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 Automatic control of the robotic manipulator involves study of kinematics 

and dynamics as a major issue. This paper involves the forward and inverse 

kinematics of 3-DOF planer robotic manipulator with all revolute joints. In 

this study the Denavit- Hartenberg (D-H) model is used to model robot links 

and joints. Also forward and inverse kinematics solution has been achieved 

using Artificial Neural Networks for 3-DOF robotic manipulator. It shows 

that by using artificial neural network the solution we get is faster, acceptable 

and has zero error. 
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1. INTRODUCTION  
A kinematic equation provides the relationship between the joint displacement and the resulting end-

effector position and orientation. 
 
1.1 Forward and inverse kinematics 

The problem of finding the end-effector position and orientation for a given set of joint 

displacements is referred to as the forward kinematics problem. That is, the forward kinematics problem 

allows one to specify in a unique manner the relationship between the (n x 1) joint vector θ and the (m x 1) 

Cartesian vector x as: 

x(t) = f(θ(t)) 

Where f is the function defining the forward kinematic relation of the manipulator. Normally, the 

forward Kinematic equation can be obtained from the spatial geometry of the manipulator or by solving 

certain matrix algebraic equations. As the number of degrees of freedom (n) increases, the kinematic 

equation becomes more complex. Hence, the amount of computation required to compute the end-effectors 

position can become quite large. 

The inverse kinematics problem consists of the determination of the joint variables corresponding to 

a given end-effectors orientation and position and is given by the equation, 

θ(t)=f
-1

(x(t)) 

As compared to forward kinematics problem, the inverse kinematics problem is much more complex 

due to the following reasons: 
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Figure 1. Representation of ANN Structure 
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Figure 2. Artificial Neural Network Architecture 
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Figure 3. Representation of 3-DOF robotic manipulator
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normals), ai (distance between joints along x axis), θi (rotation about the z axis on xy plane) and αi (joint 

twist). These parameters describe the location of a robot link frame Fi (a joint) from a preceding link frame 

Fi-1 (previous joint) through the sequence of translations and rotations. 

The D-H parameters for 3-DOF robotic manipulator are given in Table 1. 

 

 

Table 1. D-H Parameters For 3-Dof Robotic Manipulator 

Joint θ(
0
) αi (

0
) ai (mm) di (mm) 

    1 0 -90 0 226 

    2 -90 0
 

179 0 

    3 0 0 177 0 

 

 

In this paper, a 3-DOF robotic manipulator has been considered with link lengths L1 = 226 mm, 

L2=179 mm and L3 = 177 mm, respectively, as shown in fig.1, where, L1, L2 and L3 are link lengths and θ1, 

θ2 and θ3 are joint angles, respectively. In forward kinematics solution, if the link lengths and angles are 

known, then it is possible to calculate the co-ordinates of the end-effectors of the robot at any instant. The 

MATLAB program has been run to find the co-ordinates (x, y, z) of the 3-DOF robotic manipulator and 

which has found out to be (0,177, 325) mm, respectively at the home position. 

The forward kinematics equations for 3-DOF robotic manipulator have been deduced as:  

 

)3cos(cos 21211 θθθθ ++×+×= LLx
     

(1) 

)3sin(sin 21211 θθθθ ++×+×= LLy
     

(2) 

∅ =  �� + �� + ��        (3) 

 

Using the forward kinematic equations of the robotic manipulator, all the (x, y) co-ordinates of the 3-

DOF robotic manipulator have been generated and the work-volume has been plotted for all possible θ1, θ2, 

θ3 combinations as represented in Figure 4. [9] 

 

 

 
 

Figure 4. Work-volume of 3-DOF robotic manipulator. 

 

 
3.2. Forward kinematics using artificial neural network 

Data obtain in form of set of position-orientation of robot using MATLAB programme is used to 

train neural network. Feed Forward neural network is used and trained by using MATLAB toolbox. Training 

graph is as shown in fig.5. X-axis and Y-axis of fig.5 represents number of epochs and performance 

respectively. Also comparison between actual target points and predicted target points are shown in fig.6, X 

co-ordinate values and Y-coordinate values are represented by blue and green colours respectively. Also dot 

represents actual targets and dash represents predicted targets values. 
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Figure 5.Training graph for forward kinematics using ANN 

 

 
 

Figure 6.Comparison between actual and predicted targets for forward kinematic. 

 

 

 
 

Figure 7. Training graph for inverse kinematics using ANN 

 

3.3. Inverse kinematics using artificial neural network 
Data obtain in form of set of orientation-position of robot using MATLAB programme is used to 

train neural network. Feed Forward neural network is used and trained by using MATLAB toolbox. Training 
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graph is as shown in fig.7. X-axis and Y-axis of fig.7 represents number of epochs and performance 

respectively Also comparison between actual target points and predicted target point are shown in fig.8 [10] 

X co-ordinate values and  Y-coordinate values are represented by blue and green colours respectively. Also 

dot represents actual targets and dash represents predicted targets values. 

 

 

 
 

Figure 8. Comparisons between actual and predicted targets for inverse kinematics. 

 
4. CONCLUSION  

The differences in deduced and predicted values using ANN for 3-DOF robotic manipulator, shows 

that zero error is achieved by the proposed method. ANN can be trained so that fast and acceptable solutions 

are achieved. ANN can become an alternate method to map the forward and inverse kinematics solutions.  
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