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Abgract- The commercial suocess of a car navigation system is attributed to GPS informa-
tion. However, unlile the car navigation svstem, which navigates broad highways without
any blockages of GPS signal reception. But a man pavigation system has not yet proved
suceesaful, because this sysvem is designed for a pedestrian walking along a sidewalk, where
high buildings block incoming GPS signals. Proposing solutions are 1) providing new GPS
satellite with finer resolution, 2} psuedolight technology, and 3} combining GPS information
with other sensors. In this paper, [elaborate on the feasibility of utilizing the man navigation
system in overcrowded metropolises using only the existing GPS information.

Keywords-  cell phone based mobile location serviee, GPS (global positioning system],
pauedolight technology, gyrocompass, An agent program

1 Introduction tle United States government had given acomss
to the best ground resoluotion solely to the 1.5,

The GGPS has proved unsuceessful in 8 man nav- army, and had allowed other wsers 1o recelve a
lgatlon system In owergrowded whanlzed apeas, A less resolved GPS slgnal by adding an artificial
ZP5based navigaton system requires the slmulia- moEe to i, In order to urscramhle the noise-
meois reception of at least for GPS signals, When added slgnal, the Russians sclentsls came up
with fewer than thmee signals the system wioald ot with a small deviee, "a seudolght™, to be de-
be able 1o accurately caleulate ihe targei location ploved underground wherever i was necessary.
altogether|l]. Now several breakthrough approaches Before these clgarshaped gadgets were burked
to rectily this condition; underneath the ground, their precise locations
o Lannching a mew GPS satellite with a finer res- :gn:ﬂdflﬂi;:::ﬂ::tmiﬂ:gﬁgnﬂ:?:miﬁy

alution: This is a direct approach. In fact, hoth

the same as the one emitied by the T4 GFS, n-
ET and Japan are planning tolaunch a new (GPS a8 LAk ahe © by '

dicating the locations., Thus, the Bisslans were

Eﬂﬂmﬁ ]“I 11;}:;“';:':;1":”‘ w};]h]:lh wil 1n1]:rm.'l with able to fime-tune their locations sing the more
the exckiing L = ealellle network 1o gemer- precise Information obtalped [om the mearby

ate glgnals with high resplutions fargeting at the & 5 . -~
Eurgpean nations amd tle Japanese archipelago. ﬁ::]tﬂ]gm' even when the U.5. GFS was scram

Thi approach Is helplial for a car driving in the
middle of highway, Buot It would mot lelp a # Using a supplemental gpear: Belore the (GPS, ma-
pedesirian walking along a sldewalk where tall Jor avtomoble mamdactirers had tried o de-
Tualldimgs cutting of tle GPS slgnals velop & car navigathn system uslng gyrosoope
and s on. However, ermors accumlated as a
¢ Pseudolight techrology: During ithe cold war, car makes a turn at an Intersectlon. Researchers

“tucdafiv-akuac |p gould mot find a solothon lor offsetting tlese -




mors. Recently, a group of Japamese researchers
have been stud ving the leasibllity of lybrid tech-
gy wherelby applylng a GPS amd a gyroecom-
pass coneurrently.

Three call-plone providers are aifering mohile
loeation services In Japan, However, they can anly
provide low resolving slgnals with slow processing
timee. Tt takes twio to thiee minetes fom the onset of
the direction soltware program 1o search a location
ol a 1wser. The eell phone transmits the GPS Inlor-
mation o a computer server. The server exirapolates
thee lospation of the user, and creates a dot Inage map
of the destination. Then the server sends the Image
as packels data hack to the cell-plone. The ser has
to repeat these procediunes as oflen as necessary Lo
arrive at his her destination
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Figure 1@ Kyoito, Japan in 16K (above) and 1960
(bl ) photeeraphed at the same viewpoint

2  Our Proposal

2.1 Our proposal

The proposed approaclss stated abhove have lea-
tures In oomumeon.

1. At least 4 GPS satellites most he spen on site.

2. A user of cell-phone must be conmected with a
server repeatedly untll tle wser receives enough
Information toget to the destination, Tt olten we-
quims ot gnly & prolonged tme period, wspally
In minuies, but also has so mech room lor mis-
caleulation that husy wsers simply canmot aflord
to rely on such serviees.

Therelore, we propose as lollowes:

1. Even when we cannot see any GPS satellite on
glie, we could still speeulate our location, by ws-
Img the same method the (GPS wses to lbeate the
target site, namely the 1se of some relevant n-
Tormation obtaimed rom the surroumdin

2. We need to ¢reate a smaller database s that a
iser s regudred to place st ooe phone call foom
his her oell- phome 1o a server, thereby saving a
lot of time as well as opst.

2.2 Background

Belore motorization and relnforeed conerete high-
rlaes (ca. 1HE)) bhecame ways of Ile, the majority of
largeclties In the world shared a bomegenos appear-
anoe, hecause most cliles were composed of archale
hinsing. Figuml shows the diference between the
photographs taken In 1900 and in 1960 [2).

I we would measured GPS seelng at that time,
as shown in the lower lelt part of Figure 1, that we
wirlkd hawve seen GPS everywbere equally. On the
otler hand, large modern ¢ity B oceupled by difepent
types of bulldings randomly. The lower right part
aof Flgure 1 telk wmeven GPS seelng ditribution slte
by gite. Landscapes of modern clides are sonme whot
slmilar I T wold ot specily the mame of clties In
Figure 2, it would be difficult 1o distingush modern
cliles each otler The population of KeoudYama and
Sehirvas ave IR0 00 amd 1,200,000 respectiaely.

A sy businessman who will visit a specific
bullding In a crowded cliy does mot walk more than
A minutes n general. Usually e clecks the target
address ln advance and starts his walking om elther
the mearset s stop or subway amd rallway station.
A man walks about 1| Km per 1) mingtes so that a
seach area would he withina cleeult with 3 1o 4 Km
In diameter whose center & a his stop or a rallway



Figure 2 KouwrlYama, Japan In 262 (abowe) amd
Schiras, Iran In 3005 (below ) photographed by the
auther

i

Tesday an average memory slee of cell phone s
about 400 K hites. If we can create a small map
database amd an agent soltware which can he stoped
i the cell phome memory, we can redece the commu-
meation with a server.

3 DMeasurement in the Field

T verily our hypothesls, we make a Beld ex-
periment In Kourlvama cliy, Fukishima prelectune,
Japan, It Is a typleal loecal isisess center and the
mearest large city to Aku clty where Aku University
lecates. The reason why I do not select AlsunWaka-
matsy city Is becawse Alen cliy (less than LI
popupation) ls a small historieal town with a casile
g0 that vernacular houses are still dominant.

Figure 2 above shows urban landscape anmuned
Kourlyama railway statlon which has a typkal out-
lopk ol any large local eltles In Japan, I have traveled
amd vislted all tlse major cltles In Japan., All of tlem
are looks allke. Thelr characterlstics are tle lollow-

g

cormventional ap proach our approach
s GFS infomxion uszs OFS infgormxion
magrding oo o sing b sike cegarding cua kiple sicss

b

L mesh whee we wani
to know the lemtion

Emu.u- 4CPs

Flgure 3: comventional and our approaclss

9 memhes surrou nding
the target mesh

E OK <3GPS

1. There Is a certaln wide open space [bus rotary )
aroun the bus stop or in from of a rallway sta-
tlon where we can see mone than four (PS5 satel-
lites always,

2. There are mulii-lamne houlevards where bises can

mavigate. At tle same timee, there are a net-
work of narrower roads amd lanes whemw a car
finds difflculty to meet anotler car smoeothly. In
il past low hulldings and hoses Hoed up along
these marrow roads. IT they were as it were, be-
cause ol lowmess of bulldings, In spite of narmom
roads, we ooukl see more than Iour GPS satel-
lites., However, today's urban landseca pe las be-
come a mixture of low bulldings and high rises
witlet expantion of exdsting roads so that we
can not sep GPS satellites olten.

First, we make 3D O map around Kourl yama
rallway station by ousell. [All Japames: car naviga-
tlon system vendors have thelr own 3D urban maps
bt they will not provide them feely so that T kave
to ¢reate a 3D map by myselll) Based on a sur-
veyid map, we make an precke 200 O clty map
where moads amd bulldings' kis are expessed oor-
mectly. Then, hased gn our feld survey, we glve mea-
sumd hight to lsdlvidual huikdings. The west bulld-
Img Is only one Aoor abowve tle groumsd. The high-
et budlding has 1(th foors (about 35 m In leight ).
There are 4 lames, 2 lames, amd | lane roads.

We carry GPS mavigation system amd measire
how many (GRS satelllies are ohservahle at a specific
lpcation. Alter many measurements, we oome 1o a
tentative hypothesis,

1. moadside trees do not ghot GPS slgnals.



Figure 4: 3D CG map and GPS satellites seelng
argund KourlYama

2. multi-pass effect (a slgmal Is reflected multiple
times by bullding walk | B mot serlous. Mayhe
there are mo super high rlses hene

3. Due 1o satellite go arownd, the observed comdi-
thon slightly Huctuating gver time. Theoretically,
a satellite clreulate every 3 minutes around the
Earth.

4. The critical condiilon which decides the obsary-
able satellites Is expressed as a lunction of road
widih and surrounding ullding's helglt.

4 Calculation by Cone

The 30 Oz map of ours covers about 2 x 2 Km
argind KourlYama rallway statlon. We set a caleu-
lathon to eover the area by mesh wlhose slee we can
declde as we wkh, In this case stidy, we coeate a
meesh B m In ske. We make an Imaginal cone stamd
in the center of a mesh (20 x 20 m). As we change
the degree of cone, the cone Interferences differently
with surrpumding bulldings, The Reld survey tells the
certain relation hetween the 3 dimensional digree of
a Imaglmary come amd the number of olserable GPS
satellites (Flgure §).

Figure 5 The Interference relationship between
Imaginary oone amd bulklings

Table 1: 3D degree and mumber of GGPS satellites

| 3 dimesnional degree | number of observable satellites |

L4 4
L) 3
G 2
20 1
kess than H) 0

Table | tells that cars drive one highways and
brpad bypass where car's (3PS navigatlon system can
sep e than 4 GPS satellites always, Here the 3 di-
merslonal degree of & come s larger than 140 degres.
Figure 6 15 a mesh map (3 x 3 m) whose mim-
her Is the ohservable GPS satellites In that mesh.
The lower lell oorner 15 tle KourlYama rallway sta-
tlon exit. This mesh map tells that there are some
meshes where mumber B lower than 3, indlcatlg non
avairability of a lecation serviee. However, when we
deal with 9 meshes as one wnit, the undt s wnlgue
Im the mesh map. We can wilize thls gesgraphical
nature.

5 Creating a Database

Tesday, map database lormat has been well di-
cussed by intersationa ] organieza thon as lor both stan-
dallone map database 3] and database sup posed to be
referred through internet[4]. Onee a bulding & built,




bt
.
-
=

1
—_ =] =] =

a

UL

Figure fi: A meshmap showlng olserable GPS satel-
lites mamber

it stand there for years, It Indkcates that a mesh map
in Figure 6 Is durable longer. We can calculate amy
meesh map as a prefremble mesh slee and a map cov-
ETATEE ATEA.

Heervatlon of (GPS satellites at a specific slie pro-
vides Inflormation tle Lollowlmg:

1. each satelllte sy gnals its ldentifea tlon mamber.

2. as satellites go arpumd the Earth at hall hour
cycle, when we olserve 4 satellltes, they are mot
1l samee satellites. This Indicates that we have
to prepare 48 sheets of mesh map lor a day. (1
map represents M minutes Interval )

The procedure of making mesh database Is as Tolkwes,

1. Each major exii of rallway and subway amd hns
stops are reglstered with s mame, longiilisde,
amd latitude.

2. each mesh map has a exit or a bus stop as s
arigin so that each mesh Is ldentifed by two ln-
terger munhers [x,y).

3. each mesh has a oheervable GPS satelliies mam-
ber foom {5 to 6.

4. ldentification of which satellite

!'..1

wie have 1o prepare 48 sheets of mesh maps in
il game place.

We can express a ooordinate of each mesh (x,y), amd
GPS mumber by short Integer. An average sloe of a
meesh map s about 4 Km x 4 Km (as we do ot walk
meare than X)) mingtes on search) whose orlgin s an
exit or a bis stop, This, a data slee of a seet of mesh
meap Is quite small. We store these Information in a
seryver disk.

]

6 Simulation of Cell Phone
based Directions

Apenl program belween
Phone and Server

6.1 Cell

Agsume the server stopes those mesh map
database In advance covering the entire contry, As all
car navigatlon system vwendors own 30 urban map all
over Japan, they can ealeulate and create the mesh
database easily. A prospective ser knows his
destimation in advance. In any spare time [while he
goes an bus), e calls the server and tell his desti-
natlen. An agent program stored In a cell phose B
agtivated and tells the server the destipation Re-
spomling the Inguiry, the server lnds the nearest s
stop amd alloeates the mopssary sheets of mesh map
(mually several sheeis). The server downloads a set
ol sheets of mesh data. And a nesessary location
serviee program. This ls only one time oommumica-
tlon, All information is stored In a small memory of
a ell plone. We modily a agent program provided
by Toshiba Lid.[5]. Figure & is a shematle diagram
ol agent soltware comporments lnteraction.
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Figure T: Conventlonal and proposing methods

6.2 Direction Solely by a Cell Phone

When a mer arrlves at the expecting exit or the
bis stop, e starts the lecatkon servieoe program. The
nepessarty map information kB already stored In the
meermory 0 that the wser does not communicate with
il server amy more

1. Keep a real time observation of GPS satelliies.
tle observed data s belmg matched with the
stored mesh map, As be olserves, the propgram
search mot only single mesh but 9 meshes n-
clindimg tle curpent possible mesh, We trace his
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Figure & Schemtle diagram of agent soliware oom-
ponenis

roirte not. as slngle mesh bt as e conslsting of
O meshes.

2. A man walks at a comstant rate (eg., 1 Km per
10 mimstes) When e walks 15 minutes Toom the

buss stop, e should be any podnt on a clreumler-
enoe with L5 Hm radius.

Thik supplkmental Information gives larger possihil-
ity as lor where he s 1o the nelghborlsoed defimed by
3 % 3 meshes.

We make a fleld test In KourlYama rallway sta-
tirn nelghbor area. Flgure 9 shows that a 1ser starts
at the lower-lelt corner (an exit of the statlon) amd
mavigates and fnally arrive at tle target (an depart-
meent store) suceesslinlly.

T Discussion and Conclusion

Chr proposing method claims lis applicability
to any erowded urban area In the world, il only the
area Is a complex mixiure of varkuws bialldings buili
ramdomly. By contraries, it B not applicable to ur-
han area oonslsting of homogemeos hulldings. It ls
a lmetion of a combination of read width and sur-
rounding bullding helghts, A& traditiomal okd cliy in
Islam workd sich as Fes, Monocoo congkts of low sto-
ries bulldings bt it has very narmow patles so that
wie can not see engugh mumber of GPS satellites in
il wld Blam city. Or In Ewropean ¢ty such as Parls,
evemtbough reads are wide enough but sometimes 5

Figure %: Start[abowve) amd arclvebelow)

i § storkes high buldings might shot out of seelng
PS5 satellites.
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