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 With the wide spread utilization of Biometric identification systems, the authenticity of 

biometric data poses as an important issue. Reliability and accuracy in hiding the 

biometric data is a dominant concern to the security in a biometric based system. 

Multimodal Biometric System using multiple sources of data has been widely 
recognized but the models for multimodal biometric system have only recently received 

attention. In this paper, a novel approach for creating a multimodal biometric system 

has been proposed. The multimodal biometric system is implemented using the 
different fusion schemes such as Discrete Wavelet Transform Fusion, Stationary 

Wavelet Transform Fusion, Laplacian Gradient Fusion and Pyramid Gradient Fusion to 

improve the performance of the system. These fusion schemes are termed as multiscale 
transform. In feature extraction level, the information extracted from different 

modalities is stored in vectors on the basis of their modality. These modalities are then 

blended to produce a joint template. The obtained templates are analyzed to find the 
best template.  
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INTRODUCTION 
 

 A multimodal biometric system combines two or more biometric data recognition results such as a 

combination of a subject's fingerprint, face, iris and voice. This increases the reliability of personal identification 

system that discriminate between an authorized person and a fraudulent person. Multimodal biometric system 

has addressed some issues related to unimodal such as, (a) Non-universality or insufficient population coverage 

(reduce failure to enroll rate which increases population coverage). (b) It becomes more and more 

unmanageable for an impostor to imitate multiple biometric traits of a legitimately enrolled individual. (c) 

Multimodal-biometric systems effectively address the problem of noisy data (illness affecting voice, scar 

affecting fingerprint).  

 In this paper, a novel approach for creating a multimodal biometric system has been proposed. The 

multimodal biometric system is implemented using the different fusion schemes such as DWT Fusion, SWT 

Fusion, Laplacian Gradient Fusion, and Pyramid Gradient Fusion to improve the performance of the system. In 

feature extraction level, the information extracted from different modalities is stored in vectors on the basis of 

their modality. These modalities are then blended to produce a template. Fusion at feature extraction level 

generates a homogeneous template for fingerprint, iris and palmprint features. 

 

1. Related work: 

 Jing-Ming Guo et al (2014) proposed a fingerprint classification method where types of singular points and 

the number of each type of point are chosen as features. Kai Cao et al (2013) designed an orientation diffusion 

model for fingerprint extraction where corepoints and ridgeline flow are used. Ayman Mohammad Bahaa-Eldin 

(2013) created a novel minutiae based fingerprint matching system which creates a feature vector template from 

the extracted core points and ridges. Kamlesh Tiwari et al (2013) modeled a palmprint based recognition` 

system which uses texture and dominant orientation pixels as features. XiumeiGuo et al (2014) identified a 

palmprint recognition method which uses blanket dimension for extracting image texture information. Feng Yue 

and WangmengZuo (2013) presented a typical palmprint identification system which constructed a pattern from 

the orientation and response features. Nibouche O and Jiang J (2013) designed a new palmprint matching 
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system based on the extraction of feature points identified by the intersection of creases and lines.Jing Li et al 

(2013) proposed a competent representation method which can be used for classification. Anne M.P. Canuto et 

al (2013) created a model that fused voice and iris biometric features. This model acted as a new representation 

of existing biometric data. Norman Poh et al (2013) proposed user specific and selective fusion strategy for an 

enrolled user. Mohd Shahrimie et al (2014) identified a new geometrical feature Width Centroid Contour 

Distance for finger geometry biometric. Zengxi Huang et al (2013) developed a face and ear biometric system 

which uses a feature weighing scheme called Sparse Coding error ratio.Meng Ding et al (2013) proposed the 

fusion method which contains over complete dictionary, an algorithm for sparse vector fusion rule. Aravinth J 

and Valarmathy S (2012) identified the extraction of features for three modalities viz. fingerprint, iris and face. 

The extracted data is preserved as a template individually, which can be combined using density based score 

level fusion. 

 

2. Proposed work: 

 The proposed work describes the feature extraction of multimodal biometric images such as, fingerprint, 

palmprint, and iris. The extracted information is fused together using DWT Fusion, SWT Fusion, Laplacian 

Gradient Fusion and Pyramid Gradient Fusion.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 1: Proposed Model. 

 

3. Biometric modality extraction: 

 In this paper fingerprint, iris and palmprint modalities are extracted individually. The processes are 

explained below. 

 

3.1  Fingerprint Modality Extraction: 

Pre-Processing: 

 Image enhancement techniques are used to refine a given image so that the desired features become easier 

to perceive for the human visual system or more likely to be detected by automated image analysis system. 

Enhancement algorithms are used to reduce image noise and increase the contrast of the region of interest. The 

histogram - equalization method usually increases the global contrast of the image. Through this adjustment, the 

intensities can be better distributed on the histogram.  

 

Binarisation: 

 This is a process of converting gray level image into a binary image. This improves the contrast between 

ridges in a fingerprint image. The binarisation process involves examining the gray-level value of each pixel in 

the enhanced image, and, if the value is greater than the global threshold, then the pixel value is set to a binary 

value one; otherwise, it is set to zero. 

 

Thinning: 

 Thinning is a morphological operation which erodes the foreground pixels. This preserves the connectivity 

of ridges. This is performed using two subiterations. Each subiteration begins by analysing the neighborhood of 

each pixel in the binary image. Based on a particular set of pixel-deletion criteria, it checks whether the pixel 

can be removed or not. These subiterations continue until no more pixels can be expelled. The application of the 

thinning algorithm to a fingerprint image preserves the connectivity of the ridge structures which forms a 

skeletonized version of the binary image. Thus the fingerprint modality is extracted from the fingerprint image. 

 In this paper fingerprint images of size 200 x 200 pixels are taken as input. The skeletonized version of the 

output image obtained is of size 200 x 200 pixels.  

Fingerprin

t 

   Iris 

Fusion 

Algorithms 

(DWT Fusion / 

SWT Fusion / 

Laplacian 

Gradient Fusion 

and Pyramid 

Gradient Fusion) 

Analysis 
 

Modality 

extraction 

Modality extraction 

 

Fused 

Templates 

Modality 

extraction 

 

Palmprint 

Best Fused 

Template 



533                                                               S. Anu H. Nair and Dr. P. Aruna, 2015 

Advances in Natural and Applied Sciences, 9(6) Special 2015, Pages: 531-538 

 

3.2 Iris Modality Extraction: 

Segmentation: 

 The iris segmentation is the initial stage of iris extraction. This stage isolates the actual iris region from an 

eye image. The iris region can be approximated by two circles, namely iris/sclera boundary and iris/pupil 

boundary. The problem arising in detecting the two circles is due to the occlusion of upper and lower parts of 

the iris region by eyelids and eyelashes. A technique is required to isolate and exclude these artifacts as well as 

locate the circular iris regions success of segmentation of the circular components depends on the imaging 

quality of eye images. Hough transform is used to determine the parameters of simple geometric objects, such as 

lines and circles, present in an image. The circular Hough transform is employed to deduce the radius and center 

coordinates of the pupil and iris regions. An edge map is generated by calculating the first derivatives of 

intensity values in an eye image and then thresholding the result. A circle can be defined as 

x
2
 + y

2 
= r

2
           (1) 

where x, y are the coordinates of center and r is the radius. 

The Hough transform is defined as 

H ( xc, yc, r) = h ( 𝑥𝑗  , 𝑦𝑗 , 𝑥𝑐 , 𝑦𝑐  , r )𝑛
𝑗=1          (2) 

Where  

h (𝑥𝑗  , 𝑦𝑗 , 𝑥𝑐 , 𝑦𝑐  , r ) =  
1 , 𝑖𝑓 𝑔 ( 𝑥𝑗  , 𝑦𝑗 , 𝑥𝑐 , 𝑦𝑐  , r )

0,𝑂𝑡𝑒𝑟𝑤𝑖𝑠𝑒
  

With 

𝑔 𝑥𝑗  , 𝑦𝑗 , 𝑥𝑐 , 𝑦𝑐  , r  =( 𝑥𝑗  –  𝑥𝑐)2  +  ( 𝑦𝑗  –  𝑦𝑐)2 −  𝑟2 

 A maximum point in the Hough space corresponding to the radius and center coordinates of the circle is 

best defined by the edge points. Eyelids are isolated by first fitting a line to the upper and lower eyelid using the 

linear Hough transform. A second horizontal line is then drawn, which intersects with the first line at the iris 

edge that is closest to the pupil. The second horizontal line allows maximum isolation of eyelid regions. Canny 

edge detection is used to create an edge map. 

 

Normalization: 

 Normalization is a linear process, and it is done to negate the variable’s effect on the data.  

 
Fig. 2: Conversionof polar to rectangular form of Iris. 

 

The fixed size rectangular coordinates are obtained using equations 3 to 7.  

xi=centre(x)+[innerradius*cos(θ)]         (3) 

yi=centre(y)+[innerradius*sin(θ)]         (4) 

xo=centre(x)+[outerradius*cos(θ)]         (5) 

yo=centre(y)+[outerradius*sin(θ)]         (6) 

x=xi+ [(xo-xi) *y]/m          (7) 

y=xi+ [(xo-xi) *y]/m          (8) 

where 

θ = (2*π*X)/n 

xi,yi- Midpoint of the inner circle, 

xo, yo- Midpoint of outer circle, 

(x, y) - Midpoint of iris image, 

 Equations 3 and 4 correspond to the inner circle calculation and equations 5 and 6 correspond to the outer 

circle calculation. In this paper Iris images of size 150x200 are taken as input. The rectangular iris image 

obtained is of size 64x512. 

 

3.3 Palmprint Modality Extraction: 
Pre-Processing: 

 Histogram-equalization method usually increases the global contrast of the image, especially, when the 

usable data of the image is represented by close contrast values. Through this adjustment, the intensities can be 

better varied on the histogram. This helps to gain a higher contrast. Histogram equalization accomplishes this by 

effectively spreading out the most frequent intensity values. 
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Binarisation: 

 This is a process of converting gray level image into a binary image. This improves the contrast between 

ridges in an image. The binarisation process involves examining the gray-level value of each pixel in the 

enhanced images and converting them to either 0 or 1. 

 

Cropping and Convolving: 

 The image is subjected to cropping process for the selection of the region of interest. The obtained image is 

convolved with the Sobel operator 

The Sobel Operator is [12 1 0 0 0 -1 -2 -1] 

 The resultant would be the extracted modality of palmprint. In this paper palmprint images of size 640 x 

480 pixels are taken as input. The skeletonized version of the output image obtained is of size 233 x 287 pixels. 

 

4. Multimodal Biometric System: 

4.1 Image Fusion for Multimodal biometric system: 

 Image Fusion (also called synthesis) is the process of combining two or more distinct features into a new 

whole template. Image fusion is the process of combining relevant information from two or more images into a 

single image. The resulting image will be more informative than any of the input images.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 3: Fusion of fingerprint, iris and palmprint modalities. 

 

4.2 Various Image Fusion methods: 

 There are various methods that have been developed to perform image fusion. Some well-known image 

fusion methods used here are:-  

a. Pyramid method 

i. Laplacian Pyramid 

ii. Gradient pyramid  

b. Wavelet transforms  
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i. Discrete wavelet transforms    (DWT)  

ii. Stationary wavelet transform  

 

4.2.1 Pyramid Fusion Algorithm: 

 An image pyramid consists of a set of low pass or band pass copies of an image, each copy representing 

pattern information on a different scale. At every level of fusion using pyramid transform, the pyramid would be 

half the size of the pyramid in the preceding level and the higher levels will concentrate upon the lower spatial 

frequencies. The basic idea is to construct the pyramid transform of the fused image from the pyramid 

transforms of the source images. The fused image is obtained by taking inverse pyramid transform (Sukhpreet 

Singh and RachnaRajput,2014). 

 Every pyramid transform consists of three major phases: 

• Decomposition  

- Decomposition is the process where a pyramid is generated successively at each level of the fusion. 

   3 main steps are  

 Low pass filtering using W = [1/16, 4/16,6/16,4/16,1/16]. 

  Subtract the low pass filtered input images and form the pyramid 

 Decimate the input image matrices by halving the number of rows and columns  

• Formation of the initial image for recomposition.  

- Merging the input images is performed after the decomposition process.  

• This resultant image matrix would act as the initial input to the recomposition process.  

• Recomposition  

– I/P image is undecimated 

– Undecimating the image matrix by duplicating every row and column 

– The undecimated image is convolved with the transpose of filter vector 

– The filtered matrix is merged with the pyramid formed at the level of decomposition. 

– The merged image at the final level of recomposition will be the resultant fused image. 

 

4.2.1.1 Laplacian Pyramids image fusion: 

 Laplacian pyramid of an image is a set of band pass images, in which each is a band pass filtered copy of its 

predecessor. Band pass copies can be obtained by calculating the difference between Low pass images at 

successive levels of a pyramid(Indhumadhi N and  Padmavathi G ,2011).  

 

    
(a)        (b)        (c)       (d) 

Fig. 4: (a)-Extracted Fingerprint Modality, (b)-Extracted Iris modality, (c)-Extracted Palmprint Modality,(d)-

Fused Image. 

 

4.2.1.2 Gradient Pyramid image fusion: 

 A gradient pyramid is obtained by applying a set of 4 directional gradient filters (horizontal, vertical and 2 

diagonal) to the Gaussian pyramid at each level. At each level, these 4 directional gradient pyramids are 

combined together to obtain a combined gradient pyramid that is similar to a Laplacian pyramid. The gradient 

pyramid fusion is therefore the same as the fusion using Laplacian pyramid except replacing the Laplacian 

pyramid with the combined gradient (Indhumadhi N and  Padmavathi G ,2011). 

 

      
(a)      (b)    (c)      (d) 

Fig. 5: (a)-Extracted Fingerprint Modality, (b)-Extracted Iris modality, (c)-Extracted Palmprint Modality,(d)-

Fused Image. 

 

4.2.2 Wavelet Transforms: 

4.2.2.1 Discrete Wavelet Transform: 

 The wavelets-based approach is appropriate for performing fusion tasks for the following reasons:- (1) It is 

a multiscale (multi resolution) approach well suited to manage the different image resolutions. (2) The discrete 

wavelets transform (DWT) allows the image decomposition in different kinds of coefficients preserving the 

image information. (3) Once the coefficients are merged the final fused image is achieved through the inverse 
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discrete wavelets transform (IDWT), where the information in the merged coefficients is also preserved 

(Sukhpreet Singh and Rachna Rajput , 2014).The 2×2 Haar matrix that is associated with the Haar wavelet is 

 
The method is as follows: 

 Perform independent wavelet decomposition of the two images until level L  

 DWT coefficients from two input images’ are fused pixel-by-pixel 

 It is obtained by choosing the average of the approximation coefficients.  

 Inverse DWT is performed to obtain the fused image. (Deepak Kumar Sahu and M.P.Parsai ,2012) 

 

          
(a)         (b)  (c)   (d) 

Fig. 6: (a)-Extracted Fingerprint Modality, (b)-Extracted Iris modality,(c)-Extracted Palmprint Modality,(d)-

Fused Image. 

 

4.2.2.2 Stationary Wavelet Transform: 

 The Stationary Wavelet Transform is a wavelet transform algorithm which is designed to overcome the lack 

of translation invariance of the Discrete Wavelet Transform. Translation Invariance is achieved by removing the 

down samplers and the up samplers in the DWT and up-sampling the filter coefficients by a factor of 2(j-1) in 

the j
th

 level of the algorithm. In summary, the SWT method can be described as follows 

• Decompose the two source images using SWT at one level resulting in three details subbands and one 

approximation subband (HL, LH, HH and LL bands). 

• Then take the average of approximate parts of images. 

• Take the absolute values of horizontal details of the image and subtract the second part of image from first. 

D = (abs (H1L2)-abs (H2L2))>=0          (9) 

 For fused horizontal part make element wise multiplication of D and horizontal detail of first image and 

then subtract another horizontal detail of second image multiplied by logical not of D from first. 

•  Find D for vertical and diagonal parts and obtain the fused vertical and details of image. 

• Fused image is obtained by taking inverse stationary wavelet transform. 

 

    
(a)            (b)            (c)          (d) 

Fig 7: (a)-Extracted Fingerprint Modality, (b)-Extracted Iris modality, (c)-Extracted Palmprint Modality, (d)-

Fused Image. 

 

5.Performance metrics used: 

 To analyze and find the best fused image some performance metrics are used. This identifies the best fused 

template which is fed as input to the watermarking model. 

 

5.1 Xydeas and Petrovic Metric - Qabf: 

 A normalized weighted performance metric of a given process p that fuses A and B into F, is given as: 

(Zengxi Huang et al, 2013) 

𝑄𝐴𝐵/𝐹 =
   𝑄

𝑚 ,𝑛  
𝐴𝐹 𝑤𝑚 ,𝑛

𝐴 +𝑄
𝑚 ,𝑛  
𝐵𝐹 𝑤𝑚 ,𝑛

𝐵  𝑁
𝑛=1

𝑀
𝑚=1

   𝑤𝑚 ,𝑛
𝐴 +𝑤𝑚 ,𝑛

𝐵  𝑁
𝑛=1

𝑀
𝑚=1

        (10) 

where A,B and F represent the input and fused images respectively. The definition of Q
AF

 and Q
BF

 are same and 

given as 

Q
AF

(m,n) = Q
AF

g (m,n) Q
AF

α (m,n)          (11) 

where Q⃰
F

g}, Q⃰
F

α are the edge strength and orientation values at location (m,n) for images A and B. The dynamic 

range for Q
AB/F

is [0, 1] and it should be close to one for better fusion. 

 

5.2 Visual Information Fidelity (VIF): 

 VIF first decomposes the natural image into several sub-bands and parses each sub-band into blocks (Meng 

Ding et al, 2013). Then, VIF measures the visual information by computing mutual information in the different 

models in each block and each sub-band. Finally, the image quality value is measured by integrating visual 

information for all the blocks and all the sub-bands. This relies on modeling of the statistical image source, the 
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image distortion channel and the human visual distortion channel. Images come from a common class: the class 

of natural scene. Image quality assessment is done based on information fidelity where the channel imposes 

fundamental limits on how much information could flow from the source (the reference image), through the 

channel (the image distortion process) to the receiver (the human observer). 

VIF = Distorted Image Information / Reference Image Information         (12) 

 

5.3 Fusion Mutual Information: 

 It measures the degree of dependence of two image(Feng Yue and Wangmeng Zuo, 2013).If the joint 

histogram between I1(x, y) and If (x,y) is defined as 𝐼1𝐼𝑓
(𝑖, 𝑗) and I2 (x,y) and If(x,y) is defined as 𝐼2𝐼𝑓  

(𝑖, 𝑗) then 

Fusion Mutual Information (FMI) is given as  

𝐹𝑀𝐼 = 𝑀𝐼𝐼1𝐼𝑓  
+ 𝑀𝐼𝐼2𝐼𝑓  

          (13) 

where 

𝑀𝐼𝐼1𝐼𝑓  
=   𝐼1𝐼𝑓  

(𝑖, 𝑗) log2  
𝐼1𝐼𝑓  

(𝑖 ,𝑗 )

𝐼1  (𝑖 ,𝑗 )𝐼𝑓
 (𝑖 ,𝑗 )

 𝑁
𝑗=1

𝑀
𝑖=1         (14) 

𝑀𝐼𝐼2𝐼𝑓  
=   𝐼2𝐼𝑓  

(𝑖, 𝑗) log2  
𝐼2𝐼𝑓  

(𝑖 ,𝑗 )

𝐼2  (𝑖 ,𝑗 )𝐼𝑓
 (𝑖 ,𝑗 )

 𝑁
𝑗=1

𝑀
𝑖=1         (15) 

 

5.4 Average Gradient: 

 The Average Gradient is applied to measure the detailed information in the images. If the fused template 

provides a better value then the fused template provides better results than any other fused template. 

𝑔 =
1

(𝑀−1)(𝑁−1)
    

𝜕𝑓 (𝑥 ,𝑦)

𝜕𝑥
 +  

𝜕𝑓 (𝑥 ,𝑦)

𝜕𝑦
 

22
𝑁−1
𝑦=1

𝑀−1
𝑥=1         (16) 

 

5.5 Entropy: 

 Entropy is defined as amount of information contained in a signal. The entropy of the image can be 

evaluated as 

H = - ∑ P(i)*log2(P(di))          (17) 

where G is the number of possible gray levels, P(di) is probability of occurrence of a particular gray level di. If 

entropy of fused image is greater than parent image then the fused image contains more information. 

 
Table I: Quality of Fingerprint ,Iris and Palmprint Fused Template. 

Metrics 

Fusion 
Methods 

Qabf VIF MI Average Gradient Entropy 

DWT Fusion 0.44 0.32 4.01 30.10 7.66 

SWT Fusion 0.27 0.10 2.74 13.01 5.70 

Laplacian Pyramid 

Fusion 

0.09 0.04 0.54 4.94 2.49 

Gradient Pyramid Fusion 0.03 0.00 0.49 24.94 0.57 

 

 The above results indicate that the DWT fusion method gave better results than other fusion algorithms. 

This fused template is fed into the watermarking model along with the cover image. 

 

6.Conclusion: 

 In this paper novel feature level fusion algorithms for multimodal biometric were proposed. Each biometric 

modalitywas individually extracted and the obtained modalities were fused together. As a result the fusion 

methods produced successfully the fused templates and the best fused template has been identified. Various 

metrics such as Qabf, VIF, Mutual Information, Average Gradient and Entropy are used to measure the image 

quality. CASIA database is chosen for the biometric images. The DWT fused image provided better results than 

other fused templates. 
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