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can be coarsely divided into two major categories, namely
appearance-based and feature-based methods.
Appearance-based methods, also known as holistic or
image-based methods, incorporate eye knowledge implicitly
by using the intensity distribution or ﬁlter responses of the
eye area and its surroundings to train a system using example
datasets [3-5]. They generally require a large amount of
training data and powerful non-linear algorithms in order
to learn the high variability of eyes. Although appearancebased methods can achieve remarkably high accuracy in
detecting the eye area, they fail to provide an accurate
detection of the eye center.
Feature-based methods make explicit use of the a priori
eye knowledge in order to derive features such as shape,
geometry, color and symmetry. Detailed modeling of the eye
shape parametric models and complex shape-based methods
have been employed [6], but despite the accuracy of these
methods, they are computationally demanding, require highresolution images and a close to the eye initialization. A
number of methods have been employed in order to exloit
the circular shape of the eyes, including ﬁlter responses [7],
the Hough transform [8] and isophote curvatives [9]. Color
has been mostly used in order to distinguish the eye region
from the rest of the skin by building eye maps [10], and more
rarely to accurately detect eye centers. Finally, symmetry
operators have been largely investigated for the purpose of
automated eye detection [11,12].
In this paper, a fast, fully automatic method for accurate
eye center localization even in low resolution images, is
presented. It is based on a synergy of color and radial
symmetry to precisely and robustly detect eye centers. The
main novelty of our method lies in the construction of a
color based eye map, which emphasizes the iris area and in
the synergy of the radial symmetry on both the original eye
region and the eye map.

Abstract—The development of eye localization and gaze
tracking systems without the constraint of dedicated hardware, has lately motivated the scientiﬁc community. A lot of
passive methods have been proposed; however their precision
is limited and signiﬁcantly reduced compared to the commercial, hardware-based, eye tracking devices. In this paper we
introduce an automatic, non-intrusive method for precise eye
center localization in low resolution images. To this end, the
proposed system utilizes radial symmetry transform in both the
original eye image and a novel eye map image derived from
color information. Experimental results demonstrate great
accuracy and robustness even in challenging cases, achieving
also signiﬁcant improvement over existing methods.
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I. I NTRODUCTION
Being the most salient landmarks in the human face, eyes
and their movements play a key role in expressing a person’s
cognitive and affective state, interest and attention. Accurate
eye center localization and gaze tracking constitutes an
integral part of a wide variety of applications including face
alignment and normalization, monitoring of drivers attention
and vigilance, visual attention analysis (e.g. for marketing
purposes) and interactive gaze-based interfaces for disabled
people.
Although many commercial products for eye detection
and tracking are available on the market, they all require dedicated, high-priced hardware. The most common approaches
use active infrared (IR) illumination, to obtain accurate eye
location through corneal reﬂection [1]. The use of nonintrusive, computer vision techniques for the task of eye
localization has bloomed in the last decade, as they can be
incorporated in many applications where the use of extra
dedicated hardware is impracticable.
Despite active research, eye center localization with high
precision remains a very challenging task; eyes present
great variability in shape and color depending on eye state,
iris direction, head pose and ethnicity. Occlusions caused
by hair, glasses or shadows make localization even more
difﬁcult. The localization process becomes even more challenging when dealing with low resolution images derived
from inexpensive imaging devices (e.g. webcams, pinhole
cameras or mobile devices).
Over the last decades, a great number of techniques have
been employed for the task of eye detection [2]. These
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II. P ROPOSED M ETHOD
The overview of the proposed system is illustrated in
Figure 1. Once a face is detected in a given image, regions
containing the eyes are deﬁned. Color information is used
to build an eye map which emphasizes the iris area. Then,
a radial symmetry transform is applied both to the eye map
and the original eye image. The cumulative result of the
transforms indicates the precise positions of the eye centers.
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A detailed description of the different stages of the algorithm
follows below.

(dilation/erosion) can further emphasize the iris area. Grayscale dilation and erosion with circular structural elements
is used to build a new eye map:
EyeM apI =

Figure 1.

Face detection is carried out using the real time face
detector proposed by Viola and Jones [13]. It uses boosted
cascade detectors based on Haar features and represents
the state-of-the-art method for face detection. Within each
detected face, a Region of Interest (ROI) containing each of
the eyes is deﬁned heuristically based on face geometry . The
dimensions of the ROIs are calculated so that they contain
the whole eye areas even when reaching the detection limits
of the face detector, regarding the in-plane and out-of-lane
rotations [13]. The width and height of the eye regions
are determined as EyeRegionW idth = F aceW idth/3
and EyeRegionHeight = F aceHeight/4 . The proposed
procedure is then applied to the cropped eye ROIs in order
to localize the exact positions of the eye centers.

B. Radial Symmetry Transform
Symmetry constitutes one of the primary properties of
the eyes and can be exploited both in the original eye image
and in the eye map constructed. In our approach a fast and
highly efﬁcient radial symmetry transform is used, proposed
in [14]. The transform is a gradient-based interest operator
that works by considering the contribution each pixel makes
to the symmetry of pixels around it.
The parameters that have to be deﬁned for this process
are the radial strictness parameter α and the set of radii
N which deﬁne the range of radially symmetric features
to be detected. A low radial strictness parameter (α = 1)
proves to be the more judicious choice as it also gives
emphasis to non-radially symmetric features. Apart from
the experimental evidence for this, an intuitive explanation
can be also provided, as the radial shape of the iris largely
depends on the eye state, but always preserves some level of
symmetry. The set of radii N = [nmin , nmax ] is estimated
based on the size of the face detected. The minimum
radii is deﬁned as nmin = EyeRegionW idth/15 and the
maximum as nmax = EyeRegionW idth/4 . In order to
speed up calculations, it is possible to use a sparser set
of non-continuous values instead. The result constitutes a
very good approximation to the output obtained if all the
continuous ranges were considered.
The ﬁnal transformed image is calculated by adding the
individual results of applying the radial transform to the
luminance component of the eye image and to the calculated
eye map (as shown in Figure 1). The position of the
maximum value indicates the localized eye center:

A. Eye Map Construction
With the goal of building an eye map that optimally
distinguishes the eye area from the skin area, we transform
the RGB images into the Y CbCr color space. Y CbCr was
adopted because it is a perceptually uniform color space,
which performs very well in separating the luminance from
the chrominance component, as well as in modeling the skin
regions [10]. These attributes prove to be very useful in order
to build reliable eye maps, mitigating the effects of uneven
illumination, shadows and other intensity variations.
The eye map derived from the chrominance components
of the Y CbCr color space is based on the observation that
eye areas present high Cb values and low Cr values. The
eye map is constructed as follows:
1
{(Cb)2 + (Cr)2 + (Cb/Cr)}
3

(2)

where ⊕ denotes gray-scale dilation of the luminance
component with the structuring element B1 and  denotes
gray-scale erosion with the structural component B2. B1
and B2 are ﬂat circular structuring elements with radius
half of the iris radius for B1 and equal to the iris radius for B2. The estimation of the radius of the iris is
based on the eye ROI size and is deﬁned as Radius =
EyeRegionW idth/10. Deviations in the estimation of the
iris radius do not have a noticeable inﬂuence in the outcome.

Block diagram of the proposed system

EyeM apC =

Y ⊕ B1
EyeM apC  B2

(1)

where Cb and Cr are normalized to range [0, 1] and Cr
denotes the complement of Cr (i.e. 1 − Cr). This formula
emphasizes pixels with high Cb values and low Cr values
in order to efﬁciently separate skin pixels from non-skin
pixels (eyes and eyebrows). Large values on the eye map
are observed at the position of the irises, where the color
difference from the skin pixels is maximized. Based on
the observation that irises comprise the darker pixels of
the eye area in the luminance component, and the brighter
pixels in the eye map, gray-scale morphological operations

(xl , yl ) = argmax(Sluminance + Seyemap )

(3)

where (xl , yl ) denotes the estimated eye center coordinates
and S the radial symmetry transforms of the luminance
component and the eyemap (eq.2) respectively.
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(a)
Figure 2.

(b)

Eye center localization results on (a) GTAV database and (b) Caltech database. Yellow dots indicate the detected eye centers

III. E XPERIMENTAL S ETUP

which roughly corresponds to the distance between the eye
center and the eye corners, e ≤ 0.1 which corresponds to
the range of the iris and e ≤ 0.05 which corresponds to the
pupil area and its nearby region (precise localization).

The performance of the proposed algorithm was tested on
frontal and near-frontal face images in two publicly available
databases, the GTAV face database [15] and the Caltech face
database [16].
The GTAV face database contains low resolution (240 x
320 pixels) color images. It includes a total of 44 people
with 27 pictures per person, which correspond to different
poses, occlusions and facial expressions, under different
illuminations. Due to these conditions, the GTAV database is
considered as a challenging dataset. Of all the images in the
database, 713 images (of all 44 persons) were meaningful for
the evaluation of our algorithm: Images with extreme poses
where one of the eyes was completely occluded (which also
caused the frontal face detector to fail) or both eyes were
completely hidden, were excluded.
The Caltech face database is used in order to test how well
our algorithm performs on images of higher resolution (896
x 592 pixels). It contains 450 face images of 27 people under
various facial expressions and lighting conditions. The cases
where the face detector failed to correctly ﬁnd the positions
of the faces were excluded (15 images). Both databases were
manually annotated in order to deﬁne the ground truth for
the left and right eye centers.
In order to evaluate the accuracy of the proposed eye
center localization algorithm, the normalized error (e) is
used. The normalized error measure is speciﬁed as the
Euclidean distance between each located eye center (xl , yl )
and the corresponding ground truth (xgt , ygt ), divided by
the interocular distance (distance between eyeball centers calculated as the Euclidean distance between the manually
labeled left and right eye centers). The accuracy of the
algorithm is expressed as the number of eye localizations
that fall below the assigned error threshold, divided by the
total number of them. The thresholds used for our tests
(which are also the most commonly used) are e ≤ 0.25

IV. E XPERIMENTAL R ESULTS
The evaluation of the proposed method yields robust and
precise localization of eye centers, as shown in Figure 2. We
observe that the method deals successfully with challenging
illumination conditions, out-of-plane rotations, presence of
glasses and partial occlusions by hair, reﬂections or shadows.
It is also unaffected by the eye state, as long as the eyes
are not completely obscured by the eyelids. The proposed
method fails to extract accurate results only in cases when
the eyes are closed and in extreme cases of uneven illumination, reﬂections and occlusions (Figure 3).

Figure 3.

Examples of failures of the proposed system

The results of the proposed method are compared against
state-of-the-art methods for accurate eye center detection
in literature. The radial symmetry transform is used in
[11] for ﬁne localization of the eye centers, in coarse eye
regions deﬁned in advance. Although the parameters of the
transform and the thresholds for deﬁning the accuracy are
not explicitly deﬁned, a simulation using a wide set of
ranges yields the upper detection boundary when using this
approach. The method of Valenti and Gevers [9] achieves
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a considerable improvement in accurately locating eye centers, when compared to the state-of-the-art methods. Their
implementation of the method is evaluated in both databases
to test its efﬁciency.
Tables I, II provide supporting evidence of the superior
performance of the proposed algorithm in both databases.
We can observe from Table I that in the low-resolution
and difﬁcult images of GTAV face database the proposed
method achieves signiﬁcant improvement in performance
over the rest of the approaches examined, especially for
high-precision localization (dn ≤ 0.05) . The results remain signiﬁcantly higher for detection within the iris area
(dn ≤ 0.1), and are almost equal when providing a coarse
detection of the eye area (dn ≤ 0.25).

permits the method to be used in applications utilizing
low-cost image capturing devices like a simple webcam.
Future efforts will be directed towards using the synergy
of temporal information, for eye center tracking in video
sequences. A proper real-time implementation will also
allow the system to be incorporated in practical applications.
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V. C ONCLUSION
In this paper we proposed a new, fully automatic method
for precise eye center localization exploiting radial symmetry and color information. An extensive evaluation of the
proposed approach was performed mostly on low resolution
images containing different cases of challenging conditions,
and also on higher resolution images. Experimental results
reported high accuracy rates, outperforming existing methods, especially in low-resolution images. This advantage

997

