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B RSRIHTMERE /) 020 BRI @& T e 46
HIAET A2 5 21 B 0 B

BT ARG DN ARE M RS, BRI
HEER, HWH 2 — LN g, mE
& JE W BB RS, 45 F bR L AR U PR
HERf VT S Sk — e R . @ WT THSAR FE 4R
ATy fif X — R HE SR it — 2R BB A SR
R [3) K 1B sh B BR R 5 WT MR &, K- T — b
W B ) 22 G5 R ARG M 7 v —— T SR R /N i
53 1% (moving cut data wavelet transformation,
MC-WT). #7755 MC-R/S A, & 5T i 1
W ot T B AR R 30 0 22 J kiR 5% Fr 51 s B2 4
BHAEE ) LB X R e iR . O 74
J7 K3 MC-W'T J7iEAE Bl 7 5 45 K S A Aer il o
RIPERE, SCHH Sl I8 I R 3 2 1R A AR 2 1k i e AR
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T IE I /N A R Al T AR AR B U v

A wavelet-based analysis, averaged wavelet co-

N . v
efficient, wavelet transform modulus maxima 55,

AR SCHR [9] $2 H 7Y wavelet-based analysis /7
15, ZITETH R AR FE R B M B i N R —
ATk vh &, MRS a7 B L B8 Xk X S 1
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T AE—BE P () (t = 1,2,
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I'x(w) < cflw'™ w—0, (1)

X, w ARREIE I, ¢f = cnA(2y — 1) sin(m—
), ¢ H— IEHWE; AN Gamma R 5 v bR E
TRAL

I N AR A BN AL R R {d k(=
1,2,- \M;k =1,2,--- ,277/N), Hrf jNRE
SR, kAL E S, M O R % R 50T DARE
B () fERE] 27k, BEER 2wy AT RE &, wo
NER Y (1) NS IR MR 5, d5
REE AL T &, AP

(27 = (Z )@

b, Ny = 27N R § /N e 254G X
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Ix(w) -2 |[ih(2w)]?dw, (3)
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ENAWNE) WL
E[I'x (2 9wp)]
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JE (%t 4,
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= (@y- 1 +logy gy [ lol TP
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dir(j=1,2,--- ,M;k=1,2,--- ,277/N).
2) /N R B E R S Ry, s =
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151741

3) WL NBEAG T T A RI AR FEHR L, W R
3B —AKE R int(N /L) Bk E 50T 51;

4) XAR LR HOP FIBEAT J7 22 03 M, WRETT 2 0T
HR R /INF 7 T 91 1 R AR i Bl R AR X ).
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5, X AR FERR BT B AR LT T LS. AL,
AT DL I 1)—4) Aan il i 18] B 51 AN [ s 8] B 24t
XF T HEA 7 H bR L FR BT I KNSR R G B
D15 G5 R FAS AT R

3 HEER

3.1 MC-WT & 14 B [8] FF 51| R &
FA RS

RN XMC-WT ik fIPERERE T 451 T/, &
AT LM PR B 1 ) 7722 S ARG ARG . R AR 7 471
IS0 K F 4~ 7 fep e 1281

25in(0.26) +1 (1< ¢ < 1000)
1.5sin(0.2t) + 2 cos(0.5¢) — 0.2 (8)
(1000 < ¢ < 2000).

i (8) s A, 7l y(t) fEt = 1000 kb R AT
Bl ) S5 RAR, R A BRI A 1) IE 5% oR B FE R
AR TE AR 5% R AR K 5 R, an 1 BT, RO
HFBERE L = 2, K H Mallat 8 80/ 3 48 #e 55
A& T 7 bR BEAR 2y, b JE Dk 2% 4 ik A
sym8, R4 FHIKE N = 2000, ;LM =9, j, = 1,
jo =M. B2()GH TEBNBRENL =2
15 0 BRAR T 51 IS0 () MC-WT Kl 45 5, K5 F
B, fEt = 1001 &b, FREEFRE Y KA T —IREET
P TRAR, FRAC AT )G 2 B0 5 1 5 Bl sh 1) S 45 0
REAE, dERRHLZIE T 5 KRR RIS )R,
LRI A B 0 AR AL 5 R 81 1R B g
B B2 (b)—(d) Al TR IEE s B R E O
L =5, 10, 50 1& 6L F PR IZE R, v LB 2, AR
R E O L4k, FA057E t = 1001 bR AE
TRA YiHH MC-WT J7VEAE X 2 e 51 (1) SR A5 G
D Hh 52 7 B T A B B S M 480/ 0, B8 1 ff b A DU
RAMBN S 5A8. MR TR, 12455 A HA
B, BT EOEAE RGN BRI (W0
TRIRAR | TOAF i LI N IR B 5 ) AN AN L Tt
(A K PHER S L REBE  (B 9 R EIEE S %), BY5
AT N ity 4 AN RT3 A B 1 AN [ RE M e
A5 18 P RS 5 2 23R, fa 5 5 AT RE
PR B RS L, TR TE 1EAT B8 2 A B 0 20
2 i A P 7 AR T 45 TR 3 s g 29500 S T i
TR FE R MC-W'T 7246 I 45 SR 1) s i R B 49l
Xof BRARS 8] F 41 ISO MR K78 A= 18 L (signal-noise
ratio, SNR) 4 20, 25, 30 dB & (M, B3 7]
LB R, /£ SNR = 20, 25, 30 dB & TIN5 1K)
AR AR5 (iR E O L = 5) ARy 18
fEt = 1001 kb KA T RAE, BB MC-WT BA# %

y(t) =
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RIPTMERE 1, HoAh i sk as RARMBL LR
W, Xt T A B3 1 24 85 R AE MC-WT J5ik
AERBEIRIGE ST, RTLE EH IR T, RGN
WEIH R 2% SIS KARLIERE, MC-WT J5ik
(PR ey, 75 2EHE— AR

y(t)

0 500 1000 1500 2000
t

1 BRAHIS (] FE51 IS0
Fig. 1. The ideal time series IS0.
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Fig. 2. The MC-WT detection result of ideal time se-
ries IS0: (a) L =2; (b) L = 5; (c) L = 10; (d) L = 50.
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Fig. 3. The MC-WT mutation detection of ideal time
series ISO after adding noise (L = 5).

3.2 MC-WT #fEIE& BB F 5 rEh
MR T RN

K SC Wk [29] M i 3 AR B A A
IS1(I& 4), KT 1000 /> #dh: B Logistic B ™42,
J&i 1000 AN i h i A2 1E 2590 A I BEIL B R, 7
FIFEL = 1001 b KA T RAE, H—FhAER MRS
25N A — P EENLIRAS. Logistic BS 75 #2240 (9) =,
HrHIME 2o = 0.8, ¥ u = 3.8.

Tpy1 = pxn(l —x,), x€]0,1]. (9)

1.2
1.0
~ 0.8
Nl
> 0.6
0.4
0.2

0 500 1000 1500 2000
t

4 PRI A R4 IS1
Fig. 4. The ideal time series IS1.

BI5 RISIEA R s # B & 1 LK i MC-
W A6 I 45 5 I ok o8 41 3% F syms, B4 il )R
M =9, =1, jo =M). NES5@)—(d) AT LA
FH, ReRAESBREDL = 10, & L = 20,
25, 50, bR FEF8 0y 1 A B R AR R, WAE
t = 1001 bk A T RAE, R G £ AR,
I H B Logistic S BT P2 A2 1 E 4 (045 B2 48 25
JF 3 A8 AN AR X P AR, T B AL B AR R A
J& 6 B0 51 FL AR A s A e s K, 3R B B 1 #%
B X T Bl AL 21 R s AR, TR i B B i
LS8R, H P55 7125 855 1) RAZTE B 2, i
Wi B MC-W'T %t - JE & M 1 8] 77 371 (R 3l ) 2 45 1)
RAFFFEA & RGN R 7, A BEREOL
M B AR /N, AN EER, B 6 45 T IS1 Y
WE R (n1 = 10,n0 = 10, ny, ng 20 B NI
RATE 77 8 1K BE) A1 Mann-Kendall (1) il 25
R, HE 6 (a) T LUE 2, h 28 2 B A B B
B, A7t = 1000 7245 KA T 3 15 45948, {3
TR e HEf 2 AL RAZ I B B 6 (b)  UF #1 UB
LAEBEGXN (o = 0.05) Wt = 1000 £ 4 ¥ K4
T A, (HUF M UBZ JF % A 2, K45 Mann-
Kendall 7€ X I bt 4 H 3% F K AERAE, 5 SEBR
THEBLATE.
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Fig. 5. The MC-WT detection result of ideal time series IS1: (a) L = 10; (b) L = 20; (¢) L = 25; (d) L = 50.
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Fig. 6. The detection result of ideal time series IS1: (a) Moving ¢-test; (b) Mann-Kendall.

3.3 MC-WT 7 IE& Mt EF5IX s

F AR R

DA B PTE R B i RAR IR L, B RS R AR
HH — BRI 21 5 — FIRAS, 0 SERR 1 L H L v]
RE R A IX (A1 AR G L, B R GEAE AR i F v B —
18] B R AR T 3l o S R AR 2 Jm SO 31 R ok
AR, AR 8 SCHR [3] 43 AR B 18] 77 41 1S2, BPFE
Logistic Bt 5 72 4= — 2% K i 24 1000 ) B2 A8 86 AL 17

F R AR R) 5 A1) A X TE] (301, 330] HH € 14 7
FEFEAZ N BENUIR S, #IS2 78 X 7] [301, 330) &£
TR 1R (B 7). Logistic WL 75 72
. (9) =

B84y th 1 IS2 R HIEARRIE B bR E 1 L~
MC-WT 77 ik ke I 45 2R, ik 45 411% F sym3, B
DRREM =9 (j1 =1, jo = M). AILLUEF]
WahBkkE DK L =5, 10, 15, 30, 7£ X [8] [301,
331) N, HAREEAREL v HIARAL TR R T LAt X 2,
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Fig. 7. The ideal time series 1S2.
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FE R 1 B A M F) ) 77 2V 0 B s X 1 2 b
R QAN AN NS I TR N b P
e T 1D S o U A R B A B AR H DT R A7 AE
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R, NT AT MC-WT s 17805, R14GH TR
A sh BB & 11 R MC-WT, MC-R/S f1MC-V/S
7E[A—H i F (Inter Core (TM) i7-4510, 2.4 GHz,
4 GB, Win7) Matlab 2014 b ¥ & iz 47k} (8], MC-
WT L3R [ K298 MC-R/S 11 1/6 #1 MC-V/S ()
1/22, BT MC-W'T 7E &b 38 K £ 4 i 1 A B 2 1
M. B Ja, T M A MC-WT J7i2
LI 45 R (R MR L, 43 0 nk BELAR N 8] 7 41 1S2 4k
WHIISNR A 15, 20, 25, 30 dB = i 4 e
B 1070l es th TEESIZK L = 101500, g
J5 IS2 7 I MC-W'T ) /3% AL ke Il 7 22 57 ik
B, AT LAE B 75 Z TTER I R AR X A B A 5 S X
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HB# SN R FZH 3 K IR X (] @ i i, WA
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M B
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Fig. 8. The MC-WT detection result of ideal time series IS2: (a) L = 5; (b) L = 10; (¢) L = 15; (d) L = 30.
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Fig. 9. The variance contribution of MC-WT detection result for IS2: (a) L = 5; (b) L = 10; (c) L = 15; (d) L = 30.
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Fig. 10. The variance contribution of MC-WT detection result for the IS2 after adding noise: (a) SNR = 15 dB;
(b) SNR =20dB; (¢) SNR =25 dB; (d) SNR =30 dB.
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Fig. 12. The variance contribution of MC-WT and
MC-R/S detection result (L = 365 d).
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Abstract

The scaling exponent is an effective nonlinear dynamic index, which can be used to detect the dynamic structure
mutations of the correlation time series by the moving cut a fixed window technology. The immediacy and accuracy
of scaling exponent is very important for detecting the series change points, however, some of the existing scale index
calculation methods (such as rescaled range analysis and rescaled variance analysis) take none of these into account.
Wavelet transform analysis can quickly decompose the sequence on different scales, and then the scaling index can be
calculated by analyzing the scaling relation of wavelet coefficients on different scales, which has the characteristics of fast
calculation speed and good convergence and memory saving. By moving cut window technology, in the present paper we
put forward a new method, i. e., the moving cut data-wavelet transformation for detecting a series of dynamic structure
mutations. The principle is that the removal of the data has little effect on the estimation of the scaling exponents of
the correlation time series with the same dynamical properties. In order to test the performance of the method, first
of all, the dynamic structure mutation analyses of linear ideal time series and nonlinear ideal time series are carried
out by selecting different moving cut fixed windows. The test results show that the method can quickly and accurately
detect the dynamic structure change points and intervals both in linear time series and nonlinear time series, besides, its
calculation speed is obviously better than the moving cut data-rescaled range analysis and the moving cut data-rescaled
variance analysis. It has strong stability, and depends less on the moving cut window length, which will have some
advantages in the large data processing. At the same time, in order to detect the influence of noise on the method,
the linear and nonlinear ideal time series are added to the white Gaussian noise (SNR = 20, 25, 30 dB), respectively,
and the results show that the method has a strong anti-noise ability with different moving cut window lengths, can still
quickly and accurately detect the mutation point or interval in different noise additions. Finally, the method is used to
detect the dynamic structure mutation of measured daily maximum temperature data of Foping station in Wei basin,
the experimental results indicate that the mutation interval is consistent with the abrupt change in 1970’s on a global

scale, which further verifies the validity of the method.

Keywords: scaling exponent, wavelet analysis, moving cut data-wavelet transformation analysis,

mutations detection
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