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Overview

• Background and Motivation

– Issues with creating EH systems

• Enspect

– Enspect Hardware Platform

– Enspect Software Tool

– Illustrative Results
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Energy Harvesting

Sources are typically highly

spatially and temporally variable
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http://www.youtube.com/watch?v=RHomBdzlO2A



Accommodating Variance

• Accommodating temporal variance at run-time

– Add a larger energy buffer (e.g. supercapacitor)

– Dynamically adjust duty-cycle, sampling rate etc. 

• Accommodating spatial variance at run-time

– Load balancing through energy-aware routing, resource 
reallocation etc.

• But a lot has to be decided at design-time…
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Design Decisions
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http://www.solarchoice.net.au/blog/the-manufacturing-and-science-behind-solar-energy-panels/

http://i01.i.aliimg.com/wsphoto/v1/1767998337_3/Miniature-dc-wind-power-wind-turbine-model-demonstration-teaching-tool-to-drive-the-LED-model-DIY.jpg

http://www.electronics-eetimes.com/images/news_sync_images/stm_thermoharvesting_power_supply_t3020shigh.jpg



Design Decisions
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http://brain-images.cdn.dixons.com/3/9/19314393/l_19314393_002.jpg

http://kingfisher.scene7.com/is/image/Kingfisher/productTemplate?$baseImage=Kingfisher/5000394055995_01c&$PROMO_450_450$

http://svc082.wic031v.server-web.com/images/ElectrolyticCan.jpg
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Design Techniques

• Expert knowledge

• Trial and error

• Simulation tools
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Our Solution: Enspect

1. Portable tool enabling the collection of real environmental 
data for periods of >1 day

2. Analysis software models the performance of different energy 
harvesters under varying environmental conditions

3. Analysis software uses collected data and models to predict EH 
performance, and make design recommendations

4. Software and hardware are open-source and available for 
download (www.enspect.ecs.soton.ac.uk)
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Enspect Hardware Platform

• Modular

– up to 4 different sensors

or

– 4 identical sensors
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Enspect Hardware Tool

• PV Sensor Module, measures:

– Ambient temperature

– Ambient light level

– RGB/IR levels

• TEG Sensor Module, measures: 

– Hot and cold side temperatures

(thermistors)
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Enspect Analysis Software

• Consuming function:

– can be a constant or a function (e.g. square wave)

• Aggregation function:

– can compare between days/locations, or aggregate to get an 
‘average’ day 12
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Enspect Analysis Software

• New concept: energy surplus and deficit

– Surplus: Battery is full; harvested power wasted

– Deficit: Battery is empty; load not fully powered

• Helps to size harvester and energy store

– Always a deficit: under-sized harvester

– Surplus and deficit: under-sized storage

• Recursive design to eliminate deficit

www.enspect.ecs.soton.ac.uk
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with 4.5 mAh battery
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with 15 mAh battery



Results and Analysis

• Thermoelectric
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Thank you!

Any Questions?

Dr Alex Weddell
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