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ARTICLE INFO ABSTRACT
Article history: Wireless sensor networks are also applied to V&resors. This is a major field which
Received 10 December 2015 employs image fusion which is a process of fusimg ér more images. The new image
Accepted 28 January 2016 thus obtained contains better description of tlsavhen compared to the individual
Available online 10 February 2016 source images. The proposed model utilizes the i@eméulti Resolution Fusion
Scheme of image fusion done by stationary wavetansform (SWT). The
Keywords: corresponding coefficients of the decomposed inms@gecompared and the maximum
Image Fusion; Multi Resoution; fmi; value is selected. Down sampling of the pixelsvisided using this methods hence the

edge details are preserved during the reconstrucfiche image. It also reduces the
problems like blocking, ringing artifacts that ocalue to the application DCT and
DWT on the image during the fusion mechanism. Tédopmance of the technique is
evaluated and compared with existing schemes.

INTRODUCTION

When multiple image sensors deployed to captueenes parts of the scene may not be focused plgrfect
This gives rise to images being blurred at ceréa@as. Some other sensor may have captured thepsataf
the scene with better quality. Thus there ariseseal for a scheme to combine these individual imagéorm a
fused image that has a clearer description of demes This fusion be performed at various levelsteHve
focus on the pixel level fusion. Here a compositage is built from several input images by takimig iaccount
each pixel in the individual source images. Thougtage fusion has a wide range of applications it is
predominantly used in the fusion of low light vigillV images with forward looking infrared imagehieh are
two individual images obtained by different typdsroaging sensors fixed on aircrafts which are giesd to
assist a pilot to navigate through tough weathaditmns.

Existing methods of Image Fusion schemes concentnattwo transforms namely, 1. DCT and 2. DWT.
These transforms may act stand-alone or maybe imguited along with several Image Enhancement tegsiq
This is done in an attempt to improve the qualifytlee image both in terms of subjective and obyecti
evaluation. Few such Image Enhancement techniqeesweraging, Contrast Adjustment, Variance Adjiestin
etc,.
DCT used in (Haghighat, M.B.Aet al., 2011; Jinshan, T., 2004) and (Shreyamsha KuB\#,, et al.,
2013) is characterised by High Compaction henega preferred over Discrete Fourier Transform. Hevelue
to the high compaction the image is compressedtdndses few details. It also down samples thegeriaence
there is no enough pixels for reconstruction ofithage. Due to this blocking artifacts are creatétllti-scale
transform such as DWT,, SIDWT etc., are popularhoés but most of the multi-scale transforms arepiem
and time consuming which renders them uselessgsosaetworks which are constrained with resources.
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In (Egfin Nirmala, D. et al., 2013), a novel method specially for surveillanmobages was presented. It uses
Compressive sensing which is efficient for spaigaas. Contourlet Transform captures and represemges
with smooth boundaries. The images are compress@thdhe sampling process.

The visual quality of the fused image is improvad $hreyamsha Kumar, B.K., 2012). This method also
reduces the number of computations required atctie of poor performance. Whereas Image fusion by
convolution-based methods give better performaridewever these methods pose high computational
complexity.

In (Shah, P.gt al., 2011) wavelet domain is used for fusion in camkibn with weighted averaging of
pixels. The properties of the neighborhood pixels analyzed statistically based on which the wesighe
determined. Thus more importance is given to pikxeharper neighborhood.

The model proposed in (Haghighat, M.B.&t al., Zhang, Q .and B.-L. Guo, 2006) also employed NSC
The low pass coefficients are subjected to selgaimd averaging. In (Rahman, S.M.Mt,al., 2010) a fusion
technique specifically for noisy images was progosdich used DWT. An image enhancement technique is
employed in addition to the transform. The spefgiature of this method is that the reconstructeabjenis free of
noise. However DWT has a major drawback. It istimé-invariant.

The rest of the paper is structured as follows. fitoposed algorithm and the steps and condition@vad
in the fusion process are explained in SectiorS#Hction Il gives a brief idea about the type ahnsform
employed in the proposed algorithm, that is, Stetig Wavelet Transform. Section IV deals with perfance
analysis and comparison of proposed system wittiegi algorithms. Conclusions are drawn in Section

Proposed Algorithm:

The proposed system implements Generic multi-réisoldusion scheme of Image Fusion. The centra ide
of the generic multi resolution fusion scheme isnstated by the reality that the human visual systeas
maximum sensitive to edges. The proposed systémpiemented as follows:

Step 1: Convert the multi-focus images to graystabges.

Step 2: Resize both the grayscale images to aatdusize say 256*256. Let the two images be (a)(ahd

Step 3: Both (a) and (b) are decomposed into theilti scale edge representation using SWT which
segments the images into four part as shown indigu

Step 4: The coefficients of a segment, say LLinwige (a) is compared with the coefficients of shene
segment of the image (b). The coefficient having taximum value is selected to be included in tised
image.

Step 5: Repeat step 4 for the other segments.

Step 6: The resultant segments of the comparisooeps should be combined by apply the inverse
transform.

The flow chart of the proposed algorithm is showrfig 1.
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Fig. 1: Block Diagram of the Proposed Algorithm

Stationary Wavelet Transform:

The wavelet is an oscillating function. The imagewdd be filtered and sampled first before applyiihg
wavelet transform. The integral of a wavelet isozdfris also an attenuated function. When wavedatsform is
applied to an image it is decomposed into four levEhree of which are details and one is an appration.
These are denoted as LH, HL, HH and LL. The appnation is denoted as LL and contains maximum
information about the image. The LL section carfurther divided by applying a transform. Waveletssist
of two functions. 1. scaling functiop (t) and 2. Wavelet function(t). A two-dimensional scaling function
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represented as (x, y) and three two-dimensional wavelets represgmsy’(x, y), v''(x, y) andy®(x, y) are
required to compute a two dimensional wavelet fans. These are a product of two individual one
dimensional functions. Products suchgdg) y(x) produce 1D result and are hence avoided. Theselets
each calculate the variations of the intensityhefimage along each directiopt’ gives the horizontal edgeg’
gives the vertical edges and gives the diagonal variations. The basic functiginen by (1) and (2):

Pjmn 6, ) = 2%: (2% — m, Ay —n) o
Wl G, ) = 21 W(2ix —m, 2ly — n) o

Here the ‘i' represents the direction of the watge(el, D and V), ‘j'represents the level of the algorithm
and m=n=0 to 9Y. The SWT is an algorithm that was designed to etdirthe drawback of DWT. This is
accomplished by eliminating the down and up sarsglethe DWT. Then the filter coefficients are wprpled
by a factor of ¥%in the K" level of the algorithm.

Simulation Result:
The figure 2 shows the input images which haveediifit focus. The fused image as shown in figure 3
contains features from both the input images tmmaving the visual quality of the image.

Fig. 2: Multi focus input images

The performance of the scheme is measured by aicmeamed Feature Mutual Extraction (FMI)
(Haghighat, M., M.A. Razian, 2014). It identifidgetquantity of details transferred to the fusedgenftom each
of the individual images. The higher the value bfIFbetter the quality of the fused image. The infiation
contained in an image is generally considered byf¢htures in the image. These features are pgréeameters
to measure the performance of image fusion teclesiqEMI is an appropriate metric since it expldiie
features in an image and estimates the amountatéirfes included in the fused image. These featares
represented in the form of 2D signals. Equatioiv@githe formula to calculate FMI.

Iy i Irp

FMI =
®3)

Where, ta, g gives the amount of features in the Fused Imagefr@fm source image (a) and (b)
respectively. i is the entropyistogram of Fused Image tind H; are the entropy histograms of the Source
Images (a) and (b) respectively. Figure 4 showstimparison of FMI values of existing and proposgstem.
Table 1 gives the Comparison of FMI values of vasitmage fusion Techniques.
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Fig. 3: Fused Image

Table 1: Comparison Of Fmi Values Of Different AlgorithmerFClock Image

Method FMI
DCT+average 0.9054
DCT+Contrast 0.8992
DWT 0.9097
NSCT 0.9137
DCT+SF 0.9157
Proposed 0.9231
FMI
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Fig. 4: Comparison graph of FMI values of different algons for clock Image

Conclusion:

Image fusion has a wide range of applicationss fpredominantly used in the aircrafts, where images
taken from different cameras and are fused to taps@ts to navigate through poor weather condgiomhe
proposed system implements Generic multi-resolutision scheme using SWT. This technique overcaimes
down sampling problems that result from using D@#@ ®WT. As a result the edge details are preservkd.
quality of the image can further be enhanced bpgisome spatial domain image enhancement techiique
addition to the transform applied.
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