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Abstract: In order to improve the accuracy of drowsiness
detection, in this study multi-source data for young and
middle-aged experienced drivers including vehicle lateral
position, steering wheel controlling, and eye movement are
collected in a driving simulator experiment. Meanwhile, the
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subjective drowsiness level of the drivers were also recorded
and validated by replaying the videos. Based on those data,
the decision tree model was established. The results indicate
that the most significant variables to estimate drowsiness level
are percentage of eye closure (PERCLOS), the standard
deviation of lateral position, the time-space area of lane
crossing, the reverse rate of steering wheel and those
variables are positively correlated to drowsiness level. Among
these variables, PERCLOS is the best variable to divide
drowsiness level. When PERCLOS is lower than 2.8%, there
are no drivers in seriously drowsy state and when PERCLOS is
higher than 21.9% , there are no drivers in non-drowsy state;
the total correct predicting rate is 64. 31%. To verification
the model, 4 drivers were selected from the 15 drivers
randomly. The results of model validation showed the correct
predicting rate of the decision tree model is 63.22% . In both
experiments, the decision tree model doesn’ t mistake
seriously drowsy state for non-drowsy state.

Key words: driving simulator; drowsy driving; decision
tree; drowsiness level; physiological index; driving behavior

index

W% 55 2 I J v B ™ B A M E B R AL
2007 4F, TR E H B T 57 B R EHCh 3 349
RLHT: 1768 AN REWH B P HEEARR
PR, {5 B TR S AR | BB = A KR R K
BRI Bh 5y S5 AR BT L R 5 75 OB B TR
AR = DA R 25072 B B3 PR AS S 48 3 T HE 48 ARA
W BRI EER, FHLENERRETY R
% 557 2 30 TN 8 TR X, AT S B0 DU S R A R B
BB T B R MERANEEH AR
B 55 8 3 F sh BB AR F B, B0 LAl g % 2 3k
REBERBITREHITIER W LH A E B R R

HETE . RS RFEERS30E TR T HEALEE B4 (2013100)
B—EE: T A8, B, B4, FEWHEF MARELE . ZE OB 5178, E-mail: xuchuan7@gmail. com
WiRfEE . EEWNA77, B, ¥, T¥EB L, TEFR T R VISR R4S ZOELHH 00T 308 LR 2 B A% B .

E-mail: wangxs@tongji. edu. cn



76 B B K 2 2 (8 A B2

ERRE

P 57 F I R AR 5 TR R

PO F R E R P RS R, HRTHF R
T LA B 51 AR BRAE AR 2 BT O HE R DR AR AR
3 2 L FE AN [V 03 B A BB (AT AT A R BR AR
S AU SRR W] ARV B S 2 B AR 9 9
BB TR O RREMR AR, 75 LB 33
BPASEBWREZ. MILZT R AES
P S AR BEAR SRS i ELA AR Ak R AR/ AR
A B RIATHE R Ak, 5 AT EE B %
BT RS R 7R A B AR SC A, B R
= WA BRI ).

R T8 55 S5 R WA 5% 22 4 P 7E A B4
PRERES AT TR AR M B —BE IR b IR DA R R B
TR 58 BT R IEIR G R A E R 5T BRI TR
FH—HH, BN E R R TR FRHE TR Pt
T 5 S R R 3 R TR W (— P o R 9% 5
BEE 2 90, BN BARE R 9 9y KSS
(Karolinska sleepiness scale) =W 75 %4% ,(H L) 8]
W RIRBU 2 3 5y KSS % 55 S % vl BETRE R 2
T = 3 3 HC A BOE AR s BLAL SR B OCRF R 2
BB B IS AE T H#17, Wiz 3@ F2
I8 5y O 1) A ] B R E R A AT 2

el

ARG 8 H i B s 3 2 B AR 24 %
RS, RET 1 HEH LR 55 R 3, 7 14
A ZEE AR BS BRI TR LA 2 57 RFAESE AT » IR ik
TR AT AR o (9 KSS E Wi ) 0125 B 53 A B4R
SRR S 5 Bt BB 5 R, L B BR R b ST e
BB 57 E R R,

1 RETE

1.1 ZBHERIEEEN

AR H R A 2010 4R @ B R By K=& I B
IS, A 1 s, B MBI WE3 RS
8 B BEE(6 Bl EXH, Yz FRIRT 4
12 20 m,5 m) , BHIBE AR P — 5 K3 R ST
BET H AR E S RGBS A IR
SMHE 3 R E, A BEMEL R R M. H
M2 5 EREMUARMEE IR
RO, AT MFEE K 250° X 40°, ENE 3 4N E
% LED(light-emitting diode) SRR, B
BEHLAS A 08 3 RGN I UE B AR T ES 1 05
BEER IR R E.

a BB SMI

b AR

c EHULA

Bl FAFAFEFREHEESRENSE

Fig.1 Tongji advanced driving simulator

1.2 ZiRXAR

TR A GRS 15 A 403 13 S B MR 2 fr ik,
AEHS(33.914. DX, BB EAER (8. 0£7. DD
AR, B (7. 512 D, ZIXARFERPHFE
FLBNBYE, REBSE WL 2T EWIT
. A 2R RERIFAE S R, SR
R4, AR 1 AN A IG5 AR A s , WK RT 24 h
AR, W3 RT 12 h P9 AS 2K A ik R 2 BB 1 1
B ZIRAA R ENK AT BT EESH R IR ERA
BARGRIAERE ). BMRR P, B 1 25
B PRI B2 T B0 I8 08T A1 (o T R AR B K SR 7
A SCHRFEAT AT  HARE Bl 5L IR 5 B 5.

1.3 RKEeigit

BB B —KHE W ALEE B FEERE
3.75 miRR X B IE B R A B IR E LK 20
km, BB H 6 £KF 2 km WELRBRHEERRSH 1,
3,5,9,11,13).2 KR 2 km Hi LB (B EBH S H
7,15) FE AR M R AR, iR 2 Bis. kT N
B B SRR, 18 B S5 1 B R K N D B R

H T RN R A FR AR I8 B[R] PR B4R
R 92 5 R B, B0 25 O B3 0k B SR 7B 0 T % | &
B 6 B(% 1 b, ERFEMRRFAE 120 km « h ' &
A BUPRATFESHRER; RN EMH B P,



®18

B OLEETRER KNS EBEFERITSHE 77

290 R TR A A 5 X0 16 25 3 5 AN L
BB L CD HLAES A s ToIREE T4 () Al SR XD 5
AREGHFRBREHITE (AR, TRE, TRIE
16 5 2> B AR 22 4, (H AN B R P e 4 3.

16 1 2 3 A5 6
. —— ;

14 13 12 11 10 9
Fig.2 Ring form highway and segment ID

B2 RBERHKEMBERES

PR —R
M 18:00 19:00 20:00 21:00 22:00
{HBCBE
PR

1.4 RBFmE

15 AL RN Rk BEML /3 Be R 2 Fh RS L - (E
RIEE IR 9 AL PR Ak 6 AL 2 Fhig
BRI e AN R 3 B . (ERCHE G MR A 2 o B}
E—RARBRNBO T RR 8:00 BliAFHIAS L
F AT 5 Wi 4R 5 AR A 2 Bk B R AT — R IE
HHE 8 h, 4 12,00 B, 78 TAEA R MBS F T AR
WS SRR TE 13:00 HEATIRIR. 2 MBI B R
P w AR R, AR RS R
FAE BAAR AT RS R ZRHA

AT AR
08

00 10:00 11:00 12:00 13:00 14:00
AN\
LIES \\\

3 [ERE SR B i
Fig.3 Study protocol for the condition of night shift and post lunch

2SS BT 5 min WRARERISRRE . RE
Fig 1 h WIERRE; KR ARG, B3 A IEE KR
Ja T REREER.
1.5 HiERE

FBHE R . BWAT A SR EFEERRE FE
L& 7 o] S5 A 2 WAL S R s AR R R
SELA 10 Hz MSRABESIRIC 7 25 3 5 T S L4003
R E LD 7 B A IR 31 2 %068 i Smart
eye BRI, REESIR R 60 Hz X FEH , 2
WRGEEREMEREN TEARMRSE KSS £
WIF SR . 1 B R, 2 oA H B, 3 N
RIEEE, 4 FNALIER, 5 FANEERELREE,
6 RN TFF A HHBE R #E IAEJK , 7 BB B, 8
G Ry RIS (H IR AT ASE 9 G2k R A TGPk s il

BT KSS 22k A 5 W5 A 52 B 19 55
BEWRTFAREZ I TREEFTEESEHEHNE
WEE R TSR 0 B K. 2 A&t Y 2R
A3 HT A543 520 7 WE 2 Bk 5 T LA, 8 3 X
O 5% AR HIR B F L IR BR T 3l R B OB S A UL
X7 W 5O 55 S AT IR K. 2 2 Aar it AR
YA KSS B IEEN—3H SRR EMEEANET 1
B, BEEHTBIE: Y 2t \RNBEERA—
HEBERL—BEBGEEBT 2 6, FEEHN
WIS, i E R BBIE. 253, 29. 4% K
KSS {HEEIEEE R 1 2%, {0A 13. 3% KSS HEE
WE REAEIT 1 2%,57. 2% KSS LB IE.

2 EFEHHERERITE

LU BB 2 ke K BB 0T 80T, 7
BT RITTAEE WS 7 [ 4 AR BIHEAR.
2.1 FEERBER

LB MR RO T S B R i A E
B3, BOA N BB T HW AR 1545 58 R
35— B U AR, E O S e EE D
DRIERAFEEMBEE 4a i) AR
S BT A 8 AR (B AT S ] Les BT,

LR W S AR RN T 2 B R rp
W ERE, H SRR, Bl 4b o T R EHIZFTH
(6] ; B SRR T PO BB AT B s B S R LR
HIAE , B L OB R, S T W &
e A o B Sk AR 4 18 SERE AN A B ST RE T LA
HBEANKSEEHORMER L, HitEARX
b

Ly, =(a—5)/2 ey,

Ao HEBRE ;6 FHFTE. Sic kA 4b HEIHH
AR, " R, A

Sw—Z(lL |—Ly [Xt), | Ly I>L, (2

AHai ﬁﬂ%ﬁﬂiﬁ%‘ﬁ,n NBRERAEA S B E
Ly RZE AL 5 2 S 5] Pt [a].



78 B B K 2 2 (8 A B2

ERRE

N Snlz o2
5 1 B 0L
22— — = - — — FEHEAHLR
~— TR 1]
a EHmWB
L
Sie
Lo --------oASON______
T
LI
_LO —————————————————————————
b AR AT 23 R

B4 FERBERTE

Fig.4 Lateral position indicators illustration
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