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Intelligent robots are being applied in many areas of our lives, such as
autonomous vehicles, delivery robots, guide robots, and service robots that
help humans in various fields. The most essential technology necessary for
these intelligent robots to perform a given task is their precise position
evaluation, which is called localization.

Localization of a robot can be divided into two types: an indoor method
and an outdoor method. For outdoor environments, it is difficult to provide
information on the environment in advance. Therefore, outdoor localization
requires additional sensors that independently provides location information of
the robot such as GPS. In the case of indoor localization on the other hand,
it is possible to provide environmental information on the work space in
advance because the distinction between the free space where the robot can
move and the obstacle is clear. Accordingly, accurate localization is possible
using the provided environmental information. In indoor localization, sensors
that can measure the location information of objects such as infrared sensors,
sonar sensors, and vision sensors are used to utilize the environmental
information given in advance.

Conventional methods for localization of robots include Extended Kalman
Filter (EKF), Particle Filter (MCL), and Unscented Kalman Filter (UKF). An
extended kalman filter linearizes a nonlinear model to evaluate position and
covariance, so that a position error may diverge and the system may become
unstable in the case of highly nonlinear systems. Particle filter is a method of
predicting the position by generating a large number of particles and
transforming the particles using a nonlinear model. It can minimize the

position error, but it takes a long time depending on the number of particles.
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UKF is a method of extracting distribution(sigma) points based on error
covariance of predicted positions using encoder, transforming each sigma point
with a nonlinear model to estimate optimal position and covariance of the
robot UKF utilizes a nonlinear system as it is and has particle filter
characteristics. However, it is faster than MCL because it uses a minimized
number of sigma points to predict the position.

In this thesis, we propose a UKF-based indoor localization method that
evaluates the optimal position by fusing the position information from
encoders mounted on the robot wheel and the distance information of the
obstacle measured by ultrasonic sensors. However, ultrasonic sensors have a
disadvantage that the reliability of distance information is greatly reduced due
to specular reflection effects. In order to complement this and maximize the
reliability of position evaluation, we propose a validation gate method for
evaluating the reliability of measured distance information.

In order to verify the usefulness of the method, actual experiments were
performed in various environments and conditions. The experimental results
showed the method is considered to be stable because the position error
converges regardless of the size of the initial position error and the length of
the sampling time. In conclusion, this UKF localization method is expected to
be applied in various ways to the practical position estimation of indoor

robots.
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P(k+1)= o ©27)

P, (k+1) = i8N, (k+1)— X(k+116)] [X,; (k+1)— Z(k+1)] (28)
1=0

ojFomtE tit gol P o(k+1)FES T

sz(k—i_]‘): [P s ‘P;L'z,Q sz,a] (29)

X+ 1lk+1) = X+ 1lk) + Wk+1)T(k+1) (31)
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Table 2 Specifications of sonar sensors

Maximum Measuring
Data Rates Sensitivity
Distance

25 Hz 01 m 5m
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Fig. 7 Photo of the robot and sensors

i
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Fig. 8 Sonar sensor array
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Fig. 9 Experimental environment
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Fig. 10 Result of localization
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Fig. 11 Position error

Table 3 Statistical characteristics of position error

Average error

Standard deviation

Maximum error

Encoder

0.095 m

0.350 m

UKF

0.016 m

0.099 m

Table 4 Characteristics of position error for each direction

Average error

Maximum error

x Yy x Yy
Encoder 0.097 m 0.092 m 0.248 m 0.350 m
UKF 0.010 m 0.027 m 0.059 m 0.048 m
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Fig. 12 Covariance of z direction
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Fig. 13 Covariance of y direction
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Fig. 14 Covariance of 6 direction
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Fig. 17 Covariance according to initial error(6 direction)
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Table 5 Statistical characteristics of position error

Standard
Initial error Average error Maximum error
deviation
0.1 0.017 m 0.014 m 0.059 m
0.3 0.034 m 0.033 m 0.324 m
0.4 0.047 m 0.050 m 0.408 m
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Fig. 20 Covariance according to sampling time(# direction)

Table 6 Statistical characteristics of position error

Sampling time Standard
Average error Maximum error
(sec) deviation
1 0.016 m 0.014 m 0.059 m
6 0.018 m 0.014 m 0.060 m
12 0.034 m 0.034 m 0.233 m
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Table 7 Characteristics of error according to the ~ of validation

Average Average Average
Y Y Y
error error error
1 0.032 9 0.043 17 0.027
2 0.017 m 10 0.042 18 0.030
3 0.016 m 11 0.042 19 0.030
4 0.018 m 12 0.031 20 0.033
5 0.018 m 13 0.027 21 0.043
6 0.018 m 14 0.027 22 0.043
7 0.017 m 15 0.027 23 0.043
EREH]
8 0.044 16 0.027 24
=7t
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Fig. 23 Position error

Table 8 Characteristics of position error

Average error Standard deviation Maximum error
Encoder 0.090 m 0.077 m 0.431 m
UKF 0.021 m 0.020 m 0.093 m
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Fig. 25 Result of Covariance (y direction)
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Fig. 26 Result of Covariance (6 direction)
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Fig. 28 Position error

Table 9 Characteristics of position error

121 141

Average error Standard deviation Maximum error
Encoder 0.046 m 0.038 m 0.157 m
UKF 0.023 m 0.014 m 0.068 m
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Fig. 30 Result of Covariance (y direction)
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