
    

 

Low-cost structural health monitoring system for engineering applications 

 
C. A. Middleton1*, P. R. Lambert1, K. Amjad1,2, R. J. Greene3, A. Kupferschmid4, E. Hack4, E. A. 

Patterson1  
 

1School of Engineering, University of Liverpool, The Quadrangle, Brownlow Hill, Liverpool 
L69 3GH, UK 

2UK Atomic Energy Authority, Oxfordshire, U.K. 
3Strain Solutions Ltd, Dunston Innovation Centre, Dunston Road, Chesterfield, 

Derbyshire S41 8NG, UK 
4Empa, Überlandstrasse 129, CH-8600 Dübendorf, Switzerland 

 
E-mail address (corresponding author): ceri.middleton@liverpool.ac.uk 

 
A low cost, low volume integrated sensor system has been designed using COTS (commercial-off-the-
shelf) components to be deployed on engineering structures to apply non-destructive evaluation 
(NDE) techniques for structural health monitoring. The prototype system has been successfully 
installed and employed on full-scale aerospace tests in Airbus facilities in the UK and France. 
 
Individual rugged modules combine point (resistance strain gauges) and full-field (optical and infra-
red) sensors with a credit-card sized board computer for on-board data collection and processing. 
Modules are deployed at regions of interest on an engineering structure, with data collection, 
transfer and storage controlled by the user through a custom designed graphical user interface on a 
control computer connected to all modules. 
 
Using these sensors, a range of NDE techniques are possible, and can be tailored to the individual 
loading scenario, material, and conditions. For example, visible light camera sensors allow digital 
image correlation (DIC) with suitable surface preparation, and infra-red cameras allow thermographic 
methods to be utilised under appropriate loading conditions. 
 
The processing software developed for the system includes algorithms for the generation of DIC and 
the thermographic method CATE (Condition Assessment by Thermal Emission) data. Further 
algorithms have also been developed that apply an image decomposition technique to these full-
field datasets, allowing quasi real-time quantitative comparison over time, which can be used for 
condition monitoring. The processing algorithms are not sensor specific, so can be applied to image 
data from other sensors, allowing historical datasets or datasets from external cameras to be post-
processed. 
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