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Abstract: The detection of explosive devices including landmines is crucial in the battle
against this seriously hazardous problem that affects hundreds of millions worldwide. The
problem is intensifying, due to the spread of disperse wars, the increase in terrorist
activities, and the boom in the production of these explosives. The detection approach must
take into consideration several factors such as safety, detection sensitivity, accuracy, speed,
and ease of implementation.  This work discusses and compares electronic/chemical sensors,
optical sensors, and biosensors and their usage in tracing explosive materials and detecting
landmines.

Index Terms – Explosives; Landmines; Electronic/Chemical Sensors; Optical Sensors;
Biosensors.

I. INTRODUCTION
Landmines and explosives have posed a serious problem worldwide. Numerous solutions have

been explored, implemented and used. Ongoing and active research work on these solutions has
aimed at devising safer, faster more efficient, more reliable and less expensive methods for mines and
explosives detection [1, 2].

Sniffing dogs have been considered one of the most effective and efficient detection methods
currently in use [3, 4]. They smell explosives just like everything else, but they are trained to
remember the signature smell of several explosive types, and that is why they react when they detect
the smell of an explosive. Other than sniffing dogs, detection equipment could be used. Trace
detectors are one type of equipment used to detect explosives of small magnitude. They do so either
by sniffing explosive vapors, by sampling traces of the explosive particulates, or both. Vapor sampling
requires no contact while particulate sampling requires direct contact to remove explosive material
particles from a contaminated surface [5, 6]. For most applications, the location of the explosives or
landmines is initially unknown or not easily reachable, hence our interest in vapor detection.

Solids and liquids, including explosive materials, emit vapor under certain temperature and
pressure conditions. Landmines in specific could emit their explosive vapor for decades. Sampling
and analysis of the vapor are done around the surface of explosive material without the need for direct
contact with it. Vapor traces are currently detected by means of electronic/chemical sensors [7],
optical sensors [8], and biosensors [9]. The following sections will shed light on the
electronic/chemical detection methods, optical detection methods, and biosensors.

II. ELECTRONIC/CHEMICAL SENSORS
The well-known methods are the Ion Mobility Spectrometry (IMS), the ChemiLuminescence

(CL), the Thermo-redox, the Surface Acoustic Wave/Gas Chromatography (SAW/GC), the Mass
Spectrometry (MS), the Micro Electro-Mechanical Systems (MEMS), and the Electronic Nose (E-
Nose).

III. OPTICAL TRACE DETECTION METHODS
Many alternatives are used for optically detecting traces emitted by explosive materials such as

UltraViolet-VISible-Near-InfraRed (UV-VIS-NIR) Spectroscopy, Photoacoustic Spectroscopy (PAS),



Cavity Ring Down Spectroscopy (CRDS), Light Detection and Ranging (LIDAR), and Differential
Absorption LIDAR (DIAL).

IV. BIOSENSORS
Biosensors are analytical tools that incorporate biologically active materials in close conjunction

with devices that will convert a biochemical signal into a quantifiable electrical signal. An example of
a biosensor is one incorporating an antibody on top of a piezoelectric crystal detector. The crystal
detector generates an electric signal that quantifies the mass change resulting when the antibody binds
to a specific material, like explosive vapor.

V. COMPARISON
Optical trace detection methods generally have high sensitivity and fast response but they could

falsely detect the composition of the material in question. The electronic/chemical ones are also
sensitive and rapid in addition to being inexpensive, but they suffer from low selectivity meaning that
different electronic/chemical sensors might be required for different materials. Biosensors, on the
other hand, have a complicated design in terms of their integration of a biological material on top of
an appropriate transduction element. However, the design of the biological material (e.g. antibody)
itself is easier with the possibility of replacing it on the same transduction element to detect a different
material composition.

VI. CONCLUSION
This work discussed and compared the electronic/chemical, optical and biosensor-based detection

methods used in explosive vapor trace detection. Researching, implementing, and the usage of these
methods is essential in the efforts to rid Lebanon of the problem of explosives, mainly landmines and
the improvised explosive devices (IEDs).
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