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This�paper�propses�a�robust�adaptive�controller�based�on�Radial�Basis�Function�Neural�Network�(RARBFNN)�
for�cleaning�and�detecting�robot�manipulators�(CDRM)�in�uncertain�dynamical�environments.�By�combining�the�
sliding�mode�technique�with�Radial�Basis�Function�neural�network�and�adaptive�controller�the�tracking�control�
was� improved.� The�RARBFNN�works�well�with� the� de�ned� problems�because� of� its� simple�structure,� faster�
training�update�laws�and�better�approximation�for�the�unknown�dynamic�of�CDRM.�The�adaptive�turning�rules�
for�the�network�parameters�were�derived�using�the�Lyapunov�stability�theorem.�In�this�control�scheme,�a�robust�
compensator�was�constructed�as�an�auxiliary�controller�to�guarantee�the�stability�and�robustness�under�various�
environments’� conditions� such�as� the�mass� variation,� the�external� disturbances,� and�modeling� uncertainties.�
Therefore,� the� stability,� the� robustness� and� the� desired� tracking�performance� of�RARBFNN� for� CDRM�were�
guaranteed.�Finally,� the�simulation� results� in�comparison�with�adaptive�Radial�Basis�Function�Neural�Network�
controller�are�provided�to�verify�the�effectiveness�of�the�proposed�controller.

�����������RERW�PD�LSXODWRU���HXUDO��HWZRUN����)��HWZRUN��VOL�L�J�PR�H�FR�WURO��D�DSWL�H�FR�WURO�

Tóm�tắt

Bài�báo�đề�xuất�một�bộ�điều�khiển�bền�vững�thích�nghi�trên�cơ�sở�mạng�noron�hướng�tâm�(RARBFNN)�cho�robot�
tìm�và�làm�sạch�bẩn�(CDRM)�trong�môi�trường�động�lực�học�bất�định.�Ở�đây,�bằng�sự�kết�hợp�công�nghệ�trượt,�
mạng�noron�hướng�tâm�và�điều�khiển�thích�nghi�để�cải�thiện�điều�khiển�bám.�RARBFNN�có�thể�xử�lý�thành�công�
bởi�cấu�trúc�đơn�giản,�tốc�độ�học�nhanh�và�khả�năng�xấp�xỉ�tốt�hơn�cho�động�học�bất�định�của�robot�tìm�và�làm�
sạch�bẩn.�Các�luật�học�của�các�tham�số�mạng�được�xác�định�trên�cơ�sở�thuyết�ổn�định�Lyapunov.�Trong�cấu�trúc�
điều�khiển�này,�bộ�điều�khiển�bù�trượt�được�xây�dựng�giống�như�một�bộ�điều�khiển�phụ�để�đảm�bảo�tính�ổn�định�
và�bền�vững�trong�môi�trường�khác�nhau�như�sự�thay�đổi�của�tải,�nhiễu�bên�ngoài�tác�động�và�mô�hình�bất�định.�
Do�đó,�tính�ổn�định,�bền�vững�và�hiệu�suất�bám�của�RARBFNN�cho�robot�tìm�và�làm�sạch�bẩn�được�đảm�bảo.�
Cuối�cùng,�kết�quả�mô�phỏng�được�so�sánh�với�bộ�điều�khiển�thích�nghi�no�ron�hướng�tâm(ARBFNN)�để�kiểm�
chứng�tính�hiệu�quả�của�bộ�điều�khiển�đề�xuất.

Từ�khóa:�Tay�máy�robot;�mạng�nơron;�mạng�RBF;�điều�khiển�trượt;�điều�khiển�thích�nghi.

���,1�52����,21

In� general,� robot� manipulators� are� multivariable�
nonlinear�system,�and�they�usually�suffer�from�various�
uncertainties� in� their� dynamics,� such� as� external�
disturbance,�nonlinear�friction,�highly�time-varying,�and�
payload�variation.�Therefore,� it� is� dif�cult� to� establish�
exactly� mathematical� model� to� achieve� the� exact�
trajectory� tracking� performance� for� reference� inputs�
and� the� robustness� for� the� external� disturbances� of�
robot� manipulators.� To� overcome� these� problems,�

adaptive� control� strategies� have� been� developed� of�
many�researchers,�as�shown�in�[1-6],�for�example.

Recently,� the� applications� of� intelligent� control�
such� as� fuzzy� control� and� neural� control� to� the�
position� control� of� robotic�manipulator� have� received�
considerable� attention� [11-15].� Research� on� neural�
networks� techniques� have� been� provided� online�
learning�algorithms�and�deal�with�unmodeled�unknown�
dynamics�in�robot�model.�In�[16],�adaptive�control�based�
on�neural� networks�have�been�designed�on�wheeled�
inverted�pendulum�(WIP)�system�for�dynamic�balance�
and� motion� tracking� of� desired� trajectories� by� using�
the�LQR�optimization� technique� to�minimize�both� the�
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motion�tracking�error�and�the�transient�acceleration�for�
the�best�driving�comfort.�In�[17],�adaptive�neural�control�
was�presented�for�a�rehabilitation�robot�with�unknown�
system�dynamics�to�deal�with�the�system�uncertainties�
and� improve� the�robustness.�The�adaptive�NNs�were�
used�to�approximate� the�unknown�model�of�the�robot�
and� to� adapt� interactions�between� the� robot� and� the�
patient.�In�[18],�a�neural-based�control�with�robust�force�
motion� tracking� performance� for� constrained� robot�
manipulators�was�proposed�to�deal�with�the�uncertain�
environmental�constrains,�disturbances,�and�unknown�
robotic� dynamics.� In� [19],� a� robust� neural� network�
output�feedback�control�scheme,�that�included�a�novel�
neural�network�observer,�was�presented�for�the�motion�
control�of�robot�manipulator.�

In�addition,�the�radial�basis�function�network�has�been�
applied� also� to� control� dynamic� systems.� The� RBF�
network� is� a� special� architecture� of� neural� network�
[20].� It� has� been� very� useful� to� control� the� dynamic�
systems� [21-23].� The� RBF� network� adaptation� can�
improve�the�control�performance�with�large�uncertainty�
of� the� system.� The� adaptation� rule� is� derived� using�
the�Lyapunov�method�so�that�the�stability�of�the�entire�
system�and�the�convergence�of�the�weight�adaptation�
are� guaranteed.� In� [24],� an� adaptive� controller� using�
RBF�network�was�proposed�to�derive�elements�of�inertia�
matrix,�Coriolis�matrix�and�gravitational�force�vector�for�
the�dynamics�of�robot�manipulators�in� task�space.�By�
designing�the�control�law�in�the�task�space,�force�control�
can�be�easily�formulated.�In�[39],�multiple�parameters�
model-based� sliding� mode� technique� was� presented�
to� improve� the� tracking� performance� for� a� certain�
class�of�nonlinear�mechanical�system.�The�introduced�
method�could� be� used� to� remove� the�chattering� and�
in�nitely�fast�switching�control�problem�from�the�robust�
control�strategy.�In�this�paper,�we�propose�an�adaptive�
RBF� network-based� NN� controller� which� combines�
with� SMC� robust� compensator� to� control� problems�
for� two-link� robot�manipulator�which� the� conventional�
controllers�cannot�properly�handle� large�disturbances�
and�parameter� changes.� The� weights� of�RBFNN� are�
updated�online�by�using�Lyapunov�stability�theory.�We�
also� use� Lyapunov� stability� theory� to� prove� that� the�
proposed� scheme� is� not� only� ensure� the� stability� of�
the�control�system,�but�also�has�the�robustness�to�the�
unmodeled�dynamics.�When�compared�with�the�existing�
results� in� the� literatures,� our� proposed� controller� is�
more��exible,�and�the�time-consuming�training�process�
is� not� necessary.� Furthermore,� based� on� simulation�
and�ex-�periment�results,�the�disadvantages�which�are�
the� chattering� phenomenon,� tracking� errors� from� the�
discontinuous�control�efforts�of�SMC,�are�improved.
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The�RBF�neural�netwrks�con�guration�is�described�in�
Fig.�1.
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of�computing�units�which�is�called�hidden�nodes.�Each�
neuron�of�the�hidden�layer�is�activated�by�a�radial�basis�
function.�The� output� of� hidden� layer� is� calculated� as�
follows:

2

2
( ) exp , 1,...,

2

j

j

j

x a
h x j m

b

æ ö-
ç ÷= - =
ç ÷
è ø

� �(1)

Where:�

P�is�the�number�of�hidden�nodes;

1 2, ,...,j j j jna a a aé ù= ë û ��is�the�center�vector�of�neural�net�

j,
�
�
M
�notes�the�standard�deviation�of�the�jth�radial�basis�

function,� [ ]1 2, ,...,
T

nb b b b= �and�� MK is�Gaussian�activa-

tion�function�for�neural�net�j.

Fig.�1.��WUXFWXUH�RI���)11

/D�HU���(Output�layer)�In�this�layer,�the�output�signal�is�
calculated�as�follows:

( ) W ( , , ); 1, 2, ...,
1

m
f x h x a b i nj ji jj

= =å
=

� �(2)

where� � ML � is� the� weight� connecting� the� j-W�� hidden�

node� to� the� i-W�� output� node� and�n� is� the�number� of�

inputs.

�����1�0,��2)�52%2��0�1,3����256

Consider� the� dynamic� equation� of� two-link� Cleaning�

and�Detecting�robot�manipulator�[9]:

0

( ) ( , ) ( ) ( )
CD CD CD CD

M C G Fh h h h h h h

t t

+ + +

= -

!! ! ! !
� �(3)

Where:
x1

( , , )
n
Rh h h Î! !! �are�the�vectors�of�joint�position,�velocity�

and�acceleration,�respectively;

x
( )

CD
n n

M Rh Î ��is�the�symmetric�inertial�matrix;
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x
( , )

CD
n n

C Rh h Î! �is�the�vector�of�Coriolis�and�centripetal�

forces;
x1

( )
CD

n
G Rh Î expresses�the�gravity�vector;

( )F h! ��represents�the�vector�of�the�frictionis;�
x1

0
n
Rt Î �the�unknown�disturbances� input�vector�and�

x1n
Rt Î is�the�joints�torque�input�vector.�

For�the�purpose�of�designing�controller,�there�are�four�

properties�[6]�for�the�dynamics�of�the�robot�model�(1)�

as�follows.

3URSHUW�� ���The� inertial�matrix� ( )
CD

M h � is� a�positive�
symmetric�matrix�and�bounded:

:

2 2
2

1

( )1
T

CD

n
x R

m x x M x m xh

´
" Î

£ £

� �(4)

With�P
�
�and�P

�
�are�known�positive�constants.

3URSHUW����� ( ) 2 ( , )
CD CD

M Ch h h-! ! ��is�a�skew�symmetric�
matrix,�for�any�vector�x:

( ) 2 ( , ) 0
T
M C xCD CDx h h hé ù- =ë û! ! � �(5)

3URSHUW�� ��� ( , ) , ( )
CD CD
C Gh h h h! ! �� and� ( )

CD
F h!  are�

bounded�as�follows:

2
( , ) , ( )

( ) ( ) 0

CD CD k

CD

C C G Gk

F F Fk

hh h h h

h h

£ £

£ +

!! !

! !
�(6)

with� , , ,
0

G F F
k k

Ck �are�positive�constants.�

3URSHUW�� ��� 0 0
1

0;
n
Rt t
´

> Î
�
is� the� unknown� distur-

bance�and�bounded�as:

00
Et £ � �(7)

��� �(6,*1� 2)� ���3�,9(� 1(�5��� 1(�:25.�

�21�52��(5�

������GDSWLYH�5%)11��LWK�60��URE�VW�FRPSH�VDWRU

The�block�diagram�of�the�adaptive�radial�basis�function�

neural� network� is� shown� in�Fig.� 2.� The� output�of� the�

RBF�neural�network�(2)�can�be�rewritten�as�follows:

( ) ( )Tf x W h x e= + �(8)

where� [ ]1 2, ,...,
T

mh h h h= �,�W�is�optimum�weight�value�
and�e�is�an�approximation�error�vector.

Figure�2.��UF�LWHFWXUH�RI�W�H�D�DSWL�H���)11

�VVXPSWLR��1�The�approximation�error�e� is�a�positive�
real�constant��and�bounded�as�follows:

0e e£ � �(9)

The�approximate�value�of�the�output�RBF�is�designed�as:

ö ö( ) W ( , , )Tf x h x a b= �(10)

Where�  
1 21

ö ö ö öW [W W ...W ]
T T

m
= ���������������������

From�(8)�and�(10),�we�have

ö ö( ) ( ) ( ) W ( ) W ( )T Tf x f x f x h x h xe= - = + -! �

( )=W ( )Tf x h x e+! ! �
�(11)
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Where� öW=W W-! �

In�this�section,�we�consider�that�by�using�an�approximate�

adaptive�robust�law,�the�system�stability�is�guaranteed�

and� tracking� errors� is� converged� to� zero� when� t� −∞.�

De�ne� a� tracking� error� vector� and� the� sliding� mode�

function�as�the�following�equation:

( ) de t h h= - � �(12)

( )s t e el= -! � �(13)

Where 1 2diag( , ,..., )nl l l l= � is� a� diagonal� positive�

de�nite�matrix.�
It� is� typical� to� de�ne� an� error� metric� � �� W � to� be� a�
performance� measure.� When� the� sliding� surface�

� � �� W = ,�the�sliding�mode�is�governed�by�the�following�
differential�equation�according� to� the�theory�of�sliding�
mode�control:

e el= -! �

The�behavior� of� the� system�on� the�sliding� surface� is�
determined�by�the�structure�of�the�matrix�l.�When�the�
error�metric� � �� W �is�smaller,�the�performance�is�better.�
Therefore,�(3)�can�be�rewritten�as:�

0

( )

( )

( )

CD CD

CD CD CD

CD CD

M s M e e

M s M e M

M s f x C s

l

h l h

t t

= +

= + -

= - - +

! !! !

!! !!! !

!

�(14)

Here,� � �I � is�de�ned�as�follows:

( ) ( )( ) ( , )( )

( ) ( )

f x M e C e

G F

h h l h h h l

h h

= + + +

+ +

!! ! !!! !

!
� �(15)

The�adaptive�law�is�represented�as�follows:

0

ö ( )sdt
P I
K s K f xsmc

t
t t ò= + + + � �(16)

Where� .
3
�� .

�
� are� the� positive� de�nite� matrix� and�

( ), ,...,1 2diag K K KP P PnP
K = �, ( ), ,...,1 2diag K K KI I InI

K =  
ö ( )f x � is� the� approximation� of� the� adaptive� function�
� �I � . And� smct � is� a� robust� term� that� is� used� to�

suppress�the�effects�of�uncertainties�and�approximation�

errors.�The�sliding�mode�controller� smct  Ls�designed�by:
2 2 2Ww

4 4 4
sgn( )

s k k a k ba b
s

k ssmc st
æ ö
ç ÷+ +
ç ÷
è ø

= + � �(17)

where� � � � is� positive� constant� as:� 0 0( )sk e t= +
Substituting�(16)�into�(14)�and�using�(11)�yields.

0

0

0

0

ö( ) ( ( ))

( ) ( )

sdt
CD P I

sdt
P CD I

Ms f x C s K s K f xsmc

f x K C s K smc

t

t

t t

t t

ò

-ò

= - - + + + +

= - + - +

!

"

�

0

0
( ) W ( )sdt
p CD I

T
K C s K h x

smc

Ms
t

e t t

ò

-

= - + - +

+ +

!"
�

�(18)

By� applying� the� adaptive� control� law� (16)� to� the�

dynamic�(1)�and�using�the�sliding�mode�control�robust�

compensator� (17),� the� online� RBF� adaptive� update�

laws�are�selected�as:�

w

ö
a

ö
b

ö öW Ww w

ö

ö

s

a s
a

b s
b

T
k hs

a k

b k

= - F +F

= - F

= - F

ì
ïï
í
ï
ïî

!

!

!

� �(19)

Where� ; ; ; ; ;
ww k k k

a b a b
F F F ��are�positive.�

�����6WDELOLW��D�G�FR�YHU�H�FH�D�DO�VLV

We�choose�the�Lyapunov�function�as�follows:

0 0

1 1
w

1

( )
1

2

1 1
(W W) ( )

2 2

1
( )

2

Tt t
T

CD I

T T
a

T
b

V t s M s sdt K sdt

tr tr a a

tr b b

- -

-

=
æ öæ ö æ ö
ç ÷+ ç ÷ ç ÷
ç ÷è ø è øè ø

+ F + F

+ F

ò ò

! ! ! !

! !

� �(20)

Where� tr(.)� is� a� trace� operator� and� öW W W;= -!

öa aa= -! ;� öb=b-b.! �

Differentiating�9�W��along�to�time,�we�have:

0

1 1 1
W

1

2
( )

öö ö(W W) ( ) ( )

t

I
K sdt

T T T
a b

T T T

CD CD
V t s M s s M s s

tr tr a a tr b b- - -

+ +

-

= ò

F - F - F

! !!

!! ! "" "

�
�(21)

Substituting�(18)�into�(21),�yields:

1
W

1 1

1

2
( ) ( 2 )

W ( ) ö(W W)

öö( ) ( )

T
smc

T T
a b

T T

T T T

p CD CD

E

V t s K s s M C s

T
s s h x s tr

tr a a tr b b

t -
+

- -

-

= - + -

+ - F

- F - F

! !

" !"

!! ""

� �(22)

Where� 0
E e t= +

By� using� property� 2� and� since� - öW= W;
!!" �

s W W s( )( ) ( ( ) )T T T Th x x tr h x=! ! �and� from� adaptive� law�
(19),�(22)�becomes:

ö( ) (W W)w

öö( ) ( )a b

T T T
V t s K s s E s k trp

T T T
s s k tr a a s k tr b bsmct

= - + +

- + +

! "

""

� �(23)

Substituting�(17)�into�(22),�we�have:

2 2 2Ww( )
4 4 4

ö(W W)w

öö( ) ( )a b

s k k a k bT a bV t s
s

T T T
s K s s E s k trp

T T
s k tr a a s k tr b b

æ ö
ç ÷
ç ÷
è ø

= - + +

- + +

+ +

æ ö
ç ÷
è ø

!

"

""

� �(24)
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By�using

( ) ( )
2

W W W W,W W

2
W W W

T
tr - = -

£ -

! ! ! !

! !
�

(24)�can�be�rewritten�as:�

( )
( ) ( )

2 2 2ww( ) sgn( )
4 4 4

2
W W Ww

22
a a a b b ba b

s k k a k bT a bV t s k ss s

T T
s K s s E s kp

s k s k

æ ö
ç ÷
ç ÷
è ø

£ - - + +

- + + -

+ - + -

æ ö
ç ÷
è ø

!

" "

" "" "
�(25)

2
W

( ) Ww
2

2 2
a b

a ba b2 2

T
V t s K s s kp

s k s k

£ - + -

+ - + -

æ ö
ç ÷
è ø

æ ö æ ö
ç ÷ ç ÷
è ø è ø

! "

""

�

( )
T

V t s K sp£ -! ��(26)

Then

( ) 0V t £! � ��(27)

From�this�result�we�see�that,�will�converge�to�zero�when��
and�the�global�stability�of�the�control�system�for�CDRM�
is�guaranteed.

���6,0����,21�5(6���6�

In� this� section,� this� study� will� consider� the� two� link�

Cleaning� and� Detecting� robot� manipulator� to� verify�

the�effectiveness� of� the�proposed� intelligent� adaptive�

control�method�by�using�the�RARBFNN�(Fig.3).�

Fig.�3.���H��OHD�L�J�D����HWHFWL�J�URERW�PD�LSXODWRU

The�detailed�system�parameters�of�the�two�link�Cleaning�

and�Detecting�robot�manipulator�are�given�as�following:

0( ) ( , ) ( ) ( )
CD CD CD CD

M C G Fh h h h h h t t+ + + = -!! ! !
�

Where��

( ) ( )11 12( )
( ) ( )21 22

2 2 2
( ) 2 cos( ) cos( )1 2 1 2 2 2 1 2 2 2 2 2 1 2 2

2 2
cos( )2 2 2 1 2 2 2 2

M M
MCD M M

m m l m l m l l m l m l l

m l m l l m l

h h
h

h h

h h

h

=

+ + + +
=

+

é ù
ê ú
ë û

é ù
ê ú
ê úë û

�

2 1 2 2 1 2

2 1 2 1

11 12

21 22

2 2 2 1 2

2

( ) ( )

( ) ( )

)

( , )

sin( ) sin(( )(

sin( ) 0

CD

C C
C

C C

m l l m l l
m l l

h h

h h

h h h h h

h h

h h

+

=

- -
=

é ù
ê ú
ë û

é ù
ê úë û

! ! !

!

!

�

1 2 1 2 2 1

2 2 1

1 2

1 2

2 2

2

)1

)2

( ,
( )

( ,

cos( ) cos( )

cos( ) 0

( )

CD

G
G

G

g g

g

m m l m l

m l

h h
h

h h

h h h

h h

é ù
ê ú
ê úë û

+

+

=

=
+é ù

ê úë û

�

)1 1 1

2 2 2

1

2

( ) 0.5 (

( ) 0.5 ( )
( )

F sign

F sign
F

h h
h

h h

t

t
t

é ù é ù
=ê ú ê ú

ë û ë û

é ù
ê ú
ë û

=

=

! !
!

! !

�

1 2 0,1sin( )d d tt t= = �
�

In�which�m
�
�and�m

2
�are� the�mass�of� joint�1�and� joint�

2,� respectively,� l
�
� and� l

2
� are� the� length�of� joint�1�and�

joint�2,�respectively�and�g�is�acceleration�of�gravity.�The�

parameters�of�two-link�robot�manipulator�are�given�as:�

m
�
�=�3(kg);�m

2
�=�2(kg);�

l
�
�=�0.8(m);�l

2
�=�1(m);�

g�=�10(m/s2).

The� parameter� values� used� in� the� adaptive� control�

system�are:�

[ ] [ ] [ ];5,5 ; 20, 20 15,15wp
diag K diag diagl = == F �

The� control� objective� is� to� control� the� joint� angles� of�

a� two-link� robot� manipulator� to� follow� the� desired�

trajectories.�The�desired�position�trajectories�of�two-link�

robot�manipulators�are�chosen�by:� 1 2 0.1sin( )d d th h= = �

and� initialsitions� of� joints� are� h! = [0.1� − 0.1]*�� and�
initial� velo-cities� of� joints� are� h! = [0.0� − 0.0])�.� Let�
� = h

#
− h = [e' − e(]

*��be�the�tracking�errors.�

The�structure�of�the�proposed�controller�can�be�charac-

terized�by�m=4�nodes.

Since�these�simulated�results�in�Fig.4,�the�tracking�errors�

of�the�ARBFNN�and�the�proposed�intelligent�control�are�

converged.�However,�the�proposed�intelligent�controller�

converges�faster�than�the�ARBFNN.�In�addition,�based�

on� tracing�erors� for� links,�we�see� that� tracking�errors�

of� the� proposed� RARBFNN� is� smaller� than� tracking�

errors� of� the� ARBFNN.� It� means� that� the� proposed�

controller� has� position� tracking� improvements� better�

than� ARBFNN� and� the� approximation� ability� of� the�

dynamics�structure�RARBFNN� is�also�better� than� the�

ARBFNN.�Moreover,�from�Fig.4�can�observe�that,�the�

control�force�of�the�proposed�controller�is�smoother�and�

has�smaller�oscillation�than�the�ARBFNN.
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Fig.�4.��LPXODWH��SRVLWLR��UHVSR�VHV��WUDFNL�J�HUURUV�D���FR�WURO�HIIRUWV�RI�W�H�SURSRVH��V�VWHP���

���)11�FR�WURO

����21���6,21�

In�this�paper,�we�have�successfully�demonstrated�the�

development� and� application� of� a� robust� adaptive�

radial�basis�function�neural�network�control�system�for�

the�trajectory�tracking�to�control� the�two�link�Cleaning�

and� Detecting� robot� manipulator.� The� structure� of�

the�proposed� system� incorporates� the�advantages� of�

radial�basis� function�neural� network,�Adaptive� control�

and�sliding�mode�robust�term�function.�The�radial�basis�

function�network�generates�control�input�signals,�and�the�

adaptive�control�law�is�derived�to�guarantee�the�stability�

of�the�control�system�based�on�the�Lyapunov�method�

which�is�often�used�in�the�conventional�adaptive�control�

method.�In�this�scheme,�the�robust�compensator�acts�

as�an�auxiliary�controller�to�guarantee�the�stability�and�

robustness�of� the�control�system�under�the�existence�

of� disturbance,� mass� variation,� and�modeling� errors.�

Finally,�based�on�the�simulation�results,�the�proposed�

adaptive�control�scheme�is�shown�to�work�well� in� the�

trajectory�tracking�control�of�the�two�link�Cleaning�and�

Detecting� robot�manipulator� and� can�also� be�applied�

to� other� system,� such� as� AC� servo� system,� mobile�

robotic,...
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