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Abstract—This paper presents the method of cancer localiza- The following paper covers algorithms of image preprocessi
tion in the breast tissue digital images. The method is imple and cancer analysis which were developed during advance-
mented and tested in order to be included in the image analysi ment of the system. The proposed algorithms can be easily

system which aim is to support a surgeon in interoperative pobe S . S
of pathological areas in a breast tissue. In future it will be altered to appear helpful within other domains of digitaage

supplemented with information about cancerous areas acquéd Processing. In particular, presented methods could peosid
from dielectric maps. The idea of the whole system is descrédl mean of image segmentation with more complex criteria.
in the paper. Next, the method of cancer localization in the  The following section provides a brief description of Intra

breast tissue digital images is presented. This method enls 0 aive Dielectric Cancer Probe project. Afterwardsy-co
a detection of the cancerous changes on the basis of Otsu’s

binarization method and the saturation information from a breast cepts of.the Image analysis System are introduced a; well
tissue image. It is worth mentioning that after small changs this as technical details and theory behind developed algosithm

method can be used to segmentate images due to more complexsummary of the paper contains discussion on obtained sesult

criteria. and possible applications of the proposed solutions.
I. INTRODUCTION Il. INTRAOPERATIVE DIELECTRIC CANCER PROBE
Breast cancer is the second most common form of cancer PROJECT

among women. The traditional method for histological con- Apart from early breast cancer diagnosis one should take
firmation involves open surgery biopsy in which the breasare of providing means of precise localization and removal
is open and the tumor or lump is fully taken out. Somef cancerous tissues during surgical operations. Although
women with breast cancer are treated with modified radigaleoperative methods of tissue examination are popular and
mastectomy which consists of surgical removal of a breasell developed, research on new intraoperative techniques
nodule. In both cases the surgeon does not have a real tiflewing fast determination of cancerous tissues is necgss
indication or delineation of the tumor. Because of the diffig for modern breast cancer surgery.
in precisely delineating the cancerous tissue, the surgemn  In 1993 the project has began. Its aim is to develop a
cut out more than was really necessary to better assure thetv method of intraoperative breast cancer localizatidkeda
the entire tumor was removed. Intraoperative Dielectric Cancer Probe. The key conceptius
This trade-off between complete removal of the tumor, amnithin the research is application of dielectric measumeisie
conservation of the breast, is usually difficult to optimize such as electric permittivity - in detection of cancerous
That is why many researches are performed in order to bettéianges. As the result of this probe an image of contour
recognize the actual margins of the tumor. Some of them dirges determining places with the same value of permittivit
based on impedance measurement (they examine changeis imbtained. The cancerous and healthy tissues differ im the
breast cancer tissue impedance and temperature) [7], [6]parmittivity much. Because of that the method can be the
they apply radiofrequency spectroscopy technology [9)e Tlbasis of very powerful diagnostic tool. According to theules
measurement of dielectric tissue properties can be alsagia baerified by experienced surgeons, current version of th&éro
of Intraoperative Cancer Probe, as it is indicated in [1], [2appears to be a quick and precise mean of breast cancer
[8]. The aim of this project is to create a medical equipmedetection. More details about this project and its diagnost
which will be used during surgeries of breast cancer. Th@pwer can be found in [1], [8].
should quickly and precisely determine presence of tumits ce
in examined tissue. Apart from collecting various physical
data researches involved in project [1] have also maintbine Initially Intraoperative Dielectric Cancer Probe projecin-
database of digital images containing cancerous tissuess, T centrated mainly on equipment tissue permittivity measure
the idea of their analysis and visualization system hasgater ment. The permittivity visualization was made manually by

I1l. | MAGE ANALYSIS SYSTEM OVERVIEW
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analysis process our system selects regions of a tissuénwhic
are suspected to be cancerous.

It is realized by the module of cancerous tissue detection in
an image, which is shown in Fig. 2. This information can be
a useful advice for a surgeon, especially when associatiéd wi
other sources of information such as a map of electric per-
mittivity (called the dielectric map) obtained during dietric
measurements. Visualization of dielectric map is perfatime
the second module presented in Fig. 2. It will be also possibl
to compare images from both sources of information. This
paper focuses on an image analysis algorithms only.

IV. CANCEROUS REGION DETECTION ALGORITHM

In fact many research and academic effort have been made
to automatically detect breast cancer lately. For instaneast
cancer in digital mammograms may be detected using fuzzy
models and classification by the crikgnearest neighbotk-

NN) [3]. A hybrid intelligent system for the identificatiorf o
microcalcification clusters in digital mammograms is pregd
in [5].

The aim of our research was to develop a method detecting
cancerous areas in the amateur color images of the breast
tissue. As we have mentioned, it is a part of the system
supporting surgeon during an operation. In the final stage,
this system will also make use of dielectric map and it will
superimpose both images and compare them. In this way
it will support the surgeon during cutting a tissue. As we
mentioned before, in the current step we have concentrated o
the algorithm detecting places with high likelihood of canc

Fig. 1. The result from the Intraoperative Dielectric Carembe: the cancer
tissue image and corresponding dielectric map of the exainarea

Module of Module of occurrence in the amateur color images of the breast tissue.
dielectric map | | cancerous tissue One of the most important features of the algorithm is to
visualization detection in image make the result independent of the quality of examined image
Therefore, our algorithm does not use RGB color model and it
makes use only of saturation value from the HSV color model.
In general our algorithm consists of several steps:
s . 1) Tissue segmentation,
N 2) Noise and light reflection elimination,
D~ 3) Cancer segmentation.
%_Z The purpose of the tissue segmentation is to separate the
background from the images. In order to remove information
Module noise from the images and reduce the amount of the informa-
comparing tion to be analyzed we propose the method for light reflection
both images elimination and median filter. Finally, the image is binadz
using Otsu’s method.

Fig. 2. Modules in image analysis system A. Breast tissue segmentation
There are two main kinds of image segmentation methods:

using general purpose software, but as the project evolved) Region growing methods,

the idea of supporting software system has emerged. Becaugeé Region dividing methods.

in this type of breast operation, precise margin assessmenin our algorithm we make use of the second one. The most
or delineation of the cancerous tissue during the operationportant reason behind the usage of the image segmentation
is crucial (the goal is to remove the tumor completely whillstead of edge detection is that as the result of segmentati
minimizing damage to the breast) one of purposes of the syge get the closed areas. The usage of an edge detection
tem is to supply surgeon with additional information exteslc method does not guarantee getting the continuous area. Such
from digital images of breast tissue. On the basis of imagecontinuity is essential in the background removal.
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1) The saturation:The key feature of our method is the
usage of the saturation (which is also called the “purityty.
value is determined by a combination of the light intensit
and how it is distributed across the spectrum of differel
wavelengths—the closer the values of RGB channels are
each other the lower saturation we get. According to the HS
color model, saturation is a natural number vajue [0; 100].

Looking at the pictures from the left column of the Fig. &
it is easy to notice that tissue color is much more pure thg
the color of the background. The most important fact is th
the purity of a tissue edge is very different in comparison f
the purity of a background. These observations can be ea:
confirmed by the visualization of the saturation shown in tt
right column of the Fig. 3.

Fig. 4. Tissue: The left column contains the result of Otsuisthod with
the filled the biggest continuous background area, the dghtmn contains
the result of tissue segmentation

This variance is defined as a weighted sum of variances of
these two classes:

o (1) = wi () * o7 (t) +wa (t) x 03 () @)

where weightsy; are the probabilities of the two classes
separated by the thresholdand o7 are variances of these
classes. In our case it is important to get two non-empty
classes, thereforee [1;99].

Let us consider Fig. 4 where we can see that Otsu’s
method gives a very pleasing results. Unfortunately there
appeared several artifacts (some very small areas dedpite o
Fig. 3. The comparison between RGB and saturation being tissue are concerned as the background), but bedwse t

] o segmentation gives us the continuous area, their elinonasi
Fig. 3 shows that the background saturation is much lowggt a serious problem.

consists of several smaller areas with lower saturationthe  gyrrounded by the continuous background. After such an
2) The Otsu’s binarization methodn order to remove the the tissue) and we state that this is the background. Eviagyth

background we have to make the segmentation for two nQR-the original image excluding this background we concerne
empty classes (tissue and background). Because segroantal pe the tissue.

for two classes is very similar to binarization, the Otsu’s - ) _ )

binarization method is applied. The algorithm [4] assumds Median filter and reflection of light removing

that the tresholded image contains two classes of pixels (e. The tissue area contains a lot of details. Our aim is to
foreground and background) and then calculates the optimdecrease the information in the image saving the bigger
threshold separating these two classes so their intra-clasitstanding areas. Therefore, we filter the image using the
variance is minimal. median filter. The interesting feature of this filter is that i
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saves the edges in the image. Median filter does not add nevit is worth mentioning that the fill area is not very different
information to the picture and by using it we can eliminatthan the regular tissue. In order to make this differencatgre
the most extreme values from the image (e.g. noises). there is a necessity of increasing the distance between the
For each pixel in the image, its color is set to the mediaralue of saturation of cancerous and the healthy tissue.
of colors of pixels in the rectangular neighborhood of the Our method assumes that the saturation is normalized to the
examined one. The size of the neighborhood was set to 4&lue [0;1] and raised to the power pf> 1. Smaller values
pixels (as a rectangle 20 pixels per 20 pixels with the exachinwill converge to0 much ‘faster’ than values which are closer
one in the middle), because the average size of the analyred.
picture is bigger than 1000 x 1000 pixel. It was experimentally verified that the saturation of pdgsib
During the analysis of the amateur images we had tancerous tissue was smaller tH#n(0.5 after the normaliza-
deal with the problem of light reflections (highlights). big tion). That is whyp should be large enough to make all values
reflections introduce noises in the saturation channelcklenclose to0.5 become close t6. On the other hang has to be
image analysis algorithm could often incorrectly classifiyall low enough to prevent saturation of heath tissue to be close
highlight areas as cancerous. In order to make our algorith0. The normalized value of the saturation is defined in the
more reliable we propose a simple method of eliminatingtligihange [0;1] (eq. 2).
reflections from a tissue image.
Main steps of the method are presented below: s(z,y) — [0;1] 2

« Input : input image containing light reflections.

« Output : resulting image with reduced light reflections.

1) Set upfillColor - initial color of highlights substitution.
Before any further processing is done the valu€filbf

wheres is the normalized value of the saturation for the point
with the (x, y) coordination in the image.
In order to find the value op we can use the following

; L equations:
Color is chosen arbitrarily and should represent the color s(z,y)’ =a,a>0
used to replace hightlights
2) Loop through all pixels of the input image and execute In (s (z,y)") = In(a) 3)
the following steps
« For a single pixel calculate its luminance using a p= %

standard equation of converting from RGB to YUV _ _ o
color modellum = r+0.299 + g 0.587 + b+ 0.114 Wherea is the value of saturation after raising to the power

« If computed luminancéum is above a fixed maxi- of p.
mum thresholdl’'maz In the experiments we have checked that the saturation of
the tissue areas with the high possibility of being cancerou
reas is below the level = 0.5. The average saturation of
ntELe tissue, which is concerned to be healthy one, 45 0.7.
After raising to the power we want our healthy tissue to have

a) In the output photo draw a square sizéed
pixels covering the neighbourhood of the curre
pixel. Use the value ofillColor as the drawing

coIo.r. the saturatiors = 0.25 Because of this, in order to calculate
» Otherwise , we will assume that:
a) If luminance is below a fixed minimum threshoIJj
Tmin then fillColor = color of the current s(z1,91) = 0.5
pixel. Color of pixels whose luminance is below
the minimum threshold will be used as a new s (x2,92) = 0.7
highlight substitution color.
b) Copy the current pixel to the output image @ =2 (4)
« Continue the step (2) for the next pixel of the initial 4 — 0.25
image. 2=
Within our implementation of the presented method vari- as > a
ables and constants were assigned the following values:
Tmaz = 0.7, Tmin = 0.6, initial fillColor = According to these assumptions we can calcutases:
RGB(QOO, 124,36) _ _In(a1) _ In(a2)
p= In(z1,y1) ~ In(z2,y2)
C. Cancerous tissue detection
Looking at images in the Fig. 3 it is noticeable that there i§§§;§ = 1228‘;’3
are some small areas in the tissue with lower saturation than (5)
the rest of the tissue. According to research of [1] we assume In(a1) = 2*In(az)
that these areas may contain cancerous regions. In order to
segmentate these small areas we make use of Otsu’s method a1 = e~ 2¥1:3863 — 0 0625 <« aqy

once again (see IV-A2).
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have introduced algorithms which can be easily extended to

serve as general-purpose digital image processing. Biartig,
one should pay attention to using Otsu’s binarization metbo

perform image segmentation (i.e. to separate foregroudd an
background) and selecting characteristic areas of the émag
basing on a specified criterium (i.e. saturation). A simple
image preprocessing method including highlights reductio
has also been created. Last but not least, we have pointed the
importance of saturation channel in case of cancer deteutio
the breast tissue images. We are looking forward to intrizduc
the system as a supplementary tool for users of Intraoperati
Dielectric Cancer Probe. In the nearest future the systein wi
be supplemented by dielectric map visualization possjbili

The proposed algorithm shows the application of the Otsu's
method in the analysis of the image saturation. The es$entia
advantage of the algorithm is that instead of the saturation
we can use other information from an image, for example the
usage of the fuzzy rules will allow to detect the cells in the
histopathology images.
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