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ABSTRACT

System for Detecting Driver's Drowsiness Considering
Variations of External Illumination

Wonwoong Choi

Advisor : Prof. Juhyun Shin, Ph.D.
Department of SoftWare Convergence
Engineering.

Graduate School of Chosun University

Drowsy driving is the greatest part in the cause of car accidents, accounts
for approximately 31% of car accidents that occurred on expressways for the
last three years, and approximately 23% thereof resulted from failing to
watch the road forward, causing casualties. The reason of drowsy driving to
have a fatal impact on driving as described above is that it causes slow
response speed and inaccurate decision making. It is thus necessary to
develop a system for identifying the state of driver’'s drowsiness and alerting
the driver of drowsiness to avoid car accidents for preventing drowsy driving
resulting in the aforementioned risks.

Therefore, car manufacturers and government organizations have studied
how to directly and indirectly obtain and analyze data about driver's
drowsiness to prevent accidents due to drowsy driving in advance. Exemplary
technologies to analyze driver's drowsiness include contacting driver’'s body
to measure signals, analyzing driver's eyes, analyzing whether driver's eyes
are open or closed, and analyzing car's movement to examine driver's state as
an indirect method.

-V -

Collection @ chosun



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.
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Test Image no: 29>> Matched image by PCA no: Matched image by PCAis :19.jpg  Test Image no: 46>> Matched image by PCA no: Matched image by PCA is :21.jpg
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1. 4% SVM

SVM2 19959 Vapnikell 98] 1gtd Wyo= ojis BF EAE 4357
sl wrEolxl WHoR ofFE +1% —19 #or EHI AF SVMH A
g geE o] &3k SVMe] e, A9 %W (Optimal hyperplane) & AlAFsH
o dlolElE EFahs Wlolth SVME xR 938 Hidles Wy &
AP B3 Fdolrh. SVME st eat v go® WMoVt AAE= AE 2
g gtE e zpdel oEskE el ZINbFa Qlvh o)ek 2 7 fe e
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d(x) =wix+b=0 (7)
dx) =w'x+b=1
| ® o
d(x) =wTx+b=0 ® I Open
® Eye
d(x) =wTx+b=-1
o O
@ @
a
o
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D
a
Closed a in
Eye
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b Aol &8 A wHolE eke] A7t Hrb He vixle FekA dnh 4
(2% 2114 718 133 F2etv)sh vl dlolg %

stel, 143 F MY B 2HWWEE Fetal 7 2HHe

ol g3tel Hrlh Hi g Faw Arjrizl 2Pl

44 SV (Support Vector)

&‘i%ﬂlkﬁ

Aol AgE [4 8]
A AT[33].

—'\ZL

fljo

2ldeal _ 12|
I wl [Iwll

Margin = 2h = (8)

O]71A, wi ZWWel WM WMEo| T, dx)= AA EA TS T oJodow Rt
ahn] 8t 2 oolo] el AL d(x)>0, T FES d(x)<00] T}

2. EA%E o] &3 SVM A

B =Ro|Hi LibSVMS Abgste] A8e xalsgdon, [18 22]3 o] 5
go] = dolg 50Z#Y0 EAZE FE3e] AES AWFCH34]. 552 et
AE o} HQE AE| ] o] X2 o]&dle] 30x+Ye] FAREES EAgow sho] 3t

% HolgH=E 84S S8ttt 181 4082 Ao Bt oz Adst Ay (1Y
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46 47 48 50
1 =1 1:02:03:04:45:56:57:48:49:510:4 11:4  12:4 13:4 145 155 165 115 18:5 195 05 2A:5 26 86 A5
2 -1 112033455564 7:48:59510:4  11:4 124 135 145 154 164 174 185 195 05 A6 26 86 A6
3 <1 1:02:03:04:05:16:37:38:49:410:4 11:4  12:3  13:4 144 15:4 164 174 184 194 04 A5 25 W5 A5
4 -1 1020324454 6:4 04844105 14 1204 134 144 154 184 1T 185 194 2006 26 27 W6 U6
§ <1 1:02:03:34:55:56:47:58:49:410:5 11:5 12:4  13:4 145 155 165 175 185 195 205 A6 27 B8 A8
6 -1 1124354554 6:47:58:59:410:4 155 128 135 145 1S5 165 1TSS 185 196 20:7 257 27 W6 246
7 -1 1:02:03:04:05:26:37:48:49:410:5 11:4  12:4 135 146 156 16:6 17:6 18:6 19:8 20:8 2A:7 27 B:7 AN
8 -1 1:02038445:56:57:58:59410:5 11:5 125 13:4 144 1555 165 IS5 185 195 2006 26 26 286 246
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13 1 1:02:03:04:05:36:47:38:29:410:6 11:8  12:9  13:9 149 159 168 177 184 192 02 A1 R2 W5 A4
M1 102:033455:56:37:38:59:810:9 11:9 128 138 148 157 166 172 182 190 202 2:4 24 W3 A3
15 1 1:02:03:04:05:46:47:38:39:410:7 11:9  12:9  13:9 14:9 158 16:7 17:6  18:2 192 0:1  2A:2 R4 W4 A4
1 1 1:02:03:04:45:46:37:38:49:710:9 11:9 12:9 138 1410 157 165 1722 181 191 2002 253 24 234 A3
17 1 1:02:03:04:35:56:37:48:49:610:7 11:9 1229 13:9 14:8 158 16:6 17:3 182 192 02 2A:3 23 W3 A2
18 1 1:02:03:34:55:36:37:48:69:710:9 11:3 12:8 |I3:9 14:8  15:7  16:4 170 181 19:2 23 28 24 B3 A2
[(29 22] st ©lo]E (Training Data)
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[1¥ 31] Negative %4+ DB oA

¥ 4] Negative G40 =2 Hluw A8 Az

499% zZAd 7|E z=ATtE A% Asrste 293 TE 24
e 9 104 76.92% (80/104) 88.46% (92/104)
ol F% 111 74.77%(83/111) 92.79%(103/111)
_ 75.84% 90.62%
& A 215
(163/215) (195/215)
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A 38 SVM= o] &3 = /Eide A 2 vjw 23

B wRoa FARIEE o]fsle] SVM EFE Sl Agksts S (&
419 A3E HEo| =L Zuke HAEES Fold 5= v 2= G 4 A A
T Y A7 dRQl By &2 AR JAFS o] &t A foltt el Ay
GArol AL a2 L FHAQ YAE wEdte] AYE Fau FYI gGAtolrt.
npxlgto 7 f-HH JAE FEH JREY A2 GAS FHESe] g 4
= [ 5] Zo] yeERWth =3 719 Eigen—EyeE 83 PCA Wy
T3 9o A JFE o]g3 WS FHs HeS U

[3% 5] 2=, APA Y = /e HEE

Ay | =gy | 71&9 Eigen—Eye =3 999 g4 ALss FALZE

34 F PCAE o|g3t 43} N2 o] &3t 3 o]&3t SVM ZA 3}

=&k

;i 408 64.70% (264/408) 87.74% (358/408) 92.15% (376/408)

O O

2Fe

o 535 62.99% (337/535) 85.60% (458/535) 88.59% (474/535)

O O

2Fe

i 458 64.62% (296/458) 87.55% (401/458) 92.57% (424/458)

O O

2Fe

o 401 67.58% (271/401) 86.28% (346/401) 89.27% (358/401)

O O

2Fe

i 539 60.11% (324/539) 84.04% (453/539) 90.53% (488/539)

O O

A3

o 463 67.17%(311/463) 87.04% (403/463) 89.84% (416/463)

O O

A3

o 511 69.47% (355/511) 83.95% (429/511) 88.25% (451/511)

O O

5

o | 210 63.33(133/210) 86.19% (181/210) 89.52(188/210)

O O

64.99% 86.05% 90.09%
st A 3,525
(2,291/3,525) (3,029/3,525) (3,175/3,525)
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PERCLOSS} 540w A%AQl AR E AM-S WiS vla AP
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A Y 408 71.62% Danger 71.62% && YES Danger
2+ G 535 17.85% Caution 17.85% && NO Caution
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2 Y 401 1.98% Safe 1.98% && NO Safe
A G 539 21.3% Caution 21.3% && YES Danger
AP G 463 1.62% Safe 1.62% && NO Safe
AP G 511 78.13% Danger 78.13% && YES Danger
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FRE 9% 208 10.2% Safe 10.2% && NO Safe
ek I 530 31.22% Danger 31.22% && YES Danger
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