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The T Sensors Summit was held from September 15th to September 17th 2014 in Munich (Germany).
It was co-chaired by Prof. Dr. Christoph Kutter, director of the Fraunhofer Research Institution for
Modular Solid State Technologies EMFT, and Dr. Janusz Bryzek, originator and Chair of TSensors
initiative. The whole event was excellently organized by Prof. Kutter and his team at Fraunhofer
Institut EMFT.
It was the 4th summit after it was formed in the Silicon Valley in 2013 and followed the successful
summits at the Universities of California (Berkley) and Stanford in 2013 and the summit in Tokyo in
2014. There are two additional summits scheduled for 2014 in San Diego and Tokyo and plans for
Abu Dhabi , China and the US for 2015. Over the three days the T Sensor Summit had 38 excellent
presentations by high ranking people of leading companies in the world of sensor, sharing with us
their latest progress made on the way to achieve a trillion sensors. The summit had 136 attendees
from companies all over the world. Big interest was expressed in the opening words by State
Secretary of the Bavarian Ministry of Economic Affairs and Media, Energy and Technology, Franz
Josef Pschierer, and the Dinner Speech by Prof. Dr. Dr. h.c. Ernst Ulrich von Weizsaecker, Co-Chair,
International Resource Panel (UNEP) and Co-President, The Club of Rome.
“The theme of the T Sensors Summit was inspired by “abundance” defined as a world without
hunger, a clean environment and energy and medical care to all, to be enabled in one generation
through technological innovations by so called exponential technologies producing goods and
services faster than global demand” as Dr. Bryzek said in his introduction to the summit. The three
day meeting was divided into 9 sessions covering most of the markets and technologies necessary to
build a process to generate an industrial roadmap to achieve the TSensors: 1. Roadmap 2. Market
forecast 3. Portable consumer devices 4. Automotive and driving sensors 5. Data & security 6.
Everyday Life 7. Wearables & Health 8. Flexible Electronics Manufacturing 9. Technologies.
The talks in the Roadmap session dealt with aspects of building an industrial roadmap, highlighting
several visions but also challenges ranking from basic technologies, over different business related
issues to educational questions. “The end markets are clear: medicine, food production, energy, and
water. Therefore, what is needed is to define the specific applications in order to focus companies on
building the necessary software and hardware. Yes, there will be software only solutions that will
make a difference but the biggest impact will come from hardware-centric or hardware-enabled
(combined with software) systems” said Ira Feldman, a member of the TSensors organizing
committee. As driving force behind TSensors Dr. Bryzek sees the achievement of large volumes to
come to an “abundance”. Abundance is projecting a demand of 45 trillion sensors in two decades,
many of them new, with its development accelerated by the TSensors initiative. Any particular
sensing application must by deployed in extremely high volumes to have a global impact.
Over 300 potential sensing applications have been identify by TSensors Roadmap , called also TApps,
i.e. application areas which have the potential to reach trillions of units like: Noninvasive / minimally
invasive health monitoring, Personal Medical Imaging, Computer senses, Environmental sensing,
Infrastructure Sensors, Smart Home, Smart Cities, Smart Food Production, Smart Energy generation
and Control, Automotive Sensors
Dr. Marinakis from the University of New Mexico showed in his talk that the following drivers for
TSensor systems have been defined:
 the T Sensor itself
 the Internet of Thing (IoT) comprising IP-enabled (Internet protocol) devices, RFID tags, wireless
sensor networks, machine-to-machine (M2M) communications, mobile devices and apps, white
space TV spectrum and cloud computing. It connects these devices and entities through new
network architectures to enable low latency control
 3D printing for manufacturing sensors and sensor components
 Energy harvesting for operating sensors
 Energy storage for operating sensors
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Ultralow power wireless communication for sensor communication (MEMS).
Network protocols and standards
Operating Systems
Analytics

The following sessions were covering the already mentioned market segments able to drive the
deployment of the Tsensors.
Dr. Julia from Samsung electronics showed in a very appealing talk the big importance of having tools
to collect and process the “big data” collected by the multitude of different sensors on the example
of Samsung’s Architecture for Multimodal Interactions (SAMI).
A similar approach was shown by Dr. Janssen of Sense Observation Systems. Estimated 30 billion
sensors in smartphones tracking their owners at a total rate of 6 petabyte /minute. Already existing
standard sensors like a microphone can be used to collect data which is later on processed, showing
information about the owner like loneliness, empathy, sleeping behavior and others. New sensors
are on their way into phones. The challenge is to process all the collected data which is proposed to
do with such platforms like the proposed and f.e. SAMI.
The next comprehensive session was dedicated to automotive and driving sensors. Cars are one of
the best examples for the usage of lots of different sensors linked together and interconnected to
other cars. A big topic in this session was the application of sensors in autonomous driven cars.
Different aspects were discussed by high ranking specialist from Volkswagen, Infineon and Bosch
reaching from tire pressure sensing to optimize and improve the driving performance like fuel
consumption, tire wear out, etc... to the different driver assistant systems like lane assistants, Radar
and Lidar based collision avoidance, road sign recognition systems and many others.
In the session about Data and Security were highlighted and discussed topics like “Security
requirements and Solutions”, “Data privacy in IoT and connected cars”, “Security Vulnerabilities in
IoT End to End” as well as philosophical and social aspects of the Tsensor roadmap.
The last day was dedicated to Tsensors in Everyday Life, including the wearables and health
monitoring sensors and technology related questions and flexible electronics manufacturing. The
integration of sensors in daily life in smart homes has been addressed in talks from Bosch and
EnOcean. Already today are there many solutions on the market which are based on sensor
networks, steering a lot of different application in the household from the kitchen to the garden.
Applying more and more sensors triggers the question of the power supply. High efficient batteries
as well as energy harvesting solutions for self powered sensors have been discussed. A simple
calculation showed that solving the problem of supplying power to the sensors is essential:
“…CR2032 with 300mAh should contain around 0.1 grams of Lithium. This is based on the rule of
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thumb that 1Ah of capacity requires about 0.3 grams of Lithium. So 10 Trillion (10^13) batteries
would require 10^12 grams = 1 million tons of Lithium , – this is the combined worldwide Lithium
production of 10 years… “(presentation of Mr. Kassner of EnOcean). This highlights only the
hardware part of the problem because, maintenance, life time of batteries, etc.. will make the issue
even worse. Energy harvesting solutions are under development helping to solve this issue.
Wearable sensor systems for health monitoring have set the focus of the next session. Using
wearable sensor can drop the Health care costs dramatically. Progress was reported in several talks.
Besides the medical aspect the consumer applications especially the fitness status and activity
monitors are emerging, creating a driving force in the development.
All the above mentioned sessions were focused on general aspects of Tsensors and their
applications, the last session of the event were dedicated to the technology and ways to
manufacturer the big quantities of sensor effectively. Printing techniques for low cost sensor
fabrication, scaling with printed electronics as well as new concepts for thin film batteries were
discussed in several talks. MEMS CMOS technology as platform to manufacture large quantities
played a big role in many of the talks as one of the key technologies to achieve the goal of Tsensors
initiative.
The technology session ended with two talks about a hyperspectral imaging sensor, opening a new
era of imaging. The essence of this technology is a special sensor which will add a spectral
information to each pixel of a 2D image, allowing not only to “see” the sample but also to get
information about the chemical surface composition, based on its spectral signature. This technology
opens a wide field of possible applications from remote sensing in smart agriculture over machine
vision and medical imaging up to security and surveillance. The next step towards a mass application
of spectral sensing was shown in the last talk about the Spectrometer- on a- chip concept by nano
Lambda. The technology is based on plasmonic nano-optic filter arrays, manufactured with standard
semiconductor technologies on wafer scale. This allows to manufacture such spectrometer –on achip to a comparable low price allowing to use the huge abilities of spectral analysis in a much
broader scale as yet.
The summit in Munich gave a real good overview about many facets of the future of Sensors, its
interconnection , the Internet of things and gave an idea about the ways to reach the goal of the
Tsensor initiative - “abundance”.

Next Trillion Sensor summits will take place 12-13 November 2014 in la Jolla, CA,USA and 8-9
December in Tokyo, Japan.
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For additional information, please contact the author of this:
Dr. Thomas Moritz
Business Line Manager
AMS Technologies AG
Fraunhoferstraße 22
D- 82152 Martinsried
Germany
Tel.: +49 89 895 77 546
Email: tmoritz@amstechnologies.com

AMS Technologies is a leading solution provider and distributor of high-tech, leading-edge
components, systems and equipment, with almost 30 years of experience to date and currently
serving more than 1000 European customers. Optical Technologies is our key competency field with
the broadest and most widely varying product offering, ranging from optical components and
systems for the most differing of applications, over cameras for machine vision and on to capital
equipment for fiber optic applications. Coupled with our Thermal Management Engineering team
focusing on Photonics cooling and temperature stabilization and our Power Technologies focus on
Laser Drivers, TEC controllers and Power Supplies we enable and create custom Photonics Solutions.
www.amstechnologies.com

183 EPIC Members (1 September 2014)
ACREO, AFE, Advanced Packaging Center, Advanced Vacuum, AIFOTEC, AIM Infrarot-Module,
AIXTRON, ALEDIA, ALPHA Route des Lasers, Alphanov, Alter Technology, AMO, Amplitude Systemes,
AMS, art photonics, ASE, ASE, ANU, Avantes, Berlin Partner, Boschman, Bbright, Bright Photonics,
CAILabs, CALIOPA, CD6, LETI, Centre for Nanophotonics, CPST, Chalmers University, CIP, CMC
Microsystems, Cobolt, COBRA, CSEM, DAS Photonics, DELTA, DIAFIR, Dilas, DirectPhotonics, Dow
Corning, DIT, eagleyard, EBARA, KIT, Mikrocentrum, Nanosystec, Photonics Cluster NL, SATRAX,
SOFRADIR, TE Interconnect, FOTONIKA - LV, Fraunhofer, Fraunhofer, Fraunhofer, Fraunhofer,
Fraunhofer, Fraunhofer, Glyndwr University, Hamamatsu, HE ARC , Heraeus, Hisilicon, Heriot-Watt
University, Horiba, Huawei, ICFO, IDIL, IHP, IKO Science, Imagine Optic, IMT, INL, Innolume, IOGS,
INTEC, International Laser Center, IPHT, IQE, IREC, iXFiber, JePPIX, KIT, Konica Minolta, LMDC, LayTec,
LioniX, Lithuanian Laser Association, Luger Research, Laser World of Photonics, Microelectronics
Institute of Barcelona, Mikrocentrum, Modulight, M Squared Lasers, MW Technologies, Multiphoton
Optics, Multitel, Nanoscribe, Nanosystec, Nanovation, Next Scan Technology, nlight, NOVAE , Ocean
Optics, Oclaro, Onefive, OPI Photonics, OpTecBB, Opticsvalley, PopSud, ORC, ORC, Phoenix, Photonics
Bretagne, Photonics NL, Photon Lines, Photonics Marketplace, Pie Photonics, PI miCos, Plasma
Therm, PNO, Politecnico di Torino, PolyPhotonix, Powerlase, Prima Electro, Quantel, Resolution
Spectra Systems, Robert Bosch, Rofin Sinar Laser, SAES Getters, SAFC, SATRAX, Scuola Superiore
Sant'Anna, See Fast Technologies, SensUp, SMART Photonics, Sofradir, SOITEC, SPI Lasers, SQS,
STMicroelectronics, Suss MicroOptics, SWISSPHOTONICS, TU Berlin , Technobis, Technobis IPPS,
Technospark Nanocenter, TE, TEMATYS, Thorn, TBP, TNO, Tridonic, University of Nottingham, u2t
Photonics, Umicore, UCL, University of Barcelona, University "Mediterranea" of Reggio Calabria,
University of Nottingham, University of Roma Sapienza, University of Sheffield, University Paderborn,
Vario Optics, Vertilas, VI Systems, VLC Photonics, VTT, WJA Electron, Wroclaw University of
Technology, XiO, YELO, Yenista, Yole, Zumtobel. www.epic-assoc.com/membership

T (TRILLION) SENSORS SUMMIT, MUNICH, GERMANY

5

