Orbital Mechanics with Numerit

Closest Approach Between a Satellite and Ground Site
(Numerical Integration Solution)

This Numerit application (r t s2sat 2) calculates close approach conditions between a
satellite and a ground site on an oblate Earth. This program demonstrates how to perform
one-dimensional minimization while numerically integrating a satellite's equations of
motion. To illustrate this useful numerical technique the computer program will be
explained in detail.

The first part of this program defines several "commons' and astrodynamic constants and
also sets the initialization flag for the Runge-Kutta-Fehlberg 7(8) integration method.

rts2sat 2. num Cct ober 11, 1999

cl osest approach conditions between
a ground site and Earth satellite

nunerical integration method
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common rkcoef, nmu, req, j2
cl ear
draft
astrodynam c and utility constants
mu = 398600. 5
req = 6378.14
j2 = 0.00108263
flat = 1/ 298. 257
omega = 7.29211564186e- 05
initialize rkf78 algorithm
rkcoef =1
The next part of the main program requests the initial calendar date and time, the

osculating orbital elements of the satellite, the geographic coordinates of the ground site
and the total simulation duration.

begi n simul ation
println "programrts2sat 2"
println
println "closest approach between a ground site and Earth satellite”

println
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println "< nunerical integration nethod >"
request initial cal endar date

cdate = "1,1, 1998"

get dat e(cdate, nonth, day, year)
request initial universal tine

utstr = "0,0,0"

gettime(utstr, uthr, utmn, utsec)
request initial orbital elenments

ioev[i6] =0

ioev = 1,1,1,1,1,1

oevl[ 1] = 8000
oevl[2] =0
oevl[3] = 40
oevl[4] = 55
oevl[5] = 55
oevl[6] = 10

get oe(i oev, oevl)
request ground site coordi nates

obslatstr = "40,0,0"

obsl ongstr = "-105, 0, 0"

obsalt = 1000

get obs(obsl atstr, obslongstr, obslat, obslong, obsalt)
request the simulation duration

| oop
ndays = 1

i nput "simulation duration in days" ndays
if (ndays > 0) break
The next section calculates the orbital period of the satellite normalized with respect to

2p, the geodetic constants of the ground site, the initial Julian date and the satellite's
position and velocity vectors.

initial julian date
julian(nonth, day, year, jdate)

jdatei = jdate + uthr / 24 + utmin / 1440 + utsec / 86400
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cal cul ate orbital period
period = sqrt(oevl[1l] * oevl[1l] * oevl[1] / nu)
conput e geodeti c constants

sobsl at
cobsl at

si n(obsl at)
cos(obsl at)

b =sgrt(1 - (2 * flat - flat * flat) * sobslat * sobsl at)
gx =req / b + obsalt
gy =req * (1 - flat) * (1 - flat) / b + obsalt

initial greenw ch sidereal tinme (radians)
gast 2(jdatei, gsti)

determine initial eci state vector
orb2eci (mu, oevl, r, v)

| oad state vector working array

for i =1to 3
ysaved[i] = r[i]
ysaved[i + 3] = v[i]

The next section of the code defines the initial and final times of the search interval, in
seconds, and the "search™ and "function” step sizes. The search step size tellsthe
algorithm how far to move when looking for minima and the function step sizetells the
program how far to move when looking for an increase (or decrease) in the objective
function values. Since most orbital events occur no more than once per orbit, a search step
size of one fourth of an orbital period is adequate. A function step size of 10 seconds will
ensure a"big" enough change in the objective function value, and the algorithm can
successfully determine in what direction to move. If the objective function changes slowly,
alonger function step size will be necessary.

initialize search paraneters

ti =0

tf 86400 * ndays
tisaved = ti
dt = period / 4
dtsm = 10
The final action of the main program isto cal the oevent 1 function which actualy finds

the minima within the user-defined search interval. The source code which does thisis as
follows:
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find and di splay orbital events
obj func -> r2sfunc2
events -> events2
oevent1(ti, tf, dt, dtsm)

Notice how we have used the "redirection” feature of Numerit Pro to tell theoevent 1
function which objective and event functions to use.

The source code for the objective function which calculates the current topocentric slant
range between the satellite and ground site is as follows:

function r2sfunc2(x, y)

nunerical integration closest
approach objective function

i nput
X = sinulation time argunent
out put

y = rts-to-satellite slant range (kiloneters)

" Obital Mechanics with Nunerit

observer |ocal sidereal tine
obsl st = nodul o(%gsti + %onmega * x + %obsl ong)

conpute ground site position vector

sobsl st = sin(obslst)
cobsl st = cos(obsl st)
rsite[1] %x * %obsl at * cobsl st

rsite[2] = %gx * %obslat * sobsl st
rsite[3] = %gy * Ysobsl at

conpute satellite position vector
ttnmp = %i saved

for i =1to 6
ytmp[i] = %Wsaved[i]

nunber of differential equations
neq = 6
step size guess (seconds)

h = 10
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integrate fromtisaved to requested tine = x
tetol = 1.0e-8
orbegm -> j 2egm
rkf78(neq, ttnp, x, h, tetol, ytnp, %saved)
conpute satellite position vector

for i =1
[

to 3
rsatfi]

= Ysaved[i]
eci vector from observer to satellite

for i =1to 3
obs2sat[i] = rsat[i] - rsite[i]

observer-to-satellite slant range
srange = sqrt(vdot (obs2sat, obs2sat))
%lr saved = srange
y = srange

% i saved = x

Notice that both the "saved time" % | saved and the state vector at thistime %/ saved
are passed to this routine via global. This time and state vector correspond to the current
values being processed by the mi ni ma routine. Notice also that the final state vector and
time calculated by this function are "re-saved" after the integration is complete. This
function aso saves the current dant range valuein dr saved in case thisvalueisin fact
the "answer". The calling argument x is the integration time determined by the br ent
routine. The equations of motion for this example are coded in thej 2egmfunction.
However, the equations of motion can include aerodynamic drag, third body perturbations
and so forth. Any equations of motion can be used provided they are compatible with the
r kf 78 function.

The following is the Numerit code for the support function which calculates the Julian
date and close approach conditions.

function events2 (ti, tf, topt)

conput e and di splay mnimzation type orbital event

i nput

ti =initial tine
tf = final time
topt = extrema tine
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conmput e and di splay conditions at cl osest approach
r2sfunc2(topt, froot)
jdate = % datei + topt / 86400
r2sprint(2, jdate)
Finaly, the following is the Numerit code for the support function which actually displays

the calendar date, universal time, Julian date and topocentric slant range for each close
approach found by this technique.

function r2sprint(iflag, jdate)
print cl osest approach conditions
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thours = 24 * (day - trunc(day))

println; println

if (iflag = 1)
println "time and conditions at constraint entry"
jdsaved = jdate

if (iflag = 2)
println "time and conditions at cl osest approach”

if (iflag = 3)
println "time and conditions at constraint exit"

println

print "cal endar date

prtdate(nmonth, trunc(day), year)

print "universal tine

prttinme(thours)

out prec 10

println "Julian date ", jdate
di spl ay sl ant range

println

println "slant range ", %lrsaved, " kiloneters”
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Thei f | ag input argument determines which event is being processed and j dat e
corresponds to the Julian date of this event. For this example there is only one event.

The following is atypica draft output created with this software. It illustrates the first few
close approaches for the "hardwired" default program input.

program rts2sat 2

cl osest approach between a ground site and Earth satellite

< nunerical integration nmethod >

time and conditions at cl osest approach

cal endar date
uni versal tine
Julian date

sl ant range

time and conditions
cal endar date

uni versal tine
Julian date

sl ant range

time and conditions
cal endar date

uni versal tine
Julian date

sl ant range

time and conditions
cal endar date

uni versal tine
Julian date

sl ant range

time and conditions
cal endar date

uni versal tine
Julian date

sl ant range

at

at

at

at

January 1, 1998
1 h 59 m43.4388 s
2450814. 583

5936. 094322 kil oneters

cl osest approach
January 1, 1998
4 h 3 m48.1364 s
2450814. 669

3841. 68199 kil oneters

cl osest approach
January 1, 1998
6 h 8 m22.9443 s
2450814. 756

2254.186285 kil onmeters

cl osest approach
January 1, 1998
8 h 14 m 2.10404 s
2450814. 843

1653. 092865 kil oneters

cl osest approach
January 1, 1998
10 h 20 m 29. 0976 s
2450814.931

1623. 784802 kil oneters

page 7



