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Objective

• Design an Artificial Neural Network 
(ANN) based orbit predictor. 

• Investigate the feasibility of ANN 
as back-up to GPS receiver 
failures / outages.
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Contents
• Characterization of the orbital motion in 

terms  of geodetic parameters

• Artificial Neural Network design

• ANN based onboard orbit prediction as 
back-up for in GPS receiver

• Simulation results 

• Conclusion
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Small Satellite Program at NTU
♦ Mission 

♦ Remote Sensing
♦ Data, Message Communications
♦ Software Payload using Parallel Processing Units

♦ Orbit
♦ Sun Synchronous Orbit (Altitude 620 ~ 820 Kms 

depending upon the primary satellite
♦ Payloads

♦ IRIS Camera (10 m GSD, 50Km swath)
♦ ADAM Payload (communications)
♦ PPU  (Software Payload)

♦ ADCS
♦ Magnetometer, Sun sensor, Star Tracker, Rate Sensor
♦ Reaction Wheels, Magnetic Torquers
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Characterization
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Proposed Strategy for ANN
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Onboard Orbit Prediction by ANN
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Typical 3 Layer Network
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ANN Results
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Requirement for Failure Detection

• During normal phase onboard orbit information is 
provided by GPS Receiver. 

• GPS Data outage can occur due to 

• Sun Tracking during non-imaging periods

• Large slew maneuvers

It is therefore required to provide back-up to 
GPS Receiver during outages…..

Can the ANN provide back-up support ?
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Proposal for Failure Detection
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Failure Detection Strategy
1. Form the position vectors (Vp)  from the 

output of GPS Rx and the ANN network.

2. Calculate the norm of the difference in 
position vectors

3. Calculate the variance of the difference 
based on finite window size (say 4 
consecutive samples)

4. Use the variance to detect the failure mode 
(normal, increased noise, or total failure)

5. Check with the norm of the difference 
(step-2) for consistency  
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Simulation Results
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Simulation Results
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Simulation Results
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Conclusion
• ANN based orbit prediction can  achieve a 

moderate accuracy of 0.08 deg in φ, λ
• No more than 10 neurons required for a neural 

network for each of φ, λ, h.
• Failure detection with a delay of less than 3 

samples is feasible.
• Failure detection logic is able to combine the 

outputs of GPS Rx and ANN using the 
weighted combination
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