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Abstract

Pap smear is a very effective screening test for a cervical precancerous. However, hundreds of small slides have
to be analyzed using microscope by the trained cytologist. This paper gives an overview of the state of the art
and currently available literature and technique related Pap smear microscopic image analysis. Some techniques
are used to detect cell components such as nuclei and cell boundaries. The following steps should be performed
to extract the features and measure the area of the cells. Initially ROI of the denoised image undergoes
segmentation to extract the features. In the next step the diameter of the nucleus was determined. The experimental
results show that all the aforementioned techniques proposed have performed impressively based on the features
extracted.
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I. INTRODUCTION

Cervical cancer is the second most commonly
diagnosed cancer in women world wide exceeded only
by the breast cancer [1].Well known conventional
method is Papanicolaou test, also called Pap smear or
Pap test. It is a medical screening method that can
help prevent cervical cancer. This is being replaced by
faster and more efficient methods which use the latest
and well developed technologies as the world is moving
towards the glory of the information technology system.

The incidence and mortality related to cervical
cancer can be reduced if this disease is detected at
its precancerous state, known as squamous
intraepithelial lesion (SIL)[2],[3].

Cervical cancer is a preventable disease, and
unlike most other cancers it can be easily detected by
a routine screening test, currently cervical smear
screening is the most popular method used to detect
the presence of abnormal cells developing in the cervix.
The main purpose of the Pap smear is to detect for
cell abnormalities that may occur from cervical cancer
or before cancer develops. In Pap smear, sample cells
are taken from the cervix using a small brush cotton
wad stick or a wooden stick smeared on to thin glass
plate ( slide). These slides are then delivered to
laboratory where they are screened by cytologist.

The purpose of the smear screening is to
diagnose prealignment cell changes before they
progress to a cancer. Because the cervical cancer

development is about 35 yrs so it is curable when we
detect earlier .

Dysphasic cell are cells that have undergone
precancerous changes they generally have longer and
darker nuclei and have a tendency to doing together
in large cluster .Mildly dysplastic cells have enlarged
and bright nuclei. Moderately dyplastic cells have
enlarged and bright nuclei. The nuclei may start to
deteriorate which can be seen as a granulation of the
nucleus server dyplastic cells have large, dark and
often oddly shaped nuclei; their cytoplast is relatively
dark and small [4].Hence precancers and cancers are
associated with a variety of morphological and
architectural alterations including size, texture and
shape of cytoplast and nucleus ,hyper chromasia and
pleomorphsm and an increasing nuclear –cytoplastic
ratio.

Current manual screening (Pap smear) methods
are costly and are very likely to result inaccurate
diagnoses due to human error (falsenegative and false
positive). It should be borne in mind that the goal of
automation based cervical cytology is that the
percentage of normal samples that are classified as
such must be as high as possible but getting an
acceptable sensitivity degree.

To achieve this goal it has to be considered that
the basic concepts underlying the pap test are
morphological characteristics of nuclei and cytoplasm
and nuclei/cytoplasm relation.
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In this paper we present part of our ongoing work
towards automation of cervical smear screening
process specifically based on the facts that in
cytological studies nuclei are considered as the most
informative regions and meaningful features.

II. MICROSCOPIC IMAGES

The pap smear slides usually contains both single
cells and cluster of cells. Most of the cells are appear
in high degree overlapping. The physical appearance
of the cell in an images depends upon the specimen,
which is collected from the cervix was smeared, stained
and captured .The size of the image is depending upon
the magnification lens used .The quality of the image
is depending upon the resolution of the digital camera.

A. Characteristic of the cervical cells

In Pap smear slide along with pap strain some
other strains like red blood cells white blood cells or
even bacteria can appear.

Cervical cell consists of two main components
nucleus and cytoplasm normally nucleus size is small
and its shape is almost round to its infinity is darker
than cytoplasm. The cervix cells which are taken from
cervix mostly from columnar epithelium (CE )and
squamous epithelium(SE).

B. Pap smear cell Classification

The microscope image of Pap smear image
analysis[6], The SE consists of 4 layers of cells which
are basal layer, parabasal layer, intermediate layer and
superficial layer. Whereas the CE consists of only one
layer of cells containing columnar cells and reserve
cells. The columnar epithelium is located in the upper
part of the cervix and the squamous epithelium in the
lower part. Between these two is the metaplastic
epithelium, also called the transformation zone or the
squamocolumnar junction. It takes a skilled cyto
technician to differentiate between the different kinds of
cells and it is a time consuming job as every glass
slide can contain up to 300,000 cells. The metaplastic
epithelium consists of reserve cells from the columnar
epithelium. The cell classes[6],[13] are mainly classified
into 7 classes namely

1. Normal Columnar epithelial. Normal Super_cial
squamous epithelial

2. Normal Parabasal squamous epithelial cells and
Normal Intermediate squamous epithelial

3. Normal Intermediate squamous epithelial ells and
Normal Columnar epithelial

4. Normal Super_cial squamous epithelial cells and
Abnormal Mild squamous nonkeratinizing
dysplasia,

5. Abnormal Mild squamous nonkeratinizing
dysplasia, cells and Abnormal Moderate
squamous nonkeratinizing dysplasia.

6. Abnormal Moderate squamous nonkeratinizing
dysplasia cells and Abnormal Severe squamous
nonkeratinizing dysplasia

7. Abnormal Severe squamous nonkeratinizing
dysplasia, 

By using these classification of the cell the
nucleus appearance can visualized significant changes
when the cell is affected by a disease, the identification
and quantification of these changes contribute in the
discrimination of normal and abnormal cells in Pap
smear images.

III. OUR APPROACH
The principle objective of image preprocessing

techniques is to process an image to make it more
suitable than the original image for further application.
Hence the image of the Pap smear slide are viewed
under the microscope from which it is connected to the
PC the slide are converted into digital images. The
image are taken with variety of magnification present
in a microscope like low magnification ,high
magnification and oil magnification 10X,20X,40X for our
approach we used high magnification (10X objective)
because cell characteristic (nucleus and cytoplasm) can
be viewed clearly. The image which converted into
digital is consists of 640X480 pixels of Bit map file and
totally of 307200.

A. Features of the cell

The Pap smear cell is having several
important features listed below

(a) Nucleus area

(b) Cytoplasm longest diameter

(c) Cytoplasm area

(d) Cytoplasm elongation
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(e) N/C ratio (Size of nucleus relative to cell
size) 

(f) Cytoplasm roundness

(g) Nucleus brightness

(h) Nucleus perimeter

(i) Cytoplasm brightness

(j) Cytoplasm perimeter

(k) Nucleus shortest diameter

(l) Nucleus position

(m) Nucleus longest diameter

(n) Maxima in nucleus

(o) Nucleus elongation

(p) Minima in nucleus

(q) Nucleus roundness

(r) Maxima in cytoplasm

(s) Cytoplasm shortest diameter

(t) Minima in cytoplasm

For our work we taken only four features

B. Segmentation:

Cytological images is a fundamental subject of
quantitative analysis because the normal and abnormal
characteristics of cancer cells are all contain nucleus,
so to isolate cytoplasm and nucleus is an important
task of segmentation. There are general segmentation
algorithm [5] of microscopic images have Common
approaches for color image segmentation are clustering
algorithms such spectral analyzer is used for these cell
separation of nucleus and cytoplasm

Classification of Cells
The classification process for cervical cell image

requires that single cells in the slides can be
automatically isolated and analyzed. Several
classification tech have been proposed. [6][9].

In feature extraction three different groups of
parameters are extracted from cells. DensityOriented
parameters are derived from the graylevel histogram
calculated either over the nucleus or over the

cytoplasm area. Shape oriented parameters are
calculated from the gray level image but only over the
nucleus area.

In cell classification, cells can be classified into
two groups normal or atypical. The nucleus detection
depending upon the 1) Surface Cell 2) Intermediate
Cell and 3) Superficial Cells

The normal group is very in homogenous with
respect to cytoplasm area, a very important cell
characteristic this group includes both large surface cell
and intermediate cell as well as the small cylinder cells.
Therefore, here intermediate cell and surface cell were
used.

In the smear classification, the smear is classified
as normal or suspected malignant on the basis of the
single cell classification, namely counting the numbers
of atypical cells among normal cells.

In the First step images are reviewed at (10X
objective) magnification. 50 normal cases and 50
abnormal cases of image size 480 x 640 were taken
for analyzing in this paper. To separate the nucleus
from cytoplasm the segmentation used spectral based
clustering [10] .

Second step of the features extraction such as
nucleus area and cytoplasm area from 50 normal
images and 50 abnormal images were taken. The noise
of the image is removed from this cell. After denoising,
Region of Interest (ROI) is found which defines the
actual size of the frame logged by the selected cropped
part, measured with respect to the topleft corner of an
image frame is selected and RGB images are
converted into gray

scale images. Features of the nucleus perimeter
standard deviation, areobtained by the following steps.

Step 1: Read Image

Step 2: Threshold the Image

Step 3: Remove the Noise

Step 4: Find the Boundaries

Step 5: Determine which Objects are Round
The size and shape of the nucleus is round shape or
ellipse hence and also darker intensity so that the
image boundary is selected as the related to round
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shape The features are tabulated to obtain the mean
value to analyze the pap smear.

TABLE 1: MEAN VALUES FOR THE FEATURE
EXTRACTED.

Mean SD Diameter

Normal Case 52.5 0.19

Abnormal Case 33.6 0.60

Fig. 1: Abnormal Pap smear image

Fig. 2: SD of abnormal image.

Fig. 3: Diameter of cropped nuclei.

Fig. 4: Normal Pap Smear image.

Fig. 5: SD of normal image.

Fig. 6: Diameter of cropped nuclei.

IV. DISCUSSION AND FUTURE WORK

The above figure shows the original image and
feature extracted images. From the mean value
obtained from the feature extraction, we analyzed that
the SD value for normal cases is >50 and for abnormal
cases it was <40. Similarly we analyzed that the
diameter of nucleus of the normal case was around
0.20microns and for abnormal cases >0.50microns and
it varies according to level of the cancer either low
grade squamous intraepithelial lesion (LSIL)or High
grade squamous intraepithelial lesion (HSIL). This
proposed method classifies the cell based on the
features and size of nuclei.

At present we are working towards to improve
the methods and also extract the other feature from
the digital images
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