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Abstract—This paper addresses the evaluation of total workspace 
and kinematics of selected configuration of 6-DoF fully parallel 
manipulator. Starting from the inverse nominal kinematic model of 
parallel manipulator, a Matlab code was written to solve the inverse 
kinematic model for workspace evaluation. Usable workspace has 
been also found out which is the subset of total evaluated workspace 
and defined by the application of the manipulator system. 
Furthermore a comparison between theoretical and actual 
workspace has been made. Actual workspace has been calculated 
experimentally. The comparison shows that actual workspace is less 
than theoretical workspace. 
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1. INTRODUCTION 

A Parallel manipulator is very useful and highly accurate six-
axis robotic platform. It has attracted attention of many 
researchers and mathematicians due to its wide range of 
applications in nuclear, medical, cryogenics and other 
emerging fields where minimal human involvement, greater 
automation and better accuracy is required. These mechanisms 
have closed loop kinematics. Many challenges however, exist 
in this field as of now from the point of view of configuration, 
design, and control to the improvement of its accuracy. Lot of 
research is going on in the aspect of design, configuration and 
its control. This paper addresses the issue of workspace and 
kinematics of 6- axis parallel manipulator. Workspace analysis 
and optimization are important in a manipulator design. As a 
parallel manipulator (PM) has a much smaller workspace than 
that of its serial counterpart, the workspace quantity and 
quality have become the most important performance indices 
[1–3]. The solution of this problem is critical in the design and 
motion planning of the manipulator. Therefore, geometric 
parameters of the links, joints, base and moving platform 
should be designed to optimize the workspace. Workspace is 
defined as the space reachable by the moving platform of 6-
DoF parallel manipulator machine. Workspace shape and its 
volume are determined by the kind of mechanical architecture 
and the angular and linear range of displacement of each 
actuator. Workspace of the parallel manipulator also depends 
on maximum and minimum length of the actuators. 
Workspace determination is an important step in the design 

and kinematic modeling of any parallel manipulator 
architecture. It plays an important role in the time of singular 
points determination of the parallel manipulator also. [4] [5]. 
The determination of workspace of a general parallel 
manipulator is still challenging, due to the following reasons: 

(1) As the complete workspace of a 6-DOF manipulator is 
embedded into a 6-D space, it cannot be represented it 
graphically in a human readable way. So our concern here 
only considered the 3-D workspaces which are subspaces of 
the complete 6-D workspace. 

(2) There is no general way to analytically determine the 6-D 
workspace boundary and volume for a 6-DOF PM, especially 
when the joint limits and mechanical interference are 
considered. Therefore, the 3-D reachable position workspace 
volume is employed here in this paper. 

The workspace boundaries are obtained by the intersection of 
the reachable workspace generated by each actuators. 

2. NOMINAL MODEL OF PARALLEL 
MANIPULATOR 

A typical 6-axis parallel manipulator consists of a moving 
platform that is connected to a stationary base through six 
numbers of parallel linear independent actuators with the help 
of spherical and /or universal joints at the ends [6] as shown in 
Fig. 1 and Fig. 2. This machine has been developed in centre 
for design and manufacturing, BARC (Mumbai), India.  

 
Fig. 1: Six-axis parallel manipulator 
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