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Abstract. There were many eye localization algorithms depending on face 
detection in the literature. Differently this paper presents a novel eye detection 
and localization system not depending on face detection for natural human and 
robot interaction using both stereo and visual cameras. To build a robust system 
we use stereo and visual cameras in synergy. The stereo camera is used to 
localize the head of the person to replace face detection. Then our eye 
identification algorithm detects and localizes two eyes inside head box. In eye 
detection step, our algorithm uses a HOG-moment (Histogram Of Gradient) 
feature to detect two eyes inside the head box. In eye localization step, we 
employ an iterative procedure to search the best location for eye pair. The 
experimental results show that the proposed eye detection and localization 
algorithm, not depending on face detection, has a similar robustness as the 
existing eye localization algorithms.    
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1   Introduction 

Eye detection and localization has been an important research problem in the past 
decades due to it is a key step in a variety of applications. In natural human and robot 
interaction eye identification is the key technology of eye contact between human and 
robot.  The result of eye identification can facilitate to find out the direction of gaze. 
In the facial feature extraction two eyes can be located first thanks to their salience. 
And with the helpful innate geometrical constraint the accurate eye centers can 
facilitate the extraction of other facial features by providing good location estimation 
of other features [7-8]. Facial feature extraction is the essential step in multiple 
applications such as face tracking, face recognition, facial expression recognition, and 
human computer interface [22-23].  The facial feature extraction is to localize the 
facial components of interest including eyes, nose, and mouth and to estimate their 
scale.  The accuracy of facial feature localization has big impact on the performance 
of the applications such as face recognition and facial expression recognition using 
locations of facial features as their input [22].   
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The algorithms of eye localization in the literature can be divided into active and 
passive two approaches. The active approach localize eyes from the images taken by 
near infrared (NIR) cameras [1-2], whereas the passive approach localizes eye from 
the images taken by visual cameras [3-22].  The principle of the former approach is 
red-eye effect in flash photographs, utilizing special IR illuminators and IR-sensitive 
CCD for imaging. In the indoor and relatively controlled conditions the spectral 
properties of the pupil under NIR illumination provide a very clean signal. Hence the 
algorithms in this approach are relatively simple and fast. And they can achieve high 
accuracy in eye localization when the required special conditions are met. The most 
significant conditions in this category are a relatively stable lighting condition, a 
camera set close to the subject, and open eyes [1-2].   

Localizing two eyes from the visual images is more challenging than from the NIR 
images.  In the literature there were more research efforts in this approach due to its 
wide variety of applications and its challenges and.  These algorithms used various 
methods such as template matching [14], rule-based [17, 21], model-based [4, 16], 
feature based [5, 8, 12, 17], and hybrid [10]. In the template algorithms, multiple 
templates are created for searching eye pair [14].  Templates are used under certain 
order and rules. A number of templates are required to cope with the variety of the 
conditions of taking images and the variety of eye pairs. In the rule-based algorithms, 
several functions or transforms are used to compute several features and then rules are 
applied to these features to obtain the eye locations of two eyes. For instance, authors 
in [17, 21] used the projection functions to obtain the features, whereas authors in [3] 
used the radial symmetry transform to obtain the features. Authors in [8] proposed an 
algorithm based on the assumption that eye center is the center of isohphote 
curvature. However, the rules based on the prior knowledge are not easily decided. 
This method also has difficulty in finding features that can cope with the different 
conditions. In the model-based algorithms, single or multiple models are created to 
capture the eye characters. A model comprises of a set of equations including the eye 
location and some other variables of describing the considering region. The goal is to 
find the optimal solution of the model [4, 16]. In this method, the main challenge is 
that it is difficulty to define single or multiple models capable of capturing the variety 
of conditions. Finally, feature based algorithms used a trained learning machine to 
classify each region whether is an eye or an eye pair based on low-level feature.  
Some of examples of features include wavelets, Gabor feature, Haar-like feature, and 
HOG feature [8, 12]. HOG (Histogram Of Gradient) is one of effective methods in 
object detection and recognition. Monzo et al [12] used a HOG to model two eyes and 
a face together. The algorithm in [12] first detects the face region and then it employs 
Haar feature to obtain the eye candidates. The last step is to use HOG model to 
evaluate each pair of eyes and pick the best location of the pair of eyes.  

Though there were many eye localization algorithms in the literature, they need 
some further work for building the system for real applications.  The existing 
algorithms still have two issues. First, they take the face box as their input and assume 
that the face box is perfectly performed. The fact is that face detection still can not 
achieve the perfect performance, especially for occluded, makeup, camouflage faces. 
Second, they are not robust for the uncontrolled open environment. For example, they 
are not robust to locate the eyes under the scenario of natural human and robot 
interaction. In this paper, we develop a robust and fully automatic eye localization 
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system based on the synergy of stereo and visual cameras. This system uses a 
procedure to replace face detection in the existing eye localization algorithms. 
Compared with face detection, this procedure has multiple merits. First, it can 
robustly locate the head for a wide range because the stereo can have a wide view.  
Second, it is much faster than face detection due to it is a shape analysis procedure. It 
is another critical merit for building the real system. Third, it still can locate the head 
when faces are of camouflage, makeup, or partial occluded. Fourth, it can know 
which head is closer to the robot.   

The rest of the paper is organized as follows.  Section 2 gives the overview of the 
proposed eye localization system. Section 3 and 4 describe the procedures of eye 
detection and eye localization respectively. Section 5 presents the evaluation of the 
algorithm. We conclude the paper in Section 6.    

 
 
 
 
 
 
 
 
 
 
 

 
Fig. 1. Flowchart of our eye detection and localization system and the layout of stereo and 
mono cameras on our robot 

2   Overview of the Eye Detection and Localization System  

Here we give the overview of our eye detection and localization system, which is a 
robust and fully automatic eye localization system of using both stereo and mono 
cameras in synergy. As depicted in Fig 1, the system comprises of three main 
components: head localization, eye detection and eye localization. The component of 
head localization works on the images by the stereo camera. It first finds the person 
close to robot. Then it localizes person’s head and converts the head box in the stereo-
camera image into the one in mono-camera image. This component replaces the face 
detection in the existing eye localization algorithms in the literature [3-22].  The other 
two components actually are an eye detection and localization algorithm from the 
visual images with the known head box. Eye detection component is to obtain the eye 
candidates, which are the regions in certain size that probably contain an eye.  Our 
eye candidate detection employs a scan procedure that scan the full image for all the 
regions. For each region, we use a SVM (Support Vector Machine) on the HOG-
moment feature to evaluate whether it is an eye candidate. HOG-moment vector is the 
concatenation of the HOG vector and moment vector of this region. HOG (Histogram 
of Gradient) is a robust object detection technique and it especially has good 
performance in human detection. However, HOG can be fooled by some objects that 
have the similar edge distributions to eye. We complement HOG with moment vector.   

Multi-model 
human shape 

detection 

HOG-moment 
feature-based eye 

detection 

Maximum 
likelihood based 
eye localization 

Input images from 
stereo and mono 

cameras 

  images from mono camera 
images from a stereo camera 



 An Eye Detection and Localization System 57 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
The succeeding eye localization component is to identify the eye pair from the eye 

candidates and find the accurate eye centers of two eyes. We first form a formula that 
calculates the likelihood that two points are left and right eye centers. Thus, our goal 
is to find two points that have a largest likelihood value.  We design an iterative 
procedure to achieve this goal. The initial positions of two points are crucial for 
obtaining the best eye locations. We define a Bayesian formula to select the best pair 
from eye candidates. The measure used in this search is produced by integrating the 
appearance measure and the distance of two eyes.    

3   Head Localization by Stereo Camera  

3.1   Head Localization by Stereo Camera 

The block diagram of our head localization component is shown in Fig 2. The input to 
this component is both disparity and color images from the stereo camera on the robot 
head. For each frame, the blocks in the diagram are executed as follows. First, the 
humans in the view are detected from the disparity and color images. Meanwhile, the 
positions of occluded humans are predicted based on their motion. To handle possible 
complex occlusions, multi-person tracking is performed sequentially from the closest 
one to the farthest (including the fully occluded ones) to approximate a globally 
optimal tracking process. The order is determined by the predicted 3D positions of all 
the tracked humans. Then, the blocks within the dotted box of the diagram in Fig 2 
are executed to track humans one by one. For each human, a mean-shift tracking is 
first performed, and then the new position is located in the image by the ML-based 
fusion (ML is the acronym of Maximum Likelihood). Finally, the exclusion step is 
performed to suppress the visual features of the tracked human in both color and 
disparity images. This operation is to avoid other humans being trapped in the 
positions of those tracked humans. When the sequential multi-person tracking is 
completed, the system updates the 3D positions and appearance models of the tracked 
humans, as well as the initializations and terminations of the tracks. The results of 
 

Fig. 2. The block diagram of multi-model human body and head detection and tracking  
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Fig. 3. The illustration of the relative relation of the variables of stereo and mono cameras 

human tracking are the bounding boxes of human body and head. The following steps 
in this system just use the head box. 

3.2   Head  Location Conversion 

To convert the head location in the stereo camera into the location in the mono 
camera we establish a mapping from mono camera to the left eye of the stereo 
camera. The variables ZandbffXXxx e ,,,,,,, 212121 are defined in the fig 3 and sb is 

the baseline of the stereo camera. Then they have the following relation. 
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In stereo camera 1−= fbdZ , where d is the disparity value.  Hence,  
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where x1 is the position from mono camera and x2 is the estimated position in the 
color image from the left eye of the stereo camera. The coordinates should be 
computed with respect to the image centers, hence 111 cXXx −=  and 222 cXXx −= , 

where X1 and X2 are the positions in the image respect to the upper left center of the 
corresponding images, and 1cX  and 2cX  are the image centers of the corresponding 

images. By substituting the variables the model becomes  

                  
CdkXkX d ++= 112    

                                                (3)  

where 112 cc XkXC −= is a constant. The parameters for the model are k1, k2, and C. 
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4   HOG-Moment Based Eye Detection 

Eye detection is a procedure that scans all possible eye regions and evaluates each 
region whether it is an eye candidate using a SVM on HOG-moment feature. Given a 
grey image, it first estimates the eye dimension by the head size and forms five sizes 
of eye regions around the estimated eye dimension.  For each size of region we scan 
the whole image to acquire the eye candidates. 

4.1   HOG Feature 

Histogram of oriented gradient (HOG) is an adaptation of Lowe’s Scale Invariant 
Feature Transformation (SIFT) approach. A HOG feature is created by first 
computing the gradient magnitude and orientation at each image sample point in a 
window (or region) around an anchor point. The window is divided into a W x H 
cells. An orientation histogram for each cell is then formed by accumulating samples 
within the cell, weighted by gradient magnitude. Concatenating the histograms from 
all the cells forms the final HOG feature vector.  A W x H cells window was used to 
scan the image with step length at wS  pixels in horizontal and hS pixels in vertical. 

The ratio between W and H is decided by object shape, which can be acquired by 
doing statistics on the annotated samples. And the values of W and H are chosen by 
considering accuracy and computation time. Each cell block in the window covers M 
x M pixels. Different values of M are used to detect the same target in different 
scales. In this way, HOG can handle the scale variance of object in images. In a cell 
block, the orientation of gradient of each pixel is classified into K bins. K bins evenly 
divide from 90 degree to -90 degree, i.e. each bin spans 180/K degrees. The value 
linking to a bin is in the interval [0.0, 1.0], which represents the ratio of pixels 
belongs to the bin. Thus, W x H x K bins are used for an anchor position. In this 

paper, W=4, H=3, K=9, wS =W/2, hS =H/2.  The values of M are 16 + j*2 for j = 0 

to 4 in this paper. 

4.2   Moment Feature 

Eye region has a distinctive gray value distribution pattern, i.e. the dark center iris, 
surrounding white sclera, then upper and lower eyelids, face skin, and eyebrow. This 
pattern is reflected by the spatial intensity pattern in gray eye images. This paper 
proposes a method to extract the moment feature that targets to capture this pattern. 
Let B = (W, H) be the window of a normalized intensity image of an eye I(x) centered 

at xc = (xc, yc). Let us denote
irisg as the brightness value of the iris, which is selected as the 

minimum intensity value from the core center of 5 x 5 window centered at xc. Then, the 
moments of up to the third order which characterize the spatial intensity variations 
related to the iris can be defined as 
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We obtain ten items when we limit to 3,0 ≤≤ ji and 3≤+ ji . Besides the 

moment feature the spatial intensity distribution is also employed to characterize the 
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eye graph pattern. We divide the window B into 3x3 grids, where the center block 
contains the iris and the other blocks cover the surrounding regions. The average of the 
intensities related to the iris brightness for each block is computed as 
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Where 3,2,1, =lk and klb is the block at the kth row and lth column of the grid. 

These values characterize how the brightness spatially changes related to the iris. The 
average of each block can be computed from the integral image, so that the computational 
cost is very low when scanning the detection window over an image.  

By combining (4) and (5) a vector of 19 dimensions can be obtained  v = (m00 , m10 , 
m01 ,m20,m02,m11, m03, m30, m12, m21, n11, n12, n13, n21, n22, n23, n31, n32, , n33).  We still call it 
the moment feature, though it is not a pure moment feature in this paper. 

5   Maximum Likelihood Based Eye Localization 

5.1   Formulation 

Given the eye candidates detected in eye detection step, the eye localization is to find the 
ideal positions of the left and right eyes (i.e., xl and xr where x = (x, y)) starting with 
these eye candidates. Let us denote the N detections as B= {Bi : i=1,2,…,N}  where Bi is 
the box of the ith detection centered at xi. Assuming that the detections are independent 
each other, using Bayes’ theorem, the likelihood of that the left eye is located at xl can 
be expressed as 
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where l
iπ denotes the association of the ith detection with the left eye, )|( il BP x  is the 

conditional probability of lx being the ideal position of the left eye given the 

detection Bi and P(Bi) is the confidence of the ith detection. Similarly, one can 
express the likelihood of the right eye position as 

)()|(
)(

)()|(
)|( 1

iir
r
i

r

ii

N

i
r

l
i

r BPBP
P

BPBP

L ∑
∑

=

= ∝=
N

1i

x
x

x
Bx π

π
                    (7)  

When the probability measures follow simple Gibbs distributions, the 
conditional probabilities )|( il BP x  and )|( ir BP x  can be written as 

2
d

xx

x σ

2||

)|(
il

eBP il

−
−

=  and 
2
d

xx

x σ

2||

)|(
ir

eBP ir

−
−

=                                (8) 

where dσ is the spatial variance of the eye centers which is determined according to the 

statistics of human faces. 
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If lx  and rx  are the ideal positions of the two eyes, they should be separated at an 

interocular distance. Hence, the probability of that lx  and rx  represent a pair of eyes 

can be expressed as 
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where ),( yxe dd=d  is the distance vector between the two eyes, and eσ  denotes 

the variances of inter-ocular distances. They can be chosen according to the statistics of human 
faces. For an upright face, xd equals the inter-ocular distance because yd ≈0. The vector ed  

also indicates the pose of a front face. 
    Combining (6) to (9), the likelihood probability of the positions of the two 

eyes can be defined as 
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The eye localization is to find the positions lx  and rx  that maximize the 

likelihood probability. Ideally, if lx  and rx  are the true positions of the left and 

right eyes in the face image, the likelihood reaches its maximum at the positions 
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Unfortunately, the system (11) does not form a close solution for maximizing the 
likelihood ),( rleyeP xx since both sides have lx  and rx . In this paper, we propose 

an iterative solution to this problem. It contains two steps. In the first step, a pair of 
good initialization positions are selected from the detections, and in the second step, an 
iterative algorithm is applied to refine the positions and scales of the two eyes. 

5.2   Initialization 

For iterative algorithms, good initialization is very important for success to real world 
problems. In this work, the initial eye positions are selected from the detections. Again, 
for each pair of two detections iB and jB , the probability that they are good candidates 

for the left and right eyes can be defined as 

     ),()()(),( jipaireyejieye BBPBPBPjiP −=                  (12) 
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where )( iBP  is the confidence of the ith detection, and ),( jipaireye BBP −  is computed 

using (10) with xd , the average of human interoccular distance and yd = 0. The pair of 

maximum probability value is selected as the initial positions and scales of the two eyes. 

5.3   Iterative Estimation 

Let iB and jB  be the selected initial positions of the left and right eyes. The initial 

center points of the left and right eyes can be denoted as xl = xi and xr = xj. The initial 
scales of the two eyes can be represented as lB  = iB  and rB = jB , where iB  = (Wi, 

Hi) represents the width and height of the detection window. The distance vector 
between the two eyes characterizes the face pose. The initial face pose is assumed as 
upright face, hence, dx is set as the average human inter-ocular distance and dy is set as 
0. From (11) and (12), an iterative algorithm for eye localization from detections can 
be defined. The updates in each step of the iterative algorithm can be expressed as  
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The update of the interocular distance vector ed  is derived from 
e
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and the scales of the eye boxes are updated as the weighted average of the associated 

detection windows. Here, the association parameters l
iπ  and r

iπ are computed based 

on the overlapping of the boxes. Let t
lB  be the estimated box of the left eye at the t 

iteration step, which is centered at t
lx . The association of t

lB with the ith detection Bi 

is computed as 
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=π ,  i.e., the numerator is the area of the intersection and 

the denominator is the area of the union of the two boxes. The iterative algorithm 

stops when both ε<−+ |1 t
l

t
l xx|  and ε<−+ |1 t

r
t
r xx|  hold, where ε is a small value. 

With a good initialization, the iterative algorithm converges very quickly. Since the 
inter-ocular distance vector is involved in the updating in the iterations, the algorithm 
is able to adapt to a quite large variations of head poses. The updates of the eye scales 
can improve the estimations of the associations in the iterative steps.   
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6   Experimental Results 

We conduct the experiments to compare the performance of the proposed algorithm 
with some existing algorithms on databases BioData, CVL, and Olivia. We also 
conduct the experiments on the effect of the particular methods of our algorithm.   

6.1   Data and Evaluation Criterion 

BioIData [24] is a frequently-used database for eye localization [3-5, 8-9, 11, 17-18, 
21]. The dataset consists of 1521 gray images with a resolution of 384x286. Each one 
shows the frontal view of a face of one out of 23 different test persons.    

The CVL [25] database contains 797 color images of 114 persons. Each person has 

7 images of size 640x480 pixels: far left side view, °45 angle side view, serious 

expression frontal view, °135 angle side view, far right side view, and smile frontal 
view. The algorithm in [17] used the 335 frontal view face images from this database. 
We carry out the experiments on the same dataset 335 images.    

The Olivia is the database that contains the 3000 images in the resolution 320x240 
of ten persons. These images are recorded by our robot during the interaction between 
the robot and persons.    

The aim of eye localization is to find the center of eye and the eye center of an eye 
is the center point of its pupil for open eyes and the middle point of two corners for 
closed eyes. In our evaluation, we adopt the measure proposed by Jesorskey et al. [11] 
including the variables. The error measure, defined as localization criterion, 
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where Cl and Cr are the groundtruth positions and 
~

Cl and 
~

Cr are the detected eye 

centers of left and right eyes respectively in pixel. |||| • is the Euclidean distance.   

6.2   Experimental Results  

To use HOG-moment feature to detect the eye candidates we need to train a SVM to 
judge whether a window containing an eye. The images used in our training comprise 
the ORL face database (AT & T) and 10% of BioID and CVL databases. For each 
image, we produce 2 positive samples for left eye and right eye respectively and 5 
negative samples which are randomly selected windows from each image and are far 
enough from the correct eye region. We test our algorithm on BioID and CVL 
databases and compare our result with the result reported in [3-5, 8-9, 11, 17-18, 21]. 
For BioID database, our result is 98.55% with e<0.25. This result is not the best but in 
the best performance class.  Our result is 90.14 with e<0.1. This result is better than 
all the results except the results in [5] and [11]. It is worth noticing that our algorithm 
does not depend on the face detection, whereas all the algorithms in [3-5, 8-9, 11, 17-
18, 21] depend on the results of face detection and all assume that face detection 
achieved the perfect result, which is very difficulty to get. For 355 images selected 
from CVL, our algorithm achieve correct rate of 96.17% for e<0.25 and 90.56% for 
e<0.1 respectively.  For e<0.25, our result 96.17% is worse than 99.7% reported in 
[17], whereas for e<0.1 our result 90.56% is much better than 80.9% of the result 
reported in [17].  
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Besides the experiments of comparison with the existing algorithms we also 
conduct some experiments to explore the performance of our algorithm under the 
different configurations. We compare the performance between with and without the 
face box and without HOG-moment features and the results are presented in Table 2.  
When we do not use the information of face region, our algorithm searches a larger 
area. When there are some objects in images that are very similar to eye in moment 
and appearance the algorithm would increase the rate of false alarm.  However, such 
objects are very few in the databases used to do experiments in this paper. 

Table 1. Comparison on the eye localization performance between our algorithm and the 8 
algorithms in the literature 

 #Ref [3] [4] [5] [8] [9] [11] [17] [18] ours 
0.25 96.00 96.1 98.00 93.00 91.8 99.9 99.46 98.49 98.55 

BioID 0.1 64.00 85.2 96.0 77.0 79.0 97.9 73.68 90.85 90.14 
0.25       99.7  96.17 

CVL 0.1       80.9  90.56 
0.25         99.97 

Olivia 0.1         91.65 

Table 2. The performances of our algorithm when it is full one and no moment or no face box 

Name BioID BioID  CVL  CVL   Olivia Olivia 
Threshold  0.25 0.1 0.25 0.1 0.25 0.1 
Full Alg 98.55 90.14 96.17 90.56 99.97 91.65 
No moment 94.61 80.34 92.63 89.38 98.33 61.58 
No face box 84.42 77.71 96.17 90.56 99.94 90.10 

7   Conclusions 

We have presented a novel eye detection and localization system of using both stereo 
and mono cameras. This paper has multiple contributions in the technique 
development. First, it is an eye detection and localization system tested on the robot, 
not just an algorithm working on images. Second, it uses the stereo camera to obtain 
the head location in the image from mono camera. This procedure replaces the face 
detection in many other eye localization algorithms. Third, our algorithm is robust to 
the uncontrolled environment. This robustness is because of the reliable head box 
localization and the good distinguish ability of HOG-moment feature.   

In the near future, we want to develop more robust eye localization algorithm by 
integrating more methods. In addition, we want to develop different eye locators and 
then use them in a scheme to achieve better performance of eye localization.  

References 

[1] Amir, A., Zimet, L., Sangiovanni-Vincentelli, A., Kao, S.: An embedded system for an 
eye-detection sensor. Comput. Vis. Image Underst. 98(1), 104–123 (2005) 

[2] Haro, A., Flickner, M., Essa, I.: Detecting and tracking eyes by using their physiological 
properties, dynamics, and appearance. In: CVPR 2000, pp. 163–168 (2000) 

[3] Bai, L., Shen, L., Wang, Y.: A novel eye location algorithm based on radial symmetry 
transform. In: ICPR 2006, vol. 3, pp. 511–514 (2006) 



 An Eye Detection and Localization System 65 

[4] Campadelli, P., Lanzarotti, R., Lipori, G.: Precise eye localization through a general-to-
specific model definition. In: BMVC 2006, pp. 187–196 (2006) 

[5] Cristinacce, D., Cootes, T., Scott, I.: A multi-stage approach to facial feature detection. 
In: BMVC 2004, pp. 277–286 (2004) 

[6] Fasel, I., Fortenberry, B., Movellan, J.: A generative framework for real time object 
detection and classification. Computer Vision and Image Understanding 98, 182–210 (2005) 

[7] Gernoth, T., Kricke, R., Grigat, R.-R.: Mouth localization for appearance-based lip 
motion analysis. WSEAS Transactions on Signal Processing 3(3), 275–281 (2007) 

[8] Hamouz, M., Kittler, J., Kamarainen, J.-K., Paalanen, P., Kalviainen, H., Matas, J.: Feature-
based affine-invariant localization of faces. In: PAMI 2005, vol. 27(9), pp. 1490–1495 (2005) 

[9] Jesorsky, O., Kirchberg, K.J., Frischholz, R.W.: Robust face detection using the 
Hausdorff distance. In: Bigun, J., Smeraldi, F. (eds.) AVBPA 2001. LNCS, vol. 2091,  
pp. 90–95. Springer, Heidelberg (2001) 

[10] Jin, L., Yuan, X., Satoh, S., Li, J., Xia, L.: A hybrid classifier for precise and robust eye 
detection. In: ICPR 2006, Hong Kong, vol. 4, pp. 731–735 (2006) 

[11] Kroon, B., Maas, S., Boughorbel, S., Hanjalic, A.: Eye localization in low and standard 
definition content with application to face matching. Computer Vision and Image 
Understanding 113(8), 921–933 (2009) 

[12] Monzo, D., Albiol, A., Sastre, J., Albiol, A.: Precise eye localization using HOG features, 
Machine Vision and Applications (May 2010), 10.1007/s00138-010-0273-0 

[13] Niu, Z., Shan, S., Yan, S., Chen, X., Gao, W.: 2D cascaded AdaBoost for eye 
localization. In: ICPR 2006, vol. 2, pp. 1216–1219 (2006) 

[14] Rurainsky, J., Eisert, P.: Eye center localization using adaptive templates. In: CVPR 
Workshops 2004, pp. 67–74 (2004) 

[15] Song, J., Chia, Z., Liu, J.: A robust eye detection method using combined binary edge and 
intensity information. Pattern Recognition 39, 1110–1125 (2006) 

[16] Tan, X., Song, F., Zhou, Z.-H., Chen, S.: Enhanced pictorial structures for precise eye 
localization under uncontrolled conditions. In: CVPR 2009, pp. 1621–1628 (2009) 

[17] Türkan, M., Pardàs, M., Çetin, A.E.: Human eye localization using edge projections. In: 
Proceedings of 2nd International Conference on Computer Vision Theory and 
Applications (VISAPP 2007), Barcelona, Spain, vol. 1 (2007) 

[18] Valenti, R., Gevers, T.: Accurate eye center location and tracking using isophote 
curvature. In: CVPR 2008, pp. 1–8 (2008) 

[19] Wang, P., Green, M.B., Ji, Q., Wayman, J.: Automatic eye detection and its validation. 
In: CVPR Workshops, June 20-26, pp. 164–171 (2005) 

[20] Wang, P., Ji, Q.: Multi-view face and eye detection using discriminant features. 
CVIU 105, 99–111 (2007) 

[21] Zhou, Z.H., Geng, X.: Projection functions for eye detection. Pattern Recognition 37, 
1049–1056 (2004) 

[22] Shan, S., Chang, Y., Gao, W., Cao, B.: Curse of mis-alignment in face recognition: 
problem and a novel mis-alignment learning solution. In: Int’l Conf. Automatic Face and 
Gesture Recognition 2004, pp. 314–320 (2004) 

[23] Viola, P., Jones, M.: Rapid object detection using a boosted cascade of simple features. 
In: CVPR 2001, vol. 1, pp. 511–518 (2001) 

[24] BioID, http://www.humanscan.de/support/downloads/facedb.php 
[25] CVL, http://www.lrv.fri.uni-lj.si/ 
[26] http://www.cl.cam.ac.uk/research/DTG/attarchive:pub/ 

data/att_faces.tar.Z 


	An Eye Detection and Localization System for Natural Human and Robot Interaction without Face Detection
	Introduction
	Overview of the Eye Detection and Localization System
	Head Localization by Stereo Camera
	Head Localization by Stereo Camera
	Head Location Conversion

	HOG-Moment Based Eye Detection
	HOG Feature
	Moment Feature

	Maximum Likelihood Based Eye Localization
	Formulation
	Initialization
	Iterative Estimation

	Experimental Results
	Data and Evaluation Criterion
	Experimental Results

	Conclusions
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 149
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 149
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 599
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /DEU <>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice




