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Abstract 

Fiber optic communication technology is essential for transmitting data at high speeds over 

long distances. To increase transmission capacity and quality, it is essential to use technologies that 

enhance these capabilities. This study investigates modulation techniques in optical fibers, 

including frequency modulation (FM), amplitude modulation (AM), and phase modulation (PM). 

The Optisystem program is used to perform design studies and analysis on a simulation model of an 

optical fiber communication system. 

The system is equipped with a transmitting laser, 1550 nm wavelength, 20 dBm input 

power, and optical fiber (single mode). Modifications are analyzed and compared to achieve the 

highest efficiency. Two parameters are also studied: quality factor (QF) and bit error rate (BER). 

The results of amplitude and frequency modulation (AM and FM) techniques in optical fibers 

shows that FM performs best in terms of signal quality and BER, followed by AM. Phase 

modulation (PM) performs less effectively over long distances. 
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 الخلاصة

تعتبر تقنية الاتصالات بالألياف الضوئية أمراً بالغ الأهمية لنقل  البياالات لمسلا ات لويللة بسلرعات عاليلةس ولتحسلي   لعة  

التي تعزز هذه القدراتس يبحلث هلذا البحلث  لي تقنيلات التعلدي   لي الأليلاف  النق  وجودته، م  الضروري ا تخدام التقنيات

(س يلتم ججلراد درا لات التصلميم PM(، وتعلدي  الطلور  AM(، وتعلدي  السلعة  FMالضوئية، بما  ي ذلك تعلدي  التلردد  

 سOptisystemوتحلي  اموذج محاكاة لأاظمة الاتصالات بالألياف الضوئية با تخدام براامج 

ديسلليب  ميلللي وال، وأليللاف  21اللااومتر، وقللوة جد للا   1551تللم تصللميم النظللام با للتخدام ليللزر ااقلل  بطللو  مللوجي        

ضوئية  وضع واحد(س يتم تحلي  مخططات التعدي  ومقاراتها لتحقيق أقصى قدر م  الكفادةس كما تتم درا ة معاملي ، عام  

(  ي الأليلاف الضلوئية FMو AMوالتردد   لسعة ة تقنيات تعدي  اأظهرت درا (سBER( ومعد   طأ البت  QFالجودة  

( أدادً PM  لطلورس وأظهلر تعلدي  اAMيو ر أ ض  أداد م  حيث جودة الإشلارة ومعلد  الخطلأ  لي البتلات، يليله  FMأن 

 .أق   عالية على مسا ات لويلة

 

اسللبة الاشللارة الللى  البللت،  للي الخطللأ معللد  ،الجللودة عاملل  ،OptiSystem براللامجالكلمااات الماتاةيااة  

 الضوضادس
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Studies 

on the durability of optical fibers have 

mainly focused on their physical and 

structural aspects, as discussed by 

Elsherif et al., 2022 and Singh, 2023. 

However, most of these studies have 

primarily addressed the physical and 

structural aspects of optical fibers, 

without delving into the impact of 
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various modulation techniques on 

transmission performance in long-

distance optical communication 

systems. The study compares the 

performance of Amplitude Modulation 

(AM), Frequency Modulation (FM), 

and Phase Modulation (PM) 

modulation schemes in a simulated 

environment using OptiSystem 

software. The evaluation is based on Q-

factor and Bit Error Rate (BER), 

aiming to fill a research gap in long-

haul optical fiber communication and 

enhance the design and efficiency of 

modern optical networks. 

  A communication system comprises a 

transmitter, medium, and receiver, as 

illustrated in Figure (1), with the 

transmitter being the primary 

component and the medium being the 

communication channel [7]. 

 

Fig. (1): Block Diagram of Optical 

Communication System [7]. 

Fundamentals of optical fiber 

telecommunication systems:  

      Optical telecommunication uses 

light sources like LEDs, lasers diodes, 

and PIN/APD photodetectors to 

convert electrical signals to light and 

vice versa, using channel modulation 

techniques like direct, external, and 

circularly polarized light [8]. 

      Optical fiber communications are 

increasingly important in 

communication and signal processing 

due to their high bandwidth and low 

loss. They offer practical advantages 

such as low loss, ease of coupling to 

light sources, compactness, low 

dispersion, low nonlinearity, and 

immunity to electromagnetic 

interference, making them an attractive 

medium for guided light wave 

communication [9]. 

Basic components:   Optical fiber 

communication systems convert 

electrical signals into light signals 

through thin glass fibers, then back into 

electrical signals at the destination. 
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These systems generally consist of the 

following components [10]:  

(1) LED or laser are used for 

transmitting low-energy and high-

energy signals, respectively.  

(2) The modulator converts electrical 

signals into light signals, altering their 

properties to represent data. 

(3) The optical fiber, a thin glass 

thread, transmits light through internal 

reflection and consists of a core, 

cladding, and buffer coating. 

(4) An amplifier enhances the quality 

of optical signals during long-distance 

transmission.  

(5) The photodetector converts optical 

signals from optical fibers into 

electrical signals for processing and 

utilization. 

(6) Connecting devices and connectors 

are essential for optical fibers and other 

system devices. 

Modulation techniques in optical 

fibers systems: Optical fiber systems 

use light as a carrier wave for 

transmitting information, with various 

modulation techniques used to encode 

data onto this wave. Key modulation 

parameters include amplitude, phase, 

and frequency. Amplitude refers to the 

intensity of the light wave, phase is its 

position within its cycle, and frequency 

is the number of cycles per second 

[11]. 

Amplitude Modulation (AM):  

    The principle involves altering the 

amplitude of light waves to represent 

data, such as zeros and ones, However, 

it is less common due to its 

susceptibility to noise. It offers 

simplicity, ease, and low cost, but is 

susceptible to noise and interference 

[12]. 

Frequency Modulation (FM):  

    Frequency modulation is a method 

where the frequency of a light wave is 

altered to represent data, making it 

more noise-resistant than amplitude 

modulation but requiring more 

complex circuits, despite its advantages 

over amplitude modulation [13]. 

Phase Modulation (PM): 

    The principle involves changing the 

position of a light wave within its cycle 

to represent data, enhancing its noise 

resistance and enabling higher data 

rates. However, this method requires 
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precise phase control, requiring a more 

complex approach.  [14]. 

Performance metrics in modulation 

techniques:    Transceivers in optical 

communication systems account for 

over 50% of total power consumption, 

making improving their power 

efficiency in long-range 

communications challenging. To 

optimize and design transceivers, 

advanced optical transmitters and 

receivers need to adapt performance 

characterizations from short - reach to 

long - range communications. 

Modulation techniques of metrics 

should be redefined to guide 

optimization and architectural design. 

Performance is evaluated based on four 

metrics: power penalty, energy per bit, 

power tolerable capacity, and amplifier 

consumption efficiency. In real long-

range optical fiber communications, the 

power penalty is determined by 

receiver feedback processes like clock 

synchronization, sampling timing 

recovery, and automatic gain control 

[15]. 

Signal –to-Noise Ratio (SNR):  

     The signal quality ratio is a measure 

of the clarity of a signal compared to 

surrounding noise, indicating its 

quality. A higher ratio indicates better 

signal quality, indicating a clearer 

reception of the signal. 

     The signal-noise ratio (SNR) is 

calculated by comparing the signal 

strength to the noise strength, 

expressed in decibels (dB) [16]. 
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. The

    
                    

                           
     

         
     

     
        

Where    and    is the voltage sent by 

the transmitter of two levels.    and  

   are standard deviations of the noise 

at the receiver. 

Applications and future 

developments: Optical fiber is a 

critical technology in long-distance 

communications, with significant 

advancements in recent decades. It is 

essential for supporting 5G and 6G 

communication networks, enabling 

ultra-fast data transfer speeds, 

facilitating services like high-speed 

internet, cloud gaming, and virtual 

reality. Dense Wavelength Division 

Multiplexing (DWDM) technologies 

allow the transmission of vast amounts 

of data through a single optical fiber by 

using multiple wavelengths, enhancing 

efficiency [21]. 

       Spectrum efficiency improvement 

and signal distortion reduction are 

achieved through advanced modulation 
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techniques, which enhance spectrum 

efficiency and reduce errors caused by 

noise and interference. Reducing 

optical noise is achieved by improving 

receiver devices and increasing the 

sensitivity of receivers [22]. 

       Nonlinear optical fibers and optical 

dispersion technologies are being 

developed to improve photonic 

techniques and reduce signal losses 

over long distribution among optical 

pulses [23]. 

Simulation Work: OptiSystem 

Systems software tool was used to 

design and simulate an optical fiber 

optical communication system. The 

system consisted of an optical source 

based on a CW laser, connected to 

various modulation components for 

different techniques. A single mode 

fiber (SMF) was used to represent the 

optical fiber with different lengths, 

simulating a long-distance 

communication environment.  

An optical amplifier compensated for 

power losses over the fiber, while an 

optical attenuator controlled signal 

power. A photodetector APD converted 

the optical signal into an electrical 

signal, followed by a low-pass Bessel 

filter to ensure signal purity. The 

received signal was then analyzed 

using a BER analyzer and oscilloscope 

visualizer. Figures 2,3, and 4 illustrate 

the simulation designs of AM, FM, and 

PM techniques respectively. 
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Fig. (2): Simulation setup for AM technique. 

 

Fig. (3): Simulation setup for FM technique. 

 

Fig. (4): Simulation setup for PM technique. 

Results and Discussion:  

1. Amplitude Modulation (AM):              

Amplitude modulation performed 

well and stably up to a distance of 

70 km, with quality factor values 

remaining within acceptable limits 

and the error rate remaining 

relatively low. However, 
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performance began to deteriorate 

significantly beyond this distance, as 

the Q-factor decreased and the BER 

increased, reducing signal reliability. 

Therefore, this type is suitable for 

use in medium-haul links.. Table 1 

illustrates the Q factor and BER 

results using optisystem of optical 

fiber communication link with 

different lengths in C- band 

communication window. 

 2. Frequency Modulation (FM): 

Frequency modulation demonstrated 

the best performance among the 

three modulation types, maintaining 

a very high Q-factor up to 90 km, 

and an extremely low BER over 

most distances, demonstrating signal 

purity and high transmission 

reliability. Performance only began 

to deteriorate at 100 km, making it 

the ideal choice for long-distance 

links in optical communications 

systems. Table 2 clear the Q factor 

and BER results using optisystem of 

optical fiber communication link 

with different lengths in C- band 

communication window. 

3. Phase Modulation (PM): 

Phase modulation showed the 

poorest performance in this 

comparison, with the quality factor 

beginning to decline rapidly after 40 

km and reaching zero after 70 km. 

The BER also increased 

significantly with increasing 

distance, indicating a significant 

degradation in signal quality and 

making this type of modulation 

unsuitable for long-distance data 

transmission. Therefore, it is only 

suitable for short distances where 

high reliability is not required. Table 

3 shows the Q factor and BER 

results using optisystem of optical 

fiber communication link with 

different lengths in C- band 

communication window. 
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Table 1.Q-Factor and BER for AM Technique in the C- Band Communication 

Window at P=20dBm. 

 

Table 2.Q-Factor and BER for FM Technique in the C- Band Communication 

Window at P=20dBm. 
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Table 3.Q-Factor and BER for PM Technique in the C- Band Communication 

Window at P=20dBm. 

 

Figures 5 and 6 show the Q factor and BER behavior for different optical 

communication link lengths.
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Fig. (5): Q- factor of different optical communication link lengths for 

(AM, FM, PM) techniques.

 

 

 

 

 

Fig. (6): BER of different optical communication link lengths for 

(AM, FM, PM) techniques. 

 

Conclusion  
     The study of amplitude and 

frequency modulation techniques 
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(AM and FM) in optical fibers found 

that FM Frequency modulation is 

best for long distances, maintaining 

high quality and low error up to 90 

km, while amplitude modulation 

starts to deteriorate after 70 km, and 

phase modulation is weakest and 

deteriorates after 40 km. 

    The results suggest that frequency 

modulation is the most suitable 

choice for long-distance optical 

communication systems due to its 

high signal quality and stable 

performance over distances up to 90 

km. 

    The attenuation and dispersion 

were the most serious problems 

which the optical fiber 

communication likes suffered. This 

problem is overcome using optical 

amplification and dispersion 

compensation techniques.  
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