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1. INTRODUCTION

The lower troposphere inhomogeneities, especially ducting, play dominant role in the
design of radar and communication systems working in microwave frequency range over
the sea. The available experimental data [1] point to the high probability of temperature
inversions and quick humidity decrease for the Black sea region giving rise to over sea
duct appearance. Well known is the effect of the ducting as a long-range phenomenon,
but its effects in the case of line-of-site propagation are less studied. Recently attention is
drawn to the influence of ground-based (evaporation or not) ducts at short ranges, [2]-[4].

In this report results are presented from a theoretical investigation of the effect of the
microwave backscattering coefficient amplification in the case of an object submerged

within an “evaporation” duct with rough boundaries.

2. THEORETICAL BACKGROUND

Assessment of the maximal possible microwave backscattering coefficient
amplification based on seven rays modification of the three rays propagation model [5]-
[7] under the idealized assumption of identical upper and lower rough boundaries of the
duct is made using only the coherent components of the scattered electromagnetic field.
The radiating aerial (with horizontal polarization) is supposed submerged within the

guiding structure and situated at equal distances from the boundaries. According to [7], in

the case of identical upper and lower boundaries we can write for the reflected field E

(see Figure 1):


mailto:iraids@yahoo.com

68 ON THE ASSESSMENT OF THE MICROWAVE BACKSCATTERING COEFFICIENT AMPLIFICATION WITHIN A
GUIDING STRUCTURE OVER THE SEA

/\f‘\/\—/\/\’\

Eo El

Figure 1

Then the intensity in the far zone is

EE"/R? = E2 /RS +8Re(E,Ef JI(R,R )+ 4Re(E, E5 JI(R,Ry )+ "
+16]E;|° /RZ + 4]E,|* I R2 +16(ElE§)/(R1R2),

where R;stays for the corresponding ray path, i=1,2,3, and the field strength is given by
Ei = EO eXp[l((()t - kRI + Ai + @; )], (3)

with 4;, ¢ being the phases due to reflection from smooth flat surface and from rough
surface, respectively; k=274 is the wave number in vacuum, A - the wave length. To
obtain the averaged field intensity from (2), (3), the computation of the following

expressions is needed

EiE} ~ E2 explik(Ri = R; )+i(a; — A )Jexp(i(o; — ;). 4)

To calculate (4) the following assumption is made: h<<R,, ho<<R,, where h is the
antenna height, hy - the height of the reflecting object (target), Ry — the distance between
them. Then we can write, [7]
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RiR, ~RZ; k(R —Ry)~k(R, —Ry)=4zhhy / ARy; )
k(R, —Ry) = 87hhy / AR,.

In the case of absolutely reflecting boundaries with smooth irregularities which
characteristic size is greater than A, according to [8] we can assume A,=-37x, A;=-2r,
Mo=-7, ¢:=2¢1, ¢=2K&in(¥), where & is the irregularities height (E:O), ¥ is the
grazing angle of reflection from smooth flat surface in the specular direction.

To perform the calculations the rough surface is supposed to be normally distributed.

Under the above assumptions we obtain

* 5 — — 4 h
EE" = E§ +16E,” +4E," - 24E{ exp(— 2k? &2 sin? ‘PJCOS[ /?F: 0]+
0

+4E§ exp(—8k2?sin2 lI’Jcos 8ty | (6)

ARg
From (6) it is clear that the amplification of the backscattering coefficient in the
presence of roughness of the boundaries is due to the combined influence of the specular

(coherent) and diffuse (incoherent) components. The coherent components in (6) are the

terms with cos(.), the field Eq and the average components of Ef = (El)2 +AE12 and

E3 = (E,)% + AEZ . With the above made suppositions and using [8] for the coherent

part of EZ, E3 we can write

(E;)2 ~ E2 exp(—2k2£2sin2 W),

T (7
(E,)? ~ EZ exp(—4k2£2sin? W),

3. RESULTS AND DISCUSSION

Figure 2 shows the dependence of E/ Eg on R computed following (6), (7), where

only the coherent components are included. The value of \152 is 1, 2=0.3 m, ¥=0.2°,

h=hy=10 m. The examination of (6) (with only the coherent components taken into
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account) gives the absolute maximum the backscattering coefficient could reach when

microwaves reflect from an object inside a guiding structure with rough surfaces. This

value is attained for distances for which EE*/Eg =49 and when #—0, see Fig. 2. The

very high amplification is due to the interference of the coherent components of the
backscattered field and decreases strongly with the increase of the incident angle above
the grazing sector (see also [7]). The contribution of the diffuse components is negligible
because of their strong decrease with the increase of ¥ and spreading in azimuthal
directions, [8]. Other practical application of the proposed simple formula (6), although it
does not account for the refraction, is the obtainment of the tentative places of the first
few interference maxima and minina. The comparison between Figure 2 and Figure 3,
where these minima and maxima are obtained by using the program EREPS, [9], and
calculating the propagation loss versus range for the same frequency, radar and target

heights as in Figure 2 but in presence of evaporation duct, indicates this possibility.
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Figure 2 The dependence of EE"/ Eg on R computed following (6), #=0,2°.
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Figure 3 The first 5 interference lobes for propagation in 20 m evaporation duct, horizontally

polarized antenna, frequency 1 GHz, radar and target height 10 m.
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