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Analysis and improvement of image diffusion denoising models

Fu Xujia', Liu Feng’, Wang Xinsong'
1. School of Mathematical Sciences, Huaibei Normal University, Huaibei 235000, China;

2. Department of Information Science, School of Science, Xi'an Jiaotong University, Xi'an 710049, China

Abstract. Advantages and disadvantages of some existing image diffusion denoising models are analyzed and summarized in
this paper. In theory, the physical meaning of the tensor-typed diffusion model is interpreted. A new diffusivity is put for-
ward through the analysis of local diffusion behavior of the P-M diffusion model, developing a new improved tensor-typed
diffusion model is presented. It is not easy to compare the effects of various denoising models for the subjective and objec-
tive aspects, because this needs a coupling of parameters and numerical discretization methods of every model. A unified
numerical implementation algorithm of diffusion models is be given, which can be employed to compare the denoising effects
of every model. The results of the numerical simulation experiments confirm that, the improved diffusion model can effec-
tively remove image noise, and simultaneously protect edge, corners, and texture as well. Furthermore, the denoised im-
age provides a better visual impression.

Key words: diffusion denoising model ; diffusivity; corner; texture
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Fig.3 Standard test images and differenced images

(a) briEDNRE % House

®1 RATBERELY g MERKNIEEFRLE PSNR

Table 1 Obtained maximum PSNR based on diffusivity g, /dB
E K 14 Lena( o, PSNR) £ K44 Peppers( o, PSNR) &% House (o, PSNR)
i (10, (15, (20, (10, (15, (20, (10, (15, (20,
28.1150) 24.5992) 22.1473) 28.2562) 24.7706) 22.3263) 28.1532) 24.5979) 22.1327)
W-K 33.1139 31.3133 30.1305 32.4742 30.7063 29.4710 32.8026 30.9252 29.7034
P-M 34.0772 32.1710 30.9259 33.5517 31.8124 30.464 5 33.7263  31.8657 30.5158
CLMC 34.264 8 32.3223 31.038 4 33.880 1 32.1026 30. 664 1 33.9540 32.0228 30.6630

Weickert ~ 34.5877  32.5939  31.2014 34.0599  32.4008  30.9388 34.6381 32.6247 31.0538

ViNg'g 34.7893  32.6730  31.2238 34.3598  32.5538  30.9945 34.7290 32.6457 31.0102

£2 RAFMEAY g, SR AIEEEERL PSNR

Table 2 Obtained maximum PSNR based on diffusivity g, /dB
(% Lena( o, PSNR) £ K 4% Peppers (o, PSNR) PP 1% House(o,PSNR)
(e (10, (15, (20, (10, (15, (20, (10, (15, (20,
28.1150) 24.5992) 22.1473) 28.2562) 24.7706) 22.3263) 28.1532) 24.5979) 22.1327)
W-K 33.1139  31.3133  30.1305 32.4742  30.7063  29.4710 32.8026 30.9252 29.7034
P-M 33.5689  31.7441  30.6010 33.1205 31.4062  30.1644 33.1796  31.4061 30.1260
CLMC 34.0684  32.1917  30.9677 33.7624  31.9997  30.6097 33.7481 31.8486  30.5329

Weickert 34.7456  32.6830 - 31.2077 34.1877  32.5553  31.0523 34.776 1 32.7667 31.0659

AR 34.8588  32.7784  31.2620 34.4459  32.7309 31.1472 34.8503  32.8299 31.0475
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R3I RAYBEREY g, IERKIEMEFRE PSNR
Table 3 Obtained maximum PSNR based on diffusivity g, /dB
1% Lena( o, PSNR) W &]1% Peppers(o,PSNR) & % House(o,PSNR)
R A (10, (15, (20, (10, (15, (20, (10, (15, (20,
28.1150) 24.5992) 122.1473) 28.2562) 24.7706) 22.3263) 28.1532) 24.5979) 22.1327)
W-K 33.1139  31.3133  30.1305 32.4742  30.7063  29.4710 32.8026  30.9252 29.7034
P-M 33.5590  31.6994  30.5304 33.1202  31.3419  30.0611 33.1637  31.3502  30.0504
CLMC 34.0399  32.1176  30.8592 33.7357  31.9121  30.4744 33.7129  31.7642 30.4235
Weickert ~ 34.7470  32.6153  31.0743 34.2132  32.5107  30.9618 34.7667  32.6780 30.909 5
AR 34.8244  32.6959  31.1283 34.4205  32.6534  31.0495 34.8248 32.7434 30.920 1
®4 RRAYBRY o BRKIEERFERE PSNR
Table 4 Obtained maximum PSNR based on diffusivity g, /dB
I K% Lena( o, PSNR) & 1% Peppers(o,PSNR) & 1% House(o,PSNR)
sl (10, (15, (20, (10, (15, (20, (10, (15, (20,
28.1150) 24.5992) 22.1473) 28.2562) 24.7706) 22.3263) 28.1532) 24.5979) 22.1327)
W-K 33.1139  31.3133  30.1305 32.4742  30.7063  29.4710 32.8026  30.9252 29.7034
P-M 33.3132  31.4959  30.3863 32.9141 31.1657 29.9481 32,9301 31.1469 29.8735
CLMC 33.9726  32.1158  30.9281 33.7044  31.9315  30.5690 33.6599 31.7611 30.4625
Weickert  34.7818  32.7438  31.2461 34.2059  32.6106  31.1237 34.7951  32.8200 31.1158
A3 34.7917  32.7852  31.3029 34.4121 32.7484  31.2252 34.8225 32.8669 31.0861
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