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A Method of Traffic Lane Estimation with a Smartphone
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Abstract: In recent years, probe information systems have been attracting attention to realize safety and
efficiency of transport systems. Probe information systems collect and store sensor data of vehicles, and
provide useful services by using these data. Location information of vehicles is very important in such sys-
tems, and various kinds of techniques for estimating location information of a vehicle have been developed.
On the other hand, smartphones with a variety of sensors become widespread, and participatory sensing
that collects sensor data over a wide area with low cost by using mobile devices such as smartphones has
been attracting attention. From the point of view of participatory sensing, the collected and accumulated
sensor data are regarded as collective intelligence will bring some findings and production of new values. In
this paper, we propose a method for traffic lane estimation with low cost by using a variety of sensors on
a smartphone. If we can traffic lane information as location information of vehicles, these information will
be applicable to various kinds of services. The proposed method detects turns and lane changes of a vehicle
by using log data of direction and an acceleration sensor, and estimates traffic lane based on these detected
results. We implement the proposed method for lane estimation on a smartphone, and show the effectiveness
of the proposed method.

Keywords: intelligent transport systems, probe information system, lane estimation, smartphone, sensor
data
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Table 1 Advantages and disadvantages of each method.
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Fig. 1 An overview of the proposed system.
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BRI A NF—TIL (OpenStreetMap)

segment_id | source | target | length | direction | distance |curvature| lane | geometry

1 1 2 150.98| 110.84 | 275.46 1.81 2 |NWFFA>TH
; ETDIT-5 P
S =) —
OEIA>IE (5 —4) QFEITT &M
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1 1 1 2 right null left SAYTH right
‘ 1 | 30 l 30 ‘ 31 left right [ null M>7-4 left
*
B EREE -
prem R AR
ORRANFERAZIN @HETEFERIBIA

2 T NR=AT— 7B LURETIE
Fig. 2 Database tables and the processing flow.
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Fig. 3 Directions of a force that acts on a vehicle.
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Fig. 4 The change of direction of a vehicle at lane change.
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Fig. 5 Behaviors of a vehicle in typical road situations (a: 2-2

intersection, b: four-lane road).
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Fig. 6 The image of a smartphone mounted on a car for the

experiment.
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Fig. 7 Results of acceleration waveform with low-pass filter.

0 —/X2 7 4 V5 &3 % FWBRBUE 5 ORI B D » %
WEIELTANETHY, AENEE (1) 1TRT 71 V5
VT A AL etro72. BB, K1) IXBTS, ald
TANE OEEY, xli], yli] 13FNEFNEEL] 2B S A
7, BMHERLTWA.

ylil = a-yli = 1]+ (1 — a) - z[i] (1)

T, W o OREICE L T HEREITo . T
FEERTIE50Hz O > ) » 7 L— b CTEUR L 72
XL, a=0.03,0.05,0.1,0.3,05 D5 ODLFEEIZBITAH
T AN Y WIREAT o 7B OE ORI O W TH 21T >
7o FORER, o OIS L BB ITONTHRIFOEEN
AR S, RN S DB SN TWA Z &A%
molz. LL, a DEI/NEL %50 L FRIZHEIZICE
MEAGEE L, ZMbEDBELTCLE ) vy @mrRsh
72, Bl LT, a=0.050103I12875trHiER%E
B 7 RS, B, M7 2B A6 EMEEEnEhn
T#EE (m/s?), FEZ) (msec) #FK LT\ 5,

LR, EMEEOMMEENT L ICHzo T, WEIC
BIERHENRKEVERATE LR WEERH L EZI 0N
b, FO®, a=0.10%EIIB W TEREERS ORI
BT Tohh, BEBXOHMEIERIZZ L R WETSH -
727280, RFETIE 74V OMEE a=0.112%E L.

RIS, HLEWB L CHEBEFFEOK L 10 7 OWREO
SEAT). T, ALEVFICBIT2MEE L B L0

818



BEIEF =R EE Vol.55 No.2 812-825 (Feb. 2014)

vty Haifr

B % (msec)
—IEE —71L

8 /IO IMEE, DU
Fig. 8 Characteristic patterns of acceleration and direction

sensor data at left or right turn.
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Fig. 9 Characteristic patterns of acceleration and direction

sensor data at lane change.
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Fig. 10 Parameters for detecting lane change.

b, A (3) OLEEIMEED 75 OB E, TR
e 755 OBHZRLTWA.

(amazx;>aTy A |aming|>aTn A |astd;]>aT2) A

(dma:cl >dT; A |dman| >dT ;i A |d$tdl| >dT12) (3)

3.5 HRZEERMEROME

FATFEE [21] T, ZEERMEIZ B 5 B E ORUR
HMH% <, ZNHIEN TR BT b v & v
MRTHolz. 22T, ZORBGPETOZMMZIY B &,
WA ERE 2 0 L S22 72012 DF O 3 DO %
119.

O EEsEEOHEICHED HIE
@ AV RO YD HIE
@  HMEIIHED CHIE

FHIERILICOWTHAT L. 37 O IZonT, #EK
ZEBPEITBN T [ HFRT OB BT 12 BV T, 30m
DA $asE & N7 BEIGE AT 2 84T L 2 T id e 6 70
EEOLNTWVES 27]. 2D/, ZOEHKHETICED
&, AL 30m FANdEMEHE2fTbRVwb DL L, b
L ZOXMNTHEMETE 2 MM L2613, Zolme i
e LThRET 5.

RIZ @ IZ2WT, HBEHEOMRANIAENT ORI
NTRBOZADMmTH ), BRI X 2HUL 723
B IRET 2SN A0, IEELRAPELV. oF
O, AN A HMAT I R TIEREICRAMTE S, 2
D7z, WA LA T IET % B2 T OMANT R
MELCTHRETS. Ble LT, Ao 8z m bl
EAT L TR IIA M TH S LV ) HEE 1T BIC
Z DREFEAN THHHE A © LA O HUEA T OMRANLF G
THZEIIRA, 2F), 20X BEHEICIIEREED
x4 XL LTlRET 5.

BZIC @ I2DoWT, HEE I TG L 23 &
JARXE LTHRET S, KU CIEHM OETEREEZ il
2 H LT OB ICIRE LTV b 720, [\ U~ D
AR % 2 [P EAT) L 3WEMICATRETH L. 207k
%, Rl 2 B I HEE N C [ 5 S 2 [ DL A2

© 2014 Information Processing Society of Japan

WA M L 7285 Aid 2 [T H DU OB & R & L Chds
T 5.

FURHEE LI 247 ) IERTIC DA RO 3 DO BT I
B A RGEMBREITH 2 LT, FATHIZE [21] OFRET
Ho -HERHEEREON EAEHT 5.

D BLU Q OMIEIL GPS 12 & AIETEHD 5587 5
DN EAT ) 7280, GPS HYIE L S HERET 5 2 L AR & 7
%. GPS HAKIZ X B0 HEE TS EEREICB W TE
BT Z R WRHED D B 720, LD OFffiIFLE S 70
SIOBRBEBTCIIREEL 2w e Ex6NA. L2L,
GPS 281IE L {HERE L 2 WERBRIC B W T D & 0 5 Hl
DOEWE (AT, HEHZE) IMATEETH Y, GPS A%l
AL HE 2 BRET ISR B L 72 I21% S 7z v HEHR D S HAR
BREMTET DI ENTELEEZONS, 20720, 4%
ZEREICBOTVERELXIT) 2N TER W GPS H
RICHAT, REFHIRE LIHENEHTE 5.

72, O, @ OWMIIIALEI %7 > 7228750 30m LL
WCTHMEREAIT) 2 L%, LHEH2OERICHTZ1T)
£ REPEEEICITEATE 2 WL TH L. UL,
KEOHM 2 O HAUEREZWET 288, 20 L) &k
BHEEZEOLEOLEEI L wEEZ 5NL,. KFEEIIBIT
BHEE LSRRI EAME LTRRICIET S L%
HELTWAYD, REPEICBV TSR E T 5 HljI3HE
B OBEIHE ) MEHEIER ICL 200 E T 5.

4. EBRBIUER

AT, RETEOAMMEEHEEY 5 720 DFER L 5
BN SEONIERIIOVTIHRRS, EBRTE, %
THEICBIT HHERHEEOHEZRINL, GPS £~y Tvy
T2 7 & BRI E T B X ORI TR [21) L ORSEELL
WEAT) .

4.1 FEERIRR

ATEAT, BRI B L OEATIX [ O B HE E AL FE
(& Java & 77— & X— 2D API TdH % JDBC (Java
Database Connection) % IV TERE L7z, BAKREB X
OV HEE Al TS T ARALRREM 2R L3 X 5 1ICPLH
DENY =27 v TSk Tdh A XML (Extensible Markup
Language) Z/AWTH T 5 LHI1I2LTWwW5h. ) EK
TFIZELT, MBEHRBLVHERE 2 PORY,
HETF = RN=A VAT LDF =TV T I 2T T
# % PostgreSQL O M FE 72 (& $h % ¢ 9 72 O LR B AE
TdH 5 PostGIS ZHH L TERLTVE. £7 XL D
7 & G # 7 — 4 (MULTILINE), H O E i
M7 —% (POINT) Th V), FHImOME, KR
ENTWAE, T/, 3ETHRREBY, BWHAY T —
713 OpenStreetMap & FIJH L THEEE L TH Y, BINL 7z
BT A RREEFE 1L PostGIS @ Distance Bz, JHifirid

820



[BHRNIBFERIGE Vol.55 No.2 812-825 (Feb. 2014)

x2 FENTA—¥

Table 2 Parameters in the experiments.
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Fig. 11 The rates of correct answers at each parameter of lane

change.
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Table 3 Proposal method parameters when the correct rate

become max.
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Fig. 12 Lane estimation by using GPS and map matching.
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Fig. 13 Comparison of the rate of correct answers (lane estima-
tion by GPS and map matching, Previous work [21],
the proposed method).
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BIE87.10% TH o7z, ITNHLDFERNS, GPS L~y 7
XTI K B R E B X OYETRE [21) LR
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4.4 E%R
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Table 4 Contingency table in lane change detection.
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Fig. 14 The performance comparison of lane change detection.

TR [21]) (ZHATIEEE T BRI 2 A B B AL 1 A%
HoNh, WERETH L EEFRFENIEEETH -
ZERIZOWTHT 2T, BT L. 428 TRz L
BY, IEEREALH, B EOBHAKRSEE IS BRIED
H D7D, AT TR DMK o 72 B TE O
BRI OWTHT &2 T 72, BHHEAEZITHORETH S
B IC BT, RALHERE sm L IChEI L2
LAY M [HHEER] $7213 [HE] o &5 50905
DUTHNL. HHTIRED [HEMAHE] % Positive (I
), M| % Negative (F&PE) & L7z 2MEOFELE LS
Z (R 4), ERT—2 EBMERIZBIT % True Positive
(TP), True Negative (TN), False Positive (FP), False
Negative (FN) O&FHEEET L2, 2L C, EitkRz
FIR L, SFEMEREOFHGZ & 28], [29] T—HIIZHW S
% Precision GHA), Recall (FIZ), Accuracy (@
), BLU Fomeasure (FAH) ZHEL, HERIZOWTE
25479 N (5)~(8)). FHATF [21] LREFHEIIBIT
5 SRR O LA R 2 & 14 1TRT.

TP
Precision = ——
recision = o (5)
TP
="
Reca TP+ FN (6)
TP+ TN
A =
Y = TPy FP+ TN + FN Q)
. Precisi
Fomeasure — 2 Recall - Precision (8)

" Recall + Precision

£, Precision GHA) I2DOWT, HA7FH[21) Tk
4.56%12%F L, —RFEFHETIE 75.00% & KiEZz 1A EAHE S
72. Precision 1%, IEfIZHTABARREOIES S % 2R
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LTwa., BT FE 21 3REFEFEICHTEHELNZ
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Precision DME T L7zeE2bNA., ZOERE LT, &
BFHETIEE U ATNICT—ISA T 1 V72 & 2B
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EELY, BATFE 21 OB P REFEICHTHE VA
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D, FATFE [21) Tl FP OFEDPIEFICEL L, EEERD
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SHLLDIEINSOHREBOS TULENSH L EEZ D
N5, 2T, FP, FN 25 AF 3 2 ZHRIZOWT, EfTH
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WY A7 L, BT AT L LTEREL, BT
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L8R Tolz. FEBICLY, GPS &~y Iy FUAICk
5 TR L O T [21) IR TRETHEOA DML R
TIEPTET.
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DI, Bl LB ETRORE I L 2w ) Rk
BRELZRFEL, LffEKELzmELsETn . 72
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HEIZOWTHEZITH. £LC, Al 3 DL EoER
RALENHER L — > Lo Z2REBREREE T2 BT % e
FEd A %R L Tw <.
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BE B (ExA)

2002 4 B2 ME SR B R RS2 B B LA
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\ "‘;" ,, ZeRHE LR AT USRS, SRR
- ZE IS HRIERITE L > & — BRFe R
‘\‘\J. SR, BT, BIEEHET, 20004 1 D
S RN T TR, 2011 4 &

O IRREEHEREE. i (1), 77—
FN—=A, BEEY AT L, Al r v v T B
VAT LCHT AEEICHEH. B EREEF S, Y
Wy AT LR, ACMERH.
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