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ABSTRACT

For the Gaussian beam in the turbulent atmospherean calculate correlation between
influenced laser beam and ideal Gaussian beam.dfl##e turbulent area, the turbulent
optical intensity envelope and the substitutivection is introduced. Expression of the
volume of atmospheric turbulences by turbulent &¢mesented in this work.

1. INTRODUCTION

The requirement for data speed transmission anaalsiguality continually increases.

Optical wireless links fulfill the demand for highansfer rate and desired bit error rate
(BER). Free space optical link (FSO) consists dfoap transmitter and optical receiver.

Scheme of the FSO is depicted at figure 1.
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Figure 1: Scheme of optical wireless link

Most of the standard used wireless optical linkskwas dual communication systems.
Laser diode (LD), transmitting lens and cover wiwd&@W) are typical components of the
transmitter. Usually laser diode with wavelengtlv8% nm, 850 nm or 1550 nm is picked.
Purpose of transmitting lens is to set divergerceptical beam. Cover window protects
transmitting system from hydrometeors and atmosphdust. Photodetector (PD),
interferential filter (IF) which leaks out transmad wavelength only, cover window and
receiving (Fresnel) lens are parts of receiver.

Optical wireless link can be provided at horizontal vertical direction. Horizontally
oriented optical link for distances about (300 -0@0m are well known and relatively



widely applied for high quality and data rate traission (fig. 2). Thick fog, smog, rain or
snow influences optical signal attenuation. Sunnehor increasing temperature of
electrical circuits in transceiver debases noisp@rties of the communication system. The
turbulent atmosphere can be issue so there is s@ge® avoid it if it is possible or try to
eliminate influence of atmospheric turbulences.

Vertical free space optical links (fig. 3) are eoydd in high altitude platform (HAP)
systems. The communication proceeds between HARhwtan be located up on high
about tens of kilometers and Earth station. Playpdiaundary layer with high volume of
atmospheric turbulences in troposphere and ozore laith attenuation on molecules in
stratosphere occur as a point.
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Figure 2: Horizontal optical wireless link Figure 3: Vertical optical wireless
link

For both communication systems we consider volufregraospheric turbulences. In case
of high turbulences the optical communication cardébased, or it can be interrupted.

. ATMOSPHERIC TURBULENCES

Atmospheric turbulences, generated by a temperaliiferential between the Earth’s
surface and the atmosphere, influence optical wabasng daytime, the Earth is hotter
than the air, causing the air nearest the grourtzktbotter than that above. This negative
temperature gradient causes light rays paralléhécearth to bend upward. If the negative
temperature gradient is sufficiently strong, it gasult in an inverted image known as a
mirage. Temperature gradients are positive duriggtiime hours, resulting in downward
bending of light rays. In addition, atmosphericbulence disrupts the coherence of laser
radiation and optical wave. [1].

2.1. CIRCULAR GAUSSIAN LASER BEAM

Optical source as a laser diode or LED emits bedtim @aussian distribution of optical
intensity. For circular and symmetric laser beawt giptical intensity(r) can be expressed

(1) = |0e‘2(v5j , (1)

wherelo [W/m?] is maximum optical intensity, [m] is laser beam halfwidth andm] is
radial distance from beam axis (fig. 4).
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Figure 6: Optical intensity distribution in in very high turbulent atmosphere
turbulent atmosphere

In the non-turbulent atmosphere the optical intgndistribution agrees with Gaussian
distribution. We can calculate the turbulent e&efV/m] (fig. 6) which represents volume
of atmospheric turbulences influence. For atmospleéthout the turbulences (fig. 5) the
turbulent are&r = S can be evaluated by the expression

r -

S =1 Oe_z[woj dr. @)

With increasing atmospheric turbulences the optin&nsity fluctuations rises so the
turbulent ared&r [W/m] decreases in comparison with the non-tunbubgmosphere. The
turbulent atmosphere causes the optical intensitgtufation and the turbulent optical
intensity envelope is formed (fig. 6, 7). Decregscorrelation between examined laser
beam profile and ideal Gaussian beam was identifedfor increasing atmospheric
turbulences we have to find the substitutive tuehtifunction instead of Gaussian function
to describe the optical intensity distribution.

The substitutive function is limited from below bye turbulent optical intensity envelope
and can be generally expressed(gs and then the turbulent ar8ais determinate by

S :jf(r)dr. 3)

We suppose that for very high atmospheric turbwdsr(fig. 7) the substitutive function is
f(r) = 0. This situation arises when the turbulentagptintensity envelope aligns to—
axis, so the turbulent ar&max [W/m] can be expressed

St = | 00 =0. (4)



Of course there can be higher optical intensitycttiations, but the atmospheric
turbulences determination from the turbulent é&ehas this limit.

From the findings mentioned above we can dedicaat the volume of atmospheric
turbulences influenced optical Gaussian beam carateel by the turbulent ar&g. The
atmospheric turbulences can vary from very low lletieen the turbulent are& is
evaluated by equation (2), and for very high lewel turbulent are&r max IS determinate
by equation (4). All atmospheric turbulences statey between these two values.

The optical sources resistivity on the atmosphéuibulences can be quantify by the
turbulent area$; comparison.

2.2. EXPERIMENT

We obtain information about the laser beam optictnsity distribution influenced by
the atmospheric turbulences from the instrumerdrlagam profiler (LBP). The output of
LBP brings us information about the laser beam @rtdgs inx — axis, appropriate software
which is part of LBP is able to calculate the ckatien between ideal Gaussian optical
intensity distribution and measured optical intgnsilistribution influenced by the
atmospheric turbulences.
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Figure 8: Workstation scheme

We investigated the influence of the weak turbulafmhosphere on the laser beam
geometry properties. We used laser diode whichsem#velength 670 nm. Laser diode
properties irx -axis was scanned, correlation between measur@t bed Gaussian beam
was examined an@d,” was calculated. Following table (Tab. 1) presemssured results.

CZ |corr.x|Srrel
M7 | [%] | []

1,23E-16 87,2 1
491E-16 86,9 | 0,98
1,12E-15 86,4 | 0,95
9,94E-15 85,9 | 0,93
2,76E-14 85,3 | 0,89
5,94E-14 84,5 | 0,87

Table 1: Measured results of the experiment

C.’ is calculated structure parameter refractive inalest presents the volume of evocated
atmospheric turbulences, coxrpresents correlation between the laser beam andsiza
beam and finallghe relative turbulent ares (¢ [-] is calculated, where
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For C,2 = 1,2310™° (low turbulences) we consider turbulent are&aso for this structure
parameter refractive inde%r ¢ is equal to 1.

2.3. RESULTS

The results of the laser beam and Gaussian bearmalat@n comparison are evident at
fig. 9. With increasing atmospheric turbulencessealby atmospheric turbulent source the
correlation between laser beam and Gaussian bearsades.
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Figure 9: Correlation of laser beam and  Figure 10: Relative turbulent areSr ¢ in
Gaussian beam in turbulent atmosphere turbulent atmosphere

With increasing structure parameter refractive mndend the volume of atmospheric
turbulences, relative turbulent area decreasesl(fig

3. CONCLUSION

There is a possibility to determine volume of atplesic turbulences by calculating
turbulent are&S;, which can be calculated from the substitutivédbilent functionf(r)
obtained from the turbulent optical intensity empe of the beam profile. In the
experiment we proved that with increasing structp@aeameter refractive inde®,? the
turbulent are&r decreases in logarithmic scale. Presently thdioeldetween turbulent
area and signal looses isn’'t determined by formtike next works will focus on exact
formula searching.
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