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ABSTRACT

The VHF Antenna Simulation Program (VHFASP) simulates the CSM-IM
communication link for all Apollo missions. In the standard configuration
VHFASP prints values for CSM and LM antenna gains, polarization losses,
CSM-1M range and gain product as functions of time. 1In an optional mode,
every variable involved in the simulation may be printed out. A plot tape
is generated for use with the TRWPLT general plotting program. VHFASP is
written in FORTRAN V for use with the SRU 1108 system.



PREFACE

The VHF Antenna Simulation Program presents a classic example of how the logic
of a computer program may be altered so as to swap memory size for run time
and vice versa. The basic problem in simulating the CSM-LM VHF antenna
system is this: A portion of a trajectory tape must be processed four times
for each simulation. Each time this tape is processed, random reference must
be made to one of two sets of CSM antenna patterns and one of two sets of

IM antenna patterns. Each set of antenna patterns consists of six 90-row by
180-column matrices of integers. Now, from the point of view of minimum run
time, we might attempt to store all simulation data into memory at one time.
This would required a memory size in excess of 24 x 90 x 180 = 388,800 cells.
On the other hand, from the point of view of minimum memory size we might
attempt to store all simulation data on tape and then scan these tapes each
time data is required. This method would increase run time to the order of

several minutes per time-point.

Under a single processor system, program efficiency is primarily determined by
run time (since run time is the prime cost factor). Hence we have attempted

to minimize run time while remaining within the practical limitations of memory
size. To solve this problem we observed that each 90 x 180 antenna pattern
matrix consisted of integers less than 63 (778). Hence a single 36-bit word
could store six such integers provided they were "packed" into six-bit intervals.
A 90 x 180 matrix could then store an entire set of antenna pattern data. Now
it is quite practical to store two 90 x 180 matrices (32,400 words) into memory
at one time. Also, it is practical to alter the logic of the program so as to
"juggle" four sets of antenna patterns so that only two need be in memory at

any one time.

This combination of tape manipulation with "packed" memory storage has enabled
us to minimize run time (to approximately two seconds per time-point) while

remaining within the memory size limitations of the SRU 1108 system,

I wish to acknowledge the assistance of Mr. R. E. Meeker without whose help

it would have been impossible to complete the VHF antenna simulation program

in this form.
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1. PROBLEM DESCRIPTION

Both the LM (Lunar Module) and the CSM (Command Service Module) have two
VHF antennae each of which may be used at any time to establish a
communication link between the two vehicles. The radiation patterns
generated by these four antennae depend upon the frequency of the
communication link ("High Frequency," 296.8 MHz and "Low Frequency,"

259.7 MHz). Since the geometry of the IM is different in the ascent and
descent cases, the IM antenna patterns also depend upon the ascent/descent

status of the vehicle.

We wish to develop a computer program which will simulate the CSM-IM

VHF communication links for all Apollo missions given the appropriate

CSM and LM antenna pattern data and the CSM and LM trajectory data.

When the CSM and/or IM are '"close" to the moon we wish to consider the
multipath effects caused by lunar reflection, otherwise we wish to neglect

the lunar reflection problem.

The CSM and IM antenna gains, polarization gains, CSM-IM range and gain
product should be printed out as functions of time. The program should
have the option . of printing out every variable involved in the simulation,
at each time-point. A plot tape for use with the TRWPLT general plotting

program should be generated.



2. INPUT DATA

The data for this program is entered via the FORTRAN '"namelist'" SINPUT. The
symbols M"$INPUT" must appear in columns two thru seven of the first data

card, Input parameters may then be entered in any order beginning in any
column (except column one) in the form PARAMl==xxxxx, PARAM2=xxxxX,... The
only restrictions are that no punch ever appear in column one and that no
number be split between two data cards. After all the desired input para-
meters have been entered (not every parameter need be entered) a card
containing the symbols "S$END" in columns two thru five must appear immediately
after the last data card; this signifies the end of input data. Fbllowing the
"$END" card up to five Comment/Description cards may appear. These cards will
be printed as headings to the output listing for this particular data case.
After the Comment/Description cards another "$INPUT" card may appear for a

second data case. Any number of data cases may be entered in this manner.

2.1 DETAILED DESCRIPTION OF INPUT PARAMETERS

The?é are nine types of input parameters; seven of these are specified by a
single value and two are specified by an array of up to four values. Each
parameter has the value(s) entered for it; if no value is entered a certain

value is assumed for the parameter as indicated below.

Mnemonic(s) Description

FREQCY Frequency flag (-1,1)
-1 indicates low frequency case (259.7 MHz).
1 indicates high frequency case (296.8 MHz).
FREQCY initialized to -1.

ADFLAG Ascent/Descent flag (-1,1)
-1 indicates descent case (LM descending).
1 indicates ascent case (IM ascending).
ADFLAG initialized to -1.

MULTIP Multipath flag (0,1)
0 indicates no multipath calculations desired.
1 indicates multipath calculations are to be
executed.
MULTIP initialized to 1.

PRINT Print flag (0,1)
0 indicates only standard print output is desired
1 indicates extra print output is desired.
PRINT initialized to O.
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Mnemonic(s) Description

PLOT Plot flag (0,1)
0 indicates no plot tape is to be generated.
1 indicates plot tape is to be generated.
PLOT initialized to 1.

COMENT Comment/Description cards (1,...,5). Number of Comment/
Description cards to follow "SEND" card.
COMENT initialized to O.

TMIN(1l),...,TMIN(4) Minimum time-point on trajectory tape to be considered,
in days, hours, minutes and seconds, respectively.
TMIN(1),...,TMIN(4) initialized to O, 0, 0, O.

T™MAX(1),...,TMAX(4) Maximum time-point on trajectory tape to be considered,
in days, hours, minutes and seconds, respectively.
™AX(1),...,TMAX(4) initialized to O, 0, 0, O,

DELTAT Minimum time increment (in seconds) between time-points.
DELTAT initialized to O.

2.2  INPUT TAPES

The antenna patterns tape is imbeded as a second file on the program PCF tape
and for all pratical purposes may be ignored by the user. Care must be taken,
however, to follow the CUR operations given in section 5 precisely so that this
tape is properly positioned for program execution.

The trajectory tape, whose format is specified in Appendix B, is mounted on

unit "E" in the 800 BPI density mode.

2.3 RESTRICTIONS

A maximum of 200 time-points are:allowéd. This means that between a specified
TMIN (in days, hours, minutes and seconds) and a specified TMAX with a specified
DELTAT, there can exist at most 200 trajectory time-points. Larger numbers of
time-points may be processed by multiple, 200 time-point, data cases.

In the event that the user attempts to process more than 200 time-points a

message will be printed out and only the first 200 time-points will be processed.



3. OUTPUT DATA

Data output for this program is in the form of standard and optional printed

outputs and plot tape output.

3.1 STANDARD PRINTED OUTPUT
For each data case processed an input parameter listing is printed giving

the values of each of the eight input parameters.

For each data case processed an output listing is printed giving the range
between the CSM and LM (in nautical miles), the net gain product (in db),

the CSM antenna gain (both direct and specular), the IM antenna gain (both
direct and specular) and the polarization gain (both direct and specular)

as functions of time. Four successive print outputs are given, one for each
of the four possible communication links which exist at a given frequency and

at a given LM ascent/descent status.

Each of the above listings is headed by the Comment/Description cards

entered for that particular data case.

3.2 OPTIONAL PRINTED OUTPUT
When the print flag is on (i.e. PRINT=1) each of the intermediate variables
involved in the VHF antenna simulation will be printed out at each time-point.

These variables are described below.

Mnemonic (s) Description
TIME Time, in seconds, of data case.
ROCB Position vector of CSM in basic coordinates.
ROLB . Position vector of LM in basic coordinates.
ACB Direction cosine matrix of CSM.
ALB Direction cosine matrix of IM.,
IFLAG Flag indicating data case classification.

1 indicates a "bounce-point! exists, but only

direct path calculations are to be executed.

2 indicates that the LM and CSM are on opposite
sides of the Lunar horizon. No link exists.

3 indicates that the IM and CSM are on diametrically
opposite sides of the Moon. No link exists.

4 indicates that the IM and CSM lie along a lunar
radius on the same side of the moon. Only direct
path calculations are executed.



Mnemonic(s)

ROSB
THTAC
PHIC
THTACS
PHICS
THTAL
PHIL
THTALS
PHILS
PATERN

RHO
TAULS
TAU2S
BETA
Gl

Description
5 indicates "bounce-point" was not determined
to the desired accuracy, however only direct
path calculations were desired.
6 indicates "bounce-point" exists and multipath
calculations are to be executed.
7 indicates that the LM and CSM are on opposite
sides of the Lunar horizon. No link exists.
8 indicates that the IM and CSM are on diametrically
opposite sides of the Moon. No link exists.
9 indicates that the LM and CSM lie along a lunar
radius on the same side of the moon. Only direct
path calculations are executed even though multipath
calculations are desired.
10 indicates that the "bounce-point" was not
determined to the desired accuracy. No calculations
are executed.
In general, IFLAG=1,2,3,4,5 indicates that the program
is in the direct path mode whereas IFLAG=6,7,8,9,10
indicates that the program is in the multipath mode.

Position vector of "bounce-point" in basic coordinates,
Theta look angle of CSM along direct path.*

Phi look angle of CSM along direct path.

Theta look angle of CSM along specular path.

Phi look angle of CSM along specular path.

Theta look angle of IM along direct path.

Phi look angle of IM along direct path.

Theta look angle of IM along specular path.

Phi look angle of IM along specular path.

4 x 6 matrix representing the antenna pattern values for
this time-point. Rows one and two represent pattern valu
for the CSM antenna along the direct and specular paths,
respectively. Rows three and four represent pattern valu
for the LM antenna along the direct and specular paths,
respectively. :€olumns one through six represent the P,,
P,, P o, P o, P 2 pattern values, respective
@ “e+45 P+45°° RCP

)
Range (in nautical mi%gi) between the CSM and IM,.
Polarization angle along the direct path.

Polarization ellipse tilt angle at CSM along direct path.
Polarization ellipse tilt angle at 1M along direct path.
Coordinate system misalignment along the direct path.

CSM antenna gain along the direct path.**

* all angles expressed in radians
*% all gains expressed as a ratio
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G2

RR1
RR2

LP

R1S
R2S

RS
DELTAR
PSI
RHO1S
RHO2S
TAUIS(1), TAU1S(2)

TAU2S(1), TAU2S(2)

RA

RB

G1S
G2S
RR1S
RR2S
P1S(1), P1S(2)

P2S(1), P25(2)

Q
TAUS(1), TAUS(2)

RRS(1), RRS(2)
BETAS (1), BETAS(2)

LPS Cl),, ILPSI(20)

Description
LM antenna gain along the direct path.
Axial ratio at CSM along the direct path.
Axial ratio at LM along the direct path.
Polarization gain along the direct path.
Distance between CSM and "bounce-point."
Distance between LM and "bounce-point."
= R1S + R2S.
= RS - R.
Grazing angle.
Polarization angle along the specular path CSM to LM,
Polarization angle along the specular path LM to CSM.

Polarization ellipse tilt angle of transmitting
antenna along the specular paths CSM-ILM and LM-CSM,
respectively.

Polarization ellipse tilt angle of receiving antenna
along the specular paths CSM-IM and LM~CSM, respectively.

Reflection coefficient for the electric field component
parallel to the plane of incidence. RA is complex.

Reflection coefficient for the electric field component
perpendicular to the plane of incidence. RB is complex.

CSM antenna gain along the specular path.
LM antenna gain along the specular path.
Axial ratio at CSM along the specular path.
Axial ratio at LM along the specular path.

Polarization ratio of incident wave along the specular
paths CSM-IM and LM-CSM, respectively. PI1S is complex.

Polarization ratio of reflected wave along the specular
paths CSM-IM and LM-CSM, respectively. P2S is complex.

Depolarization factor. Q is complex.

Tilt angle of reflected wave along the specular paths
CSM-1IM and LM-CSM, respectively.

Axial ratio of reflected wave along the specular paths
CSM-IM and LM-CSM, respectively.

Coordinate system misalignment along the specular paths
CSM-IM and IM-CSM, respectively,

3-3

Polarization gain along the specular paths CSM-LM and LM-CSM,

respectively.
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Mnemonic(s) Description

LR(1), LR(2) Lunar reflection gain along the specular paths CSM-LM
and IM-CSM, respectively.

Multipath divergence factor.
K Multipath reflection factor.

GP Gain product.

3.3 PLOT TAPE OUTPUT
When the plot flag is on,a plot tape will be generated on unit "F" (FORTRAN I. D.
Number 8). The plot tape will consist of four files per data case. The files

will be in the following order, for each data case:

File No. Link No. Description
1 1 CSM antenna A, IM antenna 1.
2 2 CSM antenna A, IM antenna 2.
3 3 CSM antenna B, IM antenna 1.
4 4 CSM antenna B, LM antenna 2,

Each  file on the plot tape consists of one record per time-point. Each record
on the plot tape consists of ninety-six words as described below. The plot tape
is a FORTRAN binary tape written in the 800BPI density mode in the format required

by the TRWPLT general plotting program.

Mnemonic(s) Word(s) Description
TIME 1 See section 3.2
ROCB 2 -4 See section 3.2
ROLB 5-7 See section 3.2
ACB 8 - 16 See section 3.2
ALB 17 - 25 See section 3.2
IFLAG 26 See section 3.2
ROSB 27-- 29 See section 3.2
THTAC 30 See section 3.2
PHIC 31 See section 3.2
THTACS 32 See section 3,2
PHICS 33 See section 3,2
THTAL 34 See section 3.2

PHIL 35 See section 3.2



Mnemonic(s)

THTALS
PHILS
R

RHO
TAUlL
TAU2
BETA
Gl
GlDB
G2
G2DB
RR1
RR2
LP
LPDB
R1S
R2S
RS
DELTAR
PSI
RHO1S
RHO2S

TAU1S(1), TAULS(2)
TAU2S (1), TAU2S(2)

RA

RB

G1S

G1SDB

G2

G2SDB

RR1S

RR2S

P1S(1), P1S(2)

Word(s)
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56

72 - 75

~Description
See section 3.2
See section 3.2
See section 3.2
See section 3.2
See section 3.2
See section 3.2
See section 3.2

See section 3.2

CSM Antenna gain along the direct path in db.

See section 3.2

IM Antenna gain along the direct path in db.

See section 3.2
See section 3.2

See section 3.2

Polarization gain along the direct path in db.

See section 3.2
See section 3.2
See section 3.2
See section

See section

N NN

See section

Ww W W w

[RS]

See section

See section

N NN

3.
See section 3,
See section 3.
See section 3.2

See section 3,2

CSM antenna gain along the specular path in db.

See section 3.2

LM antenna gain along the specular path in db.

See section 3.2
See section 3.2

See section 3.2



Mnemonic(s)
P25(1), P25(2)
Q
TAUS(1), TAUS(2)
RRS(1), RRS(2)
BETAS(1), BETAS(2)
LPS(1l), LPS(2)
LPSDB
LR(1), LR(2)
D
K
GP
GPDB

Word(s)
76 - 79
80 - 81
82 - 83
84 -~ 85
86 - 87
88 - 89
90
91 - 92
93
94
95
96

DescEiEtion

See section 3.2
See section 3.2
See section 3.2
See section 3.2
See section 3.2

See section 3.2

Minimum specular polarization gain in db,

See section 3.2
See section 3.2
See section 3,2
See section 3.2

Gain product in db.
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4, SAMPLE CASE

Two data cases (one with multipath calculations and one without) are included
as a sample case. In order to demonstrate usage of the TRWPLT general plot

program both of these data cases have been used to generate plots,

4.1 SAMPLE CODING FORM
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5. OPERATING PROCEDURES

This program is written in FORTRAN V for use with the SRU 1108 system.
Presently this program is in production only for the SRU 1108 system. Only
one input tape (the current trajectory tape) is required by this program in
addition to the standard input and output tapes required by the SRU 1108
system. All antenna pattern data required by this program is included in a
second file on the original PCF tape; hence, care must be taken when copying
this PCF tape so as not to lose this data. Also, the PCF tape must be mounted
on unit "X" (FORTRAN I. D. Number 27) and must be positioned at the beginning

of the second file at the time this program is executed.

5.1 DECK SETUP -- NO PLOT OUTPUT DESIRED

[of
c

1

$JOB etc.

VAASGAFE=(trajectory tape number)
VAASGAX=(PCF tape number)
VAXQTACUR

A TRWAX

A INAX

VA XQT AHVO14B

|EJrogram data

NAEOF

where Y7 indicates a 7/8 punch and A indicates one or more blank spaces.

5.2 DECK SETUP -- PLOT OUTPUT DESIRED

C
c

1

$JOB etc.

VAASGAE=(trajectory tape number)
VngASGZSF (one FASTRAND unit is required)
VAASGAX=(PCF tape number)

VAXQTACUR

A TRWAX

A INAX

VAXQT AHVO14B

program data

E

WV AXQT ATRWPLT

p—

plotting data

VA EOF
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5.3 COMPUTER RUN REQUEST

In submitting the card deck for a computer run, the run time may be

estimated at approximately two seconds per data case per time-point and

the print output may be estimated at approximately four pages per thirty-five
time-points for standard output and approximately eight pages per time-point
for optional output. 1In case plots are generated, the microfilm or calcomp
output estimate depends upon the number of plots generated in the plotting
program.

5.3.1 Sample Run Request Form




L]

PRIORITY

RELRUN. (0. 588 ra DmeRhs A

INSTRUCTIONS FOR SCIENTIFIC COMPUTER RUNS

(OO NOT FILL 1N SHADED AZEAS)

TIME IN

PHCME MO, | DATE (M.D,Y )

PROGRAMMER BADGE NG BOX MO, RETLEN T
ARGILA, C, T57659 TRW | 2503, 07 01 68
DIVISION CODE |F<D3., MO, FiQi. 80 lEST. TIME (Mlrc ] [ Ma0C, TIRAE [MEa ]| LISGES QUTPUT §720. mUMZag TimE OUT
TRW | A025 | 1135p | 2 3 | 2 |
OPERATING SYSTEM TYPE OF RUN COMPUTER

1108 FORTRAN V X

PROD. D TEST

“1108 FORTRAN IV D

O THEL (EXPLAIN BILOW]

1c8 COBOL

PETA T e Lot | S S gkl

INPUT TAPES OUTPUT TAPES
UNIT REEL Bit: MO, | Din 2 L DEM- . o r
] ESIE e e S
E 1996 8
X 54321 8 k
+
!
!
s i
i
!
— el
WORKING TAPES | I
? '
= p=E5L O, FRAMES PROCESHIMNG
. CALCOMP E] If = #
ACTUAL TIME USAGE FO= €2 E | 40

(o8]
[e)]
—
o

OFERATTR S TUMMENTS”
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7.1 THE MAIN DRIVER, VHFASP
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8. APPENDIX A -- Plotting Routine

We include here the most current documentation available on the TRWPLT
General Plotting Program by Mr. C. Coflin. This program has been modified
by Mr. R. Cunningham to print abscissa labels in days, hours and minutes
rather than just a single unit. Modifications for this option have been
included in this documentation. Reference should be made to the sample

case (Section 4.) which illustrates the usage of this plot program.
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CCDDE0 PLOT PROGRAM

1. DESCRIPTION

CCDD80 is a compact, general plot program reguiring minimum input while
combining many of the best features of current plot packages. The basic
capabilities are now available even though many additional features are
presently in the planning stage.

The capability now aveilable includes the generation of microfilm and/
or CALCOMP plots, multiple traces per plot, multiple files or phases per
trace, multiple symbol designation, automatic scaling, and axis labeling.
In addition, this package can plot variables calculated at differsnt time
frequencies, and can plot the sum, differsnce, product, or quotient of any
-two of these variables. This, perhaps unique, capability of plotting
variables appearing at different time freguencies is possible by the
elimination of those data points for which there is not asscciated a common
point in time.

CCDD80 is presently designed to process a variable format data tape
consisting of the variable names (symbols) and the corresponding data points
for each record type used. A unique record type should be associated with
each group of variables which have a common basis. For example, a mod deck
is available which will slightly alter the format of the VLIST tape generated
by the TRW six degrese of freedom program so that it can be processed by
CCDD80. These alters assign a record type to each vehicle for every
distinct time frequency. The variables appearing in each group are input via
a VLISTi card where i =1, 5.

Record Type Inout VLIST Vehicle Print Group
1 VLIST1 1 A11 3-D
2 VLIST2 2 A1l 3-D
3 VLIST3 6-D 6-D Time (T, TT, PHTDE)
A VLISTL 6-D Six Degree
5 VLISTS 6-D SCS Control or SCS Monitor

If N different record types are employed, the first N records of each
tape file must contzin the variable name or symbols associated with each
record type. The symbol records ars designated as such by a negative record
type (IREC). The format of the N symbol records is as follows:

-] RE I i MB
TREC, , MiDS, STMBOL,, SYMBOL,, ..., STMBOL__ ¢

-IREC,, NWDS, SH(EOL,, SYMBOL,, ..., SIMBOL o

. A ] IR sS4
IREC,, MDS, SOBOL , SYHBOL,, ..., SRMBOL, ..o

where IRECi are the N different record types, NWDS is the number of symbols
appearing in that record, and SYMBOLi are the BCD variable names assccizted
with that record type (IREC).
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_ The data records, designated by a positive record type, follow the
symbol records with each record typs appearing at its own natural frequency.
The format of a data record is as follows:

IREC, NWDS, DATA,, DATA,, ..., DATAL o

where IREC is the record type, NWDS is the number of data points appearing
in that record, and DATAL are the data points associated with the SYMBOLi
appearing in the same type record.

An end of file mark signals an end of the data records (i.e. end of the
phase). ' :

1.1. INPUT

The inputs to CCDDS80 are divided into two blocks, the plot block and
the phase block. A plot block consists of all inputs pertaining to one
particular grid or graph. The phase block is comprised of all plot blocks
relative to one particular tape file or program phase. The last card of
each block must be an end card - ENDPLT for the plot block, ENDPHA for the
phase block. An ENDJ@B card must terminate the input deck.

1.1.1 DD80 and CALCOMP INPUTS
ICCAMP - integer value of the plot selector (initialized 0)

O DD8O
1 CALCOMP

IPRINT - integer value of the print selector (initialized 0)
0 suppress print ‘

1 print titles and data points

-1 print titles only

NFILES - integer velue of the number of files to be plotted on the
same graph (initialized Q)

PLIT - symbols or variable names to be plotted and the corresponding
record types.

= XSUM, IREC, YSTM),IREC, YSYM,, IREC, ..., ¥SYM, IREC, ENDLST

where XSYM denotes the abscissa symbol,
YSYMi denotes the N ordinate symbols,

IREC denotes the record type of the preceding symbol,
and ENDLST indicates the end of the list.

NOIREC - disregard above "IREC" parameter if NOIREC = 1 (initialized 0)
STEP - step function flag (initialized 0)

0 normal mode
1 plot step functions



CADD

CMULT

IFREQ

XL@

YLO
YHI
TITLE

8-4

This specification will result in N traces for this graph

(max. N = 10),

XSYM wvs. qul, XSTM vs. YSWM,, ..., XSYM vs. YSTM

A special feature permits the user to plot the sum, difference,

product, or quotient of any two variables, specified by the
inputs SUM, DIFF, PR#D, or QUPT respectively. When one of
these inputs appears in a PL@T 1list, rather than plotting the
next two symbols, the result of the operation requested will
be plotted. For example,

PIT =X, 1, Y, 2, Z, 4, SUM, Y, 2, Z, L, ENDLST

will result in three traces on this graph.

Xvs. Y, Xvs.Z,and Xvs. Y + 2

- where X appears in record type 1,

Y appears in recerd type 2,
and Z appears in record type 4.

Additive factor

= ADD,, ADD,, ..., ADD .

where ADDi refers to the respective symbols in the PL¢T list.

(i.e. ADDl refers to XSYM,

ADD2 refers to YSYMl,

ADD3 refers to YSYMZ,

and ADDN+l refers to YSYMN)

Multiplicative factor

= MULT , MULT,, ..., MULT

where MULTi refers to the respective symbols in the PL¢T list.

(i.e. MULTl refers to XSYM,

T {
MULT Ty refers to YSYPl,

MULT3 refers to YSYM2,

MULTy , refers to YSYMN)

integer value of the plot symbol frequency per trace (max. N = 10)
= Kl, K2, o) S iy KN '

The J'.‘g—1 trace will display a plot symbol every KiLh point.
abscissa lower limit
abscissa upper limit
ordinate lower limit
ordinate upper limit

graph title
= ID = title



XLABEL -

YLABEL -

X-axis title
= ID = title

Y-axis title

= ID = title
1.1.2 DD80 INPUTS

NCHAR - integer value of the plot symbols for each trace on the graph.
(max of ten values) If the value is negative, the points will
not be connected. Refer to Table 1-1.

NTYPE - dinteger value of the type of grid desired (initialized 0)
= 0 Cartesian graph with grid lines
Cartesian graph without grid lines
X-axis logarithmic, with grid lines
Y-axis logarithmic, with grid lines
X, Y axes logarithmic, with grid lines
Horizontal bar chart, without grid lines
Vertical bar chart, without grid lines

nnn
aubpPrrwWNEO

NXL - left margin in raster counts (initialized 24)
NXR - right margin in raster counts (initialized 0)
NYL -~ bottom margin in raster counts (initialized 24)
NYH -~ top margin in raster counts (initialized 24)
lot abscissa label in days, hours, minutes and seconds (initialized 0)
, Normal mode
, Abscissa in seconds

Abscissa in minutes

3
, Abscissa in hours
, Abscissa in days

g
=
I
[y e]

"
HSPWNHOO

1.1.3 CALCOMP INPUTS

CCHAR - integer value of the plot symbol for each trace in the graph
(initialized 0)

=0 no symbol
=1 + plus sign
= 2 A triangle
=3 Z letter Z
=4 octagon
=5 4+ arrow

=6 X letter X
=7 diamond

(max 10)



PPNM

ilABl
YIAB2
YIAB3
YLABL

YIABS

selector

grid

= 1. 10 x 7 Form C

= 2. 10 x 10 Form A or B
=3. ° 15 x 10 Form D

=14

. 20 x 10 Form A or B
Y—axié title for first trace
Y-axis title for second trace

= JD = title

Y-axis title for third trace
= JD = title

Y-axis title for fourth trace
= ID = title

Y-axis title for fifth trace
= ID = title

1.1.4 CONTROL INPUTS

BACK

- integer value of the number_of file marks over which the

plot tape will be back spaced.

KUNIT - integer number of the unit on which the input data tape will

be mounted (initialized 8). Avoid units 1, 2, 4, 12, and 13.

RECGRD - integer values indicating which records of the data tape will

RECSKP

REPEAT

REWIND
SKIP

ENDPLT

be plotted. RECPRD should be used only if it is desired to
plot only part of a file (3 values, initialized 0, O, 0)

= Ni, N2, N3 ,
‘Data will be extracted from the data tape beginning with the
Nl§§ data record. N2 records of record type N3 will be processed.
N,=0 Begin with the first data record.

1
N2f0 Process data until an end of file mark is encountered.

N3=O Process N2 number of records of any record type.

integer value of the number of symbol records to be skipped
at the beginning of the file

causes the current file to be processed with the same inputs
used in the preceding file.
causes the input data tape to be rewound.

integer value of the number of file marks over which the input
data tape will be forward spaced.

terminates a block of data for one plot.
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ENDPHA - terminates a block of data for the file.

ENDJ@B - terminates 21l inputs.

1.2.

1227

1.2.2

1.2.3

1.2.4

GENERAL INFORMATION ‘

If XLf and XHT or YL and YHI are not input, they will be computed
from the maxima and minima of the data points for the first trace.
Care should be taken to input the variables if the bounds of the
first trace are exceeded by those of another trace. It should be
noted that in the case of CALCOMP plots, the values of XIL@, XHI,
YL@, and YHI may be adjusted to correspond to the optimum scaling
for the paper size requested.

A1l inputs carry over from block to block

If the CALCOMP option is selected, then the inputs applicable to DD80
are ignored and vice versa. As a result, both DD80 and CALCOMP inputs
may both appear in an input deck. The set of inputs used is
controlled by the setting of ICC@MP.

In the case of CALCOMP log plots, the logarithm of each point is plotted.
Since no provision is made for log paper, the scale will be linear.



Table 1-1. dd80 Plot Symbol Desigration

NCHAR Symbol on_Plot NCHAR Symbol on Plot
0 3 ‘ 32 )
1 o | - 33 " =
2 o 34 +
3 8 . 35 - (plotting dot)
A a | 36 = |
5 blank | 37. Y
6 A 38 =
7 B 39 $
8 c L0 *
9 D L1 (
10 E L2 d
T F L3 0
12 G L, S
13 H L5. 3
14 I L6 ’
15 - g 47 o
16 K L8 0
iy L L9 1
18 M 50 2
19 N 51 3
20 0 52 L
21 P 53 5
22 Q 54 6
23 R 55 1
2L S 56 8
25 T .57 9
26 U 58 * (apostrophe)
27 v 59 B
28 W 60 /
29 X 61 . (period)
30 Y 62 ?
31 yA 63 £

Note: All alphabetic and numeric symbols correspond to 1108 field data
code.



‘Table 1-2.
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Example of DDE0 Inputs

KUNIT = 8
IPRINT = 1
PLYT = X, 1, X, 2, ENDLST

CMULT =

1.E-6, 1.E-3
CADD = 5., -5.

TITLE = ID = GRAPH TITLE
XTABEL = ID = X-AXIS TITLE
YIABEL = ID = Y-AXIS TITLE
ENDPLT

PLgT=X,1,7Y,1, 7, 2,

Y, 3, ENDLST
CMULT = 0., O.
CADD = 0., O.

NCHAR = 29, 35, 34

g = -5.

TITLE = ID = GRAPH TITLE
XTABEL = ID = X-AXTS TITLE
YIABEL = ID = Y-AXIS TITLE
ENDPHA

(']

SKIP = 2
BECORD

10, 150, O
REPEAT

BACK = 1

¥*

*

‘Each'poigt
., 28 BOTS

The inpdt plot tape is mounted on
Unit 8. .

Print titles and points to be plotted
on the standard output tape.

First frame plots X (record type 1)
vs. X (record type 2)

of X(1) is multiplied by
and each point of X(2) is
multiplied by 1. x 1073.

After being multiplied by CMULT, 5.
is added to each point of X(1) and
-5. is added to each point of X(2).

Terminates inputs for first frame.

The second frame consists of three
traces, X(1) vs. Y(1), X(1) vs. 1(2),
and X(1) vs. Y(3).

Multipliers are reset (CMULT = O.
will cause the multiplier to be ignored!)

Adders are reset.

Plot symbol for the traces will be

x’ =iy
Lower limit of the YT-axdis.
Upper limit of the Y-axis.

and +, respectively.

Terminates inputs for second frame and
for phase. :

Skip the second and third phases.

¥ Plot data beginning with the 1081 data

# Backspace to beginning

record and continuing for 150 records,

Plot on the third and fourth frames
the same variables for ths fourth
phase as for 'the first phase.

of the fourth
phase.
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Table 1-2. Example of DD80 Inputs (Continued)

BECORD = 0, 0, O

NFILES = 3
REPEAT
REWIND
NFILES = 36
PLYT = T, 1, PRYD,
Y, 2, Z, 5, ENDLST

TITIE = ID = GRAPH TITLE
XIABEL = ID = X-AXIS TITLE
YLABEL = ID = Y-AXTS TITLE
ENDPHA

ENDJ@B

N~

# Reset record selector.

#* Plot data for the fourth, fifth, and

sixth phases cn the same frame.

Plot on the fifth and sixth frames
the same variables for the next three
phases as for the first phase.

Rewind the input plot tape and position
to the first phase.

Plot data for the next thirty-six
phases on the same frame.

The seventh frame plots T(l) vs. Y(2)*z(5)

Resets lower limit of Y—axis so the
minima of the ordinate points will be
used.

Resets upper limit of Y-axis so the

~maxima of the ordinate points will be

used.

. Terminates inputs for the seventh

frame and for the phase.

Terminates all inputs.

Only those inputs requiring values (i.e. inputs other than REPEAT, ENDPLT,
etc.) may be terminated by an asterisk and followed by comments.



Table 1-3.

Example of CALCOMP Inputs

KUNIT = 8
IPRINT = 1
ICCPMP =
PPNM = 1.0
CCHAR = 1
IFREQ = 2

PLgT = X, 1, X, 2, ENDLST

CMULT = 1.E-6, 1.E-3
- CADD = 5., -5.

TITLE = ID = GRAPH TITLE

XTABEL = ID = X-AXTIS TITLE
YLABEL = ID = Y-AXTS TITIE
ENDPLT

PLYT =X, 1, ¥, 1, ¥, 2,
Y, 3, ENDLST

CMULT = 0., O.
CADD = 0., O.
CCHAR = 2, 3, 6
IFREQ = 5, 10, 50

g = -5.
YHI = 10.

¥*

*

The input tape is mounted on
Unit 8.

Print titles and points to be
plotted on the standard output tape.

% Generate CALCQMP plots.

*
*

*

3¢

*

*

*

¥ Plot grid size set to 10 x 7

(abscissa x ordinate).

Plot symbol for first trace is +.
Plot reqﬁested symbol at every other
plot point.

First frame plots X (record type 1)
vs. X (record type 2).

Each point of X(1) is multiplied by
1. x 1079 and each point of X(2) is
miltiplied by 1. x 1073,

After being multiplied by CMULT, 5.
is added to each point of X(1) and
-5. is added to each point of X(2).

Terminates inputs for first frame.

The second frame consits of three
traces, X(1) vs. Y(1), X(1) vs. Y(2),
and X(1) vs. Y(3).

Multipliers are reset (CMULT = O.
will cause the multiplier to be
ignored!) -

Adders are reset.

Plot symbol for the traces is a, Z,
and X, respectively.

The plot symbol will be displayed at
every 5th, 10th and 50th point,
respectively.

Lowsr limit of Y-ads.

* Upper limit of Y-axds.

8-11
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" Table 1-3. Example of CALCOMP Inputs (Continued)

TITLE = ID = GRAPH TITLE
XLABEL = ID = X-AXIS TITLE

YIABl = ID =
YiAB2 = ID =
YIAB3 = ID =
ENDPHA
SKIP = 2

- REC@RD = 10, 150, O
REPEAT
BACK =1
RECZRD = 0, 0, O
NFILES = 3
REPEAT
REWIND
NFILES = 36

PLYT = T, 1, PRED, Y, 2,

Z, 5, ENDLST
g =o0.
YHI = 0.

TITLE = ID = GRAPH TITLE

IIABEL = ID = X-iXTS TITLE
YIABEL = ID = Y-AXIS TITLE
ENDPHA
ENDJ@B

FIRST TRACE Y-AXTS TITLE
SECOND TRACE Y-AXIS TITLE
THIRD TRACE Y-AXIS TITLE

Terminates inputs for the second
frame and for the phase.

¥ Skip the second and third phases.
# Plot data beginning with the 10th

data record and continuing for 150

" .records.

Plot on the third and fourth frames
the same variables for the fourth

.phase as for the first phase.

Backspace to beginning of the fourth
phase. :

# Reset record seiector.

¢ Plot data for the fourth, fifth, and

sixth phases on the same frame.

Plot on the fifth and sixth frames
the same variables far the next three
phases as for the first phase.

Rewind the input plot tape and
position to the first phase.

Plot data for the next thirty-six
phases on the same frame.

The seventh frame plots T(1) vs.
Y(2)*2(5).

Resets lower limit of Y-2xis so the
minima of the ordinate points will be
used.

Besets upper limit of Y-axis so the
maxdima of the ordinate points will be
used.

Terminates inputs for the seventh
frame and for the phase.

Terminates all inputs.

Only those inputs requiring values (i.e. inputs other than REPFAT, ENDPLT,
etc.) may be terminated ty an asterisk and followed by corments.
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JOB DECK SETUP S

The Univac 1108 control cards necessary to execute the CCDD80O program
are listed below. : :

Control Cards Comment
Vv JgB ' Form specified by local directive.
V ASG X = alpha character Tape number of the CCDD80 PCF tape.
or label ' :
V ASG F = input tape Tape number of the user's input plot tape.
VASG P=P, Q =Q Output tapes generated for CALCOMP -

neither P nor Q need be assigned if
DD80 plots are requested.

VvV XQT CUR " .
TEW X : Rewind PCF tape
IN X : Load PCF
TRT X
¥V XQT TRWPLT Execute program (overlay MAP)
DATA DECK (plot input) . e

V EgF .

NOTE: For a CALCOMP run, the color of ink, the pen thickness, and the
paper form must be specified.

Color of ink: BLACK or BK, BLUE or BL, RED or R.

Pen thickness: FINE or FN, MEDIUM or .MED, BROAD or BRD.

Paper form: Plain white or A, grid or B, 11 x 8 1/2 or C,
15 x 10 or D.

The local form provided for this purpose is:

NAME DATE PROJ

PLFTS SEQ. NO. TAPE NO.

PEN 02-04-06%%  INK BL-BK-R
FORM--1730A--1731B--1732C~-1733D




9. APPENDIX B -- Tape Formats

The only input tapes required by the VHF Antenna Simulation Program are the
trajectory tape and the antenna patterns tape. Normally, the antenna patterns
tape is included as a second file on the production PCF tape so that the user
is not aware of its existence. A trajectory tape must be mounted each time
the program is executed. Both of these tapes are FORTRAN binary tapes

operated in the 800BPI density mode.

9.1 FORMAT OF TRAJECTORY TAPE
The VHFASP trajectory tape consists of one file, Each record in this file
corresponds to precisely one time-point. Each record consists of twenty-five

words as desecribed below. The records are assumed to be ordered by increasing

times,
Word(s) Description
1 Trajectory time (in seconds)
2 - 4 Position vector of GCSM in basic coordinates,
Word 2
R = |word 3
oc
LWDrd 4
-
15--77 Position vector of IM in basic coordinates,
—Word 5-
R . = |Word 6
ol
Word 7
8 - 16 Direction cosine matrix of C3M,
[Word 8 Word 11  Word 14
Acb = | Word 9 Word 12  Word 15 .
LFord 10 Word 13 Word 16
17 - 25 Direction cosine matrix of LM,
Word 17  Word 20  Word 23 |
Alb = |Word 18 Word 21 Word 24 g
l_l_ImJ’ord 19 Word 20 Word 25




9.2 TFORMAT OF ANTENNA PATTERNS TAPE

The VHFASP antenna patterns tape is in an extremely compact format, packing
as much information in as little tape as possible. In this manner it is
possible to reduce tape manipulation to a minimum and hence to increase
reliability while decreasing run time. The antenna patterns tape consists
of one twelve-record file. Each record corresponds to precisely one CSM or

IM antenna configuration. Records appear in the following order:

Record Description
1 Pattern data for CSM low frequency antenna A
2 Pattern data for CSM low frequency antenna B
3 Pattern data for CSM high frequency antenna A
4 Pattern data for CSM high frequency antenna B
5 Pattern data for LM low frequency, descent, antenna 1
6 Pattern data for IM low frequency, descent, antenna 2
7 Pattern data for IM low frequency, ascent, antenna 1
8 Pattern data for IM low frequency, ascent, antenna 2
9 Pattern data for LM high frequency, descent, antenna 1
10 Pattern data for IM high frequency, descent, antenna 2
11 Pattern data for LM high frequency, ascent, antenna 1
12 Pattern data for LM high frequency, ascent, antenna 2

Each record consists of a single 90-row by 180-column matrix representing,

in two degree increments, all of the points located on a sphere about the
antenna. Each entry in this matrix is a twelve digit octal integer representing
all of the antenna pattern data for this particular antenna configuration at

this point. The information is coded into these octal digits as follows:

Digits Description
1 -2 PrC antenna pattern data
3 -4 P antenna pattern data
lcp
5-6 P¢+450 antenna pattern data
7-38 Pg+45o antenna pattern data
9 - 10 P¢ antenna pattern data
11 - 12 P, antenna pattern data



9-3

The antenna pattern data thus obtained must then be converted to a decimal
integer and subtracted from the appropriate gain reference value to obtain
the gain (in decibels) of the antenna at this point. The gain reference

values for the various antenna configurations is given below.

Vehicle  Frequency A/D Status Antenna PO-P¢ Pg+45-P¢+45 P =Py
CsSM LOW -- A 5.52 5.48 3.76
CsSM LOow -- B 5.45 5.41 3.74
CSM HIGH -- A 6.19 6.29 3.27
CsM HIGH -- B 5.10 5.12 3.25
LM LOW D 1 6.79 3.56 5.68
M LOW D 2 7.64 1.58 4,77
M LOW A 1 4.25 4,29 5.60
LM LOW A 2 3.44 3.08 5.30
LM HIGH D 1 2.47 2,30 5.96
M HIGH D 2 6.04 5.10 6.28
M HIGH A 1 3.51 1.69 4.91
M HIGH A 2 3.06 3.24 4.19

9.2.1 An Example
It is known that at the trajectory time-point 4.02.56.31.7 the look angles

of the CSM along the direct path to the IM are © = 3.123 and § = 3.074. What
are the gatns of the six antenna patterns at this point for antenna A operated
in the low frequency mode?
Solution: The antenna pattern data for CSM low frequency antenna A is located
in the first record of the antenna patterns tape. We must locate the proper
entry of this matrix to obtain the pattern data.
Converting the look angles to the nearest two degree increments we have: @ = 1780,
P = 176°. Hence, the entry we are looking for is located at row 89, column 88.
Refering to a dump of this tape we find this entry to be 130710261214. With
the aid of Table 9.1 we determine the antenna pattern data as 11,7,8,22,10,12,
The desired antenna pattern gains are then:

Prcp =3.76 - 11 = -7.24db, Plcp = 3,76 - 7 = -3.24db,

5.48 - 8 = -2,52db, = 5.48 - 22 = -16.524db,

Poease = Po+4s50

P¢ = 5.52 - 10 = -4.48db, Pg = 5.52 - 12 = -6.48db.
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10. APPENDIX C -- Utility Routines

The VHFASP package contains two utility programs which dump and order the

trajectory tape as may be required when a new trajectory tape is obtained.

10.1 UTILT1
The program UTILT1 dumps the VHFASP trajectory tape onto either microfilm or
print or both., Input is via the FORTRAN namelist "$INPUT." The input parameters
are TAPE (trajectory tape identification number), FIIM (0 indicates no microfilm
output desired, 1 indicates microfilm output desired) and PRINT (0 indicates
no print output desired, 1 indicates print output desired). 1In addition to
listing each record on the trajectory tape, UTILTl provides the number of
records, NRECDS, on the tape.
The trajectory tape must be mounted on unit "E'" (FORTRAN I, D. Number 7) in the
800BPI density mode. UTILTl may be executed before or after VHFASP or inde-
pendently of VHFASP. The required control cards are indicated below. It is
assumed that the HVO14B PCF tape has already been entered into the user PCF
area.

¢

1

VAASGAE=(trajectory tape number)
VAXQTAUTILTL

[input data

VAEOF

10.2 UTILT?

The program UTILT2 reorders a given VHFASP trajectory tape so that records
are in order of increasing time. Input is via the FORTRAN namelist "$INPUT."
The sole input parameter is NRECDS (number of records on the old trajectory
tape).

The old trajectory tape must be mounted on unit "D" (FORTRAN I. D. Number 4)
in the B00BPI density mode. The new trajectory tape (to be saved) must be
mounted on unit "E!" (FORTRAN I. D. Number 7). UTILT2 may be executed before
or after VHFASP or independently of VHFASP. The required control cards are
indicated below. It is assumed that the HVO14B PCF tape has already been

entered into the user PCF area.



A

(o4
c

1

VAASGAD=(0ld trajectory tape number)
VAASGAE=SAVE (new trajectory tape to be saved)
VAASGATI,J,L. (three FASTRANDS required)

VAXQT AUTILT2

[input data

VAEOF
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9. APPENDIX B -- Tape Formats

The only input tapes required by the VHF Antenna Simulation Program are the
trajectory tape and the antenna patterns tape. Normally, the antenna patterns
tape is included as a second file on the production PCF tape so that the user
is not aware of its existence., A trajectory tape must be mounted each time
the program is executed. Both of these tapes are FORTRAN binary tapes

operated in the 800BPI density mode.

9.1 FORMAT OF TRAJECTORY TAPE
The VHFASP trajectory tape consists of one file. Each record in this file
corresponds to precisely one time-point. Each record consists of twenty-five

words as described below. The records are assumed to be ordered by increasing

times.
Word(s) Description
1 Trajectory time (in seconds)
2 - 4 Position vector of CSM in basic coordinates,
Word 2
R = | Word 3
oc
LWord 4
-
5 -7 Position vector of LM in basic coordinates,
-Word 5—
R = Word 6
ol
7
Lyord 5
8 - 16 Direction cosine matrix of CSM,
-ﬁord 8 Word 9 Word 10
A = Word 11 Word 12 Word 13
cb
Word 14 Word 15 Word 16
17 - 25 Direction cosine matrix of LM,
[Word 17 Word 18 Word 19
Alb = Word 20 Word 21 Word 22
Word 23 Word 24 Word 25

9-1 (Mod 1)
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1

VAASGAD=(0ld trajectory tape number)
VAASGAE=SAVE (new trajectory tape to be saved)
VAASGATI,J,L (three FASTRANDS required)

VAXQT AUTILT2

anut data

VAEQF

10.3  UTILT3
The Utility Program UTILT3 allows the user to input trajectory data for the

VHFASP program on cards rather than from a trajectory tape. Input is via the
FORTRAN namelist "$INPUT." The input parameters are T (time in seconds),

R@PCB (position vector of CSM), RPLB (position vector of LM), ACB (direction

cosine matrix of CSM) and ALB (direction cosine matrix of LM). Input is terminated
by setting all parameters to zero.

Unit "E" (FORTRAN I, D. Number 7) must be assigned to a FASTRAND file. UTILT3

must be executed immediately before VHFASP, The required control cards are
indicated below.

:

¢

1

VAASGAE
VAXQT AUTILT3

input data
VAXQT AHVO14B

input data

VAEOF
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