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Abstract- Image processing techniques are essential part of the current computer technologies and
that it plays vital role in various applications like medical field, object detection, video surveillance
system, computer vision etc. The important process of Image processing is Image Segmentation.
Image Segmentation is the process of splitting the images into various tiny parts called segments.
Image processing makes to simplify the image representation in order to analyze the images. So
many algorithms are developed for segmenting images, based on the certain feature of the pixel.
In this paper different algorithms of segmentation can be reviewed, analyzed and finally list out
the comparison for all the algorithms. This comparison study is useful for increasing accuracy and
performance of segmentation methods in various image processing domains.

Keywords — Image Segmentation, Digital Image Processing, K-Means Clustering, Edge detection,
histogram.
INTRODUCTION

Image is binary representation of visual information by means of pixels. It contains lot of
information to perform some useful operations on different area of applications like medical field,
object detection, video surveillance system, computer vision, pattern recognition, remote sensing
etc. With the help of computer algorithms, we can manipulate the pixels either enhance the quality
of image or extract the useful information from it. Digital image processing has different stages,
in which segmentation is the essential and challenging part in the operation of image processing.
Image segmentation should be segregating the images into meaningful parts that are having similar
features and behaviors[1]. The purpose of segmentation is, to make the image representation
easily, classified meaningfully, and analyzed properly. Using the image segmentation, we can
localize the objects and identifying its boundaries in an image. Then assign the labels to each pixel
in the entire image. Some pixels having the same labels means they have common characteristics.
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This paper analyzes the different methods of segmentation and their algorithms. First, we analyze
the segmentation carried out by means of pixel properties to analyze the local and global properties,
and to tell how speed up the segmentation process by modifying the existing ACM model along
with local and global properties. Expectation of maximization algorithm needs more iteration to
segment the image. Modification can be based on the likelihood properties we can achieve the
minimum number of calculations[2]. EM based localization and 3D U-Net and EM based attention
mechanism will provide the optimized segmentation results. Color images can be segmented by
RGB Histogram along with firefly algorithm. Combination of SCT-I and SCT-V algorithm and
SAMFO-TH algorithm solves the multilevel threshold problem of RGB color image. Color
hymnographies can be used to identify the color object detection. Image restoration algorithm can
segment the image based on the sample blocks. This method utilizes the advantages of both
Criminisi algorithm & Watershed image segmentation algorithm. So many factors are affecting
while extracting text information from the image. Noise is more, when the image can be captured
from live video camera. The Encoder-Decoder framework resolves the issues in segmentation for
retrieving text information[3]. To speed up the text retrieval process, Instance Segmentation
Network technique can be used. This paper analyze the different methods and compare it to give
the clear idea about image segmentation process.

RESEARCH METHODOLOGY
Segmentation operation can be also performed by means of global and local properties of pixels.
It states that, the global properties are calculated by mean values of various pixels and successive
edges of objects, and the local properties are characterized by interaction of successive pixels and
the boundary of the image. Image entropy can be done by improved weighting function that can
be adapt the weight between local term and global term, so the segmentation speed can be
improved significantly[4].
(i) Thresholding Method- Based on the pixel’s intensity, this method partitions the image, into
two parts, they are intensity of pixel value lower than threshold and intensity of pixel value greater
than threshold. Multi stage thresholding approach is necessary for color image segmentation in
many applications[17]. To segment the color components Red, Green and Blue, more than two
optimal thresholds can be needed. In future a greater number of thresholds is necessary. But a
greater number of thresholds can decrease the performance of segmentation process. The main
drawback of multi-level thresholding leads long execution time. During the processing of low-
quality images, cause the wrong prediction of threshold values. The improved salp swarm
algorithm can minimize the number of thresholds to ensure effective segmentation process.
Modified grasshopper optimization algorithm, metaheuristic algorithm, firefly algorithm, novel
population-based bee foraging algorithm are also used for optimized threshold values[5].
(ii) Edge detection- An edge is a set of connected pixels that creates the boundary between the
two successive regions. The edge detection is basically a process of segmenting the image into
discontinuity of regions. The perfectness of the image-by-image processing and computer vision
can be depending on identifying meaningful edges. Out of all the edge detection techniques,
‘Canny Edge Detector’ produces good results than other edge detection methods. The basic
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limitations of edge detection are edge connectivity and edge thickness. Multiple values of
Threshold approaches need to solve the above two issues. To find the optimized thresholding
values Genetic algorithm can be applied which optimize the coefficient of filter. This kind of
optimization improves the quality of segmenting edges in MR scan images[6].

(iii) Clustering methods- Clustering is the process of image information can be replaced by
clusters. Cluster is the collection of similar attribute data points. Pixels, which have common
attributes like same color, same texture or any related attribute. Main issues in Clustering are
identify the correct inter cluster distance and identify the total number of Clusters. Robust self-
sparse fuzzy clustering algorithm improves the clustering result by reducing the noisy features[16].
The main drawback of K means clustering method is image segments are disconnected and
disseminated with wide distance. To find the optimal number of clusters is very hard without
knowing the initial parameters. The unsupervised K-means clustering technique is needed to
achieve this. To solve the initialization problem, UK-means algorithm uses number of points to
determine the initial number of clusters. To avoid overlapping, kernel K-means clustering can be
proposed. In which kernel functions are transformed into feature space, to estimate the correct
number of clusters[7]. The combination of depth and semantic information of images improve the
accurate identification of initial center value.

OPTIMIZED REAL-TIME IMAGE SEGMENTATION
Segmentation operation can be improved effectively by applying small changes in the existing
segmentation algorithm called Expectation of maximization; it has a greater number of iterations
and takes more computing power. Compression based segmentation methods express the
approximation of actual pixel values with some of the sample pixels, so that the size of the image
can be tremendously reduced. To improve the efficiency of compression, the original image can
be pre quantized with higher bits. But sometimes the predictions may not work properly when
using high bit rates[8].
(i) Color Image Segmentation- Segmentation operation can be achieved in a color images by
RGB Histogram. By applying firefly algorithm, the optimal multi-level image segmentation can
be achieved. The two new algorithms called SCT-I and SCT-V for image and video input data.
For each frame SCT-V algorithm locate the target of interest (TOI) for object tracking and SCT-I
algorithm maintain the original color in the target of interest. SAMFO-TH algorithm based on
moth flame optimization. Histogram is developed by dividing the range of the data into same sized
classes[15]. Then for each class, those data set points which present into the class are calculated.
The key parameter of this method is the selection of the threshold value, which can be computed
manually or automatically by some algorithms. The basic concept of this method is, to
identify the mean or median value, so that pixels of the object are brighter than the background.
By applying color hymnographies to increase the color fidelity and improve the color object
detection[9].
(ii) Segmentation based on the sample blocks- Segmentation operation can be achieved by
improved image restoration algorithm based on the sample blocks. It resolves the image repairing
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problems occurred when the image restoration process. Criminisi algorithm and watershed image
algorithm is applied to the large amount of image set. Then identify the matching pixel blocks in
image segmentation. So that excessive extension of texture blocks for the process of restoration of
images can be avoided[10].

(iii) Region-based methods- This kind of segmentation groups the pixels that have similar
properties. It segregates the pixel, those having the similar characteristics and dissimilar
characteristics. It compares the properties of neighboring pixels and produces the result. The main
objective is to differentiate the homogeneity of the image. That can be achieved by improved image
restoration algorithm based on the sample blocks. A new method using region of interest for
segmenting images, having less computation complexity, to preprocess the training sets so that to
reduce the redundant information. For color region segmentation, hue division based selective
color transfer algorithm can be used. In which HSV color model transferred into luminance and
saturation integrity[11].

(iv) Text-Based Segmentation- Segmentation operation can be achieved only in a text-based
images, to retrieve the necessary text information from the whole image. The information may be
single or multiple line, words, or even one or more characters. This paper proposes different
methodologies at the various segmentation stages. It first justifies the segmentation process in the
text context based on the information retrieval. This paper also discusses different factors affecting
the process of segmentation[ 14]. The Captured images from camera have more background noise.
The main issues are symbols having several separate primitives with complex background and
distortions from camera. To extract the text information from natural scenes are also complex
process. The encoder — decoder framework is proposed. It is used by the combination of
attention mechanism and connection time classification. To reduce the more processing time the
new technique called Instance Segmentation Network (ISNet) to detect the text content by
generating prototype masks simultaneously[12].

(v) Motion & Interactive Segmentation- Motion Segmentation means pixels are grouping
together in a particular movement of the object. The main objective of this technique is to segment
the images for object that are in moving condition. To make the image analysis, and understanding
the image properties[13], to analyze the motion sequence is important. First Identify the
background and foreground objects, and then make analysis these objects independently, this
model is commonly called ‘variation Model’” which takes two successive video frames, evaluate
the movement ranges between each frame. The main aim of this method is to identify the object
boundaries with minimal user interventions.

IMPLEMENTATION
This study was implemented using Python 3.8 and the PyTorch 2.3.1 deep learning framework.
Experiments were conducted on a system equipped with CUDA 12.1 and CuDNN v8 to ensure
efficient computation on an NVIDIA GeForce RTX 4060 GPU. The model was evaluated on two
benchmark datasets: Cityscapes and CamVid. For the Cityscapes dataset, a training batch size of
4 was used; for the CamVid dataset, a batch size of 8 was employed. Data augmentation strategies
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included random cropping, scaling, horizontal flipping, and additional cropping to enhance model
robustness. During training, the cross-entropy loss function was used as the loss metric, and the
Adam optimizer was applied to optimize the network parameters. The momentum value was set
to 0.9, the weight decay rate was set to 0.0005, and the initial learning rate was set to 0.001. To
improve training efficiency and stability, the network parameters were initialized using the
Kaiming initialization strategy. The learning rate adjustment strategy followed a Poly schedule,
which gradually reduces the learning rate during training to fine-tune model parameters in the later
stages. The specific formula is:

iter power
Ir =irg x ('I - )

max_ter

where [0 is the initial learning rate and power is the decay exponent set to 0.9.
(i) Ablation Study- To systematically evaluate the contributions of the optimization modules and
related improvements to the performance of the semantic segmentation network, we conducted
ablation experiments using the Cityscapes dataset. The purpose of these experiments is to quantify
the impact of each component and validate its effectiveness. The experiments illustrate the trade-
offs between parameter count, processing speed, and mloU (mean Intersection over Union) across
different configurations. The baseline model has a parameter count of 1.18 M, a processing speed
of 123.5 FPS, and an mloU of 68%. The introduction of additional components resulted in a series
of performance changes in the model.
(ii) Comparison with the Existing Model- In this section, we compare the proposed algorithm
with several state-of-the-art segmentation models and present a series of performance metrics
derived from the Cityscapes and Camvid datasets. Figure 1 illustrates the relationship between
model inference speed and segmentation accuracy for various segmentation networks on the
Cityscapes dataset.
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Figure 1- Model inference speed and segmentation accuracy on the Cityscapes dataset[5]
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CONCLUSION

This paper discusses about various image segmentation techniques and different image
segmentation approaches are illustrated and correlated. All these methodologies are suitable for
many applications in medical field, object detection, computer vision, surveillance system,
computer vision etc. From this study, each segmentation methods are desirable for specific image
types. So, the combination of multiple segmentation methods is needed to get good result. To

improve the accuracy of the segmentation result, need to apply machine learning techniques. The

important parameters of image segmentation are accuracy, complexity, efficiency and
interactivity. No particular methods are comfortable for all the types of images. For this reason,
segmentation of images in various applications has high demand in future.
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