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SCOUT TRAJECTORY ERROR PROPAGATION
COMPUTER PROGRAM

= by T. R. Myler
Vought Corporation

SUEARL,.

This report describes a PORTRAN coded computer program which calculates
trajectory error covariance matrices and statistics from a data base of flight
experience. The data base consists of trajectory errors resulting from past
flights. A covariance matrix is calculated and may be propagated in time and
added to a boost covariance matrix of a spin-stabilized stage. A sensitivity
matrix is developed from the eigenvalues and eigenvectors of the final
propagated covariance matrix. This sensitivity matrix is provided for use by
another computer program to randomly sample the matrix using a Monte Carlo
technique to yield sample errors which will produce the same covariance matrix.

The theory and methods presented in this report for calculating error
statistics and propagating an error covariance matrix are of general interest
since they have applications other than those contained herein.

Included in this report are program theory, user instructions, output

descriptions, subroutine descriptions and detailed FORTRAN coding information.



1.0 INTRODUCTION

Since 1969, flight experience has been used as the basis for predicting
Scout orbital accuracy. _ The data base used for calculating the accuracy
consists of errors in the trajectory parameters (altitude, velocity, etc.) at
stage burnout as observed on Scout flights. Approximately 50 sets of errors
are used in a Monte Carlo analysis to generate error statistics in the
trajectory parameters. A covariance matrix is formed which may be propagated
in time. The mechanization of this process resulted in computer program Scout
Trajectory Error Propagation (acronym STEP) and is described herein.

Computer program STEP may be used in conjunction with the Statistical
Orbital Analysis Routine (Reference 1) to generate accuracy in the orbit

parameters (apogee, perigee, inclination, etc.) based upon flight experience.




2.0 DEFINITIONS

2.1 Notation

Symbols used in this report are listed below with their definition and

uanits.

Cg East componeant of position error, ft
CN North compone;t of position error, ft
CR Crossrange, n.mi.

h Altitude, n.mi.

a Number of samples

Te Earth radius, ft

R Range, n.mi.

v Velocity, fps

Gree bet

Y Flight path angle, deg

A Deviation from nominal

€ Random anumber, unitless

¢ Velocity azimuth, deg .
A Latitude, deg

s Longitude, deg

B Statistical mean

o Correlation coefficient

z Summation

4 Standard deviation

Others

’
Ad justed value

% Partial derivative of x to y
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2.2 Flowchart Conventions

Flowchart conventions used in this report are as follows:

Process

Input/Output

Subroutine

Decision

Subroutine Call

- 00 0L




3.0 PROGRAM DESCRIPTION

This section describes the utilization of the Scout data base, program

theory, user instructions and output definitions.

3.1 General

The purpose of computer program STEP is to calculate trajectory error
statistics from a data base of errors resulting from actual flights. This
data base consists of stage burnout errors in the trajectory parameters ~
altitude, velocity, flight path angle, flight azimuth, latitude and longitude.

The Scout data base at orbit insertion is shown in Table 3.1. These
errors represent flights at various launch azimuths and insertion altitudes.
Since errors in latitude and longitude are dependent upon launch azimuth and
since errors in altitude, velocity and flight path angle may be dependent upon
insertion altitude, adjustments are made to the flight errors in order to
provide a consistegt data base from which to generate the error statistics.
These adjustments are discussed in the following paragraphs.

The Scout data base includes flights with launch azimuths ranging from
easterly to southerly to slightly west of south. Latitude and longitude
errors, which may produce inclination errors, result from crossrange errors
on easterly flights and range errors on southerly flights. Therefore,
latitude and longitude errors of the flight history data base are not a
congistent set of sample errors for a given launch azimuth. Since it
is necessary to have a consistent set of sample errors, the data base latitude
and longitude errors are adjusted to the launch azimuth of interest. From
the nominal flight azimuth, latiéude, longitude and their errors on each
flight of the data base, range and crossrange errors are calculated. Since

range and crossrange errors are independent of the flight azimuth, these
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errors caan be converted to new latitude and loungitude errors for the flight

azimuth of interest by the following transformation,

CN= reA)\
Cg= roAucos

AR= Cycos¢+Cpsing

ACR= Cysin§—Cgcost
The above relationships are evaluated for each flight sample of the data
base, resulting in range and crossrange errors for each flight. Note that
latitude and longitude errors are needed to calculate range and crossrange
errors. The range and crossrange errors are then coaverted to latitude and

longitude errors applicable to the flight azimuth of interest as shown below.

Cy=ARcos/+ACRsmn¢’
Cg=ARsm{’'—ACRcost’
AN =Cy\'I,

Au'= Cg /Irgfcos A

where the primed values pertain to the conditions at which the error
statistics are desgired.

The above process yields latitude and longitude errors which are used im
the flight data base for calculating trajectory error statistics.

The second adjustment made to the flight data base is to "normalize" the
errors in altitude, velocity and flight path angle to the insertion altitude
of interest. The purpose of this adjustment is to obtain the flight errors
which would have resulted if all the flights had had the same insertion

altitude. This adjustment is accomplished for each flight sample as follows:

/
AV’=% AV




where AV’= adjusted velocity error at the insertion altitude of ianterest
AV = flight sample velocity error

Oy’ = gtandard deviation of velocity at the insertion altitude of
interest

Oy = gtandard deviation of velocity at the flight sample insertion
altitude

Similar expressions are used for altitude and flight path angle errors.
Azimuth, latitude and longitude errors are not adjusted for insertion altitude
because they are independent of imsertion altitude.

The "normalized" deviations in altitude, velocity and flight path angle =
the adjusted deviations in latitude and longitude - and the azimuth deviatioas
from the flight samples -~ are combined to be the flight data base from which
error statistics are calculated. This flight data base is applicable only to
a trajectory with the insertion altitude and lauach azimuth to which the
flight errors were adjusted.

The "normalizing" process should be used only when altitude, velocity and
flight path angle errors input in the flight data base, are a function of
insertion altitude. This relatiouship is true for Scout because there is a
long coast time (300-400 seconds) prior to the last stage boost, which allows
the errors to grow. Thus, the error magnitudes at last stage ignition are a
function of time and altitude. If the input flight data base corresponds to
the stage burnout prior to the long coast time, the errors should not be
normalized.

The normalizing equation involves a ratio of standard deviations of the
trajectory parameter. These deviations can be obtained by inputting a flight
data base at stage burnout prior to the loug coast time and propagating the

covariance matrix to various insertion altitudes.



3.2 Program Theory

The primary function of STEP is to calculate and/or propagate a covariance
matrix of trajectory state parameters - altitude, velocity, flight path angle,
azimuth, latitude and longitude. The initial covariance matrix is either
input directly or is calculated from input samples of actual flight errors
(£light experience). Covariance propagation is optional and is controlled by
inputs to the program. If selected, a boost covariance matrix of a
spin-stabilized stage is calculated and added to the propagated covariance
matrix. The resulting matrix = or the covariance matrix at the input epoch if
it is not propagated.- provides statistics in the trajectory parameter
errors. Also, sensitivity coefficients calculated from the covariance matrix
can be used by another computer program to provide a sampling of trajectory
errors which can be converted to orbital parameter error statistics. Such a
program is the Statistical Orbital Analysis Routine, Reference (1).

The calculation of a covariance matrix from f£light results and the
calculation of the sensitivity coefficients are discussed below.

Each of the six parameters of the flight data base, as described in
Section 3.1, are combined in the manner shown below to yield mean values,

gtandard deviations and correlation coefficients.

h> “l Ax mean value
px- j=
n.

zf’sz standard deviation
n-1

s ' AxAy - nfixy
pxy= _i=1
" noxoy

correlation coefficient

where x and y are any two parameters
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The error covariance matrix is obtained from the error statistics

calculated as shown on the preceding page and has the following form:

a2 2 Symmetric
ggvahgy gv 1 P72

Y Y 2
A A e e o
PhuOh% PvuOvOu  PyuOyOu P u@ PAIONT 0,2

The error covariance matrix is a real, symmetric matrix and caa be
diagonalized to obtain the eigenvectors and eigenvalues. A matrix using the

eigenvalues is formed as follows:

[A]={EV] VEV2_'\I1_5{’3 "VEV4 {EV5YEVs ]

where EVi = eigeanvalues

The sensitivity matrix is formed from the A matrix and the eigeavector

matrix as follows:
[s1=[a](ET]T

where EE’I]T is the transpose of the eigenvector matrix.
The S matrix represents a sensitivity matrix of the six trajectory

parameters to six independent and uncorrelated error sources and has the

following form:
3h AV 3y % A |
3E; 3E; OE; OE; JE; oE,

8h 3V 3y af o\ au
0Ey dE, 0Ey QE, 9Ey 9E,

BV oy o M
0E3 0E3 9E3 9Ej3 9E3 9E,
[S]=
dh 3V a3y a3t a .au

0E4 OE4 JE4 O0E4 9E4 oE4

odh 9V 3y a¢ o au
dE5 9Es OdEs dEs OEs dEs

oh BV Fy A A w
dEg 9Eg OEg 3Eg 9Eg 3Eg |

s




where Ei = independent, uncorrelated error sources

The sensitivity matrix is used to calculate random errors in the

trajectory parameters as follows:

—~ - -
Ah 61
AV €
Ayl _ €

At = [S] ei
AX €5
Au €5
. .J .

where € are random numbers from a normal distribution with a
mean value of zero and a standard deviation of one

A covariance matrix is propagated by using a Monte Carlo analysis to: (1)
sample the trajectory errors from the sensitivity matrix, (2) add the errors
to the nominal values, (3) propagate the state parameters along a conic by a
time increment, and (4) subtract the new state parameters from the nominal
values at the new epoch. The resulting trajectory errors are combined as
described on the preceding pages to yield the mean values, standard deviations
and correlation coefficients and, thus, the covariance matrix.

The spin-stabilized stage boost covariance matrix is also formed using
a Monte Carlo analysis. The boost error sources are sampled as shown below

and combined as shown previously in this section.

e ey

Ah

on an an ][,

3E, 3E, JE3 AFy4

av| [ov av av av
3E, JE, oE3 94

all 7 o a7
Tl [3E; 3E; IE; 3E,
At g at ot a¢

oF; 3, 3F; |

N EENEEN
aEl 352 d0E3 0E4

Au| (38 3 28 om il
| "7] |9E; 3E; 3E; °E4 4_1
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where E; boost error sources

5 partial derivative of respective
B trajectory parameter to a one sigma
magnitude of the error source

€ = arandom number defined as follows

For motor performance error source
3 xn 1

For pitch tipoff error source
€=1 xﬂ"2 [ cos (xy *360°)
e3=| Xp, | s (xy *360°%)
€4= Xn3
X“i = anormally distnbuted random number

with a mean value of 0 and a standard
deviation of 1.

Xy = auniformly distributed random
number from 0 to 1.

3.3 User Ingtructions
SN

STEP utilizes both fixed field and a modified FORTRAN NAMELIST for data
input. The flight experience data base is input via fixed field format since
the data base normally does not change. The remaining data, which normally

changes with each program execution, is input via NAMELIST in order to utilize

a flexible input format.

3.3.1 Fixed Field Format -~ The flight data base is input via fixed field

format. For each flight the following parameters are input at an epoch.

o flight identification

o0 option specifying usage of latitude, longitude and azimuth errors.
o nominal altitude

o nominal latitude ¥

o nominal flight azimuth

© observed errors in altitude, velocity, flight path angle, flight
azimuth, latitude, longitude.

- 11 -



Fixed field data must either be right justified in the field or contain a
decimal point.

The flight experience data base is input in the order shown below
for each flight. Data may be input for up to 100 flights. Preceding the
flight data, one title card is used for identification purposes only.
Following the flight data, an END card beginning in column 1 is used to

specify the end of the flight data.

Fixed Field Input Definition

Column Range Definition
1-5 Flight Number
6-9 Flag

= 1 if flight is to be used for latitude and
longitude statistics only.

= 2 if flight is to be used for all statistics.

= 3 if flight is to be used for azimuth statistics
only.

= 4 ig flight is not to be used for statistics.

10-16 Nominal altitude, n.mi.
17-23 Altitude error, n.mi.
24-30 Velocity error, fps
31-37 Path angle error, deg
38-44 Azimuth error, deg
45-52 Latitude error, deg
53-60 Longitude error, deg
61-70 Nominal latitude, deg
71-80 Nominal azimuth, deg

- 12 -




3.3.2 NAMELIST Format - A modified FORTRAN NAMELIST is used for inputting

data to STEP. NAMELIST is used because of its readability and simplicity of

inputting data. The following rules apply to NAMELIST input to STEP.

1.

2.

3.

4,

10.

First card of a data group or case is $INPUTD beginning in column 2.
Blanks are not allowed.

Last card of a data group or case is $END beginning in column 2.
Blanks are not allowed.

Blanks may not be used within names but may be used elsewhere.

Variable names are followed by an equal sign, followed by a value,
followed by a comma, e.g., NSAMP=1000,

Only columms 2-72, inclusive, are used.

Titling information may be input by the appropriate title names,
e.g+, TITLEl= LOW ALTITUDE TRAJECTORY ERROR STATISTICS
TITLEl must begin in column 2.

Any number of names and values may be on a single card or line.

Complete data arrays are input in the following form:

name = value, value, value, ...,

Data values may be continued on the next line, but the last
character on every line must be a comma, excluding title cards.

Repeated data values may be input by using a repetition factor and
an asterisk, e.g., DATAG = 0.4, 4%0.45, 0.5, 0.65,

One or more specific elements of an array may be input, e.g.,
EMAG(2)= 1.2, 1.6,

Subsequent data cases are allowed by providing additional sets of NAMELIST

data.

All input data is retained for subsequent cases but can be changed by

inputting new values.

A sample data case is included as Appendix A to exemplify data case setup.

Definitions of specific NAMELIST inputs to STEP are shown below. Default

values are shown when they are set by the program prior to reading input

data.

Data units are feet, degrees and seconds unless otherwise noted.

- 13 -



NAMELIST Input Definitions

cov Covariance matrix of altitude, velocity, flight
path angle, azimuth, latitude and longitude.
- Input when IERROR = 4

DATAG Standard deviation in flight path angle, used to
normalize flight errors. Array of 7 values.
Independent variable is HINJ.
(0.428, 0.428, 0.428, 0.430, 0.434, 0.442, 0.453
built=in)

DATAH Standard deviation in altitude, used to normalize
flight errors. Array of 7 values. Independent
variable is HINJ.

(3.35, 4.85, 5.80, 6.45, 6.90, 7.20, 7.30
built=-in)

DATAV Standard deviation in velocity, used to normalize
flight errors. Array of 7 values.
Independentl8ariable is HINJ.
(75.6, 84.6, 88.8, 91.3, 92.5, 93.0, 93.0
built-in)

EMAG - Values for error sources used to calculate
covariance matrix of a spin stabilized stage.
Array of 4 values. Input when propagation is
used.

(1) = ratio of standard deviation desired to the
standard deviation used to determine SEN1
for the motor performance error source.

(2) = same as above except for determining SEN2
for the pitch tipoff error source.

(3) = same as above except for determining SEN3
for the yaw tipoff error source.

(4) = same as above except for determining SEN4
for the timer error source.

HINJ Altitude used to normalize flight errors. Array
of 7 values. Dependent variables are DATAG,
DATAH, - DATAV.
(100., 200., 300., 400., 500., 600., 700.
built=in)

IERROR Option for inputting data errors

= 1 Input flight results of altitude, velocity
and path angle errors, 100 samples or less.
Errors are input in fixed field format prior

- to NAMELIST data.

= 2 Input flight results of altitude, velocity
path angle, azimuth, latitude and longitude,
100 samples or less. Errors are input in
fixed field format prior to NAMELIST data.
(2 built-in)

- 14 -




NAMELIST Input Definitions (Continued)

= 3 Input standard deviations (SIG) and
correlation coefficients (RHD) of altitude,
velocity, path angle azimuth, latitude and
longitude.

= 4 Input covariance matrix (COV) of altitude,
velocity, path angle, azimuth, latitude and
longitude.

NERROR Number of error sources of the spin stabilized
stage. (3 built-in)

NORM Non—-zero value normalizes altitude, velocity and
path angle errors of the flight data base to the
altitude of S1. (1 built-in)

NSAMP Number of samples used in Monte Carlo analyses.
(5000 built-in)

RHO Correlation coefficients in order of altitude
velocity, path angle, azimuth, latitude and
longitude. Array of 15 values. Input when
IERROR = 3.

SEN1 Sensitivity of spin stabilized stage burnout
state parameters to one sigma motor performance
error source. Units are state parameter
units/sigma. Array of 6 values. Order of state
parameters are altitude, velocity, path angle,
azimuth, latitude and longitude.

SEN2 Same as SENl except error source is pitch
tipoff. Units are state parameter units/deg.

SEN3 Same as SEN1 except error source is yaw tipoff.
Units are state parameter units/deg.

SEN4 Same as SEN1 except error source is stage
ignition time. Units are state parameter
units/sec.

S1G Standard deviation of altitude, velocity, path

angle, azimuth, latitude and longitude. Array of
6 values. Input when IERROR = 3,

sl Nominal state parameters at last stage burnout 1f
covariance matrix propagation is not selected.
1f propagation is selected, S1 is state at
burnout of next to last stage. Array of 6
values. Order is altitude, velocity, path angle,
azimuth, latitude and longitude.

s2 Nominal state parameters at last stage burmout.
Input if TCOAST is noun-zero. Array of 6 values.
Order is altitude, velocity, path angle, azimuth,
latitude and longitude.

- 15 -



NAMELIST Input Definitions (Continued)

TCOAST Nominal coast time to propagate covariance
matrix. Input zero if propagation is not
desired. (0. built-in)

TITLEL Title information printed at top of each page of
TITLE2 output. 72 characters maximum each,

3.4 Output Description

Both the fixed field and NAMELIST input data are listed verbatim on the
output listing. These lists provide a quick check of the input data for
format correctness and validity.

Following the input data lists, the flight experience data are provided in
a labeled format. The next page provides the flight experience data after the
altitude, velocity, path angle errors have been normalized and the latitude,
longitude errors have been adjusted.

The following page provides error statistics for only those flights with
latitude and longitude errors. The next page provides error statistics based
upon all flight samples provided. The altitude, velocity, path angle and
azimuth error statistics are obtained from those flight samples identified for
that purpose. The latitude and longitude error statistics are derived from
only those flights available for latitude and longitude statistics. Unless
the covariance matrix is propagated, the final error covariance matrix is
included on this page. Following the covariance matrix, the sensitivity
matrix is provided, which when properly sampled will produce the covariance
matrix.

If the covariance matrix is propagated, additional matrices are shown on
the next two pages. The sensitivity matrix obtained from the final error

covariance matrix is also included.
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VEHICLE

S=136
$=131
S-138
S=139
§=140
S~142
S~143
S=145
S=146
S=147
S=148
$=149
$=150
' §=15¢
S=-153
$-155
S=156
S=157
$-158
S§-162
S=161
S=165
S=167
S=172
S-169
$=176
S=174
$=175
§5-173
S=177
S-180
S=163
S§~183
S=184
§-182
$-170
S-185
S-181
$=178
S-190
S-188
S=191
S-186
S-189
$S=137
S~194
$=195

NQTE:

INSERTION
ALTITUDE
N."I.

562.8
612.5
383.8
404 .3
506 .8
487.1
482.2
200.1
495 ,2
350.6
197.7
5763
178.5
577.0
117.1
2794
53267
565 .9
235.3
581.2
190.5
37% .8
147.2
216.0
214.7
588.3
169.9
29444
115.5
323.3
486.0
120.0
297.0
26345
449.6
299.7
151.2
129.5
604.4
123.1
405.0
215.2
1262
213.5
27042
271.0
194 .8

SCOUT FLIGHT EXPERIENCE

TABLE 3.1

AT ORBIT INSERTION

ALTITUDE
NeMI.

9.7
6.9
3,2
8.9
-2
4.1

-1.3
'1001
-3.1
-7
4¢5
b
4,7
-.h
=942
6e7
8.0
0.0
-3.5
,'304
14,5
2.4
=2.9
b
-4e2
=5.0
4.0
«8
3.4

ERROR FROM PREDICTED

PATH

VELOCITY
FPS DEG
-5845 077
-280.0 -e36
«107.9 «15
-29,2 «05
67.2 =37
1‘2.9 -e86
112.3 14
1500 '075
-24,3 -e63
11.1 -.98
=31.4 -s17
=38.,6 «16
-31.1 -s63
«57.5 12
-56.9 -e63
94,3 -e06
=53.4% =e 05
3444 -.15
800 -017
'29.1 -obl
1700 ~s46
7244 =-e72
30.7 '057
-91.1 -e13
-35,0 ~-el13
Z.O -1.01
~38.2 -el7
Teb -s07
-9300 -.08
-79.4 =-+63
~202.0 -e24
-129.0 49
67.0 -.47
-8,0 26
-177.0 =02
-29,5 -s76
70.5 =l.14
84.2 -0“1
=-220.2 -+03
5862 «03
1“9.5 -047
45.7 -056
3.9 —e24
61,1 -+05
39.1 «15
14.1 .03
-25.8 -+09

ANGLE AZIMUTH

DEG

28
-s15
o717

-062
-.20
69
28
0.00
‘0‘3
«77

LATITUDE

DEG

«0638
-e0473

-0 1042
-+0108
=+ 0429
~.0729
~+2190
-:0774
-+0345
-.0300
-.0801
=-.0152
-.0233
-.0656
-.213!

+ 2250
e 2448
«1882
« 0015
-¢1355
«2266
«2533
-e0743
~.0777
« 3180
-.0017
-~+1845
-.0857
-001‘7
«0101
0601
1489
«0623

LATITUDE, LONGITUDE ERRUORS NOT SHOWN ARE NOT AVAILABLE
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LONGITUDE

0OEG

«0339
-,0361

<0115
03134
«3543
~-.0749
045662
0137
«l1321
«0690
«0344
0477
«1267
=-.0159
«0215

<0386
-+1021
« 7061
«0170
-,0652
1281
-00426
=-.0523
«0682
«G55C
« 0943
«1735
-,20138
~=e5603
-+3837
«1696
«0124
-.1025



4.0 SUBROUTINE DESCRIPTIONS
L

This section provides a brief description of each subroutine of STEP.

4.1 STEP (Main Program)

The main program initializes the input data defaults; calls the two input
subroutines; normalizes the errors in altitude, velocity and flight path
angle; adjusts the errors in latitude and longitude; calculates the error
covariance matrix at the input epoch; calculates the sensitivity matrix;
calculates the boost covariance matrix; propagates the covariance matrix; and

outputs the results.

4.2 CARDS

Subroutine CARDS reads the fixed field data in alphanumeric format; writes
the data as read on the output file in alphanumeric format; and writes the
data as read on Unit 8 for subsequent reading by the main program in floating
point format. CARDS counts the number of samples read and writes error

messages if there are no samples or if they exceed the maximum of 100.

4.3 CONIC

Subroutine CONIC initializes a conic path from am input trajectory state
(altitude, velocity, flight path angle, azimuth, latitude and longitude) for
subsequent propagation of the state along the conic path by an input time
increment. CONIC verifies that the conic path is elliptical and, if so,
calculates the orbital element; and coordinate transfo;mations from the

spherical state to inertial cartesian components . CONIC is called one time

per conic path.
- 18 -




4.4 CORCO

Subroutine CORCO calculates mean values, standard deviations and the
correlation coefficient of two independent variables from random samples of

each. On option, the mean values may be set to zero.

4.5 COVR

Subroutine COVR generates a symmetric error covariance matrix of six
parameters. COVR is called as each set of error samples is genmerated. COVR1
(an entry point) is called after all sets of samples have been generated and a

covariance matrix is desired.

4.6 EIGEN

Subroutine EIGEN calculates the eigenvalues and eigenvectors of a real
symmetric matrix. These values are used in STEP to generate a sensitivity
matrix of six pseudo, independent, uncorrelated error sources to the six

trajectory parameters.

4.7 1INIT

Subroutine INIT initializes constants used by several of the subroutines,
which are available to the subroutines via labeled common DIG. Entry point
INITL1 initializes the parameters used to obtain random numbers. These

parameters are available to the subroutines via labeled common BLK4.

4.8 INPUT

Subroutine INPUT reads input data cards in a modified NAMELIST format.
Titling information on title cards is placed in appropriate arrays for use

by the main program. Non-title cards are written on unit 8 for a NAMELIST read

- 19 -



by the main program.

4.9 T1INTER

Subroutine INTER is a second-order interpolater of two variables. It
selects the four closest data points to the desired value of the independent
variable and interpolates or extrapolates for the value of the dependent

variable.

4,10 NEWTON

Subroutine NEWION iterates for the eccentric anomaly corresponding to a
value of time along a conic. If the interation fails, a diagnostic is
written. If the iteration is successful, the radius and true anomaly are

calculated.

4.11 NORRAN

Subroutine NORRAN generates a normally distributed random number from the
set of numbers which have a mean value and standard deviatiom as supplied to

the subroutine.

4.12 TSTEP

Subroutine TSTEP propagates a trajectory state along a conic by a given
time increment. Subroutine CONIC is used to initialize the conic from
the initial state parameters. Subroutine NEWTON is used to iterate on
eccentric anomaly. TSTEP updates-the trajectory state parameters at the new

time. TSTEP is called each time the trajectory state is to be propagated.

- 20 -




4.13 UNIRAN .

Subroutine UNIRAN generates a uniformally distributed random number between

zero and one. This random number is used when analyzing tipoff error sources.

- 2] =



5.0 PROGRAM CODING

This section presents details about the program coding. Included are
flowcharts of each subroutine, FORTRAN listings of each subroutine and
definitions of the FORTRAN variables. The information presented in this
gsection is intended to be helpful in developing a_thorough understanding of

STEP and in making modifications to the program.

5.1 Subroutine Flowcharts

Flowcharts are presented in Figures 5.1 through 5.9. The flowchart

conventions used are defined in Section 2.0 of this report.

5.2 FORTRAN Listings

STEP is coded in FORTRAN 1V, Reference (2), on the CDC CYBER 175 computer
with the NOS/BE 1.4 operating system. Listings of the FORTRAN coding are

presented in Appendix B.

5.3 FORITRAN Variable Definition

Definitions of the FORTRAN variables are presented below. This information

is normally used only when making modifications to the program.

ALT Nominal altitude, n.mi.

BEST Array equivalenced to SEN1l, SEN2, SEN3, SEN4
CE East component of position error, ft

CLAT Cosine of nominal latitude

CMAT1 Error covariance matrix of last stage boost
CMAT2 Error covariance matrix after propagation

- 22 -




CN

CON
cov
CPl
Ccp2
CP3
CZ

CZET

DATAG
DATAH
DATAV
DCR
DELT
DEVGl1
DEVG2

DEVH1
DEVH2

DEVV1
DEVV2

DG1
DG2

DH1
DH2

DLG1
DL1
DR

DVl
pv2

DZ1
DZ2

EMAG

EPAR

North component of position error, ft
Radians per degree, .0174532925
Input data

Working arrays for correlation coefficients

Cosine of azimuth error
Cosine of nominal azimuth
Working array

Input data for normalizing input flight errors

Crossrange error, n.mi.

Time increment for propagation of state
parameters, sec

Interpolated values of DATAG
Interpolated values of DATAH
Interpolated values of DATAV

éath angle errors of flight sample
Altitude errors of flight sample

Longitude error of flight sample
Latitude error of flight sample
Range error, n.mi.

Velocity errors of flight sample

Working array of trajectory parameter errors

Azimuth errors of flight saﬁple

Input data

Array of normally distributed random numbers
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EXIC

FT

GAUSS

GN

HINJ

ICNT

ICODE

IERROR

IWORD

KERR

MEAN

MEANG

MEANH

MEANLG

MEANV

MEANZ

NDATA

NERROR

NFLAG

NORM

NSAMP

Nl

N2

Working array of trajectory parameter errors
Feet per n.mi., 6076.11549
Normally distributed random number

Earth gravitational constant, 1.4076576El6
££3/8ec2

Random numbers used in random number generator
Input data

Counter used in subroutine NORRAN

Value of flag input with f£light sample
Input data

Array of flags input with flight samples
Diagnostic flag set in subroutine NEWTON
Flag for calculating mean values

Mean value of path angle, deg

Mean value of altitude, n.mi.

Mean value of latitude, deg

Mean value of longitude, deg

Mean value of velocity, £ps

Mean value of azimuth, deg

Number of flight samples

Number of data values of HINJ

Input data

Working flag

Input data

Case number

Input data

Number of flight samples with
ICODE = 1 or 2

Number of flight samples with
ICODE = 2 or 3
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N3

PI

RHO

RHOGL

RHOGZ

RHOHG

RHOHL

RHOHLG

RHOHV

RHOHZ

RHOLLG

RHOVG

RHOVL

RHOVLG

RHOVZ

RHOZL

RHOZLG

ROTATE

RR

SEN1
SEN2
SEN3
SEN4

Number of £light samples with
ICODE = 1, 2 or 3

3.1415927

Eigenvectors

Degrees per radian, 57.2957795

Earth equatorial radius, 20925741 ft

Input data
Correlation

Correlation
longitude

Correlation
Correlation
Correlation
Correlation
Correlation
Correlation
Correlation
Correlation
Correlation
Correlation
Correlation
Correlation

Correlation

coefficient

coefficient

coefficient

coefficient

coefficient

coefficient

coefficient

coefficient

coefficient

coefficient

coefficient

coefficient

coefficient

coefficient

coefficient

of path angle and latitude

of

of

of

of

of

of

of

of

of

of

of

of

of

of

path angle and

path angle and azimuth

altitude
altitude
altitude
altitude
altitude
latitude
velocity
velocity
velocity

velocity

and path angle
and latitude
and longitude
and velocity
and azimuth
and longitude
and path angle
and latitude
and longitude

and azimuth

azimath and latitude

azimuth and longitude

Earth rotation rate, 7.29211E-5 radians per sec.

Equivalenced to R

Sensitivity coefficients

Input data
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SIG
SIGALT
SIGG
SIGH
SIGL
SIGLG

SIGMA

SIGV
SIGZ
Ss
STATE
SUMSQL
SuMSsQ2
SUMSQ3
SsuMl
SUM3
Sz
SZET
él

s2

TCALL

TCOAST
THET

TITLEL
TITLE2

TOMAG

TZERO

Input data

Standard deviation of altitude, n.mi.
Stagdard deviation of path angle, deg
Standard deviation of altitude, ft
Standard deviation of latitude, deg
Standard deviation of longitude, deg

Standard deviation of normally distributed
random numbers. Used in subroutine NORRAN

Standard deviation of velocity, fps
Standard deviation of azimuth, deg
Input state S1 propagated by TCOAST
Trajectory state to be propagated

Working arrays of summation of errors squared
Working arrays of summation of erxors

Sine of azimuth error

Sine of nominal azimuth

Input data

Input data

Time of propagated state referenced to TZERO, sec.

Time of propagated state referenced to perigee,
SeC.

Input data
Random direction of tipoff, deg

Input data

Random value of tipoff magnitude, deg.

Initial time of state to be propagated, sec.
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WORD

XALT

XG

XH

XL

XLAT

X1G

ZRAN

Working array for sensitivity matrix
Array of flight sample data

Random values of error sources

Nominal altitude of flight sample, n.mi.
Path angle error of f£light sample, deg.
Altitude error of flight sample, ft
Latitude error of flight sample, deg.
Nominal latitude of £flight sample, deg.
Longitude error of f£light sample, deg.
Mean value of nomally distributed random numbers
Velocity error of flight sample, fps
Azimuth error of flight sample, deg.
Nominal azimuth, deg.

Uniformly distributed random number
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Figure 5.1
FLOWCHART OF MAIN PROGRAM_STEP

- Call CARDS for

&=

Initialize input
B jata defacits [ P ;:::d tield
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by TCOAST seconds

Adjust the lati-

nominal azimuth

:u"d‘f;,’gg:::d ® f————ppd and standard deviations

=)

Calculate the
error covarfance
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input epoch

Calculate mean values
at the input epoch

@@

Calculate
sensitivity
mtrix

Write
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Calculate
ptiff———{ eigenvectors
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Calculate
sensitivity
matrix
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perturbed state
by TCOAST
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fdd boost
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output
data
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Figure 5.2
FLOWCHART OF SUBROUTINE CARDS

Read data card, write
Regd tiETe card on unit 6, write on
anitwg1 e on unit 8. Accumulate
un counter.

-

If
card read is
IIENDH

YES

Y

Set number of
C Return )‘-—— Rewind unit 8 tet—————— (orhies read
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Enter
CONIC

Conic 1is
circular

Figure 5.3

FLOWCHART OF SUBROUTINE CONIC

Establish rotational
matrix to inertial

—P coordinate system at

initial conditions

Calculate
semi-major
axis

Is
Is Calculate semi-major
eccentricity eccentricity ax1stﬁreater
zero? ¢ 32?
e

Conic is
non-elliptical

Calculate orbital
lements for
elliptical orbit
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Figure 5.4
FLOWCHART OF SUBROUTINE CORCO

Calculate summation of:
X error

CORCO square of x error
square of y error
X error times y error

Are
Zero mean
values to be
used?

Set mean YES
values to |eufff—

2ero

Calculate
mean values

Ca1cg1a§ed ;
standard deviation
3 and correlation
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Figure 5.5
FLOWCHART OF SUBROUTINE COVR

— P summations of | g}

Accumulate

Enter
VR

Co >
COVRI

errors and
errors squared

Accumulate
summations of
products of
errors

Calculate

standard deviations [e—————Jp

and correlation

coefficients

Calculate
covariance
matrix
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Figure 5.6
FLOWCHART OF SUBROUTINE INPUT

Read data

card

If
end-of-file
read?

Stop

Write data card
on unit 6

Place title
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If
card read
is “"$END"

in appropriate
array

YES

If
card is a
title card

Write card
on unit 8

Rewind 8
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Write date and
time on unit 6
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Figure 5.7

FLOWCHART OF SUBROUTINE INTER

If
number
of elements

Set
index
to 1

Y

Interpolate for
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according to index
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1f
number
of elements
in data
array
<4

Write
diagnostic

Y

Stop

y
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NEWTON

Figure 5.8

FLOWCHART OF SUBRQOUTINE NEWTON

Iterate for

eccentric anomaly]

at new time

falong conic

Did
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?

Calculate
true anomaly
and radius
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Figure 5.9
FLOWCHART OF SUBROUTINE TSTEP
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46 FLIGHT

$=136
s$=131
s-138
S=139
$=140
$=142
S=143
S=145
S=146
$=147
S-148
S$=149
$-150
S=154
$=153
$=153
S=156
$=157
S=158
S~162
S=161
$=165
S-167
$=172
S=169
S-176
S=174
$-175
$=173
$=177
S=18Q
$=163
$-183
S=184
s-182
s-170
S-185
S-181
S-178
5-190
S-188
$=191
S-186
$-189
$-187
S=194
$=195
END

3.
4o
3.
3.
3.
3.
3.
3.
3.
3.
3.
3.
2.
2.
3.
2e
2o
2.
2o
2
2e
2e
20
2.
2o
20
2.
2e
3.
20
2e
2¢
2e
2e
2e
2e
20
2o
2o
2e
2e
2¢
2

APPENDIX ‘A
SAMPLE DATA CASES

SAMPLES AT STAGE & BURNOUT

56248
612.5
383.8
404,13
506.8
487.1
482,.2
200.1
495.2
35006
197.7
576.3
178,53
577.0
117.1
279.4
58247
565.9
235.3
581,.2
190.5
37648
147,.2
216.0
214.7
588.3
169.9
294. 4
115.5
323.3
486.0
120,0
297.0
263,.5
449,06
299.7
151.2
129.5
6044
123.1
405.0
21542
12442
210,5
270.2
271.0
194.8

97
6.9
3,2
8.9
-0.2
4.1
4,2
=345
3,7
3,8
2.8
0.0
1,0
0.7
«0¢5
5.5
2.0
248
-2.1
=~1e7
“5.8
=23
0.4
=52
=1e3
=10.1
3,1
=07
4.5
0.6
47
=0eb
-902
6.7
8.0
-000
=3e5
344
14.5
2.4
=29
0.6
-hel
=5.0
4,0
.8
e

-58.9
-28000
=107.9

29,2

67.2
142.9
112.3

15.0
w243

11.1

-31.4

~38,6

-3101

=575

=569

94,3
5304
-34.4

8.0

-29.1

17.0

T2 4

30.7
°9101
=-35,0

200
‘38.2
Te6

«93.0

-79.4
-202.
=129,

47.0
-8,0
‘177.0
=-2945
7005
84,2
-220.2
58.2
149,.5
45.7
3.9
61.1
39.1
14,1

-25,.8

0.77
=0.36

V.13

0.05
«0.37
-0086

.14
075
-0.63
=-0.98
-Cel?

0.16
«0,63

0.12
=0.63
=0.06
«0.05
-0015
-G.17
=041
~0o46
-0.72
=0.57
=-0.13
=Cel3
«1,01
~0.,17
-0'07
=0.,08
-0463
=0+2%

0.49
-0e47

0.26
=0.02
=076
=lelé
«0,.41
-0003

0,03
'0.47
=056
-0.24
-0.05

0.15

6.03
=0.09

0.28
=0.15%
Q.77
0.19
=0491
~0.29
-0.,28
048
060
-0.24
~0.53
-1018
=0.14
0.26
=013
0.18
=0.43
-0073
0.70
=0.07
«1.,08
=1.36
=025
-0.93
0.31
0002
-0.69
0.11
«1.05
-0e54
0406
=0.12

0.32
0.13
0460
034
-0.28
Q.17
0.07
=0+62
=020
0.69
0.28
0.00
=Qe43
Q.77

0.0638
00473

=0.1042
-0.0108
=-0.0429
~0.0729
=0,2190
=-0.0774
=0.0345
=-0,0300
-0.0801
-0,0152
=-0,02133
=0,0656
-0.2135

0.2250
0e2448
0.1882
0.0015
=0.1355
0.2266
042533
=0,0743
-0.0777
0.3180
«-0,0017
061845
=0+0837
-0,0147
0.0101
0.0601
01489
0.0623

0.0339
=0.0361

0.0115
0.3134
0.,3543
=0.0749
0.4662
0.0137
0.1321
0.0690
0.0344
0.0477
0.1267
~-0.0159
0.0215

0.0386
=0.1021
0.7061
0.0170
«0,0692
0.1281
=Q0+0426
=-0.,0523
0.0682
0.6550
0.0943
0.1735
=0.2038
‘0.5603
-0.3837
0.1696
0.0124
=-0.1023

207161
121787

15.0825
12.0870
12.1900
18.2632
1242504
22,0366
1344573
23,1376
20.8663
17,7236
11.9576
3545404
-2.7201

2343147
2343077
-3.,3437
15.4234
34,3083
134634
=1.6043
22.3683
22.1681
11.5952
=2.,8471
1308902
142879
21.9731
13,0322
-2075‘0
=2+6565
15,0391

171.556
180.000

169.640
180,000
180,001
179,999
180,000
188.853
171.761
184,350
175.719
193,313
180.000
103.438

88,955

137.246
135.496

90.865
172.737
106,662
180.000

894260
180.860
187,780
180,020

89.370
188,650
179.896
187,336
187,980

89,026

88,795
179.991



- ROUTINE STEP
DTD MAR 1981

—A2-

PROBe NO. 1
TRAJECTORY TO 200 NM ALTITUDE
WITH PROPAGATION 500 SAMPLES
FLIGHTS FOR SCOUT FLIGHT EXPERIENCE ACCURACY
STANDARD DEVIATIONS
ALT=VEL=GAN=ZET=LAT=LONG (FT,FPS,DEG)
29297, 8044 0402 0525 01841 02239
4,822 NN
MEAN VALUES
. ALT=VEL=GAM-ZET=LAT=LONG
2391, “11.5 260 o152 -.0347 .0427
CORRELATION COEFFICIENTS
ALT=VEL-GAM=ZET=LAT=LONG
43278 «43300 011934 «40168 +14018
=432800 =,10826 =.33822 =,208%9
016758 =,21837 =,11681
007191  =447921
’007939
COVARIANCE NATRIX (A MATRIX) )
ALT VEL GAN ZET LAT LONG
«85830E409
. =e10200E407 +64T19E40%
e51043E404 =010618E+402 +16191E+00
¢18355E+0&4 =, 45T21E+01  ¢35398E-01 +27558E+00
e19316E+04 = 44661E401 =e14423E-01 61961E=02 ,26943E-01
«91966E403 =,37578E401 =.10525E-01 =.56335E-01 =,29183E-02 +50149E-01
. EIGENVALUES
«B5830E409 o 52597E+04  «28973E+00 ,13160E+00  ,35253E-01 .11113E-01
EIGENVECTORS
«10000E401  +11884E=02 =¢21914E=05 =,39473E=05 =,11341E~-06 =,31095€-05
~e11884E=02 <10000E+01  +44569E=03 ,61192E=03 +39731E-03 +80723E~03
e59470E-05 =,86539E=03 +16123E+400 +95227E400 +40492E-02 +2%591BE+Q0
e213B5E=05 =o45458E=03 .95546E+00 =-.17894E+00 .22700E+00  .59516€-01
«22505E-05 =, 41268E-03 <=.72%590E~02 =-,23903E+00 =.39090E+00 .B88883E+00
e10715E=05 =.50665E-03 =~,24707E+00 =463533E~01 ,89199E+00 +37319E+00
SENSITIVITY COEFFICIENTS
ALT=VEL=GAM=2ET=LAT~LONG (TOP TO BOTTOM)
029297E405  o86188E~01 =o11795E-05 =¢14319E-05 =,21294E-07 =.32780E-06
=y 34B16E+402 < 72524E+02  +23990E~03 ,22198E-03  .74598E-04 +85096E-04
e17423E400 =, 62761E-01 (B6TB5E~01  34545E400 .T60266-03 .27322E-01
062651E-01 =¢32968E~01 <51429E+00 =e64912E=01  42622E-01 +62740E-02
¢65933E=01 «429929E-01 =+39073E=02 =e¢86710E=01 =o73394E=01 +93698E=01
¢31391E=01 =436744E=01 =,13299E+00 =,23047E-01  16748E+00 39340E-01




. ROUTINE STEP
OTD MAR 1981

PROB, NO. 1
TRAJECTORY TD 200 NM ALTITUDE
WITH PROPAGATION 500 SAMPLES
-
COVARIANCE MATRIX OF LAST STAGE 80CST
ALT VEL GAN * 2ET LAT LONG
+R44T2E+08
=:9TOTBE+05 . 41439E+03
«61046E+04 <—.13451E+02 .83797E+00
~e17595E403 «,63128E+401 =,244T4E-01 78739E+00
e15782E+02 =o11T740E=01  +21447E=02 +44487E-02 +57817E-04
©33073E402  ¢30%522E=01  +44994E-02 +21484E=02 T77457E=04 +13641E-03
SAMPLED COVARIANCE MATRIX AT INPUT EPOCH
ALT VEL GAN LET LAT LONG
+91102E+09
=¢13406E407 o 76936E+04
¢55736E4+04 =¢13026E+02 «17963E+00
e19986E+04 =,12525E+01 +25690E-01 ,27893E+00
«24830E404 =, 68055E+01 =,14711E-01 .97317E=-02 .31043E-01
e989T1E+03 =,57254E+401 =¢30337E=02 =,61651E-01 =,253426-02 .52863E-01
COVARIANCE MATRIX AFTER PROPAGATION
ALT VEL GAN 2ET LAT LONG
+31132E+10
=2 44132E407 «12580E+05
«18540E+05 =,20220E+02 +155T1E+00
038874E404 =,43581E+401  +22484E=01 ,22453E+00
e 4TEG2E+04 =¢15010E+02 =,57539E=02 +12444E-01 ,50500£-01
~e12004E+04 =,2915TE+01 <=.20754E-01 =,11936E+00 =.18270E-02 ,10248E+00

-A3-



TRAJECTORY TGO 200 NM ALTITUDE

NO PROPAGATION

500 SAM

PLES

NORMALIZED DEVIATIONS AND ADJUSTED

SAMPLE ALT
NUNMBER FT
-1 38938,
2 19444,
3 54077,
4 1215,
L] 24912,
6 25520,
7 =21266.
8 -22482.
9 23089,
10 17013,
11 O.
12 6076,
13 -4253,
14 =3038,
15 =33419,
16 12152.
17 17013,
18 =12760,
19 10329,
20 =35241.
21 -13975.
22 2430,
23 =31596.
24 -7899.
25 =61369,.
26 «16836.
27 -4253,
28 27343,
29 3646,
30 28558,
31 =2430.
32 =%5900.
33 40710.
34 48609,
35 0.
36 -21266.
37 =20659%.
s 88104,
39 14583,
40 «-17621,
41 3646,
42 =25520.
43 =30381.
44 24304,
45 4861,
46 20659,

ALTITUDESs
AZINUTHs
LATITUDE=

VEL
FPS

-58.9
«107.9
=29.2
672
142.9
112.3
15.0
=24.3
11,1
=31.4
=38.6
=31,1
=575
5649
9443
-53.~
=34 ,.4%
8.0
=-29.1
17.0
T2.4
30.7
-91.1
«33.,0
240
3842
Teb6
-93.0
-79.‘
-202.0
«129.0
47.0
=8.0
«-177.0
=295
70 .5
8442
=220.2
5842
149,95
4547
3.9
61.1
39.1
14,1
-25.8

90.0

1784900
30.6500

GAMMA
DEG

« 770
150
+050
-e370
-,860
0140
=750
=,630
-¢980
-0170
160
-e630
«120
-+630
=e060
«+050
-.150
'0170
-+410
=460
-,720
-.570
=-e130
"-130
-10010
-+170
-.070
-+080
=630
-e240
«490
‘0470
0260
=-+020
-e 760
=1+140
=-e410
-+,030
+030
=470
=+560
=e240
~,050
«150
«030
-+090

Yy

LATITUDE,
N Ml
OEG
DEG

ZETA
DEG

280
o770
«190
-e910
'0290
-.280
«480
0.000
=e240
~,550
=1.180
=140
260
=-o130
«180
-e430
-,730
«700
-+070
-1,080
-1¢36°
-0250
-+930
+«310
«020
-+690
+110
-1.050
-.540
+0690
=120
0.000
320
«130
-¢600
0340
=-¢280
«170
«070
~.620
-+200
«690
280
0.000
-e430
«770

ROUTINE STEP
DTD MAR 1981

PROB. NO,

LONGITUDE DEVIATIONS

LAT
OEG

0.0000
0.000¢C
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.,0000
0.0000
0.0000

«0592
-.0480
0.0000
-21046
-e0049
-.0362
-+0743
-+2102
=e0740
-,0502
-,0238
-.0818
-.0034
=+40209
-+0039
-.0217
0.0000

1446

2422
-9 56980
-+0003

«0131

02289

0046462
~e0759
=+ 0670

«3190
-20942
=,1533
-.3891
=-+0908
-,0490
—.1693
-.0127

« 0604

LONG
DEG

0.0000
0.0000
00000
0.0000
0.0000
0.0Q00
0.0000
0.0000
0.0000
0.0000
0.0000
00460
-,0400
0.0000
‘00068
«3564
« 4034
-.0810
05344
0301
01432
«0767
«0321
«0555
01446
-.0776
-e2481
0.0000
«2046
01165
02467
«0191
«¢1703
e1397
«2941
-:0532
00865
« 05354
-,0011
02293
-e2278
-0 5949
-+ 4309
«0703
01731
-e1164%

CODE
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2




TRAJECTORY TO 200 NM ALTITUDE

NO PROPAGATION

500 SAMPLES

33 FLIGHT SAMPLES

STANDARD DEVIATIONS
ALT=VEL=GAN=ZET=LAT=~LONG (FToFPS»DEG) -

29603,
4.872

MEAN VALUES

83.4
NM

«361 *505

ALT=VEL~GANM-ZET=-LAT-LONG

2799,

CORRELATION COEFFICIENTS
ALT=VEL=GAM=ZET=LAT=LONG

=e56673

ALT

«8T7636E+09
«.13999E+07
«23566E+04
0 24649E+04
«19518E+04
¢92929E+03

-13.2

«40712
=-+30939

COVARIANCE MATRIX (A HATRIX)

VEL

e69624E+04
=+93318E401
=4 35585E+01
~e%6323E+01
~¢38976E+01

-e265 =-e123

16499 40168

=e:08451 =+33822

025407 =e21837
«07191

GAM IET

¢13067E+00

01641

=.0347

014018
-e20859
=.11681
-0 47921
=¢07939

e46347E-01 «2546TE+00
=e12957€E-01 «J39564E~-02
“e94556E-02 «,54156E-01 ' =,29183E-02 «50149€E-01

ROUTINE STEP
DTD MAR 1981
PROB. ND. 2

FLIGHTS WITH LATITIUDE/LONGITUDE OEVIATIONS

«2239
«0427

LAT LONG
«26943E-01



TRAJECTORY TO 200 NM ALTITUDE
WITH PRGPAGATION 500 SAMPLES

ROUTINE STEP
OTD MAR 1981
PROB. NO, 1

FLIGHTS WITH LATITIUDE/LONGITUDE DEVIATIONS
33 FLIGHT SAMPLES

STANDARD DEVIATIONS

ALT=VEL=GAM=ZET=LAT=LONG (FT,FPS,DEG)

29603, 83.4 0361
4,872 Nn'

MEAN VALUES
ALT=VEL=GAM=ZET-LAT=LONG
=2799, =13.2 =265

CORRELATION COEFFICIENTS
ALT-VEL=GAM=ZET=-LAT=-LONG

=-,56673 «40712 016499
~¢30939 -.08451
025407

COVARIANCE MATRIX (A MATRIX)

ALT VEL . GAN

+B7636E+09
=¢13999E+07 ¢69624E+04

o43566E404 <=,93318E+01 «13C67E+Q0

¢ 24649E+04 =—,35585E+01 *e46347E-01
e19518E+04 ~446323E401 =,12957€=01
+92929E+403 =,38976E+01 <=.94556E=02

«505 01641 02239
~el23 =e0347 00427
40168 ¢14018
=e33822 =+20859
-e21837 -e116861
07191 =,47921
=-:07939
ZET LAT . LONG
+25467E+00
¢ 59564E-02 026943E-01
=+54156E-01 =¢29183E-02 «50149E-01

~AG-




ROUTINE STEP
DTD MAR 1981

PROBe NO. 12

TRAJECTORY TO 200 NM ALTITUDE

WITH PROPAGATION 500 SAMPLES

COVARIANCE MATRIX AT LAST STAGE BURNOUT

ALT VEL GANM 2ET LAT LONG

«31576E+10
=e45109€+07 «12995€+05

0 24645E+05 =.33671E+02 «99368E+00

e37114E+04 =,10671E+02 =,19893E=02 «10119E+01

e4TB50E+04 =,13021E+02 ~,36091E-02 «16893E~01 «50558E=01
=e11674E+04 <,28832E+01 =¢16255E=01 =,11721E+Q0 =+1T7495E=02 «10262E+00

EIGENVALUES
«31576E+10 «65504E+04 «10225€+01 «79928E+00 «83924E-01 ¢30506€-01
EIGENVECTORS

«1G000E+01 e 14286E-02 +88576E-06 <=—+81140E-05 «12497E-05 =.10137E-07
-¢14286E-02 «10000E+01 +T6165E=-03 =,21010E-03 «65864E=03 «13090€£=02

o T8047E=05 e23448E-03 <=,13018E+00 «99012E+00 «8C103E-02 «51511E-01

e11754E-05 =,81974E-03 «98333E+00 212774E+Q0 «12904E+90 «96536E=-02

e15154E=05 ~,12497E=02 010391E=01 =,49461E=01 =,10453E+00 «99324E400
*936969E-06 =,69504E-03 ~,12653E400 -,30003E-01 +98608E+00 +10361E+400

SENSITIVITY COEFFICIENTS
ALT=VEL=-GAM=2ET=-LAT=-LONG (TOP TO BOTTOM)

¢36193E+03 e11562E+00 08956T7E=06 =,72542E~QS5 ¢36203E=06 =417704E-08
=480276E+02 ¢ 80934E+02 ¢T77017E=03 =,18784E~03 «19081E=~03 022864E~03

+43857E+00 «18978E=-01 =,13163E+00 «88519E+00 - .23206E-02 «89969E-02

+66048E-Q01 =.66346E=-01 «99434E+0Q0 «11420E+00 «37384€E-01 016861E-02

¢85154E=01 =410114E+00 ¢10508E=01 «=,44220E~01 ~=,30283E=01 «17348E+0C
«o207TRE=01 =056253E=01 =¢12794E+00 <=.26823E~01 «28566E+00 «18096E~01

~A7-



ROUTINE STEP
0TD MAR 1981
PROBs NOeo 1
TRAJECTORY TO 200 NM ALTITUDE :
WITH PROPAGATION 500 SAMPLES

NORMALIZED DEVIATIONS AND ADJUSTED LATITUDE, LONGITUDE OEVIATIONS
ALTITUDE= 90.0 N MI
AZIMNUTHs= 178,900 DEG
LATITUDE=s 30,6500 DEG

SANPLE ALT VEL GAMMA ZETA LAT LONG CODE

NUMBER FT FPS DEG DEG DEG DEG
1 58938, =5845 o770 +280 0.0000 000000 -3
2 19444, -107.9 «150 «770 0.0000 0.0000 3
3 54077. =29.2 «050 «190 0.0000 0.0000 3
4 «1215. 67.2 =370 -e910 0.,0000 0.0000 3
S 24912, 142.9 -¢ 860 -e290 0.0000 0.0000 3
) 25520, 112.3 «140 -e280 00000 0.0000 3
7 «212664 15.0 =¢750 0480 0.0000 0.0000 3
8 =22482. -24.3 -+630 0.000 ¢.0000 0.0000 3
9 23089, 11.1 -,980 ~e240 0.0000 0.6000 3
10 17013, «31.4 -:170 -¢350 00,0000 0.0000 3
11 Q. =38.6 0160 -1.180 ° 0.0000 00000 3
12 6076, =31.1 -e630 =e140 0592 20460 2
13 4253, =575 120 0260. =,0480 =+:0400 2
14 -3038, =569 -+630 -¢130 0.0000 0. 0000 3
15 =33419. 94,3 -.060 «180 =e1046 «,0068 2
16 12152, =53.4 -+050 -o430 =+0049 «3564 2
17 170130 =344% -0150 '0730 =e0362 24034 2
18 12760 8e0 -e170 «700 -e0T43 -+ 0810 2
19 -10329. =29.1 -+410 -+070 -e2102 « 5344 2
20 =35241. 17.0 =460 -1.080 -.0740 «0301 2
21 =-13973%. T2.4 -9720 =1.360 =-,0502 01432 2
22 2430. 30.7 -+570 -e250 -,0238 «0767 2
23 «31596. =-91,1 -+130 ~¢930 -.0818 +0321 2
24 =-7899, =35.0 -¢130 310 -,0034 «0553 2
25 «61369. 2.0 =1.010 «020 «+0209 01446 2
rd. =18836. -38.2 -.170 -,690 -,0039 -.0776 2
27 -4253, 7.6 -,070 110 -eQ217 =e2481 2
28 27343, =939 ~+080 «1.050 0.0000 0.£000 3
29 3646 =794 =+630 -e540 e 1446 02046 2
30 28538, -202,0 -,240 «060 02622 +1165 2
31 =-2430. -~129.0 «490 -+120 =.6980 e 2467 2
32 =-55900. 47.0 -+470 0,000 -.0003 +0191 2
33 40710, =840 «260 «320 0131 -+1703 2
34 48609, =177.0 -,020 «130 02289 «1397 2
33 Oe «29.5 -2 760 -+8600 o 0442 2941 2
3% -21266. 705 =1.140 «340 -+0759 -+ 0532 2
37 -20659. 84,2 ~-e410 ~-e280 -,0670 «0865 2
38 88104, =-220.2 -.,030 «170 «3190 +05%4 2
39 14583, 58.2 «030 «070 ~20942 -+C011 2
40 =17621. 149.5 -e470 ~-e620. =,1533 02293 2
41 3646, 45,7 -.560 -.200 0891 -,2278 2
42 «25520. 3.9 =-.240 «690 -.0908 -¢5949 2
43 =30381. 6l.1 ~,050 «280 =:0490 -.4309 2
44 26304, 39.1 «150 0,000 ~e1693 «0703 2
45 4861, 14,1 «030 o439 -e0127 21731 2
2

46 20659, =25.8 =+ 090 «770 «0604 -e1164

-A8-




TRAJECTORY TO 200 NM ALTITUDE
WITH PROPAGATION

SAMPLE VEHICLE

NUMBER

VO PRSI WN ™

ywpeyvye
FPWNEO

NUMBER

S$=136
S~131
$-138
S=139
S$=140
$=142
S$=143
S=1453
S=146
S=147
S=148
$=149
S=150
S-154
$-153
§=155
S§=156
S=157
S=158
S=l162
S=~161
S-165
S=167
S=172
$-169
S-176
S=174
=175
S=173
S=1717
$-180
S-163
S$-183
S=184
§=182
S=170
$=185
S$=-181
S=178
S=190
S-188
$=191
S-186
$-189
S-187
$=194
$=195

500 SAMPLES

FLIGHT RESULTS AT INPUT TIME

PREDALT
N.MIe

5628
612.5
383.8
404.3
506.8
4871
48242
200.1
495.2
35046
197.7
576.3
17845
577.0
117.1
279:%
58247
56549
235.3
58l1.2
190.5
3768
14762
216.0
214.7
58843
169.9
2% o4
115.5
323.3
486.0
120.0
297.0
2635
449,06
299.7
151.2
129.5
606.4
123,.1
405.0
215.2
124.2
2105
27062
271.0
194.8

DELTA
ALT

NeMI,

9.700
64900
3.200
8.900
-+200
4.100
4,200
=3,500
=3.700
3,800
2.800
0.000
1.000
'-100
-,500
-5.,500
2000
206800
-2,100
=-1.700
-50800
=24300
«400
-5,20C
-1+300
-10.,100
=3,100
=, 700
44500
«600
4.700
=+400
=9.200
6.700
8.000
0.000
~3+500
=3,400
144500
24400
-2.900
«6C0
~4,200
=5.000
4,000
«800
3,400

DELTA
VEL
FPS

-5305
-280.0
=107.9

«2942

6742
142.9
112.3

15.0
-24.3

11.1
=31.4
=38.6
°31¢1
=575
=56.9

94,3
=53.4
=34¢%

8.0
=29.1

17.0

7244

30.7
-91.1
-35.0

2.0
=38.,2
Teb

-9300

=79.4
=202.0
-12900

47.0

=8.0
«177.0
=-29.5

70.5

84,2

-220.2

58.2

149.5

€3.7

3.9
61lel

39.1

14,1
-25,.8

A9~

DELTA
GAN
DEG

« 770
'0360
«150
«050
-e370
=860

0140

-+750
-,630
-0980
-+170
¢160
-0630
«120
-+630
=060
=050
=¢150
-+170
=410
-, %60
-o720
=4570
~e130
=130
-1.010

~-e170 -

-s070
-e080
-,630
=240

«490
-e470

«260
-.020
- 760
=1.140
=e410
=030

«030
‘o§7°
-, 560
- 240
-+050

«150

«030
-+090

DELTA
A2
DEG

2280
-0150
«770
«190
-.910
-e290
-e 280
« 480
0.000
-.240
-¢550
=1+180
-0150
« 260
-e130
+1680
=430
=+730
« 700
-o°7°
-1.080
-1+360
-¢250
-.930
«310
+020
-e6906
«110
=1.050
-¢540
«060
-'120
0.000
320
«130
-+600
340
-.280
«170
«070
-e620
-.200
+690
«280
0,000
=-+430
«770

ROUTINE STEP
DTD MAR 1981
PROB. NO,

DELTA
LAT

DEG

00000
0.0000
0.0000
0,0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.,0000
0.0000
0.0000

«0638
-e0473
0.0000
-.1042
-,0108
-e0429
-,0729
-,2190
-.0774
=e0345
-30300
-.0801
=,0152
-,0233
=:0656
-o2135
0.0000

02250

«2648

<1882

«0015
-e1355

e2266

2533
-,0743
-:0777

03180
-,0017
-.1865
-,0857
=,0147

«0101

0601

«1489

«0623

DELTA
LONG
DEG

0,0000
0.0000
0.0000
0.,0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.,0000
0.0000
0.0000
«0339
--0361
0.0000
«0115
03134
03543
-e0749
04662
<0137
«1321
« 0690
«0344
00477
«1267

=-.,0159 °

+0215
0.0000
«0386
-+.1021
+ 7061
«0170
-90692
«1281
-.0426
-,0523
00682
+0550
«0943
«1733
-,2038
=-,5603
-e3837
01696
«0124
-+102%

l



$INPUTD .

TITLE1=TRAJECTORY TO 200 NM ALTITUDE
TITLE2=WITH PROPAGATION 500 SAMPLES

Sle 546675518989513,5517849530,65,-120.86,
§221218031,17899» +5,179.0516.48,-121.83,
TCOAST =300,

IERROR=2,NORM=0,

NSANP=500,

EMAGel,3,693.650s

NERRQORS=],

SEN1= 20511¢65=¢001,=¢0015000%,,010,
SEN282550,~5.65. +35, 0,.001,.002,
SEN3e 1,-3.0» 05 ¢35,.002,.001,

$END

OATE IS 06/30/81
TINE IS 13.27.34

-Al10-




TRAJECTORY TO 200 NM ALTITUOE

NO PROPAGATION

STANDARD DEVIATIONS
ALT=VEL=GAM=ZET=LAT=LONG (FTsFPS»DEG)

500 SAMPLES

-All-

FLIGHTS FOR SCOUT FLIGHT EXPERIENCE ACCURACY

29297. 80.4 0402 525 «1641 2239
40822 NM
MEAN VALUES !
ALT=VEL-GAM=ZET=-LAT-LONG
2391. =11.5 =260 -e152 -.0347 «0427
CORRELATION COEFFICIENTS
ALT=VEL=GAM=ZET=-LAT=~LONG
=~.43278 «43300 11934 «40168 «14018
~e32800 ~.10826 -.33822 -.20859
16758 =e21837 =.11081
07191 =447921
. =e07939
COVARIANCE MATRIX (A BATRIX) o
ALT VEL GAM IET LAT
«85830E+09
. =«10200E+07 «64719E+04
¢51043E+04 =4 10618E+02 «16191E+00
¢18355E+404 =4 45721E+01 «35398E~01 «27558E+00
e19316E+06 ~.44661E401 <=.14423E-01 +61961E-02 026943E-01
¢91966E+03 =¢3T7578E+01l =¢10525E=-01 ~.56335E-01 ~.29183E-02
- EIGENVALUES
«85830E+409 ¢52597E+04 ¢289T73E+00 ¢13160E+00 ¢35253E-01
EIGENVECTORS
+10000E+01 ¢l11884E~02 <=¢21914E-03 =,39473E-05 =~.11341E-06
=+11884E=-02 +«10000€+01 «44569E-03 «61192€E-03 «39731E=-03
«594T70E~05 =+86539E-03 016123E+Q0 +95227E +00 e40492E=02
«21385E=~05 =,45458E~03 e95546E+00 =,17B894E+00 «22700E+00
¢22505E=05 =2412068E-03 =¢72590E-02 =¢23903E+00 ~.39090E+00
¢10715E=05 =«50665E-03 ~.24707E+Q0 =-.63533E-01 «89199E+00
SENSITIVITY COEFFICIENTS
ALT=VEL=GAM=2ET=LAT=-LONG (TOP TO BOTTOM)
029297E+05 ¢86188E=~01 =¢11795E=05 <=914319E=03 <=¢21294E-07
=+34816E+02 e T2524€+02 ¢23990E-03 »22198E-03 *+T4398E~-04
«17423E+400 =.62761E-01 «86785E-01 +34545E+00 «76026E~-Q3
¢62651€E=01 =.32968E-01 ¢51429€+00 ~,64912€-01 o42622E-01
¢65933E~01 =¢29929E~01 =¢39GT73E-02 <=¢86710E-0]1 <=073394E-01
¢31391E=01 ~=e36744E~01 <=e13299E+00 =,23047E-01 «16748E+00

ROUTINE STEP
OTD MAR 1981

PROB.

NO. 2

LONG

«50149E-01

¢11113E-01

=+31095E=-05
«80723€-03
¢25918E+C0
¢59516E=-01
+8888 3E+00
+37319€+00

-+32780E-06
«85096E-04
«27322E-01
«62740E-02
¢93698E-01
+39340E-01



SINPUTD .
TITLE1=TRAJECTORY TO 200 NM ALTITUDE

B "TITLE2sNO PROPAGATION 500 SAMPLES
» TCOAST=0, -
? $END

DATE IS 06/30/81
TINE IS 13.,27.36

~Al2~-




TRAJECTORY TO 200 NM ALTITUDE
NO PROPAGATION

SAMPLE VEHICLE
NUNBER  NUMBER.
1 $-136
2 $-131
.3 s-138
4 $=139
5 S~140
6 S~142
7 $-143
8 S=145
9 S=146
10 S=147
1 $-148
12 $=149
13 $-150
14 S=154
15 S=153
16 s-155
17 $=156
18 $-157
19 s-158
20 S=162
21 s-161
22 $-165
23 S=167
24 $=172
25 $=169
26 $=176
27 5=174
28 S=175
29 $-173
30 $-177
31 $-180
32 S=163
33 $-183
34 S-184
35 $-182
36 $=170
37 $-185
38 s-181
39 $-178
40 $-190
4 $~188
42 S=-191
43 $-186
44 S-189
a5 $-187
46 $-194
a7 $-195

500 SAMPLES

FLIGHT RESULTS AT INPUT TIME

PREDALT
NeMI.

562.8
612.5
383,.8
404e3
506.8
487.1
48242
200.1
49%.2
35046
197.7
57643
178.5
577.0
117.1
279. 4%
582.7
565.9
23%.3
581.2
19065
376.8
147.2
216.0
2147
588,3
169.9
294. 4
115.5
323.3
48640
120.,0
297.0
263,.5
449,08
299,.7
15142
129.5
60444
123.1
405.0
215.2
12442
210.5
270.2
271.0
1694,8

DELTA
ALT
NeMl,

9.700
6,900
3.200
8.900
-.200
4,100
4,200
=3.500
'3.700
3,800
2.800
0.000
1.000
=+ 700
=4500
=5.500
2+000
24800
~2+,100
~1,700
=5.800
-2.300
« 400
=5.200
«1.300
~10.100
=3,100
-2 700
4,500
+»600
44700
-+ 400
=9.,200
6,700
8,000
0.060
=3,500
=3,400
14.500
2.400
=2+900
«600
=4,200
-5.000
4,000
+800
3.400

DELTA
VEL
FPS

-59.5
-280.0
=107.9

=29.2

67.2
142.9
112.3
15,0
=243
1l.1
=31.4

«38.6

=31,.1

=575
=569
94,3
-53.4
-340“
8.0
=29.1
17.0
72.4
30.7
-91.1
'3500
2.0
~3862
Teb

‘93.0

=794
-202.0
«129.0

47.0
-8 .0
-177.0
=293
7045
84.2
-220.2
5842
149.5
457
3.9
6l.1
39,1
14,1
=258
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DELTA
GAM
DEG

«770
=360
«1590
«050
-4370
-,860
140
-¢750
=e630
-.980
-0170
«160
=-+630
«120
-s630
-Q°6°
«-.050
’0150
-e170
2410
-, 460
-.720
<5170
-.130
-e130
=1.010
-,170
=-,070
-,080
«e630
=e240
«490
-0‘70
«260
-.020
- 760
=1.140
=.410
-,030
«030
-.470
-+560
-9240
-+050
150
«030
=+090

DELTA
AZ
DEG

280
=+150
e 770
«190
-+510
-2290
'0280
+480
0.000
-e240
=+ 550
-1.180
=140
0260
=-+130
«180
=e430
-,730
700
-e070
-1.080
-1.360
- 250
-,930
«310
020
9690
«110
-1.,030
e 540
« 060
-:120
0.000
«320
«130
-9600
0340
-+280
«170
«070
-e620
=e200
690
«280
0.000
. 430
¢ 770

ROUTINE ST
OTD MAR 19

PROB, NO.

DELTA
LAT
DEG

0.0000
0.0000
0.0000
0.0000
0.,0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000

«0638
«s0473
0.0000
-e1042
-+0108
-,0629
-.0729
=e2190
=o0774
‘o°3~5
-.0300
'00801
-e0152
-+0233
-e0656
-.2135
0.0000

02250

02648

«1882

«0015
-.1355

02266

2533
-s0743
=.0777

»3180
-40017
=e1845
-+0857
-001‘7

«0101

«0601

«1489

L5623

DELTA
LONG
DEG

0.0000
0.0000
0.,0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
6.0000
0.0000
+0339
=o,0361
0.,0000
«0115
«3134
3543
=e0749
ob662
«0137
1321
«0690
+0344
00477
01267
-.0159
<0213
0.0000
«0386
-.1021
«7061
«0170
-,0692
1281
=-,0426
=e0523
«0682
«0550
«0943
1735
-+2038
-:5603
-+3837
«1696
«0124
-01025

€
8

P
1
2
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APPENDIX B
FORTRAN CODE LISTINGS

.

PROGRAM STEP (INPUT,OUTPUT,TAPEL,TAPES,TAPESINPUT,TAPEG=QUTPUT)
SCOUT TRAJECTORY ERROR PROPAGATION PROGRAM

COV =
DATAG
DATAH
DATAV

EMAG

HINJ

IERROR

NERROR
NORM

- NSAMP

RHC
SEN1

SEN2
SEN3
SEN&

SIG
51

s2

TCOAST

TITLEL
TITLEZ2

COVARIANCE MATRIX OF ALT,VEL,GAM,ZET,LAT,LONG,
INPUT IF IERRQR=4,

TABLE OF STANDARD DEVIATIONS OF PATH ANGLE FOR NORMALIZING,

(0428904285 4428904305434, 444254453 BN)

TABLE NF STANDARD DEVIATIONS OF ALTITUDE FOR NORMALIZING,

(303504¢859548056¢4555¢9097:2057.30 8N)

‘TABLE OF STANDARD DEVIATIONS OF VELOCITY FOR NORMALIZING.

(7506’84.6)88-8}9103’920509300D9300 aN}

VALUES FOR ERROR SODURCES USED TN CALCULATE COVARIANCE
MATRIX OF A SPIN STABILIZED STAGE. ARRAY OF 4. INPUT
WHEM PROPAGATION IS USED. VALUES ARE THE RATIO OF
STANDARD DEVIATION DESIRED TO THE STANDARD DEVIATION
USED TO CALCULATE THE SEN]1-SEN& DATA,

TABLE OF ALTITUDES FOR NORMALIZING.
(10Ce92C065300¢04C0+950049¢G0.»700. 8BN)

OPTION FOR INPUTTING DATA ERRQORS IN FLIGHT DATA BASE,

1] INPUT FLIGHT RESULTS OF ALT,VEL,GAM,

22 INPUT FLIGHT RESULTS OF ALT,VEL,GAM, ZET,LAT,LONG.
«3 INPUT STANDARD DEVIATIOﬂS (SIG) AND CORRELATION

COEFFICIENTS (RHO) OF ALTHVELIGAMsZET,LATsLONG,
a4 INPUT COVARIANCE MATRIX (COV) OF ALTSVEL,GAM,ZET,
LAT,LONG.

NUMBER OF ERROR SOURCES OF THE SPIN STABLIZED STAGE.
MAXIMUM OF &, (3 BN)

NON=ZERO VALUE NORMALIZES ALT,VEL,GAM ERRORS QFf THE
FLIGHT DATA RASE TO THE ALTITUDE OF Sl. (1 BN)

NUMBER OQF SAMPLES USED IN THE MONTE CARLO ANALYSES.
{5000 BN)

CORRELATION COEFFICIENTS IN ORDER OF ALT,VEL»GAMyZET)
LAT»LONG. ARRAY OF 15, INPUT WHEN IERROR=3,
SENSITIVITY OF SPIN STABLIZED STAGE RURNQUT STATE
PARAMETERS TO ONE SIGMA MOTOR PERFORMANCE ERROR SOURCE.
UNITS ARE STATE PARAMETER UNITS PER SIGMA, ARRAY OF 6
ORDER IS ALT»VELsGAMSZETsLAT»LONG,

SAME AS SENL EXCEPT ERROR SOURCE IS PITCH TIPOFF.
UNITS ARE STATE PARAMETEP UNITS PER DEGREE,

SAME AS SEN1 EXCEPT ERROR SOURCE IS YAV TIPOFF.,

UNITS ARE STATE PARAMETER UNITS PER DEGREE.

SAME AS SEN1 EXCEPT ERROR SOURCE IS TIME OF SPIN
STABLIZED STAGE IGNITION. UNITS ARE STATE PARAMETER
UNITS PER SECOND,

STANDARD DEVIATION OF ALT,VEL»GAM,ZET,LAT,LONG,

INPUT WHEN IERRORe3,

NOMINAL STATE PARAMETERS AT STAGE BURNOUT, IF
PROPAGATION S SELECTEDs S1 IS STATE AT BURNJUT OF
NEXT TO LAST STAGEs ARRAY OF 6+ ORDEP IS ALT,VEL,
GAM» ZET»LAT, LONG,

NOMINAL STATE PARAMETERS AT LASY STAGE BURNOUT.

INPUT IF TCOAST IS NON=-ZERO. ARRAY QOF 6. ORCER IS
ALT,VEL,GAM, ZET,LAT, LONG.

NOMINAL COAST TIME TO PROPAGATE COVARIANCE MATRIX,
INPUT ZERO IF PROPAGATION IS NOT DESIRED. (0. BN)
TITLE INFORMATION PRINTED AT TOP OF EACH PAGE OF
QUTPUT. 72 CHARACTERS MAX]IMUM.
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REAL MEANH,MEANV, MEANG,MEANZ, MEANL , MEANLG
COMMON /7BLK4&/ XMU,SIGMA»GAUSS»GN(16)s» XKy ZRAN, [CNT

COMMON /CONIC/ STATE(G),

TCALL, KERR, DELT, T, TZERQ

COMMON /DIG/ ZERO)ONE,TWO,RADsPI,TWOP]sGM,FT,RE,CONyROTATE

DIMENSION
DIMENSION
DIMENSION

DIMENSION.

OIMENSION
DIMENSION
DIMENSION
DIMENSION
DIMENSIAON
DIMENSION
DIMENSION
DIMENSION
DIMENSINN

SIG(E)»X(&)»OXL6)»RHO(L5)» R(36), RR(&56), W(G)
INORC{100)» WORD({11,100)

TITLEL(B)s TITLE2(B)» BEST(6s4&)
SENL(6)» SEN2(6), SEN3(6), SEN4(6)
HINJ(T7),DATAH(T),NDATAG(T),DATAV(T)
EPARLG)» EXIC(6)s» SA(6), S2(6), S5(6),
SUML{6)y SUM2(6), SUM3(6)

SUMS01(6), SUMSQ2(6)s SUMSQ3(6)
CPL(i5), CP2{15), CP3(15)

CMAT1(21), CMAT2(21)

DH1(100)s DL1(100}» DLG1(100), OV1(100), DG1(100)
DZ1(100)» DH2(100), DV2(100)s DG2(100)» DZ2(1GO)
D(21)y S5Cl6,6)y COVI21)

EMAG(4)

EQUIVALENCE (BEST(1,1),SENL(1)}),

(REST(1,2),SEN2(1)})»
{BEST(1+3),SEN3(1)))

- (BEST(1ls4)s SENS(1))

EQUIVALENCE (R(1)»RR(151))

EQUIVALENCE (SIGH »SIG( 1)),(SIGV ,SIG( 2)),(SIGG ,»SIG( 3))
- 2{SIGZ +SIG( 4))2(SIGL »SIGL 5))s(SIGLG »SIG( 6))
- » (RHOHV ,RHO( 1)), (RHOHG ,RHO( 2)),(RHOHZ ,RHO( 3))
a » (RHOHL »RHO( 4))» (RHQHLG,RHOU 5) ), (RHOVG ,RHO( &))
- 2 (RHOVZ H»RHO( 7)), (RHAOVL ,RHD( B)),(RHOVLG,RHO( 9))
a » (RHOGZ »RHO(10))e (RHNGL ,RHO(11)), (RHOGLG,RHO(12)}))
A 2 {RHOZL »RHO(13))»(RHOZLG,RHN(14)),(RHOLLG,RHO(15))

DATA TITLELSTITLE2/16%1CH /

DATA HINJ/1uUCes2006930062400495C0es6CG0e»700./7>»

- DATAH/3¢359%08555¢80960455609057420,7.30/»
~ DATAV’7§06’8’0."'88.8)910309205)9300, 93.07>
L DATAG/ 0428944289 44289 0430964349 4442y 0453/

NAMELIST /INPUTD/ NSAMP,NERROR»SIG,RHO,COV,TCOAST, IERROR,51,52,

a

"~

REWIND 1
REWIND 8

CALL INIT

NDATA=7?
NFLAG=)

NSAMPe5000

IERPROR=2
NORMs]
TCOAST=0,
MEANs]
NERRQRe3
NPROB =0

SENL1»SEN2»SEN3» SEN4» EMAGIHINJ»DATAH»DATAG,
OATAVyNORM

WRITE(S5,330)

READ FIXED FIELD INPUT DATA

CALL CARDS(N,100)

REAC(8,320)
10 CONTINUE

{INORD(J ), (WORD(I5J)sIm2,11)sJ0]sN)

- B2 -




J e e

20

30

40

50

€0

READ NAMELIST DATA
CALL INPUT(TITLEL»TITLE2)
READ(8 INPUTD)
NPROB=NPROB+1
WRITE (65345) NPROB,TITLEL,TITLE2
INITIALIZE
CALL INITY
D0 20 Ie1,6
SUM1(1)=0,
SUM2(T)=0,
SUM3(I)e0,
SUMSO1(I)e0,
SUMS02(T)=0. .
SUMSQ3(1)=0,
CONTINUE
00 30 Isl,15
CP1(I)s0,
CP2(1)=0,
CP3(I1=0,
CONTINUE

00 40 I=1,6
STATE(I)=S1(I)

CONTINUE

CALL CONIC
DELTwAMAX1(TCOASTs1,E~3)
CALL TSTEP

D0 50 I=1,6
SS{I)=STATE(])

CONTINUE

ALTeS1(1)/FT
ZET=S1(4)
XLAT=S1(5)

SET-UP OF INPUT DATA ACCORDING TO IERROR
GOTO (60,60»160,170)» IERRCR

CONTINUE

SZET=SIN(ZET/RAD)

CZET=COS(ZET/RAD)

CLAT=COS(XLAT/RAD)

WRITE(6,350)

WRITE(65360) (JyIWORD(J)s (WORD(IsJ)sIe3,59)sJa]lyN)
WRITE(6,240) NPROB,TITLEL,TITLE2
WRITE(&,370) ALT,ZET,XLAT

WRITE(6,380)

CALL INTER (ALT,DEVH1,NDATA,DATAH,HINJ)
CALL INTER (ALT,OEVV1)NDATA,DATAVyHINJ)
CALL INTER (ALT,DEVG1,NDATA,DATAG,HINJ)
N1=0

N2=0 -

N3e0

DN 129 I[=1,N

XHaWORD( 4, 1)8FT
XVeWQRO(S5,1)
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XGeWORD (6,5 1)

XZ=w020(7,1)

XL=sWORD(8,])

XLGeWNRD(9, 1)

IF (NORM,EQ.U) GNTD 70 .

NORMALTIZE FLIGHT ERRQORS

XALT=WIRD(3, 1)

CALL INTER (XALTsDEVH2sNDATA»DATAH,HINJ)

CALL INTER (XALTsDEVV2sNDATA»DATAV,HINJ)

CALL INTER (XALT,0EVG2,NDATA»DATAGsHINJ)

XH=DEVH1/DEVH2*XH

XVsDEVV1/0EVV2eXY

XG=DEVGl/DEVG2*XG )
70 ICOOE=WORD(2,1)

GOTO (80s80,90»120)s ICODE

CONVERT LAT,LONG DEVIATIONS TO RANGE,CROSSRANGE OEVIATIONS
80 SZeSIN(WORD(11,I)/RAD)
CZ=COS{WORD(11,1I)/RAD)
CNsRE*XL/RAD
CE=REsXLG*COS{WORD(10,I)/RAD)/RAD
DRs(CN*CZ+CE*SZ)/FT
DCRe(CN*SZ=CE*CZ)/FT

CONVERT RANGE,CROSSRANGE DEV TQO LAT,LONG OEV FOR INPUT
AZIMUTH AND LATITUDE
CN=sDR*CZET+DCR*SZET
CEeDR*SZET=-DCR#CZET
XLeCN/RE*FT*FAD
XLG=CE/RESFT/CLAT*RAD
99 CONTINUE

N3sN3+]
WRITE(6,390) N3, XHs XVe XGypXZs XLs XLGs ICODE
GOTN (1€0,10G»110,120)s ICODE

10uv NleNlel
DHI(N1)=XH
OV1(N1l)=XV
DG1l(N1)eXG
DZ1(N1)eXZ
DLI(N1)=XL
DLGLI(NL1)sXLG
GOTD (12001105110,512v)» ICODE

110 N2=N2+1
DH2 (N2) sXH
DV2(N2) =XV
0G2(N2)=XG
D22{N2)=X?

120 CONTINUE

WRITE(6,340) NPROB,TITLEL1,TITLE2
IF (IERRQOP.EQ.1) GOTO 140
IF (IERROR,.GT.1l) GOTO 150 -

130 CALL.CIRCO (DH2,D22sN2»SIGH» SIGZoRHOHZ, MEANH, MEANZ» NEAN)
CALL CORCN (DV2,D2Z2sN29SIGVsSIGI,RHOVIH)MEANVIMEANTZS MEAN)
CALL CORCO (DG2,D22,N2,SIGG»SIGZ,RHOGZ,MEANG, HEANZ,MEAN)
NFLAG=0 .

WRITE(6,340) NPROB,TITLEL,TITLEZ
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140 WRITE (6,400
CALL CORCO

CaLL
CALL
GNT0
150 CaALL
CatL
CatLt
CaLlL
CALL
CALL
CaLL
CAlLL
Catlt
CaLt
CALL
CaLL
CALL
caLL
CALL

CORCO
CIRCO
160

CORCO
¢IrCO
CORrCO
CarCp
CARrRCoO
CORCO
CORCO
COkCO
CORCO
CORrCO
CNRCO
CORCO
CIRCO
C3RCO
CORCA

NFLAGs]

WRITE(6,410)

WRITE(5,420) N1
160 D(1)sSIGH*SIGH

)

{DH2,0V2yN2,SIGH, SIGV, RHOHV, MEANA, MEANV,MEAN)
(OH2,DG2sN2, STGH»SIGG)RHOHG» MEANH ) MEANGMEAN)
(DV2sDG29N2,SIGV,SIGG,RHOVG, MEANV ), MEANGs MEAN)

{DH1,DV1sN1s»SIGHySIGVRHOHVSMEANH) MEANVSMEAN)
(DH1»DGLsNL,»SIGHSSIGG,RHOHG ) MEANH ,MEANG,MEAN)
(DH1,DZ1,N1sSIGH,SIGZyRHOHZ,MEANH)MEANZ ) MEAN)
(DH1,DLL1INY»SIGH»SIGL,)RHOHL,MEANH , MEANL ; MEAN)
(DHL»OLGLsN1sSIGH» SIGLG» RHOHLGIMEANHIMEANLGs MEAN)
(DV1,DGlsN1sSIGVsSIGGIRHOVG,MEANVIMEANG,MEAN)
(DV1sNZ1,N1,SIGV»SIGZ,RHOVZsMEANV,MEANZyMEAN)
(OV1,DL1,N1,SIGV,SIGL,RHOVL,MEANV,MEANLSMEAN)
(DV1,0LG1lsN1»SIGVySIGLGs RHOVLGyMEANV,MEANLGYMEAN)
(0G1lyDZ1sN1s»SIGGHSIGILyRHOGZH)MEANGyMEANTZ ) MEAN)
{DG1l,y0LisNLs»SIGG»SIGL,RHOGLYMEANGMEANL,MFEAN)
(CGl,DLGLlyN1,SIGG,SIGLG,RHOGLG)MEANG,MEANLGIMEAN)
(D71,0L1sN1,SIGZ»SIGLIRHOZL,MEANZ yMEANLyMEAN)
(CZ1,0LG1leNY»SIGZySIGLGyRHOZLGsMEANZIMEANLGI MEAN)
(DL1sDLG1sN1»SIGLySIGLGyRHOLLG)MEANL S MEANL Gy MEAN)

D(2)sRHOHV*SIGH*SIGY
0(3)=SIGV*SIGY
D(4&) «RHOHG*SIGH*S IGG
D(5)«RHOVG*SIGV*SIGG
D(6)nSIGG*SIGG
D(T7)=RHOHZ*S]IGH*S1GZ
D(8)=RHOVZ*SIGV*SIGZ
D(9)=sRHOGZ*SIGG*SIGZ
0(10)=SIGZ*SIGZ
DCL1)=RHOHL*SIGH*SIGL
D(12)«RHOVL*SIGV*SIGL
D(13)=RHOGL*SIGG*SIGL
D(14)sRHNZL*SIGZ*SIGL
D(15)=SIGL*SIGL
D(1€) oRHOHLG*SIGH*SIGLG
D(17)=RHOVLG*SIGV*SIGLG
D(18)sRHOGLG*SIGG*SIGLG
D(19)sRHOZLG*SIGZ*SIGLG
D(2C)aRHOLLG*SIGL#*SIGLG
D(21)sSIGLG*SIGLG
WRITE(65430) SIGH»SIGV,SIGGHSIGI»SIGLSSIGLG
SIGALT=SIGH/6076.11549
WRITE(6y 440) SIGALTY
WRITE(6s450) MEANH,MEANV,MEANGS,MEANZ ,MEANL,MEANLG
WRITE(6,460) RHOHVy RHOHGs RHOHZy RHOHL» RHOHLGe
RHOVG, RHOVZ, RHOVL, RHOVLG,
RHOGZ» RHOGL, RHOGLGH
RHOZL» RHOZLG»
RHOLLG

> » >

GNTO0 190

170 00 180 Isl,21
180 O(I)=COV(TD)

190

WRITE(6,470)
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260

210

2?29
230

HRITE(onEO)
IF (NFLAGJFQ. 1’ 60TQ 13¢
CALL EIGEN (D»Ry6,0)
VRITE(6,490)
0O ARRAY IS NOW THE EIGENVALUES
RR ARRAY 1S THE EIGENVECTORS
WRITE(6,500) D(1),0(3),0(6)sD(10),0(15),D(21)
WRITE(65510)
WRITE(A»500) ((RR(Isd)rlsls8)51lsl,6)
WEl)=SQRT(D(1))
W{2)eSART(D(3))
¥(3)=SQRT(D(&))
Wl4)aSQRT(D(1D))
V({5)eSQRT(D(15))
W{6)=SQRT(D(21))
GO 200 Js=l,6
NQ 200 K=l,6
SClJIyX)mW(K)*RR (J,K)
CONTINUE
WRITE(6,529) .
WRITE(65,500) ((SC(IsJ)srJelsb),Inls6)

1F (TCOAST.EQ.D.) GOTO 310

WRITE(5534J) NPROB,TITLEL,TITLEZ2

COMPUTE LAST STAGE B0OST COVARIANCE MATRIX CMAT1
00 230 NTIMES®l,NSANMP
CALL NORRAN
X(1)=GAUSS
CALL NORPAN
TOMAG=ABS(GAUSS)
CALL UNIPRAN
THET®ZRAN*TWOPI
X(2)=sTOMAG*COS (THET)
X(3)sTOMAG*SINITHET)
TF (NERRCR.LT.4) GOTO 210
CALL NORRAN
X(&)=GAUSS
CONTINUE

DX IS LAST STAGE BOOST STATE ERRORS
D0 220 I=i,6 .
DX(1)=0.
D0 22C J=1,NERRQR
DX(I)@BEST({I,J)*X(J)*EMAG(J)+DX(T)
CALL CDOVR (CMAT1,0X,NTIMES,SUM1,SUMSQl1sCPL)
CONTINUE

CALL COVR1 (CMAT1,0OXsNSAMP,SUM1,SUMSQ1,CP1)
WRITE(6,560)
WRITF(69530)

WRITE(6,480) CMAT1

CNMPUTE COVARIANCE MATRIX AFTER PROPAGATION
DO 280 NTIMESe1l,NSAMP
SAMPLE INPUT EPOCH ERRORS
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O OO0

cnoon |

00 240 l=1,6
CALL NORRAN
2640 EPAR(I)=GAUSS
D0 250 Jsl,6
EXIC(J)=2ERD
0O 250 Is=l,6
250 EXICUJIIeEXIC{I)+SC(JIo1I*EPARIT)
00 260 Isl,b
STATE IS AT INPUT EPOCH
260 STATE(I)aS1(I)+EXIC(I)
CALL COVR (D,EXIC,NTIMES,SUM2,5UMSQ2,CP2)
INITALIZE ORBIT PARAMETERS FOR STATE
CALL CONIC
DELT=TCOAST
ADVANCE STATE
CALL TSTEP .
DX IS STATE ERRORS AFTER PROPAGATION
D0 270 1e1,6
270 DX(I)=STATE(I)=SS(I)
CALL COVR (CMAT2,DXsNTIMES,SUM3,SUMS03,CP3)
280 CONTINUE

WRITE(6,540)

WRITE(6,530) -
CALL COVR1 (D sDX,NSAMP,SUM2,5UMSQ2,CP2)
WRITE(6)480) D

WRITE(6,550)

WRITE(65,530)

CALL COVRY (CMAT2,DXsNSAMP,SUM3,SUMS03,CP3)
WRITE(G6,480) CMAT2

COMPUTE COVARIANCE MATRIX AT LAST STAGE BURNOUT
00 299 Te},21
290 D(I)=CMATLI(TI)+CMAT2(I)
WRITE(6,340) NPROB,TITLE1,»TITLE2
WRITE(6,570)
WRITE(6,530)
WRITE(6,480) D

COMPUTE SENSITIVITIES
CALL EIGEN (DsR»6,»0Q)
WRITE (6,490)
WRITE(6,500) D(X),D(3),D(6),D(10),0(15),D(21)
NRITE(6,510)
WRITE(6,%500) ((RR(IsJ)sJelsb)slnl,b)
W(1l)=SORT(D(1))
W(2)sSART¢D(3))
W(3)=aSARTI(D(E))
W(4)=sSQRT(D(10)) -
W(5)=sSORT(D(15))
W(6)=SORT(D(21))
00 300 Js=l,b
DO 3C0 Ksl,6
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300 SCUJpK)InW(KI*RR(J,K)
WRITE(65520)
WRITE(6y» 5G0) ((SC(I’J.)’J'I'O))I'I’O)

310 CONTINUE
WRITE SENSITIVITIES ON UNIT 1 FOR READING BY SOAR

WRITE (1) ((SC(I»J)sJ=1,56),1"1,6)
G070 19

325 FORMAT (1X,A45F4¢0,5F70,2FB8¢0,2F10.,0)

330 FGRMAT (¢1%)

340 FORMAT (*1%,T72,*ROUTINE STEP*/T72,#%DTD MAR 1981%/
~ T72,¢PROR, NO.*I3/ 10X,8A10/ 10X,881C/7)

350 FORMAT (28X,*FLIGHT RESULTS AT INPUT TIME*//6X,#SAMPLE VEHICLE #

- AREDALT®,5%,*DELTA DELTA DELTA DELTA DELTA DELTA*/6Xs*NUM

~BER NUMBER*,15X,*ALT VEL GAM AZ LAT LONG*/52
AbYyBN MTo®pEXs 2N NT, FPS*#»5Xs%DEG*,5X,*DEG*,5X, *DEGH, 5X,*DEG*/)

360 FORMAT (6XsI3s6Xs#S%9A49F9,19F11e3)F8e152FB¢392F844)

370 FORMAT (12X*NORMALIZED DEVIATIONS AND ADJUSTED LATITUDE, LONGITUDE
A DEVIATIONS=/28X,*ALTITUDE=*,T38,F941s% N MI*®/28X,*AZIMUTHe*,T38,F
AQ43,% DEG*/28Xs*LATITUDE=*,T38,F9.4,% DEG®//)

380 FOR™MAT (7X,*SAMPLE ALT VEL GAMMA ZETA LAT
A LONG CODE*/7X, *NUMBER FT FPS DEG ]
AEG DEG DEG*/)

390 FCRMAT(I11,F12,0»F104152F10¢392F9.4518)

§C0 FORMAT (20X, *FLIGHTS FOR SCBUT FLIGHT EXPERIENCE ACCURACY*/)

410 FORMAT (20X,*FLIGHTS WITH LATITIUDE/LONGITUOE DEVIATIONS*)

420 FORMAT (3UXsI2,% FLIGHT SAMPLES*)

430 FORMAT (10X, *STANDARD DEVIATICONS#/10X*#ALT-VEL=GAM=ZET-LAT=LONG (FfT
~sFPS»DEG)*//710X9F1l0,UsF1041922F104352F10,%)

£460 FORMAT (10Y,F10.3s% NMe/)

45Q FORPMAT (10X #4MEAN VALUES*/10Xs*ALT-VEL=GAM=ZET~LAT~LONG*/
A 10XpFlGe0sFl04152F10e392F1064/7) .

460 FORMAT (10X*CORRELATION COEFFICIENTS*/10X*ALT~VEL-GAMN=ZET-LAT=LONG
a%//10X95F10,5/20Xs4FL0.5/30X93F10.5/74UX»2F1045/50X2F10,5/)

%70 FORMAT (/25Xx*COVARIANCE MATRIX (A MATRIX)*/1Z2X®ALT*,9X*VEL*»IXs*GA
AR, QX RZET*,GXSLAT*,9X* ONG*/)

480 FORMAT (6X»EL13.5/6Xs2E13e5/6X23E13.5/6X54E1365/6X,5E1345/,56X56E130
a57/)

490 FORMAT (31X,*EIGENVALUES*)

500 FNRMAT (6X,6E13,5)

510 FNRMAT (/31X,*EIGENVECTORS®/)

520 FORMAT (/25X*SENSITIVITY COEFFICIENTS®/25X*ALT=-VEL-GAM=ZET-LAT=LON
aG (TO® TO BOTTIM)*/)

530 FNRMAT (1aAX*ALT*1OX*VEL*LOX*GAMRIOXSIET*1OX*LAT*#9X*LONG*)

540 FORMAT (//1luX,*SAMPLED COVARIANCE MATRIX AT INPUT EPQCH=*/)

550 FNRMAT (/71GXx,*COVARIANCE MATRIX AFTER PROPAGATION®/)

S6) FORMAT (/7/10X,*COVARIANCE MATRIX OF LAST STAGE B00ST*/)

870 FORMAT (//1UXs#COVARIANCE MATRIX AT LAST STAGE BURNOUT*/)

END
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SURBRDUTINE CARDS{NSAMP,NMAY)

THIS SUBRNUTINE READS FIXED FIELD DATA CARDS IN (A)
FORMAT, WRITES ON UNIT & FOR PRINTOUT AND WRITES OM

OO0

10

20

30
40

59
60
70
80
90

UNIT 8 FOR SUBSEQUENT READING IN (F) FORMAT.

IMPLICIT INTEGER(A=Z)
DIMENSION CARD(B)

NSAMP 0
HAaXeNMAX+]
READ(5,50) CARD
IF (EQF(5) .NE.O) GOTO 30
WRITE(65,60) CARD
CO 10 Ie=1,MAX
READ(5,50) CARD
WRITE(6,60) CARD
WRITE(B8,50) CA®D

IF (CARD(1) .EQ.4HEND ) GOTO 20

CONTINUE
WRITE(6570) NMAX
GOTO 40
CONTINUE
NSAMPsI~-1
IF (NSAMP,LE.O) WRITE(6580)
IF (NSAMP.LE.O) GOTN 40
REWIND 8
RETURN
CONTINUE
WRITE(6,90)
STOP

FORMAT (8A10)
FORMAT (5X,RA10)

FORMAT (/7/15%X,*SUBROUTINE CARDS = SAMPLES EXCEEDS MAY OF # 143
FORMAT (/715X,*SUBROUTINE CARDS = NC DATA PROVIDED*)
FORMAT (//15X»*SUBRAUTINE CARDS = NC SAMPLES INPUT=)

END
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SUBRQUTENE CONIC
INITIALIZES 4 CONIC FROM A SPHERICAL STATE VECTOR (STATE)
FOR SUBSEQUENT PROPAGATION OF THE STATE VECTOR ALONG THE

CONTC, WHICH IS ACCOMPLISHED BY SUR. TSTEP,

COMMON /CENT/ CETA,SETA,CG»SGsR,V,SEA

COMPON /CONIC/ STATE(6), TCALLs KERR, STEPs, T» TZERO

CNMMON /CORD/Z Q(3,3)

CNOMMON /0IG/ 2ERO,ONE,TWO,RAD,PI,TUOPISGM,FT,RE,CON,ROTATE

COMMON /7MAN/ AsALEE,AVGEHDOG,EAREF,ETA,ICIRCL,LAUSY,P,
PGME,RREF» TANOM, TRUE,TREF s XNA,PERIODEP

DATA SMALL/1.E-~6/

1

TeTZERD

ICIRCL = O

Lousy s

SG = SIN( STATE(3) * CON )
€CG = (CNS{ STATE(3) * CON )
SZ = SINC STATE(&) * CON )
CZ » COS{ STATE(4) * CON )
SL = SIN{ STATE(Z) * CON )
CL & COS( STATE(5) * CON )
TEMP = STATE(S) ¢ CON

SO = SIN{ TEMP )
€O =« CNS( TEMP )
P e« STATE(1) +RE
V. = STATE(2)

0€(l,1) = cQ * CL

0(1,2) = = SO * SZ - CO * SL ¢ C7
0(1,3) = SO * C? - CO * SL * S1
Q(2,1) = SO = CL

0(2,2) = CO * SZ - SO * SL *= C2Z
0(2,3) = = C0O ¢ €2 = SO * SL *= §2
0(3,1) = SL

0(3,2) = CL ¢ C2

Q(3,3) = CL » SZ

TP = ZEROD

TA s 2ERN

A sR *GM/ ( TWO * GM = R * V = V )

IF (A.GT.G.) GOTO 30

LOousy « 1
COMPUTED A NON=-ELLIPTIC» OR LOUSY» CONIC.
IT WILL RE IGNORED.

WRITE (6,20)

FORMAT ( /, &X 20HLNUSY CONIC FOR 800Y )

RETURN

DNG = R * V » (6

P = DOG ** 2 / GM .

E = SQRT( ONE = P /7 A )

IF (E-SMALL.GT.C.) GOTO 40

€ = ZERQO

ICIRCL = 1

CIRCULAR ORBIT ENCOUNTERED. SET ICIRCL TO UNITY,
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60TO0 50

IF (ABS(F=DONE)=SMALL LE. C.) GOTQ 10
PGME = SORT( P /7 GM ) / ¢

AVG = SGCRT( GM / A*%3 )

PERIOD = TWOPI /7 AVG

XNA & AVG *= A

AlEE « A ¢ SORT( ONE = E**2 )

IF (ICIRCL.GT.0) GOTO &G

STA = PGME * Vv +* SG
CTaA = ( PR )/ (R * £)
TA =  ATANZ2( STA, CTA )

SEA =« R ® STA / AlEE

CEA = E # R * CTA /7 A

EA = ATAN2( SEA» CEA )

IF (EAJLTLZERQO) EAsEA+TWOPI
TP » { EA = E * SEA ) /7 AVG
TANOM o TA

TRUE = TaA

RREF = R

EAREF = EA

TREF = TP

£ETa = ZERD

RETURN

END
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SURROUTINE COPCG(X,»Y,NSAMP,SIGX,SIGYsRHOXY,XMEAN, YMEAN, MEAN)
CALCULATES STANDARD DEVIATIQONS, MEAN VALUES AND THE
CGRRELATION COEFFICIENT QOF TwWO VAPIABLES OF (NSAMP)
RANDQOM SAMOLES EACH.

DIMENSION X(1)sY(l).

xSums(C,

YSUVeT),

XSOSUM¥s=Q,

YSQSUM=0,

YYSUMs),

SAMPNeNSAMP

00O lu Is=s1lsNSAMP .
XSUM=XSUMeX(])

YSUMsYSUM+Y (]}

XSQSUMeXSOSUMex(T)*X(])
YSOSUMeYSOSUM+Y(I)*Y (])
XYSUMsXYSUMeX(T)®Y(])

XMEANSYSUM/SAMPN

YMEANSYSUM/SAMPN

IF (MEAN,EQ,C) XMEANS=U,.

IF (MEANJEQ.¢) YMEANSQ,.

STGXaSORT (XSQSUM/(SAMPN=1,)=XMEAN®*XMEAN)
SIGY«SART (YSOSUM/ (SAMPN=I,)=YMEANSYMEAN)
RHNXY s (XYSUM=SAMPNEXMEAN*YMEAN) /SAMPN/SIGX/SIGY
RETURN

END
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SUBPOUTINE COVRICOV,DX,NTIMES,SUMY, SUMSQY,CP)
GENERATES A SYMMETRIC COVARIANCE MATRIX QF SIX PARAMETERS.
COVR IS CALLED EACH SAMPLE.
COVR1 IS CALLED AFTER ALL SAMPLES ARE CALCULATED.
COVARIANCE MATRIX IS GENERATED.
DIMENSIDN DX(6),SUMX(6),SUMSAX(6),CP{15),XNOM2(6),
a RHO(15)+,SIG(6),SVAR(6),COVI2]1)

CALL WHEN EACH SAMPLE SET IS GENERATED.
XN » FLOATINTIMES)
XNP = (XN = 1,)/XN
DO 10 I=1,6
D2X = DX(I)*DX(])
SUMX(I) = XNP*SUMX(I) ¢ OX(Il)}/XN
SUMSOX(I) = XNP*SUMSOX(I) + D2X/XN
CONTINUE
00 20°I=1,5
LB = I+l
DO 20 JelLB,sb
PROD = DX(I)*DX(J)
IND a 1 + (J*J =3%J +2)/2
CP(IND) = XNP*CP(IND) + PROD/XN
CNONTINUE
RETURN

CALL WHEN ALL SAMPLE SETS ARE GENERATED AND
COVARIANCE MATRIX IS DESIRED.

ENTRY COVR1

XNeFLOAT(NTIMES)

XNPR @ XN/(XN=1.)

D0 30 Iel,6

XM2 = SUMX(I)#SUMX(1)

XMOM2(1) = SUMSQX(I) = XM2

SVAR(I) s XNPR*XMOM2(I)

CONTINUE

DO 40 Iels5

LB = I+l

DO 40 J=LlB,b

IND = I ¢ (J®J=39042)/2

DENOM = SORT(XMOM2(I)*XMOM2(J))

RHOCIND) & (CP{IND)=SUMX(I)*SUMX(J))/DENGH

IF (DENOM.EQ.Oo) RHO(IND)=O,

CONTINUE

D0 50 1=1,6

SIG(I) = SORT(SVAR(I))
€av(l) = SVaR(1l)

COV(2) = RHO(L)*SIG(1)*SIG(2)
COV{3) = SVAR(2)

COV(4) = RHO(2)*SIG(1)*SIG(3)
COVI5) e RHO(3)*SIG(2)*5]IG(3)
COvVis) = SVARLI)

COV(?7) e RHO(4)*SIG(1)*SIG(4)
COV(8) = RHO(5)%SIG(2)%S1G(4)

COVI(9)e RHO(6)I*SIG(3)*SIG(4)
COV(10) = SVAR(4)
COV(11l) = RHO(7)I*#SIG(1)*SIG(5)
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covild
cavi(ilas)
cov(ls)
cavils)
cavam
covi(ls)
Cov(1s)
€OvV(20)
covial)
FETURN
END

RHO(8)*#SIG(2)%SIGI(5)
RHO(9)#SIG(3)8SIG(5)
RHO(1G)*SIG(4)*SIG(S5)
SVAR(S) .
RHO(11)#SIG(L)*SIG(6)
RHN(12)#SIG(2)*516(6)
RHO(13)*S1G(3)#SI1G(6)
RHO(14)*SIG(4)*SIG(6)
RHO(LS5)*SIG(5)*SIG(6)
SVAR(E)
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SUBROUTINE
DIMENSION At

DESCRIPTION

EIGEN(A,R,)N,MV)
1)sR{1)

OF PARAMETERS

A = ORIGINAL SYMMETRIC MATRIX, DESTROYED IN COMPUTATION,
RESULTANY EIGENVALUES ARE DEVELOPED IN DIAGONAL QOF MATRIX
A IN DESCENDING ORDER.

R = RESULTANT MATRIX OF EIGENVECTORS STORED COLUMNNWISE IN

SAME .
N = ORDER
MV = INPUT

SEQUENCE AS EIGENVALUES.
OF MATRICES A AND R
CODE

0 COMPUTE EIGENVALUES AND EIGENVECTORS
1 COMPUTE ONLY EIGENVALUES

METHOD ~ DIAGONALIZATION METHOD ORIGINATED 8Y JACOBI AND

ADAPTED

BY VON NEUMANN FOR LARGE COMPUTERS AS FOUND IN MATHEMATICAL
FOR OIGITAL COMPUTERS, EDITED BY Ae RALSTON AND 4o S,
WILF, JOHN WILEY AND SONS, NEW YORK, 1952, CHAPTER 7.

METHODS

GENERATE IDENTITY MATRIX

5 RANGE=1.0€-12
IF (MV=1) 10,25,10

10

15

20

25

30

35
40

45
50
55

60

10s=N

DD 20 J=1,N
I10eI0+N

D0 20 Isl,N
1J=10+1
R(IJ) = 0.0

IF (1-J) 20,15,20

R(IJ) = 1.0
CONTINUE

ANORM=Q,0
00 35 [=1,N

00 35 JeI,N

COMPUTE INTTIAL AND FINAL NORMS ( ANORM AND ANORMX)

IF (I-J) 30,35,30

IAsI+(J*i=J)

12

ANNRMuANQORM+A(IA)*A(IA)

CNNTINUE

IF (ANORM) 165,165,40
ANORM21,414%SQRT (ANORM)
ANRMX = ANORM*RANGE/ FLOAT(N)

IND=Q
THR=ANQORM

INITIALIZE INDICATORS AND COMPUTE THRESHOLD,

THR = THR/FLOAT(N)

L=1
Ral +)

MQe(MEM=M)/2
Los(L¢L-L)/2

COMPUTE STIN AND COS
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62
(3]

69

79
75

78

125

130
135

140
143

150

IRl ¢MQ

I1F (ABS (A(LM))}=THR)130,65,653
INDe]

LL=L+LQ

MM=MeMQ

YaQ,5*(A(LL)=A(NN))
Ya=A(LM)/SORT (ACLMISA(LM)+XeX)
IF (X) 70,755,175

Ys=Y i

SINXsY/SQRT (2+0%(1,04(SORT [1s0=Y*Y)))}
SINX2eaSINX*SINYX

COSXeSART (1.0=SINX2)
COSX2eCNSX*COSX

SINCS=SINX*COSX

ROTATE L AND M COLUMNS

ILQsN#®(L=1)

IMQuN¥(M=1)

DO 125 1Is=1l,N

IQe(I*I=1)/2

IF ¢(I-L) 80,115,80

IF (1=M) 85,115,590

InaleM)

G070 95

JMaeM+IQ

If (I-L) 106,105,105
JLeI+LQ

6070 11lv

IL=L+IQ
YsA(IL)*COSX=A(IM)*SINX
A(IM)eACIL)*SINX+A(IM)*COSY
A(IL) =X

IF (MV=1) 120,125,120
ILRsILQ+]

IMReaIMO+]
XeR(ILR)I®COSX=R(IMR)*SINX
R(IMP)sR(ILR)*SINX4R(IMR)*COSX
R(ILR)sX

CONTINUE

X802 ,0%A(LM)®SINCS
YsA(LL)*®COSX2+A(MM)&SINX2=X
XeA{LL)SSINX2+A(MM)$COSX2+X

A(LF)-(A(LL)-A(FH))‘SINCS#A(LH)*(COSXZ-SINXZ)

A(LL) =Y
A(FH) =X

TESTS FOR CNMPLETION
TEST FOR N = LAST COLUMN

IF (M=N) 135,140,135
MaM+l

GOTO 60

IF (L=(N=1)) 165,153,1%5
LsL+l

GNTO 55

IF (IND=1) 160»155,160
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155 IND=Q
caT0 50

COMPARE THRESHOLD WITH FINAL NQRM

160 IF (THR—-ANRMX) 165,165,45
SORT EIGEN VALUES AND EIGENVECTORS

© [ Xz N oY

e e ¥ m—— ———————

165

170

175

180
185

10=<N
00 185 Isl,N

10=I04N -
LLeTe(I*1=1)/2

JQuN* ([-2)

D0 185 Jel,N

JO=JO+N

MMade (Jod=d)/2

IF (A(LL)=A(MM)) 170,185,185

XsA(LL)
A(LL)=sA(NM)
A(MMR)aX

IF (My=1) 1755185,175
DO 180 Ksl,N
ILRsI0+K
IMR=2JQ+K
XsR(ILR)
R(ILR)=R(IMR)
R(IMR)sX
CONTINUE
RETURN

END
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SUBROUTINE INTT
¢ INITIALIZES CONSTANTS

COMMON /DIG/ IZERQO,ONE,TWO,RAD,PI,TWOPI,GM,FTARE,CON,ROTATE
COMMON /BLK&/ XMU,SIGMA,GAUSS,GN{16)sXKyZRAN, ICNT

DATA GN/23a0T71e0%709430959421909616937¢989¢997¢513.529e57345834)»
A 31.567, / .

ZERO=0.,0

ONE=1.0

THNa2,3
RAD=57,295779%
CONs)1,/RAD
PIs3,1415926536
TWOPl=TWOP] |
GMs]1,407657¢€EL16
FT=6076.11549
RE=20G25741,
RNOTATEST,29211E=5

ENTRY INIT1
ICNT=]
SIGMA=],
XK=a12345678.
AMU=0,
RETURN

END
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SURROUTINE INPUT (TITLE1,TITLE2)
THIS SUBROUTINE READS MODIFIED NAMELIST FORMATTED DATA,.
IT READS A CARD ON UNIT 5, WRITES THE CARD 0OM UNIT 6»
WRITES THE CARD NN UNIT B (FIRST 72 CHARACTERS NONLY),
THE TITLEL ANDO TITLE2 CAROS ARE NOT WRITTEN ON UNIT 8
BUT THE DATA IS PLACED IN THE TITLELl AND TITLE2 ARRAYS
FOR TRANSFER BACK TO THE CALLING PROGRAM., TITLEls AND
TITLE2e CARDS MUST BEGIN IN COLUMN 2 WITH NO SPACES.
THE CALLING PROGRAM MUST BLANK THE TITLE ARRAYS)
CALL INPUT(ARG1,ARG2s)s AND READ(8, INPUTD)es NAMELIST
DATA MUST PEGIN WITH SINPUTD ANDO END WITH SEND, ROTH
BEGINNING IN CNOLUMN 2,

IMPLICIT INTEGER(A-Z)
DIMENSION TITLEL(B)y TITLE2(B), CARD(S)

DATA BLANK/1gH /
REWIND 8
WRITE(6,40)
CONTINUE
PEAD(5,50) CARD
IF (EOF(5).NELO) STOP
WRITE(6,60) CARD
BLANK COLUMNS 9 AND 10
ENCODE (10570,W0RD) CARD(1),BLANK
IF (WMORDeNE.10OH TITLELls ) GOTO 2v
CARD READ IS A TITLE CARD
ENCODE (72,8U,TITLEL) CARD
G070 10
CONTINUE
IF (WORDeNE+1UH TITLE2s )} GOTO 30
CARD READ IS A TITLE CARD
ENCODE (72,80, TITLE2) CARD
6aTN 10
CONTINUE
CARD READ IS NOT A TITLE CARD
BLANK COLUMNS 73-80 OF DATA CARD
ENCODE (1C»90,CARD(8)) CARD(B)},BLANK
MRITE(8,50) CARD .
IF (CARD(1)«NEJ10H SEND ) 6OTO 10
REWIND 8

CALL DATE(DAT)

CALL TIME(TIM)
WRITE(E,1U0) DAT,TIM
RETURN

FORMAT (1H1)

FORMAT (B8Al1Q)

FORMAT (10X,8A410)

FORMAT (AR,A2)

FORMAT (R2,7A10)

FORMAT (A2,A8)

FQRMAT (/7/7/177510X,¢DATE IS *#A9/10X,*TIME IS *A9)
END
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SUBROUTINE INTER (XsY,NUM,B8,A)
SECOND ORDER INTERPQOLATOR
SELECT FNUR DATA POINTS CLOSEST TO X TO INTERPOLATE FOR Y,
¥YsINDEPENDENT VARIABLE VALUE
YsRESULTING DEPENDENT VARIABLE VALUE
LMTeNN, OF ELEMENTS IN A AND B
BsARRAY OF DEPENDENT VARIABLES
AsARRAY OF INDEPENDENT VARIABLES
DIMENSION A(15),8(15)

A A0O00M0 00

1=1

IF (NUM,EQ.4) GOTO 3V

IF (NUM.LT,4) WRITE (6,40) NUM

IF (NUM.LT.4) STOP !

IF (XeLTeA(3)) le]
IF (XeGT A(NUM=2)) [=sNUM=3

lF (XOLT.A(3) .OR. XQGT.A‘NUH‘Z)) GUTU 30

LM TeNUM=2
D0 10 Ksé,LHMT
IF (XJLTeA(K)) GOTO 20
10 CONTINUE
20 CONTINUE
I=K=2

30 CONTINUE
XC=A(I)
X1=4(1¢1)
JX2sA(1+2)
X3sA(I+3)
Y11e((X1=X)*B(I)=(X3=X)*B8(I+1))/(X1=XC)
Y21=((X2=X)*B(I)=(X0=X)¥B(142)}/(X2=X0)
Y31e((X3=X)*B(I)=(X0=X)*B(1+¢3))/(X3=XC)
Y22« ((X2=-X)*Y1l=(X1=X}*Y21)/(X2=X1)
Y232a((X3=X)*Y11={(X1=X)#*Y31}/(X3=X1)
Yu((X3=X)8Y22={X2=X)*Y32)/(X3=X2)
RETURN

C

40 FORMAT (//710Xs*SUBRQUTINE INTER = VALUES IN INTERPOLATION TABLE =*
~ 13 MUST BE eGEe 4*)
END
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SUBROUTINE NEWTON
ITERATES ON ECCENTRIC ANOMALY GIVEN A TIME (TCALL)

COMMON /CENT/ CETA,SETA,CG,SG,R,VsSEA

COMMON /CONIC/ STATE(6)s» TCALLs KERRy, STEP, Ty TTEROQ
COMMON /MAN/ A9 ALEE»AVGIEsDOG,EAREFHJETALICIRCL,LOUSY,P,
a PGME,RREF,»TANCM,TRUE,TREF, XNA,PERICD,EP

KERR =.0

K s =30

DTHM = TCALL - TREF

EA = EAREF + XNA = DTM / RREF

VALUE = AVG * TCALL

FCN o { EA = E*SIN(EA) = VALUE )/(1l. = E*COS(EA) )
EA = EA - FCN

K » K ¢ 1

IF (K,GE.0) GOTO 30

IF (ABS(FCN)=1,.E=9 ,LE, O.) GOTO 50

GOTO 10

WRITE (6,40)

FORMAT( /7 6X 22H30 ITERATIONS FOR 8O0ODY // )
KERR=] .

GOTO 60

EAREF = EA
SEA = SIN( EAr )
CEA = (CO0OS5( EA )
RREF = A * ( 1. - E *# CEA )
TREF = TCALL
STA = SEA * AlEE / RREF
CTA = ( CEA = E ) * A / RREF
ETA = ATAN2( STA, CTA ) = TANOM
TRUE = STA
TRUE STORES STA FOR SIGN ON GAMMA
CONTINUE
RETURN

" END
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SUBRNUTINE NORRAN
c GENERATES A NPRMALLY DISTRIBUTED RANDOM NUMBER,
REAL NGy KXyMU
COMMON /BLK&/ MU, SIGMA, GAUSS, NG(16)s KXs» IRAN, ICNT

TEMP = O,

0O 10C I=1,12

KX » NG(ICNT)#*KX

KTEMD e INT(KX/1Lu00C0G0.00)

KX = ABS(XX = FLOAT(XTEMP)*100000001.00)

ZRAN = KX*3,9000600601CC

ICNT = ICNT + 1

IF (ICNT.GT.16) ICNT = 1
100 TEMP = TEMP + IFAN '
. GAUSS = SIGMA*®(TEMP = 6.0) + MU

RETURN

END
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SUBROUTINE TSTEP
PROPAGATES ALDNG A CONIC BY TIME INCREMENT (STEP)
SUBROUTINE CONIC MUST 8& CALLED TO INITIALIZE

COMMON
COMMON
COMMON
COMMNN
COMMON

~

JCENT/? CETASSETA,CG,SGsR,V,SEA

/CONIC/ STATE(G6)» TCALL» KERR, STEP, T, TZERO
/CORD/7 Q(3,23)

/01G/ ZEFO,ONE»TWO,RADSPI,TWOPISGMyFTHRESCONsROTATE
IMAN/ A ALEESAVG,E»DOG,EAREFSETA,ICIRCLILOUSY,P,

. PGMERREF, TANOMy TRUE,TREF,» XNA,PERIOD,EP

DIMENSION XU(3), XV(3)s ZN(3), ON(3), DA(3)
DAT‘ IN / 009 OQD 10 /

IF (LOUSY.GT.0) GOTD 80
IF (ICIRCL.LE.CG) GOTO 10

ETA =
TRUE =

CIRCULAR NRBIT REQUIRES SPECIAL CARE.

AVG * STEP + ETA
ZERO

EAREF=ETA
60TO 20

TCALL = TREF + STEP
CALL NEWTON
IF (KERR.NELO) GOTO 9¢

T= T +

SETA =
CETA =

STEP

CALCULATE POSITION AND INERTIAL VELOCITY COMPONENTS,

SINt ETA )
COS( ETA )

R e RREF
V & SQRT( GM*(TWO/R = ONE/A) )
€6 « DOG / ( R * V )

SG =

SORT( ARS( ONE = €CG * C6 ) )

IF (TRUEWLT.Ue) SG = =SG
RCOMP = V # ( CETA * SG = SETA = (G )
HCOMP &« V # ( SETA * SG + CETA *= CG )

CONVERT INTO INERTIAL X=Y=Z AXES,
{ CETA * 0(1,1) + SETA * Q(1,2) )

.Y s R #
Y «R * ( CETA * 0(2,1) + SETA * 0(2,2) )
I =R *

( CETA * 0(3,1) <+ SETA * 0(3,2) )

OXDT = RCOMP * 0(1,1) <+ HCOMP * Q(1,2)
DYDT = RCOMP * Q(2,1) + HCOMP = 0Q(2,2)
DZDT = RCOMP * 0(3,1) + HCOMP # Q(3,2)

XUl
xu2)
Xu(3)
xXvili)
IV (2)
xv(2)

~N <€ x
~ N~
00D

Dx0T
ovYoT
DzDT
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40

50

60

70

eo

]0
100

DA(L)sXU(2)*ZN{3)=XU(3}*IN(2)

DA(2)=sXU{3)*ZN(L)=XU(L1)*2ZN(3)

DA(3)eXU(Ll)®IN(2)=XU(2)32ZN(1)

AASDA(L)*DA(1)+DA(2)%DA(2)+DAL3)*DA(3)

1F (AA,GT.1.,E=60) GOTOD 40

DA(1)=},

DA(2)e0.

DA(3) =),

G070 50

AA=SQRT(AA)

DA(1)=DA(1)/AA

DA(2)eDA(2)/7AA

DA(3)sDA(3)/AA

CNANTINUE

DN(1)=0A(2)*XU(3)=DA(3)*XU(2)

ON(2)=sDA(3)»XU(1)=DA(1)*XU(3)

DN(3)sDA(1)*XU(2)=NA(2)*XU(])

AA=DN{L)*NN(L)+DON(2)*DN(2)+DN(3)%0ON(3)

IF (AA.GT.1.E=6L) GOTO 60

DN(1l)s=l.

DN (2) =0,

DN(3) =),

Q70 79

AA=SORT (AA)

DN(1l)=DN(1)/AA

ON(2)eDN(2)/AA . .

ON(3)=ON(3) /AN .

CONTINUE

VNORTH= YV{3)*0N({1)+XV(2)*ON(2)+XV(3)*DN(3)

VEASTe=(XV(1)*DA(1)+XV(2)%DA(2)+XV(3)*CA(3))
UPDATE THE STATE TRAJECTORY VARIABLES

H = k= RE

GAM=RAN®ASIN(SG)

7ET = RAD & ATAN2( VEAST, VNORTH )}

TF (ZET.LT,0.) ZET=ZET+360,

ALAT = RAD = ASIN( xuU(3) )

ALCN = RAD * ATAN2( XU(2)s XUL1l) ) = ROTATE*(T=-TZERQ)I*RAD

STATE(l)=H

STATE(2) eV

STATE(3)=sGAM

STATE(4)sZET

STATE(S)=ALATY

STATE (&) sALOM

RETURN
WO ITE(6,100) STFP
FORMAT( /7 10X 16HTROUBLE IN TSTEP &X 6HSTEP = 1PE13.5)

RFTURN
END
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SUBROUTINE UNIRAN
C GENEFATES 4 UNIFOWM RANDOM NUMBER
REAL NGyKXpMU
COMMON /BLK&/ MU, SIGMA,CAUSS,NG(16),KY,ZRAN, ICNT

IF (ICNT.LEOO R, ICNTQGT.I&, tCNT.‘
KX s NG(ICNT)®u«y

KTEMP & INT(XX/7LCOGuLULL.00)

KX = ABS(KX « FLOAT(KTEMP)*10C000001.C0)
IRAN = KX*,000UJI3V1J)

ICNT = ICNT + 1

IF C(ICNT.GToel&) ICNT w ]

RETURN

END
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APPENDIX C

SCIENTIFIC DATA PROCESSING ROUTINE
SUMMARY DOCUMENTATION

IDENTIFICATION

Title Scout Trajectory Error Propagation

Routine No. 1801 Date Filed 1974

Security Class. __ U

Responsible Engineer Te Re Myler

Date Completed 1974 Source FORTRAN
Language: Iv

Key Words Covariance matrix, propagation, conic, Monte Carlo, statistics

RESOURCE REQUIREMENTS

Typical CPU 10 sec Machine(s) CDC CYBER 175 No. Source Cards 1125

Core 65k (octal) Tape none Plot no Graphics none

DESCRIPTION

Purpose: To calculate error statistics in the trajectory parameters, including
an error covariance matrix, from flight experience. The covariance
matrix is propagated on option.

Input: Flight experience errors in the trajectory parameters.

Output: Error statistics in the trajectory parameters, error covariance
matrix, propagated covariance matrices, spin-stabilized stage boost
covariance matrix, sensitivity matrix which represents the final
covariance matrix after propagation.

Functional

Description:
Flight samples are combined statistically to obtain an error
covariance matrix. The covariance matrix is propagated using a
Monte Carlo technique of sampling, propagating the deviated
trajectory along the conic, and statistically combining the re-
sulting errors into another covariance matrix. The sensitivity
matrix is developed from the eigenvalues and eigenvectors of the
covariance matrix.

DOCUMENTATION

Vought Report 2-53030/1R-=-52776, "Scout Trajectory Error Propagation Computer
Program” dated 1 October 1981.
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Report No 2 Government Accession No 3 Recipient’s Catalog No

NASA CR-166030

Title and Subtitie 5 Report Date

November 1982

SCOUT TRAJECTORY ERROR PROPAGATION COMPUTER PROGRAM
6 Performing Organization Code

7 Author(s) 8 Performing Organization Report No
2-53030/1R-52776

T. R. MYLER 10 Work Unit No
9 Performing Organization Name and Address

VOUGHT CORPORATION

P.0. BOX 225907 11 Contract or Grant No

DALLAS, TX 75265 ’ NAS1-15000

13 Type of Report and Period Covered

12 Sponsoring Agency Name and Address Contractor Report

National Aeronautics and Space Administration

. 14 § A

Washington, DC 20546 ponsaring Agency Code
490-02-02-77-00
15 Supplementary Notes
Langley Technical Monitor: Robert J. Keynton
16 Abstract

Sinée 1969, flight experience has been used as the basis for predicting Scout
orbital accuracy. The data base used for calculating the accuracy consists of
errors in the trajectory parameters (altitude, velocity, etc.) at stage burnout
as observed on Scout flights. Approximately 50 sets of errors are used in Monte
Carlo analysis to generate error statistics in the trajectory parameters. A
covariance matrix is formed which may be propagated in time. The mechanization
of this process resulted in computer program Scout Trajectory Error Propagation
(acronym STEP) and is described herein.

Computer program STEP may be used in conjunction with the Statistical Orbital
Analysis Routine (Reference 1) to generate accuracy in the orbit parameters (apogee,
perigee, inclination, etc.) based upon flight experience.

17 Key Words (Suggested by Author{s)} 18 Distribution Statement
TRAJECTORY, STATISTICAL METHODS, ERROR
ANALYSIS . .
~&EDD Distribution
Subject Category 61
19 Secunity Classif (of this report) 20 Security Classif (of this page) 21 No of Pages 22 Price
UNCLASSIFIED UNCLASS I FIED 78
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