Autonomous Mine Detection Robot

Ist semester project Fall 2015

Robotics B264b

Aalborg University



Robotics B264b

Title: Autonomous mine detection

Theme: Mobile robots
Project period: Fall 2015

Project group: B264b
Members:

Andreas Norman
Casper Mariager
Daniel Fischer
Jakob Kristiansen
loan-Matei Sarivan
Marius Hensel
Rasmus Kobborg
Sebestyén Nagy

Supervisor:

Simon Begh

Number of pages:
Appendix: On USB with the physical

copy of the report
Finished 18.12.2015

Rapportens indhold er frit tilgaengeligt, men offentliggarelse (med
kildeangivelse) méa kun ske efter aftale med forfatterne.
The content of the report is available for everyone, but release

(with citation) may only happen in agreement with the authors.

Aalborg University

18.12.2015

(

AALBORG UNIVERSITET

STUDENTERRAPPORT

Abstract:

Landmines and improvised explosive
devices (IEDs) continue to injure and or
kill thousands of people every year as well
as hinder development in a variety of
countries. The aim of the project is to
come up with a solution capable of
reducing or eliminating the impact of
landmines and IEDs as well as simulate the
concept of the solution with a prototype. In
order to do so, the problems of Landmines
and IEDs are analyzed. The analysis
describes the two types of explosives and
the impacts of them as well as methods and
existing solutions used to cope with
landmines and IEDs today. Based on the
analysis, the problem is delimited to only
landmines and pressure plate [EDs
(PPIEDs), and requirements are listed for
the solution. Four different solution
proposals are then presented, analyzed and
finally combined into one final solution.
An autonomous, hovercraft based, mine
detector is proposed as solution. The
hovercraft utilizes a metal detector and
ground penetrating radar (GPR) as sensors
for detection of landmines and PPIEDs and
creates a map with locations of the mines
in order to ease the demining process.
Finally, by use of the Turtlebot and
ROS5(Robot Operating System), the project
succeeds in creating a prototype simulating
core parts of the said solution.
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1. Introduction

This chapter introduces the problems of landmines and IEDs together with an initial problem

formulation.

1.1 Problem introduction

Throughout history, landmines and IEDs (Improvised Explosive Device) have been a major
contributor to several humanitarian complications and military challenges. The Chinese were
pioneers in the implementation of landmines. In the 13th century they used landmines,
specifically as booby traps,' in the war against the Mongols.[1] During the world wars the use
of anti-personnel and anti-tank mines grew in popularity. As the technologies improved,
landmines became an important factor in warfare strategy. The development of landmines
escalated in the Second World War with the popularity of minefields rising. The landmines
were widely used in the second world war with The Soviet Union as the biggest contributor

to the deployment of landmines; planting more than 220 millions landmines.[2]

For the military, IEDs and landmines provide a threat when operating in hostile areas.

The problem with IEDs escalated with the wars in Iraq and Afghanistan where a widespread
use arose. At the beginning of the Iraq war in March 2003, IEDs were not a known threat to
ground forces. However, that would soon change. Already in the summer of 2004, the scale
and seriousness of the problem with IEDs was clear and by 2008 the term IED had officially
become part of the US military technical language. These improvised explosives have taken a
heavy toll on military forces during the wars in both Iraq and Afghanistan. As of August 28th
2007, IEDs were responsible for more than 60 % of all American combat casualties in Iraq
[3] and as of November 1st 2015, IEDs have killed a total of 1401 coalition® soldiers in

Afghanistan making up 50,23 % of the 2789 total hostile fatalities. A hostile fatality is a

'Oxford Dictionary of English gives the following definition: An apparently harmless object containing a
concealed explosive device designed to detonate when someone touches it.

’Coalition countries include: Albania, Australia, Belgium, Canada, Czech, Denmark, Estonia, Finland, France,
Georgia, Germany, Hungary, Italy, Jordan, Latvia, Lithuania, Netherlands, New Zealand, Norway, Poland,
Portugal, Romania, South Korea, Slovakia, Spain, Sweden, Turkey, UK and US.[4]
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victim of a terrorist activity or a fatality as the result of combat or attack by any force against
coalition forces.[4]

This makes IEDs the number one killer of US soldiers in Iraq and also of all coalition soldiers
in Afghanistan.[5] During the wars in Iraq and Afghanistan the US military has spent several

million dollars towards the development of new technology in the fight against IEDs.[3]

In 2013, a total of 3308 mine/ERW(Explosive Remnants of War) and IED casualties were
recorded by the Landmine and Cluster Munition Monitor of which at least 1065 people were
killed and 2218 were injured. In 25 cases the outcome of the casualty was unclear. This
number of total incidents include both military and civilian casualties and equals to 9
recorded casualties daily in 2013. Not all countries contribute to the record of casualties. The

total amount of casualties is therefore in all probability much higher.[6]

Landmines and IEDs are a great threat to civilians living in current or former war zones. In
particular, anti-personnel mines pose a danger. 79% of the recorded casualties from
landmines and ERW in 2013 were civilians, 46 % of these being children.[6] Children can
easily trigger anti-personnel mines since many need as little as 11 pounds of pressure in order
to be triggered.[7]

The impact of landmines and IEDs is severe, both humanitarian and economically.

The mines and IEDs are often deployed in varying terrain and in large fields making
humanitarian demining a difficult task. When IEDs and landmines are planted in fields they
are not only hard to detect, they also inhibit potential farm work, thereby hindering farming
development until the fields are cleared. Unfortunately, clearing the fields is often

economically impossible for most farmers due to the high costs of demining.[8],[9]

The issue with IEDs and landmines has been acknowledged worldwide, which has resulted in
the creation of many initiatives and technologies with the purpose of countering the threat
from IEDs and landmines.

One of the initiatives is the treaty called “The mine ban treaty”, which was created in 1997
and 1s currently signed by 80 % of the world's countries. By signing this treaty the countries
promise to not use, produce or stockpile mines. Furthermore, they accept to help victims of

mines and to assist in the clearance of mine affected areas. The treaty is signed by the
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governments of the involved countries, hopefully also encouraging non-governmental groups
to obey the treaty.[10]

In addition, there are organizations working specifically with demining. An example of such
an organization is UNMAS, which consists of more than 9000 employees. The organization
clear leftover minefields for IEDs and landmines, so they may once again be used as
farmland. The organization has been going for 26 years and has cleared around 2120 square

kilometers of land.[8]

Today’s current technologies use different methods for locating mines. The most commonly
known method for locating mines is the metal detector. However, the metal detector has its
shortcomings when the mines are made from other materials than metal, e.g. plastic or wood.
Today's technologies must be able to detect landmines and IEDs of different materials in
order to be efficient and reliable. A technology capable of doing so is a ground penetrating
radar (GPR). GPR creates the opportunity of finding mines of other materials by emitting
radio waves into the ground, but still GPR is not a complete solution to the problem by itself.
Some of the current solutions to this problem neglect the detection part and focus only on the

disposal part. Heavy machinery is used for this expensive process, mainly by the military.

There are also more alternative methods for finding landmines. One involves using african
pouched rats to sniff out the land mines, another involves plants which change color

depending on whether there is a presence of explosives or not.

Despite all the current efforts towards a mine free world, over 100 million mines are still
buried worldwide. As a consequence, it is estimated that 15,000 - 20,000 people are killed or

injured annually.[7]
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1.2 Initial problem formulation

This report will revolve around the following problem formulation.

How can a robotic solution assist in demining processes around the world to reduce
casualties and hindrance of development due to landmines, IEDs and ERW in current and

post-conflict areas?

Problem analysis

The problem analysis will give an insight into what landmines and IEDs are made of, and
afterwards a showcasing of the damage and casualties they cause. Finally the chapter will

give insight into the current methods for detecting landmines and IED:s.

2. Landmines and IEDs

The following chapter describes and showcases landmines and different types of these
explosive devices. A definition of the term IED will be presented. Due to the wide range of
IEDs the chapter focuses on the type of IEDs relevant to this project. Lastly, the purpose of

utilizing these types of explosive devices will be discussed.

2.1 Landmines

A landmine is an explosive charge buried underground for the purpose of destruction.
Landmines are mostly set in motion by pressure and are often used to harm humans and

destroy vehicles.

Landmines can be split into two main categories: anti-personnel (AP) mines and anti-tank

(AT) mines.
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2.1.1 Anti-personnel mines

anti-personnel mines can then be split into two main categories: Blast mines and

fragmentation mines

Blast mines:

Striker pin>tr\

Perccussion cap Safety mechanism
Detonator

Figure 2.1 Structure of an AP-blast mine, inspired by source [11].

Blast mines are typically small cylindrical shaped objects, around the size of 6-14 cm in
diameter. In most cases they are buried underground for camouflage(an example of an
AP-blast mine can be seen in figure 2.1). There is a minimum pressure needed for the mine to
detonate, meaning that small animals, e.g. rats, cannot make the striker pin hit the detonator
as seen on figure 2.1. This device relies on the damage caused by the explosion. The
mechanism itself is really simple; when the safety pin is removed, the mine is activated, and
after pressure is applied to the top, the striker pin hits the percussion cap which triggers the
detonator, setting the mine off. It is not necessarily designed to be lethal on impact, but rather
leave soldiers with severe wounds making them unable to perform any tasks, including
combat, requiring that they are evacuated from the battlefield. In other words, the device is
built to do as much damage as possible, in terms of economy and resources. The casing of the
mine is often made of plastic instead of metal, making it cheaper to produce, less prone to
corrosion and easier to transport due to its light weight. The device also contains a minimal

amount of metal, making it harder to find with metal detectors.[11]
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Fragmentation mines:
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Safety mechanism /
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Figure 2.2 Structure of an AP-fragmentation mine, inspired by source [11].

Fragmentation mines rely on metal fragments as their primary source of damage, which are
either part of the casing or placed inside the casing. A typically structured fragmentation
mine is shown in Figure 2.2. A common variation of these mines is tripmines, which are set
in motion after the removal of a pin which is connected to a tripwire. Other variations are
remotely detonated. The lethal range of such mines is around 15-25 metres, but can cause

injuries to targets up to a 100 metres away.[11]
Fragmentation mines can be split into two categories:

Bounding fragmentation mines: When initiated, the explosive launches the mine to the
height of approximately 1 meter, where the mine then explodes, shooting fragments around in

a circle, allowing it to damage several targets at once.[11]

Directional fragmentation mines: When initiated, the mine shoots its fragments in one
particular direction, making it effective against waves of soldiers when the direction of the
target's movement is known. The first mines of this types were remotely detonated. Later, a
tripwire was attached to the top, making the activation similar to the bounding fragmentation

mines.[11]

10
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2.1.2 Anti-tank mines

The anti-personnel mines (AP) and anti-tank mines (AT) are different in size; an AT-mine is
bigger than an AP-mine and the AT-mine contains more explosives. Pressure plated
AT-mines are most of the time set to require a higher pressure than pressure plated AP-mines.
The main difference between the two is that AT-mines are designed to only go of when
encountering vehicles e.g. tanks. The reason for making the mines require higher pressure is
due to the higher cost of the AT-mine, meaning the mine would fail its purpose when
detonated by personnel or wildlife. AT-mines often damages the track wheels on the tank,
thereby immobilising the vehicle, but in some cases the mine goes off right under the

tank.[11]

2.2 IEDs

For a clear understanding of the term IED the following definition presented by Paul Gill,
John Horgan & Jeffrey Lovelace in Studies in Conflict & Terrorism, will describe the term.
The definition is created based upon 29 prior definitions of IEDs, with the purpose of making
a new more specific definition.

“An explosive device is considered an IED when any or all of the following—explosive
ingredient, initiation, triggering or detonation mechanism, delivery system—is modified in
any respect from its original expressed or intended function. An IED’s components may
incorporate any or all of military grade munitions, commercial explosives or homemade
explosives. The components and device design may vary in sophistication from simple to
complex and IEDs can be used by a variety of both state and non-state actors. Non-state
actors can include (but not be limited to) terrorists, insurgents, drug traffickers, criminals
and nuisance pranksters.”[12]

The basic difference between landmines and IEDs is that landmines are crafted to meet
certain standards. Landmines are mass produced in factories, while IEDs have common
types, but most of them are unique.

As described in the definition above, IEDs come in various types. The most commonly used
components for [EDs are shown in Figure 2.3. The variation of IEDs makes it possible to

have different trigger mechanisms. IEDs can be triggered by the person planting, by a timer

11
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or by a particular action. As an example, the person planting the IED could detonate it with a

cell phone, but it could also be triggered by e.g. opening a door.

Figure 2.3 Typical components of an IED (training kit) [13]

As stated, IEDs exists in a huge range of variety, but generally consists of the following
components: explosive material, some form of activator, power for the activator and a
container.[14] One of the biggest problems regarding IEDs is the fact that every device is
unconventionally manufactured, which leads to the possibility of the disarm procedures being
unknown by the combat engineers and defuse personnel. Therefore, a standard set of
procedures called Render-Safe Procedures(RSP) has been created, to better handle the

dangerous situation of disarming an [ED.[15]

2.2.1 PPIEDs

Pressure-plate IEDs (PPIEDs) are some of the most used IEDs since they are relatively cheap
to build and easy to plant. PPIEDs are similar to landmines in the way they are camouflaged
and activated. A difference between PPIEDs and landmines is that the explosive charge of the
bomb can be created of various parts, such as unexploded missiles. PPIEDs are victim

activated which makes them an advantageous combat asset. There is therefore no need for the

12
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attacker to be present. The disadvantage is that there is no way to specifically choose a target,
so it has a chance to miss the intended target.

PPIEDs can be sorted into categories depending on the triggering mechanism, as it can be
victim operated or controlled from a distance.

Victim activated PPIEDs are less reliable, as the attacker has no control after it is planted.
Also a common problem with PPIEDs is due to the time they spend underground - the
detonating mechanism might get contaminated, naturally disarming the device.

Radio controlled PPIEDs are more precise, and the chance of accidental detonation is
minimised, however it can be made inoperable by a simple signal jammer, therefore some

more advanced methods might be needed to make the device functional.[16]

2.2.2 Explosive material

The explosive material used in landmines and IEDs are often 2/4/6-Trinitrotoluene, better
known as TNT.[11]

TNT is a secondary explosive which means that it needs some kind of primary explosive in
order to go off, making it more resistant to shock compared to other explosives. The primary
explosive charge is detonated by the triggering mechanism, which then detonates the
secondary explosive. [17]

Due to its popularity as an explosive it is estimated that up to 1,000,000 kilograms of TNT is

made each year, and because TNT is toxic, it may end up damaging the environment.[ 18]

This chapter described landmines of different types and their triggering mechanisms.

A description of IEDs in general, together with a deeper introduction to the PPIEDs were
presented. After analysing different types of IEDs, some of them seemed less relevant for the
project. The following chapter will look into the impacts of mines, IEDs and ERW, and

introduce statistics on appearances and casualties regarding these explosive devices.

13
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3. Impacts of mines, IEDs and ERW

This chapter will investigate the impacts of mines/ERW, describing the direct and indirect
impacts of landmines and IEDs. This also covers the challenges of demining. The term
mines/ERW includes mines, victim-activated IEDs, explosive remnants of war and cluster

munition remnants.

3.1 Casualties

A lot of countries in the world are still troubled by the problem of landmines, IEDs and other
explosive remnants of war (ERW). An annual report by the Landmine and Cluster Munition
Monitor shows that casualties per year is slowly decaying every year, and yet the recorded
amount of casualties by mines and ERW were 3308 in 2013 alone; of those casualties 1065
were killed and 2218 were injured. In the remaining 25 incidents it was not clear whether the
victims died or not.[6] Figure 3.1 illustrates the number of mine/ERW casualties from
1999-2013. It is clear that 2013 was the year with fewest casualties due to mines and ERW.
The number of casualties has decreased by 24 % from 2012 to 2013 and the average every
day casualties in 2013 (9 casualties per day) makes up 36 % of the average every day
casualties in 1999 (25 casualties per day).[6]
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Figure 3.1. Number of casualties per year[6]
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The vast majority of all casualties are civilians. Figure 3.2 shows that in 2013, 79 % of all
casualties, where the civilian/military status was known, were civilians, 18 % were military

and the last 3 % were deminers.[6]

Casualties by military/civilian status

85; 3%
jtr

585; 18%
g ‘

R_2543; 79%

m Civilians = Military » Deminers

Figure 3.2 Casualties by military/civilian status based on statistics from source [3]

585 military casualties were recorded in 2013. 203 of all military casualties in 2013 occurred
in Colombia, 68 were identified in Syria and with 59 incidents Algeria was the country with

the third most military casualties in 2013.[6]

A high proportion of all civilian casualties in 2013 was children. 1112 child casualties were
recorded in 2013. With 46 % of all casualties being children, 2013 had the second highest

proportion of child casualties since 2005.[6]

In 2013, the type of explosive, which caused the casualties, was known in 3034 incidents.
Figure 3.3 displays casualties in 2013 and 2012 classified by type of explosive device. 27 %
of all casualties were caused by factory-made anti-personnel mines, while 22 % were a result
of victim-activated IEDs. In 2012, 25 % of all casualties were caused by factory-made
anti-personnel mines, while 31 % was the result of victim-activated IEDs. This means that the
number of casualties caused by victim-activated IEDs has decreased by nine percentage

points from 2012-2013, while the number of casualties related to factory-made anti-personnel

15
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mines has increased by 2 percentage points from 2012-2013. The number of states where

casualties related to victim-activated IEDs occurred dropped from 12 in 2012 to 7 in 2013.

Anti-tank mines caused 212 casualties in 2013. The trend with AT-mine related casualties is
that they are declining. Casualties caused by ERW made up 34 % of all casualties in 2013
compared to 31 % in 2012. ERW pose a particular danger towards children. Of all civilian
ERW casualties, 72 % were children and close to two-thirds of all child casualties were
caused by ERW, whereas only 20 % of all adult casualties were caused by ERW. Figure 3.3

illustrates the number of casualties by type of explosive from 2012-2013.
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Figure 3.3 Casualties classified by type of explosive in 2012 and 2013.[6]

Since 1999, three countries have been particularly exposed to landmine and ERW casualties.
Those countries are Afghanistan, Colombia and Cambodia and together they make up 39 %
of all global mine/ERW casualties ever recorded by The Landmine Monitor. An estimate of
10 million landmines were buried in the ground in both Afghanistan and Cambodia in
2011.[7] Figure 3.4 ranks the countries with over 100 mine/ERW related casualties according
to total number of casualties in 2013. Afghanistan was, as in all previous years since 1999,
the country with most casualties related to landmine and ERW incidents. Countries in the

figure written in bold indicates that these countries are part of The Mine Ban Treaty.[6]

16
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Country Number of casualties
Afghanistan 1050
Colombia 368
Pakistan 219
Syria 201
Iraq 124
Cambodia 111
Iran 107
Myanmar 101

Figure 3.4 Countries with over 100 casualties ranked by total number of casualties in 2013 [6]

A significant increase in casualties has been registered in Syria from 2012-2013. Specifically,
63 casualties in 2012 rose to 201 casualties in 2013. This happened due to an increased
contamination of mines and ERW in combination with big population movements in 2013. In
total, incidents related to landmines, IEDs and ERW were recorded in 55 states and other
areas in 2013. This indicates a positive change since the total number of affected states/areas

was 62 in 2012 and 72 back in 1992.[6]

3.2 Demining

Humanitarian demining is a long process, and it takes many years to scourge a whole country
for landmines and IEDs. In the past five years, less than 1000 km? were cleared of mines
worldwide. Continuing the current demining pace, it will take over 1100 years to remove all
landmines.[19] It is estimated that in the time for one landmine to be removed 10-20 mines

are laid, making the demining rate 10-20 times slower than the laying rate.[7]

17
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The job of demining can be incredibly dangerous. The Landmine Monitor has recorded 1575
casualties among deminers from 1999 to 2013 giving an average of 105 casualties per year.
In 2013, 9 deminers were killed and 76 were injured. Casualties among deminers happened in
a total of 11 states in 2013. 68 % of all incidents among deminers in 2013 were identified in
three specific countries, namely Iran with 28 incidents, Afghanistan with 18 incidents and

Cambodia with 12 incidents.[6]

In addition to the incredible perilous job of the landmine clearance itself, the workers are also
facing potential abduction from non-state armed forces e.g. Taliban. In January 2014, 57
deminers from the organization “The HALO Trust” were abducted by the Taliban, luckily
they were released a few hours later, but it remains an example that the explosives are not the
only danger when demining. In November 2013, two deminers from the organization
Handicap International were shot and killed by a resistance group in Mozambique called
RENAMO. These episodes show some of the dangers related to demining.[6] The same goes
for military demining. If the demining is done manually, the deminers face the danger of
being attacked or ambushed by hostile forces. Therefore, safety of the deminers must be a big
priority when developing new technologies for demining purposes. Speed is also an
important factor in military situations; risk of hostile attacks increases with the time spent on

demining.[7]

The problem of mines, IEDs and ERW goes beyond the direct victims which are the men,
women and children who are killed or injured. For most of the casualties there is a related
family or community, which has to deal with potential new physical, psychological and
economic pressures. Also, landmines and PPIEDs does not have to detonate to cause
problems. For example, unexploded landmines buried in fields prohibits farming of the land.
There is no data on how many people that are indirectly affected by landmines in 2013.[6]
However, over the past decades multiple surveys have been conducted to give an insight into

how people are indirectly affected by landmines IEDs and ERW.

18



Robotics B264b Aalborg University 18.12.2015

3.3 Humanitarian impacts

The social impacts of landmines in 1995 were investigated by collecting data from 174,489
people living in 32,904 household in the four countries; Afghanistan, Bosnia, Cambodia and
Mozambique. The results showed that 6 % of the households had a victim of landmines, a
third of these victims died by the landmine encounter. Depending on the country 25 % all the
way up to 87 % of the people had their daily activities affected by mines. Having a victim of
a landmine in the household impacts the environment in the house in a negative manner.

40 % of the households with victims encountered challenges regarding the gathering of food
for the family. For the surviving landmine victims, 25 % had problems with family
relationships and 40 % had problems with coworker relationships because of posttraumatic
stress syndrome causing difficulties. Not only are the landmines mentally draining for the
victims and their families, the landmines also affect the housing situation for some of the
families. 7 % of the families informed that they would not be able to return to their house

because of the risk of landmines.[20]

3.4 Economical impacts

The cost of producing a landmine is roughly between 38 and 30$, whereas the cost for
removing them again is significantly higher. The price of removing a single landmine is
between 300$-1000$, depending on the minefield and the amount of false alarms in the
process of detecting the landmines.[7]

In 2013, almost $446 million were collected from international contributions supporting the
mine action, which has decreased from 2012’s international support of $497 million, almost
10 % ($51 million) less, which is shown in figure 3.5. The highest recipient in 2013 was
Afghanistan, who received 72.6 million dollars, more than twice as much as the second

highest recipient (Laos PDR received 34.8 million dollars).[6]
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Figure 3.5 International support for mine action.[6]

From figure 3.5 it is clear that hundreds of millions of dollars have been donated
internationally as support for mine action every year since 2004. This goes to show that the
economic impact of mines/ERW is not limited to the countries with mines/ERW. Other
countries are economically affected by the the donations they contribute with. This is an

indirect impact of the landmines.

When mines are buried in agricultural fields, farmers will often clear the mines themselves.
This often ends with the landmine being triggered, damaging the land and either injuring or
killing the farmers. Landmines cause fear in affected communities, even though people may
never have seen a mine. This uncertainty of mines, gives the farmers mistrust in the land
preventing them from utilizing it. When speaking of landmines, this factor is seldom taken
into consideration, even though there is a clear link between landmines on farmland and the
economy of the country.[2] Estimations show that the agricultural production would increase
immensely in many countries if mines were not a problem. In Afghanistan, for example, it is
predicted that the agricultural production would increase with 88-200 %, depending on the

region, if the country were to be mine-free.[20]

A lot countries use many resources on technologies to aid in the disposal of landmines and
IEDs. In fact The United States Department of Defense have spend over $15 billion on
technologies to aid in the disposal of IEDs. Existing technologies used by militaries are

effective in the clearance of landmines and IEDs. However, the problem with these
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technologies is the cost. The Talon, which is the most widely used military robot for disposal
of landmines and IEDs, costs $60,000-100,000. 2500 talons have been deployed from 2000 to
2011.[7] In addition, mine resistant ambush protected (MRAP) vehicles used by the military
as defense against mines/IEDs cost $800,000 in average.[3]

This chapter accounted for the impacts of landmines, IEDs and ERW. It was shown that
mines/ERW continue to cause a lot of casualties every year, most of them civilians. The three
countries with most casualties in 2013 where Afghanistan, Colombia and Pakistan. The vast
majority of all casualties were caused by either anti-personnel mines, victim activated 1EDs
or ERW and they account for approximately equal amounts of casualties. While militaries
have access to effective methods and technologies for demining, these technologies are often
expensive. Humanitarian demining is still a slow process and the demining rate of mines is
10-20 times slower than the laying rate. Also, deminers are at great danger. 85 deminers
were killed or injured in 2013 and while working they also face danger from non-state armed
forces who might abduct or kill the deminers. The impact of landmines extend beyond the
direct victims. For example, some families are not able to return to their home in
mine-affected areas. In addition, landmines inhibit farm work. Removal of landmines from
the fields would increase agricultural production immensely. Lastly, much money is donated

to the clearance of mines internationally.

Next section will give an insight into already existing solutions capable of detecting and/or

disposing mines/ERW.
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4. Existing mechanical solutions

In this chapter an insight in some of the current existing solutions will be presented. The
existing solutions will serve as a comparison and inspiration for the robotic solution
presented further on into the report. This chapter gives a good overview of some current

solutions already on the market.

4.1 Minewolf MW370

The Minewolf MW370 has two attachments; both of them work as a method of brute force.
The first attachment is the flail method, which is a rolling pin with chains attached around it.
Each chain has a hammer at the end of it. When the rolling pin starts to spin, the hammers
will smash into the ground; if a landmine is hit, it detonates. The second attachment is called
a tiller. The tiller consists of a rolling pin, which has a lot of small hammers attached to it, so

it will plow through the ground, as seen in figure 4.1.

Figure 4.1 - Minewolf MW370 with a tiller attachment [21]
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Figure 4.2 The minewolf flail [22]

Compared to the flail method, the hammers going into the ground are firmly placed on the
rolling pin. The tiller, as seen in figure 4.1, is also better at securing that even the smaller
anti-personnel mines will be destroyed, whereas the flail method is a better choice when it
comes to disposing anti-tank mines, due to its range. The minewolf is capable of clearing up
TNT with a size of 15 kg before it harms the machinery. The minewolf MW370 is a brute
solution, as it destroys the mines and the earth around it instead of removing the mines safely.
The heavy machinery is not capable of operating in all environments, due to it running on

tracks. [23],[24],[25]

4.2 FSR Husky

-

Figure 4.3 FSR Husky mine-detection robot
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The FSR Husky robot is a machine capable of operating in different kinds of harsh terrain
like dirt, sand, snow etc. A sketch of the FSR Husky is shown in figure 4.3.

The robot is constructed on a Clearpath Husky A200 base which makes the design durable.
Having a weight of around 50 kilograms and four by four wheel traction makes this landmine

detection robot able to get over obstacles easily.

The FSR Husky is equipped with a camera providing images in a real-time. It also has a
gyroscope, magnetometer and accelerometer, which provide information about the spacial

orientation of the robot.

The detection method consists of a magnetic coil-based sensor attached to an actuator arm.
The actuator arm is mounted in front of the robot. This arm is oscillating while the robot is
advancing forward. In this way the sensor searches the field in front of the robot for

landmines, ensuring that the robot will not pass any explosive charges.

This robot is very simple to operate. The arm in front swipes the ground in order to find
possible mines, just like a soldier with a metal detector would do. If required, the robot may
be controlled by teleoperation using a joystick[26].

The husky is basically a metal detector on wheels, meaning that the mines still has to be
removed when found by human labor. Compared to the Minewolf MW370, the husky does

not harm the ground.
This chapter showcased some of the common existing solution that involve machinery for

clearing out mines. There are machineries and devices capable of detecting the mines, but a

commonly used method is to detonate the landmine using heavy machinery.
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5. Methods for detecting mines

In this chapter there will be an elaboration and explanation of the current methods used for
detecting mines and the efficiency of these, thereby providing a better understanding of
existing technologies and methods, before developing a robotic solution. This chapter
highlights the advantages and disadvantages of each method by comparing time, cost,

accessibility, accuracy and versatility.

5.1 Metal detection

The detection of landmines is a tactical challenge consisting of materials and technologies.
Some of the first mines invented were made of wood. The wood landmine was called PMD-6
and was an anti-personnel landmine. They were used in the First World War and afterwards
the material of mines changed from wood to metal, allowing for greater damage and impact.
Detecting the mines was a demanding task because mines were small and dangerous to
remove. The metal detector was a breakthrough in technology, when finding metal mines.
The metal detector works by emitting a magnetic field, which is affected by magnetic metals
in the ground. When there is a disturbance in the magnetic force, it will emit a sound to the
person carrying it, signaling that there is something, which can potentially be a mine. A
modern metal detector has a range of around 150 cm[27]. Some landmines only contain metal
in the trigger pin of the mine, meaning the sensitivity of the metal detector will have to be
increased. An increase in sensitivity may cause the metal detector to respond to other objects
containing metal such as bottle caps or shrapnel resulting in false positive signals. It does not
detect the gunpowder in the mines, only the metal, meaning everything made out of metal
emits the same signal as a mine.[28] An overview of the method’s advantages and

disadvantages can be found in table 5.1.
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Advantages/disadvantages of the metal detection method

Price Cheap

Detection time Instantly

Accessibility Accessible

Accuracy It can generate false alarms
Versatility Detects only mines made of metal

Table 5.1 A table of the advantages and disadvantages for metal detectors

5.2 Neutron Backscattering

As technology evolved, landmines were made of different kinds of materials. Landmines can

be made of plastic in order to avoid metal detectors. Some methods for detecting these mines

could be by the use of radiation and radiography. The method consist of using neutron

backscattering, which is used to find hydrogen in objects. Plastic mines contain a high

amount of hydrogen, which makes the method applicable (Plastic contains 40-67 % hydrogen

and explosives contains 24-35 % hydrogen).[29]

As an example, the PELAN(Pulsed Elemental Analysis with Neutrons)[23] uses a neutron

generator to emit neutrons into the ground. The neutrons then send back gamma rays, which

hits the receiver of the PELAN, as seen in figures 5.1.
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Figure 5.1 a figure of the PELAN method inspired by source [30]

The information is then processed by the PELAN, creating an image of the underground,

displaying landmines and IEDs.

This method can find both metal and plastic landmines, and works in different kind of

weather.[28] If the soil is moist, the detection time will be reduced.[31]

The device weighs 18 kilograms and may be used by a single person. Even though it is a
nuclear technology it does not harm the soil, but the operator is only allowed to use it 1000
hours per year due to radiation levels. This would not be a problem if the neutron

backscattering method is mounted on a robotic platform.[27]

The rate of success with plastic mines of this method is around 96 %.[32] An overview of

the advantages and disadvantages of neutron backscattering can be found in table 5.2.
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Advantages/disadvantages of the neutron backscattering method

Price Unknown
Detection time Instant
Accessibility It may be hard to procure
Accuracy Accurate
Versatility It detects hydrogen, which is found in
the explosive substance inside the
mine, and it therefore detects any kind
of landmine and IED

Table 5.2 Advantages and disadvantages of neutron backscattering

5.3 Biological methods

Biological methods have proven to be effective when searching for explosives. Two of the
methods involve plants and African pouched rats. The African rats have a heightened sense
of smell, allowing them to be trained to smell the different chemicals/explosives from the
mines, much like a dog in an airport can sniff for drugs. The rat’s sense of smell is so precise,
that only 0.33 % of the time, they caught a smell from something else, making it a false
positive. This means that when a landmine is found, more than 99 % of the time, they are
sure to have found a mine. The rats themselves do not weigh a lot. They weigh around 1-2
kilograms and most of the mines require a pressure of about 5-6 kilograms. This allows the
rats to move around in a minefield, without being in danger of triggering a mine. Manual
labor is still required for this method though; the rats need to be trained first, which by itself
could be costly both economically and timewise. Secondly, after a rat has found a mine, a

deminer still has to go and dig up the landmine to neutralize it.[33]

Another biological method consists of using plants. The plants were biologically modified to
change colour when they were in the presence of explosives. If the zone was free of mines,
the plants would be green, otherwise they would turn red. The red pigment in the plant comes

from the CHS (chalcone synthase) enzyme. This enzyme is related to the pigments in the
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plant. It is unable to produce this enzyme unless it comes in contact with explosives. The
plants would change colour within 3-5 weeks of growth.[34] An overview of advantages and

disadvantages of the biological methods can be found in table 5.3.

Advantages/disadvantages of the biological methods

Price Unknown Unknown
Detection time Takes long time
Accessibility Unknown Unknown
Accuracy Highly accurate
Versatility Detects any kind of

landmine and

explosives

Table 5.3 advantages and disadvantages of the biological methods

5.4 Nuclear Quadrupole Resonance

Another landmine detection method is to use the Nuclear Quadrupole Resonance. A NQR
based device is able to determine the presence of nitrogen isotopes which are commonly
found in explosives. This type of device is a proper tool to discover plastic made landmines.
False positives caused by metal shrapnel or any other metal debris, which are common for

metal detectors, can be avoided with this technology.

A problem with this solution is that low power pulses tend to generate interferences in the
moment of reception.This may affect the precision of detection negatively. Background noise

e.g. thermal agitation may cause difficulties in having a proper detection.

In 2003, this technology was tested by researchers from Quantum Magnetics in areas with
desert and temperate climate during both night and day. The results had a 95 % rate of
success in detection and only 5 % errors or false positives. These experiments were
conducted on AT-landmines only.[35] An overview of the disadvantages and advantages can

be found in table 5.4.
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Advantages/disadvantages of the nuclear quadrupole
resonance detection method
Price Expensive
Detection time Instant
Accessibility Low
Accuracy High
(AT-mines)
Versatility It only detects mines with a high quantity of
explosive substance.

Table 5.4 advantages and disadvantages of using nuclear quadrupole resonance

5.5 Ground Penetrating Radar GPR

Ground penetrating radar(GPR) is an old method which was first used in the late 1920’s. It
was initially used to determine depth of a glacier, but later on the technology was used as
detection of archaeological artifacts, landmines etc.

The technology locates objects under ground by emitting radio signals. One or more antennas
emit radio signals, and the return signals is then collected by said antennas. A computer
creates an image of the ground based on the collected data, with marks showing objects and
their shapes and sizes. When emitting into plain soil, the feedback to the computer will be on
a stable level. Objects hit by these emitted radio signals will change the signals going back to
computer. The following process would be to analyse the signals and determine whether
there is a landmine in the ground, based on the data received. Library indexes are used to
compare the received signals with shapes and sizes of e.g. landmines, rocks or wooden sticks.
Since GPR detection is based on an object’s shape and size, it is possible to differ mines from
other materials. Detecting IEDs will require a very large and specific library due to the
varying shapes and sizes. Prevention of false positives will require an even more detailed

library. A GPR system can be mounted onto vehicles due to its light weight.
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Moist soil has proven to affect the outcome of data in a negative way because of a change in
the returned signals compared to dry soil. Another disadvantage is that the operator has to
choose between a good return signal or a good detection depth. Both cannot be attained
because increasing the frequency of the signals will provide greater resolution but a poorer
scanning depth.

Better processing of the data is still needed to make clear distinctions between landmines and
natural clusters and thereby avoid false alarms.[36] An overview of the advantages and the

disadvantages of using ground penetrating radars can be found in table 5.5

Advantages/disadvantages of the ground penetrating radar
detection method
Price Low
Detection time Instant
Accessibility High
Accuracy Good (library dependent)
Versatility High

Table 5.5 advantages and disadvantages of using GPR
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5.6 Summary and comparison of detection methods
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Based on the information highlighted in the advantages/disadvantages table, a comparison

between all the methods mentioned in figure 5.6 will be made.

Method\Key points | Time Inexpensive | Accuracy Accessibility | Versatility
efficient
Metal detection v v O v O
Biological o v v Difficult v
Neutron backscatter v o v Difficult v
NQR v o v Difficult o
GPR v v v/ (library v v
dependent)

Figure 5.6 comparison between the methods

This chapter described some of the current methods used for detecting mines. Some of these

methods can be able to both detect metal mines and plastic mines, others only one of the two.

The difference in time efficiency in the methods need to be taking into consideration when

creating a robotic solution..
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6. Problem formulation

How can a robotic solution use current technologies and methods to assist in demining
processes around the world to reduce casualties and hindrance of development due to

landmines and PPIEDs in current and post-conflict areas?

7. Standards and guidelines

The purpose of this section is to investigate whether there are standards and guidelines, that

an ideal solution for humanitarian demining would benefit from following.

The purpose of laws and standards for deminers is to ensure safety, efficiency and quality.
The IMAS (International Mine Action Standards) is a list of standards which are used for all
UN mine action operations.[37]

The IMAS includes a big variety of standards to follow for humanitarian demining, many of
which could influence the outcome of this project. A robot for clearing out mines, shall not
harm the ground or destroy the intended purpose for clearance of the field. Therefore it shall
be limited to erode the environment as little as possible, so the field is still suitable for the
intended use. The robot will also need to be equipped with a fire suppression system, in case
the robot catches on fire while operating in the mine field. This is to avoid the scenario of a

person having to walk into a minefield in order to extinguish the fire.[38]

IMAS include some guidelines to follow when inventing new technology for humanitarian
demining. The technology must be reliable, repairable, durable and maintainable. The
durability and reparability is highly prioritized for mine action technologies. Ideally the robot
will also have a broad utility, so it could be implemented in many countries. Then it could
benefit from the economies of scale, which means that a higher quantity produced would
lower the price per unit. It would also give a higher familiarity, availability and higher
safety-feeling of the user. The robot will also need to have a certain technological maturity,
which means it can not just be equipped with the latest invented mine detection technology,

that have not yet been tested in a real life environment.[39] The draft board of these
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guidelines include people from different high profile NGOs, i.e. UNICEF, ICRC and HALO
etc.[39]. Since these are universal guidelines and requirements for humanitarian demining,
following these would potentially increase the chance of them supporting the robotic

solution.

The standards listed in IMAS are followed and supported by several big mine action NGOs.
By following these standards, the final solution in this report will better the chances of

getting support from mine action programs.

8. Requirements and delimitations for ideal solution

This chapter will present delimitations for the project based on the knowledge obtained in the
problem analysis. Furthermore, a collection of the requirements for the ideal robotic solution

will be listed.

The problem analysis showed that the largest percentage of casualties is civilians. In addition,
military demining operations often require disposal immediately which current solutions
already perform well. Therefore, humanitarian demining will be the focus for this project.
The final solution will be able to optimize the rate of demining and increase the safety for the
civilians, and also for the deminers performing the dangerous task that it currently is.
Research on the different kinds of landmines and IEDs made clear that the differences in
types of especially IEDs are big. This project narrows down the targeted explosives for
detection to landmines and PPIEDs planted in the ground. The reason for choosing these two
explosives devices is that they have many similarities; they are both causing a large negative

impact on civilians, both regarding casualties and economically disbenefits.

Requirements for an ideal solution will now be presented in order to make some guidelines
for the upcoming solution proposals.

High speed: Faster detection rate would optimize the process demining

Operate autonomously for long periods of time: The ideal robotic solution will be able to

operate until all landmines and PPIEDs in the desired operating field are detected. Required

34



Robotics B264b Aalborg University 18.12.2015

stops and breaks, e.g. for charging, will slow down the demining process and the robotic
solution will be less of an advantage for the deminers.

Obtain safe operating distance: There will be a safe operating distance for the deminers so
that no humans have to enter the area of operation in order to detect landmines and PPIEDs in
the ground. The ideal solution will be able to manually shut down or be remote controlled in
emergency situations.

Operate in different terrains and weather conditions: In order to be versatile, the ideal
robotic solution will have no constraints regarding operation in different terrains and weather.
Detect all types of landmines and PPIEDs in the ground: Detecting all different types of
landmines and PPIEDs in the ground is important in order to perform the desired operation
properly. If the robotic solution cannot detect all types of mines, the demining process would
require different methods to aid in the detection process. This would be an unnecessary and
very costly process.

Low rate of false detections: The ideal solution would have false detections in order to be as
effective, safe and durable as possible.

Clearly mark found explosives: Detected explosives will be clearly marked on a map in
order to optimize the process of landmine disposal. The robot will create a map with the
markers to show where there are explosives.

Low price: Price is an important factor to look at when creating a robotic solution, especially
when it is used for humanitarian demining. The ideal solution will be cheaper than similar
solutions with same qualifications.

Durability: The ideal solution will be durable to the point where it is almost indestructible
against landmines and PPIEDs. In situations where an explosive by mistake goes of, it will be

able to withstand the blast.

This chapter presented different requirements for an ideal solution based on the delimitations

also presented in the chapter.
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9. Solution proposals

Four different solutions are proposed in order to decide on the final product. For each of the
ideas, an analysis will be presented to give an insight into the pros, cons and design of the

robot. Lastly, a final solution will be presented based on the analysis of the proposals.

9.1 Proposal 1 — Heavyweight

The first idea is a big and heavy vehicle. It will be strong enough to withstand the explosion
of a landmine and also big enough to have a compartment where it can dispose the
landmines. The core idea behind it is to make demining completely autonomous, but
unfortunately that comes with a high cost. The robot will detect the mines and afterwards dig
up the mines. This will make sure that the deminers are not interacting with the landmines.
For movement, track wheels will be implemented to make sure it is capable of driving in a

big variety of terrains.

9.1.1 Speed

The robot is capable of going at a relatively high speed when driving, but is hindered by its
method of disposal. However, it will need to make some stops along the way to dig up the
landmines and PPIEDs found. This robot will be the fastest, out of all the proposals, at
demining. In the forthcoming solution proposals, a deminer would still need to dispose the

mine, whereas this robotic idea would dispose it itself.

9.1.2 Autonomous availability

This robot will primarily be autonomous. If it is needed, the robot is able to be driven by a
human. The only action that would require human interaction, would be to initialize the

robot's operation and for transportation.
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9.1.3 Mobility and durability
The robot will be very durable since the material, which it will be made of, is able to
withstand an explosion. The track wheels will enable it to maneuver in a wide array of

terrain, allowing a high mobility. A sketch of the robot is shown in figure 9.1.

ll Detection and
' digging equipment

Figure 9.1 the basic concept of solution proposal 1.

9.1.4 Detection

For detection, the robot in question will use neutron backscattering to locate the landmines
and PPIEDs. If needed, metal detectors could also be applied to it. The robot will detect the
explosives and afterwards dispose them, whereas the other proposed robots would only detect

and then make a map of the explosives

9.1.5 Price

The robot would be very expensive and highest likely the most expensive of all the proposed
solutions. The materials strong enough to withstand explosions would require expensive
resources. The system that makes the robot able to detect and dispose the mines would also

be very costly.
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9.1.6 Conclusion

This idea is very expensive but also the one capable of performing the whole operation all by
itself. The high durability and mobility will allow it to operate in almost any terrain and can

also withstand explosions of landmines.

9.2 Proposal 2 - cheap and lightweight

This solution is a small sized robot based on the platform of the Kobuki Turtlebot (see picture
9.2) with a 355mm diameter and 420mm height, weighing 6.5 kilograms. It is designed to be
agile and portable, and it is suitable for flat terrains without a lot of vegetation. It is moving
on three small wheels, two for actual movement and one for stabilisation. The material is
cheap and lightweight; plastic and aluminium. This makes the robot accessible for private
users like farmers who want to ensure the safety of a plantation contaminated with landmines
and PPIEDs. The robot will provide detection and mapping in an autonomous way, which
means that it will locate and tag the location of the detected landmines and PPIEDs with
specific coordinates for them to be handled later. The robot will be equipped with metal
detectors that are mounted around the front section of the robot. The other sensors are related
to movement, mapping and localization. The power consumption is quite low with a battery
operating time of around twelve hours. The battery may be charged during the day using solar

panels, mounted on the top of the robot, or at the docking station.

9.2.1 Speed

Due to the small size, the robot might be able to reach a high maximum speed without
consuming a large amount of energy in the process. When it comes to clearing mines at a fast
rate, it might not be very effective as it needs to perform many turns in order to cover the

same area as a bigger robot e.g. solution proposal 1.

9.2.2 Mobility and durability

This solution will be able to run for a long period of time, due to its low energy consumption.
The robot will consist of small wheels, meaning that it will not be able to cover rocky areas.
If it encounters an area with tall grass, the sensors will not be able to work properly because

the grass can be taller than the robot. The weather resistance of the robot depends on the type
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of plastic the robot is made of. Some plastics are more durable than others, e.g. under
exposure of high temperatures where some cheap plastic parts might decompose. In addition,
the low weight of the robot might cause it to be damaged or tipped on the side under windy

circumstances.

9.2.3 Detection

This robot is capable of detecting all types of metal landmines and PPIEDs. It is using a metal
detector, which can give a lot of false positives when it finds a decent sized piece of metal in
the ground. The robot will not be able to detect mines which does not contain metal. The
robot will not be able to ensure that no landmines or PPIEDs are left on the possible

minefield.

9.2.4 Price

The price of the robot will be relatively cheap compared to the other solution proposals. The

materials which it is made of are cheap and it is small compared to the others.

9.2.5 Conclusion
The robot is intended to be purchased by private users who may not have a lot of money,
therefore the materials of which it is made are required to be cheap. Since the cheap price is a

high priority, it takes it toll on the quality of the robot.

Figure 9.2 the basic concept of solution proposal 2.
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9.3 Proposal 3 - Drone

The robot in question would consist of an average sized drone capable of carrying a bag of
seeds. Said seeds would be the ones mentioned in section 5.3. The seeds have been gene
modified to change color when they come in contact with explosives. Its purpose would be to
spread out the seeds in a designated field or area. A stock of seeds, either in a bag or
container, would be attached to the drone. The part of the drone carrying the seeds, would be
spinning around, so the seeds would be flung out to cover a larger area than the designated
flying path will cover. A basic representation of the robot is seen in figure 9.3. The drone will
fly over the designated area and cover it with the seeds. After 3-5 weeks, the seeds will either
be colored green or red, determined by if there is explosives in the ground or not.The drone
would scan the entire area from above and essentially create a map of landmines and PPIEDs,

after the plants have grown.

Figure 9.3 the basic concept of solution proposal 3.
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9.3.1 Speed

The speed of the robot would be dependant on several factors. First of all, the process of
spreading seeds will be executed within a short time span in order to keep the growth of the
plants concerted. A fast spread of the seeds will give the most useful result(see section 9.3.4).
However, the speed of the robot will not be on the expense of proper spreading of the seeds.
A velocity that is too high will result in a bad and incomplete spread, which will naturally

affect the end result of the detection method.

9.3.2 Autonomous availability

Even though this is an excellent and consistent method for detecting explosives in the ground,
the plants cannot in any way dispose the mines. Another potential problem with this solution
is the energy consumption and limited battery size. An airborne drone uses a lot of energy to
function(compared to a grounded solution), and a typical drone can function for around 15-20
minutes before recharging the battery or replacing it with a fully charged one. Bigger
batteries are heavier and therefore not optimal to carry; extra weight means higher energy
consumption. The extra weight added from carrying the seeds(around 50 kilograms of seeds
per 10 km?) will increase the energy consumption. This makes this solution fairly limited,
both in terms of range and efficiency, with a carry capacity of 10 kilograms which results in a

range of approximately 2 km?.[40]

9.3.3 Mobility and durability

The robot is more or less only able to operate in large open areas, such as plain fields, bare
soil and mountains. If it operates in e.g. a forest, it might have some problems due to the
seeds not being able to grow because of the other plants, but also because the drone will have
to navigate around the different obstacles, such as trees and branches, which could make it
less accurate when planting seeds. Windy weather will also cause some problems for both the
spreading of the seeds and the maneuvering of the robot. Wind might push the robot out of its
desired path and hence spread the seeds in a less accurate way. In the same sense, wind might
also cause the seeds to land in a completely different area than what would be expected,
meaning that it would not cover the area in a precise manner, which could cause an explosive

to go unnoticed. The weather will have to be calm for the robot to operate. On the same note,
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after the seeds have been spread across the field, they will still require a certain amount of
water to grow. If the soil is too dry, the seeds will not be able to grow and if it is too wet, the
seeds will drown. There will be a need of either rain or water to be sprayed on the field if the

field is not humid enough as it is.

9.3.4 Detection

The method of detection is a biological process. As previously stated: After the seeds have
been spread out, it will take 3-5 weeks for them to grow and develop their color. After the
plants have grown, the robot will then be sent back to the area, to do an aerial scan of the area
and then make a top-down map of the area, giving an overview. This map will have two
different colors which determines the result of the detection. In reality, plants that are in
contact with explosives will have a different color than those which are not. This will ease the
following disposal of the explosives.

One thing to keep in mind is the probability of both false-positives and false-negatives.
False-positives could be a scenario where a plant is in contact with some material that
contains the same chemical compounds as explosives. The plant will in that case display as
the green color. A false-negative would be the opposite where the explosives are not detected,
either because the plant cannot detect the explosive material within the device, or because the

spreading of seeds failed to cover all areas within the field.

9.3.5 Price
The price of an average drone is 6000-9000 DKK [40]. The drone would need to be able to

lift a bag with enough seeds to cover a large area. This means that the drone in question
would require more buoyancy than an average drone. A modification like this would require
that the drone has more power, which will increase the energy consumption. This requires a
larger battery, adding more weight to the robot and raising the price.[40] The cost of the

seeds must also be taken into consideration.
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9.3.6 Conclusion

The idea itself could possibly be implemented, but due to its lack of mobility in different
weather conditions and environments, it is not an applicable solution. It has an overall good
efficiency in covering an area with seeds, but the time it takes for the seeds to grow, if they
even grow at all, will take too long for the method to be directly efficient. In addition, this
solution will require a steady supply of the seeds in order to carry out its function. Humans
will still have to get up close with the mines and explosives since the drone cannot remove

the mines, only detect and map them.

9.4 Proposal 4 - Hovercraft

A hovercraft works by blowing air into a cushion under the hull of the vehicle retained by the
skirt, thereby creating a pressure that lifts the hull off the ground. This process is illustrated in
figure 9.4. In this picture propellers(1) provide thrust to the hovercraft, while a stream of
air(2) is distributed, by fans,(3) into the air-cushion retained by the skirt (4). A continuous
airflow keeps the vehicle hovering while the air escaping from underneath the skirt keeps the
vehicle balanced.[41] The weight of the hovercraft is supported by the entire surface area of
the air-cushion. Because of this, the pressure on the ground, generated by a hovercraft, is
much lower than the pressure generated by a wheeled or tracked vehicle. In specific, the

pressure is around 383-479 pascals which is equivalent to 39-49 kg/m?.[42]

Figure 9.4 Hovercraft illustration [43]
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Once the vehicle is lifted by the air-cushion, forward thrust must be created. This is done in
one of two ways. The first and most common way of creating forward thrust is to have a
separate motor dedicated to this function, but it is also possible to have a motor that provides
both lift and thrust. An example of a hovercraft with this system, referred to as an integrated
system, is seen in figure 9.5. From this figure it is possible to see that part of the air-stream
generated by the fan is transferred into the skirt to create the air-cushion while most of the air
stream is still used to create a forward thrust. An integrated system cannot provide lift
without also providing thrust. Therefore, a hovercraft with an integrated system is not able to

hover at a stationary location.[44]
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Figure 9.5 Hovercraft with one motor used for lift as well as forward thrust.[45]

Another detail in figure 9.5, which makes it stand out from figure 9.4, is the indication of a
steering handlebar. The handlebar controls the rudders, placed behind the fan, which serve
the purpose of controlling the direction of the vehicle. In that way, the control of a hovercraft
is similar to that of an aircraft.[46]

The skirt is an important and characteristic part of a hovercraft. While skirt design can vary a
lot, there are three commonly used types of skirts namely the bag skirt, the segmented skirt
and the juped skirt.

The bag skirt consists of an air-cushion tube surrounding the perimeter of the hull. The
segmented skirt is also known as a “finger” skirt. The skirt surrounds the perimeter of the hull
just as the bag skirt. However, where the bag skirt is one big tube, the segmented skirt
consists of several individual segments looking a bit like fingers on a clenched fist. When

inflated, these segments are pressed together and make up the air-cushion. The segmented
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skirt is more complex than the bag skirt, but it does also provide several advantages. For
example, it has a better ability to pass obstacles compared to the bag skirt and it gives the
option to replace certain, possibly damaged, segments of the skirt making it easier to repair.
In exchange for this convenience the segmented skirt is not as stable as the bag skirt.

Finally, the jupe skirt has cells, looking like cones with the top cut off, attached with their
bases to the bottom of the vehicle. Generally, there is at least 2-3 cells attached to the bottom
which are encircled by a jupe that also surrounds the perimeter of the vehicle. One of the big

advantages of the jupe skirt is the excellent stability that it provides.[44]

Material used for the hull and the chassis of the hovercraft also varies a lot. Common
materials include aluminium, plastic, fiberglass and plywood. An alternative to using one of
these materials is to use a sandwich-structured composite in order to make a hull with high
strength while retaining light weight. A sandwich composite is obtained by attaching two
skins to a core with an adhesive. Optimally, the skin must be thin, strong and stiff and the
core needs to be thick and structurally strong but also lightweight.[47] Figure 9.6 shows the

structure of a sandwich composite.
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Figure 9.6 Structure of a sandwich composite [47]

9.4.1 Speed

The hovercraft robot will be able to detect mines fast. It will not apply much pressure to the
ground when it is operating. As long as the mines are triggered by pressure, it will not have to
go around them when they are detected. Instead it can just go right over the mines without
triggering them. This limits the amount of turns the robot has to make and allows it to keep a
constant speed for longer periods of time. Since the friction between the ground and the hull
of the robot is non-existent due to the air-cushion, this robot will be capable of moving at a
high speed. While the average speed of a hovercraft is around 56 km/h, depending on terrain
and weather, some hovercrafts move at speeds over 110 km/h. hovercrafts are fastest on

smooth and flat areas.[46] Because of this, it will most likely be the sensors applied to the
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robot that limit the operating speed, rather than the robot itself. The chosen size of the
hovercraft will affect the detection speed. A large hovercraft has the possibility to detect an
open area faster than a small hovercraft. However, the smaller hovercraft will be more viable

in narrow spaces.

9.4.2 Autonomous availability

The goal is to make the vehicle operate autonomously hereby negating the need of an
operator.[44]

The proposed solution is not equipped with a mechanism to dispose the mines, so landmine
disposal maneuvers has to be made by deminers in case of a positive detection.

Operating time will depend on the chosen energy source. It is very common for hovercrafts to
be powered by diesel or gasoline engines, which gives them a decent operating time and
range.[41] As an example, the Renegade 1Q Hovercraft has a range of 241 km and an
estimated operating time of 4.5 hours.[42] Battery powered hovercrafts exist, however, they
do not have as good of a range and operating time as the ones powered by diesel or gasoline

engines.[48]

9.4.3 Mobility and durability

The hovercraft will be able to operate efficiently in many terrains and weather conditions. It
functions on e.g. mudflats, fields, sand and swamps. Therefore, operating in parts of countries
like Afghanistan and Pakistan, which are among the countries heavily affected by mines and
ERW, will not be a problem. Due to the flexible skirt of an hovercraft it is also able to clear
obstacles.[41] The size of the obstacles it is able to clear depends on the hover height of the
vehicle. They cannot be too big, as the height can decrease the stability of the hovercraft. If
the hover height is too tall, the hull will slide off the cushion.[46] Covering bare soil or grass
fields will not be a problem, given that there are no big obstacles such as big rocks or bushes.
To work in areas with such large obstacles, the robot must have a function capable of

avoiding them.

Durability of the vehicle depends on the choice of materials and components such as skirt

type and material for the hull. The most durable skirt type is the bag skirt. However this type
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is not easy to repair and the obstacle clearance is poor. Therefore, the durability of the bag
skirt does not come without drawbacks and is not the most suitable skirt type when it comes
to autonomous landmine detection. Regarding material for the hull, a sandwich composite is
a viable choice. As an example, the Renegade IQ hovercraft uses a sandwich-structured
composite consisting of a foam called divinycell as the core and kevlar as the skin.[42]
Sandwich composites give a very good strength to weight ratio along with many other

benefits (see section 9.5).[47]

9.4.4 Detection

The hovercraft will have a GPR system for detection. Antennas will be attached on top of
vehicle pointed towards the ground. The GPR system will emit radio signals into the ground
and receive the returned radio signals. The computer will create an image of the soil beneath
the vehicle, it will then combine all the collected data into a map of the d area. The idea
behind the hovercraft is to move around the area of detection without applying pressure to the
ground and therefore not triggering the specific explosives it will detect. After the detection
of the desired area is complete, a map of the area is created and landmine disposal maneuvers
can begin. This solution will not trigger the explosives in the case where the sensors fail to

detect it because of the low pressure that is applied to the ground.

9.4.5 Price

The company Neoteric Hovercraft Inc, produces hovercrafts for human transport. These
vehicles cost from 16000 USD up to 65000 USD.[49] A potentially smaller vehicle not meant
to carry much weight might be cheaper. Small remote controlled hovercrafts, can be bought
for the price of 250 USD[50]. The price for the base will depend on the chosen size of the
hovercraft. The sensors that need to be attached to the hovercraft will also add up the the total
price. The computers mounted will increase the cost of the product. The ground penetrating
radars vary in price based on frequency and size. Figure 9.7 shows a model of the proposed

solution.
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Figure 9.7 lllustration of the proposed idea

9.4.6 Conclusion

There are big advantages of using a hovercraft as the the movement base in landmine
detecting operations. It is fast, mobile and reasonably durable. Most importantly it does not
apply enough pressure to the ground to trigger mines. This makes the process of mapping a
minefield much easier and reduces the risk of the robot being accidently destroyed by mines.
On the other hand it cannot guarantee that all mines have been detected. The use of a ground
penetrating radar for detection is a viable possibility, but will require a big library of shapes

and sizes to function properly.

9.5 The final solution

Based on the 4 solution proposals in the previous chapter, a final solution will be presented in
this subchapter. Taking the best aspects of each of the proposals, a final robotic solution is
built with the concept and hardware chosen to give the best presentation of the desired

product. The concept of our idea is illustrated in figure 9.8.
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Figure 9.8 illustration of the final solution

9.5.1 Hovercraft pillow for movement

A potential base model for the robot would be the Renegade IQ hovercraft from the company
Renegade Hovercraft.[42] The IQ is capable of carrying 2 human passengers, which may not
be necessary for the robotic solution.

The point of using this hovercraft as an example is to show that hovercrafts are applicable

for the final solution and that there are advantages of using a hovercraft in landmine detection
operations. The hovercraft is capable of having a payload of 209 kg, which is more than
enough to carry equipment needed for navigating, mapping and detection. In regards to
speed, the IQ hovercraft is capable of going up to 76 km/h. The hovercrafts size and speed
will be optimized to benefit the robot in a proper manner. This hovercraft could be downsized
a lot as the robot will be autonomous and would not require space for anything but technical
equipment. The standard 1Q hovercraft is able to drive 241 km on a full tank, making it
capable of covering a rather large area before having to refuel. The Renegade 1Q hovercraft is
equipped with a segmented skirt. Figure 9.3 compares the segment skirt to the bag- and jupe
skirt in order to highlight the benefits of using the segment skirt type in landmine detecting

operations.
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Comparison between skirt types [51]

Bag Segment Jupe
Cost Low High Low
Durability Good Poor Moderate
Repairability Hard Easy Hard
Stability Good Poor Excellent
Obstacle clearance Poor Good Poor
Performance when Moderate Good Poor
damaged
Bounce Poor Good Good
Ease of attachment Moderate Easy Moderate hard
Drag: Grass High Low Medium high

Figure 9.3 Comparison between the three common skirt types.

As seen in figure 9.,3 the segment skirt is easy to attach and easy to repair. The drag is low on
many surfaces including grass, which contributes to high fuel efficiency. A good obstacle
clearance capability provides good mobility and with a manageable bounce the technical
equipment is spared during operations. The segment skirt has poor stability compared to the
other skirt types, which has to be counterbalanced in order to make the vehicle operate
autonomously. Another disadvantage of this skirt type is the poor durability. It is
compensated for, by the skirt’s ability to function well when damaged and the fact that it is

easily repairable.

Asides from the skirt, the Renegade IQ hovercraft is made of durable components and
materials. As previously mentioned, the hull of this hovercraft consists of a

sandwich-structured composite with divinycell foam as core and Kevlar as skin. In addition
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to the strength/weight ratio, there are several advantages of this construction. It is resistant to
corrosion and does not require much maintenance. The composite structure of the hull also
works well with the detection units on the hovercraft. Because there is no metal in the hull, it
is nonmagnetic, which improves the use of sensitive electronic equipment, such as a metal
detector, to be implemented on the hovercraft. Furthermore, the composite structure is radar
transparent; radar signals can go right through the structure allowing effective use of radar
equipment such as the GPR. The composite structured hull is also sustainable in the way that
only a small amount of raw materials are used to create it. The lightweight construction of it
also improves fuel efficiency and thereby reducing emissions. Finally, the divinycell foam
has excellent fire, smoke and toxicity attributes. In fact, divinycell HT foam, which is ideal
for structural design in light aircrafts among other things, has the ability to self-extinguish in
case of a fire.[47] The attributes of the hovercraft, as well as the detection technologies
implemented on the hovercraft, all apply to the standards listed in the IMAS.

The cost of the Renegade 1Q is 32.000 $, but this price is only for reference. The final price

will be different due to various modifications.

9.5.2 Metal detector and ground penetrating radar

To detect all kind of landmines and PPIEDs, the robot will use both a metal detector and
ground penetrating radar as the sensors. This allows for high accuracy when searching for
landmines and PPIEDs. The combination of the two will allow for a better detection. For the
metal detector the military-grade F3 landmine detector by a company called The Minelab
could be attached to the robot.[27] The F3’s technology is accurate and has a port for
datalogging, allowing it to potentially be applied to a robot. The data from the sensors will be
sent to the processing unit of the robot, and a mark will be set on the created map to indicate
the location of the mine. The coil of the metal detector has a size of 200mm which is the

standard size. This size could be adjusted to fit the robot in a better way.

9.5.3 Processing unit

The processing unit for the robot will be a computer. The computer will process the data
received from the sensors and create a map with marks highlighting the places with positive

detections. The computer could either be stationary on the robot or a computer with a
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wireless connection to the robot itself. The wireless connection would allow the user to view
the map and make modifications from a distance e.g. draw a route through the minefield for
the demining operations. Alternatively, the processing unit could be incorporated with the
robot itself and then deliver the gathered data, once the processing is done. The only
requirement for the processing unit is power, it has to be strong enough to analyse and

receive the data from the sensors.

After presenting four different solutions with each their unique traits, a final solution has
been created with inspiration from the others. The final solution will be a hovercraft that is

able to detect mines by using GPR and metal detectors.

10. Prototype

In order to demonstrate the final solution for an autonomous mine detection robot, a
prototype will be developed as a simulation of the final product. This prototype will operate
in a fixed environment using replacements for real mines and obstacles. It is important to
mention that the basic principles of the prototype apply to the final solution for a mine

detection robot.

10.1 Hardware components

This section covers the hardware components of the prototype solution. All the components

are included in the Turtlebot 2 complete kit.

10.1.1 Kobuki base

The Turtlebot 2 has a cylinder-shaped body called the Kobuki base. It has a diameter of 35,5
cm and is equipped with support racks, for placement of a notebook computer, sensors,
cameras etc. The height of the base(including the racks) is 42,0 cm. The height of the base
unit itself is 8,9 cm. The Turtlebot 2 weighs 6.5 kg, has a maximum payload of 5 kg and a top
speed of 0,65 m/s(approximately 2,34 km/h). In figure 10.1, the Kobuki base is
illustrated.[52]
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10.1 Turtlebot Kobuki base [53]

10.1.2 Asus Xtion PRO LIVE

The turtlebot is mounted with an Asus Xtion Pro LIVE (figure 10.2) sensor station, which
combines different sensing methods. The unit combines RGB sensing(a method that creates a
representation of images as a combination of the colors Red, Green and Blue) with infrared
sensors and depth detection technology to define the surroundings of the turtlebot. It also has

the ability to detect audio signals.

Figure 10.2 Asus Xtion PRO Live [54]
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10.1.3 Asus X200M Notebook

The notebook is used as an operation unit for the turtlebot. It is running on Ubuntu 14.04 and
uses ROS (Robot Operating System) in order to interact and execute the software provided
for the turtlebot.

The specifications of the notebook is listed below:

- Intel Celeron N2830 dual core, 2.16GHz
- 2.0GBRAM
- 500GB HDD

For more complicated projects and more advanced systems, a stronger computer would be
required. However, for this project a computer with these specs are capable of executing the

programs and process the necessary data from the hardware.

10.1.4 Sensors

There are three types of sensors on the prototype

CIliff/IR sensors

The cliff sensors on the turtlebot are IR(infrared) sensors that emit and receive IR signals.
The sensors are placed at the bottom side of the Kobuki base; one right, one left, one center.
IR signals emitted by the diodes of the sensors will return after hitting the surface right below
the sensor receptors, and the time between emission and reception of the signal will indicate
the distance between the sensor and the surface right below it. This method is commonly used
for detecting and avoiding bad paths,hence the name (the sensors can avoid “cliffs”, stairs

etc.), and can also be used to detect obstacles.

Magnetic field/Orientation sensors

The magnetic field sensor, also known as the orientation sensor, utilizes the occurrence of a
change of path for the electrical current between a conductive object that is fed with
electricity and a magnet. The electrical charges moving through the object will create a

magnetic field of its own. This field will interfere with the magnetic field of the magnet and
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force the current change in path through the object. The sensor will detect this change of path,

or rather the direction of the path, and then determine the position of the sensors.[55]

Rotary encoder
The rotary encoder estimates the distance traveled by measuring the rotation of the axles.
Estimating the distance traveled will also make it easier to calculate the speed and odometry

of the robot.[56]

10.1.5 Price
The retail price of the Turtlebot 2, as well as some of the major and commercial components,

are listed below. Beware that the prices may vary.

e Asus Xtion PRO LIVE: 169,00$(1150 DKK).[57]

e Asus X200MA Netbook(newer model): 339,00$(2330 DKK).[58]

e Kobuki base: 547,335(3723 DKK).[59]

e Turtlebot 2 complete kit(with Xtion and notebook): 1.425,76$(9700 DKK).[59]

10.2 Concept and operating modes

The following subchapter will provide a description on how the turtlebot prototype will

demonstrate the idea for the final solution described in section 9.5.

10.2.1 Detection

The method used to detect the mines is based on the depth sensors of the turtlebot. The
sensors are constantly measuring the distance from the Kobuki base to the ground. If the
deviation from the initial value reaches the predetermined value for detection (Ax) (Figure
10.3), a mechanism is triggered, making the robot stop and register the object of interest — in
this case the mine. The initial value is determined by the distance from the robot’s base to the

ground, from the moment the encoders node is initialized.
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Figure 10.3: Detection method

10.2.2 Movement

The robot uses an algorithm to carry out the movement which will scan the designated area
systematically. The user can input 3 variables, the dimensions of the field (Iength and width)
and which side of the area that the robot is on. The side is a significant input, as it will guide
the robot which way to turn after reaching the input length, and also which way to go around
the mine in case of an encounter.

In the optimal case, the path of the robot is going straight for the entire length of the input
field, turn 90°, go forward 35 cm turn 90° again, and continue until the entire field is scanned
(Figure 10.4). 35 cm is used as the base in navigation, since it is the diameter of the base of

the turtlebot.

iput length

pim ndur

Figure 10.4: Default movement pattern

In case of a encountering a mine the robot will maneuver around the mine and return to its
original path. The procedure will be carried out (as shown in Figure 10.5) with the robot

stopping, turning 90° (1), going forward 35 cm (2), turning 90° again in the opposite
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direction (3) and going forward 2*35 cm (4), then turning 90° (5) , going forward 35 cm (6) ,

and turning 90° in the opposite direction (7).

o

(6) go 35 cm

%

mine (4) go 35cm

T(4) go 35cm

° (2)go35cm

o

Figure 10.5: Sequence of movement in an encounter with a mine

10.3 Software

A main component of the proposed prototype is the software. The main purpose of the
software is to centralize and control all the components which are available through hardware
configuration and customization. There is no possibility for hardware to work without

software and there is no sense for software without hardware.

10.3.1 ROS

ROS (Robot Operating System) is the operating system software of the mine detector
prototype implemented on the Kobuki Turtlebot platform. ROS makes low-level control and

complex operation of multiple sensors and motors possible which is needed to demonstrate

the final solution.[60]

One feature which is important for the software component is that multiple programs (also

known as nodes) can be executed at the same time.[60] The significant detail of ROS
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programs is that they can communicate between each other using a publisher-subscriber
pattern.[61]

Nodes are publishing data on a specific topic to which other nodes may subscribe in order to
receive the data. The nodes are not directly dependent on each other, which means that the
subscriber does not need to be aware of details about the publisher and vice versa. This
means that a program which executes code written in e.g. Python is able to communicate
without problems with a program which executes code written in C++.[61]

In Figure 10.6, the connection between hardware and different software components is
illustrated. The figure shows that ROS makes the low-level control of the hardware

components possible while the nodes are controlling these interactions.

T,
User
Input Sensors
: U . . .
» ROS
Nodes

ROS

Maotors

Figure 10.6 lllustration of data flow between the hardware and software of the prototype
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10.3.2 Nodes

The software developed for the mine detector prototype is made of multiple nodes. The
programming languages, which were used to write the executed instructions, are C++ and

Python. The C++ nodes and Python nodes will be treated separately further on in this chapter.

The Python nodes are used to receive data from the turtlebot sensors and to send commands
to the turtlebot motors. This is mainly because Python, being a high-level programming
language[62], making it ideal for programming nodes that do not need much processing
power. There are five Python nodes in the presented software handling the wheel encoder,
orientation, depth sensors, Asus kinect and motors respectively. Each node will be discussed

further on in this subchapter.

The C++ nodes are mainly used for processing the data received from the sensors accordingly
with the mine detector algorithm. C++ being a compiled programming language takes less
time and memory usage than Python which is scripted.[63],[64] This characteristic makes
C++ better fitted for processing; considering that speed with which the data is processed is

essential for the accuracy of the mine detector robot.

Figure 10.7 Illlustration of the output displayed by the encoders node while the turtlebot is moving. The current
values received from the right encoder and the left encoder are displayed. After interpreting these values, the

covered length and rotation, since the node has started are also shown. These values will be published for the

processor node to use.
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10.3.3 Python Nodes

The Python nodes are receiving or sending data directly to the sensors or motors. There are
five Python nodes: Encoders, Orientation, Detection, Obstacle and Motors.

The nodes will be written in italic.

The Encoders node is responsible for receiving data from the wheel encoders, to interpret the
information and then send it to the topic which the processor node is subscribed to. As the
wheels turn, the values, which the encoders sensors provide, are changed accordingly. By
using the encoders, the distance covered by the robot can be measured. The data which the
encoders provide is converted into cm. This is done inside the node. For example: If
la-b|=3800, with a being the initial value provided and b being the current value provided,
means that the robot covered a 35 cm distance. The value of the covered distance will be
published each time the robot has covered another 35 cm. Figure 10.7 shows the terminal
window in which the node displays the data received from the encoders and the data
published on the “encoders” topic.

The orientation sensor is essential for the precision when the robot is turning. The orientation
node only publishes the data received from the sensor as the raw set of data is used without
further interpretation. More information about the orientation is given later in this subchapter
when the robot’s rotation is discussed. Figure 10.8 shows the terminal window in which the
node displays the data received from the orientation sensors which is the same data published

on the “orientation” topic.

Figure 10.8 The orientation node is receiving data from the orientation sensors and then publishes the data for

the processor node to receive.

In order to detect the objects, which will represent the mines, the turtlebot depth sensors are

used. The mines will therefore be represented as objects on the ground which will create a

60



Robotics B264b Aalborg University 18.12.2015

height difference when the sensor are over the mine.The sensors are placed below the robot.
The node, which is responsible of receiving the data from the depth sensor, is also offering an
interpretation of the data. After the interpretation, the node will publish a boolean value: 0 if
no mine is detected and 1 if a mine is detected. The depth sensor node together with the
orientation node, obstacle node and encoders node are the sensor nodes. Figure 10.9 shows
the terminal window in which the node displays the data received from the depth sensors and

the data after interpretation which will be published by the node on the “detection” topic.

]
[INFO]
[INFO]

Figure 10.9 The detection node is displaying the values received from the depth sensors. After interpreting them,
the node will publish the afferent boolean value: 1 for detected mine and 0 for no mine. The screenshot was

taken while the robot was detecting a mine

Avoiding obstacles is possible using the data from the laser scan provided by the Asus Xtion
kinect, which is mounted on the Turtlebot’s rack. Avoiding obstacles is treated in the same
way as avoiding mines (explained in section 10.3), the data interpretation and the set of data
which is published on the related topic is therefore similar to each other. Figure 10.10
contains the output window of the obstacle node. The raw data is not displayed, as the node

receives a massive set of data which has to be interpreted before publishing it.
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Figure 10.10: Screenshot with the data displayed by the obstacle node in the moment of an obstacle detection.

This node works in a similar way as the detection node.

For moving the robot around the minefield, the Turtlebot’s motors are used. The motors are
commanded by the motor node which publishes the angular and linear speed for the motors to
receive. The speed of the motors is published accordingly to the topic which the motors node
is subscribed to. The motor’s node is subscribed to the “move” topic on which the processor
node is publishing to. The angular and linear speed is displayed in a terminal windows as

illustrated in figure 10.11.

Figure 10.11 Data which received and published by the motors node is displayed in a terminal window while

the turtlebot is turning

10.3.4 C++ Nodes

As mentioned earlier in this subchapter, C++ programming language was chosen to write the
scripts used for processing the data received from the nodes in charge of the sensors and
motors. In other words, inside the C++ node, the instructions from the Python nodes, which

are related to sensors, are put together and processed, in order to have an output through the
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motors. The algorithm explained earlier in this chapter (10.3) is put in practice through the

node which is precisemovedectobs.

In order to put together all the data which comes from more than one node, the ‘processor’
node has to subscribe to multiple topics on which the sensor related nodes are publishing. To
make an analogy, multiple subscription is like a human is trying to read more than one
newspaper simultaneously. In order to do that, message filtering is required. In this case, the
Approximate Time Policy is used, which means that the messages from the sensor nodes

have to come with an almost similar time-stamp.[65]

The time-stamp is an attribute which ROS messages may apply. In this case, the messages

sent between nodes are ‘PointStamped’ type which has three fields (x, y and z, float type all
three) and header attributes from which the timestamp attribute is used in the presented case.
The time-stamped attribute provides the precise time when the message was published. This

attribute is only used by the message filter.[66]

In figure 10.12 all the nodes are presented (processor node, sensor nodes and motors node) as
seen using the rqt _graph software. Rqt graph provides a graphical image of data flowing
between nodes through topics. This tool is very useful in the debugging process of the

programming.[78]
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Figure 10.12: The nodes as seen in the Rqt_graph are illustrated. The sensor nodes, motors node and processor

node can be observed in the right side of the figure.

The C++ node also receives input from the user. This input is the length and the width of the

minefield and the node will ask for them each time it is initialized. The location of the robot

is requested as well; the user has to specify if the robot is placed in the right corner of the

minefield ( if so the user will have to type in 1) or in the left one (if so the user will have to

type in 0) as seen in the figure 10.13. The name of the prototype robot is Manul v 1.0.

Figure 10.13: The welcome message of the processor node is displayed. The width and length of the minefield

are inserted with the value 105 (cm). The location of the robot is on the left side of the minefield as the inserted

value is 0.
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After initializing the ‘processor’ node, getting input with length and width and starting the
message filter and the subscriptions, the node begins to call the callback function which
allows the node to receive data from the topics that the nodes publish to, which are the sensor
nodes in this case. The callbacks are generated using the ros::spin function[67]. A single spin
thread is used. Considering that using the ros::spin function, the callback method becomes the
instruction block of a loop, all the information originating from the sensor nodes is processed
here in order to generate messages for the motors node accordingly to the mine detector
algorithm. Each time the loop returns to its starting point, the information received from the

sensor topic is refreshed.

Inside this loop, the location of the robot is known constantly and is kept in a global variable
as the actions of the robot are conditioned by its location. The location based actions may be
overwritten if a landmine or an obstacle is encountered. In case of an obstacle or mine, the

robot will go around it through the already scanned field.

When the loop is started the robot will remember the orientation coordinates given by the
orientation node. The robot will first remember the orientation coordinates being orientated
forward relating to the minefield and then it will rotate 90 degrees (using the encoders, 1050
encoder units=90 degrees). As the robot is going through the minefield, it will use the

orientation coordinates in order to make turns.

After the operations listed above, the mine scanner prototype will move across the minefield
as described in the “Concept and operating modes” subchapter 10.2 the robot will move in a
zigzag way across the minefield going around encountered mines and obstacles. In order to

have a better understanding of how the robot is moving, a diagram of the robot’s movement

is shown in figure 10.14.
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Figure 10.14: The diagram represents the way in which the C++ code is controlling the robot. The illustrated
instructions are in the corp of the callback function which means that they are repeated until the node is
stopped. It should be noted that “Go Turtle” means that the robot travels a distance corresponding to the

length of a turtlebot, which is 35 cm.

10.4 How to operate the robot

Operating the robot can be performed in a few steps. Improvement on user-friendliness is

ongoing as a graphical user interface, which is in the process of development.

10.4.1 Starting the software

To use the mine scanner prototype, the user will need an Ubuntu operated system with ROS
and Turtlebot software installed. The first step to start the turtlebot is to open a terminal
window where the “roslaunch turtlebot bringup minimal.launch” command will be executed.
This will turn on the mobile base of the turtlebot and start all the necessary drivers. In a new
window, the “roslaunch turtlebot navigation gmapping demo.launch” command will turn on

the Asus Xtion kinect device and boot up TF in order to get the Turtlebot’s coordinates.
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The second step is to open the sensor nodes and the motor nodes. The following commands
have to be executed in separate terminal windows:

1. “rosrun sense encoders.py”: will open the encoders node;

2. ‘“rosrun sense orientation.py”’: will open the orientaion node;

3. “rosrun sense detection.py”: will open the detection node;

4. “rosrun sense obstacle.py’’: will open the obstacle node;
5. “rosrun move lamove.py”’: will open the motors node.

“rosrun process precisemovedectobs” will open the interface

A demonstration of the prototype in action can be seen here:

https://www.youtube.com/watch?v=7vHGHV1WdTY

These are the python nodes which are communicating directly with the sensors mounted on

the mobile base and the Asus Xtion kinect device.
The processor node will handle all the published data from the other nodes and will receive

the three user inputs: length, width and the side of the minefield where the turtlebot is placed.

B = «) 1853

turtlebot@turtlebot-X200MA: ~ 81x24 o turtlebot@turtlebot-X200MA: ~ 80x7

turtlebot@turtlebot-X200MA: ~ 8B0x6

tlebot@turtlebot-X200l

turtlebot@turtlebot-X200MA: ~ 81x6 g turtlebot@turkl: 200MA: ~ BOX6

Figure 10.15: Screenshot with the interface of the prototype. The two top windows are the launchers for the
mobile base and Asus Xtion. The windows from the right side contain the data displayed from the encoders,
orientation, detection and obstacle nodes (from top to bottom). The bottom left windows contains the data

displayed by the motor’s node. The middle-left window contains the interface of the processor node as it is when

started up.

67


https://www.youtube.com/watch?v=7vHGHV1WdTY

Robotics B264b Aalborg University 18.12.2015

With all the nodes up and running, the welcome message will appear in the terminal window
which is running the processor node (see figure 10.13). The node will wait for input of the
width and the length of the minefield. The width and the length have to be a multiple of 35 in
cm otherwise the input will not be accepted. Finally, the node will wait for the side of the
minefield where the turtlebot is placed: 0 for left and 1 for right.

Figure 10.15 shows all the nodes running. After receiving the complete input, the processor

node will command the prototype robot to begin scanning the minefield.

10.4.2 Scanning the minefield

While scanning the minefield, the processor node will display the current status of the robot

and its current task (shown in figures 10.16, 10.17, 10.18 and 10.19).

tbdrvs 81x24

a2 turtlebot@turtlebot-X200MA:

Figure 10.16 The robot is travelling across the width of the minefield. It has completed 105 cm of the 140 cm

length which it has to travel to the edge of the minefield. The robot is moving with a speed of 0.25 meters per

second.
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I35 turtlebot@turtlebot-X200MA: ~/tbdrvs 81x24

turtlebot@turtlebot-X200MA: ~ 81x6
1

Figure 10.17 The robot has encountered a mine and is now proceeding to go around it. The displayed values
are the goal orientation coordinates and the current orientation coordinates of the robot. The angular speed of

the robot is 0.4 meters per second.

=5} turtlebot@turtlebot-X200MA: ~/tbdrvs 81x24

turtlebot@turtlebot-X200MA: ~ 81x6
1

Figure 10.18 The robot has encountered an obstacle and now it is proceeding to go around it. The displayed
values are the goal orientation coordinates and the current orientation coordinates of the robot. The angular

speed of the robot is 0.4 meters per second.
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R turtlebot@turtlebot-X200MA: ~/tbdrvs 81x24

turtlebot@turtlebot-x200M,
ular

Figure 10.19 The robot has finished scanning the minefield. The “Detection complete” message is displayed

which means that the robot has finished

10.5 Future work

The results obtained after testing the robot are satisfying, but the project is not yet at the end
of the road. Improvements and new features are being added to the prototype of the mine

detection robot in order to make it faster, more precise and as user-friendly as possible.

10.5.1 Mapping

Work on a mapping system which will indicate the precise locations of mines and obstacles
in a fixed environment is ongoing. This will be the last of the important abilities of the mine
scanner robot together with the mine detection ability and autonomous operation ability. The
mapping process will be simultaneously run with the detection process, which means that the
robot will have to cross over the field only once, reducing the time needed for a detection. In
order for the mapping system to be complete, a technique to add the detected mines to the

map is needed.
The development of an user-friendly GUI (graphical user interface) is also on the to-do list.

The GUI will make the user able to see all the data the robot is receiving from sensors, and

how it is processed, in one window. In case of emergency, the user will be able to take over
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the command on the robot in order to avoid a danger or something similar. The map with all

the detected obstacles and mines will also be present in the future GUI.

10.5.2 Launch file.

A launch file will be worked on, to avoid booting up 6 different nodes to get the robot
running, but instead enter a few commands. This will make it easier for the user to use the

robot.

10.6 Conclusion of the prototype

Good results were obtained following the mine detector prototype testings. The prototype is
autonomous in the entire designated field. From the start of the scanning until the end of it,
no human interaction is required.

At the moment, the prototype is capable of simulating the behaviour of a real landmine
detection robot and will soon be able to map the exact locations of mines and obstacles on the

minefield.

This chapter covered the hardware and software components used for the prototype, along
with a description of the concept, operation- and movement methods utilized by the robot in
order to demonstrate the idea for the final solution described in section 9.5. These methods
and areas of technology are essential in order to better understand the mine detection
process presented by the prototype. A thorough explanation of the Robot Operating
System(ROS) and its tools is given, which provided an overview of the complexity, diversity
and function of ROS, and offered an explanation to the cooperation between sofiware and
hardware components within the operating system. Future work ideas and goals for the

prototype were introduced.
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11. Final conclusion

Throughout history, landmines and IEDs have caused many military and civilian casualties
and continue to do so. After a conflict has ended and said explosives no longer serves their
purpose, these devices may, if remaining in the field, still cause unintended damage,
primarily towards civilians. While IEDs take up a high percentage of all casualties, the
variation in types is immense. IEDs were therefore, in this project, limited to PPIEDs.
Anti-personnel mines were found to be the second highest casualty contributor in 2013, while
victim-activated mines were shown to be the third highest. This is important to mention, as
PPIEDs are included in the latter category. The indirect impacts can often be overlooked
because of the high casualty numbers. An example could be the economical issue of
landmine contamination in agricultural areas, as it limits the possibility and performance of
agricultural work. In addition, being struck by a landmine may pose social, mental and

economical challenges for the injured person and the person’s relatives.

By using ground penetrating radars and metal detectors, the final solution will be be able to
detect most of the landmines and PPIEDs. If the detectors react to devices in the ground, the
robot would react accordingly and create a mark on a map to indicate the presence of a mine.
While driving over or stepping on a landmine would normally detonate it, this problem would
be handled by using an autonomous robot based on a hovercraft, as a solution for detecting
landmines and PPIEDs. The hovercraft will reduce casualties by offering a fast and precise
detection process in an autonomous way, thereby simplifying the following disposal of the
landmines and PPIEDs. The versatility of this solution will offer a wide array of applications,
making it able to operate in many different environments. The Turtlebot as prototype is good
at presenting the concept of the hovercraft, even though the final solution would require more

advanced equipment.
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12. Appendix

12.1 Codes

The codes for the Python nodes and for the C++ node are available on the USB flash drive

attached to the report.
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