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Abstract
Cell culture monitoring necessitates thorough attention for the continuous characterization of cultivated cells. Machine
learning has recently emerged to engage in a process, such as a microscopy segmentation task; however, the trained data
may not be comprehensive for other datasets. Most algorithms do not encompass a wide range of data attributes and
require distinct system workflows. Thus, the main objective of the research is to propose a segmentation pipeline specifically
for fibroblast cell images on phase contrast microscopy at different magnifications and to achieve reliable predictions during
deployment. The research employs patch-based segmentation for predictions, with U-Net as the baseline architecture. The
proposed segmentation pipeline demonstrated significant performance for the UNet-based network, achieving an IoU score
above 0.7 for multiple magnifications, and provided predictions for cell confluency value with less than 3% error. The study
also found that the proposed model could segment the fibroblast cells in under 10 seconds with the help of OpenVINO and
Intel Compute Stick 2 on Raspberry Pi, with its optimal precision limited to approximately 80% cell confluency which is
sufficient for real-world deployment as the cell culture is typically ready for passaging at the threshold. © 2013 IEEE.

Author Keywords
Cell confluency;  deep learning;  fibroblast;  microscopy segmentation;  phase contrast

Index Keywords
Cell culture, Computer architecture, Deep learning, Fibroblasts, Forecasting, Network architecture, Pipelines; Cell
confluency, Cell images, Deep learning, Fibroblast cells, Images segmentations, Microscopy segmentation, Patch
based, Phase-contrast; Image segmentation

References
Kaur, A., Midha, S., Giri, S., Mohanty, S.
Functional skin grafts: Where biomaterials meet stem cells
(2019) Stem Cells Int., 2019, pp. 1-20. 
Jul

Cao, J.
Accurate cell segmentation based on biological morphology features
(2018) Proc. Ieee Int. Conf. Syst. Man, Cybern., pp. 3380-3383. 
Oct

Korzynska, A., Roszkowiak, L., Zak, J., Siemion, K.
A review of current systems for annotation of cell and tissue images in digital
pathology
(2021) Biocybern. Biomed. Eng., 41 (4), pp. 1436-1453. 
Oct

Khan, M.Z., Gajendran, M.K., Lee, Y., Khan, M.A.
Deep neural architectures for medical image semantic segmentation: Review
(2021) Ieee Access, 9, pp. 83002-83024. 



4/2/24, 2:49 PM Scopus - Print Document

https://www.scopus.com/citation/print.uri?origin=recordpage&sid=&src=s&stateKey=OFD_1767739464&eid=2-s2.0-85171543323&sort=&clicked… 2/4

Kachi, K., Iwahori, Y., Usami, H., Fukui, S., Wang, A., Bhuyan, M.K.
Pore detection from human skin image using U-Net
(2020) Proc. 9th Int. Congr. Adv. Appl. Informat. (IIAI-AAI), pp. 463-466. 
Sep

Gholami, P., Ahmadi-Pajouh, M.A., Abolftahi, N., Hamarneh, G., Kayvanrad, M.
Segmentation and measurement of chronic wounds for bioprinting
(2018) Ieee J. Biomed. Health Informat., 22 (4), pp. 1269-1277. 
Jul

De Angelo, G.G., Pacheco, A.G.C., Krohling, R.A.
Skin lesion segmentation using deep learning for images acquired from
smartphones
(2019) Proc. Int. Joint Conf. Neural Netw. (IJCNN), pp. 1-8. 
Jul

Anjum, M.A., Amin, J., Sharif, M., Khan, H.U., Malik, M.S.A., Kadry, S.
Deep semantic segmentation and multi-class skin lesion classification based on
convolutional neural network
(2020) Ieee Access, 8, pp. 129668-129678. 

Oskal, K.R.J., Risdal, M., Janssen, E.A.M., Undersrud, E.S., Gulsrud, T.O.
A U-Net based approach to epidermal tissue segmentation in whole slide
histopathological images
(2019) Social Netw. Appl. Sci., 1 (7), pp. 1-12. 
Jul

Zhang, M., Li, X., Xu, M., Li, Q.
Automated semantic segmentation of red blood cells for sickle cell disease
(2020) Ieee J. Biomed. Health Informat., 24 (11), pp. 3095-3102. 
Nov

Al-Dulaimi, K., Banks, J., Nugyen, K., Al-Sabaawi, A., Tomeo-Reyes, I., Chandran, V.
Segmentation of white blood cell, nucleus and cytoplasm in digital haematology
microscope images: A review-challenges, current and future potential techniques
(2021) Ieee Rev. Biomed. Eng., 14, pp. 290-306. 

Huang, J., Yang, G., Li, B., He, Y., Liang, Y.
Segmentation of cervical cell images based on generative adversarial networks
(2021) Ieee Access, 9, pp. 115415-115428. 

Jia, D., Li, Z., Zhang, C.
A parametric optimization oriented, AFSA based random forest algorithm:
Application to the detection of cervical epithelial cells
(2020) Ieee Access, 8, pp. 64891-64905. 

Kumar, N.
A multi-organ nucleus segmentation challenge
(2020) Ieee Trans. Med. Imag., 39 (5), pp. 1380-1391. 
May

Ibtehaz, N., Rahman, M.S.
MultiResUNet: Rethinking the U-Net architecture for multimodal biomedical image
segmentation
(2020) Neural Netw., 121, pp. 74-87. 
Jan

Iqbal, A., Sharif, M., Khan, M.A., Nisar, W., Alhaisoni, M.
FF-UNet: A U-shaped deep convolutional neural network for multimodal biomedical
image segmentation



4/2/24, 2:49 PM Scopus - Print Document

https://www.scopus.com/citation/print.uri?origin=recordpage&sid=&src=s&stateKey=OFD_1767739464&eid=2-s2.0-85171543323&sort=&clicked… 3/4

(2022) Cogn. Comput., 14 (4), pp. 1287-1302. 
Jul

Khan, A., Kim, H., Chua, L.
PMED-Net: Pyramid based multi-scale encoder-decoder network for medical image
segmentation
(2021) Ieee Access, 9, pp. 55988-55998. 

Wu, W., Mehta, S., Nofallah, S., Knezevich, S., May, C.J., Chang, O.H., Elmore, J.G.,
Shapiro, L.G.
Scale-aware transformers for diagnosing melanocytic lesions
(2021) Ieee Access, 9, pp. 163526-163541. 

Nofallah, S., Li, B., Mokhtari, M., Wu, W., Knezevich, S., May, C.J., Chang, O.H., Shapiro,
L.G.
Improving the diagnosis of skin biopsies using tissue segmentation
(2022) Diagnostics, 12 (7), pp. 1-18. 

Naidu, S., Parvatkar, P., Quadros, A., Kumar, K.C., Natekar, A., Aswale, S.
Medical image enhancement based on statistical and image processing techniques
(2021) Int. J. Eng. Res. Technol., 10 (5), pp. 509-515. 

Li, A.-C., Vyas, S., Lin, Y.-H., Huang, Y.-Y., Huang, H.-M., Luo, Y.
Patch-based U-Net model for isotropic quantitative differential phase contrast
imaging
(2021) Ieee Trans. Med. Imag., 40 (11), pp. 3229-3237. 
Nov

Kist, A.M., Döllinger, M.
Efficient biomedical image segmentation on EdgeTPUs at point of care
(2020) Ieee Access, 8, pp. 139356-139366. 

Gu, Z., Cheng, J., Fu, H., Zhou, K., Hao, H., Zhao, Y., Zhang, T., Liu, J.
CE-Net: Context encoder network for 2D medical image segmentation
(2019) Ieee Trans. Med. Imag., 38 (10), pp. 2281-2292. 
Oct

Su, R., Zhang, D., Liu, J., Cheng, C.
MSU-Net: Multi-scale U-Net for 2D medical image segmentation
(2021) Frontiers Genet., 12, pp. 1-14. 
Feb

Hu, H., Zheng, Y., Zhou, Q., Xiao, J., Chen, S., Guan, Q.
MC-UNet: Multi-scale convolution UNet for bladder cancer cell segmentation in
phase-contrast microscopy images
(2019) Proc. Ieee Int. Conf. Bioinf. Biomed. (BIBM), pp. 1197-1199. 
Nov

Ramachandram, D., Ramirez-GarciaLuna, J.L., Fraser, R.D.J., Martínez-Jiménez, M.A.,
Arriaga-Caballero, J.E., Allport, J.
Fully automated wound tissue segmentation using deep learning on mobile
devices: Cohort study
(2022) Jmir MHealth UHealth, 10 (4), pp. 1-19. 

Correspondence Address
Idris A.S.; University of Southampton Malaysia, Malaysia; email: A.S.Idris@soton.ac.uk

Publisher: Institute of Electrical and Electronics Engineers Inc.

ISSN: 21693536
Language of Original Document: English
Abbreviated Source Title: IEEE Access
2-s2.0-85171543323



4/2/24, 2:49 PM Scopus - Print Document

https://www.scopus.com/citation/print.uri?origin=recordpage&sid=&src=s&stateKey=OFD_1767739464&eid=2-s2.0-85171543323&sort=&clicked… 4/4

Document Type: Article
Publication Stage: Final
Source: Scopus

Copyright © 2024 Elsevier B.V. All rights reserved. Scopus® is a registered
trademark of Elsevier B.V.


