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An Image Processing-based Method for Efficient Collection and Sharing
of Video Data about Conditions of Vehicular Traffic Congestion

MORIHIKO TAMAT! YosHIHISA ONOUE!  KENCHI YASUMOTO! TOSHINOBU FUKUKURA2 AKIHITO IwWAT?

Abstract: Recently, smart-phone based participatory sensing systems are attracting increasing attention.
In this paper, we focus attention on the smartphone-based system which allows users to record and share
videos of congested road segments so that they can avoid congestions and make a detour. To realize this
system, we propose two techniques: (1) automatic identification of congested road segments from GPS logs
and (2) automatic extraction of short videos which makes users intuitively recognize the degree of congestion,
based on image processing. We have collected GPS and video data while driving along various roads with
smartphone drive recorder applications and applied our techniques to those collected data. As a result, we
confirmed that our techniques identified congested segments and extracted short videos showing intuitive
congestion situation with reasonably good accuracy.

godoooooobobooooboooboooooooa
0 O O Internavi, G-BOOK, CARWINGS, Smart Loop 0
godooboooobooooobooooboooooobooa
godooboooobooooobooooooooooa

1. 0000

gooooboobbobbobooooooooobobobobobod
goboboooobboooooobbboogoob

gobooboooobbboooooobbooogoon
gobooboobbooboobooboobboob
gobobboooobboooobbooooogoon
gobooboooobbboooooobbooogoon
gobogobboooobboboooobbboogoon
goboobooboobboobooboobboon
gobooboobooboboobuoobooboboon
gobooboobooboboobooboobboob

! poOooOoOoooooooag

Nara Institute of Science and Technology
2 gooooooo

DENSO CORPORATION

© 2013 Information Processing Society of Japan

gogboooboboobuoobooboobobooboon
gogboobobobbooboobuoobboooboon
gogboobbobbuoobooboobbooboon
ggbooboboboboobooboobbooboon
gogboobobobobuooboobooooboobooon
gogboobobobobuooboobooooboobooon
gogboobbobbuoobooboobbooboon
gogbooboboobuoobooboooobooboon
gogbooobobobobuoobooboooobooboon
gogboobobobboobuoobuoobbooboon
gogbooobooboboooboobuoobboooboon



gogoooooood
IPSJ SIG Technical Report

coobooooboooooooooboboooooooo
API00000DDOOO0DOOO0OOOOOOOO0OOO0
cobobobooooooooooooooboooooooo
O00oO0o0oo0obooooooGgpSOOOOoOOOO
cooooooooocooooooooboooooooo
ooooogo
goboodoboooooooooboboooooogon
cobobobooooooooooooooboOooooooo
000000000000 ooooooooooon 1]
cobobooooooocoobooOoooooOoobooOooo
coboooooooocooboooooooOoobooooo
cooooooooocoobooOoooooOoobooooo
coobobodoooooooboOoooooOooooooo
coboooooooocooboooooooOoobooooo
tooooooooooooooboooooooooooo
tboboooobodoboooooooboooooboooooa
coooboooooocoobooooooboOooobooooo
coooocoooood
goboooooooooooooooooooooo
ooooooooooooovicsoouoooo 21000
cooooooobooooobooooooooooon 3o
cooboboooooocooboooooooOooooooo
coooboooooocooboooOooobooobooooo
cobobobooooooooooooooboOooobooooo
cooooooooooon
uoboooooooooboooooOobocoooooono
coooOoooooooobooooooocOoobooooo
cooboooooooooboocoooooooboooo
coooOooooooooooooooboocOoobooooo
cooooooooooobocOooooooobooooo
cooooooooocoobooOoOoooOoocOoobooooo
cooooobooooOoOoOoOoOoOObOOoboOoooooooo
ooooooooooOooocoooooooobooooobooon
coboooooooocooobooooooOooboooobooooo
coboooocobOoooocooobOoOoo obooooboo
oobooooooOoooOoboocOoobooooboooooon
goboooooooooooOooooobocooooooo
cbOoooOoocboooboobooobOooobooooOoooao
coooboboooooocooboooooooooboooo
coooboooooooobooooooOobocOoobooooo
coooooooocoooo

2, Jogbboobbuooobooobobo
goboooogdad

oobooooooooooooooobocoooooon
cooooooooooobooooobooobooooo
coooooooooooooooooboobooobooooo
coboooooooocooboooooboobooobooooo

© 2013 Information Processing Society of Japan

Vol.2013-MBL-65 No.36
Vol.2013-UBI-37 No.36
2013/3/15

goooocoooogd
gooboobodooboooooooooboooooog
goooooooooooboooooooooboooo

goooooooooooon

2.1 00000
gooboooooooooooooooboooooog
goooooobooooooocooooooooboooon
gooooooboooooboooooooooboooo
oboooooooooocoobooooobooa
coooooooooooooooooonogonoa
0000 HDOODODOO1920x 1080000 0O30fpsOO 0O
oooooooOooOOOOO0OO0OO0OHDOOOOOOOOO
00000 24MbpsO0000000CO 10000000
oobobooooooooooboocoooooooobooooo
18GO0000000OOOO0OO0O00O00OODOOO00O00O0
gobooooooooooboocoooooOooboooo
goboooooboooooboocoooooooboooo
gobodoooooboobooooooooil1cooooaoo
uboooboboobooboooooobooooooboooboooon
gobooooobooooooocooboocoooooOooo
oobooooooooooon
cooboooooboooooOooOoobooooooa
O00ooo0oooooooOoooo GpsooOoooOO
O0000o0o0o0o0oooooooo vVIcs2jooon
uobooooooocoooboocooooooobooooo
uobOooboooocooocooooooooono 3o
uobooboooocOobooooooooooboooo
goboooooooooboocooboOoo

O 1 vicsooooooono

ooo oooo 0000000 0000000
00 (O0) 10km/h 00  20km/h 00 40km/h 0 O
00 (0) 10-20km/h  20-40km/h 40-60km /h
00 (0) 20km/h 00 40km/h 00 60km/h 0 O

cooboooooboocoooooooobocOoooboooa
gobooooobooooooocooooooooboooo
uoboooooboocoooboooooooooboOooo
ubOoobOoobOOoobOOoobOOoOobOOobOOoooOoOooon
uoboOOo200000000000000000000
oooocooooono

22 00O0O0OOO
gol1o0oo0ooO0OO0ooOoooooooooobOoooOog

ooooooooooooboocoooooooboooo

ooboooooooooooboocoooooooboooo



gogoooooood
IPSJ SIG Technical Report

oob0lcooobooooobooooooboooogon
Oo00o0o0OHDOOO0OOOOOOOOOs8SMOODOO
Oo00o0ooo3G/4GoOO000ooooooooooo
ooooooooooooo

b 20000000000000000000000
oooGpSOOO0O0O0OOOOOO 1000000000
oool10ooooooboooooboocoooooooo
ooboooooooooboooooooobooooon
coboobooooooooobooooooboooooooo
coooboooooocooboooooooOooobooooo
ooos3sboooon

ublgoooocoooboooooooooobooooo
coobobooooobocoooooooooOooooooo
coobooooooocooboooooooooobooooo
cbooboooobooooobOOoobooocboOoooooao
coboobooboobobooooooooobOoboooobooo
coboooooooboooobomoooooooobooo
coobOooobooooboooboooOoooOoboOooono

gobooooooooobooooooooooooo
utbobooooobodobooooooobooooooooooa
coooboooooocoobooooooboOooobooooo
ooooooobooocoooooboooooOooooooa
coooboooooocoobooooooboOooobooooo
coooooooboocoooboooOoooboboOoobooooo
coooocoooobooo3goooaon

2.3 000000
0000000000 100000000000000
00000000000000000000000000
000000000000 3G/4G000000000 1
000000000000000000000000 (cl)
0000000000000000(2) 00000000
000000(e3)0000000000(4) 000000
000000000000 10000000000000
0O0(s1) 00000000000(2) 0000000000
3y 00000000000 (d1) D000 DBO(d2) O
000 DBOOOOOOODO
(c1)00000000000D000000GPSOOO
00000000000000000000000000
0000000000000(5) 00000000000
000000000(3) 00000000000 (cl) O
00000000000000000000000000
0000000000000000000(2) 00000
0000000000(1)00000000(e3)0000
00000000000000000000000000
000D0000D0000000000000000000
(4)000000000000000000000000
00000D0D00000000 (3)000000000

© 2013 Information Processing Society of Japan

Vol.2013-MBL-65 No.36
Vol.2013-UBI-37 No.36
2013/3/15

di. X
DB

H—/\
3G/4G | 3G/4G |

| HEHAT— ‘ ‘ HFAY—
L k2t o

3G/4G |

HERA~Y—
rIA2s

cl. FO—7 - HRE I
2. Shil R AT- tIHL

3. Bhil iR

O 10000004

00000000000000000000000000
00 (c1)0(c2)0(c4) 000000000(c5) 000000
00000000000000000000000000
0000000000 20000

@ =

#

L] 3 5 By
Qﬁm,q. 0
Zmzm KITHE it i) ’7'\
2Google e RIS
Eaad xzznﬁj\

U2000000b0000oooogo

24 O000OO0OO0OOCOODOCOOOOCOODOO
O00000000000000 (e1)~(e3)0ooono
gbooobooooboobooooboooooooboooboooon
uobooooooooooboocOoooooooboooo
goboooooooooboocooboOoo
coobooooooOoocOooooooobooboOoooboooa
uobooooooooooboocoooooooboOooo
ubooooobooboooooooboooocoboboooon
00000 (s2)0000000000003G/4GO0O0
ooboooooboocooooocoooooooboooo
O00o00o0oO0oUoUooUoUoooooooooo )
gbooooooooooooooboooooboooboooon



gogoooooood
IPSJ SIG Technical Report

EHOHTHR ]1

- ————

— X
R
— T X R

EEOETHA T ‘

EHOETAR ]1

— T X

(b)
03 GPSOUO0O0O0UO0OUOOOOUOO(OODOOO
O00000O0U0o0Oo()OooooUuoooouooo

cobobobodooooooobooooooOooooooo
O00000000oO(s)ooooooooooooo
coboboodoooooooboooooboOooooooo
cooooooooooon

3. Uobboooobobooobboooon
goog

gboooOo20000000000000000000
coooboboooooocooboooooooOooboooo
coooogo

3.1 GPSODOOOOOOOOOOOO
gooooooooobooobooocboooboooao
toomooobooooooooooocoooboooooo
oOoooO00OOoO000 gpSOOO0OOCOOOOOOODOO
OoO0oO0ooOoOoO00oO0O0OO0 GgpSOOOOOOOOOOO
OoO000000000000000000 GPSOOOO
cob01oobooooooOooocOoooooooobooooo
coobOooobooooobooOoooooOooooooo
coooooooooooboooooOobocooobooooo
00000000000 APIB|ODO00O0O0OOOO
gobooooooooooooOooobocooooooo
coboooooooocooobooooooOooboooobooooo

© 2013 Information Processing Society of Japan

Vol.2013-MBL-65 No.36
Vol.2013-UBI-37 No.36
2013/3/15
goooooobooooooocoooooooboooo
goboooooooooobooooooooobooooo
goboboooooooooboooooooooooooo
oooogoooooooooooooooooooooon
gooboooooobooooooooooooooog
gooooooooooboboboboobobobooooo
goooooobooooooocoooooooboooo
O0o000oooo0o0o0o0obooooooooo VICS
oooooooo iioooboobooooooooooooo
00000000 10kmO0000000000C000 10km0O
20km 000000000 20kmO00000C00CCOOOOO
goboboooooooooboooooooooboOooo
goboooooooooocOoooboocoobooOoooao
gooooboooboooooooOooboOoooooa
uobooooobooooooocoboboooooboooo
goboobooobooooooocoooooOoobooooo
gobooooobooooooocooooooooboooo
1m0 O000000O0COO00OOO00O00mMmOOoo
goboooooooooooboocoooooooobooooo
gobooooooooobooobodoo
o000 GpSOOO0O0O0OOOOOODOODODODOOO
0L, 00000000000000D00000000Lp—
uobobooooboo200000000000C000000
L,,0L,0000000000000VICSOOOOO
OO0ooO0oooooo GpSOOOOOOOOOOODO
oobooooooooobooOg 3snabooon
cooooooobocOooooooobooOoooooa
uooooooooocooboooooooooboooo
uoboooooboocooooocoOoboocoooboOooo
uboooooooooobooooooooboooooon
ubob0oobOoooOooobooOoboocOosba0oooonon
oooOo0O0O0000000 3000000000000
ooboooooooocooboooooooooboooo
oobooooooooobooboooobooooo

3.2 000OO00OOOO0OOOOOOOOOOODOO
coobooooobooOooooOoooobooOoooooa
oobooooooooooboocoooooooobooboOooo
ooboooooboocooooocoOoboooooboooo
ooboooooooocooboooooooooboooo
oobooo01ooooooboocobooooOoobooooo
obOoobOO0oobOOoobOOoobOOoobOOoobOobOOooon
oooooooobooooooobooooooboooaon
oobooooobooooobooooooocooboooo
ooboooooooocooboooooooooboOooon
uoboooooooooooooood
ooobooooooocOooboooooboobooooooa
oooobooooooooobooobooooooboooo



gogoooooood
IPSJ SIG Technical Report

oobooooooooooobooooooooobooon
cboobooooooooobooboobobooooooao
ooobooooooocoobooooooboOooooooo
cobobooooooooooooooooooboooo
coobooooooocooboooooobooooooooo
coboobooo200000000000000000
coboboboooooooooboooooooooooooo
coboboboooooooooboooooooooooooo
ooooooooooobooobooooooon

) BE R I g
AR [S8-3o1¢: +:5. .11 BTHR

/ — /

P

BER IR

5B

2R SURH A — SRR
(2) R R
P ENER IR P
Btk ISESRE A BTHE
J /

/
L T e

BER AN

P

BB
[EE-Sol¢ +:5..73

(b)
04 0000000000000000000000O0
000()00000((b) 00000

0000000000000000000000000
00000000000000000000000000
00000000000000000000000000
00000000000000000000000000
0000000000000000

04()0000000000000000000000
0000000000000000000000ADOO
HOOODOOODOOODOOODOOODO0O0D0000000
00000000000000000 CODOFOO0OO0O
0000000000000000000D00000 BO
EDGOO00D00D00000000000000000

000000000000000000000000d
0000000000000000000000000
000D0D0D00p00000000d/20000000
0000 [-d/2+pi,pi+4/2000000000000
0000000D000000D0000000000000
00000000000000p 00000000000
000p0000000000000000000Op;
0000000000000000000000000
[—d/2+pi,pi+d/2)0000 p; 0000000000000

04(000000000000000000000
0000004 (b)000000COO000000000

© 2013 Information Processing Society of Japan

Vol.2013-MBL-65 No.36
Vol.2013-UBI-37 No.36
2013/3/15
o000 cooooooooooooBOOOOOOBO
ooocOoOooooooobOoooooooooooo
oooooooOoOoOOoOOoOooOOOO0O00000 FoOO
oooooOoOoO0 EQOO GOOOOOODOODOODODOO
oooGUoOO0O0O0O0O0OooooGoOOoOOOEDOFOOO
goo
goooooooooo p0bobobobooooooood
goooooobooooooocoooooooooooo
goooooobooooobooooooooooooon
goboooooboooooboooooooooboOooo
ooboooooood
gooooboooboooooooOooboOoooooa
goobooooobooooooocoOoboooooboOooo
obooboooooocoobooOoooooooboOooo
uboobooobobooobOooocooobooooooao
goboooooooooobooooooooboooo
gobooooobooooobooooooooboooo
gobooooobooooooocoooooooboooo
gobooooobooooooboocoooooooboooo
gboooooooooooobooocooobobooon
gboobooobooocbooobooocooobooooooao
goboooooooooobooooooooboooo
ooooooo
gooobooooooooooobooooobooboooOod
oo p0boO0obcobcoboooobobooboooo
oboooo p, 00000000D000000DO00000
uboooooooooooOoboOoocooobOoboooon
uobooooobooocooboooooooooboOooo
uooooooooocooboooooooooboooo
uoboooooooocooboooooooooboooo
uoboooooboocoooocoOoboooooooooo
ooooooooooodg p,ooooooocbcooooo
goooocooo

3.3 0000000
0000000000000000000000000
00000000000000000000000000
000000000000000000000000000
00000000000
0000000000D000000000000000
0000000000000000 [4,([5, 600000
00000000000000000000000000
00000000000000000000000000
ooooo
3.3.1 0000000
0000000500000000000000000
000000000000000000000000 RGB
0000000000 HSVOOO0ODO00000000



gogoooooood
IPSJ SIG Technical Report

| EgEASD
HSVR B RICEH

BREHICED
TANEIY

TARH5E

ke

FARIZ& D
TANE)Y

| ESITREER

s ggboobboobooboo

ooboooooooooooooooooooooooo
oooooooooooooooooooooooooo
ooobooooooocoooooooooooooooo
coooooooooooboooooooooobooooo
coobooooooocooooooooboooooooo
cobooboooooooooboooooooooobooooo
coboboboooooooobooooooooobooooo
coboboooooooooboooooooooooooo
ooboooooooocoobooooooboOooooooo
cobooboooooooooooooooOooooooo
cobobooooooocooooooooboooooooo
cobobobooooooooooooooboOooooooo
ooooogo
3.3.2 0O000OO0OOO0OOOOOOOOOODOOd
gobooooobooooboooooooobooooo
tobooooooooooobOooocooobooooan
coboooooooocooboooooooOoobooooo
coboboboooooooobooooooOooooooo
coboooooooocooboooooooOoobooooo
cobooboooooooobooooooboOooobooooo
cboobooooooooobOooboobobOoooooao
coobOooobooooboooboooOoooOoboOooono

3.4 00O0OOO
ooo0oooooooooooooooooooog
O0o00DO0oo0oooooDoooooooooooon
00000000 iPhone 4SO000OCOOOOOOO
O00oo0o0ooooooooooooooooon
GPSOO0O0O0O00ODODOOOCore Location 100000
0 300000000 Core Location 00000000
ooo0o0o0oOooOoooODOoODOODOODODODODOOOOODOODOO
OO0 GPSOO0O0O0OOODODDDOOOOOOOOOOQn
O0000D0oooDoDoOOoOoooOoooooooooooog
000000ooooooooooooooooooooon
GPSODOO0OO0OOODOOOOODOOOOOOOOOOOO
00000000dOgdd kCLLocationAccuracyBest
Oo0ooooooooooooooooooooooon
000000 1000000000 GpSOOOOODOO

© 2013 Information Processing Society of Japan

Vol.2013-MBL-65 No.36
Vol.2013-UBI-37 No.36
2013/3/15

goooooooooooon
O000000000000000WebSocket [7]000
o0oo0oo0oooO0ooOoOoHTTPOOOOOOOOOOO
oooO TCpOOOOOOOOODOODOOODIOODOO
goboooooboooooboooooooooobooooon
gooobooooooooboooooooooboooo
0000000000000 00JavaScript 000000
O0O0000000DCOO0000000000ONode.js
[0DO000D0D0000D00O00D0000DO WebSocket
0000000000 Ows (9000000000 OOO
0000000000 0WebSocket 000000000
O OSocketRocket [10] 000000000000 O0OOO
000000000000 00D0000000LinuxO0O
o003Goo0o0oo10000GpSOoOOOOOOO
oioobboooooboocooooocooooooooo
0000000000 10000 GpSOOOOODOOO

goooocoooogono

4. J0O0OO0bOoOOoO0ObOOoOoo0Odg

gooooboooboooooooooboooooooag
goooboooooooobooooooooobooooo
gooooooboooobooooooooooooooon
goboooooooooboooboooooood

4.1 0000000000
gooobooooobooooooooboooooog
googoooooboooobobooooooooosoooo
gobooooobooooobooooooooboooo
O00ooo0boo0oooooooo GpsOooOoOOOooOOO
goooooooooooooooooobooooooso
goooooobooooooocoooooooboooo
ooboboboooooocoooooOoooo 2000000
uboooooboooooooooOoooooboooooon
uoboooooooooboooboooooooooonn

020000000

ooooo ooo gooog good
gooog 1l 4 3 1
ooooo 2 4 3 1
ooooo 3 5 3 1 1

oobOob0oOo2000000000 13000000
0900000000000 O0OUOOO %I O0onn
cooooocooboooooboboooboooono1d
ooboooooboocoooboooooooooboooo
oobooooooooooboocoobooooobooboooo
oobooooooooooboocoooooooboooo



gogoooooood
IPSJ SIG Technical Report

coboooooooooooboooooooooobooooo
oooo
goooodoos3sgoooooooooooi1o0o0ooo
cobooboooooooooboooooooOooooooo
cobobooooooocooooooooboooooooo
coboobooooooooooooooboooooooo
cobooooooobocooooooooboooooooo
oooooooooocooooooooboooobooooo
cooobooooooooobooooooooobooooo
coobooooooocoooooooooOooooooo
cooobooooooocoobooOoooooOooooooo
cooooooooooooon

4.2 ODO0O0OO0OCOO0OOOCOOOCOOOO
goboooooooooboooobooboooooooo
cobooooooooooooooobboOooodgen
coooboboooooocooboooooooooboooo
coooooooos3sooooood

O3 0000oocoooocoo

goono ooooo
ooodo oooooo ooo
(km/h) o (%)
o 5 60
005
u] 83
oooo
u] 50
5010
0 12 28
0 9 72
oood 100 20
0 10 43
u] 16 65.5
oo -
u] 28 45.1

goboooooboooooboooooobooooo3gn
0000000000000 ooo0oOn ess5%0000
00000000000 45.1%0000000000000
coooOooooooooboooooooOooooooo
cooooobooboooooooboooooboooooa
50 10km/h0 100 20km/h 000000000 O0OOOO
coboboooooooooboooooboooooboboooo
Oo0bkm/h0000000O000O0ODOOOODOUDOO
oooooooooooooooooboOooooooooon
coooboooooooobooooooooobooooo
ooooo

5. 0DO0O0

gobooooooboooboooooobooboooooooo
coobooooooocoobooooooboboooobooooo
cobooooooOoooOoboOoobooOoooon

© 2013 Information Processing Society of Japan

Vo0l.2013-MBL-65 No.36
Vol.2013-UBI-37 No.36
2013/3/15
51 D000D000D00D000D0000000000
0000000000D000000000000000
oooooooo
GreenGPS [11] 00OBD-II00000000000O0O
00000000000000000000000000
00000000000000000000000000
0000000000GPSO0D00O00O0OO0D0DO0
00000000000000000000000000
00000000000000000000000000
00000000000000000000000000
000000000 [12)00000000 0 ParkNet[13]
00GPSOOD0O0OODODNOODODNOOOODOO
00000000000000000000000000
00000000000000000 Nericell[14] 0000
000000000000000000000000000
00000000000000000000000000
00000000000000000000000000
00000000000000000000000000
0 CarTel[15]0 00000000
00000000000000000000000000
000000000000 1000000000000
00000000000000000000000000
00000000000000000000000000
000000000000000000000000000
000000000000000000 OCTOTelematics
0000000000000000000000000
0D0O0FCD-Systemd 0000000 GPSOOOODOOO
00000000000000000000000000
000000 150300000000000000000
000000000000000000000 (170000
00000000000000000000000000
00000000000000000000000000
000000 (18000000000
0000000000000000000000000
00000000000000000000000000
00000000000000000000000000
00000000000000000000000000
00 Virtual Trip Lines [19)0 00000000
0000000000000000000000000
00000000000000000000000000
00000000000000000000000000
00000000000000000000000000
000000000000000000000000000
00000000000000000000000000
00000000000000000000000000
00000000000000000000000000
00000000000000000000000000
0000000000000000000000000



gogoooooood
IPSJ SIG Technical Report

5.2 OJ0O00O0O00OO0OOOO0O0O00
gobooooooooobooooooooooogon
oobooooooooooboooooooooobooooo
coobooooooocooboooooooooooooo
oooooooooooboocooboboooboooo
o0 oo00D0o000oOo0ooooOooooooO
coobooooooocoobooooooboooooooo
O[p0o00b00o00oo0o0ooooooooooo
cobobooooooooobooooooboOooooooo
coboooooooocooboooooooOoobooooo
O000o00o0o00ooOo0oo0n 4ooouooo
cobobobooooooooboooOooooOooooooo
coobooooboooobooooooooooa
goboooooooooooooooobooooooono
cooooooooocoooooooooOooooooo
cooooooooocooboooooobobooobooooo
coooboooooocoobooooooboOooobooooo
00 SignalGuru[20] 000000000
goboooooobooooooooooboooooooo
cobobobooooooooboooooooOooboOooo
coobooooooocoobooOoooooooooooo
coooboooooocoobooooooboOooobooooo
ooooooooooooobOobooooooooooon

6. OO

goboodoboooooooooboboooooogon
coboboooooooooobooooooboooooooo
coboooooooocoooboooooooooboooo
oooo0O0O00000000000oDooooDon GPSO
coboboboooooooobooooooooobooooo
coboobooooooooobooooooboooooooo
coooboboooooooooboooooooOoobooooo
cobobooooooocoobooOoooooOooooooo
coooboobcoooobooocooooooboo
coboooooooocooboooooooOoobooooo
oooOooooOooiosooooooooooooooon
uoboooooooooboocooood

goboooooboooooooooboooooooo
coboboooooooooboooooooOooobooooo
coobooooooocooboooOoooboboooooooo
cobooboboooooooobooooooboboOooooooo
00o0oOooo0ooO0on%»u0o0o00o00oboo0ooon
cobooboooooooobooooooboOooobooooo
200 0000000000000 0000O00OODO0OO

gobobobooooboooooooOooooboooooooo
cobobobooooooooboocooooboOooobooooo
coboboooooooooooooooboOooobooooo
coooooooooobOocooboocOooono

© 2013 Information Processing Society of Japan

Vol.2013-MBL-65 No.36
Vol.2013-UBI-37 No.36
2013/3/15

gooo

[1] oooo,0o000,0000,0000: «00o0oOoOoo
00oo0o0oooooooooooooooooooo
00000, 0000000000, Vol. 2012-MBL-61,
No. 29, pp. 1-8, 2012.

[2] VICS Web Site0 0000000, http://www.vics.
or.jp/service/index.html.

[3]  Location Awareness Programming
http://developer.apple.com/library/
ios/#documentation/UserExperience/
Conceptual/LocationAwarenessPG/.

[4 00O0D0,0000,00000,0000,000:“00
goooOoOoOoOoOoOoOOoOOoOoOOoOooooooy o
O00OOO0O0OO0oOoOoOoOoOoOoOoMIRU20060 00000,
1S1-52, pp. 618-623, 2006.

[5] C. Wang, T. Jin, M. Yang, and B. Wang: “Robust and
Real-Time Traffic Lights Recognition in Complex Urban
Environments,” Int’l Journal of Computational Intelli-
gence Systems, Vol. 4, No. 6, pp. 1383-1390, 2011.

[6] 0o00,0000: «00000oooboo0oooooono
g0ooOoooy,yO0oooooOOooooO, No. 45, pp. 109-
114, 2010.

[7] L Fette and A. Melnikov: “The WebSocket Protocol,”
RFC 6455, 2011.

[8] Node.js, http://nodejs.org/.

[9)  ws: a node.js websocket implementation, http://
einaros.github.com/ws/.

[10] SocketRocket,
SocketRocket.

[11] R. K. Ganti, N. Pham, H. Ahmadi, S. Nangia, and T. F.
Abdelzaher: “GreenGPS: A Participatory Sensing Fuel-
Efficient Maps Application,” In Proc. of MobiSys’10,
pp. 151-164, 2010.

[12] R. Sen, B. Raman, and P. Sharma: “Horn-Ok-Please,”
In Proc. of MobiSys’10, pp. 137-150, 2010.

[13] S. Mathur, T. Jin, N. Kasturirangan, J. Chandrashekha-
ran, W. Xue, M. Gruteser, and W. Trappe: “ParkNet:
Drive-by Sensing of Road-Side Parking Statistics,” In
Proc. of MobiSys’10, pp. 123-136, 2010.

[14] P. Mohan, V. N. Padmanabhan, and R. Ramjee: “Ner-
icell: Rich Monitoring of Road and Traffic Conditions
using Mobile Smartphones,” In Proc. of SenSys’08,
pp. 323-336, 2008.

[15] B. Hull, V. Bychkovsky, Y. Zhang, K. Chen, M.
Goraczko, A. Miu, E. Shih, H. Balakrishnan, and S. Mad-
den: “CarTel: A Distributed Mobile Sensor Computing
System,” In Proc. of SenSys’06, pp. 125-138, 2006.

[16] J. Yoon, B. Noble, and M. Liu: “Surface Street Traffic
Estimation,” In Proc. of MobiSys’07, pp. 220-232, 2007.

[17] C. de Fabritiis, R. Ragona, and G. Valenti: “Traffic Es-
timation And Prediction Based On Real Time Floating
Car Data,” In Proc. of ITSC’08, pp.197-203, 2008.

[18] R. K. Balan, N. X. Khoa, and L. Jiang: “Real-Time Trip
Information Service for a Large Taxi Fleet,” In Proc. of
MobiSys’11, pp. 99-112, 2011.

[19] B. Hoh, M. Gruteser, R. Herring, J. Ban, D. Work, J.-C.
Herrera, A. M. Bayen, M. Annavaram, and Q. Jacobson:
“Virtual Trip Lines for Distributed Privacy-Preserving
Traffic Monitoring,” In Proc. of MobiSys’08, pp. 1528,
2008.

[20] E. Koukoumidis, L.-S. Peh, and M. Martonosi: “Signal-
Guru: Leveraging Mobile Phones for Collaborative Traf-
fic Signal Schedule Advisory,” In Proc. of MobiSys’11,
pp. 127-140, 2011.

Guide,

https://github.com/square/





