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Abstract: The ability of a fast-steering mirror (FSM) to track a target accurately and steadily depends on
its servo control performance. The larger the aperture of the FSM is, the more difficult it is to design the
flexible supporting hinge and the driver; in addition, it will also demand greater requirements on the servo
control. To solve this problem, this paper proposes a fuzzy adaptive tune(FAT) proportional integral
derivative (PID) control algorithm, which not only uses fuzzy theory for adaptively tuning the control
parameters, but also inherits the classic PID controller for engineering realization. In this study, we
designed a controller for the ¢500 mm FSM driven by a voice coil motor, conducted simulation
experiments, and compared the results with the simulation results based on classic PID control. According
to the results, the overshoot was 5.4%, the settling time was 51.0 ms based on FAT PID control, and the
capacity of resisting disturbance was stronger than that of the classical PID control. In addition, compared
with traditional PID control, the proposed control method improved the ¢500 mm FSM response speed,
decreased the tracking error, and improved ¢500 mm FSM system tracking performance and robustness.
Key words: fast steering mirror, large aperture, voice coil motor, fuzzy control, adaptive tuning PID
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Table 1 The parameter definition of the mathematical model

Symbol Parameter

L VCM inductance

R VCM internal resistance

Ke Back EMF coefficient

K Force sensitivity

K Flexible hinge elastic coefficient

Ka Amplification coefficient

M Load mass

c System damping coefficient
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Table 5 The comparison of control performance
Control performance
Controller
Transition process ~ Overshoot/(%)  Settling time/ms  Raising time/ms Peaking time/ms
Classic PID  Dampled oscillation 7.10 112.0 355 81.0
Fuzzy PID  Dampled oscillation 5.40 51.0 12.8 40.0

APAE TR G S s Ik 22 1 ikt I R
Marth Koy Kiv Ko I240InE 16, 18 17 s

A 16, 17 4pdra] W, BORIFERI SRR 3 Mt
ZHBEE RETT RSN, RRGaTREE, &

HAHRAEZCHBTIRRE. XTI, KI5
SHAZN, 34 HA T IREIE L
AR

529



A AT Pivas .
H43% H6 EANE /N \ol.43  No.6
2021 %6 H Infrared Technology June 2021
o ' 5.045
o — =
= 5( 2 504
49 L L : s : : : : : £ a5 . ' ' . ' ' ' ' '
0 01 02 03 04 05 06 07 08 09 1 SR 01 02 09 0d 06 08 o7 08 09 4
time(s) time(s)
0.15 0.101
z 01— "_‘ = o
005 1 L L 1 L L L L L - o o~
0.099
0 01 02 03 04 _05 06 07 08 08 1 0 01 02 03 04 05 08 OF 08 09 1
time(s) tima(s)
29.95 29865
2 2009 | [z
\ i -
29,85 L—— ; ; : ! ; ; ; ; T : : ; ; ; ; .
0 01 02 03 04 05 06 07 08 09 1 0 01 02 03 04 05 06 07 08 09 A
time(s) time(s)

16 BMBRAS S R Kpv Kiv Kg IRZE{G 2R

Fig.16 Parameters K,, K;, Kq change curves under step signal

4 g

L4 PID 2 HIAHLL, A SCREH 4RI EE, &R
g IR 4R 2 12.8 ms A4, BIFER/DN T 31%
fiki, 15 5.4%, WATINERRET 2.2 5 A4, 15 51 ms
KA, M HBTT AL S A . T4 4 PID %
i, BB GE R DR TUE R R AN RSt
RE, $&0 7 W ST, /N TERERIRZE . FTRAE K
I AR IR 2 5 5 2 S U HE 22 PR AR Al Al e 22 3 1
M2 A% R A HRE TR ERER MR RE o T2 e S AS I
RGHG LR BAPN UB B LR . RGNS
i, AREERE S UG RS R S Y, BAE
=9

ABEAA 2 1) B2V P 4 1) R SR AR K AR FE B AR T %
FEH AR, FHLENRGME. REtR2at
FIEHILI IR, BN T BERILAS 2% > AW &
R, FIRTEAE USRS B R R 1R

S :

[]] KLUK D J, BOULET M T, TRUMPER D L. A high-bandwidth,
high-precision, two-axis steering mirror with moving iron actuator[J].
Mechatronics, 2012, 22(3): 257-270.

[21 *Jix, B, A5, 5. & R AL PR s S SR IR ).
BSeZeE, 2020, 9(1): 1-7.

LIU Lishuang, XIA Rungiu, LV Yong, et al. Research situation of fast
steering mirror driven by voice coil motor[J]. Laser Journal, 2020, 9(1):
1-7.

[81 SCAEfR, Wk, RIUE, & bR I PR s G g I 2 E it
[J]. BERA, 2017, 41(4): 558-561.

Al Zhiwei, TAN Yi, WU Yangiong, et al. Design of control parameters

for fast steering mirrors by improving root locus[J]. Laser Technology,

530

K17 B35 F Kps Kiv Ko 2810 2R

Fig.17 Parameters K,, K;, Kq change curves under sine signal

2017, 41(4): 558-561.
[4] ZCE, BEE. HET 8ok APt iR SO SR s FU 0], LL9MR

7K, 2018, 40(11): 1071-1076.

WEI Wenjun, ZHAO Xuetong. Fast steering mirror control based on

improved active disturbance rejection[J]. Infrared Technology, 2018,

40(11): 1071-1076.

[5] FEikZs. kPR PAT 2% 40 48 0 £ S & BRI D). FAEE

T#2, 2008, 20(7): 1266-1272.

DANG Xuanju. Real-time adaptive inverse control based on neural
networks for piezo ceramic actuator[J]. Optics and Precision
Engineering, 2008, 20(7): 1266-1272.

[6] fi#&, WAk wEE, F —MRKOZMERPL. $HE: CN

107526159B [2019-09-10].

SHI Lei, XU Yongsen, SHEN Honghali, et al. A large-aperture deflection

mirror[P]. CHINA : CN107526159B[2019-09-10].

[71 Weksh, R, BFE, & A TEMMEMLH SBR 57K B %]

RGFE[]. THENNE S35, 2006, 14(12): 1643-1645.

OU Changjin, WU Hailie, LI Jun, et al. Study of SBR control system

based on fuzzy neural network[J]. Computer Measurement & Control,

2006, 14(12): 1643-1645.

[8] R & THOMI B IS R P2 i i) b I R GE07 FATFE[]]. AR ER

7, 2018, 3(1): 135-137.

CHEN Taichao. Simulation research on elevator speed regulation system
based on fuzzy adaptive Pl control[J]. Mechanical & Electrical
Technology, 2018: 3(1): 135-137.

[9] REREE, GNIF, O, TP B AR F & R PID 4315

R[], B 54150, 2018, 48(6): 756-761.

ZHAO liting, JIN Gangshi, GAO Xuhui. Fuzzy adaptive PID control

algorithm based on fast steering mirror[J]. Laser & Infrared, 2018, 48(6):

756-761.

[10] Bullard A, Shawki I. Responder fast steering mirror[J]. Proceedings of



435 H6 Vol.43 No.6

20214F6 H BRAESE: KO SR I BO 3 1E N PID 2 June 2021
SPIE - The International Society for Optical Engineering, 2013, 6(2): numerical simulation in engineering[J]. Journal of Liaoning Teachers
88-91. College, 2018, 2(1): 6-8.

[11] THE, EBE Af)b, . 3T Matlab il 57 b6 B/ TFE PID 2 [12] & T, 2B Mlas I RR R ERI SRR S R[] SRERERERRA,

BB EBUER R N R]. T TR E R B AR, 2018, 2020, 37(10): 56-57.
2(1): 6-8. MENG Ziliu, LI Tenglong. Review and prospect of machine learning
YU Mingxing, WANG Ying, SHAO Shuai, et al. Application of critical technology[J]. Application of IC, 2020, 37(10): 56-57.

proportioning method based on Matlab in PID parameters auto-tuning

<H >
e R TH A

KT 2020 4F 5 1 EIEACE AR, fE 35T B ROE B B R b, BIBFEAA
ok, LU H TR RIS, N TSR R, SIS A TR S AR
s B 5 TR L AR E O, RN @ A e 47
WERTHR . BRI ST 5%, DL R A S

ABRAEEEAHCKIIMIOLRAL 54 THNE [ i el D
B, WEIERUELS S TR AN &, BARTRRS O ke
g — B

KPR, EOGKI: BMRT, BT TR S,
FIFIMESR: RO, BGTHNG R, mKEE: ERs
W, B

Ot R 5 E% T 2010 451 2018 44135 AR
(9 Obi RS ——rik. SRHARRR) « Ol R4
BT TRR) . —RER - BEIG. HBR. R
BRI R IR TPRIFEARN G, BRI & RO R SR SR
R, AR RS S

fEEEN:

ST, 5, 1964 4F 10 A, TopME, B, MR S, R EDEE SR AR LE RS
SER, PERETESAMTHATUERLER, TEATHLRTETLEAMTENLER, AAM
S B R A RE RIE DL R, WHEA SRR A Rm K, WA % 2 S, WL
BB KRS 5P 8 ARSI . 4 5 R AT H P A £ 505, [T
O2REE TR Ot (PEDYEE) (BOtS544h) (NA2EY (AMEAR) (RHBETFHEAR) Ot
HHARRI) S B S AR TR, BT RS CE%) BLeiE. HORTIT. Bl T, K.
RIS TARIE —H4F, B RIS 55 T %A 5O A A BT E A AR L
MG ) BRRERAY - SREIR LR ERRSHARY O B G SRR =
S P, R R E ARG T BURIMRSEAR BN CE5) JUR, SRR R MRS i T3 Bk
CALHCEAR G B A FI . SR AEE NS =T S 2 RITI LR RIS E R, EEH
IR R I ER S EF, BRESS AR TRER, AAM AN AR

Yol R4

BETHRERl

J
n
7
Ei
B
it
L
Bl
1
'
7

531



