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ABSTRACT

According to the problem of human eye detectiometogy is being paid more and more attention, and
the existing human eye detection algorithm canisfyathe stability of dynamic human eye detecti®his
paper proposes a human eye detection strategy loas&RF algorithm and geometric area limit, first
building Hessian matrix, and then constructing escgdace, then fixing position of human eye’s featur
points and confirming the direction, and carryingt the dynamic matching of feature points and the
operation of limited detection region in the huneye detection process. The experimental resulta/ sho
that the proposed scheme can effectively extracfdéhture points of the human eye, and presentod g
stability in the dynamic human eye detection.
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recognition algorithm has made great progress, and
put out many other recognition algorithm by the
Face recognition is an important part ofthoughts’ .improvement of two a!gorithm, such as
Biometric Identification Technology [1]. Biometric Hsu algorithm [10], SNAKE algorithm [11], Hough

' algorithm [12], activity shape model method [13],

Identification  Technology refers to the ; . .
identification of humans by human body biologicetc., but these algorithms still exist some defects

characteristics or traits. The history for the usaf SUZE:;(;?IS; oIOsta}[Elgéﬁ efj%fects this paper put

_B|om_etr|cs can date back to v_vhen ancient EgyFH)rward a human face detection strategy based on
identify though measure the dimension of huma URF algorithm and geometric area limit, for the

body. Modern Biometrics starts from the mid-60s '

. : ... purpose of improving the stability of feature
[2,3]. With the development of identification detection affected by hardware, action and

accuracy, Biometric Identification Technology hasx ression during dvnamic human eve detection
been widely used in every field of police and P 9dy y '

civilian. As a branch of Biometric Identification 2. FEATURE EXTRACTION BASED ON
Technology, face recognition becomes an attractive SURF ALGORITHM
area of international research in the recent years . : .
whose broad prospects in application has dra\i%lAn Overview on SURF Arithmetic
keen attention [3].

In the area of intelligent man-machine interactio
technology and machine vision, face recognition :E

1. INTRODUCTION

SURF Arithmetic is the local feature descriptor
avid Lowe put forward in 1999 and was further

. . eveloped and improved in 2004 [14]. Sift feature
a very important technology, it refers to extrate . . . . )
s : o ._matching arithmetic can deal with the matching
position or angle change information in streamin . . : .
. . roblem of 2 images in translation, rotation and
video [4]. As the premise of human face ; : ) .
L N C affine transformation with strong matching
recognition, Face detection’s precision and spee o . . .
; apability [15]. In general, Sift Arithmetic haseth
directly affects the accuracy and speed bllowing features:
recognition [5]. Eye feature is one of the impottan 1) Sift feature is invariant to image translation,

characteristics of face [6]. As a pretreatmen tation, scaling, illumination changes, occlusion
method, the accuracy of human eye detection a3 ’ 9. ges,

effectively improve the face recognition rate,and noise, and partially invariant to viewpoint and

therefore, as the premise of face recognition, th ﬁ)mec():z{as?gr?din ood distinction and rich
human eye detection is very important [6, 7]. information aIIovg it ?o be appropriate to the rapid
Along with the emergence of classical humat) . approp P
= . . and accurate match in huge-amount feature
recognition algorithm, Haar algorithm

. [8], databases
AdaBoost algorithm [9], etc, human face '
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3) Abundance: even a small number of objects camith changes of scale, so it can be further get the
produce large amount of Sift feature vector. discriminant of matrixG :
4) Quite rapid speed. Optimized Sift matchin — 2
) Quite rapid speed. Op 9 A(G) =W, W, — (P W,

Arithmetic can even match the real-time demand.
5) Strong expandability. It can be convenience t .
match with other forms of feature vector. 9'3 The Construction of Scale Space

The three process Sift Arithmetic: 1) ExtractionS mbtc?lﬁza?lflde?(f ;gzizldcglscu;“?rg’asgale rS;ri?de Iisn
key points; 2) Appending detailed information y y exp ge py '

(local feature) to the key points, so-called dédsami each step, choose scale image of 4 layers, t.he
- . onstruction parameters of 4 orders is shown in
3) finding out several local feature points matche

(5)

each other by pair wise comparison local featurn'guri'l'
(attached key points of feature vector) and it alst
establishes a congruent relationship betwee =
photographic fields. Extracting key points and & 130
Appending detailed information (local feature) to < o0 08
the key points, the so-called describer, can deadtal 3 34 - "
. . .. . R 50
generation of Sift characteristic, that is extnagti = 18 26 1=
eigenvector unconcerned to measure zoom, revolv - T2 18 '
brightness variation [16,17]. 3 AT 16[ 18
Surf arithmetic is the accelerating edition of 2 |T
measure invariant transformation, under the prope 6 R
condition it can accomplish the real-time matching 1 2 3 4 Order
of objects in two images. Its speediness foundatior
actually has the only one-—-- integral image "haar" Figure 1: Box Filter Size In Scale Space
derivation. Numbers with Grey background represent the
2.2 The Construction of Matrix size of box filter template, if image size is large
When using SURF algorithm to detect humaithan the template size, then it can continue to
eye, first constructing a Hessian mat@x increase the order number. Such as filter template

T.(X, ) T.(X ] size is , the corresponding scale is ; after
G(X, =7 oY : (1) determined the extremum with Hessian matrix, then
{Txy(x' ) Tyy(x’ J)} carry out the non-maximum fiction in stereo
T(X, j)= F(j)*H(X) (2) neighborhood of , the extreme value point which is
" . ) only bigger or smaller than the 26 neighborhood
In the formula T, (X, j) is the presentation of 5146 points of the last scale, the next scalethad
point X on scalel , whichF(j)is the second order scale itself can be chosen as a candidate feature
derivative of Gaussian filtering I{X), X =(x,y)  Points, then carry out the interpolation operaiion
the scale space and image space to get stabledeatu

» andF(]) ’s concrete presentation is: point position and the scale value [18].

E(i _6_2f . 3 This article uses the SURF algorithm to construct
()= X (1) (3 pyramid structure which is shown in Figure.2, diffe
1 , , from the traditional image size change, this
f(j)=o—pe )2 (4) structure repeatedly use Gaussian function to carry
21m) out the smoothing process to sub layer, the origina

f(j) is the Gauss function | is the Gauss image of this structure keeps constant, what
changes is the size of the filter. Thus it greatly

i T T, ) - .
vanance -ty ahd w are the same way. increases the stability of the proposed algorithm.
The determinant value concluded through the

formula (1) can be used to discriminate feature
points. For the convenience of application, Bay has
proposed using box filtering to replace second-

order Gaussian filtering, that’ to say usig, to

replace W,, , because of the error between

approximation and the actual value, so put into
weight valuef , weight value” changes along
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radius, and finally determine the feature point’s
principal direction.

Finally, with a feature point as the center, featur
point’s principal direction aaxis, select square
area of4x 4, and calculator Haar filter response
value of each area, forming the four dimensional

vector.
v=[2dx > dy | ddy I dyi  (6)

Finally the feature points can be described by a
64 dimensional feature vector.

3. THEHUMAN EYE DETECTION AND
GEOMETRIC REGIONAL LIMIT

3.1 Dynamic Human Eye Detection

Considering in image acquisition process,
2.4 The Construction of Scale Space because of many uncertain factors, tfeature

All the evaluations which are less than th@oints of human eye will change along with the
present value are all be discarded, increasing tHE"e: this paper will study the feature points’
extremism to make the detected feature points led8atching pursuit of human eye matching of two
and finally, only a few strongest feature pointdl wi /mages. Assume on moment a, the human eye
be detected . image containsP feature points, us®, indicate

the set, we can get the formula:

A D, ={a} & (7)
5 By the same token, assuming monentl, the

human eye image contaits feature points, then
the feature point set can be expressed as:

5 Da+1 = { qaj\+:l} Uj=1 (8)

For any one of the feature poingsOD, ,
5 computing in turns the Euclidean distance of this
feature point and each feature point of
momenta+1's setD,,,, get the shortest Euclidean
Figure 3: Feature Point Positioning distance d, and subordinate short Euclidean
In the process of testing, the paper uses ther filidistanced, .

which is relative to the size of this scale layer Assume that the preset threshol@ is then carry
resolution to test, with 3x3 filter as an examplee out the following decision operation:

3|eos

Figure 2: Pyramid Structure Of SURF
Algorithm

2|e0s

of the 9 pixels of this scale layer image with its d,

other eight points compare with 9 points of two d_<¢’Y

scale layers above and below, totally 26 points, in 2 )
Figure.3, if the characteristic value of pixel podrf i> s N

mark A is more than surrounding pixels, then we d, -

can confirm that this point is the feature poinfs o ) ) )

this region. That is to say ifd, / d, is less tha® , then we

25 Determine Principal Direction and can determine the feature. point !STM who
Characteristic Point Description produces the shortest Euclidean distance match
To ensure the feature point’s rotation invariancehedy, .
through calculation with the response value(record . o
respectively adxanddy) on XandY axis of all the 3-2 Human Eye Detection Area Limit .
o ; . . In order to increase the speed of algorithm, the
points’ Haar wavelet in the neighborhood whlctb

; . aper add geometrical area limit in the process of
based on feature point as the center, setting muehuman eye feature points’ matching. For
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point(X, y) of image S , find the corresponding and which proves that the proposed algorithm is of
high robustness and high stability.

point(X;, ¥;) on imageS,, then draw a rectangle
area base on the corresponding point as centre for
geometrical limited area of human eye detection, it

is not allowed to beyond the geometrical area when

using the algorithm to carry out eye detection, the

expression is shown as below:

O(x (% -6,y -0)<(x Y

(10)
<(x, +6,y, +0)

4. ALGORITHM SIMULATION

Using digital camera to take 20 face images,
taking 2 of them for experimental objects. First of
all, extracting respectively the feature pointgved - '-f'1
images, and the results is shown in table 1. Then l
carrying out the human eye detection and matching
of the two images, the result as shown in figure 4 Figure 5: Right Eye’s Detection Result Of
figure 5. Image 2

Table 1: Testing Result Of Human Eye’s Feature oin 5. CONCLUSIONS

image Image 1 image 2 This paper proposes a human eye detection
scheme based on SURF algorithm and geometric
number of feature points 50 48 area limit, which applies SURF algorithm into the

detection of human face. "After the algorithm

simulation experiment, the results show that the

From table 1, we can see the error of humaBURF algorithm can extract the human eye’s

eye's feature points of two images is about 4%eature point, the error is very small, and shows a

which are very similar, so it proves that the SURRigh robustness and strong stability in dynamic
algorithm can extract the feature points. human testing.
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