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Incremental Route Refinement with GPS Enabled
Cellular Phones for Human Behavior Support

NAOHARU YAMADA,™ YOsHINORI Isopa,f!
MASATERU MINAMIT2 and HIROYUKI MORIKAWA 2

This paper proposes a route identification method from a small amount of in-
frequently acquired GPS points with large error. The route is identified by the
minimum bounding rectangle of two consecutive GPS points and refined by the
newly acquired GPS points when the user passes along the same route again.
An experiment with 6 subjects over periods of 6-14 months demonstrates that
the more often a user passes along a significant route, the more precisely the
proposed approach can identify it. Furthermore, this paper shows an accurate
route prediction method based on the refined route histories.
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Fig.1 Incremental route refinement system.
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Fig.2 Incremental route refinement procedure.
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Fig.5 Route estimation.
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Fig.6 The algorithm for same route identification.
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Fig.9 Route correction.
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Fig. 18 The performance of route complementation (the increase rate versus transit number).
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000000000000 00000000000000000000000000000
0000000000D000000000000000000000

43 00D00000O0DO0O0ODO0OO0OOOODOOOO0
00000000000000000000200000000000000 10000
0000000000000 0000000000000000000000000000
000000D00000D000000000000 Ashbrook0¥ 00000000000
000 2000000000000000000000000000000000
00000000000000 60000000 5000007000021000000
00000000000 70000000000000 10030000000000000
000 600180000000000000000000000000D0000 7000
000000000000 0000000000000000000000000000
00700000000000000000000000000000000000000
00 (7)00000000

(© 2011 Information Processing Society of Japan



1964 000O0O0OOOOD GpPSOOODOOOODOOOODOOOOOOODOO

FRIHE R

TThreee s SN wwweaESSSESIISIons

-boA -ﬁ-B --.C --ID E --DF

0 20 40 60 80 100 120 140 160 180
FET—FBHEB)

020 000000000000 00000000000000000 AshbrookOOOOO
Fig.20 The accuracy of route prediction versus the number of learning data (solid line: Proposed,
dotted line: Ashbrook, et al.).

[I[I[I[I[IDD:DDDDDDDDDDDDDDDDDD (7)

goooooo

goboooto2000000000000O00DOO0OODOOOODOOOODODODOO
00000000000 000D 387%00000000000000 682%00000
00 30%00000000000000000000O00DO0O00DO0O0OO0OOOO0ODOO
gobooooooooosoooboooooobooooobooooooOoboOoooboonoo
gobooobooodoooooooooooboooooobobooO0oooOooOoooobooOoboOo
gobooooooooo

gbobooobooooooboosobboooooboooobbooooooooooboosoboon
gobooooooooooobooooboooooooboooo

gobooobooooodooooooobooooooooboOoOooboboOoboOoOoOoobooboo
goboooboooooooooooooooobooobooooOoboOoooobooboOooooDooboOoo
O00000o0o0O000ooO0O000C0 ADOOOO0DOOoOoOooDooOOooOooooooo
goooboooooooobooooooooooboooobooooooooocooooooooboo

00o0oooooog Vol 52 No. 6 1951-1967 (June 2011)

1 ,,,,,,,,,,,,,,,,
0.9 4 (AT
0.8 -8R
i 8% SHAER
o5 SHRTEL
= 04 -+ il
b g-g —— R
0.1 Bl e )
0 32610
1 2 3 6 7 .8 9 10 11 12 13
BRI E ()

021 00000000O000O000O00000000
Fig.21 The accuracy of route prediction versus moving time.

goboooooooooobooooooobOo boobooooooooOoDoOobOoDO
gobooooboooooOooobooooooooboooooo

gooooboooooooooooooobooooooooooooooboobobobooDOo
goboooooooborol1000O0000000DOO00DODOOO0ODOOOOOO0ODOO
gobooooboooooooooooboboooobooobobooooboboooDoooDo

goobooooobooooobobooooboboo2r0000o0oobooboooooDoo
goooooobooooooooooooooooooooooboboobooboboOoDbo
goboooboooobooooboooobooooooooooooobooooooobooon
goboooobooboodoboobo 200000000000O000O000O000O0O00ODOAO
gooobooodooooooooobooooooooOoobOobO0oooooboobOooooooboo
goboooooobooooobooboouoboooooooOoosbooooboooooooo
goo3boboooooooooooooboooooooboooooooboboobOooo3ooboon
gooooooooooooobocoooobooboboOoOoUoOooboOooOboOOoOoOooooDooOoDbon
goooooooboooooooooboo 21000oboobobo0oobooOoOooOobboOoobooOoo
goboboooooboooooboobooobooboooooboOoobooooboobOOoOooooOooOooon
goobooooboooooooooboo

oO00o0ooooOoo0o00ooooOo0o00oo0 2200000 FO 20080 90 50
r:4200000000000000000O0O0DOCOOOOOOOOOOOOOOODODOO

(© 2011 Information Processing Society of Japan



1965 0000O00OO0OO0D GpPSOOODOOOODOOOODOOOOOOODODO

" " i ,
0.8 \ %
. \ =—g=2008-09-05 07:42:38.0 ===2008-09-05 07:47:47.0 ==de=2008-09-05 07:53:06.0
‘M’ 0.6 == 2008-09-05 07:58:10.0 =—#=2008-09-05 08:03:16.0 —8—2008-09-05 08:08:15.0
ﬁ \ =20 08-09-05 08:18:24.0 =———2008-09-05 08:38:38.0 -———2008-09-05 08:43:44.0
Ch
E o4 ™ < <> <> + -
, [ = = = m_-
0.2
2008-09-05 2008-09-05 2008-09-05 2008-09-05 2008-09-05 2008-09-05 2008-09-05 2008-09-05 2008-09-05
07:42:38.0 07:47:47.0 07:53:06.0 07:58:10.0 08:03:16.0 08:08:15.0  08:18:24.0 08:38:38.0 08:43:44.0
ErZ|
~I A

022 0O000O0O0OO0OO0O0OOOOOOOOOOOO00O0
Fig. 22 The passing probability of transit from home to headquater (Akasaka).
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