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Abstract. Iris normalisation and feature extraction are two last stages of iris processing in iris recognition
systems. In normalisation step, the segmented iris disk is transformed to a strip. The most iris recognition
systems are employed rectangular strip normalisation. In this paper, the problems such as repeating or losing
information in rectangular normalisation method are investigated. The new trapezium normalisation also has
been developed to enhance the normalisation stage. The 2D Gabor filter is employed to extract the iris
features from the trapezium normalised image. The impacts of trapezium normalisation versus rectangular
normalisation on extracted features are discussed. The result shows the significant improve in case of CASIA
iris repository.
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1. Introduction
In the normalisation step, the iris region is transformed to a strip to extract features. In a standard
condition, an acceptable normalisation technique should lead to different strip image for different irises and
produce same strip image for same iris. In some cases, the centre of pupil and iris are not coincident, and
there is small incongruent between them. This incongruence is a big challenge in ellipse shaped iris images.
Briefly, the main process of the normalisation step is remapping the image from Cartesian coordinate to
polar coordinate.
After normalisation, the unique features are extracted from a normalised image. In feature extraction, the
normalised image is encoded to significant integers or binary code. Most iris recognition systems use band
pass filters like wavelets or Fourier series to produce a desirable feature codes. These irises codes are
compared to identify that they were produced from the same irises or different irises. A good technique
should produce same code from same irises and different code from different irises. In this paper, a
Trapezium normalisation method is developed to reduce the repetition or losing important features.

2. Background and Related Work
When the iris region is separated, next step is normalising the iris image. Each researcher used different
method to convert the iris image points from Cartesian to polar coordinate. But in all techniques, it was noted
that the different levels of illumination affect on the contrast or expanding the area of iris and pupil. Other
cases such as the distance image, motion and angle of camera and position of head/eye can be influential on
the dimensional image for normalisation [1]. While the centre of the pupil and iris is not consistent, it affects
on the iris disk and radius. Here some methods will be examined.
The Daugman’s algorithm [2,3,4,5,6] was supposed to use rubber sheet model. The rubber sheet model
converts each point in Cartesian coordinate to polar coordinate. So Daugman applied rubber sheet model to
change each pixel coordinate in iris region from Cartesian to polar. First, he set the centre of the pupil with a
reference point. Then he put the radial vectors through the iris area. Daugman picked out some points that
were in line to recognise and arrange in rays resolution, while also using the number of points that were
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around the iris area to angular resolution [7]. Daugman tried to remap (x, y) from Cartesian coordinate to (r,
θ) in polar coordinate. The Daugman’s method is formulated as below:

⎧ x(r,θ ) = (1 − r )x p (θ ) + rxi (θ )
I (x(r ,θ ), y(r ,θ )) → I (r ,θ ) : ⎨
⎩ y(r,θ ) = (1 − r ) y p (θ ) + ryi (θ )

(1)

Where I(x, y) is the image intensity function, (x, y) are the Cartesian coordinate, (r, θ) are the normalised
polar coordinate, xp, yp are the coordinate of the pupil contour pixel along the direction θ and xi, yi are the
coordinate of the iris contour pixel along the direction of θ.
Another normalisation method implemented by Wildes et al. [8,9,10,11]. In this system, Ia(x, y) is a
image which is acquired and Id(x, y) is a selected image from the repository. Then these two parameters must
align together. This system needed more time because each image must pass minimisation procedure
repetitiously.
The system by Boles [12] tried to find constant diameter and then change the size of image by it. He did
it to compare two images in which one of them was a reference image. In this technique, the first two iris
areas match together approximately and if the difference is small, second normalisation process will run. The
intensity values of iris region points stores along the virtual concentric circles only if the origin is at the
pupil’s centre. It is a weakness in Boles system, on how rotational invariance is obtained [7].
Finally, each scholar used one of the above methods to normalise the iris region and then they used
different filters to extract the characteristics and feature from the iris area [3,13,14,15,16].

3. Discrepancies of the Rectangular Normalisation
In any disk, the radius of inner circle is lesser than outer circle. It means that the exact normalised shape
of the disk is not rectangle strip. If the height of normalised image is riris - rpupil, two approaches could be
imagined for the width of normalised image in direction θ. The first approach is choosing a fix height for all
iris images as 360 pixels for every degree around the circle. In this approach, some pixels of the original
image will lose in normalised image. This fact is shown in Fig.1.a While the θ sweeps the iris area, only the
pixel at the θ direction is normalised and all pixels among the two degrees are vanished. These pixels are
hachured.
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Fig. 1. a) Loosing some pixel between two consecutive degree – b) Repetition of pixels in Normalisation

The second approach is sweeping the disk with the maximum possible value. The maximum circular
pixel in disk belongs to the iris boundary and equals to circumference of iris as 2πri. In this approach, the
width of the normalised image is 2πri and θ will change in gradient metric in the range 0, 2π instead of 0, 360.
Contrary to previous approach, this time, some pixels are repeated in the normalised image. This problem
happened due to lower value of pupil radius related to iris radius. In fact, because rpupil < riris, thereupon the
pupil circumference is less than iris circumference or 2πrp < 2πri. In order to compensate the lack of pixels,
the approach has to fill the empty space with repetition of pixels. Fig.1.b shows this problem. Most of the
researchers use the rectangular strip normalisation, because it is easier to compute and implement.
Trapezium View. In order to solve the problems occurred in rectangular strip normalisation, a trapezium
view is proposed. In this method, each pixel inside the iris disk is mapped to one and only one pixel in the
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normalised image. The method is based on a dynamic width for a normalised strip, so the strip width become
less while the r is closed to pupil and inverse. The trapezium view is shown in Fig.2.
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Fig. 2. a) Rectangular Daugman’s Rubber Sheet Model – b) Trapezium view of Normalisation process

If the iris region is circular, then the normalised image is exactly trapeze, but if the iris be ellipse, then
the normalised image is a skewed trapeze. The trapezium strip could be compute as follows;

I norm (r ,θ ) = I ( x, y ) ⇒ r =

(x − x0 )2 + ( y − y0 )2 , rp ≤ r ≤ ri

⎛ y − y0 ⎞
2πri − 2πr ⎞
⎟⎟ ⇒ θ ′ = θ .r + ⎛⎜
θ = arctan ⎜⎜
⎟,0 ≤ θ ≤ 2π
2
⎝
⎠
⎝ x − x0 ⎠

(2)

4. Feature Extraction
Iris feature extraction is a process of encoding the normalised image to the digitised code. This code is
used to compare other iris codes for best matching state. The Gabor filter is chosen to extract textural
features because it can effectively extract the frequency component of the iris. Daugman convolutes the 2D
Gabor filter with the iris normalised image as
− ( r0 − ρ )2 − (θ 0 −φ )
⎛
2
2
⎜
− jω (θ 0 −φ )
= sgn (Re, Im ) ∫ ∫ ⎜ I (ρ , φ )e
e α e β
ρφ ⎜
⎝

2

h(Re, Im )

⎞
⎟ρdρdφ
⎟⎟
⎠

(3)

Where I(ρ, ) is the normalised image in polar coordinate. α and β are the multi scale 2D wavelet size
parameters and ω is the wavelet frequency. (r0, θ0) are the polar coordinates of each region of iris that the
features are computed.
In order to match iris codes, the hamming distance is employed for matching process due to its widely
usage in most systems. Suppose that there are two iris codes A, B; then the hamming distance as Daugman [4]
defines is:

HD =

(CodeA ⊗ CodeB ) ∩ Mask A ∩ MaskB
Mask A ∩ MaskB

(4)

5. Trapezium Normalisation vs. Rectangular Normalisation
For this experiment, 50 individuals, each individual 2 eyes, totally 100 eyes is selected from CASIA iris
repository. A total of 4950 comparisons were done over these eyes. A 128 bit iris code is proposed for this
experiment. Each normalised image is divided into 8×8 rectangle, totally 64 rectangles. Each rectangle
produces two bit according to its convolution with real and imaginary Gabor filter matrixes. In the first phase,
features are extracted from rectangular strip normalised image provided by rubber sheet model. In the second
phase, feature extraction process with same parameters is applied on trapezium normalised images.
The intraclass and interclass distribution obtained from rectangular normalised images are shown in
Fig.3.a. The intraclass hamming distance varies from 0.22 to 0.40 and interclass hamming distance varies
from 0.34 to 0.70. The intraclass and interclass distribution obtained from trapezium normalised images are
shown in Fig.3.b. In this case, the intraclass hamming distance varies from 0.14 to 0.33 and interclass
hamming distance varies from 0.30 to 0.70.
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Fig. 3. a) The CASIA intraclass and interclass hamming distance distribution of rectangular strip Normalisation – b)
The CASIA intraclass and interclass hamming distance distribution of trapezium Normalisation

With regards to the experimental results, two enhancements are observed. The initial improvement is that
the intersection between interclass and intraclass in trapezium normalisation becomes less related to the
rectangular normalisation. The intersection in second phase occurs in the range between 0.3 and 0.33,
whereas in first phase, this intersection occurs in the range of 0.34 to 0.40. The second improvement is that
in the trapezium normalisation the frequency is distributed lower along the hamming distance axis. In fact,
the iris codes are more similar than the first phase, rectangular normalisation. The results shows that, the
mathematically demonstration about non repetition and non loosing information in trapezium normalisation
has positive impact on the feature extraction stage.

6. Conclusions
The False Acceptance Rate and False Rejection Rate are computed for trapezium over the range between
0.2 and 0.5. The results are shown in Fig.4.a. The FRR rate is around 68%, while the threshold is 0.2,
because 68% of the intraclass hamming distance are between 0.2 and 0.3 and they reject, whereas they
should accept. The FAR rate is 0, because no interclass hamming distance is less than 0.2, so no one accepts.
Inverse while the threshold is 0.5, the FRR rate is 0, because all intraclass hamming distance are less than 0.5
and there is not a false rejection. While that FAR rate is increased to 53%, it means that 53% of interclass
hamming distances are less than 0.5 and they accept wrongly. The supremum value of intraclass hamming
distances is 0.33 and so the FRR tends to 0 after 0.3. Inverse the infimum value of interclass hamming
distances is the 0.3, so before the threshold value equal to 0.3, the FAR rate is 0.

(a)
(b)
Fig. 4. a) The FAR and FRR for Trapezium Normalisation – b) The FAR and FRR for Rectangular Normalisation

Same as above, the False Acceptance Rate and False Rejection Rate are computed for rectangular over
the range between 0.2 and 0.5. The results are shown in Fig.4.b. The infimum value of interclass hamming
distances is the 0.34, so the FAR rate is 0 before the threshold value of 0.34. The supremum value of
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intraclass hamming distances is 0.4 and so the FRR tends to 0 after 0.4. Against the trapezium the FRR rate
is 100%, while the threshold is 0.2 and it means that 100% of the intraclass hamming distance are more than
0.2, so they rejected. The lower value of FRR for trapezium ensures more similarity between iris codes
produced in trapezium normalisation related to rectangular normalisation. While the threshold is 0.5, the
FAR rate is increased to 55%, it means that 55% of interclass hamming distances are less than 0.5 and they
accept wrongly.
The best EER rate for trapezium normalisation as base as the intersection point of FAR and FRR is 0.3,
whereas the best EER for rectangular normalisation is 0.4. As we mentioned before, the lower value proves
the better performance of the trapezium normalisation. Because in the trapezium normalisation the iris codes
for same subject are more similar together than rectangular normalisation. Moreover, high gradient of the
FAR and FRR curve in rectangular normalisation related to trapezium normalisation, ensures the increase of
error rate.
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