Dedication

To my two halves... and my whole life...
My parents
To my sores and sweets sharers...
My brothers and sisters
To my daylight
My teachers

To my friends...



Acknowledgement

[ would like very much to thank my supervisors, Dr. Kasim M. Al-hity and
Proi. Saad Dauod, for their patience, kind and wise guidance, and their
invaluable comments during the whole work stages on this thesis. They were
always behind me encouraging, supporling, advising, and laught me dedication,
persistence, and how to make an aim and how to find the ways for it.

Special thanks to prof. Nafia Abdellteet, for his kind follow up and invaluable
and deep will in help and the precious lime and knowledge he powered us.

[ want to head a special thank to my brother Dr. Magdi Hassan, for his sincere
will of help everyway he could.

Finally T would like to thank all the staif in the Institute oi Laser, Sudan

University of Science & Technology, and my all batch mates.



ABSTRACT

This project aimed to design and construct a control system uses
6 digital codes, which is done by using 8 PINs DIP switch to
generate 8 bits digital code. This code had been modulated by a
microcontroller adopting (OOK) amplitude modulation; the Bit
duration is 25ms where all that was done by a source code
programmed in C language and installed on the microcontroller.
Also the microcontroller granted to do another function where it
converts the signal from its parallel generated form into a serial
form after modulation which is then carried-out into the form of
an optical signal using a laser light source and it was transmitted
and carried on an optical fiber cable to the receiver.

On the other side, the receiver received the signal through an
LDR which converted it from its optical form into an electrical
signal form and as its characteristics was expected to be weak
the signal was subjected to a amplification phase which after it
was demodulated using a microcontroller where it also
converted the serial signal onto a parallel form and showed it

using LEDs.



Lot |
Slo lelee 8 adind 8ot daghiio by g asanal U eall Conl) 13 Cona
Co S i 2 g Aoleall 038 a2y oy % L) (6) a3
leisacai &5 (a9 (DIP switch) # s ddasd 55 (8 bits code) <y 4l
Eua (Microcontroller) 38s aSaia alasiuly 23 63l 1Y) (Modulation)
(Be)—7%8) & 58 e (Bl (5 prmll pazill 45, 5k (IS el (el ()
a3 (Bit duration 25ms) < J<1 456 gl 25 ¢1&) (0 3 (OOK-AM)
LS ¢ @l aSatidd) o aliasd oy C daly 4l Cud el JMA (e 138
5L U o) sl AN (e 5580 5 L8y gat Agleny Ling o bSaidl ¢
Ja &5 el dalee 2ay . (Parallel to serial conversion ) alulica
(e A g O L) Ada e Ll ) g Lebianal xa (981 55 Leiings 01 3 LAY
¢ O S g il Bk e s (gl 6 e juas A
.(The receiver) Jiiudl die lgia 3aliiuy)
B (e 5 A gaa e glie Aaud 59 4 gaiall 3 HLAY) usad S Jaisa) aie
Gld dolany A8 (G aSaie o Lellan) o3 )LD 468 Als je ) W) )
25 ) Juluiiall I3 (e 5 LEY 30le) 5 (Demodulation) L
Oe lpae o a e g Yl laad i o ) GBS Ay ) g s La) ) 4 el




DEAICALION . i

ACKNOWIEAQEMENL. ... i
Abstract (English).........coooiiiii ii
ADSIract (ATabiC)......oveiniii it \Y;
70} 31 17 Y

Chapter one: Introduction and basic concepts
1.1 Introduction to control SyStems ............cocoiiiiiiiiiii 1

1.2 Open-Loop control SYStems...........cooviiiiiiiiii e, 2

1.3 Closed-Loop control SYStemS..........c.ovieiiiiiiiiiieieeeee e, 2
1.4 Transter FUNCLIONS. .......oiiie e 3
1.5 Optical Fiber Communication System................cooiviiiiiiinn, 4
1.5.1 The general SYSteM.........ccoiiiiiiiiiii e, 8
1.6 Optical FIDer TYPeS. ..o 9
1.6.1 Multimode Step Index Fibers...............oooiiiiii . 9
1.6.2 Multimode graded index fibers.................ocooiiiiii, 10
1.6.3 Single-mode fibers. ..o 12
1.7 Transmission Characteristics of Optical Fibers........................... 13
1.7.0 AHENUALION. ...t 13
1.7.2 Material Absorption Losses in Silica Glass Fibers............... 14
1.7.3 Linear Scattering LOSSES. .. ....c.vourieieit et 15
1.7.4 Nonlinear Scattering LOSSeS.........ccooviiriiiiiiiiiiiiene e, 16
1.7.5 Fiber Bend 10SSES.......vvuvieiiiie e, 16
1.7.6 Mid-infrared and Far-infrared transmission....................... 17
17,7 DISPEISION. ...ttt 17
1.7.8 Intramodal diSpersion.............ccoveiiiiiiiiiiiii e, 18
1.7.9 Intermodal DiSPersion..........c.covviviiiiiiiiiieeeeeeeas 19
1.7.10 Overall Fiber DISpersion: ...........ccccooiiiiiiiiiiiiiiiiiniiiiees 20
1.7.11 Dispersion modified single-mode fibers.......................... 21
1.7.12 Polarization..........ouoeiii e 21



1.7.13 Nonlinear phenomena............ccooviiiiiiiiiiiieieee e, 21

1.8 Advantages of optical fiber communication................................ 22
1.9 OpPtiCal SOUICES. ... uve ittt e e 23
1.10 Optical deteCtors. .. ...cviiri i 24
1.10.1 Photodetectors types. .....oovivreiiee e 25
1.10.2 Optical detection parameters.............ccovevivniiiniinnenn.n. 26

1.11 Introduction to lasers (Elements and Operation) ......................... 28
1.11.1 Emission and Absorption of Light.....................ocoii. 28
1.11.2 Absorption of Light............cooii 29
1.11.3 Spontaneous Emission of Light....................coooinl. 30
1.11.4 Stimulated Emission of Light....................... 31
1.11.5 Population INVersion..............oooviiiiiiiieeeee 32
1.11.6 Elementsof @ LaSer..........coviiriiniiiiiiiiieee s 32
1.11.6.1 Active Medium...........ccooiiiiiiiiiie 33

1.11.6.2 Excitation Mechanism...................coooveiiinnnn. 34

1.11.6.3 Feedback Mechanism...............ccooeeviiiiiiinnnn. 34

1.12.7 LasSing ACHION. ....uieti e 35
1.11.8 Types Of LaSerS......c.ouviniiiiiiiiie e 36
1.11.8.1 Gas LaSEIS. ...t 36

1.11.8.2 Solid Crystalline and Glass Lasers...................... 37

1.11.8.3 Liquid Dye Lasers..........coeevveiiiaiinianianinnns 38

1.11.8.4 Semiconductor Lasers...........coovveviiiiiniininninnn 39

1.12 Laser Light Properties. .......c.cooooiiiiii i, 41
1.12. 1 Brightness. ....coiiinii 41
1.12.2 MonoChromatiCity........coooiiiniii e 41
1.12.3 CONBIBNCE. ...t e, 42
1.12.4 Directionality.........cooeiiiiii 43

1.10 Classification of lasers by output parameters................ccooevviinenne 44
1.11 Microcontroller Architectures...........coovieiiiiiii i, 46
1.12 Aimof the WOrK. ..., 47

Chapter two: Design and construction of the optical control system

VI



2.1 INTrOTUCTION. . .o, 48

2.1.1Asynchronous and synchronous data transmission 48
2.2 The tranSmMItter. ... e, 49
221 The DIP SWItCh......ovi e, 51
2.2.2 The microcontroller (the Atmel ATmega8535) .................. 51
2.2.3The ULN2004A. .. ..o, 54
2.2.4 The laser-diode (LD) transmitter..............cooevviiiiiiieannnnn. 55
2.2.5 Properties the optical fiber cable, and its accessories............... 55
2.2.3 Transmitter circuit operation................cooevviiiiiiiiienann... 56
2.3 ThE TBCRIVET . .. e e e 60
2.3.1 PROtOIESISTY . ...ttt 61
2.3.2ULN2004A. ... 61
2.3 3 RelaY. ... ——— 61
2.3.4 Receiver circuit operation..............ocoiiiiiiiiiiiiiiiee 61

Chapter three: Results and Discussion
3.1 Results of the transmitted and received signal codes........................ 65

3.2 DiScUSSION OF the rESUILS. . ... e 71

Chapter four: Conclusions and Recommendations

34 CONCIUSIONS. . ..ttt e e, 72
S D FULUIE WOTKS. . ..ottt e e, 73
R O ONCES. . oo, 74
Appendices:

A. The Atmel Microcontroller (Atmega8535L) characteristics.
B. The transmitter source code.

C. The receiver source code.

D. ULN2004A Data Sheet.

VII



