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Imagine the Future, Create the Future.
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R&D processes to enhance customer and social value
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Towards an Excellent Research Center that resolves social issues under the banner of “Open Research & Innovation”.

B Our mission is to shape the future through cutting edge technology research with sharing concepts of the future society and its social implementation.

The important role of Toshiba Corporate Research & Development Center is to pursue innovation making people's lives enrich through acquiring cutting edge
technologies that will form the core of new projects, products and services, and by implementing and validating these in society. The R&D Center is working
under the banner of “Open Research & Innovation” to achieve this. We will start by imagining the future, conduct research and validate those achievements in
society. In other words, we will go as far as validating based on the values of society and customers. At every stage, we will have ongoing dialogue with
universities, public research institutions, partner corporations including start-up companies, and customers. We firmly believe that working this way will lead us
innovation through a cycle of experience where we encounter needs that we could not have imagined ourselves, create unprecedented answers, and have all
stakeholders validate ideas and technologies in terms of their value to society and customers.

B Envisioning Toshiba Corporate Research & Development Center working towards Toshiba’s transition to a Cyber Physical Systems (CPS) Technology Company.

Toshiba is driving reform to become a world-leading Cyber Physical Systems(CPS) technology company. As SDGs show, social issues are becoming
more diverse, complex and serious. The CPS that Toshiba seeks will lead to sustainable solutions that enhance “Social Value”, "Economic Value” and
the “Richness in People’s Lives” together. The Corporate Research & Development Center is engaged in numerous CPS-related technologies but we
are all one as a society facing complex issues on a global scale. We believe it is vital for everyone to focus on the future of society, and to create
sustainable solutions while sharing ideas, both within and outside the company. Furthermore, the key of creating value in the cyber world lies in social
and customer data. It is important to become directly involved in social and customer scenes, to consider issues and methods to resolve them, and
subsequently incorporate our technologies there.

W Giving shape to the ideas of individual researchers. Further advances under “Open Research & Innovation”.

One of the strengths of the Toshiba Corporate Research & Development Center is its climate of respect for the ideas and capabilities of
individuals. Having an extremely wide range of technologies and diverse researchers gathered in one organization who share and refine their
technologies and ideas gives rise to unpredictable results. A recent case in point is the "Application of the Simulated Bifurcation Machine to
Financial Arbitrage” created by researchers in quantum computers and computer architecture. While fostering this type of climate, we believe
that also motivated persons who support the Toshiba group, and by extension Japanese industry, is also a valuable mission. By further
developing “Open Research & Innovation”, we also intend to create large-scale projects in which involvement in the past was not possible,
which will involve individuals both within and outside the company. We envision a research center that enhances ideas and technologies through
mutual respect and intellectual stimulation, and one that will give rise to new value for a better society.
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Cyber Physical Systems will be the key to opening the future.
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“Cyber Physical Systems”.
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[Cyber Physical Systems | £, Al (Artificial Intelligence) & 10T (Internet of Things) %
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Optimum control of various sacial systems is needed in order to address a wide range of social
issues. “Cyber Physical Systems" are key to achieving this.

"Cyber Physical Systems™ utitize Al(Artificial Intelligence) and loT(Internet of Things) in order
to generate optimum system control by means of a cycle of performing recognition,
g, prediction, decision and control on a digital twin repreduced from the actual
system dlqrtally

Wlth the objective of creatlng new value that will lead to the resolution of social issues, we
engage in the researchand’ dmlaprnent of innovative technulugy in the five fields that make up
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- ol Visualization and digitization of physical world conditions

The visualization of physical world conditions using :
essential for achieving Cyber Physical Systems. Toshiba collects
data from the physical world and is developing sensing tec y
that captures the surrounding environment, internal conditions,
location and movement. :
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location and movement
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Captures internal conditions

Monocular 3-D Measuremenl
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For robots to pick up items, and for drones te inspect infrastructure requires a
small visual sensor that acquires 3-D data of the surrounding environment, Toshiba
has developed Al for measuring depth using a novel deep neural network that
analyzes relations between blur and depth occurred in images from a commercially
available monocular camera.
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Toshiba is developing LiDAR technology capable of acquiring high-resolution 3-D
data. Proprietary LiDAR technology uses ultra high-sensitivity light-receiving
sensors and compact highly-accurate analog circuits to measure distance. This
technology is being utilized to develop solid-state LiDAR, not just for autonomous
driving but for a variety of applications.
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Structural Health Monitoring
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Systems that continually monitor internal deterioration of road bridges and other
concrete structures are being developed. Elastic waves generated from damaged
areas are detected and analyzed in order to ascertain internal damage. The aim is
to create a smart measuring system utilizing an independent power supply and
wireless means.
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Film-Type Optical and Radiation Sensor
EfcLosBToRFRAMOAR~0ERAZEELTHBYEE
FRAWE. Z4LLEE- - MR Y EHRELTOEST . FE-B8- X
A£G EE2BRELTVLET . FHETFRICEEZ 7L LE
B ELTH ERMEL WSRO/ L ABRBICERMLEL.,

Toshiba has developed a film-type radiation measuring sensor utilizing organic
semiconductors, for applications such as in the medical field. It is thin, lightwaight,
has a large surface area and is biocompatible. This film-type sensor is the first
ever to successfully detect pulsed radiation using organic semiconductors.

[FAFELEZ LB Y (EE100um)]

Gyro Sensor
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Gyro sensor technology is being developed with a view to increasing the accuracy
of location and position measurements for applications such as Automatic Guided
Vehicles(AGV) and drones. MEMS technology is utilized to fabricate a RIG(Rate
Integrating Gyro), capable of directly measuring angle, on a chip and realize a
compact and highly accurate moedule.
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Radio Wave Imaging
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Toshiba has developed a new security system for public spaces. This radio wave
imaging technology utilizes millimeter wave radar capable of visualizing objects
caoncealed within clothing, without impeding pedestrian traffic. It has been
demonstrated that, even with few antennas, it is capable of high definition
visualization of a model gun concealed in clothing.
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Clarifying Causes of Problems, Transforming Hidden Information into Knowledge

KBESOEELEHES AT LAOEERICIE. AT LDIRED Accurate recognition and understanding of system cenditions
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the surrounding environment is important to facilitate automation
of large-scale complicated social systems. Technology is being
developed that applies analytical techniques utilizing Al in order to
determine the hidden internal causes of problems and acquire
beneficial knowledge buried in huge volumes of information.
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Process and human behavior analysis
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Object Segmentation
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Understanding the particular shape and location of objects is essential for
autonomous driving and robot autonomy. We have developed segmentation
technology of multiple object regions within an image that realizes both memaory
saving and increased accuracy. This technology simultaneously process image
segmentation of object types, and image segmentation of object instances.
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Work Behavior Analysis
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Technology is being developed that classifies work behavior in order to improve
quality and work efficiency in manufacturing and logistics settings. Workplace
issues become quickly identifiable by using time-series deep learning technology
that classifies work behavior from acceleration and gyro signals sensed by &
wearable device.
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Technology is being developed to monitor manufacturing defects and automate analytics in
order to improve the productivity of facturing sites. Aute ically classifying defects
from large volumes of inspection data and analyzing them in conjunction with manufacturing
history data enables estimation of the process causing each of the defect.
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Acoustic Anomaly Detection
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Technology is being developed that remotely diagnoses deterioration of equipment
installed in factories and buildings. Capturing signs of equipment deterioration based on
operating seunds enables early detection of equipment anomalies. Our proprietary
anomaly detection technology based on deep learning enables detection of even weak
deterioration sounds midst greater noise.
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Person Re-identification
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To ensure security in public facilities where large numbers of people congregate,
and improve convenience, Toshiba has developed Al that accurately recognizes
user situations. We have developed technology that tracks movement paths of all
people from multiple surveillance cameras at once. This technology achieves the
world's highest level of accuracy®.

*#20204F1 AR MHH~)
*#As of January 2020 (Toshiba research)

[\BpEHREOMSERDH]

THEARRA= Y

Text Mining
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Technology is being developed that uses neural networks to analyze words and
phrases within a document, and embeds them in vector space so that phrases with
similar meanings are positioned close to each other. Using the similarity of meaning
of phrases makes it efficiently to find out a desired decument within a large volume
of documents.
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Autonomous movement of mobile robots
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System forecasting and optimization
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Coordinated action of multiple systems
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Autonomous Mabile Robot
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We have developed software for autonomous mobile robots that do not require
floor marking and which can be introduced to existing logistics centers or stores.
Efficient carrying is achieved through the combination of two operations: global
autonomous mobility utilizing map data, and local autonomous mobility approaching
specific objects.
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Power Generation Prediction Technology
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TLET . HEORKRFAT -2 LRMOREREZHETTIAITRE
AREEBEREEICFH T2 EMAEL.IPV in HOKKAIDO |*T
IIVTVERHLELE,

Toshiba is engaged in variable renewable energy (VRE) forecasting technology which is
indispenszable for the stable, efficient operation of electric power grid. Our technology provides
accurate forecasts of solar power generation volumes using our proprietary weather forecasting
data and Al that estimates installation parametars of VRE equipments. Toshiba won the Grand
Prize at the "PV in HOKKAIDO™ by this technology.

#20195 68 MREENF—F 0 REA A & BB XA A LFRE L
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#lune 2019, “PV in HOKKAIDO" is a contest for predicling the power outpul of solar power plants, jointly spensored
by Tokyo Electric Power Company Holdings. Inc. (TEPCO) and Hokkaido Electric Power Co. Inc.
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Plant Operation Optimization Technology
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We developed a method that links multiple power plants in order to facilitate
efficient operation. Even under a variety of constraints, using a hybrid method of
mathematical programming and efficient heuristics enables us to calculate an
optimal combination of power plants. It will be possible to automatically create a
power generation plan at minimal cost.
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Handling Robot
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To make logistics centers more efficient, we have developed robots that contribute
to the automation of unloading items of various types and sizes, and picking
operations, The aim is to achieve autonomous object handling robots where the
robot itself recognizes the situation, plans the appropriate movements, and
handles the object according to the setting.

y Plcklng robot
Actuation

Recognition
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EEZERMEE(HMLasso™)
Causal Factor ldentification (HMLasso™]
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Data collected in manufacturing settings such as factories and plants often contain
missing values due to measurement or communication errors. In such cases, it is
possible to build a highly accurate sparse regression model and identify the causal
factors. This can also be applied to data containing a lot of sampling inspection,
and contributes to improve productivity.
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Spoken Dialogue System
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Spoken dialogue technology has been developed to understand users' requests and
make an appropriate response. Deep learning is being introduced in order to
improve understanding of user utterances. Furthermore, we are also developing
technology that uses reinforcement learning to automatically generate dialogue
scenarios that determine the response.
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Next Generation Computing

AlN—F2z7

Al Hardware
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Communications and computing | 10l

order to safely process the large volumes

collected by means of sensing from a broad area.

is proceeding on the development of wireless tech
maintenance-free communication, nerxt-_genera;ti"onfﬂl
quantum computers that -en_é‘-t:-lé_ ultr a-i_il g:h‘_—:gpgg_gi proce:
security to protect ultra-top secret information..

ol TaHilT

Security Technology
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Wireless Technology
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Quantum Bifurcation Machine
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Toshiba has proposed a new guantum computer named “Quantum Bifurcation
Machine,” which utilizes quantum superposition states arising through
quantum-mechanical bifurcation phenomena, and also is based on the quantum
adiabatic thecrem. Research and development is being conducted to implement
this technology with superconducting circuits.
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Quantum Cryptography
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Quantum cryptography is a promisi ication tech gy where security is
guaranteed by the quantum characteristic of particle photons that change state when
measured. The aim is to achieve the ultimate communications security that is resilient
to attack even by quantum computers.
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MNeuromorphic Al Hardware
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Research is being conducted into hardware that applies the principles of brain function to
realize autonomous mohility devices and robots, as well as high level intelligent processing.
We have succeaded in mimicking a biological reflex on a newly developed neuran chip®!

and in implementing fundamental functions of spatial perception of a hippocampus on
small-sized neuron hardware for the first time in the world*?,

] WEMWE AT LERSH ERETHR 2 Va7 FraPeETMe.

#1 [ ped in with Tashiba ion Systems {apan} Corporation.
#2 Developed in collaboration with Johns Hopkins University.
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Simulated Bifurcation Machine™
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With a view to solving various social probl we have developed combinatarial optimization
technology that quickly finds the best solutions from among an enormous number of
candidates. These proprietary algorithms and dedicated circuits have achieved the world's
fastest proof-of-concept device that detects the most profitable arbitrage opportunities in the
foreign exchange market at probabilities exceeding 90%.
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fit 2 F 2 FA#EHE S Giophantus™
Post-Quantum Public-Key Encryption Scheme Giophantus™
BEFSEMTLRIFRBLAFLOREERICE D (CABER S Giophantus™)]
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Toshiba is developing Giophantus™, a public key cryptosystem based on new principles

that are hard to solve even with quantum computers. Based on the problem of finding a

solution to nonlinear indeterminate equations, it offers lightweight high-speed
processing with high-level security, the target being applications in overall social
3! including loT devi
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Microwave Power Supply
IHPTIVMIRBENZ Y FOSHUDIoTT A~ BRT
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EHET LT . BBOEXF AR OB ETORELRIILT
nwEd,

Toshiba is developing microwave remote power supply technology capable of
supplying power wirelessly to diverse loT devices including sensors located in
factories and plants. Optimal control of the power supply beam succeeds in
simultaneous and highly efficient power supply to multiple sensors.
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Utilization of Renewable Energy

BMEF /4R

High-Efficiency Devices

Power to Chemicals

Power to Chemicals
BEARIALY-2BELTCO2HMWIcTaRMicy. mEMED
IR R IC L Y AR S OTREFE TCO*OMBICHMLEL £ TF
L7 )a—lol5hMEORmWEZRICCONSEEERTELRE
LREREEORRELEDTWET.

This technology converts COz into value-added products using renewable energy.
We have succeeded in producing CO* at the world's fastest conversion rate using
our proprietary catalytic electrode. We are also undertaking development of
catalytic electrodes capable of directly converting COz into high value chemicals

such as ethylene glycol.

Lal=d TR e ]
#The raw material for chemicals and fuels.
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MNext Generation Power Devices
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Wide band gap power semiconductor devices such as SiC and GaN devices which have
superior material performance compared to silicon are being developed to realize significant
energy ings in power electronic converters. We are striving to accelerate the trend to
make inverters and power supplies maore compact and highly efficient, and enhance energy
effici of telec ication power supplies, hybrid vehicles, solar photoveltaic

generation and other systems,
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MicroRNA Detection Technology

BHOFAZRRAEICTSLBEEINS MRP O/ ORNAZEH
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We are engaged in research® to detect microRNA in blood which is expected to enable
early detection of cancer. Toshiba's proprietary electrochemical detection method has
succeeded in identifying 13 types of cancer within two hours with 99% accuracy. We are
aiming for a simple, high-performance cancer diagnostic technology.

AMAERARSLVRURERNBEARLFAMT L4 —RRRLAEREEEN.
#Collaborative research was conducted with Tokyo Medical University and the National Cancer Center Japan,
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Nexl Generation Solar Cells

BUERTLHEVARELZ@LoNS, EBAEEM{LE(Cu0) LU (S0)
OEBICEB2 T LR BETEMARERENFRL. 7L LAB~DT
AN FEEARLTVERABRRICAEABERONERARICLY,
BEAEIFAF —0Z5h3ERICETLEYS

These tandem solar cells, consisting of layered transparent cuprous oxide (Cuz0) and
silicon (Si}, achieve high power generation with a small surface area. The cells we are
developing include film-based perovskite solar cells that are light and can be installed
in diverse settings, R ch and d lopment of solar cells tailored to their
applications are contributing to the ir d usage of r ble energy.

#5230, Cup O S5 ith 0 BAL (CRLTh #HREBAOES 2—ILEETOIcm TO
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Next Generation SCIB™

ZE REF. BALDEEREREICENZREHISCIB 0RHEAE
BELT.FRVBUFILONIMEOHERBREEH 2= 7 FH 2L
PREERWICREASCIBEZRREL TV ET . R ET T L HHEE
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SCIB™ is a secondary battery with excellent operating characteristics in respect of
safety, long life, high power and low temperature performance. As next generation
SCIBTM, we are developing a battery with niobium titanium oxide electrode, which has
3time higher volumetric anode-capacity than lithium titanium oxide. We prepare for
vehicle and heavy duty application with rapid charging capability and long life.
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Biodegradable Liposomes (Gene therapy)

HAOBEFERCMIT.RERAOF/ YA XOhT L[ E5E
HURY LI 5 BEFERBICESEBERRLTVETHEN
ERBHBICHT ELADBEEFENRLICEV. BEECLBELLER
&ML BAGFEROER~OEREZEHLTVEY,

Toshiba is researching “Biodegradable liposome” that is nano-sized capsules for
gene delivery. The biodegradable liposomes efficiently deliver the genes to target
cells, are well suited to mass production, and are expected to apply for gene
therapy.

*HIAFEARHAP EARNREER.
#Collaborative research | d with Shinshu Uni
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Major R&D Results and Products
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19394 19614 19695 Color Display Tubes with Invar Shadow Mask 19924
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Tokyo Shibaura Electric Co., Ltd.
(Toshiba) Central Research Research and 19784 19845 Corporate Research & 1998%
Laboratory Development Center HAEE et W () Development Center ﬁ—fﬁm%%ﬁ‘ﬁily“)y
C - F7°D-{z~y*j Toshiba Corporation (Renamed) Speech Synthesis for
Japanese Automotive Navigation System
18994 19474 Word Processer 19834 19874 1998%
RRE ¥ LR B R B E R a-Si TFT-LCDRE# O FERARRE
Laboratory Matsuda Research Laboratory 19764 MRI (Magnetic Resonance Imaging) System IZWNRFLE DVDF L — NBEGA Liemabiond]
1899% a-5i TFT-LCD Compact Television OVD Player Standardization
BE kSt TS EE — 19984
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EB (Electron Beam) Lithography System BESH 7 LR22=yF Failure Prognosis Technology BEGE RSB BEamE{bEi Simulated Bifurcation Machines™
Superconducting Filter Unit for for HDDs Patient Positioning System using Image Power Demand Response
Met logical Radar R Registration for Heavy-ion Radiotherapy Optimization Technology 20194
7 e % L
20094 20114 2013 20155 2018% Eﬁimﬁlﬁﬂﬁﬂiﬁw:_ 2
- Superconducting filters for radio telescopes
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DNA Chip for HPV Neoise Reduction Television HITESY -BEYEOEN Wireless charging systems
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Organizations Related to the Corporate Research and Development Center Research Laboratory
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Quantum Information / Speech / Computer Vision

Toshiba promotes open innovation by conducting cooperative research with external research institutes and other organizations in Japan and abroad.

This contributes to the creation of new technologies and shortens the period needed for development.

FTYURMILKE

University of Bristol

BR-10TT 7y b 74— L - FSA0E

Wireless/loT platform/Signal processing

7R MVEFR AR
Bristol

Research &
Innovation Laboratory

REVT7F—FKZ

Stanford University
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ST R } Al Hardware / Data science

R&D Division ’ Il

VavAFETRAKE

Johns Hopkins University

AMN—For7 HBEERS

Al Hardware / Precision medicine
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Beijing Jiaotong University
0 RZHEH B RO
H%ﬁﬁ%t ‘/g - g Machine Translation Technology

Toshiba(China) Co., Ltd.,
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TOSHIBA CORPORATION
Corporate Research & Development
AVFERKER

Indian Institute of Science

Center
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Toshiba Software
Research Organization of Information and Systems (India) Pvt. Limited,
The Institute of Statistical Mathematics R2D.Division

AVFIRKETANNTAR

Indian Institute of Technology, Tirupati

HwFE

Machine Learning

Hew T B Rl

Machine Learning Technology

Al-BEWFE ICH ITZ2ENHREE L DEE BAMRFRENT ELEBAKFERE

Cooperating with Domestic Research Institutions in Al and Machine Learning Cooperating with Overseas Universities through the Global R&D Centers as Hubs for a Research Network




