


Bers6 Auerara Tals 

--. -zw Mao Sarawak 

R13w 

BORANG PENYERAHAN TESIS 

Judul: Voice (; cmmtmjcatim cwr Optical fiýw Digital Iiolc. 

SESI rNaVGAnnN: 1994-1997 

Saya MOHD BAHARUDIN BIN ABDIflAH 
(HURUF BFSAR) 

meagalor membeauion Beeis mm dismWen di Pusat Khidmat Maldumm Aksd®nlc, Unissrsiti Malaysia Sarawak dengaa syffiat-syaiat 
keguoaan seperti berikut: 

tiskmr7rY krrms pnatdc adslsL d5 bawah mmt pa'uhs melsmlan pamhsm sebagaa pn>jdc basm'a don ddnayaa ukh UNIMAS, 
hakmitikm}a adalah kr pmyaan UNRNAS. 

NasNre6 saliom di dalam baprrk karms a4au milrno lmoya boleh dihuat da'gym kcfienwao berlutis daripada pamlis. 

Pusat Khidmat Maktumat Akadam&, UNIMAS Ahlmarkan maobuat salmm untuk pa*'pm madca. 

Kaias projdc hama bold' di6abiaran da'g, m 1-ebmuan paadis. Bayaran nyalti adslah margdaR kadar yang dipaseUqui kdak_ 

sS"a m=bcnafkanAidak mambamrkan Pr: rpos<akam manbmrt salinan keAas pmjek au sebeFpi hahan pectokaran di aadara iagirtusi 

p-w4ion fingo- 
s. Sila taodelm (4" 

L-1 
0 
141 

SULff 

TERHAD 

TIDAK TERHAD 

(N4migmxkmgi mathnmt rang berdmjah keaelmomtan atau tepeaNogam Malaysia aepedi rm6 
tenooaldub di dalam AKTA RAHSIA RA. IM 1972). 

(Magaodmgi makiumat TERHAD yang ielah dAc tukan oleh c ganisasiPoedan di mans 

Disahtan okh 

% U da 
(rANDArAN('AN PENULLS) 

Alamat tetap_ Ld 1219. Lrrc. Jum 2D. 
Tmn. Sukma, Ja1sn Sultan Tenggh, 93050 
Kudhin& Sarawak_ 

TanM : 18 Sqjrmiw 1997. 

(fANDATANGAN P4NYEUA) 

Dr Mabel. Ksdon bin SioidI 

CATATAN " Auoc. gya. g oiddc harl, m. m 
"" M, Kulss Pmjek i. i fflILIT also IERNAD, I. mpicksn s" d«ip. ds p"k bedvrsaAaxgoisesi bukeOS. n 

dergtm amyauahm sdlaah tempoh korars pnrj&. im patu dkdmlmm sa6. g. i SMlTstau TERiAD. 



Supervisor's Certification 

After having read the thesis paper prepared by Mohd. Baharudin bin Abdillah 

entitled Voice Communication over Fiber Ontic Di¢ital Link the supervisory camp 

is satisfied with the thesis paper as a fulfillment for the award of a Bachelor's 

degree with Honours in Electronics and Telecommunications Engineering. 

l 
Submission Date Dr. Mohamad Kadim Suaidi 

Head of the Program of 

Electronic and Telecommunications 

Engineering 

UNIMAS. 



Pusat Khidmat Maklumat Akademik 
UNIVERSI77 MALAYSIA SARAWAK 

P. KHIDMAT MAKLUMAT 
UNIMAS 

IuIuhII 0000072694 

. 11 

RESEARCH ON VOICE COMMUNICATION OVER FIBER OPTIC DIGITAL 

LINK 

/ 

MOHD. BAHARUDIN ABDILLAH 

Tesis Dikemukakan Kepada 

Fakulti Kejuruteraan, Universiti Malaysia Sarawak 

Sebagai Memenuhi Sebahagian daripada Syarat 

Penganugerahan Sarjana Muda Kejuruteraan 

Dengan Kepujian (Kejuruteraan Elektronik dan Telekomunikasi) 

1997. 



Specially dedicated to my loving parents, Abdillah Hj. Sapawi and 

Dyg. Radiah Hj. Abg. Sapuan, and the rest of the family. 

i 



ACKNOWLEDGMENTS 

In preparing this thesis paper, I am most indebted to my supervisor, Dr. Mobamad 

Kadim Suaidi for his guidance and inspiration I would like to express my gratitude 

to him for being supportive and understanding 

Special thanks to the Dean, Associate Professor Dr. Khairuddin Abd.. Hamid, the 

Head of the program of Electronic and Telecommunications, Dr. Mohamed Kadim 

Suaidi, all lecturers and staffs of Faculty of Engineering for their guidance, help 

and support, 

Here, I also want to thank my parents, the whole family, friends and coursemates 

for their support in terms of concerns and encouragement. 

ii 



Masa kini, komunikasi suara secara digital bukanlah lagi sesuatu yang mustahiL 

Penemuan gentian optik yang mensjadi pihhan untuk kegunaan-kegunaan digital 

menyumbang kepada aplikaai-aplikaai teknologi digital, ini termaeuklah juga 

perhubungan suara. Tujuan utama penulisan kertas ini ialah untuk mengkaji 

sistem-sistem yang digunakan dalam operasi perhubungan suara melalui talian 

digital gentian optik. Keperluan-keperluan untuk melaksanskan operasi sistem 

dikaji dengan menggunakan peralatan kajian pandu gelombang optik yang 

terdapat dalam makmal penghantaran. Teori disebalik sistem-sistem tersebut juga 

adalah sebahagian daripada bidang kajian. Oleh itu, kertas kajian ini merupakan 

pengenalan kepada sistem yang berkenaan 
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ABSTRACT 

Today, it is possible to establish a digital voice communication. The discovery of 

optical fiber, which is preferable for digital usage contributes to digital applications, 

this includes for voice communication. It is the purpose of this paper to research on 

the systems used in the operation of voice communication over a digital fiber optic 

link. The requirement to establish such system is examined using optical 

waveguide training equipment available in transmission laboratory. The theory 

behind is also part of the research. Therefore, this paper is an introduction to such 

system. 
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1 

INTRODUCTION 

Today, the major application for transmission of voice information is the 

telephone. Although there are many other applications for audio transmission, the 

telephone is the most predominant, and, therefore, this study focuses on voice 

communications over point to point digital link and the application of optical fiber 

for the link. 

1.1 The conventional voice communication techniques 

Speech signal is confined within a 200 to 3500 Hz frequency band, with 

energy peaked at around 800 Hz. Traditional telephone networks transmit this 

signal totally analog. The telephone handset (with earpiece and mouthpiece) is 

basically a four-wire instrument (two transmit and two receive) transmitting the 

200 to 3500 Hz speech signal The sets combine the signals onto two wires in order 

to save copper in the transmission loop. The two-wire transmission is used in most 

of the loop. Four wires are used when the bandwidth exceeds 4 kHz or when 

distances are quite long. 

Repeaters are required for transmissions over copper or coaxial cable, in order 

to regenerate the transmitted signal This is caused by the influence of internal 
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resistance, capacitance and inductance which would attenuate the signal. This 

effect is also known as the characteristic impedance of the transmission line. 

Besides the attenuation caused by the internal impedance, the conventional 

copper or coaxial transmission line do also suffers from Electromagnetic and Radio 

Frequency Interference (EMI and RFI respectively). This interference distort the 

transmitted signal. The unwanted signal such as thermal noise is another factor 

that contributes to signal distortions. 

1.2 Improvement of voice communication 

The link traditionally, performed using fivquency-division multiplexed voice 

channels transmitted in channel "groups" over coax, microwave, and satellite. 

However, as the technology grows, voice networks are evolving to all digital 

trunking, when the analog voice channels are converted to pulse code modulated 

(PCM) digital channels. Regarding the transmission of "groups' of voice channel 

time division multiplexed (TDM) are used for the digital link. The development to 

all digital trunking gives the chance for optical fiber to leads other transmission 

medium ever used. Both PCM and TDM are convenient for optical fiber digital link. 

There are many reasons why the network system is being converted from the 

traditional analog to digital mode. The primary reason is its noise immunity. 

Analog signals are more susceptible to changes in amplitude, frequency and phase 

compared to digital signals. This is because in digital transmission, the original 

signal amplitude is not evaluated, but it is rather the determination of the presence 

or absence of the transmitted pulse above or below a certain threshold value. 

From the economic considerations, the inherent flexibility of a digital 

transmission network makes it possible for digital systems to interwork with 
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different transmission rates and the network is capable of carrying many different 

types of service, for example, telephony, data and other digital services, encoded 

wideband signals, such as audio and video signals. Further, these signals can be 

interworked and interconnected without difficulties which are present encountered 

in the successive modulation and demodulation processes associated with wideband 

signals. 

Another advantage in digital transmission is that the systems do not 

encounter intermodulation and overload problems which are present in analog 

system. Digital transmission also allows the possibility of using existing cables to 

carry more signals. This is important in congested areas where space for additional 

cables is at a premium. 

The digital pulses in PCM system also better suited to the processing of the 

information which can be stored easily. This is not possible if the information is in 

analog form. 

It is easier to measure and evaluate PCM signals. As a result, its performance 

can be easily compared with different signaling and information capacities than if 

analog systems were to be used. 

In the past years, field trials have been conducted on many telephone 

exchanges. The results of these field trials have proved the feasibility of using 

digital transmission to give tremendous advantages in terms of operation and 

maintenance, and furthermore it is economical, particularly when the services are 

integrated into one digital network. 

Field trials on experimental exchanges to demonstrate and prove their 

feasibility have been in existence in many countries for some years, and much 

development work is currently being carried out to improve on them. 
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2 

OPTICAL FIBER DIGITAL LINK 

The previous section has explained regarding the evolution to all digital in 

communication, optical fiber is a transmission mechanism ever used that really 

suits and satisfies the digital link, The optical fiber digital link consists of two 

aspects, they are: 

1. optical fiber transmission 

2. link digitalization 

The following sections discuss regarding both aspects and the elements involve in 

the digital communication link 

2.1 Optical Fiber Transmission 

The primary advantage of optical fiber is the large bandwidth that it offers. 

Since the carrier is an optical signal with a frequency exceeding 104 Hz, it is 

conceivable that bandwidths of the order of 10,000 GHz can be supported. Systems 

have already been demonstrated with bandwidths of the order of 100 GHz, while 

attempts to achieve higher bandwidths continue. Considering that the bandwidth 

of a voice signal is less than 4 kHz in the analog domain and 64 kbps when 

digitized using PCM, one can see the number of voice channels that an optical fiber 

can support. 
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Another advantage of optical fiber is the low attenuation of the signal passing 

through it. Whereas an optical fiber has an attenuation of less than 3 dB/km for 

signals at 850 nm wavelength, the attenuation only slightly exceeds 0.1 dB/km for 

signals at 1550 nm. With a total power margin of 30 dB or more available using 

currently available sources and detectors, a repeaterless distance exceeding 200 

kms is achievable. 

While the large bandwidth, low attenuation characteristics of an optical fiber 

make it extremely popular in long haul telecommunication links, it is the optical 

fiberrs immunity to Electromagnetic and Radio Frequency Interference (EMI and 

IWI respectively) that makes it popular in communication networks. With the high 

incidence of electrical and electronic equipment in these situations, the 

electromagnetic environment is often very harsh Most ordinary cables pick up a lot 

of noise, which adversely affects communications. Since optical fibers are made of 

perfect dielectric with a totally opaque jacket, EMI and RFI signals do not interfere 

with the optical signals propagating in the fiber. Conversely, a fiber does not 

radiate electromagnetic energy, since listening in on a communication link 

(bugging) is mainly done through the tapping of radiated electromagnetic energy, 

optical fiber communication is relatively secure. 

The dielectric nature of the optical fiber (absence of any metallic element) and 

the absence of any current associated with optical signal propagation rules out any 

possibility of sparks. The fiber can therefore be used in hazardous environments 

such as oil and gas field, chemical and explosive plants. Moreover, optical fiber is 

extremely small in size and is of very low weight. 
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2.2 Link Digitalization 

The rapid development of computers in the last decades has revolutionized the 

society worldwide, and this is also applied in the field of telephony. The initial 

significant change in this direction was the introduction of computer to control the 

operation of telephone exchanges, called Stored Program Controlled (SPC) 

exchange. In the early years of the SPC era, the telephone exchanges still worked 

with analog switches. During the next stage, the switches were partially digitalized 

and in the final the whole switching process in the exchanges became completely 

digitaL An exchange is said to be digital if the speech signals are converted into 

digital form, and at present PCM is being used. This fact has created a significant 

production of PCM systems in the seventies 

Even before the introduction of PCM in switching equipment, the technique 

has been applied purely in transmission system ever since its introduction in the 

early sixties. Its primary application was in trunk line which connected between 

conventional local analog exchanges and primary switching centres in urban 

networks. 

As the world population increases, the telephone traffic has increased the 

need for interexchange circuits. Cables laid several decades ago often cannot meet 

these requirements. Since it is usually economically unrealistic, and sometimes 

impracticable, to lay new cables in urban networks, it is very important to have 

access to a multichannel transmission system which can use old paper-insulated 

pair cables as a transmission media. PCM is such a system. It is true that FDM 

systems are also available for this purpose, but in most cases PCM is the more 

economical method. 
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