Simulation Study for Intelligent Wheelchair Vehicle with Ultrasonic and Infrared
Sensors

Kouichi Kamimura*, Takahiro Kai*, Masahiro Yokomichi* and Tetsuro Kitazoe**
x Faculty of Engineering, University of Miyazaki sxxInternational University of Kagoshima
Gakuen Kibanadai Nishi 1-1, Miyazaki City, Japan, 889-2192
kai@cs.miyazaki-u.ac.jp

Abstract

In this paper, we propose wheelchair navigation
system with infrared sensors and ultrasonic sensors
to aid senior people and the handicapped to drive a
wheelchair. We consider neural network to connect in-
put sensor signals and output wheel speed. To get nice
wheelchair controller, we constructed wheelchair sim-
ulator and applied G.A. for synaptic couplings in the
neural networks. We investigated that a wheelchair
controlled by this system ran safely and comfortably.

1 Introduction

Recently, many people have been researching au-
tonomous mobile robots extensively. The purpose of
these researches is to build the robots that are able to
run safely in unknown or dynamically changing envi-
ronments. In order to perceive the surrounding envi-
ronments, robots mount many kinds of sensors, e.g.,
infrared sensors, ultrasonic range sensors and CCD
cameras.

There is a growing demand for more safe and com-
fortable wheelchairs as mobile aids, as the population
of senior people has been increasing. There are two
research issues with these wheelchairs. One is au-
tonomous (or semi-autonomous) and safe navigation,
such as avoiding obstacles, wall following, going to a
goal using various sensors [1,2]. The other is to develop
human interfaces for easy operation [3,4].

In this paper, we aim to build an autonomous
wheelchair robot so as to reduce navigation efforts
of a handicapped person as far as possible. We use
wide ranged ultrasonic sensors in front of wheelchair
to detect obstacles and sharp ranged infrared sensors
mounted on both sides of wheelchair to measure a dis-
tance to a wall.

The most major problem to construct the best
robot is to make a realistic simulation of a robot. We
use Webots by Cyberbotics[3] which is an excellent soft-
ware to take account of noises in real world and to
enable us to build any shape of mobile robot easily.

We focus the task in the present paper to the naviga-
tion going along a right side wall by using front and
right side sensors. If we are successful to get a task of
going along a right side wall, then we can easily ex-
tend it to the task of going along a left side wall. If a
robot can move along any side of a wall or can proceed
straight, it will be possible to build a robot to go from
one place to a destination, following an ordinary cor-
ridor in a building. We connected input sensors and
output wheels by neural networks and developed G.A
for the wheelchair simulator in a rather complicated
test course to obtain the best robot. The simulation
result was applied to the real wheelchair navigation in
a corridor inside our building and eventually we had a
smoothly moving nice wheelchair robot.

2 Outline of Wheelchair system

Fig. 1: Wheelchair system

The wheelchair system in our research is com-
posed of a commercial electric wheelchair (Matsunaga
MD-100), a desktop PC (CPU:PentiumIV 2.66GHz,
OS:Linux), infrared sensors (GP2D12) and ultrasonic
sensors (BTE054) as shown in Fig.1 The wheelchair
has the maximum speed of 4.5 [km/h]. The infrared
sensors are mounted on the side of the wheelchair and
the ultrasonic sensors are mounted on the front. The
PC processes infrared and ultrasonic sensor input val-
ues and controls wheel motors of the robot.
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Fig. 2: Distance-Voltage graph of an infrared sensor

"Alumingar=

"Congrete" >
"Corrugated_ga
4 Llghes
ood" -

0 50 100 150 200 250 300
distance (cm)

Fig. 3: Distance-Voltage graph of an ultrasonic sensor

The infrared and ultrasonic sensors output a dis-
tance to an object in voltage. Fig.2 shows distance
- voltage graph for several kinds of objects. We find
that the maximum detection ranges of the infrared
and ultrasonic sensors are about 80 cm and 300cm,
respectively. They have almost simulator response to
the different objects as shown in Fig.2 and Fig.3.

3 Control methods

We consider control methods of a wheelchair so
that a wheelchair runs along a right-hand side wall.
We mount infrared and ultrasonic sensors on the
wheelchair as shown in Fig.4. Since the ultrasonic
sensors cover wide range of angle, three ultrasonic
sensors(X 01, X02, X03) are installed on the front to
detect front obstacles. Since the infrared sensors
have narrow range sensing angle, four infrared sensors
X1, X2, X3, X4 are installed on left and right sides to
measure the distance to a wall. Since we do not use left
side sensors X 3, X4 for our present task of going along
a right side wall, we can easily extend our task to go
along a left side wall by using X3, X4. The ultrasonic
sensors (X 01, X 02, X03) which detect an obstacle or a

wall in the front direction are normalized in the range
0~1.0 by defining

Fig. 4: Sensor configurations for wheelchair robot

XO01 = auitras/V01l, X02= ayitras/V02 (1)
X03 = aruieras/V03
Quitra.s = 75.0 (2)

where V01 is the output voltage of the sensor and
Quitras 1S & normalization constant. To reduce vari-
ables, we take the mean value of X01, X02 as

X0 = (X014 X02)/2.0 (3)
X1 = X03

Side infrared sensor values are denoted by
X2 = (Vi + %)/Zanra_s (4)
X3 = (VE} + V4)/2Vvinfra_s

To normalize X1 to take 0~1.0, we choose
‘/infra_s = 2.78 (5)

The control system of the wheelchair consists of
neural networks shown in Fig.5. To train the synap-
tic couplings by means of genetic algorithms, we in-
vestigated robot movement in a computer simulation
model. A difficult problem in computer simulations is
how to simulate the real world with respect to noises.
Webots ver.4.0.24 by Cyberbotics[b], is an excellent
software tool that takes account of uncertainties as-
sumed to exist in the real world. Noises of £10% and
+10% are randomly added to the amplitude of the
sensor value, and the amplitude of the motor speed,
respectively.

Another difficulty in computer simulation is how to
build a simulator to imitate the real object as far as
possible. The webots software package is composed of
VRML coding and any parts of an object are easily
replaced or modified. As a typical example, we take a
rectangular area with concave spaces surrounded by a
wall as shown in Fig.6, in which wheelchair webots is
required to follow the wall counterclockwise. It must
keep a safe and short distance from the wall on the
right, and enters wide spaces and narrow spaces.



Fig. 5: Neural Network to control left and right wheel

]

Fig. 6: Test course for simulator wheelchair robot

4 Evolutionary Adaptation

To train robot control systems, we perform adapta-
tion under a computer simulation model of a robot
and its environment. As shown in Fig.5, the data
X0,X1, X2 output from the sensors are fed to the
neural networks with self-training ability. The synap-
tic couplings are then revised by genetic algorithms.
The control signals to the right wheel and left wheel,
L and R are given by

L :F(w0X0+w1X1+w2X2—|—w3) (6)
R = FwiX0+wsX1+wsX2+wy) (7)
F(z) = tanh(z) (8)

where L and R are normalized as —1.0 < L, R <
1.0. We define mean voltage V,,, and differnce voltage
V4 supplied to the wheel motors so as to control wheel
speeds as

Vin = Vinaz - (L+ R)/2.0 (9)

Vd = Vr/na:n ' (L - R)/ZO (10)

where Viyae = 1.12v00t, V.. = 1.0volt. A given

voltage V,,,, V4 determine left and right wheel speeds

vy, vg. The functional relations between these vari-

ables are decided by moving our actual wheelchair.

We obtained the best fit functions experimentally and
denote them as

vr = frR(Vm, Va) (11)
vy = fr(Vin, Va) (12)

wo ~ wr are synaptic couplings, as shown in Fig.5,
connecting data from sensors with the control of the
right or left motors. We determine w; by using the
genetic algorithms. The algorithms for obtaining the
best genes are as follows:

1) Make N; robots with randomly generated synap-
tic couplings and left them run in the area shown
in Fig.6 for certain period.

2) Make new N robots from the old N; robots by us-
ing genetic algorithms in which the synaptic cou-
plings of new robots are generated by real-coded
genetic algorithms, in which o of BLX — «[5] is
set to 0.5. Then let them run for the same period
as in step 1.

3) Make new N3 robots from the old N; robots by
using mutation.

4) Measure all the robots Ny + Ny + N3 by using a
given evaluation function, and choose N7 robots
with the highest scores. If the total score of the
N; robots exceeds a given threshold, stop the
loop; otherwise go to step 2.

5 Experimental results and conclusion

We performed simulation in the fairly complicated
test course shown in Fig.6. The evaluation function in
genetic algorithms is given as

STEP STEP

Z speed Z X2

STEP | STEP

STEP -1 STEP -1
<1+ Z X3> -<1+ Z collision) (13)

Each term in Eq.(13) evaluates the robot perfor-
mance from different points of view, (Dmeasuring
wheelchair robot’s speed, @going along a right side
wall, @movements without obstacles on the left side,
and @avoiding collision against a wall. The eval-
uation function g has a high value if a robot fal-
lows a wall without colliding with anything and if
it moves forward as far as possible. We take N; =
10, Ny = 4, N3 = 11, speed = (vg + v1)/2Vmaz, and
Umaz = 0.88[m/s], STEP = 400.

As a result of evolutionary adaptation after 400 gen-
erations, the coupling values of the best 10 robots be-
came to have almost the same value which are shown in
Table.1 together with the fitness value. Table.2 shows




the behaviors of the best robot at the typical places
shown in Fig.7. The trace of the robot in the test
course is also shown in Fig.7.

Table 1: The coupling values of the best robot after 400
generations.

wo w1 w2 w3 w4 w5 we wr fitness
-5.24 -4.09 -0.23 1.59 1.77 1.05 0.73 0.05 9011.29

Table 2: Typical behaviors of the best robot in Table.1

X0 X1 X2 L R v VR

A0.04 0.04 0.25 0.82 0.34 2.80 1.83 Turn right
B|0.24 0.21 0.25 -0.52 0.71 -0.13 1.18 Turn left
C|(0.04 0.19 0.29 0.49 0.49 1.90 1.93 Go straight

Fig. 7: Result of test course simulation
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Fig. 8: Evaluation function in GA

The evaluation function for the best robot and their
average value among robots are given in Fig.8 against
generation development.

We made simulation experiments of wheelchair nav-
igation on the second floor in the north building of
the faculty of engineering, University of Miyazaki as
shown in Fig.9. The robot moved smoothly as the
trace is shown by a solid line in Fig.9. We conclude
that our two step strategies, test course simulation and
its application to real mapped course led to a success-
ful result.
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Fig. 9: Course of the corridor inside our building and
trace of the best robot

References

[1] T.kitazoe, M.Tabuse, T.Uemura, Skitazato,
T.shinchi, Wheelchair Navigation System with In-
frared Sensors, Proc. of The Eighth International
Symposium On Artificial Life And Robotics, p.p.
102-105

[2] Webots User Guid release 4.0.25 (2004).

[3] webots  Package  version  4.0.24.  Mobile
robot simulator. The World Wide Web at
http://www.cyberbotics.com

[4] M.Tabuse, T.shinchi, A.Todaka, and T.kitazoe,
Evolutionaly Robot with Competitive-Cooperative
Neural Network, IPSJ Journal, Vol.44 No.10,
pp-2530-2513, 2003.

[5] Eshelman, L.J. and Schaffer, J.D, Real-Coded Ge-
netic Algorithms and Interval-Schemata, Founda-
tions of Genetic Algorithms 2, pp.187-202 (1993).

[6] D.P. Miller, M.G. Slack, "Design and Testing of
a Low-Cost Robotic Wheelchair Prototype”, Au-
tonomous Robotics, 2, pp.77-88, 1995.

[7] T. Gomi, A.Griffith, ”Developing Intelligent
Wheelchairs for the Handicapped”, Assistive Tech-
nology and Artificial Intelligence, Lecture Notes in
AT, 1458, pp.150-178, Springer, 1998.

[8] Y. Matsumoto, T. Ino, T. Ogasawara, ”Develop-
ment of Intelligent Wheelchair System with Face
and Gaze Based Interface”, Int. Workshop on
Robot and Human Interactive Communication,
pp-262-267, 2001.

[9] S. Nakanishi, Y. Kuno, N. Shimada, Y. Shirai,
”"Robotic Wheelchair Based on Observations of
Both User and Environment”, Int. Conf. on In-
telligent Robotics and Systems, pp912-917, 1999.



