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ABSTRACT

Autonomous vehicles can significantly reduce accidents due to ‘driver’s carelessness’, which
occupies the majority of causes for traffic accidents, but they may fail to avoid traffic accidents due
to unexpected situations, such as “trolley dilemma®, vehicle defects and road defects. Therefore in
situations Autonomous vehicles need to be made ethical choices.

This study assumes that Autonomous vehicles can not avoid traffic accidents due to unexpected
sink holes. In this situation, the traffic accident costs was analyzed for the ethical choices of
Autonomous vehicles. In the process, Autonomous vehicles were made to choose one of three ethical
choices : (D Egoism with priority on passenger safety, (@) Deontology for minimizing human
damages, (3 Utilitarianism with minimizing traffic accident costs.

As a result of the analysis, egoism had the highest traffic accident costs, and deontology for
minimizing human damages had the lowest traffic accident costs.
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A0AE 9 AR 98 B3 AAIALE AEFHATA FAAAANLE ALt &
A AEFTYPAFAS] FAAAAILEE 0.1~02% AER 4= 9o, 7]E AFAE 0.1~05% A}ol
2 8319 th(Vander werf et al., 2002; van Arem et al., 2006; Kesting et al., 2008; Park et al., 2015; Jung et
al,, 2017; Jung et al,, 2018). ¥ AT E A&FHAFAS] o Hit BAAAATL 01525 A &8t

AR SR AAMSARE 155F AGHGT T SENETEFAG FAAE Au LA 917
AR AZEE 2522 A gale] HAAANA 5& AL otk e ol A FHe neF
Ao, AAZF Ut A9 AAWMSALE 07~15% AEZ B4E riJohansson and Rumar,
1971; Olson and Sivak, 1986; Broen and Chiang, 1996; Green, 2000; Fambro et al., 1998; Jenness et al., 2008).

AFF AT RAEA] AW FHEE, PHAS 5L <Table 1>3 2h ALFBAFAE AL
o FAYE AolE Fol7] A3 $8A hsHES Stk

5) Gurney(2016) “Crashing into th Unknown: An Examination of Crash-Optimization Algorithms Through the
Two Lanes of Ethics and law” ¢1-& % A4
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<Table 1> Variables of Vehicles

Description Autonomous Vehicle non Autonomous Vehicle
Car Small Truck Bus & Heavy Truck
Desired Speed (kmyh) 100 10010 100£10 100£10
Maximum Acceleraten (m/s?) 2.2+0.1 22+0.1 1.8+0.1 1.6=0.1
PIEV(s)® 0.15 1.5+0.1 1.5£0.1 1.5£0.1
Coefficient of Sliding Friction 0.8 0.8 0.68 0.6
Size (m) 5 5 6 10
Platoon Spacing (m) 6 - - -

Agake] e 54 Ad A7olM LEIY AFFFEY IDM(Intelligent Driver Model)= 7HAd3te] &
83} A Th(Kesting et al., 2008; Park et al., 2015; Jung et al., 2017; Jung et al., 2018). IDM2 7l & 2}&F2] 1A]9k
AT 9 MR wet HAGAAT FAE she Z¥olth <Table 1>9] 2AEat 71 547 HAs)F+H
AEE 73 Pt EHE BP0 R, AsFPAFAe] SAS vEE] 2 2yt

A2W7 282 IDMI 74 24 715¢ MOBIL(Minimizing Overall Braking Induced by Lane change)<
38519 ChKesting et al., 2007). MOBILL 713 AteFe] Zaizl#w) 7132 Apeko] A2wAs LA 1= 22
of A, FYAFE 5 aste] 2SS AEshe BEo|th

AHEAE e EA o &89 IDM¥} MOBIL-S Jung et al.(2018)2] A9} 5YU3 RS 283ty glong,
B AFoA AT e At

2. ALzl2 #3 2 AlZY0lM 7=

A2~ AaE B R Qe A&FPAEArt ALE 9T F Qe A4S YAATINEY AlEY ol
A E Netlogo 6.0.1% o] &3l A3t 2 P A @gen)H & & J& ASAES 42 A2k 7]
2 54 d EA4E H8st] FAstn, EAS Axtol A2y AaEo] WA, ASFHAEATL A
AEE Q& AFLE AT F fle dFolA S83 Y e wEAIH &S A48T

Decelarate to less than 40kmy/h withip 150m

Decelerate to less than 60kmy/h within 300m

<Fig. 1> Simulation Environment

6) Perception-Identification-Emotion—Volition
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<Table 2> Judgment on the ethical choice of Autonomous vehicles

Description Vehicle Speed sp]f?eedVi?fl:)Omn i(;f;/g:cll;e SidVZhlE: ,‘;;?:le Congestion Costs
Egoism X (0) (0] X

Deontology (0} (¢} 0} X

Utilitarianism 0} (¢} 0} (0}

% opest garols 4AgEd dFe 7
== al

= [e]
= o
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6) TMAS(LEH HHAZ Al2=H)

7) Lee(2016), “A&FAAEA : 2o2Me feish WA BA" A% F A7A
8) Lee(2016), “AH&FaAAEA « 2RowAel g2loh WA BA” Qg F A7A
9) Lee(2016), “A&FAAEA « zRowAe g2lol WA BA” Qg F A7A
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TAMSOll= W EALS B ek /AR 238, E2F5F, Al1GAA 9 A2EARAR] 2E3 AL
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PR AF AR ), ALFAAS AP FYEE AR, AIFAAY FAS
5, 28 IR B AR Aha Ak Aol TEAL B4 A Z AER 28] 44F HEol
o3l WEAL Y=t AY T
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WAL AT AAA R 7| EH A E FEL <Table 4>9 20159 IEEE W FAL 3R

= A ARE ZESAHI0 AEE 20| WFAL AR HEE A AVEAE T 23%01H, SRS
A2 26.1%, 47874 &2 71.6%°1t o] FA= Beld =] 7|2 FEE AHEHH, YA 4719 A
of wet Hl&o] & it Hol F A FES =S ST

<Table 3> Number of people injured in road traffic accidents in 2015

ety Car Van Truck Car Van Truck Highway Highway
(persons) (persons) (persons) (%) (%) (%) (persons) (%)
Death 2,329 363 996 1.0% 1.5% 2.3% 241 2.3%
Serious Injury | 59,903 7,284 13,567 26.1% 30.2% 31.0% 2,775 26.1%
Minor Injury 167,024 16,502 29,175 72.9% 68.3% 66.7% 7,611 71.6%
Sum 229,256 24,149 43,738 100% 100% 100% 10,627 100%

10) WEALY T2 WEAFTEAA AE (TAAS : http://taas.koroad.or.kr)
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AEol| M2 ZAAEE <Table 3>9] TEHEEE HA A E HIEoA A8 A E H ol we} A
BE AASIG o, 4% A58 A E AAHAES <Table 4>9F 2T
<Table 4> Indices to determine the degree of injury by vehicle type
Description Car Van Truck
Death 04 0.7 1
Serious Injury 1 1.2 1.2
82 AE AL FEL 23%0) 045 F3kO] 092%7F HI, T FER 261% x 1 =26.1%. 33 &
2 AP 24 FES AlQlsk 100% - 0.92% - 26.1% = 72. 98‘7 7} At} o5ty AR EE EY3 uf
HoZ A4kdE
&ato] #alel FYLE AYARE 4 E DB TAMS AFAL ARE &8k, A 2719 A1gAA
FHEE 2 AITAALG A2GAA ] SEjolo] whe A A wol He} AT Y SEAlo] WA
1 FYPETZ A% wHEAL ST AFRAE = 7 <Table 5>, <Table 6>3} 2t}
<Table 5> Indices to determine the degree of injury by Deviation of vehicle speed
Description < 51km/h < 3lkm/h < 2lkm/h < 1lkm/h > 10km/h
Death 9.7 44 1.3 09 0.4
Serious Injury 1.9 1.6 0.9 0.8 0.7
<Table 6> Indices to determine the degree of injury by vehicle speed
Description < 100km/h < 90km/h < 80km/h > 80km/h
Death 3.7 1.6 1.3 0.8
Serious Injury 1.7 2.3 1.3 1
AT ARARE FEFEAT, AIGAA 2BFE, A2GAA ZHFE,

TEE-Aol WE AL %

bl

SAE RS AIGAR S FES ARGAARG A1ZARAE el 9
il

A]

AZLe] SRt AR AW R97h FEAS we] Japoln, AFAA SW F
2 AP B AFAAY] ZA B9t FERE W] itk AYAE A
AR WEAL DYFEE B2 aFstel Bagon, U

&9k AAE A®E <Table 7>7 2th

<Table 7> Indices to determine the degree of injury by the site of collision

A3t AZ-A Al Al
E& 1 dte Asko
® A4 7% DB TAMS
AR FH2A Bgor BAste] AX

. Side-impact (the party | Side-impact (the party . .

lin; dent

Description Rear End of the first part) of the second part) Falling accident
Death 13 14 0.6 L5
Serious Injury 1.1 1.1 0.9 1.2
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<Table 8> Average speed under normal circumstances (km/h)

Density(veh/km
Rate of AVs(%) i 20 30 40
25 81.7 66.7 50.1
50 86.7 712 57.8
75 922 86.7 83.4

<Table 9> Average speed under lane—closed (km/h)

Density(veh/km) 1 lane-cloesd 2 lane-cloesd
Rate of AVs(%) 20 30 40 20 30 40
25 33.7 27.6 225 172 154 142
50 36.2 323 269 19 17.8 16
75 41.2 39.8 39.7 27.1 24.8 222
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UREA Q] el Ay 7 U= 9 E9)&d w
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<Table 10> Traffic volume under normal circumstances (veh/h)

Rate of AVs(%) el 20 30 40
25 4,902 6,003 6,012
50 5,202 6,948 6,936
75 5,532 7,803 10,008

<Table 11> Traffic volume under lane—closed (veh/h)

Density(veh/km) 1 lane-cloesd 2 lane-cloesd
Rate of AVs(%) 20 30 40 20 30 40
25 2,022 2,484 2,700 1,032 1,386 1,704
50 2,172 2,907 3,228 1,140 1,602 1,920
75 2,472 3,582 4,764 1,626 2,232 2,664

£ Ho) W FAALES AR 7, A= W A F7) AL Bl E

<Table 8>9] HHAFHPELEE A4
9] & A A= <Table 12>} 2.

AAE WA A= A A

<Table 12> Total Delay under lane-closed (min)

Density(veh/km) 1 lane-cloesd 2 lane-cloesd

Rate of AVs(%) 20 30 40 20 30 40

25 85.5 1275 147.2 225.0 299.8 3034

50 83.7 125.1 137.8 213.8 300.3 3135

75 74.3 106.1 132.1 144.1 224.6 330.8
BRI S A AWHA vge mEAY RARAARS SEA A 100 WIS 245
Aom <Table 13>3F 2t} 2zt 25 ARIAA AZ7HA] B8-S aejste] & AFo)A A8 wEF vl
gol weh A 10) F AR WL A, 9B A gk ABeold B A, 14 4F weg A

] A
gt enz, AFE AT RIES A2 245l SHA] 94al, wEF Hleol wEt A 1 3 Hd A

AN §2 AEdhe] A ST,

<Table 13> Estimation of the value of travel time

Description Car Bus Truck
Average number of people in vehicle(per/veh) 1.104 12.711 1
Value of travel time (won/veh) 12,145 62,642 14,997
Rate of traffic volume(%) 60.60 3 31.60
Average value of travel time(won/veh/h) 13,978
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WEAL X AIZES Lee et al.(2015) 79 wEAL A A Fars)
£ 2.2 <Table 14>2F Zo] AT438IATh Lee et al.(2015)9] Aol A
Ao, B dAFoxe A o] A =Rt efatglrlol 37k 9] e =Rt

WEATL A AT WE Azt ARAFE 1HEte], nEAL 14T HF AYATHE AAEH,

A= FAEA 46182 ABHOE H et

of FEANILE Al

k

<Table 14> Traffic Incident Clearance Time

Description Death Serious Injury Minor Injury
Clearance time(min) 128 67 43
Number of accidents(accident) 57 1,773 13,270
Average clearance time(min) 46.1

A2 A Ao EX 8-S 2 AEsh B gl weh AT A <Table 159 2ow, FYFole] B
WE 9 mEATH S 4ol Bsteth

<Table 15> Congestion cost under lane-closed (won)

Density(veh/km) 1 lane-cloesd 2 lane-cloesd
Rate of AVs(%) 20 30 40 20 30 40
25 915,829 1,366,350 1,577,464 2,411,205 3,212,852 3,251,165
50 896,986 1,340,720 1,477,199 2,291,068 3,218,552 3,359,612
75 795,932 1,136,538 1,415,545 1,544,595 2,407,316 3,545,123

2) WSALL QIMI[sid|E AHY
DEAT A TE 882 2013 2L FAFLHIE =7 (Shim et al., 2013)9] PGS(Pain, Grief & Suffering) & A
oI A wWEAIHIES FESdth o B AFelA AHEE AF BAAEE 2015¢ 7|E0|EE,
20153 7] 0 2 GDP AAES 83l <Table 16>0.2 B A3l 2831t PGSE Algl 2] <12 d]an &
= orlaty wEALE QIR FA1F aFol tE AL =Y Z BAS o] gkt Abal BARAEYE ofy e} T}
o] W AR 159 £F, ¢ AEE HE 08 g s golthih B AT = FEFoe
O F-Eo M ZAY wFEFN LY FFES =ol7] Adll PGSE ALF AA ) en] 8-S o] 3T

<Table 16> The cost of human damage per accident in 2015 (1,000 won)

Description Death Serious Injury Minor Injury
PGS included 782,135 135,492 15,794
PGS excluded 450,405 62,232 4,900

11) Shim et al.(2015) “2013\d ALFAFH|E F4" 8 & A4
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<Table 17> Number of accident

Description Serious Injury Minor Injury
Density(veh/km)
Rate of AVS(%) 20 30 40 Sum 20 30 40 Sum
25 24 30 37 91 30 47 72 149
50 19 38 24 81 55 74 117 246
Egoism

75 16 30 30 76 40 71 67 178
Sum 59 98 91 248 125 192 256 573
25 7 27 62 96 27 119 77 223
50 22 42 27 91 108 67 59 234

Deontology
75 28 33 41 102 76 88 202 366
Sum 57 102 130 289 211 274 338 823
25 12 39 53 104 60 35 134 229
50 15 31 25 71 27 133 37 197

Utilitarianism
75 22 7 72 101 49 91 84 224
Sum 49 77 150 276 136 259 255 650
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<Table 18> Traffic accident cost (1,000 won)

Description The cost of human damage Traffic Congestion Cost

Density(veh/km)
Rate of AVs(%)

20 30 40 Sum 20 30 40 Sum

25 59,527 48,742 43,118 50,463 2,297 2,998 3,208 2,834
50 41,663 41,747 28,356 37,255 2,254 3,075 3,367 2,899
75 49,049 39,265 42,731 43,681 1,540 2,285 3,553 2,459
Sum 50,080 43,251 38,068 43,800 2,030 2,786 3,376 2,731

Egoism
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Description The cost of human damage Traffic Congestion Cost
Density(veh/km)
Rate of AVS(%) 20 30 40 Sum 20 30 40 Sum
25 44,317 24,246 41,562 36,708 1,802 2,591 2,705 2,366
50 23,179 39,499 36,543 33,074 1,737 2,605 2,688 2,343
Deontology
75 31,487 31,780 19,695 27,654 1,263 2,018 2,678 1,986
Sum 32,994 31,842 32,600 32,479 1,601 2,404 2,690 2,232
25 31,010 56,621 31,769 39,800 2,012 2,850 2,940 2,600
50 54,047 25,792 50,967 43,602 1,975 2,849 3,008 2,611
Utilitarianism
75 40,403 21,674 43,335 35,137 1,338 2,132 2,977 2,149
Sum 41,820 34,696 42,024 39,513 1,775 2,610 2,975 2,453
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<Table 19> Total traffic accident cost (1,000 won)

o]7

aefehs «IE—EEE}

Ao wodETh

238 Extlgol =/ Yehsith o,

TS0 &L o|7|F 7} H 43,800 Y2 7P =4 AAEAY oz FEFovF HiF 39,513
22 04790902 71 U 2R E o

%S e
£24 e vg) &

Folo) A4 AgFHATA oAl A
d 2o ek Z2E5E HEle & FF0)

Density(veh/km) =
g+t
Rate of AVs(%) 20 30 40 °

25 61,824 51,740 46,326 53,297

. 50 43918 44,822 31,723 40,154

Egoism

75 50,589 41,550 46,283 46,141

Average 52,110 46,037 41,444 46,531

25 46,119 26,837 44267 39,074

50 24916 42,103 39,231 35,417

Deontology

75 32,750 33,798 22,373 29,640

Average 34,595 34,246 35,290 34,710

25 33,022 59,471 34,708 42,401

50 56,021 28,641 53,976 46,213

Utilitarianism
75 41,741 23,307 46,311 37,286
Average 43,595 37,306 44,998 41,967
<Fig. 2>+ Y& &214 Hdo] B& wFAIHES =435 Zolth B &4 AdoA £91&
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<Fig. 2> Traffic accident costs based on the rate of AVs and ethical choice (1,000 won)
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<Fig. 3> Traffic accident costs based on density and ethical choice (1,000 won)
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<Table 20> Traffic accident costs based on ethical choice (1,000 won)

Description Egoism Deontology Utilitarianism
The cost of human damage 43,800 32,479 39,513
Traffic congestion cost 2,731 2,232 2,453
Traffic accident cost 46,531 34,710 41,967
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