Proc. of the Intl. Conf. on Advances In Computer and Electronics Technology- ACET 2014.
Copyright © Institute of Research Engineers and Doctors. All rights reserved.
ISBN: 978-1-63248-024-8 doi: 10.15224/ 978-1-63248-024-8-02
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Abstract—With the growing trend of indoor mobile robots in
the present day, such as elder caring and shopping helper, the
issue of indoor robot navigation is becoming very important. In
order to navigate mobile robots walk around in a room
environment safely, the building of an indoor map is critical.
However, the corner differentiation is usually becoming a
significant issue. A robot should visit all corners and their
consisting planes in a room correctly. Therefore, an efficient
corner differentiation approach is essential for an indoor robot.
In order to improve this issue, an effective corner differentiation
is proposed in this paper to develop an indoor map building
process.
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.  Introduction

Nowadays, mobile robots play very important roles in our
society. For example, robots already been used on elder
caring, medical operations and transport business. The use of
robots can reduce the human resource requirement, and
provide the services to human. Due to provide for human, the
indoor mobile robots are becoming a main stream since human
spend the most of time to stay in indoor environments.

In order to let a mobile robot walk around safely in an
indoor environment. The indoor map building is required. For
indoor map building, the distance measurement devices are
usually used. The common distance measurement devices such
as Ultrasonic, Infrared Rays and Leaser are usually used to
reach this goal. These devices can be used to determine the
distance between walls/obstacles. With mobile robots walk
around in an indoor environment, the map of space can be
logged via these distance measurement devices. Therefore, the
indoor map can be built based on observed edges by the data
of distance between walls/obstacles.

Kuo-Yi Chen

Department of Computer Science and Information Engineering,
National Formosa University, Taiwan, R. O. C.

Ren-Yi Huang

Department of Computer Science and Information Engineering,
National Formosa University,Taiwan, R. O. C.

It is worth noting that no matter which distance
measurement devices are used to build indoor maps, the corner
issue is usually existed. Due to the reflection effect, the corner
cannot be identified correctly without appropriately
approaches. Moreover, the corners can be grouped as two
major groups, concave corners and salient corners. The mobile
robots have to identify these corners correctly to build an
appropriate indoor map. Therefore, the effective corner
differentiation approach is proposed in this study to improve
the performance of indoor map building.

In order to reach our goal, the experiments are separated
into three steps. First, an ultrasonic sensor is installed on our
mobile robot as the distance measurement device. Secondly,
we use this ultrasonic sensor to scan the indoor environment (a
room) in various particular degrees, and then collect
continuous edge distance for the further analysis. Finally, the
corner differentiation approach is proposed to locate the
reflection point of distance-based continuous sections, and
build three groups of corners correctly. Thus the indoor map
can be built to navigate mobile robots.

The rest of the paper is organized as follows. The
background and related work are presented in Section 2. A
case study that led to the motivation of this research is
described in Section 3. The methodology and validation is
detailed in Section 4. The experimental results are in Section
5. We then conclude our paper in Section 7.

n. Background and related work

In order to identify various corners, many researches
already been studied. For example, Imen proposed a modular
ultrasonic sensor to control mobile robot [1]. Kreczmer also
proposed a study of relations objects reorganization with
ultrasonic systems [2]. Sarabia proposed a model analysis of
ultrasonic time-of-flight for overlapping echoes [3]. Senders
proposed a corner-finding algorithm to solve this issue of
corner differentiation. [4]

These solutions can be used to solve the most of corner
differentiation issues, but they might not reach the better
efficiency. Moreover, there experimental procedure of these
proposed approaches are complicated. Therefore, the corner
differentiation approach which is more effective and simple is
proposed to improve the above issues.

m. Motivation and Case study

In order to build a service-orient mobile robot, the ability
of navigation is required in indoor environments. An indoor
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environment is determined as a space which is surrounded by
several walls. These walls could be linked together to create a
close space. In general, the regular wall is easy to be detected.
However, the connected point of each wall might not be
detected correctly as Figure 3.1 (a) and (b).

(a) Concave corners (b) salient corners

Figure 3.1 The Differentiation of Corners

Due to refraction effects of ultrasonic wave, these corners
will be determined as follows in Figure 3.2. The experimental
results can be recognized not identical as the shapes of these
wall corners, thus the raw data cannot be used to build an
indoor map directly.
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Figure 3.2 The distance measurement of various Corners

The fault identification might lead to incorrect indoor map
building, and then mobile robot cannot locate itself well. It
worth noting that the wrong map might not provide useful help

iv. Methodology and Validation

In order to improve the efficiency of corner differentiation,
we propose a new approach which is named “the three stages
corner differentiation” in this study. The flow of this new
approach is shown as follows.

Start

v

Move robot until the
distance of robot
and wall between

20~25cm

v

Turn robot 90
degree.

Start corner
differentiation

Check the continuous edge
distance if three phases

Unable to identify
the corners

Figure 4.1. The test of continuous edge distance with three
phases

In the first stage, the robot will determine the distance
which is between sensor and walls/obstacles. Currently, the
designed validated distance is between 20 to 25 cm. Therefore,
in the first stage, the robot will move itself until the distances
between sensor and walls/obstacles are valid. Furthermore, the
robot will turn itself to face a wall/obstacle vertically based on
the minimum distance. This wall which is faced by robot
could be horizontal wall or vertical wall. When this stage is
done, the corner differentiation approach can be process the
next stages.

SEEK
DIGITAL LIBRARY



Proc. of the Intl. Conf. on Advances In Computer and Electronics Technology- ACET 2014.
Copyright © Institute of Research Engineers and Doctors. All rights reserved.

Turn robot 90
degrees clockwise

If the data is
low-high-low

If the data is
high-low-high

Turn 90 degrees Turn 90 degrees
C_a!culate L Calculate OC
(minimum value)
Turn 90 degrees
Turn 90 degrees clockwise,

determine OD

v

v

Fetch data of OE Test if OC-OD
and OF under the threshold
Fetch data of OA, Fetch data of OA,
OB OD, OE and OF OB and OD

v

v

salient corners

concave corners

distance(mm)

Distnace(mm)

ISBN: 978-1-63248-024-8 doi: 10.15224/ 978-1-63248-024-8-02

[ distance(mm) size13.8X13.8

m L] -
200 —
- -
H_ -
-
180 4
160 o
L}
L]
140 4 r
-y
L
L]
120 r -
1 -
- -
- -
L]
100 —
T T T T T 1
0 20 40 60 80 100
Angle(degree)
(a) Concave corners
= Distnace(mm)
340 4
e
-
3304 - T
™ -
320 -
L
310 - =
—
—
300 1 -
-
-
290 4 -
—
280 Ly =)
T T T T T T T 1
0 20 40 60 80 100
Angle

(b) salient corners

Figure 4.2. The test of continuous edge distance with three
phases

Since the data of continuous edge distance is observed, the
type of corners can be analyzed. The simple model is proposed
in this study, the concave corners and salient corners both are
presented as three phases of continuous edge distance. The
data of concave corners is high-low-high. That means the
continuous edge distance is shown as Figure 4.3 (a). On the
other hand, the data of a salient corners is low-high-low,
which is shown in Figure 4.3(b)

(a) Concave corners
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Figure 4.3. The patterns of continuous edge distances

In order to detail the proposed corner differentiation
approach, the models of concave corners and salient corners
are defined in Figure 4.4 as follows.

(b) salient corners

Figure 4.4. The models of corners

When the data patterns of continuous edge distances are
shown as high-low-high, the minimum distance between
sensors and wall (OD) could be determined by sensor turning.
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When the OD is determined, the concave corners can ob
observed and revised. On the other hand, the experimental results of salient

It is worth noting that the differentiation of salient corners ~ COrers are shown in Figure 5.2 as follows.
is different from concave corners. First, the low-high-low
pattern is used to determine the process of salient corners. In
order to observe the salient corners and revised them, the
sensor will be turn 90 degrees and detect the minimum
distance which is named OC as Equation 4.1. With a
determined OC, the OA and OB in Figure 4.4 (b) can be
observed.

OC = O_A2 +@2 (Equation 4.1)

Moreover, current angle Q will be recorded as Degree a in
Equation 4.2. With the Degree a, the OA and OB can be
calculated. Therefore, the salient corners can be detected and
revised.

. OA .
Degree a=asin(—) (Equation4.2)
OC 300
Based on the equations above, the concave and salient 207
corners can be determined and revised to be drawn as a map. 200
The result of experiments is shown in the next section. 150
> 100+ [ ——— ]
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v. Experimental Results N \
In order to validate the proposed corner differentiation 50-
approach, the experiments are setup as follows. The 100 e
experimental results of concave corners are shown in Figure 200 450 100 50 0 50 100 150 200 250 300

5.1. X
Figure 5.2 The experiment of salient corners.

vi. Conclusions

Bases on the approaches which proposed in this paper, the
issue of corner detection and differentiation could be improved
effectively. The proposed corner differentiation approach can
identify three different types of corners effectively.
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Figure 5.1 The experiment result of concave corners
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