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INTRODUCTION
The testing of nuclear abnormalities in sh cells is a potential protocol 

1to evaluate the presence of genotoxins in waterbodies.  On the other 
hand, manual scoring with statistical interpretation is a tedious job. In 
this context, automated image analysis is benecial solution to explore 

2large numbers of microscopic images.  

The segmentation is the process of partitioning an image into multiple 
homogeneous parts or segments. Moreover, segmentation establishes 
a major transition in the image analysis pipeline, changing intensity 

2values by region-based labels.

The segmentation can be performed through machine learning 
2,3,4algorithms.  An earlier study conducted by Sarrafzadeh and 

5Dehnavi  detected leukocytes from a blood smear microscopic image 
and segmented these into their two dominant elements viz. nucleus and 
cytoplasm.

Tumour detection, tissue segmentation, histological image analysis, 
blood-cell categorization, and cell and nucleus segmentation are just a 
few of the microscopy applications for which deep learning-based 
segmentation has been employed. However, the quality and diversity 
of training data, annotation accuracy, imaging modality, staining 
protocol, and acquisition equipment can all have an impact on model 

6performance.

In Trainable Weka Segmentation (TWS) method, the popular image 
7processing toolkit Fiji was combined,  with the state-of-the-art 

machine learning algorithms provided in the latest version of the data 
mining and machine learning toolkit Waikato Environment for 

8Knowledge Analysis (WEKA).

Thus, the objective of the study was to evaluate nuclear abnormalities 
through an automated deep learning-based technique segmented 
microscopic image by using quantitative segmentation measurements 
with statistical validation.

MATERIAL AND METHODS
Study design
A computational and image-analysis research was conducted by using 
microscopic image and their matching expert-generated segmentation 
annotations served as the foundation for this study design.

Image as dataset
The microscopic image of grayscale on nuclear abnormalities was 

9selected from an earlier study by Mondal and Talapatra.  

Segmentation process
The segmentation of the input image was incorporated in Fiji-ImageJ 
tool of MS Window platform (version, 1.54n). After incorporation of 
image, plugin was selected for TWS (version-3.2.11) machine learning 

2tool as per the study by Arganda-Carreras et al.  This tool transforms 
the segmentation method into a pixel classication where each pixel 
can be classied to t into a specic segment or class. Herein, three 
classes were selected for the groups of cells. A set of input pixels that 
labelled, which is represented in the feature space and further used as 
the training set for a selected classier. Once the classier was trained, 
it was used to classify the rest of the input pixels. All methods available 
in TWS that was used. Finally, the results along with probability maps 
of three classes and Threshold curve with data were created in this tool.

RESULTS
Fig 1 exhibits three classes were selected in the studied microscopic 
image under train classier within TWS.

Fig 1: Selected three classes in the studied microscopic image

Fig 2 exhibits the studied microscopic image after train classied 
within TWS.

Fig 2: Train classified the studied microscopic image
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ABSTRACT
Objective: The present study aimed to develop and evaluate an automated microscopic image segmentation approach based on deep learning for 
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microscopic image and their matching expert-generated segmentation annotations served as the foundation for this study design. The microscopic 
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learning can provide accurate, reproducible, and efcient prediction of cellular structures. Such approaches have considerable potential for 
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Fig 3 exhibits the probability map for three classes of studied 
microscopic image within TWS. In class 1 (10 cells), class 2 (14 cells) 
and class 3 (12 cells) in which 495x308 pixels were obtained.

Fig 3: probability map for three classes in studied microscopic 
image

Fig 4 exhibits the threshold curve of studied microscopic image within 
TWS. In the present study, different statistical results for precision 
value (97%), recall value (100%) and F-measure value (99%) were 
predicted (Table 1).

Fig 4: Threshold curve of segmentation for studied microscopic 
image

Table 1: Statistical results from threshold curve

DISCUSSION
Accurate identication of cellular and tissue structures lays the 
foundation for subsequent quantitative evaluation; therefore, 
microscopic image segmentation is a crucial part of automated 

10biomedical image analysis.  The current research evaluated a 
segmentation framework based on deep learning and showed that 
automated pixel-level segmentation may provide considerable 
concordance with expert-generated reference masks.

The performance of the model can be attributed as per the ability of 
convolutional neural networks (CNN) to learn hierarchical spatial and 

11morphological features directly from image.  Deep learning models, 
as opposed to classic thresholding methods that rely heavily on pixel 
intensity, may integrate intricate contextual information such as shape, 

2texture, borders, and spatial connections.

Overlapping and contacting cells are a major difculty in microscopic 
segmentation. Even experienced observers may disagree on their 

12annotations when boundaries are ill-dened.

Another crucial aspect to consider is the image's heterogeneity. 
Staining protocol, microscope maker, illumination conditions, 
magnication, camera attributes, and sample preparation can all have 

13an impact on microscopic pictures.  

Automated microscopy segmentation has a lot of research and clinical 
uses. Quantitative values derived from segmented objects can aid in 
biomarker evaluation, morphological analysis, cell counting, 
treatment-response assessment, and disease classication. 
Furthermore, automated systems may improve analytical repeatability 

14and shorten the time needed for recurring image-analysis tasks.  

In the present study, precision value (97%), recall value (100%) and F-
measure value (99%) were predicted after segmentation, which was 
predicted lower for precision (91.4%), recall (92.7%) and F-score 
(91.8%) but the image was different as radiograph reported in a recent 

15study.

CONCLUSION
The present study evaluates the potential of microscopic image 
segmentation through deep learning-based method, which easily 

performed automated identication of cellular structures with the 
precision value (97%), recall value (100%) and F-measure value 
(99%), respectively. 

Quantitative microscopic image analysis may be facilitated by 
automated segmentation, which may also lower manual workload and 
increase reproducibility. Challenges with image variability, 
overlapping structures, annotation quality, and external 
generalizability continue despite these benets.

The tool TWS is a exible to classify the pixels. It may be utilized as a 
pixel classier for a variety of tasks, including boundary detection, 
semantic segmentation, and object detection and localization. 
Microscopic image segmentation has the potential to be a crucial 
element of digital pathology and biomedical workows that are 
supported by articial intelligence if it is properly validated.

Acknowledgements
Authors convey thanks the developer of Fiji-ImageJ tool and plugin as 
Trainable Weka Segmentation used in this study.

Declaration of conflicting interests 
Authors declare no conicts of interest.

REFERENCES
1.  Ergene S, Cavas T, Celik A, Koleli N, Kaya F, et al. Monitoring of nuclear abnormalities 

in peripheral erythrocytes of three sh species from the Goksu Delta (Turkey): 
genotoxic damage in relation to water pollution. Ecotoxicology. 2007;16:385-391

2.  Arganda-Carreras I, Kaynig V, Rueden C, Eliceiri KW, Schindelin J, Cardona A, et al. 
Trainable Weka Segmentation: a machine learning tool for microscopy pixel 
classication. Bioinformatics. 2017;33(15):2424-26.

3.  Dietz C, Berthold MR. Knime for open-source bioimage analysis: a tutorial. In: DeVos 
WH. et al. (eds). Focus on Bio-Image Informatics. Springer-Verlag Berlin, pp. 179-197, 
2016.

4.  Berg SE, Kutra D, Kroeger T, Straehle CN, Kausler BX, Haubold C, et al. Ilastik: 
interactive machine learning for (bio)image analysis. Nature Methods. 2019;16:1226-
1232.

5.  Sarrafzadeh O, Dehnavi AM. Nucleus and cytoplasm segmentation in microscopic 
images using K-means clustering and region growing. Adv Biomed Res. 2015;4:174.

6.  Basu A, Senapati P, Deb M, Rai R, Dhal KG. A survey on recent trends in deep learning 
for nucleus segmentation from histopathology images. Evol Syst (Berl). 2024;15:1-46.

7.  Schindelin J, Arganda-Carreras I, Frise E, Kaynig V, Longair M, Pietzsch T, et al. Fiji: an 
open-source platform for biological-image analysis. Nat Methods. 2012;9(7):676-82. 

8.  Hall M, Frank E, Holmes G, Pfahringer B, Reutemann P, Witten IH. The WEKA data 
mining software: an update. J SIGKDD Explor Newsl. 2009;11(1):10-18.

9.  Mondal S, Talapatra SN. Evaluation of genotoxicity in juveniles and adults sh Labeo 
bata inhabiting sewage fed shponds during pre-monsoon. International Journal of 
Science and Research. 2025;14(8):1677-9.

10.  Krikid F, Rositi H, Vacavant A. State-of-the-art deep learning methods for microscopic 
image segmentation: applications to cells, nuclei, and tissues. Journal of Imaging. 2024; 
10(12):311.

11.  Zhang P, Yang Z. Convolutional neural networks: applications, challenges and future 
prospects in brain tumor research. Front Neurol. 2026;17:1759459.

12.  Portuondo-Mallet LM, Chinea-Valdes´L, Orozco-Morales R, Lorenzo-Ginori JV. 
Combined detection and segmentation of overlapping erythrocytes in microscopy 
images using morphological image processing. Computing and Systems. 
2022;26(4):1569-1586.

13.  Faklaris O, Bancel-Vallée L, Dauphin A, Monterroso B, Frère P, Geny D, et al. Quality 
assessment in light microscopy for routine use through simple tools and robust metrics. J 
Cell Biol. 2022;221(11):e202107093.

14.  Wang Y, Li X, Kulwa F, Li X, Tai S, Tian S, et al. Microscopic image processing platform 
for multi-class cell segmentation using deep learning. Intelligent Medicine. 2026;6:187-
199.

15.  Erkal, D., Çakmak, Y.E., Er, K. et al. Automated periapical lesion segmentation and 
area-based PAI indexing: a comparative deep learning study on periapical radiographs. 
BMC Oral Health. 2026;26:1290. 

PRINT ISSN No. 2277 - 8179 | DOI : 10.36106/ijsrVolume - 15 | Issue - 08 | August - 2026

Precision value Recall value F-measure value Fallout value
97% 100% 99% 0.02
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