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Abstract

Hisashi MORISHITA

The authors focused on the development of an ingositioning system which is easy to use, portaiole

available for everyone. This system is capablero¥igding the correct position anywhere indoorsJuding onboard ships,
and was invented in order to evaluate the avaitalif GPS indoors. Although the performance of G®Superior outdoors,
there has been considerable research regardin@rir@BS involving sensitive GPS, pseudolites (GP&ugs satellite),
RFID (Radio Frequency IDentification) tags, and vaéssl LAN .However, the positioning rate and the igiea are not high
enough for general use, which is the reason whgetitechnologies have not yet spread to persondgatin systems. In
this regard, the authors attempted to implemenindaor positioning system using cellular phoneshviatiilt-in GPS and
infrared light data communication functionality, e are widely used in Japan. GPS is becoming &singly popular,
where $GPGGS sentences of the NMEA outputted floenGPS receiver provide spatiotemporal informatimeiuding
latitude, longitude, altitude, and time or ECEF jyaordinates. As GPS applications grow rapidly, ispatnporal data
becomes key to the ubiquitous outdoor and indoamgess positioning services at least for the emtiea of Japan, as well
as to becoming familiar with satellite positionisgstems (e.g. GPS). Furthermore, the authors spevadrking on the idea
of using PDAs (Personal Digital Assistants), asutal phones with built-in GPS and PDA functionalitre also becoming

increasingly popular.
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1. Introduction

Recently, Japan has seen a dramatic expansion umsthef
car navigation systems Since the E-911 (informatidiout
emergencies) law came into effect in April 2007Japan, the
popularity of cellular phones (including PDAs) wituilt-in
GPS (Global Positioning System) has been on tlee ris

Figure 1 shows the external appearance of theajispi a
cellular phone with built-in  positioning and mapgin
functionality, including GPS, as well as Internaiwsing
functionality. In recent years, personal navigasgatems have
been in high demand in the same way as car nawvigati
systems. However, in contrast to cars, which cdg nm on
roads, people are much more flexible due to thbilita to
access almost any available space (indoors, uraerdr etc.)
on foot.

Although the performance of GPS is superior outdpitrere
has been considerable research regarding indoori&@&ing
sensitive GPS, pseudolites (GPS pseudo satellREID
(Radio Frequency IDentification) tags, and wirelds&N.
However, the positioning rate and the precision raot high
enough for general use, which is the reason whysethe
technologies have not yet spread to personal n@eiga
systems. A location method for indoor mobile robatng
RFID was presented recently[1]. In this regard, as lbeen
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Fig. 1. External appearance of a cellular phond \itilt-in

function for positioning and mapping through theemet.

stated in some papers that knowledge of the vglaritd the
position is required in industrial applicationsgiehumanoid
robots)[2]-[5].

In this paper, the authors present the experimental
implementation of an indoor/outdoor seamless pmsitig
system using cellular phones with built-in GPS fiomality,
infrared light data communication, and Lighting $ag



2. Cencept of Seamless Positioning

2.1 Seamless Positioning

Figure 2 shows a conceptual diagram of the outdout
indoor seamless positioning system using LightireggsT and
cellular phones with built-in  GPS and infrared tigh
communication functionality. In outdoor situationsuch
phones utilize a GNSS (Global Navigation Satelfgstem)
implementation, such as GPS, while in indoor situns,
Lighting Tags are used. In both situations, the esam
spatiotemporal position data is used, and searplesiioning
can be easily achieved.

When a user carrying a cellular phone walks undgme
fluorescent light with a Lighting Tag, the precise
spatiotemporal data, which is surveyed in advaiscegceived
instantaneously, which allows the position of treeruto be
fixed automatically, in a manner similar to GPSisThystem
can provide seamless positioning, and it is possitd
implement it as a universal service.

2.2  Core Spatiotemporal Data and Cellular Phone

GPS becomes increasingly popular for use outdoors.
$GPGGA (Figure 3) sentences of the NMEA (Nationaride
Electronics Association)-0183 outputted from GPSeheers
provide 4-dimensional spatiotemporal informatiorcliding
latitude, longitude, altitude, and time or ECEF (BaCentered
Earth-Fixed) xyz coordinates. As GPS applicatiomewg
rapidly, spatiotemporal data becomes key to thejuittius

Terminal

Fig. 2. A conceptual diagram of the outdoor andoord
seamless positioning system using Lighting Tagscafidlar
phones with built-in GPS and infrared light comnuation
functionality.

$GPGGA,015340.00,3515.4490,N,13943.2215,E,1,9,0.8/¢,3
6.15,M,,*64
$GPGGA,015341.00,3515.4489,N,13943.2216,E,1,9,0.3/¢,3
6.15,M,,*6A
$GPGGA,015342.00,3515.4488,N,13943.2216,E,1,9,0.3/¢,3
6.15,M,,*6F
$GPGGA,015343.00,3515.4488,N,13943.2216,E,1,9,0.8/¢,3
6.15,M,,*69

Fig. 3. A $GPGGA sentence in the National Marine
Electronics Association (NMEA) format.
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outdoor and indoor seamless positioning serviceleast for
the entire area of Japan, as well as to becomimgifa with

satellite positioning systems (e.g. GPS). Furtheemdhe
authors are also working on the idea of using P{Personal
Digital Assistants), as cellular phones with builtGPS and
PDA functionality are also becoming increasinglypplar.

Cellular phones with built-in infrared light data
communication (IrDA: Infrared Data Association) @tionality
havealready spread in Japan. Users often exchangeptheire
numbers and e-mail addresses using IrDA. If IrDAides can
connect and upload data about their current logatizey can
obtain spatiotemporal position data anywhere urrdergd and
indoors.

2.3 Lighting Tag

We propose a novel system for indoor/outdoor sessnle
positioning using cellular phones with built-in  GPS
functionality in combination with infrared light oomunication
and fluorescent lights with Lighting Tags (NEC and&EQ
Engineering Corp. 9.

Figure 4 shows the external appearance of a Lighfiag
(height: 44.0 mnx width: 55.0 mmx depth: 25.0 mm, weight:
130 g) and a USB infrared light receiver (height:7361m x
width: 16.0 mmx depth: 10.5 mm).

The Lighting Tag transmits ID according to the anéd date
communication. The electric power is acquired frahe
inverter type fluorescent lamp lighting, and the tlBnsmitter
is driven. Electrical work is unnecessary for us&grause the
ID transmitter does not use the electric wave, sit niot
influenced by the electric wave interference. We oae them
between 0 and 65 degrees of temperature and be®@and
85 percentage of humidity without the dewfall.

The receiver is already small enough for practmabposes,
while the infrared light emitter consists of 8 itieal infrared
light-emitting parts and can be turned on or otfading to the
situation, respectively. The power is supplied by
electromagnetic induction (voltage: 3.3 V, avergmmwer:
50-100 mW), where the white circle, consisting ofmagnet
and a coil (circle in Figure 4), is placed aroundraverter-type
fluorescent light (FHF: Fluorescent lamp High Freagey,
frequency: 45-100 kHz). The Lighting Tags have ish
avoidance logic. If some Lighint Tags emit at tlaens time,
tags comes to be going to emit at the differentetimext
respectively.

' Receiver of USB Type

NEC

Fig. 4. External appearance of the Lighting Tag tredUSB
infrared light receiver.
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3. Experimental Reception Indoors

3.1 Experimental Outline

Figure 5 represents an experimental ID receptiam fra
Lighting Tag using the infrared light communicatiumction
at a fixed point indoors. The Lighting Tags werageld on the
ceiling, whose typical height is about 3.0 m. Thethars
carried a laptop PC with the USB infrared IrDA reeeiand
attempted to receive the ID of the tag. The typidistance
from the Lighting Tag to the receiver was about m.5Next,
they attempted to obtain the ID while standing reearall (0.5
m and 1.5 m from the wall) in order to study th#éuence of
the reflection of infrared light from the wall.

Figure 6 shows the ID received by the PC from ttghting
Tag using IrDA communication. It shows the ID are t
system time of the PC when the ID was received. ddia can
be obtained at a rate of more than once per sedbritie
capacity of the data transmission of this systeimfgroved, it
will be possible to transfer spatiotemporal dataairmanner
compatible with GPS/GNSS.

3.1.1 Automatic Reception
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reception from a Lighting Tag using infrared ligikfata
communication. It presents a situation where ther wegalks
beneath the Lighting Tags on the ceiling, and tperation of
the system is automatic, similarly to satellite wavigation. In
car navigation, the reception of radio waves frateliites is
always automatic, and generally goes unnoticedveywsers.
3.1.2 Manual Reception

Figure 8 shows a conceptual image of manual IDptéme
from a Lighting Tag using infrared light, represegt a
situation where the user walks beneath the Lighfiags on
the ceiling while attempting to acquire the positio a manner
similar to using a cellular phone. If the carriggnal of the
cellular phone is weak, the user always moves t#ikilar
phone in search for better reception. In the sarag, \if the
user cannot receive an ID using infrared ligptnmunication,
they orient the receiver toward the Lighting Tag.
3.1.3 Resultsof the Reception Experiments

Table 1 shows the area where automatic and marual |

reception from the Lighting Tag is possible by gsimDA
communication. The data on the left and the rigée ®f the

table represent the automatic and the manual mode,
respectively.
The table shows that both automatic and manual 1D

Figure 7 shows a conceptual image of automatic ID

Fig. 5. Experimental ID reception from a Lightin@gd by
using infrared light data communication.

([oia]l~+4

28| | & SquinelMail 148-26lc. | & Yahoo #6715 - 6967 [ 5,” WianTagManitor

<l 2t a5

Fig. 6. ID received by the PC from the Lighting Tieging
infrared light communication.
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reception is possible within a range of more th@nmlat right

Fig. 7. A conceptual image of ID reception from hiigg
Tags by using automatic infrared light data comroation,
similarly to the case of car navigation.

Fig. 8. A conceptual image of manual ID receptiamt a
Lighting Tag using infrared light communication.
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L Tag Ceiling
Ll 6m 1.5m
Right | ===~ -—-::@
Automatic
70.8m<
| W Manual
27°
28m | 22m 227
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Fig. 9. Area where automatic and manual ID recepfiom
the Lighting Tag using infrared light data commuticn is
possible.

Table 1. Area Where Automatic and Manual ID Regapti

Ceiling

>Hm

0.5 m from Wall

13m

1.5 m from Wall

Fig. 10. Area of ID reception from the Lighting Taging
infrared light data communication near a wall.

from the Lighting Tag Using Infrared Light Data
Communication is Possible. Table 2. Area of ID Reception from the Lighting Tdging
Automatic Manual Infrared Light Data Communication near a Wall.
Dist | Left | Rt | Aver | Rad | Left | Rt | Aver | Rad 0.5 m from the Wall 1.5 m from the Wall
im | 41° | 47° 44° | 0.6 m| 68° | 61° 64° | 0.9 m Dist | Left | Rt | Aver | Rad | Left | Rt | Aver | Rad
15m - - 40° | 1.0 m 59 | 2.0 m 1m 90° | 90° 90° | 1.0 m| 90° | 90° 90° | 1.0 m
2m | 33| 37 35°| 1.1 m| 54°| 53° 53° | 1.6 m 2m 90° | 90° 90° | 20 m 75| 85 80| 1.9 m
3m | 24| 35° 29° | 1.4 m| 41°| 45° 43° | 2.0 m 3m 53° | 42° 47° | 22 m 71| 60 65| 2.7 m
4m | 20°| 34° 27°| 1.8 m| 32°| 41° 36° | 23 m 4m 45° | 45° 45° | 2.8 m 43| 50 46 | 29 m
5m | 19° | 32° 25° | 21 m| 27°| 38° 32°| 26 m 5m 41° | 38° 39° [ 31 m 39 | 46 42| 33 m
6m | 17° | 26° 21° | 22 m| 25°| 29° 27° | 27 m 6m 35° | 33° 34° | 33 m 34| 36 35| 34 m
7m | 14° | 22° 18° | 21 m| 22° | 24° 23° | 27 m 7m 32° | 33° 32° | 37 m 29 | 29 29| 33 m
8m 7° | 19° 13° | 1.8 m| 16° | 20° 18° | 24 m 8m 28° | 25° 26° | 35 m 24 | 23 23| 31m
9m | 10° | 10° 10° | 15 m| 15° | 8° 11° | 1.7 m 9m 25° | 25° 25° | 3.8 m 20| 19 19 | 3.0 m
10m 4| 4 4| 07m 4| 3 3°| 06m 10m 25° | 23° 24° | 40 m 19| 15 17 | 29 m
11m 21° | 21° 21° | 39 m 12| 10 1| 21m
angles to the face of the tag. 2m | 147)22°| 18737 m No Data
Figure 9 shows the area where automatic and maiual L 13™ I 3°]00m No Data

reception from the Lighting Tag is possible by gsinfrared
light communication. The Lighting Tag is located ¢me
ceiling in the upper part of Figure 9, and thera i®ceiver in
the lower part of the Figure 9. The smaller areaesponds to
automatic reception, while the larger area corradpoto
manual reception. The maximum radius of the aréadan at
a distance of 6 m from the Lighting Tag in automatiode,
and 2.7 m at a distance of 7 m in manual modéndftypical
ceiling height is 3 m, the typical distance frone thighting
Tag to the receiver is about 1.5 m. The radiuhiefarea where
ID reception is possible is 1.0 m in automatic madd 2.0 m
in manual mode. From these figures, it can be riefethat the
area where reception is possible in manual modwite as
large in terms of radius and 4 times as largerimseof width.
3.2  Effectsof Reflection from Walls on Reception

Next, we attempted to obtain an ID from two posiioear
a wall (0.5 m and 1.5 m from the wall, respectiyatyorder to
account for the reflection of infrared light .

Table 2 shows the area where manual ID receptam fhe
Lighting Tag using infrared light is possible. THata on the
left side of the table corresponds to a distanc8.5fm from
the wall, and that on the right side of the talder@sponds to a

distance of 1.5 m. The table shows that the IDlmameceived
manually from a distance of more than 13 m fromtdgeat a
right angle to the face of the tag.

Figure 10 shows the area where manual ID recefit@mn
the Lighting Tag using infrared light is possibteaadistance of
0.5 m or 1.5 m from the wall. The figure is the sams the one
presented in Figure 9. The larger and the smalésx ancircled
by the wavy line corresponds to a distance fromvthk of 0.5
m and 1.5 m, respectively. The maximum radius ef dnea
where ID reception is possible is 4.0 m at a distaof 10 m
from the Lighting Tag and 0.5 m from the wall, &d m at a
distance of 6 m and 1.5 m from the wall. It wasfiomed that
the area where ID reception is possible becomesnwidar the
wall due to the reflection of infrared light, whietlows for an
ID to be received by reflection even in areas whhbre was
previously impossible.
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4. Mobile Reception Experiment 42  Arcade

Next, the authors attempted to receive the IDsraatizally
using infrared light while walking beneath the Liigly Tags
installed on the ceiling of the arcade, which igsented in
Figure 12. The height of the ceiling of the arcéslabout 4.5
m, and the width is about 3.0 m. Furthermore, tighting
Tags were installed in a straight line at intenaflabout 1.5 m
on the ceiling (Figure 13). The typical distancenir the

4.1 Passageway

The authors attempted to receive the IDs autombtiadile
walking beneath the Lighting Tags installed on deding in
the passageway.

Figure 11 shows the results of the mobile ID reioept
experiment, where the height of the ceiling is @b®um and
the width of the passageway is about 2.5 m. Thétlrig Tags
were installed in a straight line at intervals bbat 1.5 m near
the fluorescent lights on the ceiling.

Tables 3 and 4 show a sample of the results of the
experiment regarding the automatic reception oflbe from
the Lighting Tags while walking along the passagewkhe
bold characters in Table 3 indicate the point whie user
turned around in the passageway. The typical distétom the
Lighting Tag to the USB infrared receiver is abdub m, in
which case an ID can be received roughly once gaorsl.

Table 4. A Sample of the Results of the Experiment
Regarding the Automatic Reception of the IDs from the
Lighting Tags While Walking Along the Passageway€¢O
Ways).

ID Time ID Time
0102002A| 15:57:26| 010200A9| 15:57:32
0102016B| 15:57:28| 010200A9| 15:57:33
0102016B| 15:57:28| 010200A9| 15:57:33
0102016B| 15:57:29| 0102004F | 15:57:35
1020091 15:57:3Q0 0102004F | 15:57:36
1020091 15:57:31 0102013F | 15:57:37
1020091 15:57:31

\

Fig. 11. A mobile experiment of ID reception frorhet
Lighting Tag using infrared light data communicatim the
passageway.

Fig. 12. The exterior appearance of the arcad@igrhobile
Table 3. A Sample of the Results of the Experiment €xperiment.
Regarding the Automatic Reception of the IDs from the
Lighting Tags While Walking Along the Passagewayt(B
Ways).
ID Time ID Time
0102013F| 15:56:03| 0102002A| 15:56:16
0102004F | 15:56:04| 0102002A| 15:56:22
0102004F | 15:56:05| 0102002A| 15:56:22
0102004F | 15:56:05| 0102002A| 15:56:23
010200A9| 15:56:07| 0102016B | 15:56:24
010200A9| 15:56:07| 0102016B| 15:56:24
010200A9| 15:56:08| 0102016B| 15:56:25
1020091 15:56:09 1020091 15:56:27
1020091 15:56:10 1020091 15:56:27
1020091 15:56:10 010200A9| 15:56:29
0102016B| 15:56:12| 010200A9| 15:56:30 &
0102016B| 15:56:12| 0102004F | 15:56:31 Fig. 13. The exterior appearance of the LightinggsTa
0102016B| 15:56:13| 0102004F | 15:56:32 installed in the arcade in this mobile experiment.
0102002A| 15:56:14| 0102004F | 15:56:32
0102002A| 15:56:15| 0102013F| 15:56:34
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Lighting Tags to the USB infrared light receiversagbout 3.0
m, in which case the typical radius of the area rehid
reception is possible is about 1.4 m accordingibdet|. It was
possible to receive an ID from three Lighting Tagjshe same
time at any fixed point in the center of the arcaitece the
reception areas seemed to overlap.

5. Conclusion

In this paper, the authors present the resultsxpérmments
regarding the ID reception using Lighting Tags foasic
research in order to realize indoor positioningngscellular
phones with built-in GPS and infrared light data
communication functionality.

The Lighting Tags were installed on the ceilingd ahe
authors carried a laptop PC with a USB infraredtligiteiver
in order to receive an ID. Next, an experiment®fréception
near a wall (0.5 m and 1.5 m from the wall) wasfqrened in
order to account for the reflection of infraredhigThe authors
attempted to obtain an ID automatically while watkibeneath
the Lighting Tags on the ceiling in a passagewag an
arcade.

The ID was received instantaneously and autométical
when the receiver passed beneath the Lighting THdgis
infrared light data communication system allows the
transmission of more data in additon to an ID.] If
spatiotemporal data conforming to GPS/GNSS is usstad
of an ID, this system can provide seamless pogitgorand it is
possible to implement it as a universal service.

In the future, the authors intend to perform a tasing
experiment simulating underground shopping areasl an
buildings. It is thought that in order to be reatiz this system
must be capable of not only outputting IDs, bubasutilizing
spatiotemporal data compatible with GPS/GNSS aeddbid
preparation of indoor electronic maps.

It is expected that serviceable areas will grow ewidor
many users in the future. The authors express toge that
the present research will help promote the prdctisa of a
global indoor seamless positioning system. Indamsitfpning
must be improved in order for it to be accessiblenainstream
users and become ubiquitous.

(Manuscript received Sep. 6, 2010
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