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Abstract: Image fusion is a technique of fusing multiple 

images for better information and more accurate image 

compared source images. The applications of image 

fusion in modern military, multi-focus image 

integration, pattern recognition, remote sensing, 

biomedical imaging etc.In this paper discussed, pros 

and cons of various newly arrived existing techniques in 

spatial and transform domain image fusion techniques. 

The individual advantages of Stationary Wavelet 

Transform (SWT) and Principal Component Analysis 

(PCA) is become great advantage to the proposed 

method.Standard dataset is used to evaluate the 

performance of proposed method, the obtained results 

are compared with exiting methodologies and shows 

robustness in terms of entropy, standard deviation and 

Peak Signal to Noise Ratio (PSNR). 
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1. INTRODUCTION 

Image fusion helps to extract more information from 

a single composite image over two separate images. The 

image fusion method having many applications likemulti-

modality (e.g., visible and infrared) image fusion, multi-

focus image integration, multi exposure image fusion, 

remote sensing, biomedical imaging etc.Proper design of 

fusion rule for specific application like multi-modality is 

very important task in research. Very few articles are 

identified in literature on a fusion rule applied on multiple 

image fusion applications[1], more over efficient design 

of a fusion rule that is applicable to multiple fusion 

applications is much needed to present industries.  
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TheT imageT fusionT canT beT achievedT inT spatialT 

domainT orT frequencyT domain.T JiayiT MaT etT al.,T 

proposedT aT techniqueT ofT fusingT infraredT imageT andT 

visibleT imageT [15].T TheT fusionT ofT twoT imagesT isT 

dependedT onT GradientT TransferT FusionT (GTF),T GTFT isT 

aT combinationT ofT gradientT transferT withT minimizationT 

ofT totalT variation.T JiayiT MaT etT al.,T areT succeededT 

imageT fusionT withoutT anyT registrationT ofT sourceT 

imagesT [5].T YanfeiT andT NongT [6]T proposedT aT multiT 

sensorT imageT fusionT techniqueT basedT onT hierarchicalT 

multiT resolutionT alongT withT attention.T ImportantT areasT 

areT identifiedT byT usingT visualT attentionT modelT andT 

maximumT entropy.T BasedT onT adoptiveT weighingT rules,T 

firstT levelT ofT fusedT imageT isT obtainedT fromT visibleT 

imageT andT infraredT image.T Finally,Non-SubsampledT 

CounterletT TransformT (NSCT)T isT usedT toT obtainT finalT 

fusedT image.T HuafengT LiT [7]T alsoT proposedT forT theT 

fusionT ofT multiT sensorT imageT combinationT basedT onT 

NSCT.T JunT LangT andT ZhengchaoT imageT fusionT 

techniqueT [8]T providesT lessT spectralT distortionT andT 

goodT spatialT resolutionT basedT onadaptiveT pulseT 

coupledT neuralT networkT (PCNN)T anddiscreteT fractionalT 

randomT transform.VariousT datasetsT areT availableT toT 

testT fusionT algorithmT thoroughly,T exampleT sourceT 

imagesT areT shownT inT table1.T Usually,T infraredT andT 

visibleT imagesT areT fusedT toT extractT moreT informationT 

fromT images. 

 
Table1. Various source images for fusion 
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PCA [2] increases the spatial resolution butit 

creates distortion in spectrum of remotesensing image 

fusion. SWT has advantage of translation invariance over 

DWT along with DWT advantage of time frequency 

localization. The paper set as follows, in section 2 

proposed methodology, its flow diagrampresented. In 

section 3, results, performance calculations and 

performance comparison of proposed method with exited 

methods are presented. Finally, conclusions along with 

future directions are given in section 4. 

 

2. PROPOSED METHOD 

TheT mainT advantageT ofT SWTT [11]-[14]T isT 

translationsT invarianceT andT theT advantageT ofT PCAT isT 

ableT toT reduceT theT redundancyT presentT inT theT dataT 

[16].DueT toT presenceT ofT up-samplersT andT down-

samplersT inT DWT,T itT lacksT translationT invariance,T thisT 

drawbackT inT discreteT waveletT transformT isT overcomesT 

inT stationaryT waveletT transformT byT removingT theT up-

samplersT andT down-samplers,T soT SWTT alsoT calledT asT 

TranslationT invariantT waveletT transform.T TheT outputT ofT 

SWTT containsT sameT numberT ofT samplesT asT theT input,T 

soT itT isT alsoT calledT redundantT waveletT transform. 

 
 

PCAT isT aT statisticalT methodT basedT onT 

orthogonalT transformation,T itT resultsT dissimilarT linearT 

variablesT fromT setT ofT possibleT similarT variables,T thisT 

resultantT setT calledT “principleT components”.TheT 

individualT advantagesT SWTT andT PCAT areT usedT toT fuseT 

twoT imagesT inT proposedT method.WithT theT aboveT 

reviewT ofT imageT fusionT approaches,T itT canT beT inferredT 

thatT SWTT notT onlyT providedT goodT timeT andT frequencyT 

localization;T butT alsoT detectsT theT curvedT shapesT moreT 

preciselyT thanT DWT.T However,T processingT viaT SWTT 

leadsT toT aT highT levelT ofT non-directionalityT inT theT 

decomposedT coefficients.T AsT aT remedy,T theT sameT 

couldT beT balancedT byT applyingT PCAT basedT fusionT 

rule.T PCAT whichT isT aT highlyT directionalT fusionT ruleT 

notT onlyT countersT theT non-directionalityT limitationT ofT 

SWT,T butT alsoT enhancesT theT featureT whichT makesT itT 

moreT suitableT forT fusionT ofT medicalT images.T Although,T 

usageT ofT PCAT alongT withT SWTT canT poseT 

improvementsT viaT removalT ofT itsT non-directionality 

In the first step of proposed method, the input 

images of any size are registered into same size, and then 

the two source images applied to SWT separately. The 

SWT converts an image into four different subbands 

Approximation coefficient (A), Diagonal coefficient (D), 

Vertical coefficient (V) andHorizontal coefficient (H).In 

figure1 A1 and A2, H1 and H2, V1 and V2, D1 and D2 

are approximate coefficients, horizontal details, vertical 

details, diagonal details of image1 and image2 

respectively. The approximate coefficients of two source 

images are given to the PCA separately, obtained 

redundancy reduced data of input images are fused based 

on max-max rule. Similar to the fusion process of 

approximate coefficients,Diagonal coefficients, Vertical 

coefficients andHorizontal coefficients also fused 

individually. After fusion of respective coefficients, the 

fused coefficients are given to ISWT, which results final 

required fused image. 

 

3. RESULTS 

The results of proposed methodology are displayed 

in below tables and here the testing database downloaded 

from standard organizations[9], [10].  

Table2: Comparison of Fused results for dataset1. 

 
Table 2 displays, proposed method results from 

dataset 1 [10], In below Tables, image1 means source 

image-1 similarly image2 means source image-2, images 

under column of „fused image by SWT‟ means the two 

source images are fused with help of SWT only. 

Similarly, images under column of „fused image by PCA‟ 

means the two source images are fused with help of PCA 

only. The proposed algorithm resultant images are 

presented under column of „fused image by 

SWT+PCA‟.Table 3 displays, proposed method results 

from dataset 2 [9] titled with „The whole brain atlas‟. All 

the process done on personal computer with RAM 2GB, 

Matlab version 2013. 
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Table3: Comparison of Fused results for dataset2. 

 
 

3.1 Performance Calculations 

ForT testingT ofT proposedT methodology,T PeakT 

SignalT toT NoiseT Ratio,T StandardT DeviationT andT 

EntropyareT usedT [4],T [3],T [17].T TheT performanceT 

calculationsT areT presentedT inT belowT table4T andT table5.T 

PSNR1T representsT forT peakT signalT toT noiseT ratioT ofT 

fusedT imageT withT image1T andT PSNR2T forT peakT signalT 

toT noiseT ratioT withT image2.T HereT „Pair1‟T meansT 

performanceT calculationsT ofT firstT rowT imagesT inT 

„table1‟.T similarly,T „Pair2,T Pair3‟T meansT performanceT 

calculationsT ofT second,T thirdT rowT imagesT inT „table1‟.T 

Usually,T ifT theT referenceT imageT isT notT available,T theT 

qualityT ofT theT fusedT imageT isT evaluatedT byT usingT 

StandardT Deviation,T Entropy. 

 
Table4: Performance calculations comparison in PSNR 

 
Table5:T PerformanceT calculationsT comparisonT inT 

EntropyT andT StandardT Deviation. 

 

4. CONCLUSIONS 

TheT proposedT fusionT methodologyT isT doneT byT theT 

helpT ofT SWTT andT PCA,T SWTT hasT theT advantageT ofT 

shiftT invarianceT overT DiscreteT WaveletT Transform.T 

TheT comparativeT analysisT ofT performanceT calculationsT 

showingT robustnessT overT remainingT twoT techniques.T 

TheT futureT ideaT isT toT fuseT infraredT images. 
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