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Abstract:

Free space optic (FSO) is a new modern communication system where free space acts as a
medium between transverse and they should be in Line Of Sight (LOS) for successful transmission of
optical beam. Due to free space medium , it suffer of various interference like [Rain , Fog/Haze , Snow]
that can effect on signal performance and lead to reduce the availability and reliability of the
communication link .Because of Iraqi desert climate ,it exposed to dusty storm in most time of year
more than other regions , so it is important to study the effect of Fog/Haze and find suitable method to
reduce this atmospheric effect on the laser beam when it travel to its final point .Spectral Amplitude
Coding Optical Code Division Multiple Access (SAC-OCDMA) has become a major area of research
in optical communication system . OCDMA allows multiple user to access the system without any
contention; Multi Diagonal (MD) code used in system to support large humber of user with high data
rate .Optical amplifier is added to the system to provide more enhancement and permit to send the laser
beam in longer distance and decrease the interference on it. The result of the study shows that the
performance of the proposed system is better than the system without amplifier. It can be seen that the
BER with minimum visibility (strong Haze storm) reach to_8 x 10”12, BER of medium visibility
between (1x 10-137 & 8x 10-137), BER with high visibility (1x10~13%) at 1.85 Km as a
transmission distance and 1Gbps as a transmission data.

Keyword: Free space optic; SAC-OCDMA,; Optical amplifier; MD code.
1- Introduction:

Free Space Optic is a (LOS) communication where optical laser beam is used to transmit high
data rate wirelessly through the atmospheric channel, the LOS leads to many advantages like
improving the power efficiency and reduce multiple distortion [1] .Large atmospheric phenomena can
effect on laser beam and cause degradation in FSO system .One of the most important phenomena that
widely occurs in Iraqi cities and need to study how the system deals with it is Fog/Haze. This
phenomenon widely occurs in Iraq because of influenced by dusty wind coming from western desert.
Various technique used enhance FSO system like SCM-SAC-OCDMA, this technique is used by the
researcher because of its several advantage like flexibility of channel allocation and privacy
enhancement. Subcarrier multiplexing (SCM) is attractive choice for high-speed optical data
transmission and used today for transmit multiple signal using single optical transmission; this will
reduce the cost of the system [2], [3]. OCDMA allows multiple users to access the network
asynchronously and simultaneously .SAC with multi-diagonal (MD) code has been used in system to
permit more flexibility in the number of user in system and reject the overlapping that may occur
between the user data when travelling through the atmospheric channel. An extra component added to
the SAM-SAC-OCDMA system which is called "Optical Amplifier". The loss due to fiber attenuation
necessitates a mean to amplify the signal for communication over long distance, so the optical amplifier
allows to Compensation the loss of signal power [4]. In this modern new paper, we study the effect of
fog/haze in Iraqi cities using SCM-SAC-OCDMA with intermediate stage (optical amplifier) to see the
enhancement on the system by using 'opt systems' software Ver.7.
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2. Description of the Proposed System:

Figure (1) shows the block diagram of the SCM-SAC-OCDMA with optical amplifier based on
MD code. At the transmission side, user's data optically modulated using external modulator called "
Mach-Zehnder " modulator after that send it to through free space channel. An intermediate stage
called "Optical Amplifier" used as a mid point in system, the optical amplifier accept optical signal at
many different wavelengths and then amplifies them many time according to the gain value that is
ranging between (1-100) dB [5]. At the receiver side, type of photo-detector called An
avalanche photo-detector (APD) used to detect the laser light and convert it to electric form and then
pass it to types of filter (low pass filter-band pass filter) to reject the unwanted signal. BER used to
realize the number of error bits occur in user data when travel through the medium.
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Fig. (1): system SCM-SAC-OCDMA with optical amplifier
3. FOG/HAZE Weather Attenuation:

Unfortunately, outdoor optical wireless link present additional challenge when compared to
other indoor counterparts. Fog/Haze is phenomenon where dust , smoke and other dry particles obscure
the clarity of the sky , it result in more particles to stay longer in atmosphere as compared to rain and
hence present more serious degradation and affects the performance of wireless link and attenuates
some or all the energy of the wave when traversing the atmospheric [6]. Fog/Haze turns the
propagation environment into a multiple scattering medium and hence decreases the performance of
laser beam [7]. A simple formula to calculate fog/haze attenuation using equation below [1]:

= gy 1)

Where q is size distribution coefficient of scattering, V is visibility in the transmission side, W is
the wavelength used in the system.

According to Kruse model, q is given as [8]:

-
1.6 v> 50
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Table (1) shows the visibility range in the three different regions of Iraqgi cities

Month Jn|Fe| M |Ap| Ma | Jun | Jul. | Aug | Se | Oct. | Nov | Dec.
. b. |ar. | T y e . p. .
V.in 02| 3|2 |15]| 25 1 15 | 10 | 10 | 10 6 4
Baghdad(Km)
V.in Basra(Km) | 08| 4 | 2 4 3 1 4 10 | 10 4 2 0.2
V.in Mosul(Km) | 02| 6 | 3 6 3 1 4 10 6 2 3 1.5

4. MD Matrex Design

The MD code is characterized by following parameters (N ,W, and £c) , where N is code length
(number of total chips) , W is code weight (number of chips having value '1"), £c¢ is in-phase cross
correlation [9] .The matrix of MD code consist of KxN matrix functionally depending upon the
number of user that share the system (K) and code weight W. Value of weight for MD code should be
more than 1. MD code has zero cross correlation among the code words. Due to the zero cross
correlations, there is no overlapping in spectral of different user and for this reason the effect of
incoherent intensity noise has been ignored. The MD code for 5 users with W=2 are given:

/1000000001 \

0100000010
MD = 0010000100
0001001000

KOOOOllOOOO /

So, the codeword for different users according to above example is :
<~ Userl=> £1,£10
User2=> £2,£9

Code word= User3=> £3, £8
User4=> £4,£7
User5=> £5, £6

N—

MD code provides flexibility in choosing the value of number of user and the weight W.
Moreover, there is no overlapping chips for different users since each user has its own spectral to
transmit the data. Due to the reason of no overlapping, only one pair of detector is required comparing
with other techniques .The MD code presents more flexibility in choosing ( W , K ') parameter and
simply the design of the system project and thus lead to supply large number of user compared with
other code like Modified Quadratic Congruence (MQC) and Random Diagonal (RD) codes.
Furthermore, there are no overlapping chips for different users.

5. Mathematical Model to Calculate Snr and Ber of the CM-SAC-OCDMA with Optical
Amplifier

SCM-SAC-OCDMA system is effected by type of noise that showed be taken into account
when determined signal to noise ratio (SNR). Thermal noise and Shot noise come from all possible
electronics following the photo -detector [10].We have to take into account the effect of noise because
the noise in laser has an important factor effect on signal performance in optical communication [11].
Thermal noise (I2th ), shot noise (I2sh) and inter-modulation distortion (12IMD) noise happen in the
photo detector due to the spontaneous emission of the uncontrolled photons emission .The SNR of an

electrical signal is define as average signal power(/2) to the average noise power(d%) [12] :
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12
SNR=— (2)
Where
0 2= I2th +I2sh+ PIMD+ &g /naze 3)
2
SR @

Where R is responsively of photo-detector, P, is broadband power, N is MD code length, u,, ;
is the normalized digital signal at the n'" subcarrier channel of the K** codeword, m, is the
modulation index of the nt" subcarrier of the K" users.

BR
|2gh = £25PsrW (5)
Where e is electric charge, B is electric bandwidth.
l2th = 2272 (6)
Ry,
Where k, is boltzman constant, T,, is receiver noise temperature, R, is receiver load resistor
— .2 2 D1,1,1 D2,1
FIMD = p? R my |25 + 72| @)

D1,1,1= 2 (N, — Ny + 1) +5 {(Ne = 3)2 -5 [1 = (“DNJ(-D)Nc + N5 (8)

Where N is number of carrier, Ng is number of subcarrier.

1 1
D2, 1=~ 211 - (DN 1(~1)Ng} ©)
SNR - [RE Wy ke mone ]| (10
~ eBRPsrw 4KbTnB D1,1,1 D2, 391, W _
R PEsTRE M K [Z o B 42 e~

The previous SNR equations show the average signal power to the average noise power that is
generated in the photo detector. In this SCM-SAC-OCDMA system with the optical amplifier used, the
noises that are generated due to the spontaneous emission of photon in optical amplifier must be taken
into consideration.

The Amplifier Spontaneous Emission (ASE) noise is the main noise source of optical amplifier.
The ASE effects on the accuracy of optical gain [13] and product by spontaneous emission photons
travelling along the amplifier region [14].

The ASE noise of the optical amplifier is given by the following steps:
1- The spectral density of optical noise is Given by:
h
Ssp = (G = Dfyo (11)
Where G is the optical amplifier gain that used in the system, h,, is the photon energy (constant value).
2- The optical amplifier noise figure f,,is related to the spontaneous emission factor ng,
Fno=2n, (1 — %) = 2n, (12)

3- In the most of particle case, the noise figure value is between 3 and 7dB, the effective noise figure of
the cascade of K amplifier with corresponding gains Gi and noise figure f,,, ; can be expressed by:

—_ fno,z fno,3 fno,k
Fno=fro1 + 61 T Giga T G1G2..Gp_y (13)
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4-According to (11) (12) (13) equations, the total power of spontaneous emission noise for an optical
amplifier followed by an optical bandwidth Bop is determined by [13], [12] :

pspz Zssp(v)Bop (14)
psp: (G - 1)fnohvBop (15)
The total SNR equation will be:
I*+O0Optical power o.p.
NR = 1
S I’th +I’sh+ PIMD+ X¢og /haze+Psp ( 6)
SNR= [wu nk mnk ]2+0ptical power o.p. (17)

eBRpsr w+4kan B

2 2
N R +P4srR“mn,k

D1,1,1 D21 391, W
+—]+ =

32 64 7(550)_q+(G_1)fnthbop

Using Gaussian approximation equation, the Bit Error Rate can be expressed as:
1 SNR . .
BER= > erfc e (18) erfc defines as error function.

Parameter used to numeric calculates the SNR and BER are obtained in table (2).

Table (2): parameter used in numeric calculation

Symbol Values Units
Psr 5 dB
%4 Table (1) Km
B 311 Mhz
T, 300 K
e 1.6x 10719 c
h 6.66x 10734 Js
k, 1.38x 10723 JIK
N, 3-10 -
N, 2-20 -
G 30 dB
fno 1.9 dB
hv 1.28x 10719 -
B, 20 GHz
R 1.32x 103 -
q Kruse model -
Optical power o/p 455x 1073 W
W 1550 nm

6. Data Analysis and Result:

Figure (2) shows the proposed SCM-SACOCDMA system with gain stage "optical amplifier "
which is built using "opt system" software. Data was received from Irag meteorological department of
year 2016 for the three different regions [Baghdad, Basra and Mosul].

283



Journal of University of Babylon for Engineering Sciences, Vol. (26), No. (8): 2018.

EleienlUogler 2

Unian P By Bty

LowPast Beas Pl | IR Regueaatr BER Aty

ot ok

Prooetr D

1 g o

Wil

\owPass B P 3R g

Enctcaloiler §

m BunswFin 1

e 0
500 Opct e 750 R

Fig. (2): SCM-SAC-OCDMA system with optical amplifier technique

fog/ haze especially haze widely occur in Iraq region because of its geographical nature, figure
(3) shows monthly fog/haze attenuation value effect on the signal performance which lead to decrease
its parameter and increase number of bit error rate (BER) in the receiving sides .

Attenuation effect on the signal in each month

EEm Baghdad
N Basrah
= Mousl

Signal attenuation
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Fig. (3) Attenuations of fog/haze in each month

The eye diagram which is image look like the opening of an eye that shows the quality of signal
that suffer impairment as it travels from its point to its final distention, it can be seen that pure eye
mean the signal travel in smooth path with less signal attenuations, the visibility less than 200m lead to
increase BER and eye diagram seem to be in unregulated shape, visibility higher than 10Km mean less
particles dust in the air. Figure (4) shows the eye diagram of three rang of visibility in Iraq [minimum
visibility (> 200m), mid visibility (Lkm< v < 9km), high visibility (> 10km)].
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Fig. (4): the eye diagram and BER of the three different regions (a. minimum visibility, .b. mid
visibility,c. high visibility)

Fig. (5) Shows that the visibility can effect on the laser beam and prevent it to transmit in
regular path. Fog/haze decreases the visibility because particles of dust stay long time unlike rain
weather.
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Fig. (5): signal attenuations against visibility factor

Fig.(6) shows the enhancement that the optical amplifier gives to the system, it is clear that the
amplifier compensate the power loss that occur in signal transmission when atmospheric phenomenon
effect on laser beam , the optical amplifier increases the SAR which lead to decrease BER and
enhances SCM-SAC-OCDMA system .
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Fig. (6): BER against fog/haze attenuations
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7. Conculusion

This paper analyzed in details the effect of different haze condition on the SCM-SAC-OCDMA
system free- space optical communication application. The analyzed based on Multi-Diagonal (MD)
code, which is considering the recent code in OCDMA by providing zero-cross correlation probability.
Optical amplifier used in the system to permit the information signal to travel in long distance with
high power. Based on the proposed system, signal can cut 1.85Km as a transmission distance with
1Ghps as transmission data. BER for heavy haze condition (v=0.2km) is 1012 and in mid and light
haze is between (1073%to 107136),
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