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Abstract
This study estimates the performance of a free space optical system (FSO) affected by air pollutants from oil fires. Simulations 

are performed to evaluate the reliability of optical propagation according to the length of the FSO channels under two beam angle an-
gles. The proposed FSO system parameters such as the Q-factor, BER and reception capacity are successfully used to reduce channel 
loss. Results demonstrate that the proposed FSO link performs satisfactorily when the divergence angle is 1 mrad and the distance is 
from 0.5 km to 0.9 km. Q-factor and receiving power decrease when the divergence angle of beam increases to 2 mrad, and a link is 
achieved when the distance is from 0.5 km to 0.7 km. The eye diagram is used to evaluate and confirm the quality of received data. An 
eye opening is observed at 0.5 km for both divergence angles. Then, the eye completely closes at 1 km for 2 mrad, thereby degrading the 
performance. Therefore, these results can be conducted for similar systems optimization options by applying our analysis.
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1. Introduction
Several scientific researchers have shown that air pollutants formed by petroleum fires can 

degrade air quality, impair visibility and harm sensitive ecosystems. Serious pollutants, such as 
CO, CO2, NOx, SO2 and airborne particulates, are generated when petroleum is burned [1–5]. Ra-
dio communication systems do not function reliably under these conditions due to the limitations 
in capacity and scalability [6]. Free-space optical (FSO) signal is used to enable transmission and 
receiving of signals without significant loss [7]. It has the ability and durability to transfer large 
amounts of energy. However FSO is negatively affected by weather conditions and turbulence. 
Fog clouds and fires play a harmful role by optical mitigation energy transferred into free ground 
space and thus reducing link availability and reliability [8]. FSO links offer a high-speed, secure 
and license-free communication system contrary to radiofrequency links [9]. The reliability of 
optical propagation is influenced by local weather conditions. Therefore, the operation parameters 
of FSO communication systems are modified depending on the atmospheric conditions. A hybrid 
free-space optical (FSO)/radio frequency (RF) communication systems are example of combining 
diversity scheme [10]. Other Related work considers multiple parallel FSO links which can support 
data rates. Multi-input, multi-output system was used and proposed over two rings with specified 
radius [11]. Air pollutants affect the performance of optical systems depending on their concen-
trations, dosages, exposure times and other factors [12, 13]. Increased attenuation coefficient and 
its impact on the received photovoltaic energy, bit error rate (BER) and Q factor under heavy fog 
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(smoke  and  columns)  during  oil  fires  [14, 15]. As  shown  in Fig. 1, the presence of particles of 
aerosols and dense gases in smoke and flames may cause severe disturbances in the spread of light 
signals in the FSO channel [16].

Fig. 1. Block diagram of an FSO system with different divergence angles

The use of transmission beam spacing is a technique to help align and track FSO links – [17, 18] 
two adaptive beam control methods, whereby the transmitter deviation angle of the transmitter is 
set to (i) maximizing link availability or (ii) reducing transmitter power while maintaining target 
link availability. In second case, the choice of control modes is highly dependent on communication 
scenarios [17]. Another study, investigated the quality and feasibility of the communication link, 
considering the impact of beam divergence on the polarization shift keying (PolSK) modulation 
under various weather conditions. It is shown that PolSK subdues the effects of increase in beam 
divergence, attenuation factor, and further extends the communication range [18]. In this study, the 
change in system parameters that contribute to the optics of a reliable FSO link is tested to obtain 
the best system specifications in regions that suffer from frequent petroleum fires. The aim of 
the study is to demonstrate the effect of gases and other pollutants resulting from oil fires on the 
performance of the optical communication system in the air and to find appropriate solutions that 
can reduce this effect. The parameters used in this case are transmitter divergence angle and link 
distance. The adaptive FSO systems are designed using the OptiSystem programme. 

2. Simulation system design
In order to, investigate the real performance of FSO system under the smoke influence. Simu-

lation environment can be used easily for defining the system components and scenario. Opti-system 
program able to operate independently based on the realistic modeling of FSO system. Beers-Lambert 
Law is used to describe the attenuation of laser power through the atmospheric channel [19]:
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τR is transmittance at range R, PR is the received laser power, P0 is the transmitted laser power, and 
σ is an attenuation coefficient.

The attenuation coefficient σ (dB/km) of an optical signal due to the scattering of smoke can 
be calculated by [14]:
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Vkm is the visibility of an FSO link, λ0 is the maximum wavelength of the solar band, λ is the wave-
length of laser signal, and q (λ) is the coefficient referring to the size of distributed particles,

                                              ( )   0.8467 0.5212.q λ = λ −  (3)

Fig. 2 shows the block diagram of the simulation design of the proposed FSO system. The 
system contains a transmitter, an air channel, and a receiving unit [20]. The proposed transmitter 
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includes a 20 dB laser diode at 1500 nm, a semi-random random bit generator, a non-zero pulse 
generator (NRZ) and a Mach-Zehnder modulator. The modified light signals are then propagated 
through the heavy fog channel (smoke and columns) and are received by the single-beam FSO 
receiver. The receiver consists of icy diodes and a low-pass Bessel filter used to filter unwanted 
high-frequency signals at a cut-off frequency of 0.75 signal bitrate. The last element in the receiver 
is the 3R optical regenerator that is used to regenerate electrical signals of the original bit sequence 
for BER analysis. The simulation is visualized using an optical power metre to measure the receiv-
ing power. Electrical carriers and BER analysers are also utilized to calculate the BER value and 
Q-factor and display the eye diagram. Table 1 lists the simulation parameters.

Fig. 2. Block diagram of the simulation setup of the proposed FSO link

Table 1
Simulation parameters for FSO link 

Parameters Values

“Transmitted Power (dBm)” 20.0

“Transmitter diameter (cm)” 5.00

“Transmitter efficiency” 0.50

“Receiver sensitivity (dBm)” –20.0

“Wavelength (nm)” 1550

“Receiver diameter (cm)” 20.0

“Receiver efficiency” 0.50

The parameters values depends on the actual propagation state of the signal-carrying system.

3. Results and Discussion
Simulations are performed to evaluate the performance of the proposed FSO system for 

ground communications. Tables 2, 3 show the changes in the Q-factor, BER and reception capacity 
according to the length of the FSO channels under two beam angle angles. For commercial commu-
nications applications, BER=10–9 is a required typical value [21].

As shown in the Tables 2, 3, the proposed system works satisfactorily when the differ-
ence angle is 1 mrad and the distance is from 0.7 to 0.9 km. A BER 10–9 rate is achieved for 
Q=6.Q which measures the transmit signal quality factor in terms of signal-to-noise ratio (SNR).  
SNR or S/N is defined as the ratio of signal power to noise power that spoils the signal. A ratio 
greater than 1:1 indicates a signal over noise. The maximum SNR assumes an ideal input signal [21].  
Specifically, the higher Q factor value, the better signal-to-noise ratio (SNR), and thus the 
lower the probability of bit errors [22]. Q-factor and receiving power decrease when the diver-
gence angle of beam is increased to 2 mrad, and a link is achieved when the distance is from 
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0.6 to 0.8 km due to scattering caused by the smoke and plume aerosols [23]. It is noted that the 
Q-factor decreases significantly with increase in distances with acceptable performance levels 
(above 6), agree with [18, 24]. The eye diagram is used to evaluate and confirm the quality of 
received data. The diagram is also used to evaluate the signal-to-noise ratio SNR and the BER. 
Fig. 3, a–d shows the eye diagram for the lowest and highest values of the link distance for the 
divergence angles of 1 and 2 mrad. 

Table 2
Performance analysis of the link at the divergence angle of transmitter of 1 mrad

Link distance km Q-Factor BER Receiving Power dBm

0.5 58.5 1E-1 –21

0.6 34 1.14 E-26 –31

0.7 19.8 –1.12 E-087 –40

0.8 11.7 4.47 E-032 –49

0.9 7 6 E-013 –58

1 4 2 E-005 –67

Table 3
Performance analysis of the link at the divergence angle of transmitter of 2 mrad

Link distance km Q-Factor BER Receiving Power dBm

0.5 31.5 8 E-22 –32

0.6 17.6 3.7 E-07 –42

0.7 10.25 3.25 E-025 –52

0.8 6 7 E-01 –61

0.9 3.23 0.0004 –69

1 0 1 –77

             a                                           b                                                  c                                            d

Fig. 3. Eye diagram performance of FSO at:  
a – 0.5 km, 1 mrad; b – 0.5 km, 2 mrad; c – 1 km, 1 mrad; d – 1 km, 2 mrad

An eye opening is observed at 0.5 km for both divergence angles (1 mrad, 2 mrad) as shown 
in Fig. 3, a, b respectively. Then, the eye partially closes at 1 km for 1 mrad as shown in Fig. 3, c. 
Finally, the eye completely closes at 1 km for 2 mrad as shown in Fig. 3, d, thereby degrading the 
performance, agree with [17, 25].
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The proposed solutions improve the performance of FSO link by utilize several parameters 
of same system parts without adding a new components.

This study implements modifications on the beam divergence angle and link distances of 
optical wireless system under smoke clouds arise from oil well fires (for the first time). Some other 
researches either investigated another effects such as rain, dust, sand or make essential modifica-
tions by adding complex parts.

This work should follow by practical study to strengthening the findings. There is no restric-
tions can be imposed on the use of the results.

The Oil-producing Countries suffer from frequent oil well fires. That’s why, its welcoming 
suck kind of research. The most common problem is not getting security license for the practical 
investigations.

4. Conclusions
In this study, the proposed FSO system parameters are successfully used to minimize chan-

nel loss due to atmospheric pollutants formed by petroleum fires. The results demonstrate that the 
proposed FSO link performs satisfactorily when the divergence angle is 1 mrad and the distance is 
from 0.7 km to 0.9 km. Q-factor and receiving power decrease when the divergence angle of beam 
increases to 2 mrad, and a link is achieved when the distance is from 0.6 km to 0.8 km. Therefore, 
these results can be conducted for similar systems optimization options by applying our analysis.
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