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ABSTRACT 

Multiple transmitters/receivers (TX/RX) are used to improve the quality of Free Space Optics (FSO) communication system. With 
the current needs of this technology for longer distance, the qualitative analysis of the system has become essential. In this work, 
the received power level (PR) and bit error rate (BER) are considered to determine the FSO link performance. The first part here 
introduces the FSO system and the advantages of this system. In the second part system overview is discussed which specifies the 
working and configuration of the system. The third part here is the system design which will specify the system configuration 
which in turn will specify the power used, bit rate, link distance etc. Fourth part here will define the attenuation formula and the 
models used for calculating this attenuation. The fifth part will specify the results and analysis of these models and will give the 
values of received power and bit error rate. The last part is the conclusion obtained.   
 
1. INTRODUCTION:  
With recent needs of high speed and bandwidth communication system, free space communication system emerged to 
cater all these needs and system requirements. This wireless technology employs the concept of transmitting high 
bandwidth information using the optical beam from one point to another in the free space. The clear line of sight between 
both transmit and receive terminals is essential to establish a seamless communication. This line of sight technology 
offers numerous advantages to both telecommunication users and providers. It provides a high data rates  
up to several Gbps, has immunity to radio frequency interferences, requires no licensing, gives a highly secured 
communication link due to the usage of a very narrow beam angle and offers an inexpensive, fast and easy deployment 
when compared to the fiber optic installation.[1] 
The increased applications of wireless communication have many disadvantages such as Bandwidth regulations, power 
limiting, high data rates etc. Where FSO may appears as its main advantages are: 1) no licensing requirements or tariffs 
for link utilization; 2) absence of radiofrequency radiation hazards; 3) no need of road digging as in the case of optical 
fiber; 4) large bandwidth which enables high data rates; 5) low power consumption [2] . FSO Links are suitable for few 
Gb/s rates over distances in the range 1-5 km [3]. Different FSO implementation scenarios recently under research are 
ground-to-ground, satellite uplink/downlink, inter-satellite or deep space probes to ground, ground-to-air e.g. UAV,HAP / 
air-to-ground terminal. The propagation channel for FSO is atmosphere and FSO links are mainly affected by the local 
weather. The most detrimental attenuation factor is fog among all the attenuation factors of FSO. The performance of 
FSO links can be analyzed by prediction of attenuation factor in terms of visibility under different frequency and range. In 
this paper we have used Kruse model and the Kim model that predict the specific attenuation in terms of visibility. It has 
been calculated for the different conditions like fog, haze and clear at different wavelengths. Major Challenges faced by 
FSO is that it use the air as a transmitting media between transmitters and receivers where various weather conditions can 
affect the performance of FSO Link, most likely known weather phenomena are scattering and Turbulence which causes 
attenuation in the transmitted Signal those results in high bit error rate or signal loss at the receiver end [4]. In this paper 
we have focused on the atmospheric effects on FSO in different attenuation conditions. 
 
2. SYSTEM OVERVIEW: 
The multiple TX/RX link configurations can be seen in Fig. 1. Two FSO terminals which each having a link head 
consists of multiple lenses of TXs and RXs. These lenses will produce and collect multiple laser beams along the optical 
path. As illustrated by Fig. 1, the multiple beams which are the redundant signal generated by the data splitters, leave the 
TXs as an independent beam, but along the optical path, they begin to overlap and reach the receivers unit as one spot of 
a high powered signal. Each TX will transmit 4 lasers beams to each of the 4 RXs because of the 4 data splitters used. In, 
total there would be 16 paths of laser beams/combinations of TX and RX to be analyzed.  

 
Fig. 1 : Multiple TX/RX with multiple laser beams link configuration. 
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3. SYSTEM DESIGN: 
A typical FSO system consists of FSO transmitter, a FSO channel and the FSO receiver. The frequency of the TX is set to 
be 850 nm and 1550 nm in wavelength and the power is 8.66 dBm[5,6]. The actual transmit power for a single TX of the 
experimental FSO equipment installed on the practical site is 7.78 dBm; hence the usage of additional 0.88 dBm is due to 
the power penalty caused by the TX’s extinction ratio value. The output of the TX is connected to the fork which is a 
component used to duplicate the number of output ports so that each of the signals coming out from the fork‘s output has 
the same value with the output signal from the previous component connected to it. The first fork connected to the TX 
will produce a multiple laser beams from one source. Then, each of the output signals will be connected to another set of 
forks to produce another set of multiple laser beams. The multiple laser beams produced are then combined together with 
a power combiner before it is sent to the FSO channel. The output signals coming out from the power combiners are then 
sent to the FSO channel which is the reproduction of the free space channel. It is a subsystem of two telescopes with the 
FSO channel between them. The apertures of the TX and RX are set to 2.5 cm and 8 cm respectively[7]. The beam 
divergence is 2 mrad and the distance of the channel is set to 2 km[8]. The bit rate used here is 1gbps[9].  
 

TABLE-1: Parameters used. 
PARAMETER SYMBOL VALUE 

Transmission rate Bit rate 1 Gbps 
Link Distance Z 2 km 

Transmitted power Pt 8.66 dBm 
Frequency λ 850 nm,1550 nm 

Transmitter Aperture DT 2.5 cm 
Receiver Aperture DR 10 cm 
Beam Divergence θ 2 mrad 
Equipment Loss Leqip 3.6 dB 
Extinction Ratio re 10 dB 

Line Width W(width) 10 MHz 
 
In every communication system, losses due to the equipment inefficiency cannot be ignored. Since they are two FSO 
terminals involved, each terminal has a loss of 1.8 dB according to FSO equipment installed on the practical site. Hence, 
the equipment loss is set to be 3.6 dB for two FSO terminals. Here the receiver used is the APD receiver[10].All the 
multiple signals coming out from the FSO channel are then once again combined using the power combiner before 
received by the RX. The two visualize used in the simulation is the optical power meter and the BER analyzer.The first 
power meter is used to measure the transmit power signal coming out from the TX output port and the second power 
meter is used to calculate and display the average received power at the RX. As for the BER analyzer, it will 
automatically calculate the BER value and display the eye diagram of the designed system. The FSO systems are immune 
and free from electromagnetic interference[11]. 

 
Fig. 2: simulated FSO design. 

 
4. PREDICTION OF FOG ATTENUATION USING VISIBILITY DATA: 
According to the fog models visibility is defined as the distance to an object where the image distinction drops to 2% of 
what it would be if the object were nearby instead. As the fog produces huge signal attenuation, so for considerable 
amount of time, therefore it was analyzed as the most destructive factor. The visibility is measured at 850 nm and 
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1550nm wavelengths. Visibility is the only one at most parameter which describe fog and according to its definition given 
above. It is measured at meteorological stations or airports. The attenuation for both KRUZE and KIM model is given by 
the following formula.  
 

 
 
Where,                                                                    V(km)= visibility 

λ(nm)= wavelength 
λ0(550) = visibility reference wavelength 

ɋ = particle size distribution 
for ɋ to find there are two models followed which are as follows: 
KRUZE’s model: 
 
q =         1.3                  if V > 50 km 
              1.6         if 6km < V < 50 km 
              0.585 V1/3        if V < 6 km 
 
KIM’s model: 
 
q =         1.6                    if V > 50 km 
              1.3                 if 6km < V < 50 km 
              0.16 V + 0.34    if 1km < V < 6 km 
              V – 0.5            if 0.5 km < V < 1 km 
               0                        if V < 0.5 km 
 
5. RESULTS AND ANALYSIS: 
The theoretically calculated values of q for different visibilities will be simulated in the FSO model in the form of 
different attenuation (α) values.  Now for simulation here we have used the optisystem 12 trial version licensed for 7 days. 
This system will resemble the performance of experimentally mounted FSO system. Now after simulation we will receive 
the different values of received powers for different attenuation values for both of the models. 
 
For KRUZE’S model: 

TABLE 2: Simulated parameters for Kruze. 
 
 
 
 
 
 

 
For KIM’S model: 

TABLE 3 : Simulated parameters for Kim. 
Frequency 

(nm) 
Visibility 

(km) 
Particle size 
distribution 

Attenuation 
(dB/km) 

Received power 
(dBm) 

850 50 1.6 0.04 -19.108 
850 6 1.3 0.37 -19.768 
850 1 0.5 3.14 -25.307 
850 0.6 0.1 6.26 -31.547 
850 0.1 0 39.12 -97.268 

                                                  
These two tables (TABLE 1 and TABLE 2) specifies the different received powers for various values of attenuation for 
the wavelength 850 nm and the bit error rate for this frequency obtained will be 0.0161112 . At the wavelength 1550 nm 
the values of received power obtained will be shown below in the table and also the bit error rate will be the same as that 
for previous frequency i.e. 0.0161112 . 
 
For KRUZE’S model: 

Frequency 
(nm) 

Visibility 
(km)  

Particle size 
distribution 

Attenuation 
(dB/km) 

Received power 
(dBm) 

850 50 1.6 0.04 -19.108 
850 6 1.3 0.37 -19.768 
850 1 0.585 3.03 -25.088 
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TABLE 4: Simulated parameters for Kruze. 
 
 
 
 
 
 
For KIM’S model: 

TABLE 5 : Simulated parameters for Kim. 
 
 
 
 
 
 
 
 
 
 
As the attenuation changes it will lead us to different weather conditions. As for Clear weather α: 0.2 – 3 dB/km, Rain α: 
4 – 17 dB/km, Snow α: 20 – 30 dB/km, light fog α: 40 – 70 dB/km, Heavy fog α: 80 – 200 dB/km.   
The fig. 3 is the obtained eye diagram for the attenuation 39.12 dB/km for the frequency 850nm and fig. 4 shows the eye 
diagram for the attenuation value 39.12 dB/km for the frequency 1550nm. 
 

                           
Fig. 3: EYE diagram for α=39.12 at 850nm 

 

                              
Fig. 4: Eye diagram for α=39.12 at 1550nm 

 
6. CONCLUSION: 
The aim of this work is to setup and investigate a multiple TX/RX FSO link under different frequency ranges ( 850 nm 
and 1550 nm) which are supported by FSO system at the range of 2 km. From the above analysis it is concluded that as 
the visibility decreases, the attenuation increases and the received power in turn decreases. This analysis describes that 

Frequency 
(nm) 

Visibility 
(km)  

Particle size 
distribution 

Attenuation 
(dB/km) 

Received power 
(dBm) 

1550 50 1.6 0.02 -19.068 
1550 6 1.3 0.16 -19.348 
1550 1 0.585 2.13 -23.288 

Frequency 
(nm) 

Visibility 
(km) 

Particle size 
distribution 

Attenuation 
(dB/km) 

Received power 
(dBm) 

1550 50 1.6 0.02 -19.068 
1550 6 1.3 0.16 -19.348 
1550 1 0.5 2.33 -23.688 
1550 0.6 0.1 5.87 -30.768 
1550 0.1 0 39.12 -97.268 
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the different attenuation conditions leads us to different weather conditions like clear weather, rain, snow, light fog, heavy 
fog. Thus this analysis leads us to the conclusion that the multiple transceiver FSO system can be well operated under 
different weathers conditions. So the multiple transceiver system is beneficial under these weather  conditions. 
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