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PREFACE

Certain volumes of the TRACE documentation series were nublished by
The Aerospace Corporation as Technical Operating Reports. Volume III:
Trajectory Generation Equations and Methods was published as
TOR-0066(9320)-2, Vol. III, and Volume V: D:iferential Correction Pro-
cedure and Techniques was published as TOR-(66(9320)-2, Vol. V.

Volume I: General Program Objectives, Description, and Summary was
published as TR-0059(9320)-1, Vol. I, and Volume X: Lunar Gravity
Analysis was published as TR-0059(9320)-1, Vol. X. Future volumes in

this series will be published as Technical Reports.
This report is published in two parts, A and B,

The TRACE Program could not have been developed to its present status
without the assistance of many ":'eople working in the fields of astrodynamics
and software design. The authors acknowledge with gratitude and analysis
and/or programming efforts of A, B. Bierman, R. J. Farrar, W. A. Feess,
E. H. Fletcher, R. B. Freund, T. P. Gabbard, €. G. Gibson, P, T. Gray,
P. T. Guttman, J. A. Pearson, C. M, Price, W. F. Rearick, N. W, Rhodus,
A. J. Rusick, L. J. Tedeschi, L. Wong, ind K. R. Young. In addition,
consultations with W, T. Kyner, A. Troes:h, and H. H. Wertz have led to

many significant improvements and added .apabilities in the program.,

This report supersedes the appendices to TR-0059(9320)-1, Vol. VII,
30 June 1971, /VK ot dhe
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APPENDIX A

DESCRIPTION OF THE. GENERAL-PURPOSE
INPUT ROUTINE GAIL1

Al FUNCTION AND CAPABILITIES
A1 1 Purpose and Description

The purpose of GAILl* is to read a set of Hollerith punched data and/or
header cards into core with one FORTRAN call statement. To achieve

this, the data fields are converted to binary, while the header informa-

tion is stored in Hollerith code; each piece of the data is converted and
stored according to a specific conversion code. These data may be integers,
real variables, arrays, alphanumeric data (short or long headers), ma-

trices, or end-of-case indications.

The data cards can be printed as received, or they can be placed on a
scratch I/O device and then listed when an end of file (EOF) is detected on
the input file,

The subrouvtine will always return control to the driver program except in
the case of tape errors, system malfunctions, or completely erroneous
punched data cards that disobey all FORTRAN I/O format rules. There-
fore, the user must supply and test a status cell after an exit from the

subroutine to determine which of the following occurred:

° Normal end of case
) Some type of error
° End of file reached on the input device

“GAIL1 was originally developed by R. B. Glads>n of The Aerospace
Corporation for the CDC 6000 computer series. It has been modified
for IBM 360 and 370 computer series.

A-1v O
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A 1.2 Method

All data fields are converted according to FORTRAN I/O format
specifications. Real variables are converted by the F specification,
whether or 10t the expon:nt (E or D) is included with the va;'iable. Inte-
gers are converted by the I format, and alphanumeric data by the A format.
This allows for alternate mnethcds of entering real variables and integers
from the FORTRAN standards. This variety of metl.ods (Sec. A.1.3.7)
enables the user to enter numbers 1n « manner ranore reasonable and
mathematical than did previous input routines.

A.1.3 Usage
A.1.3.1 Data Card Format

The data card format consists of threce fields, each containing three sub-

fields; a conversion code; a location; and a value (as in the following

example):
12 7 2r28 33 5354 59 79 80
Cif & Vi e L V2. [C3 s Va fsed
Subfield Data Field Data Field Data Field
: 1 2 3

Conversion Code (Ci) 1 27 53

Location (Li) 2-6 28-32 54-58

Value (Vi) 7-26 33-.52 59-78

Columns 79 and 80 are not processed by the routine and can be used for card
sequencing if the user desires, The conversion code (Ci) is one of the
alphabetic characters (Sec. A.1.3.7); it specifies the type of conversion

to be used on the value field. The location subfield specifies the cell in

which the converted value subfield is to be stored,

./




A 18], 2 Header Card Format

The header card format consists of a conversion code in Column 1, a
sequence number in Columns 2 through 6, and any Hollerith information

in Columns 7 through 78, Columns 79 and 80 are not used.

1 2 7 79 80
L 1 | L
C L Header seq

A.1.3.3 Decimal Points

The use of a decimal point is valid in both integer and real variable
entries; however, it is not mandatory to enter one. If the decimal point
is missing from an entry, it is assumed to be Aa. the right of the last digit

punched in the value field; for example:

321, =321 = 321E0

A.1.3,.4 Signs

If signs (+ or -) are used, they are placed in a column by themselves and

immediately precede the value. Overpunches are not valid; e. g.:

1 2 7
27 |28 33
53 |54 59
Valid
c | Location VALUE
+7. 1621
11 2 7
27 |28 33
53 |54 €9
Invalid
C | LOCATION VALUE
[f.1621

o il o, PEARRN T L iR
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A.1.3.5 Values (Vi Subfield)

It is not necessary for the entire subfield to be filled, since the first blank
following the first nonblank denotes the end of the value. Superfluous low-

order zeros should be omitted.

If alphanrmeric :nformation is entered, it is stored in core as it appears
in the value subfieiud. Thus, for this type of data =ntry, leading blanks
are retained. If they appear, the blanks themselves are also stored in

core,

A.1.3.6 Location (Li Subfield)

The location is specified by either a variable, an array name, or the

element subscripts in a single-dimension array or matrix,

A.1.3.6.1 Variable, Array, or Matrix Name

If the location contains at least one nonnumeric character that is not a
comma as the third character, it is interpreted as a variable, array, or
matrix name. The contents of the value subfield are stored in the cell for
the variable or in the first cell of the array or matrix. This location then
becomes the origin of all numeric and matrix element locations that follow
until another variable, array, or matrix name is encountered. Care must
be taken to enter an array or matrix name before entering numeric or

matrix element locations.

L.




A.1.3.6.2 Single Numeric Entry

If a location contains a single numeric value, the entry is treated as a
subscript. With its previously established origin, this subscript is used

to compute the location in which the entry in the value subfield is stored.

For instance, if the established origin is NAME and the value in the loca-
tion subfield of the input is 6, the entry in the value subfield is stored in

cell NAME(6). (Single numeric entries must be left-justified, and leading

e Y aii g it sie bl T kAR

zeros are optional.) In the following example,
1 2 7
E: 27 128 33
3 53 |54 59
’ C | LOCATION VALUE
! NAME [3,.716
6 6,173

legitimate numeric entries wouid be shown as:

3 ) 1] 2 7
AN 2. |28 33

53 |54 59

c ] Locarion VALUE
5

12
03

and illegitimate numeric entries would be shown as:

< PERSEETEL  E  E D

E -
E ]2 7
4 27 |28 33
% 53 |54 59
£ C ] LOCATION VALUE
E i 1 - Not a valid subscript.
B 30D 1 - Store as 30,
: M 1 - Not recognized as a relative
; address; it is flagged as an error,
sl't
The symbol (D) indicates { space between digits, and @ indicates n spaces.
LI 4
A-5
I {




A.1.3.6.3 Matrix Element Entry

A matrix element is stored by specifying two separate two-digit numeric

entries, separated by a comma, in the location subfield. For example:

11 2 7
27 {28 3
53 |54 59
C | LOCATION VALVE

03,94 [-3,17 -3.17 goes to element

(3,4) of the matrix

2
27 |28 33
53 {54 L1 ]

C | LOCATION VALUVE

15,01 {+7.38

17.38 goes to element
(15, 1) of the matrix

The elements are stored in the column major sort by using the formula
@RIGIN ((j - 1)1+ i)

where I is the total number of rows in the matrix and (i, j) is the eleriient

in quecstion.

A.1.3.6.4 Blank Location

If the location is left blank, the entry in the value subfield is stored in the
cell immediately following the one in which the last value was stored.
Thus, an entire array may be entered by using a name in the location sub-
field for the initial entry and leaving location subfields blank for ‘ae sub-

sequent value subfield entries. The following is an examnple:

11 2 7
z7 j28 33
53 |54 59
Cl LOCATION VALUE
XYZ 4,0 4.0 stored in XYZ(1)
5.1 5.1 stored in XYZ(2)
6.2 6.2 stored in XYZ (3)

A-b




A.1.3.7 Conversion Code (Ci Subfield)

The entry in the conversion code subfield specifies the method of converting
the data in the value subfield. Care should be taken to apply the proper
code with each item of data; if the proper code is not applied, a premature
termination will occur in a FORTRAN format statement. The eight con-

version codes currently available are described in the following subsections.

A.1.3.7.1 Blank: Feal Variable

The number in the value subfield is converted to and stored as a real
variable, Entries can be made to the value subfield by any of four methods:
Three of them are in the normal FORTRAN E, D, and F types of real

variable input formats, e.g.:

H ': 4 b
27 |28 33
$3 ;54 59
& LOCATION VALUE
3.615 = 3.615
e .3615E01 = 3.615
! 3615E-03 =3.615
! 3615D-03 = 3.615
.3615D01 _|=3.615




)
.
The fourth method allows for the input of real variables in scientific
nomenclature (a X lOb). The number is written in the value subfield and
is followed by an X, then by a 10, and then bv the power of ten to which
the number is to be scaled (a sign must precede the exponent). Some
examples follow:
o 14200 = 1.4200x10% is input as
7 o2 ?
27 |28 33
53 [S4 s9
C| LOCATION VALVUE
1.4200X10+4
or, in the normal mode, as
Y12 7
27 {28 33
53 {54 59
C{ LOCATION VALUE
14200 v
™
or as
R 7
\ 27 {28 33
i 53 {54 59
c| LocaTion VALUE
1.4200E4
o  .00762 = .762x1072 is input as
1] 2 7
1 27 |28 33
é_ 53 (54 59
b c| Locarion VALUE
- . 162X10-2

e

G i) CORNEL )
S

k| A-8




A, 1.3.7.2 1: Integer

The number in the value subfield it converted to a fixed-point integer. A

decimal point is allowable; if it is v sed, only the integer portion is con-
verted. Before the value is converted by the FORTRAN I format, the
decimal point and any digit(s) to the right are stripped off; e. g.:

1] 2 7
27 |28 33

53 |sa 59

c| LocaTion VALUE
1 71.35

is stored as 71.

A.1.3.7.3 D: Short Header (20 Characters)

The contents of the value subfield are interpreted as 20 alphanumeric
characters. They are stored in two consecutive cells in ascending order.
beginning at the location specified by the location subfield. The charac-
ters are stored in the same relative positions as in the value subfield;

thus, leading, trailing, and embedded blanks are legitimate. For example:

t] 2 7
27 (28 33
53 [S4 59
C| LOCATION VALUE

D ABC(DDEFQ)GHI1I(3) 234 |

is stored in two consecutive words, with ABC@DEF@G in the first word,
and HIJ@234 in the second.

A.1.3.7.4 H: Long Header (72 Characters)

A card with an H in Column 1 is considered a long header card. If the
location subfield is blank, the card is ignored (treated as a comments
card). If the location subfield contains a left-justified integer 1, Columns
7 through 78 of the card are stored directly in seven consecutive words in

ascending core storage.

-



The H conversion code is the only one for which a numeric location
subfield is mandatory. If the location subfield is not blank or the integer
i, the header is not stored, an error comment is printed, and the error

termination procedure is invoked.

A.1.3.7.5 L: Sparse Matrix Input Definitioa

This input specifies only that matrix elements may be following, either
on the same and/or on subsequent cards. It does not store any items of
data; it only warns the subroutine that matrix elements might be stored
and indicates where. The location subfield must contain the name of the

matrix in which the items are to be located in core.

The value subfield must contair two-digit integers separated by a comma.

The entries are the size of the matrix [I and J ], and the comma
max max

must be the third character of the subfield. If it is not, an error comment

is printed, and an error flag set.

The Im =

scripted locations of the matrix elements until they are redefined. Blank

and J values are retained to compute the successive sub- )
max .

location subfields may follow this definition if successive elements of the
matrix are to be loaded. It must be remembered that the matrix is stored

in column major. For example:

1{ 2 7

27 |28 33

53 |54 s9

C| LLOCATION VALUE
GOOD 103, 07

indicates that a 3 X 7 matrix G@P@D is being defined and that following data
values are to be stored in GOP@PD until another symbolic location name is

encountered. Storage is to be made according to GOPD ((j -1)I+4 i).




A.1,3,7.6 M: Full Matrix Input Definition

The use of this conversion code is identical to that of L, except that the
entire matrix is preset to zero before anv of the elements are loadecd.

For example:

HER N I ] v
27 |28 kK]

33 [S4 59
C | LOCATION VALVE

MIGAOD 103,07

presets the 3 X 7 matrix G@PD to zero; it is prepared to store the matrix

elements foilowing it until another symbolic location name is encountered.
A.1.3.7.7 B: Octal

The value subfieid is converted as a logical word. It is not necessary to
include leadinz zeros, but the first octal digit must always occupy the left-
most position in the subfield. If fewer than 20 digits are input, the value

will be right-justified in the memory location. For example:

R 7

27 |2 3

53 (54 59

c | Locarion VALUE
B 123

is stored ar 000000000000000001238 in core.

A.1.3.7.8 E: End of Case

This defines the end of case, when control is returned to the object pro-

gram from which it was called. The rest of the subfield and the remaining

fields on the card are ignored.




A.2 ERROR COMMENTS

The input errors that the subroutine can recognize are listed in Table A-1.
In each case, an appropriate error comment is printed, the remaining
cards in the data set are scanned until an E conversion code is found, and

the run is terminated. The errors are not listed in any specific order.

i . M e
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Table A-1.

-~
.

Errors Recognizable by Input Subroutine

Error Message

Type cf Input Error

HEADER CARD NO. EXCEEDS MAXIMUM NO.
ALLOWABLE,

If the location subfield is not blank or the
integer 1, the card is not stored; it is
printed as shown, and the error
termination procedure takes over,

~— Card Image (80 Characters) —

ERROR ATTEMPTING TO COMPUTE NEXT
STORAGE LOCATION FROM BLANK LOCATION
FIELD, BASIC SYMBOLIC ORIGIN HAS NOT
BEEN SET.

-~+— Field in Error

The first value input had a blank locaticn
subfield, and no symbolic origin had been
established.

-——

ERROR ATTEMPTING TO COMPUTE NEXT
STORACGE LOCATION FOR A MATRIX ELEMENT,
BASIC SYME DLIC ORIGIN HAS NOT BEEN SET.

-=— Field in Error

A matrix slement is to be stored, but no
location definition of the matrix has been
made by a previous M or L card.

—

MATRIX “IZE UNDEFINED.

-=— Field ir Error

A matrix element is to be stored, but no
size definition of the matrix has been
made by a previous M or L card.

—

ERROR ATTEMPTING TO COMPUTE NEXT
STORAGE LOCATION FOR NUMERIC LOCATION
FIELD, BASIC SYMBOLIC ORIGIN HAS NOT
BEEN SET.

-— Fijeld in Error

The first value input had a numeric
location subfield. No symbolic »rigin had
been established before this poinrt.

—

UNDEFINED SYMBOL USED IN LOCATION
FIELD.

-=— Field in Error

A symbol not previously defined was used
in the location subfield.

—

MIS .NG COMMA IN MATRIX DEFINITION.

<+— Field in Error

During an attempt to define a matrix (M
or L conversion code), the third character
in the value subfield was not a comma,

—t

ILLEGAL CONVERSION CODE.

<+— Field in Error

An undefined conversion code was entered.

—

INVALID CiiARACTER IN VALUE FIELD.

-+— Field in Error

There is an invalid character in the value
field,

—_—




A3 SAMPLE GAILi1 INPUT FORM
A sample GAIL1 input form is shown below.
6600 INPUT DATA
o PROGRANMER KEYPUNCHED o - VERIFIED OATE raGE
4 1,2 7
| 11 2 7 11 2 7
27 |28 s ar {28 33
5. {se 59 $3 (Sa s
SYMROL T LOCATION VALUE SYMBPOL C| Lecation VALUE
&
i AEROSPACE FORM 3770 REV §-67
A-14
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B. TRACE DATA DECK STRUCTURE EXAMPLES

ORBIT DETERMINATION RUN (ITIN=2) ..... SO0 00000000 fe st e e e c e e 0 0w 00
B.1.1 3ingle-Vehicle with OBSERVATION CardInput ... .. .. .. 0o0eeuetooosoonssns
B.1.2 Multiple-..rc with OBSERVATIONCardInput . ... oot v v it v vncnnsns Mloooeobooos 50
B.1.3 Single-Vehicle »ith Card Image Observation File Input ......... IR e ——
B.1.4 Multiple-Arc with Card I'mage OtservationFileInpat .................. 0oo8™ood v
B.1.5 Single-Vehicle Diffeiential Correction with Binary Observation

FileInput ............ f et s et e S e
B.1.6 Multiple-Arc with Binary Observation FileInput ......... 00000000000 300000000G00G
EPHEMERIS GENERATION RUN (ITIN=3) ......... too0co0]doo00000000000000000000GGE0G
B.2.1 Single-Vehicle .........0000uuueann C e e e 0Co000O0G0 c ettt e, SN
B.2.2 Multiple-Arc . .......0000t e 00000 000G0000000000C00D00 0,000 0000000G0G
MEASUREMENT DATA GENERATION RUN(ITIN=4) ......... 000000000 oofdo o®™%lood 8 5 old
B.3.1 Single-Vehicle ................0000... - T
B.3.2 Multiple-Arc ... ... vttt ittt as it R 00000000GO0000
COVARIANCE ANALYSISRUN(ITIN=5) ... ivvvevennnvenn oloo oo o000 000 c0000c00 0T
MULTIPLE ITINCRARY .. .. .00t tvennnenonns o Jloff o ojdiojo b o o s 33T e bjo o5 ojo o-ajp o o]
B.5.1 Ephemeris and Data Gereration (ITIN=34) .. ... .00
B.5.2 Multiple Itinerary (ITIN = 3452345) .............. =
B.5.3 Multiple Itinerary {(ITIN=323) ............. F I e T T
STACKED CASES (ITIN = 34 FOLLOWED BY ITIN=2) ..... T DOOOO0OD0OD PR
SIMULTANEOQOUS VEKICLES ......... 5,040, 0J0JO 040 0 O 040 40 0x0 0 0 0 00O0O FOOOD000GO0CTI000000
B.7.1 Orbit Determination (ITIN=2, MULTV #0) . ....... .0ttt vtnttnceoeeeenn E=0CN, o ol
B.7.2 Data Generation (ITIN = 4, MULTV #0) ......... YT I M
B.7.3 Covariance Analysis (ITIN=5, MULTV=1,2) ........ 0000000000000 o0 asadidbE ook

B-1

B-7
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APPENDIX B

TRACE DATA DECK STRUCTURE EXAMPLES

B.1 ORBIT DETERMINATION RUN (ITIN=2)

+

B.1.1 Single- Vehicle with OBSERVATION Card Input

. b PRI
T B .

The deck setup for an orbit determination run for one vehicle is shown in

Fig. B-1, All observational measurements are input :n the OBSERVATION
block,

END gF INPUT

OBSERVATION

— REJECT (0PT)

VEHRICLE

R

CONSTRAINT (GPT)

ATA {OPT}

SENSOR (OPT)

i

STATION

MASS (OPT)

————

MODEL

Fig. B-1. Deck Setup for a Single-Vehicle Orbit Determination Run
with OBSERVATION Card Input
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B.1.2 Multiple-Arc with OBSERVATION Card Input

The deck setup for an orbit determination of more than one vehicle in which
measurements from the many vehicles are used (but each observation is
associated with only one vehicle) is shown in Fig. B-2. In this case,

only one model group (MODEL, MASS, STATION, SENSOR, ATA, and
CONSTRAINT data blocks) is input; it 1s followed by the VEHICLE blocks
for ali vehicles, and then by pairs of REJECT and OBSERVATION blocks

for each vehicle.

Each OBSERVATION card should have a vehicle number (Sazc. {5), and
VEHID and BTIME are required in each VEHICLE block. For convenience, H

in the VEHICLE block, the input data not overridden carries over from one

vehicle to the next (characteristic of GAIL1 input).




JEND @F INPUT J

OBSERVATION

g
REJECT (OPT) [I

OBSERVATION

REJECT (OPT)

&
«?Q?/ (
f-, 5
@ OBSERVATION

Q
& ‘7
QD
\
REJECT (OPT)

R VEHICLE

| CONSTRAINT (OPT)

ATA (OPT)

SENSOR (OPT)

STATION

MASS (OPT)
MODEL
y/

Fig. B-2. Deck Setup for a Multiple- Arc Orbit Determination Run
with OBSERVATION Card Input




B.1.3 Single-Vehicle with Card Image Observation File Input

The deck setup for an orbit determination run for one vehicle, using
observational measurements found on a card image observation file (TAPE4)
is shown in Fig. B-3, This setup is indicated by the input item BCDIN#0
(Sec. 11,2.1) in the VEHICLE data block and the fact that the OBSERVATION
card is followed by the END QF INPUT card.

END @F INPUT

@BSERVATIGN ]]

REJECT (OPT) ﬁ
VEHICLE ﬁ

CONSTRAINT (opr)ﬁ

ATA (OPT) -ﬁ

SENSOR {OPT) ﬁ

STATION ﬁ

MASS (0PT) ﬂ

MODEL

Fig. B-3. Deck Setup for a Single-Vehicle Orbit Determination Run
with Card Image Observation File Input




B.1.4 Multiple-Arc with Card Image Observation File Input

In an orbit determination run with observational measurements from several
vehizles (each item of data is associated with only one vehicle), the data deck
requires only one set of model group data blocks (Fig. B-4). For each
vehicle there must be a VEHICLE block followed by the pairs of REJECT and
OBSERVATION blocks.

In the VEHICLE block, input data not overridden will carry over from one
vehicle to the next, BTIME is required in each VEHICLE block to show the
last integration time (more than likely, the last observation time)., VEHID,
which should match the vehicle number on the observation card images for

that vehicle, is also required.

For this case, observations are input by the card image observation file
(TAPE4). This is indicated by BCDIN#0 (Sec. 11.2.1) and by a single
_ @BSERXRVATIQN card for each vehicle.

B-5

R L Vi g




Al B f (e Skt b o 22 e niat avlgior L ot g S el il bttt et e o it i Sos i i
x o Dedtise oo sl s e e et A i et s i et S

END &F INPUT

#BSERVATIEN -]J

REJECT (OPT)

[
[ ]
[
| #BSERVATIGN ]
REJECT (OPT)
VEHICLE
[
[ ]
[
VEHICLE
VEHICLE
CONSTRAINT ( OPT)
ATA (OPT)
SENSOR (OPT)
STATION
MASS (OPT)
4

MODEL

Fig. B-4. Deck Setup for a Multiple- Arc Orbit Determination Run
with Card Image Observation File Input
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B.1.5 Single- Vehicle Differential Correction with Binary

Observation File Input

Orbit determination for one vehicle with an input binary observation file
(TAPE3) requires one model group of input data blocks and the VEHICLE
block only from the vehicle group (Fig. B-5). The input item BTIME
(Sec. 11.2.1) in the VEHICLE block contains the last observation time (or
a later time) on the file. This time is considered in determining thLe final
integration time. Note that no REJECT or OBSERVATION data blocks are

allowed when a binary observation file 1s used.

END @F INPUT _J
VEHICLE ﬁ
CONSTRAINT (opr)-ﬁ

ATA (OPT)

SENSOR (0OPT) ﬁj

STATION

MASS (OPT)

MODEL

Fig. B-5. Deck Setup for a Single-Vehicle Differential Correction
Run with Binary Observation File Input




B.1.6 Multiple-Arc with Binary Observation File Input

The deck setup for a multiple-arc orbit determination run with binary file
observation input is shown in Fig., B-6. Observational measure.nents from
many vehicles are used, but each item of data is associated with only one
vehicle. One model group is input, and one VEHICLE block per vehicle is
input. Each VEHICLE block contains tke input item BTIME (Sec. 11,2.1),
which indicates the last observation time (or a later time) on the binary
observation file (TAPE3) for this vehicle. These times are considered in

determining the final integration time for each vehicle.

Since all vehicles are assumed to be independent, a complete set of appro-
priate VEHICLE data should be provided for each. Iuput data not overridden
is carried from one vehicle to the next. Again, note that no REJECT or
OBSERVATION data blocks are allowed when a binary observation file is

used.
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END @F INPUT

VEHICLE

VEHICLE

VEHICLE

CONSTRAINT (OPT)

ATA (OPT)

SENSOR (OPT) ﬁ
STATION ﬁ
MASS (OPT) ﬁ

MODEL

Fig. B-6. Deck Setup for a Multiple- Ar. Orbit Determination Run
with Binary Observation File Inyut




B.2 EPHEMERIS GENERATION RUN (ITIN=3)

B.2.1 Sin&le-Vehicle

The deck setup for a single-vehicle ephemeris generation run (Fig. B-7)
consists of the fellowing: the MODEL and the (optional) MASS data blocks
from the model group and the VEHICLE block. The VEHICLE block must
contain the input item PTIM (Sec. 11.3.1.1), which indicates the print times

and the final integration time.

MODEL

END @F INPUT j )
VEHICLE ﬁ -

Fig. B-7. Deck Setup for a Single-Vehicle Ephemeris Generation Run
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B.2.2 Multiple-Arc

The deck setup for an ephemeris generation run with several vehicles

(Fig. B-8) consists of one set of MODEL and the (optional) MASS data

blocks and one block of VEHICLE data per vehicle. The input item PTIM
(Sec. 11.3.1.1) is specified in each VEHICLE block to indicate the print times
and the final integration time for each vehicle. In the VEHICLE block, input

data not overridden is carried over from one vehicle to the next.

END @F INPUT

VEHICLE

VEHICLE

VEHICLE

VEHICLE N

MASS (OPT)

MODEL

Fig. B-8. Deck Setup for a Multiple- Arc Ephemeris Generation Run
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B.3 MEASUREMENT DATA GENERATION RUN (ITIN=4) i"’)

B.3.1 Single-Vehicle

The deck setup for a single-vehicle measurement data generation run
(ITIN=4) requires one st each of the model and vehicle groups of input data
blocks, including MODEL, STATIOM, VEHICLE, DATA GENERATION, and
the optional MASS and SENSOR blocks (Fig. B-9).

The DATA GENERATION input block includes both DATA GENERATION I
and II cards (Sec. 12) unless the VEHICLE block contains the input item
JRIST=1 (Sec. 11.4.1). In this case, the DATA GENERATION II cards

are omitted.

END @F INPUT

DATA GENERATION

VEHICLE

SENSOR (OPT)

STATION

MASS {OPT)

MODEL

Jig. B-9, Deck Setup for a Single-Vehicle Data Generation Run
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B.3.2 Multiple-Arc

The multiple-arc data generation deck (Fig. B-10) contains one set of model
group data blocks and one sat per vehicle of the vehicle group data blocks
(VEHICLE and DATA GENERATION cards). If the VEHICLE block contains
the input item JRIST=1 (Sec. 11.4.1), the DATA GENERATION II cards

are omitted from the DATA GENERATION data block (Sec. 12).

Note that all vehicles are assumed to be independent; therefore, a complete
set of VEHICLE and DATA GENERATION blocks should be provided for each
vehicle, For convenience, in the VEHICLE block, input data not overridden

is carried over from one vehicle to the next.
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END @F INPUT

P

| DATA GENERATION

VEHICLE

DATA GENERATION

VEHICLE

7

DATA GENERATION '\

VEHICLE

7

SENSOR (OPT)

STATION

MASS (OPT)

MODEL

Fig. B-10. Deck Setup for a Multiple- Arc Data Generation Run
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B.4 COVARIANCE ANALYSIS RUN (ITIN=¢)

Deck setups for single-vehicle covariance analysis runs always contain the
same basic model groups of input data blocks (MODEL, MASS3, STATION,
SENSOR, ATA, and COVQ), whereas the vehicle data blocks (VEHICLE

and DATA GENERATION) and observation data blocks (REJECT and
OBSERVATION) are variable. Various deck setups for covariance runs are
shown in Figs. B-11 through B-i5.

Input/output options are specified in the MODEL data block by input items
@PBPX and PRCPV (Sec. 2.5.1). The model P/Q parameter specifications
are found in the input items Y PRAM, MPRAM, and GPRAM (Sec. 2.1.5).

A priori input for the normal matrix ATA or the variance-covariance matrix
(ATA)-1 is specified in the ATA data block (Sec. 6). A priori input for
Q-parameters is specified via the COVQ data block (Sec. 8).

Vehicle-depende.ni P- and Q-parameters and the print schedule are specified
by input items VPRAM (Sec. 11.1.14) and PTIM (Sec. 11.5.1),

Observational measurement times may be specified by:

OBSERVATION cards

Card image observation file (TAPE4)
Binary observation file (TAPE3)
DATA GENERATION data block input.

When the observational measurement times are specified by card image tape
or card images, measurement times may be rejected by inputs to the REJECT
data block.

. T T, -1 .
In case of an update to an input A" A or (A" A)  matrix, no measurement

times are required [@PB@X(D) and @PBPX(E), Sec. 2.5.1].
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END @F INPUT

OBSERVATION

REJECT (OPT)

/
VEHICLE

/
lLCOVQ (OFT)

ATA (OPT)

SENSOR (OPT)

STATION

MASS (OPT)

MODEL

Fig. B-11. Deck Setup for a Covariance Analysis Run with
OBSERVATION Card Input




END @F INPUT
@BSERVATIEN k:

REJECT (OPT) j_"
VEHICLE

CovQ (OPT

SENSOR (OPT) ‘ﬂ
STATION ﬁ

MASS (OPT)

MODEL

Fig. B.12.

Deck Setup for a Covariance Analysis Run with Card Image

Observation File Input
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END @F INPUT

4
VERICLE

cova (OPT)

ATA (OPT)

SENSOR (OPT)

STATION

ﬁass (OPT)
/
MODEL

Fig. B-13. Deck Setup for a Covariance Analysis Run with Binary
Observation File Input




END gF INPUT

DATA GENERATION

VEHICLE

covaQ (oPT)

ATA (OPT)

SENSOR (OPT)

STATION

o
| MASS (OPT)

MODEL

Fig. B-14. Deck Setup for a Covariance Analysis Run with Data Simulation
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\

END @7 DATA

VEHICLE

cova (opPT)

ATA (OPT)

SENSOR (OPT)

STATION (OPT)

L s
|
»

ASS (OPT)

MCDEL

B-15.

Deck Setup for a Covariance Analysis Update Cnly Run
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B.5 MULTIPLE ITINERARY

B.5.1 Ephemeris and Data Generation {ITIN=34)

The deck setup for a case in which an ephemeris generatior and a data
generation are desired for the same vehicle, using the same model group
blocks, is shown in Fig. B-16. Included in the MODEL and VEHICLE data
blocks are all input items required for both the ephemeris generation and
the data generation runs. Even though an ephemeris generation run does
not require STATION, SENSOR, or DATA GENERATION input blocks, they

are included in the deck setup because a data generation run does require

them.

END @F INPUT

DATA GENERATION

)

VEHICLE

SENSOR (OPT)

STATION

g e

MASS (OPT)

MODEL

Fig. B-16. Deck Setup for a Multiple-Itinerary Run (ITIN = 34)
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B.5.2 Multiple Itinerary (ITIN=3452345)

The deck setup for Example B (Sec. 1.4.1) is shown in F.g. B-17. In this
case, the initial ITIN functions 3, 4, and 5 cause the generation of the nomi-
nal ephemeris, the look angles, and the covariance analysis, respectively,
Reconstruction takes place starting from the nominal initial values, When
the iterations terminatc, the trajectory for the converged solution is usasd to

repeat the three processing functions.

The MODEL and VEHICLE data blocks contain the necessary input items for
all functions. The STATION cards are necessary for ITIN functions 2, 4,
and 5. The optional ATA data block can contain ATA or (ATA)'1 (Sec. 6).
It is used for the orbit determination and /or the covariance analysis func-
tions. The DATA GENERATION cards are necessary to generate the look
angles, and the OBSERVATION block contains the measurements used in the

covariance analvsis and orbit determination steps.

B.22




END &F INPUT

DATA GENERATION

VEHICLE

CONSTRAINT (OPT)

covQ (0PT)

ATA (OPT)

SENSOR (OPT)

STATION
MASS (OPT)

MODEL 1
1
:
3
Fig. B-17. Deck Setup for a Multiple-Itinerary Run (ITIN = 3452345) §
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B.5.3 Multiple Jtinerary (ITIN=323)

The deck sctup for Example A (Sec. 1.4.1) is shown in Fig. B-18. A
trajectory is generated from the input initial conditions, and an ephemeris
is generated and output. Then, another trajectory is reconstructed from the
observational data, and comparable ephemeris output is printed. The
VEHICLE data specifies the nominal initial conditions for the trajectory,

the amount of printed output, and the vehicle parameters to be differ-

entially corrected in the reconstruction,.

The observational measurements can be input by cards, card image file, or
binary observation file (Sec. 11.2.1). If a card image file is used, the
OBSERVATION block consists of a single card, with  BSERVATI®N in
Columns 1 through 11, If the binary observation file is used, no REJECT
or OBSERVATION data blocks are allowed.
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END @F INPUT

OBSERVATION

REJECT (OPT)

VEHICLE

Ve

CONSTRAINT (OPT)

ATA (OPT)

SENSOR (OPT)

STATION

MASS (OPT)

MODEL

Fig. B-18. Deck Setup for a Multiple-Itinerary Run (ITIN = 323)
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B.6 STACKED CASES (ITIN=34 FCLLOWED BY ITIN=2)

This data deck setup is used for Cases A and B of Appendix C (Fig. B-19).
In Case A, an ephemeris is generated, and observational measurements

are simulated. These measurements are written on a card image observa-
tion file (TAPE4) and are then used in the orbit determination run of Case B.
Note that in the first case, from the MODEL block to the first END QF
INPUT, the data block setup is as described in Secs. B.2.1 and B.3.1. The
VEHICLE data also includes input item ETAPE#0 (Sec. 1i.4.1), so the

observation2. measurements are wriiten on the card image observation file.

The ITIN=2 function is consid=red an entirely new case because nothing is
retained from the first case; new model, vehicle, and observation group
inputs are therefcre included. The STATION input must be repeated, and
the  BSERVA™IPN card must be followed by the END QF INPUT card.
Input item BCDIN#0 (Sec. 11.2.1), specified in the second VEHICLE block,
indicates that the observations are on the card image observation file, and

BTIME (Sec. 11.2.1) indicates the time of the last observation.

B-2¢




END @ INPUT
@BSERVATION

VEHICLE

SENSOR (OPT)

STATION

MASS (OPT)

MODEL
END @F INPUT

DATA GENERATION

VEHICLE

SENSOR (OPT)

STATION

MASS (OPT)

MODEL

Fig. B-19. Deck Setup for Stacked Cases (ITIN = 34, ITIN = 2)
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B.7 SIMULTANEOUS VEHIC LES
B.7.1 Orbit Determination (ITIN=2, MULTV#0)

The deck setup is shown (Fig. B-20) for many vehicles in simultaneous orbit
that have the same model. The VEHICLE data blocks are input sequentially.
Each requires a VEHID (Sec. 11.1.2) and the final integration time specified
by BTIME (Sec. 11.2.1), but the integration times of the first vehicle must
span those of any subsequent vehicles. Since the REJECT cards are time-

dependent, not vehicle-dependent, only one block is input.

Only one OBSERVATION block, containing the measurements from all vehi-
cles, can be input. In this case, actual OBSERVATION cards are shown.

If this data were input by the card image observation file (TAPE4), the block
of cards would be replacad by a single OBSERVATION card. If it were input
by the binary observation file (TAPE3), there would be no REJECT or
OBSERVATION data blocks.

The optional ATA block may contain an ATA or (ATA)-1 matrix (Sec. 6).
If MULTV=2 or 3, the STAGE data block (Sec. 14) is optional, and if
MULTV=2, the DEWM data block (Sec. 7) is optional.
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END @F INPUT j
0BSERVATION ﬁ
STAGE (OPT)

/ /
REJECT (OPT)

VEHICLE n
n<20
°
°
°
/
VEHICLE 2
{
VEHICLE |

CONSTRAINT (OPT)

DEWM (OPT)

ATA (OPT)

SENSOR (OPT)

STATION

MASS (OPT)

MODEL

-
-
£
1
- |
& A
PO

Fig. B-20.

Deck Setup for a Simultaneous-Vehicle Differential
Correction Run with OBSERVATION Card Input
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B.7.2 Data Generation (ITIN-4, MULTV#0) \N)

The deck setup for generating data for vehicles simultaneously in orbit that
have the same model is illustrated in Fig. B-21. Each VEHICLE data block
contains a VEHID (Sec. 11,1,2).

Only one DATA GENERATION block is input; it contains DATA GENERATION I
(Sec. 12.1) and II (Sec, 12.2.2) cards.

END @F INPUT J
DATA GENERATION
VEHICLE n

n<20

J J

VEHICLE 2 |
VEHICLE | ﬂ _

SENSOR (OPT) ﬂ '
STATION ;

MASS (OPT) jﬂ
MODEL ﬂ

é Fig. B-21. Deck Setup for a Simultaneous-Vehicle Data Generation Run




B.7.3 Covariance Antlysis (ITIN=5, MULTV=1,2)

The deck setup for a simultaneous-vehicle covariance analysis run

(Fig. B-22) is basically the same as that for a single vehicle (Sec. B.4).

The main difference is that, since the vehicles are in simultaneous orbit,

all VEHICLE data blocks are input before the DATA GENERATION, REJECT,
or OBSERVATION data blocks.

Each vehicle requires a VEHID (Sec. 11.1.2), and the first requires the
input of PTIM (Sec. 11.5.1). The integration times of the first vekicle

must span those of any subsequent vehicles.
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END #F INPUT
4 OBSERVATION
E
b REJECT (OPT)
3
: VEHICLE n
;. n<s 20
s
3 e
..
; VEHICLE 2
VEHICLE 1

5
5t
3
2

cova (orT)

ATA (0PT)

SENSOR (OPT)

/[

STATION

MASS (OPT)

/

MODEL

Fig. B-22. Deck Setup for a Simultaneous-Vehicle Covariance Analysis
! Run with OBSERVATION Card Input

B-32




2 AR i i 5 1 o
. e :

i B A B P = e

—— .Ip.n__.m_. R

e

C. SAMPLE OUTPUT DESCRIPTIONS

INTRODUCTION ........ ce e S h et et - omm-om

TEST CASE A: ECI SINGLE-VEHICLE EPHEMERIS GENERATION

AND SIMULATED MEASUREMENT DATA GENERATION RUN

(ITIN=34) ... ..cieininnnenns tece e tieceens . e e e e

TEST CASE B: ECI SINGLE.VEHICLE ORBIT DETERMINATION
RUN (ITIN = 2)

TEST CASE C: ECI SIMULTANEOUS- VEHICLE COVARIANCE
ANALYSIS RUN (ITIN = 5)

..... @ e s e s 0 s e 0 e e s e s e s e e s s e e e e e

TEST CASE D: MCI SINGLE-VEHICLE EPHEMERIS GENERATION
RUN(ITIN=3) .....

TEST CASE E: ECI SINGLE-.VEHICLE, POWERED FLIGHT
EPHEMERIS GENERATION RUN (ITIN = 3)

TEST CASE F: ECI SMULTANEOUS-VEHICLE ORBIT
DETERMINATION RUN (ITIN = 2)

TEST CASE G: ECI SIMULTANEOUS-VEHICLE DATA
GENERATION RUN(ITIN=4) ...

TABLES

Definitions of Initialized Integration Quantities (Note: Repeated
for User's Convenience)

Definitions of Predetermined Event Table Quantities

Definitions of Powered Flight Output Quantities

c-/

s e e s s e 0 e
..... ..
e e e e

e e



APPENDIX C

SAMPLE OUTPUT DESCRIPTIONS

C.1 INTRODUCTION

The printed output produced by the TRACE Program is described here for
typical differential correction, ephemeris generation, data generation, and
covariance analysis runs., The samples that follow are of actual output
listings, annotated to reference specific portions of the output data. Wherever
applicable, the output items described are cross-referenced to the corres-
ponding input definition section in this document. If an item occurs in more

than one sample listing, a citation is given only for the first appearance.

The sample test cases included here are:

° Test Case A ECI single-vehicle ephemeris generation
and simulated measurement data genera-
tion run (ITIN = 34)

® Test Case B ECI single-vehicle orbit determination
run (ITIN = 2)

™ Test Case C ECI simultaneous-vehicie covariance
analysis run (ITIN = 5)

° Test Case D MCI single-vehicle ephemeris generation
run (ITIN = 3)

° Test Case E ECI single-vehicle, powered flight
ephemeris generation run (ITIN = 3),

M Test Case F ECI simultaneous-vehicle orbit determina-
tion run (ITIN = 2)

° Test Case G ECI simultaneous-vehicle data generation
run (ITIN = 4)
The symbol —~——~——, used throughout the sample output, indicates that some
output has been omitted. Note that many output pages without descriptive inter-
ruption have been included only to provide continuity. Cases A through D were

run on TRACE Version 6,96 and Cases E through G on Version 7.27.
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