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The mission of the Corporate Research & Development Center is te conduct research and development to create
new business as the source of technology for the Toshiba Group. The center also keeps its finger on the pulse of change

in social conditions and the environment, and proposes technologies tailored to resolve social issues.

Optimum control of various secial systems which are becoming larger in scale and more complex is needed in order to address
a wide range of social issues. "Cyber Physical Systems” are key to achieving this.

“Cyber Physical Systems” utilize Al {Artificial Intelligence) and loT (Internet of Things) in order to achieve optimum system control by
means of a eycle of performing analysis, prediction, decision and control on a digital twin reproduced from the actual system digitally.

We engage in the research and development of innovative technology in the four fields that make up “Cyber Physical Systems”
with the objective of creating new value that will lead to the resolution of social issues.

[Cyber Physical Systems |23 54455
Four fields comprising “Cyber Physical Systems”
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i Recognition of conditions through sensing of the physical world. Bt B UL A RREIEEN  Prediction & aptimurn control of the future physical world,
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(i TR SRR  Connect the physical world and the cyber world, Materials / Devicea Imiprewve parfermance of things in the physical world.
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Sensing
Analysis
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An accurate recognition and understanding of system conditions and the
surrounding environment is important to facilitate automation of
large-scale complicated social systems. Technology is being developed that
applies analytical technigues utilizing sensing and Al in order to determine
the hidden internal causes of problems and acquire beneficial knowlaedge
buried in huge volumes of information.
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Clarifying Causes of Problems,
Transforming Hidden Infarmation into Knowledge
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Obtaining a Grasp
of Surrounding and
Internal Conditions
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Analyzing Processes /
Human Behavior
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Extracting
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Research is preceeding on achieving a visual sensor capable of instantanmously
acquiring peripheral 3D information, Unigue imaging technology has bean
developed by combining color filters and image processing which enables color
images and high accuracy range images to be obtained from a single image
taken with a monocular camerna.
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Systems that continually monitor intarnal detericration of road bridges and
other concrete structures are being developed, Elastic waves gencrated from
damaged areas are detected and analyzed in order to ascertain internal damage.
Wa are siriving to create a maintanance-free aulonomaous measuring sysiam,
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Technology s being developed that utfizes weanble devices to automatically analyre occupational
behavior. Signals from accelerometers, gyroscopes and oibar sensors are analyzed to obdnin a
grasp of working condilicns in a timely manaer o detarming il thare &ré oy dalsys ar olher
prodilems with the progress of work, Thas technology will contribube to bocating manufscteing
quality arsd anhancing productivity by shortaning work tima and making othe improvemanms,
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Wo are developing sensors that can quickly detect lnakage of hydrogon gas to realize
a tuture hydrogen saciety. It is based on a Toshiba-developed microetectromechanical
system (MEMS) structure that amploys a palladium-based metallic glass to realize
bath rapid detection and low power consumplion, dvarcoming the wsual trade-off ol
conventional sensars,
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Al / machine learning techrologies are being used to develop tochnology to
autematically detect manufaciuring defects from big data accumulated during
the production pracess and pinpoint the cause. The ultimate objective is ta
aulamate manufscturing defect manitering and analysis work,
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Machine laarning technobogy i5 being used o develop technology that comprehends
similarities in meaning befween text, This will enable information required for
operations to be accurately found from the large volume of documents accumulated
within organizations.
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Prediction
Decision
Control
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Autonomous Operation of
Mabile Units / Robots
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Pradiction /
Dptimization of Systems
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Coordinated Operation of
Multiple Systems
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It is difficult to organize and prepare all aspects in advance in
contemporary systems which are becoming more complicated. Al and
robotics are being utilized in order to achieve automated control that
enables cooperative work by multiple systems and facilitates safe and
robust responses to unanticipated conditions and unstable environments.
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Autonomous Control of Large-5Scale
Complicated Systems
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Auvtenomous Driving Technolagy
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Davelapmant of self-driving technology that can be achieved with onboard
processors is proceeding. Technology that integrates the surrounding envirenmantal
infarmation measured with LIDAR, cameras and other devices in order to genarate
obttacle maps, as well a5 technology to déterming the driving route in real time lrom
obstacles and several thousand route candidates have been developed
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Power Demand Pradiction Technolagy
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A accomts demand prediction is Indspensable foo the economical operation of an elechic power sysbem.
This technolagy socuately predicts alecinc damand by cosbinng several maching lesening techriques. The
tparia medaling technique B usad Tor subbmabically selécting imgartant feabongs Bom wasthes [Srecast
deln. Tha ansambly learming techniquo is used lor oplimally Mandeg sirearal damand prodclions with B
depardent woeghts, Our demand prechclion i oo of B mOst A0CWNIE I The DheCta pownr mdustsy
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Plant Opmeation Optimization Technology
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Technology |5 being developed that links multiple power plants In ordar to
facilitate efficlont operation. Qur brand-new hybrid approach of mathamatical
programming and a fast hewristic automaticolly enables construction of operation
schedules Tor power generation plants with minimal costs, satis{ying various
kinds of conditions simultaneausly.
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An autenomous chjoct handling robat has been developed that recognizes
conditions Itself, formulates an appropriate aperation plan and manipulates
abjects according o the enviranment. This robot automates loading/unloading and
picking of various types and sizes of goods, schisving highly efficient distribution.
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Equipmuni Maintenance Dptimization Technolagy
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This technology Is used to se1 the maintonance interval that achieves the lowest
total cost in order to enable the efficient maintenance of manufacturing aquipment.
The Bandit algorithm can adjust the maintenance intarval with the lowesl cost
auvtamatically calculated in & small number of trials based on accumulaled

operalion log dalta,
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Spokan Dialogue System
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Spokan dialogue technology has boen developed to understand users’ requasts and
make an appropriate response, Deep maching leaming Is being introduced in order
1o improwe understanding of user utterances. Furthermore, waork is proceeding on
the development of technology that uses reinlercement fearning to automatically
genarate dislogue scanarios that detesmine the responia
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Communication /
Al Hardware
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Computer
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Communications and computing technology need to further evolve in
arder to saftely process the large volumes of data at high speed
collected by means of sensing from a broad area. For this purpose, work
is proceeding on the development of wireless technology that achieves
maintenance-free communication, next-generation Al processors and
quantum computers that enable ultrahigh-speed processing and
security to protect ultra-top secret information.
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Safe and High-Speed Data Processing
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Security
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Wireless
Technology
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This is 3 new compuier technology to sclve aptimization problems for various emerging soclal
isgues ab high speed, A new type of quantum computers called & "Quantum Bilurcation
MHENI‘E had hean proposed thal harmeased (he quanium suparpbeiticn stalas croated by

hanical bifurcation ph R  and developmant ks baing condusted
to Implement this technology with supercondiscting circults,

[ o 0 1 |wpBAE
=9 =8 8=
peax | Y Y Yerounms
T -— -
|
() S —

KPO* 'KFG : ‘kpo,
sKPO:Rerr A3 2 ki r RER KPO & -; (o B

(EEBTAFOEREN
[@FeE= ??E:&EJ

BEA—FE9cT

i T =mE
Quantum Cryptagraphy
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Quantum cryptography is a promising communication technology whose
security is guaranteed by the quantum characteristic of particle phatons that
changes stale when measured. This achieves the ultimale communications
securily that is resilient to attack even by quantum computers.
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Brain Type Hardware
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Research s balng conductad am hordware that applies operation principles of the braln
with the objective of achieving Al that loarns itself with an extramely bow level of power
cansumplion. This will enable sutonomaus learning by individual devicas in real time,
and can be expected 1o be applied to making mability devices and robats sulonomaus,
a5 well &s the complete automation of infrestructure monitoning devices,

=a—Fnfat -4 ATXza—-FRdy b7
ETFH

P! s

@0 Wt Ml "ﬁ"i 3
l_l'_—'—'—l’

At an ¥y ""‘!%a w“ m-'.E.m W\.;I
e J_LF'-_'—'-—-—} L
i ¥ | Wyl A-..E '.w':?-'}"
O |- el

T ——— .| Li
L] i‘ 1 H
- @ Wodt] Wik w:E#m wd|

RASRATARENSRAZR — |- 2ot
[EEA—FozTIE 22RO LES]

Critical Infrastruciure Seourity
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Technology Is being developed to protect soclal infrastructure and other control
systems from cyber attacks. System cross-section analysis based on unigua
attack models is being used to develop technigues that can detect attacks in
redl time that were difficult 1o detect in the past.
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Low Power Wireless Mesh Network
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Wireless mesh notwork devices that do not use powar Hnes are baing devalopad by
achiaving battery drive over long poeriods of time. These devices enable people and
things to be connected in & secure manner with communication by relaying sensor
data with wireless signals batween nodes even in locations with many obstacles or
ovier & wide srea.
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Wirsless Power Transier
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The resonance phonomena with magnetic coupling betwean two power
transmisslon coils realizes the efficlent and safe transmission of high power
alectrical energy without physical connection. This capability for automatic
charging just after parking electric cars and indusirial vehicles is expected to
broaden the Geld of applications
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Materials /
Devices
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Innovative Medical
Technology
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A key component realizing higher performance or a new function could be
required for future systems of sustainability and healthy and comfortable society.
To accelerate carbon-free society, our research fields ranges from developing
energy saving devices to converting unused energy to valuable energy.
Biotechnology for creating innovative medical technology are also done.
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Sustainability / Comfortability
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“Solar to Fuel® tochnelogy uses solar onergy to convert COs inte chomical
energy. High performance electro-catalysts produced with molecular design
technology have been utilized to anable high value-added ethylene glycol to be
genarated diractly.
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Wikde band gap power samiconducton davices such as SiC (Sikcon Casbidol and Gal (Gallum Niride)
devices which have supericr materia? performance comparned to silicon are being developed to malize
significant enangy savings in power elecironics convestess. We ane striving bo accelerate the rend to
make Fverters and power supplies more compact and highly eMicent, and enhance enengy edficiency
of information device pov supplies, hybrd vekicles, solie photoviltale peneration and ofhid sysbes.
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Huavy Rare Earth Froe Magnets
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Magnets for high-effictency matars that do not use the rare resource of dysprosiem are
being developed. Performance at high temperatures agqual to or kigher than necdymium
magneds which are currently considered the sfrongest type of magnets has been achigved.
The ohjactive is 10 vss these balteries in drive motors for sulomobifes and railway cars, in
imdustrial matars and other motons where a bigh level of hest resistance is reguired.
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Fitm-Based Photovoltaics
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Film-based photovaltaic modules hawve been developed that are lightweight and can be
installed on walls, windows and curved surfaces. A proprietary film-coating technology has
Bean used to achiave the world's highest conension efficiancy® [as of March, 2018) of 13.7%
[Toshiba meassremant) in o film-based perovakite photovoltaic module. This moduls
expands installation applications for solar cells, promating the utilization of menewabde anegy,
&Far Rim-basad paievakils phatovallai: medules
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R SCIB™
Mixt Generation SCiE™
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Secondary batteries featuring Tast charging, long life, high cutput and high
anorgy density are being developed. The objective is fo create large secondary
batteries which are highly safe, feature extremely low rigsk of rupture ar
ignition, and ofler superior durabiiity and lile parformance that can be used in
wahiclas, social infrastructura and ather applications,

[E{EL AR RS0AMD EH#{ESCIE™]
SENNE. BEERRREL R e = R R R RRRNEDD R R R~ ML T LT,

A ORNAB B
MicroRNA Detection Technology
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Wo are studying detaction technology of microRNA in blood which i5 expected to
enable early detection of cancer. Easy, quick and highly sensitive cancer diagnosls
will be realized by Teshiba original electrochemical DNA chip technology.
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Major R&D Results and Products
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