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Abstract

In this technical paper, we introduce Digital Transport Infrastructure (DTD) systems using the Dynamic Map2.0
(DM2.0), which is being developed by Nagoya University. These systems supports low-speed automated driving
systems by providing other road user information and traffic signal information.

Yamaha Motor is working on research and development of low-speed automated driving systems based on golf carts
and control servers for centralized fleet management. The future aim is to provide mobility services for the public,
covering a radius of several kilometers in depopulated areas, urban areas or resorts.

As there are always other road users and no dedicated roads available, multiple vehicles can be arbitrated by the
control server, making smoother operations at intersections or junctions are possible. In environments where other
vehicles that cannot be managed by the control server are running, it is effective to use DTI at such as intersections

with poor visibility that are difficult to detect using onboard sensors alone. DTI supports are also effective even at

intersections with obscure traffic signals.

IZLBIC

TAFEIRE (LUR, 44D Tl dERGA S O [ EE iz )L
TH—7219964ELDFGTEL TV BN SHED LT AH— LR, I
IVIBUNTOTER DT> Rh—b &l %) 3 ETGEN
OEIHERE TR — T < AVECY T L LTIHEHZED T
W3,

WHE TV R —IC X BB &t I3 TER XS Bk D
FRE TR 1T > TE Iz, 20024E DA 5 U X HEE I &N
v MV —E A, 20130 THERMO GBI 24 7=
YREDKPELLAR—2aY 7 b, 2014413208 EF T O
WRE AT RA—I12 DWW, Bl VU g i e LT
NGRS B NIz, CNICKD T Y RA—DRELEITH
nEL oz,

ZLUT20164ITIZNEIC T T B HE N ) O B RGAER B
HHR O FLREFERA ) 1 Wi T TRk E M 7z, i< 201 T4EIC
AR FE B DU ASSBY AT INIHGEF 2R {1 25mE 0
Hh LRI ISR 350 3B DB 2 i & U7z F Bhiiis Y — 2 A
HIETBMIG I LTV BB, 202 14E3HITIE., R LA D
KA AT LIGEFEDOBRE UT HNYIDO R T A 73005
HLTWRW, JabEith - B o L~V 3 [ B i dili O
&2 BTEMNTERM, SEICBIERF T OLNIVADH
Wiliss A7 LI RTA NP ETH S0, A Hida A+
AV EBO . L2 K ARED PTHEME R E W,

F 1o et e RS a7 7 RETEI LI#i L

WHBERS AT LOFIFED BHEDTVD, T2 P —I13 ki
T BT O EIEREEDHIRE N2 e D EFrr
JEE DR itk T R D I F B e pl 2 75 2 A 7 L &
DAV TRYRTHET BT TARAOIVOBIT—E AT AT
LAY —ERETNELTHL T3,

— s FBEEL TR, SRS AT Ll ft 2 2 koA
7 T8 i EAR ERE AT DAL, L — Y DDA
NDRLEEE RS RAEM AL TV, L LA TRHRGE
HU N T O THIUSETEREESAT D IE SN B T il
NSRS R D9 G TIAIC K > TR O
FHEDBIFTE S, — /7 BT OIALTEROKA, HiljDd
YDA TIERTANLVADMHANH LN E DTN
7o RIS, Hipli & 20 TR L W, B L DN RT
DA ORI, A5 S HEOTEHU @S ] eI B IR E D
T Y2V A > 7 F (Digital Transport Infrastructure:
DTD SO SHRNAENC T2 % o HEETLE RIS AT LB RO
HIIC DOV TIE B A OIREZ R TE B DT, AR ET
DFEDAIRETH B D, —fRNIE R E DIREREI Tl D
L RS O MO FEESLE B DNLE 75 EDIREEZ AR
THIEM TRV, EEREZTEH 5D H LV, £
7o REE SOV TE I Y DA TR, KIREEDRY
Ee 2 T IRNEOLENHL O DAHEL TV S, NSO
UK UTC, DT & HEEILE HIS AT L O iR 2 i 9
BHTLICED, AW AT LS b2 2B 2 M TE
%

YAMAHA MOTOR TECHNICAL REVIEW 1 04



BTy v 72.0%FALIBFEGEERIIN TS 7S RHREEVATL

Digital transport infrastructure systems for automated driving systems using Dynamic Map 2.0

ARTIE B BERZZPOLICU TR DN TN D
Dynamic Map 2.0(LL K DM2.0) Zffifi L. Bl vicks
D ZGESINE DRATRAE SO HLl N DRAF IOV
TN AT L2 FEL IO THINT S %,

Sl e T SN

2-1. I

ARTATLIE K1 OISIHEROKEATE THER L, Zh
SAEHIET 2EHI AT LML > TR EN TV 3, Sl
AT TS AT LR S BICH 0, il diY— AR
HUTORE RS AT LK™ 12 DM2.07° 5w b 74 —L (LA
F DM2.0PF) &1 >~ A ~— )L LTz 8 — N 258 I U C s IR A
SOMEHMZUNEL TV 5,

K8 AWS Cloud
Management
Arbitration

DM2.0
Storage

Fleet Management System

LTE Nelwor\

g I

) T‘ b |
3 A
A |
ADS equipped Roadside Units
vehicles

H1 BEEELREFATLOBR

\

HEE iR H IS IS H CALEHEL 72 EOFEAN R HEET T
REMMEIRES N T, TNEOWHARIRA LTE Z/TL T oY
RH =N RICHERENTE RIS AT LTAEEN S S
BI3E SRR FISAES 2B ONEPIREICE
92N WIEENGHD 2 LTE Z /T UTEHIT AT LITAEEN
%o B AT LI HHPRB IO E 2 L LIS 2170,
R UCHIE 2 35059 %,

2-2. BRIV RATLICEBHREF

BRI AT LMSER RO BRI Z HIE L TO 2720,
A CTOHMBEDTRETH B, SR UTED VTV A
W EESEIE D i O B 22 2L S, oD H i DS A2 AN
DHEAZHHHIEITH VTV (1X12),

1 05 YAMAHA MOTOR TECHNICAL REVIEW

K2 ERIVATLICEERERREF

UL, DB HI# DY B BREE TS IS A7 Lt
DT EPHM ZHHI T E RV, Hljld AV 2T DA
XKD ZNSZMAIUEITT 2D D% FHCKB3D LS 75K
LD TR AN I K Al OB #HEL
LWERTRFEZANDT ABRBEITIZ STV S,

H3 RELOEVRER

RIAINDST N2 AREINTT BTeITIE, M7 XS LW kD
ik, BEU, Z ORI AlfE 9 58575 LD DTLCK
BRI H B,

Dynamic,Map,2:0,:DM2:0)

3-1. 1=

it K0 DM2.0a> Y — > 7 I\ T, Dynamic Map
(X14) ORERICHED E R EE R X & & 2 Pz IE,
MO MR G ED AR T — ZE O AT LHFEZ L TE



FAFEv IRy 2.0 ERLIEhEEERICN TSV 7S 1RHREEVATA

Digital transport infrastructure systems for automated driving systems using Dynamic Map 2.0

1B, CE, F— 2205 RIS 26D Tl il L
PEER D57 BRI 5 B E O 2 0 — R 7208, B
HHDAR S AT LNOEIA VT IOy Ve HEL, 757 REL
B — N TUHEERE Lo Te ik e 7 — 2L e
BEOMAEFBTZEDTH S,

Vehicles

)

Ego
Vehicle

Type 4: Highly dynamic data

(vehicles, pedestrians) Pedestrians

Signal
Phase

Traffic
Congestion

Slippery
Road

Type 3: Transient dynamic
(congestion, signal phase)

Type 2: Transient static data,

(roadside infrastructure) Traffic

Sign

Landmarks

Type 1: Permanent static

(map data) Map

X4 Dynamic Map D™

IR, Ty Y WEHARS AT L HN—F 5V T T
775y M R— LOWIZERFEE BRI, O T — 2 AL
BRI 2 T2 7 — 2 A DU — LS 27 1 (DSMS) DRkR
LI @R, HEFRIN, MEBY, BN RO T — 20E . @
155 ROMETE R, @Dynamic Map OFIEMEZ 7R3 %
A=A —ADKGERBT TV —2ay Oik{E ©
Dynamic Map DI HliZ11>TW %,

5 Dynamic Map 2.0 O+ 7+8

KSDEINC, 7T T FY—/\ BTy P R Ty 2,
I « A HROFAIA T AT LT DM2.0OPF 259435952 L T,
T—RZDROWODAREIC B,

3-2. BT — 2 OBV
DM2.007— 2 DD (557 — &, Ml — %
REDTEROFHN RG> TE Ll T —X2E7)V HED

BERR (O TV SR Z A B L AN TH S,

VL —a HVET VR L BRI DM T — 230
KDV —aHIVETIV(GT—T IV EUTIRW, EFEED
OB EES TR L—a FIVET IV ERERYINC
PERL Iz A M) — LB THOH5,

APV — LTk, %17 T Timestamp DEHETF S, HiH O
T—RFARRBITEMENTOL B LT, Bl RO AN —
LZB6ITR T, HilifE i By 7 b 77y 7
O—RENTWBIETH S,

B ER
T—RERE EED XEE YEEZE E®EE BREOL—VD
Timestamp id | pos x | pos_y | velocity lane_id
12:01:00 0 0.1 10.0 19 101
12:01:00 1 100 | 25 40 202
12:01:01 0 0.1 | 150 19 101
12:01:01 1 140 | 5.0 40 202
2 300 | 5.0 0 303

12:01:01

X6 EHREODIEIERAN)—LA

T—=BAR=ANST—2EZWOH T/ T > vav v
TG T BHE SN TOVS, Ty ay M )XY
T1ERTEST 57 ) THNIEHZ MR T 2HRETH 5,
Fie k7 TGSy TR B L, R DA XY M
REMHTHEIT—2DFLET B IR RS 5.
BN E G E TS T 2 MRERETH 5.

4 15l, DM2.OPF =T DTI iz @A R — LE LT
D T & T, g AU DERR S 2 AL 7 (55 H o
Tz 2y NI — 272t UTIRRINCETS 9 2 e A AT HEC
507z,

(ES IS RO

fESBIERIERTOISIC, () HIRENTA AT, (i) BRI
KON BNz AT, G IS SRR EN 195N T
&%, () OBLEEX G 2 Hili o3>y ha—FIC A, Hifg
IZITOESBEHICT %, (D) OMiGIEERHIRETA N
THKI LSS OEHE LTS R D DM2.0PF 123X
159 %, (iid) OB A S HHEAE THITIEOE S5z
DM2.0IS¥ET 53,

YAMAHA MOTOR TECHNICAL REVIEW 1 06



BTy v 72.0%FALIBFEGEERIIN TS 7S RHREEVATL

Digital transport infrastructure systems for automated driving systems using Dynamic Map 2.0

(iii) Signal information on controllers

DM2.0 PF (on Cloud)

] Request signal
J informationto be
Quény| followed by the vehicle

(ii) Signal informatiory?rom
roadside cameras
1

Searchvresult (i) Signal information

from on-board cameras
e

55

7 {ESHBROMSLERE

UL, HUEA AT DA TIEERDE SITKEDSTO S
Bty 7a 8 HEDMESO N ZE SHOPIRINH L OGN D 5,
ZDTH MATUT DTHE XD SR T HTENEE LW FFIC,
55 HIHBED SO NI EGUBDNRETHY, £z, 2D
EDENUEENE D> T E VS T AFIEE R O S
HHAREIC /55728, HlHIENCIEH 92 ETAY Y MBS,

A NG SRR OE A DR, KI8D XIS Sl z
P L7z 22 L —%% Raspberry Pi TfFiXL.DM2.0PF %
otz AT L7 ERR Uiz,

COVATLICED, Ty ¥ THIFE N5 S5 I O )
7%z DM2.0PF Z{fi "7 57 K 10D DM2.0H—7 NICEHEIICIN
BT BTN TESKIDXHIC DM2.0PF =47 U CHICH
U HENER 7 b2 7 D Autoware 10 UTE SHEEH)
259 2L T (@ DEINTHME S EHZRUS LT H 215
HERT20, (b) OXICH G S IZ RS LTl Z e
V20955 EDHHOHIEN TREIC T 5Tz,

DM2.0 PF

Amazon EC2

Vehicle

Internet

@

Roadside Edge

Raspberry Pi
oware (Trafic signal generator)

X8 (ESSHFBROMIF -EEV/ATL

1 07 YAMAHA MOTOR TECHNICAL REVIEW

(a) The vehicle was stopped by ared light.
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