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Adaptive Color Image Denoising Based on Bilateral Filtering

WANG Xiao-hong, WANG Yu-chen
(University of Shanghai for Science and Technology, Shanghai 200093, China)

ABSTRACT: The work aims to study the adaptive color noise image denoising method based on bilateral filtering for the
purpose of overcoming the feature blurring in color image after denoising. The color noise image was decomposed into
approximate component, horizontal detail component, vertical detail component and diagonal detail component by the
two-dimensional discrete wavelet transform (DWT). According to the normalized variance ratio of components of DWT in
each direction, the RBF neural network was used to construct the bilateral filter coefficient model to determine the best
denoising coefficient in different directions, propose an adaptive denoising method for color noise image (DWT-ABF),
and compare this method with the conventional method. In the different types of noises and mixed noise distortion, the
proposed method could effectively remove the noise and preserve the detail information of the image. Compared with
other methods, the images denoised based on DWT-ABF had higher PSNR value. The DWT-ABF overcomes the defect
that traditional bilateral filtering is unable to determine the optimal parameter, and it also well solves the feature blurring
of denoised image.
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Fig.1 DWT transform for noise image
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Tab.1 Variance of four components of DWT decomposition
under three noise intensity

Mg i KRE ERL KEA TEEA XA
Level 1 03840 0.0474  0.0425  0.0278
87 Level2 0.3837 0.0517  0.0471  0.0348
WP Level3 0.3841 0.0595 0.0556  0.0456
Level 4 03844 0.0724  0.0695  0.0620
gifn Levell 03837 0.0438  0.0385  0.0212
4pi: Level2 03832 0.0451  0.0398  0.0237
JPE Level 3 03825 0.0473  0.0425  0.0279
W Level4 03815 00514 00472 0.0348
Level 1 03830 0.0467 0.0412  0.0339
fElt  Level2  0.3820 0.0501  0.0446  0.0434
WP Level3 0.3802 0.0557  0.0504  0.0566
Level 4 03773  0.0646  0.0590  0.0734
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Fig.2 Flow chart of the proposed method
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Fig.3 The structure of RBF neural network
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Fig.4 The feature extraction of noise image
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Tab.2 The optimal parameter and proportional relations
of horizontal and vertical components

i REME  rzEts] EMuEE R
Level 1 5.417 0.06
Level 2 6.674 0.09
K, EH
Level 3 7.767 0.15
Level 4 8.542 0.22
Level 1 6.200 0.05
Level 2 8.423 0.13
pOp:
Level 3 11.02 0.24
Level 4 13.81 0.35
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Tab.3 Denoising performance comparison of 5 algorithms under different noise types and intensities

PSNR
E14 RAFRRE
AF KSVD NLM BF DWT-ABF

Level 1 37.082 29.861 39.129 39.486 40.332

. . Level 2 35.861 29.834 38.458 38.074 38.583
e T I

Level 3 34.178 29.789 36.531 36.324 36.630

Level 4 32.059 29.705 32.746 34.332 34.554

Level 1 37.082 32.189 39.122 40.448 40.481

- - Level 2 36.074 32.140 38.430 38.459 38.570

B 43 A M

Level 3 34.535 32.037 36.555 36.526 36.697

Level 4 32.533 31.805 33.428 34.461 34.611

Level 1 36.756 29.857 36.392 36.244 36.978

. Level 2 34.858 29.824 34.143 34.740 35.395
i e

Level 3 33.682 29.754 34.110 33.497 33.714

Level 4 32.155 29.614 30.673 32.553 33.638
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Fig.5 Mixed noise image
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Tab.4 Denoising performance comparison of 5
algorithms under mixed noise

g PSNR
CI
B  AF  KSVD NLM BF DWT-ABF
Level 1 36.173 29.931 36.349 35361  36.542
4 Level 2 34796 29.918 34.962 34791  36.036
BEFT Level 3 33.015 29.866 32.614 33.015  34.959
Level 4 30.144 29.711 30.044 31.907  33.450
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Fig.6 Denoising image
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