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Abstract: Exploring and grasping the temporal and spatial variation rules of passenger group’s aggregation in the station
has a positive effect on optimizing the scheduling of vehicles in the urban rail transit network, especially optimizing the
organization and management of passengers under disaster conditions. In this paper, a density based spatial clustering of
applications with noise(DBSCAN) clustering algorithm based on the Gaussian mixture model is proposed for the station
passenger location data set with non uniform density distribution. Firstly, the Gaussian mixture model is used to process
the density of data sets. Then, local clustering is performed on data sets with different density levels to determine the
parameters of each density layer data set. The appropriate seeds are selected to expand the local cluster cluster. Finally, the
clustering results of each density hierarchical data set are merged. Through the calculation of the standard and measured
data, it is illustrated that the DBSCAN algorithm based on the Gaussian mixture model has better clustering effect for the
passenger location distribution data with non-uniform density distribution.
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density layering; clustering algorithm

ks BEA: 2017-11-14; 1&[E HHEA: 2018-04-08.

HEWA: B #E 5 = S0k 235 B (2016YFC0802206-2, 2016YFB1200203-02); [ 5 [ ARl 22 R4 5 H
(61872037, 61572069, 61503022, 71501011); H 94 3 AR L 4% 2 & T 4: 700 H (2017YIS308,
2017JBM301, 2017JBM095); dt iR HRIT H (Z171100004417024); SR T 28 38 2 FH 15t 2 1T
H (BYTD-KT-002-2).

HERE: HEFE.

EZ BT 22l (1992—), %, T4, WFRHAIT ABIZIE BT 7T; R 52 (1972—), B, #d%, -4 S0, W
BRI RGBT H 5 S5,

VA IAA/ES . E-mail: gyzhu@bjtu.edu.cn.



13 Agrat % A T DBSCAN £ k09 R £ sh o B 1 5 B 4r 47 19
0 5 & B, 3t — S HEWT = W 58 BT A R b B B AL B A2, 2) B

T B 2 R T B AR TR EE B AL
2R3k A AL it 1 2 PRI AT SR AR OGS [, 7R 4R S B 25 3
W, RFTELE N I EAT IR 2 HE G R HAT T R 23
— S (R . R I I 4 Sl pA) 3 5 B R 1) SR AR IS
S AR A IR, Xof T AR T 20 T R e 0 ) ) 2 4 £ 1
FE S PR O Tt 152 4% (1 A 3, SR A A Ak o 35 41
TR RSV A, A AR E .

E AT, % I 20 N T & A8 I8 AT N I HIE 78 3 2
B T AE R MRS IEAT R B AR AT R 20 A
AN T3 T SR (1] %65 38 P 96 28> 4 36 75 1AL 1 2 AR AE
SR EREAT R, O T I B IR K B R AR
Gy ATRE IR B AH SC B AR Y SCHR (2] | 57 T — Rl B
e BRI BIF 7 bk 4 3 3l 5 AR B AR AE. AT %
TP PR S AT A (R 97 25 000 o e U Ok R B T 2%
TRV A3 AT R PE P AN 77 10T, Q1 3 25 T AR 1) 95 8 R0 T
IR TP, 228 A E H LSRN
2% SCHR [315%F 3k P A [ Bl 55 182 it Ak 1) 3 75 T R 22 3@
REPEREAT b7, 5L T RFIRAE S & H TSR 158
AR SOk (4B B IR R R S
JE, S TR MR I R R AR T R B FARAS A
{7 PN 7EHLER; SCRiR [5]1 1 F 3 5 91 725 33 P R 2% 55 1) &
BRI, 01 T e B AR 1 AR, R
it T I R A 45 5 ORI R (R e e A
KO, J T 0 B R T B, X 0 7 e 5 B R 46
e T2 A A3 B L WO S YD SRR AR TR B Stk AT S
3.

b (S B AR F B R &, 38 I8AT N Eid R4k
77 AR B I R 55 T Bl R AR B AR v B R AR, I
Hh, T GPS £ Hs 1 38 I8 AT R PRI 78 CLBUN A,
B 3 B TR T A2 [ AT AR AT, AN
o5 388 T B3 S A AL L 70 9 = IS BIAT oM. B
% UL WiFi 55 R 5L 6t 1) = N @ AL B R H & B, Be
TR b SR I3 N 2R AE 5 9 A7 B 250, O 3 9 4 )
NBER AT AR IS T 2 R, R BRI
R PEANJ7 TH: 1) BEAA RS s X, an STk (6] 7 FH B
223 W 2% 22 GE 6 R DY (%) Wi {5 5 5088, S Bl 1k A
P FEAT I 2 P IR S, I HLRERS 0 IR O R A= 1 ofe
75 [0k P B AT IO SR (7] B 4 S R 2 R EL
S = A L, 5 B AU L iR B S0
EAEAN A& G 2 18] (R AsE 2 STk [81 AR 41 Fh H (1 18
YIE WIS T 5V, T IR S W £ 57

AR I 55 HE W, U0 SRR (9] S 1 1 — P2k - Dl
Jo7 X £ 75 92 PR g R 8L, R P 2 P9 R S B SRR
I3 NAE L B 508, N TTTHHE BBt P A A BREAE AN [ 23 ]
fr B B AT RETE S r ATt 00, B, AE AR A ()
A RN 7 T, SCHR [10] 3 T 3RO P 78 % 9 B I
for B A, AL 1 N AT R (1 B i
HEZE, FAR I SC 75 2 O 3K 2222 A = NI s A B L
A8, PO A2 300 PR SR 3 22 2R AN R o B A
AL IR R 73 AT AL

23 bR IR, BTl N A B O IR AT P SR A A
AZIEAT R PRI TC 1 A0 T IR R B B, e rp, 2R A
B AR AT R A 7077 SRR RN 5 A BT 14 AR SR F T AR S
W FCIA T wli R s AR I SR B RS AR SR (I 1 w5 1 2R
W S AR H DBSCAN BUEE Ay il 5%,
i 3 SRR 7 2o M S R AR SRt P 8 20 A 1
L. o it P 3fe 2 A7 B KA B 1R P 20 A AR 3 ST R
PE, 3 H — Pk T IR A B2 ) DBSCAN 2858 5
V25, 385 51N 1R 0 A B R R L R A, SR R
(K390 J AR B, DA i 3 2 R A 5 P e A AN SO0 B3
ROR IR, FF BRI PRIES e SETH HIL AT 2%
.

1 TH | 3R ZBEAAREAT N Bt B

DBSCAN &%
1.1 EEMIRTER &% BE

P EATIME Z A TR, = S N IR%
AR TEAT R ZR 12 BT r AT AN 50 B B AN TR B
AN L e R AR (6 B o A, 7T LAt H R A7 A
B O P B Ay A AN Y ST

T R RS 5 H s 4R, 4% 4 ) DBSCAN ik
IRMESEILER I A, B0 B SRR E B &,
V% 1 A T R E AR, A, TR T — Rk
BETT R, Q0 SCHR [11-12] NER THIR S R 23 55 ) i Xf
S AT T Sk, B Y NETE 78 0 2 R R SRR 1)
Tt b 32 v SR A BRAT R Rk, A ST R R v
J7 %, B 1 S0 R A v R A R AR SR g AL B
BRI T A SRR AL, SEE AR 4 50 % A 4R
(153 2R3 SR 5, v — Bl 7R ) P s e A 2
772 DA 2033 DBSCAN B3, S X 49 2 I B0 4 (1)
BT, SEVER R 0 BT LR W 5 1) T 1) 35
Gy A AN SV R A 4y 2 A B 2) SR ) DU T A
.



20 = %

E34%

(c) W3
Bl 1 FENZISMESREFANALE S

12 ETSERERANEZEESE

F— & B 1 = W o A R S ME 4 G 6 B0 4R
HRORE AR A 2 A R AENS JE 0 EM B EE i KA B
(Expectation maximization algorithm) SZH A7 1) 244
il v, 45 21 & 150 1 7 A7 R 26 55 52 iR 280, X AN [R] 1Y
FEAR ST SR M 26 5% B R U, DA BE e AR )
B3 A M2 R T oK R A B RE R iR 4
7] — % FE =, LA SR BE 43 A AN S BRS04y J2
VOSLIN

P8 _FaR i R 0 v VR A A A v 1 R S 2 Ak
ATAGTH R B 553 2 %O AR SCR FH EM BE R AT
TR ZHL R A

ASTAE FH ) ey BT VR A B 2R U (0 2 585 1 R i
A

P(X10) = > aipi(x6:), ()
=1
p(e)6;) = (2m) 225712,
1
eXp< — 5l =) T @ - m))- )

Hep:0 = (05,00)7,0; = (ul, X)), s NEFAEH
A EAER, X, N8R i A i o A B B 5 ZE B, m
e TR A BT R B, o o ) R ) RS

I EM SES ik TH s R G B8 S 50 1) Bk

RN N GE L JE 35 E-Step. M-Step B & i & &5 il
dz).

E-Step: H _|-—M-Step fiti 1143 2| 1) S EfE K 15
Ko A = B

(t) (xlw(t))

Wi = plle 00) = =
Zak pla;| Q(t)

; ¥ s\-?; T. iqj‘

WE‘ e . : - H{..’l.l

,
.
;|r|||,—1

(b) 22

(d) Izl4
1
|2<”|-1/2exp( — 5w = uO)N ) - )

SIS0 exp (= 2 i) EO) i i)

k=1

l\')»—t

3)
M-Step: HRHf Fa & A8 & E RAG TR S H
R
= @
=1
S“)xi
t+1 i=1
M§+) W- (5)

F T EM B35 SR it v 0 VR A5 155 28 2 1 i
th, E-Step B 46 F F W46 16 M-Step 3 5110 /7 ()
il 2O 258 R A B KA B (Y 1
):@wHUMEﬁAMaw¢M%AAﬁEﬁﬁﬁ
@””E””Eﬁﬂﬁﬁﬁﬁém{%k%mﬁu
SR T I, Y R BT AL s, R
HELEP AT B 2 Bk THE W 2 BRSOk, B
2k,

1.3 AEZEERXBEENSHIHE

2 i TR A A 4y 2 IS R BAIE AR, W R T s
BE B P oy AT AN 3 )0 SRR AR 1 5 . w] R A% B
DBSCAN S35 %) $ s 4L # AT Jm 0 3R 28, IR SR L& o
i) MinPts F1 Eps 3 HU{H..

1E4% 4 DBSCAN B3 1, i 5 M 48 20 96 ¥ o 18]
HSH MinPts = 4; 38 i J7 5% B A 55 30 4
HH BT T G 11 B SR T 48 45k - 45 Eps 2 41 I
B 78 2 P 2 I A S v T — AR ST LA &
AN BT A0 P 2 Disty,, FRF BE B A 3% 7+ 7 HEF, 24 A
Z: 4 MinPts JUE G B 2 Fit kAR, 7T 73 30 0 2 F s



%14

Agrat % A T DBSCAN £ k09 R £ sh o B 1 5 B 4r 47 21

¥ Disty, 0 A7 R B 3 Frs O 24 ({5 2 5 MinPts

= 4 S AEAR 5 Disty, 23047 .

25

0 50 100 1
kA

2 FESH MinPts BUEARE ERT Disty 57 TR

W

0

1.21
1.0
081
0.6
04T
0.2

Dist

a

—_— . Eps |
1 49 97 145 193 241

Her 5
3 BESHMinPts = 4R HEARSH Distr 5%

P P 2 L 3 0] DU HH: &I 4 J2 Ok s H0Hi SR 1 2%
JEE 43 A7 it 2 AT REAE A Sk 53 Ak, KGR 3 ith 4 2 AR AE
— AL B2 A3 N —E R BRI T BRI
B RE AR B B A R e RS R AR
UK % BE 72 7, BDAE Disty, B o A7 72 F A BIE A5,
FREEHE B ) R N 2 R BRI PR 43, 1% A
76 18 3 vt R BN Disty, Bh 28 122 2 BE 1 5848 a. 1%
RAZ RUIRE SR AR 552 1SR R K BRI Al
PE 25 Disty AL/, 11 FEAR f12 J5 & FEAS s 1) K 5
T 40 PR 25 Disty, B4 Z 5K, BITE a s A7 30 M50 w5
FE AR B A0 AT W 551, a a2 T A B A v A
I3 A5 (B 55, a ) Disty {8 BN B R3S 5
Eps, k = 4 N5 ESHETS. FMRHE RE 25, i
% s B ) Disty, fEAF 9 Eps SUE, BIAf £ 15 1) 2% T
PR AT I A K B A E X R @ I e A
TR T 5 B X5 1B SR AT Eps S Ui B, A
U R AT AT PR R, LA B A Yo i B
1.4 EFRRVREYT R

B Xf 4% 4t DBSCAN 535 72 AT R % 77 THI 11 Sk

JEER AT BRI I R v K AR I A Y BT A 3 R T
B GV R AR, IR e I B B AR A
T RIEAT RARY . 1% B AL 1 U o5 %)
FAHBUDIN, AEP R U ERRY e A b B 5
FRMITEOL. AR SCEESE I, PIEe I LA 7R3 JE i A
8 B RS I, IR RUE AR TR R, 4 T n

X BAHRZ 3™ — LA AT T s (a) it
ITERY JE, R b, AR A% 0o 0 R Rl 30 R e £ 12k
PO 8 AR A Y. Fag O 2O BIZ X S p
L, DAFL Eps JyfA2 i [, ¥ SE e B A i) e B i T i

Z AN R A AR R S A 44
1.5 EXERIE

BT m R A DBSCAN 5032 1% N\
W4 D SR AN Bom LS EWIGE . RES
H MinPts; 4 H R R A5 B 2R 800%. BIL MR
B4 FoR, BB IRIT.

N Al
AR D
v
I R A H
RPREAR i 745,

¥ g R
VIEAL M-Step
Py

l‘i

| E-Step 115 B &5 A8 A |

v
HE T R AT, 195
R 2 ORED,

7l
I
=

e BIREE D, IHIN
Z ¥ Eps F1MinPts

[M-Step 5747 % 2 ¥ 1t |

N fERIEH—A
KRALFEXT G p

WA | R ¥
JET R M 75 11
I ]

B4 BUAEERRE

Step 1: #fj & Hi 4 D, % H A R AT VI ia ik,
PR RFR I AR IA R,

Step 2: I H a1 78 & B0 2 £ D I REA
RUATILA, 5 B EM SR AR T 240

Step 3: Ff E iR SRR R IR A Z A m A6
A G R R, LASAEA N2 %5 B2 R B K
I, KB LA AT AN SIS AT 73 R AL B, A5 B A
7% B R IR 3R 5 { D1, D, - - , D, }.

Step 4: £ X AR % BEJE IR EHE S D; (1 < i <
n), W€ BE S8 MinPts = 4,5 Eps;(1 < i < n)
ZHUIH., 4K YR I 4% 48 DBSCAN Sy ##i 4€ D,
BEAT SR 2R 2.

Step 5: AT =LA SE D; W — > KAk AL B
X% p, 2 % H 55 T Eps; Al MinPts %5 FE 7] 1A {3
S FIWTZE H 5 MinPts KR R B K% T



22 EC

5 Xk R

E34%

MinPts [FJ4E, WA K p A% O G2, HE 44 p 1) Eps 46
BN BT A % BE RIS B R — /N5, A3 Step6 i3t
ITIERY R, BRI A BT LUNMNAZIE, T & 1% 0%
R p MR B 5E R 457N T MinPes [FE, 1 p #5475 i
RS L R op AP SE R, B Step 5, H 2
£E D; WA RGEACER 1) 500 1k, By 2% B
R ORI, N T — % 2 IR BHR EAT 7
.

Step 6: 1% N 1EHL k& AMREXT GAE A I
Seeds 1, Wi Seeds H Fh T3 B s; A2 15 AL O AL A
AN A% U 5, M) B B2 e M Seeds W A2 B, 4 A2 A% O
R, DK s AR 35k 9 R V2856 SN FR, FRTE s, B3 A
Ak 2230 B K AN AR S AR I FF NN Seeds” H1. 2
J& XF Seeds” H1 A% GEAT Ik 7, 6 F b R A 2R AR
TN Seeds HHAE ET B 1% B, I s; 40 2 58 BE
¥ H M Seeds £ [, A LR FE, H 3 Seeds A
HIFT A Bl X G REER 5, LI RZ O 55 p BIIRY R 45
W T — 10 s Y R R,

Step 7: 24745 3 B 2 UK IR KU 42 D, 95 A R 25
S, B BB B 1 B S g kAT A I, B o] 4 R
MEAREE D IR AR R,

2 FESIBRSERS

TEAATH, S B UCTEU 22 v B B s 11
3R 4L Tris. Wine 1 Poker Hand, 73 7l & %1% 4t
DBSCAN 52 AU SC AT %5 Pk, 3 24004 4
FIfE LN 1 Fs.

x1 NWAKIESE

GRS MR mEE  BRgeE 20 g/t a
Iris 150 4 3 AN A
Wine 178 13 3 N o 24
Poker Hand 1025010 11 10 K4

5l N R IR R (Accuracy)!'8 IX — §5 by i &
FhEIEI R B RCR. A T ORIE SRR R A b i ]
SENE, K 2 ORI AR 22 (1)~ S AE A B A R bR
B, THE SRR 2 R, TR, A SCEIEAEA R 2R
AL L35 BA BT 1) SR HE R .

F2 BMEANRIETRE

Hik
Iris Wine Poker Hand
DBSCAN 53 0.6467 0.6238 0.6632
AR 0.8733 0.7917 0.8102

3 SERRE

Nk — 3B B UE A SR ) S M, SR b s T
I H 3fe ik 1 S B E s, 7 K FH 4% 48 DBSCAN 5.
SRR AT R T

SERR B SRR A Z e Tl N WiFi SE AL R ZER
T AR A, DA 5E FE 3 (10 s) AS i 3t 1) S04 26 Al 55 2%
& (e Ao B A . 22 504 TOAL 3 5 (A0 d SR n e 3
7.

#=3 WiFi EUHETALEEER

5 User_ID TimeStamp X Y
1 0017 20160717230110 117.78 8.76
2 0059 20160717230130 86.40 5.78
3 0068 20160717230150 23.20 8.48
4 0094 20160717230210 102.84 8.84

495 0397 20160717230120 72.90 3.68

496 0415 20160717230200 113.09 7.89

RIFEVFREIER T, 525 N 8k 4% (3
P& i, 55 3 HIFR N HAE A I 8], 28 4. 25 5 5]
TSR TR 2T (1) BT B AL AR
3.1 HET {84 DBSCAN E A uh N e Z L E BB

BRI

FI £ 48 DBSCAN Bk xt I id e & A B F 4 i3t
17, o B E 2 3 MinPts % 52 N 4. 435l i%
HUAN [ ¥ Eps {H 7] 15 31 A [7] 1) SRR AR,

M MinPts = 4,Eps = 118, Bk HRE R
KI5 AR, BRARRIEER “x” BRG], “o”
TR R 0 75 ., p 1S AT e, e R S B R 4y
A R B 2500 14 3R 2 2 M, %o KR % B 43 A (1
e A BB, WIIEAR VL 5E R, FEKERE

1T R 5 o AR

Y MinPts = 4,Eps = 1.5, BEEH RERUR
U B 6 Pz, LINE, BB A8 i 2 1K 25 FE 23 AT 1 3fe %5 o
HHE 10 5 8 00, AH B T 4T3 2 5 Eps BUA 1K, T8
VEIER IR AR I X3 e A% 1) SR B 5 A AT RHE, 3
e B P Ay A [ TR B A B AR RN TR — 2K

H b 7] U, 1) A% 45 DBSCAN 9% %6t 55 B 7y A
eSS AR % A B B AT R b, B S IR
I3 A (1) e 2 A B B e B 42 = Eps S 4018, U 4 53K
K35 B 53 A (1 e A7 B 00 TV SR 28, I AR K

4 )7 Bps 2 Ui, W2 5 8Os 5 0 A1 (1 3R 2 1 B 4K
PER 5 IR — FEAR, R S R R k.



%130 S ues 41 AT DBSCAN I ik 9 5k bh £ 56 5 R A2 47 23
A
i@g&oo% %@%&82}@% (* @g
8) x gox »® C@O =
. 120
5 (DBSCANBEEFTREA B HIREISER (MinPts = 4, Eps = 1.0)
10
i%)\% K ) % o %&(Oé&xo¥ %R;&é?‘%%*% o
X A i oo §5§<>§§éx * ixox x o ° -
0 120 .
Bl 6 (DBSCANEEX REANLEHIEBAHR (MinPts = 4, Eps = 1.5)
32 ETFX#BEDBSCANEZMMARZTMEY W&, WEBAMEChm = 4, Bz (1) R (2) 3 B2

RHIBRE D

A FIA SR 5T v ik & KO8 ) DBSCAN
B3, T 7] bR et SR AT RS k.

SR P e STV e A R 0 N t fe o for B A R AT
=4 SHRARBESHMEITER

R RBOR R A L2 & b e A0 B B S
SIATRHIE. A 172 R A EM B S HOK R i 2,
MZE IR EH PRS0, = {,w, X3}
(1<i<4) BATAN T, S ZHAIMETHEIR IR 4 PR,

[CLIVis3 R HME (z, y) W7 Z R [2 X 2 B]
1 0.3003 (13.4299,5.4690) [25.7538 — 10.7629; —10.7629 14.645 3]
2 0.186 4 (46.9046,3.7905) [25.753 8 0.1623;0.162 3 24.645 3]
3 0.2322 (73.2017,6.406 8) [16.8556 — 0.8974;—0.8974 17.0216]
4 0.2811 (106.4897,4.7309) [30.2539 15.456 3;15.456 3 16.102 6]

BEMARE AR E —ERE ERE T %
R T AT X (B P B [ B e 5 B 0
AR L FR) B et oA F T AR 10 R 2 7 B S0
VU ARA B B B 538 R 58 A B v i A o

BEIE A3 1 B AR 0 b B BEAT R kI gy, T
BB HZAE S 1 R AR, W T s,

A B R B SR (1 S 5 e U1, 19 2
BAE Lo — L E REHE R ES H MinPts =
4,Eps = 1,2 % LR IR K R E S MinPts =

2.5
2 | " 4B - 15 EEw, D KO
Sy It N K, B0 (A R R LA,
§15WM | I PR B 5 FE F2 VO R 47 SR, e R K T
s Lol !"‘T" | ‘}'“"““‘“jw ————— | FRAC A Oy (B BE R VA D, B § AN 5), LURAEE 58 A
¥ osl a0 K ) R A R 2 TR R, A B
= LA LS H B A58 R R, B0 R I MR b iy
0 100 200 300 400 500 M L A AN R R R I R SR SR A R, D
T (LA T B AT 6 LR AT MR S
7 REMEHREZERRSTE AR, AN 8 BT .
A
10 = "
2\%( k u o] Oﬁ’g;“ ’ >§\‘>\ ﬁ&%ﬁo§ %%%{C?%& OO
s}f% S °x0 o e .-‘@ Og >§§>O x ¥ox ¥ iﬁ?%g}oo
0 120 -

8 DA DBSCAN EH AN =L B HIBRRE AR (MinPts = 4;Eps; = 1.0, Eps = 1.5)

FAEE T8 5 1B 6 Flrs i) SR SRR, et AU SRR n

U R ISHOCR, I I G 1K Bl o B B iR A
LA ARE LA RE M B AE B R, TS AR 1A S M X A SR i



o)

B

24 P

5 Xk R

E34%

B IR B
4 &

ASCHEAL T Wl TR R R AT R 50 B
3 P4 AT AR SR ¥ e ek ofe 2 A7 B e 4, et
T T iR A B ¥ DBSCAN RV, i 5l
N e 3T 73 A (AR 26 555 B bR N S BN 4R 1) 40 J2 AL B,
THBR T % FE 53 A0 AN 510 SR BUR B R, IR FH 7%
PRI i B T LA IAT AR AR R Bk L d i X
Tt HE AR SIS (0 T 55, B0 T AR SOV A e A
SR .

KT HVE R W] B B 3REUAS 5] % FE 2 B 4R
25, 33— D3R T BV IR TR AR A5 I, 2 AL
BRI T 1.

S £ 3 fk (References)

(1] ~F AR IR BOE S 3fe 2 Sl e P 0 B S22 5 (D).

RS AL RUA I K = A 1a = e, 2009.
(Cao S H. Analysis and mdeling on pssengers traffic
characteristics for urban rail transit[D]. Beijing: School
of Traffic and Transportation, Beijing Jiaotong University,
2009.)

(2]  RERAHE, RAE, ZEARIN. ST HUE S & R A
Rtk B S (). 3 T B S IE BT AT, 2011, 14(9):
43-47.

(Song Q M, Wu F, Yuan Z Z. Urban rail transit station
platform passenger distribution character[J]. Urban Mass
Transit, 2011, 14(9): 43-47.)

(31 Al 3ok vl 3 2 3 X AL 3 2 U0 A 3 A 1 o A S s

BE[D]. Abat: bHASIE K 2 28l iz 4 2= e, 2008.
(Li C. Study and model of the characteristic of passengers
flow in urban railway transit hub[D]. Beijing: School of
Traffic and Transportation, Beijing Jiaotong University,
2008.)

(4] K, 6. T IE S A vt e A A AT AR AL
WS [T]. R 2858, 2010, 8(4): 41-46.

(Zhang Q, Han B M. A study on characteristics of
passenger collective behaviors on urban rail transit
stations[J]. Urban Transport of China, 2010, 8(4): 41-46.)

(51 VFBA. 3k i3 3 52 38 22 0 il 5 0 2 TR 25 40 A L AR AT

FEID]. bt AL A AL B s 22 B, 2015,
(Xu Y. Research on the spatial distribution of waiting
passengers on the platform of a rail transit station[D].
Beijing: School of Traffic and Transportation, Beijing
Jiaotong University, 2015.)

(6] 2R, A, BOIRAR. 26T WIFLEGE (K9l i i 58 i

PR AT I R PUIBHERE (7). ARSI R #2017,
34(2): 85-92.
(Li S J, Zhu W, Huang Z D. Travel time-space trajectory
characterization of urban rail transit network based on
WIFI data[J]. J of East China Jiaotong University, 2017,
34(2): 85-92.)

[7]1 Delafontaine M, Versichele M, Neutens T, et al. Analysing

(8]

(9]

(10]

(11]

(12]

(13]

[14]

(15]

(16]

[17]

(18]

(19]

spatiotemporal sequences in Bluetooth tracking data[J].
Applied Geography, 2012, 34(1): 659-668.

Yoshimura Y, Sobolevsky S, Ratti C, et al. An analysis of
visitors’ behavior in the louvre museum: A study using
bluetooth data[J]. Environment & Planning B Planning &
Design, 2014, 41(6): 1113-1131.

Liebig T, Andrienko G, Andrienko N. Methods for
analysis of spatio-temporal bluetooth tracking data[J]. J
of Urban Technology, 2014, 21(2): 81-91.

Petrenko A, Sizo A, Qian W, et al. Exploring mobility
indoors:  An application of sensorbased and GIS
systems[J]. Trans in Gis, 2014, 18(3): 351-369.

Xiong Zhongyang, Chen Ruotian, Zhang Yufang, et al.
Multi-density DBSCAN algorithm based on density
levels partitioning[J]. J of Information and Computational
Science, 2011, 9(10): 2739-2749.

YF 9575, 2 T DBSCAN It 4k 532 ) Web SUA B2 6
FC[D]. bifg: ARG K45 BRHABOR B, 2011.
(Xu F F. The research on web text clustering based on
DBSCAN optimized algorithm[D]. Shanghai: School
of Information Science Technology, East China Normal
University, 2011.)

Liu Zunxiong, Chen Ying, Tian Shanshan, et al.
Multivariate Gaussian mixture model based clustering
with truncated and censored data[J]. J of Information &
Computational Science, 2015, 12(2): 775-785.

Nikos V, Ar Istd Is L. A greedy algorithm for Gaussian
mixture learing[J]. Neural Processing Letters, 2002,
15(1): 77-87.

Dempster A P, Laird N M, Rubin D B. Maximum
likelihood  from EM
algorithm[J]. J of the Royal Statistical Society, Series
B: Methodological, 1977, 39(1): 1-38.

TS, T DBSCAN () Hd W AR 5] % R A
EWEFL D). b5t Abaisgil R T B TR b,
2017.

(Wang S M. Research on adaptive varied density
clustering algorithm based on DBSCANI[D]. Beijing:
School of Electronic and Information Engineering,

incomplete data via the

Beijing Jiaotong University, 2017.)

Zhou Shui-geng, Zhou Ao-ying, Jin Wen, et al.
FDBSCAN: A fast DBSCAN algorithm[J]. J of Software,
2000, 11(6): 735-744.

VEH, FWE. BT RS ENERTIRERE
200 HHEHLTRE, 2016, 42(7): 159-164.

(Xu H L, Niu L J. Arbitrary
algorithm based on hierarchy and density[J]. Computer
Engineering, 2016, 42(7): 159-164.)

WL, X E 34 ) %5 B2 3 58 1) DBSCAN [ 3d [ 58 2K
HEIHE AT D). R B PJORZETHE LB, 2015.
(XieJ. A self-adaptive density-based clustering algorithm

shape clustering

for discovering density varied clusters[D]. Chongqing:
College of Computer Science, Chongqing University,
2015.)

TR FERL)



