259

Chapter 12

Computational Intelligence-
Based Cell Nuclei Segmentation
from Pap Smear Images

Savitha Balakrishnan
Avinashilingam Institute for Home Science and Higher Education for Women University, India

Subashini Parthasarathy
Avinashilingam Institute for Home Science and Higher Education for Women University, India

Krishnaveni Marimuthu
Avinashilingam Institute for Home Science and Higher Education for Women University, India

ABSTRACT

Automated Segmentation of cell nuclei in Pap smear images plays an important role in the cervical
cancer cell analysis systems to make a correct diagnosis decision. The aim of this chapter is to detail
about the variety of computational intelligence and image processing approaches developed and used
for the nuclei segmentation. In additional, the threshold based segmentation problem is treated as an
optimization problem with an objective of preserving both the size and volume of the cell nuclei and also
to segment the nuclei region from the original microscopic Pap smear image with the help of Particle
Swarm Optimization (PSO) and Ant Colony Optimization techniques (ACO). Experimental results are
shown, compared in quantitative and qualitative manner as well as the main advantages and limitations
of each algorithm are explained.

INTRODUCTION

Cervical cancer (Cancer of Uterine cervix) is caused by the virus called Human Papilloma Virus. Itis a
preventable type of cancer which is characterized by a long lead time. The precancerous cervical cells
gradually progress through recognizable stages before developing into invasive cancer cell. Several risk
factors like smoking, HPV infection, multi-sex partner, oral contraceptives, age group 35-50 years, low
socio economic status and early marriage such things increase the chances of getting cervical cancer.
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Women without any of the above risk factors rarely develop cervical cancer. Sexually transmitted HPV
infection is believed to be responsible for 90 to 95 percent of all cervical cancers. Figure 1 shows the
causative factor for Cervical Cancer.

Cervical cancer begins with the development of pre-cancerous, benign lesions in the cervix area.
According to WHO classification, the first stage of growth is mild dysplasia, which can then progress
to becoming moderate dysplasia, severe dysplasia, and then carcinoma in situ (CIS) or invasive cervi-
cal cancer (Ambika Satija). Mild dysplasia usually regresses on its own without treatment, and doesn’t
progress to moderate or severe dysplasia. A small percentage of women with mild dysplasia, however,
will progress to more severe forms, although this can take as long as 10 years. Women with moderate
to severe dysplasia are at high risk of developing invasive cancer, although the progression from severe
pre-cancerous lesions to cancer may take several years as well (Alliance for Cervical Cancer Prevention,
Cancer Research UK).

The term pap-smear (Pap-smear test) refers to the samples of human cells stained by the so-called
Papanicolaou method (B. Savitha & P. Subashini, 2013). In the beginning, using a small brush, a cotton
stick or wooden stick, cervical specimen is taken from the uterine cervix and transferred onto a thin,
rectangular glass plate (slide). The specimen (smear) is stained using the Papanicolaou method. This
makes it possible to see characteristics of cells more clearly in a microscope. Figure 2 shows the Pap
smear test procedure to acquire the digital Pap smear image.

With the increasing use of medical imaging for diagnosis and treatment planning, it has become
almost necessary to use computers to assist pathologist in clinical diagnosis as well as in treatment plan-
ning. Reliable techniques are required for the delineation of anatomical structures and other regions of
interest (ROI). The goals of computer-aided diagnosis are (Neeraj Sharma & Lalit M Aggarwal, 2010)

Figure 1. Causative factor

Human papilloma virus

Figure 2. Pap smear procedure

(@ | (b) ‘ © @)

260



20 more pages are available in the full version of this document, which may
be purchased using the "Add to Cart" button on the publisher's webpage:

www.igi-global.com/chapter/computational-intelligence-based-cell-nuclei-

segmentation-from-pap-smear-images/164607

Related Content

Discriminant DCT Feature Extraction

David Zhang, Xiao-Yuan Jingand Jian Yang (2006). Biometric Image Discrimination Technologies:
Computational Intelligence and its Applications Series (pp. 205-221).
www.irma-international.org/chapter/discriminant-dct-feature-extraction/5924

Evaluation of Human Machine Interface (HMI) on a Digital and Analog Control Room in Nuclear
Power Plants Using a Fuzzy Logic Approach

Pola Lydia Lagari, Antonia Nasiakouand Miltiadis Alamaniotis (2016). International Journal of Monitoring
and Surveillance Technologies Research (pp. 50-68).
www.irma-international.org/article/evaluation-of-human-machine-interface-hmi-on-a-digital-and-analog-control-room-in-

nuclear-power-plants-using-a-fuzzy-logic-approach/167694

Wavelet-Based Recognition of Handwritten Characters Using Artificial Neural Network

D. K. Patel, T. Somand M. K. Singh (2017). Biometrics: Concepts, Methodologies, Tools, and Applications
(pp. 1043-1060).
www.irma-international.org/chapter/wavelet-based-recognition-of-handwritten-characters-using-artificial-neural-
network/164638

Recent Advances in Minimally-Obtrusive Monitoring of People's Health

Amol D. Mali (2017). International Journal of Monitoring and Surveillance Technologies Research (pp. 44-
56).

www.irma-international.org/article/recent-advances-in-minimally-obtrusive-monitoring-of-peoples-health/185801

An Improved Stimuli System for Brain-Computer Interface Applications
Irina-Emilia Nicolae (2013). International Journal of Monitoring and Surveillance Technologies Research

(pp. 1-8).
www.irma-international.org/article/an-improved-stimuli-system-for-brain-computer-interface-applications/10196 1



http://www.igi-global.com/chapter/computational-intelligence-based-cell-nuclei-segmentation-from-pap-smear-images/164607
http://www.igi-global.com/chapter/computational-intelligence-based-cell-nuclei-segmentation-from-pap-smear-images/164607
http://www.irma-international.org/chapter/discriminant-dct-feature-extraction/5924
http://www.irma-international.org/article/evaluation-of-human-machine-interface-hmi-on-a-digital-and-analog-control-room-in-nuclear-power-plants-using-a-fuzzy-logic-approach/167694
http://www.irma-international.org/article/evaluation-of-human-machine-interface-hmi-on-a-digital-and-analog-control-room-in-nuclear-power-plants-using-a-fuzzy-logic-approach/167694
http://www.irma-international.org/chapter/wavelet-based-recognition-of-handwritten-characters-using-artificial-neural-network/164638
http://www.irma-international.org/chapter/wavelet-based-recognition-of-handwritten-characters-using-artificial-neural-network/164638
http://www.irma-international.org/article/recent-advances-in-minimally-obtrusive-monitoring-of-peoples-health/185801
http://www.irma-international.org/article/an-improved-stimuli-system-for-brain-computer-interface-applications/101961

