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Abstract

Mobile robots are the future of modern day vehicles and their collision is one
of the major concerns and challenges which is a very active field of research
these days. As the number of vehicles increasing, the complexity and challenges
are also growing exponentially. There is an imminent need of a strategy or al-
gorithm to mitigate their problems. In that regard, the research presented in
this thesis is one of possible solutions that eliminates the drawback of existing
collision avoidance algorithms known as Deadlock. The proposed algorithm is
named as Velocity-based Collaborative Optimal Reciprocal Collision Avoidance
(V-CORCA) which is extensively analyzed using holonomic robots in a computer
simulation. A brief comparison among other versions of the same techniques such
as Optimal Reciprocal Collision Avoidance (ORCA) and Collaborative Optimal
Reciprocal Collision Avoidance (CORCA), is also presented for performance eval-
uation. The simulation results reveal that unlike ORCA, V-CORCA was able to
prevent deadlocks, while at the same time, reducing the overall halt time for
single and multiple robots within an eight robots-based multi-robot system. By
analyzing the simulation results of a single and (eight robots-based) multi-robot
system , it is concluded that V-CORCA is not only efficient in reducing the over

all halt time but also eradicates the possibility of occurring a Deadlock.

Keywords: Collision avoidance, mobile robots, multi-robot systems, ORCA,

CORCA.
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Chapter 1

Introduction

With advent of industrialization, automobiles have become as essential part of
daily life. With the dramatical increase of populations, the number automobiles
have also increased drastically, so their problems along with them. Automobiles
are usually driven by humans who take decisions over the course to guide the
vehicle to its destination. Driving a vehicle is one of the cumbersome jobs that
everyone encounters in his daily life. As the number of vehicles increased exponen-
tially, the probability of occurring an accident have increased beyond dangerous

levels.

Numerous methods have been adopted to avoid the accidents such as traffic rules
and regulations, road guides and adequate road width for vehicles to maneuver
but these are not panacea. These measures are effective for a short time. Almost
every vehicle is driven by human, therefore, most of the accidents happen due to

human errors instead of uncertain electrical or mechanical breakdown of vehicles.

All these issues give rise to an inevitable need of robots taking control of the vehi-
cles, eliminating the human errors at all. Robots are less likely to make mistakes
as they are programmed to do a specific task using a sophisticated algorithms.
With introduction of flying cars [5], the situation have even more complicate and
there is an utmost need of unmanned vehicles to avoid collision/accidents. Col-
lision avoidance system is one of fundamental key safety feature of modern day

automobiles.

Nevertheless, there are unmanned vehicles which used to be considered as futur-
istic, are now coming forth in real life. A lot of research is being conducted to on
numerous problems such as collision avoidance [6] [7] [3], vehicle’s aerodynamics
[9] [10], flying cars [L 1] etc., all these to meet the fundamental need of transporta-
tion in a person’s daily life and to develop sophisticated robots for defence and

warlike situation for combat and rescue missions.

The manned vehicles in which the robots take control and drive the vehicle to its
destination, is the ultimate solution to avoid collision in ever growing complexity

of maneuvering. Robots follow a set rules defined the algorithm that governs its



whole motions and enables the robots to take decision where it is necessary in or-
der to successfully achieve the target or reach the destination. Before diving deep
into underlying strategies and algorithms, there are few terms that are needed to

be familiar with.

1.1 Collision Avoidance System

A system of control strategies and algorithm that senses the environment and
based on sensed data, develops an approach or road map to maneuver it to its
destination without any collision or accident. This is broad concept or more

generalized term to represent a system that detects and prevents a collision.

1.2 Reciprocal Collision Avoidance System

A system in which different moving entities or robots make decision to avoid
collision and to navigate through a common plane without communicating with

each other.

1.3 Optimal Reciprocal Collision Avoidance Sys-

tem

A system in which different moving entities or robots develops an optimal road
map or path to their destination and on their course, if then encounter with other
moving or stationary entities, they make an optimal decision without communi-
cating with each other in order to avoid collision. This technique is far superior in
achieving the goal and complexity as compared to Reciprocal Collision Avoidance

technique.

As the autonomous robots become more and more popular, the need of an algo-
rithm that not only prevents the robots from colliding but also makes sure that
all the robots reach the destination in a finite time even if they are sharing the
same limited space to maneuver. There are countless applications and advantages

of multi-agent systems such as monitoring, detection, leading rescue or recovery



missions, structural assembly and military surveillance [12] [13] [14] etc. which
have made them very popular and sound choice for deployment. If there fewer
robots located at far distance in a shared space, the probability of occurring a

collision can be eradicated by deploying global path planing techniques.



Chapter 2

Literature Survey

In this chapter, the different collision avoidance techniques such as ORCA, CORCA
and Velocity-based CORCA (V-CORCA) are described briefly. The Optimal Re-
ciprocal Collision Avoidance (ORCA) is the fundamental technique from which
other collision avoidance techniques are derived. The derivation of advanced tech-
niques is presented for better understanding the abstract of this research. Keeping
in view the vital theoretical details, the performance of these algorithm can be

assessed.

ORCA is founded on velocity-based algorithm, which changes the velocity of
robot if there is probable chance of collision, instead a new velocity is adopted
which will not only avoid collision but also keeps the robot near to the optimum

velocity for reaching its target in time [15].

While Collaborative Optimal Reciprocal Collision Avoidance (CORCA) utilizes
the information of instantaneous position of the robot for collision prediction and
avoidance by maintaining the fundamental laws of ORCA. Likewise, V-CORCA
utilizes the velocity information of the robot for collision prediction and preven-

tion. It is of prime importance that the vital point of this discussion to eliminate
the limitation of ORCA i.e. Deadlock [15].

2.1 Optimal Reciprocal Collision Avoidance (ORCA)

ORCA was first designed to overcome the problem of reciprocal dances, however
in [16], this issue was also resolved by other techniques known as Reciprocal
Velocity Obstacle (HRVO). It happens when two robots that are likely to collide
take measures to avoid collision but the attempts made, are in the same direction
as described by the algorithm to be the preferred side to maneuver. It not only
makes the robot to take a longer path but also leaves it astray from its proposed

trajectories based on the velocities [17].

Let assume a scenario in which the plane is disk-shaped and there are k holonomic

robots which have radius 7, position and velocity of p; in plane 2 and v, € R?
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respectively. It is the desire of each robot, determined by the algorithm, to reach
its goal g by optimally choosing a velocity v, in order to avoid collision which
should also approximate to the proposed velocities v?"/*" € 2 in a finite time
7. For better understanding, an exampling of two robots is illustrated in Figure
2.1 where r4,rg are their radii, ps, pg are their positions and v4,vp are their

velocities respectively.

Fig. 2.1: Two Robots moving with v4 and vpg

The relative velocities and the distance between two robots are computed which
yields a cone of collision space. Any obstacle within this cone is subject to colli-
sion. This phenomena is illustrated in Figure 2.2. The main objective of ORCA
is to find a possible safe velocity that could be adopted by the robot in order to
avoid collision from a dynamic or stationary objects and it also assumed that the

velocity of robot during collision avoidance time window 7 remains constant.

This is achieved by calculating the half-plane velocities of each object that has the
potential to collide. For a perfect collision free performance, the information of
dimensions, position and velocities of different entities present in the surroundings

should be well known in order to determine an appropriate course of action [18].
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Fig. 2.3: Two Robots moving with v4 and vg
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Fig. 2.4: Two Robots moving with v, and vpg

For calculation of half-plane velocity of holonomic robot A with respect to robot
B, the velocity of obstacle must be know which will form a set of allowed velocities

in a given time 7.

u = (argminyex|lv = Y|]) =Y (2.1)

X =TVOy (2.2)

Y = (4 — vp) (2.3)

ORCAY 5 = {v| (v — (va + 0.5vg)) m > 0} (2.4)

In equation 2.1, u represents the relative velocity vector for two entities (v4 —vp)
to the nearest point of boundary set by the robot B for robot A. This boundary is
known as Truncated Velocity Obstacle (TVO). Each robot or entity performs half
of its duty in order to avoid collision. This gives the total velocity adjustment to
be the half of u within the allocated time 7. The ORCA plane for robot A with

respect to robot B is represented by equation 2.4.

From the pragmatic point of view, these techniques such as RVO, HRVO and
ORCA require perfect information of the surroundings which imposes serious
issues of cost and complexity, making aforementioned technique far from prac-
tically realizable [17] [19]. Also, there is a severe problem with ORCA which is

Deadlock. This research work present a novel technique to prevent this Dead-
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lock. Using simulation two different scenarios are presented in Figure 2.5 and 2.6
which show that even though the algorithm is quite efficient in collision avoidance

however it gets worst when Deadlock situation arises.

Fig. 2.5: Three Robots in Deadlock

Fig. 2.6: All Eight Robots in Deadlock



An extensive study on collision avoidance is available in the literature but none
of them address the problems of collision avoidance with zero deadlock scenario.
[1][2] addresses the problem of collision avoidance assuming that the obstacles are
static or moving slowly than the robot but in real life the robot may have to face
with the fast-moving entities. If the fast-moving entities that also take decision
intelligently to avoid collision which means they can change their velocity on the
way to their goal, are present in the surroundings of the robot, this technique will
simply fail to avoid collision. This technique might work if the velocities of other
robots are known and this approach is presented as Reciprocal Velocity Obstacle
(RVO) in the literature [1][3].

2.2 An Analysis of the Reciprocal Robots Col-

lision Avoidance

In this paper, Aurel Fratu and Danut Ilea discussed the problem of collision briefly
and proposed a solution that guarantees that there will be no collision. Each robot
takes its decision independently without communication with the other robot. It
is assumed that robots have the ability of perfectly sensing the environment that
contains obstacles or other moving entities. The robots have circular shapes and
moves only in two-dimensional space. The motion of the robot can be in any
direction in order to avoid collision. The algorithm dictates that the robot must
sense its environment and take decision based on the observation. If there is an
obstacle or any other moving entity, its velocity is measured and possibility of
collision is calculated. If the collision is imminent, the robot must change its
velocity in order to avoid collision. This approach is studied well in complex
simulations and the results were astonishingly successful. The simulation results
of two robots that have different goals proved that no collision occurred and the

goal of individual robot was successfully achieved.

2.2.1 Collision Detection:

There are so many technique available in the literature for collision detection
but the most frequently used technique is Bounding Volume Hierarchies (BVHs).

The visibility reducing algorithm as defined in [] is used which in general can be

9



used in any environment to detect the collisions. The complexity of input model
and the output of the problem, both determines the performance of the system.
The already available algorithm in the literature requires high memory of the
computing device, therefore it is not recommended for large and complex prob-
lems. The presented algorithm tries to achieve high performance, generalization,
large problems handling and approach to realistic scenarios. Potentially Collision
Set: The collision is predicted based on the criteria that if the obstacle or the
moving entity comes in the close vicinity of the robot or about to overlap it. If
the collision is imminent, that object is added to potentially collision set or PCS.
In this paper, potentially visible set or PVS is used for collision detection. If an
object is about to collide in the image space, it is added to the PVS. Initially, all
the objects are considered to be a part of PCS. But using reduction method, the

objects are removed from PCSC, if the objects do not seem to collide.

Most of the time, in search of the most optimal path, the robot gets stuck or fail
to find the solution to avoid deadlock.

10



Chapter 3

Problem Statement

Robots face a fundamental issue of collision when moving in an environment that
contains obstacles or other moving robots or entities. Generally, when a robot
is moving in an environment, it senses its surroundings and acts accordingly. It
follows a certain set of rules to find its path in the environment keeping in view
the observation of its surroundings where there are obstacles or other moving
entities. These set of rules or instruction are modeled in order to achieve the

destination by finding the shortest possible path.

Despite of the fact that the most efficient algorithms that have been developed
that help the robot to navigate and find the most optimal path to its destination
but they still get stuck in a Deadlock situation. This situation happens when
two or more robots come in the vicinity of each other and take the same decision
independently resulting in a collision which stops them to move any further and

the robot has no other way to get out of the situation.

A simulation based on the existing algorithms of the literature is conducted.
There are four pair of moving entities, representing the robots, and each entity is

moving in opposite direction of its pair, forming a collisional situation.
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Fig. 3.1: After 17 Seconds from the starting point
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The trajectory of individual robots is also traced out for better understanding.
After 17 seconds from the starting points as shown in Figure 3.1, the trajectories

are smooth and the robots are headed strait to their destination.
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Fig. 3.3: After 35 Seconds from the starting point

After 29 seconds, all the robots are uniformly moving and their trajectories are
also traced out which are strait lines showing optimal, most efficient paths to

achieve their goals. However, after 35 seconds of starting the simulation, the

12



situation have become even more dramatic. The collision seems imminent and
all of the robots are going to collide. Based on the algorithm, it should easily
prevented once a robot detects other robots in his vicinity. This is turning point

situation, where the effectiveness of algorithm can be evaluated.

il
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T

On 37s 200nsec [1,0]

Fig. 3.4: After 37 Seconds, a Deadlock

After 37 seconds of starting the simulation, something unexpected has happened.
The algorithm indeed helped the robots to avoid collision but they are not mov-
ing rather got stuck in perpetuating situation. Looking deep in the algorithm,
it seems that algorithm seem functional but incomplete to counter such immov-
able situation. This situation is known as Deadlock. Despite of most effective
algorithms, the whole system may go haywire, if this happens in real life. The
results may be catastrophic. The simulation results show the severity of deadlock

problem.
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Chapter 4

Proposed Solution

Nature is the greatest scientific experiment to learn and find solution. Human
also move from one place to another sharing the same space for maneuvering
but they do not seem to get stuck in a Deadlock situation. The key point is all

humans behave the same.

4.1 CORCA & V-CORCA

CORCA stands for Collaborative Optimal Reciprocal Collision Avoidance and
V-CORCA stands for Velocity based Collaborative Optimal Reciprocal Collision

Avoidance.

The first algorithm proposed in this thesis is the pioneer of its kind based on
an approach discussed in [20]. This state of the art technique is named as Col-
laborative Optimal Reciprocal Collision Avoidance (CORCA). This technique is
designed to eliminate the possibility of occurring a collision along with the prob-
lem of Deadlock in a multi-agent system. Deadlock is a situation in which two or
more robots come close in each others vicinity such that they are unable to move
to reach their target anymore. Figure 3.4 illustrate the phenomena of Deadlock

among multiple robots.

Nature is the greatest teacher. Following this quote, the CORCA is also based on
a natural phenomena of humans finding their way in a crowded situation. Hence,
there are few governing rules rule based on the traffic rules and regulations which
ensure a smooth collision and deadlock free maneuvering of robots. The robot
make suitable decisions on their way to their target. These decisions are based
on preferences such as in this case the right of the robot will serve as a preferred
option to avoid collision. Meanwhile, Potentially Colliding Sets (PCS) or Po-
tentially Colliding Regions (PCR) are formed to maintain an adequate distance
among the robots [21]. The Figure 4.1 and 4.2 illustrates the overlapping PCS in

a simulation of eight robots.

14



Fig. 4.1: All Robots Start from their Initial Positions

Fig. 4.2: Robot moving in Diverging PCS
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If the PCS of each robot is not overlapping with others, the robots can make
decision based on traffic-rules to avoid collision ignoring the complete set of PCS.
These robots are highlighted in the simulation. In Figure 4.1, there are eight
holonomic robots and the initial position of each robot is shown. The field of
view and PCS of each robot is represented as blue and green respectively. The
PCS of each robot is same as they are equidistant from each other in a circular
shape. On the other hand, the Figure 4.2 shows that as the robots move towards
their goals, the robots in PCS are highlighted indicating that they are now taking
decisions based on the algorithm and information retrieved from the sensors in
order to avoid collision. In short, the Figures 4.1 and 4.2 illustrates the basic
underlying mechanism of robot for decision making and avoiding collision without

communicating with each other.

The sensors feed the information about the surroundings such as the velocity and
position of other robots in the same plane. In response, the robots take suitable
decision based on traffic rules to avoid possible collision. If somehow, the robots
gets too close to each which is minimum allowed distance between the robots the
an appropriate decision is made to change its course. This change in direction

will not only prevent the collision but the Deadlock well in time.

16



1V {Vins}

2 w+o¢=0

3 D < {DuinpDistance }

4 T < {Tini}

5 for j+ 0to N do

6 O; + PCS(j)

7 for i < 0 to N do

8 D,opor < Sonar Proxy(i)
9 T < Traf ficRulePriority(i)
10 if D,opor < D Then

11 V < {Viurn}

12 w < ¢ = TurnSpeed
13 else

14 V< {Vipit}

15 w—op=0

16 R+ (V,w,T)

17 return R

Table 4.1: CORCA Algorithm

V-ORCA is derived from ORCA but inspired from traffic rules that humans follow
in their daily life to avoid collisions. The key difference between ORCA and V-
ORCA the use of information for decision making. ORCA utilized the position
information of the robots and other robots in the surroundings in order to take
appropriate action for smooth maneuvering. On the other hand, V-ORCA uses
the velocity information of the robot itself and the robots of the surroundings.
This comparison of velocities enables the robot to take decision well in time to
avoid possible collision. In both the case i.e. ORCA and V-ORCA, the decision
is made based on PCS set. Using this PCS set, the robot differentiate between
the colliding robots and those which far away sufficiently.

Figure 4.3 illustrates few scenarios in which traffic rules steer the robot to avoid
collision and Deadlock situations. In the first part, there is an imminent chance
that the two robots A & B will collide, therefore, the traffic rules based algorithm
performs its job and guides the robots. The robot A will take its preferred side
which is right side but the robot B will wait until the robot A is passed from its

course.

17
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Fig. 4.3: Traffic Rules Representation

In the second part, the Figure 4.3 illustrates a scenario in which two robots
are moving toward each other and the collision seems imminent. To avoid this
collision, the two robots will sense the situation first then based on the algorithm
steer to their non-preferred side which mean both the robot will steer to their left
sides. In this way, both the robots will continue to their target without colliding
with each other. In the last part, when two or more robot which are traveling in
the same direction somehow comes close to each other. The algorithm dictates
that if this situation happens then the robots should change their lane in order
to maintain a significant distance. In the present case, the robot a will change in
direction to the preferred side (which is its right side). If there was a third robot
C on the other side of robot B, then that robot C will have to change its lane
away from robot B. These traffic-rules based algorithm ensures that there will be

not even a remote for the robot to collide or get stuck to indefinite time.

In figure 4 given below, after initialization of velocities, location, orientation and

distance from other robots, the PCS is repeatedly calculated.

The collision avoidance is achieved using PCS. This PCS is updated continuously
based on the information retrieved from the sensors. The overall algorithm that
controls and dictates the course of action is briefly described in Table 4.2 in the

form of pseudo code.
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V= {Vinit}
w+ =0
D < {DusinDistance }
T < {Tinit}
for j + 0to N do
O; + PCS(j)
for i < 0 to N do
D, opor < Sonar Proxy(i)
(Vinin, Vinaz) < AvoidCollision(i, Dyopot, V')
T < Traf ficRulePriority(i)
if Visin < Viobot < Vinaz Then
Ve {Viurn}
w < ¢ = TurnSpeed

© 00 00 N O Ot B~ W N o=

— s s
w NN o= O

else
V < {Vinit}
w+— =0
R+ (V,w,T)

—_ = =
S Ot e

17 return R

Table 4.2: V-CORCA Algorithm
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Chapter 5

Simulation & Results

To determining the action of robot at a certain point of its track, the designer
usually apply feedback control strategies. The stability of these control algo-
rithm is of prime concern. The facility where these control algorithms can be
implemented and tested is quite expensive and the designers cannot take risk to
actually test their algorithm in the practical environment. Therefore, a computer
simulation is the best option to test the algorithms in which a virtual robot can
interact with the simulated environment and takes decision based on the set of

instructions given in the algorithm.

5.1 Simulation

Two different observation are performed for three different collision avoidance
techniques are simulated and analyzed. These observation are compiled based
on different velocity of robots. During first observation, the velocity of robot is
chosen to be 0.35m/s and 0.7m/s in the second observation. The open source
platforms such as Player-Stage is used to conduct the simulations. The envi-
ronment was develop to mimic the actual real life scenario. The robots were
positioned at predetermined locations and the obstacles were deployed in order
to assess the performance. The algorithm was programmed that will control and

guide the motion of robot. The robot its self is presented as an entity.

Figure 5.1 illustrates the drawback of ORCA. Eight robots are simulated of which
two get stuck in deadlock situation. The ORCA is working but the robots could
not find a possible solution to get out this situation. On the other hand the
results of CORCA are shown in Figure 5.2. There is no collision or deadlock.
Similarly, the Figure 5.3 illustrates the performance of V-CORCA. It can be seen
that there is no collision or deadlock. However the robots are moving more freely
in case of V-ORCA than in case of CORCA. It is due to time efficiency which is
inherited by V-CORCA.
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Fig. 5.2: CORCA with 0.35 m/s velocity of robot
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Fig. 5.3: V-CORCA with 0.35 m/s velocity of robot

If the velocity of robots is increased, the collision avoidance behavior also changes
drastically. To analyze the impact fo velocity change, lets consider the scenarios in
which the robots velocity is selected to be 0.7m/s and repeat the same simulation
for ORCA, CORCA and V-CORCA. Figure 5.4 shows that with the slight change
in speed has change the behavior of robots dramatically. In the present case, six
out of eight robots got stuck in deadlock situation. However in the previous
case where the velocity of robot was selected to be 0.35m/s, there were only two
of eight robot were subject to deadlock. On the other hand, CORCA and V-
CORCA were successful in avoiding collision and deadlocks. These phenomenas

can be seen in Figures 5.5 and 5.6.
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5.2 Consolidated Simulation Results

The consolidated simulation results of ORCA, CORCA and V-CORCA for dif-
ferent selected velocities are presented briefly in this section. There are several
parameters that can be considered for performance evaluation but few of them
have significant impact. Those parameters are listed in Table 5.1 which act as a

foundation for examining the outcomes of each collision avoidance technique.

Parameter Abbreviation

N number of observations

Tsimulation (hr) | time per simulation

Vmin (m/s) minimum velocity

Vmax (m/s) maximum velocity

Vaverage (m/s) | average velocity

Nonehalt number of instances when a single robot halts
Nnhalt number of instances when multiple robots halt
Ndeadlock number of deadlocks for two or more robots

Table 5.1: Performance Evaluation Parameters

By carefully analyzing the observations given in Table 5.2, it can be deduced that

total of 120 samples are taken which mean that the simulation was repeated 120
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times for each collision avoidance technique and each time it took almost an hour
to complete. Other parameters such minimum and maximum velocities are kept
the same for each technique in order to achieve a better comparison. It can also
be observed that the average velocity of robots in case of ORCA and V-ORCA
is slightly higher than that of CORCA. It implies that in case of CORCA the
robots tend to slow down more often as compared to ORCA or V-ORCA. The
major cause of this behavior is due to the inherit design if individual collision
avoidance technique. ORCA and V-CORCA are velocity based techniques, how-
ever CORCA is position based technique. Similarly, the Nonehalt and Nnhalt
parameters dictates the efficiency of each collision avoidance technique. None-
halt parameters shows that the robots are lacking the decision making ability,
therefore, they have to slow down in order to avoid collision. The most efficient
technique was V-CORCA which had the least number of instances but there are

still more than 7,000 instances which is significant enough for further research.

Parameter ORCA | CORCA | V-CORCA
N 120 120 120
Tsimulation (hr) | 1 1 1

Vmin (m/s) 0.2 0.2 0.2

Vmax (m/s) 0.7 0.7 0.7
Vaverage (m/s) | 0.5 0.45 0.5
Nonehalt 7,936 8,092 7,033
Nnhalt 774 786 622
Ndeadlock 252 0 0

Table 5.2: Observations for ORCA, CORCA and V-CORCA

Likewise, in case of Nnhalt instances in which two or more robots halt simul-
taneously are also quite significant for all three collision avoidance techniques.
In comparison to ORCA and CORCA, V-CORCA shows the best performance
i.e. the average velocity is significant, Nonehalt and Nnhalt are sufficiently low
to make a difference. All these observations imply that V-CORCA is so far the
best collision avoidance technique. This is also the major accomplishment of this

research.

The following Figures 5.7, 5.8, 5.9, 5.10, 5.11 and 5.12 illustrate the motion of

robots in the plane coexisting with each other without colliding or getting stuck

25



in Deadlock situation.

e ey T

-5

-+
i

o o mm |
i T (@bl

Fig. 5.7: V-CORCA Simulation 1

T T e e

o
T

o
i

-
T

w e~ m m
‘_...A:A..A..:..A..Ar........:..a....
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Fig. 5.12: V-CORCA Simulation 6
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Chapter 6
Conclusion & Future Work

6.1 Conclusion

The collision avoidance technique such as ORCA is known to be an efficient tech-
nique to avoid collision for multi-agent holonomic systems. But this technique
fails to cater the problem of deadlock in which the robot cease to move for an
indefinite period. That problem is solved by newly proposed technique called
CORCA. Simulation results of CORCA have shown that it is an efficient tech-
nique to avoid collision and also to cater deadlock scenarios. Since CORCA relies
on the information of position of the robots therefore, the decision making mech-
anism is quite slow. Hence, an other approach is proposed call V-CORCA. In
comparison to all other techniques, V-CORCA is found to be best collision avoid-
ance technique that not only caters the problem of deadlock but improves the

decision making ability of robot.

6.2 Future Work

e From the simulation results, it has been observed that the robots lack the
ability of efficient decision making well in time. The robots have to slow
down each time when they making decision to avoid collision or a deadlock.
This decrease in velocity making the whole system inefficient in terms of

time efficiency and response.

e There is a need of technique that will not only improve the decision making
ability of robots but also the save the overall maneuvering time to reach the

goal.

e So far, the simulation have been conducted to evaluate the performance of
algorithm. There is need of practical application as the pragmatic scenario
reveal the deep insights of problems. After which the true performance of

algorithms can be determined.
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e A swarm based systems which contains thousands or millions of robots can
be a good platform for performance evaluation. V-CORCA may also be

tested using swarm based systems in future.
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