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ABSTRACT: 

Recently, Free Space Optics (FSO) has emerged as new technology for transmission through 
atmosphere. It is difficult to implement FSO systems under bad weather conditions such as fog and 
rain and so on. These conditions cause deterioration in the FSO system signal. Thus OFDM 
technology has been used to enhance system performance and to overcome signal weakness due to 
weather conditions. Machine Learning Algorithms (MLAs) are good prediction tools which can 
improveperformances of communication networksin general. 

In this work, three of machine learning algorithms (namely: Support Vector Regression (SVR), 
Decision Tree (DT), Random Forest (RF)) have been used to estimate the value of Bit Error Rate 
(BER). A data set has been obtained from Optisystem v.15 for training and testing MLAs 
modelsunder different weather conditions (Fog, Rain, Clear). The obtained results show that SVR 
algorithm cannot be used to predict BER value in the OFDM-FSO system. RF and DT algorithms gave 
approximate results. RF gave better accuracy where it has the greatest value of determination 
coefficient (R2) and the smallest value of Mean Square Error (MSE) compared to other algorithms. 
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1. Introduction 
Spectrum scarcity, coupled with the need to high-speed internet and high-capacity services had forced 
researchers to look at new methods and solutions. The most applicable choice is Free Space Optics (FSO) 
technology. 

FSO communication is a line of sight technique that transmits data signals through laser channel in the 
atmosphere instead of fibre optic cables [1-3]. 

FSO systems can work properly within a range of few kilometres. This technique has gained great 
attention from researchers over the past few years [4]. FSO technique has many advantages such as high 
data rate, data transfer to high distance, and high speed in transmitting data. Moreover it doesn't need a 
license from the international communication commission or frequency allocation. In addition, it is easy to 
install with little power consumption compared to Radio Frequency (RF) communication and also high 
security and less cost compared to fibre optic networks [5, 6]. However, the FSO channel suffers from 
different obstacles such as atmospheric turbulence due to weather conditions (such as Fog, Rain, Snow, 
etc…). These conditions may lead to dangerous degradation in BER, attenuation, absorption and scattering 
of laser.The other challenges may include the need direct air connection between sender and receiver 
where laser can't penetrate building, walls and others [7]. 

In order to improve the reliability of FSO system in all weather conditions, different types of mitigation 
techniques are used. In this work, OFDM modulation technique has been used to reduce the effect of 
instability and improve system reliability [8]. 

Recently, Machine Learning (ML) has become a very important topic in optics communications. This 
technique is proved to be a promising tool in improving performance of communication networks. 

Machine Learning techniques have been applied recently in FSO systems.  In [9], the researchers applied 
Machine Learning Algorithms (MLAs) for predicting different parameters in the FSO channel. The 
researchers used the features: Asynchronous Amplitude Histogram (AAH) and Asynchronous Delay-Tap 
Sampling (ADTS). The results showed that the ADTS features gave better accuracy in predicting. They 
conducted a comparison study on the performance of SVM and CNN algorithms in predicting the FSO 
channel parameters using the above mentioned features. CNN algorithm gave better results than SVM 
algorithm in some cases while in other cases had similar performance. 

In [10], the researchers used a cognitive method which depends on un-supervised MLAs to estimate the 
number of users who share time and bandwidth with a single-node receiver. The results showed that the 
proposed methodology was able to distinguish the number of users who simultaneously send with 
accuracy up to more than 92% and even with atmospheric turbulence. 

In [11], the researchers used ML techniques to predict the value of Q-factor. They used MLR, RF, DT, and 
SVR technologies, in different weather conditions with multiple transceivers. The results showed that DT 
and RF gave better accuracy and less error value than MLR and SVR. The difference between the work in 
[11] and the current work employs OFDM technology in the FSO system which improves system 
performance. 

In [12], researchers followed two approaches to estimate the value of SNR when two users transmit at the 
same time. The first approach used the empirical histogram of multi signal amplitude in the receiver while 
the second approach used locations of the local maxima of the empirical histogram. The results showed 
that the second approach had given better performance than the first approach where a classification 
accuracy 92% using SVM algorithm. 

In [13], the researchers deployed Deep Learning at FSO system for constellation shaping, detection, and 
joint constellation-shaping, detection, respectively. In addition, the Multi-Input Multi-Output structure and 
atmospheric turbulences are considered. They made comparison between the performance of the 
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suggested structure  and the maximum likelihood (ML) detection. The results showed that the suggested 
FSO system based on Deep Learning  achieved optimal performance and lower complexity compared to 
the state-of-the-art conventional FSO systems. For example, the suggested DL-based detector is faster than 
ML detector by 2,3 and 7.5 times for modulation orders 16, 64, and 256 respectively. 

In [14], the researchers suggested a new decoding technique for FSO signals modulated by On-Off Keying 
using Support Vector Machines (SVM). The proposed system was tested under different atmospheric 
weather conditions such as snow, fog, rain, and turbulence. The results showed that the suggested SVM-
based decoding schemewas able to mitigate pointing errors, attenuation and weather turbulence. 

In [15], the researchers investigated coherent optical systems for signal quality monitoring by  applying a 
simple linear regression (LR)-enabled Error Vector Magnitude monitoring (EVM) estimator. This scheme 
can estimate EVM from the amplitude histogram (AH) of a signal  sequence captured before carrier phase 
recovery (CPR).  Estimation capability of the LR model is limited because the LR model is a simplified  feed 
forward neural network (FFNN) without hidden layers and nonlinear activation functions. The LR-based 
EVM estimator was able to achieve comparable performance as the FNN-based model. 

In the proposed work, supervised ML techniques have been applied to predict Bit Error Rate (BER) values 
in the OFDM-FSO system. Different weather condition, range, and the wave length have been chosen as 
input features for ML models. Three algorithms of MLAs namely: Support Vector Machine (SVR), Decision 
Tree (DT), and Random Forest (RF) to predict BER values. Accuracy of these algorithms in terms of the 
coefficient of design (R2) and the Mean Square Error (MSE) has been calculated. 

The rest of this work has been organized as follows: section II, specifies the material and methods applied. 
Section III contains implementation of the OFDM-FSO system and the parameters used in simulation. 
Section IV elaborates simulation results. Section V includes conclusions and recommendations. 

 

2. Methods and Materials  
Many of the up-to-date researches in the same domain have been reviewed in this research such as [9,10], 
and [12]. An experimental study of this research has been done using Optisystem v.15 which is a specialist 
program in simulation of optical communication systems. Optisystemv.15 has a high reliability and 
adopted by major world telecom companies. Moreover, Python programming language has been utilized 
to implement MLAs. 

2.a. OFDM technology 

Orthogonal Frequency Division Multiplexing (OFDM) technology is known as multi-carriers modulation 
technology where data is sent on multi sub-carriers with independent frequency. These carriers are 
orthogonal to each other so any carrier doesn't interfere with other carriers [16]. For this reason, OFDM 
technology helps in reducing multipath fading and contributes ideally use the bandwidth. OFDM 
technology uses in OFDM modulator section Inverse Fast Forrier Transform (IFFT) and in OFDM 
demodulator Fast Forrier Transform (FFT). A cyclic prefix in OFDM is added to prevent Inter Symbol 
Interference (ISI) and to prevent Inter Carrier Interference (ICI). 

The OFDM-FSO system was studied in [17] for the first time. Performance of this system depends on the 
optical modulator and on the transmitting power level. It also depends on modulation scheme and 
certainly it depends on Bit Rate [18]. 

2.b. Effecting weather conditions (Fog-Rain) on FSO channel 

2.b.a. Impact of fog on the FSO system 

The performance of FSO channel suffers from different weather conditions. This leads to signal 
attenuation at receiver and power degradation. Fog is one of the most effective conditions. Fog is the main 
cause of attenuation in the atmosphere because sizes of fog particles can be of order of wave length in FSO 
systems [19]. 

In the case of heavy fog where visibility is less than 50m, attenuation can be greater than 350 (dB/Km) 
and this clearly indicates that the visibility of FSO links can be limited. In such cases, high-energy laser 
helps in using mitigation techniques to improve availability of links. In general, lasers with wave length 
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equals to 1550 nm are the best option during strong attenuation because it has high power for 
transmitting [19]. 

Loss resulted from fog is estimated using common experimental models. It can be calculated using the 
implementation scatter theory (Mie). However, this theory requires complex computing and detailed 
information on fog parameters [19]. Equation (1) determines the resulting attenuation from fog using Mie 
scattering [19]. 

βfog(λ) =
3.91

V
(
λ

550
)
−P

                                                                          (1) 

 

Where V (km) expresses visibility range,  λ (nm) is the wavelength and P the size distribution coefficient 
of scattering. Pvalue can be specified using Kruse or Kim model expressed in equation (2) [20]. 

Kim model: 

P =

{
 
 

 
 
1.6                                                  V > 50 
1.3                                          6 < 𝑉 < 50 
0.16V + 0.34                         1 < 𝑉 < 6     
V − 0.5                                0.5 < 𝑉 < 1
0                                                     V < 0.5 }

 
 

 
 

                                                (2) 

 
Kruse model is written in equation (3)[21]: 

P = {

1.6                                                  V > 50
1.3                                          6 < 𝑉 < 50

0.585 V
1
3                                     V < 6

}                                                     (3) 

 
2.b.b. Impact ofrain on the FSO system: 

The effect of rain is no clear as the effect of the fog since rain drops are much larger in size (100-10000 
µm) than wavelength used in FSO communication [19]. The rain density is measured in inches or mm, 
rainfall rate 1 mm means that 1mm of rain water high in an area of 1 m2had measured with a note that 
lack of leakage or evaporation [18]. Attenuation value resulting from rain for wireless optical 
communication is given in equation (4) [22]: 

 
γ(dB/Km) = α. Rb (4) 

Where R (mm/h) is the rain fall rate, while a and b are the model parameters. Values of theses parameters 
depend on rain temperature and rain drop size. 

Attenuation caused by rain is estimated using empirical models proposed by International 
Telecommunication Union- Radio communication sector (ITU-R) for FSO communication. Attenuation 
caused by rain for FSO link is given in equation (5) [22]: 

 
γ(dB/Km) = 1.076R0.67 (5) 

2.c. Machine Learning Algorithms (MLAs) 

MLAs have been applied in this work for predicting BER values for the OFDM-FSO systems. This model 
takes 3 independent variables represented as follows: X=[x1, x2,x3], X is defined as input variables that 
are applied to predict the continuous BER values. 

2.c.a. Support Vector Regression (SVR) : 

SVR is a model of SVM algorithm, where SVM is one of the types of supervised algorithms which can be 
used for solving classification problems and regression. Modifications can be applied on SVM algorithm. 
Using the modified version of SVM algorithm, regression problems can be solved. This can be done by 
exploiting the hyper plane as the function to be estimated with adding tolerance range. 
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2.c.b. Decision Trees (DT) : 

DT algorithm uses a graph like tree to apply classification and regression. This tree structure contains a 
tree node called root which is related to internal nodes through sub-links which in turn connect with leaf 
nodes called tree sheets. Each node of this tree called feature and each sheet called the target. Simplicity 
and fast performance are the most two important features of this algorithm. However it is very sensitive 
to features and samples used in decision-machine process. To overcome these disadvantages, many trees 
are trained concurrently. These trees are called random forest [23]. 

2.c.c. Random Forest (RF) : 

RF contains Multiple DT. Each DT is arbitrary created based on the original data set while training leading 
to different sub-set of features for each tree. The RF output is determined by calculating the average of all 
decision trees results independently. RF provides accurate results compared to DT. It also overcomes over 
fitting problems in most of MLAs [23]. 

The model performance has been evaluated after implementing MLAs in this work using Python language 
by measuring the Mean Square Error (MSE) which is the most common efficiency scale and is shown in 
equation (6) [24]: 

MSE =
1

n
∑ej

2

n

j=1

=
1

n
∑(Aj − Pj)

2
n

j=1

                                                            (6) 

Where Aj is represents the actual value of the variable, Pj is the predicted value of the variable. 

Besides measuring the coefficient of determination (R2) that is also used to evaluate prediction accuracy. 
R2is often used in data science. It expresses how close the predicted values are tothe actual values. This 
coefficient varies between 0 and 1. If R2 ≈ 1, it means that the accuracy of model is high. However, when 
R2 ≈ 0it means that the accuracy of model is low.R2is defined asin equation (7)  [9]: 

R2 = 1 −
∑ (Aj − Pj)
n
i=1

∑ (Aj − A̅)
n
i=1

                                                                            (7) 

Where n is the number of values in the test sample, A̅ is the mean of samples is defined in equation (8) : 

A̅ =  
1

n
∑Aj

n

i=1

                                                                                            (8) 

3. The Proposed Model 
In this work, MLAs have been used to estimate the BER value for the OFDM-FSO system with different 
weather conditions. BER value has been measured where it evaluates quality of the received signal. 

For the data set, Optisystem v.15 has been used for designing and implementing the OFDM-FSO system 
and for measuring the BER value in this system in different weather conditions in the atmosphere. All the 
measured values have been stored in a data set. The obtained data set has been divided into two parts, 
training set and test set.  The data set doesn't contain peculiar values and thus it doesn't need pre-
processing. 

The proposed system is shown in Fig.1 BER test set generates random bits at 10 Gbps. These bits are sent 
to the sequence generator that converts them to parallel signals. QAM sequence generator with 2-bit per 
symbol (4-QAM) has been applied. Other modulation schemes can be used but when data rate is high, it is 
preferred to use QAM or M-array QAM. RTO section of the system converts electrical signal to optical and 
then sent later in the FSO channel. The RTO section contains several components: CW laser and LINB 
Mach Zehnder modulator which modifies the OFDM output signal and generates optical signals using CW 
laser with frequency 193.1 THz [18]. 

During propagation over the FSO channel, the value of attenuation is set for weather conditions described 
in table (1). Later, the signal reaches at the receiver, where it is first directed to coherent detection as an 
optical receiver with a local oscillator to overcome the weakness of the signal during passing in free space. 
OFDM receiver consists OFDM demodulator and QAM sequence decoder for de-multiplexing the signals to 
get an output signal. 

The output signal diagram constellation can be seen using electrical constellation diagram before the QAM 
sequence decoder, as shown in Fig.1 [18]. 
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Fig.1. The OFDM-FSO system model. 

 
TABLE 1.Parameters used in simulation. 

Parameters Values 

The value of 
attenuation for 

different weather 
conditions in 

(dB/km) 

Dense Fog 80.904 

Mild Fog 33.961 

Low Fog 15.55 

Dense Rain 10.115 

Mild Rain 4.285 

Low Rain 1.537 

Very Clear 0.155 

Wave Length 1550 , 850 nm 

 

4. Results and Discussion 

This section, contains the results obtained from Optisystem v.15 , where the analytical study showed the 
BER vs. Distance in Km for the OFDM-FSO system in different weather conditions. Moreover, it contains 
the results obtained after applying MLAs (SVR, DT, and RF) on the data set collected from Optisystem. 

Fig.2 shows values of signal attenuation against the distance in km taking into account different weather 
conditions. Obviously during clear weather, the signal reaches almost 3 km with acceptable BER value. 
After this distance, error values increase due to increase in noise which is exposed to signal along the 
transmission channel, and the signal is not received correctly. When the distance increases, the signal may 
not reach at the receiver. In this case, and due to the increased values of the attenuation, the signal reaches 
short distance. For example in heavy fog weather, the signal reaches only 325 m with attenuation 80.904 
dB/km. This values because the fog causes attenuation in the signal due to the size of the fog particles 
which are of the order ofthe wave length. The fog can impedes the passage of laser completely due to 
absorption and scattering. 

 
 
 
 
 
 
 

 
 
 
 
 

 

Fig.2. Attenuation vs. distance in km in different weather conditions in OFDM-FSO. 
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Fig.3 shows a comparison between the three MLAs in terms of R2 values. Fig.4 shows a comparison of the 
MLAs in terms MSE value. RF algorithm gives better results in terms of R2 = 0.96values and MSE=0.03 . 
Thus, the RF model can be used in the proposed system and it responds to all independent variables and 
can be used to calculate BER. AS for the DT algorithm, it comes after RF model but it gives close results 
where the value of R2 = 0.85 and MSE=0.1. SVR algorithm has shown the largest value of MSE=0.9 and 
less value of  R2 = 0.1 compared to the other algorithms. 

 

 

 

 

 

 

 

 

 

 

 

 

 
Fig.3. Comparison of the machine learning algorithms in terms of R2 values. 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig.4. Comparison of the machine learning algorithms in terms of MSE values. 

 
 
Table (2) displays summary of results obtained from simulation. 
 

TABLE 2.Comparison between MLAs 

 RF DT SVR 

R2 0.96 0.85 0.1 
MSE 0.03 0.1 0.9 
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5. Conclusion and Recommendations 

In this work, OFDM modulation technique has been employed because it enhances the FSO system's 
performance under different weather conditions. It is the best modulation technique compared to other 
modulations as noticed from previous researches. In this work also, three different machine learning 
algorithms have been applied to predict the value of BER in the OFDM-FSO system taking into account 
different weather conditions. 

Based on the conducted experiments, SVR algorithm cannot be used to predict BER value in the OFDM-
FSO system. RF and DT algorithms gave approximate results but RF gave better accuracy. 

System performance can be studied by employing other mitigation techniques such as integration 
between FSO systems and Radio Frequency systems (RF/FSO). Other solutions can improve system 
performance, such as adding coding techniques including error correcting such as Convolution codes, 
Reed Solomon codes or Turbo Codes. Performances of these coding schemes can be then compared using 
machine learning algorithms to predict BER, SNR, Q-factor or to predict the FSO channel parameters. In 
addition, there is possibility of using Machine Learning or Deep Learning Techniques to extend the 
monitoring functionality and ensure robust networking operation. Moreover, it is possible to use MLAs for 
choosing the most appropriate modulation technique Depending on weather condition. Employing MLAs, 
to switch between coding and modulation techniques by using feedback depending on channel situation, 
is also a possible suggestion. 
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