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�-S� �)& ?�
 F�
� �� =3��
���� 	�EO4 6�* ]
�> �� 	�EO4 6�* � #� =�/��� e�)��� . 1

1A�. 	����� ������� 3�e.� =�
�& '���� $�� �� .	� 6�* '��-/ . $��V� 3�� �(�-O� ���/ 3��
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 '5 �� �� =�>�β  3D� ��

�
 ,��(� 3�O�.�>�   

) K�.� 3��[B��/ �2 -15) . (2-20) �O�� �� (2 -18 (�
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)2 -24(  
1

ˆ ˆ( ) ( )TV e ee
γ

= − − ɺɺ ɺ p p p                                                              

) �O�� #�2 -22:����� (  
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 �(& $�"�7 1����&� 3�� 2� ?�� � ����0 �� 1�  �
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 ?� B�� ��9�� 3�� ��D .� �-b* �!-> F� 3��7��� � � '���/ 1�  � ?�� � F� ]
�> =?�� �

�
 ��SO
 '���/.�>�  

=]b" $�� �� #� e.�  N/�
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RI LI K r q uφ+ + + =ɺ ɺ                                                              

 ��d��E� ��# 2��b 3��7�� 3�O� F�
� �
:��>  

)5 -3(  r e e= + Λɺ                                                              

 '5 �� ��Λ  	-%
 3��
�����
K�.� #� 1��M��� � .�>� )5 -1) . (5-2�
 	�� ��# �9��E
 =(:��5  



56  

)5 -4(  
1( ) ( , )

m
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b #��	:  

clc 

clear all 

close all 

syms teta1 teta2 teta3 teta4 real 

syms q1 q2 q3 q4 real 

syms d1 d2 d3 d4 real 

syms a1 a2 a3 a4 real 

syms alfa1 alfa2 alfa3 alfa4 real 

syms I1 I2 I3 I4 real 

syms m1 m2 m3 m4 real 

syms g 

syms dq1 dq2 dq3 dq4 

syms d2q1 d2q2 d2q3 d2q4 

  

 

% D-H notations 

%   |  teta_i  |  d_i  |  a_i  |  alfa_i  | 

% 1 |    q1    |   0   |   a1  |    0     | 

% 2 |    q2    |   0   |   a2  |    180   | 

% 3 |    0     |   d3  |   0   |    0     | 

% 4 |    q4    |   d4  |   0   |    0     | 

 

 

%kinematic parameters 

teta1=q1;    d1=0;       a1=0.330;   alfa1=0;    

teta2=q2;    d2=0;       a2=0.270;   alfa2=180; 

teta3=0;     d3=q3;      a3=0;       alfa3=0; 

teta4=q4;    d4=0.061;   a4=0;       alfa4=0 

     

 

 
T10=[cos(teta1) -sin(teta1)*cos(alfa1)  sin(teta1)*sin(alfa1)  a1*cos(teta1); 

     sin(teta1) cos(teta1)*cos(alfa1)  -cos(teta1)*sin(alfa1)  a1*sin(teta1); 

         0           sin(alfa1)             cos(alfa1)               d1     ; 

         0               0                      0                    1      ]; 

T21=[cos(teta2) -sin(teta2)*cosd(alfa2) sin(teta2)*sind(alfa2)  a2*cos(teta2); 

     sin(teta2) cos(teta2)*cosd(alfa2)  -cos(teta2)*sind(alfa2) a2*sin(teta2); 

         0           sind(alfa2)             cosd(alfa2)               d2    ; 

         0               0                      0                     1     ]; 

T32=[cos(teta3) -sin(teta3)*cos(alfa3)  sin(teta3)*sin(alfa3)  a3*cos(teta3); 

     sin(teta3) cos(teta3)*cos(alfa3)  -cos(teta3)*sin(alfa3)  a3*sin(teta3); 

         0           sin(alfa3)             cos(alfa3)               d3      ; 

         0               0                      0                    1      ]; 

T43=[cos(teta4) -sin(teta4)*cos(alfa4)  sin(teta4)*sin(alfa4)  a4*cos(teta4); 

     sin(teta4) cos(teta4)*cos(alfa4)  -cos(teta4)*sin(alfa4)  a4*sin(teta4); 

         0           sin(alfa4)             cos(alfa4)               d4      ; 

         0               0                      0                    1      ]; 

        

T20=T10*T21; 

T20=simple(T20); 

T30=T10*T21*T32; 

T30=simple(T30); 

T40=T10*T21*T32*T43; 

T40=simple(T40); 

R10=T10(1:3,1:3); 

R20=T20(1:3,1:3); 



75  

R30=T30(1:3,1:3); 

R40=T40(1:3,1:3); 

d10=T10(1:3,4); 

d20=T20(1:3,4); 

d30=T30(1:3,4); 

d40=T40(1:3,4); 
  
z0=[0 0 1]';      

z1=R10*z0;                     % z1=R10(1:3,3); 

z2=R20*z0; 

z3=R30*z0; 

Jv=[cross(z0,d40-0) cross(z1,d40-d10) z2 cross(z3,d40-d30)]; 

Jw=[z0 z1 [0;0;0] z3]; 

J=[Jv;Jw]; 

  

% dci0=di0 + Ri0*dcii 

dc10=d10+R10*dc11; 

dc20=d20+R20*dc22; 

dc30=d30+R30*dc33; 

dc40=d40+R40*dc44; 

Jvc1=[cross(z0,dc10-0),[0;0;0],[0;0;0],[0;0;0]]; 

Jvc2=[cross(z0,dc20-0), cross(z1,dc20-d10),[0;0;0],[0;0;0]]; 

Jvc3=[cross(z0,dc30-0), cross(z1,dc30-d10),z2,[0;0;0]]; 

Jvc4=[cross(z0,dc40-0), cross(z1,dc40-d10),z2,cross(z3,dc40-d30)]; 

  

Jvc1=simple(Jvc1); 

Jvc2=simple(Jvc2); 

Jvc3=simple(Jvc3); 

Jvc4=simple(Jvc4); 

Jw1=[z0,[0;0;0],[0;0;0],[0;0;0]]; 

Jw2=[z0,z1,[0;0;0],[0;0;0]]; 

Jw3=[z0,z1,[0;0;0],[0;0;0]]; 

Jw4=[z0,z1,[0;0;0],z3]; 

 

% Inertia Matrix 

D=m1*Jvc1'*Jvc1+Jw1'*R10*I1*R10'*Jw1+... 

m2*Jvc2'*Jvc2+Jw2'*R20*I2*R20'*Jw2+... 

m3*Jvc3'*Jvc3+Jw3'*R30*I3*R30'*Jw3+... 

m4*Jvc4'*Jvc4+Jw4'*R40*I4*R40'*Jw4; 

D=simple(D); 

 

% Potential energy 

g=[0 0 g];         

V=m1*g*dc10+m2*g*dc20+m3*g*dc30+m4*g*dc40;     

V=simple(V); 

V=vpa(V,4); 

 

% kinetic energy 

q=[q1;q2;q3;q4]; 

dq=[dq1;dq2;dq3;dq4]; 

trdq=[dq1 dq2 dq3 dq4]; 

d2q=[d2q1;d2q2;d2q3;d2q4]; 

K=0.5*trdq*D*dq; 

K=simple(K); 

K=vpa(K,4); 

dD=(diff(D,q1)*dq1+diff(D,q2)*dq2+diff(D,q3)*dq3+diff(D,q4)*dq4); 

dDdq=dD*dq; 

dK=[diff(K,q1);diff(K,q2);diff(K,q3);diff(K,q4)]; 
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Cdq=dDdq-dK; 

Cdq=simple(Cdq); 

Cdq=vpa(Cdq,4); 

G=[diff(V,q1);diff(V,q2);diff(V,q3);diff(V,q4)]; 
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Abstract 

One of the difficulties of model-based control approaches is the uncertainty in system 

modeling. Therefore, estimation and compensation of uncertainty can improve the 

performance of control system. In this thesis, three novel adaptive approaches for 

estimation and compensation of uncertainty in the robust control of robot manipulator 

are proposed. In the first approach, Taylor series and in the second one Neural networks 

are used for uncertainty estimation and compensation using voltage control strategy 

instead of conventional torque control approaches. The third method is model-free and 

uncertainty is estimated by radial-basis-function networks. As advantages, the proposed 

control methods do not require proper selection of uncertainty bound parameters or 

bounding functions. As a result, one of the most important issues in designing the 

conventional robust control of robot manipulator which is the proper choice of 

uncertainty bounds and bounding functions are solved. In the conventional robust 

control, too low estimation of the uncertainty bounds may cause a higher tracking error 

while too high estimation of the bounds may cause saturation of input, higher frequency 

of chattering in the switching control laws and thus a bad behavior of the whole system. 

Scara robotic arm equipped with an electric permanent magnet motor is used for 

tracking control. In this research, kinematics and dynamics of robot and robust control 

methods equipped with the adaptive uncertainty estimators are introduced. In all of 

these proposed methods, closed-loop system stability is proved. To evaluate the 

performance of the proposed control system, controllers are simulated by MATLAB 

software. Simulation results show the efficiency of the control schemes.  

 

Keywords: Uncertainty Estimation and Compensation, Robust Control, Taylor Series, 

Neural Networks, Robotic Arm, Voltage Control Startegy 
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