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ABSTRACT

In order to accelerate the commercialization of self-driving cars, it is necessary to accurately
identify the causes of deteriorating the driving safety of the current self-driving cars and try to
improve them. This study conducted a questionnaire survey of experts studying autonomous driving
in Korea to identify the causes of problems in the driving safety of autonomous vehicles and the
level of autonomous driving technology in Korea. As a result of the survey, the construction section,
heavy rain/heavy snow conditions, fine dust conditions, and the presence of potholes were less
satisfied with the current technology level than their importance, and thus priority research and
development was required. Among them, the failure of road/road facilities and the performance of
the sensor itself in the construction section and the porthole, and the performance of the sensor and
the absence of an algorithm were the most responsible for the situation connected to the weather.
In order to realize safe autonomous driving as soon as possible, it is necessary to continuously
identify and resolve the causes that hinder the driving safety of autonomous vehicles.

Key words : Automated driving, Handicaps of Automated Driving, IPA, FGI
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FessAte AgS RSN HKim, 2020). RS dAsE] SIEIA dlE FAHES HEA FAAES
TR, olglg e AAE 2020 499l A-&Fq7|e/NE GAAIGO] duETF YA HAF F
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o /43t SA(Strategy analytics)®] ZAF AHo|A & & QlRo] AE&FA7|E AFe A AAZE 74
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g ge] FHRAY FA7F o W& AR Schoettle(2017)= AH-EFRH AT A2 AA

o] Aol AstHe S AU FHF FHE -, TA, W 5), AA wH E2F HlE, ofF
= EE w4 34, YA AledE, A¥ 5), TR s 2 A Y el AstEe dgol
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o] Ao]d o]&o] WA BT AAs 8712 £ =8 T (Section) T} 8719] 53 /-3 (Situation)
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<Table 1> The Factor Definition of Handicap Section and Situation

Variable

Description

Handicap
Section

Areas with Skyscrapers
(High-rise buildings)

Lower sections of the structure, such as overpasses, where high-rise buildings are
concentrated, such as urban areas or some commercial areas

Children and Senior Protect Zone

Lane Paint, Linear, Speed Limit Change Section for children and senior citizen

Section with Poor Lane
Condition

Lane loss due to wear, brightness difference due to lane repainting, existing lane
changed due to lane increase and decrease

Construction Section

Points and sections where construction signs and labacons are installed

Merge section

Areas with frequent intersections or lane changes

Yellow Light Dilemma Section

An area on the high-speed intersection approach, where vehicles neither safely
stop before the stop line nor proceed through the intersection during amber
interval

Off-road section

Off-road segment with no lanes and no road maintenance

Tunnel Section

Tunnel sections within city and highway paths

Handicap

Direct Sun light

Light bleeding and recognition error due to light reflection

Heavy Rain and Snow

Road flooding due to heavy rain, road freezing due to heavy snowfall and
unrecognized lanes

Fine dust and Fog

The situation where recognition sensor and recognition distance cannot be secured
due to fine dust and fog

Stopping of Large Vehicle

Occurrence of sign and traffic light obstruction due to stopping of heavy vehicles

Situation
! Driving of Emergency Vehicle | An emergency vehicle is driving or approaching to Automated vehicle
Falling Objects on Road Objects dropped on the road due to poor loading or other causes
Abrupt Action Around Road Sudden beha\.nor, such as una1.1ﬂ10nz./cd crossings of pedestrians around a road, or
abrupt behavior of dogs or wild animals
Porthole Porthole occurred on the road
. 4344 43
1. 24 IR
2 wrdAe £ 1ZA A5 =E5d 2ol =] AeFYAF ALFIAN YT 2] T
o] #gS vofstal sh= Zlo] HA otk d4A|RE =2 A EYolx Y Disengagement ReportE 74| 31HA]
For o5& AgFYAFe] APLYE BUA gk WAL HEEAE Bato] A7E AW A
FOe 4879 A7E 39 o4 1YW ATAR WF ARIIY AF AT TS 2, o
FHoAe} 2ol Aol ool WAISHE 9B AeFAAFe] FakA ol AHE Ao st
HEe ZAY
AEE A AEA 7180] HE dske] 24+ Roh and Im(2020)°] <Table 1> F3t AT A&+
P oz LASIHTE <Fig. 1> Zo] A WP F(Handicap Section), B. ;T 3 (Handicap

Situations) ©. 2 A9 QA4S A AT, o7

>~

q, M) F-7H(Handicap Section)S F+3) Fol] A|o]@ o|o] Hl
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W3] WAste =2 s 72 2o, T ¥ (Handicap Situations)2 T3 Foll ZHsHA He &
R

2 ) BHAW - A, BE) - B2 23 9800
e <Table 150 AH3) AN HE <Fg 159 AZTEE Sysigon, £28 AZTZE o83
of AR HE 2AE APl PHHOE B ALFYNF B BARA.

Hierarchical Structure ‘

A. Handicap road Sections | | B. Handicap Situations ‘

‘ A(a) Area with Skyscrapers | B(a) Direct Sun light

‘ A(b) Children/Senior Protect Zone | B(b) Heavy Rain and Snow

‘ A(c) Section with Poor Lane Condition | B(c) Fine dust and Fog

‘ A(d) Construction Section | B(d) Stopping of Large Vehicle

‘ A(f) Yellow Light Dilemma Section | B(f) Falling Objects on Road

‘ A(g) Off-road section | B(g) Abrupt Action Around Road

| |
| |
| |
| |
‘ A(e) Merge section | | B(e) Driving of Emergency Vehicle |
| |
| |
| |

‘ A(h) Tunnel Section | B(h) Porthole

<Fig. 1> Hierarchical Structure

€ 5% 5

ZT8E - 5% B (Importance - Performance Analys1s o] o]— IPA)O] Yt} o5
08 AuEln BAEE U Bo] BLEHE PA BAuET AFS) Aohe 383 272 Ak QB B(Focus
Group Interview, ©]3} FGI)E 4-3J3}53Th.

IPA 42 739 okl vHAR Bl avAte] 2 dofstr] ffste] &go] | Wolv, dF
oji} 71& To &HAd i A Faxs UEEE FA Hn-EA dozy IYH A4Y 2 J)E
HALEE 2o 27 Yo A= s|As| ol & AT kol 3 AL A= &8
and James, 1977). H2oll= 1 E ol A= d-go] Wo| o] Park et al(2015)S Ej @A A 2E ] £9&
skl A Al2Ele] Fe spotatm, YA AE S )& S5 28] 98k [PA
331901, Choi, et al.2006)= @A) WEAR Au| 2 Hriol ARAFT NHAZLE £Po| IPA BAL T8
39t o]FZ, IPA BA7He E— ﬁ ol X AR upel o] AxHe] Ak 7% 2 BA QM
A Zo| dgtuleld AAT Aoz B HE} 3t BA3le] & 218723 7129 Hrleh Ao B
7] QEIAE AAY Ve o] 4 Moz NFEojof by FUEPT, ATAEL Yo o) =
G155 9% 15 A Bl 1 A A B, A LA <Fig. 2>9) 2ol % 4
AN ARHo T TR, 7+ gy ou]el Bg WS thewt gk 7k ARMe] ofnE ‘Quadrant I & &
AMAEE, ‘Quadrant [T+ FA74318H 5, ‘Quadrant M2 AN EE 9 ‘Quadrant V& A &A1 TS
yrehil

o714, EAMNAEE(Quadrant [ )& AEF3 LS sl TREE o4 BMEET &
A Aadol ot aad g FA8EE(Quadrant )2 F2=9%
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3o —5}94 87/ 24 IS As} BEEE P 330, FREE HiF 3910tk nE AEINELS AT
A FAEG VWSE WESE voh obfe Be i) AT Ee] WRF o2 BUG dAsjolnt
<Fig. 3>J+ #Zo] Quadrant 19 91A1¢ A@ISAETIL ADIAT, A@FTFT1L BO)EH/E443, Be)
NF2FT3 48 A 7€ 70 8% A vt HEAFHAE Eile AoR2 ZAEeH, o
Soll tste] HiH o g2 JFste] ATE Psjof & Ao = Atk
. Importance
Blg)
Quadrant I bl
450 + Concentrate Here . Quadrant IT
AlalAfe) - ]Keep up the good work
Blb) AEdJ. B | AD A
o o *7 Performance
Quadrant I 5 B(d)
% Lower Priority . .
Quadrant IV
X Possible Qverkill
50 e
<Fig. 3> Transportation Engineers IPA Chart

2) AtSA MEZ7F Hot Znt
Aeak AETke] By A oy 2ok ASles F A YA b9 819 87 249} B WO

Aol 519 87 845 WIS Ad, EEE H 270, 85T HiF 4140tk 1 AEVIRTG F8E
= 1 UEEVF A 2AEAT & aF VR U g2 rjedde] desity ddsts Aow B
It} <Fig. 4>¢} 2] Quadrant 19 HX|¢ A(@)LS T2= T3, AWd)TAHIE, Bb)E-HEA43, BomlAl
HA RN EE, BOHZES 4 47l thstd Hex o2 d7E Ao sk Aoz AU
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0 N
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Quadrant IV
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<Fig. 4> Automotive Engineers IPA Chart

40 QIBTSYL|=

=

207, TI32(2021H 63)



7heb bk AE7F 4 BFolA Quadrant 19 91213 P52 A@FAHTRE, Bo)E-9/Z44% 2714
D& AEIIAE Quadrant Io] X5 o, A3k HEIIo| A T2 AMRH| 923 58 A@)L
ZF TZE FHQ 1D, A@THFTBEAFAFFHQ Molth o= u % AEIEL Ador F35H

A8k aRloly A AR7IEAE dlF 8Rlo] TA F85HA $tha BHstI(A®@), ES o]n] 7]&0]
FEG F2o =23tk FHAE)BE)S= ALE ZAEAL WlE 2 A&7}l A Quadrant 1o}
AR oY wF HAETFA T2 AHEH HXVSJ =2 Bo)u| AR, BhZEEE &4 43tz
B Quadrant IOl 9143t 2} JAol A= UH 8% 82loly 7|& FEE E 7|gol Hlgl o] "ojzita
Aty oy, o3y uE AEES F 57} ol A #ilo] §le ZAoE YT

T2 IPA 24 2= <Table 2>°]H, 0174 < &8st O FEEYQE <Fig 5>9 20k A9es T
‘A HYA Ao Bk9 87 4ok ‘B AT F3 o 519 8 a4E WU A, BEEE Wt 285,
TAEE Bt 4080tk HAHOZ Level 4 59 A A&7 FE3E H8IA 7|Ed o2 FHof

L AT B ADTA T2 BOZEEA 48, Bou MDA RV 4%, BWEET &4 Aol A
HA oz THslol s Ao AT Ed, BT TR A 4] WA A& 47 BE

IPA E41Z3}+= Roh and Im (2020)°] A A3+ AHP Z3H<Table 3>)oll A= AAH o2 )5 F7RTE=

g8 FHo] $A A FHojof gtk M3t AHPAA A7 =4 vlAR AL 1PA B4 A

HAMNE FAEE TA AL tvt IPA B4 AdelA FAERT HEErE B AL Ad)STA

ZoZA A5 Be) P AHA SN A8, Bh)ZEES E4) 43kl wido] AHPS] A9 @39 3y

AL BED 4%, Bb)EEAL 4%, BOEES I8 EA 4%, Beladd® 739 43P0 ta

dolgt A7t EZHUT o= AHP A dAIS] RIIEERTE $REE FACE Y S5 V& ¢
A ihS ARG A9 2 e,

500
Quadrant I s Quadrant II
- L ]
- Concentrate Here ., | I Keep up the good work
450 £+ - B(e] Ale) AlS)
) * e @
TR G
- b e Al
4 *| .0
B0 gy A
Alg) -
B(a]
350 .
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<Fig. 5> Total IPA Chart
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<Table 2> Result of IPA
Importance Performance Importance - Performance
Value | Average | Value | Average Value Average
A(a) Areas with Skyscrapers 3.06 275 0.31
A(b) Children and Senior Protect Zone 4.19 2.94 1.25
A(c) Section with Poor Lane Condition 4.44 3.19 1.25
; A(d) Construction Section 4.50 2.69 1.81
HSa:cctlilzip Ae) Merge section 4.44 04 3.06 294 1.38 110
A(f) Yellow Light Dilemma Section 4.00 3.19 0.81
Ag) Off-road section 3.63 2.56 1.06
A(h) Tunnel Section 4.06 3.13 0.94
B(a) Direct Sun light 3.50 2.94 0.56
B(b) Heavy Rain and Snow 431 2.50 1.81
B(c) Fine dust and Fog 4.13 2.50 1.63
Handica B(d) Stopping of Large Vehicle 3.75 3.00 0.75
Situatiorll) Ble) Driving of Emergency Vehicle 4.44 3 2.94 276 1.50 137
B(®) Falling Objects on Road 4.00 2.81 1.19
B(g) Abrupt Action Around Road 4.75 3.00 1.75
B(h) Porthole 4.13 2.38 1.75
Average 4.08 2.85 1.23

<Table 3> Result of Weight Analysis (4) All Factors

Weight(a) Class 2(Sub Class) Weight(b) “],)e ?:}?:(t:;eb) - Si;nlélass Eﬁ

A(a) | Areas with Skyscrapers (High-rise buildings) 0.0771 0.0273 8 16
A(b) Children and Senior Protect Zone 0.1101 0.0390 6 14
A(c) Section with Poor Lane Condition 0.1482 0.0524 2 8

Handicap 0354 AWd) Construction Section 0.1433 0.0507 3 10

Section A©) Merge section 0.1567 0.0554 1 7
A(f) Yellow Light Dilemma Section 0.1413 0.0500 4 11
Ag) Off-road section 0.1094 0.0387 7 15
A Tunnel Section 0.1139 0.0403 5 13
B(a) Direct Sun light 0.0790 0.0510 7 9
B(b) Heavy Rain and Snow 0.1576 0.1018 2
B(c) Fine dust and Fog 0.1029 0.0665 6

H.aln dif:ap oo i(d) S.t(.)pping of Large Vehjclle 0.0764 0.0494 8 12

Situation (e) Driving of Emergency Vehicle 0.1105 0.0714 4 4
B(f) Falling Objects on Road 0.1494 0.0965 3 3
B(g) Abrupt Action Around Road 0.2191 0.1416 1 1
B(h) Porthole 0.1051 0.0679 5 5
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AErbeol deshke AeFd v 703 JRe dde qeFsith A =, GNSSe =7, Mult

A=Y
Path®] B, B8t =35td =2 AAEE, §4 BF dF B 714, dads B 23S ARt

o
ojof] & =Foie ATF S AAHCE AHestr] st ATFHEE AojA o] AQlE <Table

Z=9] 8 & (Positioning), =& A|AE 22 (Road & Road Facility), A1AQ0214d%5 2 4x(Sensing), F4!
8 Ax(wireless communication) & 47FAZ FESIATE o714, S92 Q2 (Positioning)oll= GNSS =3, Multi
Path B3, GPS 2% 5o o] &3ke] glom =2 AJME Q2 (Road & Road Facility)= 33 B35 7Y
A, A w23l B4 B Ot B2 AEE w2, 134 e EE AEE, AETY AYAEE T4
59 elo] &3te] glom, AA A4 Q4 (Sensing)oll= S BV} 48 WA, AlM AAAZE 2 A
J_?l__

%, 2uYF FA R A4S A, Hd-wF 5o FYngel

>

<Table 4> Causes of Handicaps

Handicap Positioning | Road&Facility Sensing Communication | total(%)
A(a) Areas with Skyscrapers 42% 17% 20% 21% 100%
A(b) Children and Senior Protect Zone 13% 31% 38% 18% 100%
A(c) Section with Poor Lane Condition 12% 45% 32% 10% 100%
A(d) Construction Section 8% 39% 41% 12% 100%
A(e) Merge section 11% 32% 42% 15% 100%
A) Yellow Light Dilemma Section 12% 27% 42% 19% 100%
Ag) Off-road section 6% 40% 42% 11% 100%
A(h) Tunnel Section 43% 14% 27% 15% 100%
B(a) Direct Sun light 13% 19% 57% 11% 100%
B(b) Heavy Rain and Snow 12% 20% 53% 15% 100%
B(c) Fine dust and Fog 12% 16% 58% 13% 100%
B(d) Stopping of Large Vehicle 16% 18% 47% 18% 100%
Ble) Driving of Emergency Vehicle 14% 14% 53% 19% 100%
B Falling Objects on Road 9% 22% 51% 17% 100%
B(g) Abrupt Action Around Road 11% 14% 53% 22% 100%
B(h) Porthole 11% 36% 43% 10% 100%

Average 15% 25% 45% 15% 100%

IPA EXAF oA HExoz udof sl 4702 WUHAWM)ZTAF 737 Bb)EEA 43 BerAH
A A48, Bh)ZEZ)e] iy 1S FRE A} <Fig. 653 o] AlA A% 948 E2 AHE 94
of AE5HE AL AU = Itk A Level 4 ALF3 L3S 3 E A A&FAA g ATy 5
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ADFA T2 BOES/EL 43, BOUARASRT 43, BHEES 33 58 243 S dsiok s, ol
S AP BRF BAB FHY o, A wale] Hr1HA S BE =4 BY, 0T 52 AN
= ZFNSAT B E,

o
= iR, A e B2 AEE S 4 A5 BT 3 R,
dulE A 9 ds At T AL Ast= Al AL davt 9

ommunication
12%

Sensing L GELES

Communication
15%

41% Facility 39% Sensing

53%

A(d) B(b)

Communication
10%

Communication

Road&
Facility

Sensing 36%
o

43%

Sensing
59%

B(c) B(h)
<Fig. 6> Causes of Primary 4 Handicaps

V.

it}

£

B =5 Zmo] 47 AT F8EE Hste] m¥ske @A AR = ALFYAL] Ao
A olfo] WAshE= At 1 Ul AR ARE gofstaat itk AEFY T Eo] TP WA 7R
H7 v A X Yol DMVE FAS=E Dlsengagement ReportE AA3IEE FASIAL Yo ?_%9] A
& 28A Fatt) oY o] E B =S AEVES SR IPA HAEERAE Tt =9 A&
AGES Ao ojgo] AF WA= :rLﬂ% FTHOE HHOE sjAsfof et A&TY E‘H‘q?@
T B S-S AR o5 dde AT U FGIE 3 =38tk IPA AR, FAF T
Z4 A, vAEA 38, LEE A Aol ToEET A9 Ve WEET) vl H9Ao
2 AR sk AU oE =AU EY, SATN ZES EA ARlM e ALF YA T
1ol A A U2 E29 =8 ANEES B30 A4 AA Y Aol 7P & AR =
AR, F9yEA A AR e da et AAE Ao e AAY B, daEFE BA,
ZFY AL F= 55 Ao R FGIE Fate] dolr gt
2 =52 oFAAA = AeFArIe A ZAA Soll B o] A SASHA &2 Aol
gl AlF Fol 2027 Level 4 28 AT 835 oA dAFH oF & o2 &
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ok 7hedl ARG FALAR Suoldel dUg ARHOR R A 2 sl sl 3
ol ole)@ A& Meigel tiste] A4 ALFAe] A UA - WY - Aol'e] WA} AT
He Bl A4 AOAE FBA] A SR S| 4T 5 AP 2G5 AeFYAT A

g A off 5o A& A ope A&e|M FRstoF & Zolnh
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