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Abstract - Measuring robots end-effector position and orientation is very important for system control. In this paper, a parallel 
cable mechanism is develop to measure orientation and position. The robot can move freely (6 DOF) in space. This 
measurement needs to forward kinematic solution. On the other hand, there are the singularity points within workspace. This 
paper, use a combination of neural network approach and Newton-Rophson method namely hybrid method to overcome the 
complex nonlinear equation solving of forward kinematic problem. It is shown that there is a zone in central part of workspace 
that hybrid method output is not acceptable. Then a solution as a new mechanism design is propose to solve this inherent 
problem. Finally hybrid method for this new parallel cable mechanism is implemented. 
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I. INTRODUCTION 
 
The parallel manipulators have been applied to many 
advanced technical fields, such as virtual-axis 
machine tools, micro-manipulators and coordinate 
measuring machines[1][2]. The purpose of forward 
kinematics of parallel (FKP) manipulators is to obtain 
the position and pose of a moving platform based on a 
given set of lengths of each actuating link. The ability 
to use the position and pose of a moving platform is 
strong coupling, which makes the solutions of forward 
kinematics problem quite difficult. The challenging 
problem is not to find all possible solutions but to 
directly determine the unique feasible solutions, the 
actual physical solution, in among all possible 
solutions starting from a certain initial configuration 
[3].The forward kinematics problem of the parallel 
platform has been approached by many researchers in 
the past. Some methodologies have been used: 
analytical methods[4], use of redundant sensors, 
numerical approaches[5], neural network‐based 
methods[5][6], and recently, by using evolutionary 
algorithms like genetic algorithms (GA)[8]. Because 
the important idea of numerical methods is numerical 
iteration, the solution of forward kinematics depends 
excessively on the selection of initial values. In 
addition, it does not always converge at an expected 
point. These analytical approaches were limited to 
special configurations of parallel manipulators. It has 
never been shown that any of these analytical 
approaches can be extended to other classes of parallel 
manipulators or a generalized parallel manipulator. 
Other approaches were used to resolve the issue of lack 
of a general solution strategy. In iterative approaches, 
the kinematics problem is formulated so that it could 
be solved using any of the available numerical 
techniques, like the Newton‐Raphson method [10]. 
The Newton‐Raphson iterative technique has been the 
most popular method and in some cases it gives very 

accurate results. These numerical techniques are 
computationally intensive and do not guarantee a 
solution. Other investigators, for example, Parikh and 
Lam [5] and Song and Zhang [6] discussed the 
applications of back propagation (BP) neural network 
and radial basis function (RBF) neural network to the 
forward kinematics problem of parallel manipulators. 
The connecting weights of neural networks can be 
determined by training a large number of samples 
provided by a series of results of inverse kinematics. 
Then a nonlinear mapping from the position and pose 
space of the actuating links to the position and pose 
space of the moving platform can be realized. The 
greatest disadvantage of a neural network method is 
that it must be trained for a long period before it can be 
used to obtain a solution of forward kinematics. 
Therefore, it cannot effectively handle the dilemma of 
the number of training samples and the training speed. 
By making full use of the property that it is easy to 
obtain the inverse kinematics of a parallel 
manipulator. There have been increasing research 
interests of Artificial Neural Networks (ANNs) due to 
their extreme flexibility and the capability of 
non-linear function approximation. Unfortunately, by 
using just the numerical technique, there is no 
guarantee of convergence to the solution and the 
successful convergence of this method is highly 
dependent on the starting values for the solution. This 
paper investigated a hybrid method to solve forward 
kinematic of a six degree-of-freedom parallel wire 
mechanism to measuring position and orientation of e 
robot manipulator. Constituent Parts of Hybrid 
method is a neural network and a numerical method 
namely Newton‐Raphson method. The neural network 
achieves the starting values for Newton‐Raphson 
algorithm. To solve kinematic problem of this system 
existence of singularity point was a big problem to 
achieve accurate result. To eliminate this problem, 
Structure design of mechanism structure changed. 
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Testing and validation tasks for the neural network 
according to the information from the robot workspace 
are reported. 
 
II. PARALLEL CABLE MECHANISM 
 
2.1. Parallel Cable Mechanism Structure  
As shown in Fig.1, this mechanism [1] has a T-shape 
element witch connected to base plate by six cables 
used to measuring pose of the manipulator through the 
six encoders. Since the cables is used for measuring 
lengths, unlike the other conventional parallel cable 
mechanism, in this system, manipulator driving forces 
are not supplied form cables. In this paper this 
mechanism used to measuring so kinematic analysis 
investigated only. 
 

 
Fig.1. Configuration of the parallel cable mechanism 

 
2.2. Kinematic analysis  
Using the cable length, the position and rotation of 
T-shape element and thus robot situation is calculated. 
For a set of cable length, two situation of T-Shape 
element may be satisfies the condition [11]. Fig.2 
shows coordinate systems and parameters to 
investigate the kinematics of parallel cable 
mechanism. 
 

 
Fig.2. Kinematics of the parallel cable mechanism 

 
The coordinate system x´y´z´ is connected to point O´ 
of T-shape element and system xyz is connected to the 
base plate. The cables length in equation 1-6 including 
(x,y,z) , (x₁,y₁,z₁) , (x₂,y₂,z₂) , (x₃,y₃,z₃) which are 
related to P,P₁,P₂ and P₃ is presented. According to 

Fig.2, a and b are length and width of the base plate 
and r, d are length of PP₂=PP₁ and PP₃ respectively. 

 
 
y1 and y2 can be specified using equations 7–9. y1 ,y2 
are substituted from (7)-(9) in (1)-(3)-(5) and also for 
the coordinates of P1,P2,P3 

 
Substituting equations 7-12 in equations 13-15 
provides three nonlinear algebraic equation with three 
parameters x₁,x₂,x3 (16,17,18). 

 
where 
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The equations 16-17-18 are used to solve forward 
kinematic problem. Table 1 shows specification of 
mechanism witch used in this paper 
. 

 
Table 1: Specifications of the parallel cable mechanism 

 
2.3. Hybrid method to solve forward kinematic  
The parallel mechanisms forward kinematic solution 
equations are often too nonlinear and the numerical 
method such as Newton-Rophson method used to 
solve them [1]. But time consuming to converge or fail 
to converge due to using inappropriate values as initial 
guesses can be a problem in this method. To 
compensate this inefficiency, Parikh and Lam used 
neural networks to provide Newton-Rophson method 
initial guesses. In this paper we will also use this 
method to solve forward kinematic of parallel cable 
mechanism Fig.3 shows an overview of mentioned 
method. 

 
Fig.3. The proposed hybrid method 

 
2.4. Newton-Rophson method  
Equation 22 shows Newton-Rophson method in the 
simplest format. According to Equations 1-18 a 
particular pose state including the position and 

orientation of T-shape element (position and 
orientation) is chosen only by three specified 
parameter x₁,x₂,x₃. The cables length L1-L6 are 
available by encoders installed on the system. Three 
parameters x₁,x₂,x₃ can be found accurately using 
Newton-Rophson method (16-17-18) where each 
equation one contains two parameters of the three 
parameters x₁,x₂,x₃. 
 

 
 
2.5. Artificial neural network  
Neural networks have a good ability to approximate 
functions. In fact neural networks founded to imitate 
brain behavior in particular works. MLP shows a 
suitable performance in this type of studies5. In order 
to increase the neural network efficiency, two 
strategies namely ACON )All Class One Network( 
and OCON )One Class One Network( is often used. It 
takes more time or requires more complex device to 
achieve result in OCON strategy compared to ACON 
strategy. 
 
2.6. Structure design optimization  
Hybrid method Implementation shows low accuracy 
result in central zone of workspace for path witch 
shown in Fig.4, as seen in Fig.5 (a) for the position 
error and orientations error in Fig.5 (b). Absolut value 

of Determinant of Jacobian matrix is calculated on 
the points (Fig.6), where 

 

 
Fig.4. Two dimension diagram of T-shape element path (a) 

orientation diagram (b) 
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As shown in Fig.6, Absolut value of Determinant of 
Jacobian matrix 휕퐿/휕푤 in center zone of work space 
is approximately zero. This means that singularity 
points are located in central areas of workspace.To 
resolve this error, the kinematic and geometry should 
be modified. In this case, numerous experiments were 
performed. The replacement of junction of cable L3 
and L4 along the x-axis was one of the best effective 
change. For example E and D are set to a/4 from a/2 on 
the base plate. Fig.7 shows a geometric description of 
parallel cable mechanism before and after 
modification respectively.After this change done, the 
neural network in new mechanism trained again. And 
chose a neural network with the best performance and 
modified the Newton-Rophson equation constant 
value for new mechanism. 

 
Fig.5 (a). Position error 

 
Fig.5 (b). Orientation error 

 
Fig.6. Jacobian diagram before change in mechanism 

 
Fig.7 (a). Parallel cable mechanism before change 

 
Fig.7 (b). New parallel cable mechanism 

 
Fig.8. jacobian diagram after change in mechanism 

 
Fig.8 demonstrates how existence of singularity point 
problem, has been resolved in new parallel cable 
mechanism. This change in attachment on base plate, 
leads some changes in mechanism structure, thus 
change in kinematic equations so it was necessary to 
modify kinematic equations and neural network 
should be re-trained. So the hybrid method is 
performed for new mechanism.  
 
RESULTS AND DISCUSSION  
 
In this section, the neural network result and hybrid 
method output will be compared and discussed. 
Neural network training dataset, is provided by 
choosing 1000 points within workspace. The 
corresponding kinematic solutions are calculated 
using inverse kinematic. Neural network which used 
in this paper is a multilayer feed-forward neural 
network in ACON strategy with seven input and three 
outputs. For training this neural network we used 
Levenberg-Marquardt algorithm. Many neural 
network with different structures in terms of count of 
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layer and number of neuron in each layer was 
investigated and MATLAB output has been shown in 
Table 2. 

 
Table 2: Neural network training properties in MATLAB 

 
T-shape element was moved in a three dimension path 
as shown in Fig.4 and hybrid method results are given 
in Fig.11–Fig.13. The best performance belongs to 
neural network with 4 hidden layers. In 7-14-14-7 
neuron in layers configuration, that has been shown in 
last row of Table 2. The Performance diagram of this 
neural network which provided by MATLAB after 
training, has been shown in Fig.9.  
 
CONCLUSIONS  
 
In this paper, a forward kinematic problem is solved 
for a parallel cable mechanism using a hybrid method. 
This mechanism is proposed for the measurement 
application in robotics. The robot end-effector 
position and orientation is measured by finding the 
size of cable length. In first implementation of the 
hybrid method on the mechanism, an inaccuracy was 
resulted in the workspace because of the singularity 
point within this zone. Thus, hybrid method output 
including a neural network as the starting values 
producer for a Newton‐Raphson algorithm was not 
acceptable.  
 

 
Fig.10. Neural network Performance 

To resolve this error, the kinematic and geometry was 
modified. After several experiments, displacing the 
base attachment of two cables in x axis was one of the 
best effective changes. Then neural network in the 
hybrid method was trained for modified mechanism 
and Newton-Rophson method was applied. The 
results of the hybrid method show that the error is less 
than 6×10-13mm in position and 4×10-13 degree in 
orientation. 

 
Fig.11. Robot position from Hybrid method 

 
Fig.12. Robot orientation from Hybrid method 
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Fig.13. Three dimension position hybrid method output 
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