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Abstract 

In the free space terrestrial optical communication (FOSC) the laser beam, as an information carrier, is subject to degradation due to 
atmospheric turbulence. In this work, the decrease in the signal to noise ratio (SNR) and the increase in the value of the bit-error rate 
(BER), due to this turbulence, are experimentally investigated. In addition, a pin-hole, as a Fourier low-pass filter, has been utilized to 
suppress turbulence noise. The results show a dramatic improvement in the received optical signal, and hence the link BER. The 
values of the SNR have been enhanced from (18.8940 dB), to (46.1365 dB) by reducing the pin-hole diameter. The value of BER 
has been also reduced from (0.7246*10-5) to (5.6*10-12) in a strong turbulent environment.  
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1. INTRODUCTION 

The free space terrestrial optical communication 
(FSOC) systems have very promising applications 
for its very well-known advantages such as the 
large bandwidth, flexibility and low-cost investment 
[1]. However, the FSOC technology has major 
weaknesses to be overcome, namely the presence 
of attenuation and fluctuations in intensity. The 
attenuation is caused by absorption and scattering 
due to various gases and particles in atmospheric 
propagation medium. The fluctuation of intensity is 
caused by atmospheric turbulence due to the tem-
poral and spatial temperature variation of the at-
mosphere [2] and [3].  

In an optical communication system, the bit error 
rate BER is greatly affected by these losses due to 
attenuation and atmospheric turbulence. The at-
mospheric attenuation and turbulence lead to de-
grade the signal-to-noise ratio (SNR) and increases 
the (BER), i.e., increase the probability of errors in 
the received signal [4]. In addition to the attenua-
tion, there are three effects of atmosphere turbu-
lence: scintillation, laser beam spreading, and laser 
beam wander. Scintillation is due to variation in the 
refractive index structure of air, so if the laser beam 
travels through scintillation, it will experience inten-
sity fluctuations. The SNR and BER depend on 
atmospheric turbulence and geometric losses rep-
resented by scintillation. Therefore, FOS systems 
should be designed to minimize the effects of scin-
tillation.  

In this work we present an experimental investiga-
tion on a technique that can be utilized to suppress 
optical signal noise. In this technique a circular 

pinhole is used as a low-pass spatial filter. The 
circular aperture of the receiver optics diffracts the 
laser beam forming an Airy pattern. The information 
signals concentrates at the central disc with low 
spatial frequencies, while noise signal is usually 
characterized by its high spatial frequencies. There-
for a pinhole rejects the high frequencies, hence 
improves the optical signal at the receiver focal 
plane. In other words using the pinhole enhances 
the BER of the optical communication system. 
 
2. THEORY 

The SNR and the BER are the main parameters 
that characterize the quality of communication sys-
tems. BER depends on the SNR which in turn de-
pends on the scintillation strength, the beam 
spreading and the average received power [5]. The 
active area of the optical detector, in the receiver 
unit, is assumed to be large enough so that the 
SNR value includes the scintillation effects. The 
scintillation index σ୧

ଶ describes the intensity fluctua-
tion as the normalized difference of the intensity 
fluctuations. The strength of scintillation can be 
measured in terms of the variation of the beam 
amplitude or the irradiance σ୧

ଶwhich can be ex-
pressed as follows [6]: 

௜ߪ
ଶ ൌ

〈ଶܫ〉
ଶ〈ܫ〉

	െ 1																						ሺ1ሻ 

where I: is the irradiance of signal (or intensity). 

For weak fluctuation regime (scintillation index less 
than 1), the scintillation index is proportional to the 
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Rytov variance of a plane wave, which is given by 
[7]: 

σ୧
ଶ ൌ 1.23	C୬ଶ	k଻ ଺⁄ 	݈ଵଵ ଺⁄  

From this equation we can find the value of ܥ௡ଶ as 
follows: 

௡ଶܥ ൌ
௜ߪ
ଶ

1.23	݇଻/଺݈ଵଵ/଺
																		ሺ2ሻ 

where: ܥ௡ଶ is the refractive index structure parame-
ter, k is the optical number, and ݈ is the length of 
the transmission path.  

The first feature of a FSO communication system is 
the SNR. Based on Kolmogorov’s theory, the SNR 
and BER from turbulence were expressed as fol-
lows [8][9]: 

ܴܵܰ ൌ ሺ0.31	ܥ௡ଶ	݇଻ ଺⁄ 	݈ଵଵ ଺⁄ ሻିଵ							ሺ3ሻ 

and 

ܴܧܤ ൌ
exp	ሺെܴܵܰ 2⁄ ሻ
ሺ2ߨ	ܴܵܰሻ	଴.ହ

															ሺ4ሻ 

To suppress the turbulence noise and improve the 
BER, a pinhole is used as a spatial low-pass filter. 
The noise signals are usually characterized by their 
high spatial frequencies while the information signal 
has low spatial frequencies. 
 
3. EXPERIMENTAL SET-UP 

Figure (1) shows the schematic diagram of the tur-
bulence cell. This cell is designed and built in the 
laboratory to accomplish the simulation of turbu-
lence. The setup includes a He-Ne laser source 
with an appropriate collimating lens, a turbulence 
cell, variable size pinholes (0.2, 0.4, 0.6, 1, 1.5) 
mm, a 10 cm focal length lens, and an oscilloscope. 

3.1. Results and Discussion 

A controllable pseudo-turbulent weather has been 
created in the lab by using the design described in 
the previous section. The refractive index structure 

parameter (ܥ௡ଶ	 	10*10‐9	݉ିଶ ଷ⁄ ) is measured at 
a a temperature difference (∆T |T1-T2|= 47.5 K) 
and flow speed of (V=3.4 m/s) for a short range link 
(݈=1.6 m). 

The values of scintillation, SNR, and the BER are 
measured under different conditions, where a pin-
hole aperture of variable diameters (0.2 mm, 0.4 
mm, 0.6 mm, 1 mm, and 1.5 mm) have been used 
as Fourier spatial filters. Figures (2 a, b, c, d, and e) 
show the real time fluctuations with different aper-
ture size. 

The measured values for signal intensity and the 
scintillation are shown in figures (3) & (4). 

As shown the turbulence effect, due to the refrac-
tive index structure parameter has been reduced 
from (0.5*10-9 ݉ିଶ ଷ⁄ ) to (0.2*10-9 ݉ିଶ ଷ⁄ ). Ac-
cordingly, the (S/N) ratio has increased from 
(0.7*10-5) to (5.6*10-12) as shown in figures (5) & 
(6).These results are in a good agreement with 
those in Refs. [10][11]. 
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b) Figure 1: Schematic diagram of a turbulence cell 
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e) 

Figure 2: The effect of aperture size on signal variation 

 

 

 

 

 

 

 

 

 

Figure 3: The effect of changing the aperture diameter  
on signal variance 

 

 

 

 

 

 

 

 

 

Figure 4: The effect of aperture diameter on the scintillations 

 

 

 

 

 

 

 

 

 

 
Figure 5: The effect of aperture diameter on the SNR 

 

 

 

 

 

 

 

 

 

Figure 6: The effect of aperture diameter on the BER 

The calculated value of the signal spot size is about 
(15 µm) while the optimum signal is obtained by 
utilizing a (1.5 mm) aperture spatial filter. This dis-
crepancy is due to beam wandering, where the 
average received signal power covers an area of 
(2.5*2.6 mm2) as shown in figure (7). 
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Figure 7: Laser beam profile under high turbulence 

Table 1: The effect of aperture diameter  
on the SNR and BER values 

aperture 
diameter 

(mm) 
࢏࣌
૛ ࢔࡯૛ ૛ି࢓)  ૜⁄ ) SNR BER 

0.2 0.21 0.4958*10-9 18.88 0.728*10-5 

0.4 0.178 0.42*10-9 22.279 0.1228*10-5 

0.6 0.164 0.3872*10-9 24.18 0.455*10-6 

1 0.125 0.2951*10-9 31.725 0.9*10-8 

1.5 0.086 0.2*10-9 46.1125 5.6*10-12 

 
4. CONCLUSION 

Both SNR and BER are clearly affected by atmos-
pheric turbulences. When the turbulence is low, the 
value of the SNR increases, hence the values of 
BER reduces.  

The proper spatial filter aperture size that gives the 
optimum performance, for this specific system, is 
about (1.5 mm).  
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