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Fig. 1 Simulation results of piecewise linear trend

3 LBl

I T A (1 A AR AR ASE I AT R G AT RE
JIRRIIL, 3238 A8 a5 2 B T SRR AR fb S 3
(), PP A T R ACE S AR FE 2 A
Y45, A AR A BT H S 3 I 28 A 15 e 4 T
TE A 1A TR IR AR KA B

VEICRYITT I R K GE BT 5732 14 38 38 I R 1114
PAENBFFET 4, LL2018-03-17 (J& /) F12018-03 -
27 H(JH)00:00—22:00 AY%CHE A6, £ H 3 660
ANECHE, SHE R CAE 2 min (9458 0E 778 SR
(BEARTE T 2018 AEHIIFFETE D ) .

WAL 2 AT, AR B AR 7S i 80 53 A L B
EAEHELERT BEA R —30, 76 TAEH (), Al

(975 5553571 °406:00,07:08 , 13:38 ,14:24 ,16:44 , X
M2 (a) , AT LAFS H 7E I ] B2 06 : 00—07 : 08 4 [1]
e g AR U R, 7E13:38—14:24 1) A] Bt
AR RREIN, 7E16:44 L5 , 18 H 40 it 3 hn
Pl i, RIS, 78 TAEH , 108 B A9 i
A R B, X S PRSI e A

FERE B (JE75) , Rl 4728 5543591 06200
08:44,12:58 14:42 ML TAEH , 28 080 T —A,
i HLB BT A, 7£06:00—08 :44 F112:58—14:
425K B[R] B i A K L TAE H BB 1F £, X
ST RIARKFEREA LY, 40 i35 S8 A
XF AR HO b8 G218, AR T /7 A0 W e 0 i
T EA TR &L, FreA TR iief 22 s
L

2007 — e
it il

=150~

m

00:00 02:00 04:00 06:00 08:00 10:00 12:00 14:00 16:00 18:00 20:00 22:00
2018-03-27(F =)

(a)2018 £3 B 27 H(AZ) Z@ERET AN

— kflG
E 200 - St Rl

00:00 02:00 04:00 06:00 08:00 10:00 12:00 14:00 16:00 18:00 20:00 22:00
2018-03-17(J75)

(b)2018 ££3 A 17 H(AXR) XBRE LT

B2 FINTALHRKEFMN I L FREET REN
Fig. 2 Change point detection of traffic flow at Xinzhou

Interchange in North Ring Avenue, Shenzhen

2 LAI1S, 78 TAE H AR TAE H %) 288 i &
PERE R J7 T 28 5 LU O, AR H 22 A1 B0
LA A &, 12 vk RBAR S b G I+ A8 38 3 1 AR £k
TEOL, QAR BT A S A () R, A2 I a1 Ol
—EATERIE PRI Ok, R iz sk st vl Al
TE A B SR T B AT AT UG R
H OB IATE ], BEFF AT 0 E el ST T
AT b S B 155 0 X A A AT R A



%o AW EET oS E RN, BEEAUBEE NS TR 37
[6] BARDWELL L, FEARNHEAD P. Bayesian Detection of
4 ZEFRIE Abnormal Segments in Multiple Time Series [ J ].
Bayesian Analysis, 2017, 12(1) ; 193—218
s B RS i ¢, (v) A BAAE (7] MATTESON D S, JAMES N A, NICHOLSON W B, et
‘nﬁ, I E Ty B T B4 B £ al. Locally Stationary Vector Processes and Adaptive
S IS4 B L SSTC. 4% 2 75 B I 25 Multivariate Modeling [ C ]//2013 IEEE International
S 2 B T B ELAT B S B Conference on Acoustics, Speech and Signal Processing.
e - e NN IEEE, 2013 ; 8722—8726
RE MR/ D SHCE PRI ik . TASC Iy i /2
[8] JACKSON B, SCARGLE J D, BARNES D, et al. An
P RER R 4 A g A, T DAE AR T3 2 R FE R . A .
Algorithm for Optimal Partitioning of Data on an Interval
O(MT) , R AT A2 i 3R R 5, FLA B A7 5 Bt [J]. IEEE Signal Processing Letters, 2005, 12 (2):
SR PSR, KT 175 1 BB, ST A 105108
iﬁ%éfxﬁ#éﬁﬁﬁﬁﬁ?lﬁl%’ ﬁ/ﬁﬁ#ﬁ&%é’@& [9] KILLICK R, FEARNHEAD P, ECKLEY T A. Optimal
P 0 A% R, BT DAAT LR AR SO vk 4 ) 21 2 4R 5K Detection of Changepoints with a Linear Computational
P8 TS Cost[J]. Journal of the American Statistical Association,
2012, 107(500) : 1590—1598
£ % 3T ( References) - [10] MAIDSTONE R, HOCKING T, RIGAILL G, et al. On
[1] PAGE E S. Continuous Inspection Schemes [ J ]. Optimal Multiple Changepoint Algorithms for Large Data
Biometrika, 1954, 41(1/2) :100—115 [J]. Statistics and Computing, 2017, 27(2) : 519—533
(2] #28, AB#8 2. JE SR BRI (5 )y 22 & [11] BAI J, PERRON P. Estimating and Testing Linear
AR AR [T, B A% R 4531, 2018, 34 (3) . Models with ~ Multiple = Structural ~Changes [ J ].
251—264 Econometrica, 1998 (5) . 47—78
HU Y, DENG C X, LI L. Estimation of Change Point in [12] KIMS]J, KOHK, BOYD S, et al. [, Trend Filtering[ J].
Mean and Variance of Non-parametric Regression Mode SIAM Review, 2009, 51(2) : 339—360
[J]. Chinese J Appl Probab Statist, 2018, 34 (3): [13] TIBSHIRANI R J. Adaptive Piecewise Polynomial
251—264 (in Chinese) Estimation via Trend Filtering [ J |. The Annals of
(3] EHAE. S )Y ST B A TR 4 Al b 0y iz Statistics, 2014, 42(1) : 285—323
[D]. A8 . d ERR2E AR K2 2007 20—30 [14] FEARNHEAD P, MAIDSTONE R, LETCHFORD A.
TAN C C. Statistical Inference of Change Point Problem Detecting Changes in Slope with an L, Penalty [ J].
and Tts Application in Finance[ D]. Hefei: University of Journal of Computational and Graphical Statistics, 2019,
Science and Technology of China, 2007 20—30 ( in 28(2) : 265—275
Chinese ) [15] SPIRITI S, EUBANK R, SMITH P W, et al. Knot
[4] JAMES N A, KEJARIWAL A, MATTESON D S. Selection for Least-squares and Penalized Splines [ J].
Leveraging Cloud Data to Mitigate User Experience from Journal of Statistical Computation and Simulation, 2013,
‘ Breaking Bad ’ [ C ]//2016 IEEE International 83(6): 1020—1036
Conference on Big Data ( Big Data). IEEE, 2016; [16] VOSTRIKOVA L Y. Detecting“ Disorder” in Multidimensional

3499—3508
[5] YU M, RUGGIERI E. Change Point Analysis of Global
International  Journal of

Temperature Records [ J .

Climatology, 2019, 39(8) : 3679—3688

[17]

Random Processes [ C] // Doklady Akademii Nauk. Russian
Academy of Sciences,1981,259(2) . 270—274
OLSHEN A B, VENKATRAMAN E S, LUCITO R, et

al. Circular Binary Segmentation for the Analysis of



38 ERIHAFFR(HARER) %31 %

Array-based DNA Copy Number Data[ J]. Biostatistics, Change-point-like Features [ J ]. Journal of the Royal

2004, 5(4) ; 557—572 Statistical Society:Series B ( Statistical Methodology ) ,2019,
[18] FRYZLEWICZ P. Wild Binary Segmentation for Multiple 81(3) :649—672

Change-point Detection [ J ]. The Annals of Statistics, [20] HAMPEL F R. The Influence Curve and Its Role in

2014, 42(6) : 2243—2281 Robust Estimation[ J]. Journal of the American Statistical
[19] BARANOWSKI R, CHEN Y, FRYZLEWICZ P. Narrowest- Association, 1974, 69(346) :383—393

over-threshold Detection of Multiple Change Points and

Multiple Change-points Detection in Piecewise Linear
Trends Based on Binary Segmentation

LIU Wei' , HU Yao''* , HU Qian'

(1. School of Mathematics and Statistics, Guizhou University, Guiyang 550025, China;
2. Guizhou Provincial Key Laboratory of Public Big Data, Guiyang 550025, China)

Abstract ; Change point detection has always been one of the hot research topics in statistics. In actual data,
there is usually a linear increase or decrease trend in a certain segment, the starting and ending point of this trend
is unknown, thus, aiming at this kind of one-dimensional data with piecewise linear trend, a multiple change point
detection method is proposed. Based on the statistics constructed by the generalized log-likelihood ratio, this
method combines the binary segmentation method, threshold ecriterion, and Strengthened Schwarz information
criterion to quickly and effectively detect multiple change points in the data. Numerical simulation results show that
the method is very accurate in detecting the position and number of change points for the data with piecewise linear
trends, and the detection results are satisfactory. Finally, by taking the traffic flow data of Xinzhou Interchange of
North Ring Avenue in Shenzhen as an example, the distribution characteristics of the change point of the area on
working days and non-working days are analyzed. The analysis results are consistent with the actual situation and
can provide reference opinions for the relevant work of the traffic management departments.

Key words: multiple change-points test; strengthened Schwarz information criterion; binary segmentation ;

piecewise-linear trend subsection
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