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ABSTRACT

This paper focus on reduction of atmospheric twebhcé effect on free space optical communicationgusi
robust modulation that is dual diffuser modulat{@DM) technique. This technique uses two transmitte
and differential mode detection at the receivere Tdombination of dual diffuser with a differential
detection mode at receiver produce the superioruhatidn against the turbulence especially redutimg
scintillation index, overcome the signal detectwith fix zero threshold and improve the power rgedi
These three element factors are important in dad@enprove the overall performance of free spadéicap
system. The analysis result show that for receigiogger DDM at 3km distance propagation is 4.59dBm
compare with conventional OOK that using diffusatyo-7.6dB which equal to 3dBm improvement or
around 40 percent. Meanwhile in term of BER perfanoe, the DDM can further the distance propagation
with approximately 42 percent improvement.
Keywords: Phase Screen Diffuser, Atmospheric Turbulence, Differential Mode Detection, Dual Diffuser
Modulation, Free Space Optic

fluctuations in refractive index of the variabiliof
1. INTRODUCTION element factor such as temperature, pressure and

wind variations along the optical propagation path
Free space optical communication is an attractiviarough the channel [2-9].
alternative over fiber optical communication where Phase screen diffuser which well known as
provides high bandwidth, fast-installation and higtpartially coherent beam improve the laser
security [1]. However FSOC is suffering with theperformance in communication system has taken an
atmospheric turbulence which can lead the lasémterest recently [10-13]. The conventional FSO
beam (a) index oddities. Meanwhile beanusing the perfect coherence beam suffers from the
spreading refers to conditions where the beawarious weather in the atmosphere. A number of
spread more than diffraction estimated predicphenomena in the atmosphere such as scattering,
Lastly, for scintillation it affected the phaseritmf absorption and turbulence affect laser beam
the beam can vary and resulting fluctuatiorpropagation. In this paper we focus on turbulence
irradiance or well know as intensity signal. Theeffect. The most important effects of atmospheric
combination of all these effect will cause both théurbulence on the laser beam are such as phase-
spatial  and temporal experience randonfront

distortion, beam broadening, beam wandethe optical path caused by the variation in air

and redistribution of the intensity within the beamtemperature and density. Subsequently, this
The temporary redistribution of the intensity,condition can lead to the signal fading and reduce

known as scintillation, results from the chaotmal the performance
changes of air and from thermal gradients within
of FSO. atmospheric turbulence. To enhance more the

In order to mitigate this effect, partially performance FSO using partially beam, at the
coherent beam can be used by using the phasensmitter part the system we employ two
screen diffuser. It creates a 'new' Gaussian beamansmitters and at receiver part the reception in
characteristic which effectively propagates throughklifferential mode detection. In section Il we
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explained the partial coherent beam characteristicorrelation length I®) are 0.1,0.01,0.001 and
The model of system in section Il and result i0.0001 .Using the Kolmogorov spectrum and
section V. Finally, section V is for conclusion. standard extended Rytov theory the on axis
scintillation index for weak turbulence (inner sral
[=0, Outer scale L=o) partially coherent Gaussian-
2. PARTIALLY COHERENCE BEAM beam is given by.

2.1 Basic model and parameter

The partially coherent beam is formed when the 0_4[(1+ 20, ) +4(Aed)2]5’12
laser through the diffuser [14], the phase and
amplitude between tyvo.r.andom points in an opticabé = 3860, 2 X[cos{s tan _1(1+ 20, )D
beam wanders by significant amount such that the 6 2N\
correlation between them partially decreases. In
this section we calculate the scintillation index —[11(/\5,)5’6j
caused by the combination of diffuser and 6
atmospheric turbulence under weak and modera8)

to strong conditions. In the presence of atmospheri

effect, we need to take into account some scagteriindicate where the strength of irradiance
properties caused by the diffuser. Now specklescelfluctuations and proportional to Rytov variance as
associated with diffuser acts as scattering center

with the spatial correlation radius,"” (cell size) of a'é = 1,23ank I

the diffuser surface produces a separate beam
coherence center within the original beam sourcg
diameter. Hence, the diffuser acts as an array ofo o 5. .
independent scattering centers. The number @ctuation itis greater than 1C; is the refractive

©)

r weak fluctuation, it is less than 1 and foosty

scattering centers is given by, index structure constant that characterizes the
2W§ strength of the index of refraction fluctuationfelT
Ng =1+ |2 () typical C> value weak turbulence is 1om?° and

The value ofwg? = 5.025m and, =0.001 for all Strong 10" m?3, For moderate to strong turbulence

calculation in this paper. The effect of diffuser o Scintillation index is
an optical beam at the receiver is characterized by

replacing the standard beam parame®g(A, by
effective beam parametey A, define in term of
N, as follows aﬁsrong:exp Q497§ + 05}9§ g 1
12 g (1+0593é2’5)é
LA, @and {1+ 05($L+G)ed)c7§}
o 2+ A3N ¢ “ T @2+ AIN, (3)
A, Ag(L) )= ©alL) (10)

eI+ AN (4)and T eI+ AR (5)

If we consider the scintillation index influenceg b

The initial Fresnel ratig, (y and the initial phase the size aperture receiver, we have to use the
° relation normalized receiver apertur@ § which is

curvatureg,(L) are given by defined as | _ 2. wherew is the Gaussian lens
. (6) ande W oro L kW
kw ¢ ’ Fo (7) radius. The log irradiance due to large scale eddie

In this paper we use value fog E o, collimated is given as
beam for all calculation. Expressions for partially
coherent beam are derived as same as a coherent

Ao (L) =

7I6

beam [15] equations except the output beam )= Q-A, {71_717 1g n
parameters are changing due to diffuser located at ™ " 'lo+A, /3 2 5 1400 +0,)
the transmitter side with a different diffuser AJ+Q

correlation length. The typical value for the dgéu (11)

s
28




Journal of Theoretical and Applied Information Technology
10" February 2014. Vol. 60 No.1 B

© 2005 - 2014 JATIT & LLS. All rights reserved-

SATIT

ISSN: 1992-8645 www.jatit.org E-ISSN17-3195

w2 -2p°?
where the quantity, is the normalize large-scale {! (0.L)) = w2 eXp{ sz } a7
cutoff frequency determined by the asymptotic o< o

. 2 .
behavior of g, ,ion weak turbulence and the 3. SYSTEM MODEL

saturation regime [16]
The system employs two transmitters and on off

1 1— 1—., Y% 1217 keying (OOK) modulation as reference for
-Z0 92 Og . . .
3 o e +g eff o2 conventional system. When the first transmitter
n, = . : (12) sends a bit "1, the second transmitter whiclets s
1+ 0560, in compliment condition will send the bit '0" in

simultaneously and vice versa. Meanwhile at the
Meanwhile the log irradiance due to small-scaleeceiver part, the signal will go through the

eddies is given by subtractor for the differential detection process a
shown in Figure 1.
12702n%' (13)
2 — Iy
Oy, y(D) -
1+ 04n,

A +Q

Diffuser Gaussian lens

I

Atmosphers Subtraction |" Data

where the corresponding cutoff frequency is

Y

o 12 /5
ny::{ '] L+ 06902")

g '
B Diffuser Gaussian lens

Therefore the total log irradiance due to largdesca ‘
and small-scale is | L

Figure 1: Dual Diffuser Modulation Setup

o2(D)=exploz,(D)+o2,(D)-1 (14) Here we assume the ideal subtractor condition

where no losses signal occurs during subtraction.
2.2 Effective Spot Beam Therefore, the signal output will become bit ' fo
The effective spot beam Mi(L) and global sending binary '1' and bit '-1' for sending bin@y
coherent parametérof partially coherent beam can This condition can be illustrated in Table 1. Here

be denoted as [20] we can see that, this modulation approach
eliminated the need of adaptive threshold where the
oL )2 conventional OOK modulation dependable on
Wy (L) =w, [| 87+ Z(kw} (15) threshold detection to recognize the incoming
° signal received whether the bit '1' or '0'. Gengral

2w? (16) the conventional detection technique always
misinterpretation by receiver where the noise alone
capable to trigger as signal bit '1' (sending pulse
which also well known as ‘false alarm' and
Gu sometimes the signal sending which contain the
parameter of the laser beam emitted by thgata is recognize as bit '0' (no pulse condition)
transmitter andaj is the variance of the Gaussianwhen the signal is not reach the threshold value
7]. This condition is well known as 'miss
etection' condition. Therefore to overcome this
problem, the complex adaptive threshold has been
coherent and the beam is partially coherent beamdfiggested. However with dual diffuser modulation

=0+

where . _q, W, is the source coherence
S 2

describing the ensemble average of the rando
phases. If { ;equal to 1, the beam is fully

the { , above value 1. the detection signal is becoming easier with fix
threshold at zero. The incoming signal can be
2.3 Mean Intensity referenced to determine the signal sending bir'l’
The unit amplitude of partially coherent beam for0. In order to maximize the performance, we
average intensity given as [20] placed the low cost material phase screen diffaser

transmitter to combat more efficient the
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atmospheric turbulence effect. This combinatiomhus, the SNR for DDM in absence of atmospheric
creates the superior robust modulation in FSOQurbulence can be written as:
According Table 1, let sayn is the received signal
with zero threshold detection, 2[(7021 » DZ
A7 _Zo
ML)

8
Yn>1 bit '1" H{g x ] NAM 2o, g T8
Yn<-1 bit ‘0" R 2 et v a7
The received signal can be written as: VB
(n,+n,) (19)
Y, = 2,/E, + SRR )

4

In equation (19), the noises consider are shoenois
background noise and thermal noiBeis diameter

where ./E, is represent the average energyeceiver, W(L) is beam spot size at receiver,

b N :
signal andn; and n, are representing the noise of N (4)= spectral radiance of Sky,

photo detector 1 and 2 respectively where n can B& (4) = spectral radiant emmittance of sun,
denoted as Additive White Gaussian NoiseAA = bandwidth of optical bandpass filter
(AWGN) with zero mean and variance (OBPF), Q2 =

photodetector field of view angle (FOV) in radians,

Table 1. Dual Diffuser Modulation Approach From k, is the Bolztman's constart, is the temperature

Modification Conventional OOK Modulation

of receiver noiseB is the electrical equivalent noise

. FSO . . : . .
Transmitter CHALLENG | Receive | Subtractio | pandwidth of the receiver an® is the load
(TX) ES r(RX) | nprocess | ragistant. In the presence of atmospheric turbelenc
— Recaive the received signal exhibits additional power Igsse
Sending bit dpit | RXLRX2 1 (refraction, diffraction) and random irradiance
I T fluctuations. Therefore SNR becomes
RX Bit
™1 o Atmospheric 1 1 1 _ NR, (20)
turbulence <SNRP > - b
X2 0 0 0 o2 2
- RX L B J[@J ripls
(Complimen | 1 2 1 0 .
) AR (21)
(NRP) = o

) J1+ A, + 1630 75A, + 02 (D)SNR?
4. PERFORMANCE ANALYSIS
4.1 Signal to Noise Ratio where SNR is obtain from equation (19)PS0 is
the signal power in the absence of atmospheric
The output SNR in the absence of opticagffects ando(D) is the irradiance flux variance

tL_eruIence defmed by the ratio of the detecto(r)n the photo detector. Angle brack@t> represent
signal currentl, to the root-mean-square (rms)

mean. The power rati®®so provides a measure of

noise currentg , which yields (Ps)
PR = SNR deterioration caused by atmospheric induced
R = . .
oy beam spreading given by
12
The SNR for partially coherent beam (for dual Pso =1+1630° A,
diffuser), SNRER in absence of turbulence as (Ps)

derived in [18]
SNRR, = R, 4.2 Bit Error Rate
e
po

where PRis the received power partially coherentThe two conditional PDFs for DDM can be written

beam and Hs the power of coherent beam as:
SNRp, = —DRo
VIt AN,
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propagation 3km it will turn to flat value. The
N, 22) effect of the diffuser is greater effect on weak
( ) turbulence regime [18].

P(Y.[1)=

Strong Turbulence effect

Yt /By 18

NIED (23) T

27N 2
4

where N/4 is a variance of) with zero mean

obtained from involving two random variable by

using chi-square random variable approximation

By considering equally likely condition, we obtain o I _

the probability error in absence atmospheri 0 1000 2000 3000 4000 5000 6000

turbulence. pistance, m]

2E 1 E 24
P(Y,[1)=P(v,0)= Q[,/ N ° ] Dzeffc[,/Nb] (24) Figure 2: Scintillation Index Versus Distance For Strong

Turbulence

P(v,l1)=

o

scintillation Index
=) I= s
[
~
~

where Q(x) is Gaussian Q-function with Figure 3 shows the mean intensity due to diffuser
1 = _[g] E effect. The coherent beam produces the peak

Q(x) = —Ie dt and —b = g\R_ amplitude 0.045 at 1.4km but the partially coherent
Y X N, beam at 0.8km. This is because the diffuser will
expand the spot size beam and consequently

In the presence of atmospheric turbulence, theduction above the mean intensity. As a result it

probability of error is given by [19] reduces the received power at receiver. However
_ 1% e —— this effect can reduce by using DDM approach
Pr(E) = (BER) = El P (u)erfc( (SNRP >u)du where it can double up the magnification power as
(25) shown in Figure 4. As an example of 3km distance
Where P, (u) is a gamma-gamma distribution with propagation, the received power for coherent beam
unit mean is -6.6dBm and for conventional OOK using a
(@+p)12  (a+p)_ diffuser is -7.6dBm but in DDM approach the
P, (U)=2|(_CE§;I_(,B)U : lKH (2\/0/311) for u>0 received power is -4.59dBm. This show the

improvement of power received approximately

Wh ' . ffoct id bout 40 percent. Meanwhile in Figure 5 shows the
€n aperture averaging efiects are considere omparison mean intensity with various value of

parametersd and 3 of the gamma-gamma PDF the 'injtial curvature beam parameter. As the
are defined as increasing value for initial curvature beam the kma
1 and 1 mean intensity will produce. This condition actyall

a= exaglﬁx (D) -1 B= exdo?, (D )[-1 relates to va_rious types of laser bgamiolk 1, the _
laser beam is categorized as collimate beam and if

Where 6% (D) and 6%y (D) can be calculated % > 1, is categorized as a divergent beam.
Therefore the mean intensity will reduce if the

using equation (11) and (13) respectively. increasing value of initial curvature that is under
the divergent beam category.

Figure 2 shows the degradation of scintillationFIgure 6 shows the BE.R versus conv_entlonal OOK
modulation and dual diffuser modulation for strong

index when using the dlffuserforstrongturbulenceatmospheric condition. At standard acceptance

As we can see, the scintillation index mcreasenNheEER 10° the conventional OOK only reach

the distance propagation increase. At a shof}. : .

. A istance propagation 1.4km but the superior DDM

g:es;?r?c?s 2';”5] tgf’t Sv(f/'i?rt]'”it;?: |ntdheex ]:jc:frfu(ic,oer;ert?]r:e nhance the distance to 2km where equally 42
: 9 ercent improvement. The BER of DDM can be

z(f:f'gé'tll?)tf'?ge'%qusg?nsrig?ii;?nl'02'SHO;V:r\ée;réh increased by using different strength of the défus
Iy ! Inuous w mat the transmitter.

the graph as we can see, above the distance
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Reduction of average intensity signal due to diffuser

Mean Intensity <I{p, L)>

1000 2000 3000 4000

(=]
o]
=

Distance, {m)

5000

Figure 3: Mean Intensity Versus Distance For
Comparison Coherent Beam And Partially Coherent

Beam With Strength  Lc =0.001

improvement of Received Power using DDV technigue

Received Power (dBm)

500 2000 2500 3000 3500 4000 4500

=

Distance (m)

5000

Figure 4: Improvement Of Receiving Power In DDM

Approach

5. CONCLUSION

In contribution of this paper, the dual diffuser
modulation (DDM) improves the performance of[2]
the FSOC in atmospheric turbulence channel. The
BER in atmospheric are strongly influenced by
scintillation index, power received and signal

detection (bit '1' or '0"). In our analysis shovatth

the dual diffuser modulations which employ the
partially coherent beam improve the power receivefs]
40 percent and BER distance 42 percent. As a
result, it creates the robust modulation against th

turbulence with fix zero threshold value.

32

Effect of stregth Input curvature beam cver average intensity

serenes Input Curvature

= nput Curveture

Input Curveture=

Mean Intensity <I{p,L)>
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Figure 5: Mean Intensity Versus Distance For Various
Value Of Initial Curvature Parameter

BER performance between conventional 00OKand DDM
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Figure 6: BER Versus Distance Performance For
Conventional OOK And DDM
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