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Background and B&D objectives
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As approximately 20% of all carbon dioxide emissions in
Japan emanate from vehicles, energy conservation measures
related to vehicles and traffic are essential.

In May 2007, Japan’s Ministry of Economy, Trade and
Industry (METI) issued a report titled “Next-Generation
Vehicle and Fuel Initiative.” In the report, METT laid out
the idea of Japan pursuing efforts to become the world’s
most environmentally-friendly motorized society as one
measure of the initiative, and proposed building a low
carbon emission economy based on intelligent transport
systems (ITS). Also, METTs study group on the
electrification of automobiles proposed the Concepr of
Energy ITS as a technical development program to develop
ITS technologies that improve energy efficiency.

Because ITS can be an effective energy/environmental
measure to reduce energy consumption in the
transportation sector, under NEDO’s Development of
Energy-saving ITS Technologies project, the following
research and development was commenced in FY2008 and
is being carried out for a period of five years.

(1) R&D for autonomous driving and platooning

(2) Establishment of reliable international evaluation
methods
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Image of platooning using dedicated lanes
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Vehicles emit CO2 while accelerating, decelerating and
idling. In general, however, up to a speed of about 40-50
km/h, the slower a vehicle is traveling the more CO2 it
emits. Using ITS, traffic congestion can be reduced, which
in turn will allow vehicles to move at more efficient speeds,
thereby decreasing CO2 emissions. In addition, if vehicles
accelerate gradually and if speed fluctuations are reduced,
fuel consumption can be reduced.

'The Concepr of Energy ITS, which consists of the ten
measures shown below, aims to reduce wasteful fuel
consumption caused by unnecessary acceleration and
deceleration as well as traffic congestion through
introducing ITS. In NEDO’s Development of
Energy-saving ITS Technologies project, efforts will be
made to address these ten measures, with primary focus on
number 2, Autonomous driving, platooning, and number 10,
Establishment of reliable international evaluation methods for

ITS.
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Establishment of reliable international evaluation methods for ITS
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R&D for autonomous driving and Iatooning
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Image of autonomous driving

Image of platooning

Aiming for a future where vehicles can be driven in high
density but in a coordinated way like a flock of birds or a school
of fish, research and development for autonomous driving and
platooning will be conducted to help reduce energy consumption.
In FY2010, experimental driving tests will be carried out using
prototype vehicles to verify basic functionality and performance.
Moreover, in FY2012 demonstrative experiments using safety-,
reliability- and performance-enhanced prototype vehicles will be
conducted for the public.

For autonomous driving and platooning, it will be necessary to
drive on designated roads. Among the objectives will be achieving
energy efficiency, safety improvements and avoiding collisions
with obstacles such as stopped vehicles and pedestrians. Building
on knowledge gained through previous research done on
autonomous driving and platooning, this research and
development will be carried out based on a technological concept
using data from highly accurate 3D road maps and existing
roadway infrastructure.

@ Autonomous driving system

Autonomous driving technology will be
developed to realize a next-generation vehicle
traffic system with equal emphasis on safety
improvement and a large-scale reduction in
CO2 emissions. This technology will enable
autonomous driving and the avoidance of
obstacles on busy streets as well as
environmentally-friendly driving through
eco-drive automation and the use of
navigation systems to select optimal routes.

@Platooning system

Platooning technology will be developed
to realize a highly efficient arterial traffic
distribution system. This technology, which
includes reducing aerodynamic drag by
minimizing the distance between vehicles to
allow drafting, as well as the automation of
eco-driving methods, will enhance energy
efficient driving on dedicated expressway
lanes. Platooning technology will also enable
a single driver in a lead vehicle to drive a
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RUET convoy of three electronically connected
vehicles.
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Development of vehicle control technology

Using vehicle
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location data and 3D road maps,
technology to control engine power, breaking and steering
with high accuracy will be developed as well as
advancements in eco-drive automation.

1. Automatic drive-by-wire control
technology

Based on data from lane and obstacle
detection sensors and vehicle positioning
systems, vehicle control technologies will be
developed. In order to ensure safety in the
event of a control system failure, fail safe
controllers as well as dual steering control
systems will also be developed.

2. Platooning control technology

To allow platooning with short inter
vehicle distances, a longitudinal control
system as well as platoon formation
technology will be developed using
non-linear control theory.

3. Automated lane keeping and speed
control technology

Lane keeping assist technology using
lane markings and GPS as well as
automatic speed control technology will be
developed. Obstacle avoidance control
technology to automatically change lanes or
stop when obstacles are detected will also

be developed.

4. Energy-saving powertrain control
technology

Driving control algorithms will be
developed with the assistance of highly
skilled eco-drivers, who will serve as role
models. In addition, route generating
algorithms that minimize CO2 emissions
will also be developed. Moreover, to verify
the energy savings of platooning,
computational fluid dynamics simulations
will be conducted.
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Elements of platooning system
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R&D for autonomous driving and platooning
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An algorithm will be developed to recognize lane
markings, vehicles and pedestrians as well as technology to
accurately detect the distance and direction from one’s
vehicle to objects.

1. Recognition technology using passive sensors

Lane marking recognition algorithms using cameras as
well as algorithms to recognize pedestrians under complex
traffic conditions will be developed. Sensors equipped with
floodlights and tolerant of natural light changes will also be
developed.

2. Recognition technology using active sensors
Technologies equipped with laser radars to recognize lane
markings and to determine inter-vehicular distance will be

developed.

3. Sensor fusion technology

Technology combining stereo cameras and laser radar to
distinguish road surfaces from three-dimensional objects
will be developed. Moreover, technology to accurately detect
moving obstacles, as well as their direction and distance, will
also be developed.
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Environmental obstacles and response technology
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Development of position detection technology

Position detection technologies using 3D road maps,
GPS and driving trajectory will be developed.

1. 3D road mapping technology

With the use of GPS, inertial navigation sensors, laser
scanners and cameras, technology to make highly accurate
3D road maps that incorporate roadside structures and lane
markings will be developed.

2. Location detection technology

Using GPS and inertial navigation
sensors, technology to determine
current driving location will be
developed.

3. Trajectory generation technology

In order to actualize smooth driving,
technology to  generate driving
trajectory based on 3D road maps will
be developed.
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Example of 3D road map
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velopment of inter-vehicle communication technolo

Highly reliable communication technology that allows
vehicles to communicate with each other and exchange
information on vehicle control and platooning will be

developed.

1. Communication technology for vehicle control

A communication system with frequent transmissions
will be developed to control vehicles. The system will be
duplicated to ensure reliable communications under a
variety of driving environments such as in tunnels.

2. Communication technology for managing platooning

A communication system using multi-hops to build a
flexible network and one that can transmit at considerable
distance will be developed.

3. Security system and
authentication technology

Security system and authentication
technology will be developed to
prevent unauthorized access to
platooning communication networks,
to protect platooning  vehicle
information and to authenticate
vehicles to enter a platoon.
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Inter-vehicle communication
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Establishment of reliable international evaluation meth‘s
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Reflecting  phenomena  related to  macro-scale
(metropolitan) and micro-scale (rural areas) traffic flows,
simulation technology to rationally estimate traffic flows

will be developed.

Various energy ITS measures will be implemented to
relieve congestion problems and efforts will be undertaken
to measure CO2 reductions by obtaining as much
information as possible on traffic conditions. The
information that is obtained will be used to improve services
and to select areas in which to apply ITS technology. The
benefits of using I'TS technologies to reduce CO2 emissions
will support Japan’s efforts to fulfill its Kyoto Protocol
emission reduction obligation.

While negotiating with stakeholders at home and abroad,
this project aims to establish reliable international
evaluation methods to estimate traffic flows using hybrid
simulation tools that encompass traffic networks from
metropolitan to rural areas as well as the CO2 emissions
emanating from vehicles. In this project, technology to
monitor CO2 emissions using probes will be developed and
comprehensive technology to estimate CO2 emissions will
be examined.
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Once ITS measures are introduced, driving patterns will
be affected and presumably changing the CO2 emission
factor. Taking wvehicle characteristics and operating
conditions into consideration, a model to precisely estimate
CO2 emissions will be established.
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CO2fFHEHEEH T  Technology for estimating CO2 emissions
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In order to improve the reliability of comprehensive
estimation technology, the results obtained from the hybrid
trafic flow simulation, the vehicle-generated CO2
emissions estimation technology and the CO2 monitoring
technology using probes will be verified.
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Using vehicles as probes provides real-time information
on traffic conditions. Based on this, information technology
to estimate CO2 emissions generated at major expressways
and ordinary roads on a daily/weekly basis will be
developed.
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Monitoring of Traffic flow

Traffic management
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While proposing the creation of a highly versatile data
structure to organize traffic-related data from Japan and
abroad, a data warehouse will be established to unify and
manage data internationally as well as to enter evaluation
methods to allow the verified data to be efficiently utilized.
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Establishment of traffic database

ternational cooperatio
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In order to establish the results of this project as reliable
international evaluation methods and to broadly
disseminate the information, cooperation will be promoted
with government agencies and institutions in foreign
countries.

America

NEARCTIS California PATH
New EU project DOTs
Asia-
Pacific NEDO project
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International cooperation among Asia-pacific region, America and Europe
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R&D for autonomous driving and platooning
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Establishment of reliable international evaluation methods
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Schedule of research and developrﬁent

Establishment of reliable international evaluation methods
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R&D for autonomous driving and platooning
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Basic platooning control technology
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Obstacle avoidance control technology
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Technology to generate minimum CO2 routes
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Cooperative driving control technology
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Lane recognition technology (images and laser)
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Technology to detect inter-vehicular distance o — oo -
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3D Fusion technology
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Obstacle recognition technology
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Integration technology (millimeter-wave, laser, and images)
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Technology to improve recognition efficiency
(response to natural environment)
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Driving environment recognition device
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3D road mapping technology
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Location detection technology Position detection device (GPS)
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Eco-drive control algorithm

Trajectory generation technology
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Simplification technology (speed sensor, gyroscope)
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Automatic mapping technology
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Position detection device

‘AR
Highly reliable communication technology
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Ad hoc communication technology
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Communication apparatus
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Protocol
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Framework theory construction
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Development of software suite in accordance with framework theory
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Development of macro traffic simulation
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Improvement of macro traffic simulation
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Development of technology to estimate CO2 emissions using probes
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Development of technology to estimate CO2
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emissions using probes and infrastructure sensors

‘ 70-71c&3COE BT VAT LT ORI 7RISR

Development of prototype system for estimating CO2 emissions using probes
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Development of CO2 emission model for vehicles
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Data measurement for CO2 /
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Micro traffic simulation model
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emission model
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Development of micro traffic model for ITS measures
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Establishment of Establishment of data warehouse System to improve data quality
database structure — - ey
T2 7T RR T893/ 78 TR EHEIT
Development of data analysis software Trial of data analysis software
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Consideration of Model verification NPT = =
verification conditions BaEL Qﬁf*f?’ )'Wﬁ ik
RIS REST Model verification (partial/whole)
Analysis of problems associated with verification
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Development of Establishment of international cooperative St Analysis of evaluation methods by BIIN
international cooperation research organization 7 ; :-{: international cooperative research organization Internationall
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requirements 5 1P q evaluation methods IR &
— — technical reports
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