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Reverse Sliding Mode Control Strategy of
Photoelectric Tracking Turntable

HAN Sifan"*?,  QIN Chao"’, XU Anpeng">’, XU Zhenbang"’

(1. Changchun Institute of Optics, Fine Mechanics and Physics, Chinese Academy of Sciences, Changchun 130000, China;
2. University of Chinese Academy of Sciences, Beijing 100000, China; 3. Key Laboratory of On-orbit Manufacturing
and Integration for Space Optics System, Chinese Academy of Sciences, Changchun 130000, China)
Abstract: Aiming at the high precision tracking problem of photoelectric tracking turntable, a backstepping
sliding mode control system and algorithm are designed. Sliding mode control is introduced in the algorithm
based on backstepping control, which improves the robustness of the controller. Through the simulation
analysis, it can be seen that the performance of the algorithm is greatly improved compared with that of the
backstepping control algorithm and the PID control algorithm. The step tracking response speed is increased
by more than 21%, and the steady-state accuracy of the sinusoidal tracking and the steady-state accuracy
under random disturbance are improved by two orders of magnitude, the pulse interference stabilization time
is reduced by more than 0.7 s. The tracking accuracy of the photoelectric tracking turntable are well
guaranteed.

Key words: photoelectric tracking turntable; backstepping sliding mode control; tracking accuracy

PID

120220627 :2022-0749
(2020B0404020002)
(1997 —) . ; 5



96

30
1.2
; 6 o
; 0X, Y, 2, 0X.Y.Z,
Il 0XYZ_ .
3 X,
8-9 DOB X, ;
o Z(: Zh
N 2 Z, a
X B -
PID
1
1.1
1 2
Fig.2 Schematic diagram of three-axis relationship
N when turntable is moving
© Ts('
; ! 0 0 0
> > Tw:g) cos B —sinﬁgo (1)
; 0 singB cosp U
U N N N T,
A ° [Fos a« -—sina 0p]
T, = Esin a« cosa O (2)
o 0 10
o' Z, o
-1 o T o\ T
w,=T,; x(0 0 & =(0 0 & - (3)
@,=(g 0 0 +T(0 0 &=
. T
1 ( B asin B acos ﬁ) ° (4)

Fig.1 Structure diagram of photoelectric

tracking turntable



97

2UR7%

deo, ) LW J G,

M =) =], -]) 0.

I:l dl 7F¢ l Fd °

B dew ibeck

M, =)~ =] -J)we, - (5 tribee

’ dt
a
dw 10 . X
%‘/’z =J. 1 ‘(] -]) oo, o Stribeck
t J J
OXYZ
cmce ( < ‘ws ‘
g ) oLz F, F()>F,
J.. oOXYZ Y,
cx et e c F,: - F( Z) _FmgF( t) $Fm ( 11)
J, 0X Y2 Z
’ ' -F, F(i) <-F,
J(:: ; ()7¥~ Y- Zs (
X, ) 0XYZ X F() ’
J. OXYZ 7Y, J. w> o
0XYz Z J.. F=Fsgnw+(F,-F)e ) tha (12)
(4 (5 -F, F, ke,

. ; g Stribeck te .
=l B+ (U, -J.,) sin Beos B i 1 .
L=dasin g+ Ba( S, +J ~J)cosp o (6) 1

. .. Table 1 Frictional torque model parameters
.=J acosB +,8a(.]§), -J.-J.)sinB
5
(3) (3) M =0 F. /(N +m) 0.2
o= F,/(N*m) 0.5
M, =0 (7) /(N *ms-(°) ") 0.04
M, = J“zo.(. Stribeck ws/((°) +s7h 0. 005
e 2
M, )
M_=T_xM,_ = Msjsin B-M_cosB ., (8)
M cos B+ M _sin 8
o 3 o
M, =_]m['3'+ o’ (J, -J ) sin Bcos B
M_=J_a+af J, sin’B+J_cos’B) + o (9)
26B(J,, - J.) sin Beos B
(9) \ s
° Fig.3 Structure diagram of reverse sliding
° mode control strategy
x, Xy b=C,/0
° u 8(t) =(F,+F) /]
b =5 (13)
° X, =bu —8(1)
1) e,
é=w (10) € =X X (14)

Jo=C,i-F -F, ¢ =2y~ %, (15)



98

30

e °
Lyapunov
v, —%ef (16)
Vl
Vi=e 6.1 =e,( 721«1 9;1) =e,( %), —x,) (17)
%24 %24
%y = %y +Ae (18)
%24 (17) Xy
I>1 =e,( 921(1 X —Aje) = _Ale? (19)
A, V,= —A,e <0
2) L)
€y, =Xpq T Xy (20)
6‘2 A.72‘1 Xy = 922(| +68(1) —bu (21)
Xaq °
s=Ke, +e, (22)
Lyapunov
V,=V, Lo (23)
2
VZ
1;2 =e e, +s5=—Ae +ee, +s(K é +¢é,) =
—Ael —Ii e +s [KLe2 +K (e, -Ae) +x,, +
Ae, +8(1) —=bu| - (24)
(24)
171 .
u =7[f62 +K (e, —Ae) +x,,+
A,é1+Qs+Au‘sgn(5)] o (25)
(25) (24)
I./z = -Ae —KLei +5(8(t) —Qs—Au*sgn(s)) <
—&é—%ﬁ—Qﬁ+hMH&ﬁH—&0(%)
Q Au> | 8(1) | V, <0
s/ s/o|<1
sat( s/o) = 7 s/ ] - (27)
sen(s/0)  |s/o|>1

~

o PID

J=1.1kg*m

C,=0.9N+m/A

2 3

€, =0.002 Vs /(°) » 3
2 .

Table 2 Parameter value of three control

system controller

PID
Ay 10 C, 2 Ky 6
K, 10 C, 25 Ky 10
Q 2.5 Ky, 11
Au 7 Ky, 10
o 0. 05
3.1
50
4
4
Fig.4 Comparison of step tracking responses
4( a)
1.555 s 1.992 s PID
2.228 so
PID
3.2
%,, =5sin( 29 < 0. 11)
5 o

5

Fig.5 Comparison of sinusoidal tracking responses

5
0. 0002°
0.015° PID

PID

0.06°,



99

3.3

sin(2m ¢ 0.51) +(2mwt) + (27 * 2¢)

1s
F, 6 o

6

SNem

Fig.6 Comparison of tracking responses

under interference

6
0.000 7°
0.5 s;
0.03°
0.07°
1.2 s,

PID

PID

0. 002°
0.02°
1.8 s; PID
0. 03°

J. 2020 47(10) :3-31.
YAO Z C, ZHANG H. Sliding mode control of photoelectric
tracking platform based on the inverse system method C //
International Conference on Electronic, Information and Com—

puter Engineering. S.1. :EDP Sciences, 2016: 01031.

J. 2018 47(6) : 1044 10.

J. 2021 42(4) :597-
607.

J . 2021 29(6) :13114320.

J.
2021 54(4) :379-387.
I
J . 2021 45(2) : 147454,
DOB
J. 2022 29(4) :21-25 51.
DOB
J . 2020 27(1) : 98-
101.

2013 43(1):112431.



