Chinese Physical Society
M!l ﬂ Acta Physica Sinica

. Institute of Physics, CAS

LEE AL E R 2 ARZS 3T B R AT 18] BRI 4 4
E  Fia# WHEIE ETH)

Analysis of multi-state traffic flow time series properties using visibility graph
Xing Xue Yu De-Xin Tian Xiu-Juan Wang Shi-Guang
5| Fi{& K Citation: Acta Physica Sinica, 66, 230501 (2017) DOI: 10.7498/aps.66.230501

1E26 1713 View online:  http://dx.doi.org/10.7498/aps.66.230501
A 2% View table of contents: http://wulixb.iphy.ac.cn/CN/Y2017/V66/123

il /\@E’]Efmjzﬂ

Artlcles you may be interested in

HE T I 18] P BT 5 A R R AE AT [ A A2 2% ) 2%
Directed weighted complex networks based on time series symbolic pattern representation
YPE2EH%.2017, 66(21): 210502  http://dx.doi.org/10.7498/aps.66.210502

FETA PR 5 8K T P AL P 0 R P R IR O AR S AT 7

Research of short-term heart rate variability during sleep based on limited penetrable horizontal visibility
graph

YE=4.2017, 66(16): 160502  http://dx.doi.org/10.7498/aps.66.160502

FELIN 2239 B A BN ) SR 20 B S T
Analysis and prediction of complex dynamical characteristics of short-term traffic flow
PP 27 4%.2014, 63(4): 040505  http://dx.doi.org/10.7498/aps.63.040505

R MU 3 N B A A I 8 15 TR AR i 1k E O B2 )

Analysis of time-varying channel effects on transmission performance of deep-sea abandoned measuring
instrument

YE=4.2014, 63(4): 040507  http://dx.doi.org/10.7498/aps.63.040507

I3 BT IR R G211 Adomian J3 AR SR fig S 2 s MRS i

Solution of the fractional-order chaotic system based on Adomian decomposition algorithm and its com-
plexity analysis

YrE=4.2014, 63(3): 030502  http://dx.doi.org/10.7498/aps.63.030502


http://wulixb.iphy.ac.cn/CN/volumn/home.shtml
http://dx.doi.org/10.7498/aps.66.230501
http://dx.doi.org/10.7498/aps.66.230501
http://wulixb.iphy.ac.cn/CN/Y2017/V66/I23
http://wulixb.iphy.ac.cn/CN/abstract/abstract71019.shtml
http://wulixb.iphy.ac.cn/EN/abstract/abstract71019.shtml
http://dx.doi.org/10.7498/aps.66.210502
http://wulixb.iphy.ac.cn/CN/abstract/abstract70664.shtml
http://wulixb.iphy.ac.cn/EN/abstract/abstract70664.shtml
http://wulixb.iphy.ac.cn/EN/abstract/abstract70664.shtml
http://dx.doi.org/10.7498/aps.66.160502
http://wulixb.iphy.ac.cn/CN/abstract/abstract57998.shtml
http://wulixb.iphy.ac.cn/EN/abstract/abstract57998.shtml
http://dx.doi.org/10.7498/aps.63.040505
http://wulixb.iphy.ac.cn/CN/abstract/abstract58169.shtml
http://wulixb.iphy.ac.cn/EN/abstract/abstract58169.shtml
http://wulixb.iphy.ac.cn/EN/abstract/abstract58169.shtml
http://dx.doi.org/10.7498/aps.63.040507
http://wulixb.iphy.ac.cn/CN/abstract/abstract57588.shtml
http://wulixb.iphy.ac.cn/EN/abstract/abstract57588.shtml
http://wulixb.iphy.ac.cn/EN/abstract/abstract57588.shtml
http://dx.doi.org/10.7498/aps.63.030502

3 % R Acta Phys. Sin. Vol. 66, No. 23 (2017) 230501

B BT 18] e B 1 S A

B&EEY TS
1) (E MR, K& 130022)

2) (F AL LB 5 RS HI LR, Sk 132022)

3) (HMRFEH B EHABE ALK E, K&  130022)

W EIRY 2 IR7S 3L

MEVD FEH Y

EATTH

(2017 4E 3 19 HYLEI; 2017 4E 7 A 23 HILBIE R )

AZ LI 18] 7 871 T 7 3 R B A2 48 RBL 227 31 105 i, X4 < TRAT F2 40 T VAR XE B S W Bl
Rtk g aR A IE N 18] 2 41 SRR AR 2 B R AT A, 255 P A0 I BV SR S S X VAT AN 1 7 471 ) SR B R 45,
MNEZ 25 P 2% # B S DA SR IR 80 77 ) (O RE IR 0 M. (E 28 M R R oy, 25 R BN [R) S DR A T A8 IE PR AL
HAMZESE, 8RB RS AR S E FUR S BEAT 7028, SRR AN R AZ I8 RS &) 7 51
SR E%, IF X I W 25 B RFIE SR P45 th Gk 20 BT, L7 A L SRS R H 4 LA L BEERAL S BIFTER M, 7T
L1725 AT g A G 3 P ] P 510 B S5 21 10 26 S (A ki A, O ELAS [RDIR 25 TR A8 U0 I 1) 47 A 2 ) B2 2% D 2% 1)

BEHRAL L TR RN AT S GE TR AIE 23— € ISR, DSl FE AT & wt sede it 17 AL I Hr

Giil8

KRR AP AP A, rTALE, Bk, R0

PACS: 05.45.Tp, 45.70.Vn, 89.75.Fb

1 5 =

LIERMIBATIRESHEN L B BRI SE 2 TR
AR Ak, AZ I I I TE] Y 5 5 B A 4R M KR A AN B AL AR
P LS5 LI [ B £ 2 B 3 R F B LI
FEELVS | SH G2 07 vk P RNLES 22 3107 v (R
ik TR ENL) & P A m g P i)
ARHIE M. AR, 5% N 2 B LE IN 8] /7 41) 5
AFES TR R SR T AR OGE B8, e g f
HHNE BRI 58 2 FH T A [ 83Uk e B 1) e %71 5 *ﬁﬂP["
W R RN Tl A RGE AT, XN
ASTRILT IR AL T AT AL A7 g 1 10,

HH T A JEAR A (1A [ 2 52 e FL I T8) 7 21 PR i
FEASARTE T, e E S ST AT IR A B (B I
TR A F 1543’]1%}#)2[5]5’];&%9@9%9%
#, FIH K-medoids J7 £ AT A IR &S 7028
Ji 38 e AT P *ﬁ@%ﬁ:j&kalﬁlﬂfﬂﬁ
He W28, J b ARG 2 X 4 (R AR AIE, G0 B 23 o 58

DOI: 10.7498 /aps.66.230501

KA WM& B YL, WA RSB RURS T
A BT 18] 5 51 ) G v AR

2 # T K-medoids 77 ¥ By & 3 i R 45

o

NG M A B IR [E] P B BRFAE, Bt 9T S b g s
I AT TR A AN [F) 0 A8 8 9 2 & 6 (8] 5 510 2 AR
SRR A AL e S E B - AL RE BRI DR &S
ST ITERT A IEREEAT 702K, % K-medoids .32
AT RS RS0, K-medoids HiEEAHH
VAT S SICE BE AR R R e 1R E LA, ©
Jo7 AR 22 A (111l

S R R T 2015 4F 1 H 24 H JE 17T 5 2%
B S ARSI B 1440 2% 52 38 Hom (B 2k FolE G4 ok
I A2 B oA AR P, S SRR
EI [A] B2 O 1 min. AR E 22 W0 S A B HES, AFH
RS TR IEME 5 F R AL 2 AAEAE R
B, N 7 iR AN R A I AUIR A T A I [A]

* ERBARRAIE (HHES: 51308248) AIEFKFHE L THRI (ki 5: 2014BAG03B03) % B ERE.

T #E/E#E. E-mail: patricia_ xx@126.com

© 2017 FEYIEF S Chinese Physical Society

http://wulizb.iphy.ac.cn

230501-1


http://wulixb.iphy.ac.cn
http://wulixb.iphy.ac.cn
http://dx.doi.org/10.7498/aps.66.230501
http://wulixb.iphy.ac.cn

¥ 12 ZF R Acta Phys. Sin.

Vol. 66, No. 23 (2017) 230501

7B IRREAE, AR5 O 1T 8 % A2 30 H0 3 VAN Fi A Ak
R G H IR T B A S O B o D b ) (T
T2 43 MR 5 i« i R R 3 o B 8 A e
). K H K-medoids 5 V2% 4 A FE AR HEAT 55
K, MR z; = (v, Tiz, -+, 2i5), 1 = 1,2,3, FHij
RRFEABI B, v R HHZ, 1y, R
TN BOL IR B, way R X B N EHRE
Sk T 5 E M E AN RIS, RS BEE
RI53 1 kAR (R IR Rk = 5).

A2 R A 1 K-medoids 77 V5 4 36 £ H R 2
WIR: AN 1440 A 56F G0 H 4 45 Hh BE AL IR 4% & A FE
A (k="5) VENHIAE 0 5 BT R I RE A FR IR 45 R
Fospcalr e O s BT AR A% TP 7 ZE B w (1),

K p K Ly FHIFEAR, o, AIRIEH L, 2T T5
Z MBI JT ), BTN RA L L, R
PATEHBIRIA TR LA

770 f

=] : .

é‘ 60 . o Level 1

¢ 50 x X" x + Level 2 ]
< 40 X x Level 3" -
< x o Tx * Level 4.
g 30 * A - A Level 5
E 20 % g . !
El 10

° 0

~ 60

OCC“panCy /U/O

k K1 JET K-medoids J5 %M 3C@E AR 73 2 = 4EBHUS B
2 . . .
w(l) = E E |p Ozl s (1) Fig. 1. Scatter plot of traffic state classification based on
i=1peL; K-medoids.
- e < ) O Level 1
L 60 L * x x + + Level 2
o= X X XX X X x x x
£ 50t + X Q;" :xt LB x x Level 3
2 @:ﬁ&“ﬁﬁ*x b o «  * Level 4
x % X fod X X x X
%} 0 e B A Level 5
z 30 q %
§
E 201
o a
2 10 A
0 &
0 10 20 30 40 50 60 70 80
Occupancy/%
60 O Level 1
50 |3 + Level 2
- x Level 3
‘g. 40 +I * Level 4
g A -
£ 50 Level 5
~
g
$ 201
2
n
101 A
0 1 1 1 1 1 1 1 A
0 10 20 30 40 50 60 70 80
Occupancy/%
70 % X
(C) x T+ O Level 1
T: 60 . x Xx et + Level 2
g 50t xﬁ"ﬁ‘ x&xx:+ +++ x Level 3
) oy T ko f N * Level 4
24T L A A Level 5
o
2 30t
)
£ 20f
=
2 10}
0
0 10 20 30 40 50 60

K2 AFIRETAEZE 2 R AR
F; (o) XIS L 5 2l R K R A

Speed/km-h~1!

(a) W 1E) A R 5 SOERE MR R, (b) WFIE] 5 5 X B 5%

Fig. 2. Scatter plots of relationships between the traffic variables under different conditions: (a) Relationship

between time occupancy and traffic flow; (b) relationship between time occupancy and speed; (c) relationship

between speed and traffic flow.
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Fig. 3. Extraction figures of three traffic parameters in different states: (a) Time series of time occupancy; (b) time

series of traffic flow; (c) time series of speed.
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Fig. 4. Construction process of complex network of

traffic flow time series.
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A1[7.25, 9.273]; K6 (d) & E 4l &L TN
ys = 8.183exp{ — [(dy — 18.31)/9.332)%}, &1k

TF S50 B 15 X [N [6.687, 9.678], [16.87, 19.75)
AI[7.01, 11.65); K6 (e) M 2% F0 4 & £k 7 F2 N
ys = 2.938exp{—|[(ds — 18.58)/12.72]%}, #L A fil
TS H B A X A2 [2.075, 3.801], [15, 22.16] Al
[5.283, 20.16]. FIRAHTHEAE LN 95%.

F 1 ZCMHGIN [8])F B IR A I 2% Gt v RFAE
Table 1. Statistical characteristics of complex network

with traffic time series.

o 2% 4 K
K6(a) E6(Mm) K6(c) E6(d) KE6(e)

ST A

BEZEH 0337 0321 0.314  0.320 0.358
W 25 ELAZ 7 7 10 7 5
Bigek 0625 0.646 0.749  0.664  0.621

B#%E  0.037  0.042 0.019 0.083  0.192

T
B 3.352 3.339 4.179 3.106 2.336
sl +  [E6(a)MEENA |
x I&16 (a) FE A3 A 0L 2
A E6(b) %S
a0f 6 (b) AT T
X6 (c) L A A
« 30} &6 (c) A
& P16 (d) 44 B 43 A
6 (d) A
201 16 () M2 1 4 |
—— 6 (e) E A A
o1 1
0 E S e

K7 2% R o0 A 18]

Fig. 7. Degree distribution of network.
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() 7 51) 4 52 2 X 8% . B2 X6 S o 6 D) P S Ak i 52
AR AT AL, FE AT T AR AR T ASE IR
N[5 75 271 0 285 1 4 1R

& 48 28 I FIRE T IEAN R, A S
RS M EAE N TR, R M2 53 Gt R 1 77
ORI T AL I JE P, B AT AR 11 X 4% #f i B
ORI R: ) ELERRESFELINSE,
T AT AR B2 e A BE B AR B[R] PP 31, BB N AT
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Abstract

A traffic flow time series is a sequence of traffic detection parameters in chronological order. This differs from a
general quantitative data sequence in that the time series includes a time attribute that contains not only the data
with time characteristics, but also the distribution of the data itself. To date, studies of traffic time series have pri-
marily adopted data mining methods consisting of data mining and machine learning methods—similar sequence search,
dimension reduction, clustering, classification, pattern analysis, prediction, etc. In order to improve the visualization
of traffic flow time series and feature analyses, a proposed method builds the association networks of traffic flow time
series by using visibility graph theory. This approach differs from traditional traffic flow theory as it performs feature
analysis of traffic flow time series from the perspective of complex networks, and then analyzes the relationship between
the characteristics of the structure in the visual network and the state characteristics of the traffic flow. The proposed
method also takes into account the different traffic flow time sequences that correspond to different traffic states.

In the network building process using the proposed method, the traffic flow is classified by correlating the traffic flow
parameters to the structure of the complex time series networks under different traffic conditions through considering
the changes in traffic flow characteristics under various traffic conditions. Next, statistical analyses of the signs and
attributes of the networks (e.g. degree distribution, clustering coefficient, network diameter, and modularization) are
conducted. The analysis results show that the proposed visibility graph method can provide an effective approach to
mapping traffic flow time series to the network. Moreover, the modularity, clustering coefficient, and degree distribution
of the traffic flow time series networks in different traffic states show specifically varying patterns, providing a way
to visually analyze the trends in traffic flow operation. When the traffic condition is at level 1, the distribution of the
scattered points of the network conforms to a power law distribution. When the traffic condition is at any other level, the
distribution of the scattered points of the network is consistent with a Gaussian distribution. The modularity of the time
series network also shows some statistical characteristics, that is, the number of modules grows rapidly when the traffic
state switches from smooth to moderate congestion, but decreases slowly when the traffic state switches from moderate
congestion to serious congestion. These characteristics can be used to distinguish different traffic states, providing more
perspective to understand different traffic scenarios. In this work we preliminarily study the attributes of traffic time
series based on the proposed visibility graph method. Future efforts will continue to compare various methods of time

series network construction to determine the pros and cons of each method for further analysis.

Keywords: traffic flow time series, visibility graph, complex network, cluster
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