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Questions

1. What is image segmentation? (you can explain it in your own words as per your understanding)
2. Fill in the Blanks:

OTSU Thresholding Algorithm ________ within-class variance and _______ between-class 
variance.

3. Which Image Segmentation Algorithm did you like the most?
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Overview
➢ Image Segmentation: Image Segmentation is the process of partitioning a digital image into 

multiple image segments, also known as image regions or image objects (sets of pixels). 
➢ Pixel: The smallest unit of an image that can be represented or processed.
➢ Clustering: It is a technique in unsupervised machine learning that groups similar data points 

or objects together based on their attributes. Can be used for image segmentation.
➢ Image Segmentation Applications:

○ Medical Imaging
○ Object Detection and Tracking
○ Agriculture
○ Environmental Monitoring
○ Entertainment and Gaming
○ Astronomy

Image Segmentation

https://en.wikipedia.org/wiki/Digital_image
https://en.wikipedia.org/wiki/Set_(mathematics)
https://en.wikipedia.org/wiki/Pixel
https://en.wikipedia.org/wiki/Image_segmentation


History

➢ Early Developments: Image segmentation has a long history, dating back to the early days of 
computer vision research in the 1960s and 1970s.

➢ Thresholding Techniques: In the 1980s, researchers began to develop more sophisticated 
techniques for image segmentation, such as thresholding-based methods.

➢ Edge-Based Segmentation: Another approach to image segmentation that emerged in the 1980s 
was edge-based segmentation.

➢ Region-Based Segmentation: In the 1990s, region-based segmentation became popular, which 
involved grouping pixels or regions of the image together based on their similarity in terms of 
color, texture, or other features.

➢ Hybrid Techniques: In recent years, researchers have been exploring hybrid techniques that 
combine multiple segmentation methods or algorithms to improve accuracy and robustness.

History of Image Segmentation
Image_segmentation

https://medium.com/@eaifundoffical/history-of-image-segmentation-655eb793559a
https://en.wikipedia.org/wiki/Image_segmentation


1. del_T=0, min_T, max_iter
2. while (del_T>min_T) and (i<max_iter):

1. Select an initial estimate for the global threshold. T (e.g. 
mean of intensity)

2. Segment the image using T into regions c1 (above T) 
and c2 (below T)

3. Compute the average intensity of pixels at c1 as m1 and 
c2 as m2.

4. Set new threshold T = ½(m1+m2)
5. Update del_T

Global Thresholding

https://www.youtube.com/watch?v=12BCswFAXA8&t=1566s&ab_channel=SignalProcessingBridge



Implementation

Run Time Complexity: O(n*k)

https://prezentium.com/dont-forget-rule-6/
https://www.pinterest.com/pin/httpwwwcolourboxcom-14112013--345369865145502193/



Otsu Thresholding
▪ ▪Find the histogram of the image
▪ ▪For all Threshold T:

  Divide the image into c1 and c2 based on T
       Find the within-class variance or between-class variance using  a   histogram
▪ ▪Find the threshold that minimizes within-class variance or maximizes between-class variance  
▪ ▪Run Time Complexity O(n*L)



Histogram
1 0 1

2 1 0

0 1 2

Bin Bin Count
0 3
1 4
2 2



Within Class Variance

 

 

http://www.labbookpages.co.uk/software/imgProc/otsuThreshold.html





Between Class Variance

http://www.labbookpages.co.uk/software/imgProc/otsuThreshold.html



Implementation

Sree Nirmillo Biswash Tushar, Soma Sarker, William Stapleton, and Damian Valles, “Peanut maturity classification by features extracted from 
selected hyperspectral components”, 2022 IEEE Global Humanitarian Technology Conference (GHTC), pp. 176-183. IEEE, 2022

RGB Image Otsu Thresholding Otsu Thresholding + 
Morphological operation



K means Clustering (k=2)

https://www.youtube.com/watch?v=wt-X61BnUCA&ab_channel=AnuradhaBhatia

Pixel No R G

1 185 72

2 170 56

3 168 60

4 179 68

5 182 72

6 188 77

Features: (number of pixels,color_levels)



Cluster R G
K1 185 72
K2 170 56

Step 3-5

Cluster K1 K2 Assignme
nt

3 (168, 60) 20.808 4.472 2

Cluster R G

K1 185 72

K2 (170+168)/2=16
9

(60+56)/2=58



Final Assignment

Pixel No R G Assignment
1 185 72 1
2 170 56 2
3 168 60 2
4 179 68 1
5 182 72 1
6 188 77 1



Implementation
Image of size (H,W,c) to Image of size (H*W,c) and then apply 2 means clustering

S. Zou, Y.-C. Tseng, A. Zare, D. L. Rowland, B. L. Tillman, and S.C. Yoon, “Peanut maturity classification using 
hyperspectral imagery,”biosystems engineering, vol. 188, pp. 165–177, 2019.



Implementation
15 means clustering, Spatial position was the features 

Sree Nirmillo Biswash Tushar, Soma Sarker, William Stapleton, and Damian Valles, “Peanut maturity classification by features extracted 
from selected hyperspectral components”, 2022 IEEE Global Humanitarian Technology Conference (GHTC), pp. 176-183. IEEE, 2022



➢ CNNs were developed in the 1980s and could recognize handwritten digits.
➢ They were primarily used in the postal sector to read zip codes, pin codes, etc.
➢ CNNs require a large amount of data to train and a lot of computing resources.
➢ Limited computing resources were a major drawback for CNNs in the 1980s.
➢ Due to these limitations, CNNs failed to enter the world of machine learning at that time.
➢ In 2012, Alex Krizhevsky revived the use of multi-layered neural networks in deep learning, as 

the availability of large labeled datasets such as ImageNet and ample computing resources 
enabled researchers to bring back CNNs.

Deep-Learning Based Segmentation Techniques - 
CNN (Background)

Convolutional Neural Networks, Explained
Image-Segmentation-Using-Convolutional-Neural-Network.pdf

https://towardsdatascience.com/convolutional-neural-networks-explained-9cc5188c4939
http://www.ijstr.org/final-print/nov2019/Image-Segmentation-Using-Convolutional-Neural-Network.pdf


Deep-Learning Based Segmentation Techniques - 
CNN

➢ Modeled after the structure of the human brain's visual cortex
➢ Let’s try to understand it with a simple example - basket of fruits

Convolutional Neural Networks, Explained
Image-Segmentation-Using-Convolutional-Neural-Network.pdf

https://towardsdatascience.com/convolutional-neural-networks-explained-9cc5188c4939
http://www.ijstr.org/final-print/nov2019/Image-Segmentation-Using-Convolutional-Neural-Network.pdf


Deep-Learning Based Segmentation 
Techniques - CNN

https://images.app.goo.gl/Ex6TisK8V59EWCUM6

➢ Input image: A medical image is presented to the 
CNN.

➢ Convolutional layers: The CNN extracts features, 
such as edges and textures, using convolutional 
filters.

➢ Pooling layers: The CNN reduces the spatial 
resolution of the image while preserving important 
features using pooling operations.

➢ Fully connected layers: The CNN generates a 
segmentation map of the image, identifying the tumor 
and its location within the image.

➢ Output: The segmented tumor is analyzed by doctors 
to diagnose and treat diseases more accurately.

https://images.app.goo.gl/Ex6TisK8V59EWCUM6


Mathematics behind CNN
➢ Gentle Dive into Math Behind Convolutional Neural Networks
➢ Demystifying the Mathematics Behind Convolutional Neural Networks (CNNs)

https://towardsdatascience.com/gentle-dive-into-math-behind-convolutional-neural-networks-79a07dd44cf9
https://www.analyticsvidhya.com/blog/2020/02/mathematics-behind-convolutional-neural-network/

https://towardsdatascience.com/gentle-dive-into-math-behind-convolutional-neural-networks-79a07dd44cf9
https://www.analyticsvidhya.com/blog/2020/02/mathematics-behind-convolutional-neural-network/
https://towardsdatascience.com/gentle-dive-into-math-behind-convolutional-neural-networks-79a07dd44cf9
https://www.analyticsvidhya.com/blog/2020/02/mathematics-behind-convolutional-neural-network/


U-Net Architecture

Ronneberger et al. (2015) U-net Architecture

- Low Resolution Feature 
Map

- Lose Spatial Information

“Contraction” Phase

● The encoder extracting the features 

● Reduce its spatial resolution.
 

● capture the global context of the input 
image and identify key features that 
can be used
to segment the image.



U-Net Architecture

Ronneberger et al. (2015) U-net Architecture

- Create High Resolution 
Mapping

“Expansion” Phase

● The decoder generates the segmented 
image. 

● Increase the spatial resolution of the 
feature. 

● The upsampling operation helps to 
recover the details lost during the 
downsampling process and provide 
finer details to the decoder. 



U-Net Architecture

Ronneberger et al. (2015) U-net Architecture

Concatenation



U-Net Architecture

Ronneberger et al. (2015) U-net Architecture



Implementation

https://docs.google.com/file/d/1pt8QNbxBitqjke2N6ktyD854KWJKmL7H/preview


Applications
➢ Medical Imaging
➢ Object Detection and Tracking
➢ Agriculture
➢ Environmental Monitoring
➢ Entertainment and Gaming
➢ Astronomy

unet-neurohive
UNet Medical Imaging

https://neurohive.io/wp-content/uploads/2018/11/u-net-segmentation-e1542978983391.png
https://www.mdpi.com/2227-9032/9/1/54


Open Issues

➢ Ambiguity: Challenges arise when objects in the image have similar shapes, textures or colors.
➢ Noise: The presence of noise in images can make it difficult to accurately segment objects.
➢ Variability: Objects in images can exhibit significant variability in terms of shape, size, and 

appearance.
➢ Computational complexity: Segmentation algorithms can be computationally complex and 

time-consuming, especially for large or high-resolution images.
➢ Training data: Deep learning-based techniques require large amounts of training data, which 

can be expensive and time-consuming to obtain and label.
➢ Interpretability: Some segmentation techniques, especially deep learning-based methods, can 

be difficult to interpret or explain.
➢ Integration with other algorithms: Integrating segmentation algorithms with other image 

processing techniques and algorithms can be challenging.
what-some-latest-trends-challenges-image-segmentation

https://www.linkedin.com/advice/0/what-some-latest-trends-challenges-image-segmentation
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