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Fig. 1. Fuzzy PID controlling mathematical model for adaptive optics system.
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Fig. 2. A weighing template of 5-by-5-dimension array.
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Fig. 3. (color online) The differential wavefront of sin-

gle channel output before and after.
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Fig. 4. The membership function of parameters E, EC, Kp, K1 and Kp.

®1  Kp MERPNER
Table 1. The fuzzy rule table of parameter Kp.

EC

NB NM NS VA6 PS PM PB
NB PM PB PB PB PB PB PM
NM PS PM PM PM PB PM PS
NS PM PB PB PB PB PB PM
70O PM PB PB ZO PB PB PM
PS PM PB PB PB PB PB PM
PM PS pPpM PM PM PM PM PS
PB PM PB PB PB PB PB PM

F2 Ky FERBINER
Table 2. The fuzzy rule table of parameter K.

EC

NB NM NS 70 PS PM PB
NB PS PS PS PS PS PS PS
NM PS PS 7Z0 Z0 ZO PS PS
NS PM PB PB PB PB PB PM
7O PB PB PB PB PB PB PB
PS PM PB PB PB PB PB PM
PM PS PS 70 70 7O PS PS
PB PS PS PS PS PS PS PS

®3  Kp MEHHNE
Table 3. The fuzzy rule table of parameter Kp.

EC

NB NM NS 70O PS PM PB
NB PS PM PB PB PB PM PS
NM PM PM PB PB PB PM PM
NS 70O PS PS PS PS PS 70O
yAe] 70O 70 PS 70 PS 70 70O
PS 70 PS PS PS PS PS 70O
PM PM PM PB PB PB PM PM
PB PS PM PB PB PB PM PB
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Fig. 5. The fuzzy controlling hardware test platform diagram of adaptive optics system.

e+ B 7’%/%
e
)23 | opmrms
i e CBEN
‘ cCD
Ir e B

H-SB AR
K6 (MTRE) tHAGRER

Fig. 6. (color online) Light path system installation.
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Fig. 7. (color online) The wavefront and far-field spot results of fuzzy PID correction before and after: (a) The

wavefront before correction; (b) the wavefront after corretion; (c) the far-field spot luminance distribution

before corretion; (d) the far-field spot luminance distribution after corretion.

2015052602 Beta: Max = 4.11, Min = 2.80, Ave = 3.43, BQ: Max = 1.63, Min = 1.30, Ave = 1.39

8 (MR KIEXBUR BT (8 #1 BQ #its)  (a) 0 PID; (b) # M PID
Fig. 8. (color online) Correction light spot comparison between fuzzy PID and tradition PID (include
parameter 8 and BQ): (a) The parameter 8 and BQ for fuzzy PID; (b) the parameter 8 and BQ for
tradition PID.
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Adaptive optics correction technique based on
fuzzy control”
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Abstract

In an adaptive optics system, proportion-integration-differentiation (PID) controller is widely used for correcting
wave front, but the controller is strictly dependent on the response model of deformable mirror. In this paper, a novel
wave front correction method is proposed. The method, combining fuzzy control and PID control, does not depend
on the response model of the deformable mirror. Based on rapid wave front reconstruction, the wave front evaluation
indexes, extracted from the reconstructed wave front, are employed for the input of fuzzy controller and PID controller.
Thus, the model response matrix of deformable mirror is not required. Each actuator of deformable mirror corresponds
to an independent fuzzy PID controller. By designing the fuzzy controller, including fuzzy rule base selection and fuzzy
reasoning, the three parameters of PID controller, the proportional ky, the integral k; and the differential k4, are adjusted
automatically. A high rapid DSP hardware platform is constructed to verify the method. Test results show that the
method can be used to correct the diffraction limit multiplication factor £ of the light spot from 10-12 to 3—4, which is
basically the same as the traditional PID control, but its stability is better. Because the model does not need to calibrate

the deformable mirror, the installation of the deformable mirror is easier.

Keywords: adaptive optics, fuzzy controlling, wave front correction, deformable mirror
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