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" FOREWORD

This report has been prepared in accordance with requirements
of Contract JPL 953058 to present a description of a computer
program resulting from a four-month development effort performed
for the Jet Propulsion Laboratory by the Martin Marietta Corpora-
ticn, Denver Division. The report is submitted in two volumes,
Volume T is a description of the program and its operation, Volume
IT contains the appendixes, which include sample data cases to aid
initial input setup and program checkout.

This work was performed far 1he Tot Propulsion Laboratoty,
California ™ -v. sponsored by the
National A~ acs and Space Administration uudes
Coutract NAS7-100,
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1. INTRODUCTION

This report is a description of "'Thé Outer Planet Data Pre-
sentation Computer Program." ‘The program provides visibility in-
to the acquisition Of science data for alternate missions;'i.e.,—
it could be termed a "Preflight Science Mission Performance Pro-
gram." The objectives of the computer program were to provide a
user with the capability to rapidly evaluate and manipulate mis- -
sion variables, which include options on: - )

Instrument characteristics;

Instrument pointing and scanj
Spacecraft; | "

Data sample rate; .

Flyby and orbiter trajectories;

e & o & & @

Natural satellites.

Even though these numerous options were established for flexibig
_performance analyses, ease of operation was specified to be of
primary importance, Thus, liberal use was made of built—in mis-
sion variable data (which can be overridden), minimum number of
mandatory inputs, multiple cases per submittal, and graphic plus
tabular data presentation,

The program concept originated from the "1975 Venus Multiprobe
Mission Study" performed under JPL Contract 952534 in early 1970.
This study used "sciehce value functions™ to aid in properly allo-
cating mission resources between competitive.instruments, descent.
profiles, planet targeting, and number and configuration of entry
probes. For the present purpose the broader mission objectives,
mission mode variables and multiple encounters make a subjective
value function more difficult to achieve. An alternative, con-
ceptual approach envisioned the development of summary science
data returned from an entire multiple planet/instrument mission.
The first step in this approach is to develop a core program that
presents the general mission geometry and instrument data return.

The essence of this core program is to provide simple parametric
: input with proper modeling to enable the user to compare instru-

ments, trajectories, and systems through relevant quantitative
data. This became the design criteria for the program described
herein.
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To accomplish the above, the “scope of the development was de-
fined to include construction of the EXECUTIVE (main or core)
routine, geometry presentation, TV system modeling, and other in-
struments as time allowed, The approach consisted of using a
series of existing JPL "building blocks" and programming in the
common UNIVAC-1108/CDC-6500 computer language area. The use of
the building blocks results in a program that has much of its
capability-being continuously maintained, . used, and 'improved by
JPL in conjunction with other associated efforts, These building
blocks consist of approximately 70 subroutines, operational on
the JPL UNIVAC computer, and are used for vector manipulation,
trajectory generation, natural satellite ephemerides, plotting,
and other basic data manipulations.

The program was developed on Martin Marietta's CDC 6500 com-—
puter. Thus, the common areas in the CDC~6500 UNIVAC-1108 language
were used to minimize comversion to the JPL machine (Section 3.3).

The program is described herein in terms of summary, general
overview, flow diagrams, symbol dictionary, operating procedures,
and sample cases, Management's interest would most probably in-
clude the Introduction, Summary, and the first part of Program
Description (Sections 1, 2, 3, and 3.1). These portions of the
report yield a general knowledge with the program and its purpose,
application, flexibilities, and limitations. The user, at a mini-
mum, should add Model Operating Procedures (Section 5.0), and
Appendix A, Volume II. The remaining sections deal with in-depth
details and are recommended for the computer—oriented user and
programming analyst.

Special.recognition is given to the Martin Marietta personnel
listed below £or their contributions to the devélopment of the
program and program documentation. ’

Bargar, A, Stofifel, R,
Bullard, §. Swain, D,

Bynum, M. Vairin, C.
Carney, P. Ziehm, R,
Hanson, B. Froechtenigt, J.

Howard, E.
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2. SUMMARY’

-

The program contains three major sections of responsibility
and one support area, as shown below,

Y

INPUT MAIN QUTPUT

T'

©

SUPPORT
LIBRARY

The MAIN section governs the total overview and logic flow through
the program, i.e., spacecraft, system, instrument, and program con-
trol options. MAIN uses the data provided by INPUT for control

and initialization, the LIBRARY of subroutines for performing the
calculations, and the OQUTPUT section for data presentation,

The program is basically for near planet operations {(within
a planet's sphere of influence). Thus, the trajecgory data are
obtained via the JPL subroutine ORBIT, a conic propagator. The
natural satellite data are supplied from the JPL subroutines
JOVSAT, SATSAT, NEPSAT, and URASAT for. Jupiter, Saturn, Neptune,
and Uranus, respectively, This enables rapid calculation of
geometric parameters for flyby or orbiter type missions. The
program is capable of processing, with a, single input to the com-

puter, multiple encounters, alternate orbits, instiument changes,
etec.

To ensure ease of familiarization and use, numerous canned (or
default) values were built into the program. The canned values
are used by the program if values are not specified by the user;
i.e., built in input is used by default. It is suggested that
this capability, in conjunction with the minimum input option,
be used as a first run to initialize the program. A small number
of runs with additional inputs enable the user to rapidly become
familiar with the program options, input, and output.

2~-1
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The minimum input option consists of those mandatory inputs
that must be specified by the user to operazte the program and
obtain output. The total number of mandatory inputs 1s 13; nine

data, and four "flags." The inputs are as follows:
INPUT CODE
NUMBER INPUT DEFINITION UNITS

02 Planet number of interest -

04 Encounter time Yr/Mo/Day
06 Flag to specify trajectory -

input vector

07 Trajectory data input {Option

12 Dependent
23 Instrument type desired --

96 Multiple case indicator --

98 End of data case flag -

99 ~ Flag to terminate run --

With. the previous minimum input'run in mind, the following
options are available through simple flags (alternate values in
identical input code numbers) and input data:.

1) Spacecrdift Identification Options —
© TOPS - Earth oriented;
©® TOPS - Sun oriented;
® PIONEER - Spin stabilized.
2) Instrument Pointing Options -

@ Alignment with the radius vector (with automatic
repositioning, when the radius vector falls be-

hind the terminator, to the center of the 1lit
crescent);

© TInstrument pointing varied by input cone and
clock angles for each measurement.

3) Measurement Timing Options -

® Linearly spaced intervals set by time between
measurements, and a start and stop time;
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® Interval determined by the cube of the time
from encounter;

@ Timing determined by user's input time for
cone and clock angles.

4) Output Intervals -

@ Plotting can be output for each measurement
or for specified measurement increments;

© Printing can be cutput for each measurement
or for specified measurement increments, and
does not have to be equal to the plot increments.

5) ZProgrammed Instrument Options -

8 Canned values for the characteristics of six
different TV systems are included;

© Canned values for the characteristics of a
magnetometer and magnetic fields of Jupiter
and Saturn are included;

® User inputs are available for definition of TV
and magnetic field;

@ Inputs are also available to define magnetic
pole vector, bow shock, and magnetopause.

6) Trajectory Data Input - s

@& Encounter may be either-a calendar date or a
modified Julian date;

@ Trajectory elements can be input as a classical
set, in terms of the arrival asymptote, or in
terms of the velocity and position wector at
engounter;

® Orbit variations.

Several options idclude multiple cznned variables, e.g., space-
craft identification and TV systems.

The output, as indicated previously, consists of both tabular
(Table 2-1) and graphic (Table 2-2) displays.. The tabular data
consists of the following three categories:

¥ 1
@ One time per case;
© If reguired;

€ Case results.

2-3
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Table 2-1 Output Tables

. Input data listing

. XZ (I) values in storage

1
1
1. Tunstrument characteristics
1, Planet data

1. Computations for minimum picture taking interval
1. Picture number and time

2. Exposure time check and reset

3, Picture taking parameters and quality

3. Satellite view data

3. Resolution data for satellites

3. Smear data for satellites

Note: 1. Printed one time per case

2. Printed if required

3. Printed at specified time increments

Table 2~2 Graphic Qutput

© Planet and satellite orbits, spacecraft flight path, and
vectors to Earth and sun (A)

+® Flight path around planet (A)

.® Magnetic field
Cone and clock angles of magnetic flux vectors (F)

® Field of view versus time (planet and satellite) (T)

® Path of planet in spacecraft cone and clock coordinates (size
and orilentation as seen from S/C) (0) :

©® Picture resolution at center for (planet, satellite) (0)

«® Smear due to .spacecraft and target motions (number of pixels
smeared) (0)

«® Number of plctures versus resolution level (0)

1

*® Range from satelllite versus time
Phase, cone, and clock angles of satellite versus time (0)

*® Earth~satellite-spacecraft angle versus time
Satellite full angle versus time (0)

¢® Range to planet and satellite versus time (0)
‘® Planet phase, cone, and clock angle versus time (0)

@ Satellite phase, cone, and clock angle versus time (0)

A - An instrument T - TV only
F ~ Fields and particles only 0 - Optional

24
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When the instrument is a TV camera approximately 20 values of the
instrument characteristics and the minimum picture taking intervals
comprise the data that are calculated in the program instrument and
spacecraft data system modeling. The “If Required" tabular print
occurs when the TV EXPOSURE and EXPOSURE-TIME are adjusted; the
checking and adjustments are accomplished automatically, and the
event is printed. The user specifies a desired imaging sample rate,
and the program performs the following tests and adjusts the sample
rate to the maximum permissible if the tests fail:

® (Compares a bit rate requirement versus combination of
bulk storage and bit rate capability;

® Compares desired sample rate versus minimum camera
" frame read time; ’

@ If it is a spinning spacecraft, desired sample rate is
compared with rotational rate. )

Any required adjustments in the sample rate are printed when they
occur and an accumulated number of changes are indicated.

Again for the TV instrument the "Case Results," in general,
conform to the plotted data in digital format except for a small
number of instrument system parameters such as:

¢ Exposure Time for Camera (millisec);
® Power Density at Lens (ergs/sq-cm/sec);
® Power Density on Sensor (ergs/sq—cm/sec);
® Exposure (ergs/sq cm).
The Case Results are best illustrated by the graphic data.

Since all uses of data could not be included, some examples ate
discussed in both the geometry and data return areas.

Figure 2-1 illustrates the gemeral encounter overview of
Jupiter from a typical 1977 Earth-Jupiter-Saturn-Pluto mission.
The "ticks'" on the trajectory and satellite orbit plots are 1
hour apart. The satellite names are printed when. the trajectory
is at its lowest altitude with respect to Jupiter. Thus, at
least the¢ following can be gleaned from this single picture:

e Relative time and distance spent at near encounter;
© Potential satellite encounters;

® Potential simultaneous satellite/planet imaging;
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® Potential satellite occultatiocns;

® Time spent in possible planet occultation.

+ +
trpassedt?

4,
+y ¥
., +¥
gttt

APITER

Fig. 2-1 Jupiter Encounter

Figure 2-2 illustrates a Uranus encounter that emphasizes
the ecliptic inclimation of the rotational axis, and the dif-
ficulty in establishing multiple satellite encounters. Figure
2-3, cone and clock angles versus time (which can be correlated
with tab output) is associated with the:previous Jupiter en-
counter. The satellite (Europa) was called as a special option.
Thus,  one can see the similarity-in the required scan platform
commands. This type of figure can also be used to define desired
scan platform limits, determine the effect of specific platform
limits, oxr define scan rates. Figure 2-4 indicates the relative
size of the satellite disk to the 1 degree field of view on the

planet. Figure 2-5 clearly demonstrates the closest approach to
the satellites of Jupiter.
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Figure 2-6 illustrates the number- of pictures taken with a
resolution greater than three reference values. Direct compari-
sons between trajectories, spacecraft systems, and TV systems can
be made with this summary plot. Figures 2-7 and 2-8 display the
resolution versus time for the primary planet and satellites. ’
Timing sequences can be made and trajectory comparisons and mis-
sion mode tradeoffs can be evaluated, Figure 2-9 indicates mul-
tiple spacecraft capability comparisons through overlays. The,
spinning spacecraft system yields 135 pictures with resolution
greater than 300 km, and the TOPS: spacecraft yields 19,200 pic-
tures with resolution greater than 300 km. The maximum planet
and satellite resolution is an order of magnitude greater on TOPS
than with the spinning spacecraft system, Figure 2-10 contains a
view of the trajectory with respect to bow shock and magnetopause.
The characteristics of these two phenomena can be altered by input.
The trajectory time "ticks" are 1 hour apart, which can be used
for timing evaluations. Figures 2-11 and 2-12 are the cone and
clock angles of the magnetic flux vector, which can be used to
develop or evaluate particle.pointing reguirements versus time
and trajectory. Figure 2-13 shows the surface field strength
detectability of a user-specified instrument, which is a parameter
that can be used in various direct tradeoffs.

4

With the general concept in mind, the following improvements
are suggested:
1) Expanded Imaging Data =

® TPlanet coverage (fraction of planet covered
with resolutions better than 300, 100, 50,
10 km per pixel);

® Number of pictures of specified features (e.g.,
red spot, latitude bands) with resolutions
better than 300, 100, 50, 10 km;

® Required scan sequence to track satellites
when resolution is better than X km.

2) Add a full complement of instruments;

3) Construct a bookkeeping data system;

4) Power requirement bookkeeping;

5) Add an outer loop for summarizing multiple case data;

6) Develop probe trajectory capability with attendant
data link;
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7) Expand instrument design capability;

8) Incorporate iterative loop for maximizing desired
parameters through alternate trajectories and/ox
instrument characteristics;

9) Incorporate a more accurate trajectory propagator
for selected usage,

In conclusion, the program represents a powerful tool. How-
ever, it represents a small step in automating the "Science Mis-
sion Performance" evaluation capability.

2-14
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3. PROGRAM DESCRIPTION

The Outer Planet Data Presentation Computer Program consists
of an executive driver program (MAIN) and some 105 subroutines
that perform many different functions. Some of the subroutines
perform gpecific calculations dealing with a given science in-
strument; others are vector manipulators: several produce one or
more plotted outputs; two are concerned with the reading of input
cards and the tabulation of output data (Section 6). This sec—
tion describes how these many subprograms fit together.

The primary function of the model is to display, in graphic
and tabular form, the science data return that can be expected
from a given instrument when carried past a planet by a spacecraft
on a particular orbit or trajectory. Thig display provides a
measure of the data's quantity, as well as its quality. In ad-
dition, a limited number of design parameters are computed, such
as TV exposure times and lens f/stop. Table 3-1 shows the re-
lationship between the inputs, the program subroutines, and the
various outputs.

3.1 General Program Loglc (Overv1ew) — The model may be divided
into three sections. In the first section, the model is initial-
ized, input data is read in, a trajectory overview is plotted,
and a timing sequence for the measurements to be taken by the
instrument is determined. The gecond section performs the cal-
culations, plots, or data tabulations associated with each
meagsurement of interest; the third section provides summary out-
put plots of the calculations already performed.

Figure 3-1 displays these functions in a slightly more de-
tailed fashion. As shown by the figure, the route through the
mcdel 1s presecribed by the type of instrument carried by the
spacecraft, and five alternatives are shown whereas there are
several other obvious instrument possibilities. During the course
of the contract, the effort was directed toward a rather complete
treatment of the IV imaging instrument, It was the intentiom
during the contract to provide the capability of adding other
instruments in future developments.

Block 1 (Initialize Program) rewinds the output tapes and sets

counters to zero. Block 2 (Read Input Data) reads the mission
input data (Section 5).

1
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Table 3-1 Simplified Block Diagram of Presentation Model Operation

INPUT DATA

DATA PRESENTATION MODEL

OUTPUT DATA

Planet Number

® Specified Satellite Number

@ Encounter Date

@ Instrument Characteristics

® Model Operation Flags and Intervals -
Instrument Pointing’Mode;
Measurements Start and Stop Times}
Measurements per Calculation;
Calculations per Piot;
Calculations per Printout;

- Planet/Satellite Run Flag;
Minimum Switch Range;

Inhibit Switch to Sateliite
Start and Stop Times;

Summary Plot Flags.

® Executive Driver - MATN

® Instrument Characteristics
and‘ Properties Routines

® Planet, Satellite, and Space-
craft, Position Subroutines

@ Vector Utility Subroutines
® Plotting Subroutines -

® Tabulation Subroutines

© Tabulation of Input Data

& Plots and Tabulations Rel-
ative to Individual
Measurements

® Plots Showing Overview

© Plots Summarizing Expected
Instrument Data Param-
eters versus Mission Time

18T-1/-40W
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1 Initialize Program ’_
|
2 Read Imput Data
I ——_——
| [ I T T i
None TV FP IR v

S T N S R

Translate Input Data Into Instrument
Characteristics Array

Convert Input Date
to Julian .

l

Transform Input Orbital Elements
te Standard Classical Ones

Plot Overview of Spacecraft Trajectory

Is
Instrument
For Particles
oxr Fields

Yes

No

o

Plot Magnetic Field,,
Magnetopause & Bow
Shock

Y

8 Generate Time Sequence

Find Sun, Earth, Planet, Satellite
and Spacecraft Positions

Fig. 3-1 Simplified Program Logic (Overview)
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Inst

10

12
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— Caleulate Various Vector Relationships
Tr Fp IR Uy
@ @ @
11
Does Plot Planet
Plot Flag Viewed by
=1 7 v
No
Calculate:
Image Resolution
Image Smear
Acceptable Pictures

|

Calculate: Range, Cone, Clock
and Phase Angles

l 14
ces Printout
Print Flag Yes | Instrument
=1 7 Data
[( No

=

13

!

Increment Counters

Is
This .

No

Calculation the
Last One

Fig. 3-1 (cont)
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15

Is
Ist Digit Yes

N

Plot Planet
Cone & Clock
Angles

No
Inst

T

T 1

D

IPlot Resgdélution

vs Time

Plot Smear
vs Timg

Plot Good Pic
(Four Limits) .
vs Time

|

Plot Range, Cbne,
Clock, Phase to
8 Satellites

Plot'Range, Cone,
Clock, Phase to

Planet/Satellites
: v

21

=300

Reset Program as Appropriate

Fig. 3-1 (concl)

a1 ————— i
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Once the input data has been read, the next set of functions
1s indicated by Block 3, which translates a given portion of the
input or canned nuwmbers into specific meanings with regard to the
mission's instrument. For example, input card 36 with a value of
X2(36) 1s translated to a variable P(6), which is the focal length
of the TV lens or is the magnetopause range if the instrument is
measuring fields.

Block 4 converts the input calendar date into a Julian date,
while Block 5 provides manipulations to convert the input tra-
jectory elements (cards 07 through 12) into a classical set, which
consists of the semimajor axis, the semilatus rectum, the argument
of the ascending node, the longitude of periapsis, the inclination
of the orbit, and the orbit eccentricity.

In Block 6, the relafionship of the spacecraft trajectory, the
position of the planet's satellites, the direction of the sun
(marked with a 7), the direction of the Barth (marked with a 6),
and the antiperiapsis direction (marked with a 2) can be seen.

The position of each satellite at the time of the spacecraft's
periapsis is marked with the name of the satellite, which enables
tracing the relative hourly positions of the spacecraft and
satellite, Similarly, when the instruwent measures particles or
fields, the orbital position of the spacecraft is plotted with
respect to the planet's magnetic lines of force, and a second plot
shows spacecraft position with 'respect to the planet's magneto-
pause and bow shock line. These plots are shown in Block 7.

In Block 8, the time sequence for the measurements conducted
by the instrument is generated. This sequence can take three
forms: a linear one dictated by the inputs of start, stop, and
delta time for the instrument; a time sequence that provides an
optimum plot of the cone and clock angles of the planet during
encounter; or a set of measurement times. input by the user.

Starting with Block 9 and extending through Block 14, the
calculations, printouts, and glots are performed with regard to
a specific measurement of the instrument and correspond to one
of the sequence times generated in Block 8. Block 9 calculates
many wvector relationships between the sun, Earth, planet, space-
craft, instrument pointing, and the various gsatellites of the
planet, which are used‘in other portions of the program.
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The program then takes one of the five possible paths that are
instrument dependent. In the case of TV, the flow is to Block 11

with the plot flag equal to 1, as it will every Nth calculation,

N belng an optional input. With no input, N is set to 1 and Block
11, which plots the view as seen by the TV, 1s entered on each
calculation.

Block 12 contains the subroutinee required to calculate the
resolution of the image, the 1mage smear, and the number of pictures
that have a resclution better than four input levels. The results
of these calculations are sequentially stored on tapes for later
readout, to produce summary type plots. In Block 13, further geo—
metric parameters describing the range and angular relationships
of the planet and its satellites are stored on tape.

When the print flag equals 1 (every ch calculation), suitable
output data are tabulated for that measurement (Block 14). With
this tabulation, the program returns to statement number 5 to
consider the next measurenent.

When all measurements have been processed, the. program is
governed by an input agix digit number stored by card 90. When no
card 90 is read, all six digits are set to zero by default and no
further plotting is accomplighed. If any of the digits are set
to 1 by card 90, the plotting Blocks 15 through 20 are called on
to produce the desired plots, as shown below:

111111 .
L—————%ﬁPlot planet cone and clock angle posi-
tion in Block 15
Plot TV resolution plots (Block 16)
———»Plot TV image smear plots (Block 17)

beeP>Plot number of pictures having resolutions better
than four levels

——¥>Plot range, cone, clock, phase, and half angles for
eight possible satellites as well as time to switch

—»Plot range, cone, clock and phase angles to planet and
specified satellite.

After the last summary plot is completed, the program terminates
or recycles with new data (as indicated in Block 21 and governed by
input cards 96, 98, and 99).
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3.2 MAIN Program Logic and Flow Diagram - MAIN calls for the
basic set of input data to be entered into computer storage. It
then manipulates the main thread of the calculations by calling
up other subroutines as required to obtain a complete set of data
points, which are then stored on tapes, to be used In generating
plots and output tables.

Table 3-2 presents the MAIN Fortran statements; Figure 3-2
presents the MAIN logic flow. Since MAIN calls other subroutines
to perform various calculations, a brief statement of the opera-
tion performed by the called subroutine is contained in the figure.
In many cases a subroutine called by MAIN will call other sub-

routines. The flow diagram illustrates second and third levels
of subroutine operations.

3-8
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Table 3-2 MAIN Subroutine Source Listing

PROGRAM MAIN(INPUT, QUTPUT,FILMPL ,TAPES=INPUT,TAPESG=0UTPUT,TAPE?,
*TAPES, TAPED, TAPELD, TAPELL ,TAPEL2)

MAIN=2

COMMON/HEDING/TITLE (13)

COMMON/CHARLIE/ NCODE;NREC ,IPsIVS,NSC,IFLST,NCB
REAL JDE(3),J40V

COMMON/ JDAYS/ JOV,TT

COMMON /PLCONS/GMS,GHPL (12} oRSsRPL(L2) oSNAME(2) ;PLNAME(2,12) ,
X SRV(3) sPLPY(3,12) , SYE(3) yPLVE(3412) o SROT,PLROT(12) 4SOBL ,PLOBL {12)
COMMON/REVER/RGTHIZ)

COMMON/CHARAC/P (50) :
COMHON/FOROUT /DUNMYBH43)  IPCN,DUHNYC(5)
COMMON/CELEST/C (3),S (3) , SN(3)

COMMON/ STUFF/ XN (3) 4 DUNNF (1103
COMMON/STUF 1/ XSAT(3),

COMMON/ GEOM/XE(3) 4 XP (3}
COMMON/CAM/CCONE(200),CCLOCK{200)
COMMON/TEST/ITEST(97)
COMNON/FLAGS/IFLT,IFLPL,IFLPR

COMMON/ZTCONS/ TCONS(260) -

COMMON /TRA/TRACE,DUMMYA(L3)

COMMON/XZ/XZ(97) ZVAR/VAR(S7)
COMMON/FLYBY/DUML(B)Y 4X(3) ,DUN2(S)

DATA C/=.06034330,.23724160,-4369574697 .
FLAG(A,B)=AMDD(A,B) '

INITIALIZATION AND ONE YIME CALCULATIONS

CONTINUE

REWIND 7

REWIND 8

REWIND 9

REWIND 10

REWIND 11 :
REWIND 12

RPD=3.14159/180.0
I=1 )
NREC=1

NCB=D

IFLST=0 .

CALL INIT280

CALL PLANET(SHNOTRA)
CALL INRUT(NP)
IF(XZ{85)oNEs0) IFLST=1
DATE=XZ (4}

IP=XZ (2}

e e e e e e — - - — -
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_Table 3-2 {cont)

IyS=XZ (3)

NSC=XZ (18)

CALL CPLANN(IP)
CALL SCROT(ROTH)

RIEVE INSTRUMENT CHARACTERISTICS

INST=1

IF (ITEST(22) s NE.O) INST=XZ(22)+0.01
INSTR=INST/100 + 1

GO TO (10,11,12,13,14),INSTR

CALL NOCHAR(INST)

G0 TO 28

CALL TVCHAR(INST)

GO TO 20

CALL FPCHAR(INST)

" 60 TO 20

13
14
SET

20

CALL IRCHAR{INST)
G0 TO 20
CALL UVCHAR(INST)

UP TIME SEQUENCING FOR CALCULATIONS

CONTINUVE

IF(DATE.GE.0) CALL CALNDR(JDE,2HJD,DATE,5HCAL19)
IF(DATE-LT.0) CALL CALNDR(JDE,2HJDy~-DATE,5HMODJD)
DAYERS=DATE-INT (DATE)

JDE=JDE+DAYERS

CALL ORBIN(XZ(5),3)

SAVE=JOV

JOV=JDE

CALL PSATP

JOV=JDE

IF(INSTR.EQ,3Y CALL FIELODS

JOV=SAVE

IF(INSTR.EQ.3) GO TO 800

CALL TCON{(NP)

INTPL=1

INTPR=1

IF(ITEST(81).EQ.1) INTPL=XZ(81)

IF(ITEST(82) .EQe1) INTPR=XZ(82)

RAPER=RPL(IP)

IF(ITEST(85).EQ.1) CALL PSCONS(RAPZR,6HRADIUS,1IVS,IP)
NPC=P(39)

START LOOQP
JOV=JDE+TCONS (1)

IFLPL=D
IFLPR=0

IF CIFLOAT( (1=1) ZINTPL}) LEQ. (FLOAT(I)~140)/FLOAT (INTPL)) IFLPL=1
IF§GFLOAT ((I-1) /INTPR)) o EQe (FLOAT(I)=140) /FLOAT (INTPR)) IFLPR=1

3-~10
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Table 3-2 (cont)

CALL TCONV{TT,3HSEC, TCONS(I) 33HOAY)
IF(NSC+GE.G)} CALL PLPOS{XE,JOV,3)

CALL PLPOS({XP,JDV,IP)

IF(IVS.6T.0) CALL PLASAT(XSAT,JDV,IVS,IP)

CALL ORBPOS {X;

Tin

CALL VEQUAL {XNy X)

TX=TT7T/86400.

IPCN=(I=1)*NPC+1

THAGX=ABSV (X}

TANGLE=ASIN{RAPER/THMAGX) ¥*RPD

IF(ITEST(83) e EQs1ANDJTMAGX sGT4XZ(83})

IFLPL=IFLPR=0

IF(ITEST(&#).EQ 1.AND-TANGL «LTeXZ(B4)) IFLPL= IFLPR a

CONTINUE

CALL VCOMB(S, XP,-i.D Hy=1,0) °

CALL CAGL
GO TO (880,210
CONTINUE

TV ROUTINES

92205 230,240) yINSTR

IF(IFLPL.EQ.1) CALL PICZ2(P(4%k)
CALL RESO(4HCALC)

CALL SMEAR(4LHCALOD)
CALL MRLG{4HCALC)

GO 70 290
CONTINUE

FP ROUTINES

GO TO 290
CONTINUE

IR ROUTINES

GO TG 290
CONTINUE

UV ROUTINES

CONTINUE
CALL OTJAZ(4HC

AL Q)

IF{IFLPR.EQ.1) CALL OUTS

I=I%1
NREC=NREC+1
TF(I.LT.NP+1)

END LOOP

G0 10 5
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Table 3-2 (concl)

ZOUT=XZ (90)

IF (FLAG(ZOUT, 10 «)4GT.04) CALL GEOPLT .
CALL FRAME .
GO TO (800,3105320,330,340) ,INSTR
CONTINUE

TV ROUTINES

IF(FLAG(ZOUT,100.) +6E+104) CALL RISO(LHPLOT)
IF(FLAG(ZOUT,1000,.) »GE.1004) CALL SMEAR(LHPLOT)
G0 To 398 e .
CONTINUE

FP ROUTINES

60 TO 390
CONTINUE

IR ROUTINES

G0 TO 390
CONTINUE

UV ROUTINES

CONTINUE L o
IF (FLAG(ZOUT,100004) +GE.1000.) CALL MRLC (4LHPLOT)
IF(FLAG(ZOUT,1B50604)«GE.10000+) CALL OTJAZ (4HPLOT)
IF (FLAG(ZOUT,10300804.)+GE.1000080.) CALL OTPLT
CONTINUE

IF (ITEST(96).EQ.0D) GO TO 1000

IF (XZ{96) «EQe 0. 0) GO TO 1000

IF (XZ(96) +NE«1.0) CALL STERM

DO 2000 I=1,96

ITEST(I)=0

XZ(I)=0.0

CONTINUE

IFLST=0

NSC=0

NGCB=0

NCODE=0

IFLT=0

IFLPL=1

IFLPR=1

GO TO 1000

FORMAT (3E25.8)

END

3-12
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PROGRAt! MAIN(TINPUT, QUTPUT,FILMPL,TAPES=INPUT,TAPES=0UTPUT, TAPET,
*TAPES,TAPES, TAPESD, TAPELL,TAPEL2)

MAIN=~2

COMMON/REDING/TITLE{1S)

COMHON/CHARLIE/ NCODE,NREC , IP,IVS,MSC,IFLST,NCB

REAL JDE(3) 4DV

COMMON/JDAYS/JDV,TT

COMMON /PLCONS/GHSy GMPL (12) yR3:RPL{L2) s SNAME(2) ;PLNAME(2,512)
X SPV(3) ,PLPV{3,12),SVE(3},PLVE({3,12),SROT,PLROT (12) ;SOBL,PLOBL {12}
COMHON/REVER/ROTHL3)

COMMON/CHARAG/P (50)
LCOMHON/FOROUT /DUMHY B{13} y IPCGM,OUHNYC {6)
COMMON/CELEST /C (324S5 (31 ,SR{3)
COMMON/STUFF/ XN (3) , DUMHF (118}

COHMON/STUFL/XSATIZ)

COMMON/ GEOM/XE(3), XP (3]

GOMMNON/CAN/CCOME (200) ,CCLOCK(280)

COIMON/TEST/IYEST(97)

COMNOI/FLAGS/ IELT,IFLPL; IFLPR

COMMON/TCONS/ TOONS (200)

COHHON /TRA/TRACE;GUHMMYA {13}

COMHON/XZZXZ (97 Y 7VAR/VARAL97)

CONMON/FLYBY/DUML(B) X {3),DUM2(9? . Y

DATA G/~+06034330;0.23724150 ,-.35957458/ -
FLAG(A,B)Y=AMDD(A,B}

RPD =
- RADTANS PER DEGREE
3.14159/180

-

I=1

SO TNITIALIZE REGISTERS
CoMMON —  —S"NREC=1 :
CHARLIE NEB 0 .
v IFLST = 0
co . .
(EL - — i ns

nwn

e

INITIALIZES PLOTIER

Fig. 3-2 MAIN Subroutine Flow Logic
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ST
CALL CALL \)
: Bl —
¢ - N e h
R U | )
CAYLY,
INPUT — e .
(NP} — - —

PRINT/WRTEE |’

I8
XZ(85)=07

DATE = XZ(4)
IP = X2(2)
IVS = XZ(3)
NSC = XZ(18).

PLCONS
PLAN

SET
INST =

XZ(22)40, 01

PLANET - COMPUTES POSITIONS, VELOCITIES, ACCELEZRATIONS ' CELANN

~ TRANSFORMS POSITION AND VELOCITY VECTORS
AND ROTATION OF THE SUN AND PLANETS.

. VAXIAL - GENERATES UNIT VECTORS ALONG AXES
PLCON ~ “CONTAINS ALL THE PLANETARY CONSTANTS™ FOR PLANETS - VEQUAL -~ SETS ONE VECTOR EQUAL TO ANOTHER

INPUT - READS IN AND DUTPUTS DATA RELATIVE TO BASE BEING RUN.
STERM - PROVIDES AN ALTERMATE METHOD TG TERMINATE RUN. SCROT — PROVIDES SPACECRAFT ROTATION RATES FROM
VECIORY - A SET OF SUBROUTINES THAT PERFORM VECTOR MANIPULATTONS. INPUT VALUES.

PRINT/WRITE - OUTPUTS LIST OF INPUIS

Fig. 3-2 (cont)
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1 INSER = -

INST/100 +1

(ENST)

CALL

FOLDER

¢nsty /. WRLTE
TAPE 6

COMMON
QRBI
DAYS

PLAN

CALL
IR CHAR

(INST)

CALL
OV CHAR
(IRST)

20

CONTINUE

COMMON

DATA

CALL CALL
CALNDR FEB
(---,DATE,..L7\  (IM,YR,
LY, CC)

PRINT
TRACE

NCCHAR - OPTION FOR NO INSTRUMENTATTON FPCHAR ~ TO ASSIGN A BLOCK OF INPUT VARIABLES TO
TVCHAR - TO PROVIDE A MEANING TO THE BLOCK OF INPUT VARTOUS FIELDS AND PARTICLES.

YARTABLES ASSIGNED 10 THE INSIRIMENT, WHENEVER IRCHAR - TO ASSIGN A BLOCX OF INPUT VARIABLES TO

SPECIFIC INFORMATION IS NOT SUPPLIED BY DATA TARTOUS TNRRA NED TMAGERS

INPUTS, CANNEP VALUES DESCRIBING SIX ALTERNATE

CAMERAS ARE PROVIDED. A SECOND BLOCR OF TV UVCHAR - TO ASSIGN A BLOCK OF INPUT VARTABLES TO

VARTABLES ARE COMPUTED BY THE SUBROUTINE AND TARTOS ULNRA IOLET THAGERS

THE TOTAL SET OF VARTABLES IS PRINFED OUT,

CALNDR - CONVERTS BETWEEN JULIAN, MODIFIED JULTAX,
FOLDER - CALCULATES AND WRITES ON TAPE 6 ALBEDO AND CALENDAR DATES.
AND ENERGY CHARACTERTSTICS FEB - DETERMINES LENGTH OF FEBRUARY
WRITE - WRITES PICTURE CHARACTERISTICS ON TAPE 6 PRENT - PRINTS TRACE FOR DEBUGGING.
Fig. 3-2 (cont)
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COMMON
! PLAN .
/  omBI v
COMMON COMMON
CHARLIE PLTEUF
ORBI PLCONS
JDA¥S GVPLOT /.
PLAN BCOORD |
CEOM FLYRY
PI.CONS
TRA
COMIN
VCONS
FLYBY
PLCONS
fvPLoT DAt

ORBIN -~ TO ACCEPT DESCRIPTIONS OF THF, SPACEGRAFI QRBIT
TN VARTOUS FORMS AND PROVIDE A STANDARD SET OF
ORBIT ELEMENTS FOR USE OF OTHER SUBROUTINES.

. b

CALL -
ORBIN
(KZ(5),3),

A"

O—

PSATP - PLOTS PLANET DISK, ORBITS OF PLANET SATELELTES,

» SPACECRAFT ‘TRAJ., ETC.

ARCSTP ~ INPUTS INCOMING ASYMPTOTE UNIT VECTOR S.
PLASAT - CALCULATES POSITION VECTOR R(3) IN PLANETOCENYREG,
EQUATORTAL-AND ECLIPTIC COORD.

PLPOS - CALCULATES ‘HELIOCENTRIC POSITION OF PLANET,

PIVEL - CALCULATES HELIGCENTRIC VELOCLTY OF PLANET.

VZERD - SETIS VECTOR EQUAL O ZERO,

LUNAR, MARSAT, JOVSAT, SATSAT, URSAT, NEPSAT - EPHEMERTS
OF SATELTTTES OF MOON AND/OR PLANETS CALIED IN
BY INPUT EP. '

PRINT ~ PRINTS TRACE WHEN DESIRED TO AID IN DEBUGGING,

VUNIT
VCROSS

! NT
¢ TRANGE AYD
;  DIRECTIONS!
L
MAP - SYSIEM PLOT SUBROUTINE.
VEROJ ~ SETS ORTEOGRAPHIC OR PERSPEGTIVE‘VEEW,” '
VVEEW = DETERMINES RANGE AND DIRECIION OF VIEWS FHOM
SPACECRAFT TO TARGETS.
VLOAD - LOADS VECTORS

~

VSCALE - MULTIPLIES VECTOR BY SCATAR
VEQUAL'~ SETS A VECTOR EQLIAI. 0 AN INPUT

CTRANS - TRANSFORMS VECTOR TO GARTESIAN COORDINATES

VOUNIT .-. SETS VECTOR = UNEIT VECTOR

VCROSS - SETIS V = AXB .

PRINT - RANGE AND DIRECTIONS OF VIEW TARGET FROM
SPACECRAFT.

Fig. 3-2 (cont)
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[ PSATP CONI'D

L
T CAIL J CALL
— — - COMMON — — -5 { Frzven
VGOuS ARROCC ~7
T (0, 64, VECIOR
BGOORD AND PLOT
RESTAR 3.4
SUBROUTENE,
P1.GONS Ny
L _cveror P
BLOTS OF
VECTORS

” COMMON

| PLTBWF
{
I
I

ARROCC - DRAWS VECTCRS WITH NUMERIC LABLES TO
REQUESTED BODIES

QUIPUT ~ PLOES OF VECZORS TO VARIOUS BODIES

SATS
VECTORL
PLASAT

PSCONS

ORBPOS

VEELT
VCOME
UCROSS
VIRILT
VECALE
SATARC

PERUP
ORBPOS

T

CONTROLS PLOTTING OF SATELLITE PATHS.

PROVINES TRACE FOR ALL SUBROUTINES CALLED,

CALCULATES POSITION VECTORS R(3} IN
PLANETOGENTRIC, EQUATORIAL, AND EGLIPTLC
COORD.

PROVIDES PIANET SATELLITE CONSTANTS,
SETS Veh-3 -

;CALCULATES POSITION AND VELOCITY VECTORS
"FOR. PLANETS AND SATEELITES WITH RESPECT
0 S/C.

PLOTS LOCATION OF PLANET AND SATELLITES
SETS Ve A+X+ B+ X

sersax B/ laxsl

SEFS V= A [ lA|

MULTIPLIES VECTOR BY SCATAR

PLOTS LOCATION [POSLTIONS OF PLANET AND
SATELLIIES.

POSITIONS PLOT ZEN
CALCULATES ORBIT POSITION VECTOR

D

Vi3
VECTORL
PIASAT
BSCONS
VDLF

l WRETE -
| N0 CONVERG
1

S

PPIOT
PSCONS
SDNPUT

0ROSV
VEQUAL
WRITE

VEELT
PLOT
DISK
PPLOT
PSCONS
SHDEUT
SINTIRY
PLTARC
OUTPUT

Fig. 3-2 {cont)
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CALCULATES ORBIT POSLTION VECTOR
SETS V = A

OUTPUIS “NO CONVERGENCE DLEM OR BASIS
OF CONVERGENCE TEST.

PLOTS WITH INPUT SYMBOL

OUTPUTS PLOTS WITH SYMBOLS

PLOTS FLANET DESK

CONFROLS PLOT OPERATIONS

PROVEDES PLANET SATELLITE CONSTANES
CONTROLS PLOT GPERATIONS
CONTROLS PLOT OPERATIONS
PLOTS ARC OF MOVEMENT OF PLANET

PLOTS DISK OF PLANEE AND MOVEMENT
ARC QF SATELLITES.



SINIRP

VLOAD
VUNIT
PRINT
FIELDS
MAP
QRBFPOS

VCROSS
VPROF
VVIEW

COMMON
FLAG
TRA
DATA
COMMON ¢ " comon
Cﬂgﬁ} E _/ PLTBUF
NS
TDAYS 5
PLAN / PCOORD

CONTROLS PLOT OPERATIONS
ADVANGES FRAME FOR PLOT QUTRUT
_10ADS VECTORS :

SETS V= A7 |A|

OUTPUTS TRACE FOR DEBUGGING

PLOTS THE MAGNETIC FIELD PATTERN

SYSTEM PLOT SUBROUTINE

CALCULATES POSITION AND VELOGITY VECTORS

MCR-71-181
PSATP CONTD.

| INTEL = 1 |
INTER = 1

PLOTS OF
MAGNETIC

WRIIE
TAPE 6

INTPL =
XZ(81)

FOR PLANETS AND SATELLITES WRT. SPACECRAFT

SETS V= AXB
SETS ORTHOGRAPHIC OR PERSPECTIVE VIEW

DETERMENES RANGE AND DIRECTION OF VIEWS
FROM SPACECRAFT TO TARGETS

DISK -
VoOMB -
VPLOT(X)-

SINTRP -
FRAME -
oUTPUT -

TCON -

WRITE -

Fig. 3-2 (cont}
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PLOTS PLANET DISK
SBYSV=A. X4B- X

CALLS VPLO'L TO PLOT VECTORS.AND LABELS
FROM THE OBSERVER TO TARGETS.

CONTROLS PLOT OPERATIONS
ADVANCES FRAME FOR PLOT OUTPHTS

PLOTS OF VECTORS, PLANETS, LABELS AND
PERSPECTIVE VIEWS OF MAGNEYIC FYELDS

CONVERTS TIME BETWEEN DAYS, HOURS, MINUTES,
SECONDS, OR MIXED 7

WRITES TIME IN DAYS, HOURS, MINUTES, AND
SECONDS ON TAPE 6.,

1.
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5

s
TTEST(85)
=13

NPC = P(39)
JDV = JDE +

IFILPL = O
IFLER = Q

TCONS(T)

. TFLPL = 1

IFLPR = 1

1
T
PRINT i
TRACE :
DUNPS i

{ PLPOS(XE, °,
>\_m' >
l 1
- S
! /  CALL
, FLPOS(XP, \
L — > Jw, IF) /f
. . -/
COMMON -
PLCONS _
TRA

PROVIDES PLANET AND SATELLITE CONSTANTS

FLOAT (I-1)/INTPL
(FEOAT (1) - 1.0)/FLOAT(INTPL)

FLOAT (I-1)/INTRP

= (FLOAT (I) ~ 1.0)/FLOAT(INTPR)}

PLASAT %

(XSAT, JDV,
. IVS, IP)

TCONV - CONVERTS TIME BEIWEEN UNITS OF

SECONDS, MINUTES, HOURS, AND DAYS
PRINT - DUMPS DEBUG DATA WHEN ERRORS ARE DETEGCTED
PLPOS - CALCULATES HELIOCENTRIC POSITION OF PLANETS
PIASAT - CALCUTATES POSIIION AND VELOCITY VEGTORS

IN PLANETOCENTRIC, EQUATORIAL, AND
ECLIPTIC COORDINATES.

Fig. 3-2 {cont)
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OREPOS
VEQUAL
WRITE

VEQUAL

o B8
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| .

COMMON CALL
ORBT —— — QRBPOS
,é < (X, IT)

XT =TT/86,40(
o b,

TFLEL =
IFLPR = 0

e

IFLPL =
IFLPR = O

I R e\ [ |
£ FE00R v 34 VECIOR RESULTS
. ; OPERATION ON TAPE 7
FLAGS GEOM SUBROUTTNE
JCAM, JDAYS /STUFF, PLCONS \_ "
- = e A _— T

R

[ (800, 210,

{220, 230,240}
. IESTR

CALCULATES ORBIT POSITION VECTOR VCoMB
SETS V= A CALG
OUTPUTS “NO CONVERGENCE DLE" ON BASIS
OF CONVERGENCE TEST
SETS X0 = X

WRITE

Fig. 3-2 (cont)
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SETS S = XP = -1.0 4+ X~ -1.0

CALCULATES RANGE, CONE, AND CLOCK

ANGLES TQO PLANET AND SATELLITES; VECTORS
To PICTURE FARGETS; VELOCITIES RELATIVE
TO PICTURE; LOCATION OF PICTURE ON TARGET;
PHASE ANGLES; AND ‘0 AND THRY THE LEN3

WRITES KRESULTS QF CALCULATIONS ON TAPE 7,
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PIC2

SDINIT

SATS
DISK
PGLOEE
PARLEL
MERIDN
VSCALE
SHADER
VURLT
FRAME 1

COMMOR ] COMMDN
PLTBUF FLYBY
CHARLIE PLCONS
ITRA, JDAYS,/ gvcggﬂxg -

F.

e

TO

5

MCR-71-181

co‘-mmn
CHARLIE GEOH
PLCONS STUFF
CHARAC JDAYS

CAT.CULATES PICIURE COORDINATES ON PLANET
AND PLIOTS COMPLETE VIEW INCLUDENG PLANET
AND AREA INCLUDED ON IV SCREEN.

CONVERTS TIME BETWEEN DAYS, HOURS, MINUTES,

SETS ANGLE FOR FLOTIING ARC.
DETERMINES RANGE AND DIRECTION OF VIEWS,
SETS OROTHOGRAPHEC OR PERSPECTIVE VIENW.

SETS UP SYSTEM PLOTTER AND CALCU=-
LATES SCALE UNLITS AND COORDIMATES.

; CONTROLS PLOTTING OF SATELLITE PATHS.

PLOTS PLANET DISK.

CALCULATES PLANETOCENTRIC TO PLANET POINTS
PLOTS PARALLELS ON PLANET

PLOTS MERIDIANS ON PLAMET

MULTTPLIES A VECTOR BY A SCALAR -

SHADES AREA PAST TERMINATOR

SETS VECTOR TO UNITY,

ADVANCES FRAME FOR PLOT QUTEUIS

I.

(4H CALC)

SEC.

VCROSS
LOOK

LOGATE
FPIOT

OUTPUTLS
RES0

MAPSSL
ARSBEM
LIRE
FRAME
OUTPUT

Fig. 3-2 {cont)
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SETS V= AXB

CATL.CULATES PLANET LAT, AND I:DNG. FROM CONE -
AND CLOCK ANGLES AND PRINTS RESHLTS

CALCULATES PLANET VIEW AREA
PLOTS
ADVANCES FRAME FOR PLOT OUTPUTS

PLOTS OF PLANET AWD VIEW AREAS AND DIGITAL
TABLES OF CALGULATIONS,

CALCULATES RESOLUTION OF TV IMAGER AND PLOTS
RESULTS VERSUS TIME,

SYSTEM PLOT SUBROUTINE,
SYSTEM PLOT SUBROUTINE,
SYSTEM PLOT SUBROUTINE
ADVANCES T0 NEXT PLOT FRAME,

PLOTS OF RESOLUTION VERSUS TIME AND DIGITAL
TABLE OF RESOLUTION VALUES.



VS0oM
MAPSSL
ABSBEM

LINE
POLNT
PSCONS
OUTPUT
MRIC

NUMBER
OUTPUT

MCR-71-181

CoMMON COMMON
TLAGS CHARLIE
STUEF & e
. DATA JDAYS
COMMON COMMON
GHARLIE PLCONS ~
+CHARAGC J— RAZOR
JDAYS HANDO
DATA FOROUT
GO
T
o
COMMON COMMON
HANDO POBEAR
DATA - PHASER
CHARLIE
JDAYS

CALCULATES SMEAR OF AN IMAGE AND PLOT
RESULT AS FUNCTION OF TIME,

SETS V= A+ B

SYSTEM PLOT SUBROUTIKE

SYSTEM PLOT SUEROUTINE

ADVANCES T NEXT PLOT FRAME

SYSTEM PLOT SUBROUTINE

SYSTEM PIOT SUBROUTINE

PROVIDES SATELLITE AND PLANET CONSTANTES
PLOTS OF IMAGE SMEAR AS FUNCTION OF TIME

MINIMEM RESOLUTION LEVEL CALCULATION OF
NUMBER OF PICIURES VERSUS TIME WITHIN
GIVEN RESQLUTION ‘RANGE.

SYSTEM PLOT SUBROUIINE

PLOTS OF RESOLUTION VERSUS TIME FOR
TARGETS, IN FIELD.OF VIEW

ORBPOS =

MAPS -
QUTPULS -

Fig, 3-2 (cont}

3-22

oureUr
PLOTS OF
TMAGE SMEAR
Vs T

PLOTS: (THIS ITERATION CALCULATES)
SATELLITE RANGE VERSUS TIME

. SATELLITE PHASE ANGLE VERSUS TIME

SATELLLTE CONE ANGLE VERSUS TIME

. ‘SATELLITE CLOCK ANGLE VERSUS TIME

CALCULATES ORBIT POSITION AND VELOCLTY
VECIORS FOR PLANET AND SATELLITE WITH .
RESPECT TO SPACECRAFT.

SYSTEM PLOT SUBROUTINE
SEE OTJAZ



GEQPLT

MAP
SETBEM
VECIOR
LINE
HUMBER
CIRC
VEQUAL
PSCONS

XLIMB
VLOAD

SPHERE -

POINT

FRAME
OUTPUES

310
320
330
340
800

MCR-71-181

foomon

FLAGS Comon

CHARLYE ING

WAND JDAYS
HER FOROUT

GO TO

I=1314+1

NREC = NREGH]

OUTPUT:
WRITES
DUTPUT TABLES

0N TAPE

Is

PROVIDES TWO POLAR PLOTS CENTERED AROUND
0° AND 180° WITH CONE AND CLOCK GRID LIMES,

SYSTEM PLOT SUBROUTINE.

SYSTEM PLOT SUBROUTINE.

PROVIDES TRACE FOR DEBUGGING,

SYSTEM PLOT SUBROUTINE.

SYSTEM PLOT SUBROUTINE,

PLOTS A POLYCON APPROXIMATING A CIRGLE,
SETS ONE VECTOR EQUAL TO ANQOTHER,
PROVIDES SATELLITE AND PLANET CONSTANTS.

SYSTEM PLOT SUBROUTINE.

LOADS SUBSCRIPTED VECTORS.
TRANSFORMS A VECTOR BETWEEN CARTESIAN AND
SPHERTICAL COORPINATES.

SYSTEM PLOT SUBROUTINE,

ADVANCES FRAME FOR NEXT PELOT.
POEAR PLOTS OF CONE ANP CLOCK GRIDS.

TV ROUTINES
FP ROUTINES
IR ROGIINES
UV ROUTINES
KO INSTRUMENTATION

Fig.

I<NE+1

Z0UT =
XZ{90)

GECPLT

|
| OUTRUT [
PLOTS OF
I NE AND
CONE_AFD
& 10 (800, GRID-
310, 320,
330, 340),
INSTR °

v

ouTs -
TCONV -

QUTPUT -~

3-2 (cont)
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WRITES QUTPUT TAPE 6 IN FORMAT FOR FAROUT TABLES

CONVERTS TIME BETWEEN DAYS, HOURS, MINUTES AND
SECONDS,

WRITES OUTPUT TABLES ON OUTPUT TAPE 6.
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OUTPULS
- =1 PLOTS OF

RESOLUTT

OUTPUTS
PIOIS OF
IMAGE

RES0

SMEAR

MRLC

OTJAZ

OTPLT

ORBPOS

CALCULATES RESULTS OF TV IMAGER AND
OUTPUTS PLOTS OF RESOLUTTION VERSUS
TIME, (THIS TTERATION OUTBUTS PLOTS).

CALCULATES SMEAR OF AN IMAGE AND PLOYS

- RESULY AS A FUNCTION OF TIME (THIS

ITERATICN QUTPUTS PLOTS)

K1 = 1000

K2 = 10000

K3 = 100000 INPUT FLAG VALEES
K4 = 1000000,

MINTMUM RESOLUTION LEVEL CALCULATION OF
NUMBER OF PEGTURES VERSUS TIME WITHIN A
GIVEN RESOLUTION LEVEL, (THIS TTERATION
OUTPUTS PLOTS).

PLOTS: (THIS ITERATION. PLOTS)

1., SATELLITE RANGE VERSUS TIMEg

2, SATELLITE PHASE ANGLE VERSUS TIME;
3. SATELLITE CONE ANGLE VERSUS TIME;
4,  SATELLITE CLOCK ANGLE VERSUS TIME.

TIME PLOTS OF:

1. PLANET RAMNGE;

2. PLANET PHASE ANGLE;

3. PLANET CONE ANGLE;

4. PLANET CLOCK ANGLE;

5. SATELLITE RANGE;

6. SATELLITE PHASE ANGLE;
7. SATELLITE CONE ANGLE;
8. SATELLITE CLOCK ANGLE,

CALCULATES ORBIT POSITION AND VELOCITY
VECTORS FOR PLANET AND SATELLITE WIT#
RESPECT TO SPACECRAFT,

MAPSSL; CHAROP; ABSBEM; SYMBOL; LINE; FRAME;

AND MAPS -

OUTPUTS

Fig. 3-2 ({cont)
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SYSTEM PLOT SUBROUTINES.

-~  SEE OTPLT ABCVE.
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DO 2000
I =1, 96

TTEST (1)=0

XZ (1) =0.0

2000

CONTINUE
IFIST = O

NSC = 0
NCB = 0

o

IFLT

| NCODE
i IFLPT

g own

TFILPR

= OO

Fig. 3-2 (concl)
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3.3 Computer Translation Information — Table 3-3 is a compari-

son of the Univac 1108 and CDC 6400/6500 computers. TFrom this
data, the following programming guidelines were adopted in develop-
ing the FORTRAN IV CDC 6400/6500 program that was subsequently con-
verted to FORTRAN V for the Univac 1108:

1.

2.

3.

4.

5.

6.

The 60 bit word of the CDC 6400/6500 allows 10 )
Hollerith characters. Univac's 36 bit word permits
only six characters per word.

Use six or less Hollerith characters per word.

The CDC 6400/6500 FORTRAN IV compiler allows symbols
with up to seven alphanumeric characters. Univac 1108
FORTRAN V permits only six alphanumeric characters.

Use a maximum of six alphanumeric characters
per symbol.

CDC FORTRAN IV allows Hollerith characters in FORMAT
statements to be specified by placing asterisks around
the Hollerith information. Univac has this feature
with apostrophes instead of asterisks.

Use the Hollerith FORMAT specification nH.

CDC FORTRAN IV allows the DO loop index to be altered
by a replacement statement within the loop. Univac
FORTRAN V does not permit DO indices to be altered
within the loop.

Do not reset DO loop indices within the itera-
tion loop.

" CDC FORTRAN IV allows the DO loop index to be refer—

enced outside the limits of the loop. Univac does
not have this feature.

Do not reference the index of a DO loop out-
side the iteration limits. Store the index
value in a separate word.

The CDC loader allocates storage for common blocks
according to the length of their first appearance in
the job string. The Univac loader searches the refer-—
‘enced elements and allocates storage for the longest
appearance of the common block.

Keep common statements consistent throughout
all elements.
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Table 3-3 Univac 1108/CDC 6500 Comparisons

LTEM UNIVAC 1108 CONTROL DATA 6400/6500
MEMORY 65K;i0 150Kg ~v 54K;g
WORD LENGTH 36 Bits 60 Bits
FLOATING PT. BIAS 2004 20004
DOUBLE PREC. BIAS 20004 2000g
MANTISSA FRACTION INTEGER
REAL 1038 < R < 1038 ' 10-2%% <« g < 10322

DOUBLE PRECISION

INTEGER

CHARACTER
ARRAYS -
WALK BACK

FUNCTIONS:
(1108 has many
functions that are
not available on
(DI 6400/6500

(9 decimal digitsg)

10—308 <D< 10303
(18 decimal digits)

[t]<¢235 - 1)

6 FIELDATA CHAR/WORD
UP TO 7 DEMENSIONS
AVATLABLE

CBRT (X)
XPR(X],X2,...,%0
BOOL

FLD

(14 decimal diguts)

10—294 <D < 10322
(31 decimal digits)
1] < (252 - 1)

DO index I < (217 - 2)
T+R|R| (2% - 1)

10 Hollerith Char/Woxd

. UP to 3 DIMENSIONS

NA

NA

NA

NA

NA

ITEM EXECUTABLE

UNIVAC 1108

CONTROL DATA 6400/6500

DO ni-= Ml’ Mz, M3

RETURN
STO?P
PAUSE

READ

WRITE

ENCODE

DECODE

may be signed comstant
or variable

(}%)
()

RETURN k

s, 1 may not be altered
during execution of DO

STOP name
PAUSE name

READ (u,f, ERR = ¢, END = d)
list

WRITE {u,£, ERR = ¢, END = c)

ENCODE (c,v,f) list

v = block
f = format
¢ = no. of char.

DECODE (ec,v,f) list

unsigned (variable may
have negative value)

(")
()

RETURN

i may be changed during
execution of DO

STOP 00000g
PAUSE 00000

READ (u,f) list

WRITE (u,£) list

ENGODE (c,f,v}) list

block
format
no. char. in record

v
£
c

hnnu

DECODE (c,£,v) list
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Table 3-3 ({concl)

ITEM NONEXECUTABLE

UNIVAC 1108

CONTROL DATA 6400/6500

ﬁLOCK DATA
FORMAT
PARAMETER
INTEGER
REAL

DOUBLE PRECISION

Reference in MAP
"hhh'

PARAMETER

INTEGER list /data/
REAL list /data/

DOUBLE PRECISION list /data/

BLOCK DATA name
*hhh#®
—
NA
INTEGER
REAL

DOUBLE PRECISION or DOUBLE

COMPLEX COMPLEX list /data/ COMPLEX
LOGICAL LOGIGAL 1ist /data/ LOGICAL
ABNORMAL ABNORMAL NA
DIMENSION DIMENSION list /data/ DIMENéION
EQUIVALENCE EQUIVALENCE (V(e), w) EQUIVALENCE (X(n}), w)
COMMON Largest bleck loaded First block loaded
DATA Hollerith may be in '"hhh'’ Hollerith in nH field. Single-
N nested implied DO's variable subscript
END n END END name
n is statement number name is element name -
NAME LIST
ENTRY ENTRY name (a3, 2, azl} ENTRY name
unique arguments not arguments defined in
necessarily like parent parent element
IMPLICIT IMPLICIT - NA
DEFINE DEFINE name (1) = Name (1) = .
COMPILER COMPILER NA
ITEM SQURCE CONTROL UNLVAC 1108 CONTROL DATA 6400/6500
INCLUDE INCLUDE NA
DELETE DELETE NA
EDIT EDIT NA
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7. The CDC loader creates an absolute element of all ele-
ments in the job string including BLOCK DATA subpro-
grams. The Univac loader only loads those elements
that are referenced by the main program and subsequently
referenced elements.

Do not use BLOCK DATA subprograms. All elements
to be loaded must be referenced - whether or not
the CALL statement will be executed.

8. The following list indicates special CDC 6400/6500
FORTRAN IV capabilities that are incompatible with
Univac 1108 FORTRAN V. An alternative statement is
shown where applicable. -

Special CDC 6400/6500 FORTRAN IV CDC 6400/6500 FORTRAN LV Statements
Statements that are Incompatible that are Compatible

DOUBLE list . DOUBLE PRECISION list

PAUSE 00000g PAUSE

STOP 000004 STOP

END name END

IF (logical expression) N1,N2 I¥ (logical expression) GO TO
I¥ (UNIT, i) N1,N2,N3,N4 Not applicable on Univac 1108
IF (EOF, i) N1,N2 Not applicable on Univac 1108
IF (ENDFILE i) WN1,N2 Not applicable on Univac 1108
BUFFER IN (i,m) list ‘ Not applicable on Univac 1108
BUFFER OUT (i,m) list Wot applicable on Univac 1108
Ow FORMAT specification Not applicable on Univac 1108
Multiple replacements Not applicable on Univac 1108
Multiple statements per line Not applicable on Univac 1108
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4.  MODEL SYMBOL DICTIONARY

This section presents a definition of the program symbols, or
variables, which are common to two or more subroutines.

4.1 Common Blocks - Symbols are used to identify program
variables. Those symbols used in two.or more subroutines are
assigned to blocks of varliables and identified by a code name,
The blocks are referred to as 'common blocks'" by the ‘code name.
Table 4-1 presents the common blocks of variables, the code

letters for the variable (symbol), vaxriable definition, and the
loading subroutine, )

4.2 Model Inputs - The input consists of a set of cards that
define the mission, date, type of spacecraft orientation, instru-
mentation, and instrument characteristics. In addition, there
are a number of stored values such as planet constants and
planet positions with respect to rime, MAIN calls in subroutine
INPUT, which reads in the input data. These input values are
assigned a common block, identified and dimensioned as varialiles
XZ (97). The names of the variables are agsigned by the INPUT
subroutine, which also reads additional input cards for labeling
and identification of the computer output run.

Table 4-2 contains the input variable identification for
input data. The particular inputs for telegision, and for fields
and particles instrumentation are identified in Tables 4-3 and
4-4, respectively.

4.3 Tape Files — Because of the large number of subroutines,
tapes are used to store calculated values for many variables that
are calculated in one subroutine and used by other subroutines.
Table 4-5 defines the variables that are calculated by the loading
subroutine and read onto a tape by tape number. Subroutines that
use these variables are also identified.

4-1
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fable 4-=1 Definition of Variablesg

COMMON VARTABLE LOADING
BLOCK SYMBOL DEFINITION OF VARTABLE SUBROUTINE
jcam/ CCONE User's input cone angle for camera INPUT
CCLOX User's input clock angle for camera INPUT
/CELEST/ | C€(3) Unit vector to Canopus MAIN
c(3) Vector to sun from S/C MATN
SN(3) Not used
JCHARAC/ | P(60) Instrument input characteristics TVCHAR, ETC.
/CHARLI/ | NCODE Not used
NREC Number of records MAIN
IP Planet number index INPUT
IRTES Satellite number index INPUT
NsC Spacecraft type index MAIN
IFLST Type run flag = 1 satellite = 0 planet/ MAIN
can switch
NCB Switch index = 0, on planet; = 1 switched |[CALC
to satellite
/ERR/ ERFLAG Error flag
JEXTRA/ RPLP/ROT | Radius of planet/planet rot. rate (rev/day) [PIC2
JFAME/ C1(3) Camera coord axis left to right vector LOCATE
c3(3) Camera coord axis S/C to object vector LOCATE
/FLAG/ LL Vector index if = 1 only center; # all nine
vectors.
NI Symbol plotter at center of TV frame plot |FPLOT
MFL =0 ’ FPLOT
JFLAGS/ TFLT Tnstrument wode (I mode) flag INPUT
IFLPL Plot flag = 1, plot data MAIN
IFLPR Print flag = 1, print data MATN
/FLYBY/ SI(3) Vector of incoming asymptote
TP(3) Vector of trajectory pole PSATP
XN (3) Vector of S/C from planet (modified from ORBPOS
sat) )
PA(3) Vector to periapsis from planet center
S0(3) Vector of outgoing asymptote
SV(3) Vector to satellite from planet PIC2
/FOROUT/ | POWER Power thru lems (ergs/cm?/sec) CALC
ENERGY Total energy for exposure (ergs) CALC
PERCT % of dynamic range above threshold CALC
IDN Digital number (shades of gray) CALC
R(3) Range, cone & clock to planet from 5/C CALC
RSAT(3) Range, cone & clock to satellite from $/C |CALC
TARG P(3)| Radius, latitude & longitude of picture CALC
center .
IPCN Picture number MATN
FRACT Fraction of dynamic range for exposure CALC
PHASED Phase angle of planet (deg) CALC
PHASEP Phase angle of specified satellite {(deg) CALC
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Table 4=1 (cont)

VARIABLE |

COMMON ] TOADING
BLOCK SYMBOL DEFINITION OF VARIABLE SUBROUTINE
POWLN Power flux to lens (ergs/cm?/sec) CALC
NDN Calculated exposure in digital no. above CALC
min, ‘ ’ '
EPERDN Energy difference per digital number CALC
/GEOM/ XE(3) Vector to Barth -from sun PLPOS
XP(3) Vector to planet from sun/modified to PLPOS
planet from Earth
" /HANDO/ TIM Max time from periapsig for plot limit RESO
. (days) .
- REC(9) Resolution (km/plx) for planet/8 sat at RESO
. center
- REL(9) Resolution (lm/pix) for planet/8 sat at RESO
limb
RES Resolution (km/pix) for principal body RESO
center
SMR(92) Velocity of pic ctr normal to site due SMEAR
to orbit
SMRR(9) Smear in pixels SMEAR
SMRS(9) | Velocity of pic ctr normal to site due SMEAR
to S/C
© TSMR(9) | Exp. time to reduce smear to less than SMEAR
. one pixel
SPSMR Prin body velocity due to orblt normal SMEAR
to sight ~
SPSMRS | Prih body velocity due to 8/C SMEAR
SPTSMR Exposure time to reduce smear SMEAR
SPSMRR Smear in pixels SMEAR
JHEDING/ | TITLE Mission title (78 characters) INPUT
/IDAYS/ JDV " Julian date MAIN
T Time from periapsis (sec) MAIN
/JUNK/ PB Planet surface brightness FOLDER
EFBP Effective planet brightness FOLDER
© B(8) Satellite brightness FOLDER
EFB(8) Effective satellite brightness FOLDER -
/NTRA/ NTRACE "No Trace"
/ORBITQ/ { DUMZ(7) | Dummy ORBIT
E Eccentricty ORBIT
H Angular momentum ORBIT
- PQ Semilatus rectum ORBIT
AA Semimajor axis ORBLT
DUMZZ (A) | Dummy ORBIT
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Table 4-1 ({(cont)

coord,)

COMMON VARIABLE LOADING
BLOCK SYMBOL DEFINITION OF VARIABLE SUBROUTINE
- /ec/ PC(3,9) I|Frame coordinate set in ecliptic coord. LOCATE
/PCOORD/ PV(3) Planet pole vector CPLANN
VE(3) Planet vernal équinox vector CPLANN
PM(3) Planet prime meridian vector CALC
© /PUASER/ | PHAS(8) Phase angle for 8 possible satellites CALC
SRAT(3,8) |Range, cone, clock to satellite from g/C CALC
JPHOTO/ SOLAR(31) |[Solar intensity (erg/cm?/micron) FOLDER
ACBDO Albedo per wavelength band per model FOLDER
(31,3)
F(31,3) Filter transmission per wavelength band FOLDER
CAMEF Camera sensitivity per wavelength band FOLDER
(31,3)
JPLAN/ cM Planet gravitational constant (km3/sec?) CPLANN
/PLCONS/ | GMS Sun gravitational constant PLCON
: GMPL(12). |Planet gravitational comstant PLCON
RS Radius of sun (km) PLCON
RPL(12) Radius of planet PLCON
SNAME Name of sun PLCON
PLNAME(12)Name of planet PLCON
SPV{(3) Sun pole vector PLCON
PLPV(3,12)Planet pole vector PLCON
SVE(3) Surn vernal equinox vector PLCON
PLVE({3,12)Planet vernal equinox vector PLCON
SROT Sun's rotation rate (rev/day) PL.CON
PLROT(12) |Planet's rotation Yate (rev/day) PLCON
SORL Sun's oblateness PLCON
PLOBL{12) |Planet's oblateness PLCON
/PLOTER/ | PEN PEN flag-last condition-'up,' ‘down,’ VPLOT
R(3) Vector from viewer, X, Y projections are VPLOT
plotted
SCALE Y angle or field of view PIC2
R2 - Range S/C to planet center VVIEW
VT (3) View coord axis (horizontal) unit VVIEW
VR(3) View coord axis (vertical) unit VVIEW
VW (3) View coord axis (to or from) viewpeocint VVIEW
unit
RPP Radius of planet (km) PIC2
TANR Tan., of % angle or fov during viewing PIC2
JPLEBUF/ | BUF(20) [Plotting buffer array | PIC2
/POINT vC(3,9) |Vector from planet CTR to frame points LOCATE
in ecliptic coord,
P(3,9) Vector to % points on TV frame (camera FRAME

bty
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Table 4-1 {concl)
_ COMMON VARTABLE LOADING
BLOCK SYMBOL DEFINITION OF VARIABLE SUBROUTINE
/POBEAR./ S8V (8) Phase angle for 8 possible satellites CALG
SAF(8) % angle of 8 possible satellites " CALC
HANG2 Angle subtended by planet * CALG
DCNCLK(8) |Delta cone and clock - required adjustment | CALC
/PPOLY/ AA(12,2) |[Coefficients Major axzis | PLCON
EE(12,3) for Eccentricity PLCON
I1(12,3) Inclination PLCON
00(12,3) |Polynomial Arguments of Ascending Node PLCON
WW(l2,3) |Pladet Longitude of Periapsis PLCON
MM{12,3) [Orbital Mean Anomaly PLCOW
Vv({12,2) |Constants Prime Meridian ’ PLCON
/PTLB/ THA Half angle of planet/satellite (radlans) GEOPLT
R(3) Range, cone & clock to planet/satellite GEOPLT k
) DEI Inches per degree - plotting scale GEOPLT .
/RAZOR/ PICS(4,9) |Number of pictures over given scale | MRCL
/REVER/ ROTW(3) |Rotation velocity vector om S/C "MAIN
/RING/ RR(5) .
/RESTAR/ c(3) Vector to Canopus 4 MATN :
/STUFL/ XSAT(3) {Vector to nearest satellite CALC ,
/STUFF/ X(3) Position vector to S/C from planet/sat | CALC
TARGE(3) [Velocity vector of pic center " CALC
ROTV(3) |[Rotation velocity vector due to S§/C rates CALC ,
VSV(3,8) |Vector to satellite from S/C camera cooxd, | CALC .
VVSAT(3,8)Velocity vector of satellite toward s/c . CALC :
camera coord. :
SVSV(3,8) |Velocity of picture of satelllte due . to { CALC
8/C rotation .
RCCE(3) |Unitvector to pic ctr from S/C xyz sun/ CALC
Earth-Canopus . -
DTARE(3) |= TARGE if planet ;=VVSAT if satellite CALC
DROTV(3) |= ROTV if planet;= SVSV if satellite CALC
/TCONS/ TCONS Time after periapsis (days) INPUT .
/TEST/ ITEST(97) [Indicator or user inputs = 1 if imput INPUT
JTNME / TVNAME (5) ] Instrument name INPUT :
/TRA/ TRACE "Trace" for debugging i
/VCONS/ UX(3) Unit vector along x-axis 1 VECTOR ™~
Uy (3) Unit vector along y-axis’ "1 VECTOR
UZ(3) Unit vector along z-axis “| VECTOR
/VAR/ VAR(97) |Name list of input variables INPUT
v/ Vi (3) View vector toward/from selected point PIC2
RIP Range S/C to planet center PIC2
ASDP % angle or planet satellite or switches PIC2
/xz/ X2.(97) Input variazble array (see Table §-2) INPUT
I%Z26 - Integer specification of input state MATN.
/BRTC/ v(3)/ Planetocentric vector to picture FPLOT
V(3) on planet surface




Table 4—2 Input Variable Identification - Common XZ (97)

9-¥y

CARD NUMBER . t S DESCRIPTION

Header Card Required, prints run title on each page,

Xz (1) Not used

XE (2) - Planet Number®

XZ (3) Satellite numbert if var. EQ. O and minimum range (86) has been specified, data will be

generated for "closest" satellite within minimum range. If wvar. EQ.‘O and (86) has been
speclfied, data will be generated for specific satellite aumber within minimum range.
If 86 has not been spécified only geometry data for specified satellite will be generated.

X2 (4) Date of encounter (periapsis)

Xz (5) Not used

X& (6) Input form of state vector - uses QRBIT conveation.
Xz (D) State vector see var. (6)

State vector see var. (6)
|State vector see var. (6)
IState vector see var. (6)
State vector see var. (6)

X2 (12) State vector see var. (6)
Xg (13 - 17) Not used
Xz (18) Spacecraft model var = ~1  sun oriented (TOES)
var = 0. Earth oriented (TOPS)
var = 1. Earth oriented (PIONEER)
‘ yar = 2. input spin rates (EARTH ORIENT)
X2 (19 Pitch rate (deg/sec) \
Xz (20) Yaw rate (deg/sec)
X& (21) Roll rate  {(deg/sec) '
Xz (22) Instrument ID 110. - Narrow angle (SIT) TOPS (Can. Val)

120, - Wide angle (SIT) TOPS
130. - Wide angle Silicon Vidicon

140. - Wide angle Silicon Vidi
150, - Wide angle SEC eon

. 160, - Wide angle SEC
* Sun = 0, Mercury = 1, 8

1 Satellites are numbered from 1 to N starting with innermost satellite

I8T-TL-4MN -
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Table 4~2 (cont)

CARD NUMBER

DESCRIPTION

X& (22) - Cont

XZ

XE
Xz
XZ
Xz
Xz
X2
XZ
X2
X#
XE
Xz
XZ

X2

X2
X8
XZ

XZ

(23)

(24)
(25)
(26)
(27)
(28)
(29)
(30)
(31 - 70)
(81)
(82)
(83)
(84)
(85)

(86)
(87)
(88)

(89)

Instrument ID 210 - Particle and fields plots only
310 - IR (not available)
410 - UV (not available)

Variable specifies mode description (aligns pilcture center to radius vector or to center
of 1it limb if radius vector is in shadow). ’

0 - uges built-in time steps

1 - input discrete time of picture, cone, clock of camera center line

Cone angle
Clock angle Input only if Var 23 = 1

Time from encountexr

Not used

Instrument characteristics (see Tables 4-3 and 4-4
Plot interval [number of calculation steps between plots (TV)]
Print interval, number of calculation steps between print

Not used

Flag to specify a satellite run satellite specified by var (3)
If 85 =1 it is a satellite run
85 = 0 it is a planet rum - can switch to Satellite if XE (86) min range is loaded

Minimum range required before switching to satellite

Start of time interval to inhibit satellite switch if minimum range specified.

End of time interval to inhibit satellite switch if minimum range is specified.
Units = Hours.

Not used

18T-1L-YIM
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Table 4-2 (conel)

CARD NUMBER DESCRIPTION
X& (90) Flag to specify plot output.
1. Cone clock of planet limb and specified satellite
10. Resolutions
100, Smears
1000. Numbers of pictures with resolution greater than a specified value; var {(41-50)
10000. Satellite phase angles, ranges, .cone and clock angles
100000. Sun-satellite~S/C angles, planet cone and clock, and planet range
Xz (91 - 97) Not used.

1I8T~1L-¥0NW
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Table 4-3 Input Variable Identification — TV Characteristics

CARD RUMBER DESCRIPTION

XZ (31 thru 35) Instrument name

XZ (36) Focal length, cm

XZ (37) Clear aperture diameter, cm

XZ (38) Obscuration dismeter, cm

XZ (39) Optics transmission, Refl + absorp, fraction
Sensor dimensions, em

X2 (40) Vertical, across scan lines

X8 (41) Hoxrizontal, along scan line

XZ (&) Number of scan lines

XZ (43) Number of pixels pexr scam line

XZ (44) Number of bits per pixel

XZ (45) Minimum detectable exposure, e:t.‘gs,/cm2

X8 (46) Maximum orx highlight exposuze, ergs/cm2

XE2 (4T Thru 50, minimum resolution levels

X2 (51) Sensor response curve identification

Xz (52) Blue filter transmission curve ID

X2 (53) Green f£ilter

X& (54) Red filter

X3 (55) Polarizing £ilter

XZ (56) Exposure time

X2 (57) Thru 58 open

i (59) Frame read time, seconds

Xz (60) Frame erase time, seconds

Xz (61) Picture taking start time (days)

X2 (62) Plicture taking stop time {days)

X2 (63) Delta T per pacture (min) - can be changed by program {see section 5.2)

Xz (64) Bulk stoxage capacity (bits)

X2 (65) Bulk zero state {bits)

XZ (66) Transmlission bit xate, BES

XZ {67} Other instrument bit rates

Xz (68) Buffer capacity (bits)

X8 (69) Pictures per calculation step

X& (70) Delta T per picture (min} fixed

Table 4-4 Input Variable Identification - Fields and Particles

CARD NUMBER DESCRIPTION
36 Magnetopause range (radii) (lm)
k¥ Bow shock range (radii) (km)
38 Latitude wag pole (deg)
39 Longitude mag pole (deg)
~ 40 Sensitivity of magnetometer (gamsas)
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Table 4-5 Variable to Tape Identification

TAPE NO. VARIABLE DEFINITION LOADED BY READ RY
13 T Time from periapsis (sec) CACL
X(3) Vector to S/C from planet OTJAZ
XP(3) Vector to planet from ref body 0T JAZ
XSAT(3) “Vector to satellite of interest
XE(3) Vector to Earth from sun
R(3) Range, cone and clock to planet OTPLT
PHASE " Phase angle of planet (radians) OTPLT
RADP(3) Vector to picture e¢tr from S/C
TARGE (3) Velocity vector of pic center
(camera coord)
TARGP (3) Latitude & longitude of pic center
RSAT(3) Range cone & clock of satellite OTPLT
PHASES Phase angle of satellite (rad) OTPLT
X88(3) Vector to S/C from satellite
JDV Julian date of interest
. EM Emission angle
8 TX Time from periapsis (days) FIELDS FLIELDS
BMINS Minimum detectable B in gauss l l
DIRB(3) Mag, cone & clock magnetic flux
vector .
9 T Time from periapsis (days) OTJAZ OTJAZ
88V (8) Phase angle, 8 possible satellites
SAF(8) Half angle, 8 possible satellites
HANG2 Angles subtended by planet
DCNCLK Sum of angular change to switch to
sat,
10 TX Time from periapsis (days) SMEAR RESO/SMEAR
REC(9) Resolution at center of planet/ RESO
sat..
REL{9) Resolution at limb of planet/sat. RESO
RES Resolution at center of primary RESQ
body ]
SMR(9) . Vel of pic ctr due to orbit SMEAR
SMRR(9) Smear in pixels planet/sat.
SMRS (9) Vel of pic c¢tr due to S/C rotation
SPSMR Vel due to orbit (principal body)
SPSMRS Vel due to S/C rotation (principal
' body) .
SPSMRR Smear in pixels (principal body SMEAR
11 T Time from periapsis (days) OTJAZ 0TJAE
PHASE (8) | Phase angle at 8 possible l
satellites
XRCC(3,8) | Range, cone & clock to 8 satell-
ites
12 TP Time from periapsis (days) MRLC MRLC
PICS Acceptable pictures (reso better |MRLC MRLC

than)

4-10
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5. MODEL OPERATING PROCEDURES

5.1 Comment Cards Contained in Program - The operating proce-
dures are contained on comment cards as "User Instructions for Pro-
gram Input Requirements" at the front of the program. Table 5-1
is a listing of the comment cards.

The user should give special attention to the mandatory inputs
and those input variables that shall be used if not overridden by
input (canned or default values). The mandatory inputs are marked
on the comment card by an asterisk immediately preceding the input
code number. All “canned" values are listed in the user instruction
comment cards. When a run is made, a listing of all input used by
the program is made, and the user input values are defined by
comment (Appendix A). All other input used by the program was by
"default," since none was specified by the user.

5.2 Special Imaging Options — Because of the emphasis on imag-
ing, the following discussion is included to illustrate the optional
analysis modes available. The input described below does not elimi-
nate the mandatory input described above. The three gemneral
options, with suboptions indicated, are as follows:

1) Purpose: Mission Simulatiom

Input
Number Input Description
61 Image start time {(days)
62 Image stop time (days)
63 Delta time per calculation step® (min)
69 Number of pictures/calculation step®*
22 Instrument Ldentification Code
Optional
Inputs
18 Spacecraft Tdentification Code
19 Spacecraft Rates (%)
20 &)
21 (z)

*Number of calculation steps must not exceed 200
**Allows calculations every Nth picture, i.e., ¥ = 10, allows
2000 pictures

-1
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Table 5-1 Comment Cards

TOPS, {J=Sap) JUPITER ENCOUNTER, [0+ nEG FOV SIT CAMERA,

5+0000000 PLANET JUPITER (J=S5=-p}
2.0000Q000 SATEL EUROPA (J=I1)

790114469 DATE AT ENCOUNTER (SEE APPENDIX C FOR
102.,00000 DEFINITION OF DATE FORMAT}
127064446  STATEQ ,

213218485 sTATEZ2 PERIAPSIs VECTOR FROM LEADBETTERS
»]13387.,082 STATEZ2 79 JSP RUN TO MAXIMIZE SATELLITE
w29¢431552 STATEN ENCOUNTER

174610963 STATES
1e1418359 STATES -
120.00000 INSTIDINSTRUMENT D (TV, WIDE ANGLE SIT}
1+0000000
=¢22200000
151465000
254,70000
=+ ) 6700000
14134000
2544562000
»«111000D0
125+46000
254.54000
*5¢49999997~02
100,92000"
254446000
g.008000000
654675999
254.,37000
B+ 4999999702
3C+440000
247.18000
+11100000
5«7100000
224,92000
+ 16700000
919599999
3B.+300000
+22200000
28+ 270000
704049999
799999998~ 04CHARLIOSIT HIN DETECTABLE EXP
1+99999998~03CHARLI151T HIGHLIGHT EXP
1.0000000 NO
«1¢5000000 TSTAR \TIME FROM PER1APSIS
1+5000080 TSToP hIME FROM PER]APS1S
5.0000000 DTINSTPICTURE TAKING INTERVaAL {MIN)

1-C0D000D0+0% TORAGE CAPACITY

0«0000G000 BULK STORAGE ZERG STATE

4740p.000 BITRATTRANSHMIT 81T RATE HALF FOR EACH CAMERa
&40.560000 - DATA RATE FROM OTHER INSTRUMENTS
200000040 BUFFER STORAGE CAPACITY

&6+0000000 CALCSTPICTURES PER CALC STEP

72.000000 DPLoT CALC STEFS PER PLOT 1+5 paAYS FER PLOT
10000000 BPRNT CaALC STEPS PER PRINT -
11111110

-


http:213218.85
http:12706q.46
http:79014.69
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Optional
Camera
Inputs

31 - 70.

When the At between pictures (i.e., At per calculation step/#
pictures per calculation step) is less than the picture rate al-
lowable, as determined by the bulk storage and data bit rate, the
frame read time, or (in the case of a spinning spacecraft) the
spin rate (one picture/revolution) input (21), the At between
pictures is reset to be consistent with spacecraft capabilities.

3

2) Purpese: Provide Summary and Graphic Data of TV

Pictures
Input r
Number Input Description
22 Instrument identification
23 Flag to identify discrete input )
24 Cone angle Up to 200 SETS,
25 Clock angle cone, and clocks to
26 Time from periapsis PLANET ONLY
Optional
Inputs
18 Spaceceraft ID
i9 Spacecraft rates (x)
20 (¥
21 (z)

31 - 70 Camera inmputs

5-3
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3) Purxpose: To provide first cut information. Data com-
pressed about periapsis (generates 40 data points)

Input
Number Input Description

22 Instrument identification

61 Start and stop time from periapsis (days)
Optional

Inputs

18 Spacecraft ID

19 Spacecraft rates (%)

20 @)

21 (&)

31 ~ 70 Camera input

The inputs described below are associated with the available
target viewing options. The option matrix describes the combina-
tion of inputs that yields the desired targets.

Input
Number Description
03 Satellite number
85 Flag to specify satellite as principal body
for entire run
86 Minimum range at which camera switches to
satellite
87 Start inhibit camera switch to satellite#®
88 Stop inhibit camera switch to satellite%®

%#The program will not switch to the satellite during the time
span indicated between inputs 87 and 88.

5-4
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Option Matrix

Switch to Switch to Satellite
Input Planet . .
Number | Data Only Specified Closest as Viewed
I Satellite Satellite | Body
03 Not used Satellite number | Not used Satellite
number
85 Not used Not used Not used 1
86 Not used Minimum range Minimum Not used
range
87 Not used Ngt used Start Not used
. inhibit
) time
88 Not used Not used Stop Not used
inhibit
time

5.3 Example of Computer Input Cards — Table 5-2 is an example
of an actual data presentation model run (verification run 2-2 as
shown in Appendix A). In the input listing, cards 2, 3, and 4
provide the planet index number (5 for Jupiter), the satellite
index number (2 for Europa) and the calendar date (79011469 mean-
ing 69/100 days past the start or January 14, 1979).

Input 6 (with a value of 102) describes the six following num-
bers to be the planetocentric position vector components (km) and
the velocity vector components (km/sec) referenced to the ecliptic
and the vernal equinox of 1950. (A detailed description of wvari-
able 6 is given in JPL Technical Memorandum 293-10, October 13, 1970,
"Orbit, A general Purpose Conic Orbit Program'" by P. H. Roberts,
including applicable revisions).*

Card 22 states that the instrument identification number is
120, providing camned input TV characteristics for a SIT, wide-
angle camera. Card 23 having a value of 1 indicates that the user
will input cone and clock angles for TV pointing at a specific
number of days from periapsis.

Nine sets of cards numbered 24, 25 and 26 follow, with cards
24 listing cone angle in degrees, cards 25 listing clock angle
in degrees, and cards 26 listing time from periapsis in days.
The first time input is -.222, which means 0.222 days (5 hours
and 20 minutes) before periapsis.

*This reference is included in Appendix C Vol II
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Table 5-2 User Instructions

Crmad AR R AR E AR TR R RN I RS AR R AR E AR R E R RS SR A AT LR RS AR N AR AR R P AR R E R SRR S hn X )
Chtat R E I AN E T AR R AR AR R R R E R AL R AR AT AR R AKFFF R R R EFE R FF ER R R R RS kb ek n
o

¢

c USER INSTRUCTIONS FOR PROGRAM INPUT REGUIREMENTS

c

c

C****qa*t**ttttttttt:tt#tttt:tt**t*t*«**ttttts*:tttt*tt**t*tt*#ttt*tt*ﬂtt*cttt*
CHass s st xR 2 KRR R IR RAI B AR FL AR RN KRR FER A E RN R RN R FEF LR RRX TR B KRR IR RO LR F %

c

01 NOT USED
» gz 1IP IS THE NUMBER OF THE PLANET 70 BE CONSIODERED .
03 Ivs IS THE MUMBER OF THF SATELLITE 70 BE CONSIDERED ({SEE 856}

« 04 DATE IS THE TIME OF PERIAPSIS OR ENCOUNTER. DATE.GE.O MEANS
DATE-10000+YR + 10G+M0 + DAY. WHERE YR IS THE LAST Two
DIGITS OF THE YEAR (1900 TO 13899). MO0 IS THE MONTH NUMBER.
JAN = 1. AND DAY IS THE DAY OF THE MONTH INCLUDING FRACTIONAL
nayYs. T

as NOT USED

+ 0B Af2) INPUT FORM OF ORBIT (THE OPBIT CONVENTION IS USED. REF
JPL TECHNICAL MEMOPANDUM 393-10 GCTOBER 13, 1970
AUTHOR = P. H. ROSERTS )

» 07 At3)  ORBIT INPUT X(1)

+ 08 A(4)  ORBIT INPUT X1{2)

* (09. 4{5) ORBIT INPUT X3}

* 10 A(8B) ORBIT INPUT X(4)

*+ 11 A(T7) ORBIT TNPUT X(5)

* 12 AE3) ORBIT INPUT X{6)

13 NOT USED
14 NOT USED
15 NOT USED
i6 NOTFT USED
17 NOT USED
18 NSC SPACE CRAFT MODEL

-1a SUN ORIENTEND (TOPS)

OG. EARTH ORIENTED tTOPS)

1. EARTH ORIENTED (PIONCER}

?. .EARTH ORIENTEDQ - SPIN RATES INPUTS 19 THRU 21

19 ROTWL1)= PITCH RATE {DEGISEC¥

20 ROTWIZ)= YAW RATE (DEG/SEC}

OO OO OONANO0OO000O0O0N00ONONO0T0OM0NONNNNnDNOoO0DO0N000

21 ROTW{331= ROCL RATE (DEG/SEC)

5-6
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22 INST
23 IMODE
24 CCONE
25 CCLOCK
26 17

27

28

29

41

MCR-71-181

Table 5-2 (cont)

INSTRUMENT TD

110. NARROW ANGLE SIT tTO0PS)

I120. WIDE ANGLE SIT (TOPS51}

130. NARROW ANGLE SILICON VIDICON
130. WIOE ANGLE SILICON VIDICON

150+ NARROW ANGLE SEC VIDICON

160. WIDE ANGLE SEC VIDICON

21C. FIFLOS &ND PARTICLES PLOTS ONLY
310. IR (NOT AVATLABLE]

§10. UV (NOT AVATLABLE)}

L O A I B A AR L}

MODE DJESCRIPTION -

=0.USES BUILT IN TIME STEPS (UNLESS OVERRIDODEN RY TV
CHARACTERISTICS 63 AND 59). PICTURE CENTER WILL BE
ALIGNED WITH RADIUS VECTOR OR TO CENTER OF LIT LIMB
IF RADTIUS VECTOR IS IN THE SHADOW.

Z1.USER WILL INPUT NISCRETE TIME FROM ENCOUNTER {261
CONE ANGLE (28} AND CLOCK ANGLE {25}

CONE ANGLE (DEG)

CLOCK. ANGLE (DEG)

TIHE FROM ENCOUNTER (DAYS) .
USER MAY INPUT UP TO 200 CaRD SETS 2425 AND 26

NOT USED
NOT USED
NOT USED

NOT USED

31-70 INSTRUMENY CHARACTERISTICS

TV ELEMENTS

31  TVNAME¢1) INSTRUMENT NAME 6 ALPHANUMERIC CHARACTERS

32 TVYNAME{Z) INSTRUMENT NAME & ALPHANUMERIC CHARACTERS

33 TVYNAME(Z) INSTRUMENT NAME & ALPHANUMERIC CHARACTERS

34  TYNAME{4) INSTRUMENT NAME 6 ALPHANUMERIC CHARSCTERS

35 TYNAME(S) INSTRUMENT NAME & ALPHANUMERIC CHARACTERS

36 PIb)
37 PLT)
38 P8}
39 PL(3)
40 PL1B)

FOCAL LENGTH (CH)

CLEAR APERATURE DIa. (LM}
OBSCURATION DIA, {(CM]}

OPTICS TRANSMISSION FRACTION

VERTICAL DIMENSION (CM}e ACROSS SCAN LINES
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41
42
43
44
45
46
47
48
43
50
51
52
53
54
55
56

57

58 °

59

&0

61

62

63

54

65

&6

67

3:

69

70

PLIL)
P12}
PLIZY
PC14)
PLLS)
PL16)
PL1T)

Pilg)

P19

PI20)
P21
pPt22)
P{23)
Pt2u)
P25
Pi26)
PL27)
P28
Pt2%)
P¢30}
P31}
PL32}
PL33}
PL34)
P35y
PL36)
P{3T7)
PL3m)
Pl33)

P(40)

MCR-71-181

Table 5-2 (cont)

HORIZONTAL DIMENSTION (CM)s ALONG SCAN LINES

NUMBER OF SCAN LINFS

NUMBER OF‘PIXELS PFR SCAN LINé N

NUMBER OF BITS PER PIXEL

MINIHUM DETECTARLE EXPOSUPE (ERGS/CMxe2)

MAXIMUM 0R HIGHLIGHT EXPOSURE {ERGS/CMx=*2)

MINIMUM RESCLUTION LEVE} 1 (KM/PTXEL)

MINIMUM RESOLUTION LEVEL 2 fKM;PIXELl.

MINIMUM RES@LUTIO& LEVEL 3 (XM/PIXEL}

MINIMUM RFESCLUTION LEFVEL & {KM/PIXEL)

SENSOR RESPONSE CURVE TDENTIFICATION

BLUE FILTER TRANSMISSION CUPVE TDENTIFICATION

GREEN FTLTER TRANSMTISSTON CURVE TDENTIFICATION

RtOD FTLTéR TRANSMISSION CURVE TIDENTIFICATION
POLARTIZING FILTER TRANSMISSION CURVE IBENTIFICATION
EXPOSURE TIME (SEC)

NOT USED

NOT USED

FRAHME READ TIME (SEC)

FRAME ERASE TIME (SEC}

PICTURE TAKING START TIME (DAYS

PICTURE TAKING STOP TIME {(DAYS)

DELTA T PER PICTURE {MINJ -WILL OVERRIDE CANNED TIME STEP -
BULK STORAGE CAPACITY (BITS}
BULK ZERO STATE (BITS)
TRANSMTSSTION BTIT PATE (BPS}
gTHER TNSTRUMENTUBRT RATES (BPS)

BUFFER CAPACITY (BITS)

PICTURES PER CALCULATION STEP (SEE 63 FOR SIZE OF PROGRAM STEP)

NOT USED
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31
32
33

34

36
37
38
39
40

41

T
81
82
83
84

85

86

87
88

89

90

MCR-71-181

Table 5-2 (cont)

FP ELEHENTS

TYNAME (1) INSTRUMENT NaME & ALPHANUMERIC CHARACTERS

TYNAME {2) INSTRUMENT NAME & ALPHANUMERIC CHARACTERS

TUYNAME(3} INSTRUMENT NAME 6 ALPHANUMERIC CHARACTERS

TUYNAME (43 INSTRUMENT NAME 6 ALPHANUMERIC LHARACTERS

PLE}
PL7)
Pis}
P{S}
P10}

THRYU 70

THRU, 80
IFLPL

IfFLPR

IFLT

XZ {86}

ZouT

* TYNAME (5) INSTRUMENT NAME & ALPHANUMERIC CHARACTERS

MAGNETOPAUSE RANGE {PLANET 2ADII}
BOW SHOCK RANGE IPLANET RADII)
LATITURE OF MAGNETIC POLE (QEG)
LONGITUBE OQF HAGNE?TC POLE (DEG)
INSTRUMENT SENSTTIVITY (GAUSSY

NOT USED

NOT USED

PLOT INTERVAL NUMBER OF CALCULATION STEPS BETWEEN PLOTS

PRINT INTERVAL NUMBER OF CALCULATION STEPS BETWEEN PRINT QUTS
NOT USED

NOT USED

SATELLITE FLAG. IF VARIABLE IS INPUT GE 1. AND VARIABLE 3

IS INPUT GF 1. THAN TV DATA WILL RE GENERATED ONLY FOR THE

SATELLITE SPECIFIED BY VARTABLE 3. .

MINIMUM RANGE TO START SATELLITE SWITCH

NOTE 1. IF VARIABLE 3 IS GE 1. AND VARIABLF 886 IS GT G.
THAN TV DATA WILL Bf GENERATED FOR THIS SATELLITE (3}
WHEN ITS RANGE IS LESS THAN VARIABLE B86.

NOTF 2. IF VARIABLF 3 IS £ (0. AND VARIABLE 88 IS GT Q.
THAN TV DATA WILL BF GENERATED FOR THE CLOSET
SATELLITE WITH RANGE LESS THAN VARIABE 86.

START TIME FROM ENTOUNTER (HRS! DURING WHICH SATELLITE
SWITCHING WTILL BE INMIBITED

STOP TIME FROM ENCOUNTER (HRS) DURING WHICH SATELLITE
SWITCHING WAS INHIBITED. -

NOT USED

PLOT FLAG. SIX DIGYT NUMBER
DIGIT 1 GE 1. FOR PLOT OF CONE-CLOCK OF PLANET LIMB
AND SPECIFIED SATELLITE (32
BPIGIT 2 GE 1. FOR TV RESOLUTION PLOTS
DIGIT 3 GE 1. FOR TV SMEAR PLOTS
DIGIT 4 GE 1. FOR *“PICYURES WITHIN SPECIFIEND RESOLUTION LEVELS™
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Table 5-2 (cont)

PLOTS
DIGIT 5 GE 1. E£O0R PLOTS OF SATELLITE RANSE. EARTH-SAT-S/C
ANELEs SATELLTTE GONE ANGLEs SATELLITE CLOCK
ANGLE+ SUN-SAT-S/C ANGLEs AND SATELLITE HALF
, ANGLE VS TIME.
OIGIT 6 GE 1.  FOR PLOTS .OF PLANET RANGEs EARTH-PLANET-S/C
ANGLEs PLANET CONE ANGLE. AND PLANET GLOCK
ANGLE VS TIME.

* 96 XZ{96) RESTART FLAG, VARI4BLE ES [ FOR FOLLOWING CARDS TQ0 BE CHANGES
GR ADDITIONS ONLY. VARIABE EG ! AND 2ALL PREVIOQUS 0ATA WILL 8E

DELETED BEFCRE NEXT CASE IS RUN. VARIABLE GV 1 FOR PROGRAY
TERMINATION.

87 Do MOT USE
* 98 XZ{28) FLAG TO SPECIFY END OF DAYA CASE
*+ 93 XZ(99) FLAG TQ TERMINATE ENTIRE PROGRAM

* NOTE —-~—=====— ASTERISK MEANS THAT THIS VARIABLE MUST RE PRESENT FOR-
THE CORRECT RUNNING OF THE PROGRAM

OO0 OMNON OO0 00000

CEEXE AR ARSE RN R R AR ERFERE R E R KT PR AR N L R XE R KT ERERECRK LSRNk kX (I 2T RS LRSS ES L 2]
Ct*t##*-‘****’lt*tttttt.**tt*t*l’*it*t*t*****#3***‘?‘!****#*!‘ 2 AL SR EREEELEZE S ESE ]
C : .
C

c - USER INSTRUCTIONS FOR PROGRAM OPERATION

c

C .

I Ry R L A T e s 2y
L e S L L e R R R I R N e A P L L

1. NOTE ==rm==—=~- 4 HEADER CARD WHTCH MAY RE WRITTEN IN ANY FORMAT MUST
PROCEED EACH DAYA FVEN IF THAT DATA CASE IS ONLY A 9%
CARD. THE INFORMATION PUNCHED ON THE HEADER CARD WILL RE
PQINTED QUT AT THE TOP OF EACH PAGE OF OUTPUT,.

2e NOTE —---——— THE FORMAT FOR ALL DATA CAROS WITH THE EXCEPTION OF THE
HEADER CARD "IS AS FOLLOWS
FORTRAN
coL FORMAT ’ DESCRIPTION
iI- 2 12 " THWC DIGIT VARTABLE NUMBER
3-17 Gl&.8 VARIARLE (FLOATING NUMERIC DATA ONLY}
18-23 A6 . VARIABLE (6 ALPHANUMERIC CHARACTERS}?
24-17 346 COMMENT (ALPHANUMERIC DATA)
78-79 A2 COMMENT (ALPHANUMERIC DATA}
ap NOT USED
3. NOTE —=—-——-— WHEN & VARIABLE IS NOT SPECIFIED BY A DATA CARD THE PROGRAM .

WILL USE THE FOLLOWING CANNED VALUES

OGO OO000ONO 00000

a3 0.0 SEE SATELLITE O°PTION INPUT 86 -
g g.0 EARTH ORIENTED TOPS S/C
13 g.01 PITCH RATE (DEG/SEC)
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Table 5-2 ({cont)

20 D.01 YAW RATE (DES/SEC)

21 n.01 ROLL PATE (DEG/SEC) TIF 18z-1. OR 0.
21 30 .00 ROLL RATE (DEG/SEC) TIF 18= 1.

23 J.0 RADTUS POINTING MODE

IF INST (X2€22)) = 110.

31 SIT Na
32 RROW A
33 NGLE C
34 AMERA
35 (CAND)
36 200.0
37 23.0
45 8.E-6
&6 20.E-4
51 1.0
56 0.00L
57 0.0
58 0.0
59 40.0
&0 0.0

IF INST {XZ2¢223) - 120.

31 SIT Wl
32 DE ANG
33 LE CAM
34 ERA

35 {CAND)
36 20.0
37 5.0
46 . ZU-E-—‘I
51 1.0
586 0.0001
57 0.001
58 C.010
59 40 .0
50 9.1

IF INST tx2¢22)% = 130.

31 SI NAR
32 ROW AN
33 GLE A
34 MERA
35

36 200.0
37 23.0
45 2.E-3
46 0.5
5} 1.0
56 0.05
57 0.%
58 -5
59 4n.u
60 0.1

IF INST (X2¢223) = 1u40.

31 - SI WIpD
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Table 5-2 ({cont}

32 £ ANGL

33 E CAME

W W
G &
N g
P
" & 3 8 8 @
=DV OQWMoO
wn |
W

n wn
0 L2l
+=
OO NIN0O

. 4 % @

IF INST {x2¢22)} - 150.

31 GPE 2
32 BEG RO
33 v CAME
3n RA SEC
35 TUBE
35 50.8
37 T«62
45 -0001
46 .01
51 1.0
56 el
57 0.1
58 0.01
59 4n.g
60 0.1

IF INST (XZ122)) = 160

31 SEC WI
32 OE ANG
332 LE CAM
34 ERA

35

36 1.524
37 10.16
45 G.0001
45 0.01
51 1.0
56 0.1
87 0.01
58 G.001
59 40 .0
60 Oa1

FOR ALL TV INSTRUMENTS

38 c.0
338 0.85
49 1.50
41 1.60
42 800.0
43 800.0
44 8.0
47 300.C
48 100.0
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Table 5=2 (concl)

4G 50.0
50 . 1040
52 1.0
53 1.0
54 1.0
55 . -1.0
61 "'1-5
62 1.5
63 15.0
54 1.E+3
65 0.0
65 T gTULE 2
67 100.

63 PII4Y+P(I2}¢P(13)}
69 4.

70 P133}

IF INSY = 210.

FIELDS

32 AND P

33 ARTICL

k{3 E INST !

35 RUMENT

36 - 51.6 (JUPITER)s B3.0 {SATURN}
37 65.8 {JUPITFRI+ 80.3 (SATURN}
38 80.0 (JUPITER}y 90.6 {(SATURN])
39 190.0 (JUPITER)» 0.8 {SATURN}
40 2.E-5

al 1.0

az 1.0

8% 0.0

86 0.0

87 0.0

88 0.0

90 a0

OO OO0 000000 NAO00OO0O 000000000000 000
[V ]
—

CHEPER AT RN R F RN ERERERCFEAF R RNE SRR AR KRA R R R PR AR FE IS4 22 A A IR AT IR ERE X EE DA R Rk RE S
CHEAANEXERERE R AR ERARRKE AR AR N AR A AN AT XSRS L RE AR PR AR R ERRRF A NS AR S E RS RE RN A S
c

c

C END OF USER TNSTRUCTIONS

c

C

CHEtd sttt et et 43R+ 24 AS SRR R RN EF FAAEEAER XA B EERFE IR FEIER X EF L HE A RN REBEFERE &
CHe s F A S A B AN S E 4 R R R AR AN AR RN AR AR R R AP AR E AR S E 2R LA F R R R AN FXERERE R RN LRI RR S
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The next input variables are found on card 45, which gives
the minimum detectable exposure (8 x 107% ergs/cm?), and on card
46, which gives maximum or high light exposure (2 x 103 ergs/cm2).
Card 51 provides for the use of sensor curve number L, while cards
61 and 62 establish a start and stop time of *1.5 days. Card
63 provides for an interval of 5 minutes between pictures. Cards
64 through 68 describe the spacecraft memory storage capacity as
a bulk storage of 108 bits with no bits stored initially, a bit
transmission rate allocated to this camera of 47,400 bits per
second requiring transmission from other instruments, and a buffer
storage capacity of 2 x 106 bits.

Card 69 provides for six picturés per calculation step, and
cards 81 and 82 provide for 72 calculation steps from -1.5 to

+1.5 days, and a data printout for each calculation.

Card 90 calls for all possible summary plots to be plotted.
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6. MODEL SUBROUTINES

One hundred six subroutines are employed by the main program
to constitute the model itself. Since there is clear disparity
between the subroutines in regard to thelr source and complexity,
the following four classifications were established.

6.1 Subroutine Classification — The first classification
includes routines supplied at the start of the contract by JPL.
For this first classification, a simple descriptive sentence is
given.

A second classification contains the major subroutines de-
veloped during the contract, the complexity of which requires a
flow diagram and listing to aid in their understanding.

A third classification contalns a few minor subroutines that
are simple enough to be described by a short description. A
'listing 'is also included.

The last classification is a set of translation routines
that accept the name of various CDC 6000 system plotting sub-
routines and perform the same functions on the Univac 1108 com-—
puter using the Univac system plotting routines.

6.2 Subroutines Supplied by JPL

-

Function ABSV

Purpose: To obtain the absolute value of a vector.
Calling Sequence: ABSV (A)

Function ANGV

Purpose: To determine the angle between two vectors.
Calling Sequence: ANGV(A,B,I)

Function ANOMLY

Purpose: To convert between true, mean, and eccentric
ancmalies.

Calling Sequence: ANOMLY (EE, ANGLE)
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Subroutine ARC

Purpose: Used for orthographlc projections, when the
picture frame falls off of the planet.

Calling Sequence: CALL ARC

Subroutine ARCSTP

Purpgse: To establish the number of degrees in the arc
to be plotted, by either subroutine PLTARC or
gsubroutine SATARC, as a straight line.

Calling Sequence: CALL ARCSTP (S)

Subroutine CALNDR

Purpose: To convert between Julian, modified Julian,
and calendar dates.

Calling Sequence: CALL CALNDR (DOUT, IO, DIN, II)

Subroutine CPLANN

Purpose: To obtain the equinox and pole vectors and the
gravitational constant ©f the planet of in-
terest.

Call Sequence: CALL CPLANN (IP)

Subroutine CTRANS

Purpose: To transform a vector im latitude and longitude
coordinates to one of three alternate Cartesian
systems.

Calling Sequence: CALL CTRANS (V, IV)

Subroutine DISK

Purpose: To plot the disk of an indicated planet (and
rings of Saturn if applicable).

Calling Sequence: CALL DISK (IP, ISV, GRID, ADVANC; MOVIE)
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Function DOT

Purpose: To determine the DOT product of two vectors.
Calling Sequence: DOT (A,B,V)

Subroutine ERR

Purpose: To enable trace routine, by setting the variable
trace egual to SHTRACE.

Calling Sequence: CALL ERR

Subroutine EUREKA

Purpose: To determine a vector from a planet center to
the pierce point of a vector directed from the
spacecraft. The resulting vector is given in
two coordinate systems; ecliptic - equinox, and
planetocentric - prime meridian.

Calling Sequence: CALL EUREKA (VQ, VC, PC, P)

Subroutine FEB

Purpose: To supply subroutine CALNDR with number of days
in the month February.

Calling Sequence: CALL FEB.

Subroutine FIND

Purpose: To find the planetocentric puncture point of
the camera frame on the planet's surface in
prime meridian ~ pole vector system.

Calling Sequence: CALL FIND (VQI, 1D, I)

Subroutine FPLOT

Purpose: To plot the angular limits of the TV frame
field of view as projected on the planet sur-
face and as seen from the spacecraft.

Calling Sequence: CALL FPLOT (VQ)

6-3



MCR-71-181

Subroutine FRAME

Purpose: To provide unit vectors to the corners, center
of each edge, and frame center of a camera field
of view.

Calling Sequence: CALL FRAME (P,FOV1,FOV2)

Subroutine JOVSAT

Purpose: To determine the position vecter of a specific
satellite of the planet Jupiter for a given in-
put Julian date.

Calling Sequence: CALL JOVSAT (X,JP,IP)

Subroutine LOCATE

Purpose: To establish a camera coordinate system around
the input cone and clock angles and to deter—
mine a vector from the’ planet center that in-

" tersects the cone and clock vector at the
planet surface.

Calling Sequence: CALL LOCATE (VQ, CONE, CLOCK, TWIST)

Subroutifie LOOK E

Purpose: To determine the cone and clock angles to a
glven latitude and longitude on a planet sur-—
face giving a particular viewing direction and
distance.

Calling Sequence: CALL LOOK (DUM, CONE, DLOCK, LAT, LONG)

Subroutine MERIDN

Purpose: To plot a given number of merldlan circles on
the planet disk.

Calling Sequence: CALL MERIDN (PV, PM, QL)
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Subroutine NEPSAT

Purpose: To determine the position vector of a specific
satellite of the planet Neptune for a given in-
-put, Julian Date.

Calling Sequence: CALL NEPSAT (X,JD,IS)

Subroutine ORBIN

Purpose: To accept descriptions of the spacecraft orbit
in various forms and provide a standard set of
orbit elements for use of other subroutines.

Calling Sequence: CALL ORBIN (X,I)

Subroutine CRBPGS

Purpose: To determine the planetocentric position of
spacecraft at a given time from periapsis.

Calling Sequence: CALL ORBFOS (X{TT)-

Subreoutine ORBVEL

Purpose: To determine the planetocentric velocity of
spacecraft at a given time from periapsis.

Calling Sequence: CALL ORBVEL (X,TT)

Subroutine PARLEL

Purpose: To plot a given number of latitude parallels on
the plot of the planet's disk. .

Calling Sequence: CALL PARLEL (PV, PM, QL)

Subroutine PENUP

Purpose: To set pen control flag equal to "up" and to
effect the blanking of the beam during the use
of subroutine VPLOT,

Calling Sequence: CALL PENUP
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Subroutine PGLOBE

Purpose: To determine a planetocentric ecliptic unit
vector to zero latitude and zero longitude of
a planet.

Calling Sequence: CALL PGLOBE (PM, JD, IP)

Subroutine PLANET

Purpose: To load the planet constants into the appro-
priate "COMMON" statements.

Calling Sequence: CALL PLANET (T)

Subroutine PLASAT

Purpose: To calculate position vector R(3) in planeto-
centric, equatorial, and ecliptic coordinates
of 1950. Distance unit kilometers.

Calling Sequence: CALL PLASAT (R, JD, IS, IP)

Subroutine PLCON

Purpose: To provide constants relating the planet of
interest or the sun and constants that allow
determination of the planet's orbital elements.

Calling Sequence: CALL PLCON

Subroutine PLPOS

Purpose; To determine position of a planet with respect
to the helicocentric eliptic and equinox of
date.

Calling Sequence: CALL PLPOS (X,J3D,IP)

Subroutine PLTARC

Purpose: To plot the visible points of the locus of
tip of planetocentric vector as it rotates
around an input vector axis and through an
input angle.

Calling Sequence: CALL PLTARC (R,PV,ARC)
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Subroutine PLVEL

Purpose: To determine heliocentric ecliptic velocity of
a planet.

Calling Sequence: CALL PLVEL (V,JD,IP)

Subroutine PPLOT

?

Purpose: To plot an alphanumeric word (up to six char-
acters) starting at a specified point.

Calling Sequence: CALL PPLOT (¥, X, BUF, LABLE)

Subroutine PRECS

Purpose: To adjust the pole vector of iﬁgiter to account
for precession.” = T T T

Calling Sequence: CALL PRECS (TC,X,Y)

Subroutine PSCONS

Purpose: To obtain constants of the various satellites
of the planet.

Calling Sequence: CALL PSCONS (QUAN, QNAM, IS, IP)

Subroutine RCNCLK

Purpose: To transform a vector in ecliptic equineox
coordinates to range and cone and clock angles
referenced to the sun (or Earth)

Calling Sequence: CALL RCNCLK (R,S)

Subroutine SATARC

Purpose: To plot the visible points of the locus of the
tip of a satellite-centered vector as it rotates
through an input angle.

Calling Sequence: CALL SATARC (R,PV,RS,ARC)
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Subroutine SATS

Purpose: To plot a range of points at regular time in-
tervals along the orbits of the satellites of
a planet as seen from a given viewpoint. A
second option used by the program puts the po-
gition at a given time.

Calling ‘Sequence: CALL SATS (SATl, SATSLL, 1p,1ISY,JDV,DT)

I

Subroutine SATSAT

Purpose: To determine the position vector of a specific
satellite of the planet Saturn for a given in-
put Julian date.

Calling Sequence: CALL SATSAT (X,JD,IS)

Subroutine SCPRNA

Purpose: To annotate a plot with 48 possible characters,
at a location and orientation that are flexible
and controlled by wvarious inputs.

2

Calling Sequence: CALL SCPRNA (BUS, IY, IX, J, AN LABLE, L)

Subroutine SDINIT

Purpose: To load the scaling factors, both absolute and
relative, into the variable "BUF."

Calling Sequence: CALL SDINIT (BUF, I, RELU, ABSU)

Subroutine SDNPUT

Purpose: To provide a plotting facility for subroutine
VPLOT.

Calling Sequence: CALL SDNPUT (Y,X,BUF,DUM)

Subroutine SHADER

Purpose: To shade the dark side of the plot of a planet
with a pattern of dots in order to define the
sun's terminator.

Calling Sequence: CALL SHADER (SHADE, SN)
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Subroutine SINTRP

Purpose: To blank plotting beam by setting first value of
the buffer array equal to zero.

Calling Sequence: CALL SINTRP (BUF)

Subroutine SOLPER

Purpose: To correct the position of Saturn's rings to
account for sclar pressure.

Calling Sequence: CALL SOLPER

Subroutine SPHERE

Purpose: To transform a vector between cartesian and
spherical coordinates.

Calling Sequence: CALL SPHERE (V,A,I,J,K)

Subroutine SRINGS

Purpose: To plot five circles about Saturn to represent
rings.

Calling Sequence: None

Subroutine STERM

Purpose: To cloge the pletting routines and terminate
the program. )

Calling Sequence: CALL STERM (BUF)

Subroutine TCONV

Purpose: To convert between time in days, hours, minutes,
seconds, or mixed.

Qalling Sequence: CALL TCONV (TIT, Units, time, UNIN)
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Subroutine UCROSS

Purpose: To perform a cross product between two vectors
and obtain unit vector parallel to product.

Calling Sequence: CALL UCROSS (V,A,B)

Subroutine URASAT

Purpose: To determine the position vector of a specific
asatellite of the planet Uranus for a given in~
put Julian date.

Calling Sequence:, CALL URASAT (RR,DEJ,IS)

Subroutine VAXIAL

Purpose: To set a vector of any magnitude in the direc~
tion of one of the coordinate axes.

Calling Sequence: CALL VAXIAL (V,5,K)

Subroutine VCOMB

Purpose: To combine (add) two vectors multiplied by two
scalars.

Calling Sequence: CALL VCOMB (V,A,SA,B,SB)

Subroutine VCROSS

Purpose: To perform a cross product multiplication be-
tween two input vectors.

Calling Sequence: CALL VCROSS (V,A,B)

+Subroutine VDIF

Purpose: To determine the value of a vector, V, which

is the difference between two other vectors,
A and B.

Calling Sequence: CALL VDIF (V,A,B)
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Subroutine VECTOR

Purpose: To load unlt vectors into the appropriate COM-
MON statement and load the varlable LABEL into
COMMON TRA.

Calling Sequence: CALL VECTOR (LABEL)

Subroutine VEQUAL

Purpose: To set one vector equal tc anocther.
Calling Sequence: CALL VEQUAL (V,A)

Subroutine VLOAD

Purpose: To load a subscripted vector with three Cartesion
values X, Y, and Z.

Calling Sequence: VLOAD (V,X,Y,Z)

Subroutine VPLOT

Purpose: To plot the locus of a radial vector orginating
at the center of a planet, providing that the
tip of the vector is visible from the wviewpoint

of the plot. The plot is in the form of a con-
tinuous line.

Calling Sequence: CALL VPLOT (RX, DUM1, DUM2, DUM3, DUM4,
DUM5, DUM6, DUM7)

Subroutine VPPLT

Purpose: To plot an input symbol at the tip of a planeto-
centrilc vector, providing that the tip is wisible
from the viewpoint of the plot.

Calling Sequence: CALL VPPLT (RX, SYMBOL, DUMLl, DURMZ,
pbuM3, DUM4, DUMS, DUM6)

Sub;outine VPROJ

Purpose: To establish the type of projection for Sub-
routines VPLOT and‘g?g%g

Calling Sequence: CALL VPROJ
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Subroutine VPRINT

Purpose: To print a six character input word and a float-
ing point vector number.

Calling Sequence: CALL VPRINT (V, LABEL)

Subroutine VROTAT

Purpose: To rotate a vector around a specifled axis by
a given angle.

Calling Sequenée: Call VROTAT (V,A,B,S)

Subroutine VROTAI

1

Purpose: To rotate a vector around one of the Cartesian
axes by a given angle.

Calling Sequence: Call VROTAX (V,A,K,S)

Subroutine VSCALE

Purpose: To mgltiply an input vector by a scalar.
i
Calling Sequence: CALL VSCALE (V,A,S)

Subroutine VSUM

Purpose: To determine the value of a vector, V, which is
the sum of two other vectors, A and B.

Calling Sequence: CALL VSUM (V,A,B)

3

Subroutine VTRANS

Purpose: To provide a mgthod of transferring a yector
between two Cartesian systems. )

Calling Sequence: CALL VTRANS (V,A,J,B,C)

Subroutine VUNIT

Purpose: To determine a unit output vector parallel to
input vector.

Calling Sequence: CALL VUNIT (V,A)
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Subroutine VVIEW

Purpose: To determine a vector from or to a planet or
from a specifled viewpoint.

Calling Sequence: CALL VVIEW (Q, NVW, VIEW, IVW, IP2)

Subroutine VZERO

Purpese: To set a vector equal to zero.
Calling Sequence: CALL VZERO (V)

Subroutine ARRQOCC

Purpose: To draw vectors with numeric labels to the re—
quested bodies.

Calling Sequence: CALL ARROCC (ARROW, OCC, FR, NVW)

6.3 Major Subroutines Developedhaidef Contract

6.3.1 CACL

Purpose: 1) Find vectors to planet from sun or Earth
and spacecraft from planet.

2) Find range, cone and clock angles from
spacecraft to satellite or planet.

3) TFind longitude and latitude of picture
center.

4) Find phase angle (sun to planet/satel-
lite to spacecraft).

5) Find vector to picture center from space-
craft.

6) Find velocity vectors of spacecraft-
planet motion and spacecraft rotational
motlon.

7) Find pow=r density to TV lens and to TV
sensor, energy of exposure and adjust
exposure time if required.

8) Determine digital characteristics of ex-
posure level.
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Calling Sequence: CALL CACL

Input/Output:
I/0 | FORTRAN Name Definition
I B Brightness of planet surface
I CCONE (200) Cone angle user's input
I CCLOK(200) Clock angle, user's input
0 DCNCLK(8) Total angle change to switch to satellite
0 DROTV (3) Picture center velocity due to S/C rotation rates
0 DTARE(3) Picture center velocity due to orbital velocities
I EFB Effective brightness of planet surface
0 - EM Emission angle
0 ENERGY Energy of exposure (ergs/cmz)
0 EPERDN Digital number of ,calculated exposure
o FRACT . Fraction of dynamic range for exposure
0 HANG2 Angle subtended by planet
0 IDN Digital number (available shades of gray)
I . IMODE Instrument mode = O instrument sighted down radius vector
= 1 user's cone and clock angles d
I IFP Planet index number
0 IPCN Picture number
1° 1Vs Satellite index number, if Speclfled
1/0 | JDV Julian date of interest
0 NDN Exposure, expressed in a digital number
I NREC Index of user's cone and clock angle
I NSC Spacecraft type number, = -1, Sun oriented
. = 0 or 1 Earth oriented
I/0 | P(26) Instrument characteristics — exposure time (sec)
"0 P(51) Instrument characteristic - T/number for camera
0 PERCT Percent of dynamic range equivalent of exposure
0 PHAS(8) Phase angle for eight possible satellites
o} PHASE Phase angle of planet (radians)
0 PHASED - Phase angle of planet {(deg)
0 PHASEP Phase angle of specified satellite (deg)
-0 PHASES Phase angle of specified satellite {(radians)
I PM(3) Prime meridan vector at date of interest
0 POWER Power density on;sensor (ergs/cmzlsec)
0 POWLN Power density “at lens (ergs/cm /see)
1 PV(3) Planet pole vector )
o R(3) Range, cone & clock angles to plamet from S/C
0 . RADP (3) Vector to picture center on planet or satellite
0 RCCL(3) Unit vector to picture center from S/C
0 ROTV(3) Velocity of image due to S/C rotation rates
I ROTW(3) Spacecraft rotation rates
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RPL(12)
RSAT(3)

SAF(8)
SB(8)
SEFB(8)
SRAT(3,8)

S8V (8)
SVSV(3,8)
TARGE({3)
TARGP (3)
TT

VSV (3,8)
VVSAT(3,8)

X(3)
XE(3)
XN(3)
XP(3)
XP(3)
XSAT(3)
X385(3)
XZ(97)
X3S(3)

Radius of planet of interest (km)

Range, cone & clock angles to specified or closest
satellite '

Half angle of eight possible satellites

Surface brightness of eight possible satellites
Effective surface brightness of eight possible satellites |
Range, cone and clock to eight possible satellites from
s/c

Phase angle to eight possible satellites

Velocity of satellite picture center due to S/C
Velocity vector of picture center (km/sec)

Radius, latitude & longitude of picture center

Time from periapsis (sec)

Vector to satellite from $/C (camera coord)

Velocity vector of eight satellites toward 8/C (camera
coord)

Position vector ® to S/C from planet/satellite
Heliocentric position vector of Earth

Vector to S/C from planet/satellite

Helioccentric position vector of planet from sun

Vector to planet from reference body (sun or Earth)
Vector to closest satellite

Vector to S§/C from satellite

Input variable array

Vector to reference body from S/C

Subprograms required:

VDIF, VSCALE, RCNCLK, VUNIT, PGLOBE,
VCROSS, UCROSS, VCOMB, VEQUAL, ’
VLOAD, SPHERE, VTRANS, ORBVEL, ANGV,
PLASAT, VROTAT, PSGONS

Approximate Storage Required (octal): 1760

Discussion: Nomne

Table 6-1 presents the CACL listing; Fig. 6-1 is the CACL flow

diagram.
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Taple -1 CACL Listing

SUBROUTINE CACL
cacL=-2

COMMON/JUNK /8 sEFB,SB(8) ,SEF3(8)
COMMON/PGBEAR/SSV(8) 3SAF {8) y HANG2, JCNCLK(8)
COMMON/HEDING/TITLE (13)
COMMON/ TNME /T UNAME(5)
DIMENSION ZSAT(3),VORB(3)
DATA AU/1.49593E08/
DATA WTERG/L.E+7/
DATA NCHGT/0/,NCHGF 70/
COMMON/TEST/ITEST(97)
COMMON/XZ/XZ(97)
COMMON/CHARAC /P (60)
COMMON/FLYBY/DUM(B) 9 XN(3) ,DUMM(9)
COMMON/CEL EST/C (315 S{3) ,SN(3)
COMMON/GEOM/XE(3) 4 XP (3)
COMMON/ PHASER/PHAS(8) ySRAT(3, 8)
COMMON/ STUF F/X( 3) s TARGE (3) yROTV(3) 4 VSV (3,8) ,VVSAT(3,8) ,SVSV(3,8)
X yRCCL (31 5 DT ARE(3) ,DROTV (3)
COMMON/STUF1/XS AT (3)
COMMON /PLCONS/ GMS,GMPL (12) ;RSyRPL(12) , SNAME (2) , PLNAME (2,12) ,
X SPV(3) ,PLPV.L3,12) y SVE(3),PLVE(3,12) ,SROT,PLROT (12),S0BL,PLOBL (12)
COMMON/PCOGRD/PV (3) ; VE(3) 4PM (3)
COMMON/ YCONS/ UX (3) 5 UY(3) yUZ (3),PI
COMMON/REVER/ RO TH(3)
COMMON/CHARLIE/ NCODEyNREC 5 IPyIVSyNSC,IFLST,NCB
DIMENSION UC3) ,XSN(3) 5 UXSS (3) o TARG(3) , XTER(3)
Xy - XSATL{3),RADP(3),VV(3)
X yRADL (3} 5C2(3) 5 CL(3) 5XS (3) 4 XSS(3) ,VSAT(3)
X s TARGV (3) s UXP(3) ,ROTC(3)
COMMON/FOROUT /POWER 5 ENERGY yPERCT s IINsR(3) ,RSAT (3) s TARGP (3) , IPCN
X ;FRACT y PHASED yPHASEP 5 POWL N,NDN,EPERDN
COMMON/FLAGS/ IMODEs IFLPL s IFLRP
COMMON/CAM/CCONE{260),CCLOCK (200)
REAL JDV
COMMON/Z JDAY S/JDV,TT
DIMENSION NS(9)
DATA NSO/S/yNS/0,0 319247 35,2,0/
T=TT/3600.
TTT=TT/86400.
XPM=(ABSV (XP} /AU) **2
TS1=XZ (87)
TS2=XZ (88)
ISAVE=0
NCB=0
ION=2.*%P (14) +0 .01
PI=3,1415926536
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Table 6-1 {cont)

CALL VUNIT(UXP, XP)
IF(NSC.LT.0) GO TO &

CALL VDIF (XP,XP,XE)

CALL VSCALE(XSy;XP,~1.)

CALL VDIF (XS,XS,X)

CALL VSCALE(RyX,y=1.)

CALL RONCLK(R,XS)

CALL VUNIT(U ,X)

CALL VSCALE(UXP ,UXP,=~1,)
PHASE=ACOS(DOT(UXP,U )}

CALL PGLOBE(PM, JOV, IP)}

CALL VSCALE(TARG,U , RPL(IP)}
CALL VOIF(RADP,TARG,X)
HANG=ASIN(RPL (IP}/R(1))*180,./PI
HANG2=2,*HANG

IMODE Ne O MEANS CONE/CLOCK IS INPJT

IF (IMODESNE.D) GO TO 10

IF(PHASE.LT.PI/2.) GC TO 20

SUBVEHICLE POINT IN SHADOW

CALL VCOROSS(XSN,UXP,U)

CALL UCROSS(XTEKyXSN,UXP)

ANGL=90 .~HANG

ANGL=PHASE*180, /PIL-ANGL

DEL=(90 o~ANGL)/ 2,

ANGL=ANGL+DEL :

PICTURE CENTER BISECTS ANGLE BETWEEN LIT LIMB + TERMINATOR
CALL VCOMB(TARG,UXP,COS(ANGL*PI/lBﬂ-),XTER,SIN(ANGL*PI/lﬁU.))
CALL VSCALE(TARG,TARG,RPL(IP})

RADP IS VECTOR FROM S/C TO PIC CENTER

CALL VDIF(RADP,TARG,X)

CALL VEQUAL (RAD1,RADP)

CALL RCNCLK{RAC1,XS)

GO TO 24

CALL VLOAD(RCCL 314 CCONE (NREC) ,CCLOCK { NREC) )
CALL SPHERE(RCCLyRCCL,QHFQON,5HPOLAR,5HDEGREE)
CALL VTRANS (RADP,RCCL,4HFROM,C,XS)

CALL VSCALE(U,U,-1,)

CA=DOT (U,RADP)
SROGT=RPL (IP} ®**2«R(1)*¥2%(1,~-CA*CA)

IF SROOT L& O CENTER OF FRAME IS 0JF PLANET
TARGM=R (1) #CA-SQRT(SROCT)

CALL VCOMBU(TARG ,RADP,TARGMyU,~R(1})

CALL VSCALE {RADF,RADP,TARGM)

6~17



MCR-71-181
Table 6-1 (cont)

20 CONTINUE )
CALL VTRANS(TARGP,TARG,ZHTO,PM,PV)
CALL VCROSS (TARGV,UZ,TARGP) .
caLtp SPHERE(TARGP,TARGP,2HTO,6HLATLON,bHDEGREE)
CALL VSCAL:{TARGV,TARGV,PLROT(IP)/86&00.“2.*PI)
CALL VTRANS(TARGE,TARGV,4HFR0H,PM,9V)
CALL ORBVEL{(VV,TT)
CALL VDIF({VV,TARGE, VV)
EM=180.-ANGV(RADUP, TARGy 6HDEGREE)

[ NP IR

IF(IVS.EQ.) GO TO 8 .

XSS IS VECTOR FROM SATELLITE To S/C

CALL VDIF(XSS,X,XSAT)

CALL VUNIT(UXSS s X$5}

ASSUNES SUN VECTOR IS SMME AS PLANZTS

PHASES=ACOS (DOT (UXP,UXSS))

CALL VSCALE (RSAT,XSS,~1.)

CALL RONCLK(RSAT,XS)

C CHECK TO S:IE IF PLANET OBSCURES SATELLITE

IF((ANGV(X,XSS,&HD&GREE)).LT.HANG.QND-RSAT(i).GT.R(i)}

XPRINT 999,177

8 CONTINUE

(]

(]

OO0

CALL ORBVEL (VORE,TT)

NSP=NS {IP)

IF(NSP.EQ.0) GO TO 106

ZAP=R(3)

IF (ZAP.GT.180.) ZAP=7ZAP-360,

B0 500 I=1,NSP -

IS=I

IF(IP.EQ.64AND.IS.EQ.1) GO TO 500
CALL PLASAT(ZSAT,JDV,1S5,IP)

CALL VDIF{VSV{1,IS),X,Z2SAT)
SSV(I) =ANGV (VSV (1,1) yUXP,BHDEGREE)
CALL PSCONS{(RPSAT,5HRADIUS,I,IP)
RPSC=ABSV(VSV{1,I})

600 SAF (I)=ASIN(RPSAT/RPSC)I*(360./PI)
CALL VUNIT(UXSS,VSV{1,IS))
PHAS(I)=ACOS(DOT(UXP,UXSS))

CALL VSCALE (SRAT(L,IS), VSV{1,IS)y~14)
CALL RCNCLK(SRAT(1,IS),XS)
SAP=5RAT (3, IS)
IF(SAP.GT«180.) SAP=SAP~3a0.
DONCLK(I)=ABS(SRAT(2,IS)-R(2)) + ABS(SAP-ZAP)
CALL PLASAT{(XSATL,JDV+1./8640.,1S,IP)
CALL VDIF(XSAT1,XSAT1,ZSAT) .
CALL VSCALE (XSAT1,XSATL,.1)
CALL VDIF(JVSAT{1,1I5),V0RB,XSAT1)
CALL VSCALEA(VSV (1,TIS2,VSVI(L1,IS)y~1.)
. UCROSS (C2y XS, VSVI{1,IS))
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Table 6-1 (cont)

CALL UCROSS(C1,C2,VSV{1,1I35))

CALL VTRANS(VVSATI{1,1IS5)3VVSAT(1,1IS),2HTO,C1,VSV(1,I3))
CALL VTRANS{ROTC,ROTW;4HFROM,C,XS)

CALL VTRANS(ROTC,ROTC,2HTO,C1,VYSV(L,1IS))

CALL VTRANS(VSV(1,IS),VSV(1,1I8),2HT0,C1,VSV(1,IS))
CALL VCROSS{SVSV{1,IS),ROTC,VSVI{i,1I5))
IF(IP.EQ.6+.AND.I.EQ.1) GO TO 708

IF (ISAVE«NE.Q) GO TO 658

RMIN=SRAT{(1,I)

ISAVE=I

IF(SRAT(1,I).GT.RMIN) GO TO 700

RMIN=SRAT(1,I)

ISAVE=1

CONTINUE

CONTINUE .

IF{XZ{3).NE.O) GO TO 1l6

CALL VEQUAL(RSAT,SRAT(1,ISAVE))

IF(RSAT(1) eGToXZ(88) «ORToGT.TSL1.0R.T.LT.TS2) GO TO 105
CALL VUNIT(UXSS,VSV(1,ISAVE))

CALL VEQUAL (XSAT,VSV{14ISAVE))

IF{IFLSTL.EQs1) GO TO 99

RADP IS VECTOR FROM S/0 TO PIC CENTER
IF(ITEST(86) EQ el ANDJRSAT(1) L TeXZ2(86)) 99,105
CALL PSCONS(RADS,6HRADIUS,IVS,IP)

NCB=1

CALL VCOMB(RADP 4X%SS,~1.3UX5S5,RADS )

CALL VSUM(TARG, XSS, RADP)

CALL VTRANS(TARGP,TARG,2HTO,PM,PV)

CALL SPHERE(TARGP,TARGP,2HTO,6HLAT.ON,yBHDEGREE?
CALL PLASAT(XSATL,JDV+1./8640.,IVS,1P)}

CALL VDIF{VSAT, XSAT1,X5AT)

CALL VSCALE(VSAT,VSAT,.,1)

CALL ORBVEL (VV,TT)

CALL VDIF(VV,VV,VSAT)

CALL VEQUAL (XN, X535)

IF(IVS.NE.O) ISAVE=IVS

SSB=SB(ISAVE) 7XPH

SBBEF=SEFB(ISAVE)/XPHM
POHER=SBBEF/ (4. *P (5 1) ¥* 2} *PZ*¥HTERG
POWLN=SBB*PZ*HTERG

PZ=(SIN(PHASES) +(PI-PHASES*COS{PHASES)) /PI)
CONTINUE

IF(NCB.EQ.1) GO TO 101
BB=8/XPH
BBEF=EFB/XPM
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Table 6=1 {cont)

C LAMBERT PLANET PHASE FUNCTION
PZ={(SIN(PHASE)+(PL~- PHASE*COS(PHASE))/PI‘ABS(COS(EM*PIIIBB-)))
POWLN= BB¥PZ¥WTERG
POWER= BBES /(4. ¥P(51)¥*%2) *PZ*WTERG

101 CONTINUE
ENERGY=POWER*P (26}

IF (ENERGY=0.95*P(156))252,1
1 DTMIN=(.85*{(P(16)~P{15))+P(15)) /POWER
P(26)=DTHMIN
WRITE(6,1005) TITLE, TUNAME
WRITE(6,1000) ENERGY ,DTMIN
ENERGY=0.85¥(P(16)-P (15))+P (15)
WRITE(6,1001) ENERGY
NCHGT=NCHGT +1
WRITE(6,1004) NCHGT
IF(DTMIN-1.E=4) 342,2
3 DTMIN=1.E-4
P(26)=DTHMIN
PONXX=POWER*{P(51) *%2)/ (P(52) **2)
FILTF=DTMIN*POWXX/ENERGY
P(51)=P(52) *SART(FILTF)
HRITE(6,1002)FILTF
NCHGF=NCHGF +1
WRITE(6,1004) NCHGF
2 IF (ENERGY=-P(15))4,5,5
4 IF (POWER.LT.1.E-8)G0TO1%
DTMAX=P(15) /PONER
ENERGY=P(15)
P(26) =DTMAX
WRITE(6,1003)DTMAX
GO YO 5
11 HWRITE(6,1006) PORER
5 CONTINUE
FRACT=0.0
IF (ENERGY.GT,. P(15) o AND. ENERGY+LT.P{156) ) FRACT=(ENERGY~P (15)) 7
$§ (P(16)~P(15))
XON=IDN
NON=FRACT*XDN + 0.001
EPERDN=(P(16)~P (15) ) /XDN
PERCT=FRACT*100 .

QaOo

CALL UCROSS(C2, XS,RADP)

CALL UCROSS(C1i,C2,RADP)

fALL VROTAT(C1,C1, RADPy THIST*PI/1804)
CALL VTRANS({TARGE,VV,2HTO,C1,RADP)
CALL VTRANS(RCCL,RADP,2HT0,C1,RADP)
CALL VTRANS{(ROTC,ROTH,4HFROM,C, XS)
CALL VTRANS (ROTC,ROTC,2HTO,C1,RADP)
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Table 6-1 {concl)

CALL VCOROSS{ROTV,ROTC,RCCL)
SMEAR=ABSV{(TARGE)

SCMER=ABSV(ROTV)

PHASEP=PHASES*180./PI

PHASED=PHASE* 18 0./P1

HRITE(7) TT4XsXPyXSATyXE,RyPHASE,RADP, TARGE, TARGP,RSAT,PHASES, XSS,
XJDV,EM '

IF(NCB.EGe1) CALL VEQUAL (X, XS3)

QOO0

CALL VEQUAL (DTARE,TARGE)
IF(NCB.EQs1) CALL VEQUAL (DTAREsVVSAT(1,1IVS})
CALL VEQUAL (DROTV4ROTV)
IF (NCB+EQse1) CALL VEQUAL {DROTV,SVSV(L1,IVS))
RETURN
901 FORMAT (5X,11HPL ANET DATA,/)
904 FORMAT(5X,14HPICTURE LAT = ,F6.235XybHLON = ,F64298HSHEAR = ,
XE16. 8,5X,12HSHEAR S/C = ,F16.8)
982 FORMAT(SX,14HSATELLITE DATA./)
306 FORMAT (5X, 8HRANGE = ,E16.8,5X,7HCONE = 4F6.295X38HCLACK = ,F642,5X
X,BHPHASE = yFBa24/)
399 FORMAT(28HSATELLITE OBSCURED BY PLANET;F6.2,19HDAYS FROM ENCOUNTE
XR)
1000 FORMAT(1X ,19HEXPOSURE T00 HIGH ,Z10.3,13H (ERGS/CM*¥2)},/
t 26H EXPOSURE TIME REDUCED TO ,E£10.3,4H SEC)
1603 FORMAT (47H EXPOSURE LESS THAN MINIMUM , EXP TIME SET TO ,E10.3,/)
1001 FORMAT (13H EXPOSURE IS ,E1043,12H (ERG/CM¥¥2),)
1002 FORMAT(34H EXPOSURE TIME SET 70 8.1 MILLISEC,/
$27H REQUIRED FILTER FASTOR IS ,E10.3)
1004 FORMAT(S5X 4 3HCHG yI5)
1005 FORMAT (1H1,13A6,/,5A6/)
1006 FORMAT(/,35H POWER DENSITY THRU LENS TOO LOW = ,E15.8,14H ERGS/SQC
*M/SEC /)
END
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GENERAIL VECTOR CALCULATIONS
FIND: IDN, XP, R, PHASE, HANG2, RADP

CONVERT CONE
& CLOCKS TO

FIND: RADP,RCCL

YES

PHASE < /2

NO
MOVE CAMERA ALIGNMENT
TO MID POINT BETWEEN

LIT LIMB AND TERMINATOR

FIND: RADP

LIGHT-SIDE VIEW

-

FIND: TARGP, TARGE, EM

OTHER PLANET CALCULATIONS

HAS A
SATELLITE BEEN

NO

SPECIFIED
l?

CALCULATIONS FOR SPECIFIED
SATELLITE FIND: X88
PHASES, RSAT

SELECT
FIRST
SATELLITE |

LOOK AT
NEXT
'[SATELLITE

A

ALSO FIND INDEX OR CLOSEST = TSAVE

CALCULATIONS FOR SATELLITE

UNDER CONSIDERATION

FIND: VSV, SSV, SAF, SRAT

DCNCLK, SVSV, PHAS

WO

WAS

THIS THE LAST

Fig. 6-1 CACL Fiow Diagram
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HAS

YES

A SATELLITE
BEEN SPECIFIED

NO
SRAT (ISAVE)|

[EQUATE: RSAT

RANGE TO
CLOSEST SATELLITE

SWITCH TO
CLOSEST
SATELLITE

NO

LESS ‘THAN REQ'D
TQ SWITCH AND
15 TIME WITHIN
LIMIT

NO

MAKE XSAT = VECIOR TO
CLOSEST SATELLITE |

(00<

I8
THIS A

YES

SATELLITE
RUN

NO

15
SPECIFIED
SATELLITE

CLOSER THAN

MINIMUOM
?

. YES

—

D)

MAKE CAL.CULATIONS FOR
SPECIFIED SATELLITE RUN
FIND: RADP,TaRGP, XN
POWER, POWLIN

3105

Fig. 6-1 {cont)
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HAS
PROGRAM

SWITCHED TO
NEAR SATELLITE
?
NO

DETERMINE POWER DENSITY
FOR PLANET CONDITIONS

CALCULATE EXPOSURE ENERGY
IF TOO HIGH REDUCE EXPOSURE
TIME, P(26),,K IF EXPOSURE

18 BELOW 10~% SEC CHANGE
CAMERA SPEED (P(51)

IF TOO LOW INCREASE EXPOSURE
TIME, P(26) -
FIND ENERGY, NDN, EPERDN,
PERCT & FRACT ;

l

CONVERSION OF VARTATION
TARGE, RCCL AND ROTV TO CAMERA
COORDINATES
PHASEP AND PHASED TO DEGREES

TT, X, XP, XSAT, XE, R, PHASE, RADP, T

WRITE ON TAPE 7

TARGP, RSAT, PHASE, XSS, JDV, EM

e
Y

YES

HAS
NO PLANET
r RUN SWITCHED
?
DTARE = TARGE \\\\\\Eg\fff;/////////
DROTV = ROTV

> RETURN |«

X = X568
DTARE = VVSAT
DROTV = SUBV

Fig. 6-1 (concl)
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6.3.2 TFIELDS
Purpose: To construct plots that illustrate the magnetic
field of the planet, and the interaction: of

this field with the solar wind.

Calling Sequence: CALL FIELDS

Input/Output:
I/0 | FORTRAN Name Definition
I XLAT Latitude of magnetic pole of planet
I XLON Longitude of magnetic pole of planet
I RPL(12) Radius of planet (km)
I PV(3) Pole vector of planet
I IP Planet index number
I Al Semimajor axis of spacecraft trajectory
I Eccentricity of S/C oxrbit
I Semi-latus rectum of S/C orbit
I JDV Julian date of encounter '
I DPAUSE Distance to magentopause
0 TX Time from encounter (days)
0 BMINS Minimum detectable planet magnetic dipole
at 8/GC }
0 . DIRB(3) Direction vector of line tangent to magnetic

line of ferce

Subprograms Required: MAP, ORBPOS, UCROSS, VPROJ, VVIEW,
DISK, VCOMB, VPLOT, ANOMLY, SINTRP,
VPPLT, PLPOS, VSCALE, PGLOBE, RNCLK,
LINE, SPHERE, VTRANS, VSCALE,
Approximate Storage Required (octal): 2026

Discussion: None

Table 6-2 presents the FIELDS listing; Fig. 6-2 is the FIELDS
flow diagram.
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Table 6-2 .FIELDS Listing

SUBROUTINE FIELODS
DIMENSION DIRB(3),REF(3)gXMA(3),YMA(3),ZHA(3),XE(3),XP(3)
COMMON/CHARAC/PF(60)
COMMON /PLTBUF/BUF(283)
COMMON /PLCONS/GMS, GMPL {12) yRS,RPL(12),SNAME(2),PLNAME{2,12),
X SPV(3),PLPV(3,12),SVE(3),PLVE(3,12),5R0OT,PLROT(12),50BL,PLOBL (12}
COMMON /CVPLOT/VT(3) 4VR(3),VH(3)} 4RPP,TANR, RZ,SCALE R(3),PEN
COMMON/PCOORD/ PY(3) ,VE (3),PM(3)
COMMON/CHARLIE/ NCODE,NREC 5 IP;IVS,NSC,IFLST,NCB
COMMON/ORBI/AA,E;P,0RBsC1L,TA,TEJ, VU(3},QV{3)
REAL JD,JDV
! COHHON/JDAYS/JDV,TT
COMMON/PLAN/GM
DIMENSION XM(3),X(3),XF(3),V(3) X5(3) 4SN(3)
PI=3.1415%9
RTD=57.29%57840
CALL ARCSTP(5.4)
SENS=PF (10)
XLAT=PF (8)
XLON=P {(9)
XLON=PF (9)
DPAUSE=PF(56) *RPL (IP)}
DINC—PF(T)*RPL(IP)
A=AA
ECC=E
AE=ECC
DPAUSE=64 . *RPL (IP)
DING=0.275*%DPAUSE

DELANG=0.
DELTR=DELANG/RTD
R2=0.

CALL ORBPOS({X, 0.)

SCALE=ABSV(X) *5,

TF(SCALE.LT+11. *RPL (IP})} SCALE=11.¥RPL(IP)

SCALE=SCALE+RPL (IP)*1.1

BUF (4)==(SCALE-RPL(IP)*1.1)

BUF (5) =RPL (IP)¥1.1

BUF (&) ==SCALE/2.
BUF (7) =SCALE/ 2.

BUF(8)=0.0
BUF{9)=1.0

BUF (10)=0.0
BUF {11)=1.0 -
CALLHAP(BUF(Q},BUF(S),BUF(E) BUF (7)) yBUF (8) yBUF (9) ,BUF {10) ,BUF (11))
RPP=RPL (IP)

CALL UGROSS(VH,PV,X)

CALL VPROJ )

CALL VVIEW(1,11,1,15,0)

DMDT=SQRT(GM/ABS(A) ¥*3)

PLOY PLANET DISK

CALL DISK(IP,0,8,8,0)

IJK=0

X{3¥=0.

¥ ¥ X x5 ¥ X & ¥ ¥ ¥ F ¥ ¥ R F ¥ XK E ¥ K K ¥ ¥ ¥ R ¥ X 2 ¥ ¥ ¥
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Table 6-2 (cont)

PLOT THE MAGNETIC FIELD
NMAX=SCALE/RPL (IP)
DO 101 I=2,NMAX
RO= I*RPL (IP)
0O 100 J=90,278,2
ALAT={J=5) /RTD
ANG=ALAT-DELTR
RADIUS=RO*COS({ANG) *¥2
IF(RPL({IP) .G6T. RADIUS) GO TO 50
c X IS THE VECTOR TO THE SPACECRAFTY
CALL VCOMB(X,VR,RADIUS*SIN(ALAT),VT,RADIUS*COS(ALAT))
IF(IJK .EQ. 1) &0 TO 75
IF{J +EQ. 5 GO 1O 75
C PLOT MAGNETIC LINES OF FLUX
CALL VPLOT (X)
G0 YO 100
50 TJK=1
C LIFT THE PEN
CALL SINTRP(BUF)
GO TO 100
75 IJK=0
100 CONTINUE
CALL SINTRP(BUF)
G LIFT THE PEN
101 CONTINUE
250 R=SCALE
C ¥ K N ¥ K ¥ X ¥ ¥ X B N ¥ K 5 ¥ F S FFEFEEFFEEEEN
¢ COMPUTE YRAJEC TORY PARAMETERS
GAT={P/R~1.) 7ECC
AT=ACOS (CAT}
T=ANOMLY (-AE,AT)/DMDT
N=ABS(T}/73500,
NN==N

% T ¥ & B E T ¥ ¥ ¥ ¥ ¥ % 5 ¥ ¥ ¥ ¥ ¥ ¥ X X X X X ¥ X 4+ ¥ ¥ F

COMPUTE MAGNET IC POLE VECTOR (V)
CALL VLOAD (V1 4yXLAT,XLON)
CALL SPHERE(Vy Vs4HFROM,6HL ATLON,6HDEGREE)
¢ COMPUTE AND PLOT S/C TRAJEGTORY
DO 300 I=NN,N
T=1%3600.
CALL ORBPOS{XS,T)
JD=JOV+ 1¥3600,/86400.
CALL PGLOBE(PM,JDy IP)
CALL VTRANS (ZMA yV,4HFROM,PH,PV)
DEC= ANGV(ZMAsXS,6HRADIAN)
RADIUS=ABSV(XS)
TMP=90. /RTD+DEC
CALL VCOMBI(X,VR,RADIUS*SIN{(TMP) ;VT,RADIUS¥*COS (TMP))
" CALL VPPLT(X,1H¥) :
300 CONTINUE
CALL SINTRP (BUF)
318  CALL FRAME

g X ¥ X N K OF ¥ X ¥ X ¥ ¥ £ £ X F E X X F ¥ ¥ X ¥ 3 ¥ ¥ X ¥ ¥ ¥
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¥¥¥¥¥¥¥¥¥-¥¥-¥¥¥#~¥¥¥¥-¥¥¥¥¥4¥¥-¥¥¥¥

SCALE=DINC*1.1
BUF(4)=-SCALE
BUF(5) =+SCALE
BUF(6)==SCALE
BUF (7) =+SCALE
BUF (8)=0.0
BUF (93 =1.0
BUF(10)=0.0
BUF (11)=1.0
CALL PLPOS (XS, JDV,IP)
CALL VSCALE(XS 4XSy~1.)
XS IS THE VECTOR POINTING TO THE SUN
CALL MAP{~SCALE sSCALE,~SCALE,SCALEy0:0y1¢0,040,51.0)
c . PLOT PLANET DISK
CALL LINE(=SCALEy0.5909*SCALE04)
CALL SYMBOL {3HS$.)
CALL DISK{IP,;0,0,0,0)
N=30
NN==N )
c ¥ ¥ X X ¥ ¥ ¥ ¥ ¥ X ¥ ¥ ¥ ¥ L ¥ ¥ ¥ K ¥ F F ¥ X ¥ X ¥ ¥ ¥ ¥ X
PLOT MAGNETOPAUSE CONTOUR
D0 400 J=NNsN
ALAT=J/RTD
RPAUSE=DPAUSE*COS(ALAT) **2
CALL VCOMB(X,VR,RPAUSE*SIN{ALAT),VT,RPAUSE*COS(ALAT))
CALL VPLOT(X) T
400 CONTINUE ‘
c LIFT THE PEN
CALL SINTRP(BUF)
RPAUSE=DPAUSE*COS(PI/b.)*¥*2
Y=RPAUSE®*SIN(PI/6.)
XX=RPAUSE*COS (P1/6.)
CALL VCOMB{XsVR;sYyVT4XX)
CALL VPLOT(X)
CALL VCOMB(XyVR,Y,VT 4~SCALE)
CALL VPLOT(X)
CALL SINTRP(BUF)
CALL VCOMB( Xy VR =Yy VT3XX)
CALL VPLOT(X)
CALL VCOMB(X,VR;=Ys;VT,-SCALE)
CALL VYPLOT(X)
CALL SINTRP (BUF)
C ¥ ¥ ¥ ¥ ¥ ¥ ¥ ¥% ¥ ¥ ¥ X F X ¥ X ¥ ¥ ¥ ¥ ¥ X % ¥ R X ¥ B ¥ X ¥
N='90 *
NN= =N
PLOT BOW SHOCK CONTOUR
PP=2.%DINC
DO 500 J=NN,N~
ALAT=J/RTD
RBOWS=PP/ (1, +COS(ALAT))
CALL VCOMB(X,VR,RBOWS *SIN(ALAT),VT,RBONS *COS(ALAT))
CALL VPLOT(X)
500 CONTINUF
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Table 6-2 {cont)

CALL SINTRP(BUF)

LIFT THE PEN

R=SCALE

CAT={P/R~1.) /ECC

AT=ACOS(CAT)

T=ANOMLY (-AE,AT)I/DMDT
N=ABS(T)/3600.

NN==N

PLOT TRAJECTORY

¥ X ¥ ¥ ¥ ¥ ¥ X ¥ ¥ ¥ ¥ ¥ ¥ ¥ ¥ % L F £ ¥ ¥ ¥ F £ ¥ ¥ X ¥ ¥ ¥

00 600 I=NN,N

T=1I%3600.

X IS THE VECTOR TO THE SPACECRAFT
CALL ORBPOS({X ;1)

JO=JOV+ I*¥3600,./86400.

CALL PLPOS(XS,JD,IP)

‘CALL VSCALE(XS4XSy=1l.)

CALL ORBPOS(X,T)
PHASE=ANGV (XS, X36HRADTAN)
XM=ABSV(X)

CALL VCOMB(XF, VRyXM*SIN{PHASE) , VT, XM*GCOS(PHASE))
CALL VPPLT (XFy1iH¥)

600 CONTINUE

LIFY THE PEN

CALL SINTIRP(BUF)

CALL FRAME

N=3.¥24,

NN=-N -
DO 612 I=NNyN

T=I*3600.

CALL ORBPOS(XS,T)
TX=Y/86400.

IF(I.EQ.NN)TSTART=TX

JO=JOV+TX

CALL PGLOBE (PM,JD,IP}

CALL VTRANS(ZMA,V,4HFROM,PM,PV)
CALL PLPOS(XE,JD,3)
CALL PLPOS{XP,JD,I®)

CALL VODIF(REF4XEyXP)

RM=ABSV (XS)

ANGLE=ANGV (ZMA, XS, 6HRADIAN)
ANGLE=PI/2. -ANGLE

BMINS= (SENS/((RPL(IP)/QM)‘*3*SQRT(1.+3.*SIN{ANGLE}4*2)/COS(ANGLE)¥

X*56))

IF(I.EQ NN} XMIN=BMINS

XMIN=AMINL (XMIN,BMINS)
XMAX=AMAXL (XMAX ;BMINS)

CALL UGROSS{YMA,ZMA,XS)

CALL UCROSS(XMA,YHA,ZMA)

CALL VTRANS (XS, XSy2HTO, XMA, ZMA)
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Table 6-~2 (cont)

XX=XS (1)

YY=XS{3)

CALL SPHERE{XSyXS;2HTOsLATLON,SHRADIAN)
RIB=XS(1)/C0S (XS(2))**2

IF(ABS(YY).LT.1.E-6) GO YO 610

SLOPE= (2, *XX*RIB=3. *XX*SART {XX**2 + YY#¥2))
XZ(3.¥YY*SQRT(XX*%¥2 + YY¥*%2))

Yi=YY=SLOPE®XX

IF{YY LTe0e}) CALL VLOAD(DIRBsXXjy0o5(YY~ Y1)
IF(YY.GT.0oG) CALL VLOAD(DIRB,'XX,D.,(Yl YY))
GO T0 611

CALL- VSCALE(DIRBy;ZMA,=14)

CALL VUNIT(DIRB,DIRS)

CALL VSCALE{DIRB,DIRB,-1.)

CALL VTRANS (DIRB,DIRB,4HFRONyXHA,ZHA)

CALL RCNCLK(DIRB3ZREF)

WRITE (8)TX,BMINS,0IRB

CALL MAPSSL {TSTART, ISTOPyXMINgXMAXgolslegelyis)
CALL CHAROPT(U,;8,0,1,0)

CALL ABSBEAM(.05,.4%)

CALL SYMBOL (22HMINIMUM DETECTABLE BS$.)

CALL SYMBOL (10H (GAUSS) S.)

CALL ABSBEAM(.435.05) .

CALL CHAROPT{0y0,050,0)

CALL SYMBOL (29H YIME FROM ENCOUNTER (DAYS)S$.)
REWIND 8

" READ{(8) TX¢BMINS

READ(8) TX2,BMINS2

IF(EOF,8) 501,503

CALL LINE(TX,BMINS,TX2:;BMINS2)

TX=TX2

BMINS=BMINSZ2

GO TO 502

CONTINUE

CALL FRAME

REWIND 8

CALL MAPS(TSTART,TSTOP;~180¢9188speistosslsis)
CALL CHAROPT(Gy0y05,1,0)

CALL ABSBEAM{.054.2)

CALL SYMBOL (37HCLOCK ANGLE OF MAGNITIC FLUX VECTORS.)
CALL GHAROPT(G,0,0,0,0) )
CALL ABSBEAM(.24+05)

CALL SYMBOL {(2BHTIME FROM ENCOUNTER (DAYS)SE.)
READ (8) TX,BMIN,DIRB

IF (EOF,8)622,021

CL.OCK=[DIRB(3) 4

%F(CLOCK eGT.180.0) CLOCK= CLOCK‘360 ]

TX

READ (8) TX,BMIN,DIRB

IF(EOF,8) 522,623

ZAP=DIRB(3)

IF{ZAP.GT.180.) ZAP=ZAP~360.

CALL LINE(T,CLUCK,TX,ZAP)

6-30


http:ABSBEAM(.2,.05
http:ABSBEAM(.4,.Q5
http:IF(YY.GT

MCR-71-181
Table 6-2 (concl)

T=TX
CLOCK=ZAP
GO TO 624
022 REWIND 8
CALL FRAME
CALL MAPS{TSTART,TSTOPy0.s180es0lsleyelyle)
CALL CHAROPT(U,0,0,1,0)
CALL ABSBEAM(.05y.2)
CALL SYMBOL {(36HCONE ANGLE OF MAGNETIC FLUX VECTORS.)

CALL CHAROPT(0yGy050,0)
CALL ABSBEAM(.24.05)

CALL SYMBOL (28HTIME FROM ENCOUNTER {(DAYS)%.)
READ (8) TX,BMIN,DIRB
IF (ECF,8) 626,627
627 CONE=DIRB(2)
T=7X
028 READ (8) TX,8MIN,DIRB
IF (EOF,8) 626,629
629 CALL LINE(Y,CONE,TX,DIRB{(2))
CONE=DIRB(2)
T=TX
GO TO 628
626 GONTINUE
CALL FRAME
RETURN
END
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SET UP PLOT FOR MAGNETIC
FIELD PLOT - SCALE TO PERIAPSIS

DISTANCE WITH VIEW POINT
ENORMAL T0 PLANET POLE - PERIAPSIS
! POINT AND WITH ORTHOGRAPHIC PLOT

-

PLOT MAGNETIC LINE -OF PLOT MAGNETIC LINES

FORCE WITH RADIUS = : OF FORCE - .
T#RPL*C0S28 and 6

GOING FROM 90° to 2700

<718

‘INCREMENT —./ I*RPL >

1 SCALE

COMPUTE NUMBER OF HOURS, N,
FROM PERTIAPSIS AT WHICH
TRAJECTORY PLOT EXCEEDS PLOT SCALE

FIND VECTOR V PASSING
THRU LATITUDE AND
LONGITUDE COR MAGNETIC

TOLE

|SET TIME = -N|
6

PLOT TIP OF VECTOR, PLOT SPACECRAFT
INCREMENT XS TO SPACECRAFT POSITION
TIME BY WITH AN * - AFTER
ONE IHOUR TRANSLATING IT TO

VIEWING AXES ALIGNED
WITH MAGNETIC POLE

NO

< _GREATER THAN

Fig. 6-2 FIELDS Flow Diagram
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ADVANCE PLOT

ORIGIN. VIEWPQINT NORMAL TO POLE VECTOR AND PERIAPSIS

SET PLOTTING SCALE FOR 90 PLANET RADII
PLOT SUN LINE AND PLANET DISK AT

LAT=-30
B

App 1° To
LAT;

PLOT TIP OR VECTOR, X, WHICH
HAS AN ANGLE = LAT AND A
LENGTH=DPAUSE*C0SZ (LAT)

18
LAT > +30°

NO

PLOT LINES TO RUN +

309 LATITUDE POINTS
TO THE LEFT TO THE
EDGE OF THE PLOT

ALAT=-90°
c

1 aop 1° ToO
ALAT

PLOT TIP OF A VECTOR X
WHICH HAS AN ANGLE OR
"ALAT" WITH THE PLOT AXIS
AND A LENGTH

= 7% (DPAUSE+DINC)

1+C08S (ALAT)

Fig. 6-2 (cont)
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COMPUTE NUMBER OF
HOURS, N, FROM PERIAPSIS
AT WHICH THE TRAJECTORY

PLOT EXCEED PLOT SCALE

T=-N HOURS
=0 |
PLOT TIP OR A VECTOR, XF WHICH
HAS A RADIUS EQUAL TO THE PLOT TRAJECTORY
S/C-PLANET DISTANCE AND AN
INCLINATION EQUAL ANGLE

BETWEEN THE VECIORS TO
THE SUN AND S/C FROM THE

PLANET
ADD 1 HOUR
| TO T No 7 1s
T > X

YES

|ADVANCE FRAM]

SET I =-72

[TIME = 3600. x I} -

DETERMINE ORBITAL POSITION |
OF SPACECRAFT, TRANSFER
VECTOR TO MAGNETIC LATITUDE
AND LONGITUDE

FIND MINIMOM
PLANET DIPOLE STRENGTH
DETECTABLE AT S/C POSITION

l

Fig. 6-2 (cont)
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FIND CONE AND CLOCK ANGLE
OF VECTOR TANGENT TO MAGNETIC
LINE Of FORCE AT SPACECRAFT
POSITION

WRITE TIME IN
DAYS FROM ENCQOUNTER,
MINIMUM DETECTABLE
MAGNETIC STRENGTH
AND LINE OF FORCE -

VECTOR ON TAPE 8

PLOT A SEMI-LOG GRAPH OF
MINIMUM DETECTABLE B
VERSUS )

TIME FROM ENCOUNTER

PLOT A LINEAR GRAPH OF
CLOCK ANGLE OR MAGNETIC
FLUX VECTOR VERSUS
TIME FROM ENCOUNTER

PLOT A LINEAR GRAPH OF
CONE ANGLE OR MAGNETIC
FLUX VECTOR VERSUS
TIME FROM ENCOUNTER

l RETURNI

' Fig. 6-2 _ (concl)
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6.3.3 FOLDER

Purpose: To lntegrate by wavelength bands, surface bright-
ness {(and effective brightness as determined by
camera characteristics) for the subject planet
and satellite.

Calling Sequence: CALL FOLDER. (INST)

Input/Output:
1/0 | FORTRAN Name Definition
I INST Instrument index
I SOLAR(31) Solar flux at 1 A.U. {(watts/cm?/micron)
i ALBDO(31,3) Surface albedo three modals
I CAMFF (31,3) Camera sensitivity (three curves)
I ¥{31,3) Filter transmissibility three colors
I MULT . Albedo model multiplier for planet or satellite
0 BO Brightness for wavelength band (watts/em?/micron)
0 BEF Effective brightness for wavelength band
o BP Total planet surface brightness (watts/cm?) )
0 EFB Total effective planet brightness (watts/cmZ)
0 IBS(8) Total surface brightness (satellite) (watts/cm?)
0 EFBS(8) Total effective brightness (satellite)

' (watts/cm?)

Subprograms Required: XNone
Approximate Storage Required (octal): 371
Discussion: The following integration is performed

31
B = z (_SOLARi ALBDO
i=1 i

, ° -025 - MULT, - Fi)

BEF

31

3 '

‘E‘ Bi CAMEFi '
i=1

t ’

Table 6-3 presents the FOLDER listing; Fig. 6-3 is the FOLDER
flow diagram.
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Table 6-3 FOLDER Listing

SUBROUTINE FOLDERCINST)
DIMENSION NS(9)
DATA NS/0,08,14294973591,0/
DIMENSION PLNMUL {3) 5 MOD (3}, SATMUL (3,4}
REAL MULT
INTEGER CAHK
COMMON/HEDING/TITLE(13)
COMMON/ TNME /T VNAME(5)
COMMON/ TEST/ITEST(S?)
COMMON/CHARLIE/NCODEZNREC 4IP,IVSyNSC,IFLST,NCB
COMMON /JUNK/BP,EFBP,BS(8),EFBS(8)
COMMON/PHOTO/SOLAR(31),ALBDO(31,3),F (31,4 ,CAMEF(31,3)
COMMON/CHARAG/P (60)
DATA F / 31%1.0, 5¥0eye03544500,.860,5.3990,.960,.500,
e080y4830540105.315, 21¥%.0, :
e150 540109045050 020500805050054950,5493045+895,4+500,.100,
0 027454015,.013,18%0,,
eB0545001050020y4005,4005,401054025,.080,.500,.850,.930,
a?SO’ .800'7 .160,-050,-UiB,oﬂDB,.{}il},-Uiﬂ,sﬂZE,.UﬂEgoﬂﬂb_, aﬂiﬂ,.ﬂ‘-l-ﬂ,

« 030/

DATA SOLAR /o00G705e02044540514900971542893501157,.1429,.1693,.2006,
Xa2044 9019425418525 01725504713,41666,.1586,015115.1442;.1369,
Xel302212355e11719e11079240485+0988,.0939,.,0889,.,0862,.0835,.07%1,
X«0746/

DATA ALBDO/ o3005e282502705426592260302725+2855¢315,4364,4385,.406,
Xels305045090 460y altB5 9 453907 0ys 463y e 58y elhlyolt10ye380943555330,
Xe31550300y282y a2l 4206y e23294222y
Xo064550050y0055, e060ye06592070y0075,408050085,410094105,.113,.120,
Xel1259¢1303+1355014550155901659541705¢175,018050185,4290,4295,.200,
X2200;0200,.205,.208,.210,
XoB755e06090047y0045,20640,00459405054060,4075,4100,+120,.140,.155,
Xe1809e210902259 42505 426090275502805¢290542955.300,5.300,.302,.300,
Xe3008y0300,042985 42955 ,290/

DATA CAMEF/e0 3400250095,447654762929537098%y1e005098454353,479%4,

27625 058290555 5047690kt 590360y025%5¢2065015950095,4040,4024,.010,

«003,.022, 10*%.0

b G - R P 4

9023834799, 4905,.9354,.37651.00;
1.005499%%y 496059165087 0928343281850799547859s74045.685,4062054542,
477 3 elt17 50357 3034054250,40202,.167, .
002590050501 005420045005¢7505100,431045.700,
e5655 e 450y o415 ya365,¢340,.245,.092,.025,.008,13%.0/
DATA PLNMUL/14051e05100,1e0,1e0514049142851487,04655/
OATA MOD/1,1,153515191y154/
DATA SATMUL/ .
Xta00y4¢0054.0051¢9352¢269203254.00,50450,
X30729be00yle00y4a00,5440041079;1431,3.75,
X4 4005400054 000,4400,4.00,0.08,08.00,0.20,
XZ.B?,#.ﬁﬂ,ﬂaﬂﬂ, U-DU’DQGUQUD 00’0.00’0. 80,

b A A g G g
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Table 6-3 {concl)

NSP=1+NS(IP)
CAMK=P (21) + 0,01
NF=P(23) + 0.01

DO 200 KIL=1,NSP
IMOD=2
IF(KIL.EQ.1) IMOD=MOD(IP)
MUL T=PLNMUL (IP)
IF(KILoNEs1) MULT=SATMUL (KIL,IP=4)
B=0, :
EFB=0.
WL =.25
WRITE (6,101) TITLE
WRITE(6,100) TUNAME
IF (KIL.NE.1) 60 TO 70
WRITE(6,160) IP
GO To 880
70 CONTINUE
KIK=KIL-1
WRITE(6,176) KIK
86 CONTINUE
WRITE(6,110)
DO 10 T=1,31
BO=SOLAR(I) *ALBDO(I, IMOD) *0.025*MULT
IF (NFoNE.0) BO=BO*F (I,NF)
BEF=BO*CAMEF (I CAMK) |
HRéTE(S 5120 HL,SOLAR(I) ALBDO(I,IMOD) 5 CAMEF (I3 CAMK) ,F {I,NF),B0, -
* BEF
WL=WL+ 4025
B=B+B0
10  EFB=EFB+BEF
IF (KIL.NE«1) GO TO 158
PB=8
EFBP=EFB
G0 TO 200
150 CONTINUE
BS (KIL-1)=8
EFBS(KIL~1) =EF8B
200 CONTINUE
RE TURN
100 FORMAT (5X519HTV ENERGY DATA FOR ,586,//)
101 FORMAT (1H1,4X 31346,/ /)
110 FORMAT (4X,7HMICRONS y 4X; SHSOL AR, 5X,5HAL BEDO, 4X  6HSENSOR s 4 X, 6HF IL TER
%34 X5 10HBO (H/SACHM) » 4X y13HBEFF (H/SQCH) )
120 FORMAT (5(LX,F6.4),2X,2E14.6)
160 FORMAT (5X,7HPLANET ;I2,5H DATA/)
170 FORMAT (5X, 10HSATELLITE , 12, 5H DATA/)
ND
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INITIALIZE:SET NUMBER OF
SATELLITES -+ PLANET, NSP;
FILTER FACTOR NUMBER, NF;
AND CAMERA SENSOR RESPONSE

CURVE, CAMK

| EXAMINE PLANET

-

|PICK ALBEDO MODEL MULTIPLIER

SET WL = .25 p

O |

BRIGHTNESS = PRODUCT OF SOLAR INTENSITY,

ALBEDO, MODEL MULTIPLIER, WAVELENGTH
DELTA, AND FILTER FACTOR TF SPECIFIED
FOR WAVELENGTH

EFFECTIVE BRIGHINESS = BRIGHTNESS
MULTIPLIED BY CAMERA SENSITIVITY

INTEGRATE BRIGHTNESS AND EFFECTIVE
BRIGHTNESS FOR 31 WAVELENGTH RANGES

|

AV\NO
- ALL WAVELENGTHS

BEEN ADDED
1

HAVE
PLANET AND
ALL SATELLITES
EEN CONSIDERED

NO

IRETURN|

Fig. 6-3 FOLDER Flow Diagram

6-39

CONSIDER NEXT
SATELLITE




6.3.4 GEOPLT

Purpose:

Calling Sequence: CALL GEOPLT

MCR-71-181.

To provide two polar plots centered around cone
angles of O and 180 degrees with cone and clock
grid lines. Each time the subroutine is called,
the cone and clock positions of the planet and

indicated satellite are determined and plotted.

Input/Output:

I/0 | FORTRAN Name : Definition

I RPL Radius of planet (km)' )

I RPP Radius of satelli%e (km) R

I R(3) Range, cone, & clock from S/C to planet

I RSAT(3) | Range, cone & clock from.S/C to satellite

I NREC Numbet of recdrd '

I IP Planet nﬁmber.:

I Vs Satellite number -

I NCB Planet/satellite flag: =0 planet, =1 satellite
0 THA Half:anglg_df.planét/satellite (radians)

o] R(3) Range, cone, & clock from S/C to planet/

“spacecraft. " )
0 " DET . Scaling fgctor‘for‘plét'(inches/degfee)
K Plot :i_._rf_ez:_lmdépaftureé_ = 2 arrival J

Subprograms Required: CHAROP, MAP, SETBEM, VECTR1, LINE,

NUMBER CIRC, VEQUAL, PSCONS, XLIMB,
. VLOAD, SPHERE, POINT, SYMBOL, DOT
ADV. -

Approximate Storage Required (octal): 1102

Discussion: None. .

Table 6-4 presents the GEOFLT listing} Fig. 6-4 is the GEOPLT

flow diagram.
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Table 6-4 GEOPLT Listing

SUBROUTINE GEOPLT

DIMENSION X (3),XP(3),XSAT{(3),XE(3)4RADP(3),TARGE(3)yTARGP{3),
XRSAT(3),XSS(3)

DIMENSION A{3),V(3),V1{(3)

DIMENSION NUM(8)
COMMON/PTLB/THASR(3) ,0E 14K

COMMON /PLCONS/GMS, GMPL {12) ,RS,RPL(12) , SNAME(2) ,PLNAME(2,12),
X SPV{3),PLPV(3,12),SVE(3),PLVE(3,12),SROT,PLROT(12),S08L,PLOBL(12)
COMMON/CHARLIE/ NCODEyNREC ,IPyIVS4NSC,IFLST,NCB
DIMENSION SCUNIT(4%)
DATA NUM/30,60,90,120,150,180,270,0/
DATA SCUNIT/0s91cy0uyle/
SCALZ2=2.625
CALL CHAROPT{0,051,0,0)
K=1
KREC=8
PI=3.1415926536
RAD=57.2957795
STEP=2./RAD
SCALE=3.5
CALL MAP{~SCALE ySCALE,=SCALE,SCALE,SCUNIT(1)sSCUNIT(2) ySCUNIT(3),
XSCUNIT (%))
CALL SET BEAM(~SCALE,-SCALE)
CALL VECTOR (SCALE,~SCALE)
CALL VECTOR (SCALE, SCALE)
CALL VECTOR {(=-SCALE,SCALE)
CALL VECTOR {(~-SCALE,-SCALE}
CALL LINE(-SCALE,~SCALE/2.,SCALE,~3CALE/2:)
CALL MAP(~34533 453-2462592e62590098094¢25510)
CALL LINE"‘3.5’ 803305,00}
CALL LINE(B.,“‘Z;&ZS’U. ,20625)
DEI=3.5790.
RO=15,*DEI
DO 12 I=10,360,10
TH=I/RAD
SN=SIN{TH-PI1/2.}
CS=C0S {TH=-PI/2.)
X1=R0*CS
Y1=RO*SN
RMAX=3.5
X2=RMAX*CS
Y2=RMAX*SN
IF{ARS (Y2).LT.24625) GO TO 12
Y2=SIGN{2.625,Y2)
SL=SN/CS
X2=Y2/ 5L
CALL LINE (X1,Y1,X2,Y2)
DO 15 I=1,6
R=RO*1
CALL CIRC{(R ,STEP)
CALL SETBEAM(.08,=-SCALZ)
CALL NUMBER(NUM(8),2HIL)
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Table 6-4 (cont)

CALL SET BEAM(.08,SCAL2=- .17)
CALL NUMBER({NUM(6)42HI3)
CALL SET BEAM (=SCALE+.01,.0)
CALL NUMBER (NUM(7), 2HL3)
IF(K.EQe2) GO TO 21
Do 20 I=1,3
RO=I*R0*2.~,25
CALL SET BEAM(RO,0)
20 CALL NUMBER(NUM (I); 2RI3)
GO To 23
21 DO 22 I=1,3
M=7 =1
RO=2.*%(I-1) *R0-.25
CALL SET BEAM(R0,0)
22 CALL NUMBER (NUM (M), 2HI3)
23 REWIND 7
io READ(7) TT,XyXPysXSAT,XE,RyPHASE,RADP,TARGE, TARGP, RSAT, PHASES,XSS,
XJDV,EN
IF(EOF,7) 31,11
11 KREC=KREC+1
TMAX=TT
TMIN=TT
IFI(NCB +EQel) CALL VEGQUAL{R,RSAT)
IF(KeEQele ANDLR(2) «GT490.) GO TO 10
IF(KeEQe2+ ANDeR(2) 4LT4a90,) GG TO 10
RPP=RPL (IP)
IF(IFLST.EQe1+0ReNGBsEG41)CALL PSCONS(RPP BHRADIUS,IVS, I®
THA=ASIN(RPP/R(1)) )
CALL XLIMB
CALL VLOAD(A,1.3sR(2)4R(3))
CALL SPHERE (V,A y4HFROM ,5HPOLAR, 6HIEGREE)
6 READ(7) TT,XsXPysX3ATyXE,Ry PHASE,RADP, TARGE,TARGP,RSAT PHASES, XSS,
XJOV,EM
IF(EQF,7) 30,7
7 KREC=KREC+1
IF(NCB .ER.1) CALL VEQUAL(R,RSAT)
TF{K.EQelANDRSAT{2).6T«30.) GO T2 &0
TF(KeEQe2+ AND «RSAT(2) oL TaS04) GO TD 40
CON=DEI*ABS (180 .*(K=1)~RSAT (2))
ZON=RSAT(3) *PI/180.-PIL/2.
X=CON*COS (ZON)
Y=CON*SIN{ZON)
CALL POINT(X,Y)
IF(RSAT(1).LT.R{1)) CALL SYMBOL (3H*$.)
IF(RSAT(1) «GT R (1)) CALL SYMBOL (3H+$.)
40 CONTINUE
IF{KeEQel ¢ AND R {2)«GT490.) GO TO &
IF (KoEQo2+ ANDsR(2) 4L Ta904) GO TO 6
TMAX=ANAXL{TMAX,TT)
THINSAMINL(TMIN,TT)
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Table 6-4 {concl)

CALL VLOAD(A,1.4R(2) ,R(3))

CALL SPHERE (V4i,A,44FROM,5HPOLAR,6HIEGREE)
CSA=DOT(V,aV1)
SNA=SQRT (1. ~CSA**2)
THA=RPP/R(1)

IF(SNA.LT.THA) GO TO b
THA=ASIN(THA) .

CALL XLIMB

CALL VEQUAL (V,V1)
IF(KREC.EQ.NREC) GO TO 30

60 TO &

CONTINUE

K=K+1

CALL ABSBEAM(.1,.05)

CALL SYMBOL (14HSTART TIME %)
CALL NUMBER(TMIN/BG64004y LHF 4 1)
CALL SYMBOL {13HSTOP TIME $.)
CALL NUMBER{(TMAX/B85400ey4HFG41)
IF (KeGT.2) RETURN

CALL FRAME
GO 710 S50
END
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CONSIDER DEPARTURE .PLOT

=3
SET UP PLOT SCALE AND PLOT OUTLINE

PLOT RADIAL LINE OUTWARD
EACH 10° (CLOCK ANGLE RADIALS)

PLOT CONCENTRIC CIRCLES EACH |
15¢ (CONE ANGLE CIRCULAR GRID) -

ANNOTATE CLOCK ANGLES EACH
90C AND CONE ANGLES EACH 30°

23}

RKEAD FROM TAPE 7, R(3) .
(RANGE, CONE & CLOCK ANGLES OF PLANET)

PLOT LIMB OF PLAWET AT PROPER CONE AND CLOCK
WITH RADIUS APPROPRIATE TO RANGE AND PLANET RADTUS

HAVE

REPEAT FOR
NEXT TAPE. ENTRY

ALL PLANET
POSITIONS BEEN

PLOTTED
?

READ FROM TAPE 7, RSAT(3)
(RANGE, CONE & CLOCK OF SPECIFIED SATELLITE)

PLOT POSITION OF SATELLITE USING AN * IF
CLOSER THAN PLANET OR A + IF FARTHER THAN
PLANET AND VISTIBLE

REPEAT FOR ARRIVAL PLOT

IBETURNl

Fig. 6-4 GEOPLT Flow Diagram
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6.3.5 INPUT

Purpose: To

MCR-71-181

provide a method of reading all input data

required for a given mission

Calling Sequence: CALL INPUT(NF)

Input/CQutput:

1/0 | FORTRAN Name

Pefinition

TITLE (13)
XZ (97)
VAR (97)
* ITEST (97)

o H O H

=
]

CCORE (200)

CCLOK (200)

TCONS (200)
WNP

IFLT

o O O © ©

Mission title (78 possible characters)
Input variable value
Input variable name (six letter word)

Input flag set to 1 when input is read in;
otherwise set to 0 for canned input.

Input index 1-97 input wvariable
= 98 end of case flag
= 99 end of run flag

User input cene angle

User input clock angle

User input time from periapsis (days)
Numer of cone, clock, & time inputs read

Pointing mode flag

= (0 instrument points to center of
planet or halfway between terminator and
1it limb if center is on dark side.

= 1 if instfument is pointed by user's cone
and clock angles

Subprograms Required: STERM, VECTOR

Approximate Storage gquiié& (octal): 556

Discussion:

None

Table 6-5 presents the INPUT listing; Fig. 6~5 is the INPUT

flow diagram.
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Table 65 INPUT Listing

SUBROUTINE INPUT(NP)
COMMON/HEDING/TITLE(13)
COMMON/FLAGS/IFLT,IFLPL4IFLPR
COMMON/TCONS/TGONS(200)
COMMON/CAM/CCONE (200, CCLOK (200):
COMMON/TEST/ITEST(97) .
COMMON /TRA/TRATE,COMENT (13)
COMMON/TNME/TVNAME(S)

COMMON /PLTBUF/BUF (20}

C INPUT QUANTITIES

C

1008

1001

c

COMMON/XZ/XZ(97) /VAR/VAR{I7)
DATA XZ/14% 06 33498%¥0492%1H ,72%0./ .
DATA VAR/GBH’ s 5HPLANET, 6HSATEL ,6HDATE -96HORIENT,6H

b
5 6HSTATEL, 6HSTATE2,5HSTATE3y6HSTATE y5HSTATES ,6HSTATES ,6H N
*HH 5 6H s5H y6H . y6H . 9BH s 6H ’
*HH s 6HINSTID,8H  4BH 3 6H s 6H s 6H ’
*BH Y WBH © "y BHNAME=13; BHNAME=2, 6HNAME~3, 6HNAME-4,

¥6HNAHE-5,6HGHAR-1,6HCHAR-2p6HCHAR-3,BHGHAR-Q,6HCHAR—5,6HCHAR-6,
*6HCHAR~7 6 HCHAR~8,6HCHAR =9, 6HCHAR10,5HCHARL 1, 6HCHARL 2,y 6HCHARLS,

*6H s 6H ybH s 6H y BH y6H s 6H ’
*6H s 6H yBH y 6H 3 6H »BHTSTAR ,6HTSTOP
*6HDTINST,6H s BH s BHBITRAT, 6H y6H y 6HCALCST,
*6H s6H s6H "y 6H s BH s 6H s BH ’
*6H 3 BH s B H s 6H s 6HDPLOT .y 6HDPRNT ,6H ’
*6H y6H s 6HSATRNG, 6H y6H yBH s 6H ’
*6H . y 6H s5H y6H - 26H -3 BH s 6H /

DATA TVNAME/S*8H ol : '

¢ EJECT PAGE AND READ TITLE CARD -

PRINT 998

READ(5,1000)TITLE

FORMAT (13A6) -

WRITE(6,10841) TITLE-

FORMAT (5Xy 1.3A64 /)

Ni=0

N2=0

NP=0

ITFLB=0

ITFLA=O

IFLT=0

10
c

250

IF (XZ(71) «NEesoG) GO T0O 1
Do 14 1I=1,97

ITEST (1I)=0

CONTINUE

C READ INPUT CARDS ‘

1

260

READ(5,994) Iy XVyWORDy (COMENT(U) 3J=1,10)
CONTINUE

IF(I.LTel «ORe I46T«87) GO TO 2

PRINT 995, I,XV,VAR{I}, (COMENT{J),J=1,10)
IF({I,GE«31+AND.I.LE.35) TVNAME(I-30)=WORD
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Table 6-5 (cont)

XZ{I)=XV

ITEST(I)=1

IF{I.NE.22} GO TO 208
IF(IFIX{XV/100«)}sNEe3) ITFLB=1
CONTINUE

IF(I.EQ.23) GO 10 340

GO TO 1

CONTINUE

IFLT=XV

IF(XV.NEs1) GO 70 258

IF(ITFLB.EQ.1) GO TO 310
HRITE(©6,393) COMMENT

GO0 TO 250

ITFLA=1

READ{5,934) I,XV,HORDy(COMENT(J) ,J=1,10)
IF(TeLT42440RIWGT.30) GO TO 260
IF{I.EQe24) Ni=Ni+1

IF(I.EQ«25) N2=N2+i

IF({I.EQe26) NP=NP+1

ITEST(I)=1

XZ (I}=XV

PRINT 995,L,XVyVAR(I}, (COMENT{J) ,J=1,10)
IF(TI.EQ.24) CCONE (N1)=XV
IF(I.EQe25) CCL OK(N2)=XV

IF(I.EQ.26) TCONS(NP)=XV

G0 TO 320

£Z (I} = WORD

PRINT 991, I,HORDyVAR(I),{(COMENT(J) yJ=1,10)
60 TO 1

PRINT 996, I,WORD, (COMENT{J),J=1,10)
IF{I.EQ.98) GO T0 5

IF(I.EQ.99) GO TO &

D0 3 I=4,97
XZ(I) = 0.
XZ (15) = 3.
XZi24) = 1H
XZ(25) = 1H
GO TO 1

FINISHES PLOT TAPE

1002

1003

CALL STERM(BUF)

sTOP

CALL VECTORL(WORD)
IF{TRACE.EQ.SHTRACE) PRINT 999

PRINT 998

WRITE(6,1001) TITLE

WRITE(6,1002)

FORMAT (24H XZ(I) VALUES IN STORAGE,/)

DO 9 1=1,96,2 :

K=I+1
WRITE(6,1003) I, ITESTUI) yXZ{I},KyITIST(K) 4XZ (K}
FORMAT (14 ,I4,2X yE17 4 10,13Xy T yT4h,2X,E17410)
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Table 6-5 {concl)

C
RETURN

6 READ{5,992) COMENT
KRITE(6,393) COMENT
GG 10 1

391 FORMAT(5X,12.3X,A6,11X,10A6,A2)

992 FORMAT (1346

993 FORMAT (* ERROR¥*¥FXXFIIAG,*¥H¥F¥XERROR THIS CARD IGNORED4)

994 FORMAT (12,615.,8,10A6,A2)

395 FORMAT(5X;12,1PG20«8410A6:A2)

396 FORMAT (5X, IZ,ZDX,lDAS A2)

997 FORMAT(iP#(/iX 5(3X,;A6,615.8))/1X,3(3X,A0, 615 8) 2(3X,A6,6X AB.,y 3X
X },15(/1X35(3Xy A6951548) )}

998 FORHAT(*i*)

3939 gO%HAT(‘iINPUT SUBROUTINE*)
N
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‘ READ
MISSION TITLE CARD
- WRITE
MISSION TITLE

|SET ITEST ARRAY = 0

READ FROM INPUT CARD
I, XZ(I), COMENT

WRITE
I, XZ(I) AND 6 LETTER
DESCRIPTION

N

31 T =35 YES

SET " TVNAME!

¥O = XZ(31) thru XZ(33)

.

SET ITEST (I) = 1

INDICATING USER
INPUT

IS INSTRUMENT \\\\\L NO

NOT AN IR IMAGE
AND DOES XZ(23) = 1?2

me,

Fig. 6-5 INPUT Fiow Diagram
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20k

READ FROM LNPUL CARD
I, X2Z(I), COMENT /

|

1o 8~
' 2L4T €39 . .
j 23 < I < 30
Nl = NI+l
CCONE (N1) .= XZ(T)
l
N2 = N2 +1
CCLOK (N2) = XZ(I)
DOES ™,..  [NP= NP.+ I .
I=267%27 - [|TCONS(NP) = XZ(L)

ITESTC(L) =

WRITE ,"\\ )

I, X2(+), 6 LIR DESCRIE/}
DOES ™" :
I= 98" YES

NO [Tecan Vectorl

yes ////*qﬁbES o L WRITE
(%) T=99 ~ ) \ TITLE, I, ITEST(3), XZ(D)

can STERM(BVE - |

NO - ©* | RETURN

=0

[ SET X7 ARRAY
STOP : :

Fig. 6-5 (conci)

6-50 -



MCR-71-181

6.3.6 MRLC
Purpose: To provide a plot of the number of TV pictures
that have a resolution of better than four

separate input levels as a function of time.

Calling Sequence: CALL.MRLC (DIREC)

Input/Output:
I/0 | FORTRAN Name Definition
I DIREC Program Mode — plot accumulated Results

if DIREC = 'plot', calculate only if not.

I PLNAME(2,12) Planet name

I TIM Maximum time span for plot scale (Days)

I REC(9) Resolution at picture center (Km/Pixel)

I P(60) P{17, P{18), P(19) & P(20) are the four

) required resolution levels (Km/Pixel)

0 PICS (4,9) Number of frames better than four levels

for eight possible satellites and the
planet of interest.

Subprograms Required: ADV, MAPSSL, CHAROP, ABSBEM, SYMBOL,
PSCONS, LINE, POINT & NUMBER.

Approximate Storage Required (octal): 565
Discussion: None

Table 6~6 presents the MRLC listing; Fig. 6-6 is the MRIC
flow diagram.
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Table 6-56 MRLC Listing

SUBROUTINE MRLC (DIREC)

COMMON/PLCONS 7/DUMMYD (28) 3 PLNAME (2,12) ,DUMMYE (104)
COHHON/RAZOR/PICS(R,?) SPPICS(#)

DIMENSTION SYM({4) ] : ; ’

BATA SYM/3HOS oy 3HXEe 334+ 80y 3HIEL/
COHHON/HANDO/TIM,REC(Q),REL(Q),RES,SMR(Q) SHRR(Q) SMRS{9), TSMR(D)

X 3 SPSMR, SPSMRS 3 SPTSMR ; SPSMRR

DIHENSION SOUNIT{4) 4 NS(9) yACPIC(4,8) ,I0N(4,8) © 3y THING(3) yPP (4}
DATA THING(3)/2HS./

DATA TON/32%0/
COHHON/FOROUT/DUMHYB(}3),IPGN,DUHHYG(E)
COMMON/CHARLIE/ NCODE,NREG,IP,IVS,NSC,IFLST,NCB
COMMON/CHARAC/P (60} )
COMMON/JDAYS/XJDV,TT .

DATA NS/G;U 91,2 ,4,?-,5,2,0/

DATA SDUNIT/0e149100504151.0/
IF{DIREC.EQ.4HPLOT) GO. TO 300

IF(IFR.NE.0} GO TO 100

REWIND 12

PMAX=0.0

IFR=1

MINIMUM RESOLUTION LEVEL .CALCULATION {MRLC) SUBROUTINE
WILL COMPUTE THE NUMBER OF PICTJRES VS TIME WITHIN A !
GIVEN RESOLUTION RANGE (SEE TVCHAR P(17) THRU P(20)).

BECAUSE GCALCULATIONS TAKE PLAGE DURING CALC STEPS ACCURACY
LIES WITHIN PLUS .OR MINUS P(39).

NSP=NS (IP) S
NSX=NSP+1

108 DO 140 I=1,NSX

DO 130 J=1,4
IF(ION{J,IYsNEsO) GO. TO 110- :
IF{REC(I) «GT.P(16+J}) 60 TO 130

ION{J,I)=IPCN
ACPIC(J,I)=1.

110 CONTINUE

120

IF(REC(I) .GT.P(16+J)) G0 TO 120
ACPIC(J,I)=ACPIC(JyI)+LPCN-ION(J,1)
ION(J, I)=IPCN

PICS{J, I)=ACPIC (J,I)
IF(PICS(Js;I)+GT PMAX) PMAX=PICS{J,y1)

130 CONTINUE
140 CONTINUE

TP=TT/8640C.
WRITE(12) TP,PICS,SPPICS
RETURN

6-52



MLR-71-181
Table 6-6 ({concl)

c .
C PLOT OF PICYURES PER MRL VS TIMZ
c

300 CONTINUE
DO 400 I=1,NSX
REWIND 12 ~
IFR=0
CALL FRAME
CALL MAPSSL (~TIMyTIM;1405PMAX,SOUNIT(L) 4SDUNIT(2),SDUNIT(3),SDUNIT
® (4))
GALL CHAROPT( 0y Gyiy1,0)
CALL ABSBEAM(0405,0.02)
CALL SYMBOL (56HNUMBER DF PICTURES WITHIN SPECIFIED RESOLUTION LEVE
XLS %)
IF(I.NE.1) GO TO 310
DO 385 K=1,2
305 THING(K)=PLNAME (K, IP)
GO TO 315
310 CALL PSCONS (THING,&HNAME,I-1,IP)
315 CONTINUE
CALL SYMBOL (THING )
CALL CHAROPT(8,Gy1,0,0)
CALL ABSBEAM(0.2,0.04)
CALL SYMBOL (29HTIME FROM ENGOUNTER (DAYS)S. )
CALL CHAROPT (0, Cy0s0,0)
320 READ(12) T,PICS,SPPICS
IF (EOF,12) 3560, 325
325 IF(IFR.EQ.0) GO TO 340
DO 330 J=1,4
IF (PP(J).sLE«0 40 40RaPICS-AJsI) oLELD.0) GO TO 330
CALL L INE(TP,PP (), T,PICS(J,1))
330 CONTINUE
G0 TO 350
340 CONTINUE
IFR=1
DO 345 J=1,4
IF(PICS(Js1)4LE.D.0) GO TO 345
CALL POINT(TP,PICS(J,I))
CALL SYMBOL (SYM(J))
345 CONTINUE
350 CONTINUE
DO 355 J=1,4
355 PP(JI=PICS(J, 1)
TP=T
G0 To 320
360 DO 365 J=i,4
IF(PP(J) +LE.0.0) GO TO 365
CALL POINT(TP,PP(J))
CALL SYMBOL (SYM (W)
XHT=0,98=(J=1)*%0,03
CALL ABSBEAM(0.75,XHT)
CALL SYMBOL (SYM (J))
CALL SYMBOL (3H $.)
CALL NUMBER(P(16¢J), UHF5.1)
CALL SYMBOL (5H KM$.)
365 CONTINUE
400 CONTINUE
RE TURN
END
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1s
SUBROUTINE

USED A PLOT YES
OUTINE

NO

1s
THIS THE

FIRST USE OF ,/ WO
CALCULATION /
N

YES

INITIALIZE; SET PMAX (PLOT SCALE) = 0
IFR = 1, N5P = NO. OFSATELLITES, NSX = NSP+1

I

100 )=

|CONSIDER PLANET I=1]

e

|CONSIDER 1ST RES LIMIT J = 1

TS
RESQOLUTION

REC(T) -> JEB 1IpIT DH>rid

DON'T COUNT
~—___1

ADD TO TOTAL ACCEPTABLE PICTURES,
ACPIC(J,I), THE PICTURE NUMBER, IPCN,
AND SUBTRACT THE PICTURE NUMBER AT
LAST CALCUIATION ION (J,I)

-

HAVE
ALL FQUR

LIMITS BEEN >— 20

CONSIDERED

BAVE
PLANET AND
ALL SATELLITES

BEEN CONSIDERED

Fig. 6-6 MRLC Flow Diagram
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4
WRITE ON TAPE 12
TP, PICS

RETURN

300 = - .-

CONSIDER PLANET I = 1

{
SETUP SEMILOG PLOT
AND TABEL WITH NAME ON
PLANET OR SATELLITE, AND
TITLE RESOLUTION WITHIN
LIMITS "VERSUS" TIME FROM
ENCOUNTER

320

READ TAPE 12
TP, PICS (J,T)

PLOT NUMBER OR PICTURES
WITH RESQLUTION BETTER THAN
REQUIRED FOR 4 REQUIREMENTS

ANNOTATE FACH CURVE
WITH IDENTIFICATION

oo B

NO :
ALL SATELLITES 2 REPEAT
EN CONSIDERED? FOR ALL PLANETS
YES ‘
RETURN

Fig., 6-6 (concl)
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6.3.7 OTJIAZ

Purpose: To plot various parameters as a function of
time for all of the satellites of the subject
planet.  The plots provided are:

1) Satellite Range versus Time;

2) Satellite Earth Phase Angle (deg) versus
Time; .

3) Satellite Cone Angle (deg) versus Time;

4) Satellite Clock Angle {deg) versus Time;

5) Sun-Sat-S/C Angle (deg) versus Time;

6) Satellite Half Angle {deg) versus Time;

7) . Time reguired to switch to Satellite at
Rate of 1 Deg/Sec versus Time

Calling Sequence: CALL OTJAZ (DIREC)

Input/Output:
I/0 | FORTRAN Name . Definition
I DIREC ' Program Mode - Plof_results if ﬁIREC
= 'PLOT', Calculate only if DIREC = 'CALC'
I S5V (8) Sun—satellite-S/C angle for all satellites
SAF(8) Half angle subtended by all satellltes
I DCNCLK(S)‘ The sum of the difference of the cone

angles of the planet and satellite and
- the difference of the clock angles of
the planet and satellites

I PHASE(8) Phase angle of all satellites
1 XRCC(3,8) Range, cone & clock of all satellites
. from S/C.

IP Planet index number

TT Time from periapsis (sec)

Subprograms required: ORBPOS, ABSV, MAPSSL, CHAROP, ABSBEM,
SYMBOL, POINT, LINE, PSCONS, ADV, &
MAPS

‘Approxiﬁate Storage Required (octal): 2130

Discussion: HNone

Table 6-7 presents the OTJAZ listing; Fig. 6-~7 is the OTJAZ
flow diagram.
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Table 6-7 OTJAZ Listing

SUBROUTINE OTJAZ(DIREQC)
COMHON/POBEARISSV(&),SAF(B),HANGZ,DCNCLK(B)'
DIMENSION DUMMYC(13)
COMMON/PHASER/PHASE (8) 4 XRCC (3,8)
COMMON/CHARLIE/ NCODE,NREC s IP,IVS,NSC,IFLST,NCB
COMMON/ JDAYS/JDV,TT

DIMENSION NS(9) yTHING(3)

DIMENSION SYM(8)

DATA SYM/3HD$09 3HXS . ’3H+$.’3HI$.’3HH30 ,3HT$.,3HZ$¢ 2 3HPE ./
DATA THING(3) 72HS./

DATA IFR,ITR1/0,11/

DATA NS/0,0 31424497 49y5,2,07

REALJDV
DIMENSION X(3),XP(3) 4XSAT(3) 4XE(3)},R(3), RADP{3),TARGE(3),
¥*TARGP(3) LRSAT(3), XSS(3),SDINIT(4) LROMIN(3)

DATA SDUNIT/0e1914050+1,1.07
COMMON/HANDO/ TIMyREC(9) ,REL (9)yRES,SMR(3),SHRR(9) 4, SMRS (9) , TSMR( Q)

X 3SPSMRy SPSMRS ySPTSMR 3 SPSMRR

IF (DIREC.EQ.4HPLOT) GO TO 1290
IF(IFR«EQ.1) GO TO 100
REWIND 9

RPD=3+141597180.,

GALL ORBPOS(RDMIN,0,D)
RAMIN=ABSY{RDMIN)

NSP=NS(IP)

REWIND ITR1

IFR=1

CONTINUE

T=TT/86408.

WRITE(ITR1) T,PHASE, XRCE
WRITE(9) T,SSV,SAF;HANG2,DRCNCLK
RETURN

120 CONTINUE

C SATELLITE RANGE VS TIME PLOT

H

REWIND 7

READ(7) DUMMYC,R A

RP=R(1)

REWIND 7

CALL FRAME

CALL MAPSSL (~TIMyTIM,RAMINSRP,SDUNIT (1) ,SOUNIT(2),SDUNIT (3),

*SOUNIT ()

CALL CHAROPT{(0,50,1,1,0)

GALL ABSBEAM(D.05,0.2)

CALL SYMBOL (25HRANGE OF SATELLITE (KM)$.)
CALL CHAROPT( 0y 051, 0,0)

CALL ABSBEAM(0.2,0.01)

CALL SYMBOL (29HTIME FROM ENCOUNTER (DAYS) 8.)
CALL CHAROPT(0,0,0,0,0)

DO 150 ITB=1,NSP

REWIND ITRL

READ(ITR1) TP,PHASE,XRCC

RP=XRCC (1, IT8)
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Table 6-7 (cont)

IF(RP.LE.G.0) GO 7O 150
CALL POINT(TP,4RP)
CALL SYMBOL (SYM(ITB))
130 CONTINUE
READ(ITR1) T,PHASE,XRCC
IF{ECF,TTR1) 148,140
140 CONTINUE
CALL LINE(TPyRP,TyXRCC(L1,ITB))}
TP=T
RP=XRCC(1,IT8)
GO TO 130
148 CONTINUE
CALL POINT{(TP,RP)
CALL SYMBOL (SYM(ITB))
XHT=0,98-(ITB-1)*0.03
CALL ABSBEAM{O.75,XHT)
CALL SYMBOL (SYM(ITB))
CALL SYMBOL (3H 8.)
CALL PSCONS (THING,&HNAME,ITB,IP)
CALL SYMBOL {THING)
150 CONTINUE
REWING ITR1

CALL FRAME
c
C SATELLITE PHASE ANGLE VS TIME PLOT
c

CALL MAPS (=TIM,TIM,0.04210.,0,SDUNITC1),SDUNIT(2),SDUNIT(3), SDUNIT
X(4))
CALL CHAROPT(0,0;1,1,0)
CALL ABSBEAM{0.05,0.2)
CALL SYMBOL (29HSATELLITE PHASE ANG.E (DEG)S.)
CALL CHAROPT(04,0,1,0,0)
CALL ABSBEAM(042,0.01)
CALL SYMBOL {(Z9HTIME FROM ENCOUNTER (DAYS)3. )
CALL CHAROPT(D,D0,0:0,0)
DO 153 ITB=1i,NSP
REWIND ITR1
READ(ITR1) TP,PHASE, XRCC
PHP=PHASE(ITB)}/RPD
CALL POINT(TP,PHP)
CALL SYMBOL (SYMAL{ITB))
151 CONTINUE
READ (ITR1) T sPHASEy XRCC
IF(EOF , ITR1)1053,152
152 CONTINUE
PHASES=PHASE(ITB)/RPD
CALL LINE(TP,PHP,TyPHASES)
TP=T
PHP=PHASES
60 TO 151
1053 CONTINUE
CALL POINT(TP,PHP)
CALL SYMBOL (SYM(ITB))
XHT=0,28=-(1T8-1)*0,83
_CALL A&§§Eﬂﬂ(qi75,xﬂll_
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Table 6-7 {cont)

CALL SYMBOL (SYML{ITB))
CALL SYMBOL {3H $.)
CALL PSCONS (THINGs 4HNAME4ITB, IP)

CALL SYMBOL (THING)
153 CONTINUE

CALL FRAME
c
C SATELLITE CONE ANGLE VS TIME PLOT
c

CALL MAPS(~TIM, TIM;0o0y210.0,SDUNIT(1),SDUNIT{2),SOUNIT(3),SDUNIT(
X4)) ‘
CALL CHAROPT(0yCUsly150)
CALL ABSBEAM(0,055042)
CALL SYMBOL (28HSATELLITE CONE ANGLZ (DEG)§.)
CALL CHAROPT(0,0y1,0,0)
CALL ABSBEAM(0.2,0.01)
CALL SYMBOL {29HTIME FROM ENCOUNTER (DAYS) $.)
CALL CHAROPT(0,8,0,0,0)
DO 156 ITB=1,NSP
REWIND ITR1
READ(ITR1) TP,PHASZ,XRCC
RP=XRCG (25178)
* GALL POINT(TP,RP)
CALL SYMBOL (SYM(ITB))
154 CONTINUE
READ (ITR1) T,PHASE;XRCC
IF (EOF y ITR1) 10565155
155 CONTINUE
' CALL LINE(TP,RP,T,XRCC(2,1TB))
TP=T
RP=XRCC(2,1T8) -
60 T0 156
1656 CONTINUE
CALL POINT(TP,RP)
CALL SYMBOL (SYM(ITB))
XHT=0.98=-(ITB-1)*0.03
CALL ABSBEAM(0.75,XHT)
CALL SYMBOL (SYM(ITB))
CALL SYMBOL (3H $o)
CALL PSCONS (THING,4HNAME,ITB,IP)
CALL SYMBOL (THING)
156 CONTINUE

~

CALL FRAME
C
C SATELLITE CLOGK ANGLE VS TIME PLOT
C -

CALL MAPS{-TIM;VIM,0.0,390.0,SDUNIT(1),SOUNIT(2),SDUNIT(3),SOUNIT(
X4)) ’ .

CalLl CHAROPT(0,0,1,1,0)

CALL ABSBEAM(D0.05,0.2)

CALL SYMBOL (29HSATELLITE CLOCK ANGLE (DEG)$.)
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Table 6-7 {cont)

CALL CHAROPT(D,Gy1,0,9) -
CALL ABSBEAM(0.2,0.01)
CALL SYMBOL (29HTIMZ FROM ENCOUNTER (DAYS) S, )
CALL CHAROPT(O,0,0,043)
DO 159 ITB=1,4NSP
REWIND ITR1
READ(ITR1) TP,PHASE, XRCC
RP=XRCC(3,1TB}
CALL POINT(TP,RP)
CALL SYMBOL(SYM{ITB})

157 CONTINUE
READ (ITR1) TV ;PHASE;XRCC
IF(EQOF ITR1)105%,158

158 CONTINUE
CAalLL LINE(TP;RP,T,XRCC(3,1ITB))
TP=T

" RP=XRCC(3,1IT8)

G0 TO 157

1059 CONTINUE
CALL POINT(TP,RP)
CALL SYMBOL(SYMI{ITBM)
XHT=0.,98=-(ET8-1)%0.03
CALL ABSBEAM(D.75,XHT)
CALL SYMBOL(SYMI{ITB))
CALL SYMBOL (3H £.)
CALL PSCONS(THING,4LHNAME,ITB,IP)
CALL SYMBOL (THING)

159 CONTINUE —_—
REWIND ITR1
CALL FRAME
CALL MAPS{-TIM,TIM, 0e05210.04SDINIT(1),SDUNIT(2),SDUNIT(3),

XSDUNIT (&))

CALL CHARQOPT(0,0,1,1,0)
CALL ABSBEAM(0.05,0.2)
CALL SYMBOL (25HSUN=-SAT=S/C ANGLE (JE3)8.)
CALL CHAROPT{D,8,4,0,0)
CALL SYMBOL (29HTIME FROM ENCOUNTER (DAYS) $.)
CALL CHAROPT(0,0,0,0,0)
0O 360 ITB=1,NSP
REWIND 9
IFR={

310 CONTINUE
READ(2) T,SSV,SAF
IF(EOF,9) 350,320

320 IF(IFR.EQ.0) GO TG 330
CALL LINE(TP;SSP,T,SSV(1ITB))

330 CONTINUE
IF(IFR.NE.O0) GO TO 340
IFR=1
CALL POINT{(T,SSVYI(ITH))
CALL SYMBOL (SYM(ITB))

40 CONTINUE
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Table 6-7 (cont)

TP=T :

SSP=SSVL{ITH)

60 TO 310

CONTINUE

CALL POINT(TP,SSP)

CALL SYMBOL (SYMU(ITB))

XHT=0.98=-(1T8~1)*%0,03

CALL ABSBEAM(0475,XHT)

CALL SYMBOL (SYM(ITB)}

CALL SYMBOL {(3H §.)

CALL PSCONS (YTHING,y4HNAME,ITB,1IP)

CALL SYMBOL (THING}

CONTINUE

CALL FRAME

CALL HAPS(-TIH,TIH,*03.,07.,SDUNIT(1),SDUNIT[2),SDUNIT(3),
XSODUNIT(4))

CALL CHAROPT(0,041,1,0)

CALL ABSBEAM(0.05,0.2)

CALL SYMBOL (28HSATELLITE HALF ANGLE (DEG)S.)

CALL GHAROET(Q,U,I.,Q}B)

CALL ABSBEAM{03.2,0,01)

CALL SYMBOL (29HTIME FRON ENCOUNTER .(DAYS) 3.)

CALL CHAROPT(0y05050,0)

DO 460 ITB=1,NSP

REWIND 9

IFR=0

CONTINUE

READ(9) T,SSV,SAF

IF(EOF,9) 450,420

IF(IFREQ.0) GO TO 430

CALL LINE(TP,SSP,T,SAF!;TB))

IF(IFRWNE.D) GO TO 448

CONTINUE

IFR=1 .

CALL POINT(T,SAF(ITH))

CALL SYMBOL (SYM(IT8))

CONTINUE

TP=Y

SSP=SAF(ITB)

GO TO 440

CONTINUE

CALL POINT(TP,SSP)

CALL SYMBOL (SYM(ITR))

XHT=0+98-(ITB-1)%0,03

CALL ABSBEAM(0.75,XHKHT)

CALL SYMBOL (SYM(ITB))

CALL SYMBOL {3H $.)
CALL PSCONS (THING;4HNAME,IT8B,IP)

CALL SYMBOL (THING)
CONTINUE
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Table 6-7 (concl)
IFR=0
CALL FRAME
CALL MAPS(-TIM, TIM,0.,360.,SDUNIT(1),SDUNIT(2),SDUNIT(3) ,SDUNIT
X (4))
CALL CHAROPT(0,04y151,0)
CALL ABSBEAM(D. 05,.05)
CALL SYMBOL (60HTIME REQUIRED T0 SWITCH TO SATELLITE AT RATE OF 1.
XDEG/SECS.)
CALL CHAROPT (0, 051500)
CALL ABSBEAM(0.250.04)
CALL SYMBOL (29HTIME FROM ENCOUNTER (DAYS) $.)
CALL CHAROPT(0,0,0,0,0)
DO 500 ITB=1,NSP
REWIND 9
IFR=0
465  CONTINUE
READ(S) TySSV,SAF,HANGZ s DCNCLK
IF (EOF ,9) 485,470
470  IF(IFR.EQ.0) GO TO 475
CALL LINE(TP,0OCNCLL, T,DCNCLK(ITB))
IF(IFR.NE.0) GO TO 480
475  CONTINUE
IFR=1
CALL POINT(T,DCNCLK (ITB))
CALL SYMBOL (SYM(ITB))
480  CONTINUE

TP=T
DCNCL1=DCNCLK (1 T8)
GO TO 465

485 CONTINUE
CALL POINT(TP,DCNCL1)
CALL SYMBOL (SYM(ITB))
XHT=0.98~({ITB-1}*0.03
CALL -ABSBEAM( 0. 7S5y XHT).
CALL SYMBOL (SYM(ITB))
CALL SYMBOL (3H 8,)
CALL PSCONS{THINGy 4HNAME,ITB,IP)
CALL SYMBOL (THING)

599 CONTINUE
IFR=0
CALL FRAME
RETURN
END
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1s
RDUTINE

PLOTTING
MODE9

NO
INITIALIZE 'FIND':
MIN RANGE = RA MIN
NO. OF SAT — NSP
}
WRITE ON TAPE 11
T, PHASE, XRCL
|
WRITE ON.TAPE 9.
T, SSV, SAF, HANG2, DCNCLK

| RETURN

120

READ TAPE 7
1st VALUE OF R(3) )
FOR MIN RANGE

|
READ FROM TAPE 11
T, PHASE (8), XRCL(3,8)
1

PLOT SEMILOG GRAPH OF RANGE
TO 8 POSSIBLE SATELLITES
VS DAYS FROM ENCOUNTER

PLOT LINEAR GRAFH OF PHASE

ANGLE FOR 8 POSSIBLE SATELLITES
VS DAYS FROM ENCOUNTER

&

PLOT LINEAR GRAPE OF CONE
ANGLE FOR 8 POSSIBLE SATELLITES
VS DAYS FROM ENCOUNTER

PLOT LINEAR GRAPH OF CLOCK
ANGLE FOR 8 POSSIBLE SATELLITES
VS DAYS FROM ENCOUNTER

59

Fig. 6-7 OTJAZ Flow Diagram
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READ FROM TAPE 9
T, SSV(8), SAF(8), HANG2, DCNCLK

PLOT LINEAR GRAPH OF SUN-SAT-S/C
ANGLE FOR 8 POSSIBLE
SATELLITES VS DAYS FROM ENCOUNTER

&

PLOT LINEAR GRAPH OF HALF ANGLES FOR
8 POSSIBLE SATELLITES
VERSUS DAYS FROM ENCOUNTER

&

PLOT LINEAR GRAPH OF TIME REQUIRED
TO SWITCH TO SATELLITE AT RATE
OF 1 DEG PER SEC
VERSUS DAYS FROM ENCOUNTER

(&

RETURN

1

Fig. 6~7 (concl)
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'6.3.8 OTPLT

Purpose: To plot planet (and specified satellite) range,

phase angle, cone angle, and clock angle versus
time.

Calling Sequence: CALL OTPLT

Input/Qutput:
I/0 { FORTRAN Name Definition
I RSAf(B) Range, cone & clock angles of satellite from
: s/cC .
I PHASE Planet phase angle
1 PHASES Satellite phase angle
1 TIM Maximum time range for plot (days)

Subprograms Required: CRBPOS, MAPSSL, MAPS, CHAROP, ABSBEM,
SYMBOL, LINE, & ADV

Approximate Storage Required (octal): 1654

: Discussion: None

Table 6-8 presents the OTPLT listing; Fig. 6-8 is the OTPLT
flow diagram,
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Table 6-8 OTPLT Listing

SUBROUTINE OTPLT

REALJDV
DIMENSION X (3)yXP(3) yXSAT(3) yXE(3)4R(3), RADP (3) s TARGE(3),

*TARGP(3) sRSAT(3), XSS(3) s SDUNIT(4) HRDMINL3)

COMMON/HANDO/TIM,REC(9) yREL {9),RES,SHR{9) ;SMRR (9}, SMRS{9), TSHR(D)

X5 SPSMR, SPSMRS,SPTSMR,SPSMRR

DATA SDUNIT/041,1.0,04151.0/
RPD=3,14159/7180 [

C PLANET .RANGE PLOT

G

G

1890

119

120

REWIND 7

CALL ORBPOS(RDMIN,D.0)

RAMIN=ABSVY(ROMIN)

READ(7)TX X9 XPy XSATHXE,R

RP=R(1)

TP=TX/786k00.

CALL MAPSSL (- TIM,TIH,RAHIN,RP,SDUNIT(il SDUNIT(2)4SDUNIT (3},

* SDUNIT(&)).

CALL CHAROPT(0,0,1,1,0)

CALL ABSBEAM(0.,05,0.2)

CALL SYMBOL (Z3HRANGE OF PLANET (KM} 8.)
CALL CHAROPT(0y05150,0)

CALL ABSBEAM(0.2,8401)

CALL SYMBOL (2SHTIME FROM ENCOUNTER (DAYS) $.)
CONTINUE .
READ(7)ITXy Xy XPy XSAT 3y XE, R

IF({EOF7)128,1160

T=TX/86400.

CALL LINE(TP,RP4T,R(1))

TP=T

RP=R(1)

GO 710 100

CONTINUE

REWIND 7

CALL FRAME

C PLANET PHASE ANGLE VS TIME PLOT

c

CALL MAPS(~TIM; TIMy0005380.8,SDUNIT(1)4SOUNIT(2),SDUNIT(3),SDUNIT(

X&) )

CALL CHAROPT(0;041451,0)

CALL ABSBEAM(8.05,0.2)

CALL SYMBOL (26HPLANET PHASE ANGLE (DEG)S.)
CALL CHAROPT{0,05150,0) . v
CALL ABSBEAM(0.2,0.01)

CALL SYMBOL (29HTIME FROM ENCOUNTER (UAYS)S. )
READ(7) TH,XsXP sXSATXE,ZR,PHASE

TP=TX/86400.

PHP=PHASE/RPD

121 CONTINUE
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Table 6-8 (cont)

READ(7) TX X3 XP,,XSAT,XE,RyPHASE
IF (EOF ,7) 123,122
122 CONTINUE
PHASE=PHASE/RPD
T=TX/786400.
CALL LINE(TP,PHP,T,PHASE)
TP=T
PHP=PHASE
GO 70 121
123 CONTINUE
. REWIND .7
CALL FRAME
¢
C PLANET GONE ANGLE VS TIME PLOT
c
CALL MAPS(-TIMyTIM;0.0,180.0,SDUNIT(1),SOUNIT(2),SOUNIT(3),SOUNLIT(
X4)) .
CALL CHAROPT(0,051y1,0)
CALL ABSBEAM(0.05,0,2)
CALL SYMBOL (25HPLANET CONE ANGLE (JEG)$.)
GALL GHAROPT(0,041,0,0)
CALL ABSBEAM(0.2,0.01)
CALL SYMBOL (29HTIME FROM ENCOUNTER (DAYS)S. )
READ(7) TXyXyXP yXSAT4XE 4R, PHASE
TP=TX/86400.
RP=R(2)
124 GCONTINUE B
READ(7) TX,XyXPyXSAT9XEyRyPHASE
IF (EOF,7) 126,125
125 CONTINUE
T=TX/86400.
CALL LINE(TP,RP,T,R(2))
TP=T
RP=R{2)
GO YO 124
126 CONTINUE
REWIND 7
CALL FRAME
c
C PLANET CLOCK ANGLE VS TIME PLOT
¢
CALL MAPS(~TIM,TIM,0.0,360.0,SDUNIT(1)4SOUNIT(2),SOUNIT(3),SOUNLIT
X4))
CALL CHAROPT(O,0,1,1,0)
CALL ABSBEAM{0405,0.2)
CALL SYMBOL (26HPLANET GLOCK ANGLE (DEG)S$.)
CALL CHAROPT(0,0y1,0,0)
CALL ABSBEAM{0.2,0.01)
CALL SYMBOL (29HTIME FRGM ENCOUNTER (DAYS)3. )
READ(7) TXyXyXPyXSAT9XE,RyPHASE
TP=TX/ 86400,
RP=R{3)
127 CONTINUE ——
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Table 6-8 (cont)

READ(7) TXyXyXPsXSAT,XE,R,PHASE
IF (EGF 37) 129,128
128 CONTINUE
T=TX/ 86400,
CALL LINE(TPyRP4T,R(3))
Te=T
RP=R{3) .
60 TO 127
129 CONTINUE
REWIND 7
CALL FRAME
¢ ‘
C SATELLITE RANGE VS TIME PLOT
c
READ{7) TX; Xy XPy XSAT y XEyRyPHASE,RAD?, TARGE , TARGP s RSAT
RP=RSAT (1)
TP=TX/ 86400,
CALL MAPSSL (~TIM;TIM;RAMIN,RPy;SBUNIT(1),SDUNLIT(2),SDUNIT(3),
*SDUNIT (4))
CALL CHAROPT(0,G51,1,0)
CALL ABSBEAM( 0. 05,042)
CALL SYMBOL (25HRANGE OF SATELLITE (KH)$.)
CALL CHAROPT({(,0,1,0,0)
CALL ABSBEAM(0.2,0.01)
CALL SYMBOL (29HTIME FROM ENCOUNTER (DAYS) $.)
130 CONTINUE
READ(7) TXsX sXPy XSAT s XE4 Ry PHASE ; RADP y TARGE s TARGP , RSAT
IF (EOF ,7) 150,140
140 CONTINUE
T=TX/86400.,
CALL LINE{TP,RP,T,RSAT(1))
TP=T
RP=RSAT (1)
60 TO 1390
156 CGONTINUE
REWIND 7
CALL FRAME
c .
C SATELLITE PHASE ANGLE ¥S TIME PLOT
c
CALL MAPS (=TIM;TIM»0.05280.0,SDUNFT{1),SOUNIT(2),SDUNIT(3),SOUNIT
X (&) : :
CALL CHAROPT(0,851,1,0)
CALL ABSBEAM( 8. 05,0 2) :
CALL SYMBOL (29HSATELLITE PHASE ANGLE (DEG)S.)
CALL CHAROPT(0,0,1,0,0) :
CALL ABSBEAM(D.2,0.01)
CALL SYMBOL (29MTIME FROM ENCOUNTER (DAYS)S. )
READ(7) TXsX, XPyXSAT,XEsR;PHASE,RADP , TARGEy TARGP , RSAT , PHASES
TP=TX/86400.
PHP=PHASES/RPD
151 C_QMN_IL&U_E_
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153
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Table 6-8 (cont)

READ(?) TXyXy XP yXSAT ,XE ,R,PHASE ,RAIP, TARGE , TARGP,RSAT , PHASES
IF(EOF 57) 153,152
CONTINUE

PHASES=PHASES/RPD
T=TX/86400.

CALL LINE(TP,PHP,T,PHASES)
TP=T

PHP=PHASES

GO TO 151

CONTINUE

REWIND 7

CALL FRAME

C SATELLITE CONE ANGLE VS TIME PLOT

C.

C

154

155

156

CALL MAPS(-TIMyTIMy0.0,180.0,SDUNIT(L1),SOUNIT(2),SOUNIT(3),SDUNIT(
X&))

CALL CHAROPT(0,0515140)

CALL ABSBEAM(8.,05,0.2)

CALL SYMBOL {28HSATELLITE CONE ANGLE (DEG)S$.)
CALL CHAROPT(0,Go1,s0,0)

CALL ABSBEAM(0.2,0.01)

CALL SYMBOL (29HTIME FROM ENCOUNTER (DAYS) $.)
READ(7) Tx,x,xp,xSAT,XE,R PHASE,RADP, TARGE, TARGP ,RSAT , PHASES
TP=T/86400.

RP=RSAT (2)

CONTINUE

READ(7) TXsXyXPyXSATH4XE,RyPHASE,RAIP, TARGE,y TARGP,RSAT,PHASES
IF(EOF,7) 1564155

CONTINUE

T=TX/86400.

CALL LINE(TP,RP,T,RSAT(2))

TP=T

RP=RSAT(2)

GO TO 154

CONTINUE

REWIND 7

CALL FRAME

C SATELLITE CLOCK ANGLE VS TIME PLOY
C

CALL MAPS{~TIM,TIM,0.0,360,0,SDUNIT(1),SDUNIT(2),SDUNIT(3),SOUNIT(
X4))

CALL CHAROPT(0,8,1,1,0)

CALL ABSBEAM(0.05,0.2)

CALL SYMBOL (29HSATELLITE CLOCK ANGLE (DEGY$.)

CALL CHAROPT(0,0,1,40,0)

CALL ABSBEAM(D0.2,0.01)

CALL SYHBOL(ZQHTIME FROM ENCOUNTER (DAYS)3. )

READ(7) TXy Xy XP 9XSAT, XE yRyPHASE, RAIP, TARGE s TARGP ,RSAT , PHASES
TP=TX/86400.

RP=RSAT (3)

s 157 CONTINUE
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Table 6-8 {concl)

READ(7) TXy Xy XP 3XSAT4XE,R,PHASE,RAIP,TARGE, TARGP4RSAT,PHASES
IF(EOF ,7) 159,158

158 CONTINUE
T=TX/86400.
CALL LINECTP,RP,T,RSAT(3}))
=T
RP=RSAT(3)
GO TO 157

159 CONTINUE
REWIND 7
CALL FRAME
RETURN
END
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INITIALIZE SUBROUTINE.
FIND ORBITAL POSITION AT
" PERIAPSIS FOR MINIMUM
RANGE OF PLOT. READ FIRST
ENTRY OF R(4) ON TAPE 7
FOR MAXIMUM RANGE ON PLOT.

READ FROM TAPE 7
TX, X, XP, XSAT, XE, R, PHASE
l

PLOT SEMILOG GRAPH OF
PLANET RADIUS VERSUS DAYS
FROM ENCOUNTER

'

PLOT LINEAR GRAPH OF
PLANET PHASE ANGLE VERSUS
SAYS FROM ENCOUNTER

PLOT LINEAR GRAPH OF
PLANET CONE ANGLE VERSUS
_ DAYS FROM ENCOUNTER

PLOT LINEAR GRAPH OF PLANET
CLOCK ANGLE VERSUS I'AYS
FROM ENCOUNTER

READ FROM TAPE 7
IX, X, XP, XSAT, XE, R, PHASE, RADP, TARGE, TARGP, RSAT

PLOT SEMILOG GRAPH OQF SPECIFIED
SATELLITE RANGE VERSUS
DAYS FROM ENCOUNTER

|

Fig. 6-8 OTPLT Flow Diagram
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|PLOT LINEAR GRAPH OF SPECIFIED%

SATELLITE PHASE ANGLE VERSUS I
l DAYS FROM ENCOUNTER l

)

PLOT LINEAR GRAPH OF SPECIFIED
SATELLITE CONE ANGLE VERSUS
DAYS FROM ENCOUNTER

PLOT LINEAR GRAPH OF SPECIFIED
SATELLITE CLOCK ANGLE VERSUS
DAYS FROM ENCOUNTER

] RETURN

Fig. 6-8 (concl)
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6.3.9 PIC2

Purpose:

MCR-71-181

To plot the principal body (planet or satellite)
complete with latitude parallels and léngitude
meridian lines showing the proper perspective
in relationship to the distance from the view-
ing spacecraft and the proper angle of view of
the TV camera. In the case of a planet, an-

notated position of visible satellites is also
plotted.

Calling Sequence: CALL PIC2 (ANG2A, ANG2B)

Input/Output:
1/0 | FORTRAN Name o Definition
I ANG2A Vertical camera field of view (deg)
I- ANG23B Horizontal camera field of view (deg)
I IPCN Picture number
I TITLE(13) Mission title (78 characters)
I IP Planet index number
I Vs Satellite index number (selected)
I IFLST Run type flag = 1 - satellite run only
= 0 - planet run
I NCB Principal body flag = 0 - on planest
‘ = 1 - switched to
satellite
I X(3) Vector to S/C from principal body
I RPL(12) Radius of planet {(km)
1 VW(3) Viewpoint wvector
1 PM(3) Prime meridian vector
I R . Range or planet from S$/C (km)
0 TANR Tangent of 1/2 angle of principal body
o ASDP half angle of principal body
o SCALE Plotting scale set by frame £ield of

view of principal body half angle

. Subprograms Required: TCONV, ARCSTP, PLASAT, PSCONS,

VVIEW, VPROJ, SDINIT, LINE,
CHAROP, ABSBEN, SYMBOL, NUMBER,
SATS, DISK, SHADER, PGLOBE,
PARLEL, MERIDN, VSCALE, VUNIT,
ADV, VCROSS, ANGV, LOOK, LOCATE
& FPLOT

Approximate Storage Required (octal): 665
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Discussion: The subroutine plots the planet in the proper
angular relationship to the outline of the
frame. When the frame is smaller than the
planet, the footprint of the frame is plotted
on the planet surface,

Table 6-9 presents the PIC2 listing; Fig. 6-9 is the PIC2
flow diagram.
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Table 6-9 PIC2 Listing

SUBROUTINE PIC2 (ANG2A,ANDZB)
COMMON/FOROUT/DUMHYB (133 3 IPCNyDUMMYC (&)
COMMON/HEGING/TITLEC(LI)
COMMON/CHARLIE/ NCODE 4NREC ,IP,IVS,NSC,IFLST,NCSB
COMMON/GEOM/XE(3) 4+XP (3)

DIMENSION ICLK(3)

DIMENSION CLOCK {(4),LABLE(8) 4SN(3)

DIMENSION UX(3) ,UPVI3),UPM(3)
COMMON/EXTRA/RPLP,ROT

COMMON/VH/VHP (3) ,RIPLASOP
COMMON/POINT/VC (3y9) 4P (3,49)
COMMON/FLYBY/DUMLIB) 4 X{3),DUMR(R),S5V(3I)

COMMON /PLCONS/GMS,GMPL (12) 4RS,RPL(12) 4SNAME (2) yPLNAME (2, 123,
X SPV(3),PLPV(3, 12),SVE(3),PLUE(3,193 SROT,PLROT (12) ,SOBLyPLOBL (12)
COMMON /CVPLOT/VTL(3) ,VR(3),VH(3) 4RPP, TANR,R2,SCALE,R(3),PEN
COMMON/PCOORD/PVI(3) , VE( 3 ,PM(3)

DIMENSION QL(3)

COMMON/PLTBUF/BUF(20)

DIMENSION UCK (8)

DIMENSION SCUNIT(4) yCOORD(A)

DATA SCUNIT/0.1428,0.8572,0.1428,0.8572/
DIMENSION QZ2(3) :

COMMON/TRA/TRACE

REAL LAT,LONG

DIMENSION GOK(3)

REAL JDV

DIMENSION VQ{3,9)

COMMON/ JDAYS/JDV,TT

DATA PI/3.1415926536/

DATA QZ/740=90.0,30G.0/

DATA QL/GB. p'iBOCG,"}S.ﬁ/

ANG2=AMAXL{ANG2 A,ANG 2B)

NSAT=0

CALL TCONV(CLOCK,S5HCLOCK,ABS(TT) ,3HSEC)
FORMAT(®*TIME AFTER ENCQUNTER = *IL4,% DAYS *I2,¥ HRS *I2,¥ MIN¥)
FORMAT(*TIME BEFORE ENCOUNTER = #I4,* DAYS #IZ2,% HRS *I2,* MIN¥)
CALL ARCSTPIS5.)

THIST=0,0

IF(NCB.EQa.1) CALL PLASAT{(SV,JDV,IVS,IP)

RPP=RPL (1IP)

IF(NCB.EQel) CALL PSCONS{(RPP,6HRADIUS,IVS,IP)
ANG3=ANG2/2 .0

CALL VVIEW(G,0,040,1IP)

CALL VPROJ

TANR=SQRT(RPP*RPP/ (R2*R2-RPP¥*RPP))
TANK=ATAN(TANR) *{180.0/PI)

TF(TANK «GE« ANG3) ANG3I=TANK
SCALE=TAN(ANG3*PI/180.0)

COORD(1)=~SCALE

COORD(2)=SCALE

COORD (3)=-SCALE

COORD (%)}=SCALE
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Table 6-9 ({concl)

CALL SDINIT{(BUF y20,CO0RDySCUNIT)
CALL LINE( SCALE, SCALE, SCALE,~SCALE)
CALL LINE( SCALE,~SCALE,~SCALE,=-SCALE)
CALL LINE(-SCALE,~SCALE,~-SCALE, SCALE)
CALL LINE(-SCALE, SCALE, SCALE, SCALE)
CALL CHAROPT(0,051,1,0)
CALL ABSBEAM(0.0540.2)
CALL SYMBOL (L7HPICTURE NUMBER 8,)
CALL NUMBER(IPCN,2HIB8)
CALL CHAROPT(0,0450,0,0)
CALL ABSBEAM(0.0,0.1)
00 100 IFL=1,6

100 UCK(IFL)=TITLEC(IFL)
UCK(7) =2HS.
CALL SYMBOL (UCK)
CALL ABSBEAM(0.0,0.,05)
DO 116 IFL=7,13

110 UCK(IFL=-6)=TITLE(IFL)
UCK (8) =2HS.
CALL SYMBOL (UCK)
IF(IFLST.NEL1 . AND.NCB.NE.1) GO TO 1
NSAT=1IVS
CGALL SATS(1,C4IP,NSAT,3DV,0)
CALL DISK(IP,NSAT,0,8,0)
CALL SHADER (50. 0,4SN)
CALL PGLOBE(PM, JOV,IP)
CALL PARLEL (PV,Q2)
CALL MERIDN (PV,PM,GL)
CALL VSCALE(SNyXPy-1.)
IF(TT.LE«0.) ENCODE(49,8B3,LABLE) (CLOCK{J) yd=1,3)
IF(TT.GT«0.) ENCODE (43, BBA,LABLE)(;LOCK(J),J 1,3)
CALL SCPRNA(BUF> 8909300 2059045 LABLE,5)
IF (TANK.LT. ANGZ/ZoU) GO TO 10
SAVE=TRACE
ASOP=TANK
CALL VUNIT(UX,X)
CALL VUNIT(UPV,PV)
.CALL UUNIT(UPM,PM)
RPLP=RPP
ROT=PLROT (IP)
DD 5 I=1’3

5 VHP(I)=VN(I)

RIP=R2
ANG4A=ANG2A/2,0
ANG4B=ANG2B/2 .0
"CALL FRAMEL(P,ANG4A, ANGLEB)
LAT=30.0-ANGY {UPV,UX ,6HDEGREE)
CALL VCROSS(GOK,UX, UPV)
LONG=30,0+ANGV{GOK, UPM, 6HDEGREF)
CALL LOOK(DUM,CONE, CLOCK,LAT4LONG)
CALL LGCATE(VQ,CONE CLOCK, THIST)
CALL FPLOT(VQ)
TRACE=SAVE

10 CONTINUE
CALL FRAME
‘RETURN
CEND.

6'_716


http:ABSBEAM(O.0O.05

MCR-71-181

PROGRAM
Y
SWITCHED TO ES

ATELLITE? _ l
FIND SATELLITE POSITION

VECTOR

-~ |
s

SET VIEWPOINT AND PERSPECTIVEl

AS SEEN FROM SPACECRAFT

SET PLOTTING SCALE EQUAL TO LARGER
OF PLANET/SATELLITE HALF ANGLE OR
CAMERA FIELD OF VIEW

| :
DRAW RECTANGLE AROUND FIELD OF
VIEW AND ANNOTATE WITH PICTURE NO. TITLE

PLOT SATELLITE POSITIONS WITH 4 "T",
DRAW PLANET DISK, SHADE AREA BEHIND
TERMINATOR, DRAW MERIDIANS AND PARALLFELS

ANGULAR
SIZE OF PLANET
GREATER THAN
CAMERA FIELD

OF VIEW?

/

FIND UNIT VECTORS FROM S/C TO
PRINCIPAL POINTS OF TV FRAME

FIND LAT & LONG. OF SUB-S/C POINT

FIND RANGE, CONE, & CLOCK ANGLE OF SUB-S/C PT

FIND VECTORS FROM PLANET CENTER TO PRINCIPAL
POINTS OF TV FRAME

PLOT CONNECTIONS BETWEEN PRINCIPAL FOINIS OR
TOWARD THEIR POSITIONS IF OFF PLANET DISK

he
N
RETURN |

RETURN

Fig. 6-9 PIC2 Flow Diagram
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Purpose: To determine 1f the time interval set for TV
frames is compatible with system bit storage,
transmission bit rates, and bits per picture,
and adjust if necessary.

Calling sequence: CALL PICIN

Input/Output:

1/0 | FORTRAN Name Definition

I ROTW (3) Vehicle roll rate (radians/sec)

1/0 | TFRAM/P(29) Frame readout time (seconds)

I/0 | TSTAR/P(31) Start time for TV (days from periapsis)
I/0 | TSTOR/P(37) Stop time for TV (days from periapsis)
I/0 | DTUSE/P(33) User input-picture taking interval (min)
I/0 | BULK/P(34) Bulk storage capacity (bits)

I/0 | BULKO/P(35) Storage capacity previously used (bits)
I/0 | XBPS/P(36) Bit rate transmitted {BPS)

I/06 | SCIBPS/P(37) Bit rate required by other instruments (BPS)
1/0 | BUFCAP/P(38) Buffer storage capacity (bits)

I/0 | BPPIC/P(49) Bits per picture (bits)

/0 P(50) Frame read rate (bits/sec)

0 STORD Bulk Data Storage Capacity {(picture)

0 TVOUT Real time picture rate (bps)

0 DTPIC Minimum picture internal (sec)

0 PICPHR Maximum picture rate (pics/hr)

0 PICPDA Maximum picture rate (pic/day)

o NPIC Maximum numer of pictures

0 ACTPIC Actual picture rate (pic/day)

o NPICA Actual numbercf pictures

Subprograms Required: None

Approximate Storage Required {(octal): 562

Discussion: Other than the reset value of picture taking

Table 6-10 pre

flow diagram.

interval, three qualitative statements are
output when appropriate:

1) Buffer capacity less than one picture;
2) Picture interval based on roll rate;
3), Rpll rate equals zero.

sents the PICIN listing; Fig. 6-10 is the PICIN
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Table 6-10 PICIN Listing
SUBROUTINE PICIN

ROUTINE FOR COMPUTING MIN PICTURE TAKING INTERVAL FROM BIT RATE

INPUT BULK
INPUT BULKD
INPUT DTUSE
INPUT XBPS
INPUT SCIBPS
INPUT BUFCAP
INPUT BPPIC
INPUT TFRAM
INPUT TSTAR
INPUY TSTOP
INPUT RPM -

BULK STORAGE CAPACITY, BITS

BITS ALREADY IN BULK STORAGE

USER INPUT PICTURE TAKING INTERVAL, MIN P(33)
TRANSMIT BIT RATE, BPS

BIT RATE FROM OTHER INSTRUMENTS, BPS
BUFFER STORAGE CAPACITY, BITS

BITS PER PICTURE, P{49)

FRAME READOUT TIME, SEC, P(29)
PICTURE SEQUENCE START TIME, DAYS
PICTURE SEQUENGCE STOP TIME, DAYS
3/C SPIN RATE, ROTHW(3) IN RAD/SEC

LTS TN T T [ O T (I T IO ||

COMMON/HEDING/TITLE(13)
COMMON/REVER/ROTHI(3)
COMMON/CHARAC /P (60)
EQUIVALENCE (P(29),TFRAM) 4 {P (43),8PPIC)
Xy (P(34) ,BULK) 4 (P(35) 4BULKO} , (P(38)4BUFCAP)
Xy {P(30) 4XBPS) s (P{37) ,SCIBPS)
DTUSE=P(33) *60.,
RPM=ROTHW(3)*57.2957795131/6.
TSTAR=P (31}
TSTOP=P (32)
WRITE(6,107)TITLE
WRITE(6,104) TSTAR, TSTOP,DTUSE, TFRAM,P(50)
DYTOT=(TSTOP~-TSTAR) ¥*86400.
TSTAR=TSTAR*BB41O,
TSTOP=TSTOP*86400,
STORD=BULK/BPPIC ' '
WRITE(6,105)BULK,BPPIC,STORD,BULKO,BUFCAP
TVOUT=XBPS-SCIBPS

WRITE(6,108)XBPS,SCIBPS, TVOUT
If (BUFCAP-8PPIC)Y10,11,11

10 BUFCAP=8PPIC
HRITE(6,100)BUFCAP

11 CONTINUE
TBUFO=8BUFCAR/TVOUT
TBUFI=BUFCAP/P(50)

TEST FOR TOPS OR PIONEER (BULX GREATER THAN 0 FOR TOPS)
IF (BULK)1,1,2

SPINNING S/C WITH BUFFER FOR ONE PIGTURE (IE, PIONEER)
1 DTPIC = TBUFO+ TFRAM
IF(RPM)B,8,9
8 WRITE(6,103)
DTPIG=DTTOT
60 TO 6

6-79



OO0 OO0

QO

OO0

MCR-71-181

Table 6-10 {cont)

g IF(OTPIC~- 60. /RPM) 3,3,7

3 NROLL=1 '

DTPIC=60./RPM
WRITE(6,101)DTPICyNROLL
GO TO &

7 NROLL=DTPIC*RPM/60., +1
DTPIC=NROLL*60./RPM
WRITE(6,101)0TPIC,NROLL
GO TO &

THREE AXIS STABLE S/C WITH MORE THAN ONE PICTURE STORAGE (IE, TOPS)
2 DTPIC=BPPIC/TVOUT
TEST IF USER INTERVAL LESS THAN MINIMUM

4 CONTINUE
IF(DTUSE=DTRIC) 54646

5 DTUSE=DTPIC
P(33)=DTUSE/60.
WRITE(6,102) DTUSE

MAXIMUM NGO OF PICTURES/HOUR
& PICPHR=3600./DTPIC
PICPDA=244+%PICPHR

MAXIMUM NO OF PICTURES THAT CAN BE TAKEN
NPIC=DTTOT/DTPIC
ACTPIC=86400./DTUSE
NPICA=DTTOT/DTUSE
WRITE(6,106)DTPIC,PICPHRyPICPDA,NPIC,ACTPIC,NPICA
RETURN
100 FORMAT (5X,56HBUFFER CAPACITY LESS THAN ONE PICTURE, CAPACITY SET T
*0 9£1643,47)
101 FORMAT(5X,38HPICTURE INTERVAL BASE) ON ROLL RATE = ,E15.8,4H SEC,

¥20H, NO OF ROLLS/PIC = ,I4,/)
162 FORMAT(5X,36HREQUESTED DELTA T LESS THAN MINIMUM 7/
X y5Xy32HDELTA T (SEC) HAS BEEN RESET TO ;E15.8)
103 FORMAT(5X,21HROLL RATE EQUALS ZERD)
1064 FORMAT( 5Xy4 BHCOMPUTATIONS FOR MINIMUM PICTURE TAKING INTERVAL
Xy9/7/5%,28HPTCTURE START TIME (DAYS) = 4E15.8/
Xy '5Xy,2B8HPICTURE STOP TIME (DAYS) = ,E15.8/
Xy DOX,2B8HDELTA T REQUESTED (SEC) = ,E15.8/
Xy 5Xs28HFRAME READ TIME (SEC) = 4E15.8/
Xy 5Xy2B8HFRAME READ RATE (BPS} = ,E15.8//7)
105 FORMAT(5X,36HBULK DATA STORAGE CAPACITY (BITS) = ,E15.8/
X 5Xy 36HPICTURE SIZE (BITS) = ,E15.8/
X SX+36HBULK DATA STORAGE CAPACITY (PICS) = ,E15.8/
X SXs36HBULK GONTENTS IN USE (BITS) = JEi5.87 .
X = 9yE15.,8//)

5X,36HBUFFER STORAGE CAPAGITY  (BITS)
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Table 6-10 {concl)

106 FORMAT(5X,36H MINIMUM PICTURE INTERVAL (SEC) = ,£15,8/
¥ 5Xy 36HMAXIMUM PICTURE RATE (PICS/HR) = 9E15.8/
¥ 5Xy I6HMAXIMUM PICTURE RATE (PIC/DAY) = yE15.8/7
¥ 5Xy 36HMA XIMUM NUMBER OF PICTURES = 916/

* S5Xy36HACTUAL PICTURE RATE (PIC/DAY) = pE15.8/
* 5X,36HACTUAL NUMBER OF PICTURES = 4 16/7)

107 FORMAT (1HL1,4X413A6,7/) .

108 FORMAT(5X,36HDATA TRANSMISSION RATZ (BPS) = ,E15.8/
X 5Xy36HRATE FROM OTHER INSTRUMENTS (BPS) = »E15. 87
X 5Xy36HREAL TIME PICTURE RATE (BPS) = ,€15.8//)

END
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WRITE INPUT OR CANNED VALUES
TSTAR, TSTOP, DTUSE TFRAM, BULK,
BULKO, BUFCAP, BPPIC, XBPS, SCIBPS

SPACECRAF
R A STORAGE
CAPABILITY?
~18
BUFFER YES
CAPACITY < ONE }
?
pICEPS < BULK-BULKO + TVOUT (TSTOP-TSTAR) IC?EEEV/,//’ 1
o "BUFFER CAPACITY

1

LESS THAN ONE
DTPIC = BPPIC/PICBPSJ

PICTURE?

[DTPIC = TBUF + TFRAM

1s
NO s/¢C

SPIN RATE
t, w‘j?
YES

- WRITE
"PICTURE INTERVAL NO

SED ON ROLL RATF" "ROLL RATE

QUALS ZERO"

IDTPIC = SEC/REV]

DTPIC = TSTOP-TSTAR

NROLL = DTPIC * REV/SEC.+ 1
*
DTPIC = NROLL

: I
5 Je LB TUSE < DTPIC “>-o¢ \é:)
IDTUSE - DIPIC| PICPHR — 3600/DTPIC
WRITE ‘\\ |
""DATA T HAS BEEN NPIC = (TSTOP-TSTAR)/DTPIC|

RESET T0," DTUSE : |
P(33) = DTUSE/60

RETURN

Fig. 6-10 PICIN Flow Diagram
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6.3.11 PSATP

Purpose: To plot an overview of the mission, showing the
trajectory of the spacecraft, the orbits of the
planet's satellites, and vectors toward the sun,
Earth, and antiperiapais point.

Calling Sequence: CALL PSATP

Input/Output:

1/0 | FORTRAN Name ’ Definition

IP Planet index number
I | Jov 4 Julian date of encounter
0 | VT(3) Vector tangent to spacecraft trajectory at
periapsis

VR(3) Vector from planet to spacecraft at periapsis

0 VW{3) Vector toward trajectory pole-
GUSY (3)

Subprograms required: ARCSTP, PLASAT, ABSV, MAP, VPRQJ,
ORBVEL, ORBPOS, UCROSS, VEQUAL,

VVIEW, ARROCC, SATS, VPPLT, DISK,
: - . __ SINTRP, & ADV

Approximate Storage Required (octal): 315

Discussieon: The primary output of this subroutine is the
overview plot.

Table 6-11 presents the PSATP listing; Fig. 6-11 is the PSATP
flow diagram.
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Table 6-11 PSATP Listing

SUBROUTINE PSATP
COMMON/FLYBY/DUMMYA (3),6USY (3),0UMMYB(12)

COMMON /PLTBUF/BUF{20)

COMMON /PLCONS/GMS,GMPL (12) ,RS,RPL(12),SNAME(2) yPLNAME(2,12),

X SPV(3) 4PLPV(3,12)4,SVE(3) yPLVE(3412),SROT,PLROT(12),S0OBL,PLOBL (12)

COMMON /CVPLOT/VTI(3) 4VR(3),VH(3) ,RPP,TANR,R2,SCALEyR(3),PEN
COMMON/PCOORD/PV(3) 4 VE(3) ,PM(I)

COMMON/CHARLIE/ NCODEZNREC , IP,IVS,NSCyIFLST,NCB
COMMON/ORBI/ZAA,EsPyORB,C14TA,TEJ,VVI(3),QVI3)
COMMON/JDAYS/JDV,TT

COMMON/PLAN/GM

DIMENSTION XMI(3),X{3)4XF{3),V(3);X%X5(3)

COMMON/ GEQM/ XS,y XM

REAL JD,JDV

EQUIVALENCE (JDyJ40V)

DIMENSION NS(9)

DATA N3829/

DATA NS/0305142,54,73542,0/

A=AA

ECC=E

NUMBER OF SATELLITES

RPP=RPL(IP)

R2=0.

§=5h,

CALL ARCSTP(SD)

CALL PLASAT(XM,JD,NS{IP),IP)

SCALE=ABSY (XM) ¥1.1

IF(NS(IP).cQ.0) SCALE=15.%¥RPL(IP)

CALL MAP{(-SCALE,SCALE,~-SCALE,SCALEs«031090051s)
BUF (4) ==SCALE

BUF (5) =SCALE

BUF () ==SCALE

BUF (7)=SCALE

BUF (8)=.0

BUF (9) =1,

CALL VPROJ

CALL ORBVEL (VR, .0)
CALL ORBPOS(VT, .0)

CALL UGCROSS{VW,VT,VR}
CALL VEQUAL {(GUSY,VH)

CALL VVIEW({i,11, 1,15,0)
DMDT=SQRT(GM/ABS(A) ¥*3)

CAT={P/SCALE~-1.)/ECC
AT=ACOS(CAT)
T=ANOMLY(~-AE,AT)/DMDY

N=ABS(T)/3600.

JO=JDV
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Table 6-11 ({concl)

N=3.%24.
N=2¥N

CALL PLPOS(XS,JD,1IP)
CALL PLPOS(XMy4JDy3)
GALL VSCALE (XSy XSy=-14)
CALL VSUM(XHM, XM, XS)
CALL ARROCC(Dy64495.44)
CALL SATS(N,0,IP,0,JD,3600.)
N=N72

NN==N

DO 233 I=NN,4N
T=I*36080.

CALL ORBPOS(XS,T)
CALL VPPLT(XS,1H%

CALL DISK{IP,Q,0,0,0)
CALL SINTRP (BUF)

CALL FRAME

RETURN

END
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ESTABLISH AN ORTHOGRAPHIC PERSPECTIVE
AND AN ARC LENGTH TO BE PLOTTED AS A
STRAIGHT 'LINE AS 5°

SET PLOT SCALE AS 10% LARGER THAN THE
OUTER SATELLITE ORBIT RADIUS (OR 15
PLANET RADII IF THERE ARE NO SATELLITES)

FIND POLE OF THE TRAJECTORY PLANE AND
ESTABLISH A VIEWPOINT OF THE PLOT FROM
THAT POINT

'DRAW ARROW TOWARD THE EARTH AND LABEL
WI'-IH A |I6ll

DRAW ARROW TOWARD THE SUN AND LABEL
WITH A "7"

DRAW ARROW TOWARD ANTIPERIAPSIS AND
LABEL WITH "2"

PLOT 144 POSITIONS (1 HOUR APART) OF

EACH SATELLITE AND MARK EACH POSITION
WITH A "+ (STOP PLOTTING WHEN A COM-
PLETE ORBIT HAS BEEN PLOTTED)

PLOT 144 POSITIONS (1 HOUR APART) OF THE
PLANET WITH AN "*'" CENTERED AROUND
PERIAPSIS.

PLOT PLANET DISK

ADVANCE FRAME

RETURN

Fig. 6-11 PSATP Flow Diagram
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6.3.12 RESO

Purpose: To calculate the resolution of a TV image, given
the angular resolution of the lens and screen,
and the range of the object. A second purpose
is to plot the results versus time from periapsis.

Calling Sequence: CALL RESO (DIREC)

. Input/Output: '
I/0 | FORTRAN Name Definition
I XSsC(3) Vector to spacecraft planet or satellite
I XCL{(3) Vector to picture center from S/C (km)
1 RPL Radius of planet or satellite (km)
1L DIREC Program mode — plot results if DIREC='PLOT',
) ca}cu%ate only if not
0 TIM ) Largest time of interest from periapsis (days)
REC(9) Resolution at the center of the body for
planet and all satellites
0] REL (9) Resolution at the limb of the body for
planet and all satellites
0 RES Resolution at picture center or principal body

Subprograms Required: PSCONS, ABSV, MAPSSL, CHARCP,
ABSBEM, SYMBOL, LINE

Approximate Storage Required (octal): 1020
Discussion: HNone

Table 6-12 presents the RESO listing; Fig. 6-12 is the RESO
flow diagram.
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Table 6-12 RESO Listing

SUBROUTINE RESO (DIREC)

COMMON/HANDO/ TIM,REC {9) ,REL (9) yRES,SMR(9) SHRR(Q),SHRS(Q) TSMR(9)

X,SPSHR,SPSMRS,SPTS&R,SPSHRR
DIMENSION SDUNIT(4)
COMMON/GEOM/XE(3) 4 XP (3}

COMMON/STUFF/XPL(3) 4 VPLV(3) ,VPLS (3) ,XSA(3,8),VSAV(3,8),VSAS(3,8),

XXCL (3) 3 VCLV(3), VCLS (D)
COMMON/JDAYS/JDV,TT .
COMMON/FLAGS/IFLT,IFLPL,IFLPR
COMHONICHARLIE/NCODE,NREC s IP,IVS,NSC, IFLST,NCB

COMMON /PLCONS/GMS, GMPL(lZ),RS,RPLIIB),SNAHE(Z),PLNAHE(Z,lZ),
X SPV(S),PLPV(S,iZ),SVE{S),PLVE(3,12),SROT,PLROT(12),SOBL,PLOBL(iZ)

COMMON/CHARAC /P (60}
COMMON/XZ/XZ (97 )

COMMON/TRA/TRAGE

REAL NAME(2)

INTEGER CAMK

DIMENSION PLACE (3)

DIMENSION XTRA(3,9),XTRAL{3)

DIMENSION NS(9)

DIMENSION RPPS(9)

DIMENSION THING (3)

DATA THING(3) /2H$./

DATA NS/030 91423497 4542407

DIMENSION SYM(8)

DATA SYM/3HOQS 4y 3HXS oy 3H+ B84y 3HISe y31HS o 9 3HTS, 3 3HZ B4 s 3HP S, /-
DATA PLACE/18H( CENTER ) ,10H(VER EDGE) y 18H(HOR EDGE) /
DATA NAME(2) /10K (KM/PX)S. 7

DATA SOUNIT/0e141e09061'91407 }

DATA PI,RPD/3.1415926535898,1.,7453292513943209E=02/
DATA IFR/G/
PETE(RADIUSY=SQRT(RADIUS*RADIUS=RPR¥RPP)
IF(IFR.EQ.1) GO TO 60

ITR1=10 ]

NSP=NS(IF) - :

NXTR=NSP+1

RPPS({1)=RPL (IP)"

DO 50 I=1,NSP

CALL PSCONS(RPPS(I#+1),6HRADIUS,I,I3)

CONTINUE

CONTINUE

IF (DIREC.EQ«4HPLOT) GO TO 200

DO S0 I=1,3

XTRACL,1)=XPL (I)

DO 96 ITB=1,NSP

DO 94 I=1,3

XTRACI, IT8+1) =XSA(I, ITB)

CONTINUE

DO 120 ITB=1,NXTR

CALL VEQUAL {XTRAL,XTRA(1,ITB))

RCEN=ABSV (XTRAL)
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Table 6-12 (cont)

IF (RCENJLE.0.0) GO TO 120
RPP=RPPS(ITH)
RLIM=PETE(RCEN)
RCEN=RCEN=RPP
IF(IFR<EQ.0) RMAX=RLIM
IF(IFR.EQ.0) RMIN=RCEN
IFR=1
RMAX1=AMAX1(RCEN,RL IM)
RMIN1=AMINi (RCEN,RL IM)
IF (RMAX1.6T4RMAX) RMAX=RMAX1
IF (RMIN1.LT.RMIN) RMIN=RMIN1
I=1
REC(ITB)=RCEN*P (45+1)
REL (ITB)=RL IM*P (45+¢1)
100 CONTINUE
120 CONTINUE
RSPE=ABSV(XCL)
RES=RSPE*P(46)
RETURN
200 CONTINUE
REWIND 7
REWIND ITR1
TIM= AHAXi(ABS(P(31)),ABS(P(32)))
I=1
RESMAX=RMAX*P (4 5+])
RESMIN=RMIN*P (45+1)
00 300 ITB=1,NXTR
IF{ITB+GT,2), GD 1o 204
CALL FRAME
CALL MAPSSL (- TIM,TIM,RESMIN,RESHAX,SDUNIT(iJ,SDUNIT(Z) SDUNIT(3},
ESDUNIT (4))
CALL CHAROPT(0,0,141,0)
CALL ABSBEAM(0.05,0.,2)
CALL SYMBOL {12HRESGLUTIONS.)
CALL SYMBOL (3H &.)
NAME(1)=PLACE (1}
CALL SYMBOL (NAME)
CALL SYMBOL (3H $.)
IF(ITB.EQ.2) GO TQ 202
DO 201 u=1,2
201 THING(J)=PLNAME (J,IP)
GO 70 203
202 THING(1)=1O0HSATELLITE
THING(2)=2H$,
203 CONTINUE
CALL SYMBOL {THING)
CALL ABSBEAM(0.2,0.01)
CALL CHAROPT(0y0,1,0,M
CALL SYMBOL (29HTIME FROM ENCOUNTER (DAYS) $.)
204 CONTINUE
IFR=0
REWIND ITR1
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" Table 6-12 (cont)

205 READ(ITR1) TT,REC,REL ,RES,SMR,SHRR
IF (EOF , ITR1) 240,210
210 CONTINUE
IF(IFR.EQ.0) GO TO 220
IF (REC(ITB) sLE.0.0.0R.REL(ITB).LE.DLD) GO TO 240
CALL LINE(TTP,RECP, TT4REC(ITB))
CALL LINE(TTP,RELP, TT,REL(IT8))
228 CONTINUE
IF(ITB.EQ.1) GO TO 225
IF(IFR.EQ.1) GD TO 225
CALL GHAROPT(0,0,0,0,0)
CALL POINT(TT,REC(ITB))
CALL SYMBOL (SYM (ITB=-1))
225 CONTINUE
IFR=1
TTP=TT
REGP=REC(ITB)
RELP=REL (ITB)
GO TO 205
240 CONTINUE
REWIND ITRL
IF(ITB.EQ.1) GO TO 300
CALL POINT(TTP,RECP)
CALL SYMBOL (SYM(IT8-1))
XHT=0.98~(I1TB=2)*0, 03
CALL ABSBEAM(D.75,XHT)
CALL SYMBOL (SYM(ITB=1))"
CALL SYMBOL (3H $.)
CALL PSCONS (THING,4HNAME,ITB-1,1P)
CALL SYMBOL (THING)
3060 CONTINUE
CALL FRAME
IFR=0
CALL MAPSSL (=TIM,TIM,RESHIN,RESMAX,SOUNIT(1),SDUNIT(2),SOUNIT(3},
$SDUNIT (4))
CALL CHAROPT( 0, 0y1y1,0)
CALL ABSBEAM(0.05,042)
CALL SYMBOL (12HRESOLUTIONS.)
CALL SYMBOL (3H $.)
NAME(1)=PLACE(I)
CALL SYMBOL (NAME)
CALL SYMBOL (19H FOR PRIMARY BODYS.)
CALL ABSBEAM(0+2,0401)
CALL CHAROPT(050y1,0,0)
CALL SYMBOL (29HTIME FROM ENCOUNTER (DAYS) $,)
305 READ(ITRL)TT,REC,REL,RES,SMR,SMRR
IF (EOF,ITR1) 340,310
310 CONTINUE -
IF (IFR.,EQ.0) GO TO 320
CALL LINE(TFTP,RESP,TT,RES)
320 CONTINUE
IFR=1
TTP=TT
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Table 6-12 (concl)

RESP=RES

G0 TO 305
340 CONTINUE

CALL FRAME

REWIND ITR4

IFR=0

RETURN

END
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INITIALIZE

LOAD XTRA(3,9) AS POSITION
VECTORS OF PLANET AND

8 POSSIBLE SATELLITES
1

CALCULATE RESOLUTION (km) AT
CENTER, LIMB, AND PIC CRT

. FOR 9 POSSIBLE BODIES
1

DETERMINE MINIMUM AND MAXTMUM
RESOLUTION LIMITS FOR PLOT

! I

RETURN

REPEAT
FOR
NEXT

()

I 4

SET UP SEMILOG PLOT AND LABEL
WITH "RESOLUTTON" PLANET OR
SATELLITE NAME FOR EACH PLOT

READ FROM FILE 10
TT, REC, REL, RES, SMR SMRR

SATELLITE

PLOT REC AND REL AS A FUNCTION
OF DAYS FROM ENCOUNTER

300

? L]

SET UP SEMILOG PLOT AND LABEL
"RESOLUTION PRIMARY BODY"

READ FROM FILE 10 -
TT, REC, REL, RES, SMR SMRR
] _

PLOT RES AS A FUNCTION OR
- DAYS FROM ENCOUNTER

RETURNl

__F_ig_.- 6-12 RESO Flow Diagram
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6.3.13 SMEAR

Purpose: To calculate smear of an image, given the velocity

vector of the scene with respect to the imager,
and to plot the result as a function of time
from periapsis.

Calling Sequence: CALL SMEAR (DIREC)

Input/Output:

I/o FORTRAN Name Definition

I | DIREC " Program mode - plot if DIREC = "PLOT", calculate only if
not

L T Time from periapsis (sec)

0 % Time from periapsis (days)

I TIM Maximum time range for plotting

¥ REC(9) Resolution of sub-spacecraft point at picture center for
planet 'and eight possible satellites (km/pixel)

I REL(9) Resolution of limb for planet and eight possible satel-
lites (km/pixel)

I RES Resolution at center of primary body (km/pixel)

o SMR{9) Velocity of picture center due to orbital motion for
pPlanet and eight possible satellites (km/sec)

0 SMRS (8) Velocity of picture center due to spacecraft rotation
for planet and eight possible satellites (km/sec)

0 SMRR (9) Smear of image for planet and eight possible satellites
(pixel)

0 TSMR{9) Exposure time to limit smear to less than 3 pixel (sec)

0 SPSMR Velocity of picture center for primary body due to
orbital motion (km/sec)

0 SPSMRS Velocity of picture center for primary body due to
Sspacecraft rotation (km/sec)

o SPSMRR Smear of image on primary body (pixels)

0 SPTSMR

Exposure time to reduce smear to % pixel on primary
body (sec)

7 g

Subprograms Required: VSUM, MAPSSL, ABSBEM, CHAROP, SYMBOL,

ADV, LINE
E

-

Approximate Storage Required (octal): 1760

Discussion: Noie

Table 6-13 presents the SMEAR listing; Fig. 6-13 is the SMEAR

flow diagram.
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Table 6-13 SMEAR Listing

"SUBROUTINE SMEAR(DIREC)
DATA INP/O/
DIMENSION NS(9)
DATA NS/050,152 497959250/
COMMON/CHARLIE/ NCODE,NREC ,IP4IVS,NSC,IFLST,NCB
DIMENSION DUMV(3),RUN(3) ,VIM(3)
COMMON/HANDO/ TI MyREC (9) 3 REL (9) yRES; SMR(9) ,SMRR(3) ySMRS (9) , TSMR (9}
X s SPSMRy SPSMRS »SPTSHR 4 SPSMRR
COMMON/CHARAG /P (603)
DIMENSION SODUNI T(4)
DATA SOUNIT/0ely1e0,001,5140/
COMMON/JDAYS/ JDV,TT
COMMON/FLAGS/IFLT,IFLPL,IFLPR
COMMON/ STUFF/ XPL (3) , VPLV (3) ,VPLS (3) y XSA(3,8) 5 VSAV(3,8) ,VSAS(3,8),
XXCL (3) 3 VCLV (3), VCLS (3)
DIMENSION THING (3)
DATA THING(3)/2HD./
DIMENSION SYM(8)
DATA SYM/3HOS ey 3HXB e 93H+ 84y IHISM 934HSE e y3HT B0 9 3HZBe 3 3HP S/
IF (DIREC.EQ.4HPLOT) GO TO 200
ITR2=10
IF(INP.NE.0O) GO TO 90
NS T=NS (IP)
30 CONTINUE
SMR(1) =SQRT (VPL V(1) *VYPLY (1) +VPLV (2} *VYPLV (2))
SMRS(1)=SART(VPLS(1) *VPLS (1) +VPLS{2) *VPLS(2))
CALL VSUM(VIM,VPLS,VPLV)
SHMRT=SQRT(VIM (1) *VIM(1) +VIM(2)*VIM(2))
TSMR(1) =REC (1)/ (SMRT*2,0)
SMRR(1) = (SMRT/REC(1))*P(26)
DO 100I=1,NST
IF(REC(I+1)+LE. Ga0) GO TO 100
SMR(I+1) =SQRT(VSAV{1,I)*VSAV(1,I)+VSAV(2,I)*VSAV(2,1))
SMRS(I+1)=SQART(VSAS {1,T) *VSAS(L,I)+VSAS(2,I)*VSAS(2,1I})}
CALL VSUM{VIM,VSAS(1,I),VSAV(1i,I))
SMRT=SQRT{VIM{1)*VIM(L) +VIM{2)*VIM(2))
TSMRUI+1) =REC (I+1) 7/ {SMRT*2,0)
SMRR{I+1) = (SMRT /REC (I+1)) *P (26)
100 CONTINUE
TX=TT/86400.,
SPSMR =SQRT (VCLV (1) ¥ VCL V(L) +VC.V(2) *VCLV(2))
SPSMRS =SQRT(VCLS(1) *VCLS{1) +VCLS(2) *VOLS(2))
CALL VSUM(VIM,VCLS,VCLV)
SMRT=SQRT(VIM (1) *VIM(L) +VIM(2)*VYIM(2))
SPTSMR =RES/(SMRT*2,0)
SPSMRR ={SMRT/RES) *P (26) ,
WRITE(ITR2) TX,REC,REL4RES,SMR,SMRR,SMRS
Xy SPSMR, SPSMRS y SPSMRR
IF(INP.GT.0) GO TO 120
INP=INP+1 '
SMRN=SPSMR
SMRX=SPSMR

6-94



1249

130

290

210

220

225

230

MCR-71-181

Table 6-13 (cont)

SHMRSN=SPSMRS

SMRSX=SPSMRS

SMRRN=SPSMRR

SMRRX=SPSMRR

NSX=NST+1

CONTINUE

DO 138 I=1,NSX

IF (SMR(I)«LE«0.,0) GO TO 130
SMRN=AMIN1(SMRN ,SPSMR,SMR{I))
SMRX=AMAXL (SMRX ySPSMR,SMR(I))
SMRSN=AMINL (SMRSN,SPSMRS, SMRS(I))
SMRSX=AMAXL (SMRSX, SPSMRS, SMRS(I))
SMRRN=AMINL {SMRRN,SPSMRR,SHMRR(I))
SMRRX=AMAXL (SMRRX, SPSMRR,SMRR{I))
CONTINUE

RETURN

CONTINUE

REWIND ITRZ
%%h%)HAPSSL(-TIH,TIH,SHRN,SHRX,SDUNIT(1)’SDUNIT(2),SDUNIT(3),SDUNI

CALL ABSBEAM(0.05,0.2)

CALL CHAROPT(0,0,1,1,0)

CALL SYMBOL (27HSMEAR DUE TO VEL (KM/SEC)$.)
CALL SYMBOL (24H AT SPECIFIED LOCATIONS.)
CALL ABSBEAM(0.2,0.01)

CALL CHAROPT(0,0,1y8,0)

CALL SYMBOL (29HTIME FROM ENCOUNTER (DAYS) $.)
IFR=0

REWIND ITR2

CONTINUE

READ(ITR2) TT,REC,REL,RES,SMR,SHRR, SMRS
X y SPSMR y SPSMRS , SPSMRR

IF (EOF, ITR2) 230,220

CONTINUE

IF(IFR.EQ.0) GO TO 225

CALL LINE(TTP,SMRP,TT,SPSMR)

CONTINUE

IFR=1

TTP=TT

SMRP=SPSMR

GO TO 210

CONTINUE

REWIND ITR2

CALL FRAME

IFR=0

CALL MAPSSL (~TIM,TIM,SMRSN,SHMRSX,SOUNIT (1),SDUNIT(2),SOUNIT(3),
*SDUNIT (4))

CALL CHAROPT{(0,8,1,1,0)

CALL ABSBEAM(G.05,0.2)

CALL SYMBOL (27HSMEAR DUE TO S/C (KM/SEC)S.)
CALL SYMBOL (24H AT SPECIFIED LOGATIONS.)
CALL CHAROPT(0y8y140,0)

CALL ABSBEAM{(0.2,0.01)

CALL SYMBOL (29HTIME FROM ENCOUNTER (DAYS) §.)

$
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Table 6-13 {cont)

278 CONTINUE
READ(ITR2) TT,REG,REL,RES,SMR,SMRR,SHRS
X s SPSMR y SPSMRS , SPSMRR
IF (EOF , ITR2) 290,280
280 CONTINUE
IF(IFR.EQ.0)G0 TO 285
CALL LINE(TTP,SMRSP,TT,SPSMRS)
285 CONTINUE
IFR=1
TTP=TT
SMRSP=SPSMRS
60 T0270
290 CONTINUE
IFR=0
CALL FRAME
REWIND ITRZ
CALL MAPSSL (=TIM,TIM,SMRRN,SMRRX,SIUNIT (1), SOUNIT(2),SDUNIT(3),
XSDUNIT (4}) o
CALL ABSBEAM(0.05,0.2)
CALL CHAROPT(0,8,1,1,0)
CALL SYMBOL (26HNUMBER OF PIXELS SMZAREDS.)
CALL SYMBOL (24H AT SPECIFIED LOCATIONS.)
CALL ABSBEAM{0.2,0.01) °
CALL CHAROPT(0,0,1,0,0) _
CALL SYMBOL (2GHTIME FROM ENGOUNTER (DAYS) $.)
240 CONTINUE
READ(ITR2) TT,REC,REL,RES SMRySHMRR, SMRS
X s SPSMR, SPSMRS 4 SPSMRR
IF (EOF , ITR2) 268,250
250 CONTINUE
IF(IFR.EQ.0) GO TO 255
CALL LINE(TTP,SHMRRP,TT,SPSMRR)
255 CONTINUE
IFR=1
TTP=TT
SMRRP=SPSMRR
GO TO 24D
260 CONTINUE
CALL FRAME

CALL MAPSSL(~-TIM,TIM,SMRN, SMRXy SDUNIT (1) ;SDUNIT(2)3SDUNIT(3) ySDUNI

$T(4))
CALL ABSBEAM(0.05,0.2)
CALL CHAROPT(0,0,1,1,0)
CALL SYMBOL (27HSMEAR DUE TO VEL (KM/SEC)S.)
CALL SYMBOL (3H $¢) -
'CALL SYMBOL (11HSATELLITES.)
CALL CHAROPT(0y0,15.0,90)
CALL ABSBEAM(0.2,0.01)
CALL SYMBOL (29HTIME FROM ENCOUNTER (DAYS) $.)
CALL CHARGPT(0,G,0,0,0)
DO 330 I=1,NST
_REWIND ITR2
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Table 6-13 (cont)

_ IFR=0
310 CONTINUE
READ(ITR2) TT,REC,REL,RES,;SMRySMRR,SHMRS
X s SPSMRy SPSMRS 5 SPSMRR
IF (EOF, ITR2) 329,320
320 CONTINUE
IF(IFR.EQ.0) GO TO 325
IF(SMRP.LE.D.0) GO TO 330
CALL LINECTTP 4SMRP, TT4SMR(I+1))
325 CONTINUE
IF(IFR.NE.0) GO TO 328
IF(SMR(I+LY.LE.G.0) GO TO 338
CALL POINT(TT,SMR{I+1))
CALL SYMBOL (SYN(I))
IFR=1
328 CONTINUE
TTP=TT
SMRP=SMR (I +1)
GO TO 310
329 CONTINUE
CALL POINT(TTP, SMRP)
CALL SYMBOL (SYM(I))
XHT=0,98=(I=1)%0403
CALL ABSBEAM(0.75,XHT)
CALL SYMBOL (SYM(I))
CALL SYMBOL (3H $.)
CALL PSCONS (THING,4HNAME,I,IP)
CALL SYMBOL (THING)
330 CONTINUE
CALL FRAME —
CALL MAPSSL (=TIM,TIM,SHMRSN,SMRSX,SIUNIT (1) ,SDUNIT(2),SDUNIT(3),
*SDUNIT (4))
CALL CHAROPT(05051y1,0)
CALL ABSBEAM(0.05,0.2)
CALL SYMBOL(27HSMEAR DUE TO S/C (KM/SEC)$.)
CALL SYMBOL (3H $a)
CALL SYMBOL (11HSATELLITES.)
CALL CHAROPT (0,851, 0,0)
CALL ABSBEAM(0.2,0.01)
CALL SYMBOL (29HTIME FROM ENCOUNTER (DAYS) $.)
CALL CHAROPT(D0,05050,0)
BO 390 I=1,NST
REWIND ITR2
IFR=0
370 CONTINUE
READ(ITR2) TT,REC,REL,RES,SMR,SMRR,SHRS
X » SPSMR, SPSMRS y SPSMRR
IF (EOF , ITR2) 388,380
380 CONTINUE
IF(IFR.EQ. 0G0 TC 385
IF (SMRSP.LE.0.0) GO TO 390
CALL LINE(TTP,SHMRSP,TT,SMRS (1+1))
385 CONTINUE
IF(IFR.NE,0) GO TO 386
IF (SMRS(I+1).LE.000) GO TO 390
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Table 6-13 (cont)

CALL POINT{(TT,SMRS{I#+1))
CALL SYMBOL (SYM(I))
IFR=1
386 CONTINUE
TTP=TTY .
SMRSP=SMRS(I+1)
G0 10 370
388 CONTINUE
CALL POINT(TTP,SHMRSP)
CALL SYMBOL (SYM (D))
XHT=0,98=-(I-1)*G.03
CALL ABSBEAM(D.75,XHT)
CALL SYMBOL (SYHM(I))
CALL SYMBOL (3H %.)
CALL PSCONS{THINGy4HNAME,I,IP)
CALL SYMBOL{THING)
390 CONTINUE
CALL FRAME
CALL MAPSSL(=TIMyTIM,SHRRN,SMRRX,SOUNIT(1),SDUNIT(2),SDUNIT(3),
XSDUNIT(4))
CALL ABSBEAM(0.05,0.2)
CALL CHAROPT(0,0,1,1,0)
CALL SYMBOL (26HNUMBER OF PIXELS SMZAREDSZ.)
CALL SYMBOL (3H %.)
CALL SYMBOL (L1HSATELLITES.)
CALL ABSBEAM(0.2,0.01)
CALL CHAROPT(0,;0,1,0,0)
CALL SYMBOL (29HTIME FROM ENCOUNTER (DAYS) %.)
CALL CHAROPT(0,050,0,0)
D0 368 TI=1,4NST
IFR=0 ‘
REWIND ITRZ
340 CONTINUE
READ(ITRZ2) TT,,REC,REL,RES,SMR,SMRR,SMRS
X 3SPSMR ySPSHRS ySPSMRR -
IF(EQOF ,ITR2) 358,350
3503 CONTINUE
IF(SMRR{I+1).LE.0) GO TO 360
IF{IFREQ«D) GO TO 355
IF(SMRRP.LE.D.0) GO TO 360
CALL LINE(TTP,SMRRP,TT,SMRR(I+1))
355 CONTINUE
IF(IFR.NE.0) GO TO 356
IF(SMRR(I+1).LE.3) GO TO 360
CALL POINT(TT SMRR(I+1))
CALL SYMBOL {SYM(I))
IFR=4
356 CONTINUE
TTP=TT
SMRRP=SMRR{I+1)
GO To 340
358 CONTINUE
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Table 6-13 (concl)

CALL POINT(TTP,SHMRRP)
CALL SYMBOL (SYM(I))
XHT=0,98=(1~1)*0.03
CALL ABSBEAM{D.75,XHT)
CALL SYMBOL (SYM(I))
CALL SYMBOL {3H g%.)
CALL PSCONS(THING,4HNAME,I, IP)
CALL SYMBOL (THING)
CONTINUE

REWIND ITR2

CALL FRAME

IFR=0

INP=0

RETURN

END
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18
ROUTINE

YES

N PLOT MOD

.] NO

CONSIDER PLANET|

R -

FIND 5UM OF VELOCITY COMPONENTS NORMAL TO

LINE~-OF~SIGHT FOR BOTH THE PICTURE CENTER

VELOCITY DUE TO ORBITAL MOTION AND FOR THE
VELOCITY DUE TO SPACECRAFT ROTATION

" FIND SUM OF THE VELOCITY VECTORS DUE TO
BOTH CAUSES AND DETERMINE THE SUM OF THE
COMPONENTS NORMAL TO THE LINE-OF-STIGHT

FROM TOTAL NORMAL TO LINE-OF-SIGHT VELOCITY,
FIND EXPOSURE TIME TO REDUCE SMEAR TO LESS
THAN ONE PIXEL AND RESULTANT SMEAR IN PIXELS

|REPEAT FOR ALL SATELLITES|

REPEAT FOR PRINCIPAL BODY CASE

WRITE ON TAPE 10 TX, REC, REL, RES, SMR,
SMRR, SMRS, SPS, SPSMRS, & SPSMRR

DETERMINE MAXIMUM AND
MINIMUM VALUES OF SMEAR VELOCITIES

[ ReTURN]

Fig. 6-13 SMEAR Flow Diagram
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200 : I

|
READ FROM TAPE 10 *\\
TX, REC, REL, RES, SMR, SMRR, SMRS, 8PS,
SPSMRS, & SPSMRR 4

" PLOT A SEMILOG GRAPH OF SMEAR DUE TO VELOCITY
OF ORBIT (KM/SEC) FOR PRINCIPAL BODY VERSUS TIME

PLOT A SEMILOG GRAPH OF SMEAR DUE TO S/C SPSMRS VS8 T
ROTATION (KM/SEC) FOR PRINCIPAL BODY VERSUS TIME

PLOT A SEMILOG GRAPH OF NUMBER OF PIXELS SPSMRR VS T
SMEARED FOR PRINCIPAL BODY VERSUS TIME

PLOT A SEMILOG GRAPH OF SMEAR DUE TO VELOCITY '] SMR(9) VS T
i

SPSMR V5 T

OF ORBIT (XM/SEC) FOR PLANET AND 8 POSSIBLE
SATELLITES

PLOT A SEMILOG GRAPH OF SMEAR DUE TO S/C SMRS(9) VS T
ROTATION (KM/SEC) FOR PLANET AND 8 POSSIBLE
SATELLITES

PLOT A SEMILOG GRAPH OF NUMBER OF PIXELS
SMEARED FOR PLANET AND B SATELLITES

SMRR(9) VS T

L ——d

RETURN

Fig. 6-13 {concl)
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6.3.14 TCCN
Purpose: To generate time of measurements and to deter-
mine when resulting information should be

plotted or printed.

Czlling Sequence: CALL TCON (NP)

Input/Output:
I1/0 | FORTRAN Name Definition
I P (3L Start time from periapsis (days)
I P (32) ) Stop time from periapsis (days)
I P (39) Measurements per calculation step
I P (40) Minutes/measurement
I XzZ (81) Plot interval
1 XZ (82) Print interval
0 TCONS (200) Time for measurement (days from periapsis)
0 NP Total numbér of measurement times

Subprograms Required: HNone
Approximate Storage Required (octal): 316

Discussion: When measurement time and cone and clock
angles are read in as inputs, both TCCONS
and NP are inmputs and the subroutine per-
forms no function.

Table 6-14 presents the TCON listing; Fig. 6-14 is the TCON
flow diagram.
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Table 6-14 TCON Listing

SUBROUTINE TCON (NP)
COMMON/HEDING/TITLE (13)
COMMON/CHARAC /P (60)
COMMON/FLAGS/IFLTHIFLPL,,IFLPR
COMMON/TCONS/TGONS(200)
COMMON/XZ/XZ2(97)
COMMON/TEST/ITEST(97)

G

C P({31)=START TIME FROM PERIAPSIS IN DAY3

C P(32)= STOP TIME FROM PERIAPSIS IN DAYS

C P(39)=PICTURES PER CALC STEP

C P{40)=MINUTES/PICTURE
TCALC=P(39) *P (4 0)
DELT=TCALG/1440.,
START=ABS{P(31))
STOP=P(32)

G NP=NUMBER OF GALC STEPS

c

CIFLPL=CALC STEPS PER PLOT
IFLPL=ABS(P(31) )/DELT + 1
IF (ITEST(81).EQ.1) IFLPL=XZ(81)
DIPPL=IFLPL*DELT*1440,

c

CIFLPR=CALC STEPS PER PRNT
IFLPR=1
IF(ITEST(82).EQ.1) IFLPR=XZ(82)
DTPPR=IFLPR*DEL T*14%0,

' .

WRITE(6,5,1001) TITLE

1001 FORMAT(1H1i,13A6,4/)
WRITE(H6,1020) IFLPL,DTPPL,IFLPR,DTPPR
HRITE(5,1000) TCALC

IF(IFLT.EQ.1) GO TO 120
IF(ITEST(69).NE«1) GO TO 5
NP=1+IFIX{(START+STOP) /DELT)
IF(NP.GT.200) NP=200
GO TO 100
5 CONTINUE
NP=39
DO 10 I=1,NP
S1=FLOAT(I-21)/20.
S2=FLOAT(I-21)
10 TCONS(I)=START*ABS(S1)*S1*S14SIGN(1.0,52)
GO TO 120
100 CONTINUE
DO 110 I=1,NP
TCONS(I)=FLOAT(I-1)*DEL T+P(31)
110 CONTINUE
120 CONTINUE
HRITE(6,1030)
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Table 6-14 (concl)

D0 130 I=1,NP

NPIC=(I-1)*P(39)+1

TH=TCONS(I) *24.,

TM=TH*60.
130 WRITE(6,1010)NPIC,I,TCONS(I},TH,TM

RETURN
1000 FORMAT(/SX,33HTIME INTERVAL FOR CALCULATIONS = ,F7.2,8H MINUTES,/)
1010 FORMAT(5X,I4,2XyI4y3E1647)

1028 FORMAT( 5X,16HPLOT INTERVAL = 4I2,14H CALC STEPS = ,F7.2,7HMINU
$TES,/s5X, L6HPRNT INTERVAL = ,I2,134CALC STEPS = ,F7.2,
$8H MINUTES, /)
1030 FORMAT(3Xy56HPICTURE 'CALC TIME (JAYS) TIME (HRS) TIME (M
$IN))
END
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CALCULATE TIME IN MINUTES BETWEEN PLOTS,
DIPPL AND BETWEEN PRINTOULE, DTPPR

WRITE PRINT & PLOT INTERVALS
AND TIME BEIWEEN PRINTS AND PLOTS

WRITE MINUTES
PER CALCULATION

YES

USERS CONE & CLCCK

FOR PICTURES PER YES

CALCULATION STEP

r ——
- [(START + STOP
NP = 1+ IFIN0hpToR TINE ”

ol
I=1

@<

S1& FLOAT(I~21)
.20

§2 - FLOAT{I-21)

TCONS (I)=START *
ls1] %512
SIEN(l.,52)

WRITE PICTURE NUMBER,
CALCULATION NUMBER, TIME IN DAYS, HOURS
AND MINUTES

RETURN

Fig. 6-14 TCON Flow Diagram
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6.3.15 TVCHAR

Purpose: To provide a meaning to the block of input
variables assigned te the instrument. Whenever
specific information is mot supplied by data
inputs, canned values describing six altermate
cameras are provided. A second block of TV
variables are computed by the subroutine and
the total set of variables is printed out.

Calling Sequence: CALL TVCHAR (INST)

Input/Qutput:
1/0 | FORTRAN Name Definition
I XZ (97) Input variable array
XZ (31) thru XZ (90) instrument character-—
istics '
0] P (60) Output TV characteristics array, which is

subdivided as follows:

P (1) -P (5) TV' name

P (6) —-P (1)

P(15) - P(lﬁ)i Camera type peculiar

P(26) - P(28)

P (8) - P(l4)) Canned TV characteristics
P(17) - P(ZS)E not related to specific

P(29) - P(39) camera type

P(40) - P(52) Values computed from other
. © dnputs

P(53). - P(60) Spare

Subprograms Réquired: FOLDER, PICIN

Approximate Storage Required (octal): 1104

Discussion: See subroutine listing (Tabie 6-15) for
meaning of the members of the TV character-

istics array.

Figure 6-15 is the TVCHAR flow diagram.
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Table 6-15 TVCHAR Listing

SUBROUTINE TVCHARCINST
DINENSION TVAR(S5)
COMNMONZHEDI NG /T ITLE (13)
COMMON/ TNME/TVNAME(S)
COMMON/XZ/XZ (97 )
COMMON/ CHARAC /P (60)

COMMON/TEST/ITEST(97)
DATA PI/3.14159/

DATA TVAR/ BHFOC LNy6HDIAM ,6HOBSCUR,BHTRANS 9 6HSIZE-V,B6HSI ZE~H,

22 P M M M

6HL INES » OHPIXELS ) 6HBIT/PX 46HMINZXP 3 BHMAXEXP ; 6HRESO~1 y6HRESO=2,
BHRESO~3 9 6HRE SO=~4 4 6HSENSOR,6HB FILT,6HG FILT,6HR FILT,6HP FILT,
BHDT EXP,6H OPEN ;6H OPEN ,6HT RZADyHHERASETy6HTSTART,,B6HTISTOP
6HDEL T ,6HBULK »y 6HBULK=-0 ,6HBITRAT,6HSCIBPS ,6HBUFFER,6HPIC/ST,
GHDEL TF,6HF/STOP,6HA BLOC,S6HDIF LM,6HFOV-Y ,BHFOV-H ,B6HRES-C M
BHRES~V yBHRES=H 6HBIT/PC,6HRR=8PS,6HT/NUM s 6HT/NUMF,6H OPEN ,
6H OREN ,6H OPEN ,6H OPEN ,6H OPEN ,6H OPEN ,6H OPEN s6H OPEN /

INSTR FROM INPUT 22=INST=IJK, I SPECIFLES INSTRUMENT TYPE, I=1 FOR TV

INSTR

J SPECIFIES WHICH TV IN SUBROUTINE
= INST-100 = UK K IS UNUSED

IF J=0, J IS SET 70 1
USER MAY CHANGE TV-J VALUES WITH INPUT3 NO 31 THRU 69

THRU 5, INSTRUMENT NAME (INPUTS 31 THRU 35)

CLEAR APERTURE DIAMETERy CH (37)

i
& FOCAL LENGTH, CM {36)
7
8

LOBSCURATION DIAMETER, CM (38)
9 OPTICS TRANSMISSION,REFL + ABSORP, FRACTION (39)
SENSOR DIMENSIONS, CHM :
10 VERTICAL, ACROSS SCAN LINES (40)
11 HORIZONTAL, ALONG SCAN LINE (41)
12 NUMBER OF SCAN LINES (42)
13 NUMBER OF PIXELS PER SCAN LINE (43)
14 NUMBER OF BITS PER PIXEL {44)
15 MINIMUM DETECTABLE EXPOSURE, ERGS/S2 CM
16 MAXIMUM OR HIGHL IGHT EXPOSURE, ERGS/SQ CM (46)
17 THRU 20, MINIMUM RESOLUTION LEVELS
2l SENSOR RESPONSE CURVE IDENTIFICATION (51)
22 BLUE FILTER TRANSMISSION CURVE ID (52)
23 GREEN FILTER (53)

24 RED FILTER : {54)

25 POLARIZING FILTER (55)
26 EXPOSURE TIME {56)

27 THRU 28 OPEN (57 THRU 58)

29 FRAME READ TIME, SECONOS (59)

30 FRAME ERASE TIME, SECONDS (60)

31 PICTURE TAKING START TIME (DAYS) (51}

32 PICTURE TAKING STOP TIME (DAYS) (62)

33 DELTA T PER PICTURE  (MIN) (63) CAN BE CHANGED BY PROGRAM
34 BULK STORAGE CAPACITY . (BITS) (64) -

35 BULK ZERO STATE (BITS) (65)

36 TRANSMISSION BIT RATE,BPS  (66)

37 OTHER INSTRUMENT BIT RATES  (67) .

38 BUFFER CAPACITY  (BITS)  (68)

33 PICTURES PER CALCULATION STEP  {69)
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Table 6-15 (cont)

P{40) THRU P(51) ARE COMPUTED

40 DELTA.T PER PICTURE (MIN) 77) FIXED
&1 F/NUMBER OR F/SToOP

42 AREA BLOCKAGE, FRACTION

43 DIFFRACTION LIMIT, RADIANS

44 FIELD OF VIEW, VERTICAL, DEGREES

45 FIELD OF VIEW, HORIZONTAL, DEGREES
ANGULAR RESOLUTION, RADIANS/PIXEL

%6 AT CENTER

47 AT VERTICAL EDGE ,CENTER

48 AT HORIZONTAL EDGE,CENTER

49 BITS ‘PER PICTURE

50 READ RATE, BPS -

51 T/NUMBER (CAN BE CHANGED BY PROGRAM
52 T/NUMBER-FIXED

COOOQOO0OO0OO0 OOO0OO0

INSTR=INST=-100
J=INSTR/10
IF(J.LTOi.OR.J. GT-G) J=1
GO TO (152,3,4,45,6),J
1 CONTINUE
G -
C NARROW ANGLE SIT, INSTR=110
c
P(1)=6HSIT NA
P(2)=6HRROW A
P(3)=6HNGLE C
P(4)=6HAMERA
P(5)=6H(CAND) ——
P(6)=200.8
P(7)=23.0
P(15)=8,E=6
P(16)=P (15) *250,
P(21)=1.0
P(26)=0.001
P(27)=0.
P{28)=0.
P(29)=40,
P(30) =00
GO TO 7 .
2 CONTINUE
c
C HIDE ANGLE SIT, INSTR=120
C
P(1)=6HSIT WI
P(2)=6HBE ANG
P(3)=6HLE CAM
P(4)=6HERA
P(5)=6H{(CAND)
P(6)=20.
P(?)=5? U_-__
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Table 6-15 (cont)

P(15)=8.E~6
P(16)=P(15) *250,
P(26)=0,0001
P(27)=0.001

P(28)=0.,010
GO 10 7

3 CONTINUE

P(1)=6HST NAR
P{2)=6HROW AN-
P(3)=b6HGLE CA
P(4)=6HMERA
P(5)=6H
P(6)=200.0 -
P(7)=23.,0
P{16)=0.5
P(15)=P(16) 7250.
P{26)=,105
P{27)=.10
P(28)=,50
GO TO 7

& CONTINUE

WIDE ANGLE SILICON VIDIGCON

P{1)=6HSI WID
P(2)=6HE ANGL
P{(3)=6HE CAME
P{&4)=6HRA
P{5)=6H
P(6)=20.0
P(7)=5.10
P(16)=0.5
P(15) =P (16} 7250,
P(26)=.1
P{27)}=.5
P(28)=1,

GO0 10 7

5 CONTINUE

P(1)=6HOPE 2
P(2)=BHDEG FO
P(3)=6HV CAME
P(4)=6HRA SEC
P(5)=6H TUBE
P(6)=50.8
P(7)=7462
P(15)=0,0001
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Table 6-15 ({cont)

P(16)=0.01
P(26)=0.+4
P(27)=.1
P(28)=.01
GO T0 7

6 CONTINUE
WIDE SEC VIBICON
P(1)=6HSEC WI

P(2)=6HDE ANG
P{3)=oHLE CAM

P{4)=6HERA
P(5)=6H
P(7)=1.524 "
P(6)=10.16
P(15)=0.0001

-P(16)=0.01

P(26)=.1
P{27)=0.01
P(28)=0.001
CONTINUE
P(8)=0.0
P(9) = 0.85
P(10)=1.60
P(11)=1.60
P(12) =800,
P(13)=800.
P(14)=8.0
P(17)=300,
P(18)=100.0
P(19)= 50,0
F{20)=10.0
P(21) = 1.0
P(22) = 1.0
P(23)=1.
P(24)=1.0
P(25)==1.0
P(29) =40.
P1{30) = 0.1
P(31)==1.5
P(32)=1.5
P(33)=15,0

P(34)=1000000000.

P(35)=0.0
P(36)=47400.
P(37)=100.

INSTR=160

P(38)=P(14) *P (12)*P (13)

P{39) =4,
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Tab]e 6—15 (conc])

C OVERLAYS SYTEM VALUES WITH USER INPUTS

DO 77 I=31,35
IF{ITEST(I) «EQ. 1) P(I~ 30)—TVNAHE(I-3U)

77 CONTINUE
DO 8 I=36,71D
IFUITESTII) oEQe 1) P(I-30)=XZ(I)

8 CONTINUE
P{4a0)=P(3)
P{41)=P(6) /P(T)
Pa2)=((P(B)/P(T7))2r*2)
P(43)=(6.71E=05)/P(7)

P(4S)=2.*ATAN(P (11)/(2.%P(6)))*180./P1L
Pl4U4) =2 *ATAN(P (10) /(2. ¥P(6)))*180./P1
U=P{10)/7(P(12)*P(B))
V=COS{P (44) )®*2
PL4B)=ATAN(U/ (1 «=2.%(U¥*2)))
PUa7)=ATANCU*V/ (1,-2.* ('(U*V ) *¥2}))
U=P (11} /(P (13)*P(6))
V=COS(P {45) ) »%2
PL{48) =ATAN(U* Y/ {1:-25%{ (U¥V) ¥%2)))
P(49) =P (14) *P (12)%P (13)
P(50) = P(49)/P(2D)
P(51)=P(41) /SART ((L.+P (42)) *P(3)")
P(52)=P(51)
DO 40 X¥I=1,5
40 TVNAME (I)=P(I)
DO 18 I=53,60
10 P{I)=0,.
WRITE(5,1040) TITLE
HRITE(6,1010) (P(I),I=1,5)
DO 20 I= &,40
IFCITEST(I+30)4EQa1) WRITE(6,1020) ], TVAR(I=5) 4P(])
20 JFCITESTA(I+30)«NEel) WRITE(6,1000)I,TVAR(I=5) ;P (D)
DO 30 I=41,60
30 WRITE(6,1030)I, TVAR(I=5),P(1)

C
CALL FOLDER(INST)
CALL PICIN
RETURN
1000 FORMAT(S5X,I245X38692H= 4E15,8)
1010 FORMAT(5X s23HTV CHARACTERISTICS FOR ,5A6/)

1020 FORMAT(5XyI2y5X4A632H= ,E15.845X,11H USER INPUT )

1030 FORMAT(SX,I2,5X3A692H= ,E15,8,5Xy15H COMPUTED VALUES )
1040 FORMAT (1H1,13A6,/)
END
SUBROUTINE UNORM(V,A,U)
BIMENSION V(3)
UsSART (V1) ¥¥2+V (2) *¥2+ Y (3) **¥2)
X=AsU
VI1)=X*V({1)
V{2)=X*V(2)
VI3I=X*V(3)
RETURN
END
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l J = TV INSTRUMENT TYPE T

GO 10 (1,2,3,4,5,6), J | ST WIDE ANGLE CAMERA |- ~

—| NARROW ANGLE SIT CAMERA| (;) {(5)—_NARROW SEG VIDICON |-~
(;)«————~_-—- 57 WARROW ANCLE CAMERA| () —]__WIDE SEC VIDICON |-

ASSIGN CANNED VALUES TO
|WIDE ANGLE SIT CAMERA| P(l) THRU P(7),
P(15), P(16) AND
P(26) THRU P(28)

ASSTGN CANNED VALUES TO P(8)
THRU P(14), P(17) THRU P(25),]
and P(29) THRU P(39) !

HAVE
XZ(31) THRU

]

| SET P(1) THRU |

XZ(35) BEEN LOADED l P{5) = TVNAMEi
_WITH USER INPUT?
i/ NO
—EX%E\\“““ OVERLAY WITH

TXZ(36 THRU XZ(70)
BEEN LOADED WITH USER
INPUT?

YES USER INPUTS
- jJP(I-30) = XZ(I)

|

| MO

l VALUES FOR P(40) THRU P (52)
ARE CALCULATED FROM PREVIOUSLY |
| DEVELOPED VALUES FOR P(6) THRU P(39)!

I
SET TVNAME = P(1)
THRU P(5) FOR CANNED
NAME

&

Fig. 6-15 TVCHAR Flow Diagram
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1

SET UNUSED PORTION OF
P - ARRAY EQUAL TO ZERO
P(53) THRU P(60) = 0

WRITE
MISSION TITLE
WRITE
TV INSTRUMENT
NAME

WRITE ENTIRE P-VALUE
ARRAY- VALUES, ONE WORD NAME AND
INDICATE IF VALUES ARE USER

~_ INPUT OR CALCULATED

CALL FOLDER(INST)

| CALL PICIN
—
iR.ETURNl

Fig. 6-15 ({(concl)
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6.3.16 XLIMB

Purpose: To plot the outline of the planet disk on the
cone aznd clock angle plot.

Calling Sequence: CALL XLIMB

Input/Output:

1/0 | FORTRAN Name Definition

I THA Half angle of planet disk (radians) .

I R(3) Range, cone, and clock angle to planet
center from spacecraft

I DEL Inches per degree gn cone and cloeck
angle plot

I K Direction Index: = 1 departure plot zero

cone angle in center; = 2 arrival plot 180
deg cone angle in center.

Subprograms Reéuired: SPHERE, VECTR1l, SETBEM

Approximate Storage Required (octal): 246

' .
Discussion: The only subroutine output is the plotted
planet outline. '

Table 6-16 presents the XLIMB listing; Fig. 6-16 is the
XLIMB flow diagram. ‘
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Table 6-16 XLIMB Listing

SUBROUTINE XLIME
COMMON/PTLR/THA ,R(3) 4021,4K

DIMENSION FVL (3)

PI=3.14159265306

RTD=57.2857795

DTR=0.0174L328%

THE=-PL/18,

STHA=SIN(R{3)*DTR)

CTHA=COS(R(3}*DTR)

SPHI=SIN({R(2)*0TR)

CPHI=COS(R(2)}*DTR)

PSI=THA

CPSI=COS(PSID)

SPSI=SIN(PSI)

DO 8I=1,37

THE=THE+PI/18.

CTHE=COS(THE)}

STHE=SIN{THE)

AF=CTHA®CPSI¥* SPHI-STHA¥*SPSI*CTHE-CTHA*SPSI*CPHI*STHE
BF=STHA*CPSI¥SPHI+CTHA¥SPSI*CTHE-STHA*SPSI¥CPHI®*STHE
CF=UPSIL*CPHI+SPSI#*5PHI®*STHE

FVL (1) =AF

FvL {2) =8F

FVL(3)=0CF . ‘

CALL SPHERE(FVL 4FVL 2dTOy5HPOLAR,54DZGREE)
A=DEI®*ABS(i80.% (K=1)}-FVL (2))

ZONSFVL (3)*DTR-PI/2.

X=A¥COS (ZON)

Y=A¥SIN(ZO)

IFIKeEQe24 ANDLFVL(2)4LTL98.)G0 TO 10
IF(K.EQel. ANDLFVL(Z2)},6T.99.) GO TO 10
IF(I.EQa1) CALL PUINT{X,Y)

CALL VECTOR({X,Y)

CALL SET B AM(X,Y)

CONTINUE

RETURN

END
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f FIND SINE AND COSINE OF CONE ANGLE TO PLANET

SIN¢ & COS¢
1
FIND SINE AND COSINE OF CLOCK ANGLE TO PLANET
SINA & COSA o
I
'FIND SINE AND COSINE OF PLANET HALF ANGLE g
SINg & COSy |-
|
SET 6 = 10°

——r e s e A

Q

FVLl =

FVL,
FVL3

ROTATE VECTOR FROM PLANET CENTER TO PLANET LIMB AT
ANGLE 6 INTO SUN-CANOPUS REFERENCE FRAME

COSA COSy SIN$ - SINA SINY COS8 — COSA SINY COS¢ SING
SINA COSy SING + COSA SINY COS6 - SINA SINY COS¢ SING,
COSy COS¢ + SINY SING SING®

CALL SPHERE - TRANSFORM VECTOR FVL;
INTO CONE AND CLOCK ANGLES

IN POLAR PLOTTING COORDINATES ——
A RADIAL DISTANCE = CONE ANGLE * SCALE

XPLOT = A « COS (CLOCK)
YPLOT = A + SIN (CLOCK)

. NEW POINT

.ON PROPER PLOT
?
\

t YES

No

MOVE PLOTTER TO
Xpror Ypror

RETURN
Fig. 6-16 XLIMB Flow Diagram
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6.4 Minor Subroutines Developed under Contract

6.4.1 CIRC

Purpose: To plot a polygon approximating a circle on ‘the
CDhC 280 display.

Calling Sequence: CALL CIRC (R, D)

Input/Output:
1/0 | FORTRAN Name Definition
I R Circle radius (distance to vertices of
polygon)
1 D Delta angle (central angle in radians)
setting polygon side length

Subprograms Required: LINE

Discussion: The subroutine makes use of subroutine LINE,
which plots a straight line from point X, Y3
to point X5, Yp. With X, set equal to R
COS(TH) and Y; equal to R SIN(TH), the angle
theta, originally set equal to zero, is in-
cremented by the delta angle, D, to produce
the second peint X, ¥Yo. A line is drawn
between the two points, X; is made equal to
X» and Y; equal to Y, and the process re-
peated until the angle TH equals 2n. Tests
are provided to prevent plotting the circle
outside the scale limits of the plot.

Table 6~17 presents the CIRC listing.
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Table 6-17 CIRC Listing

’

SUBROUTINE CIRC(R,D)

TH=0 ’
X1=R*COS(TH)

YL=R¥*SIN{TH)

TH=TH+D

IF(ABS (Y1) .6T+2.625) GU TO 1
X2=R*COS(TH)

Y2=R¥*SIN(TH)

IF{ ABS(Y2) «GTe24625) GO TO 12
CALL LINE(X1,Y1,X%2,Y2)

Yi=Y2

Xi=X2

IF (TH=6.2832)10G,11,14
RETURN

. END
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6.4.2 FPCHAR

Purpose: To assign a block of input variables to various
field and particles instrument characteristics.

Call Sequence: FPCHAR (INST)

Input/Output:
I/0 | FORTRAN Name Definition
I INST Instrument type index to select between variuocus
sets of canned instrument characteristics
XZ(97) Input characteristics
0 - P(60) Qutput translation to Inmstruments

characteristics

Subprograms Required: None
Approximate Storage Requirements (octal): 206

Discussion: This subroutine assigns two sets of canned
values to the first ten values of the XZ
array. One set is specifically designed to
suit the conditions of a Saturn flyby. In
addition, all the values are printed with an
indication of whether the input variable
was the result of a canned- input or a user's
input. )

Table 6-18 presents the FPCHAR listing.
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Table 6-18 FPCHAR Listing

SUBROUTINE FPCHAR(INSTY)
COMMON/HEDING/TITLE (13)
COMMON/TNME /TVNAME(5)
COMMON/GHARACG /P (60)
COMMON/TEST/I TEST(97)
COMMON/XZ/XZ(97)

HRU 5 INSTRUMENT NAME
MAGNETQPAUSE RANGE (RADII)

OW SHOCK RANGE (RADII)

LAT MAG POLE (DEG)

LON MAG POLE (DEG)

INSTRUMENT SENSITIVITY (GAUSS)

P(1)=6HFIEL DS
P(2)=6H AND P
P(3)=6HARTICL

"PL4)=6HE INST
P(5)=6HRUMENT
IF(XZ(2).EQ.6) GO TO 90
P(6)=51.6

P(7)=65.8

P(8)=80,0

P(9)=190.0

G0 7O 95

CONTINUE

P{6)=63,0

P(7)=80.3

P(8)=90,.0

P(9)Y=0,0__

CONTINUE

P(10)=0,000002

IF(ITEST(1) «EQ.0) GO TD 110
Do 100 I=1,5 f
P(I)=TVNAME (1}

CONTINUE

CONTINUE

DO 126 I=6,10

P{I)=XZ(I+30)

CONTINUE :

DO 130 I=1,5
TYNAME(I) =P (I)
WRITE(6,1000Q) TITLE .
WRITE(6,1810) {P(I),I=1,5)
DO 140 I=6,10

IF (ITEST(I+30).EQ.1) WRITE(6,1020)
IF(ITEST(I+30).NEs1) WRITE(B,1030)
CONTINUE

RETURN '

FORMAT (1H1,13A6/)

FORMAT (5X423HFP CHARACTERISTICS FOR 45A6/)

FORMAT(5X312y5Xy6Xy2H= ,E1548,5X,L0HUSER INPUT)

FORMAT (5X31245X 4b6X92H= 4E15.8)
END
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6.4.3 IRCHAR

Purpose: Teo assign a block on input variables to various
infrared imagers.

Call Sequence: CALL IRCHAR (INST)

Input/Output:
I/0 | FORTRAN Name ) Definition
I INST Instrument‘type index to select between
various sets of canned instrument charactexr-
istics

Subprograms Required: Nome
Approximate Storage Requirements (octal): 11

Discussion: This subroutine is a dummy one at the present
time and only returns control toc calling pro-
gram when called.

Table 6~19 presents the IRCHAR liséiné.

Table 6-19 IRCHAR Listing

SUBROUTINE IRCHAR{INST)
COMMON/HEDING/TITLE (13)
COMMON/CHARAC/P (60)
RETURN

END
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6.4.4 NOCHAR

Purpose: To assign a block of input variables to the
instrument characteristics array when no in-
strument is belng used, for example, in a
planet occultation mission.

Calling Sequence: CALL NOCHAR (INST)

Input/Qutput:
1/0 { FORTRAN Name Definition
I INST Index to assign various possible future
uses of the routine.

Subprograms Required: Neone
Approximate Storage Requirements (octal): 11

Discussion: This subroutine is a dummy one at the
present time and only returns control to
the calling program when called.

Table 6~20 presents the NOCHAR listing.

Table 6-20 NOCHAR Listing

SUBROUTINE NOCHAR{INST)
COMMON/HEDING/TITLE(13)
COMHON/CHARAC /P (60)
RETURN

END
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6.4.5 OUTS

Purpose: To print data computed by the program for a

specific TV frame. Most of the outputs are
printed without conversion by the subroutine.

Calling Sequence: CALL OUTS

Input/Output:

I/0 | FORTRAN Name Definition
1/0 | TITLE Mission title (78 Characters)
I/0 IPCN Picture number ‘
0 ICK(3) Time from periapsis in days, hours, and minutes
1/0 | TJDV Julian date of picture
I/0 | PLNAME Planet natie
0 SATNAM Satellite name
I/0 ! R(3) Range, cone, and clock of planeét from S/C
I/0 | RSAT(3) Rahgg, cone, and clock of specified satéllite
I/0 | PHASED. . Phase angle of blanet (deg) ’
I/0 | PHASEP, - Phase angle éf specified s?tellige (deg)
1/0 HANG2 Angle subtended by planet {(deg)
1/0 SAF(8) Half angle of all satellites (deg)
I/0 | RES Rééolution at specified location (lkm/pixel)
I/0 | REC(9) Resolution of sub-8/C point (km/pixel)
I/0 | REL(9) Resolution at limb (km/pixel)
I/0 | SPSMR . Smear due to reiative velocities (km/sec)
1/0 | SPSMRS Smear due to §/C attitude rates (km/sec)
o] SMEKM . Object motion for. all sources (km)
I/0 | SPSMRR 'ﬁumper of pixels smeared
0 TSMRMS .Exposure time for ome-half pixel smeal (millisec) ‘
o RESSMR Effective resolution with smear at specified location
0 RECSMR ~ Effective resolution with smear at sub~S/C point
0 RELSMR Effective resolution with smear at limb
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1/0
1/0
1/0
1/0
1/0
I/0
1/0
/0

I/o

I/0

I/0

TVNAME
TEXP
POWLN
POWER
ENERGY
PERCT
NDN
IND
EPERDN
P (60)

PICS(4,9)

LSAT
XRCC(3,8)

- PHASEZ

S8VCE

MCR-71-181

Instrument title (30 characters)

Exposure time (millisec)

Power density (ergs/cm?/sec) at lens

Power density (ergs/cm?/sec) on sensor
Exposure (ergs)

Percent of dynamic range for exposure
Digital number of exposure

ToLal number of available levels

Exposure per digital number at exposure level

Output is the four resolution levels P(17), P(18),
P(19), and P(20)

Number of pictures with resclution better than four
levels for planet and eight satellites

Satellite numbexr

Range, cone, and clock angles for satellite from S/C
Phase angle of unspecified satellites (deg)

Phase angle of all satellites (deg)

Subprograms Required:

Discussion:

PSCONS, TCONV

Approximate Storage Required (octal): 1242

The sole purpose of the routine is to print
out a set of variables previously calculated
by other parts of the program. For the most
part, the routine accomplishes this without
further processing of the output data. The
data handled in this fashion are shown with
an I/0 indication in the table above. Sev-
eral ocutputs are processed; however, the vari-
ables, ICK(3), TEXP, and PHASEZ represent
simple changes in unit sizes. SATNAM and
ISAT originate within the routine while the
variables SMRKM, TSMRMS, RESSMR, RECSMR and
RELSMR are new variables that are simple
combinations of input ones.

Table 6-21 presents the OUTS list.
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Table 6-21 OUTS Listing

SUBROUTINE OUTS
COMMON/RAZOR/PICS(4y9) 4 SPPICS(4)
DIMENSION SATNAM(2) ,SATELL (2)
COMMON /PLCONS/GMS,GMPL (12) ,RS4RPL(12)  SNAME(2) ,PLNAME(2,12),
X SPV(3),PLPV(3,12),SVE(3),PLVEI3,12},SROT,PLROT(12),SOBL,PLOBL{12)
COMMON/POBEAR/SSVI(8) 4SAF (8) y HANG2,JCNCLK(8)
COMMON/HEDING/TITLE(13)
COMMON/TNME/TVNAME(S)
REAL JDV
DIMENSION ICK({4)
COMMON/JDAYS/TJUDV,TT
COMMON/FORQUT/POWER, ENERGY, PERCT , IND,R(3) ,RSAT (3) ,RAD1(3),IPCN
X+FRACT s PHASED yPHASEP ,POWL NyNON,EPERDN
COMMON/FLAGS/IFLT,IFLPL; IFLPR
COMMON/CHARLTE/ NCODEZNREC 5 IPyIVS,NSC,IFLST,NCB
COMMON/FLYBY./DUML(B) yX(3),0UN2(93)
COMMON/HANDO/ TIMyREC (9) ,REL (9) yRES, SMR(3) ,SMRR(3) , SMRS (9) , TSMR(9)
X ySPSMR 3 SPSMRS ySPTSMR ,SPSHRR
COMMON/PHASER/PHASE (8} 4 XRCC (3,8)
DIMENSION NS¢9)
COMMON/CHARAC/P (60)
DATA NS/050315244,7454146/
OATA IFP/0/
c
¢ 0UTsS-2 ouUTsS-~2
c
CALL TCONV(ICK,SHCLOGK,ABS(TT),3HS:ZC)
CLOCK=ICK(1)
CLOCK=SIGN(CLOGK,TT)
ICK(1)Y=CLOCK
WRITE(6,1001) TITLE
WRITE{6,1000) IPCNy (ICK(I),I=1,3) ,TJDV
CALL PSCONS(SATNAM, 4HNAME,IVS,IP) :
WRITE(6,1010) PLNAME(1,IP),PLNAME(2,IP),SATNAM
HRITE(6,1020) (R{I),RSAT(I) ,I=4,3)
RRITE(6,1030) PHASED,PHASEP,HANG2,SAFLI¥S)
IF(NCB.EQe1) GO TO 100
WRITE(6,1840) PLNAME(1,IP),PLNAME(2,1IP),RADL1(2),RAD1(3)
GO TO 110 ’
100 WRITE(6,1045) SATNAM
110 CONTINUE
WRITE(651060) RES,REC(1),REL (1)
SMRKM=SPSHRR * RES
RESSMR=SMRKM + RES
RECSMR=SMRKM + REC(1)
RELSMR=SMRKM + REL (1)
WRITE(6,1070) SPSMR,SPSMRS, SMRKM,S?SMRR
TSMRMS=SPTSMR*1 .E+3 .
WRITE(6,10808) TSMRMS

WRITE(651081) RESSMR,RECSMR,RELSMR
TEXP=P{(26)*%1.E+3

WRITE(6,1090) TVNAME,TEXP,POHLN, PONER,ENERGY
WRITE(6,1091) PERGT,NON,IND,EPERDN
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Table 6-21 (cont)

NSP=NS (IP)
WRITE (6,3000) (P (L), I=17,20)
WRITE(65,3010) (PICSCI,1),I=1,4)
NSP=NSP+1
DO 300 J=2,NSP
ISAT=J~1
300 WRITE(5,3020) ISAT,(PICS(I,J},I=1,4)
NSP=NSP~-1
WRITE(5,5000)
WRITE(6,5010)
DO 508 I=1,NSP
. PHASEZ=PHASE(I) *(180./3.14159)
5008 WRITE(5,5020) I4XRCG(1,I),PHASEZ ,XRCC(2,1I),XRCC(3,1I)
WRITE(6,5070)
DO 530 I=1,NSP
CALL PSCONS(SATELLy4HNAME,T ,IP)
530 WRITE(6,5040) I,SSV{(I),SAF(I)
NSP=NSP+1
WRITE(6,5030)
DO 510 I=2,NSP
NST=I-1 .
510 WRITE(6,5040) NST4REC(I),REL(I)
WRITE(6,5060)
DO 520 I=2,NSP
NST=I-1
520 WRITE(655050) SMR(I) ySMRS(I) 4SHMRR(I), TSMRII)
RETURN
1000 FORMAT( 5X 91 SHPICTURE NUMBER »I5,19X,I3,6H DAYS ,I2,5H HRS ,
XI2,47H MIN TO ENCOUNTER,10X,3HJD »F12.3,//)
1081 FORMAT{1H1,13A6,//) ,
1005 FORMAT (//5X,80(1H-)/7,5X,15HPICTURE NUMBER. yI5,19X,13,6H DAYS ,I2,
XSH HRS ,I2,17H MIN TO ENCOUNTER//)
1040 FORMAT(S5X,7HPLANET ,2A6,20X,L10HSATELLITE ,2A6)
1020 FORMAT(5X,13HRANGE (KM) =4E16.8511X,13HRANGE (KM) =,E16.8/

X 5X313HCONE (DEG) =,F7.2 420X,13HCONE (DEG) =,F7.2 /

X 5X913HCL OCK (DEG) =9yF7.2 ,20Xy313HCLOCK (DEG) =,F7.2 )
1830 FORMAT(5X,13HPHASE (DEG) =,F7.2 ,20X,13HPHASE (DEG) =,F7.2/

2 5X913HDIAM (DEG) =4F742 520X,13HDIAM (DEG) =,F7.2//)

1040 FORMAT(S5X,27HINSTRUMENT DATA FOR PLANET ,2A6,5X,
¥ 21H(PICTURE CENTERED AT 4F6.2,9H DEG LAT. yF742514H DEG LONG ) /)
1045 FORMAT(S5X,30HINSTRUMENT DATA FOR SATELLITE ;2A6/)
1060 FORMAT(4X,26HRESOLUTION FOR TARGET BODY 4/,
$ 5Xy24HAT SPECIFIED LOCATION sFB8e1,9H KM/PIXEL /
$ 5Xy24HAT SUBSPAGECRAFT POINT ,F8.1,9H KM/PIXEL /
. $ S5X,24HAT LIMB OF TARGET B0DY ,L,F8.1,3H KM/PIXEL /)
1070 FORMAT(5X,34HSMEAR DUE TO RELATIVE VELOCITIES 4FB8.2937H KM/SEC 7/

$ 5Xy34HSMEAR DUE TO S/C ATTITUDE RATES 2FB8e2,7H KM/SEC /
) 5Xys 34HOBJECT MOTION FROM ALL SOQURCES yF84233H KM 7/
$ 5Xy 3LHNUMBER OF PIXELS SMEARED 1FB8.547TH PIXELS 7/)

1080 FORMAT (4X,39HEXPOSURE TIME FOR ONE-HALF PIXEL SMEAR ,FB8.3,
$ 9H MILLISEC //) _
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1031 FORMAT(QX,31HEFFEC?IVE RESGLUTION WITH SMEAR /
2 5Xy24HAT SPECIFIED LOCATION sFB841y9H KM/PIXEL /
$ 5X,24HAT SUBSPACECRAFT POINT ,F8+41,9H KM/PIXEL /
$ 5X,24HAT LIMB OF TARGET BODY ,F8.1,9H KM/PIXEL /)
1090 FORMAT (4Xs18HEXPOSURE TIME FOR 5A643H = ,F8.3,9H MILLISEC /
$ 5X,16HPOWER DENSITY sE10.4y24H ERGS/SQ CHM/SEC AT LENS /
$ 5X,16HPOWER DENSITY sEL1B.4,26H ERGS/SQ CM/SEC ON SENSOR 7/

$ S5X416HEXPOSURE yE10.4,14H ERGS/SQ CM  //)

W oH o

1091 FORMAT(5X,26HPERGENT OF DYNAMIC RANGE = 4F7.3 7~
3 5X426HDIGITAL NUMBER OF EXPJ)S = ,I4,4H (OF,I4,8H LEVELS)/
$ - 5X926HONE DIGITAL NUMBER EQJALS HE10.4,12H ERGS/SQ CHM /7/)

3000 FORMAT{4X,46HNUMBER OF PICTURES WITH RESOLUTION BEYTER THAN /
$ 5X,17HRESOLUTION LEVELS ,3X,4(F5.1,10%X) ,3H KM/PIXEL /)

3019 FORMAT(5X,06HPL ANET,11X,4{F10.1,5X})

3020 FORMAT{S5X,10HSATELLITE ,I1,9Xs4(F10el,y5X))

5000 FORMAT (1H1) :

5810 FORMAT( 5Xy A4HSATELLITE DATA//7Xs3HNUM,5X 1 0HRANGE (KM) 10X,
X11HPHASE (DEG)s 4X310HCONE (DEG)y5Xy11HCLOCK (DEG)/)

5020 FORMAT(BXaIlylX gEt5.8y6X F7 428X sF74248XyF702)

5030 FORMAT( /5% ,39HRESOLUTION (KM/PIX) DATA FOR SATELLITES /
Xs7X,3HNUM,3 X, 23 HRES ALONG RADIUS VECTOR,12X,21HRES AT SATELLITE LI
XMB/)

5040 FORMAT(BX,I1,8X,E15.8,20%,E15, a)

5050 FORMAT(4(5X,E15.8))

5060 FORMAT( /35X 3 26HSMEAR OATA FOR SATELLITES / ¢
X5X,12HSMEAR DUE TO 48X, 12HSMEAR DUE TO,10Xs09HNUMBER OFy9X,13HTIME
X TO SMEAR/

X5X 3 12HVEL (KM/SEC), 08X, 12HS/C (KM/SEC), 08X, 14HPIXELS SMEARED6X,
X15H1/2 PIXEL (SEC)/)

5070 FORMAT( 7 57Xy SHNUM 37Xy 17THEARTH=SAT=S/C ANG

$ 17Xy18HSATELLITE ANG DIAM/)
END
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6 SCROT

Purpose: To provide spacecraft rotation rates from a set
of canned values or from user inputs.

Calling Sequence: CALL SCROT (ROT W)

Input/Outputs

I/0 | FORTRAN Name ' Definition

1 ROT (6) Two' sets of canned s/cC rotatlon rates

(deg/sec)

I Xz (19) User input X axis rate (deg/sec)

I XZ (20 User input Y akis rate (deg/sec)

I XZ{21) User input Z axis rate (deg/sec)

0 ROTW(3) Spa;ecraft rotation rate vector (radians/
: sec

1

V1 b

v m

Subprograms‘Required: None
Approxiﬁate Storage Required (octal): 101
Discussioﬁ: None:
e 6-22 presents the SCROT listing.
" Table 6- 22 SCROT L1st1ng

SUBROUTINE SCROT(ROTH)
COMMON/ XZ/X2(97)

DIMENSION ROT (6) 4RITH(I)
DATA ROT/401y0%9401,y.01i54.01,90.7/
DATA PI/3.14159/

NS=XZ1{(18)

IF(NS.LT.0) NS=G

NS=NS+1

GO TO (142,353, 3INS

DD 5 I=1,3

ROTH(I)=ROT(I)* (PL/180.)
RETURN

DO 6 I=h,6
ROTWII=-3)=ROT{(I)*(PI/180.)
RETURN

Do 7 1I=1,3
ROTH(IN=XZ(I+18)*(PI/180.)
RETURN

END
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6.4.7 UVCHAR

Purpose: To assign a block of input variables toc various
ultraviolet spectrometer characteristics.

Call Sequence: CALL UVCHAR (INST)

Input/Qutput:
I/0 FORTRAN Name Definition
I INST Instrument type index to select between
various sets of canned instrument char-
acteristics t

Subprograms Required: None
Approximate Storage Requirements (octal): 11
Discussion: This subroutine is a dummy one at the present

time, and only returns control teo calling
program when called.

Table 6-23 presents the UVCHAR listing.

Table 6-23 UVCHAR Listing

SUBROUTINE UVCHAR(INST)
COMMON/HEDING/TITLE(13)
COMMON/CHARAG /P (6D)
RETURN

END
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6.5 Plotting Conversion Subroutines - During development of
the model, the use of certain system plotting routines was neces-
sary for operation on the CDC 6500 computer. A group of simple
subroutines was written, which performed the same plotting funec-
tions, using a second group of system plotting subroutines pecu-
liar to the plotting operation of the UNIVAC 1108 computer. A
brief description of these subroutines is given below:

6.5.1 ABSBEM

Purpose: To position the plotting beam in absolute units.
A value of 1.0 represents either the top ox the
right edge of the plotting area, while a value
of 0.0 represents either the bottom or the
left side of the plotting area. The X and Y
arguments in the calling sequence are the co-
ordinates of the plot beam after the call.

Calling Sequence: CALL ABSBEM (X, Y)
6.5.2 CHAROP

Purpose: To determine the print size and orientation of
the plotting annctations that follow the call.
In the argument list, DUM refers to unused dummy
arguments. ISIZE is an index of the character
size, where:

~ 0 provides miniature type;
- 1 provides small type;
- 2 provides medium type;
- 3 provides large type.

H |

IOR is an orientation endex with a value of 0
giving horizontal orientation, and a value of 1
giving vertical orientation.

Calling Sequence: CALL CHAROP (DUM, DUM, ISIZE, IOR, DUM)

A
6.5.3 LINE
Purpose: To plot a line from point X;, Y; to point Xj, Y3.

Calling Sequence: CALL LINE (X1, Y1, X2, Y2)
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6.5.4 MAP

Purpose: To establish a correspondence between the user's
coordinate system and the 8C-4020 raster array.
The arguments XMIN, XMAX; YMIN, and YMAX are
the extreme values expected to be plotted in
the user's units., The arguments XML, XMA, YMT,
and YMA are the absolute wunits of the plot with
the point XMI, ¥YMI describing the lower left
hand corner of the plot and the point XMA, YMA
the upper left corner.

Calling Sequence: CALL MAP (XMIN, XMAX, YMIN, YMAX,
XMI, XMA, YMI, YMA)

6.5.5 MAPS

Purpose: To provide the same scaling function as MAP,
* but also to provide a frame around the plot
marked with appropriate numerical values and
tick marks.

Calling Sequence: CALL MAPS (XMIN, XMAX, YMIN, YMAX,
XMI, XMA, YMI, YMA)

'6.5.6 MAPSSL
Purpose: To provide the same functions as MAPS, except

that the X-axis has a semilog scale instead
of a linear one.

Calling Sequence: CALL MAPSSL (3MIN, XMAX, YMIN, YMAX,
¥MT, XMA, YMI, YMA)

6.5.7 POINT
Purpose: To plot a point at a given position. The argu-
ments X and Y are the position of the point in
the user's units set up by a preceding call of

MAP, MAPS, or MAPSSL.

Calling Sequence: CALL POINT (X,Y)
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To position the plotting beam with respect to
the user's coordinate system. The arguments
X and Y are the point at which the plotting
beam is positioned.

Calling Sequence: CALL SETBEM (X,Y)

6.5.9 SYMBOL

Purpose:

To annotate the plot with a group of Hollerith
text. The argument MH....$. is a Hollerith text
of M characters. The last two characters must
be $§., which are not printed but do indicate
the end of the string to be printed.

Calling Sequence: CALL SYMBOL (MH.....$.)
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