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Abstract: Image segmentation, often based on the properties of image pixels, is a widely used method in digital
image processing and analysis to divide an image into multiple parts or areas. The main goal of image segmentation
is to simplify the image for easier analysis. It would be very difficult to implement computer vision without
performing image segmentation. An important component of computer vision is image segmentation, which has
numerous commercial applications. Google and others Image-based search engines use image segmentation
algorithms to identify the objects in your image and match their results to the relevant images they find to present
you with search results.
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1. INTRODUCTION

Often based on the properties of the picture's pixels, image segmentation is a widely used method in digital image
processing and analysis to divide an image into various parts or areas. It entails breaking down a picture into several
pixel sections that are each represented by a mask or labelled image. Image segmentation's main objective is to make
the image simpler for easy analysis. For image analysis, it is the initial stage. You would have a very difficult time
implementing computer vision without doing image segmentation. A significant component of computer vision is
image segmentation, which has numerous commercial applications. Advanced security systems and facial recognition
software in your phone both employ image segmentation to identify your face. Utilizing technologies for number
plate identification, a traffic system can identify a car and learn information about its owner. Google and other image-
based search engines utilize image segmentation algorithms to identify the objects in your picture and match their
findings with the pertinent images they find to present you with search results. In the medical field, picture
segmentation is used to locate and classify cancer cells, measure tissue volumes, simulate surgeries virtually, and
navigate while performing surgery.

1.1 MEDICINE AND DENTISTRY:

By utilizing a multilayer thresholding image segmentation (MTIS) approach based on an augmented multiverse
optimizer, COVID-19 chest films can be processed more effectively (CCMVO). An enhanced multiverse optimizer
(MVO)-based algorithm called multilevel thresholding image segmentation (MTIS) is used to increase the processing
effectiveness of COVID-19 chest film. Levy CLACO is a novel ant colony optimizer for continuous domains that
combines the Cauchy mutation and the greedy Levy mutation. The better performance of CLACO in terms of search
capability, convergence speed and ability to jump out of the local optimum is demonstrated by comparison with
several relevant versions and other top competitors. Multilayer COVID-19 X-ray picture segmentation based on
swarm intelligence optimization is being researched by researchers at Aberystwyth University [1]. The process of
MVO is shown in Fig. 1. [1]. A novel approach to improve the Salp Swarm Algorithm (SSA), namely EHSSA is
presented, and applied to MIS. It is a Comprehensive study of breast cancer microscopy [2]. The flowchart in Fig. 2.
Shows the steps of this optimized approach [2].
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Fig. 2. Steps of SSA [2]
Renyi's entropy multi-threshold image segmentation based on an improved Slime Mould Algorithm (SMA) is
discussed by introducing the diffusion mechanism (DM) into the original SMA. Then adding the association strategy
(AS) to help the algorithm find the optimal solution faster. And then applying the algorithm to non-local means 2D
histogram. The slime mould algorithm (SMA) serves as inspiration for the modified differential evolution (MDE)
method, which is proposed with a vision based on slime mould foraging behavior [3]. To growth the diagnostic
degree of COVID-19, a completely unique CLACO-primarily based totally multilevel X-ray photo segmentation
method changed into tested the usage of swarm intelligence optimization. CLACO-MIS changed into correctly used
to segmentation of COVID-19 X-ray images the usage of 2D Kapur's entropy because the CLACO health
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characteristic primarily based totally on 2D histograms which includes non-neighborhood imply filtered pics and
grayscale pics. A contrast of CLACO with positive similar variations and different remarkable friends suggests that
CLACO outperforms them in phrases of seek capability, convergence speed, and cap potential to leap past the
neighborhood optimum [4]. A changed differential evolution (MDE) set of rules with an imaginative and prescient
primarily based totally on slime mold foraging conduct changed into presented, taking suggestion from the formerly
introduced slime mold set of rules (SMA). The evolved version is an incredible segmentation technique which can
offer realistic assist for destiny studies into breast invasive ductal carcinoma. and created an extraordinary MDE-
primarily based totally multilevel photo segmentation version to obtain incredible breast cancers photo segmentation
results [5]. Based on a non-local mean 2D histogram and 2D Kapur's entropy, the SSA with Gaussian Barebone and
Stochastic Fractal Search (GBSFSSSA) is a statistical analysis. Data analysis revealed that it outperformed the
comparison algorithm overall. The algorithm is also used to segment COVID-19 CT images, and a study of the data
revealed that it considerably improved the segmentation of medical images and outperformed the comparison
algorithm in terms of overall performance. Using COVID-19 chest X-ray pictures, a computational method is
developed that can quickly and accurately determine the severity of an illness. To improve the level of diagnosis, a
modified whale optimization approach with population reduction (MWOAPR) was applied. [6,7]. By merging an
enhanced slime mould method (ASMA), where ASMA is primarily implemented by introducing the position update
mechanism of the artificial bee colony (ABC) into the SMA, a multilayer thresholding image segmentation (MLTIS)
approach is given. The outcomes of the experiment completely show that ASMA can produce high-quality solutions
and nearly never experiences premature convergence. The ASMA approach has a lot of potential to be employed as
an image segmentation method for lupus nephritis (LN) images because it can be an effective swarm intelligence
optimization method that can maintain a delicate balance during the segmentation process [8]. Combined horizontal
and vertical search mechanisms (CCABC) could be used to increase the effectiveness of the artificial bee colony
algorithm (ABC). It verifies that the new MTIS approach has a good segmentation performance, and that the analysis
of relevant evaluation criteria shows that the incorporation of CCABC in MTIS is very successful [9]. For the
segmentation of medical images, the optimization-based implicit model agnostic meta-learning (iMAML) approach
was presented in few-shot conditions. The suggested method significantly outperforms the naive supervised baseline
model and two other approaches, according to results on skin and polyp datasets [10]. A dual-scale multi-modality
perceptual adversarial network (DualMMP-GAN) is proposed for brain tumors. A GMMS, which combines provided
modalities with generated modalities, is also proposed. According to experimental findings, the GMMS performs
better than the CycleGAN. Additionally, segmentation by GMMS yields higher results than segmentation by a single
modality in terms of dice, sensitivity, specificity, and Hausdorff95 [11]. Feature Guided Attention Module (FGAM)
is a simple yet flexible and useful module for medical picture segmentation. Features are mined for their capacity to
represent features by the FGAM. The module has a parameter-free activator and can be removed following training
of different encoder-decoder networks [12]. Using a new lesion morphology aware network, breast cancers in 2D
magnetic resonance images may be segmented (MRI). Using a new lesion morphology aware network, breast cancers
in 2D magnetic resonance images may be segmented. Two stages—the stage for breast segmentation and the stage
for tumor segmentation make up the proposed network's hierarchical structure. This technique produces excellent
segmentation results and outperforms state-of-the-art techniques, indicating that it has a good chance of being used
in clinical settings [13]. For learning with less labelled data, a task-driven data augmentation approach is presented
forth. The generator of the suggested technique uses two sets of transformations. Additive intensity transformations
and deformation fields simulate fluctuations in intensity and shape. In a semi-supervised framework, both
transformations are optimized using labelled and unlabeled instances. Our tests on the heart, prostate, and pancreas
medical datasets demonstrate that the suggested technique greatly outperforms traditional augmentation and semi-
supervised algorithms for picture segmentation in the context of inadequate annotation [14]. A developed technique
that optimizes the CNN and CRF parameters while using CNN-learned features in a CRF. It is better than the current
approaches when compared to CRF's techniques in terms of Dice coefficient, average volume difference, and lesion-
wise F1 score. We used the segmentation of the aorta and pulmonary arteries in non-contrast CT, as well as multi-
modal MRI [15]. A Fuzzy C-Means (FCM) clustering algorithm is a classic method for segmenting Magnetic
Resonance (MR) pictures. The initial cluster centers in the FCM method are selected at random, whereas the cluster
centers are selected ideally with the aid of the PSO algorithm [16]. The suggested architecture uses a logistic function
to establish likelihood appearance and prior label probabilities depending on a generic shape function. A Gauss-
Newton optimization step estimates the posterior probability of the shape parameters. The findings demonstrate
performances that are on par with supervised approaches and superior to previously suggested unsupervised ones
[17].
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1.2 ENGINEERING APPLICATIONS OF ARTIFICIAL INTELLIGENCE:

For quick image segmentation, the hybrid active contour model powered by optimal local pre-fitting image (OLPFI)
energy was suggested. This model can correctly segment images with intensity inhomogeneity or weak boundaries.
The energy sign function can adaptively choose the motion direction based on picture data. According to experimental
findings, the model is quite effective at segmenting pictures [18]. Results on photos of various objects have
demonstrated that the model is more robust than existing models. It may traverse spurious borders and execute a valid
segmentation for low contrast pictures using an adaptive interpolator function. It may traverse spurious borders and
execute a valid segmentation for low contrast pictures using an adaptive boundary indicator function with a threshold
determined by the standard deviation of the images to be identified [19]. The use of meta-learning for picture
segmentation is reviewed. Meta-learning models are divided into model-based, optimization-based, and metric-based
categories. A thorough comparison is made between the current techniques and those of alternative approaches.
Afterward, classifying the currently used meta-learning techniques into model-based, optimization-based, and metric-
based categories [20]. A novel technique is put forward for the reliable, automated separation of plants from
background in color (RGB) photographs. It automatically involves thresholding the contrast-enhanced photos after
unrestricted optimization of a linear combination of RGB component images to improve the contrast between plant
and background regions. The accuracy of plant segmentation and picture contrast was assessed for the CEls and ten
common index photos. Based on the greatest foreground-background separability, the CEl photos consistently
outperformed the index photos in terms of visual contrast [21]. In the field of computer vision, watershed
segmentation is frequently employed. The picture is pre-processed using a new filter (OLS operator). Based on picture
decompositions, the new filter may smooth the image while maintaining sharper edges across various regions. This
technique can more precisely segment pictures than the conventional watershed method [22]. DPSOK is a new picture
segmentation method based on dynamic particle swarm optimization (DPSO) and K-means clustering. When
segmenting images, the DPSOK technique clearly outperforms the traditional particle swarm optimization of PSOK.
According to experimental findings, the PSOK algorithm can significantly enhance its capacity to do global searches
[23]. The ultimate object recognition might be achieved, however, using the CNN refining approach. One CNN has
suggested optimizing segmentation using refinement-based object recognition to boost the accuracy of object
recognition. On the one hand, feature extraction may benefit from an efficient segmentation algorithm [24]. To tackle
global optimization and multilayer image segmentation issues, a modified version of the Manta ray foraging optimizer
(MRFO) technique is described. MRFO models manta rays' foraging behavior which seeks to improve its capacity
for exploitation. Fractional-order (FO) calculus has a strong ability to support the Meta heuristic optimization
methods by adequate memory, it is used to achieve this change. [25]. The suggested RGB-D segmentation approach
performs better than the other methods. For RGB-Depth pictures, a brand-new technique called random Henry gas
solubility optimization-fuzzy clustering approach has been developed [26]. The Quantum Genetic Algorithm (QGA)
employs the qubit encoding of people. For comparative purposes, the Particle Swarm Optimization method (PSO)
was also applied. It has been demonstrated that in the optimization job, the QGA exceeds the GA and the PSO greatly
outperforms both methods [27]. Intelligent Fuzzy Level Set Method (IFLSM) and Improved Quantum Particle Swarm
Optimization (IQPSO) are presented for picture segmentation. Using Magnetic Resonance Imaging (MRI) pictures
to segment brain tissues yields the best results when the suggested work is put into practice [28]. Chaotic Darwinian
Particle Swarm Optimization (CDPSO) has been developed. This approach mitigates the issue of early convergence
by substituting chaotic sequences for random sequences. For a satellite image segmentation scenario, various
histogram thresholding measures, including minimal cross entropy and Tsallis entropy, were utilized as goal functions
[29]. Multi-population BBO (MPBBO), an upgraded WRBBO, is suggested. A multi-population technique is first
implemented. The experimental results outperform other cutting-edge algorithms in terms of search ability and
efficiency. FRFCM-MPBBO has more stability than traditional techniques, according to the findings of using
MPBBO to image segmentation with rapid and resilient fuzzy c-means (FRFCM) [30]. For image segmentation, an
active contour model is developed that combines scalable region-fit energy with optimized Laplacian-Gaussian (LoG)
energy. The suggested model is insensitive to starting contour locations and produces an appropriate segmentation
result after the inclusion of the LoG term [31]. Intensity distribution in crowded pictures often follows a near constant
fluctuation in various places. To segment crowded pictures, a statistical region-based Active Contour Model (ACM)
is proposed. This model considers the link between local and global image statistics. The suggested ACM's regional
energy term is then created in a way that minimizes the disparity between local states. The presence of a global
optimum solution and less sensitivity to contour initialization are the key advantages of graph-based formulation over
level set formulation [32]. Many edge-based approaches for intima-media thickness (IMT) estimation employ DE
speckling and augmentation techniques to get over the drawbacks of manual segmentation. A wind driven
optimization (WDO) approach is used to show a completely automated region-of-interest (ROI) extraction and a
threshold-based segmentation of the intima media complex (IMC) [33]. The lesions on the COVID-19 CT scan
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exhibit different patterns of ground-glass opacity and consolidation that can be seen in either the left or right lung, or
in both lungs. The lobes of the lungs are irregular and have a grey color that is comparable to the arteries, veins, and
bronchi nearby. A lung parenchyma segmentation approach based on two-dimensional reciprocal cross entropy multi-
threshold is suggested. With a high segmentation accuracy rate, the contrast clarity of CT images has increased the
accuracy of lung pulmonary fibrosis segmentation [34]. Multilevel thresholding is used to segment Magnetic
Resonance Image (MRI) brain pictures using adaptive wind driven optimization (AWDO). For image segmentation,
the axial T2-weighted MRI brain images are considered. The outcomes demonstrated the superiority of the suggested
strategy in terms of improved segmentation outcomes [35]. The MGSMA-based MLIS methodology is compared to
eight other comparable approaches at both high and low thresholding levels, with some pertinent experimental data
to support its claims, to show that it can produce high-quality segmentation results. There is little doubt, then, that
MGSMA is a high-performance swarm intelligence optimization strategy, and that the MLIS method based on
MGSMA can yield high-quality segmentation results [36]. The Gaussian mutation, Levy flight, and opposition-based
learning are used to improve the EPO algorithm. The Kapur's multi-threshold approach is optimized by the IEPO
algorithm for use in tests on Berkeley pictures, satellite photos, and plant canopy images. According to the
experimental findings, EPO is the most efficient technique for segmenting-colored images [37]. Scientists have
developed a unique strategy to improve the fundamental FPA flower pollination algorithm. To improve the
fundamental FPA local search capability and adaptively adjust the harmonization coefficient among the FPA
exploration and exploitation cores, fractional-order (FO) calculus characteristics are applied [38]. The use of arandom
spare technique mostly increases convergence speed. Additionally, it has been found that improved RCACQO's
capacity to step out of LO is more dependable than previous approaches. The chaotic intensification approach and
enhanced selection mechanism are used to the continuous version of the ant colony optimizer (ACOR) to significantly
increase the capacity to step out of LO and to refine the convergence accuracy [39]. Marine Predators Algorithm
(MPA), a contemporary meta-heuristic algorithm, is improved by utilizing Opposition-Based Learning (OBL),
known as MPA-OBL, to increase search efficiency and convergence. Post-hoc analysis shows that, when compared
to the other competitor algorithms, the MPA OBL achieves extremely effective and trustworthy outcomes [40]. The
widely used metaphoric algorithm known as the "grey wolf optimizer" (GWO) is built on improved versions of the
"velocity-free particle swarm optimizer." The multi-stage grey wolf optimizer (MGWO) is a suggested improvement
to the GWO. As a result, the suggested MGWO can have a better outcome. The outcomes demonstrated the MGWO's
competitiveness and its viability as a multi-threshold picture segmentation optimizer [41]. The between-class variance
(Otsu method) is offered as the objective function for an enhanced multi-threshold image segmentation technique
based on the whale optimization algorithm (RAV-WOA). When performing image segmentation on grayscale and
color images, it can choose acceptable optimal thresholds while ensuring high efficiency and quality. The reverse
learning strategy pits the current whale population against its reverse population to improve the initial population's
quality. [42]. A technique for segmenting images based on super pixels is suggested. Synthetic aperture radar (SAR)
picture segmentation is accomplished using it. The suggested approach can segment SAR data with outstanding
precision, according to experimental results. A suggested strategy is possible to improve segmentation performance
for application extensions [43]. Recent research has focused on using spatial information or previous knowledge to
ensure anatomically realistic segmentation. As seen by the expanding body of work on the subject, it is now an
expanding trend in CNN-based picture segmentation. Employing the high level prior incorporated at the loss function
level as the main emphasis. Current methodologies' advantages and disadvantages are discussed, along with the
difficulties associated with designing and integrating prior-based losses and optimization techniques, and future
research areas are suggested [44]. FCEDN is an optimized version of the Exponential Neighborhood Grey Wolf
Optimization (EN-GWO) model. The object form, size, topology, and inter-regional restrictions are used to categorize
articles based on the prior's kind. Results show that the FCEDN model achieves better outcomes than the other
optimization techniques and other most recent deep learning approaches. [45]. The enhanced bee colony algorithm
for multi-objective optimization is a novel technique for segmenting-colored images. PSO IBMO algorithm is based
on a multi-Objective optimization algorithm (IBMO). The comparison of manually labelled and experimentally
acquired segmentation results demonstrated the viability of the suggested concepts [46]. Using two-dimensional (2D)
Kullback-Leibler (K-L) divergence and modified Particle Swarm Optimization, a segmentation technique is
suggested to enhance the efficacy and efficiency of multilevel picture thresholding segmentation (MPSO). The MPSO
overcomes the disadvantage of premature convergence of PSO by improving the location update formulation and the
global best position of particles, and drastically reduces the time complexity of multilevel thresholding segmentation
[47] A method is suggested to locate the tumor area that is bordered by edematous and normal tissue areas. Bacteria
Foraging Optimization (BFO) and Modified Fuzzy K Means algorithm (MFKM) are utilized. It has generated notable
sensitivity and specificity values. To perform an effective analysis of MR brain images, the optimization and
clustering techniques Bacteria Foraging Optimization (BFO) and Modified Fuzzy K Means algorithm (MFKM) are
utilized [48]. To get bacteria to forage along nutrient-rich areas in a manner that resembles Escherichia coli, we
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represent the gradients of intensities as the nutrient concentration. A bacterial foraging-based edge detection (BFED)
method is suggested. BFED algorithm delivers more precise cell picture segmentation and more effective boundary
identification [49]. To solve the image segmentation problem (ISP) for COVID-19 chest X-ray pictures, a unique
meta-heuristic method called the slime mould algorithm (SMA) is combined with the whale optimization algorithm
to maximize Kapur's entropy. This new hybrid approach is based on the thresholding technique. The experimental
findings show that the proposed method outperforms SMA for all the metrics utilized under Kapur's entropy [50].
For the biomedical picture segmentation, a brand-new unsupervised classification method is suggested. The
suggested technique is called fuzzy electromagnetic optimization (FEMO) and the ideal clusters may be effectively
determined using this method. Results of other quantitative indices are quite encouraging for this approach compared
to the other approaches [51]. BMPA is a multi-objective multilevel threshold image segmentation approach based on
the boost marine predators’ algorithm (BMPA). The findings show that the BMPA outperforms conventional
optimization methods in terms of CPU time, peak signal-to-noise ratio and feature similarity. Infrared pictures allow
for the accurate detection of insulator flaws in a variety of situations [52]. To address the issues of deep learning
model optimization, overfitting and correlation loss optimization in the fine-tuning stage, a medical picture
segmentation technique based on positive scaling invariant self-encoding CCA is suggested. The experimental
findings reveal that the generated index is significantly enhanced when compared to conventional machine learning
techniques [53]. The dimension learning hunting (DLH) is presented together with the conventional operators in an
upgraded version of the equilibrium optimizer (EO). Improved Equilibrium Optimizer was its name (I-EO). Results
from both quantitative and qualitative research supported the suggested algorithm's superiority over several other
well-known optimization techniques. 1-EO has been put through trials to deal with real-world applications, and tests
have shown that it may be a reliable tool for picture segmentation. [54].

1.3 EARTH AND PLANETARY SCIENCE:

The underutilized modality Synthetic Aperture Radar (SAR) pictures are used to suggest a method for estimating
river width which is measured using synthetic aperture radar pictures, which can see through clouds. Furthermore,
the SAR photos enable all-weather monitoring of the area and can even capture images at night. U-Net model can
divide the crooked riverbanks and little islands [55]. The Landslide Semantic Problem (LSP) is presented as a
semantic segmentation problem using optical remote sensing images of landslides. Six popular models are used for
LSP, including the Fully Convolutional Network, U-Net, Pyramid Scene Parsing Network, DeepLab v3 and GCN.
Six popular semantic segmentation models are used for LSP, including the Fully Convolutional Network, U-Net,
Pyramid Scene Parsing Network, Global Convolutional Network (GCN), DeepLab v3 and DeepLab v3+. [56].
MudrockNet is a deep learning SEM image segmentation model built on Google's DeepLab-v3+ architecture and the
TensorFlow library. Using trainable Weka segmentation in Image, this model is compared to the random forest
classifier, and it was shown that MudrockNet often provided higher predictions for silt grains, clay grains, and pores
[57]. An innovative technique for graph-based segmentation of spectral pictures acquired with an Energy Dispersive
X-ray Spectroscopy (EDS) detector-equipped Scanning Electron Microscope (SEM) is presented. The technique
combines rasterized electron microscopy pictures with sparse EDS samples and deep learning to provide highly
effective mineralogy segmentation. These enhanced findings are assessed quantitatively using measurements made
with a ground-truth electron microscope and dense, high-count EDS data, as well as visually using a mineralogist's
interpretation [58]. An unsupervised method for choosing segmentation parameters is presented that uses local spatial
statistics to achieve automatic segmentation parameter optimization. The measurement analysis experiment revealed
that BSH is more sensitive to under-segmentation. The multi-resolution segmentation (MRS) approach was used as
a segmentation methodology. To determine the overall segmentation quality, two metrics—within-segment
homogeneity (WSH) and between-segment heterogeneity (BSH)—were derived using a local spatial statistics
approach [59]. Spectral segmentation and integration are a nonparametric, supervised pixel-based feature extraction
(FE) technique. It uses the particle swarm optimization (PSO) technique to scan the whole world for the best channel
placements and widths. SSI's results were compared to six traditional FE methods, including nonparametric weighted
feature extraction and clustering-based features extraction [60]. A unique method with inside the extraction of the
feel attributes primarily based totally on the usage of the idea of the HOG is delivered for automated seismic photo
segmentation and homes extraction. The proposed method includes extracting the HOG features, deriving statistical
parameters associated with the feel attributes and keeping apart the goal via way of means of integrating the chosen
images [61]. A technique is put forth to learn evidence in the form of shallow-to-deep visual characteristics, semantic
class likelihoods, and class borders. According to the findings, this approach offers superior regularization to a
succession of strong baselines that represent cutting-edge technological advancements. The suggested technique
provides a flexible and guiding framework to include many sources of visual and structural information [62]. For
multiscale segmentation, an adaptive parameter optimization approach is suggested. It seeks to aggregate the best
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objects from all the findings at all sizes to provide the final segmentation results. The recommended technique is
superior to the single scale segmentation result, according to optimization findings over the pictures [63]. Technique
combines many segmentations into an optimal segmentation with careful consideration of each item. The framework
of object-specific optimization is accomplished by detecting and fusing the relevant nodes in each path emanating
from a leaf node. It is based on a segment tree model reflecting hierarchical multiscale segmentations. The advantage
of the suggested optimization approach is that it may increase segmentation accuracy [64]. Outcomes show that the
segmentation outcomes produced by the suggested scale selection approach are more precise and trustworthy. The
band's inverse noise weighting is included in the band's segmentation using an improved approach, and outliers are
found and eliminated before the segmentation scale parameters are set. improved approach may be used for different
segmentation selection criteria [65].

1.4 BIOCHEMISTRY, GENETICS AND MOLECULAR :

Based on global image information, a better active contour model is presented that can precisely segment images
with severe noise and intensity variations. The model is two-phase and multi-phase energy functional and uses them
to separate magnetic resonance (MR), ultrasound, and synthetic pictures. Our model has higher accuracy, efficiency,
and greater robustness when dealing with impulse and significant noise in image segmentation [66]. The results show
that the performance is better in terms of accuracy and time cost. The first module uses K-means clustering to extract
the foreground region from the cell picture. Next, touching-cell splitting based on concavity analysis creates a coarse
WBC region. A new weak edge enhancement operator that handles fuzzy boundaries and median color characteristics
is introduced to increase the segmentation accuracy of the system. The second module actively trains a support vector
machine (SVM) classifier using the first module’s coarse segmentation results as automated labels. [67]. To diagnose
diseases and treat them in clinical settings, automatic medical picture segmentation is a critical diagnostic tool.
Convolutional neural networks (CNNs)-based techniques that have recently been presented have shown promise in
image processing applications, including several medical image analysis tasks. The sample of small regions of interest
is improved (especially in deep layers) and clear global contextual relationships in multi-scale feature spaces are
learned. With high percentage sensitivity, the suggested framework provides region performance on the retinal
vascular detection job, COVID-19 lung infection segmentation task, and liver tumor segmentation task [68].
Biological cells and organisms depend heavily on cytoskeletal filaments because of their adaptability and the vital
roles they play. Most frequently, these biopolymers are arranged into intricately shaped scaffolds that resemble
networks. These networks' geometrical and topological architecture may be used to gain important understanding of
how they function. Exact segmentation of microscopic images is required for the accurate study of the network
structure and connectivity. In biomedical imaging, where tracing of blood vessels and neurons is common,
segmentation of filament-like objects is a well-studied topic [69].

1.5 AGRICULTURE AND BIOLOGICAL SCIENCE:

A well-known technique for extracting object segments from photos is the Multiresolution Segmentation (MRS)
algorithm. Knowing which size, shape, and compactness variables to employ beforehand determines the quality of
segmentation. This method is based on Bayesian optimization, a sequential model-based optimization (SMBO)
technique for maximizing or minimizing an objective function. To determine how comparable segmented agricultural
products and their respective reference parcels are, it maximized the Jaccard index. The relationship between the size
of agricultural units and segmentation quality [70]. For infield picture segmentation, the varying lighting and weather
conditions present significant challenges. To get accurate image segmentation results, strong, quick, and automated
techniques are crucial. The goal of this study was to create effective unsupervised clustering algorithms for in-field
oilseed rape image segmentation. Finally, computation time and image segmentation quality were used to gauge how
well the algorithms performed. All clustering techniques have been shown to be resilient to changing lighting
conditions and are capable of processing photos with extremely complicated backgrounds automatically. By merging
the top color features retrieved from ten different color spaces, the segmentation accuracy was significantly increased.
[71]. This study develops and publicly shares labelled data, as well as a trained deep learning model, for irrigation
type segmentation that can be applied/transferred to other regions globally. It also uses deep learning and remote
sensing to solve the long-standing real-world problem of multiple irrigation type segmentation. The paper also
provides fresh insights into the effects of transfer learning, imbalanced training data, and the effectiveness of different
model topologies for multiple irrigation type segmentation. Applying very high-resolution remote sensing images,
such as those from commercial satellites, the suggested deep segmentation model can categories a variety of irrigation
systems at regional to global sizes [72]. Convex hull center priori and Markov adsorption chain-based is used for
apple picture segmentation. Finally, an Otsu algorithm threshold was employed to adaptively segment the prominent
portion of an apple image. The results for the saliency target detection algorithm for the segmentation of apple images
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are promising. This experiment demonstrates that, even with some of the apple's features being only partially
segmented, the operational results and efficiency are optimal [73]. An effective and non-destructive tool for analyzing
leaf chlorophyll content (LCC) and crop growth status is provided by hyperspectral imaging (HSI) technology. The
results indicate that the best estimation result with the best soil background removal performance was obtained by
soil-adjusted vegetation index (SAVI) segmentation. After using canopy segmentation, K-means clustering was used
to separate the pixel-level wheat canopy spectrum into clusters. The ability to minimize the effects of canopy
complexity was demonstrated by the spectra clusters. There is a resulted spectra cluster created using SAVI picture
segmentation helped to improve LCC estimate. [74] This study examines the segmentation of butterflies in ecological
photos that contain a variety of artefacts, such as intricate environmental decorations and crowded backdrops. The
numerous distractions present in the diverse natural milieu and the stark distinctions across butterfly species make
segmentation a difficult operation. Then, to enhance the quality of segmentation, carry out a graph ranking procedure
with high level guidance based on foreground and background cues. A weighting system that effectively blends color,
texture, and spatial information improves ranking accuracy, then, to extract the butterfly from the background,
establish foreground seeds from the highest significant pixels and background seeds from the less relevant pixels as
an input for a Graph-cut method. [75]. A system for the segmentation and classifying of sunflower leaf images is
presented. It uses The Particle Swarm Optimization technique to segment sunflower leaf pictures, which is a crucial
step in the disease classification process. It has been effective at identifying and categorizing disorders. It clearly
demonstrates the effectiveness of the suggested algorithm in identifying and categorizing illnesses of sunflower leaf
[76].

1.6 NEUROSCIENCE:

A robust and quick segmentation method called the Active Contour Model (ACM) is introduced. The computational
cost of this approach is significantly lower than the bias correction model. It is powered by pre-fitting bias correction
and an improved fuzzy c-means (FCM) algorithm. The suggested model can efficiently segment pictures with severe
intensity inhomogeneity, according to tests on actual and synthetic images [77]. For multimodal medical picture
segmentation, a multi-scale context-aware network (CA-Net) is suggested that collects rich contextual information
with dense skip connections and gives varying weights to various channels. Four essential parts make up CA-Net: an
encoder module, a decoder module, a multi-scale context fusion (MCF) module, and a dense skip connection module
[78]. For the goal of segmenting medical images, a scalable functional variational Bayesian neural network (BNN)
containing Gaussian processes (GPs) is presented. With just one forward pass, our approach can conduct predictive
inference and facilitate effective training. Numerous segmentation datasets are used in the trials, and the findings
show that the suggested methodology performs better than numerous state-of-the-art approaches in terms of
segmentation performance metrics and uncertainty estimations [79]. A weak fuzzy partition-based segmentation
technique is provided. To build a generalized fuzzy complement, first a technique is presented. Then go on to build
a generalized fuzzy complement operator, which has a great feature for parameter optimization in practical
applications. A weak fuzzy partition entropy-based picture segmentation technique is suggested using these ideas.
For noisy pictures, the suggested 2D weak fuzzy partition entropy-based technique performs particularly well [80].
AdaResU-Net, a multi-objective adaptive convolutional neural network, is introduced for segmenting medical images
and can automatically adapt to new datasets while maintaining a small network size. The AdaResU-Net achieves
improved segmentation performance of trainable parameters, according to the results [81]. Based on the energy
functional similarity measure, an analysis of regional level set image segmentation models is presented. It starts out
with a description of region-based level set image segmentation’s basic processes. The various segmentation models
are then briefly discussed [82]. It was suggested to use a Multi-view Attention Super Pixel-guided Generative
Adversarial Network (MASG-GAN) to accomplish multi-task learning for tissue categorization and nuclei
segmentation. In more detail, the teacher branch directs the student branch for precise segmentation and classification
using a super pixel-prior probability map as input. To further improve the segmentation quality of nuclei with tiny
area and unclear border, a Multi-view Attention Module (MVAM) is created [83]. To produce adversarial instances
for medical image segmentation models, a differential evolution attack (DEAttack) strategy is suggested. The
suggested technique outperforms gradient-based methods in effectively attacking the segmentation model with only
a tiny proportion of the image pixels perturbed, suggesting that the medical image segmentation model is more
vulnerable to adversarial cases [84]. To solve the problem of time-consuming iterative image registration utilized for
atlas warping, a novel framework of One-pass aligned Atlas Set for Images Segmentation (OASIS) is introduced.
The suggested technique takes advantage of the capabilities of deep learning to accomplish one-pass picture
registration. Furthermore, by using label constraints, OASIS directs the registration process to the regions to be
segmented, boosting segmentation performance [85]. To solve the medical domain mismatch problem, a novel
unsupervised domain adaptation paradigm called Collaborative Appearance and Semantic Adaptation (CASA) is
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developed. This approach could use a Characterization Transfer Module (CTM) to convert the look of medical lesions
between domains, which might help to reduce the appearance divergence of medical lesions across domains [86]. A
new excitation-based CNN is proposed by adaptively recalibrating network functions to improve bone segmentation
by segmenting magnetic resonance (MR) images of the brain into three tissue classes: bone, soft tissue, and air. The
two blocks are sequentially combined and seamlessly integrated into a 3D convolutional encoder-decoder network.
The novel idea arises from sequentially combining the two excitation blocks to improve segmentation performance
and reduce model complexity. This segmentation network architecture shows promising and competitive results
compared to other methods in the literature and reduces the complexity of the model thanks to the sequential
combination of the two excitation blocks [87]. For adversarial learning, a novel asymmetric semi-supervised GAN
(ASSGAN) with two generators and a discriminator is suggested. The two generators may supervise each other,
generating reliable segmentation predicted masks as advice for each other in the absence of labels. The experimental
findings demonstrate that the suggested strategy performs well even when there are a limited number of tagged photos
[88]. To obtain more accurate medical picture segmentation, x-Net, a novel deep model, is presented. x-advancements
Nets are mostly threefold: First, it integrates an additional expanding channel into U-Net to import an additional
supervision signal and achieve a more efficient and stable picture segmentation via dual supervision. The three
proposed advances are all effective and essential for x-Net to achieve superior performance, and the proposed multi-
dimensional self-care is more effective than state-of-the-art care mechanisms (or multi-scale solutions) for medical
imaging segmentations [89]. Knowledge Distillation from Multi-head Instructor (KDM) is a novel framework that
distils the knowledge of a multi-head teacher to the learner. Our suggested KDM aids the learning of a very capable
student while greatly reducing training time by encapsulating several teachers in a single network. When tested on
this dataset, the student trained using KDM has many orders of magnitude less parameters than the state-of-the-art
segmentation model (i.e., HRNet), while attaining competitive accuracy [90]. A unique extended hidden Markov
model (EHMM) for optimal breast thermogram segmentation was reported, allowing for more effective picture
interpretation and simpler analysis of Infrared (IR) thermal patterns. This method has a competitive advantage in that
it handles random sampling of breast IR images with re-estimation of model parameters. It is worth mentioning that
the given approach can considerably map semi-hot regions into distinct areas and extract the regions of breast thermal
pictures while reducing execution time [91].

1.7 PHYSICS AND ASTRONOMY:

A new evaluation criterion primarily based totally at the Gini index and the estimation of entropy. Benchmark pics
segmented the use of the multilevel thresholding method primarily based totally on particle swarm optimization are
applied in trials to decide the strength, efficacy, and velocity of the proposed evaluation criterion [92]. Based on the
usual Chan-Vese version, a unique variational version for photograph segmentation turned into offered. Then, for
numerical implementation, we examine the theoretical solvability of the brand-new version and construct a brand-
new approach primarily based totally on the Split Bregman algorithm. Finally, we carry out segmentation research
on grayscale pics and evaluate the consequences to the traditional Chan-Vese version. The accrued findings exhibit
numerous benefits of this method with several applications [93]. A biomedical sensor photographs segmentation
method primarily based totally on an upgraded completely convolutional community is described. The version can
take away the phenomena of molecular attachment after photograph segmentation, has a higher segmentation impact
and accuracy, and may make higher use of pics recorded via way of means of biomedical sensors [94]. To focus on
growing the top-rated segmentation version that meets excessive metrics and is immune to microscope settings. The
models' generalizability turned into examined the use of E-TEM Gold nanoparticle pics. When choosing a community
for segmenting nanoparticle pics, numerous issues had been discussed. To higher spotlight the black-container thing
of neural networks, the layer gradients are shown [95]. From this entropy carried out to multi-threshold segmentation
of scientific pics, seven of the maximum promising bio-stimulated algorithms had been advised. The findings
illustrate the variety of values of Tsallis entropy's so known as non-extensivity parameter. It is likewise proved that
the Firefly algorithm (FFA) achieves the first-rate segmentation overall performance, even as the Grey Wolf
Optimizer (GWO) executed the quickest convergence [96]. A precise context touchy power curve primarily based
totally Masi entropy for photograph segmentation using the moth swarm algorithm (MSA) is advised. It is a newly
designed stochastic meta-heuristic optimization approach that turned into delivered via way of means of watching,
replicating, and modelling the moth swarm existence cycle. It is used to lessen the undertaking of prolonged
exploration to perceive the first-rate threshold values and enhance photograph excellent. It has an extra overall
performance in phrases of threshold excellent and a discounted computational cost [97]. Infrared thermal imaging
(IRT) electric photographs are received to diagnose defects via the method of photograph pre-processing and
segmentation. First, the IRT photographs are transformed to a grayscale photograph, accompanied via way of means
of photograph pre-processing in which histogram equalization is carried out. To optimize the middle of gravity of the
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FCM algorithm, the changed Ant Lion optimization (BAD) is proposed. This method can take away remote pixels
from the photograph and extract photograph additives to render photographs higher [98]. A photograph segmentation
approach primarily based totally on fractional Darwin particle swarm optimization algorithm (FODPSO) is used to
reconstruct infrared photograph sequences to resolve the troubles of excessive noise and fuzzy edges of received
infrared photographs whilst detecting debonding faulty additives of SiC thermal barrier coating shape via way of
means of pulsed infrared thermal waves. The experimental findings exhibit that the FODPSO approach effectively
overcomes the drawbacks of preceding algorithms, along with smooth access of nearby top-rated and slow
convergence time and may locate SiC coating flaws at the threshold [99]. For the deteriorated IR spectrum attributable
to overlap and noise degradation, a resolution-enhancement approach with overall version (TV-norm) necessities
turned into devised. The infrared spectrometer equipment and Fourier-optical idea are used to calculate the factor
unfold feature. It can estimate the factor unfold feature simultaneously via way of means of introducing adaptive
overall version and constraint regularization [100]. For infrared photograph segmentation, a completely unique
convolutional neural community turned into offered that may resolve the problems of movement blur, low resolution,
and random noise. We advised a unique loss feature that contains the shape, area, and centroid right into a
fundamental deep mastering version all through mastering. The R-Net outperforms the present infrared photograph
segmentation techniques in experiments [101]. For thermal photograph segmentation, a multi-stage pixel spatial
interest community turned into developed. On every tier of the spine community (MPAM), a pixel area interest
module turned into constructed to get better extra spatial element even as preserving extra semantic information.
Then we created an area extraction module (EEM) and a small goal extraction module (STEM) that enhance the
community's area and small goal capabilities via way of means of explicitly modelling the threshold and small goal
characteristics [102].

1.8 MATERIALS SCIENCE:

To estimate cement fragment distributions, a holistically nested convolutional network (HCN) and associated
morphological analyses are explored. The segmentation and size calculation accomplished using our approach were
superior to those utilizing comparable conventional techniques, according to experimental data [103]. CNN has been
tested for its ability to partition concrete data without relying on color. It showed a significant ability to process a
variety of concretes. According to the experimental findings, CNN performs far better than human segmentation. In
addition, segmentation takes only a few seconds and reveals significant information [104]. Deep learning-based
image segmentation technique to process mineral image masks and segment the important regions in mineral images.
The experiment's findings demonstrate the good segmentation performance of the suggested mineral image
segmentation model. We compare the training performance of CNN-based models under various loss functions and
suggest a new loss function appropriate for mineral picture segmentation [105]. An advantageous method for
maintaining roads could be the quick detection of early pavement deterioration. Early fracture detection enables the
adoption of protective measures to avert damage and potential failure. With the development of computer vision and
image processing, semi-automatic/automatic procedures have supplanted traditional visual inspection in the field of
civil engineering. The recognition of slender, uneven black lines hidden by textured backdrops is the main difficulty
in pavement picture segmentation. The academic community is actively working on image-based identification of
pavement cracks. It places a strong emphasis on the three main categories of methods used in the field of image
segmentation [106]. Diverging artefacts, comparable breast tissues and decreased contrast are the main problems with
mammograms' ability to predict breast cancer. The Optimized Kernel Fuzzy Clustering Algorithm (OKFCA) was
created to identify cancerous areas in mammography pictures. Mammogram Image Analysis Society (MIAS)
database has segmented zones that can be identified using the OKFCA technique. MIAS OKFCA is a significant
method for identifying the cancer segment of the mammography image. The Hybrid Denoising Filter (HDF)
technique was used to generate a noise-free image. Results of the trials conducted on the MIAS data show that the
suggested system is more accurate and efficient [107]. For numerous applications involving photo handling,
numerous streamlining techniques have been put forth. This includes Firefly calculation, Differential development,
Particle swarm enhancement, Genetic calculation, and Artificial honeybee state advancement. The results are
compared with entropy techniques for Shannon or Fuzzy. Additionally, it expands picture splitting, rebuilding, edge
recognition, upgrading, acknowledging picture designs, picture age, thresholding, combining pictures, and so forth
[108]. The K-Means technique is used in this work to segment images. It allows for the determination of specific
images and groupings of photos. When the photos are converted to grey scale, it makes it easier to extract clusters.
The correlation of the image's available pixels is what allows for object discrimination [109]. A little contribution is
made to the monumental effort of preserving the tigers as a species. The conservation of tiger reserves has been the
subject of inquiry by numerous scientists. Techniques for picture classification and clustering based on color pixels
have been utilized to determine the tiger's age. Image filtering and enhancement techniques are used to reduce noise
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and improve the quality of pixels or images. The computation time, retrieval time, accuracy, and error rate of the
research work are evaluated by generating better results in the real-time tiger image database [110]. Electromagnetism
Optimization (EMO) is the primary multilevel thresholding technique used in Otsu's work. The extraction of
transition regions for picture segmentation is proposed using a clustering methodology. When comparing approaches
based on the picture histogram to those using EMO on energy curve, the latter method produces better results. [111].
A method for extracting transition regions based on a clustering approach to image segmentation has been proposed.
In addition, the Otsu threshold is applied to the transition feature image to extract the transition region. To extract the
exact edge image, a morphological thinning operation is performed. The area fills and morph cleanup operation is
performed on an edge image to preserve the areas of the object. This method is compared with different image
segmentation methods. An experimental result shows that the proposed method outperforms other methods for
segmenting images containing one or more objects [112].

1.9 ENVIRONMENTAL SCIENCE:

A hierarchical method for automated segmentation is suggested which is based on Gaussian process regression and
Kernel Linear Discriminant Analysis (KLDA). In the first level, KLDA is used to distinguish the target leaf from its
backdrop of similar leaves in two steps. The edge detection and morphological processes required for producing the
fine segmented image are applied at a second level. It is suggested to apply the Gaussian-based regression technique
to estimate the tuning parameters needed for morphological processing to fully automate the segmentation process.
[113]. Study of accurate boundary recovery for semantic segmentation. Focus is on 2D pictures and 3D point clouds,
with a primary focus on DCNNSs. It examines how boundary recovery approaches generate precise semantic
segmentation borders by classifying them into four strategies based on their methodology and network designs [114].
High resolution change detector (HRCD) DeepLab is created. A framework (MaskNet) based on masks is introduced,
which updates model parameters using a few annotated samples. To fully utilize HR, we created a Mask-DeepLab
based on MaskNet. The experiment results' visualization and quantitative analysis indicate that this algorithm can
implement a significant performance improvement. First, a framework (MaskNet) based on masks is introduced,
which updates model parameters using a few annotated samples [115]. The deep neural network AQUANet
outperforms other semantic segmentation networks on a huge waterbody image dataset called ATLANTIS, according
to experimental results. The deep neural network is created by analyzing the aquatic and non-aquatic regions of
waterbodies in two separate routes. It also uses cross-path modulation and low-level feature-modulation to improve
feature representation [116]. A new network called Ice-Deeplab for pixel-wise ice picture segmentation is proposed.
Deeplab deep convolutional neural network is used to build the Ice-Deeblab network, which has been enhanced with
an attention module and a better decoding structure. The proposed model produces better segmentation results than
the original Deeplab model, achieving a high accuracy among the classes' sea-ice, ocean, and sky [117]. To solve the
over-segmentation issue of organisms with complex structures such as jellyfish, we used a 2-stage adaptive
binarization algorithm. Jellyfish have a somewhat complicated structure and are frequently over-sauvaged. Results
revealed that the method, when compared to conventional binarization techniques, increased the quality of extracted
jellyfish and increased hardware resource consumption and computational efficiency. Results revealed that the
method, when compared to conventional binarization techniques, increased the quality of extracted jellyfish and
increased hardware resource consumption [118].

2. FOUNDATIONS OF IMAGE SEGMENTATION:

Segmentation techniques are frequently categorized into three categories:

2.1 Pixel-Based Image Segmentation:

It mostly consists of thresholding and clustering techniques. The actual segmentation results are quite sloppy because
thresholding methods significantly rely on the number of thresholds and the variable choices. Because they are more
robust than thresholding procedures, clustering algorithms are more popular. Hierarchical clustering, c-means
clustering, fuzzy c-means clustering, density clustering, and spectral clustering are the basic clustering techniques.
The hierarchical clustering technique achieves hierarchical decomposition by using pixel similarity. Although this
type of algorithm is straightforward and simple to use, the resulting segmentation outcomes depend on the creation
of the tree and the choice of the threshold; as a result, hierarchical clustering-based image segmentation techniques
are uncommon. Recent years have seen the emergence of a model clustering concept known as “density clustering,"”
which classifies the data by considering the spatial distribution structure of all samples, particularly their density. It
categorizes the data by taking into consideration the geographic distribution structure of all samples, particularly their
density, has emerged in recent years. The initial clustering center is chosen for density clustering based on the varied
sample densities, and the cluster is subsequently updated depending on the associations between the samples.
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2.2 Contour-Based Image Segmentation:

By looking for the edge of each section in a picture, contour-based image segmentation aims to achieve image
segmentation. This kind of approach was first based mostly on image gradient computation, such as the well-known
Sobel, Robert, and Canny operators. The gradient in the image cannot easily be converted into a closed contour. Since
there are various task requirements, we often employ a threshold method in traditional edge detection to get results
for contour detection. A level set method is used to depict the geometric active contour model. A digital technique
called level set is used to monitor surface and contour motion. It also known as the level set function, sets the contour
as a zero-level set of a high-dimensional function rather than operating the contour directly. The motion's contour is
then produced by removing the zero-level set from the output of this function after it has been differentiated. The
level set's key benefit is the ability to model and topologically transform any complex structure.

2.3 Region-Based Image Segmentation:

The seeds are first initialized in region-based image segmentation, which then seeks out roughly comparable pixels
(which are typically treated as a class) and updates the seeds until convergence is attained. Region expanding, region
splitting and merging, and superpixel are the three basic techniques for region-based picture segmentation. These
techniques rely on the outcomes of superpixel segmentation. SLIC, turbopixel, DBSCAN, LSC, DEL, GMM, and
ISF are some of the popular superpixel algorithms. To achieve superpixel segmentation, the majority of these
superpixel algorithms use the contour iterative optimization technique in a local grid. These algorithms' benefits
include the ability to produce superpixel segmentation results based on a predetermined number of areas, which can
produce more precise local grid borders. Due to the lack of global information, the optimization technique only
functions in the local grid, which makes it challenging to capture the true object contour.

3. IMAGE SEGMENTATION EVALUATION:

The evaluation indexes primarily depend on error rate, segmentation contour quality, region quality, and other
parameters to mimic human visual perception.

3.1 Accuracy evaluation index:
3.1.1 Pixel Accuracy (PA):
It is simply calculated as the proportion of correctly categorized pixels to all pixels.
3.1.2 Mean Pixel Accuracy (MPA):

By calculating the percentage of correctly categorized pixels inside each class and averaging the correct rate
across all classes, MPA is an expanded version of PA.

3.1.3 Precision/Recall/F1 score:

Because the traditional image segmentation algorithms frequently use Precision/Recall/F1 score, these metrics
are well-liked.

3.2 Regional quality evaluation index

3.2.1 Dice coefficient:

It is another widely used measure for image segmentation, which is more frequently applied to medical image
analysis. Its definition is the overlap area between predicted and ground-truth maps divided by the sum of all
pixels in both images.

3.2.2 Intersection Over Union (I0U):

It is one of the most well-liked metrics in semantic segmentation, also known as the Jaccard index. It is
determined by dividing the region of intersection between the anticipated segmentation map and the ground
truth by the area of union between the two.

3.2.3 Volume Overlap Error (VOE):
It is the Jaccard index's complement.
3.2.4 Relative Volume Difference (RVD):
It is an asymmetric measurement.
3.3 Contour quality evaluation index:
3.3.1 Hausdorff distance (HD):
It is a metric that quantifies how similar two sets of points are to one another.
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3.3.2 Average symmetric surface distance (ASD)
3.3.3 Maximum symmetric surface distance (MSD):

Like ASD but using the maximum distance rather than the average, it is also known as the symmetric Hausdorff
distance.

4., CONCLUSIONS AND FUTURE WORK

Due to the urgent need to transfer images with large size through internet networking without losing image accuracy,
a new technique should be presented. Image segmentation without losing image details and accuracy is urgent and
required, especially in the medical field. Optimization techniques are implemented for image segmentation in many
fields. This study implements a hybrid optimization technique for image segmentation without losing image accuracy.
Different techniques can be used for developing the study goal.
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