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ABSTRACT

This study conducted over two rounds Delphi survey targeting experts in the fields of roads,
transportation, automobiles, intelligent transport systems(ITS), and communications to analyze the
direction of change in road design, operation, and systems in the Lv.4/4+ autonomous driving era.
To construct the Delphi survey items, a basic survey was conducted. The first and second Delphi
surveys targeted experts in fields closely related to autonomous driving. The results of the survey
revealed an expectation that in the future, transportation operations would change focus to shared
autonomous vehicle(AV) and public transportation transfers, and there would be corresponding
changes in the cross-sectional configuration. Exclusive lanes for AV are expected to be introduced
commencing from highways and general national roads, and there was a consensus that they should
be installed in the center of the road rather than on the sides and would use the same lane width
as that of the existing road. In terms of facilities for AVs, it was found that it would be necessary
to expand pedestrian-vehicle separation facilities, insert communication chips into facilities for
location recognition, advance precision maps, and expand roadside communication facilities.

Key words : Autonomous driving, Road design, Road operation, Road system, Delphi survey
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<Table 1> Basic Survey Questionnaire

Question

Option

Response method

The moment of infrastructure
changes to accommodate
autonomous driving

Autonomous driving vehicle share
D 25% | @ 50% | @ 75% | @ Etc

Select one of the
items

The road capable of preferential
introduction of autonomous
vehicles

(D Expressway |/ (@ Urban Highway |/ 3 Street /
@ CBD |/ © Residential /| ® Etc

Select one of the
items

Expected changes
in the type and specifications

(D No change / @ Change within the standard /
@ A new out-of-range form

Select one of the
items

Road of the design vehicle
Infrastructure (D Change of design standard such as lane width, reduction
of intersection rotation size, etc.
Importance of items (@ Reconstruction of road spac§ including the introduction of Select Importance
autonomous vehicles exclusive lane, and more. . .
that need fo be changed to (3 Change of operation method such as speed limit, priori (Figh, Medium,
accommodate autonomous g pe P » priority and Low) for each
vehicles of entry, etc. item
@ Expansion of safety facilities to prevent traffic accidents
(® Expansion of autonomous driving assistance facilities such
as digital infrastructure, communication facilities, etc.
Che bet
Whether there is a difference | D) Road pavement (material, thickness, maintenance, etc.) 0(')se etween
. difference/
between an autonomous vehicle | 2) Road shape (slope, road curve, etc.) .
. .. no difference/
lane and a regular vehicle lane | @) Speed limit
not sure
Additional installati i f faciliti
How fo introduce @) ddlt}ona installation or 1.mpr0vement o 2%01.1t1es by Select one of the
. selecting autonomous exclusive lanes among existing lanes .
autonomous vehicle lane . . items
Space and (@ New roads for autonomous vehicles (existing lanes + o)
Relocation of . ..
D As the toad occupancy efficiency of the vehicle is improved,
space for th for the existing vehicle is changed int
Aufonomous e space .o e existing vehicle is changed into a space| o
.. Consent for for pedestrians.
Driving . . . agree/
future road space @ As the vehicle response speeds up, the walking signal disagree/
changes disappears and pedestrians can cross anytime, anywhere. not gsure

@ There is more space for people to get on and off, and for
things to get on and off.

Roads that require flex zones
when introducing flex zones

@ Highway / @ Urban Highway / @ Street /
@ CBD | ® Residential /| ® Etc

Select one of the
items

Important Elements at the
planning of Flex Zone

D Highway / @ Urban Highway / @ Street /
@ CBD | ® Residential /| ® Etc

Select one of the
items

Degree of importance for each use case expected
when introducing flex zone

@D AV Mobility / @ Pedestrian Mobility /

) Bike&PM Mobility / @ Public Transportation Mobility /
® SAV Boarding Area / ® Transit Center /

@ Short-term Parking / ® Regular Logistics /| @ Parcel /
@0 Leisure Facilities / @) Green Belt / 12 Specific Spaces

Select Importance

(High, Medium,

and Low) for each
item

84  OIRTSOS =N

237, TI32(2024H 63)




in}
El
=3
N
1o
)
oo
rot
>
1o
-
0%
>
=
kN
Hu
%
X
el
Ho
02
r!I
_}?l
0T
0ok
|'O
-

Wifol Ak HEAE FEAZL AN 230 4] Ao FAAEAR B oIAS A2 3o
EUUS ool RS FYHDA Sk BV 4T DL Bad, WS, DL B
0] 7o) et 0-63 02 BHHES Stk $9] 49 BE AL Hxe] H5 FAWE <Table
2ol A AT

<Table 2> Delphi Survey Response Type

Type Description
necessity 0: unnecessary / 6: very necessary
disagree/agree 0: Strongly disagree / 6: Strongly agree
decrease/increase 0: decrease / 3: no change / 6: increase

AE FEL 7|2 AE Z2HE "o E I/ ALEFIAFA Tl E 15 W, =249 |
3l E2 A2ge] Wiz TR F 587 FEoZ FAIPGOH, HAEA YL <Table 3> Zth

<Table 3> Configuring the Delphi Questionnaire

Category | Response type Question Answer
Increased pedestrian crossing opportunities on the street
Road The f
Ope(r):tion disagree/agree Future T: afz:y O(;eration Traffic Operation focus on Shared AV and Transit transfer
Add Curb Space utilization service by time zone
. Increased Boarding Points on general roads
disagree/agree Increased Shared AV

Decreased On-street Parking Lots on general roads
Increased Pedestrian Width

Utilization of Free Space due to

disagree/agree | Road Width Reduction on General Install AV assist facilities
Roads (communications equipment, etc)
Expressway
The road National Highway

that needs to be applied
Autonomous Driving
Exclusive Lane

necessity Special or Metropolitan City Road

Provincial Highway, City Road
Road County Road, Ward Road

Design Classified into Exclusive / Mixed / Normal Lane
Changes in the composition of lanes

disagree/agree according to the operation of AV Classified into Exclusive / Mixed Lane
Classified into Exclusive /| Normal Lane
. Operation of exclusive lane Lane change possible freely anywhere
disagree/agree . .. ; .
entry and exit Only allowed to enter and exit in certain sections
disagree/agree Location of Center Part
grec/ag AV Exclusive Lane Side Part
Change of AV Exclusive Lane At the Center
decrease/increase | standard compared to current lane
width standard At the Side
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Category | Response type Question Answer
. A reason for need Seperate from non-AV
t .
necessity AV Exclusive Lane High Speed Driving
Pavement Marking
Road Direction Signs
Traffic Safety Signs
Delineator
Road facilities that need to be Delineation Road
necessity expanded in consideration of -
the characteristics of AV Raised Pavement Makers
Road Lighting Facilities
Pedestrian-Vehicle Separation Facilities
Speed Enforcement System
VMS/LCS
necessit Technology Development Direction Insert Communication Chip in Facilities
Y for AV Location Recognition Precision Map Advancement
Size
Pavement Marking
Color
o . Size
Road Direction Signs -
Height
it Size
Road . . .Road safety facilities . Traffic Safety Signs .
necessity requiring standard change according Height
System . .
to the introduction of Lv.4 AV Size
Delineator Standard for Reflection
Height
Specification
VMS/LCS
Change Configuration
Traffic Information Collection Device
. Need t d aut drivi . .. .
necessity © exPan o on(.)r.nf)us vine Roadside Communication Unit
assistance facilities
GPS receiving station
Expressway
Roads requiring National Highway
necessity the installation of new facilities Special or Metropolitan City Road
such as communications Provincial Highway, City Road
County Road, Ward Road
Pavement Marking
. Facilities rhequlhred for GP.S lo.catlon Road Direction Signs
necessity correction I communication -
shadow area Traffic Safety Signs
Landmarks
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<Table 4> How to interpret results according to CVR

Result of survey
Consensus & Convergence Result Content Validity Ratio Result Interpretation of results
(hereinafter called ‘C&C Result’) (hereinafter called ‘CVR Result’)
o (0) Consensus in a positive direction
X Consensus in a negative direction
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<Table 5> Delphi analysis indicatiors

Indicator Formula Remark
— o1& —
Mean = EEIZ X: Mean, n: number of panel, x;: score
i=1
n . _
Variance var = — (z, — X)? X: Mean, n: number of panel, x;: score
i=1
Q3 — & . : . :
Convergence Convergence = 5 @, : Low Quartile, ¢); : Upper Quartile
Q,—Q @, : Low Quartile, @5 : Upper Quartile
Consensus Consensus =1— —— )
Md, Md, : Median
. . n, —N/2 n, : Number of panel members indicating an item ‘essential’
Content Validity Ratio CVR= ———
N/2 N : Number of panel members

<Table 6> Minimum Value of CVR according to Number of Pannel

Number of Pannel Minimum Value of CVR Number of Pannel Minimum Value of CVR
5 0.99 14 0.51
7 0.99 15 0.49
10 0.62 20 0.42
11 0.59 25 0.37
12 0.56 30 0.33
13 0.54 35 0.31

3) Lmo| A} MA|
12} dao] ZAME 712 EZRAA SR F 587 5o tis) AE7IE gidoz 74 2AE 3
Agste] g FAE gk AR APt 13 dfo] AL B4 Ade <Table 7> 2t
9% 075 o, FHEE 050 ©]3t=2 7o) dAshE oz 1l
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<Table 7> 1st Delphi Survey Result

Conver | Consen | C&C CVR

Category Question Answer Mean | SD s | g || e CVR Result

Increased pedestrian crossing

s 279 | 172 | 138 | 0.1 X [-014] X
opportunities on the street

Road The way of Future Traffic Operation focus on
Operation Traffic Operation Shared AV and Transit transfer

Add Curb Space utilization
service by time zone

429 | 1.54 | 088 | 0.65 X (043 X

464 | 1.08 | 05 0.8 O (057 O
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. Conver | Consen | C&C CVR
Category Question Answer Mean | SD I - CVR Result
Increased Boarding Points on 45 | 134 | 05 08 o los7| o
general roads
Increased Shared AV > 10 Parkin
ccreased On-street Parking | 364 | 178 | 138 | 031 | X |029| X
Lots on general roads
Utilization of Free Space | ncreased Pedestrian Width | 407 | 133 | 05 | 075 | O |057| O
due to Road Width
. V assi .
Reduction on General Install A .asslst a.ccessones 443 | 102 05 078 o |os7 0
Roads (communications equipment, etc)
Expressway 45 | 1.65 | 0.75 0.7 X 057 O
The road National Highway 393 | 138 | 1 05 | X |029] X
the needs to be applied . . -
Autonomous Driving Special or Metropolitan City Road| 3.79 | 1.63 | 0.88 | 0.56 X |04 X
Exclusive Lane Provincial Highway, City Road | 2.57 | 1.55 | 0.88 | 0.13 X |-057| X
County Road, Ward Road 229 | 159 1 -0.33 X 057 X
Clas.sﬁ'led into Exclusive 236 | 160 | 138 | -038 x |043| x
Road / Mixed / Normal Lane
. Changes in the composition . - .
Desi lassifi Excl
&% | of lanes according to the | C2sined into Exclusive 393159 1 | 05 | X |02 X
. | Mixed Lane
operation of AV
Classified into Exclusive 186 | 218 | 088 | -075 x |057| x
/ Normal Lane
. . Lane change possible freely 343 | 14 138 | 008 x |o014] x
Operation of exclusive lane anywhere
entry and exit it i
Only allowed .to ente.r and exit in 357 | 206 | 175 | o2 x lo14| x
certain sections
Location of Center Part 45 | 134 | 038 | 0.85 O (057 O
AV Exclusive Lane Side Part 2 | 141 ] 08 | 075 | X |-057| X
Change of AV Exclusive At the Center 257 | 145 ] 075 | 05 | X |-086| X
Lane standard compared to
current lane width standard At the Side 35 | 129 | 075 0.5 X [-043] X
A reason for need Seperate from non-AV 45 | 151 | 038 | 085 O [057| O
AV Exclusive Lane High Speed Driving 379 | 1.89 | 175 0 X 0 X
Pavement Marking 293 | 2.02 2 -1 X [-029]| X
Road Direction Signs 364 | 182 | 1.38 | 031 X (014 X
Traffic Safety Signs 371 | 227 | 225 0.1 X 1014 X
Delineator 279 | 215 | 188 | -08 | X |-014| X
Road facilities that need to Delineation Road 271|198 | 15 | 05 | X |-029| X
Road be expanded in -
System consideration of the Raised Pavement Makers 2.64 | 1.78 L5 -0.2 X [-029 X
characteristics of AV Road Lighting Facilities 321 | 212 | 188 | -0.07 X 0 X
Pedestrian-Vehicle Separation | ) 5 | g7 | 155 | 05 | x |043| x
Facilities
Speed Enforcement System 2 1.36 1 0 X |-071 X
VMS/LCS 229 | 186 | 1.38 | -0.38 X |-043] X
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. Conver | Consen | C&C CVR
Category Question Answer Mean | SD e | e | Rel CVR Result
Technology Development | Insert Communication Chip in 443 | 134 | 05 | 078 o lo71! o
Direction for AV Location Facilities
Recognition Precision Map Advancement 543 | 085 | 05 | 083 O |08 | O
Pavement Size 236 [ 165| 15 | 05 | X |-029] X
Marking Color 3.14 | 2.07 | 1.88 0.06 X 014 | X
Road Direction Size 271 | 144 | 113 | 025 | X |-043| X
Signs Height 271 | 1.68 | 125 | 0.17 X |-043] X
Traffic Safety Size 264 | 145 | 125 | 017 | X |-043| X
Road safety facilities Signs Height 279 | 163 | 138 | 008 | x |-029] x
requiring standard change
according to the Size 257 | 1.7 | 138 | 0.08 X ]-043| X
introduction of Lv.4 AV fi
. v Delineator | Sndard for o3 197 | 138 | 008 | x |029] x
Reflection
Height 2.5 1.79 1 0.33 X |-057| X
Specification 229 | 159 | 138 | -0.38 X ]-043] X
Road
VMS/LCS
System Change 243 | 14 | 088 | 03 | X |057| X
Configuration
Traffic Informat.lon Collection 371 | 205 | 138 | 039 X 014 | x
Need to expand autonomous Device
driving assistance facilities| Roadside Communication Unit | 4.86 | 1.1 1 0.6 X 1071 O
GPS receiving station 493 | 0.83 0 1 (0] 086 | O
Expressway 471 | 1.73 | 0.88 0.65 X 057 O
Boads rjcquiring National Highway 436 | 155 | 05 | 078 O |071] O
the installation of new o o "+ Metropolitan City Road| 486 | 156 | 05 | 08 | O |086| ©O
facilities such as
communications Provincial Highway, City Road | 3.79 | 1.72 1 0.5 X |014] X
County Road, Ward Road 336 | 191 | 138 | 0.08 X |-014] X
Facilities required for GPS Pavement Marking 4 1.57 1 0.5 X 1014 X
location correction in Road Direction Signs 414 | 129 | 088 | 0.61 X 043 | X
communication shadow Traffic Safety Signs 443 | 134 | 05 | 078 O |071] O
area Landmarks 421 | 125 | 088 | 056 | X |043| X
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<Table 8> 2nd Delphi Survey Result

. Conver | Consen | C&C CVR
Category Question Answer Mean | SD — sus | Result CVR Result
Inereased pedestrian crossing | 5| 65| 195 | 025 | x |043] X
opportunities on the street
Road .
Operatio The way of FuFure Traffic | Traffic Operation fcfcus on Shared AV 471 | 083 0 1 o lom 0
N Operation and Transit transfer
Add Curb Spac.e utilization service by 436 | 095 0 1 o lo71l o
time zone
Increased Boarding Points on 471 | 127 0 1 o lom1l o
general roads
Increased Shared AV b 1 on Parking Lo
ecrease: -street Parking Lots on 4 1141 o5 075 o los7! o
general roads
Utilization of Free Space Increased Pedestrian Width 436 | 122 | 05 0.8 O |0.71 (¢}
due to Road Width . .
Reduction on General | Install AV assist accessories 1 ¢\ | 63 | 035 | 085 | 0 |086| O
(communications equipment, etc)
Roads
Expressway 479 | 148 | 038 | 0.85 O (071 O
The road the needs to be National Highway 4431 1.09 | 05 0.8 O (057 O
applied Autonomous Special or Metropolitan City Road | 3.57 | 1.09 | 0.5 0.75 O (014 X
Driving Exclusive Lane | proyincial Highway, City Road | 179 | 08 | 05 | 05 | X [-086| X
County Road, Ward Road 1.29 | 0.83 0 1 O |-086| X
Road . ; . .
Design Changes in the Classified into Exclusive /| Mixed / 143 | 134 0 1 o lo7l x
composition of lanes Normal Lane
according to the operation | Classified into Exclusive / Mixed Lane | 4.07 | 1.49 | 0.88 0.56 X 1043 | X
of AV Classified into Exclusive / Normal Lane| 1.14 | 1.61 | 05 0 X |08 X
) ) Lane change possible freely anywhere| 3.5 | 1.74 | 1.5 0.33 X 1014 X
Operation of exclusive lane only allowed Lot -
entry and exit y allowed to enter and exitin certaim | 3 0 | g1 | 175 | 03 | X |0.04| X
sections
Location of Center Part 479 | 1.12 0 1 O |0.86 (0]
AV Exclusive Lane Side Part 157 | 128 | 0 1 0 |-071] X
Change of AV Exclusive At the Center 307 | 1 0 1 O |-086| X
Lane standard compared to )
current lane width standard At the Side 321 | L.12 0 1 o |-071] X
A reason for need Seperate from non-AV 429 | 1.68 | 0.38 0.85 O 057 (¢}
AV Exclusive Lane High Speed Driving 4 | 188 | 18 | 006 | X | O X
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. Conver | Consen | C&C CVR
Category Question Answer Mean| SD ) I v— CVR Result
Pavement Marking 257 | 195 | 1.88 -1.5 X [-029] X
Road Direction Signs 3.57 | 2.03 2 0.2 X (029 X
Traffic Safety Signs 386 | 241 | 25 0 X 1029 X
Delineator 193 | 159 | 05 0 X |-057] X
Road facilities that need to Delineation Road 114 | 053 1 | o | 1] x
be expanded in -
consideration of the Raised Pavement Makers 129 | 0.83 1 O [-086| X
characteristics of AV Road Lighting Facilities 307 | 198 | 15 0.14 X 0 X
an-Vehi .
Pedestrian: e}.u.cl.e Separation 464 | 16 0 | o lom 0
Facilities
Speed Enforcement System 1.5 | 1.22 1 -1 X -1 X
VMS/LCS 143 | 122 | 038 | 025 X |-071| X
Technology Development | Insert Communication Chip in |, ), g7 | o5 | 075 | 0 |071| ©
Direction for AV Location Facilities
Recognition Precision Map Advancement 586|036 | 0 1 o | 1 0
Pavement Size 1.64 1.08 0.75 -0.5 X -0.86 X
Marking Color 2711 19 | 15 | 05 | X |-014] X
Road Direction Size 243 14 1 0.33 X -0.57 X
Signs Height 257|128 | 088 | 042 | X [-057| X
Road Road safety facilities | Traffic Safety Size 257|128 | 088 | 042 X [057) X
System |requiring standard change Signs Height 293 | 121 | 088 | 042 X [014| X
according to the Size 186 | 123 | 1 4 | x |086] X
introduction of Lv.4 AV Standard £
Delineator e o gz |1 1 x |1 x
Reflection
Height 2 1.24 1 0 X [-086| X
Specification 1.79 | 125 | 088 | -0.75 X (071 X
VMS/LCS -
Change Configuration| 1.79 | 1.12 | 0.88 | -0.17 X [-086] X
Need to expand Traffic Information Collection Device | 3.43 | 2.06 | 1.88 0.06 X |0.14 X
autonomous driving Roadside Communication Unit 521|097 | 05 0.82 O |08 | O
assistance facilities GPS receiving station 521043 | © 1 o|1] o
Expressway 479 | 1.76 | 0.88 0.68 X 1057 (0]
Roads requiring National Highway 386|129| 038 | 081 | O |057| O
the installation of new 7o o o+ Metropolitan City Road | 479 | 153 | 038 | 085 | O |086| O
facilities such as
communications Provincial Highway, City Road | 3.79 | 1.72 1 0.5 X 1014 X
County Road, Ward Road 293 | 1.73 | 0.88 0.42 X ]-043] X
Facilities required for GPS Pavement Marking 35 | 134 | 05 0.71 X 0 X
location correction in Road Direction Signs 414 | 129 | 0.88 0.61 X 1043 X
communication shadow Traffic Safety Signs 421|131 05 | 075 | O |057| O
area Landmarks 414|117 | 088 | 056 | X [043| X
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<Table 9> Compare 1nd results and 2nd results

Ind Result 2nd Result
Category Question Answer
C&C | CVR | C&C | CVR
Road The way of Traffic Operation focus on Shared AV and X X 0 0
Operation Future Traffic Operation Transit transfer
Increased Shared AV Decreased On-street Parking Lots on X X 0 0
general roads
Expressway X (6] (0] (6]
The road the needs to be applied Autonomous National Highway X | X | O 0
Driving Exclusive Lane Special or Metropolitan City Road X X (¢} X
Road
O'fl County Road, Ward Road X X (¢} X
Design
Changes in the composition of lanes | Classified into Exclusive / Mixed / Normal X X o X
according to the operation of AV Lane
Location of AV Exclusive Lane Side Part X X (0] X
Change of AV Exclusive Lane standard At the Center X X 0 X
compared to current lane width standard At the Side X X 0 X
Road facilities that need to be expanded in Delineation road X X 0 X
Road consideration of the characteristics of Raised Pavement Makers X X (0] X
oa .
System autonomous vehicles Pedestrian-Vehicle Separation Facilities | X X 0 0
Need t d aut drivi . L .
cec fo exl?an a ons)rln.ous Ving Roadside Communication Unit X (0} (0} (6}
assistance facilities
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