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[Abstract]

Conventional Non-Local Means-based restoration methods use fixed Search Window and Search Patch
sizes, limiting their adaptability to image characteristics and potentially degrading restoration
performance. This paper analyzes the effects of these parameters on denoising performance under
varying image resolutions and Salt-and-Pepper noise levels. Experimental results show that larger Search
Windows tend to be required at higher resolutions, while both Search Window and Search Patch sizes
tend to increase with noise intensity. Their complementary relationship also indicates that an appropriate
combination affects denoising performance. These results demonstrate that adaptive adjustment of both
parameters according to image resolution and noise conditions can effectively improve Non-Local

Means-based image restoration performance.
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I. Introduction
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II. Preliminaries
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Fig. 1. Visualization of the relationship between
Search Window, Current Patch, and sliding Search
Patch in the Non—-Local Means algorithm.
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III. Experimental Methodology
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Fig. 2. Experimental procedure for analyzing Search
Window size according to image resolution.
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Fig. 3. Experimental procedure for analyzing Search
Window size according to noise level.
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Fig. 4. Experimental procedure for analyzing Search
Patch size according to noise level.
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IV. Experiments
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Table 1. Experimental Setup
Component Specification
CPU Intel(R) Core(TM) i7-9700 CPU @ 3.00GHz
RAM 8.00GB
0S Windows 11
Language Python 3.13.2
IDE Visual Studio Code 1.110.0
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Table 2. Information about Test Images

Label Size Label Size
(a) dog 2238 x 2446 | (h) Lena 512 X 512
(b) mountain | 1920 x 1080 | (i) moon 358 x 537
(c) saturn 1200 x 1500 | (j) corn 312 X 415
(d) fabric 640 x 480 | (k) coins 300 x 246
(e) bird 543 x 544 | (1) rice 256 % 256
(f) peppers 512 X 384 | (m) cameraman | 256 X 256
(g) tape 512 X 384 | (n) tire 232 X 205
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Table 6. Average PSNR comparison for different
Search Window sizes at different image resolution
for image (h) (Salt-and-Pepper noise 20%, Search
Patch = 11x11)

AES ALAoz 23  PSNR(Peak
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Table 3. Average PSNR comparison for different
Search Window sizes at different image resolution
for image (a) (Salt-and-Pepper noise 20%, Search
Patch = 5x5)

Image Scale | SW:21 X 21 SW:31 X 31 SW:41 X 41
05 25.25 25.18 24.96
1.0 25.99 26.20 26.15
15 24.82 25.67 25.98
2.0 24.23 24.94 25.53

Table 4. Average PSNR comparison for different
Search Window sizes at different image resolution
for image (a) (Salt-and-Pepper noise 20%, Search
Patch = 11x11)

Image Scale | SW:21 X 21 SW:31 X 31 SW:41x 41
0.5 22.54 21.88 21.34
1.0 23.17 22.77 22.30
15 23.87 24.00 23.70
2.0 23.95 2452 24 .41

Image Scale | SW:21X 21 SW:31 X 31 SW:41 X 41
0.5 24.99 24.79 2457
1.0 25.28 24.25 25.14
15 24.79 25.41 25.50
2.0 24.41 25.40 25.68

Table 5. Average PSNR comparison for different
Search Window sizes at different image resolution
for image (h) (Salt-and-Pepper noise 20%, Search

Patch = 5x5)
Image Scale | SW:21X 21 SW:31 X 31 SW:41 X 41
05 23.26 22.82 22.19
1.0 23.40 23.73 22.13
15 24.31 24.69 24.50
2.0 24.10 2451 24.70
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Table 7, Table 82 Search Patch®] F7]S bxb& 11
7det AdEollA, Wi e, 5t s E E Al EE tia
= ©l0]A] (a), (h), (m)oll s & 4=el Search
Window 37]0]] T2 3 PSNR, SSIMS 7H7} LFepdict

ol

Table 7. Average PSNR according to Salt-and-Pepper
noise density and Search Window size

Image Tag | Noise Level | SW:21 X 21 | SW:31X 31 | SW:41 X 41
7% Noise 32.65 32.61 32.59
11% Noise 30.25 30.29 30.19
(a) 20% Noise 25.99 26.20 26.15
35% Noise 20.43 20.51 20.58
50% Noise 18.83 18.88 18.95
7% Noise 27.74 27.19 26.75
11% Noise 26.34 25.74 25.20
(h) 20% Noise 23.40 2373 22.13
35% Noise 20.33 20.41 20.84
50% Noise 15.69 15.75 16.33
7% Noise 22.38 21.63 21.19
11% Noise 21.59 20.84 20.41
(m) 20% Noise 19.53 19.92 18.55
35% Noise 17.20 17.74 16.44
50% Noise 14.04 14.70 14.85

Table 8. Average SSIM according to Salt-and-Pepper
noise density and Search Window size

Image Tag | Noise Level | SW:21 X 21 | SW:31 X 31 | SW:41 X 41
7% Noise 0.8887 0.8883 0.8878
11% Noise 0.8598 0.8645 0.8579
(a) 20% Noise 0.7789 0.8049 0.7867
35% Noise | 0.6559 0.6698 0.6769
50% Noise | 0.5423 0.5466 0.5591
7% Noise 0.8256 0.8180 0.8145
11% Noise | 0.8067 0.7675 0.7621
(h) 20% Noise | 0.7296 0.7466 0.7182
35% Noise | 0.6485 0.6540 0.6897
50% Noise | 0.4954 0.4980 0.5293
7% Noise | 0.7251 0.7167 0.7091
11% Noise | 0.7161 0.6899 0.6541
(m) 20% Noise | 0.6194 0.6277 0.6026
35% Noise | 0.5782 0.5874 0.5365
50% Noise | 0.4721 0.4866 0.4871
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Fig. 5. Search Patch average selection according to
noise density: (a) Search Window = 21x21, (b) Search
Window = 31%31, and (c) Search Window = 41X41
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