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Abstract: In the current era, usage of Infrared (IR) sensors, in 

the real world has been increased because of decrease in their 

cost. Many recent applications of IR images are included in the 

field of defence, medicine, astronomy, meteorology, industry and 

science. One of the main applications in the field of defence is 

person detection. However, IR images have unique challenges. 

Image fusion based on DWT superior things because it is a 

multiresolution approach, it allows picture disintegration in 

various parameters and provides directional information. Most of 

the existing methods used two or three different quality measures 

to measure the performance of the fused system. The present study 

used the ten quality metrics on all derived approaches and noted 

down various qualitative conclusions. Proposed system the base 

layers obtained and Further the proposed work found that, the 

methods based on wavelet transforms have compactness, 

directional selectivity and orthogonality. Due to these, DWT based 

fusion methods are used in literature when compared to pyramid 

decomposition based fusion methods. 

Keywords: Visual Saliency Map, chicken swarm   optimization, 

Multi-scale decomposition (MSD), Rolling-guidance-filter 

(RGF),  fingerprint_iris, multi-biometric system, , match_level 

fusion.  

I. INTRODUCTION 

The rapid development taking place, has 

revolutionised the entire world today.  Late, it has become 

inseparable in diverse areas of Physics, Medicine, Media and 

so on. The origin of digital images can be traced back to early 

19th century in the newspaper industry. The visual quality of 

images, the requirement of high storage, the need for speedy 

processing and transmission posed great challenges to the 

scientific and research community. This paved the way for the 

development of DIP 1960s. But, the computing equipment 

available those days was not cost effective and could not meet 

the ever increasing demands of this field. This situation 

gradually changed in 1970s and till today, this field has 

witnessed an enormous and vigorous growth. This can be 

attributed to the development of computers which go hand in 

hand in developing the field of image processing. Several 

factors like declining cost of computer equipment and the 

emerging of new technologies promise a continued growth in 

the field. DIP percolated into all walks of life and is 

considered to be the most versatile technology that has ever 

been developed. Image blending is to play an better role in 

future due to availability inexpensive hardware. Better 

interpretation the captured scene. Therefore, diverse picture 

of the same scene received from dissimilar image sensors are 

fused into a composite image [1]. 
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Image blending approach classified to the fp_data entering 

the blending and its reason [2]. 

 MSD of images: pictures appropriated from the equal 

modality and equal time but various focuspoints. 

 Multi_temporal_fusion(MTF) of Pictures: Pictures 

appropriated at various periods and changes between 

them. 

 Multi-focus-fusion (MFF) of Pictures: pictures of 3D 

appropriated videos repeatedly with different 

focal-ratios. 

 Fusion-image-restoration: blending the pictures of the 

same scene and procedure, either obscure or 

boisterous, de-noised pictures. Multichannel 

de-convolution approach protracted to 

super-resolution-fusion.  

 In the proposed work, visible image (VI) and 

infrared (IR) images are considered for conducting 

experiments on the proposed methods and to evaluate the 

fusion result. Hence, the present study comes under multi 

modal fusion of images. 

This paper is structured in the following manner: In 

section II, explain briefly about infrared images, visible 

images and key concepts related to . In section III, explain 

image fusion and related research work architecture. In 

section IV, explain the proposed system algorithms result and 

discussion. In Section V draws our conclusions from the study 

results. 

There are various studies and approaches proposed 

in literature for multimodal biometric system and a 

comprehensive review is presented below. Integration of 

information takes place at different level and from different 

sources of information. The origin of image fusion can be 

traced back to early 1980‟s [3] and has started gaining 

momentum thereafter, with the application of wavelets 

making a breakthrough recently. Further, many applications 

demanding the fusion of images prompted a rapid growth in 

this area. For e.g., thermal, visual pictures for good 

interpretation of the scene [4] stands as a milestone for 

progress in this field. Importnt to merge visual data in robot 

exploration[5] and the possible trends in 3-D image fusion [6] 

also prompted further research field. 

The simplest image blending technique started with 

the pixel averaging method. In this method, a 

linear-Weighted-Average (LWA) two source Pictures to be 

fused is considered. A pixel-level blending schemes in which 

the source images are prepared and blending on  pixel basis or 

according to a neighbourhood pixel found in composition[7]. 

] proposed facial picture of an personal gathered implemented 

a thermal IRcamera and a visible light camera in the context  
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of principal component analysis. It was shown that adding the 

information applied to these 2 picture (both at the rank-level 

and score-level) enhances matching accuracy. The combining 

process was done by logistic regression and fixed mean rule. 

They also showed principal component analysis recognition 

based on visible light camera outperformed recognition based 

on infrared camera [8] presented results of 

uni-modal/multi-modal facial authorization using three 

dimensional, two dimensional, IRpicture of the same objects.  

 

Table 1 Differences between visible and infrared images

 

Each IRsensor captured various sorts of individual 

facial information, delineating emerge mirror from a 

IRcamera, heat emitted method. They used a database 

encompass a total of 142 picture and 297 expand timelapse 

picture. Using a PCA independently for 3Diamentional, 

2Diamentional, IR picture, recognition rates were 90.6%, 

91.9% and 71.0% respectively. Merged with every pair of 

procedure, recognition rate were 94.2, 95.3 and 97% for 

3D/2D, IR/2D and 3D/IR individually. Combining all three 

modalities recognition rate was 100%. [9]. integrated 

information presented by two fingers at the match score level 

by probability proportion calculated nonparametric statistical 

estimates. It was found that multiple fingers improve the 

verification performance by 4%. [10]. Apart from this, 

classifier combination at decision level was also presented to 

improve accuracy of fingerprint verification system  

Hence, wavelet based techniques are widely used in 

image processing applications. ] come up with a mosaicking 

initialize a combination image conferred by various pictures 

of fingerprints. The proposed algorithm used simple affine 

transformation first to register the two picture of fingerprint. 

The achievement conferred mosaiced templates choose 

outperform personal fingerprint pictures by Graham [11]. 

integrated information presented by two fingers at the match 

score level by probability proportion calculated 

nonparametric statistical estimates. [12, 13] It was found that 

multiple fingers improve the verification performance by 4%. 

Apart from this, classifier combination at decision level was 

also presented to improve accuracy of fingerprint verification 

system [14]. Unfortunately, DWT is shift proportional and it 

lacks phase information. Only the magnitude information is 

available. Perfect reconstruction of the images is questionable 

[15]. This issue was addressed by Rockinger in 1997 and he 

came out with Shift Invariant DWT (SIDWT) [16] with 

reduced over- completeness which results in apparently better 

blending output. Price paid for this advantage is that it is 

computationally more expensive than DWT. This approach 

towards image fusion was achieved apparently by Beull et al 

(2002) using DTCWT [17]. proposed, fingerprint and iris 

modalities and own decision based[18], iris and fingerprint 

based on hammingdistance method. In their system they 

extracted minutiae code of fingerprint and iris code from 

individual fingerprint and iris classifier and fused them using 

simple accumulator based blending approach [6, 10, and 13] 

Final results of the proposed method higher accuracy, 

unimodal and the results comparable commensurate to 

conventional methods.  

NN is one of the powerful tools which helps in solving the 

problems such as pattern classification, function 

approximation, etc. The fusion process considered in the 

present study can be considered as a classification problem. 

Classification is the important task of remote sensing 

applications because accuracy will improve the processing 

performance [18]. NN is one of the possible approaches to 

hyper-spectral- satellite pictures. In the present study, NN is 

trained using the block features of different pair of 

multimodal images. Once the classifier is obtained, it can be 

used for the fusion purpose. This approach has an advantage 

over the pixel based technique in circumventing the 

drawbacks of blurring effects. 

fusion of visible, IR pictures using DTCWPT can easily 

extended colour and IR pictures blending. The colour pictures 

in an image and has been extensively researched. An 

improved Red Green Blue (RGB) colour fusion scheme with 

false colour mapping was proposed by Toet [16]. An 

advanced colour image fusion scheme for night vision 

applications capable of generating a three channel false 

colour image was developed by Waxman et al [24] which was 

found to be effective in fusing, This technique is effective in 

preserving the best features of the two input images in the 

fused output [17]. Contourlet revolutionize and wavelet 

transform have got their own 

advantages and 

disadvantages.  

SUBJECTS VISIBLE INFRARED 

Usage   Only day time  Any time 

Channel sensation  Reflected solar radiation  Emitted radiation 

Intensity depends on  Reflected light by objects  Temperature of objects 

Presence of high clouds  Non distinguishable from low 

clouds  

Bright white 

Presence of low clouds  Non distinguishable from high 

clouds  

Very dark 

Presence of thin clouds  Milky White  Non distinguishable from Thick 

clouds 

Presence of thick 

clouds  

Bright white  Non distinguishable from Thin 

clouds 

Resolution  High  Low 
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In the proposed work, wavelet based fusion using DTCWPT 

is considered region, pixel level colour image blending. 

Results obtained using DTCWPT were found to be better 

compared to that of pixel based scheme. The results are 

compared both qualitatively and quantitatively. 

II. SYSTEM DESIGN 

 Unimodal biometric recognition cannot gather the 

performance needs in most of the applications. 

Simultaneously, the multimodal biometrics recognition 

symbolizes a promising trend in recent times. In our research 

work we present a novel approach of combining image level 

information of fingerprint and iris. The raw information or 

data is merged at pictures level or features. A particular 

feature initialized textural pattern based information of both  

„IA‟ and „ IB‟ is given by, 

Gauss= Gaussian(1,бs)                -------- (1) 

Equation 1 denotes Gaussian filtering with standard  

deviation for  бs. This step is an iteration function are 

recovered image J
t
 is updated and J

1
 is the Gaussian-smooth 

pictures. The t
th

 updation expressed equ(2). 

 

J
t+1

 =GuidedFilter(j
t 
,t, бs, бr 

2
)      -------- (2) 

In our mechanism, бr=0.05. RGFilter is expressed by 

combining Equation. 1 and 2,  

u=RGFilter
(1, бs, бr, T)

                        ---------(3) 

Where, 

 T-filtering output. 

Through the input IR picture I1 disintegrate into the 

layer
B1

 and the detail-layers d1
1
 , d1

2
, d1

3
…. d1

N . 
Figure 2 

schematic diagrams for fusion framework. The main steps 

involved in region based fusion scheme (monochrome and IR 

image) are summarized as follows: 

 

Figure 1 Pseudocodes for Proposed System IR, VI Fusion                               

                                              

Figure 2 The block diagram proposed IR and visible image fusion 
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Accordingly, the proposed system RGFilter is formulated as 

follows: 

u
j
= RGFilter

(uj-1 , бj-1s,  бr,  T ) (j=1,2….. N-1)
      ----- (4) 

 

          d
j 
=u

j-1
-u

j  
(j=1,2….. N-1)                        ----- (5) 

 

         u
j
= Gaussian(u

j-1
 , б

j-1
s,  ) (J=N)               ----- (6) 

 

        d
j 
=u

j-1
-u

j  
(j=N)                                        ----- (7) 

Where., 

 u
j
- denotes the jth-level filtered pictures,  

dj-  jth-level-layer  

N- decomposition-levels. 

The average point is implemented to give a match 

average to decide the identity. The complete procedural 

analysis of the average point and the weighted average point 

are provided. Proposed method consist of two layers detail 

layers and base layers, , the input IR, VI pictures are 

disintegrate 2 layers based on RGF Gaussian filter Then, the 

base-layers merged using VSM, after that fused image applied 

that proposed optimization.  

 

                                         

         Figure 3 The proposed IR and visible image fusion 

 

IF = (IA + IB) / 2           ----- (8) 

Where,  

I A - Image A 

IB - Image B 

The region entropy is used to compute the salient details from 

the almost images subsidize to the merged result. given by, 

  

IF(r) =WA
(r) 

IA 
(r)

 + WB 
(r)

 IB 
(r)

   --------- (9) 

WA 
(r)

 = P A 
(r)

 / P A 
(r) 

+ P B 
(r)    

--------- (10) 

      WB 
(r)

 = 1-WA
(r)

                     -------- (11) 

 

Where,  

WA(r), WB(r) – Weighting factors 

PA (r) - region entropy of source image IA 

PB (r) - region entropy of source image IB 

The two images are merged depends upon on region 

features in revolutionize domain. Finally, inverse 

transformation yields the fused output in spatial domain. 

Region based image merged using HMSD represented 

diagrammatically in Fig(3). 

 

III. EXPERIMENTAL RESULTS AND 

COMPARISONS 

     This section, interpret the capability of proposed blending 

algorithm, different groups IR, VI images blending 

experiments interpret in this part.  simulations performed 

MATrixLABOURATRY 2013a, on an Intel(R), i5-6400 

@2.3GHz PC with 8GB -RAM.  

      Experimentation has been done by using 74 test cases of 

fingerprint and iris. 54 test cases were used to train the 

database and 10 test cases were kept out of the database to 

find false positives. iris database is obtained from consist of 5 

test samples per  IR with a resolution of 320*320. CASIA 

visible V5 database of Visible is obtained from which consist 

of 5 test samples of each fingerprint with the resolution of 

320*320 in various orientation in each class. Only the class 

with the fingerprint samples of similar orientation were 

considered to meet the criteria texture based matching. 
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Figure 4 Hybrid multi-scale decomposition with chicken swarm optimization                

                             Based fusion image result 
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measuring different ER. Based on FAR and FRR. 

FAR is a measure of fraud genuine users and false (fraud) 

users. FRR used to total users rejected to false or frauds. The 

error rates is measured by recording a genuine and imposter 

(fraud) imposter of graph depending on their frequency. 

Figure 4, 5 and 6 explained input fingerprint and iris various 

process involved to final blending of combined fused result 

displayed. 

In this example, an IR image shown in Figures (a) is 

considered which is to be fused with the visual image of 

Figures (b). HMSD is applied to this image which is then RGF 

and Gaussian filtered. It is also used to achieve excellent noise 

reduction capabilities with less blurring. Then, binary 

segmentation is carried out, filtered and binary segmented 

image. This step is followed by multiscale segmentation (the 

use of varying window sizes. Also output of HMSD seems to 

be almost indistinguishable from existing system. It once 

again depends on the perception of the observer. Further, it 

would be highly difficult to differentiate the gray level 

variations, if the changes in gray levels are not distinct. 

Output fused images applied to chicken swarm   optimization 

algorithm produce the optimized results. However, 

quantitative analysis establishes the superiority of HMSD in 

region based fusion over that existing system.  

Quantitative performance comparison 

Ten fused images are considered for performance 

comparisons in terms of PSNR and MSE using HMSD with 

chicken swarm optimization and MSD with weight least 

square optimization in image fusion approach. From the 

results, one can infer that image fusion employing HMSD 

with chicken swarm optimization outperforms the existing 

approach in yielding high PSNR values and low MSE values. 

 
Figure 5 PSNR comparisons for proposed and existing 

system 

 

 
Figure 6 MSE comparisons for proposed and existing 

system 

From the figure 5 and 6, it is inferred that proposed image 

fusion using chicken swarm optimization conveys higher 

average information content than existing based scheme. It is 

yet another validation of proposed scheme overriding the 

existing fusion. 

IV. CONCLUSION 

In this proposed, scheme for fusion method 

achieved, score based and feature based.  Proposed paper 

combines fingerprint and iris biometrics at confidence level to 

investigate and compare this multimodal biometric 

framework. Based on the simulation results, it is concluded 

that region based image fusion yields better results compared 

to that of the existing approach. It is effective in avoiding the 

problems such as RGF and Gaussian filter, reduced contrast 

and sensitivity to noise in the output fused images. 

Eventhough it is difficult to differentiate visually small 

variations in gray values between both the approaches, 

quantitative analysis proves that proposed approach performs 

well relatively. Segmentation plays an efficient role to 

achieve effective fusion. Since, colour conveys huge 

information and our eyes can discern even small variations in 

colour and can distinguish thousands of colours, next phase of 

the work is focussed on colour image fusion approach. It has 

been seen that min max and zscore normalization techniques 

are efficient and tanh normalization gives best result for open 

environment and these databases.  
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