
Abstract 
Corrosion under paint (CUP) is a ubiquitous and persistent problem 
which affects almost every part of the entire infrastructure of mod-
ern civilization. Apart from the great economic damage which it caus-
es annually, estimated to be 3% of Gross Domestic Product, it also 
compromises the safety, environmental and aesthetic characteristics 
of the affected structures, machinery and other artefacts.  
 
We present the results of a novel instrument, whose development is 
supported and funded by the European Commission FP7-SME pro-
gramme.  The results from this instrument represent a truly disrup-
tive technology which is completely non-contact and can instantly 
detect corrosion under paint under very large areas of painted sur-
faces from stand-off distances of up to ten metres or more and as 
such, the CUPID detection system offers an immediate market ad-
vantage over current state of the art.  
 
The CUPID system technology herein described is filed under UK Pa-
tent Application 1413566.9  

Introduction 
This instrument: Corrosion Under Paint Integrated Detection system 
(CUPID), incorporates three separate, fully developed and comple-
mentary NDT Techniques that are able to provide low cost, rapid non
-contact long range detection of  Corrosion Under Paint under very 
large areas of painted surfaces. These are unaffected by factors in-
hibiting and limiting existing NDT technologies and are capable of 
scanning rates which are between hundreds and thousands of times 
faster (but  at the same cost) as existing systems. 

 

These techniques include the combination of a novel and inexpen-
sive active diffuse, on-axis incoherent millimetre wave and THz 
source of illumination. A near infra-red (NIR) inspection system. And 
measurements are also taken from a novel planar capacitive imaging 
system. All three components are capable of being integrated into a 
single instrument which is controlled by automatic corrosion detec-
tion software configured to take measurements from all three tech-
niques if required, in order to maximise detection confidence and re-
liability.  
 
It is also possible for each of these three modules to be operated 
separately but have the capacity to be easily interlinked in embodi-
ments combining one, two, or all three of each of the individual sub-
systems of the CUPID technology. This approach offers an extremely 
flexible and highly customised corrosion management system for the 
end-user and also offers considerable commercial advantages by re-
ducing production cost and increasing overall marketability across 
many industrial sectors.  

Methods 
 Capacitance Imaging 

This is made up of an inexpensive linear array of simple printed elec-
trodes which have been produced via standard PCB techniques, and 
is simply run over a painted metal surface to detect any cracks or sub 
surface voids. This has to be in close proximity (no couplant gels) to 
the inspected surface and can detect defects which are very close 
(less than 10 mm) beneath the painted surface.  
 
It was found with the standalone alpha build that a capture rate of 
only several hundred frames per second would be sufficient to scan 
an area of 1 m2 in just 50 seconds….far quicker than existing state-of-
the-art compared to several thousand frames per second as original-
ly envisaged  . 

 

 Near-Infrared Imaging (2 Platforms) 

This distance solution consists of three essential hardware blocks; 
Transmitter (source of NIR light—chosen wavelength to minimise 
scattering), Microcontroller unit (firmware control of the galvanome-
ter and scanning pattern) and Receiver (NIR Camera / Detector—with 
an added narrow band, thin film optical interference filter in front of 
the detector to reduce fluorescence). 
 
The hand-held solution is made up of a pair of matched angled 
Transmitter-Receiver arrays (64 NIR LEDs and Photo Detectors), and 
is simply run over a painted metal surface, in a fashion which is simi-
lar to the deployment of the CI Imager.  

 

 Millimetre Wave Imaging 

One of the most important factors that gives the CUPID system a 
great technical advantage over other, commercially available MMW 
imaging products, is that state of the art systems are typically de-
signed for real-time imaging at a rate of 5 to 30 frames per second.  
 
This module is used in Passive / Active  mode using a 77GHz Active 
MMW source and application of incoherent DOAL illumination via 
use of an inexpensive plastic substrate beam splitter, spun aluminium 
focussing elements, and a 32 element/pixel imaging array for detec-
tion. 

 

 

 

 

 

 

It was found that for  transmission of MMW and THz through zinc 
based primer of different thickness in the frequency range 0.2 to 2.0 
THz (Normalised for atmospheric absorption), a broadband, multi-
wavelength approach, such as the CUPID MMW imaging array, offers 
a great advantage over narrow band state-of-the-art for an effective 
detection of CUP.  

Findings 
 Certain combinations of sub-modules are more appropriate for some applications than others. The Capacitance Imager would, for example, 

be suitable for inspection of hull plates in a maintenance depot. 

 A combination of an optically flat parabolic reflector and spun aluminium reflector produces a relatively inexpensive hybrid focusing ele-
ment suitable for combined MMW and NIR inspection. 

Conclusions 
 We present a robust and integrated corrosion detection system 

which offers an inexpensive broadband alternative to current nar-
rowband state of the art for MMW detection and goes beyond the 
state of the art with the complementary CUP detection techniques 
of NIR and CI imaging. These latter methods offer multiple ad-
vantages in terms of surface sensitivity and increased speed of 
scanning as compared to existing techniques such as ultrasound. 
 

 All of the separate modules of the CUPID system are capable of 
being used in isolation or synergistically in various combinations of 
one, two or all three subsystems working together with overlays 
from multiple simultaneous scans of the same region of interest to 
maximise probability of detection whilst at the same time reducing 
the incidence of false positives.  
 

 The detection process itself can be highly automated and not re-
quire an overly skilled operator for the deployment of the system.  
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