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on Subway Automatic Fase Collection System
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Abstract The subway Automatic Fare Collection systems

collect tremendous amount of smart card data, which provides
comprehensive spatial-temporal information about subway pas-
sengers. The analysis of passengers travel patterns benefits ur-
ban rail transit operation companies in predicting subway pas-
senger flow and formulating operational strategies. A data-min-
ing procedure to identify travel patterns of subway passengers
was introduced: after pretreatment of smart card data, passen-
gers travel chains were generated based on the spatial-temporal
information of it; clustering variables that reflect spatial-tempo-
ral characteristics of passengers were analyzed; K-means clus-
tering algorithm was adopted to cluster the passengers; the po-
tential passengers travel patterns were then analyzed. Taking
the Shenzhen subway smart card data as example, verification
experiment was conducted on the proposed subway passengers

traveling patterns analysis methodology.

Key words urban rail transit; smart card data; passenger

travel patterns; K-means clustering algorithm
First-author’s address Henan Transport Card Co. , Ltd. ,
450018, Zhengzhou, China

0 3|5

Wt 3 Bk IC R AE3R T s B B 2 A et
Bz B R SRR LT A T R IC R 8.
it IC R rT AW FE % (4 i AT, X 3R
AT 0 A A M) T 3T 2 3 A s o Al T
AR U M R 12 TR

KFFeE MATH BB, SCHk [ 1] B4 T8
TR A OCHT ST, 7 IS iR e, TE MR
T _E A AT AR O — AR BA PR B
SCHRL2-3 TOFFE N, R 22 ) T R Bl i 47 e %
HATAT S B BIF 58 AR AR v A o A A i 5 A7 " ) T
Eo SCHRT4-5 THFFE N g, {4 R Rl - Ko dls 23 B
HuERAE R BT A B T R A AE 8 AR AV BT 5K
SCHIRL 6 ] FH 22 in-aF S 48 2R A0 8 RE il - £ dls 73
Ao 25 1) > FE A 8 19 20 05 1) S, 2 AT 4
A L S A A g e R A RO (E B STk
[7 I8 52 K3z i Joy 1) il - 50 R AT 1 a8 6 ik
Ja R T AR R 4 Bl EE AT R, 3
KL 8 J 5 SCRUHE N AT % g 7 ST (4 T A | AT
I 2 AT, IR R IASZ R A AT LU R
AR, SCRRL J AR AL BRT (HREASZ) &
GE 5], K 3t AT AL T 12 B T R R RE R
PP A A I 25 3 2, OF He A BRT e %5 Hh A7 FH A
NASHAT B 2 ) 08 R AR T 3o SCRR 10 ] X
BN ARG AT ST, I3 A 22 KR RE Rl
B B B AR R AR S T iAo SOk

# g 4 AL SR RITUE (2019G-2-2) 5 i sk G AEEARIIR L 55 2% L IT%T 4: 11 H (22120180241) 5 + = S@fE1EE

- 63 -



[ 1L I8 P R R 2 S il = ke ok ) 3 2 1 5 1]
AR E] R AT R R P . SCRRL 12 T S T
TIT I AE IE B B 2K AT SRAEAE Y ) IR DI 2K il
RBE RIS A AT R AT B R 2 64 A7 R

Mo BRI (4 AT AT N HRAIE I 75 B — AP
ARSCHE T 0 A 3t 8 3fe 7 A A X 0 i 42 i 7
o X HBBRIE R AT TAR B AR L 2 A R
A R N AT HE , 135 o0 M B SR 25 i s PR G 2R
S, R A K-means STk (LLT AR K-
means” ) X b i R A B HEAT IR R, R i
TER AR AR RBIEFE 3 T IR 2014 4F 5 A
12—16 H Rk~ Es BEAT BT, 20 TAFE B e
AT

1 Migkm - HIETALE

AU A ) BCE R F RN Bk, 40 458 M Bk
IC R%H (2014 4E5 A 12—16 H) o IR K

Hi 5 ZRERIEAN 118 A ufi i 21 1, 2 2014 4FiE, 18
FHEFN 178 km AF KRN 8.6 /LAWK, HiEk
IC REFE# IR 1 s
F1 RIIMEK IC FHIEERX
5% Bt & X L&y
Card 1d IC Y fH + ID 280045973
Timestamp JHP R B BRI fi] 20140131221857
IN_OUT ez AR IR IN
Line HhREK % 2 5
Station kvl 24 FK el Rl
Fee | 15
Equipment  AFC( [13hHE K 2E) 45 5 268004129

TSR B A SR s AT AR B SR
R A4 58 AT TR A1 S5 iR I 1) 5 BOA Bk Y
sk, THBEAT S o LA 22 427 293 R, A
133 369 7% 57 i K 70 K b BRI R

Bl LSS U, BEAT R IR ATHEAE . TR
WATEEE SO AT B R IEAT B — R B AT, 2
ARATR W TR % AT I IR o eS0T
FEHf, — R TR AR B8 F TR e & i i AT
Gt (R ATHE A U R R AR, RTRE R T kAT
3, CEM e AT, B, AL E HAEA N
WA ISR RAE ) AR I %, X AR Y AT B
Fo HFMATHEREBIUNR 2 B,

.64 -

®2 RYIEK SRR R HITHEREG]

Card ID Timestamp IN_OUT Station
321922453 20140512083145 IN 25 H 3k
321922453 20140512084350 ouT A il
321922453 20140512175515 IN A8 3
321922453 20140512180809 OouT i FH 3

2 EEHITRXSWATIE

AHIFFE (4 T a5 A2 18 R 2 AT R A AT
Ko 2 P B BRI VAN W X R F AT A
IR, 5 ST AT R AR R S R 25 AR S PR R
SR AL K-means JEF |- iR 2 5 X0 ofe & it
PRI, DI e & A TR
2.1 BERT=

R TRk i T e s AT R U,
T B BRI R B & M AT R IR R AR 8,
A - 25k vh A T & R AT I s B, T DL
— SRR AR BORRAE R K M AT N, LA i
RRAR N KBRS S BLIX ) R & AT AR
FEBERUW R R T

1) R S/ i b, RFE7E— Bt Ry,
Pk MATIRE sk & S 22 AR, T U B
AT A R AR FRAE . 76— R B TAE B, g
Fe & B R — U AT A s E AR R], 303 feJm — IR
AT IO L S BB A TR] , BB 2 12 3¢ 55 4 4 Wi oy 38 8 o
ZAR A AT 22 SR R FE AR, AT T HEWT R K
HATRRUEREME . N, & — AN T T 5 K, AR
R e SO A L0, FR R — AT iR
SUEBAH IR, EPR 2% T % 1 Hh AT HA AR5 1) 23 ] L
A L 1/5 FR Horp— RS — U AT SR
BRAF; & 2/5, R Hd i K8 — IO A7
AT RAR; G L, Rom A R — R B AT R
SUEBAHRIR], B A e % i AT AR B A A,
i R ) 7 ik, AT DL BOR [R5 i e AN TR
S/ LN TR AT A AR P

2) FrREnfiE], HAT AT AR A A 225 0 T & 1
e £, o AT b RN T A b B B A T 1) 7 5 T
] 3 Ak MR, T 55 A0 I 3R A 1) F HE AT T
Ko KRFATEEBI ] AR &, AR E BT K AT
B I KA T AR B ) LS 347 R 5 0] | d5e /N T 7 B )



3) HATHR, e HATHIR 53 K Y AT AL
KEYIAE, 7T LA e th AT R . &t 470
ROGEREIR R H S AT OB B3 8 AT REUE N R
KA,

4) AT R/ A5, T AT I T 4R e ]
FNZE A ] W] LA B g 2 1) A7 B (] pE . ARIR
WFSE IR % >4 K 45—k AT (4 FF s Bsf ) R4 K
IS —UR AT 1) 5 BB ) A Sy 2 BB (] 2 A R 1
R AL G,

2.2 REFE

REAIE A BN Ay X G2 38 3 A A 2 0 T vk Ay
AR A B s o 2 (0 T4 LR E R — A~ T4 h
(R B 53 % R R A A LA — SEJm k. R T IA AT
L B B R R, B
R HEBOR i AN B AL & A R 2 s
BB TC W R 2Ty 1k B R R BRI X 4
A28 MRPEAHE I TP B L X, BdE e = 2
AR | W R TG W B 1) R 28 Ty i o 92 i b 22k Tfe
FHIATRE R, T W R Ty I nT DR T A B
PRAAARIPE R B AT AT A R 2L, ElE RERE
FES N EEE M X Bk, WL RE
B e AR 3,

®3 BHOLEEREXEZNORRRSN

PHlACE S
SRS £ I
oy R 0 it

BIRCH;
CURE;

T TR
o g BB,

XA
LRI 7 4
SR B 00 I 89 1 0
e A

SRRk
Chameleon
K-means;

BRI R
CLARANS

2.3 K-means BHE %

3k 3 FoR, /3 )2 AR g AR, O B 2%
P REERE . BT MRS EARN R
R, o0 B BEE O B e R 25, AH L Z
T, R A SR A k4 R e Y B bR pR AR
KA BOWEEA , PRHAE P B R A 42 i 9 vh
SERLEE R

K-means {Fh—F it B A %, &S T
W5, HBR A= B RT3 K, I HN B vy
(RIS H R EE AL, R, AR R 9T % 5 K-

means X [ iR JRA A B JEAT RS, I H ) 3 %5 1
FrREa, SR, K-means 47 2 Nk g XS R I6 70519
M FME LA e B SR R A B i . W TS — i,
AT DA ) J A AR ARk 3 AR B B AR A L 0 T
5 ANER S BT LN RSP Ay Silhouette Coeffi-
cient (5 B 2 %, LA T i FK Sy “SC™) >k 4% 3 % £
R

3 X IEEUE S AT

3.1 BETENHH

Bl LS — 8 TAE B rp A 28 5 19 43 A 1
o HE La) o] UL, 76 fr sk afe & b, 78— JE N4
HA Rz EcE 2RE0. EHEREN
S, — A TAEH A 5 RIATIIREECR A S 0T,
XEWREGRZ FIEERE, hE 1 b) i,
RETeR HIHAT 1,1 HHHAT 2 IR K AL
RRZM, B¥HNAT2 WA TREL L2Esi# T
1, B A M T AR K2 502 B3 2 iliAT, JF AL
KL MATER K & B35 H b, 5 B 1 3
RFEFEIR, HEL ¢)nliL,7:00—9:00 777 —4-HH
T R B, 13:30—14:30 fETE — 25 ik, 18
00—19:00 fA#E—~Hp S, f I 1 d) &) 0L, AR
LZIFAE 16:00—20:00 Z [7] 52 &, T b i1 A9 5 5 —
WA, M1 e)—E 1 g) T, KRZECERETE 60
min NSERLHAT. B 1T h)—& 1 1) I, AT
E A AR R A S e, Sk 0 /9 I
el

[F] s 43 BT T 30 4 R 28 A S A 1 43 A I OO
T4 TR S A {1 LA T A R HEAE SR A3 A
FIRHIES TAE HAEZEL. H bR, LR R KA &
A DL RAE 330 b Bk Tfe 2t A 18 eF [) A s Tl e
3.2 FEHITERX

SC i 45 A R RSy B B AP R R ok X 2R
RSP IRIEATIPANY . SC BRI, 16 I R SRUR
HHL, ANFREF TR A SC R 25 R anE 2
FiR. M2 nf UL BRAHCH 5 B SC H Rk,
WA SRR 5. W% TAE H Hb kI & th 4T
B3 5 B, A o AT A S R 2 A B 1 P 34 (E
M4 Fm, hE4 ol W, HATEER 4 19T Z B
o, ATRE 2 AYaRe &8k iR b

AR 1 e & o v AGE B P, R B AT
KECH 3.57 K, HBIHATIRECH 2. 08 I, % YK

- 65 -



10r

8 g s
= =
= S o
= = 4
8 S
& Mo2F

0= 2 3 4 s T T 210

JA¥IHATRE H 347 R
a) XA KRB A b) HH AT B
_ 250
350
£ 30t 520
<55 =
+ 2 + 15f
g 207 §
i 1.5 g 1.0
£ 0t =
2 05
0.5F

€00 10:00 14:00 18:00 23:00
H AT G5 R TR

d) feJa — U AT A R ]
5c

&0 10:00 14:00 18:00 23:00
HAT T4 1R

¢) H—U AT IT AR A

5
K4 R 47
< <
53 3
H 2 H 2
| &1
0 50 100 150 200 0 50 100 150 200
B RATFER 8] /min SPIS4T AR (] /min
e) I RATRRET ) 4310 ) IR (A S A
6 151
g7 X
< 4 < 10}
s =
=3 =
SN SN
22 2 st
0 50 100 150 0 02 04 06 08
B /MTFER ] /min AR R B

) /MR ) 2347 h) ATRJE A5 F oA

151

RHER/(10° NIK)

0 02 04 06 08
IRl R L

i) AL o
1 —JA AR B A SRR R i oA i
S AT AR IR 9125 , 4 KA JR — VK
TREESRI 21y 1846, 30 B P 7 R T e K
IR 40 s L I A8 7 L 9 L 0.08 110,13,
. 66 -

N
RARHE
P2 R RS T SC fif

VeI AT 0 28 ) o7 B B A AR (R B AR M . &
B AT AL, 7] L& BRHE W iZ 2ok & N 8
AT,

AR 2 M AR & o B AT P, R
TTRECH 1.99 K, H R ATIRECH 1.27 IR KRATE
8:20 JFAHE— U AT, 10:30 SECY K m — Uil
AT 5 AT P A ) S A5 o7 L FIAS [R) 2 o b 29 0l oA
0.06410.15,

AT 3 K A AT L P S AT
KECH2.09 K, HIHMATIRECH 1,41 3 5 R —
UOABAT I G B 2 02 12:48 , Y R fg — IR AT
ST 2000 1438 AN [A] R A 5 B2 8 i g L
B4 0.23 1 0.25, BRI, IZKRE R HATE
FF ) 12 [ 248 b ELA AR s A ML

AT 4 R E A N AT, JE B AT
RECH2.05 K, HIMATIREC R 1. 43 Ik RATE
16:02 FFaa5E—k AT, 18 .14 SE i Y K i Jg — Ik
A7 5 AT P ) S A5 7 LG FIAS [R) 2¢ 05005 B 49 1) R
0.19%10.17,

AT S SR A B AT H P, JE 3
AT RECRH 1.6 K, H¥MATIRECH 1.26 ¥k, H i
XA F AT 33 At bk, PSR Y KA —IK
AT B 20 2 1930, G50 — R g — I
TTEEZ2R 20 :47 . 2R E WA AR 2 7 L ATAS [
25 5 A9k 0,09 Fi10. 08, 3 B 3% 25 e & 11
RRIZ S oy B — B . B b AT P AT
s ] — B A
4 4Z5iE

XA & A7 1L 2k A W 58 A R 3T A AC
TH A2 A Y TN Mk 2 A AN 1B RS . AR S
PRI T A M Bk e & A AR X 0 i A2 18 O vk
TS MR S B A T AL B AR A S 15 R



=4

—AFITEREHITEXTRETEN THE

gt JEE AT BB ST BE-WE RRR AR ARZ MR PR NS¢
I =
) KE WEL THERZ] AR Z] RE/ming S it BE/min ERE/ming /%
1 3.57 2.08 09.25 18.46 50.91 0.08 0.13 40.07 45.38 18.25
2 1.99 1.27 08:20 10:30 31.99 0.06 0.15 28.51 30.29 16.15
3 2.09 1.41 12:48 14 .38 34.01 0.23 0.25 29.33 31.67 20.34
4 2.05 1.43 16.02 18:14 36.34 0.19 0.17 31.28 33.78 25.63
5 1.60 1.26 19:30 20.47 31.76 0.09 0.08 29.03 30.39 19.63
A g & Y Tl‘EL EE 5T R %g A 2 i ) B prove transit planning [ J ]. Transportation Research Record,
2006(1): 118.
JAS R BEMIA ] K-means X #5 RIS B TR K - ) )
7] AGARD B, MORENCY C, TREPANIER M. Mining public
R IRIF i AE By AT AR %EﬁﬁﬁTﬁg .
transport user behaviour from smart card data[ J]. IFAC Pro-
4
FETAE H B AT, I 20 8 1 A AR 2 A7 ceedings Volumes, 2006, 39(3) : 399.
ik, MFRER RN, kgﬁiﬂﬁi;&g £ l':lj’/f?//f?j‘j [8] LEE S, HICKMAN M D. Travel pattern analysis using smart
BWERRAEM, AT R LB T #hiE card data of regular users[ C]//Proceedings of the 90th Annual
)L L ZEH e {J;\ lk (ﬁﬁ /\}Eﬁﬁ: ;E g Hjﬁi,ﬁ?ﬁ , U\ﬁﬁﬁﬁ‘ Xd‘ Meeting of the Transportation Research Board. Washington
DC the Transportation Research Board ,2011 :4.
PEH ) 5 22 AR IR 55 15 . 7R — 2B IS '
ﬂ]:JXE*i:L‘ % f ﬂ} /J 7L EIJ [9] TAO S, CORCORAN J, MATEO-BABIANO I, et al. Explo-
/.
%ﬁﬂﬁ‘é S H E/J *ﬁ@ P jj m““ IE‘L/\%IJ :Hij‘%i;& ring Bus Rapid Transit passenger travel behaviour using big data
B HATEI AR, 5y AE BT R T kit AT [J]. Applied geography, 2014, 53 90.
SRR, [10] ZHONG C, MANLEY E, ARISONA S M, et al. Measuring
variability of mobility patterns from multiday smart-card data
%%iffﬁk [J]. Journal of Computational Science, 2015, 9 125.
) [11] MA X, WUYJ, WANG Y, et al. Mining smart card data for
[1] PELLETIER M P, TREPANIER M, MORENCY C. Smart
) . ) ) ) transit riders’ travel patterns[ J]. Transportation Research Part
card data use in public transit; A literature review [ J]. Trans-
) . ) C: Emerging Technologies, 2013, 36: 1.
portation Research Part C: Emerging Technologies, 2011, 19
(4).557 [12] YANG C, YAN F, UKKUSURI S V. Unraveling traveler mob-
’ ] o ility patterns and predicting user behavior in the Shenzhen metro
[2] BRHE, BEM, EEH. ETHITRANAZIC RERE T i i
e . - - system[ J]. Transportmetrica A: Transport Science, 2018, 14
U R AW T]. PR RRR R 2 (B ARBLE IR (7. 576
2018, 3001 23 (3] BT BRI RS T S
BT Bz iz & 1Y . E?
[3] ok, skER. i):Jcrh%EflLﬁc e 2RI ] AR A AT 5 A s
AL, 2008(6) :47.
[J]. SRAHIEZCEAFSE, 2011 (11) :80. . '
[14] MCGUCKIN N, NAKAMOTO Y. Trips, chains, and tours: u-
[4] MORENCY C, TREPANIER M, AGARD B. Analysing the
o . ) . sing an operational definition[ C]//National Household Travel
variability of transit users behaviour with smart card data[ C]//
. . Survey: Understanding Our Nation$ Travel (NHTS). Washing-
2006 IEEE Intelligent Transportation Systems Conference. To-
ton DC; NHTS, 2004.
ronto : IEEE, 2006 44.
N . ) [15] CHEN H, YANG C, XU X. Clustering vehicle temporal and
[5] @&k, g, 2RE. Wl HuE s & e w7 /e[ V] , o .
spatial travel behavior using license plate recognition data[ J].
WHHLUESSE IS, 2012, 15(2) :39. :
. Journal of Advanced Transportation, 2017 ;1.
[6] UTSUNOMIYA M, ATTANUCCI J, WILSON N. Potential u-

ses of transit smart card registration and transaction data to im-

(WS H 1:2019 —09 - 12)

a}:mirﬂ«mrﬁﬁnia-

KNtk 021—51030704

1)

.67 -



