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ABSTRACT 
Iris recognition, a relatively new biometric technology, has great advantages, such as variability, stability and security, thus it is 
the most promising for high security environments. Hence numbers of IRIS recognition algorithms are available, techniques 
we purposed such as SVD (singular value decomposition) this technique will be used to extract the features of iris.The non-
useful information such as sclera, pupil, eyelashes and eyelids are removed and Region of Interest (ROI) is extracted. Then the 
Iris template is generated to reduce the information thereby concentrating only on the ROI. The details of this combined system 
named as Iris Pattern recognition using neural Network Approach. All IRIS recognition algorithms are evaluated on the basis 
of classification rate obtained after changing different parameters such as number of classes, Training and Testing patterns, 
SVDTo reduce complexity of layered neural network the dimension of input vectors are optimized using Singular Value 
Decomposition (SVD). The optimum classification values are obtained with SVD 20 dimension and maximum number of 
classes as 9 with the state-of-the art computational resources. The details of this combined system named as SVD-EBD system 
for Iris pattern recognition.  
Keywords: singular value decomposition, ubiris database 

1.INTRODUCTION 
Singular Value Decomposition (SVD) is a powerful matrix technique with many useful applications such as image 
compression, pattern recognition, least squares method and many more. The main concept behind SVD is to expose the 
hidden geometry of the matrix. SVD is widely used as a dimension reduction tool. If we are operating on M*N matrix 
(M≥N) then by applying SVD the matrix is factorized into three other matrices which is of the following form given by 
equation 1: 

TUDVA          (1) 
Where the superscript denotes the transpose of V matrix. 
A= Original Matrix or Original Image 
U= An M*M orthogonal matrix. 
V= An N*N orthogonal matrix. 
D= An M*N diagonal matrix in which the diagonal elements are non-zero in non-decreasing values and all the other 
values are zero. Sij=0 if i≠0 and Sii> Si+1,i+1. The two important aspects to be noted here is that: 
Dis zero everywhere except in the main diagonal. This leads to reduction in the dimension of the input pattern from a 
matrix M*N to only a vector of N elements.  
Only the first k elements contain substantial information, and the vector tail without significant information content 
can be cropped out[1].  

2. UBIRIS DATABASE 
The iris is regarded as one of the most useful traits for biometric recognition and the dissemination of nationwide iris-
based recognition systems is imminent. However, currently deployed systems rely on heavy imaging constraints to 
capture near infrared images with enough quality. Also, all of the publicly available iris image databases contain data 
correspondent to such imaging constraints and therefore are exclusively suitable to evaluate methods thought to operate 
on these types of environments. The main purpose of this paper is to announce the availability of the UBIRIS.v2 
database, a multisession iris images database which singularly contains data captured in the visible wavelength, at-a-
distance (between four and eight meters) and on on-the-move. This database is freely available for researchers 
concerned about visible wavelength iris recognition and will be useful in accessing the feasibility and specifying the 
constraints of this type of biometric recognition. 
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Figure 1 Comparison between a good quality image and several types of non ideal images of the UBIRIS.v2 database. 

These images are the result of less constrained imaging conditions, either under varying lighting conditions, at-a-
distance, and on-the-move. (a) Good quality iris image. (b) Off-angle iris image. (c) Poorly focused iris image. (d) 

Rotated iris image. (e) Motion-blurred iris image. (f) Iris obstructions due to eyelids. (g) Iris obstructions due to 
eyelashes. (h) Iris obstructions due to glasses. (i) Iris obstructions due to contact lenses. (j) Iris obstructions due to hair. 

(k) Iris imaging in poor lighting conditions. (l) Iris with specular reflections. (m) Iris with lighting reflections. (n) 
Partially captured iris. (o) Out-of-iris image[7]. 

3.SVD IMPLEMENTATION IN MATLAB 
The command [U,S,V] = SVD(X) produces a diagonal matrix S, of the same dimension as X and with nonnegative 
diagonal elements in decreasing order, and unitary matrices U and V so that X = U*S*V'. S = SVD(X) returns a vector 
containing the singular values which is nothing but the diagonal elements in descending order. This concept is very 
important in many applications as it can be exploited in image compression as only the first few diagonal elements 
contains the substantial information and the tail end of diagonal elements can be cropped out without significant loss of 
much information. [U, S, V] = SVD(X,0) produces the "economy size" decomposition. If X is M-by-N with M > N, 
then only the first N columns of U are computed and S is N-by-N. For M <= N, SVD(X, 0) is equivalent to SVD(X). 
[U, S, V] = SVD(X, 'econ') also produces the "economy size" decomposition. If X is M-by-N with M >= N, then it is 
equivalent to SVD(X, 0). For M < N, only the first m columns of V are computed and S is M-by-M. 
The concept of Singular Value Decomposition (SVD) can be well understood by looking at the example below which 
shows the decomposition of a matrix using SVD technique, Here A is 5*5 matrix,  
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Now, executing the command Xpattern=svd (A) returns a vector containing the singular values which is nothing but 
the diagonal elements in descending order. After execution this command returns the value of Xpattern as shown 
below, 
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Xpattern obtained from the above transformation is nothing but the singular values occupying the diagonal elements of 
the matrix, except for that all the other elements of the matrix are zero. As, we can see that the tail end of Xpattern 
vector contains lesser information so, the tail end of this vector can be cropped out in some applications without 
substantial loss of much information. So, SVD reduces the dimensionality of the problem. This concept can be well 
understood by looking at the figure 4.1 which is a plot between Xpattern and amount of information. 
 

 
Figure 2Implementation of SVD for Matrix A 

 
Singular Value Decomposition (SVD) has been implemented in our algorithm to reduce the size of the iris template 
from 40*40 dimensions to 40 dimensions. The first 40 dimensions consist of the diagonal information in descending 
order. Figure 4.2 shows the image of the iris template obtained after the segmentation step to extract the region of 
interest.  

 
Figure 3Iris Template 

Then SVD of the image is applied to reduce the dimension of the iris template from 1600 to 40 dimensions thereby 
reducing huge amount of information. This helps in reducing the complexity of the Neural Network used later. The 
SVD plot for Iris template is shown in figure 4.5. The amount of information gets reduced as we move towards the tail 
end.  

 
Figure 4Plotting of the SVD pattern for Iris Template 
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4.MATHEMATICAL CALCULATION FOR SVD 
Singular value decomposition takes a rectangular matrix of gene expression data (defined as A, where A is an x p 
matrix) in which the n rows represents the genes, and the p columns represents the experimental conditions. The SVD 
theorem states: 

Anxp= UnxnSnxpVT
pxp 

Where, 
UTU = Inxn 

VTV = Ipxp(i.e. U and V are orthogonal) 
Where the columns of U are the left singular vectors (gene coefficient vectors); S (the same dimensions as A) has 
singular values and is diagonal (mode amplitudes); and VT has rows that are the right singular vectors (expression level 
vectors). The SVD represents an expansion of the original data in a coordinate system where the covariance matrix is 
diagonal. 
Calculating the SVD consists of finding the eigenvalues and eigenvectors of AAT and ATA. The eigenvectors of ATA 
make up the columns of V; the eigenvectors of AAT make up the columns of U. Also, the singular values in S are 
square roots of eigenvalues from AAT or ATA.  The singular values are the diagonal entries of the S matrix and are 
arranged in descending order. The singular values are always real numbers. If the matrix A is a real matrix, then U and 
V are also real[1] [7]. 

5.NEURAL NETWORK 
The research on Artificial Neural Network (ANN) started in 1943 when Warren McCulloch, a neurophysiologist, and a 
young mathematician, Walter Pitts, developed up a theory on neural computing and modeled a simple neural network 
called McCulloch-Pitt’s model (1947).In1949 DrHebb’s put up a physiological principle called Hebbian Rule which is 
further used in training of neural networks. With introduction of Computers in 1950s, it became possible to model the 
human thinking process.Currently most neural network development is in software form and simply proves that the 
principle works. These neural networks due to processing limitations take days and weeks to learn.Neural Network is a 
processing device which is either an algorithm or a hardware whose design is motivated by the design and functioning 
of a human brain and the components thereof. With the emergence of neural networks, works has been carried out in 
the field of Pattern Recognition using Neural Network Classifiers. The information is distributed in connections 
throughout the network. Neural Networks also exhibits faulttolerance and robustness. Even if the few neurons are not 
working properly the performance of the system does not get affected as the network automatically adjusts itself to new 
information. Neural Networks can perform massive parallel operations whereas a computer operates sequentially. A 
neural network with single node is insufficient for many applications. So, networks with large number of nodes are 
used which are connected via different architectures. These set of neural networks has to be trained for pattern 
classification tasks so, the neural network is stimulated by an environment. The neural network undergoes changes in 
its free parameters as a result of stimulation and network responds in a new way to the environment because of the 
changes[6]. 
5.1 Feed Forward Networks 
Feed Forward Neural Network is nothing but a subclass of Layered architecture. In this the connections are allowed 
only from layer j to layer j+1, it means that no backward connections and connections within same layer are possible in 
this type of architecture. It is the most general architecture and is also called Error Back-propagation Neural Networks. 
This architecture is widely used in large applications ranging from pattern classification to Control systems. In Feed 
Forward Neural Network every node in layer is connected to every node in next layer. The number of input nodes is 
equal to the number of elements of pattern vector whereas the number of output nodes is equal to the number of classes. 
The number of hidden layers is determined by hit and trial which is approximately double as that of the number of 
input layers. It is the extension of Gradient Descent rule. The architecture of Feed Forward Neural Network is shown in 
figure 5.8. The signal propagates from forward from input to output layer whereas error propagates backward from 
output to input layer to update weights. Random values are chosen for hidden layer and output layer connection 
weights. 

 
Figure 5 Feed Forward Neural Network 
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Outputs of hidden layer nodes are determined on basis of input patterns and assumed connection weights of hidden 
layers. Outputs of output layer nodes are determined on the basis of outputs of hidden layer nodes and assumed 
connection weights for output layer. Weights of output layer are updated first based on gradient descent rule applied to 
output nodes followed by updating weights of hidden layers based on Gradient Descent applied to hidden node. This 
process is repeated until the convergence is reached (error within limits). 

6.IMPLEMENTATION OF THE ERROR BACK PROPAGATION NEURAL NETWORK FOR 
CLASSIFICATION OF IRIS PATTERNS 
For, the classification of the extracted feature of the iris patterns Feed Forward Neural Network is used. The Feed 
Forward network in our algorithm implements the classical 3-layer architecture: 

1. Input layer 
2. Hidden layer and 
3. Output layer.  

The input layer contains as much neurons as the number of classes of the pattern vector, with N neurons, where N=2 to 
108.The number of neurons in the input layer depends upon the number input patterns. Normally, the number of 
neurons in the hidden layer is approximately double as that input layer for good classification results. The output layer 
will contain as much neurons as there are classes to recognize. In our algorithm with the CASIA Iris database, 108 
classes were utilized, therefore 108 output neurons in our network. Following are some of the parameters set for 
network training using the neural network toolbox, 
 Training function: traingda (Adaptive training rate). 
 Initial Learning rate: 0.2 
 Learning rate increment: 1.05 
 Maximum number of epochs: 50,000 
 Error Goal: 5*10-7 
 Minimum Gradient: 1*10-9 

 

 
Figure 6Customs Neural Network 

 
When the network is trained in supervised mode, a target vector is also presented to the network. This target vector T 
has every element set to zero, except on the position of the target class that will be set to 1. The idea behind this design 
decision is that for each input pattern X presented to the network, an output vector Y is produced. This vector has the 
same number of elements of output neurons. Each output neuron implements a squashing function that produces a Real 
number in the range [0, 1]. To determine which class is being indicated by the network, we select the maximum 
number in Y and set it to 1, while setting all other elements to zero. The element set to one indicates the classification 
of that input pattern. Since, the theory behind neural networks is well understood and mostly proved by mathematical 
concepts, designing a network may involve proceeding to a solution by trial and error for determination of parameters. 
The Feed Forward Neural Networks are used for classification of the patterns extracted from the Iris segmentation 
phase (Iris Template). The network uses the patterns whose dimensions are reduced using SVD. The classification rate 
is analyzed by varying the number of dimensions of the input pattern for the SVD generated data. The number of 
classes is also varied to check the variation in classification rate[9]. 
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Figure 7Neural Network Training 

 
As we all know that the SVD algorithm outputs a feature vector in decreasing order of values. This allows us to choose 
how many elements the input pattern will have and how it impacts on the final classification result. Network 
classification are based on Iris Templateimages of 40*40 pixels quantized from the original iris image with an average 
mask of 3x3 pixels. The number of patterns in the dataset is also varied in order to find proof that it may affect the final 
classification rate. As the number of classes and cases increase, the network has more difficulties in learning the proper 
discriminatory weights. In the tests we realized, when the number of classes was kept low (up to 6 classes) the network 
was able to reach the minimum squared error (MSE) goal within the specified number of epochs i.e. 50,000. As, the 
number of classes are increased beyond 6, the MSE goal was not attained anymore, but the MSE kept decreasing until 
the maximum number of epochs was reached. In this case, the classification rate also decreased. 
The more interesting fact happened when number of classes was higher than 20. In this case, the network didn’t 
achieve the MSE goal and very quickly it reached the minimum gradient parameter, which means that learning was not 
being productive and the network was showing no improvement towards decreasing the minimum squared error. In this 
case, network performance was found to be very ordinary, and looking at the classification rate for 50 classes it was 
seen that almost all input pattern was classified as the same class. The network became biased towards only one class 
and the classification rate reduces considerably.  
 

 
Figure 8Network achieving the Goal within specified number of epochs 

The figure 6 shows the simulation results when the network achieves the MSE goal within the specified number of 
epochs, as well as the case when the MSE goal was not achieved within the specified number of epochs. It was also 
seen while simulating that when the number of classes are large the network was not able to achieve the minimum 
gradient parameter set during the training phase as a result of which the simulation stops in between the specified 
number of epochs. In this case the network gets biased towards one class and we get very low classification rate. 

7. CONCLUSION 
The study result indicates that optimum classification values for SVD algorithm are obtained with 140 images or for 20 
classes. In this case the number of training samples for the same class was kept 5 and the number of test patterns was 
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kept as 2. For, these approaches as the number of classes were increased above 20 the performance of the network drops 
abruptly to around 2% and becomes independent of SVD dimension. In such cases the network gets biased towards one 
class and is not recommended for classification. 
The study result indicates that optimum classification values for characterizing key local variation algorithm are 
obtained with 70 images or for 10 classes. In this case the number of training samples for the same class was kept 5 and 
the number of test patterns was kept as 2. For, these approaches as the number of classes were increased above 10 the 
performance of the network drops abruptly to around 2%. In such cases the network gets biased towards one class and 
is not recommended for classification.    

TABLE 1: Conclusions 
 

 SVD 
Database 140 
Training Time Large 

Classification Very Good 

8.RESULTS 
For simulation the eye images were collected from the UBIRIS Iris database designed by NLPR (National Laboratory of 
Pattern Recognition- Chinese Academy of Science). The UBIRIS Iris database consists of 7 eye images for the same 
person of which three were captured in the first session and the remaining were captured in the second session taken 
after an interval of one month. This information was exploited as the eye images belonging to the same class are of 
similar nature, therefore the template generated from them were also alike. The first few patterns of the same class are 
used for network training and the remaining was used for Network testing. Following sections shows the classification 
rate obtained for the error back propagation neural networks by varying different parameters such as number of training 
and testing patterns and number of classes.  
8.1 Iris Classification 
The Iris classification was done using Error Back Propagation Neural Networks. In this the neural network was trained 
using Gradient Descent Rule. The classification rate was verified by changing different parameters as shown below, 
 Number of classes. 
 Changing number of training patterns from 2 to 5. 

8.2 False Acceptance Rate (FAR) and False Rejection Rate (FRR) 
The Iris recognition performance is evaluated using the False Acceptance Rate (FAR) and False Rejection Rate (FRR). 
The false acceptance rate, or FAR, is the measure of the likelihood that the biometric security system will incorrectly 
accept an access attempt by an unauthorized user. A system’s FAR typically is stated as the ratio of the number of false 
acceptances divided by the number of identification attempts. FAR is defined as 

 

 
The false rejection rate, or FRR, is the measure of the likelihood that the biometric security system will incorrectly 
reject an access attempt by an authorized user. A system’s FRR typically is stated as the ratio of the number of false 
rejections divided by the number of identification attempts. FRR is defined as: 
 

 
False accept rate the probability that the system incorrectly matches the input pattern to a non matching template in 
the database. It measures the percent of invalid inputs which are incorrectly accepted. False reject rate the probability 
that the system fails to detect a match between the input pattern and a matching template in the database. It measures 
the percent of valid inputs which are incorrectly rejected. 
8.3True Accept Rate (TAR) 
The True Accept Rate (TAR) describes the probability that the system correctly matches a genuine user to the 
corresponding template stored within the system. The true reject rate is a statistic used to measure biometric 
performance when performing the verification task.  It refers to the percentage of times a system (correctly) rejects a 
false claim of identity. The true accept rate is a statistic used to measure biometric performance when performing the 
verification task. It is the percentage of times a system (correctly) verifies a true claim of identity. If it matched with 
stored templates then true acceptance rate would increase else false rejection rate would increase. 
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8.4 True Reject Rate (TRR) 
The True Reject Rate (TRR) describes the probability that the system correctly denies an imposter, not matching the 
imposter data to any template within the system. 
In traditional biometric systems, the false match rate (FMR), false non-match rate (FNMR), true accept rate (TAR), 
true reject rate (TRR),\ data presentation curves are often employed to define and display a system’s ability to correctly 
verify or identify genuine users and imposters through matching processes. Such metrics provide a clear YES / NO 
matching result and lead to acceptance or rejection decisions.  
Following table 6.2 gives the result in percentage in which calculated true and false acceptance and rejection rates of 
singular value decomposition and key local variation after templates passing through neural network by error back 
propagation algorithm.  

TABLE 2 Results 
 

Parameters SVD 
(percentage

) 
TAR for all patterns 78.5714 

FRR for all patterns 21.4286 

TAR for all different testing patterns 75 

FRR for all different testing patterns 25 

TAR for all same testing patterns 80 

FRR for all same testing patterns 20 

TRR 57.1429 

FAR 42.8571 

TRR 64.2857 

FAR 35.7143 

TRR 71.4286 

FAR 28.5714 

TRR 75 

FAR 25 
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