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Abstract  Developments in the technology sector are 

currently experiencing rapid progress, especially in data 

transmission technology. The increasing need for fast data 

traffic in the telecommunications sector requires 

technology that can send data quickly. Optical fiber has the 

speed of receiving and sending data at 2.5 Gbps while FSO 

has a speed of up to 100 Gbps but this depends on 

Wavelength, the modulation technique used and the 

distance of the telescope between the transmitter and 

receiver. The speed of receiving and sending data also 

depends on the Quality (Q) of the signal, the greater the 

value of Quality (Q) of the signal, the better the Quality of 

the signal. FSO is an optical communication system that 

uses the atmosphere as its propagation medium and Optical 

Fiber uses silica as its propagation medium. Therefore, in 

this paper, a performance analysis of Free Space Optics 

(FSO) and Single Mode Fiber is carried out based on the 

Quality Factor and Bit Error Rate (BER) of a signal that is 

carried out using Optical System simulations with a 

wavelength of 1310 nm, 1380 nm, 1550 nm, 1550 nm and 

1560 nm, with 1 km, 3 km and 5 km, respectively. Then, 

analysis uses an Eye Diagram to analyze the output signal 

and compare the Factor Q and Bit Rate Error (BER). 

Keywords  Free Space Optics, Fiber Optics, 

Optisystem 

1. Introduction

The transmission technique used begins with copper 

cable networks as a transmission medium on home 

telephone systems and internet networks. However, 

because the copper network has a small bandwidth, the 

latest innovation is being developed, with wireless 

transmission for connections between networks using radio 

frequency namely Free Space Optics (FSO). Free Space 

Optics (FSO) systems are the latest technology in 

communication systems that use light beam propagating 

from a transmitter through empty space to send and receive 

data [10]. 

FSO is a technology that uses invisible ray lines to 

provide optical bandwidth connections that can send and 

receive data, voice and video communications at high 

speed [4]. FSO can provide high speed from Point to Point 

or Point to Multipoint which is difficult to do by Radio over 

Fiber (ROF) technology such as optical fiber [4]. It was 

implemented using a laser device that could be installed 

inside a building or office and basically consisted of an 

optical transceiver with a laser transmitter and the 

receiving end to provide full duplex capability [11]. In 

wireless communication, FSO has many disadvantages 

such as regulation of bandwidth, high data and power 

restrictions. However, FSO has the main advantage of the 

absence of the danger of radio frequency radiation. It does 

not need to excavate roads as in the case of optical fibers, 

large bandwidth that allows high data rates and low power 

consumption [2]. 

In fiber-optic communication, Single Mode Optical 

Fiber (SMF) is a deliberate optical fiber to bear light 

directly down to the stringency of Transverse Mode. Free 

Space Optics (FSO) communication means that 

transmission modulates visible or infrared light throughout 

the atmosphere to obtain optical communication [9]. 

Another important advantage of the FSO is that it is not 

touched by electromagnetic interference and radio 

frequency interference from other unwanted signals. 

However, the propagation of optical waves through the air 

experiences amplitude and phase fluctuations due to 

atmospheric turbulence, also known as scintillation and 

remains in bright weather conditions [5]. The application 

of FSO systems is used in disaster recovery and for a while 

temporary connectivity of cable networks is deployed. 
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2. Theoretical Foundation 

2.1. Free Space Optics 

Free space optic is a wireless line of sight (LOS) 

network that uses light beams that refer to lasers on optical 

networks. This component models a free space optics (FSO) 

channel. It is a subsystem of two telescopes and the free 

space channel between them. It is best suited for the 

modeling of line of sight free space terrestrial links. FSOs 

can work at hundreds of meters to several kilometers [10]. 

Free space optical communication (FSO) or often called 

optical wireless can carry full-duplex data at gigabit per 

second at metropolitan distances from several cities blocks 

up to several kilometers. One implementation that gets 

attention is Li-fi or light fidelity, which has the same Wi-Fi 

function but uses visible light communication (VLC), so it 

has a higher speed [1]. Another implementation developed 

is for inter-point communication in networks that use 

various media such as smart city or Internet of Thing (IoT). 

Free Space Optic (FSO) technology is applied to buildings 

to buildings, cities to cities can even be island to island. 

The wavelength used in this paper is 1310 nm, 1380 nm, 

1550 nm and 1560 nm. 

2.2. Fiber Optics 

Optical Fiber is a suggestion made from strands of thin 

glasses that can produce a communication system in the 

form of light waves. Light is used to carry and transmit 

information or data, both analog and digital. The working 

system of optical fibers is light released into the fiber 

which consists of two layers, namely the core and the 

outside. Light will run along the fiber through a series of 

reflections that occur where the core and the outside meet. 

Then the light will be picked up by the light sensitive 

receiver then the original signal will be produced. Many 

optical fibers have now been used to transmit data and are 

installed underground. 

2.3. Bit Error Rate (BER) 

This visualizer allows the user to calculate and display 

the bit error rate (BER) of an electrical signal automatically. 

It can estimate the BER using different algorithms such as 

Gaussian and Chi-Squared and derive different metrics 

from the eye diagram, such as Q Factor, eye opening, eye 

closure, extinction ratio, eye height, jitter, etc. It can also 

take in account Forward Error Correction (FEC), plot BER 

patterns and estimate system penalties and margins. BER 

(bit error rate) is a measure of signal Quality received for 

digital data transmission systems. The FSO system BER 

The parameter Algorithm defines the numerical method to 

use for the BER estimation. Assuming Gaussian noise with 

the standard deviations σ0 and σ1, the BER is [13]: 

Pe =
M

N+M
Pe0+

N

M+N
Pe1             (1) 

where P0 and P1 are the probabilities of the symbols, M is 

the number of samples for the logical 0, and N is the 

number of samples for the logical 1. Also, Pe0 and Pe1 are: 

Pe0=
1

2
erfc(

S−𝜇0√2σ0
)               (2) 

Pe1=
1

2
erfc(

𝜇0−𝑆√2σ1
)               (3) 

where µ0, µ1, σ0 and σ1 are average values and standard 

deviations of the sampled values respectively, and S is the 

threshold value. 

An enhancement of the simple Gaussian approximation 

can be achieved by averaging the separately estimated 

BERs for different sampled symbols [8]. For M sampled 

values for the logical 0 and N sampled values for the 

logical 1, the corresponding error rates are: 

Pe1=
1

2N
∑ erfcN

i=1 (
μ01i-S

√2σ1i
)           (4) 

Pe0=
1

2M
∑ erfcM

i=1 (
μ0-S

√2σ0i
)           (5) 

If the signal is mixed with the noise, the Average 

Gaussian method is modified to calculate the average error 

patterns. The detailed description is [3]: 

Pe=∑ NP

M
erfc8

i=1 (
μi-S

√2σi
)           (6) 

where NP is the number of one occurrence of any pattern, 

N is the total number of patterns, and are average values 

and standard deviations of the sampled values for each 

pattern respectively, and S is the threshold value. 

2.4. Signal to Noise Ratio 

Noise on a wireless optical system can be divided into 

two major parts, namely shot noise and thermal noise. SNR 

values on the FSO system [6] are as follows: 

SNRFSO=
S

N

                  (7) 

S is an input signal in the form of a receiver at λ = 1550 
nm, and B is bandwidth (Hz) while N is a noise that can be 

caused by atmospheric turbulence, temperature and so on. 

2.5. Q Factor 

The Quality Factor is a measure of how noisy a pulse is 

for diagnostic purposes. The eye pattern oscilloscope will 

typically generate a report that shows what the Q Factor 

number is. The Q-Factor suggests the minimum 

signal-to-noise ratio (SNR) reQuired to obtain a specific 

BER for a given signal. OSNR is measured in decibels. The 

higher the bit rate, the higher the OSNR ratio required [7]. 

Q Factor is a key parameter that determines the 

performance of a communication channel. Q Factor 

represents SNR optical for binary / digital optical 

communication and facilitates system performance 

analysis [5]. 
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There are two modes to calculate the Q Factor: 

The Q Factor from BER is calculated numerically by:  

Pe=
1

2
erfc(

Q√2
)               (8) 

where the Q Factor is calculated: 

Q= 
�μ1-μ0�
σ1-σ0

                 (9) 

3. Model Design 

3.1. Design Free Space Optics and Fiber Optics 

Transmission performance analysis of two different 

channel in optical communication systems. This system is 

designed using optical simulation software Optisystem. 

OptiSystem software can be used to model and simulate 

optical fibre systems and FSO optical free space systems 

provides a user interface that is commonly used for many 

other electrical engineering tools especially optics. 

Single mode fiber is designed as shown in Fig.1 with a 

wavelength of 1310 nm, 1380 nm, 1550 nm and 1560 nm 

with 1 km, 3 km and 5 km respectively and then SMF using 

Low Pass Gaussian Filter. 

Free Space Optics is designed as shown in Fig.2 with a 

wavelength of 1310 nm, 1380 nm, 1550 nm and 1560 nm 

with 1 km, 3 km and 5 km respectively and then FSO using 

Low Pass Filter. 

Then the SMF and FSO design will display the results of 

Q Factor and BER. 

 

Figure 1.  Design Optical Communication System 

 

Figure 2.  Design 3.2. Free Space Optics (FSO) 
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3.2. System Design 

Table 1.  FSO Communication System Design Specification 

 

Table 2.  SMF Communication System Design Specification 

 

 

4. Result and Discussion 

4.1. Result of Q Factor, BER, Power Receiver in Fiber 

Optics 

In previous studies conducted by Pinky Vishwakarma 

and Jayprakash Vijay entitled “Comparative Analysis of 

Free Space Optics and Single Mode Fiber” with range 1 km, 

50 km, 100 km and using wavelength 750 nm, 1350 nm, 

and 1550 nm [14].  

The following are the results of SMF simulations that 

have been carried out with wavelengths of 1310 nm, 1380 

nm, 1550 nm and 1560 nm with distances of 1 km, 3 km 

and 5 km respectively, and then produce the amount of Q 

Factor and Bit Rate Error. 

4.2. Result of Q Factor, BER, Power Receiver in Free 

Space Optics 

In previous studies conducted by Pinky Vishwakarma 

and Jayprakash Vijay entitled “Comparative Analysis of 

Free Space Optics and Single Mode Fiber”, it used optical 

wireless communication (OWC) channel components. It is 

a subsystem of two telescopes and the wireless 

communication channel between them. It is best suited for 

the modeling of satellites and earth-satellite links with 

range 1 km, 50 km, 100 km and then using wavelength 750 

nm, 1350 nm, and 1550 nm [14]. While in this paper the 

FSO channel is used for buildings to buildings. 

The following are the results of FSO simulations that 

have been carried out with wavelengths of 1310 nm, 1380 

nm, 1550 nm and 1560 nm with distances of 1 km, 3 km 

and 5 km respectively and then produce the amount of Q 

Factor, bit rate error and power receiver. As a Quality 

Factor, Q is a one important indicator to determine optical 

performance which is used to characterize BER. 

4.3. Comparison of Q Factor in Fiber Optics and Free 

Space Optics 

Figure 3 (a) and (b) are the results of Q Factor graph 

FSO and SMF simulation at wavelengths of 1310 nm, 1380 

nm, 1550 nm, and 1560 nm in the range of 1 km. In FSO 

communication at a wavelength of 1310 nm with a distance 

of 1 km it produces a Q Factor of 18.0961, and BER 

9.88904E-74. At wavelength 1380 nm with distance of 1 

km it produces a Q Factor of 21.2292, and BER 

1.15343E-100. At wavelength 1550 nm with distance of 1 

km it produces a Q Factor of 19.9462, and BER 

4.6897E-89. At wavelength 1560 nm with distance of 1 km 

it produces a Q Factor of 20.0208, and BER 9.64973E-90.  

In SMF communication at a wavelength of 1310 nm 

with a distance of 1 km it produces a Q Factor of 165.486, 

and BER 0. At wavelength 1380 nm with distance of 1 km 

it produces a Q Factor of 172.538, and BER 0. At 

wavelength 1550 nm with distance of 1 km it produces a Q 

Factor of 165.872, and BER 0. At wavelength 1560 nm 

with distance of 1 km it produces a Q Factor of 156.234, 

and BER 0. 

 

 

 

 

 

 

 

Design Parameter Value

Attenuation 0.2 db/km

Wavelength 1310 nm, 1380 nm, 1550 nm and 1560 nm

Link Range 1 km, 3 km, and 5 km

Design Parameter Value

Attenuation 0.2 db/km

Wavelength 1310 nm, 1380 nm, 1550 nm and 1560 nm

Link Range 1 km, 3 km, and 5 km
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Table 3.  SMF Communication Result Q Factor, and BER 

 

Table 4.  FSO Communication Result Q Factor, and BER 

 

  

(a) 

Range 1310 nm 1380 nm 1550 nm 1560 nm

Q Factor 165.486 172.538 165.872 156.234

1 km Bit Error Rate 0 0 0 0

Q Factor 74.3013 78.943 126.472 127.408

3 km Bit Error Rate 0 0 0 0

Q Factor 41.1173 45.6312 74.2918 70.2528

5 km Bit Error Rate 0 0 0 0

Range 1310 nm 1380 nm 1550 nm 1560 nm

Q Factor 18.0961 21.2292 19.9462 20.0208

1 km Bit Error Rate 9.89E-74 1.15E-100 4.69E-89 9.65E-90

Q Factor 8.28732 6.67494 8.00419 9.67081

3 km Bit Error Rate 2.94E-17 7.E-12 4.E-16 1.12E-22

Q Factor 5.72717 5.79216 6.43775 5.72773

5 km Bit Error Rate 2.76E-09 2.31E-09 3.48E-11 3.03E-09
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(b) 

Figure 3.  (a) Graph Q Factor FSO with Wavelength 1310 nm, 1380 nm, 1550 nm, and 1560 nm at 1 km. (b) Graph Q Factor SMF with Wavelength 

1310 nm, 1380 nm, 1550 nm, and 1560 nm at 1 km 

Figure 4 (a) and (b) are the results of Q Factor graph 

FSO and SMF simulation at wavelengths of 1310 nm, 1380 

nm, 1550 nm, and 1560 nm in the range of 3 km. In FSO 

communication at a wavelength of 1310 nm with a distance 

of 3 km it produces a Q Factor of 8.28732, and BER 

2.94185E-17. At wavelength 1380 nm with distance of 3 

km it produces a Q Factor of 6.67494, and BER 7.E-5. At 

wavelength 1550 nm with distance of 3 km it produces a Q 

Factor of 8.00419, and BER 4.E-16. At wavelength 1560 

nm with distance of 3 km it produces a Q Factor of 9.67081, 

and BER 1.11774E-22.  

In SMF communication at a wavelength of 1310 nm 

with a distance of 3 km it produces a Q Factor of 74.3013, 

and BER 0. At wavelength 1380 nm with distance of 3 km 

it produces a Q Factor of 78.943, and BER 0. At 

wavelength 1550 nm with distance of 3 km it produces a Q 

Factor of 56.472, and BER 0. At wavelength 1560 nm with 

distance of 3 km it produces a Q Factor of 57.408, and BER 

0.  

Figure 5 (a) and (b) are the results of Q Factor graph 

FSO and SMF simulation at wavelengths of 1310 nm, 1380 

nm, 1550 nm, and 1560 nm in the range of 5 km. In FSO 

communication at a wavelength of 1310 nm with a distance 

of 5 km it produces a Q Factor of 5.72717, and BER 

2.76E-09. At wavelength 1380 nm with distance of 5 km it 

produces a Q Factor of 5.79216, and BER 2.31E-09. At 

wavelength 1550 nm with distance of 5 km it produces a Q 

Factor of 6.43775, and BER 3.48E-11. At wavelength 1560 

nm with distance of 5 km it produces a Q Factor of 5.72773, 

and BER 3.03E-09.  

In SMF communication at a wavelength of 1310 nm 

with a distance of 5 km it produces a Q Factor of 41.1173, 

and BER 0. At wavelength 1380 nm with distance of 5 km 

it produces a Q Factor of 45.6312, and BER 0. At 

wavelength 1550 nm with distance of 5 km it produces a Q 

Factor of 74.2918, and BER 0. At wavelength 1560 nm 

with distance of 5 km it produces a Q Factor of 70.2528, 

BER 0. 

In Fig. 3 (a) and (b), Fig. 4 (a) and (b), Fig. 5 (a) and (b), 

there are differences in the graph of Q Factor and Bit Error 

Rate produced by SMF and FSO at 1 km, 3km, 5 km which 

has a significant difference. The Q Factor produced by 

optical fiber is better than the Free Space Optic, because it 

is more resistant to noise interference, then the Free Space 

optics are more susceptible to interference due to 

atmospheric Factors and depend also on the distance 

between the transmitter telescope and the receiver, then the 

power given. The further the distance between the 

transmitter and the receiver eats the worse the quality of the 

signal produced. 

 



 Universal Journal of Electrical and Electronic Engineering 6(3): 167-175, 2019 173 

 

  

(a) 

 

(b) 

Figure 4.  (a) Graph Q Factor FSO with Wavelength 1310 nm, 1380 nm, 1550 nm, and 1560 nm at 3 km (b) Graph Q Factor SMF with Wavelength 

1310 nm, 1380 nm, 1550 nm, and 1560 nm at 3 km 
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(a) 

 

(b) 

Figure 5.  (a) Graph Q Factor FSO with Wavelength 1310 nm, 1380 nm, 1550 nm, and 1560 nm at 5 km (b) Graph Q Factor SMF with Wavelength 

1310 nm, 1380 nm, 1550 nm, and 1560 nm at 5 km 
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5. Conclusions 

This paper studied and analyzed various optical 

communication channels, namely Free Space Optics and 

Optical Fiber from the results obtained using the 

Optisystem software program and the simulation results 

obtained. Then, by looking at the ability of each channel to 

move along the optical path, the optical fiber channel can 

provide the best results at 1 km, 3 km, 5 km by calculating 

the minimum bit error value and increasing the value of the 

quality Factor. While the quality of FSO is far below 

optical fiber this is because the Free Space Optic channel is 

susceptible to atmospheric interference and the distance 

between the transmitter telescope and the receiver cannot 

be too far away. From all of the above, it can be concluded 

from two comparisons that the farther the distance traveled 

by FSO and SMF the lower the Quality of the signal. 
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