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Abstract- A degraded image mainly has dark shadows, over
bright regions and blurred details. These images are usually
affected by noise. This paper proposes a method which tries to
avoid these problems. Image denoising using hard thresholding
method is first examined. The denoised image is further treated
by a uniquely designed new transfer function. It is used to treat
the contourlet transform coefficients. The contourlet transform is
a directional extension of wavelet transform thus its application
has a profound effect in image enhancement applications. The
results found are encouraging. All important features of the
image are kept with out introducing artifacts and color
distortion. The results look more natural.
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[ INTRODUCTION

There exist several ways to represent a signal and the
efficiency of a given representation depends on the subsequent
processing. Different representations emphasize different
aspects of a signal and therefore, one should look for
representations that make relevant information easily
accessible.

In the last two decades, multiresolution representations occupy
an mmportant role and have proved to be a powerful tool both
theoretically and practicallv. Recent developments in
multiresolution representation approaches include wavelet,
ridgelet, curvelet and contourlet transforms. Most researchers
indicate that directionality 1s a crucial feature in image
representation; so we have picked the contourlet transform as
our major image decomposition method [1, 2 3].

Image denoising and enhancement are the two areas where
multiresolution 15 frequently uvsed. It is used to reduce the
noise level of a degraded image while sharpening details of
the image itself The basic idea of Multiresolution based
image denoising and enhancement is as follows. Main signal
components and noise possess distinct properties in the
transform domain. The detail coefficients i each level of the
multiresolution  representation are passed through a
specifically designed thresholding function where small
values, which are likely to contain the noise, are set to zero,
while larger values which include the main signal features are

retained. The final enhanced image is obtamned by performing
inverse transformation process on the modified coefficients.
Image denoising and enhancement are the main topics of this
paper thus 1t 1s discussed in more details below.

Several literatures can be found 1n the ideas of multiresolution
based image denoising and enhancement. The multisicale
retinex (MSE) 15 the first to introduce the concept of
multiresolution for contrast enhancement [4]. MSE softens the
strongest edges and keeps the faint edges almost untouched.
The opposite approach was proposed by Koen Vande Velde,
1999 [5] using the wavelet transform for enhancing the
faintest edges and keeping untouched the strongest.

Another paper proposed by Xuil Zong et al, 1996 [6] presents
an approach which addresses both de-noising and contrast
enhancement using the multirtesolution approach m the
discrete wavelet transform (DWT) domain Starck et al [7]
used to the curvelet transform to enhancement still images and
they claimed that the performance of their method 1s superb.

The subsequent parts of this paper are divided as follows.
Section two presents a brief introduction of the contourlet
transform. Section three discusses the algorithm In section
four the discussion and results part are presented and finally
section five gives concluding remarks.

I. CONTOURLET TRANSFORM

In a nutshell the contourlet transform 15 an efficient directional
multireslotuion expansion which is digital friendly. It is
constructed via filter banks and can be viewed as an extension
of wavelets with directionality. They mherit the rich wavelet
theory and algonithms.

The proposed computational frame work of contourlets
consists of multiscale decomposition followed by directional
filter banks. The multiscale step captures a point discontinuity
which is done by the Laplacian pyramid. The directional
decomposition step links point discontinuities mto linear
structures. For ngorous discussion about contourlets the reader
can refer to [1. 2. and 3].
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Where 1 € Z° . the first part of equation 3 15 for directional
filter bank basis and the second part for the Laplacian pyramid
frame. This equation can be analyzed by filter banks as shown
in Figure 1.
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Fizg. 1. Contourlet Filter bank

II. ALGORITHM

The algonithm in this paper consists of two major steps. The
first step 1s multiresolution based denocising and the second
step 15 multiresolution based image enhancement.

The general contourlet denosing procedure 1s as follows. First
apply contourlet transform to the noisy signal to produce the
noisy contourlet coefficients to the level which we can
properly distinguish the all the image properties, m this case
level 4 decomposition i1s optimum. Then Select appropriate
threshold limit at each level and using a hard thresholding to

best remove the noises [8].

Hard thresholding method is very popular in image denoising.
It can preserve image details in some extent and be written as:

|112T
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Where T is a threshold which 1s dependent on the Gaussian

D(x.T)=

: : . 2
white noise of variance &~ . To accurately calculate the
vartance of a noisy image 15 usually a difficult task. but we
can effectively estimate it by using a robust mean estimator

defined by:
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Where, ¢ denotes the coefficients in multiscale contourlet
decomposition of a given image.

According to the paper in [9]. the thresholds of all directional
subbands are calculated by:
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Where, 1 1s the level index to the contourlet decomposition. j
1s the directional subband index in each level.

The second major step 1s to further analyze the denoised
image using the proposed enhancement algorithm — This
algorithm 1s based on the modification of contourlet
coefficients. The developed algorithm is discussed thoroughly
below. The performance of this method i1s evaluated using
objective assessment methods as well as compared with other
techniques.

Low wisibility is generally presented in images as dark
shadows, over bright regions and blurred details. All these are
related to the luminance and confrast properties of images:
therefore, 1t 1s a logical way to develop an image enhancement
algorithm based on the processing of the lumunance and
contrast of an image.

For possible extension of the method in enhancement of
general poorly-lit color images. it 15 always required transform
the image into a color space which effectively decomposed the
mmage into luminance and chrominance parts. From the paper
Melkamu et al [10], the HSI (Hue, Saturation and Intensity)
color model is found to be best smted for this purpose.

The image iz first decomposed in to HSI components. The
contourlet transform decomposes the intensity image into sub
images based on the level of the specified decomposition. For
each sub image, we compute the maximum magnitude
coefficient wvalue. Then each sub mmage 15 iteratively
thresholded and the components are modified independently.

Let I represent the subband image

Define

=2 a-1.25. .. 7

om
Where ¢ is a threshold and M 15 maximum magnitude of the
transformed subband image coefficient,

The enhancement function 1s then defined as:
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b and ¢ are parameters which control the gain of the function.
The range of b and ¢ are determined empirically based on
image enhancement expermments and authers’ judgment.
Coefficient values greater than & /0 are enhanced lmearly

with a gain of @ .

Most multiresolution enhancement methods use transfer
functions which are combined with to become continuous [3,
6. and 7]. This might sometimes change the position of the
edges and the image will be deformed The transformation
function m equation 8 satisfies the following ecrucial
conditions to perform the enhancement without introducing
artificial artifacts.

1. The function 1s infinitely differentiable. This 15 a very
important property which makes sure that the
locations of the discontinuities remam unchanged
after the enhancement has treated coefficients and no
new edges will be created.

2. The function is nonlinear. Different parts of the
image will be amplified with different gam. To
enhance weak edges buried in the background. the
enhancement function should be designed such that
coefficients within the certain range are amplified
with higher gamn. This property of the function 1s
shown below. Figure 2 clearly shows that the
enhancement function elevates the values of low
intensity pixels while ugher values are untouched.
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Fig. 2 Enhanced coefficients versus criginal coefficients with parameters a=1,
b=2, 0=0.853.¢=1,2,3,4

III. RESULTS AND DISCUSSION

This technique is tested in several test images. First we
compare the denoising performance of the proposed contourlet
transform with the wavelet transform. by using the same hard
threshold denoising method discussed above. We implement 4
decomposition levels i both contourlet and wavelet
transforms. And the number of directional decompositions in
the contourlet transform 1s 16, 8. 4, and 3 at the scales from
finer to coarser respectively.

Tablel shows the PSINE (in dB) of the denoised images by
using the two transforms. It is evident that the proposed
contourlet transform obtains better objective measure than
wavelet in denoising application.

TAELE 1
COMPARISON OF THE DENOISING PEEFORMANCE
G PSNR
Wavelet Contourlet
10 3244 33.01
20 31.91 3233
30 30.02 30.99
40 2842 29 41
30 27.11 27.20

Figure 3 shows comparison of the denoised “Barbara™ image
with original noise vanance equal to 20.

©
Fig 3. Comparison of the denoising performance of the Barbara image (a)
original unage (b) noisy mmage, o=20 (c) wavelet dencised (d) contourlet
denoised

After the denoising step we perform the enhancement
procedure. In this procedure the same experimental setup was
followed as the denoising and 1t was tested in several test
images. Figure shows a test image of taken at night.

The image in Figure 4 (a) shows a scene of a city. The image
is taken m a low wvisible lighting condition. The umage
“suffers” from a low visibility. The color of the tree branches
in the image appears to be dark but it 1s supposed to be green.
Applying the enhancement system on this image gives a result
which has a better clarity with no color distortion as shown in
Figure 4(b). The result image has a good global contrast.
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@ (b)
Fig. 4. Sample Enhancement result.

To assess the performance of our method we used an objective
evaluation setup. Zhou Wang et al, 2004[11] proposed a new
paradigm for quality assessment based on the hypothesis that
the human visual system is highly adapted for extracting
structural information. This measurement i1s called the
structural similarity index measure (SSIM). We adopted this
measure for our objective evaluation and the analysis for thus
method 15 given below.

, 2 +c, 20, +c,.
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SSIM ranges from 0 to 1. Zero 1s for completely different
images and 1 for perfect match. Results nearer to one are
acceptable.

Image signals are non-stationary thus it 1s a good practice to
measure over local regions rather than measurning through the
entire 1mage. In this case we propose a shiding window (w)
approach. The window starts from the top-left corner of the
images and ends at the bottom-right. Then the total index
measure will be found by averaging the local measures. The
window can have a size of 8X8. The windowed structural
sinmlarity index measure 1s then given by:

1

v

Where W 1s the fanuly of all windows and |W‘ 15 the
cardmality of W.

WSSIM (x.3) =3 SSIM (x.yjw) -------------(10)

wall

Figure 5(a) shows a chair and four binders on it taken using a
digital camera in a room where the windows are opened and
the light 1s turned on. This umage serves as a reference image
to measure the WSSIM and PSNE. Figure 3(b) 1s the same
picture taken when the wimdows are closed and the light 1s
turned off. still there is a little illumination but not enough to
take a clear image. This 1s the image to be enhanced using
different methods. Comparning results obtamned when the test
image 1s processed by histogram equalization (HE) (Figure
3(c)). Contrast limmted adaptive histogram equalization
(CLAHE) (Figure 5(d)), Wavelet (Figure 3(e)) and Contourlet

methods (Figure 3(f)); the contourlet method gives us a
greater index and PNSR as shown in table 2.

ie)
Fig. 5 Objective evaluation test image (a) Perfect reference image (b) test
image(c) HE Method (d) CLAHE (&) wavelet enhanced image (f) contourlet
enhanced image

This is obvious that the contourlet image has more brightness
which is considerably different to that of the dark test image.
The smooth shapes of the binders and the chair are maintained.
HE and wavelet contain artifacts that are not originally i the
image. Even though the HE method appears to be brighter; the
color of the original image has considerably changed which 1s
not wanted In the CLAHE the enhanced image appears to be
dark and its performance is inferior as compared with the
contourlet method.
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TABLEZ
OBJECTIVE PARAMETERS FOR THE ENHANCEMENT
PERFORMANCE COMPARISON

Method WSSIM PSNR
HE 0.9861 19.7333
CLAHE 0.9989 228724
Wavelet 0.9991 234461
Contourlet 0.9992 258193
Test image 03644 12.0013

IV. CONCLUSION

This approach 1is simple and effective. The denoising
procedure can effectively remove the noise and the
performance is very is better than the converntional wavelt
tranfosrm. The enahcmeent proformance 1s also good as
compared to other methods. The contourlet transform allows
both global and local contrast enhancement with nunimum
distortion i image appearance. All the important features of
the inage are kept visible without introducing any artifacts.
There is no color distortion in this method.
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