Probability density function of
fluctuating intensity of laser
beam propagating in marine

atmospheric turbulence

Svetlana Avramov-Zamurovic,

Reza Malek-Madani, G —
U.S. Naval Academy L

Olga Korotkova,
University of Miami



Goal:
Probability Density Function reconstruction of the fluctuating
beam intensity in atmospheric marine environment

Experiment:

Instrumentation set up in the field at the United States Naval Academy

Measure intensity statistics of the beam in its transverse cross-section
during daylight.

Theory:

Calculations of statistical moments of intensity
Applying several PDF reconstruction models
Comparison among the models and data sets



Probability Density Function

PDF of fluctuating intensity P(l) shows with which chance the beam’s
Intensity attains a certain level.
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ab

Determination of the PDF from the moments is an academically noble
problem: (famous Hausdorff moment problem)

The knowledge of the PDF is crucial for solving inverse problems finding
statistics of a medium

The tails of the PDF affect the fade statistics of a signal encoded in a beam
(BER errors in a communication channel)






Probability Distribution Function Reconstruction
Methods

Gamma distribution modulated by series of generalized
Laguerre polynomials proposed by Barakat

Medium and source independent

Uses first n moments of detected intensity

Valid in the presence of scatterers
Gamma- Gamma distribution based on the work of
Nakagami et. al. and presented by Andrews and Philips

Medium and source dependent

Uses 2 first moments

Valid only in clear air atmosphere



Gamma-Laguerre Model
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The proposed intensity PDF {s%%-%°
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where f1 1s the scattered intensity (0 = h < =).
W,(h) is the gamma PDF
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They are orthogonal with respect to Wg(#). Using the
orthogonality condition, we can show that the W, expan-
sion coefficients are given by
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thereby expressing W), directly In terms of the first 7 mo-

ments of . MNote that the W, are linear functions of the
moments. Furthermore,
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Table 1. Values of the Measured Intensity
Moments { I')?

Measured Value of
Intensity Measured
Moments Moments
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1.00
1.47
3.04
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Fig. 1. Circles, experimental values of W(J): curve, W(I) as de-

termined from the first five measured intensity moments.
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Comparison between Gamma-Laguerre
and Gamma-Gamma Models

Moments values
provided by Barakat for
both models

Kolmogorov spectrum
used for Gamma-
Gamma model
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Source to target distance 1
400 m used in Gamma— Normalized lintensity
Gamma model










Data processing

All of the realizations were Cumulative intensity plot
added to create cumulative
intensity plot, P

max-*

From P_,, location with
maximum intensity was
determined, (x, Y,,)-

Intensity vector, I, used for

calculating PDF was formed

by selecting intensity at the Maximum intensity
location (x_, y,,) for each used for determination of
realization. (X Yon)-



Propagation above the water

Gamma-Laguerre PDF (red)

Intensity histogram (black stars)







Propagation above the land
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Normalized Intensi
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Propagation on the boundary between the land
and water (direct sensor measurements)

Normalized Intensity







We measure Gaussian laser beam propagation over the land in the proximity of
the water and above the water.

Based on two different methods, Gamma-Laguerre, and Gamma-Gamma we
reconstruct from collected data the single-point Probability Density Function
(PDF) of the fluctuating intensity of a laser beam propagating through the
marine type atmospheric turbulence.

We present two ways of measuring light intensity at the target, namely (a)
pictures of reflection of the beam off a white board and (b) capturing light
intensity directly using ccd sensor. The later method leads to a more refined PDF.

We present comparison of models with data histogram and find good
agreement. In particular, Gamma-Laguerre model emphasizes the tails agreeing
better with data histogram. This can be due to prevailed water particle scattering
and absorption above the water column which suppress optical intensity
fluctuations.

Our results will find uses for any applications involving radiation transfer
through marine-type atmospheric turbulence.



Fluctuating intensity of a laser beam propagating through
ground and marine atmospheric channels was measured
under weak atmospheric conditions. The data was fitted to
the Barakat's model for the probability density function
(PDF) which uses Gamma distribution for accounting for
the first two statistical moments and generalized Laguerre
polynomials for accounting for moments of orders higher
than two. Comparison of the above-ground and the above-
water PDFs is made and the dependence of the shape of the
PDF of the intensity on the radial position within the
propagating beam is revealed.



