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Scientific contributions

Theme C has developed a novel simulation technique particularly suitable for modelling and optimisation of kinetic
energy harvester systems where complex analogue and digital models are used in several technology domains:
electrical, mechanical and magnetic. In addition, the components of an energy harvester operate in disparate time
scales. This leads to prohibitive CPU times with the use of classical state-of-the-art techniques. The new technique
takes advantage of the passivity of the analogue electronics in an energy harvester and accelerates CPU times by two
orders of magnitude.

The fast linearised simulation technique was employed in the development of a design space explorer toolkit for a
complete energy-harvester-powered sensor node. The design space explorer allows designers to investigate trade-offs
between design parameters and their effect on the harvester’s performance characteristics. The toolkit implements
response-surface models of a number of performance characteristics and incorporates either real data or parametrized
models of the vibration source, the energy harvester, tuning controller and wireless sensor node. Arbitrary test
scenarios can be considered as the proposed approach permits the designer to adjust a wide range of system
parameters and evaluate the effect almost instantly but still with high accuracy. In the developed toolkit, the estimated
CPU time of one RSM estimation is in the microsecond range and the average performance estimation error is less than
16.5%.

5! RSM Design Explorer = | ()| S
File Edit Help
Performance estimator of wireless sensor powered by kinetic energy harvester
Diode bridge
4-stage voltage multiplier
Switching boost converter
Generated Power. Power Consumption: SuperCap
1091 mw 141 mwW Voltage
270 V Sensor Node
Micro-generator Power Processing Energy For the given input vibration
— Storage amplitude and frequency
4 . i magnets
Vibration Source Estimated Number
Kwﬁl |‘A‘. f A I“.‘ "“\l-p B of Transmissions:
R, il nag e 1
wb VYL .‘y cantilever ﬁ E ) ! f— 6565 Jmin
—
LA Transmission duty cycle depends on
A B supercap voltage(Vc) and threshold
coil voltage(Vth):
VesaV, no transmissioin
T T 2<Vcelth, transmit every 1min
L VEh<Ve<35, tr very 1
- Vo35, " tramamitevery 3.
Max Displacement: Transfer Efficiency:
748 mm 87.10 %
) User parameters
. = 5! = i Energy consumption per
iPeak Amp:| 700 [Z|mg | |Proof mass 20 =49 Super- . ~ .
(100~1000mg) i (2~12g) capacitor transmission(10~1000uJ):
i | Number of coil turns: 2000 = value 116,01 |
! i (500~5000) (0.1~1F): —L=l uli
Equ, 50.00%]Hz | Mechanical Q 200 = SuperCap threshold voltage
i (50~250Hz) | (100~500) 055 = pi (2573v): S0 H o |
i Cantilever - . = v
- Length: 1000 5 mm Resonant Frequency:  50.01 Hz
- Width: 200 = mm The resonant frequency of cantilever is
- Thickness: 1500 2| um Operating Freq Range: close to the input frequency.
- Material Copper - 49 750 fo 50250 Hz Performance indicators updated.

Fig. 1: Design explorer for a sensor node powered by a tunable energy harvester.
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Other Resources, News and Events
see www.holistic.ecs.soton.ac.uk/resources.php)

Holistic Energy Harvesting Design Explorer and Simulation Toolkit

The Response Surface Model-based Design Explorer (Windows .exe), pictured
right, is available for download. It allows you to adjust the design of the vibration
energy harvesting system and see what effect it has on the number of
transmissions a wireless sensor node can make. An Energy Harvesting Simulation
Toolkit (.zip) package, which includes documentation, may also be downloaded. ]

Design Space Exploration and Optimisation of Energy Harvesting Systems

A video is available on the holistic website, where Dr Tom Kazmierski and Dr
Leran Wang (Phil) discuss our design explorer, which is based on a "Response
Surface Model" technique.

Our paper 'Modeling of Wireless Sensor Nodes Powered by Tunable Energy Harvesters: HDL-Based Approach' is one of
the 25 most downloaded Sensors Journal papers in the month of June 2012. Included in this ranking are all Sensors
Journal papers published since its foundation, about 1000 papers in total.

Our paper ‘Accelerated simulation of tunable vibration energy harvesting systems using a linearised state-space
technique’ was a candidate for a best-paper award at the DATE 2011 conference.
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