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A Road Map Making Probe System
by Integration of Road Shapes
with Roadside Hue Information

HitosH! YamaucH, ! Akira TomoNo!2*!
and AKIHIRO KANAGAWAT!

Recently, many car navigation systems are used. And the road map are used
in the car navigation systems as a main information. However, the map data
may not be refreshed and the contents is remained in old information. This is
caused by huge cost for refreshing. For this problem, some researches are pro-
posed. For example, a specific measurement car is employed for high accurate

measurement. In this paper, a dynamic road map making system is proposed.
The proposition system uses probe-cars which has an in-vehicle camera and a
GPS receiver. On the probe-car, the system detects global position of roadside
edge and road side hue information from the images taken by the camera. On
the server side, the system integrates probed road shapes using DP matching
based on hue information. The experimental results are shown that the propo-
sition can generate accurate road map from plural road shapes detected by
probe-cars.
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Fig.1 Tracking line and road edge point detection.
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Fig.2 Position estimation of pictures using GPS interpolation.
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Fig.3 The model of proposition for dynamic map making system.
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Fig.4 Road side region and hue sampling area.
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Fig.5 An example of getting road side information.
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Fig.6 DP matching.
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Table 1 Experimental data.
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Fig.8 GPS measurement result of datal, data2 and data3 (magnified, no.1).

goooooooo

-144600

‘ datat ‘

data2 -
-144700 | —
-144800 1
-144900 | |
-145000 | i
-145100 | |
-145200 | |
-145300 : : : : : :

-51000 -50900 -50800 -50700 -50600 -50500 -50400 -50300
Longitude distance from base point[m]

0 7 datalldata3 0000000
Fig.7 Road shapes of datal, data2 and data3.

-144645

T T T T T T
GPS measurement points of datal —+—
GPS measurement points of data2 ——
-144650 GPS measurement points of data3 ----*--- -
GPS measurement points of datar

Ground truth -- --e- -
-144655 |- E

-144660
-144665
-144670
-144675
-144680

-144685 |- .

-144690 . -
-50550-50545-50540-50535-50530-50525-50520-50515-50510-50505

Longitude distance from base point[m]
0 8 datalldata3 0 GPSOOOOOOOO 10

Vol. 52 No.1 257-268 (Jan. 2011)

-144600

Traditional -
__Proposal
144700 | .
E
S -144800 |- i
Q
Q
(2]
8 :
= -144900 i
e
B
g
§ 145000 [ ) g
2
=
(0]
S -145100 | b
z )
—
-145200 \ T
-145300 ‘ ‘ . ‘ ‘ ‘

-51000 -50900 -50800 -50700 -50600 -50500 -50400 -50300
Longitude distance from base point[m]

0 9 datalldata3 00000
Fig.9 Integration result of datal, data2 and data3.

goooboooooooobooooooooooooooooooooboooooDboODo
goooooooooooooooboooooooobobooooobooooooooDboo
00000000000000000 2503.0m 000000000000 OOOOOO
OO000O00OD0DOOO00000000000datar 00 0000000000000 0O0OO
goooboooooooooooooboboooooooboooobooobooooooboo
gooooooooodooooooooobooooooooooooooooobooooon
gboooboooboooooboooobooboooooooobOOoboboOobOoOoOOoDn
ooooooroOoooOOoooOoOooooooOobooboOoOoOooooooOObOboOoOoooo
gooobooooooooboooooobooobooooOoboo0ooooooOoOoooobonoo
gooooooooooboooooobooOoboOoooobooooOoOCocbOObCOoOoooDoo
0000000o00ooo0o0ooo0o0oo GpSOOOODOOODOOOOOODODOO

datal 0 data2 00000 100000000C00000O0COC0O data3 00000
oobO0o 20000000000 b00ob sboOooOoOobOOoOoOO0bOOODOObOnbO 100
gooobooooooooooooooobobooooobobooOoooooboOoboOooOooDon
ooboooooboooooooobooooooooObooOoOooobooooOOoOobboOoooDooo

(© 2011 Information Processing Society of Japan



266 O00O0O0OO0OO0OO0OO0OO00O0O0OOOCOOOO0OO00O0O0O0OOO0OO00000

-144645

Traditional
Proposal
-144650 |- Ground Truth e~

-144655 - |
-144660 g
-144665 |- |
-144670 |

-144675

Latitude distance from base point[m]

144680 |

-144685 | - EEY ]

144690 . . . . . . . by
-50550-50545-50540-50535-50530-50525-50520-50515-50510-50505
Longitude distance from base point[m]

0 10 datalldata3 0000000000
Fig.10 Integration result of datal, data2 and data3 (magnified).

000000000000000000000000D0000000000000015([m]
gobooooooooooooooooooooooobbooooooo9bOoO 10
goooooooooo IcpO00O0OoOoODOOOOOCOOOOOOUOUOOOO DPOO
gooooooooooboooobooooboooobobooooooboooboobbooDoo
goboblooooooboooboooooobooooooooboooooboooooooo
goooboooooooobooooobobooooooobooboooooooooonoa
ooo0ooooooo0oUooOooo0 7om0000O000OOOUOOODOOOOOO
gooooboooooooobooooooOoboooooooboooboooobooooooo
gobooooooobooooooobooboo
gbobooygbooooooooooooooboooooboobboobOoOobDOoOooo
O0000o0o00oo00o GpSOOODOOOOOOOO 1100000000000
000 datalJdata3 0000000000 D0OOOCOCOOO0OOOODODOOOOOOOOOD
GPSOO0OOOOOOOOOOOOOOUOOOUOOOOOOOOOOOODOOOOOOO
GPSOO0OO0OOO0O0O0O00000000O00O0O0O0O0OO0OOOOOOOOOOODODOO
gobooooobooooooobooooboooooboooooooboOoooDooo

00o0oooooog Vol 52 No. 1 257-268 (Jan. 2011)

-144985

-144990
-144995
-145000

145005

145010 [ .7 e i

-145015 : ‘ : : :
50415 -50410 -50405 -50400 -50395 -50390  -50385

0 11 datalldata3 0 GPSOOOOOOOO 20
Fig.11 GPS measurement result of datal, data2 and data3 (magnified, no.2).

02 00oO0ooooooog
Table 2 Processing times for integration process.

oo 00 1[sec] | OO 2[sec] 00 [sec]
oooo 1,159.640 1,154.875 2,314.515
0ooaQ (15[m)) 0.506 0.494 1.000
0000 (30 [m]) 0.515 0.497 1.012
0000 (50 [m]) 0.518 0.494 1.012
0ooo (100 [m]) 0.512 0.490 1.002

gbobooooooodoooobooooboobooob 200000000000 0ODOO
oIlcPO000O00O0OO0OO00ODOOO0OODOOO DPOOOOOOOOOOOOOOOO
obo 10bdb 200000000000DO00O0O0OOODOOODO 200000000
000000000 2,314.515[secl000000000O0O0OO0OO0OOOOO 1.0[sec] O
gooooooobooooobooooboboooobobooooobooobooooooboboobooboOoo
goooboooooooobooooooooboooobooOoOoOo0ooooobooOoboOooooDboboo
gooooboooooooboooooooooOoobOOoobOOoo0ooooOobocOoOooobooOboOonn
gbooobooooooooboooobooboooooobooboobooboooboooOonon
goooooooooooooooooooboOoooooboooooobooooooDboonoo

(© 2011 Information Processing Society of Japan



266 D0O0O0OO0OO0OO0OO0OO0OO0O0OOOOCOOOOO00O0O0O0OOOOO0000

goboooooooooboooooobooooboooooooboooooobbooooOoo
000000000000 00000o00ooU0ooooUDODDD 18[fps)O0DOO
gooobobooooooboooooooobooooooboooooooooooooooboao
goboodgooo

goboobooodooooooobooooooboooOoooooOobOoooobooOobOooobooon
gboboobooooboooodoboooooooooobooooboooboooboOoooona
gboboobooooboooodobooooooboooobooooboboobouooOooooDo
gilobooooobooooooooooooboooooooobooooobooooboooo
gobobobobooooooooooooocoooooobooOoboooooboobooooobobooo
gdoooooooooooooboooooobooOooooobooooooooooboobo 200
gooooboooooooooooooooooobooooooooobooboOoOoooooonooon
gooooooooobooooooooboooooooooooooooooooDooboOoo
goooo

4.2 O0O00O0O0OO0OO0OOOO

4100000000C0000O0O0O00O0OCOOODOOOOODOOOOOOOOOOO
gooooooooooooobooooboboooooobooboooooobooboooooboboDbbo
goooboooooboooooobooooooooooooooooooboooobooboDo
oooOo0OoOooooooOoOoDODOOOOOOOO000O0 12000000000 datadd
data6 0 0 00datad0data6 O Odatal OO0 0000000 COO0OO0O0OOOOCOCO
goboooooooboooobooo

00 datadddata6 0000000 data4d 0 data5 000000000000 data6 O
gbooboboob 1300000 130o0bboboooobobooooobobooboooo
00000000000 o0oUo0oUO0DoO0oOoUoOo0oOoUoUoOn(—50480,
—145050) 0000000000000 O0O0OO0OO0OOO0OOOOOOOOOUOO
gbobooboooodooocobooooboooooooooooooboobOooooDbo
gobobooooooooooobooboooooobooOoboOoOoO0oOoobOOoOoOoobOOobOOoboDboboo
gooooooouoooooooooobooOoboobooboooooooOooOoOobOoooooboo
O0000oo0O00ooo0o0ooOo0ooooooooooooGpPSOOOO0OOOOO
goooboooooooooooooooooboooOooobooOobocOooooobobOoooOoobo
goboobooooooobooooooobooooooooooooooboooobooooooboo
goboooooboooooooboooobobooooooooo

00o0oooooog Vol 52 No. 1 257-268 (Jan. 2011)

-144900 |-

-144950 |

-145000 |

Latitude distance from base point[m]

-145050 |

-50550 -50500 -50450 -50400 -50350
Longitude distance from base point[m]
0 12 datadOddata6 DOO0OOOO
Fig. 12 Road shapes of data4, datab and data6.

T T N T
GPS measurement points of data4
GPS measurement.points of data5 -------
GPS measurement points of data6 --------- i

integration result
Ground truth — --e- -

-144900 |-
-144950 | 1

-145000 -

Latitude distance from base point[m]

-145050 -

-50550 -50500 -50450 -50400 -50350
Longitude distance from base point[m]
0 13 datad0ddata6 O GPSOOOO
Fig.13 GPS measurement result of data4, datab and data6.

(© 2011 Information Processing Society of Japan



267 O00OO0OO0OOOO0OOO0OOOOOOOCOOOOOCOOOOOOGCOOO

0120 datab 0 data6 000000000000 C0OODOOOOOOOOOOODODOO
goooooooobooooooooooboooboO Boboooooooooooobooo
0000000000000 0000000000 100000000000GPSO0O0O
gbobooboooodooboobooooboobooooooooooboobooooobo
boooooooobooboooooooobcoooooboooooooobooooooobooOoboOo
goooobooooooobooooooboobooobboobooOooboboOoooo

gooooooooooboooooboooOooooboOoboOo0ob0ouboOoo 2000O0DOOO
gooboooooooooooooooOoooOOoOoooboooooObocOoOooooooboo
goboooooboooooooobooobooboooboooooooon

5. 0 0O O

ooooooooOOO0O000000000000b0 GpSOOOOOOOODOOOOOO

goboooooooooooooobooooobooobooooboooobOoobobooooDooo

gbooooboooooooobooooobooooobooooboooboOooboooooboobooDo
0000000000000 000000O000000O0O0O0 RANSACOOOOOOO
gooooooooooooooobooooooobooooooooooooooooboo
gobooooooooobooboobooooooobooboooo bPODOOODO
gooooboooooooooboooooobooooobooboooooboooooDoboo
gooooooooooooobooboooooobooooboooobbooooooboooDbobOoo
goooboooooooooobooooooobooooooboobooooobobooooooDboo
goooboooooooobooooooooooobooboooooooooooooooa
gobobooooooobooooooooooooboobobooooooobooooooonoa
goboooooooboooobooo
goooboobooooooocoobooooboooOoooooOboOooobooooooooboo
goooobooooooooooobooooboobooooboOoboOooooobooboboooooObooo
gooobooobooodobooooooooOooboooobooOoboOoooobOoOoOoooDbbooo
gbobooboooobooobooooboobooobooooooooobooboboooOoboboooo
goboooooobooooboooooooobooo

00o0oooooog Vol 52 No. 1 257-268 (Jan. 2011)

g o 0 0

1) oooO0ooOooUoooooUoUOoLoUoLDooooULoD—0OoooUoooo
(2006).

2) 00000Google 00D DOO0DOUDOODODOOOODOOOM
(http://www.google.co.jp/help/maps/streetview/behind-the-scenes.html)

(00 2010-03-31).

3) 00000000oUOobOoUODOUOOU0OLO0OLOUOODODUODUOOOOOLOO
0000000000 (http://www.premium-club.jp/technology /techl.html) (O
0 2010-03-31).

4) DO000OO00O0G-BOOKmXOOOOOOOOOooooooGg-BooOKOOOOOO MM
(http://g-book.com/pc/whats_ G-BOOK_mX/technology /probe.asp) (O O 2010-
03-31).

5 0000000G-BOOKmXOOOOOOODOOOG-BOOKODOOOOOMmM
(http://g-book.com/pc/whats_.G-BOOK_mX/technology/map.asp) (O O 2010-03-
31).

6) 0000000 0000O0DO0O0O0O0O0O0O0O0O0ODOO0OO0OO0O0OO0OOOOOO
J0ooooooboooobbo0o00000o00oooogooobo MIRU20090
000 0183-30, pp.1570-1577 (2009).

7y 00o00U00o000OU0000OU000 DOUOO0OUDO0OO0O0 DOoooUooooo
g00oO00obOoO00ooOo0ooO00ooOoOoooOOo0ooDOoOoOoooOoUooDoOOoOon bg
Vol.J92-D, No.2, pp.215-225 (2009).

8) U000 0OU OUO0U0OLOUOOLOOUOUOOOOLDOOOOOOUODODOOO
0000000000 00ITS2004-68, pp.19-23 (2005).

9) 0 00000 0000000 O0OD0O0O0ODOGPSOOOOUOOOOOOOUOOODOO
0000000 8O IEEEODONONOOOOOOOOOOS8th HISSOO OO Opp.247-248
(2006).

10) 00 000 0O0O0OU000OO00OOUOU0ODO0OD0OO0OO0OO0OOOOO0OOOOoOO
0000000000000 0O0ITS2006-62, pp.109-114 (2007).

11) 0000000000000 ITS0000000000000000 ITSO000
0000000000 O (http://internetits.org/ja/projects/pdf/report.pdf) (O O
2010-03-31).

12) Besl, P.J. and McKay, N.D.: A Method for Registration of 3-D Shapes, IEEE
Trans. PAMI, Vol.14, No.2, pp.239-256 (1992).

13) Fischler, M. and Bolles, R.: Random sample consensus: A paradigm for model
fitting with applications to image analysis and automated cartography, Graphics
and Image Processing, Vol.24, No.6, pp.381-395 (1981).

14) 0000DO0ODPODOODODO—0000000O0O0OOUOUDOOOODOODOOOOO

(© 2011 Information Processing Society of Japan



268 O00OO0O0OO0OO0OO0O00OOOOOOCOOOOOOCOOOOOOGCOOO

PRMU2006-166, pp.31-36 (2006). oo O

2008000 00000000OCOOOODOOOOO20100000A0
gobooooooooooboobooooooooboooooooobooon
oo00oo0o0ooO0o0oooooooooooooITSOooooo

goooooooo

(00220 3031000)
(00220100 4 000)

oo gooodgo

1993 000000000000000000199% 000000000
gobooboooodouoooobooboooobooobooobooboOooooboobo
ooobOOo0o0oo2e06000000000000000020070000O0
ooooooIrsooooo0oo0oo0oooooooomouooog
00000o00oooooooooooooOOO0O0O000IEEEOOODOO

o oooogoo

19830 0000000000000 00DO0ssunoooooon
gboooooooobolesooooooboooboouobooobooonooo
gbz2o007r0000C0C00O000O0O0O0ODOOOOOOOOOODOOODOO
gboboooooooobooooooooooooboboobomoobooOooonoo
00000o0ooooooorOoOoOoOoonono

00o0oooooog Vol 52 No. 1 257-268 (Jan. 2011) (© 2011 Information Processing Society of Japan



