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Trajectory tracking control of underwater manipulator based on adaptive
arctangent non-singular terminal sliding mode control

FAN Ya-zhou', SUN Lin-xiang?®, BAI Xue-jian®', ZHAO Yi-nan®, HUI Xiao-long*, WANG Yu*

(1. Electric Power Research Institute, Guangdong Power Grid Co., Ltd., Guangzhou 510620, China; 2. College of
Automation, Harbin University of Science and Technology, Harbin 150006, China; 3. College of Electrical Engineering,
Liaoning University of Technology, Jinzhou 121001, China; 4. Institute of Automation, Chinese Academy of Sciences,
Beijing 100190, China)

Abstract: An adaptive fast arctangent non-singular terminal sliding mode controller is proposed for the end trajectory
tracking control of the underwater manipulator. Firstly, the dynamic model of the underwater manipulator considering
water effects is established based on the Morrison equation. Secondly, combining the characteristics of non-singular
terminal sliding mode control and arctangent functions, an fast arctangent non-singular terminal sliding mode controller
is designed, and the unknown disturbance of the system is predicted based on the radial basis function neural network.
Then, the Lyapunov theory is used to verify that the proposed control method can converge to the desired position in finite
time. Finally, the effectiveness of the proposed control method is verified by simulation experiments.

Keywords: underwater robot; underwater manipulator; sliding mode control; adaptive control; trajectory tracking
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V12 = q1 - 11 - cos(q2) + q1 - ®a.

B vy Flo ARNF(S) 1T PATHEAS BB IS A 1 &
27KAEH J393 38 Fy « Fo, 86 /KAER J193 9308 Fi s
Fh. U1 e W 7K R WUSE 76K R 32 B KA
H 1R

mh = [Fy + F{, Fy + F5)". (44)
32 fREIIE

MRAE 3.1 7 e T 1A 2, A Simulink #4 27K
AU 020 R R 4 AR,

MRFIK FHE RAA AN RBRES 2, (t) =
q1(t), z2(t) = q2(t), 25(t) = 41 (1), 24(t) = Go(t); FEH
Hh U T BE S T IR, MRS (4 BT RS2
W2 1 fin.

=1 “EMIEERIENEE RZYESH

LR s 18
EM LR (BR) / kg my 1.53
FEFF2 R (7)) / kg my 0.734
R 1K /m Iy 1
HEFF2 K /m Iy 0.75
AR/ m r 0.5
JRAEE 2 /m Ty 0.6
MU 7325 % / (kg/m®) Pm 200
R 148/ cm Ry 5
HFF 22458/ em R, 4
51 J1HE B/ (m/s?) g 9.81
KEFE /(kg/m®) P 1000
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FIHA SR Z 1 I 18], A EE T CNTSMC, 675 1 /TS
293 LA sy 0.6 s 247 BIIAIAAN B DA b4 B
b &5 3R B, FANTSMC e % e Tt 2 4 1 e )97 T
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& PR I AE VA B S 4 i g A4 1) 28 1 4%
#1250 3R 2 frzn, RBF H &N S a13R 3 fik.
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TEFE. FEBIRIB R AT B SIS T WG T A BRI E
q(0) = [1, 1" (P72 A rad), 146 5% 15 M & B2 N
q(0) = [0, 0] (B2fi7 Arad/s).

AR BRI 4 (PR A rad):

[sin(t)]
qd = . . (45)
sin(t)
KU RGN (A7 AN/ m):
o l2.5 sin(t) + 0.5 sin(200t)] . 46)
2 cos(2t) + 0.5 sin(200¢)
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T4 MEAZHER

L WIRrS AT MBI /s TIHFEARE /(107 *rad)

Joint 1 0.52 157
CNTSMC

Joint 2 0.87 345

Joint 1 0.47 144
ANTSMC

Joint 2 0.76 386

Joint 1 0.35 1.3

RBF-ANTSMC
Joint 2 0.42 1.8
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1 IR 2 [ S TE] 43 00 9 0.35 s A110.42 s, P34 &
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