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Neural Network Control and Application
of Robotic Manipulators Including
Actuator Dynamics
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Abstract A neural network control scheme is proposed for
the control of robotic manipulator including actuator dynamics
in this paper. In the proposed control scheme, the radial basis
function (RBF) network is adopted to approximate the nonlinear
dynamics of the robotic manipulator. In addition, a robust con-
trol is used to eliminate the neural network modelling error and
disturbance. Uniformly ultimate boundedness (UUB) stability
of the closed-loop system can be guaranteed by Lyapunov the-
ory. Finally, a hardware-in-the-loop simulation technique based
control system is developed. Furthermore, the proposed con-
trol scheme is applied to the same robotic manipulator together
with PD control and adaptive control. Experiment results con-
firm the validity of the proposed control scheme by comparing
it with other control strategies.

Key words Robotic manipulator, neural network (NN), ro-
bust control, hardware-in-the-loop simulation
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Fig.1 Hardware system of the robotic manipulator
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Table 1  Performance indexes
La(eq) eir A A
st P im
Fela (1073rad) (10~ %rad) La(ui) (A) - uim (A)
PD #iil 0.72 1.2 0.13 1.26
KAWL EENES b G P P
AL I 2 0.29 0.74 0.13 0.57
PD #iil 1.7 3.2 0.40 0.86
K2 |[EBrI VeS| 1.6 2.8 0.40 0.78
AR 0 2 3 0.23 1.1 0.40 0.77
PD #iil 2.9 4.4 0.65 1.58
K3 [EBrIVEZS 1.4 2.4 0.64 1.50
iz ) g 42 il 0.28 1.3 0.64 1.04
4 Hhit

ARSCPE T 2% B YRS R GL B A IR T 1 28 W £ 5 7
2%, AOBHUNCT 1082 B0, U T I 4k A 2 ) R
FNIS, DIRECRUENUAR T RS0 B AT RLAF (O ER A YE RE; RIT2E T
Lyapunov J7 A v 28 94 26 BUEE (1 4 15, AN 22 2l
SR M s, T T A I 2 P g 0BTt S A5 R
TIET S0 BRI UBCT 12 R GEANA SO 28 o) 26 478
HITHERIA BN, AEASCIER F, A4 5 R AE LT T ik
—BIATIRI: I THUCT AR S5 HOR AR TR RS RN 4R,
HGLI T 175 BORMIEIZ B 2, K45 AT 55 e AL B 5CT5 [R)
W, AE TR R TE) A TF PR, DR] R Aol 28 1o 2% 42 1 7 v 4
RN R R AR A, HL S BRI i, 10— AR e L
BT IR BE, 52— MRAT TSI 1.

References

1 Reyesa F, Kelly R. Experimental evaluation of model-based
controllers on a direct drive robot arm. Mechatronics, 2001,
11(3): 267—282

2 Slotine J E, Li W P. Applied Nonlinear Control. New Jersey:
Prentice Hall, 1991. 392—416

3 Wilamowski B M, Cotton N J, Kaynak O, Dundar G. Com-
puting gradient vector and Jacobian matrix in arbitrarily
connected neural networks. IEEE Transactions on Industrial
Electronics, 2008, 55(10): 3784—3790

4 Sun Fu-Chun, Sun Zeng-Qi, Zhang Bo. Theory and Ap-
proaches for Stable Adaptive Control of Robotic Manipu-
lators Using Neural Networks. Beijing: Higher Education
Press, 2005. 1-9
(PVar AR, PNEYT, TR DUBRTPh 4 I 46 R | I W 42 1 (¥ BB AN 7
. dbst S EHE R, 2005, 1-9)

5 Lewis F L, Yesildirek A, Liu K. Multilayer neural-net robot
controller with guaranteed tracking performance. IEEE
Transactions on Neural Networks, 1996, 7(2): 388—399

6 Chen Z M, Zhang J G, Wang Z Y, Zeng J C. Sliding mode
control of robot manipulators based on neural network reach-
ing law. In: Proceedings of IEEE International Conference
on Control and Automation. Guangzhou, China: IEEE,
2007. 370—-373

7 Ren X M, Rad A B, Lewis F L. Neural network-based com-
pensation control of robot manipulators with unknown dy-
namics. In: Proceedings of the American Control Confer-
ence. New York, USA: IEEE, 2007. 13—18

8 Jung S, Kim S S. Hardware implementation of a real-time
neural network controller with a DSP and an FPGA for non-
linear systems. IEEE Transactions on Industrial Electronics,
2007, 54(1): 265—271

9 Park J, Sandberg I W. Universal approximation using radial
basis-function networks. Neural Computation, 1990, 3(2):
246—257

10 Yoo D S, Chung M J, Bien Z. Real-time implementation
and evaluation of dynamic control algorithms for industrial
manipulators. IEEE Transactions on Industrial Electronics,
1991, 38(1): 26—31

11 Xu L, Yao B. Adaptive robust precision motion control of
linear motors with negligible electrical dynamics: theory
and experiments. IEEE/ASME Transactions on Mechatron-
ics, 2001, 6(4): 444—452

12 Whitcomb L L, Rizzi A A, Koditschek D E. Comparative
experiments with a new adaptive controller for robot arms.
IEEE Transactions on Robotics and Automation, 1993, 9(1):
59—-70

ERE  RACKFURFE LA TE s = WL A, E BRI A 4R
MEPER]L MRS BUE . ASCEEEH.

E-mail: sywangliangyong@gmail.com

(WANG Liang-Yong Ph.D. candidate at the Key Labora-
tory of Process Industry Integrated Automation, Northeastern
University. His research interest covers nonlinear control, neural
network, and robotics. Corresponding author of this paper.)

XM hE IR L, RACKZEESZ. EHIT A IS RN
FIHEM RN, E-mail: tychai@mail.neu.edu.cn

(CHAI Tian-You Academician of Chinese Engineering
Academy and professor at Northeastern University. His research
interest covers adaptive control and intelligent control.)

FOIE RACRERRE NPT G S S iR, 055 F o HLas A
aeEdl. E-mail: fangzheng@mail.neu.edu.cn

(FANG Zheng Lecturer at the Key Laboratory of Process
Industry Integrated Automation, Northeastern University. His
research interest covers robotics and intelligent control.)



