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Abstract- There is a growing need for efficient and reliable land mine detection.There are more than 100 million of land 
mines buried in more than 74 countries around the world according to US defense and UNICEF reports; these land mines 
cause injuries and death of people every hour around the world and represent huge economic and development obstacles. 
Different parameters must be taken into account for efficient configuration/ design of a detection or demining system from 
the available solutions and techniques. Thepurpose of this paper is to highlight those parameters showing merits and 
limitations of different choices among detection and demining methods. In addition, aspects related to detection and 
demining have been investigated in order to highlight directionswhere researchers can improve the performance of 
landmines detection systems. 
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I. INTRODUCTION 
 
Land mines are ready for being exploded once a 
pressure applied on it, so that multiplerising questions 
will appear on how to detect the mines without 
detonating them, what are their characteristics, types, 
consequences,procedures required for detecting,and 
how can we deal with them after detection? 
Limitations and advantages of current detectors and 
systems have been investigated to enable those who 
want to select between current technologies of mine 
detection and demining operations for combining 
different solutionsto achievebetterdetection 
performance. Through the reviewed literature in the 
field,for example ([1], [2],[4] and others,)it is  clear 
that the landmines detection research area still have 
many gaps and directions for researchers, however 
there is no complete clear picture about the 
area/tracks of research in that field. It is also very 
important to clearly identify which areas are required 
to be interpreted and investigated to pave the way for 
researchers to contribute and give advanced solutions. 
Different combinations of mine detecting unit and 
carrying vehicles are employed with the aim of 
detecting all the mines in the desired direction and 
precisely pin-pointing their locations. Systems and 
detectors have been interpreted in details (in sections 
3 and 4).In a simple way, detection techniques consist 
of three main units; a sensor to capture a signature of 
the landmine, a signal or image processing unit to 
arrange the acquired data in a format suitable for 
detection, and a decision making unit to decide 
whether a landmine exists or not. However the 
research for landmines and explosives detection can 
be classified in the following directions: 
1. Landmines, info, types, facts, consequences; 
2. Detection system/ carrying vehicles 
3. Detectors (sensors to detect mines) 
4. Detected mines’ Location identification techniques 

5. Data (signal/image) processing techniques and 
algorithms  

6. Data Transmission Techniques 
7. Demining methods These directions represent the 

structure/parts of this paper as well. 
This study is set out to investigate the land mine 
detection techniques and related aspects to highlight 
the ideal conditions and limitations of different 
detectors, demining features and share in the debate 
and challenges for this field of research in accordance 
with its significant importance for current and future 
trend. Aspects relating to detection and demining 
process have been categorized and analyzed to pave 
the way for combining a suitable solution for specific 
conditions and also to pave the way for new solutions. 
 
II. LANDMINES FACTS AND 
CONSEQUENCES 
 
2.1 Landmine 
Landmine is a device designed to kill or injure 
persons and/or destroy vehicles that make contact 
with it through direct pressure or a trip-wire. Those 
land mines still represent a hidden killer. They lie 
under, on or near the ground until a person, vehicle or 
animal triggers their detonating mechanism as 
depicted in Fig.1. They contain explosives and some 
contain pieces of shrapnel. 

 
Fig.1. Anti-personal landmine 
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2.2 Reasons of using and manufacturing of 
landmines: 
Landmines are easy-to-make, cheap and effective 
weapons, often laid in groups, called mine fields, 
designed to prevent enemy movements or passing 
through a certain area, or sometimes to forcean 
enemy through a particular area, since the World War 
I and II [3]. In the Second World War, Germans and 
Italians improvised antipersonnel land mines with 
grenades and fuses in order to prevent allied soldiers 
from deactivating antitank mines placed on already 
determined defence lines (Russel 2003).Also they 
have been used in many conflicts, including in the 
Vietnam War, the Korean War, and theFirst Gulf 
War.After a while, landmines began to be deployed 
on a wider scale, often in internal conflicts and started 
being aimed at civilians. 
 
2.3 Consequences and Harms 
Mines kill or injure a person every 20 minutes, 72 
persons a day, or more than 20 000 people a year 
(Kowalenko 2004). Annually, approximately 15,000-
20,000 people are killed by landmines, many of 
which were planted dozens of years ago.The vast 
majority of victims are civilians and not only 
soldiers[4].Buried landmines also affect economic 
development. For example, in Egypt, according to the 
ICBL and the government sources, the area 
contaminated by landmines in the northwest coast 
denies access to about 22%of Egypt’s landmass 
which is very rich in natural resources (oil, minerals 
andnatural gas), development potential and tourism 
development (H. Kasban 2010.)Land mines still make 
land unusable for farming, schools or living, 
preventing people from rebuilding lives torn apart by 
conflict. The removal of landmines has become a 
global emergency. 
 
2.4 Landmines Types 
While more than 350 varieties of mines exist, they 
can be listed into two categories (according to their 
target), namely, anti-personnel mines (AP) and anti-
tankmines (AT). Although the same basic sensing 
technologies are used for AT and AP land mine 
detection. There are important differences in terms of 
scope and strategy[5].Table 1 shows a comparison 
between AP and AT land mines. 

 
Table1: AP and AT comparison 

2.5 Landmine Contents: 
Each landmine consists of three components; the case 
which may be metal, wood, plastic or mixed, the 
explosive material which may be TNT, RDX, mixed 
RDX/ TNT, Tetryl, or other high explosives, and an 
initiator which may include a pressure sensor, an 
electronic sensor or any other sensor[2]. 
 
III. DETECTION SYSTEMS AND CARRYING 
VEHICLES 
 
3.1 Human Deminer / Manual System: 
It is a process of probing the ground using a 
mechanical prober (a bayonet, or plastic rod.)Probing 
is being done at an oblique angle to the ground by a 
human called deminer, aiming for the rod to 
encounter the side of the landmine and avoid tripping 
the fuse; for many years, the most sophisticated 
technology used for locating landmines. Soldiers are 
trained to poke the ground lightly with a bayonet and 
search for buried mines; it’s a very dangerous process 
and very slow. 
3.2 Hand-Held Detector: 
Artificial sensors or detectors in hand held device;the 
use of humans equipped with one detection technique 
(discussed in section 4). 
With the hand held detectors,shown Fig.2.the 
operator can follow the ground profile with the 
detector head close to the ground without hitting the 
ground or any objects on it. The operator can also 
vary the width of sweep to suit a particular situation, 
and is usually not limited by terrain. “However the 
manual method is slow, hazardous, manpower-
intensive, and stressful to the operation who, as a 
result, can perform this task only for short periods at 
a time. As well, errors result due to operator 
inattentiveness” [1]. There is a growing acceptance 
that a more universal application of technology may 
enable mine detection with more cost effectively, 
quickly, and with less risk [6]. 

 
Fig.2.Hand-Held detectors 
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3.3 Automated systems combined with artificial 
sensor(s) 
A carrying vehicle/equipment or robot which is 
automated controlled (Advanced robot based 
demining.) 
The system can be in one of the following figures: 
- (vehicle-mounted system )Autonomous cars 
or Automated guided vehicles (AGV) 
- Walking robots, animal like... etc. 
- Airplanes and copters 
And combined of one or more detectors (mine 
sensors); The option of detecting mines in a surface-
laid minefield using autonomous robots is becoming 
more popular because it decreases the danger and the 
cost involved in manual detection. Zhang et al.(2001) 
[7]proposed a probabilistic method for robot 
landmine search, focusing on optimization search 
strategy determining location of mines and/or 
unexploded ordnance. They first extract the 
characteristics of dispersion pattern of the minefield 
in order to construct a probability map and then 
design a path for the robot searching. Artificial 
sensors attached to vehicle and capture signals at 
equally spaced positions as the vehicle moves, like 
the example combined with a GPR in [8], in which 
the vehicle speed and the height of sensors above the 
ground surface can be relatively constant. Land mines 
in this case often produce stable signatures, such as 
hyperbolic shapes, for detection as shown in [8].Also 
other examples on using Semi-Autonomousmine 
detection systems, are introduced and developed in 
[9] and[10] and a walking mobile robot for mine 
detection was developed in [11]. 
3.4Evaluation of detection systems 
Manual systems in 1 and 2 are popular in mine 
detection operations in the world but the possess 
potential danger to the lives of the deminers, and is 
considered slow and inaccurate techniques for 
landmines detection ([3], [5], [12].)  Removal of all 
mines by those systems would require several 
hundredof years (it would take one thousand 
according to a CMAC report based on Cambodian 
Mine Action Center Current Activities 1998), during 
which time, more mines might be buried in war zones 
[1]. Because of the human factor in the handheld 
detectors or manual methods, the sweeping speed and 
the sensor-to-ground distance are varying. Hence 
even advanced detectors are being used as GPR, but 
land mine signatures are inconsistent and the 
hyperbolic signatures as observed in the vehicle 
based system developed in [8]. 
 
IV. DETECTORS (SENSORS) 
 
In this part a comparison that shows the ideal 
conditions and the challenges for each technique has 
been conducted, in terms of range, cost, limitations, 
speed, safety, false alarm rate and effect of 
environmental conditions. See Fig.3.andTable 2, for 
classification and comparison (page 4). 

V. LOCALIZAION AND TRACING OF 
DETECTED MINES 
 
If the mine is detected, another main job still required 
which is to mark its location to be defined by one of 
demining processes (section 8).In manual/mechanical 
detection the deminer can use any land marking 
process manually. But for the stream of data coming 
from a sensor in an automated system, it must work 
in continuous manner, marking in parallel by giving 
information about locations of detected mines, 
marking observed to be done by one of the following 
methods: 
 Physical marking: can be performed using an 
array of sprayers dispensing die, triggered by the 
automated system integrating the detection 
information from the individual sensors[1]. 
 Electronic marking occurs after correlating the 
sensor data with high-accuracy GPS data. By 
deploying a differential GPS configuration, accurate 
GPS antenna locations can be available in real-time. 
Once the antenna location is known, the sensor and 
target locations can be calculated[10]and[3]. 
 
VI. DATA (SINGNAL IMAGE) PROCESSING 
TECHNIQUES 
 
Data processing algorithms play essential role in 
improving performance. Various image-processing 
methods introduced in the literature, such as filtering, 
feature extraction, morphology, contrast 
enhancement, segmentation, and visualization. In 
order to overcome this ambiguity problem of signals, 
most research has been conducted in two ways. First, 
methods to extract multiple signals from a source or 
to enhance the ambiguous signal to a noticeable level. 
Second, many research groups have developed device 
with multiple sensors, called sensor fusion. 
Support vector methods are interesting methods 
where anomalies in hyperspectral images are 
identified, therefore improving detection of the 
spectral signatures of unknown targets [13].An 
example of a Bayesian sensor fusion for land-mine 
detection using a dual-sensor hand-held device have 
been developed in the EEC dept.,2013, university of 
Coimbra by Jose Pardo, in [14]. Fusion is a 
developing technique in which information from 
several detection systems becomes relevant. Output 
information from different detectors combined for 
getting full potential from every available method, 
avoiding the weaknesses of each [15]; also another 
example on combined detector of GPR +MD have 
been introduced by Z. Zyada using the data of the 
dual sensor as the inputs to the fuzzy fusion system. 
The output from the fuzzy fusion system is a decision 
if there is a mine and at what depth it would be [16] . 
Neural networks are another approach for automatic 
target detection using entropy optimized shared-
weight neural networks [17].  Bayesian network (BN) 
representation of a sensor’s measurement process was 



International Journal of Mechanical And Production Engineering, ISSN: 2320-2092, Volume- 3, Issue-8, Aug.-2015 

Detection Of Landmines And Explosives Systems, Performance And Field Experience 
 

135 

developed so the problems of sensor fusion and 
management can be approached from a unified point 
of view (Ferrari and Vaghi 2006)[18]. Liao et al. 
(2007)[19] exploited the strengths of existing multi-
sensor algorithms in order to achieve the required 
performance, exceeding those of isolation operating 

sensor algorithms. This approach is based on signal 
detection theory using the likelihood ratio. It 
considers a GPR and a metal detector. Digital 
filtering for GPR signal enhancement was presented 
by Potinet al. (2006)[20]. 

 

 
Fig.3. Different Mine Detectors 

 

 
Table2: Landmines Detectors Comparison and Evaluation 
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As a conclusionfor detectors; landmines can simply 
be detected by exploring and detection the existing 
metal in its contents, physical changes from 
backscattered signals after hitting the mines (thermal, 
sound,..), however the most effective method is to 
detect the explosive material itself, to avoid false 
signals from scrap metals, and low metal content 
mines, or wrong signals due to environmental effects 
surrounding the mines. The eventual solution trends 
which look for the explosive in mines, especially if 
these sensors can be used in safe, cheap, and reliable 
methods. The most promising paradigm for mine 
detectors recently and for the future trend is the use of 
dual sensors by selecting two different kinds of 
sensors in a combined technique since every 
approach has good results within limited conditions; 
aiming to gain the merits of both of them. 

VII. DATA TRANSMISSION TECHNIQUES 
 
In the stream of remotely controlled systems of 
landmines detection, data transmission happens 
between the remote control point and the moving 
detection system. Data transmission are not being 
covered in depth in this research, however, there are 
some examples and solutions that have been 
introduced in this direction such as:Wireless data 
transmission using data sockets and different 
examples of remote panels have been introduced in 
[38],[10], [39] and [40].In other cases Wi-Fi, ZigBee 
protocols connections have been introduced,  
however the field of data transmission still have big 
potential for researchers for more effective solutions, 
especially for the visualization and monitoring 
aspects; for trace of the detection/the sweeping of 



International Journal of Mechanical And Production Engineering, ISSN: 2320-2092, Volume- 3, Issue-8, Aug.-2015 

Detection Of Landmines And Explosives Systems, Performance And Field Experience 
 

137 

robot, speed and visualization of detected mines with 
respect to maps and coordinates of land.  
 
VIII. DEMINING TECHNIUES 
 
8.1 Manually by human who will remove the 
detected mine away for further detonation process. 
8.2 Mechanical methods: using a big clearing 
machines/vehicles or to remove the mines and/or 
explode them especially for anti-personal mines. 
 
In which a flail machine, almostused by military 
when there is not enough time and not suited for 
humanitarian demining;This technique is quick but 
there it leaves the area virtually destroyed, and the 
machines can easily miss mines. This technique 
cannot achievethe humanitarian demining accuracy 
and safety standards and it is environmentallynot 
friendly. 
8.3 Automated method by robots to carry the detected 
mine away for further detonation 
processFig.4.Hemapala,2013 University of Genova, 
Italy , introduced Landmines Removal Robot [3]. 
 

 
Fig.4.Robot‐Aided Mine Sweeper (RAMS)[3] 

 
IX. RESULTS AND DISCUSSION 
 
Controlling dangerous applications from remote 
distance for enhancing the security of persons as an  
applications of remote labs [42].According to the 
different aspects relating to the mine detection system 
discussed before, different figures and paradigms are 
being expected/deployed as follows: 
- Handheld: swing, detect, localize, stop, and 
mark 

- Vehicular: move forward, detect, mark, and 
stop 
- Vehicular: move forward, detect, mark, and 
overpass. 
The “swing, detect, localize, and stop” paradigm is 
for handheld systems where the operator is 
performing the localization based on visual or 
auditory feedback from the sensor(s). A simple metal 
detector, for example, usually gives an auditory 
feedback that increases in pitch with signal strength, 
so it’s easy to imagine swinging the sensor to localize 
the signal left and right, then fore and aft, then 
marking the spot somehow, then not stepping on the 
spot. Most vehicular systems depend on uniform 
forward motion to acquire a volume of data and, in 
the case of GPR data, trace out the hyperbolic land 
mine signature. In the “move forward, detect, mark, 
and stop” paradigm, the vehicle would halt while the 
location on the ground was probed, determined to be 
a real land mine or a false alarm. The vehicle would 
then continue forward, acquiring sensor data.In the 
“overpass” paradigm, a vehicle with tracks or large, 
low-pressure tires would have a sufficiently low 
ground footprint to not detonate an AT mine. The 
vehicle’s undercarriage could be armored to 
withstand the blast from AP mines. Demining are 
being done by Military to remove a sufficient number 
of landmines to create a safe corridor for troops 
and/or vehicles to move through. Also conducted 
through Humanitarian Demining to free the entire 
land area from landmines [41]. 
 
Sources of errors like missing of some mines, false 
signals of non-dangerous buried items, repeated 
signals of same mine, explosion/detonation of mines, 
missing of accurate location information techniques. 
All of these problems lead to danger on lives, wasting 
of time and costly operations. Another notice that, 
although the design of new sensors can contribute to 
reduce the time needed to detect a landmine, it does 
not mean that it increases operator safety responsible 
for the demining tasks because a mere mistake can 
cost them their lives. For this reason, training is an 
essential aspect when we refer to enhance security 
and efficiency of demining tasks. 
 
CONCLUSIONS 
 
This paper concludes in detailed survey on 
landmines/explosives detection anddemining. Over 
the last two decades the applied research in 
humanitarian demining has made progress to some 
extent, but an international exchange of research 
results are urgent to find out the most promising 
measures for application. The widespread use of 
plastic land mines necessitates development and 
deployment of additional detection technologies, 
increasing the probability of detection, reducing the 
false alarm rate, and planning out usable deployment 
scenarios. Detection systems; 
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Attention towards armored vehicle or a portable unit 
with multiple sensors.  Future work in the image 
processing area will also involve fusion. A global 
method, able to accept data from multiple sensors and 
to visualize them is an essential area of data 
processing methods for mine detection applications. 
In a system with no contact with ground like 
airplanes or copters with low cost keeping a fixed 
distance with ground, and can be through a multi-
agent systems to increase the speed of land scanning. 
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