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Abstract

This paper proposes a simple method for localiza-
tion using an electronic compass. FElectronic com-
passes are often used to detect the heading of mo-
bile robots. However, electronic compasses have one
drawback when used inside a building: they can easily
be disturbed by electromagnetic sources (e.g., power
lines) or large ferro-magnetic structures (e.g., book-
shelves). However, this paper introduces another in-
door application of electronic compasses. We take ad-
vantage of the magnetic field disturbances by using
them as distinctive place recognition signatures. We
first gather information about the changing heading
as our robot travels along the hallway outside the lab,
and then store this information. As the robot tra-
verses the hallway, it gathers the information from the
electronic compass and matches it with the pre-stored
data. If a match is found, the robot can determine
its current position. We use a sequential least-squares
approximation approach for matching the signature.
The simulation results will show that the robot can
distinguish its location by using these signatures.

1 Introduction

Odometry is the most widely used method for deter-
mining the position of a mobile robot. HelpMate is
a mobile robot that is used to carry meals, medical
records, diagnostic samples, and other loads in hos-
pitals [1]. Odometry is the only dead-reckoning sys-
tem available on HelpMate. Slippage and irregulari-
ties of the floor surface cause errors in its’ odometry
readings. Moreover, the errors continuously accumu-
late. Therefore, the odometry needs to be reset from
time to time. To overcome this problem, robust and
accurate localization of the robot is needed. There
are many research labs that use vision for natural

landmark recognition [2][3]. Those techniques often
require high-performance onboard computers and ex-
pensive cameras as well as computational overhead.

Flectronic compasses are often used to detect headings
of mobile robots in an outdoor environment [4]. How-
ever, electronic compasses have one drawback when
used inside a building: they can easily be disturbed
by electromagnetic sources (e.g., power lines) or large
ferro-magnetic structures (e.g., metal bookshelves).
This makes it impossible to use electronic compasses
as reliable heading devices for indoor applications.

Inspiration for this investigation arose when we tried
to investigate error readings of an electronic com-
pass caused by electromagnetic sources or large ferro-
magnetic structures from the hallway outside our lab.
We found that reading errors for each particular po-
sition have a unique signature. As Baker [5] stated,
any distinctive-environment feature that is specific to
a particular area can be used in location-based nav-
igation, e.g., a table, a sound, a magnetic abnormal-
ity, etc. The magnetic interference along the hallway
caused by specific objects has its own characteristics.
We, therefore, introduced a simple method for local-
ization using an electronic compass in the detection
of any magnetic anomaly for corridor navigation. We
took advantage of the magnetic field disturbances by
using them as recognition signatures to localize dis-
tinctive places [6]. The purpose of this paper is to
investigate how these signatures can be used in local-
ization.

The paper is organized as follows: Section 2 describes
how to build compass signatures. Section 3 presents
a matching technique using Sequential Least Squares.
Section 4 shows the results of the experimental data
and Section 5 provides conclusions and suggests future
research to improve this method.
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2 Building Compass Signatures

The electronic compass from Precision Navigation
Inc., Vector2X, is used in our experiment. It gives
an output from 0° to 360°, going from North (0°) to
East (90°) to South (180°) to West (270°). The V2X
is a 2-axis magnetometer that measures the magnetic
field in a single plane. This plane is created by its
two sensors (X-axis, Y-axis) which are perpendicular
to each other on the board. The modules have an
accuracy of 2° RMS with resolution of 1°. Interfac-
ing the V2X with a computer, the V2X is set into a
slave mode, which needs an external clock and special
control signals, so a microcontroller called the Basic
Stamp II, a product of Parallax Inc., is used for this
purpose. The electronic compass is mounted on the
top of HelpMate and is extended by a pole to mini-
mize any interference from HelpMate itself as shown
in Figure 1.
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Figure 1: Electronic compass mounted on top of Help-
mate

We require an algorithm to be able to recognize a lo-
cation at any starting place (or after resetting the base
drive), i.e., HelpMate does not need to start the local-
ization process at the same place. Therefore, compass
readings do not need to be a function of odometry,

but instead we use odometry as a reference for getting
data from the electronic compass. The compass read-
ings are collected every time that HelpMate travels d
mm.

In our experiment, d is equal to 200 mm., which is
chosen arbitrarily. With this technique, HelpMate
can start at any place and begin to sense the series of
compass readings for the matching process. To make
it simple for gathering compass data, we will assume
that the reading of the base drive heading is correct
at all times, and errors from reading x, y positions
are small for a short distance ("1 meter). For data
accuracy, HelpMate’s speed is approximately constant
and slow (40mm/s), and its position is maintained on
the center of hallways all the time.

Figure 2 shows the experimental environment of the
hallway. First we divide the hallway into three parts
for each side of the hallway. HelpMate is commanded
to move forward and stay on the center of the hallway
at all times, while compass information is gathered ev-
ery 200 mm. The information from each side of the
hallway is gathered separately to minimize an odome-
try error. The data are combined together in memory.
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Figure 2: Hallway Environmental Experiment

When HelpMate travels along the hallway, we assume
that its heading may only slightly change from the
center (not more than 5°). This change can affect
the compass reading. To compensate for this effect,
the compass reading can be adjusted by monitoring
the change from the center of the base drive heading
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using equation (1).
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HelpMate is heading North or near to North. The
compass readings can be shifted from 0° to 360° or
vice versa, which will cause error in the signatures. To
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where hy,, ,, is the current compass readings, h,, ,_; is
the previous compass readings, and k is an angle that ,
Compass Signature of Hallway 1
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the rest of the signatures. For our environment, we Compass Signature of Hallway 2
set k = 15. Figure 3 shows the result of this compen-

sation.
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The last step for preparing the compass signatures is %
to smooth out the compass reading. To do so, a simple H
3-point running averager is used [7], i.e., o} : = ’ 5 ! .
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where h, , is the smoothing compass readings.

Compass Signature of Hallway 3
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Figure 4 shows results of compass signatures of the Points

three hallways. The signatures from the same hall-

way gathered from opposite dircetions are different in

direction and values as shown in Figure 5. This infor-

mation gives us the direction of HelpMate’s heading. Figure 4: Three compass signatures of the hallways
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Figure 5: Signatures gethered from opposite dircetions
(hallway?2)

3 Signature Extraction

To approximate signatures, a discrete least square
polynomial model is given by equation (5) [8].
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where {mf ,yi} is a set of data with unknown coeffi-
cients ay.

The discrete least squares method needs a series of
m data to compute n + 1 coefficients of least-square
polynomial of degree n. The least-square polynomi-
als of degree n represent all m data. In our case, we
need the algorithm to be used in real-time computa-
tion, i.e., HelpMate has to recognize a location while
approaching it. Thus, we will not use all the compass
readings from start up to the present position. Only
the present data and selected previous data are used
to represent a distinctive signature. The numbers of
m and n are depended on how close the least-square
approximation can match the pre-stored data. For
our experiment, we use the least-square polynomial of
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Figure 6: The comparison of pre-stored data and the
least-square polynomial degree of 4

degree 4 with 10 data points, nine data from previ-
ous readings and one from a current reading as shown
in Figure 6. While HelpMate is running, a reading
is taken from the electronic compass, one data every
200 mm traversed. Together with the previous data
stored in memory, the present data is computed using
the discrete least square. The result is compared to
the pre-stored data. Using the least matching error,
and if the error is less than a threshold, then HelpMate
can determine its current position. The threshold is
the maximum of previously observed least matching
errors. On the next loop, when new data arrives, the
tenth data from the last computation is ejected, and
the remaining data is shifted and passed to the next
computation, thus we call this process a sequential dis-
crete least squares solution.

After a series of least-square coefficients for whole data
are obtained, the next step is to define distinctive sig-
natures that represent specific locations, and store the
location in memory for future use. Criteria for select-
ing a distinctive signature are as follows:

e A distinctive signature lies in the m-data points
only

o A signature should include minimum/maximum
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point(s) or both

e Do not select the points where mobile robots have
to turn, e.g., intersections

e Do not use a flat signature

e Other features that make a signature distinguish-
able from others

We do not need to cover all these criteria, but try to
meet most of them. Figure 7 shows signatures cho-
sen from the whole signature to be distinctive sig-
natures,e.g., each signature for each hallway. These
signatures are stored in memory and used for localiza-
tion.
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Figure 7: Signatures Axtracted from Compass Read-
ing

4 Performance Evaluation

This experiment was performed under Intelligent Ma-
chine Architecture [9] Version 2 (IMA2) developed at
the Intelligent Robotics Laboratory (IRL), Vanderbilt
University. This system runs on the Windows NT 4.0
environment and programs are written in Visual Basic
6.0. Performance evaluation is divided into two parts.
First, HelpMate is commanded to navigate from Hall-
wayl to Hallway3 with the localization algorithm for
recognizing those three locations.

HelpMate begins at a starting point in Hallwayl. It
proceeds and locates a known position (by magnetic
signature) in Hallwayl, HelpMate then proceeds to
Hallway2, turns right and goes to a point in Hallway3.
HelpMate then backtracks to return to the starting
point. The results are shown as the following series:

====Matched at item 1 ==========
3.76115952110274

I found Hallwayl_and Head_to_Hallway2
====Matched at item 2 ==========
3.00977046446288

I found Hallway2 and Head to Hallway3
====Matched at item 3 ==========
3.54400289451662

I found Hallway3_and Head_to_ExitDoor
====Matched at item 4 ==========
2.60573578752889

I found Hallway3-and Head-to-Hallway2
====Matched at item 5 ==========
4.18853376066538

I found Hallway2.and.Head-to.Hallwayl
====Matched at item 6 ==========
1.96515553955517

I found Hallwayl_and Head_to_StartPoint

error:

error:

error:

error:

error:

error:

During our next experiment, HelpMate is placed at ar-
bitrary locations in the hallways and turned on. Help-
Mate moves forward to recognize the place. If Help-
Mate can find its position using localization, it will
set its current position with respect to the recognized
location. Experiments are successful. HelpMate rec-
ognizes all places when it arrives to distinctive places.

5 Conclusion

The experiment was successful. HelpMate was able
to recognize all places while travelling to the goal.
The computation time was very rapid, and memory
space used in consumption is very small. The goal of
this paper was to investigate the possibility of using
an electronic compass in localization, and the results
showed that it is acceptable. This technique can be
used with a topological map or odometry itself as an
external reference. For other locations that do or do
not have magnetic disturbances, we can make artifi-
cial magnetic interferes by placing magnetic materials
or sources at certain positions to be distinctive places.
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However, the current application of this technique is
limited to corridor-like environments. For future work
we explore ways to adapt this technique for other en-
vironments.
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