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ABSTRACT

Traffic congestion occurs from drivers’ human factors such as driver reaction time, reckless lane
change, and inexperienced driving. When Automated Vehicles are introduced, human factors are
excluded, resulting in increased average vehicle speed, stabilizing traffic flow, and increasing road
capacity. This study analyzed traffic flow changes through traffic volume-speed-density plots, and
increased road capacity due to Automated Vehicles.

As a result of the analysis, when rate of automated vehicles gests higher, the traffic flow
became stable. Additionally, it was analyzed that when all vehicles were automated, the road
capacity increased by about 120 %. It is expected that there will be a positive expectation in terms
of traffic congestion and traffic demand management due to the introduction of Automated
Vehicles.

Key words : Automated Vehicles, Agent Based Model, Traffic Flow, Road Capacity
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g dHgRloR Qs BT AeFPAEAe dAY AMNA T AL AFAREE FrAske] FHe
S 7A 7]EY AFFAA ATERS oplste TEAQ Ul djaE F s How Jud

mEhA B AT AT B9 Hde W 255 E0] Meke £45t] AeFdAsAe] uF
R N EAE ARSI AlEdCId £4 & Fdste] AeFHAEAe] Eded BE wFFEE, 2
EEE, SE0FFe ¥ IYZE T wFTEE W =28F S E9E A=Y

Zoz At £ A 2 =28 O a9} AAZH] wEFe &5 H
7] HEH /\lgﬂﬂom £49& Y3190 AeFPAFA] EAES 0%, 50%, 100% 2 T35+
ZF Y TE £ AutAe nESE W3
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[e)
5 ikl o 28 S0 A34E 45}
1823 (Agent Based Model)oll 23} Holde A& 01 £ Netlogo 6.0.1%
o]-83F3th. Netlogor= 101714k AlEH o] E2A, FAA|NIR G A3} Holla, Hlud & Ao
25 73 9o gokdt £4 FES F B WA s ol &olatd %%o}ﬂl L=
ANEGolA B 432 A &2}, =2k M2as AEetda, AsFAFAe] £
& 0%, 50%, 100%¥ " E5E st @ E2&F S £ B4

qu. wARoz B9

1. AEFLXSA2 F

= 2t ﬂ A2z ool 2 ALFPAFA WA B A4 2F glo] AsAr 2x

2 2ol 7t5d AsAE G ASAHYY A2z 2015.08.11. 7HA).

AEFHPATAE LA F(FAD, EED), T A fi-el wEl NHTSA(National Highway
Traffic Safety Administration)= 0~42] 5THA|, SAE(Society of Automation Engineers)= 0~52] 6@AZ F&331
AUtk SAE 7]ECoE Ao uf, 0tAl= A&7zl 8HA &2 gt AFAE onlEtH, 1-28AE
CHAAE A te R AT AR A dF 83t HoAUE e FEolA A HoluA 4=
SAlolt}. 34Tl = 5 AFHA AE&Fdo] Thed FHE SAATE SR AT Aol A &3 T
S AFEA T £ JE DAt sHAE & AT o] et FHE F2719F 22 Driverless Car, =
2 Unmanned Car«] FEHE orlgit

A T 71E AL BRE SAEV|E 23Wg L & F Qong B AF xd 23S J|Few
A5 B 5& AAste 2455
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2. XI2FAXISAH 2hH MAAHT

2ol S0} A2FYABAG BAY ATIF FFAAOU GhREo] W AT BAB AFo|H, 1 9|
Bopl A B4, A7 Fo| Bopl F5 o] R Ytk WE HopolH Bl B3 ge FoAQ o
T BA gk ALFRAEA EU0R A% NEEE U WEERL AUTHE ABHClH 24 B

A% ATE HFE HAESATH

Vander werf et al.(2003)2 &FH-<F BERE7F E2A8ts AEF 1.6km 13204 9] A-&FYA5342 =4
95 HESNY. ASFIPAFA= ACC(Adaptive Cruise Control)2F CACC(Cooperative Adaptive Cruise
Control) 7159 7N B35 HES AT

Van Arem et al.(2006)2 4220l 4] 3322 WA == HETA, CACC 7%50] A2 A-&FPA 54}
7} 718 AEFo EUENS wo a9E HESNTY. B4 A9 AL&FYPAFA] EUE 40% oI5l =
BHFYEE7}E 2388 Tas AR, EYE 60% oA e BaTAEETE ST 24 AAE EEF
Foa=g

Kesting et al.(2007)3} Kesting et al.(2008)-2> £ <d-tollA] &-8-3 IDM((Intelligent Driver Model)¥ MOBIL
(Minimizing Overall Braking Induced by Lane change)s €83 AT 2A £ A7 A74 A7zt & + 3
t}. Kesting et al.(2008)2 1712 &FH7} &A= 94F 10km 332 Il A AF&FPAF 22| ACC 7]
SO Q% wEEE /A BFE AT

Armaout et al.(2010)7 Amaout et al.2014)= FHA7|RFEE 7 NetlogoE ©]-83t] A-&FPA4-5ake] 3
M &5 HES ATolt)h Amaout et al.2010)> A&F 255m 122 P A A-&FHAF3 10 =9

0% A% BRFVEE M ENE BANAT ALFVAER 10BE YT AFTR] Yt 5
2

O AP Aelth, Amaout et al.2014)E ©]F HHAIA A&F 6km 422 FHAAM 2 A-EFPA5
2k R EHE B SEAE FUI8EY AF FES SN, 5 HT EY & e AP ATAt
o] =lanE AESNY BoA R4S Ao AeFAE Tdadrt 24 Jebgth

= =

Shladover et al.(2012)2 7]1& R EFo| ACC CACC 7I%5°] A&H o] =] =YL u == &3F WA
35 BAsgon, AEHoH EZ vlA|, vl AEH oA & AIMSUNS o] &3ttt ACCE <lgh 7)4
B3 T2 $e Aoz BAFEQ o, CACCY EJEFE EY&0] old4E =2 8o ¢ A Fu
=of, A °F 4000veh/n/10-2 71E WFFAA oF 28] F7lsteE Ao EAHA

Ma et al.2012)= 122 A&FolA CACC7|&0] A8H ATz 100% EQE NS
EAsith Pty S d8sidon 24 A AT P57 TUHAS w HFFY
TValeE Ao w BAET

Park et al.2015)& A&F 432 7| BFAA A&FYPAE3 &0l U2 15 E, UE, &

a3t

=7}

P Lo

ofN

3}

b
il

FAA7INREG S L&sto] BASIAT AEFRAEA Y&l BE AdaRE BAT 2, 2ert
ETE AEFPAFA] NAEA7T O FA EAE AT Kesting et al.(2008)0 4] 2-8-3F IDM, MOBIL =

92 BE300 AR R NetogoF ©| 8319tk 53 4257454 Y& 092w, A&l
H 75 B FAR Q4T S2O) 44 REFS Agsel AR BASG ¥4 A3t A58
[e]

PaFPEEe} FARE A9E =E5FozHN, B AFoA &85E= IDM, MOBIL 233 NetlogoS 83
AEHOIA 24 WHO AFAEE E2l ATt
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10km/h, 7F5EE 40
A% 37 VA B8k AHe3tE
ZE O] nngntEAs 08 AL g 84 H}i—ﬂﬂ T2 75-85%E A5 ﬁ%‘é}z
Ao B, £¥IEAE 85%<] 068, M9t HFSAEAE 75%< 0622 283
AEFYAEAEY] JAAZAIZEE 01525 A 838tith AE&FP A2 AR 2y A ghGAIZ ol 2}
© MEo= 5] oA gk Ao JAAREGAIZICE FH3IF o, A2 FAAAAIZ 71t BAIA|
AAIREE o]iTh & ZO=E o Fa 9o}, 7]E APATFdA 0.1-05%F HE3ta gloH, S 1
Hale] vz o UA WrEEIATHLee et al, 2015; Park et al., 2015; Vander Werf, J. et al., 2003; Van
Arem, B. et al., 2006; Kesting, A. et al., 2008)
kAR AEe] QJIAREGAIZES 1525 A &3ttt 5] E2&3FHF FolAE 2525
o)

=
AAA T ALstaL glou, o) dHE sl BlawF] off A AAHNGL & 5 ok &
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T 7l
29| JAANFSAIZ ] B ATE Fsle] 1.5+0.1%F 443} THOlson and Sivak, 1996; Broen and Chiang,
1996; Green, 2000; Fambro et al., 2007).

AAEE, 7HEE, AANEGAIRE 59 A5A 718 542 FEstd <Table 1>3 2t
(Table 1) Variables of Vehicles
non Automated Vehicle
Description Automated Vehicle
Car Small Truck Bus & Heavy Truck
Desired Speed (km/h) 100 100£10 100£10 100£10
Maximum Acceleration (m/s2) - 22+0.1 1.840.1 1.640.1
PILE.V(s)) 0.15 1.5+0.1 1.5£0.1 1.5£0.1
Coefficient of Sliding Friction - 0.8 0.68 0.6
Size (m) - 5 6 10
Platoon Spacing (m) 6 - - -

1) Perception-Identification-Emotion-Volition
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Kesting et al.(2008)°lA] &-8-3 IDM(Intelligent Driver Model)S Z-8-3te] 253} e) EAS HAH3Y
IDM2 7EAEEe] QIAREGAIZIF 7h&E s wat EH g AAR S fA8H T3S F AES 44"
Fo g, HlwA vt AA 27 5% FARE FHE BAdte Aol vk T3 AHEF3
o} %HP AEA7E EAEHOE WEFE WFOE sta QIoBE JANEAIZIY Ao]lg & HoE 5 3l
= B30l

o IDM2 (1) & o] EFHATh

|

—max

where,

v: FHNLEE (m/s?)

a: A A A= (m/s”)
v—max : AAEE (km/h)

s : A (m)

s (v, Av) : FHaFAAZ] (m)

A7IM 5" (v v) HadRAYE 49 2ol Sl Z2AATIE HEAPAAMNAE A8t

Deditd = 2
=dtd, =55 29 + f(3.6)2 @

dy : TEAIREEke] = A 2] (m)

g: FA7MEE (9.8m/s?)

[ 3RV vEAE

k2 fAel gk e E4J-> MOBIL(Minimizing Overall Braking Induced by Lane change)S &-8-8}%Th.
MOBILS & Ao FRHEECHEE)7E F3H L, FH A7 (YA, W4T 5o A=A e A8 9
£ A wD vesel ATUAS ASHE nFolnh FUAFS THNE AT I YA 5L 5
AT A} dAEA] AolE & 4 UTHKesting et al., 2007).

4, ARE WAT ol F, HAT AR FY AP AEEs YAGEEE HE 7 ok ARWAL
Z Q& F AFo]l FASH st AL AT elAoln] 43)H 2o & ATANE YAdEE
& 2T Al L 15m/s"E A&
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a’~n, = 7bsn,f€ (3)

—b_ . AAREE (—1.5m/s?)

safe

MOBIL 3 ZHe] §@d2 udfste] 7H&d 5 Q& wo] AW E A=shs Rtk A2 W3S
st Al sk bz ef oF AbeFke] AFARIE HRENS W) $AHOR ARWA S AL, of W AA A
2o FYAFI AR WAS NEshe AR $Y Ao} TMEES st AR WA AH I o]
g Ao 2@} 2t

Ttﬂ A HAR(p)E ARAEe AR W T g vt aEfsherke dAshs AERA, 4

FYAFAE TAAES |, IWAFE 052 24 o};";lﬂr &, AEFAAEAE Bk o F0 A 3
Eﬂlo}@l AR WAE NEGThs AL Afrdh E8ATIAR (A, ) ol A= F&oA A2 WAL
ARsH=7tE st 7IEo R ASFHAEAT 1o/, AWAEFE 05m/s* 2 A AT

a—a+pla,~a, +a,—a) > A, @
where,
a,: 71EAZF ()9 M E(m/s”)
a, : EEAT FPAE(n) o] 7HEE (m/s7)
a, : AAAE F22ZE(0) o] 7HE = (m/s”)
a, : AR T NFEAH(e) 2 7HEE (m/s?)
o AR, B EAE FAAE ()9 T (/)
a, : AR WA T, N EAR T YA (0) 9 7= (m/s?)
p: THAFRHARE (0~1)

Aa,, : AEHEAAZ (0~ 1m/s?)

ot i}iﬂd%‘—% NEIEE stgom, o]% 1(5)54 2ol ¥3 % - on:}
ey ®

where,

s 0 A, FRAFI 7)1 EARRE] 2 2 (m)

D: 71EA ) H 24 A XA (m)
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3. AIEd0|d 75 & AlL2l2 4F

33

AEHE THE BT REG HAF Holglt Aol EH oA F Netlogo 60,1 ol
=4, 59 B8 54 5& W2 44 Fvlen o

T} Netlogow Aoi7]uke] AlEdo]ld E2A, A&
7VesithE Aol Uk

AL & F A= AT, AA T2ZAF S S5 $83 W, AYsERL UPdsER
2 I5H HARAF A 2H (TMS, http:/fwww.road.re.kr)2] 201613 A ZAF
< HIEE FHtete] Hg3t9) ke AEE B8-S <Table 2>9F Zth

(Table 2) Permanent Traffic Volume Survey in Freeway

Description AADT Car Bus Small Truck Heavy Truck
Traffic Volume (veh/h/l) 68,872 41,738 2,047 21,747 3,341
Percentage (%) 100 60.6 3 31.6 49

A TMS(ZL 5% JEAF A28 http://www.road.re.kr

HEAL 3ANEE T2 o SIES UL, OHE AT AR AT T A
AT AEF A& SERNAT AEHE Ao] SBE BE HF
A5 EE st

A& 6§Z}EXH TUEE 0, 50, 100(%) 7‘4%3@4 A& Z?‘SM}E?}Q] el e nEFEE-EE H
o

Sohs ARE = H85HA|
EdEol wet AEFd el

WEFRE i}%*" *@H/\lﬂ—t— AL, Aol A Az}
Mozt & & ok et wEFE 700veh/h 7|ELZEFFAIZE 5s/veh) 5% O] FHE 90x
He 0124 245ty AFS YPAAAT. AlE A ol AE F 2,400veh/h/l (9,600veh/h) ©17¢
= AT A5, A8 A-AA AATE o] AHA A HA st A=A EE IDM, MOBIL E&ol &7
7 B 5 Stk wEbA 2,400veh/h/l (1.55/veh)7HAIRY STVt =S Akl

WNEFZO] 700ven/h/1NA 2,400ven/h/I17FA S7Vsl=E] AlEH A A 5640 28R welA AlEY 0]
AL oF INTE B st o Ao AIEE FEAT17] Al 103 o) RHE Faskith
H AlEdold B A AE&FAATAFe] EYEol et nEF-UE, U545, S50
5 IY2E =239t AR E T ZE uig o R AEFYPAFA £ ol e 35
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AEFYAFA TS 092 e RS ALFYAFA SUOE AT WESE WIS Yohis] AP
FZol Hvf, £ QTN B8 ABdoIHO] AA WEFE Arht FAA THL QA HolFe
o,

<Fig. 1> A&FYPAEA] EYE 0% W, UE-£5, aFF-UE, £5-05F B 47485 2%
aEE a8, 24 AAEe YARE(K,,) AWLE(E), IAEE®w,,), AREE(u)E T8 7€ 2
338 BofiA AF E-85= 22 Greeshield, Greenberg, Underwood, northwestern University &8 A4
< UK Jgzo|nh vud 83 RPEL 7E wEFY FoplA AT E8E e BFo|BE, A%
23 gk 42 A3k

120 1 120 1 yh

100 e, 100
e

L Y ‘.':.://"{I;

80 d:24 v:749 q:1798 80 -

60 4 60 4

40 4 40 4

veh/km veh/h

70 80 S0 o 500 1000 1500 2000

2000

1500 -

1000

500 4 o

TUE 0%1A 9 HUE-EE FAE 7|29 WEF EFH o A= AR
Greenshield =83} Northwestern University 2. 80| 714 §AE FeE|& Kol itk
<Table 3> &4 23 YALE, YAEE, s 5 FT Aol
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AgFdrtsit T2 st nEsSE sl 24
(Table 3) Results of rate of Automated Vehicle 0%
Maximum Traffic Volume (Max Capacity) 1,796 wveh/h/l
Optimum Density 24 wveh/km/l
Optimum Speed 749 km/h
Jam (Congested) Density 72 wveh/km/l
4 A3 U 1lveh/bn/UAE ATas® AHE B=d e FPEE7F T4 asHA] etk o
ARE k2 24veh/km/IZA, YABEAAY] JAEE o, & 749km/nol2l o] w Hol ZEFFL 1,796
veh/km/IT}. ol & E2 &% JHE ov]git %‘ ARE o]F &xo} wiggFo] 7Aashy] Azt Hi(&
EE k= T2veh/km/10]TH
2. EQE 50% =M At
A&FYAEZE EQYE 50%904 9] BEF-UE-&5 BA B A= <Fig. 2>, <Table 4>} 2Th
120 9 o0 120 )y
100 fooq,, 100 o e gy,
3 28300 44,.
Sy,
80 80
60 60
d:72 v:324 q!233513
20
| vahfl(m- Bk )
80 9‘0 0 500 1000 1500 2000

40 1

20

3000

2500 -

20 30 40 50 60 70

veh/h

2500 3000

veh/h

2000
1500 4
veh/km
60 70 80 90

500
.
30 40

|16

H62(20174 128

1000
o s
(Fig. 2> Traffic volume - Speed - Density relationship in rate of Automated Vehicles 0%
o,
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REFARISH TYUOR 917

(Table 4) Results of rate of Automated Vehicle 50%

Maximum Traffic Volume (Max Capacity) 2,517 wveh/h/l
Maximum Traffic Volume (Jam) 2,335 weh/h/l
Optimum Density 37 wveh/km/l
Optimum Speed 68.0 km/h
Jam Density 72 wveh/km/l

TUE 0%Y et vwstd AtxEe] £5 Fo] Fopx wFFI/ AH R s Hu Y5S & F
ATt =S ANDETt T2veh/km/I 2 AETPAEAH = A3 vwds W oF 2veh/km/l F7FFATH

48 50%NA e YALEE 3Tveh/km/l, DASEE 68km/h0l1, HNUFHEZ L)L 2,517veh/h/l

o A&FPAsA =Y A thrlst] =285F0] oF 40% BE FUtstAh AAAQ] nEsR{ s8> ¢
AUE o]Z wEdo] 743t DX 45veh/km/loA THA] 718k FAE Belt UErt H& 243
3 Aol e BE Aol RIMEHA 73tES slok stn, A=A A AA wEFe 9% =S F F A
o AEFYPAEAE AANEAZEO] Frol, 7SO R QI E4o] Ao E A Eg A&FPAFAt
v 7 AFE o 18t AZWRAE S NESFESE AU RE 45 g =3 Ha, wJFHE & A
T AEUA S AL ANESHA @A FoEA oy Ayt YEehd Ao g FHHTH

AEF YT EUE 50% w4 A HHFAEE S 2 E28F T A s JEbs
th 71E e RolAe dARE olF Wert Vet wet wE o] Ao, AESFRAEA EUE
so%oﬂﬁ% A7) w9 TR AE DS d50eh/kbm/l O1FE wFE o] T Z7lete FAE BHYo2A =
Ag &3 Ao AgFqAsate] £ Ad 23 o aga E 5 o

AEFPAEAE EAE 1002 € W, BFFEE-E£5 B4 A= <Table 5>, <Fig. 3> 2t

(Table 5) Results of rate of Automated Vehicle 100%

Maximum Traffic Volume (Max Capacity) 1,772 wveh/h/l
Maximum Traffic Volume (Jam) 3,956 weh/h/l
Optimum Density 19 weh/km/l
Optimum Speed 534 km/h
Jam Density 74 wveh/km/l

FAYAEA EUE 0% 50%% WE V=Tt FAELE RFFE L PALEANA =28
Ci Mam 53, QALE ol F wBFo] frasht 23 A FEE Hstn Aok 1Y ALFAEA
e 100%°ML pAsty —7}@#% LEFE F7he] YARES 2 JJEH(ZUJ)“AW} He, Ard=
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120  km/h 120 4 km/h
100 2 5 5 100
l.,“",_._.h"'"d 19 v:983 q:1772 l.,,‘",,”,'"”’/
I %
| Vorryg,
'
80 |I|l|||l " 80 é
il-m""'
[
60 ' : . ; |
CTPRCELRL L q:3956
40 40
20 20
veh/km veh/h
0 r T T 0

0 10 20 30 40 50 60 70 80 90 [1] 500 1000 1500 2000 2500 3000 3500 4000 4500

4500 - veh/h
4000

3500

3000 -

2500 4

2000

1500 f

1000 0

Pl veh/km

(Fig. 3> Traffic Volume - Speed - Density relationship in rate of Automated Vehicles 0%

U 19veh/km/IMA & AR EF ol 7I7he 155 ES Bolw, At WX Tdveh/km/l, ©1W2] 1L
22 3956vch/h/IZ 311'41’75%* 9 =287 AdHolth olwje] FFFAEEE 53.4km/hoIT]

AL&FP AT EUL0] 100%7F HH wE5E0] w3y T28Fo] IA FuEHE dﬁ
BEAGAY A2FP A5 EUE 092 ot viugde u, S28%FS oF 221 A% V1A, ¥
PEEE v 3 dHe & 5 A Oveh/km/lo| A F 20 o]/ F7}atHTh.

AT Y AT AAREEAITb] #a 15 EES Astshe QlFalkle] glom, VMt HEsE HA
slate] TRFAE] wiel AUESY S EF FHANNE BATEEETE A AR ge AS=E
HoEh

rr
i}
LI
D

4. ~ A

AEFYAFA] EYE 0%, 0%, 100%) 4 TEEE Wi wE
A3 Yol B2 AL, YALE, AUNTEFE <Table 6>0.2 Hel5ea, DE4E
U, SENEFe AEE IUE WSE <Fig 49 o] Fesanh

il

ot
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)
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(Table 6) Results by rate of Automated Vehicles

29d& YALE JAESE A u 5%
(%) (veh/km) (km/h) (veh/h)
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