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Abstract .

Aiming at the visual effect and the fusion quality is poor of the traditional i sion
algorithm, the new fusion algorithm is adopted that combining the Can ekator with
taking big window contrast. The algorithm uses wavelet transfQrm to al images
are decomposed firstly, the process will be based on t?‘h@lency teristics of the
réqu high frequency

image information to form two pieces of information,@w
information. Low frequency subband uses weightéd ayerage fusion akgorithm, while high
frequency subband uses the algorithm which cormbines C rator with taking big
window contrast, the last fusion image is go the wayelet¥econstruction in contrast
to the principle of wavelet decomposition corres ing simulation analysis was
carried out on the fusion algorithm, aﬁwsual fectis more clear. Also the object
evaluation standard increased signifi
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1. Introduction

In recent year fu5|o ology has been developed widely, important
information of ta age accordlng to the different demand of various fields.
Stability and ity oft tracking, recognition and detection have been improved
greatly from e pro . By extracting multiple sensor device at the same time or

different time to collec
get the one from a si

uI image information, image fusion technology are used to
sensor is unable to get the new information about image scene
description [1-2]. fusion application information redundancy of source images that
can improve SNR and complementarity that obtain more specific, more
compreher%,information. Image fusion technology played an indispensable role in
meteorol forecast, medical diagnostic imaging and military target recognition fields
ue o dvantages Image fusion based on the process phase is divided into three

@? tal levels: the pixel level fusion on basic data layer, feature level fusion on the
layer and decision level fusion at the highest layer [3-4]. Image fusion at pixel

level is in the most basic level of information fusion, which can keep the scene of the
original information as much as possible due to fusion process using the original data
directly. Additionally, image fusion at pixel level has the highest accuracy and , providing
detail information that feature level and decision level image fusion does not have ,
comparing feature level fusion and decision level fusion ,so the pixel level image fusion is
one of the most popular direction in the field of image processing [5]. Pixel level image
fusion need to source image preprocessing, including image enhancement, noise reduction
and registration, in order to improve the quality of fused image. The pixel level image
applies the multi—resolution structure in multiple gray level image fusion process. This
paper uses multi-resolution structure of the images processed by wavelet transform, and
Canny operator to detect edge, then image is fused based on the characteristics of human
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visual features is sensitive to neighborhood contrast in different resolution on edges.
Finally, fusion image is got through the principle of wavelet reconstruction.

2. The Theoretical Basis of Image Wavelet Decomposition

Wavelet transform was proposed by the French earth physicist J. Morlet in 1948, which
develops as a new mathematics branch rapidly. The useful information of the signal can
be extracted accurately after wavelet transform. Wavelet transform has the ability to focus
on the object, which can realize the signal multi-scale refinement, make the signal to the
time domain and frequency domain unified pace, and keep frequency domain by
orthogonal decomposition [6]. That the relationship between time domain and frequency
domain can be reflected fully in the wavelet transform, and the fusion image cap obtain
good effect. So wavelet transform is very important in image fusion, and it is ex&@e) to

other fields
Image is treated as a two-dimensional function processing in spectrum’analysis, space
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resolution analysis of ( ),tensor space

cale a f two-dimensional horizontal, vertical and diagonal
dlrectlon mte elet function  of  translation  respectively,
{WJ " ““ , J"W' ”‘)Q' , Which constitute orthogonal wavelet basis orthogonal
wavelet base of [7 8]. Integer translation system of horizontal, vertical and

diagonal ﬂ Wavelet functions of two dimensional multi-scale analysis is

1OV i ,{WJ Y, } respectively.

3 t transform can change adaptively the time-frequency window and refine the
im deeach local information. Wavelet transform is more ideal than the previous Fourier
transform in the image processing field [9]. The image is decomposed by wavelet

transform into N layers, the result contains (BN +1) different bands, including a low

LH, HL, HH

frequency component(LL) and 3N high frequency component ( ).Figure 1

is the image secondary wavelet decomposition (N =2, than seven different frequency
band is obtained.
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Figure 1. Secondary Image Wavelet Decomposition

3. Fusion Method A\)
3.1. The Direction of Contrast 6 E

Image contrast C is defined as [10]'

=(L-Ly)/ L, QQ‘[ )
L represents the local brightness of the j , y& the image of local

background luminance (the equwalent of equenc ponent) The meaning of
Ly=L-L is the high frequency ent m@pe (5) According to the above
formula (5) and the advantages of et tr more detailed direction contrast

expression is got: \
Aalcontfa 1 =DL/AL
@ } CH =D,/ A
Horiz W trast: LT St e (6)

D 3
\ Diago. contrast Ca=DL/A,

Type (6) @Q pecifi n {5) about the form of contrast definition. Subband
5|gnals Zr@ -1 constitute the orthogonal complement 2" Ais the
straight summation o and —1 (d=1,2, 3)

D
\L«Q A1 = A -1 (‘D ;
32.C perator

@y [11] proposed the optimal edge detection operator Canny edge detection
operator in 1986.Canny operator has very good detection effect. So far, Canny operator is
still the main method of edge detection. Canny edge detection is mainly divided into 4
parts, the specific steps as described below:

()

3.2.1 Image Smoothing Filtering

Canny algorithm chooses appropriate one dimensional gaussian function, and the
image have smoothing denoising according to the row and column respectively, which is
equivalent to convolution of image signal. The gaussian function selected as:

1 o2

\/ 2no (8)

O standards deviation of the Gauss curve ,and it controls the smooth process.

G(X) =
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3.2.2. Calculate the Amplitude and Direction of the Gradient

Usually, gradient calculation uses the method of partial derivatives, the Canny
algorithm adopts finite difference of first order partial derivatives from 2x2 neighborhood
to calculate gradient amplitude and gradient direction of the smoothing data array

1(x,y) [12-13]. Among them, the two arrays R, 1) and R ¢ j)from partial derivative
of the X and Y direction as:
BRI, j1= (1, j+1 =10 1+ 1 +1 j+1] -1 +1, j1) /2 )
PL, j1=C0, j1-10+L jD) + 13, j+) - 1[i+1, j+1]) /2 (10)

The pixel gradient amplitude and gradient direction using the coordinate transformatign
formula of rectangular coordinates to polar coordinates, the gradient amp&sdy IS
calculated by two order norm.

M i, j) = /(RIi, j1)* + (R,

1)

. Q)Cﬁ (1)
a[i, j1= arctan(ﬂ[@& i ’\) )
%de, Retain Local

3.2.3. With Non-Maximum Suppression of radient A

The gradient direction as:

Gradient Value Maximum Points . %
In order to extract single pixel an |ent amplitude diagram must be
specified. In a gradient amplitude @& |dg roduced near the maximum value
mined re ng accurately by refining these ridge.

of M, J) .The edge posmon%
Only keep amplitude local maximal chan‘g |nt which is non maximum suppression.

3.2.4. The Edge is Det and Co \Qd with Hysteresis Threshold. The

Threshold Selectl cts the % y of Edge Detection

The sub i n J] throbgh the non-maximum suppression and gradient histogram
classification uses the Qd low threshold HT“ Hy . The pixel gray level of gradient
is less than the thre alue is set to 0, and |mage is divided into 2 threshold edge

imageTh[I 1] r@’ ]. Image is got by high threshold value, so image contain seldom
false edge. 'L, keeps edge information comprehensively, but also contains some false

edge. mprehensive edges are got by basis of image Tall. 1] , supplement of image

3.3. Based on the Wavelet Image Fusion Algorithm of Improved Contrast and
Canny Operator

Two parts frequency information are got by decomposition of the image. The low
frequency part reflects the image overview and average characteristics, and the high
frequency part expresses the detail information of image, such as the edge, definition and
so on. These detail features can be represented with contrast parameter. This article adopts
the method of the local contrast, considering the relationship of image and neighborhood
pixels, which can descript completely regional features of the image. The specific of
fusion steps are as follows:

(1) The pretreatment of the image
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(a)lmage filtering: Preprocessing operation of the original image for eliminating noise.
or to contain the noise image directly fusion will inevitably lead to image noise affect the
final fusion result. Otherwise, fusing noisy images will affect inevitably the final fusion
results.

(b)Image registration: In order to get more extensive information, information provided
by the various imaging modes can not meet the needs. Its defect can be offset by multi
focus, because them have complementarity.

(2) Wavelet decomposition. The two source images is performed by 3 layer wavelet

decomposition , then get the low frequency sub band coefficients L (X, Y), Lo (X, Y)

1 2 3
( N =3) and a number of high frequency sub band coefficients D'*l, D'*land D are got.

(3) Low frequency fusion. Low frequency part of images reflects the overa tline,
the overall information, and low frequency is fused by weighted average met ich

can be represented as: 6
I‘F,N (X' y)zal LA,N (X! y)+6(2 LB @)‘ %) (13)
'ient,ﬁ&d)l + % = 1,
age Wion is not very big,

Among them, * , @ shows weightin
here o,=a,=0.5
H = making fusion efficiency improve icantly.

(4) The high frequency fusion. * source i is extracted edge, and
3x3 neighborhood window is estal";gg on Q)udging how much of the fusion
image detail information by ¢ m@ the X)' the area direction contrast. Fusion
images of the color, brightn%: ty, detail ormance will have a very significant
advantage, with the direction contrast bee: rﬁa%great. According to formula (6), each pixel
point is processed accordir@o the abm?%ge ig window contrast algorithm:

M I

DY (i, 1), : A6 ) > ERX (L 1)
{Ddéifb\\ ot hﬂoﬁ (14)
D'('jF (1) ds a @equency sub band coefficients that is handled with Canny
operator after IEW?composition. CLr(i)) (d=HV,D T=AB, g
horizontal, verti diagonal direction contrast respectively.

(5) The, waveldt reconstruction. Based on the first three steps, the wanted image
informati cted, the redundant part is filtered out. Then the fusion image is got by

Wavele truction.

. luation of the Quality from Fusion Image

.Because the gap of two sour

Image fusion quality evaluation is an important part in the image field. Evaluation
methods are different, with the different practical applications and purpose of image
fusion. On the whole, the method of evaluating the quality of image fusion can be divided
into two categories: subjective evaluation and objective evaluation. Subjective evaluation
method that the observer relies on their own feeling and experience to assess the quality
of fusion image directly, which is affected by people's knowledge, ability and so on.
Another objective evaluation method is that judge the performance of the algorithm by
comparing the size of some parameters.

This article uses the objective standard to evaluate the quality of different algorithms
fusion image, such as information entropy, the standard deviation and average gradient.
These parameters can select which algorithm performance has more significant
advantages.

Copyright © 2016 SERSC 41



International Journal of Multimedia and Ubiquitous Engineering
Vol.11, No.8 (2016)

Image information entropy is defined as how much average information contained in
the image, which is a kind of statistical characteristics of image information form. As the
main basis of measuring the image information, thus the greater the information entropy
means contains more information. The definition of information entropy as follows:

H=-S" p(i)log, p(i)
= (15)

Pi means distribution probability of gray level I, and L means image total grayscale
in the type.

The average gradient can show the details of the image and the gray level change rate
sensitively. The average gradient expression is as follows:

M-1N=1 ¢
G TR

"M 1) (N DZ‘?—” Q‘ (16)

VXF (i, ) means difference of F (s 1) along the X tion, a A1) means

the greater the

difference of F (. j) along the Y direction. The m la @pe va
representative image, the edge information mo atching, igher the relative
resolution, the final image visual more satlsfac The %B?te have higher value
means the more image layers, the more pro nt the, edg mation, the higher the
resolution. The final image vision is mote ory

Standard deviation is an important | measure t%&dlstrlbutlon of the image gray
value. The greater the standard devij degree of grayscale distribution
deviation from the mean val ntlng w re useful image. The smaller the
standard deviation means im e ra cale dlstrl on focus, carrying the less information.
The standard deviation expressro ist °

\/Jﬁ Z(F(x y- Ty
i=0 j=0
means@ image gr}@le verage.

5. The Experlme b’(esults

Two face the and right focus image focus image simulation experiment is
conducted throu ATLAB to illustrate this paper based on the improved contrast and
Canny op erformance of wavelet image fusion algorithm. This paper selects db4
wavelet, velet significant advantages compared with other evaluation parameters of

avel . Figure a) is the right image, Figure b) is the left image, and Figure c) is
m% ot by the method of literature, namely, the experimental results of image fusion
baség’on the gradient method. The image is got by literature in Figure d), namely, the
experimental results of image fusion based on the contrast method. The image is got by
this paper in Figure e), namely, based on the improved contrast and Canny operator image
fusion method. The edge is blur , some ghosting in hat place, Mosaic around the eyes in
Figure c); The edge fuzzy phenomenon has eased, still have shadow in the hat, overall
effect has improved in Figure d);The boundary is clear, no fuzzy and shadow
phenomenon in Figure e). This paper algorithm advantages is saw through objective
evaluation parameters in Table 1.

A7)
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a) The Right Focus Image
-

c) Gradient Method d) Variance Method €) Contr d)Canny Operator Method
Figure 2. Comparison of Differ@ ion &

Table 1 lists the objective evaluation par, rs in order o compare the algorithm

fusion quality: . Q \

Table 1. Comparison of Obj& Ev Ib@] Index of each Algorithm
A

P . 4
Algorithm standard<deViation frmation average gradient
. | entropy
Gradient in solution 0.6211 @v 7.3636 5.0564
Variance method® $VSO.7134 h 7.3705 49612
Contrast @;)7 GQG%) 7.5802 5.0794
operator{me

O
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