N4,

g
{
g
{
§
§
§
§
%
§
§
§
§
§
§
§
§
§

@ ASUNET

AN A NN

o-.-)@(—.o--)@6‘0.—)@(_(o-—)@(-.:c,-)@5-c-—)@..m.—)@(qop)@(-m—)&m-—)@(qo-—)@fqip)&w.—)’

T TE TR




g
{
g
{
§
§
§
g
%
§
§
§
§
§
§
§
§
§

; - _I;I-ou }E"l:'.
Laalall cilaghall 4803

1 Gudguil)

o

*

Ll Gilo gdat!
all

@ ASUNET

24l

dntsf)
sl

AN A NN

o-.-)@(—.o--)@6‘0.—)@(_(o-—)@(-.:c,-)@5-c-—)@..m.—)@(qop)@(-m—)&m-—)@(qo-—)@fqip)&w.—)’o

T TE TR




g
{
g
{
§
§
§
g
%
§
§
§
§
§
§
§
§
§

ot

e

-

b

=

et
g @
G99 i

| Bl ol ustndf adily
gl 0k Lada

* & ee

@)
bttt i k|

o

&

1§ (gui§ sl \Guimi Guid
o G

e

@ ASUNET

i) i
—

i dall ¢
Rad

ekttt 4
|

o--)@(—.o--)@6‘0.—)@(_(o-—)@(-.:c,-)@5-c-—)@..m.—)@(qop)@(-m—)&m-—)@(qo-—)@l(qop)&w.—)’o

AN A NN

T TE TR



g
{
g
{
§
§
§
g
%
§
§
§
§
§
§
§
§
§

AN A NN

o-.-)@(—.o--)@6‘0.—)@(_(o-—)@(-.:c,-)@5-c-—)@..m.—)@(qop)@(-m—)&m-—)@(qo-—)@fqip)&w.—)’o

T TE TR




g
{
g
{
§
§
§
g
%
§
§
§
§
§
§
§
§
§

s
A

W

g

ila
S

AN A NN

o-.-)@(—.o--)@6‘0.—)@(_(o-—)@(-.:c,-)@5-c-—)@..m.—)@(qop)@(-m—)&m-—)@(qo-—)@fqip)&w.—)’o

T TE TR




| B \i‘\.@\@l
ZAGAZIG UNIVERSITY |

FACULTY OF ENGINEERING-SHOUBRA

DEVELOPMENT OF ULTRASONIC RANGING SYSTEM
FOR A MOBILE ROBOT

BY

ENG. MERVAT AHMED EL-SYAED HUSSEIN

Senior Instructor at Shoubra El-Kheima Power Station

A Thesis
Submitted in Partial Fulfillment for the Requirements of the degree of Master of

Science in Electrical Engineering, Communications Department

Supervised by

ASS. PROF. DR. TAREK H. ELEWA

Associate Professor of Electronic Engineering
Faculty of Engineering
Zagazig University, Benha Branch

DR. ASHRAF M. HAFEZ

Faculty of Engineering
Zagazig University, Benha Branch

Cairo, 2005




APPROVAL SHEET

' ZAGAZIG UNIVERSITY, BENHA BRANCH
- FACULTY OF ENGINEERING (SHOUBRA)

The undersigned certify that they have read and recommended to Shoubra Faculty of
Engineering for acceptance, a Dissertation titled “ Development of Ultrasonic Ranging
System for a Mobile Robot” submitted by Eng/ Mervat Ahmed El-Sayed Hussein in

partial fulfillment for the requirements of the degree of Master in Electrical Engineering

(Electronic).

Exam Committee:

(ki ds

Prof. Dr. Taha El-Sayed Taha

Professor of Electronics and Communications

Vice-Dean of the Faculty of Engineering, Monof
Monifeia University.

Ass. Prof. Dr. Mohamed Lotfy Rabeh //////

Associate Professor of Electronics and Communications
Department of Electrical Engineering

Shoubra Faculty of Engineering,

Zagazig University, Benha Branch

Ass. Prof. Dr. Mohamed Tarek H. Elewa Ta —=IC {I_Qaw o

Associate Professor of Electronics and Communications
Department of Electrical Engineering

Shoubra Faculty of Engineering,

Zagazig University, Benha Branch



ACKNOWLEDGEMENT

I would like to take this opportunity to express my deepest gratitude to Associate
Professor Dr. Tarek H. Elewa for his supervision, helpful advice and continuos
encouragement during the course of this study.

I wish to thank and express my appreciation to Dr. Ashraf M. Hafez for his valuable
guidance, helpful advice, useful discussions and constructive suggestions during all stages
of this research.

My special thanks to my colleagues Eng. Ola Ahmed Mohamed and Eng. Bassem Helal for
their assistance during the experimental work.

My deepest thanks to my husband Dr. Mahmoud El Mohr for his encouragement during
the course of this research and especially during the writing stage. Many special thanks to
my son (Mohab) and my daughter (Mayar) and all my family members.

At last but not least I would like to thank My M anagers and colleagues at Shoubra El-
Kheima Power Station, Ministry of Electricity for their encouragement and assistance
during the research period.

Finally, I wish to thank every one participated in some way or the other during the course
of this research.



ABSTRACT

The aim of this study was to develop an Ultrasonic (US) range finding system for an
experimental mobile Robot, which detects and avoids obstacles by measuring the object
distance using the Time of Flight (TOF) technique. This has been achieved in three stages.
In the first stage, a single Transmitter/Receiver range finding system was developed. A 40
kHz square signal was experimentally generated and magnified to a level sufficient to
drive the piezoelectric transducer (transmitter), which in turn converted this square signal
into an ultrasonic wave. The signal was then emitted to the surrounding environment. On
colliding with target, the ultrasonic signal would be reflected and detected by the receiver,
which in turn converts this ultrasonic signal into an electric signal that provides the
microcontroller with an external interrupt. The time elapsed from emission to detection of
the reflected pulse was recorded and used along with the speed of sound in air for
estimating the object distance.

Due to the poor angular resolution and the small coverage area associated with the single
sonar system, a multi sonar system was developed in the second stage to overcome such
limitations and improve the target resolution. An array of four transmitting transducers
was used for the transmission unit; each transmitter was surrounded with two receivers.
The operation of these transmitters and receivers was controlled using two different
multiplexing logic circuits. An interface with the PC has been successfully implemented
in the third stage. The object distance estimated by the microcontroller was verified and
displayed on the PC in both numerical and graphical format.

Experimental measurements were taken on various targets with different geometry and
positions by the developed single and multi sonar range finding systems. For single sonar
range finding system, the object distance and time of flight were experimentally taken on
flat horizontal surface, inclined surface with an angle of inclination of 60 degrees and on a
corner target. The obtained results reflected the ability of the single sonar system to detect
the flat object when placed in a horizontal position. While for the other two cases, the
single sonar system has failed to identify the object position and geometry.

For multi sonar range finding system, the object distance and recorded time were
experimentally taken on flat target placed in horizontal position and in inclined positions
with inclination angles of 30, 60, 80 and 90 degrees. The obtained results reflected the
high performance of the multi sonar range finding system over the single one for all the
studied cases. In addition, the multi-sonar system has successfully identified the corner
location and geometry. It also detected the cylindrical objects from multi viewpoints.
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