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Implementation of geo-tracking for optoelectronic pods based
on improved synovial membrane observer

SU Yi, LI Jiang-yong, WANG Wei-cheng ,ZHANG Zi-lin
(CETC Electro-Optics Technology Co. Ltd. , Beijing 100015, China)

Abstract ; With the escalation of war and the increasing tension in the international situation,the demand for detecting
a specific location target in unmanned aerial vehicle(UAV) airborne electro-optical pods is also becoming increasingly
strong. To fulfill the feedback closed-loop control of traditional electro-optical pods, encoders, gyroscopes, and many
other sensors are usually added to the system,which not only makes it difficult to meet the requirements for the size
and weight of the pod,but also affects the center of gravity of the system,further increasing the difficulty of control. In
order to solve the above problems and meet the high-precision and lightweight real-time tracking requirements of un-
manned aerial vehicle( UAV) airborne optoelectronic pods for a certain target,a sliding film observer is innovatively
applied to the permanent magnet synchronous motor three loop control algorithm to replace traditional physical sensors
to achieve the geographic tracking function of electro-optical pods. On the basis of traditional three loop control of mo-
tors, a sliding film observer is used to observe the angle and speed information of the motor instead of the physical sen-
sors ,and the convergence law function is optimized based on the traditional sliding film observer, reducing the vibra-
tion of the system output and improving the overall stability accuracy. The experimental results show that the stability
of the sliding mode observer using the sat function as the approaching law is significantly improved compared to the
sign function used in traditional sliding mode observers. The ratio of the improved overshoot to output is decreased
from 5. 65 % to 0.32 % ,which helps to improve the accuracy of unmanned aerial vehicle( UAV) airborne optoelec-
tronic pod geographic tracking.
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Fig. 1 Schematic diagram of the body coordinate system
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Fig. 9 Comparison simulation diagram of three speed signals

 SatlREFILPRES @ BHEES

1020
T 9 JEE XTI E B AR S S, 4l 015
sat PREUHN sign pREGIEA TR B, FFFik B A5 5t 1010

FEX BN L7 2L oo L1, st BB

N — N— S, . 2 : \\M\ B 5
PR HE AR B 6 F sign B KC R TF o 00 <o
4145 AL sat BRI AR RS 3.2, 1 s

sign PRI IR KRB 1A 56. 5 5 sat pRALHY [ THA fA]
985
4 0. 1433 s, sign pRECAY_ETFEFRI R 0.097 s, — 3 050

e FTHI ] 22 9K, sat 565008 B T sign 96
%& ,'fﬂ sat @ﬁﬂ@ﬁi}ﬁ%;@f@{jﬁ? sign [%]%&O 0,146 0.148 0.150 0.1520.1540.15 M0 160 0.1620.164 0,166 0.168 0.170 0.172 0.174

o SatiFHISEBRE B  BEET
1016 —
=BT E « AT B 1014
e
3.0 | 1012
2.5 1 { ! 1 1 ! 1 1 1010
2.0 1008
15 Z 1006
L0 1004
sl 1002
: 1000 T y
(1) T — D Ny o
998 2 -
205 | ! - | | 996 ff\"‘v\)\/'\_/\//‘/\—!v
-1.0 | 994
-5 ! - ! 992
2.0 990
25 988
30 986
984
0.016 0.018 0.020 0.022 0.02F =000 000 0.032 0.034 0.036 982
0.135 0.136 0.1370.138 0.139 0.140 0.141 0.142 ‘4 0.145 0.146 0.147 0.148 0.149 0.1500.151 0.152
W EEAT B o DA N N
T T &1 10 Sat pREI I8 1t A_E F-Hsf[a]
3.0 ‘
25 | Fig. 10 Simulation diagram of the overshoot and rise time of sat function
2.0 ion BB PSS S « BEES
wsigni R I9PRES « BEES
15 1060 = ==
Lo| | T T 1055
0.5 | _.‘,f::_,/.::"'"--“
0 »———=‘—"—'—" 1050
05 1045
1,07
15| 1040
20} | 1035
-2.5( |
Y ! ! ! } 1030
| | | | [
0016 (B0.020 0.022 0.024 0.0260.028 0.030 0.032 0.034 0.036 1025
8 (i EXLLAE S AT KA 1020

Fig. 8 Enlarged diagram of position comparison signal details 0214 0216 0.218 0,220 0. 222 W (326 0.228 0.230 0.232 0.034 0236 0.238



622 5 RS AN

55 %

w signBAECF K92 PRA 5 « BEES

1040
1030
1020 f

|
\
1010
1000 {0500} ﬂ I( ﬂ [\
990 A 1
980
970

960
950

640
el
Fig. 11 Simulation diagram of the overshoot and rise time of sign function

5 & it

BEXE G 4G v P R X — DR, A S
7 PMSM = R 5 fhl K 28, 7 A% GE 4l A Ao B
JEA% A 1) BE At b R AT SR 3 o 7 4 ) [l g o
FIA SMO, S8 1 JC A% [ P B0 42 o o g 15 5, 9
TEALGER) SMO KBERIIER b, K sign sREL LN sat
PREL, AT EAT R, A LS sign pRXL,
I sat BRECTS B T MR UL 00 48 1) 8 90 A A2 1 Y
AE LR R B, 8 A R R
M5.65 % T[S T 0.32 %, 1 HALH AU |
THRFE]EE J5 T 0. 04625, 71 52 L6/ N S R 13 iR #Y
B, P06 UL 2 FA B R Y
SEBR IR S

S 3k :

=

[1] Wang P,Chen L.,An J] W. Modeling and simulation of in-
tegrated control for UAV and payloads[ J]. Journal of Pro-
jectiles, Rockets, Missiles and Guidance,2004,24 (1) .
20 —22. (iin Chinese)

EMG , BRI, 22503, . TEANUE 55 e/ WILLE G 15
il AR A FLL T ] 3 S ) 22 40, 2004,24.(1) ¢
20 -22.

[2] Jia W,Sun M R,Li D J. Geographical tracking algorithm
of UAV EO/IR payload [ J ]. Aeronautical Computing
Technique,2012,42(2) ;117 = 119. (in Chinese)

AR, PN, 2R, 2. TE A HILOE Rt 20 Ml B B
PERIWTFELT ] AT H 4R ,2012,42(2) 117 - 119.

(3]

(5]

(7]

(8]

(9]

Xing Z L. Permanent magnet synchronous motor drive and
control system with load state observer[ D |. Harbin; Har-
bin University of Science and Technology,2018. (in Chi-
nese )

THOATTR. 5 670 A8PR 25 UL 5% 14 7 1 [ 25 W ML 3K 5l 42 1
ARG D]. MR MG /REEHE TR ,2018.

Saihi L, Boutera A. Robust sensorless sliding mode control
of PMSM with MRAS and Luenberger extended observer
[ C]//2016 8th International Conference on Modelling, I-
dentification and Control (ICMIC). Algiers;IEEE,2016.
174 - 179.

Huang C C,Jin H,Lu W Q. Permanent magnet synchro-
nous motor control based on super-twisting sliding film
observer[ J]. Electronic Science and Technology,2023 ,36
(11) .8 = 13. (in Chinese)

TN, , 40, 5 SCH:. B2 T Super-Twisting Jo Ao i ¥ i
WL 04 K G ) 20 LU [T ] W 74, 2023, 36
(11):8 -13.

Jin A J,Wang J Z,Chen Q C, et al. Design of brushless dc
motor system based on sliding mode observer[ J]. Agricul-
tural Equipment & Vehicle Engineering, 2019,57 (8) .
1 -5. (in Chinese)

DR, FEIE, RS . 5L T UL 25 ) TG B
RALRZGE R BT ] Al e 5 4 i T, 2019,57
(8):1-5.

Xu J H. A novel sliding — film observer control strategy
with variable speed approach[ J]. Industrial Control Com-
puter,2022,35(6) :89 —90. (in Chinese)

TRAR PR P A8 8 1 A 3 RO 5 42 ol SR [ ).
AL, 2022,35(6) :89 —90.

Yang Y H. Sensorless control of permanent magnet syn-
chronous motor [ J ]. Automation Application, 2023, 64
(4):108 —=111. (in Chinese)
W18 TR IR AP Ha LG o A
I ,2023,64(4) :108 —111.
Guo D L,Liu X G,Liu J G,et al. The combination of im-

AR ERILT]. A st

proved sliding-mode observer and I —f startup strategy for
PMSM sensorless vector control[ J]. Journal of Shenyang
Ligong University,2017,36(2) :33 -38. (in Chinese)
SRMRGE XN, X6 [, 4. ek SMO 5 1 - f )5 3 Af
456 1) PMSM JG A il [ T]. Pk FHEE TR 22441
2017,36(2) :33 - 38.





