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ABSTRAK 

Objektif penyelidikan ini adalah untuk mengkaji ciri-ciri komunikasi digital 

melalui gentian optik. Dalam pada itu, analisis sistem digital ini juga 

dijalankan. Kajian ini merangkumi bahagian dua daripada keseluruhan 

projek tesis. Bab pertama memberikan pengenalan ringkas kepada sistem 

gentian optik digital. Komponen-komponen utama yang membina sistem 

digital ini beserta analisis sistem dibincangkan dalam bab kedua. Bab ketiga 

mengandungi kajian sebenar tesis, FOTR-300 yang merupakan model untuk 

sistem gentian optik digital. Bab seterusnya memberikan ringkasan bahagian 

satu projek tesis, iaitu eksperimen-eksperimen berkaitan dengan OFT (alat 

latihan gentian optik). 
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ABSTRACT 

The objective of this research is to study the elements of digital fiber optic 

communication link. In doing so, digital system analysis is also contemplated. 

These cover part two of the whole thesis project. The first chapter concisely 

introduced and discussed the digital fiber optic system. The major components 

that make up the digital system and digital system analysis are reviewed in the 

second chapter. Third chapter deals with the actual thesis research, FOTR-300, 

fiber optic digital link model. The following chapter gives a brief summary of 

part one of the thesis project, the OFT (Optical Fiber Trainer) experiments. 
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INTRODUCTION 

The most significant communication link that has been given much 

attention nowadays is the fiber optic link. It already replaced most of the 

conventional and traditional microwave communication systems especially for 

long-haul applications. It is also developed for short-haul system; especially for 

distributions around a small area such as MAN and LAN structure networks. 

Like any other communication systems, there are two forms of signals 

that can be sent through the fiber i. e. analog signal or digital signal. For fiber 

optic applications, digital systems are of most favorable and advantageous. 

Hence, almost all fiber optic networks around the world employ digital 

technology. 

These digital fiber optic systems are mostly for voice and data 

communications. Albeit voice is analog in nature, it is first converted into 

digital form prior to being transmitted. Such fiber optic systems engage PCM 

technology for the purpose. As for video applications, the implementations are 

not as wide as the other two. 

In order to have the systems mentioned up and running smoothly, 

careful planning of the systems are required. The goal is to prevent any failure 

and cause traffic to be down. This demands vast knowledge in fiber optic 

systems' components to be able to select the most suitable and economical 

networks' building blocks. It also needs comprehensive experience in designing 

and implementing the said systems. 

In this thesis paper, readers will be introduced to digital fiber optic 

system in the first chapter; this includes digital system advantages over analog 

system and elaboration of factors that make the two systems differ greatly. The 

I 



next chapter discusses major components of a fiber optic system, how they work 

and their characteristics to deepen the comprehension on what factors that 

influence the selection of the components. Analysis of the digital system 

performance including power and bandwidth budgeting is also covered. The 

readers will be able to have a real illustration of a digital fiber optic 

communication link model through an FOTR-300 unit which is presented in 

Chapter 3. The designing of digital voice and video links by way of an FOTR- 

300 unit and also overall system performance analysis are given. 

Chapter 4 deals with part one of the thesis project. It contains 

summaries of the experiment conducted on OFT unit. The final chapter 

consists of a few recommendation for readers who are interested to conduct the 

same research. 
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CHAPTER 1 

NON-COHERENT DIGITAL FIBER OPTIC SYSTEM 

1.0 Introduction 

Fiber optic is a new alternative way to send information. This chapter 

provides an introduction to non-coherent digital fiber optic system. This 

includes definitions of non-coherent system and digital modulation scheme. 

This chapter also encompasses digital system characteristics and properties. 

1.1 Basic Understandings of Fiber Optic 

The most significant communication system that has been given much 

attention nowadays is fiber optic system. For transmission of information 

through fiber, light is used as the carrier signal. This means, the information 

must be converted to light or optical form first. 

From the electromagnetic spectrum as in Figure 1, it can be observed 

that lightwave has bigger bandwidth due to its very high frequency. Therefore, 

transmission of information signals via lightwave is much more beneficial. 

Light has a few parameters that describe its characteristics. There are 

amplitude (intensity or power), frequency, phase and polarization (Green, Jr., 

1993). By varying or modifying these parameters, light, as the carrier signal, 

can be modulated to convey information. 

When intensity or power level of the light is varied according to the 

3 
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modulating signal (information signal), the process is known as intensity 

modulation (IM) and the whole system is known as a non-coherent system. 

Non-coherent frankly indicates that no use is made of the spatial coherence of 

the optical field (Gagliardi and Karp, 1995). That is, no attention is paid to the 

frequency or phase of the optical carrier, since only the light's intensity or 

power level is concerned. 

To demodulate the optical signal and obtain the original information 

signal back, direct detection (DD) method is used. It is a demodulation process 

whereby the changes in light's intensity is directly reconverted back to the 

modulating signal. 

The non-coherent IM/DD is the most common and cost-effective 

transmission scheme being used in fiber optic systems. It offers system 

simplicity and relatively low cost. But, IM/DD does not take full advantage of 

the tremendous bandwidth capabilities of optical fibers (Keiser, 1991). 

1.2 Non-Coherent Fiber Optic System 

As shown in Figure 2, a general fiber optic link will have an optical 

transmitter, fiber guide and optical receiver. For digital system, encoder and 

decoder are added. 

Basically, a fiber optic system simply converts an electrical current 

signal to optical signal, transmits this optical signal through the fiber guide and 

captures the signal at the other end, where it is reconverts back into electrical 

current signal. However, signal representing voice or video is always in terms 

of voltage signal pulses. Thus, voltage-current conversion and vice versa must 

be done through voltage-current and current-voltage converters. 

The light propagating in the fiber can be modulated by an analog form 

5 
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electrical signal or a digital form electrical signal. Analog modulation will give 

an analog fiber optic system and digital modulation will give a digital fiber optic 

system. 

1.2.1 Analog System-In Brief 

For analog modulation, it involves the variation of the intensity of the 

light emitted from the optical source in a continuous manner. This simply 

means the intensity (power) level of the optical carrier is directly controlled by 

variations in analog current signal as shown in Figure 3. The changes in 

intensity of the optical signal is proportional to the current. 

The analog fiber optic system is much simpler to implement (Senior, 

1992). Nevertheless, it has some detriments that limited its applications to 

short distances and lower bandwidths links. There are: 

1. Linearity for analog modulation. 

2. Requirements of higher Signal-to-Noise ratio. 

3. Analog signal distortion by the inevitable noise. 

The information in analog signal is really conveyed in its waveform 

shape. The three factors above limits the efficiency of the analog system as the 

factors can change the shape of the analog signal and hence, change the 

information. 

1.2.2 Digital System 

Digital fiber optic system is more widely implemented for fiber optic 

links. All predicaments found in the analog system are non-existing in the 

digital system. Thus, digital system is far more efficient and advantageous 

compared to analog system. It becomes the standard technology for fiber optic 
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applications. 

For digital modulation, it involves discrete changes in the light intensity 

in the form of on-off pulses. This solely means that the optical carrier is 

switched on and off or high and low as controlled by the digital bit streams. 

This is shown in Figure 3. 

Initially, the input digital signal has to be appropriately encoded for digital 

optical transmission and decoded at the receiver. Hence the need for digital 

encoder and decoder at the transmitter and receiver sides respectively. 

Among digital system's vantage points that make it superior than analog 

system are: 

1. Digital signal is easier to process with electronics and fiber optics. 

2. Digital transmission requires less optical power at the receiver than 

does analog; accordingly, transmission distance is greater. 

3. Digital signal is immune to noise. 

Therefore, digital system is widely implemented in long-haul, high-bandwidth 

(high-speed) and high capacity fiber optic links applications. 

The simplicity and superiority of digital modulation lies in the fact that 

the accurate input digital signal pulses can be obtained back at the receiver 

(Hughes, 1995) by detecting the on and off light pulses or high and low 

intensity of the light. The digital signal pulses exemplify binary symbols and 

these symbols in turn, represent the information, not the shape of the digital 

signal waveform. 

Thus, by detecting whether the light pulse is presence or absence, or 

whether the light power level is high or low, is adequate to obtain the original 

input digital signal regardless of the shape. This is as long as the transition 

levels are clear. 
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1.3 Properties of Digital System 

Apart from the digital system's advantages over the analog system and 

the trivial dissimilarities on both systems' optical transmitters and receivers 

constructions and operations, it can be summed up that both systems differ 

greatly in: 

1. Coding process. 

2. Modulation scheme by input signal. 

3. Overall system performance measurement (BER vs. SNR). 

These evaluations are made after studying both systems. 

1.3.1 Coding Process 

With digital signal (digital modulation), a process of encoding and 

decoding are done prior to electrical-optical conversion and after optical- 

electrical conversion respectively. They are needed so that the digital signal 

can be represented in suitable form for transmission. The process actually 

consists of a few steps, but as a whole, it takes only one procedure. 

Step 1: Source Encoding 

Digital signal is always defined as discrete signal, i. e. electrical 

waveform having one of a finite set of possible discrete amplitudes (Peebles, Jr., 

1987) as in Figure 4. Each of these discrete amplitudes have to be converted 

into suitable digital representations (or codes). The conversion process is 

known as source encoding. The source here only means the input signal, which 

is the digital signal. 

The type of digital codes mostly used in fiber optics is binary codes. 

Binary codes or two level codes use digits "0" and "1" (binary number system) to 

represent any discrete levels. Binary codes are used in fiber optic systems 
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