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ABSTRACT

The purpose of this. study is to examine the p.robler. of/ /-
.determinihg rise and /set ti .es for visibility" periods of

multiple satellite•'sateilite and satellite4ground station

communications. Additionally, the ability to maintain

constant communication links is explored.

This research e:ýamines three means to solve the

problem: basic iteration, the Lawton Method, and an 'Improved

method involving parabolic blending and a closed fc, root

solving technique. The greatest concentration is placed on

the final solution and its application.

The reslt of this investigation is a computer program

aC .. E - mirin• -isc ag., set times for .s- man. a

four .•a'elli..s and foiir gro-ind stations. In additic.n, the

pr.:rrn pert- :rms a check for centiriucýus communications

bE t%,c-t- the :.njicatcd satcllites and, earth t asod rcsoutrcos.
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CHAPTER 1

INTRC' CTTION

spacc MIsion archit czurc, much" I'e3t s Cfr a

sate1ii% -'s abiliti-y to commuriurc ate with either an earth

based tracking station or another satellite. Data relays as

well as, tracking, telemetry, and command directions depend

or line of sight opportunities. Additlcnallt-, availability

of communicitions determine satellite data rate

requiremen'ts, data storage capabilities, and on crbit

processinz. All these factors affect sa-ellitc zomple:ity.

orbit scl ,:t on and satc. i:.t? zz.stcJJati,:r. s.izc. Fr these

r•_aorsi, it is imortant t:ý pza-es the ability, to rapidly

-hree mc--hoss of dr-.erm'nin;. the desired r-ise and set

i.s ti C- r CiLtc fSt to :,0n uh.ý s s s I '"!-:-sc .r ..agatvs a

to find riseiset times. ThC sezond ta'es., ad'vant a;c .:-f the

L'•st F•curiev transfcrm t: define ofarac:eristi:s o. the

,isibilitv 'ur;,e. This mcthcd mahc~s usc cf the Rc;lia Falsi

ite-rati.e tech'ique tc dctcrm:.e rise/sct times. The final

method r.econstruzts t'h• 'visibillit" urve usinr parabclic

blending, the.,n deLe-mines riic'sct times using a closed form

ruc• z ver. The process for dctermininz visibiiit.y periods

by, this third method is det.iled. The final result is a

computer program capable of handling multiple satellites and

;round stations, determining whether or not continuous

"..........n . n



ccmmunications am.ýnsn the satcllites and with the ground Is

possible, and completing the task in a time1y manner.



CHAPTER 2

VISI-IILITY FUNCTION

2.! General Discussion

The concept of the visibility function is :'ei.tral tc.

any method of determining rise/set times ftr sat'el it:!-

satellite or satellite-grounc station in-view Periods. The

visibility function involves a line of sight calculattion

Ibetween the two objects of interest. The - alue cf the

function varies with time in accordance to the changing

positions of the two objects.,

For two satellites in orbit around the carth, line of

sight is poss2'.Ic only w:hen bcth objects are ab-'e a rlane

tanczit to the earth's sirfacc. The most ext r,.me s-ti:,n.

for the satcllites which st!ll alliw for line of Si_ýht occ-_ur

w'hen both lie in the tangent plane. These po-sitý:iz are

d4c rneLi y the C'fllc iIC u..ti-nrs'

% =ý C.3- 3 . rt /-

Ihe •r••e betwc.n th,-- t.o po•iti .czt.rs .a.t any -p- n.it

dcfined as:

o ='r r2.
I I I -
,r ,r' , r"

The visibility +functi-n is thc.n defined, by4:

,r = a, + az - o

When the value -f t,! vi-ibility function is positive, the

satellites have line of s-._ht, Similarly, a negative ;alue

indicates no line of sight. A value of zero is either a



rise or s't time for visibility (See Figure 1). The same

visibility function applies to a satellite and a ground

station.

Orbital Geometry

"s-•r20

,i .. 42

Figure 1

2.2 Basic Rise\Set Determination.

The most direct method of determining visibility

opportunities is small time step progression of the

visibility function. At each step, the value of the

visibility function is calculated. When plotted versus

time, the visibility function yields a visibility waveform.

When a sign change occurs in the value of the function and

the wave crosses the x axis, a rise or set time is

indicated. Linear interpolation is'used to determine the

exact time of the crossing. Although this method is

legitimate, it is cumbersome and time consuming.. The small

time step necessary to insure the hest solutions using



- I
linear interpolaticn leads to large data sets and an

extremely inefficient number of calculations by the

computer. In order to ceter%,ine the rise/set time for two

satellite ovcr a period of twenty-four hours with a time

step . of five seconds, more than seventeen-thousand

calculations of the visibility function alone must be f
computed. As a method for real time solutions, this process

is simply not realistic.

I

____ I



CHAPTER 3

THE LAWTON METHOD

3.1 The Fast Fourier Transform

In his paper, j. A. Lawton presents a method for

determining, visibility opportunities using a fast Fourier

transform, FET, to estimate the period of the visibility

waveforms. The use of the FFT is in response to the need to

process large quantities of data points with fewer

calculations while still maintaining the accuracy of the

interpolating trigonometric pol-ynomial 4  In his

presentation, Lawton uses the FFT to- select the most

prorpnent modulus of the waveform from the equations

.-- -~.r~•e' /~•'r.- j =i,,..n

where

r{k } =the .isibility function at time tk

n = number of data points,

The value of. Cj with the largest modulus, Cjma::, is then

used to determine the value of the period of the waveform

from the' foll6wing equations,.

P='Wjaa =

p 77_



Once the period of the waveform is determine, it is

used in conjunction with a curve searching technique to

determine the rise/set times of the objects in question.

3.2 The Regula-Falsi Method of Zero Finding

The visibility waveform is first sectioned by fractions

of the period determined by the FFT. The slope of the

visibility function is determined in each progressive

section of the wave until a local maximum value of the

function Is isolated between a positive and negative zlope

-viluc. If the local ma::imum value is found to be positive,

tL.e cur',e in that particular scct.ion is searched f::r rise

and set t'mes. If the value ;f* the "isbilit." fn:tizn Is

:•€at2'.( c t t,• 1•cal I xinum, t:• s' a:'zhing prsccscs I.eskm'es

to is,. ate the next local wnaximtrm "alue.

ur',:, searhCnhi-ng in this r;roccss is ,cccmPlishcd usin•

"-c .e•ula Falsi met.cd of zero fir.ding. The eq-atico.- is'#

co:aof~bc, ) bufla,)
fCbu -o fao

a-.



An illustration of the process is shown below in Figure 2.

ao ". .
x"II."Co bo .0F 0

af(b)- b f(a)
C0 0 0ý 0C -- _ _ _ _

0 f(bo) - f(ao)

Figure 2

If the value of f(co) is zero, the sear:h is complete.

Otherwise, an iterative technique begins with-reassignment

of the variables occurring as follows7 :

if f0aoif(;o) 0, then ai = a* and bi = co

if f(ao)f (c) > 0, then ai = co and bt = b4

The above reassignment continues and the value of c is

recalculated until f(c.) is equal to zero. In the initial

process of the curve examination, this method is used to

determine the time associated with a local maximum in order

to detarmine if thi yalue of the visibility function at the

local maximum is positive or negative. In this case, no

crossing of the x axis takes place and the iteration of the

Regula Falsi method continues until a. • be or until the

difference between a. and-be is sufficiently'small.

I'
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Although the Lawton process is sound in the

determination of rise/set times, it has the? disadvantage of

being limited to orbits with eccentricities less than

0.0 1.. This is necessary to ensure a relatively periodic

weveform. Very low eccentricity or nearly circula-. orbits

produce nearly sinusoidal waves while highly elliptical

orbits produce wave forms much more difficult to predict.

Evidence of this can be found in the figures included ;ith

the results to this work. Aperiodic waveforms may result in

inaccurate determination of the period and make curve

searching a more difficult tasl:. Additionally, this method

is only applicable to evenly spaced data points', Sparse

data or unevenly spaced points cannot be Used with the fast

F'-: *i ,: i • t ' n '; '

In his' work. Lawton statcs this method accounted for

* 9.9971 of the rise/set times determined by the iteration

method described prcviously using a spherical-Ear*,t zi.avItv

ficld and 99.992% of the rise/set times in an oblate-Earth

•-avity ficld.ý He fail:i to state the accuracy of the

rise/set times found by, this method as c',mpared to the basic

iteration technique. The work in this study did not include

reproduction of his results nor investigation of the

accuracy of this method.



CHAPTER 4

THE PARABOLIC BLENDING TECHNIQUE

Parabolic blending is a method of curve fit ting which

maintains continuity of two parabolas formed from four data

points. The first parabola, p(r) is defined by points 1, 2

and 3, while the second, q(s) includes points 2, 3, and 4.

The parabolically blended curve is formed between points 2

and 3 (See Figure 3) and is defined by9

C(t) (I - t)p(r) + tq(s)

where 0 S t S 1

p(r) " :

. q(s)

P 'p
1' 3

C(M) * (1 - t)p(r) + tq(s)

Figure 3

At t x 09 'CMt) has the same slope as p(r) while at' t ,

q(s) i£ the influential curve. Thv' final result of the

blendin is a cubic maintaining characteristics' of both

__l _____....... . . . ..___________ i . . . . .. .. ' " 1' I



parabolas. The equation of the curve is written asi- 9

C t) Q3 t 3 + Q2't 2 + al t + ac

where Co = Pz

ul= -. SP + .SP3

a,, Pi - 2.SPz + 2P3 -5P4

a3 -.5PI + 1.5Pz 1.5P3 +,.5P4

This technique differs from the cubic spline since the

equation of the blended curve is independent of all other

data points except for the four points used to define the

two parabolas9 . Also, parabolic blending works well with

both equall.y and unequally space data points'.

,$" . ,



CHAPTER 5

FINAL ALGORITHM

The final result of this study is a computer program

designed to give the user the' option of determining the

visibility opportunities between a combination of up to four

satellites and four ground stations. More than four

satellites or ground stations requires significantly more

calculations and data storage. The-step-by-step process of

rise/set determination is detailed in the sections which

follow.

5.1., Satellite Position Determination

To beiin the process of determining. the rise/set times

for satellite-satellite or satellite-ground station

,visibility, it is necessary to calculate the position vector

of the satellite at the start-of the time of interezt. This

reyutires 'that six critical orbital elements be, :nown for

this calculation. They are the mean motion (n), inclination

11ý, eccentricity (e), longitude of the ascending node (f.),

argument, of periapsis (wi, and th'e mean anomaly CM).

Although the posit ion vector can be determined from a

variety of elements, these six were, chosen since. they are

readily known from an ephemeris of satellite information.

These elements and the position of the satellite are

determined with respect to the geocentric reference frame.

The first step in the determination of the position

vector is the calculation of the eccentric anomaly. This is



completed through the use of the Newton-Rhapson Iterat.ion.

The equations are 2

Mn En - e SIN(E,)

Ens En~ + M -fl

1 - e COS(En)

For the first iteration, M is used in the place of En.

When En+3 is calculated, a comparison -is made between En and

En + 1 When the difference is sufficiently small, the

iteration is stopped. For the final computer program, the

tolerance was, set for a difference less than '0.000001.

Convergence of the iteration may be of concern for orbits

with ecceritricities approaching 1.0 2. Once determined, the

final value of En is used in the calzulation of the true

anmaly as fllo.i:s 2

COS(v) = CCOS(r
eCOS(E) -

SIN(v) a a1 SIN(E)
p

p 1 a( - eCOS(E))

Onze the prcper quadrant of v is determined, ,the position

vector is calculated in the PQW or perifocal reference

frame 2 .

r = rCOS(vP + rSIN(v)Q

r 2 a(1-e 2 _
1 + eCOS(v)

A coordinate transformation is then accomplished to place

the position vector in the geocentric frame5 ' 1 0 .

• . . >-



The above process determines the position vector of the

satellite at a given time. Crce this is accomplished, the

position of the satellite must be propagated through the

orbit by some time step dictated by the user. This is

accomplished through the use of the following equationsl:

n' noll + l.5Jz(21-e 2 )(I - l.6SIN2 (i))]

p
2

S= -(l.532C0S(i)ln

p
2

w = tl.5J212 - 2.5SIN2 (i)]n

p
2

These changes in the values of the 'longitude of the

ascending node and the argument of periapsia represent

secular perturbations resulting from an aspherical earth.6

Once these elements are propagated forward, the position

vector is recalculated. In order to decrease compound-ng

error, the position vector is propagated each iteration from

the original values of 2 and w.

It is important to note other perturbin; forces

including atmospheric drag were not taken into account for

this study., Had drag been included, secular changes in the

semi-major axis, eccentricity and the inclination would have

been taken into account. 6

5.2 Ground Station Position Determination

For the determination of satellite-ground station

visibility periods, the position of the ground stat-ion must

"be calculated. This requires the user know the following

information: the year, monthtday, hour, minute, and second



the simulation is to begin, the east longitude and geodetic

latitude of the site, and the altitude of the site above

mean sea level. This information is used in the

determination of the Julian Date, the local sidereal time of

the site, and the final calculation of the position vector.,

This process begins with the determination of the

Julian Date given the year, month, date, and time. The

Julian Date is referenced to noon, 1 January 4713 B.C. The

equation for the Julian Date used in this program only

applies to dates between 1 March 1900 and 28 February

21003,1,0. The equation is 3 :

7(Year + inttMon-h+9))
JD 367*Year - int( .2 . +

-I.S.eccnd + .q- ,
60__ + Hour:

int(975*Month) + Day + 1721013.5 + .0- -

9 24

The Julian Date is then used to calculate the Greenwich

Sidereal Time at 0 hours UT:

0e0 = 100.'1'606184 + 36000.'77004T- x '.00638793T, 2

where Tu =,Julian Date - 2451545.0
36525.0

The Greenwich Sidereal- Time is then calculated according to

the rotation of the earth and the universal time 'in terms of

angles by2

eg 0e1 0 + w*(t -to)

----i-



Finally, the Local Sidcreal Time for the site is determined

by in terms of anglesz:

e -- Og + 5E

From this point, the rosition vector of the site in the

geocentric frame is calculated fromZ:

X,. a. + H. COS(L)
I - H SSI NL

Z = .. a_,ji - ee 2k) + H : SIN(L')
'- ee 2 SIN2 (L)

X COS(8)I + X .:!N(O)J + Z K

In a manner similar to the satellite position vector

propagation, the site position' vsctor is propagated ahead

. t'h respect to the rotation of t:.e earL:: and thc time: step

indicated. It should be noted that both the satellite

position vector and the ground site position vector may be

ca!culated tising either a spherical earth or an oblate earth

ir, accordance to the users choice. If an oblate earth, is

chosen, the K component of both position "ectors is scaled

by a factor of C/[i -' e 2  .

5.3 Rise\Set Time Determination

Once the position vectors of the two objects of

interest have been determined, the visibility function 'is

calculated at each time 'step. Although any time step may be

specified by the program' user, it is suggested 25 iecond

steps be used to allow for computer efficiency., Extremely
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large time steps may result in missed rise,/sct ti;.ic. In

order to irAare complete e'aluation of the entirc time of

interest, the position vectors and visbili'-- rzti.n ar

caiculated for times one step earlier and one stcp later

than specified by the user. Starting at time equal to zero,

parabolic blending is applied to the first four visibility

function daLa points. The equation cof the curve bet.-een

points 2 and 3 is calculated. The real roots of the

resulting cubic equation are computed using a closed form

root solver6. The equations to compute the real roots of a

quadratic are included in the program in the evg nt the

blended curve is a second degree polynomial or a straight

line. All complex, roots are i.nored for this rrsce-s. As

C(t) (I - t)Plr) + tq(s)

uhere t may take an- value between 0 and 1. For this'

rvason, only roots between and includin; 0 and 1 are

co.nsidered.

When a real root meeting the aboy- requirements is

determined, the coefficient:: a, oi, a:., and a• are'

recalculated using the times corresponding to pointz 1, 2, 3

and I.' li'• roots of the original blended equation are then

substituted into this second blended equation. The

resulting value of the blended equatijn is a rise or set

time. The root is then increased by a small increment and

the value of the second equation is recalculated. If the

v'aluz is positive, then the root in questicn represents a

, ' , , , • ,



rise time. Similarly, a negat-ve value represents a set

time.

The next blended curve is calcu]ated between points 3'

and I and then checked for roots. This. process continues

until the entire visibility waveform has been evaluated.

The result is a rise/set history for two objects over a

given time period.

5.4 Continuous Visibility Check

As previously mentioned, the final computer program

offers the user the option of selecting up to fotir

satellites and four ground stations for evaluation of

rise/set times. It is the purpose of the continuous

visibility chýck to evaluate the rise/set history in order

to determine if constant communication is possible among the

gi-en satellites or, between the ground and a constellation

of satellites.

There, are basically two typet of communication links

for satellite communications. They are forward/reverse

links which occur between satellites, and uplink/downlink

occurring between a satellite and the ground1'. For two

satellites, forward/reverse continuous communication is not

possible'if a rise or set occurs or, if the satellites were

not in constant communication from the beginning of the

evaluation. For a three satellite constellation, at least

two paths of visibility out of a possible three must be

maintained at all times for constant communication to be



possible. Similarly, four satellites require three paths of

visibility out of a possible six. Additionally, checks are

made to determine if each -,round station is in view of at

least one satellite at all times for the purpose of

uplink/downlink capabilities.

The continuous visibility check is accomplished by

constructing a table' containing every rise and set time for

each possible communications path. For example, in a three

satellite constellation, rise/set times are determined

between satellites =1 and ý;2, :1 and =3, and g2 and ;03. The

table for this constellation would included all the rise and

set times from these satellites. These rise/set

opportun-ities represent critical times since they are the

-MC±S rc zi-r.g the SiMulationi when the s,:atus of

vislbility can change. In order to accomplish the

-z-nt~nuous visibility check, the status of each vsblt

path must be dcterm-ined at every rise set time. For the

prc~gram-, a (1) was used if two satellites were vis.*blc or

eý:periencing a rise at a given time. Similarly, a (0) was

used for a state of no visibiLlity or a set. An.ex.axilple of a

three satellite table is shownubelow.

Time Sat's ;1 = 2 Sat's =l, &3 Sat's =2 & 3
(sec)

1218 1 .01 0
356 0 .0 1'
700 0 1, 0
825 0 .1 0
967 1 1 0
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As mentioned before, for constant communication to be

maintained for a three satellite constellation, at least two

paths of visibility must be available at all times. That t

means the sum of the MU's and (O)'s at a given time in the

table must be greater than or equal to two. In the example

above, communication is broken at 128 seconds and is not re-

established until 967 seconds.

The same process is used for a f our satellite

constellation. In such a case, there are six possible

communi~cation paths, and the sum at any given -rise or set

time must be greater than or equal to three. For ground

station to satellite communication, the ground station must

be able to communicate with at least cne satellite at any

trne. Therefoi'e, the sum at each rise and set time n-ist be

greater than or equal to one for constant communication to

be maintained.

II

i du~imme u mm- ,-



CHAPTER 6

RESULTS

Attached are the results of three different runs of the

final computer program attached in Appendix D. Run ;1

represents a validation of the rise/set algorithm of the

program. The results of this program were compared to the

results contained in the research published in reference

one. The initial orbital elements of the four satellites

used in-the program are found preceding the rise/set times.

This run was achieved over a time of 86,400 seconds and a

2.50 second time step with a spherical earth. These results

were almost identical to those achieved by the separate

P-.'ram created by Al fano and Negron'. Also inzluded with

the first run results are the rise/set values calculated

using the basic iteration method mentioned earlier in the

research. For this basic method, a 10,000 second time span

was evaluated in 5 second intervals. The greatest variance

in the compared results was less than I second. It should

be noted the computer time to generate the visibility curve

for the 10,000 second basic method between two satellites

was 12 minutes,, while only 3 minutes were required using the

parabolic blending method over a 86,100 seconds with a 250

second time step.' Run &I also included a results using a

ground station and one satellite. This run ini-olved a 125

second time step over 86,400 seconds and an oblate earth.

These results are also found in Appendix A and compare

almost identically to those achieved by Alfano and Negron'.



The oasic iteration method was applied to this data as well

and the results can be found in the adjoining column. The

greatest variation between the parabolic blending method.and,

the basic iteration method in this case was approximately 3

seculads.

The results of the second run are included in Appendix

B. These results use the same satellites and the ground

station from run v1 but all calculations involved the use of.

an oblate earth. As expected, the oblate earth resulted in

earlier rise times and later set timesI. Additionally., the

continuous visibility check was employed in. this run. Plots

of the visibility function of the ground station versus 'each

of the four satellites is included in this ippendix.

-.%dditionally, the combined plot of all four satellite--round

station functions are included as well as the six possible

visibility combirations of the four satellites.. These

combination plots can be used to verify the results of the

continuous visibility check.

Appendix C contains data resulting from the third rtin

of the program. -This run was intended to check the complete

capabilities of the program' by using four different

satellites and four different ground. stations. The run was

accomplished over a timespan of 86,400 seconds at a time

step of 125 seconds., Data for the satellites was chosen

randomly from an orbital element ephemeris of actual

satellites provided by the United States Space Command.. The

four ground stations chosen are Space Shuttle tracking

, J . Mowry•
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sites. They includes: (:1) Kaena Point, Hawaii; 1=2) Mahe

Islazid, Indian Ocean; (:3) Tfhule, Greenland; !=-I) Vandenburg

Air Force 'Base, California. Again, the plots of the

visibility funcd ons are included and may be used to verify

the results of tVe visibility check. The total run time for

this case was aporoximately twenty minutes.



CHAPTER 7

CONCLUSIONS

While the basic iterative technique and Lawton's method

are viable solutions to the rise and set time problem, the

use of parabolic blending and a closed form solution has

many advantages. First, parabolic blending is a flexible

means to z.-construct the visibility curve. It can be used

with sparse or unequally spaced data and is not restricted

to near circular orbits. Second, a closed form rdot solver

allows rise/set times to be calculated directly rather than

by an iterative technique thereby reducing computer run

t ime. The resulting timely determination of rise/set times

makes this method a useful tool for use with multiple

satellites and ground stations. Additionally, the inclusion

of a continuous visibility check makes this program a useful

tool for the investigation of satellite requirements and

space mission design.
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Appendix A: Program Run 71



Longitude of the Ascending Node 0.00000000 DEG
Argument of Periapsis : 0.00000000 DEG

INITIAL ORBITAL ELEMENTS OF SATELLITE W2:
Eccentricity 0.9363060000
Inclination 64.98740000 DEG
Mean Anomoly 0.00000000 DEG
Longitude of the Ascending Node 0.00000000 DEG
Argument of Periapsis : 0.00000000 DEG

INITIAL ORBITAL ELEMENTS OF SATELLITE =3:
Eccentricity 0.0078742000
Inclination : 82.87090000 DEG
Mean Anomoly . 0.00000000 DEG
Longitude of the Ascending Node 0.00000000 DEG
Argument of Periapsis . 0.00000000 DEG

INITIAL ORBITAL ELEMENTS CF SATELLITE #4:
Ecce.ntricity 0.0048964000
Inclination 144.64140000 DEG
Aean Anomoly 0.00000000 DEG
Longitude of the Ascending Node : 0.00000000 DEG
Argument of Periapsis . 0.00000000 DEG

Rise/Set Times between Satellite #1 and Satellite T2:
83679.13091 SEC - SET

Rise/Set Times between Satellite t1 and Satellite #3:
1450.33207 SEC - SET 1450.222816 SEC
3965.41739 SEC - RISE 3965.454545 SEC
6889.49771 SEC - SET 6889.599589 SEC
9371.13568 SEC - RISE 9371.062356 SEC

12399.31335 SEC - SET
1.1774.02357 SEC - RISE
i8419.90807 SEC - SET
20218.05526 SEC - RISE
25546.76967 SEC - SET
27789.37858 SEC - RISE
30949.66914 SEC - SET
3:3360.0204,4 SEC - RISE
26352.15032 SEC - SET
38814.44584 SEC - RISE
41760.11003 SEC - SET
44235.69347 SEC -, RISE
47181.56457 SEC - SET
49643.34461 SEC - RISE
52E36.48892 SEC - SET
5.5045.12369 SEC - RISE
18209.92219 SEC - SET
60445.55653 SEC - RISE
'5807.11706 SEC - SET
67619.78663 SEC - RISE
71227..16594 SEC - SET
73604.36321 SEC - RISE
76,623.56161 SEC - SET
79111.00284 SEC - RISE
22033.93906 SEC - SET
84549.30712 SEC - RISE

' (



7C'2.z• SEC - SET 7692.c20•00c SEC 2899c017419e SEC - RISE
14 S •EC - SET

S SEC - SET2l.3: .... .;:. SEC - r
"'55 SEC -RISE

5' .4849 SEC - SET
2 7 134.•25t:' SEC - RISE,
30810.5194! SEe - SET
329C!.40487 SEC - RISE
36e .711"3 SEC - SET
38842.89352 SEC - RISE
42484.01314 SEC - SET4 4 7 3 7 .10033.SEC - RISE
48377.75627 SEC - SET
50604.70112 SEC - RISE
54259.69364 SEC - SET
56413.52413 SEC - RISE
60087.93877 SEC - SET
62158.24403 SEC - RISE
65841.04035 SEC - SET
67888.41159 SEC - RISE
71560.14573 SEC - SET
73673.39260 SEC - RISE
77319.73512 SEC - SET
79526.35809 SEC - RISE
83147.81813 SEC - SET85412.55717 SEC - RISE

Rise/Set Times between Satellite 12 and Satellite `3:2997.87843 SEC - SET 2997.887324 SEC'5931.10222 SEC - RISE 5931.141593 SEC8939.96295 SEC - SET 8939.946429 SEC
11435.44659 SEC - RISE
14472.78852 SEC - SET
16877.79953 SEC - RISE
19934.36110 SEC - SET22297.74182 SEC - RISE 

B
253'67.33066 SEC - SET
27706.27682 SEC - RISE
30785.2 9 9 4 5 SEC - SET
33108.06577 SEC - RISE
36194.14202 SEC - SET
38505.34408 SEC - RISE
41597.01520 SEC - SET
43899.47815 SEC - RISE
46995.62990 SEC - SET
49291.29522 SEC - RISE
52391.13775 SEC - SET
54681.30701 SEC - RISE
57784.28440 SEC - SET
60069.96329 SEC - RISE
63175.51700 SEC - SET
65457.45070 SEC - RISE

•, 68565.29108 SEC - SET
70844.04327 SEC - RISE
73953.8305'5 SEC - SET
76229.83962 SEC - RISE
79341.37564 SEC - SET
"81615.05419 SEC - RISE
84728.03935 SLC - SET



13412.02208 SEC - RISE
17536.54531 SEC - SET
19673.27556 SEC - RISE
23787.20492 SEC - SET
25923.63498 SEC - RISE
30032.62420 SEC - SET
32169.13711 SEC - RISE
36275.30607 SEC - SET
38411.96192 SEC - RISE
42516.36090 SEC - SET
44.653.14374 SEC - RISE
48756.32667 SEC - SET
50893.22948 SEC - RISE
54995.50864 SEC - SET
57132.55012 SEC - RISE
61234.12410 SEC - SET
63371.29703 SEC - RISE
67472.30883 SEC - SET
69609.58623 SEC - RISE
73710.14286 SEC - SET
75847.56839 SEC - RISE
79947.69212 SEC - SET
82085.26989 SEC - RISE
86185.16424 SEC - SET

Rise/Set Times between Satellite F3 and Satellite 'p4:
728.00260 SEC - SET 728.253012 SEC

2144.97084 SEC - RISE 2145.755968 SEC
3508.89011 SEC - SET 3508.638444 SEC

34217.02408 SEC - RISE
35246.56198 SEC - SET
36889.15759 SEC - RISE
38274.52867 SEC - SET
39624.21934 SEC - RISE
41174.7.8140 SEC - SET
42839.99372 SEC - RISE
43670.74866 SEC - SET
72091.70409 SEC - RISE
72474.06899 SEC - SET
74570.33847 SEC - RISE
75735.76905 SEC- SET
77179.52589 SEC - RISE
78783.75 035 SEC - SET
80215.31302 SEC - RISE
81418.26446 SEC - SET
83415.21845 SEC - RISE
83937.59649 SEC - SET



THE LOCATION OF GROUND STATION =1.
EAST LON;GITUDE: 0.000000
GELETiC LATITUDE: 39.U00000
ALTITUDE ABC'VE THE EARTH ELLIPSOID: 2.900000

INITIAL ORKITAL ELEMENTS OF SATELLITE
Eccentricity : 0.0078742000
Inclination : 82.87090000 DE3
Mean Anomoly 0.00000000 DEG
Longitude of tLe Ascending Node : 0.00000000 DEC
Argument of Periapsis : 0.00000000 DEG

RISE AND SET TIMES BETWEEN GROUND STATION' g AND SATELLITE =1:
366.33816 SEC RISE 356.4128596 SEC
793.74516 SEC - SET 793.3902878 SEC

5973.86027 SEC - RISE 5972.4175820 SEC
6041.56945 SEC - SET 6044.6470590 SEC

39460.44479 'SEC - RISE
39949.95608 SEC - SET
44907.37075 SEC - RISE
45292.93512 SEC - SET
86:61.28564 SEC - RISE



Appendix B: Program Run P2

MMO



Rise/Set 7imcs btween Satellite :1 and Satellite =3:
1460.52812 SEC - SET
3954.59411 SEC - RISE
6901.04371Srr -S SET
9357.44428 -EC - RISE

12414.551C2 SEC - SET
14750.R1501 SEC - RISE
18432.45195 3FC - ST
20069.6874e SEC - RISE
2f,578.3!79 SEC - :Z
27770.73291 S -ýC - RISE

Rise/Set Times between Satellite :I and Satellite #4:
1807.91575 SEC - SET
4069.57257 SEC RISE
7695.00886 SEC - SET
9900.04560 SEC - RISE

13549.39377 SEC - SET
15662.26623 SEC - RISE
19335.91349 SEC - SET
21381.74668 SEC - RISE
25066.47341 SEC - SET
27132.76382 SEC - RISE

Rise/Set Times between Satellite =2 and Satellite'=3:
2997.97685 SEC - SET
L 924. 0'20 61 SEC - RISE
8944.66759 SEC - SET
:142 7-. 1 7 SEC - RISE
1 . 1 SEC - SET
168C8.98772 SEC - RISE
1a941.62420 SEC - SET
=..J98-63982 SEC - RISE

253735.14704 SEC - SET
27696.9 i,84 SEC - RISE

Fise/Set Times between Satellite :2 and Satellite gl:
4932. 42624 SEC - SET
7104.92257 SEC - RISE

11,73.'16055 SEC - SET
13407.13572 SEC - RISE
17537.31159 SEC - SET
19669.08990 SEC - RISE
"23788.08220 SEC - SET
25919.79045 SEC - RISE

Rise/Set Times between S'tellite #3 and Satellite P4:
738.80937 SEC - SET

2137.92179 SEC - RISE
3516.84185 SEC - SET

K *w



(NOTE: SO ENTRIES OR MESSAGE BELOW INDICATES CONTINUOUS COMMUNICATIONS.)
Communications broken at 3516.84185 SEC
Communications re-established at 3954.59411 SEC
Communications broken at 8944.66759 SEC
Communications re-established at 935-7.444928 SEC
Com~munications broken at. 14479.19061 SEC
Communications re-established at 14750.81501 SEC
Commu~nications broken at 193325.91349 SEC
tCommunicitions re-established at 19669.08990 SEC
Communications broken at 19941.62420 SEC
Communications re-established at 20069.68746 SEC
Communications broken at 25375.13704 SEC
Communications re-established at 27132. 76382 SEC



ISE: AM.D SET TIMES BETWEEN GROUND STATION #1 AND SATELLITE #1:
35

,RISE AND SET TIMES BETWEEN GROUND STATION #1 AND SATELLITE #2:
200.75093 SEC - RISE

3060.09662 SEC -SET
13147.6•. 3 SEC - RISE

RISE AND SET TIMES BETWEEN GROUND STATION =I A.ND SATELLITE =3:
366.33816 SEC - RISE
793.74516 SEC - SET

5973.86027 SEC - RISE
6041.56945 SEC - SET

RISE AND SET TIMES BETWEEN GROUND STATION ;I AND SATELLITE *4:

COMIUNICATIONS STATUS BETWEEN GROUND STATION #1 AND THE FOUR GIVEN SATELLITES:
(NOTE: NO ENTRIES OR MESSAGE BELOW INDICATES CONTINUOUS COM.MUNICATIONS.)

II

VI
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Appendix C: Program Run 03



TIME FOR BEGINNING THE SIMULATION: 17:30.45

40
THE LOCATION OF GROUND STATION #1
EAST LONGITUDE: 201.735000
GEODETIC LATITUDE: 21.571500
ALTITUDE ABOVE THE EARTH ELLIPSOID: 0.000000

THE LOCATION OF GROUND STATION #2
EAST LONGITUDE: 55.480000
GEODETIC LATITUDE: -4.669900
ALTITUDE ABOVE THE EARTH ELLIPSOID: 0.000000

THE LOCATION OF GROUND STATION g3
EAST LONGITUDE: 291.400000
GEODETIC LATITUDE: 76.508200
ALTITUDE ABOVE THE EARTH ELLIPSOID: 0.000000

THE LOCATION OF GROUND STATION #4
EAST LONGITUDE: 239.498300
GEODETIC LATITUDE: 34.823100
ALTITUDE ABOVE THE EARTH ELLIPSOID: 0.000000

INITIAL ORBITAL ELEMENTS OF SATELLITE *1:
Eccentricity : 0.0668128000
Semi-major Axis : 117819.33914850KM
Inclination : 57.35000000DEG
Mean Anomoly : 274.64810000 DEG
Longitude of the Ascending Node : 65.63070000 DEG
Argument of Periapsis 79.11000000 DEG

INITIAL ORBITAL ELEMEnTS OF SATELLITE =2:
Eccentricity : 0.0003109000
Semi-major Axis : 42164..58832806 FM
Inclination : 0.00990000 DEG
Mean Anomoly : 132.80340000 DEG
Longitude of the Ascending Node : 27.28640000 DEG
Argument of Periapsis : 359.92590000 DEG

INITIAL ORBITAL ELEMENTS OF SATELLITE #3:
Eccentricity :.0.0145072000
Semi-rajor Axis : 7496.14095141 KM
Inclitltion 90.26190000 DEG
Mean Aiomoly : 246.05610000 DEG
'Longitide of the Ascending Node : 107.70380000 DEG
Argument of Periapsis : 115.56590000 DEG

INITIAL r.BITAL ELEMENTS OF SATELLITE &4:
Eccentricity : 0.0531098000
Semi-kajor Axis : 7210.27162153 KM
Inclination : 66.05630000 DEG
Mean Aomoly : 245.66390000 DEG
Longit'.'e of the Ascending Node : 108.27480000 DEG
Argument of Periapsis : 119.97980000 DEG

*,)



Rise/Set Tines between Satellite #1 and Satellite *3:
2096.74276 SEC - SET
3749.77870 SEC - RISE
8657.22758 SEC - SET

10396.52711 SEC - RISE
15206.50054 SEC - SET
17033.58950 SEC - RISE
21747.79647 SEC - SET
23658.24122 SEC - RISE
28283.42317 SEC - SET

Rise/Set Times between Satellite #1 and Satellite #4:
1307.23847 SEC - SET
3272.45823 SEC - RISE
4507.23028 SEC - SET I
9472.56593 SEC - RISE 3

13707.25247 SEC - SET
15679.29431 SEC - RISE
19906.64430 SEC - SET
21891.90738 SEC - RISE
26104.35521 SEC - SET
28109.37531 SEC - RISE

Rise/Set Tines between Satellite #2 and Satellite #3:
9589.46045 SEC - SET
9952.64793 SEC - RISE

15090.00549 SEC - SET
17190.80137 SEC - RISE
"21406.02460 SEC'- SET
23759.34470 SEC - RISE
27853.51599 SEC - SET

Rise/Set Times between Satellite,g2 and Satellite k4:
146.81313 SEC - SET

2048.36595 SEC - RISE
7176.32283 SEC - SET
9093.61752 SZC - RISE

13570.46290 SEC - SET
15790.10429 SEC - RISE
19826.60084 SEC - SET
22187.89728 SEC - RISE
26069.57330 SEC - SET
28469.81596 SEC - RISE

Rise/Set Tines between Satellite #3 and Satellite'*4:
13706.79928 SEC - SET
16641.32575 SEC - RISE
18745.74240 SEC - SET

COmmUNICATIONS STATUSBETWEEN SATELLITE #1, #2, #3, AWD *4:
(NOTE: NO ENTRIES OR MESSAGE BELOW INDICATES CONTINUOUS COMMUNICATIONS.)
Communications broken at 15090.00549 SEC
Communications re-established at 15790.10429 SEC
Communications broken at 21406.02460 SECý
Communications re-established at 22187.89728 SEC
"Communications broken at 27853.51599 SEC
Communications re-established at 28109.37531 SEC
Communications broken at 28283.42317 SECCommnications re-established at 2846S.81596 SEC



27189. 14692 SEC - SET 42

RISE AND SET TIMES BETWEEN GROUND STATION V1 AND SATELLITE #2:

RISE AND SET TIMES BETWEEN GROUND STATION #1 AND SATELLITE P13:
6659.66079 SEC - RISE
7205.64965 SEC - SET

12742.74680 SEC - RISE
13876.25363 SEC - SET
19342.09950 SEC - RISE
20205.80586 SEC - SET

RISE AND SET TIMES BETWEEN GROUND STATION #1 AND SATELLITE #4:
12011.00325 SEC - RISE
12888.92281 SEC - SET
18219.91633 SEC - RISE
19170.28556 SEC - SET

COMMUNICATIONS STATUS BETWEEN GROUND STATION ;l AND THE FOUR GIVEN SATELLITES:
(NOTE: NO ENTRIES OR .MESSAGE BELOW INDICATES CONTINUOUS COMUNICATIONS.)



RISE AND SET TIMES BETWEEN GROUND STATIUN ;FZ ANUL &ILL11 ±: 43

18845.80416 SEC - RISE

RISE AND SET TIMES BETWEEN-GROUND STATION 42 AND SATELLITE #2:

RISE AND SET TIMES BETWEEN GROUND STATION g2 AND SATELLITE #3:
2776.71326 SEC - RISE
3809.60547 SEC - SET
9232.43874 SEC - RISE

10218.11934 SEC.- SET

RISE AND SET TIMES BETWEEN GROUND STATION :2 AND SATELLITE #4:
2575.55488 SEC - rISE
3233.90819 SEC'- SET
8752.25542 SEC - RISE
9560.57871 SEC - SET

COMMUNICATIONS STATUS BETWEEN GROUND STATJON :2 AND THE FOUR GIVEN SATELLITES:
(NOTE: NO ENTRIES OR MESSAGE BELOW INDICATES CONTINUOUS COMMUNICATIONS.)
Communications broken at 0.000000000000000
Communications re-established at 2575.55488485389
Communications broken at 3809.60546671516
Communications re-established at 8752.25541685105
Communications broken at 10218.1193431246.
Communications re-established at 18845.8041619931



R.....SOTA # DATLLAa r.p 44*

RISE AND SET TIMES BETWEEN GROUND STATION #3 AND SATELLITE t2:

RISE AND SEi TIMES BETWEEN GROUND STATION '13 AND SATELLITE -3:
863.15409 SEC - RISE

1929.46674 SEC - SET
7439.15083 SEC - RISE
8459.80178 SEC - SET

14032.54055 SEC - RISE
15028.79748 SEC - SET
20602.42738 SEC - RISE
21618.43278 SEC - SET
27132.37091 SEC - RISE
28188.78822 SEC - SET

RISE AND' SET TIMFS BETWEEN GROUND STATION #3 AND SATELLITE #4:
994.31344 SEC - RISE

1550.61962 SEC - SET
7128.82589 SEC - RISE
7759.49949 SEC SET

13314.48646 SEC - RISE
13955.25665 SEC - SET
19524.67234 SEC - RISE
20130.86382 SEC - SET
25748.10806 SEC - RISE
26262.61775 SEC - SET

CO,'1UNICATIONS STATUS BETWEEN GROUND STATION :3 ANT THE FOUR GIVEN SATELLITES:
(NOTE: NO ENTRIES OR MESSAGE RELOW INDICATES CONTINUOUS CO.!0NICATIONS.)
Communications broken at 0.000000000000000
Communications re-established at 863.154088411520
Communications broken at 1929.46674256308
Communications re-established at 7128.82589091173
Communications broken at 8459.80177798542
Communications re-established at 13314.4864571971
Communications broken at 13955.2566531969
Communications re-established at 14032.5405513214
Communications broken at 15028.7974810107
Communications re-established at 19524.6723377486
Communications broken at 20130.8638220675
Communications re-established at 20602.4273755799
Communications broken at 21618.4327784578
Communications re-established at, 25748.1080570079
Communications broken at 26262.6177511727
Communications re-established at 27132.3709121300
Communications broken at 28188.7882164166

I

I



RISE AND SET TIMES BETWEEN GROUND STATION,#4 AND SATELLITE t1: 45

15864.12078 SEC - SET

RISE AND SET TIMES. BETWEEN GROUND STATION #4 AND SATELLITE #2:

R!SE AND SET TIMES BETWEEN GROUND STATION g4 AN.D SATELLITE 13:
160.74120 SEC - RISE

1145.77540 SEC - SET
6518.52238 SEC - RISE
7628.58607 SEC - SET

13356.74253 SEC - RISE
13863.55253 SEC - SET

RISE AND SET TIMES BETWEEN GROUND STATION 94 AND SATELLITE g4:
6188.38578 SEC - RISE
7079.50299 SEC - SET

12477.73425 SEC - RISE
13319.74884 SEC - SET
19231.12443 SEC - RISE,
19321.51031 SEC - SET

COMMUNICATIONS STATUS BETWEEN GROUND STATION 04 AND THE FOUR GIVEN SATELLITES:
(NOTE: NO ENTRIES OR MESSAGE BELOW INDICATES CONTINUOUS COMMUNICATIONS.)
Communications broken at 15864.1207815275
Communications re-established at 19231.1244274451

ommunications broken at 19321.5103139570
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Appendix D: Program Listing
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* PURPOSE: This program determine: rise set times for inview *
* periods for satellite to satellite or satellite to *

ground station viewing. This program is designed *

* to accommodate up to four satellites and as many *
* ground station. The following information is *
* necessary to be able to use the prograc: *
* Satellite Orbit: 1) Eccentricity *
* -2) Length of Semi major xis *

3) Inclination
* 4) Mean .Anomoly *
* 5) Longitude of the Ascending *
* Node *

* 6) Argument of Periapsis *
* Grouad Station: 1) Julian Date in Question *

* 2) East Longitude *
* 3) Height Above Sea Level *
* Other required information includes the amount of time *
* of interest and the desired time step for incrementa- *

tion. The program is not limited to any particular
Stype of orbit. %,. t f ft• ln *

* VARIABLES: *

* CHOICE - the number of satellites indicated by the user *
* ELIP2 - square of the eccentricity of the earth *

N. U - the number of ground stations indicated by the user *
* S2TU - converts SEC to TU'; includes the steps size *

* SIZE - stcp size (SEC) *
STEPS - number of steps' *
TIME - t',tal time of interest ,MIN) *

R - y'es or nc response *
* SOROB - spherical or oblate earth *

LEAL*8 ELIP2,TIME E,rSS2TU
INTEGER CHO ICENUM,SOROBSTEPS,YORN

OPEN.,UNIT=-.,FILL= RISESET.DAT STAT'S='NEW )

"* USERS CHOICE *

VRITE(*,*)' This program is designed ýo determine rise and'
YF.ITE(*,*•'set times for satellite to satellite viewihg as well'
WRITE(*,')'as satellite to ground station viewing. If you choo e'
WRITE(*,*)'tP enterground stations, satellite to satellite rise'
WRITE(*,*W'and set times will be computed as well as satellite'
WRITE(*,*)'to ground station rise and set times.,'
WRITE(*,*)

I WRITE(*,*)' Are you interested in satellite to ground statio'
WRITE(4*,*)'iewing? I)Ye$ 2)ýo
WRITEI*,*)' 2=3>2.

READ( *,*,ERR= I)YORN,

IF (YORN.GT.2.0R.YORN.LT.1) THEEN
. WRITE(*,*)'Your selection was not a valid response. Please'

7RITE(*,*)"select again.'
.. • GOTO 5

ENDIF

2 lWRIT(*,*)'Are you interested in modelitkS a spherical earth'
WRITE(*,*)'or~an oblate earth? l lSpherical 2)Oblate'
WRITt(*,*)"' on=*> ")
READ(*,*,E•u2)SOR9OB

S• . .. .._ . " . . ...... i ':: • ...... ,_- -- [

K [



ELSE IF (SOROB.EQ.2) THEN
ELIPZ = 0.00669437999013DOS~ENDIF"

* The following prompts the user to enter the values of the *
* time of interest and the step size.

5 WRITE(*,*)'What is the total time of interest (in minutes) ==
READ(*,*,ERR=5)TI.ME
WRITE(*,*)'The time entered above will be evaluated in steps.'
%RITE(*,*1'The choice of step size is up to you; however, it '
WRITE(*,*)'should be noted that step sizes too large may result'
WRITE(*,*)'in missed rise and set times. A suggested step' size'
WRITE(*,*)'is 250 seconds.'

6 WRITE(*,*)'What is the step size of interest (in secs) =)
READ(*,*,ERR=6)SIZE

TIME = TIME*60.ODO
STEPS = DINT(TIME/SIZE)
S2TU = SIZE/806.8103818DO

* The following prompts the user to enter the number of ground *
* stations and/or satellites he/she desires *

IF (YORN.EQ.I) THEN
8 WRITE(*,*)'How many ground stations do you desire. Please'

WRITE(*,*)'make your selection from below.'
WRITE(*,*)' 1) 1 Ground Station'
WRITE(*,*)' 2) 2 Ground Stations'
WRITE(*,*) 3) 3 Ground Stations'
WRITE(*,*)' 4) 1 Ground Stations'
WPITE(*,*)'====>
RE.P *,*,ERR=8)NUM

IF (YUM.LT.1.OR.vL'1.GT.1) THEN
WRITE(*?*)'Your entry was not valid. Please reenter the'
URITE(*,*)'number of grcund stations.'
GOTO 8

ENDIF

9 WRITEt*,*)'How many satellites do you wish to ente:? Please'
W'RITE(*,*)'make your selection from below.'
WRITE(*,*)' 1) 1 Satellite
WRITE(*,*)' 2) 2 Satellites'
WRITE(*,*)' 3) 3 Satellites'
W'RITE(*,*)' 4) 4 Satellites'
WRITE(*,*)'====>

READ(*,*,ERR=9)CHOICE
CALL GANDS(CHOICE,ELIP2,N1h,S2TU,SIZE,STEPS)

ELSE
10 WRITE(*,,*)'Please make a selection for the type of viewing'

WRITE(*,*)'you prefer:'
WRITE(*,*)' 1) 2 Satellite Viewing'

SWRITE(',*)' 2) 3 Satellite Viewing'
"WRITE(*,*)' 3),4 Satellite Viewing'
WRITE(*,*)':=zu>
READ(*,*,ERRxlO)CHOICE
.NUM,= 0.,. " '

IF (CHOICE.LT.1. 0 R.CHOICE.GT.3) THEN
WRITE(*,*)'Your choice was not valid. Please re-enter'



CALL SATS(CHOICE,ELIP2-,S2TU,SIZE,STEPS)

ENDI F

CLOSE(UNIT=1O)
CLOSE( UNIT=11)
CLOSE(UNIT12)
CLOSE(UNIT=13)
CLOSERINIT=14)

CLCSE(UNIT=25)
CLOSE(UNIT=31)
CLQSE(UNIT32)
CLOSE(UNITT33)
CLOSE(UNIT=34)

* END



* PURPOSE: The purpose of this subroutine is to coordinate the *

-* determination of rise/set times between satellites *
I * and ground stations. *

VARIABLES: *
* INPUT:*

* CHOICE - the number of satellites indicated by the user *
* NtN - the number of ground stations indicated by the user *

* S2T'C - converts SEC to TU *
SIZE - step size (SEC) *

* STEPS - number of steps *

* LOCAL: *

DAY - 1 to31 *3

* ELIP2 - square of the eccentricity of the earth
ELONG - east longitude position of the ground station *

* GLAT - geodetic latitude of the ground station *
* H - altitude above the earth ellipsoid *
* HOUR - 0 to 23 *
* JD - Julian Date *
* KIND - determines whether continuous visibility involves *
* a ground station and three satellites (0) or three *
* satellites (I) *

* MIN - 0 to 59 *
* ON - 1 to12 1

* SEC - 0 to59 9
* STATE - variable that defines file number *

"T - time corresponding tz a ;i1ran step *
" I- %R - variablc that defines file number

* VIS - value of the visibility function at a given step
YEAR - 1900 to 2100 *

SUBROUTINE GANDS(CHOICE,ELIP2,NUM,S2TU,SIZE,STEPS)

REAL*8 DAY,ELIP2,ELONG,GLAT,H,HOUR,JD,MIN,MON,S2TTU
REAL*8 SEC,SIZE,T(lO:2OO5).VIS(O:2005).YEAR
INIEGER CHOICE,COLST,IN,1 NTURN,K1.D ,NL, OUTSTATE,STEPS,VAR

OPEXfUNIT=:1,FILE='GSPOS1.DAT',STATUS='NEW')'
OPEN(UNIT=32,FILE:'GSPOS2.DAT',STATUS='NEW')
OPEN(UNIT:33,FILEf'GSPOS3.DAT',STA7USf"NEW')
OPEN(UNIT=34,FILE='GSPOS4.DAT',,STATUS'NEW')

* In order to accurately determine the position vectors of the *
* given ground station, it is necessary to know the exact time *

* (Universal Time) 'the simulation is to start. The following *
* lines prompt the user to enter the year, month, day, hour, &in- *
* ute, and second the simulation is to start. The Julian Date *

* will be calculated from this information. *

WRITE(*,*$'n order to determine position vectors of the earth'
WR1ITE(*,*)'ground station(s), it is necessary to know the year,'
%'RTE(*,*)'month, day, and time when you wish the simulation to '

* W {ITE(*,*)'begin. The time of interest is Universal Time.'
- WRITE(*,*)'Please enter the following information:'

* YEAR *

5 WIITE(*,S)' What is the year of interest, between 1900 and 2100?'
WRITE( *,190) . .'
READM*.*.EA333)YEAR _



GOTO 5
ENDIF

-. * MONTH *

10 WRITE(*,*)' What is the month of interest? Please enter the
%RITE(*,*)' number of the month between 1 and 12.'
WRITE(*,190)
READ(*,*,ERR=O )MON
IF (MON.LT.1.OR.MON.GT.12) THEN

WRITE(*,*)' The month you entered was not a. valid response.'
WRITE(*,*)' Please re-enter the value.'
GOTO 10

• DAY *

15 WRITE(*,*}' What is the day of interest? Please enter a value'
WRITE(*,*)' between 1 and 31.'
WRITE(*,190)
READ(*,*,ERR=15)DAY
IF {DAY.LT.1.OR.DAY.GT.31) THEN

WRITE(*,*)' The day you entered was not valid. Please"
WRITE(*,*)' re-enter the value'
GOTO 15

ELSE IF (MON.EQ.2.AN`D.DAY.GT.29) THEN
WRITEk*,*)'February does not have more than 29 days, Please'
WRITE(*,*)'reenter the month.'
GOTO 15

ELSE IF (DAY.EQM.31 THEN
IF (MON.EQ.4.OR.MON.EQ.6.QR.MON.EQ.9.UE..ON.EO.11) THEN
WRITE'*,*)' The month you entered does not have more than 30'
WRITE(*,*W' days. Please re-enter the month.'

GOTO 15
ENDIF

ENDIF

• ~HOUR

WRITE(*,*)'Next it is necessary to enter the'time of interest.'
•WRITE(*,*)'This will be done by hour, minute, and second.'

WRITEC*,*)'Please respond at the'prompt."
WRITE(*,*,)

20 WRITE(*,*)' What is the hour you wish the simulation to begin?'
`WRITE(*,*)' The value must be between 1 and 23.'
WRITE(*,190)
READ(*,*,ERR=20)HOUR
IF (HOUR.LT.0.OR.HOUR.GT.23) THEN

WRITE(*,*)' The hour you entered was not valid. Please
WRITE(*,*)' re-enter the hour.'
GOTO 20

ENDIF

* ' MINUTE. *

S25 WRITE(*,*)' At what minute in the hour do you wish to begin..'
"WRITE(*,*)' 'Please enter a number between 1 and 59.'
WRITE(*,190)
READ(*,*,ERRS,25)MIN
IF (MIN.LT.O.OR.MIN.'GT.59) THEN

WRITE(*,*)' The minute you entered was not a valid response.?
WRITE(*,*)' Please re-enter the value.'
GMTO 25



30 WRITE(*,*)' At what second do you wish to begin'. Please enter'
WRITE(*,*)' a number between 1 ard 59.'
%R!TE(*,190)
READ(*,*,ERR=30)SEC
IF (SEC LT.0.OR.SEC*GT.59) THEN

WRITE(*,*)' The second you entered was not a valid response.'
WRITE(*,*)' Please re-enter the value.'
GOTO 30

ENDI F

hRITE(25,150)M1ON,DAY,YE.AR
WRITE(25,160)!1OUR,MIN,SEC
WRITE(25,*)

* The following line calls the subroutine JULDATE where the Julian *
* Date is calculated. *

CALL JULDATE(DAY,HOUR,MIN4,MON,SEC,YEAR,JD)

* The following DO loop call for the user to enter the east *
* longitude and the geodetic latitude. The ground station position *
* vectors are then determined in subroutine GRNDST. *

DO 40 COUNT = 1,%U
33 WRITE(*,*)'Please enter the east longitude value for the

%RITE(*,200)COUNT
WRITE(.*,190)
READ(*,*,ERR=33)ELONG
IF (ELONG.LT.-3CO.ODO.OR.ELONG.GT.360.0D0) THEN

WRITE(*,*)'The value of longitude entered was not valid.'
WRITE(*,*)'Plcase re-enter the value.'
GOTO 33

ENDIF I
VRITE(25,220)COUNT

WRITE(25,230)ELONG
'35 1RITE(*,*)'Please enter the rodetic latitudc for the

%RITE(* ,200)COUNT
WRITE(*,*)'The value shoul< be between -90 and 9O degrees.'
4RITE(*,190)
READ(*,*,ERR=35)GLAT

IF (GLAT.LT.(-90.ODO).OR.GLAT.GT.(90.ODO)) THEN
WRITE(*,*)'The geodetic latitude value you entered" was not'
WRITE(*,*)'acceptable. Please're-enter the value.'
GOTO 35

ENDIF
SW'RITE(25,240)GLAT

S38 WRITE(,,*)'Please enter the altitude of the ;round station
•RITE(*,*)'above sea level (in 0M).'
WRITE(*,190)
READ(*,*,ER2=38)H
WRITE(25,250)H
WRITE(25,*)

* Next, the subroutine GiRDST is call where the position vectors of *
* ground station Are determined.

CALL Gi'DST (COLINT.,ELIP2,ELONG,GLAT,H,JD,S2TU,STEPS)
40 CONTINUE

CLOSE(LNIT=31)
CLOSE(UNIT=32)



* AVo~.wu%.it a.ti is caiJ.Lec in uuer .o ueteraine tne rise set
*times between the satellites entered in this portion of the*
*program.*

CHOICE =CHOICE-l1
CALL SATS(CHOICE,ELIP2,S2TU,SIZE,STEPS)
CHOICE =CHOICE + 1

*The following opens the necessary files, then records the vis- *
*ibility data to send to the subroutine BLEND.*

DO 70 OUT l.,NUM
OPEN(UNIT=60,FILE='TRACKER.D.AT' ,STAkTUS='UNKNOW\')
OPEN(UNIT=41,FILE='STAT1.DAT',STATUIS=';;EW')
OPEN(UNIT=42,FILE='STAT2.DAT',STATUS='NEW-')
OPEN(UNIT=43,FILE='STAT3.DAT',STATUS='NEW')-
OPEN(UNIT=44,FILE='STATi.D)AT',STATUS='NEW')

VAR =1

DO 60 IN =1,CHOICE
IF (OU!.EQ.1.'AND.IN.EQ.1) THEN
OPEN(UNIT=31,FILE=&GSPOSl.DAT' ,STATUS='OLD')
OPEN(UNITh1,FILE:'POSI.D4T' ,STATUS='OLD')

ELSE IF (OUT.EQ.1.A!ND.IN.EQ.2) THEN
OPEN(U-NIT=31,FILE='GSPOS1.DAT' ,STATUS='OLD')
OPEN(UNIT=2,FILE='POS2.DAT' ,STATUS=&3LD')

ELSE IF (OUT.EQ.1.AND.I-N.EQ.3) THEN
OPENCUNIT=31,FILE='GSPOSl.DAT' ,STATUýS:'OLD' )
OPEN(UNIT=3,FILE='POS3-.DAT' ,STAkTUýS~l'OLD')

ELSE IF (t1i.EQ-l.AND.Iv.EQ.41) THE:'
OPEN(UNIT=31 ,FILE='GSPOSI.DAT' ,STATU.'S='OLD')
OPEN(UNIT=4 ,FILE='POS4.DAT' ,STAkT-US='OLD')

ELSE, IF (OUT.EQ.2.AND.IN.EQ.1) THEN
OPEN(UNIT=:32 ,FILE='GSPOS92.DAT' ,STAThtS= 'OL'D')
OPEN(UNýIT=1,FILE'-'POS1.DAT' ,STATUS='OLD')

ELSE IF (OUT.EQ.2.AND.IN.EQ.2) THEN
OPEN(UNIT=32,FILE:'GSPOS2.DAT' ,STATU-Sz'O.Dt )
OPE.NCUNIT=2,FILE='POS2.DAT' ,STAkTUS='OLD')

ELSE IF (OUT.EQ.2-AND.IN.E.3) THEN
OPENCCNIT=32,FILE='GSPOS2.DAT' ,STA'T',Sz'OLD'I
OPE(U-NIT=3,FILE='POS3.DAT',STATUS='OLD')

ELSE IF (OUT.EQ.2.-AND. IN.rQ.4) THEN
OPEN(UN'1T=32,FlLE='GS'POS2.DAT' ,STATUS='CLD')

* OPEN(UNIT=4,FILE='POS4.DAT' ,STATU;S='OLD').

* ELSE IF (OUT. EQ. 3.AD.M.IN. EQ.l1) THEN
OPE.'(U\IT=3.39FILE='GSPOS3.DAT-,STATUS='%^LD')
OPEYX(UNIT=1,FILE='POS1.DAT',ST-AT1JS='OLD')

ELSE IF (OUT.EQ.3.AND.IN.EQ.2) THEN
OPEN(L'NIT=33, FILE='GSPOS3.DAT' ,STANTU-S='OLD') .
OPEN(UNIT=2,FILE='POS2.DAT',STATUS='OLD')-

ELSE IF (OUT.EQ.3.A.ND.IN.EQ.3) THEN
OPEN(UNIT=33;FILE='GsP0S3.DAT' ,STATVS=.'OLD')
OPEN(UNIT=3,FILE='POS3.DAT',STA4TVS='OLD')

ELSE IF (OVT.EQ.3.AND.IN.EQ.4) THEY
OPEN(UNIT=33,FILE='GSPOS3..DAT' ,STA4TUIS='OLD')
OPEN(UNIT:4,FILE:'POS4.DAT,,STATUS='OLD')

ELSE IF (OLUT.EQ.4.AND.IK.EQ.1) THEN
OPEN(UNIT;34,FILE='GSPOS4.DAT' ,STATUIS='OLD')
OPEN(UNIT:1,FILE='POSI.DAT~,STATUS:'OLD') ,, ...



ELSE IF (OUT.EQ.4..AND.IN.EQ.3) THEN
OPEN(CN1T=34,FILE''GSPOS4.DAT' ,STATI2ýl:'OLD')
OPEN(UNIT=3,FILE='P0S3.DAT' ,STATU-ý* IOLD')

ELSE IF (OLT.EQ.4.AND.IN.EQ.4) Tlik.N
OPEN(UNlT=34,FILE='GSPOS4',7Af' ,STATUS:'OLD')
OPEN(UNIT=4,FILE='POS4. ;aAT' ,STATUS='OLD')

ENDIF

CALL SATGRN(IN,OUT,SIZE,STEPS)
CLOSE (VUlT=OVT4'3O)
CLOSE(LNIT=IN)

OPEN(C'IT=40,FILE='GSVIS.DAT' ,STATUS=t.OLD')
DO 50 INTURN =1,STEPS~l

READ(40,*)T(INKTU'RN),VIS(INTUR.N)
IF (IN.EQ.1) THEN

OPEN (UNIT=10, FILE='VI S1.DAT' ,STATUS&UNKNOWN'I)
* WRITE(1O,*)T(INTURN),VIS(INTIJRN)

CLOSE( UNIT=10)
ELSE IF (IN.EQ.2) THEN

OPEN (UNIT~ll tFILE='VI iS2. DAT'. STATUS:'tNILSOWN!
W'RITE(I1,*)T(INTURN) ,VIS(INTUUN-)
CLOSE(UX.IT:11)

ELSE IF (IN.EQ.3) THEN
OPE-NCUNIT=12,iILE='VIS3.DAT',ST4ATVS='UNKNOWN')
WkRITE(12,*)T(I,\TI2RN) ,VIS(INTURN)
CLOSE(UNIT=12)

ELSE IF (IN.EQ.4) THEN
OPEN(UNIT=13,FILE='VIS4.DAT' ,STATUS='UNK.NOWN')
WRITE(13,*)TCINTLRN),VIS(INTURN)
CLOSE(UNIT=13)

ENDIF
50 CONT INUE

W'RITE(25,*)
WRITE(25,260)OUT, IN
CLOSE(UNIT 40)

STATE = VAR+40
C-ALL 'BLEND(STATE,STEPS,T,VIS)
CLOSE CLN'I T:STATE)
V.AR=VAR+ 1

60 CONTINUE
IF (CHOICE.EQ.2) THEN

%RITE(25,*)
WRITE(25,265)OC-T
W'RITE( 25 ,285)
STATE x:41
CALL GSSCVC2(STATE)

ELSE IF (CHOICE.EQ.3) THEN
%7RITE(25,*)
WRITE(25,27O)OUTr
WRITE(25o;85)
KIND 0
STATE 41
CALJL CVC(KIMDSTATE)

* -FlSE IF (CHOICE.EQ.4) THEIN
WBITE( 25,')

WRITE(25t285)0T

STATE u42
CALL GSSCVC4 (STATE)

---- --- --- ---



T0 CONTINUE

RETURN

150 FORMAT('DATE FOR BEGINNING THE SIMULATION: ',12,'/',12,'/',II.)
160 FORMAT('TIME FOR BEGINNING THE SIMULATION: ',12,':',12,'.',12)
190 FOR.AT(2X,'====> ')
200 FORMAT(' location of ground station #',I1,'.')
220 FORMAT('THE LOCATION OF GROUND STATION ;',I!)
230 FORMAT('EAST LONGITUDE: ',F12.6)
240 FORMAT('GEODETIC LATITUDE: ',F12.6)
250 FORAT('ALTITUDE ABOVE THE EARTH ELLIPSOID: ',F12.6)
260 FORMAT('RISE AND SET TIMES BETWEEN GROUND STATION t',II,' AND

+ SATELLITE ;',I'l ')
265 FORMAT('COMMUNICATIONS STATUS BETWEEN GROUND STATION i',I1,' AND

+ THE TWO GIVEN SATELLITES:')
270 FORMAT('COMMUNICATIONS STATUS BETWEEN GROUND STATION #' 11i' AND

+ THE THREE GIVEN SATELLITES:')
280 FORKAT('COMMUNICATIONS STATUS BETWEEN GROUND STATION 9' ,I,' AND

+ THE FOUR GIVEN SATELLITES:')
285 FORMAT('(NOTE: NO ENTRIES OR MESSAGE BELOW INDICATES'CONTINUOUS

+ COMMUNICATIONS.))
END

.



* PURPOSE: The pu:pose of this subrcutine is to determine the
,* visibility function between a given satellite and a *
\ * given ground station. S
* S

* VARIABLES: *
* INPUT:
* IN - do loop counter representing the number of sat's *
* OUT - do loop counter representing the number of ground $
* stations 0
* SIZE - step size *
* STEPS - total number of steps *
* *

* LOCAL *
* COUNT - do loop counter *
* PHI - angle between the position vector to the satellite *
* and the position vector to the ground station *
* Ri - position vector to the ground station *
* R2 - position vector to the satellite *
S \IS - value of the visibility function between satellite *

* and ground station *

* REFERENCES: Lawson, 32 *
* Alfano, Negron, and Moore, 2 *

SUBROUTINE SATGRN(IN,OUT.SIZE,STEPS)

REAL*8 PHI,RI(4),R2(4),SIZE,VIS
INTEGER COUNTINOUT,STEPS

* GSVIS.DAT contains visibility data between the given satellite and *
* ground station. This file will be overwritten each time SATGRN is *
* called. *

OPEN(UNIT=40,FILE='GSVIS.DAT',STATUS='UNKNOW\')
DO 20 COUNT = 0,STEPS

READ(OUT÷30,*)R(l)I,Ri(2),RI(3),Rl(1)
READ(IN,*)R2(l),R2(2),R2(3),R2(I)

* The next lines define the visibility function between the satellitc*
* and the ground station. *
SReference: Lt Col Salvatore Alfano S

PHI = ((Rl(l)*R2(I)}+(RI(2)*R2(2}+{RI{(3)*R2(3)))/({{l(4)*R2(i))

IF (PHI.GT.(l.0DO)) THEN
'PHI = 1.ODO

ELSE IF (PHI.LT.(-I.ODO) THEN
PHI = -1.ODO

ENDIF

VIS f DACOS{URI(4))/R2(4)) - DACOS(PHI)

WRITEU40,1I0)COLNr*SIZE,VIS

20 COIlTINLIE

CLOSE(UNITi40)

RETURN'

- - p -,,



110 FOR3IAT(I1,3x,12.5)

* END



* ~SUBROUTINE JULDATE

* PURPOSE: The purpose of this subroutine is to convert convention-*
- * al time to Julian Date.

$ VARIABLES:*
* INPUT:
*DAY -lIto 31
*HR - 0to 23

4B -I -0to 59
* MO - Itol12
*SzC - 0to 59
*YEAR - 1900 to 2100

* OUTPUT:
*JD - Julian Date

*Reference:, Valado, 1I

SUBROUTINE JULDATE(D.AY,HOUTR,MIN,MON,SEC,YEAR,JD)

REAL*8. DAY,HOUR,MIN,NON.\,SEC,Y-EAR,JD

JD 361 . DO*(YEAR)-DINT((7.ODO*(YEAR+DINT((!.ON+9.0D0)/12.ODO)))

1 / 4.ODO)+DI\T( (275.ODO*MON)/9.ODO)+DAY+1721013.5D0+
+ ((U(SEC/60.ODO)+MI-N)/60.ODO)+HOUtR)/24.ODO

RETURN
END



S' S TUBROUTI NE GRNDST S* * !
* PURPOSE: The purpose of this subroutine is to determine the *
•. * geoceutric position of a ground station given Julian * I
S* -Date, east longitude, and geodetic latitude. *

* VARIABLES: *
* INPUT: .

ELIP2 - square of the eccentricity of the earth *
* ELONG - east longitude of the station of interest *
* GLAT - geodetic longitude of the station of interest *
* H - altitude of the station above the earth ellipsoid *

* JD - Julian Date *
* S2TU - converts SEC to TU *
* STEPS - number of steps *

* LOCAL V.ARIABLES:
COSLAT - cosine of the geodetic latitude

* DEGRAD -. conversion from degrees to radians *
* DENOM - denominator of the equation to determine G1 and G2 *
* DT - change in time *
* GLAT - geodetic latitude of the ground station *
* GSR(1-4) - position vectors of the ground station *
* K,2DU - conversion from km to DU *

REP - counter for do loop *
* SINLAT - sine of the geodetic latitude *
* TGO - Greenwich Sidereal Time at 0 hr Universal Time *
* THETA - observers local sidereal time *
* THETDOT - time rate of change of the local sidereal time *
* based on therotation of the earth (rad/TU) *
* THETG - sidereal time of the Greenwich Meridian *
* TU - time measured in centuries *
* TWOPI - two times pi *
* X- variable for' the determination of staticn positicn *
* vector *

* Reference: Valado, 2-4 *
* Bates, Mueller, and White, 98-103 *
* Escobal, 90-21 *
* Alfano, Negron, and Moore, 6, *

SUBROUTINE GRNDST(COUNT,ELIP2,ELONG,GLAT,H,JD,S2TU,STEPS)

REAL*8 COSLAT,DEGRAD,DESOM,DT,ELIP2,ELONG,GLAT
REAL*8 GSR(4),HJD,KM42DU,S2TU,SINLAT,TGO
REAL*8 THETA,THETDOT,THETG,TU,TWOPI,X
INTEGER COLNT,REP,STEPS

* CONSTANTS

TWOPI = 2.0DO*DACOS(-1.0DO)
DEGRAD ,f TWOPI/360.ODO
RM2DU = (1.ODO/6378.137DO)

ELONG = ELONG*DEGRAD
GLAT' = GLAT*DEGRAD
H = H*K-MZDU

THETDOT .058833590688786D0

* The following lines calculate the Greenwich Sidereal Time and *

*,to be used in the determination of the Local Sidereal Time. *
************************************ *******



TV = (DINT(JD) +.5DO -2451545.0L'0)/36525.ODO

IGO x 1. 753368559D0+628. 3319705D0'TUv+
+ .0000067 7070812 7D0*( TU**2. ODO +6. 300388098665 71)*
+ ~DBLE(JD-DlINT(JD)-*. 5D0)

TGO =D140D(TGO,TWOP I
IF (TGO.LT.4O.ODO)) THENI

TGOO TWOPI+TGO

1)!O;0 DSQRT(1.ODO-(ELIP29*(SINLAT**2.ODO)))

=((1.ODO/DENOM)+H)*COSLAT

GSR(3) =(((1.ODO-ELIP2)/DENON)+H)*SINLAT*(l.ODO/
+ DSQRTI1.ODO-ELIP2))
GSRM1 DSQRT((XV*2.ODO)t(GSR(3)**2.ODO))

TGO =0.ODO

* The following lines calculate the x and z variables for the
* position of the ground station. These variables are then used *
* to calculate the position vector in the IJK or geocentric coor-

dinate system.

DO 50 REP 0,STEPS
DT 2REP*S2TV

THEMG TGO + Ti!E1)OT*DT
THETA =THETG + ELONG

GSRM1 X *IXCOS(THETA)
GSRC2) X*DSINfTHETA)

hRITE(COCNT.30,100)GSR(l),GSRC2),GSR(3),GSR(4)

50 CONTINUE
RETURN

1G0 F0R.'LAT(Fl2.5,51,F12.5,5X,F12.5,5!,Fl2.5)

ESD



$ SUBROUTINE SATS *

* PURPOSE: *

V VARIABLES: ,
• ORBITAL ELEMENTS: *
• ARGP - argument of periapsis for 1 orbit (DEG) *
• AXIS - semi-major axis for @ orbit (EO) *
• ECC - eccentricity for @ orbit *
• INC - inclination for @ orbit (DEG) *
• MA - mean anomoly for @ orbit (DEG) *
* NODE - longitude of the ascending node for 0 orbit (DEG) *

• OTHER VARIABLES: *
• AKM - value of the semi-major axis in KM *
• CHOICE - reflects the users choice for operation *
• COUNT - DO loop counter *

M D2RAD - converts DEG to RAD *
• DU2EM - converts DUs to KM *
• ELIP2 - square of the eccentricity of the earth *
• KIND - differentiates between a ground station and three *
• satellites (0) and three satellites (1) *
• N - mean motion of 'the'satellites (DU/TU) *
• S2TU - converts SEC to TU *
• SIZE - step size (SEC) .
• STATE - file number *
• STEPS -number of steps *
• T - chronological time over time span *
• TWOPI - twice the value of pi *
* VIS - value of the visibility function *

SUBROUTINE SATS(CHOICE,ELIP2,S2TU,SIZE,STEPS)

REAL*8 AI.M,ARGP,AXIS,D2RAD,DU2M,ECC,ELIP2,INC,MA,NODE
REAL*8 S2TU,SIZE,T(0:500),TWOPI,VIS(0:500),N
INTEGER CHOICE,COUNT,KIND,STATE,STEPS

OPEN(UNIT=I,FILE='POS1.DAT',,STATUS='NEW')
OPEN(UNIT=2,FILE='POS2.DAT',STATUS=ZNEW')
OPEN(UNIT=3,FILE='POS3.DAT',STATUS='NEW')
OPEN(UNIT=4,FILE='POS4.DAT',STATUS=:NEW')
OPEN(UNIT=6OFILE='TR-ACKER.DAT',STATUS='NEW')

* CONSTANTS *

TWOPI 2.0DO*DACOS-1.0D0),
D2RAD = (TWOPI/360.ODO)
DU2KM = 6378.137D0

* The following prompts the user to enter the values of the
* orbital elements for the satellites of interest. *

DO 20 COUNT = 1,CHOICE+l
ECC = O.ODO
AXIS = O.ODO"-INC n 0'01)0

MA z 0.0D&(
NODE = 0.0O
.RP O.ODO"
N = 0.00

. .I T E { 2 5 5 1 0 ) C O U N- -- - --- - -7 - - -



.WRITE(25,520)ECC
12 WRTITE(*1*)'Mean Motion (rev/day) ~

READ(*,*,ERR=12 )N

AXIS =(1.ODO/(N**2.ODO))**(.333333D0)
ARM = AXIS*DU2KM
WRITE(25,530)AKLM

13 WRITE(*,*)hnclination ~
READ(*,*,ERR=13)INC
1'RITE(25,540)INC

14 WRITE(*,*)'Mean Anomaly (DEG) >
READ(*,*,ERR=14 )MA
WRITE (25, 550)MA

15 WRITE(*,*)'Longitude of the Ascending Node (DEG)=>
REA4D(* ,*,ERR=15)NODE
WRITE( 25,560)NODE

16 WRITE(*9*)'Argunent of Periapsis (DEG) :

READ(*,*,ERR=16)ARGP
WR.ITE(25,570)ARGP
WRITE(25,*)
WRITE(*I*)
WRITE(*,*)'Please stand-by. Calculations are in progress.'
16RITE(*,*)'

*The following converts the values entered from FUM to DU, or from*
*DEG to R;,D.

INC =INC*D2RAD
U IA*1)2RA0

NODE =NODE*D2RAD
ARGP ARGP*D2R.AD

CALL POS(COUNT, ELIP2, SZTU, STEPS,AXIS, ECC, INC, N, NODE,.ARGP,XA)
CLOSE(UNIT COUNT)

20 CONTINUE

IF (CHOICE.EQ.O) THEN
* GOTO 400

EN D IF

* In the following if loop, the computer calls the subroutine *
* necessary to check all options of visibility depending on the *
* number of satellites in consideration.*

* ~2 SATELLITES*

WRITE(*,*)'The' computer is in 'the process of determining -ise'
%1ITE(*,*)'and set times. Please stand by..',
IF (CHOICE.EQ.1) THEN

CALL TWOVIS(STEPS,SIZE)
OPEN(UNIT:10,FILE='VIS1.DAT' ,STATU-S'OLD')
DO 30 COLNT a 1,STEPS+1

READ(10,*)T(COUNT) ,VIS(COUNT)
30 CONTINUE

CLOSE(UNIT=10)
WRITE(25,*)

-WRITE(25s600)

STATE =41
OPEN (UNIT=41, FILE=`STAT1. DAT' ,STATUS='NEW')
CALL BLEND(STATE,STEPS,T,VIS)



ELSE IF (CHOICE.EQ.2) THEN
CALL THRVIS(STEPS,SIZE)
OPEN(UNIT=10,FILE='VIS1.DAT' ,STATUS='OLD')
DO 40 COUNT ,,TP~,READ(10,*)T(COUNT) ,VIS(COUNT)

40 CONTINUE
CLOSE(UNIT=10)
%RITE(25,*)
%RITE(25,600)

STATE =41
OPEN(UNIT=41,FILE='STAT1.DAT' ,STATUS='NEW')
CALL BLEND(STATE,STEPS,T,VIS)

CLOSE(UNIT=41)

OPEi.(UNIT=11,FILE='VIS2.DAT' ,STATUS='OLD')
DO 50 COUNT =l,STEPS+l

READ( 11 ,*)T(COUNT) ,VIS(COUNT)
50 CONTINUE

CLOSE(IUNIT=1)
WRITE(25,*)
WRITE(25,630)

STATE=4 2
OPEN(UNIT=42,FILE='STAT2.DAT' ,STATUS='NEW;')
CALLBLEND(STTESTEPS ,T ,VI S)
CLOSE(UNIT=42)

OPEN(UNIT=12,FILE='VIS3.DAT' ,STAWS= 'OLD')
DO 60 COUNT =1,STEPS+l

READ( 12,*)T(COUNT) ,VIS(COUN-T) 1
60 CONTINUE

CLOSE(UNIT=12)
%RITE(25,*)
WRITE(25,620)

STATE=43
OPEN(UNIT=43,FILE='STAT3.DAT' ,STATUS='NEW')
CALL BLEND(STATE,STEPS,T,VIS)
CLOSE(UNIT=43)
CLOSE( UNIT=60)

KIND 1= I_

STATE=4 1
WRITE(25,*)
WRITE(25.,660)
WRITE(25,665)
CALL CVC3(KIND,STAT-E)

* 4 SATELLITES

ELSE IF (CIIOICE.EQ.3) THEY
CALL F0URVIS(STEP9,SIZE),
OPEN(UNIT:10,FILEx'VIS1.DAT' ,STATUIS='OLD')
DO 70 COUNT a-1,STEPS+1

READ(10,*)T(COVNT)tVIS(COUNT)
* 70, CONTINUE

CLOSE(UNIT=1O)

WRITE(25,600)

STATEs 41 __



OPEN(UNIT=11 ,FILE='VIS2.DA1? ,STATUS= 'OLD')
DO 80 COUNT = 1,STfPS+l

READ(11,*)T(COUNT) ,VIS(COUNT)
80 CONTINUE

CLOSE(UNIT=11)
WRITEf 25,*)
WRITE(25,610)

STATE=42
OPEN(UNIT=42,FILE='STAT2.DAT' ,STATUS='NEW')
CALL BLEND(ISTATE, STEPS, t,VI S)
CLOSE(CUNIT=42)

OPEN(UNIT=12,FILE='VIS3.DAT' ,STATUS='OLD')
Do 90 COUNT = ,STEPS+l

READ( 12,*)T(COUNT) ,VIS(COUNT)
90 CONTINUE

CLOSE(UNIT=12)
WRITE(25,*)
WRITE(25,620)

STATE=43
OPEN(UNIT=43,FILE='STAT3.DAT' ,STATUS='N-EW')
CALL BLEND(STATE,STEPS,T,VIS)
CLOSE(UNIT=43)

OPEN(UNIT=13,FILE='VIS4,.DAT ,STATU-S'OLD')
DO 100 COUNT =1,STEPS+l

READ(13,*)T(COUNT),VIS(COUNT)
100 CONTINUE

CLOSE(UNIT=13)
%WRITEI 25,*)
WRITE(25,630)

STATE=4 4
OPEN(UNIT=44,FILE='STAT-I.DAT' ,STATES='NEW')
CALL BLEND( STATE ,STEPS, T,VI 5)
CLOSE(UNIT=44)

OPEN(UNIT=14,FILE='VIS5.DAT' ,STATUS='OLD')
DO 110 COUNT = 1,STEPSt1

10 CONTINUE

CLO.SE(UNIT=14)
WRITE(2-5,*)
WRITE(25,640)

STATE=45
OPEN(U'41T=45,FILE='STAT5.DAT' ,STATU-S=NW
CALL BLEND(STATE,STEPS,T,VI.S)
CLOSE(UNIT=45)

6)PEN(UNI4T:15,FILEzVIS6.DAT' ,STATh'S='OLD')
DO 120 COUNT z 1,STEPS41

REA(-15,*)T(CCUN`T),VIS(COUNT)
120 CONTINUE

CWOSE(UNITxl5)

WRITE(25,65)

STATEL:46.
OPEN (U!IT=4 6, FILE= STAT6. DA', STATUS=' D-0) ._________



STATE=41
WRITE(25,*)
WRITE(25,670)
WRITE(25,665)
CALL CVC4(STATE)

ENDIF

CLOSE(UNIT=60,STATUS='DELETE')

400 CONTINUE

RETURN

500 FORMAT(' elements of satellite #',I1,':')
510,FORMAT('INITIAL ORBITAL ELEMENTS OF SATELLITE #',Il,':')
520 FOAT(ZX,'Eccentricity : ',F12.10)
530 FORMAT(3X,'Seiai-major Axis : ',F15.8,' W')
540 FORMAT(3X,'Inclination : 9,F15.8,' DEG')
550 FORMAT(3X,'Mean Anomoly ',F15.8,' DEG')
560 FORMAT(3X,'Longitude of the Ascending Node : ',F15.8,' DEG')
570 FORMAT(3X,'Argument of Periapsis : ',F15.8,' DEG')
600 FORMAT('Rise/Set Times between' Satellite #1 and Satellite :2:')
610 FORMAT('Rise/Set Times between Satellite #1 and Satellite #3:')
620 FOR!AT( 'Rise/Set Times, between Satellite #1 and Satellite =4:')
630 FORMAT('Rise/Set Times between Satellite #2 and Satellite #3:')
640 FORMAT('Rise/Set Times between Satellite' 2 and Satellite q4:')
650 FORWT('Rise/Set Times between Satellite •3 and Satellite =4:')
660 FORMAT('COMMUNICATIONS STATUS BETWEEN SATELLITE #1, :2, AND #3:')
66L FORMATC'(NOTE: NO ENTRIES OR MESSAGE BELOW INDICATES CONTINUOUS

+ COMMUNICATIONS.)')
670 FORMAT('COVMUNICATIONS STATUS BETWEEN SATELLITE •I, =2, =3, AND

+ k4:')
END

- ,*



SUBROUTINE kUS
* *

* PLRPOSE: The purpose of this subroutine is to determine the *

* position of a satellite given the classical orbital *
* elements. *

* VARIABLES: *
* IFPUT: *
* 'ARGP - argument of periapsis for @ orbit (RAD) *
* AXIS - semi-major axis for 0 orbit (DU) *
* ,COUNT - DO loop counter; indicates the satellite number *
* ECC - eccentricity for @ orbit *
* ELIP2 - square of the eccentricity of the earth *
* INC inclination for @ orbit (RAD) *

* 4A - mean anomoly for @ orbit (RAD) *
* NODE - longitude of the ascending node for @ orbit (RAD) * I

S2TU - time step (TU)
* STEPS - number of steps in the requested interval *
* *

* LOCAL VARIABLES: *
* COSARGP - cosine of the argument'of periapsis *
* COSFINALE - final value of the cosine of the eccentric anomoly *

* COSINC - cosine of the inclination *
* COSNODE - cosine of the longitude of the ascending node *
* COSNU - cosine of the true anomoly *
* DENOM - variable for the denominator of a given quotient *
* DIF - difference between two value of the eccentric
* anomoly during Newton-Rhapson Itteration *
* ECOSFE - eccentricity multiplied by the cosine of the *
* finale value of the eccentric anomoly *
* EN - first value of the eccentric anomoly for use in *

the Newton-Rhapson Itteration *
* ENPLUSONE - second value of the eccentric anomoly as *

calculated in the Newton-Rhapson Itteration *
* FINALE -- final value of the eccentric anomoly reached by *
* convergence of the Newton-Rhapson Itteration *
* J2 -

* ' - value of the mean anomoly at each time step
* �N - value of the mean anomoly calculated using a *
* giv(.n value for the eccentric anomoly (used in the *
* Newton-Rhapson'Itteration) *
* MULT - matrix used to rotate the position vectors from *
* the perifocal reference frame to the geocentric *
* reference frame
* N - mean motion of the satellite *
* NANOM - anomolistic mean motion *
* NEWARGP - propogated argument of periapsis *
* NEWNODE - proposated longitude of the ascending node
* P calculated value of the semi-latus rectum for the .*
* orbit *
* R -,calculated position vectors of'the satellite *
* REP - DO loop counter *

* RPQW - position vectors of the satellite in the perifocal *
* frame *
* SINARGP -'sine of the argument of periapsis $

* SINFINE - sine of the final value oZ the eccentric anomoly *
* SIMINC - sine of the inclination of the orbit *

- $ SINNODE -,sine of the longitude of the ascending node *
* SINNU - sine of the true anomoly s
* TWOPI - constant; two multiplied by pi *

* REFERENCES: Bates, Mueller, and White, 187, 219-222 *

SUBROUTINE POS(CON•ITELIP2,S2TU, STEPSAXIS,ECC,INC,N,NODE,ARGP,MA).



REAL*8 SODEDOr, NODEOSU, P, R(4),RPQWM4, S2TU, SI NARGP
REAL*8 SINFINE, SININMC, SINNODE, SI NNU, TWOPI
INTEGER COUNT,REP,STEPS

*The following computes values of variables which will be used *

*multiple times within the program. This is done to decrease the*
*amount of calculation necessary within the subroutine.*

COSINC =DCOS(INC)
SIXINC =DSIN(INC)

J2 = .00108262D0
* ThOPI = 2.ODO*DACOS(-l.ODO)

P =AXIS*(l.ODO,- (ECC**2.0DO)1)
N = S*S2TU

*The following calculates the values necessary to propogate'the *

*satellite forward in its orbit.*

NANOM = N*(l.0DO+(t1.5DO*J2*(DSQRT(l.0DO-(ECC**2.0DO)))/
+ (P**2.ODO))*(l.ODO-(l.5D0*(SININC**2'.ODO)))))
NODEDOT = -(1. SDO*(J2/P**2.ODO )*COSINC)*N.ANOM4
.ARGPDOT =(i.5D0*(J2/P**2.ODO)*(2.ODO-(2.5D0*

+ (SININC**2.0D0))))*NAN1OM

DO 50 REP 0,STEPS *

NEW-NODE DIMODUNODE + (NODEDOT)*REP),TWOPI)
XEWARGP =DMOD((aRGP + (.ARGPDOT)*REP),TWOPI)
COSSODE DCOS(NEW-NODE)
SINNODE DSIN(N'EWNODE)
COSARGP =DCOS(CNEW.ARGP)
SINARGP =DISIS(NEW.ARGP

trm hePQW (perifocal) frame to the IJK (geocentric) frame.

MULT(l,l) = COSSODE*COSARGP - SINNODE*SINARGP*COSINC
MULT(1,2) =-COS.\ODE*SINXARGP - SIvNNODE*COSARGP*COSINC
MCLT(1,3) =SIFNODE*SININC

* '1LT2,l) =SINNODE*COS.ARGP + COSNODE*SINALRGP*COSINC
ýIVLT(2,2) = -S-IN.NODF*SIN.ARGP + CQSXODE*COSzIRGP*COSINC
MULT2,3) =-COSSODE*SININC
MULT(3,l) =SIN.ARGP*SININC
MULT(3,2) =COSARGP*SI.NI.NC
MULT(3,3) =COSINC

* 1In the next loop,' the Newton-Rhapson iteration is carried out in*
* order to determine the value of the eccentric anomoly at every *
* t ,ime steo in the orbit of the satellite.*

M =DMOD((.t + .(NA!NOM*REP)),TWOPI)
EN M

10 )IN =EN - ECC*(DSIN(EN))
ENPLUSONE.= (EN + ((M - MbN)/(l.ODO (EC-C* (DCOS (EN))))
DIF =DAMES(E ENPLUSONE)

IF (DIF.GT(.OOOOO1DO)) THEN
EN aENPLUSONE
GOTO 10-

ELSE,
* ~FINALE =ENPLUSN

EM~NTw --
ON



ECOSFE = ECC*COSFINE
DENOM =AXIS*(1.ODO - (ECC*COSFINE))

COSSU =(ECC - COSFINE)/ECOSFE - l.ODO)
SINNU =((AXIS* (DSQRT(l. ODO -ECC**92.OD0)))*SINFIN-E)/DENXO.4

Nu = DATAN2(SINNU,COSNU)

COSKN- = DCOS(N)
SINNU =DSIN(SU)

*In the next three lines, the position vector in the perifocal
*coordinate system is calculated.

RPQW(1) =(P*COSKU-)/(l.ODO + CECC*COSNT-U))
RPQW(2) = (P*SINNU-)/(1.OD0 + (ECC*COSNUL))
RPQW(3) = O.ODO

*The next lines transform the RIQW vector to the geocentric*
*coordinate frame.*

R(1) RPQW(1)*MULT(1,1) + RPQW(2)~1V-LT(l,2)
* R(2) =RPQW(1)*MLVLT(2,l) + RPqW(2)*MIJLT(2,2)

RM3 = (RPQW(1)*MLULT(3,1) + RPQW(2)*M1ULT(3,2))*(l.ODO/DSQRT(1.ODO
+ . -ELIP2).)

RU) = DSQRTUIR(l)**2.ODO) + (R(2)**2.ODO) + (R(3)**2Oo))

W-RITE(COUNT,l00)R(1),R(2),R(3) ,R(4)

50 CONTINUE
RETURN

100 FORýtAT(Fl2.5,5X,F12.5,5X,F12.5,5X,F12.5)

EN D



* PURPOSE: This subroutine examines the visibility opportunities *
* between two satellites. *

* VARIABLES:
• INPUT: *
• STEPS - number of steps in the requested interval *
• SIZE - step size (SEC) *

SLOCAL VARIABLES: *
* COUNT - DO loop counter *
* FILNUM - file number
* PHI - angle between position vectors R1 and R2 *
• R1 - position vector to satellite *1 *
• R2 - position vector to satellite ;2 *
• VIS - visibility function between satellites #1 and #2 *

• REFERENCES: Larser, 32 *
* Alfano, Negron, and Moore, 2 *
* (These references apply to THRVIS and FOURVIS also) *

SUBROUTINE TWOVIS(STEPS,SIZE)

INTEGER COUNT,STE?S
REAL*8 PHI,Rl(4),R2(4),SIZE,VIS

OPEN(UNIT=I,FILE='POS1.DAT',STATUS='OLD')

OPEN(UNIT=2,FILE='POS2.DAT',STATUS='OLD')

* VIS.DAT CONTAINS VISIBILITY DATA BETWEEN SATELLITES ONE ikND TWO *

OPEN(UNIT=I0,FILE='VISI.DAT' ,STATUS='NEW')

DO 20 COUNT = 0,STEPS
READ(I,*)Rl(l),RI(2),Rl(3),RI(4)
READ(2,*)R2(l),R2(2),R2(3),R2(4)

* The next lines define the visibility function. According to this *

* idea, consider a plane tangent to the earth as the line below which*
* satellite to satellite visibility is not possible. The visibility-*

* function calculated here compares angles to determine whether the *
* satellites are above or below the tangent plane. In this. instance *
• only two satellites are involved. *

* Satellites *1 and =2 *

PHI = (CR1(1)*R2(l))+(Rl(2)*R2(2))+(R1(3)*R2(3)))/(R1(4)*R2(4))

IF (PHI.GT.(1.0DO)) THEN
PHI = 1.ODO

ELSE IF (PHI.LT.(-1.0DO)) THEN
PHI = -1.'ODO

ENDI F

VIS = (DACOS(i.0DO/R1(4)))+(DACOS(1.0DO/R2(4)))-(DACOS(PHI))
"WR7ITE! 10,110 )COU0NT*SIZE,VIS

20 CONTI I NUE

CLOSE(UNIT=I)
CLOSE(UNIT=2)
CLOSE(UNITzIO)



110 FORMAT(Il0,5X,F12..5)'

END



* PURPOSE: This subroutine examines the visibility opportunities *

* between three satellites. *

* VARIABLES:
* INPUT:
* STEPS - number of steps in the requested interval *
* SIZE - step size (SEC) *

SLOCAL VARIABLES: *
* COUNT - DO loop counter
* PHI - angle between position vectors to two satellites *

* R1 - position vector, to satellite #1 *
* R2 - position vector to satellite #2 *
* R3 - position vector to satellite #3 *
* VIS - visibility function between two satellites *

SUBROUTINE THRVIS(STEPS,SIZE)

INTEGER COUNT,STEPS
REAL*8 PHI,RI(4),,R2(4),R3C4),SIZE,VIS

OPEN(UNIT=1,FILE='POSl.DAT',STATUS='OLD')
.OPEN(UNIT=2,FILE='POS2.DAT',STATUS='OLD')
OPEN(UNIT=3,FILE='POS3.DAT',STATUS='OLD')

* The following table lists filenames and their content *
± UNIT = 10; VIS1.DAT - visibility between 1 and 2
* !Y!T !:; VIS2.DAT - visibility between 1 and 3 *

UNIT = 12; VIS3.DAT - visibility between 2 and 3 *

OPEN(UNIT=I0,FILE='VISI.DAT', STATUS='NEW')
OPEN(UNIT=I1,FILE='\'IS2.DAT',STATUS='NEW')
OPEN(UNIT=12,FILE='VIS3.DAT',STATUS='NEW')

DO 20 COUNT = O,STEPS
.READ(1,*)RI(l),Rl(2),RI(3),Rl(4)
READ(2,*)R2(I),RZ(2),R2(3),R2(-I)
READ(3,*)R3(1),R3(2),R3(3),R3(4)

* The following lines calculate the visibility function as explained *
in the subroutine TWOVIS. Since three satellites are involved in *

* this case, visibility checks must be made between satellites 1 and *

* 2, 2 and 3, and I and 3. *

* , Satellites gl and F2 *.'

PHI ((P.I(l)*R2(1l))+(Rl(2)*R2(2))+(R1(3)*R2(3)))/(R1(4)*R2(4))

IF (PHI.GT.(1.0DO)). THEN-
PHI = 1.0DO

,ELSE IF (PHI.LT.(-1.0DO)) THEN
PHI -1.01D0

ENDI F

"VIS = (DACOS(1.0DO/RI(4))} + (DACOS(1.0D0/R2(4))) -(DACOS(PHI))

WRITEC10,110)COUNT*SIZE, VIS

* .• Satellites *I and $3 *

PHI ((R1(1)*R3(1))+(RI(2)*R3(2))+(R1t'3)*R3(3)))/(Rl(4)*R3(4))



ELSE IF UIPI.LT.(-1.ODO)) THEN
PHI -l.ODO

ENDIF

- VIS= (DACOS(l.CDO/R1(fl)) + (DACOS(1.ODO/R3(1f))- (D.ACOStPHI))
IVRITEI 1l1. 10)COVXT*SIZE, VIS

* ~Satellites g2 and *38

PHI =((R2Cl)*R3(l))+(R2(2)*R3(2))+(R2(3)*R3(3)))/(R2(4)*R3(.I))

IF (PHI.GT.i1.OD0)) THEN
PHI = .ODO

ELSE IF CPHI.LT.(-l.ODO)) THEN

ENDI F

IS: (DACOS(l.ODO/R2(4) ))+(DACOS(1.ODO/R3(4) ))-(D.ACOS(PHI))
'%RITE( l2,1l0)COU\XT*SIZE,VIS

20 CONTINUE

CLOSERMNT = 1)
CLOSEf UNIT = 2)
CLOSE(U\IT =3)
CLOSE(UNIT =10)
CLOSE(CNIT = 11)
CLOSE(UNIT = 12)

RETURN

EN D



* SUBROUTINE FOURVIS

* *

* PURPOSE: This subroutine examines the visibility opportunities *
-. * between four satellites. *

* VARIABLES: *
* INPUT: *
* STEPS - number of steps in the requested interval *

* SIZE - step size (SEC) *
* *

* LOCAL VARIABLES: *

* COUNT -DO loop counter *
* PHI - angle between position vectors to two satellites *
* RI - position vector to'satellite ;I

R2 - position vector to satellite #2 *
* R3 - position vector to satellite *3 *
* R4 - position vector to satellite• 4 *

* VIS - visibility function between two satellites *

SUBROUTINE FOURVIS(STEPS,SIZE)

INTEGER COUNT,STEPS
REAL*8 PHI,RI(4),R2(4),R3(4),R4(4),SlZE,VIS

OPEN(UNITfl,FILE:'POS1.DAT',STATUS='OLD')
OPEN(UNIT=2,FILE='POS2.DAT',STATI.US='OLD')
OPENCUNIT=3,FILE='POS3.DAT',STATUS='OLD')
OPEN(LNIT=4,FILE='POS4.DAT',STATUS='OLD'.)

T Th, following table lists filenames and their content
* UNIT = 10; VISI.D,.T - visibility between 1 and 2 $

$ UNIT = '11; VIS2.DAT - visibility between I and 3 *
* UNIT = 12; VIS3.DAT - visibility between 1 and 4 *

UNIT = 13; V*IS4.DAT - visibility between 2 and 3 *
* UNIT = 1I; VIS5.DAT - visibility between 2 and I *
$ UNIT = 15; VIS6.DAT - visibility between 3 and 4 *

OPENiUNIT=10,FILE'YVISl.DAT',STATUS='NEW')
OPEN(UNIT=ItFILE='IIS2.DAT',STATUS='NEWt)
OPEN(UNIT:12,FILE='V1S3.DAT',STATUS='NEW')
OPEN(UNIT=13,FILE='VIS4.DAT',STATU1f'NEW')
OPEN(UNIT14, FILE:'VIS5,DAT',STA.S='XEW') 4
OPEN(UNIT=15,FILE='VIS6.DAT',STATUS='NEW')

DO 20 COUNT = 0,STEPS
READ(!,R*1R0(1,R1(2),RI(3'),RI(4)
READ(2,*)R2(1),R2(2),R2(3.),R2(-I)
READ(3,*)R3(l),R3(2),R3(3)-,R3(4)
READ(4,*)R4(i),RI(2),R4(3),R.1!4;

* The following lines calculate Ue visibility function as explained *
* in the subroutine TWOVIS. F.ace four satellites are irnvlved in *

* this case, visibility che'ks must be made between satell tes 1 and *
* 2, 1 and 3, 1 and 4, 2 and 3, 2 and 4, and 3 and 4.
*********************************************************** ************

* Satellites #1 and f2 *

PHI = ((R1(.1)*R2(l))+(R1(2)*R2(2))+i(R1(3)*R2(3)))/(R1 4)*R2(4))

IF (PHI.GT.I.0DO)) THEN
PHI = 1.0D,

ELSE IF (PHI.LT.(-1.ODO)) THEN
= -1.ODO ,



* ~Satellites fl and #3

PHI z(f'Rl(l)*33(1))+(Rl(2)*R3(2))+(Rl(3)*R3(3) ))/(Rl(4)*R3(4))

IF (PIII.GT.(1.ODO)) THEN
PHI z 1.01)0

ELSE IF (PHI.LT.(-i.ODO)) THEN
PHI a -1.01)0

END! F

115 z (D.ACOS(l.ODO/RI(4))) + (DACOS(l.ODO/13(4))) -(DACOS(PHI))

W'RITE( 11, 10)C04..NT*SIZE,VIS

* ~Satellites $1 and 04

PHI a ((Rl(1)*14(1))+(Rl(2)*R4(2) )*(Rl(3)*R4(3) ))/(Rl(4)*R4(4))

IF (PHI GT.(1.ODO)) THEN
PHil ; 1.01)0

ELSE IF tPHI.LT.(-1.ODO)) THEN
PHI x -1.01)0

END! F

V15 = DACOS(1.ODO/i1(A))) +(DACOS(1.ODO/R4(4))) - DAOS(PHI)
%WRITE(12,I10)COIJNT*SIZE,1'IS

* ~Satellite. o2 and *3

PHI ((R'2(l)*R3 (1) )NR2(2.',*R3(2) )+CR2(3)2R3(3)))/(R2(4)*R3(481)

IF (PHI.GT.(1.ODO)) THEN'
PHI =1.01)0

ELSE IF (PIII.LT.f-1.ODO)) THEN
PHI =-1.000

END! F

VI5 z (PACCS(1.000/R2(4)))+(DACOSUI.ODO/R3C1)))-(DACOS(P¶II))
VRITE( 13,110)COV\T*SIZEAVIS

* ~Satellites z2 and o1

PHI u((2.2(1)*R4(1))t(R2(2)'R4(2))t(R2(3')*R4(3.)))/(R2(4)'R4(4))

IF (PHI.GT.(1.ODO)) THEN,
PHI x .ODO

ELSE IF (PHI.LT.(-1.ODO)) THEN
MHil a -1.000

'ENDI F,

VI5 a (DAC0S(1.0DO/R2(I)))+(DACOS(1.0D0/B4(4)))-(D.1C0S(PHI))
WRITEC 14,I10)COVNT*SIZE,VIS

* Satellites #3 and #4

PHI z C((3(1)*24(1).)I(R3(2)*R4(2))+(R3(3)*R443)))/(R3(4)*14(4))

IF (PHI.GT.(1.ODO)) THEN
PHI x 1.ODO

ELSE 'IF' (PHI.LT.(-1.ODO)) THEN
F'.!! -1.000

END!?



WICITEC 15,110 )COUNT7*SIZE,VIS

20 CONT INUE

CLOSE(UNIT =1)
CLOSE(UNIT =2)
CLOSECUNIT =3)
CLOSE(UNIT =4)
CLOSEC UNIT =10)
CLOSECUNIT =11)
CLOSECUNIT =.12)
CLOSE(UNIT =13)
CLOSE(UNIT =14)
CLOSE(UNIT = 15)

RETURN

110 FOR.4-AT(IlO,5X,F12.5)

END



* *

* PURPOSE: The purpose of this subroutine is to parabolically blend *
* the points of the visibility function. The equation of *
* the blended curve will then be solved for real roots. If *
* a real root exists, it represents either a rise or set *
* time for the objects of interest. *

* VARIABLES: ,
* INPUT: *
* STATE - specifies a file unit number *
* STEPS - number of steps *
* T - chronological time over time span *
* VIS - value of the visibility function *"* * i
* LOCAL VARIABLES: *
* A,B - variables used in the solution of the closed form *
* cubic equation (Escobal, 432-434) *
* ALPHA - coefficients of the cubic
* CHECK - slightly later time than cross. The value of check *
* is used to determine is a horizon crossing is a *
* rise or set. *
* COSPHI - cosine of the angle phi used in solution of the *
* cubic equation *
* COUNT - do loop counter
* CROSS - time of a rise or set *

* D120 - 120 DEG changed to radians *
* D240 - 240 DEG changed to radians
* DELTA - see closed form solution of cubic equation *
* EVENT - I if the crossing is a rise; 0 if the crossing is a *
* set *
* EO - see closed form solution of cubic equation *

INC - increment of time T *
* 0 - coefficient of cubed variable in cubic equation *

* P - coefficient of squared variable in cubic equation *
* +PHI - angle used in calculation of roots of cubic equation *
* PP - mathematical constant pi *
* Q - coefficient of the first degree variable in the *
* cubic equation *
* QTNT - portion of the quadratic equation under the radical *
* R - constant value-in the cubic equation *
* ROOTI,ROOT2,ROOT3 - possible roots of the cubic equation *
* SINPHI - sine of the angle phi used in solution of the.cubic *
* equation
* ZI,Z2,Z3 - variables used in determining roots of the cubic *
* equation

* REFERENCES: Adams and Rogers, 278-284 *
* Alfano, Negron, and Moore, 4-5
A Escobal, 431-433

SUBROUTINE BLEND(STATE,STEPS,T,VIS)

INTEGER COUNT,STATE,STEPS
REAL*8 A,ARG1,ARG2,B,ALP2(O:3),ALPHA(0:3},CHECK,COSPHI,CROSS
REAL*8 D120,D240,DELTA,EO,EVENT,INC,P,PHI,PI,Q,QTNT,VALA,VALB
REAL*$ R,ROOTI,ROOT2,ROOT3,SINPHI,T(0:STEPS+2)
REAL*C VIS(O:STEPS+2),Z1,Z2,Z3

*, .CONSTANTS *

PI = DACOS(-1.0DO)
D120 = 120.ODO*(PI/180.0DO)



*The f Ollowing lines ass izr N a ues: to the fIrst and last pcints in-
inthe x i-j&idij4tý Cur', C. Thosc poinuts fall mm kcI:bc-fcor n*

1fimmiýd.ctc'ly after the endpo)ints of interes~t. This insures ne,
p-Vrt ion of th-e curve will bo om~jt ted i.nen tcstiwý for horizoij
crossi~igrs.

VIS QE'S. V = VIS.TS2

?In thzý follcwIinz do, lcu.p, the zefcetsof triic cubilic .ua
Sare determin-2d using parabolic blendin-,.

DO 10 CCCTLST = STEPS
ALPHA ( 3') = (-.5OD0)*VIS(CVU.NT-1)+(I 5D*v , S1 0 UN'T + 1.5 L{LIC$

+ VIS(COUNT+1V ) 0D)VI(OUT2
ALPHA 2' Vi.S(COUNT-l Vi(-2-.50OD)*VIS(COCNT',)+',2.0D0I*

.LLPHA ( I k-. 30DO*VIs(CvocNT-l )+(5DO )±VISICLOUVsT IlI
"LPHA(0) VIS(COUNT,

* In the even~t that the eq~uation is a quadratic equatio~n instead of
*a c u i ,C equati on, the ±'ellowin- 14nes determine thce. roots o" *the

T F (D.,2 ASL\LPHI.% (3~ )Lr. f0. 000001D0).AND. DADS (ALPHA(" I .LE.
+ C, .ý1 DB(LH~ T(.0-0D THEN

PCO1 -1.CDO

FOOCT" = -AL?. PH /L'A1,1DrQT(QT' 1 1.-D- 11TPA2

ROCuT 3 = -1.00
GOIT 5

ROM0T = 1.
RQO'T93 -1.ODCJ

GOTO 5

ENDIF

*The followinz is a closed form solution t1o' the cubic equation..

P-= ALPHA ( 2)/ALPHA (3~
Q = ALPHA(1)ALPHA(,3)
R:= ALPHACO)ALPHAM3
A (2.0D0/1W.0DO)(3.0D0*Q)(P**2.ODO))

DELTA z UA**3.ODO)/27.ODO) + ((B**2.ODO)/ILO0DO)

.LitTA-G7., '0. 01)(1 1 HE"



IF (ARG1.ILT.CO.OD0f THEN
VAL.X =(DB(R~l*(.33

ELSE
VALA = *\RG1**(.333j33D0)

ENDI F

I F i..ARG2. LTO. (.ODO) ) THEN
VALB -(DS(R2

ELSE
VAE IR G2* (32 3 3,,D 0

ENDI F

ZI1 VALA .+V~ALB

ROOT1 Z1 - (P/3.QDO)
ROOT29 =-1.ODO
ROOT3 =-I.ODQ

ELSE IF (DELTA.EQ.(O.ODO,1) THEN
ARGI. -B/2.ODO
ARG2 = B112.0DO

IF ('.RGI.LTIOODOn) THEN
Z= 2.ODO*((DABS(.aRG2)**i.33333ýý)DrJ)

ELSE IF (ARG1.GT.OOD0O)) THEN

EYD I F.

I F 1,A RG2. LT.(CO.ODO!Vý THEý

ELSE I F (AicG2. GTO. f 0. l THEN
Z ARG2 f ..3 .133Dn

ROC'T I' Z 1 - (Pr/2". CLO;
ROOT'- 2 - (P/3.01DQý
RCOT3 =-1.0DO

ELSE IF ~DELTA. LT.(C. 0D0,) THEY:

IF (.ARC'LITA.O(0.0DO .OR.ARG:. LT.V.Df THE'Nl
.ROOT'. -1.ODC
ROOT2 -1.0D0
ROOT", -l.ODO

ELSE
EO =2,.ODO*DSQRT(';RG2)
COSPHI = B/(%2.ODO*DSQRTCA.1,RGfL)
SISPHI. DSQRT(1.ODO-(COSPHI1r*^.ODL)CI,
PHI DATAN2(SISPHICOSPHI)
ZI= EO*DCOS(PHI/3.CDO)

Z2=E0*DCOS((PHI/3.ODO0i+D12O)
NZ3 E0*DC0S(UPHI/3.0D0)+D2S10,

ROOT1 = Zi. - (P/3.ODO)
ROOT' Z40 - (P/3.ODO)
ROOT3 = Z3 - (P/3.ODO)

EN.I)! F
ENDIF

SCONTINUE

* If a positive root is found, parabolic blending is used to deter-
* a cubic equation based on the times corresponding to the vislibillityt
* values of interest. The value of this cubic equat ion evaluated at *,
* 'fhe roct of the equation above (ROOT1,F.OOT2', or ROOT. above) to
* .`iinc the~ e~azt timc of' crossine.' The same equation-is evaluated



IF (ROOTl.GE.0-.MAD.ROOT1.LE.1) THEN
ALP2(3) =(-.50D0)*T(COUNT-1)ih1.50DO)*T(COUNT)+C.1,50OD)*
+ TCCOUNT+1)+(.50D0)*T(COUNT+Z)
ALP2(2) =T(COUNT-1)+(-2.50D0)*T(COU.NT)+(2.ODO)*s

TCCOUNT+1)+(-.50D0)*T(COU.NT+2)
ALP2C1) =(-.50D0)*T(COUNT-1)+(.5DO)*T(COUNT~l)
ALP2(0) =T(COUNT)

CROSS =((ROOT1**3.ODO)*ALP2(3))+((ROOT1**2.ODO)*ALP2(v,))+
+ (ROOT1*ALP2(l))+ALP2(0)
ROOTi ROOTI+INC
CHECK =((ROOTl**3.ODO)*ALPHA4(3))+((ROOT1**2.ODO)*ALPHA(2))+

. (ROOT1*ALPHA (1) )+ALPHA (0) II
IF (CROSS.GE.(T(COUNT)).ASND.CROSS.LE.(T(COUNT+1))) THEN

IF (CHECK.GT.(0.ODO)) THEN
WRITE(25,100)CROSS
EVENT =1.000
WRtJTE(60,*)CROSS,EVENT
Wi ITE (STATE ,* )CROSS ,EVENT.

ELSE
WRITE( 25,110 )CROSS
EVENT 0.000D
%RITE(60,* )CROSS,EVE.NT
WRITE(STATE,* )CROSS,EVENT

END! F

END! F

IF (ROOT2.GE.0.A-ND.ROOT2.LE.1) THEN
.ALP2(3) = -.5ODO)*T(COUNT-1)+(1.50DO)*T(COUNT)+l.:..1ODO)*

+ T(COUNT.1)+(.5000)*T(COLNT+2)
ALP2(2) =T(COU'NT-1 ).N-2.50D0)*JT(CocNT)+(2.ODO)*,

+ T(COUNT+1 )+-.5000)*T(COVNT+2)
ALP2(1) =(-.50DOI*T(C0UNT-1)+(..5D0)*T(COUNT+1)
ALP2(01 = T(COVXT)

CROSS s(OT*3*L23)(RO2*).P()+RO2
+ ALP2(1))+ALP2(0)

ROMT z ROOT2+INC
CHECK = ((ROOT2**3)*ALPHLA(3))+((ROOT2**2)*ALPHA(2))+(ROOT2*

+ .XLPHAM1)+ALPHA(0-)
IF (CROSS.GE.(,T(COUNT)).AkND.CROSS.LE.(TCCOLNT+1))) THEN

IF (,CHEC'K.GT.dO.000)i THEN
WRITE(25,100)CROSS
EVENT = 1.000O
WRITE(60,*)CROSS,EVENXT
WRITE(STATE,* )CROSS,EVEXT

ELSE
WRITE(25,11O)*cROSS
EMEIT 0 .000
WRITE(60,* )CROSS,EVENT7
WRITE(STATE,* )CROSS,EVEN.T

ENDIF
ENDIF

ENDIF

IF (RO0T3.GLO0.AND.R0Oo3.UE.1) THEN
ALP20 ) = (-..50D0)*T(CO0uNTr1)+( 1.50D0)*T(COUN\T)+(-1.50D0)*
+ T(COUN?+1).(.50rDO)*T(COLIjNT+2)
ALP2(2) =T(COLTNT-1)+(-2..5000)*T'rCOUNT)+(2.oDO)s
+ T(COL'NT.1).(-.5000)*TC~ouNT+2z)



+ ALP2(1))+ALP2(0)
ROOT3 = ROOT3+INC
CHECK = ((ROOT3**3)*ALPHA(3))+((R00T3**2)*ALPHA(2))+(ROOT3*

+ ALPHA(1)+ALPHA(0)
IF (CROSS.GE.IT(COUNT)).AND.CROSS.LE.(T(COUNT+1))) THEN

IF (CHECK.T.(0.ODO)) THEN
WRITE(25, 100 )CROSS
EVENT = 1.ODO
WRITE(60,* )CROSS,EVET
%WRITE(STATE,* )CROSS,EA-ENT

ELSE
WRtITE( 25, 110)CROSS
EVENT = 0.0Db
WRITEC6O,* )CROSS,EVENT
WIRITE (STATE,*) CROSS, EVENTr

ENDIF
ENDI F

10 CONTINUE

100 FORM4AT(FI2.5,' SEC - RISE')
110 FORMAT(F12.5,' SEC - SET')

RETURN
END



* PURPOSE: The purpose of this subroutine is to accomplish a *
-. * check for constant visibility between a ground station *

** ,and 2 satellites. *

* VARIABLES: *

* INPUT: *
* STATE - File number specifier *

* LOCAL VARIABLES: *
* CHANGE - specifies when communcation is broken or re- *
* established *
* COLS - do loop counter *

* El,E2 - Specifies rise/set time for visibility function *
* a ground station and 2 satellites *
* EVENT - Array of all rise/set times *
* IN - do loop counter, *
* RSI,RS2 - 1 if the event is a rise; 0 if the event is a set*
* SU - Sum of RS1 and RS2 at a given event *
* T - time zero of any selected visibility function *
* - in this subroutine T is a place holder *
* TEMP - Temporary value used in sort loop *
* TOTAL - Total number of events *

$ TOTI - Number of events between Ground 'Station *? and *
* Satellite *1 *
* TOT2 - Number of events between Ground Station #? and *
* Satellite #2 $

* TT - Holds all event times and the correspcnding *
"status of the visibility function for each *

I v iewung path *
* V - the first value of the selected visibility *
* function *
* X - do loop counter *

SUBROUTINE GSSCVC2(STATE)

REAL*8 EI(0:l00),E2(0:100),EIENT(O:500)
SREAL*8 RSI(0:100),RS2(0:10OO)SLN,T,TD!P,TTO:0OO,2),V

INTEGER COUNT,CH.kNGE,CHECK,IN',STATE,TOTAL,TOTI,TOT2,X

OPEN(tKIT=41iFiLE='STATI.DAT',STATUS='OLD')
OPEN(UNIT=42,FILE='STAT2.DAT',STATLS='OLD')
OPEN(UNIT=60,FILE='TRACKER.DAT',STATUS='OLD')

REWIND(UNIT=60)

OPEN(UNIT=10,FILE:'VISI.DAT',STATUS='OLD')
OPE.(UNIT=ll,FILE='VIS2.DAT',STATUS='OLD')

WRITE(*,*)'The computer is in the process of determining whether'
1-RITE(*,*)'or not continuous communications is possible. When
WRITE(*,*)'the program is finished runni results can. be found'
WRITE(*,*)'in the file RISESET.DAT.'

* -GROUND STATION AND SAtiLLLITE'1 *

TOTI 0
DO 20 COUNT = 1,100

READ (STATE,*,E•E.NID-25 )E (COUNT) ,RSl(cOUNo}
TOTI COUNT

20 COrNIN'E _- 1UE



READ( 10,*)T,V
IF (V.GT.(O.ODO)) THEN

RSI{O)(= 1.0DO
ELSE

RSI(O) O.ODO
ENDIF

ELSE IF (RS1I1).EQ.(O.ODO)) THEN
RSI(0) = 1.ODO

ELSE
RS1(O) = O.ODO

ENDI F

* GROUND STATION A.ND SATELLITE 2*

TOT2 = 0
DO 30 COUNT = 1,100

READ( STATE+I,* ,E\D=35)E2 C COUNT ), RS2( COUNT }
TOT2 = COUNT

30 CONTINUE
35 E2(0) = O.ODO

IF (TOT2.F.Q.0) THEN
RE4D( II, * T, V

IF (V.GT.(O.ODO)) THEN
RS2{O) = 1.ODO

ELSE
RS2{0) = O.ODO

ENDI F
ELSE IF (RS2Cl).EQ.CO.ODO)) THEN

RS2(O) = 1.ODO
ELSE

RS2(O) = O.ODO
ENDIF

* The following calculates the total number of events between the *
* grcund station and two satellites. s

TOTAL = TOT1+TOT2

CHECK = 0
DO 45 COUNT = 1,500

READ(60,*,END=I8)EVE'%'T{COUNT)
CHECK a COUNT

45 CONTINUE
48 CONTINUE

IF (CHECK.EQ.0i THEN
WRITE(25,*)'There were no visibility opportunities with this

+ configuration.'
GOTO 140

ENDIF

* The foilowing orders all the events from the smallest to the *
* largest. *

DO 60 COUNT = 1,TOTAL-1
DO 50 X = 1,TOTAL-1

* ~IF (EVEYT(X+1).LT.EVV'ET(X)) THEN
TEMP = EI'ENT{(X+1)
EVENT(X+I) z EVENT{X)
EVENT(X) = TEMP

ENDI F

50 CONTINUE
. . . . . . . . . . . . . . . . ..-.*.A



* The folloiwin, determines the status of communications for each
* possible visibil~ity path at each event.

DO 80 COLST = 0,TOTAL
IF (TOT1.EQ.0) THEN

TT(COUNT,4) =RSl(0)
GOTO 80

ENDIF
DO T0 IN = ,TOTI- 1
IF (EVENT(COUNT).GE.El(IN).ANDEVENT(COCNT).LT.E1(IN+1)) THEN

TT(COUNT,l) = RSl(IN)
GOTO 80

ELSEIF tEVE\T(COU\T).EQ.El(IN+1)) THEN
TT(COUNT,l) =RS1(IN+l)
GOTO 80

ELSE IF (EVENT(COUNT).GTEl(IN+I).AND.IN.EQ.(TOT1-1)) THEN
TTtPOVNT,l) RS1(IS+l)
GOTO 80

ENDI F
70 CONTINUE
80 CONTINUE

DO 120 COUNT =0,TOTAL-
IF (TOT2.EQ.'0) THEN

TT(COUNT,2) = RS'(0)
GOTO 120

ENDIF
DO 110 IN = 0,TOT2 -1
1F (ETCON1E.2I.ADEEL0.)..E(N1lTHEv

GOTO 1120
ELSE IF (EVENT(COUST).EQ.E2(IN+1)) THEN

TT(COUNT,2) =RS2tIN+1)
GOTO 120

ELSE IF (EIEN\T(COUNT).GT.E2(IN*1),A.ND.IN'.EQ.(TOT2-1)) THEN
TT(COLNT,2) RS2t1N4I)
(GOTO 120

ENDIF
0COIT1NUE

* 120 (ONTINUE

CHANGE =1

*The ' rext DO loop determines if constant communication is
* ' Pcssible. If the sun is eqUzei to zero, communication is not '* possible., If the sum is greater than or equal to one, communi-
* cation is possible.*

DO 130 COUNT z 0,TOTI.U
SUM = TT(COUNT,1) + TT(COUN.\T,2),
IF (SL~'.EQ.(O.0DO).AND.CHXkNGE.FQ.1) THEN

WRITE(t5,*)'Communications broken at ',EVEMTCOUST)
CHANGE 0

ENDIF

IF (SU;M.GE.(l.ODO).AND.CHA$NE.EQ.0) THEN
VRITEC25.)Communications re-established at ',EV-ENT(COUST)-
CHIANGE;1I

ENDI D 1F
130 CONTINUE
1 40 CONKTINUE



CLOSE(,U!NIT=1O,STA1TS. 'DELETE')
CLOSE( UNIT=11 ,STATUS: 'DELETE')

RETURN
END

ift



* SUBROUTINE CVC3

* PURPOSE: The purpose of this subroutine is to accowplish a *

* check for constart vi;ibility between 3 satellites. *
For visibility to be maintained, at leapt t~o *
paths ';f visibility muat be maintained nt '01 times. *

S"INPUT
* KIND - specifies whether 3 satellites are ipvolNod (1) *
S* or a ground station and 3 satellites are
* involved (0)
* STATE - File number specifier *

* .•LfCAL VARIABLES: *
* CHANGE - specifies when communcation is broken or re-
* *-tablished

* COUNT - do loop counter *
* ,:...,E3 - Specifies rise/get time for visibility function *

between 3 satellites or a ground station and *
* '. 3 satellites *

VEfNT - Array of all rise/set times *
* IN - do loop counter *
* RS1,..RS3 - 1 if the event is a rise; 0 if the event is a set*

I;Ln4 - Sum of RS1...RS3 at a given event *
* - time zero read from file of visibility data *
* - in this subroutine, I serves only as a place *
* holder *
* TEMP - Temporary value used in sort loop *

TOTAL - Total number of events *
STOTI - Number of events between Satellite 1 cnd *

* Satellite *2 or Ground Station g? and
* Satellite ;l *

TOT2 - Number of events between Satellite #2 and *
* Satellite t3 or Ground Station V? and *
* Satellite #2 *
* TOT3 - Number of events between Satellite #1 and *
* Satellite :3 or Ground Station ;? and *
* Satellite :3
* TT -Holds all event times and the corresponding *
* status of the visibility function for each *
* .viewing path
* V value of the chosen visibility function at-time *
* equal to zero *
* X - do loop counter *

SUBROUTINE CVC3(KIND,STATE)

REAL*8 E1(0:100),E2(O:100),E3(0:I00),EVENT(0:500),RSl(0:100)
REAL*8' RS2(O:100),RS3(O:1OO),SLU.!,TTEMP,TTtO:5OO,3),V
INTEGER CLANGE,CCUNT,IN,KIND,STATE,TOTALTTOT1,OT2,TOT3,X

IF (EIND.EQ.l) THEN
WRITE(*$*)

. WRITt(*,*)'The computer is in the process of determining' -

WRITE(*,*)'whether or, not constant communications is" ,
WRITE(*,*)'maintained. When the.program has finished'.
"WR.ITE(*,*'ruihning, results may be found in RISESET.DAT,'

EZ4DIF -

OMPUNIT=4ý!,FILE='STATI.DAT',STATUISz'OLD')
IV................... .



/

UPENIUNIl=U, FIl.E='TRACKEk. DA?',ST.TLb='ULJ')

IF (KIND.EQ.0) THEN

REWIND(UNIT=60)
ENDIF

OPEN(UNIT=10,FILE='VISl.DAT',STATUS='OLD')
OPEN(UNIT=11,FILE='VIS2.DAT',STATIUS='OLD')
OPEN(UNIT=12,FILE='VIS3.DAT',STATUS='OLD')

* The following DO loops read the rise and set times for each vis- *
* ibility path. *

* SATELLITE ;l A.ND SATELLITE #2 *
* GROUND STATION AND SATELLITE #1

TOT1 = 0
DO 20 COUNT = 1,100

READ(STATE,*,LED=25)EI(COUNT),RS1(COUNT)
TOT1 = COUNT

20 CONTINUE
25 ElCO) = 0.ODO

* If there were no rise or set times, the file containing the vis- *
* ibility data must be referenced to determine if the two objects *

* of interest are always in view or never in view. *

IF (TOT1.EQ.0) THEN
READ(10,*)T,V
IF (V.GT.(O.ODO)) THEN

RS1(0)=I.0DO
ELSE

RSI(O'=O.ODO
ENDIF

* The follcwing line checks the first condition of the first rise *
* cr set time then assigns the appropriate condition to time zero. *

ELSE, IF (RSl(1).EQ.(O.ODO)) THEN
RS1C0) = 1.0D0

ELSE
USICO) = O.ODO

ENDIF

*• SATELLITE #1 AND SATELLITE 03 *
* (ROUND STATION AND SATELLITE ;2 *

TOT2 ='0
SDO 30 COUNT = 1,100

READ( STATE+1, *, I)--35 )E2 ( COUT ),RS2 (COUNT)
TOT2 = COUNT

30 CONTINUE
35 E2(0)'='0.ODO

- IF. (TOT2.EQ.0) THEN
( ~~READ(l1,*)T,V ..

IF IV.GT.(O.ODO)) THEN
'S2(O)=l.ODO -S• ~~~ELSE "" "-'

ENDIF

* The following line checks the first condition of the first rise *

pr set time the* asins the appropriate condition to time zero. *



RSZ(O) 1.ODO
ELSE

RS2(0) = 0.ODO
END I F

* SATELLITE g2 AND SATELLITE #3
-• * '. GROUND STATION AND SATELLITE #3

TOT3 = 0
DO' 40 COUNT = 1,100

READ(STATE+2,*,EN'D=45 )E3(COUNT) ,RS{(COUNT )
TOT3 = COUNT

40 CONTINUE
45 E3(O)= O.OD0

IF (TOT3.EQ.0) THEN
READ(12,*)T,V
IF (V.GT.(O.ODO)) THEN

RS3(0)=1.0DO
ELSE

RS3(O)"O.ODO

ENDIF

* The following line checks the first condition of the first rise *
* or set time then assigns the appropriate.condition to time zero. *

ELSE IF (RS3(1).EQ.(0.ODO)) THEN
RS3(0) = 1.0DO

ELSE
RS3(0) = 0.ODO

ENDI F

* The following calculates the total number of rise/set events *
* between the ground station and the three satellites or between *
* the three satellites. *

TOTAL = TOTITOT2+TOT3

DO 47 COUNT = 1,500
READ( 60, *, END=48 )EVET (COUNT)

'47 CONTINUE
48 CONTINUE

* If there were no rise/set times at all, the following message is *
* written to the final output file and the program ends. *

'IF (COUNT.,EQ.1) THEN
WRITE(25,*)'There were no opportunities for iviewing

+ wtih this configuration.'
GOTO 215 -

"ENDIF F

* The following performs a sort to place the list of all events in *
* order from smallest number to largest. *

DO 60 COUNT,= 1,TOTAL-1.4
DO 50 X= 1,TOTAL-1

IF (EVENT(+I.LT.EVEINT(X)) THE .... -.

IJ~ EVERT(X)l

EVENT(X a TEMP,
ENIF

50 CONTINUE
60 CONTINUE K



* The following loops deteruinr the intermediate status of vY.ibil-*
* ity at each event.

DO 80 COUNT = O,TOTAL
IF (TOT1.EQ.0) THEN

TT(COUNT,1) RS1(0)
.GOTO 80

ENDI F
DO 70 IN = 0,TOT1 - 1

IF (EVENT(COUNT).GE.El(IN).AND.EVENT(COUNT).LT. El(IN+1) THEN
TT(COUNT,1) = RSI(IN)
GCTO 80

ELSE IF (£\VENT{ COUNT). EQ. E1( IN+1) Y THEN
TT(CO'!NT,1) = RS1(IN+1)
GOTO 80

ELSE IF (EVENT.(COUNT).GT.El1(IN+I).AND. IN.EQ. ( lOT1-1) THEN
TT(COUNT,1) RS1(TOT1)
GOTO 80

ENDIF
70 CONTINUE
80 CONTINUE

DO 100 COUNT = 0,TOTAL
IF (TO?2.EQ.0) THEN

TT(COUNT,2) = RS2(0)
GOTO 100

END I F
DO 90 IN = 0,TOT2 - 1

IF (EVENT(COUNT).GE.E2(IN)..tND.EVENT(COUNT).LT.E2 (IK1)) THEN
TT(COUNT,2) = RS2(IN)
GOTO 100

ELSE IF (EVENT'(COUNT).EQ.E2(IN+1)) THEN
, TT(COVNT,2) =,RS2(IN+l)
GOTO 100

ELSE IF (EVENT(COUNT).GT.E2(IN+1).AND.IN.EQ.(TOT2-1)) THEN
TT(COUNT,2) RS2(TOT2)
GOTO 100

ENDIF
90 CONTINUE

100 CONTINUE

DO 120 COUNT = O,TOTAL
DO 110 IN = 0,TOT3 -1I
'IF (EYENT (COUNT). GE. E3 (I N)..tND. EVENT (COUNT). LT. E3 (IN+I})) THEN

TT(COUN`T,3) = RS3(IN)
GOTO 120

ELSE 'IF (EVENT(COUNT).EQ.E3(IN+I)) THEN
TTCOUNT,3) = RS3(IN+I)
GOTO 120

-ELSE IF (EML'T(COUNT).GT.E3(IN+1).AND. IN.EQ.(TOT3-1)) THEN_
TT(COUNT,3) - RS3(TOT3)
GOTO 120

ENDIF -

110 CONTINUE
120 CON3TINUE

CHANGE z' 1

* The following determines if continuous communication is possible.*
T For 3 satelli*tes. the sum must be greater than or equal to 2. *

* For a ground station and three satellites, the sun must be ,
* greater thim or equal to 1..S

IT CKIND.EQ.1) THEN
* .. 1T *AI s - fs se~s~ •xs~sxxmmmsssms .



It r %UL.L~eL %I. ULM

WRITE(25 ,200 )EVENT(COUNT)
CHANGE 0

ENDIF

IF (SL'M.GE.(2.ODO).AND.CH.ANGE.EQ.0) THEN
%TRITE(25,210)EV-ENT(COUNT)
CHANGE I

ENDIF
130 CONTINUE

ELSE IF (KIND.[Q.0) THEN
DO 140 COU'NT = DJOTAL

SUM rTT(COUN1',1) + TTCCOUNT,2) + TT(COUNT,3)
IF (SUTM.LT.(1.ODO).AND.C.HANKGE.EQ.1) THEN

WRITE(.25, 20O)EVENT(COUNT)
C HAN GE =0

ENDIF.

IF (SUM.GE.(1.ODO).AND.CHANGE.EQ.0) THEN
NRITE(25,21O)EVENT(COUINT)
CHANGE 1

ENDIF
140 CONTINUE

ENDIF

.215 CY0YNUl N-E

CLOSEf UNIT=STA4TE,STATUS='DELETE')
CLOSE(UNIT=STATE+1 ,STA4TUS= 'DELETE')
CLOSEtUNIT=STA4TE+2,STATUS='DELETE')
CLOSEtUXIT=60)
CLOSE(VNIT=1O,STATUS='DELETE')
CLOSE(C.NIT=11 ,STATUIS='DELET-E')
CLOSE(UNIT=12 ,STATUS= 'DELETE')

200 FORMAT(Couuunications broken at, ',F1Z.5,' SEC'.)
210 FORMAT(Comikunications re-established at ',Fl92.5,' SEC')

RETURN

END

77=7



,' * SUBROLUINE CVC4 a

• PURPOSE: The purpose of this subroutine is to accomplish a *
check for constant visibility between 4 satellites. *

S• For visibility to be maintained, at least 3 *
• paths of visibility must be maintained at all times. *

• VARIABLES: *
.i* INPUT: **1 : STATE - File number specifier *

S * a,

LOCAL VARIABLES: *
• CHANGE - specifies when communcation is broken or re-

* , established *
* COUNT - do loop counter

* * El,..,E6 - Stecifies rise/set time for visibility function *
S * bL• een 6 satellites *
• EVENT - Array of all rise/set tines *
* IN - do loop counter *
* RS1,..RS6 - 1 if the event is a rise; 0 if the event is a set*
• SUN - Sum of RS1...RS6 at a given event *

* * T - time zero read from file of visibility data *
• - in this subroutine, T serves only as a place *
* holder *

• T-�MP - Temporary value used in sort loop *
* TOTAL Total number of events *
* TOTI - Number of events between Satellite 1 and *
* Satellite #2 *
* TOT2 - Number of events between Satellite #1 and *

Satellite 03
• TOT3 - Number of events between Satellite ;I and *

* Satellite #4 *
• TOTI - Number of events between Satellite #2 and *
• Satellite 03 *

* TOT5 - Number of events between Satellite *2 and *
* Satellite 04
* TOT6 - Number of events between Satellite ;3 and *
* Satellite #4 *
* TT - Holds all event times and the corresponding *

status of the visibility function for each
* viewing path *

V - value of the chosen visibility function at time *
* equal to zero S

I X -do loop counter *

SUBRO TTINIE CVCM(STATE)

RE-*8 E1(0:50),E2(0:50),E3(0:50),E4(0:50),E5(0:50}
REAL*8 E6(0:50) ,EV•ENT{0:200),RS1(0: 50) ,RS2(0:50),3S3(0:50)
REALMS RS4(0:50),RS5(0:50),RS6(0:50),SL.M,T,TLDP,TT(0:2OO,6),V
INTEGER CHANGE,COUlT,IN,STATETOTAL,TOTI,TOT2,T0T3,TOT4,TOT5
INTEGER TOT6,1

W(RITE(*,*)
WRITE(*,s)'The computer .is in the process of detarmining'
WRITE(*,*)'whether or not constant contmications is '

WRIT•l,'maintalned. When the program has finished'
WITEM(,*)'runuinst results my be found in 1ISZ1SIMtAT.'

O MPU(UIT41, FILE*'STATI.DAT ', STATUSs'OLD')
OME(UNIt 42,FILEs'STAT2.DAT',STATUS'O'
OP3(UN1T4,43,FILEs=?TAT3.DA?',STATUSu'OLD) .
OPEN(UN1Ts44,FILEs'STATI.DAT, .STATL'SU'OLD,)

I t• [ M . .. [[ m iH L •



OPEN(UNI&T=10,FILE='VISI.DAT' ,STAYUIS='OLD')
OPEYN(UNIT=11,FILE='VIS2.DAT,',STATUS='OLD')
OPENCUNIT=12,FILE='VIS3.DAT' ,STAkTU-S'OLD')
OPE.N(UNIT=l3,FILF='VIS4.DAT' ,STAITUS='OLD')
OPEN(UNIT=14,dILE='VIS5.DAIT',STATU!S'POTD')
OPEN(UNIT=15,FILE='V156.DAT' ,STAkTIS='OLD')

* ~SATELLITE -,1 AND SATELLITE ;

TOT1 0
Do 20 COU'NT =1,100

kEAD(STATE, *, EN-D25) El KOUNT),S1 (COUNT)
20 TOT1 z COIATr

20CONTINUE
25 E1(0) 0.0D0

IF (TOrTl.EQ.0) THEN
READ(10,*)TIV

IF (V.GT.I0.ODO)) THEN
RS'I(0)=l.ODO

ELSE

ENDIF
ELSE IF (RS1(1).EQ.(0.ODO)) THEN

RS1(0) = 1.ODO
ELSE

RS1(0) =0.ODO
END! F

SATELLITE :1 AND SATELLITE ;ý3*

T012 =0

DO 30 COUNT = 1,100
READ (STATE+ 1,*,END=35)E2 COUNT) , RS2 (COLST~
TOT2 =COLNT

3 0 C ON T IXUE
.35 E2(0) x 0.ODO

IF (T012.EQ.0) THEN
READ(11,*)T,V
IF (V.GT.(0.DDO)) THEN

RS2(0):1.ODO
ELSE

33210) 0. ODO
END! F

ELSE IF (3S211).EQ.(0.ODO)) THEN
33210) a 1.0DO

* ELSE
332(0) z 0.0WO

END F.

* ~SATELLITE *I AND SATELLITE #4

T0T3 x0
DO 40 COUNT a 1,100

3EA(STATE42,sNMa4i) E3 COM'T) s23S(COUNT)
TOT3 a COUNT

40 COWflINUZ
45. 13(0-) 30.000

If (0T3T. &Q.0). TMN
3EA" *~,lttY



ND I F

. The following line checks the first condition of the first rise $

* or set time then assigns the appropriate condition to time zero. *

ELSE IF (RS3(1).EQ.(0..ODO)) THEN
RS3(0) = 1.0DO

ELSE
RS3(0) = O.ODO

ENDI F

* SATELLITE *2 .ANŽD SATELLITE #3

TOT4• 0
DO 50 COUNT - 1,100

READ (STATE+3, *,rLN--55 )E4 (COUNT) , 9S4 (COUNT)
TOT4 = COU\N

50 CONTINUE
55 E4(O) = 0.000

IF (TOT4.EQ.0) THEM
READ(13,*)T,V
IF (V.GT.(O.ODO)) THEN

RS4(0)=I.0DO
ELSE

RS. (O)=O.ODO
ENDI F

The following line checks the first condition of the first rise *
Q •r set time then assigns the appropriate condition to time zero. *

ELSE IF (RS4(1).EQ.(0.0DO)) THEN
RSI(O) = 1.0DO

ELSE
U9S4(0) = O.DO

ENDI F

* SATEL.LITE *2 AND SATELLITE *4 *

TOT5 z 0
DO 60 COUNT x 1,100

READ (STATE+4,*, ED=6.5 E5 (COUNT) , RS5 (COLMTI
TOTS x COVN.•

60 CONTI.%E
65 E5(0) a O.0DO

IF (TOTM.EQ 0) THLI
READ0.14,*)T,V.

IFs V.GT.(0.otm)) THEN
SU(0=1s.0DO

ELSE
2SS(0)-O.030

S:The folioain line checks tbh first condition of the first rise
or set time then assips the appwopriat* conditiom to time zero.

anl-i (if S(1). 1.(0.0D0)) TM
40.O) a 1.000.

2S5(lo)- 0.00o
i ... .. . .. , ,-- I+ID JP .. ._ _... . .

I p



DO TO COUNT 1,100
READ(STATE+5,*,END-73)E6(COUNT), RSC (COU.NT)

70 TOT6 COUNT
70 CONTINUE
73 E6(0) = O.0DO

IF (TOT6.EQ.0) THEN
READ( 15,* )T,V
IF (V.GT.(O.ODO)) THEN

RS6(0)z=.ODO
ELSE

RS6(0 )=O. ODO
ENDI7

* The following line checks the first condition of the first Lise *
* or set tine then assigns the appropriate condition to time zero. *

ELSE IF (RS6(l).EQ.(O.ODO)) THEN
RS6(0) = 1.ODO

ELSE
RS6(O} = O.0DO

ENDI F

* ':e following calculates the total number of rise/set events s
* between the ground statior and the three satellites. *

TOTAL z TOT1+TOT2vTOT3+TOT4+TOT5+TOT6

DO 75 COUNT = 1,500
READ( 60,*,END=76)EVENT(COUNT)

75 CONTINUE
76 CONTINUE

* If there were no rise/set times at all, the following message is *
* written to the final output file and the program ends. *

IF % COV\T.EQ.1) THEN
WRITE(25,*)'There were no opportunities for viewing with this

+ configuration.'
GOTO 215

EN DI F

* The following performs.I sort to place the list of all events in *
* order from smallest number to largest. *

DO 80 COUNT a 1,TOTAL-1
DO 78 X * 1,TOTAL-l

IF (EVKT(I+l)LT.E•VET(r)) THEY
TD6• i' SETUNT ( IX +)
EVEMI(1+1) 0 LVIVET(
MIKNT(X) M TEIP

£%DI 7
M78 CONTINUE
SOCOlTIMNE

EVENT(O) m O.ODO

* The following loops determine the lnterediate status of visibil-0
SS ity at eab e*vent.

} 100 COWT a O,TOTAL
i..f.. .l..........._._I_ I_ _ __._.O) T___



'r(COUNTr,1) nS1cij
G01T) 100

ELSE IF tF'.ENT(COU\T).EQ.E1(IN41)) THEN
TT(COUNT,l) =RS1(IN+1)
GOTO 100

ELSE If (EVENT(COUN\T).GT.El(lIN).AND.'IN\.EQ.(TOT1-1)) THEN
TT(COUN`T,1) =RS1(TOT1)
GOTO 100

END I F
90 CONTINUE
100 CONTINUE

DO 120 COUNT 0,TOT.AL
IF (TOT2.EQ.0O) THEN

TT((C0UNT,2) =RS2(0)
GO.TO 120

ENMDI F
DO 110 IN = 0,TQT2 - 1
IF (EVENT(C0VNKT).GE.E2(I'%)AD.VET(COU\T.TEt~1)TE

TT(COUNTf,2) zRS2(IN)
GOTO 120

ELSE iF (EVE\.T(COUNT).EQ.E2(IN+1)) THEN
TTCCOUNT,2) =RS2(I.N+1)
GOTO 120

ELSE IF (EVENTr(COUNT).GT.E2(IN)..AND.LN.EQ.tTOT2-1)) THEN
TT(COUNT,2) a S2(TCTf2.
GOTO 120

EKDI F
110 CONTINUE
120 CONTINUE

DO 110 COUNT = OJOTAL
IF tTOT3.EQ.0) THEN

MTCOUN7,31 z RS31O)
GOTO 140

ENDIF
DO 130 IN =O,TOT3- I

iF(VETCOUTM. GE. E3 (IN).AXND. EVENTC(COUNT). LT. E3 (1\+1)) THEN
TT (COUST, 3) 21 RS3(I NY
GOTO 110

ELSE IF (EVETCCOCN7-).EQ.E3(IN+1)) THES
TT(COtNT,3) = S3(iN+1)
GOTO )A0

ELSE I? (EVENT(COLNiT).GT.E3(IN).ANtD.Ii.EQ.tTOT3-11) THEN
TT(COCUNI",3, 3S31TOT3)
0010 140

130 CONINUE
140 CONINUE

DW 160 COUNT u 0,OTAL
If ITO'T4E0.O) TME

TTMOU'r,4) a 254(0)

13DI V
W 160 M a O,TO'4 -A

I1P ( PVUT~cI CUT). M14 (1). AID. EVENT(COL3MT).AUMMN,) TMI

am 0160
31.51 ",4 2FS41100,r.I.4(S4~ TI



160 CONTINUE

DO 180 CO?!NT .0O,TOTAL
IF (TOT5.EQ. 6) THEN

TT(COU-NT,5) =RS5(0)
GOTO 180

E\DIF
DO 170 IN = 0,TOT5 - 1
IF (EVENT(COUNT).GE.E5(IN?.A'ND.EVE.NTCCOUNT).LT.E5'IN.18' THEN

TTtCOUNT.5) =RS5!IN)
GOTO 180

ELSE IF (EVEN%!(COUKT).EQ.E5(IN+M) THEN
TTCOUNT,5) =RS5(IN+1+)
GOTO 160

ELSE IF (EVENTIC0U-NT).GT.E5(IN)..AND.INK.EQ.tTOT5-l)) THEN
rr(COVNT,5; = WS(TOT5)
GOTO 180

ENPIF
170 CONT1NUE
180 CONTISVE

DO 200 XVUNT = OTOTAL
IF (TOTS.EQ.0) THEN'

TT(COUNT,6) z RS6CO)
GOTO 200

ENDIF
DO 190 IN = 6,TOT6 - 1
IF (EVENT(COUNT). GE.E3MIN) AND6 EVENT( COUNT). LT. ESCIN'1) THEN

TTCOUNI,6 z RM6IN)
GOTO 200

ELSE IF (kXEN`T(COUN-T).EQ.E5(IN+M) ThEN
TT(COV Nv,6) =RS6(IN+1)
GOTO 200

ELSE IF (EVENTI(CCAI:.\T).GT.E6(LN).ANXD.INEQ.(TOT6-1)) THEN
TT(COV\T,6) RM8TOT6)
GOrrO 200

ENDIF
l(M CONTINUE
200 CONTINUE

MHANGE a I

*The foilowing deteruine* if colitinuous communication 15 possible.*,
*For 4 sateilitas, the sum must be greater than or eq~ual to 3'. *

DO 210 COUN(T uOTfJTAL
SUM M ~C0V!TI?,1 + TT(COV3T,2) + TTCOL'XT13) + TT(COUNT,4) +

+ ~TT(COCLNTsS? # TT(COLICT,B)
IF (SL'X.IT.(3.ODO).A.ND.CRAGIE.EQ.1) T110

VR ITE (25t 20) EVENT (COLN. T)

END! F

IF (.SLI.rit.(3.ODO).AICD.CWAGK.EQ.0) THEN
WRITS (25 t230) EVYT (COUNT)

ENDIF

210 CONITISM



CLOSE(LTMý%IzSTATE45,STATUISa'DELETE')
CLOSE(UNIT=60)

CLOSE(UNIT=10,STATVS='DELETE')
CLOSE(CNIT=11 ,STATUS='DELETE')
CLOSE(UNIT=12,STATU-S~'DELETE')
CLOSE(UNIT=13,STATVS='DELETE')
CLOSE(UNIT=14,STATtS='DELETE')
CLOSECUNITI15,STATUS:'DELETE')

220 FOR!IAT(Coauunications broken at ',Fl2.5,' SEC')
230 FORMAT ('Couuun ications re-established at 'JF12.5,' SEC')

RETURN
END



* SUBROUTINE GSSCVC4
* (Ground Station Satellite Continuous Vislbility Check (4)) *
* P'RPOSE: The purpose of this subroutine is to accomplish a *

--.* check for constant visibility between a ground station *

S* ~and 3 satellites. *
* *

* VARIABLES: *

* INPUT: *
* STATE - File number specifier *

* LOCAL VAR I ABLES: *
* CHANGE - specifies when communcation is broken or re- *
* established *
* COUNT - do loop counter
* E1,..,E4 - Specifies rise/set time for visibility function *

$ a grounatstation and 4 satellites *
* EVENT - Array of all rise/set times *

* IN - do loop counter *
RSI,.,RS4 - 1 if the event is a rise; 0 if the event is a set*

* SUM - Sum of RS1,..,RS4 at a given event *
* T - time zero of any selected visibility function *
* - in this subroutine T is a place holder *

* TEMIP -'Temporary value used in sort loop *
* TOTAL - Total number of events *
* TOT1 - Number of events between Ground Station #? and *
* Satellite =1 *
* TOT2 - Number of events between Ground Station #? and *
* Satellite ;2 *

TOT3 - Number of events between Ground Station ;? and *
Satellite =3

TOT, 4 - Number of events between Ground Station =' and *
* Satellite =4 *

"TT - Holds all event timesand the corresonding *
* status of the visibility function for each *
* %iewing path *
* V - the first value of the selected visibility *

* function *

X - do loop counter *

SUBROUTINE GSSCVC41STATE)

RtAL*8 El(O:IO0},E2(0:IO0),E3(0:100),E4(0:l0),EVENT(O:500)
REAL*8 RS1(0:100),RS2(0:100),RS3(0:100),RS4(0:lOO),T,TEMP
REAL*8 TT(,O:500,4),V
INTEGER CHANGE,CHECK,COUNT,IN,STATE,SL'M
INTEGER TOTAL,TOT1,TOT2,TOT3,TOT4,X

OPEN(VNIT=41,FILE:'STATI.DAT,STATUSf'OLD')
OPEN(UNIT=42,FILE:'STAT2.DAT',STATUS='OLD')
OPEN(UNIT=43,FILEi'STAT3.DAT',STATUSi'OLD')
OPE.N(UNIT=44,FILEf'STAT4.DAT.',STATUSf'OLD')
OPE•N(UNIT:60,FILE='TRACKER.DAT',STATUS='OLD')

REWINDiUNIT=60)

OPEN(CI'ITf1O,FILEz'VISI.DAT',STATUSf'OLD')
OPENi(UNIT=11,FILE='VIS2.DAT',STATUSs'OLD')
OPEN(UNITzl2,FILE='VIS3.DAT' STATUSf'OLD')
OPLE.NITzI3,FILE='VIS4.DAT',STATUS='OLD')



WJ' Z) LULAI .1, IUU
RE.AD (STATE,*END=25 )E1C COUNT ) ,R31( COUNT )
TOT1 COUNT

20 CONTINUE
25 E1(O) = O.ODO

IF (TOT1.EQ.0) THEN
READ C1O,* )T, V
IF '(V.GT.(O.ODO)) THEN

RS1(O) =1.ODO
ELSEI

RS1(0) = .ODO
ENrJI F

ELSE IF (RS1(1).EQ.(0.ODO)) THEN
RS1(0) = 1.ODO

ELSE
RS1(O) = 0.ODO

ENDIF

* GROUND STATION AND SATELLIT E #2*

TOT2 = 0
DO 30 COUNT =1,100

READ( STATE+1,*,F.ND=35 )E2(COUNT) ,RS2 (COUNT)
TOT2 =COUNT

30 CONTINUE
35 E2(0) =O.ODO

IF (TOT2.EQ.O) THEN
RE.AD( 11,* )T,V
IF (V.GT.(O.ODO)) THEN

RS2(0) = 1.ODO
ELSE

RS2(O) = O.ODO
ENDIF

ELSE IF (RS2(1).EQ.(O.ODO)) THEN
.RS2(0) 1.ODO

ELSE
RS2(0) 0.ODO

ENDIF

* ~GROUND STATION AND SATELLITE =3*

TOT3 0
,DO 40 COUNT = 1,100

RE.AD(STATE+2,*,E.Nr-4S)E3(COUNT) ,RS3(COUNýT,)
TOT3 = COUNT

40 CONTINUE
45 E3C0)'= 0.ODO

IF (TOT3.EQ.O) THEN
READ(12,*)T,V
IF.(V.GT.{0.ODO)) THEN

253(0) =1.ODO
ELSE

RS3(0) =0.01)0
E D I F

ELSE IF (RS3(l).EQ.(0.ODO)) THEN
253(0) z l.ODO

ELSE
RS3(O) a 0.O1)O

ENDIF



DO 50 COUNT 1,100
READ(STATE+3,*,END=53)E4(COUNT),RS4(COUNT)
TOT4 = COUNT

50 CONTINUE
53 E4(0) = O.ODO

IF (TOT4.EQ.0) THEN
RLAD(13,*jT,V
IF (V.GT.(0.ODO)) THEN

RS4(0) = 1.ODO
ELSE

RS4(0) O.ODO
ENDIF

ELSE IF (RS4(1).EQ.(0.OD0)) THEN
RS4(0) = 1.ODO

ELSE
RS4(0) O.ODO

ENDIF

* The following calculates the total number of events between the *
• ground station and tour satellites. *

TOTAL = TOT1+TOT2+TOT3+TOT4
CHECK = 0
DO 55 COUNT''= 1,500

READ(60,*,END=58)EVENT(COUNT)
CHECK ff COU-T

55 CONTINUE
58 CONTINUE

IF (CHECK.EQ.0) THEN
'RITE(25,*)'There were-no visibility opportunities with this

+ col"igburction.'
GOTO 160

ENDIF

• The following orders all the events from the smallest to the *
* largest. *

DO 65 COUNT'- 1,TOTAL-1
DO 60 X 1,TOTAL-1

IF (EVENT(X+l).LT.EVENTCX)) THEN
TEMP = EVENT(X+1)
EVENT(X+I)'= EVENT[X}
EVENTX ) M.T P

ENDIF
60 CONTINUE
65 CONTINUE

EVENT(O) f O.ODO

* The following determines the status of communications for each *
• possible visibility path at each event. *

DO 80 COUNT.= OTOTAL
IF (TOT1.EQ.0) THEN

TT(COUNT,1) , RS1(0).
GOTOO80

ENDIF
'DO 70 IN = 0,TOT1 -1

IF (EVM:(C0UNT).GE EIN),AND.-EMlMTCOL -).LT.El(IN+1)) THEN
.TIT(COUKT,I) =RII}

mku ' -BMX'



uviu ou
ELSE IF (EVENT(COUNT).GT.E1(IN+1).ANXD.IN.EQ.(TOT1-1)) THEN

TT(COUNT,1) =RS1(IN+1)
GC'TO 80

ENDIF
70 CONTINUE
80 CONTINUE

DO 100 COUNT =0,TOTAL
IF (TOT2.EQ.0) THEN

TT(COUNT,2) RS2(O)
GOTO 100

ENDIF
DO 90 IN =0,TOT2 I
IF (EVEN\T(COU-NT).GE.E2(IN).AN'D.EVEN\T(CCUNT).LT.E2(IN+M) THEN
*TT(COUNT,2) =S2MUM
GOTO 100

ELSE IF CEVENT(COUN.\T).EQ.E2(,IN\+1)) THEN
TT(COUNT,2) =RS2(IN+l)
GOTO 100

ELSE IF (EVENTCCOU.NT).GT.E2(IN+1).ANXD.IN.EQ.(TOT2-1)) THEN
*TT(C-OUNT,2) =RS2(IN+l)
GOTO 100

ENDI F
.90 CONTINUE
100 CONTINUE

DO 120 COUNT =0,TOTAL
IF (TOT3.EQ.0) THEN

TT(COUNT,3) = RS3(0)
GOTO 120

ENDIF
DO 110IN = OOT3- 1
IF (EVENT(COUNT).GE.E3(IN).AND.EVENT(COUNT).LT.E3(IX+1fl1 THEN

TT(COUNT,3) = RS3(IN)
¶ GOTO 120

ELSE IF (EVEXT(COUNT).EQ.E3CIX+M) THEN
MtTOUNT,3) =RS3CIN+1)
GOTO 120

ELSE IF (EVEMTCOUN 'T).GT.E3(IN+1).AND.IN.EQ.(TOT3-1)) THEN
TT(COUNT,3) RS3(IN+l)
GOTO 120

ENDIF
110 CONTINUE
120 CONTINUE

DO 140 COUNT = 0,OTAL
IF (TOT4.EQ.0) THEN

TT(COUNT,4) =RS4(0)
GOTO 140

ENDI F
DO 130,IN, 0,TOT4 - 1
IF CEVEN'T(COUYNT.GE. E4 (IN).kN-D. EVENT (COUNT). LT. E4 (IN+ 1)) THEN

MTCOUKT,4) =RS4(IN)
GOTO 140

ELSE IF (EVEN`T(CO'N`T).EQ.E4(IN.1)) THEN
TT(COLUNT,4) = RS4(lIN+1)
GOTO 140

**ELSE IF (EVEN'T(COLI~r).GT.E4(IN.1).AND.IN.EQ.(TOT4-1)) THEN
MTCOUN'T,) RS4(IN+1).
0070 140

ENDIF
-~130-CONTI .

140 CONTfI NUE



* The next DO loop determines if constant communication is*
* possible. If the sun is equal to zero, communication is not *
* possible. If the sun is greater than or equal to one, communi-
* cation is possible.

DO 150 COUNT,= OTOTAL
SUM =TT(COUNTI) + TT(COLNT,2) + TT(COCNT,31 + TTI(COUNT,4)
IF (SUM.EQ.IO.ODO).AtND.CH.ANGE.EQ-l) THEN

URITE(25,*)'Communications broken at ',EVENT(COUNT)
CHANGE = 0

END! F

IF (SUM.GE.(l.ODO).AND.CHANGE.EQ.0) THEN
%RITE(25,*) 'Communications re-established at ',EVENT(COUNT)
CHANGE =1

ENDIF

150 CONTINUE
160 CONTINUE

CLOSE {UNIT=STATE ,STATUS-- 'DELETE')
CLOSE( UNIT=ST.ATE+I ,STATU-S='DELETE')
CLOSE(CUNIT=STATEi2 ,STATUS='DELETE')
CLOSE (UN IT=STATE+3,STATU-S= 'DELETE')
CLOSE CUNIT=60)
CLOSE(UNIT=10,STATUS= 'DELETE')
CLOSE(-UNIT=1l ,STATUS='DELETE')
CLOSE (UN!T=12 ,STATUVS= 'DELETE')
CLOSE(UNIT=13,STATUS= 'DELETE')

RETURN

EYD
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