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Abstract: This paper presents a novel Iris feature extraction technique using fractional energies of transformed 

iris image. To generate image transforms various transforms like Cosine, Walsh, Haar, Kekre and Hartley 

transforms are used. The above transforms are applied on the iris images to obtain transformed iris images. 

From these transformed Iris images, feature vectors are extracted by taking the advantage of energy 

compaction of transforms in higher coefficients.  Due to this the size of feature vector reduces greatly. Feature 

vectors are extracted in 5 different ways from the transformed iris images. First way considers all the higher 

energy coefficients of the transformed iris image while the rest considers 99%, 98%, 97%, and 96% of the 

higher energy coefficients for generating the feature vector. Considering fractional energies lowers the 

computations and gives better performance. Performance comparison among various proposed techniques of 

feature extraction is done using Genuine Acceptance Rate (GAR). Better Performance in terms of Speed and 

Accuracy is obtained by considering Fractional Energies. Among all the Transforms, Cosine and Walsh 

Transform gives good GAR value of 85% by considering 99% of Fractional Energy.  Thus, using Fractional 

Energy gives better performance as compared to using 100% energies. The proposed technique is tested on 

Palacky University Dataset. 
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I. Introduction 

Iris Recognition is a biometric that uses a person’s iris patterns to uniquely identify an individual. It comes 

under biometrics because it makes use of person’s irises, which is a bio-logical characteristic of a person. 

Human iris has advantage that it is unique, stable and non-invasive in nature and hence it is the most reliable 

biometric. Iris Recognition has many biometrics based applications. It is growing very fast and has become a 

very challenging and interesting area in real life applications. An Iris recognition system firstly gathers the 

person’s one or more detailed eye image and then it generates a feature vector for that eye image and compares 

the generated feature vector with the feature vectors in the database. If a corresponding match is found, then that 

person is accepted else the person is rejected. 

Iris recognition has a wide range of security-related applications like access control, secure online transactions, 

time and attendance management system, government and law enforcement, passport-free automated border-

crossings, national ID systems,  secure access to bank accounts at cash machines, internet security, anti-

terrorism, computer login, cell phones and other wireless-device based authentication [15]etc. 

There are many advantages of Iris recognition technology. The most important advantage of Iris Recognition 

technology is that irises are stable, so one enrolment can last a lifetime. Even for a single person his irises are 

same. Also, identical twins have different iris patterns and the left and right eye of the same person are also 

different. Moreover, from the age of two the iris pattern doesn’t change for a person. Also, it has the highest 

accuracy in comparison with other biometrics. 

 

II. Image Transforms 

A. Discrete Cosine Transform(DCT)  

DCT is a lossy image compression technique. When discrete cosine transform (DCT) is applied to an image, it 

separates the image into parts of differing importance. The DCT and discrete Fourier transform are both similar 

[3] since they both transform a signal or image from the spatial domain to the frequency domain. When DCT is 

applied to NXM image or matrix, all the low frequencies gets desegregated at upper left corner of the image 
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([2], [4], [5]). These low frequencies represent the higher energies. These low frequencies represent much of the 

image information. These high energy values can be used to form a feature vector. 

 

B. Walsh Transform 

Joseph Leonardo Walsh proposed Walsh transform in the year 1923. Walsh transform contains only the entries 

+1 and -1([2], [6]-[9]). Each row of a Walsh matrix corresponds to a Walsh Basis function. The property of 

Walsh transform matrix is that the dot product of any two distinct rows or any two distinct columns is zero [5]. 

The sequence ordering of the rows of the Walsh matrix can be derived from the ordering of the Hadamard 

matrix by first applying the bit reversal permutation and then the Gray code permutation [7]. The Walsh matrix 

(and Walsh functions) are used in computing the Walsh transform and have applications in the efficient 

implementation of certain signal processing operations [8]. 

 

C. Haar Transform 

Haar transform is an orthogonal transform. The elements of Haar transform are derived from Haar matrix whose 

elements are either +1, 0, -1 multiplied by integer powers of   . Haar transform has the advantage that it is fast, 

memory efficient and computationally simple [5]. 

 

D. Kekre Transform 

Kekre transform matrix can be of any size NXN. N need not be integer power of 2. All upper diagonal and 

diagonal elements of Kekre’s transform matrix are 1, while the lower diagonal part except the elements just 

below diagonal is zero [2].   

 

E. Hartley Transform 

The Discrete Cosine Transform (DCT) utilizes cosine basis functions, while Discrete Sine Transform (DST) 

uses sine basis function. The Hartley transform utilizes both sine and cosine basis functions. 

 

III. Proposed Iris Recognition Technique 

The proposed method includes two modules. First is Feature Extraction module and second is Query Execution 

module. Following figure represents the block diagram of proposed method. 

 
 

 
Figure 1. Architecture of system 

Results 
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The architecture consists of two modules: 

A. Feature vector Database creation 

The input is image of size NXN. Feature vector database is formed using following steps: 

1. Separate the image into R, G and B components. 

2. Apply transform on each to get transformed iris images. 

3. Form feature vector depending upon the fractional energies considered. 

So, feature vector database is formed for various transforms and by considering varied percentages as 

100%, 99%, 98%, 97%, and 96% of fractional energies. Also, for NXN image the size of feature vector is 

as follows: 

Size of Feature vector= mX3 

Where,  

m= number of coefficients considered to form feature vector. 

B. Query Execution 

Above steps are repeated for query image and the generated query image feature vector is compared with all 

the feature vectors in database to find a match. Comparison between the query image feature vector and the 

feature vectors in database is done using the Mean squared error as similarity measurement criteria. 

 

IV. Implementation 

A. Platform 

Experiments are performed on Matlab R2008a version 7.6.0.324, Intel core 3 processor  (4GB RAM and 2.24 

GHz). 

 

B. Database 

The proposed method is tested on Palacky University Dataset. This database contains total 384 eye images. 

Images are of total 64 persons including images of both males and females. Total six images are taken per 

person i.e. 3 for left eye and 3 for right eye. The size of image is 768X576 pixels. All the images were taken in a 

single session [16]. 

Following are the sample images from the Palacky database. 

 Person 1: Person 3: Person 5: 

Left 

eye 
      

Right 

eye 
       

Figure 2. Sample images from Palacky Database 

C. Similarity Measurement criteria 

The feature vectors are matched using Mean squared error. It is a similarity measurement criterion for matching 

the feature vectors. Mean squared error between two feature vectors x and y is calculated as follows, 
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Where, N is the size of the vectors to be compared. Low MSE indicates higher similarity between the feature 

vectors x and y. 

 

D. Performance Comparison metric 

Genuine Acceptance Rate (GAR) is used as a performance comparison metric to evaluate the performance of 

proposed iris recognition system. 
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GAR is defined by following equation, 

 

    
                             

                                 
 

(2) 

 

V. Results and Discussions 

To test the performance of the proposed method, total 384 queries were fired on the database containing 384 iris 

images. Matching between query feature vector and the feature vector in database is done using Mean Squared 

Error. Following figure 3 represents the GAR values using Cosine, Walsh, Haar, Kekre and Hartley Transforms. 

 
Figure 3. Performance comparison of transforms for respective percentage of fractional energies. 

 

Following table shows the performance comparison between the proposed methods. 

 

Transforms 

Energy 

considered 

to form 

feature 

vector 

No.  Of 

Transform 

Domain 

coefficient 

considered 

Reduction in 

size of feature 

vector 

GAR 
Percentage 

improvement 

in GAR 

Cosine 

100% 256X256X3 0 75% 0% 

99% 5X3 196593 85% 10% 

98% 4X3 196596 83% 8% 

97% 4X3 196596 83% 8% 

96% 4X3 196596 83% 8% 

Walsh 

100% 256X256X3 0 75% 0% 

99% 10X3 196578 85% 10% 

98% 6X3 196590 85% 10% 

97% 5X3 196593 84% 9% 

96% 5X3 196593 84% 9% 

Haar 

100% 256X256X3 0 68% 0% 

99% 20X3 196548 75% 7% 

98% 11X3 196575 75% 7% 

97% 8X3 196584 75% 7% 

96% 7X3 196587 74% 6% 

Kekre 

100% 256X256X3 0 56% 0% 

99% 3920X3 184848 56% 0% 

98% 2645X3 188673 56% 0% 

97% 2169X3 190101 55% -1% 

96% 1887X3 190947 55% -1% 

Hartley 

100% 256X256X3 0 66% 0% 

99% 9X3 196581 68% 2% 

98% 7X3 196587 68% 2% 

97% 6X3 196590 67% 1% 

96% 6X3 196590 67% 1% 

Table1.  Comparison of Methods 

 

Results have shown that by considering fractional energies gives better results as compared to considering 100% 

energies. Also, the retrieval speed and computations are reduced greatly. Finally, Cosine and Walsh Transform 

gives better performance as compared to other transform. 
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VI. Conclusion and Future Scope 

Since the iris patterns are unique for every individual, iris recognition is a reliable biometric. In this paper an 

attempt is being made to achieve good performance and higher accuracy. Better feature extraction techniques 

are proposed using various transforms and by considering fractional energies of the transformed iris image. 

Future scope will be to achieve much higher accuracy, improve the performance and achieve fast computational 

speed. 

References 

[1] Dr. Sudeep Thepade, Pushpa R. Mandal, “Novel Iris Recognition Technique using Fractional Energies of Transformed Iris 

Images using Haar and Kekre Transforms”, International Journal Of Scientific & Engineering Research Volume 5, Issue 4, 

April-2014.                                                                              
[2] Dr. Sudeep D. Thepade, Pooja Bidwai, “Iris Recognition using Fractional Coefficients of Cosine, Walsh, Haar, Slant, Kekre 

Transforms and Wavelet Transforms”, International Journal of Emerging Technologies in Computational and Applied Sciences, 

June- August, 2013, pp. 141-146. 

[3] M. Mani Roja, Dr. Sudhir Sawarkar, “Iris Recognition using Orthogonal Transforms”, M. Mani Roja et al. /International journal 
of Engineering and Technology(IJET). 

[4] M. Sarhan, "Iris recognition using discrete cosine transform and artificial neural networks", Journal of Computer Science, vol. 5, 

no. 5, pp. 369-373, 2009.  
[5] Dr. H. B. Kekre, Dr. Tanuja K., Pratik Bhatia, Sandhya N., “Iris Recognition using Partial Coefficients by applying Discrete 

Cosine Transform, Haar Wavelet and DCT Wavelet Transform”, International Journal of Computer Applications (0975-8887) 

Volume 32-No.6, October 2011. 
[6] Dr. H. B. Kekre, Sudeep D. Thepade, Juhi Jain, Naman Agrawal, “Iris Recognition using Texture Features Extracted from 

Walshlet Pyramid”, ACM-International Conference and Workshop on Emerging Trends in Technology (ICWET 2011). Thakur 

College of Engg. And Tech., Mumbai, 26-27 Feb 2011.  
[7] Dr.H.B.Kekre, Sudeep D. Thepade, Akshay Maloo,"Face Recognition using Texture Features Extracted form Walshlet Pyramid", 

ACEEE International Journal on Recent Trends in Engineering and Technology (IJRTET), Volume 5, Issue 1, 

www.searchdl.org/journal/IJRTET2010 . 
[8] Dr. H. B.Kekre, Dr. Tanuja K. Sarode, Sudeep D. Thepade and Ms. Sonal Shroff, "Instigation of Orthogonal Wavelet Transforms 

using walsh, Cosine, Hartley, Kekre Transforms and their use in Image Compression", (IJCSIS) International Journal of 

Computer Science and Information Security, Vol. 9, No. 6, 2011. 
[9] Dr.H.B.Kekre, Sudeep D. Thepade, Juhi Jain, Naman Agrawal, "Performance Comparison of IRIS Recognition Techniques using 

Wavelet Pyramids of Walsh, Haar and Kekre Wavelet Transforms", International Journal of Computer Applications (IJCA), 

Number2, Article4,March2011. 
[10] Dr. H. B. Kekre, Sudeep D. Thepade, Akshay Maloo, “Performance Comparison of Image Retrieval Using Fractional 

Coefficients of Transformed Image Using DCT, Walsh, Haar and Kekre’s Transform”, International Journal of Image Processing 

(IJIP) Volume (4): Issue (2). 

[11] Dr. H. B. Kekre, Dr. Sudeep D. Thepade, Akshay Maloo,” Comprehensive Performance Comparison of Cosine, Walsh, Haar, 

Kekre, Sine, Slant and Hartley Transforms for CBIR with Fractional Coefficients of Transformed Image”, International Journal 
of Image Processing (IJIP), Volume (5) : Issue (3) : 2011. 

[12] Dr. H. B. Kekre, Dr. Sudeep D. Thepade, Saurabh Gupta, “Content Based Video Retrieval in Transformed Domain using 

Fractional Coefficients”, International Journal of Image Processing (IJIP), Volume (7) : Issue (3) : 2013. 
[13] Dr. H. B. Kekre, Dr. Sudeep D. Thepade, Varun K. Banura, Ankit Khandelwal, “Augmentation of Image Retrieval using 

Fractional Coefficients of Hybrid Wavelet Transformed Images with Seven Image Transforms”, International Journal of 

Computer Sci ence And Technology Vol. 3, Issue 1, Jan. - March 2012. 
[14] H. B. Kekre, Sudeep D. Thepade, Ratnesh N. Chaturvedi, “ NOVEL TRANSFORMED BLOCK BASED INFORMATION 

HIDING USING COSINE, SINE, HARTLEY, WALSH AND HAAR TRANSFORMS”, International Journal of Advances in 

Engineering & Technology, Mar. 2013. 
[15] http://www.cl.cam.ac.uk/~jgd1000/applics.html.  

[16] Palacky University iris database, http://www.advancesourcecode.com/irisdatabase.asp. (Last referred on 10 August 2013). 

[17] John Daugman, "How Iris Recognition works",IEEE TRANSACTIONS ON CIRCUITS AND SYSTEMS FOR VIDEO 
TECHNOLOGY, VOL. 14, NO. 1, JANUARY 2004.R.P. Wildes, "Iris recognition: an emerging biometrics technology", Proc. 

IEEE 85 (1997) 13481363. 

[18] KevinW. Bowyer, Karen P. Hollingsworth, and Patrick J. Flynn, "A Survey of Iris Biometrics Research: 20082010",M.J. Burge 
and K.W. Bowyer (eds.), Handbook of Iris Recognition, Advances in Computer Vision and Pattern Recognition, SpringerVerlag 

London 2013. 

   


