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Dynamic compensation of FOG navigation system based on particle
swarm optimization and simulated annealing algorithm

Meng Xiangtao, Wang Wei, Xiang Zheng
(China Academy of Aerospace Electronics Technology, Beijing 100094, China)

Abstract: When spacecraft moves in the orbit using FOG navigation system, the performance of inertia
instrument will fall off after experiencing a long and complicated environment. The power of light source
falls off is a kind of fault mode. This mode will induce FOG's bandwidth to decline and the navigation
precision will descend when spacecraft transfers to the other orbit or moves to a bigger angle. To resolve
this problem, a method to compensate FOG’s bandwidth using particle swarm optimization algorithm was
brought forward. With this method a dynamic compensator could be realized without knowing the
dynamic characteristics of FOG. The parameter of the compensator was optimized according to the
measurement data of FOG and the reference model. But sometimes this method ran into local
optimization easily. To increase this algorithm’s performance, simulated annealing algorithm was induced
to avoid local optimization. Finally, dynamic navigation experiment of FOG navigation system show that
this algorithm is effective. This method can increase navigation precision when spacecraft moves to a
bigger angle and possess a better engineering value.
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Fig.1 Diagram of close-loop fiber optic gyroscope
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Fig.2 Compact model of fiber optic gyroscope
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Fig.3 Parameters identification of compensate network
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Fig.4 Output of the three gyros in acceleration
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Tab.1 Contrast of navigation precision before and

2T R R, R S 2

after dynamic compensation

Se- Error of attitude/(°) Error of position/km

State  quence
number Head Pitch  Roll North East Altitude

Before 1 0.672 0.193 -0.622 71.304 7.414 4.642
compen-

sation 2 0.723 0.267 -0.477 67.448 6.573 7.815
After 1 0.030 -0.010 -0.061 -1.906 0.550 2.150
compen-

sation 2 0.021 -0.013 -0.064 -1.450 0.379 2.500
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