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In this paper, the performance of free space optical (FSO) communication system employing the spec-
tral amplitude coding optical code division multiple access (SAC OCDMA) technique is presented. SAC
OCDMA is one of the multiplexing schemes that have become a research area of interest in optical com-
munication because of its flexibility in allocating channels, ability to operate asynchronously, enhanced
privacy and increased network capacity. It utilizes Khazani-Syed (KS) code with spectral direct decod-
ing (SDD) technique. The SAC OCDMA-FSO communication system was compared with the FSO system
employing intensity modulation/direct detection (IM/DD) technique. The results of this study show that
the performance of the proposed system is better than the system employing the IM/DD technique.

© 2012 Elsevier GmbH. All rights reserved.

1. Introduction

There are many studies on free space optic (FSO) recently as it
has found many applications in the area of communications. FSO is
a technology that can provide high speed point to point communi-
cation when the location is difficult to communicate using optical
fiber. FSO communication can be used in many optical links, such as
building-to-building, ship-to-ship, aircraft-to-ground and satellite-
to-ground. Optical code division multiple access (OCDMA) has
become a popular choice in optical fiber communication for sup-
porting multiple users with a reliable communication link. OCDMA
systems have drawn a lot of attention due to its flexibility, scalabil-
ity, and allow many users share the same transmission medium
asynchronously and simultaneously [1]. However, the main factor
that degrades the performance of OCDMA is multiple access inter-
ference (MAI), especially when large number of users is involved
[2].

In this paper, spectral amplitude coding optical code divi-
sion multiple access (SAC OCDMA) technique employing the
Khazani-Syed (KS) code [3] in FSO communication system is pro-
posed. In SAC OCDMA systems, each user is assigned with a
sequence code that serves as its address. A user modulates its
code with each data bit and asynchronously initiates transmission.
Thus, this modifies its spectrum appearance, in a way recognizable
only by the intended receiver. Let A = Zﬁvﬂxiyi as the in-phase
cross correlation of two different sequences X=(x1,X2,...,Xy) and
Y=(y1,¥2,- - -.yn)- Acode with length N, weight w and in-phase cross
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correlation A can be denoted by (N,w,1). Code sequences with fixed
in-phase cross correlation A can be described as when any two of
users’ sequences are aligned chip by chip, pulses are hit in exactly
A times [4]. The code is considered possess an ideal in-phase cross
correlation when A = 1. The effect of MAI can also be eliminated by
using the spectral direct decoding (SDD) detection technique [2].
The proposed FSO system is compared with the FSO system using
the IM/DD technique.

2. Description of the proposed system

Fig. 1 shows the block diagram of the SAC OCDMA based KS
code with SDD technique in the FSO communication system. At the
transmitter, data with independent unipolar digital signal is opti-
cally modulated onto the code sequence using an optical external
modulator (OEM). In this study Mach-Zehnder modulator is used.
Then the modulated code sequences are combined together and
transmitted through the FSO link. At the receiver, an optical split-
ter is used to separate the different modulated code sequences.
The decoder which is based on the SDD technique will only filter
the non-overlapping chips. The overlapping chip will be discarded
because it may cause interference at the receiver [5]. Then, the
decoded signal is detected by the photodetector. In order to recover
the original transmitted data, the incoming signal is filtered using
low-pass filter (LPF). In this study, optical bandpass filters are used
as the encoders and decoders.

3. Results and discussions

Simulation software Optisystem 9.0 is used in order to evaluate
and compare the performance of the proposed FSO system with the
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Fig. 1. SAC OCDMA based KS with SDD technique in FSO communication system.

FSO system employing the IM/DD technique. In the simulation, the
input power, bit rate and attenuation for both systems are 0 dBm,
2.5 Gbps and 8.68 dB/km, respectively.

Fig. 2 shows the BER performance carried out against the trans-
mission distance for two different systems in FSO communication.
It can be seen that the BER increases with the transmission distance.
A longer fiber provides a larger dispersion and attenuation thus
increasing the error rate. The results show that the performance of
the FSO system using the SAC OCDMA with SDD technique is bet-
ter than the FSO system using IM/DD technique. It was found that
the FSO system using the SAC OCDMA system could perform suffi-
ciently well up to 0.92 km and the system using IM/DD technique
only up to 0.75 km. The result shows that the transmission distance
improves by 22.7%.

The effect of distance on electrical signal power and noise power
for the FSO system using SAC OCDMA with SDD technique and
IM/DD technique is depicted in Fig. 3. The study is important to see
the influence of distance on the generation of noise and the loss

incurred when using two different techniques. The results show
that the signal power decreases with the distance. Additional dis-
tance will reduce the signal power level due to dispersion and
transmission loss [6]. The signal power for the FSO system using
the SAC OCDMA with SDD technique is higher than that using the
IM/DD technique. Also shown in Fig. 3 is that the noise power for
both systems are almost the same.

From the graph, at 0.3 km, signal power for the FSO system using
IM/DD technique is —42 dBm. Its noise power is —93 dBm. Mean-
while for the FSO system using SAC OCDMA with SDD technique, its
signal power and noise power are —30dBm and —91 dBm, respec-
tively. Thus the signal to noise ratio (SNR) for the system using
IM/DD technique is 51 dB while the system using SAC OCDMA with
SDD technique is 61 dB. The result shows that the SNR improves by

19.6%.
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Fig. 2. BER versus distance for the FSO system using SAC OCDMA with SDD tech-
nique and the FSO system using IM/DD technique.
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Fig. 3. Signal power and noise power versus distance for the FSO system using SAC
OCDMA with SDD technique and the FSO system using IM/DD technique.
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Fig. 4. BER versus distance for the FSO system using SAC OCDMA with SDD tech-
nique and the system using IM/DD technique with different value of transmit power.

Fig. 4 depicts the BER performance evaluated with respect to
distance with different value of transmit power for both FSO sys-
tems. The transmit power used in this simulation is the default
value 0 dBm and the enterprise value in the market today, 14 dBm
[7]. It can be observed that the performance of the system is better
when the transmit power is larger. The higher the transmit power,
the higher is its SNR, hence the better is its performance or the
lower the BER. For BER < 109, the FSO system using SAC OCDMA
with SDD technique and the FSO system using IM/DD technique
could perform up to 1.02 km and 0.85 km, respectively, when the
transmit power was set at 0dBm. When the transmit power was
set at 14dBm, both systems could perform up to approximately
1.85km and 1.6 km, respectively. The higher transmit power gives
more energy for the signal power to propagate further.
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Fig. 5. BER versus distance for the FSO system using SAC OCDMA with SDD tech-
nique for different bit rates.
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Fig. 6. BER versus distance for the FSO system using SAC OCDMA with SDD tech-
nique and the system using IM/DD technique with different weather conditions.
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Fig. 7. Eye diagram of FSO system using SAC OCDMA with SDD technique,
BER=10"21.

Fig. 5 shows the transmission distance for the FSO system using
SAC OCDMA with SDD technique for different bit rates. The code
weight for the KS code and the number of users were set to 2. In
this study, four main bit rates were considered, those are the STM-
1 (155 Mbps), STM-4 (622 Mbps), STM-16 (2.5 Gbps), and STM-64
(10 Gbps). It can be seen that the distance decreases as the bit rate
increases. This is expected as increasing the bit rate will decrease
the pulse width, making the data more sensitive to dispersion, thus
degrades the system performance [8].

In Fig. 6, BER performance against transmission distance is illus-
trated for different weather conditions. In this simulation, the
attenuation was set to 3 dB/km and 8.68 dB/km which correspond
to clear sky and heavy rain, respectively [9]. Other parameters are
not changed. The results indicate that at the same transmission
distance, BER is higher when the value of attenuation is higher.
Moreover, BER is growing with the increasing transmission dis-
tance. When the weather is clear and dry, the FSO system using the
SAC OCDMA with SDD technique can transmit farther as compared
to when it is in a heavy rain condition. This shows that FSO system
is vulnerable to the weather.

Figs. 7 and 8 show the eye diagrams for the FSO system. For both
cases, the input power, bit rate, attenuation, and number of users
were setto 0 dBm, 2.5 Gbps, 8.68 dB/km and two users, respectively.
The distance was set to 800 m. It is clearly shown that the eye open-
ing for the FSO system using SAC OCDMA with SDD technique is
relatively larger than the FSO system using the IM/DD technique.
The corresponding simulated BER for the FSO system using SAC
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Fig. 8. Eye diagram of FSO system using IM/DD technique, BER=10-5,

OCDMA with SDD technique is 10~2!, in contrast with the FSO
system using the IM/DD technique’s 106,

4. Conclusion

In this paper, the performance of SAC OCDMA-FSO commu-
nication systems with SDD technique has been introduced. The
performance comparison between the FSO communication sys-
tems employing the SAC OCDMA with the FSO system using the
IM/DD technique has been performed. Obviously, the proposed FSO
system described in this paper presents an appealing performance
compared to the FSO system using the IM/DD technique and the
transmission distance improves by 22.7%.
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