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Analysis of Effects of Autonomous Vehicle Market Share Changes
on Expressway Traffic Flow Using IDM
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ABSTRACT

In this study, the impact of traffic flow on the market penetration rate of autonomous vehicles(AV)
was analyzed using the data for the year 2020 of the Yongin IC~Yangji IC section of Yeongdong
Expressway. For this analysis, a microscopic traffic simulation model VISSIM was utilized. To construct
the longitudinal control of the AV, the Intelligent Driver Model(IDM) was built and applied, and the
Received 9 June 2001 driving behavif)r. was verified by compaﬁson with a normal V.ehicle. An examination of the study
Revised 5 July 2021 results of moblhh.ty @d safety according to the mark.et penetr.atlon rate of the AV, showed thé.lt the
Accepted 19 July 2021 network’s mobility improves as the market penetration rate increases. However, from the point of
view of safety, the network becomes unstable when normal vehicles and AVs are mixed, so there
(© 2021. The Korea Institute of ~ should be a focus on traffic management for ensuring safety in mixed traffic situations.
Intelligent Transport Systems. All
rights reserved. Key words : Autonomous vehicle, Market penetration rate, Intelligent driver model(IDM), Mobility, Safety
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1. g9 HiH & =5

A-&53 A5 2K Autonomous  vehicles, AV)S] S22 AL 20409717 BE Ao v AFAbE-ehs]
(SAE International) &2 o]4+e] AL&F8 7155 x3ala, #H3 A&F8 Al2Eo] 20408742 A5} Al
o] & RES AT Ao o =39 tHLux Research, 2021). £33 S22 A&FPAFa A4 FRE
20351l 1,334 Yo 2 AT ZoF AL, I AE&FYPATA AR FEE 202010 <F 1,509Y
AolA 20353 2F 262 1,794 Yoz AAE A& ASHTHKPMG, 2020). 0|9} Zo), A-&F A5} /\l
e O R =l "HA g Ao R odHT gEo], A AUelA e #E3d sdete FEAE
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Research Plan Literature Review Methodology Results analysis
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— Network deployment and Conclusion
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of autonomous vehicles
— Build scenarios
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<Fig. 1> Procedure of the research
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Kim et al.2021)-2 A& AFAR] A
2} Brlstdth B7FE el Alve] LE 2 AP e mE 3 TE s, B-s AL, time-to-collision(TTC)
H3lE &4, 1 A A FEo] W AEFPAEA =Y 270 HadgAtEe} A& A
S2t27F 39 Adg et Aoy =Y S A7 AEFY AEAER A2
ds gkt

Park et al(2015)8 ALEANE To] w2 wER W
service, LOS)9| A& Wsld] & AHAEE,
£ VA0 E A&FPAFAe] AR fTEC] Fobds
Aaste] 38R AL e AR AU

Ko et al.2017)2 A-&FPA-5Ae AFFF 2 A5 s17] 98] Wiedemann 99 23 9] etvHE
A&FYPAEA] AEE2 F3 HolH et 4 e (genetic algorithm, GA)S ©]-&3t] FAFstth A%
2 FY ALFYPAEA; HolE 7ute] A4kE Wiedemann 99 ZE-2 95% A ZFFolA BAHOE o3
A= U Ao 959t

Zhou et al.2017)2 U&EER FFFNA FF EL4E Fuesty] Hdll cooperative intelligent driver
model(CIDM)& 7H'#sto] gt AE&FPA52F A FE&odlA A28/ A AT £594 5
YA, FHEE B4 A, AEFYAFAEe] vl o] FU18IE F olF AlZto]l i, FRTAtell A RISl
AeHE BHEAQ A4S 94313 ¢ Qlo] CIDMO] A ola FFH WHogE 28-S EEIIA

Zhu et al.2018)2 F= “g3tolo AAs AFFF RP S A g 5719 tEAHd <
W7Vt Bt 23} Gazis-Herman-Rothery model, Gipps model, intelligent driver model(IDM), Full velocity
difference model, Wiedemann model 5 IDM®| B4 @ AF A {7} 19% =2 d5°] 7P 4319 o]
T 608 7t SAHPEE HEH HFE T T FE FE35o] IDM iAETE &3t IDM
s BN #S HnE Sl F @ol FARHAl BEsh #Ske] B & Aol A, 9
2 AF T AdES QA e viHse] AAGRE BAo] Fesitta AEAUT.

Sun et al.(2020) W5 BAE GFst Sststaa wF
A (instability) 213} EZf S X5 (oscillation) 415 At F+ £ =
T A= IDMe 53l 1,6007012] miAfT 23S AlEoldste s &4 AFE =333, o5

=
dnElFoE WA AFFF BHYHL AN,
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2. 7|1& o7elo| Xy

#d ATES 1E ZY, mARFTAEYAS T3 AT FUE Aol FEE K3
Wiedemann 99 23, CIDM, IDM¥} 22 tofst g Eo] &85t Wiedemann 99 B8 A& Fol 49
AgEE 8-S FAHselr] QA AAADY, AFAZL, BAVNEE F F 10709 H5E 2=
o] FYYPEE HASH= ZFo|TH(Lee and Oh, 2018). 3FA T+ Wiedemann 99 282 7}4 % gho] nlg] A AF
of A&FYA-5ALe] FAYPEHE BAFsI7] o oflgo] Slo] AYstatt. W IDMO| -9 AW Ao A
AL, dEE, AgtAg et 7557 58 o2 W] wZol rAaFAlEg ol A-eF3
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o o =

g2k AP & Tt APttt E Ak 53], £ AFdAE 1EER NS Yo E &

TP} ARk EAE O e T3 1F F¥E 73] 9ld Zhou et al.(2017)9] CIDM 1
a4 a1, IDMS &8st T AoE FAsHATH

g A AFENM e ALETFIATA FAYEE BASH=E S A BEHE FE TP
own, I3 Alo] Bdygo] o] XgtEo] A LeS IRISATE wEA] B AT A&FPAEAE
oF FAG =3 AelE BARH] S8l W AoE FrH o2 ST AU Alo] FAES S AlE
ol A2 #d vRTE TS A&FPAEAe] T8 P E BAS HoA V& ATFER
o] apEAE Adth

1. X2 &

UA AARE T QA RJAC~FAIC & Hl*lﬂ%f\l%alom% o]-gsto] HESLAE F5317]
Al ARE FHSAT VMES A 75 A Bag 7|8k E AR, aFE AR, £5 ARE T 7
SHZ A5 FHE A3 7172 W (http://map.kakao.com) 2] -rl”“zl‘:E ol g3t AEH W &5 A9

S IFEZFA 1SS FFEHOlE T (htp://dataex.cok)] TUREHF A5 L AVC FE I EF
Ak 3k 583@3 A8E o] &3tk EA Tt sFsteE SRJAC~YAIC 77He AR 4312 0|H, Q&
d A5 BT 2 oF 5286vphAth. The <Fig. 2>& E477ke] /125 Yepdith

Segment length: 7.9km
. Traffic volume: 5,286vph
= 4 lanes for one-way

<Fig. 2> Test site of Yongin IC~Yangji IC

2. HESRI3 7=

2 AP AEFYPATA AZ-TE UE IEEE IF5F T £4L Hd vARFAEEH 0
AL o] 83l9 T A LEAEG A AZEY 2= AHT e x}FEE 232 Wiedemann 99 R3S
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Bt glov], gt AH AP

LﬂE 4—:’-*‘ TEAT MEAL 75 A

7} VISSIM ver 10.02 o]-&3}
ARG WE SR A EE BEH FUSE

3 F& JYstAct olw wEEF
AVC z}—a% L%% Az A 1, 3T Gkl 2% M2, UmA s FAFOR FESY A 74 H]
S R 5 FRuEE AF A vgel wEt S8R HATE Fote] AES 5,815pephE U E A
o T3, AA A 171?_7} 100kpho] 7] w&ell, Al EH ol A &5 F-E(desired speed distribution)E 88
~110kphZ A3, A FP&E9} VISSIMOAM AHEH FREEE AR MEHIES ?éb‘}%‘ﬂ. o}
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n.tlo fo 1 2

dukxte] e 732 VISSIM U A&7 AEFF 28 (car-following model)?] Wiedemann 99 =8-S
o] g-3le] FAFA T Wiedemann 99 E&-& CCOFE CCO 7HA 2 107}A] ] wi/f 42 FAF oIt & o
TAAME GukAQ AHFFS UERH Wiedemann 99 28 9] w74 7| B3-S o] &3t Th =3, dRkx}o)
FYYEE Ao AWE e} A FABHA AAst FAPE Eol7] H8l WY Alok A (look ahead
distance) 2} Y A1Z F-F=9|(temporary lack of attention)E A stA T AW Alok A2l2] 79 Song et al.(2012)
o] AT A H4 100m ~ H) 220mE A 839, YAH 3—7‘44 S BRG] s = 7
AE MTE BT Kang et al.(2018)9] A5 Fardte] 5029 50%5 &3 dvrate] FFYPuE 7
stk dukatel 3ukek AlojE VISSIM 7] E3kS o] 88ke] Yyt }«] THYENE T8I <Table 1>
B ATl A Ag-gE dubxte] vy S JERAT

<Table 1> Driving behavior parameters for normal vehicle

Parameter Value for normal vehicle
Model name Code Parameter
CCO Standstill Distance 1.5m
CC1 Headway Time 0.9s
CC 2 ‘Following’ Variation 4m
CC 3 Threshold for Entering ‘Following’ -8
Wiedemann 99 CC 4 Negative ‘Following’ Threshold -0.35
Longitudinal model CC S5 Positive ‘Following” Threshold 0.35
control CC 6 Speed dependency of Oscillation 11.44
cC 7 Oscillation Acceleration 0.25m/s*
CC 8 Standstill Acceleration 3.50m/s*
CcC 9 Acceleration with 80 km/h 1.50m/s*
Look ahead distance min: 100m, max: 220m
Look back distance min: Om, max: 150m
Temporary lack of attention Duration: 5s, Probability: 5%
Waiting time before diffusion 60s
Lateral control Min. headway 0.5m
Safety distance reduction factor 0.6
Maximum deceleration for cooperative braking -3m/s’
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2) RABFURSA Fase 78

A&FYA-sAe] FHYHE WP FHF AolE AT AFFFT EF O E intelligent driver model(IDM)
< o83tk IDMS sHE A P& IASEIL BeS 8T AFFF E¥olthSultani and
Choi, 2010). IDM2 HFZQl 7gh& 02 A4 SHIARE fASHA Hi 52 £ 5 =5 1t
5| ATHPark e al, 2015). THebH, IDME A2 0] 3 Josha A rastel vAE A53 Yo 0UEel
AR8-E|o] SkTh(Liebner et al., 2012). IDMOI|A AFFFS 913 7HEEE 33w 742 o 4 (DF 2o
(Treiber and Kesting, 2013).

do vy s¥ (0, A0)
G (- (R
(v, Av) = 5, + max[0, v T+ 2”?%] ..................................................................................................... )
A71A, v: AA S5
a Al 7HE=
V- }‘47:“ &=
5 HEEAS AASE 2A A gl 245 WA B4

s*: A %A (dynamical) &l
Av: APRFFIO] A&
500 A& AT

T: AA AFAIZE

b: AU 4=

B A A& VISSIMO A 22

FYYHE A4S R FHE 5

[SIR=E

%)+ external driver model APIES

o|§3te] IDME FHHA DME T3] 918 eI Aofel Cr+ Ao} E ol §3le] ZYHAL

Visual studio 20195 AR&3te] =3} T IDM-2 Treiber and Kesting(2000), Zhou et al.(2017)°1A4] 2

443 3

& B3] TE F AZFYAEA A (vehicle types) 2H A g3eek

w4

FHA-EA] A Aol wkgsty] A VISSIM AA o2 A

5 DY Ao} s

H]El & o] &3} EF 7] A 7K waiting time before diffusion)® 224 57 2](min headway)S A&ttt 2}

<Table 2> Driving behavior parameters of autonomous vehicle

cooperative braking

Parameter Value for autonomous vehicle
Maximum acceleration a 1.4m/s?
Maximum deceleration b 2.0m/s*
Longitudinal control Desired speed v, 110kph
(IDM) Acceleration exponent 6 4
Minimum gap s, 2m
Desired time headway T 0.6s
Waiting time before diffusion 30s
Min. headway 0.3m
Lateral control Safety distance reduction factor 0.6
Maximum deceleration for 3m)s?
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ZHAL 93 AR FdEHoe] g TS 8 4= A7 wEo) Park et al.(2013)9] ATFE viRo R
EFU7IALE 3022 AAsRen, H& AFAYe AT AFARE FHHoE Y F
A= Yook et al.2018)2] A5 HIRC.Z 03mE AASAL A&FPAFA] U 2 AW A&
(] P

72 <Table 2>} 2.
E3], & dFM = AEFPAFAIT F2E AAE

= 2 B3 MY Ao A4S A4 % B
AR RS 342 AT Aoln, A2E MNE o A 4L Agwons Jduur
A2l e Ao HYAA o) F, THE ALFAEA] THF ¥ FUF AcIE AF5) 9
o 5YH WES L0l 7E% 202 AUk 29 Aok ALFYAEAT T A vz A el F
Paejst A28 52 nasich FARRG 0P 4SS ad A% ASFAAEE Qi
Bk AHRH S A7 she % Faaeel Aot gL Ak

4. NUEIR 75
B ATl E A2FAAFA) AHGeol TE BEF FFS B ) F 1009 Aules
TESAT. 7 AU RE <Table 353} 2ol Awaiol AgFAAFA ] T} ThEr, AeFAATH

o N FEOl 1094 FHSHES TSI,

<Table 3> Market penetration rate scenarios

MPR (%) Normal vehicle (%) Autonomous vehicle (%)
0 100 0
10 90 10
20 80 20
30 70 30
40 60 40
50 50 50
60 40 60
70 30 70
80 20 80
90 10 90
100 0 100

>
r:la
ol
offt
2]
Bl
offt
o
o
el
X
2l
Oﬂ
4
{ oi.m
o
>
2

Vol.20 No.4(2021. 8) The Journal of The Korea Institute of Intelligent Transport Systems 19



IDME 0|8t AEFUANSA AZHRE HaPt U2 WEFo olAs I& =4

- nXxd n n n
Lgrss R == R o))
t - t; (_1) il
f; di= 121 d 1; ;
AZNM, ngys SAHTEE
n: A o
d: 77+ 4ol

t;: 2 i8] YA

i

w: A% i &=

B 50 A tHravel time) S B Aol Q4 THE Ee=E] AR A7) eAF e olvlai, o
& 24 @)% 2ok

=in

o471, TT: BEFEBAZ!
b A io BN
n A s

FAG Ax AL 93] 71E ATE HROE A ARE AET A, FE ASHE AREE A

TTC, & ¥ AlZ}H(post-encroachment time, PET), 4% 5] A=

He 5 21 FE ASde 5747 & (brakes
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1%

FE8 119 AU g Z7F sHe] jhE 88 T3 o] 54 <t
B0l d(random seed)dl] wet T2 Ayt EEHEE Ao 2K BAS ABH HHE ’“63
(multi-run)©] BRI EZ 3 3= 532 AN = =
S FPsta AR 1 (box plo)S o] &3] AlZ+ElslT

1. 0ISY Xz 24 21t

o4 AR BHE YIsle] FUPFEES} BREYANS THANES HPste] BT A
+

&7
A& WS <Table 459 2ov], A&FYAEAE) AYFS

YAFA] AFERE BE 43D F
of Z7keel wek WiAst AFFYAEA BE FAYTEEI A FlE FAF Bk

<Table 4> Space mean speed(kph) results between NV and AV

mean, ( ): Standard Deviation

MPR(%) 0 10 20 30 40 50 60 70 80 90 100
NV 94.536 94.538 94.622 94.638 94718 94.808 94.808 94916 95.088 95.250 )
0.099) | (0.119) | (0.104) | (0.087) | (0.115) | (0.090) | (0.052) | (0.119) | (0.088) | (0.110)
AV ) 93.952 94.090 94.184 94.356 94.566 94.802 95.132 95.612 96.316 97.154
0.129) | (0.098) | (0.093) | (0.083) | (0.083) | (0.060) | (0.139) | (0.084) | (0.053) | (0.047)
Total 94.537 94.482 94.515 94.503 94.575 94.689 94.805 95.067 95.509 96.213 97.154
0.099) | (0.119) | (0.095) | (0.084) | (0.010) | (0.085) | (0.057) | (0.127) | (0.081) | (0.045) | (0.047)
=3 A UEY I EMZEIAE <Fig 3> 2oH, A&FPAEALe] AFLTE 0% ~ 0%7H A= 5
I‘Er ] 0.1% ©)3t= FAFSIANE 70% o) ARE = 10% =718 wnith Z73-80) 22 0.3%, 0.5%, 0.7%, 1.0%

W3k AR FAWTEE T NHER S BEE dolt 20 Ushith o)t A&FAAER
4 AR fgO] 70% OHOR FAE AS nEERe] FUHREES F5ete] olFHo] PhEE FH
2 a9E AUs Aew PR,

b

—
g7.0
= %85
g ===
B w0
a‘*}
W
g s ==
< 950
: _ ~ D
a5 == ! o B = =
e ——
° © » » 0 @ @ o @ ® &
AV MPR(%)

<Fig. 3> Space mean speed results of mobility analysis in the network

Vol.20 No.4(2021. 8) The Journal of The Korea Institute of Intelligent Transport Systems 21



IDME 0|8t AEFUANSA AZHRE HaPt U2 WEFo olAs I& =4

E OE o34 AEN ASFAAEA] AFHAE) BE AFE 2 YEYDL A FFFYAL
Wele BAS ALTFAAEA APH Lol BE AW BF FYA W8 AIE <Twble 5>9 2
on), FNWFEES} VRIIAE HEEAANDE T AF BRelA Rashs FA} e

<Table 5> Travel time(s) results between NV and AV

mean, ( ): Standard Deviation

MPR(%) 0 10 20 30 40 50 60 70 80 90 100

Ny | 308766 | 308.720 | 308.466 | 308.386 | 308.188 | 307.768 | 307.850 | 307.458 | 306.862 | 306348
0273) | (0379) | (0.310) | (0.308) | (0.367) | (0.383) | (0.364) | (0.452) | (0.378) | (0.453)

AV 310.670 | 310212 | 309.922 | 309.356 | 308.586 | 307.856 | 306.780 | 305.214 | 302.958 | 300.426

0372) | (0316) | (0255 | 0261) | (0.325) | (0.327) | (0.448) | (0317) | (0.134) | (0211)

308.768 | 308.913 | 308.816 | 308.850 | 308.656 | 308.179 | 307.853 | 306.983 | 305.535 | 303.284 | 300.426

0274) | (0370) | (0.277) | (0269) | (0311) | (0.346) | (0.338) | (0.417) | (0.318) | (0.136) | (0.210)

Total

A VE AN EAEH, A&FPA-FAE AGHRE 0% ~ 60%7H A= F2ECl F 01%%
ARSHAl UEFOH, 70% ©ldFE+ 10% 57Fe "ottt S3HEo] -03%, -05%, -0.7%, -09%% A+ 74
70% ©13YETFE S A Hdhdste FAVE UEbsth webd AEFPAEATE SUMETE A U EY A
o] FYPAe] Fof oAl THAR AHE Mk Adstdth T AdE= <Fig 4>9F Atk

g
t

Travel Time(s)
8
4

B

g

0 o ® ) ® @ @ ) ® P W
AV MPR(%)

<Fig. 4> Travel time results of mobility analysis in the network
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<Table 6> Brakes hard rate(%) results between NV and AV

Mean, ( ): Standard Deviation

MPR(%) 0 10 20 30 40 50 60 70 30 90 100
NV 0.016 0.018 0.017 0.023 0.023 0.024 0.024 0.027 0.025 0.017 i
0.002) | (0.002) | (0.002) | (0.002) | (0.001) | (0.003) | (0.006) | (0.005) | (0.004) | (0.009)
AV i 0.024 0.025 0.029 0.026 0.024 0.027 0.025 0.024 0.015 0.010
(0.004) | (0.004) | (0.002) | (0.003) | (0.005) | (0.005) | (0.005) | (0.004) | (0.004) | (0.001)
0.016 0.018 0.019 0.025 0.024 0.024 0.026 0.025 0.025 0.015 0.010
(0.002) | (0.002) | (0.002) | (0.002) | (0.001) | (0.004) | (0.005) | (0.005) | (0.003) | (0.004) | (0.001)
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<Fig. 5> Brakes hard rate results of safety analysis in the network
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<Table 7> Lane change rate(%) results between NV and AV

Mean, ( ): Standard Deviation

MPR(%) 0 10 20 30 40 50 60 70 80 90 100
NV 2005 | 1922 | 1856 | 1789 | 1.697 | 1596 | 1480 | 1337 | L113 | 0746
(0.034) | (0.024) | (0.050) | (0.038) | (0.046) | (0.043) | (0.045) | (0.053) | (0.023) | (0.051)
AV 2114 | 2089 | 2032 | 1867 | 1720 | 1620 | 1352 | 1058 | 0592 | 0.148
0.129) | (0.038) | (0.083) | (0.042) | (0.077) | (©.068) | (0.052) | (0.055) | (0.015) | (0.028)
Totl 2005 | 1941 | 1903 | 1862 | 1765 | 1658 | 1564 | 1347 | 1068 | 0607 | 0.148
0.034) | (0.019) | (0.035) | (0.035) | (0.041) | (0.058) | (0.056) | (0.046) | (0.048) | (0.017) | (0.028)
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<Fig. 6> Lane change rate results of safety analysis in the network

AN A Ak, ALFAEA] APH R BHIFE AZUAEE BN, FHASS 3
St Base FAE e 208 BRI hebd, A8 FYAEAE QWA EAY EF 1F
AR WERS o BEE 9T A7} BaY Aoz Bt

3. 58 24 A1}

OB LAY E FFHOE BAS) ) A EHE 24 A3E <Fig 7> ol TS |
A} A B BUL ) BUBREES FHAL, TAWFEES AZAPE A4E vl 24
ST B EDALL TP FEES) we) BAQlo] weh BREAAC] BE Ay W] o
He ek,

4 FAPAEES) AR THLT FYHoE BANAT B4 A3, ALFIAER AGHH
& 30%~70% FAANE FEAR] FASOH, FNFREEE 2F F/kshe AL HAsAD. w
A T ASE FHHOE BU, of FUIAE RERY AABUL BAF ASFAAEA APHRE

24  JIRTSYQY=2TN| TI203, M42(20214 8K)



IDME 0|8t AEFUANSA AZHRE HaPt U2 WEFo olAs I& =4

=S, I FEE} AZNAEY TS FRHOR BHSAT B4 A3 ALFYAEA NS
F8 709 Ol YRE FUWTEEE Z/15HA AZUHE £F 2 o2 Jadt AL U T 5 Yk

B AT AN FYso] WY, FNPFEE, BB, AZUAE AL B¢ AEFAAEA )
AR fgol W W 1 Aolsk mlulahei AR R 0% o1 FRE Esbh ek SoE 2459
ok oW, oy ERHE F FAASE TRLEIFAA A7 ML B UEgAR, 9d 33
AR fEol SAR WE FFAAE T $A7t A3 vobalth FAAE] EFAEIGIA v
A Vehbe @48 Qukel FHRHE ARAL MR Aol Av, 7k o] e 4ol glo] AW

Agpo] sl Al A FHL
AAEE ARFYAEA] AFEFEo] FAEFE o 54T Aol WA FARAR T AFol EF

[<)
H uF dolA o dEol Fod Bart &S dlsiith

b
H
|
.
Average BHR(
Average Speed(kph)
s 8
¢
r
Average LCR(%)

&
&

@ @ o 0 2 »

“ o @ o
AV MPR(%) AV MPR(%)

(a) Average SMS - Average BHR (b) Average SMS - Average LCR

<Fig. 7> Total analysis results in the network
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