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Abstract

In this paper, we develop a real time system for eye detection and tracking in video
sequences. The HSI color model is used to extract skin-color pixels. The same type of pixels
are gathered by a region-growing algorithm and the maximum area of this region is selected
as the face candidate. Furthermore, a Face-Circle Fitting (FCF) method is proposed to confirm
the exacted face region. Once the face is detected, a Dark-Pixel Filter (DPF) is used to
perform the eye detection and tracking. The proposed system has been implemented on
personal computer with a PC-camera and can perform eye detection and tracking in real-time.

The correct eye identification rate is as high as 92% during the actual operation.

1 Introduction

Due to the need for more efficient and user-friendly human computer interaction,
studies of human face and motion detection have expanded rapidly in recent years [1]. The
related techniques of face processing in computer science include facial expression
recognition, face recognition, etc. However, these techniques are not straightforward, and they
are based on a key issue of face detection. An effective and accurate face detection approach
not only can identify the face location, but it can also obtain very useful information for
further applications. Biometric recognition plays an important role in the advancement of
human computer interaction since it provides a natural and efficient interface with computers.
Face and eye detection, as well as face recognition are among the first issues to be
investigated. The most well-known methods include color-based approaches [2, 3, 4, 5, 6],
neural network models [7, 8, 9], genetic algorithm methods [10, 11], principal component
analysis approaches [12, 13, 14], and morphology-based processing [15].

The color-based approaches use statistical skin-color models to extract skin-color pixels
from an image, and subsequently label each sub-region as a face if it contains a large area of
skin color pixels. It can cope with different views of faces, but it is sensitive to skin color and
the face shape (some researches [16, 17] use an elliptical shape to solve the shape problem).
Therefore, it is a good approach to be a preprocessing tool in face detection system to roughly

extract the face regions. The neural network approach detects faces by sub-sampling different
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regions of the images to compare with assemble a standard sized sub-image and then passes it
through a neural network. This algorithm performs very well for front-parallel faces but
performance deteriorates when it is extended to different views of a face. It is not possible
extend the algorithm to detect faces in different views with re-training. The genetic algorithm
approach performs well to search for the destination in a wide searching space. The face
detection problem can be considered as a data searching problem in a 2D searching space.
The algorithm is used to code the location of the searching window as the genes. Then, it
generates several generations and selects the area with highest fitness score. The algorithm
can converge quickly to the results; although it can not cope with multiple faces, and the
fitness function is difficult to determine. There have been several studies which have applied
principal components analysis (PCA) to the problem of face recognition by projecting the
facial image onto the "face space region" and using these projections to represent the facial
images. Thus, they analyzed face image in different domain of face space.

In this paper, we used the HSI color model to extract skin-color pixels and then use the
region growing algorithm [18] to group these pixels. After that, more than one face-like
regions may be obtained, and we only select the maximum region as the face. We propose a
Face Circle Fitting (FCF) method to identify the face region. This method is capable of
finding groups of skin-color pixels within an approximately circular shape, and eyes are
detected in the upper area of the face circle. We also propose a Dark-Pixel Filter (DPF) to
extract dark pixels, and group them by the region growing algorithm as eye candidates. Then

we use the geometric relation to find the exact position of the eyes.

2 Face Detection

In this section, we present in detail each component of the proposed face detection
technique, and Fig. 2 shows the flowchart of the proposed face detection technique. For the
sake of on-line performance in video sequence, we discard the odd field scan-lines and
compute only the even field scan-lines in each acquired image frame. We then perform
averaging sub-sampling operation (2:1) for each scan-line. As a result, each 320x240 image

frame acquired from the camera is reduced to a 160x 120 miniature.

2.1 Skin-Color Blocks Extraction
We adopted HSI color model to extract skin-color pixels and a detailed presentation of

the method for converting from RGB representation to HSI model can be found in [18]. When
the H value of a pixel falls in the range of [ H, H ; ], we consider this pixel to be a skin-color

pixel. H,,and H ,, are adapted and updated every five minutes during the operation according
to the proposed scheme. Initially, /, and H,,are determined by acquiring histogram of the
H value of the previous time interval of the face region. Assume the H histogram
ish,(i),0<i< 60 of the face region representing the frequency of the H value i in the face
region and 4, (max)is the maximum frequency. Then H,, can be determined by finding the

first H value whose frequency is greater than /4, (max)/10 from 0 to 30, and H,,can be
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Figure 1: The process of adjusting left bound and right bound: (a) skin-color pixels images, (b)
boundary searching, (c) the result of (b), (d) the left and right boundary adjustment, (e) the
result of (d).
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Figure 2: Flowchart of face detection.



determined from 60 to 31 by the same way. To cope with color noise, we divide an image into
blocks of 4x4 pixels. When more than half of the pixels of a block are within the skin-color
range, we assume this block to be a skin-color block. The output of this process is a block
image (image size 30x40). After the skin-color block searching procedure, there may be more
than one face-like region in the block image, so we use a region growing algorithm to find the
maximum region as the face region. Then the boundaries (f,,, fyoions fin> frgn) ©F @ face
region can be defined. Figure 1 illustrates the concept of boundary adjustment. For accuracy
in the next process (Face-Circle Fitting), we will fill holes which may be the areas of eyes or
eye brows. The method of filling holes is to search every non-skin-color pixel in the region of
the upper half of the face region and determine whether this pixel is a pixel of a hole. If it is a
pixel in a hole, we will change it into skin-color pixel. The results of skin-color pixels

grouping and hole filling are shown in Fig. 3.

2.2 Face Circle Fitting

However, there is a significant drawback in using the region growing algorithm for
pixels grouping. This is because the noise introduced by skin-color pixel extraction procedure
and non-face skin-color objects may form connected regions. To overcome this drawback, we
propose a Face Circle Fitting (FCF) method, which is capable of finding groups of skin-color
pixels of a circular shape, in which a circle center is approximately in the center of a face. We

describe this method in detail below.

@ (b) ©

@
Figure 3: The process of filling holes: (a) skin-color pixels image, (b) block grouping, (c¢) the

result of hole filling, (d) enlargement of image (b), (¢) enlargement of image (c).

The circular model is initialized and placed near the estimated center of the face and
then is adapted step-by-step to fit the face. The initialization of the circular model will
influence the accuracy of face circle fitting and the speed of the adaptation process. The

procedures are described as follows:

Step 1 Determine the horizontal position of the center of the circular model C,, .
Step 2 Adjust the top of the face ( f,,, ).
Step 3 Determine the radius of the circular model: r =(f,,,,,,, — f,,,)/ 2

Step 4 Define the vertical position of the center of the circular model: C,. = f,, +r



In Step 1, by performing the vertical projections on skin-color pixels in the face region,

. . /T i+5 . . .

we obtain p [i]; f,, <i<f,,, and pv[z]zz ol Srop SIS frogn » Where B [i]
stands for vertical projections, P/[i]denotes the summation of P[j],i—5< j<i+5 and Plk]

j=i-5

is the maximum value among P/[i],then the value of C, is k.

In Step 2, by performing the horizontal projections on skin-color pixels in the range
[C,.—5.C,.+5], we can get p,[i], f,, i< fypm - If k is the first position which
satisﬁesPh[k]Z T andPh[k+1]Z T (T value is determined empirically.), then f, =~ is updated

by k.

After the circular model is initialized, it will be adapted step-by-step. The parameters
Areal and Area2 are defined as the upper area and the lower area of the circular model,
respectively (see Fig. 4). Area3[i],0<i <3 is defined as the specific areas in the upper side,
lower side, left side and right side of the circular model., respectively. The adaptation process
may encounter the following cases:

Case 1 C,, is always fixed in the position of f, . Here, the radius r of the circular model is

determined by the area inside the circle: Area = min(Areal,Area2), r =
VAreax2/0.85/w, C, =

wp T = ftoptr,C,. is no change.

Case 2 Set stop = true. Then the vertical center of the circular model is fixed.
Case 3 Compute Area3[i]. Assume Area[k] is the minimum among Area3[i], then Area =

Arealk]and AreaNo= k. If Area <rx(r\2)x0.5 (rectangle areax0.5), the center is

fixed and subtract 1 from r, else r is fixed and the center is determined by

c.=Cc.+1,c,=C_-1,C,_ =C,_+1,C,. =C, +1 for AreaNo= 0, 1, 2, 3,

respectively.

Figure 5 illustrates the flowchart of the adaptation process. Examples of the adaptation
process are shown in Fig. 6. According to the normal position of eyes in a face, it is

reasonable to assume that the likely location of eyes to be in the region of the upper half of the
face circle. We define ¢, = (C,—r)x4 , e, =(C. +r)x4 , e =(C.—r)x4 ,and

right top
ebottom = Chc x 4 .

3 Eye Detection with Dark Area Extraction

Since eyes are similar to dark areas, we can use this feature to find candidate eye
locations. In order to detect these little dark areas, we designed a Dark Pixel Filter (DPF)
shown in Fig. 8 to extract pixels which belong to eye pixels. The rule of the dark-pixel filter is

described as follows, and the flowchart of eyes detection is illustrated in Fig. 7:
Step 1 If (/. ,, < dark) goto Step 2, otherwise goto Step 5.

Step 2 If (/;
Step 3 If ([
Step 4 If DoB—-UpB <r,then [, isa candidate eye pixel.

I, ,))>edge; UpB=y—t goto Step 3, otherwise goto Step 5.

X,y+[] ) -

-1, ,))>edge; DoB=y—t, goto Step 4, otherwise goto Step 5.

JC,y+[2 )

Step 5 Examine the next pixel.



Figure 4: Circular model.
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Figure 5: The flowchart of the adaptation process.

1<t,t-2<r,1, , denote the grey level intensity of the current processing pixel (x, y) ,and t



is the searching index. Dark represents the grey level threshold for distinguishing eye pixel
from skin pixel, edge is a grey level threshold for identifying the edge of eye, UpB and
DoB are the variables recording the upper-gap and bottom-gap of current processing pixel,
respectively. We use rectangle shapes to mark groups of dark pixels and select these
rectangles as eye candidates, and then apply the center of these rectangles to represent the
eyes centers. Examples can be seen in Fig. 9(c).
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Figure 6: Examples of the adaptation process.

3.1 Verification Process



Among those eye candidates obtained from the previous process, some pairs of them are
real eye pairs, but some are just dark areas. In this step, we only check whether the face has
one real eye pair, but we do not verify those eye pairs to locate the possible eye position.
Therefore, we must remove some unreasonably large areas by the following conditions: if the
height of blob <3 xr, and if the width of blob <3xr ,(ris the radius of circle). Figure 9(d)
shows the results of removing unreasonable area.

After observing over thirty different human face images, we found that eye areas and
eyebrow areas are usually larger than others parts of the eye region. Accordingly, we select
only four large areas (area size>2xr ) and check each pair among them until one pair
meets the condition of 2xr<d <6xr and 6 <45° Figure 10 shows the relations of the

parameter d, and 6.
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Figure 7: Flowchart of the eye detection.
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Figure 9: Eye positioning, (a) source image, (b) eye pixel extraction, (c) eye pixel grouping,
(d) unreasonable pixel removal, (e) horizontal position locating, (f) nose pixel and eyebrow

pixel removal, (g) vertical position location, (h) eye marking.

Figure 10: The face model.

3.2 Eyes Positioning
After this verification process, we can use the distribution of dark pixels to locate the

eye position. By performing vertical projections on dark pixels, we getPV(z’ ) 2 ST ST

and P,(i) = Zl:l_rPh( j+r), e <i<e,, . Assume that P/(m) is the maximum among P!(i),

€ Si<e,, >and m will be the horizontal position of one eye. Consequently, we set



P'(k) =0,m—rx1.5<k<m+rx1.5 Again, we search for the maximum PV'(n) from Pv'(z') ,

v

. Si<e,,, thennis the horizontal position of another eye. After the horizontal position of

the eye is located, the vertical position of the eyes will be located by the same method. Since
eyebrow pixels may cause the locating process to fail and nose pixels may cause the eyebrow
removal process to remove some eye pixels, we must first remove nose pixels and then
remove eyebrow pixels. The method of removing nose pixels is to find a horizontal line which
just lies in the bottom of one eye from the bottom, and remove the pixels which lie below the

line. The position of this line can be determined by performing horizontal projections in the
range of [m—r,m+r] or[n—r,n+r] . Assume that P,(i) is the horizontal projection of

i-r

the position i, thenPh'(i)zzl_z_

B,(j). When Pj(k)exceeds a certain threshold, one line is

located in the position k. A second line is then located in the same fashion. The projection
ranges of the left line and the right line are [e,eﬁ,(m + n)/ 2J and [(m + n)/2,e”.gh,J ,
respectively. Since the eye is in the bottom of the eyebrow, a pixel of the eyebrow can be
determined by searching to determine whether there is a pixel below this pixel.

Once the nose pixels and eyebrow pixels are removed, we perform horizontal projection
in the range of [m—r,m+r] or [n—r,n+r| to locate the vertical eye position. Assuming

thatPh(i) is the horizontal projection of the position i,e,,

B;(i):z:l—,,Ph( 7). If P/(k)is the maximum among P,(i), then the eye is located in the

<i<e,,, ,then we can compute

position k. Finally, we can group eye pixels and mark them with a rectangle shape.

4 Experimental Results

The system is implemented on a PC with Pentium IV 1.6 GHz CPU with a Microsoft
Windows 2000 operating system. We used a Logitech QuickCam Pro3000 camera to capture
video sequence, and the format of input video is 320x240 true color. The face and eye
detection can achieve the speed of 13-25 frames per second. Eyes can be detected accurately,
even when the eyes are closed. We have tested seven people with different aspect, rotation,
tilt angle under normal indoor lighting conditions. Table 1 shows the average hit ratios of eye
detection with different aspect angles, rotation, and tilt angles. As we can see, the proposed
system achieves 92% correct eye identification when the variation is less than 15 degrees. The
average hit ratio is 86% if the angle is between 15 degree and 30 degree.

We also tested the HHI face database and compared the proposed algorithm with Hsu's
algorithm [19]. The HHI database contains 206 images, each with size 640x 480 pixels. The
HHI face database includes several racial groups and lighting conditions (overhead lights and
side lights). Furthermore, these images contain frontal, near-frontal, half-profile, and profile
face views of different sizes.

Table 2 shows a performance comparison of detection hit ratio and processing speed of
the proposed system and the method of Hsu et al on the HHI database. Although the proposed
method does not perform better than that of Hsu, our processing speed is much faster and can

be implemented in real-time applications. Furthermore, Hsu et al introduced a lighting



compensation technique to correct the color bias and obtained a better identification results
for various lighting conditions. In our experiments, lighting conditions (such as side lights)
did cause some face detection failures. Figure 12 shows six of the eye detection results of
fourteen people in HHI database using the proposed system.

Table 3 illustrates the performance references of our method and others approaches.
Although the test images of these approaches were all different, the statistical results in
general can imply that our method is comparable to that of others. In addition, the
computation speed of the proposed method is very low and can be implemented to real-time

applications.

Table 1: Experimental results of the proposed detection system.

Head Pose +15° +15° ~ £30°
Aspect 92% 85%
Rotation 91% 87%
Tilt 92% 86%
Average Ratio 92% 86%

Table 2: Comparison of detection hit ratio and processing speed of the proposed system and
the method of Hus et. al. on the HHI database.

Near-Frontal | Half-Profile | Speed (sec)
No. of images 120 75
Hit ratio (ours) 74% 69% 0.06+0.02
Hit ratio (Hsu et. al.) 90% 75% 22.97+17.35

Table 3: A list of performance references.

Method Detection Rate Speed Data
Ours 85%~92% 13~25 frames/sec Seven persons
Talmi and Liu [20] 77%~100% 5 frames/sec ORL database [21]
Feng and Yuen [22] 92.5% Off-line MIT Al Lab
Huang and Wechsler [23] 70%~85% N/A FERET database [24]
Han etc. [25] 98.8% 0.2 frame/sec AR database [26]
D’Orazio [27] 96% 3 frames/sec Six persons




Figure 11: The eye detection results of two persons.

5 Conclusion

We have implemented a real time face and eye detection system, wherein the
color-based approach is first used to extract the similar skin color regions. This processing can
filter out the background very quickly and effectively. We then propose a FCF method using
an adaptive circle to include the exacted region of the face. After the face is detected, we use a
DPF method to detect the eye candidates. The concept of the DPF is to treat the eye as a small
dark area. Based on the geometric features of these dark pixels, we can extract the eye

positions.

Figure 13: The eye detection results of six subjects from HHI database by using the proposed
system.
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