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Abstract: [ Objective ] To address the issues of poor
disturbance rejection performance and slow response speed
exhibited by traditional proportional-integral-derivative (PID)
control strategy for vehicle-mounted stabilized gimbals
operating on unpaved roads, this paper proposes a single-
neural adaptive (SNA)-PID control strategy based on a linear
extended state observer ( LESO). This approach aims to
enhance the stability and disturbance rejection capability of
the gimbal > s posture control. [ Methods ] Firstly, a
mathematical model of the stepper motor was established.
Then, based on the LESO principle and the supervised Hebb
learning rule, a LESO-based SNA-PID control strategy was
designed. The convergence of the proposed control strategy
was verified using Lyapunov stability theory. Finally, to
validate the effectiveness of the proposed strategy, a practical
vehicle-mounted  stabilization ~ gimbal  platform  was
constructed, and comparative experiments were conducted
under both internal and external disturbances against

conventional PID and LESO+PID control strategy. [Results]
Compared with traditional PID and LESO+PID control, the
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proposed control strategy significantly reduced angle-tracking
peak-to-peak values and other performance indices under
single disturbance, 1 Hz continuous disturbance, and 8 Hz
continuous disturbance conditions. Although a slight increase
in overshoot was observed when the reference signal changed,
the settling time was substantially reduced. [ Conclusion ]
The proposed LESO+SNA-PID control strategy forms a dual-
compensation closed-loop strategy, which effectively enhances
the disturbance rejection capability against external
disturbances and improves the system’ s response speed,

demonstrating significant value for practical engineering

applications.
Key words: stabilized gimbal; linear extended state
observer; single-neural adaptive; disturbance rejection

capability
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Fig.1 Vector diagram of the experimental

gimbal structure
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Fig.3 Framework of the vehicle-mounted stabilized
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Fig.4 Hardware circuit design diagram of the
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Fig. 6 Attitude detection flowchart
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J7 T LESO+PID REFEfR />, 7.91 J, LESO+SNA-
PID =6l S m& REFE MR 22, 0 10.02 ],
R4 1 Hz EEHFIER T EBIEIRTEL
Tab.4 Comparison of performance metrics under

1 Hz contincous disturbance

s i 5 s WEIE{E/ (°) RMSE/(°) MAE/(°) HREFE/J
LESO+SNA-PID 5.78 1.205 1.042 10.02
LESO+PID 7.91 1.999 1.820 7.91
f£45 PID 9.49 2.822 2.560 9.91

E 12 1 Hz ZEHzfAERERE
Fig. 12 Angle tracking plot under 1 Hz

continuous disturbance

3.3 HMERYAT 8 Hz SAET I

THACHLLL 8 Hz A7 A IE 5% 0%, (Wi A &
15 70° IR AE N AT B e % , FH AL = 6 7E
FI 5% 00 PR A T B A O

8 Hz & 243N 1E L T & W8 br X HL an & 5
FR . AT H R METE 8 Hz ELL L sl IB B T 1Y
PR B E 16~19 s, K16 H, LESO+
SNA-PID % il % W& AH 42 T LESO+PID L) K £ 4t
PID, ZEWEWEAE I, 43 598 /b 23.17% . 50.73% ; K]
17 h 1E RMSE |73 51|98 /> 32.28% ,57.30% , 7
MAE |43 59 /32.07% 57.29% K18+ | fig
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E 13 1 Hz EEMERENTHTE
Fig. 13 Dynamic error analysis plot under 1 Hz E 16 8 Hz E&HzifarrmesE
continuous disturbance Fig. 16 Angle tracking plot under 8 Hz

continuous disturbance

14 1 Hz EEMBIZHEHEE

Fig. 14 Control energy consumption plot under E17 8 Hz EEHaie 2R E

1H . .
z continuous disturbance Fig. 17 Dynamic error analysis plot under 8 Hz

continuous disturbance

B 15 1 Hz EEHMhit o E
Fig. 15 Spectrum analysis plot under 1 Hz

continuous disturbance E 18 8 Hz EEifiahiss B
&S5 8 Hz BELEMFER T EHIEARISLE Fig. 18 Control energy consumption plot under
Tab.5 Comparison of performance metrics under 8 Hz continuous disturbance

8 Hz continuous disturbance

#E 5, LESO + PID BE #E % />, hy 48.49 ] | 1%

IR ) RIS () AR I g pIn i e REERL 22, 61.97 1. phL AT A

LESO+SNA-PID 24.27 7.858 7243 59.31 LESO 520 T % 58 B 5 R A B0 1 58 i , T

LESO+PID 31.59 11.604 10.663 48.49 SNA ﬁ%*ﬁ%ﬂT%%ﬂ%%ﬂ@%%‘fﬁ*ﬂ%E,’@'i/%
&4 PID 49.26 18.402 16.959  61.97 Bl SR T AR Tt
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E 19 8 Hz EZHM Ik E
Fig. 19 Spectrum analysis plot under 8 Hz

continuous disturbance
3.4 AEBIRELST 30°Ti
et il s P il B s b 002k 300, (I £
A M ERe 2 30° HARE, DI = G 28
AP A BRI L, PRSI 2 R R R
20 F7 , BRI 3h 5 ) e FE I 21 il
N ERPE B D0 T A T48 bR X L ANk 6 s,

20 MERHL BN R EERERE
Fig. 20 Angle tracking plot under internal
disturbance
&6 WHEHMENER T ZFTERITEL
Tab.6 Comparison of performance metrics under

internal disturbance

il SR EIERE/% PR /ms REFE/)
LESO+SNA-PID 5.7 24 0.76

LESO+PID 5.8 75 0.75

54 PID 0 39 0.63

1 & 20 TTAT, LESO+SNA-PID 4 ) 55 W& AH ¢
F LESO+PID LA K A4 4¢ PID, # iR 5.7% , {H
PEAL IR E] 43 591 0 7L 68.00% (38.46% , 1Rl 21 Al
0 RERE 2ZE BE /N, 1558 PID BEFER 0.63

E 21 AWEHEhiEHEREE
Fig. 21 Control energy consumption plot under

internal disturbance

LESO+SNA-PID ¥l 5K WS REFE R 0.76 ], W5
W, LESO 5 SNA A IF & & , b — A B 4%
ISR A BE

4 4£5iE

AR —Fh 3T LESO +SNA-PID £ 4 il
WG B IR B BRI IR ] R P T
ARG WP AR 1, R (1) R
R, LESO +SNA-PID % il 5 W& #H %% F LESO +
PID & 45 PID, Wi i 5% 22 43 il )i /b 23.79% Al
40.21% ;344030 (1 He/8 Hz) B, ¥ T HERER
[ O = R VS B 17 )l O e = MR B e )
B, (2)BEFEJT I, FET LESO+SNA-PID it 4% il
MG AE BRI B T Feft, LESO +PID 7E 1% 224 3l
T, ARSCIT R ERIRIS S5 G T LESO fPR
P #MEFT SNA I AELE S B0, BEAR T 50 & A
B RAH T —de = A,

FlEmhRAER
A1 75 B AAEAE R 35 vh 2
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