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L2 4L 53, 1E5FdS 5] e 1k JsHes FaR I
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w2 A A9 cH(Kaduk et al, 2020; Ting et al., 2008). 1g]a +# =
22 g tdEA T Aot AATH I vEEHELEY AR o]



A1)

& Bl (fati
1gued

State)y

) “aa Ee

=2 AFE) (

drOW
Sy st
ate)’

1

)
8l

State)’g]_
‘-\ﬂ i

‘nlamo,mfa\w_lb
J J
ol %]éi
o AF Muﬂ“ﬂ&ﬁJ
”mﬂw.w.mwbwwmo T XN
m] 7L‘_I.z‘lﬂ L 1l
m&:%ﬂ@ #ﬂwmiﬂ % N
&#.l@).%nohoﬁﬁ imogﬁl
& Ww%g_ aluano_us)mbk ﬂ@@ﬂwgq
i W o TS TN NF oo o . " —~ o) X [
A@@,Ta%m%%oaa éEls%mOg iy
F i ey n
_ © = o AoOaﬁ} / dEﬁ o e o o
1r1_7|T =) HIFLME7 mw_dﬂw. o) A JIATﬂﬂ
,MMLOIFLQomEo]nﬂEP\ .]zTN_.oﬂldﬂi_.Fﬂ _ﬂ__W
o 5 QINLT WU\ _Oﬁ ;ow_ylﬂlhu H;l OF e = ﬂ ﬂl 1;1_ ..._l_
AEonoﬂ;_ﬂrwlﬂ@ﬂﬁﬂ7E1§};Ml m.,%? ik
JL%%H% — e 7L7wr E T ~
w w l}w»oiypmrbgomf%ﬂb%u o -
ﬂﬂﬂXooiow ﬂoieﬂnwo]dmglq,%mum,»ﬂdl A‘muelfg
@%mﬂauﬂr. %Lﬂoad 4 .Jxﬂzii Ce M
]iP;o%nLﬁaaszobﬂquﬂnﬂT L}ﬂ.ﬂ
a@%4icﬂﬂ %L@g}@%myﬁw L x
IMOEXQMLEMMMLZ#EWOUMZIF%%HIzU AI*llmm_l
~ Ao — 0 <6u1_.w7 1rﬂ_uT‘| on_,mw_]
par o#_@] v X o

) L._w ﬁu = ) Xﬂ_; o= I o i S ™ 1m o =
ﬂﬂgxi@mﬂ%@mg47ﬂ£%@5@ -
%@@Hg@_ " ﬂA%wgalﬁ_ﬁ JJo o 2

a2 J.ﬂno] ) SEXLA,AO M i_vll Njo &
m%swaxﬁ,odlqﬂrk T o .:.mmuw_lmﬁhﬂ7 —

X _dﬂz.frxﬂx T R do -85 X F LR Z
d.ﬁogAH zoﬁm}%ﬂﬂﬂ%mﬂﬁlo - iy ur;o% |
Llﬂr._ﬂ@\% B Mgl:i_l_a.ml A‘NJIEAIH_.W‘&II 0 712_;0% o
Hwﬂ%xﬂﬂmﬂwrgﬂ.@ ﬂwﬂ%luﬁo O @_z_ﬁm "
M- #oToEﬁrﬂclVL}ﬂLPLﬂrot‘dﬂﬁﬁﬂrwmﬂWlnﬂmi N mﬂéem _

S @W%Ambﬂfﬁo_.mMLogu,_]oL7ﬂrolnxﬂ 1aﬂm
im@%@AQWﬂjﬁvau@% TiE 2 <2z

[aN] ‘_ﬂﬂ _ O#U i X ™ ‘mﬂ_ I Q 1A_u| 1:| OL OL ‘OI _:L ME ‘U| _ _ o :

N ) Jr, =~ LR E % o T% o- 0 [ i;

H o N ~ o ~ B It ° L o N T T
fﬁaxﬂfﬁoﬁiﬂoﬁﬂw%@ o CX
CLNCE o BN = 2] 2 Ni ol e - mj I}
e 7@..1%@%4 Q) WO

T X R o ) meE

A M A=

L_.EL. e ;ﬂﬂ q_ﬁﬁ

R g wnﬁﬂ

o & )

P

TR



Fezde 4yat) 98l 495 23 (Borbely, 1980) o] % QIgte] Sl
of H&HAth(Borbely, 1982). ©] +WHEYP LS #F7]3}4 (homeostatic
process)¥ Ay A 5 7] 74 (circadian process) 2. & :r“*ﬂ‘ﬂ F o] A
R8s WA MEES 2H o) ]iﬂ] 18 AdRd AF7| 4L 7
B R J]icolfq Abghatet 4= )
A7l 342 A=

2 %Liﬂrxé*o‘ oju g}, F A
o

312 & A

1.4

olgl = EoF A5Eta e EoF

Folkard, 1997, Klerman et al., 1996).

EAS oA 73 AEE Jwoz stz e
43s g2 5 gl 347 dh(Akerstedt and Folkard,
1996, Kandelaars et al., 2006). wWelA AF2= 275 AR FF7F
o} & mHste] ByS Aol drh(Klerman and St. Hilaire, 2007).
A Ao A HFof JTFS FE= QoL y|EAHOoZ Al oA gl
o7 FET 4 ui(Thiffault and Bergeron, 2003a). W& <1 Al

Z|HomEE V|t A el wef Wslele S-S 7hXIt vk
Hol| 2] a2 FPFF EAld 7dtslE= yRo|n AHAAA AAZ &
To AFsAAM FAHL FAES FH)E Fid IEE F U
(Philip et al., 2005)

A AAAEZSAHOR A
=& 4 g A 2 Karolinska Sleepiness Scale
(o]3F, KSS)7t 9\)\#”4, ZAAPZE 2n2 =)= Y E2ESES Hduete] 9
A AHER 7|58k ol A7 188 A g 2shA] &2 Ao

A AR d27F F4
), A/AZAA6F),
2 (7-98)3 Zo] A dAR i & dH(Wang et al, 2018).
g AANESAY T A 2 Bol] AMEEHE FHl=
JJr(EEG) HAE(ECG), TAEEMG), &5 =449} obp27 7|
of lom, A= FH7F ALFHA JHEE L AT (Fu et al, 2016).
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W [ABAE AT 83 [ o [ABAR[ARAF] 83
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20171010 1,640 3,004 262 | 20171027 2,035 5,313 466
20171011 1,652 3,165 277 | 20171028 3,372 8,272 27
20171012 1,878 3,097 315 | 20171029 2,062 4,799 420
20171013 2,371 4702 412 ] 20171030 1,841 3,485 305
20171014 2,992 6,314 o564 | 20171031 1,860 3479 305
20171015 2,39 4507 395 | 20171101 1,844 3,633 318
20171016 2,148 4,243 372 | 20171102 2,003 3,730 327
20171017 1,909 3,726 327 | 20171103 2,319 4875 428
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20171023 2,083 4078 357 | 20171109 1,944 3,691 323
20171024 1,949 3,626 317 | 20171110 2,365 5,066 445
20171025 1,98 3,745 328 | 20171111 3,132 1,632 671
20171026 1974 3,809 339 | A 74,763 | 151,850 | 13,318
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2) NZthE A E V2E SAHARY

APAGts n#sk A3 A 5(circadian rhythm)ol] W& I 2 &+
el Azkel web FHAQ MHE wol: AL ¢ & UrkKoh et
al.,, 2007, McEachron, 2012; Minkel and Dinges, 2010; Ting et al,
2008). & A= AA AR AAYE JREVE S 4e W
2 s JRH nAWSs e Ao FAaanh A S n
g YEEE g2 BYstH, 4 (3-4)¢ #Zo] F &MY sin IR A4
P = ALt

gt

8
g9.(t)= Zaisin(bit—i—ci) 2 (3-4)

1=1

A71M, g,  AARE VEE A5

t sk T &2 B9 AR (e=10,..., 86400])
a; WA sin 32 0 F(amplitude) <
b, A sin 9] F 3k (frequency)
¢, 1 iRA sin 9o 94 (phase) ol A

HolA sin e 247 349 4EE D gon, 4

1 a b c 1 a b c
73.26 3.34x107° 0.4828 1316 | 2.906x10* -2.867
1428 | 3276x10* 4621

1 5
2 4640 | 6.869x10°° 2138 | 6
3 1953 | 152910 | 0067%6 | 7 8315 | 3557x10™ 6.925
4 8
4

06359 | 55%x10* 1.561

= = =
HE F£%

1348 | 210710 3.122
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<E 34> ERTIPE WEF W AL AFR(FY)

72 | ATASR) | AADTH/D? | FARolkm) | o oirs
s o - (/9 5kt)-km)
1 5 49,755 43 0018
2 8 67,163 29 0.0%2
3 1 .78 09 0011
4 13 100961 6.2 0.016
5 7 38,301 5.2 0.027
6 6 50,014 35 0.026
7 9 57,38 44 0.027
8 2 47,39 136 0.0%2
9 13 12,786 78 0.030
10 19 51,597 65 0.04
11 2 45,087 123 0.037
12 1 B5 80 0.032
13 19 28816 94 0.054
14 5 26,106 66 0.022
15 9 18023 107 0.036
16 10 15,363 137 0.036
17 11 15445 108 0.061
18 2 14,701 19.7 0.058
19 9 11,367 120 0.049
20 15 133% 87 0.09
21 17 14,237 12.0 0.076
2 10 12579 90 0.068
2 13 18,004 6.2 0.0
2% 11 11,29 84 0.0
% 19 12,064 126 0.0%
% 27 12634 139 0.118
27 2 11523 162 0.1
% 13 12,440 99 0.081
2 10 12871 79 007
30 4 12373 27 0.092
31 21 7265 16.1 0.138
2 % 6,602 23 0.120
B 8 6,634 78 0.118
3 5 17,104 25 0.0
% I 14,150 172 0.1
% 2 15615 27 0.036

F 1 SAAQe Al AEGEFEEREFA WEALL £RAE 2015-20208 109)
2 1 A AT FEAL AR(015-2019) = 7 =R aE TS Ak



<E 35> EETE wES 2 AL AR(ED)

272 | AmAS@)) | AADT(W/Q)? | 7420](m) Al
c - L (/9% -km)
1 3 47503 4.3 0.028
2 2 63,707 29 0.021
3 1 70,435 09 0.030
4 4 91,587 6.2 0.014
5 4 37,909 5.2 0.039
6 2 47.3% 35 0.023
7 5 52,191 44 0.042
8 8 47174 136 0.024
9 10 46,487 78 0.053
10 3 53,293 6.5 0.017
11 7 52,863 12.3 0.021
12 & 41,878 80 0.046
13 9 37,076 94 0.050
14 5 33,732 6.6 0.043
15 10 23,993 10.7 0.0
16 10 20,357 137 0.069
17 6 19,439 10.8 0.055
18 12 18,839 19.7 0.062
19 7 14,649 12.0 0.076
20 4 16,931 87 0.052
21 & 17,953 12.0 0.071
22 7 16,230 9.0 0.092
23 6 22,894 6.2 0.081
24 7 14,203 84 0.113
25 7 14,606 126 0.073
26 12 14817 139 0.112
27 10 13,392 16.2 0.088
28 6 15,261 99 0.076
29 5 15,735 79 0.077
30 3 15,141 2.7 0.141
31 5 8,858 16.1 0.067
32 12 7,764 24.3 0.122
33 4 7,883 7.8 0.125
A 2 19,259 2.5 0.080
35 19 15,806 172 0134
36 0 17598 2.7 0.000

F 1 SAAQe Al AEGEFEEREFA WEALL £RAE 2015-20208 109)
2 1 A AT FEAL AR(015-2019) = 7 =R aE TS Ak
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T 982 4r9 %3%H & (combination rate)S AASE AS ¥ 2k
ZRPEA A Ao HE FEojth o7|A, 2FHELS a2 FGoshH,
AA(F 849 HE 1002 & uf 23| & wet F =F57F ZA
g HES 24 "ok F a=[0.0~1.0]9 HY oA AAFH,
a5 AIA Z2EHEola, o FHE 2EREd W, a={q, o}
2ok oE FH¥5 AA S T ALE P AW S odE 2@ E
2 AAst

AN 92 wEqRet AHE #E =ERE ZPHE o2 Z2FEY,

g 4 g9low o)== TCE(Temporal
combination exposure)® A e]dttt 18] TCE+ 2] (4-32)9F #o] AHA
shoh, w3k 3 23 wEEe 3 YR =259 ¥y 35 =

SC

E(Spatial combination

< 0ol 1744 wEstA AL v, v wFEE duE e Holx
ukok <T1¥ 4-21>3 o] FEH]

(e}
=
04, M2 =Fx9] H]FTL 0622 23 =EFEE 23,

TCE=a, X TSE+(1—a,) X TFE,  Va,, a, =[0.0 ~ 1.0] 2] (4-32)
SCE=a, X SSE+(1—a,) X SFE, VYa,, a, =[0.0 ~1.0] 2] (4-33)
Ko 1.0 g 7y
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=T . = 0.6 (TFE, SFE)
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0 4 A —w_._ i%E
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Given S= [81, 895 vees Sn]
s, =10, ), (Phy th)s ..., W tL)] Vspi=[1,2, ....n]

Given P, T
P'=p,.py .opi), T'=1t, 6, .. 1]

STEP 1: Establishing Speed DB and Driver Fatigue DB
For all s;
—Calculating V' by eq. (3—1), Vi, V=_[v, v, o U]
—Calculating G' by eq. (3—3), Vi, G=1g,: 9o ..., 9]

STEP 2. Searching Target Trajectory Data
For all s;
—Mathching P’, 7" with target road segment by eq. (4—10)
—Updating s;

STEP 3: Calculating Travel Time and Distance
For all s;

c= Yt —t), Z
i=1 i=
If 9> 9s Then

—calculating ¢ by eq. (4—2), l5 by eq. (4—6)
If v>v_ Then

—calculating ¢, by eq. (4—11), I by eq. (4—15)
If 9> 9 and v > v, Then

—calculating ¢, 5 by eq. (4—19), [, 5 by eq. (4—20)
If 9>9gg or v>v. Then

—calculating Ciﬂ by eq. (4—26), l;ﬂ by eq. (4—27)

STEP 4: Updating Driver Fatigue and Speeding Index
—Estimating TFE by eq. (4—5) and SFE by eq. (4—9),
TSE by eq. (4—14) and SSE by eq. (4—18),
TIE by eq. (4—22) and SIE by eq. (4—24),
TUE by eq. (4—29) and SUE by eq. (4—31)

<2y 422> ¢4 V2 2 B BN QueF

- 111 -



T

A8

I =
=

U._

olo

A14d Z

ed

3

A Al

<a¥ 5-1>9 Ao wal 47 ol A

-
T

el A

=

22!

!
oF

i

%0
X

e
W

o

Tl
=

w2

d

&%

nhxuho 2

5|
pul

A 7haet

- 3

|=]
24

‘B

°
y
W o
T 0
il 1 g
o o] _éu Y
gl Ko = ﬂ o
= E oF
— r
o llmr® |y | | »X e
ey moﬁaw/m ﬁaﬁwu EW%W
) S %o %o = %o o ! N n‘_.,w W
o= | Nk ar || FE wﬂ M
ﬂnO ‘O
I s N I I e R
XX EE O IRR TR
TON| IR W M| TR e & T Om
OB W OR W[ || | FE R T
S
B T
K Jo Y
T N X0
s I 4
M K B
e B A - &
=0 = =
a = .Lv,._
do B B < A}
w T PH <
kY X EM_U
X
H

0
ﬂl
ta
i)
o

1oH

- 112 —



A2d HE&3HE AA

i)

=y
)

i
fi%e)

—_
fi%e)

g
frotat
N
o

oo

i
E

o

el
=

<2¥ 5-2>9 ol & 1071= A EH

37 =
Al

7]

I e

o m
:.L - - -
m T Ar S S %
H = i S S N
o o
2
X
7
el e 5| m =
Gy m = Z|Z EE M M =3
Ho
<
7T T o —~
H ~ H 5
. - | |B%| |BE| |2¥
o =T <l R w R o
o= b ) B o M NI
wﬂ M & 4y 4r 2 g ﬂl
wo| [WE| (BT
B B

e e 44

ol
=

x| 3%

<Y 5-2>

- 113 =



X
W oT
™ B o
i X w o WX R
N o He <t = H
oow B E w W T He ® = T B
~ o & = )| o) < =
o | Hi o) - = K| < ) Mﬁ R NﬂmL o A
ﬂa@mog} A, A SN =
momg_b 1Am.,gu déz%7 n
= ™ = 9 o > o m X BT H I} N
w ©l o =} = - B N W R I
G N 3 .Iﬂ m uwmmm 9 o e o = {F o] % < ~
ST 22 5 S v By =g < >
X l 5 s k= _L_l ~ gel W_H o .WJ o) Zﬁ ﬂ.ﬂ_ o) ——
- oj ~ = X m oo i = dpo e o XT o e
< B o Ry 0 5 R = NF o5 »
Pw oL e T v < 4 b
T . ° ® oo T H ¢+ ° .
ﬂ ~ @ - ﬂ B X ‘UI
ﬂszg = g sxatfrﬂs iy O A
_ 0 hred Y ~ o = ~ = o = x
Eqw_ﬂm ey Ty s PE
o~ 0 ~ 5 w o " of 3 AL h
o Eow ;o g W ® by o AT
iu%\%%ﬂw sl mﬂﬂi T
ﬂoif,ﬂ }o@%wAﬂﬂ#E@
A o— Jo =y ]T X %0 o = of X B ° (S
ﬂm@maw mwmﬂ,# v R |
BT ~ 2B F AR EE :
amﬂﬁwrﬁa Exﬂ@ Wﬂm_é& = —
E%EJ% = q%ﬂ.mﬂw@]m@zfaﬂuﬁ = |
g x%%%ﬂrﬂfr@mrﬂ%AwoRmmL =|
N 3 _J]]nﬂ o A ERGy L ° <=
adﬁg%gwquﬁoi _ﬂya6,4 RIS
ofo_alEﬂﬂ7;|_x L:ﬂioég1mw} < P
T 1%0 X o ‘.ﬂvﬂ ﬁo . wAL .._ Ir %) — )A_I — ;O,._ ) P D
7 OL ﬂ Z.L X _L,.w X 0 o > —
T < B . — — 5 ~ N LT | =
o M ) M ol X fil %u ‘_.__ML /M T JUU =) E B 1 = |
%) o X N AT Sy m oo == e 3
X = ™ o% Ml M el o N ﬁ ﬁ_q_u nz.F S ﬂ
o o S 3 [
0
AR o)y M 2__
&



44r

o} 2w

1.

il
E

4

B

B

M
4

!

dlol ¥

I

:

O
il

=

A

st} (Chang and Yoon, 2020;

golth. weba

/\E]
5} 1.4
Smith et al., 2002). Holg Al&#H oA 7]

©

T
=

[e)
e AA

CEEREERE

af o

S

)

X
ﬂ\ﬂ
!

&

]

[e)
WS o

Far 2 R el B

T

=)

)

~
o

i)
el

Alvl 2

o

—~
o

el

J

ke
=

(5-3)3 %ol

Xl
A

HA

}xel meolgaEe] wel Apad
gew 2.

°©

!

2 (5-3)

- 115 —

Vi, 1 <1=<36

ﬁo +ﬁ1xi,

Y;



setlel AHeE AAE WA FHEAE Gsior drh oldl o
AeAR2EE 4 (-4, FAFALEE 4 G5 Lo AZRFe
©AHMAPE)ZF #2490 shebnle] ghs Agsts Ao o g,

~

1 < -

95 = argmin (— % 100)
n /=
st. 0<g, <180 21 (5-4)
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diolg Algdold WS A&7 A% eRel= d=
5o Ha-FHuUgs Ve R taa o] AR # AT
e yREE HY 18002 A E 22 (Zhang et al, 2020), BE Y 2L A
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Azl ghom A3, F4AE <29

A3 H7EAES MAPE7F #49 3 2%+ TFE, SFEo|A 5% 102
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Abstract
Integrated Analysis of Dynamic
Driving Fatigue and Speeding Risk

Using Individual Vehicle Trajectory Data

Kang, Taeseok
Transportation Studies

Department of Environmental Planning
The Graduate School

Seoul National University

A motorway traffic accident 1s a major cause of irregular traffic
congestion and socioeconomic losses (e.g., severe mortality and
economic loses). Naturally, myriads of academic and practical efforts
have been made to explore and identify the critical causes of traffic
accidents for decades. Despite the academic achievements, the number
of motorway vehicle crashes have not decreased at least in the case
of South Korea, even though all motorway sections meet design
standards and guidelines through the continuous efforts of
improvements. This indirectly indicates that the main cause of
motorway crashes could be closely related to the features of drivers

rather than driving conditions (e.g., road geometry or traffic states).
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In this context, discovering and identifying the critical features of
drivers, deeply related to motorway vehicle crashes, is still one of
on—going issues that should be successfully addressed in academia.
There 1s also a consensus that driving fatigue and speeding are the
major causes of traffic accidents especially in the case of motorways.
Fortunately, individual vehicle trajectory data, collected through
various vehicle GPS systems, have key clue information about the
features of drivers (i.e, driving fatigue states and microscopic
speeding behaviors of individual drivers).

To realize this opportunity, a novel methodology for the dynamic
evaluation of motorway accident risks was developed in this research
using individual point-to—point vehicle-GPS trajectory big data. The
method was based on the two new sub—methods to microscopically
and dynamically monitor driving fatigue and speeding, respectively.
The two measured variables (i.e., driving fatigue states and speeding
states for each driver) according to the dimension of microscopic
space and dynamic time were integrated in order for decision-making
on accident risks for road segments.

To demonstrate the feasibilities of the methodology devised in this
dissertation, two types of ground-truth data were employed. Individual
vehicle crash data for five years (2015-2019) from the motorway line
15 (Seohaean motorway) which is one of major lines in South Korea
was used. The individual accidents were aggregated into accident rate
per road segment for a year. Individual second-by-second vehicle
trajectory big data collected by virtue of advanced vehicle-GPS
systems for a full month (October, 2017) was used for the temporally
and spatially local measurement of both driving fatigue and speeding
states for each vehicle-GPS trip according to motorway sections by

using the two developed sub-methods.

- 190 —



The analysis results were remarkable from three standpoints:
accident prediction, the temporal and spatial evolution of driving
fatigue and speeding states, and the online monitoring of driving
fatigue states. Regarding the accident prediction, it turned out that
the predictabilities of both driving fatigue and speeding variables
overwhelmingly exceeded those of road geometry and traffic flow
variables in terms of statistical coefficient of determination. The
explanatory-power values (e, R9) of both driving fatigue and
speeding variables were, at the very least, up to 84.9% and 83.4%,
respectively, whereas those of road geometry and traffic flow
variables were less than 0.6. In addition, it should be noted that no
research with this sort of high explanatory power has been reported
in the area of traffic accident research. This fact exactly stands on
the same line with expert consensus that driving fatigue and
speeding are the critical causal factors of vehicle crashes at the very
least on motorway networks. This directly indicates that research
direction in the modeling of traffic accident prediction needs to turn
into the microscopic states of driving fatigue and speeding at least in
the case of motorway segments.

As for the temporal and spatial evolution of driving fatigue and
speeding states, it was analyzed through a couture map that was
regularly consistent of space—-and-time cells with one-kilometer space
and 15-minute time interval. It turned out that the temporal and
spatial evolution of states for the two variables (i.e., driving fatigue
and speeding) has a kind of distinguished pattern which are deeply
related to the risk levels of vehicle crashes. It was found out that the
pattern of driving fatigue according to space and time is different
from that of speeding. In addition, it can be seen that this pattern is

highly related to nation-wide land use and its trip activity in the
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case of regional motorways. The findings indicate that motorway
accidents caused by driving fatigue and speeding should be analyzed
and explained through the nation-wide motorway networks and land
use. Most importantly, the space—and-time couture maps for driving
fatigue and speeding could be effectively serviced through smart
device or variable message sign as the information of wvehicle-crash
risks for drivers on motorway sections.

In particular, the analysis results showed that the fatigue progress
(e.g., non—fatigue, fatigue, microsleep, drowsy) of an on-driving driver
can be dynamically and effectively monitored using driving tasks
which are intrinsically included in second-by-second vehicle
trajectory. Note that drivers have a tendency to underrate and ignore
their fatigue in many cases. In addition, the method, presented in this
research, for monitoring dynamic driving fatigue levels for a driver is
still useful regardless the type of road, as it was devised based on
driving—time task. It is, hence, expected that the monitored fatigue
states can be dynamically served as a customized safety—driving
information for individual drivers through vehicle GPS systems in
order to recognize their fatigue and to cut down the risk of accident
occurrences.

This study initiatively contributes a first step toward proposing a
promising and feasible solution to the temporal and spatial monitoring
of driving fatigue and speeding using vehicle trajectory big data. The
noticeable results of this study say that the research direction of
modeling and analysis of motorway accidents analysis needs to
change from macroscopic driving circumstances (e.g., road geometry
conditions, traffic states, and weather conditions) to dynamic and
microscopic driver states (e.g., driving fatigue and speeding). Despite

the remarkable results of this study, there still are many opportunities
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in both dynamic monitoring of driving fatigue progress and
microscopic measuring of speeding with advanced methodologies and
advanced mobility data (e.g., autonomous vehicle trajectory data,
smart mobility trajectory data, vehicle-to-infrastructure trajectory
data). In addition, further investigations into the monitoring of driving
fatigues for heavy vehicles (e.g., inter-regional bus, truck) especially
covering the long haul should be made in order to reduce the

undesirable heavy-vehicle related traffic accidents.
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Physiological Driving Fatigue, Dynamic Speeding
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