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Summary

The study of the effects of turbulence and random scatterers
on the propagatlon of pulsed signals has received 1ncrea51ng
attention in recent years (1), [2]. This interest is sustained
by appllcatlons in areas such as high data rate communication
systems, prec15e ranging and navigation systems as well as remote
sensing using radars and lidars. In this paper, a newly developed
technique based on the idea of temporal moments of transient
signals will be applied to investigate the problem of propagation
of pulsed beam waves through turbulent media. It will become
clear that this approach enables us to study the pulse problem
analytically even under strong turbulence conditions. Further-
more, the technique is appllcable for both the continuous turbu-
lent media and media with discrete scatterers.

Let us consider a pulsed beam wave propagating in the
z-direction +
p(2,3,8) = | £()u(z,p,0) exp(jlut-k(w)z]ld (1)

where f(w) is the temporal spectrum of the pulsed signal and
u(z,p,w) is the complex amplitude of a monochromatic beam wave
propagating in the medium. The n-th temporal moment of the signal
is defined by teo

u™ 2,3y = [ "<p? (z,p,t) >at (2)
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where the bracket < > indicates ensemble averaging.

Substituting (1) into (2), we obtain
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where T' is the one-position, two-frequengy mutual coherence
function defined by T'(z,p, (wy,w,) = <ulz,p,w;) u*(z,p,ws)>.

In practice, the receiving aperture effects have to be con-

sidered. Therefore, we define the aperture averaged temporal
moments by
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M (2.2 = Jj u™ (2,56 ap (4)

where G(p) is the aperture function of the receiving systems.

From (3) and (4) we note that the ﬁ(n)'s depend on the
derivatives of the coherence function evaluated at w;=w2. If we
express the coherence function T in power of &=(w,-uw,)/w,, we
have

I = To#8T,+62T,+ . . . (5)

where F°=F|6_0, r,=2L| , etc. The moments MM depend on Ty,

1736 6=0

F,r ...T_ and not on Tpn43 or beyond. It turns out that under
fairly general conditions, these coefficients I';'s can be solved
analytically from the transport equations goverhing the mutual
coherence functions for both the contineous and discrete turbu-
lent media under multiple scattering conditions [3], [4].

Once we have the solutions for the I;'s it is possible to
reconstruct the pulse as it propagates through the random medium
by applying the technique of orthogonal polynomial expansion.
Let us consider the average intensity of the received signal
I(t)=<p?(t)>. We approximate this function by the expansion

N
Ig(t) = ] bpw(t)é,(t) (6)
n=0
where w(t) is a non-negative weighting function and ¢n's are the
polynomials given by

n

¢, (t) = ) anktk a,n#0 (7
k=0

These polynomials satisfy the orthogonal relation

+%
[ witre (Brogtrat = 0 men (8)
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The criterion to determine the expansion coefficients bp's
in (6) is to minimize the weighted mean square error defined by

4+
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{[T(t)-Iy(t))%/w(t)}at (9)
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The coefficients are then obtained as

—416-



+te

3 5 (k)
bp= [ 1 og 8%/ [ w(ere? (wrae (10)
k=0 e
We note E?af they are related to the aperture averaged temporal
moments M\R/,

In this approach the weighting function is chosen to approx-
imate the original pulse intensity function closely. The corres-
ponding polynomials can be found using the Schmidt orthogonaliza-
tion procedure. Therefore, we have developed a rather general
technique to find the mean pulse shape as it propagates through
the turbulent medium. The technique has been used to study the
case of a pulsed plane wave signal [5]. 1In this paper, we apply
the technique to investigate pulsed beam waves propagating through
contineous or discrete random media. For an incident Gaussian
beam wave of the form

u(0,p,0) = expl-p?/2a?-jk (w)p?/2F] (11)

explicite analytic expressions for the first few temporal moments M™'s
for an arbitrary pulse are derived for both the contineous tur-
bulence and discrete scatterer cases. We then apply these results

to a special case of a Gaussian pulse in time domain. For this
signal, the weighting function is chosen as a two parameter Gaussian
function and the associated othogonal polynomials are the Hermite
polynomials. Using these polynomials the first few terms of the
expansion of the average intensity of the pulse are derived to be

Inte) = BI1 - 2@ /0 )2 e 1-222¢2/3) + ...]

s exp(-A2t?) (12)

where
B = aM(0) /7 (13)
r o= YH(0), 5 (2) (14)

The time origin of this expression is taken at the time of arrival
of the signal at the receiver given by

ta = ‘ﬁ(l)/ﬁ(o) (15)

These results are then applied to study several examples. It
is found that at optical frequencies, perhaps except for pico
second pulses, the atmospheric turbulence does not affect severely
the pulse shape of the signal. However, the effects of cloud or
fog on optical beams waves can be substantial. The pulse will
become highly unsymmetric after passing through the medium. At
microwave frequencies, scattering by rain may have very large
effects on the pulses. Some numerical examples will be presented.
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