
  

  

Abstract—This paper presents an automated algorithm for 

robustly detecting and segmenting free-lying cell nuclei in 

bright-field microscope images of Pap smears. This is an 

essential initial step in the development of an automated 

screening system for cervical cancer based on malignancy 

associated change (MAC) analysis. The proposed segmentation 

algorithm makes use of gray-scale annular closings to identify 

free-lying nuclei-like objects together with marker-based 

watershed segmentation to accurately delineate the nuclear 

boundaries. The algorithm also employs artifact rejection 

based on size, shape, and granularity to ensure only the nuclei 

of intermediate squamous epithelial cells are retained. An 

evaluation of the performance of the algorithm relative to 

expert manual segmentation of 33 fields-of-view from 11 Pap 

smear slides is also presented. The results show that the 

sensitivity and specificity of nucleus detection is 94.71% and 

85.30% respectively, and that the accuracy of segmentation, 

measured using the Dice coefficient, of the detected nuclei is 

97.30±1.3%. 

I. INTRODUCTION 

HE Papanicloau test is the primary screening test for 

cervical cancer. It involves the microscopic examination 

of cells sampled from in and around the cervix for signs of 

precancerous and cancerous changes; e.g. large nucleus 

relative to cytoplasm. The test is labor-intensive and 

complex requiring the exhaustive review of tens of 

thousands of cells. One in every 10 to 20 positive cases is 

missed in routine screening [1]. There are two reasons for 

this [1]. The first is inappropriate interpretation due to 

factors such as fatigue, habituation, and inexperience. The 

second is due to sampling error wherein diagnostic cells do 

not make it onto the glass slide in the first place. Whilst 

automation using a computer and robotic microscope can 

address the issue of inappropriate interpretation it cannot 

address sampling error. Research suggests that the 

malignancy-associated change (MAC) phenomenon may be 

the solution. MACs are subtle sub-visual changes in the 

appearance of normal-looking cells from an abnormal Pap 

smear. The aim of MAC analysis is not to perform an 

exhaustive review of all of the cellular material to identify 
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diagnostic cells but rather to look for MACs in a sub-

population of cells sampled from the slide.  

An essential first step in the development of an automated 

screener based on MACs is robust automatic segmentation 

of free-lying cell nuclei in digitized Pap smear images. 

Numerous algorithms have been published for this purpose. 

They can be categorized according to the primary underlying 

segmentation methodology used: global and adaptive 

thresholding [2], watershed transform [3], boundary 

detection algorithms and deformable models [4-7], and edge 

enhancement based techniques [8, 9]. The algorithms based 

on thresholding lack robustness to noise, uneven 

illumination, and variations in staining intensity. The 

algorithms based on the watershed transform can yield 

oversegmentation (when too many potential cell nuclei 

candidates are selected) and inaccurate boundary 

segmentation (because of the lack of sufficient gradient 

information). The algorithms based on boundary detection 

and deformable models are highly dependent on strong prior 

knowledge about the shape and location of objects in an 

image to guide the segmentation process. Moreover they 

require the initial contour to be reasonably close to the true 

object boundaries. As a consequence they can fail in images 

containing clustered and overlapping cells. The algorithms 

based on edge enhancement are designed to segment the 

cytoplasm and nucleus of free-lying cells and likewise do 

not perform well in images containing clustered and 

overlapping cells. Another criticism of many of these 

proposed algorithms is that their segmentation accuracies 

have not been objectively evaluated. 

In this paper we present a new algorithm for robustly 

detecting and segmenting free-lying intermediate cell nuclei 

in bright-field microscope images of Pap smears. The 

novelty of the algorithm stems from a robust marker 

selection method for selecting candidate free-lying nuclei-

like objects for subsequent marker-controlled watershed 

segmentation to obtain the nuclear boundaries. The 

algorithm also implements artifact rejection based on size, 

shape, and nuclear granularity to ensure only the nuclei of 

intermediate squamous epithelial cells are retained. The 

remainder of this paper is organized as follows.  Section II 

introduces the proposed algorithm. Section III presents an 

empirical evaluation of its performance. Finally Section IV 

is the summary and conclusion. 
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