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ABSTRACT 

A novel design based on integration of OFDM and FSO 

system is reported in this work to prolong the FSO link at high 

transmission rate under clear weather conditions and evaluates 

the performance of such hybrid systems using ODSB, OSSB 

and OTSB schemes. Simulations indicate that the hybrid 

OFDM-FSO promises considerably improved free space link 

with acceptable SNR and BER compared to traditional FSO 

systems.    
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1. INTRODUCTION 
Free-space Optics (FSO) has the combined features of most 

dominated telecommunication technologies i.e. Wireless and 

Fiber Optics. Many of the aspects of FSO are related to fiber 

optics with an important difference of transmission medium 

which is air/free space rather than the glass of the fiber-cable. 

The remarkable growth of internet and other wireless 

networks had a huge influence in the modern era of 

telecommunication. Being in the era of ever-present 

connectivity, the requirement of high speed networks had put 

the pressure on wireless communication networks to increase 

both the transmission capacity and the coverage area. The 

recent trends for ultramodern broadband, interactive and 

multimedia services over wireless media in both mobile and 

fixed cellular networks are to reduce cell size to accommodate 

more users together with to operate in the millimeter wave 

(mm-wave) frequency bands to avoid spectral congestion in 

the lower frequency bands [1].  High capacity, low power 

consumption, light weight, small sizes, high data rates and 

low costs for satellite cross-links are other promises of FSO 

technology. It is a significant building block for wide 

area space networks, supporting mobile users, high speed data 

services for small satellite terminals and serving as a 

backbone network for high speed trunking [2]. However, FSO 

is exceptionally expensive preventing it from replacing the 

current wireless networks. Improvement of physical-link 

communication efficiency by an order of magnitude using 

photon-counting receivers for vacuum channels and by 

reducing the system complexity, weight, and power for space 

systems helps in reducing the cost. By incorporating of 

coherent systems in links and in multiple access applications 

where coherent processing can reduce the level of 

interference, a significant reduction in system-cost can be 

realized [3]. FSO technology is implemented using a 

laser device which can be mounted on rooftops, corners of 

buildings or even inside offices. FSO devices look like 

security video cameras and basically consist of an optical 

transceiver with a laser transmitter and receiver to provide full 

duplex capability. FSO unit using a high-power optical source 

also has a lens that transmits light through the atmosphere to 

other lens receiving information. If the transmitter source does 

not produce a sufficiently parallel beam to travel the required 

distance, the collimation can be done with lens. The receiving 

lens further connects to a high-sensitivity receiver via optical 

fiber.  The architecture of FSO system can be point to point, 

mesh or point to multipoint. Low-power infrared beams, 

which does not harm the eyes, is the other mean by which 

FSO systems  can transmit data through the air between 

transceivers, or link heads over distances of several hundred 

meters to a few kilometers, depending upon atmospheric 

conditions [4]. No doubt, FSO systems can be a good way out 

for some broadband networks requirements due to many 

advantages but there are some restrictions that limit its 

performance. So, it is important to take several FSO system 

parameters into consideration such as internal- and external-

parameters. Most significant external-parameters are rain, 

dust, snow, fog, or smog that deteriorate the transmission path 

and shut down the network. These environmental changes are 

inevitable and must be considered while designing a FSO 

system. The internal parameters are related to optical power, 

transmission bandwidth, divergence angle, optical loss on 

transmitter side, BER, lens diameter and receiver field-of-

view (FOV) [5-6].  

In case of wireless communication system, a significant effort 

is done to reduce the multipath fading by introducing OFDM 

modulation. The OFDM technique distributes the data over a 

large number of carriers that are spaced apart at precise 

frequencies with overlapping bands. The use of FFT for 

modulation provides orthogonality to the subcarriers, which 

prevents the demodulators from seeing frequencies other than 

their own [7]. Hence, by incorporating OFDM along with the 

optical fiber, such OFDM-RoF systems can be used for both 

short distance as well as long-haul transmission at very high 

data rates [8]. Based on OFDM technology and optical 

communication, Optical OFDM (OOFDM) system can 

construct high-speed, large-capacity and low-cost optical 

transmission network [9] and its channel capacity is highly 

scalable, allowing smooth upgraded or transition from 

existing networks. Combined with RoF technology, OOFDM 

system can not only reduce multipath fading of wireless 

signals, but also improve signal quality. Moreover, the system 

can achieve seamless coverage, increase channel capacity and 

transmission rate [10]. Demonstrations of integrated OFDM-

RoF systems have been reported in the previous research 

work [7-17], but the integration of OFDM and FSO systems 

has not demonstrated and investigated extensively. In this 

paper, a demonstration of hybrid OFDM-FSO transmission 

system, first time, using OPTISYSTEMTM simulator to 

establish an FSO link estranged by a distance up to 10Km at 
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data rate of 10Gbps. Further, a comparison is presented for the 

performance of such systems incorporating ODSB, OTSB and 

OSSB techniques with-and without- a Bessel filter connected 

after MZM modulator.  

2. MODEL DESCRIPTION & RESULTS 
The FSO system consists of three main communication parts 

which are transmitter, propagation channel and receiver. The 

FSO system is not much different from fiber optic 

communication where the difference relies in the propagation 

medium. In the OPTISYSTEMTM software, the FSO link is 

modeled between an optical transmitter and optical receiver 

with 15cm optical antenna at each end. The attenuation of free 

space between two connecting FSO nodes is considered as 

0.11dB/Km under clear weather conditions. The transmitter 

and receiver gains are 0dB by assuming both the antennas 

ideal. Also, scintillation and mispointing losses are not 

considered in this simulative work. At transmitting end, a 

10Gbps data is generated by using a 4 QAM sequence 

generator with 2 bit per symbol. This 10Gbps QAM data 

signals are then OFDM modulated by means of OFDM 

modulator using 512 subcarriers and FFT size of 1024 to 

generate 10Gbps-OFDM analog data signals which, further, 

QAM modulated at 7.5GHz modulator frequency. This 

10Gbps OFDM treated analog data signals are mixed with RF 

signal of 17.5 GHz and then transmitted over FSO link by 

means of different modulation schemes such as ODSB, 

OTSB, and OSSB using MZM modulator and a phase shifter. 

A CW laser of 10MHz with power of 0dBm at 1550nm is 

used in this simulation. At the base station, a PIN photo 

detector and a low pass filter is used to recover 10Gbps-

OFDM data successfully.   

This work discussed the results obtained from our proposed 

simulative setup consisting of 10Gbps-OFDM analog data 

signals transmitted via FSO link under clear weather 

conditions. The results are investigated using different 

modulation schemes such as OSSB, OTSB and ODSB. It is 

observed that an improvement of 1.5dB of SNR is achieved in 

case of OFDM-OTSB system after transmitting 10Gbps data 

signals up to an FSO link of 1 km on comparing with OFDM-

OSSB system as shown in Fig 3(a). But, beyond 30Km, 

OFDM-OSSB system behaves better than the OFDM-OTSB 

system and shows an achievement of 0.42dB improvement in 

SNR after an FSO link of 10Km. Consequently, the total 

received power at photo detector in case of former 

transmission system is increased by a factor of 2dB than that 

of the latter one as shown in Fig 3 (b, d) up to 1.5 km with 

same acceptable BER of 10-6 in both the cases under clear 

weather conditions. 

 
(a) 

 
(b) 

 

(c) 
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(d) 

Fig 1: Evaluation of SNR and Power vs Range of OTSB 

and OSSB modulation schemes 

(a) 

 

(b) 

 
(c) 

Fig 2: Evaluation of SNR vs FSO link with (a) ODSB, (b) 

OTSB, and (c) OSSB modulation schemes with Filter. 

 
(a)

 

(b) 
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(c) 

Fig 3: Evaluation of Total power vs. FSO link with (a) 

ODSB, (b) OTSB, and (c) OSSB modulation schemes 

It is also observed that an improvement of 1.2dB of SNR is 

achieved in case of OFDM-ODSB data transmission after 

transmitting 10Gbps data signals up to an FSO link of 3 km 

on comparing with OFDM-OSSB system as shown in Fig 

1(c). But, beyond this, OFDM-OSSB system behaves better 

than the OFDM-OTSB system and shows an achievement of 

0.33dB improvement in SNR after an FSO link of 10Km and 

so, an improvement in total received power is achieved as 

shown in Fig 1 (d). Hence, it is clear from our results that 

OFDM-OSSB behaves well than that of other investigated 

modulation schemes in this work. 

Further, an investigation of proposed FSO system using 

different modulation schemes with a Bessel filter connected 

after the MZM modulator is reported. It has been observed 

that an improvement in SNR of 4dB in both the case of 

OFDM-ODSB- and OFDM-OTSB-system is achieved up to a 

FSO link of 4Km as shown in Fig 2(a, b). But, for OFDM-

OSSB system, an improvement of 2dB is reported as shown in 

Fig 2(c). It has been also seen that after a FSO link of 10Km, 

both the former systems shows the same behavior with a 

minute decrease in improvement of SNR. But, the impact of 

using Bessel filter in vanished in OFDM-OSSB system after a 

FSO link of 6Km as shown in Fig 2. The same behavior is 

also measured in case of total power received for all the cases 

of simulated modulation schemes as shown in Fig 3.  

3.  CONCLUSION 

Our simulative results shows that the TSSB performs better 

than ODSB as the later one is to severely suffer with fading 

problems and OSSB performs in between the two under clear 

weather conditions. In case of using Bessel filter after MZM 

modulator along with ODSB, OSSB and OTSB schemes, a 

noticeable improvement in SNR and total power received is 

achieved with acceptable BER of 10-6 in this proposed 

integrated FSO system. So, it is recommended to design a 

FSO system using OFDM multicarrier technique along with 

OSSB modulation and a Bessel filter to achieve a prolonged 

FSO link at high data rate transmission. 
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