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Abstract
Microwave employment in cancer
detection 1S a new noninvasive

technique meant to uncover very early
tumor cells in breast tissue. Medical
microwave imagistic in breast cancer
detection implies special processing
and fuzzy procedures to display the
temperature map and to highlight the
inner structure atypical development.
Our research regards a practical
realization of the installation and the
dedicated software meant to assist

medical decision in breast cancer
diagnosis.
Keywords: Microwave imagistic, medical

software, breast cancer, fuzzy systems, image
processing.

1 Introduction

Constant efforts made in order to early detect
the most osteophyl cancer diagnosed amongst
women, which is breast cancer, are directing
towards  discovering new, non-invasive
techniques. With an incidence depending on
antecedents, race, life quality, environment
conditions, medication, it arises to all ages, not
forgiving patient Yearly
mammograms are recommended starting at the
age of 40, and about every three years for
women in their 20’s and 30’s, with special care
at increased risk persons (family history, genetic
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tendency, past breast cancer) that should have
additional tests or more frequent exams [1].

Medical images of living tissue become
available using any of the existing techniques
[2] = [6] such as: PET (Positron Emission
Tomography), CT (computed X-ray
tomography), ultrasound, conventional
scintigraphy or MRI (Magnetic Resonance
Imaging). These techniques are powerful and
have great advantages, but suffer important
drawbacks, which limit their use. They are
invasive, non-portable and discontinuous in
their survey, with high costs in the medical
monitoring. Our study regards easily repetitive
noninvasive ways of cancer detection, accessible
for all the possible subjects. The main advantage
of noninvasive methods is the possibility to be
repeated as often as necessary, for growth rate or
remission survey, essential in diagnosis.
Actually, there are some noninvasive methods of
breast abnormal area detection, conceived
utilizing the optical reflection, and respectively
infrared body emission.

A steady, completely non-invasive technique,
the thermography, is a well-known malignant
activity detection method [7]. Yet, the novelty in
our approach consists in an extended study of
measuring the human body microwave emission
that indicates the temperature, which is higher
when a process of abnormal tumor cell is
developing. A multi-disciplinary team, in the
scientific research laboratory of the Medical
Bioengineering Faculty, University of Medicine
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and Pharmacy, lasi, Romania [8], implements a
complex installation of microwave radiometry,
in order to investigate all the different aspects of
this new approach.

2 Shielded Installation for Microwave
Imaging

Our research [9] + [13] first focused on the
detection of the microwave emission in a
protected zone, using a special constructed
shielded room.

Microwaves are emitted (as we all know) by
mobile phones and, as well, by many other
electronic devices that we are using. In order to
make accurate radiometric measurements in
accordance with actual literature specifications
[14] = [18], this shield was conceived, made by
special protecting materials.

Fig. 1. Shielded room against the spurious
microwave signals for radiometric operations,
during the construction

Each patient is registered with its anamnesis, in
order to make possible the diagnosis, and the
further survey of the treatment or of the tumor
growth/decrease dynamic.

For every patient is realized: a video, an infrared
image and a number of microwave domain
measurements (with the special dedicated
radiometer) in this shielded room. It was noticed
that symmetric temperature recordings, increase
the possibilities of having a normal situation, but
asymmetric body/breast microwave radiations,
generally might be accompanied by malignant
processes. Histological exams came to complete
the preliminary results.

3 Microwave Field Imaging Software

The graphic representation of the measurement
results in different points may be displayed by
the help of a software application named
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BCT_Analysis (Breast Cancer Thermography
Analysis) that we designed. The application
BCT_Analysis permits the temperature map
display for the studied area, but also, the patient
anamnesis and registration, structuring a
database with important disease history indices
and an image database to be further compared,
during diagnosis and surveyed treatment.

In BCT_Analysis program, the temperature
measurement may be accomplished in two
ways: by a fix positioning of a given number of
measurement points, or by variable positioning
of the measuring points. In this second case, a
correlation has to be made to the real position of
the human body that is examined; therefore a
reference system has to be settled. A raster
image was introduced in the process of
acquisition, to be superposed to the photo image.
The image normally has a certain degree of
symmetry (to be estimated or computed), as
humans have not entirely symmetric shapes (it is
important, because symmetric disposal on
breasts influence the probability of certain
diagnostics).
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Fig. 3. BCT_Analysis Application

The software is registering the patient anamnesis
together with the microwave image acquisition,
realizing a flexible, “user friendly” interface,
useful in exploiting the patient database.
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Patient information

Mame: [onescu Tnana
Personal code © 1231234564567

IDcard ! Mz 241708

Birth dats : 29 0z 1978
Birth place Batosani

Gender ! F v

Address str. Stefan cel Mare nr 23
ity 5 Suceava

County © Sucsava

Miotes ©

Fig. 4. Dialog window — patient information

In order to acquire the breasts temperature
images in the microwave domain, a scale of
colors is used in the phase of thermo-graphic
map achievement.
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Fig. 5. BCT_Analysis, image window

The application might use an implicit scale for
the temperature values: 32 + 35°C. But, this
domain might also be explicitly computed
depending on the minima and maxima values of
the temperatures that we registered. When a
normalization of the image is wished, reported
to the medium value of the measured
temperatures, the classic formula:

I(x,y)=(I(x, y) = minI )/(maxI — minI) (1)

is replaced by the following one - see equation
(2) - where medl, minl si maxl represents the
medium, minimum and maximum value, from
the temperature (plotted) image.

Note that image processing [19] + [22] and
temperature display on the breast simulated
shape is also an important stage for our final 3D

positioning [9], but it is not constituting the
main subject of the present paper.

I(x, y) —minl

(medI=mind) > (maxI-med)
2-medl-2-minl

I=
1(x, y)—2medI+ maxI
2-maxI-2-medl

elsewhere

2

We are further focusing on the technique of
color display in accordance with the real tissue
temperature, radiating more heat reported to the
normal one, and on the rules extraction for a
diagnosis support system. The final plotted
image is presenting as shown in Fig.6.
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Fig. 6. Final temperature map — an example -
software realized in Visual C++

4 Color Map Generation for
Temperature Map Design

The microwave map of thermo-registrations is
realized using the temperature information
obtained with the microwave radiometer we
constructed. If a suspicion regarding an
inflammatory process is detected, the present
preliminary measurements are always followed
by further examinations. After indicating the
regions where big temperature differences -
right side/left side (on the breasts) exist,
supplementary measurements (even a biopsy)
are to be done in order to have an accurate
diagnosis.

The measurements could be realized in fixed
points (a first method) or in variable points (a
second method). For every point I(x,y),
temperature map gene-ration is accomplished by
one of the methods described in the following, A
and B, sections.
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A. Weight estimation based on minimum
distance

The next steps have to be followed:

- The neighbors selection (selection of the
points where radiometric measurements
were done, next to the current point). The

number of the neighbors is denoted 7, .

- The Euclidian distance to every neighbor is
computed:

dk:\/(xk_x)2+(yk_y)2 kzl,l’lv (3)

’

- Weightings vector computation, depending
on distances vector:

w =d i, /d, )
where
dmin = l’IliIl (dk )
k )

- ifd_,, =0, we are situated in a point where

a measurement have been done, and I(x,y)
will be equal to the measured value in that
point.

- Temperature value computation for the
current point (x,y).

I(x,y)= Z w, -temp , Z Wy
k=1 k=1 (6)

(xi,y1)

(X2,y2)

(x37y3)

d,

optional .(.-5;4,)14)

Fig. 7. Temperature - spatial influence,
fuzzy computing

Neighbor selection might also be done choosing
only the triangle/polygon vertices where the
current point is situated or a search within a
certain radius might be as well done. Outside
those limits, we consider the points too far
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away, no more able to influence with their
caloric radiation the actual measurements in the
current point.

10 20 il 40 50 B0 70 80 90 100

Fig. 8. Frame of microwave image (Method A)
B. Non-linear weighted sum

i temp L

= tdr

n 1
Z d ]:n

temp , = , d,:" +0 @)

k=1

In this second version of estimation for the
weights w, = 1/ d," , the temperature of a point

is influenced by the neighbor points
temperatures in a manner proportional with the
inverse of the m” power of the distance.
Generating the microwave temperature image,
we successively tried different values for m in
equation (7), and the best results were for m=3
(Fig. 8, 9, 10, 11, were obtained using a
Matlab® sequence of programs).

© 0 0 0 © 0 o0 o0 o o =
SN b & 0 @ N B o
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Fig. 9. Frame of microwave image (Method B)
the power m=1

Fig. 10. Frame of microwave image (Method B)
the power m=2
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Fig. 10. Frame of microwave image (Method B)
the power m=3

5 Towards a Hierarchical Decision
Support System

A hierarchical decision support system (HDSS)
implies the use of a previous formulated risk
estimation fuzzy system. Using fuzzy logic in
the module designed for the computation of the
left/right side difference, is preferred, because it
permits adequate information description
(employing linguistic variables as small
difference, somehow closed, very important/big
difference, etc.) and allows an easy
formalization of the expert knowledge on
medical diagnosis.

The enclosed fuzzy system model is preliminary
to the final software version that will be further
done, and the knowledge base structure might be
modified according to further physician
specifications.

A second order fuzzy model has been
conceived, realized by a serial chaining of two
different kinds of fuzzy systems: a Sugeno and a
Mamdani type, respectively.

The first fuzzy system (Sugeno type) is used in
order to ask (or not) more supplementary
measurements:

R31: IF current_point temperature f,. is BIG and
neighbor temperature #,;, is SMALL,
THEN p=4

(supplementary measurements are asked in 4
points around the current point).

R32: IF current_point temperature f,. is BIG and
neighbor temperature #,;, is MEDIUM,
THEN p=2.

R33: IF current_point temperature f,. is BIG and
neighbor temperature ¢, is BIG,
THEN p=1

The membership functions wused for the
description of fuzzy linguistic attributes SMALL,
MEDIUM, BIG associated to the input temperature
are represented in Fig. (11).

Standard deviation is computed using equation

(8).

W 4

'SMALL  MEDIUM BIG
1
t[°C]
30 Lned -C Imed Lnea +0 37 g
Fig. 11. Membership functions for
temperature differences
1, —t
o= z k med (8)

o n—l

Table 1: Fuzzy inference rules for the symmetry
index estimation in a Sugeno system

t
pc
¢ SMALL |MEDIUM | BIG
nk
SMALL 0 2 4
MEDIUM 1 0 3
BIG 4 2 1

The rules output represents an index for the
asymmetry evaluation; when this index has a
small value (decreasing to =zero) a high
symmetry area is identified (e.g. high symmetry
area and small temperature, gives a small risk
area). When the defuzzification value of the
output singletons is high, (big asymmetry
implying high risk) supplementary
investigations in that area are requested.

Table 1 is presenting the inference fuzzy rule of
the first fuzzy system; it is asymmetric as it is
considered that a higher temperature in a point
(in comparison with the symmetric point) may
show the presence of a tumor that changes the
body normal emission of thermal energy in that
specific region.

The fuzzy inference rules follow the consequent
pattern:

IF difference Py ;p — Py rignd (between the
measurements in the left and right parts in
symmetric points) is LARGE,

AND current_point temperature ¢, is BIG

THEN risk is very HIGH.
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IF difference |Py s — Pi_rign! 1S MEDIUM,
AND temperature ,. i MEDIUM
THEN risk is S (SIGNIFICATIVE).

IF difference |Py s — Pi_rign! 1S SMALL

AND temperature #,. i MEDIUM
THEN risk is SS (SLIGHTLY SIGNIFICATIVE)

Table 2: Inference fuzzy rules for risk estimation
Mamdani system

Poe| SMALL |MEDIUM| BIG
diference
ZERO I SS Somgh"w
SMALL I SS S
MEDIUM I S H
LARGE I S V‘;’{ry

Membership functions used for the description
associated to the input fuzzy variable drt
(temperature difference), are the fuzzy linguistic

attributes ZERO, SMALL, MEDIUM, LARGE
presented in Table 2.
A
HdD) T ERO SMALL MEDIUM LARGE
1 e H
dt [°C]

»

0 o/2 c 3612 7

Fig.12 Fuzzy variable df —
temperature difference fuzzification

The fuzzification of the linguistic degrees used
for the fuzzy wvariable dr (temperature
difference), is presented in Fig. 12, and the fuzzy
functions for the cancer risk estimation will be
represented using Gaussian functions (Fig. 13),
where sigma (o) is determined respecting
equation (8).

u(risk) 4
1

— P

SS N H

risk

Fig. 13. The fuzzy memberships of the risk
estimation function use Gaussian shapes
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Output variable risk has the fuzzy linguistic
degrees: I(insignificant), SS (slightly
significant), S(significant) and H(high) non-
dimensional, used together with the linguistic
intensifiers “somehow” and “very”.

Equations 9 and 10 express the formulas applied
for computing these linguistic intensifiers:

Mooy (X) = p1(x)* ©)

ﬂsomehow (x) = 3\/ltl('x) (10)

Membership functions that are used are
Gaussians computed after the general formula:

e, P
Mo (X) =€ (11)

Where ¢, and o, are: the Gaussian (shape) center
and, respectively, the deviation of the values on
the Gaussian, around the central value.

The fuzzy operators that are used are the classic
operators in the Mamdani sense:
NOT(1-w), AND: min(ga, pp), OR: max(pa, up).

For the Sugeno system, a classic defuzzification
is used:

Zﬂk ‘,Ll*(x)
ySu eno :k—~
‘ DU (x)

k

) =min(ut, ), 4t,,)  (13)

12)

For the Mamdani system the method of
defuzzification employed is the center of gravity
(COG):

1 (y)-y-dy
Ycoc ZI*— (14)
[u' (v)-ay
" (y) = max prod (min (u(t,,,). u(dty)) u(risk ))
(15)

where 1,0, t and df, are the crisp values of the
inputs into the system before applying the fuzzy
block of processing.

The inference type of processing is max-prod,
and the inference rules are connected by the
reunion operation max(pa, pg). The two fuzzy
systems outputs are used by a decision support
system for the investigation of the risk degree
(cancer presence risk degree) and the indications
of further supplementary investigations. The
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rules of this module from the two levels
hierarchic system, is not using the fuzzy logic in
the inferential process.

The defuzzified outputs of the fuzzy systems
from the first level are constituting inputs in
rules of the type:

IF the asymmetry index is between [0 1.5] and
the risk between [0 1] THEN normal
pathology....

IF the asymmetry index is between [2.5 4] and
the risk is between [2.5 4] THEN abnormal
pathology (compulsory further investigations).

IF the asymmetry index is between [3.5 4] and
the risk is between [3.5 4]

THEN suspicion of breast cancer...

Note: it have to be also considered the cases of a
false thermo effects, due to infections, mastitis
or collateral traumatisms that we experience
sometimes.

BEX]

oo/ mu|| 4| A | ¢

tame: | [onescu loana pate: | 11-11-2007

G- 1231234564567

1
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Ready

Fig. 14. Microwave temperature images - breast
cancer suspicion on inner inferior quadrant in
BCT_Analysis software

The fuzzy systems described before represent a
theoretical framework for the formalization of
the decision support system (DSS) rules. This
DSS will contain expert knowledge in the
domain of oncology and gynecology, cumulated,
resulted, during the tests realized under national
research contracts.

Conclusions

This hierarchical system based on the above
fuzzy systems is useful in our attempt of
generating an accurate temperature map for

microwave imaging early breast cancer
detection, base for the formalization of rules for
a decision support system. The influence of the
wormer points on the other neighbor positions is
taken into consideration, and an appropriate
abnormal cell activity map is plotted. For
situating the microwave emissions of the
malignant tissue, the body microwave signals
are measured with a special radiometer, the
patient being placed in a shielded room.

Our previous works considered the results
obtained this way and compared them with the
results given by a second parallel non-invasive
method, the two methods reinforcing each other
and influencing the expert’s opinion in order to
take a decision. The research is continuing due
to the very complex aspects implied and the
different new technical challenges.

Acknowledgements

Our research is an interdisciplinary attempt in
order to improve the cancer diagnosis efficiency
and the non-invasive methods in breast cancer
diagnosis that are presenting incontestable
advantages. The project is realized under the
scientific management of Medical
Bioengineering  Faculty, @ Medicine  and
Pharmacy University “Gr. T. Popa” lasi, in a
national ~ Excellence = Research  Contract,
CANCERDET, CEEX 20/2005, further
continued in BIOELECTRA. A systematic
oncologic survey of the patients is now being
developed, in order to permit the formalization
of the parameters and to construct the rule-base
of a semi-supervised decision support system,
helping both patients and physicians.

References
[1] Web Cancer Organizations www.cancer.org

[2] C. Stefanescu, Medical Biophysics, pp. 282-
294, Tehnopress, lasi, 2002.

[3] C. Stefanescu, V. Rusu, Radiopharma-
ceuticals Cellular Uptake Mechanisms,

Romanian Journal of Biophysics, vol. 6, 1-2,
pp. 110 - 121, 1996.

[4] W.E. Tryciecky, A. Gottschalk, K. Ludema,
Oncologic Imaging: Interactions of Nuclear
Medicine with CT and MRI Using the Bone
Scan as a Model, Seminars in Nuclear

Proceedings of IPMU'08



Medicine, pp. 142-152, rev. 27(2), Leonard
M. Freeman and M. Donald Blaufox,
Editors, The role of Nuclear Medicine in
Oncological Diagnosis (Part 2), W.B.
Saunders Company, A Division of Harcourt
Brace & Company., 1997.

[5] R. Gucalp, Janice P. Dutcher, H.P. Wiernik,
Overview by an Oncologist: What are the
Imaging Needs of the Oncologist and
Oncological Surgeon?, Seminars in Nuclear
Medicine, pp. 3 — 9, Leonard M. Freeman
and M. Donald Blaufox Editors, The role of
Nuclear Medicine in Oncological Diagnosis
(Part 1), A Division of Harcourt Brace &
Company, 1997.

[6] K.C. Hoh, Ch. Schiepers, A.M. Seltzer, Pet
in Oncology: Will it Replace the Other
Modalities? in  Seminars in Nuclear
Medicine, Leonard M. Freeman and M.
Donald Blaufox, Editors, The role of
Nuclear Medicine in Oncological Diagnosis
(Part 2), A Division of Harcourt Brace &
Company, pp. 94-105. Semin. Nucl Med.
Apr; 27(2), 1997.

[7] http://www.bioinginerie.ro/

[8] M. Costin, C. Stefanescu, Medical Imaging
Processing in Scintimetry, pp. 90-103,
Tehnopress Ed., 2006.

[9] M. Costin, A. Ignat, F. Rotaru, C.
Stafanescu, O. Baltag, D. Constandache, 3D
Breast Shape Reconstruction for a Non-
Invasive Early Cancer Diagnosis System,
IEEE SOFA 2007, 2™ IEEE International
Workshop on Soft Computing Applications,
Gyula, Ungaria, Oradea — Romania, 21-23
August 2007.

[10] M. Costin, O. Baltag, D. Constandache,
C. Stefanescu, Data Flow Chart in a Non-
Invasive Breast Cancer Diagnosis System,
IEEE SOFA 2007, 2™ IEEE International
Workshop on Soft Computing Appl., Gyula,
Ungaria, Oradea, Romania, Aug. 2007.

[11] M. Costin, O.Baltag, C. Stefanescu, A.
Ciobanu, D. Costandache, Improving
Noninvasive Monitoring in Medical Care,
IEEE - ICCC 2007, 5" IEEE International
Conference on Computational Cybernetics,
Gammamarth, Tunisia, 19-21 October,
2007.

[12]  C. Stefanescu, M. Costin, M. Zbancioc,
Image Pre-processing Automatic Systems

Proceedings of IPMU'08

for  Bonescan  Metastasis  Evaluation,
Medico-Chirurgical ~ Review  of  the
Physicians and Naturalists Society, Rev.
Med. Chir. Soc. Med. Nat. lasi, (RMC-
SMN), Vol. 110, Nr. 1, pp. 178 — 186,
(Internet, in PubMed), 2006.

[13] O. Baltag, R. S. Tipa, Microwaves
Biomedical Applications, Experiments and
Fundamental Proprieties, Ed.
Performantica, 2004.

[14] E. C. Fear, P. M. Meaney, M. A.
Stuchly, Microwaves for Breast Cancer,
IEEE Potentials, pp. 12-18, 2003.

[15] K. Carr, Thermography: Radiometric
Sensing in Medicine, in vol. "New Frontiers
in Medical Devices Technology", Editors A.
Rosen, H. Rosen, pp. 311-342, John Willey
& Sons, New York, 1995.

[16] A.F. Harvey, Microwave Engineering,
Academic Press, New York, 1963.

[17] K. A. Butakov, S. V. Butakova and
A. A. Ivanov, “True temperature
determination by irradiation in the
microwave range”, Springer New York,

ISSN  0543-1972  (Print)  1573-8906
(Online), Collection: Physics and
Astronomy, pp. 521-523, Volume 27,

Number 6 / June, 1984.

[18] M. Gautherie, Temperature and Blood
Flow Patterns in Breast Cancer During
Natural Evolution and Following
Radiotherapy, Alan R. Liss, Inc., 150 Fifth
Avenue, New York, NY 10011, 1982

[19] W. K. Pratt, Digital Image Processing,
John Wiley & Sons, Inc., New York, 1991.

[20] T. Bow, Pattern Recognition and Image
Preprocessing, M. Dekker, Inc., N.Y., 1992

[21] T. M. Cover, Geometrical and
Statistical Properties of Systems of Linear
Inequalities with Applications in Pattern
Recognition, 1IEEE Trans. on Electronic
Computers, vol. 14, pp. 326-334, 1965.

[22]  Intermountain Medical
http://www.aboutimi.com

Imaging

621



