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Necessity of Lane-level Road Traffic Information

® [ane-level road traffic information is necessary to achieve safe and smooth driving by obtaining the status at the
front that cannot be detected by in-vehicle sensors, and changing lanes early, or other means.

® To generate lane-level road traffic information, it is effective to use vehicle probe information that can obtain
traffic conditions in areas, and further sophistication of information by adding information from road/traffic
controllers or others is expected.

Autonomous driving based on Sudden deceleration by the preceding car will cause a risk for the
W/%liﬁfo restricted information from the front automated vehicle located at the congestion tail to decelerate
# % ' |detectable with in-vehicle sensors accordingly, and unable to change lanes smoothly.
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N |Obtaining lane-level information at the
WInfo. | front preliminarily gi h ti
N preliminarily gives enough time
for early lane change, etc.

Effectively generating information by combining
information from various sources
O Vehicle probe information
Can obtain areas and positions precisely
O Road/traffic controller information
Can obtain information such as incident causes
that cannot be obtained through vehicles
O Others (emergency information, etc.)
Can obtain emergency information immediately

Needs by vehicle
« What lane should be used?
 When to change lanes?

— Lane-level road traffic
information is necessary to
determine the above.




Scope of This Measure

® There are multiple stages for automated vehicles to appropriately control or make judgment,

depending on the distances to the point to perform controls necessary for individual scenes. Thus
lane-level information is required for each stage.

It is important to use various communication measures depending on the characteristics of each
stage, and integrally combining obtained information.

Lane-level road traffic information according to characteristics of scenes is being reviewed for the
effectiveness or use, and this measure first reviews use of path planning mainly for lane change.

[ Path change, etc. Lane change, etc. ] [Emergency brake, etc. |
_Path planning | <
00 ] oo ¥ o ¥ o 9 ¢
Upstream side several km

Upstream side several hundred m Incident location
distant from the incident
Info. directly leading to control

(Areas to be mainly handled by V2V)

distant from the incident

Info. to support judgment/control
(Areas with high expectations placed on V2I)

InfojtoJsupportijudgment/,control:llane:levelroad/traffic info., etc.
(Areasiwithihighlexpectationsiplacedion:V2N)

< SIP with VICS info. Scope of this measure




Scope of This Measure

® This measure utilizes vehicle probe information already implemented to realize an early social
implementation and starts activities from reviewing technologies to generate/provide information
in real time similar to conventional road traffic information.

® It also aims to generatee/provide further instantaneous information in the future.

[ Path change, etc. Lane change, etc. [Emergency brake, etc.|
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Upstream side several km Upstream side several hundred m Incident location
distant from the incident distant from the incident

VN lSevenaI-
High to several dozen seconds

Several dozen seconds to several minutes

o

More instantaneous and

Several minutes or longer _ ~ .
= advanced utilization will be

Instantaneousness required

Low : -
‘ [— reviewed in the future.
Docn Scope of this measure
= AL Technical study using vehicle probe information already 5

implemented to realize an early social implementation



A: Lane restrictions (due to B:
construction work or the like)

LELCSREECNCEEESY Targets three use cases being studied by Japan Automobile Manufacturers Association

Traffic accidents, disabled C: Congestion tail

vehicles, fallen objects, and

other obstacles @@D@Q
Lane restriction Stopped vehicle @ﬁ@
e by, = D =

b (=D
= —
= : k response (response
S Target Communi Control application (vehicle control fl%‘#fvehlc e after obl:)alnln
E sections cation or information provision, etc.) information) g
g Expressw Lane change, traveling plan change, ;
& ays V2I, V2N speed adJustmenE stop Not required

Note) Set based on the SIP Cooperative Automated Traveling Use Cases (1st Edition, September 3r)

Advantages of info provision

® Improvement on safety and smoothness, etc. is expected thanks to smooth lane
change and prevention of impact collision by the following car, as well as sudden
deceleration of the automated vehicle when meeting an event shown in use cases by

PR changing the lane in an early stage based on the situation of the front area.

“*1 @ Effective as support information for vehicles with automated driving levels 1 and 2.|s




utlre Visions and Scope of Study of FY2020

® In the future, data amount will be increased in line with widespread use of connected cars, so we
will proceed with the study assuming that latest information will be provided thanks to collection of
data without uplink delay.

@ Future vision as extension of

current technology ® Future ideal vision
(Transition period)

Probe information

« Large amount of data

» Further decrease in uplink
delay

» Leveraging lane-level data
(speed, turn signal information,
etc.)

e 1-minute or shorter time data

Infrastructure information

« Traffic control information
(lane restrictions, accidents,
etc.)

Other look-ahead information

« Emergency information

(accidents, etc.)

Probe information

+ Large amount of data

« Decrease in uplink delay

+ Road link data

(leveraging turn signal
information, etc.)

« 1-minute summary data
Infrastructure information
» Traffic control information
(lane restrictions, accidents,
etc.)

Probe info (commercial)
+ Less data
« Delay in uplink
» Road link data (per 100 m
section, speed distribution)
* 5-minute summary, 5-
minute update

Contents for FY2020

Perform field operational tests targeting 2 routes of Metropolitan
Expressway to verify the following matters.
® Verification of the possibility of generating lane-level road traffic information
® Review of necessary technical specifications
® Verification of the effectiveness of information
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Image of Lane-Level Road Traffic Information

® This measure assumes the following lane-level information will be generated.
O Information on start point of abnormal traffic flow, O Information on abnormal traffic
areas O Information on event cause
—Warning information assuming the use in path planning (lane change)

Going straight as the status \
of front area is unknown @ |Lane restriction|

\
. N D by

No info. m< \4 > WER, ¥CD Huu

Automdted vehicle i a5 i s G

i iem N s S i
ICongestion tail|

Difficult to change lane

Probe info.

( Lane change is required 1 etc.)

| before arriving here. ) |

When using L) [1] [ Lane restriction |
lane-level road [1]
traffic info. '\ [1] A~

\
Using in path planning 1 Obtaining info. on lane levels (—/
(lane selection) J preliminarily secures enough Image of_lal_’le—level _
time to change the lane. road traffic information




Available Probe Information

® The spatial aggregation unit of probe information (such as speed) is generally a link aggregation such

as DRM*, (Pattern 1)

It is desirable to use lane-level probe information (Pattern 3) to generate lane-level road traffic
information, but in real terms commercial-base data (data obtained by commercial vehicles) are road-

specific linked information (Patterns 1 and 2)

Therefore, using probe information of Patterns 1 and 2 to generate lane-level road traffic information is being

studied.

Travel track

*DRM: Digital road map prepared by

Vehicle subject to probg acquisition .@@ﬁ the Japan Digital Road Map Association
S S ! — i
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Point of posiiioning
by the vehicle

<Pattern 1> <Pattern 2>

Data format to be expected to
realize in future (ideal format)

<Pattern 3>
lane-level links (e.g. at 100

DRM links DRM links (at 100 m equal

(road links) interval)
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Characteristics of Probes to be Used

<Information held by links for probe information to be used>
Speed by direction at links before junction

<Pattern 1>

Speed on the left

DRM links (road
link) \ oA

If the speed on the left is low, it is
estimated that there is a congestion

Frequency on vehicle events

® Speed by direction >¢ 2 . in the left lane.

at links before Vi Ve PV3 e

junction Straight speed | i |

! : : Frequency by speed range

<Patt.ern 2> ! : ; (speed distribution) )
DRM links i i i ,
(100 m equal : : V4 Variations in speed possibly Turn signal
interval) RGN ;'/ E : > Frequency Mean the occurrence of Left turn
® No. of vehicles by Vi V24 V22 V23 V3 ... congestion signal

speed range Right turn
® Frequency on vehicle Congested @ signal

events (such as turn
signals)

——

> Speed
Low High

Left steering
Braking

Freq. Z
15

0

If many vehicles
indicate left turn, it is
estimated that there
is a trouble ahead in
the left lane.

15

i)

If many vehicles
use braking, it is
estimated that
there is a trouble
ahead.

® Identifies a position where an abnormality occurs in the traveling direction at 100 m intervals from information

on No. of vehicles by speed range in Pattern 2.

® For lane-level abnormality, the direction (left or right) of the lane having the trouble is judged from turn signal

Gy information or the like in Pattern 2.

<) il e At junctions, lane-level congestion status (left turn or straight) by branch direction is judged from the speed

information by direction in Pattern 1




Details of Probe Information to be Used

® Uses of probe information obtained from probe operators are roughly divided into desk study to evaluate the
reliability of information generated with the established method, and verification of experiment system by actually
distributing information to experiment participating vehicles during the 2020 field operational test.

® Probe information will be totaled in every 5 minutes, considering current data collecting status or other
factors.

Probe information to be used in field operational test

Field operational test

Unit of
links for _ AL R Scope of data to be used
collection (using past data) Gl i Riu €xperiment system
data) ) ;
Note 1) Image o
Speed by branch  Speed by branch data format on
Pattern 1 S L . )
. direction (5- direction at links @) @) No. of vehicles
In DRM links : : : .
minute interval) before junction by speed range
(5-minute No. of vehicles by 0<V=10km/h
IP?DtIEﬁ/IrF i interval) speed range) O © 10<V=20km/h
n inks .
100 m '
il('1terval) C;i?;:ne?eﬁ:s Brake Expected to be used 110<V=120km/h
Z (5-minute Turn signal @) in the following fiscal 120<Vv
i year and thereafter 12

interval) Steering



ane-Level Road Traffic Information to be Generated

® Generation of the following warning information applicable to target use cases is studied
® Since vehicle event information processing functions are not implemented in the experiment system for
verification, use cases for congestion tails at the junction will be mainly verified.

Space resolution in travel direction (at 100 m interval)

]
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=
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Actual incident ' | insigele T ' Xy

=D 9 ; zard Iamp D m@? X

Decelera

striction|

Decelerat|on ! : rn signal
Automatled vehicles ! i ! Turn signal il
I NS4

» Speed distribution  Speed distribution

» Speed distribution

abnormality abnormality abnormalit
« Frequent turn signal  Branch speed lowering in « Frequent t&/m
(left), etc. left direction g

« Frequent turn signal signal (right), etc.

(right), etc. :

Information update: every 5 minutes

Il_l Abnormality III Abnormality
Il—l in left lane m in left lane

Generating

Abnormality
in left lane

information based

1 b I

warning | : /—|i|

on probe data

*At 100 m interval/lane-level 13
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© Details of Operational Test Corresponding to Technical Study

Perspective of Technical Operational test
information flow study “ (Desk study) (Verification with experiment system)
C
ke]
= OEM, etc. Simulating data ?352:’ d‘;ﬁg‘ ?{Egllltien::
D_ - - - =
§ (Probe data) (Traffic simulation) (of July this year) /Jonline data
2] ( ® Data sharing Studying applicability of Using proven interface in
_5 (consolidation) JasPar specifications OEM, etc. (JSON format) Same as on the [eft
whd
_g "g @ Inte_grati_ng data _from Verification with past Verification_with real-
e - multiple information - _ data time online data
é 5 Is sources Stugdeyrl]ggalc?gonrlrgsitcl:n - Checking actual - Establishing operational
+ i i i test system
@ E © [@Generating lane-level information generation . Verifyin .
S+ o road traffic information LS ying tn
2 < 3 - Probability of delay in uplink due to
< 8 r=c @ Converting to data that Studying position inform(ation gener)ated real-time processing
Q.= Q can express positions expression method - Logic (parameter :
+ T . . Format using expanded DRM
% 3 O (CRP, dynamic map, (expanded DRM/CRP adjustment highly compatible to probe data
o etc.) method) (DRM format)
o v
g ® Data sharing Studying applicability of Applying JasPar specifications
W \ (distribution) JasPar specifications (warning information, etc.)
c Field operational test
2 OEM, etc. consortium server
cr’r 8 Field operational test vehicle
| § Individual vehicles . .Verificati.on of effectiveness of 15
information



Configuration of Field Operational Test System

Receives probe information through

: Scope of development

Probe information Pprocess Wired line HTTP protocol in every 5 minutes . . . -
[ provider server ing Text (Json format) expression consigned in this project

T pommm————— information

| H I
o o HTTP client S
A Another Project
i e . i i - . .
(o] o} 2L feren el e Wired line SIP Tokyo Waterfront Area
o—o 2 % | tafficinformation | __==="==——==-~
traffic information '% Operational Test Consortium
field operational S ) P

Vehicle subject to test system /\ system

probe acquisition .

HTTP server Distributes warning HTTP client
information (attention) Mobile phone
content per JasPar network
vehicle information
sharing API specifications )

Participant vehicle * To be used in
Field Operational Ve”tf_'c_atm: by
Test System functions participants
Data Data Lane-level road Output data I .
consolidation I:> integration E> traffic information E> generation E> Datafdlstr_lbutlon
. . . . . unction
function function generation function function
* Detect a point where an * Convert to data that can * Including Web inquiry terminal
*Perf . ¢ abnormality occurs based on the express positions, and distribution functions and
P er -orm processing o No. of vehicles by speed range or  edit them to be saved in system evaluation information
K CIT uplink delay, etc. other data, and generate warning  JasPar format generation functions
7 Il information 16



formation Distribution Sections for Field Operational Test System

and Verification by Participants

® Distribute information in the experiment target sections as shown in the following diagram to
check data processing/information generation technology or the like.

® For the inbound Route No.1 Haneda Line (section starting at the Hamasakibashi JCT) having
frequent lane-level congestions at the junction, experiment participants will travel the section,
receive/view information, and evaluate the effectiveness of information, etc.

Experimental section (1): Route No.1 Haneda Line (from Airport West IC to Shiodome IC)
L = Approx. 14 km (2 one- Way lanes)

o w gl VBT v —RhER
x

-4 EAm Hﬂ
axs

H5IC

Warning info. 2 _
(Congestion tail 2) '—_'A

Warning info. 1
(Congestion tail 1)

Legend
Metropolitan Expressway Target car position
; o Main line joint v
/‘/" BEICT ° Main line branch
Experimental section (2): %O IC joint
Bayshore Route (from Airport-Chuo IC to Rinkai-fukutoshin IC) % IC branch Image of viewer for lane-level
L —Approx. 10 m (3 one-way lanes) 3= PA road traffic information
Onm1273%9k Sections/positions subject A Pointof frequent accidents (warning information) to be
' to field operational test Point of congestion distributed (under review) 17




Technical study

T
c
S
-
©
| .
Q
Q
o
T
[
L

Implementation Schedule

1) Study of technology for
generating lane-level ) Current
information v
Feb.

2020

2) Study and evaluation of processing technology for lane-level probes required
for generating lane-level information

3) Study and evaluation of data integration technology for generating lane-level

evaluation results

Summarizing technical

information
4) Study and evaluation of technology for distributing lane-level information )

= =
™ |
|

) 4 . A

Field operational test planning E -

| u

Jun. T Field operational test system m

2020 development :

Field operational test (desk study) ):

— | |

Oct. Field operational test \®

2020 (Verification with test
system)
Around Jan. Around Feb.

2021

2021

1
1
1
1

Summarizing
I technical evaluation
results
=

L
-
--
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| Fleld operational
1 test

I Increase in data
r Turn signals, etc.

il T~ |
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