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ABSTRACT- The tropospheric refractive in dex i s irnpnri.alll for caJcnlaUng HlP. 

refracting effects on the wave propagation. This profile has to be determined 
el ther by direct meas lJremenl or by inference using other related data. tn this 
paper , a simple and fasi method is used to obtain this profile by inversion 
from lhe measllred range dat.a . Geometrical oplics is used t o snJve th e direct 
problem and a functional gradient method is used for inversion. Computations 
an~ made u~jng linear, bilinear, tri l inear and exponential profiles for bolh 
noi se free and noisy data. 

I NTRDDUGTl ON 

Radio refraction i s an imporlant faclor that affecls the wave propagation 
through the troposphere. An example of the::;e effects is the variatioll of the 
angle of arrival a1 1he receiving antenna of radio links which leads to a n 
addj Llonal 1ransIIli ssion loss 11]. Another example is the variat.ion of the time 
delay and dev i alion from the d irect palh which lead to addi1ional errors in 
range measuremenl llsing radio waves. 

The ref rae li ve i n(l ex prof i 1 e for the tnlposphf're can be de t.errol Ilc:d ei ther 
directly or indirectly. The direcl way is to delermine it using the measured 
profiJes for tempera ture , pressure and humi di ly or to measure it using a 
refractome1er [1,2-4]. The indirect methods are basi cally inversion techniques 
lhal u,s e relaled measured data to obtain the refracUvity profile [5,6]. 

In this work, a simp le and fast indirect method will be used. It is based 
on an inversion t ecbnifpu~ which uti 1 izes the range da1a measured by radar for 
an aeroplane flying at a constant height. First, the geomelr ical optics is 
u"ed tu ohtain the r ange as a fm lction of the refractive i/ldex profile . Then 
lhe range data are spoiled by adding noise representing the random errors of 
mensll remen1 . FinaJ ly, an inversion technique baser! on a functional gradient 
method is used to r ecover the origina l profile. 

FORMIILATION OF THE PROBLEM 

THE DIRECT PROBLEM 

For an aerop l ane flying 
constant heighl H, as shown in 

at a 
fig.l, 

the geometric,'11 opti cs is used lo 

calcul.3te the rad .3 r r a nge 
in t pg r ., t i ng the u pti ca l d i ~ t a ll e!! 
the rar t ra j eclor,)- , i . e . 

P 
R= , m(z)ds 

o 

R by 

a l ong 

(1) 

where m(z) is lhe modified refrac t i ve 
index profile whi ch is related to the 
excess refractive index N{z) by [71 : 
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Fig.l. Geomelry of the prohlem. 
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m(z) = 1 + N(z)xlO + z/r 

where r is the radius of the earth . 
The regioll of the troposphere 

st rat i fied into thin layers. For the 
of the ray is (7J: 

from the groutl(l to the heigh 1 
horizontally straUfied medium , thl'! 

dx 22-1/2 - = a(m (2)-a I 

where a = 00(0) sin e , 
o 

dz 

Pulling ds 
2 2 1/2 

(dx +dz ) = i n 

R = 
H 2 

.I m (z) 

o 

(l) and using (3) • 

2 
1m (z) 

2
1
-1/2 d 

- a 7. 

we get : 

(2 ) 

H is 
slope 

( ]) 

(4 ) 

Assuming lha l mez) is cons tant for each layer, and R is ca lcnlaled fur 
different initial angles e,. we can transform (4) t.o the discrete f o rm: , 

M 

R 
,-

= h I u. 
j~l J 

(u -
j 

b. ) 
-1/2 

• i=1. 2 .... . . . K (5 ) 

the 

and 

number of layers, K 
2 

boatS). 
i i 

THE INVERSE PROBLEM 

, 
the number 

The problem as given by (S) is nonlinear . As 
technique using a functional gradient method fS] 
con~isls of defining a posi tive functional as 

of 

a 
can 

()ala points, h=H/M. 

result, an inversion 
be used. The method 

(6 ) 

where R . is the measured range (i th data poi n t), and m, R is the calculated ; 
range using an assumed refractive index prof ile as an 
obtain the gradient of (6). in the fOrDl 

initial guess . Then we 

where : 

g(z) 

H 

!J.F = J g(z) ~u(z) dz 
o 

K 

= '\ (R. - R . lIu(z) - 2b,.1 lu(z) L 1 mt 
i = 1 

_ b 1-3/ 2 
; 

(7) 

(8) 

To decrease F in each iteration, the required step correction ~u(z) is 
chosen to ensure that ~F is negative, i.e. 

au(z) = - t g(z) 

where g{z) is the co rrecting fUnction given by (8) 
may be determined using a search algorithm 18] 
functional F in each step. 

-510 -

(9 ) 

and t is a constant wh i ch 
for minimization of the 



The va I ue of Ule refrac li ve index a t the ground I eve I Ns i s 
or can be easily measured. It can be used as a cons traint on the 
on the assumeo profilc as well. In this c:ase eqnation (7) may be 
t.ake t.he form : 

H 
M = J z g(z) .6.u(z) dz 

o 
NllMF.R1CAL COMPUTATIONS AND RESULTS 

ei ther kn own 
and 

to 
solution 

modified 

(10) 

The numerical computations are done using linear, bilinear, trilinear and 
exponential proil l es as example::;. For a given profl Ie . the radar ranges (data 
points) are calculated using the direc t problem. A noise vector from a random 
numbe r genera t or is added to the data to s imulate the rea l range measurement.s. 
The inverse problem is t.hen solved to ob tain the original profile. The 
solution st.arts with an arbitrary pro fil e as an initial gl1ess , provided that 
the value of N at. the ground level is t.aken as the measured one. 

The best. result.s were obt.ained for the linear profile as given in fig.2, 
in both cases of noise free and noisy dat.a . For the bilinear profile agreement 
was al~o good in spit.e of the little deviation at. t.he discontinuity as shown 
in fig.3. The worst results were obtained for the trilinear profile shown in 
£ig.4. It is clear that the met.hod is ullable to cope with the sharp 
discontinui ties. This example is intended to examine the efficiency of the 
methorl in deal i ng wi th severe cases suc'h as those having a super-refrac tive 
layer. Ho",'ever , t.h i s is an ext.reme case hec.ause sharp changes in the 
refract.ive in(lex gradient are unlikely t o occur in nature . For the exponential 
prof i Ie. the no ise free case gives exee lIen t. resu Its. bu tin case of the noi sy 
data, there is some deviation at large heights as i t is clear from fig.5 . 
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Fig.2. Linear profile. Fig.3. Bilinear profile. 
Or i g inal profile 
Ca l culated from noise free data 
Ca lcula ted from noisy data 
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Fig.4 . Trilinear profile. Fig . S. Expone ntia l profile. 
Or i gina l profile 
Ca l cula ted from noise free data 
Calculated from noisy data 

CONCLUSION 

300 

An inverse tec hnique using a gradient method is presented. In this 
technique the radar range data are inverted to gel t he tropos pheri c refractive 
index profile. This method i s found good except at sharp disc ontinuities of 
the refractive index gradien t. 
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