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TECHNICAL MEMORANDUM X- 64680

HEAOQ STAR TRACKER SEARCH PROGRAM

I. INTRODUCTION

The High Energy Astronomy Observatory (HEAO) requires a highly
accurate and flexible control system to accommodate its scientific payload.
One of the critical elements in this system is the star tracker subsystem which
defines an accurate attitude reference about all three axes. The ability of a
particular star tracker configuration to meet the requirements for attitude ref-
erence at various vehicle orientations can best be evaluated by a star search
computer program in conjunction with an adequate star catalog. Such a pro-
gram could provide information on star availability, recognition, and occulta-
tion. This information is needed to determine tracker system characteristics -
such as number and orientation of trackers, field-of-view, sensitivity, and
gimbaled versus fixed-head trackers. The purpose of this report is to describe
a specific star search program used in the HEAO studies, discuss its -opera-
tion, and present some typical results. This particular program was:originally
adapted from a Teledyne Brown Engineering Company program and was modi-
fied to meet the specific requirements of this study.

I1. PROGRAM GENERAL DESCRIPTION

limitations, and use of the star search program developed for this study. This
program gives star availability information throughout all or a portion of a

year. It is set up for a vehicle which maintains one axis pointing at the sun and )

may rotate to any angle about this axis. This is the general pattern for HEAO,

although the HEAO sunline axis will be permitted to move off the sun by as

much as 30 degrees to allow the experiment axis to acquire a target out of
plane. The parameters of earth orbit are not considered; therefore, earth
occultation is not considered. Since one axis is held along the sunline, sun
occultation is avoided by not pointing any trackers within some cone angle of
this axis. Star pattern recognition was not attempted because present needs
did not require such information. This program was originally intended for
fixed-head star trackers. It may, however, be applied to gimbaled trackers
if a circular effective field-of-view may be assumed. All of the inputs and
outputs would pertain to the effective field-of-view, and no information would"
be gained on the instantaneous field-of-view. . - :

This section_will_be_devoted-to-a-general-description of ‘the capabilities,



The star search program is presentl;y set up for the CDC-3200 computer
(32 K core). The program can handle a catalog of 7000 stars and up to 10 star
trackers in any orientation. This is more than sufficient for a catalog of stars
of magnitude 6. 00 and brighter. If, however, a larger catalog is required, the
program could be modified to accept the catalog in batches.

At the beginning of a set of cases, the user enters the specially pre-
pared star catalog into the computer. The preparation of this catalog is
covered in detail in Appendix C. He then enters the number of trackers, pro-
gram control variables, and specification of each tracker. The program con-
trol variables consist of initial and terminating conditions, and program incre-
ment sizes. The specification of a tracker consists of the diameter of the
field-of-vew, the magnitude of the dimmest star which can be seen, and com-—
ponents of a unit vector along the look direction of the tracker given in a body-
fixed reference coordinate system. Then, the number of stars found in the
catalog and all of the inputs are printed.

The program begins at the specified initial sunline, and increments
the vehicle through a full revolution about this sunline. The direction of the
sunline is then incremented, and another revolution is performed. This con-
tinues until the specified final sunline direction is reached. At each vehicle
orientation, a search through the star catalog is performed for each tracker.
At the completion of each sun angle, the following data summarizing the results
- for this sun angle are printed:

1. Sun angle.

2. Percent fix (percent of vehicle orientations for which at least one
star was seen in two or more star trackers simultaneously) .

3. For each tracker:
a. Tracker number.

b. Percent coverage (percent of vehicle orientations for Whlch this
tracker saw at least one star).

c. Average number of stars seen per look direction.

d. Greatest number of stars seen at any one look direction.



At the completion of each case, the program prints the following data:
1. Total number of vehicle orientations.
2. Percent fix over entire case.

3. For each tracker identical data to sun angle print, but computed
over ent1re case,

At the completion of a case, the program will read the set of data for
the next case. A blank card following the data for the last case causes the
program to terminate.

Since a.star search program ‘mhefently involves a large number of com-
putations, efforts have been made to reduce computing time and make the pro-
gram reasonably efficient. A rather elaborate search-routine is used, and
subscripting is held to a minimum within the search loop,

A discussion of runs which have been made with this program is con-
tained in a later section, and some example runs are given in Appendix D.

I11. DEFINITIONS

This section will be devoted to defining the form of the star catalog,
the coordinate systems used, and the program variables.

e The star catalog is compiled into_the_required.special-form.and. . - —— __
recorded onto magnetic tape by a separate program. The entry for each star
contains right ascension, declination, and magnitude information in mteger

- form. The rules for the integer conversion are as follows:

( Star right ascension) ISTRA=50.*%( STRA-180. )
(Star declination) ISTDC=100.*STDC
(Star visual magnitude) ISTMG=100. *STMG

where STRA is given in degrees from the ascending line of nodes (0 to 360
degrees) , STDC in degrees (+90 degrees), and magnitude in its conventional
form. Converting the catalog to integer form reduces computer storage
requirements for the catalog by a factor of two. The stars are ordered in the
catalog according to increasing declination. This ordering is germane to the
search routine. Thus, the integer forms of right ascension and declination



have a range of +9000, integer magnitude -has a nominal range of -160 to +900,
and the integer declination increases monotonically through the catalog. The
details of the program which prepares the catalog, and a discussion of the
problems encountered in preparing the catalog which is presently being used
are contained in Appendix C.

At the beginning of execution of the star search program, the star catalog
is read from magnetic tape into the computer core memory. Because of core
size limitations, the catalog may contain no more than 7000 stars. If a larger
star catalog is required, the program could be modified to accept the catalog
in batches, or the program could be moved to a larger computer. Alternately,
the program could be moved to a computer which has fast access mass storage
(i.e., disk), and the program modified to perform the search directly from
mass storage rather than from core memory. At present a catalog of 4827
stars of magnitude 6. 00 and brighter is being used.

Four coordinate systems are used ( Fig, 1). A reference coordinate
system (Xr’ Yr’ Zr) is body-fixed, with Xr always pointing along the sunline,
For HEAO-C, Yr is taken to be the experiment pointing axis. The orientation

of each star tracker is specified by inputing the components of a unit vector in
the direction of the tracker in the reference coordinate system. A solar-fixed

coordinate system (XS, YS, Z'S) has XS directed from the earth to the sun in
the ecliptic plane, and ZS perpendicular to the ecliptic plane directed north-
ward. The Xr’ Yr’. Zr system rotates through an angle Gr from the Xs’ Ys,
Z system about the Xs = X axis (vehicle rotating about the sunline). An

inertial ecliptic coordinate system (X, Y, Z,) has X, directed from the earth
along the line of ascending nodes (Aries), and Z, = Z is perpendicular to the

ecliptic plane. ”The sunline XS _rotates throﬁgh an angle GS from X, about the
Z, = ZS axis. Thus, OS is a measure of the time of year from vernal equinox.
A geocentric inertial system (Xg, Yg’ Zg) has Xg = X, pointing toward Aries
with Z perpendicular to the equatorial plane in the northward direction. The
Xis Yf Z, system is rotated through an anglg ee_of 23.45 degrees from the Xg’
Yg’ .Zg system about the Xg = X, axis. Alternately, a direction in the Xg’ Yg’
Zg system may be given by right ascensipn from the Xg axis and declination

above the equatorial plane. This is the system in which the star catalog is
" given, and the system in which the star search-is carried out. -
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Figure 1. Coordinate systems.

_ Table 1 is a list of the names and definitions of variables used in the
star search program._The_dimensions-of-array-variables-are-given-within-the

subscript parentheses. In general, the variable N is used to refer to the Nth
star for the three arrays which contain'the star catalog, and M is used to .
refer to the Mth star tracker for the tracker-related variables. The Variables
are grouped into the following categories: '

1. Constants and Miscellaneous

2. Coordinate System Variables

3. Star Variables

4, Tracker Variables

5. Bookkeeping Variables



Within each group the variables are ordered in approximately the order in
which they occur in the program. The implied specification of integer and
floating point variables is followed throughout (any variable name beginning
with I, J, K, L, M, or N is an integer variable, all others are floating point) .

TABLE 1,

PROGRAM VARIABLES

Constants and Miscellaneous
PI
TOPI

DTOR
RTOD
DUM1, DUM2, DUMS3

JFLG

T, 3.1415926536

27

degree to rad1an conversion mult1—
plier, PI/180.

radian to degree conversion multi-
plier, 180./PI

dummy variables used in reading from
magnetic tape '

logic flag variable which controls step
search mode

Coordinate System Variables

THTE

‘STE, CTE

THTS

STS, CTS
PTHS

DELTS

' Oe = 23.45 degrees, angle of inclina-

tion between ecl1pt1c pla.ne and equato-
r1a1 plane

sin® , cos'f
e’ e
GS, angle from line of ascending nodes

to sunline
sinf , cos .0
S s
OS converted and saved for print

A 08, inputed sun a.ngle step size




TABLE 1.

(Continued)

Coordinate System Variables ( Concluded)

THTSF

THTR

STR, CTR

PTHR

DELTR

BS final, final value of sun angle, used

to terminate case

er, angle reference coordinate system

(body-fixed) has rotated from solar-
fixed system, measured about sunline

sin8 , cos 9
r r

Gr converted and saved for print

Aer, inputed step size for roll about

sunline

Staui Variables

NSTRS

ISTRA(7000)
ISTDC(7000)
ISTMG(7000)

N

‘NMIN, NMAX

number of stars found in catalog
integer arrays in which the star cata-~

log is stored (right ascension, decli-
nation, and magnitude)

star catalog, to specify the nth star

lower and upper bounds of N, used in
successive halving process of the

" octave search

NO
' STRA, STDC

STPJ

N , used in the step search to
zZero

retain the original value of N

right ascension and declination of a
star, converted to floating point

projection of a unit vector directed
toward a star into the Xg’ Yg plane




TABLE 1. (Continued)

Star Variables (Concluded)

STXG, STYG, STZG

DOTPR

components in Xg’ Yg’ Z coordinate

system of a unit vector directed
toward a star

dot product of a unit vector directed
toward a star with a unit vector
directed along the look direction of a
tracker

Tracker Variables

NTRKS

TRXR(10), TRYR(10),
TRZR(10)

TRMG(10)

TFOV(10)

TRVL
TRXS, TRYS, TRZS

TRX1, TRY1, TRZ1

number of star trackers for this case
(input)

components of unit vector along look
direction of mth tracker in reference
(body-fixed) coordinate system (input)

limiting magnitude of mth tracker

(input) a

diameter of field—of—view of mth
tracker (input)

subscript for all tracker-related
arrayed variables, to denote mth

tracker

computed length of inputed vector

‘along look direction of a tracker, used

to correct inputed vector to unit length

components of unit vector along look
direction of a tracker in solar-fixed
coordinate system B

components of unit vector along look
direction of a tracker in ecliptic
coordinate system




TABLE 1.

(Continued)

Tracker Variables (Concluded)

TRXG, TRYG, TRZG
TRRA, TRDC

PTRA(10), PTDC(10)

ITRRA, ITRDC, ITRMG
IRFOV

SRFOV, CRFOV

MAXDC, MINDC

DLRA

IDLRA

'MAXRA, MINRA

components of unit vector along look

- direction of a tracker in geocentric

inertial coordinate system

right ascension and declination of a
unit vector along the look direction of
a tracker

used to retain TRRA and TRDC of
each tracker for an optional print

TRRA, TRDC, and TRMG(M) con-
verted to integer form according to the
conversion rules of the star catalog

radius of the field-of-view of a tracker
converted to integer form according to
the rule IRFOV = (50.*TFOV(M))

sine, cosine of radius of field-of-view
upper and lower declination limits (in

integer form) of a spherical trapezoid
containing the field-of-view of a

-tracker-for-present-look-direction—— -—

half of the right ascension diameter of
a spherical trapezoid containing the
field-of-view of a tracker for the pres-
ent look direction

DLRA .converted to integer form
according to the rule IDLRA =
(50.* DLRA)

maximum and minimum right ascen-
sion bounds (in integer form) of a
spherical trapezoid containing the
field-of-view of a tracker for present
look direction




Bookkeeping Variables

NSEE

NSEEN (10)
NSN(10)

NSNT(10)

NGNS (10)
NGNST (10)
NLD
NLDT

RNLD, RNLDT

NLHS(10)

TABLE 1. (Continued)

number of stars seen by a tracker dur-

“- ing search for present look direction

stores the values of NSEE for each
tracker so that they are available for
optional printout

running total of number of stars each
tracker has seen during the search for
the present sunline

running total of number of stars each
tracker has seen during the entire case |

greatest number of stars each tracker
has seen at any single look direction
during the search of the present sunline

greatest number of stars each tracker
has seen at any single look direction
during the entire case

number of look directions per tracker,
or vehicle orientations, which have
been searched for the present sunline

number of vehicle orientations which
have been searched during the entire
case

NLD and NLDT converted to floating
point so that arithmetic operations
involving these variables will be per-
formed in floating point

. number of look directions each tracker

had at least one star during the search
of the present sunline

10




TABLE 1.

(Concluded)

Bookkeeping Variables (Concluded)

NLHST (10)

LFIX

NFIX
NFIXT

" AVNS(10)

: PCCOV(lO)

PCFIX

-number of vehicle orientations for.

number of look directions each tracker
had at least one star durmg the entire
case

integer variable used to determine if
a fix (two or more trackers having at

'least one star each) was obtained for

the present vehicle orientation -

number of vehicle orientations for
which a fix was obtained during the
search of the present sunl_me_

1

which a fix was obtained during ;he '
entire case

for each tracker, the average number
of stars seen per look direction dur-
ing this sunline or over the entire.
case, as applicable

for each tracker, the percent covei'—
age, or percent of look directions it

e e e —"—‘had'at‘least one star, computed for

each sunline, and again for entire
case

percent of vehicle orientations at
which a fix (two or more trackers
having at least one star each) was
obtained, computed for each sunline,
and again for the entire case

11




IV. PROGRAM DESCRIPTION

This section will be devoted to a detailed functional description. of the
star search program. First, the overall flow of the program will be given, as
shown in Figure 2. Then the details of the actual search routine will be
covered, as shown in Figure 3. "

A dimension statement allocates storage for the subscripted arrays for
10 star trackers and a catalog of 7000 stars. The star catalog arrays are
stored in COMMON to prevent exceeding core because of temporary storage
required by the computer during loading. All of the required format state-
ments are given, and logical unit 6 (assigned to magnetic tape unit 3 at execu-
tion time) is rewound. Since the specially prepared star catalog being used is
the second file contained on a reel of magnetic tape, a dummy read statement
is used to locate the end of the first file, The star catalog is then read, one
star at a time, from magnetic tape and stored into the arrays allocated in core
memory. The read is terminated when an end-of-file mark is encountered,
and the tape is rewound. The integer variable NSTRS contains the number of
stars which were contained in the catalog.

The set of data cards for the first case is then read. This data consists
of one card containing- NTRKS, DELTS, DELTR, initial THTS, and THTSF,
and one card per tracker containing TRXR(M), TRYR(M), TRZR(M),
TRMG(M) and TFOV(M). The input vectors which specify the orientation of
each tracker are corrected to unit length, and all of the input data is printed.
For convenience, all angle inputs and outputs from this program are in degrees.
Variables are initialized as necessary, initial computations are performed,
THTR is set to zero, and the search loop is entered. The search loop finds for
the present vehicle orientation how many stars from the star catalog can be
seen by each tracker. The outputs of the search routine are updated values of
LFX and, for each tracker, NSEEN(M), NGNS(M), NSN(M), and NLHS(M).
Upon completion of the search loop, LFX is checked to see if a fix was obtained
for this vehicle orientation, and NFIX is updated accordingly. An optional
print may be added following statement number 85 to output information at
vehicle orientations for which a fix was not obtained. The following information
is specifically available for this print: PTRA(M), PTDC(M), NSEEN(M),
LFX, PTHS, and PTHR.

A new vehicle orientation is obtained by incrementing THTR by the angle
DELTR, and the search process is repeated. This continues until a full revo-
lution about the present sunline is completed. Then bookkeeping variables are
updated, statistics for this sunline are computed, and data summarizing the

12



READ STAR CATALVOG

NEXT CASE ENTRANCE é

READ CASE DATA
0 NO MORE CASES

INITIAL COMPUTATIONS
AND PRINT

NEW SUN DIRECTION
ENTRANCE @

NEW SUN DIRECTION COMPUTATIONS

NEW VEHICLE
ROTATION.ENTRANCE .

STAR SEARCH LOOP
FIND CELESTIAL CO-ORDINATES OF
EACH TRACKER FOR PRESENT
VEHICLE ORIENTATION.
DETERMINE NUMBER OF STARS SEEN
BY EACH TRACKER

. IINCREMENT VEHICLE ROTATION]

DO BOOKKEEPING AND PRINT FOR
SUN DIRECTION JUST COMPLETED

!

INCREMENT SUN DIRECTION

_NO

DIRECTION FOR,
THIS CASE2 —~

FINAL BOOKKEEPING
AND PRINT

B l

Figure 2. Overall flow diagram.
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CONTAINING FIELD OF VIEW OF MTH TRACKER
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| ex=0 |
) } —/ . DO LOOP RETURN '
| DO 84 M-l1,NTRKs | : - —@&9
NSEE =0 .
TRXG 1 0 o0 cTs -sTs 0] [1 o o J[TRXRM)
TRYG | = | 0. cTE-STE| | sts cvs o | |0 CTR-STR||TRYR(M)
TRZG 0 STE CTE o o 1] |0 STR CTR|[TRZRMW)

TRRA = RTOD * ATNA (TRYG, TRXG)
TRDC = RTOD * ASIN (TRZG)

ITRRA = (50. * (TRRA — 180.))

ITRDC = (100. * TRDC)

ITRMG = {100. * TRMG(M))

\ 4

MAXDC = ITRDC + IRFOV
MINDC = ITRDC — IRFOV

——

MINRA =-9000
MAXRA = +9000

+ ' - 0 :
MINDC +9000 v T
0 ' :

DLRA = ASIN (SRFOV/COS(DTOR * TRDC))*RTOD
IDLRA = (50. * DLRA)

MAXRA = ITRRA + IDLRA

MINRA = ITRRA — IDLRA

Detailed flow diagram.

Figure 3.




OCTAVE SEARCH

NMIN =1

NMAX = NSTRS
N = NMAX

-

N = (NMAX + NMIN)/2

NMAX = (NMIN + NMAX) /2

NMIN = (NMIN + NMAX) /2

59

Figure 3. (Continued).-

15



J\s'o) :

—(81)

T

: N=NO
NO=N , JFLG = JFLG +1

JFLG=1 ' '
62

T

[ GO TO (63, 64, 65, 80), JFLG

[ wG=2 |

STEP UP, DOWN

7). Go :
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<STRA(N) — MAXRE>
0
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STDC =DTOR * {ISTDC(N}/100.)

STPJ =COS (STDC)

STXG = STPJ * COS (STRA)

STYG = STPJ * SIN (STRA)

STZG = SIN (STDC)

DOTPR = STXG*TRXG+STYG*TRYG+STZG*TRZQ

SPHERICAL TRAPEZOID CHECK

DOT PRODUCT CHECK

SEARCH LOOP
BOOKKEEPING

| NSEE = NSEE+1

Figure 3. (Concluded).
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DO LOOP
RETURN

DO LOOP
EXIT




results of the search for this sunline are printed. The sunline angle (THTS)

is then incremented by an angle DELTS, and the preceding process is repeated.
This continues until the final sun angle (THTSF) has been reached. Final book-
keeping computations are then made, data summarizing the entire case are
printed, and data cards for the next case are read. An invalid data set, con-
sisting of a single card which sets the number of trackers for this case
(NTRKS) to zero, or negative, causes termination of the program.

The details of the search loop are shown in flow diagram form in Figure
3. - A search is carried out for each tracker in turn under the control of a DO
loop. Bookkeeping variables retain the results from which the information to
be printed will be derived.

To perform a search for the Mth tracker, the present look direction of
this tracker is found in geocentric inertial coordinates (Fig. 3, first page).-
This is done by rotating the input unit vector components (TRXR(M), TRYR(M),
TRZR(M)) through the angles THTR, THTS, and THTE. The rotated com-
ponents are then converted to a tracker right ascension and declination (TRRA,
TRDC) and changed to integer form compatible with the star catalog (ITRRA,
ITRDC). - ) _ L -

.A spherical trapezoid which contains the circular field-of-view is now
calculated. The declination boundaries of this spherical trapezoid in integer
form are

MAXDC = ITRDC + IRFOV

MINDC = ITRDC - IRFOV

S PRV == s e e moemmmes e o

, and TFOV is the diameter of the field-of-view

where IRFOV = 100.%*

of the tracker. If the field-of-view is tangent to or encircles a pole ( MAXDC

= 9000, or MINDC = -9000), the entire range of integer right ascensions (-9000
to +9000) is used. In any other case, the right ascension bounds of the spheri- -
cal trapezoid are computed as follows: '

ASIN (SRFOV/COS (DTOR*TRDC))* RTOD

- DLRA =
IDLRA = (50.*DLRA)
MAXRA = ITRRA + IDLRA
MINRA = ITRRA - IDLRA .

17




The derivation of the first step above is given in Appendix B. It is
possible for the above computations to yield MAXRA > +9000, or MINRA <
"-9000, signifying that the field-of-view straddles the 0 degree = 360 degree azi-
muth. This condition is checked for, and correction made when necessary by
adding +18000 (integer form of +360 degrees). Note that if this correction is
required, it will be true that MAXRA < MINRA after the correction. In any
other case MAXRA > MINRA. The bounds of the computed spherical trapezoid
will be used later in the search,

It is now desired to find an advantageous starting point in the star cata-
log from which to begin the search. This is accomplished by an octave search
through the catalog, shown in Figure 3, second page. NMIN is set to 1, -and
NMAX is set to NSTRS. Recalling that the stars in the catalog are ordered by
‘increasing declination, four possibilities exist. The declination of the tracker
look direction (ITRDC) is either greater than or equal to the declination of the
last entry in the catalog (ISTDC (NMAX)), less than or equal that of the first
entry (ISTDC (NMIN)), equal to the declination of an intermediate entry, or
between the declinations of two adjacent entries. The first two possibilities
are checked. If either is true, the octave search is exited from with N set
to NMAX or NMIN, as appropriate. If neither is true, an iterative process-
follows to determine the catalog number N of a star for which the third possi-
bility is true or either of two stars for which the fourth possiblity is true.

The iterative process is one of successive halving of the catalog until one of
the possibilites is met. For a catalog of 7000 stars, a maximum of 13 itera-
tions would be needed to complete the process (7000 < 2'%). In any event, the _
result of the octave search is a catalog number N which is used as a starting
point for the search.

A star by star search, shown in Figure 3, third page, is now made
beginning with star NO = N, then incrementing N upward from NO, and then
downward. A flag variable JFLG controls the search and will have a value
of 1, 2, 3, or 4 depending on whether the program is presently checking entry
NO, searching upward from NO, searching downward from NO, or is ready

" to exit from the search. During the search, each candidate star is checked to
see if it is within the spherical trapezoid previously computed, When a star
is encountered whose declination is not within the trapezoid, it is known that
no more candidate stars lie in the present direction of search, and JFLG is
incremented. When applying the right ascension part of the trapezoid test,
special attention must be given to the case in which the field-of-view straddles
the 0 degree = 360 degree azimuth, as the requirements for passing the test
are different for this case. Also, the magnitude is compared with the limiting
magnitude of the tracker.

18



Each star which is found to be within the boundaries of the spherical
trapezoid and is of sufficient brightness to be seen by the tracker is then '
checked to determine if it is within the circular field-of-view. A unit vector
directed toward the star is computed. A dot product is formed between this
vector and a unit vector along the look direction, yielding the cosine of the
angle between the star and the center of the field-of-view. This is compared
with the cosine of the radius of the field-of-view to determine if the tracker
sees this star. NSEE, the number of stars seen by this tracker in this look
direction, is updated accordingly, and the search goes on to the next star.
When all candidate stars have been tested, as evidenced by JFLG= 4, the pro-
gram will update the search loop bookkeeping variables and return to the begin-
ning of the search loop to repeat for the next star tracker. When the search
has been completed for all trackers for this vehicle orientation, it will exit
from the search loop, perform bookkeeping, increment vehicle orientation, and
repeat the search process.

The advantage of the spherical trapezoid test is that only integer sub-
traction is required to determine if a candidate star is contained therein.
Thus, the majority of the stars within the proper declination band of the table
are eliminated without the necessity of time-consuming trigonometric
calculations.

V. PROGRAM RESULTS

A listing of the star search program and several runs which have been
made with the present star catalog are shown in Appendix A, The baseline
star trackers (6th magnitude, 6 degree diameter field-of-view) have been
used. A run was n made with two_trackers, one along-the- Y -axis-(experiment”

pointing axis) and one along the Zr axis. This is the basehne HEAO-C con-

figuration. The sunline was stepped from 0 degrees to 180 degrees in 3 degree
increments, and the vehicle was rolled about each sunline in 3 degree incre-
ments. Since both trackers lie in a plane perpendicular to the sunline, a 180

. degree rotation of the sunline covers the entire celestial sphere. For program
checkout purposes, a similar run was made with the sunline beginning at 180
degrees and stopping at 360 degrees. The results were identical.

The results of the baseline runs show that through the year each tracker
has 95 percent coverage. A two tracker fix was obtained 91 percent of the
time. Each tracker had an average of 3.4 stars per look direction, and 20
stars was the greatest number seen by one tracker at any look direction. The

19



poorest coverage was obtained in early June and early December, when the
path of the star trackers passes near the galactic poles. Figures 4 and 5 are
plots of the star-empty look directions found for a 6th magnitude, 6 degree
diameter field-of-view tracker.

Some possibly advantageous alternates to the baseline HEAO-C star
tracker configuration have been.considered. A computer run is shown in the
appendix in which a third star tracker was added in the same plane as the
trackers, and pointing midway between their look directions. A two tracker
reference was obtained 98.9 percent of the time for this system durmg the
quarter of the year following the equinoxes.

A problem arises with the baseline star tracker configuration if no
stars are available within the radius of field-of-view of a desired experiment
pointing direction. Since one of the star trackers is aligned with the experi-
ment pointing direction, rotating about this direction will not alleviate the
problem, This suggests canting this star tracker a few degrees from the
experiment axis so that rolling about the experiment axis will move the look
direction of the star tracker and, possibly, acquire a star. The star search
program will be used to investigate this and other possible alternates to the
baseline configuration,
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tions, southern hemisphere.
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Figure 5. Star-empty look d
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APPENDIX A. STAR TRACKER SEARCH PROGRAM LISTING

This appendix contains a complete listing of the program written in
FORTRAN IV for a Control Data Corporation Model 3200 digital computer. ,
This machine configuration includes a 32 K core memory, four magnetic tape
units, a card reader, and a printer.

3200 FORTRAN (3.0)/RTS /7 7/

PRNGRAM STRTRKER
COMMON ISTRA,ISTDC, ISTMG
DIMENSION ISTRA(7000),ISTDC(7000), 1STMG(2000),TRXR(10).TRYR(10),
L1TRZR(1 1), TAMG(10),PTRA(LI0),PTNC(10),NSEENC(10),NSN(L0),NSNT(10),
2NLHS(1 )»NLHST(10),NGNS(10), NGNST(lO).PCCOV(in).Avnstio).TFOV(io)
1 FORMAT(2Fg.3.,F6.2)
2 FORMAT(316)
3 FORMAT(I10,7F10.4)
s FORMAT(5F10.4)
5 FQRMAT(1H1,58%,15HCASE INpUT DATA//45%, 35HNUMBER QF STARS IN CATAL

506 w,17/45x,35HNUMBER 0F STAR TRACKERS ., 17/
545X, 35HINITIAL SUN ANGLE (DEG) =,Fr.2/
545x,35HFINAL gyN ANGLE (DEG) . =,F7.2/7
545x,33HSUN ANGLE INCREMENT (DEG) . 2,F7,2/

545X, 33HVEHICLE ROTATION INCREMENT (DEG) =,F7.,2/)

4 FORMAT(14X,7H{QACKER, 12,6%,31HDIAMYR. oF FLELD of ylEw (DEG) =,F7,4
6,10X,2 HLIMITING MAGNITUDE =,F7,4/29%X,334UNIT VECTOR DIRECTION COM
GPONENTS ,gX,gHTRXR =,F7.4,8X,gHTRYR =,F7.4,6XsgHTRZR =,F7.4)

9 FORMAT(1X,4F10.4,120,2F10,4,110)

9 FoRMAT(///1%,12HgUNLINE DATA/)

10 FORMAT(/7///71%X,10KFINAL DATA/)

-11 FORMAT(2X,gHTHTS=,F7.2,4%,gHPCFIX=2F6.2,2(sX,JHTRACKER, 12,2X,6HPCC
1ov=,F6.2,2x,5HAYNg®, F5,2,2%,5HNGNG3,13)/(30X,2(6x,7HTRACKER, 12,2X,
16HPCCOV=,F6.2,2%X,5HAVNS2,F%,.2,2X,5HNGNS=,13)))

12 FORMAT(2X,8HNLDT=,17  ,4X,8HPCFIX=,F6.2,2(6X,7HTRACKER,12,2X,6HPCC
20ve,F6.2,2x,5HAYNSE ,F5,2,2%,5HNGNS =, 13)7(30X,2(6x, THTRACKER,32,2X,
26HPCCOV=,F6.2,2X,5HAVNS=,F5,2,2X,5HNGNS®,13)))

REWIND & - o
PI=3.1415926536
TOPe2+P]
DTORepl/180.
RTODe180,/P]
NSTRS=
20 READ INPUT TAPE 6,1,DUMg,DUM2,DUMS
60 T0(21,20),EOFCKF(g)

21 _CoNTINUE e R
22 REXDTINPUT TABE 6,2, ISTRACNSTRS+1), ISTDCINSTRS+1), ISTNG(NSTRS01)

GO T0(24,23),EOFCKF(g)

23 NgtRg=NsTRg*1 : :
60 T0 22

24 REWIND 6

2% READ 3,NTRKS,DELTS, DELTR.THTS THTSF
IF(NTRKS)100,100,2,4

26 READ 4, ((TRXp (M), RYR(N).TRZR(M).rRHG(N)JTFov(H))ani.thKs)
PRINT 5,NSTRS,NTRKS, Tufs.rursr.nELYS DELTR
NLDT=0

NFIXT=.

no 27 Ms1, NTRKS
NSNT (M) =
NLHMST(M) e
NGNST(M) =g
'rnVL-sqar(rRxn(M).-z‘rnvktn)..zorﬂzn(naanz)
TRYXR(M)=TRXR(M)/TRVL
TRYR(M)=TRYR(M)/TRVL
TRZR(M)=TRZR(M)/TRVL

27 PRINT 6,M, TFOV(M), TRMG(M), TRXR(M) , TRYR(M), TRZR(M)
THTE=DTOR®23 .48
sTE2g IN(THTE)
CTEaCOS(THTE)
DELTS=DELTS*DTOR
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24

30

[~ 7]

34
35
36

37
38

51
52

DELTRaDELTR*DTOR
THYSFaTHTSFeDTOR
THTSesTHTS#DTOR
PRINT o

"STS2SIN(THTS)

CT35=COS(THTS)

THTReg .9

MFIXen

NLU=g

DO 29 M=y ,NTRKS

NLHS (M) =0

NS‘\I(M)’O

NGNS (M)Y=0

CONTINUE

STRA=SIN(THTR)
CTR=COS(THTR)

LFX3g

N0 84 M=y ,NTRKS

NSEE=0Q

IrFov=(50,«TFgV(M))
SHFOV=SIN(DTOReTFOV(M)/2,)
CRFQV=COS(NDTORCTFOV(M)/2,)
TRYSaTRXR(M) .
TRYSsCTR*TRYR(M)-STR*TRZR (M)
TRZSeSTR*TRYR(M)+CTR*TRZR(M)
TRX1=CTS*TAXS-STS+TRYS
TRY1=STS*TAXS+CTS*YRYS
TRz13TRZS .

TRXGaTRX1

TRYGsCTE*TRY1 -STE=TRZ
TRZGa2STE*TRY1+CTE«TRZY
TRRASATNA(TRYG, TRXG)*RTQD
TRDCeASIN(TRZG)«RTO
PTRA(M)=TRRA .
PTDC(M)=TRDC

ITRRA=(S50 ,#(TRRA-180.))
1TRDC=(100.+TRDC)
ITRMGE (100, 4TRMGIM))
MAXDC=1TRDC+IRFOV
MINDC=ITRDC~IRFOV
1IF(MAXDC~9900)32,37+37
IF(MINDC+9000)37}37,33
DLRA=ASIN(SRFQV/COS(DTOR*TRDC) ) *RTOD
1DLRA=(50,DLRA)
MAXRA=ITRRA+IDLRA
MINRA=ITRRA~IDLRA
IF(MINRA+9000)34,35%,35
MINRAZMINRA+18000

1F (MAXRA~9000)38,38,36
MAXRA=MAXRA~18000

GO 70 38

MINRA=-9000

MAXRA=+9p0¢

CONTINUE

NMINag

NMAX=NSTRS

NENMAX :
IF(ITRDC-ISTDC(N))51-59:59
NaNMIN
IF(IygDC=1gTDC()))589.59,52
Ne(NMAX+NMINy 2
|r¢xtanc-tsrﬂc(ua>53.5o.55



53 NsN-g ) ‘
IFCITRDC-1STNC(N))54,59,%9 .
54 NMAX2 (NMINeNMAX) 72
GO 10 352 -
88 NzNey
IFCITRNC=1STDC(N))59,59,56
56 NMINs(NMINeNMAX)/2
. G0 10 32
" 59 CONTINUE
60 NO=N
JFLG=g
G0 T0 7¢
61 NsNQ
JFLGaJUFLGey
67 GO TO (63,64,65.8p),JFLG
63 JFLG=2 ’
6g N=Ne+
]F(N-NSTRS!66r66-61
NaNe-1 o
1F(N)61,61,66
66 CONTINUE
70 IF (ISTDC(N)-MAXDC)7%1,72,61
71 IF (1STDC(N)-MINDC)g1,72,72
72 IF (1STMO(N)-17RMG)73,73,79
73 IF (ISTRA(N)-MINRA}74,77,7%
74 1IF (MAXRA-MINRA)?76,79,79
78 1F (4AXRA-MINRAY?7,79,76
76 1F (I1STRA(N)-MAXRA)77,77,7¢
77 STRA=DTOR«(ISTRA(N)}/80.+1p0.)
sTDCaDTORe(IgyDC(N)/100,)
STPJaCO0S(STDC)
STXGeSTPJ#COS(STRA)
STYGeSTPJeSIN(STRA)
STZGsSIN(STDC)
DOTPR=STXG*TRXB+STYG*TRYG+8T20¢TR2G
1F (CRFOV-DQTPR)78,78,79
78 NSEEaNSEFf+1
79 Gp 19 62
80 COMTINUE
NSEEN(M)=aNSEE
IF(NSEE)B4 84,81
81 IF(NSEE-NGNS(M))g3,83.82
82 NGNg(M)=NgEE
83 LFX=LFXe+1
NSN(M)aNSN(M)+NSEE
NLHS (M) =NLHS (M) +q
84 CONTINUE
NLD=NLD+
PTHS sTHTS«RTOD
PTHR sTHTReRTOD
IFtLFX<-2)85.86,86
85 CONTINUE
e e e e — G 0=T0- 87— - T
8a NFIXsNF[Xeyq
8y CONTINUE
THTRsTHTR+NELTR
_ IF(THTR-TOP1)31,91,91
91 CONTINUE .
NLDTaNLDTNLD
NFIXTaNFIXT+NFIX
RNLDsNLD
PCFIx=3100.*NFIX/RNLD
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26

NULL STATEMENT NUMBERS
50 60
EQUIP,06MTCOEQOUO3

LoaD:%6
RUN»10

92
93

9s

96

100

DO 93 Mz1,NTRKS

NLHST(M)BNLHST(M)-NLHS{M)

NSNT(M)SNSNT(M)+NSN(M)

PCCOV(M)u100. #«NLHS(M)/RNLD

AVNS (M)YaNSN(M)/RNLD

IF{NGNS(M)-NGNST(M))93,93,92

NGNST(M)BNGNS (M)

CONTINYE

PRINT 11,PTHS,PCFIX, ((M,PCCOV(M),AVNS(M),NGONS(M)),Ma1,NTRKS)

THTSsTHTS+DELTS

IF(TRTS=-THTSF)30,9%,95
CONTINUE

RNLDTaNLDY
PCFIxsyg0.eNFIXT/RNLDY

DO 96 M3l ,NTRKS
pCCOY(MINLIN0, eNLHST(M)/QNLDY
AYNS(M)aNSNT(M)/RNLDT

PRINT ¢ )
PRINT 12+NLDT,PCFIX,((M,PCCOVIM),AVNS(M) NGNST(M)),Muq,NTRKS)
GO 70 28

STOP

END

FORTRAN DIAGNOSTIC RESULTS FOR  STRYRKER
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APPENDHIX B. EXPLANATIONS AND DERIVATIONS

This appendix contains an explanation of the computer library subrou-
tines and functions used by the program, and explanation or derivation of pro-
gram algorithms as deemed necessary.

The library functions and subroutines are listed below:

EOFCKF (i) — End-of-file check function, used to determine if an °
end-of-file was encountered during the last attempted read from logical unit
i. A value of 1 is returned if an end-of-file was encountered, a value of 2 if
not, In this program, logical unit 6 is used and is defined to be magnetic tape
unit 3.

IOCHKF (i) — (Used in the star -catalog preparation program. )
Checks the status on the last input/output request on logical unit i to determine
if a parity error occurred. A value of 1 is returned if an error occurred, a
value of 2 if not. Logical unit 6 is used and is defined to be magnetic tape unit
3.

SQRT(x) — Square root of x.
SIN(x) — Sine of X, where x is in radians.
COS(x) — Cosine of x, where x is in radians.

ATNA (s,c) — Arc tangent of ( -%) » Where é and c are the sine and

-_——— — 08 ine~of-the-desi-1=ed—angle—or—a—re-prc)port—ional~to—the4sine—and»-cos-ine—by«an e ——
positive common factor. The angle returned will be in the range of 0 to 27
radians.

ASIN(x) — Arc sine of x. The angle returned will be in the range of
-1/2 to +mw/2 radians.

Most of the algorithms used in the program are adequately explained
in preceding sections. Two points, however, bear some further discussion.

The calculation of the spherical trapezoid containing the circular field-
of—view of a tracker for a given look direction involves the use of spherical
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trigonometry. Referring to Figure B-1, define the following in the celestial
. sphere: '

a right ascension of look direction

0 declination of look direction, § = 0

v . half-cone angle of tracker field-of-view

o} ‘ desired spherical angle between meridians NCB and NTA

C center of. tracker field-of-view

N- north celestial pole

T point of tangency of the traeker field-of-view and meridiap NTA

 Suppose § + y = -g— . (6 + vy > —;—- , the field-of-view overlaps the north

pole and all stars with declination = (8 - v) are tested by the dot product
method. Thus, if the field-of-view encircles a pole, a polar cap is used in
place of a spherical trapezoid.) The declination limits of the spherical
trapezoid are immediately seen to be (8 ~v) and (0 + v). Also it is obvious
thaty = ¢ =< % , with¢ =y for 6 = 0, and.¢=-22r— for & = -7-2r— -%.. From the
law of sines, - ‘ '

.o
. sin —
sin ¢ 2

’ = T H
siny sin (E - 5)

thus,

sin vy

sin ¢ =
¢_ cos 0

The result is identical for a look direction in the southern hemisphere (6=0).
This equation is used to calculate ¢. Thus, for a look direction (@, 0), such

that the tracker field-of-view does not encircle a pole, the circular field-of-
view is guaranteed to be contained in the spherical trapezoid defined by a
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Figure B-1. Spherical trapezoid derivation.
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declination range of (6 - v, 6 + y) and a right ascension range of (& - ¢,
) sin vy il s . .
+ = — - -
o ¢), where ¢ = arc sin 05 5 . Each star found to be within this spheri

cal trapezoid is then tested by the dot product method to determine if it is within
the circular field-of-view of the tracker.

The dot product method consists of forming a dot product between a unit
vector directed toward a star and a unit vector along the tracker look direction.
The result of this dot product, which is identically the cosine of the angle
between the two vectors, is compared with the cosine of the half-cone angle of
the tracker field-of-view to determine if the star is within the field-of-view.

It should be realized that because of the magnitudes of the angles involved and
the small angular differences which must be detected, the cosine of the half-
cone angle and the result of the dot product must each be accurate to at least
eight significant figures for a tracker with a field-of-view diameter of one
degree. This point must be considered if a tracker with a narrow field-of-view
is to be considered, or if the program is to be run on a less accurate computer.
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- APPENDIX C. - PREPARATION OF THE STAR CATALOG

The star catalog presently being used with the star search program was
obtained through the Computation Laboratory at Marshall Space Flight Center
from a catalog of 259 000 stars compiled by the Smithsonian Astrophysical
Observatoryl. The Smithsonian catalog contains 11 consecutive 36 -bit b1nary
computer words per star and is available on two 2400-foot, 7-track tape reels
at 556 bytes per inch. This is an extremely comprehensive star catalog and is
recommended as a source whenever star catalog information is required.

The Smithsonian catalog was prepared on tape by an IBM 7094 computer.
The tapes may be read and interpreted by most computers which have magnetic
tape capability. However, due to differences in tape format, coding, and com-
puter word length, some difficulty is involved, and usually a language closer to
basic machine language than Fortran will be required. This problem was cir-
cumvented by preparing an intermediate magnetic tape written in IBM 7094
BCD (Binary Coded Decimal) format. This tape was written by a program on
a computer at the Computation Laboratory which is fully compatible with the
IBM-7094 binary coding. This program searched through the Smithsonian cata-
log and prepared a reduced catalog containing only right ascension, declination,
and magnitude for those stars whose magnitude was listed as less than or equal
to 6.00. IBM 7094 BCD proved to be directly compatible with CDC 3200 BCD.
Thus, the CDC computer was able to read the tape containing the reduced
catalog.

An initial look at the reduced catdlog showed an obvious error. Nearly
1500 stars were listed as having a magnitude of 0.00. The booklet explaining
the Smithsonian Star Catalog was consulted. It was found that for a variable

star-for-which no average magnitude was available, a magnitude of 000 was

entered in the catalog, and a separate code bit denoted that this was such a
star. Since the Computation Laboratory program had not checked these code

- bits during the search of the catalog, these stars were included in the reduced
catalog. '

A program was written for the CDC-3200 to read the intermediate star .
catalog and prepare from it a final star catalog in the form required by the

1. K. L. Haramundanis, SAO Star Catalog Binary Tapes. Smithsonian
Institution Astrophysical Observatory, Cambridge, Massachusetts, 1967.
Direct inquires to: Star Catalog, Smithsonian Astrophysical Observatory, 60
Garden Street, Cambridge, Massachusetts, 02138, Telephone 617-864-7910.
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star search program. This program reads the data for each star and converts
the data to integer form according to the rules given for the program. Because
of the problem mentioned above, every star whose magnitude is given as 0.00
is eliminated. The remaining stars are then ordered by increasing declination,
and the final star catalog is written on magnetic tape in BCD. The intermedi-
ate catalog was retained on tape for future reference, and the final catalog is
contained on the same reel of tape immediately following the intermediate
catalog. A total of 4827 stars are contained in the present final star catalog.

A listing of the computer program used to prepare this catalog is given
below. ‘

3200 FORTRAN (3-0)/RTS

PROGRAM STARCA
DIMENSION ISTRA(7000).lSTDC(?OUD).lSTHG(?ODO)
FORMAT(2F8.3,Fg.2)
FORMAT(1X,43HPARITY ERROR ,214}
FORMAT(1X,10110)
FORMAT(3]6)
REWIND 6
NSTIN=
NSTRS=
10 READ INPUT TAPE 6.9, STRA,STDC.STMQ
GO T0 (15,41),EOFCKF(6)
11 NSTINSNSTIN+t
Gp To (12,13),10CHKF(6)
12 PRINT 6 ,NSTIN
13 CONTINUE
IMAGR (100¢STMG)
1F (IMAG) 14,110,149
14 NSTRSENSTRS*1
IsTRA(NGTRS)=(50, *(gTRA- 180 | 3]
ISTDC(NSTRS)=(10N0.¢STDC)
ISTMR(NSTRS)=lIMaG
GO TO0 19
15 CONTINUE
PRINT 7,NSTIN,NSTRS
20 JFLAG=1
DQZZNZM TRS
(ISTDCI(N 1)-!STDC(N)) 22,22, 21
231 JFLAGs2
JRAZISTRAIN-T)
JDC=15TDC(N-1,
JMGZ1STMG(N-q) |
ISTRA(N-1)B]STRA(N)
ISTDC(N=-1)3]STDC(N)
ISTMG(N-1)8]ISTMG(N)
ISTRA(NI=ZJRA
1STDC(N)=JDC
ISTMAIN) = MG
22 CONTINUE
GO T0(25,20).JFLAG
2% CONTINUE
Dp 26 N=1,NgtRs
26 WRITE OUTPU§ TAPE 6,8, ISTRA(N),ISTDC(N), ISTMG(N)
ENDFILE ¢
30 REWIND ¢
sTopP
END .

® Nowm

FORTRAN DIAGNOSTIC RESULTS FOR STARCAT

NULL S;?TEHENT NUMBERS

EQUIP.06syTCOEDUO3
LOAD, 56
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APPENDIX D. EXAMPLE RUNS

Several example computer runs made with the HEAO Star Tracker
Search Program are given in this appendix. A discussion of some of the
results is contained previously in this document.
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SUNLINE DaTa

THTS=
THTSa
TS
THTS,
THTSs
THTSa
THTSs
THTS,
THTSa
THTSs
THTSa
THTS®
THTS=
TTSs
THTSs
TuTSs=
THTSs=
THTSs
THTS=

0
3,00
6,00
9.00

12,00
1%:00
18,00
21_00
24,00
27.00
30,00
33,00
36,00
39,00
2.0
45 .00
48,00
51.00
54,00

TRACKER 1 DIAMYR OF FIELD OF VIEW (DEG) = 6.0000
UNIT VECTOR DIRECTION COMPONENTS TRXR = 0
TRACKER 2 DIA 76 F FIELD ofF VIEW (DEG) = 6,0000
UNI EETOR DIRECTION COMPONENTS TRXR =

PCFiXa 91.74 TRACKER 4 PCCOVa 95,87 AVNS= 3.51 NGNSz 8
TRACKER

PCFIya 93 39 TRACKER 1 PCCOy= 96 69 A NSz 3 73 NGNS= 11

TRACKER 99.1 0 ‘0

PepiXe 98,3% TRA kR PpcOV2 .17 AvVNS=z 3.6 NgNS=
c TRAEKER cC G

PCFIX, 90.08 TRACKER PCCOV, 95,04 AVNS_ 3.55 NGNS, 12
TRACKER

PCFIXa 92,56 TRACKER § PCCOV= 95,87 AVNS=z 3.45 NGNS= 11
TRACKER

PCFIX= 95.87 TRACKER PCCOV= 97.55 AVNS= 3.8 NGNS= 49
TRACKER

PCFixa 94 21 TRACKER PCCOya 96,69 AyNSs 3. 77 NGNSz 12
TRACKER

PCFIX, 96 69 TRACKER PCCOV, 98 35 AVNS_ 3 64 NGNS, 15
TRACKER

PCFly= 91 74 TRACKER PCCOy=z 95,87 AyNS= 3,71 NGNS= 17
TRACKER

PCFIX= 91.74 TRACKER pCCOV= 95.87 AVNS=z 3.50 NGNSz 16
TRACKER

PCFlya 90, 08 TRACKER PCCOVa 95,04 AVNS= 3 60 NGNSz 13
TRACKER

PCF1x= 81,82 TRACKER PCCOy= 90,91 AyNg= 3,359 NGNg=z 12
TRACKER

PCFiXa 90,08 TRACKER pCCOVs 95,04 AVNS= 3,37 NGNS= 13
TRACKER

pCFiXa 91,74 TRACKER pCCoVs 95,87 AvnNS= 3.685 NGNS= 18
TRACKER

PCFIX= 95,p4 TRACKER pCCOV= 97,52 AVNS= 3,57 NGNSz 18
TRACKER

PCFX= 83,47 TRACKER pCCOVx 91,74 AVNS= 3,22 NGNSz 12
TRACKER

PCFIXs ¢93.3¢ TRACKER 1 PCCOV= 96,69 AVNS=z 3.39 NGNSz 11
- TRACKER

PCFIXs 91.74 TRACKER pCCOVe 95.87 AVNS= 3.32 NGNS= 17
TRACKER

PCFIXs 83.47 TRACKER pCCOVe 91,74 AVNS= 3,26 NONSs 17

TRACKER

CASE INPUT DATA

NUMBER OF STARS [N CATALOG
NUMBER OF STAR TRACKERS

INITIAL SUN ANGLE (DE®)

FINAL SUN ANGLE (DE®)

SUN ANGLE INCREMENT (DE®)
VEHICLE ROTATION INCREMENT (DEG)

LinlvIyG "AﬂvlTUD = 6,0000
0 TRYR =~ 0

4827

2

0
180-00
3-00
300

LIMITING MAGNITUDE = 6.00080

TRYR = ,,0000 fRIR = 0

fRZR = 1,0000

TRACKER 2 PCCOVx 95,87 AVNSs 3
TRACKER 2 PCCOye 96,69 AyNSs 3
TRAKgR 2 PocOV= 99.17 AVNS® 3
TRACKER 2 PCCOV, 99,74 AVNS, 3
TRACKER 2 PCCOV: 93,87 AVNSs 3.
TRACKER ; PCCOV: 97,85 AVNSS g
TRACKER 2 PCCOys 96 .69 AyNSe 3
TRACKER 2 PCCOV, 98 35 AVNS, 3
TRACKER 2 PCCOy= 95‘077 AyNSe 3
TRACKER 2 PCCOVe 95,87 AVNS® 3
TRACKER 2 PCCOVs 9% 04 AVNSe 3
TRACKER 2 PCCOy=x 90,91 AyNge 3
TRACKER 2 PCCOV® 99,34 AVNSs 3
TRACKER 2 PpCCov= 95,87 AVNSS 3
TRACKER 2 PCCOVE 97,352 AVNS® 3
TRACKER 2 PCCov= 91,74 AVYNS= 3
TRACKER 2 PgcOV=E 96,89 AVNSs 3
TRACKER 2 PCCOV: 98,87 AVNS® 3
TRACKER 2 PCCOVE 94,74 AVNSs 3

.49
73
.70
.54
.42

.68
74

64

74

.50

60

.57
.38
68
.56
.23
.40
.32
.28

NGNS =
NGNS,
NghS=
NGNS,
NQNS=
NGNS=
NGNS o
NGNS

NGNS,

. NGNSs

NGNS,
NGNg=
NGNS s
NONS=
NGNS3
NQNS=
NQNS:
NGNS=

11
10
12
11
10
12
15
17
16
13
12
13
18
10
12
1
1?7
17



g€

THrg=
THTS®

THTSe

THTS=
THTSs
THTS®
TuISe
THTSa
THTSs
THTSe
TyTse=
TuTsa
THTSs
THTS®
THTSs
THTS»
THTS®
THTSa
THTS®
THTSa
THTSa
THTSS
THTS®
THTSe
THTS®
THTS=

THTS®

_ THTS®=

57,00
60,00
63,00
66,00
69,00
72,00
7%,00
78,00
844,00
84.00
B?,oo
90.00
93,00
96,00

99,00

102.00
108,00
108.00
111,00
114,00
117.90
120,00
123,00
126,00
i29,00
132,00
313%,00
338.00

PCFlys
PCFIXm
PCF1Xs
PCFIXs
pCFIXs
PCFIxs
pCFIXs
PCFXs

PCF I Xa

‘PCFlXe

PCFIXs
pCF | Xa
PCFlxa
PCFIX=
PCFIXs
PCFIXa
pCFixs
PCFlIX=
pCFlxs=
PCFIXs
PCF1Xa
pCFiXa
pCF X
pCFiXs
PCFlys
PCFIX3
Pbrlx-
PCFIXa

91,74

9n.08

95.04

93.39
84,30

73,55
68,60
77.69
88.43
93.39
96,69
85.93
81,82

81,82

83.47

86.78
85,12
85.12
90,08
95.87
%0.08
88,43
87,60
91.74
88,43
gl.g4
98,35
95.04

TRACKER
TRACKER
TRACKE?

" TRACKER

TRACKER
1RACKE?
TRACKER
TRACKER
TRACKER
TRACKER
TRACKER
TRACKER
TRACKER
TRACKER
TRACKeﬁ
TRACKER
TRACKE?
TRACKER
TRACKER
TRACKER
TRACKER
TRACKER
TRACKER
TRACKER
TRACKER
TRACKER
TRACKER
TRACKER
TRACKER
TRACKER
TRACKER
TRACKEF
TRACKER
TRACKER
TRACKER
YRACKEF
TRACKER
TRACKER
TRACKER
TRACKER
TRACKEﬁ
TRACKER
TRACKER
TRACKEB
TRACKER
TRACKER
TRACKER
TRACKER

TRACKER:

TRACKER
YRACKEF
RACKER
;R‘C ]
TRACRER
TRACKER
TRACKER

- e

-

IS S

pCCOy=
pCCOVa
PCCOVs
pCCOV=
pCCove=
PCCOys
pCCoVE
pCCovVs
pPCCOV=
PCCOV=
pccov=
pCCovs
pCCOy=
pCCOV=
pCCoOvV=
pCCOVs
pCCoy=
pCcCOV=
pCCOy=
PCCOV=

pCCOV=

pCCovs=
pCCgv=
pCCov=
pCCOya
PccOve
PCCOV.
pCCOV=

95,87
95,04

97.52

96.69
91.74
86,78
83,47
88,43
94.21
96.69
98,35
92,56
90,91
90,91
91,74
93.39
91,74
92.56
95,04
97.52
95.04
94,21
93,39
95.87
94,21
9587
99,17
97,52

AyNgs
AVNS=
AVNS=
AVNS=
AVNS=
AyNgs
AVNS=
AVNS=
AVNS=
AVNSs
AVNS=
AVNS=
AyNS<
AVNS=
AVNS=
AVNS=
Ayns=
AVNS=
AyNg=
AVNS
AVNS=
AVNS=
AvNs=
AVNS=
AyNg=
AVNSz
AVNS=
AVNS=2

3. 12
3.07
3.0
3.03
2.93
2,66
2.68
2.85
3.07
3.06
3.19
2.97
2,79
2.6%
2.98
3.07
2.98

3.22.

3.18
3.18

3.23

3.21

3.53
3.60
3,61
3.64
3.51
3.50

NGNS- 13
NGNS3 12
NGNS= 13
NGNS= 14
NGNSS 14
NGNg= 16
NGNSz 15
NGNS= 11
NGNS= 12
NGNS=2 ¢
NGNS= 12
NGNS 13
NGNSz 12
NGNS= 12
NGNS= 14
NGNS= 13
NONS= 11
NGNS= 44
NGNg= 11
NGNSz 11
NGNS= 12
NGNS= 186
NGNS= 16
NGﬁs= 19
NGNg= 16
NGNS 14
NGNS. 10
NGNSz 11

TRACKER

TRACKER

TRAGKER

TRACKER
TRACKER
TRACKER
TRACKER
TRACKER
TRACKER
TRACKER
TRAgKER
TRACKER
TRACKER
TRACKER
TRACKER
TRACKER
TnAcxéR
TRACKER
TRACKER
TRACKER
TRACKER
TRACKER
TRACKER
TRACKER
TRACKER
TRuCKER
1RACKER
TRACKER

N NN MN

NN NN NN NN

N N

N RN N NN NN

PCCOy=
pPCCavs
PccOvs
PCCOVs
pCCqvs
PCCOys
pCCove
PCCovse

 PCCOVe

PccOvse
PccOVve
pCCovs=
PCCOy+
PCCovs
PCCOV=
PCCovse
pCCoys
PCCOV2
pCCOye
PCCOV,
PCCOVs
pCCove
pCCovs
pCCpve
PCCovt
Pccove
PCCOVI
PCCOVe

93,87
98,04
97.%2
96.69
91,74
sé,ra
83,47
88,43
94.21
96.89
98,35
93.39
90,91
90.91
94,74
93.39
91,74
92.56
98,34
97.%2
95.04
94,21
94,21
98,87
94,21
9387
99,17
97.52

AyNge 3 12
AVNS® 3.08
AVNS® 3.0y
AVNS® 3.0%
AVNS® 2.92
AyNge 2 66
AVNSE 2.66
AYNS® 2.84
AVNS® 3. 04
AYNS® 3 06
AVNS® 3.2p
AVNS® 2.98
AyNSa 2 .79
AVNS® 2.83
AVNS® 2 .98
AYNS® 3 .08
AyNse 2.98
AVNSS 3.95
AyNss 3.18
AVNSs 3.17
AVNS® 3.22
AVNS®E 3.2¢
AVNs® 3.59
Avyse 3.6¢
AyNge 3 62
AVNS® 3.64
Astn 3.50
AVNS® 3.5p

NGNg s
NONS=
NghSs
NGNSs
NONS®
NGNgs
NGN3=
NgNSs
NGNSs
NGNS
NgNS=
NONS=
NGNS,
NGNSe
NGNS =
NGNSs
NGNS e
NONSs

NGNS,
NGNS
NONSs
NONS®
NONS®
NGNSI
NGNS
nGns®
NGNS

13
12
13
14
14
16
13
11
12

12
13
12
12
14
11
11

11
11

11

12
18
16
19
16
14
10
11



9¢

THTS® 141700
THTSs 1“,00
THTS® 147,00
THTS» 150,00
THTSs 153,00

TyTS® 156,00

THTS: 159 00
THTS® 162,00
THTS® 165,00
THTS® 144,00
THTSe 171,00
THTS=2 174,00

THTS=® 177,90

FINAL DATA

NLDT= 7260

PCFIX= 9. 8
PCFIX® gg.0,
pCFIXs 93,39
PCFIya 95 04
PCFIXs ¢3.34
pCpXs 96.69
PCFIXZ100 00
pCFIx=100,00
pCFlX: 95.04
PCF1X=100,00
PoFlXs 95,04
pCFIXa 95,04

PCFIXs 93.39

PCFIXa 90,66

TRACKER

TRACKER b
TRACKER 3
TR‘CKER .

TRAC ER
YRAC&ER
TRACKER
TRACKER
TR AcKER
TRACKER
TRACKER
TRACKER

TRACKER

TRACKER

TRACKER
TRACKER
TRACKER
TRACKER
TRACKER
ACKE
18R
TRAEKER
TRACER
TRACKER
TRACKER
TRACKER

TRACKER
TRACKER

PCCOVE 95,0,
PCCOVE 97,52
pCCove 96,69
PCCOy= 97,52
PCCOVE ¢6.64
pCCov= 98.35
PCCOV,100 00
pCCyva100,00

Pccova 97,92

pPCCOV=100,00

PggOV= 97.52
pCCqv= 97.52
pCCOV= 96.69

PCCOV2 95,25

AVNSa
AVNS=
Angs
ANSe
AVNSz

AVNS=

AVNS .
AVNS=
Avys®
AVNS=
AVNS:
AVN5=
AVNS=

AVNSs

336
3.1,
3.33
3,74
3.6
3.70
3,87
3.74
3.81
3-98
4,11
3.81

331

3.38

NGNS=
NGNSz
NEnS*®
NGNSs
NGNS=
NgNS=
NGNS 2
NENS®
NONs®
NGNSz
NgNS=
NONS®
NGNS=

NGNS =

14
15
14
20

15

10

16
17

20

TRACKER
TRACKER
TR‘CKER
TRACKER
TR cKER
TRAC(ER

TRACKER
TRACKER
TRACKER
TRACKER
TRacKeR
TRAC,ER
TRACKER

TRACKER

NN NN N

N NN N NN

PCCOVE 9544
Pccove gy.42
pCCqva 96,69

PCCOye 97,52

PgcOve 96.59
pCCqve: 98,35
PCCOV.106 00
pCCove100,00
PCCOVI 97,92
PCCOV2400,00
PccOVﬂ 9’;’2
Pccov- 97.%2
PCCOVe 98,69

PCCOV: 99,28

AVNSs 3°36
AVNS® 3.13
.31
.69

Avyse 3

AVNSI'S

AYNS® 3 64
3

AVNSE 3.66

AVNSe 3 8%
Ayyse '3.73
Avyse 3.79
AYNSs 3. 9p
AYNS® 4.07

Avyse 3.80

AVNS®: 3. 3¢

AVNSe- 3. 3y

NGNSz
NgNSs
wong®
NGNS,
NgNS=
Ngh8®
NGNS,
NONs®
nins®
NGNSz
NgN$s=
NONS®
NGNSt

12

14
13
14

15

16
1 %4



Lg

SUNLINE DaTa

THTSs
THTS'
TRIS=
THTSe
THTSe
THTSe
THTs®
THTy"
THTS®
THTS,
VHTS-
THTS®e
THTSs
TuT5-

THTSe

THTS-
TyTS0
THTSs

THTS®

180.00
183,00
186,00
189,00
192,00
19590
198,00
201,00
204,00
207 00
216.00
213900
216,00
219,00
222,00
225,00
228,00
251,00
234,00

TRACKER 1
TRACKER 3

PCFIXn
PCFlym
pcrlx-
PCFIXs
PCFIXs
PCFIXs
PCFiyw
PCFlxs
pCFIXs
PCFIyx
Pcr[Xn
PCFIX=s
PCFIXs
PCpXa
PCFIX=
PCFtX8
PeriXe
PﬁFle

pCFle

DIAMTR OF FIELD OF VIEW (DEG) = 6.0000
TRECT1ON COMPONENTS
DIAMTR OF FIELD OF VIEW (DEG) ® g.g9000
UNIT VECTOR opnecrlon COMPONENTS

UNIT VECTOR D

91.74
93,39
98,35

90.08

92,56
95.87
94 21
94,69
91.74
91 74
90,08
8,.87
90.08
91.74
93.04
83,47
93,39

91.94
83.47

|

'

;
TRACKER
TRACKER
RACKER
RACKER
TRACy R
TRACKER
TRACKER
TRACKER
TRACKER
TRACKER
TRACKER
TRACKER

;RACKER 1

RACKER
JRACKER

RACKER
TRACER
TRACKER
TRACKER
TRACKER

TeaEkER

. TRACKER

TRACKER

mo s

[

TRACKER

TRACKER
TRACKLR
YRACKER
TRACKER
TRACKER
TRACKLR

TRACKER -

TRA

. =R
tRaEKER

TR‘cK;R
TRACKE
TB‘C Eg
TRAC“ER

|
i
B

NUMBER OF STARS IN CATALOG
NUMBER OF STAR TRACKERS
INITIAL SUN ANGLE (DEG)
FINAL SUN ANGLE (DEB)
SUN ANGLE INCREMENT (DEG!
VEHICLE ROTATION INCREMENT (DEG)

PCCOVs=
PCCOV=
pCCovs
pCCova
pCCOV=
PCCOV=
PCCOy=
PCCOy=
pCCova
PCCOys
PecOVE
pCCOV=
pCCOV=
pCCov=
pCCOVs=
pCCoV=
PecoVs
Pccdv-
pCCoVa

95.87
96,69
99,17
95.04
95.87
97.52
96,69
98,35
95.87
95 87
95.04
99+ 9
95.04
95,87
97.52
91.74
96,69
9557
91,74

AVNS=2
AVN5=
AVNS=
AVNSs
AVNS=
AVNS=
Astz
Asts
AVNS‘
AyNS:
AVNS:
AVNS=

AVNS=

AVNS=
AVNS=
AVNS=
AVNS=

AVNS=

AVNS?

TRXR = TRYR =

LIH?!INO MAGNITUD
TRXR = 0 TRYR =
3.51 NONS= 8 TRACKER
3.7% NGNSz 11 yRACKER
3.73  NgNS= 10 TRACKER
3.59 NGNS= 12 TRACKER
3.49 NGNS= 11 TRACKER
3-69 NGNSz ;¢ TRACKER
3,76 NGNg= 12 TRACKER
3,64 NGNgz 15 YRACKER
3.71 NGyS= 17 TRACKER
3 49 NGNSz 16 TRACKER
3.80 NGNSz 13 TR, cKgR
3-59 NGNS= ., TRACKER
3.38 NGNSz 13 TRACKER
3.687 NgNS= 18 TRACKER
3.58 NGNS= 18 TRACKER
3.2% NgNS= 12 TRACKER
3.40 NgNS= 11 TRACKER
3:34 NGNSz 1, " TRACKER
3.28 p\Gys= 17 TRAC,ER

CASE INPUT DATA

4827

2
180.00
36500
T 3-00
300

LIMITING MAGNITUDE = 6.0000

NN DN

N N NN NN NN

N NN NN

0000
® 6-.0000
0

PCCOVe
PCCOy»
pCCovse
PCCOVe
PCCOVs
PCCOVs
PCCOy2
PCCOy2
pCCOVt
PCCng
PecOVve
PCCOV2
PCCOVe
pCCovs
PCCOvVs
pCCovs
PocoVe
PCCOVe

pCCOVt

TRIR
fRIR

9%.87
98,89
99.17
95.04
99.87
97.52
96,69
98,35
93,87
95 87
95,04
90.91
95.04
95,87
97.5%2
9¢.74
96,89

98:87
94,74

® 10000

AVNS®
AVNS-
AVNSS®
AVNSe
AVNS®
AVNSs
AyNgs
AyNgs
Avyse
AyNSs
AVNS®
AVNS®
AVYNSs®
AVNS®
AVNSa
AVNSe
AVNSS®
AVNSS
Avhsn

4 b W W

“a W N U o«

WU B 4 4 @ e

.49
73
.70
.54
.42
.68
.74
.84

.1

S0

.60
.57
.38
.69%
.58
.23
.40

.2%

NGNS
NGNS
NgNS=
NGNS
NGNSs
NGNSs=
NaNs-
NGNs-
NONS®
NGNS,
uuns.
NGNS
NGNS
NQNSI
NGNS»
NGNS'
NGNSI
NGNSz

NONSI

1
10
12
1
10
12
13
17
16
13
12
13
18
18
12
11
1
17



8€

THTS=
THTSs
Ty1Se
THTSe
THTSo
THTSa
™H1s®
THTSS
THTS»
THTS=
TuTSe
THTg®
THTSa
THTS3
THTS,
THTSs
THTg®
THTSe
THTS»
THTSo
THTSs
THTS®
THTS?
TR1y®
THTS,
TuTSH
THTS,
THTSs

THTS,

237490
240,00
243,00
246.90
249,00
252,00
255,00
258,00
26400
244,00
267,00
270,00

273,00

276,00
279.00
28290
285,00
2gg°00
291.00
294,00
29790
300,00
303,00
306,00
309 00
312,00
315'00
315,00

321.00

PCFIXs=
PCFlXs
PcFlX=
PCFIXn
PCFIXs

PCFIX=

PCFlxe

pcrle

PCFIXa

PCFIXa
pCFlXa
PCFlye
PCFin
PCFIX=
PCFIX,
PCFIXs
PCFIya
PcFlIXa
PCFIXs
PCFIXs
PCFIXe
pCFixs
PCFlixs
PCFly=
PCFlys
PCpX=
PCFlya
—

PCFIX,

91.74
90.08
95.04
93.39
84,39
73.55
68,60
77.69
88-43
93.39
96.69
86,78
80.99
81,82
82,64

86.78

85,12

85.12
90.08
95.87
998
88,43
87,60
91,74
85.43
91.74
98.35
95.04

90.08

TRACKER
TRACKER
TRACKER
TRACKER
TR, rKER
1ribxEr
TRACKER
TRACKER
TRACKER
TRACKER
TRACKER
TRACKER
ACKE
;EACKEB
TRAC ER
racReR
TRACKER
IRACKER

TRACKER 1

TRACKE
TRACKER
TRACKER
RACKER
RACKER
TRACKER
TRACKER
TRACKER
TRACKER

TRACKER °

TRACKER
TRACKER
TRACKER
ACKE
Rackef
TR,AcKER
ACKE
Rackel
YRACKER
TRACKER
TRACKER
TRACKER
TRACKER
TRACKER
TRACKER
ACKE
;QACKEB
ACKE
;BACKEE
TRACKER
TRACKER
TRACK R
TRACKER
TRACKER
TRACKER
TRy cKER
;BACKER
ACKER
TRACXER

PCCOV=
PCCOV=
PecOvs=
pPCCOV2
pPCCOV=
PCCOV=
PCCOy=
pCCqV=
PCCOVe
PCCcOVa
pCCova
PCCOy=
pCCOVse
pCCOV=
pCCOV,
pCCOV=
PCCOy=
PccOVs
pCCOV=
PCCOV=
PCCOV=
pCCov=
PCCOy=
PCCOy=
pCCOV,
pCCoV=
PCCOV,
PccOvs

PCCOV,

95.87

95.04
97.52

96,69
91.74
86.78
83,47
88.43
94r21
96°69
98,35
93,39
90.08
90.91
90.91
93.39
91,74
92.5,
95,04
97.52
95.04
94,21
93,39
95,87
94 21
95.87
99 17
9732
95,04

AVNS=
AVNS=
AVNS’

AVNS=

AVNS=

AVNS=
AVNS=
Avys=
AVNS=
AVNS=2
AvpnSz
AyNg=
AVNS=

AVNS=

AVNS
AVNS=z
AVN5=
AVNS=
AVNS=
AVNS=z
AVNS=
Avys=
AVst
AyNg=
AVNS 5
AVNS=
AVNS_
AVNS=

AVNS,

3-12
3.07
3.07

3.00
2.91
2.67
2.87
2.85
3's
3.04
3.2
2.98
2.77
2.84
2.96
3.8
3.00
3.23
3.17
3.16
323
3.21
3.53
3.60
3 61
3.64
3 53

3.50

'3.37

NGNS=
NGNS=
NGNS=
NGNS=
NGNS =
NGNS=
NGNg=
NEns=
NGNS=
NGNS=
NGNS=
NONg=
NGNS=
NGNS=
NGNS,
NGNS=
NGNg=
NGNS=
NGNS=
NGNS=
NGNS=
NON3=
NGNg=
NGNg=
NGNS,
NGNS=
NGNS
NGNS=

NGNS,

13
12
13

14
14
16

15

11

12

i2
13
12
12

11
11

11
11
11
12
16
16
19
16
14
10
11

12 -

Ta

TRACKER

TRACKER 2

TRAcKER
TRACKER
TRACKER
TRACKER
YRACKE
TGACKER
TRACKER
TRACKER
TRACLER
TRACKER
TRACKER
TRACKER
TRACKER
TRACKER
ACKE
TRACKER
TRACKER
TRACKER
TRACKER
TRACKERQ
TRACKEL
TRACKE,
TRACKER
TRACK R
TRACKER
TRACKER
TRACKER

~

n ~N N N n N N NN n ~N [ M ~N ~N NN

NN NN

NN NN

PCCoOV2
PCCOV2
Pccov’

PCCOvVs
PCCOV=
PCCOV=
PCCOy2
pCCove
PCCOVE
PccOvs
pCCqvs
PCCOy4
PCCOVs:
PCCOV=
pCCOV,
PCCOVs
PCCOy2
PCCOV?
PCCove
PCCovs
PCCoOvV=
pCCova
PCCOV:

Pc00v!

PCCOV,

pCCove
PCCOV..
PccOvs=

PCCOV,

98,87
95.04
97.92

96,89
9¢.74
86,78
83,47
88,43
94r21
9649
98,35
93,39
90.91
90.91
91,74
93.39
91,74
92:3
93.04
97.3%2
95.34
94,21
94,21
95,87
9¢ 21
98,87
99.17
97+ 32
95,94

AVNS®
AVNS»

AVNSE

AVNS®

AVNS®

AVYNS»
Astl
AVySe
AVNS®
AVNS®
AVnSss
AyNgn
AVNSs
AVNS®
AVNS
AVNSa
AVNSH
AYNS=
AVNSs®
AVNSI
AVNSea
‘VNS'
AyNge
Astl
AVNS 4
AVNSS
AVNS 4
AVNSe
AYNS

NN NN -

“u B N o« N N N N W W

(2] “ - (7 B~ | “U W 4

‘12
-08
.07

c22
.21
.55
.60

62

.64

5¢

.50

.36

NGNSs
NGNSs
Ngh8s=
NGNSs
NGNS=
NGNS
NGNSB
NONS?2
NGNS=
NGNS=
NONSE
NGNg =z

NGNSs
NGNS=

NONS
NGNS
NGNgs
NGNS
NGNS
NGNS =
NGNS
nans®
NGNg2
NGNS-
NGNS
NgNSse
NGNS,
NGNS =
NGNS

13
12
13

14
14
16
18
11

12

12
13
12
12
14
11
11
11
11
11
12
16
16
19
16
14
10
11
12



6¢

THTS® 324400

.Tﬁ75' 327.00

THTSa 339,00

T"TSI 333,00

Y”Ts. 336.00
THTS2 339,00
tHrst 342,00
Hrse 345,00
THTSe 348,00
THTS® 351,00
tHTs® 354,00
THTS® 34,,00

THTSe 360,00

FINAL DATA
NLDT= 7383

PCFIXe 95.04
PCFIXs 93,39
PCFIXs 95,04
PCpXs 93,39

PC'IX: 96,69

PCFIXs4n0.00
PCFlys300,00

PCFiys 95,04

PCF1X=100.00
PeriXs 95,04
PCFlxas 95,04
PCFiXs 3.3y
pCFiXs 94,74

PCFiXs 90,67

TRACKER;
TRACKER
TRACKER)|
TRACKER,
TRACKER
TRACKER
TRAFK
YRACKER
ACKE,)
;ElCKEg
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1
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1

Yy

-

- - s

PCCOVE 97.5,
PCCOVZ 96.69

pCCoOVs 97,932

pCCoV= 96,69
pCCqvo 98,35
PCCOV=100.00
PCCOy=100,00
PCCOy= 97,52
PccOVa100.00
PCcOvVs 97.52
pCCOy= 97,52
PCCOVE 9669
pCCovs 95,87

pCCOV= 95,24

AVNSs=
AVNS=
AVNS=
AVNS=
AyNg=
AVNSs
Asta
AVNS-
AVNS=
AVNS=
AyNg=
AVNSs=

AVN!'

AVNS=

3
3.
3.
3.
3,
3.
3,
3,
4.
4.
3.
3.
3.

14
30
72
58
74
92
73
82

01

83
3
5

3.38

NGNS=
NGNS=
NGNS=
NGNS=
NGNg=
NGNS=
NGNS=
NGNS=
NGNS=
NgNS=
NGNg=
NGNS=

NOns®

NONSs

14
15
14

20

15

10

16
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20

TRACKER
TRACKER
TRACKER
TRACK R
rRACHEQ
TRACKER
TRACKEL
TRACKER
TRacKeR
TRAGKER
TRACKER
TRACKER
TRAC,ER

TRACKER

NONN DR

N NN ~ NN NN

PCCOVE 97.3,
PCCOVE 96,69
PCCOVe 97,52
PCCoVe 96,89
pCCqove 98,35
PCCOVEL00.,00
PCCOy 400,90
PCCOy+ 97, 92
PccOve=100.00
PecOVe 97,32
PCCOys 97,52
Pccov4 94-49
pCCove 98,87

PCCOVs 99,29

AVNSs

AVNSs

AVNSs:

AYNS®
‘v"s'
AVNSs
Astn
‘stl
AVNS'
AYNS®
‘v"sl
AYNS®

Ayyse:

AVNSs

"13
.31
.69
.64

U L s 4

.68
.88
.73
.79
.98
.07

S 4 4 8

3.3
3.49

3.

NGNSE 9
NGNS= g4
NGNSz ¢9
NgNS® 14
nons.'po

NGNS» 18

‘NGNsn 9

NBNgs 10
NgNS= 9
NgN3: 16
NGNg= 17
NGgN8s o

NGNSs (20



()7

SUNLINE

THTSa

THTs® -

THTS g
Ty1Ss=
TyTSe
TyTSe

TNTSa

TyTSe

THTSs
TH7SI
THTS=
tHrs®
THTga
THTISs
THTISs
TyTSe
THTs®
THTSs
TNTS,

DATA

NUMBER OF STARS -IN CATALJG = 4827
NUMBER OF STAR TRACKERS = 3
INITIAL SUN ANGLE (DEG) s 0
FINAL SUN ANGLE (DEB) £ 90.00
SUN ANGLE INCREMENT (DEQ) * 3.00
VEMICLE ROTATION INCREMENT (DEG) = 3,59
TRACKER 1 DIAMTR OF FIELD OF VIEW (DEG) = 6.0000 LIMITING MAGNITUDE = 6.0006
UNIT VECTOR DIRECTION COMPONENTS TAXR = TRYR & 4.p9p0
TRACKER 2 DIAMYR OF FIELD OF VIEW (DEG) ® 6.0pp0 LlHY!lNO MAGNITUDE = 8,900
UNIT VECTOR DIRECTION COMPONENTS TRXR = 0 TRYR = ,707%
TRACKER 3 DIAMTR OF FIELD OF VIEW (DEG) = 6.9040 LIMITING MAGNITUDE = 6.0g00
UNIT VECTOR DIRECTION COMPONENTS TAXR = 0 TRYR = 0
PCFIXa 98.35 TRACKER ¢ PCCOV= 95,87 AVNSz 3.51 NGNSz 8 TRACKER 2 PCCOVe
TRACKER 3 PCCOV= 95.87 AVNS= 3.49 NGNS= 8 TRACKER
PCFix= 98 35 TRACKER 1 PCCOV= 96,69 AVN =-3,7%5 NGNg= 11 ACKER F PCCOvt
TRACKER 3 PCCOV= 96,69 AYNS: 3,73 NGNS= 11 }EACKER
PCFI,z100 0O TRACKER § PCCOV- 99 17 AVNS. 3 69 NGNS: 10 TRACKER 2 PCCOVy
' TRACKER 3 PCCOVa 99,17 AVNSz 3.70 NGNSz 10 TRACKER
PCFIX=100,00 TRAcKER 1 pE ov=z 95.04 ,VNS= 3.53 NgNS= 12 TRACKER 2 Pgcove
TRACKER 3 P Eov= 95 04 AVNS: 3 54 NGNSz 12 TRA KER
PCryXe 99,17 TRACKcR 1 pCCOV= 95.87 AVNSs 3,45 NeNS= i1 TRACKgR 2 PCCove
TRACKER 3 PCCOV, 95 87 AVNS. 3 42 NGNS 11 TRACKER
PCpyXa 99,17 TRACkR 1 pCCoV= 97.52 AvpS= 3.68 p.NS= 10 TRACy R 2 pCCove
TRACKER 3 PCCOV. 97 52 ‘AVNS_ 3 65 NGNS_ 10 TRACKER
PCFlye 99 17 TRACKER 1 PCCOVz 96°69 AVNS: 3'77 NGNSz 12 “TRACKER 2 PCCOV,
TRACKER 3 PCCOVa 96,69 AVNS: 3,74 NGNSz 12 TRACKER
pCpyX=100,00 TRACKER 1 pCCoVz 98,35 AvnNSz 3,64 pNeNS= 15 TRACKER 2 pCCove
- TRACKER 3 -PCCOV, 98.35 AVNS. 3,64 NGNS_ 15 TRACKER .
PCFIX=400.n0 TRACKER ¢ PCCOV= 95,87 AVNSZ 3.74 NGNSZ 47 TRACKER 2 PCCOVt
i TRACKER PCCOV= 95.87 AVNS=z 3.7, NGNS= .7 TRACKER
PeF1X=100,00 TRA KR iv PrpOV= 95,87 AVYNS: 3.56 NgNS= te TRALKER 2 PooOVSE
rafkEn 37 pEEov. 95787 auns. 3750 NENs. 16 rrabikEr .
PCFIXs 9g, TRACKER PCCOV= 95.0 AVNS= 1.,0 NGNS= TRACKER PCcovs
B35 TRACKEQ 3 CCuhy= 9?,03 Ayng=® 9.80 Gyg= 15 TRACKER 2
PCFlxa 96,69 ACKE, 1 gcc8v= 90,91 AVN = 3,59 NeN3= 12 ACKE, 2 PCCOy#
¥5Acxeﬁ 3 PCCOV= 90.91 AVNS: 3,57 NGNS= 12 ;BACKEQ
pcrlx- 98.3% TRAC,ER 1 pCCovz 95,04 Ayyg=z 3,37 \Gyg= 13 TRACER 2 pCCyve
TRACKER 3 PCCOV. 95,04 AVNS_ 3.36 NGNS. 13 TRACKER
pCFX=2100.00 TRACKER 1 pCCov= 95.87 Ayys= 3,65 p\Gys=z 18 TRACKER 2 pCCove
TRACKER 3 PCCOV= 95.87 AVNS= 3.65 NGNSz 18 TRACKER
PCFIX=100.00 TRACKER ¢ PCCOV= 97.52 AVNS=z 3.57 NGNS= 18 TRACKER 2 PCCOV=
TRACKER 3 PCCOV: 97.5, AVNS= i.se NGNS= 48 TRACKER
PCpyX= 98,38 TRACkeR 1 pCCoV= 91,7 AYNS= 3.22 NpNS= i? TRACKgR 2 PpCCovs
trackEr 3 PCCOV. 91 74 AVNS_ 3 23 NONS_ 12 TRACKER
pCFixa100, 00 TRACKEgR 1 ,CCay= 96,69 AyNegz 3.39 NGNg= 11 ACKER 2 pCC ys
thackeR 3 BccBve 96,69 AvNE: 3.40 nNoNE: 11 TBacke
PCFIXag00,00 TRACKER 1 PCCOV= 95.87 AVNS=z 3.32 NGNS= 17 TRACKER 2 PCCOVs
: TRACKER 3 PCCOV= 95.87 AVNS= 3.3, NGNSz 47 TRACKER
PCFIX, 96.69 TRACKER 1 PCCOV_ 91.74 AVNS_, 3.26 NGNS_ 17 TRACKER 2 .PCCOvV,
: TRACKER 3 PCCOV= 91.74 AVNSz 3.25 NGNSz 17 TRACKER

CASE INPUT DATA

fRIR
TRIR
TRIR

98,87
99,69
99 47
95,04
99,87
97,52
96 89
98,35
93,87
95,87
95-%4
90,91
95,04
95,04
97.5%2
9{ .74
96,69
95,87
94,74

" 707

* 1:0000

AVNSs
AyNge
AVNS o
AVNSS
AVNSe
AVNSE
AVNS o
AVNSe
AVNSs
AVNSs
AVNSs
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Ayyse
AvySe
AVYNSE
AYNSSs
AyNge
AVYNSs
AVNS

“ (% B> B 7 7 ]

“ (2]

-Sp

74

71

.58
.42
.68
74
.66
.77
.52
.40
.56
.36
.64
.58
.26
.42
.34
.28

NGNS =
NGNg=
NGNS .
NgNS=
NgNS*
NGNS’
NGNS 5
NGNS =
NGNS =
NnNSB
NGNSs
NGNS:
NONS®
NONS=
NGNS=
NgNS=
NQNsc
NGNS =

NGNS,

11

10
12
11
10
12
15
37
16
13
12
13
18
18
12
11
1?7
17
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s 57,00
THTS® 40,00
THISs 65,00
THTSs 66,00
THTSs 69,00
THTSs 92,00
THTS®  7%,40
T4TSs 78,00
THTS, 81,00
THTS, 84_00
THTSe 87,90
FINAL DATA
NLDTs 3630

PCF1ys100,00

PCFIXm 98.35

pCFXu100,00
Pcr1Xs100.00
PCFIXs 97,52
PCFIXs 9p.35
PCFIXs 93,39

PCpXs 95,87

PCF1X,100.00

PCFIyal00 00

PCFIXs190.00

PCFIXe 98,87
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TRackeR
TRACKER
TRACKER

TRACKER
TRACKER
TRACKEQ
TRACKER
TRACKER
TRACKER
TRACKER
RACKE,
RACKER
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TRACKeR
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TRACKER;
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TRACKER!
TRACKER

|
!
|

YRACKEﬁ
TRACKER

|

!
!
|
s
!
|
|
!
{
|
I
|
|
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PCCOy =
PCCOVs
PCCOV=
Pccov:

pCCovVs=
PCCOV=
PccOVe
pCCOVa
pCCOVs
pPCCOV=
PCCOV=
PCC0V=
pCCOVs
pCCOVE
pCCovs
PCCOV,
pCCOV,
pCCOVs
PCCOV:
pCCOVs=
PCCOVs

pCCOVE,

pCCOVs
PCCOV,

95,87
95.87
95.0

9;.02
97.%2
97.%52
96.69
96 69
91.74
94.74

88.78
.78
83,47
83.47
88.43
88 43
94.21
94.24
96 69
96:69
98.35
98.35

94,74
94,74

ANg=
v
AVN§=
AVNS=
‘V~ss

AVNS=
AVNS3
AVNs=
AVNS =
AVNS=
AVNS=
AVNS=
AyNgs
AVNSs=
AVNS=
AVNS=
AVNS
AVNS ,
AVNS=
AVNS
AVNSs
AVNS=
AVNS=

AVNS=

AVNS,

3,12
3.12
07
.06

3.07
3.07
3.03
3,01
2.93

3:%2
2.88
2.68

.66

.85
2 84
3.07
3-p6
3,06
3.06
3.19
320

3.33
3.32

NGNc=
NGN§=
NGNS=
NEns*®
NGNS=
NGNS=
NGNS=
NGNSz
NGNS=
NGNS=
NGNS=
NGNg=
NGN5=
NGNS =
NgNS=
NGNS
NGNS -
NGNS=
NGNS -
NGNS=
NGNS=
NGNS =

NGNS=
NGNS,

13
13

13

13

14
14
14

18
15
S

1

11
12
12

12
12

18
18

ACKE
;EACKEE
TRACKER
TRAFKER

TRACKER
TRACKER
TRAcKER
TRACKER
TRACKER
TRACKER
TRACKER
;EACKE
ACKE
TRACKER
TRACKEgR
TRACKER
TRACKER
TRACKER
TRACKER
TRACKER
TRACKER
TRACKER

TRACKER
TRACKER

~

N N N NN NN N N

PCCOye

PCCOVs

pCCqve
Pccovs
PCCOVs
PCCOvVe
PCCOVe
PCCovse
PCCOV,
PCCOV,
pCCOVs

PCCOVs

98,87
9,.04

96,69
96,09

91,74

8678

83,47
86,43
94,21
96 89
98,38

94,08

‘VNS'
AVNS®

AVNSe

AVNSE

AYNSe

AVNSSE:

AVNS®

AVNSe:

AVNS,
AVNSq

AVNSs:

AVYNS®

3.12
3-0¢
3.08
3.00
2.91

2.49

2.69%

2.84
3.09
3 07
3.24

3.33

NaNsl
NGNSs

NONSs
NGNSI
NGNS =
NGNS =
NGNS
Ngh8s
NGNS,
NGNS,
NONS=

12
13
14
14
te
19
11
12

18
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