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Abstract: A relative attitude model represented by a quaternion is presented for the spacecraft formation flying. This

model can avoid singularities. A self-tuning controller with a neural network estimator is proposed to reduce the measuring

equipment and communications between spacecrafts in a formation flying. It is proved that the control system has good

robustness to uncertainties of system model. Simulation results illustrate that the estimator can successfully estimate the

unknown parameters and the relative attitude can be controlled accurately.
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2 (Dynamics of relative atti-

tude)
HF

,

dHF

dt
= TF

g + TF
c . (1)
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3 (Design of the self-

tuning controller)
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Fig. 1 Self-tuning control based on neural network
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3.1 (Design of estima-
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x, ẋ, u,
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3.2 (Design of controller)
γ � ė + λe, e = x − xd
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+ (λ2
ii − 1)ei − λiiγi|

γi(1 − τ)
,

ki > 0.

(28)

(17)(27) .

3.3 (Stability analysis)
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4 (Simulation)
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Fig. 2 Initial relative attitude of spacecraft formation
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Fig. 3 Estimation error of bLJL(noise-free

measurements)
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4 bLJL ( )

Fig. 4 Estimation error of bLJL(noisy measurements)
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Fig. 5 Estimation error of bLTL
d (noise-free

measurements)
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Fig. 6 Estimation error of bLTL
d (noisy measurements)
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Fig. 7 Control torques of the relative attitude
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Fig. 8 Errors of the relative attitude

5 (Conclusion)
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