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Abstract—This paper studied a localization problem for a
mobile robot, based on chirp spread spectrum (CSS) indoor
localization. This problem in localization is caused by the
multi-path effect. The multi-path effect error is difficult to
correct because the environment cannot be predicted. To
solve the multi-path effect error problem, this paper
proposes a pattern matching method. The pattern matching
method estimates position by using the fact that data
measured for nearby positions is highly similar. To gain high
localization accuracy we used the extended Kalman filter
(EKF) to fuse the results of localization using pattern
matching and dead reckoning.

Index Terms—Iocalization, mobile robot, CSS,
multi-path, pattern matching, EKF

indoor,

. INTRODUCTION

Localization studies can be divided into outdoor
localization and indoor localization. In outdoor
localization, GPS is often used, but GPS cannot be used
for indoor localization, as the robot usually cannot
communicate with satellites. For this reason, many new
studies of indoor localization are in progress, but so far,
there is no obvious solution for indoor localization. The
following table shows some typical approaches:

This paper proposes a CSS-based indoor localization
system. It can be used in a wide variety of indoor
environments. Typically, CSS-based indoor localization
has multi-path effect problems. This was handled in
previous studies such as using median filter algorithm or
directional antenna to remove errors generated from
multi-path effect, but this problem is not solved yet. The
contributions of this work include a pattern-matching
algorithm, which uses the characteristics of multi-path.

Il. SYSTEM USED FOR RESEARCH

A. CSS-based Localization

1) CSS

The CSS is a signal in which the frequency increases or
decreases with time. Due to these characteristics, CSS is
robust to noise from interference. CSS is used for
localization because of this characteristic. However, CSS
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has problems that cause errors in measured distance data.
Equation 1 is an equation of CSS [8, 9].
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TABLEI. INDOOR LOCALIZATIONS[1, 2, 3,4,5,6,7]
Technology Advantage
RFID -Ratio of recognition is excellent
-Low cost of a passive tag
WLAN -An existing installation of stations
IR -Already solution existed
-Host mobile computer is unnecessary
uwB -Low power
-Wide coverage area
-Within 0.2m accuracy
Technology Weakness
RFID -System needs many tags
-Small coverage area
WLAN -Difficult and expensive to install
-Large size of system and high power
consumption
IR -Small coverage area
-Cognitive impairment by sunlight
-Vulnerable by obstacles
uwB -Difficult and expensive to install
-High production costs

2) Time of Arrival (TOA), Symmetric Double-Sided Two
Way Ranging (SDS-TWR)

TOA uses a method of time arrival to calculate the
distance. This approach is very important for
synchronization between devices because this method
uses the speed of light. However, it is technically difficult
to synchronize. An alternative method is SDS-TWR,
which is a way of measuring communication time
accurately between devices. This time includes the flight
time of propagation and signal processing time. Since
signal-processing time can be measured, the flight time of
propagation can be known. Using the speed of light, the
distance between devices can be determined by knowing
the flight time of propagation. Fig. 1 and equation 2-5
show SDS-TWR [10], [11].
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B. Robot System

One CSS-based indoor localization system is NEXBEE
made by Corebell. Maximum distance measurement
performance of this system is 70 m. A measured position
error is 2m. Fig. 2 shows NEXBEE.

Figure 2. CSS-based localization system, NEXBEE (Corebell).

The mobile robot in this experiment is a skid steering
vehicle. A skid steering vehicle is compact, light, requires
few parts to assemble and is agile. Skid steering vehicle
motion differs from obvious steering motion in the way
the skid steering vehicle turns. Fig. 3 is the mobile robot
used in the experiment. Table 2 shows the characteristics
of the mobile robot. The robot parameters are used to
determine the robot motion.
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Figure 3. Mobile robot (Corebell)

TABLE II. ROBOT PARAMETERS

0.103 m
0.237m
1326 pulse/rotation

Wheel size

Robot size

Pulse of encoder

I1l. METHOD

A. Method of Triangulation and a Least- square Method

CSS-based localization provides distances between a
tag and anchors. The simplest method of localization is
triangulation-calculated position using more than three
distances between devices. These distances are between
anchors to know position and tag. Fig. 4 represents
triangulation.
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Figure 4. Triangulation method

The distance is not correct since it is influenced by
device noise and multi-path errors. For this reason,
measured distances are longer than real distances.
Calculated results do not converge at a point by inaccurate
distance data. We need a least-squares method to
overcome this problem.

This algorithm is simple and has a short processing time
because the equation for localization is not complicated.
The more multi-path errors that are added to the distance,
the more inaccurate the positions are.

The following result is from experiments in localization
on the rooftop of the fourth engineering building in
Chung-Nam National University (Fig. 5).
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Figure 5. Experiment of localization
(Engineering 4th building of Chung-Nam national university)

The method is as follows: First, we arrange anchors in
planned positions. The tag is in a position that we know.
Fig. 6 is the position of a tag. Fig. 7 is the result of the

experiment.
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Figure 6. The position of tag and anchor

This result is from 100 experiments. The errors are
mostly due to multi-path.

TABLE . ERRORS OF TRIANGULATION

Axis Error
X 0.73m
y 0.76 m

B. Pattern Matching Interpolation Method

Localization by triangulation is problematic. This
system would lead to multi-path effect errors. Accordingly,
it is necessary to develop a new localization method. This
paper proposes a new localization method, which is
pattern matching. The pattern-matching method is an
interpolation to locate the nearest data value, and assign
the same value as an interpolation. At this point, used data
is eight distances data of between tag and anchors.
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This pattern-matching method is a very simple
algorithm. As the position is estimated by interpolation,
standard data is needed. When standard data is measured,
we must know the location of the standard data, and it
must be measured in every part evenly (Fig. 8).
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Figure 7. Result of experiment
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Figure 8. Building of Data Base

The following step compares standard data with
measured data in the coordinates where you want to know
position of a tag. A method to compare two kinds of data
such as standard data and measured data is to use matrix
norm. The value by norm shows similarity between
standard data and measured data. This similarity is used
for interpolation. Fig. 9 is the results of the experiment in
the same environment as Fig. 6.
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Figure 9. Results of pattern matching.

TABLE IV. ERROR OF TRIANGULATION

AXis Error
X 0.04 m
y 0.07 m

This result is the mean of 100 experiments. While the
error of triangulation is about 0.7 m, the error of pattern
matching is about 0.05 m. It confirms that pattern
matching has better performance than triangulation. This
performance is determined by multi-path errors. The
multi-path effect is affected by a spatial structure where a
mobile robot is moving in an indoor environment. Pattern
matching is advantageous in localization.

IV. EKF-BASED MOBILE ROBOT LOCALIZATON

A. Explain of Localization Experiment

This paper proposes a localization method for a mobile
robot. We planned an experiment to demonstrate the
performance of the localization method. First, we needed
to compare data from the true path of the mobile robot. We
determined true path using a laser tracker. Fig. 10 is a laser
tracker.

Figure 10. Laser tracker (T3-60, API Inc.)

We chose a typical office environment for the
experiment. Fig. 11 shows the actual experiment.

Figure 11. Experimental scene

B. Compare Triangulation and Pattern Matching

Fig. 12 is the result of mobile robot localization by dead

reckoning.
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Figure 12. Result of dead reckoning

We found that the true path to follow at the beginning of
the localization of dead reckoning. However, due to the
characteristics of dead reckoning, errors accrue in
localization. As a result, the longer the distance is, the
greater the localization deviation from the true path
becomes [12].

Fig. 13 shows how we used EKF to fuse the results of
triangulation and dead reckoning.
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Figure 13. Result of EKF with triangulation
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Triangulation results showed lower performance than
the result of dead reckoning, because of the localization
issues.

Fig. 14 is the result of EKF to fuse the results of pattern

matching and dead reckoning.
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Figure 14. Result of EKF with pattern matching

As a result, the result of EKF with pattern matching is
more accurate than dead reckoning. This method has
better performance over longer distances.

TABLE V. ERROR OF TRIANGULATION

Dead reckoning | EKF with
pattern matching
Total error 0.2417m 0.1391m
Early part 0.1468m 0.1171m
Last part 0.3212m 0.1524m

(Data is mean of error. Total robot distance moved is
46.31 m. Early part is start to 24 m. Last part is 24 m to
finish.)

V. CONCLUSION

Conventional triangulation shows low performance
because localization is affected by multi-path effect error.
In this paper, we developed a new localization method to
improve localization performance. The new method is a
pattern-matching method that uses the measured data from
the nearest position, which has similar characteristics. We
verified which new method was better than conventional
method through Experiments using a robot. The
pattern-matching method is robust to multi-path error
effects.

For further work, we will solve the problem of
multipath effect error referred in this paper by applying a
probabilistic method.
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