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Study on Classification of Eyes State Using Wavelet Neural Networks

JaeHyun Lee’

ABSTRACT

Recently, computer vision system has being applied in face recognition, HCI(Human Computer Interface), context aware, and car system.
Furthermore, as progress of car industry and technical, more and more systems have been developing for safety of drivers and passengers.

In this paper, for use in automotive safety systems that can recognize the user's eyes state is proposed methods. Face area receives image
date and the eyes area is divided. And, in order to extract the eyes image areas using haar-like feature adaboost algorithm is used. Wavelet

neural network to recognize eyes states (normal, wearily, sleepy) have been used and demonstrated its effectiveness through experiments.

Key Words : AdaBoost Algorithm, Face Recognition, Haar-like feature, Eyes Detection, Wavelet Neural Networks
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Fig. 1. Extended Haar-like feature

S

45°

a7 2 AAZtE D) 455 J|20d MAY

Fig. 2. Upright and 45 degree rectangle

AZLE e HA ke 32 RecSum(r,) o2}
4 gre 54 Q)7 2o,

feature, = Z w, * RecSum(r;) 2
i€ I={1,,N}

A7)M, 1...N= N9 AAZES on)ala, w,
L A A 9] 7153 (weighted value)E 9]¥]



PRI BBl @ Gt Aled A|532011d 108

P
o] Aol WASHE SER AHEH
= ANZR9 1, o) r ol B3] 5
A2 VERd % 9k,

—w, * Area,(ro) =w, ¢ Are(z(rl) (3)

TOQ] Ay WAS Arealry), 7"19] RPN R
Zjl% A7'ea(’rl)i qﬂ-LHi, 047]}4, w()% 12 Xég}'?i
wyE A @3 2T,

o
rlo

(5, 10) (6, 10) (7, 10
o I
1 1

[T

a7 3 FAZKE 53 3 AN

Fig. 3. Calculate of feature value for rectangle

Q4 AR AL A1) YulE 247} 33k

olehan s ol B 22 92 Wl Hol 2ol 30]
Z

feature, =—1 RecSum (5,10,3,2,0° )+ (5)
3+ RecSum(6,10,1,2,0°)

7] 53 AFEL A719% A7t gekshA WA
gl 74 5 e, 271 54 AR g 4
O 74 (722 AR 5 Ak 4 ()2 71&0]
AR = AR 271 54 A% A 54

15 " %4
(1) 45° 712012 AN 27 54 AF) A%

o,

EAR AR =X ve (wr1-w - L)
Y-
a0, ©)

EA™MNTF =X Y(W+1—(wt+h) « (X+1)+2)
o (H+1—(w+h) » (Y+1)+2) ?)

A7IN, X= [W/wlelx, Y= [H/h]eIH, X
o Y= 247 29yt AUE AL S Qe HAE Y
ERAT) 9599 37|15 24x248ka1 & uf, 5=2] (7)°]]
ool T 27 54 A% AA4E E 1% 20,

E 1. 24x24 37|19 £7| BY Feel =

Table 1. number of features for a window size of

24x24
_E_/kg H }x‘E‘
44 Liol / MY i
1(a), 2/1, 12/24, B0
1(b) 1/2 24/12
1(0), 2/1,
8/8 8,464
1(d) 1/2
2(a), 3/1, 8/24, 27,60
2(c) 1/3 24/8
2(b), 4/1, 6/24, 2075
2(d) 1/4 24/6
2(9), 3/11
6/6 4,356
2(g) 1/3
20, A/, 4/4 3,600
2(h) 1/4
3(a) 3/3 8/8 8,464
3(b) 3/3 3/3 1,521
A 117,941

- 100 —



Al EA VY22 o] 83w e EFl B3 4

d71A, 24x247719] el M 54 sjE = 2] 9
3kod 17,9410 54 ] 9127, o] SA& Atksh= A
2l BRskn, A Y-S v S 9l 2
ok AoHlAE AR 2 v wEA AR 4
7hAeBR, Ay el dHE W AR ouAE T

M AHgetE S22 710 4 T8

3.2 Adaptive Boost(AdaBoost) 2 12|&
AdaBoost= TH9] 22 EA Aol A &9
HAQ HE71E 2ot BT AETE v=
S5 o 2, o3t 257 7] (Weak classifier) 7} 413
2 Agsle] AFHoE 5o PE 5L %
F71(Strong classifier) & A/33t= ¢ae|Fol

3

S 25710 03 54 (8)3 2.

1

<

0 otherwise

ho— {1 if pjfj(w) < pp; (8)

A7, 1= 5AH, 0,2 QAR »,= HEE 9

o=
ox &
> ok
=
R4

AdaBoost ¢8| % :

@ FoAA 3 wolEe (2,y,),(y0,),
(@, 19, 1), (2,9, 22 FHE 2, = 94
3 2715 7= HE FE 9 dlolHoltt. ¢f7]
Ay, = Positive®} NegativeZ 9|1,
PositiveE 1, NegativeE 00 2 it} &, 4= %
ey = 1,974 %Ly, = ootk

@ 7}z (weight value) ¥l E & % 7]3}3tt].

w,, =1/2m,1/210]t}h. 71A, mE W74 B <]
T, 12 B 9Fe] ol
@ t= 1,.., 77X HHEZI.
- 7VEX Btk
- BESE MEE dste] o g
< B3 FFAI1, w, & T8k o,
T A71A, ek 77 by a—[0,1]7FE

=
=]

KN
=

=

6= Sulhle)— yl, A714, 2HE ok
i=1

28719 ALE jga sy, j= 1,.., J

ol

VA e ¢ 2 o8R8 AR
ok

1A g AT,

W1, = Wy ﬁflip’

7N, AE A o7 B EREAE
=00lZ, 2 ool ¢ =00]7}

@ H5H02 T Edoldo] B¢ F we
7 ER71E e 2

L 1

o
oX
olr
o
[
o
=
%2,
i
of
ol
>
g
[

2
oo o o 82 ooy

2 8¢ 59l 7] 94 AT AA A 5L 7}
PN
T

o o
Jote
fr
o2
1o
my)
o

o, T
&
rT
M
=]
d|m
ox
o

)
=
X
e
i
s
2,
X
rr
_(__‘21
P
N
>
o
ol
fu
oL
o
>,
oo



PRI BBl @ Gt Aled A|532011d 108

v, &l

0ot

=
9 22

AP A=HE FHB] et A =T}
2560x192021 Web Camera . ZF-E 340x2409] a)A¢
T210% 9 dE974S g5ttt Web Camera® &
YE] 9foll X8t AbE#e] Agle oF 60cmel A &

2990) THY G 194 g GO ¥
O A=
= hl

407), 207} 2 TRk & 10 o 323k 1,0007 9] ©]
N A2 35k A A2Ee] FAEE ey
W 39 63} 2tk 97)4, 1,000749] o] v| x| £3H
AdaBoost Y1 F] &S ALt dZdn & ogd

AL, 47w s sk dol&d A

A8 22 s3] A5tol 4 ME 2 e

a8l 5 flo|23 AMFsZ2ye| = ] B FE
Fig. 5. Structure of wavelet neural network ‘
- 1. == Haar-like Feat
1 g2gqRE 2 3 AdaBoos?z*_TIlEeJéa e
¢,(X) :—X~exp(— E-XZ) ) ‘
o|0| x| izt
A7, xe QEWH X = [z, z, -, 2]70T}
2935 A 7Y 28-S AN 2 (1009
7ELE]- 57 Hst
N Cgaxzs |- 1.  =ZEHE Haar-like Feature
y Yot 0, (10) TS * 2 AdaBoost212|E
FoACE
. L . ZEZ4Ef Tt > 1. Neural Network
&}7]A 6, npo]o] 2 715 (bias weight)o]th. ¢l
ol 5 A3 S SrFA717] fste] dRHAQl & a2l 6 AlAE TNE
2 dAy} o< A g2 A}es) Fig. 6. Structure of system

- 102 -



Wavelet
Neural Network

bl At
b o

9
83

Q

ol A1

9

,d2

71 41

B g

|

EHAEES
10

\

X —

X1

tod Actto
stk

o]

ko] 7

7ol A MFC 2fo] 2.2

A

=

794 YERAIT

AF2] wem-03 Web Camera

2]} OpenCV }o]

IR

|
—_
o

==
o

Fig. 8. Configuration of learning for wavelet neural
ted, d1

Bl 80074 flol&d AP EH S Ss
[}

=131, 20074

[©)

o

el

5

20l YERY

it

i

93.25%
89.4%
95.3%

dlol &
807H
8074
4074

Glol&

_I‘g

Table 2. Results of Experimentation

Al

Fig. 7. Extracted image of face area and eyes area

1
)

oj
o

o=

B

9] o]H| A 2 5H
|(Eigen value)E A3 £

ar
To

AAT. webA A 4

ol o e ¢ 57t

]

A
el

5 o
- 103 —

A
8oll YERA A

o)A

2
=

[e)

JJol&2l

ko, ¢

o

20 =

L

ju

£ Ay

L
L

QX

ar
23] 4 ME2 AHgEt E J0E

EhLf



PRGN BB € S it A6 A5 2011 10€

=1T—
B =RoMe AMAtY 42U4S Bt ARSA}
o & AHE g8, 1o et 5 EE dde)
o] ARgA EF9 2 Q8 WwEALLE W 5 e
T A B dolE A2 Y-S AEth. 4
Z 98T = e %%‘3}71 9Jsted Haar-like

EH’}}SLE 1,0007]¢] o]u A& 7 Hlo} 23
33 AL, 114 AFE AT A8 S F
0}04 g3 £ 23 5 v o

W, R B T2 gE e Bl 4
2 AYFe] o) WekA Aot 91] o] e
PRI GEAOM, FEE F U AH9 P
2 BN Y S Ao 44e:

Qo A7 e B RN AE e |
A A7 A 2R 2g3] 94 v 2 AFA
o) s=etol £l W), A2 el 52 eistol,

‘W i

A7 A oF7)E F e BE Al 98
A e e FAg A28 0 2 JfA szt s

[1] F2 EAzLE EA A, 2010.

[2] g2 34 EAR1E, 5 A%, 2010.

3] oHE, TaF], o] 3|4, AR, P AT Al A
71EE ol &% Yl AEF o) 2AI2E" S EE T
o/}3] ?’“H‘J—Ez”—{/, Vol 2009 No. 1, pp. 9-12, 2009.

[4] oleh "AAANNE 3 £ FTAHQNA AJAHE s

A}

I~

8}y A4
‘7 7
5] olekt, e, BY3, %—%%24 WAE 93 AHE

pud

[6] =4, ?JU A, u‘-fr%, E%*“" 741 i ﬂlaﬂ ’“EH
A 71eke] L7} S5 A AXH, Gjerd ]88

— 104

8zl 3] +=F/, Vol. 2010, No. 7, pp. 1858-1859, 2010.

7] o]OdtH O]Eﬂi "FE I HA AT RS EFEL S
A B A A )] =2 Vol 56,
No. 2, pp. 432-435, 2007.

[8] Y. Freund and R. E. Schapire, “Experiments with a New
Boosting Algorithm,” Proceedings of the 13th International
Conference on Machine Learning, pp. 148-156, 1996.

[9] Rainer Lienhart and Jochen Maydt, “An Extended Set of
Haar-like Features for Rapid Object Detection,” [EEE ICIP
2002, Vol. 1, pp. 900-903, 2002.

[10] R. Lienhart, A. Kuranov and V. Pisarevsky, “Empirical
analysis of detection cascades of boosted classifiers for
rapid object detection,” MRL Technical report, may 2002.

[11] Paul Viola and Michael J. Jones, “Rapid Object Detection
using a Boosted Cascade of Simple Features,” [EEE CVPR,
2001.

[12] ol A&, "Sllol &2 A3 B2 Ao} 7S o] & f& H A3

NS BEE Zil°1°ﬂ B AT BRI PIRENT
3/ =72 Vol. 12, No. 12, pp. 2366-2370, 2008

X KpAT)

0| X} & (JaeHyun Lee)
19983 5’]—5,’"6‘ okl &hal thake) A%

2002 ﬂ%aﬂ Fo sk jgked AxME




