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Overview 

• Applications of Vibration Energy Harvesting 

• Real Vibration Data 

• Holistic Design of Energy Harvesting Systems 

• Accelerated Simulation 

• Case Study: Ferry Engine 

• Contributions from Project Partners 

• The Energy Harvesting Network 
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Applications of Vibration EH 

• Typically condition monitoring, using wireless sensors 

– Sensors can be retro-fitted without electrician/batteries 

 

 

 

 

 

 

• Also applications in asset tracking, monitoring of 

rotating machinery, even human health monitoring 

 Energy Harvesting used for Wireless Condition Monitoring, GE [Online]. Available: http://eh-network.org/events/dissemination2011/presentations/Tom%20Berry.pdf  

http://eh-network.org/events/dissemination2011/presentations/Tom Berry.pdf
http://eh-network.org/events/dissemination2011/presentations/Tom Berry.pdf
http://eh-network.org/events/dissemination2011/presentations/Tom Berry.pdf


Limitations of Vibration EH 

1g acceleration 

Image: P. Mitcheson, "Next Generation Energy-Harvesting Electronics “ [Online], available: http://www.holistic.ecs.soton.ac.uk/presentations/mitcheson_npl.pdf  



    

Cutaway of the Electromagnetic Micro-generator, optimal 

power output of 58mWrms @ 0.06ms-2. 
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An energy-aware wireless 

condition monitoring sensor 

node powered by very low 

vibration levels, 0.02ms
-2

rms
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Torah, R., Glynne-Jones, P., Tudor, J., O'Donnell, T., Roy, S. and Beeby, S. (2008) Self-
powered autonomous wireless sensor node using vibration energy harvesting. Measurement 
Science and Technology, 19 (12). ISSN 1361-6501 

Starting Point 



Southampton Tuneable Generator 
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Zhu, Dibin, Roberts, Stephen, Tudor, John and Beeby, Steve (2010) Design and experimental characterization of a tunable vibration-based electromagnetic micro-generator. Sensors and Actuators A, 158, (2), 284-293. 



Harvesters are usually tuned to 
a fixed frequency. 
 
Many real-life vibration sources 
vary temporally and spatially in 
frequency and amplitude. 
 
Adaptive generators and sensor 
systems are required 





Holistic Design of EH Systems 

• Design sub-systems, define interfaces, plug them together 

• Few have considered interactions in the entire system. 

• How do we design and model systems containing 
mechanics, circuits, devices, computation and algorithms? 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

http://www.holistic.ecs.soton.ac.uk/ 
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Energy Harvesting Systems: A Block Diagram (2010, July 16). Holistic Energy Harvesting [Online]. Available: http://www.holistic.ecs.soton.ac.uk/res/eh-system.php  

http://www.holistic.ecs.soton.ac.uk/res/eh-system.php
http://www.holistic.ecs.soton.ac.uk/res/eh-system.php
http://www.holistic.ecs.soton.ac.uk/res/eh-system.php
http://www.holistic.ecs.soton.ac.uk/res/eh-system.php
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Simulation and Optimisation 

• EH-nodes are complex and hard to simulate 

 

 

 

 

 

• Mix of long and short time-constants 

– Disparity between vibration (ms) & storage (hrs) 

 

 
Wang, Leran, Kazmierski, Tom, Al-Hashimi, Bashir, Weddell, Alex, Merrett, Geoff and Ayala Garcia, Ivo (2011) Accelerated simulation of tunable vibration energy harvesting systems using a linearised 
state-space technique. In, Design, Test and Automation in Europe (DATE 2011), Grenoble, France, 14 - 18 Mar 2011. 
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Increasing Simulation Speed 

• Able to simulate complete tuneable EH systems 

– New simulation technique: accurate and 100x faster 

– Permits system optimisation, and potentially synthesis 

 

Download: Holistic Energy Harvesting Simulation Toolkit, http://www.holistic.ecs.soton.ac.uk/resources.php  
L. Wang, T.J. Kazmierski, B.M. Al-Hashimi, A.S. Weddell, G.V. Merrett, I.A Garcia, “Accelerated simulation of tunable vibration energy harvesting systems using a linearised state-space technique. In, 
Design, Test and Automation in Europe (DATE 2011), Grenoble, France, 14 - 18 Mar 2011. 



Simulating EH-WSNodes 

Kazmierski, Tom, Merrett, Geoff V., Wang, Leran, Al-Hashimi, Bashir, Weddell, Alex S. and Ayala Garcia, Ivo (2012) Modeling of Wireless Sensor Nodes Powered by Tunable Energy Harvesters: HDL-
Based Approach. IEEE Sensors Journal (In Press) 



EH-WSN Design Explorer 

• Ability to explore a design in real-time 
– Energy-aware node, simulated for 10 hours 

 

 

• 8 parameters 

• 4 circuits 

• 6 performance 
indicators 

• RSM built from 
180 simulations 
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Theme C demonstrator 

• Expanded GUI, more details and more controls for the user 

RSM.exe


Engine Condition Monitoring 
Engine Speeds 

Idle (350RPM) 

Slow (550RPM) 

Normal (715RPM) 

Fast (750RPM) 

 

 

http://www.imcbrokers.com/blog/overview/p/detail/propulsion-voith-schneider 



Acceleration Data 

48.3Hz 
(47.9-48.3) 

47.4Hz 
(45.9-47.7) 
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Long-Term Tests on Two Ferries 

• Is the vibration signature similar on 

– different crossings, and  

– different ferries? 
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Tuneable Generator 

• Specification 

– Frequency range: 42-55Hz 

– Max Amplitude 1 ‘g’ 

Power: 100mg
peak

, generator tuned to 47Hz 
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Tuneable Energy Harvester 

Generator 

Accelerometer 

Tuning Magnets 

Actuator 

Position Sensor 
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Results 

• Manually tuned 

• 300Ω load 
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System Diagram 
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Project Details 

• £1.6M, three-year, EPSRC-funded project 

• Kicked off in Q4 2009 

• Over 25 people at four UK institutions: 

 

 

 

• Industrial advisory board: 
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Project Partners 

• University of Bristol 

– Input power conditioning: maximise harvester utilisation 

• Newcastle University 

– Asynchronous circuits for power-modulated computing 

• Imperial College 

– Novel tuning mechanisms (including MEMS) 



Join for free: http://eh-network.org/join.php 

The EH Network: eh-network.org 
• Started 01 March 2010, funded by EPSRC for 3 years 

• Motivated by UK/Europe’s strength in EH, potential for new applications and to identify 
new research challenges 

• Objectives: define research challenges, catalyse 
collaboration, disseminate advances 

• UK Steering Board (academic/industrial) 

• 304 members in 243 companies/institutions 
worldwide, ~50/50 academia/industry 

• EH Network Data Repository 

• An open-access EH database for researchers to 
download and share data 

• Wide range of sources – cars, bridges, ferries, 
humans, CHP, machinery etc 



EH Network Data Repository 

Visit: http://eh-network.org/data Join for free: http://eh-network.org/join.php 



 

Processed data available and 

summarised in datasheet. 

Raw data in time domain available as .csv file. 

Visit: http://eh-network.org/data Join for free: http://eh-network.org/join.php 



 

Join for free: http://eh-network.org/join.php 

Events: Workshops and Conferences 
• 3 workshops to define new challenges: human power, structural monitoring, and MEMS/NEMS 

• Road-mapping reports available to download from the Network’s website 

• Energy Harvesting 2011 (EH Network’s annual conference) was held in February 2011 (London) 

• Energy Harvesting 2012 was held in March 2012 (London) 

• ~100 attendees, 12 presentations (academia/industry), 10 PhD posters, 5 company stands 

• Will be held again next year – join to find out more! 
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Thank you! 

Any Questions? 

Dr Alex Weddell 
Research Fellow 
 

Electronic and Software Systems 
Tel: +44 (0)23 8059 9204 Fax: +44 (0)23 8059 2901 
Email: asw@ecs.soton.ac.uk ww.ecs.soton.ac.uk 
Highfield Campus, Southampton, SO17 1BJ UK 


