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[Abstract]

With the widespread adoption of smartphones, acquiring images has become easier. However, challenges
arise due to uneven lighting conditions at night and the degradation and noise introduced during image
transmission and compression. To minimize this noise and improve image quality, Non-Local Means
(NLM) techniques are used, which unlike traditional methods, seek out patches within the image that are
similar to the current patch to eliminate noise. However, a drawback of NLM is the diminishing utility as
the similar patches become larger. This paper proposes a noise reduction method that utilizes the Sum of
Absolute Differences to calculate similarity and applies weights accordingly. The proposed algorithm
demonstrates an average improvement of 6.911dB in Peak Signal-to-Noise Ratio (PSNR) on Salt and
Pepper noise images, showing a 0.713dB improvement over traditional NLM. When the proposed algorithm

is applied to existing NLM optimization papers, performance improvements can be expected.
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I. Introduction
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II. Related Works
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III. The Proposed Scheme
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Table 1. Experimental Setup

Component Specification
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0S Windows 11

Language Python 3.10.11
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Table 2. Information about Each Test Image

Tag & Name | Image Size | Tag & Name | Image 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 x 480
(e) moon 358 x 537 | (k) Lena 512 X 512
(f) rice 256 x 256

Fig. 3. Original Test Images
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Fig. 4. Different Levels of Noise in Subfigure (c) of Fig. 3
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(a) | 2408 26.81]31.38] 31.66] 1.99] 4.72] 9.29] 9.58
(b) | 2402 26.13]27.03[ 28.11] 1.95| 4.06] 4.95] 6.03
(©) | 2391] 25.37[26.13] 28.07] 187 3.33] 4.09] 6.03
(d) | 2431] 26.71] 28.46] 30.29] 1.96] 4.36] 6.10] 7.94
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Table 4. Comparison of NLM and PNLM PSNR Performance at 7X7 and 21%X21 Based on Noise Levels
Image . NLM- | PNLM- | PNLM- Image . NLM- [ PNLM- | PNLM-
Tag Noisy NLM PNLM Noisy Noisy NLM Tag Noisy NLM PNLM Noisy Noisy NLM
(a) 22.086 | 31.379 | 31.665 | 9.293 | 9578 | 0.286 (a) 17.702 | 22135 | 22345 | 4433 | 4642 | 0210
(b) 22072 | 27.026 | 28107 | 4954 | 6.035 | 1.081 (b) 19.012 | 24.629 | 25152 | 5617 | 6.141 | 0523
() 22,040 | 26133 | 28069 | 4.093 | 6.029 | 1.936 () 19.114 | 24.410 | 25936 | 5296 | 6.823 | 1.526
(d) 22.354 | 28.458 | 30.295 | 6.105 | 7.941 1.837 (d) 19.050 | 25.685 | 27.304 | 6.636 | 8254 | 1.618
(e) 20.692 | 30.447 | 31.157 | 9.755 | 10.465 | 0.710 (e) 17.574 | 26.077 | 26757 | 8503 | 9.183 | 0.680
(f) 22.382 | 28560 | 29.958 | 6.179 | 7.576 | 1.398 (f) 19.509 | 26.034 | 27179 | 6525 | 7.670 | 1.145
(9) 21.009 | 27.191 | 28565 | 6.182 | 7.556 | 1.374 (g) 17.960 | 24396 | 25292 | 6436 | 7.332 | 0.896
(h) 20.689 | 32.323 | 32.593 | 11.634 | 11.903 | 0.269 (h) 17.506 | 26.449 | 27.086 | 8943 | 9579 | 0.636
(i) 21.522 | 30.735 | 31.363 | 9.213 | 9.841 | 0.628 (i) 18.489 | 26.765 | 27.360 | 8276 | 8871 | 0.595
() 22.313 | 26.070 | 27.857 | 3.757 | 5544 | 1.787 () 18.594 | 22.334 | 23013 | 3740 | 4.418 | 0.679
(k) 21.678 | 26.662 | 27.024 | 4.984 | 5346 | 0.362 (k) 17.240 | 20.051 | 20.198 | 2.811 2.959 | 0.148
Overall 6.923 7.983 1.061 Overall 6111 6.898 0.787
(a) 5% Noise (b) 10% Noise
Image . NLM- | PNLM- | PNLM- Image . NLM- [ PNLM- | PNLM-
Tag Noisy NLM PNLM Noisy Noisy NLM Tag Noisy NLM PNLM Noisy Noisy NLM
(a) 16341 | 21.454 | 21631 | 5113 | 5.289 | 0.176 (a) 15.286 | 20.797 | 20878 | 5510 | 5591 | 0.081
(b) 17.225 | 22.894 | 23099 | 5669 | 5874 | 0.206 (b) 15.859 | 21.371 | 21.340 | 5512 | 5.481 | -0.030
() 17.152 | 22.659 | 23710 | 5507 | 6.558 | 1.050 () 15.836 | 21.337 | 22082 | 5502 | 6.247 | 0.745
(d) 17.248 | 23.677 | 24942 | 6.429 | 7.694 | 1.265 (d) 16.027 | 22.213 | 23206 | 6.186 | 7.179 | 0.993
(e) 15.595 | 22.819 | 23.467 | 7.223 | 7.872 | 0.649 (e) 14.182 | 20.459 | 21.050 | 6278 | 6.868 | 0.591
(f) 17.695 | 24.129 | 24916 | 6.434 | 7.222 | 0.787 () 16.443 | 22.739 | 23104 | 6296 | 6.661 | 0.365
(9) 16.040 | 22.118 | 22.698 | 6.078 | 6.659 | 0.580 (g) 14.636 | 20.185 | 20596 | 5549 | 5960 | 0.411
(h) 15.636 | 23.274 | 24.009 | 7.638 | 8.373 | 0.734 (h) 14.265 | 20.897 | 21.638 | 6.632 | 7.373 | 0.741
(i) 16.610 | 24.102 | 24.611 | 7.491 | 8.000 | 0.509 (i) 15.250 | 21.987 | 22383 | 6.737 | 7.134 | 0.396
() 17.101 | 21.732 | 22.202 | 4.631 | 5.101 | 0.470 () 15.904 | 21.008 | 21.204 | 5.104 | 5.300 | 0.196
(k) 16.172 | 19.803 | 19.923 | 3.631 | 3.751 | 0.120 (k) 15.326 | 19.537 | 19.561 | 4211 | 4.235 | 0.024
Overall 5.986 6.581 0.595 Overall 5.774 6.184 0.410
(c) 15% Noise (d) 20% Noise
Table 5. Time Comparison (in seconds) between 3} AAA9] NLM t8] PNLM £38 A]|7to] HA4AO0 2
o .
NLM and PNLM on 5% Noise Images 49.354% 71:1]—5\— }9\‘;\8 g ?E} FS O]q NLMJ-} pNLMJ 71]}\]_
Y AL Tme | 2xywol Aol 7h5A| Yol HololA ARECE NLMe]
Image Tag processing processing Reduction ~ - ) o .
time(s) time(s) (%) AL0|= patch @92 X}o]S Gaussian distribution?]
(a) 63.667 31.082 -51.180 7}1ER]of] B85 oxl=2 AASI= vlH o] A0
> sto] FALEE Al4tst PNLM®]
(b) 45889 18.363 59983 | _ o e e
(c) 26.655 9.847 63056 | T @Y= xlo]S 0]2] AlMtE LUTE 7HsAlS Aol
(d) 29.025 13.072 -54.963 o] QAL E AAKS] mj&o] S5t o]ujX|of tha NLM
(e) 62.555 28.650 -54.200
(f) 26511 10.117 61838 | 2T} PNLMO] ALt 84271 oF 50%7 = Wolx] A Hct.
(9) 20.199 7.803 -61.371 CjoF o]ojx|7} AASLE PNLMES patch U =4 oroj2
(h) 260.150 245 .606 -5.591 _ _
Q) 53.037 27.342 agads | TEAIE FofolnE Aol HoluA €t patch U
m G s amm] o ) Tt SA] GRS PILME patch 2
— ' = 71t 22EE0) ARRe AR $a8 aQlo] Wk
olxjoto.2 Aok o] SPet SW 27| wisto] me A
9]o] AntoA] NLM tju] PNLM 438 A|7to] 7ba g8 ARRAIE U FS A7 A5 Aol & vlusigint. Aol
AArtsl7] 9Jste] t}e9o] AlS o] &stact + 5%, 10%, 15%, 20% o= Fig. 39 A¥ oJujx|z
o Hgsjel Agalgion. 2 B3 Lo ek SW 2
. ~ NLMp;—PNLMp, 710l SP 718 s vluE s SW 7=
TimeReduction = X 100 (4)

NLM

Al (4)ollA NLMPT+= NLMJ 23}

PNLMPT+= PNLM9] 433

AREE LERHT

AZFg Uehdct. $19) A1 &

21x21, 1515, 992, SPO] 37| 7x7, 5%5, 3x30.2
NRsloh SP 3] 2712 AT) SW 27|12 71™sHo
SW7I 21x219 m, SPe] 7] 7x7, 5X5. 3x3, SW7}
15x159) @), SPo] 37] 5x5, 3x3, SW7} 992 o], SPe]
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7] 3302 47t F 67l case?] AU

Table. 6 PNLM?] SWe} SP F7] tﬂi}Oﬂ o2 AAF
U= AolE vlash] Hsll 2 A ol et &g
5 298 A7he SP /M2 BF2 U] Yehich

Table. 62 BEH 7} -8 A xo} ARHQlo] 2= oJu]x]
o] thet Bt A5 AlA AAF ARTo] SW7F 9x90]al SP7}
3x3 casedl| 7P w2t Jle HojEL ol SWO
3717k Aol S| &HAl 8147} Fojgo] ARt A}
Eol1 o wE g A7t 7hsEE uleith

Table 6. Time comparison based on average (in
seconds) for each noise level by SP and SW size

Image | SP:3%3 | SP:3x3 | SP:5x5 | SP:3x3 | SP:5%5 | SP:7x7
Tag | SW:9x9 | SW15x15 | SWH15XT5 | SW21X21 | SW21X21 | SW:21X21
(@) | 11.893| 12.106| 18.694| 24.636| 30.890| 27.849
(b) 8.511| 8.677| 15220 18.229| 18.114| 18.946
(c) 5.352| 5.423| 11.956| 9.291| 10.323| 10.112
(d) 5.828| 6.083| 12.153| 10.552| 11.368| 11.643
(e) | 11.466| 12.344| 18.299| 24.049| 26.258| 27.103
(f) 5260 5.831| 11.832| 9.489| 10.379| 10.252
(9) 4397 4.712| 11132 7.495| 8.045| 7.957
(h) | 93.996| 95.391|101.258|212.643|232.744|235.730
(i) 12.179| 12.076| 19.434| 24.950| 27.888| 26.970
(j) 17.727 | 18.178| 25.425| 37.081| 40.456| 40.656
(k) | 15.465| 16.589| 28.099| 37.327| 36.231| 34.895
22j3 oJojx] 37|17 A2 (c), (d). (). ()= SW7t

15x150] 3L SP7} 5x59 o 71&F w2] ARG dj|7] 288 A|7F

< Holil, F77} F o|ulX] 27 *SW7}2 1x219 f (a)

e} (i)= SP7F 5x5, (b), (e), (h), ()&= 7x7, (k)= 3x3Y wj
7V v AR Al 288 AR % Bt} o= lDlKH 3

710] w2 SWet SPA77F g AlA ARt @2

2 z|A9] SWet SP 37| AAo] WatE & 4 ol
Table. 7-& PNLMO] SWe} SP 77| #3lo] w2 Ak
A 7ds= &Rlst] sl 2 A=

ji
o
¢t PSNRS SP F7'E = B2 LH°1 LHEpHCE

Table 7. PSNR performance based on average for
each noise level by SP and SW size

Image noisy SP:3x3| SP:3%3 | SP:5X5| SP:3x3 | SP:5X5 | SP:7X7
Tag SW:9X9| SW:15x15| SW15X15 | SW21>21 | SW21X21 | SW-21321
(a) |17.854]19.627| 20.876 | 22.826 | 21.537 | 24.231 | 24.129
(b) |18542|19.837| 21.506 | 22.875 | 22.478 | 24.447 | 24.425
(c) |18.535/20.425| 21.897 | 23.970 | 22.629 | 25.328 | 24.949
(d) |18.670|20.838| 22.441 | 24.922 | 23.192 | 26.730 | 26.437
(e) [17.011]19.486| 21.079 | 24.035 | 21.845 | 26.384 | 25.608
(f) |19.007|20.545| 22.153 | 24.279 | 23.043 | 26.301 | 26.289
(g) |17.411]19.292| 20.778 | 22.918 | 21.558 | 24.585 | 24.288
(h) |17.024]20.307| 22.047 | 25.216 | 22.636 | 27.540 | 26.331
(i) [17.968/20.268| 21.886 | 24.592 | 22.701 | 26.834 | 26.429
(j) [18478/19.776| 21.183 | 22.582 | 21.936 | 23.629 | 23.569
(k) 117.60418.746] 19.734 | 20.839 | 20.259 | 21.629 | 21.677

Table. 72 B4, (k)2 AQl5t RE o]u|x]oj|A] SW7}
21x210]3 SP7t 5x52 o PSNRo] 7H} =9ty (k)&=
SW7} 21x210] 1 SP7} 7x7¢ © PSNRo| 71+ =9ttt
Je]u 2 oJulx|oflA] SWZF 9x90]iL SP7} 3x3Y wf
PSNRo] 7P ottt ol= SW7F 245 %2 oJujA] 4

£ oty 9long Rt o]ujx] Q&of|A SW7t 21x21Y
o 7MY =2 A A7 deS UEY. £3F NLMO| 4
© SW7E 15%15 o]4do] =W PSNRO| Ztadhtta &1%le
U], PNLME SP7} 5x5, SW7} 21x2104 713 =2
PSNRS Ho]o 2 NLMC] patch T2 SALE S AAto]
h2 Euclidean Distance®] §-8/Jo] ojx]= A
Aoret O ©@9l2 RALES Aklehe WAloR A%

b
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o aF A 0
= ¥ 5ol

V. Conclusions
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