International Journal of Computer Applications (0975 — 8887)
Volume 126 — No.9, September 2015

Factors Effect on Metal Detecting System using Mobile
Robot

Wael R. Abdulmajeed, PhD
Department of Mechatronics
Al-Khwarizmi Eng. College
University of Baghdad
Baghdad, Iraq

ABSTRACT

The metal detection mobile robot has got to the summit of the
utilized methods in landmines and unexploded ordnance
detection techniques, while it is used in other applications like
archeology, treasure and mines prospection and underground
metallic services search in different scales. This paper uses a
path planning, without supervisor robot at three environments.
The path plan supposes that metal is safe so it cover the entire
area in rectangle approach with detection of metal. The
program which has been written in c++.net saves path of the
robot and the detected metals locations in Microsoft Excel
file. The program does not need a supervisor since it deals
with all the possibilities of path planning. The three outdoor
environments which were experimented are paved land, sand
land and grassland.

The metal detection autonomous mobile robot has succeeded
to move in desired navigation strategy. The experimental
work shows that the increase of translation velocity leads to
increase in error, the paved land has the least error and the
sand land has the biggest error, the decrease in rotational
velocity decreases the elapsed time in turnover and stroke and
at low velocities the effects of the land types have diminished.
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1. INTRODUCTION

The autonomous mobile robot is a novel advance in metal
detection ability researches. Considering the diversity aspects
of utilization of the metal detection autonomous mobile robot,
most of the approaches are dealt with development and
utilization views; some are dealt with path planning and type
of control: programmatically or by hardware techniques [1]-
[3]; or dealt with the type of service, such as landmines and
buried explosives, mines, precious metals or public services
such as pipes and electrical cables [3]-[5]; some of which are
dealt with the effect of the ground type such as mud or desert
or jungle, or focused on certain regions [6]-[8]; and finally
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some are dealt with type of map representation and the
resulting data and ways to take advantage of artificial
intelligence [9]-[12]. Rajasekharan et al [13] proved that most
of the researches that deal with metal detection robot had not
met a certain guidelines and a majority of them had not made
it to the outdoor fields for testing.

The purpose of this work is to investigate the accuracy of path
planning, the effect of changing velocity and the environment
effects, when Pioneer3-DX works with Smart Sensor AR924
using Advanced Robotics Interface for Application (ARIA).

2. NAVIGATION STRATEGY

This research depends on special ARIA based (c++.net)
program to navigate the robot in a rectangular pattern. The
rectangular searching process is based on the robot mapping a
rectangular area, according to a predefined perimeter size of
the map. The robot then scans the area with the metal detector
by moving up and down the area in columns as wide as the
robot. This enables complete area coverage to be
accomplished. During the search process, the robot is
constantly scanning for metallic objects in its path, if a metal
is detected (robot.getAnalog( ) > 0), the robot saves the metal
location and continues scanning.

3. THE ALGORITHM SOFTWARE OF
SLAM

In this paper, (c++.net) was used to build algorithm Software
for navigation and mapping: In navigation, some commands
were built in (c++.net) to initialize the robot and control the
motors to navigate the mobile robot in the plan while scanning
the whole desired area with metal detection.

In mapping, mathematical equations were built as a command
in (c++.net). These equations extracted text documents of data
result and represent the mapping of the path of mobile robot
and the position of the detected metal. The data of text
documents are used in Microsoft excel to plot the result of
path data in figure to show the result. Figure (1) shows the
flowchart of the main program and Figure (2) shows the
flowchart for subroutine program of navigation strategy:
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Figure (1) The flowchart of the main program
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has the dimension of (4 x 2.4) meters, as shown in figure (3)
and figure (4). It moves without a supervisor by using
navigation strategy. Those cases used a program built in
(c++.net) for navigation and for mapping.
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Figure (2) The flowchart of navigation strategy

4. RESULTS AND DISCUSSION

In this work, the metal detecting mobile robot navigates in
paved land, sand land and grassland environments. The plan

Figure (3) a: paved land, b: sand land and c: grassland
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Figure (4) Map for navigation

Figure (5) shows the path planning and the detecting
metals locations. Figure (6) shows the cumulative
distance that the robot moved on the paved land with
respect to time in different velocities. Figure (7) shows
the cumulative distance that the robot moved with
respect to time on the paved land, sand land and
grassland with acceleration /deceleration 20 mm/s? and
maximum velocity 300 mm/s.
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Figure (7) The land type effect on cumulative distance
with time

Table (1) shows the time and points which are made by
the robot for all the land types by different velocities. It
also shows the error of the final position of the robot
calculated with respect to the estimated location, i.e. (Xg,
Yg) = (4000, 2400) and (Xr, Yr) is the final robot
position which is taken manually. Equation (1) shows
how the error is calculated.

e=J(Xg—Xr)2+{Yg-Yr)2 (1)
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Table (1) the time, points and error calculated for all
experiments

Translation .
Tune
Land type | velocity Points Error {numn)
(seconds)
(mny's)
400 1183 919 20
Paved 300 134.4 1152 12
land 200 196.7 1637 5
100 3351 3105 1
300 149.3 1181 57
Sand land 200 196 1624 28
100 23 3108 14
300 159.3 1221 64
Grassland 200 197.6 1700 25
100 1 3108 10

Table (1) shows the inverse relation between the velocities
and both the number of points and the time elapsed. The lower
the velocity leads to the small amount of error. Also, it shows
that the paved land has the smallest error while the grassland
has the biggest one at the same velocity.

5. CONCLUSIONS

The navigation strategy made the robot cover the desired area
with optimal path and no gaps were noticed as shown in
figure (5). The error calculated has a direct proportionality
value with velocity for all land types. The paved land has the
lowest error calculated and the grassland has the biggest error
calculated. The paved land has the lowest elapsed time and
the grassland has the biggest elapsed time. The produced
maps are accurate and mimic the reality.
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