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INTRODUCTION

Women in the USA and Brazil get breast
cancer more than any other type of cancer
except for skin cancer

Infrared thermography , thermal imaging
thermo graphic imaging to detct a number
of new cases of cancer diagnosed

Artificial mtelllgence (Al) +Digital image
processing = early diagnosis



Breast cancer

Carcinoma (ductal
carcinomas; lobular carcinomas )

Cyst

breast
problems

Fibroadenoma (benign)

Worldwide, breast cancer comprises 10.4% of all
cancer incidence among women.

Breast cancer is commonly diagnosed using a "triple
test”: clinical breast examination, mammography, and
fine needle aspiration cytology.

In NE of Brazil each year younger women (< 40)
present beast cancers




Infrared thermography

Temperature measurement presents many  industrial and
commercial applications . It has significant low cost .

In adqlition to these , there are a number of usesrela tedto
medical situations in both human and animal conditions
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Thermology advantages

Thermo graphic imaging + triple test = improve the
correction of early diagnosis to 98%.

With no physical contact and without pain .
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Image Data Base :
this web-site contains relevant information about patient
and their thermo grams for image analysis .
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Image Data Base uses:

Statistic datum:;

Image Registration for public analysis, where
there are at least 6 |mages eachpatlentv In
various position; el ” 5 ©

Automatic diagnosis based on images,;

Reconstruction of 3D breast geometry for
mathematical and computational modeling.



Main objective of this paper:

This paper presents a study on the usability
on the fractal measures for diagnoses of
breast diseases In early stages.

It Is based on the fractal dimension
characteristic evaluated by a C# developed
algorithm for Hurst coefficient computation.



Automatic diagnosis based on image
symmetric degree
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Patient with normal breast Patient with malign tumor

It is important to note that the temperature distribution in
healthy breast occurs in a more symmetrical manner



First step: Image automatic
segmentation
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Second step: analyzes the symmetry of the

temperature distribution

An algorithm for Hurst coefficient
computation is used to evaluate the Fractal
Dimension of square images parts with 6
sizes wi: 5,7,9,11,13 and 15 pixels.

For each NxN image this value is computed:
Y (N -2 +3))°
times , wherei=1.. 6
These are used to extract 4 features of each

breast and 2 features of the subtracted image
of both breast (see scheme).

A total of 36 features for each patient are
considered.

These correspond to 7 groups for the
classification step

Proposed Method’s Steps

Left Breast

Thermal Image

Right Breast

Subtraction pixel to pixel

Image R

Image C
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Second step: 72 technigues of
machine learning are used for diagnose
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Techniques of machine learning
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Conclusions

Correct classification with the machine learning
techniques used.

The best results (95 % correct) were obtained
USING ALL FEACTURES with Naive Bayes
and Lazy IB1 classifiers.

Next works will consider other two fractal
measures to be improve the diagnosis: Lacunarity and
Sucolarity



Next parts of the project:

Continuous population and publication of the
databases

Other features based on texture to evaluate
the degree of symmetry

Numerical modeling
Experimental comparison



Math. model

Heat Equation
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Computational Model

FLUENT

. )
Pre-processing

-

Grid
Model % creation J
\_ /

|

Visualization & final processing }

<

.

Solver

Equation Solution

~




Thermophisical Proprieties

tissue K (W/m°C) | r (kg/m3) | c (J/kg°C) w(sh) | Q. (Winv¥)
Normal - |0,480 1080 3000 0,00018 450
(Glandular)
Tumor |0,480 1080 3500 0,009 |5790

Malign




Numerical studies
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Node sizanfluence
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BIDIMENSIONAL
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Numerical studies

Tridimensional

Global Control

| Acive BRI

el @ B A

B €5

mesh nodes | Temperature | Processing
[® o|'ir (°C) time (min)
EEEE 17334 | 36,37 8
2 23670 | 36,41 11
3 34068 | 36,43 16

Tetradric grid
23670 nodes
277317 elements
138023 faces




Size Iinfluence
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Position influence
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temperature x radius
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Experiments with a phantom

Thermo physic proprieties

Material K (W/m°C) | r (kg/m3) | c (J/kg°C)
Silicone 0,21 970 65,68
Tungsten 132 174 19250
Air 0,0242 1006,43 | 1,225




Experiments with a phantom

Tetraedric

7855 nodes
42481 elements
85970 faces



Experiments with a phantom x
numerical experiments

_ maximum temperature 55,1 °C
maximum temperature 53,3 °C

Erro = 3,26%



Experiments with a phantom x
numerical experiments

maximum temperature 55,1 °C
maximum temperature 55,8 °C

Erro = 1,25%



Numerical experiments

Position
1 2
Case Position maximum temperature (°C)
1 (2cm,4cm,-3cm) 55,11
2 (2cm,4cm,-4cm) 45,26
3 (2cm,4cm,-5cm) 40,46

Case



Numerical experiments

size
Case
1 Case
2
Case radius Temperaturec)
1 1,3cm 45,26
2 1,5cm 43,4
3 1,8 cm 43,0

Case



Acknowledgements

CAPES - Projeto PE021/2008 PROENG.

CNPq

Orthopaupher: Protese Mamaria Skinmama :
www.orthopauher.com




