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1. Introduction 

Robot calibration is well-known as a remedy to 
improve robot position accuracy by software than 
hardware [1]. Robot calibration can be classified into 
parametric [1,2] and non-parametric methods [3,4]. 
Because of simplicity and effectiveness, the non-
parametric methods are applied widely. 

There are many works related to robot calibration 
(or compensation) using non-parametric methods 
[3,4]. However, it is concluded that it is not really 
effective because in their studies the position of end-
effector is used as input for interpolation in non-
parametric method while robot end-effector position 
error (as output) practically depend on the robot joint 
configuration (as input). 

This paper presents an artificial neural network 
based prediction of robot end-point error, which 
naturally depends on robot joint configuration, for 
purpose of calibration. We consider that the endpoint 
position error is a function of robot joint angles. Then 
determination of position error is considered as an 
black box problem by employing a neural network. 
The input of the black box is robot joint angle and the 
out put is position error. The simulation is carried out 
for a 3 DOF robot manipulator to demonstrate the 
effectiveness of proposed method. Also, comparison 
is performed for both NN-based and non-parametric 
method, the simulation result shows that the former 
archives more accurate prediction over the latter 
(accuracy is improved significantly over 85% of the 
average value). 

2. Robot Kinematic Model 
A 3 DOF serial robot manipulator, of which 

schematic is shown in Fig.1, was used in the 
simulation. A kinematic model of 3 DOF robot is 
formulated to obtain forward kinematic solution. The 
DH (Danevit Hartenberg) parameters [1], and frames 
assignments are also shown in the Fig.1. The nominal 
values of DH parameters are listed in Table 1. It is 
assumed that, the assumed real robot has geometric 
errors { 0 0.8δα = , 1 0.5δα = , 2 0.4δα = , 0 1aδ = , 

2 1aδ = , 3 0.5aδ = , 1 2dδ = , 4 0.4dδ = , 

1 0.8δθ = , 2 0.5δθ = , 3 0.4δθ = , angle [deg], length 

[mm] } and also suffers the joint compliance at joints 
2, 3 by gravitational forces. 
Table 1. Nominal parameter of simulated robot; 
       angle [deg], length [mm] 
 

Joint 1iα − 1ia − 1iβ − 1ib −  id  iθ  

1 0 0 0 0 350 1θ  

2 90 0 0 0 0 2θ  

3 0 260 0 0 0 3θ  

4 0 240 0 0 0 0 

 
Fig.1 Schematic of 3 Degree of freedom Robot 

To describe the robot end-effector pose in term of 
robot base coordinate frames, the forward kinematic 
solution for robot is calculated by performing the 
homogenous transformation from base frame {0} to 
tool frame {t} by matrix multiplication as follows: 
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and 1 1, , ,i i i ia dα θ− −  are joint offset, link twist, link 

length, link offset of link i, respectively. so, endpoint 
position is a function of robot parameters p  and set 

of joint angles θ , which is derived by according 
entries of row 1 to 3 of column 4 of matrix equations 
(1). 
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 ( , )= θP f p ,                          (2) 

Given joint encoder readings, the predicted 
position of endpoint cP is calculated by (2) and the 

according measured robot endpoint position mP by 

using laser tracker measuring devices, the endpoint 
position error vector is computed as: 

m c=  -ΔP P P ,                           (3) 
where m P , cP are measured and computed endpoint 

[3× 1] position vector, respectively. 
The set of pairs { ( )kθ , ( )kΔP } ( k =1 mn÷ ; 

mn : number of measurement configurations) is used 

as training set for the NN 
The model-based method is studied widely in 

previous works [1,2], in these works the least square 
algorithm is used as optimization tool to identify 
physical robot parameters. The kinematic calibration 
is applied to the simulated robot by adopting previous 
research [1,2] for purpose of comparing with the 
performance of the proposed NN method. 

2. Neural Network and Network Training 
In this paper, a used NN consists of an input layer 

(3 nodes for joint encoders), a hidden layer and an 
output layer (3 nodes for endpoint position error), as 
presented in Fig.2a. In the simulation, number of 
hidden layer neurons is optimized with 20 nodes. The 
transfer functions of neurons on the hidden layer and 
output layer are log sigmoid and linear, respectively.  
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Fig 2. a) Neural network model and b) Network 
training 

The feed-forward back propagation method is 
used to training the network with the pairs, joint 
encoder readings and robot endpoint error 
{ ( )kθ , ( )kΔP }, Fig.2b.  

3. Simulation and Result 
Simulation is performed to verify the 

effectiveness of the method. Positions of a total 252 
configurations which cover the whole robot 
workspace were measured and their according joint 
encoder readings were recorded. The proposed 
method was evaluated by calculating distance 
between the measured position and predicted position 

obtained by (2). The residual distance errors after 
training NN, calculated by (4), is shown in the 
second column of Table 2 with two figures mean and 
maximum on according rows. The performance of 
the proposed algorithm was compared to that of least 
square method. The compensated robot by using 
conventional algorithm, the residual distance errors 
values are shown in third column of Table 2. The 
position accuracy in the former case improved 
significantly over the latter case 85% of the average 
value. 

( ) ( ) ( )
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Table 2. the residual distance error between measured 
and predicted position [mm] 
 

Distance
error 

NN based 
prediction 

Least 
square 

Mean 0.010977 0.073252 
Maximum 0.029956 0.242740 

4. Conclusion  
This paper proposed an artificial neural network 

based prediction of robot end-point error which 
naturally depends on robot configuration for purpose 
of calibration. The relationship between the actual 
end-effector and the joint encoder are realized by 
using the neural network. The simulation result 
confirms that the proposed technique allow us to 
predict physical robot end-effector when given joint 
encoder readings. The comparison of proposed NN 
method and Least Square method shows the robot 
accuracy improvement of the first one over the 
second one. 
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