AN APPROACH FOR COLORECTAL POLYP SEGMENTATION
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Abstract

In this paper, we present an effective approach for colorectal polyp segmentation by processing of endoscopy images.

In regard to quality limitations of colonoscopy images, a preprocessing stage is proposed. It consists of noise reduction with modified
homomorphic filter based on wavelet packet decomposition of the transformed image, additionally correction of illumination and
contrast enhancement based on CLAHE. The segmentation of colorectal polyps is based on active contour without edges.

Some experimental results are presented, obtained by computer simulation in the MATLAB environment. Implementation results
demonstrate the effectiveness of the proposed approach for application in screening diagnostics.

1. INTRODUCTION

Colorectal carcinomas are the most common ma-
lignancies in industrialized countries, and can be
classified as early or advanced according to the
depth of invasion. Early colon carcinoma may occur
in an adenomatous polyp and may be difficult to
distinguish from a nonmalignant adenomatous pol-
yp by colonoscopy. It is usually revealed by screen-
ing colonoscopy and may be curatively treated.

Important risk factors for the polyp malignancy in-
clude large size and high numbers of colonic polyps
[1]. Based on endoscopic appearances, the ad-
vanced colorectal carcinoma can be divided into 4
groups, which are presented on Fig. 1. Type 1 le-
sion is characterized with protuberant tumor with
fold convergence. Type 2 lesions show an irregular
ulceration and clear marginal swelling. The lesion of
Type 3 shows an irregular ulceration and unclear
marginal swelling. The lesion of Type 4 is charac-
terized with irregularly edematous mucosa with
luminal stenosis due to diffuse infiltration.

Polyp segmentation is a challenging task. First, the
intensity difference between a polyp and colon lu-
men (air) is apparent, the image intensity is quite
similar between the polyp and its surrounding tis-
sue. The low image contrast in a polyp’s region
makes automated polyp segmentation difficult.

Therefore, polyps vary in shape, size, and location.
The single shape or densitometry template is not
sufficient to characterize all polyps

Figure 1. Macroscopic types of advanced colorectal
carcinoma [1]

There are number of polyp segmentation methods,
which have been reported in the literature [2]. Can-
ny operator and the Radon transform are used to
detect polyp boundaries [3]. Using structural entro-
py a fuzzy decision method for finding polyps is
developed [4]. An adaptive deformable model is
used to present segmented polyps [5]. Geodesic
active contours with a modified speed function on
the colon surface are evolved to detect polyp neck
regions [6]. By using level-set method the polyp
mass region is extracted [7]. Lu et al. propose a
classification scheme to segment polyps [8]. Histo-
grams are used to determine the threshold that
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would separate polyps from their surrounding tissue
[9]. The prior knowledge of polyp shape is used in
model-based approach for segmentation [10]. So
the accurate measurement of polyp size was ob-
tained because the pose of a polyp is well-defined.

We propose to segment the colorectal polyps via
active contour model without edges. In regard to
quality limitations of colonoscopy images, a pre-
processing stage is proposed.

The paper is arranged as follows: In Section 2 is
presented the main algorithm of processing; in Sec-
tion 3 are given some experimental results, obtain-
ned by computer simulation and their interpretation;
in Section 4 - the Conclusion.

2. MAIN ALGORITHM OF PROCESSING

The flowchart of the main algorithm for colonoscopy
image processing is given in Fig. 2.
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Figure 2. Flowchart of the maim algorithm

The pre-processing stage includes noise reduction
with modified homomorphic filter based on wavelet
packet decomposition of the transformed image and
adaptive threshold of the wavelet coefficients [11].
The modified homomorphic filter uses the illumina-
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tion-reflectance model in its operation. This model
presents the image f(x,y) by two primary compo-
nents. The first component is the amount of source
illumination incident on the scene being viewed
i(x,y). The second component is the reflectance
component of the objects on the scene r(x,y). The
intensity of i(x,y) changes slower than r(x,y). There-
fore, i(x,y) is considered to have lower frequency
components than r(x,y). Using this fact, homomor-
phic filtering technique aims to reduce the signifi-
cance of i(x,y) by reducing the low frequency com-
ponents of the image. This is made by executing
the filtration in the frequency domain. However,
before the transformation takes place, a logarithm
function has been used to change the multiplication
operation of r(x, y) with i(x, y) into an addition oper-
ation.

The modified homomorphic filtering schema is
shown on Fig.2, where WPT is 2D Discrete Wavelet
Packet Transformation, H(u,v) presents a filter func-
tion, IWPT is 2D Inverse Discrete Wavelet Packet
Transformation.

In We1 H(uy) IWPT exp

Figure 3. Structure of modified homomorphic filter
based on WPT

Because the noise of wavelet transformation usu-
ally concentrates on the state of high resolution, the
method is useful for successfully reduction of noise
in colonoscopy images. The filtration is obtained on
the basis of the best shrinkage wavelet packet de-
composition and the spatial adapted threshold [11].
The wavelet thresholding procedure removes noise
by thresholding only the wavelet coefficients of the
detail sub-bands and keeps the low resolution coef-
ficients.

Then additionally, correction of illumination based
on background subtraction by morphological pro-
cessing and contrast enhancement based on
CLAHE is applied. The background of the obtained
images is estimated by mathematical morphology
opening or closing. Then it is subtracted from the
original image. The total sequence of operations
corresponds to a top hat of the image. We use a
disc structuring element greater than the size of the
light objects (characters), which are typical for the
corresponding colorectal images. The procedures
noise reduction and CLAHE are applied to an im-



CEMA’17 conference, Sofia

age, processed in YUV system for more effective-
ness.

The colorectal polyp segmentation is made by the
implementation of the Chan and Vese active con-
tour model [12]. It is a special case of the Mumford-
Shah problem. We consider f to be the given
grayscale image on a domain Q to be segmented.
Mumford and Shah approximate the image f by a
piecewise-smooth function u as the solution of the
minimization problem. Compared to the piecewise
constant Mumford - Shah model, the key differ-
ences with the Chan - Vese model are an additional
term penalizing the enclosed area and a further
simplification that u is allowed to have only two
values, given in (1)

U(x) = c, where x isinside C
- C, wherexisoutsideC (1)

where C is the boundary of a closed set and ¢, ¢z
are the values of u respectively inside and outside
of C[13].

By the method of Chan and Vese is proposed to
find among all u of this form the one that best ap-
proximates f, which is given in (2).

u(x)=arg min gLenght(C)+
C,C,,C
+VArea(insidg C)) +

+Alingigg eyl f(¥) - ax+
A Joutside(c) F(X) —c,[ o

Using the first term we can control the regularity by
penalizing the length. The area of C and its size can
be controlled by second term. The third and fourth
terms penalize discrepancy between the piecewise
constant model u and the input image f. By finding a
local minimizer of this problem, a segmentation is
obtained as the best two-phase piecewise constant
approximation u of the image f[13]. In this case the
minimization requires over all set boundaries C by
using the level set technique introduced by Osher
and Sethian [14]. We use a level set function ¢ for a
circle of radius r. Instead of manipulating C explicit-
ly, it is represented as the zero-crossing of a level
set function ¢, given in (3)

C ={x0Q: ¢(x) =0} (3)

The parameters which can be selected for segmen-
tation are following:

3

v mask - Initial contour as circle, which the
evolution of the segmentation begins;

v n — Maximum number of iterations to per-
form in evolution of the segmentation;

v R—Radius of the location in pixels;

v" Alpha - 'Smooth Factor' — Degree of
smoothness or regularity of the boundaries
of the segmented regions.

The procedure of segmentation begins after choos-
ing all input information. Then the final result from
segmentation is visualized — colorectal image with
segmented polyp.

3. EXPERIMENTAL RESULTS

The formulated stages of processing are realized by
computer simulation in MATLAB 7.14 environment
by using IMAGE PROCESSING and WAVELET
TOOLBOXES [15]. In analysis are used 30 images
with colorectal polyps. It is used database of the
colonoscopy images with size 574 x 500 [16], also
database from Medical Academy Sofia of colonos-
copy images with size 574 x 500 in bmp file format.
Some results from simulation, which illustrate the
working of proposed algorithm, are presented in the
next figures below.

In Fig. 4 is shown the original image with colorectal
polyp.

Figure 4. Original colorectal image

Fig. 5 illustrates the pre-processed image.

The graphical presentation of background surface is
given in Fig. 6.

The segmented polyp and the grayscale colorectal
image with segmented polyp are given on Fig. 7
and Fig. 8 respectively. The segmentation is per-
forming by n=100 iteration.



Figure 5. Pre-processed colorectal image

Figure 6. Graphical presentation of background surface

For validation of the segmentation results, we com-
pute the undirected partial Hausdorff distance [17]
between the boundary of the computed segmenta-
tion and the boundary of the manually-segmented
ground truth.

Figure 7. The segmented polyp after 100 iterations

The obtained averaging results for the partial Haus-
dorff distance between automatic segmentation and
the manually-segmented ground truth are given in
Table 1.
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100 Iterations

Figure 8. The grayscale colorectal image
with segmented polyp

The obtained averaging results for the partial Haus-
dorff distance between automatic segmentation and
the manually-segmented ground truth are given in
Table 1.

Table1. Partial Hausdorff Distance

Method K [%]
Manually-Segmentation 90.5
Active Contour Segmentation 96

The results shown in Table 1 indicate that virtually
all the boundary points lie within some pixels of the
manual segmentation, but the segmentation is bet-
ter in the case of the proposed approach. Higher
values of Alpha can produce smoother region boun-
daries but can also smooth out finer details. Lower
values produce more irregularities (less smoothing)
in the region boundaries but allow finer details to be
captured.

4. CONCLUSION

In this paper is presented an effective approach for
semi-automatic colorectal polyps segmentation. For
enhancement of the colonoscopy images a pre-
processing stage is proposed. It consists of noise
reduction with modified homomorphic filter based
on wavelet packet decomposition. Additionally
correction of illumination and contrast enhancement
based on CLAHE is made. The method of segmen-
tation is based on active contour without edges.
The implemented study and obtained results have
shown a high validation of the segmentation. The
proposed approach can be applied for screening of
early colorectal carcinoma, especially by sigle colo-
rectal polyps.

Our future work will be concentrated in hybrid me-
thods for segmentation and classification of the
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polyps in regard to obtain more precise diagnoses.
It can be used also in monitoring the disease prog-
ression.

5. ACKNOWLEDGMENTS

The paper was supported by the PhD Students
Research Project “Algorithms for automatic seg-
mentation of large-scale medical image data”, NIS
Ne 162 PD0001-07/2016.

The authors are exceptionally grateful to Professor
Dr. V. Hadjidekov at the Department of Image Di-
agnostic on the Medical Academy in Sofia for the
images and advice for the investigations.

References

(1]

(2]

(3]

(4]

(5]

(6]

7]

H. Kashida, SE. Kudo, “Early colorectal cancer: concept,
diagnosis and management’, Int. J. Clin. Oncol, Vol. 11.
No. 1. pp. 1-8, 2006.

V. B. Surya Prasath, “Polyp Detection and Segmenta-
tion from Video Capsule Endoscopy: A Review”, Journal
of Imaging, vol.3, issue 1, pp.1-15, 2017.

A. K. Jerebko, S. Teerlink, M. Franaszek, R. M. Sum-
mers, “Polyp segmentation method for CT Colonogra-
phy computer-aided detection’, SPIE Medical Ima-
ging, 5031, pp.359-369, 2003.

S. Nagy, F. Lilic. L. Koszy, “Structural entropy based
fuzzy partitioning method for finding polyps on colono-
scopy images”, IEEE AFRICON 2017, in print.

J. Yao, RM Summers, “Adaptive deformable model for
colonic polyp segmentation and measurement on CT
Colonography”, Medical physics 34, pp. 1655-1664,
2007.

S. Tan, S., Yao, J., Ward, R. M., Summers, “Linear
measurement of polyps in CT Colonography using level
sets on 3D surfaces”, In: Engineering in Medicine and
Biology Society, Annual International Conference of the
IEEE, pp. 3617-3620, 2009.

J. J. Néppi, H. Frimmel, A. H. Dachman, H. Yoshida,
“Computerized detection of colorectal masses in CT

(8]

(9]

(10]

(1]

(12]

(13]

(14]

(19]

[16]

(17]

5

Colonography based on fuzzy merging and wall-
thickening analysis”, Medical physics 31, pp. 860-872,
2004.

L. Lu, et al., Accurate polyp segmentation for 3D CT
Colongraphy using multi-staged probabilistic binary
learning and compositional model. In: IEEE Conference
on Computer Vision and Pattern Recognition, pp. 1-8,
2008.

S.E Grigorescu, et al.: Automated detection and seg-
mentation of large lesions in CT Colonography. |IEEE
Transactions on Biomedical Engineering,vol.57, issue 3,
pp. 675 — 684, 2010.

Xu Haiyong, H. Donald Gage, Pete Santago, and
Yaorong Ge, “Colorectal Polyp Segmentation Based on
Geodesic Active Contours with a Shape-Prior Model”,
Lecture Notes in Computer Science, Virtual Colono-
scopy and Abdominal Imaging. Computational Chal-
lenges and Clinical Opportunities, pp. 134-140, Spring-
er, 2011.

V. Georgieva, S.Nagy, A. Horvath, E. Kamenova, “An
Approach for Pit Pattern Recognition in Colonoscopy
Images”, Egyptian Computer Science Journal, Vol.39,
Ne2 , pp. 72-82, 2015

T. Chan, L.Vese, “Active Contours Without Edges”,
IEEE Transactions on Image Processing, vol.10, Ne 2,
pp.266-276, 2001.

P. Getreuer, “Chan-Vese Segmentation”, Image Proc-
essing On Line, vol.2, pp. 214-224, 2012.

S. Osher, J.A. Sethian,”Fronts propagating with curva-
ture-dependent speed algorithms based on Hamilton-
Jacobi formulations," Journal of Computational Physics,
vol. 79, no. 1, pp. 12-49,1988.

MATLAB User’s Guide. Accessed at:
www.mathwork.com

J. Bernal, J.Sanchez, F. Vilarifio, “Towards automatic
polyp detection with a polyp appearance model”, Pattern
Recognition, vol. 45, issue 9, pp. 3166-3182, 2012.
http://mv.cvc.uab.es/projects/colon-ga/cvccolondb

M.Leventon, W.Grinson, O.Faugeras, “Statistical Shape
Influence in Geodesic Active Contours”, Computer Vi-
sion and Pattern Recognition, vol.1, pp.316-323, 2000.



