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The results show that the system is able to detect landmines and guide
soldiers while crossing mines area.
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1. INTRODUCTION

In recent years, landmines are one of the biggest problems that faced many countries throughout the
world. The current solutions for detecting landmines are the use of a prodder, metal detector and remote
sensing that are carried by human operators [1]. Those solutions expose a lot of risk to operators since a
slight mistake may cause death. The risk accompanied with this solution is due to the fact that demining
functions are boring and repetitive.

A metal detector is simply an electronic device that detects metal, mainly through the use of a coil
that generates an electromagnetic field and measures the eddy currents induced by a metal object. These
currents are interpreted by the circuitry of the metal detector and generates appropriate audible signal. The
performance of a metal detector determined by several factors; including the scanning speed of the robot.

In prodding, a sharp stick is inserted into the ground to examine the existence of a buried object. In
this technique, accidents are mainly caused by landmines that were moved away from their original position.
Recently, In order to reduce risks; several attempts have been considered to mechanize prodding and to
reduce the risk of such method. One method proposes the use of a robot to insert a series of ultrasonically
vibrating probes into the soil to measure the stiffness of the soil and to examine the material used in
landmines [2].
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Remote sensing is the third method in which the presence of a buried object is examined using
sensors such as electromagnetic induction sensors [3], [4] and ground penetrating radar [5]. Remote sensing
or sometime what so called vehicle-mounted sensors is considered more appropriate for robotics applications
because it is significantly safer, and more attainable. This method is usually used in military missions to
provide a safe route to the solders through minefields.

From this perspective, it is desirable nowadays that landmines detecting is carried out by robot
capable of autonomously manipulating a typical handheld detector for remote sensing of buried landmines in
a manner similar to a human operator. Such robotic systems appear to have an important role in detecting
landmines and may provide a safe alternative to extremely hazardous operations [6], [7]. Thus robots could
be used instead of humans and may bring efficiency and safety to the whole process.

The problem of controlling a robot is very important and requires great attention. Obviously, all
solutions proposed for the problem of landmines detecting required a construction of reliable robot that
can operate in rough terrain with a good accuracy. The purpose of this paper is to design a sensory
system to take readings from its surroundings and make the necessary decisions such as detecting
landmines and guiding soldiers to cross a well known landmines field. This technique is specifically designed
to be used when there is not a lot of time for the soldiers to clear minefields, and there is a need for a quick
and efficient method with less chance of soldiers getting injured.

Several techniques such as neural networks, fuzzy logic and genetic algorithms can be applied to
attach the previous problem. Amongst the three techniques, a new approach to the design of a simple fuzzy
system is described. The suggested system has the advantage of planning the soldier's path among the known
landmine, as well as local path planning for real-time obstacle avoidance. Moreover, the system tries to
determine the position of the mine and consequently attempts to steer the robot around it.

The remainder of this paper is organized as follows: The next section will start with a survey of
current research regarding the technologies that are employed with the aim of detecting mines and pin-
pointing their locations efficiently. In Section 3, we explain the system architecture, hardware design, mine
avoiding mechanism, and software design. In Section 4, we present the fuzzy controller and in Section 5, we
present the simulation results then experimental results is presented in Section 6. Finally, we summarize the
main results in Section 7.

2. RELATED WORK

Different combinations of technologies are employed with the aim of detecting mines and pin-
pointing their locations efficiently [1]. Some of these technologies have been explored by many researchers,
while others have been received relatively little attention. The most commonly used technologies are metal
detectors, electromagnetic, acoustic, and biological sensors [8]. At the present time, the effectiveness of the
detection process depends mainly on the sensor technology and on the means for carrying these sensors. The
system provided in this paper combined both methods and thus allowed the operator to stay at a safe distance
during crossing minefield.

Technologies that are employed with the aim of detecting mines use different principles. The first
principle is based on sending energy into the ground and reflecting off the land mine [9], [10]. The presence
of a mine is detected from differences in the electromagnetic properties of the target. This approach is
varying based on the wavelength used by the source and thus affecting the depth of penetration and
resolution. Long wavelength allows better ground penetration but will suffer from poor spatial resolution.
The poor spatial resolution resulting from the wavelength makes it difficult to distinguish between buried
mines and other objects of a similar size and shape. On the other hand, shorter wavelength has greater
resolution but have a corresponding loss of depth in penetration. However, the applicability of this approach
is limited due to the wavelength, it will meet the mission of locating the position of a buried mine.

The second principle is based on receiving energy that is emitted by the explosive inside the land
mine [11]-[15]. This approach works by projecting energy into the ground that reacts with the molecules of
the explosive, which creates a detectable reaction with the explosive and then sends a signal that is received
by the detector. As an example for this technology is a quadrupole resonance [16], [17]. In this technology, a
pulse of long wavelength energy causes the nitrogen nuclei in the explosives to emit a pulse of energy that is
characteristic of the molecule. One limitation with this approach is that the detector head must be close to the
mine. Despite this limitation, quadrupole resonance approach increases the amount of information available
to distinguish mine targets from the background.

The third technology is primarily not electromagnetic, but it is based on acoustic or seismic energy
reflected off the target [18]-[20]. This approach operates by creating an acoustic or seismic wave in the
ground through a loudspeaker or a seismic source coupled with the ground. A doppler radar or a microphone
with a conditional circuit is used to receive and process the signal reflected off the mine. A major concern
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with these approaches is that interference from rocks and other naturally objects in the environment may alter
the waves as they travel in the ground [21]. This problem requires an additional work from the researchers to
be conducted to assess the limits of this technology for detecting land mines.

The effectiveness of any technology is often evaluated by minimizing accidents to the operators
specifically to those landmines that for any reason were moved away from their original position. To solve
this concern, some countries nowadays performed the detection of buried landmines using several other
methods, such as using dogs that sniff the explosive contents of the mines. This method is close to the third
technology mentioned above but it has significant limitations and cannot be regarded to as general purpose
solutions.

Several approachs for the detection of a small and shallow buried objects have been developed [22],
[23]. A fuzzy logic based controller is used in the letruture to determine how the robot’s wheels velocities
can be adjusted to keep the robot in a straight line and to set the robot to the correct direction. In [24], the
auther proposed a new approach that emulates the driving behavior. The inputs to the system represent the
readings of several sensors distriputed over the robot. The output of the system is the linear velocity needed
to drive the robot safely on the path.

3.  SYSTEM DESCRIPTION
3.1. Hardware Design

Figure 1 provides an overview of the hardware installed on the Robo-PICA kit. The hardware is
designed to be as modular as to allow for ease of part replacement and also to ease hand-holding by the
soldiers. As shown in Figure 1(a), RBX-877 provides a USB programmer and is considered as the main
controller board for the robot. The heart of this controller board is the PIC16F887 microcontroller. The board
contains a step-up switching power supply to maintain the +5V for microcontroller until battery voltage level
down to 1.5V. Moreover, it contains LCD16x2 display, Piezo speaker, 9-Programmable multipurpose ports,
L.293D H-bridge motor driver for driving 2 channel DC motors, and two types of serial communication ports;
UART and 12C bus. GP2D120, as shown in Figure 1(b), is an infrared distance sensor. The output voltage
from this sensor will change according to the detection distance. With this module, distance measuring and
obstacle detection using infrared light adds a good feature a head of the user.

One of most important function of this intelligent robot is to interface the sensors; that are capable
for guiding the soldiers to their targets, to the RBX-877. The prototype of this intelligent system is shown in
Figure 2. The system comprises of four major components, namely; robot, a data processing unit, a mine
detection unit and additional sensors to control the movement of the soldiers. A variety of sensors are
mounted on the robot, including ultrasonic sensors, accelerometers, metal locator, and sensors for avoiding
obstacles. As shown in Figure 1(c), three-axis accelerometer sensor is selected for tilt detection. The sensor
provides information about robot motion orientation. On the other hand, Figure 1(d) shows an ultrasonic
sensor. This sensor is added to measure the distance between the robot and the soldier. Figure 1(e) shows the
metal detector dedicated for this system and it consists mainly of a metal coil which creates an electric field
around the mine. This electric field is used to detect any presence of conductive materials nearby. Upon
sensing the mine under the robot, the system will alert the soldier and it will steer the robot around the mine
and resume motion toward the soldier target.

() © (d)

Figure 1. Overview of the hardware installed on the Robo-PICA kit: (a) RBX-877 PIC Robot Board, (b)
GP2D120, (c) Three-axis accelerometer board, (d) Ultrasonic Range Finder, and (e) ZX-METAL board

In this paper we considered two key operational parameters for our intelligent system: speed
of advance, which is necessary for time critical missions and standoff. The ability of a Robo-PICA robot to
keep up with the required rate of advance is dependent on two factors: the time to search a given area for
mines and the number of times a sensor indicates the presence of a mine where one does not exist. The
standoff, which is the distance a soldier can be from a mine. The maximum standoff for this system is the
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actual range for the ultrasonic sensor, which is about 6 meters. To keep the distance fixed between the robot
and the soldier, this distance is maintained as the speed of the soldier increases by accelerating the robot.

Figure 2. The photo of the mobile robot

3.2. Mine Avoiding Mechanism

The first priority of this system is to expose the location of the buried object. The movement of
robot is initially random. RBX-877 controller board, which installed on the robot, will receive the data from
the sensors. The data will be then processed and redistributed based on the proposed approach to the
respective mechanisms to carry out the required processes. Mainly, the robot is intended to detect the buried
mines, inform the soldier and then continue looking for another mine. As shown in Figure 3, after the
location of a land mine has been exposed, it is required to warn the marching troops. Simply, the detector
which is located between the wheels of the robot will scan the path ahead of the soldier. The ultrasonic
sensors are continuously sampled while the robot is moving. If the driver stayed within the predefined
maximum range limit of 6 meters, the robot would move forward, otherwise it stopped. To control the speed
of a mobile robot, the driver steers the robot such as the movement of the soldier is set proportional to the
magnitude of the distance measured between the robot and the soldiers. Thus, if the distance decreased, the
robot would move ahead at its maximum speed. With this technique, the robot will run at its maximum speed
to maintain a 6 meters space between the driver and the sensor. However, in the presence of mines, the
robot’s speed will reduce to a certain level that permits the robot to turn around the mine. Subsequently, the
robot resumes its normal mode, and heads toward its destination.

< Start >
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-Read Ultrasonic Range Finder(R)
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A

Figure 3. Algorithm of the processing unit

3.3. Software Architecture

The philosophy behind our software design is to implement the mine avoiding mechanism using C
language. As shown in Figure 4, the code is used to connect a number of modules to the PICA robot, such as:
the ultrasonic module, tilt module, and detector modules. Additionally, we are implementing the proposed
fuzzy controller based on mine detection and sensors data.
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4. FUZZY CONTROLLER

The intelligent system proposed in this paper utilizes the theory of fuzzy sets to guide soldiers while
crossing landmines. The proposed approach is mainly based on creating fuzzy rules that reflect the behaviors
of soldier and sensors beings in controlling a robot in a well known landmine. The structure of the proposed
fuzzy system is shown in Figure 5. As seen in the figure, the system consists of four subsystems. Each is
responsible for an independent decision and attached to a single sensor. The main function of these
subsystems is to generate a weighting factor (wi) that represents the degree of robot orientation. Weighting
factors are then attached to the engine (defuzzifier) for the purpose of creating the fuzzy values to steer the
robot to the desired location. The Center of Area method is used her by the engine to obtain the final crisp
value for the steering angle of the robot (6). The same method is also used to obtain the final crisp value for
the speed of the robot (v). The whole system is responsible for guiding the driver safely from one location to
another in the given area that contained a random number of mines.

‘ df j—t Fuzzy # 1 —
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\ X — w2 | Weighting

Fuzzy # 2 ) Engine
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[ ds )—b‘ Fuzzy # 4
a

Figure 5. Structure of the proposed fuzzy controller

The reaction of the robot can be inferred from the movement of the driver and sensing data. The
system named behavior-based approach is responsible for generating decisions that result in robust real-time
reaction that is capable of reducing injury to all drivers. Based on Figure 6, the robot should behave
according to four elements: behavior of the driver, sensor data, metal locator and accelerometer. As show in
Figure 7, each element is represented as a simple fuzzy system and is responsible for generating an
independent decision in which the final decision is generated as a result of combining all previous decisions.
The fuzzy system has four main components: knowledge-Base which holds the information in the form of a
set of rules. The decision making logic or the inference engine evaluates which control rules are relevant at
the current time and then decides what the input to the robot should be. Fuzzification is the process of
converting a set of crisp data into a set of fuzzy variables using the membership functions. Finally the
defuzzification which is the process of converting fuzzy rules into a crisp output.
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Figure 6. Elements of the proposed controller Figure 7. Element-Bases fuzzy controller block

diagram

As shown in Figure 8 which represent the behavior of the driver, the input dg to the subsystem is
mainly representing the distance between the soldier and the robot with respect to the maximum distance of
sensor. This distance is measured by an ultrasonic sensor whose maximum range is 6 m. the membership
functions that represent this input variables are shown in Figure 9(a). The second input to this subsystem is
the absolute value of the steering angle ||, where the membership functions for this variable are shown in
Figure 9(b). The output of this subsystem is the speed of the robot (v), where the membership functions for
this variable are also shown in Figure 9(c). For the proposed fuzzy controller number four, the input variables
for the soldier distances dg are simply expressed using five linguistic labels: very near (VN), near (N),
medium (M), far (F ), and very far (VF). The second input variables for the absolute value of the steering
angle |0] are expressed using three linguistic labels: small (S), medium (M), and big (B). The fuzzy sets for
the output variables are expressed using five linguistic labels: stop (ST), slow (S), medium (M), fast (F), and
very fast (VF). Table 1 shows the if-then rules that are needed to define the fuzzy algorithm of the inference
engine for this subsystem.

Fuzzy System ey \/

Figure 8. Behavior of the driver
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Figure 9. Fuzzy set definition for the input and output variables: (a) dg, (b) |0], and (c) V
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Table 1. The fuzzy rule base
If (dB is VN and |0] is S) then V is VF.
If (dB is N and 6] is S) then V is F.
If (dB is M and |0] is M) then V is M.
If (dB is F and |0] is M) then V is S.
If (dB is VF and |0] is B) then V is ST.

Again as shown in Figure 5, the input d; to the subsystem number one is mainly representing the
distance between all front obstacles and robot. This distance is measured by an infrared sensor whose
maximum range is 4cm. The membership functions that represent this input variable are shown in Figure
7(a). Fuzzy subsystem number two is mainly representing the tilt in the x and y direction. The membership
functions that represent this input variable are shown in Figure 7(b) and Figure 7(c) respectively. Finally,
Fuzzy subsystem number three is representing the metal sensor dedicated for this system. The membership
functions that represent this input variable are not shown her. Linguistic variables OFF and ON are taken for
the membership functions that represent metal variable. ON indicates that mine is detected, and OFF
indicates that mine is not detected. Linguistic variables like near (Nf), medium (Mf), and far (Ff) are taken
for the membership functions that represent d; variables, while X;, XYy and Y, are taken for the
membership functions that represent tilt variables. The output from the three subsystems is the weighting
factors (m;) that represent the degree of robot orientation (0.0, 0.25, 0.50, 0.75, 1). The weighting factors
are then defuzifized to get the output (0). The membership functions that represent this output variable are
shown in Figure 7(d) and the linguistic variables like spin right (Sg), forward (F), and spin left (S ) are
taken for the membership function. Table 2 shows the if-then rules that are needed to define the fuzzy
algorithm of the inference engine for the three subsystems.
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Figure 10. Fuzzy set definition for the input and output variables: (a) d¢, (b) X, (¢) Y, and (d) 6

Table 2. The fuzzy rule base
If dfis Nfthen W1 is 0.00
If dris Mfthen W1 is 0.50
If d¢is Ffthen W1 is 1.00
If(X is Xl and Y is Y1) then W2 is 0.00
If(X is Xl and Y is Yh) then W2 is 0.25
If(X is Xh and Y is Y1) then W2 is 0.50
If(X is Xh and Y is Yh) then W2 is 1.00
If M is OFF then W3 is 0.00
IfMis ON then W3 is 1.00
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5. SIMULATION RESULTS

In this section, the proposed fuzzy controller is applied to the Robo-PICA robot for simulation
purpose. Simulations were conducted using the MatLab protyping language. As shown in Figure 11, two
different simulation cases are presented her to analyze the reaction behaviors of the Robo-PICA in detection
and avoiding fifteen mines placed randomly in the simulation area. In the two cases the robot is assumed to
be initially moving with full speed and its relative steering angle is assumed to be zero. We investigated the
performance of the fuzzy controller for two behaviors: landmines detection and landmines avoidance. Figure
11(a), and (b) show landmines detection, while Figure 11(c), and (d) show landmines avoidance. The
analysis of the reaction behaviors of the robot is based on the variation of the distance measured between the
robot and the soldier, metal location, robot orientation and any obstacle a head of the robot.
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Figure 11. Robot path during simulation, (a) Variation of weighting factors, (b) Variation of mine location,
(c) Variation of steering angle, (d) Variation of the distance measured between the robot and the soldier

6. EXPERIMENTAL RESULTS

The mobile robot used in all experiments is commercially available (Robo-PICA robot). To satisfy
the purpose of this paper, additional sensors were added to the original hardware. The Robo-PICA robot has
a maximum travel speed of V = 10m/min. This platform has a track wheels that permits omnidirectional
steering, and it is driven by a geared PWM DC motors. The motion control of the two PWM DC motors is
accomplished by a RBX-877 V2.0 controller board. The heart of this controller board is the PICI16F887
microcontroller. Our mobile platform has been equipped with a set of sensors and has been mentioned
previously. A number of simple experimental tests were performed on the robot to test the validity of the
proposed strategy. Figure 12, provides a snapshot for the robot during its navigation in one of the area that
has mines.
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Figure 12. Snapshot for the robot during its navigation in one of the area that has mines.

7. CONCLUSION

In this paper, we have addressed the design and programming a robot that is capable of detecting
mines with the aim of reducing risks to human operators and guiding soldiers when passing mines area. The
paper describes the main features of the overall system, which consists mainly of sensor technologies and
robotic device. The whole system has been configured to work in an autonomous mode with various kinds of
sensors that allow the operator to stay away at safe distance and enabling him to control the movement of the
robot using the ultrasonic sensor. The proposed fuzzy controller was simulated to confirm the operation of
the land mine detection and then implemented on a Robo-PICA robot. The system has been thoroughly tested
in several field and the results indicate that the system can improve the probability of detection landmines
and reduce risks to soldiers.
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