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Abstract: In order to solve the contradiction between the steady-state accuracy and overshoot in the application of the high-
order control method in the photoelectric servo tracking systems, a fuzzy [l -order controller optimized by multiple population
genetic algorithm (MPGA) was designed. In this method, an integrator was connected in parallel before the speed loop of the
classic I -type double closed-loop feedback controller to increase the system order to the Il , thereby speeding up the reaction
speed and reducing the steady-state error. Therefore, a fuzzy logic controller (FLC) was introduced to dynamically adjust the
gain of the integrator according to the state of the system to achieve dynamic high-order control, which not only suppresses system
oscillation but also ensures steady-state accuracy. MPGA was used to optimize the input and output scale factors of FLC to obtain
the optimal control parameters. The control system was analyzed theoretically, and the optimized system in each stage was
compared with experiments. The results show that under the same experimental conditions, the MPGA-optimized fuzzy [l -order
control system is used to realize the dynamic high-order control of the system, which can not only ensure that the overshoot of the
original system remains the same, but also reduce the steady-state error by 88.55% . This study significantly improves the steady-
state accuracy of the control system. The research is helpful to optimize the photoelectric servo tracking system.
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Fig.2 Dynamic high-order structure
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Fig.4 Membership function type
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Table 1~ Fuzzy control rules

b e | m N 7 P P,
Ae

N, Py Py, N Ny Ny,

N Py, P Ny, N N
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P N N Ny, A P

Py Ny, N, P Py Py,
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Fig.7 Rule base 3-D distribution
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Fig.8 MPGA running process
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Fig.9 Step response comparison of step (1),(2),(3)

10 2B 58 (3) L (4) BB BRma X G &, B v S
ARMhZ i G S PR (D f b5 S PR (3)
B A, LA KGR 3R (4) P st % SR AL FLC
JE W E S . X 3 PR LG, AT LA - 288
PSR BARAL I 1 2R G2 B BR e 1o, TG B 2 A2 Ak, 1569 35t 4%
SR A AT 30 285 i oy AR P S e AN K



FA5E 2 W

ZERIIE  rh PR 2 S8 MRTR T 4 B R 5T 153

R00
N\
600 [\
3 S N e NN TR
2 [ AN N\Rstep(1)
24001 Cinpue  \\step(3)
& \GA-i
§200 GA-2
O—J,
0.00 0.0 0.20_ 030 040 0.50
time/s

Fig. 10 Step response comparison of step (3),(4)
4.2 MYERIm R FRASFIE ST
XTI 9 FIE 10 0. 5s ~ 1s AR/ HCR , 1%
B 1L FE 12, FEEER 2 PR e, [{EHTTIT
Hro

eS

step(1)

step(2)(k=1)

step(2)(k=5)
tep(2)(4=10)

step response

0.50 0.60 0.70 0.80 090 1.00
time/s

Fig. 11  Enlarged steady-state view of 0.5s ~ 1s in Fig. 9

510

5001 {4

step response

490

0.50 0.60 0.70 0.80 0.90 1.00
time/s

Fig. 12 Enlarged steady-state view of 0.5s ~ 1s in Fig. 10

TP LT Al 3 AR (1) AP R (2) AT LU
A GBI i T LA 8 ME A TR 2E X AP PR (2)
W3 AT EAET Y e, ERTRL, b {HBOR, REEFAS
BRZEHR/IN AP YR (3) AL FLC MM {8 k (H B3
AL RS TRZE b HRE

HiE 12 al g, i A AL Z 5 I R SRR S
REEHE— N, A2 AR IRZE A IR (1) /N T
88.5% o IXATA U, IIRTE T gt AL 500% il IR R 4t
ARZSTEIFIRRE FLC 19 3 AN Fil I 5, (AR A IR ZE PR e
N AT B R A, O T AR T
4.3 WHIBEEEEL

13 FTE 14 53500 SGA Fil MPGA g AL 1 2

€

_
S
172
@
>

optimal solution change

0 10 20 30 40 50
evolutionary generation

Fig. 13 SGA evolution curve

25—

Q

on

T MPGA
K=}

Q

8§ 150

2

2 100"

-

£ 50

[=9

o

% 0 20 30

evolutionary generation
Fig. 14 MPGA evolution curve
Bl A AR, BRI 35 1 FE PR AL, SGA B AR
S 6 Lk O &8, (B2 3R 2 1l A1, GA-1
KczovKuzO’]ITAEL:j {ES?}F@%(])%F‘T,FLC SEBR
HRATERGE PR B TTEN X K] SCGA H I 24
WSk In . 1 MPGA 7E55 18 RIS BN i, i3k 2
A4, I GA-2 [ =2. 238, =0.41, £ A
SEG TR EE A A T R AT, RS ASORG BE B, U] MPGA i
B 1 SGA [y F- 2l Sk )i,
4.4 HEBEFEARHZH
K15 25 GA2 St Rtk 22 5 FLC i il X &
Ko FTLAE B R GIR 22 ¢ HiR2ZEBR Ae 1948
1k, FLC [k b BERL A B0 15 (R 3 s e sl A8 k. X
VLA R 58 Al DLl U 22 G2 B0 0 H 52 IR 8 A1 gy
S DA ) PO = IV E 5 N NS S 10 ) PrOY = B
FORAESR B R G AR FE T T AR
600

400’\

200 error

eS

e

FLC output

0

error & FLC output

-200
0.00 0.10 0.20 0.30
time/s

Fig. 15 Relationship between system error and FLC output

ZEA LA BT AT S 42 MPGA AL 5 AR TT 7Y

0.40 0.50



154 Moo R

2021 4F3 H

P AR R T ARG AR AN L, LA ] B3 A Aty
KRR , B8 R GEA LG WAL it ok 2 foc

5 & it

FEZR L T RURUPH 24 R B 42 il R g8 5| A FLC Al
FUYERAT M B T 0 1T & & 45, 3F F MPGA %} FLC
2T, Sl BRI, R 5 I R GE AT L
HRPE R ZZ RS HI R 3 195 1A ST, 365 8] T 3
U RGBS HR . JF BT LAk B3
TR BRI T S ok i S SRR AL , b S
ST 8 B [0 5 A 1) B4R [ L i) B 8 o8 T R A5 i
FERZEA MM ERE . A RGBS REPIG RS
WNT 88.5% R

Z £ X
[1] XU Ch, HUANG D Q, LIU J Y. Target location of unmanned aerial

vehicles based on the electro-optical stabilization and tracking platform
[J]. Measurement, 2019, 147(7) :76-79.

[2] ZHAO T, CHEN Y, DIAN S, et al. General type-2 fuzzy gain sche-
duling PID controller with application to power-line inspection robots
[J]. International Journal of Fuzzy Systems, 2020, 22(9) :181-200.

[3] HU Sh S. The principle of automatic control[ M]. 5th ed. Beijing:
Science Press, 2007 ; 471472 (in Chinese).

[4] LIUY, XIAR Q, LU Y. Research on composite PID controller used
in fine pointer of beam[ J]. Laser Technology, 2018, 42(6) : 868-
872 (iin Chinese).

[5] HORIUCHI T, INOUE M, KONNO T, et al. Real-time hybrid expe-
rimental system with actuator delay compensation and its application to
a piping system with energy absorber[ J]. Earthquake Engineering &
Structural Dynamics, 1999, 28(10) ; 1121-1141.

[6] MORARI M, LEE J H. Model predictive control; Past, present, and
future[ J]. Computers & Chemical Engineering, 1999, 23 (4/5) .
667-682.

(7] CAOY, STUART D, REN W, et al. Distributed containment control
for multiple autonomous vehicles with double-integrator dynamics: Al-
gorithms and experiments[ J]. IEEE Transactions on Control Systems
Technology, 2010, 19(4) . 929-938.

[8] BRADLEY L M, CORRIVEAU J P, TINDAL N E. Launch area th-
eodolite system [ C]//Acquisition, Tracking, and Pointing: Interna-
tional Society for Optics and Photonics. New York, USA: IEEE,
1991 ; 48-60.

[9] WANGJ L, CHEN T, CHEN J, et al. A method for improving the

[10]

(1]

[12]

[13]

[14]

[15]

[16]

[17]

(18]

[19]

[20]

[21]

[22]

tracking ability of a photoelectric theodolite against the fast moving tar-
gets[ J]. Opto-Electronic Engineering, 2002, 29 (1) :34-37 (in Ch-

inese) .

GENG A H, CHEN H, CHEN ], et al. Dynamic integral control for
a digital servo system[ J]. Journal of Changchun University of Tech-
nology ( Natural Science Edition) , 2007, 28(3) : 261263 (in Ch-
inese).

SUN J. Study on application of dynamic high type method in tracking
servo system of theodolite[ D]. Changchun: Changchun Institute of
Optics, Fine Mechanics and Physics, Chinese Academy of Science,
2004 ; 37-54(in Chinese) .

LIU H, ZENG X H. Application of fuzzy-dynamic height control
method in strapdown mirror stabilization platform[ J]. Optics & Opto-
electronic Technology, 2018, 16(2) :7-13(in Chinese) .

LIU Sh T, CAO Y, PENG X F, et al. PID control of optical axis
stabilization for airborne laser communication based on fuzzy neural
network [ J]. Laser Technology, 2017, 41(4): 606-610 (in Chin-
ese).

QI' Y Ch, CHEN W, MU Ch Y, et al. Laser temperature control
system based on particle swarm self-tuning PID algorithm[ J]. Laser
Technology, 2019, 43(5) : 650-654 (in Chinese) .

YANG Y, HUANG Zh Q, LIU F Y, et al. Application of multi-po-
pulation genetic algorithm in wet steam parameter measurement[ J].
Laser Technology, 2014, 38(4) : 484487 (in Chinese).

LIJJ, LIU D M, CHEN J. High-degree-mode dynamic control for
theodolite tracking servo system[ J]. Information and Control, 2006,
35(5) :647-650.

SHEN Y Ch, TANG W W, ZHANG G X, et al. Research of routing
problem based on genetic algorithm[ J]. Laser Technology, 2011,
35(3) : 422424 (in Chinese).

ZHANG T F, ZHANG H X, MENG F, et al. Application of im-
proved Hausdorff distance and quantum genetic algorithm in laser i-
mage guidance[ J]. Laser Technology, 2016, 40(3) : 320-325(in
Chinese) .

WANG A X, FENG J. Genetic simulated annealing algorithin in the
parameter retrieval of light scattering model [ J ].
2009, 33(1): 32-35(in Chinese).

LIU M, WANG J H. Genetic algorithm optimized fuzzy controller
method[ J]. Journal of Fujian Computer, 2005 (8) :4041 (in Ch-
inese) .

SUN J P, YANGZh Y, YU X N, et al. Design of a fuzzy controller
based on multilevel GAs[ J]. Journal of North China Electric Power
University, 2002, 29(4) . 4143 (in Chinese).

XIAO C Sh, MAO Y H, YUAN H W. Design and simulation of in-
telligent control algorithm for quadrotors under wind disturbance[ J].

Computer Science, 2018, 45(5) ;317323 (in Chinese).

Laser Technology,



