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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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Introduction

▪The importance of data acquisition

in eclipse

▪The time of trasmission with ground 

stations
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Physical interest
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Space debris Cosmic rays



Orbit analysis

▪Open source, free, but requires to 

be implemented

STK

▪Intuitive, but close and very 

expensive

7

OREKIT



Orbit

extrapolation

kit
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Orekit

▪What is orekit?

An open source libraries kit 

▪How does it work?

Java language, several packages for each

topic
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Rayuela:
a program built with orekit’s libraries
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▪What Rayuela does

It detects satellite visibility and eclipse events 
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▪How it works

Managing events: EventDetector and 
EventHandler



GROUND STATION NETWORK
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MY NETWORK

Overlap between India 
and Thailand

Very different latitude
between Australia’s
station and the others
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Orbit parameters

• a = semimajor axis
• e = eccentricity
• i = inclination
• ν = true anomaly
• ω = argument of 

perigee
• RAAN = right ascension

o the ascending node

My LEO
• Altitude = 500 km
• e = 0



Average time of visibility per day in 
one month with varying inclination
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• DJ = December-January
• JA = July-August
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Validation with STK



Eclipse events
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Average time of eclipse during one day, 
with varying inclination
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• DJ = December-January
• JA = July-August
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Validation with STK
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Validation with STK



Orbit
optimization
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Two paths

▪Maximization of time for data 

acquisition

▪Maximization of time to trasmission

data
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𝑇𝑒 ∙
∆𝑡𝑇𝑅𝐴𝑆

1 𝑠
< 𝑇𝑉𝐼𝑆  

• 𝑇𝑒 = Eclipse time
• ∆𝑡𝑇𝑅𝐴𝑆= Trasmission time for each second
• 𝑇𝑉𝐼𝑆 =Visibility time
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Extreme case
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The best configuration



Final
considerations

▪Rayuela is comparable with STK

▪Eclipse events need a deeper

investigation

▪ At  ∆𝑡𝑇𝑅𝐴𝑆 ≤ 0,3 𝑠 inclinations

maximize data acquisition
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Backup
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Validation with STK
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With another propagator (STKJ4)
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2D View
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With another propagator (STKJ4)



Critical issues

Overlap between India and 
Thailand

Very different latitude between
Australia’s station and the 
others
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