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Purpose

Analysis and optimization of a low
Earth orbit (LEO) in order to
maximize:

" the eclipse time for night light
measurements

= the visibility over a defined ground
stations network for data downlink
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_ = The importance of data acquisition

in eclipse

Introduction

* The time of trasmission with ground

stations
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OREKIT

"(Open source, free, but requires to
be implemented

Orbit analysis

STK

" |ntuitive, but close and very

expensive



Orbit
extrapolation
kit




= What is orekit?

An open source libraries kit

Orekit

= How does it work?

Java language, several packages for each

topic
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org.orekit.propagation \

events \

handlers\

® Action
©E\renthogger o STOP ©Stop0n|ncreasingE\rent ©Stop0nDecreasingE\rent ©StopOnE\rent ©ContinueOnE\rent
o RESET_STATE
o RESET_DERIVATIVES
o CONTINUE
*
monitors
A
@ EventDetector
g 'T extends EventDetector
Ei tHi
@ void init{SpacecraftState s0. AbsoluteDate t) @ Y
@ double giSpacecraftState s)
o double getThreshald() @ initiSpacecraftState s0, AbsoluteDate target)
o double getMaxCheckintervall) @ Action eventOccurred(SpacecraftState s, T detector, boolean increasing)
@ int getMaxIterationCount() @ SpacecraftState resetState(T detector, SpacecraftState oldState)
o eventOccurred(SpacecraftState s, boolean increasing) /
© resetState(SpacecraftState oldState) * %+

detectors
=

'T extends EventDetector a

h_h—\

@ AbstractDetector

:‘:SJ;;;T;;Z??Q:?E:”S o T withMaxCheck(double maxCheck)

@ Propagator

; . o T withThreshold(double threshaold)
sake of diagram clarity

o T withMaxiter(int maxiter)
o T withHandler(EventHandler<T= handler)
o EventHandler<T= getHandler()

1 /1O

@ EventShifter
@E\rentslopeFilter @...Detector @EclipseDetector @EIe\rationDetector

o double increasingOffset
O double decreasingOffset

o void addEventDetector(EventDetector detector)
@ Collection<EventDetector> getEventsDetectors()
o void clearEventsDetectaors()

@ EventEnablingPredicateFilter

@ FilterType

TRIGGER_ONLY_DECREASING_EVENTS
TRIGGER_ONLY_INCREASING_EVENTS

@ EnablingPredicate

@ eventlsEnabled(SpacecraftState state, S eventDetector, double g)
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@EuenuLngger @ Actis
o STOP ©Stop0nlncreasingEvent ©StnpDnDecreasingEuent @StnpDnEuent @CuntinueDnEuent
+ o RESET_STATE
* o RESET_DERIWATIVES
o CONTINUE
monitors
4
@ EventDetector

T extends EventDetector;

@ void initiSpacecraftState s0, AbsoluteDate t) @ EventHandler
o double g(SpacecraftState s)
@ double getThresholdl()

o double getMaxCheckintervall() @ init{SpacecraftState s0, AbsoluteDate target)
@ int getMaxlterationCount() o Action eventOccurred(SpacecraftState s, T detector, boolean increasing)
o eventOccurred(SpacecraftState s, boolean increasing) @ SpacecraftState resetState(T detector, SpacecraftState oldState)

@ resetState(SpacecraftState oldState) | A.’




Rayuela:
a program built with orekit’s libraries




= What Rayuela does

It detects satellite visibility and eclipse events

-l

13 /{ Event definition

133 final double maxcheck = 68; /**maximum checking interval (s)*/

139 final double th 2w o af " Emasddmum _divergence threshold (s)*/
148 e elevation = FastMath.toRodians(5.8) ;7 %sqqgstrain angle*/
142 final EventDetector stalVisi =

143 new ElevationDetector(maxcheck, threshold, stalFrame)

.withConstantElevation({elevation).
withHandler(new VisibilityHandler())

¥
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final EventDetectom
new ElevationDetector(maxcheck, threshold, sta2Frame)
.withConstantElevation(elevation).
lwithHandler(new UisihilityHandler(jjl
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¥

final EventDetector sta3Visi =
new ElevationDetector({maxcheck, threshold, sta3Frame).
withConstantElevation(elevation).
withHandler(new VisibilityHandler(});

F
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final EventDetector stadVisi =
new ElevationDetector(maxcheck, threshold, stad4Frame).
withConstantElevation(elevation).
withHandler(new VisibilityHandler());
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final EventDetector overlap = BooleanDetector.orCombine(stalVisi,sta2Visi).withHandler(new  MyHandler());



= How it works

Managing events: EventDetector and
EventHandler

198
191 /** Handler for wvisibility event. */
192= private static class VisibilityHandler implements EventHandler<ElevationDetector> {
133 private AbsoluteDate start = null;
£]194= public Action eventOccurred{final SpacecraftState s, final ElevaticnDetector detector,
195 final boolean increasing) {
196
197
198 if (increasing) {
=]
a start = s.getDate();

% L R

se if(start !=null) {
double duration = s.getDate().durationFrom(start);
System.out.println{s.getDate()+" " + duration);
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+
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return Action.CONTINUE ;
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Orbit parameters

My LEO
LEO * a=semimajor axis  Altitude = 500 km
b 3 LEO i S .
“Yporgs v * e =eccentricity * e=0
4 5 * i=inclination
scending P

node

e v=true anomaly

* w=argument of
perigee

* RAAN = right ascension
o the ascending node

~ R

Principal
direction
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Average time of visibility per day in

one month with varying inclination
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Validation with STK
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Eclipse events
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Average time of eclipse during one day,

with varying inclination

 DJ=December-January
* JA =July-August
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Rayuela vs STK
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Orbit
optimization




Two paths

" Maximization of time for data
acquisition

= Maximization of time to trasmission
data

24
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At * T, = Eclipse time
T'RAS < TVIS * Atrpas= Trasmission time for each second
1s » Ty;s =Visibility time
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Extreme case
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The best configuration

At=0,3s Ratio
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Final
considerations
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"Rayuela is comparable with STK

"Eclipse events need a deeper
Investigation

" At Atrpas < 0,3 s inclinations
maximize data acquisition
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With another propagator (STKJ4)

Ray vs STKJ4 Var % con J4
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With another propagator (STKJ4)
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Overlap between India and
Thailand

Critical issues

Very different latitude between
Australia’s station and the
others
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