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An Evaluation on the Length of Guidance Lane Marking on Expressways
Using Virtual Driving Simulator
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ABSTRACT

Expressway network which plays an important role on land transportation system, have been
developing quantitatively and qualitatively with 7x9 structure. To cope with complex geometric
condition, guidance lane marking has been installed to induce safer lane-changing maneuver.
However, there is no standard on guidance lane marking and its effectiveness is also verified with
limited scope. The major purpose of this research is to clarify its effectiveness in terms of driving
safety aspect using virtual driving simulator and to suggest standard on the proper length. To carry
this out, preference data from subjects was collected and lane-changing pattern within virtual
driving environment was investigated. In addition, in order to quantify the level of comfort,
Electroencephalogram data was collected and validated using statistical test. Finally, it is expected
that this research can be used to establish standard on guidance lane marking.
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A tH(Korea Expressway Corporation, 2016). X&EE29] AL = AA| =2 A9] 4% S0 E3stA
VKT(Vehicle Kilometer Travelled) SHollA] BHokS o, A =2 HE9 oF 47%E5 AA|5taL glo] v 4
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(Table 1) Status on guidance lane marking

Main-line Toll-plaza
. ETC Lane . :
IC/IC Parking area Normal Heavy truck Tolling machine
Number of sites| JC:51,1C:32, Other:5 61
Case
Color Pink / Green { Lime green

Vol.16 No.5(2017. 10) The Journal of The Korea Institute of Intelligent Transport Systems 3



TEERE T2 YA B9} 97 FYEES) B 174 FRex $HAe] #1129 BHdeny
B8 BEALE FEE 5 Atk S Hok BRTE FHURA sl BN} For], FRFTHE
SEwEe] APASE AR FF WA FA FERFE BH AT F UES FEFO
22X 2494 nFAE AR diE 4 k. HE 59t AEE 2 oA BAYZ WFEALA~CH TIER)E
AR A X EFYF G o), AR QA (FA R, A A ARt 2H7 B dEHR 2L HE FolE
A3 B A= <Table 2>9F 2o Aty oz Andy 9 AgAEr 5L IS & F T

<Table 3>°l] A|AJH Hv}o} Zo] U] I&EE= JC/IC 7ol AHZFEA o] HAH 767040 wFAta HEls

olF AW Ay HA A 3057, HA F 2227102 F 83319 At HAHJT 53] UYEF FZoA
oF 40%°] A7 ARE Hola o] ARFEAS wFEHHA A ATt e AR R
(Table 2) Traffic crashes on expressway
Location of crash Cause of crash Driving maneuver before crash
. [Entrance/exit and gore] [Careless] [Lane changing, over-steering]
em
Number of Number of Number of Number of Number of Number of
crashes casualties crashes casualties crashes casualties
2012 274 18 705 129 500 48
2013 226 11 738 90 448 29
2014 242 10 658 84 472 32
2015 190 13 643 72 319 32
2016 186 10 706 69 324 26
(Table 3) Before and after comparison in installed locations
Item Total ic IC Other
o | 193
150
Before 305 193 98 14
o8 m Before
00 7 After
After 222 150 59 13 ol >
Difference(ratio) '83('27%) '43('22%) '39('40%) '1('7%) Junction Interchange Other
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9] ¢kAAS ] A Z(surrogate measure) 2 45k 7| g 4 Ak
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SFEAEE A 5) A4 FAPNH SHAA A AV EE2H AT Kang et al.(2016) 14
T2 ABFNY AT 2k LA Baks S - vinshy] fldl AANE(Eus, wEers, dolihE 2
Aston, 228 BES Fal 71t ko] FAIF AolE A|ASHATE Lim et al.(2014)2 A A< S 140km/h
o]l 2NET R XA A ZHg WG v AANES AL A ATEG vkt
TR @A AT F dEetnE 2este] AFE FYsIH o, FAN o] 3,000m ©)5HY W &M At
o] BEetto] FUlste Ao g EAEHATE Park et al(2011) =2UF, AS5S o G e F
AAE d& W 1A AEH FHE BT #2359 A A28 T o]F F lkm A
HEtg7F =4 BE5E W, Q152 4u] o) Bk EVE A&E AR BAHG s AFelAe
YAt wapnt ope} AR HRNSS FA AES Y 2 AFFHE Fadsel tidt o vl
A& Bg Hwstet olXH E2FY AlEHCEE B8 A AFEL AFAFY FRAHL =2
A@ate] AdeE FHste FARAG ol FHH ARE AFsster] 24 ©5Fa Stk

B AFolA F5T M EEFY EL &
7—‘1% T ARAEMe] aFEA 9 AAAR
A F T Z71-00) Y F =4S ‘:5_73‘1101: s
S A2ZUAE A=A Hr o] w, X
at7] 98 A AveEes F3sAnh

7P FHAE g At ER Sxel el yERIA AEE Er|HAdrEERoH
ARG IEEE)VHAE F4(292.0~299.0km) st 01, W H FHAe A HH FUEA 3D B
o2 FHE3ATE M AUl & <Table 4> Zo] A2HEA] A offof me} JApH o2 FREH,
A AU L] A AR FEAY] Ao we} 05, 1.0, 1.5, 20kmE Al E31E T 7 FHAE HPA=
IAZ2A A 2LsHA HY, A2 S T3l A%y E7HoE ST w712 FhoE D @A A4l
37} ANZIo® 24 . 7| EHT

(Table 4) Experimental scenario design

Length of guidance lane marking Virtual driving segment(292.0~299.0km)
Do N - B
nothing Balan IC W. Peongtack IC ~ e
s | =N
’ Balan IC W. Peongtaek JC
a2l
Lok = I |
’ Balan IC W. Peongtaek JC
s | =TT
’ Balan IC W. Peongtaek IC
N > semmmmm» :
’ Balan IC W. Peongtaek JC

Vol.16 No.5(2017. 10) The Journal of The Korea Institute of Intelligent Transport Systems 5



Y A2 olHE 233

rot
kl
JF>
HTJ
>
KU
=)
kn
rz
]
0z
re
0
N
=l
1z
0z
|'O
-

T3 A& °]E(Driving simulator)= AA E2F3 Ao
reality) 715 ©] 83t AA &AEFES Boste M
2 *c}"’ﬂ/q 2114341 o= Ezﬂ@_— T /\}«7] “H"“’“ oheF 7

T A= 6247 =2] Motion platforrnJJr A7 A sLT 5’H‘j 5l &9 Mg
o] qlol 7 Fq Y AFAE St AZ F Aok

=253 /\IEH]O]HE T3l 7S Ve AREE XA FEYH AREFAE, THEHE il} ),
AHAF A8(EE, 7144, RPM, A2 293 5)7) 2o, <Fig. 1>0] AAR vle} o] AAAZ

£ 5l —Zrﬁ < A3 HoE AT F Utk

Driving simulator BIOPAC-150 Data management

Hgate] e AY AFEE £ E(Scanner studio 1.0)S 53 57138 AlZE Zof| wiet A - 53 - v A
"t HFHoE, B AFdis APV AZFEAY PRI EAE vfFste AHOZHE 20m 7H4
o7 FPYPY A5IE, AW 5)9 HAAE(a, 8, vIHE DBSSHATH

(Table 5) Subjects information

Classification Observations Classification Observations
20~30 8 o 1~5 years 5
31~40 8 Driving 5~10 years 5
Age experience

41~50 8 More than 10 years 20

More than 51 6 Crash Expressway 0
Male 15 experience National highway 16

Gender

Female 15 Daily average travelled (km) 29.2
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1. M5E 24
ARFENS HUP /ISTEE 2 DESE YT, D19 D02 A2 WIS R f53)
A 207 B D SYSI, ol I AU 0T Qo2 AR Wane
HAgel 395 B3t ek SHHA B A2 FEMe
1 _

B3 A3 994 55 7P| Hely
QS AEsE o, 30thel 23 T L5km AH, T 9] I PAE 1.0km A A HE A5}
Ao] Aol SHHAT. ol AET AZNE, AW, 4ol BT THE A2 slsme
16~241 0l SFH= Fo2 HA =248, 234 54 Adst Ha 7)E ofdel FRHMNS i &4
2] HeEA 9 FHAHA o] FHHFL AAST

rlr 2o e

80%

60%

40%

L 1 I

Response rate(%)

Entire 20~30 31~40 41~50 51 over

Age group
m0Skm ®10km ®15km m2.0km

(Fig. 2) Preference analysis

ARFEA AXZE QI3 AP A2 FHPHE A RT] 9] A2 FEA AX AE 22
73 £ A48T <Table 6>l A|AE vhe} o] 12222 AFEZWA, ZXI'E*)?,X]'E AEWH7A AH
< AZFEA AFZolol we} v sl Sk Ao E BAEHUAN S, ARfFEA 0] AAH wet v
i SARAANG IEEZS>HEAAL TEE2)E A% gHlE AR v|g] st dH-E Hol
A AT ARFEAAC] AAEHA FokS wet 24 Aveed A2 XY AolE FAHOE AHET
913l Paired t-testE THSHATE Paired ttest= L3 JJAAVE A E O E S 244 FHPS o ==
Zpol7t TAA FoS ZEAE BdEtE PO TKSeo et al, 2012). B AFolAE AZFEAY] HXo

F-ob 4glo] A=A XL FYSITHE AR Hy: poy g 4 4 —u‘g% kMo Equation (1)7 7ke] 7
ESQ). olwl, DIFF= AZWA AR e Ao, S.D= DIFFS ®FUAE et
DIFF

Paired t-test =

SD M
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= 2ot whE Al AEWAS 4uste 2 2l

2 /]“ < FH(p-value<0.05)3t= ALE

A 7 9@ 2= 7k A 1.0km o]

Qbdst Fo] 7hEdt Aoz AGE ok

ot
b
rlr
o
:

]
o
5 w o 5% %
o

-

\®)
e

5km ]obl"q
Fozn H

(Table 6) Paired t-test result for lane changing point(m)

Lane DODo @ ©) @ ®
changing nothing' | 0.5km® | 1.0km | 1.5km | 2.0km

Mean 1,276 1,278 1,326 1,487 1,525

1-2 value Ovs®@ | Dvs®@ | Dvs@ | Dvs®
P 0.987 0.749 0.220 0.115

Mean 675 732 840 1,032 1,159

24)3 @VS® @VS@ @VS@ ®VS® Do nothing 0.5km 1.0km 1.5km 2.0km
p-value - 0.982 0510 | 0.027° 0.004" H1>2lane %233 lane

1,278 1,326

1 : Without guidance lane marking
2 : With guidance lane marking which is installed 0.5km(or 1.0km, 1.5km, 2.0km) ahead from diverging point
* . Statistical significant at 95% level of confidence

] % = (Electroencephalogram, EEG)= A7 Ao A 24173 Afole) 4l &7} 24%% EH, AZlE ANANEE A
o)FH, Ho] AL ANto 7 RUHY & 5 Qe ZA7} It W T F9iel wet o, S,
v, 0, 092 FEZ F 9lom AR OE AYARLES 9wt oA Ci*bl FAHE A9 BT A
159 HFEo] 8757 UHTOH B 3 AN ET} wot Hi R PN 1S B JEEe] At
HAY E5241E AP 4 2 g ate] RIE7} Fopxltt,

Schier(2000)= 7H Zﬁﬁf\lgalome B HAE AE 249 frofuds BAstaen, F=3A Tt
NarE A JAFETE AstEo] aFte] HA RIETL FobdS A A8 T Bouchner et al.(2009)
ZAF2] SMR(Sensorimotor Rhythm) 3158 53] 2AHFTE=E & 3 A EHolE 9} Hlo|ou =
WA 2ES B 273 AS 9 FolE Ay AE zhe AR FH UES A v gl

oA Hik= XF 9 Fuko Felo whel A A AEHE AARIeRE getd £ QA g

B AT ARFEMY Adod A AEd S Wrkslr] e Huk A% F HAES
9| m]8t= RFA(Relatvie Fast Alpha) Hl&-& #8313 01, 4+&24]-2 Equation 2)7 2T 3l %42 4~50Hz At
ojof| Al WA= HIke} 11~13Hz AtolellA] LAt Hato] MAn &S Fall AEEHM, 1 fhol 555
B}t #etst FYPe S s IS gt

Ho ol

X
Ql’.
3R
Rl
X
oz
-(N
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~ 13 Hz AR =

4 ~ 50Hz A = @

RFA =

<Table 7>°l A|AIH vt} o], AZFEA mlHA B} Hx] Ao RFA Hl&°| F7Fete] 3242 Hkg}
o] F7IEE ALE BAFIN B, B AFdAe AZFEAY Ao Fel Jaglo] RFA HlEo| 5Y
SThe ATA(Hy: oy 04 = il 500 712t g Baay] 3 Paired ttestS Ao 1
A3, AZFEA0] 1.5km oY wl AF4FE 95%04 RFA H]&2 Zo|7t BAZXHOZ foug A
(p-value<0.05) 2.2 ==E Ut AT, 1.5km o9 (EFEA0] AXE A9 $AAE AZ/AE WA A
ot Heghe wle AR Yy % 1EEE AZREM AFAA 9 A= Al ke ek
A BFE F U VAR H8E T Uth

(Table 7) Paired t-test result for RFA ratio

Lane DODo @) ©) @ ® o 0.086 0.086
changing nothing' | 0.5km> | 1.0km | 1.5km | 2.0km | |°s

0.085

0.084 0.084

Mean 0083 | 0084 | 0084 | 0086 | 0.086 | |°° 0083

0.083

0.082
value i Dvs@ | Dvs® | Dvs@ | Dvs®
P 0.186 | 0368 | 0.002*% | 0.049% | |®% " e osm | iokm | iskm | 2o0km

1 : Without guidance lane marking
2 : With guidance lane marking which is installed 0.5km(or 1.0km, 1.5km, 2.0km) ahead from diverging point
* . Statistical significant at 95% level of confidence

v.4a &
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s i) A2 REAS] A7} SejE 3 3 % %olu} AshEde B MAT aFedN e 7
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Al %‘—1, i)Fd & S fH Aol HuhEdos ‘)r-roi Algstat. dExAb A3, £714 2
e AdEstslen, AgdlHE S8 M F3A A=
Btk 53], AZF=A A%l 1.5km o3 w) AgFH
T4ENeH, ol AR Y AWML AR WA sk,
-3 AR E FEFoR 4T ¢ Atk riA oz Hyat
Aol 15km o FHE 9 F A BHu Hekde e
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B HA71E2 615mE oF 248 A3 o
EXS 1#ste] Ba4AQl g e] 2 Aol

B Adte =22 ¢ d*l”«l AAEIHE FYARY FHo g sMster FH e 77t de Aes
s, 58 =253 AlEHolHE T FYLAEE AFHE F de AXE AL A AF
< A= HollA 71E Aok Aol AR B3 AR FEA i A A% 7IES AT
oA g FEAH s Al :711PEE &2 7 At

B AFolA AABHE 7]1F(1.5km)S ARt Ve x| wet dEF o R AH8d dert vt
dE =0, AP TRl EFHH T2 UEH/E7HF] o|AAL T} 10km o5t 2 A, T F7ke]
BAY FHANF S 2= A, T 7R 2 AR AL ARt olA] k2 B8 tdeE BA V)
Hol AAETH, & A7 AR 848 AL F s Aoz 7tk
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