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Abstract- Digital image processing plays an important
role in areas such as medical imaging, remote sensing,
computer vision, and industrial automation. However,
digital images are often affected by different types of
noise during image acquisition and transmission, which
reduces image quality and affects accurate analysis. This
project focuses on the implementation and comparison of
various noise reduction techniques for improving image
quality. Different types of noise, including Gaussian, Salt
& Pepper, Speckle, and Poisson noise, are introduced into
digital images to simulate real-world degradation
conditions. Filtering techniques such as Gaussian,
Median, Wiener, and Bilateral filters are applied to
remove noise while preserving important image details
and edges. The performance of each filtering method is
evaluated using image quality metrics such as Mean
Square Error (MSE), Peak Signal-to-Noise Ratio
(PSNR), and Structural Similarity Index (SSIM).
Experimental results show that different filters perform
effectively for specific noise types, and selecting an
appropriate denoising technique significantly improves
image quality and restoration performance.
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L INTRODUCTION

Digital image processing is widely used in areas such
as digital television, medical imaging, remote
sensing, robotics, and industrial automation. Its main
objectives are to enhance visual information for
human interpretation and to enable efficient storage,
transmission, and analysis for machine perception. A
digital image consists of pixels, each with a specific
location and intensity value. During acquisition or
transmission, images often get corrupted by noise,
which distorts the original information. Common
types of noise include Gaussian noise, which affects
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all pixels, and impulse noise (such as salt-and-
pepper), which alters only some pixels. Removing
noise is essential before performing further tasks like
segmentation or edge detection, as noise can
significantly degrade image quality.

Various noise reduction techniques have been
developed, with filtering being one of the most
common approaches. Linear and nonlinear filters,
such as the median filter, are widely used to smooth
images and remove noise. However, challenges
remain in effectively reducing noise while preserving
important details like edges, especially in medical
images where accuracy is critical. Different types of
noise require different handling methods, such as
speckle noise in ultrasound images. Overall, image
denoising is a crucial preprocessing step in
applications like image mining, pattern recognition,
and computer vision, with ongoing research focused
on improving performance while maintaining high
signal-to-noise ratios.

Objectives

1. Simulate different types of noise in digital
images using MATLAB Image Processing
Toolbox.

2. Study various filtering techniques for noise
removal

3. Apply filtering methods to reduce noise in
images.

4. Evaluate performance using image quality
metrics: MSE, PSNR, and SSIM.

5. Compare the effectiveness of different filtering
techniques based on results.
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IL. METHODOLOGY

The methodology of this project focuses on analyzing
and comparing different noise reduction techniques in
digital images. The process begins with the selection
of a clean digital image, which serves as the
reference or original image for evaluation. To
simulate real-world conditions, different types of
noise such as Gaussian noise, Salt & Pepper noise,
and Speckle noise are artificially added to the image.
These noise types help in testing the performance of
various filters under different distortion scenarios.

After noise addition, the noisy image is processed
using multiple denoising techniques. The Gaussian
filter is applied to smooth the image using weighted
averaging, mainly reducing Gaussian noise. The
Median filter replaces each pixel value with the
median of its neighboring pixels and is highly
effective in removing Salt & Pepper noise. The
Bilateral filter is also used, which reduces noise while
preserving important edges by considering both
spatial and intensity information.

Once filtering is completed, the denoised images are
reconstructed and compared with the original image
to assess quality improvement. The performance of
each filtering technique is evaluated using standard
metrics such as Mean Square Error (MSE), Peak
Signal-to-Noise Ratio (PSNR), and Structural
Similarity Index (SSIM). These metrics provide a
quantitative measure of how closely the filtered
image matches the original image.

Finally, the results from all filtering methods are
compared to determine the most effective technique.
The best-performing filter is identified based on the
lowest MSE, highest PSNR, and highest SSIM
values, which indicate better noise reduction and
higher image quality preservation.

The implementation and performance evaluation of
the proposed system were carried out using
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Figure 1: Flowchart
1. MODELING AND ANALYSIS

The system is designed as an image-processing
framework that includes image acquisition, noise
addition, filtering, and performance evaluation.

Initially, a clean image is selected and different types
of noise such as Gaussian, Salt & Pepper, Speckle,
and Poisson noise are added to simulate real-world
image degradation conditions. Various filtering
techniques are then applied to restore image quality.
The Gaussian filter reduces intensity variations, the
Median filter removes impulse noise, the Wiener
filter minimizes speckle noise, and the Poisson
denoising filter reduces photon-related noise while
preserving image details and edges.

Table 1: Noise Comparison

MATLAB and the MATLAB Image Processing
Toolbox. Noise . Removal
Type Characteristics Technique
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Table presents the comparison of different types of
image noise and their corresponding denoising
techniques. Gaussian noise introduces random
variations in pixel intensity and is commonly reduced
using the Gaussian filter. Salt and Pepper noise
appears as random black and white pixels in an image
and is effectively removed using the Median filter.

Speckle noise produces a granular appearance,
especially in medical and radar images, and can be
minimized using the Wiener filter. Poisson noise
occurs due to photon fluctuations during image
acquisition and is reduced using Poisson denoising
techniques. The table provides a clear overview of
the characteristics of each noise type and the most
suitable filtering method used for image restoration.

Iv. PROBLEM STATEMENT

Digital images are often affected by different types of
noise during image acquisition, transmission, and
processing, which reduces image quality and affects
accurate image analysis. Common noise types such
as Gaussian, Salt & Pepper, Speckle, and Poisson
noise distort the original image and cause loss of
important details, edges, and textures.

The main challenge is to remove noise while
preserving image quality and structural information.
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Different filtering techniques such as Gaussian,
Median, Wiener, and Poisson denoising filters are
used to reduce noise and improve image clarity. This
project focuses on analyzing different noise types,
applying suitable denoising techniques, and
evaluating filter performance using metrics such as
MSE, PSNR, and SSIM.

V. PROPOSED SYSTEM

The proposed system aims to improve digital image
quality by removing noise using different filtering
techniques. Initially, a clean input image is selected,
and various types of noise such as Gaussian, Salt &
Pepper, and Speckle noise are added to simulate real-
world image degradation conditions. Different filters
including Gaussian, Median, and Bilateral filters are
then applied to reduce the noise and restore image
quality.

The performance of each filtering technique is
evaluated using image quality metrics such as MSE,
PSNR, and SSIM. These metrics help compare the
effectiveness of different filters in removing noise
while preserving important image features such as
edges and textures.

VL EXISTING SYSTEM

Existing image denoising systems primarily use
traditional filtering techniques such as Gaussian,
Median, Wiener, and Bilateral filters to reduce noise
in digital images. These methods are effective for
removing specific types of noise, including Gaussian,
Salt & Pepper, and Speckle noise. However, many
existing techniques face challenges in preserving
important image features such as edges, textures, and
fine details during the denoising process. In some
cases, excessive filtering may lead to image blurring
and loss of structural information, especially at
higher noise levels. Therefore, improving noise
removal while maintaining image quality remains an
important research area in digital image processing.

In existing systems, the performance of noise
reduction techniques varies depending on the type
and intensity of noise present in the image. Some
filters provide better smoothing but reduce image
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sharpness, while others preserve edges but may not
completely remove noise. Hence, selecting a suitable
denoising method is essential for achieving better
image restoration and improved visual quality.

VIL RESULTS AND DISCUSSION

Experimental results showed that different filters
perform effectively for different types of noise. The
Gaussian filter produced better results for Gaussian
noise, while the Median filter effectively removed
Salt & Pepper noise. The Wiener filter reduced
Speckle noise while preserving image quality.

Performance evaluation using MSE, PSNR, and
SSIM metrics confirmed the effectiveness of the
proposed denoising techniques. Comparative
analysis showed that selecting an appropriate filter
based on the noise type provides better image
restoration and improved visual quality.

The results also show that suitable filtering
techniques can effectively reduce noise while
preserving important image features such as edges
and textures. The comparative analysis highlights
the importance of selecting appropriate filters for
achieving better image restoration and improved
visual quality.
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Figure 2: Performance of noise reduction on
Poisson noisy image
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Figure 3: Performance of noise reduction on
Gaussian noisy image
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Figure 4: Performance of noise reduction on Salt
and Pepper noisy image
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Figure 5: Performance of noise reduction on
Speckle noisy image

CONCLUSION

In this project, different noise reduction
techniques were implemented and analyzed for
improving the quality of digital images affected by
Gaussian, Salt & Pepper, Speckle, and Poisson
noise. Various filtering methods such as Gaussian,
Median, Wiener, and Bilateral filters were applied
to reduce noise and restore image quality. The
performance of each filtering technique was
evaluated using image quality metrics including
MSE, PSNR, and SSIM.

The experimental results showed that each filter
performs effectively for specific noise types. The
Gaussian filter was suitable for reducing Gaussian
noise, the Median filter effectively removed Salt
& Pepper noise, and the Wiener filter provided
better  performance for  Speckle noise.
Comparative analysis confirmed that selecting an
appropriate filtering technique based on the type
of noise significantly improves image restoration
while preserving important image details, edges,
and textures. Overall, the project demonstrates the
importance of noise-specific denoising methods in
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digital image processing applications.
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