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Measure and Analysis of Open-Close Frequency of Mouth and Eyes
for Sleepiness Decision
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Abstract In this paper, we propose real-time program that measure open-close frequency of mouth and eyes to
detect drowsiness of a driver. This program detects a face to the CCD camera image using OpenCV library. Then
that extracts each area using CDF for eye detection and Active Contour for mouth detection based on detected
face. This system measures each frequency of Open-Close using extracted area data of eyes and mouth. We
propose foundation technique how to perform sleepiness decision of users based on measurement data.

Key Words : Driver Drowsiness Detection, Eye Blinking, Yawn Detection

.M 2 =2 A5 @A dashs Aladel disjd gestAl

AlRkskar givk WAzt LS ZREES] AFS dE

v 42 o] = (National Highway Traffic 2] A28 spuelz &-=}e] & 7wkl 7hA ) |
Safety Administration)ol] WE2W 542 HlxellA] w22 7xEd 28 AE2 64| R By, a8
wE R A 7 2H ok wA T SR, A m g AlEA) AlFe] BEIA ofoll A7) FhE)

rlr
o E5

107 of 7o) FEALE FoT]= 28lo] ¥ 114550 =
i

o] AgSaL, 43 of o] Rsta gt @A) & g g obate} = ThsAle] 7
= BAE A3, AA Z veke] E A *M A Bgo)ar) AHEsl= A2 Aursid . o)g} 2
AL A COD 7MWk BalA 2ol E87 o] Eged ¥H 716 AsAdl 47 Fesjeie ¥
—.—Q Y, SXYgtn o ZITulA g skt Received: 18 April, 2014 / Revised: 15 May, 2014

Y, AEgstn ARdEen Accepted: 13 June, 2014

T3], A A sk "Corresponding Author: ykim@sejong.ac.kr
"z, AEdgistn AEgastyl (@AARD Dept. of Computer Eng., Sejong University, Seoul, Korea

Aoz} 20149 49 189, kR 20149 59 159
AN LA 20149 69 13



A 7)vKFeature-based) & 4= &

E
=

ot} Z12jaL

7y

=

=

o] el

[e]

RN

Measure and Analysis of Open—Close Frequency of Mouth and Eyes for Sleepiness Decision

FaL Sk AA| el A

°

dQ =

o

o S S e 1] TRNEBEERETITIFRNPEFEPITTFTRNPTRTTHNTEER
PE,XERE x EFC g pTRoULGHFTIR g HNE R MR g )
° BEH T W 7T R S o T I O e SR I (O Tl
w8 dn._@.a/U o] HmEM]azTuﬂ%iﬂmqQoaﬂﬁlﬂaovo_i%gﬂnaTimai
o S WS gy o o o Ao T g m . P @WTERE W e
TELEZeR § EERSLUEIteT ok o maRcTRRLo0cL,
=R s — 3l w W — N = L o= : of ©
T = PN O o N A 5 o B g = ajp 0 = Mool o = @ -
— X o | = o X BT e B G i, T B B I
T S B TR R B T B S B B
@E 1 o .m o o ﬂvL V ‘_%ol ;:E =z o ‘Ul NEE o &0 " " X Ea UT_ :.L ‘Ul R T E_ 1Or_ &O vi Bdo o =
i m CEEZRN TR TR e T TR AT RTO o
E . o W o o g Iy — o i — O T = T e —
ol qmwa I o ~a %ﬂIOC 7uﬂ%ﬂ%”%0ﬂouﬂe Jl,mumoﬁ KR Wo B! WWM;@ %o :ﬂ M.u mﬁ @ﬁoTHﬁMMM
o 2] — vl o [y /
T T g X< ﬂmﬁ%%ﬂh?ﬂruO#E%wowmvge%ﬂ%ﬂ.7ﬁ_%o_%ﬁo%ﬁo@®
nLme g = TalgelraT e REx  Froue Tgll o Ty
Mu%_ﬂm% B deT N Bl T o p et iz e ®E hlon ek
wad 28 R N b R TR S i I
oo MoEmom W o H ﬁu<zg%%oﬂ%_zgﬂmﬁmﬁﬂﬁ%Hﬂ%%?%%@fﬁﬂmuﬂﬂmﬁ
I — et —_ — Tt 7 . —_ ! jze] ~
W%Autmwywmu %Eﬁ%@ﬂa%7D%;w_m,w§arawwﬁar.mqmﬂﬂoﬁ_zgwﬂummwm%%
o O B T = = N H w T B o 1 b o 0 E R Jp o B o Mo 2 ogr
E%M%ﬂﬂ% __.__Amu%7ueﬂ€wuﬁ%mzr%%ﬁ_ﬁﬂﬂﬂ@ﬂmm@ﬁi@%%ﬁi%%
TR ETMeEE o HEERLTOT LT GgOTL RO TER P T
o @ g ot oo %@ BPIWTFRPTHATLNTHEERN THEPFTRNNT o &3
BN AR N R o R B N g o ol CE el S R O R
p ey 2y ERLREE o w T R PR, TR TR o
E 2R N o oo = N~ o A CERTI < °
o U H oA o G A B T i P oo gy MW B -
cRgESowtpE b = SHegyxy zmy LI E
< o W = K & 73l Ao o= X0 ™ o ol ° o
I SR RO Pgmen s D haem LD W
AﬂwmﬂuiMﬂimﬂi%ﬁmE% KIr & e ) ?E%wﬂﬂﬁ%ﬁuwummw&
R JH X W oz Mo s = R -y 9 T = o Lo f
BELISrEETANTEs ¢ THEEZEG gTadle TEESY
Zrzrzizisslcs § gifEIf ELieegfics
S R w3 BT ol TR w9 8% 8%y
Mbﬂﬁmmﬁﬂmﬂl%%%?w — =P R G L AR & o e XL
) I = L D < = — 0 ) =
Ot.lmmz*oom_]mbtqa@mﬁ_tﬂ‘_ﬁ _UH_H %Wmdﬂﬁnﬂe_ﬁcq mﬂl&wotmﬁci‘_tmﬂ%mﬁ_
— i i ) o o= N = flis
HtﬂHWEi_&ndr.do.%VmﬂW ~ E%ﬁ%%ﬂu% NE LR e RT
H_l 50 ) /m\\u ™ —_ 2 ..Eo ‘Dl Oru k2 O#E |— oyH_AH e ¥ o 0 <K X0 X T ﬁﬂ N 0 ~o ﬂl 1m
=T E QA E gy bR AT Zall g TS T ko B T 2
AN o CH T R o= g, O AT ol gy & " 0= X0 s w8
A T O PR B o 8. ur i o Rl g ® X 9
e B ™ T o om g o T S e o W w o Bk
TEUE N oy EE g WX 1._..._ I ;__“ﬁﬂr%%y,mﬂﬂ%%m
B ®E s sy ® W HE i cwgs WarF gwE®E
s WS R d TR T E W _ FurERfas @80 wghT N 2
WA R RN e w TR e - =TS OF W IR WPIT NS

- 90 -



The Journal of The Institute of Internet, Broadcasting and Communication (IIBC)
Vol. 14, No. 3, pp.89-97, Jun. 30, 2014, pISSN 2289—-0238, elSSN 2289-0246

4L RAla o] Y A B P A FH ||| =0 Yo AESDT W HIES EH
¥ H &S olgato] ek PERCLOSE A&t & 71a
A
P ATE AAgreE she g B 94 e
PERCLOS(%) Gl = At skl dia) A =g SHS
E7re B2 () el wza e A ghs EEsH s A Y
=gaaEad.an 0 U g Adeag an dze OprC 2olols o
Sk 22|a vkt Fopell §8 ks g Al Wk A
Y E AE 7)E S8 dgold Exldo] gir w = T A ghvzte] ALE: oﬂ e EARE
2 A wegaze AeM s wol ojgar)® 3] 3 CDF £41% o83 w54 SAH A&7 Al
Aol FHHEtE o] faf WALETl 7} e Bro o Al W HE ZRIFS Adstaat dv gle] g
g8 FEAe] 2APS 2EFT) w CCD Avge B &7 71ES o8-St AEvth W F Template
= 9ol S PCAR HAEte] 7&sl= wo] girf? = MatchingS o83t £ §le Jiw) NlesE st
o) 7 WS AT ALGS ANRFS AEa. T EEIHE TEEG

ST A9 WHES QoM Apieke) b e
Mg 9ol me o] Aeabgeld ¥hdoz g4k 1. CDFE 0188t ESX S 2&

mhea gk aelm 7)Ee] sk gl iR A A ¥ ZeIe ud Qe 9we wEa S48
G WAS FEPIZLAPANE el NS AU AL BT eEAe) FHAL COF Cumultive

i1, PERCLOSE st 247 34075 A

stz Axudth 2yy A E9 AHdAe =& I8l w54 T4 A4E
%_11
_%

o
ot
i
ki
L
Rue

w3 gejehs REe)e Q8 sk WA & ol
7 olUle} @ikl AU ol HAoR £
QA3 F3h= BAIZE ek,

o]o| x| LEx} apal
Bd o md ueaw Bd ey WA cores
3 s %

M“M“W“ -
- = n%
b} 73%% §j— _, (ACtlve Contour) 7] ‘9_— O]% % .->- h>H
B . AA

o 2 & % Aol el=#ts Agteh whid
A9 e Azktexture), A4Hcolor), @) s~ Beal= = |« e
(shape) RIS 7oL 2Hs F4 8, 2oz w4

dako 7o) wx oki wjARale} sy gz 1B 1. CDFE OI8% =84t 84 #E 38%

=

_ Fig. 1. Flowchart of pupil center detection using
% 7IMOE ABFHS v PHHACE Fue)Fol COF
ko] Zksatth 2 Qe §Jo] A HRE V|We R
dtel gl 99 AEsHE PUE Y ol e 499 dEPPA AL AE T 2t e
A 8 s ARgsta ARl des AEs] s Z . AdS BFAAIGROL : Region of Interest) .2
Zeade AR ol AL AFHA 2 A AFU olRe vt (Halr)ﬁr A Fol Taulo] 3
$5 2430 339 T2 9 olT AR, APL B TN A2AQY 0FE 2Y 5 oy BRolth 4
2HHUQ WAS AFESta, Aol dure 348 #5 A #NIY9E CDF 24 %ﬁﬁ YIS AAe
sl e Fgsin” theel $427} olg welE)

9] -



Measure and Analysis of Open—Close Frequency of Mouth and Eyes for Sleepiness Decision

CDF(r

ZP

w=0 @)

where 0 < w < 255

f

4714 Plw):=
< Gray dHe] &
H] e} zolo] w3t Ak AA4E C
94 W77t A E o] L) Alge
FA) Bu} o] =3 Mo Ho] glon

F3uk o] o]} LER
o

we Gray gie] sl AE o]

rikmja

I'(z,y)= {255 CDF(I(z,

y)) < 0.05}
0 Otherwise

J% 2. CDFE 0|85t =84t 34 #& Zut
Fig. 2. Result of pupil center detection using CDF

5l CDF%# sk sl Ao o] 244 4
o AE) 1Y 2= CDRS o] 43 ;
o] Avtg Helzth

max( Il ci—cill, (Il cr—crll)
— d 4
Deye Tci—crll “

714 D, = Aol et gho AdelAE 005,
0.1, 0.15, 0.2, 0.257H#19] & WS AAsHE 2429
A9e At deow CLCl ¥ O Cr
BiolD DB} 33t 7} 54 M (Y% &, 2L2F%
)] FAAN AP9E Bl HEE wEAe] FAES

ofn) e,

Moorfo o N K

ol

2=

A e t‘Wﬂi E5A 49 03’2}
§l§} (Histogram Equalization)&

Al AR o] GAE o FE Ao 71F 3 (threshold)
2 o]X3} & 23K Morphology) A2lgtt) o] A&
s 48 7 ok v
al

Projection Function)< &3}

HFHUOWWO.

B2 IPF 9-S o]§ato] 7Zhukel 3
Fod ol A & o gh(Max value) ol A
Yol A& X]ﬁﬁr/} o) A A 4o <t
A H) & A7)|E vuste] g E ekl o]

2 Zwele AEdt Set 99 99 o nae

d

=

-9 -



The Journal of The Institute of Internet, Broadcasting and Communication (IIBC)
Vol. 14, No. 3, pp.89-97, Jun. 30, 2014, pISSN 2289—-0238, elSSN 2289-0246

(A) (B) ©)

(open)

(close)

-"

07 3. &= Zelol WE IPFO FAL(A) YHBA, (B) 0
gt G4, (C)IPF g4

IPF varies depending on opening and
closing of the eyes, (A) Input images, (B)
The binarized images, (C) The IPF images

Fig. 3.

3. BN 22 0188 Y B

Az 49 WelA 9 94 FEe) AN B &
#2 ol g3le] 9§ 4F WHS g 9 A o
o /M S4oE FEHGon A A% F4e F5
8 549 2712 Aol sk 9l A9 of
&8 $04 Al AFAINE SAES s G971 0
How Z/kshe gest o) At QYT A7 Fo
Gz A o] 15 Ao et ¢ Ul
o] o7l mol™ Ztzte] o] 174sh 2ol Wel i
o] 4R FIHE FeMoR nalrh

a2 4. gHREg 0183 o #E 55k
Fig. 4. Flowchart of mouth detection using
active contour

g5t 4R 8 99 0 SHE 5 75 3

a2 5. F% Ul B1E S 25
Fig. 5. Region—based extraction of yawn features

v. &a ¥ An

wiol A AQEe el S1Ee] AE W=

3 Windows 7, Visual Studio 2010,

OpenCV2.0< ol&ate] Falat3lal 45 HI2EE a3l

o}, Ao A AMEE BE 972 640x4802] H A 7]0]

1, CCD 7HuletE o]&ato] 594 29 ek +
#H HlE

7ZhukQl 3} gpEe] A WEF 4L 7 ;94 wos
Adste] Ay} ke BE53 $, Ay ghell viste] £4&
EiavA=s

1. Ay

W= 959 22 7004 CCD7M LS o] &
ato] AES 9ote] 29 30 ZHY FE TN BIS
stk 238742 Intel Core i7 CPU 2.80GHz CPU,

6.0GB RAM¥} NVIDIA GeForce GTS 250 H|T] 2. 7l=
& Agsislon, B4 A48 AR B A Aol

Role] Al oF A H0emE ST, & Aol E
T4 AU PO ARE ST, ¢ P

o WS S @3}5—3— %om A% AT a3

gl

>
X o> o 3@ fo

4B
)
o
fru
-

=
h= 4
il
I}
2

[
1 rlo
)
o
ot

4g1s AE29) b 59l g
B el FAT g el AAkew A

[e]
E gge

- 93 -



Measure and Analysis of Open—Close Frequency of Mouth and Eyes for Sleepiness Decision

Rt

E%sw AT

154 %

o] Az %;EOH G 2 s

]

=

7_}71—

Z

E 1. 2089| & 7| 3t m=

Table 1. Programe Measurement Results Image

For Eye Blink 20

o G = 7zt
zAsIgom, 7 4

AE1E olglel F13} o] A g} 3AkEl tiste] 20
g 2 A $AE F, 2ol o8 &
| ot ole] 319 R A g diF An ghg BolF

AFAL

A2

BT A
Al A

NIk

A

ol
7

150/ 130

14.0)

220

T 50| 70

6.0

2.0

750| 65.0]

85.0

i) oz A5e Aege
809%2) A7} 7ol gkt o]
M Ase) 63} o]

PE

e 8l = |20-Z2aBZAS5 | (5)
- = 4=
48E (%)= 100— °f 120 % 100 (6)

32 8. 2040 &= 7wl 2 Ha}

Fig. 8. Result of measurement for eye blink 20

100.0%
95.0%
90.0% -
85.0%
80.0% -
75.0%
70.0%
65.0%
60.0%

a3 9. 2089| & 2ol His
Fig. 9. Accuracy for eye blink 20

%99 = zhwlkele)] st HEEL A
ZH 3t 300 W3} GBms} = Ut 191 4 f;ﬂzm%
e AR} el ojgozA ;zauloﬂ} 2
A F SRS o AElojA] Fo &)

%EHOM *E‘?.ﬂg 3k Anz 12l r:} A

84 ghol 717 thgol = Al A A BitHel
oI5 A W] BBl EFH HolX

= A3} s,

- 94 -



The Journal of The Institute of Internet, Broadcasting and Communication (IIBC)
Vol. 14, No. 3, pp.89-97, Jun. 30, 2014, pISSN 2289—-0238, elSSN 2289-0246

¥

O3 10, AEXe & YIS ERE AN, 2, 3)
Fig. 10. Eye shape of experimenter (1, 2, 3 from
left experimenter)

2.2 olF9| M=o st dut 2 2A
shEe] I3l 2L 29A = slo] Hles:
Aok 1S A32e) fEe=
o] Ans Ho F& gt

rir

a3 11, sEel MY Zat
Fig. 11. Experimental result for yawn
AH2E A1 2e A PHe R 29 I912
£ 28 o8 B A3 e wolFn ik A
3ol giaiA 7 &bl A Aol A B2 94%9
RAES AT ek, Bl B AL PS
A AR T AIFRE Az HY A Afolo]
AN 257 sl5e] ZalS ZAske] Abellch
4e Y Aoz AgyE AHE AdxEo] Yz
Y& wR wole] FEgte] ool A AHE o
Hel A A7 A g ettt
H 2. 5l29| dezn
Table 2. Experimental result for yawn
a%;}l 7 a%i}z 7 ﬂ@@j}a T aa
wil v BT | i B e B P
ggz | B9 SI 0f B3] sy wud 67 %67 %6 988
TE ol | vl % | %] %| %] %] %| %

dé2:eEo Uiy

96.5% 967%
853% 95.2% 96.0%
cag  946%

a3 12, 2049| 51 M
Fig. 12. Accuracy for yawn 20

SEREEEERET P 2]
Jojo] Qe WIIE Wol ks Fio] 257 BASIA
oh o] ol HA HES B wel HELS A @
Aow weels 497h AN,

A= (%)= 100— ijﬂ]igl%%¢ %100 (7)

FATNA Q5= 8hE T 9& 2 vk A
she 295 wetth, AN el wet sk Al §)
o] of=F Y Kol ThE7] wjito] E xz o] A&
3o gre ¢S WY Aow a= A AHks F4
gljoF sk A7t Ao AAEE A 1o B
¥ 27)of dial] o thEA ATl Eekal A
A3 A7 AFe} 3ro] o] Eoith ol fr= 17
133} Zo] ARAA39 Slze] v APAE 3
o Fglgh mofolgitt A AroAm A§A30]
oFzhe] Aol Ak ThE A Aol HlE) oth =2 6%

a2 13, HExte| UnY(zEo=HE MEA} 1, 2, 3)
Fig. 13. Mouth shape of experimenter (1, 2, 3
from left experimenter)

V.2 E
2= g4 $3HActive Contour) 7]4& ©]-&a}o]
AFEALE] £ o] AE MESE A AA =
23S Aokatgth. CCD 7hlEte] A3 oA &
zhekel o) 4= 24 Avbe Ao w2 vy F

B3} 2& £l et okagel & Rl uet A g

o] Zol7t Ylek. Tl FHEE QE) wH= Ll A
715k Z2ke] il g 71 A ghe] web 49 2
3} gro] Thesl EEHT TeUAR SES 7} vl
Qumope] they] WRe] AutAel maks} A7ld) g
PGS SNk 3= 97k AEA BREE A
shzul oleleel AT oI ME A7 BAlelA e}

- 95 -



Measure and Analysis of Open—Close Frequency of Mouth and Eyes for Sleepiness Decision

4] 3t g1o] mopo] Fa vhdel v A At
it el AR 24 F4e e 99
9 /1% 52 BN 3 g9 94E F o TR o
WAt Bad AOR BTk B 0|9} 2e T1eg
SlahAE ThEE el AT OCD 94 22 3D

WAL A E v w3t o) AEol AN WA

References

[1] Article of the korea times 2009-04-03
http://www.koreatimes.com/article/514732
[2] http://www.robonable jp/news/2011/12/
denso-1202.html
[3] Shmueli Galit, Patal Nitin R. and Bruce Peter C,
“Data Mining for Business Intelligence”, John Wiley
& Sonc Inc., 2006
[4] Tomofurni Miyakawa, Hironobu Takano, and
Kiyomi Nakamura, “Development of Non-contact
Real-time Blink Detection System for DozeAlarm”,
SICE Annual Conference inSapporo, pp. 1626-1631,
August 4-6,2004
[5] Ho-Seop Yeo, Joon-Hong Lim, “Driver Drowsiness
Monitoring System Based on Eye Closure State
Identification and Gaze Detection” Journal of
Engineering & Technology. Vol.21 ,October 2011
[6] Keil A, Albuquerque G, Berger K, Magnor MA.
Real-time gaze tracking with a consumer—grade
video camera. Union Agency-Science Press 2010
[7] Bebis,
Approach to Eye-Gaze Estimation, Intl. Conf
Parallel and Distributed Comput. Systems, Las
Vegas, 2000.
[8] R. Gocke, J. Millar, A. Zelinsky, and J.
Robert-Bibes, “Automatic extraction of lip
feature points,” presented at the Proc.
Australian Conf. Robotics and Automation, Aug.

G., and Fuimura, K. An Eigenspace

- 96

2000.

[9] Jong-I Kim, Hyun-Sik Ahn, Gu-Min Jeong,
Chan-Woo Moon, “Estimation of a Driver's
Physical Condition Using Real-time Vision System”
Journal of The Institute of Internet, Broadcasting
and

Communication, VOL. 9 No. 5, October 2009

[10] M. Asadifard, J. Shanbezadeh,
Adaptive Center of Pupil Detection Using Face
Detection and CDF Analysis”, Proceedings of The
International Multi Conference of Engineers and
Computer Scientists, 2010

“ Automatic

KXp A4

A A A(E3]9)

2003 : AlEoEta H
gol(&Ah

* 2003~2007 : AFHEL AZES o]

Hleolaie

+ 2011 AIFUSAL ZHFE E R4

J

CI~FA AE et AFETeL
EREARE:

Aok 1 S-- A} obA A|~El T

07~ BA : AFT S AFE T
CFEAROE: AR AN FA, A

A2




The Journal of The Institute of Internet, Broadcasting and Communication (IIBC)
Vol. 14, No. 3, pp.89-97, Jun. 30, 2014, pISSN 2289—-0238, elSSN 2289-0246

* 1997 : Cambridge Univ. Computer
Vision(2HA}

+1986~19%9 : KT, AdA+<

* 1998~2001 : Smith-Kettlewell Vision
institude USA, Research Associate

< 2001~3A @ AlFHea F3FH 88t
3 A

7 HIH, HCI

.97 -



