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In the Dead Reckoning, a user’s movement is estimated
by analyzing data obtained from various sensors (e.g.,
acceleration, gyroscope, etc.). Especially, in recent
years, Android phones become the best candidate of the
sensing device because they are equipped with a wide
variety of sensors. Furthermore, as an indoor position
estimation technology, a wireless positioning system
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cause a PHS device does not use the 2.4GHz
stry-Science-Medical (ISM) radio bands and its

ments areQ, maximum transmission power is

much lower than a cell phone [6]. Therefore, this paper
proposes new real time guidance system for indoor
navigation using the concept of a PHS and Dead
Reckoning with the help of an Android device. The
Android device estimates user’s position based on the
Received Signal Strength Indication (RSSI) of
Bluetooth waves in addition to Dead Reckoning with
acceleration, compass and gyroscopes sensor, and then
displays route guidance. A user-friendly interface on
the Android is also proposed, which can be easily
understood by the people. Furthermore, the
effectiveness of the proposed system is evaluated by
comparing the results of the route guidance experiments
from the reference paper

64


mailto:priyabanu06@gmail.com

#%IFERP

connecting engineers... developing researc h

I. RELATED WORKS AND OBJECTIVES
OF THIS STUDY

A. Issue of Guidance in Hospital and Airport

Now a days, patients and diseases are rapidly increasing
[7] and their health-care becomes a critical social cost.
Medical examination at an early stage is very important
to detect a sign

of diseases, hence will decrease medical cost for
afterwards

surgical operation, hospitalization, etc. On the other
hand,

there are many inspection items more than 10 in the
medical

examination or in the master check-up and the
inspection items are expected to increase further with
advance in medical technology. A typical guidance
board in a hospital consists of many medical
departments and examinees should visit a
examination rooms (e.g., C.T. scan, MRI,
etc.) that are apart from each oth

Figure 1. A lot of destinations listed on guidance board
in an Airport.

However, automated guidance which can lead visitors
toan
appropriate place at an appropriate time has not been
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established yet although IT is utilized for various
activities

because the automated guidance system cannot
compute the circumstances of the exceptional cases.

B. Existing Studies

The position estimation system using a GPS has
become

available with a wide spread of mobile devices
equipped with GPS. However, the GPS cannot be used
in indoor

environment because GPS signals argdlacked by walls
or
ceilings. As indoor positionifg
using radio wa

. methods
multiple
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pnterfere with
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cellular ph %outdoor positioning

sing radio S has already been
studied [11]. ¥the practicality of PHS radio
waves for, a r guidance system has not been

TABLE 1. OUTPUT POWER OF EACH
TELECOMMUNICATIONS
TECHNOLOGIES

Telecommunications Burst Average
Technology Power [mW]
PHS 80
IMT-2000(3G) 200 or 250

Furthermore, a positioning technology using sensors on
the

Android device has been studied [12].
estimation

using various motion sensors is called Dead Reckoning.
The

Dead Reckoning does not generate radio wave, hence
the

indoor position estimation method using the Dead
Reckoningis a useful tool in the hospital. However, in

Position
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the Dead Reckoning, error of the sensor data is
accumulated with time [13], hence, correction of the
accumulated error is one of the important issues.

C. Objectives of This Study

Considering these situations, we propose a guidance
system

for indoor navigation which utilizes a combination of
ideas from RSSI of PHS and Dead Reckoning using
sensors of Android devices. In this study, acceleration,
compass and gyroscope sensors on the Android device
have been utilized for estimating the user’s position by
the Dead Reckoning. The aim of our study is to develop
an Indoor guidance system on an Android device with
Bluetooth signal based navigation including smart user
interface which can be used by peoples of all the ages.
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Figure 2. Overview of the guidance system using PHS
Figure 2 shows an overview of the proposed guidance
system in the hospital. This system provides a route
guidance interface which is easy even for elderly users
to understand. The procedures of the system are given
as follows.

1. A PHS device samples RSSI of radio waves from
PHS

base stations (PBS).

2. The RSSI is transmitted from the PHS device to an
Android device through USB.
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3. The Android device estimates the user’s position
based on the RSSI and Dead Reckoning using sensors.
4. The Android device displays a guidance of the user’s
position to the destination.

In this study, it is assumed that the user holds an
Android

device and a small PHS device, which are received at a
reception desk of the hospital. Although there’s a small
and

compact PHS device in the current market, it can be a
chip

when this system becomes a commercial product. In
addition, a PHS smart phone operated by Android OS
has already been available on_th and it can
make the proposed system

Proposed Systen
e"1o keep track
ation. The user

Bluetooth

sing shorﬁ

8 a clear path Iger to

n to the ion. These
z that of Wi-Fi.
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e to the machines and radar
proposed system, the Bluetooth
Iaced in the every location of the rooms

airports without
communic a‘ghe
dongle wil
% fange each and every of 100meters. As the user
¥ \moves,

with the help of these change in signal and its
strength the user is guided to the destination.

The efficiency of the system is increased form the
values of additional sensor such as acceleration,
compass etc. Dead Reckoning is a method of estimating
the users position based on the sensor data. In the Dead
Reckoning, the position change is estimated by
detecting user’s movements and changes of the moving
direction of the user from the sensor data. The
procedure of the Dead Reckoning is composed of the
following ways.

1. The number of steps during walking is detected by an
acceleration sensor.

2. A moving distance is calculated by multiplying the
number of steps and the user’s stride length.

3. Direction of movement is detected by compass
Sensor.

4. Turning direction at a corner is estimated using a
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gyroscope sensor values.

5. The estimated position is adjusted to coordinates of
the corner when the change of the moving direction is
detected in order to correct error.

Hence the working of the application will be like

1. The user sends the request map for the
destination.

2. The system finds the nearest user Bluetooth
signal range and strength.

3. With this the system now can have the users
current location.

4. Then with Dijkstra's algorithm the route map
is being generated.

5. As the user moves the Bluetooth signal
strength changes and goes to a new range with
the help of RSSI of the Bluetooth signal waves
and by using the Dead Reckoning the user is
guided to the destination.

User Interface
The Route Guidance Screen displays mformatl
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destination. User interface of the gui
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people who are u‘aln wltors of a
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gwdan

Route Search

Experiment Result

Evaluation result of the proposed route guidance system
is

given in Table 2.

TABLE 2. RESULT OF ROUTE GUIDANCE
EXPERIMENT
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Guidance success
Route | Subjects | Medical rate[%o]
examination | DR DR DR &
point only | & PHS &
PHS | Bluetooth
1 5 6 60.0 | 100 100
2 5 6 60.0 | 100 100
3 5 6 100 80.0 | 95.0
Average 73.33 | 93.33 | 98.33

When the method uses the Dead Reckoning only, the
guidance success rate was 73.3[%]. On the other hand,
the

This is because the Dead Reck
orrect one from multip

ont of the PBS
ggest that the

hiS was cause%m
of a subje
Y

will

% od of user’s

CONCLU%
Thi waper s proposed a real time guidance system in

‘t‘spﬂylng the route Qﬂe%ospnal using Bluetooth and Android device. Specific

feature of this system is a use of the combination of
Dead Reckoning based on sensor data and RSSI from
the Bluetooth doongle. The Dead Reckoning is
basically used to estimate user’s indoor location, and
accumulated error of the estimated location is corrected
by utilizing the PHS radio waves, which have less
impact on the medical equipment. Furthermore, a new
intuitive user interface based on the turn by turn method
has been proposed.

In order to evaluate effectiveness of the proposed
guidance application, we have conducted route
guidance experiments results as such done in Nagaoka
University of Technology campus. Evaluation result of
the developed system has shown that the position
estimation using the Dead Reckoning and the RSSI of
PHS achieves a rate of 93.3[%] and with Bluetooth
dongle achieves a high success rate of 98.8[%] . The
results indicate that the combination of the RSSI of
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Bluetooth signal and the Dead Reckoning realizes
accurate route guidance in a large buildings. In the
future study, we'll further study to develop a dynamic
estimation method of user’s stride for improving the
guidance success rate.
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