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Abstract - Since time immemorial, man has marshalled his thoughts to bring in the great many changes in today's’ running 
world. One of the ingenious inventions is of the ‘Robots’. It is now quite evident that Robots are expected to perform 
multitasks dexterously. Umpteen number of Robots work under a common roof and disposition of a workspace is very vital. 
Robots are randomly spaced and this arises a quandary for the robots to complete the task simultaneously with versatility 
while checking for any collisions in their destined path and aberration from the hindrance that is on the way is an important 
aspect. The paper delineates such S-plan, where robots can reach its target in minimal time deviating from the path of 
collision in an uncluttered environment. 
 
Index Terms - Mobile Robots, Interfaces and virtual reality, Simulation 
 
I. INTRODUCTION  
 
The considered robots share a common workspace 
when according to S-plan; have to reach its 
destination. The need arises to cogitate and find about 
a path with no collisions. For instance, in a drug store 
when the customers come and ask for a particular 
medicine, as per the need, they search and serve 
them. If the sales people are to be replaced by Robots, 
then it will be too cumbersome, then the concept of 
motion planning of multiple robots is dominant. Once 
a robot receives the name of the medicine from the 
customers, either orally or by scanning a prescription 
given by the doctor, it has to search the database, to 
check whether the medicine can be availed and also 
check for the expiry date. If the medicine is available 
then it moves from its present position to the other 
position where that particular medicine is stored 
according to the database. This process is not devoted 
to one robot and probably many others might be 
emulating the same task simultaneously. So, the robot 
must take care to deviate its path from the static 
obstacles like table, chair, which is also likely to 
change its position and also deviate its path if it 
comes across another robot in its path. After it 
reaches the exact medicine, the robot must return to 
the original position. In this paper, an expositive is 
made, which enables the robots move simultaneously 
from its original position to target position and while 
moving, it is to follow a path with no collisions. Few 
assumptions are made as all the robots are identical 
and the task is completed in an ascending order of the 
number assigned to the robots.  
 
II. A REVIEW 
 
A brief data is collected by various authors on some 
algorithms for deviated and minimal time aspects. By 
relaxing optimality, asymptotically near-optimal 
planners provides the following properties:(a) 
Probabilistic completeness, (b) asymptotic near-

optimality and (c) the probability of adding nodes to 
the spanner. Converges to zero as iterations increase. 
SPARS2, which removes the dependency on building 
a dense graph for constructing the sparse roadmap 
spanner and for which it is shown that the same 
desirable properties hold.  Simulations for rigid-body 
motion planning show that algorithms for 
constructing sparse roadmap spanners indeed provide 
small data structures and result in faster query 
resolution[5]. This is a trade-off problem between 
human safety and robot efficiency in a field of 
human–robot interaction. The Von-Mises distribution 
is used to consider the behavioral property of 
humans. The Kernel density estimation is used to 
consider the global robot congestion. a virtual space 
is built using projection mapping. Finally, the 
effectiveness of the motion planning technique for the 
human–robot interaction is discussed from the point 
of view of not only robots but also humans[8]. 
Decoupled path planning is a two-phase approach in 
which the path for coordinated manipulation is 
generated with a coupled interaction between 
collision checking and path planning techniques. 
Collision checking is done by modeling the links and 
environment of robot using swept sphere volume 
technique and utilizing minimum distance heuristic 
for interference check. While determining the path of 
the end effector of robots involved in coordinated 
manipulation, the obstacles present in the workspace 
are considered as static obstacles and the links of the 
robots are viewed as dynamic obstacles by the other 
robot. Coordination is done in offline mode by 
implementing replanning strategy which adopts 
incremental A* algorithm for searching the collision-
free path. The effectiveness of decoupled approach is 
demonstrated by considering two examples having 
multiple six degrees of freedom robots operating in 
3D work cell environment with certain static 
obstacles[1]. The paper presents shaped flocking, a 
novel algorithm to control multiple robots—this 
extends existing flocking methods so that robot 
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behavior is driven by both flocking forces and forces 
arising from a target shape. Secondly the new work is 
compared with an alternative approach from the 
existing literature, and the experimental results 
include a comparative analysis of both algorithms 
with metrics to compare performance. The paper 
describes a working real-time system with results for 
a physical swarm of 60 differential-drive robots[2]. 
The method utilizes that all motions start and end 
within sub-volumes of the work envelope. A database 
of paths can thus be pre-computed, such that all paths 
are optimized with respect to a specified cost 
function, thereby ensuring close to optimal solutions. 
When queried, the method searches the database for a 
feasible path candidate and adapts it to the specific 
query[3]. Gauss Pseudo spectral Method (GPM) is 
employed to solve the optimal motion planning for 
multiple robots.  
 
Adaptive multi-stage GPM is proposed for multi-
robot motion planning by designing intermediate 
nodes skillfully. Coordinated motion planning is 
decoupled by planning motion trajectories for each 
robot in turn. The robots whose motion trajectories 
have been planned are regarded as the moving 
obstacles and then converted into the path constraints 
for the other robots[6]. Push and Swap (PaS) 
algorithm presented in which is complete for n-2 
agents operating in a graph of size n. The algorithm 
uses two primitives, Push - agents move towards their 
goals by forcing other agents to clear a path - and 
Swap - two agents swap positions without altering 
configurations of other agents, after which all agents 
must return to their positions. 
Develop a new MRMP algorithm for robots 
navigating in connected graph-based environments 
called Push-Swap-Wait (PSW). Unlike all the 
previous approaches mentioned above this approach 
is not only complete, but is decentralized to allow 
implementation in scenarios that are practical, run in 
real-time, and have limited inter-robot 
communication [4]. An effective methodology to 
coordinate their motions and to avoid deadlocks is 
still missing. Decoupled approaches, where motions 
are calculated independently for each vehicle and 
then centrally coordinated for execution, a novel 
approach that overcomes this limitation and that can 
be used to complement the deficiencies of decoupled 
solutions with centralized coordination. Define an 
extension of the framework of lattice-based motion 
planning to multi-robot systems and we validate it 
experimentally. Our approach can jointly plan for 
multiple vehicles and it generates kinematically 
feasible and deadlock free motions[7]. 
 
III. PROPOSED METHOD 
 
Robots are designed to move with a simple 
Bresenham’s Algorithm. They navigate from one 
pixel to another pixel in an incremental mode. The 

aspects to be considered are the Direction, Path 
Generation, Time Duration, No. of Obstacles, No. of 
Robots, and also to see whether the obstacles are 
static or dynamic.  
 
(a)  When No Obstacle Is Present 
If yj<yi then the direction of robot is forward and 
upward 
If yj= yithen the direction of robot is parallel 
If yj>yi then the direction of robot is forward and 
downward. 
Where yj is the final coordinate of the target position 
and i is the initial coordinate of the original position. 
 
(b) Presence of Obstacle 
The earlier directions will prevail, but if it interacts 
with any obstacle, then the next position of the robot 
is not based on jth position, instead it is based on the 
obstacles’ coordinate position.  
If it comes across another hindrance in between its 
present position and target position, again it is based 
on the obstacles coordinate position. This is 
continued till the Robot reaches its target position. 
 
(c) Time Duration 
The attempt is made to ensure that every robot 
reaches its destination in minimum possible time, and 
selecting the path, which is collision free. Generally, 
the shortest path to reach is the straight line path, thus 
the Robot traces a straight line path following 
Bresenhams algorithm, in order to move in the 
shortest possible time. Once the robot reaches the 
destination, an output window is designed to show 
the time taken by each and every robot. 
 
(d)No. of Obstacles 
The workspace has undeniable obstacles in the path 
of motion. They are the Static and Dynamic 
obstacles. Static obstacles are given the polygonal 
shape and do not change their coordinates. The 
coordinates of the obstacles are already given to the 
system as input data. Here, the robots itself are the 
moving obstacles. During the journey of a robot to its 
target position, there are high chances of colliding 
with another robot, while moving in another path 
which intersects with the former robot’s path. 
Presuming the path of all such robots, the robots 
reach their destination counteracting the static and 
dynamic obstacle. The polygonal obstacles may be 
added in the existing workspace.  
 
(e) No. of Robots 
In the present workspace only 10 robots are taken. 
The workspace area can be incremented and the 
number of robots may be added to the existing one. 
As the numbers of robots are added to the existing 
system, the coordinates of the original or initial 
position and the destination position should be given 
as an input data to the system before the simulation 
starts. 
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(f) Path Generation 
Based on the initial and final position of the robot, the 
direction is decided, whether the robot has to move 
forward up or forward down. Once the direction is 
decided, the robot is allowed to move. If there is no 
obstacle, the path generated is a straight line from the 
initial to final position. Whenever a robot stumbles 
across another robot in its path, one of the robots stop 
and allows the other one to move. The one which 
stops is decided by the ID of the robot. The robot 
having higher ID will stop, while the one having less 
ID will move first. The priority is given to the robot 
with lesser ID. Thus, the completion of the task is 
accomplished in the order of the robot ID. 
The path changes if robot comes across the obstacles. 
Since the direction of the robot is bidirectional i.e., 
forward upward and forward downward, the path 
deviation will also be accordingly. 
Since the approach is only forward movement, the 
obstacle’s positioning is meticulously considered. 
When the robot is moving forward, there are three 
positions in which it can collide with an obstacle. For 
generalization, the obstacle’s shape is taken to be 
rectangular. There are three positions: 
1. Top side of the obstacle 
2. Left side of the obstacle 
3. Bottom side of the obstacle 
 
Consequently, collision occurs if the robot’s work 
volume interacts with these afore mentioned 
locations. Before even the collision takes place, the 
robot has to divert its path in order to reach the final 
position. Prior to the simulation, all the input 
coordinates of all the obstacles is given to the system. 
Since there are only two ways either forward upward 
or forward downward or parallel for every robot to 
reach its destination. 
 
If the robot moves forward upward, then there are 
only two positions of obstacles to which it might 
collide i.e., left side of the obstacle or bottom side of 
the obstacle. If it is left side of the obstacle, then the 
final target coordinate of the robot is considered. If 
final target’s y coordinate is nearer to the top of the 
left side of obstacle, the path is diverted to the top of 
the left side of the obstacle.  

 

FIG 2.1. 
 
If the final y coordinate is nearer to the bottom of the 
left side of obstacle, the path is diverted to the bottom 
of the left side of the obstacle. 

 
FIG 2.2. 

 
If the robot moves forward downward, then there are 
only two position of obstacles to which it might 
collide i.e., left side of obstacle or top side of the 
obstacle. If it is left side of obstacle, then the final 
target coordinate of the robot is considered. If final 
target’s y coordinate is nearer to the bottom of the left 
side of obstacle, the path is diverted to the bottom of 
the left side of the obstacle.  

 
FIG 2.3 

If the final y coordinate is nearer to the top of the 
right side of obstacle, the path is diverted to the top of 
the right side of the obstacle. 

 
FIG 2.4 

 



International Journal of Advanced Computational Engineering and Networking, ISSN(p): 2320-2106, ISSN(e): 2321-2063 
Volume-6, Issue-2, Feb.-2018, http://iraj.in 

Motion Planning for Multiple Robots in Minimum Time Interval in Cluttered Environment 
 

28 

If there are continuously two or three obstacles in the 
path of the robot’s motion, the same strategy is 
applied for the other obstacle collision and therefore 
the virtual path will change accordingly. 

 
FIG 2.5 

 
Therefore, the robot will follow the virtual path 1 due 
to collision with first obstacle, and then will follow 
virtual path 2 due to collision with second obstacle 
and lastly, will follow virtual path 3 due to collision 
with third obstacle and further reaches the 
destination.  
The following figure shows the path followed by the 
robot to reach its goal via blue line. 

 
FIG 2.6 

 
The path generation is via the virtual path. The virtual 
path comes into consideration when the path of the 
robot movement collides with the obstacle. 
For a single robot, for one obstacle 
If FU, consider, L & B, 
If L, SL1=L1-20, ST1=T1-20 
If B, SL1=B2+20, ST1=T2 
If FD, consider L & T, 
If L, SL1=L2-20, ST1=T2 
If T, SL1=OT2+20, ST1=T2-20 
If three obstacles, n=3, then 
Path Generated– 
[(SL,ST),(SL1,ST1),(SL2,ST2),(SL3,ST3),(DL,DT)] 
The Generalized form for the path generated is S-Plan 
- [(SL, ST), =1 to n (SLi, STi), (DL, DT)] for one 
of the robot.  
 
Where i is no. of obstacles. 
Based on the generalized form, 10 robots and 3 
obstacles are considered, and the same strategy is 

implemented to follow a collision free path in order 
to reach the target. 
IV. RESULTS AND DISCUSSION 
 
Robot reaches its destination in minimum possible 
time, and selecting the path, which is collision free 
the shortest path to reach is the straight line path, thus 
the Robot traces a straight line path following 
Bresenhams algorithm, in order to move in the 
shortest possible time. Once the robot reaches the 
destination. If there are continuously two or three 
obstacles in the path of the robot’s motion, the same 
strategy is applied for the other obstacle collision and 
therefore the virtual path will change accordingly. 
Therefore, the robot will follow the virtual path 1 due 
to collision with first obstacle, and then will follow 
virtual path 2 due to collision with second obstacle 
and lastly, will follow virtual path 3 due to collision 
with third obstacle and further reaches the 
destination. 
 
CONCLUSION AND FUTURE SCOPE 
 
This paper concludes, that a design robot will find a 
shortest path to the destination using Bresenham's 
algorithm in minimum time of interval without 
colliding with obstacles using s-plan. 
Future research offers the opportunity to address 
these and other limitation. The algorithm could 
certainly get closer to the optimal solution by taking 
advantage of specific situations as they rise in the 
course of solving the problem. 
 
Another possibility is the case where two swaps could 
occur simultaneously without interfering with on 
other Additional thought would need to go towards 
deciding exactly which conditions would allow for 
this behavior and how to detect when they are 
satisfied. It may also be possible to check for cases 
where non-swapping robots can continue moving 
towards their goals if they don't interface with an 
ongoing swap 
An important next step for this work will be to fully 
explore the quality of solutions found by the 
Bresenhams algorithm, e.g. in terms of path length. 
The numerous other algorithms referenced that are 
complete, although not decentralized, have strived to 
increase optimality. 
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