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ABSTRACT

Thanks to technical improvement on the vehicle to vehicle communication and the intelligent

transportation system, gradual introduction of the autonomous vehicles is expected soon in the market.

The study analyzes the autonomous vehicles’ impacts on the network efficiencies. In order to measure

the network efficiencies, the study applies the sequential procedures that combines the microscopic

Received 6 September 2018 and macroscopic simulations. The microscopic simulation attends to the capacity changes due to the
Revised 22 September 2018 autonomous vehicles’ proportions on the roadway while the macroscopic simulation utilizes the
Accepted 7 October 2018 simulation results in order to identify the network-wide improvement. As expected, the autonomous

@) S, b T Tgeiinis o vehicles efficiently utilizes the existing capacity of the roadway than the human driving does.

Intelligent Transport Systems. All
rights reserved. The significant capacity change is observed when the autonomous vehicles’ proportions are about 80%

Particularly, the maximum capacity improvements are expected by the 190.5% on the expressway.
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or more. These improvements are translated into the macroscopic model, which also yields overall
network efficiency improvement by the autonomous vehicles’ penetration. However, the study identifies
that the market debut of the autonomous vehicles does not promise the free flow condition, which
implies the possible needs of the system optimal routing scheme for the era of the autonomous vehicles.

Key words : Autonomous vehicles, Roadway capacity, VISSIM, Volume-delay function, Simulation
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OWHL Ae ol
AEFPAFLE A2t 222 FH HE 21, AF S 2E Agst 34 FP x2S
&3l 22E bFgYo] Thsdh °Ll7& sy A2tz Jodnt. tjEo], Azt FRo FA Fe <
7, 8k AZEo® QIS A&} 102} 7]tl= 3 ATH (Anderson
et al., 2014; Dokic et al., 2015). Park et al.(2015) &= L7 AR A E uE
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712 Bl Bl QWAL Qlek B AT AYAT DHoIAE AFAAY £YOR A% §
Bush 9 ol WE BHAY B2 vEY IS T&Y WskH

Ko et al.2017)& A&7t EYO R QI g ais AFHow %766}9114 AETHAF Bg
H g0 2 g3=r) 9 £ = 34 G372 BPR (Bureau of Public Raod) 370l tiQ3al |28 BPR 28<
7143t KTDBE ol &3 Sl AdS A £4 A3 AgFqarg Bg vlgo] Z71E5E 154
3 Az felo] s, EE EFH(V/C)o] /A E] EEEF FU glolk EE WES A a&Ae] I

27 4 Aoz dysian.

AgFAATO R AT FHpAstel Y ATE F2 vIAH Aol mae] el Aol Ak Y
ApeFa A& ) 2 o)sk AfFo] 7 AR Pl o] Aluvke] L2tkal 7] Bose and loannou(2003) 10% ]
XP‘” 3 @l 2 ofdl apFo] Uwkatke] FRlo] o3 wERF| Eede 95 ¢ S AR EHsATh

2 1F A 87 F Hslglo] of 28%9] dm Aok 1o mE Felo AR ool F vkal st

"ﬁr/} Fernandez et al.(2012)2] A= A& atee] 71 7H4: A ek Al 1453 7)|5& 33 213
v 7HAE Bk A AT 5 Qo] FRALYOE Q3 71E T2 RS su7kA] 5 5 YS AR
A getnh. AeFPAF =dol BE HANTF SEWEE BT ?i:rLi Zhou et al. (2012)_ 1A= A

ACC (Autonomous Cruise Control) 7153} O]Ziol CACC (Cooperative Adaptive Cruise Control)i O] 012\'31 S 7350l
g A52 Ado] o]ojx 3L 9T} Milanes and Shladover(2014)= A A 2}aFoll ACCS} IDM (Intelligent Driver
Model; Kesting et al.(2010)) Z12]3. CACC Ao A|2~®S 35310 AA] w538 olA ¢ 71559 45 vl
3+ A3, CACC Al 2Hlo] FF 5859 A &5 SHolA 7P E&2 Y-S Weu At Talebpour
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AANAE &3l ot
u,

AR duatazte] FAB7el ta 2y5 ge A7t AFHel dt v
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S & dpelds AeFde] =Y EAE A HAH BA LEF SEAARE ALHL o]
A 2R g3V 38 AN BHAA B4 Bk

T AT AFAAY AT} TheT 2o ARYL 2T URRe) ATk AgFWAFe] £YE
BE AEF 55O WSS BHGE Jo8 AT MAE T At v, B AFAE A BEF
559 WIS B3l AET ASFAFE SUEAE OhFE YEN T H3He] ANE 0F EEH 2
HE FUE AR ol 12 ABFAAYS SYLAE D63 2T TS VAN A9
oA ot BS FUY BNEL MO AFYAFY SURAE BHSE A0 Brt AU U
28 & 9 Aoz gad,
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( Microscopic simulation parameters )

- Car following psrameters
— standstill dist. sefety dist. time headway etc.

* Lane changs behavior
— necessary lans change, waiting time before ‘I |- Lt s i I

diffusion
= Driver modsl
— look ahead dist. temporary lack of attention

Examine the parameter change on the capacity

C ———

( Test environments )

* Measure of effectiveness

= traffic (pcphpl)
= Ete. «| l’ Simulation test I

= free flow speed, length, saturated traffic,
duration

Selection of the best influential parameter

=

Capacity change due to the autonomouswvehicle's propol‘tions,

* By roadway types
* Calibration of the roadway capacity and speed
= Scenarios
— autonomous vehicle s proportions, levels of changes of the test perameters
* Capacity changess for each scenaric

<Fig. 1> Study outline
source : Lee et al.(2017) An Evaluation of the impacts of Autonomous
Vehicles on Use of National Territory, KRIHS
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VISSIMO| A= DB/ 358 Z¥3slstr] Y3l 2% 1t 5282 ©<EF (Wiedemann 74 car-following) 9}
AEF (Wiedemann 99 car-following) 2 T3t AlEH | &H-Esta o, o]eox 2= WA |
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<Table 1> VISSIM simulation parameters

car following models (:;r)i;l;z:i) explanations chosen
CCO stand still distance @)
CC1 time headway )
cC2 following variation )
] CC3 threshold for entering ‘following’ X
Wleiizlda;n 9 CC4&CCS5 negative&positive ‘following’threshold X
CC6 speed dependency of oscillation X
(667 oscillation acceleration X
CC8 standstill acceleration X
CcCo acceleration with 80km/h X
) CC10 Necessary lane change X
lan;hzhjgf;ng ccll Waiting time before diffusion x
CC12 Min. headway o)
CC13 Look ahead distance X
driver model CCl14 Look back distance X
CC15 Temporary lack of attention X

18  DUIZTSOL|=27 173, M52(2018H 109)
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<Table 2> Examination results by the different setting of the car following model parameters

car following models parameters reference point variable change capacity change
traffic (pcphpl) rate
1.5m 1.0m 1,861 1.01
cco 1,840 0.5m 1,895 1.03
Wiedemann 99 ccl 0.9s 0.7s 2,433 1.32
model 1,840 0.5s 2,666 1.45
40m 3.0m 1,864 1.01
e 1,840 2.0m 1,909 1.04
lane changing ity head. 0.5m 0.4m 1,822 0.99
behaviors 1,840 0.3m 1,822 0.99
Z7b 02 ARH AF 9 BA W5 3F Do} ok o9 2ol I FFYL BAAT
BEE W 23S ashe AL vlaeHolal AR Wt gE W] dgadEy 2 2 9F
S MAE Aog BAHENenR APA i H2EE ¥ 3H3th CC0=0.5m, CC1=0.7s CC2=2.0m
o) MAT A3k CC1=0759) Ash Ae] YXHE o2 EAHYU BE 2o U B4 S HPoR
ATl A% TR 9T M 93 Y WRE Aok s B Aol AFAZEe] A
A ERE DAZ ASFAVAFE) FFANE ABIM e Y AT WSE ARsHAnh
AeFPaTF] AFAE AR FARG O e BHE FEL F de AL 7IAAY s o
& 583 A3Y FelE /MRS A5 APsEith AAH F9 kAol A9, A= delaas
G2 FYFES MAS T o] HEr O 23 ADAS system©] F32HH 2] % M% v, WA= 7hed
Aoz Hyton ofg nEg ozt A&FPATFe| 57 (assertiveness) TH (A& flsl) AEFH Aol
Hazog Fst= Zlo] ofd 71419 58S S8 2838t headwayE = 1—1 o7 Fo|AY HFHL

2 A2 WAL S 5o 7L ouhol thal Al AA Felo) =BT F UL Ao APy
T YL ALFANF ATH FYo O /1E Avele AT OIT, 016F BHEOE 3 ek

Z YEHIE F 17 EEFFLE FHEA ok "M A&
oﬂ tﬂr% S3H3l 2o 9 17 B2 4L o E FyHET B B0 = VISSIMS
T e ASdhe oo AEFHAH S WA=
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q71A, 2t EE2FE VDF= BPREOl L5 = 71F £ Atk AlEH)AA BEH=
L7 71F fFo] HrlEojof o] & B9 ARt ou|E VA EE ZF TERYER o Ell S
AASRY. E2/YE VDR 7|E &30 tidt 4k A= <Table 3>3 24, dld =2 FFo dor
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<Table 3> Calibration results for traffic volume for each VDF

roadway types BPR calibrated

more than or equal to 3lanes 1,700 1,722

expressway
less than or equal to 2lanes 1,900 1,913
urban more than or equal to 3lanes 1,600 1,635
expressway less than or equal to 2lanes 1,800 1,301
Iv.1 1,650 1,642
Iv.2 1,550 1,569
Iv.3 1,450 1,451

2lane or more
Iv4 1,300 1,296
v.5 1,100 1,099
multilane Iv.6 800 800
roadway Iv.1 800 808
Iv.2 751 761
v.3 703 708
single lane

Iv4 630 630
Iv.5 533 529
Iv.6 387 391
ramp 1lane 1,000 1,006

A EFG oIS 93 FAFAHGL 5kmE TR AAHFZFZY 1km)dt BAAIZHE 1A17H3,600s) =
Ikm% A55 W= HA7F AalA Q7] wZol AEs
7] 120s)3t] AlEEoldS A AT

ol E4439 A St= random seedE HHEO] 71H

X Ay, AEFE EUE L CClL (AFFAZY Hatol we} vl g3 ;474] =
o] FUHE AoE BN WA, @3 cC1we WEk AR S 49 $3H e WS Holx
of mEF AY FYo| FuHE A& & F Urh (<Table 4> )

<Table 4> CC1’s effect on the traffic flows

0.9s 0.7s 0.5s
traffic flows/hr | ratio to 0.9s | traffic flows/hr | ratio to 0.9s | traffic flows/hr | ratio to 0.9s
results 1840 1.0 1,911 1.04 2,000 1.09

CC1

HEo], o} <Table 5> CC1°] 0.1°]2 EQES HAAS w9 AlEHoH AxE Yepit) 1&=
3R o]/Fe] A e uiv] A °¢ 190.5% SHETLE, 222 o]ate] A% 1520% 5 EQh A
29 A% 332 o4 |, 7|=&FUH] A oF 153.9% U 35 Holn 1&HTTl FASE I
FS7F @3S et dAEER2 e 35U Hels 558 Aol Jot oF 111.6%~ 158.4%
T2l BlE F Ede W ZoE Uehgon 53] 1229 A9 6/ £33 Hitol 1178%%
A7 e AR Urhgth @z A Al %50 AdE 1302%% JERSTH

oo H Tﬂl E bt
Q o
oo
3 op

o
olN
=
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<Table 5> Microscopic simulation results by roadway types

capacity changes (pcphpl) as to the autonomous vehicles’ proportions
roadway types
0% | 10% | 20% | 30% | 40% | 50% | 60% | 70% | 80% | 90% | 100%
fmore th;lasz:qual ©1 1913 | 2012 | 2,132 | 2257 | 2378 | 2491 | 2,577 | 2,697 | 2,819 | 3,092 | 3,645
cxpressway less than or equal to

s 1,722 | 1,786 | 1,862 | 1,957 | 2,035 | 2,127 | 2,197 | 2247 | 2,321 | 2,456 | 2,617

o fmore m;?al‘z;:q“al ©1 1801 | 1,809 | 2,009 | 2,122 | 2,228 | 2,323 | 2,448 | 2,559 | 2,643 | 2.738 | 2,945
CAPIESSWAY | less ﬂ‘aglge:q“al | 1635 | 1,696 | 1,757 | 1,812 | 1,889 | 1,041 | 2,034 | 2,079 | 2,182 | 2,348 | 2,586
vl | 1,642 | 1,732 | 1,818 | 1,896 | 1,985 | 2,061 | 2,117 | 2,193 | 2,258 | 2,402 | 2,613

v2 | 1,569 | 1,638 | 1,682 | 1,720 | 1,755 | 1,813 | 1,852 | 1,886 | 1,932 | 2,018 | 2,102

dane or | .3 | 1451 | 1,505 | 1,545 | 1,597 | 1,638 | 1,673 | 1,712 | 1,763 | 1,801 | 1,853 | 1,938

more Iv4 | 1296 | 1,353 | 1,409 | 1,446 | 1488 | 1,521 | 1,548 | 1,578 | 1,611 | 1,693 | 1,748

Iv.5 | 1,099 | 1,140 | 1,172 | 1205 | 1243 | 1273 | 1298 | 1,320 | 1,352 | 1,402 | 1,462

multilane Iv6 | 800 | 827 | 853 | 879 | 902 | 931 | 949 | 962 | 983 | 1,013 | 1,053
roadway Iv. | 808 | 829 | 848 | 865 | 878 | 891 | 903 | 921 | 938 | 952 | 978
2 | 761 | 776 | 783 | 794 | 802 | 809 | 819 | 826 | 838 | 852 | 872

ingle Tane 3 | 708 | 719 | 728 | 736 | 742 | 750 | 758 | 763 | 769 | 779 | 798

v | 630 | 646 | 649 | 660 | 676 | 695 | 716 | 734 | 747 | 758 | 782

Iv.5 | 529 | 533 | 536 | 540 | 549 | 553 | 558 | S64 | 572 | 580 | 595

Iv6 | 391 | 308 | 408 | 416 | 422 | 427 | 434 | 439 | 445 | 454 | 462

ramp llane 1,006 | 1,036 | 1,058 | 1,083 | 1,108 | 1,145 | 1,169 | 1,193 | 1,208 | 1,235 | 1,302
AgFPaEF] Yo g 7E =R %Eﬁol A 190% 3= F5dhes e 71 AF #EE}— Tha
B Ao 7P77}% Ae é & Atk AEFYPAF] =)ol i A 2710l A - ¥ tig
e A AES bige R 835 47} 5Hi7A o)& Aoldke AT AHE Aok (Fernandez and

Nunes, 2012; Anderson et al. 2014 2Q1&-S AQAL) AT, H o] Aol 23}, PinJari et al.(2013)2] 73

29

T, 50%2] A A ArElA oF 1229, 100%°1A4 oF 18w Fxo] SFFH) Sk stglon, vave
o] 2A-&F FHORE 7HA T Tientrakool ef al(2011)9] AFAAE 100% V2V F3A o &350 &
FE 27302 oS S olFA ALFHAFY B I A3} g A 49 AYE, A
b RAY Aol o, Hu = A Sl tig AR F2e] Apolel Zldlsh=d], & A7 A,
AEFPapgolet FAHE Hae A E FAT AUEFe ASEA] "2l 7€ ATHT=
oft e =9 A3t vEeRd a 2 Agddh

AEFAF EUE S7F 2 CC1 FAIF Wl mE §FTVF HEe AYEN, AEER, BAA
2 BT A& 80% OWOM FEU7t 2A vehds Ae & 5 o (<Fg. 2> l&) 3AZ ol
g 80%5 AR 270 e d9or FEHE AL & F oH, IFICCI 0.1-03:0.5:0.7)
T2(CCL 09012l SHas7E SA ekt 342 1520 45, A 8% S7F 5o 4
Hho] ER1E 80%7F Aok Yehde= e & 5 Sk &, ALF3A E0E0] 100%Y Wl $F57F a3t
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Ak £olof w2 uE HEZ9

B 10002 B EYEo] 0% A=Y W 509 EI7E LR UeA) 508 vhelA) 20900 ofs) 2Ech
= Zolt), ARERY AolE EUE 80% o)A FUEA} 1 ofshe] EQE] Hs) Atk T 4
slovt d& Farol va) Suke T4 YeE Hol: o etk

F— .
Autonomous vehicle's pronortions Autonomous vehicle's proportions

a. expressway (2 or more lanes) b. urban expressway (2 or more lanes)

@Q @
S 5
= S
£ g
g g
2 =
Autonomous vehicle's proportions Autonomous vehicle's proportions
c. multi-lane roadway (lv. 1) d. single-lane roadway (v. 1)

<Fig. 2> Capacity changes (pcphpl) as to the autonomous vehicles’ proportions

3) M2 A =2 HEQFo §8A Hig}

nAd EF BXA Yehd =2 38 AT =0l o3 FHsl= 2 VDFO| SHRE
of AL M FU T2 HEYI T&A 44 o] gHh mAF Al%ﬂﬂolﬁsq ASE AANF 1L
Ere B4 wdo) £ 3 & VDFE 53 vhdsle o] v #xd FAASE BHe F F gloy B

ATAME AEFHA =] ANA GHE AFstshed ol 9T 5 s dFe] ¥HE T shu=
wate] ol2d AT A LS Hatith

VDF| Jej& ZA38= BPR (eq. [1D] o, B0 thal Befoll= 22 gs FAF Zolek= 74 L st
Aot

7= T,(1+alV/C)) (1)

o714,
T BBAR
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T, : free flow speed (WFFFe] A8 gt 0 dufje] T8 &=

V. asy
C: €% (=T HYLHF x A=2F)
o, sehulE

VDFE 53 §FsHasts 7 /M= 78k AH4d §F U &3 (o) = S71E 52
(s—s) W] ] &3z FEH AT (<Fg 3> F2). a—ad T §FSHE £ A7 vAA
TH BA Ael Zo] AgFYPAFe] AEHQ £E Gl & OE s /T F Y Aol s
HFe] AL AeFYAFo] B2 VEY I FIHHCE folHol TR A vl H ve &+ 9l

< W a,39 28& F3l olFoE 5 stk

time
5
;
F
4
& L
-
L4 -
& -
& -
-~
F
e +F
- -
o« -
_______________ sEE"
ag—» 3
traffic

<Fig. 3> Two ways of capacity improvement depicted on the BPR

2 d7dA e %Y e a—d'd ASFIALF] BEA] AFFYoE AHHE FEU
< 1ste Aotk Aol ASFYAGFY] EEAA =2 £ o] 82 A =2 UEH A AF & o
o oz A A WEEY o WA BAH o,89 2HE FHls—s WFY WEE T
Ao, ojRt Azl IEERS} ZL A4 ERAM ddE B tiREe E2E 7% wAEE £

El

3 AR E2oA = 2 A7t fle AR BEEY| fEolt.

ANA BN R VESTS TF H&H AL FA4as £2EW FF 1) 27 AE 7}
Aot o] Rtk =2 YEAtte A olFFRY Tl FdFaE AN TIPS H4 )t
Ae ZA2AYS B BHAd Sgdlele 7184 PP (Wardrop, 19528] AI1YH; User Equilibrium
(UE) - o]&2 #3)E wtgste] TPMAS Tt HH o522 AA =2 ELAE 78 4 &
2 939 2 o848, % &% ol B4 4R FAFL 2L 5 oV Ak ¥ ATAE oF 93
KTDBOA Al &dhs Ao A& Fdd =2 HEIAS 7] - T4 FhFe ol &atlon, ol8 Egd &
84 % 7l class 2 R3] obdlst 2 UES] AT FAAL AASATE A&FAA) B0
3 thEns THoz] M o8 2 o]§ TP TV & F & o, B dAFodAE o|HT &
& Wstes uHekA edskth F oclass 1HO] #¥ Aol tid A 2L O eq 213 2T =EW) S
FA(Ne) AFOR FHR VEND o= (NA) oA, BE A7 FAALS © o4 22D 4 gl
FHiE Tt #Zol xdHEH

N

o o

Vol.17 No.5(2018. 10) The Journal of The Korea Institute of Intelligent Transport Systems 23



ReFdity Tod e DS HES S

__rs,m
Cx

f]rcs,m (Czs,m

o= = 0

)=0 VEEp™"™ Vrs€ERS, VmEM
VEEP™S™ VrsERS, VmEM

7] A,
RS : 7] -

TS,M .

p
frs,m .
X .

he)
oon
o <

m

=

ﬁ
5
Il

of
-

il
©

op

of
o
e

2

A

Hs) 2 2& & Atk (9] W
Skn/hol Aol &= =}, 3km/h ~ Skn/he) 5321 1kn/h ~ 3kn/he)
EFYPAF EYECl 7028 WE (LEF) =Hdat FHH R ¢
28l AA 2 o7 AeFsst A <Table 5>9 2r) AH&F 19
T FRHOE A 2ulo] Ji7he AL & £ Stk

L
L

o

: EE FIEE 08 §%95Y 839 3
& = AUt <Fig. 4>¢]
TEE NAERE ARSI AR Mg F9AS £

178 =259 o
el
=

PEX)

RS S S

g Aol

A=
TEE

A&7} B Z2o

30% of the autonomous vehicles

70% of the

<Fig. 4> Network wide representation of the autonomous vehicles’ penetration effects

autonomous vehicles

24 OrFTSYR|=EN|

177, H52(2018H 108)



Ae2rdaer oo ne 1s UESL I

<Table 6> Reduced Travel Time Under Different Scenarios unit : vehicle - mins./day
0% autonomous vehicle 30% autonomous vehicle 70% autonomous vehicle
total travel time total travel time | total reduction | total travel time | total reduction
time cost 468,737,688 446,200,938 22,536,749 426,720,754 42,016,933

olfg MNAEHNE tS AAstA AHE7] fa) SAWPAAE nRoE HAA =2 ik v/iC
(volume/capacity) & AH8 3 §, o] & 3 71& A7 23 Ko er al.2017)3 WIS <Fig. 5>= 71& 4
TR VIC £E HIRZAARE tfFEe] Exto] Ak A0 R o553 7|E A7 AHe} B Aot Ay
< s 74017} AeS & F Jrh ]5‘- AFAIE= V/C 7} LOS (Level Of Service) A 3-8 B =29 39

of vl & A7 A= oF 15% o] FA (VIC =0.6)004 Efoly wE 7o &

% WOHXV] Az AlE Ao 2 dZEATE Ko er al(2017)9] 7%, A&FHAFY EYOE Q%
AU £F57P1 o 3u7tA] ol & Aolghs dES vl o ® BAFEe] 7 w2 A 2T oF 1.9
i) &FF7HE uRoEd B A7 A vlg oE VIC BEE Hole Z10E AGHT Ko e
al.2017)9] A7+ EFS7el el 2 A9 HIAH mAH A dig AR5 ZAZE 7] Eoe Tt
AATNE HE3%7] fEo s Aadnh 9 dds BE o|8§AE0| A5t ARHYE &
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