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Material


Micro Device Engineering


Toshiyoshi - Tixier-Mita Laboratory

http://toshi.iis.u-tokyo.ac.jp/toshilab/


Integrated MEMS/NEMS technologies for industrial & bio applications


Tiny power-packs for trillion-sensor era

So-called trillion-sensor era requires trillion power sources are consumed per year on this planet. Such a society is sometimes called the IoT (Internet-of-Things), where every item is connected to the net, or it is referred to as CPS (Cyber Physical Systems), implying a fusion between the cyber space and the real world. Whatever the name is, the most important item we think is the power pack that is tiny but powerful enough to supply electric power to the sensors, GPS block for time and place recognition, and to the wireless communication block. We use the MEMS (Micro Electro Mechanical Systems) technology to develop 10-mW class vibrational energy harvesters that scavenge power from the environmental vibrations.



Fusion of electronics with biological tissues

As an alternative application of MEMS, we also focus on the biomedical instruments. We have recently developed a novel bioelectronics fusion system based on the TFT (Thin Film Transistor) technology, a spin-off element from the liquid display industry, in order to give electrical stimulation or to take electrical measurement from a living cells tissue cultivated on the surface of electronics. One possible application is to work with neuromuscular tissues, to modelize and study the development mechanism of an intractable disease such as ALS (Amyotrophic Lateral Scleosis).




1 MEMS Vibrational Energy Harvester




2 MEMS energy harvester in operation(collaboration with Shizuoka Univ.)




3 Interface between electronics and biological tissue




Hiroshi TOSHIYOSHI, Professor

Specialized field: MEMS (Micro electro mechanical systems), Micromechatronics, Micromachine

E-mail:hiro@iis.u-tokyo.ac.jp




Agnès TIXIER-MITA, Associate Professor

Specialized field: Nanomechatronics, Bio MEMS

E-mail:agnes@iis.u-tokyo.ac.jp








Quantum Information Physics and Engineering


Nakamura - Usami Laboratory

http://www.qc.rcast.u-tokyo.ac.jp


Manipulate single quanta of collective excitations in solids towards realizations of quantum computers and quantum information networks


Controlling quantum dynamics in the millimeter world

Quantum mechanics is one of the most fundamental theories in the modern physics and is believed to describe everything from microscopic to macroscopic. On the other hand, we never experience superposition of states, a basic principle in quantum mechanics, in our daily life. However, it has recently been demonstrated that quantum superposition states can be realized not only in microscopic objects such as atoms but also in millimeter-scale devices if they are properly prepared, which has stimulated the ideas for novel information processing technologies. Our research focuses on quantum control of collective excitation modes in solids, such as electromagnetic excitation in superconducting circuits, spin excitation in ferromagnets, and phonon excitation in crystals. We also aim at its applications to quantum information science.



Transfer quantum states between optical and microwave signals

Superconducting quantum bits realized in superconducting circuits process information while interacting with microwave photons. On the other hand, optical fiber communications for remote quantum information transfer exploit infrared photons. Energies of microwave and infrared photons differ from each other by four-orders of magnitude, which makes interfacing quantum information challenging. Our research targets are to develop technologies for the goal as well as for quantum computing based on collective excitations in solids. With that, we hope to extend the framework of quantum information science.




1 Superconducting quantum bit inside a superconducting cavity




2 Ferromagnetic single-crystalline sphere for single magnon manipulation




3 Oscillating membrane device for single phonon manipulation




Yasunobu NAKAMURA, Professor

Specialized field: Quantum information science, Condensed matter physics, Superconductivity

E-mail:yasunobu@qc.rcast.u-tokyo.ac.jp
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Theoretical Chemistry


Ishikita Laboratory

http://www.protein.rcast.u-tokyo.ac.jp


Exploring mechanisms of proteins based on theoretical molecular chemistry to present a new strategy for molecular design and bioengineering


Understanding of the principles of protein function on the basis of the molecular structure

Proteins consist of only 20 types of amino acids, while they show large variety in their functions, e.g., redox activity, transporter, sensor, and antibodies. To clarify a relationship between functions and structures of proteins, we analyze molecular structures of proteins at the atomic level and calculate physical or chemical constants on the basis of theoretical chemistry.

Certainly, functions of proteins should be fully explained solely by the molecular structure even if the functions are seemingly complicated. “Just computing molecules” is not in our interest. Our mission is to uncover new but simple principles essential to the protein science through careful analysis of the target proteins. For example, we are trying to clarify the reaction mechanisms of natural photosynthetic proteins, e.g., O2- evolution, electron transfer, and proton transfer reactions. We also develop new tools for analysis of protein function.

Our challenges include:

(1) Toward understanding of functional mechanisms of proteins and macromolecules for molecular design

　　・Electron, proton, and energy transfer reactions in 　　　photosynthesis

　　・Correlation between structure and functions of photoreceptor and ion transporter

　　・Toward more active catalytic centers: elucidation of minimum key components that contribute to enzymatic reactions in enzymes

(2) Development of new chemical theories and computational methods

　　・Quantum mechanics model for molecular dynamic simulation

　　・Theoretical prediction of acid dissociation constants (pKa) by quantum chemical calculation




1 Proton transfer pathways in the water-oxidizing enzyme photosystem II




2 Structure of the water channel in aquaporin




3 All members of our laboratory have wonderful personalities




Hiroshi ISHIKITA, Professor

Specialized field: Biophysics, Theoretical chemistry, Protein, Photosynthesis, Electron transfer, Proton transfer

E-mail:hiro@appchem.t.u-tokyo.ac.jp




Keisuke SAITO, Lecturer

Specialized field: Bio- and chemical physics, Photosynthesis, Electron/proton /Excitation-energy transfer

E-mail:ksaito@appchem.t.u-tokyo.ac.jp

Hiroshi WATANABE
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High Performance Materials


Kondo Laboratory

www.castle.t.u-tokyo.ac.jp


Develop high-performance photonic devices using compound semiconductors


High-performance wavelength-conversion devices using III-V compound semiconductors

III-V compound semiconductors are widely used in high-performance devices such as high-speed transistors, LEDs, and laser diodes. We have been working on semiconductor-based wavelength-conversion devices utilizing optical nonlinearities of these materials. Superior material properties of III-V semiconductors are expected to lead to wider wavelength ranges, higher performances, and higher efficiencies, compared to conventional devices based on oxide dielectrics. We are developing high-performance wavelength-conversion devices using a novel crystal growth technique, sublattice reversal epitaxy, we have developed for fabricating nonlinear optical devices, with applications to high-speed optical signal processing and chemical analysis chips in our mind.



Metal-halide perovskite semiconductors and their application to efficient thin-film solar cells

Metal-halide perovskite-type materials such as CH3NH3PbI3 are of a new compound semiconductor family. Recently, it has been revealed that these materials are promising for solar-cell applications. The perovskite solar cells were discovered by Japanese researchers. However, fundamental properties of these materials are not clearly understood in terms of their remarkable performances in solar cell applications. Moreover, further improvements of device performances are still deadly needed. As a pioneer of perovskite-semiconductor study, we are now studying fundamental properties of these materials. We are trying to realize practical thin film solar cells using metal-halide perovskite semiconductors, as well.




1 Molecular beam epitaxy apparatus




2 GaAs/AlGaAs wavelength conversion device




3 Hetero structure of perovskite semiconductor




Takashi KONDO, Professor

Specialized field: Nonlinear optics, Semiconductor epitaxial growth, Perovskite solar cells

E-mail:tkondo@castle.t.u-tokyo.ac.jp

Tomonori MATSUSHITA　Research Associate



High Performance Materials





Inoue Laboratory

http://metall.t.u-tokyo.ac.jp


Development of advanced structural material by stabilizing mechanical response through the control of geometric feature of microstructures


Control deformability of materials which is never believed to be deformed

Enhancement of strength of structural materials meets the requirements in many applications, and especially contributes to the improvement of the resource and energy problem from the body-in-white weight reduction of automobiles. Increasing demand to develop lighter and stronger structural materials have encouraged the inventions of many new structural materials such as advanced high-strength steel, aluminum alloy, magnesium alloy, ceramics, and more recently carbon fiber reinforced plastics. To reduce the energy requirement in machining process and to maintain the reliability of final product, however, the deformability is also required for structural materials, which have limited further improvement of their strength. To enhance deformability of structural materials without loosing strength, our lab aim to characterize and analyze defects, deformation, and fracture in structural metals and alloys, and metal-metal and metal-matrix composites.

Current research activities focus primarily on the effect of microstructure and metallurgical property on novel high-strength and high-toughness steels, reliability of interconnects in integrated circuits, and defect nucleation in nanocrystalline metals and alloys. In addition, our lab also focused on the following subjects:

・Effect of slip systems in variant selection during martensitic transformation of lath martensite

・Toughness improvement of intermetallic compound coating film through the control of interface microstructure

・Development of performance prediction method for structural materials based on data-driven approach




1 Strain localization observed in martensitic steel




2 Strong steel/Mg alloy bonding by ultra-thin intermetallic compound




3 Numerical models for predicting evolution and deformation of materials




Junya INOUE, Associate Professor

Specialized field: Mechanics of materials, Micromechanics, Numerical modeling

E-mail:inoue@material.t.u-tokyo.ac.jp










Environment and Energy


New Energy


Okada Laboratory

http://mbe.rcast.u-tokyo.ac.jp


Innovative R&D on next-generation high-efficiency solar cells and low-cost production process technologies


High-efficiency beyond the present single-junction solar cell technology

New semiconductor materials and new quantum nanostructures are exploited in order to achieve high-efficiency photovoltaic solar energy conversion >50% under concentrated sunlight and innovation on alternative energy technologies.

Research target includes:

(1) Intermediate band solar cells with photocurrent enhancement by two-step infrared photon absorption using quantum dot arrays or highly mismatched semiconductor alloys.

(2) Multi-junction solar cells with improved spectral matching for sunlight by stacked semiconductor junctions.

(3) Hot carrier solar cells with high output voltage by hot carrier extraction.

High-efficiency solar cells are grown by molecular beam epitaxy (MBE) technique. In addition to device fabrication and basic characterization of photovoltaic performance, fundamental physics of photovoltaic (PV) conversion mechanism is extensively studied.



Light-weight and Low-cost thin-film solar cells and Reuse technology of substrate

Epitaxial lift-off (ELO) technique is developed to remove III-V compound semiconductor thin-film solar cells from the substrate. This allows to reuse the expensive substrate for many times, which can lead to drastic reduction of the cell production cost. Furthermore, light trapping or light management technique is introduced in thin-film structure to achieve higher energy conversion efficiency. Thin-film solar cells are light weight and flexible, therefore, various commercial applications (such as photovoltaic modules on electric vehicles) can be realized, which will contribute to future low-carbon and sustainable society.




1 Quantum dot intermediate band solar cell




2 Molecular beam epitaxy (MBE) for single-crystal semiconductor growth




3 Thin-film solar cells by developed with ELO technique




Yoshitaka OKADA, Professor

Specialized field: Next-generation solar cells, Semiconductor crystal growth, Epitaxial lift-off thin-film solar cells
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Climate Science Research


Nakamura - Kosaka Laboratory

http://www.atmos.rcast.u-tokyo.ac.jp/nakamura_lab/


Understanding formation, variability and changes of the climate system through “virtual Earth” and big data analysis


Deciphering Earth's climate from circulation and interaction of the atmosphere and ocean

Earth's atmosphere and ocean interact mutually to form the climate system. The climate system fluctuates and changes due to its internal chaotic processes and in responding to external forcing such as changes of solar activity and anthropogenic increase of greenhouse gas concentrations. Climate variability and change manifest themselves as extreme weather and global warming, affecting our society.

Observational data of the atmosphere and ocean are essential for understanding the formation and variability of the climate system as well as for assessing the predictability of its evolution. The time-evolving climatic state is represented in global distributions of atmospheric variables such as winds, temperature, humidity, precipitation and cloudiness and in ocean currents, water temperature, salinity and ice cover. Thus we have to rely on “big data”. For quantifying various processes involved in the climate system and clarifying mixed causality, we also rely on numerical simulations with climate models, regarded as “virtual Earth”, in each of which global atmosphere and ocean models are coupled to realistically simulate the climate system. Nowadays simulations under various experimental settings are available from multiple climate models based on slightly different approximations. Evolution of the real climate system can be regarded as a single realization among a myriad of potentially realizable different states.

We explore mechanisms and predictability of climate phenomena spanning wide spatiotemporal scales, by applying statistical analyses and theoretically-based diagnoses, which are newly developed if necessary, to the huge datasets available, and by performing additional numerical simulations.




1 Wavy pressure anomalies caused a heat wave to japan in August 2010




2 Active air-sea interaction along the Kuroshio and Gulf Stream




3 Reproducing past global-mean surface temperature change with a climate model




Hisashi NAKAMURA, Professor

Specialized field: Dynamics for climate variability and extreme weather, Air-sea interaction
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Co-Creative Community Planning, Design, And Management


Koizumi - Oguma Laboratory

http://ut-cd.com


Research and Development on Theory and Method for Co-creative Community Design, Planning, Management


Research and Development on Theory and Method for Co-creative Community Design, Planning, Management

Our laboratory's principal work is not limited to the development of theories, but also involves the crafting of methodologies for co-creative community designing, planning and management, which can be later applied to actual projects.

Accordingly, we conduct cross-objective researches with the following approaches:

(1) Methodological approach

(2) Planning, institutional and structural approach

(3) Practical approach

Furthermore, we develop case studies, conduct field works, and provide discussions for students to enhance their communication skills and community-based interests.

Keywords: Place Based Planning and Management, Participatory Design, Participatory Democracy, Communication Design, Public Realm Design, Smart Community, Active and Sports friendly Community Design, Community Business



Project

・RIKU café Community place making

・Urban Development Council in Hirata Park temporary dwelling / Community care

・Suburban Urban Development in the Next Generation

・Community redevelopment in Obuse town

・Community strategic planning in Soka city

・Oka-san's House, TOMO / Community place making

・Community Place Research group




1 Integrated approach for Co-creative Community Design and Management




Copyright©2012 Tokyu Corporation All Rights Reserved.

2 Rebirth of Suburban Area with Community Living Approach




3 Community space “Riku Café” (Rikuzentakata city)




Hideki KOIZUMI, Professor

Specialized field: Collaborative and co-creative planning and design, Community design, Area management

E-mail:hide@cd.t.u-tokyo.ac.jp



Co-Creative Community Planning, Design, and Management

Koizumi - Oguma Laboratory

http://www.urbanwater.t.u-tokyo.ac.jp/oguma/




tater Treatment and Supply Systems and tater Environment Conservation for Sustainable Water Use


To Achieve Sustainable Water Use

Safe and stable water use is essential for human health and welfare. The main issue for developed countries is on water quality, due to the increasing social demand of ‘good’ water while contaminants in water sources are getting more diverse and complicated. How to renew and maintain water infrastructures in depopulating/shrinking society is also an urgent issue in developed world. Meanwhile, in developing countries, both quantity and quality of water are the issue. Over 500,000 children are dying a year due to diarrhea worldwide, which is mostly attributable to unsafe drinking water in developing countries. The Millennium Development Goals regarding water access was met in 2010, but the gap in water accessibility among countries and urban-rural areas are still remaining.

Based on this background, we work on ‘water treatment’, ‘water supply systems’ and ‘water environment conservation’ for safe, stable and sustainable water use. For example, we focus UV treatment for water disinfection. UV disinfection is effective against diverse microorganisms with advantages of no formation of harmful by-products, no chemical addition and no changes in taste and odor. UV disinfection has been adopted in water treatment plants as well as in water-demanding industries including food, beverage, medical, pharmaceutical and aquaculture. We adopt both microbiological and engineering approach to understand UV inactivation and photoreactivation mechanisms as well as to propose UV reactor design and applications of various UV light sources including UV-LEDs.




1 Survey on flood and health risk in Jakarta




2 Survey on water use and water quality in suburban Kathmandu




3 Prototype of water treatment device with UV-LEDs




Kumiko OGUMA, Associate Professor

Specialized field: Water systems, Water treatment, UV technologies, Disinfection, Water issues in developing countries

E-mail:oguma@env.t.u-tokyo.ac.jp








Energy System


Sugiyama Laboratory

www.ee.t.u-tokyo.ac.jp/~sugiyama/


Renewable energy system by interdisciplinary approach between electronics and chemistry


High-efficiency photovoltaic and chemical energy storage

Solar energy can take a majority of energy supply in our society if we can realize an energy system in which solar energy is stored in chemical substances in the regions with high irradiance and they are transported to the region of large energy demand. For such a system, it is promising to combine high efficiency photovoltaic (PV) power generation and electrochemical reactions to produce solar fuel, which is capable of long-term storage and transport. Our objective is to develop high efficiency PV cells and electrochemical reactors which are included in the system to produce “solar fuel.”

The core competence is semiconductor nano-crystals. PV can be twice as efficient as conventional technology by implementing the epitaxial nanostructures of compound semiconductor crystals into the modules with sunlight concentration. Our laboratory develops all the relevant technologies from the growth of nano-crystals to system evaluation. Semiconductor crystals are also important as the active sites of electrochemical reactions. Learning from photosynthesis in natural leaves is important in order to boost an efficiency of electrochemical water splitting and the active sites in leaves are composed of metal oxides, a kind of semiconductor. We aim at high-efficiency production of “solar fuel” by implementing an essential mechanism of natural photosynthesis into artificial crystals. The key exists at the interface between a semiconductor and a solution. Trials are continued to obtain a guiding principle for controlling electrochemical reactions through an interdisciplinary approach between semiconductor physics and electrochemistry.

Furthermore, system integration is our important target including the construction of circuit systems to manage the efficiency-maximum operation point of each element and the backcasting approach to extract the key issues of elements from the performance of an entire system.




1 “Solar-fuel” energy system




2 High-efficiency epitaxial solar cells




3 Metal-organic vapor-phase epitaxy




Masakazu SUGIYAMA, Professor

Specialized field: High-efficiency photovoltaic, Semiconductor crystal growth and device process, Energy conversion

E-mail:sugiyama@ee.t.u-tokyo.ac.jp








Academic-Industrial Joint Laboratory for Renewable Energy

http://www.dsc.rcast.u-tokyo.ac.jp


Research and development of next-generation photovoltaic devices for a low-carbon society


Research and development of high-efficiency solar cells working under various light conditions

Solar energy is one of the most useful renewable energy sources. Therefore efficient utilization of solar energy plays an important role in finding solutions for global energy and environmental issues. Under these circumstances, there have been growing requirements for development of high-efficiency and highly functional solar cells to generate electricity in a cost-effective way.

Toward the realization of low-cost solar cells, our research and development are directed at several topics ranging from efficient photovoltaic material exploration to device construction. The topics include the syntheses of new materials to increase light harvesting and carrier transport efficiency, and the development of solar cells by using solution-based technology. New solar cell structures of tandem type and spectral splitting type, and so on, are developed to utilize the solar spectrum as fully as possible. Fundamental studies on ultra-high efficiency solar cells with nanostructured materials such as colloidal quantum dots are carried out. The understanding of photovoltaic processes and solar cell materials properties is deepened by employing computational chemistry with the aid of supercomputers.

Utilization of light energy sources available in our daily life has been becoming increasingly important from the viewpoints of energy harvesting. Research on self-driven energy harvesting devices is performed by focusing on organic solar cells, which yield relatively high power conversion efficiency even in a dimmer light condition.

Collaboration between industry and academia is necessary to facilitate the practical applications of our research results. Establishing a good partnership between industry and academia is one of the important aspects of our research activities.




1 Field tests of solar panels




2 Spectrum splitting type tandem solar cells




3 Computational simulation of molecular structure




Takaya KUBO, Project Professor
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Academic-Industrial Joint Laboratory for Renewable Energy

http://www.eco.rcast.u-tokyo.ac.jp




The research of innovative renewable energy system with the aim of coexistence with nature, learn from nature, to convert energy from the wind and the wave


Sustainable renewable energy systems development

Renewable energy system is a sustainable energy system, which is operated under the natural environment. In considering the future of the energy system of our country, it is important to develop a renewable energy system that uses the natural energy that circulates. However, there are many issue to optimal energy system development in the natural environment, it is important to operation in the natural environment, to understand the nature of complexity, the uncertainty and diversity, and to reflect to the design of systems.

Especially, natural wind that is a source of energy of wind power system is affected by the atmosphere of the state and terrain properties such as low pressure and typhoons. This influence produces a flow phenomenon with a complex spectrum and causes some issues such as a failure trouble to the renewable energy systems. In addition, an introduced in recent years in wind power generation system, the social acceptance issues such as noise problems and bird strike issues have abound. In our laboratory, along with the physical phenomenon elucidated by large-scale numerical simulation technology as computational fluid dynamics (CFD), to solve a variety of problems, practical wind power generation system, with the aim of optimization of wave power generation system, and we are conducting research and development, such as the following.

(1) The optimum wind power generation system development by using computational fluid dynamics

(2) The wind turbine control technology developed by a non-contact laser wind measurement

(3) The social-acceptable wind power generation system technology research and development

(4) Wind power SMART MAINTENANCE technology research and development

(5) Small wind turbine technology development

(6) Natural symbiotic blow-hole wave power generation system development




1 Computational flow simulation around the wind turbine




2 Natural symbiotic blow-hole wave power generation system




3 Wind power SMART MAINTENANCE technology research and development




Makoto IIDA, Project Associate Professor

Specialized field: Renewable energy, Wind energy, Wave energy, Fluid engineering

E-mail:iida@eco.rcast.u-tokyo.ac.jp
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Intelligent Cooperative Systems


Kanzaki - Takahashi Laboratory

http://www.brain.rcast.u-tokyo.ac.jp


Understanding and utilization of brain functions via the reconstruction of neural circuits in the insect brain


Exploring advanced science and technology from insect neuroscience

Animals have evolved sophisticated brain systems in the history of life. Understanding of the brain mechanisms will be a great breakthrough in both biology and engineering fields. We aim to understand the insect brain as a model via the reconstruction of neural circuits from single neurons. Furthermore, we have been developing novel olfactory sensors using insect olfactory receptors employing genetic engineering. We believe that the advance in insect neuroscience will open the way for the further understanding of the brain and new technologies.

Our target is a 10,000-celled neural circuit in the brain of a male silkmoth. The circuit is responsible for olfactory input, processing and odor-tracking behavior. We have been investigating morphological and functional properties of single neurons by electrophysiological techniques, and integrating these data into a database. We simultaneously have been modeling the structure and function of each neuron and mapping into a three-dimensional coordinate in a reference brain model. Furthermore, we are reconstructing connections between neurons and developing a large-scaled neural network model. We employ the K supercomputer for the simulation of the model, which can replay the real-time activities of the insect brain.

Genetic tools are necessary for promoting our understanding of neural circuits in the brain. We are examining molecular and neural mechanisms that underlie the generation of adaptive behavior using silkmoths by employing transgenic and genome editing techniques, which allow us to visualize and monitor the activities of a specific subset of neurons, and to manipulate neuronal activity in intact animals. Furthermore, we have succeeded in reconstructing the functions of several insect-derived odorant receptors in cultured insect cells and olfactory receptor neurons of silkmoths through genetic engineering. Insects have highly sophisticated olfactory system that detects odorant molecules in the air with high sensitivity and translate odor information into adaptive odor-tracking behaviors. By applying these technologies, we aim to develop a “cell-based sensor chip” for detecting various odors as a fluorescent pattern of transgenic sensor cells, and a “sensor moth” for finding the source of a specified odor on demand.




1 Adult male silkmoth (Bombyx mori)




2 Reconstruction of the insect brain




3 Response of a cell-based odorant sensor chip




Ryohei KANZAKI, Professor

Specialized field: Genetic engineering, Neurophysiology, Brain reconstruction, Biomechanical fusion

E-mail:kanzaki@rcast.u-tokyo.ac.jp

Takeshi SAKURAI

Project Lecturer

Shigehiro NAMIKI

Project Lecturer

Noriyasu ANDO

Project Lecturer

Hidefumi MITSUNO

Research Associate

Stephan Shuichi HAUPT

Project Research Associate



Intelligent Cooperative Systems

Kanzaki - Takahashi Laboratory

www.brain.rcast.u-tokyo.ac.jp/~takahashi/




Neural computation underlying emergence of intelligence and consciousness


Emergent computing from neural circuits

How does intelligence emerge from a neuronal network in the brain? To address this fundamental question, dissociate neuronal culture may inspire us. In the dissociate culture, neurons seeded onto a petri dish form a network in a self-organizing manner. In addition, this neural network flexibly alters the activities depending on external stimuli and developmental age. Such spatio-temporal activity pattern must be helpful to reveal the design principle of these networks. Inspired by recent theoretical advances in the field of reservoir computing, we also attempt to use the neuronal culture as a reservoir. A robot embodied by reservoir computing sometimes exhibits complex, living-organism-like behaviors.



Neural mechanism of conscious perception

How does the brain differ from computers when representing external world? How does our conscious perception emerge in the brain, but not in computers? Unlike transistors in computers, each neuron exhibits heterogeneous characteristics. Now, the largest missing link is how such heterogeneous information is integrated. To address this question, we gather “big data” from the cortex in animals with various microelectrode arrays, and analyze them using information theory and machine learning techniques. We also employ behavior experiments to reveal how subjective information such as ongoing conscious perception, preference, emotion, saliency, valence, etc., are encoded in the neural activity patterns of animals. Owing to cutting-edge, high-density mapping of neural activities, we are able to characterize precise, local synchrony patterns in the sensory cortex, and are able to investigate the thalamo-cortical interaction in terms of information transfer. Such ‘state’ of the brain emerging from interaction between top-down and bottom-up activities are more informative than we thought, offering a future direction in a research field of sensory computation.




1 Multiple-scale neuronal activity under study
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Mathematical Physics of Emergent Systems


Nishinari Laboratory

http://park.itc.u-tokyo.ac.jp/tknishi/


Jamology


Jamology: solution for various jams in the world

Economic losses caused by traffic jam is no less than 12 trillion yen per year; however, not only vehicles cause jam. Our daily life is satisfied with full of jams such as delay of trains, congestion in commuting rush hours, and long queues at service windows. Furthermore, jams in a broad definition are observed in the Internet, queue of ants, flow of blood and protein in our body, factories, and logistics. We study these jams and their solution by “Jamology”, which is a mathematical scientific approach to jams. We model the systems by applying mathematics and physics such as stochastic process and fluid dynamics and understand the mechanism of jams by analyzing them as phase transitions. We also suggest solutions for jams and validate their effectiveness by real experiments.

For example, terrible traffic jam occurs by a little deceleration at a gentle ascent if vehicles are driving with small headway distances. However, if we approach to the jam slowly, we can delay the growth of jams. As a result, there is a possibility that small jam about 1km is completely solved. This solution can be also applied to jams in production lines in factories. Besides, when many people try to evacuate from the building at the same time, the exits often get clogged. It is investigated that setting a suitable obstacle at an appropriate position prevents the clogging and improve the flow of

people.

Jamology tries to emergently solve jams from the view point of “more haste, less speed” as in the examples above. We have also started big data analysis and persevered in studying in order to contribute our society by our applicative research outcome.




1 Jab absorbing experiment (in collaboration with JAF)




2 Pedestrian experiment (pedestrians walkthrough a congested area)




3 Jam of stocks in a factory
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Information Devices


Yamashita - Set Laboratory

http://www.cntp.t.u-tokyo.ac.jp


Cutting the edges of new photonic communications and measurements by sophisticated lasers and photonic devices


New Lasers and Devices using Nanocarbon

Nanocarbons, such as Carbon nanotubes (CNT) and graphene, have very useful, not only mechanical and electrical, but also photonic properties. We are pursuing researches on new type of lasers and devices using these nanocarbon materials, and applications to optical communications and sensings. Especially, we pay much attention on the fast saturable absorption property of such nanocarbon materials, and realized a very short pulse fiber lasers that emit lights at the duration as short as 1~0.1ps. We are also working on nanocarbon-based highly functional devices, such as optical modulators or wavelength converters. We are applying these lasers and devices to the optical sensings and communications.



Fast Color-swept Lasers for Sensing and Medical Applications

We are working on the fiber lasers using Rare-earth (such as Er or Tm) doped fibers or semiconductors for telecom and sensing applications. We currently emphasizes on the fast and wide wavelength swept fiber lasers that can sweep its color (wavelength) in wide sweep range (х100nm) at very fast sweep speed (Repetition rate х a few 100kHz). We are also trying to apply the lasers to the optical coherence tomography systems (OCT). We are also applying the same technique to realize laser radar (Lidar) for automobiles. At the same time, we study on fiber lasers at mid-IR wavelength regions (2~5μm) that have been difficult using optical fibers, and application to new sensings.




1 World-Smallest CNT-based Femtosecond Fiber Laser




2 Swept-Source OCT system and High-speed Acquisition Images




3 3D Laser Radar system and Acquisition Image
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Specialized field：Fiber photonics

E-mail：syama@ee.t.u-tokyo.ac.jp
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Photon based Advanced Manufacturing Science


Takahashi Laboratory

http://www.photon.rcast.u-tokyo.ac.jp


Ultimate optical approach for nano manufacturing world

We conduct research on advanced micro/nano production technology, which can be applied to the next-generation ultra-precision manufacturing by focusing on photon energy, which is the ultimate energy believed to be the root of our life. Especially we are developing photon based cutting-edge techniques for micro/nano manufacturing science, such as laser-assisted nano-in-process measurement, laser-assisted nano-processing and structuring, and a novel concept about a future micro production system, cell-in-micro-factory, with which we can product innovative micro/nano functional devices supporting our future life. In order to realize our target, not only conventional light energy propagating in free-space but also localized light energy emerging at near-field region of bulk material is applied to our research from both a practical viewpoint as manufacturing techniques and a scientific viewpoint based on basic physics. Our research involves (a) proposal of new concept not only about elemental technology but also about a whole production system, (b) theoretical and experimental analyses unraveling its characteristics, and (c) experimental verification for practical realization. Some of our ongoing projects are as follows:

(1) Nano-stereolithography using evanescent light energy.

(2) In-process super-resolution high-sensitive optical measurement for nano-defects in semiconductor industry.

(3) Laser direct fabrication of three-dimensional microstructures using photocatalyst nanoparticles.

(4) Study on cell-in-micro-factory based on active control of localized photon energy as a future micro production system.

(5) Micro sphere measurement based on whispering gallery mode resonance.




1 Super-resolution inspection of semiconductor patterns




2 Simultaneous inspection of nano defects by autonomous defects detection probe




3 A gingko tree leaf, the University of Tokyo’s symbol, created using evanescent light




Satoru TAKAHASHI, Professor

Specialized field：Laser-assisted nano-measurement, Laser-assisted nano-processing and structuring, Cell-in-micro-factory
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Photon based Advanced Manufacturing Science




Kotani Laboratory

http://neuron.t.u-tokyo.ac.jp


Research on bio-complexity by developing biomedical measurement technique and mathematics on dynamical systems


Development of bio-medical signal processing for human support systems

Recent advances in experimental and analytical techniques have revealed that biological systems are precisely organized to do various functions better than we had imagined. We have been developing theories for dynamical systems and methods of measurement in order to elucidate the underlying mechanisms of complex biological phenomena. We also apply the basic biological findings to a wide range of fields, including diagnosis, rehabilitation, and human interfaces. Specifically, we have conducted studies on:

(a) Developing theoretical methods for nonlinear and time-delayed stochastic systems on complex networks, (b) Understanding the functions of working memory and recognition using multi-scale brain models and noninvasive brain measurements, and (c) High-speed brain-machine interfaces using virtual reality. The main topics for our research group are as follows:

　・Mathematical theory for dynamical systems in biology

　・Dynamics of gene-regulatory networks with time-delayed interactions

　・Elucidating information processing in the brain using multi-scale brain models and noninvasive brain measurements

　・A signal processing method for precisely evaluating blood flow in the brain

　・Robotic ultrasound examinations to prevent lifestyle related diseases

　・A support system for manufacturing workers using noninvasive　evaluation of the autonomic nervous system

　・Novel brain-machine interfaces based on augmented reality




1 Development of brain function evaluation using near-infrared lasers




2 Novel brain-machine interfaces based on augmented reality




3 Mathematical and theoretical biology
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Specialized field： Nonlinear dynamics, Statistical physics, Biomedical measurements, Human interface
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Artificial Intelligence


Iwasaki Laboratory

http://park.itc.u-tokyo.ac.jp/sal/aiwasaki/


Acquire information from multi-dimensional earth observation data

Research interest of Intelligent System is to mine useful information using enormous data acquired from various sources, which is abstracted to be knowledge fruitful to human beings and social systems. Processing of huge amounts of data obtained by earth remote sensing satellites/ planetary surveyors and development of robust hardware for satellites are theme for us. Precise modeling of earth observation sensors and spacecraft results in advanced data processing software and high performance sensor hardware.


(1)Accurate geometric information

State estimation of satellite attitude leads to a high-accuracy geometric data processing because satellite scans ground surface using linear sensors, which causes geometric distortion in acquired images. Using the correction technique of geometric performance by taking account of the geometric constraint of sensor systems, difference of digital elevation model by stereo observation of satellite sensors becomes free from distortions to show landslides in earthquake disasters and depression of glaciers. Spaceborne sensors for future space mission are developed, which have various functions to obtain information on ground surface.



(2)Accurate spectral information

Hyperspectral sensors that have more than 100 spectral bands are now on the space demonstration stage. For utilization of hyperspectral data, new algorithms to correct distortions in spectrometers and improve spatial-spectral properties by data fusion techniques are developed, which are effective to extract information on target materials from high dimensional data. Sensor models are constructed to improve radiometric performance of earth observation sensors. The software for earth/planet remote sensing data is used in data processing centers of space agencies.




1 Three-dimensional view of Mt.Everest (ASTER data by courtesy of MITI/NASA)




2 Data fusion of hyper-and multi-spectral sensor
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Information Somatics


Inami - Hiyama Laboratory

http://www.inamilab.org


Understanding and designing the body schema based on human factors

Researches on “Information Somatics” is about supporting and augmenting innate functions of human such as sensory, motility, and intelligent processing. We investigate the mechanism of human body based on physiological, cognitive, physical knowledge. We propound designing truly “Human-Computer Integrated” systems enhancing human I/O in a way that we control instruments and systems just like we control our own body.


Enhancing human I/O

In order to design “Human-Computer Integrated” systems, we need to recognize users' intentions and give proper feedbacks to their bodies. We enhance human I/O by integrating sensing technologies like wearable sensing; perception and prediction technologies like machine learning; actuation technologies like 3D acoustic manipulation.



Augmented Human

We enhance human ability by applying VR, AR, wearables, robot, and telexistence. Through this effort, we investigate a way to acquire new body schema. Implementing practical application for hyper-aged society is one of our research goals.



Sharing and Transferring subjective experience

We aim to develop technologies that enrich our quality of life (QoL) as supplement by recording, reproducing, and transferring subjective experience. Entertainment, super-human sports, skill transferring are application domains.




1 “Optical Camouflage” based on Retroreflective Projection Technology




2 Frailty Prevention Exercise using VR




3 3D acoustic manipulation
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Communication Science


Tanaka-Ishii Laboratory

http://www.cl.rcast.u-tokyo.ac.jp


Communication Science/Engineering based on Understanding Mathematical Nature of Language

We describe the universal nature of language and communication through mathematical models obtained by computing with big data consisting of large-scale language resources. Using these new models, we create communication software applications.


Mathematical Models of Language and Communication

We study universal properties of language and communication, through computing with various, large-scale data. The properties underlying data are studied by applying complex systems and information theories. We describe our findings in the form of new mathematical models.



Statistical Natural Language Processing

Using our new mathematical models, we study new unsupervised language engineering methods. These include unsupervised methods for grammatical/semantic analysis of languages. We also study deep learning methods for language engineering.



Communication Software

We seek useful software applications that can aid human language processing and communication. For example, we study information extraction methods for application to SNSs and blogs, and we develop new language interface applications for various smart devices.



Computational Semiotics

By using semiotic methodology, we philosophically investigate language and communication, especially aspects that are difficult to describe through computational/mathematical means.




1 Complexity Map of Various Languages




2 Universal Autocorrelation underlying Texts




3 picoTrans: Translation via Pointing
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Chemical Biomedicine


Systems Biology and Medicine


Kodama Laboratory

http://www.lsbm.org


Systems biological concur of cancer and metabolic diseases by introduction of latest nutritional dimension


Latest understanding of nutrition for prevention and treatment of diseases

Based on the conventional nutritional study, sugar, protein, lipids were independently considered in several diseases, including cancer and metabolic diseases. However, recent researches in cancer and metabolic diseases have been dramatically improved our metabolic knowledge of these disorders due to latest understanding of nutritional study. Indeed, sugar, protein, lipids are inter-connected in the metabolic pathways, through the several key metabolic molecules such as acetyl-CoA and ketone body intermediates partly under epigenetic regulation. Our group reported that several key regulators in metabolic diseases such as atherosclerosis. We also reported that hypoxia, nutrient starvation, acidic pH may induce tumor aggressiveness by epigenetic regulation in cancer cells. We found that epigenetic and metabolic changes influence development of cancer and metabolic diseases associated with life span from infant, through growth phase to adult phase, that can be utilizes for the development of novel therapies by integration of genome, epigenome, transcriptome, proteome, metabolome data analysis.

Our challenges include:

(1)Regulation of novel onco-metabolites(cancer associated metabolites) for the treatment of cancer.

(2)Regulation of starvation and negative energy balance for the treatment of metabolic diseases.

(3)Latest understanding of metabolism for the treatment of these disorders.

We challenge to develop therapeutics for advanced metastatic cancer, diabetes, atherosclerosis, osteoporosis, and muscle weakness, improvement of the aged basal metabolism through integration of epigenome and metabolome analysis.




1 Development of novel therapeutics against cancer and metabolic syndrome
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Systems Biology and Medicine　Dynamical Bioinformatics





Ihara Laboratory

http://www.ibmath.jp

http://www.lsbm.org/staff/ihara.html


Finding new dynamical mechanisms by interdisciplinary fusion of mathematics and biology


Finding new dynamical mechanisms by the interdisciplinary fusion of mathematics and biology

Acquiring time-course data on the phenomena and then study the dynamical mechanism behind them is one of the fundamental principles in physics, and is now becoming important in biology. To study the dynamical mechanism in biology, especially the time dependent behavior of the genes, the development of new instruments with higher resolution in time and space, and the construction of new mathematical analysis tools and modeling are crucial. Since the behavior of genes is a complex and hierarchical

phenomenon, the combination of physics based mathematical ((

modeling with the statistical approach is inevitable. Thereby focusing the chromatin structure and its related dynamics of proteins in the nucleus of cell, those are considered to be essential factors in dynamical behavior of the genes, we develop

(1) new methodology of time-course measurement for transcription processes, and (2) new modeling method where the atomic level mathematical analysis coupled with statistical analysis and information theory to apply the acquired experimental data. To develop new interdisciplinary area and human resources, we hold summer school and various lecture courses by collaboration with the Graduate School of Mathematical Sciences, and Graduate School of Medicine and Faculty of Medicine through iBMath project.

Our challenges include:

(1)Proposals for acquisition of the finer-time-resolution data for transcription

(2)Knot theoretical modeling of dynamical change of chromatin structure during transcription

(3)Dynamical analysis of mobile proteins with ultradiscrete method

(4)Topological analysis for the structures of RNA and proteins

(5)Apply above method to drug discovery and material engineering




1 Cellular automaton model for the flow of movable protein with / without 3D jump with probability p during transcription




2 3D model for chromatin structure during transcription
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Systems Biology and Medicine　Bio Simulation





Fujitani Laboratory

http://www.lsbm.org


Molecular life sciences and drug discovery based on physics and computational science


Physical research on thermal dynamics of biomolecules

All life activities are based on molecular interactions in atomic scale, which are governed by physical laws such as quantum mechanics and statistical thermodynamics. Because of recent advance in supercomputer it is getting possible to perform molecular dynamics simulations of biomolecules such as protein, DNA and RNA after building up accurate molecular models based on quantum mechanics. If the molecular dynamics simulations are accurate enough, we might predict the medical activity of new drugs by computer simulations and it will promote the computer aided drug design. Molecular interactions between water, small compounds, and large biomolecules such proteins and nucleic acids are described by molecular mechanical force field. Using high-level quantum mechanical theory we are developing more accurate unified force field than traditional ones. Using nonequilibrium Jarzynski identity we developed massively parallel computational method of binding free energy (MPCAFEE), which made it possible to quantitatively compare the calculated binding free energies with experimental binding constants commonly measured in the drug development. We implemented efficient MP-CAFEE program to K computer, which is widely used. Recently we succeeded to improve the accuracy of DNA force field in consistent way with the protein force field. It enables highly accurate molecular dynamics simulations for the protein and DNA complex system with drug small molecules. We will continue the research to make concrete physical basis for the life science.




1 Quantum calculation for protein backbone




2 Nonequilibrium free energy evaluation




3 Dynamics of nuclear receptor on DNA
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Quantitative Biology and Medicine


Hamakubo Laboratory

http://www.qbm.rcast.u-tokyo.ac.jp


Drug design for intractable diseases by quantitative biological approaches


Investigate the dynamic aspect of biological phenomena

The objective of our research is to find a new therapeutic strategy for cancer and severe inflammatory diseases through understanding the biological phenomena in dynamic molecular interactions. Our challenges in the quantitative biological approaches are the establishment of FRET (fluorescent resonance energy transfer) probe of GPCR (G-protein coupled receptor) signaling for live cell imaging of chemotaxis, the computer-assisted drug design based on the protein structure and thermodynamic analysis of protein interactions for the cancer treatment, the development of water-window y-ray microscope, the molecular pattern recognition analysis in the host defense mechanism in innate immunity, and the protein - RNA interactions in the regulation of RNA splicing related to the cell cycle control.

We aim to develop new therapeutic and diagnostic methods for intractable diseases for which there is no effective therapeutic or prophylactic treatment, such as arteriosclerosis, cancer, Alzheimer's disease and viral infection, through elucidation of the mechanisms of the diseases by biochemical and molecular biological approaches. Factors involved in the development of these diseases, from signaling through cell surface receptors to regulation of gene transcription, are considered to be controlled by dynamic networks consisting of multiple complexes of different proteins. Through antigen presentation using a baculovirus expression system, we have produced monoclonal antibodies against proteins involved in the diseases and analyzed them by sensitive proteomics approaches in order to reveal dynamic control mechanisms of the protein complexes, the analysis of which has been difficult, and to develop new therapeutic methods.

Our challenges include:

(1)Production and design of functional antibodies

(2)Pattern recognition receptor in innate immunity

(3)RNA splicing mechanism in cell cycle regulation

(4)Live cell imaging




1 Computer simulation of monoclonal

antibody therapeutics




2 Protective effect of Pentraxin3 against sepsis




3 WTAP complex proteins in RNA processing
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Genome Science


Aburatani Laboratory

http://www.genome.rcast.u-tokyo.ac.jp


Dissect biomedical phenomena with advanced genomic technologies

We are working with systems biology and medicine to understand complex biological systems through a functional genomics approach. High throughput technology and novel algorithms are required for collecting, integrating and visualizing the enormous amount of data on gene expression, protein expression, and protein interactions arising in the wake of the Human Genome Project. Alliance with external academics and industry will be crucial to the success of the new “systems biology”, that is, understanding biological systems as more than the sum of their parts.


Personal cancer genome

The variety of genetic and epigenetic alterations that accumulate in cancer genomes cause activation of oncogenes and inactivation of tumor suppressor genes, leading to cellular transformation. Next generation sequencing technology has enabled us to obtain individual genomic information within feasible cost and time constraints. Since 2008 my group have participated in the International Cancer Genome Consortium and are studying the genomic alterations in liver and gastric cancers.



Chromatin regulation

Epigenetic processes are essential for the packaging and interpretation of the genome, fundamental to normal development and cell differentiation, and increasingly recognized as being involved in human disease. Epigenetic mechanisms, which include histone modification, positioning of histone variants, nucleosome remodelling, DNA methylation, and non-coding RNAs, are considered as “cellular memory”. We have applied genomic technologies, such as ChIP-sequencing and chromatin interaction, to map these epigenetic marks and high-order structure throughout the genome and to elucidate how these marks are written and read.



Translational research

Functional genomic approaches are applied to identify novel biomarkers for disease diagnostics and therapeutics.




1 Clonal evolution in glioma progression




2 Epigenome dynamics in cellular differentiation




Hiroyuki ABURATANI, Professor

Specialized field： Genome diversity, Epigenomics,

Translational research

E-mail：haburata-tky@umin.ac.jp

Shuichi TSUTSUMI

Project Associate Professor

Genta NAGAE

Project Lecturer

Shingo TSUJI

Project Research Associate








Metabolic Medicine


Sakai Laboratory

http://www.mm.rcast.u-tokyo.ac.jp


Comprehensive analyses of the external cue and epigenomic modulators in browning of fat cells


New therapeutic approaches for Metabolic syndrome by analyzing Epigenome and metabolome

Obesity and various metabolic disturbance including type 2 diabetes, insulin resistance, atherosclerosis and lipid disorders are epidemic health problem in 21 century. These disorders are also called “life style diseases” and closely related to the environmental cue as well as genetic background. Environmental stimuli are recorded on DNAs and histones as chemical modification such as methylation and epigenomic changes are considered to be closely related to the development of life style diseases. We are currently trying to reveal alterations of epigenome and metabolome by environment and nutritional cue such as cold exposure or fasting that may relate to the new therapy for metabolic disturbance.

To accomplish this purpose,

(1) We are analyzing metabolic signaling and epigenomic changes under fasting.

(2) Epigenomic and metabolomics analyses in fat cell differentiation.

(3) Analyze epigenomic changes under cold exposure and reveal the signaling and the mechanisms for “inducible Brown fat cells in white fat cells” also referred to as “Beige fat cells” that highly express thermogenic genes and actively burn fat for thermogenesis.

We are particularly focusing on posttranslational modification of epigenomic modifiers and exploring new approaches for the treatment and prevention of life style diseases.




1 Comprehensive analyses of the external cue and epigenomic modulators in

browning of fat cells




2 Exploring the therapeutic target for inducing “Beige” fat cells that burn fat for thermogenesis
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Bioorganic Chemistry


Okamoto Laboratory

http://park.itc.u-tokyo.ac.jp/okamoto/


‘Biomolecular design’ : Borderless research between organic synthesis and life science


Synthetic chemistry enables us to explore the frontiers of cell biology

As we investigate biological questions of increasing complexity, new chemical technologies can provide atoms-level views of cellular function. The focus is on the molecular design, synthesis and physical properties of new, man-made biopolymers with various functions. Also included is the design of unprecedented organic chemical systems for recognizing and visualizing a single component or atom in biopolymers of interest.



(1)Chemistry creating nucleic acids

Nucleic acid is a key molecule that controls vital functions. We create novel chemical reactions and functional biopolymers to specifically recognize the epigenetic modification of nucleic acids. We also pursue the highly functional photochemistry to visualize nucleic acid function in the cell.



(2)Chemistry building proteins

Protein significantly changes its function by posttranslational modifications. We chemically synthesize proteins and peptides with a variety of posttranslational modifications. We also develop novel chemical reactions to specifically recognize/ visualize posttranslational modifications.



(3)Chemistry controlling cell function

Cell functions may be controlled by sophisticated molecular design. We create new molecular systems controlling a specific cell function by chemically wrapping biomolecules and cells and unwrapping them by an external stimulus.




1 Staining specific intracellular nucleic acids by our chemical probes




2 Chemically synthesizing super proteins which cells cannot create




3 Wrapping a cell by with stimuli-responsive hydrogels: ‘cell tablet’
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Clinical Epigenetics


Fujita Laboratory

http://www.c-epi.rcast.u-tokyo.ac.jp


Study of molecular and epigenetic mechanisms underlying hypertension and diabetic kidney disease

The number of hypertensive and diabetic patients reaches 40 and 8.9 million in Japan. Despite the development of many anti-hypertensive and -diabetic drugs, the number of cardiovascular disease and chronic kidney disease keeps increasing and they represent important social and economic burdens for the society. Increased uptake of salt causes hypertension, but the sensitivity to salt differs among individuals. Those with high salt sensitivity are prone to kidney and cardiovascular diseases. Additionally, kidney disease developed in diabetic patients is difficult to reverse once it begins to deteriorate.

We think that salt sensitivity and irreversible nature of diabetic kidney disease are caused by abnormalities in epigenetics. Epigenetics is a switching mechanism involved in regulation of gene expression by DNA methylation and histone modifications. We believe that understanding the changes in epigenetics leads to the development of novel diagnostic and therapeutic means for hypertension, diabetes and their complications. We are studying about topics:

(1)The mechanisms underlying salt sensitive hypertension, with regard to regulation of salt re-uptake in renal tubules.

(2)How to prevent development of kidney and cardiac injury caused by hypertension, especially focused on mineralocorticoid signaling.

(3)Early detection of kidney disease by use of epigenetic information of individual kidney cell types.

(4)Exploration of epigenetic abnormalities underlying irreversible nature of diabetic kidney disease.




1 Kidney tubular cells involved in salt reabsorption. Principal (red) and intercalated (green) cells




2 Staining and sorting of proximal tubular cells




3 Blood pressure of mice measured by telemetry, hypertension caused by mineralocorticoid
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Synthetic Biology


Yachie Laboratory

http://yachie-lab.org


Developing genetic devices to accelerate life science researches


“Enhancing functions of cells”

How do our bodies develop from single fertilized eggs? What kind of different molecular networks are working in different cells of the body?

As far as scientists know, any living system is composed of cell(s). Functions of cells are realized by a large amount of molecules that interact and crosstalk. In multicellular organisms, cells of different types also communicate and cooperate to stabilize or robustly bifurcate the cell states as a single system.

Biotechnologies are rapidly evolving. Observation of new molecular and cellular systems is one of the fundamental approaches in biology. To further accelerate our life science researches, our lab switch gears a little and develop genetic devices to enhance various functions of cells so that biological phenomena can be easily analyzed using the enhanced cells with existing instruments and biotechnologies. We also aim to understand biological processes　 of living systems through the research developments for precision control of cells.

Harnessing the idea of DNA barcodes that tag biomolecules and cells, genetic engineering and genome editing methods that edit genetic codes of chromosomes, massively parallel DNA sequencing technologies and data mining approaches, we are developing various synthetic cells and new biology research strategies. Our research target involves high-throughput measurement of cellular protein-protein interaction networks, tracing of cellular lineages of complex mammalian systems at the single cell resolution and a technology to dissect and reconstruct heterogeneous cell population to understand cell-cell communication and molecular networks behind the complex systems like cancer.




1 Development of genetic devices to accelerate biological researches




2 Barcode Fusion Genetics to identify cellular protein-protein interaction

networks
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Barrier Free


Barrier-Free


Fukushima Laboratory

http://www.bfr.jp


We are researchers with disabilities who conduct studies aiming to make people and society more accessible

In the Barrier-free Laboratory, Professor Satoshi Fukushima, the

world's first deafblind university faculty member, and mainly other researchers who themselves have disabilities (referred to as Tojisha-Kenkyusha) conduct studies aiming to make people and society more accessible.

Based on his own experiences as deafblind, Professor Fukushima carries out various research in pursuit of not only the essence of human communication and the meaning of disability experiences, but also the ideal support system for disabled people.

Project Professor Jun Ishikawa, a totally blind researcher specializing in sociology, disability studies and assistive technologies, works as Chairperson of the Disability Policy Committee of the Japanese Cabinet Office. He is in charge of monitoring national disability policy in terms of the CRPD (Convention on the Rights of Persons with Disabilities). Prof. Ishikawa is also elected as a member of the Committee on the CRPD of United Nations. The committee reviews how each state party implements the CRPD.

Project Researcher Naoyuki Okochi, who is also totally blind, has done a wide variety of research concerning accessibility from the standpoint of a disabled person, including topics such as assistive technologies for the deafblind and the blind, dissemination and awareness raising of barrier-free cinema, and the promotion of welfare community planning.

Project Researcher Mami Kodama has conducted practical research on special education for totally or partially deaf children, and now studies how to support the language acquisition of deaf children aged 0-6 years, and how to support their parents.

Additionally, in collaboration with the Tojisha-Kenkyu Laboratory headed by Associate Professor Shin-ichiro Kumagaya (physically handicapped), we are cultivating our partnership with Tojisha-Kenkyusha specializing in neurodevelopmental disorders and hearing difficulties. Fukushima laboratory and Kumagaya laboratory are now developing a globally unparalleled center for disability studies led by researchers with disabilities.




1 『ぼくの命は言葉とともにある』




2 『盲ろう者として生きて』




3 Prof. Fukushima communicates using Finger Braille
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Assistive Technology


Nakamura - Kondo Laboratory

http://at2ed.jp


Creating a new societal system for people with difficulties in learning, working and making a general living


ROCKET, DO-IT, IDEA Research programs exploring barriers to social integration

‘ROCKET’ (Room of Children with Kokorozashi and Extraordinary Talents) was first implemented in December 2014. It involves selected elementary and middle school students with exceptional talent, but who also have difficulty integrating within formal educational systems. This often results in their non-attendance at school. In addition to its focus on research, the program offers ongoing support for the participants' studies and social interactions, and since its launch it has continued to receive significant recognition throughout Japan as a unique yet practical research initiative investigating new approaches to social inclusion.

Since 2007, ‘DO-IT’ Japan (Diversity, Opportunities, Internetworking and Technology) has conducted a program of action studies and provided ongoing support for students with disabilities during their transition from school to higher education and employment. Technology, and its sustained use, is at the core of all activities in the program with the aim being to find and nurture future leaders from those who participate. Other modules include ‘Self advocacy’, ‘Understanding disability’, and ‘Independence and self-determination’.

In response to the increasing social requirement for relevant activities and employment opportunities for school leavers with diverse needs, this area of research has grown significantly, and this program in particular has attracted a great number of participants from around Japan.

The ‘IDEA’ program (Inclusive and Diverse Employment with Accommodation), introduces a series of short interactions addressing the issue of exclusion from appropriate employment for socially challenged adults.




1 Research vision




2 The member of ROCKET project




3 Summer program of DO-IT project
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Assistive Information Technology


Iwabuchi Laboratory

http://iwalab.jp


Developing assistive technology based on existing mainstream technology


Making assistive technology as everyday technology globally

Our project is developing assistive technology using mainstream ICT. This approach aims at promoting the use of assistive technology globally including in developing countries. There is currently a world trend for assistive technology development to use existing mainstream technology, such as smart phones and tablet PCs, which lowers the product cost significantly. However, this does not necessarily mean that the users acknowledge and widely use the technology. It is necessary to have a clear vision for the development and use of assistive technology to match not only to the user's needs but also to the change of the society, e.g., the change of technology trend, infrastructure provision, and disability legislation. Mainstream technology's functionality allows the user to transcend human abilities. This changes the people's view of disabilities and assistive technology from functional compensation to functional enhancement.

The main themes include:

(1) Development of ICT-based assistive technology for students with dyslexia/dysgraphia

(2) Development of assistive technology for severe and multiple 　　 disabilities using computer vision

(3) Communication support system in care settings over the Internet

(4) Development of assistive technology for developing countries




1 OAK: a switch software for people with severe and multiple disabilities using

computer vision




2 Touch & Read: a speaking PDF viewer with OCR for students

with dyslexia/dysgraphia
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Tojisha-Kenkyu


Kumagaya Laboratory

http://touken.org


Facilitation and verification of Tojisha-Kenkyu through an interdisciplinary approach

The Tojisha-Kenkyu Laboratory was established as a place to

conduct various research related to tojishakenkyu. The

Tojisha-Kenkyu Lab. has 3 main aims.


(1)Practicing Tojisha-Kenkyu

The first aim is to be a place for the actual practice of tojishakenkyu. Tojisha-kenkyu gives individuals the opportunity of acquiring the ability to objectively observe the previous unknown patterns of their own hardships and problems, giving them relief from those troubles. It also gives them relief by being able to share the hardships and problems they had been harboring alone with others. Starting with a tojisha-kenkyu group focusing on developmental disorders, the Tojisha-Kenkyu Laboratory plans to start a variety of groups, such as one for children, in the future.



(2)Verifying Hypotheses from Tojisha-Kenkyu

The second one is the academic verification of tojisha-kenkyu. Working together with academic researchers from fields such as cognitive science and robotics, the laboratory analyzes and verifies personal experiences to ascertain whether the hypotheses individuals formed through tojisha-kenkyu are true and if they apply to most people.



(3)Researching Tojisha-Kenkyu

The third is to conduct research on tojisha-kenkyu. The Tojisha-Kenkyu Laboratory researches topics such as: the effectiveness of tojisha-kenkyu on different types of individuals; the various styles of practicing tojisha-kenkyu; the beginning and spread of tojisha-kenkyu; the existence of any problematic issues in tojisha-kenkyu.




1 Verifying Tojisha-Kenkyu in collaboration with academic researchers




2 Measurement of the effectiveness of tojisha-kenkyu
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Social Science


Intellectual Property Law


Tamai Laboratory


Intellectual property law and policy


IP and International Competitiveness

Comparative legal studies have become of increased importance

in recent years due to the globalization of economy and the

advancement of telecommunications technology. Reflecting the

needs of the society, we have been focusing our research on the

following areas:



(1)Trade Secret Law

In the U.S., trade secret espionage cases often result in high damages or criminal liabilities, and legislative activities are intensified. Our research, aiming at protecting our national interest, led to the reform of the Unfair Competition Prevention Act.



(2)Assertion of Standard Essential Patent Rights

Some limits are necessary, however it may impede innovation and standardization if it goes too far. We attempt to seek a balanced solution to this intensively discussed topic.



(3)Application of Laws to Transnational Patent Infringement

Nowadays, transnational implementation of patents are common, particularly in the field of ICT. We are looking into ways to adequately protect IP under the principle of the territoriality of patents.



(4)Pharmaceutical/medical patents and regulations

Under a complex legal system and regulations requiring the assurance of safety and patient access, the pharmaceutical/medical industry is required to generate and distribute innovative drugs or medical devices. We strive to find the right balance between innovation and public health, and international competition and cooperation through IP policy research.



1 Satellite Office (Sapia Tower nearby Tokyo Station)
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Biomedicine and Law


Kneller Laboratory

http://www.kneller.tokyo/index_jp.html


Startups and the development of biomedical discoveries, with attention to intellectual property, regulatory strategy, and international markets and collaborations

How an entrepreneurial approach by university inventors can promote development of university discoveries for global markets. My research has focused on startups, entrepreneurship, intellectual property, and university-industry technology transfer, and the importance of these factors for the development of biomedical and other scientific discoveries for public benefit. Important publications include a comparison of the Japanese and American environments for science-based entrepreneurship together with an analysis of the importance of startups for innovation (Bridging Islands, Oxford 2007), a study of the origins of all the new drugs approved 1998-2007 by the US FDA which shows the importance of new companies for the discovery of innovative pharmaceuticals (Nature Reviews Drug Discovery 2010) and an international comparison of the role of collaborative research in the commercialization of university discoveries and how companies' desire for exclusive intellectual property rights can sometimes help and sometimes hurt development of university discoveries (PLOS 2014).

Following overseas research in Stanford Medical School (2010) to better understand the support systems for science-based entrepreneurship in America and how Japanese entrepreneurs can link to these systems, the focus of my research has shifted to

(1) ways to foster the growth of startups based upon Japanese discoveries, particularly ways to help such startups to grow by developing international ties, and (2) ways to encourage inventions in Japanese universities that are competitive and marketable internationally. Some of this research involves hands on engagement in company building.




1 『Bridging Islands』(Oxford Univ. Press 2007)




2『Nature Reviews Drug Discovery』 (2010)
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Political Administrative System


Makihara Laboratory

http://park.itc.u-tokyo.ac.jp/makihara/


Oral history Political study Public policy administration


(1)Oral History Projects and Political History

Analysis of interviews and historical materials, mainly for research on the functions of the Kantei (the prime minister's office) and postwar politics. Research on relationship the Liberal Democratic Party and the bureaucracy is being prioritized.



(2)Comparative Public Administration

Comparative analysis of the bureaucracy in the developed countries. Governance system reforms and administrative reforms in those countries, particularly metropolitan politics in England is the current research topic.



(3)Judicial Politics

Study of the history of judicial politics in Japan during and after the Meiji Era. The postwar political function of the Supreme Court is being researched.



(4)Advanced Public Policy Research

Interdisciplinary research across the natural sciences and social sciences combining theory and practice. In particular, research on the reconstruction process after the Great East Japan Earthquake and the creation of its archive are being prioritized




1 『権力移行』




2 『行政改革と調整のシステム』




3『内閣政治と「大蔵省支配」』




Izuru MAKIHARA, Professor

Specialized field： Oral History, Political science,

Public administration

E-mail：contact@pha.rcast.u-tokyo.ac.jp

Shin SATO

Research Associate








Policy Research on Science and Technology


Baba Laboratory

http://www.zzz.rcast.u-tokyo.ac.jp


Unveiling the Mechanism of Scientific Research Empirically

Focusing on dishonest conformity in peer review, in which authors reluctantly obey referees' instructions in order to have their papers accepted even if the instructions contradict the author's scientific belief, this study aims to illustrate the nature of this specific form of dishonesty and examine the determinants of dishonesty. Drawing on survey data of Japanese life scientists, this study shows that the conflict between authors and referees in peer review is quite common and that a majority of scientists decide to follow referees' instructions rather than to rebut them. The results suggest that dishonest conformity occurs more often in basic biology than in medicine and agricultural sciences, when the corresponding author is under stronger scientific competition, if the author is an associate professor rather than a full professor, if the author has no foreign research experience, and when the paper is submitted to low-impact journals rather than to medium-impact journals.

A university laboratory is a fundamental unit of scientific production, but optimizing its organizational design is a formidable task for lab heads, who play potentially conflicting roles of manager, educator, and researcher. Drawing on cross-sectional data from a questionnaire survey and bibliometric data on Japanese biology professors, this study investigates task allocation inside laboratories. Results show a general pattern that lab heads play managerial roles and members (e.g., students) are engaged in labor-intensive tasks (e.g., experiment), while revealing a substantial variation among laboratories. Further examining how this variation is related to lab-level scientific productivity, this study finds that productive task allocation differs by context. In particular, results suggest that significant task overlap across status hierarchies is more productive for basic research, and that rigidly separated task allocation is more productive in applied research. However, optimal task allocation, with regard to scientific productivity, might conflict with other goals of academic organizations, particularly training of future scientists. The paper concludes with a discussion of the policy implications of these findings.




1 Dishonest Conformity to Inconsistent Instruction of Referees




2 Comparison of Publication Impact of Differently typed Scientists




3 Research Process and Task Allocation in Laboratories
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Islamic Political Thought


Ikeuchi Laboratory

ikeuchisatoshi.com


Individual and collective actions spontaneously motivated by the Islamic religio-political normative systems


Understanding religio-normative motivation of individual and collective actions

Islamic normative systems play a crucial role in the politics of today's global society. Consciousness of belonging to a global Umma (community of believers) and sense of duty to act in accordance with the Islamic Sharia (revealed law) often stimulate individuals and communities to spontaneously act in the name of God, bypassing conventional international law and politics composed of nations and states, and challenging notions of human rights or democracy.

Political actions motivated or justified by raising Islamic religious norms is especially prominent in the so-called “Islamic world” centered around the Middle East, North Africa, South and Southeast Asia. Influences of Islamism has also been evident for quite a while in the immigrant communities of Europe and multinational, multicultural society of North America. Among the indications of such trend are the extremists controlling areas in some of the fertile crescent countries, along with the decentralized global jihad phenomenon that sporadically come out in the form of acts of terrorism in the Western countries.

We keep ourselves up to date with information on political issues arising from evoked Islamic norms and examine how Islamic normative systems motivate individuals and communities to become involved in the political activities in local and international contexts. Based on the theoretical and historical analyses, we explore the possibilities and problems of Islamic ideas that are related to the fundamental issues in the international politics such as war and peace, international law and justice, and terrorism and counterterrorism measures, aiming to find a way to avoid conflicts caused by the tension between religious norms and secular principles.




1 『イスラーム国の衝撃』




2 『増補新版　イスラーム世界の論じ方』




3韓国語版『イスラーム国の衝撃』
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Macroeconomic Analysis


Shintani Laboratory

http://park.itc.u-tokyo.ac.jp/econ/shintani-lab/index_JP.html


Development and estimation of macroeconometric models usable for policy analysis


Nonlinear time series analysis of trending variables

To understand the primary source which drives business cycles, the typical approach is to begin with a decomposition of an observed aggregate variable into unobserved trend and cyclical components. Based on the approach of time series analysis, we have studied various methods of evaluating the relative contribution of stochastic trends, namely, unexpected permanent shocks, and have used these methods in the macroeconomic analysis. In an ongoing project, we are developing a new method of detecting nonlinear deterministic trend components and structural breaks without prior knowledge of the presence of a stochastic trend.



Development and estimation of DSGE models

In a modern macroeconomic analysis, the dynamic stochastic general equilibrium (DSGE) model, which is based on solid microeconomic foundations and incorporates dynamic decisions made by consumers and firms, has been used to evaluate the propagation mechanism of monetary and fiscal policies. We develop a new DSGE model which improves upon previous models and estimate the structural parameters in the model from the data. For example, to evaluate the effectiveness of central bank's monetary policy in the New Keynesian model, structural parameters regarding firm's price and wage setting behavior as well as firm's information updating frequencies are very crucial. Recently, we are studying the problem of estimating nonlinear DSGE models such as the one with the zero lower bound on nominal interest rates.




1 Nonlinear trend in Japan's unemployment rate




2 Policy function of a nonlinear DSGE model
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Strategic Planning


Strategic Planning Office


Explore R&D management systems toward mutual benefit and innovative outcomes, based on the idiosyncratic analysis

Researches on Academia-Industry collaborative R&D management system and scheme, studying based on actually running projects via collaborative works with companies, government and other organizations etc. Issues covered are as follows: Reciprocal R&D management models, Interaction and synergy generated from interdisciplinary/intersectional structures, Schemes for producing

research projects aiming to contribute complexities in actual society, especially focusing on targeting, evaluating and selecting themes leading to maximize the outcome.
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Cooperative Laboratories


Information, Culture and Social Studies


Mikuriya Laboratory

http://www.mikuriya.rcast.u-tokyo.ac.jp


Study of political history


Research Projects

(1)Oral History

(2)Architecture and Politics (The Open University of Japan)

(3)Comparative Research on “Postwar” and “Postdisaster” (Hyogo Earthquake Memorial 21st Century Research Institute)

(4)Archive for Disaster Management and Future



Collaborations

(1)Archive of the Great East Japan Earthquake and the 2016 Kumamoto Earthquake

(2)Collaboration with Kumamoto Prefecture and Kumamoto University

(3)Collaborations with other fields




1 『戦後をつくる』




2『戦前史のダイナミズム』
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Cognitive Sciences


Watanabe Laboratory

http://www.fennel.rcast.u-tokyo.ac.jp


Interdisciplinary investigations on human minds and behaviors from cognitive scientific perspective

Research in the laboratory aims at using cognitive science to understand various issues in our everyday life from the scientific perspective and to develop the basis of interdisciplinary collaborations. The main themes are:

(1) scientific investigations on explicit and implicit processes in human perception, cognition and action,

(2) interdisciplinary approaches to cognitive science, and

(3) real-life applications of knowledge of cognitive science. The research methods include but not limited to experimental psychology, cognitive science, and brain science.




1 Explicit and Implicit Processes in Human
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Energy and Environment


Segawa Laboratory

http://www.dsc.rcast.u-tokyo.ac.jp


Research on the next-generation photovoltaics with high efficiency

Department of Multi-Disciplinary Sciences,

Graduate School of Arts and Sciences

For the realization of the low-carbon society, it is greatly to be hoped that photovoltaic power generation systems will come into wide use. To achieve the aim, a drastic reduction in the power generation from photovoltaic devices cost is absolutely essential issue. Molecular- based solar cells such as dye-sensitized solar cell, organic thin-film solar cell, and perovskite solar cell have received much attention as potential low-cost solar cells. Our objective is the efficiency enhancement of the molecular-based solar cells via the development of novel materials.




1 Dye-sensitized solar cell (DSSC)




2 IPCE of series-connected tandem DSSC
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Intelligent Cooperative Systems


Hirose Laboratory

http://www.cyber.t.u-tokyo.ac.jp


Augment the human abilities with the Virtual Reality technologies that unites humans and computers

Department of Mechano-Informatics,

Graduate School of Information Science and Technology

Our research laboratory focuses on developing a high level user interface that unites human and computer, called Cybernetic Interface.

Starting with virtual reality technology (VR), we seek to research and develop such interface in detail. Some of the research themes that our laboratory is working on are image-based rendering technology, augmented reality (AR) technology, multimodal and crossmodal interfaces, and technology concerning lifelog and Big data.

We are also interested in the contents that are made from such technology, and social implementation of those technologies. Some projects that we are working on are the Digital Museum project, the Digital Public Art project, and the Senior Cloud project.




1 Cross-modal Gustatory Display




2 Digital Museum: On-site VR Exhibition
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Information Devices


Nakano - Tanemura Laboratory

http://www.ee.t.u-tokyo.ac.jp/~nakano/lab/


Creating semiconductor optoelectronic devices for high-efficiency light emission, manipulation, and harvesting

Department of Electrical Engineering and Information Systems,

Graduate School of Engineering

Toward optical communication networks and optical information processing/storage of the next generation, we are investigating novel high-performance diode lasers/LEDs and light-controlling devices based on compound semiconductors (optical switches, wavelength converters, optical amplifiers, etc.) as well as highly functional semiconductor integrated devices and circuits fabricated by integrating these discrete devices. For solving energy-related problems, a new class of highly efficient solar cells based on compound semiconductors and their application to renewable energy systems are also studied. Crystal growth and processing technologies of quantum micro heterostructures by InGaAsP and InGaAlAs alloys on InP and GaAs substrates, and of III-nitrides such as GaN, AlN, and InN, for fabricating those devices are also investigated.
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Chemical Biotechnology


Suga Laboratory

http://www.chem.s.u-tokyo.ac.jp/users/bioorg/index.html


Pseudo-natural Peptide Therapeutics

Department of Chemistry,

Graduate School of Science,

Bioorganic Chemistry

Our laboratory pursues research programs bridging between chemistry and biology. To conduct a good balance of science and technology will build new technologies that contribute to the chemical biology field, covering from basic research to applied research. The following programs are currently active in our laboratory: (1) Non-traditional peptide therapeutics, (2) Engineering the translation system, and (3) Ribosomal synthesis of natural product-like molecules by the combination of the genetic code reprogramming and post-translational modifying enzymes.




1 X-ray crystal structures of the complex of target protein with pseudo-natural peptides generated by the RaPID system
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MOT (Management of Technology)


Watanabe Laboratory

http://watanabelab.main.jp


Exploring evidence-based management of intellectual property creation, protection, and monetization for innovation

Policy Alternatives Research Institute

Our laboratory aims to study intellectual property(IP) management for innovation strategy, profiting from various organizational management resources as well as management of uncertain technology by (1) empirical analysis using statistical data and/or questionnaire survey, (2) case study, and (3) project study collaborating with companies, government and international organizations. Current topics are; organizational factors of unused technology, disempowerment of IP Right, and open proprietary IP management.




1 Co-inventors network of cooperative joint venture
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Information and Communication Technology


Morikawa Laboratory

www.mlab.t.u-tokyo.ac.jp


Envision a future industrial, economical, and social structure by developing information and communication technologies as a basis of data-driven economy

Department of Electrical Engineering and Information Systems, School of Engineering


ICT for designing our future society

For designing our future society with ICT (information and communication technology), our projects cover a large spectrum: IoT/M2M/big data, sensor networks, mobile and wireless systems, and social implementation such as bridge monitoring, agriculture, maintenance, and smart grid. The huge amount of various stream data, i.e., time-series data from sensors, collected in the cloud will be a new source of economic growth. Our goal is to transform our industrial, economic, and social infrastructure by designing data driven society with ICT.




1 Bridge health monitoring




2 choco Wireless sensor network “choco”
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