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Abstract

method based on complex network theory was proposed. Firstly, the public network is modeled as a public transport

For the overall performance analysis of transfer network in urban public transport networks, an analysis

network topology model represented by Space-P method based on the idea of graph theory. Then, the degree distribu-
tion, the average shortest path length,the clustering coefficient, the closeness centrality and the betweenness centrality
of the transport network are analyzed statistically. This paper took the public bus network in Beijing as an example. It
shows that the Beijing public transport network has the characteristics of small-world network. The probability of
transfer is bigger.but the transfer is more convenient. At the same time, the specific geographical information of the re-

levant stations was given, which can provide reference for the public transportation planning department to optimize the

public transportation network.
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Table 3  Top ten bus stations with highest closeness centrality

il 18 NRIEL | FE [ N34
A 0.531 KEN F 0.511 ERET
B 0.528 9 AR G 0.507 AR F 3
C 0.523 3 4 | H 0.506 KM EAF K
D 0.515 K RZH 1 0.506 bk &
E 0.513 7 % J 0.505 BERITH
o B
< /Hi@“
FE=%\ E+ 17
)]
At /
p = i
[§ £
1 =A% | R
i &
: @HE'&-E%\D
#ES I =

/

Bl o HA foe s B PO Y 10 AN AL
Fig. 9 Location of top ten bus stations with highest

closeness centrality



5 8 M

fLEEEE . %5 . B T Space-P & 2% 0 £ 58 1Y 9 ik i 28 58 I 45 5 1 0 B 129

4.6 N¥HOLHE

Bl 10 25 1 T BBN Wi sd i Bob o - A 85 2R . Ay
Borbt MR R T s B0 R B AR RN L 0 B & SR T DU RE K A
P& BT BEPER R A 20l . 55 — D5 T, A Brp e PR R LUK
B A il T 0 I T R AT R Rt K IEL 10 BT LR
H S BT O ME Y B R MBS 0. 032, X 07 A 3 O Jb T P
X5 SR BUA AT A 53 A, A B s 1 B B AL R
0. 001, YL W] B AR P 3E 1 DL B

7200
4

6000

4200

]ﬂ 3600

2400

1200 o
4,
0 T0000000000000 0000 ¢ 44 4 &
0 0005 0010 0015 0020 0025 0030 0035

¥

Bl 10 BBN Hli s d9 4 B o o A
Fig. 10 Betweenness median centrality distribution of stations

in BBN

T A b 5028 5 TR I8 24 1 A B o 9 B R A A N
0. 032, [H HL BFLA B A1 4 E B 0T T B 5 3 1 A 159 36 00 9 5 K
BRI Rt A ST 2 B AR R

F A BT A BOT G R 10 A28 S8 3, 1 % 2 90 0
A T REREAR A 0 24 58 3 L BOXE T BBN MY B A, B 11
Y 1T 10 /A SS9 M B3 L T LA L 4 5 3
SR TIT B A T TIT HR s B S R D

B4R 10 4%

Table 4 Top ten bus stations with highest betweenness contrality

F5 & NIk A i 18 NI 3k 4
A 0.032 ERCE i F 0.019 NEE
B 0.029 B9 B & T G 0.018 NEMNE

0.026 Jb o 7 H 0.017 o E
D 0.025 4 1 0.016 ey
E 0.021 Z VA ] 0.015 AW AR &
.
(o £ %

WG m.;kﬁ»/ﬁ?—”i

B 11 HA R A Eoh o MR 10 A5 i &
Fig. 11 Location of top ten bus stations with highest

betweenness centrality

4.7 SHBRE
25 ik A SO 2015 4F BBN B4 Space-P & 24 ¥
AT, L X N 58 R GE R e T ) 45 HEAT T it o . IR

I, BBN B A7 /M B 46 0 65 50, O 1B S8 AR 4l b 8 T )2
Ey A

Xof 45 15 Pk R HE AR BEAT 2 BT L 45 S W1 1) BBN A AZ uk
MU ME S 95. 7. UL B B R M w5 2) S B B
BRI R 2,726, BHRET R BATH FHHIE 1. 726 k2
S /N R 3L NI v sl L) S e B e o B
R AN (5 300 3 A it AR I 5 3) B BB SE I {E M 0. 729,
Tt B 40 5 A 22 I T A M SRR R v 5 ) S b M
SEEEAL N 0,394, U6 A 38 FR G 45wl 5 2 [R] Y 38 AT HfE BE
AR DAL R 0. 001, KA K 0. 032, 1
WA 8 28 22 5 v A 1)l 1 R 8 X 7T IR A AT R S ma AR N L LR
BT LA L e S B ik B 0 Hb . FXF T A 00 PR R
N 3 BRI 2 AT DR G B S A R A i — 2 R A
3 F G % Sl R I B

ZRIE  AICHE T Space-P B 4% W G AT L 5T A L R
S5 P 5 5 W 2% HEAT T A AT L R T A B W A B A A 8
S B R R VR R BB O M A Bb 0 P AR T BB A
Bo BRI T A 38 3l A5 RN 38 2k e 40 T L T B R A
BBN A7 8K Jr 48 [F] i o %% rpoO R R A B0 v 1 523
SHTT LA R A 38 K 3 $ 40k — 2 RIS S DU fE — 25 0%
ANRRGEMWIZHRETT

FE R ) TAEH e I 45 el A5 Aot 2 1 O b A8 I (2 58
2 % 2 R R B R ) A A, DA E — A A PR A R RS
.

2 % X W

[1] LIANG Y,MA Q S,XU P. Sneak circuit partition analysis me-
thod based on graph theory [J]. Journal of Beijing University of
Aeronautics and Astronautics, 2014, 40 (1) :115-119. Cin Chi-
nese)

RIR T3 A8 AR BT RS 0 U Sl B oy B A i T iR L) . b s
Wiz L R K224, 2014,40(1) :115-119.

[2] CHAO Y C,JIZJ.WANG Y W,et al. Necessary and sufficient
conditions for the controllability of complex networks with path
topology[ J]. CAAI Transactions on Intelligent Systems, 2015,
10(4) :577-582. (in Chinese)

SRR AR, MR, 5. B 2 MR TE L AR EMN A R T Y
FEE ML) B RE R GE 4. 2015, 10(4) :577-582.

[3] OSTILLI M, FERREIRA A L,MENDES ] F. Critical behavior
and correlations on scale-free small-world networks: application
to network design[ J]. Physical Review E Statistical Nonlinear &.
Soft Matter Physics,2011,83(1) :149-155.

[4] ZHANG Y,.ZHANG Q.,QIAO J. Analysis of Guangzhou metro
network based on L-space and P-space using complex network
[C]// International Conference on Geoinformatics. IEEE; Piscat-
away.NJ,2014:1-6.

[5] XU P P,SHAO C F. A RLP Modeling and Complexity Analysis
on Urban Transit Network[J]. Journal of Wuhan University of
Technology ( Transportation Science &. Engineering), 2016,

40(2):321-325. (in Chinese)



130

it BB

2018 4F

(6]

(7]

(8]

(9]

[10]

[11]

PR AR, B8 A AR Sk T > 3 32 W 4% RLP g A K & 2% 1k 43 i
(7], BB TR 222 4l GLIE R 2% 5 TR RRD 5 2016,40(2) : 321~
325.

WANG T,CHEN ]J. Space P-Based Urban Public Transit Com-
plex Network Characteristics of Different-Scale Cities[ C]// Cota
International Conference of Transportation Professionals. IEEE;
Piscataway,NJ,2016:913-923.

WATTS D J, STROGATZ S H. collective dynamics of ‘small
world’” networks[ J]. Nature,1998,393(5) :440-442.
BARABASI A L, ALBERT R. Emergence of Scaling in Random
Networks[ ] ]. Science,1999,286(9) :509-512.

ZHANG H.ZHAO P,GAO J,et al. The Analysis of the Proper-
ties of Bus Network Topology in Beijing Basing on Complex
Networks[ J ]. Mathematical Problems in Engineering, 2012,
10(1) :127-148.

ZHANG N,MAO G. A Multilevel Simplification Algorithm for
Computing the Average Shortest-Path Length of Scale-Free
Complex Network[ J]. Journal of Applied Mathematics, 2014,
26(4) . 1-6.

LIU H,ZHOU G G,FU P H. Local Evolving Model Research of
Layered Supply Chains Complex Networks[ ] ]. Computer Scien-
ce,2013,40(2) :270-273. (in Chinese)

M, AR B L A e i T2 L N i AT 2 ) 455 SRy IS U A A R AT O
L1 I EEHLRL . 2013,40(2) :270-273.

[12]

[13]

[14]

[15]

[16]

XU Q,ZU Z H,XU Z ] ,et al Space P-Based Empirical Re-
search on Public Transport Complex Networks in 330 Cities of China
[J1. Journal of Transportation Systems Engineering &. Information
Technology ,2013,13(1) :193-198.
WEHMUTH K,ZIVIANI A. Distributed assessment of the
closeness centrality ranking in complex networks[ C]// The Work-
shop on Simplifying Complex Networks for Practitioners. ACM: New
York,NY,2012:43-48.

TIAN Y, LIU Z G. Detecting Most Influential Nodes in Complex
Networks by KSN Algorithm [ ] ]. Computer Science. 2015,
42(11A) :296-300. (in Chinese)

FH e, XAEAR. R KSN 585k & I 46 b 5 o g Y 45 5 LT . 3t
BAHLBL#,2015,42(11A) :296-300.

HU P, FAN W L. Invulnerability of urban transit network under
different attack modes[J]. Application Research of Computers,
2014,31(11):3385-3391. (in Chinese)

[ A & R N B L & o vl R AT AR TR S o S A R A
FEHLRLHI B9 ,2014,31(11) : 3385-3391.

SUN D H,FU Q S,LI Y F. Forecasting of Public Traffic Pas-
senger Volume Based on Quantum Neural Network[]]. Journal
of Chongqing University of Technology(Natural Science),2011,
25(2):96-99,111. (in Chinese)

VAR AT S5 A AR T B 22 T 46 1 A A % 1 B TR
[J7. BB TR 2244 (8 BE22) . 2011,25(2) : 96-99, 111,

(EE%F 93 )

[3]

[4]

(6]

(7]

(8]

MYUNG H G,GOODMAN D J. Single Carrier FDMA:a New
Air Interface for Long Term Evaluation[ M]. New York: A John
Wiley and Sons, Ltd, Publication,2008.

SCHAICH F,WILD T. Waveform contenders for 5G OFDM vs.
FBMC vs. UFMC[C] // 2014 6 International Symposium on
Communications, Control and Signal Processing(ISCCSP). Athe-
ns:IEEE,2014:457-460.

RENFORS M,SIOHAN P,FARHANG-BOROUJENY B, et al.
Filter Banks for Next Generation Multicarrier Wireless Commu-
nications[ J ]. EURASIP Journal on Advances in Signal Proces-
sing,2010,41(11) :1-2.

LUO S,YAN F. Research and Comparison of Methods for Re-
ducing PAPR in OFDM Systems[ J]. Shanxi Electronic Techno-
logy,2010(1) :44-45. (in Chinese)

Bl ™ JL. OFDM # 4t P B AR PAPR #9751 B 5 B e e ().
P EL P4 AR . 2010(1) 1 44-45.

EOETE WRETE L BRI, 45, — Fh 2 SR R o & TR/ i R O 32
KFES 1, 201510147917. 9[P]. 2015-03-31.

RENFORS M, YLI-KAAKINEN J. Channel equalization in fast-
convolution filter bank based receivers for professional mobile
radio[ C]// 2014 20th European Wireless Conference. Barcelona,
2014 :1-5.

[9]

[10]

[11]

[12]

[13]

[14]

RENFORS M, YLI-KAAKINEN J, HARRIS F J. Analysis and
design of efficient and flexible fast-convolution based multirate
filter banks[J]. IEEE Transactions on Signal Processing, 2014,
62(15):3768-3783.

SHAO K,ALHAVA J,YLI-KAAKINEN J,et al. Fast-convolu-
tion implementation of filter bank multicarrier waveform pro-
cessing[ C]// 2015 IEEE International Symposium on Circuits
and Systems (ISCAS). Lisbon,2015.:978-981.

RENFORS M,HARRIS F. Highly adjustable multirate digital
filters based on fast convolution[ C]//2011 20th European Con-
ference on Circuit Theory and Design (ECCTD). Linkoping,
2011:9-12.

RENFORS M, YLI-KAAKINEN J. Timing offset compensation
in fast-convolution filter bank based waveform processing[ C]//
2013 10th International Symposium Wireless Communication
Systems (ISWCS). Ilmenau,2013:1-5.

YLI-KAANINEN J,RENFORS M. Fast-convolution filter bank
approach for non-contiguous spectrum use[ C]J // 2013 Future
Network and Mobile Summit. Lisboa,2013:1-10.

BALTAR L G,SCHAICH F,RENFORS M,et al. Computatio-
nal complexity analysis of advanced physical layers based on
multicarrier modulation[ C] // 2011 Future Network &. Mobile
Summit (FutureNetwork). Warsaw:IEEE Press,2011:1-8.





