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ALTT: Design and Implementation of
Indoor Location System for Public Spaces

TakesHI IwamoTo,! AREI KOoBAYASHIT!
and SATOSHI NISHIYAMA 2

Location information of users is crutial for enabling ubiquitous application to
adapt users’ activities. The most popular way to obtain location information
is GPS, which is equipped in a mobile phone and used for actual services such
as human navigations. However, GPS cannot be used in indoor due to its na-
tures, i.e. GPS uses radio waves from satellites. Therefore, several systems are
developed and proposed as indoor location system. In this paper, we focuses
on the location system for indoor, especially, public spaces such as a shopping
mall, an underground mall and a station where many general public visit. We
point out two requirements for indoor location system in public space. First, in
public space, we can not expect that all the people in the public spaces carrying

dedicated devices (special device issue). Second, many people do not want to
have their location information managed by centralized server (privacy issue).
‘We propose an indoor location system which utilize both a camera installed in
the environment and a handheld device with motion sensors that users have.
The method, called ALTI (Activity based Location Tracking and Identifica-
tion), allows a handheld device to estimate each own location. Moreover, our
methods prevent other users and environment from getting location information
of specific user.
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Table 1 Existing indoor location system.
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Fig.1 Overview of ALTI.

gooooooooooooooboooooobobooOobooooboooooDboooDbbo
gooboooooooobooooooooobooboooooooobooboooobooDbo
goooooooooooboooooboooboooooboooobooooooooooa
goboooobooooooboooooooobooooooooocooooooooooboo
gobodooooobooooboboooa
ALTIOOO0OO0O0O0000O0O00O00000000O00000O0O0ooO0O00o0ooooO
gooooboobooodoooooooboooooooobooboOoooooooooooooOobooo
gooboooooboooooooooboooooobooOoooooocooboooooDbooboo
gooooooooooooobobooooooboooobooooooOobooboooobooboo
O00000C00OALTIOOOOOOO0O0OOO0O0ODO0O0O0O0OoOoOoooooooo
gobooooooobooooboooobooooboobooooo
gooooooooooooooooooobooOoboOoooooooobooboOooooooboo
goooooooooooooooooooooooboboOoooooboooOoooooDoobooo

00o0oooooog Vol 50 No. 4 1225-1237 (Apr. 2009)

goooooooooooooooobobobOoboOooobOooOoooboobooooDbo

goboboooobooooooooobooooboobooo

OO0 ALTIOOOOOOO0OO00O0O00O0O0O0O0000000000O00000000O0

gboboboooodobooooooooboobooooobooooboooooooo

o00ooooooooOoMEMSOOOOOOOOOOOOOOOOOOOOOOO0OO

gobobooodooooooobooooooodooouoooobooboOooooboboooooooa

goboooobooooboooobooobO0oboOoOobOoOobOOobobUobOOoboboOoDbo

ooooboooooooooobooooboOoboO0oboobobooOoooobooOobOoooobooboo

goboooobooobooooooooboo

O0000OO00ALTIODOOOOO0OOO0OO0O0O0O0O0DO0OOOO0OoO0ooooOoo

gbooobooboooboooooooboooooboooooooobOoooobOoOoooDbo

gooooooooooooooooooooboooooooooooocoOoooooDoDoboo

goooo

ALTIOOO0OOO0OOOOO0OOOOOOoooOoo

(1) 0D0O0OD0ODO0OO0O0OO0OO0OO0OO0OO0O0O0O0OO0UOOO0ODO0ODOODUODOODODOODOO
oooo

(2) ODO0OOOOOOOOOOOOOOOOOOOOOOOO0OOO0O0OODOOO0OO0OO0
goboooooboooooobooooboboo

(3) OD00OOU0OO0O0OOO0O0O0O0OO0OOO0OO0DO0O0OODO0O0DOOOO0ODODOOODDO
goooo

(4) O0ODOOODOOOOOOOOOOOOCOOOOOOOOOOOOOOOOOOOO
goboooooogoooo

() ODOOOOOOUOUOOUUOOUOUOOOOOOOOOOOOOODOUOUODO
oobooooooooo

(6) DOUOOOOOUODUOOUDODUOLODOUDO

gooooooboooooooboobooooboOoboOoOooobOOobocOoOoOooDOObOOoOooo

gobobooooobooooobooobobooboooboooboobobOoboOoOoobooOoooO2s5000

goooboboooooooooooboooooooobooboOoboooobooOoocoooooooDon

gooooooobooooooooooooooooboboOoboOoooOooboOoboOoOoooDOboonoo

gooobo200000b0o0ooobooooboooocooooooooooboooooooo

goooobooooooooooobooooooobooooooooooooooooDoobooo

(© 2009 Information Processing Society of Japan



1229 O0OO0OO0OO0OO0OO0OO0OO0O0OOOCOOOOO0O0O0OOOOOOOO000O00O0

ooDooooooDo
3.1 00000000000000000
0000000000000000000000000000000000000000
00000000000000000000000000000000000000000
0000000000000000000000000000000000000000
00000 10000000000000000000000000000000000
0000000000000000000000000000000000000000
00000000000000000000000000000000000000000
00000000000000000000000000000000000000000
BraMBLe'” 00 D0OOBraMBLe 0ODOOD 40000000000000000000
0000000000000 00O00DO00OO00 Baysian multi-blob tracker O O 0O O
0000000000000 0000000000000000000000000000
00000000000000000000000000Y™Y 000000000000
oooooooooo
0000000000000000000000000000000000000000
0000000000000 D00000D000000000000D00
3.2 00000000
ALTIOOOO00DDO0O0D000D000000D0000000D00D000Do0On
0000000000000 D00000DO0000
000000000000D0D0000 2000000000000000000000
00000000000000000000000000000000000000000
00000000000000000000000000000000000000000
00000000000000000000000000000000000000000
00000000000000000000000000000000000000000
00000000000000000000000000000000000000000
00000000000000000000000000000000000000000
00000000000000000000000000000000000000000
0000000000000000000000000000000000000000
00000000000000000000000000000000000000000
0000000000000 0000000000000000000000000000
00000000000000000000000000000000000000000

00o0oooooog Vol 50 No. 4 1225-1237 (Apr. 2009)

goooooodooooobooooooooobo 4000000 DOOODOOODOODOO
gooooobooooboooobooooooobbooobooobooobbobobOooDbo
gobodooboooooooooooooooooobodooooooooooaoo
goboboobooooobooooooboobooooobooooobooooooooboooon
gblooooobooboooooooobooooooooboooobo 10000000400
gooobobooooooooboooooooboooobooo0ooooooOoooooDoonoo
gooooboboodouoooooobooooooboboOooooOoboOooooDooOobooOoODbboo
goooboboooooooooobooooooobooboOooboooboOoCOoOobOoOooooDoon
goooobooodoboouooboooobooooboOooooboboOoooobOoOobOooooooDon
gooooooooooooooooooooooboooOoboOooooobooboOooooboono
gooooooooooooooboooooboobooooooooooOboOobooOoooobooOoboOoon
goooboooooooooooooooooooooOooooooooooooooDoonoo
gooooboooooooooobooobocooobooooooooboooooooooDoon
gooooboooooooobooooboooooooobooooobooobooOooboOoooooboo
gobooooooooooooboooboooooono

4. U u

ALTIDOOOOOOC 200000000000COODOO0O0OOOOOOODOOOO
oooooooooooooooooD «o0oooooooooooooo»0oOoO
oooo0o 00000”00000 “«coobor’opoOoO00oooooODoOoOoobooOoO
gboooboooooboooodboooboooobooooooooboooooooona
Oo0oooooooboOooooooboO0oOo0oooOO0O0O0 bluetoothOOOOOOOO
gobodooboooooooooooboooooao

4.1 OO00O0OO0OOO0OOOOOOOOOOO0

00000000 Vitracom Siteview ™ 00 0000000000000000OO0O
gobodoooboooboooooooobooooobooo

0000 Vitracom Siteview 001 0000000000000000000O0OOOO
goooooooooooooooboooboooooboOoOooooOoOObOooooOoDoo
oobooooboobo 1000 sbooboooobooooboboOoooo

gbooooboooooooobooooboooobooboooooboooOooDo
goooooboooooooooboooboosiboouoooooooboooooooooDooboo

(© 2009 Information Processing Society of Japan



1230 OO00OO0OOOOOOOCOOOOOCOOOOOOOOOOOCODOOO0O0

! ' 02 0000000000

BfEE v —R—F

___________________ 802.11b

L1l !

! =z | ! Table 2 Format of location inforamtion.
' HEEE | . -

V| Couibrew ) | C_Dvorvss 000 ID 0o0ooo00o0O0O000000 ID
! A ! [ |-k 0oooo ID 0ooooOooooo

! bluetooth ! 0o 000000000000

| SUFEREE | | 000000 ID | 000000000 ID

! umstix| | 1 XOOOYOO | 0o0o0oO0oooo

V| |@mesry R |

: X

1 1

| :

Sensor Board

CPU Board

| AASHEEV T b

Ethernet

PC PC Case

VitraCom SiteView VitraCom SiteView
03 O0Oooooooono
Fig.3 Mobile device.
R NAZERVI RSV RV TYRTL
02 000000
Fig.2 System overview. ogo0oooono 20000
4.2 000000
oooooooooooboboooboooooooobooooooooooOobOOobOOoboOoOoon ooooooooooooobooOobOOooobOobOOoOooooobobooOobOObOOoOoOobooboboO
goboboooooooboobobobooboooooooboboboboboobooooob oo0o0O0o00o0 sgoopoooooooDALTIDOOODOOOOOOOOoOODODO
gobooooboo 2000000000 00DOODOOOODOOOD goooo
goboboooool1oboobobooobooboboobooooboboboooobooo o0ooooO0o0ooOooOoo CcpPUODUOOOOOODUOOOOOODOOOOOODOOOO
00000000000 DO0000oooDoO 800000OO Vitracom Siteview 000 gooogo3pbooooooo 3|:|I:|I:|[||:||:||:||:|DDDDDCPUDDDDDDgumstiX14)
gooooo0oopooOOo0oooOoO0O0obDOoO0OobobOooOoOoobOoOoOobDOoboOg Vitracom gboboooooooboo 3o0oo
Siteview 000000000000 0OOOCOOUO0OO0OODOOOOOUOOUOOOODO 4.3 ALTIOOOOOO
gboobooboooobooboooooboooobooboobooooobooobDUubo 00000000000 O0O0O0OO0O0O0O0OALTIDODODOOOOOOOOALTIOOO
gobooooooooooooboobobo gbooobooobooooboboooooboooboobooboboobDOoboboobUobo
gooboooobooboooobooooboobooboooooboooboooboooOoDbo gbooooobooboooboooobobooobobooboooboboboboobDUobo
O LANOOODOOODOODOO0OO0O0OO0O000000O000000Oo0o0ooooooooooon 00000000ooooooooooooo Gguloooooooo

000000 Vitracom Siteview D0 0000000000O0OC 10005000000

00o0oooooog Vol 50 No. 4 1225-1237 (Apr. 2009) (© 2009 Information Processing Society of Japan



1231 O0OO0OO0OOO0OO0OO0OO0O0OOOCOOOO00O0O0O0OOCOOOO0O000O0O0O0

03 00oooooooooo
Table 3 Specification of mobile device.
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Fig.4 Deciding method for turning direction.
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Table 4 Parameters for deciding stop and walking.
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Table 5 Score.
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Fig.7 Simulation results.
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Table 7 Length of synchronized action and recognition ratio.
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