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Abstract—Biometrics are the personal physiological and behavioral characteristics which are mostly used for personal recognition. Today, biometric based security systems such as fingerprint,
iris and face recognition are used everywhere especially in high
security areas. Human retina is another source of biometric
system which provides the most reliable and stable means of
authentication. In this paper, we present a system for recognition
based on vascular pattern of human retina. The proposed
algorithm consists of three stages; i.e. preprocessing, feature
extraction and finally the matching process. In preprocessing,
it extracts the vascular pattern from input retinal image and
then it formulates the feature vector in feature extraction stage
followed by vascular matching. The proposed method is tested
on publicly available databases and experimental results show
that the proposed method achieves high accuracies for vascular
pattern extraction and matching.

Fig. 1. Human Retinal a) Digital image of human retina; b) Vascular pattern

for high security military and Government areas due to their
stability and reliability.

I. I NTRODUCTION
Biometrics are used in automated personal recognition and
identification systems especially at high security regions [1].
The commonly used biometrics include fingerprint, iris, facial
and speech recognition [1]. Although there are highly accurate
systems based on these biometrics but all of these can easily be
forged. Human retina contains vascular pattern which is unique
in every individual and can be used in biometric system [2].
Unlike traditionally used biometric systems, vascular pattern
of human retina is the most reliable and stable source for
biometrics. It is not easy to forge it as it lies at back end of
human eye and is not directly accessible [2]. There is always
a confusion regarding iris and retina as they both belong to
human eye but their functions and patterns are completely
different. Iris is the colored region between the pupil and sclera
whereas retina is located at back region of eye. The foundation
of retinal recognition is the pattern of blood vessels present
in human retina [2]. Figure 1 shows the human retinal and
vascular pattern extracted from digital retinal image.
Digital retinal images are used in automatic identification
systems. They are acquired using digital fundus camera consisting of low power microscope and is used by eye specialists
for treatment of retinal diseases. In order to scan retina, the
person must position his eye very close to the lens of camera
and should remain still during scanning procedure. Once the
scanner is activated, the green light moves in a complete circle
and captures the fundus region containing blood vessels [2]. It
is the acquisition process which stops the wide and common
use of retinal recognition systems but still they are suited
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The uniqueness and importance of retinal vascular pattern
were discovered by two eye specialists, Dr Carleton Simon
and Dr Isodore Goldstein while studying on eye diseases back
in 1935 [3]. They discovered that every eye owns a unique
vascular pattern which can be used for personal authentication.
Advancing in the same field, Dr Paul Tower studied on the
vascular patterns of twins in 1950 and discovered that they
are unique even among identical twins [4]. In his study, he
showed that retinal vascular patterns the least similar among
resemblance factors typical of twins.
A few studies have been done on retinal recognition. Main
focus was on the accurate extraction of blood vessels. Landmark based methods for retinal registration were presented
in [5]-[6] using vessel bifurcations and crossover points as
feature points. Another retinal registration method based on
location of optic disc was presented by [7]. A cross correlation
coefficient based retinal identification was done in [8]. They
first registered the input image and then matching is done by
correlating the vascular pattern. Bevilacqua et al. [9] proposed
a vascular bifurcation and cross over point based system for
retinal authentication. The comparison was done by means of
accumulation matrix.
The remaining paper is arranged as follows: Section II
contains the proposed system and explains all three stages
in detail. The experimental results are given in section III
followed by conclusion in last section.
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[13], for θ spanning from 0o up to 170o at steps of 10o
and the maximum is taken.

II. P ROPOSED S YSTEM
Biometric based security systems are the reliable source of
security for highly sensitive areas. Human retina consists of
blood vessels which form a unique pattern and it is almost
impossible to forge it in a false individual. The proposed
system consists of three stages; i.e. preprocessing, feature
extraction and vascular matching. In preprocessing, it performs
blood vessel enhancement and segmentation to extract the
vascular pattern from digital retinal image. Then, it extracts
and validates the feature points from vascular pattern just like
fingerprint minutiae points and makes a feature vector for each
point. In last stage, the system performs vascular matching
using mahalanobis distances.

Mψ (b, a) = maxθ |Wψ (b, θ, a)|

(4)

This gives us the enhanced vascular pattern for the retinal
image and vascular pattern is segmented using multilayered
thresholding method [11]. The extracted vascular pattern consists of blood vessels of variable thickness. In order to make
the width of blood vessels equal to single pixel, we apply
morphological thinning operation [15]. Figure 2 shows the step
by step output for preprocessing stage.

A. Preprocessing
The purpose of preprocessing is to remove noise and background from retinal images and then vascular structure [10].
The accuracy of retinal recognition depends on extraction of
blood vessels. In preprocessing stage, we extract the blood vessels by first enhancing them using wavelet transformation and
then applying multilayered thresholding on enhanced pattern
to extract it from the image [11]. Gabor wavelet is famous due
to its directional selectiveness capability of detecting oriented
features and fine tuning to specific frequencies [12], [13].
1) The continuous wavelet transform (CWT) Tψ (b, θ, a)
is defined in terms of the scalar product of f with the
transformed wavelet ψb , θ, a using equation 1 [14]
−1/2
Wψ (b, θ, a) = Cψ hψb , θ, a|f i
Z
−1/2
= Cψ a−1 ψ ∗ (a−1 r−θ (x − b))f (x)d2 x
(1)

Fig. 2. Preprocessing: a)Green Channel retinal image; b)Enhanced blood
vessels; c)Segmented blood vessels; d)Thinned blood vessels

B. Feature Extraction and Validation
The main features of vascular pattern are vessel ending and
bifurcation points (fig. 3) just like fingerprint minutiae points
[1].

where f ∈ L2 is an image represented as a square
integrable (i.e., finite energy) function defined over R2
and ψ ∈ L2 be the analyzing wavelet. Cψ , ψ, b, θ and a
denote the normalizing constant, analyzing wavelet, the
displacement vector, the rotation angle, and the dilation
parameter respectively.
2) It is easy to implement wavelet transform using the fast
Fourier transform algorithm. Fourier wavelet transform
is defined using equation 2 [13].
Wψ (b, θ, a) =

−1/2
Cψ a

Z

Fig. 3.

Structures of vascular features; i.e. vessel ending and bifurcations

The system uses crossing number method (eq. 5) to extract
the vascular endings and bifurcations [16]. For every vessel
pixel p in thinned image g

exp (jkb)ψ̂ ∗ (ar−θ k)fˆ(k)d2 k

8

C(p) =

(2)
√
where j = −1, and the hat (ψ̂ ∗ and fˆ ) denotes a
Fourier transform.
3) The 2-D Gabor wavelet is defined as [14]

1X
|g(pimod8 ) − g(pi−1 )|
2 i=1

(5)

Where p0 to p7 are the pixels belonging to a clockwise
ordered sequence of pixels defining the 8-neighborhood of p
and g(p) is the pixel value. g(p) = 1 for vessel pixels and
zero elsewhere. C(p) = 3 and C(p) = 1 correspond to vessel
bifurcations and endings respectively.
The feature points obtained from this algorithm must be
validated to preserve only the true feature points. In order to
eliminate false endings and bifurcations due to spurs and small
breaks, we apply a windowing technique. In this, we take a
window of size 9 × 9 with all initial values equal to 0 and

1
ψG (x) = exp(jk0 x) exp(− |Ax|2 )
(3)
2
where k0 vector defines the frequency of the complex
exponential and A = diag[−1/2 , 1],  ≥ 1 is an
elongation diagonal matrix in any desired direction.
4) The Gabor wavelet transform, for each pixel location
and chosen scale value, is computed using equation 4
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Fig. 4.

Feature Validation: a) Vessel ending; b) Validation of vessel endings; c) Vessel Bifurcation; d) Validation of vessel bifurcation

place the candidate feature point; i.e. ending or bifurcation, at
the center of window. Initialize the center point with a value
of −1. Vessel endings have only one connected branch, assign
1 to all connected pixels and count 0 to 1 transitions while
moving in clockwise direction along the boundary of window.
The count should be equal to 1 for a valid vessel ending.
We repeat the same procedure for vessel bifurcations but as
each bifurcation has three connected branches, so assign 1,2
and 3 to all pixels traveling along three different branches
respectively. Now move along the border of the window in
clockwise direction and count transitions from 0 to 1, 0 to
2 and 0 to 3. For a valid bifurcation, count should be equal
to 3 otherwise eliminate that bifurcation. Figure 4 shows the
true vessel endings and bifurcations and also the validation
processes for both.
C. Feature Matching for Retinal Recognition
Feature matching is the most crucial part of any biometric
system. In order to make matching invariant to translation and
rotation, we calculated the relative angles φij between every
feature point and its four nearest feature points and also their
relative distances dij as shown in figure 5.
Here a is the candidate feature point having b orientation
whereas c, d, e and f are its four nearest feature points.
orient1, orient2, orient3 and orient4 are relative angles
between orientation of a and orientations of c, d, e and f
respectively. Angles are computed by using orientation of
vessel to which feature point belongs to and distances are
calculated using pixel coordinates of each feature point [16].
The relative angles are used in order to generate rotation
invariant features. For every feature point, template feature set
for matching is < φ11 , φ12 , φ13 , φ14 , d11 , d12 , d13 , d14 >. Now
if a and b are feature points from two retinal images of same
person then their feature vectors will be similar. Matching is
done by calculating Mahalanobis distance [17] between feature
vectors of all feature points in test image and templates stored
in database.

Fig. 5. Four nearest feature points and their relative orientations for center
feature point

of proposed system, we use three publicly available retinal
datasets i.e DRIVE, STARE and VARIA. DRIVE [18] and
STARE [19] databases contain 40 and 81 images respectively
and they are mostly used to check the accuracy of vascular
pattern extraction. VARIA [20] is the only database that is
truly formed for retinal recognition systems. It includes 233
retinal images of 139 different persons with a resolution of
768 × 584. We have divided the results in two groups i.e.
blood vessel segmentation and person recognition. In first
group, we have tested the accuracy of proposed system for
vascular segmentation as recognition depends on accurate
extraction of blood vessels. Table-1 shows the results for blood
vessel segmentation. Figure 6 shows the area under receiver
operating characteristics curves (ROC) for proposed system
using DRIVE and STARE databases. In order to check the
validity of person recognition, the system is tested on 354
retinal images and results are shown in Table-II.
It shows that proposed method achieves an overall recognition rate of 98.87%. The results are a bit low for STARE
database images which is due to presence of different retinal
lesions. we are not considering retinal lesions in proposed

III. E XPERIMENTAL R ESULTS
The person recognition system based on biometrics require
thorough testing and validation. There are only a few publicly
available databases for retinal recognition as compared to
fingerprint or facial recognition. In order to check the accuracy
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Fig. 6.

ROC curves for vessel segmentation using DRIVE and STARE databases

TABLE I
C OMPARISON OF PROPOSED SYSTEM WITH EXISTING METHODS FOR

[3] Simon, C., Goldstein, I., “A New Scientific Method of Identification”,
New York State Journal of Medicine, vol. 35, No. 18, pp. 901-906, 1935.
[4] Tower, P., “The Fundus Oculi in Monozygotic Twins: Report of Six Pairs
of Identical Twins”, Archives of Ophthalmology 54, pp. 225-239, 1955.
[5] M. Ortega, M.G. Penedo, J. Rouco, N. Barreira, and M.J. Carreira,
“Retinal verification using a feature points-based biometric pattern”,
EURASIP J. Adv. Signal Process, pp. 1-13, 2009.
[6] Z.W. Xu, X.X. Guo, X.Y. Hu, X. Chen, and Z.X. Wang, “The identification and recognition based on point for blood vessel of ocular fundus”,
In Proc. ICB 2006 LNCS 3832, pp. 770-776, 2006.
[7] H. Farzin, H. Abrishami-Moghaddam, and M.-S. Moin, “A novel retinal
identification system, EURASIP J. Adv. Signal Process, pp. 1-10, 2008.
[8] K. Fukuta, T. Nakagawa, Y. Hayashi, Y. Hatanaka, T. Hara, H. Fujita,
“Personal Identification Based on Blood Vessels of Retinal Fundus
Images”, Proc. of SPIE 6914, 2008.
[9] V. Bevilacqua, L. Cariello, D. Columbo, D. Daleno, M. D. Fabiano,
M. Giannini, G. Mastronardi, M. Castellano, “Retinal Fundus Biometric
Analysis for Personal Identifications”, ICIC LNAI 5227, pp. 1229-1237,
2008.
[10] A. Tariq and M. U. Akram, “An Automated System for Colored
Retinal Image Background and Noise Segmentation”, IEEE Symposium
on Industrial Electronics and Applications (ISIEA 2010), pp. 405-409,
2010.
[11] M. U. Akram, S. A. Khan, “Multilayered thresholding-based blood
vessel segmentation for screening of diabetic retinopathy”, Engineering
with computers, DOI: 10.1007/s00366-011-0253-7, 2011.
[12] A. Arnodo, N. Decoster and S. G. Roux, “A wavelet-based method
for multifractal image analysis. I. Methodology and test applications on
isotropic and anisotropic random rough surfaces”, Eur. Phys. J. A., vol.
15, pp. 567-600, 2000.
[13] J.P. Antoine, P. Carette, R. Murenzi, and B. Piette, “Image analysis with
two-dimensional continuous wavelet transform”, Signal Process., vol. 31,
pp. 241-272, 1993.
[14] J. V. B. Soares, J. J. G. Leandro, R. M. Cesar, H. F. Jelinek and M.
J. Cree., “Retinal vessel segmentation using the 2-D gabor wavelet and
supervised classification”, IEEE Trans. on Med. Imag, vol. 2, No. 9,
1214-1222, 2006
[15] R. C. Gonzalez and R. E. Woods, “Digital image processing”, Prentice
hall, second edition, 2002.
[16] A. K. Jain, R. Bolle, and S. Pankanti, “Biometrics: Personal Identification in a Networked Society”, Springer- Verlag New York Inc (C), 1999,
[17] R. O. Duda, P. E. Hart, and D. G. Stork, “Pattern Classification”, New
York, Wiley, 2001.
[18] J. Staal, M. D. Abramoff, M. Niemeijer, M. A. Viergever and B.
van Ginneken, “Ridge-based vessel segmentation in color images of the
retina”, IEEE Trans. Med. Imag., vol. 23, No. 4, pp. 501-509, 2004.
[19] A. Hoover, M. Goldbaum, “Locating the optic nerve in a retinal image
using the fuzzy convergence of the blood vessels”, IEEE Trans. on
Medical Imaging, vol 22, No. 8, pp. 951-958, 2003.
[20] VARIA,“Varpa
retinal
images
for
authentication”,
http://www.varpa.es/varia.html.

VESSEL SEGMENTATION

Method

Accuracy
(DRIVE)

Accuracy
(STARE)

Staal et al.
Soares et al.
Proposed

0.9441
0.9466
0.9469

0.9516
0.9480
0.9502

TABLE II
R ECOGNITION RATE OF PROPOSED METHOD
Database

Total
images

Correctly
recognized

Wrongly
recognized

Recognition
rate (%)

DRIVE
STARE
VARIA
Total

40
81
233
354

40
78
232
350

0
3
1
4

100
96.29
99.57
98.87

system but this accuracy can be improved if retinal lesions
are extracted prior to person recognition.
IV. C ONCLUSION
This paper presented a biometric system for personal
recognition based on vascular pattern of human retina. We
proposed a three stage algorithm in this paper consisting
of preprocessing, feature extraction and vascular matching.
The first step enhanced the blood vessels and segmented
it using wavelets to extract the vascular pattern. In order
to use vascular pattern for matching, the proposed system
used vessel endings and bifurcations as feature points and
formed a feature vector based on relative angles and distances.
Matching is performed using Mahalanobis distance and results
demonstrated the validity of proposed system.
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