
Vibration Energy Harvesting for  

Civil Infrastructure Monitoring 

Yu Jia, Jize Yan, Robert Mair, Kenichi Soga and Ashwin Seshia 

 

Department of Engineering  

University of Cambridge 

 

 

 

 

 



Centre for Smart Infrastructure and Construction 

ÅMuch of our critical built 

infrastructure is ageing and not 

adequately monitored. 

Å There is a poor understanding of 

the performance of infrastructure 

during construction and use. 

Å The CSIC aims to develop a 

range of new underpinning 

technologies to address the 

monitoring and management of 

large-scale built infrastructure. 

ïWireless Sensor Networks. 

ï Fibre optic sensors. 

ï Computer Vision. 

ï Data Analysis and Modelling. 

 



Smart Structures 

 

The Economist, December 2010 



Wireless sensor networks in tunnels 
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Energy harvesting for ultra-low 

power sensors 
Å Environmental sensors operating 

on scavenged energy.  

 

Å Sensor operating in remote areas 
or harsh environments. 

 

Å Augment batteries or extend 
battery life. 

 

Å Sensors embedded in low power 
distributed sensor networks for 
infrastructure monitoring. 

 

Å Energy harvesting from ambient 
mechanical, fluidic and thermal 
sources. 

 

Wall crack 

Steel strip 

Wall anchors 
PCB (wireless 

unit/sensor 

interface) 

Silicon chip 

Uniaxial strain sensors 
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Availability of ambient energy 

Energy Source Order of magnitude of potential power density 

Solar (direct solar irradiation) 10ôs mW/cm3 

Solar (indoor illumination) 10ôs ɛW/cm3 

Mechanical vibration 100ôs ɛW/cm3 

Human motion 10ôs to 1,000ôs ɛW/cm3 

Thermoelectric 10ôs ɛW/cm2 

Temperature variation 1ôs ɛW/cm2 

Radio-frequency 100ôs nW/cm3 

Airflow 100ôs ɛW/cm3 

Acoustic noise 100ôs nW/cm3 



Ambient energy ï rail track vibration 
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Ambient energy ï pipeline monitoring 



Real-world applications 

Å Intermittent, irregular and broadband nature of real vibrations. 

Å Arrayed linear, MDOF or non-linear approaches for vibration energy 

harvesting must be considered. 

Å Increased device complexity for non-linear mechanisms. 

Y. Jia et al, submitted to Smart Materials and Structures, 2012 (under review). 



Energy Harvesting ï MDOF MEMS approach 

Z. J. Wong et al, PowerMEMS 2009. 


