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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 earth-
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 (GTDS).

The software produced consists of two related programs, both of which
use the GTDS 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 performs generalized linear error analyses along
specific 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 GTDS 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 GTDS and STEAP systems it is recommended that this effort be continued
and enlarged. In the specific area of libration point mission analysis, it
is recommended that more detailed models (e.g., pulsing thrust insertion into
halo orbit) be developed aind 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.

RREaMING PAGE BLANK NOT FILMED
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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 (Space 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 initially developed

under Contract NAS8-21120 for Marshall Space Flight Center. The first ver-

sion of STEAP (Contract NAS1-8745) 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

1-1



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 contractual 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 (GTDS) Cowell propagator is being
integrated into the STEAP-L programs. The Cowell propagator permits the
generation of a file containing trajectory and state transition matrix
(computed by integration of the variational equations) data during the
NOMNAL run. This data may then be efficiently retrieved in subsequent 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 approach 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 realistic 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 published technique of Lee-Boain (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 trajectories 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-arrival (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 of 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 libration
points near the Earth. These are designated L and L2 in Figure 1.1, which
shows schematically the location of all five classical Lagrangian or li-
bration points.

1-2
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Figure 1.1 Earth-Sun Libration Figure 1.2 Details of L1 and L2
Points Libration Points

Figure 1.2 shows in more detail the location of points L1 and L2 with respect

to the Earth, with the orbit of the Moon, 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

RSOI = RSE(ME/MS)2/5

RESOI = RSE(ME/MS 1/3

where RSE is the Earth-Sun distance and ME and MS are the masses of the Earth

and Sun respectively.

Efficient transfers from circular Earth parking orbit to the L1 and Lz
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 families 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 (L1 , L2 , L3)
are unstable while the equilateral triangle points (LA, Lg) 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 LI and L2
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

Sun Z-axis Normal to Ecliptic

"Y Y-axis Completes Right Hand

15 
System

Figure 1.3 Typical 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 ERRAN summarized in the next two sections.

1.3 Summary of NOMNAL

The computer program NOMNAL is responsible for the generation of a nomi-
nal trajectory from injection at earth to insertion into a halo orbit about

a libration point in the earth-sun system.

NOMNAL uses a specialized version of the GTDS 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.

1-4



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 burn; 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 values.

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 L1 and L2 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 point velocity by
solving Lambert's theorem for the geocentric conic connecting the libration

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 profile 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 tool 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 rror-- sources. In the generalized covriance analvsis

mode, "actual" knowledge covariances, control covariances, and 
statistical

midcourse AVs are computed on the basis of statistical distributions that

actually describe both error sources acknowledged by the navigation 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 measurements. 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 halo orbit. At an eigenvector event the

position and velocity partitions of the knowledge covariance 
matrix are

diagonalized to reveal geometric information about the size 
and orientation

of the position 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 guidance 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 proportionality 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. NOMNAL 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
- V

(2.1)
dV
d = AC + AN + AT

In this equation, the central body acceleration AC is given by

AC RI (2.2)
RI 3

where p is the mass of the central body. The non-central body gravitational
accelerations AN is given by

AN=n i(Ri-R) i Ri (2.3)
i=l RiR 3 " i 3 (2.3)

where Ri and pi are the relative position and mass of the ith perturbing body.
The number 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 AT was used. The finite thrust is
assumed to be in a fixed direction determined by the heliocentric ecliptic
right ascension a and declination . The thrusting engine is assumed to have
a constant mass flow rate 1m given by mi = T/(gISp) where T is the thrust mag-
nitude, ISp is the engine specific impulse and g is the gravitational accel-
eration of Earth. The instantaneous spacecraft mass is then computed from
m = m0 - it, where mo is the initial spacecraft mass and t is the time from
thrust initiation. The parameters mo, T, and ISp are specified by the user.
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The resulting finite burn acceleration is then given by

[(T/m) cos aC cos

AT = (T/m) sin a cos (2.4)

L(T/m) sin B J

The actual integration of these equations of motion is performed by the GTDS
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 state 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 specifics of the state transition matrix generation of the Cowell
propagator are detailed in GTDS 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

i = 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 (6X, 6U) from the nominal state and
controls obey the linearized dynamic equations

6: = f(t) 6X + g(t) 6U (2.6)

where f(t) F [X(t),Ut] = (VxVyVzx,AyAz)

aX D(Rx,RY, RzVxVyVz)

g(t) = [X(t),U,t] = 3 (Vx'Vy9VzAx-Ay-Az) (2.8)
aU '(UDU2,U3)

given the form of the above equations, the solution to (2.6) may be written:

6X(t) = 0(t,to) 6Xo + E(t,to) 6Uo (2.9)

where the state transition matrix 0 and the control transition matrix 0 are
the solutions of the linear differential equations:
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d 0 [ 6x6 86x3 l
dt L03x6 03x '3J Y' 2[ 16x6 ] 

(2.10)

It should be noted that only the equations for P and 0 need be integrated

here since -: 0 and 0 I. The relevant equations are therefore:

= f D 4,(to,t ) = I (2.11)

O = f 0 + g 0(to,to) = 0 (2.12)

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

f= (2.13)

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

R
F R 3

3 
T

G =- , f- - _1 (2.14)

r3 1R12

The integration of the control transition 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 (a, 5) and the

thrust magnitude T. A fourth thrust control parameter is tB, 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

0 0 0
0 0 0

g 0  0 0 (2.15)
T T 1

- a cos 8 cos a sin 8 - cos a cos S
M M

T sin a cos B sin a sin 1 sin a cos B
M N M

T 1
0 - cos 8 - sin 8- M M
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Equation (2.12) can now be integrated with the aid of equations (2.13-2.15) to
yield the control sensitivity matrix GE used in computing insertion dispersions

aX I aX axi.e., 6E = ax -~ I 1 . This matrix is then used in the computations in

EPRAN of the insertion dispersions due to execution errors in a, B. and r (see
Section 4.5).

The control parameters used in the targeting are thrust direction and dur-
ation (a, 8, and tB) where the thrust magnitude T is held at its nominal (input)

aX aX
value. The first two columns of the control sensitivity matrix and Xgen-

erated in backward integration by Cowell are augmented to the burn duration
sensitivity vector which may be simply computed as

aX Tax = [0, 0, 0, Ax, Ay, Az] (2.16)
iiBt

to yield the targeting sensitivity matrix T [= -X I used in the

finite burn targeting (see Section 2.4). Thus the Cowell propagator has been
effectively modified to automatically and efficiently generate all the tra-
jectory related data required by both NOMNAL 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 'L,k over the
interval [tk,tl] is required. The data available from the file are the cumu-
lative (interpolated) matrices Dk,o and 01,0. The desired matrix is then

given buy.

-1
4l,k = 41,0 Ok,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 -

-1k, -_ _2 (2.18)

where the form of (k,O is given by

k, 1 -  (2.19)

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 Vo . In NOMNAL three methods are available to the user for generating

Vo . 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 Vo 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

psuedo injection position and the position 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. In

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 function of flight time giving the magnitude of

the transfer orbit velocity at arrival at the libration point (Vo ) and the

angle that this arrival velocity vector makes with the radius vector measured

in a clockwise direction (0). This is illustrated below.

R

L1 (L2) Earth

Figure 2.1 Parameters for Zero Iterate Tabulation
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Table 2.1 Zero Iterate Velocity Vector for L Point

AT IVI AV AT IVI 8 AV
(days) (km/sec) (deg) (m/sec) (days) (km/sec) (deg) (m/sec)

25 .3593 - 4.32 449.3 102 .6079 -67.72 350.7

26 .3316 - 4.28 429.1 103 .5911 -68.72 331.4
27 .3053 - 4.14 411.1 104 .5790 -69.45 317.5

28 .2808 - 3.88 395.5 105 .5704 -69.99 307.6
29 .2577 - 3.48 382.1 106 .5642 -70.39 300.5

30 .2362 - 2.92 370.9 107 .5590 -70.74 294.4

31 .2165 - 2.17 361.8 108 .5548 -71.03 289.5
32 .1980 - 1.21 354.4 109 .5512 -71.29 285.4

33 .1808 0.04 348.8 110 .5484 -71.50 282.0

34 .1647 1.68 344.9 111 .5461 -71.68 279.2

35 .1498 3.76 342.3 112 .5443 -71.83 277.0

36 .1360 6.40 341.3 113 .5429 -71.96 275.3

37 .1234 9.74 341.5 114 .5419 -72.06 274.1

38 .1122 13.89 342.9 115 .5412 -72.14 273.2

39 .1025 19.05 345.5 116 .5410 -72.20 272.7
40 .0945 25.19 349.0 117 .5410 -72.24 272.6
41 .0885 32.48 353.7 118 .5413 -72.26 272.8
42 .0847 40.49 359.0 119 .5419 -72.27 273.4

43 .0835 49.01 365.3 120 .5428 -72.26 274.2

44 .0846 57.46 372.3 121 .5439 -72.23 275.4
45 .0880 65.38 379.9 122 .5453 -72.19 276.9

46 .0935 72.27 388.3 123 .5469 -72.14 278.6

47 .1008 78.06 397.4 124 .5488 -72.07 280.6
48 .1093 82.99 406.9 125 .5510 -71.98 282.9

49 .1184 87.09 416.5 126 .5533 -71.89 285.4

50 .1279 90.22 426.1 127 .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 .6029 -69.58 339.8
140 .6080 -69.34 345.4
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Table 2.2 Zero Iterate Velocity Vector for L2 Point

AT IVI 0 AV AT IVI AV
(days) (km/sec) '(deg) (m/sec) (days) (km/sec) (deg) (m/sec)

25 .3641 - 4.63 452.8 102 .6443 -65.27 392.3

26 .3363 - 4.23 434.0 103 .6214 -66.64 365.7
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 .2623 - 2.94 388.4 106 .5782 -69.30 315.8
30 .2407 - 2.46 376.6 107 .5703 -69.80 306.6
31 .2209 - 1.86 366.9 108 .5647 -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 .1536 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 .5471 -71.49 279.2
38 .1150 11.74 342.6 115 .5458 -71.61 277.6
39 .1047 16.52 344.9 116 .5449 -71.71 276.4
40 .0961 22.35 348.3 117 .5444 -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 .5447 -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 .0911 70.14 387.1 123 .5475 -71.85 278.4
47 .0974 76.25 395.5 124 .5489 -71.80 279.9
48 .1049 81.42 .404.2 125 .5506 -71.74 281.7
49 .1133 85.74 413.3 126 .5525 -71.67 283.7
50 .1222 89.27 422.4 127 .5546 -71.58 286.0

128 .5570 -71.48 288.6
129 .5595 -71.37 291.3
130 .5623 -71.25 294.3
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 .6002 -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 0 are stored

internally in the program for generating the zero iterate va ue. 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 than 360

degree transfer the solution to Lambert's problem is solved using the method

of Lancaster-Blanchard (Reference 11).
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2.3 Impulsive 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 conic 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 injection time of day and position and velocity (Reference

3).

For libration point missions there is no immediately-available parameter
which is analogous to the launch asymptote of the interplanetary missions in
its ability to 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 RLp at the desired arrival time is 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 inclination (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 rCA, iCA, tCA define three ter-
minal conditions. Thus the system of six differential equations (2.1) correspond-
ing to ballistic flight

= V (2.22)
V AC + AN

in conjunction with the six boundary value conditions

R(tL) = RLP

r(tCA) = rCA (2.23)
i(tCA) = iCA

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 natural 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 i 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; one will have 0 < Iwl < 90 deg while the
other will have 90 < jwj < 180 deg. Therefore to allow either solution to be
targeted the program permits posigrade inclinations to be specified as iCA i,
0 < i < 90 deg and retrograde solutions as iCA = 180 - i, 0 < i < 90 deg.
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Figure 2.2 Trajectory Options for Single Inclination

NOMNAL then signs the inclination according to iCA = sgn (sin w) iCA.

In the impulsive case the term AT is missing from (2.1). In this case the

problem becomes the determination of the velocity VL at the libration point such

that when the system (2.22) is integrated backwards in time from the initial
conditions at the libration point (RLp, VL) the state at time tCA satisfies the

last three conditions of (2.23). The tCA initially determined may not be con-

sistent with a realistic launch and injection. If that is the case the incor-

rect time is replaced by the nearest realistic injection time tCA and the ar-

rival time tL 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 in Section 2.2. The iterative scheme

then proceeds as follows. Let the initial guess of the velocity at the libra-

tion point be denoted V . Then the equations of motion (2.22) are integrated

backward in time from tge state (RLp, VO ) to the fixed time tCA which may or may

not actually be the time at closest approach. The state at this time (RE, VE)
is then used to compute the near-earth conic and the actual (or achieved) values

of the target parameters are evaluated:

A
rCA a (1 - e)

A
A (2.24)

T = iCA = sgn (sin w) i

A 11

tCA tCA

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

rCA - rCA

D A

E = iCA - iCA (2.25)

D A

CA tCA

If each component of e is less than the user-specified tolerance the process is

terminated. Otherwise a new estimate V 1 of the velocity at the libration point

is computed. The integration of the current iterate simultaneously produces

the state transition matrix 0 (tE, tL) (see Section 2.1). The state transition

matrix has the property that linear variations at the libration point map into

variations at the earth according to

6XE = 'EL 6 XL (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 qE thereby computed then satisfies

6TE = TE 6XE (2.27)

where nE is the (3x6) matrix defined by

Sa(RCAICA ,TCA ) (2.28)
S (rx,ryrz,vxvy,vz)

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

rSE I [ I 02-] [rL1 (2.29)

Substituting the desired change in target parameters E for 6
TE and the condition

that 6 rL = 0 yields the equation

= ( +E 2 E P4) 6VL (2.30)

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

6VL = re r = (n~ 02 + i4)  (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 iterations

has been made. If the maximum number of iterations is made without successful

convergence the initial guess probably needs to be improved.

The impulsive insertion AV then is given by

AV = VLP - VL (2.32)

where VLP is the velocity of the libration point and VL is the final targeted
velocity of the spacecraft at the libration point.
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2.4 Finite Thrust Targeting

A very efficient algorithm has been developed for the targeting of li-
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
difference is in the new control vector UT = (a, , tB) of finite thrust direc-
tion (a, 0) and duration tB instead of the three components of impulsive veloc-
ity.

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

R= V

= AC + AN + AT (2.33)
U= 0

m = T/g Isp

where the finite thrust acceleration AT must be computed over the thrust arc.
The parameters UT defining the finite thrust are assumed to be constants. The
boundary conditions are

R(tL) = RLP

V(tL) = VLP
r(tCA) = rCA (2.34)

i(tCA) = iCA

i(tCA) = 0

m(tCA) = m0

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

The vectors RLp and VLP are the position and velocity vectors of the li-
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 UT to meet targets of rCA, iCA,
and tCA'

The finite thrust model is defined by specification (by user input) of
the thrust magnitude T, the thrust specific impulse ISp and the initial space-
craft mass mo. During the course of the targeting the program determines the
thrust right ascension a, declination 8, and thrust duration tB, which com-
prise the control vector UT.

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 solution (2.32) be denoted AV. Then the initial

values of the controls are
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a = arc tan (AV y/Ax)

B = arc sin (AVz/IAVI) - AV (2.35)
mo-mf

tB = where mf = mo eg Isp

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 is in the computation of the

targeting matrix r required for the new controls.

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

tB when

tL tE

Figure 2.3 Finite Thrust Trajectory Schematic

the finite thrust is initiated, and the thrusting arc from tB until tL when
the desired conditions of the libration point are attained. For the targeting
however the direction is reversed. Using the current controls the final space-

craft mass mf at the time tL is computed. The equations of motion (2.33) are
integrated backwards from time tL, state (RLp, VLP), and the current thrust
direction (a, 8) through the thrusting arc to the predicted time tB, continu-
ally increasing the mass until the "initial" spacecraft mass mg is obtained at
tB. The ballistic trajectory is then propagated backwards in time to the tar-
get time tCA(tE). The actual values of the target parameters TA are evaluated
by the equations (2.24). The correction to the current value of the controls

UF is then given by

AUF = r c (2.36)'

where the error e in the current targets is given by = TD - TA.

The computation of the targeting matrix P proceeds along lines similar to
that of the impulsive targeting. The control sensitivity matrix OBL relating
changes in state at time tB to changes in the controls a, 8 over the arc (tL,
tB) is determined by the integration of the variational equations (performed
by the Cowell propagator and discussed in Section 2.1)

6 = fO + g O(tL,tL) = 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 2

G(tBtL)  -- aT tB (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 AtB the
state at tB (the nominal value) is changed by

ARn = At.
(2.39)

AVB = AT AtB

and therefore from the definition of the derivative

IXB - lim [ARB/At 1 1 (2.40)
St B  At 0 VB/AtB (2.40AT

Therefore the control transition matrix BL is easily computed and

6XB = OBL 6UF (2.41)

The variation in state elements at the time tCA (tE) caused by state devi-

ations at tB is given by

6XE = 'EB 6XB (2.42)

Thus combining (2.41) and (2.42) we obtain

6XE = 4EB OBL &UF' (2.43)

and using the nE matrix defined in (2.28) we have

6TE = fE (EB OBL 6UF (2.44)

Thus the targeting matrix is

r = [nE 4EB OBL]-1 (2.45)

where the matrices (EB and OBL are automatically computed by the Cowell propa-

gator and the matrix nE (requiring no integration) is computed by simple nu-

merical differencing. The succeeding iteration then uses the control correc-
tion AUF = Fr 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 integration to allow the generation of a transfer which is consis-
tent with realistic launch 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 rCA, equatorial inclination iCA, and time tCA.
This trajectory, when propagated forward for the desired flight time Atf,
arrives at the selected libration point with the proper velocity after per-
forming the targeted insertion maneuver (impulsive AV or finite thrust con-
trols UT). 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 objectives is caused by the initial user uncer-
tainty as to the required injection time. The user inputs the desired in-
jection time tCA and flight time Atf. The time at the libration point t
is then computed as tL = tCA + Atf. The libration point position RLp an
velocity VLp 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 = tCA +
Atc. If this is necessary the flight time is held constant at Atf and the
arrival time is adjusted to tt = tL + Atc. 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) is given in equatorial
coordinates as (RCA, VCA). The unit normal to the osculating transfer orbit
plane at that point is then

RCA x VCA

WT =IRCAXVC;A (2.46)

The inclination of the orbit plane i (= arc cos Wz) should equal the desired
input value. The orbit plane inclination must equal or exceed the latitude
of the launch site L to permit a coplanar parking orbit and transfer orbit
as indicated in Figure 2 .4a.
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Figure 2.4 Transfer Plane/Parking Orbit Geometry

In the case that Isin ii > sin LI the launch azimuth is defined by

sin L = cos i (2.47)L cos 4 L

and the solution with 0 < E < 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 ii < Isin 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 E = 90 deg, containing the closest

approach radius vector RCA, and nearest te 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

RCA x Vp
W RCA x V (2.48)
Pp IRCAxVI

where V is the velocity vector at the injection point in the parking orbit.

Vp is given by

-cos 6p sin 6p cos Ep -sin p sin Ep

Vp(Ep) -sin Op sin 6p cos E +cos p sin Ep (2.49)

cos 6p cos Ep
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where (6 , 6 ) are the equatorial right ascension and declination of the
periapsig po ition RCA. For the specific parking orbit plane having ZL =
90 deg, including RCA, and nearest the transfer plane Ep must satisfy

sin E = cos
P Cosp (2.50)

sgn(cos Zp) = sgn [VCA * Vp(O)]

where 0 < Z < 180 deg and where the equation (2.49) is used.
- p

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
ET = 90 deg. In either case the remaining calculations proceed as follows.
The right ascension at launch OL is defined by

Wx sin 0L sin EL + Wy cos EL
cos OL =  

W2  I
W - 1

z (2.51)
Wy sin sL sin EL - Wx cos ELsin =

L W - 1
z

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

GHA = 100707554260 + 0?9856473460 Td
2 (2.52)

2.9015 x 10
-13 Td

The launch time on the day of launch is

(OL - OL - GHA) mod 2r

tL = (2.53)

where w is the rotation rate of the launch planet and
6L is the longitude of the launch site, both being read in as input.

The unit vector toward the launch position is the

RL = (cos L cos OL, cos (L sin L,' sin 4L) (2.54)

The true anomaly of the launch site fL is calculated as:

cos fL = RL ' RCA
(2.55)

sin fL = RL * VCA

The angle between launch and injection is

B = 27 - fL (2.56)
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The coast time tc may now be computed

tc [N - (l + 2) ] k (2.57)

where 1 an- .r the angles of the first and second burns and

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

The time between launch and injection is therefore

tB = tl + t2 + tc (2.58)

where tl and t2 are the input time durations of the first and
second burns.

The injection time is then

tI = tL + tB (2.59)

The first time through the injection date so calculated is compared to

the desired value of closest approach tCA. The difference At = tl - tCA is
then added to the time at the libration point and the target time at closest

approach is set equal to tI. One iteration of the targeting generally results

in a totally consistent trajectory.
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3. ERRAN NAVIGATION ANALYSIS

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 covariance 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 analysis. 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 navigation 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, is unaffected by
the processing of tracking information. The propagation of this control
covariance forward to the target will provide us with probabilistic infor-
mation relating to target miss in the absence of midcourse guidance correc-
tions. However, a midcourse guidance 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 midcourse 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 erroneously-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
carried along for analysis. 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 vector. 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, guidance 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. Section 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 estimates.
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 is 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

x

A
X = x

(3.1)

u

v

where
x = spacecraft position/velocity state (dimension 6)

xs = 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

Xk+1 = P(tk+l tk)xk + xx (tk+l' tk)x +
s k

Sxu (tk l' tk) uk +qk (3.2)

where
P(tk+l' tk)' Oxx (tk+l, tk), and xu (tk+l, tk)
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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 tk to changes in x at

time tk+l. The variable qk represents the effect of dynamic noise over

the interval.

The linearized observation model is assumed to have form

Yk = Hkx k + Mkxs k +Gkuk + Lkvk + k (3.3)

where observation matrices Hk, Mk, Gk , and Lk relate changes in x, xs,

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

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

E [qk ] = E[n k ] = 0

E [qkq k jk

E [kj ] = Rk 6jk

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 incor-
porate a consider option into the algorithm and divide all assumed para-
meter into either solve-for or consider 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

S =  E [ (A xA ) ( xA) T ] (3.4)
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where x indicates estimated values and x indicates actual values. In-
troducing equation (3.1) into equation (3.4) and expanding the result
permits us to write the covariance matrix in the following partitioned
form:

Pk C C C
k xx xuk xuk

=C T  P C C (3.5)
k xx sk  xsu XsVksk sk sk

CT CT  U C
xuk  xsU o uvk

CT  CT  C V
xvk XsVk  uvk o

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
by the subscripts. Thus, Cx represents the correlation between solve-

s

for parameters and dynamic consider parameters.

The assumptions implicit in the consider option require that co-
variances U and V remain constant with time. Estimates u and v are

o o

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

uv

The covariance equations involved in the estimation algorithm are of
two types: prediction equations and filtering equations. The prediction
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 covariance updating procedure whenever a measurement
is processed.
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The prediction equations are summarized below:

(PT = +0e C T  +0 C+  ) T

sk

xx xx

Sk+I  s Xuk+l XU + Qk

C + 0 + C+ (3.6)xx xx xx xu xu
sk +

P = (3.8)s sk ksk
5 k+ k

C = +C + C+  + 0 U (3.9)
XUk+l xuk XXs XsUk Xu o

C C+  (3.10)
X u x U

s k+l s k

C =c +  + 0 +  (3.11)
Xk+l xvk xxs xs

C" = C (3.12)
xv x v

s k+l s k

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

k+l = Hk+l Ak+l + Mk+l Bk+l + Gk+1l Dk+l + Lk+l Ek+l + Rk+l (3.13)

where

A T - T T - T

k+l k+l k+1 + Cxx Mk+l + Cxu k+l Cxy Lk+1
+l k+1 X k+l
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B P- T -TBk+l = P" k + C + + C Gk+l C Lk+lk+l s k+1 xx k+ x u k+l + Ck+
k uk+l k+ sk k+l sk+l

T T
T T - T

k+1 xuk +1 x us kk++l

-1k+1

T T

Ek+l = ky + C v 3.14) + Vo k+

S 1 (3.15)

k+ k+l k+l

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

+ -1 T

+1 + k+l (3. 14)

-1
Sk+1 = Bk+1 k+l (3.15)

The covariance partitions immediately after processing a measurement

are given by

+ - T

= -S T (3.18)5k+1 +1 -K k+l k+l
C+ =C - k B (3.17)

xx xx +1 k+l
Sk+l Sk+1

+ T

S = C -S B (3.18)
xk+l k+l k+l k+ l k+1
+ - T

C = C - Dk+ (3.19)

xuk+V xuk+v k+l k+1

Cx u x u - Sk+ Dk+1 (3.20)

k+l Sk+

Cx v x v - Sk+ k+ (3.22)

s k+l s k+l

3-7



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 equation (3.5) are con-

verted to standard deviations and all off- diagonal covariances are

converted to correlation coefficients. Thus, if covariance a is an

element of the augmented covariance matrix, then the correlatin coe-
efficient is given by

ai j

1/2 1/2
where standard deviations o and a. are given by a = a1/2 and a. = a..

J i ii J j3

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 insufficiency 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 analysis program is
somewhat 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 trajectory
run. These three constant inputs K1, K2, and K3, whose units are km /sec

4 ,

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

Q11 = 4K1 At
Q22 = K2 At

Q33= K3 At4  (3.23)

Q44 = KAt2

Q55= K2 t2

Q66 K3 t2
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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 K1 , K2, K3 .  Consider, for example, a vector

random variable (6X ,6Y, 6Z)

2 2 2
K = K2 C = K36X 6Y 6Z

and correlation coefficients set equal to zero. If these accelerations
represent biases, then over any interval At they are related to position
and velocity uncertainties through

6. = 6X (At); 6X = (6 () (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 At3 1 3 1 3
Q 4 = K At Q2 5  K At 3 ' Q3 6 

=  K At
14 2 1 25 2 36 2 3

Clearly, if the unmodeled accelerations are indeed biases, the 6X and
6X 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 vary considerably.
Secondly, if the values for K. 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 noise 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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F-l fr t- m nn- o f Q nd nprmttei1 its rnomniittin to be viewed as

a combination of random and bias error in the unmodeled accelerations.

The measurement noise 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 linear 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 = f(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

af af
X= x +- w (3.25)

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

af af
respectively. Partial derivative matrices -X and -E are evaluated along

the nominal state.

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

Xk+l = 4(tk+l, tk) xk + E(tk+l, tk) Wk (3.26)

where state transition matrices D(tk+l, tk) and e(tk+l, tk) are required

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 Section 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 = f(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

af af
y = ~ x + - w (3.28)

where y, x, and w represent deviations from nominal Y, X, and W,
respectively, and partial derivative matrices

af af
- and If are evaluated at the nominal condition.

If we partition the parameter vector w into a solve-for parameter
vector xs, a dynamic consider parameter vector u, and a measurement

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

y = Hx + Mx + Gu + Lv (3.29)

af af
where we have defined H = X, and partitioned - 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 is 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 x, y, z coordinate system re-
presents the geocentric equatorial coordinate system. Axis x is always
aligned with axis X. The rotation of this coordinate system relative to
X, Y, Z system is defined by e, 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 XE, respectively. The tracking station state relative to the center

of the Earth is denoted by X,. The geographical location of the station

is defined by radius R = IXSI , latitude 6, and longitude 4. 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 p. 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 tk

at the time of the last processed measurement before the eigenvector

event and let Xk and Pk be, respectively, the nominal trajectory and the

orbit determination uncertainty covariance matrix after processing the
measurement at tk. 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 tj defined by

Pj is given by equation (3.6) with subscript k+l replaced by j. All state

transition matrix partitions are understood to be defined over the time
interval [tk, tj].

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

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

tain geometrical information which is both useful and readily interpreted.

Let PR and Pv denote the position and velocity partitions, respectively,

of covariance Pj. Then at an eigenvector event these partitions are diagonal-

ized to produce position and velocity eigenvalues and eigenvectors. The
principal axis associated 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 JACOBI analysis section.

At a prediction event at time tj, the nominal trajectory Xj and asso-

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

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

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

interval [tj,tp], can be computed using equation (3.6) with tk = tj and

tk+l = tp.

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 tj, one can observe the effect of additional tracking on predicted

navigation uncertainties.
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4. ERRAN MANEUVER ANALYSIS

4.1 Introduction

Of 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 employed 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 . In the following analysis the notation ( ). will be used to

indicate the values of variables immediately prior to the axecution of the

event; ( )t, immediately after. Although denoted simply by P earlier, the

knowledge covariance will now be denoted by PK 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 Pc and how it

differs from knowledge covariance PK. Recall that the knowledge covariance

represents the statistical dispersions of the estimation errors about the

spacecraft state estimate and is defined as

PK = E [6e 6eT] (4.1)
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where estimation error 6e is defined as

6e = 6X - 6X (4.2)

Here 6Xi and 6X 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

PC = E [6X 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 Section 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, policy-dependeAt and will be treated in

subsequent sections. In general, AV will be a function of the desired tar-

get conditions and the estimated spacecraft state. Since midcourse guidance

corrections are treated in an ensemble sense in ERRAN, only the statistical

"E [AV ]" 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

AVj = AVj + 6AVj (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 Qj, which is defined as

= E [6AVJ iAV T ]  (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.
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At a guidance event our estimation error 6e is changed by the execution
error. Thus

6e. = 6ej- - 0 (4.6)

where

6e - = 6Xj- - X.j-. (4.7)

The minus sign appears in equation (4.6) since, according to equation (4.4),
6AV. is defined as the actual minus the estimate, while the estimation error
6e is defined as the estimate minus the actual. The knowledge covariance
immediately following the guidance correction is defined by

P + = E [6e 6e + T  (4.8)

Substitution of equation (4.6) into equation (4.8) readily yields the re-
quired knowledge covariance update equation:

PK= K [ _ o] (4.9)
j j 0 , Qj

The control covariance following the maneuver P is then set equal to this
updated knowledge covariance, i.e. P = P + cjcj Kj

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 is 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 corresponds
to a thrust tailoff error from the engines. Two pointing errors defined in
terms of angles 6a and 6a complete the error model. From this description
of the error model, the equation for 6AV can be written as

AV
6AV = k AV + s + AVpoining (4.10)

where 6AVpointing is defined by two angular pointing errors, 6a and 6B.

For purposes of unique specification, assume that 6S 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 6AV 1 is the velocity
error due to the angular pointing error 6a and i, j, k form the unit triad
in the ecliptic system, then for small angles 6a, 6AV 1 is given by

AV = AVX
V = p6a , V - AV 2  (4.11)

1 2 )2 2 2

where AVX and AVy are the X and Y ecliptic components of the velocity cor-
ection vector AV and p is the magnitude of AV. Note that the velocity error
6AV 1 resulting from 6a has components only in a plane parallel to the ecliptic.
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The second pointing angle 68 defines a velocity error 6AV 2 that is ortho-
gonal to both 6AV 1 and the velocity correction vector AV. Again for small

angles 6 , the velocity error resulting from this pointing error, referenced

to the ecliptic system, is given by

AVX AVZ 68 AVy AVZ 6
SAV 2 = i + j - 6(AV + AV2) k (4.12)

(AV2 + AV Y2 (AvX + Y -

From these equations it is clear that the vector set AV, 6AV 1 and 6AV 2
satisfies the mutual orthogonality imposed by the model. The complete des-

cription of the execution error vector 6AV may then be written in ecliptic
coordinates as

6 V = (k + AVx +pV +AV AVZ

AVy AVZ 6 - pAVX 6]
+ k + ... AV + - (4.13)

u

+ [k + s) AVZ - 6k

where AV AV, and AVZ are the ecliptic coordinates of the velocity correc-
tion; i, j, k are unit vectors in the X, Y, and Z directions; p is the mag-
nitude of AV; k, s, 6a, 68 are the four independent error sources; and u is
an intermediate variable defined by

u = (AV2 + AV2) (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

Q Q (AV, 2 2 2 2 ) (4.15)

where 0k through a are the assumed variances for the four error sources
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.
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4.4 Linear Midcourse Guidance

Linear impulsive midcourse guidance policies have form

AV. = r. 6X (4.16)

where AV. is the commanded velocity correction required to null out devia-
tions from the nominal target state, F. is the guidance matrix, and 6X. is
the estimated spacecraft deviation frol 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-of-arrival (VTA). The derivation of the F.
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 stata,
then

6T = j 6X (4.17)

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

6 XF = D(tF,tj ) 6Xj (4.18)

where D(tF,t.) is the state transition matrix over the interval [tj,tF].
Thus, for FTi guidance the variation matrix is given by

nj = [1 1 '2] (4.19)

where '1 and '2 denote the two upper 3x3 partitions of P. 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 [ 1 2] 6Xj + - -

which, when solved for AVj, yields

AVj = [-2l 11  -I] 6Xj (4.20)

and
FFTA = 2[_i1 1 -I]. (4.21)

For VTA 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 philosophy is exactly equivalent to the
two variable B-plane (2VBP) targeting mode used in interplanetary targeting.
To determine the VTA target state, the state deviations at the nominal tar-
get time must be rotated to a coordinate system whose Z-axis is along 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
6XI are given by

6X1 = R6X, = R4(tF,t 4 ) 6X, (4.22)
F 1! j J

The target vector, then is just the first two components of 6X', and the

variation matrix for VTA is simply given by the upper 2x6 portion of the
6x6 matrix product R4(tF,ti). This 2x6 nj matrix is partitioned into two
2x3 matrices A and B as follows

j = [A B] (4.23)

We wish now to select a AVi such that 6T = 0 in equation (4.17). Employing
equation (4.23) and defining 6X = [6R, 6V ]T , this condition reduces to the

equation

A 6R + B(6Vj + Avj) = 0 (4.24)

This equation has no unique solution for AVj since the inverses of A and B do
not exist. Non-uniqueness of AV is to be expected since three components of
AVj 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 AV . Using standard constrained minimization tech-
niques, the solution fdr A is given by

AV = FVTA 6Xj (4.25)

where

TVTA = [-BT(BBT) - A I-BT(BBT) - B]. (4.26)

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

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

Sj = E [( . AV.T] (4.27)

A useful expression for Sj will be developed below. The derivation follows
Reference 2.

Substitution of equation (4.16) into equation (4.27) yields

Sj = rj E [6Xj- 6Xj- T ] jT (4.28)

But according to equation (4.2)

6Xj- = 6Xj- + 6ej- (4.29)

Substituting equation (4.29) into equation (4.28) and expanding yields
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Sj = rj(E [6Xj 6Xj T] + E[6e j 6XjTT] (4.30)

+ E [6X -6e-T] + E [6e.- 6e. T T

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

equation reduces to

S. = j Pj + E [6e 6Xj
-T] + E [6X 6e T] + PK rT (4.31)

Pre-multiplying the transpose of equation (4.29) by 6e , and taking the

expected value of the result yields

E [6ej- 6Xj- T] = E [6ej- j] -T_ pK. (4.32)

If we assume that the estimate 6X- and the error in the estimate 6e - are

orthogonal, as is the case if the recursive estimation algorithm is dptimal,
then

E [6ej- SX -T] = 0 (4.33)

so that equation (4.32) reduces to

E [6e- 6X-T ] = -PK (4.34)

If we substitute equation (4.34) into equation (4.31), we obtain the desired

result:

S. = j (P - P rjT (4.35)
j j c. K

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 not yield useful information. The

expected value of AV is zero since E [6Xj] 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

"E [AVj]" = pJ (4.36)

where
Pj = E [IAVjl] (4.37)

and a./Ia.I is a unit vector aligned with the most likely direction of the

velocity Lorrection, 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 pj and direction a. Lee
and Boain (Reference 6) have developed an analytic technique for computing
probablistic levels of AV required for a midcourse maneuver as a function only
of the trace and eigenvalue ratios of the Sj matrix. This analytic method
produces the AV requirement for any desired percentile level, replacing the
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approximate method of Hoffman and Young used in previous versions of STEAP
(Reference 7) which found approximations of the values of p and the vari-
ance a 2l. Not only does the analytic method produce exacl, rather than

S values for P - an but also exact values for arhbitrary per-

centile levels (i.e., 90%, 99% 9.9%, 99.99%) without having to assume a
Gaussian distribution for IAVj and using P and U. to compute the percen-
tile levels. Given the eigenvalues of the 4. matrix expressed as (G2 ,k2a2,
k2o2) where 1 > k2 > k2 > 0 the Lee-Boain me hod expresses the probability
density function for the square of the velocity function (z = lAV 2 ) as

f(z) =C C (m+/2)(a-)m [(m+l); (m+3/2); (y-a)z] (4.38)
r(m+3/2) ml

1where 1 1 1 -yz
a, k 2 , C= e
2a 2 2 2 2  2k2 a 2 2ko3 /2 e

and where P is the gamma function and 1F1 is the confluent hypergeometric
function. This expression for f(z) can be reduced to Horn's confluent
hypergeometric function in two variables, and further reduced for computer
evaluation to an infinite series involving a triple Cauchy product. Although
this exact method is 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 eige.nvalue ratios for several percen-
tile levels (i.e., 90%, 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 a3 . Let X1, X2, and 3 be the ligenvalues of Sj. 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 eigenvector associated with the maximum eigenvalue of Sj.
Define aj as the eigenvector associated with the maximum eigenvalue.

It should be stressed that the computation of the effective midcourse
correction vector "E [AVj]" within ERRAN is only an artifice to permit a
realistic, a priori computation of the execution error covariance Q The
nominal trajectory returned to the basic cycle is not affected by tAe com-
putation. However, the calculated information concerning likely magnitudes
and directions for the maneuvers is critical for fuel sizing studies.
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To determine the efficacy of the midcourse correction at time t. in
meeting specified target conditions, it is necessary to compute the 4arget
condition covariance matrix Wj, both before and after the correction. Co-
variance Wj is defined by

Wj = E [6T 6TT] (4.39)

where 6T represents the actual target state deviation. Thus Wj represents
the statistical dispersions of actual target state deviations about the nomi-
nal target state. Substitution of equation (4.17) shows that

Wj = j E [(6Xj 6XjT] njT = Tj Pc DjT

Thus, immediately prior to the midcourse correction

j- = nj PcT 1jT (4.40)

while immediately after the correction

W j+ P j 1 (4.41)

Recall that control covariance Pc- is obtained by propagating Pc over the

j j-1
time interval [t j-1 t ], where tj_- is the time of the previous guidance
event, using the standard covarianc prediction equations in Section 3.2.
Recall also that Pc is equal to PK . Thus, the total target error can be

j j
divided into the target error due to the navigation error

Snavj = -nj 6ej-. (4.42)

and the target error due to the execution error

eex- = n avj (4.43)j 1 AV1

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

tj: r j, "E [AVj]", Qj

j j J
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4.5 Insertion Maneuver Analysis

The analysis 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 either 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 associated with the insertion
maneuver to be calculated (for either the impulsive or finite burn cases)
and added to both the knowledge (P ) and control (Pc ) covariances.

For the case of an impulsive insertion maneuver the nominal AV is de-
termined by simply differencing the velocity of the nominal trajectory at
TF with the desired velocity at the target point. The components of this
AV are then used in the execution error model as described in Section 4.3,
with the exception that there is 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

PK+ = K + [0_1_ Q (4.44)
KF F OIQ

P+ = P - + [-0- -9-] (4.45)
c cF 0 Q

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 OF,B over the arc from tB the initiation of the
burn to the final time tF. 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,
relaLing 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 (a,) specifying the inertial direction of the burn and the
thrust magnitude . Both of the matrices FB and OF,B are generated by
NOMNAL and stored on the trajectory file. The final knowledge and control
covariances are found as

P + - T T (4.46)PK 4F,B PK F,B + F,B U OF,BF B

p + T + T 0 T (4.47)
cF = F,B Pg F,B F,B F,B

Where PKB and P are the knowledge and control covariances at the start of
B B

2 2 2the burn and U is a diagonal 3x3 covariance with elements a~, a and aT des-
cribing the assumed statistics of the finite burn errors. It should be noted

that equations (4.46) and (4.47) have presumed that no correlation can exist
between the thrust control parameters and the state deviations at the start
of the burn arc.
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5. ENEALIZED COVARIANCE ANALYSIS

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 navigation 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, i.e., filter gains are not
assumed to have been generated by any specific type of navigation
filter.

The generalized covariance equations for the basic cycle
(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.
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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 technique 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 denoted by i, etc instead of
by 6e, 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.

The filter employs an augmented state vector xA partitioned as

xA 
s

S=-2 (5.1)
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where x denotes assumed position/velocity deviations (from nominal);

x , assumed solve-for parameter deviations; u, assumed dynamic

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

k+ =  xk +  xx x + xu uk+ k+l (5.2)
s k

where state transition matrix partitions 4, 0 , and x are

defined over the time interval [tk, tk+l], and wk+l denotes the

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

Yk+l = Hxk+l + Mx + Guk+l + Lvk+l + 'k+l (5.3)
k+l

where H, M, G, and L are observation matrix partitions evaluated
at time tk+l1 and vk+l denotes the assumed measurement noise.

The actual augmented state vector x'A is partitioned as

X
I

x'

x ' A = u' (5.4)

VI

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

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 parameters x', u', and v' correspond to x , u,ss
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

S = +6 x + ~~' + 6 x' +6 u'+ (5.5)
+l k xx k  xu k xw k k+l

s k

where w' denotes the contribution of actual unmodeled accele-
k+l

rations over the time interval [tk, tk+l]. State transition ma-

trix partition 6 relates changes in ignore parameters to changesxw
in x'. All parameter deviations are constant. The actual meas-
urement is given by

y +l H+ + Mx' + Gu + Lv' + Nw' + v' (5.6)
k+ + s k+l + k+l k+l k+1

where v' denotes the actual measurement noise at t
k+l k+l

The actual estimation errors are defined by

+1 : + - xk+L (5.7)

I' = - x' (5.8)
k+1  k+1  Sk+1

I+ k+l1 - = -u (5.9)

k+l k+l k+l o(5.10)

' = - w' = -w' (5.11)

k+l k+l k+l o

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

The estimates propagate over the time interval [tk, tk+l
according to

+k+l + X+ (5.12)
xk+1 =  xk + x xsk (5.12)

s k

and

^--

S =x , (5.13)
Sk+l sk
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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:

k+ k + - u' - 9 - kl (5.14)
xx sk xu xw o k+

Similarly,

x ' = x (5.15)
k+1  k

At measurement time t k+l the estimates are updated using
the equations

+ = + K 1  k+l (5.16)
Xk+l =k+l k+l +l

h+
- Sk+1 k+ 1  (5.17)

Sk+ 1  Sk+l k+l +l

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

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

E+l = Yk+l - Hk+l - Mx (5.18)
k+l

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

' = - H' - M' + Gu' + Lv' + Nw' + v'
k+l + k+l o o k+1 (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

Xk+l k+ + Kk+l 6k+l (5.20)

5-5



Similarly,

' ' + S ' (5.21)
x + Sk+l E k+l
k+l k+l

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 zero 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,

E[' = -u'

k+l o

E[ ' ] = -w' (5.22)
k+l o

E[W 1]= 0

E[v'+l] = 0

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:

E[kl = E[-+'] + 6 * E[X '] - u W1 (5.23)
Sxx s xu o xw 0

s k

E[Rs ] = E[k '] (5.24)

k+l k
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To initiate the propagation process described by the previous two

equations requires initial values for the means of i' and '. At
initial time t we have

o

E(' ] = E[x i - E[x'] (5.25)

and

E[R' ] = E[x ] - E[x' ] (5.26)
s s so o o

Because initial estimates are always assumed to be zero, equations

(5.25) and (5.26) become

E['] = -x' (5.27)

E[R' ] = -x' (5.28)
S So o

where x' and x' are the initial means of the actual position/
o s

velocity and solve-for parameter deviations, respectively.

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

E['+1 = - H E[ik 1] - E[s' ] + Gu' + Lv' + Nw' . (5.29)
k+l ] H [k+l 0 0

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[k+l] = E[k+ + Kk+ E[(5.30)

E[X' ] = E[s' i + S k  E[E' ] (5.31)
s kl l k+l k+l
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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

T -(-T
cov (x,y) = E[xy - x (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.

P = E[R' 'T ]  P = E[R' R 'T]

s S S

C = E[x' xT] C = E[x' uT]
xx s xu s

S S

C = E[.x' ] C = E[x' v (5.33)
xu xv s

S

C = E[i' rT] C = E[i' Q T]
xv xw s

S

C = E[:' wT]
xw

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

C = E[u' ,T] = C U = E[G' uT] = U

C = E[u' ivT] = C V = E'' ,T] = V (5.34)
uw uW o

C = E[' WT] = C W = E[Y' y'T] = W
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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
by assuming wple, and (-k, s, -1, ik' k ) are uncorrelated. Thus,
for example, k

E[xk wT] =E[] E[T = 0

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

propagation equations are summarized below:

S ( +o +T +T +T TPk = P + e C+ T  + 0 C+ T  + 6 C+ T  T

k+k xx xxs xu xuk xw XWk
s k

+ C 6 + C e T + C + kl (5.35)xxs xxs xuk+ 1 xu xw k+1 xw +
k+ s XWk+l

C = C+  + 8 P + a C + C+ T  (5.36)
.xx xx xx s xu x u xw x w

k+l k k k

C = C+  + C + e U + e CT  (5.37)
xuk+l xuk xx xsu xu o xw uw

C = C+  + 0 C + 6 C + CT (5.38)
xvk+l xvk xx xv xu uv xw vw

k+ s s o o

C = (C+  + 0 C+  + 6 C + 6 W (5.39)
xw xw xx x w xu uw xw o

k+l XWk XXs s o
k

P- = P+ (5.40)

Sk+1 sk

C =C (5.41)
x u x u

s k+l k
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xv = xv (5.42)

S +

s k+l s k

C- =c +  (5.43)x w x w
s k+l k

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

Qk+l = diag ( K' At4 , K2 At , K' At 4 , K' At 2 , K' At2 , K' At2 ) (5.44)

where At = tk+l - tk, and KI, K2, and K' are constants which roughly

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

The actual measurement residual 2nd moment matrix is defined
by

J E[c' I T]
k+l = E[Ek+l k+ (5.45)

Substituting equation (5.19) into equation (5.45) yields

k+l = HAk+l + MBk+l + GDk+1 + LEk+l 
+ NFk+l + Rk+l (5.46)

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

Rk+l = E[v' v' T (5.47)
R+ =  k+l k+l

and

- T - T GT T  T
Ak Pk+l H + C + C G + C L + C N (5.48)

s k+l xuk+1 xVk+l k+l

T -T T T T T
B P M + C H + C G + C L + C N (5.49)
k+l s k+ xx x u xv x w (5.49)

kk+l s k+l s k+1 sk+l
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D C- T T -T T UT + C- NT + C- T (5.50)

k+l H+ MT +UG +C N +C LXUk+l x u o uw uv
k+1 s k+ o o

NT + C-T HT + C-T T -T T -T GT  (5.52)
k+l XWk+ xw vw uwk+1 S ook+l

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

k+l k+l - Kk+l A - AKk+ + Kk+l k+l (5.53)

+ - T T T
xx xx - Kk+l B k+l + k+l Jk+l Sk+ (5.54)

Sk+1 Sk+l

C = C - Kk+l DT (5.55)

xuk+ 1  xuk+l

C+  = C - K ET (5.56)
XVk+l xvk+l

C = C - Kk+l FT (5.57)
xk+l xk+l

+ T T T
P+ P -s B BS +S S(5.58)
sk+ Psk+l k+l k+l k+l k+l k+l (5.58)

+ T
C =C S DT (5.59)
x u x u k+l

s k+l s k+l

C=C - S E (5.60)
xv xv k+1

s k+l s k+l

C+ S F (5.61)
x w x w k+1

s k+l s k+l

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

The generalized covariance treatment of eigenvector 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
2nd moment matrix partitions over the time interval [tjl, 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

x '- =  xx + 8 x' + + u' + 6 w' + W' (5.62)
j j-l xx s xu o xw o j

5 o

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

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

S- '+
x = -x! + xx + 8 U' + 0 w' (5.63)

3-1 xx s xu o xw 0
s o

where we have assumed that the mean of actual unmodeled accelera-
tion w! 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! ,T] (5.64)
cJ

and related partitions. Equations (5.35) through (5.43) can be

used to propagate all control 2nd moment matrix partitions over

the interval [tjl, tj] if we treat all 2nd moment variables ap-

pearing in these equations as control 2nd 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

6AV' = AV' - AVI (5.65)

where AV! is the actual velocity correction and AV! is the actual
J J

commanded velocity correction. Therefore, the estimation error im-

mediately following the velocity correction is given by

x+ = R' - A * 6AV' (5.66)

where

A = [0 I] T

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

KP = E j ,+T] (5.67)
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Substitution of equation (5.66) into equation (5.67) yields

= P' + A - E[6AV 6AV]T A - A * E AV ' x
K. K. U j U j
J j

-E E ! 6AV!T] * AT (5.68)

Defining the actual execution error 2nd moment matrix by

Q = E [6AV 6AVT] (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' + AQ AT - A * E V E k T

J J

- Ei * E [6AV * A, (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

E ] = E - - A E[6AV! . (5.71.)

The propagation equation for E [*"' is given by equation (5.23).

An expression for E [AV] is given in section 5.3.3.

The actual estimation error following the correction is de-

fined by

+ ,*+ ?+
R+ = R"+j - x +'  (5.72)

=x -x (5.72)

But, since we assume that the nominal state is updated with the most
recent estimate at a guidance event,

x. = 0 (5.73)
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Then, substituting equations (5.72) and (5.73) into equation (5.66)
yields

x + = - '- + A 6AV'. (5.74)

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

P' = E x['+ x +T (5.75)

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

p+ = +
P' = P . (5.76)
c. K

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

E[x+]= - E[R] (5.77)

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

Exs+ = - EI . (5.78)

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 6T' is related to the

actual state deviation x! at time t. according to

' = x'. (5.79)

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

propriate midcourse guidance policy. The mean of 6T' is given by
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E rT'.I = n. E Irx; (5.80)

The statistical target dispersions are represented by the actual

target condition 2nd moment matrix W!, which is defined as

W' = E 5t' 6 ,uT] (5.81)

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

W= n. P' n. (5.82)

Equations (5.80) and (5.82) are evaluated immediately before

and after the guidance correction at time t..

5.3.2 Velocity Correction Analysis

The actual commanded velocity correction 2nd moment matrix

is defined by

S = E[A1 (5.83)

where the actual commanded velocity correction is given by

AV! = F. ' = rF (x' + ') . (5.84)

The guidance matrix F. corresponds to the appropriate linear mid-

course guidance.policy (see section 4.4).

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

S = F {E x + E c AT] + Ex RT] + Ei! xT FT (5.85)

We can write

E[x' R .. = R E - E R .;~ . (5.86)

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

S =. E[x xT] - E[ T] + [ E[M IT] + E [ .T F T . (5.87)
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If we define

ECE. = E T] (5.88)

and use the definitions of control and knowledge 2nd moment matrices,

we can write equation (5.87) as

S' = F P' - P' + C' + c'T) T (5.89)

The corresponding expression for the assumed velocity cor-

rection covariance (section 4.4 is given by

S= F (P - PK r (5.90)

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

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

C' and associated partitions be propagated between measurements
E.

and updated at each measurement. A set of propagation and update

equations for C'. and associated 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). E

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

E[AV!] = {E[x'] + E[R . (5.91)

Expressions for E[x!] and E[ij!] 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 [ A~ ] using the Lee-Boain technique exemplified by equation

(4.38) of Section 4.4.
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The actual effective or statistical AV is then defined as

"E[AV]" = E(IAV'i] * ' (5.92)

where ai denotes the unit eigenvector of S. corresponding to the
maximum eigenvalue.

8.3.3 Execution Error Model

The actual execution error 6AV! will be assumed to have form

AV'
6AV! = k'AV! + s' --- + 6AV' (5.93)

3 IAV!j pointing

where k' denotes the actual proportionality error; s', the actual
resolution error; and 6 V' .inting the actual pointing error.

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

Both the mean and 2nd moment of 6AV! are difficult to eval-

uate because of the complicated functional dependence of 6AV! on
J

AV!. This problem is also encountered in the generation of as-
J

sumed execution error statistics, and will be resolved by making
certain simplifying assumptions.

The components of 6AV' can be found in equation (4.13) and
are reproduced as

( p'AV' 6' + AV' AV,'v
6AV' = k' + AV x z (5.94)

x p) x 9
( A' AV' 6 ' p'AV' 6a'

6AV' = k' + A , y z x (5.95)
y p y 1

6AV' = k' + -V' - p'6g' (5.96)

where p' = paGI, ' = [AV 2 + AV'2]2 , and 6a' and W' are the
x y

actual pointing angle errors.

Before operating on equations (5.94), (5.95), and (5.96) to

obtain expressions for E [6AV I and = E6 AV 6 AV;T] we shall

assume that AV', AV', and AV' can be replaced by the components
x y z
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of the actual statistical velocity correction "E[AV']". This

means only k', s', 6a', and 6B' 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 6AV':

E[6AV!] = E[6AV'] e + E[6AV'] ey + E[6AV'] 'ez (5.97)
3 x x y y z z

where

'AX!' 6a' + A,' A'
E[6V + (5.98)

x p x 9
,) AX' AV, ' 3' - P'A' 6a'

E[6AV'] k ' +- AV'+ y z x (599)
y p' y 9

E[6AV'] = k' + - A' -(' +6' (5.100)

and ex , ey , and ez denote three unit vectors aligned with the

inertial ecliptic coordinate axes.

Denoting the elements of Q by Qik' we will define

Q' = E[6V' 2 ], 22 = E[6AV; 2 ], Q = E[6AV' 2 ]
11 x 22 y 33z

QI2 = Q2 = E[6aV' 6AV']

(5.101)

Q = Q'l = E[6AV' 6AV']Q!3 31 x z

23 = Q32 = E[6AV' 6AV']
5-19y z
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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

QI = ' AV ' 2 + -- 2- (i,2 Ay'2 6c'6a' ' V ' 2 AXV' 2 6B' 6'
1 x\ y x z

2AV'
+ 2p' A ' AV' AV' ' 68 ' +A + - A (5.102)

x y z IT y x z

S= A2 AV 2  (2 6' + p'2 AVi2 6a 6a,

2V'

Q22 f y 11 y z x

x y z p Y z x

(5.103)

3 = ' AV'2 + p'2 68'66' - 2 AV' ' 68' (5.104)
Q;3 z z

Q = Q2= ' X' A' + - 2 AV' AV' AV' A '2 -_ 2 6c'
x y x y z x y 6

+ -,- p'2 AV' AV' 6a' 6a' + p' A' A'2 - A Ta' 68'
11 x y z y x

+ AV' AV' A' 2 6' sr8' (5.105)
x y z

Q = = AV ' + ' p' AV' 6a' + AV' AV' ' ' AQ'Q13 31 -z 1 y ' x Vz - x

- p' AV' 6' 6' - AV' AV' 66' ' (5.106)
x x z

Q3' = Q ' 2 = '  ' aV' +  ' , A' V ' - p' xa - 1 AV' 66'

+ p' AV' 6a' 6$' - AV' AV' 68' 68' (5.107)
x y z
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where

2 s's'
' = k'k' + k' s + (5.108)

pP

and

Ss + (5.109)
p5-21
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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. If 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 is 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 to encounter (-0.1)

BETA Declination of finite burn vector (0.0 degrees)
BTIME Finite burn duration (1296.0 seconds)
CSUBR Spacecraft reflectivity constant (1.0/AU2)
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 value tolerances

(1) = RCA tolerance (10.0 kilometers)
(2) = ICA tolerance (1.0 degrees)
(3) = TCA tolerance (0.01 days)

DVMAX Maximum change allowed to velocity controls in the
targeting process, if (AVx2 + AV + AVZ 2 ) exceeds
DVMAX, the vector (AVx, AV , AVz  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 libration 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)
= I Target impulsive burn; calculate ALPHA, BETA and

BTIME and then target finite burn
= 2 Target finite burn only

* 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 libration 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 velocity of spacecraft at libration point
found by solving Lamberts problem (default)

LAUNCH Flag for launch profile data

= 0 Launch profile data is printed only

= 1 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)
NBOD 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) = Position perturbation level (2.0 kilometers)

(2) = Velocity perturbation level (5.0D-4 kilometers/
seconds)

PHILS Latitude of launch site (28.317 degrees)
PSI1 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 2 )
SCMASS Spacecraft mass (1000.0 kilograms)
SIGMAL Nominal launch azimuth (90.0 degrees)
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SMU(11) Gravitational constants of bodies (kilometers3/seconds
2 )

(1) Sun (1.32715445D11)
(2) Mercury (2.21815976934672D4)

(3) Venus (3.2477627D5)
(4) Earth (3.986008D5)
(5) Mars (4.2977368D4)
(6) Jupiter (1.2670935D8)
(7) 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

z Finite Burn Parameter Description

ALPHA and BETA are measured with

T respect to the inertial ecliptic

I -co-ordinate system.

x

y Rotating Co-ordinate Parameter Description

A y x = kAy sin T 1  x = kx Ay xy ycosT

Sy = A cos T1 =-w A sin T
To Sun__ _ x

L z = Az sin T2  z = z Az cos T1

where,

Input Variables (IBIAS = 3) TI Wxyt + 01

T 2 = wz t + 8 2

ZBIAS (1) = A
y kilometers 2C wxy

ZBIAS (2) = A z  k = 2

m + (2m + C )

ZBIAS (3) =  xxy

deg/sec 360 degrees
ZBIAS (4) = wz C = 360 degrees

ZB () number of seconds/yr

ZBIAS (5) = e1

ZBIAS (6) = e2
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TDUR Time of flight (days)
THEDOT Rotation rate of launch planet (15.041 degrees/hours)
THELS Longitude launch site (279.457 degrees)
THRMAG Thrust magnitude (1.0 Newtons)
TIMI 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 - 0

(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 initial guess of spacecraft velocity at

libration point, if IZERO = 5 (3*0.0)

6.2 NOMNAL Output Description

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

6.2.1 Initial Conditions

The banner 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 flight
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 (kilometers/seconds)
in ecliptic 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
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6.2.2 Launch Profile

The banner of the launch profile section indicates to the user that the

following information has been 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 Julian and calendar date of injection
AZIMUTH The launch azimuth required for launch into parking

orbit (degrees)
LS LONGITUDE The launch site longitude (degrees)
LS LATITUDE The launch site latitude (degrees)
BURN1 ANGLE The first injection burn arc (degrees)
BURN2 ANGLE The second injection burn arc (degrees)
LAUNCH TOD Launch time of .day (days from 0 hours input)
BURN1 DUR-SEC The duration of the first injection burn (seconds)
COAST TIME-SEC Coast time in parking orbit (seconds)
BURN2 DUR-SEC The duration of the second injection burn (seconds)
INJECTION TOD Injection time of day (days from 0 hours input)
INJECTION GHA Injection Greenwich hour angle
INJ DV IN Injection AV (kilometers/second) and

OUT
an indication of in- or out-of-plane

STATE (ECL) 6 element state vector: X, Y, Z (km) and XDOT, YDOT,
ZDOT (kilometers/seconds) in ecliptic coordinate system.

ELEMENTS (ECL) 6 element vector: Semi-major axis (km), eccentricity,
inclination (degrees), longitude of ascending node
(degrees, longitude of periapsis (degrees) and true
anomaly (degrees).

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

ELEMENTS (ECQ) 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, Y, Z (km) and
XDOT, YDOT, ZDOT (kilometers/seconds)
in Geocentric Ecliptic Coordinates.

GEO-EQ 6 element state vector similar to
'GEO-EC'.
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CONTROL VARIABLES NAME OF CONTROL VARIABLES
VX - XDOT at the libration point
VY - YDOT at the libration point
VZ - ZDOT
ALPH - Right ascension of finite burn vector
BETA - Declination of finite burn vector
TBRN - Finite burn duration

TARGET VARIABLES RCA - Radius of closest approach
ICA - Inclination of closest approach
TCA - Time of closest approach

ACTUAL TARGET VALUES - Values of RCA (km), ICA (deg) and TCA (days)
resulting from integration.

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 values.

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

NOMINAL THRUST CONTROLS 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 ICA/Z 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 X/Y X/Z X/XD X/YD X/ZD
Y/X Y/Y Y/Z Y/XD Y/YD Y/ZD
Z/X Z/Y Z/Z Z/XD Z/YD Z/ZD
XD/X XD/Y XD/Z XD/XD XD/YD XD/ZD
YD/X YD/Y YD/Z YD/XD YD/YD YD/ZD
ZD/X 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 VARIABLES. The format is as
follows:
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X/ALPH X/BETA X/TBRN

Y/ALPH Y/BETA Y/TBRN
Z/ALPH Z/BETA Z/TBRN

XD/ALPH XD/BETA XD/TBRN

YD/ALPH YD/BETA YD/TBRN

XD/ALPH ZD/BETA ZD/TBRN

PARTIALS OF STATE VECTOR AT THE TARGET TIME WITH RESPECT TO 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 variables to target

the trajectory.

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, Y, Z

(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 velocity 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 Y/Z Y/XD Y/YD Y/ZD
Z/X Z/Y Z/Z Z/XD Z/YD Z/ZD
XD/X XD/Y XD/Z XD/XD XD/YD XD/ZD
YD/X YD/Y YD/Z YD/XD YD/YD YD/ZD
ZD/X ZD/Y ZD/Z ZD/XD ZD/YD ZD/ZD

DATA IN RLP SYSTEM - Magnitude, right ascension and declination of
both the position and velocity in the rotating
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 insertion.

Case N-2. Long (118 day) transfer time mission to the
L2 point with impulsive insertion.

6.3.1 Input data

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 Section 6.1. The

case N-i 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 built in zero iterate table by

IZERO = 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=29 TP=O059 5.0,

DTAR(3)=740709.16089
DTOL(1)=1,9.0019.O

0 0 0 1 9

IBTYPE=19
IDISK=19
ITMAX=10,
IZERO=69
NB(1)=4,1,0,
NB00o2
SCMASS=400.,
SMU(4)=403503.978879
TOUR=36.9
XISP=215.t

&END

a. Case N-1 Input

&HALOIN
DTAR(3)=740709.2216,
DTOL(1)=1.,,0019.00001,
ITMAX=10O
IZERO=69
IDISK=1,
LIBR=29
NB(1)=49190
NBOD=29
SMU(4)=403503.9788

7 9

TOUR=118.9
&END

b. Case N-2 Input

Table 6.1 NOMNAL Sample Input
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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 burn if there is one

and at the final 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;

c) 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 Namelist ERRAN

1. Nominal trajectory variables

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

TRTM1 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

IAUGIN(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.

IAUGIN(I) = 0 - neglected parameter (preset value)
= 1 - consider parameter

= 2 - solve-for parameter

= 3 - ignore parameter (generalized covariance only)
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I = 1 Radius error of station 1

2 Latitude error of station 1

.3 Longitude error of station 1

4 Radius error of station 2 measurement
5 Latitude error of station 2
6 Longitude error of station 2 parameters

7 Radius error of station 3

8 Latitude error of station 3

9 Longitude error of station 3

10-17 Undefined (no dynamic parameters are currently

included in STEAP-L)
18 Range bias of station 1
19 Range-rate bias of station 1

measurement20 Star-planet angle 1 bias measurement
21 Star-planet angle 2 bias
22 Star-planet angle 3 bias

23 Apparent planet diameter bias
24 Undefined

3. Measurement Variables

NENT Number of entries (cards in measurement schedule

[NENT = 0])

NST Number of tracking stations (at most 3) on the ro-

tating earth (NST = 3). If no tracking station
information is read in, the 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 .050 km 35.311 S 149.136 E

If different tracking 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

SLON(3) Array of longitudes of each tracking station in degrees east

UST(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
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4. Eigenvector and Prediction Event Variables

NEV1 Number of eigenvector events (NEV1 = 0)

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

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

- 0 - Do not punch.
= 1 - Punch the P, PS, CXXS, CXV, CXSV matrices at the

time predicted to

FOP A value to be used as an off-diagonal annihilation
element in subroutine JACOBI for position eigenvalues
and eigenvectors (FOP = 1. x 10-15)

FOV A value to be used as an off-diagonal annihilation
element in subroutine JACOBI for velocity eigenvalues
and eigenvectors (FOV = 1. x 10-25)

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

P(6,6) Initial P (position and velocity) covariance matrix.
Referenced to inertial frame (diag P = 1., 1., 1.,
1. x 10-' , 1i. 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 TRTM1.

PS(15,15) Initial PS (solve-for parameter) covariance matrix
(PS = identity matrix)

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

CXXS(6,15) Initial Cxxs covariance matrix (CXXS = 0)

CXV(6,15) Initial Cxv covariance matrix (CXV = 0)
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CXSV(15,15) Initial Cxsv covariance matrix (CXSV = 0)

PG(6,6) Initial control (position and velocity) covariance
matrix (diag PG = 1., 1., 1., 1. x 10-4 , 1. x 10-4 ,
1. x 10-4)

PSG(15,15) Initial solve-for control covariance matrix
(PSG = identify matrix)

CXXSG(6,15) Initial control Cxxs covariance matrix (CXXSG = 0)

CXVG(6,15) Initial control Cxv covariance matrix (CXVG = 0)

CXSVG(15,15) Initial control Cxsv covariance matrix (CXSVG 
= 0)

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

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

= 1 control covariances input as PG, PSG, CXXSG,
CXVG, CXSVG at time TG

IFPCOV Covariance input code (IFPCOV = 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)

IFGCOV Control covariance input code (IFGCOV = 0)

= 0 PG and PSG are input in covariance form

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

IDNF Dynamic noise flag (IDNF = 0)

= 0 Dynamic noise is zero

= 1 Dynamic noise is not zero

DNCN(3) Array of constants used to calculate dynamic noise
covariance matrix; must be specified if IDNF equals 1.

MNCN(12) Array of variances for each type of measurement. If
not specified, the following values are assumed:

MNCN(1) = 1. x 10-6 Range (idealized station)
(2) = 1. x 10-12 Range rate (idealized station)
(3) = 1. x 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 10-12 Range rate (station 3)
(9) = 2.5 x 10-9 Star-planet angle 1

7-4



MNCN(10) = 2.5 x 10- 9 Star-planet angle 2
(11) = 2.5 x 10- 9 Star-planet angle 3

(12) = 2.5 x 10-9 Apparent planet diameter

SIGRES Variance of resolution execution error

(SIGRES = 4. x 10-8)

SIGPRO Variance of proportionality execution error

(SIGPRO = .0001)

SIGALP Variance of pointing angle alpha execution error

(SIGALP = .0043625 radians
2)

SIGBET Variance of pointing angle beta execution error

(SIGBET = .0043625 radians2)

IGEN Code that indicates if a generalized covariance

analysis is to be performed (IGEN = 0)

= 0 No generalized covariance analysis

= 1 Generalized covariance analysis

6. Print Codes

IPRINT Measurement print interval; measurement information

printed every IPRINT measurements (IPRINT = 1)

KPRINT Correlation matrix print code (KPRINT = 1)

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

= 1 Print out all correlation matrices and

standard deviations at a measurement

IERPR Namelist print code (IERPR = 0)

= 0 Do not print namelist ERRAN

= 1 Print namelist ERRAN

IPROB Problem number

7. Guidance Event Variables

NEV3 Number of guidance events (NEV3 = 0)

T3(20) Array of times at which guidance,events occur;
specified only if NEV3 is nonzero. Chronological
order required

ICDT3(20) Array of codes specifying the guidance policy

(ICDT3 = 20*1)

= 1 Fixed time of arrival (FTA)

= 2 Variable time of arrival (VTA)

7-5 '



IFVMRI Flag to indicate whether the targeting matrix n(ADA)

is to be calculated or input (IFVMRI = 0)

= 0 ADA is calculated

= 1 ADA is input via the matrix RADA

RADA(3,6) 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

guidance events.

SKALE Scale factor used in calculating the S matrix

(AV covariance) (SKALE = 0)

IPUNG Flag controlling the punched output for guidance

4vents (IPUNG = 0)

= 0 Do not punch

= 1 Punch the P+., PS+ , CXXS+ , CXV+ , CXSV+ matrices

8. Insertion Event Variables

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

(NEV4 = 0)

T4(20) Time of the insertion event; specified only if NEV4

is nonzero (days).

BRNTIM Duration of the finite insertion burn, if less than

one second burn is assumed to be impulsive (BRNTIM = 0)

< 1i. sec Impulsive insertion maneuver

> 1. sec Finite insertion burn of duration BRNTIM

seconds

REXV(3) Insertion AV vector for an impulsive insertion maneuver

U0(3,3) Covariance matrix of execution errors for finite burn,
diagonal elements are the variances of the right
ascension (a) and declination (B) both in radians

2 and

of the thrust level (T) in newtons2 (UO = Identity)

7.1.2 Measurement Schedule

The measurement schedule must appear immediately after the namelist
ERRAN section. It appears on NENT cards.

Each card defines an entry in the measurement schedule according to

the following format:

From DAY1 (F10.0) to DAY2 (F10.0), every X (F10.0) days, measurement
code ITRK (I110).

The measurement codes are defined as follows:
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ITRK = 1 Range rate (idealized station)

2 Range and range rate (idealized station)

3 Range rate (station 1)
4 Range and range rate (station 1)
5 Range rate (station 2)
6 Range and range rate (station 2)
7 Range rate (station 3)

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

10 Apparent planet diameter
11 Star-planet angle 1
12 Star-planet angle 2
13 Star-planet angle 3

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

must not coincide.

7.1.3 Namelist GENRAL

GP(6,6) Actual spacecraft position/velocity covariance matrix

P' (GP = P)

GPS(15,15) Actual solve-for parameter covariance matrix P'

(GPS = PS) s

GV(15,15) Actual measurement-consider parameter covariance

matrix V' (GV = VO)

GW(15,15) Actual ignore parameter covariance matrix W'
(GW = identity matrix)

GCXXS(6,15) Actual state/solve-for parameter covariance matrix

C1x (GCXXS = CXXS)

GCXV(6,15) Actual state/measurement-consider parameter covariance

matrix C'v (GCXV = CXV)

GCXW(6,15) Actual state/ignore parameter covariance matrix Cxw
(GCXW = 0)

GCXSV(15,15) Actual solve-for parameter/measurement-consider
parameter covariance matrix Cxv (GCXSV = CXSV)

GCXSW(15,15) Actual solve-for parameter/ignore parameter covariance

matrix Cxsw (GCXSW = 0)

GCVW(15,15) Actual measurement-consider parameter/ignore parameter

covariance matrix C' (GCVW = 0)

EXI(6) Actual spacecraft position/velocity deviation mean

i' (EXI = 0)

EXSI(15) Actual solve-for parameter deviation mean Eo
(EXSI = 0)
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EV(15) Actual measurement-consider parameter deviation mean
V (EV = 0)

EW(15) Actual ignore parameter deviation mean w' (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 noise is zero

= 1 Actual dynamic noise is not zero

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

equals 1

GMNCN(12) Actual measurement noise variance for each type of
measurement. GMNCN(1) refers to same measurement
type as MNCN(I) (GMNCN = MNCN)

EVK Actual proportionality execution error mean (EVK= 0)

EVS Actual 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 = SIGPRO)

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)
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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 Input Data

The initial output consists of the following input data:

(1) Namelist ERRAN (if IERPR J 0).

(2) Calendar date and Julian date at launch.

(3) Final calendar date and Julian date.

(4) Initial trajectory time in days (TRTM1).

(5) Definition of inertial frame (geocentric ecliptic).

(6) 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.)

(7) 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
LAT 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 station 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

(8) Measurement schedule; measurement codes defined in section
dealing with input description.

(9) Schedule of eigenvector, prediction, and guidance events.

(10) Initial P, Cxx , Cxv, Ps, and V covariance matrix partitions;
defined in section dealing with input description.

(11) Definition of structure of augmented state transition, obser-

vation, and covariance matrices and their dimensions.
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(12) Dynamic noise constants used to compute the dynamic noise

covariance matrix if dynamic noise is nonzero.

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

(14) Tracking station locations.

7.2.2 Measurement Output

Measurement 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 tk-l at most recent measurement or event

(initial trajectory time).

(4) Trajectory time tk 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 [tk-l, tk], re-
lating deviations in spacecraft position and velocity at time

tk-1 to spacecraft position and velocity deviations at time tk
Note that transposed matrices are printed.

(7) Diagonal of dynamic noise covariance matrix Q; represents un-

modeled accelerations over the time interval [tk-l, tk]l

(8) Observation matrix partitions H, M, and L, relating deviations

in spacecraft position and velocity, solve-for parameters, and
measurement consider parameters at time tk to deviations in the
observables at time tk. Note that transposed 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, Cxxs, and Cxv covariance

matrix partitions. The S matrix is used in the filtering equa-
tions to compute the Ps and Cxsv covariance matrix partitions.

(11) Correlation matrix partitions and standard deviations at time

tk, must before the measurement. The first group of correlation
matrix partitions represents the correlation between spacecraft

position and velocity and the variables listed in the left hand

column; they are obtained by converting P, Cxxs, and Cxv 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 Ps and Cx v into the correspond-

ing correlation matrices and standard deviations.

(12) Correlation matrix partitions and standard deviations at time tk,
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 Output

At an eigenvector event the following information is printed:

(1) Name of event and event time tev.

(2) Spacecraft position/velocity state vector at event time tev
in inertial, heliocentric, and rotating geocentric coordinates.

(3) State transition matrix 0, over the time interval [tk-1, tev],

where tk-1 is the time of the most recent measurement or event.

(4) Diagonal of dynamic noise covariance matrix Q; represents un-

modeled accelerations over the time interval [tk-1, tev].

(5) Propagated covariance matrix components and the total covariance

matrix at tev*

(6) Correlation matrix partitions and standard deviations at event

time tev propagated forward from time tk-l. See article (11)

under measurement output for definitions of the two groups of

matrix partitions.

(7) Spacecraft position and velocity eigenvalues, square roots of

eigenvalues, and eigenvectors at event time.

7.2.4 Prediction Event Output

At a prediction event the following information is printed:

(1) Name of event, event time tev, and time tp to which prediction

is being made.

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

(3) State transition matrix partitions 0, over the time interval

[tev, tp].

(4) Diagonal of dynamic noise covariance matrix Q; represents un-

modeled accelerations over the time interval [tev, tp].

(5) Propagated covariance matrix components and total covariance

matrix at tp.

(6) Correlation matrix partitions and standard deviations at time

tp based on prediction from time tev. See article (11) under

measurement output for definitions of the two groups of matrix

partitions.

(7) Spacecraft position and velocity eigenvalues, square root of

eigenvalues, and eigenvectors at time tp.

7.2.5 Output Preceding All Types of Guidance Events

At any guidance event the following information is printed:

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

(2) State transition matrix partitions over the time interval
[tg, tev], where tg is the time of the previous guidance

event (tg = to 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 tev, based on conditions just
after the event at tg.

(5) Control correlation matrix partitions and standard deviations
at time tev, just before the guidance 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 available: fixed-time-of-arrival

(FTA) and variable-time-of-arrival (VTA).

(1) State transition matrix over the time interval [tev, tF] where

tF is the final time.

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

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

(4) Guidance matrix r used to compute the velocity correction

required to null out target condition deviations.

(5) Velocity correction correlation matrix and standard deviations

(covariance matrix S).

(6) The AV statistics: the eigenvalues of S, the trace of S and its

square root, the eigenvalue ratios, the eigenvectors of S, 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(8) The execution error model: ro , re a a.
pro' res, a '

(9) The execution error correlation matrix and standard deviations
(covariance matrix Q).

(10) Control (and knowledge) correlation matrix partitions and
standard deviations just after the guidance correction at time
tev, 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) Final insertion type: impulsive or finite burn.

(2) If impulsive:

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

(b) Execution error model: a2  a2  a2 2pro' res' a
(c) Execution error correlation matrix and standard

deviations, its eigenvalues and eigenvectors.

(3) If finite burn: execution error standard deviations and
correlation matrix from the covariance matrix Q =  OUOT
where 6 is the control-to-state transition matrix, and U
is the diagonal input covariance matrix of t rust controT
parameters, with diagonal elements aC, , aT.

(4) The control correlation matrix partitions and standard
deviations just after final insertion. The position and
velocity partition eigenvalues and eigenvectors.

(5) 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 output in conjunction with the normal output data at measurement
and event times. The additional input data are also listed in the input
data block. For each of the output data blocks described in sections 7.2.1
through 7.2.7 the additional generalized covariance output is listed below:

(1) Input data output:

(a) Namelist GENRAL (if IGRPR J 0)

(b) Ignore parameters are listed with the other augmentation
parameters

(c) Initial position/velocity, solve-for, measurement-consider,
and ignore parameter deviation means

(d) Initial actual covariance matrix partitions

(e) Definition of structure of augmented actual covariance
matrix

(f) Actual dynamic noise and measurement variances

(2) Measurement output:

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

(b) Actual dynamic and measurement noises

(c) Actual measurement residual mean and second moment matrix

(d) 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 analysis 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 guidance event

output, which is described in the ERRAN output description,

comprises the assumed guidance data in contrast to the 
actual

guidance data generated by the generalized covariance analysis.

The generalized covariance-analysis guidance event 
output for

a midcourse guidance event follows.

(a) Actual propagated control covariance matrix components

and the total actual control covariance matrix at tev.

(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 correction.

(d) Eigenvalues and eigenvectors of the position and velocity

partitions of the actual position/velocity control co-

variance matrix.

(e) Actual target state deviation mean, E[6r'], just before

the guidance correction.

(f) Actual target condition correlation matrix and standard

deviations just before the guidance correction (2nd

moment matrix W'-).

(g) Eigenvalues 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' ] ".

(k) Actual execution error mean, E[6AV'].

(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 estimation error means just

after the guidance correction.

(o) Actual control (and knowledge) correlation matrix parti-

tions and standard deviations just after the guidance

correction.

(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[6'+], 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'+).

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

7.3 ERRAN Sample Case Description

Two error analysis cases 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
L1 point with finite burn insertion.

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 L

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 NOMNAL case.

The IAUGIN array defines the parameter augmentation for this run,
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 (rs), longitude (A) and z-height (z)). The uncer-
tainties are ar = 4.05 meters, a = 3.70 meters, a = 10.0 meters, and
a correlation between station longitudes of p = .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 injection
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 T1 indicate that an eigenvector event will
occur at 26 days, while NEV2, T2 and TPT2 indicate that a prediction event
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&ERRAN
P(191)=.2849.174t9-.I592.27D-4,2.002D-49-1.313D-4,
P(292)=2.9,o072,-1.5439D-3,4.1711D-3,5.98D-59
P(3,3)=2o2839-2.865D-4 1.727D-49 2.53510-3,
P(4,9)=1.9645D-39 -1.18010-39 -1.788D-4,
P(595)=7.881D-4,-2.847D-4.
P(696)=2.65030-39
VO(lol)=4.4432984D-5S VO(12)=6.1946257D-9, VO(291)=6.1946257D-99
VO(292)=1o77309110-129 VO(393)=5.0741364D-13, VO(396)=4.8902881D-139
VO(399)=4.56259770-139 VO(4,4)=5.15428940-5 VO(495)=6.4769909D-9,
V0(5,4)=6.4769909D-99 VO(595)=1.5979264D-129 VO(6,6)=5.8186433D-139
VO(6.9)=4.8858708D-139 VO(693)=4.8902881D-139 VO(797)=4.43324620-59
VO(7r8)=-6,1890988D-99 VO(897)=-6.1890988D-9, VO(8,8)=1.7755676D-129
VO(999)=5.0649737D-139 VO(993)=4.5625977D0-13 VO(996)=4.8858708D-139
NENT=219
MNCN(4)=1l666666670-14
MNCN(6)=1o666666670-149
MNCN(8)=1.66666667D-14,
IYR=19749 IMO=89 IDAY=149 IHR=16, IMIN= 89 SECI=3'49
NEV1=1 T1=26.,
NEV2=19 T2=1*,5 TPT2=5.,
NEV3=39 T3=*55.,31.,
SIGRES=1.D-109 SIGPRO=1.D-49 SIGALP=3.43D-49 SIGBET=3.43D-49
ICDT3=1,1919
NEV4=1 T4=34.547190139 BRNTIM=1.45280987, IPRINT=10I
IAUGIN=9*19
UO((11)=3.430-4, UO(2,2)=3.43D-4, UO(3.3)=1.D-4*
&END
.042 1. 1. 3
.083 1, 1. 3
.125 1. 1. 3
.167 1. 1. 3
.208 1. 1. 3
.25 1, 1. 7
o292 1. 1. 7
0333 1, 1. 7
.375 1. 1. 7
.417 1, 1. 7
.458 1. 1. 7
.6 4.6 1. 7
.8 4.6 1. 5
1.0 4.6 1. 3
1.2 4.6 1. 3
1.4 4,6 1. 7
25,0 30.5 1. 3
25.2 30.5 1. 3
25.4 30.5 1. 7
25,6 30.5 1. 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 BRNTIM 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, SIGPRO, 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 L1 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~Iting RSS position errors of 582 kilometers and RSS velocity errors
of 9.53 meters/sec.

7.3.2 One hundred and Eighteen Day 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 T4 with the absence of a value for BRNTIM (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=1189
P(l,1)=2.9,.174,.07394.17110-3,-1.5439D-35.98D-5,
P(292)=.284-ol15t2.OO2D-492.27D-4,-1.3130-4,
P(393)=2.283,1.727D-49-?2865D-4,2.53510-3,
P(4,4)=7.8810-49-1.1801D-3,-2.847D-49
P(t55)=1.96450-3,-1788D-4.
P(6,6)=2.65030-39
VO(1,l)=4.4432984D-5, VO(1,2)=6.1946257D-9, VO(291)=6.1946257D-9,
VO(2,2)=1.77309110-12, VO(393)=5.0741364D-139 VO(396)=4.890881D-139
VO(3,9)=4.56259770-139 VO(494)=5.15428940-5, VO(495)=6.4769909D-99
VO(594)=6.4769909D-99 V0(5,5)=1.59792640-129 VO(696)=5.8186433D-13,
VO(699)=4.8858708D-139 VO(6,3)=4.89028810-139 V0(797)=4.4332462D-5
VO(798)=-6.1890988D-99 VO(897)=-6.1890988D-9, VO(8,8)=1.7755676D-129
VO(9e9)=5.0649737D-139 VO(993)=4.5625977D-13, VO(996)=4.8858708D-139
NENT=219
MNCN(4)=1.66666667D-14,
MNCN(6)=1.666666670D-14
MNCN(8)=1.66666667D-14
IYR=19749 IM0=119 IOAY=49 IHR=229 IMIN=219 SECI=3.*
NEV1=1, T1=108.,
NEV2=19 T2=1.5, TPT2=5.,
NEV3=3, T3=*.55,113.o
SIGRES=1.0 -10I SIGPRO=1.D-4, SIGALP=3.430-49 SIGBET=3.43D-49
ICDT3=192o22
REXV(1)=.015965 -e2853789 -. 0379719
NEV4=1 T4=118., IPRINT=10
IGEN=1
IAUGIN=9*19

LEND
.042 1. 1. 5
.083 1. I. 5
.125 1. 1S 5
.167 1. 1 5
.208 1. le 5
.25 1. 1 5
.292 1. 1. 5
.333 1. 1. 3
.375 1. I. 3
.417 1. I. 3
.458 1. Be 3
e6 4.6 l. 3
88 4.6 1. 7
1.0 4,6 1S 5
1,2 4.6 1. 5
1.4 4.6 1. 3
107. 112.5 1. 7
107.2 112.5 1. 5
107.4 112.5 1. 5
107.6 112.5 1. 3
107.8 112S5 1. 7
&GENRAL
GV(1,1)=4.4432984D-3, GV(12)=6.1946257D-7r GV(291)=6.1946257D-79
GV(292)=1.77309110-10 GV(3,3)=5,0741364D-11, GV(396)=4.8902881D0-11
GV(399)=4.5625977D-11 GV(494)=5.15428940-3, GV(4.5)=6.47699090-7,
GV(5,4)=6.47699090-7, GV(5,5)=1.5979264D-10, GV(696)=5.8186433D-119
GV(69)=498858708D-11o GV(693)=4.8902881D-11, GV(77)=4,43324620-3
GV(7,8)=-6.18909880-79 GV(897)=-6.1890988D-79 GV(898)=1.7755676D-10,
GV(999)=5.0649737D-11 GV(993)=4.5625977D-11, GV(9,6)=4.8858708D-119

LEND
Table 7-2. ERRAN Input Data Case E-2
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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 insertion at the Earth-Sun L2 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

A-i



CASE N-I

Short (36 day) Transfer Time Mission to the

L1 Point with Finite Burn Insertion

A-2
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L-LIQRATTON POIKT TRAJECTORY TARGETING
ITERATION NUMBER 1

NEWTON-RAPHSON TARGETINb ALGORITHM

TARGETING EVENT AT JULIAN DATE 2442274.172223

DESIGNATED TARGET TIME AT JULIAN DATE 24422389172223

SPACECRAFT STATE VFCTOP AT INITIAL JULIAN DATE

X-COMP Y-COMP 7-COMP VX-COMP VY-rOMP Vz-COMP

GEO-EC -0.11R124051819D+07 0.9517Q035586D+06 0.4q6835767916DbO1 -0.957301745178D-01 0.96600498994A8-01 0.4364A2125923D-06

GEn-FO -0.118124n5119D407 0.8731Q318462n*06 0.378643010676D06 -0.957301745178D-01 0.A86271993807D-01 0.384311
4

90425D=01

SPACECRAFT STATE VECTOR AT TARIET JULIAN DATE
X-COMP Y-cOMP 7-COMP VX-COMP VY-COMP V7-COMP

GEP-EC -0.892117634421D+0~ U.13292Rg60220+06 0.73827942106D0+00 -0.150947323513D+01 0.145290360784D+01 0.843275107926D-05

GED-ED -0.8921176344P1D+05 0.121?Q962652D+06 0 8836811471D0+05 -0.10947323513D+01 Oo133297626911D+01 0.57qO1673921D*0O

CONTROL VARIABLFS TaRGFT VAPIARLES ACTUAL TARGFT VALUES TARGET ERROR TARGET TOLERANCES

VX RCA 0.67R47686605BD04 ( KM) 0.275231339418D*03 0.100000000000DoO1

VY ICA 0.23442A903691D+02 ( DEG) 0.4875109630930+01 0.100000000000D-02

VZ ICA 0.244P237565190+07 ( DAY) 0O6070319260470+00 0o1000000000000-04

DIFFEPENIIAL TRANSFORMATION MATRIX - (PARTIALS nF TARGET VARIABLES WRT FINAL EQ-STATE VECTOR)

0.2992706886700+00 0.4511827279q+00 0.106289AP4
4
100+D0 -0.2349245574POD+05 -0.14688720737AD05 -0,636941905288004

O,. 79048557APD-09 -0.4A4363263n3QD-0
3  

0.111700253744D-02 -0.48930338B918D-04 0.2R6264707?BOD0 02 -0.6601599P7207O+02

0.104549101473D-05 -0.4qR55421874 D-0 -O.198R4)860500-05 -0.356370026655D-U2 0.199688981134D+00 0.8?25440171400-01

STATE TRANSITION MATRIX - (PARTIALS OF LARTH INJECTION EC-STAITE WNT EC-STATE AT LIBRATION POINT)

o.47072747235R*01 -0.40?337713884D00
1 

-0.24524573942D-04 -0.756633560466D+07 0.5R74024186920+07 0.3?34478R89620+02

-0.47910023691D+01 0.410129070QAA +01 0o2.857q1154D-04 0.6718952706210D+07 -0.715000365310D+01 -0.333727146090002

-0.2A9793167601i-04 0.23038R2474690-04 -0.1107Q6452132D-01 0.3787814422620D02 -0.341879436952D042 -0.1035628562700*07

-0.2S5308440991D--O 0.252645108OA0D-04 0.140117Q04AD-09 0.3991057384280.02 -0.4409436341400+02 -0.2421416713100-03

0.488231309690-04 -0.34AR722134300-0
4 

-0.199379586379D-09 -0.646113836799D02 0.5399272317820+02 0.334?836873320-03

0.o75872530691n-09 -0.20208 6 444704-09 0.8937457334730-04 -0.3640556e2254D-03 0.342916067041D-03 -0.670151114170+01

TARGET SENSITIVITY MATRIX - (PARTIALS OF TARGET VARIARLES WRT CONTROL VARIABLES)

-0.6Q7708348511D+05 -0.215865485341D+06 -0.981140903491D+lO
-0.7A459R965472D-02 0.1020707961lAD-01 -0.77840401909?D+03
-0.5499350205670+02 0.5319808R4854DO02 0.29036R17341D-03

TARGETING MATRIX - (INVFRSF OF THF SENSITIVITY MATRTX)

-0.3413R81693900-05 -0.869242455797D-O -0.138%27388A07D-01

-0.352909879463n-05 0.612001826994D-0O 0.447740478271D-02
-0.1?74309144AD-10 -0.128467903q24-d0 0.194780O701800-06

PREDICTED CONTROL CHANGFS
CONTROL VARIABLE CHANGE

VX -0.934866623266D-02
VY 0.17466J8896520-0O
VZ -0.626284063736D-02

UPDATED INITIAL FC-STATE VECTOR
X-COMP Y-COMP Z-COMP VX-COMP VY-COMP VZ-COMP



-0.118124051819n+07 0.951759335qhAD+06 0.486A35767916D+01 -0.105078840750D400 o.983475378913D-01 -0.626?40417523D-02

TOTAL CHANGE TO THE CONTROL VARIAPLES AtTER 1 ITERATIONS
CONTROLS VARIABLES TUTAL CHANGE

VX -.. 934866623266.02
VY 0.174663sB9652D-02
VZ -n.62 6 2840637360-n2



LI-LIRRATION POINT TRAJECTORY TARGETING
ITERATION NUMRER 2

NEWTON-RAPHSON TARGETING ALGORITHM

SPACECRAFT STATE VFCTOR AT TARGFT JULIAN DATE

X-COMP Y-rOMP 7-COMP VX-COMP VY-COMP VZ-COMP

GEO-EC O,791864818589D04 0.8311976521740+04 0.112061267054D+04 -0.884522276085D00 0.8253225618060+01 0.642113681668000

GEO-En 0.791R648185890+04 0.718no49
3
8170+04 0.4334871017220+04 -0.884522276C85D+00 0.7316544704400+01 0.387249488977D+01

CONTROL VARIARLES TARGET VARIARI.ES ACTUAL TARGET VALUES TARGET ERROR TARGET TOLERANCES

VX RCA 0.66509098686D+04 ( KM) -0,9090986845R7D+02 0.1000000000000D01

VY ICA 0.2A372?692584.D02 ( DEG) -0542642583
5
240-01 0.1000000000000-02

VZ ICA 0.2447238157?20+07 ( DAY) 0.1500n6935000D-01 0,1000000000000t-04

DIFFEPENTIAL TRANSFORMATION MATRIY - (PARTIALS nF TARGET VARIABLES WRT FINAL E-STATE VECTOR)

n.P282361366AD0+01 -0.10469191563,D+0O 0.21R40510nP39D-nl -n.143304798190D04 0.507027Q951D+4Q03 0.1A48988372440+03

-n.71498675998n-04 -0.63061q3RAnnAn-0J 0.117S137198900-02 -0.296352557136D+00 -0.261385643740D01 0.487083064465001

-0.4A7406350R960-06 -0.8772898175n0-00 -0.4723904 294D-06 -(.7090266754850-03 0.225276997052D-02 0.1165775564760-02

STATE TRANSITION MATRIX - (PARTTALq OF LARTH INJECTTON EC-STATE wRT EC-STATE AT LIBRATION POINT)

0.271085576972D+01 -0.235705540691D+01 -0.1754947445710-01 -0.414794161358Do07 0.363910005397DO07 0.602233769677005

-0.2598333784An+02 0.22254059979*0+0O 0.1529443q5192D+00 0.377307034193D08 -0.3668R1922441008 -0.7222437135320+06

-0.?0204085078?n+0I 0.17312696 A41D+01 -0.1206390?38440-01 0.293532586A440+07 -0.2A5045757040D+07 -0,23601303q279D+06

n.6q360437223nn-02 -0.560373212A1n~a0 -0.39093161249AD-04 -0.9549844773620+04 0.91697029917AD+04 0.1831001473990+03

O.AA96595366470-02 -0.5R9860630077-0U -0.3R8619Q19I74O-04 -0.996823377169D+04 0.977849439297D*04 0.2090453043650D03

0.93031776h93P-03 -0.79q~5695040-0
3 
-0.133R6177553U-04 -0.134333293492D004 0.132137650717D404 -0.751129309253D+02

TARGET SENSITIVITY MATRTX - (PARTTAILS OF TARGET VARTARLES WRT CONrROL VARIARLES)

-0.7A079734313n+05 -O.21003303,7;g0+0o -0.?111151396140+05

0.2617573164560+0 2 0.8626394?U73nn+0e -0.8024382OARARD+03

-0.57783277039qn+02 0.18106413174D+02 0.106A876R86000+01

TARGETING MATRIX - (INVFRqE UF THE SENSITIVITY MATRIX)

-0.331589181406D-05 0.68414935197-04 -0.1413207103890-01

-0.3168439065860-05 0.9515072P5?fnn-04 0.49037?1409890-02

-0.47028010009qO-06 -0.1233741221 q0 -02 0.660191272687D-04

PREDICTED CONTROL CHANGFS

CONTROL VAPIARLE CHANGE
VX 0.8 743946732l-04
VY 0.374596813R29D-03
VZ 0.11069(6559240-03

UIPDATFD INITIAL FC-STATF VECTOR

X-CnMP Y-COMP Z-COMP VX-COMP VY-COMP VZ-COMP

-n.1824051819n+07 0.951759335RAA.+00 0.486R3S7679160001 -0.1049930971560+00 0.9872213670510-01 -0.6]51706519310-02

TOTAL CHANGE TO THE CONTROL VARIARP.FS AFTER 2 ITERATIONS

CONTROLS VARIABLES TUTAL CHANGE

VX -n.92b29226379dO-02
VY n.21123771O35D-o

VZ -n.Al'214298144D-n8



LI-LIBRATION POINT TRAJECTORY TARGETING
ITERATION NUMBER 3

NEWTON-RAPHSON TARGETING ALGORITHM

SPACECRAFT STATE VrCTOR AT TARrET JULIAN DATE
X-COMP Y-rOMP 7-COMP VX-COMP VY-COMP V7-COMP

GEO-EC 0.538524739561D*04 -0.374653513324D+04 -0.230082443867D+02 0.6303303406380+01 0.902546457783D*01 0.108155264060D+01

GEO-F 0.538524739561D+04 -0,342loo 4
6220+04 -0.1 11593697650+04 0.630330340638D+01 0.785022029878D+01 0.45A28A2086710+O1

CONTROL VARIABLES TARGET VARIAPL.S ACTULAL TARGET VALUES TARGET ERROR - TARGET TOLERANCES
VX RCA 0.656031711498D+04 ( KM) -0.3171149812100+00 0.100000000000D+01
VY ICA 0.2P3176243412D+02 ( DEG) 0.37565 A490340-03 0.10000000000OD-02
VZ ICA 0.244?2381722D+07 ( DAY) 0.0011191099880-04 0.100000000000)-04

DIFFERENTIAL TRANSFORMATION MATRIX - (PARTIALS nF TARGET VARIABLES WRT FINAL EU-STATE VECTOR)
O.'l192143997500+00 -0.52463744071n+00l -0,21A91140

9
0O~+0 -n.142351ti3830D.+0 0.9116415803870D00 0.402492391913D+00

n.? 5330937447n-03 0.2005017190PA-02 -0.3744401P066D-02 -0.239855923407000 -0.21342619649PD01 0.3Q85769407170+01
-0.1196307636190-05 -0.14946845?7jo-05 -0.87251o00907D-06 -0.1U2007583291D-02 0.647?007521970-03 0,290525417552n-03

STATE TRANSITION.MATRIX - (PARTTALS OF LARTH INJECTION EC-STATE WRT EC-STATE AT LIBRATION POINT)
-0.199286579g95n+02 0.17007083570D+0? 0.1095916A0595D+00 0.2867784bB29D+08 -0.2R335868R80AD+08 -0.58840055685RD06

-! -0.2R4324849667D002 0,2430?26q24o 0+0 0.16 114334?13D+0G 0.411948059634D+06 -0.4019310A0682D+08 -0.8063572653810+06
-n.341051634820001 0.2915813511?A+01 0.139304486090-01 0.4931156473180+01 -0.483062913332D+07 -0.9423625675150+05
n.4304451052qn-01 -0.20753506760O-01 -0.1332139,82qD0-03 -0.350566730580D05 0.34418a90390AO+05 0.7164607356190+03

-0.1684890209430-01 0.144199215710-01 0.97745A653658-04 0.24466116)171D+05 -0.23767846412D+05 -0.456290460?65n+03
-0.9408928669510-04 0.8550608P8r01D-04 -0.2097378R6416D-04 0.161519927811D+03 -0.1n9973342290+03 -0.175345403046.+03

TARGET SENSITIVITY MATRTK - (PARTTALS OF TARGET VAPTARLES WRT CONTROL VARIABLES)
-0.756139075P03D+05 -0.2175559n7471+Ob -0.207450791013D+05
0.241253189274+~02 0.8583956530qD+02 -O.807R1?93339D+03
-0.576839404060+02 0.517056315PD+02 0.1049355?7110+01

TARGETING MATRIX - (INVFRSE OF IHF SENSITIVITY MATRTX)
-0.3334049734860-05 0.7252315R1 4 -0P U -0.14139q05'81D-01
-0.319307220783n-05 0,9351195917500-04 0.490R3635686D-P02
-0.468379423545Q-06 -0.1225798627870-02 0.642736701054D-04

PRFDICTED CONTROL CHANGFS

CONTROL VARIABLE CHANGE
VX 0.7981596190600-06

VY O.lpn9839201420-05
V7 -0.310659303265D-06

UPDATFD INITIAL EC-STATF VECTOR
X-COMP Y-COMP Z-COMP VX-COMP VY-COMP VZ-COMP

-0.118124018190+07 0.951759315 5 ~aD+06 0.486R397679160+01 -0.104992298996D+00 0.987233465443D-01 -0.6152017178610-02

TOTAL CHANGE TO THE CONTROL VARTARLFS AFTER 3 ITFRATIONS
CONTROLS VARIABLES TOTAL CHANGE

VX -0.92b212447836n-02
VY 0.?1244754955-02
VZ -n.6152453640740-n?



Ll-LIPRTTON POINT TRAJECTORY TARGETING

ITFRATTON NUMPER 4

NEWTON-RAf'HSON TARGETING ALGORITHM

SPACFCRAFT STATE VFCTOP AT TaP-,FT JUL14N IIATE

X-rnmP Y-romP 7-COMP VX-COMP VY-rOi4P V7-COMP

8FO-Fr 0.53740126~4599D.04 -0.3-76?o1 46,3?l8D-4 -n.?)4AP640411A9D.02 0.631679723246n4 ,O1 O.90163A415155D+O1 o.1081600A,5071D0I

riFO-FO 0.537403 645P-fDU4 -0,344 ci~v)t4b9flO4 -0). lr947S043i56D.U4 O.b-s11679723246n~nl f.7A4189I931l)O.O1 0.4579309710f??D.Ol

CONITROL VARIABLES TARcF7 VAPIPI FS ACTUAL TARGET VALUES TARGET F-nR0R TARGET TOLERANCES
VX RCA 0.6qoo00234D+04 K M) -0.23236100175D-04 O.1OoonOfOonon1
VY ICA 0.2A3180Un0l5lD+()2 D EG) -0.1b)3190?391570-07 O.lO0OrCOOQooonf-op
vz ICA 3.4P1172)0 D AY) 0. i21o0rq34TOnD-07 0.10000000000OD-04

COKIVFPGFNCE HAS OCCUPPEn AFTER 4 TTFrAil C S
THF TOTAL CH-ANGE TO THE CONTROL VAPTARLES IS CoMPJTFD TO BE

OELTA- VX = -0.(92f,,d2447936n-n2
nwLTA- VY = 0??4'b9~,n
nELTA- VZ = -0.61I 24'i364074fl-n2

00



LI-LIRRATION POINT TRAJCTORY TARGETING
ITERATION NUMBER 1

NEWTON-RAPHSON TARGETINU ALGORITHM

TARbFTING FVENT 6T JULIAN DATE 244??74.172223

DESIGNATED TARGET TIME AT JULIAN DATE 2442 38.172223

SPACECRAFT STATE VFCTOR AT I TTIAL JULIAN DATF
X-COMP Y-COMP 7-COMP VX-COMP VY-COMP V7-COHP

FO-FC -0.l118124051819D007 0.951759335b860+06 0.4R6R35767916D+01 -0.1823585655660+On -0.23118R428946D+00 -0.457062046813D-05

GEO-EO -0.118124051819D07 0.87319q318462O+06 0.37864301n676D+06 -0.1823585655660+00 -0.?1210?1184770.00 -0.9198250435470-01

SPACECRAFT STATE VFCTOR AT TARGET JULIAN DATE
X-COMP Y-rOMP Z-COMP VX-COMP VY-COMP V7-COMP

GEO-FC -0.65?2949920030+05 0.114??P42117n+06 0.578180762622D+04 -0.160791054166D+01 0.1699973046410+01 0.514950q96009D-01

GEO-EQ -0.652294992003D05 0.102494??21o65)+06 0.Sn7456932069D+0U -0.160791054166D001 0.1539169425750+01 0.72345148731D00

CONTROL VARIABLES TARGET VAPIARIFS ACTUIAL TARGET VALUES TARGEF FDOR TARGET TOLERANCES
ALPl RCA 0.6A60852505720+04 ( KM) -0.1008525057230D03 0.100000000no0,01
RETA ICA 0.2AP637241412D+02 ( DEG) 0.5477r85879510-01 00000000000000-0p
TBRN ICA 0.24a223771610U*07 ( DAY) 0.4b613R004830+00 0.10000000000n0-04

NOMINAL THRUST CONTROLS Fop THE CIIDD~NT TRAJECTORY
CONTROL VARIABLES CONTROL VALUES

ALPH 0.2b68 2A,7740 03
RETA 0.10384A980557D+01
TBRN 0.1252117903b70+06

DIFFFRENTIAL TRANSFORMATION MAIRIY - (PARTIALS OF TARGET VARIABLLS WRT FINAL EU-STATE VECTOR)
0.3119667A939D+00 0.250255782nS0 +00 0.1S 7841699400O00 -0.207309700007D+05 -0.101935R75199005 -0.67105823172n#04

-0.7499076250910-04 -0.6535396q51jD-OJ 0.122359905710D-02 0.32353be1351D+01 0.2819587265600+02 -0.579008729140o02
0o40877427666D-06 -0.4182363AB7?7A-05 -o.2204379990510-05 0.126564836006D-01 0.1269012486840D00 0.6S R518137550-01

STATE TRANSITION MATRIX - (PARTIAI.S OF LtATH INJECTION FC-STATE WRT EC-bTATE AT THRIUST INITIATION)
0.462318345746n+01 -0.40832958560001nn -O.30390?60 798D-01 -0.722761424588D 07 0.591622604878D+07 0.947597047R36n05

-0.511095564009D+01 0,4S3464696A240+0, 0.33590284s815D-01 0.7043544b7648D07 -0.764193658139D+07 -0.108969512990DO0A
-0.1527776577350+00 0.135202914390D+00 0.1136777611220-02 0.22018424783D+06 -0.21010854719A0+06 -0.94371389AA67nD06
-0.344322636517D-04 0.3160925371RnD-04 0.2458829236910-06 0.463695334563D+02 -0.544868332724D+02 -0.1092086584970 01
0.5939852617400-04 -0.5161696514270-04 -0.404q95833660D-06 -0.8880143b1519D+02 O.T793790518514D+02 0.171527344220+01
0.299872963401n-05 -0.266076261i7D-0b 0.104469111944D-05 -0.4347991854110+01 0.427709705274D+01 -0.822?279221610D01

PARTIALS OF STATE VECTOR COMPONENTS AT THE END OF THE THRUST PHASE WRT THRUST CONTROLS
0.3702880610270+03 0.157184hOAP@D+01 0.0

-0.A693145800710+02 0.6710347210750*01 0.0
-0.175419812712D-04 0.380164765 120; 03 0.0
-0.576080672754D-02 -0.244185318476D-04 0.570686630453D-06
0.13540242472AD-02 -0.104369313469D-03 0.243357018309D-05
0.821766297697D-09 -0.5911742?474D-02 -0.4530931246390-07

PARTIALS OF STATE VECTOR COMPONENTS AT IHE TARGET TIME WRT THRUST CONTHULS
0.517144788731D+05 -0.10328663834D+04 0.1026855499150.02
-0.32105958259D*05 0.130436442419D04 -0.1457259948200+02
-0.16208?006639D+04 0.55966467511AD+04 -0.342941932631D+00



-0.3564001 09255r)*00 0.11 220747o;16n-01I -0.1060815578327D-03
0.6455307705110.00 -0* 1666340653q,fl-0i 0. 1424189A408I0-03
0.3?1809248217D01 0.49065178?9qj1f)-Oi 0.829983?0955200-05

TARGF7 SENSITIVITY MATRTX - (PAPTTAt-S U TARGET VAP!ARLES wRT CONTROL VARIARLES)

0.175121 141501D+03 0.14A?91Wr7;64nl,03 -0.5727OqlPO324O4O00
-0.47140982225?P-O1 0 *4721446S37 04 D*01 0 .2546061?9424D-03
0.36494185866qnl~oo -0. 1030 04862nAAD01 0.9298370,A5A810-04

TARGETING MATRIX - (INVFRSE OF THF SFNSIrIV!TY MATRIX)
0.4095 11204104n-03 -0.731654b45456,n-Oe 0.P54P6qAO07O10
f.Qn233511595on-04 0.20A9276&13fJl.UU -0.163li47A776ID-01

-0.] q74A5';93O.n+0l 0.5186O34396A,~flO2 0.773P6QnAO376D+.O3

PHFDICTEI) CONTROL CHANGFS
CONTROL VAPTARLE CHANGE

ALPH O.Il?1AO999R720+01
F3IiTA -O.5n96138520940-02
b~iHN O.51$665f542408D,03

UPnATFD THRUST roNTPOI.S FOR NEXT TPA.IFCIORY TARG~ETING ITERATION
rONIRUL VAPTARLES CONTROL VALUES

ALPH 0-2 797n34RA'J3D.03
fAETA 0.103317lh~fU5D.0I
T3RN 0.12574P4479100O,06

TOTAL CHANI-. TO THE CONTROL VAR IARL FS 0 TER I TTEPATIONS
CONTROLS VARIA9LFS TOTAL CHANUE

ALPH n.1I1H069Q9972n,'d
HFTA -A.50961385204l-fl
T~iPIN n .9It) 657c5424nbi0,03



.LI-LIRRATION POINT TRAJECTORY TARGETING
ITERATION NUMBER 2

NEWTON-RAPHSON TARGETING ALGORITHM

SPACECRAFT STATE VFCTOR AT TARGET JULTAN DATE
X-COMP Y-rOMP 7-COMP VX-COMP VY-COMP V7-COMP

GEO-FC 0.4457711287810+04 -0.487n4A6A 8 035n04 -0.155285224041D+U3 0.731338030271D+01 0.817839385186D001 0.10A203447391D+01

GEO-FQ 0.44577112871 04 -0.440667679365D004 -0.?08008625338De04 0.731338030271D+01 0.7c72875872380+01 0.4246333R8852D+01

CONTROL VARIABLES TARGET VARIABLES ACTUAL TARGET VALUES TARGET FRROR TARGET TOLERANCES
ALPH RCA 0.653572011677D+04 ( KM) 0.

2 4 2
798832

2 5
40+02 0.10000000000OO+01

RETA ICA 0.281R17269815D+02 ( DEG) -0.137269R14991D-01 0.100000000000D-0?
TBRN ICA 0.244723817363D07 ( DAY) -0 1406978815790-02 0.1000000000000D-04

NOMINAL THRUST CONTROLS FOR THE CPIRENT TRAJECTORY
CONTROL VARIABLES CONTROL VALUES

ALPH O.e07o?nr4A73D+03
BETA 0.10331716A7USDt0O
TBRN n.1257484479100+06

DIFFEPENTIAL TRANSFORMATION MATRIX - (PARTIALS OF TARGET VARIABLES WRT FINAL EU-STATE VECTOR)
O.R24537430R64+00 -0,55001n771lP2n+00 -0.2427979745530+00 0.991270583745Do02 -0.67106842282D,02 -0.28968t846490102
0.2R13481817670-03 0.2401387?0PAoD-c -0.44R441374361D-02 -0.215803697106D+00 -0.1A41946257690+01 0.343Q69930049fl01

-0.15]]21595210)-05 -0.]17R2124977QD-0: -0.7305630743190-06 -0.117134735035D-02 0.501423052756D-03 0.1950208A96810-03

STATE TRANSITION MATRIX - (PARTIALS OF EARTH IN.JECTTON EC-STATE WRT EC-bTATE AT THRiIST INITIATION)
-0.21336RO976230+02 O.IH8398469664 +Oe 0.13442392506P+00 0.299598072120+08 -0.3077433943250408 -0.6596084457850*06
-0.?R781667R?0qn0+0 0.2039R830pOl3O+0 0.153425Sn5?94+00 0.3363445902750*+0 -0.340940977922D+08 -0.7n0649057179D006
-0.31503901R70nn01 0.27855217514 0+01 0.171504953567U-01 0.444228402412D*07 -0.492898611247D007 -0.6991746772680+05
n.1R218381703n-01 -0.16083069b13nD-01 -0.1133211313420-03 -0.25583663A924005 0.262689943245D005 0.571104671733D+03

-n.19R4090215260-01 0.175493450164D-01 0.12Q0450o50850-03 0,2805937795090D+05 -0.2A442298240D05 -0.572419392613D+03
-0.62499149170HD-03 0.5q6k94784n77-0j -0.143526378A900-04 0.906416H20436D+03 -O.8748002948510D03 -0.192R375ORo00o0

PARTIALS OF STATE VECTOR COMPONENTS AT IHE END OF THE THRUST PHASE WRT THRUST CONTROLS
0.3751610991930+03 0.144601682744+01 0.0

-0o8038905499300+02 0.b76q35b4832nD+0i 0.0
-n.1774417936610-04 0.3R34H69R7381O+J0 0.0
-0.5A3193499010 -?0 -0.2?3656JA8070)-0

4  
0.5230931361040-06

0.1247010H81600-02 -0.1047810?on3l-U03 0.2444246455340-0
0.8?7981844171D-09 -0.593819RP320~fs-02 -0.450Ah6977565D-07

PARTIALS OF STATE VECTOR COMPONFNTS AT THE TARGET TIME WRT THRUST CONTRULS
-0.220196209260+06 0.6619530977AD+0

4 
-n0.951856315)70+02

-0.24R6103U9671n106 0.7179605R364n+0U4 -0.65718893962F)*02
-0.3?8717902857+05 0.811?47569q070,+J -0.874307701850D+01
0.1805762156790+03 -0.56975499149DUi1 0.50799507894PD-01

-0.2073988669800+03 0.589109434PA0+01 -0.481145426340-01
-0.6638145943300001 0.121385566Ah3DU+i -0.1653926402D00-02

TARGET SENSITIVITY MATRTX - (PAPTTAIS O TARGET VARIABLES WPT CONTROL VARIABLES)
0.27057643034q9n03 0.150082855q74n0+0 -0.564045918251000

-0.6669613111580-01 0.414700424260O+0 0.259?1464650RD-03
O.35165895962n0+00 -0.1n255255606qD-01 0.934n982778360-04

TARGFTING MATRIX - (INVERSE OF THE SENSITIVITY MATRIX)
n42318R87026D-03 -0.770308)61710-U0 0.2576760n00190+01



0.910974076041i-04 0.?204r8605q1QnU0u -0.18294?3710650-O
-0.183173145150+01 0.5463075S30o+u2 0,100?802828B0+04

PRFDTCTED CONTROL CHANGFS
CONTROL VARIABLE CHANGE

ALPH 0.675ib977114D-02
BETA -0.q739o719130DO-O3
THRN -0.40 5693309420+0

IJPFATED THRUST CONTROLS FOR NEXT TPAJECTORy TARGETING ITERATION
rONROL VARTABLES CONTRnL VALUES

ALPH 0.2e797103~430+03
BETA 0.10327q969986D+01
TRRN 0.125707R909771)+46

TOTAL CHANGE TO THE CONTROL VARTARLF AFTER 2 ITFRATIONS
CONTRULS VAPIARLFS TOTAL CHANGE

ALPH n.11e48?226849Iol
BETA -0.56b701071250-n?
T4RN n.4761006093140*03

F,



Ll-LIORATTON POI~il TRAJECTORY TARGETING
ITERATION NUIER 3

NEWTON-RAPHSON TARG~ETING ALGORITHM

SPACECRAFT STATE Vr-CTOR AT TARnPT JULIAN nATE

X-COMP v-rOmP 7-( OMP VX-COMP VY-COMP V7OCOMp

GEO-EC 0.569166P74494D0O4 -0.330?6q367143D+04 0.4P'AA1913647.3D.02 O.59mH1ORR9'74D01 0.922057ln263PD401 0, 109083715676nfl1

GEO-FO 0.56916AP74494D+04 -0.30470'PlqRSl24D+04 -0. 1774754537590+U4 0.59910ARP9474D*01 O.Ao255287445?D+01 0.466qOIqA5fl28O+01

CONTROL VARIABLES TARGET VAPIARIES'. ACTUIAL TARGET VALUES TARGE7 FRRtJR TARGET TOLERANCES
ALPH RCA 0.656404744066D+04 ( KM) -0.404744066025D+01l 0.1000o00oOnonlo
RETA ICA 0.2931618A94000+6? I OECG) o-18ilt5996579n-02 0.100170000OD-op
TFIRN ICA 0.244?238171530+07 ( DAY) 0.6926,779693j-V3 0,lO0o0oOOO0ooD-04

NOMINAL THRUST CONTROLS FOR (HE CiioE~rT TRAJECTORY
CONTRUL VAP149LFS CONTROL VALUES

ALPH 0-257o->710383,)63
RETA 0.I0327qQ699d60,ol
T13RN 0,12q707A909170,06

OIFFrPENTIAL TPANSF04MATION MAIPIY - (PARTIALS OF TARGET VAPIAI-IES WRT I'INAL. EU-STATE VECIOrn)
O.P14804569315D+00 -0.53A47R,6544P~rn,00 -0.237?231n)64230.Oo -0.4)3539bU6906D+02 O.3?132193174P.Oe 0. 1415R0457?.57n*0?
0.21766?4e$16lD-03 0.1 R6,1806c 4s~poOe~ -0.34897867817R3-G? -0.2610094002090+00 -o,2P3378nl75260+0I 0.417397F44n54n0l

-0.104406~56A7159r-05 -f.I';722j30619',)r-0n 09A83~?)O -0.9442549544360-03 0.7610088794?o-03 0.348?2103AR27n-03

STATE TRANSITION MATRIX -(PARTIAI 1, OF tARTH INECTION FC-STATE vyRT EC-bTATE AT THRUiST INITIATION)
-0.1745466345590)-0? 0, 1q4I40o3nro+02 o.10q9(j0,;97610+0o 1).24494365R774D.08 -0.291950666841O+0OH -0.51BA02203002<.OA
-n.26813199PAI40+02 0.237?6044c;*7lut 0.1731 095A915?.400 0.379219b4853n+O3 -0.3P449238785qD0+OB -0.7914427?Qp54n. 06
-nl.31 7484126481O.01l 0.2ROH43010.1pqnOl 0.140391rnA4800-01 0.44905598n00c9D+07 -0.4S616935r32RU+07 -0.ln2l92I76QS~oOG
O,.2348489030050-01 -0.2075304494 3An-l-O -0, 14779R9c168410-03 -0.330AB885155D05 0.31795069P586rOo05 0.7P0990896S54no03

-0,13577727196Rn-01 0. 120P3237173PD01 O.d9qn67rjn4n530-O4 0. 1927298111565O.0b -0.1q404919L7RID+05 -0.3?736r,6A?478rlo03
n.lP43O964141Rl03-. ~'07,R-03 -0. 18?42jg,:40073f0-04 -0.23443344c58R0.03 0.2R892569439QI0.03 -0.1699324fIP774O- 03

PARTIALS OF STATE VECTOD CO)mPoNFNTS, AT [HE ENn OF THE THRUST RHASE WRT THRUST CUNTR(3LS

0.37491485104F100 0.144343087110n+01 0.0
-(i.80290008?118n*02 0.675716141nlqn+i0 0.0
-0.176983060859r)-04 0.3R3?2q7l2P7An+0J 0.0
-0.5A10046085900)-02 -0.22333f0845:)31 0-04 0.52?PO004614?DO-,
n.1?4588746R57n-02 -0.1046b8824147n-03 0.?444308195347n-05
0.8P60956084P-09 -0 .593612254nQID-02 -O.45061Q47784fl-07

PARTIALS OF STATE VECTOR COMPONENTS AT IHE TARGET TIME wRT THRUST CONTRULS
-0. 181485215651n406 0.

5
4101

1 4
53799D0O

4 
-0.487544Rcj441qO.02

-O.2A01895798AD-006 0.
8
064

3
5
3
?477Rl4O4 -0.741 203344031D+02

-0.331313998975D+05 0.100908U2576900,04 -0.tR031133594301
0.244707600268D+03 -0. 7?42239183qR100 (1.652A451A7?04'-0l

-n.1422090966240+03 0.3937122log~nD*01 -0.37318r,9390270-01
0. 1903892612150401 0.97592964Ap~qD+00 0.59131794508RJ-03

TARGET SENSITIVITY MATRIX - (PARTTALS UI* TARGET VARIABLES WRT CONTROL VARIABLES)
0.221 18R998386D.03 0. 149951 042?O0fl+O. -0 .565?576?093OD400

-0.66350807078pfl-01 0.4A0202067764r0+01 0.2579113991180-03
0.351516878685f)400 -0.1024802049840-Oi 0,399694-04

TAPGETING MATRIX - (TNVFRSF OF THF SEN5ITIVrTY MATRIX)
f.42)2169963419D-03 -0.(7013844-iqnfl-0e 0.257731Sr3J74D01



0.90681035839n0-04 0.2n5374959P4?nUo -0.182Q457A66840)-01
-0.1579616419750+01 0.51468085q3q70+oe 0.100o675055530+04

PRFDICTED CONTROL CHANGFS
CONTROL VARTARLF CHANGE

ALPH 0.6OO5278172790-04
BETA -0.77510V679142D-0r
TRPN 0.71817-9753090+01

UPDATFD THRUST CONTROLS FOR NEXT TRAJECIoRY TARGETING ITERATION
CONTROL VARITARLES CONTROL VALUES

ALPH O.£579?7163t)90+03
HETA 0.103279q194b7hD*n
TbRN 0.125715172766006

TOTAL CHANGE TO THE CONTROL VARIAnLrS AFTER 3 TITERATIONS
CONTROLS VARTABLES TOTAL CHANGF

ALPH n.11l488S32127O+nl
HETA -0.5967H5680904-O?
THRN n.4J28P?399oA70 n3



LI-LIBRATION POINT TRAJECTORY TARGETING
ITERATION NUMBER 4

NEWTON-RAPHSON TARGETING ALGORITHM

SPACECRAFT STATE VFCTOR AT TARGET JULIAN DATE
X-COMP Y-COMP Z.-COMP VX-COMP VY-CMP VZ-COMP

GEO-EC 0.524716556519D+04 -0,393664026113D04 -0.341896900941D,02 0.653215643703D*01 0.8860554142060D+01 0.1092125159940D+01

GEO-EO 0.524716556519D04 -0,359810470808D*04 -0.159748176520004 0.6b3215643703D+01 0.769471565343.01 0.452697599910+01

CONTROL VARIABLES TARGET VARIARLES ACTUAL TARGET VALUES TARGET ERROR TARGET TOLERANCES
ALPH RCA 0.6559288220B81 04 ( KM) 0.7117791941920+00 0.1000000000000+01
BETA ICA 0.283183263116D0*02 ( DEG) -0.326311576920D-03 0.1000000000000-02
TBRN fCA 0.2442238172350D07 ( DAY) -0,1222477294500-03 0.100O000000000-04

NOMINAL THRUST CONTROLS FOR THE CIIRlENT TRAJECTORY
CONTROL VARIABLES CONTROL VALUES

ALPH 0.Z7q9~7163895D+03
BETA 0.1032791.94816001
TBRN 0.1257150727660D+06

DIFFERENTIAL TRANSFORMATION MATRIX - (PARTIALS OF TARGET VARIABLES WRT FINAL EQ-STATE VECTOR)
0.810541668149q+00 -0.53620461991PD+00 -0.2362749448230D00 0.856022510652D+01 -0.566289283051D001 -0.2495313649890+01
0.2432939000520-03 0.208137293,36D-02 -0.38RA86626030D-02 -0.244807326268D+00 -0.209432023914D+01 0.3913058077500+01

S -0.1257126976210-05 -0.1452791R247D-0Ob -0.856201?07975D-06 -0.102396763613D-02 0.653256507143D-03 0.285703921270-03

STATE TRANSITION MATRIX - (PARTIALS OF EARTH INJECTION EC-STATE WRT EC-STATE AT THRUST INITIATION)
-0.190600190053D+02 0.16831966470 D+02 0.120085490835D+00 0.267544693692D+08 -0.2750413950610+08 -0.588280482156n+06
-0.2576636531770+02 0.2279918409,D+02 0.1662425812580+00 0.364382825246D+08 -0.369492946728D008 -0.762128941434D+06
-0.317905046140001 0.2R11778998540401 0.1529279A4308D-01 0,448479864371D+07 -0.456911503683D+07 -0.9016275973320+05
0.218667589920D-01 -0.1931713182230-01 -0.1370572365330-03 -0.307598200281005 0.314908145477D005 0.675862931R170D03

-0.1635100567390D-01 0.144723794521D-01 0.107119158266D-03 0.2316853786590D05 -0.234035347149D+05 -0.4626399888890+03
-0.133752217559D-03 0.122488972805D-03 -0.167R472340460-04 0.214411892607D+03 -0.168089444938D+03 -0.1796938927590D03

PARTIALS OF STATE VECTOR COMPONENTS AT THE END OF THE THRUST PHASE WRT THRUST CONTROLS

0.3749602195270+03 0.144358925495D+01 0.0
-0.8029932500250+02 0.675792817757D+01 0.0
-0.177044399853n-04 0.38327200inrqD+03 0.0

-0.5810407943290-02 -0.2233418470OD-04 0.522?02485491D-06
0.1245959076710-02 -0.1046945524640-03 0.2444309107400-05
0.8263358734530-09 -0.593649029786D-02 -0.45061609633RD-07

PARTIALS OF STATE VECTOP COMPONENTS AT THE TARGEC TIME WRT THRUST CONTRULS
-0.1982217585510D06 0,590657 47R82?D04 -0.532140o67363D+02
-0.269250717013D+06 0.775953693069D+04 -0.712311300529D02
-0.3316924173790+05 0.93372133903AD03 -0.88196027194?D001
0.2277136868030+03 -0.677368234356D+01 0.6086151R96260-01

-0.1710716023180D03 0,47944849333D+01 -0.4507205656480-01
-0.1515240824450+01 0.107376195924D+01 -0.?90670194696D-03

TARGET SENSITIVITY MATRTX - (PARTTALIS OF TARGET VARTARLES WRT CONTROL VARIABLES)
0.221136677717D+03 0.1499605804AQD+03 -0.5650512315180+00

-0.664266549062D-01 0.480417241A310+01 0.25810193316RD-03
0.351526468603D000 -0.102482025002D-01 0.934789644RD-04

TARGETING MATRIX - (INVFRSE OF THF SENSITIVITY MATRIX)
0.422d52333370-03 -0.77013781PQ620-02 0.2577274669080+01



f.Qf7413O902?nf-O4 0.2nrtlO9l719ofl.OU -0.112Q956S7290-01
-0. 1c;PflI277O44Pfl1 0.5146bI0Q1347O+ue 0. 100377qq75i73D+04

PRFO)TrTFD CUNTROL. CHANGFS
CONJTROL VAPIARLE CHANGE
*ALPH -0.1157:D43449470-04

THETA -0.16161i3732950-OA
ThRN -0.1?642"4980250+01

LIPOATFO THRUJST cnNTROtS Fop NFXT TRAJFCrORY T4PnETING ITFRATIUN
CO-TPflL VARTARLFS CONIRnL VA~LUES

ALPH o.eb79?71524cOD+fl3
PFTA U. 103?79178~715ij+o1
TWPN 0.1?57jl OR )1D.06

TOTAL CHANGiE TO THF CONTROL VAO~LFS At rEW 4 ITFPftTIONS
CONTROLS VAQIAA'LES TOTAL CHANGE

ALPH n.l12487374'iA3n~nl

rNRN n.48e0jN1S40A?O,03



LI-LIRRATION POINT TRAJECTORY. TARGETING
ITERATION NUMRER 5

NEwTON-RAPHSON TARGETING ALGORITHM

SPACFCRAFT STATE VFCTOR AT TARFT JULIAN DATE
X-COMP Y-COMP 7-COMP VX-COMP VY-COMP VZ-COMP

GEO-FC 0.532840019939o040 -0.3A2A64111115004 -0.206?325937990+02 0.6437855151450D01 0.892891296886D+01 0.109245730544D+01

GEO-FO 0.532840019939D*04 -0.35025A2122840D+04 -0.1s41274143420+04 0.6437855151450D+1 0.775729994307D+01 0.455447r531060+01

CONTROL VARIABLES TARGET VARIAALES ACTUAL TARGET VALUES TARGET ERROR TARGET TOLERANCES

ALPH RCA 0.656012543005D+04 ( KM) -0.1254300512080o00 0.100000000000001

RETA ICA 0.2A3179426799D+02 DEG) 0.5732008520810-04 0,1000000000000-02
TBRN ICA 0.2442238172200+07 ( DAY) 0.2152775414290-04 0.1000000000000-04

NOMINAL THRUST CONTROLS FOR THE CURRENT TRAJECTORY

CONTROL VARIABLES CONTROL VALUES
ALPH 0.e 7971521400+03
BETA 0.]032791787150+01
TBRN 0.125713RO85210+06

S DIFFERENTIAL TRANSFORMATION MATRIv . (PARTIALS OF TARGET VARIABLES WRT FINAL EQ-STATE VECTOR)

0.810417314400D+00 -0.536120777415D+00 -0.236237746146D+00 -0.150736817341D001 0.9971815798050+00 0.43940055798+00
?.218A73417297D-03 0.2043695527510-02 -0.381A52696721D-02 -0.2477973115450+00 -0.212004441307D+01 0.39611813544n+01

-0.1?2169204242D-05 -0.1477095959640-0b -0.866973861200D-06 -0.1008R29UB7080-02 0.671628123293D-03 0.2963500514000D-03

STATE TRANSITION MATRIX - (PARTIALS OF EARTH INJECTTON EC-STATE WRT EC-bTATE AT THRUST INITIATION)

-0.187852631576D+02 0.165893189024D +0 0.118360403158D+00 0.2636780777880D08 -0.271088359813D+08 -0.5797868644960+06

-0.259651746858D02 0.229752732224D*02 0.167543076919D+00 0.367198811447D008 -0.3723427656250D08 -0.7677341909020,+0

-0.3179935915500n01 0.28126281981Do01 0.15078R7498440-01 0.448634R18031007 -0.457014506257D+07 -0.9237033736380+05

0.2220011783520-01 -0,196127594A6?D-01 -0.139753AO0950D-03 -0.3123450028910+05 0.31966341794r0+05 0.6A5?9394500303

-0.158R98000196D-01 0.14065192449AD-01 0.104213514356D-03 0.22521264A2850+05 -0.2?73R1036555D405 -0.4483773A0660o003

-0.7728046748110-04 0.7254640992910-04 -0.17052?011457D-04 0.1347723952960+03 -0.869035123402D+02 -0.17804606475n+03

PARTIALS OF STATE VECTOR COMPONENTS AT THE END OF THE THRUST PHASE WHT THRUST CONTROLS

0.3749522316500+03 0.144i559749090qD+01 0.0
-0.802976914899002 0.6757783186970,01 0.0
-0.177033352490D-04 0.3R32b38561240+03 0.0

-0.581034422460D-02 -0.22333959876AD-04 0.5228029793400-06
0.124594657355D'02 -0.104693389nogn-03 0.2444309001900-05
0.826292408344D-09 -0.593642556~430-02 -0.450616025832D-07

PARTIALS OF STATE VECTOR COMPONENTS AT [HE TARGET TIME WRT THRUST CONTROLS
-0.1953578617820*06 0.5R21

4
32542 AD+04 -0.5245107727940+02

-0,2713276308710+06 0,781767
1
96426DO

0
4 -0.7178021A7R450+02

-0.3317955551640005 0.9468115781ARD03 -0.882120816597D+01
0.231210395995003 -0.687113363253D+01 0.6177524675340-01
-0.166274082199003 0.465135185042D*01 -0.4374456P4980D-01
-0.9261530818800+00 0.]05688863157D+01 -0.1339365A66990-03

TARGET SENSITIVITY MATRIX - (PARTIALS OF TARGET VARIABLES WRT CONTROL VARIABLES)

0.221145886834D+03 0.149958677353D+03 -0.5650875475390+00
-0.6641352357280-01 0.480379346160D+01 0.258067906083D-03
0.351524793618D+00 -0.102481553661D-01 0.934412573678D-04

TARGETING MATRIX - (INVFRSE OF THF SENSITIVITY MATRIX)
0.422837831251D-03 -0.77013681341VD-Oe 0.257728578478D*01



().0730566574(,O-04 O.?05?974FP50fl.UU -0.1829?70171110-01
-0. 1r58083i;G87in+01 O.bl4663645,3?PO0d 0.1O03761?18990+04

PPFDICTE.) CUNTROL CHANGFS

CONTROL VAPIAHLI CHANCE
ALPH 0.2n~i1)OO6,P9f0-O%
RETA -0.646l4tb7l9R44fJ-OR
T P RN 0.?P74ts939D+An

IIPI)TFt) rHRUS7 O-ONrROI.S FOR NFXT TPAJFCIORY TARGE:TIG ITEkATION
CONTPOL VAPTARLFS CON.TROL VALUES

ALPH 0l.2579P71543450+.O3
,4E TA 0.10327917RO'91UO
T-iPN 0.12 14327D0

TOTA[ CHA.NG. TO THF CONTROL VAW1Awt~r-A 0 fEiw 5 rFPATTO(49
O-ONFRULS VAPTARLFS I'JTAL. CHAPAGE

ALPH n).11e487q75()Qbd+ol
iiF TA-n.5b/80?4B9317n~-()
T~i~kIn.48e24nqU?7Pl),'n3

00



L1-LIBATTON POINT TRAJECTORY TARGETING
ITERATION NUMBER 6

NEWTON-RAPHSON TARGETING ALGORITHM

SPACECRAFT STATE VFCTOR AT TARGET JULIAN DATE
X-COMP Y-COMP Z-COMP VX-COMP VY-COMP VZ-COMP

GEO-EC 0.531418102838D+04 -0.384A07166152D+04 -0.2301230326960D02 0.645456186729D+01 0.891701992907D+01 0.1092416?85340+01

GEO-EO 0.531418102838D+04 -0.3519Q 442977D004 -0.1551196054300.04 0.6
4
5456186729D*01 0.7746404884610+01 0.454q7048718D+01

CONTROL VARIABLES TARGET VARIAR.ES ACTUAL TARGET VALUES TARGET ERROR TARGET TOLERANCES
ALPH RCA 0.655997792037D+04 ( KM) 0.220796308140D-01 0.100000000000D+01
RETA ICA 0.283180100979*02 ( DEG) -0.100978788886D-04 0.100000000000D-0?
TBRN ICA 0.244223817223D*07 ( DAY) -0.378955155611D-05 0.1000000000D-04

NOMINAL THRUST CONTROLS FOR THE ClJRRENT TRAJECTORY
CONTROL VARITABLES CONTROL VALUES

ALPH 0.2t79P7154325D+03
BETA 0.103279178b9D0+01
TBRN 0.12714n312700.06

CONVERGENCE HAS OCCURRED AFTER 6 ITFRAIIONS.
THE TOTAL CHANGE TO THE CONIROL VARTARLtS IS COMPUTrF TI BE

DELTA-ALPH = 0.112487575098n+ol
DELTA-BETA = -0.5678024883370-02
DELTA-TRRN = 0.482240902781n+03



LAUNCH PROFILF FOR TARGETING
TRAJECTORY DATA

INIJFCrIONI DATF ?4 .2?38.171 7/ 9i/1974 lo . 6.24
A71MUTH n.A975oO69l+oP
LSc LONGITUDF A.P7945700r+.61
Lq LAIITUOFn2P10l0)n
RIJFNtl A IN GL E '. 17 0U 0 00 0r +
m 1 WY ANJGLE n . ck i n0 n0 On +,)~
iAwiqCH ror) -n-.344014?3f)+In

Cr)AST TImE-qFC '1.70729444+nr3

TI'JFC1 ION TrHA .12 13 ,1r.

IN'.j ;v (p.) -' *?4C)7"r9'7n+nq

,,TATE ()FCL) fl.'Kfl41ti10r)+4 -0.3A~4607170404 -0.2301?3O3,+O2

V!FP FNTS (Fr!~ r ..A194344,' A 0.9R,)44!3*n0oo 0.9670941I80+01
-n. 33QlIn+)? 0.2OQ?pl8fl,~o1 -0.316349bR0D-01

STAfT ( Co) m.93141]nnC)4 -0.351945;84Dl~n4 -OoI5l960+04
rn.644'61 rv.n O.7746404qn.OI 0.454970613o00

FL-FPENT!> (Frf) n.61'A94J44n,-w, O.9P941)3fl,0r) 0.?8319010Un.O2
-fl.$A67366.r n C)) .P8613 50D02 -0.316349t5AD-01



LI-LIARATTON POINT TRAJECTORY TARGETING
ITERATION NUMRER 1

NEWTON-RAPHSON TARGETING ALGORITHM

TARGETING EVENT AT JULIAN DATE 2442274.171116

DESIGNATED TARGET TIME AT JULIAN DATE 2442238.171116

SPACECRAFT STATE VFCTOR AT INITIAL JULIAN DATE
X-COMP Y-COMP 7-COMP VX-COMP VY-COMP V7-COMP

GEO-EC -0.118122307017D+07 0.9S17814552200D+06 0.4R69272817920+01 -0,182358565566D+On -0.231184428946D+00 -0.957062046R130-05

GEO-EQ -0,1181273070170+07 0,873P1A6119580+06 0.3786518113730~06 -0.182358565566D+00 -0.21210?118477D+00 -0.919825043547D-01

SPACECRAFT STATE VECTOR AT TARGET JULTAN DATE
X-COMP Y-COMP Z-COMP VX-COMP VY-COMP V7-COMP

GEO-EC 0.5334642523490+04 -0.38187A805219D+04 -0.196176391704D+02 0.6430774819440D01 0.893350142472D+01 0.1092407094400.01

GEO-EQ 0.5334642523490+04 -0.349577732d52D+04 -0.153722734451D+04 0.6430774819440+01 0.776152963907D+01 0.45562549049D+01

CONTROL VARIABLES TARGET VARIARLES ACTUAL TARGET VALUES TARGET ERROR TARGET TOLERANCES
ALPH RCA 0.6560599579370+04 ( KM) -0599579370138D0+00 0.100000000000001
RETA ICA 0.2831772355480+0 ( DFG) 0.276445235123D-03 0.1000000000nnn-0,

> TpRN TCA 0.244?23817108D07 ( DAY) Oo
3 2

20?1078
3
1HD-04 0.100000000000D-04

NOMINAL THRUST CONTROLS FOR THE CUIroENT TRAJECTORY
CONTROL VARTABLES CONTROL VALUES

ALPH 0.2579271543450+03
BETA 0.10327917ROb900o]
TBRN 0.125714o312Z00+06

DIFFERENTIAL TRANSFORMATION MATRIr - (PARTIALS OF TARGET VARIABLES WRT FINAL EQ-STATE VECTOR)
0.810410727119D+00 -0.5361387047360+Ou -0.2

3
62

4
5S4

94
47D+n0 -0.225474812487D+01 0.149166290703D401 0.657?899428650+0

0.238536164760Do03 0.204080863204D-02 -0.381316792942D-02 -o0.248020648490+00 -0,212196573142D+ 1 0Oo364807797Ol01
-0,121909122957D-05 -0.147887609'nO=0A -0.8677560493680-06 -0,1007R3591120D-02 0.6731068053200-03 0.2q7200807=2P8-03

STATE TRANSITION MATRIX - (PARTIALS OF EARTH INJECTION EC-STATE WRT EC-STATE AT THRUST INITIATION)
-no.17643055253D02 0,165714832935D-0 0.118231390116D00 0.26338155949ADo08 -0 0270797934447DO08 =0.5791513Tq876006
-0,259780581232D+02 0.2?98762274740 02 0,167631349592D+00 0,367379429655D08 -0.372542695206Do08 -0.7681097 2872+W06
-0.3179727673610+01 0,2R12563352Sno101 0.1506140q4361D-01 0.4486051494370+07 -0.4970015789490+07 -0.925?77757475 05
OP?220588096AD-01 -0.196317239747001 =0o139392985623003 -0.3126353450250+05 0.31996e0194S8DO05 0.6O587773490no03

=0.158531864115D-01 0.14033431547OD01 0O103q84416395D-03 0.224697243121D.05 0,276R624282646D05 -0,447261134881MS 03
-0.730773261303n-04 0.6883136A8010I04 -0.170708018749DO04 0.12841624580D+03 -0.8086882524290D02 -0.177911?6329o+03

PARTIALS OF STATE VECTOR COMPONENTS AT THE END OF THE THRUST PHASE wHT IHRUST CONTROLS
0o374953634784D+03 0.144356487314D,01 0.0

-0.802979811705D+02 0.6757808578310+01 0.0
-0.1770346238790-04 0.383265291690 03 0.0
-0.581035531694D=02 -0.22333997867RD-04 0.522802893799D-06
01245948831500-02 -0.104693592A240-03 0.2444309020200-05
08262948858060-09 -0.593643697087D-2 -0.450616023013D-07

PARTIALS OF STATE VECTOR COMPONENTS AT FHE TARGET TIME wRT THRUST CONTRULS
-0.195140483156D0+06 0.5815153383410D04 -0.523956217468U+02
-02714638434750+*06 0.7R2170559A350+04 -0.718196318790D*02
-0.3317765267000+05 0.947734353589D+03 -0.882104066389D*01



n.23142670n567r)+o3 -O.6P7r3O54SQ~fl 0,0 0.6181449A~56180-01
-0.165894046330!0+03 0.4fA4020679741D,01 -0.436A479o 7789D-01
-O.PA23018124560'00 0.10c.'q56462107fl*O1 -0.122797660437D-03

TARGET SENSITIVVITY MATRIX - (PARTIALS OF TARGET VARIABLES WRT CONTROL VARIABLES)

n.?7Ij8?IA225?O+03 0. 14q96Qol~,q?(n+0JO -0.565106O'F938AU400
-f.6r,416289q0M0-ul O.48n045q36457Tho)0l 0258047gq779O-03
0.3S,1SeO4873?40+00 -0. 10248350401'q0-U 0.Q93494797576RO-04

TAPGFTING MlATRIX - (INVFRSF OF THP cFNSXTTvITY mATRTX)
0 .472F38152167fl-03 -0.*7701 7f4?4ciR7fl-U2 0 .2577272R0489O*O1
(1.907?42204287fl-04 (.2053U649fr6Q,(O0 -0. 1R2Q?q7q3324D-01

-nfl9P~00nSS73fl*')I 0.5146698694-310,0e 0.10019AR73087D+04

PRFDT(rTFO CONTRnL. CHANGFS

CONTROL VARIABLE CHANCF
AL.PH -O*1 7 PAbU532jqqn-Oj
HETA 0.]77n559?87fl-Q',
PiRN O0oc303Y973364D0q

IPDATFD THHIST roNTPOLS FOR NEXT TRAJECrORY TA~rETTK-, ITFRATION

rONIHOL VARIABLES CONTROL vALUES
ALPH o.et)7ca7NQ~3)b5Do43
HI- A 0.103270ISsl125O.O1

~'TOTAL Cf'ANGL TO THE CONTR()L VARTARLF- ArTER I TPATIONS

rONT40hLS VAPIAHLFS TOTA. CHAMGc
ALPH -'1.1 fefA60'c3?jq90)-f3
HFTA q1.1 17U55)23q7vRrl-m5
t'IRN o.9.)3893'A7331;4fl,00



L1-LIRRATTON POINT TRAJECTORY TARGETING
ITERATION NUMBER 2

NEWTON-RAPHSON TARGETINO ALGORITHM

SPACECRAFT STATE VFCTOR AT TARGET JULTAN DATE
X-COMP Y-COMP Z-COMP VX-COMP VY-OMP VZ-COMP

GEO-EC 0.530671826563D+04 -0.385624037 5
45+04 -0.2425180984870U02 0.646337757305D*01 0.89107043117'0+01 0.109240284837D*01

GEO-EQ 0.530671826563D+04 -0,3528Rq469024+04 -0.1556378669320+04 0.646337757305D+01 0.774061590973D+01 0.4547181616430D01

CONTROL VARIABLES TARGET VARIABLES ACTUAL TARGET VALUES TARGET ERROR TARGET TOLERANCES
ALPH RCA 0.6559901418410'04 ( KM) 0.985815864260D-01 0.100000000000001
RETA ICA 0.2831804507010+02 ( DEG) -0.450700812991D-04 0.1000000000000-02
TBRN !CA 0.2442238171130+07 ( DAY) -0.169232953340D-04 0.1000000000000-04

NOMINAL THRUST CONTROLS FOR THE CIIPPENT TRAJECTORY
CONTROL VARIABLES CONTROL VALUES

ALPH 0.e 79769Q1665D+03
BETA 0.103279355125D+01
THRN 0.125715n251b4D.06

> DIFFFRENTIAL TRANSFORMATION MATRIV - (PARTIALS OF TARGET VARIABLES wRT FINAL EQ-STATE VECTOR)
0.810405055835D*00 -0.536133375?73A+00 -0.23624317168D+00 0.1184960879070+01 -0.7A39231138860+00 -0.345430285610.00
0.240075750303D-03 0.2053865917A4D-J -0.3837516?6092D-02 -0.2470103525030D00 -0.2113191940800+01 0.3948364020470+01

-0.1?31308057830-05 -0.1470700077A40-Ob -. 8R64159741846D-06 -0.101282096605D-02 0.666702558286D-03 0.2934615924940D-03

STATE TRANSITION MATRIX - (PARTIAI.S OF EARTH INJECTION FC-STATE WHT EC-STATE AT THRUST INITIATION)
-0.188592900444n+02 0.1665532561ln+02 0.IR 2RB6n421D0+0 0.264719277404D+08 -0.2721628336970+08 -0.5820892267000*06
-0.259117609323.+02 0.2?9288277q3 )D+02 0.1671982A6420D+00 C.3664413905450+08 -0,3715901913580+08 -0.7662487A6773D06
-0.317974303204n+01 0.28125459875Dn+UI 0.151361414800D-01 0.448598502071D*07 -0.4570093072590D07 -0.917P381331930+05
0o.P11218671290-01 -0.195355124R7nn-01 -0.138A77RA1185D-U3 -0.311091863896D*05 0,31842047358AD+05 0.68282864894a+03

-0.160146276262D-01 0.141759387P79D-01 0.105003131206D-03 0.226964257099D+05 -0.291699584500+05 -0.4527468~494D+03
-0.9?38704050070-04 0.859099793S37n-04 -0.169808926520D-04 0.1560792230260+03 -0.1086244672900+03 -0.17R490579754.03

PARTIALS OF STATE VECTOR COMPONENTS AT THE END OF THE THRUST PHASE wPT IHRST CONTROLS
0.374959660278D+03 0.144361181nl2D+01 0.0

-0.803004545134n+02 0.675792872421+U0 0.0
-0.1770438544140-04 0.383271694p92O0+o 0.0
-0.5810401476380-02 -0.2?33 45424c4l0-04 0.522A10259418D-06
0.1245977083100-02 -0.104694602W09D-03 0.244430744336D-05
0.8263315995010-09 -0.59364P786nlo0-U -0.450167954400-07

PARTIALS OF STATE VECYOR COMPONENTS AT [HE TARGET TIME WRT THRUST CONTRULS
-0.19613229707AD+06 0.5844598A9030004 -0.5265893869380+02
-0.270773506942n006 0.7A0237252nAO+04 -0.716356067592D02
-0.3317772938770+05 0.943363332793D+03 -0.882125758B98D+01
0.2302912129310+03 -0.6A45734535310+01 0.6153678215870-01

-0.1675750630820+03 0.4690264639150q01 -0.4413476R92230-01
-0.1083766715710+01 0.106143250427D+01 -0.1758686P9543D-03

TARGET SENSITIVITY MATRIX - (PARITALS OF TARGET VARIABLES WRT CONTROL VARIABLES)
0.2211667R6474D+03 0.14996161693nn+03 -0.5650763474790+00

-0.6642654767900-01 0.4P038960674nD+01 0.258076698445D-03
0.3515240572640+00 -0.102484059A530-01 0.934A27758293D-04

TARGETING MATRIX - (INVFRSE OF THE SENSITIVITY MATRIX)
0.4228484317970-03 -0.770171594134D-02 0.2577258 23430+01



o.9o7333677?0jfl-O4 O.20r,29291;4Sfl.QO -0. IR?9?64A368Q-l

-0.1c16009347343ne01 0 .514668494Q7QflO 0. 10038 ,74A3.04

PPFDF)TED CONTROL- Ct4ANGFS

CONTROL VAPTARLF CHAN~GE
ALPH -0,1 83t~l--95r,07D-O0i
HETA 0.IA4113095740fl-0A
THRPN -0.j7ciO1I'45?946O+ofl

(POATFD THRUST CONTROLS FOP NFXT TP' JFCIORY TARcETrG6 ITFRATIUN

COTlRwOL VAPTABLES CONTROL VALUES
ALPH 0.2579P6Q~nodIj)+03

H TA n.10127qls5b9.u1
r 'A kN 0. liT1 49cf0d7IJ.A6

TOT'I CI-ANG Tol THE CONTROl VARTAQI FS AhTEP P' TTFPbTTONS
CONrROLS VtAPIAHLFS IOTAI CHANGE~

ALPH -rn.j7,244ogi31ci5O-3
8FTA njf2o27nA

THWRN nR168174204180,O



OU.U9T4O~tL1d'TW* = Nb181-gL13U
9S-tio~FlG4,O~LLIC V138-VI13U

EIUTSUOViLIU- = HdIV-VIl30
3H 01 OAIIldAN0Z Sl S-41HVIH1A 10?H1NUO 3Hi 01 J9NYHO 1VIU1 .iHI ~

*SN0IIV83I C 631AV U366nou SVH 3N398.3ANOD ,

90.0 0Ustj~oLqej* N8IJ1
10+062GS642E0!0 V138
£0.0O9OOb9e6LC?4O Hd-1V

S3n1VA IUMINOO SA1IUVIdVA 1081.NOO
A8i0103rvbi jN3d0f 3HJ 80-4 S'10diN0D isnMH 1IVNIv4ON

vo-aO00o00o0J0o*o SO- 99 PLLEb6L62*0 (AVO LO.0IIL!9C~tv20 VlN88i
do-0oo0ooOUooooio0 G0-OVg9989VIL4.iLL0 (930 Z O,0bZ9O266L1LW2O Vol V138

10+0000000000001*0 10-USSIESB0bS1100 (WA4 ) 0O,606SELI0U9WS903 HdlW

S33NVbI31O1 1308VI bo0ba~ ±30mvi S3n1VA J39?AVi IV~iiDV SIOUVIVA 1390"1 S318OIVIY lUb1NOD

l04GC19CC60SSV* l0.aLL6*9LO6t~iOO 10UECS90#p* tO0.09qV910- VO+0S9QCSbLU TS'O- 1O+0t9G0L~l6LIES*O CEA-U30

T~avLw~~~* ec +016109002690 io~a9ELE0G920St9*0 ?0+02LET901Ci±dZ*0- tO4U2601EUL6Ut9E* 0- tO+U*9S0kVl6LIESO0 3i-030

dIh0D-ZA dW.ODi-AA dkdODXA dW0)-Z dWl0)-A dW0Z)-X
31VO N911lr 13UJd~j IV 6013A 3iV1S IAV80332VdS

WHiIdOSIV ONI139HI NOSHdVd-NUIfA3N



PkOJFCTED LAUJCH PHOFILE

TRAJECTORY DATA

TMJFCTION DATF P44223H.171 7/ 9/1974 14. 6.25
47lm~UTH 0.89752JG0fln2n
Lq LONGITUDr (.?f94S7.)on+n3

L LAT I r I)F
P I WI A NGLF E .17000000nf+'n?

PI,4 A 'JC,[- 0 * 0000(IOUO,)+ 1
LAUNCH 101) -fl.344U0.31l+lo
nIIRNI D(JR-SFC' n.t~nlooQooO~n~3
COAST TI14E-SPC n77?Ann
DIIRN2 OiJR-SFC n.loOUOOO~n+n3
INJFCTION Ton n3s6Ano
TNJECTTUN 6H'A I.?'4163925nO#
TkJ O3v (IN) n49AL6A9
STATE (ECL) '.s3l79147fl,4 -0.38409781n+0O4 -0.72373706D+02

r,.$,45?6bUr~o0 O.992OR~460,O1 0.] O924388D*Q1
FEENtTS (E'1 ) A.6lk94363n+nA O.9P94fl127n.on 0.c 67O9853D+01

-o * 381230r'.m2 -o .?OG0R?4P04DM1 0.24870842D-01
STATE (ECO) ). 31791'4 7n+14 -0.3SI90q'9ln04 -0.15485839D*O4

0.64S0?bSon,,A 1 0* T49?0760.01l 0. 4S5094t)3nl1
FlEmENTS (Fr.() n.l.41A943'13fl+f6 O.9A94r)127nl~nO 0.28317992D+02

-0).6666bH7n4n -fl.?9869013f'.O? 0.?487npj42D-01
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SPECIAL PRINT POINT 1
TRAJECTORY DATA

flATF 2442238.A71 - 7/10/1974 4. 6.24
fleYS FW,)M INJECTION 0.,;no

DATA WITH RESPECT Tn FaRTH
STATE (E-CU -o.71478iQin+0a) 0.12n4q049n+06 O.59788A530.04

-0.15652,717nOi 0. 162851?bOSDfl1 0.476d14b?L)-01
P-MAG 0.140231970400
V-4AG o.?P592qEAIo0i

"A (ECU) 1?0.676
DEC (ECU) 2.444
STATE (ECO) -0.7147819-AP*.U: 0.10917477D406 0.534237110+n5

-0.lSbS,2,llf+l. 0, 147S14SID+01 0.69156208DO00
RA (ECio) P.5
nFC (ECQ) ?2.3IQ4
STATE PART1AI-S n.244A4 1S7.~04O6A00 0.2818AP530401 09263147?6D05 -0.664[3413D+03 0.I12n9lR80+04

0.1]50j9P,>'n,0J -o,.6q97l7rUD+0? O.??4 3370+01 O91017n769l*06 0.11839401D,06 0.14977230'oo9
0.11928';?4D*02 -0. 3805"310D 0 1 -0.192509020402 0.956126SP4O4 0.93064.131D+04 0.63F6A1750on04

-0.231"3;4,n-03 0.474079190-n3 0.4504BS42D004 -O.9235A4?40-01 -0.633432~14D+00 ..0.5936193RD-01

0. 334P617QD-02 -o.21?75qA~ln-02 0.*3 ?513?j9U04 O.2928ql43'+01 0 .357UT993D.01 0.4534A?18D.00
o.2p1r4AqD-0i -0.ll?37Qln-n3 -0.3331819OU-n3 0.23

4
3n?31D*00 0.2563171AD.00 0.70754109n-01

np.TA WITH RESPECT Tn SUN
STATE (F.CU 0.44893qqfld -0.14516A00049 0.533499A30'04

_A.?6403iqqo*0e 0.10119474fl*02 O.47b109470-01

V-MAG n.2R348jq00e
RA (ECL) 267.194
DEFC (ECL) n?



SPFCIAL PRINT POINT 2
TRAJECTORY DATA

DATF 24422?43.171 - 7/14/1974 16. 6.24
DAYS FROM INJECTION 5,0no

DATA WITH RESPECT TO EARTH
STATE (ECL) -0.43530531+0h 0.426744120D06 0.109345130+05

-0.667816 D0+00 0.495650n70+00 0.2Qbj5A8U8-02
R-MAG 0.60968q13l+Ob
V-MAG 0.83166n74+00O
RA (ECL) 135.569
DEC (ECL) 1.02A
STATE (ECQ) -0.43530932~00b 0.387170'30+06 0.179803640.06

-0.b67819R6qR+ 0.453557840+00 0.199907700+00
RA (ECO) 138,349
DEC (ECQ) 17.15
STATE PARTIALS -0.909551790D+0 0.7360P7300D03 0.154038850+02 -0.74534960D06 -0.11617OAD+07 -0.1374833D006

0.198711070+04 -0.13541732D*04 0.590541110*01 0.171448740+07 0.223657760D07 0.27861514D+06
0.11816rgn+03 -0.630865490+02 -0.90d22355+02 0.99311930005 0.118983570+06 0.234404180+05

-0.3~8786143--0 0n.90?51qO 6n-0 0.304699040-04 -0.32567027D001 -0.46510?37D+01 -0.5637n792D000
0.58150972-02 -0.407531070-02 -0.369841060-05 0.498185020+01 0.66R256820+01 0.92664943D+00
0.2686375qD-03 -0.1?616345D-03 -0.12338203U-03 0.227Ra1360+00 0.290052440*00 0.366879980-01

DATA wIrH RESPECT TO SUN
STATE (ECL) 0.55267A571+0d -0.141070190+09 0.104482310+05

0.265731810i+U 0.112948360.02 0.381992950-02
R-MAG 0.1511n29qD+0
V-MAG n.2887399nQ+

0
2

RA (ECL) 291.394
DEC (ECL) 0.nn4



TPAJrCTORfl )A rA

n ATF: ?44P2#-8.]71 - S/ 8/lQ74 16. 6.24
C)AYS FROJM lI~JECTION 3.n

nATA WlrH RFS~PFCT TO FARTH-
STAIF (FCL) -011?21nU 0.9144P6P6P+06 0-27983974D+04

-0.1411044:)000 0.1?156402l.OO -U.6o363?80D112
P-MAG 0. 143(8c;2P . (f

V-MAte o.l%634A1Pfl.on
PA (LCL) 140.q4
1'FC (FCL) ().III
STATE (ECG) n011 lql0 .A378194Ofl.O6 0.366353740D06

-0.1411 O44~f, )0U 0.11 39321 fO.0O 0.42824064D-01
PA (Ecfj) 4 ng
nFlC (ECU) 14.76(
STATE PARTIALS o .I6Q269S1P.0o5 0.114736810+03 -0o197lR777D+OP -0.2744790ID+0R -0.3354526D*07

n..?4I32481n,+00 -0. 17729rnonO(lS -0.6q1 10101l*02 0.?l151900D00 0.2s9O5?96D+OR 0.3i53R671D*07
fl.6?e44n,3n+0J -0.404397fl1o+03 -U.lFi 69177U+f3 0.5e8OA5630.06 0.69307n290,0A O.RS161641D+05

-o1p357(n(1 .13Thboator)f-ol 0.7n33?2?6U-04 -0.1540I7420.0? -0.21236920D*0? -o.760PA95TI)'01
P.]AI,31PA'fl-01 -fl.11Q140'0f-l1 -r,.6526b~ost)-04 0.1404n463fl.0? O.1Q3734940*0? 0.7374fA914D*01
n.17b-;176~f-a)l) -0.1?7n9414fl-n3 0.5j304R4480-05 0.1493r,4A00+00 0.20754%13RD00 0*19q766210-01

SrA 'E (ECL) 0,1I'6flS1?7r).09 -0.10r61976fl.09 C.lA67?469D).04

11) 0 IliU? p7 0.+'
C> v-mAG i24Sf7;)d

PA (ECL) 5 1
O)FC (FCI 0.nr'l
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TRAJFCTflY DATA

PATF ?44P?74.1-71 - 8/14/1974 IA,. 6.24
DAYS FPOM INjFCTTON 36.nor)

nATA WIVH PFqPECT T( FARTH
S TATE (ECL) -n.1IAI2,31m+Of nfql.97Al46Offlf, 0.4Pb93S73)*01

-0. 1R315ac7fl+0') -0.23l1pq43)+n -(i.9'70bO810-05
;4-WA60.151f.9A27fl+Of
V-M.Ab .?944S1PQf),OU

HA (ECL) 141.140
nFlC (ECL) In
STAIE (F'CO) -0.11812?3lfl+ct (.973210~.2r).06 (.37db5I~lUfl6

RA (ECQ) 143*q7
O)FC (FCw) 14.41;9
STATE PilfOTNAS 0.10009Aqof),OIl -ni.181571"4fl-O? -u.?q37110?U06f O.12b7r,6rS040A -0.7S797ll10*0? -n.796fA7761fl-O2

-0. 18(1'7;100r-O C1oGAf 0.24197A950-06 -0.75797035r)402 0. 12572c59D,06 0.A,???9152fl-02

-0.23r-4qfin-06 0.?41A44A~f)-06 0.gqb7s744U+00 -0.1563P538D-02 0.6220416RD-0P n.125 AA3150.+06
P.18s534o~inD-u( -o.2879S10Rfl-07 -0.31121397U-11 o.10009R210*O1 -n.lR034775D-02 -0.104774?9n0O
-o.p74rADU1 n.407494pqfl-oB 0.26109194D-11 -0.180346?grf-02 0.100(124610+01 O.A60124970-o07

-0.316A5poAQ-11 0.?604jn5'1-1 -0.19b57A11Df7 -O.lU46s'7A00-OA 0.85917q7ID-07 0.99)877337D0fl

r)ATA WITH WIZPFCT To (;ON

qTATE (ECL) O.11lh1Sll*nuJ -0,9412jRfn5r)+O0f -U.4Rl!)2085U03

0.1A033q1fl+Jk O.??'46I9ri4fl*2 0.946544910-03
P-MAG 0.15O01?9fln+oo
V-frAG 6.29118c~x~d(,U2
PAj ( ECL 3 ? I. 140
IJFC (FCL) -0*flfo

T'-wPUST *A(, 0. 10f0omn-'0+GI
SUPFCIFTIC 1mPlLSF o1.21500nnifl.UJ
f ,ITLAL S/C MASS 0.404jO(flonfleU

3

Atc PAlF f'r,/SE7C) 0.4741'in3(fl-ui

FTNAL MA~SS 0.335-)4?4n(+U3

FFC INSkT DFITA V r,.373,:JAn+4Ou



CASE N-2

Long (118 day) Transfer Time Mission to the

L2 Point with Impulsive Insertion

A-33



INITIAL CONDITIONS (FROM TABLE)
TRAJECTORY nATA

INJECTION DATE 2442238.4?8 7/ 9/1974 P?.16. 0
FLIGHT DURATION 118.0o0
ARRIVAL DATE 2442356.42A - 11/ 4/1974 2?.16. 0
LIBRATION POINT ?
STATE AT L-POINT 0.11149l9A0 0 07 0.995R4291D+06 -0.534697550 01

-0.21786462q*00 0.498686930*00 -0.194642440-U5
CFNTRAL BODY EARTH
NO. OF dODIES 2
BODY NO 1 EARTH
BODY NO 2 SUN



L2-LIRRATION POINT TRAJECTORY TARGETING
ITIERATION NUMBER I

NEWTON-RAPHSON TARGETIN ALGORITHM

TARGETING EVENT AT JULIAN DATE 2442356.427779

DESIGNATED TARGET TIME AT JULIAN DATE 2442238.427779

SPACECRAFT STATE VECTOR AT INITIAL JULIAN DATE
X-COMP Y-COMP Z-COMP VX-COMP VY-COMP VZ-COMP

GEO-EC 0.11149802062D+07 0.995S42908 4
710+06 -0.5346975465810+01 -0.217864615110000n 0.4986869253140D00 -0.1946424428480-05

GEO-EO 0.1114988020620+07 0.91364735193D0+06 0.3q6171ll7738D+06 -0.2178646151100D00 0.457525678628D+00 0.198390783252D+00

SPACECRAFT STATE VECTOR AT TARGET JULIAN DATE
X-COMP Y-rOMP Z-COMP VX-COMP VY-COMP V7*COMP

GEO-FC 0.479781001497D+06 -0.728P6428784D+06 0.~33414399079000 -0.190764250635DD0n 0.510684285747D+00 0.30867293681D-05

GEO-EO 0.4797810014970D06 -0.66870438184D06 -0.289964P456030+06 -0.190764250635D+0n 0.468530764141D+0O 0.203168311434D+00

CONTROL VARIABLES TARGFT VARIABLES ACTUAL TARGET VALUES TARGET ERROR TARGET TOLERANCES
VX RCA 0.140704829898005 ( KM) -0,7510482989760+04 0.10000000000D*01
VY ICA -0.2344340899240+02 ( DEG) 0.5176140889240+02 010000000000D-02
VZ ICA 0.244?248141610+07 ( DAY) -0.9713AI3621700+01 0.10000n000000-04

DIFFERENTIAL TRANSFORMATION MATRIX - (PARTIALS OF TARGET VARIABLES WRT FINAL EQ-STATE VFCTOR)
0.136979699633D+00 0.47197084040AD-01 0.204698107757D-nl 0.195806292178D+06 0.117956R393000D06 0.511554058279*05
0.2307267266130-08 0.410381114486D-04 -0.9463669921100-04 0.58026116n721D-02 0.1032074378920+03 -0.2379914945060+03
0.10529492R8560-04 -0.954302769296D-Ob -0.4137967189450-05 0.709977272599D+01 -0.452866103503D+01 -0.1q6362895120q.01

STATE TRANSITION MATRTX - (PARITALS OF LARTH INJECTION EC-STATE wRT EC-STATE AT LIBRATION POINT)
-0.1468975444900D+02 -0.8AR49179P51j+01 0.4636503628700-04 0.331620187891D+08 -0.425174048222D+07 -0.758613615344002
0.328091585119002 0.1745933243RAID*0 -0.112467175244D-03 -0.713101428607D+08 0.392887468792D07 0.160558512341D+03
0.5585262132020-04 0.33?36745516nD-04 -0.681730401526+00 -0.137599280403D+03 0.2216241097640,02 -0.147458749901007

-0 1985454495240-04 -0.10381229299qD-04 0.69536986204bD-10 0.435484851784D+02 -0.307831158312D+01 -0.1017640679760-03
0.P33893128675D-04 0.129959041951D-04 -0.79095S688063D0-I -0.513757606313D+02 0.3995542871440+01 0.1129869581600-03
0.54587R58848AD-10 0.27034508842OD-10 0.505609235821D-06 -0.116641725250D-03 0.4563117318110-05 -0.373219294457n*00

TARGET SENSITIVITY MATRIX - (PARTIALS OF TARGET VARTABLES WRT CONTROL VARIABLES)
Oo2795576753890+07 -0.4693204548500+06 -0.154702131231 3002

-0.1679847165920+00 0.85798411430oD-04 0.2489214105320+03
0.16536927143D004 -0.1272125602480+03 -0.390801534696D-02

TARGETING MATRIX - (INVERSE OF THE SENSITIVITY MATRIX)
-0.3025417611270-06 -0.12792458203RD-Od 0.1116155799840-02
-0.3932875062980-05 -0.140043368Q01D-06 0.664R54720775D-02
-0.6861181080340-10 0.4017332212810D-02 0.524075597012-06

PREDICTED CONTROL CHANGFS
CONTROL VARIABLE CHANGE

VX -0.20303b925289D-0 2
VY -0.83044J1773640-02
VZ 0.49263719451RD-01

UPDATED INITIAL EC-STATF VECTOR
X-COMP Y-COMP Z-COMP VX-COMP VY-COMP VZ-COMP



0.111498R8020620+07 0.99584290847106O -0.534697546581*O01 -0.2198949743630+00 0.490382493540D.00 O.492617730273D-O1

TOTAL CHANGE TO THE CONTROL VARIARLFS ATER 1 ITERATIONS
CONTROLS VAPIABLFS TUTAL CHANGE

vx -o.2OJO359252R90-02
vY -0.830443177364D-n2
Z n0.492637194518D-n1

cA)
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LAUNCH PROFILE FOR TAPrElING
TRAJECTORY DATA

INJECTION DATE 2442?38.431 7/ 9/97 27.21. 2
A71HUTH O.H9751335n~n?
LR LUNGITUDF n.?79457nonfl.3
1VS LATITUDE o.28317QO0rn.O2
RURNI ANGLE 0.17000000n+O~f?
PJIIN2 ANGLE n.Aloo~oCOn~l
LAUNCH TOO -1.1147660l1n+00
rmiRNI rWR-SFr r0.SO000n~fl3

COAST TINE-SEC n.13787153n+eA4
AlURN2 OURw-SFC n.lnO0flUO0n,03
iTIJECTION Ton -n.($AT1606l-l
INJFCTION GHA f.P4165302n~n6

INJ DV (IN) -n.P4qrryqip.'v5
STATE (ECL) -fl.30S319?Ofl,04 0.5R06lP36nO4 -0.P33959b3n+0e

-P.* 3604559n.O 1 -o .4373fl46Rf+l. 0.5 17155710.01

ELEPENTS (ECI- o.SN6Sq7uln~n6 0.98RP168Sfl~o0 U.314SS46b0.02
0.llRU7200fl -. 3Y2ri530RnflO 0.Q4'715891o-03

STATE (ECO) -n.30S3j9?0n~m4 0.5336lA91fl.O4 0.?28838470+04
-0.83604559n~.') -U.630913999n,01 0.35554394D+01

ELEMENTS (ECO) f.r;A5Q71nlAe 0.9AA81685O0O0 0.283180O0O0r)0
f.760857 1 n+nP 0.473q8s1An+02 0.94fl58910-03

00



L2-LIRHATION POINT TRAJECTORY TARGETING
ITERATION NUMBER 1

NEwTON-RAPHSON TARGETINi ALGORITHM

TARGETING EVENT AT JULIAN DATE 2442356.431284

DESIGNATED TARGET TIME AT JULIAN DATE 2442238.431284

SPACECRAFT STATE VECTOR AT INITIAL JULIAN DATE
X-COMP Y-COMP 7-COMP VX-COMP VY-COMP VZ-COMP

GEO-EC 0.1114926010020+07 0.99591n399632D,06 -0.5343757979990D01 -0.221064101669D+00 0.507429470705D+00 0.365259595874D-01

GEO-EO 0.111492601002D+07 0.9137092779000+06 0.3061980307921)+06 -0.221064101669D+00 0.451014714120D+00 0.2353816923R7D0+00

SPACECRAFT STATE VFCTOR AT TARGET JULIAN DATE
X-COMP v-COMP Z-COMP VX-COMP VY-COMP VZ-COMP

GEO-EC 0.335728717743D+05 -0.114n2658988D+05 -0.1494024658170+05 -0.3274440110230+01 0.29571843281AD+01 0.91707142112AD00

GEO-EQ 0.33572A717743D+,0 -0.4r570638776D+04 -0.115140339170*05 -0.3274440110230D01 0.23482q751797D+01 0.2017R3194R29D+01

CONTROL VARIABLES TARGET VARIABLES ACTuIAL TARGET VALUES TARGET ERROR TARGET TOLERANCES
VX RCA 0.656Q02213261D+04 ( KM) -0.9282132612950D01 0.1O0000000000D+01

> VY ICA 0,2832133324?0D+02 ( DEG) -0.3333P4204598D-02 0.10000000000D-02
VZ TCA 0.2447238P1136U+07 ( DAY) -0.,0071711061D-01 Oo.100000000000D-04

DIFFERENTIAL TRANSFORMATION MATRIX - (PARTIALS OF TARGET VARIABLES WRT FINAL EU-STATE VECTOR)
0.3923996658600nD0 0.69711941310,0+00 -0.114608022720D+00 O.146219124387DO04 0.664506A33862D+04 0.9907889641000.02

-0.5410128807050-03 0.13446963369qD-0
3 

-0.1034417736510-02 0.133543257207001 -0.311921594423D+00 0.255334982RR90(01
0.2504667655830-05 0.1077095 bo5R0-O5 -0.116995464193D-05 0.12469187B912D-01 0.598696628553D-02 -0.579q25949322D-02

STATE TRANSITION MATRIX - (PARTIALS OF EARTH INJECTION EC-STATE wRT EC-STATE AT LIBRATION POINT)
-0.3415805305760+03 -0.183253205930D+03 0.7832575A0536D+01 0.151197671711D+09 -0.5953051784760+08 -0.305428909076D08
0.3082702404227+03 0.1652

9
2129807n+03 -0.7058444A74720+01 -0.677584413677D+09 0.530305457636AD08 0.275669321810008a

0.9576066621000*02 0.5136931005P20D+U -0.224410968517D901 -0.2105644429750+09 0.1664]R99402D+08 O.813R61963064D+07
-0.24888382803RD-01 -0.133462997A340-01 0.57212685009SD-03 0.547155265146D+05 -0.430021411525D004 -0.221203490285004
0.84510805529AR-02 0.453820730494D-02 -0.195169806A70D-03 -0.185964496438D005 0.14942161625AD+04 0.748Q26057255D+03
0.109855881200-01 0.5A924479631D-Ue -0.246991350137D-03 -0.241549957470D+05 0.19078682981QDO04 0.100334914465n+04

TARGET SENSITIVITY MATRIX - (PARTTALS OF TARGET VARIABLES WRT CONTROL VARIABLES)
0.39011717260RD+06 -0.20073451611RD+Ob 0.761484731794D+05
0.4509063255540+01 0.3210927019D+UJ 0.482982961242D+03
0.265546761757D+04 -0.210110723465D+0 -0.1073474277810+03

TARGETING MATRIX - (INVERSE OF THF SFNSITIVITY MATRIX)
-0.2260796474040-06 0.1266

7
7298208D-0

3 
0.409579973667D-03

-0,4328618532370-05 0.82349096114qD-03 0.63452PA99157D-03
0.2879826700640-05 0.152181738339D-02 -0.425662061709D-03

PREDICTED CONTROL CHANGFS
CONTROL VARIABLE CHANGE

VX -0.3]122b696221D-04
VY -0.133781584686D.04
VZ 0.228314604761D-05

UPDATED INITIAL EC-STATF VECTOR

X'COMP Y-COMP Z-COMP VX-COMP VY-COMP VZ-COMP



0.111492601002+07 0.99591l039963?0+0b -0.534379797999D+01 -0.221095224239D+00 0.507416092547D00 0.365282427334D-01

TOTAL CHANGE TO THE CONTRUL VAPTIALFS AITER 1 ITERATIONS
CONTROLS VAPIARLES TUTAL CHANGF

VX -0.311225696?21n-n4
VY -n.1337815846A60-04
VZ n.22314604761

- 0 5

4>



L2-LIRRATTON POINT TRAJECTORY TARGETING
ITERATION NUMBRFR 3

NEWTON-RAPHSON TARGETING ALGORITHM

SPACECRAFT STATE VFCTOR AT TARGET JULIAN DATE
X-COMP Y-COMP Z-COMP VX-COMP VY-COMP VZ-COMP

GEO-EC -0.305344798306D+04 0.50594 A72396D+04 -0.234618872012D+02 -0.836006750295D+01 -0.4373360295400+01 0.577188218888D+O1

GEO-En -0.305344798306D+04 0.533609157207D+04 0.2P892705R222D+04 -09836006750295D+01 -0.6308606916200+01 0.355561289408D+01

CONTROL VARIABLES TARGET VARIALES ACTUAL TARGET VALUES TARGET ERROR TARGET TOLERANCES
VX RCA 0.656n00000824004 ( KM) -0,8240170245700-05 0.1000000000000+01
VY ICA 0.283179999653D+02 ( DEG) 03465548914510-07 0.100000000000D-02
VZ fCA 0.2442238431280+07 ( DAY) -0,1

3
03R5160446D-07 0.10000000000D-04

CONVERGENCE HAS OCCURRED AFTER 3 ITERAIIONS.
THE TOTAL CHANGE TO THE CONTROL VARIABLES IS COMPUTED TO BE

DELTA- VX = -0.309640348b320-04
DELTA- VY = -0.1199770028520-04
DELTA- VZ = 0.212867757584n-05

L,



P~nJF!TE) L,%jJNCH PROFILE
TRAJECTORY n)ATA

INJFCTIUN DATE ?442?38.431 -7/ 9/1974 pp.21. 4

A71MUTH f.97513?3nO?

LS LANCITUIF ip.2q704S7nfl.O

RiIRNI ANGLE f.1700ooo~lnf2

RIRN2 A'JfLE n.floOU00j.'nj

LAUNCH rOn) -n.llIlr1048n+oo
PIIHN'2 DUR-SFC o.c;flU0Ofl0fl.O3
COAST TtmE-SF'C f.37d7?'48n."4
HtIRN2? DUR-SFC n.inoooon.fl3
INJECTION Ton -0.6'87004?9n-l
INJFCTION GHA f.P4165302n+06
fNIJ, Dv (Im)f -f.P4(7791,.05

STATE. (ECL) -0.305344A'Ofl,4 0.580999R87n+04 -O.; 346l887D+02

-n.8.1600675n~nl -U.4373IAO3+l*O 0.57 f1A8t±2D+01

FL.EmENTS (Ect) n.9R65969r+,fl 0.9R8A1A8qT).OO 0.31457441()60e
n.119O744nl~n3 -O.3925603pn.OO -O.108AR429D-Oi

STATE (ECO) -n.305,344POfl~n4 0.53360016D+04 0.22882706n04
-o .A360067brnn -O*63OR606qD*Ol 0 .35556129D+OI

FLEMENTS (ECo) n.S8659b9ifl.O6 o.qssR1685OnOl 0.28318000D+02
n.y7o01 340n+n2 0.47316471D#02 -0.10888P429fl-0.3



TRAJECTORY DATA

DATE 2442238.431 - 7/ 9/1974 22.21. 2
DAYS FROM INJECTION 0.0

DATA WITH RESPECT TO EARTH
STAIE (ECL) -0.3053448n00+ 0.SR598R7D+04 -0.234b1887002

-0.8360067qD01 -0.43733603D+01 0.57718822D*01
R-MAG 0.65600nOnD+04
V-MAG 0.11060363D+02
RA (ECL) 117.740
DEC (ECL) -0.205
STATE (ECO) -0.30534480004 0.53360916D*04 0.22882706U*04

-0.8360070+D01 -0.63086069 *01 0.355561290+01
RA (ECQ) 119.779
DEC (ECQ) 20.415
STATE PARTIALS 0.100000F0D+(O1 -0.50982423D-18 0.0 0.14552933D-13 -0.244715630-16 0.0

0.0 0.100000000+01 0.0 -0.815718760-17 0.14430065D-13 0.509824230-18
-0.31864n14o0-V -0.319640140-19 0.1o000000+01 -0.152947270-17 0.0 0.133288450-13
-0.n303q5 D-19 -0.597445420-19 -0.194819160-20 0.100000D01 -0.265993090-17 -0.132477030-1A
-0.b6342131D-19 0.54S49364D-19 0.357168460-20 -0.1994q4A2D-17 0.100000000+01 0.249368520-18
-0.211054000-20 0.37340339D-20 -0.4675659RD-19 -0.13507462D-18 0.2493652D-1R 0.10000000D+01

DATA WITH RESPECT TO SUN
STAIE (ECL) 0.44382118D+0 -0.145460510D09 -0.701790040+03

0.19642620D+02 0.42040A93D*01 0.57717162001
P-MAG 0.1520806AD+09
V-MAG 0.20900?30002
RA (ECL) 286.968
DEC (ECL) -0.000



TRAJECTORY DAIA

flaTF ?44? ?48.411 - 7/19/1974 ?2.21. 2
nAYS FNOM INJECTION 1O.noO

PATA 41TH RFSPFCT TO FARTH
qTATE (ECL) 0.391,5A7Q.DOb -f.91lQ316D+06. 0.42b254200405

fl.274A1 19S-c,+U -O.4546?S'q6+00 -0.2al002550-01
P-MA6 n.85211,06n+Ob

V-MAG 0.5316Inrc~o+U0
PA (ECL)?3.P
DF'C (ECL) 2.70
STATE (ECQ) 0.35I57 40+0b -0.76128604n+06 -0.283h4959U+O6

0.274Pl1SsSD+OO -O.4n9l03Q2l*oo -O.19930481D*00
PA (E.CU) Q47

UFC (ECI4) -18.6A9
qTATE PARTIALS -0.535374Rgfl+OJ 0.1144R39r+04 -O.II1t1514L)*03 -0.1JOA6r3D4O7 -O.70163169D*OA 0.783636190D06

o *3?533q370.O4 -0 .614543120)+04 -o .24969182Ufl2 0.622267R0D+O7 0.31991A30D0O7 -O.427RO5600+07

-O.tftb45773D+Ui n.11087616D+04 -0.643667170402 -O.120SP9?3D+07 -O.53791842D*OV O.A12332270+06

-0.16,130(,070-02 n.31P73811-~O02 -0.689b,1805L-f4 -0-31061,445D+01 -0.16961466D+01 0.21632269D+01
0.54bA3qO-0e~ -0.1015PO90~-01 0.81928947U-05 O.1045A4A3D+O? 0.S42459800.01 -0.7207IT920+01

-0.73492A74fl-o4 ri.125;643760-02 -0..383005900-04 -0.132071A9D+01 -0.639483810.+00 o.89325049D*00

D)ATA WITH RFSPFCT T-' SlIN
STATE (FCL) 0.68?030nllu8 -0.13A85?16n+09 O.425350560*05

0.d64S6A45f1.04 0.1274?9D+02 -0.1937675'QU-01

R-MAG 0.15f2OQc74).Q*
V-MAG o.eq3A54417D*02
RA (EC) 2P6. 490

DFC (ECL) 0.016



TRAJECTORY DATA

DATE 2442356.431 - 11/ 4/1974 ?2.21. 2
DAYS FROM INJECTION 118.000

DATA WITH RESPECT TO EARTH
STATE (ECL) o011149?60oD+O 0.995910400D06 -0.534408440+01

-0.22109506D+00 0.507417470*00 0.365280880-01
R-MAG 0.14949574D+01
V-MAG 0.55469796D+0O
RA (ECL) 41.773
DEC (ECL) -0.000
STATE (ECQ) 0.11149760D+01 0.913709?8D+06 0.396198030D06

-0.221090 0+D00 0.45100286D000 0.235378870*00
RA (ECQ) 39.335
DEC (EC)) 15.368
STATE PARTIALS -0.10048613D+UI 0.191115040D07 -0.798834610+04 -0.19249958DO -0.100743830.10 0.13290806D010

0.79361A4 n +0 -0.1511075D+06 0.778813660+03 0.1520A9R30+09 0.797871700+08 -0.10506744D409
0.40737q57D+0O -0.77182165D*05 0.400040230+03 0.77849924D08 0.406387670D04 -0.53720073D+08

-0.4569691000q 0 0.86906594*00 -0.359701260-02 -0.87539137D003 -0.458083380D03 0.04A436D603
-0.245119500D00 0.46618450000 -0.194056730-02 -0.469570640 03 -0.245737190D03 0.3242n720D+03
0o104891510-01 -0.19965nn90-01 0.792708740-04 0.20108lo 60*02 0.10529297D002 -0.13879024002

DATA WITH RESPECT TO SUN
STATE (ECL) 0.11174186D+0V 0.99813817D*08 -0.535567900+03

-0.205397D*02 0.22620491D002 0.375820640-01
R-MAG 0.149A30040D09
V-MAG 0.305543190D02
RA (ECL) 41.773
DEC (ECL) -0.000

IMP INSRT DELTA V 0.28735414D+00



APPENDIX B

Selected Sample Output from ERRAN

B-1



CASE E-1

Short (36 day) Transfer Time Mission to the

L1 Point with Finite Burn Insertion

B-2



I N P U T DATA FOR P R 0 P L E M o . 0
MOOF TO RE EXECUTED. . *ERROR ANALYSIS

LAUNCH DATE 7 9 16 6 24.421 1974 JULIAN DATE . . *e442238.17111595

FINAL DATE A 14 16 A 34.000 1974 JULIAN DATE , . .2442274.17261570

INITIAL TRAJFCTORY TTHE = 0.0

TNFRTIAL FRAME IS GEOCENTRIC ECLTTIC

INITIAL STATE VECTOR
AT TRAJECTORY TIME 0.0

STATE X-COMP Y-CUMP Z-COMP RADIUS X-DOT Y-nOT 7-DOT VELOCITY

INERTIAL 0.53179150+04 -0.3R409780+n4 -0.2237371D+02 0.65600180+04 6.4h026504 8.92008460 1.09243877 11.06197319
HELTO- 0.43760530+08 -0.14566160+n9 -0.04305640+03 0.15209300+09 34.48967577 17.37425886 1.09220739 38.63412381
ROT.GPO- 0.5208536n04 0.3989043D+n4 -0.22373710+0 0.65600180+04 -6.68646646 8.74283626 1.09243A77 11.06071617

THE FOLLOWING QUANTITIES ARE TO RE AUGMENTED TO THE STATE VECTOR

MEASUREMENT CONSIDER PARAMETERS
HADIUS I
LAT 1
LONG 1
RADIUS 2
LAT 2
LONG 2
RADIUS 3
LAT 3
LONG 3



MEASUREMENT NO 1 AT TRAJFCTORY TIME .nr4? PRORLEM. , 0

RANGE-RATE wAS MEASURED FROM STATIUN I AT TRAJFCTORY TIME 0,04200 DAYS

TNITIAL TRAJECTORY TIME n.0

FINAL TRAJECrORY TIME 0.042
INITIAL

AT TRAJECTORY TIME 0.0

STATE X-COMP Y-COmP L-COMP RADIUS X-DO
T  Y-nOT 7-DOT VELOCITY

INERTTAL 0.5317915004 -0.340978F)04 -0.?2373710+0? 0.6560018D+04 6.45026504 8.92008460 1.09243877 11.06197319

HELTO- 0.43760530+08 -0.1456616)+n09 -0.6430564D*03 0.15209300+09 34.48967577 17.37425886 1.09220739 38.63412381

ROT.GFO- 0.S208536n+04 O.3oQR043+404 -0.C373710+02 0.6560018UO04 -6.68646646 8.74283626 1.09243877 11.06071617

FINAL
AT TRAJECTORY TIME 0.0420

STATE x-COup Y-COMP L-COMP RADIUS X-DOI Y-nOT 7-DOT VELOCITY

INERTTAL 0.3545008n+04 0.2344102n*05 0.e12R900+04 0.23802970D05 -2.28098263 5.28705905 0.30967735 5.76643523

HELTO- 0.4386000D+OR -0,14c60360 09 0.1507197n+04 0.15206630+09 25.75253596 13.76113995 0.3094559R 29.20030554

ROT.GFO- -0.21422970r05 0.10154090+0; O.;12R900D+04 0.23802970+5 -5.71826884 -0.(5535263 0.30967734 q.76407512

STATF TRANSITION MATRIX PARTITIONS OVFR( 0.0 0.042) -- TRANSPOSES SHOWN

X( 0.042) Y( 0.042) Z( 0.042) VX( 0.042) VY( 0.042) V7( 0.042)

X( 0.0 0.697947918D+01 0.p67015?575lo01 0.69805669300D00 0.17035931690-02 0,1654065920D-02 0.27239087010-03

v( 0.0 -0.1117r6R594D+01 -n.14 43690010+01 -0.4523065470-01 -0.2594772949n-03 -0.93274007560-03 -0.2909528001D-04

7( 0.0 0.3857607350n+00 n.1b43959847n+00 -0.16210403430*01 0.11462006840-03 0.7680735134n-04 -0.74135047620-03

Vx( 0.0 0.5q'01728670+04 n.258197616n8004 0.4362129575U+03 0.1649157114n*01 0.1452R7580401 0.1962566590o 00

VY( 0.0 0.1359792327004 '.le79264891D+04 0.2248541258003 0.6604346366D*00 0.14395995400+01 0.1331462234D+00

V7( 0.0 0.335464422D+03 0.?924943454f)03 0.19575249350+04 0.1308892497*+00 0.1770028816)+00 0.28986826900D00

SnLVF-FOR PARAMETFRS

-- NONE

DYNAMIC CONSIDER PARAMFTERS

-- NONF

IGNORE PARAMETERS

-- NONE

DIAGONAL OF DYNAMIC NOISE MATRIX
.0 0.0 0.0 0.0 0.0 0.0

OBSERVATIn MATRIX PARTITIONS -- TRANSPOSES SHOWN
RANGF-RATE(1)

X -0.70113643160-04
Y -0.86350995600-05
Z 0.8346Q5968 2

0106
VX -0.12062111300+00



VY n.9P3591651Uo0
VZ 0.9271q43301U-01

SOLVE-FOR PARAMETERS

-- NONE

DYNAMIC CONSIDER PARAMETERS

-- NONE

MEASUREMENT CONSIDER PARAMETFRS
RADIUS 1 0.6679q6l7?70-05
LAT 1 0.1656RRA629U-01
LONG 1 -0.5253P49S87D-02
RADIUS 2 0.0
LAT 2 0.0
LONG 2 0.0
RADIUS 3 0.0
LAT 3 0.0
LONG 3 U.0

IGNORE PARAMETERS

-- NONE

MEASUREMFNT NOISE MATRIX
n.166666670-13

GAIN MATRIX PARTITIONS
K-MATRIX

0.1816736413D+05
0.37Q76210o30+04

-0.23506792980+04
0.46P 4 7032U80+01
0.2901R157190+01

-0.1794594021D-01

S-MATRIX

NOT DEFINEn

CORRELATION MATRIX PARTITIONS AND STANDARD DEVIATIONS AT TIME 0.042 DAYS9 JUST BEFORE THE MEASUREMENT

STD DEV X Y Z vX VY VZ
X 0.226454440+03 1,00000000
Y 0.25429202+02 0.553e2390 1,00000000
Z 0.98854806D*02 0.085b5697 -0.49235532 1.0000000

VX 0.55112515D-01 0.99962146 0.56997860 0*08603995 1.00000000
VY 0.262154660-01 0.97228975 0.72536722 -0.01699310 0,97751128 1.0000000
VZ 0.14443271n-01 0.30602226 -0.33009576 0.97287967 0.30690698 0.20691705 1.00000000

RSS POSITION ERRORS. . . n.24839591A874D+03
RSS VELOCITY ERRORS. . . 0.627156124049D-01



SOLVE-FOR PARAMETEPS

-- NONE

nYNAMIC CONSIDER PARAMETERS

-- NONE

MEASUREMENT CONSIDFR PARAMETFR
RATIUS 1 0.0 0.0 0.0 0.0 0.0 0.0
LAT 1 0.0 0.0 0.0 0.0 0.0 0.0
LONG 1 0.0 0.0 0.0 0.0 0.0 0.0
RADIUS 0.0 0.0 000 0.0 0.0 0.0
LONAT P 0.0 0.0 0.0 0.0 0.0 0.0
LONG P 0.0 0.0 OoO 0.0 0.0 0.0
RADTUS 3 0.0 0.0 0.0 0.0 0.0 0.0

LAI 3 0.0 0.0 0.0 0.0 0.0 0.0
LONG ' 0n.0 0.n .0 0.0 0.0 0.0

NO SOLVE-FOR PARAMFTFRS

CORRFLATION MATRIX PARTITION'S AND STANDARD OEVIATIONS AT TIME 0.042 DAYS# JUST AFTER THE MEASUREMENT

STD OEV d Y Z VX VY VZ
X 0.197695670,03 1.00000000

oY 0.1066h02n3n+02 0.3n175667 1.00000000
7 0.q78164360*02 0.1R077640 -0.p7054381 1.00000000

VX n,474019010-01 O.099Y417n 0.29629135 0018774698 1.00o00000
VY 0.1O391910n-01 n,99740538 0.36900911 0.10968723 0.99686695 1.00000000
V7 0.14442R59n-01 n,354(6931 -0.7710787A 0.98213175 0.36132038 0.28660602 1.000000n0

RSS POSITION ERRORS. . . 0.220828A07311fl03
RSS VFLOCITY ERRORS. . . n05321261711A00-01

SOLVF-FOR PaRAMETEPS

-- NONE

DYNAMIC CONSIDER PARAMETERS

-- NONE

MEASUREMENT CONSIDEFR PARAMETFPq
RADIUS 1 -0.00000551 -0.00002135 0.00000144 -0.0000585 -0.0000897 0,000007

LAT 1 -0.000004PA -0.00001893 0.00000128 -0.00000518 -0.00000795 0.0000007

LONG I n.00OU0034 0.00000133 -o.00000009 0.000000037 0.00000056 -0.00000000
RADIUS P 0.0 0.0 0.0 0.0 0.0 0.0
LAT 2 0.0 .0n 0.0 U.0 0.0 0.0

LONG 2 0.00000031 0.00000120 -0.00000008 0.00n00033 0.00000050 -0.00000000
RADIUS 3 0,0 0.0 0.0 0.0 0.0 0.0

LAIT 3 0.0 0. 0.0 0.0 0.0 0.0 000 0,0
LONG 3 0.00000031 0.00000120 -0.00000008 0.00000033 0.00000050 -o.onoo0000

NO SOLVE-FOR PARAMFTERS



ERROR ANALYSIS MODE- GUIDANCE EVENT AT TRAJECTORY TIME 0.50000000D+00 DAYS PROBLEM, 0.

AT TRAJECTORY TIME 0.5000

STATE X-COMP Y-COMP L-COMP RADIUS x-DOT Y-DOT Z-DOT VELOCITY

INERTIAL -0.7147819D005 0.1204995D+O6 0.5978885D+04 0.1402300+06 -1.56522173 1.62851249 0.04762145 2.25925647
HELIO- 0.44893510+08 -0.14516690+09 0.

5
350llD.04 0.1519502D+09 26.40316035 10.31945751 0.04750999 28.34819812

ROT.GEFO -0.13624540+06 -0.32656590+05 0.*97R885D,04 0.1402320D+06 -2.02476295 -0.98753505 0.04762156 2.25325504

STATE TRANSITION MATRIX PARTITIONS OVFR( 0.4589 0.500) -- TRANSPOSES SHOWN

X( 0.500) Y( 0.500) Z( 0.500) VX( 0.500) VY( 0.500) v7( 0.500)
X( 0.458) 0.99Q714n6760*O0 -0.14106763400-02 -0.7097106404D-04 -U.13867977710 -06 -0.75711663260-06 -0,37962225120-07
Y( 0.458) -0.14106860660-02 0.10013457240.n1 0.12227128260-03 -U.75

7
1295861n-06 0.71713918720-06 0.6505911133D-07

Z( 0.458) -0.70973866840-04 0.1222718228D-03 0.99892135780+00 -0.37963294540-07 0.6505983074n-07 -0.57723671500-06
VX( 0.458) 0.36PA495695D+04 -0.16b01434750+01 -0.8322A3149-01 U.9997620404n+00 -0.13362805370-02 -0.6676125613D-04
VY( 0.458) -0.1660151396D+01 0.36303712690+04 0.1425933334D+00 -0.1336289b19-o2 0.10012554360+01 0.1137746079D-03
VZ( 0.458) -0.8322Q00607D-01 0.14259377100+00 0.36275338400D04 -U.66762005770-04 0.11377511240-03 0.9989835939D00

- SOLVE-FOR PARAMFTERS
"-4

-- NONF

DYNAMIC CONSIDER PARAMFTERS

-- NONF
IGNORE PARAMETERS

-- NONE

DIAGONAL OF OYNAMIC NOISE MATRIX

0.n 0.0 0.0 0.0 0.0 0.0

MATRIX 1 = PHI*P*PHI(TRANSPOSE)
0.25~531521901D0+0 0.2639906I7804Don 0.738493502332D+00 0.883493908980D-OS 0.

7
2lp945360020-05 0.6678105236720-06

0.263990617804D*00 0.34499q8709130,On 0.107235197976D+01 0.118265084674D-04 0.961103525813D-05 0.3034496047900D-05
0.7384935023320+00 0.10773197976D+0 1 0.351777547170n+01 0.3726068960820-04 0.3019196600900-04 0.128283721544D-04
0.R834939089800-05 0.1187

6
9084674D-04 0.3726068960R80-04 0.407486604442D-09 0.3307919340640-09 0.112718731006D-O9

0.7218945360020-0; 0.961103525813n-0 0.30191960n9o00-04 0.330791934064D-09 0.268q103503840-09 o.BA464182 312D-10
0.667810523672D-0 0.303449604790D-0o 0.128283721544D-04 0.112718731006D-09 0.884641822312D-10 0.110414392615D-09

TOTAL COVARIANCE MATRIX AT K*+
0.2555315219010DOn 0.26399n617R04Don 0.73849350233D+00 0G.83493908980D-05 0.721894536002D-05 0.6A7810523672D-06
0.2639906178040n00 0.344?9q8709130DOn U.107235197976D+01 0.1182650846740-04 0.961103525813D-05 0.30344960479OD-05
0.738493502332D+00 0.l)7p35197976D+0I 0.351777547172001 0.3726068960820-04 0.3019196600900-04 0.128283721544D-04
0.A83493908980D-05 0.118265084674D-04 0.372606896087D-04 0.4074866044420-09 0.3307919340640-09 0.11271R731006D-09
0.7218945360020D-05 0.961103525R13D-q 0.3019196600900-04 0.330791934064D-09 0.26a81o350o3A4-09 0.8A4641822312D-10
0.667810523672D-06 0.3034496047900-0 0.128283721544D-04 0.1127187310060-09 0.884641822312D-10 0.110414392615s-09

CORRELATION MATRIX PARTTTIONS AND STANDARD DEVIATIONS AT EVENT TIME 0.500 DAYS
RASED ON MEASUREMENTS UP I0 TIME 0.458 DAYS

STD DEV X Y Z vX VY VZ



x Oo05501260+00 1.00000000

Y 0.qR677071n*00 .89001602 1.n0000000

7 0.1R7S5734nn1 0.778V1556 0.Q7439460 1.00000000

VX 0.~l186297-04 0.P8Sd14O9 0.o9846179 0.98414743 1.001)0000

VY 0.1639q437n-4 0.A7102079 0.Q9903050 0.9R182!58 0.9n4863 1.00000000

V7 0.105078250-04 o0.l252400 0.4921~P85 0.65091555 0.53140615 0.51348957 1,00000000

RSS POSITION ERROPS. .. n. ?029j187P78P01
RSS VFLOCITY ERRORS. . . n.?80483751301-04

SOLVE-FOR PARAMETEPS

-- NONE

DYNAMIC CONSIDER PARAMETERS

-- NONE

MEASULIEMENT CONSTDER PARaF'TFrRS

RAOTUq 1 n.129U0213 0.29197701 0.40672654 0.30416983 0.30723Q53 0.54480013

LAT 1 n.nA262037 0.19811883 0.27670151 0.20704865 0.20829430 0.38261640

LONG 1 -n.11657146 -0.66320152 0.01234723 -0.04023361 -0.04787184 0.000044A3

RADTUS P 0.0 0.0 0.0 0.0 0.0 0.0

LAT 2 0*.n *. 0.0 0.0 0.0 0.0

LONG P -0.135V9409 -0.07048879 0.01073642 -0.04S71377 -0.05500952 0.03826021

RADIUS 3 0.01521947 -0.,3605412 -0.25974806 -0.25057071 -0.26022651 -0,07004586

00 LAI 3 -0,01090619 0.16616126 0.18555110 0.17737487 0.18310772 0,06108290

do LONG 3 -0.17052716 -0.08560814 0.01031854 -0.056273?3 -0.06825937 0.08072670

NO SOLVE-FOR PARAMFTERS

POSITION EIGENVALUF SQUARE ROOTS OF EIGENVALUES

I 0.1059754779651D+00 1 0.32553875030+00
2 0.1973P866449690-02 2 0.444284442iD-01
3 0.40096574991lD+n1 3 0.2002412919D+01

POSITION EIGENVECTRP

1 0.9108441l0335eD+no n.2941058185436D+o0 -0.2895941762507+00

2 -0.35864282716230i)+0 0.9112239168746D+00 -0.20259R8544900 +00

3 0.2042Q9A37651lD*n0 0.2R83968460550D+00 0.9354618737506D 00

VFLOCITY ETGENVALUFS SQUARF ROOTS OF EIGENVALUES

1 0.71034340137910-09 1 026652268220-04

2 o.9b239 49514JD-13 2 0.310224Q011D-06

3 0.76271706572300-10 3 0.87333674250-05

VELOCITY EIGENVECTRS
1 0.755519171648D+00 0.61256586978320*00 0.2322796513R620D00

2 -0.6350337640831.+00 0.77190750766170+00 0.29858AR684210D-01
3 -o.1610n7A717Q29D+0n -0.17006426665320+00 0.97219062453230D00



STATF TRANSITION MATRIX PARTITIONS OVFR( 0.0 * 0.500) -- TRANSPOSES SHOWN

X( 0.500) Y( 0.500) Z( 0.500) VX( 0.500) VY( 0.500) V7( 0.500)
X( 0.0 ) 0.24484156800+02 0.11509271960+03 0.11928523770+02 -0.23103541810 -03 0.33426377930-02 0.28154698730-03
Y( 0.0 ) 046026659620n01 -0.69671750580+0 2 -0.38659329650+01 0.47407917940-n3 -0.21275561470-02 -0.1212379047D-03
Z( 0.0 0.281RR25326D001 0.228R938749+01 -0.19250901760+02 U.45048542180-04 0.37513218740-04 -0.3331A189550-03

VX( 0.0 0.2631472643D+05 0.1017076928n+06 0.95612668450D04 -0.9235642445n-0o 0.29285143280*01 0.23430230040+00
VY( 0.0 -0.6641341267D+03 0.11039401060+06 0.93064130A9D 04 -U.6334121358no00 0.3570799292D+01 0.2563171843Do00
VZ( 0.0 0.1120918786D*04 0.14972230240+05 0.63681749920+04 -U.59363938380-01 0.4534621760n*00 0.70754108700-01

SOLVE-FOR PARAMETERS

-- NONE

DYNAMIC CONSIDER PARAMFTFRS

-- NONE
IGNORE PARAMETERS

-- NONF

* SSUIMEn GUIDANCE EvFENT *

DIAGONAL OF DYNAMIC NMOTSE MATRTI
0.0 0.0 0.0 0.0 0.0 0.0

MATRIX 1 = PHI*P*PHI(TRANSPOSE)
0.1395276513310+07 0.152165993544D+07 0193A719311AID+06 0.1543634528830+02 0.386827374052D+02 0.397715938017+0Ol
0.1523659935440+07 0.196 68?20390D+07 0.1811956793570+06 0.1526390419500+02 0.512793520663D02 0.460226225742 D01
0.193671931181D+06 0.18R1956793570+06 0.900810416A18D+05 0.2307067303370+01 0.4565927493920+01 0.9759452106600+00
0.154363452883D+0' 0.152A39041950D*0? 0.2307067303370+01 0.179158133466D-03 0.3804377820900-03 0.4?678072507An-04
.0.3868?73740520+02 0.512793520663D.n0 0.456592749397D01 0.38043378209D00-03 0.134729495229D-02 0.1186973?49040-03
0.3977159380170+01 0.4602262257420+01 0.975945230660D+00 0.4267807250780-04 0.11RA97324904D-03 0.15003A300528D-04

TOTAL COVARIANCE MATRIX AT K+1
0,1395276513310D07 0.1523659935440D07 0.193671931181D+06 0.154363452883n+02 0.386A273740520+02 0.3077159380170,01
0.152365993544007 0.196468220390D007 0.1813956791570)06 0.1526390419500+02 0.512793520663D+02 0.4602262?57420+01
0.193671931181006 0.181195679357D00 0.900R10416610D+05 0.230706730337D+01 0.4565927493920+01 0.975945230660D+00
0.154363452883D+02 0.152A3Q0419500D+0? .230706730337D+01 0.1791581334660-03 0.3804337820900-01 0.426780725078n-04
0.3868273740520+02 0.5127935206630+0 0.4565927493920+01 0.38043378209UD-03 0.134P294952290-02 0.1186973249040-03
0.397715938017D+01 0.460226225742D+01 U*975945230660D+00 0.4267807250780-04 0.11897324904D-03 0.1500343905280-04

CONTROL CORRELATION MATRIX PARTITIONS AND STANDAR DEVIATIONS JUST BEFORE GUIDANCE CORRECTION AT TIME 0,0O00000 DAYS

STD DEV X Y Z vX VY vZ
X 0.11812182n+04 1..n000000
Y 0.14023945n+04 0.91979451 1.00000000
7 0.3n0135040n03 n.54628571 0.43096613 1.o0000000

VX 0.133849970-01 n.97632875 0.R1316799 0,57428213 1.00W00000
VY 0.366373440-01 n.A9384678 0.99804806 0.41522963 0.77477688 1.00000000
VZ 0.38734789n-02 0.86924391 0.84723340 U083947458 0.82316204 0.83640333 1.o00000on

RSS POSITION ERRORS. . . 0.185796656q5600 04



RSS VELOCITY ERRORS. . . n.391976647R77n-U1

SOLVF-FOR PARAMETFPS

-- NONE

nYNAMIC CONSIDER PARAMETEHS

-- NONE

MEASUREMENT CONSIDER PARAMFTFRS
RADIUS 1 0.0 0.0 0.0 0.0 0.0 0.0

LAT 1 0.0 0.0 0.0 0.0 0.0 0.0

LONG 1 0.0 0.0 00 0.0 0.0 0.0

RADIUS P. 0.0 0.0 UO0 0.0 0.0 0.0

LAT ? 0.0 0.0 0.0 0.0 0.0 0.0

LONr ? 0.0 O.n 0.0 0.0 0.0 0.0

HADTUS 1 0.0 0.0 0.0 U*O 0.0 0.0

LAI 3 0.0 0.0 0.0 0.0 0.0 0.0

LONr 3 0.0 0.0 0.0 0.0 0.0 0.0

h0 SOLVE-FOR PARAMFTFRS

POSITION ETGENVAI.LIFS SQUARQF ROOTS OF EIGENVALUES
1 0.14499931586D+0A I 0.3RU7877789D*03
2 n.32531](617551D+07 ? 0.18036378900+04

o 3 n,539307RR73?3bD+09 3 0.2322300341D*03

POSITION EIGENVECTOPS
1 n.68534407A6809)+O0 -0.6124524731348D+00 0.39396124772550+00

? 0.637108a1132UD+n0 0.76629668950180+00 0.829562392543D-01
3 -0.l5?bQ7Q6PP027D+00 0.1941426068889D+00 0.9153757672263D000

VFLOCITY EIGFNVALUq SOIJARF ROOTS OF EIGENVALUES

1 0.66S57214q5lR9O-04 1 0.81582605080-02

2 0.1466(.009740810-02 2 0.38296226630-01

3 0.329873An4q73D-05 3 0.1A162423310-02

VFLOCITY ETGENVECTORS
1 n.94q57?1504?U

4
De0O -0.29344648517060.00 0.1104603755456D+00

? 0.28495Q7A168-+00 0.95463524987320+00 0.8643859870153D-01

3 -0.1308144711210+00 -0.5060335997248U-01 0.9901149762430D+00

STATE TRANSITION MATRIX PARTITTONS OVFP( 0.500, 36.001) -- TRANSPOSES SHOWN

X( 36.001) Y( 36,001) Z( 36,.001) VX( 36.001) VY( 36.001) VZ( 36.001)

X( 0.500) 0.446308??67D02 -n_.1649clS16n00P -0.993933b67560+00 0.3248716752n-04 -0.29568780760-04 -0,2058419?11D-06
Y( 0.500) -0.4?P13704RP22D02 n.7272649981D+02 0.1508015134ri001 -0.53927747560-04 0.4651R827600-04 0.3262794198D-06

7( 0.500) -0.3Q34c33672D+01 0.38436R38520*01 -0,7741704991l+01 -0.2666827322n-05 0.2349263867D-05 -0.954 389793D-06

VX( 0.500) 0.7439505Q550n07 -0.60b4062852nD07 -0.91957511000+05 0.46749478440+01 -0.410R9 4938DO01 -0.27441369710-01

VY( 0.500) -0.7139RO2867n07 T.7728713549Rn+n 0.10403928960+06 -u.5102103901n+01 0.4489165735n*01 0.2980729650-01



VZ( 0.500) -0.21576759640+06 0.2047873982D+06 0.97629809060+06 -U.14712210800+00 0.1293338870D000 -0.6167355214D-02

SOLVE-FOR PARAMETERS

-- NONE

DYNAMIC CONSIDER PARAMETERS

-- NONE
IGNORE PARAMETERS

-- NONE
(VARIATION MATRIX HAS BEFN COMPUTED AND PUNCHED)

VARIATION MATRIX
0.4463082?3AD+n2 -n.82137 04 A22U002 -0.39345336720D01 0.74395059550*07 -0.7139802867D+07 -0.21576759640+06

-0.51R4955186D+02 0.7272649910D+02 0.39436A3852D001 -0.6054062852U*07 0077287135490D07 0.20478739820+06
-0.99393367560,00 0.150801134u+01 -0.77417049910+01 -0*9195751100D005 0,1040392896D+06 0.9762980906D+06

TARGET CONDITION CORRELATION MATRIX AND STANDARD DEVIATIONS BEFORE GUIDANCE CORRFCTION
O.P65P947711D+06 0.10000000000n01 -0.99918591470+00 -0.9901739327D+00
0.2778750976D+06 -O.999159147n+oo0 01000000o00OOD+1 0.9949752177+00
0.A215439103D*04 -0.9901739327n*00 0.9945752177D*00 0.10000000000+01

EIGENVALUFS SQUARE ROOTS OF EIGENVALUES
1 0.604015q433790+0O 1 0.7771843690D*04
2 0.14757404635 0+12 2 0.3841536211D+06
3 0.1109371Ra23130+06 3 0.3330723468D+03

EIGENVECTORS
1 0.7215447A9452D+00 0.6869272566471D+00 0.8662773614772D-01
2 -0.690441?743571D00 0.7P

3
21017328R80+00 0.160611A3093280-01

3 -0.516172n9g6A78D-01 -n.7140020537063D-01 0.99611127609820+00

GUIDANCE MATPTX -- FIXED TIME OF ARRIVAL GUTDANCE POLICY
0.17741978i80-05 0.A0uR9A9A Q3U-0 0*3?307486310-Ob -0.10000000000D01 0.0 0.0
0.809896893n-05 -0.30602qq9810-05 -0.45646076610-06 0.0 -0.1000000l000D1o 0.0
0.323074R63?D-06 -0.45646n7A610-06 0n.0087261060-05 0.0 0.0 -0.10000no0000+l o

VELOCITY CORRECTION CORRELATIUU IATHIX AND STANDARD DEVIATIONS
0.7344980970D-0P 0.10ono000000o01 -n.4973012394D*00 -0.3935299392D+00
0.32678411550-01 -0.407101 2 3

94D+00 000000000DO1 0.9A4737763n+o00
0.25618562460-07 -0.3935299392r)+00 n,9847377630D+00 0.100000000oD+01



DELTA-VEE STATISTTCS -

ETGEFNVALUFS OF S 0J.1ORROTI'D-fl' KM2/SEC2 0.40201851U-04 Kt42/SEC? 0.11711R9nD-06 KM2/SEC2

TRACE OF S -- .112939n40-0P KM2/SEC2

SUUARE ROOT OlF TRACF --- U.33591523n-01 KM/SEC

EIGFNVALI.IF RATIOS -- 1.nooonoonf 0.03A947AD U.on00764

EIGENVECTOWS OF S -.. O9923A;13O~nA 0.11097166D00 0.53507044D-01
(IRANSPOSF) -O.114H684pD~nn 0.9904473000 0.7r6294897n-01

-0-44510445D-01 -0.81A50038D-U1 0,99564934n.00

MEAN --- 0-273AS9370-01 KM/SEC

STANDARD nFVTATTOP' U.19448305D0-01 KM/SEC

OELTA-VECQO) =O0b464376AU-nl KM/SEC
DELTA-VFECOQ) = 0.85??5253D-01 KM/SEC
DELTA-VFE(99.9) =U.10875402D+Om KM/SEC
OELTA-VFE(9q.99 = 0.l2A52326D0n KM/SEC

rQ FXPECrF) VALUr OF vEi OCrT CORPFrTTONl
-0.3140.123A130-0? 0.27127PQ9Ii4,'-oj nPOcQ936?263l-02

SIGPPO= 3.1 0G00flO00-01 SIG. FS= 0. loonooonOnn-09
S~IGALP= 0.3430I)Qoo00P-03 0S1GHFT= 0.343000O0nWfl3

EXECiITION ERROR CORDFLATION MATR-IX ANn qTANnARI) DEVTATIONS
f.04P75097Ti)-0-; 0.1000000000041 n.14645,7c205n+00' 0.624666092on-0?.
0.28012039640-03 0. 14645754'051,400 O.1000000000"o'J -0.9700808444D-01
o.sn6P040727l-oj 0.6P4AA60920fl-02 -0.970O?30R444D-0l 0. 1000O0onD,01

ETGENVAL-UFS SO9IARF ROOTS OF EIGENVALUEb
1 n.?573027P1901iO-06 1 0.5n72502163O-03

2 .7511r43q~iQ3(D-07 2 0.27407I867ifl-03
3 0.2573027RIgnI1U-06 3 0.5072502163D-03

E IGENVECTORS,
I n.993258AQ421D.00 1.1 157178983607D.0o wo.679568p'9Q6j48D-l2

2 -O.1148A~R41r,152'9D+00 0.9904473038243D*00 O.76284R97?429in-01
3 0.155203P8679D-11 -n.74990041646060-01 0.997062c)0330410+00

CONTROL (AND KNQWLFOCE) COPL'ELATION MATQTX iARTTTIONS AND STANDARD DEVIATIONS JUST AFTER GllIDAmCE CORRECTTON AT TIME 0.r,00 DAYS

STn nFV A Y Zvx VY vz
X 0.rsn550l?6m+00 i.0O0000

y .9;8677071fl'0A O.A9001602 1.00000000
Z O.1RT55734n+A1 0l.778915r,6 n07439460 1.00000000

0X .9n527849nOO3 n.014n9000 o.n3QBA938 0.03931751 1.00000000
VY .PA079946n-03 o.Oq0O5753 0.nSS33181 0.05732725 0.14642239 1.00000000

V7 0.S06313120-o3 0.00260923 0.n1021407 0.01350885 0.00168093 -0.09619949 1.OooO00o

RSS POSITION ERRORS. . . 0.202918t77801
RSS VELOCITY ERRORS. . . O.-7684449644196l-U3



SOLVE-FOR PARAMETERS

-- NONF

DYNAMIC CONSIDER PARAMFTERS

--NONE

MEASUREMENT CONSIDER PARAMETFPR
RADIUS 1 0.12900213 0.29197701 0.40672654 0.01215184 0.01793923 0.01130657
LAT 1 0.0A262037 0.19811883 0.27670151 U0.0027177 0.01216227 0.00794067
LONG 1 -0.11657146 -0.06320152 0.01234723 -0.00160737 -0.00279516 0.00000093
RADIUS 2 0.0 0.0 0.0 0.0 0.0 0.0
LAT 2 0.0 0.0 0.0 0.0 0.0 0.0
LONG 2 -0.13599409 -0.07048879 0.01073642 -0.00182630 -0.00321192 0.00079404
RAODIUS 3 o.n1521947 -0.23605412 -0.25974806 -0.0100105) -0.01519422 -0.00145370
LAl 3 -0.01090619 0.16616126 0.18555710 0.00708627 0.01069137 0.00126769
LONG 3 -0.1702716 -0.08560814 0.01031854 -0.00224816 -0.00398556 0.00167537

NO SOLVE-FOR PARAMFTERS

POSITION EIGFNVALUFS SQUAPF ROOTS OF EIGENVALUES
1 0.1059754779651D+00 1 0.3255387503D+00
2 0.1973R86654969D-02 2 0.4442844421D-01
3 0.400965749991D+01 3 0.2002412919D+01

POSITION EIGENVECToRS
1 0.910844103335?2D+n 0.29410581854360+00 -0.2895941762507n+00
2 -n.35864282716230+00 0.911223916874b6000 -0.20259A85449000+00
3 n.204299A37651bD+00 0.?8839684605500+00 0.93546187375060+00

VELOCITY EIGENVALUFS SOUARE ROOTS OF EIGENVALUES
1 0.257808qo021690-06 1 0.50774855310-03
2 0.753206626n46D-07 2 0.2744461019D-03
3 0.257378407391'D-06 3 0.50732475530-03

VELOCITY EIGENVECTORq
1 0.9672061415015D+00 0.95835810734480-01 0.235218s6507060+00
2 -0.11658381917220+0n 0.90027523252540+00 0.75915590980310-01
3 -0.225655AR70106D00 -0.1008487046398D+00 0.96897319348480+00

TARGFT CONDITION CORRELATION MATRIA AN STANDARD DEVIATIONS AFTER GUIDANCE CORRECTION
0.3984468041D+04 0.100000000D+01 -n.9895349199D+00 -0.7582339546D-01
0.3472894984D+04 -0,9A9534

9 1
99D00 0,100000000001 0.66867191350-01

0.493R4654710+03 -0.7~R2395460-01 0.6686719135D-01 0.100000000o+01

EIGENVALUPS SQUARE ROOTS OF EIGENVALUES
1 0.2779482443544008 1 0.52720797070+04
2 0.142137529543bD+06 2 0,37701130690+03
3 0.243907q936753D0+6 3 0.4038700170D*03

EIGENVECTORS
1 0.754

2
96413476D0+00 -0.65649854506870+00 -0.68175178288850-02

2 0.652877A3j1710+00o 0.74896011160740+00 0.1131827317818D+00
3 -0.69198249R27b D-01 -0.8982433714609D-01 0.9935507992433D+00



ERROR ANALYSIS MODE- PREDICTION EVENT AT TRAJECTORY TIME U.150000000 01 DAYS PRO8LEM, . a
PNFDICTING TO TRAJECTORY TIME. . . 0.500U00000001 DAYS

AT TRAJECTORY TIME 1.5000

STATE X-COMP Y-COMP Z-COMP RADIUS X-DOT Y-DOT Z-DOT VELOCITY

INEPTTAL -0.1A254000.06 0.2251049n*+6 0.8450351D+04 0.2899387D006 -1.10026065 0.6208888 0.01828918 1.46168499
HELIO- 0.47192590+08 -0.14429]00+09 0./823107D+04 0.15181250*09 26.7e025286 10.12514743 0.01841908 28.57430424
ROT.GFO- -0.770767]n06 -0.10333S50.06 0.8450351+04 n.2899387U*06 -1.27686062 -0.69366870 0.01828940 1.45323219

STATF TRANSITION MATIA PARTITIONS OVFR( 1.400. 1.500) -- TRANSPOSES SHOWN

X( 1.500) Y( 1.500) Z( 1.500) VX( 1.500) VY( 1.500) VZ( 1,500)
xi 1.400) ol0001166090+f 1 On,989.q240170-03 -0.37557361850-04 0.2700381847r-07 -0.22416440150-06 -0.844375733D-08
Y( 1.400) -0.QA92441348D-o3 0.10005RA614n+0l 0.46808216910-04 -0.2241655611n-06 0.12599092100-06 0.10547007R1D-07
7( 1.400) -0.37557523860-04 1.460H3?7060-04 0.9932522600+00 -U.8484473077-R08 0.1054707441D-07 -0.1527921318D-06

VX( 1.400) 0. A40133430D*+4 -0.27873208100D01 -0.10548584D000 U.10001163860+01 -0.94732763700-03 -0.3573984110-04
VY( 1.400) -0.278741?8P6D+;)1 0 .641565731004 0.13111638170+00 -0.9473297118n-03 0.100029536n001 0.44308055780D-04
VZ( 1.400) -0.105475190D+00 n.13111760260+0 O.Ab3809959950+04 -0.3574001606n-04 0.4430R175640-04 0.99935450360+00

. SOLVF-FOR PARAMFTERS

-- NONE

DYNAMIC CONSIDFR PARAMFTERS

-- NONF
IGNOPE PARAMETFRS

-- NONE

nIAGONAL OF DYNAMIC NOTSF mATRTX

0.n 0.0 0.n 0.0 0.0 0.0

MATRTX 1 = PHI*P*PHI(TRANSPOSE)
0.144770?373f1000 0.155n dlo0787Don 0.366A6354105QD+00 0.191736614748d-05 0.1601241225760-05 0.2143907744 SD-05
0.150919907R7D0o 0.1739152573540+0n 0.401?65397qq99000 0.220308252833D-05 0.183410308427D-05 0.220324315762D-05
0.16A6Al5410S9D+0n 0.401~69397q95D+nn 0.12?71334274D+O01 0.5?61498041540-05 0.4327131278150-O5 0.7610796517910-05
.0.191736614 748-0 0.??0O0R25RAJu-no 0.5261498n4R4 5-O5 0.291R1~795909D-10 0.23999244764D-10 0.2892384691s55D-1
0.160124122576D-05 O. 134103084270-05 0.432713?1A15D-05 0.2399982447640-10 0.198121666245D-10 0.235561764743D-10
0.2143907744lDO-0 0.2?032431576?D-o 0.7510796q17910-0 0.2892384291550-10 0.235q61764743D-10 0.527715103223D-10

TOTAL COVARIANCE MATPIX AT K+1
0.144770293731000n 0.15SS0aQ907T87Dnn 0.3666635410590+00 0.1917366147480-05 0.160124122576D-05 0.214390774485D-05
0.15qO~1990797D+O0 0.173q155?73540noj 0.401765397990;D+00 0.220306252833D-05 0.1834103084270-0 0.220324315762D-05
0.166661541590+0n 0.40 6I 307995+0On 0.122513342743D.01 0.5261498041530-05 0.4327131278150-05 0.751079651791D-05
0.19173A614748D-O~ 0.?20l0R25r830OD-0 0.5261498041530-05 0.291R18795909D-10 0.23999A2447640-10 0.2892384291550-10
0.1601241225760-0 0.1A3410308427D-oq 0.432713127150-05 0.239998244764D-10 0ol19R3216662450-10 0.2355617A4743D-10
?.2143907744R5-05 0.2 30241576?D.o- 0.7510796517910-05 0.289238429155D-10 0.235561764743D-10 0.5277151032230-10

COPRFLATION MATRTX PARTITIONS AND STANDARD DEVIATTONS AT EVENT TIME 1.500 DAYS
RASED ON MFASUREMENT UP 10 TTmE 1.400 DAYR



STD DEV X Y Z vX VY VZ
x 0.38048692n+00 1.000u000 0
Y 0.41655163D*00 0.97848192 1.00000000
7 0.11068575n+01 0.87063537 0.87030441 1.00000000

VX 0.54020255n-05 0.q3264330 0.Q7905097 0.87995627 1.00000000
VY 0.44533321n-05 09.4500032 n.qR 71205 0.87785603 0.99762277 1.00000000
VZ 0.726440020-05 0,77565144 0.72810470 0.93410251 0.73705450 0.72814849 1.00000000

RSS POSITION ERRORS. . . n.124234414670+01
RSS VFLOCITY ERRORS. . . 0.1008R882AlqlD-04

SOLVE-FOR PARAMETERS

-- NONE

nYNAMIC CONSIDER PARAMETERS

-- NONE

MEASUREMENT CONSIDER PARAMFTFRP
RADIUS 1 0.61025411 0.57756642 0.79584488 0.

5
3A04555 0.55669997 0.77326488

LAT 1 0.42?98119 0.40287960 0.55342683 0.37384709 0.38802596 0.54024015
LONG I -. 43077117 -0.33737097 -u.01790800 -0.18317114 -0.22152009 -0.01814A79
RADIUS 2 -o,01577q10 -0.10150225 U.00257263 -0.13984156 -0.14471711 0.06055829
LAT 2 -0.01139378 -0.07329277 0.00185765 -0.10097692 -0.10449737 0.04372794

od LONG ? -0.339b0926 -0.23818893 0*0408400 -0.07709499 -0.11754895 0.02569300
RADIUS 3 -0.17487514 -0.20658718 -0.10158684 -0.26947780 -0.25247323 -0.20159441

' LAT 3 0.12668616 0.15060730 0.07552862 0.19188791 0.18229496 0.13517353
LONG 3 -n.29194903 -0.20392978 0.10506459 -0.03256852 -0.08146963 0.09533406

NO SOLVE-FOR PARAMETERS

TARGETED NOMINAL AT 5.000
-0.435305319D+06 0.4267441?22+06 0.109345160+05 -0.6678186800+00 0.495650074000 0.2968158800-02

STATE TRANSITION MATRIX PARTITIONS OVrR( 1.500, 5.000) -- TRANSPOSFS SHOWN

X( 5.000) Y( 5.000) Z( 5.000) VX( 5.000) vY( 5.000) VZ( 5.000)
X( 1.500) 0.1126q34210D001 -n.5022262103n+00 -0.16772276120-01 0.80500364120-06 -0.2525757355n-05 -0.80042464690-07
Y( 1.500) -0.5075450501)+0 0.12644R47040+01 0.19339316680-01 -U.2582989726n-05 0.13774337870-05 0.9068224159D-07
7( 1.500) -0.1723995172n-01 0.19069005910- n 0.68552247910+00 -0.85145307730-07 0.9432101281D-07 -0.1483676904D-05

VX( 1.500) 0.3112047531'+06 -0.32499469300*05 -0.10110424670+04 0.1075949357n+01 -0.23938579120+00 -0.70203443620-02
VY( 1.500) -0.3?64905165D0b n.3112207377D006 0.1109'140440+04 -0.2413029326n+00 0.11061946410+01 0.7492104A160-02
V7( 1.500) -0.10244U09540+04 0.11187411620+04 0.28147028340+06 -,.7194660862D-02 0.7617527078n-02 0.8494366445D+00

SOLVE-FOR PARAMETERS

-- NONE

DYNAMIC CONSIDFR PARAMETERS

-- NONE
IGNORE PARAMETERS



-- NONE

nIAGONAL OF DYNAMIr NOISF MATRTX

0.0 n.0o 0. 0.0 0.0 O

MATRIX 1 = PHI*P*PHI(TRANSPOSF)
0o29?655674A94D+01 0.27316938970D+01 U.379352948031D0+01 0.6562077991900-05 0.582849805638D-0c 0.545894841654D-05

0.273189389706001 0. 2 57n6 4 6 76355Dol 0.344794051150001 0.6118347860190-05 0.549105919294D-05 0.4872449186800-05
0.37A352948031+O01 0.344794051150D*01 0*765i5591971D+01 0.8310331076960-05 0.73136A153750D-05 0.126117151520D-04

0.6562077991900-06 0.611P34786019D-nS 0.83103310769AD-05 0.1487416649060-10 0.131?930687270-10 0.1187243765830-10

0.58?849805638D-05 0.549A059]9294D-0s 0.7313661370nD-05 0.13129306872(0-10 0.117A592737030-1f 0.1025387R02340-10

0. 5 458 4 841654D--5 0.487744918A80D-O 0.12611711cnD-04 0.1187243765830-10 0.10253A780234D-10 0.218375455415D010

TOTAL COVARIANCE MATRIX AT K+1

0.2926556748940+01 0.2731A93R970hD+01 0.37R352948031D01 0.6562077991900-05 0.582R49805638D-05 0.545894841654D-05

0.77319o3897060D01 0.?S7n64676359D+01 .0.344794051150;+01 0.611R34786019D-05 0.549305919294D-05 0.487244918680D-05

0.37R35948031De01 0.344794051150D+01 0.7658559019710+01 0.8310331076960-05 0.
7
3136A1537500-05 0.126117151520D-04

0.656?0779919D-05 0.61]3478601QD-0o U*831033107A96D-05 0.1487416649060D-10 0.1312930687270-10 0.118724376583D-10

0.5R?84980563RD-09 0.54q905919294D-04 0.7311661537nD-05 0.1312930687270-10 0.117R552737n30-10 O.102538TA02340-10

0.545d94841654D-04 0.487244918680D-oq 0.12611715152n0-04 0.118724376583D-10 0.1025387802340-10 0.218375455415D-10

COPRRELATION MATPTX PARTTTIONS AND STANDARD DEVIATIONS AT TIME 5.000 UAYS
BASED ON PRFULCTIOf FROM TIMF 1.500 DAYS

STn DEV Y Z vX VY vZ

x 0.1710718n+nl1 1.n00000000
yo v 0.160332370n+n 0.99601104 1.00000000
7 0.?7674103n*+1 0.799 1

80M9 n.77707A70 1.00000000
VX 0.185670410-05 0.99459574 0.Q8945636 0.77862519 1.00n00000
VY n.343300560-05 n.99243865 0.99797248 0.76981575 0.99163300 1.00000000

V7 0.46730660n-05 0.68285517 0.6503]565 0.97521121 0.65875158 0.63916314 1.00000000

RSS POSITION ERRORR. . . n.36?70874R580n+
0
1

RSS VFLOCITY ERRORS . . n.6963995936420-)5

SOLVF-FOR PARAMETFPS

-- NONE

nYNAMIC CONSIDER PARAMFTERS

-- NONE

MEFASUREMENT CONSIDER PARAMFTFRS
RADIUS 1 0.54843797 0.56354687 0.78974660 0.51015007 0.55928986 0,74171228

LAT 1 n.3A220545 0.39314853 0.55105087 0.35964723 0.39044741 0.51912143

LONG 1 -0.22721695 -0.23495144 -0.01834199 -0.15373567 -0.18551151 -0.01768645
RADIUS 2 -0.11686595 -0.14332072 0.04520771 -0*14424700 -0.16648089 0.07844537

LAT 2 -0.08438659 -0.10348906 0.03264359 -0.10415790 -0.12021256 0.05664385

LON 2 -. 12201253 -0.13223166 0.03020822 -0.04529304 -0.08275172 0.01965442

RADIUS 3 -0.2972296 -0.24237356 -0.17691922 -0.28691350 -0.25269514 -0.23064571

LAT 3 0.186d0389 0.17547884 0.12067118 0.20577565 0.18273583 0.15207013

LONG 3 -0,074b43S5 -0.09850605 0.09924331 0.00346432 -0.05226331 0.088O90071

NO SOLVE-FOR PARAMFTERS

POSITION ETGENVALUrS SQOLARF ROOTS OF EIGENVALUES

1 0.13415143159040+01 1 0.11582375990D01



2 0.916454qP814dD-02 ? O.9ciT3163144O-O1
3 O.118OSOA4t;91O40+O2 3 0.3435852813D+Ol

POSITION ETGENVECTORS
1 0.5438761?1676)O+oO 0.5555226(,450430+0() -0.62b9619334798D+0O
2 -O.70O205ln748710+no 0.71351364565110+00 0.2472O131A3172n-ol
3 o .462505Oc;6350D+00 f.4?E65766381650+0O O.777042QB550050+Oo

VFLOCITY ETGPNVALUFrS SQUJARE ROOTS OF EIG7ENVALUES
1 0.4005ci94OR3329D-10 I 0.6328976286D-05
2 0.105877nPI97110-12 2 0.32538749820-06
3 O.R33542154',156D-11 3 0.28871l30leD-O5

VFLOCITY EIGENVErTOPq
1 f.568734R479597D~nn 0.500794445821.70.00 0.652491%5357730n,00
2 -0.672471R87207JDOon 0. 7398970078656J+00 0. 182714n3l4823D-01
3 -0.4736?6r,3Q7312DflA -0.4491 7406513030.00 0.7575754494383D.00n



ERROR ANALYSTS MODE-FINAL INSERTION EVENT AT TRAJECTORY TIME 0.34547190D002 DAYS PROBLEM, * 0

AT TRAJECTORY TIME 34.547?

STATE X-COMP Y-COMP Z-COMP RADIUS X-DOT Y-DOT Z-OOT VELOCITY

INERTITAL -0.1162550D+07 0.99909780.06 0.007736D,01 0.15071170*07 -0.11696875 0.10617756 -0.00614138 0015809200

HELIO- 0.1145084n+09 -0.96984220. O -0.2005447D03 0.15006040+09 18.65823215 22.73287502 -0.00512210 29.40940768

ROT.GFO- -0.1506994nA07 -0.19296500+M5 0.4007736D*03 0.15071170D07 -0.16162185 009776686 -0.00613297 0.33885740

STATE TRANSITION MATPIX PARTITIONS OVF4( 31.0009 34.547) -- TRANSPOSES SHOWN

X( 34.547) Y( 34.547) Z( 34.547) VX( 34.547) VY( 34.547) VZ( 34.547)

X( 31.000) 0.1005A53692n01 -n.119116945n-01 -0.15516746410-04 0.3818982608n-07 -0.74082965880-07 -0.80801350680D-10

Y( 31.000) -0.1149160675D-01 0.10019647620*01 0.12777?38917D-04 -U.7409013956n-07 0.12491640780-07 0.66537167170-10

7( 31.000) -0.1c54498960-04 n.1279534913-04 0.99224120580+00 -0.8124612562D-10 0.6690490158D-10 -o.49q14365T7D-07

VX( 31.000) 0.3070710023Dn06 -0.117377603D04 -0.12565824090+01 U.1005796574001 -0.1118i194160-01 -0.9257166693D-05

VY( 31.000) -0.1157404444D+04 0.30b6695734+04 0.)0348094840+01 -0.1118563614n-01 0.10018196810+01 0.76267993370-05

v7( 31.000) -0.125 4261300 l0 n.1036331415001 0.30569470570*06 -0.9283931377n-05 0.7648916153D-05 0.9924419927D00

00 SLVF-FOR PARAMFTERS

-- NONF

DYNAMIC CONSIDFR PARAMETERS

-- NONF

IGNORE PARAMETERS

-- NONE

DIAGONAL OF DYNAMIC NOISE MATRTX

0.0 0.0 0.0 0.0 0,0 0.0

MATRIX 1 = PHI*PoPHI(TRANSPOSE)
0.6770P3242766D01 -0.3129002087590D01 0.28342245525AD-01 0.1870606594980-04 -0.144A06821

6
R4D-04 -0.2504864620950-08

-0.312900nn208759D+01 0.66041154090D01 0.394232o1A3D+01 -0.145684254215D-04 0.1658965325470-04 0.4460448443400-06
0.283824552SRD+01 0.3943205135D Ol 0.151621163351D+02 -0.1168090713730-06 0.6749825356460-06 0.3750783239300-05

0.18706n6594980-04 -0.145A84254215D-0& -0.11680907137ID-06 0.61563263513UD-10 -0.480383687531D-10 -0.5131782208320D-12

-0.1448068216840-04 0.165a96532547D-04 0.6749825356460-06 -0.4803836875310-10 0.540707406538D-10 0.584332976736D-12

-0.250486462095D-O9 0.446044A443400-0o 037507832393nD-05 -0.51317822083eD-12 0.5841329767360-12 0.982532546783D-11

TOTAL COVARIANCE MATRIX AT K+1
0.677081242766D*01 -0.3120nn208759D*0 U*2838224552SAD+01 0.187060659498D-04 -0.144RO6821684D-04 -0.2%0486462095D-08

-0.3129002087590D01 0.66694115409D+o01 0.394?32051835D+01 -0.145684254215D-04 0.165896532547D-04 0.4460448443400-06

0.2838 2455258 D01 0.394732051839D ol U.1516211633510+02 -0.116809071373D-06 0.6749825356460-06 0*3750783239300-05

0.14706n0594980-04 -0.145AP4254215D-04 -0IIARO0907137fn-0A 0.61563263513UD-10 -0.480383687531D-10 -0.5131782,0832D-12

-0.1448068216840-04 0.165896532547D-04 0,674982535646D-06 -0.4803836875310-10 0.540707406538D-10 0.5843329767360-12

-0.2504RA4620950-OR 0.4460448443400-06 0.3750783239300-05 -0.5131782208320-12 0.5843329767360-12 0.9A25325467830-11

CORRFLATION MATRIX PARTTTTONS AND STANDARD DEVIATIONS AT EVENT TIME 34.547 DAYS
RASED ON MFASUREMENTS UP TO TIME 31.000 DAYS

STD DFV x Y Z VX VY V7



X 0.26020823n*01 1.00000000
Y 0.25825204n*01 -0.46563012 1.00000000
Z 0.38938562*01 0.28012109 0.39203809 1.0000000

VX 0.784622610-05 0.91622178 -0.71896548 -0.00382328 1.00000000
VY 0.73532809n-05 -0.796W0994 0.87359953 0.02357390 -0.83261892 1.00000000
V7 0.31345375n-05 -0.00030711 0.05510123 0.30730426 -0.02086575 0.02535162 1.00000000

RSS POSITION ERRORS. . . 0.53481174q4170*01
RSS VELOCITY ERRORS. . n.11200862qA9D-04

SOLVE-FOR PARAMETERS

-- NONE

DYNAMIC CONSIDER PARAMETERS

-- NONE

MEASUREMENT CONSIDER PARAMETCRS
RADIUS I 0.23597136 0.37476411 0.81070816 -0.00213212 0.02343533 0.07687363
LAT 1 0.1630026Q 0.?5901837 0.56009351 -0.00155279 0.01610984 0.05217086
LONG 1 -0.24475987 -0.26377406 0.03968606 0.00109735 0.00447030 -0.01324388
RADIUS 2 n.1653449 0,16493759 0.43502b15 0.0088103 -0.00082371 -0.00722827
LAT 2 0.11740348 0.11665031 0.30767129 .0.00202369 -0.00060590 -0.00535862
LONG 2 -0.233833R5 -0.?2801733 0.07887893 -0.00070456 0.00774797 0.00279494
RADIUS 3 0,071 9135 -0.00067880 0014559004 0.00n03657 -0.01806919 -0.08357345

w LAT 3 -0.04942553 0.00040249 -0.10025590 -0.00003570 0.01244345 0.05791271
LONG 3 -0.20007658 -0.22255347 0,12068100 0.00422405 0.00629113 0.011088P2

NO SOLVE-FOR PARAMFTFRS

POSITION EIGENVALUcS SOIIARF ROOTS OF EIGENVALUES
1 0.978900347399D+01 1 0.3128738140001
2 0.18503701044910+01 2 0.136028640bD+01
3 0.1696297ARS173D+0? 3 0.411861370bD*01

POSITION EIGENVEC1ORS
1 0.753137T3n4467D00 -0.6528367459454000 . 0.8116676275430-01
2 0.636518171115JD+o0 0.69196024759A60U00 -0.340640n3146620+00
3 0.1662181564289D+O0 0.30821291161580U00 0.93668368491540+00

VFLOCITY EIGENVALUFS SQUARE ROOTS OF EIGENVALUEi
1 0.1060074498171D-09 1 0.1029599174D-04
2 0.9602840659546D-11 ? 0.3098845053D-05
3 0.984904315800JD-11 3 0.31383185240-05

VELOCITY EIGENVECTORq
1 0.734052 3 212R9D+00 -0.67904529624720+00 -0.80419127976590-02
2 O.63438330Al846D+o0 0.6899020919463000 -0.34870176630600D00
3 0.24233242A665

5
D+00 0.2508636864370U*00 0.93719923485540+00



STATF TRANSITION MATRIX PARTITIONS OVFR( Jil.0no 34.547) -- TRANSPOSES SHOWN

X( 34.5471 Y( 34.547) Z( 34.547) VX( 34.547) VY( 34.547) VZ( 34.547)

X( 31.000) 0.1005P536920nl -0.1149116945D-01 -0.15516746410-04 U.3818982608n-07 -0.7408296588n-07 -0.80R0135068D-10

Y( 31.000) -0.1149160650-C1 0.1001964762l01 0.12772389170-04 -0.74090139560-07 0.12491640780-07 0.66537167170-10

7( 31.000) -0.1514449896D-04 n.1219534913n-04 0.992?412058D000 -0.81246125620-10 0.6690490158D-10 -0.4Qq1436570-07
VX( 31.000) 0.3070710030D+06 -O.1157377603D+04 -0.1256582409D+01 0.10057965740n01 -0.11185194160-01 -0.92571666930-05

VY( 31.000) -0.11574044440+04 0.30b66957340+06 0o10348094840+01 -0.1118563614n-01 0.10018196810+01 0.76?67993370-05

V7( 31.000) -0.12584261300+01 n.10363314150+01 0.3056947057D+06 -0.92839313770-05 0.7648916153D-05 0.992441597TD+00

SOLVF-FOR PARAMFTERS

-- NONE

DYNAMIC CONSIDER PARAMFTFRS

-- NONE
IGNORE PARAMETFRS

-- NONF

* ASSUMEn GUIDANCE E'IFNT *

DIAGONAL OF DYNAMIC MOISF MATRTX
0.0 f. 0.0 0.0 0.0 0.0

MATRIX 1 = PHI*P*PHI(TRANSPOSE)
0.67708~242766D+01 -0.31?Q0n208759 Dn] 0.2838224552?SD+01 0.187060659498D-04 -0.144A06821684D-04 -0.2504864620950-0R

-0.312900208759D0+01 0.66641154090D.01 0*394?3205183D0+01 -0.14568425421bD-04 0.165496532547D-04 0.446044844340D-06
0, 2A P?4552580+01 O.394p32051835Dl01 0.151A211633510*02 -0.1168U9071373D-06 0*6749825356460-06 0.375078323930D-05

0.1870606594980-04 -0.14568454?150D-04 -U.116R0907137ID-06 0.6156326351300-10 -0.480383687531D-10 -0.513178220832-12
-0.1448068216840-04 0.165A96532547D-04 U.67498251564Ar-06 -0.4803836875310-10 U.540707406538D-1o 0.5R43329767360-12

-0.2504A6462095D-08 0.446n44844340D-06 0.375n7832393nD-05 -0.51317822083eD-12 0.584132976736D-12 0.9825325467830-11

TOTAL COVARIANCE MATRIX AT K*+
0.6770R3242766D+01 -0.31200208754D+01 0.283R224557qD+01 0.1870606594980-04 -0.144806821684D-04 -0.250486462095D-08

-0.312900208759D+01 0.6669411540900D01 0.394?32051835n*01 -0.145684254215D-04 0.165R965325470-04 0*446044844340D-06
0.?838?7455258D+01 0.394232051P35D+01 0.1516211633510+02 -0.11680907137JD0-06 0.6749825356460-06 0.37507A3239300-05

0.187060659498D-04 -0.145A847542150-04 -0.116A0907137ID-06 0.615632635130D-10 -0.480383687531D-10 -0.513178220832D-12

-0.144806821684D-04 0.165P96532547D-04 0-6749825356460-06 -0.480383687531D-10 0.5407074065380-1 0.5843329767360-12
-0.75n4RA462095D-08 0.446n44844340D-OA 0*375078323930D-05 -0.5131782208320-12 0.584332976736D-12 0.9825325467830-11

CONTROL CORRELATION MATRIX PARTITIONS AND STANDARD DEVIATIONS JUST BEFORE GUIDANCE CORRECTION AT TIME 34.5471901 DAYS

STO DEV Y Z vX VY VZ
X 0.76020823n*01 1.00000000
Y 0.25825204n+01 -0.46503012 1.00000000
Z 0.389385620+01 0.28012109 0.39203809 1.000000000

VX 0.784622610-n5 0.91622178 -0.71896548 -0.00382328 1.00000000
VY 0.7353280ql-05 -0.75680994 0.87359953 0.02357390 -0.83261892 1.00000000

VZ 0.31345375n-05 -0.00030711 0.05510123 0.30730426 -0.02086575 0.02535162 1.00000000

RSS POSITION ERRORS. . . 0.5348117454170+01



RSS VELOCITY ERRORS. . n.11200869q6qn-04

SOLVF-FOR PARAMETERS

-- NONE

DYNAMIC CONSIDER PARAMETERS

-- NONF

MEASUREMENT CONSIDER PARAMETFPS
RADIUS 1 0.23597136 0.37476411 0.81070816 -0.00213212 0.02343533 0.07687363
LAT 1 0.16300269 0,5901837 0.56009351 -0.00155279 0.01610984 0.05217086
LONG 1 -0.24475987 -0.26377406 0,03968606 0.00109735 0.00447030 -0.01324388
RADIUS 2 0.16593449 0.16493759 0.43502b15 0.00288103 -0.00082371 -0.00722927
LAT 2 0.11740348 0.11665031 0.30767129 0.00202369 -0.00060590 -0.00535862
LONG 2 -0.23383385 -0,22801733 0.07887693 -0.00070456 0.00774797 0.00279494
RADIUS 3 0.07149135 -0.00067880 0,14559004 0.00003657 -0.01806919 -0.08357345
LAT 3 -0.04932553 0.00040249 -0.10025590 -0.0003570 0.01244345 0.05791271
LONG 3 -0.20007658 -0.22255347 0.12068100 0.00422405 0.00629113 0.011088A2

NO SOLVE-FOR PARAMFTERS

POSITION ETGENVALUFS SQUARE ROOTS OF EIGENVALUEb
1 0.9789002347399D+01 1 0.3128738140D*01

o 2 n.18503791n44910D+01 2 0.13602R640b0+01
3 n.1696297AR517D+02 3 0.411861370bD+01

POSITION EIGENVECTRs
1 n.753137n0446fD+00 -n,652R3674594545000 0.811667A2754300-01
2 0.6365181711153D+00 0.6919602475986D00 -0.34064003146620+00
3 0.16621815A4289D+00 0.308212911615b0+00 0.93668368491540+00

VFLOCITY EIGENVALUFR SQUARE ROOTS OF EIGENVALUES
1 0.10600744r81710-0o 1 0.10295991740-04
2 0.96028406q5946D-11 2 0.30988450530-05
3 0.9849041580030-11 3 0U31383185240-05

VELOCITY EIGENVECTORs
1 0.73405232125980+00 -0.6790452962472D+00 -0.804191P797659D-02
2 0.6343831001A46D+00 0,6899020919463D+00 -0.3487017663060D+00
3 0.2423324266655D+00 0,2508636864370D+00 0.9371997348554D+00

STATE TRANSITION MATRIX PARTITIONS OVrR( 34,547, 36.000) -- TRANSPOSES SHOWN

X( 36.000) Y( 36.000) Z( 36.000) VX( 36.000) VY( 36.000) VZ( 36.000)
X( 34.547) 0.10009699900+01 -0.18101938220-02 -0.29294047840-06 0.1550634221D-07 -0.2875091423D-07 -0.31663718620-11
Y( 34.547) -0.18102057140-02 0.1000264320D001 0.24134400500-06 -U.2875144318D-07 0.40694817750-08 0.26062374240-11
Z( 34.547) -0.2931n174570-06 0.24147547410-06 0.99877119700400 -0.31718991580-11 0.26107257320-11 -0.19527894440-07

VX( 34.547) 0.12556338510+06 -0.7545115749n+02 -0.7543754140D-02 0.1000979007n+01 -0.17979824180-02 -0.1046297705D-06
VY( 34.547) -0.75451434570D02 0.1255334671D+06 0.6203936108D-02 -0.1797997055n-02 0.1000245386D+01 0.8589545112D-07



VZ( 34.547) -0.7546A54029D-02 0.62062963680-02 0.12547150380O06 -0.1047458123n-06 0.8598955532D-07 0.99877710610+00

SOLVE-FOR PARAMFTERS

-- NONE

DYNAMIC CONSIDFR PARAMTERS
0.20?94244480.05 -n.4345885069n*04 -0.47781649340-03 0.3323481729n+00 -0.7125082400-o01 -0.8255466675D-08

0.7813Q961330D02 0o36576769120+03 0.20744525790+05 0.1277897515n-02 0.59885498980-02 0.3395839162D000

-0.43344857200#04 -n.20289297430*05 0.37397377820+03 -b.70886011780-01 -0.3321R75247T+00 0.61218789480-02

IGNORE PARAMETERS

-- NONF

~~******* FTNAL INSERTION HAS DURATION 0.14528098TO70001 *********

MATRIX 1 = PHI*P*PHT(TRANSPOSF)
0.124777525598D+02 -0.75750477747D001 Oo28071326516?D+01 0.2683175686190-04 -0.2089612132450-04 -0*122811120250D-06

-0.757550477747D*01 0.1171?P49491+02 0.408322065690D01 -0.2103232902250b04 0.236327240469D-04 0.440407515547D-06
0.R80711265162D+01 0.40l22P0656980.01 0.162196343005D.02 -0.253501635059D-06 0.682788453757D-06 0.466797497550D-05
S O.263175686190-04 -0.21023290225D-04 -0.25350163505Q0-06 0.6328864904720-10 -0.4961350240470-10 -0*5234097567470-12
-0.0PR9612132450-04 0.236327240469-04 U.6827884q3757D-06 -0.496135024047D-10 0.5524678166140-10 0.574769891430-12
-0.122811120255D-06 0.4404075155470-0o 0.4667974975nD-05 -0.52340975674D-12 0.5747698291430-12 0.966078323632D-11

TOTAL COVARIANCE MATRIX AT K1
0.124777525598D.02 -0.757n504777470+01 0*2807132651620701 0.268317568619D-04 -0.208961213245D-04 -0.1228111202550-06

-0.757550477747D+01 0.1171228494910*0> 0O40832206569ADO01 -0.2103232902250-04 0.2363272404690-04 0.440407515547D-06
0.?80713265162D01 0.40I220A549ADenl 0.162196343000D+02 -0.2535016350590-06 0.6827RA453757D-06 0.6667974975500-05
0.26R317568619D-04 -0.21012329022rD-04 -0*2535016505Qn-06 0.632886490472D-10 -0.496135024047D-1n -0.5234097567470-12

-0.20P9612132450-0 n.2362724046QD-n4 0.6827RR4537570-06 -0.496135024047D-10 0.552467816614D-In 0.5747698291430-12
-0.12PR111202550-06 0.440407515470-06 0.4667974975500-05 -0.523409756747D-12 0.574769829143D-12 0.Q66078323632-11

MATRIX 1 = PHI*POPHT(TRANSPnSE)
0.124777525598D+0 -0.757q5o477747Dn01 0.2807132A516hD+01 0.268317568619D-04 -0.208961213245D-04 -0.122811120255D-06

-0.757550477747.+01 0.117122849491002 0.4032204569 0+01 -0.210323290225D-04 0.2363272404690-04 0.4404075155470-06
0.?8n7132651620+01 0.40832?065698D+01 0.162196343005D+02 -0.253501635059D-06 0.68278R4537570-06 0.4667974975500-05

O.2683175686190-04 -0.210323290225D-04 -0.2535016350590-06 0.6328A64904720-10 -0.4961390240470-10 -0.523409756747D-12
-0.208961213450-04 0.236127240469D-04 0.6827q84R3757D-06 -0.4961350240470-10 0.b524678166140-10 0.5747698791430-12
-0.122811120255D-06 0.440407515547D-04 0,466797497T50D-05 -0.5234097567470-12 0.5747698291430-12 0.9660783236320-11

TOTAL CUVARIANCE MATRIX AT K+1
0.1247775255980+02 -0.7575b0477747D01 0.280713?6516?0+01 0.268317568619D-04 -0.208961213245D-04 -0.1228111202550-06

-0.7575504777470*01 0.1171228494910+02 O.40A32206569AD401 -0.210323290225D-04 0.236327240469D-04 0.4404075155470-06
0.2807132651620+01 0.40AR2206569800D*nl 0.16219634300D002 -0.253501635059D-06 0.68278A4537570-06 0.4667974975500-05
0.2683175686190-04 -0.210323290229D-04 -0.2535016350590-06 0.6328864904720-10 -0.496135024047D-10 -0.5234097567470-12

-0.2089612132450-04 0.236327240469D-14 0.68278A4537570-06 -0.496135024047D-10 0.5524678166140-10 0.5747698?91430-12
-0.122811120255D-06 0.4404075155470-04 0.4667974979500-05 -0.5234097567470-12 0.5747698291430-12 0.9660783236320-11

EXECUTTUN ERROR CORRFLATION MATRIX ANn STANDARD DEVIATIONS
0.3783485190D03 0.1000u0000D+01
0.2O13794670+03 -0.2595774Q30+00 o.10 0O000000+
0.3842121950D03 0.2709663070-02 0.21751897D-01 0.100000000001
0.610590296D-02 o0.99999880n00 -0.259728668D+00 0.2705985710-02 0.100000000D+01
0.3576no526D-02 -0. 2003126

4
0+00 0.9999998900+00 0.219710947D-01 -0.260182419oD+ 0.1000000000+01

0.A P948008B-02 0.270q661840-n2 n.21y751904D-01 0.100000000 n01 0.2705984480-0, 0.2197109550-01 0.10000000D0001

CONTROUL CORRELATInm MATRIX PARTITIONS AND STANDARD OFvIATIONS JUST AFTER FINAL INSERTION



STD ODEV X Y Z vX VY VZ
X 0.37836501n+03 1.00000000
Y 0.21840628n.03 -0.25962598 1.0000000
7 0.38423330n*03 0.002f2871 0.02201994 1.00000000

VX 0.619590810-02 0.99996703 -0.25971211 0*00270573 1.00000000
VY 0.3q761030n-02 -0.26003481 0,99990521 0.02197034 -0.26018388 1.00000000
VZ 0.628948090-02 0.00270949 0.02197281 0.99994688 0.00270597 0.02197107 1.00000000

RSS POSITION ERRORS. . . 0.58180461R5970+03
RSS VELOCITY ERRORS. . . 0.9525510939A30-02

SOLVE-FOR PARAMETERS

-- NONE

DYNAMIC CONSIDER PARAMETERS

-- NONE

MEASUREMENT CONSIDER PARAMETFRP
RADIUS I 0.00161417 0.00452650 0.00828438 -0.00000571 0.00004438 0.00002846
LAT 1 0.00111481 0.00312812 0.00572247 -0.00000405 0.00003049 0.00001920
LONG 1 -0.n067877 -0.00309562 0.00038813 0.00000295 0.00001354 -0.00000707
RADIUS 2 0.n0114773 0.00194374 0.00439577 .0,00000276 -0.00000469 -0.000008A6
LAT P 0.00061201 0.00137459 0.00310865 0.00000193 -0.00000337 -0.00000639
LONG ? -0.00160870 -0.00265909 0.00080125 0.00000030 0.00002016 0.00000044
RADIUS 3 0.00049226 -0.00008594 0.00138807 0.00n00056 -0.00003866 -0.00004336

SLAT 3 -n.n0033966 0.00005842 -0.00095548 -0.00000040 0.00002663 0.00003004
LONG 3 -0.001363S5 -0.00260136 0.00123284 0.00n00670 0.00001645 0.00000406

NO SOLVE-FOR PARAMFTFPS

POSITION EIGENVALUFS SQUARE ROOTS OF EIGENVALUE
1 0.147760441522D0+06 1 0.38439620380D03
2 0.430667R4462510+05 2 0.2075253827D+03
3 0.1476A919ao353D+06 3 0.3842777488D+03

POSITION EIGENVECTnRq
1 o.977781ARQ5019D+00 -0.20956316519320D00 0.50839530308120-02
2 0.2096214a 3096D+00 0.9776156005356D000 -0.18071261329880-01
3 -0.1183081071Q900-02 0.18735457924730-01 0.9998237769403D+00

VFLOCITY ETGENVALUPS SQUARE ROOTS OF EIGENVALUES
1 0.39627577c4307D-04 1 0.6295043887D-02
2 n.115411noA4256D-04 2 0.3397220341D-02
3 n.39566675n7531D-04 3 0.629020469JD-02

VELOCITY ETGENVECTORS
1 0.9775963920122D00 -0.2101906667816D000 -0.11188294003220-01
2 n.2099723799353D00 0.977541n0754800+00 -0.18032698 07730-01
3 0.147273P11789

2
0-01 0.15279468573410-01 0.99977479656720+00

KNOWLEDGE CORRELATION MATPIX PARTITrONS AND STANDARD DFVIATIONS JUST AFTER FINAL INSERTION

STD DEV A Y Z VX VY VZ
X 0.37836501*+03 1.00000000



Y 0.21840628n+A3 -0.299b2598 1.00000000
Z 0.38423310n*n3 0.00272871 0.02201994 1.00000000

vx 0.6195900 -o? n.9Q996703 -0.?5971211 0.00270573 1.00000000
VY 0.57h61030n-02 -0.?h0034QI 0.9990521 0.0?197034 -0.26013R8 1.00000000
V7 0.6?~94AO9n-02 0.00210949 n.n2197281 0.099946A8 0.00770597 0.02197107 1.0000000

RSS POSITION ERRORS. .. n.cRI804lqSQr+G3
RSS VFLOCITY EPRORS. .. n.QS25S109QA3n-0 2

SOL.VE-FOR DAPAMFTEPS

-- NOJF

nYNAMTC COI;TOER PARtMETEN

--NONF

"EASUREMENT CONSFnFR PaRAMF1FRc
RAnTUS 1 1.00161417 0.0045?650 0.00828438 -0.0nn0o571 0.0000443R 0.00002866
LAT 1 n.n1114R1 O.0031P812 0.00572247 -0.0000n405 0.00003049 0.00001920
LONG 1 -n,nolb7R77 -0.00309562 0.00038813 0.00000295 0.00001354 -0.00000707
RADIUS ? n.0l114773 0.00194374 0.00439577 0.00000276 -0.00000469 -000006
LAI P n.o00O1201 0.00137459 0.00310865 0*00n00193 -0.00000337 -0.00000619
LONG ? -0.00160870 -0.00265909 0.00008015 0.00000030 0.00002016 0.00000044

w RoADUS 3 0.00049226 -0.00008594 0.00138807 0.00n00056 -0.00003A66 -0.00004336
LAT 4 -,.onU3396 0.00005842 -u.n00095548 -0.00000040 0.00002663 0.00003004

r LONG - -nJ1363S- -0.00260136 0.0123dA4 0.00000670 0.00001645 0.00n00406

NO SOLVF-FOP PARAMFTFPS

POSITION ETGFNVALUFR SQ9IAPE ROOTS OF EIGENVALUES
1 0.1477 6 0 4 1522b)0+06 1 0.3943962038D+03
2 0.430667A44Ab10+05 2 0.20752538270.03
3 n.147669l0?35JI)l06 3 0.3842777488D003

POSITInN EIGFNVECTnpA
I n.9777 R 94 i059D+o -0.20956316519320+00 0.5083951030812D-02.
2 0.2096214P~30Y960+0 0.9776156005356D+00 -0.1807126132988D-01
3 -0.1183081071990D-02 0.1A73545792473u-01 0.99982377r94030+00

VFLOCITY ErTENVALUF; SQUARF ROOTS OF EIGENVALUES
1 0.39627577C43010-04 1 0.6295043887D-02
2 o.1151110n6042560-04 0.33972203410-02
3 0.39S66675075370-04 3 0.6290204693D-02

VELOCITY EIGENVECTnp
1 n.977596390012eD+00 -0.21019066678160+00 -0.1118824003220-01
2 0.2099723799353000 0.977541007b480D000 -0.180326Q0807730-01
3 0.1

4
727321178920-01 0.15279468573410-01 0.9997747965672+00



CASE E-2

Long (118 day) Transfer Time Mission to the L2 Point with

Impulsive Insertion and Generalized Covariance Analysis

B-25



IN P U T ATA FOR PR 0 LEM * o . 18MODE TO BE EXECUTED . .ERROR ANALYSIb

LAUNCH DATE 7 9 22 21 ?.100 1974 JULIAN DATE .. .2442238.43127426

FINAL DATE 11 4 2P 21 3.000 1974 JULIAN DATE . . .e442356.4312R468

INITIAL TRAJECTORY TIME = 0.0

INERTIAL FRAME IS GEOCENTRIC ECLIPTIC

INITIAL STATE VECTOR
AT TRAJECTORY TIME 0.0

STATE X-COMP Y-COMP Z-COMP RADIUS X-DOT Y-nOT Z-DOT VELOeCITy
INERTIAL -003053448 04 0.5805989o04 -0.2346189D0OP 0.65600000o04 -8.3600.6750 -4.37336030 5.77188219 11.06036315HELIO- 0.44382010n08 -0.1454605n.0q -O.b4A726D00

3  0.1520807D009 19.64P62685 4.?0406799 5.77171304 20.90023083ROTGEO= -0.6444355D04 -0.12261050604 -0.2346189002 0.65600000Dn4 1.74293999 "9.7120995 5.77188219 11.059259
THF FOLLOWING QUANTITIES ARE TO PE AUGMENTED TO THE STATE VECTOR

MFASUREMENT CONSIDER PARAMETERS
RAUIUS 1
LAT 1
LONG 1
RADIUS 2

w LAT 2
LONG 2
RADIUS 3
LAT 3
LONG 3



MEASUREMENT NO 1 AT TRAJFCTORY TIME 0.042 PRORLEM. 118

RANGE-RATE WAS MEASURED FROM STATION 2 AT TRAJFCTORY lIME 0.04200 DAYS

INITIAL TRAJECTORY TIME 0n.
FINAL TRAJECTORY TIME 0.042

INITIAL
AT TRAJECTORY TIME 0.0

STATE X-COMP Y-COMP Z-COMP RADIUS X-DOI Y-OOT 7-DOT VELOCITY

INERTIAL -0.305344D*+04 0,58059890+04 -0.3461890,02 0.65600000+04 -8.36006750 -4.37336030 5.77188)19 11.06036315
HELLO- 0.4438201D008 -0.1454605D+09 -0.64887260D03 0.15208070+09 19.64262685 4.P0406799 5.77171304 20.90023083
ROT.GEO- -0.64443550D04 -0.1226105U004 -0.23461890+0 0.65600000U+04 1.74293999 -9.27120995 5.77188219 11.05928559

FINAL
AT TRAJECTORY TIME 0.0420

STATE X-COMP Y-COAP Z-COMP RADIUS X-DO1 Y-nOT 7-OOT VELOCITY

INERTIAL -0.1093977D+05 -0.1798819D+05 0.1108442005 0.2379323D+05 0.06630315 -5.54852751 1.56176517 5.7645176R
HELIO- 0.4447573D+08 -0.14545320+09 0.104542).05 0.1521010D009 28.06302100 3.0487R712 1.56160610 28.27130815
ROT.GFO- 0.14001470+05 -0.15722990D05 0.11084420+05 0.23793230+05 9.3e221843 -1.R6228173 1.56176518 5.76245118

STATE TRANSITION MATRIX PARTITIONS OVER( 0.0 0 0.042) -- TRANSPOSES SHOWN

X( 0.042) Y( 0.042) Z( 0.042) VX( 0.042) VY( 0.042) VZ( 0.042)
X( 0.0 0.4642012AA6D+01 -0.1349131823n+01 -0.30115556020+01 0.1279145672P-02 0.1568976165D-03 -0.11427166800-02
Y( 0.0 -0.45995927550+01 -0.12026409780D00 0.20404310680+01 -u.1485194357n-02 -0.87269474030-03 0.835826122D-03
7( 0. -0.2075#692390+01 0.2858626333+00 -0.61861140280+00 -0.66993014730-03 -0.50530154070-04 -0.37797599370-03

VX( 0.0 0.59677826480D04 0.4757035176D+03 -0.2325331683D004 0.19352947560,01 0.68324020100+00 -0.1096972695D01
VY( 0.0 -0.5736534330D+03 0.2538312855D0+4 0.12980696731)+03 0.28076603400-02 0.5592982569000 -0.85526619040-01
VZ( 0.0 ) -0.202319A3040+04 -n.4366263167n*03 0.3131500501D+04 -U.9010596950n+00 -0.45281774U00000 0.88427685A0BD00

SOLVE-FOR PARAMElERS

-- NONE

DYNAMIC CONSIDER PARAMFTERS

-- NONE
IGNORE PARAMETERS

-- NONE

DIAGONAL OF DYNAMIC NOISE MATRIX
0.0 0.0 0.0 0.0 0.0 0.0

OBSERVATION MATRIX PARTITIONS -- TRANSPOSES SHOWN
RANGE-RATL(2)

X 0.7
7
1156f101U-04

Y -0.47R2526862D-04
Z -0.2707L?1615U-04

VX -0.34359Q0 4178J+0 0



VY -0.9165S57'5080*00
Vz 0.463866805U,00

SOLVE-FOR PaRAMETEPS

-- NONE

rYNAMIC CONSIDER PaRAmErERS

-- NONF

MEAStJRFMFNT CONSIDEFR PARMFEW~5
RADIUS 1 0.0
LAT 1 0.0
LUNG 1 0.0
PADIL'S 2 0.98I1AOR3AIU-05
I-AT 2 0.27900f,97At2b,00
L.ONG 2 n.495446,7395U-01
RADIUJS 3 0.0
tAT 3 0.0
ONG 3 0.0

TGNORE PARAMFTERS

-- NONP

00

MEASIJHFMFNI NOP5F MATRIX
n.*164AkhA670-13

GAIN mATWTX PARTITjno!S

K -MAT~ IX -0.* 21 1, 44 U8f) 04

-0.48, 90374V~91).03

0.*32 R414603t)+0U~ ~4

-0.S 2 7414 24t)3OI)

S-MATN IX

\jor DEFIKFf)

COPRFLATIOW MATPIX PARTTrIO.is AND STANDARD UEVITITONIS AT TIME 0.042 DAYSv JUST HLORF: THE MIFASIJREMENT

STOf 0Ev A z %XVY V2
X 0.?33264i2n.03 1.no0u0000
y 0.1n499341000o3 -n.,72e431? 1.00000000
7 0.1P7?6974)43 -n.A4285909 0.n4857499 1.00000uo

vx 0.7,R1763i)o-ol n.9797503P -O~lq774529 -0.93328u23 1.Ooo0nonfO
VY 0.?98507P09001 0.412)4241 0.r~1059761 -0.P3290128 0.S5i299 1.00000n00
V7 o0qR35?00n-01 -n.FkAI6306A n.13436377 (j.90570648 -0.96371R79 -0.7831693S 1.00000000

kSS POSITION FRPORS . . . n.3jT0li271096D.03
1)55 VFLOCITY ERRORS. . . n.10P017Q4lQ~rD.00



SOLVE-FOR PARAMETERS

-- NONE

DYNAMIC CONSIDER PARAMETERS

-- NONE

MEASUREMENT CONSIDER PARAMETFRS
RADIUS 1 0.0 0.0 0.0 0.0 0.0 0.0
LAT 1 0.0 0.0 0.0 0.0 0.0 0.0
LONG 1 0,0 0.0 0.0 0.0 0.0 0.0
RADIUS 2 0.0 0.0 0.0 0.0 0.0 0.0
LAT 2 0.0 0.0 0.0 0.0 0.0 0.0
LONG 2 0.0 0.0 0.0 0.0 0,.0 0.0
RADIUS 3 0.0 0.0 0.0 0.0 0.0 0.0
LAT 3 0.0 0.0 0.0 U.0 0.0 0.0
LONG 3 0.0 0.0n 0.0 0.0 0.0 0.0

NO SOLVE-FOR PARAMETERS

CORRELATION MATRIX PARTITIONS AND STANDARD UEVIATIONS AT TIME 0.042 DAYS, JUST AFTER THE MEASUREMENT

STD DEV A Y Z VX VY VZ
co X 0o17759680~+03 1.000u0000

Y ol10157407n+03 -0.99809844 1.00000000
7 0.56414407)+02 -0.97944721 0.Q8987936 1.00000000

VX 0.4A192?90n-01 0.99982095 -0.Q9888612 -0.98256786 1.00000000
VY 0.AP947139n-02 -0.996e2495 0,99951895 0.99264257 -0.99726231 1.00000000
VZ 0.221573400-01 -0.99569656 0.99928914 0.99291404 -0.9966R934 0.99990913 1.00000000

RSS POSITION ERRORS. . . n.21222
7
4723900*

0
3

RSS VELOCITY ERRORS. . . 0.536865609543D-01

SOLVE-FOR PARAMETERS

-- NONE

DYNAMIC CONSIDER PARAMETERS

-- NONE

MEASUREMENT CONSIDFR PARAMFTFRS
RADIUS 1 0.0 0.0 000 0.0 0.0 0.0
LAT 1 0.0 0.0 0.0 0.0 0.0 0.0
LONG 1 0.00000053 0.00000016 -0.00000198 0.00000080 0.0000216 -0.00000152
RADIUS 2 0.00000505 0.00000154 -0.00001876 0.00000757 0.00002048 -0.00001444
LAT 2 0.0n0000631 0.00000193 -0.00002346 0.00000947 0.00002562 -0.00001806
LONG 2 0.00000059 0.00000018 -0.00000220 0.0000OP 0.00000240 -0.00000169
RADIUS 3 0.0 0.0 U.0 0.0 0.0 0.0
LAT 3 0.0 0.0 0.0 0.0 0.0 0.0
LONG 3 0.00000053 0.00000016 -0.00000198 0.00000080 0.00000216 -0.00000152

NO SOLVE-FOR PARAMETERS



ACTUAL FSTIMATION FRROR STrTISTICS

DIAGONAL OF ACTUAL DYNAMIC NOIqF COVAHIANCE uATQTX

0.0 0.0 0.0 0.0 0.0 0,0

ACTUAL MEASUPFMENT NnISE CORRELATION MATRIX AND STANDARD DEVIATIONS

0.1?09945n-06 1.00000000

ACTUAL MEASUPFMENT RFSIDUAL MEAN
0.0

ACTUAL MEASUREMENT QFSTDUAL COPRFLATION MATRTX ANi) STANDARD DEVIATIONS

n.q43h94I3n-l1 1.00000000

ACTUAL ESTIMATION FPPOP MEANS AT TIME 0.04? PAYS PEFORE THE MEASUREMENT

A 0.0
Y 0.0
Z 0.0

VX 0.0
VY 0.0
VZ 0.0

ACTUAL CPPFELATTON MrTRIX PAL-TTTTONS AND STANDAo DEVIATTIONS AT TIME 0.042 DAYS JUST REFORF THE MEASUREMENT

STD DFV v Z vX VY vZ

Do x n.?13?643?+03 100000000n

v 0.n04953410 03 -O.57L44312 1.00000000

0 0.ln76974r+03 -n.A42h599Q n.n4857499 1.00000000

VX 0.7A1763S0n-01 n.97975032 -0.39774529 -0.93328N23 1.00000000

VY 0.2985078Pn-01 n.412U4241 0.C1059761 -0.A3290128 0.58SS5299 1.00000000

V7 0.~R352800n-0nl .. p7o306A 0.13436377 0.99570648 -0.96171879 -0,78316Q35 1.0000000

SOLVE-FOR PARAMFTERS

-- NONE

DYNAMIC CONSIDER PARAMETERS

-- NONE

MEAStRFMFNT CnNSII)ER PARA4FTENS

RAI)IU 1 0.0 0.0 0.0 0.0 0.0 0.0

LAT 1 0.0 0.0 0.0 U.0 0.0 0.0

LONGc 1 0.0 0.0 0.0 0.0 0.0 0.0

RADIUS ? 0.0 0.0 0.0 0.0 0.0 0.0

LAT 2 o.n 0.0 0.0 0.0 0.0 0.0

LONG 2 0.0 0,0 0.0 0.0 0.0 0.0

RADTUS 3 0.0 0.0 0o0 0.0 0,0 0.0

LAT 3 0.0 0.0 0.0 0.0 0.0 0.0

LONG 3 n.0 0.0 0.0 0.0 0.0 000



IGNORE PARAMETERS

-- NONE

SOLVE-FOR PARAMETERS

NO SOLVE-FOR PARAMETERS

ACTUAL ESTIMATION ERPOR MEANS AT TIME 0.042 DAYS AFTER THE MEASUREMENT
X 0.0
Y 0.0
Z 0.0

VX 0.0
VY 0.0
VZ 0.0

ACTUAL CORRELATION MATRIX DARTTTIONS AND STANDARD DEVIATIONS AT TIME 0.042 DAYS JUST AFTER THE MEASUREMENT

STD DEV A Y z vX VY VZ
X 0.17759680D+03 1.00000000
Y 0.101574070+03 -n.998U9R43 1.00000000
Z 0.56414409*+02 -0.97944719 0.98987933 1.00000000

VK 0.48192291n-01 0.99982095 -0.9988861.1 -0.98256785 1.00000000
VY 0.829471410-02 -0.996e2490 0.09951892 0.99264245 -0.99726225 1.00000000
VZ 0.2157340n-01 -0.99q59659 0.99928912 0.99291404 -0.99A6R934 0.99990904 1.o00000no

SOLVE-FOR PARAMETERS

-- NONE

DYNAMTC CONSIDER PARAMErERS

-- NONE

MEASUPEMENT CONSIDER PARAMETERS
RADIUS 1 0.0 0.0 0.0 0.0 0.0 0.0

LAT 1 0.0 0.0 0.0 0.0 0,0 0.0

LONG 1 0.00000533 0.00000163 -0.00001980 0.00000n799 0.00002163 -0.0o01574

RADIUS 2 0.00005046 0.00001541 -0.00018755 0.00007568 0.00020484 -0.00014416

LAT 2 0.00006311 n.0on01928 -0.00023460 0.00009467 0.00025622 -0.00018057

LONG 2 0.00000592 0.00000181 -0.00002200 0.00000888 0.00002403 -0.00001694

RADIUS 3 0.0 0.0 0.0 0.0 0.0 0.0

LAT 3 0.0 0.0 0.0 0.0 0.0 0.0

LONG 3 0.00000533 0.00000163 -0.00001980 0.00000799 0.00002163 -0.0n001524

IGNORE PARAMETERS

-- NONE



ERPOR ANALYSIS MODE- GLITDANCF EVENT AT TRAJECTORY TIME 0.500000000+01 DAYS PROBLEM. , II

AT TRAJECTORY TIME 5.0000

STATE X-COMP Y-COMP Z-COMP RADIUS X-DOUT Y-nOT 7-OOT VELOCITY

INERTTAL 0.212419RD+06 -0.56480530.06 0.47696R40.05 0.60531160+06 0.38280934 -0.72S36502 0.00076788 0.82018168

HELIO- 0.5652709D+08 -0.1418179)*n09 0.4724530D+05 0.1526683D+09 27.51681946 10.19431159 0.00165488 29.40076467

ROT.GFO- 0.60331310*06 -0.1lR49640*n5 0.47696980+05 0.60531160U06 0.81327439 -0.02929974 0.00076619 0.81380237

STATE TRANSI11ON 'ATPIX PAPTITIONS ('VFP( 4.6o00 5.000) -- TRANSPOSES SHOwN

X( 5.000) Y( 5.000) Z( 5.000) VX( 5.0n0) VY( 5.000) VZ( 5.000)
X( 4.600) 0.999?2r,8[1)000 -0.11 6853643n- 2 0.10131364290-03 -u.4377Q807580-07 -0.6726410496n-07 0.S697577751D-08

Y( 4.600) -0;l6106bR703n-02 0.10O1974650+4 -0.272RO73384D-03 -u.A726486781n-07 0.11149042.8D-06 -0.1529 5 10495D-07

7( 4.6uO) 0.1013151426D-)3 -n.27l810)039-03 O.99R8!bl259D4+ 0.56974032960-OR -0.15295536240-07 -0.6754669114n-07

VX( 4.600) 0.345512857bD0n5 -n.1337991395n+0? 0.1133027R400+01 U.9992636447,*00 -0.11373406780-02 0.9555781?30D-04
vvY 4.600) -0.lVrl106l04fD+0? n.14'b4RjA656D05 -0.3041151099D+01 -0.1137346157n-02 0.1001877751)+01 -0.25569131990-03

v7( 4.600) 0.1133nH2747 01 -. l3U41259503 +01 0.3454655738U005 U.9595942877n-04 -0.25569441330-03 0.998R899798D*00

S Sod.Vl-FOR PARAI.4FTFRS

DYNAMIC CONSIDFR PARAMFTros

-- NONF
IG NORE PARAMETFpS

-- NONF

OIAGONAIL OF DYNAMlr NOISE FAToTX

0.1o 0.0 0.0 0

MATRIX I = PHI*PoPHI(r ANSPOSF)
0.1747 P3v7131D0On U.795248481237D-01 0o15797977n5D*0On 0.24103439904fD-06 0.120988665096D-06 0.204292151700n-06

0.79?4A4R12370-01 0.51451?377770-01 0.1995858796-jD+0o 0.122058301373D-06 0.59?n504590R1D-07 0,2139517307970-06

n. 1 5 7 897Q7740OD+00 0.)9lYS48796830bon U.156047012nQ0AD0] 0.3688594195920-06 0.192624P44856D- 0 0.21828061414D-05

0.7410343990470-0A 0.1??n5R301373D-ne u.36P5941959;D-06 0.3704164961100-12 0.187q296374940-17 0.545965499685n-12

0.1 05RA 50960-06 0.592R50459081D-07 0*197?52848 )R5 0-06 0.187429637494D-12 0.1154755921400-12 0.4017482?15060-12

0.0429 1517000-0 0.213951730797D-(6 0.218280694140-05 0.54596549968bD-12 0.401748?1506D-12 0.435829483195D-11

TOTAL COVARIANCE MATRIX AT ~*1

0.1747R5397133D00n 0.7952484812370-01 U.157997977405D+00 0.241o34399047D-06 0.1205R 665096D-06 0.20429215170OO-06

0.79 4 244A12370-01 0.5145;1b?377770-01 0.199585879A830+00 0.122058301373D-06 O.b92850459081D-07 0.2139517307970-06

0.157897977405D000 0.199~85879683Doon 0.15604701209 D+01 0.368R59419592D-06 0.19252A44856D-06 0.2182806914140-05

0.241034394n47D-06 0.1?2205301373Do 0.36R85941959?D-06 0.370416496110D-12 0.1874296374940-1? 0.5459654996850-12

0.1205AA665096D-06 0.592q50459081D-07 01975R?84A4A56D-06 0.187429637494D-12 0.1154755921400-12 0.401748221506D-12

0.2042921517000D-06 0.2134517307970-06 U.21R280691414D-05 0.54596549968D0-12 0.40174A??15060-12 0.4358294831950-11

CORRELATION MATRIX PARTTTIONS AND STANOARD OLVIATTONS AT EVENT TIME 5.000 DAYS

RASED ON MFASURFMENTS UP TO TT'AF 4.600 DAYc

STn DEV A Y Z v VY VZ



X 0.41804114n+00 1.000U0000
Y 0.226837220+00 0.83862829 1.00000000
Z 0.124918780nl1 0.30236381 0.70434879 1.00000000

VX 0.608618510-06 0.94735956 0.98411315 0.48516335 1.00nOo000
VY 0.339817000-06 0.84887230 0.76910520 0.45354686 0.90624997 1.00000000
VZ 0O08765290-05 0.23408541 0.45179684 0.83700738 0*42969642 0.56630521 1.00000000

RSS POSITION ERRORS. . . 0.1336666886020D01
RSS VELOCITY ERRORS. . . 0.220095136707D-05

SOLVE-FOR PARAMETERS

-- NONE

DYNAMIC CONSIDER PARAMETERS

-- NONE

MEASUREMENT CONSIDFR PARAMETFRS
RADIUS 1 -0.19498408 -0.42961397 -0.59123152 -0.27668251 -0,25360327 -0.47015130
LAT 1 -0.12642380 -0.29749506 -0.40806683 -0.19198906 -0.17560267 -0.32416877
LONG I 0.90024R0 n.,0934337 -0.04481866 0.76014808 0.74093633 -0.04250656
RADIUS 2 -0.16782225 -0.41506659 -0.50544319 -0.23844850 -0.21380582 -0.34297906
LAT ? -0.11795300 -0.~9291494 -0.36063695 -0.16270211 -0.14818490 -0.24667467
LONG 2 n.RA596061 0.56289546 -0.04454b67 0.72568075 0.60706804 -0.06141112
RADIUS 3 -0.20106365 -0.43129428 -0.45098513 -0.26098142 -0.08932646 -0.17706014
LAT 3 0.13970370 0.29827087 0*31304245 0.18?11155 0.06410650 0.12559463
LONG 3 0,R4433425 0.55473400 -0.04635740 0.69917743 0.63189191 -0.0 R58R1n

NO SOLVE-FOR PARAMETERS

POSITION EIGENVALUFS SOUARF ROOTS OF EIGENVALUES
1 0.17751694987810+00 1 0.42132760280+00
2 0.326720 17 396810-02 2 0.5715944139D-01
3 0.16058994912560 01 3 0.1267240897D001

POSITION EIGENVECTnRp
1 n.9276264576600D000 0.3398488447472000 -0.1549577935170D00
2 -0.355052n7q1420D+00 0.9311?430523070+00 -0.83339979275270-01
3 0.115961AQ71551D+00 0.13232645590600+00 0.9843995784646D00

VELOCITY EIGENVALUFS SQUAREP ROOTS OF EIGENVALUES
1 0.3580471154902D-12 1 0.59837038320-06
2 0.1331951461 6 73D-11 2 0.11b4102015D-06
S 0.4472A2n2q0091D-11 3 0.2114004322D-05

VELOCITY ETGENVECTORS
1 0.89323113792710+00 0.4186370003616D+00 -0.163954R6014690+00
2 -0.4286476C700100+n 0.9029857312A300+00 -0.29631032915110-01
3 0.135644P55499D+nn 0.96746219706880-01 0.9860227206929D000

DIAGONAL OF ACTUAL DYNAMIC NOISE MATRIX

0.0 0.0 0,0 0.0 0.0 0,0



MATRIX 1 = PHI*P*PHT(TRANSPnoE)

0.1605?9286740+0P 0.7 4 QQ90613 40Q0D01 0.1271628~5111D*02 0.2152172095-40-04 U.1059028206860-04 0.116774451586r-04

n.74a99nbl3409)D0+ 0.471412274884D001 0.178929qqO04Si+O'> U.1101286690200-04 0.52793R47670D-0O 0.1R6419104321D-04

0.12716P55111002 0.179q2902904D+o0 U.12679843e41D+03 0.279885286784D-04 0.113Q62030
9
44D-04 0.14001P9967930-0O

0.?15217209'740-04 0.11012OA6
9
02OU-04 0.27Q4852P67840-04 0.2929282447870-10 0.144153793308D-10 0,2A34186918450-10

0.10c0o?8206R6D-04 0.527P93A47670D-0 0.1139600944f0-04 0.1441537933080-10 0.7959567566240-11 0.1336608316830-10

0.11677A451586n-04 0.1641q91Q4321O-04 0.14001890679ID-03 0.28341869184!D-10 0.1336608316R3D-1l 0.1662878P7966D-09

TOTAL COVARIANCE MATQIX AT e+l

0.16qOg;9286740+0? 0.749090613400D0o1 0O1271628551110D+02 0.215217209574D-04 01059028206860-04 0.116776451586D-04

0.7499906134091)*Ol 0.47141?274884Do0 U.17A9?929004
;
D402 0.110128669020D-04 0.527?938476700-05 0.18641oln4321D-04

0o.1271A8551110+0? 0.172Q?90On445+0 0.12679R4384150+03 0.279885267840D-04 0.11386?0309440-04 0.1400189967930-03

0.21c21729574)-04 0.1101sA6,20D-04 0.27988586794D-04 0.2929282447870-10 0.144153793308D-10 0.283418691840r-1n

0.10c90PrUA86n-04 0.5 793R47670U-0- 0.113962030144D-04 0.144153793308D-10 0.795956756624D-11 0.113660831683D-10

0.1)A77A451560-04 0.lA64191n43210n04 U.1400nl1A6791D-03 0.2834186918460-10 0.133A608316A3D-10 0.1662878RT96'~-09

ACTUAL FSTTMATION FPQOn 1EANR AT TIMIE 5.000 AYS

X 0.0
Y 0.0
Z ".0

Vx 0.0
VY 0.0
VZ 0.0

ACTUAL COREELATION M TPTX PARTTTTONS AND STANDARn DEVIATIONS AT TIME 5.000 DAyS

STD DEV Ax Y vX VY vZ

x 0.40626707nl1 1.00nOu0000
Y 0.21712n31nl01 0O.504437 j.n0000000

7 0.11260481n0O?2 0.7796601 0.73185331 1.0000000
Vx 0.5a122846n-05 n.97817925 0.93717204 0.45924294 1.00000000

VY 0.?2212706n-05 n.923v5575 0.A6081044 0.35872240 0.94406243 1.00000000

VZ 0.12895?66n-04 0.PP29016P 0.A658243
4  

0.96427232 0*40609557 0.36739151 1.000000BO

SOLVF-FOR PARAMFTFRS

--NONE

DYNAMIC CONSInER PARAMETFP

-- NONE

MFASUPFMENT CONSTDER PAP61AETERS

RADIUS 1 -O.1Q904513 -0.44884073 -0.65588599 -0.31113312 -0.30546061 -0.76114191

LAT 1 -0.13008770 -0.31080904 -0.45269011 -0*21589422 -0.21151028 -0.52480646

LONG 1 0.q9262592 0.A3661367 -0.04971983 0.85479651 0.89244457 -0.06981514

RADIUS ? -0~.7268593 -0.43364230 -0.56071623 -0.26A13847 -0.25752529 -0.55525737

LAT 2 -n.12137141 -0.30602393 -0.40007461 -0.1896066 -0.17848607 -0.39934495

LONG P 0.91163675 0.58808705 -0.04941699 U.R1603754 0.73120260 -0.09942029

RADIUS 3 -0.20689070 -0.45059624 -0.50030287 -0.29347704 -0.10759213 -0.28664792

LAT n.14375247 0.31161956 0.34727539 0.20478684 0.07721514 0.20333535



LONG 3 0.86880400 0.57956033 -0.05142684 0.78A23421 0.76110252 -0.094849A7

IGNORE PARAMETERS

-- NONE

SOLVE-FOR PARAMETERS

NO SOLVE-FOR PARAMETERS

POSITION EIGENVALUFS SQUARE ROOTS OF EIGENVALUES
1 0.16974479481b6t+OO 1 0.41200096460+01
2 0.44994816q18840-01 2 0.21211 9 864JD+00
3 0.13999837q9730O+03 3 0.1144545236D02

POSITION EIGENVECTnPs
1 o.9291820o22068D+on 0.33235806443450+*0 -0.1617370508095D+00
2 -0.35005914394(D00* 0.93175297234n6D+00 -0.96410294n43100-01
3 0.119656P3A4300+0 0 0.14(20025834360+00 0.9821131204926D+00

VELOCITY EIGENVALUFS SQUARE ROOTS OF EIGENVALUES
1 0.293922R72056JD-10 1 0.5421465411D-05
2 0.6RA66345n0R1~D-1l 2 U.82985748810-06
3 0.17345912o353bD-g9 •3 0.13170395950-04

VELOCITY ETGENVECTnRq
1 0.8675966,4q2BD*O0 0.4444550021853U400 -0.223016128701000
2 -0.454720n618686D+00 0.89061461187710+00 0.59395660737240-02
3 0.201261?797577D+00 0.9625676154663D-01 0.9747966597676000

STATE TRANSITION MATRIX PARTITIONS OVFR( 0.500, 5.000) -- TRANSPOSES SHOWN

X( 5.000) Y( 5.000) Z( 5.000) VX( 5.0nO) VY( 5.000) V7( 5.000)
X( 0.500) -0.3394014271D00 -0.11373679620+01 0.1812912517D*00 -0.3461797250n-05 -0.39871350430-05 0.56335656POD-06
Y( 0.500) -0.1389550143D001 0.53983243730D01 -0.9779128154+00 -U.55951649530 -05 0.16372765320-04 -0.2989140??8D-05
7( 0.500) 0.2540R855420+00 -0.1115187057no01 -0.42586677370+00 U.10280130400-05 -0.3866937865n-05 -0.3984069637D-05

VX( 0.500) 0.3241650489D06 -0.69949630570*05 0.9312620639D004 0.7375866755n+00 -0.3559129998e+00 0.4153?37F65D-01
VY( 0.500) -0.7465262217D+05 0.57374187080*06 -0.37174617720+05 -0.3912759913ne00 0.1894845666n001 -0.1532506113000
VZ( 0.500) 0.10671072300+05 -0.39744353210+05 0.30986053990+06 0.5178011027n-01 -0.1726463640n000 0.64699738950D00

SOLVE-FOR PARAMETERS

-- NONE

DYNAMIC CONSIDER PARAMETERS

-- NONE
IGNORE PARAMETERS



-- NONF

*ASS,Wrrn (AnIANCE EVFNJT

DIAGONAL. OF nYNAMIC PI0TSE MATRTW
0.0 tO.n 0.0 0.0 0.0 0.0

0M 7A6T P,77360 10 .P!1*P*P94cTRA.lD*0e U.353243PPI14D+O05 O.1835475474, 0*0l -0*141P04040239D,01l 0.1483710663i6n+O0

-0,q33549484q93aOA 0.RS?3O02A1D~n6 0. 1050b3309iPP.D+06 -0.1075158514150*01 0.2884493o49540.ol 0.95i9792BA380%D-01
0.351241?16$14fl 05 0.05s33095,$?D,0', 0,61IA78190469D*0 0.609102689557D-01 0.25034ASS2901lOn O.1?587169701sno1
0. 1 ici4794744SO 0 I -0, 107,;jrR'3415Do401 U,6O91026R95c;7n-O1 0.4444567RAll00-05 -O.421A592524300-05 0.33871q99O59efl-06
-0. 141204()40239D+01 0.?MR4493n49540+l 0-250348892901D+00 -0.4?lA59252430D0-5 0-967QS19761370-05 O.9?0854265901D-07
O,14p371O6b3l6O.0n 0.9c079R63%~qOOn1 U.j2qP7169?0lqo+Ul 0.33871998059bD-06 0.920A5426590ID-07 0.2994906540-05

TOTAL COVARIANCL "4ATPIA AT I(*1
0.77A63l'0R?1R730.0(A -0.j39;Q445iDoA U.35324V1P614D+05 0. 1839475474450+01 -0.141PO404023(90*0l 0.148371066316n+00

-0. 33Q5404A'.95,3D+Q6 0.8U?-'J3902A510, 0. 10 i533 9qiRpne6 -0. 107S158s3341bn.01 0.2884493049540.01 0.9597929163805D-01
0.353243221614+OO ().I ci,533a9581?U.or 0.b13A7919046;neOA 0.6091026895570-01 0.i!5034p85?90j00on 0.35A716Q701qnol
0.1Mlb47S4744SDo0l -0.107,1S8534lbDcvi U.60910?69S7D-01 0.4444567R11000-05 -0. 4 21mS9?52430-0r 0.3187199F40594D_06
-0. 14lO4040?3404)01 0, qA493049'i40 4 01  U.25fl3498929njO,00 -0.421o5925243OD-0'q 0.9879q51976137D-O0c 0,9;?0R542A59010-07
0.148371066316DOnn 0,9S979?A63q0'O-0j 0,12SR7169701c;D+01 0.33A719980598D-06 0. 9 20A542659o0-07 0.2r,994A90865RD-05

%,j ONTPOL CORLATltP4 MATPI'Y P~iTfTONjS ANO SrANO]DAn OFVI1TIONS JUST HiEFOIRL GUIDANCE COPRCTION AT TIME 5,.0000n00 DAYS
Sn DF~V Y 7 vA v vZ

A0.P01?6660rn.03 1.0n000000
Y 4).9P320307n+03 -n).41734819 1.00000000
7 0.7835037Qrn~03 n.n511594n n.14606453 1.000ovonu

VA 0.?10R2144n-n.2 O.QR7V307' -0.9540069 U.03687572 1.00non0on
VY 0.314317030-02 -n.sn9767?1 n.99404110 0.10165b84 -O.63A6P677 1.OOOOOnOO
V7 0.1f,1;!931n-n? 0,1044234? 0.n6448167 0-99642126 0.0ocg6vi09 0.01817101 1.00000000

HSS POSITTON FRRORq . . . f.149?60?3Q09n04
PSS VFLOCITY EWRORS . . . 0.4j11iA27495n4D-02

SOLVF-FOR PARAMETEDS

-- NONE

nYNAMIC CONSIDER PARAr4FTFkS

--NONE

MEASUR~EMENT CONSIDFR PARAMETFPS
RAOTUS I -0.00056350 -'0.o0T07q -0.00519340 -O.0nn54715 -0.00041195 -0.00405q41
LAT I -0.O00i7429 -0.00050293 -0.00344624 -0,0036397 -0.00027151 -0.002693n3
LONG 1 0.0039500 0.00012509 -U-00033333 0.00nIA513 0.00007187 -0.000264??
RAD)IUS P 0.00023414 0.no0368 -0.00013275 0.00010071 0.00012Q09 0.00046624
LAT p O.OO019639 0.00007899 0.00000043 0.00015761 0.00oo9980 0.00038AP7
LONG ) 0.o000 5474 o.n002?132 0.n0077540 0.00034342 0.00008p1l 0,00053016
RADIUS 3 0.0 0.0) 0.0 0.0 0.0 0.0
LAT 3 n.0 0).0 01.0 0.0 0.0 0.0
LONG 3 n.nnU

4
49RA 0.00016409 0.0n020940 0.00025037 0.00007294 0.0n012qa7



NO SOLVE-FOR PARAMETERS

POSITION EIGENVALUFS SQUARE ROOTS OF EIGENVALUES
1 0.422732395R24

3
D+06 1 0.65017874140+03

2 0.11618170934TD+07 2 0.10778761960b04
3 0.658263431R593D+06 3 0.81133435210+03

POSITION EIGENVECTORS
1 0.638409,9341

4
D+00 0.61760043837220+00 -0.45935050154330+00

2 -0.652455731206UD*00 0.750833R86
9
7400O0 0.1027131460830D000

3 0.408331AO6604oD+00 0.23413280994770+00 0.8822965070506D*00

VELOCITY EIGFNVALUFS SOUARF ROOTS OF EIGENVALUES
1 0.196112PoS5620D-05 1 0.14004009050-02
2 0.12]8?2n09170D-04 2 0.3490103450D-02
3 0.27A1631]715720-05 3 0.16678224940-02

VFLOCTTY ETGFNVECTnq
1 0.775761A07?90'0+00 0.41878291967970+00 -0.47203262052320+00
2 -0.4790181I40?

7
40+00 n.8777638409738+00 -0.8498167448562D-02

3 0.410774?77n793D+00 0.2327047607236D+00 0.8815401217A23D+00

STATE TRANSITION MATRIX PARTITIONS OVoQ( 5.000, 116.000) -- TRANSPOSES SHOWN

X(11.000) Y(118.000) Z(118.000) VX(ll.ono) VY(118*.OO0 vZ(1.o00o)
X( 5.000) 0.77927867760+02 -0.70385544921+f l -0.3168918160O01 0.35270117620-04 0.19612512390-04 -0.8046710AR20-06
Y( 5.000) -0.2316557271D+03 O.l1u3673507n*02 0.91997885180U01 -U.10537720900-03 -0.56170249541)-04 n.2435534498D-05
7( 5.000) 0.162941I520.02 -0.135506073n+*0 -0.63011041440+00 U.74255959980-05 0.3940R405210-05 0.60336031770-06
VX( 5.000) 0.97017330?6D+08 -O.R3876?9916n+07 -0.38274645710+07 0.4389716940[)*02 0.2310A440750+02 -0.10036403410+01
VY( 5.000) -0.1638141302n+09 n.]2884Q92? On+ 0.6453?61886D007 -0.74525154650D02 -0.4015844403n+02 0.1676929450*01
VZ( 5.000) 0.273218q483il+07 -. 1738329270+0A -0.14125122190+07 0.1248187867D,01 0.6920409277+00 -0.53464745P20 00

SOLVE-FOR PARAMETERS

--NONF

DYNAMIC CONSIDER PARAMFTFRS

-- NONE
IGNORE PARAMETERS

-- NONF
(VARIATION MATRIX HAS BEFN COMPUTEn AND PUNCHE)

VARIATION MATRIX
0.77413063910+02 -0.?302ARA]41D+03 0.16194117610402 0.9b39737063U+08 -0.1628387241D+09 0.2718214338D 07

-Q.164264?6690+01 0.50441197700D+01 -0.29169n563D+00 - .1977654431D+07 0.3&98003364D+07 -0.13572566340407
0.0 0.0 0.0 0.0 0.0 0.0

TARGET CONDITION CORRELATION MATRIA AND STANDARD DEVIATIONS BEFORE GUIDANCE CORRECTION



f.9n7l??5779fl4oo 0.1 VoflfUoonn01 -f.994443Ac71DO00
0. 19S(A779123fl.0S -fl.9944436,S71O+fl0 O.1OOOOOonOOD.ol

FTGENVALIILq OF A~nVr kiA[RIX SQLIARF ROOTS OF EIGENVALUES
I .2621641 I 0.9075312213r)+06
p n.4.?4125821ooro? 0.20594315260+04

FTGFIIVFCTORS OF ABnVr mAIPIx
I n.9q97009$;7flOU -0.2144186~959D-01
P n.?144lb69rQfl-01 0.99977on967l.Oo

CiITUANCE MATRIX -- VARTA.RLF TI-4r OF ARRIVAL tGuLInANCE POLICY
-u.2.oA7474r,6AlO-01 0.61S3.R1 aq4U-0 -n.4411726A25n-07 -0.263n7831719.oo n.437125n474Dfl0 n.52819644010-01
0.351'833%'0IPO-l6 -0.1O48'4?RA27L)-Og n.711893f)513)-07 0.43712504740400 -O.T407074436D*l0 0*313308Oq69D-01
11.66S67117510-09 n .II??1A0?710)07 o.5281864401U-01 0.313080869O-ol -0.996,2142393D00

VFLOCITY COPPFCTY' rUPRFLAITOHl '4ATRiX AND STANDapn nEVIATIONS

0.P43A94267 1f0- 0. lnnnoOUO0nl -i.99849242254fl*00 0.58488749AD-ni
0.1?"''-0.9QRQ242e4l.00 n.Iloooooooor)4Ol -0.1020813735'0400o

0.1 A?4dl6H0-0? O.5cvP4AA 74q8r-O' -n.10?0887355D*UO O.lOOOO00Onnol

00



DELTA-VEE STATISTICS ---

EIGENVALUFS OF S --- 0*229924070-04 KM2/SEC2 0.25027124U-05 KM2/SEC? 0.0 KM2/SEC2

TRACE OF S --- 0.25495120D-04 KM2/SEC2

SQUARE ROOT OF TRACE --- 0O504926920-o0 KM/SEC

EIGFNVALUF RATIOS --- 1.00000000 0.10884952 0.0

EIGENVECTORS OF S --- 0.R544143D0+nn 0.50920777D+00 0.615285360-01
(TRANSPOSF) -0.5081142A+Onn 0.860639850+00 -0.31450375D-01

-0,699871000-01 -0o254834050-02 0,QQ7544640+00

MEAN --- 0.425280450-0 KM/SEC

STANDARD DOVIATION --- 0*27219063D-0O KM/SEC

DELTA-VEE(90) = 08R09776190-02 KM/SEC
DELTA-VEE(99) = 0.12459760D-01 KM/SEC

DELTA-VEE(99.9) = 0.158633640-01 KM/SEC
DELTA-VEE(99.99) = 0.187278710-l1 KM/SEC

EXPECTED VALUE OF VELOCITY COREr.TTON
-U.21609106950-02 0.36A01110100-02 -0.14P25790290-03

SIGPRO= 0.1000000000D-03 SIGRES= 0*100000000n00-09
SIGALP= 0.3430000000-03 SIGBET= U.34300000000-03

EXECUTION ERROR CORRELATION MATRIX ANn STANUARD DEVIATIONS
0.7137743113D-04 0.O10onn00000 0+0 n.478644546d500 -0.12989984 5D-01
0.54975625270-04 0.478A44a

4
850+00 0.10000000000+U1 0.28566656960-01

0.78732527600-04 -0.1,989984550-01 n.28566656960-01 0.100000000+nD01

EIGFNVALUFS SQUARE ROOTS OF EIGENVALUES
1 0.6203&1AA7'746D-0R 1 0.78763041310-04

2 0.19086345 o34JD-08 ? 0.43687922810-04
3 0.620361667574bD-OR 3 0.7R763041310-04

E!GENVECTORS
1 n.861e6lP4AI60dO+n n.5O8R266364? 8U+00 -0.1170322993190D-01
2 -0.SU8114135U.D+00 O.8A063984890940+00 -0.3345037453456D-01
3 -0.692141q307720D-0? 0.34756109609080-01 0.999371A5614510+00

CONTROL (AND KNOWLEDGE) CORRELATION MATRIX PARTITIONS AND STANDARD DEVIATIONS JUST AFTEP GUIDANCE CORRECTION AT TIME S.000 DAYS

STO DEV A Y Z VX VY V7
X 0.418041140*00 1.0000000
Y 0.22683722l~00 0.83862829 1.00000000

Z 0.12491878n+01 0.30236381 0.70434879 1.00000000
VX 0.713800260-04 0.00807762 0.00753835 0.00413672 1.00000000
VY 0.549766760-04 0.00524697 0.00475393 0.00280342 0O47R66577 1.00000000
VZ 0.78760201n-04 0.00620477 0.01197553 0.02218609 -0.01288783 0.02864886 1.00000000

RSS POSITION ERRORS. . . o.11366688 oP2D*01
RSS VELOCITY ERRORS. . 0n.1196 6 91 7 78 94 D'-3



SOLVF-FOW PARAMETES

-- NONF

nYNAMIC CONSIMER PARAMETERS

-- NONE

MEASLUREMENT CONSIDFR PARAMETFRq
RADIUS 1 -0.19498408 -0.42961397 -0.59123152 -0.00235912 -0.00156755 -0.01246204

LAT 1 -0.126423R0 -0.29749506 -0.40806b83 -0.00163699 -0.00108542 -0.0059256
LONG 1 0.9000248 0.60934337 -0.04481866 0.0044R137 0.00457981 -0.00112670
RADIUS P -0.1670222 -0.41506659 -u.50544319 -0.00203312 -0.00132156 -0.00909113
LAT 2 -o.11795300 -0.29291494 -0.36063b95 -0.00138727 -0.00091595 -0.00653847

LONG 2 0.RA596061 0.q689546 -0.04454567 0.00618748 0.00375236 -0.00162779
RAfDTUS 3 -0.201U6369 -0.43129428 -0.45098D13 -0.00222525 -0.00055214 -0.00469323
LAT 0n.13970370 1l.9R27087 0.31304245 0.0015r277 0.00039625 0.00332917

LONG I nnA4
4
33425 0.55473400 -0.04635740 0.00596150 0.00390579 -0.00155296

VO SOLVF-FOP PARAMFTFRS

POSITION EIGFNVALUFS SQObARE ROOTS OF EIGENVALUES
1 o.1775169487 D+O00 1 0.42132760280.00
2 0.3267?0171 Ad0 -0? 2 0.57159441390-01

3 n.lb(b90 P40l6001 3 0.1?67240897?001

PnSTTIOJ EIGFNVErToPq
1 0.927664576A0UD+00 0.3398488447470D+00 -0.1549577935217.+00
2 -0.35509207 426b+0O 0.9311?43052307U+00 -0.83339979275270-01
3 n.11597'175510+n0 0.1232645590600+00 0.984399574646D+00

VFLOCTTY EIGENVAI.UFS SOJARE ROOTS OF EIGENVALUES

1 n.62n397>0474J1D-0P 1 0.77b529723D-04
S 0n.19ln4 21414b4-0O 2 0.43688123570-04

3 :0.6.O08794PPR1D-OA 3 0.787914205JD-04

VFLOCITY ETGFNVECTr)P

1 o.85215c461190+on 0.49657053935620+00 -0.165792A803364D+00
p -0.50810584A478D+00 0.P606455250094000 -0.33432500723230-01

3 o.1260P71114941U0fn 0.11272523996351*00 0.9855937576112p+00

TARGET CONDITION CORPFLATION MAuTRI AN STANOAoD DEVIATIONS AFTER GUIDANCE CORRECTION
0n.?7146l1140+04 0. 1n0000O0D+01 -n.i1518A266~+n-
0.0194424830+03 -0.8~ 1l~8266D+u0 0.1000000t0(,o0 1

FTGENVALHIIE CF ABOvr iAAIRIX SOJUAHE ROOTS OF EIbENVALUES
1 n.A447342An+n8 I 0.8273290922D+04
2 0n.1050216Afn+n5 ? 0.102G0959310+03

FTGENVECTOPS OF AHfVF MAIRIX
I n.9Q977879R9n+OU -0.210321Q7R5D-01
2 n.21G32197A50-fl 0.99077879 9+OU



ACTUAL GUIDANCE EVENT

MATRIX 1 = PHI*P*PHI(TRANSPOSE)

0.7766877U63610+06 -0.139~00035950D+0 0*35591170520P D05 0.1835587954400+01 -0.141195536995001 0.148807909997D+00

-0.339500035950D0+06 0.523600966850+0A 0.105977505987D+06 -0.107505104823D001 0.2884591974720+01 0.9650136727670-01

0.355911705202D+05 0.105077505q87DOA 0.615899967A41D+06 0.615264896926D-01 0.250886212084D+00 0.126190714634D+01

0.183558795440D+01 -0.107c05104823D*o1 0.615264896926D-01 0.4444802385550-05 -0.421A409324190-05 0.339722308062D-06

-0.141195536995D+01 0.2884591974720*01 0.250886212084000 -0.421840932419D-05 0.9879709266780-05 0*9298284561R0D-07

0.148807909997D+00. O.965013672767D-01 0.1261907146340+01 0.3397223080620-06 0.92942456180D-07 0.260461193534D-05

TOTAL COVARIANCE MATRIX AT K+1
0.776687706361D006 -0.339q00035950D06 0.35591170520?D+05 0.1835587954400+01 -0.141195536995D001 0.148807909997D+00

-0.319500035950D+06 0.P523600966850-0 0105977505987D+06 -0.107505104823D+01 0.288459197472D001 0.965013672767D-01

0.355911705202D+05 0.105977505987D0+A 0615P999778410+06 0.615264896926D-01 0.250P862120840+00 0.126190714634D+01

0.18355R7954400 01 -0.107q05104P23D+nI 0.6152648969?AD-01 0.4444802385550-05 -0.421A409324190-05 0339722308062D-06

-0.141 195369990+01 0.289859197472D+01 0*250AP621204AD+00 -0.4218409324190-05 0.987970926678D-0 0.929828456180-07

0.148079099970+nO 0.965013672767D-01 0.126190714A341+0] 0.3397223080620-06 0.929A284561800-07 0.2604611935340-05

ACTUAL DYNAMIC NOISE SECOND MOMENT MATRIX DIAGONAL
0.0 0.0 0.0 0.0 0.0 0.0

ACTUAL DEVIATION MEANS
X 0.0
Y 0.0
Z 0.0

Vx 0.0
VY 0.0

0 VZ 0.0

ACTUAL CONTROL CORRELATION MATRIv PARTITIONS AND STANDARD DEVIATIONS JUST REFORE GUIDANCE CORRECTION

STD DEV A Y Z vX VY VZ

x 0.88129RR7n+3 1.o00000000
Y 0.92323350n+03 -n.41745837 1.00000000

Z 0.7R479?95n+03 0.05145931 0.14626723 1.00000000
VX 0.?10R2700r-02 0.98792905 -0.55?P3 6P 0.03718612 1.0000000
VY 0.31432005P-02 -0.50971295 0.99403289 0.10170671 -0*63657621 1.00000000

V7 0.16138810n-o2 0.104b239Q 0.06416650 U0.9632447 U.0Q984500 0.01832986 100000000

SOLVE-FOR PARAMFTFRS

-- NONE

DYNAMIC CONSIDER PARAMETERS

-- NONE

MFASUREMENT CONSIDER PARAMETFR

RADIUS 1 -n.00o 3479 -0.n07607b 6 -0.05184867 -0.00547133 -0.00411949 -0.04054420

LAT 1 -. n003
7
4278 -0.050?912 -0.03440577 -0.00163959 -0.00271510 -0.02690393

LONA I .0nn39492 0.'012q076 -0.0033e279 0.00185127 0.00071873 -0.00263964

RADTUS 2 o,0*234133 0.00083678 -0.00132535 0.00180703 0.00129085 0.004657R5

LAT 2 0.n0nl9638R5 .00no7898 0.00000430 0.00157606 0.00099879 0.00388488

LONG P 0.005 4724 0.002?1309 0.00774122 0.00143408 0.00082114 0.0059O636

RADIUS 3 0.0 0.0n 0.0 0.0 0.0 0.0



LAT 3 0.0 0.0 0.0 0.0 0.0 0.0

LONG I o.0n449861 0.00164077 0.00209057 0,0050358 0.00072941 0.0012545

IGNORE PARAMETERS

--NONE

SOLVE-FOR PARAMETERS

NO SOLVE-FOR PARAMFTFRS

POSITION EIGENVALUFS SQUARE ROOTS OF EIGENVALUE5
1 0.422900q3q441vD06 1 0.6503083411D+03
2 0.1161860255304D+07 2 0.1077896217D+04
3 0.66018697714090+06 3 0.81251866260+03

POSITION EIGENVECTORS

1 0.63925500nl5019D+0 0.6182100178032D00 -0.4573504326?38D0O0
2 -0.65231110n2977D400 0.7508881811360D+00 0.103232?959842D+00
3 0.407238?74033UD000 0.2323430939753000 0.883274401792D+00

VFLOCITY EIGENVALUFS SOUARF ROOTS OF EIGENVALUES
1 0.1961466R10278D-05 1 0.1400523763D-02
2 0.1218086301657D-04 2 0.34901093130-02
3 0.278679176082aD-05 3 0.166936927U002

VFLOCITY ETGENVECTORS
1 n.77637990640b4D+00 0.4191403578068000 -0.47069693156640+00
2 -0.479011423413(D+00 0.8777577999407D+00 -0.84702790n9189D-02
3 0.40961237428520+00 0.23204536161050+00 0,8822543017676D000

ACTUAL TARGET STATE nEVIATION MEANS
000 0.0

ACTUAL TARGET CONDITION CORRFLATTON MATRIX AND STANDARD DEVIATIONS BEFORE GUIDANCE CORRECTION
0.90732404n*06 .100000000
0.195679320405 -0.99443311 1.00000000

EIGENVALUES SQUARE ROOTS OF EIGENVALUES
1 0.82361555Q1317D+12 1 0.9075326766D+06
2 0.424934792922'D+07 2 0.20613946560+04

EIGENVECTORS
1 0.99977009A9894D00 -0.2144176221288D-01
2 0.2144176?728OD-01 0.9997700989894D+00

ACTUAL VELOCITY CORRECTION SECOND MOMENT MATRIX
0.59484998050-05 -0.1005425357D-04 0.2155977428D-06

-0.10054253570-04 o.1703055894D-04 -0.6680675501D-06
0.21559774280-06 -0.66806755010-06 0.2520897886D-05



DELTA-VEE STATISTICS

EIGENVALUF OF S --- 0.22992469D-04 KM2/SEC2 0.250748730-05 KM2/SEC2 0.0 KM4?/EC2

TRACE OF c --- 0.25499957D-04 KM2/SEC2

SQUARE ROOT OF TRACE --- 0.5049748?D-02 KM/SEC

FIGENVALUF RATIOS --- 1.000oo00o 0.10905690 0.0

EIGENVECTORS OF S --- 0O8584414D+nn 0O50920777D+U0 0.615285360-01
(TRANSPOSE) -0*50A115201D+2 0.86063982D+UO -0.33437297D-01

-0.699RO43QD-01 -0*25c9622RD-02 0.90754508n+00

MEAN --- 0.425341840-0? KM/SEC

STANDARD DFVIATION --- O.27218355D-0? KM/SEC

DELTA-VEE(90) = 0.805R129AD-0~ KM/SEC
DELTA-VEE(99) = 0.12459977D-01 KM/SEC
DELTA-VEE(99.9) = 0.15863575D0-4 KM/SEC
DELTA-VEE(o9.99) = 0.1872O64U-1l KM/SEC

ACTUAL STATISTICAL DFLTA-V
-0.2161226532D-02 0.3660661?20')-0? -0.142222A161n-03

ACTUAL EXECUTION ERROR MFANS
u.0 0.0 0.0

ACTUAL EXECUTION ERROR CORRELATION MATRIX ANn STANDARD DEVIATIONS
0.71387654n-04 1.0000000
0.54983369n-04 0.47865082 ].00000000
0.797439170-04 -0.01298503 0.02855577 1.00000000

MFANS OF ACTUAL DEVIATIONS
0.0 0.0 no0 0.0 0.0 0.0

MEANS OF ACTUAL ESTIMATION ERRMRq
0.0 0.0 0.0 0.0 0.0 0.0

ACTUAL CONTROL (AND KNOWLEDGE) CORRELATION MATRIX PARTITIONS AND STANDARD DEVIATIONS
JUST AFTER GUTUANCE CORRECTION AT TIME 5.000 DAYS

STD DEV X Y 7 VX VY vZ
X 0.40626707n+01 1.00000000
Y 0.21712031n+01 0.R5024437 1.00000000
7 0.112604R1Dn+O 0.27796601 0.73185331 1.00000000

VX 0.71592528n-04 0.07399420 0.07084876 0.03471806 1.00n00000
VY 0.55055703D-04 0.04734712 0.04411131 0.01838235 0.48031128 1.00000000
VZ 0.79792BROn-04 0.03602300 0.10760346 0.15583b45 -0.00781635 0.03118593 1.00000000

SOLVE-FOR PARAMETERS

-- NONE

DYNAMIC CONSIDER PARAMETERS



=--NONE

MEASUREMENT CONSIDER PARAMETERS
RADIUS 1 0o19034513 =0.44884073 =0065588599 0,02352118 -0.01565300 =0.12300767

LAT 1 00o13008770 -0o310Q0904 -O45269011 oO01632127 -0.01003362 -0.0401364

LONG ] o0 q9262592 0o
0

3661367 =0o0497193 0o06.62130 0.04973237 -00o1112117

RADIUS ? -0o17268593 -0 43364230 0,o50771023 -0O0202705 -0,01319661 =0o.0973480

LAT ? -no121J7161 -030602393 -0.40007461 -0-01383154 -0o00914633 -0.06453354

LONG P 0 091163675 0058909705 -0o04941699 Oe06169118 0.03746969 -0.01606725

RADIUS 3 -0 206d9070 -0.45059A24 -0o50030207 o0002P1641 O-0.0051144 -0,04632499

LAT 3 no14375247 fnl1161956 034727539 0O0154157 0.00395681 0.03286090

LONG 3 0.86880400 00 57956033 -0.05142684 O05943809 0,03900188 -Oo01532963

IGNORE PARAMETERS

-=NONE

SOLVE-FOR DARAMETERS

NO SOLVE-FOR PARAMETFRS

POSITION EIGENVALUFS SQUAPE ROOTS OF EIGENVALUES
1 n.1697447948167D*02 1 0.4120009646bD01
2 0.44994816R1R84D-01 2 0.2121198643DOn
3 0,1309981797132D+03 3 0.1144545236D*02

POSITION ETGENVECToPS
1 O.929120292O68D+00 0.3323580644345D+00 -0,16173705080950+00
2 -0.350059~143947D+00 0.93175297234060o00 -0.96410294R4310D-O1
3 0.1165623AR438D+00 0.14620025834360+00 0.9821131204926D#00

VFLOCITY EIGENVALUFS SQUARE ROOTS OF EIGENVALUES
1 0.62347261n?344D-0o 1 0.789602818UD-04
2 ool91036A6Rp93dD-08 2 0.43707764640-04
3 0.637841794727bD-08 3 0.7986499826D-04

VELOCITY EIGENVECTORS
1 0.8435695763161D 00 0.4890221437844D+00 -0.2219182570280D00
2 -0.507478250759YDo0 0.8610865471146D.00 -0.31555901881630-01
3 0.17565929nA987000 0.13923828951430D00 0.9745545198982D+00

ACTUAL TARGET STATE nEVIATION MEaNS
0.0 0.0

ACTUAL TARGET CONDITION CORRELATTON MATRIX AND STANDARD DEVIATIONS AFTER GUIDANCE CORRECTION
E(DTAU) 0.827436920.04 1.00000000
E(DTAU) 0.2n262016n*03 -0.85886085 1,00000000



EIGENVALUFS SQUARE ROOTS OF EIGENVALUES

I 0.6849547366025D+8O 1 0.8276199228D004

2 0.1076632798308D+05 2 0*10376091740*03

FTGENVECTORS
1 0.999778A4149

3 9
D+00 -0.2103017121093D-01

2 0.21030171210930-01 0.9997788414939D00



MEASUREMENT NO 60 AT TRAJFCTORY TIME 112.400 PROBLEM. , 118

RANGE-RATE WAS MEASURED FROM STATIUN 2 AT TRAJECTORY TIME 112.40000 DAYS

INITIAL TRAJECTORY TIME 11?2.20
FINAL TRAJECTORY TIME 112.400

INITIAL
AT TRAJECTORY TIME 112.2000

STATE X-COMP Y-COMP Z-COMP RADIUS X-DOT Y-nOT Z-DOT VFLOCITY

INERTTAL 0.1218485n+07 0.73669420.06 -0.18180240.05 0.,4239930+07 -0.18919287 0.52646992 0.03573650 0.56057258
HELTO- 0.1214477n+09 0.87992680+OR -0.19313170059 0.14997420+09 -18.16596535 24.51864452 0.03661769 30.51503837
ROT.GFO- 0.1418856n+07 -0.11947060n06 -0o18180240+05 0.14239Q30+07 0.13200367 0.25090444 0.03573156 0.28575296

FINAL
AT TRAJECTORY TIME 112,40n0

STATE X-COMP Y-COMP . L-COMP RADIUS X-DOi Y-nOT Z-DOT VELOCITY

INERTTAL 0.12152040+07 0.74578671)*06 -0.1756 23D+05 0.14259130+07 -0.19058900 0.F2590137 0.03579170 0.56051536
HELIO- 0.12113310n09 0.8841583D+0. -0.18679620P05 0.14996860+09 -18.25085826 24.45713527 0.03670887 30.51633400
ROT.GFO- 0.142114I0+07 -0.1151407r+06 -0.17562230+05 0.1425913U+07 0.13328469 0.25022979 0.03578647 0.28576289

STATE TRANSITION MATRIX PARTITIONS OVFP( 112.200, 112.400) --TRANSPOSES SHOWN

Xt112.400) Y(112.400) Z(112.400) VX(112.400) VY(112.400) VZ(112.400)
X(112.200) 0.1000n30649D+01 0.36r6237247n-04 -0.7543130778D-06 0.35169289700-08 0.41819098050-08 -0.77646255740-10
Y(112.200) 0.3590077168D-04 n.99999650640+00 -0.42445662980D-06 0.4181677227n-08 -0.42785539000-09 -0.47314635720-10
Z(112.200) -0.bR564258980-06 -0.43201089280-06 0.qQ997330300+00 -U.7764854471n-10 -0.473?2451510-10 -0.30885955360-08

VX(112.200) 0.1728057520D+05 -n.1244384766001 0.10818481450+00 U.10000302240+01 0.35971170290-04 -0.66643406170-06
VY(112.200) 0.16201171870+01 O.1779973970D05 -0.9312438965D-01 0.3692800237n-04 0.99q9966818D+00 -0.4303346941D-06
V7(112.200) -0.10871413090*00 0.80337524410-01 0.1727984537D+05 -0.70742680690-06 -0.41435032470-06 0.9999733298DO00

SOLVF-FOR PARAMFTERS

-- NONF

DYNAMIC CONSIDER PARAMFTFRS

-- NONE
IGNORE PARAMETERS

-- NONEF

DIAGONAL OF DYNAMIC NOISE MATRIX
0.0 0.0 0.0 0.0 0.0 0.0

OBSERVATION MATRIX PARTITIONS -- TRANSPOSES SHOWN
RANGE-RATE(2)

X -0.1105196543D-06
Y 0.18228674680-06
Z 0*14348516100-06
VX 0.85039936100+00



VY 0.52597535mAu+00
VZ -0.130709O7410-01

SOLVE-FOR PARAMETERS

-- NONE

DYNAMIC CONSIDER PARAMETERS

-- NONE

MEASUREMENT CONSIDFR PARAMETERS
RADIUS 1 0.0
LAT 1 0.0
LONG 1 0.0
RADIUS 2 -0.561176073U-04
LAT 2 0.3103R951040-02

LONG 2 0.28069366A30+00
RADIUS 3 0.0
LAT 3 0.0
LONG 3 0.0

IGNORE PARAMETERS

-- NONF

MEASUREMEFNT NOISF MATRIX
0.16666667D-13

GAIN MATRIX PARTITIONS
K-MATRTX

-0.11?0593741+07
0.5417980944D+06
0.42n 976296D+07

-0.443R1310370+00
-0.653A644006D-02
0.2373q920n40D01

S-MATRIX

NOT DEFINEnr

CORRELATION MATRIX PARTITIONS AND STANDARD DEVIATIONS AT TIME 112.400 DAYS, JUST BEFORE THE MEASUREMENT

STD DEV A Y Z vX VY VZ
X 0.234357890401 1.00000000
Y 0.980728050+00 -0.94616726 1.00000000

Z 0.55140347nD01 -0,80898944 0.92119043 1.00000000
VX 0.10034326D-05 0.Q9826364 -0.94438871 -0.80121360 1.0000000
VY 0.34182112D-06 -0.28342696 0.01285934 -0.20916747 -0.25918264 1.00000000
VZ 0.26722437D-05 -0.71914148 0.R0935971 0.95260134 -0.-69832791 -0.13796252 1.00000000

RSS POSITION ERRORS. . . n.607114223316D+01
RSS VELOCITY ERRORS. . . n.28748226?34D-05



SOLVE-FOR PARAMETERS

-- NONE

DYNAMIC CONSIDER PARAMETERS

-- NONE

MEASUREMENT CONSIDER PARAMFTERRS
RADIUS I -0.21409135 0.23540414 0.08122364 -0.25382433 -0.24927514 -0.10797541
LAT 1 -0.14742152 0.16191632 0.05573876 -0.17438826 -0.17139354 -0.07508599
LONG I -n.399J2569 0.14624313 -0.15174796 -0.40469996 0.76034654 -0.20179839
RADIUS 2 -0.71803047 0.78832935 0.80868729 .0.69713763 0.05727998 0.79371482
LAT 2 -0,50889769 0.55846314 0.57306059 -0*49418939 0.04152870 0,56137389
LONG P -0.361t1216 0.14936440 -0o16573006 -0.36729791 0.69042353 -0.23888027
RADIUS 3 -0.43747984 0.48836973 0.51539459 -0.44695138 -0.20491268 0.450509R9
LAT 3 0.30206547 -0.33777202 -0.35675839 0.30937995 0.14305379 -0,31138644
LONr 3 -0.34811821 0.15042760 -0.1R574418 -0.34421328 0.77213636 -0.24677522

NO SOLVE-FOR PARAMFTERS

CORRELATION MATRIX PARTITIONS AND STANDARD UEVIATIONS AT TIME 112.400 DAYS9 JUST AFTER THE MEASUREMENT

qo STD DEV X Y Z vX VY vZ
x 0.?325317Rn+01 1.00000000

Do Y 0.97051377n*00 -0.94536780 1.00000000
Z 0.54038504n+01 -n.R0648066 0.02034176 1.00000000

VX 0.99674646n-06 0.9Q828320 -0.94385264 -0.79948592 1.0000n000
VY 0.34181686M-06 -n.,2868365 0.n1372156 -0.21242105 -0.26150411 1.00000000
VZ 0.29996714n-05 -0.71314505 OoR060917 09050R6764 -0.69S03248 -0.14062698 1,00000000

RSS POSITION ERRORS. . n.596243?27n2D'01
RSS VELOCITY ERRORS. . . 0?80510A4Q450-05

SOLVE-FOR PARAMETEPS

-- NONE

DYNAMIC CONSIDER PARAMETERS

-- NONE

MEASUREMENT CONSIDER PARAMETrRR
RADIUS 1 -0.26248371 0.29129267 0.15740428 -0.29812705 -0.25111261 -0.02362728
LAT 1 -0.18028025 0.20024278 0.10811b53 -0.20484827 -0.17265692 -0.01711498
LONG 1 -n.40208336 0.14734406 -0*15545354 -0.40706515 0.76037108 -0.20814856
RADIUS 2 -0.74564116 0,R2207911 0.86069091 -0.72211498 0.05640653 0.85750450
LAT 2 -0.52848997 0.98240743 0,60995376 -0.51191419 0,04090873 0.60659618
LONG 2 -0.35348366 0.13834716 -0.18667510 -0*35972067 0.69086452 -0.26614060
RADIUS 3 -0.356d4973 0.39612537 0.39002298 -0.37227682 -0.20157065 0.30379853
LAT 3 0.246v9237 -0.?7408008 -0.27020298 0*25781985 0.14074603 -0.21008593
LONG 3 -0.34281610 0.14270172 -0.20252046 -0.33909743 0.77246570 -0.26889068

NO SOLVE-FOR PARAMFTFRS



ACTUAL ESTIMATION FRROR STATISTICS

DIAGONAL OF ACTUAL DYNAMIC NOISE COVARIANCE MATRIX
0.0 0.0 0.0 0.0 0.0 0.0

ACTUAL MEASUREMENT NOISE CORRELATION MATRIX AND STANDARD DEVIATIONS
0.129099450-06 1.00000000

ACTUAL MEASURFMENT RESTOUAL MEAN
0.0

ACTUAL MEASUREMENT RESIDUAL CORRFLATION MATRIX AND STANDARD DEVIATIONS
0.211255870-05 1.00000000

ACTUAL ESTIMATION ERROR MEANS AT TIME 112.400 DAYS BEFORE THE MEASUREMENT
X 0.0
Y 0.0
Z 0.0

VX 0.0
VY 0.0
VZ 0.0

ACTUAL CORRELATION MATRIX PAPTTTTONS AND STANDARn DEVIATIONS AT TIME 112.400 DAYq JUST BEFORE THE MEASUREMENT

STO.DEV X Y Z VX VY vZ
x 0.22411156n+02 1.00000000
Y 0.90 76690n o1 -0.95821206 1.00000000
7 0. 40999180+02 -0.81651166 0.92664027 1.00000000

VX 0.961427560-n5 0.99824328 -0.95406652 -0,80684782 1.00000000
.VY 0.293517510-05 -0.23802922 0.00508538 -0.25658875 -0.22n33731 1.000000000
VZ 0.25538333n-04 -0.72912262 0.R

4
521486 0.97505b20 -0.71067616 -0.23950364 1.00000000

SOL.VE-FOR PARAMETERS

-- NONE

DYNAMIC CONSInER PARAMETERS

-- NONE

MEASUREMENT CONSIDER PAPAP4ETEHS
RADIUS 1 -0.??240699 0.24282234 0.08278570 -0.26491398 -0.29029787 -0.11298177

LAT 1 -0.15416159 0.16691557 0.05681070 -0.18200733 -0.19959945 -0.07856740

LONG 1 -0.41758277 0.15085163 -0.15466632 -0.42p3R141 0,88547532 -0.21115493

.RADIUS 2 -0.750858 6 6 0,A1317166 0.82423965 -0.72759575 0.06670643 0.83051600

LAT 2 -n053216438 0.57606177 0.58408147 -u.5178065 0.04836300 0.58740241

LONG 2 -0.37804042? 0.15407127 -0.16891732 -0O38334525 0.80404521 -0.24995613

RADIUS 3 -0.45748132 0.50375953 0.52530646 -0.46447881 -0.23863476 0.47139912

LAT 3 0.31650327 -0.34841609 -0.36361943 0.32?89684 0.16659588 -0.32582410

LONG 3 -0.36403409 0.15516796 -0.18931634 -0.35925205 0.89920536 -0.25821713



I(NORF PARAMETEPS

-- mONF

SIO vE-FOR PAPAMETEPS

No( SoL.VE-FOR PARAAETFRS

ACTUAL ESTIMATIOrN FPOO MEANS 1T TIME 112.400 DaYS AFTER THE MEASUPEMFNT
x 0.0

Vx n.O
VY 0.0
VI 0.0

ACTUAL COPPELATION MATRIX PAPTTTTOtS ANO STArDApn DEVIATIDNS AT TIME 112.400 DAYe JUST AFTEP THE MEASURFMENT

ST DnEV AY Z VX VY VZ
x 0.?P?63A60Qq 0 ].00000000
Y 0.94119R30n+01 -0,51iJ460 1.n00000000
7 0.53080926n*0? -n.~1412383 0.92588513 1.0000000

Vy 0.q587065n-05 n.99H35026 -0.95389R58 -U080581183 1.00 00000
0 VY 0.? 344539n-0 -0.P45:0056 0.01187067 -0.25230479 -0.22706352 1.00000000

n V7 n.4912712n-04 -0.72636667 0,A4297348 U097428038 -0.70A40269 -0.23449488 1.00000000

SOLVF-FOR PARAMFTFRS

-- NONE

UYNAMIC CONSTnER PARAVETFPR

-- NONE

MFASIIPFMENT CnNqTnER PArAMETERS
RAOTIU I -no.741505o 0.30036556 0.16024384 -0.31087582 -0.29250596 -0.02465515

LAT 1 -0.18829331 0.?064794 0.11006593 -0.21160818 -0.20111765 -0.01785969

LON 1 -0.41945510 0.15193338 -0.15825792 -V*42447244 0.88571048 -0.217205S2

RADIUS 2 -'0.77878330 0.84768439 0.87621773 -0.75299471 0.06570457 0.89481623

LAT 9 -n. 51eo0 o 0.60054766 0.62095730 -).5308513 0.04765212 0.63299019

LON 2 -n.36919525 0.14265625 -0.19004271 -0.37510337 0.80474647 -0.27772091

RADTUS 3 -0.37271093 0.40846348 0.39705898 -0.3R19645 -0.23479751 0.31701741

LAT 3 0.25797064 -n.28261684 -0.27507743 0G2688449? 0.16394658 -0.21922719

LONG 3 -0.35805353 0.14714644 -0.20617392 -0.35359822 0.89979078 -0.28059065

IGNORF PARAMETERS

-- NONE



ERROR ANALYSIS MODE-FINAL INSERTION EVENT AT TRAJECTORY TIME 0.11800000+03 DAYS PROBLEM. * 11A

AT TRAJECTORY TIME 118.0000

STATE X-COMP Y-COMP Z-COMP RADIUS X-DOT Y-nOT Z-DOT VELOCITY

INERTIAL 0.1114926D+07 0.9959100.o+06 -0.5362115n+01 0.14949570+07 -0.22109491 0.50741756 0.03652909 0.55469797
HELIO- 0.11174190+09 O.9Q01373 +08 -0o5715374003 0.1498100D+09 -20.53970477 22.62046631 0.03757402 30.55431852
ROT.GEO- 0.14949570*07 -0.32114891)+n0 -0.,36?115D+01 0.14949570+07 0.17314054 O.22309137 0.03652101 0.28474759

STATE TRANSITION MATRIX PARrITIONS OVFR( 113.000. 118.000) -- TRANSPOSES SMOwN

X(18.01100) Y(118( .0) Z(11,000) VX(118.nnO) VY(118.000) VZ(11a.000)
X(113.000) 0.10152625100+01 n.2292075535-01 -0.222990b541D-03 U.65116498860-07 0.1060730792!0-06 -0.75504260140-09
Y(113.000) 0.22890OA7980-01 0.10009537350+01 -0.1557231610-03 0.105827825qn-06 0.96903118q60-08 -0.54249377n40-09
Z(113.000) -n.223908900ID-03 -0.15675P75759-03 0.98403521910+00 -0.7660275530n-09 -0.55229423120-09 -0.72531169D10-07

o VX(113.000) 0.43390900240+06 0.32896288300,04 -0.22996688840+02 U.1012632231n+01 0.22751609560-01 -0.10396704600-03
VY(113.000) 0.3291145703D+04 0.43228748470+06 -0.1710360718*+02 0.22731996020-01 0.1003060738D001 -0.79011470920-04
VZ(113.000) -0.23353240971)+02 -,.1699363518n002 0.42971490130+06 -U.1049393177n-03 -0.79849007310-04 0.9845489295000

SOLVF-FOR PARAMETERS

-- NONE

DYNAMIC CONSIDER PARAMFTFRS

-- NONE
IGNORE PARAMETERS

-- NONE

DIAGONAL OF DYNAMIr NOISE MATRTX

0.0 0.0 0.0 0.0 0.0 0.0

MATRTX 1 = PHI*P*PHI(TRANSPOSE)

0.441777921734D+04 -0.545R44290588D+.0 0.1836015965970D+03 0.1027208867920-01 -0.110567498851D-02 0.4494333051500-03
-0.545442905RRD003 0.147%26370324DOq 0*185 47051q950D02 -0.7541259P1588D-03 0.342063720488D-01 0.309925219310D-04
09136015965970+03 0.1854 7051995D+o0 014671197525nD+05 0.455663711539D-03 0.347135004018D-04 0.335291077803D-01
0.1027208867920-01 -0.7541259A1580D-01 0.45566371153qD-03 0.239324868164D-07 -0.13O950082977D0-0 01n0537A2414350-08

-0.110567498P51D-02 0.342n637204890-01 0.34733500401A0-04 -0.138950082977D-08 0.793p3979185D-07 0.806245711842D-10
0.4494333051500-03 0.309q25219310D-04 0.3352910778010-01 0.10537824143bD-0A 0.806245711842D-10 0.7679156433750-07

TOTAL COVARIANCE MATRIX AT K+1
0.4417779217340+04 -0.5 4 5a4429058RD+,0  0.183601596597D+03 0.1027208867920-01 -0.110567498851D-0- 0.449433305150D-03

-0.54q544290588D+03 0.1475263703240+05. 0.185447051995D+02 -0.7541259815880-03 0.342063720488D-01 0.309525219310D.04
0.183601596597D0+03 0.185O47051995D+o 0.146711975250D05 0.455663711539D-03 0.347335004018D-04 0.335291077803n-01
0.102720886792D-01 -0.75412598158AD-n 0*455663711539D-03 0.239324868164D-07 -0.1389500829770-08 0.10537A241435D.08

-0.1105674988510-02 0.342063720488D-01 0.34733500401RD-04 -0.138950082977D-08 0.793239791858D-07 0.8062457118420-10
0.4494333051500-03 0.309q25219310D-04 0.3352910778030-01 0.1053782414350-08 0.806245711842D-10 0.767915643370-07

CORRELATION MATRTX PARTITIONS AND STANDARD DEVIATIONS AT EVENT TIME 118.000 DAYS
BASED ON MEASUREMENTS UP-TO TIME 113.000 DAYR

STD DEV X Y Z VX VY VZ



x 0O.(466377+1 2 1.000000
Y 0.121460430+03 -0.n6757611 .nono0000000
7 0.1?12472rn+n3 n.0?200561 0.00126121 1.00000000

vx 0.1547012R~-o3 0.99899391 -0.04013425 0.02431743 1.00000000
VY o.Ps164513n-n3 -0.0;906401 0.99993079 0.00101815 -0.03189060 1.00000000
V7 0.2771129Q1-03 0.02440094 0.00091961 0.99892402 0.02458104 0.00103302 1.00000000

RSS POSITION ERRORS. . . n.1I196090PA43D003
RSS VFLnCITY EHnRS. . . n .424320669Q n-;J3

SULVF-FOR PARAMFTEQS

-- NONIF

,YNAMIC CONISIDFQ DAR^,MTERq

-- IO~F

Ei WaSURuENT CONSIlnR PfRAMFTFPr
RADT LS 1 -0.01143080 0.00182943 0.00663836 -0.00205554 -0.00058684 -0.00046611
LAT 1 -0.007851 ? n.r012O764 0.00455052 -u.00141224 -0.00040329 -0.00032831
LONG 1 -0.01723533 0.00197900 -O.0094U55 -U.0029R901 0.00049679 -0.00166440
RAnTUS ? -n.011 5696 0.n0620271 0.04647411 -0.00499416 -0.00072353 0.00652313

LAT ? -0.0223h71 0.00439550 0.03292390 -0.00354050 -0.00051170 0.004612A4
LONr > -n.011600on 0..0184124 -0.01090393 -0.00260441 0.00046486 -0.00?14858
PAD1Iic 3 -n.01500Q4 0.00267787 U.02018!31 -0.00257624 -0.00062686 0.00217632
LAT i 0.010b9160 -0.n018510 -0.01398019 u.00178468 0.00043540 -0.00150473

LONG 7 -O.014b24 l 0.n0199404 -0.01162506 -0.00244828 0.00057716 -0.00214879

NO SOLVF-For PAHAMFTF1S

PoSITION ETGF,'JVAtUFz SoIIARE ROOTS OF EIGENVALUES
1 0.43R575R?0?2bD+n4 1 0.6622505750D402

S 0.1478?0Q7n8189D0)r0 2 0.12158160610+03
3 n.146737Af44?b4+05 3 0.12113533110+03

PnSITION EIGENVECTnPq
1 n0.994;7637Q93JO+n0 n.52574605448290-01 -0.17917918797300-01
2 -n.5093771117930-01 n.995312AAID5210+00 0.82209827384330-01
3 1.221560P0 952F)0-0 -0.811702P779550-01 0.9964539590304D+00

VFLOCTTY EIGFN"ALUFU SOUARE ROOTS OF EIGENVALUES
1 n.?3A765Q9Q9LYlD-07 1 0.1546205486D-03
? .795995 A~d0o-07 2 0.2817090084D-03
3 n.7b81144Aqnq49D-07 3 0.27714881390-03

VELOCITY FTGFNVECTnqq
I n.99q46r6,555D 0o 0.25075943368440-01 -0.19942622358580-01
? -0.24451315190D-01 n.Q9947001768510+00 0.21260195s5422D-01
3 n.2U46';172811JO-01 -0.2075766876990-01 0.999575057T6612D00

DTAGnNAL OF ACTUAL DYNAMIC NOISE MATPIA

0.0 0.0 0.0 0.0 0.0 0.0



MATRIX 1 = PHIoP*PHI(TRANSPOSE)
0.514777238921D+04 -0.778P94982355D+0. -0.118198071165D+04 0.1055683066850-01 -0.104A63517164D-0P 0.7036054082250-04
-0.772949823550403 0.148407771153D+0o 0.50371835962AD+03 -0.8425411516170-03 0.342100568665D-01 0.1692954777100-03
:0.118198071165D04 0.5037183596280+01 0.1870200635420+05 -0.5425261144270-04 -0.156A16911110D-03 0.347952970213D-01
0.10556A306685D-01 -0.842541151617D-03 -0.542526114427D-04 0.2405564110130-07 -0.1368374284950-08 0.9146081525690-09

-0.104863517164D-02 0.342100568665D-0o -0.1560169111100-03 -0.1368374284950-08 0.793Q30704768D-07 0.2A72813981760-10
0.703605408725D-04 0.169295477710D-03 0.34795297021 -01 0.9146081525690-09 0.267281398176D-10 0,772514657014D-07

TOTAL COVARIANCE MATRIX AT K*1
0.514777238921D+04 -0.77R949823550D+0 -0.11P198071165~004 0.105568306685D-01 -O.104A63517164D-02 0.7030A5408225D-04

-0.77P294982355D+03 0.148407771153DOg 0.5037183996?RD+03 -0.842541151617D-03 0.34210n568665D-01 0.1692954777100-03
-0.11190RO71165D+04 0.50371835962D+o0 0.187020063542D705 -0.542526114427D-04 -0.156916911110D-03 0.347952970213D-01
0.105I6A306685D-01 -0.H42541151617D-01 -0.54?526114A27D-04 0.2405564110130-07 -0.136A37428495D-08 0.9146081525690-09

-0.1048635171640-07 0.34210056866SD-01 -0.1568169111100D-03 -0.1368374?8495D-08 0.793930704768D-07 0.2672813981760-10
0.703b05408225D-04 0.169954777100-01 0.347952970213D-01 0.9146081525690-09 0.2677813981760-10 0.7725146570140-07

ACTUAL ESTIMATION FRPOR MEANS AT TImE 118.000 DaYS
X 0.0
Y 0.0
Z 0.0

VX 0.0
VY 0.0
VZ 0.0

'' ACTUAL CORRELATION MATRTX PARTTTTONS AND srANoDadn DEVIATIONS AT TIME 118.000 DAYS

STD nEV A Y Z7 X VY v7
x 0.71747978+n2 .onOu000onn
Y 0.1218P273n003 -n.0890443? 1.0000000
7 0.1367552M'+03 -0.1204638? 0.03023537 1.00000000

VX 0.1950qArlnl-3 O.&948b70o -0.04459173 -0.00255781 1.00000000
VY 0.P176776n-03 -n.0518708A 0.99663060 -U.00406965 -0.03131159 1.00000000
V7 0.27794]4Pn-n3 .0no352831 0.00499993 u.91542566 0*02121648 0.00034129 1.00000000

SOLVE-FOR PARAKFTFkS

-- NONE

DYNAMIC CONSTnIER PARAMETEPS

-- NONE

MEASURFMENT CnNqTOER PARAMETERS
RADIUS 1 -0.]1089343 0.01A23986 0.05879622 -0.02050268 -0.00586590 -0.004647P3

LAT 1 -0,0773546 0.01253904 0.04030411 -0.0140A624 -0.00403114 -0.00327330

LONG i -. 159665P1 0.01973115 -0.07918685 -0.02052327 0,00496577 -0.01659441

RADIUS 2 -0.29233953 0.06184268 0.41162J16 -0.04981358 -0.00723215 0.065034R6

LAT 2 -n.2n7209o .n438243n 0.29160833 -0.03931424 -0.00511479 0.04599086

LONG P -0.14044023 0.01835761 -0.09657652 -0.02597738 0.00464660 -0.02142178

RADIUS 3 -0.141/45R 0.02669902 0.17878217 -0.02q69639 -0.00626592 0.0216937

LAT 3 0.09811977 -0.01845514 -0.12382313 0.01779702 0.00435212 -0.01499732



LONG 3 -0.13548043 0.19Pe114 -0.10296J60 -0.0244?010 0.00576911 -0.021423A7

IGNORF PARAMETERS

-- NONE

SOLVE-FOR PARAMETERS

NO SOLVE-FOR PARAPETERS

PnSITION EIGENVALUFS SQUARF ROOTS OF EIGENVALUEb

1 n.4990947Q934b1.+04 I 0.70646641770*02
2 n.148144H'T750

4
D+05 2 0.1217147783D+03

3 .188501]026D+005 3 0.13742314440+03

PnSTTION EIGENVECTnOR

1 n.9937R2419Q4000D+0 n.74283167482390-01 0.929413P9;4340D-01
? -0.6155794QQ901 D-01 .q9A72726022230*00 -0.14664047295500 00

3 -0.977R62106 2p3-O1 . O.14062297084?aD+00 0.985706017261D+00

VFLOCITY EIGFNVA.LUFS SQUARF ROOTS OF EIGENVALUES
S1 O.400AIn lOA8ID-07 1 0.154939024!D-03

2 .9 0 4689846f64tD-07 2 0.2618277747D-03
S3 0.772671R136422D-07 3 0.2779697490D-03

VFLOCITY ETGFNVECTPPs
1 n.999547174902(D)+00 .24702812057920-O1 -0.171818c7344650-01
? -0.246736162474fD-01 O.999A937369672D+00 0.1909169908315-02
3 n.17??37c7n4?3D-01 -0.1484366A337230-02 0.9998505SR2578D*00

STATF TRANSITION MATRIX PARTTIfTTNS OVrP( 113.000, 114.000) -- TRANSPOSES SHOWN

X(11.000) Y(llA.0nO) Z(118.000) VX(118.n000) VY(118.000) VZ(11A.000)
x(113.000) 0.1015262510r)*01 m.?292075535-01 -0.2229A055410-03 U.65116498A6n-O7 0.10607307920-06 -0.7550426014D-09

Y(113.0n0) 0.2289007980-01 0.1000953735n01 -0.1558723161D-03 0.10582782590-06 0.96903118860-08 -0.5424937704D-09
7(113.000) -0.22390890H10-03 -0.15b75227590-03 0.9840352191D*00 -U.76602755300-09 -0.55229423120-09 -0.7253116951D-07

V(11l3.000) 0.4339Q900240+06 0.32896288300+04 -0.2299668884002 0.1012632231n+01 0.2275160956D-01 -0.1039670460D-03

VY(113.000) 0.3291345703D04 n.43d2874847+06 -0.17103607180+02 0.22731996020-01 0.1003060738D01 -0.7901147092D-04
VZ(113.000) -0.2335124097D+00 -n.16

9
9363518n*02 0.4297349013D+06 -u.1049393177n-03 -0.79849007310-04 0.9845489250D,00

SOLVF-FOR PARAMETERS

-- NONE

DYNAMIC CONSIDER PARAMETERS

-- NONE

IGNORE PARAMETERS



-- NONE

* ASSUMED GUIDANCE EVENT o

DIAGONAL OF DYNAMIC NOISE MATRTY
0.0 o.n 0.0 0.0 0.0 0.0

MATRIX 1 = PHI*P*PHI(TRANSPOSE)
0.4417779217340+04 -0.545q44?9058D+0o 0.183601596997D+03 0.102720R67920-01 -0.110967498851D-02 0.4494333051500-03

-0.S4554429058AD+03 0.147q26370324D+0o 0.18rS47051q950D02 -0.754125981588D0-03 0.3420637204A80-01 0.
3
0
9
525219310D-04

0.183601596597D+03 0.185q44051995De+0 0.146711975500D+05 0.455663711539D-03 0.347135004018D-04 0.315291077803D-01
0.1027208R67920-n1 -0.75412598158R0.-0 0*45566371193QD-03 0.239324868164D-07 -0.13A9500A2977D-OA 0.105378241435.08

-0.1105674988510-0 0.3421637204a0AD-4 0.3473350n401AD-04 -0.13895SOO29770-08 0.7932397918q80-07 0*806245711842n-10
0.44Q9433051500-03 0.309q252193100-0 4 0.335291077030D-01 0.1053782414350-08 0.806245711842D-10 0.7A7915643375D-07

TOTAL COVARIANCE MATRIX AT K+*
0.441777921734D+04 -0.545444?905880,03 0.18360159697D+03 0.102720R67920-01 -0.110c6749a851D-O? 0.

4
4
9
433305150003-0.54S54429058RD+03 0.147S26370324D0,* 0.1855470o19950+02 -0.7b41259815880-03 0.3420637204ARD-01 0.30952S219310D-04

0.18360159697D+03 0.185,47051995D,2p 0.1467119752500+05 0.4556637115390-03 0.347335004018D-04 0.335291077803D-01
0.102720886792D-01 -0.75412598158AD-o0 0.45566371153Q0-03 0.23932486R164D-07 -0.1389500829770-08 0.1053782414350-08

-0*110567498851D-02 0.34206372048AD-o1 0.34733500401RD-04 -0.1389500829770-08 0.793239791858D-07 0.806?45711842D0-10

co 0.4494333051500-03 0.3094q22193100D-04 0.335291077AR0D-01 0.10537824143bD-08 0.806P457118420-1n 0.7679156433795-07

87 CONTROL CORRELATION MATRIX PARTITIONS ANU STANDAPRO EVIATIONS JUST BEFORE GUIDANCE CORRECTION AT TIME 118R.000nn DAYS

STD DEV A Y Z VX VY VZ
X 0.66466377n*02 1.000U000o
Y 0.12146043n*03 -0.067D7611 1.00000000
Z 0.121124720.03 0.0220O561 0.00126121 1.00000000

VX 0.15470128n-03 0.99899391 -0.04013425 0.02431743 1.Oono0000
VY 0.281645130-03 -0.05906405 0.99993079 0.00101815 -0.03189060 1.00000000
VZ 0.277112910-03 0.02440094 0.00091961 0.99892402 0.0245A104 0.00103302 1.00000000

RSS POSITION ERRORS. . . 0.183
9
6090PRA3D+03

RSS VELOCITY ERRORS. . . n.4242G669Q25D-03

SOLVE-FOR PARAMFTEPS

-- NONE

DYNAMIC CONSIDER PARAMETERS

-- NONE

MEASUREMENT CONSIDFR PARAMETFRS.
RADIUS 1 -0.011

4
30R0 0.00182943 0.00663836 -0.00205554 -0.00058684 -0.00046611

LAT 1 -0.00785152 0.00125764 0.00455052 -0.00141224 -0.00040329 -0.00032831LONG 1 -0.017e3533 0.00197900 -0.00894055 -0.00295991 0.00049679 -0.00166440RADIUS 2 -0.03155696 0.00620271 0.04647411 -0.0049941b -0.00072353 0.00652333LAT 2 -0.02236751 0.00439550 0.03292390 -0*00354050 -0.00051170 0.00461284
LONG 2 -0.01516000 0.00184124 -0.01090393 -0.00260441 0.00046486 -0.00214AS8RADIUS 3 -0.01530094 0.00267787 0.02018531 -0.00257624 -0.00062686 0.00217632LAT 3 0.01059166 -0.00185102 -0.01398019 0.001784?8 0.00043540 -0.00150422LONG 3 -0.01462461 0.00199404 -0.01162506 "0.00244828 0.00057716 -0.00214R79



NO SOLVE-FOR PARAMFTPPS

OSITION FTGENVAlUFS SOIJARF ROOTS OF EIGENVALUCS
1 f.43q752;25bD04 1 O.6622505757fl*O?
2 0.14782OA708189D*05 2 0.12158160670+03
3- 0.146737FR4426'4D*05 3 0.12113533110+03

POSITION ETC7ENVECTO~e
1 n.99A456'>37923JD4A0 n.52574605448290-01 -0.17917918797300-01
2 -0.509337i'Ii179JO01 O.9953126'620521Uo4o 0982209APT38433n-O1
3 0.2215F6OA069S2/0-01 -0.81 170287795550-01 0.996453QS90304D+00

VFLOCITY FTGENVALUFS SQUJARE ROOTS OF EIGENVALUES
1 0.?387h599Rq5,YID-07 1 0.1545205485n~-03

? f.7935496SV1R80-07 2 0.2AI?09n0d 4 -03
3 n.7683114Aqnql4'9O-07 3 0.27714BR139D-03

VFLOCITY ET(GENvECTnRe
I 0.99q446~ip55O0fl nO*?507594336844U-01 -O.199426P235R58D-01
2 -f.P46513P5INRO'1 D-OI 0.9q947001t685IO.O0 0.?1260lq5c;5422l-O1
3 0.2046517PS8l11$D-fll -0.2079766876999U-01 0.q9957505766120+00

FTNAL INSFHTInN~ IS IMPIJLSTVF

EXPECTED VALOF OF VEr OCITY CORO~rTTUI-4
0.l5965nonoof-oi -O.28r,374nnfl)UO0o -O.IT07100000D-01

SIGPNO= O.10000000000-o3 SIGRFS= 0U10OOOOOOOnf-09
SIGAL P= 0*.3430U00nno00-03 sIrBFT= U.34300000000-03

EAECUTION ERR~OR COPPPLATION MA'TPIX ANn) STANIJA~n DEVIATIONS
0.5334243295D-02 0.loonuoflOD*0I 0.702603?518U01-o 0.5203454204D-02
0.2954000478D-02 0.702so32nj1f-oj n. 1000000000n'Ol -0. 1679 5 988 26D+00
0.q3O71397A3r)-n? 0.*5PO14542040-0? -0.*167959AB26O)*00 0.1000OO000000+01

EIGFNVALUFS SQUARE ROOTS OF EIGENVALUES
1 0.28516OR7165850-04 1 0.5340045633D-02

? n.AI3201S5OO'J-fl5 ? 0.288337096UD-02
3 O.PH5160871695D-04 3 0.5340045633D-02

EIGFN VECTOR9
I 0.99841S771Dfl0 n.5591291172009U-01 -0.4290444660126D-03

P -0.3,b3695'qA3's2OD-01 0.98974332552010.00 0.131690402959l.Oo
3 0.77A7I837771164D-O? -0.1.3146(16?48706U.OO 0.99129OA017789D+00

CONTP0l. CORRELATION t4ArI0I PAPTfl7IONr AN() STANDARn DEVIATIONS JUST AFTER FINAL INSERTION

gTn 0EV A Y z vX VY VZ
(C 0.66466377n+02 i.noouoono
Y O.1?146043n+03 -o.067 )7611 1.00000000
7 O.1?112472fl.03 0.02280561 0.nn126121 1.00000000
Vx0.153364961l0-l n.n2839601Q -0.00116347 O.no070495 1.00n00000

VY 0.?9673966fl-02 -0.00560596 0.09490664 0.00009664 0.06982600 I.0noooOOo
VZ O.S3143696n-02 0.00127236 0.00004795 0.05208797 0.00523135 -0.16696906 1.00000000



RSS POSITION ERRORS. . . 0.183960902843D+03
RSS VELOCITY ERRORS. . . n.80948162Q545D-

0
2

SOLVE-FOR PARAMETERS

-- NONE

DYNAMIC CONSIDER PARAMETERS

-- NONE

MEASUREMENT CONSIDER PARAMETERS
RADIUS 1 -o;oll43080 0.00182943 0.00663836 -0.00005959 -0.00005570 -0.00002430
LAT 1 -0.007U5152 0.00125764 0.00455052 -0.00004094 -0,00003428 -0.00001712
LONG 1 -0.01723533 0.00197900 -0.00894055 -0.00008581 0.00004715 -0.00008679
RADIUS 2 -0.031-5696 0.00620271 0.04647411 -0.00014478 -0.00006R67 0.00034015
LAT 2 -0.02236751 0.00439550 0.03292390 -0.00010264 -0.00004857 0.00024053
LONG 2 -0.01516000 0.00184124 -0.01090393 -0.00n07550 0.00004412 -0.00011204
RADIUS ,3 -0,01530094 0.00267787 0.02018531 -0.00007468 -0.00005950 0.00011348
LAT 3 0.01059166 -0.00185102 -U001398019 0.00OS172 0.00004133 -0.00007844

LONG 3 -0.01462461 0.00199404 -0.01162506 -0.00007097 0.00005479 -0.00011205

NO SOLVE-FOR PARAMFTERS

POSITION EIGENVALUF SQUARE ROOTS OF EIGENVALUES
1 0.438575 2S;?56D*04 1 0.6A22505757D*02

2 0.147820P7n81890+05 2 0.1215816061D+03
3 0.146737AA4426D+05 3 0.1211353311D0+03

POSITION EIGENVECTnPS
1 0.99R4%6379233D+nO 0.52574605448290-01 -0.17917918797300-01
? -0. 093377111793D-01 0.9Q53126620521D400 0.822098738433D-01
3 0.221560AOQ95

2
fD-01 -0.81170287795550-01 0.996453q5903040+00

VELOCITY EIGENV4LUFS SQUARF ROOTS OF EIGENVALUES
1 0.2854002506464D-04 I 0.53422R650D-02
2 0.3930961096510-05 2 0.289708407UD-02
3 0.28592929Q6RA25-04 3 0.53472357050-02

VELOCITY ETGENVECTORS
1 0.99819871132400+no n.57983792879440-01 -0.1540027767638D-01
2 -0.554602SR70482D-01 0.989736,393851D+00 0.13170549021270+00
3 0.2287H90h77848D-01 -0.13061415011810+00 0.99116925663350*00

KNOWLEDGE CORRELATTON MATPIX PARTITTONS AND STANDARD nEVIATIONS JUST AFTER FINAL INSEPTION

STD DEV A Y Z vX VY V7
x 0.66466377n*02 1.00000000
Y 0.12146043n+03 -n.067!7611 1.0000n000
7 0.12112472n03 0.02280561 0.00126121 1.00000000

VX 0.53364861n-02 0.0?896010 -0.00116347 0.00070495 1.00000000
VY O.P9673966n-02 -0.00560596 0.09490664 0.00009664 0.06982600 1.00000000
VZ 0.531436960-02 o.00127236 0.00004795 0.0520897 0.00523135 -0.16696906 1.000:;000



RSS POSITION ERRORS. . . n.1439bU90Pq430+u3

RSS VFLOrITY ERRORS. . . n0.0Q48162Q045n-02

SOLVF-FOR PARAMETEoS

-- NONF

nYNAMIC CONMSIOER PARAMETERS

-- NONF

MEASUREMENT CONSIDcR PARAMFTFq
RADIIIS 1 -0,01143080 0.00182943 0.00663836 -0.00005959 -0.00005q70 -0.00002430

LAT 1 -n.00785152 0.00125764 0*00455052 -0.00004094 -0.00003828 -0.00001712

LONG 1 -0.01723533 0.00197900 -0.00894U055 -0.0000nR581 0.00004715 -0.00008679

RADIUS 2 -n.03155696 0.00620271 0.04647411 -0.00014478 -0.00006867 0.00034015

LAIT -0,.n236751 0.00439550 0.03792390 -U.00n10264 -0.00004857 0.00024053

LONG 2 -o0.ollblbO 0.00184124 -0.01090393 -0.00007550 0.00004412 -0.00011204

RADIUS 3 -0.01b30094 0.00267787 0.02018531 -0.00n07468 -0.00005q50 0.00011348

LAT 3 0.010"9166 -0.00185102 -0.01398019 0000n05172 0.00004133 -0.00007844

LONG I -0.01462461 0.00199404 -0.01162506 -0.0007097 0.00005478 -0.00011205

NU SOLVE-FOR PARAMFTFRS

POSITION EIGENVALUFS SQUARE ROOTS OF EIGENVALUES

1 n.43R575AO?SbD+04 1 0.66225057570+02
2 0.147R20A708180D+05 ? 0.12158160b7D+03

o 3 0.146737A644264D+05 3 0.12113533110D+03
,n

oo

POSITION EIGENVECTnOn
1 n.99R4562379233D+0* 0.52574605448290-01' -0.17917918797300-01

? -0.50933771117930-01 0,9953126650521U+00 0.8220987384330-01

3 0.221560p069527D-01 -0.81170287795550-01 0.99645395903040D00

VFLOCITY ETGFNVALUFS SOUARF ROOTS OF EIGENVALUES

1 n.28540025n64b4D-04 1 0.53422865020-02
2 0.R39309A109651D-05 2 0.289708407D-02
3 n.2859299AA?75D-04 3 0.5347235.705D-02

VELOCITY EIGENVECTORS

1 0.99A1987 3 132460+00 0.5798379287944D-01 -0.15400277676380-01

2 -0.S546025RT0482D-01 0.9897362393851D+00 0.13170549021270+00

3 0.228789Q677848D-01 -0.1306141501181D00 0,99116925663350+00


