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Abstract E y

Intelligent robot not only can realize reservatl ond tions, but
also can be understand the characteristics of the u envir nt and adapt
to changes in the environment through their-ayig sensor m", robots get
outside information mainly by vision, this pag ake t bot of binocular

robot vision system as control plant, poin
that existed in the dynamic model of bi r vist bot may cause instability.
This paper has proposed a slidin el contr cheme with RBF neural
network adaptive control strategy k approximation algorithm, in
this control method, slldlng ontro%' sed to control trajectory of the
joints of robot, and ut|I| BF neural network to approximate the each

uncertain in the dynami model of t. The simulation results show that
compared with th eural rk adaptive control strategy based on

integral apprOX| unc nness, the proposed control method has
features with go itio trd;%m
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1. Introductug&
With the, flevelopment of science and technology, intelligent robot is the robot’s
i ection, Intelligent robot not only can realize reservation on conduct and
actionsya=also can understand the characteristics of the unknown environment and adapt
Nagges in the environment through their own "sensory system™ [1-2], Human access

robots get outside information mainly by visual [3], in the field of industrial robot, vision
system is mainly used for welding, painting, and handling in the production of measuring
and positioning of workpiece. It’s mainly consists of robot and visual systems. Multi-joint
robot is a kind of wide application of robots, the vast majority of industrial robot and
intelligent mobile robot is a multi-joint robot, which have multiple joint robotic arm [4],
as the control plant, Robot system is a very complicated nonlinear system with the
features of multiple input multiple output with time-varying, strong coupling and
nonlinear dynamics [5], and there always existed modeling error and external disturbance
in the robot and so forth, also its dynamic model has strong uncertainty, thus control the
stability of the mechanical arm system is required highly [6], the control problem of robot
has become the hotspot in the field of control [7].
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Sliding mode variable structure control is very suitable for nonlinear system, for
discrete model of the system and uncertain system [8], which was proposed by the former
Soviet union scholar Emelyanov, Utkin and Itkin in the early 1960s [9-11], the Sliding
mode variable structure control scheme was widely used in motor, the control of complex
systems, such as robots and spacecraft [12]. Also, Control method based on model is
under the condition of known the precise mathematical model of the robot system to
control it, but in practical engineering, because there are many uncertainty factors, this
control method makes difficult to keep the trajectory tracking error convergence [13].

Due to the artificial intelligence neural network can approximate arbitrary precision
nonlinear model, and the control performance can improve through the self-learning and
compensation for modeling error, the development of which open up new ways to solve
the problem of the robot control. So intelligent control based on neural network kas been
widely used in the manipulator adaptive control [14-22], Literature [14] has u &;BF
neural network to identify the dynamics model coefficient matrix of the ?%mr that
has realized the manipulator trajectory tracking, but they does not take@ uence of
external disturbance into account. Reference [15] has a the R network to
identify the whole system control input that has re % |ve rol, but there

existed weakness in the proposed method that on mo ust be accurately
known.

Considering the nonlinearity and uncertain e syst thiS paper has proposed a
RBF neural network adaptive control @y based sub-block approximation
algorithm for binocular vision robot, irf rategy, sliding model control was used to
control trajectory of the joints of 0 t t stability and robustness can be
improved, considering there eX|s ertal the dynamic model of binocular
vision robot that may cause , We utll RBF neural network to approximate
the each uncertain in the dy ode.l t In order to verify the validity of the
control algorithm, we realized the RB network adaptive control strategy based on

sub-block approximatio, ithm i
This paper has e% anlzed as fellows, in the section two was the design of the
binocular vision, thr illustrated the principle of the RBF, the equation for

manipulator Jomts shown the section four, in the five section we has
designed th troll d on RBF with overall approach, RBF neural network
adaptive control strateg d on sub-block approximation algorithm was designed in the
six section, the seve n is numerical simulation.
2. Design o t@nocular Vision

We utili e whole manipulators of binocular vision system on a FPGA chip, the

FPGA @V ind of embedded processors that can realize parallel computing, the FPGA
c ided into different regions which can be controlled by different peripheral
r@, At the beginning of the FPGA, because of fewer resources, the FPGA can only
be shown for glue logic and state machine control. with the development of the
technology of FPGA, FPGA scale is bigger and bigger and power consumption is more
and more low, now a single FPGA chip can own millions internal resources, we use the
FPGA to constitute a complete system is not a problem. Because FPGA has the rich
interface and interface type is adjustable, so FPGA can connect a number of different
types of peripherals together, from the simple LED driver to the direct drive LCD liquid
crystal display, from the SRAM, SDRAM to today's higher frequency DDR SDRAM
control, From simple 12C communication, RS232 communication to the TCP/IP protocol,
With the rapid development of FPGA, FPGA can now replace the MCU, DSP and ARM
to be the core control unit of the embedded system.
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Figure 1. The Bmocul»ar@m Pos@mg System

positioning system was consisted F896C PGA, two OV7670 CMOS
camera, two SDRAM, AD -232, 3 LCD controller, LCD and so forth.
System need to collect the |mage of the; cameras, and temporary store each frame

The binocular vision positioning s& % @ in Figure 1, the binocular vision
Itera

image of collection dat make essing for each frame of the image, finally,
of the t object after the camera calibration methods.
mage can be displayed on the LCD monitor real-time image,

e dlsﬁ‘@; tem monitoring function can be done. Location

and at the
information g positioni e transported to the mechanical arm controller through
RS - 232 serialport con@ ation and.

3. Radial Basi ction Neural Network
The rad';al gaa unction neural network is a neural network model, which is proposed

the realize the po |t|
Processed or unpro

by J. Mood ek C. J. Darken in the late 1980 [23]. RBF network is a single hidden layer
with thredJayer forward network, mapping from input to output is nonlinear, and mapping
fr t@idden layer of space to the output space mapping is linear, unit transformation
f@w of hidden layer is the gaussian basis function, which is radial symmetric
nonnégative nonlinear function for the center of attenuation.

Gaussian basis function value is a non-zero value in the input space limited range, RBF
network is local approximation

RBF network structure was shown in Figure 2,from the RBF network structure we
know that there have n input nodes and hidden nodes m and one output node in RBF
network structure, structure by using RBF neural network approximation one object is
shown in Figure 3 [24-25].
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Figure 2. RBF Neural Network Structure
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4. Problem St nt
Supposwt e equation for manipulator with n joints is:
Q M(q)d+C(q,qjq+G(q)+F(q)+rd=r
®)

@O

q QJ
Where, M (q) is positive definite inertia matrix with n>n, ( is inertia matrix

(o)
with 1% G (q) is inertia vector with x1, is the friction force, Yd s unknown
External disturbance, 7 is input of control.
Define the position tracking error as:

e(t) =0, (t)-a(t) @
Define error function as:
r=e+Ae (5)

A=AT>0

Where ' then
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q=-r+q,+Ae
Mr=M (dd—dmej: M (dd+Aej—Md
=M (q'd+Aej+Cq+G+F+rd -7
=M (dd+Aéj—Cr+C(qd+Aéj+G+F+rd -7
=—Cr-7+f+7,

(6)
f(x)=M (dd+Aéj—Cr+C(qd+Aéj+G+F. V
Where: E: E !
imate the

In practice, the model uncertainties f is unknown, s eed to a
Uncertainties x
t

In this paper we adopt the RBF to approximate 4@9
of
f

) , the input of RBF network is:

X = [eT é F
(7)
Define the control law as: 4
T= f +

ainti , ccording to equation

(8)
Where, F(x); i |on vaI e?br
The contro e (8) %n type (6), put the (8) into equation (6), we can get
that:

M r=—Cr%@vr+ f+z,=—(K,+C)r+ 12+rd =—(K,+C)r+¢,

©)
[ S ]
Where f_f&:_fﬂd

5. Cont@&'Based on RBF with Overall Approach

S@Qesign of the Controller
opt the RBF neural network to approach the f , then the output of the RBF neural

network is:

A A

f(x)=W"p(x) (10)
Taken
. A
W=W-W, W], <W,, )
Define the control law as:
r=f(X)+Kr—-v=WTp(x)+K,r-v 12)

Where V is the robust item that is used to overcome the approximation error by using
RBF neural network.
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Put the control law (11) into equation (6), then:
[

M f:—(KV+C)r+WT (D(X)+(3+Td)+vz_(Kv+C)r+§1

Where ¢ = qo(x)+(g+rd)+v_

5.2. Stability and Convergence Analysis
If there have V(t) , € and %4 will cause different convergence.

(1) Take v(t)= O there have & and
Define Lyapunov function as:

;
L_%r Mr+1tr[w F‘le

L=r"Mr+= rM@ 4@)

Considering the robot features, we take: Q:

Then, the neural network aw is: {:
@ @& For'

K r+IQg)e+rd ) <K min ||r|| +(&y +D, )||r||

Then

where ”8|@’ F ” <

When meet the CO% nce condltlon of the following L <0

< IFl[> (&, +b,)/K
@) Take\%): 0.6=07, =0
Definoe® unov function as:

1 1 T
L==r"Mr+=trlW F?W
2 2

Then the neural network adaptive and control law are:

vmin

-
=W p(X)+K,r

W =For'
Then
L=r"M f+%M r=—r'Kr
L=—r"K,r [ -
Due to the v " ’then L is bounded, according to the barbalat lemma

(13)

c?

(15)

(16)

(17)

(18)

(19)

(20)

(21)

(22)

(23)

L—)O,
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SO,r—>0.

(3) Take V(t) =0, and there have €and ¢ , also the adaptive law is
Define Lyapunov function and control law same as (20) and (21), the adaptive law is:

W =For’ —kF|r|w 24)
Then

L=—r"Kr AtrW (—gorT +k|r|w+er )+ r'(e+zy)

T p—
:—rTKVr+k||r||trVT/ (W—W)+ r'(e+zy) Vé)
Due to YV
nT

trw (W W)
%H j%? I
=—||r|| 1& kL )]
(27)
In order to make L<0 vQ‘e"A

d that

(26)
So

L <K, 1] + K| |w

vmin ”

+(e+14)

|| max

Kv min (28)

>Wmax/2+\/kanaX/4+ (e+74)/K
(29)
(4)There have’ﬁ‘b" d and also consider the robust item (t)
We desw\tr ust item * )

v=—(g+rd)sgn( ) (30)
2 @e (12) as control law, and adaptive law for RBF is (18).

Or

€ Lyapunov function as:

HT
L_lr Mr+1tr W F‘lW
2 2

(31)
Then
. 1. 0T ]
L=r'M r+2r Mr+tr| W F‘1W
(32)
Because
r'(e+zg+V)=r"(e+7,)+r'v=r"(e+174)—|r||(¢+7,)<0 (33)

Then
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L<0
(34)
6. RBF Neural Network Adaptive Control Strategy Based on Sub-Block
Approximation Algorithm

6.1 Control Law

Take the control law as:
AT

=W o(X)+Kr-v

Take equation (30) as robust item V.

(35)

By equation (6), f (X) can be written as:

f(x)=M(Q)§1()+C(qu§2 1+G( +F%Bv (36)

Where 6i(t)= d+Ae, & (1)= qd+Ae

Adopt the RBF neural network to approac unce ased on sub-block
approximation algorithm, we can apprOX|mat e each factors d on sub-block
approximation algorithm:

'Vl F Qe (qj- -
Then QQ) \\9 ”

d&?@é@%; e
‘bu

Dk (38)
AT AT AT AT AT

@@r— Aolw {WM Wy We WF}

Q7 |

2
ne the adaptive law as:

W = Fuoul” —KyFy ||r||v§/M

(39)
Wy = Rt -k R Wy (40)
We = Fugel” —koFo [r|We (41)
We - Frger” —ke e [r|We (42)
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Where ky >0,k, >0,k; >0,k. >0

6.2. Numerical Simulation

In order to verify the effectiveness of the proposed algorithm in this paper, take the
robot arm system with two joints as the research object, we realized the RBF neural
network adaptive control strategy based on sub-block approximation algorithm in
MATLAB, the dynamics model for the robot arm system with two joints was:

|v|(q)d+V(q,QJd+G(q)+F(qj”‘* - (43)

Where °
P+ P, +2p,C0s( p+pcosq x)
M(q) [ 1 2 3 2 2 3 2

P, + P, €05,
N |-Rg;sing, Q}mq @
oo
p.g,sing,

{MM%%QSS V40, o
q1+q
J&O@:@j %&m 0.2sin(t ]

Control algorithm is realized by usin ink and S function. Adopt the RBF neural
network adaptive contr egy b integral approximation for uncertainness, in

this algorithm tak the con Iaw (17) as adaptive law, in the RBF neural
network adaptlve strategyshased on sub-block approximation algorithm, take (35)
as the contro —42) as adaptive laws .The simulation results were shown in fgiurel
to Figure 6.
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Figure 1. Position Tracking by Using the RBF Neural Network Adaptive
Control Strategy Based on Integral Approximation for Uncertainness
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From the Figure 1 and Figure 2 we can find_thaf,
network adaptive control strategy based on integ %\
proposed control method has features with be
chattering phenomenon in the RBF neural
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7. Conclusions

From the simulation results the fol
control method has features with go Iti

Aiming at the uncertai
instability. This paper
on sub-block appr
control trajector

improved, C@i ther
isi ay ¢

vision robot

concl an be obtained: the proposed

0{ g and smooth movement.

% the dynamic model of robot may cause
neural network adaptive control strategy based
n algorl n this strategy, sliding model control was used to
e joi ‘B%robot so that the stability and robustness can be
tefl uncertainties in the dynamic model of binocular
stablllty, we utilize the RBF neural network to approximate

Q°

s that
posed

S
the each uncertain in t%@/namlc model of robot. In order to verify the validity of the

1zed the RBF neural network adaptive control strategy based on

control algorithm
sub-block appn@won algorithm in MATLAB. From the simulation results the
; oS

can be obtained: Compared with the RBF neural network adaptive

following I
control stra&%vbased on integral approximation for uncertainness, the proposed control

method h@

(1]
(2]
(3]
(4]
(5]
(6]
[7]

62

tures with good position tracking and smooth movement.

nces

. G. Xi and C. Weidong, “The intelligent development of robots and multiple mobile robots
coordination system”, Automation Panorama, vol. 20, no. 1, (2003), pp. 149-153.
W. Y. Long, X. J. Jun and Z. W. Dong, “Research on intelligent robot”, Micronanoelectronic
Technology, no. 1, (2003).
M. Q. Chun, Q. Yong, Z. S. Jun, D. C. Xia, Y. Bo and G. Yun, “Intelligent Robots and Development”,
Periodical of Ocean University of China, vol. 34, no. 5, (2004), pp. 831-838.
L. Haifeng and W. Heng, “Multi-joint robot workspace simulation method”, Micro-computer and
application, vol. 33, no. 2, (2014), pp. 72-74.
W. H. Rui, F. Y. Dong and L. X. Ling, “RBFNN Mode Sliding Control for Robotic Manipulator”, Micro
computer information, vol. 25, no. 6-1, (2009), pp. 35-36.
C. Hegao, “Robot Will Be a Hot Spot of Technological Development in the Twenty First Century”,
China Mechanical Engineering, vol. 11, no. 1/2, (2000), pp. 58-60.
L. Wenbo and W. Yaonan, “Sliding mode variable structure control based on neural networks
compensation for robotic manipulators”, Computer Engineering and Applications, no. 23, (2014), pp.
251-255, 260.

Copyright © 2016 SERSC



International Journal of Multimedia and Ubiquitous Engineering
Vol.11, No.8 (2016)

[8] L.J.Kun and S. F. Chun, “Research and development on theory and algorithms of sliding mode control”,
Control Theory & Applications, vol. 24, no. 3, (2007), pp. 407-418.

[9] S.V.Emelyanov, “Variable structure automatic control systems”, Mo scow, (1967).

[10] V. I. Utkin, “Sliding mo de and their application in VSSs”, Mo scow, (1978).

[11] U. Itkin, “Control systems of variable structure”, John Wiley & Sons, (1976).

[12] Z. C. Fan, “The Research of Sliding Mode Variable Structure Control: A Survey”, Journal of Hnnnan
University of Technology, vol. 18, no. 2, (2004).

[13] L. Jian, W. Xiaoguang, Y. Hongna and L. Lili, “Research on Self-adaptive Control of Robotic
Manipulator Based on Uncertainties Approximated by RBF”, Science & Technology Information, no. 9,
(2014), pp. 97-98,100.

[14] S. S. Ge, T. H. Lee and C. J. Harris, “Adaptive Neural Network Control of Robotic Manipulators”,
World IEEE Transactions on Industrial Electronics (S0278-0046), vol. 44, no. 6, (1997), pp. 746-752.

[15] G. Feng, “A compensating scheme for robot tracking based on neural networks”, Robotics and
Autonomous Systems (S0921-8890), vol. 15, no. 6, (1995), pp. 100-106.

[16] F. L. Lewis, K. Liu and A. Yesildirek, “Neural Net Robot Controller with Guaranteed\rac lﬂg
Performance”, IEEE Transactions on Neural Networks (S1045-9227), vol. 6, no. 3, (1995);

[17] R. J. Wai, “Intelligent Optimal Control of Single-Link Robot Arm”, IEEE Transaction dustrlal
Electronics (S0278-0046), vol. 51, no. 3, (2004), pp. 201-220. ‘6

[18] W. Y. Jian and L. H. Ping, “Robust Adaptive Control and SimulationsAnaly: obgt with RBF”,
Journal of System Simulation, vol. 21, no. 4, (2009), pp. 1111- @

[19] S. Jung and T. C. Hsia, “Neural network inverse con iqu controlled robot
manipulator”, Robotica (S0263-5747), vol. 18, no. 8, ( po0 314

[20] Y. Lu, J. K. Liu and F. C. Sun, “Actuator Nonllnearltl pensatl F Neural Networks in
Robot Control System”, Computational Englneerln ems A S (S 223-9812), vol. 4, no.
5, (2006), pp. 231-238.

[21] S. G. Shuzhi, C. C. Hang and L. C. Woon.@ neural'@k control of robot manipulators in
task space”, IEEE Transactions on Industria onics (S02 46), vol. 44, no. 6, (1997), pp. 746-
752.

[22] Y. Lu,J. K. Liu and F. C. Sun, “Act line ensation Using RBF Neural Networks in
Robot Control System”, Com glneerl%/ ems Applications (52223-9812), vol. 4, no.
5, (2006), pp. 231-238. Qt

[23] Y. Z. Quan, “Neural network co |‘an versuy of electronic science and technology press,
(2009).

[24] Z. Jing, P. X. Hong an . Feng, d RBF neural network control of magnetic levitation”,
Harbin University,of and Techn voI 16, no. 1, (2011), pp. 48-52.

[25] C. L. Xian, “Adap trol of ropo based on RBF network with uncertainty of model approximation”,
Electronlc Desi neerln no 20, (2012), pp. 80-83.

Authors

‘b’ongfeng Cui, He received the MS degree in Computer
Application Technology from Huazhong University of Science and
Technology, China in 2007. Now he is an associate professor at
school of science and technology, Zhoukou normal university. He is
currently researching on Computer Application Technology (CAT).

Chong Tian, He received the MS degree in Applied Mathematics
from Henan Normal University, China in 2010. Now he is an
associate professor at school of mathematics and statistics, Zhoukou
normal University. He is currently researching on Applied
Mathematics (AM).

Copyright © 2016 SERSC 63



International Journal of Multimedia and Ubiquitous Engineering
Vol.11, No.8 (2016)

64 Copyright © 2016 SERSC





