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System for Detecting Driver’s Drowsiness Robust
Variations of External Illumination

WonWoong Choi+, Sung Bum Pan”, Ju Hyun Shin'"

ABSTRACT

¥

In this study, a system is proposed for analyzing whether driver's eyes are open or closed on the

basis of images to determine driver’s drowsiness. The proposed system converts eye areas detected by

a camera to a color space area to effectively detect eyes in a dark situation, for example, tunnels, and
a bright situation due to a backlight. In addition, the system used a thickness distribution of a detected
eye area as a feature value to analyze whether eyes are open or closed through the Support Vector

Machine(SVM), representing 90.09% of accuracy. In the experiment for the images of driver wearing

glasses, 83.83% of accuracy was obtained. In addition, in a comparative experiment with the existing
PCA method by using Eigen-eye and Pupil Measuring System the detection rate is shown improved.
After the experiment, driver's drowsiness was identified accurately by using the method of summing
up the state of driver’s eyes open and closes over time and the method of detecting driver’s eyes that

continue to be closed to examine drowsy driving.

Key words: Safe Driving System, Driver's Drowsiness, External Illumination, State of Driver's Eyes
Open and Close, SVM, Drowsiness Decision.
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Fig. 5. Feature value extracted by the thickness
distribution, (a) State Opening Eyes, (b) State
Closed Eyes,
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Fig. 6. The results extracted by the thickness distribution of the feature values, (a) The training data, (b) PERCLOS

test Result,
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Fig. 7. Determining the need for using consecutive
eyes—closed state,

Fig. 8. Test video examples,
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Fig. 9. Negative images with the proposed method and
existing method comparative test, (a) Negative
results with existing methods, (b) The proposed
method results Negative Image.
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Table 1 .Video drivers DB
Using DB Vehicle DB Laboratory DB Glasses DB
Change the face g?;r;iiet};iaﬁcz Change the face
Acquisition Distance limit (80cm) (50~1000m)g Distance limit (80cm)
environment External illumination . L External illumination
External illumination
changes changes
changes
Acquisition camera Logitec HD 1080p Logitec HD 1080p Logitec HD 1080p
Video resolution Converted to 480x272 Converted to 480x272 Converted to 480x272
Total population 6 people 2 people 2 people
Special subiects Including acquisition ~ Including acquisition
p ) YouTube video YouTube video




1030 ZEOICINES ==X X19A X6=(2016. 6)

e
LA
e
—

Fig. 99} 22 Negative G442 A% vw
7] 98k F 215 ZE Y9 Negative F74< ©|

ey

—
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Table 2, Comparative results with negative image

9%¢ W@ e A3} Table 29)
Ao} o] 32229l o]

ol F28 5 A9

o,

Nagative3 42 &% A% Z 8/l9

N

TP A Sksh= WU Table 3¢ A= HEOI Sow F7% bdH 2HEAel gh2 ¢

2 AN ASES AU T Aok AF 9 4 E o] &st] FAREE o8& SVMS 3T 2
Aol 7B el A7)7F dukel By 2k Abee] @ I gh2El o] o7 2H-gAke] A kAol "iabg Hle
FE ol 8T Aot adla AP G A Z 3l o 2% A edEEC] S, FAL

' A% 24 H49 AA' 2 Ae Fu
& #ID PRItk AT OR FRE IHL FRE
& of JE=H XA FFE ASS] AP AHE
s Table 33 o] YelW ) =3+ 7]1<9] Eigen-Eye
g £ 8% PCA W7 53 9499 QA /NFE o
43 YHE 7Y des WY
FRAE o) g3t AP 2P3HA
AA = dL F 3525 ZdY Foll 3,176=8 Y 9
Fol AZH o] 90.09%2] AZE°] Uton, 7]&9
o wyEg AHE AEES AU F AAT

Test video Total frame Existing illumination normalization The Dl:(iiz(;izzlt?g:naﬁon
Bright images 104 76.92%(80/104) 88.4696(92/104)
Dark images 111 74.77%(83/111) 92.79%(103/111)
Sum 215 75.84%(163/215) 90.62%(195/215)

Table 3. Vehicles, laboratory inside the eye opening status detection rate

Test video Total | Result using the existing | Results using the number SVM results using the
frame PCA eigen-eye of pixels in the pupil suggested thickness distribution
Vehicles 408 64.7096(264/408) 87.74%(358/408) 92.15%(376/408)
Vehicles 535 62.99%6(337/535) 85.60%(458/535) 88.59%(474/535)
Vehicles 458 64.62%(296/458) 87.55%(401/458) 92.57%(424/458)
Vehicles 401 67.58%(271/401) 86.28%(346/401) 89.27%(358/401)
Vehicles 539 60.11%(324/539) 84.04%(453/539) 90.53%(488/539)
laboratory 463 67.1796(311/463) 87.04%(403/463) 89.84%(416/463)
laboratory 511 69.47%(355/511) 83.95%(429/511) 88.25%(451/511)
Youtube 210 63.3396(133/210) 86.19%(181/210) 89.52%(188/210)
Sum 3,525 64.99%(2,291/3,525) 86.05%(3,029/3,525) 90.09%(3,175/3,525)
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Table 4, Glasses wearers eyes open or closed detection rate

Test Total | Result using the existing | Results using the number SVM results using the
video frame PCA eigen-eye of pixels in the pupil suggested thickness distribution
Glasses | 208 57.21%(119/208) 72.60%(151/208) 81.25%(169/208)
Glasses | 530 68.49%(363/530) 80.38%(426/530) 86.41%6(458/530)
Sum 738 62.85%(482/738) 76.49%(577/738) 83.83%(627/738)
ABHE 83 A = FRIFS SEetA AA T AT
52 okl oF 6% AEe eAEEC S/
A% A3} Table 49} 20| F 738z #| Y Foll 627 548 &
Z A= Zé"o]'x—'lii 7&%8}04 83.83%°] HAEE°]
So1g - 99t T, AF, ® AE BN AAY, * 9 2w
MH e e, S5 AH BE 5o I4AY Ve
T — & o189 REY WHE VT E3LA A2H
of thal A+t 53] HF3 | = A3} 7
Table 5= PERCLOSE ©| &3 &5 #d 24& S Sasle] = g 22 A GAAAL T
3714 e) |2 Safe, Caution, Danger= WEAS. ng g o) ga svMel a2 & AnAAd 2%
F 9o H PERCLOSE] #kel 0% )23 10% o] s} BO 90.09%2 $4% ATE AYT, oA Feat
9] 7§ Safe A=, 11% 174 30% 13+ 4% Cau- o] Ao g383%0 AFNEZ AL £ AT EI
tion “3°8l, 31% ©1°d2] A5 Danger JH= 71F %t 71&9] Elgen EyeE &&3 PCA U, 53 €99
< T3 #slg o, PERCLOSTHE AF&-3F 219 DA 7|52 o] 43 W T v W An = 7w
3 A|ret= PERCLOSOF EdA o2 A&AS 7 AZgo 7H/‘L% AS ol 2 9t 11 =
LAHE AR WS vl AR SAE BEE e A5 AU A BT TF
Z¢& < A3 PERCLOSTHS AHE-& 79 AhaF ® PERCLOS W& 53H o= o] gdte] EaA
8% SWAILE 2ol Caution®] e}z FTHAT, 02 2SS BUHUT 53], B =R A4
PERCLOSS} 154 <l #Hjt & 522 A W ELS AER) &A F 129 A7tE 933 A
|3 A5 e FHIVE 1% ol d&5H R AEd oA Al A A glo] AAe =z T2 7153 A~
w3o] 91014 Danger®] N2 HHA BE AL wlojn), =9 AFsl Pl A9 Ee] Agsd

Table 5. Drowsiness determined by the results of the proposed drivers drowsiness detection system

Tt > . “ : Tat 3
Test video Total Using only PERCLOS IERCLOS. and used in combmdtlpp with
frame a continuous closed eye condition
Vehicles 408 71.62% Danger 71.62% && YES Danger
Vehicles 535 17.85% Caution 17.85% && NO Caution
Vehicles 458 93.33% Danger 93.33% && YES Danger
Vehicles 401 1.98% Safe 1.98% && NO Safe
Vehicles 539 21.3% Caution 21.3% && YES Danger
laboratory 463 1.62% Safe 1.62% && NO Safe
laboratory 511 78.13% Danger 78.13% && YES Danger
Youtube 210 41.74% Danger 41.74% && YES Danger
Youtube 208 10.2% Safe 10.2% && NO Safe
Glasses 530 31.22% Danger 31.22% && YES Danger




1032 ZEDICINES ==X X19A X6=(2016. 6)

w345 s 92 e daelEo B 2
o oj5e Fo} dPoz A e YAk A
= A%l o HLW HEE Aol AN E AEA
o sy on, o Aol AR tha E7h
e AT & Uitk Ed & T BEE o) &
@ oA e Fe] ASE 7E PCAL 5F Joi e
ol g8 Wiol mal e HL AREE BT
5 gl

$F ATRE G 714 o1 8F PHol 1
o2 QA ABE o8 PUL WYsle] AAE,
HAE 53} 2o tE Aed Axst g7 BFH o
2 A7E ARY Aol

REFERENCE

[1] JM. Choi, H. Song, S.H. Park, and C.D. Lee,
“Implementation of Driver Fatigue Monitoring
System,” The Journal of Korean Institute of
Communications and Information Sciences,
Vol. 37, No. 8, pp. 711-720, 2012.

[2] LK. Park, K.S. Kim, S.C. Park, and H.R. Byun,
“An Ilumination-Robust Driver Monitoring
System Based on Eyelid Movement
Measurement,” Journal of Korean Institute of
Information Scientists and Engineers, Vol.
34, No. 3, pp. 255-265, 2007.

[3] Y.M. Baek, G.G. Lee, W.Y. Kim, “Nearby
Vehicle Detection in the Adfacent Lane using
In-vehicle Front View Camera”, Journal of
Korea Multimedia Society, Vol. 15, No. 8, pp.
996-1003, 2012.

[4] R.N. Khushaba, S. Kodagoda, S. Lal, and G.
Dissanayake, “Driver Drowsiness Classifica—
tion Using Fuzzy Wavelet-Packet-Based
Feature-Extraction Algorithm,” Institute of
Electrical and Electronics Engineers Tran-
sactions on Biomedical Engineering, Vol. 58,
No. 1, pp. 121-131, 2011.

[5]1 M. Blanco, J.L. Bocanegra, J.F. Morgan, G.M.
Fitch, A. Medina, and R.P. Zimmeramnn,
Assessment of a Drowsy Driver Warning
System for Heavy—-Vehicle Drivers . Final
Report, DOT HS 811 117, National Highway

Traffic Safety Administration, 2009.

[6] H. Song, J.M. Choi, C.D. Lee, B.H. Choi, and
J.S. Yoo, "Implementaion of a Safe Driving
Assistance System and Doze Detection,” 7The
Institute of Electronics Engineers of Korea

- Signal Processing, Vol. 49, No. 3, pp. 30-39,
2012.

[ 7] M.H. Yang, N. Ahuja, and D. Kriegman, "Face
Recognition Using Kernel Eigenfaces,”
Proceeding of International Conférence on
Image Processing Proceedings, Vol. 1, pp.
37-40, 2000.

[ 81 J.H. Lee, Method of Identification Eye Status
for Driver Drowsiness Monitoring System,
Master's Thesis of Ulsan University of
Technology, 2015.

[9] P. Viola and M. Jones, "Rapid Object
Detection Using a Boosted Cascade of Simple

of Institute of

Features,” Proceeding

FElectrical and  Electronics  Engineers
Conference on Computer Vision and Patten
Recognition, Vol. 1, pp. 511-518, 2001.

[10] KR. Kim, K.S. Son, J.Y. Ha, S.C. Kim, and
B.S. Kang, "Novel Auto White Balance
Algorithm Using Adaptive Color Sampling
Based on CIE L *a*b*Color Space for
Mobile Phone Camera,” Journal of The Korea
Institute of Information and Communication
Engineering, Vol. 12, No. 8, pp. 1356-1362,
2008.

[11] JH. Choi, J.S. Park, and S.S. Lee, "A High-
Performance and Low-Cost Histogram Equal-
ization Scheme for Full HD Image,” Journal
of The Korea Institute of Information and
Communication Engineering, Vol. 15, No. 5,
pp. 1147-1154, 2011.

[12] H.J. Kim, M.W. Ryu, and S.H. Lee, "Lane
Detection System for Self-Driving Car,”
Journal of The HCI Society of Korea, pp.
205-209, 2008.

[13] C.C. Chang and C.]. LIN, http://www.csie.n—
tu.edu.tw/~cjlin/libsvim/, Version 3.20 released



on 2015.

[14] Q. Ji and X. Yang, "Real-time Eye, Gaze, and

Face pose Tracking for Monitoring Driver
Vigilance,” Journal of Real-1Time Imaging,
Vol. 8, Issue b, pp. 357-377, 2002.

T. Hayami, K. Matsunaga, K. Shidoji, and Y.
Matsuki "Detecting Drowsiness While Driv-
ing by Measuring Eye Movement - A pilot
study,” Proceeding of The Institute of
FElectrical and Electronics Engineers bth
International Conference on Intelligent Trans-
portation Systems, pp. 156-161, 2002.

F 2 2
2008 ~2014\d =AMtk Ao
AZzEgstay FeA
20143 ~20160 ZAUstm SW
& A
HAABof: g4 A, A A
A 7&

QEZY HIS oIt XA ES 2K AIAE 1033

H M =

- o a4

19999 A n  AzE-e
F kAL

1999 ~2005'd FF=FHATA A
T4 AAAA 7 EATH
2

20000 ~ AR A AAF
st} W

D Hbel Rl AT, VLS Az

)

=
A F

198613 ~2011d AAAA R &
FEFH 7]&ol AL
2007 A dign HApA et

o] gl A}
20119 Z=Astn AojAZ =R

33} 418 YEFYm

+

s EEm T o] vlolE o]z, B HlolH A, g

2Entoly, AR A F



