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Vehicles
Ego
Vehicle
i Pedestiians
Signal
/ Phase

Type 3: Transient dynamuc % / Traffic
(congestion, signal phase ) ﬁ. ‘ / Congestion
Slippery

Road

Type 4: Highly dynamic data
(vehicles, pedesinans)

Type 2: Transient static data Traffic

(roadside infrastructure) - Sign
Landmarks

Type 1: Permanent static

(map data) @' Map

At=: Shimada®l. 2015. Implementation and Evaluation of Local Dynamic Map in Safety Driving Systems,
p.103

+ JREAYF 72 (Google)sh REHR2 8]0} (Here): Lidar 5 172

WAE AR A Bl 4% AR Erle ARPUR| S 75

+ 2] QA SKeElgo] Qlu|cio} (Nvidia)2te] 7147152 Bol 5] 54 37
Rro] AR A4S FR5 glom, @ =
(Mobile Mapping System)o] 218l A}20.2 9& 75 3
(w2l Ak, 2017)
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(7 70 kp2k2 xj2k2 QIE{Yl (Vehicular Ad-hoc NETwork: VANET)S S8l 7|2
OFMH|A|X|(Basic Safety Message: BSM25))E X&%! (Bhat, 2017)
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1. =2 87 - 7=l 2t¢t o] 2 A 2

rol'

1) HAl nEF 28 (Macroscopic Traffic Flow Model)

O 74Al IEE THS 748 X2 HSS DA | HCHs RER FAl2| Ale) Hat2
DARH)

« Lighthill and Whitham (1955)3} Richards (1956)7} &gt 0|22 BER]
A4:4) S 7Pg5}0] Kinematic-Wave 23S 7
* Newell (1993)2 LWR 29| SHAP)E Heksto] A2 Feje] asdat 2rg

Aol 19 £ A BEF 2RE A

* Daganzo (1995)+= Al&d|o]A-s st AA| 2FF 23<Ql Cell Transmission

Model & &5

COAHA nER 2HES nEF| YOI MEHIIE DL|E| s |ofl= XelsiLL X2
FAxle| 2 EMolLt nE 2F M2E vidsk= Ol etA7H }S (US.DOT,
2016)
1) OIE EY, HO|2 WHAZ Soff nSUCet s UAE MsH, o] Bl HAl EF AlE2(0|M
of 288 & A

2) EAMOZ LWR O|20[2tn BE

3) HANME ofE =2 37to| Ao RES EQl o|F0|E nEF0| I 77t MLE 2 =M LWR
22 o WEF EHE ZASHK| RE (Daganzo, 1995)
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« LWR 0] 2 2 Newell¢] 232 ¥E2 17| A] WhAlsl= di7|siE o] Z7te) kA

« AX 2BHF B V2X 7|9he] 245k Bl ] sl AHEEIR] 39k whizel
CVL} CAVe] £ 5712 Brlsker] 97 918
2) O|A] W EF 28 (Microscopic Traffic Flow Model)

O 0N nEF 2H2 71 xj2ke| xt2F =F (car-following), XI=2 HE (lane-
changing) S2| M 2¥S Sl 27Xt Hel A xp2F HIXS ZAREH (US. DOT,
2016)
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[ £|20/l= X2 7|8te] & MH[A0| Cist 20tE "It | 2l nE+2RHS
2t= AR|7t U2 (Berrada and Leurent, 2017)

* 4| ASEHP O AR BES T ATsEAL S5 7|8 2334 (activity-based model)=

(] SRR} 7|4 DH HRAXTL MAIZE HEoj| 2} #ESotL SSsh= 28 AR
oo xEFake| 2HE PAlsh= o] Metet (Berrada and Leurent, 2017)

« E3] AF&F3Y 7]6He] 3-8 AJH]A (Shared Autonomous Vehicles: SAV)S] &
342 W71e1] 919 SR TN RS BET AL} QLS (< 341> BE)

H 3-1 | SAVe| 21HE HWIIs}7| ol ALt 718 2 M At

PSP = L FRUE
- 2lAR HEYIE jMOR SAVe RIS 2oAY
ITF (2015b) - T4l 7|8Krule-based)2] MELLH MEH MAIZ AIRE
- &2 EEg80l w2t 35F9 AEs g
- BIAIA QAEIS] HEYIS MO SAVO| 2YS E°|M64
Fagnant and Kockelman | - TAIE 0f2] REZECE 7Estn S LMo CHs{ Zots 2 JHd
(2014) - WA 2E2 SAV fIK| 3 S HHE?, ‘SAV XH2F WA, ‘SAV 0=, ‘SAV

Mugxpol ciet REZ FYE
- SAVE flet OJHIE 7|Ht EMES UK ZE X0 SAVEH=E 7HY stof|

Levin 2| (2016) NE DojMBS 48
- Xt 80| PPlcietT JpEOkD, K HES MAA RAS mECR TR
ArtmEo| BM X|%S HMOE 48 SEHY SAVE LTIt e HAo)
Yu @ (2017) el 2Et02 2gspy| 9ist M2 wot

- MHIA OlgX, ASFUA SN S T2 FNUR WPIE NS

&% Berrada and Leurent. 2017. Modeling Transportation Systems Involving Autonomous Vehicles: A State of the
Art. p 216-2179| SHLHES YHSIH Q9f- Ha|

4) 7|8t DYS SWS YN VSO WE| IMEICED 230i0] 010 UM BSS J1TH M| Bieots
HEAE wHEQ (o]l |, 2013)

5) &eIRt Jlur PHS “SRisol SO WS U ASHES JHIHOR Mol AlAH FHl| HutE
mILQ(st HHH2Ql” (FHWA, 2013)
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SUMMARY

A Preliminary Study to Make the Road Sector Ready
for the Commercialization of Automated Vehicles:
Focusing on Road Design and Planning

Kwangho Kim, Jongil Park, Taekwan Yoon, Jin-tae Kim

Key words: Automated Vehicles, Road Design and Planning, Shared-use Service

The road sector is required to successfully accommodate automated vehicles
capable of driving with few or no intervention of human drivers. It is however
difficult to predict the way how the operations of automated vehicles will be
realized in the future. In light of this, the present study aims at deriving key
projects to improve the road design and planning by assuming plausible
scenarios in the near future ranging years between 2020 and 2025.

This study examined three major factors that would affect the ways of
operating automated vehicles. The first factor is related to the automation level
and the spatial scope of operating automated vehicles. In this regard, one
approach called ‘Everything Somewhere’ (ES) is to apply highly automated
vehicles on limited routes or areas. The other approach called ‘Something
Everywhere’ (SE) is to operate partially automated vehicles with few

restrictions on their spatial scope of driving. The second factor concerns the
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types of technology used for automated recognition and judgement. A
technology type called ‘AV1’ in this report largely depends on both the image
processing and the artificial intelligence. The other type denoted by ‘AV2’ is
enabled mainly by both high-resolution sensors such as the Lidar and an
advanced electronic map. The third factor depends on the role of the
information delivered by the road infrastructure to enhance the mobility or the
safety of individual vehicles. In this regard, one way termed ‘V2I information’
represents the case that the information from road infrastructure is used only
for warning human drivers to change their behavior for the safety or the
mobility. For example, ‘V2I information’ can be used to warn human drivers in
the face of upcoming complicated road conditions to change modes from
automated driving into manual driving. The other case denoted by ‘VaI
control’ corresponds to the case where the information from road
infrastructure can be used as direct input data to automatically control the
operations of the subject vehicle. Note that the information applied to the
latter case should have higher quality in terms of both the accuracy and the
timeliness in comparison with the former one.

The above affecting factors are used to constitute the whole set of scenarios
of operating automated vehicles. In the case of personally using automated
vehicles, 8 scenarios are conceivable by assuming that each affecting factor has
binary options. Among these scenarios, ‘SE-AV1-V2I information’ seems
highly plausible in the near future. Likewise, another set of 8 scenarios are
expected for shared-use automated vehicles. In this case, ‘ES-AV2-Val
information’ appears to have the highest likelihood in the near future. Note
that these highly plausible scenarios shed lights on the needs of road
infrastructure required to operate automated vehicles safely and efficiently.

In addition, current situations of the road design and planning were
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examined by focusing on two domains. One is ‘theory and model’ and the other
is ‘guideline and specification.” Recently there have been many efforts to
improve theories and models to investigate the operations of automated
vehicles in the transportation system analysis. Note however that there are
inevitable limitations in those efforts because some theories or models require
detailed validations, which are possible only after the market penetration rate
of automated vehicles reaches a significant level (e.g. 10~20%). On the other
hand, one cannot notice any serious attempts made to revise guidelines or
specifications on the road design and planning. This may be due to the
difficulty in predicting automated vehicles’ operating scenarios that will be
dominant in the future.

In light of the above, key projects for the road sector were derived
particularly to improve the road design and planning. Such derived projects
can be categorized by both the vehicle ownership (‘personal use’ versus
‘shared-use service’) and the application area (‘guideline and specification’
versus ‘methodology for facility design and planning’). One example of the
derived projects belonging to the category of ‘shared-use service’ and
‘guideline and specification’ is to develop guidelines on the design of pick-up
or drop-off facilities by considering the safety of shared-use automated
vehicles as well as their surrounding road users such as pedestrians.

This study has two major limitations. One is that sufficient considerations
were not given to identify the relationships among the derived projects. The
other is that the contents of the derived projects were not specified in details.
In light of these limitations, further research is worthwhile to coordinate the

derived projects or to design their specific contents.
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