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Abstract— Image fusion could process and utilize the source Currently, the primary image sensors are iricgd

images, with complementing different image inforimat to

achieve the more objective and essential undersigraf the

identical object. A novel image fusion scheme based
biorthogonal wavelet decomposition is presentedhia paper.
As for wavelet transform algorithm, due to the wértof its

multi-resolution, wavelet transform has been applie image

processing successfully. So the image fusion dlgorbased on
biorthogonal wavelet transform is proposed, in \whitwo

images i.e. high and low resolution images to hmgssed are
firstly decomposed into sub-images with differeeguency, and
then the information fusion is performed using thémages
under the certain criterion, and finally these subges are
reconstructed into the result image with plentifoformation.

Another advantage of wavelet transform is thatait e much
more easily realized in hardware because its datadt is very
simple. This could save a lot of resources, besittessome
extent, it can solve the real-time problem of hdgéa image
fusion. However, as the orthogonal filter of wavei@nsform

doesn't have the characteristics of linear phabe, phase
distortion will lead to distortions of the imageged To make up
for this shortcoming, the biorthogonal wavelet mroduced
here. Image fusion is studied for detecting weapon®ther
objects hidden underneath a person’s clothing. Herdusion of
visible image and a corresponding IR image is damesfich a
concealed weapon detection application. The fusedge

obtained by the proposed algorithm will maintaire thigh

resolution of the visible image, incorporate anynazaled
weapons detected by the IR sensor, and keep thehetlor of

the visible image. The feasibility of the proposéasion

technique is demonstrated by some experimentaltsesu

Keywords— biorthogonal wavelet transform, image fusion,
low SNR, multi-resolution, resolution,

I. INTRODUCTION

Images of the same scene from sensors \ffdreht
characteristics and different resolution at différéime
may provide complementary information about thensce
Image fusion is an advanced image processing témyo

which could produce a new integrated image whi

retaining the important feature of these imageshénpast

years, the technique of image fusion has been elbplhn

widely in the field of remote sensing, mediaahge
processing and intelligent robot.

Visible, IR (infrared), MMW (millimeter wave), UV
(ultraviolet) and x-ray sensors. When the imagesnfr
different types of sensors are fused, the SNR #&ign
noise- rate) of these images is always differehe NR

of visible image is often higher than others. If an
algorithm is improper, the part of visible imagerstimes
will be polluted and the quality of fused image Iviie
degraded, or the partial information of low SNR gea
will be abandoned and lost.

In this paper, the image fusion algorithm llasm
biorthogonal wavelet transform is proposed to impro
the resolution of the images to be processed iestyf
decomposed into sub-images with the same resolafion
the images, in which two images to be processed are
firstly decomposed into sub-images with the same
resolution at the same levels and different reswmiut
among different levels, and then the informatiosida is
performed using high-frequency sub-images, wheeseh
sub-images are reconstructed into the result imaige
plentiful information.[1].

Il. IMAGE FUSION TECHNOLOGY

With taking the image as research object, infag®n
in general is to use images as redundant or conapltary
sources to extract information from them with highe
accuracy or reliability as in Figl. Image fusionhaology
is intended to extract the information of corregtiog
channel and finally form a composite image in gyste
output based on certain image processing of muitiba
information, which is caught by the single sensomany
images under same scene acquiring from image sefisor
many different models in an effort to observe degmate
different image information for further processing.the
last two decades, a great deal of model and algorit
researches are made on image fusions at diffeesptsl
nd various fusion systems are given around thddwor
].
Image caught by the sensor is generally withrtoise
d the subsequent processing requires for a tiontaf
the noise, image fusion thus can be for reductibthe
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noise and improvement of the SNR and is also used Wijay raj provided the concepts of image fusiorrémote
resolution improvement, because the infrared imagensing applications.

transmitted from the satellite is sometimes wittwlo Quite a few survey papers have been published
resolution, image fusion can be adopted to improve theecently, providing overviews of the history,
resolution by fusing the image caught by other gens developments, and the current state of the arimafge
(including optical image, synthetic aperture image) fusion in the image-based application fields buterg
development of multi-sensor data fusion in remetgssg
fields has not been discussed in detail. As thikogdnal
filter of wavelet transform doesn’t have the chéedstics

of linear phase. The phase distortion will lead to
distortions of the image edge. To make up for this
sensor A senson B shortcoming, the Biorthogonal wavelet is introdubede.

[ll. WAVELET USED IN THE IMAGE FUSION

Redundant Information

A. Image fusion algorithm based on wavelet transform

With wavelet multi-resolution analysis and fasallet
transform, the algorithm first decomposes an imagget
a approximate image and a detail image, which
respectively represent different structures of dhiginal
image. [5] Then targets for all floors of the imdgature

In the course of image processing, it alwaygiires to domain and processes them with special fusion ifgor
improve the image quality, highlight the detailsdanS® the effect of fusion will be much l_)etter i.ee ource
texture feature, as well gareserve the edge details and29es A and B are decomposed into discrete wavelet
energy of the image on the basis of reserving tiginal decomposmon_coefﬂments: LL (apprOX|mat|0.ns), LHL
information, image fusion can get these effect dlespis and HH (details) at each level before fusion ruses
difficult for some general image enhancement. applled. The decision map is formulated based @n Fh

To compensate the loss/failure messages in soserfusion rules. The resuling fused transform is
image with the images fromther sensors. Obviously, thef€constructed to fused image by inverse wavelet
image fusion technology is not the image enhanceinen fransformation and is as shown in Fig.2.

the general sense, batnew technology in the computer . ]
vision and image understanding field. In 1997, Hadt Wavelet transform has the ability of reconsingt so

Llinas gave a general introduction to multi-sengata there is no information loss and redundancy inpiteeess

fusion. of decomposition and reconstruction. The fast Malle
Another in-depth review paper on multiple sesgiata transform largely decreased the time of operatiod a

fusion techniques was published in 1998 [11]. Traper Made its application possible in image processig.[

explained the concepts, methods and applications 'gpWwever, as the orthogonal filter of wavelet tramsf
image fusion as a contribution to multi-sensor gnagion doesn’t have the characteristics of linear phase phase

oriented data processing. Since then, image fubias distortion will Igad to the d.istortion o_f the imagdge. To
received increasing attention. Further scientifipgrs on Make up for this shortcoming, the biorthogonal vietvis
image fusion have been published with an emphasis |8troFiuced herg. The wavelet reconstruction is eded
improving fusion quality and finding more applicati the image fusion and only the filters with lineaiage
areas. As a case in point, Simone describe thrgiealy could ensure to avoid the distortion of image. kimlthe
applications of data fusion in remote sensing, sash conventional orthogo_nal wavelet, Wlthln_ _blorth_ogbna
obtaining elevation maps from synthetic aperturdara wavelet, reconstruction and decomposition filter is
(SAR) interferometers, the fusion of multi-sensarda different.

multi-temporal images, and the fusion of multi-fuegcy,

multi-polarization and multi-resolution SAR images.

Complementary Information

Fig. 1 Fusion of two images
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the wavelet function at level j can be expressed igear
i) It combination of the scaling functions at the nextlg+1:
LHy
0 1
Tmage A and
H'y | B 11| U —_
3 vhere h (m) and g (m) are called the scaling fittied the
. il ’ vavelet filter respectively.
Fuso Y hieilmge | FOr any continuous function, it can be represkbiethe
Decision following expansion, defined in a given scaling dtion
g - and its wavelet derivatives (Burrus, et.al.1998):
1ty o
LH;
|
The fast Discrete Wavelet Transform (DWT) can be
Tnage B Fised T
_— Used Tansiorm expressed as follows:
Hy | i
Tvo level wavelet o ) ) _
Decomposon The scglmg fllterh*_ (_n) is a Io_w pass f_llter extracting the
approximate coefficients, with , while the wheidilter
Fig .2 Wavelet based Image fusion g* (n) is a high-pass filter extracting the detail cardints

. The coefficients are down sampled (i.e. only g\wher
coefficient is taken).
The reconstruction formulas are given by:

In order to achieve symmetry and compactness, the
biorthogonal wavelet makes concession in orthoggnal
and can be accurately reconstructed with the Ft&.fi9] Generally, discrete wavelet is introduced by multi-
Compared with the orthogonal wavelet transform, tHsolution analysis. Let (R) be the Hilbert spade o
shape of biorthogonal wavelet could have a brosatege functions, a multi-resolution analysis (MRA) of )(® a
of options, which bring greater design flexibil[4]. sequence of closed sub spaces Zj(Z is the set of
integers), of (R) satisfying the following six |perties
In wavelet transformation, the basic functions arget of (Mallat, 1989):
dilated and translated scaling functions:
e The subspaces are nest¢dzZ

e Separation:= {0}
and a set of dilated and translated wavelet funstio
e The union of the subspaces generate

R):=R)
Where () and () are the scaling function and the mother
wavelet function respectively. One property tha Hasis e Scale invariance:
function must satisfy is that both the scaling tiowc and f@)j z
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»  Shift invariance: B. Biorthogonal wavelet
f)y z
If the orthogonality condition is relaxed to
. , scaling function, so that {(¢ is a Riesz basis biorthogonality conditions, wavelets with some salec
of . properties that are not possible with orthogonavelets

can be obtained. In the biorthogonal transformrettare
There is also a related sequence of wavelet sgkspof two multi-resolution analyses, a primal and a dual:
(R), Z, where is the orthogonal complement of in Then,
= , where is the direct sum. Primal:

The above applies to about one-dimension situafion; Dual:

two-dimension situation, the scaling function idfiked
as: The dilations and translations of the scaling fiorct{}

constitute a basis for and, similarly, { for ; the
biorthogonality conditions imply:

Vertical wavelet:

Horizontal wavelet:

For the biorthogonal transform, perfect reconstancis
Diagonal wavelet available. [8]

C. Fusion Rules

(x, y) can be thought of as a 2-D scaling function, thee In the process of image fusion, the fuseprality
three 2-D wavelet functions. always lies on the rules and the choice of fusiperator.

For the two-dimension image, the transform can W{&0] As the human eyes are highly sensitive to the
expressed by the follows: dramatic changes in a local part of an image, tlieeedge
and corner, the multi-resolution fusion methodasédd on
this idea. In addition, the local characteristitgo image
often don't be presented by a single pixel, bubadf
(13) neighboring pixels from a local region. Here thette
images are decomposed using discrete wavelet dransf
The approximations are subjected to pixel based
(14) maximum election rule. A 3X3 square mask and odi&ior
rectangular averaging mask (5X7) are each appled t
detail images. The new sets of coefficients fronchea
(15) source image are added to get new approximatiods an
details. Final fused coefficient matrix is obtaindy
concatenation of new approximations and details

(16) 1) Perform independent wavelet decomposition of the tw
Here, corresponds to the j-1 level approximategenand images until level L to get approximation () andadle( )
are the horizontal, vertical, and diagonal sub iesag coefficients fol=1,2,....L.

respectively
2) Select pixel based algorithm for approximatios

which involves fusion based on taking the maximum
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valued pixels from approximations of source images As in visible image (Fig.3) the figure of peoplenche
and B. recognized but the hidden weapon couldn't be detect
After the fusion process, the hidden weapon matthes
figure of corresponding suspicious person in FigiBre
the biorthogonal wavelet helps to finds out thedeid
maximum ( weapon which can we can see more clearly in fig as
compared with the other previous method in findng
Here, is the fused andare the inputs approximationis, the hidden weapon.

andj represent the pixel positions of the sub images.

3) A binary decision map is formulated based on the
maximum valued pixels between the approximatiomse T
decision rule for fusion of approximation coefficients in
the two source images A and B is thus given by.(20)

(20)

4) A small window of size 3X3 or 5X7 is selectednr
the detail sub bands based whether the type of filter
mask used is square or rectangular. Perform relgiosl
fusion of details by applying 3X3 square and 5X7
averaging filter mask to detail coefficients. Thesultant
coefficients are added from each sub band.

are vertical high frequencies, are horizontal high
frequencies, are diagonghHtrequencies
of the fused and input detail sub bands respegtivel

5) We obtain the final fused transformcorrespondiog

approximations through pixel rules and the vertical
horizontal and diagonal detailsy mask based fusion
wherel =1,2,... L.

6) The new coefficient matrix is obtained by
concatenating fused approximations and detailsedrus
image is reconstructed using inverse wavelet toansf
and displayed.

IV. THE EXPECTED RESULTS

The original images Visible and IR are illustch in
Fig.3 and Fig.4 respectively, and the fusion image
illustrated in Fig.5. According to the results, thielden
weapon could be detected in the IR image, butithed
of people couldn't be seen vividly in the IR ima@ég.4).

¥

. AT AT = o P

Fig. 3 High resolution (visible image)

Fig. 4 Low resolution (IR image)
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suggestions of the authors in the literatures ffig tvork
Centre. The original visible and IR image sequences
available online at www.imagefusion.org.
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