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ABSTRACT

This report describes initial steps taken toward developing an automated
analysis of planetary surface area-coverage provided by an orbital photoimaging
system from the baseline orbit. It is intended to facilitate mission design for a

planetary orbiter, such as the previously proposed Voyager 1973 Mars mission
which has since been deleted from planning.
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ON ANALYSIS OF AREA COVERAGE BY
ORBITAL PHOTOIMAGING SYSTEMS

INTRODUCTION

During mission designh studies by the Voyager Interim Project Office
for the proposed Voyager 1973 Mars mission,” the requirement arose to deter-
mine the surface area of Mars which could be encompassed by the area-coverage,
photoimaging system from the baseline orbit, Hand calculations were employed
[1] but were laborious and were not highly accurate; the slowness of these cal-
culations prevented comparison of photo coverage from various orbits by various
candidate photoimaging systems. This internal note describes initial steps
toward an automated analysis of orbital photoimaging coverage intended to facili-
tate planetary orbiter mission design.

ANALYSIS

Orbit Path

The orbit is assumed given in terms of the following parameters (see
Appendix.A for complete nomenclature):

Periapsis altitude, hp
Apoapsis altitude, ha, or peried, p.
Latitude of periapsis, Lp

Inclination to Mars equator, i

*Voyager 1973 has not been funded and will not take place.



The initial point of the ph}o't:ég'i‘%.‘p“ﬁib;i)'ass is assumed given in terms of
longitude and latitude of the sub-spacecraft point. Time interval between pictures
is assumed given. Figure 1 summarizes the geometry.

A
AT
Ascending '
Node

FIGURE 1. PHOTO MISSION ORBIT GEOMETRY
The true anomaly (9) from the agcending node to periapsis is given by:

sin A9y =sin L /sin i (1)

where A8 may be either less than, or greater than, 7/2, which must be specified.
Thus true anomaly of the ascending node is 27 - A#,,

The true anomaly from the ascending node to the initial point of the pass
is, similarly:

sin A gy = sin LI/sin i. (2)



Then the true anomaly from the initial point to periapsis will be
AG=A8y - Af, . | (3)
For the geometry shown, the true anomaly at the initial point will be
8=2T-A9 . | (4)
A table may be constructed of time versus true -anomaly from the
initial point. An explicit relation of true anomaly versus time is not known;

therefore, interpolation from the table will be used. If the orbit size is given
by ha and hp,

r =rgth (5)

rp=r-d +hp (6)

a=(r +r)/2 (7N
a p

ezra/a-i . (8)

If the orbit size is given in terms of rp and p,

- \2/3
a= (P Na) (9)
27

e=1-rp/a . (10)

The fable is constructed by taking values of 8 at ten degree intervals, ,
beginning with the initial point.

e + cos 6,

008 & = I (11)
1 1+ecos Gj

where

_ s en. — a
0; = 0p +j60; 80 = 10



Then
3/2

Atj= (—-’:;EE/T) [%»esiné}—(é’l-esinél)] . (12}

True anomaly corresponding to time At affer time = 0 at the initial point
may then be found by interpolation of the table. Newton's divided difference
formula was used [2].

Altitude 15 found by

_a(d - e%)
“ {+ecos6 (13)
h=1‘—ra . (14)

It is necessary to state a convention of coordinates. The basis will he
the polar axis of Mars, this being the Z-axis with Z positive north. The x
axis will pass through 0 and 180 degrees longitude and the equator, positive
toward O degrees longitude. The y-axis will pass through 90 and 270 degrees
longitude, ‘positive toward 90 degrees. Longitude is defined as increasing easi-
ward, thus providing normal right-handed coordinates. See Figure 2. The angle
© is longitude; ¢ is measured from the positive Z-axis, Note that latitude is

L=7/2-¢ . (15)

(2709) y (900)

(6)

FIGURE 2. COORDINATE CONVENTION



The normal conversions from spherical to rectangular coordinates therefore

apply:

X=T7T sin ¢ cos ©
y=1 sin ¢ 8in © (16)

Z=T CcOS ¢
o = tau~! (y/x)
r= (2 +y2 +2%) (17)

®=coslz/r .

Later a convention will be adopted replacing x, y, and z with Xy, Xy, and Xg for
convenience in mafrix notation.

The next step is to find the sub-spacecraft point, in longitude and latitude,

over which each photo is taken. We know the following:

i, True anomaly at which the photo is taken.

2. Time at which the photo is taken.

3. Longiiude, time, and true ancmaly of initial point.

4, True anomaly of the ascending node.

Longitude of the ascending node is needed, and is found by:

cos(eI - en) = cos(eI - en)/cos LI . (18)

Figure 3 shows the relevant geometry. Note that the angles Bp, Gp, and

ea are negative according to the state convention. Longitude and latitude of the

sub-gpacecraft point will be found by a process of coordinate rotations. First,
note that the coordinates of the sub-spacecraft point in the prime system are



y' == r, sin Bp (19)
z'=x3=0
/ Z AXIS

—ZAX1S (N, POLE)

(Lto Orbit)

by [3]:

PERIAPSIS
' AXIS)

SUB-SPACECRAFT
POINT

x (0° LONGITUDE)

LINE OF
NODES

INITIAL
POINT

FIGURE 3. TRANSFORM GEOMETRY
The coordinates of equation 19 may be transformed ito uprimed coordinates
1. Rotating the prime coordinate system about the X§ axis through the
angle Bn S0 that the X axis passes through the line of nodes.

2. Rotating the system about the new Xj axis (the line of nodes) through
the angle -i so that the X] X, plane coincides with the X1 8y plane,

3. Rotating the system again about the X;; axis through the angle - 1n 80
that the prime and unprime systems coincide,



These rotations are performed by matrix multiplication. Define three matrices:

— COS 0 sin 6 0
n n

B=i{-sing cos 0 0 (20)
n n
| 0 0 i
1 0 0
C= |0 cos (~i) sin(-i) (21)

[0 -sin(-i)  cos(-i) |

—cos{-8 ) sin(-0 ) 0
n n

D= [-sin(-6 ) cos(-6) 0 (22)
n n
L0 0 1-
and another matrix, A =DCB . (23)

Then the coordinates of the point are
x=Ax' ., (24)

Longitude and latitude may then be found by equations (17). A longitude
correction for the planet's rotation ig required: the longitude found assumes the
planet did not rotate during the time the spacecraft passed from the initial point
to the photo point. Rotation during this time will decrease the longitude af the
photo peint by an amount, w i 6t; this amount is subtracted from the computed
longitude,

The azimuth of the flight path at the photo point may now be computed.

96 cos L) ‘ (25)

Azi i = tan™? (
gimuih is £ =tan 3L,



In order to account for the rotation of Mars, we must express this as:

o (ae/at cos L)
¢ =tan 315t . (25a)

It is convenient to use coordinate transformation to obtain 86/9t and
2L/9t. The angular rafe of the spacecraft in ifs orbit is

pg (e +1)
w =V_1r /rPwhereV = [ ——
S P P P I'p

Then ax{/ot = Te W (-sin 6)
Bj/t=r w_coso (26)-

Ox3/0t =0

where equations 26 are in the spacecraft orbit coordinate system. By coordinate
transform,

ax/ot= A 8x'/ot (27)

where A is defined by equation 23. Differentiating the inverse relatmns of
equation ( 17) we find:

/ .
ot - 8xy/ot

x§ + x5 )
(28)
) ox./0t
L/ ot = —— (/2 - ¢) = —ié:
ot 2 /.2
i- x3/r6.
where the planet rotfation correction has been included in 89/8t. These values

may be substituted into equation 252 to derive azimuth.



Photo Coverage

With the determination of the longitude and latitude of the sub-spacecraft
point and the azimuth of its path, we are now ready to begin analysis of the format
of the picture itself. We will assume that the picture is rectangular with a view
half-angle « in the trapsverse direction and v in the fore~and-aft direction. We
further assume that the camera may be looking to the right or lefi of vertical
(forward or aft looking should also be considered, but has not been included in
this analysis) at an angle 8, with B positive looking right. Figure 4 illustrates

Spacecraft
N
8
tica
O
8 7
2 - ¢
4 \ -
Sub-space-\\ -
craft Point 3 5

o
2 /f
(§ f,'b_

Photo perimeter in a
plane tangent to planet
surface at sub-space-
craft point

FIGURE 4. CAMERA VIEW GEOMETRY



the geometry, where, for the moment we have assumed the camera to be looking
at a flat plane tangent to the planet surface at the sub-spacecraft point, The
example shown has 8 positive. Based on this figure we wish to calculate sixteen
relevant angles. These are the angles w, from the sub=-spacecraft point to the

four corners and mid points of the sides of the picture, and the angles Qi; from
the vertical to the lines connecting the spacecraft to the previously mentioned

points,

Referring to Figure 5, we see the picture format of the previous figure
displayed on a coordinate system. This coordinate system isas if the spacecraft

(1
|"-— —_— .._.(E?_____ | 8 i
] |
{ g | : 3]
2 0
31 2 ’ '12 r Lﬁ’ i 6 +Y
| A 4
l -
] |
| _ I
g — — " @ Iy e

FIGURE 5. PHOTO GEOMETRY WITH DUMMY COORDINATES
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had just flown up the zero longitude line and is directly over the north pole of the
planet. Note the angles Qp, Q;, and Q;. These are

-

Q = tan-1 (tan Y cos oz)
L = = reee =

sin (@ + B) (30)

pam=1 ff2R vy COS @
Q = tan (sin(az-ﬁ)) (31)

(Note: Derivation of these angle formulas from Figures 4 and 5 directly is quite
difficult; they are for illustration only. If the reader wishes to derive the formu-
las, it is suggesied that he draw a plane in Figure 4 perpendicular to the optical
axis and containing the picture center.)

Referring now to Figure 5, we find that for the right-looking picture
(B pos.)

Wy = 3m/2 — Qy

oy = 31/2

g = 31/2 + Qy

wy =72 ~Q

wy=7/2 - Qy s
wg = /2

wy=7/2 +Qy

Wy ="m/2+ Q

11



and for the left-looking picture (8 neg.),

wy=37/2 - Q

Wy = 3m/2

wg=37/2 + Q

wy = 31/2 + @

ws=17/2 - Qy 9
wg = 7/2

wy = 7/2 + Q

wg = 31/2 - Q

Note that by convention, w; is the upper left-hand corner of the picture and we
proceed around the picture in a counter-clockwise direction. Any other convention
could, of course, be adopted.

To each angle wi there corresponds an angle szi. For the right-looking

and lefi-looking cases:

Q= |tan™ [___g_tan(oz- )]

8in wy
Q=la-8]|
Qg = Oy
2y = |tan~! [;%%4] 30
@5 = I tan! [t“‘;‘iéi:ﬁ’] |
Qe=la+p |
2 = Q5
Qg =9,

12



where all Qi are defined as positive. Note, however, that g must be taken

as negative for the lefi-looking case.

The next step is illustrated in Figure 6. The flat surface of Figures 4
and 5 provided a mental aid in determining the angles @, and sz but now we

FIGURE 6. CONVERSION TO SPHERICAL SURFACE

‘13



must switch to a spherical surface. The angles of interest are goi the arc of

planet surface viewed at the angle Qi from height h, By the law of sines,

r r, +h
§ -§
sin Q. sin &, (35)
i i
; rd. +h
gin §, =——— sinQ, (36)
i r, i

The value ¢; thus determined will be double-valued, with one value less
than /2, and one greater; note that the actual angle gi will always be > w/2.

If the value, sin gi, in equation (36) is greater than i, this corresponds to

Figure 6 inset, In this case, gi = 7/2 and

¢, =cos™! ("’"‘"‘rﬂ ?h ) (37)

The normal case is

(Pi:'ﬂ-"'ﬂi—gi (38)

The eight points outlining the picture are now defined by the angles W
and P, Note that the angles w, and @, are just the spherical coordinates of the

picture points in a coordinate system in which the z-axis passes through the
spacecrait.

And now to get the picture into normal coordinates: (1) Rotate it through
an angle © so it appears as if the spacecraft has just flown up the longitude of
the actual picture instead of longitude zero; (2) Slide it down this longitude
line to the latitude of the actual picture; angle ®; (3) Rotate it through an angle
¢ to the correct azimuth, This is just like the coordinate transform previously
described, except that instead of moving the coordinates we have moved the
picture — in effect an inverse transform. Therefore, convert the angles w, and
¢ info Xy, Xp, X; by equation 16 and, defining: !

cos © sin © 0
B= -[gin®© cos© 0 (39)

0 0 i
14



cosd 0 gin &

C= 0 i 0 (40)

]

-8in & cos &

cos & sin¢ 0

D= |-sinZ cosf O (41)
0 0 1

A=DCB (42)

A~l= X (A transposed) (43)

xl=a"1x

and, converting X' back to spherical coordinates, we have the longitudes and
latitudes of the picture outline:points.

Translation of this claptrap into Fortran provides the mechanization for
convenient determination of photoimaging system area-coverage from candidate
orhits.

COMPUTER PROGRAM

A Fortran IV computer program was written for the CDC 3200 to perform
the calculations defined by the previous analysis. The program is capable of
providing useful results, but addition of an automatic plot routine would be a
great help.

The program operates in two modes. Mode 0, the normal mode, acceptis
inpuis in the form of orbit parameters and compufs photo formats for one imaging
swath. Mode 1 is a simple mode wherein the location over the planet for each
picture is specified. The program is in the form of a main routine and six
subroutines:

PHET@ - main routine { photo format analysis).

SUBROUTINE ORBIT ~ performs flight path calculations.

i5



Performs interpolations by Newton's divided
difference formula. This subroutine as listed
includes provisions for numerical integration
which is not used here.

SUBROUTINE NEW'T

Performs coordinate transformations for
flight path analysis.

SUBROUTINE XF@RM2

Converts spherial to Cartesian coordinates and
the reverse for photo format analysis.

. SUBROUTINE C@URD

Performs coordinate transforms for photo
format analysis.

SUBROUTINE XF@RM

SUBROUTINE MMPY3 - Matrix multiplication,

The program has been used for several calculations of photo coverage
of Mars by orbiting spacecraft. However, all possible combinations of orbit
orientation and inclination have not been tried; so the pogsibility exists that the
program still contains some "bugs."

If camera parameters and and spacecraft altitude are such that the 1imb
of the planet is seen, the points are so labeled (see case 4 of the examples) ;
and the coordinates calculated are those of the limb. However, the picture will
not be a distorted rectangle {see Fig. 7) and cannot, therefore, be plotted with

accuracy.
The program described here is considered an initial step toward a

very effective analytical device for mission analysis, and is useful as presented.

However, many valuable additions may be visualized:

i, Automatic plotﬁng of resulis

2, Addition of off-vertical pointing capability in the fore-and-aft
directions (presently capable of only side-looking)

3. Analysis of lighting angles and resolution

4, Reference to spacecraft and planet scan plai:form-coordinateé to
get actual look angles

5. Calculation of additional points to better define "limb view" pictures 0

6. Internal calculation of framing rate to minimize overlap,

i6



Items 3 and 4 above would require a major effort as they involve celestial
references and solar system geometry., See Appendix B for Fortran listing.

NORMAL PICTURE “LIMB VIEW"” PICTURE
O COMPUTED COORDINATES

FIGURE 7. NORMAL VERSUS LIMB PICTURE SHAPES

Program Inputs

The first input card for a run indicates the number of cases to be
executed (NCASE), One case is one orbital pass, or one group of pictures, to
by analyzed by single-picture analysis., For the latter, all pictures in the group
must have the same camera parameters. When camera parameters are changed,

this must be a new case,

Any number of cases from 1 to 99 may be run, The number is punched,
in integer form, onthe card, ending in column 2 (12 format).

17



The first card for each case identifies the type of analysis (MODE), the
number of pictures in the case (NPIC), whether or not the side-looking angle
is to alternate between positive and negative (KSLA), and location of periapsis
with respect to initial point (KORB). TFor single-picture analysis only the first
two of these are needed; the other two may be left blank. These variables are
entered in integer format, each occupying two columns (format 412).

A value of 1 or greater for MODE will result in single-picture analysis;
0 or less in an orbit pass analysis. NPIC may have any value from 1 fo 89. A
value of 0 or less for KSLA results in side-looking angle alternating from positive
to negative (alternately right and left-looking). The example calculations given
are of this form. A value of 1 or greafer for KSLA results in side-looking angle
being fixed at the inpuf value. A value of 0 or less for KORB results in the orbit
periapsis being placed between 0-and 90 degrees forward in true anomaly from
the node nearest the initial point. A value of 1 or greater for KORB places
periapsis between 90 and 180 degrees from this node. This allows handling of
ordinary cases of morning and evening terminator orbits. Locations of periapsis
" in one.of the other two gquadrants is poggible but was not provided for.

The next card (second card for each case) provides camera parameters
PALFA and PGAMMA (view half-angles) and PSLA (side-looking angle). These
are entered in degrees of arc and are internally converted to radians for com-
putation, These are entered in F10, 0 format: PALFA located anywhere in
columns 1 through 10 with decimal point included in the number; PGAMMA located
in the 11-20 field and PSLA in the 21~-30 field.

For single-picture analysis, one card must be provided for each picture,
giving HP (aktitude in km from which picture is taken), PCLAT (latitude in
degrees at which picture is taken; southerly latitudes are negative) , PCLONG
(longitude in degrees from which picture is taken), and PAZM (flight path
azimuth in degrees at time picture is taken). ¥10.0 format is used.

For orbii pass analysis, the third and last card for each case provides
orbit parameters: HP (periapsis altitude in km) , HA (apoapsis altitude in km),
PER (orbit period in hours) , PLAT (periapsis latitude in degrees), OI (orbit
inclination to equator in degrees), DTPIC (time interval between pictures in
seconds) , XIPLAT (latitude in degrees of first picture), and XIPLING (longitude
in degrees of first picture)., NOTE: Either HA or PER should be specified (not
both) ; the other should he entered as 0, 0 and will then be computed by the pro-
gram. F10.0 format is used.

Tahle I shows input data for the five cases presented as example
calculations.

18



TABLE I. INPUT DATA FOR EXAMPLE CALCULATIONS
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Example Calculations

Several example calculations with plots of computed coverage are given

‘n this section to illustrate the use of this computer program. The first case :
(Table II) is a single-picture analysis which illustrates the capability of the
program to move a picture on the surface of the planet. In this case, orbit =

parameters are not computed and are, therefore, not printed out. A typical
picture is shown (Fig. 8) first centered at 0 degrees longitude and 20 degrees
latitude; the picture is then shown move 5 degrees eastward in longitude, then
it is rotated 5 degrees in"azimuth.
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FIGURE 8. SINGLE-PICTURE ANALYSES - CASE 1
The principal utility of the program is in analyzing coverage obtainable

from candidate orbits. The second case (Table III) presented shows the analysis
of photo coverage corresponding to the baseline orbit in the Voyager 1973 mission
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baseline description. Results presented are identical to thoge shown in that
document except that the calculations shown include effects of planet rotation.
Input data are listed under camera parameters and orbit parameters. Ouiputs
shown under computed orbit parameters and the interpolation table correspond
to the analysis previously given for equations 1 through i8. The interpolation
table is printed out as a check, since this program is somewhat experimental.
Under photo format data, the locations from which each photograph is taken, as
calculated by equations 19 through 28,are given, along with the points defining
the picture itself as calculated by the remainder of the analysis. Figure 9is a
plot of these resuits.

Table IV and Figure 10 present analysis and show coverage from a 70
degree orbif in which the period is adjusted for complete longitude coverage in
17 orbits. The last two cases, Tables V and VI and Figure 11, present analyses
and show coverages from a 25-degree orbit. The first of these shows coverage
with-a time interval between pictures of 120 seconds; and the second with a time
interval of 72, 5 seconds. Data from these two cases were combined in the ac-

companying figure to show coverage from a 25-degree orbit with a change in
framing rate during the pass.

21
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TABLE II, 'ORBITAL PHOTOIMAGING COVERAGE ANALYSIS - CASE 1

INPUT DATA

CAMEHA PARAMETERS

= 13.50 DEG, rORE-AuD~aAFT

VIEW HALF-ANGLES, = L8.50 DEw
SIDE-LUUKING ANGLE e ‘12,50 DEG
PHOT(O FORMAT DATA
LA L 1YUE)
(LOWL 1 1UDE)
{RUE TLHE ALT FOTQ FO10 U Kk L+ Lwh qu1 L#h KH Urh iQF
ANOK SEC LYy ] CIR CThk H ~ 10k L HE oLtk aH
LAT LJht
DEG vkEG
1 (1] T 2260,00 =20.00 0 =0 B4 ~=:0,00 -29.16 -29.50 ~29./5 ~1B8.482 ~7. 14 =9 90
5549 31 b9 .29 359.u2 10.2¢ 25,49 d2.29 22.0U Y.01
2 [ ¥ 2200,00 -20, 50 5,00 ~1v 84 -et,00 -¥¥.10 -Z%.bB -2¥,70 -10b.6Z -7.14 -9,90
. 4 31 4, &9 q.,2¢ 1b.2¢ 30,35 2/.2% 27,00 14,41
3 1] 2280, 60 =20, 00 5.00  ~L0,.81 ~19,94 ~P9.06 3088 ~dL.7¢d ~£0.40 ~6.94" -1T, 64
5.18 4,2y SeE1 14.26 2¥.52 2/.42 gb. 0y 14,848
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TABLE III, ORBITAL PHOTOIMAGING COVERAGE ANALYSIS - CASE 2

CusE 2
INPUT LATA - s
Cabkita PaRAmEIEBRS . ——
VIEW HALF ~phLLES, TRANSVERLE = 13 50 DEG, UKk A L-=aFT = Ld.2V Uk

SINE-LNGNINE AMBLE = 12,50 D=

URb 11 PARANME]IELS
PERFAPSIS ALT = 19000.99 KH
APNIAFSIS ALT = 17989.,90 KM

PEREAPSIS LATITUDE = 43.00 pEG
ORBIY InCE = Ju,00 UBG

FIME |« 1Ry AL

BElREE PLUTUREY = 72,960 SEG

INITEAL PUINT LATETUDE = “A0.00 DEG

TRIT1AL ~OINT LUNGITUDE = 4 LE&

COnPLIED ORBYT PARAMETELYS

APDAFSLS HALIUS = 2136/7,00 kb
PEitIAFSLS RADIUS = 49 /800 KH
TRUE AmuriALY

GF [AiT1AL PUINT = 29/.00 DEG
ORRIT BELLENYRICLITY = L6599
TRUE AnipdALy

It ASCEWDENG NOLE = S17.00 Dru
LONGY I rghie tsF

ASTEaY(Ne whe = ? DEG
ORHLI rerloup = 12.2%b6 HR

INTERPULATILN jABLE

TIHE © TR AMGH ECC ANDH
0 5.18 5.74
26, 8o 3. 46, . 5.84
B34, 26 5.93 b,43
764,31 v, /1 6,02
972, 7L "9, 88 6.10
1169.87 & 06 6,18

1360.83 T 6,23 C 626 -
1550.,41 0.41 6,454
1743,23 6.28 6.42
1944,20 6, /5 b.b0
2158, 49 6,93 6.b8

2:394.04 £.10 6.67
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TABLE I, (Continued}

2658.25 T 6.77
2962.8n /.45 6,87
352%.61 763 4.97
3/62.5Y T 7,09
4410.60 /.98 7.23
5013.94 4,15 7.48
593b.15 ¢. 88 7,56
717600 4,50 1. /6
BE55, 4/ Y 7499
11175.2¢ t.d5 8.27
14121.8v v.u2 4.b8
17874.52 L-11] 8,93
2219¢.40 ¥, 47 9,481
26675./08 5,55 9,69
S0810.87 9./2 1U.06
34269.25 4,90 1u,40 i
46962.73 10,07 14470
$897/.00 LU, 25 14.96
40463 ,12 19,42 11,18
41562.63 16,99 11,47
42386.594 1. /7 11.53
43023.64 Lu, 94 _11.68 _ B
43923.5Y 1i.a2 11.80
43927 .98 13,29 11.92 . . e e
= PA1n FusmAT DalA - - . R - . - e o ey e
o ) ) tLAILIULE) i
(LOdG 1 vue ) -
[RUE T ipe AR TAZER Folo T Fero vk TF LWH BOT - Twk RAE™ ™ 7TUFR T TTUP T
ANOH JBRL s tee ~ CTR ViR ch__oplee AR wmb_Sle_ wH L
LAT LuNG .
- . , Peb  _ _ NEG et e e e = e . -
1 297,00 0 2213,80 393.28 ~20.00 360.04 =11 16 ~2U.u¥ -2B.Y8 -28.22 -26.E4 -16.56 -v.26  -9.22
- ) TTTT mTm T T e IZB.26 o567, 41 L 11,10 FELAE . £21.28 19,82 - T
2 299,39  72.50 211145 "B53 .43 -17.617 359,71 T -8 23 -i8TVYET SREVEY TFE7,50 TRREVUET FL7.EATT VAL COtYLE2
338,26 J49Y.z8 SIH.1/ 3%1.63 1.49 L36 349,36 $00.32
3 304787 14500 28TT733 85656 -15.43  IFONEL T =7 12 CIvTE( 23 EN SERTR RS S -12.39 <740 R
e L o S57.89 SHY,E0 $59.74 8.94 21,04 19.12 1/.08 6.2/
o 4FETA5 T IIT S IVINTEE CIRILTA T i858 35912 =4.47  “19.84 -Z28.e0 ~RL«B2 20437 -le.d7  =R.BLT TEh0d
N _ e _940.28 441,42 J949.%L 402,12 ke $oY%,69 3bH.B8B  390.76
TETU347.18 TB9L 00 1019, 38 T EhaTEL -0, 488 ESu VBT -2 84 -9,94 -~f7.zé -16,B4 ~16.44 T -7.78 1.1L  ~1,2¢6
357,60 dbd, 48 359.0/ 7.0  1/.33  19.30  14.5% 5.02
!
U UV E9 360 ST I72E. 34 384,06 R7LiT  §98.53 WPTIL T SU.A8  -ib.t9  -i5.48 -~1d,9@  -7.06 7 ~f.14  -b,34
o ) . 341 84 342,94 $4B.95 352,41 Sh9.bU 4b5.04 358,38 391,08
NOT REPRODUYCIBLE
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TABLE III, (Continued)

7 312,75 4sb.Uy 1640,.54 Jbd.xb =4.25 354.23 2.27 4,80 =10.8/ ~10.60 =-10.4% ~2.66 PRl 3.4%
S27.08 o4/, 45 ShHd.41L b3y 14.ez1 12.81 14,34 S.80

8 315,71 5y7.5y 1557,52 354.42 -3.29 357.%4 1 8g 2,58 -10.03 “B.52 =7.47 -1.,24 4,99 4,79
S48.09  Sa4,1b  S44.43  S52.B3 dbv.02 Suo.4h $b/.BU 0 &bl.E/

-9 318,78 5%6,00 1478,52 354,60 1.78 -2.36 7.65 1,74 =4.1% -4.00 4,14 2.95 10,00 §.62
dbb. 64 b/ ,el ShT. /e $.94 11.¢4 10.&7 iu, 42 2.7v

10 321,94 652.5y 1404,20 54,78 4,94  -2,65 10.30  S,/1 2,92 -1.96  -G.e8  4.98 10,5y  10.40
$45.98  S4D,uZ  $47.42 SUR.90  SBB.EE 324,77 887,26 8B1.41

11 325,20 7z5.00 1335,1% “35d.9e 8,20 -2,94 13749 T w#,is" 2.43 2,948 2.16 .05 1b,.36 14,31
$56.16 3nb,Eb 357,19 2.69 v,.49 v.87 6,7/ 1,8¢

iz 528,59 7y7.50 1271,614 355,14 11,55  ~3.E4  16.30 10,3¢77 4,43 5.69 L6.80 "Ti1.58 16,86 16,49
344,50 345,50 346,00 3p2.88 ID/,bH S5/.34 388,71 451,20

13 331,99 E€79.00 1213,85 355,¥3 T 14,99 “°-3,53 T 19.60 4,567 10.11 10.19 9.5y TiS.58 21,29 20.48
B25.66 896,10 be.bU  1.62 .Y 7.4z l.ab 98

Boada w b o 2 aams e

14 335,51 542,50 162,48 355,52 "T18.51 TU-3VE3 TUEZ.VE 17,43 i2.02  a3.dw C I3EYTU{ELBI UaTAsC 23,02
B .. e e v v 8RR 62 34D, 6L SA6.L/ $B2.0D ¥6,.50 428,53 Fub.1b 450,92

TOE5 339,10710150 00 1IATBF T35S 71T URRIIU T UTATI2 TTR6.59T T 223087 Th7.62  A7.60  ATVEYT T2ELSYT CE7.7L T RT.ALTC
N 832,19 892,32 $3%.48  a7% a3 0.84 _8.50 .28

[ e R mrmE———— - mam e W

a

6T 342777108750 TOTEEITESSTYT TTEB YT TTTATRE B8 T 44,747 10070 T T20.84 7 23 .48 TUS.T9TUURUTI0 TU29.96
e e N $44.28 S42,31 S45.94  S51.5¢ S06.=6 35D.94  IGD.64 $50.44

7 34699 1180, 00 TUAE70 356, U9 ©9.40  -4. 7L TSITEY TTED A, TTES. Uy YR TVEMVEITTUECTYE T W4T e
et e en $54.5/ 3b8.95 dvv.P6 .06 206 9,71 B.02 ¥0Y.76, |

TTLR TIB0LRE {232.5UI025,25 355,28 33,26 L F T b 32, cq 275 2H. 90 4204 3 Sa 128 T AT I MY
e e o —— 348,49y $44,94 $45.46 Bb0.86  bb.Eb  3bb.36 355,04 349,72

TAETTTRELUE 135,00 009,37 35647 37,05 B S0 4T0E 3/, 00 STl IS SRR UYL YE AT g
) $53.97 &H4,34 354.64 3b9D.61 b,44 5.62 b.18 359,59

29 357,88 137700 L00L, 1y 355,67 40,88 =709 49,82 37,84 37 €9 0.3 SO0 40, 70 44,89 aqa.,77
- N d41.78 348,16 44402 349.90  Sbb.07  S¥4,80 394,50 $48,6/

55 301,71 145080 100077 386,E7 44,71 -5.B9 46.408 A%, 8% 40,70 A b4 37, V1 44,55 49,14 49,04
d53.38  $ba, 70 354,01 sH9.45 ENLE 6,24 7.11 359,59

22 365,53 1522,50 1008,12 357.08 48,53  -6,18 51.88 47,86 42,76 43.94 44,52  4B.55 BZ,57 50:43
- $39.09  $4U,5%4 342,14 348,77 394,84 394,37 358,94 347,43%
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369,34 1695,00 103,10

$73,11 1¢6/,50 1045,b6%

376,84 1740,0U0 10/5,8Y

360,50 1812,5¢ 1113,14

357,20

357.49

397,71

357.%3

TABLE I,

22,34

56,11

b9 . b4

63,5y

0,48
4,17
=707

=/.56

el
Ei-X

b
$34

L]
$51

&b,
527,

LAl

2y
b/

12
Bu

3

(Concluded)
ud,s2  d8.c4
obe  Us  obd.So
vl 8 A9.45
3a/.468 $89.z0
Dy, el 3-8
dhedu $H2.¢/
6L .60 Dé. b4
$34 02  $db.te

44,02
RELEE-T-]

21,84
347,18

25,18
db

28,3/
344,01

4/, 30
7.um

51,54
d99.04

24.0U
9,46

EE ]
d2d,.e0

21,84
T.%0

5e.12
896, 18

L )
11.18

65,51
454,38

bo,54
¥.44

6U, 30
358, 4Y

68,72
14,45

ol .9/
353,10

o6, 69
28

00,11
$44,74

64,31
2.04

urf, 6/
S41,8Y
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TABLE IV, ORBITAL PHOTOIMAGING COVERAGE ANALYSIS - CASE 3

INPUL DATA

CAMERA PARANE LD

VIFW HALF-Abulba, TRANSVERSE = 15.50 DEL,  ORF-& U-af1 = 13.50 UkG
STDE-LCUKIAG aMyLE = 12,50 hEG

ORBLT FARAMETERS

FERIAPSIS ALT = 1000.00 "KM

ORBIT PERIDE = * 13.0% HR

PERIAPSIS LATITLRE = 50,00 DEG
OKRBIE INMCL = 70.00 UeG

TIME INIERYAL

BETHFEN PICIURKEY = /2.50 SEC
INITIAL POENT [ATITUDE = ~18,u0 el
INITLAL POLNT LONGETUDE = 0 Jklis

COnFUTED CRELT PARAMETEpRD

APOARSIS KALIUS = 22415,10 Kh
- PERIAPSIS KADIUS = 4478, 00 KM
TRUE AMOHALY
T T OFTYNLTIAL ROINT = 294,/4 DEG
ORB11 ELCENTHIGLITY = YL
" TRUE aNumMALY Tt 7
- aF ASCENI_JLN[, NQLE_ = 30%.39 ppG
_ LONGIIYDe OF )
" ASCENDING woDE' S .68 DEG
ORBET PI:-_ufJU = 1_§:pt_:au HR

TTINTERPOCATICN TABLE

" TiHE TR ANGM ECC TANOM
- R B 5.4 " ° 5,73 "
= L. 297,24 - TF- - L 9,83
555,60 9,49 9,92
ver uoa 186,35 207 46,00
997.66 Y, 84 4.09
196,16 6.02 L6168
T T RIS T TR T T T e, 04 T
878,08 0,87 | _ | 6,32
1767 .02 5.94 64D
. 985,03 L0712 6,48

2178,53° T 0.89° " T e T "
2405.03 TS 6,64
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TABLE IV, (Continued)
2661,79 7.24 6,73
2966.71 {141 6,83
3304.71 7.59 6.93
376,82 2,76 7,08
4253,28 KT 7.18
4978 ,22 .11 7,32
5816.3/ §,.29 7.49
7011.76 B.46 7.69
8645,75 b.03 7+91
1048577 H,HY 8,18
13983.71 4.98 B, 4%
17786.68 9,16 8,84
22400.57 v.34 9,22
27316.95 ¥, b1 9.61
21956.92 9.68 T 9%
35885,44 y.86 10.35
38046,97 10,03 1b, 66
41223.00 10,22 10,92
42883,61 al,.48 11,15
. A4098.19 10.55 11,35
34999,55 10,73 11,92
. _ABEBE.65H 10,90 11.66
46216.5% 11,08 11,79
46643,17 _ 11,25 13,91 _
e e e e e i BT FOURNMAT BARA R —
s . e s (LALLIWUEY o e
(LUNG A TUDE )
TRUE™ *7 IIMe”™" 7 "RLYT TTTREIVTTTROIO TG (T S W~ R BUT CHR RE O CTURRTTTTUTTOET
ANDY _SEC____ _mM L LEEE CTR Lig M ple LR SRR BIBE W -
LAl LUNG
. . e BEG bEe e e e e e e —————— e
N - . _
294,74 0 2386,97 14,14 ~10.006 360.08 =0.60 ~9.H4 -19.0p -21.98 -26,11 ~34.16 -2,59 «1.9/
T - e T YOO 13 1~ B 11T 714 21.55 7187 EY 08 TTTILVE
297,64  T¢.5U 2240,82 13,24 -7.85 .51 8 a4 -2,02 <13,20 =15,14 =16.8) -8.,00 B0 3,69
T ot T 842,15 340,45 TEFG. 1Y T 349,35 35F, b4 T 1Lab Td.2s 3o4lEd
299,43 145,00 21Zs,67 14.3/  -5,si 1 B4 2,92 =b,44 =-14,82 ~16.51 <-20.,36 -%.74 LB 1.54
" 2 4p A8 358,867 TTTTRE ARIR§ TTR0L87 28034 11040
301.91 2ir/.50 20Z4,90 13,58 -3.28 1.60 11.0% 1,1b -8.38 9.4y ~11.4/7 ~5.42 4,54 7,15
oo T e mms e meanE 49 TTEECELT 349,347 360069 TTTTUEE TTTETLY 4,17 355793
304,48 290,00 1925, d0 13,74 -0.486 219 6. b3 P 8,2/ =18.75 ~-14.3% 4,91 4,19 h.48
3,48 1,64  $bY. /6 T7.59 1/.82 1¥ .24 22,04 11.52
307,15  d62.b0 1B2Y,94  13.%4 1.65 2,81 14.37 2y28 | =3.04  -4.8%F  -b.¢t4 1.92 8,68  1l.05
S48 .18 Sd6,/t2 T s44.0Y S04, 90 1,2 S.84 A5 &/, 72
369,02 A3b.00 L757,48  14.%6 4,25 S.46  11.16 4,88  =2.40  d.6Y  -7,9Y .31 B.351 9.79
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TABLE IV, {Continued)
4.70 T 1.%24 s.1/ " Tie.vs  18.57  21.28 11,94
¥ 312,78 Ly7.wU 164,72 14.%5Y 6.94 4,16 18 26 10,40 2,73 1,04 L4 6.82 14,29  15.49
"350.99 T49,EB  347.52 U3b6.48 " 2,57 4,64 6,36 JuY.60
9 FLS.TE 28ULUU 35e4,07 14.57 .75 4,90 1b.¥¢ Y,th 7/ 1.64  ~1.3y 5,91 12,99 14.5¢
. e 6,12 4,45 — 282 9,017 716627 TEBIFY T TRYVEL O 1R.TETTC
10 318,682 652.50 14v3,84  1b.42 12,61 .70 2%.74  19,/5 8.9 -0 6.v4  1z.49%  18.22  20.24
) TS T 3ss ey 482,26 $50.70° 398,41 5.54 TS TTTRR 1.6
11 $21.99 725.00 1408,50¢ 15.%8  15.57 6.56  2L.12 15,08  10.%4 H.24 9.42 11.85 18,06 19.75
- T T rm e 7.7Y 6,14 - 4.57 10Vie T 16JE¥ TTTIE.74 TTTR1VIL 13.87°77
12 325,29 79/4.%0 1366,41 16,54 18,62 7,44 27.7% 21,96 io.48 14.48 15,29 16,50 dd. 64 £5.54
N - TreomoTTTT T TTTIT T X556 6] T obD, 3BT 353,70 77T V&9 IR 5N 7,68 FIET T TIBL T
13 328,61 470,00 12/3%,87 17.21 21.75 B.49 26.73 vl.kb 16,9/ 15.0/ 12,4y 18.09 25,58 25,35
' Tttt TtTTT w7 8718 TUTEVETTTT AAVETT AL 7T T ICTENTTTRERT T 45048
14 582,06 942,50 1715,37  17.59 _ 24.95 2,60 48 3s  z?.0B 22.26 21,82  ZUJRD 24,84 29,40 61,29
S05 . d8 TI5b,20 TEREELT AVITT TR 9O9E TTILLIETT WUEE T
15 345,60 1015.00 3163,2¢  18.50 28.21 30,82 32 s 28,42 .91 22.04 19,46 .24.54 29.42 51,29
T ormerm T Bl AEETTT NI I¥L AT RV AT 2L, 24,08 17765
L 1s 339,24 1087.5u_1117.79 _ 19,55 31,83 12,17 3Y.46  $9.47 29,34 28,40 27,81 41,42 30.60 87,44
) ENEE -1 1Y SOTETT T ITRT T 1E0Rs T 1446
17 _ 342,89 1160.00 107v,40 21,16 34,89 14,67 _ 39.02 _ &3.UU 0.6 29,08 28,51 51,09  30.4/ 87,48
1529 18,31 IT.ET T 1G.IvT 21vAv T 2.8V 28,79 20463
168 346,62 1232.00 1048,32 24,57 3B.27 15,36 49.95  41.28 F6.bo  85.5U S4.2/  SH.15 41.99 43.90
Tt T .87 LY ZVAS BT 376 15.7Z  17-9L  12;59
_ 19 350,41 1305.00 1024,77  24.22 4i.65 47,27 45.50 41,/8 48,02 d6.05 4.3/ $7.56 4l.58 435,78
19.27 168,50 14,78 19,4¥y 24770 27.4¢ Jdv.8e 24,731
m——n 3
20 354,22 1d77.50 1008,97 26.14 45.02 19.45 58.79 48447 43.E4 42164 41,89 44,89 G447 20,55
L) 7467 LFR-T 1218 17,48 1¥.82 ad.5% 15,96
21 358,06 1450.00 1001,01 28,40 48,35 21,94 51.98 4B.49 44,%3 42,7/ SY.kp  44.73 . 47.38 49097
Z4.61 25455 LB.EY ed.78  29.06  de.47 36,64 30,35
22 361,91 1522.50 1000,97 31,08 51.60 24.84 59 74 bbb, 48 51.0% 49,62 47,99 b1.45 54,81 57,21
14.7% 11,76 B9 16,38 d2.13 25,24 - 2¢.86

v

72,83
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TABLE IV, (Concluded)

—— e

23 365,74 1595.00 1006;86 44,24 54,75 2B5.20 58,20  H4,92  H1.92  49.08 45,70 49,30 52,51 55;72
32.05 27,77 24,16 T Z9.3¥ S4,8¥  3Y,26 44,66 81D

9 4 g 3 66,78 42,38 858,08 56,30 b4,28  BS.57 68,68 85 60

21.72 16,99  12.984  21.70 26.kq $2.59 S§J,79 41,22

25 373,34 1740,00 1048,08  42.49 _60.57 36.79 _ 68.76 60, /8 = S7.96  bd.6/ HE,.€3 93.49 56.57 60,59
42.68 36,82 Fi.D8 86,71 42v29  -4B.1% 59,29 49,04

25 377,08 3842.50 1079,09 47,82 63,14 42.26 73 3o 69,17  64.8d 62,4/ 99,8/ 62.90  62.58 65,28
33.12 24,42 17.9% 28.79 &b6.32  42.73 50,54 44,02

27 380,76 1BM5,00 1137,42  $4.1% 65,49 45.67  6B.04  &5.66 2 62.7Y 99,10 59,38 57,0%  S8.9% 53,9/
57.86  48.20  40.2%  46.06 b1, Fé  bY.p3 68,34 84,31

28 _ 384,87 19%/.50 13162,81 61,42 67,27 S6.07 _ 78 90 7h.47  71.34  &/.91 64.46__ 66,97 58, 7%  }3,44
55.50 36,86 24,71 3B,b¥ 46,95 56.499 67,90 03,85

29 38791 2680,00 1214,87 63.69 68.740 64.42 70.25 &6%.44 56.89% 624 34 26.54 58,57 59,28 05,24
P69 BA.U7 B2.3Y B7.44 61,46  /Ll.44  B2,41 80,08

.50 $91.36 2302.5V_1273,32_ 78,72 69,61 13,48 81.13 _uU.dY 76.80 f2.26 67,71 6Y.24 69,62 /4.87
P8.01 bel.53b  ¥5.2b  »2.41  GULET  /$.6%  B6,21  Y0.45

51 394,72 2175.00 1337,82 88.09  69.99  BP.BB &% B7 0,3y p9.52  &d.D/  97.34 bHB.2§ 57,5/ 04,38
PE.6U 82,84 67145 7012 7.8 8d.63 05,47  96.59

SR 397,98 2P47.00 1407,84  B7,33 0 69.84  92.0%  78.27  b1,5B  B1.61  /b.0/  8%.34  6Y.43 68,02 /3.1%
T T34 10335 B5.18  71+15 75.&3  Y1.Y& 107,06 115,71

AT ETE S LY L L PE L L Bt U L AL A S Ly (P T L TSP T - L Pk S L - L B L
226.9% dpa.us  B3.EB  @2.6%  Bl.36  94.@2 106,08 110,36
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TABLE'V., ORBITAL PHOTOIMAGING COVERAGE ANALYSIS - CASE 4

TOUTINPUT CDATA T T T

—_GAMERA PARAMETERD

VIEW HALF-ANGLESL, TRANSVERSE = 13.90 DEG, *ORE~A DwpFl = 14.50 LEG
‘SIDESLOOK INGANGLE " "~ “"rgr5@ pEST" T " T " -

ToT T o TORBIT T RARAMETERS — 77 T TTTTTTTT T T T

T T T PERIAPSIT ALY CETT T ADUUTUTRMT T

* TORBTT PERIOD™® -~ "~ I T AR~~~ ~— — "~
—T T T PERIAPSISTLATTTYDE &7 === " 22i{0 "pEG -~ —=r ===
URBIT (NCL = 25,00 UEG
T OUTmME YRTEWVEL T T
BETWEER ¢ILTURES = 120,00 SEC
T OLNEVRAT PUTHY TLAYLIODETE YO0 UEG
_ANITIAL PUINT LONUGITUDE = 39.71 UEG

COMPUTED ORBII PARAMETERS

APUDAFSIS RAPIUS = 23694,388 KM
T T RERTAPSIY RARTUS =TT T37E.00 KN
TRUE ANOHALY -
TTTOFIRTYTTAL POLINT = 264,15 DEG
ORB1T ECCENIRICETY = 46881
T T TTYRUE TARUTALY
UF ASCENDING NOUE = 242,42 DEG

LONGITULE OF

TTTTTTASCENDTNG NOUETS T £9.8% OEB -

ORBIT FE&LOL = < 14+0000° HR

TINTERPOLCATION TABLE

TTRE TRARDH ECT  ANOH
| 7,61 .39

547,99 4,78 D.b2
ELEETEE] 4,%6 Gebd
N 1340.89 233 5,74
1641,60 EPEEY EFED)
1902.04 5,48 5,92
213376 - 5,68 5,01
2545.42 5,43 6409
254%.,79 6,01 6.6
2734.47 0,18 .24
2932, 38 6,36 6,31

- 3112.25 6,53 6.39
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TABLE V., (Continued)
$308.94 £.70 &+47
JBBATOU . L L. b8 6,55
3745.6¢ /.05 6,63
4000. 48 ]33 672
429%. 45 /.40 681
4639.86 [L 2 : B . 11 5 N
5069.86 /alb 7.02
5585,8% _ .. L.98 7.15
6263 .01 d.10 7.29
T159.53 .oa.28_ __ _._1.46
837542 b.45 765
16055,61 _8.62 7,87
12390.98 4.00 4,13
155%0.55, . .B.¥7 8,44
LY7R3. b9 ¥.,15 8,80 )
24851, 60 Yed? . . 4,19
S0816.76 5.50 9,50
55495, 49 ¥,07 _ 9.99
$9855,58 v,05 10,35
' 4321%.66 _1uqb2 10467
45687 a5 1u.20 10.94
47464 .92 . . 1u.47 11437
4B745,.51 1y.54 11.356
49691, 0Y 10,72, 11,53 :
e _PHOIO FURMAT DATA .
© . - w— . (LA11IUDE)
(LONGLTUDE)
TRUE TTAE TALT ALTE FST0 TR 'Y (43 LHR BUT Cwl WA UFK TOP
_ANUM _ SEC KM DEG CIR GIR . H 1Dk LK Kb S10k rH
CAT LGNG
— L . DEG NEG
1 264,15 U 474,00 59,20 9,060 59.71 19.54 1U,.16 J1b =19,84  =BH,?b  =44,61 -238.42 2.36
i 56,36 39,0l 22,53  40.83 49,90 B0.19 97.19 68,48
L2 LE.g ok
2 266,15 120,00 43/0,60 60,16 9.79% 41,08 73 8b 5/7.50 33.0/ 14,34 -0.%2 8,67 17 .1/ 35,97
- mmmmrt T 35.95 384,64 435,864 4%.8w 29,97 41,74 58,34 b1,42
*+ R L34 -
3 268,24 240,00 4171,73 61.04 10,61 42,56 1% 71 11,69 3,01 -14.29 =52,80 =-34.72 =-23.35 3.81
- - ¥ 04 41,95  26.72 33:99 LR K] 70.41 97,34 68,19
" e
4 270,45 J6U.U0 39/2,9Y  601.54 11,45 44.14 74.10 49,45 55,23 16.24 2,34 10,41 17.64  34.:56
34,07  32.18 639,67 V.02 30.1¥ 4,78 60,03 54,14
LY *r
5 272,77 480.0U 3774,40 62,88 12,33 45,86 20,07 14,42 5,92  =9,59 =49,48: 28,17 -~23,03 2,001
60.08 99 483 31 . 3> $7: 63 44,81 69361 T97.67 ob.54
CE 1 23
& 275,23 609,00 3576,11 63,87 13,24 47.71 68,9 46,41 36,86 18,19~ 5,48 12,29 18,30 43,42
W B 09  Z4.44 aD0.8% 2548 84,92 AB.Q9 , bGR.17 o732
AN _
7 277,84 _720.00 33768,44__ 64.51 14.18_ 49,73 20.65_ 19,08 B.90 . ~4.9)_ 42,46 =17.87 _-~14.62 __ T.45 __ __ ..
AR - T - B T T

] f

]
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TABLE V, (Continued)
62,70  4V,29 86,94 F5g89  #7.6d4 89463  ©6.50 69,60
8 280,60 840,00 3181.86 66,02 15,44- 51,92 55.98 4,84 35,94  20.23 8,68 14.28 1P.16 32,85
20,60 38,7 12,423 EEXEL] 4,/ .91 LN s1.0%
9 283,54 940,00 986,98 47,24 16.44 54,30  21.37 16,55 1195 =025 «20.48 =11.37 =8,08 989
oo, d v, Y2 LY TLE] qb. 79, U %0 03,39 gZ. 23 T3]
10 286,66 1080,00 794,73 68,48 17,15 56,90 50,02 43,98 §5.8/ 42,26 1%,%2 16,38 20,19 31.92 -
. 62 .44 43,85 25.9/ 39,95 45,38 >7.21 od,04 CERY:L
11 289,58 £200.00 2605,74 9.6 .18.17 59.78 22.27 18,00 14.94 4449 -13.899 5,36 ~2.70_ 11,8/
70.19 59,44  49.43 52.53% 59,70 &B.11 Bi.64 74,41
12 293,51 1320.00 2420,74 71,36 .19.20° 62.80 45,92 40,54 36,06  Z4.3U  1b.33 18,52 81,35 41,50
88,96 59,48  S8.5L 46,87 B 40 65,04 73,08 70,96
13 297,27 1440.00 2240,80  73.00  20.22  66.16  23.27  2U,&5  17.9/ 8.78  ~4.0% 43 2,16 14.24
75.40 FERE] FLL 29,39 0L.57 fdolo 99,99 6,49
14 501,28 1560,00 2087,12 74.79 21,20  69.82 42.B1 39,37 36.32 26.29 14,21 20.61 28.66 8i.22
76.42 63,49  91.00 5777 61,51 70.00  7B.74 T 771446
15 305,59 1680,00 1900,%1 76,75 82,15 73.81  24.26 22,69  20.70  12.90 2,54 5,33 6.54 16,50
N B1.806 79,67 65.68  6/.306  0B.76  7/.73  B7.05 03/95
16 310.08 140u,00 1743,5% _ 78.BY  23.01  78.1% 40.30  sb.42 86,49 27,91 20,94  22.40 2S.66  40.96
85,01 /4,35 63,92 6B, 31 JULE)TVELZETBRLTY O bD,22
17 314,09 1920.00 1596,74_ 81,81 23,76 62,83 25,06 24,283 28.1U 16,48 H.31 9.71 AU.27  1u.4B  °
87 76 H& /6 FOeB3 7B 75 f7WAl 8h 01 94.7F 90499
16 319,98 2040,00 1461,9y  8d.78  24.37  8/.B9  ¥8.09  d7.¥0  36.30 29.1) 24,17 23.94 24,44 50,84
B 94.8% L FTTay 80.05 B1.59 CERSE] ¥4,430 94,40
_ 19 325,35 2164,00 1341,24 86,42 24,80  93.24  25.42 29,1y 24,7> 19.1/ 1B.44  16.0b 18,07 19,86
oot T ) BRI BT TV E I VAT - V- VAR FAS-T A LY K N T T Sy 5
20 330,98 2280,00 1R36,16  BF.E7 24,99  9v.08  3h.86  §5,77  B5.70  29.50 24,46 24.63 24,5y 29.6Y
TTott Tt T 106.00 98,03 9i.67  92.87 " ¥S,3%  9v.00 L0445 1R 00
_'24 336,85 2400,00 1148,59  92.22 24,92 1b4.9y 25.00 25,26 25,46 20,61 14,90  14.95 14,51 40,24
- 110,07 105,00 99,52 99,58 99,08 LU04.99 {1012 Ti0001
2P 342,92 2520.00 1060,11  9$5.,24 24,55 111.18 43,3/ 38,46 34,3/ 29,u2 24.%»  24.24 24,7/ @B.u5
116721 118+20 106.30 106.38 306,42 111.15 Ii57857 711860
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25

27
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29
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TABLE V. (Concluded)

$49,16 2u4¢.u) 1082,07  98.24 28.87 _117.49  23.52 418 24,70 20.5y iv.s1  1>.0b  14.21  1%.2d
121,99 1i/,94 114,08 112.25 113.%3 3i16.1/ 121.0% 1eT.a9
399,04 270000 2005%,5¢ 101.14 2288 123.63 SU. 48, _al. 27 S d0 &7 48 23080 . 2Dy _ 21.70 ., 2974
131 10 125,78 120.4¢2 11Y.95  11%.4/ 126.77 12H.41 12%.31
361,8Y 2880.00_1000,97 108.50  21.59 189.19 28 B6  wl.48 22,0y 18.81 44,09 _14.20. _11.9/ . 16,81
134,88 1a0.18 125,57 124,77 124,40 147.98 14¥.56 134,49

368,26 3000.00 3015 ,00 106,48 20.D4  136.22_ 27.05 8,44 _2Y.vy _ 24,9/ 20.69  15.78 16,59 23,46
144 14 149,04 148,50 182,67 181.99 1356.13 140.2% 141,531

5/4.55 5120.00 105,00 108.74, AB.27 142,12 34.16_ 1Y,5e_ aY.ke 16.7¥  10.%5  Y.b8 __F.By_ _ 12,6
146 47 142,28 14/.%/ 146,84 164,35 189,16 148,85 145,10

L380470, 3240,00 1128,29 130,78 16.34 14/,78 24 47 @87 @.dy 22,01 a/,56 16,08 14,40 18,5/
156 87  1b1,54 146.1/ 144,59 148,24 147,63 151,9v 154,05
...386,66 3360.0U 1198,28 112,49 14,30 492,07 42.7b 14,64  16.42  11.91 5.91 4.64 2,54 8.0/
157,76 154,51 148.5Y  146.49 144./6 14Y,08 154,22 156,05
392,39 3480,00 31£96,98 114.56  12.21 4158.047 20.02_ 22,48 2h.re 19401 15.92 11.86 Y7L 24,448
169.01 los$.,Ud 1b7.02 1b4, 86 193,01 157.91 162,72 165,39

Txw UTBBTUF FCARET 8 VIEW
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TABLE Vi, ORBITAL PHOTOQIMAGING COVERAGE ANALYSIS - CASE 5

TNPUT DATA

CAMERA PARAMETEHRS

VIEW HALF~ANGLES, TRANSVERSE = 15.50 DEG, rURE=A, U=AFT =. 13.50 UEG
SIDE-LUURING ARNGLE = 1Zv50 DEG

OROTT FARAMETERS

FERTAPSTS ALT S TOT0, UT KA

- ORBTT FPERIUD = 14,0 AR

T T T PERIEPRISTLETITYOE D 22, T BEG
ORBIT INCL = 25.00 UEE
TTHE TWTERVAL

" BgTHEkN PICTUREY = 72,50 SEC
- T INTT TALT POTRY TAYTTUDE = 23.25% DEG
_IWITIAL PUINT LUNGITUDE = 80.00 DEg

CUHMPUTED ORBIT FPARAMETERS
APDAFSIS HADJUS = 25694,38 KM
TPEALAPYIS RAULUS BT 7T A48, 00 kET T T T
TRUE AwmUMALY .
OF INETIAL FOTWT 57777 "7"311 750 "heg™" -
ORRI| BULENMTHIGITY = «HBEL
TUTTOYRUE TAWBTACY T T e e

JOF ASCENDING Nuuk = 242,42 DFG
LONGITuDE OF .
ASCEMD Invu mOLE &7 777, 14788 DEG
OKBIT Perivb = 14.0090 HK

INTERPOLATIUG TaBLE T T

" TIME TR ANGN™ © "ECT “ANOM
" TTTTYTTROMTYT omiyg TR, ep T
238.39 5,61 9.99
T 454,05 R T - R O (¥
655,96 9.96 6,14
445,18 6,13 T s.p2
1036.48 6.41 6,29
"""" 1225.25° TTUTUTELRgT TNy
T 1419.63 6,66  _ b.4b
16264,75 7 0.83 6,52
1846 ,p1 N T 6,01
2093.54 /.18 6,09

2375.04 7,36 6,/8
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TABLE VI. {(Continued) "

2705,14 fo3 o 88
3103.39 L.74 5,99
3597.6H ’.88 7ol
———Appop2 805 7,45 ..
505y.18 d,23 7.41
6176.41 e B 40 759
7718.74 . €.bB 7.81
9859,75 4,75 - .06
12811.7% 8,93 8,36
——— . A8732.70 ¥.10 8,/0
21607.69 ¥.208 ?.08
. 27031.4848 .45 9,49
324350.142 5,03 9.88
. __$6989.57 %, 10 19.26
40586.16 §,97 10.59
43273.49 14,15 10.87
v 45313.12 10,82 11.43
~ _ 4661D.54 14.%0 11.484
474631 .46 18,67 ¢ 14.49
48464,02 10,45 11.64
44974%.10 1L.u2 11./77
49440 ,99 1i.24¢ 1).489
459816, 35 11,47 12.00
_b0150.186 11.55 12,09
PHOTQ FORMAT DATA
{LAI] IUDE)
(LONG 1 [UDET '
TRUE TTHE ALT AZLF FOTo FGTD UT R LF CwR BUT LW A UFR TOF
ANOH SEC KH LEE GFR CIR LB 5 lDk Lh R SLDE HH
LAT LUnG
DEG PEG
1 3141 .50 U 1698,14 79,57 23.25 60,00 24.82 28, /4 22,34 15.3 '6.41 u,28 ?.006 17.84
BT 3T 79,50 7E. 83 7379 TA.Ey  82.75 91,04 6B8.82
2 314,42 72.50 1610,24 Bo,58 23,70 §2,85 39.28 ar, 44 3Jb.48  2B.5Z 22,006 23023 24,0/ 50,80
89,78 BULUS /0.%5 73.99 76,43 92,93 87,94 6y 67
3 317,44 145,00 1526,58 a2.47 24.10 Bh, B4 25.21 24,54 23,60 17.26 9,342 10,67 11.0% 18,91
92.50 85,77 7913 79,85 B0.d&3 87783 95,06 ¥3.52
4 320,58 227.50 5447,54 84.08 24,43  BE.96 37.96 8714 36,38 29,15 24,27 24,01  24.4/ 30,50
X 55,94 §7.31 78.76 BIZ3 97T BV U1 U5, 30 v5, 44
£l 323,81 290,00 1373,72 85,45 24,70 92.21 25.41 22,148 24.9/ i4.86 11.E4 12,66 L1e.7b 19,71
98,26 92,17 66,15 86,44 CLYER] 93,14 9v,81 98,86
_ & 327,34 362,50 1305,52 87.33 24.89 $5.57 30,64 36,40 39.9¢ 29.50 24,14 24,30 24,483 S0.04
102,57 LR H grey sg.90 89,86 ¥5.,59 101,35 141,74
_5 7 330,56 _435.0u 124331, 89,06 _24.99__ 99.05 _ _25.34_ _2%,95 25.1/ 20,01 _ 13,45 14.14 34,95 20,38
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TABLE VI, (Continued)

104.55  v¥,04 93,53 934¥ U3.4é2. 9I9.23 105,25 104,78

8 334,07 507.50 1187,39  90.83 24,99 402.63 35.24 35,32 35.42 29.52 24.63 24,64 24,47 29,36
. YO0¥.EZ 101 95,9V V6.8V ¥/.0% 102.52 “107.85 1u0d.5%,

9 337,66 580,00 1138.1%F 92,83 24,89 106.29 24.94 25,23 25.3%  26.60 15.09p 15.02 14.55 20,22

; RS IS TUET IO YU IUULSE I09CES T IIYL30 ILTL 24

10 . 341,32 652250 1096,06 94,45 24.68 110.03 33,72 34,14 34.58 29 .45 Ra.67 24.36 25,94 28,40
117,05 " T10,9F 1i04.7% 10508 I05.%9 10,08 134.78 115,68

11 345,05 .725.00 1061,24 96,27 24.36 113,82 24,14 24,47 25,06 20,71 15.54  15.23 14,52  19.76
115,48 113,85 10940 I0B.59 1U7.67 1178 117,83 .Ii5.1t

12 348,83 797.50 10%4,06  98.07  23.92 117.64 32 03 $2,75  33,4Y  2B.40 24.12 23.61 22.97 27.12
123.74 711912 113,38 113,92 113170 13757 127,08 123,15

13 352,65 870,00 1014,71 9% .85 23.56 121.47 22.91 29,66 24.3¢ 20.19‘ 15,31 14.73 13,79 18,75
125786 121,52 117.1% 136,29 115.09 119-93 128.68 125,25

14 356,50 942.50 1003,38 101.58 22,70 125,29 30.17 34,16 32.18  27.2/ 24.1b 22.41 21,54 25.51
13280 12791 12190 12148 120,55 125.23 12v.4% 130,77

18 360,36 1015.00 1000,94 193.25 21.92 129.09 21.24 22,21 23.049 19.0Y 14,36 13.52 12,44 17.1%
133,38 12¥,16 124,93 123,78 122.37 127.06 181,36 152,40

16 364,22 3087,50 1004,84 104,85 29,05 132.83  26.16 29,41  $0.71  25.88 21.74  20.76 1%.68 23,58
14¢.4Y 130,37 130,20 129+09 1RB.57 182.75 146,87 136,41

17 368,06 $160.00 1017,71 156,37 20.09 146.51 19.18 20,48 21,48 17.48 12,75 11.65 L0.212 15.10
140.78 156,80 132,31 131,07 1&V.80 133.99 16,37 1av,67

18 371,88 1232,5y 1048,54 1p7.79 19.65 140511 26.03 2796 29,1/ 24.15 AYe%/ 14.75 17.44 21439
1357328 143,79 138,02 136.04 147.E0 140,01 149,16 145,93

19 375,65 1305,00 1067,16 109.11 17.94 143.62 16.79 18,85 19.59 1b .4/ 1.0y 9419 /.46 12+56
147,94 148,78 ~ 139749 13/ 78 135,73 140.57 149,27 16,63

B8 379,37 1377,50 2103,85 110,34 16,77 147,02 23.86  20,J0  2/.85 22,35 1/.%0 26,46 14,89 19,01
192,98 150,67 TI49037 143,86 192.55  146.50 TISITIETISTL I

21 383,02 1450.00 1146,85 111.46 15.56 150.32 14.16 12,88 17.b¢ 13,16 LY .2/ #,148 Y.66
154,85 TI50,34 145.97 14399 131,54 [A5.67 5187 153529

.—22 386,59 1522.5v 1197,31 112.48 14,32 158.49  21.72 24,51 26,30 20.51 1%./8  14.00 12,12 16458

164,44 17,88 152721 150+33 148.75 153,35 “I57. 80 166,255
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TABLE VI, (Concluded)
23 390,09 1595.00 1254,44 113.40 13,06 1%6.55 13.37 14,41 i>.36 10.6/ 5,04 2.¢8 Ao b,4Y%
161 41 156,71 151.58 149.60 146,88 152,22 157,57 1%9.5/
_.24___ 393,49 1667 50 133/.81 114,82  12'80 . 15%.48 19,70 2%,/ 22.0¥_  A8.7¢_ 1S5 AL.ds. 2,24 14,62
170.6% 1od,b8 1b8.52 196.28 499.d/ 19%,83 1led.21 106,94
25 356,60 2740.00 13&7,04 114,.Sb_ 10.bd  162.8%  8.52 10,54 A8.el  8.0¥  _Ll.¥e_ -#.B6 | .53, dads
167 59 162,49 157.41 194.59 151,10 1»7.20 164.0/ lob.44
__ k6 _ _4po,ni 1812,50 1464,81 115,60 ¢.27 16b.p2_ 1/ 8b _2w.4b 24,2y 1/.06 11,4/ 4,88 6,31  11.56
177,62 170,95 164.45 161.67 159,48 1od.83 1/U.1s 1/3.329
_ 27 _ 403,12 18985.00 _1541,68 136,16 8,03 167.43 2.68 9,44 3%.14% .51 .ot.8/  _-3.27  _-7.824  n0.26
173,40 167,81 162.15 498.97 4924.t0 161.61 16B.18 1/0.91
2B 406,18 1957,50 162,11 _116,€b 6,81 1/0,089 16 2% 1¥,&69 259.64 1,28 Y26 6,38 3,41 .21 .
184 34 1/6,%4 169.6p 166.54 168,59 10%.87 175.72 17%.d4,
29 409,03 2030.00 31714,%4 4a7.08 .62 172.46 2 9u 6,0/ 9.18 2.98  =4,69 -b,08 -12,28 -48.79
176 8b 1/2,89 166,47 102.82 197,61 109:86 17/2./0 1/6.08
S0 411,84 2102,50 1807,74 117.44 4,45 1/4,72 14 92 ad,b8 25,4/ 14,30 /ey d.94 5y 7,02 _
169G 86 1u2,58 1/4.51 1/0.98 167,55 1/74.46 1d0.%¥4 184,99 -
~ *[OTAL 3200 GPU 1lME 0,029 HOLRS, I10FAL OPErATING EXcENSE % 4,91 ~»
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PRECEDING PAGE BLANK NOT FILMED.

APPENDIX A

Nomenclature

This list of nomenclature combines mathematical nomenclature and
Fortran variables and is arranged in terms of Fortran variables in order of

appearance,

MAIN PROGRAM { PHOTO)

FORTRAN MATH ‘
: EANING
NAME SYMBOL MEANIN
LAT L Latitude of a point defining picture

outline; math symbol L applies to
latitude in general.

LONG S Longitude of a point defining picture
outline; math symbol © applies to
longitude in general.

oM w See Figure 4.

BOM 2 See Figure 4.

MARK none Labelling variable used to label data
where planet limb is seen.

N none Counter for case numbers.

INV none Set = -1, causes XF@RM to execuie
universe transform.

NQ none Not used.

NCASE none Number of cases to be run.

‘MODE none Type of case (see input instructions) .

NPIC none Number of pictures to be analyzed.

44



FORTRAN MATH

NAME SYMBOL MEANING

KSCA none See input instructions.

KORB none See input instructions,

NMARK none - When > 0, calls for point of format
statement #137.

IMARK none Labelling variable - 4 blanks.

KMARK . none Labelling variable — 2 blanks and 2
asterisks.

I T

RM Ry See comment in listing,

XMU By See comment in listing.

SPIN wa See comment in listing.

PALFA o View half-angle; see Figure 4

PGAMMA | v View hali-angle; see Figure 4.

PSLA B Side-looking angle; see Figure 4.

{ALFA; GAMMA; SLA are above converted to radius, )

NTIME none Counter for number of pictures analyzed
HP ]:1p Periapsis altitude

HA ha . Apoapsis altitude,

PER P Orbit period.

PLAT Lp Deriapsis latitude

o1 i Orbit inclination.
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FORTRAN MATH '
MEA
NAME SYMBOL NING

DTPIC ét . Time increment between pictures.
XIPLAT LI Initial point latitude.

XIPLNG GI Initial point longitude,

H h Altitude.

CLAT L Latitude at which picture is taken.
CL@NG O Longitude at which picture is taken.
AZM g Ground track azimuth.

TA 8 True anomaly.

Q @ Angle in latitude from north pole,
ISLA none Indicator used to select proper set of

equations for computing w.

(XA, TSLA, TG, SAB1, SAB2, TASLA, TZSLA are interim variables used in
calculating angles w and 2.)

R Same as RM

Qo Qs @ Qg @1, G See Figure 5.
SINX sin § See Figure 6.
COSC cos goi See Figure 6.
SINC sin qoi See Figure 6.
C gai See Figure 6,
COsX cos £ See Figure 6.

46



FORTRAN
NAME

TABTA

TABT
X
XD

DTANP

TAN
DTAIPN
TATP
ECC

A

DIP

XLN
EA

R

XLONG, XLAT
VP

AR

DTHDT

*Not corrected for planet rotation,

SUBROUTINE
ORBIT

8.
J

At

dxi /dt

Aby

90 /0t

MEANING

Array of true anomaly for interpolation
table.

Array of time for inferpolation table.
Cartesian coordinates,
Cartesian components of velocity.

True anomaly from ascending node
io periapsis.

True anomaly of node.

True anomaly from initial point to node.
True anomaly of initial point

Orbit eccentricity

Semimajor axis

Longitude™ distance from initial point
to node.

Longitude® of node.

Eccentric anomaly

Radius from planet center to spacecraft.
Longitude® and latitude of spacecraft.
Spacecraft perigee velocity.

Spacecraft angular rate.
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FORTRAN SUBROUTINE

NAME ORBIT MEANING
DIDT 9L/8t -—
XLONGZ e Longitude with planet rotation correction

included,
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APPENDIX B

Fortran Printout

c -3200 "FORTRAN (2,4.03/(RTS)

PROGRAM PHOTO
REAL LAT,LONG .
. DIMENSION LAT(5),LONG{B),0H¢(8),B04(8),MARK(G)
ET] B
Inve-1 - -
. NOQ=0
1100 FORMAT (1H1;40! S8HORBITAL PHGTOINAGING COVERAGE' ANALYSIS //)
READ (60,9107 NGASE

9% READ (60,510) MODE,NPIC,KSLA,KORB i
510 FORMAT (4127 .
NMARKRO -
IHARK=EUGUEUGUE

KMARK=60605454B
FI=d, 1415926

fM=3378, . .
XHU=42978, =
SPIN= 0,0040612%P]/7180, )
C CONSTAMTS ARE RM e MARS RADTIUS [N KH, XMU « MARS GRAVITATIONAL
[ CONSTANT IN KM3/SECZa SPIN - MARS AXIAL ROTATION RATE IN RAD/SEC,
N=N+1 :

WRITE (6151100

WRITE (61s134) N
114 FORMAT (1HD,55X,4HCASE, 13, //30X:10HINBUT BATA///l

READ (60,12) PALFA,PGAMMA,PSLA
C ALL ANGLES ARE READ AND PRINTED IN DEGREES: BUT CDNVERTED INTER~-

c NALLY TO HAUTANS
WRITE (61,511) PALFA,PGAMMA,PSLA

511 FORMAT (1HO0,30X,17HCANERA PARAMETERS;//10X131HVIEN HALF=-ANGLGES, TH
1ANSVERSE = F10,2,6H .LEG, ,15HFORE-AND=AFT ® F1D,2:4H DEG/10X,21HS]

20E~LUOKING ﬂﬁLLE = Fill.2:4H DEG }
ALFA=PALFA/1B0,wP]

GAMHARPGEAMMA/L180,+*P]
SLA=PELA/180,%P]

NTIHE=D .
1F (MODE) 212,112,132
G BRANCH TO SWATH ANALYSIS (112) OR SINGLE«FIGTURE ANALYRTS (1320,
112 READ (80,2) HP,HA,PER,PLAT, OlnDTPIU:XIFLATaXlPLNG

2 FORMAT (8F10,07
WRITE (61,1103}

1305 FORMAT IHF 7733X:IEFURBI| FARAHETERS ]
IF (PER) 115,115,116

115 HWRITE (61a117) HP,HA i
117 FORHMAT (10X, 16HPERIAFSIS ALT = F1272,3H KM,//L0X,15HAPOAPSIS ALT =

1 F12.2,3H KNM/)
~ GO0 TO 118

116 WRITE (61,119) HP,PER -
119 FORMAT (10X, 16HPERIAFSIS ALT = F1212,3H KMa//10X,29HORBIT PERIOD =

1 F12.2,3H HA/)
118 WRITE €61,120) PLAT,CI,DTPIC,XIPLAT,XIPLNG
120 FORMAT (10X,24RPERTAP LATITUDE = F12,2, )
1L = F12,254H DEG,/10%,13HTIME INTERVAL/1ux.19Ha&TuEEn PICTURE& = F
212.2,4H SEC,730X, 25HINITIAL POINT LATITUDE 2 F32:1239F BEG, 710X 26H
JINITIAL POINT LONGITUDE = F12,2i4H DEGY.
PER=PER*3600, ; T
PLAT=PLAT/180,»P}
01m01/180,#*P1 :
XIPLATEXIPLAT/180,+P] -
XIPLNGERIFLNG/1B0 , %P1 :
TASFLOAT(KORB} i
¢ Th 1S USED WERE TO SIGNAL ORETT WHETHER FEFTTFSTB‘TS‘tEES'THIWﬂmT




APPENDIX B



GRE DiNG NODE, -

CALL ORBI1 (HP,HA,PER,PLAT,01,DTPIC,XIPLAT)XIPLNG,H,CLAT,CLONG,
1 A2, FT,0,Ré, XM, SPIN, TA,DBTHME)

c AT THIS POIAT ORBIT COMPUTES ORBIT PARAMETERS.
wRITE (e1,3102)

1102 +O0RMAT (3HO, //40%,17FPHOTO FORMAT DATA //70X.A0R(LATITUDE)},/70X,11
1H(LONGTTUDE) /)

WIle (61,1101)
1104 _f0onrmAT (72X, 4HIR 4¥,4H 4HA 14X QHFE 4%, 4HFOT0

1,5%,3HUPR, 6X,2HLH,5X , 3HL.HR, 5%, 3HBOT, %X, 3HLWR, 86X, 2HRH,5X, 3HUPR,5X, §
2rTUP, /7X, 4HANOM,SX. SESEC, 65X, 2HKM, 5%, SHNEG, SX, SHCTR 5 X, JHCTRS 66X, 2HL

3k, 4K, AHSILE, 6X, 2HLE, 14X, 2HRH:4X:4HSIBE 6X,2HRH: 740X, SHLAT,4X,4HLON
4, /40X, SHOEE ,uX, 3HEEE/)

113 AT!HE—M]IﬂE+1
CaLl OURBIT (HP,HA,PER,PLAT,01.DTPIC, XIPLAT,XIPLNG,H,CLAT,CLONG,

1 AZM P, NTINE,RM, XMU,SPIN, TA.DTIME)

C AT THIS PUIAT ORBIT LEFERMINES LOCATION AT WHICH INUIVIDUAL
c PICTURE 18 TAKEWN,
50 79 123

132 «RITE (61,1102)
wRITE (61,1101)

1149 AkAD {&0,12) H,PCLAT,PCLONG,PAZN
ATIHE=NTIME+L

12 FORMAL (7F10,.0)
CLAT=PELAT/180., %P}

CLUNG=PCLUNW /188, »P]
AZHSPAZN/18U0.%P]

[Sl.a=1
BU _JO 125

c FURM HERE T2 eNU IS ANALYSIS OF PLCTURE GEOMETRY,
123 IF (KSLAY 174,124,125

124 IF (NT]HE=1) 125,125,127
127 =LA=-SLA

125 u=PJ/Z.,~CLAT
1F_(SLA) 21,22,27

21 [SLA==1
GO 7O 23

22 [SLA=U
GO 70 23

27 18La=1

23 XLazAdS(SLA)
TSLA=SINCSLAYZEQS5(SLA)

BGEERYER
TE=SIN(GAMMAY/COS(CGAFMA)

SAGLI=SINCALF A+5LA)
SACZ2=SINCALF AmSLA)

TASLASHABL /C00(SLA+ALFA)
TZ351.A=548B2/G0S{ALFA~SLA)

IF (ISLA.EG,03 30,31
S <0=FPIl/2,

ug TV 32
3% OD=ATAN{TG/»IN(XLA)Y)

32 GL=AFAN(TE*COS(ALFA)/SIN(ALFA+XLAY)
HE=ATAN(TGE*COS(ALFAY/SINCALFA-XLAY)

[F (I3LA) 24,24,2¢
26 IF (XLA,GT.ALFA) 60,61

6n ur(1)=R1/2.+0E
CHML2)=R1 /2.
Uri{ ISP/ 2,02
a0 [J &2

61 aM{1)1=1,3«P1-0U7




urit23s1,5=pP!
GU{3IRLo%P|+u?

62 UM(4)%P]1/72,=20
UM(D)=PI/2.=01
dlp)=P1/2.
dM(/)2P1/ 2, +31

T UMiB)=P]/2.+00

o fO 25

24 UM(1)51,5%P eyl
eM(2)=1,5*P!
UM(3)=1,5%P1+Q1
OHM{AI=1,5%P 1 50
IF {XLA,GT.ALFA) 63:£4

63 CM(DI=L, baPl+dd
UM(6)=1,5%P]

(7351 ,5%71~02
s TO 65

864 GCM(B)=pPl/e.nd2
oMt 63=PI/2,.

UHMI7J=PI/2.+U2

65 uUmM(dI=1,5%P]-~40

25 d0(1I=ABECATANCTZSLA/SIN(ON(1Y) )}
BOM(2)SARS(ALFARSLA)

tOM(3Y=BON (1)
BON(4)=ABS (ATAN(TSLA/SIN(OM(4))))

IF (ISLA.EQ,D0) 28,29 -
28 BOM{4)=GANMA

29 bOUM(B)=ABS{ATAN{TASLA/S]N(OM(E))))
BOM(6)=nBE{ALFA+ELAY}

EOF (/) =BON{?)
BOH(8)=BOM{4)

Lo 20 [s1,8
SIhX=(ReH) /RSINCBON{I})

IF (SINX.6T,1,) 50,51
50 COBC=R/(R+=H)

FARKCL Y =1lHARK
hMARKE1

SINC=ODRT (1, ~COSCr+2)
L=ATAN(SINC/COSC)

GO TU B2
54 rakn(f)sIinank

COLX=oRRT (L »S[nX*»el}
C=AdS{aTAR(SINX/COSX))

CEL=BUNML L)
52 215= ¢

L2==ALN
CALL UOOFL (C,0Mt1),R,CLONG,21,22,INV,PL)

LAl (IV=(Plrse, nCiw1ED, /P]
20 LOMGCLISONCIY=186,/P1

FGLONG=CLOML*1EE. /P]
FCLATSLLAT*L30,/P]

FRAZM=AZM*1BU ,/F]
FThsTA*160./F]

WRITE {(61,40) NTIME,FTAyDTIME,H,PAZM, PCLAT,PCLONG, (LAT([},151,0a]
WRITE(61,41) (LONG(]),1=1,8)

WRITE (61,42) (MARK(I).I=21,8)
42 FORMAT (52X,B{2X,Ad4,2X)/)

40 FORMAT (1X,12,1X%,14FE.2}
41 FORMAT (52X,6F8,2 ) '

_ IF (NPIC-NTIMEY} 130,130,131
13% IF (MODE ) 113,113,111

130 IF (NMARK) 136,136,135




135

137
i3a&

wi1TE (61,137)
FORMAT (1ho,10X,25H%+ LIMB OF PLANET [N VIEW-)
1F (N,FE,NCASE) 44, 9%

44

STOP
EnD

3200 FORTHAN DIAGNCSTIC RESUI TS - FOR PHOTO

NG ERRORS

53



54

3208 _FORTRAN (2,1,03/(RTS}) LA 4

SUMROUTINE uRAIT (HP,HA,PER,PLAT, 0T, BTPIC,XIPLAT,XIPLnG,H,XLA T, XLY

INGZ,AZMa PLanTLHE, RM, XMU,SPIN, TA,DVIME)
FIKST PART CF THIS SLBROUTINE {122 T0 121) COMPUTES anD PRINTS

GRA1 | PARAMETERS AND SETS UP INTERPOLATION TABLE, JT 19 CGALLED
ONLY UNGE FUR EACH CASE, SECOND PART COMPUTES SPACEGRAFT LUOCATION

oot

FOR EaCH PILTURE, [S CALLED ONCE FOR EAGH PICTURE, EXCEPT NOUIE
TH1S SUBRUUTINE NOT LSED FOR SINGLE PICTURE ANALYSIS.

GIMENSION TABTACS7 I, TABT(373,X03) ,XD{3)
IF (NTIME,GT,0) 121,122

ig22

51Nx=a1ﬁ<PLAT)/SLN<UI)
Y=SURT{i.*SINXv*%2)

TTANPEATANCS INR7 ¥}
IF (TA,GT,0,5) 50,51

50
1

BTANPEF]~DTANF
TANR2,»PI-DTANP

SINK=S INCRIPLATI/ZSINTUT]
YzSART (1. =SINX*#2}

CTATPN=ETANISINX/Y)
TAIP=TAN+DTAIPN

IF {PER} &,34,4
RA=RM+HA

HR=RII+HP
A=(RASRP}/2,

ECCaHA/A-DL,
PER=(A/AMY*=(1,/3,))**1,5*2,%P]

60 TO 5
AS{PER*SURT{XmU}/{2*P1}Y**{2,/3,)

RESKt«HP
HA=Z . *rAwRP

eCLu=1,~RP/A
TAHTA(1)=TAIP

CUS0IP=CUS(TAN~TAIP}/7COSTXTIPLAT)
§1HD1P=SAHRT(1,~COSCIPw+2)

DIP=ATAN(SINUEP/COUSDIP)
IF ({TAN-TAIP}.LT,0.,) 15,16

15
16

CIP==bip
XLNsXIPLNG+UIP

PTAIPaTAIP»180./P]
PTANSTANYLIEB0,/P]

PYLN=XLN=180,/P]
XPER=PER/ 4600,

WRITE (61,221} RA,RP,PTAIP,ECC,PTAN
WRITE (61,225} PXLN,XPER

221

FORMAT (1H0,20X,25HCCHMPUTED ORBIT PARAMETERS,//LUX,1EHAPOAPSIS RAD
1IUS = F12,2,3H KM, /L0X.19HPERIAPSLS RADIUS = Fi2.2,3k KH/10X,12HTR

DUE ANUMALY 4,/10X,19HCF INLTIAL FOINT 8 F12,2s40 DEB)/L0Xs 2ARURBILT
JECCENTRICITY 5 F12.4/10X;12HTRUE ANOHALY;/10X12UHUF ASCENDING NUDE

225

4 = F1l2,2,4H DEG/)
FORMAT (10X, 12HLONGITUDE OF/ 10X,17HASCENDING MODE = Fi2.2.4F DEG

1, /10X 15H0RETT PERTOL = F12.4,3H HR 77
TABT(1)=0,

224

WRITE (61,224)
FORMAT (1HB,2X,19RINTERPOLATION TABLE ,//9%X,4HTIME.7X,7HTR AhOM,BX

i, BHECC ANOH /)
Bo_10 I=1,36

THIS D0 LUOP SETS UP TABLE OF TA VS TIME FOR ONE GOMFLEIE ORELT

[
4

FROM INITIAL POINT. VALUES OF Ta LARGER THAN 2 Pl AKE USED TU

C

UBTAIN STNPL 0N caLiy CREAS NG LA SHIM,

. COSEAS(ECC+COS(TABTALIN) I/ {1, +ECC*XCOS{TABTA{I)) )}

SINEAESORT(1.COSEA*+2)


http:HA=2.*A.RP

FAZAYAM(S[NRA/COSEA)

TX=TABTAL])
IF (TAMTALL) .BT ,2,*FP1) 84,85

84
8%

TX=TABTA( )Y =2y*P]

IF (EA.GT,0,. AMUTX, CT.P]) 9,81

Ea=Z ,*PI-EA
G0 JO &

g1

IF (EA.LT.0,,AND,TX,LT.P}) 6,72

FA=EA+P]

71

GO TO 8

IF (EA.LT.0,,AND,TX.CT.PI} 7,8

EA=P]-EA
IF ¢TaBTACI),GT,2,«P]) 82,83

82
83

EAREA+2 ,+P]
IF ¢1-3) 34,12,31

12
14

EAX=EA

TABT(l)=(A/xMUw*l], /3,3 ) 4wl Ba(EAECENSIN(EAIEAX+ECC*SIN(EAXY)

222

WRITE (61,222) TABT(I).TABTA(I),EA

FORMAT(EX,3F12,2}

io

TABTA(I+1)=TABTAL]Y+F] /18,
GU T0 223

121

OTIME=FLOAT(NTIME=1}*DTPIC
GO_102 K=1,46

101

IF ¢DTIME~TABT(K)) 103,103,101

COMTINUE

193
164

IF (K=~2) 104,104,105
J=1

108

GO TO 110
IF (K-35) 106,107,107

187

+=33 .
GO FU 410

195
118

NEFE

Call, NEWT (3 ,DTIME,TABT(J),TABT(J*1), TABT(J+22,TABT( J+33, TABTA(JI),

LITasTACI+L), TABTACJ+2), TABTACI+3), TA, XINGRLND)
MEWT INTERPULATES TAELE TO GET TA,

XINGRL AND ND ARE DUMMY VAR~

fapLES, MOT USED,

hzax(l, nECCx*2)/(1,.+ECC=xCOSCTA)]

F=d=RE

EEGIN CUMPUIATION OF LATITULE AND LONGITUDE,

X(1)=005(Ta)
X{z)=2In(Tn}

x(3)=0,
CALE XFOQRMZ{X, TAN,CI,XLN)

XLUONGSATANCXCZ2)/X{(1))
IF (Xt1).LT7,0,) 202,203

) XLUNG=XLONG+FP]

GO TO 204

TP TX2y.LT,0,) 205,204
XLUNGEXLONG+2,*P ]

COSLAT=X(S)
IF {X{3).E@,0,) 240,241

XLAT=0,
G0 TO 242

SINLAT=SART(L,=COSLAT»*2}
XLAT=ATAN{(SIMNLAT/CASLAT) .

IF (X(3}.LT,0,) 206,207
XLAT=XLAT=+PI

XLAT=Pl/2,-XLATY
BEGIN CDMPUTATION OF AZIMUTH,

? VP=SQOHT (XMUX{EGC+1,)/RP]

AREYP/Ra*2wriP

XRCL)ZART(=SEN(TA) ) i

58


http:1[A8TA(J+1),TA8TA(J'2),TABTACJ3),TAXINGRL.ND
http:EA.LT.O,,AND.TX.LT.PI

XD(2)=AR*COS{TA)

Xprai=e,
CALL XFORM2 (XD, TAN,C[,XLN)

DTHETR (XL XD 2 nX (ZT¥XD(1 )Y /(X (L) ** 2+ X (1% *2) 5P [N

BLOT= XD($)/SRARTI1,~X{3)*%2)

AZM=ATANCUTHDT /DL DT*COS{XLAT))
IF (DLDT#COS{XLAT).LT,0,} 232,233

232

AZM=AZM+P]
GO TO 234

233
2358

IF (DTHDT.LT,0,) 235,234
AZMEAZM+2, *P [

234

XLUNGZeXLUONGeUT [ME=SFIN
IF (XLONGZ2.GE,2,*PI) 226,223

226
223

XLONGZsXLUNGEZ2n2Z , vPL
RETURN

END

3200 FORTHaN pTAGNCSTIC RESULTS - FUR

ORBIT

ND EHRORS

LOAD, 586
HUN, 1O

06



3200 FUORTRAN

(2,1.U)/{RTS)

SULRUIT jeelyr AFUPNE Lxa TANSUT P

Pl oM MO, al8,3),0038,3),0(3,3),0(3,3).E¢3,8),XPR(3})

Wt 1 Ll=1,98
Py =g.,

vu 1 J=3,9
Al )Fe ], =G0, )=, JY=E0],J0=0,

i, )=l Ll=U3,3)51
he1,10=3(2,2)SCLUS(TAM)

01 ,2)=00iN( ) AM)
e, ,3)z=n(l,r)

((7,2)=0(3,8)=C0S5(-001)
L{x,38)=5iN(~11])

(Lo, 2)=-0{2,3)
(2,20 up(2,2)=C0us(~ulf)

LA, 25 liv{="1F)
Li{F,i)=-k{1,2}

CaLL #AmPY3 (Cabsk)
LAt P Yd {LaisA)

L 9 u=l,9
v 3 Exl,d

Bt () =YER L)+ (D) xalJs )
L) 8 I=1,9

XOI)=XRrR(1)
hiz | Yhad

M

o208 FUHTRAN DIAGNCSTIC RESULTS = FOR

XFoRMe-

ND ERROFS

57



3260 FORIRAM (Z2,L,0)/(RTE}

SURRUMTLINE NEwT (NaX X0, R, K42, %3 FUF1sF2,FdF s xIntnk Uiy )
Fis(rt=F3y/(x0-¥11
L=3
P (%) #,b0,5
7 L=-1
A=y
Asku
h=x

an

IF (X-%0) 13,12,18
j7? A=X]

g=x{
13 FeFy+{X-%0)*F01

If (L) 4,4,4u
4 Xi+GrL=F03

Gu fJ 44
40 X1 JGRLSFOB*(H-A)+F 012 (d*d/2, ~AxA/2, - XTx(H-A))

44 IF (n=2) $,11,11
11 Fi2s(reeFa)/(X2-X1)

FOLZ2=(FuU1-FL2)}/(XG-2r2)
Faf+(X-%0)+{¥-%1)+Fyl2

IF (L) 5,5,50
5 AlognLzR INGAL+ (2, #»X-{Xa+X1))*Fn312

GO T4 &5
50 Xinuclex {hGHLF{((BrxS=Ax*3) /35, - (Bx3/2, =AxA/2 , Je (X U+XL)+(=n)vXUxX1)
1+Fule

55 Ir (N-3) 3,21,21

21 F23=(F3-F2)/(X3-%X2)
Fi26=(F12~-F28) /(X1-4X4)

FO143=(F012~=F125)/(Xx0-%XJ}
Fofa(X=-¥0)e{(XaX ) o (X=X2)oF Q124

Ir (L) &6,6,50 -
A XINGRL =R INGAL + {3, *X* =2  H A (M Pa X1 +HD) + XA+ XPrXPHLEeXPI*F 304

ty U &
60 xinuri=xiwtige +({32%4-Axxd3 /4 ~(Bawd-bixd} /S, 2 {hu+X1+22)+(Br/2 +h+

1A/ IR0 X1+ XD X2+ X1 x A2 = (B-A) #XUaXi*X2)wF 223
3 RETUKN

£y

3200 FORTRAN DIAGNCSIIC RESULIS - FUR  NgwT

N0 ERRORS




S2010  FIRTQA  (2.1.00/7(02)

G LU E I RE G Iehigy) (Rl Az TA L BB S, K0, ¥, 2 )
L ROl Ajuwl)

XC1)= SIN(PdL)Y=one T4 Ty
L)z SINC2i1)rS[oncl TV}

T YERREDEIEEE
BanJsUrinig, A= A, J2A2 L4

GALL AkFdsd (L, 3).«0 L, 18
CAbl=X(3)

3. P LIS (]L -J)3~H [ ex2)
Fal=alan(Si 41 /2350 1)

THETARATANI((2) /7 <{L1})
10 daldy. o) 2,48

2 tAciAsTq=lAr’y
dd T L2
S b (U 23.tiy0.) 2,12
S {dcfA=IdglA+2, x|
12 5. 1= 023/ 3T 4)
e iddndd L a0 AN ol NPALL BT DY 7,3
7 fvil=2owd (=]
sJd i) 5
o [r (CJSPRE LT AN SN m] L] ,3.) 9,18
¥ rdizPi=2nl

3 121 4

18 1k (Cuafhl. b, 8 . atvIo0.30,8.) 11,4

11 ~al=2%1-pH1

A A gy -
L= P 1

$209 rDalRay LIAGACSTIT ReSULIS - FOR COORD

NO ERRORS

LOAD.5S
RUN,10

59



60

3200 FORTRAN (2.1.U)/7{(RTS)

SUSRUUTINE XKFORHM (X, ETGO,XT.0, [NV)
LIMENSIDON %(3),XPR(5),A(3,3),8(3,3),0(3,3}-0(3:8)5E(8,3)

Lo 1‘l=1r6
LG 1 J=1,3

AT, Ji =0, 0)=0(T,e)2D0],JdY2E(] . J2=0.
L¢i,1)=0¢2,2)=COS(BIC0)

L{1,2)=SIN(slwd)
LiZ,1)=-b(1,2)

L(e,3)=Cle,2)=B(3,31=1.
C(},13=C(4,$23005(x])

Cel,3)=5IN(X])
C(3,1)==0(1,3)

B(1,1)=B(Z2.2)}=C0S(C)
B(1,2)=8IN(0)

EC(2,1)=-8(1,2)
CaLL mMePY3 (C.D,E)

CALL MHpPYS (B,E,A)
Ll 4 1=1,3

L 4 Jz=1,3
E(l,d)=h{d, 1)

APR(L)=XPH(2)}=XPR(3)=0.
IF (Inv) $,2,2

Lo 5 v=1,3
Lo 5 1=3,3

XPROJI=XPR{JI«X{TI*xE(J, |}
GO TO &

CG 7 J=1,38
La 7 l=l’5

XPR{II=XPROJI+XC] Y *A(, [
Lo ¥ 1=1,3

X ER

X(L)=XPR(L)
RETURN

EMy

3200 FOhIRAN DIAGNCSTIC RESULTS - FOR  XFORM

NO ERRGRS

LOAD.56




S200

FUKI 3Al

(2.3.6)/ i)

sUrHGUT e MEFYS (A,E, L)
LisbERSICN A{3,3),p08,8,003,73)

TU 2 N=1,9
iu 2 L=3,d

—etrtiER,
Lu 4 m=i,d

3

CLENTRELERTFACL, MY *B (M, M)
VL, ) ZELERT

rEIUDN
ol

MY S

o200 FORTAAN HIAGAEDIIC RESULIS - FOR

N TARURS
LOAD,.56

LUAD G DELSEEL
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