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ABSTRACT

Denoising is one of the important tasks in image processing.
Despite the significant research conducted on this topic, the
development of efficient denoising methods is still a compelling
challenge.

In this paper, spatial domain methods and Wavelet Domain
Methods of image denoising have been evaluated. The médical
ultrasound images suffer from speckle noise which is
multiplicative in nature and more difficult to remove than
additive noise. In the spatial filter methods Median Filter and
Wiener Filter are implemented. These methods are based on‘the
simple formulas that are proposed by different authors. In
Wavelet Methods Visu Shrink, Neigh shrink and Bayes Shrink
are implemented. The basic idea of wavelet methods is to
denoise the image by applying wavelet transfarm to'the noisy
image, then thresholding the detailed wavelet coefficient and
inverse transforming the set ofthresholded coefficient to abtain
the denoised image.

The comparison of all/filters methods is done using various
Quality Metrics like Peak Signal-to-Noise Ratio (PSNR), Bit
Error Rate (BER), Mean Square Error, etc.

The  filters methods  implemented in  MATLAB
7.10.0.499(R2010a).

Keywords: Additive White Gaussian Noise, Speckle Noise,
Hybrid, Median, Wavelets

1. INTRODUCTION
1.1 ULTRASOUND IMAGES

Ultrasonography is considered to be one of the mest_powerful
technique for imaging organs and soft tissue'structures in human
body.

It is preferred over other medical imaging methods because it is:
1. Non-invasive

2. Portable

3. Versatile

4. Low cost

Despite their obvious advantages, ultrasound(US) images are
contaminated with multiplicative noise called ‘speckle’ which is
one of the major sources of image quality degradation.

In the medical literature, speckle has been treated as a
distracting artifact as it tends to  degrade the resolution and the
object detection ability. Moreover, in US images the speckle
noise has a spatial correlation length on each axis, which is same
as resolution cell size. This spatial correlation makes the speckle
suppression a very difficult and delicate task, hence, a trade-off
has to be made between the degree of speckle suppression and
feature preservation [1].
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1.2 JPEG IMAGE
Jpeg pronounced as jay-peg is a commonly used method of lossy
compression for digital photography (image). The degree of
compression can be adjusted, allowing a selectable trade off
between storage size and image quality. JPEG typically achieves
10:1"compression with little perceptible loss in image quality.
JPEG compression is used in a number of image file formats.
JPEG/EXxif is the most common image format used by digital
cameras and other photographic image capture devices; along
with JPEGHFIF, it is the most common format for storing and
transmitting photographic images on the World Wide Web.
These format variations are. often not distinguished, and are
simply called JPEG.“The term “JPEG" is an acronym for the
Joint Photographic Experts Group which created the standard.
The MIME media type for JPEG.is image/jpeg (defined in RFC
1341), except in Internet Explorer, which provides a MIME type
of image/jpeg when uploading JPEG images [2].
It supports a maximum image size of 65535x65535[3].

1.3 SPECKLE NOISE

Speckle “significantly degrades the image quality
and»hence, makes it more difficult for the observer to
discriminate fine detail of the images in diagnostic examinations
[4]. Speckle is a form of multiplicative noise, which makes
visualinterpretation difficult [5]. Laser holography and
ultrasound” imaging are two techniques susceptive to speckle
degradation. Speckle noise causing greater degradation within
bright areas of an image than in dark areas.

1.4 GAUSSIAN NOISE
Gaussian noise is evenly distributed over the signal [4]. Noise
found in digital images is additive with uniform power and
Gaussian probability distribution. Such a noise is called
Additive White Gaussian Noise(AWGN). This means that each
pixel in the noisy image is the sum of the true pixel value and a
random Gaussian distributed noise value. As the name indicates,
this type of noise has a Gaussian distribution, which has a bell
shaped probability distribution function given by,
F(g) = 1 g—(.q—m)z/za2

g V2 mo?

where g represents the gray level, m is the mean or average
of the function and ¢ is the standard deviation of the noise.
Graphically, it is represented as shown in Figure 1.4.When
introduced into an image, Gaussian noise with zero mean and
variance as 0.05 would look as in Image 1.4 (a). Image 1.4 (b)
illustrates the Gaussian noise with mean (variance) as 1.5 (10)
over a base image with a constant pixel value of 100.
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Figure 1.4(a)
Gaussian noise, (mean=0, variance0.05)

Figure 1.4 (b)
Gaussian noise, (mean=1:5, variance 10)

2. IMAGE DENOISING

De-noising plays a vital role in the field of the image pre-
processing. It attempts to remove whatever noise is present and
retains the significant information, regardless of the frequency
contents of the signal. High frequency noise can easily be
removed by linear andnon linear filtering, it is challenging to
remove low frequency naise because it is difficult to distinguish
between real signal and low frequency noise .Ultrasonography is
often preferred over other medical imaging modalities because it
is noninvasive, portable, and versatile;,it does not use ionizing
radiations and it is relatively of low-cost.,, A common problem
with the interpretation of Jpeg & ultrasoundnimages though, is
the presence of speckle noise. The ‘goal of deneising. isto
remove the noise while retaining as much as possible the
important image features. Image denoising stillremains the
challenge for researchers because noise removal introduces
artifacts and causes blurring of the images [5].

LL1 LH1 LL2 | LH2
LH1
HL2 | HH2
HL1 HH1
HL1 HH1

Figure 3.2 (a) One-Level (b) Two-Level
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One of the widespread methods which is mainly
exploited for speckle reduction is the wavelet shrinkage method.
A comparative study between wavelet coefficient shrinkage
filter and several standard speckle filters that are being largely
used for speckle noise suppression which shows that the
wavelet-based approach is deployed among the best for speckle
removal [1].

3. WAVELETS

Different techniques are available for image denoising as
wavelets which are multi resolution technique which provides
better result for the original image. The motivation is that as the
wavelet transform is good at energy compaction, the small
coefficients are more likely due to noise and large coefficient
due to important signal features. These small coefficients can be
threshold without affecting the significant features of the image.
Low frequency noise components are dealt with spatial domain
filtering while the wavelet thresholding technique is designed to
deal with high frequency noise components.

1* level 2% level 3¢ level

Decomposition tree

37 level 2™ level 1*level

Reconstruction tree

Figure 3.1 3-level Wavelet Decomposition and Reconstruction
tree.

DECOMPOSITION:

Decomposition provides sub bands corresponding to

different resolution levels and orientation. These sub bands
labeled LH1, HL1 and HH1 represent the finest scale wavelet
coefficients i.e., detail images while the sub band LL1
corresponds to coarse level coefficients i.e., approximation
image.
To obtain the next coarse level of wavelet coefficients, the sub
band LL1 alone is further decomposed and critically sampled
using similar filter bank shown in fig 3.2 (a). This results in two-
level wavelet decomposition is as shown in fig 3.2 (b).

4. WAVELET FILTERS

VisuShrink

VisuShrink was introduced by Donoho [6]. It uses a
threshold value t that is proportional to the standard deviation of
the noise. It follows the hard thresholding rule. It is also referred
to as universal threshold and is defined as
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t =02%/2log (n)

o? is the noise variance present in the signal and n represents
the signal size or number of samples. An estimate of the noise
level ¢ was defined based on the median absolute deviation [18]
given by

median(({l gj_1x l:k =0,1,...2771 —1})
0.6745

6:

where g;_, corresponds to the detail coefficients in the
wavelet transform.

BayesShrink
The goal of this method is to minimize the Bayesian risk,
and hence its name, BayesShrink. It uses soft

thresholding and is subband-dependent, which means that
thresholding is done at each band of resolution in the wavelet

decomposition [7]. Like the SureShrink procedure, it is
smoothness adaptive. The Bayes threshold, tj is defined as

2
ty= /52

where g2 is the noise variance and g,2"is the, signal
variance without noise.

8. Experimental Results
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5. HYBRID

In this technique we are using two combinations of
filters median filter and bayeshrink. We have seen PSNR value
is increasing, the image quality is better than other. Since in
hybrid technique performs the wavelet operations for denoising
the image contents, time increases. Performance parameters
like bit error rate, mean square error and time are evaluated. In
this paper we explored this technique for additive white gaussian
noise and speckle noise.

6. RELATED RESEARCH WORK

Various techniques are experimented for speckle noise
reduction like lee, kuan, frost, SRAD, wiener and median
filtering techniques in which speckle noise has been reduced by
converting the multiplicative noise into additive noise for easy
removal of the speckle noise from the image.

7. Present Work

We \proposed a new model for denoising the image
corrupted'by additive white Gaussian noise and speckle noise.
Speckle noise is.multiplicative noise, it is difficult to get better
resultsdafter denoisingtimage. So we have used combinational
techniques in“wavelet anduspatial domains to optimize the
performance. Comparison of filtersis carried out using different
performance parameters like'peak signal.to noise ratio, bit error
rate, mean,square error and processing time.

A. Images corrupted by additive white Gaussian noise (Sigma=15):

. T SR e WA o D s AR A ITC—————

@) (b)
|

(d) (e)

(a) Original Image (b) Noisy Image,
method
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Reconstructed images after applying (c) Bayeshrink

©

(d) Neighshrink (e) Hybrid
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Table showing the performance of different filters

Wavelets PSNR BER MSE TIME
Median filter 33.1021 .0302096 31.8326 .336179
Wiener filter 32.8572 .0304347 33.6789 .690434
Bayeshrink 33.1052 .0296643 27.6712 1.80169
Neigh shrink 33.1607 .0301562 31.4059 61.8985
Vishu shrink 31.1211 .0321326 50.2313 2.14462
Hybrid 33.3681 .0291687 29.9412 19.3906
B. Images corrupted by Speckle noise:
I T s e e 5 YT 1 e ey
(a) (b) (©

(€)

(d

(a) Original Image (b) Noisy Image,
(e) Hybrid method

Reconstructed images after applying (c) Bayeshrink (d) Neighshrink

Table showing the performance of different filters

Wavelets PSNR BER MSE TIME

Median filter 35.0082 .0285648 26.5241 .293902
Wiener filter 33.9989 .0294128 25.8938 672223
Bayeshrink 34.4354 .0287127 11.7367 4595

Neigh shrink 33.8471 .0295446 26.8145 61.1715
Vishu shrink 35.7517 .0294707 17.2945 1.52327
Hybrid 35.1307 .0284651 19.953 23.3036
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9. CONCLUSION

In this paper, we proposed hybrid denoising technique for
speckle & additive white gausssian noise removal. This
technique outperforms all other denoising algorithm taken
like, Median, Bayeshrink, Neighshrink, Visushrink techniques
and can deal with both low and high frequency components
effectively. Hybrid technique is little slower as it take more
time to process the image. After comparing the techniques,
we observe that the Hybrid result is better than Bayeshrink
techniques in terms of PSNR and BER. We recommend
Bayeshrink in applications requiring faster processing times
and Hybrid method where signal components are of more
concern.

Futer work can be carried out by using better detailed-
subband denoising by adopting neighborhood wavelet based
thesholding.
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