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Abstract— Our research goal is developing and deploying
indoor and outdoor seamless Location-Based Servi¢eBS)
that covers indoor and outdoor locations. The prime
concern for GPS-based positioning systems such asrc
navigation are that they are not allowed to use irde
building nor underground, where GPS signals are outof
range. To increase flexibility for providing such sevices,
both indoor and outdoor seamlessly, we have develeg a
novel seamless positioning system with the follongnthree
steps. First, IMES (Indoor Messaging System), an
innovative technology for seamless positioning thatises
GPS chipset receiver was applied to realize indoor
positioning. Any device that has a GPS chipset inhé
receiver can detect IMES signal for positioning. Semnd, the
firmware on GPS chipset was modified in order to smothly
provide seamless location information both indoor ad
outdoor in accordance with the movement of the user
Third, Network-Assist GPS/IMES was developed to
improve time to first fix and vertical positioning accuracy.
The system will meet the needs of emergency whereicki
and accurate personal location information dramatially
makes difference. The application may be extended to
commercial activity as well for personal store nagation. A
prototype of system has been implemented and a shupg
application has been investigated.
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l. INTRODUCTION

Even though LBS was predicted to become the killer

application of mobile commerce, their dominance hais
yet materialized, but is predicted to do so sodre IBS
market size has been predicted to grow expongnfialin
2006 to 2010. Within this four-year time span, AsilaBS
market size is expected to increase from $291.lfomito
$447 million, Europe’s market from $191 million $622
million, and the U.S. market from $150 million t3.%
billion [1]. LBS has been available for several ngea
Initially, location determination for cellular phes was
solely cell-based, and location accuracy was détben
by the cell size. Whereas cell-based approachesotlo
require modifications to the handset or networkjeot
location techniques, such as WiFi-based, pictusstaor
GPS-based require modification to give increasedtion
accuracy.
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GPS signals are out of range. To increase flekbibr
providing such services, we are developing a ningor
and outdoor seamless positioning system which esabl
GPS chipset receiver to communicate without extra
hardware both indoor and outdoor seamlessly with
technical and business designs.

I IMES: INDOORMESSAGINGSYSTEM

The key technology of our seamless positioningesyst
is IMES [2]. IMES uses satellite signals outsidetlie
usual way, while using signals from IMES transnnitte
indoors, where satellite signal quality is reducBdES
signal structure is similar to that of GPS satdlisignals,
except for the data of the navigation message. €fbi,
the same GPS chipset receiver can be used botlrindo
and outdoor as shown in Figure 1. IMES transmitter
sends an RF signal similar to that of GPS and the
Japanese Quasi-Zenith Satellite System (QZSS)ngjivi
its three-dimensional position, the position of trenter
of its cell coverage zone [3]. The position and itoldal
information in the IMES navigation message
periodically broadcasted instead of the ephemeais,d
clock corrections, and so on contained in the GPS
message. IMES assumes that positioning accuradies o
ten meters will satisfy users who would like to tno
where they are in indoor places such as rooms,
underground shopping areas.
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Figure 1. Indoor and Qutdoor Positioning using IM&E%l GPS

The GPS-based positioning system is the most widely Table 1 shows signal properties of IMES. The RF

spread for the LBS in the world. The prime concfmn

GPS-based positioning systems is that they are nef

allowed to use inside building nor underground, nghe

characteristics of IMES are the same as the L1 c@de
r GPS and QZSS. Transmitted at the same center
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frequency (1575.42 MHz) as GPS with an offset of +/ ..., rrETTTTs P 7 3 2323 7 3 s ) 3 5 D Y T R E
8.2 KHz to minimize the possible interface from IBlfo S o Laleas  pay
GPS signal, IMES has a bandwidth of 2.046 MHz or B - T s s
more including the main lobe. In the current iraegf

specification for GPS, the U.S. government has@gat ~ word2 | ONT Latitude 21bits (MSE) Parity

allocation of the Pseudorandom Noise (PRN) codet@73 o Soits

182 for use by other GNSS allocations such as IMES.

word 3 CNT

The IMES receiver uses the codes only for de-sjmgad abit Longitude 21bits (MSE) Ry

the spread-spectrum modulation and as a step tuloer

the navigation message. Pseudo range or time|#| content |Bit Length LSB e
determination is not necessary because the desireqi] Fioor g Tth 1 som | sodin
position is read directly out of the navigation sae. [t 5 Tre ot i T wes e

This gives simpler equipment architecture than when

. . Figure 2. IMES Message Type 0
using pseudolites.

TABLE I.
IMES SIGNAL PROPERTIES WITH RESPECT TGPS Bits—> [i]z[o]eJsTe]r]s !&I3 7 EE1 73 3 2 Y 3 Y x P51 ) 1 Y Y
word 1 Preamble. 8bit Type, Short ID (IDg) s Par.ity

Item GPS IMES ' 0|3h]'t| - 12 bits 5 6bits
Center Frequency 1575.42 MHz  1575.42+/-0.0082 MHz Figure 3. IMES Message Type 3
PRN ID 1-32 173-182
PRN Code Rate 1.023MHz 1.023MHz Ill.  REALIZING SEAMLESSPOSITIONING
PRN Code Length 1ms 1ms ~ To increase flexibility for providing the LBS, both

indoor and outdoor seamlessly, we have developed a

Data Rate 50bps 50bps novel seamless positioning system with the follayin
Modulation BPSK BPSK three steps.
Polarization RHCP RHCP A. Indoor Positioning with IMES

IMES transmitters were installed at various logadiin
L a shopping mall. Figure 4 shows a location wher&$M

The message structure of IMES is similar to GPSransmitters were installed inside a ceiling. The
L1C/A or QZSS and is defined in the annex I1S-QZ&S [ distribution of IMES transmitter is done in suclvay that
by Japan Aerospace Exploration Agency. The messagdecovers a radial distance of 10m to 20m. Mobiéwides
consists of words of 30bits. Depending upon messagsith open source firmware on GPS chipset receiver a
type, the number of words in a frame can vary. &mee  Uused to receive the IMES position data. IMES experits
four types of IMES messages defined that are namsed have been conducted at each position with GPS/IMES
type 0, 1, 3, and 4. Message Type O contains 2ditipn ~ €XPeriment cart shown in Figure 5. Mobile devicatiw
data using three words of 30 bits each as showfigaore ~MES capability are used for the experiments. Fag@r

2. This is the shortest message length to trarssiolute  SNOWS tg_e IMES sfignal ﬁcquisitiOU by mﬁbile devate
osition data using latitude, longitude and floatad various distances from the transmitter. The gramsws
P . ’ . signal power level for two different IMES transrait
Message Type 3 contains only IDs and is one wond 10 |ocateqd at Point 1 and Point 33. In this case,ntiodile

as shown in Figure 3. The first of each frame meeight  jeyice tracks the IMES signal nearer to the receive
bit preamble followed by message type. Thewnhen the receiver is at the middle, it is possthi the
corresponding words of a frame have three bit ceruat  receiver may track signals from both transmitters.
the beginning of each word. Since, Message Typas3 h Currently, the receiver is designed to choose MES
one word only, it does not have counter bits. keta0.6 device that has higher C/NO value at the receiver.
second to read one word at 50bps. This message typ&erefore, it is possible to have an overlap zogtevéen
does not contain any position data or coordinaiés the IMES transmitters. It is necessary to contnel IMES

position data are retrieved from database serveecban POWer level, their location, antenna type, andrdagon.
the unique ID to get the latitude, longitude, hejgtoor An installation and management system is considared

number as well as other information such as guHanclsoe(:tatliJSnand operate IMES power level and transmitter

map, advertising and so on. Short IDs are definedl a
maintained by each operator. It is possible tordefip to
eight different types of message structure. B. Modification of Firmware on GPS Chipset
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Figure 4. Location of IMES Transmitters
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clock offset information of the receiver is retréelfrom

the outside positioning results and used in thguieacy

bin specification at the commencement of IMES digna
search inside. These kinds of construction sucakgsf
shorten the time required for location acquisitfoom a
maximum of over 30 seconds at the beginning of the
experiment to around 3 seconds under the conditidns
Figure 5. GPS/IMES Experiment Cart the demonstration experiment.

C. Network-Assist GPSIMES

As the third step, we are developing and deploying
25 - Network-Assist GPS/IMES in a commercial facility to
PRN 1722 PRN 174,181 improve time to first fix vertical positioning acacy as
shown in Figure 8. Data to find GPS signal suclGas
orbital data, ephemeris, and almanac are recein@md f
= GPS satellites at a GPS reference station anddséwsist
...  Data Server (ADS). IMES location Data to acquireE
1 _ . Signal are also registered in the ADS. These data a
\r% \ b provided from Radio Network Controller to a GP Spcleit
’ ot receiver via network to look to GPS signal or IM&nal
, more rapidly. Height data at just previous to thespnt
S s D A o et sl B e it ke TPOITE time is used to calculate to improve vertical posing
accuracy.
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Figure 6. IMES Signal Tracking Status

Figure 7 shows a prototype of a mobile device with GPS .
GPS chipset receiver (NovAtel Super Star 1), a GPS nﬂ%gi GPS Reference Station I—
antenna, and a cell phone (NTT docomo/Toshiba T)01A @%@1; @%@1 G ives Transmitter Ceiling
1
]
!

The GPS chipset receiver is connected to the mobil@omrnc
device through a USB interface. Major feature df th
prototype was the use of GPS chipset receiver ¢aat %
freely change proprietary algorithms using openrcs®u
firmware. The GPS chipset receiver inside the gltine
is not used at this time because the software erGiRS
receiver in this cell phone is not an open souroasare.

The following scheme is adopted in order to smgothl [J' 6'
provide seamless location information both indoad a N :

WiFi Terminal

~~,
R

ADS:
Assist
Network  Data
Controller ~ Server

outdoor in accordance with the movement of the .user e e oriabata

First, four from the twelve reception channels usee Height Data I “Ephemeris

allocated to the acquisition and tracking of thgnal from | s ocationData...

the IMES transmitter with the remaining eight chelsn , _ R —
allocated to acquiring and tracking of the sigmahf the Figure & Networl-Assist GPS/IME

GPS satellite. When an IMES signal is received, the

location information output from the short ID isacefrom Figure 9 shows one example of error distributiorain

the IMES signal. As the IMES transmitter has beerhorizontal direction to compare the vertical paositi
designed so that the L1 band center frequency igccuracy between Stand Alone and Network-Assist
suppressed to an offset of less than 0.2ppmijritpertant GPS/IMES. The vertical position accuracy was imprbv
to grasp the frequency offset of the receiver &iriet the by Network-Assist GPS/IMES.

frequency search range during the capturing prodess
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Figure 10. Shopping Cart with an Attachment and i\édbevice
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lV POTENTIAL APPL|CATIONS BE. HREMENBCLET . | [Bze/rrer-cvesEERRLES. |
To show advantages of indoor and outdoor seamlessd [/ [F] N [ [% N 2 [®

positioning, we have installed IMES transmitters an
super market and designed a shopping support afiplic
Figure 10 shows shopping cart with an attachmentfo
mobile device (left) and the mobile device (righijgure
11 shows three snapshots of the application on fileno
device. This application provides an item list aad
navigation map which corresponds to the locaticia dd
the user, whether located inside or outside bugllimhe
followings are three features of the application.

. A ~
Figure 11. Snapshot of Shopping Support Application

in Japan, but also common to the world. We will eanbr

to further refine this technology such that it cgpread
around the world in an era when not just cell plsoteit
also various information devices such as PCs amdega
consoles are becoming equipped with GPS functions.
Concerning the improvement of the positioning usage
range and time, technology of seamless positiomiitly
IMES will expand to areas such as inside or undengpl
shopping malls, which are out of range of transioitss
from satellites, and the diffusion of appropriaehnology

is expected to bring about great benefits for aaryday

) ) life. We wish to continue research, development] an
Zooming In and Zooming Out of Indoor and Outdoor  demonstration experiments in a real environmenthad

Map: The advantage of this application is that users caghjs technology becomes widespread and many peaple
use this application not only outdoor but also mdo experience its convenience.

(Figure 10, center and right). For example, if tami is
sold out at the store, a customer may zoom outthp
from indoor to outdoor searching for other storearhy.
Using this function, a customer can compare prigeis
other stores.

Locating Items Indoor: The item selection is done by
selecting recipes or searching from categoriesu¢gid 0,
left). When the user select a recipe, ingredieritshe
recipe are registered on the shopping list and dvthugn
be shown on the store map.
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Receiving of Advertisements Depending on Location
and Profile: A customer may receive through the portable
device an advertisement based on the location aed u [1]
profile (Figure 10, center). This benefits not otilg users
but also the store owners. Recording data on usditep
location, time and advertisement delivery in theadase,
the store owners later on gain the opportunityrtalyze
the market trend.
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V. CONCLUSION

A
The development and deployment of indoor ano‘ ]
outdoor seamless positioning is a research therh@sio



