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SUtlliARY: Microwave radiometry can be used in biomedical engineering for diagnoses, 
e;:gono;ics .ind con.trolled hyperthermia therapy (Microwave Thermo;-::raphy). 

We examine the problems concerning th~ modeling of prohes (rectangular 
apertures) and the interpretation of the thermal patterns by means of comput:.tions 
and experimental measurements. 

INTP.ODUCTION : 

New applications of radiometry are concerned in the detection ot thermal 
si&nals emitted by the subcutaneous living tissues in the microwave freq_u•"r:cy range. 

:The thermal patternsgi.vcn by an antenna moving in contact •.,;ith skin or-~:; 
remote s<:.n~dng thermography can be interpreted in 01·der to detect ca?1cers ::n,d other 
patlwlogies [I] (2] [3]. Moreover, the varia.tion of the ·radiometric sig"n.:11 ccllec
te<l in a pGint of the skin as c1 func:tion of time, provides inforll'1tion abl)ttt the 
musc 11l.::1r acti.vity [41 [5] and can he used in controlled hyperthermia therapy (6} 
[7] [3] . 

. · U:-ifc,rtunl!tely, the modeling of the probes interfacing the tiss11r.,s .1,1d the 
receiver, t!·,e ).i,terpre:ta tion of the therma 1 pat terns, and tlte r1\cogn i. tion of the 
thermal structures re£ponsible of the radiometric sign:11s arl~ vPry important pro··· 

·b1cins which have not be0n ar,swE>rcd so far. 
We are, .it present, considering the ,:asc of ,!11 .111tenn:1 n:ndc of :1 str.ii;.!iit 

~cction of rectangular waveguide filled with a low loss dielectric, ?laced flusl1 
against the skin. 

The problem can be considered either about the emission of a monochro~a
tic signal emitted from the probe toward the tissues (active process) or 3bo~t 
the recepti.0,1 of the thermal signal generated by every particle of tbc material 
(passive process) : according .to the antenna reciprocity principle the two proces-
ses are concerned in complen:cntary phenomena. For example, the reflection coeffi
cient at the interface deiines the electromagnetic coupling between the two media ; 
the volume where a significant field is irradiated in the active process generates 
most of the thccmal signal collected in the passive process. 

In th~ present study, we are combiriing the two approaches and are trying 
co solve the problem using several ways. 

ACTIVE PROCESS - MODELING OF PROBES' 

Th~ modeling of the probes used for tl1ermogr.1phy can be based o~ results 
concerning applicators [9] [ 10] [I l ]i However the present study has been undertaken 
because important questions such as the following on~~ h::ivf.~ not been ans·w·ercJ yet : 
let us consider a tissue with a knm;n permittivity ; what arc th0n the expe~·irr.(!ilt:tl 
contlitio11f; all.owing a con1r,:,ail'llt n1atr.hing oi the prob<! and a predetermined volt1,·:1•:: 
coupled to it '? · • 

· This study·first con~ists 0f the 3chicv~ment of two nun1erica1 rnodeliza
tions. In the first one, a d-isct'ntinuir.y berwtien t:wP n:ctanguL.1r W;JV,,!gui<ll'S is 
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considered; one of them is largely oversiz~d in order to simulate the free space. 

In the second one, we consider a plane flanged waveguide radiating in a dissipative 

medium. These methods are described in detail elsewhere [12] [13] [14]. The input 

data arc the geometrical parameters of the waveguides, the electrical parameters 

of the materials (first medium : width a, height b, permittivity s1 ; second medium 

'permit ti vi ty £2, conductivity 02) and the frequency. The output data are the reflec-

tion coefficient.of the different modes in the first waveguide and the electrical 

-field at ·any point in the second waveguide. 

Computed values of the reflection coefficient (we mainly consider a mono-

_mode prbpagation) have. already been checked up by experimental measurements. Com?a

risons of these data with analytical results considering a free wave propagation 

approximation are being done (we consider the reflection on the boundary of the two 

~EM waves which propagate in the monomode waveguide) for homogeneous and stratified 

stiuctures in the second medium ([7] and figure 1)~ 

The electrical field configuration in the lossy medium can be summed up 

in two notions : the penetration depth associated to its decrease on the axis of 

the system (function E(z)) and the spatial resolution correlated to the scattering 

-of the power. In this· p,1per, the pcnctr..1t1on depths only ,ire cnnsid('rcd . 
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., We arc verifying the computed values by experiments. _Such an example is 

presented in figure 2, In the cases ~ncountercd up to now, and for homog0neous 

' media, the funccion E(z) can be approximated to an exponential. However, it general

ly docs not correspond neither to a TEM wave propagating on th~ axis, -as assume_d 

by many authors- nor -in a more realistic hypothesis- to the combi.n:-,tion in the 

lossy medium of the two TEH transmitted waves arising from the monomode propagation 

in the waveguide [14). In fact, we have pointed out that the equivalence of a TEM 

propagation in the second medium on the axis is limited to the v~rydissipative media 

(such as water bf muscle) when £1 < £2 (Figure 3). 
Moreover, we have shown that the computed values of E(:r.) can be explained 

by the addition of absorption effects and diffraction effects such as 

. z 
E(z) = E(z)for o=o·eKp - 6' 

2 . 

(1) 

In expression (1) E(z)f O is the field computed without anv absoiption 
. . or q== J z 

in the second medium , that is when only diffraction'effects occur; exp - ~ 

expresses the attenuation when considering the two TEM wave approximation (pene

tration depth 01
). An example of verification is shown 1n figure 4. 

PASSIVE PROCESS SIGNATURE OF A THERMAL STRUCTURE 

· We show now how it is possible to obtain in the laboratory thermal pat~ 

terns analogous to those recorded in tlinical studies, for example when a tumor is 

' _located by thermography technique. It is sometimes possible to forsee these patterns 
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by computation. · 
Let us consider an homogeneous lossy medium at a temperature T0 • Then, 

the probe of a Microwave Therrnograph detects the same thermal signal at any point 

of the boundary. We assume now a limited volume of the material at a different 

temperature T
0 

+ 6T. If the previous experiment is repeated, using a sufficiently 

sensitive receiver, we can detect an excess anteRna(temperature which depends on 

. t~e position o! the probe 1"..Trn (x 1,y1). The graph _T..!l~LUJan be considered as a 
signature of tne thermal structure. · 

Such an experiment has been achieved in several cases with a container 

filled with a liquid at room temperature. The thermal structure 1s a thin polythen 

pipe where a thcrmostatcd liquid flows. 
We choose the experimental conditions such as the thermal radiations 

detected are approximately ~ormal to the aperture of the probe. Our studies concer
nin1~ tlw :wtiv<' proCl'r.s :111cl 1·h" /\ntPnn:\ Rf'«·iprcwity l'i-inripl<' t'Pll 11s these> condi
tions arc uni.;ountcrcd. for VL'ry lossy m;lll•rLII:, with 1 1 ·<, '/., 
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~ Then, the radiative tra11sfer phenomena [IS] indicate that 

f 
+a/2 

AT (x1) = K(l - p) . 
Ul · -a/2 Joo ti'f(x, z) exp[- cxz]cos 2 [Tix]dx dz 

0 a 

with X1 the location of the probe (Fig. 5) 

a the TEM 1attenuation 
p the reflection coeff_i,c,Le;:i.~ ... ~,.t~J;he boundarx..~,--, .. · __ .. · · 

AT(x,z) _th<: excess phys'ical teniperature in thc"'lossy'•material 

Ka normalization factor •· 

(2) 

The term cos ITx expresses the electromagnetic coupling between the probe 
a . . 

. and· the. thermal s.tructi,ire to be g_overt}ed by the_ monomode- propagat.ion _in the wave-

guide. · · . . . 

K c_,m be determined because, if the whole lossy medium is warmed up to 

T0 + 6T, we get 
6.Tm = 6T (I - p) 

(3) 

An example of thermal signature corresponding to the situation of Figure 

5 is shown in figure 6. The computed and experimental data are 1n agreement. 

CONCLUSION 

This paper shows that we need to understand how the probes for Microwave 

~hermographi operate. 
The studies about the active process indicate a strong dependance of the 

reflection coefficient and penetration depth with the characteristics of the probe 

then a careful selection of the parameters is require~. 

Studies on models can bring information on the size, depth, temperature 

of thermal structures. 
· Then, it seems ~ossible to achieve a Thermal Pattern Recognition by means 

o~ Microwave Th6rmography 

·ACKNOWLEDGEMENTS 

This work is supported by the D~l~gation G~n~rale i la Recherche Scien

tifiquc et Technique (G~nic Biologique et M~dical) (Grants n° 78-7-2267 and 79-7-001~ 

by the Groupe de Recherches Cooperatives (G.R.E.C.O.) Dispositifs Microondes · 

· _(Ccintrc Natiooal de la Rechcrche Scicntifique) Action de Recherche n° 3 : Coupl~ge 

Composants circuits, omll•S, and hy the C:ii;Sl' Nation,,ll• d'Ass11r;1ncc> M;iladie dt!S 

-Trnvailleurs Salaries • 
..., 

BIBLIOGRAPHY 

(l] P.C. MYERS, N.L. SADOWSKY, A.H. BARRETT, Journal of Microwave Power, July 1979. 

[2] J. EDRICH, J. Microwave Power, July 1979. 

· [3] A._ MAMOUNI, Y. LEROY, M. SAMSEL, M. GAUTHERIE, Microwave Power Symposium 

Monaco 11-15 juin 1979. ·· 

"(4] A: MAMOUNI, Y. LEROY, Y. HOUDAS, Y. MOSCHETTO, In Proceed. 8th. European 

1-jicrowave· Conference, Paris 1978. 

[5] J.L. LECROi\RT, G. CARETTE, Y. HOUDAS, A. MAMOUNI, Y. LEROY, Journecs Nationciles 

Microondcs, Lille juin 1979. 
(6] D.D. NGUYEN, A. MAMOUNI, Y. LEROY, E. CONSTANT, J. Mi•.:r.owave·Powcr, -14(2) 1()79. 

(7] D.D. NGUYEN, M. CHIVE, Y. LlROY, E. CONSTANT, J.Ch. BOLOMEY, C. PIClIOT, 

· · .J. AUDET, Microw3ve Power Symposium , Monaco 11-15 juin 1979. 

[8] D.D. NGUYEN, M. CHIVE, Y. LEROY, E. CONSTANT, IEEE Trans. IM June 1980. 

[9] D. GAJD/\ et al. Electronics Letters, Vol. 15 n° 4, 15th Feb. 1979. 

[JO] A.W. GUY, et al., IEEE Trans.·MTT, Vol. MTT-26, p. 550, ~0 8,-Aug. 1978. 

[11] J.F. LEHMANN, et al., IEEE.Trans. M'!'T, Vol. HTT·-26, p. 556, n° 8, Aug. 1978. 

[12] J.Ch. BOLOrWY, E.S.E. CNRS, Gif sur Yvette, Hars !9711. 

[13] A. CARON, M. l)~Jl'UY, Ch, PLCIIOT, MEDlMJ\T, E.S.E. CNRS, (DRET) Sept. 1978. 

[ll1) J. AUDET, et al; ESE CNRS Gif/Yvette, C.ll.S. (Lille) (to be published). 

(15) S. CllANDl{ASEKHAR, R.1Jiat:ive Transfer (Oxford University. Pr·ess) 1950. 

·I 
! 
' 


