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Abstract— Free Space Optics(FSO) Communication system 

quality can be improved by using Multiple 

Transmitters/Receivers. 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. And also the variation 

of the parameters considered along with the variation of the 

distance of the transmission. The relationship between the 

two parameters are investigated and analyzed. Furthermore, 

the received power for various number of TXs and RXs are 

experimentally measured and compared with the theoretical 

value calculated. The first part of the work deals with the 

variation in the number of transmitters and receivers. The 

second part is the variation of the distance. Finally, the total 

performance is analyzed.       
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I. INTRODUCTION 

With recent needs of high speed communication system, 

Free Space Optics has emerged as an alternative to cater for 

such transmission. It utilizes the concept of transmitting 

very high bandwidth information using the optical beam 

from one point to another in the free space. Hence, the clear 

line of sight between both transmit and receive terminals is 

essential to establish a seamless communication. This line of 

sight technology offer 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. 

However, since this technology solely employs the 

air as the medium of transmission, the vulnerability towards 

atmospheric phenomena is inevitable. These disturbances, 

will significantly affect the FSO transmission performances. 

The atmospheric turbulences will cause the rapid fluctuation 

of received power and eventually will reduce the system 

quality. Moreover, the interruption of the laser beam such as 

bird flap will also disturb the communication channel . 

Hence, there are studies proposing alternatives to mitigate 

the shortcomings.          

This work will make use the multiple TX/RX i.e. 

multiple laser beams within a FSO based unit to analyze its 

communication link performances. The effort here is to 

model the multiple TX/RX FSO link based on the 

commercial FSO equipment that are on an experimental site 

as well as measure the FSO received power. The 

performance analysis will be in terms of measured received 

power, eye diagram and simulated BER. The drive to design 

the model is triggered by the fact that the BER tester 

practically does not provide a linear relationship with the 

BER. Practically, it only display a pass/fail relationship 

without conveying anything beyond that. Therefore, it 

would be useful to know how much error the system can 

tolerate before the BER significantly increases based on the 

received power and the number of transmitters and receivers 

used. As for the eye diagram, it will serves as an additional 

indicator in determining the quality of the FSO link. The 

objectives are to design the multiple TX/RX FSO link and 

analyze its performances based on the theoretically 

calculated received power using the mathematical model 

developed by previous research and to determine the BER 

for of each of the multiple TX/RX combinations and finally 

measure the FSO received power on the actual site to see 

how the multiple TX/RX can affect the FSO link 

performances experimentally. There are  3 combinations of 

multiple TX/RX FSO layouts to be considered, measured 

and analyzed. 

The remainder of the paper is organized as follows. 

Section 2 describes the system overview of 1 transmitter 1 

receiver system. Section 3  describes the system overview of 

2 transmitter 2 receiver system .Section 4 describes the 

system overview of 4  transmitter 4 receiver system. Section 

5 covers the theory of the FSO link performances involved 

in the analysis which are the received power and BER. 

Section 6 is the experimental setup and procedure of the 

multiple TX/RX FSO i.e. the practical analysis. Section 7 

presents the results and the analysis of the work using 

3different approaches which are theoretical, simulation and 

experimental. Finally, Section 8gives the conclusion of the 

overall work. 

II. SYSTEM OVERVIEW 

For this project, the FSO equipment used is FlighS trata 155 

by Light Pointe. The multiple TX/RX link configuration 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 laser 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: Two FSO terminals 
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A. Theory of Free Space Optic Link Performance: 

The FSO link performances can be determined by several 

parameters including geometrical loss, link margin, received 

power and BER. This work is focusing on two parameters to 

evaluate the FSO link performances which are the received 

power and BER. Theoretically, the basic communication 

principle stated that received power must be less than 

transmitted power, PR ≤ PT 

PR=PT-TOTAL LOSS 

Where PR (dBm) is the received power, PT (dBm) 

is the transmitted power. According to , total losses in a FSO 

communication system would cover all the losses caused by 

the atmospheric phenomena, LATM (dB) which can be 

calculated as in Eq, geometrical loss, LGEO (dB) and 

system loss, LSYS (dB). Therefore, the new equation for 

FSO received power is  

PR=PT(comb)-L(atm)-L(geo)-L(sys) 

Bit error rate, the ratio of the number of errors to 

the total number of bits. BER is another basic 

qualitative parameter of FSO link. In this work, it quantifies 

the quality of the multiple TX/RX system has 

defined BER as the estimation where, ne is the number of 

received error bits and NB is the numberof all transmitted 

bits for a long period  

BER=ne/Nr 

B. Experimental Setup and Procedure: 

The experimental work started by installing 2 pairs of FSO 

terminals at the top floor of two buildings at the compound 

of the International Islamic University Malaysia, Kuala 

Lumpur. Site A is at the rooftop of E1 building, Faculty of 

Engineering and Site B on level 5 of a student hostel with 

approximate distance of 1 km. 

For Site A, the equipment has been mounted on a 

tripod, meanwhile for the other site; the equipment is 

mounted on a universal mount which is attached to a wall. 

In order to measure the individual and combined received 

power of multiple TX/RXFSO, a well fitted mask to cover 

the individual TX and RX lenses has been developed. 

The actual size of the front face of the link head 

including the diameter of each TX and RX are carefully 

measured to develop the mask. Figure 3 shows the custom-

made mask developed using a dark-colored materials to 

ensure that the intended laser beams are fully blocked. A test 

has been made before selecting the material. The test is 

carried out by closing all the TXs and RXs on one site using 

a dark colored material while the other site has been left as it 

is, resulting in the complete failure of the communication 

link, indicating that, no laser beams are received. Hence, the 

material used is suitable for the practical evaluation of the 

received power for multiple TX/RX. Flight Manager PC 

version 1.0.15.0 is the software provided by the product 

manufacturer used to measure the received power  

III. EXPERIMENTAL SETUP AND RESULTS 

A. 1 Transmitter 1 Receiver System: 

 
Fig. 2: 1 transmitter 1 receiver system 

ATTENUATION=0.43db 

1) For d=1km 

 
Fig. 3:  

2) For d=5km 

 
Fig. 4:  
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3) For d=15 km 

 
Fig. 5:  

4) For d=50km 

 
Fig. 6:  

B. For 2 Transmitter 2 Receiver Systems: 

 
Fig. 7:  

Attenuation=0.43db 

1) For d=1km 

 
Fig. 8:  

2) For d=5 km 

 
Fig. 9:  

3) For d=15 km and 50 km 

 
Fig. 10: 



Performance Analysis of a Free Space Optics Link With Variation in Distance Along with Multiple Transmitters/Receivers 

 (IJSRD/Vol. 3/Issue 03/2015/064) 

 

 All rights reserved by www.ijsrd.com 257 

C. 4 Transmitter 4 Receiver Systems: 

 
Fig. 11: 

ATTENUATION=0.43db 

1) For d=1km 

 
Fig. 12:  

2) For d=5km 

 
Fig. 13:  

3) For d=15km 

 
Fig. 14:  

4) For  d=50km 

 
Fig. 15:  

D. Received Power Comparison: 

Theoretical received power of doubling the number of TX 

and RX. 

Number of TXs Number of RXs PR[dBm] 

1 1 -24.684 

2 2 -18.663 

4 4 -12.642 

IV. CONCLUSION 

The aim of this work is setup and investigate a multiple 

TX/RX FSO link and benchmark it against the theoretical 

and simulation model. Analysis of system performance is 

based on two parameters which are the received power and 
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the BER. The theoretical and simulation modeling provide a 

6 dB per octave variation with doubled number of TX and 

RX. The variation according to the experimental setup 

shows a slight deviation as compared to the theoretical and 

simulation setup due to losses from close neighboring 

installations. 

It is observed that for 1-1 tx rx and 2-2 tx rx 

systems ber increases beyond a distance of 1km and for 

distance greater than 1km bit error rate would increase 

significantly. But  it can be clearly observed that eye 

diagram of 2-2 tx rx system is more clear and q factor of 2-2 

system is much higher and hence preferable among both of 

them. For 4-4 tx rx systems it is observed that ber is 

negligible till 20 km for attenuation of 0.43 dB and q factor 

for 4-4 system is much higher and advantageous. 

Regarding received power it is clear from the 

experiment that as the no of transmitters and receivers 

increases received power increases. hence we can conclude 

that as distance increases Bit Error Rate can be reduced and 

q factor can be increased by increasing the no of transmitters 

and receivers. 
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