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ABSTRACT

Autonomous Vehicles(AV) are considered as an alternative to solve various social problems.
Many researches which are related to developing technologies and AV operations have been
conducted vastly and on-going. However, there seem to be little studies on various influences of Al
algorithm on driving installed in AV. This study aims to examine the impacts of the ethical
decisions made by Utilitarianism-based AI in AV when the oncoming car crossed over the central
line. It establishes scenarios about situation of encroaching a central line and analyzes traffic impacts
of ethical decision made by AV. According to the results of the analyses, as th accident occurs,
overall speed of traffic decrease. There is a negative impact on the traffic flow when AV made an
Utilitarian-based ethical decision by changing the lane. However, when AV choose to collide
head-on, there is a positive effect to relieve traffic flow with an assistance of CACC, equipped.
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1. 2

A TSk %% SAtaLe] of 90% ol S wxAre & MAstaL glom, ofd we} WAs=
AR EI G Rt Al RAlE siAsh] AR T=SA] e = AN ole el ARFdAEe] o
FHIL ATHLee, 2016). W AAH o= AeFPAF AdE 7€ NE 2 FF 24 T I A7 Al
P& B et thd =7t ALHL Atk ASFYApFol] ek BAlo] oA HA ApFe] Lol w
gt B ¢ Qe &893 dde] Bag A tE 27t AL o =3 AeFYAge] 24 &
Al i =07t AZ)H I gloy AT g BAE ¥ dadFel wE +¥ Y

A&FYAFE QRHOT LAt A LAt FPHAS W Hrh B BEADE] %2 2

O AqFHA oy AT 7E AL ZAZE obd zhel| ojs FAH Y] wiZell el thal

BAE AL ok ALFYAFe] LYo mE EAlE AR ASFYAF] FY
0 Ué?ﬁ& HA oAF-E BEL 9l At BAR Ao MA A BA, AR tdsta BT &
24 ek Saf AbaL tSrale] SHEE ARl ofshs Aol AeFAAT 2 A v FA
< 5 7 AU A FEA AR =2 Aok ARA R AAH Al ALY B, ofud A
g2 sitEts Aol gt Fdd 4 = &4 71Ee] 9o ol AEFAAFY AR F
doil sgEnh WetA B Aol FoI 2l AR £ F feld Aol dadh S0 4ol
A& AveleF dAstd, Agdeld A9E iR A&FAAFe] Ao BE AL 2 T 4R &
g FFE FAst A Aok

O:

TolAe B8 B2 RN T &8 AEE FeE s, Y Hed 22 3

£ Ayl e & AAste] Algdolde ol AeFHAT £l oA A
FE =2stud stk A AR ASFPAFe] Aook A AT =9l dEd
TG B AT o2l YA 7|HEF (Agent-based Model)T EH-gEe} AHH
% L HAR B ATl A8E ASFYPAFY SAS AAsen, 27
S HAAETE o5 EUE A /NS A& AEHold L FEHUoH, AE
& NetLogo 53.1.& ©]&3to] 7530t vpAte 2 Aue el AlEgdolds Fall T4 A
W gAY AgFPATAe ddd EPol mE JFE =EAAUT

I.o]24 1%

1. XI23eRIZH Autonomous Vehicle, AV)
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2222 go] 7bed AsAE ondtta Fod F At &, &AL 4 AHH R YA

SAY] FAANA A 222 LFsE AFS | H|FTHIm et al., 2016). AEFHAFAF] =Y

A= 21154 3, aleAa A7, S X 5 AR H R Tefg Bt A e S et s

ZAOE A= 9 th(Lee, 2014). 2013 W] =9] =25 QHd 4 (National Highway Traffic Safety Administration,

NHTSA)OI A &= A&FF 22 AL 550 5t AEFPAF] AFLPS 93 7holseels WaEsgl
on, A3} 7|& FEd et 0-4DARE AHFS A0S HTHCho and Moon, 2014).

rlo &8 b

2) M3oi7 nzt

Childress et al.2015)¢] ATFolA = AE&FPAF T e wF UES I TR nlx= 3ol
3l EA3k3ATh Activity-based model S ETHE &% %q} B3 A7+ 18, FA9 A7 5 139 4719
AUE 2E T53tY Seatle AYS tFoZ A& Lo 2 JFS =&3taA ek AL+
gatFo] EQEHAS wl, (Yo =2 &3 T do| 4EHI 24VF: A AL e Ao E YE
Wk Lee et al.2015)9] A7ollA = A&7 =90 3 & NS Aol 7P oH, ol&
BA387] flste] @A dEF SR S A4S HAst Lo mE aRE EAEATE v4 A,
AgFYPApgo] EXF o] ¢ w) AA wFF| HAEEI} SUFetL £ M9 A} e =&
AT} Park et al.(2015)¢] AFollAE A&FPAF Yol BE 1EERE 7R 71| wEF WIE £4%
7] gk, AR dA 7R ARIEER PN (A STG-AZI0) 718 F1He JEFS

Ak AT A, A aFEe] R1 EFo] BESF ALFIRT =Y
S2HE 02 Ugon AeFae =

2. Xl 7|8 BE(Agent-based Model)
1) SQIX} 7|8 2 O|F(ABM)

wz} 7Rk Ry Zhze] Poite] YIS YA FH HFEE AR FESH] TR 54
gk, 2t FAAE] el i mA ARl BEJA AEHAS B FFHOE ANARJ] @S
00}‘ myolth /NE PAe} FuAgete S 71RA FHLALR TR A2ES FA8E A,
A B A W 1] FaAgel e AxEHe nﬂiﬁ}% AlEdeldE Skl FEATHYang and Kim,
2012). 91k A el gk F2AJA HZo] Theeta, 4 WellA Azt f9jel i JAEH S
W < Qlol Ztzkel el tigk WAA d R }%'8}04 ThFg Hofe] AFox EEEI 9tk
(Gilbert, 2008).

NetLogot= Multi-Agent Al E# o)A ZTZysio ) Bd 2t 9 A3 dAte] Fao] 7bssin, 7429
F A}t Pt 7t B A5 Aol thaf B 5 9tk T AL FA4E Logo AolS AHEEHT,
ATAE dats A wet mde 7R F vk E=3 Azt gojtel Ui £4 2 BG4S AEH
2 ALY g 9ol ddhe A7 HFEE AL 5 lvhe o] ATh(Tisue and Wilensky, 2004).

il m[o

2) M

2

17 D

Arnaout et al.(2010)= A} 718F 23} NetLogoE &85t 14E=E 7oA Intelligent car’} 32
o] &3t ¢kt G35 EAstaA AT IntelliDrive 7]so] 289 A 2852 e 2pFe] Lo
wE G35 A3 A3 IntelliDrive 7]&0] 288 Aol &332 A4 B £27t S8k & ¢hst
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SIS A . Ma et al.(2012)9] ATl 4= CACC(Cooperative Adaptive Cruise Control) 7]&
d AE sl FHA 7IREY S 283 AFE APAh AT A, wF
= AH oA CACC 7|& A 8o uF AFo= g A 3FE TaAA

495 Mddthe 38A Tt dES EESATE Im et al(2015)9] A= AR 7]
etLogoS &-8-3}9] Personal MobilityPM)2] =0 M2 &S BT A+ A3 m2d 2

A4 ALF AN Quba o) PMe] EUEC] Fobdel wel mE Ex 980 ER} Uee =%

e o of

1) 2Xz2 ¥ 21 g2lB2

2R ael 223ste] et skl ﬁ?&% #e)% %%%—% e 243 ot B2 AAS
Eoiet ST Aol SV R IO ERSE Il
o e AA, S8&& 3 AskE &2l A dig ATee
b2 AL, EAE 2 el AAdoloht $94 T8 EE 9gel £elEolhe olZE AS
Ho Zzagmel zead 1evh 250 &84 o] dnh AR 2R AA Y] &gk orE A
g5t ol 23] X YA B & %%—g— AR o], 20| Qb o] AHAE /AL
AAE OE];H.\:E%;H z‘sgo T';:’__ a‘éL Z‘r 9)\1;].1 e Bgdo= M\:ﬂE z; O]U]'(Lin et al 2011)

L

i% geol g HIHE 282 &84 PAA EE*‘E FAYN JIFEHPAAE T AV A7}
aelo] Ao E A F Qdvh HEHS A H2, otk AW, 239 A2 § 3HRE
11]/\]5] UTh AEFA I 2ol A¥E EUE &4 #d 89S FgFote AL gvlsiy ZAE
% (Machine Learning)¥} o] 2 222 {83 24& F53IEE 3t AL d=2 § ¢ At 34 A
THE A =99 9A A et 2E&EE TS WHolth A HAIHAE A2Hes T
Y s g9 = &

—g— 1o o] ZR3, EHOE T AAE gt o REN AHH 18§ ERW &
o SUSE BEE S FHF, YA FH FED ol nEdY 2o 2UES B
Oh, 2016; Byeon and Song, 2015).

#2074 W9IE FLASE BNEH UHEE gREY podY FPFY 2YMS B U 9T
24 polde g0 AYAe BEzoRA A9l A%E AAST B9l 5I1E RIIzoRH B
Wt aedolth R fMe 4FHE T A g2 OR7) BAE A9 9T Be)Eol ¢
T ol o e dusiol iAo b AFe ANSA BT WA Ak oFRd e
N2 geFe fU8e sud AH) B 20 W9lo 571 AT WSlo A BEL ©
271202 DS feldolt o] A%, Hrjrkrel ArhyBela 14 ofel, threl AB-2 918 Al
o WEo] BAR 5 gt Aol Atk 2UA W9l FAA VA T GYHRE FHER ol 1k
Wezo) geHS B 5 Aok FehEe] feldel BEw AU A9 T4 L KWL 48T 5 flo]
She) Dol Sas oA doim sslck DA BT G WA1EE 4L 4 glo
O AR A% ES 4T 5 glks A7 Aok ol sEDuse) gelde B9le] BAe GHo|
oo Aol 22l B9 1% DA A S8 A B A FBH Gl Weyslo

AR o] ofHth= AZF AUthlLee, 2016).
B AT E P9EA S FEFo SEde VIve R AT

m{ru

AW, o P2y gl 7
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3, B BRIES AN QA W) W) 28 A HEsHe Role WA dkn By
oh FYFE tharel PRl mhet s o] uhs WAV} U3, BAH AT ABAE ANG 5
21e Zlole} Buskelct

Goodall(2014)2 A-&F3ateke] 3l we} LD < 9l

FoA el &8# Yo BRAS =strh. Al WEH, A&FPAg
E3 o) glon, 2= A AgFgxge BRe gz 3/\% 91 e
Z o= Aol dAVT v s 5 uEEE NEsr] 9IS el > ]
A o} Xz e 3aA HE L xﬂAlo}saowa SAA oz 7)ol wet FAH ok FThAL SF3AT
Kumfer et al.(2015)%] AolA s A&FPol] A2 & &e&e] H &0 &332 459 Ao I
< 245 Matlabe 283t Al APS st oH, APE AAet AL 5 ST
AT Al BEd FEFofE A85E ), } P AL AT sk AR YEgten o=zt
EFYaF] Vav 7)ol FEE Zloln AEH HolS 1 dthd FEFort Al gol & Zlojga
32T Bonnefon et al.(2016)¢] & T-ol A= X %Zéfsgi}%@] 214 deute] thgk AFE st HERAE
E3) x}%;zgx}ak,] 271810 g AFEEe] WS ZASIATE A ATt wEH 878
7] _,]/\go]-‘_ ol el 2 We JHAE ASE vehton, ARt Eljle] FEFol Al A-&Fd
A %’SP 7| AT AHE EEson ARl dEnpt AT skl
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3) 7|E Agtete| Y

HYATE AES 2o ASFPAFY Q0] BE FFE LUF DI AT 0F $obel JAA
W RYS BEE YT ABAIE ATV} A& FAUNAT ALFANF £8 BAG B
?_

ATE wF VYA Y2 BASIAT T £H BA DY Ao AEFBAFe g2 Bk m
2 od 9ue BAW EdE BEW ow sy
w}aw B AT e AeFATe] L4 A WA ThE B0 Ao B go}aa A Aastel, A8

53
4 Bl GE AeE AFARSH ALY TER 6

HI

A-IOl
apad

2 AT YA Rl wet A AFS FAAR AR o A A&FPATF It } o

2 FEY F QAT =9 A A8l wet AAE ASFAAY, NFATHAIL i 2=, A 87 Al

A& AL A Ths AFHE A 8 2 ‘}Ek)oi AEsHA T B4 732 7] G 4329 é =2

lkmTEo 2 AR on, nEF F3E ATy B M2 FFe A3 98t 1&EE AH]

22 FZLOSA/C/E I NEY OW_% APttt T4 g2 AN EYold H3l 52
o

A 3
ol WASES AHHRON Y 08 oIF TEF SEE LHI, oIt HAATE 2B
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H0
Ho

Al AL 50% ol/dol 10% %3, 30% ool =& F¥e] HErHEtks He neste] A F 158574
23 ThLee et al., 2012). ol 7] 58 Aol ALlstGon AEH ol 4 34+ LOS
2B 7hsd BE Aol 22 g AES 303 ol e F¥ste] A3E =Esen A
2 <Table 1>°]H LOS 7]¥2 <Table 2>9} 2T}

(Table 1) Modeling Summary

Classification Description
Environment Virtual Two-way Highway section (lkm, 4-lane)
Agents Autonomous Vehicle, Car(Non AV)
Analysis time 10 minutes After accident
Frequency Min. 30 times by LOS

(Table 2) Level of Service(25)

) Desired Speed(120kmph)
LOS Density Traffic Volume
(pepkmpl) vic
(pephpl)
A <6 < 700 < 030
B <10 < 1,150 < 050
C < 14 < 1,500 < 0.65
D < 18 < 1,900 < 083
E < 28 < 2,300 < 1.00
F > 28 - -

2. AUE|2 43

B Ao Aveles b Aol £ 3 FUANL AUT ASE el AeFAARe 4 BT
of e LEF £ BASLA Sk FAFA gelA Al gel A1 Hr) vt BEe A
T 5 ode

T H

FRE T A8t RS B 24 AAS ol wet T A 4R T A
=5t AT o AES AAsAT NetLogo el

A 5 AMNAM T AW AL A = RS Fdstgion, taol wet Auele s AAstith
FHaFel e o e e 7HFst] AYE s A E AAsiith A

o8 A7 Y F ARE Sk A ARk kA2 02 A3t
il = 2] gl it FEAE FEsA e
=0 =3 AT AL dnbatgel tinlste] A4 AAsATh =3
e TR FEAANY. AeFYAES W AT AATE HLAAAN ARG A2
2 = AESF s, g A & Ao Fsta e A
= AEF AT AuE e 19 B9, 8 T AeFYAGF] &
G B Zsho] At AR 8-S JPgsilen, Ayl e 29} 39 B9, 238 TR AeFAAF0
g 5 . =

B3 @ A FY AFL vwste] YA Webd FET AFL At A} BYHES 3
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Ak, HAALZ} FR3 FnB FPINE At UA S5 sgon ool td e <Fg 1>%
<Table 3>3 Zt}

Scenario 1 Scenario 2 Scenaric 3
pam:(=8m) @ 6m < x m <s *(v,Av) m @) 6m < x m <s *(V.Av) m @)
(@) @ @
(©) (€) (©)
[ J€) @ LW J©) @ J©) @
. |

(Fig. 1> Description of Scenario(Virtual Driving Environment)

(Table 3) Scenario Summary

Situation Scenario Description
Scenario 1 AV and non-AV(or AV) collide head-on. (If AV can not judge the situation)
Crash Scenario 2 AV and non-AV(or AV) collide head-on. (If AV judges @ is safer than (3)
Scenario 3 AV and non-AV(or AV) collide head-on. (If AV judges 3 is safer than ()
3. HIMK®E
TEATE Ae] Aol w2 AT S-S AL 4 Utk ¥ ATFIAE AT W Ao o) o
o REAT S AT 8L HESAT SHE AT 1S o) mul g7 AREAN e 4 % A
galRlon 4% Ao thgel Amt 2o
CAC = MC + CVL + OIF )

&]7] 4, CAC(Car Accident Costs): DAL W&,
MC(Medical Costs): 2|54,
CVL(Cost of Vehicle Loss): X}&#<=4n]&
OIE(Others Incidental Expense): 7]EFH] &
o= Ag £2319on, H8L WEAL SFHEE <Table 4>9F o] 42319 THLee and Shim, 1998).
WEALE QIS WFAFTe] fINE A FY F e EDAT A=F S0 ARE E4E st
7] 95t YA AW Alae] BE pEEAN LS YT nEEAN LS AEE) Fe J)E &
s EWE AF 3 B AR 7HA] BlES A8t on s AL B 4(2)9F ZtJo and Hwang,
2010; Lee et al., 2012; Byeon et al., 2009).

TGC = (TTAT— BTT) X (TVCV) x (TTV) x (DA) @)

&]7] A, TGC(Traffic Congestion Costs) : T-Itul BEFHH]-§
TTTA(Travel Time after Traffic Accident) : WAL TA & 73 53} A7H
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o7

BTT(Basic Travel Time) : 7|5
TVCV(Time Value Costs by Vehicle type) : X5
TTV(Through Traffic Volume) : 532 %,

DA(Delay time) : 2 EALT A HAAIZE

o2 Ag m2sgon, AW AL A gL 2 HPATE

o] A5} THMOLIT, 2009).

(Table 4) Accident Costs by Accident-class

B Az 7HA] vl

3#3}e] thE-9] <Table 5>9 2

Class MC CVL OIE CAC
Serious Injury(jerk=0) 1,399.6 419.0 1135.8 2,954.4
Minor Injury(jerk=1) 379.2 232.8 1777 789.7
Slight Injury(jerk=2) 214.9 163.0 75.5 4534
Note: a number in the ten thousands(won)
(Table 5) Time value Costs by Vehicle type
Class Car Bus Truck
Time Value Costs 14,587 65,493 12,492
Note: Won by hour
4. XAiE2FdxE E4
B AT AgFAR G %@x}%@gi}%@i ARSI, AAR AT ARG THE 2 P B
Axzgkel Flo] 7heste] HRE FHste] 239 TS =Y # %% CACC(Cooperative Adaptive
Cruise Control) 7] &< Z—iﬁ‘c‘?}‘}iﬁ}. F “LWHE 4 AE A A7 3 ALY E FHREE LHE

Ae 7% FF 53 (Platooning) 71& :
2 AFolMe it AF AeFhAtgel H8E 5 e
3 %o}i’i‘:} IDM2 2teFe] 3o whe} Ao
AEs ok Bl Aol Aol B AL

Q_
=
o

A7) A, v
Uyt
a: A 7HEE(my/s%)
v: T34 % (km/h)
s*(v, Av): APAFH HA P AT (m)
s APk 1A 2 (m)

4
ool At

24555232 IDM(Intelligent Driver Mode)
MAALE FAG H1 S =2 5

Z-TH(Treiber et al., 2000).

©)
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B ATNE HIEEE D0kphe AR A BAAN FANAZ Hestel ABHoNE 7=
STk BAAAL A EAge] FASEe daAe] FALE, we Azl vet 2T @t 2k

1}2

= = v . _—
D=dy+d, = o A PYE @)

o714, D: AAAAm)
t: BES-Al T (sec)
v: 712 FHE 5 (km/h)
v,: A2 F T34 = (kmyh)
g0 TH7HEE9.8m/s%)

[ uEEAS

2 dFdAE AFFFTEES IDMI §A 282 + U=F 1kE 2HAHA 23 Q1 MOBIL(Minimizing
Overall Braking Induces by Lane changing)< 483l ¢HA7|EE WEE Ao AdE WAE + =S
AASATE PRV ES A MAT A, FEAFO] 48] & Bavt gle Aol A WA o
T AEE FFAFY UEE 7} AR HEEE GA FEE AA AN 2(5)2 B THKesting et
al., 2007).

“~n = 7bsaf€ ®

—b,,p.0 YA E(sec)

APAAZE 20 MOBILS] A, 88 7|&3% 2o kg dFe nejst] AdwA AFE 243
oL 71% A AN WA B AU SRR A% Ao FANT ST MaE Al 4o
7HHE A=E viaste] 2 wAs 46 2ot

(;*ar+p<a~*an+r:n*ao) > Aay, 6)

A7NA, o 71EAT THEEm)s)
® A FYAG &)
D 71 EA ] AT T Em)s?)
A7 ol F AEAF] T4 Em)s?)
4

ot

FRAG Ay Ao grol S5 A WA A FH AFE s, 28 dARES A M of
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B R o] Ae4E F2 A =E AE MAS e A grdth

AEdold e A S4wapol] ek W82 <Table 7>3 ) A
T2 AEEE V|FoE St on, It X7F A g 7hEo] Thestd AT AL AL EE A7)
E5 AAsA Hd MR AT, 71E AddTdA 22 B FYEET A8as A
THKim and Lee, 2006). @A A&Ew &4 AAREGAIRE 252 A FAHHATL Ahate], AP
£ uFste] At A7F] AAREGAITH) S 1425 V|Fo2 AAstd o, A&FPAsatre] AA S
+& CACC 71€9] AA 2 olE 183l 0522 AAFATHJu et al, 2010; Jang et al., 2011; Lee et al.,
2001). Y18 wlEASF(HE Y98 B E VSR do] 082 83U THKESA, 2014). ©] €9 |
T AAUA ZFMOBIL) S ¥ #s A&ston, H%(a )0 e AlvEl 2o wet 238t A&
skt

(Table 6) Variable values of Vehicles

. . Variable values of Vehicle type
Variable Description -
Car Autonomous Vehicle
v, Desired speed(km/h) 110 =10 110
a Maximum acceleration(m/s?) 22 0.1 2.2 0.1
t Response time(sec) 1.4 +0.15 0.5
f Road-tire coefficient of sliding friction 0.8
~ bease Safe deceleration threshold value(m/s?) - 15
Platoon Platoon Spacing(m) - 6
P Politeness index 0.5 1
Aay, Lane change utility threshold value(my/s?) 0.5 1
Adn Jerk threshold value(m/s®) 0.0 1.0/ 2.0

=
Mo
1%
i
X

1. Usy 2o

1) LOS A =

2
2
>
i
o
to
ox
oot
2
R
o
B~
It
o
2 Mol

Mo B o
b o
N
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39] Aol 242 QA7 ATE Astel FYo] Brhahy) W
Fog at 202 vehg

(Table 7) Simulation Results of LOS A

Situation Lane aft. Smin aft. 10min aft. 15min
1,2 86.86 87.11 92.72
34 55.79 51.10 50.12
Scenario 1 3 66.31 56.72 53.06
4 55.78 60.36 62.95
Total 71.33 69.86 71.42
1,2 89.16 86.03 87.17
34 5521 48.83 50.13
LOS C Scenario 2 3 63.29 61.87 55.63
4 5571 59.72 63.67
Total 74.59 73.60 72.72
1,2 75.88 86.13 88.02
34 47.06 45.43 44.94
Scenario 3 3 51.53 4593 4428
4 39.78 44.07 44.17
Total 5793 53.99 57.39

Note: Average speed of lane(s), Time mean speed(km/h)

Scenario 1 Scenario 2 Scenario 3

o Total
- o—Lane 12
Lane 34

Lane 3

Average Speed(km/h)
Average Speed(km/h)
g
Average Speed(km/h)
8

Lane 4

aft Smin. aft 10min. aft 15min. aft Smin. aft 10min. aft 15min. aft Smin. aft 10min aft 15min.

(Fig. 2> Analysis Results of Each Scenario of LOS A

ARl =2 o) Anj 2 o] "olx]7] AlAskE AEiQl LOS C FEAlA e T3 3 AolAe] &
TP dte] W 23 FFS EIg AHE= <Table 8>, <Fig. 3> 23 LOS A %9l Hl&| n%
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ZatE Ao g Yehgth I8y AR A 105 TollE 27] £50 £208 nEF 5820] JJAFE RO
2 Yetst
Avele 2 4o WER 55 HY AN FASEI} AT A AL | AR 2 E
02 &£57} Tadte ZASE Ueigth Alugle 13 Zo] Al A 5EFC= oF21% AT £57F T4
oul, WA 0EFAE o 15% AE S Z7hse] WEF BF0| 4% ANE Ao tehgoh
AU L 3 e 1R S5 A G F AU L A nlE] & o8 FYPLET FHAskE A
o7 Uegth 53, oA T AU 00 A9 AT B4 108 Fol AT 2] SE} DAY FEOE &
St AAEE Ae T AT 2y AuE 9 39 A, 7 Aol FAIEHIT] "ol £x9
AN E7r ek @ 238 wEFe 5F0] ostEE ACE UEom 7] Lo Hg oF 43%
A% S27h gashe Ao yebt
(Table 8) Simulation Results of LOS C
Situation Lane aft. Smin aft. 10min aft. 15min
1,2 50.60 51.99 48.68
3,4 34.35 30.09 34.02
Scenario 1 3 37.84 37.09 32.38
4 31.79 2441 35.40
Total 4247 41.04 41.35
1, 2 50.93 46.10 46.54
3,4 33.31 2591 29.26
LOS C Scenario 2 3 39.50 29.82 27.46
4 2827 22.55 31.10
Total 42.12 36.01 37.90
1,2 51.72 43,01 4823
3,4 26.18 1891 15.77
Scenario 3 3 30.92 19.27 14.85
4 23.11 18.60 16.47
Total 38.95 30.96 32.00
Note: Average speed of lane(s), Time mean speed(km/h)
Scenario 1 Scenario 2 Scenario 3

o—Total
o-Llane 12
Lane 34

Lane 3

Lane 4

Average Speed(km/h)
Average Speed(km/h)
Average Speed(km/h)

a&Ezo] §iFo] =3t AEiQl LOS E ol T AR FolA e ALFHFe] ddte] e
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<3 9 A% A= <Table 9>, <Fig. 4>9F 2t}

AUEL 1 48 £4 29, AukEQl Y& Haske Ao 2 YT At o9tz Qlste] qt
29l &7t Zadhe 2l o2 Yehytow, oA LOS C 21 28 Al 24 108 Foll Al 7] £E2
MAEA e A2 Yehy

AYE L 2 48 B4 Ay, AdbEQ] BaEE0E A4S AT S AU 1 A¥RY & 202 £5
b Zaste Ao Yeth =R AT B4 o, At BAR A Aol Mg WASEA A
I 5% o|F AATL BAst 57 TASE A0 E YERTE AR A 107 o]Fo] £57 AAdEE A
o2 tehont 7] An Je) sFo2E ANHA g Ao etk Solgor, An M £
2o|A At} AP FAE BTl S5 4F AMAEATDTE A golA= dds SR + e
d), ol 7] ARAL o] % AU L 13} Zo] AEH R L£2Tt THad Aozt o3 AR 2 NetLogo
o Egix 02 Q3] AEFe] Alae] wE o] FEA = TEE Aol AR

Adele 3 38 B4 A, RH Auele 13 20 Hs) 2 FoR &wok Pashe 202tk &
3], 3, 4327k AR Qs HAHAN 2] Sol w8 oF 3% AT S5rb gase Ao yeh
(Table 9> Simulation Results of LOS E

Situation Lane aft. Smin aft. 10min aft. 15min
1, 2 41.14 42.14 41.31
3,4 36.08 32.85 30.96
Scenario 1 3 38.14 33.70 29.32
4 34.40 32.16 32.74
Total 38.61 3749 36.13
1, 2 39.11 37.76 39.64
3,4 28.31 24.64 26.88
LOS E Scenario 2 3 33.17 34.88 32.06
4 24.82 18.03 22.22
Total 33.71 31.20 33.26
1,2 39.24 38.67 38.30
3,4 22.62 21.18 15.83
Scenario 3 3 27.98 20.78 15.90
4 18.92 21.47 15.72
Total 30.93 29.93 27.07

Note: Average speed of lane(s), Time mean speed(km/h)

Scenario 1 Scenario 2 Scenario 3

o—Total

o-lane 12
Lane 34

Lane 3

Average Speed(km/h)
Average Speed(km/h)
Average Speed(km/g)

°
.o &
Iy
13

o—Lane 4

(Fig. 4> Analysis Results of Each Scenario of LOS E
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Ayg Qo W LoS = AEd ol AxE v 43 A <Fig 5>9 2} AT 3o
A A A FE A 2R AuE L 19 A, LOS A ¢ WH &

E T Avg e 29 v AR FA5YEE7 Ta
e e AlvE] el Mg LOS C, E FEdA Y T A& AL

[o 2 oY i

Ly
i
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<]
%

&5

2

& APa7F B AuE 2 29] 79, LOS A
z= =8 F5& FAsHY, Aka A 108 &
© AaskeE ASFE YERT I8y LOS C, E FEllAY BHFdEEs A AdE L 19 Bis) &
o ZAOZ YERTh Bold o2 AU 29 A9, AL TA 108 o] %
X Vet ol ATt
Abal eke] Rz Go] o] Fojx T3 2}
ot

3, %A A
1) Gl A0z Urhinh ol 4eFHAgel dE Buse] @ A42el M3 A8 FEAL
I, AR Al F Aol ALY Bl o]HF ATt £2E Ao BuAL,

Scenario 1 Scenario 2 Scenario 3

70 7 70
% 60 = % 60 . g 60
g% = I - I S =

.

S S B o LoSA
a s . o . o
b 3
H 30 . : 30 s . 3 ;.’, 30 5 e LOSC
g2 g0 g0 * KE o LOS E
g g : u
310 310 310

0 0 0

aft Smin. aft 10min. aft 15min aft Smin aft 10min. aft 15min. aft Smin aft 10min. aft 15min

(Fig. 5) Overall Analysis
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3 Rn 0}@57} BE A5 19 2E Amel G2} AT 8] Folsh Y= AL et Reds
Ao UL o WesE AT v4L ZU)eHe AR yehton dAEel Aolv} e A
FEo] AHES} 2 A 7 FEUT AL W1§L APAYE AR Yyt

(Table 10> Traffic Congestion Costs

Class LOS A LOS C LOS E
Scenario 1 56,414 164,729 209,040
Scenario 2 50,743 187,037 208,003
Scenario 3 66,219 475,858 568,983

Note: a number in the thousands(won)

(Table 11> Accident Costs by Accident-Class

Class Serious Injury Minor Injury Slight Injury
Serious Injury(jerk=0) 58,908 37,351 29,908
Minor Injury(jerk=1) 37,351 15,794 12,432
Slight Injury(jerk=2) 29,908 12,432 9,069

Note: a number in the thousands(won)

V.2 &
1. 90| 20F U AIAKY
ALFAAFE G LF BA L A8 BAS 2T thoEA Ay gom, A AAHCE 2
2FYAY 71 L 2 B A7/ QYA Yok ALFDAFe] B9 @ FEeL Bl epd =
o7k A% D ot ALFANG £ A WA A5 428 Bere] BAG JFoIA ) 42T
2907 3o BAY F240] A7 g Agolth
I B ST R B2 A AT AU

H
%9l 227 Bool e FPE ETHA Ak A EF AT %a
_?r

99l ARACIEIL NetLogo 531 % ggsiglon, 29
SR0H AFAAEA DA B olF Aol o) FIE LA
Zol M) Auelow Aol B4E AT,

AEH A B4 Astel B, FHA AW ARl AFFRAF] B glo] AT FE A} <
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3 Ao etk AeFdAe] b
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ox,
o

7 ARG T A o] Hu Aol e B AL
o el Aol AT WA olF T3 AFES] AR Aste] EF 58 AY T} O BA e
Aolgt Fereny, AEolyd B4 Azl ulel 4P WEELU ST AT WL AL Avto] MR
LOS 430 248 Auele 3 4o nEExNEo] BAl 4EHE A0 yeyth 12U LoS A &
FolAE AU | 4o BEERISo] BA 4EHE A0 Urpit

2 A7 AgFRae] 29 F 4@ Bo] oy Bu A5 Fohd W Agd ta) FLHl
A2 AR A7RA, FEFold ty ALFARTo] AL DYl FEAAY AU WS
25 wE eWHE YIRS A8 ATolY AsFAATe) £ A BAT & Y& 42 BAS A
dold BAR ATEHA oo} . £2H A%E vigow §F AeFUAT =8 ofH =oHojo} ¥
AgrRATe 42 BA N 7% AT ARZH B8Y 5 3e Aow Andy
2. 3% 017 TR

B AT gl te b e AgFaaTe] oo Axg agaigh ol A YT
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of g217 7122 TelFold @Astel BHSATE BV Qo olE AN ek o FE, B9IA
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= g E4ol @ 1 REa) Wi Oad AHF, Ol ARALS 18E A4 AT
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