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Abstract—In order to overcome the depth limit of
detectability by a microwave radiometer for
cancer, the dual Archimedes spiral Microstrip
probe has to be used, which is highly effective in
receiving the Microwave thermal radiation energy.
The result concerning the noninvasive microwave
diagnosis of cancer in deep human tissues is given

in this paper.

I. FUNDAMENTALS
Microwave radiometry has been used in clinical
diagnosis of breast cancer / 1, 2,3,4 /. In order to
overcome the depth limit of detectability an inves-
tigation is made on the fundamentals of the probe
so that the ray equation for the inhomogeneous
lossless cylindrical medium is considered. Suppose
the biological tissue refractive index distribution is
n = n(p). According to the Snell theory, the equa-

tion for ray R is
4 2Ry = vn )

If the angle between the radius vector p and the
ray line R at the radiation point is «, we can ob-
tain the Abel integral equation of the first kind as

follows:
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The solution is
w2

= ?;:1—2 (3)
It can be seen that the rays can curve to a
muscle with high » . If there is a tumor in the
muscle tissue, then the rays can be concentrated on
the tumor. If the thickness of all the layers are
known, then the refractivity index n_ distribution
and wave number K, =n k  can be easily found.
According to the match condition
n k siny, = const )
using the method of L.B. Felson /5/, we can
make the ray path for the biological stratified
medium. The larger the incidence angle
111,," , the farther the refraction ray deflection from
the normal line at the input point. Similarly, if the
tumor in the muscle can be regarded as a
microwave thermal radiation source, the ray path
of tumor can be found from the wave number K,
circularity. From n k Osimllm =k > We can ob-
tain ¢ _=sin_ (1/n,). The larger the n_, the

smaller the ¢ . Aty <y , the normal ray
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(¥, =0), the refraction ray ( 0<y <y, ) and
the creep ray (¥, = wm )} will exist on the skin sur-
face. When detecting the tumor as an irregularity
and the multiparticle microwave thermal radiation
source over each detected area, it can be said that
the normal ray, the refraction ray and the creep ray
carry microwave thermal radiation energy (Fig. 2).
As a result, we have to deal with a complex ellipti-
cal polarization wave over th skin surface. Usually,
the rectangular waveguide probe /1,3,4/ filled
with dielectric material can only receive a linear
polarization wave. Now we have to use the dual
Archimedes spiral microstrip antenna (Fig. 2),
which involves a wide—band impedance matching
with the human body and is highly effective for re-
ceiving elliptical polarization waves. More results

of this probe will be reported at the conference.
I. MICROWAVE THERMAL

RADIATION TRANSFER
The radiation transfer in layered human tissues can
be considered. incident to the probe from several
sources. The probe radiometric temperature T,

can be obtained:

T ~2[£21(T vl )+£—29—f—iT
a™ Qp s Ls kY Qp L.y I

4oom 1 ———I——Tm] 5

st
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where Qp is the beam dimension of the solid angle
of probe; F_ (0,0) is the normalized radiation pat-
tern of the probe; T, Tf, T, and T, are the
brightness temperature of skin, fat, muscle and
tumor respectively; L.,L p and L are the loss
factors of skin, fat and muscle respectively, In Eq.
(5), T, is the signal containing the information

about the emission characteristics of the human
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body. It represents a radiation power delivered by
the probe to the receiver, T, represents the radia-
tion power from the tumor.
The transfer function of the radiometer receiver is
established by measuring the output voltage V as a
function of the noise temperture ¢ of a noise
source connected to the probe. We can obtain the
following equation:

t=T —DV (6)
from the experimental results for measuring the
brightness temperature of the equivalent muscle
phantom, where T —the Dicke comparative
temperature. Here T = 323K, 1/D=70mv/ C
for the new S—band microwave radiometer.

A tropic line representing the radiation trans-
fer at the interface of a probe and the muscle mod-

el is expressed as

AT = 1.495 + 0.995A¢ )
where Af—hot line (simulated tumor) temperature
rise difference; AT—measured brightness tempera-
ture difference with an S-band microwave
radiometer.

. INSTRUMENT
846S consists of a microwave thermal radiation
signal extractor and an information processor. the
former is made up of a dual spiral probe, a
circulator (the insertion loss o, =0.3dB, the
backward loss « > 20dB), a Dicke modelator
(@, =0.3dB, o _ >20dB, f =210Hz), a reference
load at a constant temperature of 323K, a low—
noise amplifier (N R 2dB), and a square detector
(0.15mv / um); the total power gain is about 74dB.
The latter consists of a low—noise AC preamplifier,

a synchronous integrator, a DC amplifier, a VCO



circuit, an A / D translator, a microprocessor, and
a printer. The measured brightness temperature
can be printed out by the aid of a computer and is
indicated on the LED display simultaneously. The
main specifications of the S—band radiation bal-
ance microwave radiometer are as follows: 1. Op-
erating frequenocies: 2.25—-2.65GHz; 2. sensor: du-
al spiral microstrip probe with a diameter of
30mm, VSWR<C 2, and receiving nonlinear
polarized racdiation; 3. the N P is less than 2dB,
the total microwave power gain Gp =74dB;
4. temperature resolution: 0.08K with an integra-
tion time of 5 second; 5. computer—aided numeri-
cal diagnosis and simple operation; 6. detectable
depth: can reach esophagus, nasopharyns, and le-
ver.
IV. NONINVASIVE DIAGNOSIS

For nasopharyngeal cancer detection, the probe is
placed on the symmetric measuring points of the
face. The point—to—point measurement map for
detection is shown in Fig. 3. the diagnostic critical
parameters are the same as those given in P.C. My-

er’s definition / 1,2/

M1=(1/9)‘2(ATLR) (i=1-9) ®)
max(Tu— TL)
M, =max{max(TRj B ]—,R)} (j=1-9) (9

We can set a critecal standard for hot points:

(ATLR)‘.M = 25K (10)
where i, = represents the local position numbers of
these hot points. It can be seen that M| is most
sensitive to a large—scals thermal difference, M , is
most sensitive to a small—scale hot—spot: regard-

less of symmetry, i, is most sensitive to

hot
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large—scale thermal discrepancy regardless of
symmetry, j, . is sensitive to the small—scale
"hot—spot”. According the the measurement data
of M, M, i
cancer patients (pathologically proved) and 54 oth-

e @04 Jj, - from 68 nasopharyngeal
er patients (not afflicted with nasopharyngeal can-
cer), and with the aid of the ambiguity theory. the
combined criterion diagram for nasopharyngeal
cancer diagnosis shown is Fig. 4. is derived.

Fifty—one persons were examined by Model 846S

using the criterion diagram in the Tumor Hospital

of Zhongshan Medical University, Guangzhou,

China, in 1988. The true positive rate was 86%

while the true negative rate was 70%.

The use of an S—bamd microwave radiometer
is an effective method in the screening and early
diagnosis of cancer in deep tissues. This has been
proved by more than 1,250 cases at 8 hospitals.
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Fig. 3. The point—to—point detecting map.
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