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Designing Self-Guiding Robot with Assistance of RFID tags and WiFi
Localization System

student : Ming-Hsiu Hsu Advisors : Prof.Yu-Chee Tseng

Degree Program of Computer Science
National Chiao Tung University

ABSTRACT

We consider building an indoor low-cost mobile robot that can be used in home or
office applications. Due to the complication and dynamic changing nature of a
home/office environment, it is essential for;sucha robot to be self-guiding in the sense
that it is able to determine its current location as well as navigate to locations which it
iIs commanded to. By integrating with wireless communication, indoor localization,
and RFID technologies, it is possible to build a self-guiding robot at low cost. We
propose an architecture to achieve this goal at centimeter-to-meter level accuracy. A
robot can even roam into an area which is new to it. We achieve this goal by allowing
a robot to download the indoor map in its vicinity. With WiFi localization, it
determines its rough location at meter-level accuracy. From the downloaded map, it
then tries to track any RFID tag in the indoor map, on which events it actually
localizes itself at centimeter-level accuracy. To verify our results, we demonstrate a
prototyping system based on iRobot. Our results have potentially important

implications on future digital home/office.

Keywords: indoor positioning, localization, pervasive computing, RFID, robot



S Eol

’ﬁﬁﬁﬁﬁgﬁﬁ%ﬁﬁﬁ%%%ﬂﬁ@wﬁ%#ﬁ@°%%ﬁ%%
’-?LTB ’,ﬁ“‘d“‘"‘_&%fim-g?lm'* B RFREED O RF R & T lﬁﬁ/?{a

W
o)
a\

ﬁf‘}é;’»?‘ %?Ii’i’“r% AR I BT FHED f{-ﬁiﬁjﬁﬂffﬁﬁ ) SE A G S R
AR E X MR aE: SRR S U cE AU AR SR G L L IR

2l RORHERAE L AR FE L ERITE > F gy A b g
BEehPiHm2 IRy c FHREDITATE R FF T AR BIT{oR &%
gAY+ PRSI E enfe fei B o Bt PPISCC R % E e e @ A
—Aeplidanr S A B v RIeE 2 R o J ARG A B koS T o

B R R A N E NP L AR RFREHA DL o o ik
PentdF > AR Bk B Eo



Contents

1 Introduction

2 Preliminaries
2.1 IntroductiontoRFID . . . .. ... ... ... .. ... .....
2.2 Introduction to Indoor Localization . . . . . .. ... ... .. ..
2.3 Indoor Robot Navigation . . . . . ... ... ...........

3 Design of a Self-Guiding Robot
3.1 System Architecture of the Self-Guiding Robot . . . . . . .. ..
3.2 System Flow of the Self-Guiding Robot . . . . . . ... ... ..
3.3 Discussions of Spiral Search ... .o, . ... ... ... ....
3.4 DeploymentCostof REIDTags ... . . .. ... ... ....

4 Implementation and Evaluation
4.1 Hardware and Software Components . . . . . ... ... .. ...
4.2 Implementationlssues . . . .. ... ... ... ..
43 Evaluations . ... ... ... ... ...

5 CaseStudies
51 Casel: GuidingSystem . .. .. ... ... ... ... ...
5.2 Case 2: Automatically Constructing Today’s RadioMap . . . . .

6 Conclusions



List of Figures

3.1
3.2
3.3
3.4
3.5
3.6

4.1
4.2
4.3
4.4
4.5
4.6
4.7

4.8

The system architecture of self-guiding robot system. . . . . . ..
The system flow of self-guidingrobot. . . . . . ... .. .. ...
An example of self-guiding procedure. . . . . . .. ... ... ..
An example of long distance moving. . . . . ... ... .. ...
An example of spiral search. . . . . ... ... ... .. .....
Different kinds of RFID tagsgroups. . . . . . . . . .. ... ...

(a) Hardware components of self-guiding robot. (b) The self-
guiding robot. (c) RFID tagsgroups. . . . . . . . . ... .. ...
The functional blocks of implementation. . . . .. ... ... ..
An example of communicationdelay. . . . . .. ... ... ...
(a) The simulation result under (u, o) = (0, 30). (b) An example
of generating points under (s, o) = (0,30). . . .. .. ... ...
(a) The simulation result under-(z;c) = (0,50). (b) An example
of generating points under (x,0) = (0,50). . . .. ... ... ..
(@) The simulation result under (i, o) = (0,70). (b) An example
of generating points under (u,0) = (0,70). . ... ... ... ..
(@) An experimental scenario. (b) The experimental result of av-
erage distance error. . . . . . . ...
(@) An experimental scenario. (b) The experimental result of av-
erage distanceerror. . . . . . .. ...



Chapter 1

| ntroduction

Indoor mobile robots have lots of potential application in daily life, such as home
care, room cleaning, object finding, and emergency supporting. Most mobile robot
services would require a robot to determine its current location. While this issue
has been intensively studied in factory-environments, it is more challenging for
homes/offices, where the environment is not so strictly controlled and the interior
planning is subject to change at any time. The purpose of this study is to design a
suitable indoor navigation mechanism for mobile robots to meet this need.

To precisely navigate for a robot, a localization method is needed. GPS dom-
inates many outdoor localization applications. However, for indoor localization,
a globally usable solution is still missing. In Section 2, we review some existing
indoor localization solutions. In this work, we propose a framework to design
“self-guiding” indoor robot. Our goal is to utilize assistance of current technolo-
gies, such as RFID, wireless networks, and indoor localization systems to achieve
this goal. We list some design guidelines of the framework:

e Plug-and-play: The robot does not require to have any pre-knowledge about
the environment before entering the environment. After entering the envi-
ronment, its needs not to explore the entire environment before it can get
started.

e Self-guiding: The robot needs not to know its initial location in this environ-



ment. This means that the robot might be moved manually to any location
at any time and it can still recalibrate itself.

e Multi-level localization accuracy: Depending of different situations, the
system can provide different levels of accuracy, perhaps at different costs.

e Ease of installation: The extra infrastructures required should be as minimal

as possible and, if possible, we may rely on existing infrastructure.

e Low cost: we are not looking for complicated systems. It should be inex-
pensive and affordable.

e Scalability: Our system should be scalable without adding much overheads
on the robot itself.

In order to achieve above feature, we propose a self-guiding robot with assis-
tance of RFID and WiFi localization systems. To make the robot “self-guiding”,
we attach a WiFi card and a RFID reader on the robot and deploy numerous
RFID tags on the ground. A location server based on WiFi fingerprinting method
can help the robot to position itself at meter-level precision. Besides, the pre-
installed tag map can provide the robot to position itself at centimeter-level preci-
sion. Through the self-guiding mechanism, the robot can support centimeter-level
moving requirement and need not equip the expensive components. Then, the
self-guiding robot can provide indoor navigation services automatically.

The remainder of this work is organized as follows. In Section 2, we briefly
describe the RFID and WiFi localization system and survey several related works
about indoor robot navigation. Section 3 presents our system design of self-
guiding robot system. Section 4 further describes the system implementation
details and several evaluations. Section 5 demonstrates our system by two case
studies. Finally, Section 6 concludes this work.



Chapter 2

Preliminaries

2.1 Introductionto RFID

RFID (Radio Frequency ldentification) is a general term that is used to describe
a system that transmits the identity of.anobject via wireless. Recent year, RFID
has been used in many situations:in eur daily. life, such as tracking goods, animal
identification, passport, etc.

A typical RFID system is composed of three components: tags, readers and the
host computer. 1) Tags: It is a tiny radio device. The tag is composed of a simple
silicon microchip attached to a small flat antenna and mounted on a substrate. The
tags can be attached on an object, such as smart cards, passports, etc. 2) Readers:
It can send or receive RF data to or from the tag via antenna. The action can be
achieved without direct line of sight. 3) Host computer: The data acquired by
the readers is then passed to a host computer. The host computer can run several
RFID software to process the obtained information.

The RFID tags can be divided into two types: active and passive tags. 1) Ac-
tive tags: The active tags have internal power source. With internal power source,
it can transmit information longer than passive tags. The active tags usually oper-
ate at 455 MHz, 2.45 GHz, or 5.8 GHz, and their communication range is about
20 to 100 meters. 2) Passive tags: The passive tags have no power source and
no transmitter. The passive tags usually operate at 125 kHz, 13.56 MHz, or 915



MHz. These tags are more cheaper than active tags and require no maintenance.
But, the communication range of passive tags are more shorter than active tags
(about 3 to 5 centimeter or 10 meter).

2.2 Introduction to Indoor Localization

Localization is a critical issues for indoor environment. GPS dominates the out-
door localization, but, for indoor localization, a globally usable solution is still
missing. Many indoor localization technologies have been proposed, such as
infrared-based [1], ultrasonic-based [2], and RF-based [3] systems. Generally,
localization models can be classified as AoA-based [4], ToA-based [5], TDoA-
based [6], and fingerprint-based [3][7][8].

Recent year, WiFi becomes the most common wireless transmission media in
our daily life. Hence, in this work; we are interested in fingerprint-based local-
ization systems, such as RADAR [3], by WiFi transmission media. This method
does not rely on calculating signal fading in-an environment. Instead, it relies on
a training phase to collect the radio signal strength (RSS) patterns at a set of train-
ing locations from pre-deployed beacons in a sensing field into a database (called
radio map). These beacons can be existing infrastructures, such as IEEE 802.11
access points, GSM base stations, or other RF-based networks. Then, during the
positioning phase, an object to be localized can collect its current RSS pattern and
compare it against the radio map established in the training phase to identify its
possible location.

2.3 Indoor Robot Navigation

Mobile robot can provide several services in indoor environment and most of these
services should require robot’s current location. Hence, how to precisely locate
and navigate the mobile robot is very important topic. In the past, indoor robot
navigation systems can be divided into three categories: (1) laser guiding system



[9], (2) magnetic tape guiding system [10], and (3) vision-based system [11]. In
[9], the robot can receive at least three laser guiding signal to determine its current
location. Laser and magnetic tape guiding systems are more accurate but allow
only limited routes. Vision-based systems are more flexible, but they require high
computing cost and expensive equipments.
Recently, RFID techniques have also been applied to robot navigation [12][13][14].

In [12][14], an array of short range passive RFID tags are deployed on the entire
field. Each tag represents a unique location. On scanning these tags, the robot
can calculate its location. Grid deployment is discussed in [12], while triangular
deployment is discussed in [14]. As can be seen, both [12] and [14] will need a
large number of RFID tags. The work [13] uses a rotatable RFID reader to guide a
robot to a stationary target, which has an active tag as a location transponder. An
Ao0A-like model is adopted to guide the robot. This solution is more costly and it
is mainly for one single target. Our work uses passive tags and it takes advantage
of existing WiFi networks for meter-level positioning.



Chapter 3
Design of a Self-Guiding Robot

3.1 System Architecture of the Self-Guiding Robot

Fig. 3.1 shows the system architecture of our self-guiding robot system. There
are four main components: WiFi network; location server, RFID landmarks, and

robot.

o WIiFi network: The network contains-a number of access points, which pe-
riodically transmit beacons. By collecting signal strengths of these beacons,
a device can estimate its current location in a meter-level accuracy.

e Location server: The location server runs a fingerprinting algorithm, which
provides meter-level accuracy, for positioning purpose. It also keeps some
maps and those locations on the maps where RFID tags are deployed.

e RFID landmarks: RFID tags serve as landmarks, each identifying a unique
location for centimeter-level localization. These tags are divided into groups
and deployed on several key points of the floor. On scanning a tag, the robot

get its current location on the map in a centimeter-level accuracy.

e Robot: The self-guiding robot is a moving service platform which has a
WiFi interface and a RFID reader. It decides its location in two phases.

Through collected RSS patterns, it can determine its rough location on a
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map. According to the map, it can further search for RFID tags. Once a
tag is found, it knows its precise location. Besides, the robot also can equip
other sensors, such as camera, compass, thermometer, etc., to collect more

information while providing services.

3.2 System Flow of the Self-Guiding Robot

Fig. 3.2 shows the system flow of self-guiding robot. Below, we describe the detail

steps of system flow.

1. Initially, robot does not know any pre-knowledge about this area. Hence,
the robot will download the map data, including topology information and




RFID tags map, from location server via wireless media. If the robot is the
first time into this area, it will do the self-guiding procedure to locate itself.

. After getting the map data, the robot will get a route instruction, which
contains a sequence of target points.

. The robot tries to move to the next target point in the route instruction. If
there is no next entry in the route instruction, the robot will get the next
route instruction to do services.

. Due to continuous moving during a long time or external influences, such
bumping into obstacle, picking up by human being, etc, the robot will lose
its precise location. Hence, before moving to the target point, the robot
checks the accumulated moving error and relocates itself. If the accumu-
lated moving error greater than-a predefined threshold ¢, the robot will do
the self-guiding procedure:to identify its accuracy location. Otherwise, the
robot tries to move to the expected target point.

. The self-guiding procedure contains two level localization steps. The two
levels are macro-level positioning (through WiFi fingerprinting) and micro-
level positioning (through RFID tags).

(@) In the first level, the robot collects current WiFi signal strength and
transmits to location server via wireless media. Then, the fingerprint-
ing algorithm can be executed by the location server to estimate the
location of the robot at meter-level precision. Since RF signal is inher-
ently unstable, the fingerprinting algorithm only can locate robot in a
meter-level precision.

(b) In the second level, the robot tries to scan the RFID tags to locate its
precise location in a centimeter-level precision. Through the map data
and current estimated location, the robot can move to the RFID tags
directly. However, due to the error of the first level, the robot may
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Figure 3.3: An example of self-guiding procedure.

not find the RFID tags directly. Then, the robot searches the field in a
spiral manner to find the RFID tags. If any RFID tags is scanned, its
current location can be decided at the centimeter-level precision.

6. The robot arrives the target point and does some predefined services, such
as collecting current RSSI, temperature, light degree, etc. When the robot
finishes the predefined services, it will go to step 3 to move to the next target

point.

Note that in the self-guiding procedure, when the accumulated moving error
greater than E/, where E' is the maximum error of fingerprinting localization, the
robot does the two level self-guiding procedure. Otherwise, the robot only does
the second level self-guiding procedure. Fig. 3.3 shows an example of self-guiding
procedure. At first, the robot gets its estimated location X by fingerprinting algo-
rithm. However, due to the error of fingerprinting algorithm, the actual location
of the robot is X’. The robot tries to move form X to Y (the dotted line) to scan
the RFID tags. But, in actually, the robot moves from X’ to Y (the straight line).
When the robot move to Y, the robot does not find the RFID tags. The robot starts
to search the RFID tags in a spiral manner. Finally, through the spiral search, the

9
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Figure 3.4: An example of long distance moving.

robot finds the RFID tags in location Y.

Note that in step 3, the robot can not move to the target point in a straight
line directly when the distance between robot and target point is greater than a
threshold . This is because that the accumulated moving error may greater than
E while moving to the target point on the way. In this case, the robot can insert
some intermediate points (RFID-tags) into the routing path. The robot moves
to the intermediate points (RFID tags) one by one until arriving the target point.
The problem of inserting the appropriate intermediate points can adopt geographic
routing algorithm in wireless ad hoc network [15][16]. The target point and the
tolerant accumulated moving error are corresponding to the destination node and
communication range in wireless ad hoc network, respectively. Fig. 3.4 shows an
example of long distance moving. The robot moves to the intermediate points A

and B then moves to the target point.

3.3 Discussionsof Spiral Search

We adopt fingerprinting algorithm in the first level of self-guiding procedure to
get estimated location. Since the RF signal is inherently unstable, the estimated
location may have meter-level error. According to the result of fingerprinting
algorithm, the possible locations are presented in Gaussian distribution. Hence,
we adopt the Archimedean spiral [17], which is successive turnings of the spiral
in a constant separation distance, in our system. The robot can search the RFID

10



Figure 3.5: An example of spiral search.

landmark in a spiral manner to identify its location.

We deploy the RFID landmarks as the cross shape. In some cases, the robot
can not scan the RFID tags quickly. Fig. 3.5 shows an example of Archimedean
spiral and the starting point is point S.-From:starting point S, the robot will miss
to scan the nearest RFID tags group A.. This is because the starting angle of
Archimedean spiral is too small:Hence, we add a constant straight line ¢ to solve
this problem. As shown in Fig. 3.5, the robot moves from starting point S’ to S
then starts to run the Archimedean spiral.

Through the spiral search, the robot can locate itself in a expected time. We
assume that the robot moves in a constant velocity. Then, the upper bound of total
moving distance, denoted as spiral(6), while doing spiral search method can be
decided, where ¢ is the total moving degree of spiral angle.

Property 1. In the robot spiral search method, given the maximum error of fin-
gerprinting algorithm E, constant separation distance d, constant ¢, radiusr, and
polar angle 6. The upper bound of total moving distanceis

1. E | K2 E E?
' < —d[=|1+ = +In(= 1+ —
spzral(@)_Zd[d +d2+n(d+ +d2)]+c

Proof. 1. In polar coordinate (r, ¢), the Archimedean spiral can be described
by the equation » = d#.

11



Figure 3.6: Different kinds of RFID tags groups.

2. Given the 6 value, the arc length of Archimedean spiral can be denoted as

follows:

spiral(0) = [9\/1+702 +1In(0 + V1 + 62)).

3. As we know, the maximum error of fingerprinting algorithm is E. Hence,
we can bound the Archimedean spiral radius to F, i.e., r = df < E. Ac-
cording to above equations and the nitial straight line constant ¢, we can

get the upper bound of total moving distance as follows:

1 E |
spiral (0 5 1+ ﬁ + ln

3.4 Deployment Cost of RFID Tags

Our landmark groups are composed of several RFID tags. Different shape of
landmarks need different number of RFID tags. It means different shape needs
different cost. Fig. 3.6 shows an example of different kinds of RFID tags groups.
Here, we set the separation distance of Archimedean spiral to d. We set the di-
ameter of circle to 2xd, which is the same as the constant separation distance of

Archimedean spiral.

12



With the same deployment cost (i.e., circumference of the shape), we can get
the width of cross shape, equilateral triangle, and square are w2d, 27%d/3, and
w2d /2, respectively. As shown in Fig. 3.6, equilateral triangle (i.e., shape C) and
square (i.e., shape D) are not intersection with Archimedean spiral in some cases.
Although circle (i.e., shape A) can intersect with Archimedean spiral anywhere,
the width of circle is less than cross shape. The width of cross shape is larger
than others and it can intersect with spiral anywhere. By the cross shape RFID
tags groups, we can guarantee that robot can scan RFID tags group certainly and
may scan earlier than other shapes. As shown in Fig. 3.6, the point E shows an
example of different shapes in the same location. Robot can scan the cross shape
with spiral path earlier than others.

13



Chapter 4

| mplementation and Evaluation

4.1 Hardwareand Software Components

Fig. 4.1(a) and Fig. 4.1(b) show the components of the self-guiding robot. We
adopt iRobot Create [18] as the mabile platform and attach a RFID reader, an
electronic compass, and a notebook-with WiFi interface. The iRobot Create is a
programmable moving platform which is more cheaper and flexible than others.
The iRobot Create includes a cargo bay which contains a 25 pin port that can
be used for digital and analog input‘and output. We connect a RS232 multi-
port controller on the cargo bay. The RFID reader is short range reader which
operates in 13.56 MHz and the acceptable reading range is limited within 5 cm.
The iRobot, RFID reader, and electronic compass are connected by the RS232
multi-port controller. Through the multi-port controller, the robot can get the
location and orientation information from RFID reader and electronic compass,
respectively. Fig. 4.1(c) shows the shape of RFID landmarks, which are deployed
into a cross shape with 30 x 30 cm. Each tag contains its unique 1D, X and Y
offset values.

Fig. 4.2 shows our functional blocks of implementation. The implementa-
tion architecture can be divided into three parts: Device Layer, Robot Controlling
Layer, and Location Server. The Device Controller Layer can get data from differ-
ent devices respectively. The Robot Controlling Layer contains the Self-guiding

14
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Figure 4.1: (a) Hardware components of self-guiding robot. (b) The self-guiding
robot. (c) RFID tags groups.

Procedure and Moving Control block which can get location information and map
data from Location Server. The Location Server contains a database which stores

a set of RSSI readings for fingerprinting algorithm.

4.2 Implementation | ssues

There are several issues during designing‘and implementing our system. We dis-
cuss these issues and solutions in the following parts.

1. Communication delay: The mechanism to get data from the robot is polling
operation. Initially, we send a request to start the operation. The device
will execute all the time and periodically report the current status until we
send the stop command to the device. The highest speed to send the request
is 19200 bps, as the result, the communication delay is about 500 ~ 600
milliseconds. The communication delay can not be neglected in this oper-
ation due to our accurate requirements. Hence, before running this system,
we try to record the delays of every kinds of operations. During running
this system, we send the stop command according the recorded values be-
forehand to relieve the influence of communication delays. Fig. 4.3 shows
an example. Here, we send a start command to trigger robot moving. The

15
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Figure 4.3: An example of communication delay.
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communication delay of sending command is 5 ms. The Device Layer pe-
riodically reports current distance to Device Controller Layer every 5 ms.
Now, we want to stop the robot at 40 cm. We send the stop command (dash
line stopl) after receiving the report containing 40 cm. Due to communica-
tion delay, the robot will stop at 50 cm. If we send the stop command (dash
line stop2) at 20 ms, the robot will stop at 40 cm.

2. Heavy loading: The driving wheels mechanism of iRobot is coaxial gear.
So, if we attach too heavy objects on the robot, the robot will tilt several
degrees. It will cause the moving error after long distance moving. For
example, we attach a small notebook about 1 kg on the robot. It will cause 1
meter accumulated moving error after moving 20 meters. Hence, we attach
light weight notebook and controller modules on the robot to relieve this
problem.

3. Response time of RFID reader: When robot moves above the RFID tags,
the RFID reader on the robot needs to.negotiate with the RFID tags to get
the information. The negotiation-time'is direct proportional with the data
length in RFID tags. Hence, we control the moving speed of robot and limit
the data length in RFID tags to avoid the negotiation fail, which means the
robot is across the RFID tags, but do not get any information. We only
record the tag type, landmark group ID, offset value, X and Y axis in the
RFID tags.

4.3 Evaluations

In this section, we evaluate our system by simulations and implementations.

We evaluate the performance of the micro-level positioning under different
precision of the macro-level positioning. In macro-level positioning, the possi-
ble locations are presented in Gaussian distribution. Hence, we randomly pro-
duce the estimated location (z,y) by Gaussian distribution function f(u,o) =

17
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Figure 4.6: (a) The simulation result under (u, o) = (0,70). (b) An example of
generating points under (u, o) = (0, 70).
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eap(Z=12), where i =z or y. We set (1, o) o (0,30), (0,50), and (0, 70), and
randomly produce 100 points within 0 < ¢ < 150 cm. Fig. 4.4(b), Fig. 4.5(b), and
Fig. 4.6(b) show these generating points. Then, the robot starts from the center to
search these points in a spiral manner. The dist(z,y) and spiral_dist(z,y) de-
note the distance of center to a point in a straight and spiral manner, respectively.
Fig. 4.4(a), Fig. 4.5(a), and Fig. 4.6(a) show the result of searching these points
under different (u, o) values. The results show that the smaller o values have
shorter searching distances. The smaller o values imply more accurate macro-
level positioning. Therefore, the more accurate macro-level positioning results
can make our micro-level positioning more quick to find the target.

Next, we evaluate the performance of self-guiding procedure. As shown in
Fig. 4.7(a) and Fig. 4.8(a), we deploy three and four groups of RFID tags, re-
spectively, and the robot moves around these points many times in a predefine se-
qguence. When robot moves to a RFID tags, it will relocate itself by our proposed
self-guiding procedure. Fig. 4.7(b)and Fig. 4.8(b) show the results of moving er-
rors. The results show that our proposed self-guiding procedure indeed can guide

robot while traversing many target points.
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Chapter 5

Case Studies

Our system proposes a robot can guide itself in an indoor environment. It can
apply to many kinds of scenarios in our daily life. In the following, we present

two case studies for our system.

5.1 Casel: Guiding System

There are many large exhibitions in.our daily life. In the exhibition, people want
to know the contents of these exhibits../Also, everyone is interested in different
kinds of exhibits in an exhibition. To solve this problem, we apply our system in
this scenario. We deploy landmark RFID tags, exhibit RFID tags, access points,
a location server and a self-guiding robot in the exhibition. The landmark RFID
tags group and access points are used to micro-level positioning and macro-level
positioning, respectively. Except the landmark RFID tags group, we also deploy
exhibit RFID tags containing the ID of exhibits nearby the exhibits. The location
server contains the map information, landmark RFID tags information and the
exhibits RFID tags information. The self-guiding robot can guide the users to
visit the exhibition and also can dynamically plan the visiting routes according to
users’ preference exhibits.
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5.2 Case2: Automatically Constructing Today’sRa-
dioMap

For indoor localization, a globally usable solution is still missing. Here, we are
interested in the fingerprinting-based solution, such as [3][7][8]. The major draw-
back of the fingerprinting approach is its labor-intensive training process, espe-
cially in a large-scale field. Further, since the RF signal is inherently unstable, the
radio map collected earlier may deviate significantly from the current one. Man-
ually calibrating radio maps is error-prone. Besides, environment may change,
furniture may be moved, and beacons may be reconfigured or upgraded anytime
[19]. The radio signal strength may vary at different times. This may result in
non-negligible errors when positioning objects. Hence, we adopt the self-guiding
robot to collect the signal strength automatically. The robot can move around
to automate the training process and, more importantly, to frequently update ra-
dio maps to reflect the current RSS patterns. This not only significantly reduces
human labors but also improves positioning accuracy.
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Chapter 6

Conclusions

In this work, we design an indoor low-cost mobile robot that can be used in home
or office applications. The robot can relocate itself by our proposed self-guiding
procedure in indoor environment. We implement the whole system on iRobot
Create and evaluate it by several experiments. Two case studies present our system
can be used in our daily life. These results show that our work are potentially

important implications on future-digital-home/office.
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