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Abstract: For real images corrupted by noise, the noise usually does not follow the gaussan modd -
for which filtering techniques such as Wiener filtering or wavelet reduction coefficients are efficient —
or the impulse salt and pepper noise - for which datitical order filters are suitable. There is a
considerable amount of literature about image denoisng using wavelet-based methods. We
implemented different noise removal algorithms in the wavelet domain. We also proposed a new filter
and we compared its performance in terms of PSNR with some efficient known denoising methods.
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1.INTRODUCTION

Noise reduction and sgnd compression is gill a cldlenging problem for researchers.
When one uses dgorithms in transformed domain, they become very dtractive not only from
theoretical point of view, but dso from practicad point of view due to the performances
obtained as a rewult of ther implementation usng high speed microprocessors in signd
processng domain. The use of trandormed domans for the two types of gpplications
mentioned above is judified by the exigence of two important properties beonging to the
orthogond trandform: sgnd energy compaectation in a smdl number of coefficents in the
tranformed domain and their decorrdation. In this respect, the most used doman is the
wavelet domain, especidly due to the good time-frequency locdlity property and to the grest
vaigy of bases used for representation, giving good results for noise reduction and
generding at the same time less artifacts than other cases.

For red images corrupted by noise, the noise usudly does not follow the gaussian
modd - for which filtering techniques such as Wiener filtering or wavdet reduction
coefficients are efficient — or the impulse salt and pepper noise - for which datistica order
filters are suitable. The noise generated in red images can have different causes, so the globa
effect can be that corresponding to the superpogtion, in different ratios, of the two types of
noises (gaussan and sdt and pepper). For this reason, there are tested some types of filters in
the wavdet domain, such as coefficient thresholding or empiric Wiener thresholding and the
results are compared to the ones obtained using a cascade implementation of the medfilt2 and
Wiener filtersfrom Matlab.

2. MIXED NOISE REDUCTION

Wavdet trandform has the locdity, multiresolution and compresson properties, which
maeke it a popular anadyses tool for severd dSgnd processng applications. It compresses a
sgnd into a very smdl number of coeffidents Given a dgnd corrupted by noise, the signd
is modly represented by large coefficients, whereas noise is didributed across smal waveet
coefficients.
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Wavdet domain is used in image processng domain because a waveet transform
gpplied to an image tranforms the image into a multiresolution representation which permits
an independent andyses of each sub-imege and d<0 it give a good time-frequency resolution
which dlows to see the sudden changes in an image, <0 it dlows the implementation of
spatid filters.

Classicd scheme for noise reduction in the transformed domain is very much dike the one for
compression in the transformed domain.
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Table 1. Vauesfor PSNR obtained by filtering with a median pre-filter, semisoft wavelet filter and a
cascade of the two filters for an image with mixed noise.

So, if the output of the median prefilter is the input of an empiric wiener filter in the wavdet
domain, one can obtain an improvement regarding both visud aspect and the PSNR. The
scheme of thisagorithm isdepicted in Fig.2

To diminate the mixed noise, a fird gpproach was to use a pre-filter before the waveet
reduction coefficients. The results proved that this gpproach is better than the one in which

one uses eech type of filter & atime.
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Fig. 2Empiric Wiener filter with a prefilter

The result obtained usng an empiric filter in wavdet doman and a wavde filter with a
powerful prefilter usng an FMH4 filter, induces the idea that we can have an empiric Wiener
filter in the wavedlet domain which uses a hybrid-median prefilter wit 4 iteraions, the sze of
the window being increased for each iteration.
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The scheme of this filter — called SUPER filter is presented in Fig.2. The results obtained by
processing an image with SUPER filter are given in Table 2.

Wavelet
FMH4(1) FMH4(2) FMHA4(3) FMHA4(4) estimation
—» Hybridmedian % | Hybridmedian % | Hybridmedian [ Hybridmedian [T filter
filter filter filter filter by coefficient
thresholding
Empiric
Wiener filter in
Fig. 3Proposed filter “SUPER’ wavelet
—> domain
) PSNR B1 B2 B3z B4 Bs Be
Image Filter @) | @B) | @) | @B | @B | @) | (@B
Hybrid median 270064 | 190361 | 18.7434 | 164313 | 90261 | 50454 | 4.0342
Port, V\_/a/el_et 248729 | 190347 | 187136 | 16,0180 | 7.3935 | 29448 | 1.5057
without noise estimetion
empiric Wiener 255488 | 190425 | 18.7373 | 16.2685 | 81863 | 34978 | 2.1758
medfilt2+winer2 | 220742 | 141992 | 15.0261 | 13.8746 | 83699 | 21614 | -0.1027
Initial 172147 | 190993 | 124552 | 7.8387 | 01408 y -8.2158
Port 55118
Gaussan Hybrid median 214743 | 160868 | 10.8855 | 79364 | 28341 J -2447
noise 0.6426
media=0, V\_/avel_a 217193 | 160740 | 108834 | 76767 | 29583 | 06855 | 0.2265
variance=0.02 es_u _matl on
empiricWiener | 220917 | 160866 | 10.9014 | 79299 | 34188 | 08924 | 0.3803
medfilt2+winer2 | 208692 | 150243 | 10.8268 | 74746 | 16706 | 0.3393 | -0.2070
Initia 184177 | 179925 | 105976 | 91360 | 15675 3 86 14 -6.9188
sdtzopref;’)per Hybrid median 255926 | 176398 | 194311 | 135798 | 75289 | 36134 | 21210
noise e\ét\ilalaetlign 238648 | 176393 | 194861 | 13.0801 | 62273 | 20069 | 0.6446
f= 005 empiric Wiener 244536 | 176494 | 194318 | 134999 | 68694 | 25196 | 1.1189
medfilt2+winer2 | 21.9044 | 142067 | 145609 | 12.0489 | 69482 | 1.8691 | -0.1412
_ Port, _ initial 149753 | 164180 | 88050 | 45129 o583 | 77304 | 104270
mixed noise, -
m=0, Hybrid median 208860 | 17.7765 | 108763 | 60114 | 1.3049 13331 -3.1857
gam an, Wavdet
variance=0.02 L 21399 | 177465 | 108972 | 60864 | 21334 | 03375 | 0.1268
<At8. pepper, es_tl_matlt_)n
=0.05 empiricWiener | 21.7301 | 177961 | 10.8865 | 63554 | 24359 | 06152 | 0.2675
' medfilt2+winer2 | 206859 | 176836 | 97022 | 55420 | 03980 | 00978 | -0.2363

Table 2. The result of applying the proposed filter upon the image Port, 256 x 256 pixd, 256 grey
levels, without noise and corrupted by mixed noise.
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Fig. 4 Port origina image, composed roise
Origind image.
Image with composed noise: gaussian and sdt and pepper noise, PSNR =
14.9164 dB.
Image filtered using medfilt2 followed by wiener2, PSNR= 20.7159 dB.
Image processed using SUPER filter, PSNR = 21.6560 dB.

The proposed filter was tested on very noisy images and the results obtained were better. The
noise which was gpplied on the images is a composed noised congding of one or more
gaussian noises and one or more sdt & pepper Noises.

o L B

Fig. 5

d Lena, 512 x 512 pixels, composed noiss PSNR = 14.8791 dB.
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b) Filtered image using the proposed filter, PSNR = 27.4384 dB.

T et . EON T SRR

Fig. 6
a) Lena, 512 x 512 pixels, composed noise, PSNR = 10.7746 dB.
b) Filtered image using SUPER filter, PSNR = 23.8004 dB.

C. .
Images obtained by using the proposed filter an by cascading medfilt2 and wiener2 filters
a) Lena 512 x 512 pixels, mixed noise, PSNR = 8.9819 dB.

b) Image obtained by an iterative estimation filter by wavelet reduction coefficient and
an iterative pre-filter hybrid-median filter, PSNR = 21.5075 dB.

d
Fig 6.

¢) Image obtained usng an empiric filter in the wavelet domain, PANR = 21.6834 dB.
d) Image obtained by the succession medfilt2 and wiener2, PSNR = 17.2398 dB.
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3. CONCLUSION

The obtained results by using the proposed filter are better both consdering the visud
agpect and the PSNR. For images, which have better resolution, the filtering results are even
better.

The proposed filter obtains better results than the case of the combination of medfilt2
and wiener filters with aout 4 dB in PSNR terms. Also, the visud qudity of the images
obtained using the proposed filter is better than in the case of the succession of the two filters.
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