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[Abstract]

With the increasing use of visual media, the importance of image processing has grown, and
effective denoising techniques are essential as noise directly affects image analysis. The Non-Local
Means (NLM) filter, which removes noise by searching for similar regions, is widely used but limited
because a fixed search patch size does not account for regional characteristics. This paper proposes a
preprocessing method that transforms images into the frequency domain and adaptively adjusts the
search patch size of the NLM filter according to frequency-based region separation. When applied to
the NLM filter, the proposed preprocessing technique improved the PSNR by an average of 2.50 dB

and up to 8.24 dB, confirming its effectiveness in enhancing denoising performance.
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I. Introduction
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II. Preliminaries
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Fig. 1. Visualization of Search Patch(SP), Current Patch(CP),
and Search Window(SW) in S&P Noisy Images
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III. The Proposed Scheme
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Fig. 2. Preprocessing workflow for NLM Filter
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Table 1. Experimental Setup
Component Specification
CPU 12" Gen Intel® Core™ i7-12700 @ 4.90GHz
RAM 8.0 GB
0S Windows 11
Languge Python 3.13.1
IDE Visual Studio Code 1.92.2

Aol [6lollM ARgH MATLABS]  Image
Processing Toolbox?] oj|A] o|u]&] 1081} B&E ¥ o]
]]]7(](]3_]_ Lena% /\]’—8—5’]’9\9\[‘/]’. Table. 2% }‘\E']‘é]-__-l]oﬂ }\]"8‘% =
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Table 2. List of Test Image Names and Sizes

Label Size Label Size

(a) peppers 512 x 384 | (g) tire 232 x 205
(b) corn 312 x 415 | (h) saturn 1200 x 1500
(c) cameraman | 256 X 256 | (i) tape 512 x 384
(d) coins 300 x 246 | (j) fabric 640 % 480
(e) moon 358 x 537 | (k) Lena 512 X 512
(f) rice 256 X 256
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Fig. 3. Lena Images with S&P and Gaussian Noise at
Various Ratios
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Table 3. Comparison of Maximum PSNR Performance among Gaussian Filter,

NLM, [6INLM, NLM_DCT,

NLM_FFT_Local, and NLM_FFT_Global under 5%, 10%, 15%, and 20% S&P and Gaussian Noise
Gaussian NLM_FFT_ | NLM _FFT. Gaussian NLM FFT_ | NLM_FFT
Filter RN | [EINET N8 Local Global Filter RN (IR N DT Local Global
(a)| 20.98 | 27.87 | 32.32 32.28 32.14 32.68 (a)] 30.24 | 30.24 | 31.12 31.18 31.02 31.07
(b)| 21.13 | 26.67 | 28.30 28.36 27.40 27.87 (b)| 26.70 | 27.75 | 28.17 27.82 26.86 27.17
(c)| 21.29 | 24.06 | 28.93 28.66 28.43 28.47 (c)| 27.36 | 27.36 | 28.08 28.15 27.69 27.75
(d)| 21.34 | 26.32 | 30.87 30.67 30.44 30.78 (d)| 29.45 | 29.45 | 29.86 29.99 29.68 30.12
(e)| 1755 | 26.32 | 32.32 31.88 31.96 32.66 (e)| 29.01 | 29.01 | 29.31 29.21 29.28 29.47
(f)| 23.65 | 26.10 | 30.71 30.75 30.02 30.58 (f)| 28.48 | 28.48 | 29.33 29.42 28.83 29.16
(g)| 18.27 | 25.43 | 29.20 29.13 28.34 28.90 (g)| 27.07 | 27.07 | 28.05 27.99 27.33 27.48
(h)| 17.86 | 26.95 | 34.86 33.86 34.48 35.19 (h)| 29.63 | 29.63 | 29.76 29.69 30.13 30.17
(i)| 19.80 | 26.84 | 32.52 32.28 31.96 32.44 (i)| 29.96 | 29.96 | 30.75 30.96 30.66 30.86
()| 21.83 | 25.74 | 28.32 28.25 27.72 28.00 ()| 26.46 | 2650 | 27.60 27.53 26.99 27.06
(k)| 23.74 | 27.97 | 31.80 31.76 31.68 32.19 (k)| 29.42 | 29.42 | 30.39 30.44 30.46 30.47
(@) S&P noisy 5% (b) Gaussian noisy 5%
Gaussian NLM_FFT_ | NLM _FFT. Gaussian NLM FFT_ | NLM_FFT
Filter RN [EINTELT N e Local Global Filter RN (IR YLD Local Global
(@)| 17.55 | 24.99 | 28.46 28.63 29.06 29.34 (a)| 25.93 | 26.77 | 28.27 28.43 28.91 28.75
(b)| 17.79 | 24.26 | 25.43 25.54 25.08 25.44 (b)| 23.85 | 25.78 | 26.02 25.70 25.04 25.25
(c)| 18.16 | 22.52 | 26.48 26.48 26.17 26.64 (c)| 2438 | 24.38 | 25.89 25.98 25.70 26.00
(d)| 17.88 | 24.30 | 28.14 28.22 28.07 28.52 (d)| 25.47 | 25.55 | 27.45 27.71 27.96 28.05
(e)| 14.63 | 23.09 | 27.89 27.76 28.08 28.76 (e)| 25.68 | 25.68 | 26.05 25.97 26.24 26.38
(f)| 19.69 24.28 | 27.53 27.71 27.46 27.76 (f)| 24.60 25.13 | 26.74 26.77 26.57 26.72
(g)| 15.35 | 22.96 | 25.98 26.02 25.69 26.15 (g)| 24.66 | 24.66 | 25.46 25.45 24.97 25.26
(h)| 14.92 | 2343 | 29.52 29.08 29.48 30.39 (h)| 25.82 | 25.82 | 26.23 23.16 26.66 26.71
(i)| 16.73 | 24.07 | 28.56 28.62 28.86 29.27 (i)| 2612 | 26.12 | 27.59 27.80 28.13 28.15
()| 18.56 | 23.84 | 25.74 25.81 25.28 25.81 ()| 23.71 | 24.93 | 25.58 25.51 24.98 25.24
(k)| 19.76 25.43 | 28.42 28.61 29.04 29.20 (k)] 25.22 2634 | 27.70 27.84 28.43 28.23
(c) S&P noisy 10% (d) Gaussian noisy 10%
Gaussian NLM_FFT_ | NLM _FFT. Gaussian NLM FFT_ | NLM_FFT
Filter e L Local Global Filter ML TN | MLy BT Local Global
(a)| 15.59 | 23.14 | 25.80 26.04 26.58 26.64 (a)| 22.83 | 25.29 | 26.41 26.63 27.40 27.15
(b)| 15.95 | 22.60 | 23.49 23.58 23.41 23.65 (b)| 21.40 | 24.33 | 24.47 24.24 23.86 23.97
(c)| 16.14 21.34 | 2452 24.63 24.50 24.89 (c)] 21.82 22.29 | 24.37 24.51 24.45 24.73
(d)| 15.75 | 2259 | 25.57 25.75 26.04 2617 (d)| 2252 | 2435 | 25.76 26.01 26.56 26.50
(e)] 13.06 21.04 | 2494 2491 25.33 25.80 (e)| 23.29 23.29 | 24.04 23.98 24.30 24.43
(f)| 1756 | 2296 | 25.42 25.52 25.69 25.70 (f)| 2155 | 23.96 | 25.04 25.05 25.01 25.06
(g)| 13.56 | 20.87 | 23.29 23.41 23.48 23.71 (g)| 2254 | 22.97 | 23.90 23.91 23.64 23.86
(h)] 13.24 21.25 | 26.19 26.00 26.33 27.04 (h)] 23.29 23.29 | 24.21 24.15 24.67 24.72
(i)| 15.01 22.37 | 25.97 26.12 26.63 26.80 (i)| 23.01 | 24.04 | 25.50 25.70 26.27 26.21
()| 16.56 | 22.47 | 23.89 24.00 23.78 24.14 ()| 21.22 | 23.78 | 24.21 24.15 23.76 24.05
(k)| 17.43 | 23.76 | 26.03 26.28 26.98 26.89 (k)] 22.05 | 24.88 | 25.83 26.05 26.92 26.64
(e) S&P noisy 15% (f) Gaussian noisy 15%
Gaussian NLM_FFT_ | NLM _FFT. Gaussian NLM FFT_ | NLM_FFT
Filter RN | (IR N DT Local Global Filter RN [EIINTE LD Local Global
(a)| 14.32 | 21.90 | 23.97 24.20 25.09 24.85 (a)| 20.59 | 24.12 | 25.02 25.29 26.25 25.98
(b)| 14.64 | 21.39 | 22.03 22.14 22.57 22.30 (b)| 19.47 | 23.23 | 23.28 23.13 22.92 23.00
(c)| 14.77 | 20.37 | 22.80 22.96 23.32 23.28 (c)| 19.90 | 21.66 | 23.29 23.44 23.55 23.75
(d)| 14.41 21.47 | 23.88 24.10 24.59 24.52 (d)]| 20.40 23.49 | 24.52 24.81 25.53 25.42
(e)] 11.91 19.43 | 22.68 22.72 23.16 23.51 (e)| 21.49 2159 | 22.69 22.67 23.03 23.14
(f)| 16.05 | 22.01 | 23.92 23.97 24.28 24.23 (f)| 19.37 | 23.00 | 23.72 23.77 23.94 23.88
(g)] 12.60 19.70 | 21.80 21.90 22.44 22.22 (g)] 20.76 21.86 | 22.64 22.67 22.56 22.74
(h)| 12.12 | 19.72 | 23.85 23.77 24.09 24.61 (h)| 21.38 | 21.60 | 22.78 22.75 23.53 23.32
(i)| 13.76 20.91 23.79 23.99 24.62 24.64 (i)| 20.86 22.92 | 24.13 24.33 25.04 24.94
()| 15.24 21.45 | 22.55 22.64 22.82 22.90 ()| 19.42 22.96 | 23.26 23.23 23.03 23.23
(k)| 15.90 | 22.50 | 24.27 24.45 25.30 25.09 (k)| 19.84 | 23.89 | 24.55 24.82 25.88 25.54
(g) S&P noisy 20% (h) Gaussian noisy 20%

Fig. 49] Y52 ¥12]l59 s +HE X5 &P g 7|8t dugE 5 F1 J5S Q1 Zatete] PSNR &t
% Gaussian 59 Hl&2 UERHTH T2z Zutof] @} o= H 0.15dB=, A22] ¥]&o] F2 F2ol= SP 3
29, S&P % Gaussian A9 Hlg0] 5% 9 Al 7|E WROR AMgelE WAT Faps J|ut FA2lE
gt de]Eo] 7|gto] © [6]2] NLM ¥vejgo] 7Pd =  &dll SP 7IE ASAoz AAshe WA 1t ds At
< PSNR 32 71551 1S AKISIIT o A& o7} IA] 352 AR YA, A5 vl&o] 10% o]
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