa
0.n0N00181
0.0
0.0

0.00000163

4

l.00000U00
~0+982567RS
leqo264245
G+99291404

Gaf

G0
-0.00001980
-0.00018755
~0+000723450
«0«p0DD2200

0.0

G

=d.00001980

0042 DAYS JUST

wX

i.00n00000
=0.99724225
=0+9946A934

Gs0
Geg
Us00n0ON799
0.30007568
0.0np09467T
OD«0p000ASB
0.0
0.0

0:00000799

vY

1.00000000
0,99990904

0.0
0,0
0.00002163
0,00020484
0,00025622
0,00002403
0.0
0.0

0,00002163

AFTER THE MEASUREMENT

vz

l.00000000

L

0.0
~0,00001524
~0,00014436
=~0,000180R7
=0,00001694

0.0

0.0

~0,0np01524



FRROR ANALYSIS MONE- GUIDANEF - EVENT AT TRAJECTORY TIME v.500000000e01 DAYS PROBLEM, . 1im
ﬂiioni#Qﬂbﬁbﬁbﬁhc###gﬂ&bqo¢¢§quap#ﬁﬂpaaquﬂﬁﬁnﬂo*ﬂﬁiﬂﬁuﬂﬁﬂﬂn9Qﬁaqpp“ﬂﬁ#Q.l#'bi{#i!.ﬁﬁﬂﬂei##ﬂ‘ﬂ.ﬂ“‘ﬁ#ﬂﬁI“Gﬂﬁﬁﬂllﬁﬂﬂﬂlﬂﬂ.ﬂ“lﬁ"ﬂ‘ﬂ“*

ce-4

TOTAy COVARIAMNCE MATRIX AT we}

0.17475R39T1330+0n 0,7952484812370=01 U+157H979TT4nsD+00 0,24103439904T0=06 V.120568R6650960=0A 0.2042921%17000<06
N,795P6R4R123T0-01 0.5166912377770-n1 0+1995A5R796R3IN+0D 0,1220583013T730-06 0.5928504590R10~07 0.42139517307970=06
0.157TB9TSTT4050e0n 0,199<B5879683D+0n U.15604T01209AD+01 D,368R59419592D=06 0,19252R6H4B560=06 0.2182806914140-05
De?%1034399047D=0A 0,1720158301373D-nk 0.35rR596]19597D-06 0,370416496110D0=-12 0.187429637494D-17 0.5459654996850~12
0. 12705RARGE5D96D=0R 0,5923506590810=07 VUe+19252R4R4R560-06 U0,187429637494D-12 0.1154755921400-12 0+40176827215060~12
0,2042921517000=08 0,213051730797Dwns  Ue21R2R0R9]14140=05 U,545965499689D=12 0.40176A2721506D=12 0.4358294R3]1G50=1]
COPRELATION MATRTX PARTTTIONS ANMD STANDARD DEVIATTONS AT EVENT TIME 5,000 DAYS
RASED N MFASURFMENTS UP Ti TTw4E 4,600 Dave
STh DEV x ¥ z X LAl vz

AT TRAJECTORY TIME S.0000
STATF K=COMp ¥=COMP L=COMP RADIVUS =007 ¥-noT =007 VELOCITY
INERTTAL D.21241980+406 =0,5648053N¢08 0,4T769ARBND05 0,60531160+06 0.3828B0934 ~=0,T72535502 p,0n07678R f.82018168
HELTOU= 0.5652709p+0R =0,141R179Nen0 247245300405 0.1526AB3D+09 27,.576R1946 10,19431159 0,00165488 29,400T6467
ROT,BF0= 0.6033131Nn+06 =0, 11R4964N+05 A«%T6963H0+0S 0,6053]116Us06 0,8132743% =0,02929974 0,00076619 N.813R0237
STATE THANSITION MATGIX PARTITIONS CVER( 4,600 5, 008) «=TRANSPOSES SHOWM
X{ S.0a0) ¥Y{ S.0nb 2{ 5,000} VX({ Se0n0) VY[ 5.000} VZ{ 5,.,000)
X{ G.h00) 0,9097726R110%00 =0.11586851643n~02 0,10131366290=-03 =U,a377980758n-07 -0,6T264104%5Nn~07 0,5697577761D=-08
Yi o %.H00) N, 11RARS58T03N=02 0,10¢1971680n+n] =0.272A0733840~03 -y AT26486TAIN=07 0,1114904238D=-06 =0,157295104050=07
7{ tahul) 0.30131516260=13 =n,2T£4107039N=03 0.99RA8951259D+0n 0,569TA03Z96N=08 -0,.15295536240-0T <0,6754663374N-07
VXL 4,AU0) 0,34551285750+05 =0,133799139%n+07 0,1133027R400+01 0.9992636447N+00 ~0.1137340678D-02 0,95567812300-04
VY ( 4,600) =0,133H01NA04N407 N, 14TAR16RESD405 =0.904115910590401 =0.1137346157n=02 0,100148777510+01 - ,2556913199D0~03
V7 { 4, A00) 0.1]133092767TN+0]1 =n, 3U9]1269503N+«3) 0.3454K95T738U+05 V,955594287Tn=04 -0,2556044133N~03 0,99RBK99798D+00
SO MF=FUR PARAMFTFRS
-——NORNF
DYMAMTIC CONSINFR PaRaMETRDY
==NOINF
IGNORE PARAME TFRS
==NONF
NTAGONSL NF DYNAMTIC MOTSE s ATOTYX
[V} Na0 L)) Ha 0 Do Uel
MATRIX 1 = PHI#P#PH] ( [RANSPNSF)
Da17675RIYTIIINGON  UTO574A4A123TD=n1 UV«157A97977405D«00 0,24103439904/D-06 0.12058A665096D-06 0,204292151T00N=06
0.,796P4A4R173TH=01 N.5146512377770=01 0+ 199585A7Y945R%3D+ 00 0,1220583013730-06 0.5972n504590R1D~07 0,213951730797N=06
P 1STA9TYTT40SD0p 0. 1995088 T96BIDsnn  Va156047012096Da0] 0, 3688594195920-06 0.19252A4A0B560-08 0.2182806914140-05
0.241034399047Dm0f D) PPn5A3012TI0=0s U.36RAG94196020D=06 0,3704164961100=12 0,18742596374940=17 0.54596549960850-12
0. 12NSARKRASHIAD=04 [,5928904590610=07 041975784R4R%6N=06 0,18T4296374940-12 G.1154755921400-12 0.40174827215060=12
N.7042921517800=058 0.713951730797D=1 0.2182806914140n=05% D,5459654996450~12 0.%01748271506D~12 0,4358294R3196D=11



X 0.41804)14n+0D 1.000V0000

Y 0.226B837220%00 6,83862829

z 9,124%1874n+*p1 fh.30236381

. VX 0.60861851D=06& 0,.94735955
VY 0.33981700D=06& n,84887230

vz 0.,20876529n=-054 6,2340854]

RSS POSITION ERRORS, o »
RSS VELOCITY ERRORS, +

N, 336K6RBROPZN+0]
De2200951367nTD=05

SOLVE=FOR PARAMETERS
= =NONE

DYNAMIC COMSTDER PaRAMETERS

== NONE
. MEASUHEMENT CONSIDFR PaARAMETFERS
RaDTUS 1 -0,1R498404
LAT ) -0,12642380
LONG 1 n,90092480
RaDIUS 2 -0,16782225
LAT 7 -n,311795300
LONG P n,a8996081
RADTUS 3 -0,20k063R5
P Lar 3 n.13970370
LONG 3 N R4%33478

NO SOLVE=-FOR PARAMETERS

POSITION ETGENVALUFS

1 0. 17791694u87H1D+90
2 0.3267201739ABLN=07
3 0,1605890491256D+¢1

POSITION EIGENVECTNRS

1 NeI2T762645TRRMDUD+0D
2 =0.355052nT7=1420D+00
3 0,1159610721551D+nh

VELDCITY EIGENVALUFS

1 0,358047)154904D=12
2 0.13319614616730=~113
3 0.,64T723202900T1D=-11

VELOCITY ETGENVECTNRS

1 0,89323113792T1D+p0
2 ~0,42R64T6CcTNDL0D+RD
3 N4 135644252549 90 +nN

“#“9Gﬂﬂ**ﬁﬂﬁﬁﬁﬁ*ﬁﬂ“ﬂ*#ﬁGﬂﬂﬂG4*§§§#ﬁﬂﬂcﬁﬁﬁﬁﬂﬁﬂ#ﬂﬁﬂﬁh#ﬂﬁﬁﬂ&ﬂﬁﬂﬁﬁﬂ#**GﬂGGO*w@ﬂ***ﬁ#ﬂ#“ﬂﬁﬂ*ﬂ&ﬁﬁbﬂﬂ*nﬂéG*#QGG&nﬁﬁﬂb####bﬂﬂ#ﬂﬁﬂﬁﬁ#ugﬁa#

DIAGONAL OF ACTIIAL DYNAMIC NODISE MaTRIA

0.0 [4]

1.,060000000
0,70434870 1.00000000
0.8B8411315 0.48516335
0.76910520 0445354684
0.45179684 0.83700738
-0.42961397 ~04,59123162
-0.P9749506 -0.408065873
0.~0934337 -0.04481B66
=0,4150K659 =0e50544319
-0,29291496 -0+36063695
1.56289545 ~0.048564567
=0,63179428 -0445098513
4,29827087 0231304245
0.55473400 =6,06635740
SOIARF ROOTS OF EIGENVALUES
1 0v42132760280+00
2 0457159441390=01
3 Bel?672408%970+01
N.339848844T4720+00

0.,9311243n523070+00

0,13232645590600+00

SHUARFE ROOTS OF EIGENVALUES
1 D.5983T03RIED=-06
2 Gel1541020150=-06
3 1.2]1140063220=05

l.00000000
D.90624597
De42965642

~0.2766A25]
=(e19198906
UGa7601480R
=0e23A44850
=Us1627n211
Ue7256R0TS
=0.26098142
0.18211155
069017743

1.,00000000
0,5663052)

«0,25360327
-0,17560267
0,74093533
-,2]300582
-0,14818490
0.60706A04
-0,08932646
0,06410650
0.63189191

~0,15495779357170h+00
=0,8333997927527TD=01
0,98439957R8464660+00

0,41863700036160D+00 =0,163954R6014690+00
0,9NZ9R573I12R3GD+00 =N,29631032915110-01
0,96T462197T06RBD=0] 0. 9860227206529000

1.00000000

=0,4T015130
=0,32416A77
=0,04250K56
=0,34297AAGR
=0, 246RT4RT
-0,06141112
=0,17706014
0,12559ARR3
~0,08A5RRN]



MATHTX I = PHI®P®PHT (TRANSPNSE)

Ne PASORPRZAATADC02
Na74099061340590+0]
D127 RPR55]111G+0R
N.?P152172095740=04
0. 1059072B2U6AAD=04
D.1167784515R6D=04

0,7406990613406D40
GuaTlalP?2TaRBale
0.,1THG29290n4%De?
0a11012RAEP02NV=N4
0.527T293R4TATAD=05
0,1A8641581043210=04

TOTAL COVARIANCE MATRIX AT wei

Du16EN6P286T4D+02
N T74Q99NE134091401
0.1271A7B55111N+07
0.2152172098T40=04
0 10R90PHLUAARGN~04
BL116TTALSISARED=04

gg,p,;,gg,gaguguguu445““““gugengaﬁoqa"ﬁnﬂpﬁuﬁﬂuﬁﬁﬂégnuﬁoo&eeoﬂuq#@oaﬂooauwéh*#b#a&ﬂ##ﬂuan*ﬁaﬂﬂoc&éanﬂ#ﬁ*&#ﬂoﬁ#bnﬁﬁﬂﬁaaﬁnaqﬂﬁﬂn##n

ACTUAL FSTIMAaTION FEoQI HFANS AT TIME

0.749990A134090+01
G,47ulP27648B40+0)
0,17AGZAP230n45N+n >
U.11D12R6A902ND=04
0.527T292A4TAT00=0R
0,186sl010632 1004

$e127162RA55111D202
G 1789292900450+ 07
U,12ATYRGIEA1ED+0]
G ZTORBRZRGTRAN=D4
$+113962030944N0=04
GelonnlAonb7930=03

0.Pl521T2095T40=N4
V.1101286690200=04
0,27T9RBSZ7RETA4D-04
0,29P92H2447870-10
D,14%1537933080-1D
0,2834186518420=110

Uel271628551110+02 D.2152172095740=04
$,1TR929290n450+02 0,1101286690200-04
0e]126T9R43B41EN+03 n,2T798852RATESD=04

Ge27IRRSPRE67R4D=04
0e1139A203U944D~04
Usl40n1R9467610=0%3

S.0N0 DAYS

0,2929282447870-10
0.1441937933080-10
0,283418491840D0=1n

Va1059028206R60-04
D+527793R4T6T0D=058
Us113062030944D=04

0:116TTRH451586D=04
0+1R64161043210=04
Ge14001R994793N=03

0.1446153T793308D=10 0.2R3419681845N=10
0,7950567666240-11 0.133660831683N=10
0.133660B316R3N=10 (.1662878RTIARN=0G
(t+105002B206B6D0=04 0-}1677A4515860=04
0.52779384THT700=05 0D.1R86410104321Da04
0o11706707309440=04 N<140n1R359AT2IN~012
0,19415379533080=~10 0.283414609]1B8450=10
0.79595867566240=-11 Ns133660B316830=10

0.1336608316A30=10

Nelr62BTBRTIARN09

X n,0
Y 0,n
z Ngl
Vi n,o
vy 0,10
vz n,n
ACTUAL COQMELATION MaTaTX PARTITTONS AR STANDEAD DEVIATIONS AT TIME G.00U DAYS
Eﬁ &TD DEV o Y 4 vX vy vwZ
¥ 0.,40626T0TD+0] 1.,000UD0OD
¥ N.71712031n+01 0., A50C4437 1,00000000
7 0D.,112R04R1IN*N2 0,77 T%ak01 e TILREIIL ls0in0000D0
VX 0.5612284R0=05 n,978779p5 0,93717204 0,45924204 1.00000000
vy 0,7B212706N=05 n,923¥8578 N.RAGB1044 0.35872240 0+9440/243 1.00000000
L ¥4 0.12895266N0=Ni N,2P22Y0LAF 0., A65BP434 V.96427£32 Go%0R0ASS5T 0,35739151 t.,00000000
SULVF=FOR PARAMFTFRS
==HONE,
DYNAMIC CONSIRER PARAMETERS
==MNONE
MEASURFMENT CANSIDER PARAMETERS
RADTIUS 1 =0,19034513 -N.54B8B4073 =0.65588599 =G.31113312 -0,3054606) ~0,761164191
LAT 1 -0,13008770 =0,%1080904% -0,45269011 =i.2}589422 =5,21151028 =0,.524B0/46
LONG 1 n.,e2672592 fe£3661367 -0.04971903 085479651 0,89244457 -0.06AB15]4
RADIUS 7 -N,17268593 -0.43364230 =0+5A0T1623 -Ue26813847 -0,2575252% =0, 55525737
LaT =-n,1213T7141 =0,30402393 040007461 =0:18294040 =0,17R48/R0T =0.39934A05
LoNR n.91163675 n.5880RTOS «U.04541699 UeB1603754 0.73120260 =0,09942029
RADIUS 3 ~0,20689470 =0,45089624 =0.500302R7 =0.29347T04 -0,10755213 -0,28564792
LAT 13 n.14375247 0.31161956 0.347275139 0e20478684 0.,07T21514 0,20333538



~0.05142084

LONG 3 n.8&6B8D4nN 0.,57956033 0.78A23621 0.76110252
IGNORE PARAMETERS
==NONE
SOLVE=FOR PARAMETERS
NO SOLVE=FUR PARAMETERS
POSITION EIGENVALUFS SQUARE ROOTS OF EIGENVALUES
1 0.169744794816/D+0? 1 0,41200N96460401
2 Ne4439481681884D=-01 7 0.2121198/430+00
3 0.137998376713&D+03 3 0+11445452360202
POSITION EIGEMNVECTARS
1 N.9291R20202068D+nn 0,33735B06443450*n0 =0,16173705080950+00
2 ~0.,350059214394D+nn 0,931752972349n6De00 =0,96410204n43100=01
3 0.1186K6338K438D+00 0.14A20025834360+00D N,98211312049260+N0
VELOCITY ETGENVALUFS SAUARE RODTS OF EIGENVALUES
o 1 0,293922R720553D~10 1 0.5421465411D=0%
Y 2 N.6RRE6I45SN4A1ID=17 2 V.R2985748810=08
wn 3 0.173&591203%350-00 -3 0.,13)170395950=04
VFLOCITY ETGENVECTNRS
1 N,8675964754028D+00 0.44445500218530+00 ~N,2230161287010N+00
2 =0,45472006)1B686D+00 0,890n1461187710+00 0,593956073724D~02
3 0,201261P92T5TTDe0n 0.96256T61546630~01 0,97T479645976TED+0D
STATE TRANSITION MATRIX PARTITIONS OVFR¢ 0,500, 5.,000) =«~TRANSPOSES SHOWN
Xt 8,000} ¥{ S.nn0) Zt 5,000} VAL Senntd VY{ B.000)
E{ 0,500) =0.33944142710+00 »0,11373679620+01 0.1B129125170+00 =U,346179725(0n-05 ~0,3987135043N=05
Y{ 0,500 «0,13895501430¢01 0,5398324373Ne0) =0,9779128154uU+00 =U,55951649530n=05 0,16372T65320-04
70 0,500} 0.2540R855420+00 «p,11151A705TN+01 ~N.425B667T370+00 U, 102680130400n=05 =0,386693T7R65N-0S
VR({ 0,500) 0.324146504890406 =0,69949630870+0% 0(,93126206390204 U, TIT5865755n+00 =0,3559129998P+00
VY{ 0.,300) =0,T7465r6221T0+05 n.S7T3741AT0AN+06 =0.,37174617720+05 ~0,3912759913n¢00 0,1894R45666N+01
vZ( 0,500} 0,1067307230D+05 «n,3974435321n+05 0,30986053990+06 U,5178011027n=01 =0,1T264636%0N+00

SOLVE=FOR PARAMETERS
wwNONE
DYNAMIC CONSIDER PARAMFTERS

~=NONE
IGNORE PARAMETERS

=Da094B43RT

VIt 5,600)
0,56335856700=-06
=N,29R91407228D=-05
=0,39840695370-05
0.4153237A850~0]
~0:15325061130+00
DeB4699T3IRISN00



g

==MNONF

® ASSIMER RUINANCE EvEnNT o

DIAGONAL. OF RAYNAMIC #QTSE MATRTX

0.0

GoTTRAINRPTATID+0R
205 339549444959D«0x
0.353247221A4140D05
N 1RAGLTR4TLHGH 0]
=0e1412040402390+01)
0214R37106/63160+00

0.7TAOINAPTAT DDA
=03305494R«Y530+Ng
Na3532432214140+05
De IAILATH4T4GH0D40
*0s 1412060402390 01
N.14A83710AB3L1ADNN

(Y]

MATHIX 1 = PHI#PH#PHT (TRANSPNSF)

=0, 3197494 A495 06 nea
GeoRA52303902R%10:04
0.1056533096870404
=0.107T51%R%34150D+01
0, PARALABING5404 0T
o 95879 2RKIROED N

TOTAL COVAHIANGCE MATRIX AT K+l

=}y JINSAGLAGIH AN+ 04
QW ARZINAINZASIDaNg
1o 105ABIINISAPLL0A

=0.107%185RRIA4IS0-NY
N,2AR5493049%4NeN)
.952792RA3A0GDAN1

0.0

0035324322 A140+ 05
to1856533095R7D+ 0k
0,613RTA1004ASD04
UshO91026RI557N=01
2503488529010+ 0n
Ual25AaT169T018D+0]

0353243221 K140+08
3,105A533n95A3N¢06
Ga613ATRIG04E5N 0K
UsBO9]10PARRIGHTIN=0]
Us25n34RB5290104+00
Ue1P8RT1IAQTHISD0]

Gald

0.1835475474%5D+01
=0,107515653415D+01
0,609102,r895570=01
0,4444%67R11000=-085
~0,471A59252430D=05
0.338719980596D=06

0,18354754T74450401
=0,107515853415001
0,509]1026895570~01
0,4444567R]11000-05
=t,42]1R99252430p=~05
G:.33RT199ADS980=06

0.0

=0:1417204040239D+01
4 2884993049540201
0.25034RB529010+00
=0,421R592524300=0%
0.9870519761370-05
0.920a542459010=07

~0,1417040402390+01
0.2804493065540401
¢e23034RB529010+00
=0. 4214592524300 =-05
0.9876%5197613T0=-05
0:,920a542659010=07

“0065##&5&06ﬂﬂ*##ﬂﬁoqﬁ#ﬁﬂ##o#onnﬂﬂ“*“ﬂ#bﬂﬁb“ﬂﬁﬂﬂochﬁgﬂﬂﬁﬂﬂﬂﬂﬂﬂﬂﬂﬂﬁﬁﬂGGQGGQGo&G#ﬂﬂQﬁQinubuaﬂﬂlﬁcGG#GGG606#9ﬂﬁﬂﬂﬁﬁ“ﬂ#ﬂi'ﬁﬁﬂﬂb&oﬁﬁﬁ

0.0

0.1483T1066316D+00
0+959T928638050=01
0.125R71697015D:01
0.3387199AN598N=-06
0+9208542659010=07
0:25994A90R65RD=05

N+1483710663)4D+00
0.95979286380%50=-01
04175RT1AGTH1GD+0]
0+3387199RD59RD=0G
0.920R542A59010=07
0.2R994190865AD~05

gf COMTANL CORRELATION MATRIY PanTITTUNS AND STANDARP NEVIATIONS JUST HEFORE GUIDANCE CORRFCTION AT YIME S5.0000000 DAYS

ST DEV bt Y 7 24 VY vz
X 1.RALPEAKNIN*03 1.00000000
Y 3.823203070*0 3 =n.,417d44]n 1.00000000
7 0.7R350373n+Nn3 a 05118940 n,14606453 l.00000000
VX 0,210R2144n=n2 0.987Y3075 -0,55240869 Ua036RTH22 le00n00000
vy 0.,31431703n=02 -, 50976721 N,8%404110 0.101650684 =0.63A626T7 1,0000000n
v7? G:.1/12291%1Nn~n2 . 104642347 N, NG44R16ET 0.99842126 0,0096K10% 0.01817101 1.,00000000
HSS POSITION FRRORS, , . n,149760P3apa0n+04
HSS VFLOCITY ERRORS, , o nNe4113R27405n4N=02
SOLVE=FNR PaRAMFTFRS
==NONE
NYNAMIC TONSIDER PARAMETERS
==MONE
MEASUREMENT CONSIDFR PARAMETFRS
RADTUS =N, NoUD6350 =0,00074079 ~0.00519340 =0.0nNS4715 =0.00041195 -0,00405R4]
LaY =0, 000374249 =0,00050293 =0.00344024 =0,00n38397 =0.00027151 =0,00269303
LONG 1 0,00039%n0 0.00012508 =UafiNN33333 D.00nkR%13 000007187 «0,00026472
Rantus 7 6,0n023414 0.0n00R368 =-0,00013275 DaOnlAOTl 0.00012909 0,00066624
LaT 2 0,00019639 0,00007899 O.0D000V43 0.00015761 0,00009Q8A 0,00038ART
LONG 2 0,00055474 0,n00272132 C.0p0T7T7940 Ce0NAGIGE 0,00008211 0,00053016
RADTUS 3 .0 NN 0.0 0.0 0.0 00
LaT 13 n,n n.n ba) [} 0,0 D0
LONG 3 n,nnU44g9pnr 0D,N0N1&40R G.00020940 Ue00N25037 0.00007294 O.0nal2507



Le-9

NO SOLVE~FQR PARAMETERS

POSITION EIGENVALUFS

SQUARE ROOTS OF EIGENVALUES

1 D.422732395R2430+06 1 0.6501TAT4140+03
2 D.1161817093470D+07 2 B, 10TTRTE196D 04
k| 0.658263431RAFID+ DA 3 0,81133423527D+«03
PNSITION EIGENVECTNRS :
1 N.A3840959a3414Dw00n N,A1760043B837220+00 =0,45935050154330+00
2 . 6524557349206UN+00 0,750833RARGIT4ODs00 0,102713146084300+00D
3 0.40A331R0ABNEDD+0N 0,234132R809947T0+00 0.BB229650705060+00
VELOCITY ETGENVALUFS SOUARE HDOTS OF EIGENVALUES
1 0.,1961122695620D-05 1 D,14004009050=-02
2 N,121BNAPZNI1TOD=04 4 0.349010345U0=-02
3 0. ?TA16318715T2D=05 3 Nelbb78224940=02
. VFLBCTTY ETGENVECTARS
1 G 7I5TRLIENTZY0YD +00 N.,418T78291967070+00 =N, 47203262065232N+00
4 “,4T700I81RANAPTED+QD N, BT7T638409738D«n0 =0, 8498167448562D=02
3 0.410T742708793D+00 0, 232704T60T2360+00 0,8815401217823D+00
STATE TRAMSITION MATRIX PARTITIGNS OVEay S.n00. 118,600 ==TRANSPOSES SHOWN
Xtl1g.ano} Y{118.000) 2118000 VX(118,0n0) VY (118+000)
R{ 5.000) Ny 7792TRRTTEN402 -0, T703H554492Nn+0] =0,316B85181660+01 0,35270117620=04 0,1961251239n«04
¥{ 5,000 =0,23165572710+03 0,18V3673507h«0?2 0.9199789685]80+p]l =~¢,1053772090n=03 -D,5617024354n=-04
7t 5.000) 0.1620415152N+02 =n,134550A07T3N+0) =0.63011041440+00 U,74255959980-05 0.3940R4052]1n=05
VX{ 5,000} 0.9701733026N+08 «0,RITTEPIYIEN+0T 0, 3IR2T4A4STIV«0T U, 4389T76940n+02 0.2310R44075n+02
VY{ S5.000) =0.1A3B141302N+09 n,J28B429270N+0R  0,.6453281R846D+07 =4,T74525154650+402 =0,4015844403N002
VZ{ 5.000} 0.27321894RB3N+07 =n,1TIAAEFORTN+0A =0,14125122190+p7 0,124B1B7867Ren] 0,6920600277n+00
SOLVF=FOR PARAMETERS
~=NONF
DYNAMIC CONSIDER PARaAMFTFRS
malONE
IGNORE PARAMETERS
==MNONF
(VARTATION MATRIX HAS BEFN COMPUTER aND FUNCKED)
VARIATION MATREX )
0,TT41306391D+0°2 =0.2302RRa141D+03 fe16194117610402 0.96307370630+08 ~0el62H83872410+09
~(e1642642669D+01 D«50U44719770D+01 =-0.32916905630+00 “N+19776544310+07 0+34980033640+07
D.G D-D 0.0 000 000

TARGET CONRITION CORRELATION MaTRIA AND STANDARD DEVIATIUNS BEFORE GUIDANCE CORRECVION

vZ(11a,000)
=0.,A046T10RA2D-06
N,2435534498D«05
0.6033603177D=06
=0, 1003R403410+01
N,16769295450+0]
=0.534564T45R2D¢00

0,27182143180+07
=n. 1357256626007
0.0



ge-4

NeQNTAZEDTTUN«0A 0.300000N0N0OMR4+N]Y =0.994543A5T]1D«00

Ne TYSATTIIZIN0S =N.9944463A571N+nn t.100n000n00D+01
FIGENVALIER OF ARnyr wmATRIX SHUARF RCOTS OF EIGENVALUES
1 N.R236129175ne12 1 0,9G675312213n+06
? Ne4241258210nen7 ? ¢,20594312260+04

FIGEMYFCTURS UF abBnve mAlHIX
I Ne9997700947N+00  ~0,214418£9590-01
2 ne2l441ER98ANN] Ne399720n2ATN00

GUTDANCE MATRIX == VARTAALE TIHF OF ARHIVAL GUTDANCE POLICY

U, 20R74TABAZN=0R D.ALILRINESED=Dg N, 44137208250 =07 =D+263nTB3ILTIU*00 0.437125n474D4n0
0:351833R0]1HNDkK ~0,]104BIZRA2TU=05 n,731318934513n0=-07 043712504740 4+00 =0.T40T0744360+00
e 5656711751009 e 11RBE19PR5U-"", N411221R02TLD=-0T D«52818644010-01 0+31330808690=n1

VFLOCITY CORPRFCTT  ~URRFLATTOM MATRLIX AND STANDARD NEVIATIONS

NeP4ARGUZATIN=0T 0.10000000000+0) - 9FAF242254N* 10 0.55R84BB749RD-N1
Neh ] Pakow 0 =y =0,99RG242254N+00 N,10N000NDOON+]] =Ns10208873550+00
s ioEAPGE1GHN=07 0.%59R4RRT498N=01 =n,1020887358D+00 0,100000000nNe0]

0.52A1A644010~01
0.31330800490~01
=0,9962142393D+00



DELTA=VEE STATISTICS ===

6t-4

EIGENVALUFS NF § «mw 0e229924070=04 KM2/SEC2 U.25027124U=05 kMp/SEC? DeD KM2/SEC?
TRACE OF § === 0425495120004 KMZ/SECZ
SQUARE RONT OF TRACF m==a J+504926920-n7 KM/SEC
ETGENVALUF RATIQS =~= 1.00000000 D.l10RBAYHG2 0.0
FIGENVECTORS OF S w=wm— Ve B5H443430+nn 0.505207 7704+ 00 0,615285360-01
{TRANSPOSF) =0,508)1142A0+00 NDB60GB3IFHSD+UD ~0,334503750=01
=~0+899AT7T100D=N1 -0a254836050=V2 0,00754464DeN0
MEAN == 0.42528045D=-02 KM/SEC
STANDARD NEVIATIOM wew 0.27219063Da0> KM/SEC
OFELTA=VEE (90) = 0+805776)90=n> KM/SEC
DELTA=-VEE (99) = 0.12459726D=-N1 KM/SEC
DELTA=-VEE(99.9) = 0.15863364D=01 KM/SEC
DELTA=VEE (99,99) = 0.18727871INn=n1 KM/SEC
EXPECTED VALUE OF VELOCITY CORPERTTUN
=U,2160910695N=02 0366017120 1UD=02 -Ne14725790290=03
SIGPRO=z 0«20000000000=03 SIGRES: UelO000DONDON~09
SIGALP= 043430000000D=03 SIGBET= Ue3430000000R=013
EXECUTION ERROR CORRELATION MATRIX AND STANUARD DEVIATIANS
0.71377431140=04 Uelononnluonns01 N, 4786645435N+00 ~0.129R99B45EDw0]
0549756252 TD-04 G, 4T7AARGLI4BSN+00 N.10000DN000N*0] 0.2R56665690D=01
0« TRATIZS2THNN=04 =0,1293998455p=-01 e PBEEHESE9BD~0] 0,1000000000D+01
FETIGFMNVALUFG SGUARF ROOTS OF EIGENVALUES
1 0, AEUIRLALTRTHO0=0R 1 0.75763041310=-04
2 #.,19086345009343D«04 ? De4368T9228LN~04
3 G.6£03A18ATETLHOD=0R 3 0.7RTL304131D=04
EIGFNVECTORS
1 n,R61E61R4AL1ACED+NN n,SNAN266364P15U*00 -0,11703229A3190p=-01
? =0,50B)142R8713509D+nN 0.8R0A3I9B4RI094D+0D =0.3345037453486P=01
3 =0, AIPL41RANTTFRUN=0P n,3475610960908u=01 0.99937125614510+00
CONTROL (AND KNOWLEDGE) CORGELATION MaTRIX PARTITIONS aAnD STANDARD DEVIATIONS JUST aAFTEP GUIDANCF CORRECTION T TIME S.N00 NAYS
STp DEV 3 Y A VR vY vz
X 0,41804116R¢00 1,00000000
¥ 0.226R3T220%00 n.338b2829 1.00000000
7 f.,124918TAMR*N] 0.302363B1 0,70436R79 l.o0000000
v 0.713B0026N=04 n.on8urre2 0,00753835 O«00413672 1.00000000
vy 0.,549T66TEN™04 n.00S524697 0.0064TR393 G.00280342 0447068577 1.00000n0n0
vz 0+7RT60201IN=04 N.0n620477 0,n1197553 0.02218009 =0.012RATRI 0.02R64RB6 1,00000000

RSS POSITION ERRORS, + .
RSS VELOCITY ERRORS., + o

ne13366688RNP2N+0]
Ne119669177894D"03



SOLVF=FOR PaRAMETERS
==NONF

RYNAMIC CONSINER PaR
=-=NONE

MEASUREMENT CONSTOFR

AME TERS

PARAMETFRS

0r-8

RADIUS 1 =-0,18498408 =N 42961397 «0.59123152 »0,0073591°2 =0,0015675% =0,01246204
LAT 1 -0, 176423R0 -0,79T49506 ~U. 40806583 =0.00163699 =0,001008542 =-0,00R55256
LONG 0,90092480 060934337 =0.044818886 De00AGARLIT 0D,00457981 =0,00112670
RADTUS 2 -n,1679222% =Ne41504659 ~e50544319 =0,00203312 -0,.00132156 =0,00909]113
LaT > =-0,11795300 “N PIPT1494 ~0.36063595 =0«0013R8727 =-0,00091595 -0,00653847
LONG 2 0,RA5Y6061 N.656PR5546 =0 4454587 0.00818748 0,00375236 =0,00162779
Ranjyus 3 -n,20lUK365 ~D.53129428 =0.45098213 =0.,00222575 =D,00055214 =0,N0469323
LaT o n,13970370 N.P9R2TOHT t.31304245 De00158277 D,.N0N39625 N,00332917
LONA 3 n,AGe%33426 N,55473400 «0.,04635740 0+ 00596150 0.00390579 ~0,00155296
NU SOLVE~FOR PARAMFTERS
PNSTTION ETIGFMNVALUFS SGIARE AOOTS OF EIGENVALUES
1 N 17751694 RATHID+ON 1 0.4213276028D+00
2 N, 3257701 73I0RBLD=-07 2 $e57159441390=01
3 N,16C59%9a40122604+01 3 0+12672408970+01
PASTTION EIGFNyECTORS
1 N.92762645TARUGLD+00 N.339R4BK44T4T72D+00 =0.154957793521Tn+00
? =0.356052n781626N+40 D.93)172430523070+00 =~0,8333997927527N-01
3 n,118481a721551ln+nn N,137232645590600+00 1. 9843995TR4a46D+0D

VFLOCTTY ETGEMVALUFS SOUARE RODTS OF EIGENVALUES

1 N &2N3972047431D=08 1 0. TRTLS29T7230-06
2 N,19N8K5214)4540=04A ? Ce4688123570=-04
3 N,Ae(RDBTRARATID=0A 2 0. 7TATY1420530=04

VELOCITY ETGENVECTARS
1 N.892VU158438319D+pn 0.496570539356ED+00 ~N.165T926803364D+00
? “n,308105R43478eNenp 0.REO0AGSS250004%0+00 =0,334325p0723230-0)
3 Do L2Z60RTY 2494 /Denn N,1127252359635N+00D 0,98599375761120+00

TARGET CONNTTION CARRFLATION MaTRIA AND STaNnaARD DEVIATIOMS AFTER GUINRANCE CORRECTION
NeHATIGRTL 42N+ 04 t.lnanon0uUOOnN+01 =N HE1S1HREOAD+ID

NeP01044E4BIAN+NT =0 . B 15 1REZAAB+UN G, 10000000LGD*+0]

SOUAHE RUDTS OF EIGENVALUES
0. HPT3E909220+ 04
Del02%0959310%03

FIGENVALLIES CF aHAVFE WmAlIRIX
1 NhAR4LTIG RGN+ NE ]
£ Ne1150RZ]16eaN+NY ?

FIGENVECTUPS OF aBnyF MATKIX
1 N.50uT7R79agNn+QUl =0e2103219TRSN=0]
2 NeP)U3R19TASN=N] 0.99077RTIRYN+OU

QBB BEHUGCHUHHORRBBOR AP DRGRO NSO DEOH R aRRRAGRQOOdOaR bl REERBpBRGAGDODBROARVEROQOO ARGl ERRBOGERECBRHBRBDBOERUGARGaRBOBDRROROE



-8

ACTUAL GUIDANMCE EVENT

MATRIX | =
0. TTRARTTUBIALID06
=0.339500035950D+04
0.3%89117052020+0%
0e1HM3IB5ATIHS4GD+0]

=0.1411955369950+01"
0.148807909997D+00

PHI#PRPHT (TRANSPNOSE)

-0,3395000359500+04
0.,852350096685D+08
0,1050775059BT0+04A

=0,1075051048230401
0.2RB4591974720+01
01.965013672T670-01

TOTAL COVARIANCE MATRIX aT w+)]

D 7TRARBTIN63RIN+06A
=0+31950n0359500+04
0.35591170%2020+0%
0+183558795440D+01
=0e141195536995N+01
G« 14RB0730999T0+NN

=0,3395000359500+04
0,R5236N096468504+0F
0.1050775059870+0h
=0, 107T505104R230401
0.2884591974720+01
N.9650138T2767T0H=01

0+35589117¢5202D+0%
Uel0597T75055870+06
04615899967R41D+04
De6152648969260=~01
0+250R86Z21 20840+ 00
Uel26190714R340+0)

355911 705202D+05
010597750598 7D+06
Ge615R999ATHLID+D6
Us615276486697280=01
Ce250RRE2120A40+00
Ds126190T714634D4+0]

0,1835587954400+01
-0,1075051048230+01
0,681%264806926D=01
0,4444802385550-05
=0,4%21840532419D=05
0,3397223080620-06

0,183558795440n+01
=0.,107805104823D+01
0.6152648969260=-01
0.,44456802305550~05
~0,4218409324190=05
0.33972230R0620~06

ACTUAL DYNAMIC NDISE SEGOND MOMENT MaTRIX NIAGONAL

Ge0

0.0

ACTUAL DEVIATTON MEANS

0e0

.0

=4 1411955365950+ 01
0.2884591974T720+0)
0.250RR62120840D+00

~0+421A409324190=05
0.9879709255678D=05
0,929a294561600-07

«0,1411955369950+01
6, 288465919T4720+0]
0.R50rRA2120840+00

=0,421R4NI419U=0%
0.9879709266T780=0%
D.929a2R4561RGD-0T

0.0

0.148807909957D+00
0+965N013672T67TD=01
0.126190714634D4+01
0+3397223080620-06
D+929R2ZR4S61R0D=-0T
0+,260461193534D=05

0.14B8RA0T7909997D+00
0:5650136727T6TN=01
0.1261907146340+01
0.3719722308062D~06
0+92982R456180N~07
0e2r06613335340=05

0.0

ACTUAL CONTRNL CORRELATION MaTRIx PARTITIONS AND STAMDARD DEVIATIONS JUST BEFORE GUIDANCE CORRECTION

X 0,0
Y n,o
Z n,0
VA 0,0
VY 0,0
vz n,0
STn DEV X
X D,ARA129RRTN+N] 1, 006480000
Y D.%2323350n+03 -n 41745837
z Na784TI295Nn+03 n,N5145931
VX 0.,710R2T700P=07 D.98TY2905
vy 0,31432005n~02 -0,50971295
V7 D.¥”l388100-02 0,1h4023590
SOLVE=FOR PARAMFTFRS
=-=NONE
DYMAMIC CONSTDER PARAMETERS
==NQONE
MEASUREMENT CNANSIDER PARAMFTFHS
RADTUS 1 =-n,nnS03479
LAT -n,nndfa278
Lona 0,0n394982
RADTUS 2 g.nn2d4131
LaT 2 n.nnlYs3ng
LONG 2 n.nnS4774
RANTUS 3 A.0

Y
1.00000000
N.i4626723

=0 ,55737N6R
0,09403289
&, 06476650

=0, HOTHGTHE
=-0,00502912
n,np12507k
n,.0008347A
haNDNTRIHY
n.no22i30%

0.0

Z

l+00000000
4203718612
Ualolroe7)
Ve.0a9n32HET

=G «05)1B486T
~U. 03440977
=0.00332179
=~{.00132535
Gann000430
GeDOTT4122

Da0

vX

l.00000000
=0+63R57621
Ue0QagaSHN

~U. 00547133
=0.0035395%%
0«001RSLRT
0.00180703
0.00157606
0. 00343408

0e0

vy

1,00000000
0,01832985

=0,0N41164%
-n,00271510
0.06071RT3
0,.001290B85
0,00099079
n,onn82114

0,0

vz

1.00000000

-0,04054420
-0,026903R3
=0.00263964
0.00465TRS
0.0N38A4A8
0.00SPFA36

0.0
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LAY 3 0.0

LONG 3 n,0N4%94a61

IGNORE PARAMETERS

==NONE

SOLVE=FQR PARAMETERS
NO SOLVE=FOR PARAMFTERS

POSITION EIGENVALUES

1 0,622900939441%0+06
2 N.1161R&60255304D«07
3 0.660136577180YD+0A

POSITION EIGENVECTORS

1 0.639€55000501%De00

2 =0,6523113n029770s00

3 0.407238774033VD+00
VFLOCITY EIGENVALUFS

1 0.1961464810278D=05

2 0,1218086301657D=04

3 0.2TBE7921760REVD=05
VELOCITY EIGENVECTNRS

1 0. 77637990454 064D+00

2 ~0,4790114234131D+00

3 N 4006123742R52D+00

ACTUAL TARGET STATE REVIATIOM MEANS

0.0 0.0

0,001640T77

SQUARE ROOTS OF EIGENVALUES

D.n0209057

0.0

0.00P50358

11 0.6503083411D+03
4 0.1077896217D+04
3 0.81251866260+03

0,61821001780320+00
¢,75088818113600+00
0,23234309397530+00

SOUARE ROOTS OF EIGEnVALUES

=0.4573504326738D+00
0,1032327959842D+40
0,8832744051792D+00

1 0414005237630202
2 0.3490109313p=02
3 0.16693692700-02

0.41914035780680+00
N.877757T79994070«00
0.23204536161050+00

=0,470696931546600+00
=0,684702790n9)1890=02
0.808225430176760+00

0.0

0,000T2041

ACTUAL TARGET CONDITION CORRFLATTON MATRIX AND STANDARD DEVIATIONS BEFORE GUIDANCE CORRECTION

0en 0,0
0.90732404n%06 1.00000000
0,195679320+05 =-N,99443311

EIGENVALUES
1 0.82361565013170+12
2 0.424934792922/D+07
EIGEMVECTORS
1 0.99977009a898%40+00
2 Ne2144)1Th22)2800=0)

1.06000000

SOUARE ROOTS OF EIGENVALUES

1 0,90753267660+06
2 0,2061354656D+04

-D,?1441T7T62212R80=01
0,9997700989894D+00

ACTUAL VELOCITY CORRECTICGN SECOND MOMENT MATRIX

0.5948499805n=05 =0,10054253570-04 0,2155977428D=06
=0,10054253570=04 n,17Y3055894D=04 «(.,6680675501D~06
~n.,66806755010~06 0,2520897886D-05

N.2155977428D=06

0,0

0,00125845



DELTA~VEE STATISTI(S ===

£r-9

EIGENVALUFS OF § === Ve229924R5D=04 KM2/SECEZ 0.250748739-05 KM2/SEC? 0«0 KM2A/SEC?
TRACE OF § === 0e25499957D=0s KMR2/SEC?
SQUARE ROOT OF TRACE === D«50497487D=02 KM/SEC
FIGENVALUF RATIUS === l«nooobonn Nel0005690 0.0
EIGENVECTORS OF S wm= 0858441430400 0.5G920T7T7D+UQ 0.61528%36n~01
{TRANSPOSF) =U+50A11520D+nn NeB6G639RPL+UD =0,334372970=01
=0.h99R04300=-0] “Ne255%02200~02 0,997645080+00
MEAN === 0,425341R40=07 KM/SEC
STANDARD NFVIATION === Ue272183680=07 Kit/SEC
DELTA=VEE(9D) = D«HUSA129A0=07 KM/SEC
DELTA=VEE (9] = Us124599770=-01 KM/SEC
DELTA=VFE {99,9) = U,19A63575N=01 KM/SEC
DELTA=VEE (©9,99) = U+1872806k4k=0] KM/SEC
ACTUAL STATISTICAL DFLTA=V
=0,216122A532D=02 He3660AK 122 00=0p -Ns1472222R161N0=023
ACTUAL EXECUTTION FRRNR MEANS
Vel U, 0 0.0
ACTUAL EXECUTION FRROR CORRELATION MATRIX ANP STAMDARD DEVIATIONS
0.71387654N~04 1.,00000000
0.549833A9n=04 f,4T80S0B2 1,00000000
0.7AT4391TN=n4 ~0,01298503 0.N2R%5577 1,00000000

LETTEEF T T LR EY TR N EL DY LD T P AL LY DL S B EY LT LR L LA LT T AR L R LA L F TR L PR LSS Y Y ST T Y XY Y TAY )

MFANS OF ACTuAL DEVIATINNS
0.0 e Mal) DeD flel 0.0

MEANS 0OF ACTUAL ESTIMATION ERRARS
0.0 G0 Qolh 0.0 0.0 0.0

ACTUAL CONTROL (AND KNOWLEDGE) CORRELATION MaATRIX PARTITJONS AND STANQARD DEVIATYIONS

Yy

e

JUST AFTER GUTUANCE CORRECTION AT TIME S.000 DAYS
STD DEV X Y vX vY vz

x 0,4062670TN*01 1.000Y0000

¥ 0.21712031n+01 n,R5024437 1.90000000

z 0.112604R1N*02 n.2?79%&601 0.,73185331 len00000000

VX 0.71592528N=n4 n,n7399420 0.0T0B4BTR te034T1806 l.00n00000

VY 0.,55055703n=04 N NaTIarTy12 G.0n4411131 0.,01R38235 Dedanl1128 1,00000000

vz 0.73792B0BN=N& n,036023n0 0,107TH034%6 0415583545 ~0.0078163% 0,.03118%63 1.,00000000

SOLVE~F(OR PARAMETERS

==NONE

DYNAMIC CONSINER PARAMETERS
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==NOME

MEASUREMENMT CONSTDER PARAMETERS
RADIUS 1} =0,12034513

LAY 3 =0,132008770D
LoMGE 3 N,92672592
RADIUS 2 = 17268593
LaT 7 =n,12137141
LONG 7 N, 91163575
Rapjus 3 =l 2NEEY0TN
LAT 2 n,14375247
LONG 3 n,RaBBo&sDD

IGNORE PARAMETERS

=aNONE

SOLVE=FOR PARAMETERS
NN SOLVE=FOR PARAMETFRS

POSITION ETGENVALUFS

1 0.1697447948167D«02
e 0449948961 REED~G]
3 #,1309983797132D«03

POSITION ETGENVECTORS

1 0.9291REN2020648D+0N
2 ~0,35005921439470+n0
3 0.1i8656238R438D+00

VFLOCITY EIGENVALUES

1 D.A2I4T2E1Nn2A04D=0R
2 0:,19103686R9535%0=0R
3 0.6378417947274%D=0R

VELOCITY EIGENVYECTARS

1 0,8435695743181Den
2 =0.50747825a0759D+0n
3 0.17565929nA%8TDsgn

ACTUAL TARGETY STATE REVIATIUN MEANS
0‘0 U.a

=0, 01565300

=0, 648684073 ={.65588509 ~0.02352118
=0,31080905 =0,55269011 =0.0163212Y =0.01083062
0.73661367 =0.046971283 006462130 0. 04873237
=0,63364230 =l B60TFER23 =0,22027085 =0,01319¢&1
=0.306023%3 =0,40007%61 =0.0138315% *0,00918633
0,58R0RTOS wQoPalsl609 0206169118 0.037466069
<0,450594824 =0.,560020287 =0.0221R8641 =0,005513464
N,31161955 8.,34727930 0,0184R157 0,0039588]1
057956033 =0.051425B4 0.05943809 0,03%900188
SAUARE ROOTS OF EIGENVALUES
1 0%1200096460201
2 0+2121198643D+00
3 0.1144545236D4+02
0,33235806643450+00 =0,16173705080950+00
0.93175297234060+00 ~-0.56410294043100-01
0.146200254834360+00 0,9821131204926D+00
SQUARE ROOTS OF EIGENVALUES
1 0.789602818VD=04
7 0:83707764640D=04
3 0. T9HB6499R260=04
0.48902214378440+00 «0,2219182570280D+00
0,860108654711460+00 -0,315559n1RA1630-01
0.139238289514304+00 0,9745545198982D+00

ACTUAL TARGET CONDITIOM CORRELATTON MATREX AMD STANDARD DEVIATIONS AFTER GUIDANCE CORRECTION

E(nTay)
E{nTal)

0.APT43692n+V4
f.20262016Nn+n03

1,00000000
-0,A5886085

1,00000000

=0,12300767
=0,08408136%
“0,01118117
=0,0A87 3480
=0,06453A54
=0.,01606725
=0,0463249%

0.,032860210
~(.081532363
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EIGENVALLUES
1 0,6B49547366025D4+00
2 0.1076632798308D+05
FTGENVECTORS
1 0.999778a414939De00
2 0,21030171210930=-01

SQUARE ROOTS OF EIGENVALUES
1 D.B276199228D+04
2 0e1037609174D+03

-0,2103017121093D=91
0,9597786841493590400



L

MEASUREMENT NO

#0 AT TRAJFCTORY TIME

112

« 400

RANGE=RATE 4AS MEASURED FROM STATIUN 2 AT TRAJECTORY TIME

INITIAL TRAJECTORY TIME 112,200
FINAL TRAJECTORY TIME 112.400
INITIAL
AT TRAJECTORY TIME 112.2000
SYATE X=COMP ¥=COuP L=COMP
INERTTAL 0+12184B5n+07 0,7365%42N¢0k =0.1B1R8024N+05
HELTO= 0:12144770+0% 0,8799268D+0R =00.1931317D05
ROT,GF0= 0,141RRSEN*07 =0,1194708NsNk =0c1B1R024N+05
FINAL
4T TRAJECTORY TIME 112640090
STATE XaCOmP ¥ =COMP . L=COMP
INERTTAL  0a12152040+07 ©,T457867T0D+06 =0.1766223D+05
HEL 10~ 0412113310409 0,8R415830+n8 =0.4867962D+05
ROT.GFQO= (1. 142114RN+0T =0, 1151407 +0&

STATF TRANSITION MATRIX PARTITIOUNS OVFR(

X{112.200)
Y(112,200)
Z{117,200
VX(1l2,200,
VY ({112.,200)
VZ{11£2.,200)

SOLVF=FOR PARAMFTERS

0.,1000a30649D%0])
N, 3ISINRTTI6HN=0G
-0, 6R564258980~06
0.,172BaA57520D*05
0.1620117187D+01
«,108734]3090+0D

waNOMF

DYNAMIC CONSIDER PARAMFTFRS

~=NOME

IANORE PARAMETERS

==NONF

DIAGONAL NF DYNAMIC NOJISE MaATRIX

OBSERVATIAN MATRIX PARTITIONS -= T

> N

0.0

=04 1756223005

112,200, 11

R&NSPASES SHOWN
RANGE =

RAaTE(2)

=0.1105396543D=06
0,1822867468U-08

Deld3485]

65100=06

0,85039935100+00

RADIUS
0,)423993D+07

0,14997420+09
0,14239030+07

RADIUS
0,1425913007

0.14996860+0Y
f,14250130+07

2.500)

112,40000 DAYS

Xx=D0T

=0,189]19287
=18,16596535
0.13200367

X=DOF

=0,19058900
=1R,25085826
0,13328469

Y=-nOT

0,52646992
24,51068652
0.750906484

Y=nOT

0,e2590137
24 ,457123527
0,25n22979

==TRANSPOSES SHOwN

7-00T

0,03573450
0,036561769
6,03573156

Z=007

0.03579170
0,03%70887
0,03578647

Kil12.400) Yi{112,400} Z(112,400) ¥YX(ll2.4001% vYrll2.400)
N, 387623724TNh=04 =0,T543130778D=06 0,3516928970n-08 0,4181909805n~08
N,09999660640+00 =D,4244566298D~06 U,41R1677227n~08 ~0,42TAS53900N-02

«432010R92BD=06 0.9999T733000+00 =V, 7T64AS44TIn~10 =0,4T73722456151p~10

a1 2443R4T66N¢01 0.1081848145D+00 V,1000030224n+01 0,35971170290«04
N, 17T2799739TN+05 «=0,93124389650~01 0,36920800237n~04 (,9999986B18N+00
N.80337524410=01 0.172798453TD+0S ~0,7074268069nN~06 -0,414350324TN=06

N.0 0,0 0,0 0,0 0.9

PROBLEM.

VELOCITY

0,560572580
30.51503837
Ne28575296

VELOCITY

0.56051535
3n,.5163344¢0
0,2R%7R280

vZi112,400)
“0.TTR&6255T40«10
=0, 4T31463572D=19
=0.308R595536N=-0A
*0,666434061TD=06
“0.430334694]10=06
0.9999733298D<+00
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vy

}+52597535R212400

vz =0s1307n937510=01

SOLVE=FOR PARAMETERS

wnMNONE

DYNAMIC CONSTIDER PARaAMETERS

-uwMONE
MEASUREMENT CONSIDFR PAHAMETFARS
RADIUS 1 (1]
LAaT 1 T
LONG 1 0.0
aabius 2 ~0,56112620730-04
LaT 2 0+3103R9R1040=-02
LONG 2 0.280B936AA30+00
RABIUS 3 0.0
LAT 3 0.0
LONG 3 Gl
IGNORE PARAMETERS
-=NONF
MEASURFMFNT NOISF MATRIX
0s16686R6TN=13

GAIN MATRIX PARTITIONMS
KeMATRTX

S«MATRIX

=0allP0593741N+0T
De54179B80944D+06
Dad42NQRTEEIED+ 0T
~04443A1310370+00
=~046553444008D=02
Ne23738208C4D+0)

NOT DEFINMEN

CORRELATION MATRIX PARTITIONS AND STAwDARD DEVIATIONS AT TIME

STD DEV
X 0,234357A90+01
Y 3.980T2005N+00
Fs 0,55140347n*01
VX 0,1003432AN~05
vy 0,34182112n=06
vz 0.2672243TN~05

A
1.,00000000
-,94016T26
-0 ,B08Y8944
0.99826364
~0,28342894
~0,71914148

RSS POSITION FRROHS. « « Ne6071142233360+01
RSS VELOCITY ERRORS, . . Ne2BT4BZ262154D=05

Y

1.,00000000
0.,92119043
~0,9443A871
0.01285934
n.R0935571

112.400 DAYS

z

1.00000000
-0.80121380
=0.20916747

0.95260134

JUST BEFORE THE MEASUREMENT

yX vY
l.00nanoo0
~0.2591R26% 1,00000000

—Uf69932791 -0113796252

vZ

1.00000000
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SOLVE~FOR PARAMETERS
-uNONE
NYNAMIC CONSIDER PARAMETERS

==NONE

MEASUREMENT CONSIDER PARAMFTFRS

RADIUS 1
LaT 1
LONS )
RanyIuUs 2
LatT ¢
LONG >
RaDIUS 3
LaT 13
LONG 2

NO SOLVE=FOR PARAMFTERS

-0,21609)35
-,14742]152
-f, 39992569
-0.71803047
-0, 50869769
~-0.36191218
-0.,43747984

0,301706547
-0,3s611821

0.23540414
D.16181632
D.14624313
0. 7TRA3IZIIS
0,55846314
0.14938440
N.4R8834973
~0.33777202
6.,15042760

CORRELATION MATRIX PARTITICOWS AND STANDARD UEVIATIONS aT TIME

5Th DEV X
X 0.7325317ANn+0] 1.,000u000n0N
¥ 0.97051377Tn+00 -0 ,94536TRD
Z 0.%403R504N+01 =N, 80648064
VX 0, 00674646N=0R 0.,99828320
vy NetalBlrBEN=0R =0, ?A0EZR36%
vz B2R9B06T14N=05 =-0,71244506
RSS POSITION ERROHS, . o N.S96243P27RN2N*01L
RSS VFLOCITY EHRORS, o o« DePRO5)10R49458N=05
SOLVE=FOR PaRAMETERS
~=NONE
RPYNAMIC CONSIDER PaRAMETERS
~=MONE
MEASUREMENT CONSTDER PARAMETFRS
RaDTIUS 1 -0,?62%B8371
LAT 1 -0,1R0Z8025
LONG 1 =0,40208335
RaDIUS 2 =0,74564116
LaT 2 =N, 5284B997
LONG 2 =N,35348345
Ralltus 3 -, 35684973
LAT 3 n,246Y9237
LONG 3 «N,342B1610

NO SOLVE=FNR PARAMFTERS

Y

1.60000000
0,92034174
=0.94385264
0,01372158
., RO6G9917

0.79129267
0.P0024278
0.14734406
0,82207911
N.58240743
0.13834716
0.39612537
=D.PT408008
0,14270172

0.08122384
0405573876
-0e15174796
0.8086872%
0.57306059
=0:16573006
0,51539459
=0:35675839
-0,18574418

400 DAYSs JUST

4

l«00000U00
~0479948592
=0,21242105
V.95086T64

0.15740428
0.10811553
=}e15545354
0:845069091
060995376
~0.18667510
U.39002298
e 27020298
=D.20252046

=0,25382433
~0,17438826
=0:40469996
~0:69713763
=0:49416939
=0+36729791
=0:46695138

0430937995
=0234421328

AFTER THE

vX

leBonOnoOO
=0+26150411
rd.09503248

-0.29R12705
«0e20484827T
~Ue4p706515
=0.72211698
~0.51191419
=0435972067
=0+37227682

0+25781985
=0.33909743

=-0,26927514
=0,17139354
0,T603455¢4
0.05727998
0,04152870
0,69042353
=0,20491268
0.14305379
0,77213436

MEASUREMENT

vY

l.00004n00
-0,14062594

=0,25111261
-0,17265692
0,76037108
0,05640853
0,04090873
0,6%0864552
-0,20157065
0.14074603
0,7T7246570

=0.,1079754]
~0,075088599
-0,2017982%
0,79371482
0,5613738%
=0,23888027
0.450509409
“0,31138644
=0,24877522

vz

1,00000000

=0,02362728
=0,01711498
=0.20814856
0.85750450
0.,560659618
=0,26614060
0,3037%a53
=0.21008593
»t,26889068
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AALLE LR L UL RPN S LN TR O LTS ST TR L TR DY P LY Y YL A T YA LT Y Y Y D Y Y Y P P Y Y Y T )

ACTUAL FSTIMATION ¢RROR STATISTLICS

DIAGONAL OF ArTUAL DYNAMIC NOISE COVARTANCE MATRIX

LR 0.0

N.0

0,0

ACTUAL MEASUREMENT NOISE CORRELATION MATRIX AND STANDARD DEVIATIONS

0,129099450=06

1,00000000

ACTUAL MEASURFMENT RESTDUAL MEAN

Gy 0

ACTUAL MEASUREMENT RESTDUAL CORRFLATION MATRIX AnD STANDARD DEVIATIONS

3.21125587n=05

ACTUAL ESTIMATION ERROR MEANS AT TIME

A 0.0

Y 0,0

z 0,0

VX 0,0

VY 0,0

: vZ 0,0

1,00000000

112,400 Da¥Ys BEFORE

THE MEASUREMENT

0.0

ACTUAL CORRELATION MATRIX PARTTTTIONS AND STAMDARN DEVIATIONS AT TIME 112,400 DAYS JUST BEFORE THE MEASUREMENT

STHh.DEV A
X 0.22411156n+02 1.00000000
Y 0,95076R%0N+]] -p,a5821 208
7 0.,5409991Bn+02 -0,81651166
VX 0.96142756n=n% n,99824328
VY N,293517510=0% -n,23802922
vZ 0,25%38333n=04 -0 72912269
SULVE=FOR PARAME TERS
-=NQONE
DYNAMIC CONSTRER PARAMETERS
-=NONE
MEASURFMENT CNNSIDER PARAHETEHS
RADIUS 1 w(l, 22420699
LAT 3 -N,15416159
LONG 1 -n. 41758277
RaADIUS 2 -0,.750458848
LaT 2 -n,532164138
LONG ? -0,ATR04047
RADIUS 3 =0,45748132
LAT 13 0,31650327
LONG A -n,3564034009

Y
1,00000000
0.02664027

=0.95406652

0,00508538
0,R4521486

0,24262234
N.16691557
0,150685163
0,r1317166
2.57606177
0.15407127
0.50375953
“N.34B41A09

N.15516796

z

l.00000u00
=i} ,B0gB4TR2
=0,25658875
0.97505620

0.,08278570
0.05681U70
-0.15466632
082423965
GeS5A408L47
=0e.16891732
052530646
m0,36361943

«Je1A931634

vX

l.00000000
=0.22033711
=0.71067616

~D«26491394
=0.18700733
=0a%223R141
~DeT2TRGETS
=UeSIRTADLS
=043833452%
~Ued6k478581

Ua322896R4

=0e36625205

vY

1.00000000
~-0,23950364

=0 ,29029787

=0,19959945
0,RA547532
N, 066T0A43
0,04836300
0.8060452]
~0,23B63476
. 1665958R

0,8992053%

vZ

1.00000000

-0,11298177
=0,0TRS6TAN
=0,21115493

0,830651a00

0,58740741

=-0,24995613

0.47139R12
~0.32582410

=0,25A21713



0s-8

=-=ht(INF

IGNNRF PARAMETERS

S0t VE-FNR PARAMETERS

NN SOLVE=FOR PARAMETFRS

ACTUAL ESTTMATION FEROe MEANS AT TiME

X
Y
Z
VX
vy
v

112,400 DaYs

AFTER

THE MEASUREMFNT

ACTUAL CORKELATION MATREIX PARTTTIONS ANN STaAWDARN DEVIATIONS AT TIME 112,400 DAvc JUST

VY
vy
vz

==hNONE

==NONE

Radtis
LAT 1
LONR
RanTus 7
LaT =
LONG 2
RaDIUS 3
LAT 3

LONR 2

==NDNE

SOLVE-FUOR PARAMFTFRS

STh NEV

0,7222636090+0?
0.94119R35n+01
D.S30B80926N+N2
0:,955RT065N=0NS
De293445390=08
fa243127120=04

A
1,00000000
«0,958L 44610
0, 81472383
n,.9983502A
-0,26530056
-0,726366A7

UYNAMIC CONSTNER PAHAWETFRS

MFASLIQFMENT CANSTNER PARAWMETEKS

1GNORF PARAMETERS

-0,”7T4l5088
-n,18B29133]
=0,41945510
-0,77878330
-n,55198p020
-1,36919525
-0.37271093

0,25T97064a

~0,35805353

Y
1.700000000
n,9258A5123

~N.953B9RLR

0.N118T706T
N,R4297344

D.30036556
N,20R4TS 14
1.15193338
0.R8476R439
0.A0054766
N.14265625
0.408%6348
-0,7B261684

N.147T14644

2

1.00000000
-usB05811a3
=0+25230479

Ue97428038

0el6024384
011006593
=0,15825752

0.87621773

062095730
~0.19004271
033705698
0427507743

=-0.30617392

v

L.0pnnnoon
~0+22706352
“UeTOR4D2ES

~0e310875R2
~0+2)1360818
=Ved2547244
~UaT5799471
=425390p513
=¢«375103a7
=U+3aR19645

Ue26R8449T
=0.3535%822

vy

1,00000000
=0,2364948AR

-0.,29250554
=0,20111765
0.8R571044
0,065T70457
0,04765212
N.B06T4p4T
~0,23479751
0,16394558

6,89979a78

AFTE® THE MEASURFMENT

vZ

1.n000060n00

=0.02468535
=0.01785949
=0.,21720552
0.89581623
0.63299039
=0,27T772091
0,31701741
=0.21922719

-0,28059045



ERROR ANALYS1S MODE=FIMAL INSERTION EVENT AT TRAJECTORY TIME 0,118000000+03 DAYS PRORLEM, . 11R

AT PR L E TR LYY PP EE AL TS P LYY YYD LR L LU Y R Y L R Y R Y R Y Y R R W e ey

AT TRAJECTORY TIME l18«0000
STATE X=COMP Y=COMP Z=COMP RADIUS X=DOT YT 7=-00T VELOCITY
INERTIAL 0.11169240+07 0,995010004+06 =Ne936211504+01 0,1494957D+07 «0,2210949] 0,50741756 0,03652R09 0,55469797
HELT10O= 041117439D+09 (,99R1373N+0R =0+3T7153740+03 0,14987000+409 =20,530704T7T 22.A2046631 B,03757402 30.55431852
ROT,GEO= 0014949570407 =0,32114R8904+00 «aD+23671150401 0.1494957D+07 #.17314054 0,722300137 0,03652301 0,28474759
STATE TRANSITION MATQIX PARTITIONS OVFm( 113,000e 118,000} =~TRANSPOSES SHOWM
X{11B, 000} ¥Yi118.0n0) Z{(11R,000) VX(11B.,0n0) VY(11B.000) vZeila, 00m
X(113.000} 041015262510N+01 N, 22Y2)755350=01 =N.2229R005410=03 U,65116498860=07 0,.1060T730T920=06 =0,.T550426014D=-09
¥Yi{113.000} 0.2789rU0ATOBN=N1 N, 1000953735N+01 =~0,15587231610=03 U,.105R2T76259n=06 (,9690111806N0-08 =0,542493T7T04N=09
Z(113,000) =0,223%90890R10-03 «n,1567522759Nn=03 0,9840352191D+00 =0,T660275530n=09 =0,5522042312n=09 =0,72531169510=07
?’ VX (113,000) 0,437190900740+¢06 D,3289628830N+04 =0,229966BBB4D+02 U,1012632231n+al1  0,22T75160956Nh"01 =0,10396704500-03
tﬂ Vy(113.000) 0,32911457030+04  0.4322874847N+06 =D,17103607]18U+02 U,2273]199602n=N1 0,10030604738D+01) =0, TO0114TO920=08
VZ(113:.000) =0,233532600970+402 =n,16Y936351AN+07 D42973490130+06 =U,10493%93177n=-03 =0.7984900731n=-04 0,.9R454892A5N+00D
SOLVF=FOR PARAMETERS
==NONE
DYNAMIC CONSIDFR PARAMFTERS
-uNONE
IGNORE PARAMETERS
=-=NONE
PIAGONAL OF DYNaMIr NOISE MATRTX
0,9 0a0 0.0 Oad 0,0 (L]
MATRTX 1 = PHI#PSPHI {TRANSPNSE)
T 0e841TTTO21T340+04 ~0.54554479058RD+07 0s1836015065070+03 0.102T20R67T920=01 =0,11056749RASID-02 0+449437305150n-03
»0,54554429058A0+03 0.1475263703240e08 (41B854T7051995D+02 ~0,7561259A15880-03 0,342063T7204R80~01 0:.3095252193100~04
0,1R3601596G9TD+03  0,185547051995040> 0.146711975750D0+05 0,4556637115390=03 0.34733500401680=04 0.3352910778030<01
D+102720BB6T7920-01 =0,7541259R158R0=03 0.455663711530D«03 0,2353248681640=07 =0.]13R9500R2977D=0A 0,1n53TR241435D=08
=0,1105674988510=-07 0.34201637204890-01 V.34733500401A0=04 =0,138950082977D=08 0,79373979185A0=07 N,.8062457116847D=-10
0e4494333051500-023 0,309525219310D=04 00335291077A030-01 0,105378241435D~08 0,B06245711842D=10 0.7679156433750=07
TOTAL COVARTANCE MATRIX AT K+l
02641777921 734N404 =0,54554429058AD04+07 U+1A36015965970+03 0,102T720RA67I2N=01 =0.110567649B8B510=07 0.4494393051500=03
=~0.545544290588D0+03 N,147526370324D+05 041A55470519960+02 ~0,7541259815880=03 (0,342n0637204R08D=01 0.309525219310D=06
0,1836015965970+03  0.185547051995D+02 0u14AT119752500405 0,%556637115390=03 0.3473350040180-04 0.335291077803N-0]
0,1027200867920~01 =0.,7541259A158RD03 044556637115 39003 (0,.23932486B81640=07 «0,1380500R29770=0 0.105378241435D.08
-0,11056A7458A510=07 0,3420637204880=-01 0.347335004018N=04 =0,13B950082977p=-08 0.79323979185R8D=07 0.806245711842N=10
0.449642333051500=03 0,309%25219310D~04 043352910778030-01 0,1053782414350-08 (.806245711842D=10 0.747915643375N=07
CORRELATION MATRTXK PARTITIONS AND STANDARD DEVIATIONS AT EVENT TIME 1la, 000 DAYS
BASED ON MEASUREMEWNTS uUP-TO TIwME 113,000 Davys
STP DEY x ¥ z v vy vz



26-4

¥ OahRGhHhAITT+NZ 1.,00000000

¥ Na1214660630*03 -0,.06T2T611 1.,00000000
7 f.121126T20%03 t.0PESO5R] 6,00126121 100000000
VX De1547N12RN=03 n,9989935] -0,04013425 V.02431743 100000000
vy 0.281445130~n3 -0,05906405 0,999%3079 0.0n101815 =0+03189060 1.00000000
V7 N.P7T11291R=n2 0,.024%0094 DeNp0P195] V99892402 0+0245R10% 0.00103302 1.00000000
RSS POSTTION ERRORS, , . " 1H1960902843D*023
RSS VELNrITY FRRORS, , . N,42432068692360=13
SULVF~FUR PARAMFTENS
= NONF
NYNAMIL CONSIDFR PaARAMETERS
— wrIINF
MEASUAFMENT COMSINER PARAMFTERS
RaDrus 1 -0,01L430R0 8,00182943 U.Dnp6IB3E =0.00705554 =0,00056h84 =0, 00046611
LAT 3 -n,0nTHS18? B,00l25764 0.00455052 =u.0016122% ~0,0n040329 «~0,0n032R31
LONG 3 -n,01723%13 N,n0197900 =0.0NRR4USE -Us0029%90] 0.00049873 w0, N016644D
RanTUS 7 -0,01125694 n . n0K20271 U.06R6T41] ~La0D4904)H -0,0n072353 N.00652333
LAT > -0 ,0224675]) e N0439550 0.032923%0 =0.00354080 -0,.000591170 0.00a612n4
LONG 2 =g.0k2ka0nn 0,n0184124 ~0,01090353 =0,00260441 0.0n0D664B6 ~0,00214R58
RaDIIS 3 -0,01530004 N.00267787 L.N2016531 ~0.00257624 =0,000626AA 0.002176712
LAT 3 A OLUO%iER =0, 00185107 =-0,01398019 VeD01TR428 0,00063540 -0,00150472
LONR 3 -n.01482481 h,00196404 -0.01162506 =0.00244828 0.00057T16 =0.,N0214R79

MO SOLVF=FNE PAMAMETENS

POSITION ETIGENVAL UFS

SOUARE ROOTS OF EIGENVALUES

1 N.43ASTSARARAA2GD+N4 1 DshREEHNSTSID402
? 0. 14782P0aTnATHIN»NG ? D.12158160610+03
3 N, 145T3T8R442B4N+05 3 De17213%33110+03
POSITIDON EIGENVECTNRS
1 N,39R45623792330+n0 0,52574605448290=01 =0,17917918797300-01
2 =-0,50333771117930=0} 0,9095312aA2D05210+00 0,82209027384330=01
3 N,22156000nA9527TN=01 =0,B81YT02RTTI56511=0] 0,%39645346590304D+00
VELOCTTY FIGAFNVELLUFS SQUARE ROOTS OF EIGENVAIUES
i n,23aT6E%09095910=07 1 DalS4520%4850~03
2 N,7¥35Q09a539RdED =07 2 Ue2ALT090084D=(3
3 N, 76d114aGa549%0=07 3 D+27714881390=03
VELDCITY FIGFNVECTNRS
H N,99042ha]1 265550 +00 0,2507594336844D«p1 =0,19942622358580~01
I =0, 2%4851272518900O=01 n.,9994700}76AS51U+00 0,21200]19555422D=01
3 n,2U4651 7288113001 =0 ,20757668T769960=-n1 0,99957505T6612D+00

LT R R ey L Ry e Y Y S X YT LA PP E Y R LY YL R LU R R L DL L Y YR L L LYY -y Y Y Y L T
DraGnual OF ACTUAL DYNAMIC NQOISE MATRIA

f.n 0.0 0.0 NeD 0.0 L



£s-a

MATRIX 1 = PHI®PePHI (TRANSPOSE)

0514777238921D+04
~0.7TR2949R823550+03
=0.11A19R071165D+04
0+10556R306685D=-01
=0.10408A3517164D=~07
0.7036054042250=~04

=G, TTBPF49B235504+07%
0.1484077711530D+05
G.503718359628D+0%
=0.842541151617D=01
0+3521n0R68665D-01
0.169295477710D=-03

TOTAL CUVARIANCE MATRIX AT K+l

0.5147772389210+04
=0.TTRZ949823550+03
=0.11P19A80711650D+04
0.10856A306£850=01
=0.104R635]1T1640=07
0.70360R4082250=-04

.“’ﬂ“’"“'ﬂ'“***ﬂ'“‘***Gﬁ##ﬁ'99*#ﬂﬁ5&&#“*“5‘ﬁbaﬁ&““ﬂﬁﬁﬁ@d—ﬂﬁﬂuw&ﬂﬂﬂ'ﬂ-’ﬂ'dBﬂﬁﬂuﬂﬂ-G#GG**ﬂ#“@ﬂﬁ*ﬂ‘.‘bﬁﬁﬂﬂﬂﬂﬂﬂﬂbGOQGGQﬂ#55#9066#6&&.6“66##0#.4#4

ACTUAL ESTIMATION FRROR MEANS aT TIME
X

=0, TTAP94982355D+017
0.148407771153D408
0,50371R35962RD+07
~(s44254115161710=-07
04342100568A650-01
0.1/97554777100=n3

=0+¢11RA19R0T11650+04
0.5037183596280+03
U= 187020063542D405
~0e542526114427TD=04
=0,156816911110D=-03
0+347952970213n=01

=0.118198071165D+04
0.50371835%962RD¢03
G0.18T702006354204+05
=0.54252611642T0=04
~0+156B169111100=03
0+3479529702130=01

118,000 DaYS

¢,1055683066850-01
=3,B425411516170=03
~0,542526114427TN=04
0,2405564110130=07
~0.136R374284950«08
0,9146081525690=09

0,10556483066850=0]
-0.8425411516170-03
=0,5%2526]114427D=08
U,2405564110130-07
=0,1368374784950=08
0.914/08152569D~09

~0.104R6351T164D~07
04 34210056B6650=0]1
~D«15681£911110D=03
=041368374284950=0R
0.793a3nT704768D=-07
0.26728139B8176D~10

=D,104A635]17164D=02
03421 0056RA6ED=0]
=0.156916911110D=-023
~0413683742B495D=08
0.7939307047680=07
0.26728135817640=10

0+ T0I60G4082250-04
01622954 T777100-03
0+34795297021130-01
0:9146081525600+09
0.2472813968174D-10
047725146570140-07

0.THIROS40A225D~04
0.1692954777100=-03
0.3479529702130-01
0.91460815255690.09
0+26572B135681760=-10
D.7725146570140=07

vy \'r4

n,n
. Y 0.0
z n. 0
VX 0.0
vy 0.0
vz 0.@
ACTUAL CORREL ATION MATATX PARTYTTIONS AND STAnDARD NDEVIATIONS AT TIME 11R.000 DAYs
STh DEV A Y z vX
X 0, 7T174797801+02 1. noleponn
¥ 0.17182273n+*03 -0, D8IV443P 1,00000000
7 0,1367552AN+03 -0,12U%6387 D.03023537 1.00000000
VX 0, 1R5098a1n=03 n,94B807085 =-D,N4459173 =U.np255781 1+D0n00000
VY 0., 2R1ITATTEN=03 -n,0518708k 0.9%663050 ~UeDN4OEPHS ~0.031311%9 1,00000000
v? G.P7794148N=073 6.nn35248131 0,00495993 Us5159425h6 Ge02121646 ¢,00034120
SOLVE=FOR PARAMETFRS
-=NONF
DYNAMTC CONSINER PARAMETEQS
-=NONE
MEASURFMENT CANSTDER PARAMETERS
RADTUS ] =0,10989343 f,N1A23986 005879622 ~0. 02050268 -0,00586599
LAT 1 -0,07273546 01.N1253904 0.04030%11 =0+0)40R62% =0.00403114
LONG 1 -N,159665A] N.n1973115 ~0+07918B6R5 =0,02052327 0,00496577
RabtUs 2 -0,79233953 D.N61B426R Da41162516 -Ge04601358 -0,00723215%
Lat 2 -n,2nT2094R N.N4382430 0Da29160833 =0.035314278 =0,00511479
LoNGg » -0, 14044023 N, 01835761 ~0.096570652 ~(, 02597738 0,0n464K60
RADIUS 3 =0,141745RR 0,02669902 D.17B7BZ217 =d. 025605639 «0, 00626592
LaT 2 n, 09811977 -o;nlnéssla -D.123824)13 g.017797T02 0.0p635212

l.00n000n00

~0. 004064723
=0,0032T7330
-0.N1A59441
0,06503R06
D N4599NRE
-0.02142178
0.02169R3T

~0.05499732



754

LONG 3

-0,13548043 Neniorplle

IGNORF PARAMETERS

=~NQME

SOLVYE=FOR PARAMETERS

MO SOLVE=FDOR PARAMETFRS

PASITION ETGENVALUFS

«0+10296360 =0.02442010 0,00576811

SAUARF ROOTS OF EIGENVALUES

1 0,49909470934510+04 1 0.TOO4ERELTTIN+0O2
Fd 0,14Bl44R 755040405 2 0.1217147TT853D+03
3 N, 18RAR120A10EED+ (S 3 0.1374231444D+03
PASTTION ETGENVECTHARS .
1 N,993THZn4 19400000 N,742R31874823%0=n1 0.829413295463400=01
4 =0.615579440901°D=n1 n,9872T2602P2300+00 o0, 1466404 T29550000
3 =-0.927TR62196P3DD=01 - N.,140682297084280«n0 0,985T0650172610«00
VFLOCITY EIGFNVAILUFS SQUARF ROOTS OF EIGENVALUES
1 H,240D41Nn1O0RBIN=~0T 1 0.1644390245D=-073
2 N, T4 ERBYLANE4ID=NT ? 0.2818277T747D=03
3 N, 77T2671R16422D=07 3 Ge27T19607490D=03
VFLOACTITY ETGENVECTNARS
1 nN,999%4717490290+00 n,26702812057a20-01 =0,1718l1857344650=01
2 -N.246T7361/2470 D=0 N,9994#3373696T72D+00 0,19091699n83150=02
3 N, 77237 wTnapisp=pl -0,14B4366R33723U=02 0,999A5055A25THD+00
STATF THANSITION MATRIX PARTITIONS Overt 113,0n04 118,0n0% ~w TRANSPOSES SHUWN
X{11R000) ¥{118.0n0} Z(1l8,.000) VAIL1B, 0000 VY (11R,.000}
LeE13.,000) D,1015262510n+*01 N, P2920755350=01 =0.2229R055410=-03 ¢.65116498R60=07 0,10607307920n-06
¥Yi113.000) 0., 22R900RT73IBN=01 N.1000959736n+01 =0.15%87231610-p3 Q.IOSBETBESGD-OG 0,96203118860-08
70113,000) =0,22390B00R1D=03 =0,15075227590=-03 0.,98403521910+00 -U,7660275539n=09 =0,5522942312D0=09
VX {113,000 0.4399090024D+06 0,92H952R830N+04 =0,22996RBRR40+02 0.1012632231N+01 0.22751609560~01
WY L13,000) 0,3291345703N+046  0,4322874847TN+06 =N, 1T10360T7180+02 U,2273199642n=01 0,1003060738N+01

VZ{113,0008) =00,2335326097D+07 -n,1899363518n+02

SOLVF=FOR PARAMETERS

-=MONF

ODYNAMIC CONSIDER PARAMETERS

== NOME
IGNORE PARAMETERS

0,429T7T3%20130+086

=U,1049393177Tn=03 =0,79849n073ln-0%

=-0,021423A7

VZ{118,000)
0. T5504260] 4009
-0,5424937704D~09
=5,72531169510=-97
~0.1039670460D=03
-0.79011470920=04
0.90845489285D+00



qe-4

==NONE

Io¢0#Gshaao#uﬂﬁhuﬂ##nﬂﬂﬂ&ﬁ#alpbu#n#w#nnnudﬁ"ﬂﬁoa#doaﬁﬁnnoﬁﬂﬂ#w%#Oﬂ#honaoh#ﬂﬁoﬁbaﬂﬂﬂi&ﬂ#u#ﬂ#nﬂﬂeﬂﬂ»ﬂunuuﬂngﬂuugdgn;ggp..;;gnog..ga

¥ ASSUMEN GUIDANCE EVENT #

DIAGONAL OF nY
0.0

MATRIX 1 = PHI#PaPHT (
0+441777921734D+04
=0,5455442905RRD+032
0.183601596597D+03
0« 102T208RHT7920=01
*0,11056749BB51D~07
0,440433305150D=013

TOTAL COVARIANCE MATR
D.a41777921734D404

=0.54554423056RD+ 03
G.18360159A507D+07
04102T208R067920=0]

=0.11056745H4R51D~072
04449433305150D=03

NAMIC NOISE MATRTY

[199] 0.0 (LI

TRANSPASE)

=~0,.545%4429058R0+03 («1R3601596597D+03 0,.1027208R6792D=01
0,14752637032404+05 De18554T0519950+02 ~0,754125981588D=-03
0,1856470519950402 0«146T71197525q0+05 0,455663711535D=03

=0,7541259815880=-07 0+4568637]18300-03 0,239924R68164D=07
N43429637204H3Dat1  0436733500401AN=-04 =0,13B9500A29770=-08
0.3095252193100-04 04335291077R0490=01 0,105378241435D~08
TX AT K+

=1.5455%44 230580407 Y+ 1B36015965970403  (,1027208R67920=01
0.1475263703240405 018554 70519950+02 =~0,7941259015880=03
0,185547051995D+02 Je146T7110752500+4058 D,45%6637115390=03

=0,7541259815880+07 0:4556637115300=03 0,239324B6R164D=07

.34206372048AD=01
0.3095252193100~04

Us34733500401RD=04
0.335291077a43D=01

-0,134950082977D=-08
0,10537824143°D=-08

0.0

=0,110567498R510-02
0.34206372064A80=01]
0,3473350040180=-04
~0.1389500R29770~0n
0.793239T91B580=-07
0,806745711842D=10

~0.,1105A7493851D=0p
0.3420637204AAD-0
0+347335004018D-04
=041389500829770=0A
0.793239791858D-07
0.806245T118420=1n

Du0

0:4494333051500~03
0.309525219310D=04
12335291077R030=01
0+10537R2414350=08
0-806245T118420=10
0+7AT9156433750=-0T

04449433305150N=03
0.3055252193100=04
0+33152910778030-01
0.105378241435D=08
0-8n6P45711R420=10
DeTATILIGE43ATSD=NT

CONTROL CORRELATION MATRIY PARTITIONS ANU STANDARD DEVIATIONS JUST BEFORE BUIRANCE CORRECTION AT TIME

STn DEV A Y
X D.E64KBITINE0R 1.000vgonn
Y 0.121460430+03 -0,06T276]) 1.,00000000
) D.12112472n+03 n,02200561 D.00128121
VX 0,15470128n=-03 0.99859391 ~0,04013425
vy 0,2R164513n=03 =0,05906405 0,9999307%
vz 0.27711291n-03 0,02440094 0,00091961
RSS POSITION ERRORS, . & N«1B396090PR43IN+03
RSS VELOCITY ERRORS, . o 0.424320669235D"03
SOLVE=FOR PARAMETERS
m=NONE
DYNAMIC CONSIDER PaRAMETERS
~=N{ONE
MEASUREMENT CONSJDFR PaRAMETgRs
RADTUS 1 -0,01143gR0 0,00182043
LAT | -N,0nT85152 0,00125764
LONG 1 -n,01T£3533 0,00197900
RaDIUS 2 -0,03155694 0.,00620271
LAT 2 =0,02246751 0,00439550
LONG 2 -0,01916000 ft.00l84124
RADTUS 3 =0.01530094 0,00267T87
LAT 3 0.0105914p ~0,0n185102
LONG 3 -N. 01462441 0,00199404

z

la000000N0
0402431743
0.0010i8158
De99B924(2

000663836
Ds004550652
~0400B94055
0.04647411
0.03292399
=0.01090393
Va0201853]1
=0.01398019
~3.01162506

WX

l.00n00000
“0+03189040
D.02a5R104

=0.00705554
=0,00Y41724
=3+ 00P95585]
=Ja00499410
=0+00354050
=0.00260441
=t 00257624

Ge0017R42B
=te 00244820

vy

1,00000000
0,0010302

~0,00058684
=0.00040329
N.NnpNe9579
-0,000722353
=0,00051170
0,00046486
=0,00062686
0,N0043840
0,00057716

1i1A. 0000000 DAYS

vz

1.00000000

~0, 00046611
=0.480032a31
~0.,00165440
0,00652333
0.004612R6
«0.00214R58
0.00217632
~0,00150422
“0,00214R79



9¢-4

Ea

SIGEPRO=
SIGA|L P=

EAECUTTION
0533
0.295
e &30

CONTRU|

WD SOLVE~FOR PARAMETFRS

BNSITION FIGENVALUFS

1 n,438575R281N25300+04
2 n,147820ATNB189D+0%
3 N.14673TRA4H264D+05

PASITION EIGENVECTARS

1 ’ n,99R45623792330+nn
2 =1,50933T71117940=01
3 N.22156080695270=n1

VFLOCTITY FIGENVALUFS

1 1.73RTR5Q9R95Y1LD=07
? N, TY3IGYIAEIRA¢D=07
3 N.768114/5054990-07

MELOCETY FIGENVECTNRS

SQUARF RODTS OF EIGENVALUES

1 0.66225087570+07
2 0,12158160670+03
3 0.12113533110+03

n,5P574605448290=-01 =0,1791791B79730D=01
0.9953126A205210+00 0,B82209877384330=01
~0.B1170287795550=01 0.9964539590304D+00
SOUARE RNOTS OF EIGENVALUES
1 0,15452054850=03
2 D.281709p084D=03
3 0.277148A13Y0=03

1 N, 93994 A6, 1 2AREDD+NN n,2507594336B844D=-01 ~0,1994262235R580~=01
2 -N,746513751R507D=01 0.9994T001 T6RS10+00 0,212601058554220=01
3 n,20465%172581130=01 «0,20T5T66R769590=n1 0,9995750576612D+00
LA AL LA 4 FINAL INSFRTIAN IS IMPULSIVE agupdonods
PECTED VALUE OF vEIOCITY CORmErTIUN
Ue159R500000N=01 «0.28%378n0000400 ~NeXTOT100000D=01
b.1000000000D=023 SIGRFS= VelDON0ONONONN=09
043430000000N<07%3 S1GHETx Ve34300000000=03
ERAROR CORRFLATION MATRIX AN &TANUARD DEVIATTIONS .
42432950=02 V,i00nn00Gv00N+01 0,70260372518n=01 0.5203454204D~02
40004THD=N2 0.702a03221A0~01 n,104000060000+G] =0,16795988240+00
71397R30=07 0.570145%4204)=02 “N.16T955R826ND+00 0,100000000n00+01

EIGFNVALUFS
0,285160RT3AE85D=04
N A313RZAGISOOVD=05
N.285160R8736585D=04

Wl NG e

ETGENVECTNARS

N, 9FR43IGSKT7ITIID+NN
(1, 9B 36YEE 2 IR20N=01
3 0, TTRTHITT?1164D=02

A -

SQUARE ROOTS OF EIGENVALUES

1 N,5340045633p=02
2 Ue2AB3I3TOGGUD=-02
3 0+453400456330=02

N.55912911720090=01 =0,42904446A01260-03
0,9R9743325952010+900 0,1316904029509N+00
~N,1314B06248T06D+00 0,991290R0177890+00

CORRELATINN MATATY PaARTITIONS AND STanDaARN NEVIATIONS JUST AFTER FINAL INSERTTON

STD DEV [
OuhbabhHITIN+NZ 1.,00080000
0,12146043N+03 ~0,06T3T7611
0.1”2112472n+03 0,0P280561
N.53364A881N=02 n,0287260149
0,296 T3IF9A6N=0NZ -N,00560596
0,531436494N=02 n,0nl2T23s

h z vX

l.n0n0nooG

bennl26l2i l.000006000

-0.0n116347 G,0n070495 1.00n0n000
D,NG490664 U.000096R4 006982600
0.00004795 U4 05208797 0+00523135

vy

1.00000000
=0,16696906

vz

1.000000n00
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RSS POS!

TION ERRORS, . . 1.

ASS VELOCITY ERRORS, » + 0.

RADIVUS 1
LAT
LONG 1

RADIUS 2

LAT. 2
LONG 2

Raptus 3

LaT 23
LONG 3

SOLVE=FOR PARAMETERS
~=NONE,

DYNAMIC CONSIDER PaR
-=NONE

MEASUREMENT CONSIDFER

1839609028430+03
A09481620545p=12

AMETERS

PARAMETERS

-0; 01143080
«n,0078515p2
«), 01723533
=0,03125698
-n,0223675])
-0, 01516000
-n,01530094

N.01059166
-0,01862461

NO SOLVE=FNR PARAMFTERS

POSITION EYGENVALUFS
1 (1,438575a250P560+04
2 0,14T7B20AT7NRLEBYD+0%
3 N 146TITAALGROHD 40
PnSITION ETGENYECSTAPS
1 M. 39RGRE6237923304+00
2 =-0,50931771117930=01
3 0,221560R068527N=01
VFLOCITY EIGENVALUFS
1 0, 28540025060464D=04
7 0.83930941096510=0%
3 (e PASY292UgA2 TSLI=04
VELOGCITY ETGENVECTORS
1 0.398198737324060+00
2 -0.5546025370482D=01
3 0.22ATH9a/TTR4ED-01

N,N0182943
3.00125764
a,00197900
a.00620271
0,004395%0
0,00184124
0,00267T8Y
=5,.n0185102
n,00199406

1
2
3

SQUARE ROOTS OF EIGENVALUES

0.5257460544B290=01
0,9053126205210+00
-1,81170287795550=01

1
2
3

SQUARF ROUTS OF EIGENVALUES
Da53422865020-02
0.2B89TNAGOTUD=02
0.53472357050-02

0,57983792879440=01]
0.58973623938510+00
=0,13061415011R10+00

KNOWLENGE CORRELATTON waTeIx PARTITTAONS AND STANDARD nEVIATIONS JUST AFTER FINaL INSERTION

STn DEV X

0, 664663TTN+N2 1,00000000
0.12146043n+03 -0,06T9761]
0,121124720+03 n, 02280561
D,533KGRE1D=N2 0.,0PB¥60109
0.79673966N0=02 -n,00560596
0.53143696N-02 n.nnler23n

Y

1.0000n000
0.0012812])
=0.N0116347
0,09490664
0.00004795

z

l.00000000
U,00070495
0000096564
U«05208797

wX

l.00000000

0+0690825600
G+00523135

0.00663836 =0.00005959 ~0,00005570
0s00455052 *0,00004094 ~0,00003R28
«0 400694055 =0.0n008581 0,00004715
0404647411 «“6,00014478 =0,00006R67
0403292390 =0.0pnl0264 =0,00000R57
=0,0]1090393 ~0.00n07550 0,00004412
0.02018%3] -0.00007468 =0,00005950
~U.01398019 0.0nn05172 0.08004133
~0.01162506 ~0.00007097 0,00005474
DebA22505T5TD+02
0.1215816067D+03
0.12113533110+03
«0,1731T91R8797300~01
0.,82209827368433D-01
0,996453953030404+00

=0415400277676360-01
0.13170549021270+00
0,9911692566335N+00

vy

1.60000000
~0,16696906

~0,00002430
=0.0n001712
=0.0n008K7Y
0,00034015
0,00024053
=0,00011204
0,000112348
=0.00007R44
~0,00011205

vz

1.0007:.008



8¢9

RSS POST

RSS VFLOFITY ERRORS, .,

RaDrIUS 1
LAT
LONG Y
RaDIUS 2
LAl »
LONR 2
RADIUS 3
LAT 3
LONS 1

TION ERROARS, . » Ne1A3FRUSO
. NafiDB44162
SOLVF-FOR PARAMETERS
-=MNONF
NYNAMIC CONSTINER PaRAMETERS
—-=NONE

MEASUREMENT CONSTDFR PARAMET

NU SOLVE=FOR PARAMFTFRS

PNASITION EIGENVALU
1 n.43R575
4 N.147820
3 N 146737
POSTTION ETGENVECT
1 N, 99R456
2 -N,509337
3 0,221560
YFLOCITY ETGFNVALU
1 0,285400
4 0.,A3930v
k] n,285929
VELOCTTY EIGENVECT
1 0.99R198
F -0,554602

3 0,2287TRS

PA430*U3
a545nN=02

Fusg
-n.01l%30480
-f,00785152
-0,01723533
-1,0319%696
-0.n22367%1
-n,N191k60n0
=0,01530094
0,010091k4
-N,014524861

FS

APROPD6D+04
A7TNA18YD+0S
£R44204D+05

nks

2379233D+00
T1117930=n1
ROA9SETD=0]

FS
2E064040D=04
£109651D=05
PI6AZTED=04

nae
T33132460e00
5A704820-01
6677848001

H.00182943
N, 00125764
0,n0197900
t.00620271
1. n0439550
N.NNLR4LZA
n,noze7787
=0.nN0185102
n.nn19e404

1
?
3

0s006636836
0.0045%5052
=0 QOBIHUBS
004647411

0.037292390,

=0.01090393

G.0201853]
=Ue01398019
«G.01162506

S@IIARE ROOTS OF EIGENVA|UES
0.66225057570+02
(+1215816067D+03
0.1211353311D+03

n,52574605448290~n]
n.99531266€05210+00
-0.,81170287795550-01

1
4
3

SOUARFE ROOTS OF EIGENVALUES
De53422R650£D=07
0.28970840TUD=02
Va53472357056D=02

0,5T9A375287944D=01
0.9A973623938510+00
=-0,1306141501181D=00

=0.00005959 =0,00005570
=De00n04090 ~0.,00003R28
=0«0nn0ASHL 0,00004715
=0.00nl4478 =0,00006R67
=0 0NN10264 -0,00004A5T
=0«00n07550 n,000048412
=0« 00007468 =-N.00005950

O«00n05172 0,00006133
=0.00n07097 0,0000547A

=0,1791791879730D=01
0,82209A27304330=0]
0.99645395903040+00

20.15400277676380=01
0.13170549021270+00
0,99116975663350+00

=0,00002430
-0,00001712
=0.00N0BATI
0.00n34015
0.0n024053
=.0n011204
0.00011348
=0.00007R44
=0,00011205



