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Nucleus-Guided Cell Segmentation Method for Brightfield Micrographs
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'School of Medicine, Huaqiao University, Quanzhou 362021, Fujian, China;
*College of Engineering, Huaqiao University, Quanzhou 362021, Fujian, China

Abstract To address the issue of cell segmentation challenges caused by weak edges, uneven backgrounds, and irregular
cell shape in brightfield microscopic images, we suggest a cell segmentation method for brightfield microscopic images
based on fluorescent nucleus guidance. First, the fluorescent nuclear centroid determines the local microscopic image of a
single cell in the brightfield, the double Gaussian filtering reduces the impact of nonuniform background, the top-hat
transform enhances the contrast of the images, and the two-dimensional maximum interclass variance segmentation method
enhances the antinoise performance of the algorithm. Second, the complete brightfield microscopic cell image is
preprocessed using double filtering and top-hat transformation. This is followed by global segmentation using the two-
dimensional maximum interclass variance method to enhance the lost cell contour information in local segmentation, which
is beneficial to solve the inaccurate segmentation problem caused by irregular cell shape. To increase the segmentation
accuracy of sticky cells when local and global findings are combined, the watershed transformation is then employed for
secondary segmentation. Through the verification experiment on the Hela cell image set, the accuracy, recall rate, and F
value of the brightfield cell segmentation are 0. 960, 0.984, and 0. 971, respectively, which are better than the existing
algorithms; the results confirm the high accuracy and robustness of the proposed method.

Key words image analysis; cell segmentation; nuclear guidance; global segmentation; local segmentation
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Fig. 1 Flowchart of the implementation of a nucleus-guided cell segmentation method for brightfield micrographs
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Fig. 3 Contrast images after double Gaussian filtering and top-hat transformation. (a) Fluorescent nuclei; (b) brightfield cells;

(c) images after double Gaussian filtering; (d) images after top-hat transformation
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Fig. 4 Local cell segmentation image. (a) Fluorescent nucleus images; (b) brightfield cell images; (¢) images after 2D OTSU threshold

segmentation; (d) images after binary morphology processing
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Fig. 5 Global segmentation results for cell. (a) Fluorescent nucleus image; (b) brightfield cell image; (c) local segmentation result;

(d) global segmentation result; (e) fused segmentation result
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Fig. 6 Schematic of the watershed algorithm
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Fig. 7 Watershed fusion segmentation result. (a) Fluorescent nucleus image; (b) brightfield cell image; (c) result after fusion of local

segmentation and global segmentation; (d) result after watershed segmentation; (e) result of superimposing detection result on

the original cell image using the Canny operator after the edge detection of the Fig. 7(d)
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Fig. 8 Results of the first set of cell image segmemation experiment. (a) Standard cell Segmemmion- (b) Jaccard algorithm; (¢) dLoGH-

Zhang algorithm; (d) sEGT algorithm; (e) Flight algorithm; (f) proposed algorithm
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Fig. 9 Results of the second set of cell image segmentation experiment. (a) Standard cell segmentation; (b) Jaccard algorithm

(c) dLoGH-Zhang algorithm; (d) sEGT algorithm; (e) Flight algorithm; (f) proposed algorithm
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Fig. 10 Results of the third set of cell image segmentation experiment. (a) Standard cell segmentation; (b) Jaccard algorithm;

(c) dLoGH-Zhang algorithm; (d) sEGT algorithm; (e) Flight algorithm; (f) proposed algorithm
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Table 1 Comparison of segmentation results of different algorithms

Algorithm Precision  Recall F-score Time /s

Jaccard 0.817 0.681  0.743 1.55
dLoGH-Zhang 0.772 0.826  0.796  23.36
sEGT 0.785 0.824  0.802 0.40
Flight 0. 804 0.861  0.830 0.12

Proposed algorithm 0.960 0.984 0.971 5.31
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Cell segmentation results. (a) Fluorescent cell nucleus; (b) bright field cell; (¢) standard cell segmentation result;

(d) segmentation result of the proposed algorithm
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Table 2 Comparison of cell image counting results in three groups
Algorithm Group GT EN Npp Nip Ney Precision Recall F-score Time /s
1 32 29 24 5 8 0. 828 0.750 0.787 1.55
Jaccard 2 33 28 21 7 12 0.750 0.636 0. 689 1.56
3 33 26 23 3 10 0. 885 0.697 0.780 1.56
1 32 36 26 10 6 0.722 0.813 0.765 23.22
dLoGH-Zhang 2 33 40 27 13 6 0.675 0.818 0.740 23.14
3 33 35 29 6 4 0. 829 0.879 0. 853 23.16
1 32 32 28 4 4 0.875 0.875 0.875 0.57
sEGT 2 33 36 26 10 7 0.722 0.788 0.754 0.52
3 33 31 26 5 7 0.839 0.788 0.813 0.52
1 32 38 26 12 6 0.684 0.813 0.743 0.12
Flight 2 33 33 28 5 5 0. 848 0. 848 0. 848 0.12
3 33 38 30 8 3 0.789 0.909 0. 845 0.12
1 32 32 30 2 2 0.938 0.938 0.938 4.93
Proposed algorithm 2 33 33 33 0 0 1.000 1.000 1. 000 5.21
3 33 34 33 1 0 0.971 1.000 0.985 5.23

Note: GT is the result of manual cell counting, and EN is the result of cell counting obtained by algorithm.

1410015-10



4 4 2

X B 37 A R A e i 2 55 1 s AR A A
JETE IR AS B0 4 [R]85, 42 8 T — Fb Jay 358 43 8 A4 R
FIFEE A 0T, R4 B s A JEAT AL BR, 4 05
OB X EE UG AT AL B B TTEk A - ) X RHMG
A7 AL BREEAE , 43 1) SR FH XUEE = 4 0% 0l DAV 55 3 5k
557 ) 52 i) R0 T 78 8 DA 44 i 40 B 00 2% 5 2) 5 T Ak B
Jei B4 200 B P A5 R b L B S B A TR S A S — A 4
JEf A el 5 2D OTSU BRIME 43 31 7 32 R4 70 4031
Z 5K A RS B e B 35 2 A B e i — A5 gk 4n
Ji 43 0 45 5 5 3) K S R 0 ) 4 SR 4 ey 43 B 45 SRR A
Jei , e G A A A G 4 e 8 AR e s D A K i
AR X Rl AN E AR AT RS B ] SEER Ak R,
SHA BB, FriR Bk B A R a0 M, i
5 A RO T 5 AR 457 T DR AS B0 00 RN 30 2% 55 40 e K45
PEAT o8, AR IE e Se N AT M BE 8 il . e RSk
TAEH A a] X 2% 48 40 i R 2047 408 45 21 40 M 58 B
S5 AT X6 200 1 PN 30 A9 26 't A5 RN A0 i P9 3 2 S i B (E E
155307, B4 e E— 2 W98 1) .

& % x #

[1] Meijering E. Cell segmentation: 50 years down the road
[life sciences] [J]. IEEE Signal Processing Magazine,
2012, 29(5): 140-145.

[2] Zhang L. Phase contrast microscopy cell population
segmentation: a survey[EB/OL]. (2019-11-25)[2022-03-
06]. https://arxiv.org/abs/1911.11111.

[3] Tegunov D,
microscopy data preprocessing with warp[J].
Methods, 2019, 16(11): 1146-1152.

[4] Buggenthin F, Marr C, Schwarzfischer M, et al. An
automatic method for robust and fast cell detection in

Cramer P. Real-time cryo-electron

Nature

bright field images from high-throughput microscopy[J].
BMC Bioinformatics, 2013, 14: 297.

[5] Ali R H, Gooding M, Christlieb M, et al. Phase-based
segmentation of cells from brightfield microscopy[CJ/
2007 4th IEEE International Symposium on Biomedical
Imaging: From Nano to Macro, April 12-15, 2007,
Arlington, VA, USA. New York: IEEE Press, 2007:
57-60.

[6] Stringer C, Wang T, Michaelos M, et al. Cellpose: a
generalist algorithm for cellular segmentation[J]. Nature
Methods, 2021, 18(1): 100-106.

[7] Carpenter A E, Jones T R, Lamprecht M R, et al.
CellProfiler: image analysis software for identifying and
quantifying cell phenotypes[J]. Genome Biology, 2006, 7
(10): R100.

[8] McQuin C,
CellProfiler 3.0: next-generation image processing for
biology[J]. PLoS Biology, 2018, 16(7): e2005970.

[9] Edlund C, Jackson T R, Khalid N, et al. LIVECell: a
large-scale dataset for label-free live cell segmentation[J].

Goodman A, Chernyshev V, et al.

(10]

[11]

[12]

[13]

[14]

[16]

[17]

(18]

[19]

[20]

[21]

1410015-11

F605FE 148/2023 F£7 B/BAEXBEFZHE

Nature Methods, 2021, 18(9): 1038-1045.
Jaccard N, Griffin I D, Keser A, et al. Automated
method for the rapid and precise estimation of adherent cell

culture characteristics from phase contrast microscopy
images([J]. Biotechnology and Bioengineering, 2014, 111
(3): 504-517.

Zhang M, Wu T, Bennett K M. Small blob identification
in medical images using regional features from optimum
scale[J]. IEEE Transactions on Biomedical Engineering,
2015, 62(4): 1051-1062.

Chalfoun J, Majurski M, Peskin A, et al. Empirical
gradient threshold technique for automated segmentation
across image modalities and cell lines[J]. Journal of
Microscopy, 2015, 260(1): 86-99.

Flight R, Landini G, Styles I B, et al. Automated
noninvasive epithelial cell counting in phase contrast
microscopy images with automated parameter selection
[J]. Journal of Microscopy, 2018, 271(3): 345-354.

TRAE R, AR, SRR . — b Ik Ay = 2 X A i e
1B o # R 45[T]. o244, 2021, 41(3): 0310002,

Zhang H L, Li Q, Guan X. An improved three-
dimensional dual-path brain tumor image segmentation
network[J]. Acta Optica Sinica, 2021, 41(3): 0310002.
KUEAT, XVI5EL, ZRmENR, 4% . — ek py XU 2 R 2%
B 45 T B gy # 5 ik [T). 06 2F 2% i, 2021, 41(18):
1810001.

LiuJ W, Liu Q H, Li X O, et al. Improved colonic
polyp segmentation method based on double U-shaped
network[J]. Acta Optica Sinica, 2021, 41(18): 1810001.
O, EIR, EREEL L RLA R D M Inception A5 B (Y [l
M A i B o 4 W (00, O A 2 A, 2021, 4109):
0910002.

Zhao X, Wang X, Wang H K. End-to-end segmentation
of brain white matter hyperintensities combining attention
and Inception modules[J]. Acta Optica Sinica, 2021, 41
(9): 0910002.

Moen E, Bannon D, Kudo T, et al. Deep learning for
cellular image analysis[J]. Nature Methods, 2019, 16
(12): 1233-1246.

Xing F Y, Xie Y P, Su H, et al. Deep learning in
IEEE

Learning

microscopy  image analysis: a  survey[J].

Neural Networks and
Systems, 2018, 29(10): 4550-4568.
Zhao T Y, Yin Z Z. Weakly
segmentation by point annotation[J]. IEEE Transactions
on Medical Imaging, 2021, 40(10): 2736-2747.

Long J, Shelhamer E, Darrell T. Fully convolutional
networks for semantic segmentation[C]/2015 IEEE
Conference on Computer Vision and Pattern Recognition,
June 7-12, 2015, Boston, MA, USA. New York: IEEE
Press, 2015: 3431-3440.

Ronneberger O, Fischer P, Brox T. U-net: convolutional

Transactions on

supervised cell

networks for biomedical image segmentation[M]//Navab
N, Hornegger J, Wells W M, et al. Medical image
computing and computer-assisted intervention-MICCAIT
2015. Lecture notes in computer Cham:
Springer, 2015, 9351: 234-241.

science.


https://arxiv.org/abs/1911.11111

£ 605F 148/2023 F£7 B/BAEXBEFZHE

[24]

[25]

(26]

[27]

(28]

[29]

Falk T, Mai D, Bensch R, et al. U-Net: deep learning
for cell counting, detection, and morphometry[J]. Nature
Methods, 2019, 16(1): 67-70.

SRHRHE, BB, AL, 4R T U-Net %M £ £ 54
3 440 Jts 4 0 7 vk BF g [J0. 2040 50 TR, 2020, 49
(S1): 20200121.

Zhu L L, Han L, Du H, et al. Multi-active contour cell
segmentation method based on U-Net network[J].
Infrared and Laser Engineering, 2020, 49(S1): 20200121.
Zhao T Y, Yin Z Z. Pyramid-based fully convolutional
networks for cell segmentation[]M]//Frangi A F,
Schnabel J A, Davatzikos C, et al. Medical image
computing and computer assisted intervention-MICCAI
2018. Cham: Springer, 2018, 11073: 677-685.

Gamarra M, Zurek E, Escalante H J, et al. Split and
merge watershed: a two-step method for cell segmentation
in fluorescence microscopy images[J]. Biomedical Signal
Processing and Control, 2019, 53: 101575.

Robitaille M C, Byers J M, Christodoulides J A, et al.
Robust optical flow algorithm for general single cell
segmentation[J]. PLoS One, 2022, 17(1): e0261763.
Minaee S, Boykov Y, Porikli F, et al
segmentation using deep learning: a survey[J]. IEEE
Machine

Image

Transactions on Pattern Analysis and
Intelligence, 2022, 44(7): 3523-3542.

YiJ R, WuP X, Jiang M L, et al. Attentive neural cell
instance segmentation[J]. Medical
2019, 55: 228-240.

Biswas S, Barma S. A large-scale fully annotated low-

Image Analysis,

cost microscopy 1image dataset for deep learning
framework[J]. IEEE Transactions on NanoBioscience,
2021, 20(4): 507-515.

B W URR AN o BB s R AT SE (D). k
W 1A KA 2018.

Zhi X H. Research on segmentation algorithm of cell
microscopic image and its applications[D]. Shanghai:

Shanghai Jiao Tong University, 2018.

[31]

[32]

[33]

[34]

[36]

[37]

[38]

1410015-12

Ghaznavi A, Rychtarikova R, Saberioon M, et al. Cell
segmentation from telecentric bright-field transmitted
light microscopy images using a Residual Attention U-
Net: a case study on Hela line[EB/OL]. (2022-03-23)
[2022-06-05]. https://arxiv.org/abs/2203.12290.
RO, R SR, FRE R, AF BT OUUHE R AT R Y Al
JfS PR AG PR 3 43 10 07 36 (0], W06 5 0 i 24 3 L 2022,
59(2): 0210002.

WuJ C, Shi L L, Du Y N, et al. Fast segmentation
method of cell image based on dual-Gaussian filtering[J].
Laser & Optoelectronics Progress, 2022, 59(2): 0210002.
Bai X Z, Zhou F G. Multi scale top-hat transform based
enhancement[C]/IEEE  10th
International Conference on Signal Processing Proceedings,
October 24-28, 2010, Beijing, China. New York: IEEE
Press, 2010: 797-800.

Otsu N. A threshold selection method from gray-level

algorithm  for image

histograms[J]. IEEE Transactions on Systems, Man,
and Cybernetics, 1979, 9(1): 62-66.

W, e, E94 . 3T 00 00 IR BG4 (8
WU :[I]. B 3k, 2009, 35(7): 1022-1027.

Yue F, Zuo W M, Wang K Q. Decomposition based
two-dimensional threshold algorithm for gray images[J].
Acta Automatica Sinica, 2009, 35(7): 1022-1027.

TR . 2 W N A TR 53 B 1 S DI o B IRORIE Y
[D]. B E: B EKY, 2014,

Xu L. Research on the medical microscopic cell image
segmentation algorithms and fluorescence intensity
extraction[D]. Nanchang: Nanchang University, 2014.

K, Rao B S P, Mariya Das M.

segmentation using gray-scale morphology and marker-

Parvati Image
controlled watershed transformation[J]. Discrete
Dynamics in Nature and Society, 2008, 2008: 384346.

Koppen M, del Ruiz-Solar J, Soille P. Texture
segmentation by biologically-inspired use of neural
networks and mathematical morphology[J]. NC, 1998,

98: 267-272.


https://arxiv.org/abs/2203.12290

	1　引言
	2　细胞图像分割方法
	2.1　细胞核引导明场细胞图像局部分割

	2.1.1　局部细胞图像预处理
	2.1.2　局部分割与形态学后处理
	2.2　明场显微图像细胞全局分割
	2.3　分水岭融合分割

	3　实验结果分析与讨论
	3.1　实验平台及数据
	3.2　评估指标
	3.3　细胞分割实验结果与分析
	3.4　细胞计数

	4　结论

