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ABSTRACT

This paper gives insight on how a robotic
system can reduce the hazards of living in a country that
is currently or was once affected by land mines. The
robot’s mission parameters would be to detect and mark
the location of metallic mines without being terminated.
To accomplish this task, the autonomous robot uses a
series of sensors which includes sonar for obstacle
avoidance and a surface penetrating metal detector for
metal detection. It avoids running over mines and being
destroyed by implementing algorithms and program
codes. Future developments would include a differential
GPS system and an array of different sensors for better
navigation and detection. At this point, however, the
platform does accomplish its primary task by detecting
metal, avoiding it as well as other barriers.

INTRODUCTION

The motive behind building a platform such as
Mine Tracker 1.0 is to help detect and eradicate deadly
mines. Every year thousands of people, most of which
are women and children, lose their lives by stepping on
unknown mines. There are reportedly 50 to 100 million
mines buried all over the world. The detection and
removal of these mines have still been in progress via
manual methods proposed several decades ago. Relying
solely on such manual work, it would take hundreds of
years to dispose off all these mines completely and a fear
of possible loss of more lives. Considering these facts,
detection and removal of landmines has become
imperative. Currently, researchers, scientists, and
engineers are trying to solve this problem. But the areas
where landmines are buried used to be in the war zones
where infrastructure such as roads and bridges have been
destroyed, thus making it difficult to transport large
mine-handling vehicles built on the basis of construction
machine to such zones. For this reason in particular,
robot technology would be most favorable since it is
unmanned, light weight, small-structured and swift. The
initiative to build a platform like Mine Tracker came
from mine-detecting robots that already exist but are
upgradeable. Mine Tracker is basically the revival of
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such a proposal. The following pictures are examples of
currently functioning mine detecting robots.

Figure 2. Mine Hunter Vehicle MHV [5]

CONCEPTUAL DESIGN

The conceptual design is to have a platform
with GPS navigation system that would maneuver
through any given terrain or topology to detect mines.
The initial plan includes a four or six servo platform that
is capable of climbing stairs and moving through bumpy
courses. It will have a metal detector mainly to detect



mines and other possible buried metals. The ideal
platform will follow the given map in a shape of a
serpentine and detect the mine via metal detection.
Instead of a metal detector an ultra sound, infra red, or a
Ground Penetrating Radar (GPR) could be used. As soon
as the mine is detected the signal is sent out to the
satellite through the GPS alerting it and marking the
point of detection so it can stored in the memory. For
such a delicate task to be achieved it is important to have
an advanced GPS such as a Differential GPS with 1 cm
accuracy. Because the GPS is not accurate enough, the
platform would not have precision and move out of the
terrain path with out a risk of encountering a mine.

Figure 3. Conceptual design of MT 1.0

STRUCTURAL DESIGN

The structural design of MT 1.0 includes a tri-
track chassis platform with a BS2 microcontroller, 2
servos, metal detector, and an ultrasound sensor. A
defined path is given to the platform. It constantly reads
the ultrasound to avoid any obstacles in the way. At the
same time the platform also reads the metal detector. If
detection occurs it marks the point in the microcontroller,
stores it in the memory, and can retrieve it later. After
storing the terrain coordinate, the platform changes it
course slightly to avoid the mine and gets back on the
original path by means of the compass. If nothing is
detected it moves along a straight line and follows the
path. With the help of counters and timers in the program
the platform keeps track of how much area has been
covered and in which direction it is headed towards in
terms of X, y, and t.

1.2

Figure 4. Mine Tracker 1.0

GPS

GPS is a very useful and efficient tool for mine
detection projects. The idea of having a GPS is to know
the terrain and topology beforehand so the platform can
move accurately. The GPS helps guide the platform in
terms of land mapping. GPS uses 4 different satellites,
synchronized with each other to send the exact distance
and time signals to the receiver. It works in four
dimensions, “x”, “y”, and “z” for distance and “t” for
time. Ideally, a differential GPS was to be used but since
the finances for it were not available, the idea was
dropped. A differential GPS provides an accuracy of 1
cm, which is perfect for such a development. A regular
GPS could not have been used since its accuracy is very
poor (5 feet to 5 meters).

MAJOR COMPONENTS
Platform
e Length =10.00"
Width = 11.00"
Height = 5.00"
Ground Clearance = 1.00"
Deck Height = 3.00"
Deck Dimensions = 7.25" W x 7.88" D
Weight = 3.0 Ibs (no batteries or electronics)
Speed = 24.0 in/sec

Electronics

Bot Board Il carrier board is being used for Mine
Tracker 1.0. It has an onboard speaker, three buttons and
LED's, a Sony PS2 controller port, a reset button, logic
and servo power inputs, an 1/O bus with power and
ground, and a 5vdc 250mA regulator. Up to 20 servos
can be plugged in directly.

Motor
\Woltage = 12vdc
RPM = 152



Reduction = 50:1
Stall Torque = 231.5 o0z-in (16.7 kg-cm)
Outside Diameter = 37mm

Weight = 7.15 oz

Reduction = 50:1

Stall Torque = 231.5 0z-in

Length (motor and gear) = 2.33" (5.92 cm)
Length (shaft only) = 0.89" (2.26 cm)
Diameter (motor and gear) = 1.45" (3.68 cm)
Diameter (shaft) = 6mm

Outside Diameter = 37mm

e Current (at 12v no load) = 145mA

e  Current (at 12v locked shaft) = 3.8A

CONTROLLER

MT 1.0 uses two controllers, a Sabertooth dual
channel motor controller and a Basic Stamp 2 micro
controller. They are actually small hybrid DIP (dual
inline package) chips that run BASIC programs. They
have 16 1/0O lines, which can be connected directly to
push buttons, LEDs, speakers, potentiometers, shift
registers, and a host of other TTL-level devices.
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Figure 5. Flowchart for the developed software

Figure 4 is a schematic of the thought process
used to construct the code used in the path of MTL.
Initially figure 4 displays a do while loop that continues
to run while the timer is within its specified range. When
the timer exceeds the specified range the flow chart
continues with the | and k counters, varying | between 1
and 2, and adding a value of 1 to k. The flow chart then
goes back to main when the process begins yet again.

PROGRAMMING

The program consists of 2 loops, 3 counters,
numerous variables, subroutines, and a tracing debug.
One loop instructs MT1 how far along the y direction it
will travel. The other loop is the end of the program. The
end of the program is dictated by the value of the
x_direction counter. The three primary counters are
timer, y_direction, and x_direction, each of which will be
thoroughly explained further in the report. The variables
are used for the input of the sensors attached to the robot,
such as the metal detector and the ultrasound. The
subroutines can be broken down in to two fields basic
and complex. The basic subroutines include basic
directions such as forward, reverse, right, and left. The
more complex subroutines are a combination of these
basic subroutines. For example if a mine or obstruction
is detected the robot has a specific complex subroutine
which will be called forward. Finally there is the tracing
debug. The tracing debug displays a debug screen on the
computer whenever a mine is detected. The debug screen
displays the timer, y_direction, and x_direction counters.
These counters are then used to plot the position of the
mine. The counters will be further explained in the
detection path section.

Part of the coding is shown as an example:

IF timer = 20 AND vy direction = 1 THEN
end_of_tablel
IF timer = 20 AND vy direction = 2 THEN

end_of_table2

The above section of the code shows the timer and the
y_direction counter (originally thought as the I counter in
the flow chart). We can see that the range for the timer is
set to 20, and y_direction varies between one and two.
The code is instructing the robot that once the timer
reaches twenty with the corresponding value of
y_direction the robot will either go to subroutine
end_of tablel or 2. The corresponding subroutine
(which is not shown) then instructs the robot to either
make two left turns or two right turns. The y_direction
counter ensures that the correct set of turns is made in
order to keep MT1 within the specified range.

PULSIN 8,1,metal
PULSOUT 4, 5



PULSIN 4, 1, distance
PAUSE 100
distance = distance ** 2251

IF metal > O THEN go_around
IF distance < 35 THEN go_around

GOSuUB forward

GOTO main

This next section of code shows the pulse commands for
the metal detector and the ultrasound. We can see that the
metal detector is attached to pin 8 and the incoming
result is stored in the variable metal. The ultrasound is
attached to pin 4 and the incoming result is stored in
variable distance. The distance variable is then
multiplied by 2251 in order to convert the incoming time
pulse into centimeters. If the value of metal is greater
than zero, it then indicates to MT1 that a metallic object
has been detected, and to go around the object. Next, if
the value for distance is less than 35 cm it indicates to
MT1 that an obstruction is in the way, and to go around
the obstruction. If neither hold true then MT1 continues
on its forward path, and repeats the process.

EXPERIMENTAL TESTS

MT 1.0 was tested out on a roadway due to the
fact that a building or an enclosed space would be too
small. Test one showed errors with the left turns and the
right turns; they lacked synchronization. Test two
demonstrated that if the grass is longer then 2 inches,
then the prototype platform will have trouble navigating
through the terrain and will use more power to make a
turn. After adjusting the servos to correct angles it was
noticed that no matter how many times the angles and
lengths are changed the platform will not be able to make
the perfect turn because of the inaccuracy of the servos
and the absence of GPS and or a compass.

DETECTION PATH

Ideally the mine tracker platform will be
equipped with a differential GPS, within which four way
points (GPS coordinates) will be input into the program.
These four points indicate each corner of the square area
to be swept for mines. The program then maps out the
most logical path and proceeds to search for mines.

In our situation a differential GPS is not
available; therefore the program will not be the same for
this prototype but the path will be almost identical. The
path can be seen in figure 5.
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Figure 6. Intended path

The green line in the figure above represents the path
that Mine Tracker follows. The serpentine motion
guarantees that the entire desired area will be swept for
mines. Figure 5 also shows the change in path once a
mine (indicated by the red dots) or obstacle (red
rectangle) is detected.

The program requires two inputs from the user
first it requires a time counter which tells the robot how
far it will travel in the Y direction. A time counter is used
because the distance traveled is calculated by the speed
of the robot which is currently at 2ft/s. The second input
will be the X counter. Each vertical pass (indicated by
the long green lines) adds one to the x counter and each
pass is 1 ¥ ft feet apart. For example if the area needed
to be swept measures 100 ft by 100 ft the input for the
time counter will be 50 and the input for the X counter
will be 67. Of course the operator would have to place
the robot at the lower left hand side of the area.

TYPES OF METAL DETECTION
Metal Detector

There are several types of metal detectors based
on the technology used. The three specific types of
technologies that exist are: Very Low Frequency (VLF),
Pulse Induction (Pl) and Beat-Frequency Oscillation
(BFO).

In VLF there are two coil loops that exist. A
transmitter coil (outer loop) and a receiver coil (inner
loop). The first coil carries an alternating current which
induces a magnetic field. If a metallic object is close to
the coil eddy currents will be induced in the metal, and
this produces an alternating magnetic field of its own.
The second coil detects this change in magnetic field and
the signal is amplified.

For the PI system the use of a single coil for
both transmitter and receiver is common. This
technology sends powerful, short bursts of current
through the coil of wire. Each pulse generates a brief
magnetic field. When the pulse ends, the magnetic field
reverses polarity and collapses very suddenly, resulting
in a sharp electrical spike. This spike lasts a few



microseconds and causes another current to run through
the coil. If the coil is over metal the pulse creates a
magnetic field in the objects. This causes the field to last
a little longer and this change is detected.

The most basic metal detector uses the (BFO)
technology. This system has two coils of wire. One large
coil is in the search head, and a smaller coil is located
inside a control box. Each coil is connected to an
oscillator that generates thousands of pulses of current
per second which generates radio waves. The frequency
of these pulses is slightly offset between the two coils.

A tiny receiver within the control box picks up
the radio waves and creates an audible series of tones
(beats) based on the difference between the frequencies.
A metal objet disrupts the frequencies and the series of
tones changes. The metal detection technology used in
this design is the pulse induction (PI) system.

Ground Penetrating Radar (GPR)

GPR detects buried objects by emitting radio
waves into the ground and then analyzing the return
signals generated by reflections of the waves at the
boundaries of materials with different indexes of
refraction caused by differences in electrical properties
[7]. Generally, reflections occur at discontinuities in the
dielectric constant, such as at the boundary between soil
and a landmine or between soil and a large rock. A GPR
system consists of an antenna or series of antennas that
emit the waves and then pick up the return signal. A
small computerized signal-processing system interprets
the return signal to determine the object’s shape and
position. The result is a visual image as can be seen in
figure 3. GPR has one important advantage over
traditional metal detectors; rather than cueing exclusively
off the presence of metal, it senses changes in the
dielectric constant and therefore can find a variety of
mines with different casings. The problem arises when
the microcontroller cannot distinguish between a rock,
root, or mine. Another problem arises when the type of
soil is different resulting in a completely different image.
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Figure 7. Images of landmines produced by GPR system
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Infrared systems (IR)

Infrared methods detect anomalous variations in
electromagnetic radiation reflected or emitted by either
surface mines or the soil and vegetation immediately
above buried mines (see Figure 4). Thermal detection
methods exploit diurnal variations in temperatures of
areas near mines relative to surrounding areas. For
example, mines or the soil above them tend to be warmer
than surrounding areas during the day but lose heat more
quickly at night. One advantage of an IR system is that
contact with the mine is not necessary and the area can
be scanned from a long distance away. Also, IR systems
are relatively low in weight and can be easily mounted
onto a platform. Unfortunately, thermal signatures are
not currently well understood, and comprehensive
models do not exist.

RANDMR1608-2.3
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Figure 8. Infrared images of mines [6]

Explosive Vapor Detection

For years canines have been used to search for
mines. A dog can smell the minute amounts of TNT
vapor emitted through the ground [6]. Therefore a type of
chemical detection system can be employed in the search
for mines. Many chemical detection systems already are
in existence but the problem is that they are either large
or are not precise enough to detect the minute amounts of

TNT vapor which can be 1x10™° g/mL in the air
directly above the mine.

The more these mine detection techniques are
used on the platform the more accurate the results will
be. Ideally all of the mentioned detection techniques
would be implemented. As for the prototype “MT1” it
will be equipped with a metal detector which accurately
detects buried metals up to 6 inches deep. While the
detection system is not as sophisticated as we would like
it to be, it is step in the right direction in the elimination
of land mines. Nonetheless, metal detectors remain the
front-line tool in the detection of land mines.



CONCLUSION

MT 1.0 has accomplished the mission in terms
of detecting mines/metals and avoiding them in order to
move smoothly through a given terrain. However, it can
be upscaled and upgraded for the future. It was noted that
if the grass is longer than 2 inches, MT 1.0 will have
trouble making turns and moving forward and will begin
to use more power to maneuver. The mines/metals were
detected but, the platform could not return to its
“original” path 100 % due to in alignment and non-
synchronization of the servos. For the future, this
problem can be eliminated with use of GPS and or a
compass. Overall, this experience has provided a bright
insight for the future and potential of robots that can and
improve lives.
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