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Abstract  

In recent years, much research has been done on optical wireless communication systems. In this regard, we 
proposed two novel hybrid RF-FSO systems in foggy channels. In the first scheme, one RF-FSO link (path 1) is 
paralleled with an RF link (path 2). In the second scheme, an FSO link (path 1) and a hybrid RF-FSO link (path 
2) are paralleled. The FSO links are modeled by a new distribution that proposed for foggy channels. Also, the 
RF links are modeled by Rayleigh distribution. To obtain the system outage probability, we derive the closed-form 
equations using the Intensity Modulation with Direct Detection (IM/DD) technique. 
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1. Introduction 

In recent years, the use of Optical 
Wireless Communication (OWC) systems 
has been growing due to its advantages. 
High bandwidth and data transmission 
security, easy and low-cost implementation, 
and no need to obtain a license are some of 
the advantages of this system [1]. On the 
other hand, recent studies have shown that 
the FSO system can be a promising solution 
to increase the data transmission rate in the 
fifth and sixth generation (5 and 6G) of 
mobile communications [2], [3]. Despite all 
these advantages, there are challenges to 
using this system that are related to the free 
space channel. In the other hand, the FSO 
links performance is highly dependent on 
the free space channel conditions and link 
distance [4], [5], [6], [7]. The dust, heavy 
snowfall, raindrops, fog, and haze attenuate 
the power of the light beam. Fog molecules 
cause the highest amount of scattering in the 

transmitted light beam. This phenomenon 
decreases the visibility and as a result, 
increases the Outage Probability. Even 
dense fog can cause disconnection, 
completely [8], [9], [10], [11]. One 
suggested way to reduce the mentioned 
effects is to use the RF system as a backup 
in two parallel and series architectures. In 
other words, the complementary 
characteristics of the  RF and FSO systems 
make the whole system's performance 
appropriate in different channel conditions 
[12], [13], [14], [15]. 

In [16], a dual-hop hybrid relay-based  
FSO/RF communication system is 
presented. In this scheme, an access point 
connects users to the base station via a 
hybrid parallel FSO/RF link. The RF and 
FSO channels are modeled by Rayleigh and 
Gamma-Gamma distributions, respectively. 
Also, in the FSO system, the effect of 
atmospheric turbulence and pointing error 
has been studied. According to the paper, 
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the parallel FSO/RF system and the use of 
an access point will increase the capacity, 
reliability, and systems data rate. 

In [17], the hybrid FSO/RF system is 
introduced as a promising solution for a 
reliable wireless backhaul system for the 
fifth-generation technology standard for 
cellular networks. Performance analysis of 
the hybrid FSO/RF single threshold system 
has been carried out based on switching 
technique for both terrestrial and satellite 
communication scenarios in the presence of 
atmospheric turbulence and pointing error. 

A multi-hop hybrid RF-FSO system in 
[18] based on Amplify-and-Forward (AF) 
relays is introduced (similar to [19], [20], 
[21]). Also, the RF and FSO channels are 
modeled by Rayleigh and Gamma-Gamma 
distributions, respectively. Partial relay 
selection based on channel state 
information (CSI) is used to select active 
relays for transmission. 

In  [22], a hybrid RF-FSO\FSO-RF 
scheme is presented that the data will be 
transmitted from RF-FSO or FSO-RF paths. 
In other words, the FSO-RF path supports 
the RF-FSO path. Also, the Intensity 
Modulation with Direct Detection (IM/DD) 
and heterodyne detection techniques are 
used in FSO links. furthermore, this paper 
proposed an algorithm for computing 
Extended Generalized Bivariate Meijer-G 
Function (EGBMGF) for the first time. 

In [23] and [24], studies have been done 
on the effect of fog in weakening the light 
beam. Also, a new distribution is presented 
to study the foggy channel behavior in FSO 
systems. Paper [24] suggests that to reduce 
the effect of fog, use optical AF relays in the 
FSO link, which shortens the length of the 
optical links. Also, a parallel hybrid system 
based on a hard switch is presented, which 

selects the appropriate link for data 
transmission using the channel state 
information (CSI). 

Paper [25] proposed two novel adaptive 
hard switching relay based hybrid system to 
improve the performance of FSO system. In 
this schemes, the two threshold SNR 
strategy is used. In these presented 
architectures, the FSO and RF links have 
been modeled by Gamma-Gamma and 
Rayleigh distribution, respectively. Also, 
the performance of proposed systems are 
presented in the different atmospheric and 
pointing error conditions. 

In this article, according to  [25], the 
effects caused by fog in the two introduced 
systems will be presented. 

In the first scheme (dual threshold SNR 
hybrid RF-FSO/RF), the main RF-FSO path 
is supported by the RF link in the foggy 
channel. In the foggy channel, if the 
received SNR from the RF-FSO path is less 
than the lower threshold SNR, data transfer 
is done through the RF link.  

Similarly, in the second scheme, the main 
path for data transmission is the FSO link. 
If, due to fog, the received SNR is less than 
the lower threshold, the backup path 
(RF/FSO) will send the data. If the received 
SNR from path 1 exceeds the upper 
threshold, data is sent again through the 
FSO link.  

The main contribution of this work is 
proposing a double threshold SNR for the 
relay-based hard switching system that 
guarantees the optical link quality in the 
foggy channel. To the best of our 
knowledge, this is the first work that the two 
relay-based schemes proposed using dual 
threshold SNR for the reduction of the FSO 
link performance in foggy conditions. 
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2. Channel model 

The presence of water molecules in the 
fog causes scattering phenomena in the free 
space channel and attenuating the light 

signal power. In recent years, there have 
been studies about the attenuation caused 
by fog on the optical signal, and the results 
of two of them are given in Tables 1 and 2. 

Table 1. the ݇ and ߗ parameters in different foggy channel [24] 

values parameters fog densities 
2.32 
13.12 

݇ 
 Light fog ߗ

5.49 
12.06 

݇ 
 Moderate fog ߗ

6.00 
23.00 

݇ 
 Think fog ߗ

36.05 
11.91 

݇ 
 Dense fog ߗ

Table 2. The visibility parameters and optical signal attenuation in different fog density [4] 

Visibility (݉)	≅ attenuation (݀݉ܭ/ܤ) ≅ Channel condition 
23000 0.47 

Very clean air 50000 0.19 
18100 0.6 

Clean Air 20000 0.54 
770 18.3 Light fog 
500 28.9 Moderate fog 
200 75 Think fog 
50 315 dense fog 

 

In this paper, we assumed that the Intensity 
modulation/Direct Detection (IM/DD) 
technique and OOK modulation have been used 
in the FSO system. On the other hand, the 
intensity of received signal fluctuations is due 
to the atmospheric losses, pointing errors and 
the additive noise. Therefore, the received 
signal is modeled as [24] 

 

ݕ = ݔܫܴ + ݊ (1) 

 That ܴ and ܫ are the receive responsivity 
(A/W), and channel state, respectively. Also, ݔ 
is the signel intensity and ݊  is the additive white 
Gaussian noise (AWGN) with variance ߪ௡ଶ. The 
destructive effect of atmospheric turbulence is 

inversely proportional to the concentration of 
channel fog. Therefore, in the considered 
model, the fog atmospheric loss and pointing 
error are considered and can be expressed as 
ܫ = ௟ܫ௉ܫ , where ܫ௉  and ܫ௟  are the channel states 
due to the pointing errors and fog atmospheric 
loss, respectively. For equal-probability 
symbols, the received electrical SNR is as 

ߛ =
2 ௧ܲ

ଶܴଶܫଶ

௡ଶߪ
 (2) 

Where ௧ܲ is the average optical transmitted 
power. 

The statistical behavior of the foggy channel 
can be expressed by [26] 
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ூ݂೗(ܫ௟) =
ऊ௞

(݇)߁ ൤݈݊ ൬
1
௟ܫ
൰൨
௞ିଵ

௟ܫ ऊିଵ					0

< ௟ܫ ≤ 1 
(3) 

Where ऊ = 4.343 ⁄ܮߗ  and ߁(݇) is the 
Gamma Gamma function. Also, ܮ is the FSO 
link distance in ݉ܭ. ݇ and ߗ represent the 
shape and scale parameters of the signal 
attenuation in the different fog densities tath 
proposed in Table 1. 

Parameter ݇ߗ is the determined average 
value of signal attenuation due to fog (݀ܤ/݇݉). 
Table 2 shows the visibility parameters and 
optical signal attenuation in different fog 
density. The information presented in this table 
will be used to analyze the numerical results. 
According to [4] and Tables 1 and 2, the system 
performance will depend on the link length and 
fog density. 

3. Conclusion 

In this paper, we proposed the two novel 
hybrids hard switching based scheme in the 
foggy channel using two threshold SNR. In 
these schemes, we assumed that there is a 
backup path for the main data transmission path 
to transmit the desired data in case of bad fog 
conditions.  
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