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le Interpretation of the remote sensing (RS) data concern-
ing atmospheric parameters (specifically, the height profile
N(2) and structure constant of the refractive index ¢2(z) )
requires solution of an ill-posed inverse probleme. The incor-
rectness arises from the fact that small perturbations in the
input RS data may give rise to considerable errors in the pa-
rameters restored, The input data may be represented by meas-
ured variations in the propagation time or Doppler frequency
shift, due to refraction, of electromagnetic waves arriving
from different elevation angles, The possibility of practical
implementation of the regularization approaches to the treat-
ment of RS data concerning height profiles of the atmospheric
refractive index was shown in papers [ 1, 2, 41, However,
neither of the cited papers treating RS data presented a due
enalysis of the effect upon the guality of inversion of the
inadequate mathematical formalization of the equations relat-
ing the input and the output datae. This is the reason why we
suggest in the present peper an analysis of the interpreta-
tion inaccuracies of RS data in the presence of distortions in
functional relations and of a degrading background like ad-
ditive noise.

2, The operator form of the formal RS equation can be
written as

g= A¢t+tn (1)

where g 1is the input data vector, f - the refractive index
height profile which is sought for (in other cases, the struc-
ture constant profile), A - generally is an integral operat-

or, and n - the additive noise distorting the input data. In
the Bayes approach, the estimate for the unknown value is [4 ]

i A
£- (G + ATCRA) AT, (2)

where C4 and Cn are correlation operators of the sought
function 4 and noise n , respectively, and the "plus" super-
script denotes conjugation. The accuracy of this estimate
depends primarily on the adequacy of the model adopted for the
RS data, i.,e. on the amount of distortion introduced in the
operator A, and on the quality of the & priori information
(i.ee errors in the correlation operators C; and Crn ). To
analyse the effect of these factors on the accuracy of £ ,

it is convenient to represent (2) in the spectral form, namely

) P P
£ = Zk::’\k (A Cﬂg’yk) 50;‘ 9 (3)
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where Ak end Yk denote eigenvalues and eigenfunctions,
respectively, of the operator

= A
M = C; = 52 A+Cn A

The transformation operator A of RS problems may be distort-
ed either in the additive or multiplicative mode, le€e

A=A, + §A or A:Aa(4+<5lA) .
I
To evaluaste the limitations to the accuracy of § owing to
these factors, we shall appeal to the perturbation theory for
self-adjoint operators.
In terms of the values introduced and with the use of the no-
tation, the general soclution to equation (1) takes the form

A & AR .
fu=z o (-2 {[ATCR g, Al i

‘ _4 _ (4)
F 8T C . 99 (A g, a8 I S [ATCRY, fTa i}

The difference between this estimate and the true value of
the parasmeter restored can be easily determined with the aid
of (3) and (4).

The total error &F of equation has been minimized by
the proper choice of the filter transfer function, namely

A 2 B
W/ ()= [6(:fk>+K(yk)]g/{[B(MK(yx)] tQ (v} . P

By analysing statistical characteristics of the errors in the
operator A we have obtained

4 ~
Qi) = = (%) Qg (96)

where we have used that Ch= 0.5'NorI (No is the power den-
sity of white noise and I denotes the unit matrix).

The gain resulting from application of the optimum filtra-
tion can be evaluated as & ratio of the mean square varia-
tions <&f2)> and {8$opt > » As shown by the quality analysis of
the extra filtration procedure, additive distortions of the
operator A at such frequencies that M= No/2Ngy < 1 are
equivalent to the presence of extra noise, along with the
white additive noise of spectral density 2 NgS2ga ( Yk )
Meenwhile, multiplicative distortions are not taken into
account in the inversion of the operator A Ybeing equivalent
to an additional error 2 Nj Qé‘A(.'fk) in each spectral component
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A
of the field ¢ (y).

3« The basic equation for restoring the tropospheric re-
fractive index profile from the radio data w(¥) is [1, 4]

Zy
wes) = § K (29) N@&)dz (6)
&

This equation is an approximate equation as it does not allow
either for curvature of the wave trajectory or effect of the
turbulent component A N (2) of the refractive index. There-
fore, the formelized inverse problem of RS should be formu-
lated with an account of distortions in the operator and input
d&ta, U= AuN+E,

A similar equation relates the height-dependent structure
constant €3(z) to statistical field characteristics in the tur-
bulent troposphere, viz. B = Ag(h +& , where B (?,%) is
the space and time covariance function of amplitude or phase
fluctuations, The operator Ap is distorted if the initial
equation is not exact, e.g. the equation governing the com-
plex phase in the first Rytov approximation, The quality of
restoration of the refractive index and the structure constant
of its fluctuations in the technigue suggested, in particular
the expected improvement of the R and %% estimates as a
result of the extra filtering have been tested in numerical
experimentses The test profiles of the refractive index N (2)
and ¢4 were taken to be exponentials The measure of the error
in the operator specification was

m i 2 hm 1/2
SA=[(§§?:J);;] , (73
i=1 =

where R¢; was a uniformly distributed random value repre-
senting distortions in Au and Ag , and hm and hna were
steps of the uniform gridge

The a priori informetion was represented by the correlation
functions

|z -2
C’;cJ"-'-‘ L exP(—___—JL )
V2L 2p

and
28,
CE‘J = Gs SLJ

Parameters ¥, P and 6‘§ were chosen to match the known lite-
rature data on the refractive index and structure characteris-
tic, respectively [3-5]. The estimates of N were obtained
from the observational input data corresponding to elevation
engles & = 83 to 88°, The maximum space diversity between
the reception sites for composing the correlation function
(necessary to estimate €2 ) was several Fresnel zone radiia
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Thus, & theoretical analysis based on the Bayes approach
has yielded practical algorithms for forming parameter esti-
mates and evaluating the estimate accuracy in the presence of
uncertainties in the functional operators, input data and a
priori informations An extre filtering procedure has been
suggested to improve the estimates. The maximum criterion ap-
plied to the total error of the estimate has allowed the
frequency characteristic of the filter to be derived. Numer-
ical experiments confirm the efficiency of the suggested
approachs
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