
PROCEEDINGS OF ISAP '92, SAPPORO, JAPAN 

THE INTERPRETATION OF THE STATISTICALLY ROUGH 
SURFACE REMOTE SENSING RESULTS ON THE BASIS 

OF THE ELECTROMAGNETIC MODELS 

V.I.PONOMARYOV, V.K.VOLOSYUK 
Chkalov st.17, Kharkov, Kharkov Aviation Institute, 

USSR, 310084 

1. On dissipated surfaces investigated by means of 
remote sensing wlth the help of active and passive radiolo
cation systems the determination of the experiment condit i
ons provlding the best qualitative measurement results be
comes necessary. In this paper there is a solution to a num
ber of surface condition ana electrodynamic model parameters 
estimation identity problems where the latter ones are func
tionally connected with structure-determinated and stochastic 
signal models received with the help of the solution of elec
trodynamic direct problems on wave aissipation by the finite 
conductivity surfaces. Algorithms of the optimal parameters 
estimations of the dissipated surface electrodynamic models 
are synthesized by maximum likelihood function. Here the 
mathematic field strength dependencies on the desired para
meters for the flat small-scale. large scale and two-scale 
surface approaching small disturbances and Kirhof are used. 

The flrst eguation pattern of the observation is the 
additive field mlxture when the field is found through 
the solution of dir8ct diffradion problem of w"ve J lssi
pat ion of means of the section statlstically rough surface 
and white Gaussian noise 

. . 
Ukl Ct, r) = ReAklC A ) SolCt, r) +nkICt, ~) 

C 1 ) 
where Akl C ~ ) - is a complex multiplier depending on 
the unknown or random electrodynamic surface model elect
rophysical parameters ~; Sol Ct, [) - determines the 
known field characteristics and their registration 
systems; k - characterizes a kind of reception field 
po~arization; and I - that of the investigated field; 
kl-C VV, VH, HV , HH ). 

The system of nonlinear equations, connecting the 
desired parameLersCdielectric permittivity, sur face 
slope) wlth optimal filter output signals were found. 

The boundary measurement errors of the electrody
namic models are investigated by means of diagonal matrix 
elements analysis conjugated to the information matrix of 
Fisher: 
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Bnv = 2~0 2: aAkl/~n 
k, 1=(V, H) 

( 2 ) 
here ~ -energy signal/noise ratio. E.g. for the electrody-

o 
namic model coinciding with small disturbance approach [ 1 J 
in and the opposite dlssipation direction 

A = A = 0 VH • "!IV for ~ = (6, e) or ~1 = Rek, 

or ~1 = Rek, ~2 = Jmk, ~3 = 6 

( 3 ) 
where k -coefficient connected with the spatial Fourier 
s~ectral component of the underlaying surface height for the 
dlrection angle e; 6 -value of the dielectric ~ermittivity . 

2. Plots of the square mean values of the dlelectric 
permittivity and surface slope estimation (Ikl and e) have . 
been found ln the paper . Plots a1kl show that minimum er-

rors of the spectral component Ikl are for angles e ~ 0 
and set up about 0.2 ... 0. 3 but for angles e = 350 .. 650 these 
values alkl are about 0.45 ... 0.6. The values ae and a

6 
are 

maximum in the case e ~ 0 and values a
6 

increases ae 
decreases when dielectric permittivity 6 increases. 
Besides that plots of square mean values a

6 
and ae of the 

dielectric permittivity and surface slope estimations have 
been analysed in the paper. 

3. For the stochastic field models the parameter esti.-
mations ~ and different rough surface stochastic characte
ristics have been received . For example the dielectric 
permittivity and surface slope estimations and that of 
effective dissipation cross-section, square mean values of 
rough heights, correlation radius as well as that of small
scale rough height s energet ic spect rum components have been 
found . 

When registering one polarization field one can de
rive the effective cross-section of dissipation according 
to the formula: 

m 

a~l = 1 2 I QOklil2 / ~~o - l/~o~S 
i=l 

( 4 ) 
and the square mean of the estimation error equals to 

- 834-



+ + 
m 

( 5 ) 
where 6S - is the area of the investigated surface; m - the 
number of location acts of independent statistically homo
geneous surface areas (m > 1). 

On registering two polarization fields of the equa
tions for the ~ parameter and rough surface energy 
spectrum component we qL ) were found. 
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( 7 ) 
where qL - is a dissipation vector [ 1 J; 00kl -are 

optimal filter output signals for given reception k and 
investigated field polarlzation. 

4. The analysis of the estimation errors for parameters 
enabled us to determine the wave angles inclined to the 
investigated surface, with which these errors are kept to a 
minimum. The typical regions of such angles are about 0, 90° 
and about the BreusLer's angle . In parLlcular, the maximum 
errors of dielectric permittivity for the small-scale surface 
are known to be about Breuster's angle. 

The minimum inclined surface summed-up estimation errors 
and those of dielectric permittivity are known to exist when 
small wave angles 8 = ( 35°, 65° ). 
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