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Abstract—In this paper, we propose an indoor autonomous
positioning system with an emergency signal distrilttion
mechanism. In normal situations, this system can pwide
some indoor navigation services using mobile devige
whereas in abnormal situations, under this systemthe
mobile device can receive emergency signals. Namebur
proposed system can distribute emergency signals.
Moreover, in the emergency case, the information on
current positions in addition to emergency situatios can be
provided, because the position estimation in the pposed
system can be continued even if the emergency signa
distributed. This point is the main contribution in the
indoor positioning system research field. We venf the
proposed system at Yokohama Landmark Plaza which is
one of the popular shopping malls in Japan. The
experimental results show that the proposed positiong
system can work effectively for the services in theormal
and abnormal cases.

Keywords — Indoor Autonomous Positioning; Indoor
Navigation; Particle Filter; Emergency Signal Distibution.

I INTRODUCTION

Recently, many services using smart phones or mobil

In this paper, we propose an indoor autonomous
positioning system using our own sensor networkqufia.
The proposed network is consisted of two our o&bin
protocols, each of which is called ComPass-B and
ComPass-B ESD, respectively, in this paper. The
ComPass-B is a protocol with respect to the packed to
estimate users’ positions. The ComPass-B ESD is a
protocol with respect to the packet used to trahsmi
emergency information to the user. Namely, thepsed
system has capability of estimating user’s positiand
sending emergency information simultaneously. Shgw
this new approach is the main contribution of thégper.
The packet is transmitted by using our original seen
node which is based on IEEE802.15.4 and ZigBeeravhe
the sensor node is called ComPass-Z in this papsers
carry mobile devices with the user-side ComPass@ a
the user’s position is calculated in the mobileidewand
then the estimate position and/or emergency infooma
are shown in the mobile device, where the mobildcge
is assumed to be e.g., smart phones and cellutaresh
and the user-side ComPass-Z is basically the santieea
one placed at indoor environments.

In order to show the effectiveness of the proposed
ositioning system, we install and test the progose

phones have been proposed with the development &fstem at the Yokohama Landmark Plaza (YLP) whech i

ubiquitous computing technologies. As one of thadsl
examples, there exists the indoor positioning tepke
This technique is useful in the place where théoragve
for the GPS is not received.

The positioning system might be roughly dividedbint
two types: server-side positioning system and anwus
positioning system. In the server-side positiorsggtem,
all information used for the positioning are tramséd to a
server, and then the position is estimated in #rees.
The merit of the system might be that all user’sitan
information can be understood. However, the degmer
might be that as increasing the number of usetgaay

calculation is imposed to the server, and hence th

positioning service will be stopped. As the cori@ral
server-side positioning systems, for example, §sem
based on wireless LAN (e.g., RADAR [1Ekahau [2],
AirLocation Il [3]), the system using Zigbee netk@l,

i

one of the popular shopping malls in Japan. The
experimental results are presented to show thditabf

the proposed positioning system.
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Figure 1. The Architecture and PCB Image of ComZass

and the system carried out with UWB [5] have been

proposed untii now. On the other hand,
autonomous positioning, the system using GPS isnthet
famous one.

number of users is increased. In the conventiomlor

autonomous positioning system, the indoor the GPS

method (IMES) has been developed [6], but the nurobe
conventional systems is not so much.

in the

Il.  THE PROPOSED METHOD

This system works stably, even if the
4 y A. ComPass-Z: The Proposed Sensor Node Based on

IEEE802.15.4 and ZigBee
The proposed positioning system is assumed to be a

sensor network which is consisted of a number ns@e

nodes, where the sensor node is called ComPasshisin
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paper. The ComPass-Z is shown in Fig. 1. The Gas® (2) Compare the current RSS pattern with the reference

Z consists of an integrated MPU module including,,e RSS patterns for the locations of the particlemgus

an AD converter, an IEEE802.15.4 radio baseband the Manhattan distance,

module, a surface mounted antenna, and so on (@€8.F (3) Update the weights of the particles using the

Some sensors, e.g., temperature, humidity, and’ comparison result,

acceleration sensors can be attached into the out : : ;

connector. The ComPass-Z has been certified by t ) Resan.1pl|r?g the weights of the pgrtlcles, )

governmental agency (TELEC: 005WWCAO0313). whe_re (5)_ in Fig.3 represents the estimated poshipthe
. article filtering, which is calculated by the whigd

A number of ComPass-Zs are placed at mdoo_E1

. : verage for the weight values of the patrticles.
environments.  Then a wireless sensor network iS
constructed and in the network area, the positpninC. The emergency signal distributing system

system is carried out. In the emergency distribution case, at first, the
B. The proposed positioning system administrator of the system transmits an emergeacket

The proposed positioning system is implemented b%E—Packet) to the ComPass-Z placed at the indoor

using beacon packets transmitted from the ComPass- nvironment. Next, the ComPass-Z receives an
9 P mergency message from the E-Packet, and themitans

The position estimation is carried out in the usenobile the beacon packet with the emergency message (&tpac

device with the user-side ComPass-Z, where thf: the user's mobile device. Then. the commurdoati

communication between the ComPass-Z placed at tr}getween the ComPass-Z placed at the indoor enventhm
indoor environment and the user-side ComPass-Z

implemented  with the ComPass-B  protocol Th '®nd the user-side ComPass-Z of the mobile device is
pler O P L eimplemented with the ComPass-B ESD. Finally, the
overview of the proposed positioning system is shaw message is shown in the mobile device and themgbe
Fig. 2. recognizes an emergency situation. Fig.4 shows the
procedure of the emergency signal distributingesyst
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Figure 2. The proposed indoor autonomous positgsystem with the
ComPass-Z.
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The proposed positioning algorithm utilizes two icad
signal strength (RSS) patterns transmitted frombtreon
packets; one is the reference RSS patterns wheclprar Figure 4. The procedure of the emergency signailalising system.
observed at a number of positions, the other istiment
RSS pattern corresponding to the current positio
Namely, by matching these two patterns, the curre
position is estimated. In this paper, this matghia
carried out by using a particle filtering. Fig.Bosvs the
procedure of the particle filtering of our proposed
positioning algorithm.

"We note that the beacon packet with the emergency
rH1essage can be also used to estimate the useit®mpos
and hence the user can recognize his or her ownertur
position in addition to the emergency information.
Therefore, our system can provide such a serviaettie
location of the emergency exit which is the neatest
user’s current position can be indicated.
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=0 e gy o YLP. Fig.5 shows the overview of the setup ofdfistem.
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Figure 3. The Overview of Particle Filter for Pasiing.

In Fig.3, the procedures of (1) to (4) are as fefio (a) The interior of the YLP (b) The setup position of the ComPass-Z

(1) Initialize the particles,
Figure 5. The overview of the proposed positiorspstem in the YLP.
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A number of ComPass-Zs were set to the ceilingbef Let us consider the case of a positioning algorithm
corridors of 2F, 3F, and 4F in the YLP, where eaclwithout using the particle filtering. Namely, byatohing
ComPass-Z uses the commercial AC power source. ABe current PSS pattern with all reference RSSepat
the user mobile device, a smart phone (SoftbankTX02 \yith respect to the track points (all green dotisg true
was used, where the user-side ComPass-Z was cetnecfack point is estimated. The red dot-link-line Fig.8
with the smart phone via Bluetooth (see Fig.6). represents the estimate result. It can be sednthba
estimation error (5.69 m) is much worse than thaulte
obtained by using the particle filtering. From gshe
results, we conclude that in the indoor positioning
large buildings where there exist many people alod of
wireless signals, the particle filtering is an effee
algorithm for the positioning and/or tracking.

®

R

a20
:

Smart phone

Figure 6. The user mobile device.

A. The positioning experiment results

To demonstrate the validity of the proposed systemn
many experiments were conducted. In this subsgctio
tracking estimation result is shown. A person yiag
the smart phone (see Fig.6) walked on a corridathef
fourth floor in the YLP. Then the RSS values with
respect to each track point were received by tlee-sisle
ComPass-Z and the RSS values were transmittedeto tf. The propagation speeds of emaergency signals
smart phone via Bluetooth. Fig.7 shows the tramikts In this subsection, the propagation speed of the
of the person changing with time (green dot-lime), emergency packet (E-Packet) of the proposed emeygen
where the track points represent a ground truthtgglo signal distributing system is shown. Fig.8 shows th
every one second. In the smart phone, the posiion measurement condition and the result.
algorithm using a patrticle filtering is executedséd on
the RSS values at each track point, and by usieg tt

Figure 8. The tracking estimate result without ggime particle filter.

* Transmitted A Received
location location

reference RSS values with respect to the positimins 5 ) S5 -
scattered particles, the true track point is edtchawhere  *Z | Aws R *Ia cmAat 4F
. . . = F b ¥ h
the number of particles is set to be 500. Thedatdink- < 1 e
line in Fig.7 represents the tracking estimatiosute 3F A3 - .ﬁ T3 =¥\ g3 3F
From this result, it can be seen that the averager e % e S5 e
distance between the estimated positions and the tr ¢ "f'"%"‘f,,, K12 = 1A 2\ -
. . . 5, o3 =
track points was 2.66 m, where it is assumed that t =
person walks with a constant speed (1m/s). 108m 81m
Time To West Side To East Side
Distance
Speed w2 w3 w4 E2 E3 E4
m3 5.66S 5208 5498 7.22§ 4.598 5298
T2 103.94 m 104.017 m 10425 m) 7170 m 7180m 7214 m
@ 18.91 m/g| 20.56 m/'S) 19.58 m/S| 10.70 m/'S| 19.62 m/'S, 15.67 m/S|
E 4238 3.97 § 4.858| 6.40 S 4408 5.808
( r-f-—vr—a-vbvl—zb——-m-—-—ow". 5t é T3 99.87 m| 99.79 m| 99.87 76.53 m| 76.43 m) 76.53 m
J = .) m 2567 m/§| 29.61 m/S| 22.51 m/S| 12.69 m/S| 18.61 m/S, 14.51 m/S|
» 3 ‘V‘ 3.908 3.618 3.938 7.229 5.288 7.018
‘, ‘2 " T4 101.96 m 101.72 m) 101.64 m| 80.05 m| 79.75 m)| 7965 m
§ \&0 E 2768 m/y 29.65 m/S| 2746 m/S| 11.49 m/§| 15.91 m/S 12.18 m/S|
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Figure 9. The results of the propagation speed tdstmergency signals.

In the measurement condition (see the upper figare
Fig.9), the E-Packet was transmitted from threatioos
(red star, T2, T3, and T4) which are the middlecplaf

each floor (2F, 3F, and 4F) in the YLP, and theeinex
points are 6 locations (yellow triangle, E2, E3,d W2,

B0%a]
Figure 7. The tracking estimate result using tigle filter. W3, W4) which are the east and west sides of elach f
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in the YLP. The lower figure in Fig.9 shows theuks of
the propagation speed for each pair of the transdhénd
received locations. From these results, it is dbahthe
average transmitted speeds for the east and vaest are
14.7 m/sec and 24.6 m/sec, respectively. The rgessh
the emergency signal can be delivered to the ughinw
about 7 sec.

For example, since the quake time of big earthquéke
more than ten seconds, if the emergency message (e.
emergency exit information) is transmitted to treeruat
the same time when the earthquake early warningsgvho
service is provided by the Meteorological Agency in
Japan is announced, then the emergency messagbemay
an useful information for the user, because the eeenot
move during earthquake and the emergency message ce
be received within at most seven seconds.

IV. DiscussiON ANDCONCLUSIONS

We have proposed an autonomous positioning systen
with an emergency signal distributing system. e t
proposed positioning system, since the estimater ésr
about 2.6 m, it is considered that the system can b
applied to an indoor navigation service (see Fi@)0
which is capable of indicating direction guides thé
intersection of corridors (see Fig.10(b)).

The nearest emergency exit
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Turn left
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(b) [
Figure 10. An indoor navigation service 2]

By using the ComPass-B ESD, our system can aghie\8]
the positioning and the emergency signal distrimuti
simultaneously. Therefore, in ordinary situationise
proposed system can provide indoor navigation sesvi
(see Fig.11(a)), whereas in emergency situatiohs, t
proposed system can be used as an evacuation geida
system, which can provide the nearest emergendyt@xi
the current user location (see Fig.11(b)). Theefour
proposed system can provide the positioning and the
emergency signal distributing services simultangous [6]
This new approach is the main contribution in theoor
poisoning field.
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Figure 11. An indoor navigation service.
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