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Abstract: - Image segmentation is a critical step in image analysis and computer vision, enabling the separation of meaningful
regions or objects from background information. Accurate segmentation is essential for applications such as medical imaging,
remote sensing, industrial inspection, and object recognition. Traditional global thresholding methods often fail in images with non-
uniform illumination, noise, or complex backgrounds. To address these challenges, this paper proposes an improved image
segmentation approach that combines adaptive thresholding with morphological refinement techniques. Adaptive thresholding
dynamically determines local threshold values based on neighborhood intensity variations, allowing effective segmentation under
varying lighting conditions. Morphological operations, including erosion, dilation, opening, and closing, are subsequently applied
to refine object boundaries, remove noise, and fill small gaps. The proposed method is evaluated on standard benchmark image
datasets and compared with conventional segmentation techniques. Experimental results demonstrate that the proposed approach
achieves superior segmentation accuracy, improved boundary preservation, and enhanced robustness to noise. The findings confirm
that integrating adaptive thresholding with morphological refinement provides an effective and computationally efficient solution
for complex image segmentation tasks..
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1. Introduction Although adaptive thresholding improves segmentation
I om is & find | i digital performance, the resulting segmented images may still
mage s.egm;ntatlon.1§a un a.menta.process 1n. 1§1‘;a 1@age contain noise, broken object boundaries, and small holes.
processing that p.aI'tltIOIlS z.m 1mage. mt.O meaningiu regl‘“?s Morphological image processing provides a powerful set of
for further analysis. The primary objective of segmentation is . . .
o : ) ) tools to address these issues by analyzing the geometric
to simplify or change the representation of an image into . . . .
i ] ; i structure of image regions. Morphological operations can
something more meaningful and easier to analyze. Effective . . .
T ) B ; effectively refine segmentation results by removing unwanted
segmentation is crucial for high-level tasks such as object . . .
e ) ) ) artifacts and enhancing object shapes.
detection, image classification, and scene understanding.
. ) ) ) This paper presents an improved image segmentation
Despite decades of research, image segmentation remains a . . . .
. i approach that integrates adaptive thresholding with
challenging problem due to factors such as noise, low . .
i o i . morphological refinement. The proposed method aims to
contrast, uneven illumination, overlapping objects, and . . . S
) back p M assical ) achieve accurate segmentation while maintaining
compiex .ac gr9un S any ¢ aSSlcfd segmentation computational simplicity. The main contributions of this
methods, including global thresholding, edge-based paper include:
segmentation, and region-based approaches, perform well )
under controlled conditions but often degrade in real-world 1. An adaptive thresholding-based segmentation
scenarios. framework for handling illumination variations.
Thresholding is one of the simplest and most widely used 2. A morphological refinement strategy to enhance
segmentation techniques. Global thresholding methods, such boundary accuracy and region consistency.
as Otsu’s method, use a single threshold value for the entire A hensi luati )
image. While computationally efficient, these methods are 3. i comprehensive  evaluation demonst‘r?ltmg
. o . L - . improved performance over traditional
highly sensitive to illumination variations and noise. . hod
Adaptive thresholding overcomes this limitation by segmentation methods.
computing threshold values locally, making it suitable for The remainder of this paper is organized as follows. Section
images with non-uniform lighting. 2 reviews related work in image segmentation. Section 3
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describes the proposed methodology in detail. Section 4
presents the experimental setup and evaluation metrics.
Section 5 discusses the results and comparative analysis.
Section 6 concludes the paper and outlines future research
directions.

2. Related Work

Image segmentation has been extensively studied, resulting in
a wide range of techniques. Thresholding-based methods are
among the earliest and simplest approaches. Otsu’s method
selects an optimal global threshold by maximizing inter-class
variance. While effective for bimodal histograms, it struggles
with uneven illumination and complex backgrounds.

Adaptive thresholding techniques compute threshold values
based on local image statistics such as mean, median, or
Gaussian-weighted averages. Methods such as Niblack and
Sauvola thresholding have been widely applied in document
image analysis and medical imaging due to their robustness
to illumination variations.

Edge-based segmentation methods detect object boundaries
using gradient operators such as Sobel, Prewitt, and Canny.
Although edge detection provides precise boundary
information, it often results in fragmented edges, requiring
additional processing to form closed regions.

Region-based methods, including region growing and
watershed segmentation, group pixels based on similarity
criteria. These methods can produce accurate segmentation
results but are sensitive to noise and initial seed selection.

Morphological image processing has been widely used as a
post-processing step in segmentation pipelines. Operations
such as erosion and dilation modify image structures, while
opening and closing remove small objects and fill gaps.
Several studies have demonstrated that combining
thresholding techniques with morphological refinement
significantly improves segmentation quality.

Recent advances in deep learning have introduced
convolutional neural network—based segmentation methods
such as U-Net and Mask R-CNN. Although these methods
achieve high accuracy, they require large labeled datasets and
substantial computational resources. In contrast, traditional
segmentation techniques combined with morphological
refinement remain attractive for applications requiring
simplicity, interpretability, and efficiency.

3. Proposed Methodology
3.1 Overview

The proposed image segmentation approach consists of four
main stages: image preprocessing, adaptive thresholding,
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morphological refinement, and final segmentation output.
The overall workflow is illustrated in Figure 1.

3.2 Image Preprocessing

Preprocessing enhances image quality and prepares it for
segmentation. Input images are first converted to grayscale to
simplify processing. Noise reduction is performed using a
Gaussian or median filter to suppress random noise while
preserving edges. Histogram normalization is optionally
applied to improve contrast.

3.3 Adaptive Thresholding

Adaptive  thresholding determines threshold values
dynamically for different regions of the image. Unlike global
thresholding, this approach considers local image
characteristics, making it suitable for images with uneven
illumination.

For each pixel, a threshold value is computed based on the
statistical properties of its neighborhood. The pixel is
classified as foreground or background by comparing its
intensity with the locally computed threshold. This process
produces a binary image that highlights object regions more
effectively than global thresholding methods.

3.4 Morphological Refinement

Although adaptive thresholding improves segmentation
accuracy, the resulting binary image may contain noise,
holes, and irregular boundaries. Morphological operations are
applied to refine the segmentation result.

e Erosion: Removes small isolated pixels and shrinks
object boundaries.

o Dilation: Expands object regions and fills small
gaps.

e Opening: Eliminates small objects and smooths
contours.

o Closing: Fills holes and connects nearby object
regions.

By carefully selecting structuring elements and operation
sequences, the segmentation output is significantly refined,
resulting in smoother boundaries and more consistent regions.

3.5 Final Segmentation Output

The refined binary image represents the final segmentation
result. Connected component analysis can be optionally
applied to label individual regions for further analysis.
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4. Experimental Setup and Evaluation Metrics
4.1 Dataset Description

The proposed method is evaluated using publicly available
benchmark image datasets that include natural, medical, and
industrial images. These datasets exhibit varying illumination
conditions, noise levels, and object complexities.

4.2 Comparative Methods

The proposed approach is compared with traditional
segmentation techniques, including:

e Global thresholding (Otsu’s method)

e Adaptive thresholding without morphological
refinement

e Edge-based segmentation methods
4.3 Evaluation Metrics

Segmentation performance is evaluated using standard
metrics such as segmentation accuracy, Dice coefficient,
Jaccard index, precision, and recall. These metrics provide a
quantitative assessment of segmentation quality.

5. Results and Discussion

Experimental results demonstrate that the proposed method
consistently outperforms traditional segmentation techniques.
Adaptive thresholding effectively handles illumination
variations, while morphological refinement significantly
improves boundary accuracy and reduces noise.

Comparative analysis shows higher Dice and Jaccard scores
for the proposed method, indicating better overlap between
segmented regions and ground truth. Visual inspection
confirms that the refined segmentation results are smoother
and more accurate.

The proposed approach achieves a favorable balance between
accuracy and computational efficiency, making it suitable for
real-time and resource-constrained applications.

6. Conclusion and Future Work

This paper presented an improved image segmentation
approach that integrates adaptive thresholding with
morphological refinement. The proposed method effectively
addresses challenges such as uneven illumination, noise, and
boundary irregularities. Experimental results confirm its
superior performance compared to traditional segmentation
techniques.

Future work will focus on optimizing structuring element
selection, extending the approach to color and multi-spectral
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images, and integrating machine learning techniques to
further enhance segmentation accuracy.
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