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Identification and Evolution of Key Stations in Urban Rail Networks

Using Singular Value Decomposition

WANG Yizhe" ?, QIU Yuzhi', WANG Zijia'
(1. School of Civil Engineering, Beijing Jiaotong University, Beijing 100044;
2. Experimental Center of Civil Engineering, Beijing Jiaotong University, Beijing 100044)

Abstract: To identify key stations in urban rail transit networks and study their evolution over multiple years, we developed a
key station recognition method based on truncated singular value decomposition (TSVD). We selected origin-destination (OD)
data from the morning peak hours between 2011 and 2019 in Beijing as the dataset. The analysis involved evaluating the evolution

of network passenger flow and identifying key stations in subway networks using key eigenvectors. These results were then
compared with those obtained from complex network methods. The analysis demonstrates that TSVD can effectively identify
key network stations by considering the OD distribution. The outcomes from TSVD better represent the spatial distribution of
network passenger flow than traditional methods. The results revealed that the spatial layout of key stations in Beijing’s urban
rail transit has evolved towards multiple centers, such as Northwest Xi’erqi and Southwest Fengtai Science Park. These stations

are gradually forming network passenger flow centers and establishing connections. Additionally, stations like Southeast Tu

Qiao and Northeast Fengbo are showing preliminary trends toward becoming network passenger flow centers.

Keywords: urban rail transit; truncated singular value decomposition; OD matrix; key stations; key eigenvectors

Yim B A:
E—1EA:
BIEEE:
EEmA:
51 A

2023-09-18  f&[E H#A: 2024-04-03

TF—F, B, A8, TERARTEAFRTHETBAEENFH, 20251049@bjtu.edu.cn

TFH, B, #FE, TEMNEFRTREIBELZMNMAYHAR, zjwang@bjtu.edu.cn

B & & A F A CUFET I LI 8RR F Bh I B (202410004187)

%, BEE, TFR. ETTRESBOBANELBI IR XREEERR[J]. AHHRAZE, 2024, 37(4): 46-51.
WANG Yizhe, QIU Yuzhi, WANG Zijia. Identification and evolution of key stations in urban rail networks using singular
value decomposition[J]. Urban rapid rail transit, 2024, 37(4): 46-51.

406 URBAN RAPID RAIL TRANSIT



BT E I R P25 KR mR A R B RE S

1 BREl s

ST AT R S T AR AT A,
V2 (OD)SE 5 M5 5, TS Al A v . I
T AT 109 2% Hpr SRRty p0) ) 48 203 S ARas AT
HEE R, EHIEAE M A mEh A, B
FM g R R, Sl SRR LB AR K
(R R S0 i 8 S I S B A B AR 9

DA YU OBt i AR 9 2 A 8 4 D A 5
Ry SRIMTXLERITFUR 2 R BE 7870 75 e 25 UL it K 1) 22 1)
PAR(TIE | PR R e SRV Y (B o' e W | ANE 7 A N
4, RAEFEAh R HEA PUTE AT 0 I 2% T R AR IR IT
AEJy, XA — AL TEAS B HER S W T )R LB
TR AT NAER R o DA WS Mk = 56 T KO OD
R HEAT W AT T A 25

03 T AT AT 3 ) 9% ) O iy i R 7 V2 K ERT A
AW BRI TR I A B, KA M
28 Fh FNRR I VU SRR S T, XM T VR R T
AN, HAE DU W SR R B 2RI
Mz T ERe M ke, F ISR
AT RIS 2%, (HRF SRS ek 8ol S, Hit i

A7 518 77 fi# (singular value decomposition, SVD)
Ve — PR EOTVE, (ERG RS, HERE R
i AR S IENIRA R Z N G TR R
Kl (Graph) (1745 s # LA AR LB MR RFAE(E, Hoe
BRI HAT AR € ARG R . I, W LM% SVD
Qb PEIAG ES G 1) L, K S22 0 OD RERE I3 il i A
B 5y T AL BRI AR (AR 4 2% (8], kM i $2 OD Zdl
HE ) 2 R IR, $2 0 T A8 T 9 4 K e F) 12
BLEHAFI R RN B A

VUG 1T I AT 30 4 5% v (R O Bt i, T BD TR
552 i KA M 251 B A B, )5 B L AT 8 %
Y5 AT RN B B 10 LA R i K P g 28 1K)
A o ARSI 51N AT 58 73 I BEA J 2
it OD B F) 7 AR 23 it 7 0 N 21 22 48 1) AR
H L im0ée OD R 1) £ s Ak B, BIF 5T b B 2g il
W 23 T SRRt R T O3 A B AR

2 SVD % Sl il it ik
21 SVDEEME

(B SAIE A€ R™, WA A7 42 1E AR B
U=luy, -, u,]ER™" (1)

V=[v, v, €R™" (2)
1845
A:UF>0}J (3)
0 0

2, =diag(oy,+,0,), 0<o,<-<o, (4
b, IEASHERE U RV 3 R R R A 125 AAF
SR VIONGE SRR D R A
AN EZF BT FAET AV A R R B, b o NAERE A
Rk, X A B v g K IR 77 S (B G R AR IR I 4 % 12
H BRI o WAERE A WK BV NERIRIEE A
. ) SAERE A 1A S5 i
SVD LB XS AR B U 5 V2R r 51 2 JG 140 1) et
AT IBRERAE, S0 DU AR RE B AR 1 s H bRaE
R A, 38T S BRACE A7 A2 1 R e e 4
2.2 ET#T SVD Bk iuh miRn A%
HAAH, 24055 n ANl s 175045 OD AHFE(n xn 4E)
YN B NSERE 4, i@k SVD 3% OD JERE iRy 2.1
AT 3R RE R AR R, FERE U T SAT
IF) ek Ay 2 A3 (O ) b 3t 5 AL PR A 1) s KR BT P %
A ) 5t Ay 2% 5k (D) H sl 0 ARG A ) ot o PR S )
FHHE T &I AE IAZ O B R 45 MR AIE
FERE X, 0 2k AT e E M /MET i T OD &k
SRR . AR OD RERE 4 75 B R AE FFAE, 5 X OD
FEREZE S 1 AN UE I (0<i<<nm) SRR AE 1] B s
umw +vco
s= Tl ()
X, wo=UlL, 2]s veo=VIi, 2] 20 BB AE B AT 30 0
AT ERZE AR O B D 3 i) B RFIE « SCBERRAE
I6) S A SO T BN Sl 5K A ) 5 IR R ) A AR T R
Ko
I, 2.1 R4, SVD PR A I R i 7 S A
N, BRI, B AR BRI k TR SRR AR Y. AR
[0 5 (0<k<r=rank(A)), 7] PLIE— D3I W Ui o0 AT
WK SCEERFIE, BN BRI R, s
Il OD FEFEMy “albr” BR4EM, fepbidfed, & oD
RE MK SVD YA T

2, 0
A=U{0" O}VJ (6)

(6) MR A W7y 7 (H 7 (TSVD), Hrb k
(K3 R /N o 77 (B 6 3R K BB E »

URBAN RAPID RAIL TRANSIT = 47



ETHIRBIZE - F 375 F4H 2024 F8 H

3 e SEd P
31 WHMELMEE

JE B A B AA T 1965 4, 1971—1999 4],
RN T 155, 2 545 4 TR, o B S
50 km. 2000—2010 4, Bt ve e A PR e 30,
SRR T 10 SEk. 5 SRS 5 ALk, BIERIAR
2mMm2m1$u%,%M@&ﬁA%W% =902

6 TLk. 9 Tk, Py, SRS 700 km,

im%ﬁ%ﬁww@moummiﬁﬁ,%aﬁk
B L M M KIE ) 636.8 km; 12 AEukik 391 JE,
TAEH &z &IAF 1200 J7 ANk/d.

AWFFRI I b P APT BRI, 252 A7 A5 B BA
vl () BE 2 Ads, 1] Python3 " ) networkx (4% |
A0 5 T A T A8 3 9 2% 1) A 1] ¥ (digraph) S A, A
W 2% 25 o AT R Al

B 1R T bRtk i EuE A2 38 2011—2019 4 1) £
WO, A 2019 IR, ik TS E BAUA
T 23 47,

—h @ —
o T H Ef;'ﬁ'"\
T\_ _/ T /T
() 201 14F (b) 20124 (c) 20134F
!:‘__]_J_ . — E‘- .l :::.] .
e G g
TR RN SRR

I o /A I U i RGN
(d) 20144F (e) 20154F (f) 20164

;}iw) “waj “qhﬁj

— :AAﬂQM“ _J~— __\}_ _f“%iﬁ%ﬁ%gi— .

ARG L4;§%%} VA
() 20174 (h) 20184 (i) 20194

1 20112019 b 5T T P 28 18 P 4538 1L

Figure 1

3.2 OD %ErE#1E
W IEASE OD &t AR B d sk T — @ I ) B Y
IR 5 D 3l 38 o 2% sl 1 TR s At
AR SCAS FH 1K) OD B K4 22 3 ik b 5 i A2 i
2011—2019 R HIHE H TAE H B Wi 1 h (RE

48  URBAN RAPID RAIL TRANSIT

Evolution of Beijing urban rail transit network
from 2011 to 2019
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