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Abstract- Impulsive noise reduction from color images is a fundamental challenge in image processing, as this
noise commonly occurs during the acquisition and transmission of digital images and negatively impacts image
quality. In this paper, a novel method for reducing this noise from color images based on fuzzy filtering is
proposed. This approach utilizes fuzzy metrics to evaluate the color similarity of pixels and their spatial proximity
within a fuzzy framework. The color of each pixel is defined as a fuzzy number, and substitute values for noisy
pixels are computed using fuzzy metrics. In this method, color similarity is assessed using three-component color
vectors (RGB), while spatial proximity is evaluated using fuzzy metrics. The proposed algorithm utilizes a sliding
window and is executed in three main steps: (1) converting the pixel values in the window into fuzzy numbers,
(2) computing the color similarity and spatial distance of pixels using two fuzzy distance metrics, and (3) selecting
the most suitable pixel based on the obtained criteria and replacing it with the central pixel of the window. The
proposed algorithm has been tested on various images, including grayscale and color noisy images. The results
indicate that this approach outperforms existing approaches in noise reduction and detail preservation. This
superiority includes higher Peak Signal-to-Noise Ratio (PSNR), higher Structural Similarity Index Measure
(SSIM), and more accurate edge and detail restoration.

Keywords: Fuzzy filter, image processing, impulsive noise reduction, salt-and-pepper noise, color similarity
evaluation.
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Algorithm: Fuzzy CFM-Based Noise Reduction (FCFM)
Input:
- Grayscale Image (OrigImg)
- Noisy Image (NoisyImg) with Salt & Pepper Noise
Output:
- Denoised Image (DenoisedImg)
Steps:
1. Local Mean Estimation (MeanImg):
- For each pixel (x, y):
- Extract 3x3 neighborhood.
- Compute the mean of pixel values.
- Assign the rounded mean to MeanImg(x, y).
2. Compute Fuzzy Deviation Matrices:
- Compute the difference
DeviationMat = MeanImg - NoisyImg.
- Construct sr (Positive Deviation Matrix):
- If DeviationMat(y, x) < O,
set DeviationMat(y, x) =
- Construct sl (Negative Deviation Matrix):
- If DeviationMat(y, x) > o,
set DeviationMat(y, x) =
- Convert sl to absolute values.
Fuzzy Correction Using CFM:
- For each pixel (x, y):
- Extract 3x3 neighborhood in DenoisedImg.
- Extract corresponding sr and sl neighborhoods.
- Compute fuzzy membership values (FuzzyMem)
using deviation matrices.
- Compute spatial similarity (SpatialSim).
- Calculate the combined correction factor
(CorrFactor).
- Find the pixel with the highest CorrFactor
in the neighborhood.
- Assign its value to DenoisedImg(y, X).
4. Output Processed Image:
- Display OrigImg, NoisyImg, and DenoisedImg.
End.
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