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Sensing Technologies for Realizing Automated Driving
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Kazuoki MATSUGATANI

ADAS (Advanced Driver Assistance System) and AD (Automated Driving) have received a lot of attention in recent
years. IT firms as well as car manufacturers are actively developing these systems. Driving vehicles consists
of three functions: perception, decision, and control. In ADAS, some aspects of perception and control are
automated. In AD, all functions including decision are automated. Throughout these applications, perception plays
an important role and supporting perception with sensing devices and software helps to make driving much safer.
In this paper, firstly, definitions and the levels of automation from ADAS to AD are explained. Then, recent
AD development activities of various firms are introduced. After that, we focus on surround sensors used
for perception. Typical sensors, cameras, radar and LIDAR (Light Detection and Ranging) are introduced and
their functions are explained. Next, DENSO’s concept for utilizing ADAS/AD systems, “everyday confidence,
extraordinary safety” is explained. Finally, our activities for investigating AD functions and demonstrating AD
applications are also introduced.
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Execution of R Failback System
SAE Monitoring of
a S Steering and . Performance Capability
Name Narrative Definition Acceleration/ I?rlvmg of Dynamic (Driving
Leve Environment
Deceleration Driving Task Modes)
Human driver monitors the driving environment
the full-time performance by the human driver of all Human driver Human driver F::Iu.man n/a
0 No Automation aspects of the dynamic driving task, even when enhanced river
by warning or intervention systems
the driving mode-specific execution by a driver assistance
: i i i i Some
Driver system of either steering or acceleration/deceleration .
1 A ,e using information about the driving environment and with Hun;an dtrlver Human driver Z”.man driving
ssistance the expectation that the human driver perform all and system river modes
remaining aspects of the dynamic driving task
the driving mode-specific execution by one or more driver
assistance systems of both steering and Some
2 Partial acceleration/deceleration using information about the Systemn Human driver Human drivin
Automation driving environment and with the expectation that the 4 driver d g
human driver perform all remaining aspects of the dynamic modes
driving task
Automated driving system (“system”) monitors the driving environment
the driving mode-specific performance by an automated Human j(?rl:\e
3 Conditional driving system of all aspects of the dynamic driving task System System driver riving
Automation with the expectation that the human driver will respond modes
appropriately to a request to intervene
the driving mode-specific performance by an automated Some
High driving system of all aspects of the dynamic driving task, -
4 . N . . System System System driving
Automation even if a human driver does not respond appropriately to a d
request to intervene modes
the full-time performance by an automated driving system
5 Full of all aspects of the dynamic driving task under all roadway System System System All driving
Automation and environmental conditions that can be managed by a t4 Y Y’ modes
human driver
Fig.1 Levels of driving automation defined by SAE (Source: SAE International Standard J3016)
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~————————| Extraordinary Safety
Majo"den( Avoid danger at emergency.
Mitigate damage in case of
Mi.ts major accidents.

Near misses

Assist in ‘Recognition’, ‘Judgment’ and

‘Operation’ in every driving scene. Poor skill, anxiety

F Everyday Confidence |

Normal drlvlng Danger Pre-collision Collision Post collision
Assisoce motiol Informaton rovisien. Wamng  Operaien | Occupariedestian Fistad o he
l Everyday Confidence \*— Extraordinary Safety

Fig.2 DENSO's concept for safety: “Everyday
Confidence, Extraordinary Safety”
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Environment
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Vehlcle

ﬁ Human Study Social Acceptance
Analysis of Accidents Regulation / Standardization

Fig.3 Technologies required for ADAS (Advanced Driver
Assistance System) and AD (Automated Driving)
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Fig. 4 DENSO products for ADAS and AD
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Fig.5 Front mono-camera and detecting objects
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Fig. 7 Data processing of radar signal to identify objects
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Fig.9 Free-space detection by processing LIDAR data
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Fig. 10 Public road test on Minami Chita highway
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Fig. 11 Demonstration in 2013 ITS World Congress in
Tokyo
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Fig. 12 Automated driving demonstration in the town of
Kume-jima

Fig. 13 Demonstration in 2014 ITS World Congress in
Detroit
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