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[Abstract]

In this study, the driving behavior characteristics of drivers in the underground road were analyzed by using a virtual reality
(VR) simulator targeting the Shinwol-Yeoui Underground Road, which was built among domestic underground roads and easy to
collect related data. As a result of the analysis, it was analyzed that the head distance between the preceding vehicle during
driving and stopping in the underground road was narrower than that of the ground road, and the driver's response when the
preceding vehicle was decelerating was significantly lower than on the ground road. Therefore, in this study, the results of the
analysis were reflected in VISSIM (Verkehr In Stddten - SIMulationsmodell), a micro-traffic simulation, and the observed values
for the actual traffic volume and speed of the Sinwol-Yeoui Underpass and the simulation level of the analysis values analyzed
through VISSIM were evaluated. analyzed to be very similar to reality. In the future, based on this study, it is expected that
related research will be continuously carried out to help prepare design standards that reflect the driving behavior of underpass

drivers and furthermore, research for the establishment of laws and standards.
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« Total length 148.7km
® Total project cost 11.26 trillion won
* Implemented in phases from 2017
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Fig. 1. Underground Road Network Construction Plan of
Seoul
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Table 1. Underground Road Network Construction Plan of Seoul (U-Smartway)

Route Total section Extension Characteristics and related routes
North-South 1axis| Siheung-City-Eunpyeon | 24.5 km | - Direct connection betvvge.n. the southwest and northwest regions and the city center
- Strengthening accessibility to downtown and Yongsan—bu city center
North—South 2axis| Yangjae—Hannam-Dobong | 26.3 km : Dlrgctly connecteq to Gangbuk, downtown and Gyeongbu Expressway
- Relief of congestion on Gyeongbu Expressway and Dobong-ro
- Connecting Dongbu Arterial Road and Gangnam
North—South 3axis| Segok—Seongsu—Sanggye | 22.8 km | - Restoration of Jungnangcheon and Ecological Rivers
- Dongbu Arterial Underground Road (Large Vehicle Mixed Road)
East-West 1axis | Sangam-City~Jungnang | 22.3 km Corjnectlon of‘2nd Jayufro, dqwntown and northern arterial line
- Sharing of traffic on the inner ring road
- Expansion of east—west arterial road network
East—-West 2axis Sinwol-City-Gangdong | 22.3 km | - Strengthen accessibility to Gyeongin area
- Shinwol Yeoui Underground Road (opened in 2021)
East-West 3axis | Gangseo—Seocho—Bangi | 30.5 km ) G|mpo.A|rport, Yevo.n.gdong,.Jamsﬂ.connectlon
- Improving accessibility to Gimpo Airport
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. i * Road Design Information
Topography/Satelllte photography (longitudinal ﬂ%or plan, auxiliary facility map)

+ Horizontal/Vertical Alignment | . 0/D data, Related Sphere of Influence

+ Section/Texture + VDS data Reflection
* Facilities (traffic volume, speed)

+ Selection of effect measures
+ Comparison of Measured Data

and Observed Data
+ Conduding a Conformity Assessment

* Selection of parameters related
(to driving behavior)
* VR Scenario Creation

+ Virtual Driving Experiment & Analysis
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Fig. 2. Research Conducting Flow chart
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Table 2. Psychological state by frequency of brain waves
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mE -,
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° @ = - Occurs during sleepiness or deep
Power pole Pvlovl Road(vzln
] 4~8 Hz nouns, most active in the early REM
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= Q@ ,X;A Q@ L
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_____ =R =R 1
- Most active in states of arousal,
B 13~30 Hz attention, concentration, or anxiety,
tension
<3D Model Upload Server> <Edit Window Screen> 3) v‘f"k}“c]"ﬁ
33 8. 3D 2 #ix| 22 S| 99} 7ro] UC-win/Road Z2I1HWS E3)] Asle= £
Fig. 8. 3D Model Placement Screen 2} FeaE] B BAS Safsla T o] S VISSIMY| A&

a7] SlshAE o Rageld A4 TR B 9
WMGE A= v sto] HAjslelof Sk,
Z1efy VISSIME] 407) o) de] F=aie] Jed ol tjst
: _ A o] Wage, 2 U ATEaE BE W) 3
T3 AlEYClEE o] 83 A= R 753 A] UC-win ° - -
/Road®] DS log data® AF&-ale] 8 HolHE 7|28 4 Azkes =E3) el 1 He7F F3ksla /\]_21'341 o1y
STk DS log datats FUA, T4, 2, s o oo TS Tl %aﬂ,vﬂ g asta v
T T *—1-‘—, 5 A=y = = R =] -
v elola Sl RPML A1 B4 e Amma ] e O AASHEHE B0 E BESALH[3] olol @ Aol
T ' ’ g VISSIM U] 7Ht£ Fege] 712 EMOH s 7 3A T
0.01zP} AFOZ /%G 5 glon] B4 §olF , .
= ole] HES Wae 2 o) A= AAFFEEY) o T2 v 9} 0|9} w e UC-win
=TT JRoad DS logZ mAste] =4 #a=2 718 VISSIM U] 6
el F8 NSE obdl E 39 o] Asiein,

3-37H478 AHHOIE Y A

1) A3=2 F3Y7|ZH olE

¥

2) o574 74 volH

H AE FIPA] LAx}e gEAS 93 o] gx= )
U2 Fel HaREAS Ss) wejel Sas E 3. VISSIMZ} UC-win/Road F3SHE) 22 ol2dti4- offal

H sk AAATE x% Aed g sl= 94 A 3] ..
Ashar, ARAES ] AH - Aefshs sl RAst Table 3. Matching of input variables related to the driving
= AR s SHTo RN Algro] =7aL Sl 4l behavior of VISSIM and UC-win/Road
AN E 7S5 T2 Eo 2 JeE Aol gk £4 Input UC-win/Road .
o = o =3 B Variables DS lo EPETE e petat
aH4~8Hz), E<t, ~E# 2~ 53 242 58 44 &4 9
2 BuH(13~30Hz) & &85t EA3t). H9is SHs= % cco | —position X. Y Distance from preceding | 5o
B2 Laxtha®) QEEG-64FX H EMOTIVE] EPOC X vehicle when stopped
= %]’%5]'91‘—4'- cC -Time Leading time of the 0.90s
—Distance Along Road following vehicle ’
stibid CC2 | -Distance Along Road Dilisrenca n dlgtance 4.00m
from the vehicle in front
—Speed in kph Driver response to B
cc4 —Distance Along Road acceleration 0.35
—Speed in kph Driver response to
CCs —Distance Along Road| deceleration 0.35
Data Log Screen Data automatically saved through Data Log
a8 9. Fd7I= HjofE CC8 :glmed in koh Acceleration at start 3.50
Fig. 9. Driving Record Data peed in kp

2511 http://www.dcs.or.kr



C| X" el = &t5=&X|(J. DCS) Vol. 23, No. 12, pp. 2507-2516, Dec. 2022

CCO(stand still distance)> X ex}eFo] H=laliS wj
FeYzteFatel 748 ou]shd, CCl(headway time)-> -3
21ge] o]F Foll AT} A5 = AFAIES Ve
o). VISSIMel A9l ebalf| 7l CCO % CC1 skt dol
e} CC2(following variation)© E3JollA] TASH= w%
AF(traffic oscillation)9] F71& YeRIL) o= 217t H 4
AZE YeRlE dRAIAG Y F7HEE AFARE 9
gt} CC4(Nagative speed difference)?} CC5(Positive
speed difference)= 217} Aol 7153} 74450 W
A WS EE YERY, Sl gho] WSS A At

75T el digk MIErt Folxitial 3 4= Qlrh. 7|Eh
HA g} Bagol] A gF2 YA °‘Q@—’F°ﬂ~ 7|23
HAEAA TS R&gskgic)

V. A2 222 FHHE] 24

4-1 22} FUYeEY YL 24 ALk

A FIHA Ll Alhoje] AR AHE=
ﬂ%lCOlﬂﬂ TZE Sl B-gHRel o] oJCTell whet £1
el SHAG R} ofor R o]ofxirt. o] M7l 77k ol
R S ulet 2peke] 73k 9 AR ]
7F aAE = Qlo], AVt Alete oA o] At Ty e
7] lgt 4**4 TrrolEkar & 4 Qi ofof] - <1
TollA= ofefel o] 371¢] oEE 3l 6719 VISSIM
PG 24 AU o5 Fdsisith

Gl
SuA
&

@ Askez ATl A °
24 ARt Faxtgel a3 gAgee o
A 7K we] PME S A
B Rl A L] A AL B T
QAR o] kS M7t E BAE)

T—= T 1%

® AR TN ] AFA, AR
479 @ WA A% Aoz 4105

E 4. M AlLZ[2E VISSIM e
Table 4. VISSIM Input Variable Analysis Scenario

Num | Point/Section Event Analysis ltems
1 STA.3+000 vehicle stop CCo, CC8
2 STA.4+500 Acc/dec of vehicle CC4, CCh
3 All Section CC1, cC2
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ARl AE 2 AASEEO0km/h)eE AA=R _2374]41&5 o 702 BAE ).
(50km/h), 2= -Gl gt RS Qhiiste] 7i1E ZFFAIZHCCD) S B2 S o] 83 A 57HA(CC)e &
—1‘7(47:]64 [e} H]— ]'Cii Ei}\olg O] Zé,}:‘}_?qy -Q‘EEX] %—% %‘/—F }ﬁ|7ﬂ~l’]'oﬂ ng*ir];;g 1/}'To1 ﬂ'o}oq ;\]_? }o:h;}_ 1:1}\475].‘14_
otef Fskes St 5] Z3 F AAFake] AT FEA L Aokt A
o} ZH2} oF 1.89%(XFFAIZD), 3.38% (A7) v Zlow
4-2 A& Aot U2} FHHE] 2 ER UER} 2 Zjo)7} 9l Ao w BT} 78S (CC5)
9} 7FE-S=(CCA) 9] 739 oA x| Faede] B
A AR FAYH 54 S} BT o A s
X 6. 2MAL ot Faisel A F 7. XX} U Faysle] SA
Table 6. Driver's General Driving Behavior Analysis Table 7. VISSIM Input Variable Scenario Analysis Result
. Road ) Average ] Road ] Average
Div Type Min LR e Difference Div Type Min Max | Age Difference
Ground| 0.34 | 77.06 | 38.20 (DigCF?Om Ground | 10.67 | 37.91 | 26.37 | _4 o
Headway 129 Vehicle) | Underground | 11.07 | 36.85 | 25.15 | (+4.62%)
(m) Under (~3.38%)
0.30 | 85.45 | 36.91
ground ccl Ground 1.52 | 1.66 | 1.59 ~0.03
(Time Headway) (-1.89%)
. ; Ground| 2.27 8932 | 70.15 020 Underground | 1.46 1.60 1.56
pee .
(km/h) Under (0.28%) ce2 Ground 0.34 | 77.06 | 38.20 1 29
ground | 160 | 92.91 | 70.34 (Headway) | ynderground | 0.30 | 85.45 | 36.91 | (-3.38%)
N Ground| 0.47 | 2.03 | 1.51 oo cca Ground | 0.47 | 2.08 | 1.51 | _g o1
cceleration —0. (Acc Respons) (—0.58%)
Responsiveness | Under (~0.58%) Underground | 0.48 2.10 1.50
ground 0.48 210 1.50 cc5 Ground -2.78 | —0.41 | -1.45 0.59
. Grouna| 278 | -0.41 | <145 | (Decel Respons) | {jngerground | —1.45 | ~0.40 | ~0.86 |(~40-69%)
eceleration 5
Responsiveness | nder (-40.69%) CC8 Ground 0.09 | 8.96 | 2.84 -0.15
ground ~1.45 1 -0.40 | -0.86 (Ace After Stop) | ynderground | 0.18 | 8.67 | 2.69 |(=5.28%)
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L ATl A= VISSIM W 7REAFES] 71345 o] <
S 7FY A v = 2FFFEEE(Car-following model)
670 o] sl Alue| ez B3 AvE AAEHA
o} gy 7P A AA F8o] ofy 7] witel A
2] A |9} Adolst Ho] YERd = Q) S -
Axpe] F=PYEE Algdo)Hdo] FEt=H AP g
A7 Q7] el 3 AlEdold ARk AA AR
2ol 4=x|7} LERA "), ol ulgl B At e AlE
glolA ke sehrgel] viE g3k Flo] ohd x4y} %]
sl SHAH ] vlE #he A8FeEN Astere] 54&
whedskarat gkt [6]

V. ABtER FHYE] BALE Bt
5-1 BASE W7l AR E

2 ATl A B g A AR &3}
Ty E HE kS VISSIME] Driving Behaviorsell -8
3, Aldol Al g A stEReA FE ApFe] 9} F
Aol Tt BAEE Hreolr

MAEES Wbk A Edle W ddiEeAt
(Mean Absolute percentage Error, MAPE), oAl &
&2 HRoot Mean
RMSPE)& #-8-3}5ith.

MAPES} RMSPEE ¢ibdos HAZa&w 2 Faw
of gt a¥x=2 8l MAPEE a7} S gkllA
248 AEE YERll= A ER E AF9AE Equation 1
o} Zo] A5 A FTWEE v TAF goll sk, AlE
glo|AolA E&E FAFAEE v} FAL ¢ FEdH]

Squared Percentage Error,

Basrst B AT AHSAL,
MAPES} RMSPEE 2¥ke o2 a3a%r} 0,05 oahe &
=5 BEAREEe] dElHRl Aoz ddit (3]

MAPE = (| 24|+ | 224 (1)
v q
RMSPE= /% [(V V)#(%V} )
7M1 0EH FHEYEE BN E PREYEE
g EE BN g E Eae
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x| 2329 (Car-Following model)©] & 9¥
W= 6709] 71t gkell AslER 54 nlEgke wedste]
=4 AsteR 4] 7w PRt Ak S5
o) uked A gkt wked & gk ofl i 83}

E 8. X|st=2 THSHS YrHst VISSIM Driving Behaviors
Table 8. VISSIM Driving Behaviors Reflecting
Underground Characteristics

Input Variable Rg‘leefgtrﬁ) = Reﬁétcetri ng Unit
CCO (Dist Front Vehicle) 1.500 1.4307 m
CC1 (Time Headway) 0.90 0.8830 s
CC2 (Headway) 4.00 3.8648 m
CC4 (Acc Respons) -0.35 —-0.3480 -
CC5 (Decel Respons) 0.35 0.2076 -

CC8 (Acc After Stop) 3.50 3.3152 m/s*

5-3 BAE EI}

obel £ 9 HEF FUY L FYSES} VISSIMO.Z F
Mg AR BAG) el BARRERNE Sastel ek
o 7 AR BASERE A3 BEg] e mAR
S

E 9. MEX[etER ZAlFE HIt
Table 9. Simulation Level Evaluation of Sinwol Yeoui
Underground Road

Traffic (pcph)

Section Observed |Estimated| MAPE | RMSPE
® Startpoint — 2km 2,117 2,075 0.020 | 0.020
® 2km — 4km 2,261 2,081 0.037 | 0.037

® 4km — Yeoui JCT 2,203 2,071 0.015 | 0.015

@ | Yeoui JCT - Yeouido | 1,203 1,208 | 0.004 | 0.004

® | Yeoui JCT - Olympic 813 852 0.034 | 0.034

Travel speed (km/h)

Section Observed |Estimated| MAPE | RMSPE

® Startpoint — 2km 64.58 62.01 0.041 | 0.041

® 2km — 4km 69.78 70.05 0.004 | 0.004

® 4km — Yeoui JCT 60.07 60.81 0.012 | 0.012

@ | Yeoui JCT - Yeouido | 70.40 65.27 0.047 | 0.047

® | Yeoui JCT - Olympic | 60.42 58.21 0.038 | 0.038
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