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ABSTRACT

Since electroencephalogram(EEG) has non-linear
and non-stationary properties, it is effective to
analyze  the  characteristic  of EEG  with
time-frequency method rather than spectrum method.
In this letter, we propose the modified drowsiness
detection system using discrete wavelet transform
combined with errors-in-variables and multilayer
perceptron methods. For the comparison of the

proposed scheme with the previous one, the state

‘others’ is added to the previous states of drivers:
‘alertness,” ‘transition,” and ‘drowsiness.” From the
computer simulation using machine learning, we
confirm that the proposed scheme outperforms the

previous one for some conditions.
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Fig. 1. Modified drowsiness detection system using DWT.
. SIS 7|8t EEG FOHY 2l

DWT+ %l Al&E coarse approximation}
detail information® 2 F-&l|5le] 77| v} A =E
7Rl AME vE T A EA43th DWT=
scaling¥} flo] &5l gk F 7o) L& 7HAIH o]=
Aeed Ex} Yeje)e} wofo] Ex} dejglozm B
oJt}. = Al7kedede] 9] AlF7} A%l Adx} 1
oo} S} Gelol SJsjo] 412 Th vhele] T o
dom Haj=w o]F dojEel Agel 2o,

B AlE z[n]S WA ohEe] Ade F3) HE
holn] = 19 F= ¥ kb [n] & E3s1Y
Yiow (112} Ynigh [n]2 Hajjdch Zejs] Fof A2
H Fu= rollA 7/2 radians O& Zo] 50, A
2] Aulo] yolF|~E A el ule} A7 wojof g
r;]- 131__&_ -rOHE] NZ o 93 u],.r}ﬂE—E.F‘/]iL 3]_0:1
e Bshage] S el olHd BAE
e oz 743 Aol

ylow[n]=k§; z[n]hy[2k—n] (1
Yhigh [71] = ki x [ﬂ] hy [2]{3_71] 2)

Az g Jest A JEe TR
NS e 2 W ¥l AR e

3 4
A 3 @] FAL A Este] A wa}
o] oiAle],

B E=EollA] Allgkels 29 3] AlaEle T3 1
3} 7o) 4iAZ FAIEICL

D "ol #HE 2 AESS 55t XA} A Hl
olejuo] 23}

2) DWTE o]&3F ¢ dloe] 3

1732

3) EIVE o|83 AR SAME &

4) MLP 73] 28 B3 Ale] 55

w5} SAel] ARG AR 2ol A] ARE 83
PolyG-Io|t}. &3 F3ul4=&= 256Hzo]™, 10/20 =F
A Fol] 2] A3} Fpl, Fp2, F3, F4, P3, P4, O1, 02
o] f)Ael ZF 8700 A5 Al AEIAS T
=39 Are] gl WS 248 6T
@Al 29 oz ve] ¢ Rk 25 ~ 304)) 87e] ¥
A& A@Ar=E A= ek (15“5«1 AE F Fefnlgt
22 A= 712 89S AAFH) AF 2 vl
QS F 4 e £ oF 1=l MRl SEE A
HE Fek=% sisler], A3 Aol Epworth
Sleepiness Scale(ESS) A1t ZAFS 3f3le] HAFA|
b RS Al 2 =) )& Wk
im] A ARk b RS ot 2k

w

3.1 X} Akl Mol
& ATelMe Aol S5l W3t Hels
Horie] 7|5l S51ek Horie] 715 el )}
AP Ao, &8, T|eb o] v 7] AelR &
vﬁ]—ii,L 71Ed ) 2o o2 dole g ¥
ssieh. wat veolls] Wbyt o] atel sl
A}ELS SOl Esle] 7)Z=slin) olel tsled
eabdEhar el A FRe] ARES it} HlolE o] A
W& Frsisict
(1) ZHd(Alertness)
- kel artifact @ 0.3~0.4s
- el 571 6+8s
- EEG2| weta} dqelix] 2493}
(2) *l°](Transition)
- AF AL 8l 713k s 05s oA
- FERA ualr) 50%0]4¢
- w4t B Aekle] 4
3 gﬂi(Drowsiness)
- g WEgkel K Bl =9
4) 7]E}(Others)
- SRR Aolot E5oE EREA B
7 wgte] 5A4E y_ol A] %;S 73

3.2 slol2al Lo

EEGE 5714 -8 ool e 7je), o] Hojele
22} elek, A, o, e, vk 22l 0-60 He
Tl 9lE 7P ik 1 olge] w7 vele)
As o= HFI 5 ole AR A5 A
7} e¥sfel. A5 EEGS] 4159 9157} 256[Hz]e]



22 B 7= FHE Al5o) 6514 102} Daubechies
DWTE #-§3}o] 7719 Fojder Esfsisick of
7141 d1 (128~256[Hz])¥} d2 (64~128[Hz])S A| gt
a6, d6, d5, d4, d3 Aol zHzt EIVE A-438l] AR
AT FEIEF Al2wlel A-83isdth

V. 2MA | EFZ

HI

J HE] dlofejmjo] s nielo R S5t

2 EE- 918k Hlo|e] AL EIV 7[HoZ 5319

3, o]5-E 70%= % dlolel = Yz 30%E

Eﬁu dole] 2 aAdeA Vrdch m=gk Kearns®

HAAAleko 7 < dlolele] 20%E FHE= I8 tﬂ
o]
Al

1 L

B ‘/]_'_ME]M] E=RolA] ALt o= A

2 kol tigl slelu|EE 7)E oo} Elal
Aoz sjale

71& A+ AFERE] ARASTE Y5 EIV A=
4712 313, DWTS #43 /ixde =23} DWTS
g1 o= 712 meEle] o) 71X Aol digt B
EEMR)S A (3)°ll 2l Atsla AE2] =7 ut
2t 73 20 vepfsick

PNm

EMR=#(correct class)/#(total data) ?3)

AE2] Z7)%= 2567 409602 29] A5 % ot
fl= Aelgy e AAel wlas] $lsje]
2560(10%) 0l W&k Azl wiedsioict Azte] Al
AL 25l MLP A4S &3l silog mkEo]
1000071 2] HlE-S Eslo] HHzLe EEAxg 7|2
slele}l. 18] 28 0E] J|EAo R AJZo] AR u
T AdHe] S o 5 slvk 5T A 1024
AZ vltel ] DWTE AR8314] 942 EIVE 443
ERAI} Speta, 1024 S I e RNEE

O

100

95

90

Exact match rate (EMR) [%]

98 29 910 911 2560 912

Number of samples

T2 2. AR S5 A AsEe] S
Fig. 2. Exact match rate of the proposed scheme.
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