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Abstract: This paper describes the use of microwave
radiometric brightness temperature measurements to
determine the temperature profile in a newborn baby's
head. The retrieval method makes optimum use

of

3-D

numerical modelling.

METHODS
RBTs are measured for five frequency bands using
separate Dicke-type radiometers operating in radiation
balance mode. Using temperature-stabilised radiometers

with low-noise high-gain amplifiers, a bandwidth of

INTRODUCTION

It has been shown that development of brain damage
after perinatal hypoxia-ischemia can be reduced by cooling

of hypothermia call for noninvasive brain temperature measurements over prolonged
periods. For this purpose we are developing a multithe brain. Clinical studies

frequency radiometer (l-4 GHz) with a contact type
to obtain radiometric brightness temperatures
(RBTs) tll. RBTs can numerically be predicted by a
combination of electromagnetic modelling and thermal
modelling using a realistic 3-D model of the baby head
anatomy. The inverse problem of retrieving the temperaantenna

ture profile in the baby's head from the measured
brightness temperatures using the results of the 3-D numerical models is addressed here.

0.4 GHz, and a measurement integration time of 5 s will
result in a theoretical RBT resolution of 0.04 K.
Numerically, the RBTs can be found by integrating
f@W,(r) over the antenna field of view. Here, T(r) describes the absolute temperature distribution and llr(r) is
the radiometric weighting function for frequency l. The
W,(r) are, by the reprocicity theorem, equal to the normalised power density distributions for the antenna in radiating
mode and are computed using the FDTD method [2].3-D
T(r) calculations for the cooled head are done using the
conventional bio treat transfer equation. Both IV(r) and T(r)

are calculated using an MR-derived tissue

segmented

anatomy with tissue classified as either muscle, fat, bone,
CSF, brain or vitreous humour, and with voxel size 1 mm'.
The computed IV(r) depend on the distribution of dielectric
properties in the computational domain: the geometry of the
head, the segmentation in tissue Vpes, and the values of the
dielectric properties for the different tissues at the different
frequencies. The computed temperature distribution
depends likewise on the distribution of thermal properties
(conductivify, heat capacity) and volumetric perfusion, as
well as on the body core temperature and the boundary
conditions on the head surface.
With only five observables to solve the inverse problem, parameterisation of the 3-D temperature distribution is
necessary. Because of the long computation times for T(r),
simply using one or more parameters in the thermal model
is an unattractive option. lnstead, we propose using (a) precalculated temperature distribution(s) such that T,,io10) : Ts

+ p1@71ft) + p2@T2Q), where Zo is the minimum temT(r) (: Ts + AT(r)) and T2Q)
are pre-calculated temperature distributions, and p1 and p2
are polynomial functions with coefficients to be deterperature in the distribution,

Figure 1: Model baby head with radiometer antenna

mined. The simplest implementation
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calculated temperature distribution and one coefficient:
T,,,ot(r) : To * $ AT1ft). The reasoning behind this approach is that the shapes of the isotherms are not expected
to vary much. One advantage over earlier proposals is that
the volume integration in[il[ f?)WiQ)d,V can be done before
measurement using the unaltered 3-D result, e.g., for the
simplest case: RBTi(Ar) : T0 + At lll n'61 Wif)dV.
Determination of the temperature distribution from the five
measured RBTs is achieved by solving the linear least
squares problem of five linear equations.
We have used the proposed procedure in its simplest
implementation to reconstruct the temperature distribution
from fabricated RBTs. 3-D radiometric weighting functions
were calculated in the presence of a water bolus of 5 mm
thickness. In the 3-D temperature simulations a cooling cap
at temperature l6"C was modelled while the body core
temperature, the temperature of the perfusing blood, was
stabilised at 34"C [3]. Also, alternative weighting functions, for modified dielectric properties, and temperature

This showed the sensitivity of the temperature measurement
to the parameters used in the model computations.

:

distributions for both perfusion values have near identical
deep brain temperatures, the error in the deep brain is about
0.031 ' l8 0.6oC (Figure 2).

:

DISCUSSION AND CONCLUSION
Retrieval of the temperature profile from RBTs is inher-

ently heavily dependent on sophisticated numerical
modelling. The proposed method of temperature retrieval is
fast and makes optimum use of the full 3-D temperature

temperatures will depend very much on the accuracy of the
shape of the computed temperature distribution. Flexibility

0.4

towards this shape might be achieved either by using a
second computed temperature distribution, or by making

g

Fo

pIAT) ofsecond

order.

Retrieved temperatures were not sensitive to the estimated values for dielectric properties. Other aspects that
play a role in the accuracy of temperature retrieval and that
can similarly be studied include quality of the segmentation
and actual thickness of water bolus between antenna and
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Figure 2: Temperature difference AT between two computed temperature distributions with different perfusions
(squares) and the difference after fitting the RBTs (circles).
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RESULTS
Stationary temperature distributions in the head in case

of topical cooling with a cap are characterised by large
temperature gradients in the outer few centimeter of the
head, and by a plateau in the central region of the head at a
temperature just above
due to the metabolic heat produc-
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measurements the result is A1
1.031. The deviation from
unity makes the approximation of the superficial temperatures better. However, since the calculated temperature
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modified volumetric perfusion, were
computed and used to reconstruct the temperature profile.
distributions,

followed by summation leads to numerical predictions of
the five RBTs. Because no information is discarded, when
used in the inverse problem these five RBTs will result in
the original temperature distribution (Ar : 1). If 'measured'
RBTs are based on l0oÄ lower permittivity and conductivity in the brain, reconstruction on the basis of the standard
weighting functions leads to A1 : 0.9986. If the dielectric
properties of all tissues are reducedby llYo, the result is A1
: 0.9975. If alternatively RBTs based on a temperature
distribution calculated with brain perfusion 40ml(min)-t
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body core temperature. Computed

weighting
functions reveal that the radiometers' fields of view extend
not much further than a few centimeters. Even for the

lowest frequency of 1.2 GHz only 50% of the signal
originates from brain tissue and CSF. Voxel-by-voxel
multiplication of temperature and weighting function

3*o IntenNATroNAL

l2l
t3l

K. Maruyama, S. Mizushina, T. Sugiura, G.M.J. Van
Leeuwen, J.W. Hand, G. Marrocco, F. Bardati, A.D.
Edwards, D. Azzopardi, and D. Land, "Feasibility of
non-invasive measurement of deep brain temperafure in
new-born infants by multi-frequency microwave radiometry," accepted for publication in the IEEE Trans.
MTT Special Issue on Medical Applications and Biological Effects of MÄ4icrowaves, November 2000.
S. Berntsen and S. N. Hornsleth, "Retarded time
absorbing boundary conditions," IEEE Trans. Antennas
Propagat., vol 42,pp. 1059-64, 1994.
G.M.J. Van Leeuwen, J.W. Hand, J.J.W. Lagendijk, D.
Azzopardi, and A.D Edwards, "Numerical modeling of
temperature distributions within the neonatal head,"
P ediatr. Res. (submitted)

ConrrnrncE oN BrorucrRoMAGNETrsM

8-12 October 2000, Bled - SLOVENIA

