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Abstract

Due to the fast development of digital image pretesthe growth of feature extraction of imagesakhieads tc
the development of image fusion. The process imbining two different images into a new single iragy
retaining salient features from each image witleeaéed information content is known as image fusidmgrein the
resultant fused image will be more informative aodhplete than any of the input iges. Two approaches to ima
fusion are spatial fusion and transform fusiontHis paper | proposed an image fusion method fsiofuof low
resolution infrared camera image with visual imathe, focus of this paper is to propose an efficegbrithmto
fuse a visual image and a corresponding low reisslUR image such a concealed weapon detectioricapioin.
Discrete wavelet transform plays a vital role inage fusion since it minimizes structural distoricamong the
various other transforms. th of shift invariance, poor directional selecvind the absence of phase informa
are the drawbacks of discrete wavelet transformeséhdrawbacks are overcome by dual tree complexlet
transform. The fused image obtained by the propatgatihm will maintain the high resolution of the visurlage
incorporate any single image. The feasibility of ffroposed fusion technique is tested and demosdtby some
experimental results in form of visual, mathemdtmatput and various fusion assment methods like signal

noise ratio (SNR), peak signal to noise ratio (PENBot mean square error (RMSE) and correlatiogffanent.
Those outputs are compared with various populag@rasion technique
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Introduction

Image fusion can be defined as the proces
combining two or more different images into a r
single image retaining salient features from €
image with extended information content. |
example Infrared and visible images are fused tp

Multi-sensor registration is also affected by
differences in the sensor images. Wavelet b
fusion techniques haveebn reasonably effective
combining perceptually important image featu
Shift invariance of the wavelet transform is imaott

pilots landng in poor weather, visible and microws
images are usetb detect weapons and Magne
Resonance Imaging and Computed Tomogr:
images are fused for medical diagnosis[1]. Theofu
process should preserve all relevant informatiol
the fused image, heuld reduce noise and shol
suppress any artifacts in the fused image. In
fusion is an important research topic in areas s&
computer vision, automatic object detection, ren
sensing, image processing, robotics, and me
imaging. The user carollect useful informatiol
without gazing at and comparing images fr
multiple sensors.

Multi-camera images often have different geom
representations, which have to be transformed
common representation for fusion[2]. TI
representation shouldetain the best resolution

either sensor. A prerequisite for successful inge
fusion is the alignment of muliensor image:

in ensuring robust sub band fusion. Therefore,
novel application of the shift invariant a
directionally selective Dal Tree Complex Wavels
Transform (DTEWT) to image fusion is no
introduced. This novel technique provides impro
qualitative and quantitative results compared
previous wavelet fusion metho

The complex wavelet transform (CWT) is a comq
valued atension to the standard discrete wav
transform (DWT)[3]. It is a twadimensional wavele
transform which provides mu resolution, sparse
representation, and useful characterization of
structure of an image. Further, it purveys a t
degree of shiftavariance in its magnitude. Howev:
a drawback to this transform is that it is exhitfts
(where d is the dimension of the signal be
transformed) redundancy compared to a sepa
(DWT).
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The use of complex wavelets in image processing
was originally set up in 1995 by J.M. Lina and L.

Gagnon [3] in the framework of the Daubechies
orthogonal filters banks [4]. It was then genewdiz

in 1997 by Prof. Nick Kingsbury [3][4][5][6]-

M ethodology

Dual Tree Complex Wavelet Transform

One major drawback of DWTJ[7] is its poor
directional selectivity for diagonal features, besa
the wavelet features are separable and real. Tle wa
to increase the directionality is to use the comple
extension of DWT, named as Dual Tree Complex
Wavelet Transform (DTCWT). DTCWT gives better
directional selectivity in 2-D with Gabor like fdts.
Standard DWT offers the feature selectivity in o8ly
directions with poor selectivity for diagonal fegds,
where as DT-CWT has 12 directional wavelets (6 for
each of real and imaginary trees) oriented at angfle
+15°, +45°, £75° in 2-D as shown in following Fig.
3. The improved directionality with more orientaitto
suggests the advantage of DT-CWT in a vide rage of
directional image processing applications, e.gturex
analysis. Approximate Shift Invariance, Good
Directional Selectivity in 2-Dimensions, Perfect
Reconstruction, Limited Redundancy and Efficient
order -N Computations are the major properties of
DTCWT.

Figure 1(a): Directionality for DT-CWT

1(b): Directionality for DWT

The properties of the DT-CWT can be summarized as
* Approximate shift invariance;
« Good directional selectivity in 2 dimensions;
* Phase information;
« Perfect reconstruction using short linear phase

filters;

e Limited redundancy, independent of the
number of scales, 2 : 1 for 1Dn@2 1 for
mD);
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- Efficient order-N computation only twice the
simple DWT for 1D (2m times for mD).

Filter Bank Structure of DT-CWT
As in the case of filter design[5][6] for real waee
transforms, there are various approaches to thigrdes
of filters for the dual-tree CWT. In the following,
describe methods to construct filters satisfying th
following desired properties:
» Approximate half-sample delay property
e PR (orthogonal or biorthogonal)
»  Finite support (FIR filters)
» Vanishing moments/good stopband
e Linear-phase filters (desired, but not
required of a wavelet transform for it to be
approximately analytic).
* Moreover, only the complex filter responses
need be linear phase;
Dual-tree complex wavelet transform (DT-CWT)
which is an enhancement to the discrete wavelet
transform (DWT), possesses two key properties, i.e.
the transformation is nearly shift invariant andhdts
better directionality in higher- dimensional space.

Figure 2: A typical two-channel analysis/synthekisl-tree
structure (a) primal filter bank; (b) dual filteaik.

In this section, a brief detail is given for DT-CWT
only. Consider a two-channel dual-tree filter bank
implementation of the complex wavelet transform.
Shown in Figure 2(a), the primal filter bank P ach
level defines the real part of the wavelet transfor

Fusion Assessment M ethods

Since the emergence of image fusion techniques in
various applications, methods that can assess or
evaluate the performance of different fusion
techniques objectively, systematically and
guantitatively have been recognized as an important
necessity. In this portion various fusion assessmen
techniques that have been proposed in the field of
image fusion, is discussed.

Signal to Noise Ratio (SNR), Peak Signal to Noise
Ratio (PSNR), Root Mean Square Error (RMSE) and
Correlation Coefficient [10,11,12,13] are commonly
used measures in assessing image fusion techniques,
in case when the reference image is available, that
consider an image as a special type of signal. The
quality of a signal is often expressed quantitdyive
with the signal to noise ratio defined as
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M N
> Yzmn)?
SNR=10l0g, | — mN1”:1
> X[dmn)-s(mn)]?
m=1n=1

The PSNR, RMSE and Correlation Coefficient are
measures similar to the SNR and defied as

2
PSNR = 1009, | —-— Peak
> Y[z(mn)- s(m,n)]2
m=1n=1

For 8-bit image peak 11111111 is equal to 255.

RmsE:[MlN Y V- s(mn)]zjy

m=1n=1

Fusion M ethod

5 Fusion Rule Inverss DT-CWT
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Figure 3: Fusion method

In above image fusion first apply DT-CWT to both
images so it decomposed into detail coefficients.
Each image divided into 16 sub images with différen
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detailed parameter per level decomposition. After
that | used image fusion rule either maximum
selection or averaging for fusing the wavelet
coefficients. After that apply the inverse DT-CWA t
reconstruct the image.

Result

By applying various common methods and proposed
DT-CWT methods the output shown below. SNR,
PSNR, RMSE, and COR CO. are found and compare
for each methods[14,15].

(a)Image-1 (Visual)  (b)Image-2 (Infrared) (c)Reference Image

(d)DT CWT {e) Averaging
(g)Laplacian (h)DWT (i) SIDWT

Figure 4 : (a) First image to fuse ( Visual Image)
(b)Second image to fuse (Low Resolution IR Image)
(c)Reference Image (d) Image Fusion using DT-CWT (e
Image Fusion using Averaging (f) Image Fusion usi@A
(g) Image Fusion using Laplacian Pyramid (h) Image
Fusion using DWT (i) Image Fusion using SIDWT

TABLE |
Comparison Table for various methods for Image
Image to
F Method | DT-CWT | AVERAGE PCA LAPLACIAN DWT SIDWT
use
Visual SNR 37.731 31.683 10.8289 22.1735 33.0704 | 34.1091
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Image and PSNR 77.8261 | 72.8316 | 41.6536 56.4482 73.9599 | 72.8912
Low
Resolution | RMSE | 52068 | 6.6838 | 31.772 | 151629 | 63171 | 6.6639
IR Image
COR CO 0.9774 0.97 0.7976 0.9557 0.9708 | 0.9684
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As shown in figure 4 Image (a) and Image (b) are
fused using six various famous methods. From visual
quality of fused image we can see that quality of
fused image (d) which is fused using DT-CWT

fusion methods have more information as compared
to all other images. That is mathematically tested
using various Fusion assessment methods. Various
parameters like SNR (Signal to Noise Ratio), PSNR
(Peak Signal to Noise Ratio), RMSE (Root Mean

Square  Error)

and

Figure 5: SNR, PSNR, RMSE, COR CO. vs Various Méth

COR CO

(Correlation

Coefficients) are calculated for all six methodigs

reference image and putted into table 1 as well as
plotted on above Figure 5. From table and graph we
can see that PSNR, SNR and COR CO are highest for
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proposed method while RMSE is lowest for proposed
methods which is desirable. From all above thing it
concluded that proposed DT-CWT based image
fusion method is batter than all other methodss It
worth noting that, in the fused image, the cold
regions inside the area of human body will have
different from the same place in the visual image.
That's why the concealed weapon is shown in
different from the surrounding human body part.
However, some parts of clothing near the weapon
may not have contact with the human body and thus
they may have a similar gray-level as the concealed
weapon. However, we can still identify the location
of the weapon. It should be pointed out that, one

(C) International Journal of Engineering Sciences & Research Technology[335-339]
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advantage of the proposed fusion method is that for
the whole procedure, no parameter tuning or trginin
is needed which means we don't need to pre-use
some images to find a good set of parameters that
would perform well first.

Conclusion

In this paper, | proposed an image fusion methad fo

concealed weapon detection application where i fuse
visual and low resolution IR images to provide a

fused image that provides a detailed description of
the people in the scene and any hidden weapons
detected by the IR image. The proposed method is
very useful in security system to find the complete

view of human being with concealed weapon which

is not possible by only visual camera or any low

resolution IR image.
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