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Optimization of adaptive optical control system
based on automatic control theory
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(1. College of Mechanical and Electrical Engineering, Nanjing University of Aeronautics and Astronautics, Nanjing

210016, China; 2. Shanghai Institute of Spaceflight Control Technology, Shanghai 200233, China)

Abstract: In order to improve the working speed of adaptive optics as soon as possible, the algorithm of automatic
control theory was applied for adaptive optical system without changing the characteristics of the hardware. After analyzing the
close-loop control system of the adaptive optical system, the mathematical model of adaptive optical control was constructed.
The controllers and the control algorithms were designed and their characteristics were discussed based on the automatic
control theory. After combining the automatic control algorithms and human eye wave-front aberration correction, the control
algorithm was applied to the aberration correction. The experiment result shows that the Smith estimating precompensation
control has higher closed-loop bandwidth, better dynamic and steady state characteristics than proportion-integration ( PI)
control and integrator control. The result of the Smith estimating precompensation control has better speed in static aberration
correction of the bogus mode eye and makes the root mean square least in the dynamic aberration correction of human eye. So
the Smith estimating precompensation control can optimize the control system of adaptive optics.
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Fig. 1 Schematic of human eye aberration correction system
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Fig.2 Block diagram of adaptive optics closed-loop correction system
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38 % A5

W] JEF B S Y B R e R gL 695

el S e PR T A T A A 138 o 0 A
RFRT, T8 & R G I PERE . £ T Smith il
AMEEERI) A IE NG RFEHERIANE 3 o, HA
A SR E T — D AMER T
Smith FIUMER il g 0 14 38 PRECH -
G (s) = K Ts/[Ts" + K, (1 —e™)*] (13)
KA, Kk Smith Fb 8 Hl 8 =6 S5 A
T P A P B o 3 8 R e AR AL o, X B Y O B
FPA AL 15 eRER
Gepen(8) = K(1 —e™)e™"/
[Ts" + K (1 —e™)?] = Kee?™?/

(s + TKsse™) (14)
GL‘,cluse(s) = Gc,upen(s)/[l + Gc,open(s)J =
Ko™/ (s + Kee™?) (15)

1.2 #=HIZEHRES T

LT IR A X IV 14 £ 138 R R, A8 AR B
— SRR LA [ 2 ] 45 OV DR O AR
W (ELAA i A 5 VR T B0 B2 B BR o 7 552 44
HAT AT Hﬂ?)\ﬂﬁ%%/ﬂidﬁf‘fiiﬁf 8Hz ~
OHz, Sl HlE AP BRa 58 24 KT 16Hz, L
iR S S8 K, = 52, PLEEdld b K, =50,
K; =0.1,Smith BieMEFEH h Ks =72.5, HLi ] 36
7 GEAR N 18. THz,

P 4 Sy 25 T 428 bl 4 T A B 12 328 R RSO0 Ry
105
0
8 10 bbb b
8 - integrator control :
2 =20} PI control d
= __ Smith estimating ;
)
s —30 precompensatlon control
—40
~50 N IR
10 10! 10?
frequency/Hz
0
b
90
s~ —180 A 0
2 270} - Iintégfafoir control "
B PI control
360t Smith estimating : 14
precompensatlon contnol i
—450 Lo A \;
540 i Eiiiiii! R A\
10° 10! 102
frequency/Hz

Fig.4 Bode diagram of close-loop transfer function with different con-

trollers

Bode [, \EIH 1] LUE 1, FEARAT B 3 A il 45 1
FEPEBCA R 22 55 TE 0 B, 2R 43 70 PT 42
BRIy 0dB ~ 3dB N, 1 & R i fe e P2
Ko Smith FUAMEAE 48 10 RGEA T A B IRIG(E , 36
W R GRS PR AT, FE HIE RO R R IR
RGP MERAT . AERIEL, Smith THAMES il 25 4H
X F T MR T A BN AR, BV B S
27 R 40 HRE S A M B 2 1) = AR 25

5 NEFIPET R T %S R SR 2L s B U
BUREME Bode ], NI H AT LA H , 7645 35 PR 25
y OdB I}, 2B 745l i (PT 42 il 45 A Smith UMz
P il 25 A AT AR U K, B Smoith F5 M 22 458 1 2% R
SE R 2SI 8 LR, W R G Re IR R IR 255 5
A3 50 PRI A , FE B G ROG2E R R e,
FI N B8 T 2 A ) IR A5 2 A A IR 1 5

10

iH
]
LA mtegrator control

magnitude/dB
|
N

10 i =PI control :
~15 |~ : Smith estimating | 1.}
S precompensanon controi
=20 H HE
10° 10! 10?
frequency/Hz
90

phase/(°)

- integrator control--
------ PI control
___ Smith estimating | RS
" precompensation control -

10° 10! 10?
frequency/Hz

Fig.5 Bode diagram of error transfer function with different controllers

P 1 A P il A R GU A 5 1 T Y 5
(LB BRI N S A R REXS He o R AT LA L3 R
5 ] 45 A S IR ISP ] | P (R RO (S [R)AH 254K
{EL Smith A 45 A0 T8 1 IR [ 0 3] 2 G i
T2 A PTG &%, W] Smith FUAMEFE ] R 5
AR R I E R TE E DG P R g AR
R ZR G N 1 S B R R A 1

1 SRR AT, Smith FURMEES AT IR G
HALAL R GERI P PR TE , D8/ A 38 X A B b Y 2
M, A T A b 2 o i, Smith TR 247 il (5
RGHA TR P IR 5L E A sh A RS RE,



696 b ¥ =5 S 2014 4£9 A
Table 1  The dynamic character of time response under different controllers
the dynamic character of controllers
controller
delay time/s rise time/s peak time/s setting time/s overshoot/ %
integrator control 0.0246 0.0167 0.0507 0.1018 26. 8269
PI control 0.0231 0.0176 0.0487 0. 0668 15.7861
Smith estimating
0.0226 0.0187 0.0589 0.0378 0.1021
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