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Abstract � In different practical cases, the problem of finding 
the shortest path between source and destination at minimum 
cost is encountered. Such a problem of robotics is discussed in 
this article and its solution is proposed. The proposed algorithm 
is very easy to implement.      
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I. INTRODUCTION 

 
In Computer Science, an interesting problem is to find out the 
shortest path between a source and a destination. This problem 
has already been addressed by different authors and a plethora 
of such algorithms exists. Each algorithm has some merits and 
demerits and is well suited in a particular environment. In the 
problem under review, let us have an n X n square matrix of 
different colours. Each colour carries some point which is 
indicative of the cost of that colour. A robot has to start from 
one corner and reach the farthest opposite corner point and 
must follow the shortest path with minimum total points i.e. 
the total cost has to be minimised. It is to be noted that the 
robot can move only to any of its 4-neighbourhood points and 
cannot move to a square which is diagonally located in respect 
of the present position of the robot. The algorithm first finds 
all the different possibilities it can move. Out of all possible 
paths, it finds the best path in terms of both cost and distance, 
to reach the final destination.  

II. ALGORITHM 

 
In the given project, a 2-dimensional matrix of square boxes 
(like a chessboard) is given as the arena of the robot. Each box 
in the arena can have any colour from a set of m colours 
(normally m << n2). The image of the arena is taken by a web 
camera, mounted on the ceiling. So the colour matrix is taken 
as a top view. 
 
On a chessboard pattern, a robot can, in principle, move in 
maximum 8 possible directions. But in the given scenario, the 
robot is not allowed to move along the corner directions. So 
the Robot can move in only 4 ways (i) Right, (ii) Up, (iii) Left 
and (iv) Down.  
 
Freeman [1] has introduced 4-directional and 8-directional 
chain codes to represent the boundary of a digitized image. 
According to him, a curve can be represented by a sequence of 
direction changes viz. a = 0, 1,2,3,4,5,6,7, as illustrated in fig. 

1. This is called Freeman�s 8-directional chain code. A 4-
directional chain code can be represented as 0,1,2,3 according 
as è = 0o, 90o, 180o, 270o.  
 
So these directions can be represented in 2 bits (Right: 00, Up: 
01, Left: 10, Down: 11), as shown in Fig. 2. 
 

                
Fig. 1.  8-directional chain code 

 
Fig. 2.  4-directional binary code 

 
For moving from a corner to the opposite corner in an n X n 
square matrix the robot has to go through minimum (2n - 1) 
numbers of boxes. So there can be minimum (2n-2) numbers 
of change of directions (transitions). Each transition can be 
represented by 2 bits. So any minimum path from the source 
to destination can be represented by 2 * (2n-2) bits = 4*(n-1) 
bits. So 24*(n - 1) numbers of combinations are possible with 
4*(n-1) bits.  But all these combinations are not practically 
feasible. For example, all 0�s means that the robot moves only 
to the right and will never reach its destination. Again, for 
code 001000100010� the robot oscillates between two boxes 
and will never reach the target. Again, if in the code sequence, 
two consecutive pairs of bits represent opposite direction, the 
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robot cannot reach the destination. These codes are termed as 
invalid codes and are discarded. 
Out of the valid codes, the algorithm finds out the cost of the 
box and thus computes the total cost in reaching the 
destination in one of the shortest paths. The path, for which 
the cost is minimum, is chosen because this is the path with 
shortest distance as well as minimum path.  

 

III. EXPERIMENTAL RESULTS 

 
Let us take an example of 8 X 8 arena with m=5 i.e. there can 
be 5 different colours possible for any of the boxes. 
 
So robot passes through ((2 X 8) � 1) = 15 boxes to reach the 
destination. Change of direction is ((2 X 8) � 2) =14 
So the minimum path is represented by a 28 bit number. 
 
For all the values for which the robot reaches the desired point, 
we calculate the total cost incurred by the robot. The code for 
the minimum cost is saved and downloaded into the robot to 
act accordingly. 
 
A sample arena is shown in Fig. 1. A sample path from the 
lower right corner to the upper left corner is also shown in the 
figure. The path is represented by the code 
0110100110010110011001100110.  
 
The total cost of this path and all other feasible paths are 
calculated and the minimum is found out. The algorithm has 
been implemented in C language has been applied to a robot 
developed separately for this purpose. This project was 
demonstrated in the Technical festival organised by Indian 
Institute of Technology, Guwahati in 2008. 
 

IV CONCLUSIONS 

 
Though the computational complexity of the proposed 
algorithm is comparatively high, this algorithm is easy to 
implement. This program is to run only once before the robot 
sets off. Though the complexity analysis is pending, in actual 
environment, it has been observed that our program takes only 
a few seconds in Core-2 Duo processor to find the shortest 
path with minimum cost. There is a scope of improvement of 
the temporal complexity of the algorithm, which is conceived 
as the future project. If the robot is allowed to move to the 
diagonal boxes, we have to adopt 8-directional chain code. 
Whenever the robot moves from one box to other with 
changed direction, care is to be taken so that the robot moves 
in the proper direction. 
 
 
 
 
 

 
 
 
 
 
 

 
Fig. 1 A sample arena for robot 
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