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Abstract Based on the analysis of cell contour structure, a sparse contour point model, which can
describe the characteristics of the cell contour, is proposed in this paper. In the sparse contour point
model, cell contour is divided into 2 parts, namely light contour and dark contour, respectively; and
then the cell contour is approximately described as a set of sparse contour points. Based on this
model, the color and grayscale image segmentation techniques are combined to locate the basic
contour, which lies between the cell and the background. Then, a circular dynamic contour searching
method is proposed to search for the dark contour that lies in the overlapping cell region along the
basic contour. Contour points located by the searching method are arranged to construct the initial
contour of the gradient vector flow (GVF) Snake model. Then the GVF Snake model is performed to
obtain the final accurate segmentation result of the cell image. Various cell images containing single
cell, overlapping cells of similar colors and overlapping cells of different colors have been tested to
show the validity and effectiveness of the proposed method. The proposed techniques are useful for

the development of automatic cervical cell image analysis systems.
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Fig. 1 Two Color overlapping cervical cell images.

BT IR R (0 E B SN R R

140 A% 43 50 BF 5% 40k A7 AR 2 A3k R A
GVF Snake #£5 %1 3 17 41 Jid B8 00 8 o 20 %1, R 2
GVF Snake & BT R AEAE — 5 1) Jmy BR M, R0 16 %8
JER 1 8 Bt ) R i) % 5 Y ) R ff X 2 A
5] R B 35 2 H Y &3l Snake % R B i B0 200 T
P, AU SLH] B bR FLS RS . AR KD FE L
P figf R 3 2 A ) R, E 2 A XoF o 2B 00 i P45 B4 43
X AR BE A5 B A 1 > IS5 R B4 2
GRS B 2 S A {875 Snake %6 B (1 38 Ak 7 w52
18320 2% 1 T 5 5 2 S 7 1) 559 1 32 2 1 T) sf 400 )
TREMEN S B BRI RSB E K #l 2
SRNYERR. I R ] GVE Snake #5143 %) 410 g €]
1§ KR B P Snake #E I W] UG 4 A A ) 7
VA PG 04 300 2% 388 i AR S R i i 2 A ) R
T By —Fl 45 4 GVFE Snake #5571 ) 8 & 40 i ]
B EHk.

3 2k ) 4t L LA 45 44 i A AT . AR SR R 20 i F
JEG ) 0 AR S — T A% 200 R 2 JEEG ) R R —— S g e
JE0 AR AR AT LIRS M LA 4 i

1) B 5 240 PR 0 Pl — 2R 91 G 2 i 3 S
3T 1 PR R T A0 A% (7 JE) TR DA AT B A i 3 A% 1) 5
— AR TR X SR AT S A ML A T 1 A R4 A
XA 1] 7 1] B 5 0 . AR A RO R B O,
DI A6 A Qo 0) 3R 73 4 L 56 B i (9 6 B AR A, o S %0
JE 5 300 40 A 0 B BB B L 0 R BT A 2K AR T 1)
(£ B2 U0 B G 1T DA F — R A R AE A P oK

P={p; | (o+0) R p: BBIRES. (D

2) T I ARL A A A0 A 5 R 08 R IR O AN T A
JiL 5 ) T A A P AR SCRE AR I B AR A P XL
Sk — F YW b 5 B A AR A R AH AR Y 2 A g
J3E 25, Coi s 0 FIT Coy 5 0,0 » HEXH 07 B £ BEAH 22 A0=0, —
0. R A BN EE  HOZBUE 5 40 M R
RGTA AR SO A 7K ST A0 I BUA. X
240 B 1 % 0 S T LA p — R A0 B ) R AR
L E 2Ca) frw.

3) ARSI MREC RN T 2 . —EB o 2 4l
53 A BN B Py 2R B R o AR .
X — 5 4 50 B B AT L O ) 0 T . O —
107 T VAl = 211 AR A R S TS S
T R R G B 3K — 43 F R A 1 30 SR R
DUJ 248 b P 2 g o514

P=P,UP. (2)

4) & 2(b) Ay 240 Jf () 3 RIBE Y, 2 2% DA 4 if A% i

T B SR A AR 22 A0, L R Y B R I [ 0

R A
.t
) ‘4\
£y
.
&

(a) Sparse contour point model of a cell
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(b) Characteristics between neighboring contour points

Fig. 2 Analysis of the cell structure.
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(b) Grayscale images

(c) Extracted cell nuclei

Fig. 3 Cell nuclei extraction process.
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Fig. 4 Tllustration of the difference between the gradient

vectors at different cell contour points.
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(c) Edge enhancement images by the proposed method

Fig. 5 Edge enhancement result.
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Fig. 6 Rough extraction of the cell contour.
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Fig. 7 Located basic contour of the two cells in Fig. 6.
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Fig. 9 Located contour points of the two cells in Fig. 6

by the contour searching method.
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Different Methods
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(c) The proposed method

Fig. 10  Cell image segmentation results.
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