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A Self-localization Method Using Propagation of
Existence Probability Distribution
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In location-aware information services, the coordinates of users should be es-
timated, but we often need to judge whether a user is in a specified area or not
(area-judgment). However, existing methods which utilizes locations of wire-
less access points cannot deal with coordinate-estimation and area-judgment
simultaneously with high accuracy. In particular, improvement of the estima-
tion accuracy in sparse access point environment is required. In this paper, we
propose a self-localization method using propagation of geographical existence
probability distribution based on RSSI (Received Signal Strength Indication).
In the proposed method, each mobile node propagates information on neighbor-

ing anchor nodes to its neighboring mobile nodes, and estimates its existence
probability distribution by using not only information on neighboring anchor
nodes but also information propagated from the neighboring mobile nodes. By
simulation experiments, we show that the proposed method can improve aver-
age location error by 3 to 5 times in sparse access point environment and by
3 times even in dense access point environment. Further, we show that it can
improve area-judgment performance compared to the existing methods.
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Fig.1 Beacon packets received by a mobile node.
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Fig.2 A topology used in the example.
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Fig.3 Existence probability distribution calculation example.
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Table 1 Simulation parameter settings.
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Fig.4 Success ratio and average location error.

Oo0oO0oRsSSIDO00OOO0OOOO0OOOOOO#A#(P)0D0OOOD 000000000
00o00oo00o0oo0ooooOoooo0o0ooooooooooouoooOA(P)0 0.1r00
0000o0.01r’00000000000 N(0,0.017) 00000000000 O0ODOO0
000 RSSIODOOOOOOOOOOO

4.1 O0OO0OO0O0OO
goooboobooooootcooboOoouobooOoboOoooooboooOooobooooooDoo
goboooooobooooboooooao

04000000000 4008001200 000000000000 5000 3000000
ooboooooboooooboooobooooooooOoboobooOoOoobOoooDObOOobbOOobODOoO
ooooboooooooo sooooooOoOoOOoOoOOOEPD-NPOOOOOOOOO
ooooboooboob 4000000 0130008 0O00D0OO0 049000000000
oooooooooooooOoDoOO EPD-POOOCOOOOOOOODOODOOODODODOO
goooboooooooobooobOooOooboooOoooOoooooooobOoOooooDoon

(© 2011 Information Processing Society of Japan



1868 O0O0OO0OO0OO0OOOO0OO0OO0OODOOOOOOOO0

gobooooooobooooooooooooboo0400000DbOOODOOODDO
goboogoobo320b0o03000000000OWM-NPOOOOOODOOD 1000
ocoooooooooooboobooOooOoOoOoobOOoOooooOoObOO040000000.730000
ooowM-POOOOOO0O0O0O00O0O0O002000000100000000000A0
ooo00o0o0oooooO0oOoOoOooooooGMUOOOoOoOoOoOOoOOoOoOooooOoOoOoOoog
gbobooboooodooocobdooooboobooooooooboOoboboobOoOoooDo
gbobooboooodooocoboooobooooobooobobOoboUOoboUobDOoOooOoDOo
l120000000000C0CO0000O0COO0OOOOOOOOC o 09300 0M1OODOO
ooooooooGMUOO0O0O0O00O0O00O0O0OU0OO0OOoOooOoOooOO 1200000
goooobooooooooooooooobooooobooOobooooooboooOooooDbonoo
goooobooooooooooooooobooooooooboooooOooboooooobooboonoo
gooboooooooooboooobooooooooboo
000000000000O0O000CCOO0OEDP-NPODDO EDP-POOOOOOO
gooooooboooooooooooooobo0oooobo0o0obOoOO00b0O0EDP-PO
00 EDP-NPOOOOOODOCOOO2000000000000000C0000D0O00O
ooGMOOOWM-NPOOOWM-POOOOOOOOOOOOOOOQOODOOO EPD-P
oooooooo 3oobosbooobbooooooooobooooboooboooooon
EPD-POODOOOOOO GMOOOWM-NPOOOWM-POOOOOO 30OCCOOO
ooo

4.2 JO00O0O0OO0ODOOO0OOO
goboooooooobooooooooooooobboooooooboooooooooa
gobobooobooooooodboooodobooooooooboooobooooona
gboboooboooooodobooooobouoooooboooobOoooOobOoOooOoDo
Uo20x2500000000000000000OO000OOO0OOOOOOOODOOO
good

e OO DO0ODOfalse positives D 00000000 0O0DODO0OOOOOOOOOODOOODO

goboooooboooooooboooooobooo
e 00O ODOfalse negativest N0 0 DD ODODODO0O0OOOODODOOOOOOODOODO
gobooooboooooooobooooobooooo

gboooboooboo 200000000000 00C0C0ODOODOOODOOOOODOOO
O00000O00O0O00000 4008000000000 50000000WM-NPOO

00ooooooog Vol 52 No. 5 1862-1870 (May 2011)

#anchor nodes = 40
#mobile nodes = 200

—A—GM =%-=WM-NP --%--WM-P —s—EPD-NP —e—EPD-P

#anchor nodes = 40
#mobile nodes = 200

—4—GM =-X==WM-NP =-%=-WM-P —@—EPD-NP —e—EPD-P
30 20

25 25 —

8

False Positives
B
¥|
/
/
¥

False Negatives

0.1 02 03 04 05 0.6 0.7 08 0.9 0.1 0.2 03 0.4 05 0.6 0.7 0.8 0.9
Threshold Threshold

#anchor nodes = 80
#mobile nodes = 200

—4—GM =--%--WM-NP --%--WM-P —&—EPD-NP —e—EPD-P

#anchor nodes = 80
#mobile nodes = 200

—4—GM --¥--WM-NP --%--WM-P —8—EPD-NP —e—EPD-P

Y
\
\
!
\Y
A

R
\

False Positives
=
H 7
False Negatives

i
i
\\

01 02 03 04 05 06 07 08 09 05 0.6 07 08 09
Threshold Threshold

s
°
Z

05 00000000000O000O0000OD000OD00D0
Fig.5 False positives and false negatives on area-casting.
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