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ABSTRACT:  

Manipulators are now used in many fields as automation became a most important part of all 

the fields. Manipulators are being used mostly in many hazardous places where it is 

dangerous or laborious for a man to work in that places like industries, hospitals, rescue 

operations etc. Manipulators have a great application in industries where they are used for 

carrying loads, pick and place and assembling. Two types of manipulators are in use they 

are Serial and Parallel manipulators. In this paper I am going to deal with Parallel 

Manipulators and their advantages over serial manipulator and also do path planning for a 

parallel manipulator that is used in industries using an artificial intelligence algorithm 

called A* algorithm. This algorithm helps a robot to find the optimal path on its own 

depending on the obstacles present and layout of the industry. 

 

1. INTRODUCTION:  

 Robots or Manipulators are playing a very important role in fulfilling human needs. 

Generally, manipulators are of two types Serial and Parallel. Serial manipulators are the most 

common industrial robots. They are designed as a series of links connected by motor-

actuated joints that extend from a base to an end-effector. Often they have an 

anthropomorphic arm structure described as having a shoulder, an elbow and a wrist. Serial 

robots usually have six joints, because it requires at least six degrees of freedom to place a 

manipulated object in an arbitrary position and orientation in the workspace of the robot. n its 

most general form, a serial robot consists of a number of rigid links connected with joints. 

Simplicity considerations in manufacturing and control have led to robots with only revolute 

or prismatic joints and orthogonal, parallel and/or intersecting joint axes. 

 Whereas a parallel manipulator is a mechanical system that uses several computer-

controlled serial chains to support a single platform, or end-effector. Perhaps, the best known 

parallel manipulator is formed from six linear actuators that support a movable base for 

devices such as flight simulators. This device is called a Stewart platform or the Gough-

Stewart platform in recognition of the engineers who first designed and used them. A parallel 

manipulator is designed so that each chain is usually short, simple and can thus be rigid 

against unwanted movement, compared to a serial manipulator. Errors in one chain's 

positioning are averaged in conjunction with the others, rather than being cumulative. Each 

actuator must still move within its own degree of freedom, as for a serial robot. However, in 

the parallel robot the off-axis flexibility of a joint is also constrained by the effect of the other 

chains. It is this closed-loop stiffness that makes the overall parallel manipulator stiff relative 

to its components, unlike the serial chain that becomes progressively less rigid with more 

components. 
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Fig.1 Parallel Manipulator 

 

2. ADVANTAGES OF PARALLEL MANIPULATOR OVER A SERIAL 

MANIPULATOR 

Most robot applications require rigidity. Serial robots may achieve this by using high-quality 

rotary joints that permit movement in one axis but are rigid against movement outside this. 

Any joint permitting movement must also have this movement under deliberate control by an 

actuator. A movement requiring several axes thus requires a number of such joints. 

Unwanted flexibility or sloppiness in one joint causes a similar sloppiness in the arm, which 

may be amplified by the distance between the joint and the end-effector: there is no 

opportunity to brace one joint's movement against another. Their inevitable hysteresis and 

off-axis flexibility accumulates along the arm's kinematic chain; a precision serial 

manipulator is a compromise between precision, complexity, mass (of the manipulator and of 

the manipulated objects) and cost. On the other hand, with parallel manipulators, a high 

rigidity may be obtained with a small mass of the manipulator (relatively to the charge being 

manipulated). This allows high precision and high speed of movements, and motivates the 

use of parallel manipulators in flight simulators (high speed with rather large masses) and 

electrostatic or magnetic lenses in particle accelerators (very high precision in positioning 

large masses). 

A further advantage of the parallel manipulator is that the heavy actuators may often be 

centrally mounted on a single base platform, the movement of the arm taking place through 

struts and joints alone. This reduction in mass along the arm permits a lighter arm 

construction, thus lighter actuators and faster movements. This centralisation of mass also 

reduces the robot's overall moment of inertia, which may be an advantage for a mobile or 

walking robot. As their speed of action is often constrained by their rigidity rather than sheer 

power, they can be fast-acting, in comparison to serial manipulators. All these features of 

parallel manipulators make them more suitable for a work like load carrying which requires 

more rigidity. 

 

3. PROBLEM STATEMENT: 

 A parallel manipulator used in industries is considered for carrying loads. For this 

manipulator an algorithm has to be fed so that it can plan its path based on the layout of the 

industry. This manipulator has to consider all the obstacles that come on its way and should 

be able to choose path for different layout of the industry and different setup of obstacles. 

 

4. METHODOLOGY: 

For path planning most of the widely used algorithm is A* algorithm. A* is an artificial 

intelligence algorithm which can make the manipulator think like a human considering all the 
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possibilities and find the optimal path from all the possible paths. MATLAB is used for 

coding and running the A* algorithm. 

 

5. A-STAR ALGORITHM: 

ARTIFICIAL INTELLIGENCE: 

According to the father of Artificial Intelligence, John McCarthy, it is “The science and 

engineering of making intelligent machines, especially intelligent computer programs”. 

Artificial Intelligence is a way of making a computer, a computer-controlled robot, or a 

software think intelligently, in the similar manner the intelligent humans think. AI is 

accomplished by studying how human brain thinks, and how humans learn, decide, and work 

while trying to solve a problem, and then using the outcomes of this study as a basis of 

developing intelligent software and systems.  

Philosophy of AI 

While exploiting the power of the computer systems, the curiosity of human, lead him to 

wonder, “Can a machine think and behave like humans do?” 

Thus, the development of AI started with the intention of creating similar intelligence in 

machines that we find and regard high in humans. 

Goals of AI 

To Create Expert Systems − The systems which exhibit intelligent behaviour, learn, 

demonstrate, explain, and advice its users. 

To Implement Human Intelligence in Machines − Creating systems that understand, think, 

learn, and behave like humans. 

A-STAR ALGORITHM: 

Hart et al. (1968) developed a search strategy, called A*, to solve for minimum cost paths. 

The A* approach differs from other methods as it incorporates an estimate of the cost of 

‘path-completion.’ For certain classes of  

estimating functions, A* will find the optimal path. Over the past 50 years, there has been 

continued and sustained interest in developing faster algorithms for solving the shortest path 

problem, because this problem is applied in a wide variety of areas including telephone call 

routing on communication networks and vehicle routing on road networks. 

The A* algorithm was originally presented by Hart, et al. (1968). It was designed to solve for 

the shortest path between an origin and a destination. Suppose that in addition to the network 

of nodes and arcs that we have information in which we can estimate the distance from any 

one node to the destination. Formally, let h(i) = the estimate of completing the path from 

node i to the destination node t.  One candidate for h (*) is the Euclidean distance measure. 

The Euclidean distance measure is always a lower bound on what it would take in distance to 

complete a path from i to node t on a Cartesian plane (for a large region it would be the 

distance of the great circle arc). The A* algorithm for solving the one-to-one shortest path 

problem can be described as follows:   

Step 1 : Begin the problem by setting d(i) = + ∞ for each i ∈ N;  next set g(s) = 0 and d(s) = 

g(s) + h(s); finally let s={s}; 

Step 2 : Node selection : identify node v  ∈ S where d(v)  ≤ d(i) for all  i ∈ S; set  S=S-{v}; 

Step 3: Stopping criteria: if v=t, stop as the shortest path to destination t has been found; 

otherwise go to step 4. 

Step 4: Expanding: for each node w where arc(v, w) ∈ A, if g(w) > g(v)+l(v, w) then update 

g(w) = g(v) + l(v, w),  set d(w) = g(w) + h(w) and when w ∉ S let  S = S+ {w};  after all 

updates have been made go to step 2. 

International Journal of Management, Technology And Engineering

Volume 8, Issue X, OCTOBER/2018

ISSN NO : 2249-7455

Page No:1389



 

 

By using the above steps the algorithm is developed and coded in the MATLAB. When we 

run the code it asks to give all the inputs like target position, obstacles and the starting point. 

When these all are given algorithm calculates the optimal path and follows that path to reach 

the target. This way it can calculate optimal path for all the valid layouts in an industry and 

plan its path optimally.  

 

6. RESULTS: 

 

Fig.2 GUI for giving the target point in a layout 

 

 

Fig. 3 GUI for giving the obstacles 

When the code is run, a graph with nodes appears as GUI where user need to mention the 

target point first. After giving the target point user has to update the GUI with all the 

obstacles he wishes to with left click of the mouse and for the last mark use right click. When 

the starting point is given the algorithm makes the robot to go in all the ways possible from 
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the starting point and traces different routes. It calculates the number of nodes it is going 

through in each path and measures the count of nodes. Finally calculates the shortest path 

used to reach the target and displays that path which is the optimal path.  

 

Fig.4 Layout with Target position and obstacles 

 

 

Fig. 5 Optimal Path from starting point to target point 

 

7. FUTURE SCOPE: 

 This algorithm is fed into a working model of a parallel manipulator and used for 

tool path planning, network planning, path planning on roads and maps etc. in real time. This 

algorithm will be fed into a real time parallel manipulator and used in a real environment. 

8. CONCLUSION: 

 Parallel manipulators become one of the best helpers for human beings in works 

where there is a need of high rigidity and limited workspace. Due to their robustness they are 

good for carrying loads and working in hazardous uneven paths. Path planning can help these 
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manipulators in saving the time, money and energy. Artificial Intelligence algorithms will 

definitely make the job easy for a human being.  
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