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Challenges of Next-Generation Electronics Based on
Nanotechnology

H. Sakaki'’

'"ToyotaTechnological Institute
2-12-1, Hisakata, Tempaku-ku, Nagoya468-8511, Japan

*National Institute for Materials Science,
1-2-1 Sengen, Tsukuba, Ibaraki305-0047, Japan



Hiroyuki Sakaki

<CV>
Hiroyuki Sakaki was born in Nagoya, Japan, on October 6, 1944. He received B.S.

degree in electrical engineering in 1968 and M.S. and PhD degree in electronic engineering
in 1970 and 73 respectively all from the University of Tokyo (UT). His Ph. D work was on
“Surface quantization and electron transport in silicon MOS inversion layers.” In 1973, he
joined Institute of Industrial Science (IIS), UT, as an associate professor and got promoted in
1987 to its full professor; he kept the post till his retirement in 2007. From 2007 to 2010, he
served as a Vice President of Toyota Technological Institute, Nagoya, where he has been its
President since September, 2010. He serves also as a fellow of National Institute for Materials
Science (NIMS).

Throughout his career, mainly at University of Tokyo, he conducted nano-electronics
research, including seminal works on quantum wire/dot devices, such as the first proposals
of quantum wire FETs and quantum dot lasers, epitaxial synthesis and atomic scale
characterization of quantum heterostructures, in-plane and tunneling transports of two-
dimensional electrons in quantum wells (QWs) and superlattices (SLs) and so on. From March
1976, he worked for 18 months as a visiting scientist with Dr. Leo Esaki, a Nobel Laureate, at
IBM Watson Research Center and invented a QW infrared detector and performed the first in-
plane electron transport studies on QWs and SLs.

From 1988 to 98, he was dual-appointed as a professor at Research Center for Advanced
Science and Technology of UT. He led ERATO Project on “Quantum Wave” (‘88-"93) and
Joint Project on “Quantum Transitions” (’94-"98) with UC Santa Barbara, both under the JST
support. In 1999, he was a visiting professor at Ecole Normale Superieures, Paris. He served
as the President of Japan Society of Applied Physics from 2004 to ‘06.

He received such awards as Person of Cultural Merit, Japan Academy Award, Leo
Esaki Award, Heinrich Welker Award, Purple Ribbon Medal (Shiju-Hosho), IEEE David
Sarnoft Award, Fujiwara Prize, and Hattori Hoko Award. He is a fellow member of IEEE and
American Physical Society and honorary member of Physical Society of Japan and Japan
Society of Applied Physics.
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“Power Devices: Key Technology Driver for Future Power
Electronic Systems - Development Trend in Europe”
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L.eo LLorenz (ECPE/ Infineon Technologies, Germany)

“SiC Power Devices - Today and Future”
[SiC I\D—4E{XDIIK ERFEK]
Masahito Otsuki (Fuji Electric Co.,Ltd, Japan)
KA IEN G bassbataid

“GaN Power Devices on Si Substrates and Application to
Power Conversion Systems”
[Si &Rt GaN \T—F /1 R EBHEHEIRDILA
Tetsuzo Ueda (Panasonic Corporation, Japan)
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POWER DEVICES: KEY TECHNOLOGY DRIVER
FOR FUTURE POWER ELECTRONIC SYSTEMS -
DEVELOPMENT TREND IN EUROPE

?1.e0 Lorenz

'ECPE,
Landgraben Strasse 94, 90443 Nuremberg, Germany

*Infineon Technologies,
Munich

Abstract

The main challenge in Power Electronics Systems and Power Device development is directed
by a simultaneous increase in Power Density, Efficiency and Reliability. Elevated power density
and efficiency will be achieved by new developments on Si-devices and components based on
wide Bandgap material, advanced packaging technologies and future power circuit topologies as
well as switching strategies. Embedded power integration on chip level will meet the requirements
for ultrafast switching and new chip interfacing technologies with a match in the coefficient of
thermal extension for the individual materials. In the presentation the development trends of power
semiconductor devices and power electronic system developments in Europe will be shown and
discussed in detail.



Leo Lorenz

<CV>

LEO LORENZ received the M.Eng. Degree from Univ. of Berlin Germany in 1976 and the
PhD. degree (first class Hons.) from University of Munich in 1984 (Germany).

He is currently Technology Advisor for New Power Semiconductor Devices at Infineon Tech-

nologies Munich. From 1988 to 1998 he was Senior Director at Siemens responsible for Power
Semiconductor Devices in Automotive & Industrial Application. From 1998 to 2012 he served as
Senior Principle in Application and Concept Engineering for all power semiconductor Technologies
in Munich/Singapore/Shanghai. In this field he has published more than 400 Journal/conference
papers with a high citation rate and is the owner of more than 60 patents. He gave more than 50 key
note presentations at high level Summits and Conferences.

Beside his work in Industry he is a Honorable/Adjunct Professor at several Universities in Ger-
many and Worldwide. In this function he provides courses on power semiconductor technologies
and supervised more than 20 PhD Students.

Dr. Lorenz is one of the Key Founder of ECPE (European Center of Power Electronics) and
since the foundation in 2003 President of this organization. He is Founder/Co-founder of several
conferences such as CIPS (Conference on Integrated Power Systems), PCIM Asia, EPE, etc. He
served as General Chair of several Conferences e.g. CIPS since 2005, EPE 2005, ISPSD 1997,
PCIM since 2001 and is in the Advisory Board of all of these Conferences. Dr. Lorenz received sev-
eral times the best paper Award at IEEE Conferences. In 1996, 98 and 99 he received the Siemens
Innovation Award and from the German Industry Society the Innovation Award in 2002.

Beside these he received several high level IEEE Awards e.g. IEEE-ISPSD Outstanding Con-
tributory Award in 2010 (Japan), the IEEE- Gerald Kliman Innovator Award in 2011 (USA) and the
IEEE- William E. Newell Power Electronics Award in 2012 (USA), Ernst Blickle Award in 2015
(Germany)

He is a distinguished lecturer at several Universities since 2003. He owns an IEEE- Fellowship
since 2006 and is a Member of German Academy of Science since 2005. Dr. Lorenz is in the Advi-
sory Board of several Research Institutions e.g. Fraunhofer Institute, Robert Bosch Center, CORPE
Denmark etc. and a Technology Advisor/Reviewer of Governmental Organizations and Funding
Programs.
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SiC Power Devices — Today and Future

M. Otsuki

Electronic Devices Business Group, Fuji Electric Co., Ltd.
4-18-1 Tsukama, Matsumoto, Nagano 3900821, Japan

Abstract

Innovation in electric and thermal energy technology are key to develop power conversion
products to maximize energy efficiency, leading to a society that is safe, serene, and above all,
sustainable. The power semiconductor devices are widely used for years in such systems as fast and
reliable switching devices of low power dissipation. IGBTs (Insulated Gate Bipolar Transistor) are
one of the best contributors in mid to high power conversion; however, SiC (Silicon Carbide) power
devices are challenging to take over IGBT application field. This paper presents the impact of the
SiC power devices and SiC-installed power conversion systems. Innovative new technologies to
squeeze SiC performance of super-fast switching are also presented.

SiC power semiconductors are highly expected to
have outstanding performance of breaking the physical
limitation of silicon-based power devices. The dramatic
reduction in power dissipation as well as increase in power
density promise great contribution in the next generation
power electronics systems.

The hybrid power module shown in Fig.1 has the high
performance chipset of the latest generation silicon 1700 V
rated IGBT and SiC schottky barrier diode. The 690 V
inverters using the SiC hybrid modules, which are already
availble in market, achieved about 28% reduction in total
power dissipation. The gretest impact was to upgrade its
output power to 450 kW with SiC hybrid module in the
silicon IGBT based 315 kW-max frame.

Figure 2 presents the 1MW output mega solar power

conditioning sub-system (PCS)""”. The All-SiC POWEr (u) External appearance (b Storage exsmple for pane
module has SiC MOSETs and SiC Schottky diodes. The Fig. 1 The SiC hybrid power module

power module have new feature of super low internal  installed 690V inverter “FRENIC-VG
Stack Series”

inductance and very high power density to squeeze
maximum performance of SiC power chipset. The
conversion efficiency is as high as 98.8%. The footpring
size has a been dramatically reduced to 60% by optimally
combining the DC booster circuit and inverter circuit.
This product was awarded First Prize in the FY2015
Japan Electrical Manufactures’ Assosiation techinical
Achievement Award.

References (ah Mogn sodar powes conditioning

ssb-aiatiom
[1] N.Eguchi, Fujielectric Review 2015, vol.61, no2, pp.88-94 Fig. 2 Mega solar power conditioning
[2] N.Nashida, Fuji Electric Review 2014, vol.60, no.4, pp.214-218 sub-system and All-SiC module.



Masahito Otsuki

Senor Manager,

Device Development Department
Development Division

Electronic Divice Business Group

Fuji Electric Co.,Ltd.

4-18-1 Matsumoto 3900821 Nagano, Japan

<CV>

<Academic Background>

1990 B.Eng, Tohoku University

1992 M.Eng, Tohoku University

1997-98 Academic guest, Swiss Federal Institute of Technology Ziirich (ETH Ziirich)
2005 Dr.Eng from Yamanashi University

<Work Experience>

April 1991 Joined Fuji Electric.Co.,Ltd, New Generation IGBT development
April 2008 Engineering Manager, New Generation IGBT development
June 2010 General Manager, Europe Research and Technical Center

at Fuji Electric Europe GmbH
April 2013 Senior Chief Researcher, Electronic Device Laboratory
October 2013-today Senior Manager, Device Development Department
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GaN POWER DEVICES ON Si SUBSTRATES
AND APPLICATION TO POWER CONVERSION SYSTEMS

Tetsuzo Ueda

Panasonic Corporation, Automotive & Industrial Systems Company, Engineering Division
3-1-1 Yagumo-Nakamachi, Moriguchi-shi, Osaka 570-8501, Japan

Abstract

State-of-the-art performances of Gallium Nitride (GaN) power switching devices on Si substrates
are reviewed. A normally-off GaN transistor named as a Gate Injection Transistor (GIT) serves low on-
state resistances and high breakdown voltages together with its reliable operation. Superior performances
of power switching systems using GITs are demonstrated for inverters and various circuits for power
supplies, implying that these new devices are very promising for future energy-efficient applications.

L. INTRODUCTION

Wide bandgap semiconductors represented by  Cut
GaN and SiC (Silicon Carbide) have been expected to
overcome the limitation of achievable per- formances
by existing Si power devices. Thus, these new 10M
semiconductors would enable extremely high power
and/or high speed operations of power switching
systems leading to very compact systems. Figure 1 100K
shows how the applications of power transistors can
be extended by new wide bandgap semiconductors.
Since the increase of the break- down voltage of GaN 1K
transistors is limited up to 1000V by the existing
epitaxial growth technology of GaN on Si substrates,
high frc?quency operation with relatively low output Ww e e
power is the target for GaN. So far, a new device Operating frequency(Hz)

10K

100

structure named as GIT has achieved a normally-off Fig. 1 Potential applications of GaN and SiC
operation that had been the most serious technical issue power switching transistors.
for GaN power devices [1].

In this paper, recent progress of GaN GITs on Si and improved performances of power switching
systems using the GITs are presented, which demonstrates that GITs are very promising for future power

switching systems.

I1. GaN GATE INJECTION TRANSISTORS ON Si

GaN transistors utilize the AlGaN/GaN hetero structures where two dimensional electron gas (2DEG)
with high carrier density and high electron mobility is formed. The GIT consists of p-type gate formed
over the AlGaN/GaN enabling the normally-off operation. Injection of holes from the p-gate enhances
the formation of the electrons at the channel, resulting in low on-state resistance and high drain current
maintaining the normally-off operation. Figure 2 shows a schematic cross section of the GIT with the
operating principle. Table 1 summarizes the DC characteristics of working samples of GITs on Si. The
notable characteristics are the low R,,Q, (R,,: on-state resistance, Q,: gate charge) of 700mQnC which is
one thirteenth smaller than that of state-of-the-art superjunction Si MOS indicating far better potential for
the high speed switching. Note that standard reliability tests have been qualified for the GITs.



Vg > Vf of GaN-PN junction Table 1 Summary of DC characteristics of GaN GITs on Si.

Source Gate
I Toen | Items Values
Threshold voltage Vth 1.2V
o ,_,[ I=AlSE t'a' - Rating blocking voltage BVds 600 V
m I
..IJ e I‘ﬁ?n\lﬁg‘n' OO Breakdown voltage BVds 1000 V
. Large drain current Rating drain current Id 15A
u M -G
- o On-state resistance Ron 65 mQ
Fig. 2 A schematic cross section of a GIT Gate charge Qg 11 nC
with the operating principle.

I11. APPLICATION OF GITs TO POWER CONVERSION SYSTEMS

GaN GITs on Si are applicable to various power conversion systems including inverters and circuits
in power supplies enabling high efficiencies [2,3]. In order to extract the potential of very fast GaN,
assembly technique is also critical. Flip-chip configuration successfully reduces parasitic inductances and
thus enables very fast switching. The flip-chip is applied to boost-up DC-DC converter, which is a basic
circuit of power conversion, resulting in 99.3% efficiency at 1kW as shown in Fig.3. These performances
indicate that GITs are very promising for energy-efficient power conversion systems in the future.

(a) Circuit diagram of (b) Measured efficiencies
boost-up converter Vin=230V/ Veut=400V at 50kHz, CCM mode
100 : 100
. \ GaMN-G|Ts 09 3% at 1kW
Gan-GIT 0
; ) ‘4 aa | BO
: - : g
| 280, 10A ; < .l SIMOSFET g0 =
: Sandaal oone i [ a +E|C'SBD
| ==C,, [Youl g g 2
! {400V 2 o 40 —
23ov| Vin|! —) =
: = | 0 | 20
& £
o5 4]

0 500 1000 1500 2000 2500 3000 3500
Output Power (W)

Fig. 3 Operating efficiencies at various output powers of a boost-up DC-DC converter using
GITs with flip-chip assembly.

References

[1] T. Uedaetal., Jpn. J. Appl. Phys. 53 (2014) 100214.

[2] T. Morita et al., Proc. 26th IEEE APEC2011, Fort Worth, USA, March 2011, pp.481-483.
[3] T. Morita et al., PCIM Europe, Nuremberg, Germany, May 2014.

<CV>

Tetsuzo Ueda received the B.S., M.S. and Ph.D. degrees in electrical
engineering from Kyoto University, in 1987, 1989 and 2011, respectively. In
1989, he joined Matsushita Electric (currently Panasonic), where he had been
engaged in the development of compound semiconductor devices. From 1995
to 2001, he had been a visiting scholar at Stanford University. Since 2004, he
has been working on GaN power switching transistors. He currently serves the
director of Green Autonomous Technology Development Center at Panasonic.
His interests cover the wide range of power electronics from devices to system
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“Extending Si, Beyond-Si, to Beyond-CMOS:
Perspectives on Logic Nano-Electronics Scaling for the Next

Decade and Beyond”
[Si-CMOS 7Z#8Z 37 /A ANDHkE
- loT BADFRIET ) \A ADEE. 8L 2 U THIRE]
Aaron Thean (MEC, Belgium)

“Prospects of Silicon Photonics for Photonic and Electronic

Convergence”
[FEEBFRSICAlFEYY IV T+ FZIADEZL]
Yasuhiko Arakawa (The University of Tokyo, Japan)
Al SERCTPRD)

“Voltage Controlled Magnetization Switching and Its Application
to Memory/Storage Fields
-Toward Realization of a Long Term Use IT Devices without

Recharging”
[BALDEBFRFNFEEAXEY /X FL—I DA ERH
- ERECRPBEI 2RBOIT I IT #OERREEZERKLT]

i i (Japan Science and Technology Agency / Tohoku University, Japan)
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EXTENDING SI, BEYOND-SI, TO BEYOND-CMOS:
PERSPECTIVES ON LOGIC NANO-ELECTRONICS SCALING
FOR THE NEXT DECADE AND BEYOND

A. Thean

IMEC, Kapeldreef 75, B-3001 Leuven, Belgium

Abstract

A new information super-structure is emerging as we move into the era of Internet of
Everything (IoE). With the orders of magnitude increase in connected devices, future networks
are expected to evolve differently from today’s internet. As our information infrastructure evolves
through the next decade, data centers, smart mobile devices, and sensor nodes will demand a
variety of energy-efficient electronic systems that can satisfy a myriad of performance, form-factor,
and cost needs. Thus, giving rise to new and mounting challenges for performance, power, cost, and
density scaling for nano-electronics. On the other hand, overcoming these new challenges will bring
exciting innovations in process capability, material integration, device architectures, and system
design. In this talk, we will examine some of the current logic scaling trends, review what are the
possible paths forward for process technologies for 7nm, Snm and beyond. As we translate physics
and new materials to technologies, we will also look into how they will have to couple closely to
new system strategies. In the process, we will review some of IMEC’s on-going advanced Logic
R&D activities and innovations targeting upcoming technologies. This will include the processes
for multi-gate devices beyond FinFETs, beyond-Si channel devices applying I1I-V/Ge, and other
emerging Beyond-CMOS device-circuit architectures based on Spintronics.
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Yasuhiko Arakawa
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Research Center for Photonics Electronics Convergence,
Institute of Industrial Science, The University of Tokyo
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arakawa(@iis.u-tokyo.ac.jp

Evolution of computing systems is indispensable for realizing both cloud computing and
autonomous distributed (edge) computing systems in the future cyber physical society. The CPU-
CPU/CPU-memory inter-chip bandwidths in personal computers and servers are currently doubled
every two years and are estimated to reach the tera-scale bit rate around the middle of the 2010s.
In particular, the bandwidth for inter-chip interconnects in the future is required to be much higher
than that for intra-chip ones. However, currently there are no solutions with electrical interconnects,
which is now widely recognized even by LSI community. An optical interconnect based on silicon
photonics are a promising candidate for solving the bandwidth bottleneck problem among LSI
chips, as photons can provide with wide band width, low latency, low power consumption, and
low mutual interference. The convergence between photonics and electronics is highly expected
to create innovative devices and systems to overcome various limitations mentioned above and to
open new directions for research into novel photonics function ",

In Japan, Photonics-Electronics Convergence System Technology (PECST) was carried
out from March 2010 for 5 years as one of the thirty projects in the FIRST program which was
supported by the CSTP, for the purpose of exceeding the limitation of current LSIs. The total budget
of the project was about 45Million US$. We succeeded in demonstrating the highest band-width
density of 30Tbps/cm?2 in a siliconoptical integrated system. Moreover, high temperature operation
(125°C) of the silicon optical integrated system without any adjustment by integrating quantum dot
laser arrays as light sources, as shown in Fig.1.[2], which results from high temperature-stability of
the laser due to the three-dimensional quantum confinement of carries in quantum dots[3]. Based
on these fascinating results, METI initiated a new big national project named Integrated Photonics-
Electronics Convergence System Technology (PECST-II) in September, 2012, as a 10 year project,
currently funded and managed by NEDO with the total budget of about 300 Million USS$. The
Photonics Electronics Technology Research Association (PETRA) is the principal development
organization responsible for the project. I have been the project leaders of both PECST and PECT-II
projects.

In this presentation, after briefly describing about prospects of computing system/integrated-
chip technology for future IoT & Al-based society, we discuss recent advances in the silicon optical
integrated systems, including silicon optical interposers and innovative devices such as quantum
dot lasers on silicon.
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Fig. 1: (a) Silicon optical integrated system with quantum dot laser array (b) 20 Gbps data
transmission from 25 to 125 °C. The results demonstrate capability of the system with
bandwidthdensity of 15Gbps/cm2 without any temperature adjustment up to 125°C
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and Its Application to Memory/Storage Fields
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Abstract

Today's mobile-IT devices require frequent recharging and large number of battery chargers are
plugged in for a long time at home and offices, while a battery charger itself wastes electric power.
In addition, we are also stressed by the risk of the access interruption of emergency information
during a large-scale disaster or prolonged power outage. Marked reduction of the power
consumption of IT devices by using magnetic memories controlled by voltage and nonvolatile
spintronics logic VLSI enables a comfortable lifestyle without recharging anxiety. Moreover a safe
and secure IT society is realized through the distributed IT systems driven by harvested energy,
where the information is accessible during large-scale disasters and prolonged power cut-off.
Today's mainstream large-capacity memory DRAMSs and even the non-volatile memory MRAMs
under development require a large current to write information, which limits the energy efficiency.

- Future Subjects
Existing Computer aimed by InPACT which should
be solved

Nonvolatile Integrated
Logic/Memory Circuit
Spin Transistor

Nonvolatile
CPU

Ron Jansen
Spin FET Project

Voltage Driven Run more than
MRAM a month

Yoshishige Suzuki Without charging
Voltage Torque MRAM Project

Voltage Driven
S pin Memory

Torque
MRAM

Charge/Power
17100

Breakthrough Eliminate chargers
in down-sizing that are left pluggedin
Cold Cloud limitation
LD Shinji Yuasa
Single-Crystalline MTJ Project

Realize a safe and
secure society
by dis tributed

IT system

S pintronics
Microcomputer
/Distributed IT

System

Hideo Ohno
Spintronics Microcomputer Project
Low power

Voltage Writing consumption
Magnetic Storage Data Center
Masashi Sahashi

Voltage Writing Magnetic Storage Project

Fig. 1 Scheme of IMPACT Sahashi Program



ImPACT Sahashi Program aims to a marked decrease in electricity consumption and a release
from a human stress with frequent recharging by the impulsing paradigm change through spin-
centered science and technology and moreover a safe and secure IT society is realized through
the distributed IT systems driven by harvested energy, where the information is accessible during
large-scale disasters and prolonged power cut-off. So there is composed of 5 projects i.e.; Spin
FET project (Dr. Ron Jansen), Voltage Torque MRAM project (Prof. Yoshishige Suzuki), Single
Crystalline MTJ project (Dr. Shinji Yuasa), Spintronics logic VLSI Project (Prof. Hideo Ohno), and
Voltage Writing Magnetic Storage Project (Prof. Masashi Sahashi) as shown in figure 1.
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Roles and issues of ICT for the development of Autonomous Vehicles

Tsuguo Nobe'”

'Intel K.K.
3-1-1, Marunouchi, Chiyoda-ku, Tokyo 100-0005, Japan
*Nagoya University
Furo cho, Chikusaku, Nagoya 464-8602, Japan

Abstract

Autonomous Vehicles constantly perceive the “within sight” environmental conditions by using
the combinations of sensors such as cameras, millimeter-wave radars, LIDARs and also the running
state of the vehicle by analyzing the data obtained from various ECUs connected through CAN.
Additionally, three-dimensional map located in the Cloud will support autonomous vehicles to
prepare for risks hidden within “out-of-sight” areas. Especially, it will be inevitable in order for the
autonomous driving system to make drivers re-engage in the driving task safely from Autonomous
driving mode within appropriate amount of transition time.

Presentation Summary

Many sensors, such as Radar, LiDAR
and Camera, will be attached to Autonomous
Vehicles in order to detect various environmental
situations in all-weather conditions at any time
of'a day (Figure 1).

Recognizable distance, however, of the
above mentioned various sensors is around
100m, which is equivalent to 3 seconds when a
vehicle is traveling at a speed of 100km/h. Thus,
the sensor-based environmental recognition
is too “short-sighted” to cope safely with
the various driving situations, such as, with
deteriorated line qualities and/or tentative lane
closure because of road repairs or constructions
(Figure 2).

In order to solve these situations, an
unspecified number of vehicles, having run in
the past, would be used as a sensor network to
statistically recognize the real status of the road
conditions, as the differences from the given
map, and update changes of the environment
on 3D map database on the Cloud. With this
implementation, subsequent vehicles will rely
on such a collective intelligence to make the
plan ahead autonomous driving.

KEY Prowialon

14 Party Senice Prerioens

Figure 1: Attached Sensors for Autonomous Driving

Within Sight: Sensors detect 360 degree
surmundings ay and night, in all weamer Caaditions

.

i

Figure 2: Plan ahead driving is mandate

'This case is defined as Level 3 by NHTSA (National Highway Transport Safety Administration) but the Map support for
autonomous driving would also be required even with Level 4 and above.



In addition, in order to drive through in the
. . B Sensors correctly detect objects up to 100 - 200m

autonomous mode at any road in any countries, B Need appropriate amount of transition time for drivers to
the driving algorithm that performs safe left- reengage in the driving task (Level 3)

or right-turn or pass-through at any crossroad
needs to be developed. In order to do so, Al,
such as Deep Reinforcement Learning, would
be instrumental to analyze enormous data
collected from unspecified number of vehicles
in many countries.

Moreover, it is possible for automotive
companies or 3" party service providers, such
as Transportation Services, Public Services and
Energy Co., to generate or provide new business opportunities by using or offering APIs, which
represent the collective intelligence of the environmental situations and the driving status of target
areas (Figure 3).

Figure 3: Smart Vehicles and New Service Opportunities

Thanks for the exponential growth of Information and Communication Tehnologies with recent
developments of Neuroscience and Artificial Intelligence, it will be soon realized that vehicles would
be driving by themselves. At the same time, in order to complete the development, human factors
between the system and human being and other related technolosies such as cyber security and privacy
isseues need to be throughly investigated for the concrete and pragmatic solutions as soon as possible.

My presentation at the conference depicts these trends of the development of Autonomous
Vehicles and related outstanding issues from the global point of view.

References
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IMAGE RECOGNITION TECHNOLOGY AND PROCESSOR
FOR AUTOMATED DRIVING

Ryuzo Okada
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Abstract

Automation of driving, such as automatic emergency braking and autonomous driving, is one
of the major directions of technical development for recent automobiles. Since cameras are often
used as sensors for automated driving, image recognition is an important technique for recognizing
vehicle surroundings and a driver to realize it. We introduce two categories of image recognition
algorithms for such purposes, which are pattern recognition and road scene structure understanding.
We show that our image recognition processors, TMPV75 and PMPV76 series, can execute
the algorithms in real-time with low power consumption based on a heterogeneous multi-core
architecture.

I. INTRODUCTION

Safety functions for automobiles are developing in recent years from passive safety that reduces
damage of traffic accidents to active safety that prevents collisions beforehand. The functions of
active safety includes automation of driving!", such as automatic emergency braking to prevent
collision with obstacles and preceding cars, and lane keeping to avoid departing from the driving
lane. The technology that is used for active safety is further advancing toward autonomous driving
that automates most of the driving operations.

In order to realize automated driving, recognition of vehicle surroundings, a driver, and
passengers is one of the important functions. Since cameras are often used as sensors for
recognition in recent automobiles, image recognition is a key technique for such functions. For
automatic emergency braking, finding obstacles in front such as cars and pedestrians are necessary
for decision and operation of brakes. For lane keeping, recognition of traffic lane is required, whose
position is used for deciding the angle of the steering wheel and its operation.

Image recognition requires computationally expensive processing especially on an embedded
processor LSI that satisfices cost demands and automotive specifications such as operating
temperature and vibration tolerance. Maximum operating temperature sets an upper limit to
the power consumption that restricts computational resource of such processor LSIs. Thus the
image processing LSIs for automated driving requires high efficiency which means to have high
processing performance with low power consumption of few Watts.

I1I. IMAGE RECOGNITION FOR AUTOMATED DRIVING

Image recognition for automated driving consists of two categories of techniques, which are
pattern recognition and road scene structure understanding. The former is for recognizing specific
objects, such as pedestrians, vehicles, and traffic signs, whose image pattern is learnt beforehand
using sample images of the objects”™. For detecting pedestrians, for example, images of pedestrians
and non-pedestrians are collected and differences of their image pattern is analyzed. Based on
the results of this analysis, local image regions that correspond to pedestrians are searched for in
every frame captured by onboard cameras mounted on a vehicle (see Fig. 1(a)). The latter is for
understanding road structures such as traffic lane and static obstacles on a road. For detecting static
obstacles that do not have specific image pattern as is the case of pedestrians, 3D structure of the
road scene is reconstructed from a pair of stereo images' or from video images"’ to detect a road
plane, and the image regions that do not belong to the road plane are extracted as static obstacles (see

Fig. 1(b))



II1. IMAGE RECOGNITION PROCESSOR

In order to achieve high efficiency, Toshiba’s image recognition LSIs, TMPV75" and
PMPV76" (see Fig. 2) series, introduce heterogeneous multi-core architecture that consists of our
original general purpose processing cores, Media Processing Engine, and the image processing
accelerators that are dedicated for typical image recognition tasks such as pattern recognition, 3D
reconstruction, block matching, and various types of spatial filters and transformation.
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(a) Pedestrian detection (b) Static obstacle detection (Red color represents close obstacles)

Fig. 1 Results of image recognition
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Fig. 2 Image processing LS|, TMPV76 series
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Abstract

This article summarizes key technologies for automated vehicles, focusing on high precision
map and driving Al

Automated Vehicles that could run not only in high-way but also in city roads are demonstrated
all over the world. Fig. 1 shows the key issues or technologies that could made automated driving
in city roads possible."*”

e Field Test

e High Precision Map

e Driving Al (Artificial Intelligence)

e Imaging Depth Sensor

We focused on High Precision Map and Driving Al in this article

Environmeat Fualuation-&l.eamlm;:ﬁ
P = ——— EH ~
pth = Driving Al
» —Judgement |-
External Perception & ) Control
Sensor iy o' = 8 Planning
Poi T
C D
— L_HighPrecisic -
Hardware / Software Platform

Automated Driving System

Fig. 1 Key issues or technologies for automated diving systems
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Outline of Nanotechnology Platform
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