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ABSTRACT

Autonomous mobile robots have been used to carry out different tasks without continuous human guidance.
To achieve the tasks, they must be able to navigate and avoid different kinds of obstacles that faced them.
Navigation means that the robot can move through the environment to reach a destination. Obstacles
avoidance considers a challenge which robot must overcome. In this work, the authors propose an efficient
technique for obstacles avoidance through navigation of swarm mobile robot in an unstructured
environment. All robots cooperate with each other to avoid obstacles. The robots detect the obstacles
position around them and store their positions in shared memory. By accessing the shared memory, the
other robots of the swarm can avoid the detected obstacles when they face them. To implement this idea,
the Authors used a MATLAB® and V-REP® (Virtual Robot Experimentation Platform).
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1. INTRODUCTION

The field of robotics is a very interesting and useful. The term “Robot” is derived from the Czech
word “Robota” which means menial laborer. It has appeared on January 25, 1921 [1]. Robots can
be used in manufacturing environments, in underwater and space exploration, for helping the
disabled, or even for entertainments. There are different kinds of robot: manual handling device,
fixed sequence robot, variable sequence robot, playback robot, numerical control robot, and
intelligent robot [2].

"An intelligent robot is a mechanical creature which can function autonomously". The intelligent
robot has to be able to handle ambiguous, conflicting, cluttering and uncertain situations. It can
cope with all vagaries of the real world and learn from its interaction with the environment [3].
Many people thought that the robot must be anthropomorphic (human-like). In the real world, the
robots have a variety of shapes depending on their jobs [1]. Drive systems for robots are diverse
depending on the environment where the robot exists. There is a mobile robot with wheels, legs
or continuous track. Another kind is aerial robots (UAV Unmanned Aerial Vehicle) which can fly
using propellers. The aquatic is the third one (AUV Autonomous Underwater Vehicle). This robot
can move under or over water [4].
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1.1 MOBILE ROBOT

Although that the fascinating successes of robots is in industrial manufacturing area by using
robot arms. Nevertheless, this kind of robot has a limited ability in mobility which is required to
achieve many essential tasks [5]. Mobile robot is the kind of robot that uses wheels, legs or both
to move across the ground [6]. In fact, the mobile robots differ in how they move. There are
tracked, wheeled, legged, leg-wheeled, segmented, climbing and hopping. Spherical robot "ball-
like" is also considered as a mobile robot even it does not have wheels or legs. Legged robot may
be used single or multiple legs such as two legs (biped), four legs and six legs. Each one provides
specific advantages and has different uses. The wheeled robot is a most popular mobile robotics
that comes with two, three or more wheels. It is an absolutely practical type that can be used in
many vital areas in our life.

Navigation means the robot moves from an initial position to reach a destination. The
autonomous mobile robot is the age-old dream that people have tried to achieve it for centuries.
Autonomous mobile robot navigation can be described by these three basic questions: Where is
robot? Where is robot going? How does robot get there? [7]. The Navigation system can be
dividedinto various subtasks. Identifying the present location of the robot and things around it,
which is called “Localization”. Avoiding any collisions. Defining a path to reach the goal. Make
sure there is no conflict between the last two subtasks [8]. In the “PathPlanning”, the robot
attempts to find an optimal path to reach a prescribed fixed goal. The obstacles in the
environment can be stationary or moving (like people walking around the robot) and there are
several methods to avoid each type.

The environment in which the robot can navigate can be classified as: Structured (Known)
Environments, Partially  Structured  Environments, and Unstructured (Unknown)
Environments.Based on the environment, the navigation is dividedinto two categories: Indoor and
Outdoor. The autonomous mobile robots that acquire and maintain models of the outside
environment when it is the outdoor type, while the indoor robots acquire the inside environment
models. In some cases, “Landmarks” such as beacons, visual patterns or induction loops are used
to help robot for navigation. They can be geometric shapes such as circles or lines and must be
easy to identify. The landmarks have known position, relative to which a robot can localize itself.

[9].
1.2 SWARM ROBOT

“Swarm robot” consists of a number of robots that deal with tasks which are impossible to be
achieved by an individual robot [10]. Another definition of swarm robot is “a novel approach to
the coordination of large numbers of robots” [11]. In 2004, Gerardo Beni [10] was the first one
who used “Swarm” term to indicate collective robots. Distributed robotics, collective robotics,
and robot colonies are alternative terms [11].

In fact, swarm robot is not just a “group”. It has significant features which are inspired by
different magnificent natural swarms like ant colonies, the swarm of bees, bird flocking, animal
herding, the colony of bacteria and fish schooling. The most considerable features are:

The swarm consists of (quasi) identical individuals.

The interactions between members are based on easy rules that use only local data.
Decentralized control.

Connections among the members happen in a localized approach.

The comprehensive behavior of the system results from the interactions of singular
members with each other and with the environment around them.
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6. The response of the system is completely strong and adaptive with several changes in the
environment [12].

The swarm robotics has a set of fundamental problems that must address with them. These
problemsare divided into three main groups. The first group is pattern formation problems like
how to deploy a group of distributed antennas of sensors, robots aggregation, how to construct a
map for an environment and how to create gradients and so on. The second group is the problems
relate to some of the environmental factors for example: how to find the source of a chemical
plume, how to search for the target, foraging, homing, etc. The last problems group is that
focused on the sophisticated group behavior like mining, flocking, collaborative transport and
shepherding [10].

Swarm robotics is an optimal choice for performing tasks that require parallelism and
redundancy. Swarm mobile robot applications become a very interesting and promising field. In
recent time, a variety of applications appear in our life like items transportation, military
operations, and demining or monitoring. To achieve these diverse tasks, a swarm mobile robot
needs to navigate in the environment. Through navigation, the robots will face many obstacles
and they need a technique to avoid them.

Fuzzy Logic, Genetic Algorithm, Particle Swarm Optimization (PSO), and Neural Network (NN)
are examples of techniques the robots use to avoid different kinds of obstacles around them.
Instead of these techniques, some robots help each other to recognize the obstacles and precisely
detect their locations. They exchange messages contain navigation information to guide each
other's navigation.

In this paper, the authors consider a situation where a swarm of robots moving at the same time.
The robots are deployed in unknown area. Each individual robot has sensors that allow it to
discover the environment and detect exist obstacles. When robot determines obstacle location, it
sends the detected location to memory. The memory can be accessed by other robots in the swarm
to use stored information. In this proposed system, the robots will help each other by sharing
obstacle locations.

2. LITERATURE REVIEW

Navigation of mobile robots is a big challenge. There are many algorithms used for this purpose.
In [13] the researchers presented a new Fuzzy Logic Controller (FLC) for wheeled mobile robots.
They used that Fuzzy Logic Controller (FLC) two times. The first time with five membership
functions and the second one with seven membership functions. The results showed that the first
situation gives better performance. Optimal fuzzy logic controller is proposed in [14]. To
optimize the outcomes of a Sugeno fuzzy logic optimal controller the researchers used Genetic
algorithms and gradient method. The authors in [15] proposed an on-line navigation technique in
an unstructured environment with movable obstacles using Fuzzy logic techniques. Narvydas,
Simutis, and Raudonis proposed FUZZY logic, IF-THEN rules, and Genetic Algorithm for
autonomous mobile robot control. Their experiment showed that the control using fuzzy logic
gives best results than the other control which uses IF-THEN rules because there are no motors
speed jumps [16].

Regarding the swarm mobile robot, many techniques are used for swarm robot navigation. Giizel
et al proposed (APSO) ,a modified version of the conventional Particle Swarm Optimization
(PSO) algorithm that allows swarm robot to overcome both static and moving obstacles and reach
to the static and moving targets in a safe and collective manner [17]. A simple flocking task is
presented in [18]. The researchers described a leaderless distributed flocking algorithm (LD) that
uses the time derivative of the perceived center of the flock to align the robots without explicit
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knowledge of neighbor heading. The researchers used an embodied simulator and reinforcement
learning techniques to optimize LD performance under different conditions. They showed that
method can be used to improve performance and to gain insight into which algorithm components
contribute most to system behavior. In article [19] the researchers used fuzzy logic to control the
suction/thrust force between individuals in the swarm and Null-Space Behavioral control
technique to apply control to the multitasking system of the swarm robot. They solved the
problem with high flexibility by selecting the input/output, defuzzifier, and the fuzzy rules. In
[20] a navigation system for robotic swarms is presented. The algorithm allows robots to
exchange messages contain navigation information to guide each other's navigation. The authors
used this algorithm in two scenarios. In the first scenario, the robots of a swarm guide a single
robot to a destination. In the second scenario, the swarm robot navigates between two targets.
Sugawara, Kazama, and Watanabe proposed a Virtual Dynamic Environment for Autonomous
Robots (V-DEAR) that simulates chemical system such as pheromone. They deal indirect
communication between the robots and investigate a foraging behavior by multi-robot system
[21]. In [22] the authors presented an effective algorithm that deploys a network of radio beacons
which help the robot in coverage and navigation. The presented approach is extendable to multi-
robot applications, in which the network can be thought of as a multi-purpose task manager.

3. THE NEWLY PROPOSED SYSTEM — SWARM MOBILE ROBOT :

This paper presents a simple and efficient system to help a swarm mobile robot to avoid
obstacles. The main contribution of this work is to solve the obstacles avoidance problem by
allowing the robots to cooperate with each other to determine the obstacles. Each robot uses the
sensory information to detect the location of any obstacle around it. By using the wireless
technique, the robot will store the obstacles information in a shared memory. All robots can
access the information stored in this memory to avoid any obstacle that will face them. This
system will help the individual robot to benefit from other robot effort. It does not need to detect
all obstacles by itself

3.1 FUNCTIONAL REQUIREMENTS

The system allows robots to:

e Move through the environment.

® Avoid obstacles.

¢ Add new obstacle location in the shared memory.

e Access the shared memory to check if there is an obstacle in its way.

3.2 NON FUNCTIONAL REQUIREMENTS

¢ Implementation constraint:
This system simulates only Khepera III robots by using a MATLAB® and V-REP®
simulator.

¢ Easy to use requirements
This system is simple and it shows messages that describe the state of the robot when it
changes. These messages allow the user to understand what happens.

3.3 DOMAIN CLASS DIAGRAM

In the domain class diagram there are four classes: Area, Obstacle, Robot, and Target. The
classes' attributes and relations between classes are shown in Figure 1.
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Figure.1 Domain class diagram
3.4 STATE MACHINE DIAGRAMS

Figure 2 and Figure 3 provide the state of robot and obstacle respectively. Each robot
is active until it reaches the required destination.Its state will be changed and it
becomes ideal. The obstacle can be either detected or not detected by the robot.

Ko< Uo target) reacr targat

Active Idle

Figure 2 State machine diagram for Robot

B deteet costac &
start syste il
. Not detected

Detected

felets chatac &

Figure 3State machine diagram for Obstacle

3.5 SEQUENCE DIAGRAM

Figure 4. Illustrates clear information about the sequence of the steps that the robot
follows to arrive the desired target.
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Figure 4.Sequence Diagram

4. SYSTEM IMPLEMENTATION

The implementation is based on using the Fuzzy Logic Controllers to control both the
Navigation and the obstacles avoidance systems.

4.1 SYSTEM TOOLS

4.1.1 MATLAB®

Matlab is a distinct programming language with its own advanced data structures. Its basic
data element is an array. Matlab includes built-in editing and debugging tools and supports
object-oriented programming model. For these features, Matlab becomes a prime tool for
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teaching and researching [23]. In addition, Matlab supports various programming languages
such as C, C++, Fortran, Java, and Python.

Matlab provides wide and sophisticated toolboxes for a variety of scientific and engineering
applications.Some of these toolboxes are free included with Matlab, the others you must buy
them. You can create your own toolbox and share it with other Matlab users. The toolboxes
are classified as follow: parallel computing, math, statistics, and optimization, control systems,
signal processing and wireless communications, image processing and computer vision, test
and measurement, computational finance, computational biology, code generation, application
deployment and database access and reporting .

In the proposed system,Fuzzy Logic Toolbox is used to design, simulate and analyze systems
based on fuzzy logic. It provides a lot of functions and apps. You can use this toolbox to easily
design a fuzzy inference system. It supports both Standard Mamdani and Sugeno-fuzzy inference
systems. The toolbox provides eleven kinds of built-in membership functions which built from
four basic functions: Piece-wise linear functions, Gaussian distribution function, Sigmoid curve,
and Quadratic and cubic polynomial curves. It also enables you to create your own membership
function. The toolbox has tools for modeling system behavior as simple (AND, OR, and NOT)
logic rules and then implement them in a fuzzy inference system

Matlab version 9.4 is used in the design of the Swarm Mobile Robot sytem. This release comes
with several new features and enhancements in many sections such as the live editor,
mathematics, graphics, data import and export, data analysis, app building, and hardware support.
Its performance is improved as well. The Matlab startup time is enhanced. Also, increasing the
performance of the execution engine for popular programming patterns [24].

4.1.1 V-REP®

V-REP is a powerful and flexible 3D robot simulator that simulates different kinds of mobile and
non-mobile robots. V-REP stands for‘Virtual Robot Experimentation Platform’ developed by
Coppelia Robotics. It comes with a suitable GUI which facilitates the basic functions. It supports
Linux, macOS, and Windows platforms. In V-REP, the scene, model and the simulator itself can
be controlled in many easy ways via an embedded script written in Lua language, a remote API
client, a plugin and so on. V-REP is a powerful simulator for multi-robot systems. V-REP has a
remote API used for controlling a simulation from an external application. This function is
available for six programming languages Matlab, Python, Java, C/C++, Lua, and Octave. V-REP
is a perfect tool that can be used for many purposes, for example, robotics,fast prototyping,
factory automation simulations, developing algorithms and remote monitoring. V-REP offers
many features like collision detection, minimum distance calculation, inverse /forward
kinematics, proximity sensor simulation, vision sensor simulation, and path /motion planning
[25].In the proposed system,V-REP 3.5.0 version (free educational license) is used.

Khepera is a common robot manufactured by K-team in 1991. It is considered a miniature robot
with about 130 mm diameter.Because of its small size, the robot was known as “cafard” which
means “cockroach” in the French language. Prof. Nicoud, changed this name and called it
“Khepera”, which is an Egyptian god having the head of a cockroach [26].Kheperalll has eight
infrared proximity/light sensors with up to 30cm range and five ultrasonic sensors with range
20cm to 4 meters. For line following applications, It has two infra-red ground proximity sensors.
Many extension modules are available for this robot such as camera, radio communication, and
gripper. Khepera III robot can be controlled by the computer via serial port [27].
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4.2 PROJECT TECHNIQUES

1. Build the environment and develop the obstacles and set the location of each obstacle.
Implement navigation system based on the Fuzzy logic controller.

3. Design Fuzzy logic controller for obstacle avoidance by using the fuzzy logic toolbox and
determine the input and output variables and set the rules.

4. Implement the swarm robot.

5. Implement the obstacle avoidance technique.

4.3 V-REP REMOTE API

In the proposed system, Matlab and a V-REP are used as remote API to control the robots. At
firstto connect with V-REP, the following commands should be used:

% Using the prototype file (remoteApiProto.m)
vrep=remApi ('remoteApi');

o

% Just in case, close all opened connections
vrep.simxFinish(-1);

clientID=vrep.simxStart('127.0.0.1",19999, true, true, 5000,5);

The V-REP remote API contains many functions as shown in Table 1 that can be called by the
Matlab.

Table 1 Remote API functions

Remote API function Description
simxGetObjectHandle Retrieves an object handle based on its name.
simxGetObjectPosition Retrieves the position of an object.
SimxSetfointTargetVelocity Sets the intrinsic target velocity of a non-spherical joint.
simxR.eadProximitySensor Reads the state of a proximity sensor.

4.4 NAVIGATION

The navigation system is very simple and effective. At the beginning, the speed is set for all
robot. Then the distance between the robot and the target is calculated using Pythagoras theorem
as follows:

Distance = |/ (x_robot — x_target)? + (y_robot — y_target)? |

When a robot reaches the target (distance = 0), the speed is changed into zero then the robot will
stop.

4.5 OBSTACLES AVOIDANCE

Fuzzy Logic controller is created for the obstacles avoidance. The type of fuzzy inference system
is Sugeno that is similar to the common method Mamdani. The main difference between them,
that the Sugeno output can be either linear or constant.
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As shown in Figure 5, the fuzzy logic controller has three input variables ‘left’, 'front' and ‘right.
They indicate the values of the infrared proximity sensors of the robot. Each input variable has
three trapezoidal membership functions (N Near, M Medium, and F Far). Figure 6 presents the
input variables’ membership functions. There are two output variables LW and RW where LW is
the velocity of the left wheel and RW is the velocity of the right. Each output variable has four
constant membership functions (small = 1, medium = 2, high=3 and minus=-0.5). Output
variables’ membership functions are shown in Figure 7.

4| Fuzzy Logic Designer: FLC

File Edit View

RW
HS Iype: sugeno ‘

And method s ~ | | current variable U
Or meathod wrene ~ N Left

™ ut
Implication =0 = iz e

Range 02
Aggregation e -
Defuzzification wtaver - ‘ Help Close ‘ ‘
System "T'LC": 3inputs, 2 outputs, and 16 rules. ‘

Figure 5 Fuzzy logic controller

Membership function plots nlnt pnints- 181
T - T : | L ‘ .
Near medium Far
0.5
0 N I ! n - ‘ , :
0 02 04 06 08 S ; - : !

Figure 6 Left, front and right sensors’ membership functions

nlnt points- 181

Membership function plots

Small
High
Medium

Minus

Figure 7 Left and right wheels’ speed membership functions

The fuzzy logic inference rules for the Obstacles Avoidance System are shown in Table2.
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Table 2 Fuzzy logic inference rules

Input (Logic AND) Outputs
LS FS RS LW RW
N N N MIN M
N N F H S
N M M H S
N M F H S
M N N H S
M N F S H
M M N M MIN
M M M S S
M M F M S
F M N S H
F F F H H
N N - s H
- N N S M
N - - H S
- N - MIN M
- - N MIN M
5. SYSTEM FLOW CHART

In the proposed system,the simulated wheeled mobile robots will be organized in swarm. The
robots navigate in an indoor and unstructured environment. In the environment, there are many
stationary obstacles in unknown locations. All robots try to reach the same target. The target is
also static and its location is known for each robot. The robots collaborate to avoid obstacles that
will face them through navigation. The navigation system is autonomous and maples.

As shown in Figure 8 at the beginning, the robot localizes itself. It estimates its x-coordinate, y-
coordinate by using sensory information. Then, the robot uses the navigation system to make its
first step. After the first step, the robot checks if the target is reached?. If the answer is yes, the
robot achieved its work and will stop. In the second case, the robot immediately accesses the
shared memory to search for information about the next step.If the information exists. Two cases
will face the robot. The first case, if the next step is free of an obstacle, the robot will continue
navigation. Another case, if there is an obstacle towards robot. The robot will avoid this obstacle
by changing its direction. Then, the robot will continue navigation.

72



International Journal of Computer Science & Information Technology (IJCSIT) Vol 11, No 2, April 2019

Start

Localization calculation

Yes Reach the

ELon goal?

No

Is there
information No
about next
step?

Read sensor data
Obstacl

No Obstacl Yes

Store obstacle position

Move one step
in shared memory

Avoid obstacle

Figure 8 System flowchart

Sometimes, the robot will be the first one who traverses this location. Thus, there is no
information in the shared memory that can guide the robot. The robot will be the initiator of this
information. It will use its sensors to read information and check if the step has an obstacle or not.
When the robot detects an obstacle. It will change its direction to avoid it and store obstacle
location (x-coordinate and y-coordinate) in the shared memory. If there is no obstacle in the
specific step, the robot will also share this information by storing it in the memory. In both cases,
after the storing step the robot will continue navigation. Other robots in the swarm can use stored
information when they travel through this step.

Every time, the robot will check for the next step if it is the target or it was traversed before or it

is a new. Then, it will decide what it must do. This cycle will repeat for each robot until it reaches
the target.

6. RESULTS AND ANALYSIS

6.1 ENVIRONMENT WITHOUT OBSTACLES

In this case, each robot moves toward the target directly. They do not need to use infrared
sensors. The results show that the system is accurate and each robot stopped when reached the

goal. Figures (9, 10, 11) illustrate the robots start locations, the robot's movement, and the robots
when reached the goal respectively.
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Figure 9 Navigation without obstacles (a)

Figure 10 Navigation without obstacles (b)

Figure 11 Navigation without obstacles (c)
6.2. ENVIRONMENT WITH OBSTACLES
Navigation with obstacles is more difficult than the first case. The robots will face obstacles in
their way and they must detect them by using infrared proximity sensors and avoid them by using

the Fuzzy Logic controller. Then, they store obstacles locations in the shared memory. The
following figures (12, 13, 14) show swarm navigation in the environment with the obstacles.
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Figure 12 Navigation with obstacles (a)

Figure 13 Navigation with obstacles (b)

Figure 14 Navigation with obstacles (c)

7. CONCLUSION AND FUTURE WORK

This system aims to implement a team of mobile robots that cooperate to detect the obstacles in
an indoor environment. All robots go to the same destination which is a spatial location in the
environment. The destination is static and it is known for all the robots. The environment has
some of static obstacles that will be discovered by the swarm. During navigation, when a robot
faced an obstacle, it will store its location in the memory and it can be accessed by all the robots.
The experiments have been carried out in a simulated environment; the results indicated that the
proposed system is simple and effective. The implementation is carried out using Matlab and V-
REP as a remote API to control a simulated Khepera III robots from Matlab.

75



International Journal of Computer Science & Information Technology (IJCSIT) Vol 11, No 2, April 2019

In the proposed system the angle between robot and target is between O to 90. In the future, the
system will be enhanced to handle other angles cases. Also improve the obstacles avoidance
controller to be more accurate. The proposed system worked only in a simple and static
environment. The system will be enhanced to carry out other cases likedynamic goals and
obstacles.
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