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Abstract—Iris recognition uses automated techniques to extract 

iris features which are stored in a database as a feature tem-

plate to be later used for individual identification and authen-

tication. Strict image quality control is a basic requirement for 

most iris identification systems. Low cost devices used under 

uncontrolled environments acquire poor iris images with in-

consistent illumination and specular reflections. These factors 

inflict challenges towards the accurate identification and ex-

traction of reliable iris features. This work proposes a fusion of 

Phase congruency and Harris algorithm to detect corner fea-

tures found within the arrangement of iris patterns. This fu-

sion produces a feature vector with the exact location of corner 

features that are not only congruent in phase but are also in-

variant to illumination and rotation.  Results of the proposed 

approach are tested on two non-ideal databases and obtain an 

accurate match rate of 99.9% while producing a feature tem-

plate of 512 bits that requires low storage space. 

Keywords- phase congruency; harris corner detector; iris 

segmentation; Chan-Vese algorithm ;  feature extraction. 

I.  INTRODUCTION 

Research in iris biometrics has gained more attention 
over the years due to the stability, uniqueness and reliability 
presented by iris patterns [1, 2, 3]. Fig.1 shows the stages of 
a classical iris recognition system that prevail after image 
acquisition. The stages are; (1) segmentation, (2) normaliza-
tion, (3) feature extraction and (4) matching.  

 

Figure 1.  Traditional iris recognition system 

Each stage of the iris recognition system has automated 
and traditional algorithms that have been successfully used to 
extract and store iris features as a code in a template. The 
traditional methods include the use of the integro-differential 
equation for iris segmentation [1]. This algorithm assumes 
that the pupil and iris boundaries are concentric circles, i.e 

share the same centre, which is not generally the case. Also, 
when the acquired images are captured under uncontrolled 
conditions such that an image is not focused around the cam-
era’s centred gaze, due to factors such as camera lens, off- 
angle images and head tilt, the segmentation process fails, as 
shown in Fig 2. The normalization stage uses the rubber-
sheet model to transform the segmented iris from a Cartesian 
plane to polar coordinates. This method changes the geomet-
rical structure and arrangement of the iris patterns and there-
fore, the extracted features cannot be traced back to the orig-
inal image. The 2D Gabor wavelets used for feature extrac-
tion to generate an iris code of 1024 bits, do not discriminate 
the various feature types found within the iris. Lastly, the 
Hamming distance, which is a dissimilarity measure, is used 
to quantify a match between a reference template and its 
query. The similarity in the traditional algorithms is that they 
are either intensity based methods or region based methods. 
Therefore, (i) based on the device used during image acquisi-
tion, (ii) the exposure of the capturing device to natural 
scenes or uncontrolled environments; which leads to incon-
sistent illumination causing specular reflections within the 
iris, there is often a compromise in the nature and quality of 
the features to be extracted. These external factors pose a 
negative impact not only on the captured images, but also the 
detection, quality and reliability of the features that have to 
be extracted. Since the goal of any recognition system is to 
produce a perfect match between a reference image and its 
query image, the identified and extracted features types 
should be such that they are not sensitive to these conditions 
[4], but instead can conform to any environment. The biolog-
ical formation and complexity of iris patterns requires a ro-
bust feature detection and extraction algorithm in order to 
achieve reliable feature points that are invariant under any 
illumination conditions. 

 

Figure 2.  Segmentation failure  with traditional algorithm. 

A corner and edge detection method that measures the 
significance of features in computer images is known as 
Phase Congruency (PC), [5, 6]. Its invariance to image illu-
mination and contrast makes it a robust and reliable feature 
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detection method, [5]. This work proposes to identify and 
detect significant corner features found from the arrangement 
of the iris patterns, as features for extraction using phase 
congruency. We further propose to fuse this operator with 
the Harris corner detector. This combination robustly local-
izes feature points within the iris image that are not only 
congruent in phase but are also invariant to rotation. Fur-
thermore with the detected feature points, a compact feature 
vector of 512 bits containing the exact location of features is 
easily generated and stored as a template to be used for 
matching purposes. The remainder of this paper is arranged 
as follows: Section II focuses on related work. Section III 
presents the proposed method and approach. Section IV 
shows experimental results and analysis. Section V is the 
conclusion. 

II. RELATED WORK 

This section highlights different methods that have been 
used by other researchers over the years to extract iris fea-
tures. Furthermore, it covers recent work of employing phase 
congruency in iris recognition.  

A. Iris feature extraction 

Over the years, researchers [1, 2, 3] have proposed sever-
al algorithms to extract iris features. The pioneering work of 
Daugman [1], proposed to take the segmented iris and map it 
into size-invariant coordinates. He uses Gabor filters per-
formed via the relaxation algorithm to obtain the localization 
of both spatial and frequency information. Finally, quadra-
ture 2D Gabor wavelets are used to extract the phase infor-
mation of the iris. The result is a phase- quantization of the 
iris texture information that is used in the iris code. The ad-
vantage of his method is that using the phase information 
disregards poor image contrast hence achieving appropriate 
recognition results. The work of Wildes [3], applies isotropic 
band pass decomposition derived from applying the Laplaci-
an of Gaussian filters to the iris image. His approach manag-
es to preserve more of the extracted iris information. Vatsa et 
al. [8] uses an algorithm that accounts for the global and 
local properties of the iris. In order to extract both the global 
and local properties they make use of the 1-D Log Polar 
Gabor transform and the Euler number respectively, to gen-
erate a Euler code to be used in matching.  

In [9] the use of the morphological operator to highlight 
iris patterns was proposed. In order to extract features they 
skeletonize iris textures to produce unique paths among end-
points. Their approach shows low complexity in implemen-
tation and low storage requirements; however, it is sensitive 
to grey-level distribution and illumination variance. 

B. Phase congruency in summary 

The structural arrangement of rich features such as lines 
and edges can offer a good description of an image [6]. Mor-
rone et al. [7] developed a model of feature perception called 
the Local Energy. The model suggests that features of per-
ceptual significance such as lines and edges within an image 
are perceived at points where the Fourier components are in 
phase with each other. It is at these points that the Local 
Energy is maximal. The model is not based on using local 

intensity gradients to detect features; hence it is possible to 
construct a dimensionless measure of phase congruency at 
any point within the image. The measure of phase congruen-
cy as developed by Morrone et al. [7], is defined as the ratio 
of the Local Energy |E(x)| to the overall path length used up 
by the local Fourier components in reaching the end point of 
a signal, and is given by: 
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Where |E(x)| is the magnitude of the vector from the sig-

nal origin to the end point. An(x) (with phase angle nφ  is the 

amplitude of each local, complex valued Fourier components 
at a location (x) in the signal. However, this particular meas-
ure of phase congruency is quite sensitive to noise and does 
not offer good localization. 

In order to compensate for image noise and good locali-
zation response, Kovesi [5], developed a more advanced 
measure of phase congruency via Log Gabor wavelets. Using 
Log Gabor wavelets offers a large coverage of the frequency 
space but still maintains a zero DC component in the even 
symmetric filter. Kovesi [5] states that using phase congru-
ency to mark features within an image is significantly advan-
tageous over gradient based methods. This is because phase 
congruency; (i) is a dimensionless quantity; (ii) uses princi-
pal moments of the phase congruency information to deter-
mine corner and edge information. (iii) It is invariant to 
changes in illumination or contrast and thus (iii) provides an 
absolute measure of significant feature points. (iv) It offers 
accurate feature positioning for instance; phase congruency 
values are high at edge points and at object boundary and can 
efficiently be used as a feature detector. Also, the values vary 
from a minimum of zero; which indicates lack of feature 
significance, to a maximum of 1 to indicate a very significant 
feature. This makes threshold specification for feature selec-
tion to be much easier even before an image is seen, [5]. 
Above all, phase congruency provides rich texture, edge and 
structural information that is also in accordance to human 
vision, [10]. Basically, phase congruency is a frequency 
based-model that looks for points in an image where there is 
a high degree of order in the Fourier domain and described 
by: 
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The term W(x) is a factor that weighs for frequency 
spread. This means that a phase congruency point is of sig-
nificance if it occurs over a wide range of frequencies. T is 
the estimated noise influence, hence only the energy values 

that exceed T are considered. The term )(xφ∆  provides a 

sensitive measure of phase congruency and )(xφ denotes the 

weighted mean phase angle. 
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C. Phase congruency in iris recognition 

 Yuan and Shi [4] use 2D phase congruency to extract iris 
features.  They convolve a normalized iris image with a bank 
of 2D Gabor filters with 4 scales and 6 orientations. They 
compute the amplitude response at the given scales and ori-
entations, the phase angles and phase deviation measure 
directly from the filter outputs to finally compute the phase 
congruency. The resulting phase congruency is down sam-
pled with a 4x4 window. They further concatenate all the 
rows to a long vector to generate an iris image pattern repre-
sented by a vector of 1024 bits. Their approach produces 
encouraging matching results, with shortfalls due to iris 
segmentation failure. 

Osman [11], employs phase congruency to locate and 
identify different and significant features found within the 
iris; which he refers to as “iris minutiae”. His work applies 
the phase congruency algorithm to eight different angular 
orientations to cover an entire normalized iris image. For 
each orientation and location in the image, [11] computes the 
PC values which are saved as a matrix. However, the com-
puted PC values at feature points are less than one, due to the 
estimated noise and weighting function. Non maxima sup-
pression and hysteresis thresholding is applied to eight PC 
images at the different orientation angles. Finally, 8 matrix 
values of ones and zeros are obtained; where the presence 
and absence of a significant feature is represented by a 1 and 
zero respectively. He further locates phase angles corre-
sponding to each feature for each PC image, in which the 
phase angles are assembled in eight templates for each orien-
tation. This approach locates the iris features and the corre-
sponding phase angle that determines the feature type. The 
mean, standard deviation and variance of each template is 
recorded to form a 24 length feature vector to be used as the 
iris code. Although experimental results demonstrate the 
detail of iris features that have been achieved through phase 
congruency, it consumes many angular orientations to be 
able to cover a single normalized image. 

Du et al. [10] also proposed an iris recognition method 
based on principal phase congruency (PPC). Their method is 
a fusion of principal component analysis with phase congru-
ency. This fusion is done to synthesize important infor-
mation. They use inter-class and intra class fuzzy similarity 
measure for matching purposes. Their results show a vast 
range of difference between both classes. They also achieve 
a correct recognition rate of 98.99% demonstrating the feasi-
bility of their method. 

Another work that uses phase congruency in iris recogni-
tion is by Patil et al. [12]. Their goal is to evaluate the per-
formance of (i) an iris recognition system that uses phase 
congruency and (ii) content based image retrieval (CBIR) 
system using precision and recall measures. For similarity 
measure between two iris features they calculate the Ham-
ming Distance. Their results produced a low recognition rate 
as compared to Daugman’s method. They further state that 
phase congruency is more efficient for eye images with an 
uneven illumination.  

III. PROPOSED METHOD 

The proposed approach aims to address the issues that 
lead to high recognition failures due to segmentation chal-
lenges, uneven image illumination, implementation complex-
ities and large feature vectors that require storage space. This 
work proposes the; (i) fusion of Bresenham [13] and Chan-
Vese [14] algorithms for pupil-iris boundary localization and 
segmentation respectively.  (ii) Detection and extraction of 
iris corner features from iris patterns through the fusion of 
phase congruency and Harris algorithm. Fusing the algo-
rithms manages to; (i) localize and segment the iris in non 
ideal images acquired under poor environmental conditions, 
with no centred gaze around the camera. (ii) Identify corner 
features that are congruent in phase, invariant to illumination 
and rotation. (iii) Provide the specific location of each corner 
feature and to generate a well sized feature vector. Offer low 
implementation complexity and perform an accurate match-
ing of feature points between a reference and its query im-
age. Fig. 2 shows a process flow diagram of the proposed 
approach from the segmentation stage to the matching stage.  

 

Figure 3.  Flow diagram of proposed method  

A. Iris localization and segmentation 

Bresenham’s algorithm is based on the midpoint circle 
algorithm and is used in this work to localize and detect the 
iris-pupil boundaries. It is an algorithm that determines 
points that are needed to draw a circle around an object. 
Starting with an original input eye image u0(x,y), we inde-
pendently compute the end points u0(x1,y1 ) and u0(x2,y2) of 
both the iris and pupil diameters to locate the respective 
centers (h,k) using the midpoint circle formula: 
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The distance formula to compute the radii of both the pu-
pil and iris by:  

.2/ and )()( 2
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The computed values are used as regularizing terms in 
the Chan-Vese algorithm for accurate segmentation of the 
iris. Considering that the pupil and iris boundaries are non-
concentric, the Chan-Vese algorithm is an active contour 
model that makes use of an edge detector to find a curve that 
will suitably separate an object of interest from the rest of an 
image by moving through the spatial domain of image to 
minimize energy functional, [14, 15]. By adding the output 
of Bresenham’s algorithm as regularizing terms to the Chan-
Vese algorithm, the segmentation of the iris is represented 
by:  
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Where u0: Ω→ℝ is a given image, µ  and λ are positive 
parameters. The length of the curve is parameterized by the 
radii determined by (5) for both pupil and iris. 

B. Feature detection and extraction with phase 

congruency 

In this work, the segmented iris is only normalized to 

fixed dimensions of width and height of 200x267, without 

performing the rubber sheet model. This approach provides 

the proficiency of tracing the discriminative extracted fea-

tures onto the original image. The phase congruency is 

computed with four wavelet scales and six filter orientations 

to cover the whole image. 

C. Fusing phase congruency and Harris algorithm 

The Harris corner detector has been widely used for im-

age matching tasks. While referred to as a corner detector, it 

does not just select corners; but any location that has large 

gradients in all directions [16]. The drawback is that the 

response from Harris detector varies with image contrast, 

hence resulting to difficulties in threshold setting, [5]. Also, 

using Gaussian smoothing to reduce noise manages to cor-

rupt the location of corners within the image. So fusing the 

two operators provides the greater advantage of generating a 

feature vector that is objectively invariant to illumination 

and rotation and moreover rendering corner feature signifi-

cance and positioning.   

D. Proposed algorithm pricipal steps 

• Inputs:u0=input grayscale image,(h,k) by (4), 

• pupil and iris radius by (5), pc scales = 6, 

• filter orientations = 4, 

• Output: φ0=segmented iris, PC2. 

• Initialization: localize pupil and iris boundaries. 

• Segment pupil and iris by parameterizing (6) with 
calculated diameters and radii, 

• Get phase congruency measure by (2), 

• Enhance PC image by contrast limited adaptive his-
togram equalization (CLACHE), 

• Set threshold: If min_moment=>threshold, then = 1, 
else=0, 

• Detect Harris corner features. 

IV. EXPERIMENTAL RESULTS AND ANALYSIS 

Testing of the proposed algorithm is done on two differ-

ent databases. Independently collected eye images from con-

senting participants captured under an uncontrolled envi-

ronment, using the Vista EY2 dual iris and face camera. Non 

ideal images from the University of Beira Interior (UBIRIS), 

respectively. 

Fig. 4 (a-b) starts with a reference input image (L1) from 

the independent database. The localization of the pupil and 

iris boundaries is achieved via the calculated diameters and 

radii using Bresenham’s algorithm. The evolving curve 

from Chan-Vese algorithm uses the calculated parameters to 

stop the active contour on the desired boundaries for accu-

rate segmentation of the iris as shown in (c).  

 

 
Figure 4.  Chan-Vese segmentation: (a) Pupil localization. (b) Iris 

localization. (c) Segmented iris. 

 
Figure 5.  (a) Phase congruency image. (b) Enhanced phase congruency 

image. (c) Histogram of enhanced phase congruency image. 

Fig. 5 (a-b) shows the phase congruency map of the iris 

and its patterns. Now, since phase congruency uses principal 

moments to highlight significant features, enhancing the 

phase congruency articulates significant features within the 

image. This is shown by the histogram in (c), with focus to 

values closer and equal to 1. The histogram gives an esti-

mate indication of the points that do not lie in important 

edges that need to be eliminated  through  non maximum 

suppression in Fig. 6 (a). This process is followed by 

hysteresis thresholding in Fig. 6 (b) with both low (T1) and 

high (T2) thresholds set to 0.6. Fig. 6(c) is a histogram of 

the thresholded image showing only the retained significant 

features. 

 
Figure 6.  (a) Non maximum suppression. (b) Hysteresis threshold image. 

(c)  Histogram of hysteresis image. 

The process is followed by skeletonization to retain rele-

vant features in Fig. 7 (a). Finally the extraction of only the 

significant minimum moments ; which are corners,  to gen-

erate a matrix of corner features with their location that are 

only congruent in phase as a feature vector in Fig. 7 (b). The 

phase congruency mapped image is used as an input to Har-

ris algorithm.  This fusion shown in Fig. 8 (a), also confirms 

the corner features and their location as detected by the phase 

congruency operator. The histogram plot shows the location 

of Harris strongest features on the phase congruency image 

in Fig. 8 (b), and the observation is that a transpose and a -

270° rotation of the phase congruency feature vector is a 

replica of the location of strongest features histogram as 

detected by Harris algorithm.  
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Figure 7.  (a) Skeletonized threshold image. (b) Phase congruency feature 

vector image. 

 
Figure 8.  (a) Harris strongest features on PC image. (b) Histogram of 

feature location.  

Finally, a query image (L2) is introduced to the whole 

process and to extract both the phase congruency and Harris 

corner features. The obtained result is a perfect detection 

and matching of corner  features between a reference and its 

query image  shown in Fig. 9. 

 
Figure 9.  Corner points match between reference and query image. 

To test the robustness of the proposed method, the same 

process is followed using non ideal images from the 

UBIRIS database. The presentation and analysis of the re-

sults from Fig. 10 to Fig. 15 follows the one already dis-

cussed above. The produced results prove successful from 

segmentation to the final matching stage as shown from Fig. 

10- Fig. 15. 

 
Figure 10.   Chan-Vese segmentation: (a) Pupil localization. (b) Iris 

localization. (c) Segmented iris. 

  
Figure 11.  (a) Phase congruency image. (b) Enhanced phase congruency 

image. (c) Histogram of enhanced phase congruency image. 

 
Figure 12.  (a) Non maximum suppression. (b) Hysteresis threshold image. 

(c) Histogram of hysteresis image.  

 
Figure 13.  (a) Skeletonized image. (b) Phase congruency feature vector 

image. 

 
Figure 14.  Harris strongest features on PC image. (b) Histogram of feature 

location. 

 
Figure 15.  Corner points match between reference and query image. 

V. CONCLUSION 

Low cost devices used under poorly supervised image 

capturing conditions is indeed a challenge that can threaten 

the performance of an iris recognition system. The method 

proposed in this work demonstrates that with a modest fu-

sion of befitting algorithms, that is, Bresenham’s and Chan-

Vese algorithms for segmentation as well as phase congru-

ency and Harris algorithm to extract iris corner features, 

these challenges can be overcome. Our approach also pre-

sents low implementation complexity. The results show the 

robustness and 99.9 % matching accuracy achieved through 

our proposed method being tested on non-ideal iris images. 
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