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Off the Shelf to on the field
Rapid Prototyping of Optical 
Explosive Vapour Sensors

Dr Ross N Gillanders, Research Fellow at the School of Physics & Astronomy, 
University of St Andrews, Scotland

Sitting on my desk, still in its antistatic packaging, is a 5 chemists, did not translate quickly to the hardware, 
cm by 2 cm Arduino microprocessor that cost less than a firmware and software engineers responsible for the 
round of drinks. It will soon be integrated with a instrument, and vice versa.
photodiode and some simple circuitry and then tested With the release of off-the-shelf microprocessors like the 
for optically detecting explosive vapours. Given previous Arduino or Raspberry Pi platforms, this cross-disciplinary 
prototypes have been made for this purpose with the bottleneck has loosened to an extent, allowing sensor 
original Arduino Uno, this is expected to provide a small, scientists to conceive, create and test full sensor systems. 
flexible data collection platform. Just a few years ago, In my own current field of research, explosive vapour 
prototyping sensor systems was not often such a rapid sensing for humanitarian demining, these platforms have 
process. This is especially true for optical, polymer thin- shown advantages beyond cost or the speed they can 
film based sensors where the knowledge of the light- give to prototyping.
emitting polymer sensing layer, held by physical 



Humanitarian demining is a slow, expensive and difficult different polymers, and created an LED-based array that 
process. There is no “silver bullet” to detect landmines, measured the response of four films simultaneously. 
since, for example, sniffer dogs can tire or miss mines, This was done with a simple 5 megapixel camera, which 
metal detectors can miss plastic mines, and ground- was sensitive enough to monitor the decrease in light 
penetrating radar may not work in more humid emission from the polymers. With smaller spot sizes and a 
environments. Add to this the wide variety of larger library of vapour responses to the polymer films, we 
environments where mines are likely to be found, from expect to be able to fingerprint the vapour we detect, 
sub-Saharan Africa to the mountains of Colombia and the allowing confident true positives and a useful forensic tool 
monsoon-prone areas of South East Asia, and the potential for post-detonation events. And all this on a platform 
challenges in demining are clear. smaller than most smartphones.
In our laboratories we use 100 nm-thick luminescent While we still have many challenges in demining to 
conjugated polymer films that lose light emission when conquer in the coming years, the outlook is promising, 
they come into contact with a nitroaromatic vapour like helped in no small way by platforms like the Arduino and 
TNT, and this light loss can be monitored in real time Raspberry Pi. And this next step begins when the box on 
indicating the presence of explosives. As part of a large EU my desk in the antistatic packaging gets unwrapped, 
project, TIRAMISU, the challenge was to take a large plugged in, and we see the LED blinking for the first time.
benchtop system, including a laser and spectrometer, and 
effectively “shrink” it down to a portable, robust 
instrument for sampling vapours in the field. The Arduino 
Uno platform was crucial in realising this, since the 
hardware required to integrate with a single output from a 
photodiode, the firmware to establish communication, and 
the User Interface developed via LabView Makerhub were 
all able to be achieved with fewer man-hours than would 
be expected for such a system. This allowed testing with 
buried explosives to be carried out relatively quickly.

Dr Ross Gillanders is a Research Fellow at the University of 
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from a remote location. This has been confirmed in our 
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Gillanders worked for three years at Cork Institute of 
Raspberry Pi platforms, while in the author’s view a more Technology, mainly developing instrumentation for 
complicated system to set up and operate, has advantages industry-led water-related projects.
not readily available in the Arduino. For instance, in 
detecting explosives, one may find a false positive from 
another nitroaromatic, like a pesticide. Also of interest to 
deminers is the type of explosive, rather than the simple 
“yes” or “no” of the existence of one. With the Raspberry 
Pi camera system we exploited the varying sensitivities of 
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