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Abstract: This article presents a biometric technique for identification of a person using the iris image. The iris
is first segmented from the acquired image using an edge detection algorithm. The disk shaped area of iris is
transformed into rectangular form. Since the image is in high resolution it will require a soaring number of
neurons in the input layer, if the image data is directly clamped to the neural network, making the problem
irrepressible. Resolution to this problem is sought through compression of data using a bottleneck network.
The recognition neural network is trained using the compressed data using back propagation. The overall
accuracy of system is 95.2 percent after reasonable training.
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INTRODUCTION In this piece of work the iris segmented from an eye

The need for accurate identification of people has compressed and is later used to train a Neural Network
evolved over time for the purpose of security and identity (NN), which when completely trained will classify the
supervision. Various accurate and feasible methods have given images. Section (IV) explains the method used for
been designed for this purpose using inimitable features iris segmentation. Section (V) gives a method for
of a person such as fingerprints, facial features, sutures, transforming the radial information of iris into a
ear and iris patterns. Such biometric techniques have rectangular form. Section (VI) explains how this method
gained acceptance and popularity for its accuracy and can be further optimized. The extracted image is
precision. One such technique gaining popularity is iris compressed using a NN as explained in section (VII).
recognition. Human iris can be uniquely identified by Section  (IX)  explains  the  design  of  neural  network.
virtue of its textural characteristics. Iris texture is formed The article concludes with results in section (X).
by radial and longitudinal muscles which dilate or
constrict the pupil as a stimulus to light changes. A Iris Recognition: In this piece of work we devise a
reasonably vivid image of iris shows rings, pustules, method for iris identification based on a non-parametric
undulation and  stripes   forming    a   peculiar  pattern. statistical model i.e. neural network. This process of iris
The essence of iris related identification technique lies in recognition can be split into several stages. In the initial
the recognition of these peculiar patterns. Researchers phase the image of the eye is acquired by a specially
have developed various techniques for this purpose designed device specifically for eye image acquisition.
using wavelet transforms, SVM, Gabor filtering, Laplacian Once the image has been acquired the iris part of the
pyramid  and  other probabilistic methods[7, 8]. In [5] a image is segmented using a sufficiently prompt and
bank of Gabor filter is used to capture iris characteristics accurate technique. One of the major challenges is that
to form a feature vector. Matches are found by comparing the iris image is of radial nature rather than rectangular,
the Euclidean distance among the vectors for each iris. which makes it unsuitable to be processed by any
Wavelet transformation is used for the purpose by mathematical  or  statistical   model   of    linear  nature.
calculating  the  Zero-crossing   at   various  levels [2]. This problem can be resolved by either designing a model
The resulting  signals  are  compared  to  find  a  match. which takes data of radial form or by transforming the
The patterns resulting from some preprocessing are used radial data into multi-dimensional linear form  such  that
to train an SVM to classify the iris patterns [3, 12]. the information pertaining  to  color  and  texture  of  iris is

image is extracted. The textural  information is
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preserved and propagated. As already discussed neural and the radius of the circle can be given as
networks are used to form a solution to this problem
therefore the former approach is used rather than prior (2)
because most of the neural network models are of linear
nature.  The  image  is acquired using a high resolution Randomly choosing three points from the array
camera  so  that  even the minutest textural detail of the containing the points of the circle a system of
iris is captured. Intuitively it can be conceived that the simultaneous equations can be formed. Let the three
neural network is sent intensity of each pixel in the input random points be (x , y ), (x , y ), and (x , y ), Putting these
layer, but this make the solution intricate because the three points in the equation (1) we get the system
source image is of high resolution. To make it more
pragmatic the image or parts of the image can be (3)
compressed using another network. The compressed data
can be used to train the network or to identify the image (4)
by feeding it into another network responsible for the
recognition of image. (5)

Image Aquisition: The image of iris should be acquired in From equation (3)
a way that it is easy to segment and also all the features
of the iris are clearly captured within the image. A high (6)
resolution camera is used for image acquisition which
captures minutest feature of the iris. Moreover a latex The solution to f, g and c in terms of the selected
funnel elliptical in shape from the outer end is attached to three points can be derived using these simultaneous
the exterior of the camera lens. The funnel is shaped so equations is given as
that it can easily encircle the human eye from the elliptical
end. The funnel also contains a light source so that it
illuminates the eye from the sides and its reflection does
not appear in image captured and a consistent illumination (7)
is obtained for each image sample. Any image captured in
this way would certainly contain the features of the eye
specially the iris. This image can now be further (8)
processed for segmentation and other operations.

Iris Segmentation: The image captured contains (8) in equation (6) value of c can be determined. Also by
information of interest i.e. the Iris which should be putting these values in equation (2) the value of r can be
extracted from the image for further processing. The Iris determined. In this way the centre and radii of both the
can be modeled as a small circle enclosed concentrically inner and outer circles can be determined. The inner circle
within a larger circle. Provided an image of an eye the iris represents the pupil while the outer one encompasses the
part can easily be segmented using any edge detection iris which contains the chromatic information of the
algorithm by applying any edge detection filter like the pigment and the peculiar pattern of the longitudinal and
Sobel [4] or the Canny [1] filter. An algorithm is further radial muscles forming the color and texture of iris. Several
amended so that each point on the edge could be marked triplets are used and center for each is computed. All the
and organized in an array. The edge points of iris circle center points computed may not coincide with each other,
and the pupil circle (both of them being concentric) are for greater accuracy centroid of all the centers of both the
organized in two different arrays. The points in these circles is computed concurrently. Let (x , y ) be an arbitrary
arrays can be further be used to model both the circles center computed for the outer circle and (u , v ) be an
parametrically and determining the radii and the centre of arbitrary center computed for the inner circle. The value of
the circles. x-coordinate is sorted in ascending order and the points

Assuming that the outline of the iris is a circle, a with minimum and maximum values of x-coordinate are
point (x,y) on the circle with the centre at (– g, – f) will excluded, same is done for points with minimum and
satisfy the equation. maximum value of y-coordinate. After exclusion of these

x  + y  + 2gx + 2fx + c = 0 (1) points as.2 2

1 1 2 2 3 3

By putting the values of g and f from euation (7) and

i i

i i

points the centroid can be calculated for remaining u



1 1
2

n n

i i
i i

c

x u

x
n

= =

+

=
∑ ∑

1 1
2

n n

i i
i i

c

y v

y
n

= =

+

=
∑ ∑

1

n

i
i

m

r

r
n
==
∑

1

n
i

m
i

RR
n=

=∑

' '( , )x y

' '( , )x y

' ( )mx r Cos=

' ( )my r Sin=

' ( )mx R Cos=

' ( )my R Sin=

' '( , )x y

'
'

' ( )m m
y yy x x y
x x
−

= − +
−

World Appl. Sci. J., 16 (5): 678-685, 2012

680

(13)
(9)

Similarly point (x, y) can also be computed which lies

(10) polar coordinates of the point are (R , ) then

Similarly if r  is the radius corresponding to the center (15)i

point (u , v ) then the radius is calculated using equationi i

(7) and (8) an henceforth the mean radius r  is calculated (16)m

using
The line connecting points  and (x, y) can be

(11) Extraction of all such windows discretized at appropriate

and also if R  is the radius with respect to an arbitrary window in linear manner within a rectangular image wouldi

center point (x , y ) then the mean radius R  for outer transform the globular structure of iris into a rectangulari i m

radius is caluculated using and ultimately linear one dimensional form. The circular

computations by virtue of its symmetric nature. For each
(12) pixel on the disk exactly 7 more (in all 8) points can be

The color and specially the texture information, which only all the points within only one half of a quadrant on
lies between the circles, are of interest required to the disk are required to be computed while the rest are
discretely distinguish one iris from another. The radial and determined symmetrically. Given that (a, b) is a point
longitudinal muscles pattern that forms the iris is unique (pixel) on the iris disk then points (b, a), (– a, b), (– b, a),
for every person just like finger prints. If this pattern is (a, -b),  (b, – a),   (– a, –b)  and  (– a, –b)  also  exist  on
somehow extracted it can be used for identification of a the disk.
person using some stochastic, probabilistic, parametric or
non-parametric statistical model. In this piece of work a (17)
non-parametric  statistical  model called neural networks
is used for the purpose of identification and recognition
of  unique iris pattern. The fact which makes this
approach problematical is that the required pattern is
organized  within  the iris in radial form whereas most of
the non-parametric probabilistic models require linear
one-dimensional  or  multidimensional  data   as   input.
One resolution to this impediment is the transformation of
the circular pattern of iris into a two dimensional image or
hence into one dimensional data.

Radial to Linear Transformation: Let  be an
arbitrary point on the boundary of the pupil. This point
can be parametrically defined by points (r , ) where  ism

angle of the line passing through this point and the
center. Assuming center to be translated to the origin the Fig. 1: Show the disk  shaped  structure  of  iris  after
point  can be computed as edge detection.

(14)

on the same line at the outer boundary of the iris. If the
m

designated as a window which is only one pixel wide.

intervals and then reorganizing all the pixels in each

nature of the iris simplifies certain operations and reduces

determined symmetrically. This greatly simplifies matter as
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Fig. 2: Transforming the radial iris into rectangular form rather than equating it in the linear eq. (17 ). Moreover

Fig. 3: Shows an iris image

Fig. 4: Shows the iris image in Fig 3. transformed into the data is acquired using a high resolution camera. If this
rectangular form data is mapped onto the input domain of a neural network

All the discrete points along a line are determined number of input neurons making the problem irrepressible.
incrementally and their pixel values are organized in an To solve this intricate hitch the input data needs to be
array. The pixel window is angularly shifted  by  = 0.5° compressed in a manner such that the important
at  each  step.  This  process  in all yields 720 arrays. information regarding the pattern of the image is left
These arrays when rendered in sequence forms a intact. A technique using neural networks is incorporated
rectangular image. Pixels found on a line making an angle for compression. For this purpose a bottleneck type of

 and  its  corresponding  lines at  + 45,  + 90,  + 135, neural network is used [6]. Such a network will have
 + 135,  + 180,  + 270 and  + 335 should be placed numerous neurons in the input layer, quite a few neurons

appropriately within the corresponding phase in the in hidden layer and in the input layer it contains as many
rectangular image. neurons  as  the  input layer. The idea is to feed the input

Optimizing the Algorithm: The incremental algorithm
discussed here requires computation of y-coordinate of
each pixel  for  a  line  after  computing  the  x-coordinate
by merely incrementing the previous value of x and
putting it in eq.(17). Computation of corresponding value
of y-coordinate through this incremental method
constitutes  a  number of operations. This algorithm can
be optimized  by   reducing  the  number  of  operations.
Mid-point method can  be  put  to  use  for  this  purpose
in  lieu  of this incremental method. Mid-point method
holds  the advantage that the  next  point  can be
calculated  through  just  a single addition operation

points of only those lines need to be computed whose
gradient lies between 0 and 1 rest of the points are
determined symmetrically. According to mid-point method
if the end points of the line are  and (x, y) the
gradient will be

(18)
Let

(19)

And
(20)

then according to mid-point method for straight line of
gradient between 0 and 1 E = 2dy and NE = 2(dy – dx)
and initially. d  = 2dy – dx If value of d  is negative northi i

East Pixel is selected and if its positive East pixel is
chosen, d  is updated by adding NE or E respectively.i

Image Compression: The angularly spread information is
within the iris image has now been organized into a
multidimensional linear form. This information is huge as

in its rudimentary form then it will require a soaring
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Fig. 5: Illustrates the bottleneck neural network used for Where
image compression. (22)

layer with pixels of an image or a sub-image and train the Where  is the bias for k  neuron in layer u and y  is
neural network such that the output layer yields values output of the j  neuron in the same layer. The designed
similar to the input at input layer for all the samples of model for the described problem uses a single hidden
training set. Once the neural network is trained in this layer hence the activation function can be simplified as
pattern the intermediate output of the hidden layer
neurons can be used as compressed data corresponding (23)
to input data. The input layer is used to compress data
while the output layer is used to decompress it. Where

In this particular application the data is stretched (24)
over a canvas of  300x720  pixels.  The  compression
bottle-neck   network  is  formed  by  100  neurons in
input layer,  10  neurons in hidden layer and again a 100 Back propagation algorithm is used for the proposed
neurons in  output  layer.  The  Transformed image network. Delta rule is used for updating the weights
canvas  is   split  into   sub-images    of   10x10  pixels. during each iteration. The objective of the delta rule is to
Each sub-image becomes the input of our trained minimize  error   in  output  through  gradient  descent.
bottleneck neural network. It is only the compressed The delta (i.e. change in weight) at each is given as
output of the hidden layer that will be used for pattern
identification of the iris image. (25)

Employing the Neural Network for Pattern Recognition: Where  can be given as
As discussed earlier, the iris pattern is transformed into
rectangular canvas which is split into sub-images and is (26)
then compressed using the bottleneck neural network.
The compressed output is endowed upon another neural
network responsible for recognizing the pattern. Here note that  is the sum of quadratic error while
Assuming that the canvas contains K sub-images, also d  is the desired output and y  is the actual output for a
each sub-image yields q number of outputs then the certain neuron t which is fed an input r. Using the chain
network being used for recognition should contain K*q
inputs. An adequate number of neurons are used in single
hidden layer [12]. The neural network is required to
remember a number of patterns for practical use, N
neurons are placed in the output layer which makes it
possible to recognize 2  different iris.N

Design of the Neural Network: The network used for the
described problem is a multilayer feed forward  network.
A multilayer feed forward network has multiple layers;
each layer receives input from the prior layer. The neurons
at  the  input  and  the output layer are passive and are
just  used  to  feed  in  and  fan  out  data  respectively.
The activation function for neurons at hidden layer can be
described in terms of the sum of weighted inputs and bias
as shown in eq. (21).
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Since from eq. (24)



( ) ( ) ( )t k jk t j k
j

s w y= +∑

( )
( )

t k
t j

jk

s
y

w
∂

=
∂

( )
( )

t
t k s t k

∂
=
∂

( ) ( )t jk t k t jw y∆ =

( )
( )

( ) ( ) ( )

t t
t k

t k
t k t k t k

y
s y s

∂∂ ∂
= =
∂ ∂ ∂

( )( ) ( )y Q st k t k=

( )
( )

( )
'( )t k

t k
t k

y
Q s

s
∂

=
∂

( ) ( )
( )

( )
t

t r t r
t k

d y
y
∂

= −
∂

( ) ( ) ( ) ( )( ) '( )t r t r t r t rd y Q s= −

( )1 ( )2 ( )( , ,... )t
r r r ns s s

( 1) ( ) ( )( )k u k k uy Q s+ =

( )

( ) ( ) ( )1

Nt t
t r

t r t r t rr

s
y s y=

∂∂ ∂
=

∂ ∂ ∂∑

( ) ( )1 1

hidNN t

jt jr
t r t rr j

w y
s y= =

∂ ∂
=

∂ ∂∑ ∑

( )1

outN t

hr
t rr

w
s=

∂
=

∂∑

( )
1

outN

t r hr
r

w
=

= −∑

( )1

outN t

hr
t rr

w
s=

∂
=

∂∑

( ) ( ) ( )
1

'( )
outN

t h t h t r hr
r

Q s w
=

= ∑

( )ht t t hw d y y∆ = −

( ) ( )
1( )

(1 )
t

t s ty Q s
e−

= =
+

( )
( )

( )

1'( )
(1 )t

t s
t

Q s
s e−
∂

=
∂ +

World Appl. Sci. J., 16 (5): 678-685, 2012

683

(28)

We get 
(29)

also let  hence

(30)

Once  is determined then the weight changes are(t)k

made according to eq. (25) which accounts for gradient
descent within the error volume. Again applying the chain
rule on (t)k

(31)

Also since  therefore 

(32)

Also

(33)

thus we have

(34)

In case of a single hidden layer the measure of error
contribution to the output layer is not directly known for
each neuron in the input layer. It can rather be signified as
a function of inputs from the hidden layer as

(35)

the gradient of this error function for the hidden layer
again using the chain rule can be elaborated as

(36)

(37)

(38)

(39)

Using equation (31) and putting in (39) we get

(40)

Putting eq. (34) and eq. (35) in eq. (40) we get

(41)

(42)

Equations (35) and (41) provide a mechanism for
elucidating the deltas for all the weights within each layer
of the network. Inputs from each acquired image are fed
into the input layer of the network. This stimulates
outputs at the output layer in concurrence with activation
function. The output may not coincide with the expected
values. This difference of values yields an error e  at eachi

output neuron. The objective is to converge e  to ideallyi

zero. To tune the output the weights along each input of
the output neuron are adjusted such that the change in
weight is given as.

(43)

Merely changing  the  weights  of  outputs of
hidden layer is not enough. This change must be
propagated  among  the  inputs  of  the hidden layer.
These   inputs   of   hidden   layer   neuron   receive a
delta dependent  on  the  product of the delta received
by each output layer neuron and the weight of the
connection between them eq. (39). The neural network
designed takes the sigmoid function as the activation
function given as.

(44)

Taking the partial derivative of Q

(45)

Hence using eq. (42) and (45) we have
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(46)

Similarly the errors for hidden layer are computed in
terms of errors for output layer using the following
equation.

(47)

The above  described  back  propagation  algorithm
[9, 11] is    implemented     for     both    the   networks.
The bottleneck neural  network  is  trained  using  various
sub images. The errors at output layer and the hidden
layer are converged using the delta rule described earlier.
The iris recognition network is also trained in the similar
pattern. The recognition network is virtually connected to
K bottleneck networks. The sub images within the iris
image are fed into the bottleneck network and in turn the
hidden layer of the bottleneck network is clamped with the
recognition network. A database of 273 images is
collected, containing various samples of 22 different
people. Using samples from this database both the
networks are trained to acquire results.

RESULTS

The implementation of the system is performed in
four major steps. The first step involves segmentation of
the only interesting features within the eye image using
Canny or Sobel edge detection. Second step
encompasses the transformation of the disk shaped iris
into rectangular form as described in section (V and IV).
Third step is used to compress the enormous data of the
high resolution transformed image using bottleneck neural
network. Finally in the fourth step the compressed data is
clamped with the neural network for the correct
recognition of input image. Before the fourth step could
be carried out the neural network is trained using the
image database. For this purpose the first three steps are
carried out on all images within the database. A neural
network with N = 150 (i.e. 150 neurons in hidden layer)hid

is designed. The compressed data from all the images is
fed iteratively into the neural network performing several
epochs for training purpose. This process is continued
until the error nearly converged to zero. This training
process consumes several hours to reach a tolerable error
margin. Once the network has been trained new image
samples are collected. After performing the first three
steps  the   compressed   data   of   the  sample  is  sent  to

Table 1: Confusion matrix for iris matching using the recognition neural
network

P P P P P P P1 2 3 4 5 6 7

P 99.2 0 0.2 0 0.6 0 01

P 0 98.7 0 0.8 0 0.2 0.32

P 1.2 0 96.7 0.6 0.8 0 0.73

P 0 0.4 0.5 99.1 0 0 04

P 1.1 0 0.7 0 9.2 0 05

P 0 1.3 0 0 0 97.5 1.26

P 0.8 1.0 0 0 0 0 98.27

recognition network. The network generally behaves in an
expected manner for all the inputs pertaining to people for
whose irises it was trained. Table 1. Shows the confusion
matrix obtained by observing the behavior of the neural
network using all untrained samples for some of the
closely matching results.
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