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What is a Parallel Manipulator? 
 
A parallel manipulator consists of a moving platform and a fixed base, connected by several 
linkages (also called legs). 
 

 
 

Figure 1. Classic Stewart platform (6 DOF) 
 

The Stewart Platform is characterized by high force-torque capacity, high structural rigidity, 
and low moving mass. 

 

 
 

Figure 2. A typically PKM with 3 DOF designed for milling applications 
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As PKM are used for more difficult tasks, control requirements increase in complexity to 
meet these demands. The implementation for PKMs often differs from their serial 
counterparts, and the dual relationship between serial and parallel manipulators often 
means one technique which is simple to implement on serial manipulators is difficult for 
PKMs (and vice versa). Because parallel manipulators result in a loss of full constraint at 
singular configurations, any control applied to a parallel manipulator must avoid such 
configurations. The manipulator is usually limited to a subset of the usable workspace since 
the required actuator torques will approach infinity as the manipulator approaches a 
singular configuration. Thus, some method must be in place to ensure that the manipulators 
avoid those configurations. 
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Figure 3. Robot control using MPC algorithm 
 
Parallel robots have many advantages comparing to the serial robots, such as high flexibility, 
high stiffness, and high accuracy. To achieve a higher accuracy the static and dynamic 
behavior must be better understood. The problems concerning kinematics and dynamics of 
parallel robots are as a rule more complicated than those of serial one. 
 

Modeling and simulation of integrated environment for parallel robots 
 
Modeling and simulation are important and essential stages in the engineering design and 
problem solving process because it allows to prevent the risks and to lower the costs that 
appear with the design, construction and testing stage of a new robot. In the design process 
of parallel robots different tools can be used to model and simulate a robot. There are 
however different modeling and simulation tools which can be used together with one 
another to help into the development of a model. These different tools can vary according to 
its functionality and according to its best use for Modeling. For example some tools are best 
suitable for first functionality model such as CAD software (SolidWorks). SolidWorks is 



mainly a CAD tool although one can also do some simulation in SolidWorks, it is not the best 
tool used for simulation. For that reason other simulation tools such as ADAMS can be used 
instead to perform the dynamical simulation of the robot. The same thing, ADAMS is again 
not the proper CAD tool so one cannot get detailed geometrical information about the parts 
and elements of the parallel Robots. ADAMS does not also perform the simulation of the 
functionality of the Robot, so it only shows how a robot would move in reality and one can 
get real physical information about the Robot and how it would perform dynamically in 
reality. For simulation and control of a parallel robot other software tool such as MATLAB 
can be used to simulate the parallel robot.  
 

 
Figure 4. Integrated Environment for simulation and modeling of parallel robots 

 
With the help of SolidWorks software we can make: 1) the CAD model of the parallel robot, 
2) detailed modeling of the parallel robot components, 3) choose appropriate material for 
parts from the material library, 4) assembling parts and components, 5) get geometrical and 
physical information about the parts [2]. 
With ADAMS software we can determine: 1) the simulation of the dynamical movement of 
the parallel robot, 2) deal with joints and actuators, 3) simulate the real movement of the 
parallel robot. With MATLAB software we can elaborate and simulate the control of parallel 
robots. 
Unlike parallel robots, a serial robot is an open-chain structure consisting of several links 
connected in series. The advantages of parallel robots as compared to serial ones are:  
Á higher payload-to-weight ratio since the payload is carried by several links in parallel,  
Á higher accuracy due to non-cumulative joint error, 
Á higher structural rigidity, since the load is usually carried by several links in parallel 

and in some structures in compression-traction mode only, 
Á location of motors at or close to the base, 
Á simpler solution of the inverse kinematics equations.  

In the CAD model note that parallel robots usually are as standard design mechanism, in 
other words a design model for a parallel robot would only be the effort of designing one 
chain which is usually repeated symmetrically for the whole robot. 

Kinematical representation of parallel robots shows in a simple way the kinematical 
structure of a parallel robot. Mainly parallel robots can be represented with respect to the 
structure of their parallel mechanism. A parallel mechanics is a repetition of number of 
mechanical chains which are connecting the platform to the base (as previously defined). For 
example it was chosen the Hexaglide parallel robot with six degrees of freedom [3].  
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Figure 4. Hexaglide parallel robot (6 DOF) 

 

3 DOF parallel robot 

 
 

Figure 5. Kinematics scheme of the 3-RRR planar parallel robot 
 

To control the movement of the end-effector of the robot the program uses the inverse 
kinematics, the user will enter the position of the end-effector and the program will 
compute the angles of all three actuators. The computation of the angles is made in to steps, 
in the first step is determine the position of the points A, B, and C, all three points are 
situated in the corner of an equilateral triangle, the position of the mass center of the 
triangle is known Px and Py, also the angle q between the end-effector and the Ox axe is 
given, L3 represent the distance from P to A. 

  

)cos(3 bLPA xx +=       (1) 
 



)sin(3 bLPA yy +=        (2) 

 

Knowing the position of point A, B, C of the end-effector the problem is reduced to an 
inverse kinematics problem of a serial robot with 2 arms, fig. 3 

 
 

Figure 6. Kinematics scheme of the 2-RR manipulator 
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The angle ̒ have two solutions (Eq. 6), this is possible because the mechanism can have the 
point B in the same position in two situations when the elbow is up and when the elbow is 
down. 

 
 

Figure 7. Planar parallel minirobot with 3 DOF 



 

The CAD model of the parallel minirobot with 3 dof is presented in figure 2. 
 

 
 

Figure 8. CAD model of the planar parallel minirobot with 3 DOF 
 

 
 

Figure 9. Configuration of the 3-RRR planar parallel minirobot 
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Figure 10.  Planar 2 DOF mini parallel robot. 



The working envelope to machine size using variable length struts is dependent on the 

following factors: 

1. The length of the extended and retracted actuator (Lmin, Lmax); 

2. Limitations due to the joint angle range. 

Fig. 11 clearly illustrates the limiting effect of the joint limits. 

 

 
 

Figure 11. Workspace of the micro parallel robot with variable length struts  

 
Kinematic analysis 
 
Robot kinematics deal with the study of the robot motion as constrained by the geometry of 
the links. Typically, the study of the robot kinematics is divided into two parts, inverse 
kinematics and forward (or direct) kinematics. The inverse kinematics problem involves a 
known pose (position and orientation) of the output platform of the robot to a set of input 
joint variables that will achieve that pose.  
 
The forward kinematics problem involves the mapping from a known set of input joint 
variables to a pose of the moving platform that results from those given inputs. However, 
the inverse and forward kinematics problems of our parallel robot can be described in closed 
form. 
 
The kinematics relation between x and q of this 2 DOF mini parallel robot can be expressed 
solving the: 
 

f(x, q)=0      (1) 
 
Then the inverse kinematics problem of the parallel robot can be solved by writing the 
following equations: 
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The TCP position can be calculated by using inverted transformation, from (2), thus the 
direct kinematics of the robot can be described as: 
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where the values of the xp, yP can be easily determined. 
 
The forward and the inverse kinematics problems were solved under the MATLAB 
environment and it contains a user friendly graphical interface. The user can visualize the 
different solutions and the different geometric parameters of the parallel robot can be 
modified to investigate their effect on the kinematics of the robot.  
 
This graphical user interface can be a valuable and effective tool for the workspace analysis 
and the kinematics of the parallel robots. The designer can enhance the performance of his 
design using the results given by the presented graphical user interface. The Matlab-based 
program is written to compute the forward and inverse kinematics of the parallel robot with 
2 degrees of freedom. It consists of several MATLAB scripts and functions used for 
workspace analysis and kinematics of the parallel robot. A friendly user interface was 
developed using the MATLAB-GUI (graphical user interface). Several dialog boxes guide the 
user through the complete process. 
 

 
 

Figure 12.  Graphical User Interface (GUI) for solving inverse kinematics of the 2 DOF planar 
parallel robot in MATLAB environment. 



 

The user can modify the geometry of the 2 DOF parallel robot. The program visualizes the 
corresponding kinematics results with the new inputs. 
 

 
Figure 13.  The GUI for calculus of workspace for the planar 2 DOF mini parallel robot. 

 

Case I: 
Conditions: 

bqq >+ min2min1 , bq >max1 , bq >max2  

a) for y>0 

 

Figure 14.  The workspace of the planar 2 DOF mini parallel robot is shown as the shading 
region. 

b) for +¤<<¤- y , there exist two regions of the workspace 



 

Figure 15.  The workspace of the planar 2 DOF mini parallel robot is shown as the shading 
region. 

Case II: 
Conditions: 

bqq >+ min2min1 , bq <max1 , bq <max2  

a) for y>0 

 

Figure 16.  The workspace of the planar 2 DOF mini parallel robot is shown as the shading 
region. 

b) for +¤<<¤- y , there exist two regions of the workspace 

 

Figure 17.  The workspace of the planar 2 DOF mini parallel robot is shown as the shading 
region. 

Case III: 
Conditions:  



bqq <+ min2min1 , bq >max1 , bq >max2  

 

Figure 18.  The workspace of the planar 2 DOF mini parallel robot is shown as the shading 
region. 

Case IV: 
Conditions:  

bqq <+ min2min1 , bq <max1 , bq <max2  
 

 

Figure 11.  The workspace of the planar 2 DOF mini parallel robot is shown as the shading 
region. 

Case V: 

Conditions: bqq <+ min2min1 , min2max1 qbq +> , min1max2 qbq +>  

 

Figure 12.  The workspace of the planar 2 DOF mini parallel robot is shown as the shading 
region. 



Case VI: 

Conditions: bqq >+ min2min1 , min2max1 qbq +> , min1max2 qbq +>  

 

Figure 13.  The workspace of the planar 2 DOF mini parallel robot is shown as the shading 
region. 

Case VII: 

Conditions: bq <min1 , bq <max1 , bq <min2 , bq <max2 ,  

bqq <+ min2min1 , bqq >+ max2max1  

 

Figure 14.  The workspace of the planar 2 DOF mini parallel robot is shown as the shading 
region. 

 

Description of the 2 DOF parallel structure 
 

A planar parallel robot is formed when two or more planar kinematic chains act together on 
a common rigid platform. For simplicity, the origin of the fixed base frame {B} is located at 
base joint A with its x-axis towards base joint B, and the origin of the moving frame {M} is 
located in TCP, as shown in Fig. 15. The position of the moving frame {M} in the base frame 
{B} is x=(xP, yP)

T and the actuated joint variables are represented by q=(q1, q2)
T. 

 


