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Segmentation of abnormal cervical nuclei using an
adaptive and local approach

Zhang Ling', Li Jingli’, Chen Siping'**, Wang Tianfu®, Jiang Shaofeng’, Liu Shaoxiong®
1. College of Biomedical Engineering & Instrument Science, Zhejiang University, Hangzhou 310027, China;
2. College of Testing and Optoelectronic Engineering, Nanchang Hangkong University, Nanchang 330063, China;
3. Guangdong Key Lab of Biomedical Information Detection and Ulirasound Imaging , Shenzhen University, Shenzhen 518060, China;
4. Department of Pathology, Peoples Hospital of Nanshan District, Shenzhen 518052, China

Abstract: For accurate segmentation of abnormal nuclei in liquid-based cervical cell images, a new nuclei segmentation
method is proposed, which uses adaptive and local strategies. The adaptive stage detects each nucleus region approximately
by applying an efficient adaptive thresholding algorithm that uses intensity and texture information. The local stage refines
each coarse segment within its local neighborhood by using a Poisson distribution based graph cuts, which utilizes boundary
and region information. The proposed method is applied to Hematoxylin & Eosin stained liquid-based cervical cell images.
The results show that the proposed method achieves a speed of 1. 6 s per image, and significantly outperforms a state-of-the-
art method by Li et al in 2012 in terms of nuclei detection rate and abnormal nuclei segmentation accuracy, both with a
19. 7% improvement.

Key words: liquid-based cervical cell ; image; hematoxylin & eosin staining; abnormal nuclei; segmentation; adaptive lo-

cal segmentation; graph cuts
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x1 FBHEENGENTEN
Table 1 Pixel-based evaluation of segmentation results
AN S AR A FEHT/
VAN N
7k IWIRFS 4
My *6p My * 8y Mr * 6 Hp *0p My * O M * 6 (/1)
0.507 3 + 0.6837 + 0.6854 + 0.6911 +
Otsu 0.029 2 0.028 4 0.5622 +0.0202 0.1000 0.1397 0.5896 +0.0829 0.7797
0.808 0 + 0.5178 = 0.721 8 + 0.3783 +
K-means 0.039 9 0.053 5 0.5695 +0.022 1 0.1729 0.1399 0.4083 £0.1296 1.3442
. 0.9382 + 0.7391 = 0.796 1 + 0.6951 =
Mean-shift 0.004 3 0.002 6 0.8257 +0.002 3 0.1228 0.1036 0.7221 +£0.1084 32.4427
0.6994 + 0.7101 0.8368 + 0.7501 =
ACWE 0.0232 0.032 1 0.6826 +0.0312 0. 040 9 0.103 8 0.7146 +£0.0734 37.8173
0.8329 = 0.8972 + 0.8771 = 0.8554 =
AT 0. 004 4 0.0007 0.8619 +0.0012 0.018 6 0.0105 0.8533+0.0080 0.1127
0.5204 + 0.769 8 + 0.6239 + 0.8601 +
RGVF 0.0377 0.054 3 0.5980+0.0351 0.055 1 0.039 1 0.687 8 +0. 0372 1 840.000 0
0.7891 + 0.6745 + 0.7715 = 0.6057 +
GC 0.023 7 0.0177 0.7099 +£0.0115 0.116 8 0.1328 0.6265+0.1124  1.0620
0.8497 + 0.9016 + 0.8836 + 0.9070 +
LAGC 0.0047 0.000 4 0.8732 +£0.0015 0.0187 0. 004 4 0.8843 +0.0068 1.5602
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Table 2 Evaluation of positive cells’ features

I3 EIT o TR 2E + 8 T AR IR 22 wBIAIRZE +8 YHIR T FERDE 8 T 2RI
Otsu 0.908 8 £0.5%4 1 0.207 7 £0. 068 4 0.8251+0.4211
K-means 0.7183 £0. 1435 0.3633 £0.1258 0.8082 +0. 180 8
Mean-shift 0.4598 £0.2123 0.1942 £0. 1119 0.5182 0. 158 8
ACWE 0.5138 £0.3304 0.1011+0.0209 0.516 0 £0.193 8
AT 0.2233 +£0.1107 0.0611+0.0163 0.3897 +0.170 6
RGVF 0.3985 +£0.078 8 0.078 0 £0. 008 3 0.5276 £0.0817
GC 0.4923 +£0.200 8 0.2128 +0. 108 3 0.5557 £0.084 7
LAGC 0.1745 £0.078 0 0.0358 +£0.001 0 0.3435 +£0.062 8
®3 BUEBENRNMENTE VLR AS I3 F T S 1 AR MR 20 B ROCR B 2%
Table 3« Mean and variance of the GV TG BV B A 3 R, B0 F e (FAE
overall target detection rate 0% ~ 75% 75% ~ 90% F190% ~ 100% 3 />3 Bl 4 1
Otsu K-means  Mean-shift ACWE MR AE, 2 4 MHDT G I 2s 5.
YE 0.7413 0.5775 0.9329 0.7619
= 0.0358 0.0649 0.003 2 0.0312 3 ZE 'L/I’:
AT RGVF GC LAGC
HE 0.996 6 0.798 2 0.776 1 0.9952 ARSCHR I T b [ Y SR T 1 LAGC, 3 F
Ji 0.000 1 0.1221 0.0184 0.000 1
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Table 4 F,

measure

of positive cells about segmentation results

SrEI 0% ~75% 75% ~90% 90% ~ 100%
K-means 47 11 6
Otsu 44 14 6
RGVF 29 24 11
GC 31 20 13
ACWE 25 23 16
Mean-shift 16 26 22
AT 9 32 23
LAGC 4 27 33
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