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ABSTRACT : Mammogram breast x-ray imaging is considered the most effective, low cost, and reliable method
in early detection of breast cancer. In this paper a comparative analysis of Multi-stage Edge detection and fourth
order Partial Differential Equations (PDEs) with median filter for cancer of mammograms image is done. Detection
of edges in an image is a very important step towards understanding image features. Since edges often occur at
image locations representing object boundaries, edge detection is extensively used in image segmentation when
images are divided into areas corresponding to different objects. PDE-based methods can produce sharp edges
without checkerboard effects; however, they are approximations and tend to weaken fine structures in the image.
When a median filter is a non-linear digital filter which is able to preserve sharp signal changes and is very
effective in removing impulse noise. The analysis is mainly done on the basis of structural similarity of image
and peak signal to noise ratio (PSNR). The results of this study are quite promising.

Keywords : Breast Cancer, Mammograms, line edge detector, Fourth Order PDE, Median Filter.

. INTRODUCTION

Breast cancer isamost dangeroustypeof cancerinwomenwith
highest incidence rates. In many countries, it is al so the most
common cause of cancer death inwomen and only exceeded by
lung cancer in Asian countries and recently in the United
States[1]. InUnited States, in 2004, the American Cancer Society
estimatesthat, 215990 new casesof breast carcinomahavebeen
diagnosed. Breast cancer istheleading cause of death because
of cancer in women under the age of 65 [2]. Mammography
screening programs have shown to be effectivein decreasing
breast cancer mortality through the detection and treatment of
early onset of breast cancers.

Edgedetection of Medical imagesisanimportant work for
object recognition of thehuman organssuch aslungsand breast,
and it is an important pre-processing step in medical image
segmentation [4-5]. In caseof mammogramsmanifesting masses
this correspondsto the detection of suspicious massregions.
For this purpose anumber of image processing methods have
been proposed. I nthispaper, wepropose Lineedge-basedimage
extraction algorithm[6], ageneral -purpose method, which can
quickly and effectively localize and extract breast cancer from
mammogramimages.

In the past few years, a large number of authors have
proposed fourth order PDEs for edge detection and image
denoisingwith the hopethat fourth order PDEsmethod would
perform better than their second order analogues|[7]. Prior the
formulation of non linear PDE based techniques, thecompl exity

of noisereductioninimagewastreated through linear filtering

in which the image intensity function is convolved with a
Gaussian[8] . Themain problemwiththismethodistheblurring

of image edges. Sincethe pioneering work of Peronaand Malik

[9] onanisotropicdiffusiontherehasbeenaflurry of activity in

PDE based denoising techniques. Albeit themethod proposed

by Perona and Malik and its variants are much better for
denoising images, these methodstend to cause blocky effects

inimages.

Themedianfilterisfar frombeing aperfect filtering method
asitremovesfinedetails, sharp cornersandthinlines[10]. The
median filtering operation arrange the pixel valuesin awindow
in ascending order and picks up the middle value; the center
pixel inthewindow isreplaced by themiddlevalue[11].

Inthispaper wefocused on detection of mammogramimage
for breast cancer with the help of Multi-scale edge detector,
Forth order PDE and median filter [6, 12, and 10]. The paper is
characterizedinfollowing sections: Sectionll givestheMulti-
scale edge detector and thefourth order PDE, Section1l gives
the proposed model, section 1V gives experiment results and
sectionV givesconclusionsrespectively.

Il. THEORETICAL FOUNDATIONS
A. Edge detector
In line edge detector [3,6,13], we use magnitude of the

second derivativeof intensity asameasurement of edgestrength
which allows better detection of intensity peaksthat normally
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characterize breast cancer massin images . The region with a
possibility of breast cancer mass in the mammogram image is
detected .A Gaussianpyramidiscreated by successfully filtering
theinput imagewith aline edge detector mask. By considering
the effectiveness and efficiency, convolved with directional
filtersat different orientation kernelsfor edge detection in the
horizontal (0°), vertical (90°) and diagonal (45°, 135°) directions.
Themasksused areshowninFigurel.
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Fig. 1: (Line based edge masks)

In our proposed method, the acquires line edge detector
images are concurrently processed by the masks operator as
individual inputs. The regions having breast cancer mass in
themwill havesignificant higher valuesof averageedgedensity,
strength and variance of orientations than non-cancer mass
regions. We exploit these three characteristics to generate a
feature map which suppressthefal seregionsand enhancetrue
candidatetext regions.

B. Fourthorder PDE

One of the most commonly used PDE based denoising
technique is introduced by the Perona-Malik method. The
Perona- Malik equationfor animageuisgiven by

u
E“ = divic (Vu) VU], u(x, y) %o = Ug (X, Y) (D)

where Vu is the gradient of the image u, div is the
divergence operator and c is the diffusion coefficient. The
diffusion coefficient cisanon decreasing function and diffuses
more on plateaus and less on edges and thus edges are
preserved. Two such diffusion coefficients suggested by
Peronaand Malik [9] are
C(s) = 1D (1+(gk)?) ...(2
and C(s) = exp [- (gk)? ..(3

In our work we implemented and tested the fourth order
PDEs proposed by You and Kaveh which isdiscussed below.
You and Kaveh [14] proposed anL2 — curvaturegradient flow
method as

=V2[c (V2u) Vau] (4

Where V2u is the Laplacian of the image u.The discrete
form of non-linear fourth order PDE described in (4) is as
follows:

ntl —n
U = U

"t N2 9" ..(5
1. PROPOSED MODEL
The basic steps of the model are given below

1. Develop aGaussian pyramid by convolving theinput
image (u) with aline edge masks.

2. Develop the directional masksto detect edges at 0°,
450, 90° and 135° orientations (Figure-1).

3. Convolve each image in the Gaussian pyramid with
each orientation filter.

4. Conjugate the results of step 3 to create the Feature
Map (Figure 2e, 3e).

5. Numerate the Laplacian of the image intensity
function as:

Vzu“i'j UMy U U U a4 L (6)
6. Numerate the value of the following function:
g(V2u) = f« (+V2us ) [V2U D (+V2U:)]
= c(-V2u+) V2u (7
As g =9g(Vaun, ) ..(8)
7. Numerate the Lapcaian of, 9",
Ve QMg T 0% O g H O 0400 )

8. Numeratethe: u™?, ,

u”*liyj =Un et Vzg”i'j ...(10
9. Filtering with median filter (Figure 2f, 3f)
umd =M, Ut et VR, ) ...(12)

Where M isthemedian filter with lower boundo.and upper
bound .

V. EXPERIMENT RESULT

The proposed model was implemented using MATLAB.
Figures (2a, 3a) show the original mammogram images, Figure
(2b, ¢, d, e, f) and Figure (3b, c, d, e, f) show the proposed
model images. The proposed model was implemented using
two breast cancer mammogram images. Fig. 2(f) and 3(f) shows
good resultsfor almost all test images, that isthe cancer parts
on all mammography images can be seen more clearly in the
enhanced images than in their original ones. Table 1 contains
the experimental results, which can be achieved using the
proposed model.



Kumar, Kaushik, Anuradha and Saxena

(d)

Fig.2: Mammogramimage 1. (a) Original Image (b) line edge Detection
image in all direction (c) Dilated mammogram image (d) Thinned
Image (e). Feature map Image (f) Final result (Fourth order PDE and
median filtering process).
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Fig. 4: PSNRvs Iteration of Mammogram image 2

Fig.3: Mammogramimage 2. (a) Original Image (b) line edge Detection
image in all direction (c) Dilated mammogram image (d) Thinned
Image (e). Feature map Image (f) Final result (Fourth order PDE and
median filtering process
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Fig.5: PSNRvs Iteration of Mammogram image 2
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Tablel: Experiment result

Mammogram [ Mammogram
Experiment Stage imagel image2

(PSNRindb) (PSNR in db)
Original Image 24.939 27.788
Line edge Detection image 43.299 47.669
inall direction
Dilated mammogram image 46.902 51.174
Thinned Image 52.221 56.729
Feature map Image 52.669 58.126
Fourth order PDE and 57.1745 59.831
median filtering process

V. CONCLUSION

A new hybrid model for mammogram images for early breast
cancer detectionwasproposed. Breast cancer isoneof themajor
causes of death among women. So early diagnosis through
regular screening and timely treatment has been shown to
prevent cancer. I nthispaper we have presented anovel approach
toidentify the presenceof breast cancer massin mammograms.

Thelinebased edgedetector and Fourth PDE withmedian
filterisanew approach, using thiswehavesuccessfully detected
thebreast cancer massesin mammograms. Theresultindicates
that thissystem canfacilitatethedoctor to detect breast cancer
intheearly stageof diagnosisprocess. Tobemorespecificitis
observed that for Table-1, proposed model gives better PSNR
than line based edge detector. The peak signal to noiseratio
factor of theproposed model wascomputedanditispractically
accepted.
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