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Abstract:  This Design of a graphical user interface (GUI) is a fine task requiring knowledge of human cognitive 

behavior, design strategies and programming skills. In this paper, a GUI has been developed for position analysis of 6 

DOF using MATALAB software. The kinematic problem is defined as a transformation from the Cartesian space to 

the joint space. In this paper the Denavit Hardenberg (D-H) model representation was used to model links and joints. 

Both forward & Inverse kinematic were discussed 
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I. INTRODUCTION 

According to oxford English dictionary Robot is a machine capable of carrying out a complex series of actions 

automatically, especially one programmable by a computer. Robots are very powerful elements of today industry. They are 

capable of performing many different tasks and operations, are accurate, and do not require common safety and comfort 

elements humans need. The subject of robotics covers many different areas. Robots alone are hardly ever useful. They are 

used together with other devices, peripherals, and other manufacturing machines. 

 

 
Fig.1. basic components in industrial robot 

 

II. DENAVIT-HARTENBERG REPRESENTATION 

 In 1955, Denavit and Hartenberg published a paper in the ASME Journal of Applied Mechanics that was later used to 

represent and model robots and to derive their equations of motion. This technique has become standard way of representing 

robots and modeling their motion, and therefore, is essential to learn. The Denavit-Hartenberg (D-H) model of 

representation is a very simple way of modeling robot links and joints that can be used for any robot configuration, 

regardless of its sequence or complexity. 

Robots may be made of a succession of joints and links in any order. The joints may be either prismatic (linear) or 

Revolute (Rotational), move in different planes, and have offsets. The links may also be of any length, including zero; may 

be twisted and bent; and may be in any plane. Therefore, any set of joints and links may create a robot 
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Fig.2. D-H successive joints & links 

 

2.1 D-H Parameters 

 There are 2 Links & 2Joint parameters are used in D-H Representation. 
2.1.1 Link Parameters 

i. Length of Linki (ai): It is mutual perpendicular distance between Axisi-1 and Axisi. 

ii. Angle of twist of Linki (αi): It is defined as the angle between Axisi-1 and Axisi. 
 

2.1.2 Joint Parameters 

i. Offset of Linki (di): It is the distance measured from a point where ai-1 intersects the Axisi-1 to the point where 

ai intersects the Axisi-1 measured along the said axis. 

ii. Joint Angle (ϴi): It is defined as the angle between the extension of ai-1 and ai measured about the Axisi-1 

2.1.3 The Final Transformation Matrix   

 The transformation between two successive frames is represented as below. 

 

    
        

      (1) 

 

 

III. KINEMATIC MODEL OF 6 DOF ROBOT 

For Kinematic analysis of taken 6 DOF serial link Manipulator, the D-H representation of Forward & Inverse Kinematics are 

mathematically Obtained first. 

 
 

Fig.3.reference frames for the simple 6-DOF articulate robot. 
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The joint & Link parameters of 6 DOF robots are noted below in a table 1. 

 

Table 1. D-H Parameter for taken 6 DOF Robot 

# ϴ d a α 

0-1 ϴ1 0 0 90 

1-2 ϴ2 0 80 0 

2-3 ϴ3 0 70 0 

3-4 ϴ4 0 50 -90 

4-5 ϴ5 0 0 90 

5-6 ϴ6 0 0 0 

 

 

3.1 Forward Kinematics 

 If all the robot joint variables are known, using forward kinematic equations, we can calculate where the robot is at any 

instant. 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

Therefore the total transformation between the base of the robot and the hand will be, 

  

 RTH = A1 A2 A3 A4 A5 A6           (2) 

 

 By multiplying all “A” matrix, the final transformation matrix is obtained. 

 

3.2 Inverse Kinematics 

 This means by placing the hand of the robot at a desired location & Orientation, the joint angle & Link length variables are 

easily obtained. For calculating the joint & Link parameters, the final forward kinematics equation is used here. 

 

From Equation 2, 
RTH = A1 A2 A3 A4 A5 A6 

Therefore, 

 

 

               

 

              (3) 
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The following joint angle values ϴ1 & ϴ3 are obtained by multiplying the inverse of “A1” matrix with whole transformation matrix. 

 

 

 

 

              (4) 

 

 

 

 

 

By solving above equation, Angle 1 & 3 are obtained 

 

              (5) 

 

 

 

 

              (6) 

 

 

The following joint angles ϴ2, ϴ4, ϴ5, ϴ6 are Obtained by multiplying the inverse of “A1, A2, A3, A4,” with the whole 

transformation matrix. 

 

          

 

 

 

              (7) 

 

 

 

 

 

By solving the above equation, Angle 2,4,5,6 are Obtained 

 

 

              (8) 
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IV. GUI DEVELOPMENT FOR 6 DOF ROBOT POSITION ANALYSIS 

In this chapter, a detailed discussion on the implementation, creation and the forward and inverse kinematics analysis of the 

robotic arm using MATLAB tool is provided. The flow chart below explains the process starting with creating the robot, 

controlling the robot with input joint angles, forward kinematics and inverse kinematics functions used for the implementation. 

 

 

 

 

 

 

 

 

  

 

 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

MATLAB 2014B 

Initialization of PETER CORKE 

ROBOTIC TOOL BOX FEATURE 

Link Creation 

DH - PARAMETER 

Link Creation 

DH - PARAMETER 

Controlling the Robot 

(Joint Angles) 

Forward Kinematics 

(FKINE) 

Inverse Kinematics 

(IKINE) 

END 
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4.1 Creation of GUI for 6 DOF manipulator: 

  

 
Fig.4.kinematic analysis GUI layout creator 

 

 
 

Fig.5.kinematic analysis GUI – APP for 6 DOF serial link robot 
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4.2 Forward Kinematics Matlab Code 

Th_1 = str2double(handles.Theta_1.String)*pi/180; 

Th_2 = str2double(handles.Theta_2.String)*pi/180; 

Th_3 = str2double(handles.Theta_3.String)*pi/180; 

Th_4 = str2double(handles.Theta_4.String)*pi/180; 

Th_5 = str2double(handles.Theta_5.String)*pi/180; 

Th_6 = str2double(handles.Theta_6.String)*pi/180; 

L_1 = 20; 

L_2 = 50; 

L_3 = 40; 

L_4 = 50; 

L_5 = 40; 

L_6 = 20; 

L(1) = Link([0 L_1 0 pi/2]); 

L(2) = Link([0 0 L_2 0]); 

L(3) = Link([0 0 L_3 0]); 

L(4) = Link([0 0 L_4 -pi/2]); 

L(5) = Link([0 0 L_5 pi/2]); 

L(6) = Link([0 L_6 0 0]); 

Robot = SerialLink(L); 

Robot.name = 'RRR_Robot'; 

Robot.plot([Th_1 Th_2 Th_3 Th_4 Th_5 Th_6]); 

T = Robot.fkine([Th_1 Th_2 Th_3 Th_4 Th_5 Th_6]); 

handles.Pos_X.String = num2str(floor(T.t(1))); 

handles.Pos_Y.String = num2str(floor(T.t(2))); 

handles.Pos_Z.String = num2str(floor(T.t(3))); 

4.3 Inverse Kinematics Matlab Code: 

PX = str2double(handles.Pos_X.String); 

PY = str2double(handles.Pos_Y.String); 

PZ = str2double(handles.Pos_Z.String); 

L_1 = 0; 

L_2 = 80; 

L_3 = 70; 

L_4 = 50; 

L_5 = 0; 

L_6 = 0; 

L(1) = Link([0 L_1 0 pi/2]); 

L(2) = Link([0 0 L_2 0]); 

L(3) = Link([0 0 L_3 0]); 
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L(4) = Link([0 0 L_4 -pi/2]); 

L(5) = Link([0 0 L_5 pi/2]); 

L(6) = Link([0 L_6 0 0]); 

Robot = SerialLink(L); 

Robot.name = 'RRR_Robot'; 

T = [ 1 0 0 PX; 

      0 1 0 PY; 

      0 0 1 PZ; 

      0 0 0 1]; 

J = Robot.ikine(T,[0 0 0],'mask',[1 1 1 0 0 0])*180/pi; 

handles.Theta_1.String = num2str(floor(J(1))); 

handles.Theta_2.String = num2str(floor(J(2))); 

handles.Theta_3.String = num2str(floor(J(3))); 

Robot.plot(J*pi/180); 

 

V. SIMULATION RESULTS 

  

 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig.6.Forward Kinematics Results a.) Home Position b.) Positioning at various joint values 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig.7.Inverse Kinematics Results  
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VI. CONCLUSION: 

 Determined Mathematical equations, which describe the kinematic of Taken 6 DOF serial Manipulator & the 
Graphical user interface of Matlab Peter corke tool box allow to control & simulate the Manipulator. The future scope of the work 
is by directly interface with the serial manipulator hardware, leads to create a bridge between hardware & software for easy control 
of robotic system 
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