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Abstract: In this paper, we propose gateless railway services, which no longer require ticket inspection at
the gates. While touchless gates require us invariably to pass the ticket gate for confirmation of entry and
exit, gateless railway services make it possible to collect fare flexibly and efficiently without having such
ticket gates. In order to achieve gateless railway services with cost consideration, we detect users’ rides using
GPS location. Because the number of users and trains are huge, the computation cost of the detection is
also huge. Thus, we also propose a solution for reducing the computation cost. The proposed method is a
matching between GPS location sequences of trains and users based on a data interpolation technique and
Euclidean distance. Our experiments using real railway line data provided by the Ministry of Land, Infras-
tructure, Transport and Tourism (MLIT) in Japan show that the proposed method has robustness against
the inconsistent sampling rate of GPS locations when the GPS locations itself are accurate. Furthermore,
we show that the computation cost scales linearly with the length of GPS location sequences and 15 times
faster than the conventional method.
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Fig. 1 Comparison of railway ride detection.
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Fig. 2 Gateless railway service.
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Algorithm 1 FEH X%

1: for all user in users do
2: T = user.getTrajectory()

3 for all train in trains do

4 sections = train.getSections()

5 for all section in sections do

6: TP = section.getTrajectory()

7 T? = T.cutTrajectoryBySection(section)
8 if v_ride(T?,T7) then

9: rideSections.add(section, conf(T?,T7))
10: end if

11: end for

12:  end for
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14: end for
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Table 1 Railway operators and examples of railway lines.

HEH ISE ST FERRA]

/N RS 1 ANEFSYNEEE

LB 7 HEM, HEHOHERIT
SR ST SR 1 A

PR EkE 2 PR TE, PHEIAEZ
RS TR SR 2 FUSTHRR, SRR R
TR AR 2 TN, HER - HANTAF—
R e A 1 D A

TR HRE 2 R, AR A
R AR kil 34 I, SEE T

RIS 5720, ENENOFMAICR R 5 2 DDA EE
W=ty P HWA,
(1) BBEERFFEOT—42 €y b

BIGHERFEMO 720D F =% £y b TlE, T, FIHED
GPS fiffffith e L CHBERLET — ¥ &, FFI#RT— ¥ 105
O EPI 7 GPS MERHMEFIHT 5.

PEPET— 5 L L CETIGEE RS 5 GIS 7— %
TH 5 [ETHEEBR] 2HWA. B GRS
BT — 71, EEOHEOBALIRIZOWT, RIRPAE,
PEX S (EmEgkE, B/ L—Liy), HEERXS JR
Tk, RESEZ L), Bs, E8ats e 8Lz
bDOTH L. GHiliTlE, FEREMDL VEREFLIZ, B
HRPE CHOE T EAT S A 9 T, 52 B, 913 BRIX I & %
WLTHHT 2. FEENOWNEBBMOFI 2R 1 12RT.
E B AETE RO BB RS T — 7 12 L g, SR L 7
MOERM RS, M%< EMEOSkE SR
DEBEED D H 10%L x50 5. B, 4RO T
13, GPS LB RSHORAFAINEE & 7 2 H T 83t 4 544
L7225, 2O Fn>nTIE, 5 ETHERT 5.

EEHEEROSEIE T — 5 &, BARICBITLHE
BEEICEED VT, HAMLNIZBIT AHEOME % KD 5,
BRI, FIBITERTRE TS gL, BREOHE
HiR 2 A7 1 S TRES R R R & 72 0 ISHE T BEEE T35 1205
#HLTRD L., BRRMIZE > TE, 19 TRR~NZE) T
5D, REFHEIFMOEZET S L S HITHVEH
HHTENS, RFETIE, HMMREE 10 exE L7,

FIR G E SR E LT, RO RRXE % HEEc
BEIL7-bD & L, Google Maps API T35 L 5 3% H §)
HREE AT 5. BARMIZIE, 913 OBRX O 5 HA7 &
BRENEIITHIE L, WInb B L HET XSS
MEEROT—% Y PERAEL, WBEMEELZEFHET 5.
Tbbt, WHEEERENOBOGTEE, 913 Ths. &b
FIBALERROGE LR E, AEESEFERTEE L2
D EGE L, Google Maps AP T 5 1172 HE3% 4 B HLAR S
OHE R &, TERER & 2HEOWT, HABRICBITS
FRBEONMEEZ KDL, 7B, BEEOREI AL S
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POBIE LT, Jllali~<7z JR NG~ SR & 21~
aJ D & 912, BROPEFEZFSIEAEL TWDETr—2A
Wb, 72721, BPROKREATY A VIEERL L7290,
Z) L7 —ATORNE TP VEER B,

(2) BEMERFERAOT -2ty b

PEIEVEREHTi O 720 DT — % £ v ~TlE, FIFED GPS fi
EEHRE LT, BEIERSEMOM & FikIC, Sobfug T —
gL BEHET— 7SS W TAER L7 913 BUX B o5
MEEHREFIHT 5.
FIHBMEERE LT, FIHZEAFIE L 6 CHnE % 7
Eofeb o g LT, FIEAENERE =212, GPS i
EIBRORIBRMEHAED NG X =& TE 20 Fdh Bk
EHIETRE 913 OFHEMBEEROT— 5ty F 2 HE
$h. bbb, BEEREROBEOSEEL, BhpitkRo
SEMOBRE R U< 913 TH D, KIBRLE A BARR 7
BB BRT 5.
4.1.3 FHMEIRE

PIBEIZ BT A 5-MlilE, Python THEEL/ZI I 2L —%
WX W iTo7:. O, Python 54751 & LT, GPS
NG O BREEFT80 12 1 pyproj-2.2.0 %, PEREHER D 720 12
w2 DTW ORI dtw-1.3.3 &, IWHILE I
multiprocessing-2.6.2.1 Zffif L7z. FHililICH W7z~ »
&, CPU 7 Intel Xeon E5645 2.40 GHz 75 2 {8 (& &laHH
a7 241#), A€V 25192GB, OS % Ubuntu 18.04 (Linux
Kernel 4.15.0) TH» 5.

4.2 (B4R O
4.2.1 $EFLEAR & DR

¥, VHEONEEEZET LI LX) BEERIED
ERET 205l 2 720, TR, B
(0) ZZALSE RO EEPE TR L, I—REHAOBY
PR e i L7z, BREERME S L i, 50m, 100m, 150m
Mz, 2L, I RFE ORI 100m 255
300m THAZ LDV THRE L. SEFERIE, &
Fh O HE 2 RS 720, BEEBEZ L LI
BB ARSI E B X AT A= ZkETIHEEZI LN
5720 THh A, FHlikEREER 2 IR,

FLY, FHEMEEREY 0.8, HEEMEE 150m & L7228
&, REHRL, BHTER 2.6% EmHIEHEE 2 EHTE
TWAB DI L, ShEHuERITH 30% &R, 1%
BErEOSEZFFR LT, REMREREZ 1.0 £TLIT72
BETH-oTh, SEHETROBIEERIH 15%TH Y,
KKEETH 5.

T/, FHEEMMEEL 0.8, HEBMEZ 150m O%E 12
BT, BREHFAIBEGME 25 7 — 22DV THRE T
RBL-EZh, BhEe 24 X0 9 BEHEL Lo 15 X
PHRFHLZER ORGP HER - #ATAF—DnTh
P Thotz, WIFRITKHERETHY), HER - FATA
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F 2 HIENEOFER T X BRI
Table 2 Comparison of false positive rate with/without con-

sidering train positions.

e HREACRIME | BRAERRME (m) | BE#LE)S | RESK
0.8 50 5.4% 0.0%
100 17.5% 1.0%
150 31.2% 2.6%
0.9 50 2.8% 0.0%
100 10.7% 0.4%
150 22.7% 2.2%
1.0 50 0.5% 0.0%
100 4.9% 0.3%
150 15.1% 1.9%

F 3 FIHRIEZ ZRE L 723G OGO (6. = 0.8)
Table 3 Comparison of false positive rate with considering

train delays.

PRI (FY) | BEERME (m) | BRI | RN
30 50 1.5% 0.1%
100 0.7%
150 3.7%
60 50 3.2% 0.0%
100 1.2%
150 5.9%
120 50 9.3% 0.0%
100 1.8%
150 6.9%

F 3SR PGETH L 720, kL EBEIEATL T A5,
FORER, BIESREALEEZ LN, REFXOKHE
BH, HANPENO®EHIITHENITESL LR 5.
4.2.2 BFZIRAKX & DLEE

KA, BRI CHUREL I HIE L R A F O E Z g d 5 2
LR, BRSO ERE T S DT A 720,
WK L e R R OB % i L7z, GFiliAE R %
x 3 ITRT.

REFMIZ BT, HFER, FIEREFIHE & OB Y
OThb7-o, BEFEFIE, EENHEEFIHEOR
BT ERMOEOAREZEZEELHEL L., Wz
&, BFGRI, BEIERMO®E ENETERET S
ML > TORBGHRIZEDL->TL A, 722, 20
FOBMEEZ /NS T IBIFERIETA S 25, FIRISERE
PFE L7 A 1B EES EALTLE ).

#3103, BERMOBMEL 305, 608, 120 &%
1A OBEEREZE(LE R L Tnd., IEFRIZONT
X, FEMBIT 305, 608, 120 & v BEEASEA L 72
BOBEEREZRLTWAS, b, REFXICHBIT S H
TEEEBIMIEIX 0.8 TH 5.

FITRT L 912, BIERFRMAT30 8, 60 BOMAET, 2
DOHREERE A 150m & K& &b L, REHROBETER
AR FEH X% BBy —AdH 5. 72771, FHFEARA
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Fig. 3 Evaluation of false negative rate with varying distance threshold and confidence

threshold.
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Pity, HIHEIZZENLL EOBIEA S L2, LG O
MBI BEEE 25, EBIZIE, LIFLIEZFR
DEDORBILSSEEST LI L 2EET 5L, $hEFELEOIL
WOBEA,S, EBIZIZ 1200 L 3ZAL EoRE%
RESE D SR VAT REEATE .

F 72, BEEERSMEAY 150 m CTIEIERE AT 60 £, 120 BB
7= AT, MESROBHEEEDS 5% EEELRo>Tw
Lz, WiRZHER L2 A, ZNEN38%, 22%705H
TSRO 2 B TH - 72

4.3 1BREMROFHE
4.3.1 fIEERDORE
WEFRDPFIHE O GPS (LB EH O KIEIZ AT L Cdifd
THDHILafElT 5720, RIBOBEHEEZEZHD
Rt &) 2T 2 D& 5HET 5.
F LI, FIHp oWE {178, 1P Y09 B,
EREEBRWRFIEMAEICOWT, BELIHERTT ~
AR b0 B EFHRE LCHEHL, &F

W47 %, AGHR, KM BHEOFHOR X
I CH 2.

B 3 (&, BHAERMHE, MR, KIEFAERT <
NENZALS LG EOMHBERIZOVTRL TV,

“OEE R, BROMERRE TRCRILTONFTE L L9 120K
HERITZIRL T A%, RICIGRRHEIT KB A6 Th -
T O EIROME A S RIS R 2 7200, T & 2558
hsnwekEz 5.
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Fig. 4 FEvaluation of false negative rate with burst signal losses.
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FO10 B2 S 30 B T Tl L TRIEZISESE 5,
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Fig. 5 Evaluation of false negative rate with errors of locations.
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BB AR L OBEREOBILERT. M
DX, AEBEAETSEMED 0.1 THhIUIBRMERITY

6%IZHZ DN TV B 05, ViERASEMESY 0.2 £ TR
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4.4 BEREOZE
FREOBEETER L BETEROFHETIE, FIEB X OFIH
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107275, EILEFIC X 2EH T, BLEZI) R 7
DONHEZ &, HIEIIFEAIERTRET L Lidhwn
ZO720, KETIMAEESE, BEEEesnZIIONT
COWBEREETD.
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Fig. 6 Ride detection processing time for each section of sta-

tions.
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Fig. 7 Ride detection processing time with varying the number

B5RI (hour)

of operating railway lines.
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