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IMAGE SEGMENTATION (CONTINUED)

In computer vision, image segmentation is the process
of partitioning a digital image into multiple homogenous
segments[1-3].
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THRESHOLDING
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THRESHOLDING (CONTINUED)

When the image has segmented into two classes, the task
is called Bi-level thresholding (BT) and requires only one
(th) value, when pixels has separated into more than two
classes, then the task is called as Multi-level Thresholding
(MT) demands more than one (th) value.
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THRESHOLDING (CONTINUED)
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THRESHOLDING (CONTINUED)
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THRESHOLDING (CONTINUED)

There are several methods used to find the optimal
thresholding values such as Otsu 1979 [4] and Kapur’s1985 [5]
methods.
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OTSU’S OBJECTIVE FUNCTION
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 Otsu proposed a thresholding technique based on the
maximum variance between classes. This methods is
used to find the optimal threshold values that separate
the image into multiple classes .



BI-LEVEL  VS MULTI-LEVEL 
THRESHOLDING

These methods are suitable for bi-level thresholding and
they can be easily extended to multi-level case.

However the process of determining the optimal
thresholds in case of multi-level is an exhaustive task [6].
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BI-LEVEL  VS MULTI-LEVEL THRESHOLDING 
(CONTINUED)

To avoid the thresholding problems, many researchers started to use Nature Inspired
optimization algorithms (NIOA) to optimize the process of selecting the best thresholds
[7].
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NATURE INSPIRED OPTIMIZATION 
ALGORITHMS

NIOAs have been designed and utilized for tackling many
problems because of their simplicity and easy
implementation process[8-9].
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NIOAS (CONTINUED)
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Number of publications of multi-level thresholding 
image segmentation over the last ten years, as 

announced by Scopus.

Distribution of multi-level thresholding image 
segmentation publications in several 

applications, as announced by Scopus.
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Table 1.1 
Research works in 
image multi-level 
thresholding 
segmentation 
based nature-
inspired 
optimization 
algorithms
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Research paper :

Journal:

An Improved Tunicate Swarm Algorithm
for Global Optimization and Image
Segmentation

IEEE

Impact Factor:

3.367



This study [11] integrates a tunicate swarm
algorithm (TSA) with a local escaping operator
(LEO) for overcoming the weaknesses of the original
TSA.
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EXPERIMENTAL SERIES 1: CEC 2017
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EXPERIMENTAL RESULTS (CONTINUED)
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EXPERIMENTAL RESULTS 
CONT…
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EXPERIMENTAL SERIES 2: 
SEGMENTATION
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EXPERIMENTAL RESULTS (CONTINUED)
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Research paper :

Journal:

A novel Black Widow Optimization
algorithm for multilevel thresholding image
segmentation

Expert Systems with Applications

Impact Factor:

6.954



A NOVEL BLACK WIDOW OPTIMIZATION 
ALGORITHM FOR MULTILEVEL 
THRESHOLDING IMAGE SEGMENTATION

This paper [10] introduces the use of the novel meta-
heuristic algorithm called Black Widow Optimization
(BWO) to find the best threshold configuration using Otsu
or Kapur as objective function.
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EXPERIMENTAL RESULTS
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Experimental Results



EXPERIMENTAL RESULTS (CONTINUED)
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A NOVEL BLACK WIDOW OPTIMIZATION ALGORITHM FOR
MULTILEVEL THRESHOLDING IMAGE SEGMENTATION

The experimental results have revealed that the
proposed BWO-based method outperform the
competitor algorithms in terms of the fitness values
as well as the others performance measures such
as PSNR, SSIM and FSIM.
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OPEN CHALLENGES

1.Selection of NIOA for MLT.
It can be noticed that a massive set of NIOA has been introduced and exist in literature. Though, theoretically and 
practically, each NIOA’s performance extensively depends on the problem under consideration i.e. the image type for 
MLT.

2.Selection of Objective Function.
Proper selection of objective function for a NIOA based MLT model for a specific set of images is also very demanding. 
Numerous objective functions are developed in the literature which makes the selection more crucial.

3.Selection of Quality Parameters
As such there is no single criterion for completing accurate segmentation for different variants of images. 
Furthermore, there is no one metric for evaluating the segmentation quality of an image segmentation technique 
across various image types.

36



CONCLUSION

37

 The problem of determining the optimal thresholding in case of
multi-level thresholding for image segmentation is considered as
optimization problem, so we tried to take the advantage of NIOAs
to tackle such problem accuratelly.

 Multi-Level thresholding image segmentation problem formulated
as an optimization problem.

 Black Widow Optimization Algorithm (BWO) employed to improve
the quality of segmentation based thresholding techniques.

 A hybrid algorithm of Tunicate Swarm Algorithm (TSA) with Local
Escaping Operator (TSA-LEO) introduced to cope with the original
TSA’s inherent weaknesses.



CONCLUSION (CONTINUED)

The TSA-LEO’s performance is evaluated on:
 The CEC’17 test suite with 29 test functions.

 Image segmentation based on Multi-level thesholdig problem.
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