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Abstract— Millions of landmines are buried beneath the soil in tens of countries, waiting to harm innocent humans. That’s why hundreds of 
organizations around the globe engage in demining process. Traditional demining is a very dangerous and risky operation, where 
identifying the position of buried mines is the most dangerous of all remaining steps. For this, several researches were done in order to 
reduce this risk, and several technologies exist. We aim here to introduce a system that eliminates the need for humans in the mine field by 
replacing them with a remotely controlled detection vehicle. This vehicle will be connected wirelessly to a base station located at a safe 
distance from the danger zone. Doing so, this system will help in saving lives, reducing costs and enhance productivity in the mine 
detection process. 

Index Terms— Land mine detection, Metal detector, Raspberry Pi, Pi-GPS, PI-Camera.   

——————————      —————————— 

1 INTRODUCTION                                                                     
n our modern life, technology is what differs us from ear-
lier ages. It’s not technology alone to be precise; it’s the 
rapid advancement and growth in it. We live on a fast 

planet where everything’s moving very fast. The main aim of 
technology is to solve humans’ problems and facilitate their 
lives. It has done that for ages and will still do that.   
 
Internet of Things, Telecommunications, robotics and many 
other technological terms have recently equipped a considera-
ble part of our everyday activities. With its pros and cons, 
technology could solve a lot of major issues and save a lot of 
lives. However, for a reason, that could be financial or politi-
cal, investing tech in some domains is still considered very 
modest if compared to the importance of these areas of re-
search. An example of such domain is the land mine detection. 
Up to this date and according to Landmine and Cluster Muni-
tion Monitor report in 2014 [1], it is estimated to have more 
than 110 million land mines in the ground scattered in 68 
countries. An equal or may be larger number is waiting to be 
planted.  
 
    The non-ignorable truth about a mine is the difference in 
cost between producing it which is as little as 3$ and removing 
it which is as much as 1000$ [2]. On the other hand, the risk 
accompanied with their existence should be always an alarm-
ing fact to people living near a suspected area. According to 
the 'International Campaign to Ban Landmines network', more 
than 4,200 people, of whom 42% are children, have been fall-

ing victim to landmines. Other than direct injury for humans, 
mines deprive humans from the usage and exploitation of im-
portant land resources such as fertile lands for agriculture or 
any usage. In Cambodia, approximately 40% of the rice fields 
have been mined and abandoned [3].  
 
    Usually, demining is done for military or humanitarian 
purposes. The former objective is to open a safe passage for 
troops and vehicles and not to clean the whole area. Hence, a 
certain level of loss is tolerable. While in the latter, the goal is 
to completely clean a given area of land from any suspected 
object that will pose a risk on the lives of civilians living 
around that land space, including curious children.  
 
    A lot of research has been already done in the domain of 
mine detection, extracting and demining. Sensor technology, 
ground penetrating radar (GPR), electromagnetic induction 
(EMI), nuclear quadrupole resonance (NQR) and many others 
are examples of research done in this area [4]. For all these 
technologies, detection is most probably done by expert hu-
mans (detectors) holding a detector to scan a suspected area of 
land. This process introduces a high cost in terms of time, 
money and man power.  
 
    A comparison between the importance of detection land-
mines and the efforts that have been deployed to automate the 
process and to relieve the human detectors from this highly 
dangerous work will show the lack of technology needed in 
this area of research. Consequently, we came to the objective 
of our project, which is to design and implement an auto-
mated communications system for the land mine detection. 
The system will be mainly composed of a central unit that will 
provide a wireless access point connection to another small 
unit that we will be calling Robo-pi. This latter is supposed to 
replace the human detector to do the mission automatically 
and send data to the central unit for later analyzing. The main 
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needed characteristic in such a unit is to be remotely con-
trolled, low cost and with light weight. Hence, human detector 
will just need to work as mentor to control it, receive data 
from it and then analyze this data to extract information. 
Hence, the risk on his priceless life will be tremendously de-
creases. 
 
    Following in this article, we will first present some related 
work that has been already done in the domain in Section 2. 
Then, in Section 3, we introduce more details about the system 
design and implementation of our prototype. Section 4 intro-
duces an important study that we did to base on while select-
ing the location of the base station to guarantee its safety. 
Then, in Section 5 we illustrate the implementation tools and 
steps that we followed to develop our prototype before con-
cluding the article in Section 6. 

2     BACKGROUND AND RELATED WORK  
We can categorize mines into three different classes: anti-
personnel mines APMs, anti-tank mines ATMs and unex-
ploded ordinances UXOs. APMs are generally of small sizes, 
light weight between 2-3 kilos, yet can cause high damage to 
human if detonated. They usually contain few metal composi-
tions combined with plastic. ATMs in their turn are crafted to 
detonate heavy weight vehicles like tanks and military con-
voys. They are big in size, their weights are between 10-15 
kilos and mainly consist of metals. The third type, UXOs are 
the unexploded bombs or grenades, ammo or any other form 
that can explode. They don’t have similar features since they 
are a combination of various kinds of elements [5].  
 
Although most of the existing mines contain a metal part that 
helps to detect them via a metal detector, recently planted 
mines and a part of the already existing ones are well covered 
in a plastic envelop that will render the process of detection so 
complex.  
 
    As it is known now, traditional mine detection process as 
it’s still being done in many places around the world, has a 
lots of disadvantages. By using no more than traditional metal 
detectors, this process endangers the life of humans on field. 
Moreover, it takes a lot of time due to safety issues that should 
make human detectors move slowly. That would mean a lot of 
wasted time, and huge time to finish small areas, in addition 
to the need of a big manpower to finish the smallest of zones.  
 
    All over the world, there are a lot of researchers working on 
mine detection techniques. They focus on finding and invent-
ing new techniques using new technologies that make mine 
detection easier and faster than traditional metal detectors. 
There are ongoing researches on many sensing techniques 
including ground penetrating radar (GPR), electromagnetic 
induction (EMI), nuclear quadrupole resonance (NQR) Infra-
red detectors (IR), Ultrasound and also Explosives vapor de-
tection (EVD) [4,6]. 
Robotics and wireless communication to transfer data to a 
server are the domains with the less part of existing efficient 
related works, especially if we will consider the high speed 

advancement achieved in these domains and that should be 
applied in an area of research that is as important as mine de-
tection. Several articles could be found in the literature review 
such as the approaches presented in [7,8]. Most of them use an 
ordinary microcontroller to control the moving detection ve-
hicle. This could be appropriate for a narrow scope that is only 
concerned about a simple metal detector and sending few im-
ages to the central unit. Nevertheless, when the detection unit 
needs to be clever to take decisions and also to connect more 
developed equipments to it such as developed detectors or 
cameras, microcontroller will be a blocking stone in the face of 
improving the proposed project.  
 
In other words, a machine that is as powerful as a real com-
puter is needed to control the unit. But the weight of a real 
computer is not accepted to be used in such context. Besides, 
its price will always be a problem when the unit is damaged 
and needs to be replaced. Raspberry Pi would be the best well-
fit solution as we will see later in this article. 

3 ROBO-PI SYSTEM DESIGN 
As it is illustrated in Figure 1, the system will be mainly com-
posed of a central unit that is responsible of receiving informa-
tion, and a moving robo-pi unit for detecting, data collecting 
and transferring to the central unit. This latter is the auto-
mated detector that is supposed to replace human detectors. It 
is implemented with as low cost as possible to render its re-
placement affordable in case of a sudden explosion because of 
undetected mine.  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 

Human detectors will in this case act as mentors to control the 
unit. This will guarantee a high reduction of risk on their lives.  
    Robo-pi unit will communicate wirelessly with the central 
unit to send the detected information as soon as collecting 
them. This will insure the receiving of all necessary data even 
in case of losing the unit.  Information transferred is typically 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 1- General Architecture of the System. 
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the location of each detected suspected object and images from 
that location. 
 
A list of the use cases targeted in the proposed system is 
shown in Figure 2. For confidentiality, system access should 
require credentials for data security and confidentiality. This 
will be done by allowing only authorized soldiers or humani-
tarian detectors to control the system.  
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
A sequence diagram of the system functionality scenario is 
represented in Figure 3, where the steps done by the three ac-
tors of the system, central unit, Robo-Pi unit and human detec-
tor are illustrated in order of executing. 

 

4 SAFE DISTANCE STUDY  
 
As it is known, mines are of different size, weights and blast-
ing power. So each mine has a danger zone or diameter in 
which any person inside it will be in great danger of death or 
at least sever injuries. That’s why any choice for a safe distance 
to put the base station should be studied well in every field 
depending on the kinds of mines they are expecting to find,  
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
and taking safety issues into consideration. Among the vari-
ous types and categories of landmines, we studied samples of 
the most known and used mines like: M18A1 claymore (Figure 
4) as an antipersonnel mine, and M15 and TM-65 mine. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
The firing diameter depends on the weight of the explosive 
materials in the mine, as well as the design of mine. Fragmen-
tation mines are an example. “Most of these mines have metal 
casings designed to rupture into fragments upon the detona-
tion of the mine, or are stuffed with ball bearings, flechettes 
(tiny metal darts), or metal fragments that are turned into le-
thal projectiles by the detonation of the mine. They can cause 
extensive damage to the legs, stomach and chest. Most AP 
mines shoot their fragments within a 60° horizontal arc and a 2 
meter vertical height and can kill up to 50 meters from the 
mine” [9].  
 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 2-Use cases of Robo-Pi system 

 
 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 4- Mine Kill range 
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In general, if we want to put a general model for basic safe 
distances, Figure 5 describes the effective firing power, kill 
radius and injury radius.  Generally to maintain a safe dis-
tance regarding most mines, the base station controller must 
be around 300 meters far from the mine field. 
 

5 IMPLEMETATION TOOLS AND DETAILS 
 
To guarantee the recipient of all detected data with no losses, a 
frequent communication between the moving Robo-Pi unit 
and the central unit is needed. The communication channel 
capacity, the data transferring speed and the transmission 
quality will all improve with a less distance to the central unit. 
Hence, we propose to have a portable server hold on a vehicle 
providing a communication access point for Robo-Pi unit and 
positioned at a given distance from the currently scanned area. 
A balance between the safety of the central unit from any 
possible explosion and the quality of communication is the 
based-on factor to choose the location of the central unit for 
each area in regards to the study that we did and presented in 
Section IV. 
 
A web server application with a database server is hosted on 
the central unit to receive collected detection data and maybe 
analyze it directly in the field when it is possible. This data 
could be removed when the analysis is done or could be co-
pied to a permanent location for future investigation in case of 
need. However, for the objective of our current proposal, the 
data are to be saved in the database for future investigation. 
Only authorized users are able to access the system based on 
their credentials as administrators or as soldiers.  

 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
As it is shown in Figure 6, the administrator is able to add a 
new soldier to the system, show the already detected mine 
images, add an image if an already detected mine to the data-
base for further image processing and analysis tasks and many 
other functionalities provided in his main page.  
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

On the other hand, the soldier will be directed to the page 
shown in Figure 7, where he will have different in action op-
tions that will allow him to control the ingoing session of de-
tection by controlling the Robo-Pi remotely from his page and 
controlling the metal detector or the camera to take images 
when he founds necessary even if there is no detected metal  
In its turn, Robo-Pi is composed of a vehicle equipped with a 
mini computer as its brain, with a metal detector, GPS shield 
and camera that are all connected and managed by the Pi.  
 
The minicomputer we are using is the Raspberry Pi. It’s a 
small size electronic board, yet it has a powerful processor 

 

 
 
 
 
 
 
 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 7- Soldeir main page and actions 
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relative to its size. It supports many peripherals, which gives 
great connectivity for multiple and various usages. It also 
supports an operating system with a shell window for ad-
vanced scripting purposes, and moreover, a graphical inter-
face which gives easy access to a wide amount of applications. 
It also has a lot of pins that can be connected to many devices 
or circuits and act as a microcontroller. All these reasons made 
it the perfect choice. Here, it is responsible of almost all the 
important tasks. It is connected to all the sensors and takes 
data from them. It’s also connected to the location equipment 
like the GPS module and camera board, and it takes all the 
data from them. It creates and maintains a communication 
channel with the central unit is order to exchange data up and 
down. This enables the operator to monitor and control the 
entire system from a safe distance. Moreover, the Pi is also 
responsible for the movement of the vehicle carrying it. It con-
trols the velocity, acceleration and steering of the vehicle, with 
the help of GPS and can support manual driving for the opera-
tor. This module is also responsible for the task of supplying 
the system with all the data needed for the task of mine detec-
tion. It consists of:  
 
The mine detector to be used on the Robo-Pi could be any type 
of sensors: metal detectors, Infra-red imaging, Ground Pene-
trating Radar (GPR), or ultrasonic radars. For the sake of sim-
plicity, cost and availability of equipment, we chose the metal 
detector to be our sensor. Yet, the same is applicable to any 
other type of sensors if an organization affords to buy expen-
sive sensors or radars, however we picked a metal detector to 
be used in this project since most of the existing mines espe-
cially the old ones (such like the ones in Lebanon) contain 
usually a metal pieces to be detected. Besides, most of the ex-
isting detection methods are still based on the metal sensors. 
However, the prototype that we are presenting in this article, 
can accept with slight modifications any other type of detec-
tors.   

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Our server side web application contains a preliminary image 
processing code that we implemented in the objective of trying 
this developed and needed functionality for future integration 
into the system. This option takes the image captured by the 
camera, and then compares its similarity to previously saved 
images of mines. After comparison, we define the minimum 
acceptable similarity rate to decide if this is a mine or not 

based on the already saved images.  
 
Since mines usually explode whenever they detect the weight 
they are designed for, and although we have chosen the com-
ponent of our Robo-Pi unit to be as light-weight as possible, 
but its passage over the mine before detecting it will expose it 
to high risk. Hence, metal detector is fixed on the bottom of a 
plastic arm that is attached to the side of the vehicle to detect 
the mine before the arrival to its location. The GPS shield is 
also attached on the top of the arm so the location of the de-
tected object is what to be sent to the central unit and not that 
of the vehicle. 
 
Technically, Raspberry Pi is a single-board, low-cost, high-
performance computer that was developed by the 
UK Raspberry Pi Foundation for educational and later on for a 
lot of applications and projects [10]. To implement our project, 
we have chosen to use Raspberry Pi 3 model B (Figure 8), 
which is the latest edition of this series, a powerful mini-
computer with tremendous connectivity options. It has A 
1.2GHz 64-bit quad-core ARMv8 CPU with 1GB RAM 4 USB 
ports, 40 GPIO pins, Full HDMI port, Ethernet port, Combined 
3.5mm audio jack and composite video and a Camera interface 
(CSI).  
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

The used metal detector as it is shown in Figure 9 is a circuit 
with a single transistor and old pocket radio. This is nothing 
but a colpitts oscillator working in the medium band frequen-
cy and a radio tuned to the same frequency.  When this circuit 
is set near to a metal object, the inductance of its coil and also 
the frequency of oscillations will change. Consequently, the 
difference in the two frequencies would not allow the cancel-
ling of sound and the metal will be detected [11].  
This technique of functioning allows the used metal detector 
to detect objects without the need of direct contact to them. 
Hence, not only metal objects laid on the ground will be de-
tected, in contrast, detecting buried elements in a depth of 10 
to 15cm from the ground surface will be possible also.  
 
    For the proof of concept, we used to implement the proto-
type, a Raspberry Pi camera board, which is the v2 module 

 
 
 
 
 
 
 
 
 
 
 
 

Figure 8- Raspberry Pi 3 Model B 

 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 9- Metal Detector Circuit 
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board 8MP Webcam video 1080p 720p official camera for 
raspberry with a very small size of a few centimeters length 
and width. However, for images with higher resolution and of 
buried or semi buried objects, another variation of cameras 
will be adopted later on. Since Raspberry Pi contains digital 
pins, serial input/output and a USB port, connecting any type 
of camera will be as easy as connecting it to any normal com-
puter, which makes the camera replacement an easy task to be 
accomplished in the future. 
 
Some extra specifications about the used parts of the proto-
type are listed below: 

- A small to mid-sized RC vehicle.  
- Lithium ion rechargeable batteries: that will 

supply power to the vehicle and the Pi while 
the Robo-Pi is in the field.  

- Motor drive microcontroller: to control 
movement of the vehicle by taking orders 
from the Raspberry and transferring them to 
the motors and wheels.  

6 CONCLUSION 
Lind mine existence is one of the main concerns that Impedes 
the retrieval of the normal life parameters after war to many 
countries and regions. Detection process of these mines usual-
ly takes a lot of time and effort and hence, it is usually neg-
lected to the last step of priority levels. The objective of this 
project was to design and implement an efficient low-cost and 
small size automatic land mine detector. This detector is based 
on a Raspberry Pi minicomputer ship that will act as the brain 
of a small robot to automatically detect and transfer the infor-
mation about any found metal object to a central unit that will 
be later responsible of investigating the received data to bene-
fit from it in determining the location and maybe the danger of 
the found object and hence, find a way to extract or disable it.  
 
    The detection process that was used is based on a metal de-
tector that can detect metal objects even with no direct contact 
with them and even if they are buried to about 10 cm depth. 
Tests have been done to detect metal objects on different area 
of lands and the detector could transfer the required informa-
tion such as the exact location of the objects and the images of 
the area where the object was found with very good precision. 
The proposed Robo-pi unit can be considered as a prototype 
that still need real tests to show its efficiency.  
 
    Different future enhancement can be applied to improve the 
performance of the unit. The usage of an unmanned aerial 
vehicle (Drone) that flies at a fixed height of the ground is now 
under progress to be also tested and deployed. This approach 
will help in reducing the risk of accident explosion of the ve-
hicle via a mine prior to detecting it. Another interesting re-
search has also starting in the domain of image processing to 
recognize the mine from the other left behind normal objects 
using the captured images from the detection location. Be-
sides, the type of detector will be considered to improve the 

performance of the system in terms of non-metal mines that 
became very common lately. 
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