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Abstract—Based on combinations of wavelet and curvelet
transforms, an adaptive combined enhancement algorithm
(ACEA) was proposed to solve the problems of the
conventional method for image enhancement based on wavelet
transform that the enhancement of edges whose contrast was
same but angles were different was greatly different. The
algorithm uses the wavelet transform to enhancement
homogeneous areas and the curvelet transform to
enhancement areas with edges. Simulation experiment results
demonstrated that the algorithm got better cross entropy and
CORR, improved effectively the effect of edge enhancement
with good visual effect.
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L INTRODUCTION

Image enhancement is an important part of image
processing field. Due to various external factors, such as
light, sensor resolution, so that the original image has
different level fuzzy edge, local or overall contrast and other
deficiencies. Therefore enhancement algorithm should have
the edge enhancement, improved contrast and other
functions, and can effectively suppress noise ', In recent
years, the theory of wavelet analysis is subject to a number
of subjects of common concern. Wavelet transform is the
inheritance and development of traditional Fourier transform.
The multi-resolution analysis of wavelet has good space
domain and frequency domain localization characteristic, for
high frequency use gradually fine time or space step, focuses
the analysis object of any details, thus it is especially suitable
for the image signal of this class of non-stationary source
processing, and it has become a signal / image processing
methods . Curvelet transform is the second wavelet
transform, can be more suitable for image processing
features of a multi-scale transform, it can also have access to
image in the smooth area and edge portions of the sparse
representation, and has good directivity, some preliminary
results in image processing of development potential™”.
Velde proposed weak edge enhancement algorithm which
based on wavelet transform *'. First, binary wavelet image
decomposition, the wavelet coefficients are corrected in
order to achieve the purpose, edge enhancement. But based
on the wavelet transform contrast enhancement method for
anisotropic feature detection is not adaptive, so the nonlinear
edge enhancement will be able to achieve the ideal effect,
While the Curvelet transformation can play a very good
effect to various shaped edge enhancement [due to the highly
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directional sensitivity element"*. According to two methods
of enhancing their respective advantages, the study proposed
the ACEA algorithm to enhance image processing.

II.  COMBINED ENHANCEMENT ALGORITHM

A. DWT Enhancement Method

Compared with the Fourier transform, wavelet transform
has airspace (time domain) and frequency domain” zoom”

analysis ability. On the function f(m,n) of two-
dimensional discrete wavelet transform, we can get a low
pass sub-band Sj and having a three orientation selective

high-pass sub-band image H ;,j » continue the decomposition
for the low pass band S ; we can get the multi-level wavelet

decomposition of f(m,n) . The decomposition results
can be expressed as:

Wf(m,n); ={(H, ; =W, ,[f(m,n)],S,}
1<i<3,1<j<J
Type of H, ; - J scale and direction of I details; S, -at

0

the highest scale J image profile description, represents the
image frequency information. The image frequency content

focused on the low scale of high //; ;, and the noise in the

image part mainly focused on low scale Hl.j. In order to

overcome the common enhancement method for noise often
excessively enhanced disadvantages, should be of different
scale decomposition coefficients are enhanced in different
degrees.

B. Curvelet Enhancement Method

The discrete Curvelet transform processes were shown in
Fig.1, from the chart we can see that the curvelet transform
can be divided into the following 4 steps:
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Figure 1. Curvelet transform processes.

1) Subband decomposition
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In the decomposition process of Curvelet transform, to
the first subband decomposition, we use filter p,, D,
(520 ) decompose [ as:

1| — (p,I, D, D,1

2)  Smooth segmentation
In order to realize smooth segmentation, define the

2)

smoothing window W, (X, X, ), the window is located on

the square area:
k, k+1,_ k, k,+1
0=l X5+ ) 3)
202 202
The window with the function multiplication is located
in the Q square area. The segmentation process is applied
to each sub-band 1 :

DI} = (wyD0)yeq “
3) Renormalization
On each box O, definition:
(T,0)(x,%,) =2 12 %, — k. 2°x, = k) (5)
On the smooth blocks obtained after renormalization:
8p = (TQ )_1 (WQDSI)a Qe 0, (6)

4) Ridgelet decomposition

Finally, the base function for 0, orthogonal ridgelet
decomposition, the decomposition process is shown in Fig.
2. First the images Radon transform, and then perform a
one-dimensional wavelet transform. Because Curvelet
transformation uses a highly directional sensitivity element,
so in a variety of different shapes of edge enhancement it
can play a very good effect. In Curvelet enhancement

algorithm, the definition of a function ). on Curvelet
transform coefficients are corrected.
y.(x,0)=Lif (x<co)

x—ca(ﬂ)p N 200__x,if(x<200')
cOo cOo

yc (xﬁ O-) =
co

y(x.0)=()".if 2eo < x<m) )

7.(x,0) =(§>2if(x2m)

Radon transform

Original after image of Ti
image Radon transform| "¢
WTID Angle
Frequency

After image of Ridgelet transform

Angle

Figure 2. Ridgelet transform processes.

Letm=c=p=0.5,5s=0, p decided to nonlinearity,
said § image saturation; ¢ as the normalized parameter,
when ¢ > 3 ensure that noise will not be enhanced; m can
be determined by the noise standard deviation m = kmO' or

coefficient
The image contrast enhancement

from a Curvelet transform maximum

m=LMc,L<1""

process based on the Curvelet transform is as follows:

e Estimated input image standard noise variance A.

e Calculation of image Curvelet coefficient, w, area

group of subbands, each sub-band w; contains

coefficients N i corresponding to a given resolution.

A Curvelet transform is calculated for each subband
w; standard noise variance.

For every w j. calculations in which the maximum

,0,) and Curvelet

value is M, , then y(‘wj,k

transform coefficients multiplication.
The revised Curvelet coefficient reconstruction
image, has realized the image contrast enhancement.

C. The CEA algorithm
The algorithm consists of the following four steps:

1) Divide image I into a smooth area and edge portion.
The smooth area can be calculated through the image to get
the squares, each pixel is defined as:

Vi 1= 2 UG)=1(p.q)
P.gec
Here C is 11x11 window centered at [, j] , for the /
of an image smoothing, image square difference should be

®)

close to the noise variance of O , can be through the
threshold to detect the smoothed pixel:
Vi, j1/ 0 <(1+6) ©)
O is a very small number, other do not meet the
conditions of the pixel is defined as an edge pixel.
2) Do enhanced DWT to image I in smooth regions.
3) Do enhanced Curvelet to image I in the edge portion.
4) Use B and C two obtained images fusion. Set smooth
region pixel value is 1,(x,y), the edge region of the pixel
value of 1,(x,y) After calculates the new pixel nephew of
J(x,y), where x,y€ N . A spatial point process, each
pixel operations. In order to ease of handling, the two image
is divided into 3X3 rectangular region, in the process,
setting a fusion function, satisfy the following relations:
J(X,y) = FXS(xay)[Il(xvy)_[2(xsy)]+PX]2(xay) (10)
Among them, I’ fusion factor, provides the algorithm
step, here F'=0.1 , S(x,y) is a with the position
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coordinates of related coefficient, decision fusion is the
image gradient method. S(x, ) is:

_ 2 2
S(x.»)=(x=R )’ +(y-R,) an
Where R, R is a rectangular area of the center.
Smooth DWT |y
— region Enhanced Fusion
erglnal process
image
¢ Edge || DCT |, v
region enhanced Enhanced
Image
Figure 3. CEA principle diagram.

III. THE EXPERIMENTAL RESULTS AND EVALUATION

A. Cross entropy

The study can enhance the results of the evaluation of
the image fusion statistical parameters including the image
of the cross entropy, and contrast image correlation
coefficient.

Cross entropy can be used to measure the two image
gray distribution information. The smaller cross entropy is,
the smaller the difference between the fused image and the
reference image, the better. If a standard reference image is
the R, the fusion image is F, then the cross entropy:

L1 P
CE = ZPR,. log -

i=0 Pr

i

(12

P, . . .
Among them, ~ % is the image R gray value of I pixels

P
and image pixels total ratio, and ~ % is the image F gray
value of I pixels and image pixels total ratio.

B.  Correlation coefficient CORR

Image correlation coefficient reflects certain relation of

the two images.
N

S[RG, )= RIF(, j)-F]

J=1

(13)

M=

CORR = = —
\/( Z[R(i,j)—ﬁ])Z(ZZ[F(i,j)—F])Z

Jj=1 j=1
Among them, R, F respectively for image R, F
average gray value. The experimental results are shown in
table 1.

Mk

TABLE L. IMAGE ENHANCEMENT EVALUATION INDEX
Evaluation index Cross entropy Correlation
coefficient
Wavelet 2.168 0.9624
enhancement
algorithm
ACEA algorithm 2.017 0.9738

On the Lena image processing, such as Fig4,
respectively, using the traditional wavelet enhancement

algorithm and CEA algorithm, the algorithm processing
results was shown in Fig.5; the new algorithm processing
results as shown in fig.6.

Figure 5.Wavelet enhancement
processing to the image and
histogram.

Figure 7. Calculation of CII
range.

Figure 6. Algorithm of CEA
image and histogram.

Edge enhancement effect uses a contrast improvement
index CII (the contrast improvement index). CII is defined
as:

/C

original

Cll=C, (14)

rocessed

The image is divided into 3X3 small images, € for all

3x3 scrap average value of image contrast, contrast is

defined as (Max—min)/(max+min) ( MaX g the

maximum value of image gray value, while min js the
minimum) . Calculation of Fig.7 demonstrates the
improved contrast index; the results were shown in Table 2.

TABLE II. CONTRAST IMPROVEMENT INDEX
Contrast improvement Brim rim Arm edge Hair edge
index
Wavelet enhancement 1.4640 1.7853 1.9724
algorithm
ACEA algorithm 1.8921 2.0974 2.7592

IV. CONLUSION

The study presents an enhanced algorithm, which
combines wavelet transform multi-scale analysis capabilities,
and Curvelet transform to direction of high sensitivity to
image segmentation, the coefficients at different scales are
enhanced in different degrees, to avoid a single means of
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enhancement method in image quality deficiencies. The test
results show that, compared with traditional wavelet
algorithm ACEA algorithm, great improvement of the
contrast improvement index and enhancement of the effect
is very good.
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