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il 1 A3 1 AT SR O 38T 45 Rl A S 2 TS
B R T DX (G 55, 2008) 0 AN R RLfY 3
SSPEI T A DX AR R S E Dy g L 4 bR 2 7
G0 AR 22 S (B R A, 2013), Bh i Mgk ol
SO N T kT D RE A X R A I3 5 JL At
Wt A R

] S DG Ak 3 1 3 S (R A 8 R LA T
I DX A A AR X 2, A0 X bk s s S e 26
(Korf et al, 1981), — A il 45 A2 38 47 A P Bk
FEHCES (B3 BT RR R HEA T 3 2R A8 PRt B, QN2 sl b
B B R RN A RS X Y EE ) RE
ZF 5 HAE E S R S0 HH OE 6 R 55 (Bates U,
1978)0 U H AR 5t | KB A5 30 i A 40 b 2 o2ty o e

s BEA:2015-04;1&1T HHE: 2015-10,

b DXASE T S i e R A A T DX R RB X 3l
FHIE ol AR Oy RS AR LU ) SR Al LA
X153 R 3 AN E B A G (5, 2011), BEAb, [ AR
R T A 5 A IS IR AR TR
T Sl SR S R R o L, A 2 A
SR BAYHT T B R Mkl i i R s 1 O, 3
b A 75 U e o B i e B A () B T B3 1 A5 Ak T
AL, R T S A AR A E EE LR
(Choi et al, 2012); A 2~ FZWFFE T ALL T Hukat 5 1)
HRRFIPM2.5 F MK FE (Vilcassim et al, 2014); 84 2F
TN TR MR R AN R E A
W PE AN A FEAIE (Hoseini et al, 2013).
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TIE 3ty o5 J 12 - iR R S S AR A R
P K i R DX A3 5 il S Ky R s i X
il R DX A A A A A Tl DX
TR DX L ST 3l s DXl RS B
TR A5 (2013) 5 T GIS B 52 B i B sy 500 ] i by
DX — 52 e 1 BT, 400 e 00 T oy 0% J0 300 FH R ) 5
B0 30 PR, 6T 5 0 DX s PN FH 3l BB ARAE , X 7Y
LR 2 S Al S T E . Rl B sgl
BB GO AR ET 25 . BN (2013) I 2% 4k
B A3l = A 2R TR I 5 DA BRLZK ) X 45 A AR
I R T B SRR IE R A A AR AN [RS8 2
B TRFIE 25 5, 43 0 JE AT Y (I B Rl B FIAK
R AT 2F 38 1 o W o s R R D sh vk BR
AU A A 38 FR Ge A AN [] B[] 248 3 R X3 FEl 2%
SEELH I S YA X R T A T SR 2
A3, VG TR AN () M 2 AU 1 220 st 25 4
A 22 SRR R (T #, 2013), DU Ml 25 R 1
WU 23 [REAS Atk AT 4328 Al 0ok - LAS T
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23 [ Rl P 23 B IR GE i T b A JR 1 A I
T NAMS P BN SRR E R, 2011). BLAF,
AR SO T 2R (i, 2014), 2 H 1k
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M P E BRI AMIFFE DX s
EEFVEZ AN, XA HRHEZENE,
i = 2 WL S B AR R (A IR AE, 2008), [ N2
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5 0 00 7 FH 30T 2 ) 3Tl A Ak R K R 2
5 MG U4, 2013), 3L F itk , AR S AL
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2.1 HiERIESE

A6 T AR R FE AT S AL E 0 ] - s ] |l
LRI S 3t S ISP ] 3 (R 1) 5 I BB e
PR, DL 2013 4 3 A db st i e E R IR B &
B, A SCHY BRI A 2013 4E 3 A 1-20 H ) 144
TAEH BRI B (GR 1), TSl s {7 B ik
e, T LAHE sl iR AR 25 (3R 2) . AU IE
P& 195 bR, SN BF IR X 42, AL HE (R BB A o
PN TR ALY

R R 4 S B RRAE AR SORE bR 2 3 1 Y iR
TRE I A 3l A P I 4R (3R 3-4), B4R
AR %3 15 N 4:00-23:00 A &R O, B

Mokl I HRRE S0 JE RN, 2012), i A7 A H 2 T

F1 ALEWERRO U EkIA S 201343 A 1 BRIFE#E

Tab.1 Examples of registered pass use at subway stations in Beijing on March 1st, 2013

BUE A 14 K TAE H & 5w, e AL T if

D HERG 24 FR ) o [ H S 2 AR £ Sl ) 15 i)
10007510%***%6142 N/ 2013/3/1 8:03:00 D] 2013/3/1 8:10:26
10007510%****5723 SRR 2013/3/1 8:12:00 IR 2013/3/1 8:29:08
10007510%*#++282 ML 2013/3/1 8:28:00 LRI 2013/3/1 9:25:23
100075 10%*%**6032 FPFT] 2013/3/1 9:36:00 TR 2013/3/1 10:07:08
10007510%****5779 I 2013/3/1 11:10:00 TIFH 2013/3/1 11:58:26

F2 AEEHE KIS 2013 E3 ARRESKIT

Tab.2 Entering and exiting passenger flows of subway stations in Beijing, March 2013

BRI JTIANIK) FRE it/ (HIAK) e/ NE L (TIANR) SR/ (TINIK)
e 5383.38 467.11 357.71 384.53
ik 5503.56 483.29 365.45 393.11
At 10886.94 777.64

W ANGEH3 A 1 H-20 H A TSR,
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Tab.3 Temporal distribution of entering passenger flow at some subway stations
- 4:00 T 4:00-5:00 e 21:00-22:00 22:00-23:00
N FrAEfbAi N i FRfEfef e N4 FrAEfbAi N FrAEfbAi
LA 0 -1.038 14 -0.992 58 -0.854 1 -1.035
ACEY 0 -0.712 75 -0.520 21 -0.657 2 -0.708
i 3 -1.321 24 -1.258 e 97 -1.045 3 -1.320
Jb 3k 1 -1.143 26 -1.088 106 -0.910 4 -1.137
By 3 -0.753 268 -0.605 105 -0.696 3 -0.753
F4 Woruhs ik EIRERE SR EE
Tab.4 Temporal distribution of exiting passenger flow at some subway stations
S 4:00 F 4:00-5:00 e 21:00-22:00 22:00-23:00
N1 FrifEfe s N3 RfEfR e NE FrifEfb (e N AR A=
ALK 2 -0.874 48 -0.868 151 -0.495 1 -0.871
AL 1 -0.915 23 -0.911 238 -0.031 117 -0.482
(¥a| 1 -1.269 88 21267 e 338 -0.508 109 -1.023
At 43k 8 -1.070 117 -1.055 230 -0.615 60 -0.951
L 0 -0.920 0 -0.920 1093 -0.170 357 -0.675

X AUE AT T AR AL AL B . B bR vfE b Ad
P ZRTo AL R, fi DSt B T Ll R) A
K H z-score pRifEAl , S FP 7 R 5L TR A B 1
TEABRAEZE A TAR TR, (75 AN [F) 1 20 A Bt A ]
Fot  BE R 0, bRifEZE R 15 K F 0 R B & T 440k
T ANT 0 R T 347K A SChRHEAR IS B
RIE , FRiZuk s —/ N P R T R
o, M ANF R T .
22 MIRFAZE

i 1] 5 371 SR 25 Oy vk T 4 A 35 i s ) i
(1R B 1] 7 371 3R 2J 2 R 5 T AR A0 1) 1) (1] P 371 R 2%
o HETRHIE A A 3 1) 3R 28 B S X0 S i B s i
TrRELE , IR AR S MRS HL ] R IEAE A
RIPH: BE it ) BE A, SR A A5 Tl SR 2T 0 3 e
TEHEA T R CRFESE, 2012) ARG AR TR
TR RIS ) 870 SR 28 7 VA A 7 43 A, A TRI A A B A
AR BT[] P 9 B ARRAIE , SR F g st ) P 91 SR 25 A
HERE 8 A kg FE BT R AE AL A 38 1 e ] 5 87 =2 i) 7 2R
KM (FIMIE, 2009), FEFHZ R R T 010408 3R
B, e I K-YER T

TEZR RS r kb, B e e R B i A
R AR 8 iy 1507 =, B S e R R 28 i a ik, o
PR B R O A —28 AR HE , H B4k
P o6 A1 R —2 0 1k BUR T e A EiE LA R
— 0, AR5 i BRI B AR TR

BT, B ITA AR Ay — 2 R 1k A
AT BEER 0] URIRIE B 3R (5K SUE A, 2013).

K-SR REAB PRI ISE 2 T 2=
PRI K S — S BRI BT A 57
Hramn LB 2 , B~ o3 A it B R kAR i =X B
el T —AWIR R 432 SR AR W AR
BARLEARIZE G178 5, BB m ik 8] —E m
FRUEA 1E (K SCEAE, 2013),
2.3 B A FSSEERER S NE

it a1 51 B AT 22 T0UARAE , AR T00 4 A 220 ) 1 B[]
¥ 5 08—~ D5 T8, DG B[] 7 90 A [ J2 Ok A
AT Ar IR A RRAE S5 AR AR DL OB R AE .
o TR SRR 2 ZEHE I R 5 R AR A R RRAE 2
42 JRy AR RRAE , 42 JRy R R 3R 1 I E] P 41 )
PRARA, G BT R RS R R e D R 30 S e
() 5 B S ORI, B AL A, R T i . 454
REAIE S 6T R [8] 371 4 Jay 1) 3 550 PN 7 728 AR AL e 4
IR, ATAR G b 2 LA (1] 32 8 1) 42 Jm e A, LA S AR
GETHRFAE , Q0 g RN | IP IR AIE , Qnka B R 2y
W Bl BASRRAE, Q0 A AT o R AR
TR IR T YA T AR 112 S | S e R 4]
BT AT ARMA DL & ARIMA #5546 (R
4, 2012) ARSCMNESFREFIZEFRAE &, $EHL
Fi ) 3270 P AL AL O B IR
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E UL B A 1 Y R AL U
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5 R EG B B 5 B A , AR B Ry 10 TURRAIE (5 76 K-
BB RZEET , e 10 URFIE(E A 10 M8 5, e Kik
PRRBGEREBRINE 10, Bt 50 ANOVA £ K A4S
MEMEREE.
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JER RGN RIER SAIC R i Rk
FEHIE BN BB s 73 1 22 /0 2 I 3R i
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L RIEON 1410 8 I S 5G4 i BN A
I, AR SORE 195 /43 5 H K- BR824,
32 K-HERELER

FH K- B 207 0 195 AN bkl 500y 12
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A4k, 8 Jul i v LLESS M e S ) sl S 1)
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G LR AR N HANR(FR 6),
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IR FAE A /NI RIS 31 45 A8 R RS A
RAEHBI RN, A AR X RIS LE Y i SR
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il g > Y 3t e B> i i 28> 1 3l 6 i o B 43 A 1)
5 Z A W >l 75 e B o3 A A 2R A8 1
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(1) JB A3 e 1) U3

55 1 2Rk B A T /NI At e (1 2) R B
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Tab.5 Characteristic value of entering and exiting passenger flows at some subway stations

LA FARGFHE FU B[R] S5 AT AR
i AR PR AE AL T BE U R B A3 A 240 Felig /NI R0 %

kvl el el Bl ik Bl ik

LA 3 3 1.34 2.46 0.87 7.38 3.523 4.419 16.69 24.94
ALY 3 3 225 1.96 436 3.34 3.396 2387 2432 20.03
B4 4 4 0.70 1.09 -0.19 097 2324 3.056 12.27 14.41
At 2 3 1.07 1.75 0.14 3.66 3.238 3.653 14.27 19.31
G 3 2 225 1.93 4.48 322 3.294 2.396 23.02 20.75
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Fig.1 The number of system clusters under different distances
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Tab.6 Result of K-means clustering
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b S S5, AN AT L =0 R E RS 2
SRS B oA HA T 2R ORI 1IN R BB R
(6) TRA AU A
55 6 el L BRI =R (B] 7), AL
T8 B B, 7E 11:00-14:00 LRI R — /N eg

R7 KHERLANOVAR
Tab.7 ANOVA table of K-means clustering

£ R

F Sig.
Yoy oodf B df
ek 113559 7 1.830 187  62.045 0
e 8387 7 0.101 187 82931 0
Egggﬁ&ﬁﬁi 2637 7 0415 187 6.346 0
Pkl /NN 28 896.166 7 4.834 187 185404 0
HESIIRAEA L 1.124 7 0311 187 3.612 0.001
3l O 10459 7 0.105 187 99916 0
11l e 175.055 7 1481 187 118220 0
/N R B 756462 7 3.66 187 206.707 0
Ezﬁgﬁ&ﬁﬁ 15388 7 0202 187  76.131 0
b SN (R 1.194 7 0327 187 3.650 0.001
5 .
| e i
%? 4
@ 3

7

Bt (z-scoref
-

PR3 il S fi] it i 1Y 3l 250 30 B/ NS 0 o £
Fig.3 Temporal distribution of entering and exiting

passenger flows of employment-oriented stations
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Fig.5 Temporal distribution of entering and exiting

passenger flows of mixed mainly residential-oriented stations
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Fig.2 Temporal distribution of entering and exiting

passenger flows of residential-oriented stations

ik

R AL(E)
[\S}

i (z-scorek
o

P4 HPURR R0 TRt 5 AAE 3t 2 O /NS A 2
Fig.4 Temporal distribution of entering and exiting

passenger flows of spatially mismatched stations
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Fig.6 Temporal distribution of entering and exiting passenger

flows of mixed mainly employment-oriented stations
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Fig.7 Temporal distribution of entering and exiting

passenger flows of mixed type stations
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Fig.8 Temporal distribution of entering and exiting passenger

flows of commerce- and attraction-oriented subway stations
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Fig.9 Temporal distribution of entering and exiting
passenger flows of other stations
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Fig.10 Spatial distribution of different types of subway stations
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Classification of subway stations in Beijing based on
passenger flow characteristics

YIN Qin', MENG Bin*, ZHANG Liying’
(1. College of Environment and Planning, Capital Normal University, Beijing 100048, China;
2. College of Arts and Science of Beijing Union University, Beijing 100191, China;
3. College of Geophysics and Information Engineering, China University of Petroleum, Beijing 102249, China)

Abstract: In cities there is a high concentration of social and economic activities at subway stations. Different
types of subway stations have different functions, as reflected in their regional characteristics, traffic function,
and land use. Meaningful station classification helps to understand urban functional partition and evaluate rail
transportation infrastructure development. Based on the usage data of subway passes, this study classified the
subway stations with time series clustering. The result shows that (1) subway station passenger flows have clear
temporal and spatial differences. It reflects the temporal and spatial differences of urban functional partitions; (2)
this study uses a time series clustering method. By considering passenger flow characteristics, subway stations
can be divided into residential- oriented stations, employment- oriented stations, spatial mismatched stations,
mixed mainly residential- oriented stations, mixed mainly employment- oriented stations, mixed type stations,
commerce- and attraction- oriented stations, and other stations; (3) Using traffic data at subway stations is an
effective way to compare spatial behavior and physical space.

Key words: passenger flow characteristics; time series clustering; subway stations; Beijing



