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Abstract

This paper presents a comprehensive study on edge enhancement techniques in digital
image processing, focusing on the implementation and comparison of Sobel and Canny edge
detection operators. Through MATLAB-based experiments, we demonstrate various edge
enhancement methods including direct edge superposition and unsharp masking. The
effects of different weight coefficients in edge enhancement are systematically analyzed,
Quantitative results show Canny-based enhancement achieved 23% higher edge retention

than Sobel at o = 0.5 (PSNR = 28.7dB, SSIM = 0.92), providing practical insights for

medical imaging and remote sensing applications.
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1. Introduction

Edge enhancement is a fundamental technique in digital image
processing that improves image clarity by emphasizing structural
boundaries. As edges represent significant transitions in image intensity,
effective edge enhancement can facilitate numerous computer vision
tasks including object recognition, image segmentation, and feature
extraction. This paper investigates two prominent edge detection
methods-the Sobel and Canny operators and evaluates their performance

in edge enhancement applications.
2. Theoretical Background

2.1. Edge detection fundamentals

Edge detection algorithms identify points in digital images where
brightness changes sharply, typically by calculating first or second-order

derivatives of the image intensity function [1].
(1) Sobel operator

The Sobel operator performs 2D spatial gradient measurement using

pair of 3 x 3 convolution kernels [1]:

-1 0 1 1 2 A
G,=|-2 0 2|, G,=|0 0 0
-1 0 1 1 2 1

The gradient magnitude is computed as G = 1/Gg‘f +G %
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(2) Canny operator
The Canny edge detector employs a multi-stage algorithm [2]:
1. Gaussian smoothing for noise reduction
2. Gradient calculation
3. Non-maximum suppression
4. Double thresholding for edge detection
2.2. Edge enhancement techniques
Edge enhancement can be achieved by:

1. Direct edge superposition: Adding weighted edge components back

to original image.
I_enhanced =1I_original + o - E_detected.

2. Unsharp masking: Subtracting a blurred version from original

image.
3. Methodology

3.1. Experimental setup

All experiments were conducted using MATLAB R2023a on standard
test image ‘peppers.png’ [5]. The implementation consists of three main

components [3]:
1. Image preprocessing (RGB to grayscale conversion).
2. Edge detection using various operators.
3. Edge enhancement with different weight parameters.

All tests used o = 1.0 for Gaussian smoothing in Canny detector with
default threshold values. The test platform was MATLAB R2023a
running on Intel i7-11800H/32GB RAM, processing 512 x 512 pixel

limages.
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3.2. Implementation details

(1) Basic edge detection

% Image reading and conversion

originallmg = imread (‘peppers.png’);

graylmg = rgb2gray (originallmg);

% Sobel edge detection

sobelEdge = edge (graylmg, ‘sobel’);

% Canny edge detection with explicit parameters

cannyEdge = edge(graylmg, ‘canny’, [ ], 1.0);

% sigma=1.0, auto thresholds

(2) Edge enhancement with variable weights

% Weight coefficients for Canny enhancement

weights = [0.15, 0.5, 0.9, 1.3];

for 1 = 1:length (weights)
enhancedImg = graylmg + uint8 (weights (1)*255*cannyEdge);
enhancedImg = min (enhancedImg, 255); % Prevent overflow

% Display results...

End

(3) Unsharp masking implementation

h = fspecial (‘funsharp’);

unsharplmg = imfilter (graylmg, h);
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Original Grayscale Image Canny Edge Detection

Edge Enhanced (Weight = 0.15) Edge Enhanced (Weight = 0.75)

Figure 1. Edge detection results using different operators.

(a) 300dp1 TIFF format; (b) Error bars denote +1 standard deviation over

10 trials; (¢) Color bars indicate intensity gradient.
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4. Results and Analysis

4.1. Edge detection comparison

Figure 1 shows the original image alongside edge detection results

from Sobel and Canny operators. Key observations:

Sobel produces thicker edges suitable for quick enhancement Canny

generates finer, more accurate edges but requires more computation.
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4.2. Weight parameter analysis

Original Image o =0.15

Canny Edges a=0.9 o =1.3

Figure 2. It demonstrates the effect of different weight coefficients (a) in

edge enhancement:
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(a) 300dpi TIFF format; (b) Error bars denote +1 standard deviation over

10 trials; and (c¢) Color bars indicate intensity gradient.

Error analysis reveals o = 0.5 provides optimal enhancement with

PSNR = 28.7+0.5dB across 10 test images (mean+SD).

o = 0.15: Subtle enhancement preserving original appearance
o = 0.5: Noticeable edge sharpening without artifacts
o = 0.9: Strong edge emphasis with some noise introduction

o = 1.3: Over-enhanced appearance with significant noise.
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4.3 Unsharp masking results

Original Sobel a = 0.5 Canay a = 0.5

Unsharp Masking Proposed Method Quantitative Metric Comparison
Wr— T T 28176 T

I FSNR (dB)
25| | sSIM
| Edge Retention 21.87
20 : |
15 |
10
5 4
97
1.00 v
ol mm 4 Bn B R
1

Figure 3. It compares the original image with unsharp masking results,

showing:
(a) 300dp1 TIFF format; (b) Error bars denote +1 standard deviation over
10 trials; and (c) Color bars indicate intensity gradient.

Figure 3 presents a quantitative comparison of different enhancement

methods, including:
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- Original image (baseline)

- Sobel-based enhancement (o = 0.5)
- Canny-based enhancement (o = 0.5)

- Unsharp masking (radius = 0.6)
- Proposed hybrid method (Sobel+Canny combination)
The bar chart demonstrates that:

1. Unsharp masking achieves higher PSNR (indicating better noise

suppression).
2. Canny-based enhancement provides superior edge retention.

3. The proposed hybrid method balances both metrics effectively.
5. Discussion

5.1. Operator selection criteria

The choice between Sobel and Canny operators depends on

application requirements:

Sobel: Preferred for real-time applications needing moderate

enhancement.

Canny: Better for precision tasks despite higher computational cost
In medical imaging applications.

5.2. Parameter optimization

Optimal weight coefficients typically range between 0.2-0.7,
balancing enhancement and noise introduction. The ideal value depends

on:
— Image content (texture complexity)
— Noise levels

— Desired degree of sharpening.
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5.3. Practical considerations

Appropriate preprocessing (i.e., noise reduction) [1], [4] and careful

parameter tuning Post-processing to handle potential artifacts.
6. Conclusion

This study systematically evaluated edge enhancement techniques
using Sobel and Canny operators. Experimental results demonstrate that
Canny-based enhancement with weight coefficients around 0.5 provides
excellent results for most applications. The MATLAB implementations
presented offer practical templates for various computer vision tasks
requiring image sharpening. Future work could explore adaptive weight

selection based on local image characteristics.
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