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Sensor Networks Quo Vadis
(... or yet another Playground for
Researchers)

Horst Hellbriick
Libeck University of Applied Sciences, Germany
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= More than 10 years of intensive research
— International Symposium on Low Power Electronics and Design started 1995.
— ACM MobiCom started 1995.

— J. M. Kahn, R. H. Katz, and K. S. J. Pister. "Next Century Challenges: Mobile
Networking for "Smart Dust" ACM MobiCom 1999.

— Akyildiz, I.F., Su, W., Sankarasubramaniam, Y., and Cayirci, E., "A Survey on Sensor
Networks, IEEE Communications Magazine," vol. 40, no. 8, August 2002.

— |EEE SenSys has started 2003 (SENSORCOMM in 2007).
= Problems:

— Scalability, Resources (Energy/CPU), Robustness, Security, Platforms (HW/SW),
Engineering, QoS, Applications?

= Achievements:
— Thousands of algorithms/protocols in papers - some tens of applications!?
— Some tens of HW/SW platforms - for educational purpose!?

= Downside
— Are Sensor Networks needed? Is there a market? Gartner Hype Cycle?

— Producer of WSN (Wireless Sensor Network) hardware and software are “garage
companies” and remember me to the situation in the 70s for home computing. Do
you remember Commodore?

Horst Sensor Networks Quo Vadis?
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= Finally the Killer Application?

* SmartSantander, (probably) the biggest Wireless
Sensor Network in the world.

— 1100 wireless sensor devices are installed,

= 400 for parking slots

= 700 environmental measurements like noise, carbon
monoxide, temperature or sunlight.

=> Or does Energy Harvesting push the deployment
of Sensor Networks?

Horst Sensor Networks Quo Vadis?
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Oleg Nizhnik
Maenaka Human-sensing Fusion Project
(Japan Science and Technology Agency)
The numerical comparison of the light,
thermal and vibration energy
harvesting for the wireless sensor
node

70x70x3.6mm TEG 50x35x0.8mm flexible DSSC cell
human body heat Attached to evaluation wireless sensor node
harvester with 4uW Harvesting average 38uW

output power at 27C
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Topological diagram of the energy-harvesting WSN under development
DSSC cell 1 DSSC cell 2

Antenna/radiator 1 Antenna/radiator 2

Lid/Thermal spreader

Stress relaxation sheet
TEG

LSI
QFN package

Thermal concentration sheet

A comparison of the energy harvesting methods for the 40 cm?, 23g weight
conformal wearable sensor node prototype

Harvester |Electrical |Power output |Harvester Component

efficiency operational |efficiency
of DC-DC efficiency
TEG 41% 3.9 UW raw 56 % 0.012 % (Bi,Te; 25 W/m?
1.7uW at bat. TEG) (worst
case)
Solar 100% 38.4 uW raw 12.6 % 2.6 % (flexible  2.96 W/m?
DSSC cell)
Vibration ~ 50% 0.04 uW raw ~10 % ~25 % 67 uW/kg

0.02 uW at bat.



Sensor Networks and Technology

 Advances in Nano Technology and MEMS
technology has aided development of novel
applications
— Multi-species chemical sensing
— Multipurpose transducer
— Active devices
— Novel sensing and response applications



Wireless Network Improvements

 Technology advances have led to reductions in
space, weight and power (SWaP) required for
network operations.

— Offer possibility to apply sensors to wider range of
applications
 Environmental
Industrial
Medical
Military
Transportation
Space



Sensor and network Standards

e Standards result in stable environment
e Foster third party development of applications

e Sensor Web Enablement (SWE) has led to
many new services and applications

— Sensor Discovery

— Sensor plug and play capability
— Sensor tasking

— Subscription services

— Sensor re-purposing
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Yarn Parameterization Equipament
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A Partial Approach - Sensor Network

Differential signal  Pre-Amplifier

pick-up

Image sources: Yarn Presence, Speed and Dust (Steffen Heinz et al. (2008))

The Full Approach Challenge/Motivation - Sensor Network
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Thank you!

email: vcarvalho@dei.uminho.pt




