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1/0Overview of the FOTs in the Tokyo Waterfront area

(1) Testing areas

/

@ Expressway routes

connecting Haneda Airport
and the Waterfront City, etc.
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@ Haneda Airport area
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Haneda Airport Seibijo Entrance

Anamoribashi North

Tenkubashi Ekimae

Int Terminal West
Haneda Airport

Bentenbashi East
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Haneda Airpd

Int'l Terminal Ea




2Overview of the FOTs in the Tokyo Waterfront area

(2) Implementation contents for each testing area

Transmitting traffic signal Transmitting driving support

information to implement information and lane-level traffic

advanced automated driving on environment information to

ordinary roads implement advanced automated
driving on highways
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@ Waterfront City Area (@Expressway routes connecting
(3 Haneda Airport area Haneda Airport and the
Waterfront City, etc.

5

Defining ODDs and using
infrastructure facilities such as
advanced PTPS in mixed traffic
environments to implement ART
using automated driving
technology

(®Haneda Airport area



2Overview of the FOTs in the Tokyo Waterfront area
(3) Organization of the FOTs in the Tokyo Waterfront area WG

(&

Cabinet Office /
New Energy and Industrial Technology
Development Organization(NEDO)

f

FOTs in the Tokyo Waterfront area TF

¢

FOTs in the Tokyo Waterfront area WG

FOTs in the Tokyo Waterfront Area
Consortium x

-

FOTs Participants

FOTs in the Tokyo Waterfront Area Consortium

Mitsubishi Electric Corporation (representative)

Aisan Technology Co., Lt Zenrin Co., Ltd.
Increment P Corporation Pasco Corporation
Toyota Mapmaster Incorporated  Nippon Koei Co., Ltd.
Pacific Consultants Co., Ltd. Sumitomo Electric Industries, Ltd.
—> Stakeholders of the FOTs
e ’ JPN Overseas
ot OEMs 9 4
Xt Overseas 3 2
Universities 5 —
Others 4 2
- Total 29 parties 3




(4) FOTs in the Tokyo Waterfront area schedule

2019 2020 2021
Item H H H H H H H H H H H H H H H H H H H H H H
Apr : May Jun Jul Aug Sep Oct Nov : Dec | Jan g Feb Mar Apr May Jun Jul Aug Sep Oct Nov : Dec | Jan Feb Mar Apr May
Milestones : ifx’ SIP-adus WS o X Xk
)“r Start of FOTs in the Tokyo WaterfrontArea SlP?-aduS§WS Result report.

FOTs in the Waterfront City
area

FOTs on Metropolitan

Traff|c S|gnal |nformat|on .

0

Impact assessment

Intenswe dr

ving .

Expressway routes el
connecting Haneda Airport 4
and the Waterfront City area, e A- g J g s
etc. ’
(including general roads) ) /s
R

i i L, -
FOTSs in the Haneda Airport e Precision and punctuality
area Rd - ] _ ] ]
Overall FOT operation and quipment preparatio é é é é
management % Phase one SIP map # Map update data #1 Pk QA;{)WL;p;gﬁg data#2 A Map u:pdate:data #3

(&
- 4

CTTY

S A4

data creation

Y Test vehicle on-board equipment,

software #1

(updated software).

erlng group meetlns in odd numbered months




(5) The data and communication media of the FOT

Data Data: detail Media
(1)Dynamic Traffic signal information Advanced infrared beacon
o c% & ITS RSU(760MHz)
& 9” i Expressway gate information | Test vehicle on-board equipment
o - Merging support information | and RSU for expressway
% .,; g experiments
o 4’5,;, | (2)Semi-dynamic | NA NA
NA NA
(3)Semi-static NA NA
(4)Static Map data Cloud Server
Updated data Cloud Server
(4) Static data : Features of high-accuracy 3D map
* Road shoulder * Pedestrian crossing * Lane link
* Center line * Road marking * Intersection lane link
* Lane line * Traffic signal * Area-formed intersection
c:’f 1 * Lane edge * Road sign * CRP node

* Stop line * Carriageway link



~Overview of the FOTs in the Tokyo Waterfront area

(6) System for FOTSs in the Tokyo Waterfront area [Test Car] Passenger car : 97  Bus : 5 {

Map data The FOTs
Updated data Consortium

Expressway gate information

Merging support information Traffic signal information

Test vehicle on-board Cloud -
equipment for expressway 760MHz-RSU S Subm
W erver

Antenna for
5.8HzDSRC + IR

PC
* for data
confirmation

Advanced IR beacon

& GNSS Receiver .
Test vehicle on-board -
equipment P
for expressway N 7 i A
experiments & N, r Log data
Movement
managem
7R60M'HZ ent sysgem
STy ——L»%  Prepared by Test & Drive recorder -
Gerr, g || TRy particpants ...;
<y S

Tally counter 6



2(FOTs preparation

H CAN1 CAN2 CAN3 LAN1 LAN2
(1) Method of output to vehicle control ) g
. [ [
(D Data output interface and output data approach s e
®  Five output methods are prepared for outputting to vehicle control devices T —— ey s | |
®  CAN/LAN-IF is selected by test participants 100ms. [ orntion ecenedaas) ||
Tllﬁcs\gna;: ‘;;?:?::5:
AJ = ‘?t':.rmﬂ‘m)" (Ilnkm;rs;::‘;?son P
| Own vehicle location | — - : iy S
. > e Dynamic information X 32bytes) TraficsgnallD i ey
o) AN L 2 (signal information, etc.) DI e .
. Intersection 3\« Intersection 1 . i e ! =, camgenay ok
7 ” ¥ Q Intersection 2 x CAN Output LAN Output numerous traffic signals |H
A 4 / o P L
\O'Q N _ lntersection 4
4 Direcionof | W i —
- e P Intersection 5 Output plata capacity ||
e Data thinning? Thinning performed
Thinning not - No conversion . Conversion
performed Traffic signal ID Data linking
exists? conversion?
v
CAN1 CAN2: Diagram at upper CAN3 LAN1 LAN2
Traffic signal information ~ right _ CAN1 output and Multiple traffic signal Link conversion data
for nearest single Traffic signal information traffic signal ID output information and traffic (all data)

intersection output from
information from multiple
traffic signals

for nearest three
intersections output from
information from multiple
traffic signals

signal IDs output every
100 ms




(2) Mapping of high-accuracy 3D map traffic signal IDs and ITS wireless roadside unit traffic signal information

Mapping of high-accuracy 3D map traffic signal IDs and ITS wireless roadside unit traffic signal information:

Preparation of a traffic signal information mapping table
(mapping of vehicle control recognition high-accuracy 3D map traffic signal IDs and received traffic signal data)

e m—
- Ss .
Tt signal 1 s, High-accuracy 3D map
lentative, . . " . =
3\ Traffic signal IDs are defined for individual

\ traffic signal units and green arrows

’@mw !

]
I

D22 T ID2-4 /! Service route information 1

S ID2-3 / \ : Determine current ability to

s —— drive straight, turn left, or turn

o £

Intersection ID/basic road

section ID

R Received data
Header information j: traffic signal

information

Route ID=1 i

Service route information 1

Route

ID=2

Service route information n |-

Traffic signal information 1 | |

Traffic signal information m

|
'I right, and number of seconds
T ;) remaining before light change Traffic signal information mapping table
: ID2-8 / High 3D Traffic signal
: IDZ? R4 \ o] a information
: 1 o Intersection ID|
; )' wo \ Traffic signal Mesh Route ID| /basic road
i i ID number section ID
Stop line ID3 : \ T % / : : :
\‘/ A . Stop line ID1 \\1D2'10 D212« ID1-1 : Me.sh
oL ig > o D211 2 : : 1
‘.\,\ - N‘w" 1D1-12 Mesh <
Route 3 A .S i ID2-1 Mesh Ariake
: N . ,:‘, S =T~=Stopline D2 - i ID2-2 Mesh Coliseum
Traffic signal “al Route 2 ! H I _______________ ID2-3 Mesh East
(main unit, «<1— green arrows) % \I, \I, ID2-4 Mesh 2 <
Traffic signal orientation (front) Driving vehicle Stop |me IDs and trafﬂc S|gna| IDs are ID2-5 Mesh
[} @ mapped to each other using the high- : :
CTT -
S INYY! accuracy 3D map ID2:12 Mesh 8
Example: Ariake Coliseum East intersection




/{/erlflcatlon of evaluation

(1) Waterfront City Area: Evaluation on consortium side for test equipment
High-accuracy map evaluation (October 2019 release)

. Driving video (September 2019) Viewer/measurement images

Status when measurement was performed (July 5, 2019)
There was no zebra crossing zone, no carriageway edge
line, and the carriageway markings stopped mid-way

<Differences between viewer images and driving , o =

videos>

A new carriageway edge line was added on the left side
of the carriageway and a new zebra crossing zone was
added on the right side.

The way the lines were drawn was also found to have
changed between when the map was created and
when the carriageway markings were drawn.

(DExpressway routes connecting (@ Haneda Airport area
Haneda Airport and the
Waterfront City, etc.

c(‘, P » Differences were found between the June/July 2019 measurement and the September consortium evaluation

J J1l * The update timing of the map data is important. 9



I3 Verification of evaluation
(2) Waterfront City Area: Evaluation on test participant side

a. Validity of infrastructure traffic signal information for automated driving

Deterioration factor of traffic signal recognition by on-board sensor
(hypothesis)

Concept of Selecting Analyzed Sites (Proposal)

Oncoming from sunrise, sunset, car lights, etc.

Sunrise: Sunrise time zone, facing east
Sunset; Sunset time zone, facing west
= |ts is necessary to analyze traffic light intersections running east and west.

Shielding by large vehicles, trees, traffic signs, etc.

Mixed environment of small and large vehicles
= |ts is necessary to analyze traffic light intersections on wide roads

b. Validity of read-ahead traffic signal information (remaining seconds)

Situation that could lead to a dilemma

Concept of selecting sites for analysis (Proposal)

light is yellow

The vehicle enters the intersection as it is unable to pass the stop line while the Running at a speed of 50 km/h or more

= The supplement, at a speed of 60 km/h, during a relatively smooth time zone

c()f Y
w S 44

10




3/Verification of evaluation

(2) Waterfront City area: Evaluation by test participants

a. Effectiveness of infrastructure traffic signal information in automated driving

When not using infrastructure information
(actual measurement data)

km/h Sneed (km/h)

60.0

IS — 1
40
30

20.0

Changes in
vehicle
behavior for
use of

100

- ———— -

Backlighting caused reduced signal recognition accuracy, so
the vehicle automatically slowed down in order to be able to
stop. Because the signal was green, the vehicle traversed the
intersection and reaccelerated .

0.1 1

1

0 /M\—k’/
-0.1

°= Acceleration (G)

-0.300

infrastructure
information
based on
cases in which
infrastructure
information
was not used

14:14:05
14:14:07
14:14:09

14:14:11
4
14:14:19

i
i
i
FR |
ER |
|
H
i
!

Expected output
Even when vehicle sensor recognition rates decline, traffic
signal information can be used to traverse intersections

When using infrastructure information (actual measurement data)

km/h Speed (km/h)

60.0 - — —

Even when there is backlighting, the traffic signal
remaining seconds information can be used to
traverse intersections without decelerating

Direction 1

0.1
0
-0.1

o0 Acceleration (G)
G 3

14:08
14:08:29
14:08:31
14:08:33
14:08:35
14:08:37
14:08:39

\Traffic signal state Traffic signal
30[31]32/33]34[35[36/37[38/39]40] color

Direction 1 - |
| . .
pirection 2 [ g recton, 2 1 e e
Direction, 3 Dil’eCtion 1

Diregtion 3

e
o 411| r

- -

- ——
_ Time of day when intersection is traversed

N

r--} Time of day when intersection is traversed

- -

On-board camera image (without backlighting) 1 1




Ba/erification of evaluation

(2) Waterfront City area: Evaluation by test participants

Expected output
Traffic signal remaining seconds information can be

b. Effectiveness of predictive traffic signal information  (number of remaining seconds) | used to make traversal/stop decisions in advance

Dilemma zone definition

Region in which, when the traffic light turns yellow, the vehicle would not be capable of stopping before the stop

and avoid encountering dilemma zones

line when decelerating at the normal deceleration rate but the vehicle would not be able to traverse the intersection
(stop line) while the traffic light was still yellow if maintaining the same pace

L, Ly
70 : -
Can traverse intersection _ 2
= 60 by maintaining current ilemma ::1 ) y +vil2d
=< speed 2 =YV
= £ Where
c>)‘ 3 50 L1: Stopping distance at normal deceleration rate
> L Can stop by L2: Distance that can be covered at current speed while light
o » 40 decelerating at is still vell
S 9 normal rate 'S SUyellow
o 3 30 v: Current vehicle speed [m/s] («—[km/h])
§ S d: Normal deceleration rate [m/s?] («[G])
2 *g 20 1. Driver response time [s]
s 2 ‘0 Option zone Y: Yellow light duration [s]
:Both traversal and stopping are possible
0
0 20 40 60 80 Yellow light
L: Distance from stop line when traffic N L L
; A\ 2 1
signal turns yellow [m] / SR d&
% I Q Q' |
| ¢ y— a > < > <
CJ r/ 11 0 Traversal possible by " Dilemma Stopping possible by normal
maintaining current speed zone deceleration

70
60
50
40
30
20
10

0

0 30 60 90 120
Remaining seconds information
not available

0 30 60 90 120

Remaining seconds information 12

available




3ﬁ/erification of evaluation

b. Effectiveness of predictive traffic signal information
(number of remaining seconds)

Cases of sudden deceleration and stopping in traversal area J

Use of traffic signal remaining seconds information for vehicle control (actual measurement data)

Stopping determined possible in advanceﬁ Traversal determined possible in advance

,~=  No. of remaining seconds
N

—
-

Sudden deceleration and
stopping when the light turned
yellow

Period of time during
1 ===, Which sudden
1 N U———J decelerationwas

U
sl N e

No. of remaining seconds

|

CRPIEE(m

No. of remaining seconds

Speed

o ——
-~
~

CRPiERE

Acceleration

i,
-~
-~

-
-

N b ———

g 5 Dilemma I
e —1
= gp  Can traverse intersection . zone
3E by maintaining c\rrent
T =50  speed r/
]
2% 40
L a
8230
E]
r 2 8 20 Option zone Can stop by decelerating at
7{‘ TY £ 10 :Both traversal and normal rate
CJ I8 ¢ stopping are possible
< A A =2 R
0 20 40 60 80 100 120
L: Distance from stop line when traffic signal tums yellow [m]

13:16:05

Gradually decelerate and stop safely

Safely traverse without sudden acceleration




,3f§/erification of evaluation

& Waterfront City Area: Validity of traffic signal information

Approaching an intersection: - . .
Vehicle front drive recorder image Stop at red light Traffic signal information:
Left turn arrow signal Left, Straight, Right

Traﬁlc signal remalnlng seconds
information (Red, Blue)

H H Speed[km/h]
Veh|cIe rear drive recorder image i

Vehicle position

o
= : _ Speed characteristics of self-
@/T”i'\f\? driving vehicles

2 \ Assomate mfrastﬁucture |nforma‘t|on

Driving route display V(\:[;:h hklgh tﬁreCISIgn P rpaps Aeleration o self-driving
o eck with viewer vehicles(G)

CTT

< 14



3./.§/erification of evaluation

(3) Metropolitan Expressway
Example of data provided by infrastructure and vehicle behavior

——/n Distancefrom g5i555(m) 0.0m=5-+/ /-2
— )R ETC antenna /= 200.0
150.0
—o— EHfij1 5 g
—e— Hifj2 \ 100.0
—e— &3 ]
—e— Hifi4 . 50.0 E
—eo— Eff]5 1
—e— 6 = 00 T
ol Lo Merging support information
) . i : ’ i
Distance from intersected | ;
10 . i S . .
Wi 2l physical gore | = There was a traffic jam on the ETC gate passing support information
g s &l=z 2 5|8 & 8 5| cruisingline, sovehicles (comparison of viewer display and test video data recording device image)
g g2)E & E)E §& E % sloweddowntomatch Feb 28, 2020 12:02:49
- - - - ~qp~ = = =1 deceleration of vehicles in
Speed - front of them o
60.0 P R (km/h) (Not a sensor detection issue)
50.0 150.0 -
0.0 100.0 3
o 8
30.0 zooo E
20.0 -50.0 _\‘\L
\ i
10.0 Toll booth Edge of physical 1000
00 ETC antenna gore 50,0

Merging support information

C 7 C T IFindi * Merging support information received and vehicle merging into cruising line vehicle gap ; ; : : : .
J 1l [Findings] | Cruising line vehicles driving at low speed, approx. 20 to 30 km/h after cruising line merging (comparison of viewer dlsgélgg ggd;g;gvgg&ﬂa 1ta recording device image) 15



,35\‘/erification of evaluation

€ Metropolitan Expressway:
Expressway gate information and Merging support information

Own vehicle running position(Yellow point) ETC tollhouse gate opening and

Vehicle front drive recorder image Vehicles traveling on the main line(Red point closing information
RN \ 0\ ETC lane: closing

Mixed lane : opening

Estimated time for 12 vehicles
traveling on the main line to reach
he merging point

SHRE (km/h) Speed[km/h

Speed characteristics of self-

et driving vehicles
S8 \ith high-precision 3D maps .\ —
(& Driving route display Check with viewer RN

. Receive gate information = lane change

Decelerate to 20 km / h at ETC gate 16

Receive merging support information =Accelerate and join






