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Abstract — Obstacle avoidance is an essential problem for
applications involving multiple wheeled mobile robots. This
research proposes a simple obstacle avoidance rule utilizing
only one type of sensor, i.e., infrared sensor. In this research,
multiple infrared sensors are placed on a mobile robot,
arranged 45° radially equidistance. By using a low-cost and
easily available infrared sensor, the cost and time consumed
to build and repair a wheeled mobile robot are considerably
reduced. Avoiding rules, based on simple behavior, such as
“turn”, “stop”, “follow”, and “ignore” are developed. By
applying these rules, each robot can refer to the motion of
other robot or stationary object to avoid collision.
Simulation results show that the proposed algorithm
performs well, at 66.7% chance of avoiding a moving object
and at 93% chance of avoiding a stationary object.
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I. INTRODUCTION

The term of multiple robots refers to a large number of
relatively small-sized wheeled robots. Each robot has a
limited sensing, motion, and perception capability. This
kind of robot is economically feasible to be developed
compared to a large and complex robot [1]. However,
controlling many multiple wheeled robots brings up a
challenge, namely collision avoidance [2]. Therefore,
many researches have been reported to console this
challenge. Some researches dwell in the type of sensing
used to avoid an obstacle [3]-[4], others focused on the
control system [5]-[8]. Many researches used ultrasonic
sensor with a variety of configurations, such as using only
one sensor [9], three sensors [10]-[12], four sensors [13]
or even eight sensors [14]. Some researches even utilized
a more complex algorithm of sensor data [15]-[16], an
approach based on information fusion [17]. Though its
range is much shorter than sound-based ranging sensor,
infrared sensor triumphs in resolution and higher distance
measurement rate [18]-[19]. Using a group of infrared
sensors can provide an effective full coverage of the
robot’s path at a cheaper price than laser-based and radar-
based sensors [20]-[21].

In this paper, the author proposes a simple algorithm
for collision avoidance by processing data from multiple
infrared sensors. Constructed using simple and cheap
infrared sensors and largely available microcontroller
board, the robot in this research is considerably cost-
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saving and comparatively cheap to be used in robotic
research.

The proposed obstacle avoidance algorithm is then
simulated in a program built using Visual Engineering
Environment (VEE) software [22] by Agilent (now
owned by Keysight). VEE software is, first and foremost,
not a simulation software, but is optimized for use with
electronic instruments [23]. However, its graphical
programming feature can be used to build user-specific
graphical user interface [24]. Hence in this paper, using
simple and intuitive VEE blocks, an arena is constructed
where the robots with embedded avoidance algorithm are
placed and the performance of the algorithm is simulated.
The version used in this research is Agilent VEE Student
8.5. Figure 1 shows a part of visual programming within
the environment of VEE software, in which a function
generator block is visible in its expanded and minimized
view.
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Figure 1. A function generator block in VEE application, in (a)
expanded view and (b) minimized view.

The rest of this paper is structured as follows. In
Methodology section, how the program was designed,
how the avoidance algorithm was built and how the
simulation was programmed are elaborated. Next, the
simulation setup, the result of the simulation, some
screenshots of simulations and the analysis of the result
are shown in section I11. This paper is concluded in section
V.
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Il. METHODOLOGY

A. Program Design

This project proposes a scenario for obstacle avoidance
for multiple wheeled mobile robots. Each mobile robot is
fitted with eight flying fish type infrared sensor modules,
mounted radially on it, to provide a visional coverage of
360 degrees at a time. Figure 2 show the configuration of
the proposed sensory system for this work. Each robot is
applied with an obstacle avoidance algorithm.

Robot’s direction
of motion

Figure 2. Configuration of sensors

The sensors are given a simple identification (ID)
number, which is 0,1,2 through 7, starting from the front-
facing robot.

This program works as follows. Firstly, it initializing
the simulation. This includes calling global settings
(width and height of the simulation window, number of
sensor, distance between sensors, sensor IDs, and size of
the robot), constructing the arena, reading user inputs
(number of robot, robot’s speed, and sensor range),
building the simulated robots (or simBot), reading the
given goal, and placing them randomly onto the created
arena. These steps are grouped within a block called
“InitRobotEnv” and “InitRobot”. Then, each simBot is
ordered to move forward from their initial random
position in a straight motion. If it detects an object, it
checks the sensor 1D, then apply the proposed behavior.
These steps are then illustrated by a flowchart as shown in
Figure 3.
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Figure 3. Program’s flowchart
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Figure 4 shows the corresponding block diagram
visualized in Agilent VEE software.
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Figure 4. The steps visualized in blocks using Agilent VEE
software

B. Obstacle Detection

The position of an obstacle (q, whether a robot or an
object) is determined by calculating the robot’s current
position coordinate (x), distance sensed by infrared sensor
(d), and the ID of the sensor (n), such that:

q(x,d,n) (1)

The proposed avoidance algorithm is made up of four
simple behaviors, which are “turn”, “stop”, “follow”, and
“ignore”. The behavior is summarized as follow:

1. Ifan ID is sensed, then

a. If the sensed ID is the same as sensing ID or near
to the sensing ID, then it means a frontal collision
is imminent, then both simBot must turn left;
If the sensed ID is perpendicular to the sensing 1D,
then the simBot with smaller ID must stop;
If the sensed ID is a rear-located ID, then both
simBot should ignore and keep moving forward;
If no ID is sensed, then

C.

2.

a. If distance is sensed, then a stationary object is
detected, then simBot must turn away;
b. If no distance is sensed, then simBot should ignore

and keep moving forward.
The behaviors in point 1 are mapped in Table 1.

Table 1. Map of behavior for each sensing pair

Sensed ID

0 1 2 3 4 5 6 7

o I | S S T S S |

1 1 1 S S s T 1 |

o 2 I 1 I S S 1| 1 |
© 3 I | L
3 4 1 | o
» 5 1 | T
6 1 | I 1 S S 1 |

7 1 | I T S S S |
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Note that T means Turn Left, S means Stop, and |
means Ignore. The behaviors for sensing stationary object
are mapped in Table 2.

Table 2. Map of behavior for sensing stationary object

& 0 1 2 3 4 5 6
0 LR L - - - - -
1 L L L - - - -
2 - L 11 - -
3 - - 1 a0 -
4 - - U -
5 - - -
6 - - - - -1
7 R - - - - R

& [EE] Main

The symbol ‘&’ indicates that both sensor ID are detecting
the object. Note that L means turn left and R means turn
right. These behaviors are then converted into algorithm,
then converted into appropriate programming blocks.

C. Visual Programming

The main program made using Agilent VEE software’s
blocks is shown in Figure 5, while Figure 6 and 7 show
the program blocks for sensing module and position
tracking module, respectively.

Move Aveay Frorm It

current

Figure 5. Agilent VEE’s program block for simulating the proposed avoidance algorithm
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check position

L

close to any ohject? Sent Alert
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Figure 6. Agilent VEE’s program block for sensing module
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Figure 7. Agilent VEE’s program block for tracking simBot's position

collision. Figure 12 shows a pass through motion, which

is considered as a collision.
I1l. RESULTS AND DISCUSSION

A. Simulation Setup
The designed program and avoidance algorithm are
then validated through a series of simulations using the

Agilent VEE software. The computer used for running the

simulation has the following specification:

(1) Windows XP

(2) Processor: 64 bit Dual Core 2.1 GHz;

(3) Graphics: ATl Radeon HD3450, memory 256 MB;

(4) RAM: 2 GB.

The following settings are used during all of the
simulations:

(1) the speed of motion for the simBot and the sensor
range are set at 1du/tu and 10 du, respectively (du =
distant unit, tu = time unit);

(2) turning radius is set a 45°; and

(3) four simBots for each simulation.

The following conditions are considered as a collision

ONLY if the simBot:

1. Does not turn away from obstacle;
2. Pass through the obstacle or other simBot.

The models for a simBot and an obstacle are shown in
Figure 8:

(@) (b)
Figure 8. Model for (a) simBot and (b) stationary object

B. Analysis

The simulation was conducted 30 times. Each takes
approximately 2 minutes of runtime. Figure 9 shows the
simulation window. Figure 10 and 11 show the “late
escape” phenomenon, in which it is not considered as a Figure 11. Another late escape
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o | e e e e e e e e e e

Figure 12. simBot failed to avoid another simBot, but
instead passed straight through it

Figure 13 and Figure 14 exhibit simBot’s avoidance
behaviors. Figure 13 shows a simBot is passing the wall
to avoid an object, while Figure 14 shows a well-avoiding
movement of the simBot in one of the simulations. Table
3 summarizes the result of each simulation.
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Figure 13. SimBot decided to crash onto the wall to avoid an
obstacle
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Figure 14. A simBot perfectly avoided a collision in a difficult
position
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Table 3. Simulation result
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C. Analysis

The speed of the simBot was chosen as described in
simulation setup, because if the speed value was set too
fast, the simBot might turn away from an obstacle after
‘touching’ it or the simBot has to move pass through it
because the sensor was too late to detect it.

The success rate p is calculated as ratio of number of
collision r and total number of simulation R, such that:

p:%xlOO% )

The simulation result in Table 3 shows that 20 out of
30 simulations (at 66.7% probability) were successful of
avoiding a moving object. It also shows that 28 out of 30
simulations (93% success rate) were able to avoid a
stationary object.

After further debugging and analysis, it is deduced that
if a collision happens, it is not because of the code nor the
rules nor the software, but merely and mostly because of
the way the proposed algorithms are coded into the
software. Around 70% of the code’s weight was used on
keeping the simBots within the given simulation arena
while at the same time avoiding any obstacle or other
simBot. This approach causes the simulation runs slower
if any of the simBot is on the wall.
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IV. CONCLUSION

This paper has elucidated the design and modelling of
multi-sensor based obstacle avoidance algorithm. Eight
infrared sensors are placed on a mobile robot, arranged
45° radially equidistance. Using the simulated features of
an infrared sensor, avoidance rules, based on simple
behavior, such as “turn”, “stop”, “follow”, and “ignore”
were developed. The simulation result shows that 20 out
of 30 simulations (at 66.7% probability) were successful
of avoiding a moving object. The result also shows that
28 out of 30 simulations (at 93% probability) were able to
avoid a stationary object. These results conclude that the
robots which use the proposed algorithm are able to avoid
any collision with moving or stationary obstacles.
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