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spring graph in 5-threshold compressed space and the construction creep (CC) rate.
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Rapid spring test
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A speed-up method of spring test on automatic measure for time series complexity is proposed, including the

For its slow speed, the specific

method uses peak and valley values fitting to simplify the spring diagram and to speed up the self-similarity measuring.
We select wavelet mapping chaos, unified equation and Rossler hyperchaos equation as test equations. To take the
bifurcation diagram as the basic comparison rule of geometric characteristics and to adopt the spectral entropy
complexity (SEC) based on FFT as the gold standard. The results of spring self-similarity measure CC before and after
the improvement are compared. The calculation time and stability of each test method is given. The results show that
the improved method can distinguish between period and chaos and elevate the resolution ratio of hyperchaos and chaos

significantly with 2 1o 20 times hoisting in terms of time. This work contributes an improved spring test method for the

signal complexity measure featured with automatic parameter selection for distinguishing periodic, chaotic and random

states.
spring diagram).
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The essence is to extract the asymmetric nonlinear statistical invariants of three-dimensional phase diagram (ihe

time series; multi-threshold compression;aulomatic measure;spring test; peak and valley values

(complexity) 0~ 1 7B v i 3. HE 3 /% ( permutation
entropy,PE) |
Shb)%ﬂé‘i%ﬂ)ﬂ]ﬁﬁ(smmg test) 55, BFGYH S22 B SR
RIRAN Y TS H I,

PS.T.ZC F0 0~1 18 i i 3ok A B 3 #f BE 4 i — 4 Bl &
HET e 4, T PS SE i e 4 R N R SRS 1 LR
R . B 2 PS AR U7 IR A i B AT R k™5 LZC b B8 J00RE B2
K I0f T8 PP 90 B AR S AT 5 90, TH O HORDIR 2 H S 32, i 8

% B2 24 & (spectral entropy complexity,

* HATH U4 AR R E 4 (BK20141196) (ILIRE TT 58 A4 A 37 £ 4 (KYCX18_2509) T H % Bh

e 04



B OAF.WABIELEAGAT RO REN

4 6

Ak AR Al e R ARG FIME B 50~ 1 IR i 8 A 1E
AT R Y R (W RS B 158 pg B, &
X p B q AR KR K, A FIWHR Rk R
BLAFEANEBENT LS.

AT £ B 4347 SEC )W FET 4 4R 3% A% 5 4 7 4
S, SRR B 338 T U5 — Ak, S FH P EE S 407 L PE 5 58 B
WMEAEANHEHEESEERIIEHE EREHHN
O(nlog,n) »{H PE F5 B L Uitk A 4 & f 2 R INHE™ , T SE
TEFYIHEER.

ARG SEC MLSITH AR % 0~ 1 R i iy B
PR JG K B R T A 2 AR R ik e G R S SN R, A AT
S RBERBUL A E R MR B S AR S AR A
JLA] B B S 1 AU L 45 3 & 24k CC fH (construction
creep) » & =AM FIHE R 08 A K 4 R I O TR T
BEHUIRADT HR 3R CC MM ERZ I E R . R
I CCAH A TR AR HE L 45 08 T L bR 88
B MK AL ER R ARG T . TET 2~
20 FE MRS (], 35 Y 3 A~ SR 009K 431 38 A5 X6 EL 56 E

1 HENKFEE

1.1 BEMREZE

IR 30 K 2 4 B & 380 ) R A R — R I R
AW . TRIE LA = SRR BT A A A ER A Q) Sk —
YT IR I0 (K BE N S o 28 (D $64kCh = 4 5, -4
AT BRI S  = d— A

() = Q3 —2)

y() =QEGi—D D

2(i) = Q(31)

FE SR AT — 4R A B (2 iR

s () = D> {g(Dsgn(@, () }w, (i) (2
Hd BRI o (O R (D PR {2,y ),z )}
TE—F L. sgn AFSHEE B G 0,(0) = Zgo(z’),

n=1,2,-+,INT(N/3),5 B{EJE4 B w, ) K EEEE
ARG,

1, o< en) < @un
0.5, Guem < (1) L p
w,(n) =<0, e(n) = Qo (3
1—0.5, o< o) < ¢rem
—1, Puin << p(n) Lo

e HE R EE R R AW,
0= A @ne — Puen) T Purcn

6= =2 (Quuwn = @ui) T Cruin

Hrr,2=0.618,

B AP E B RARAR O R F =
HEFFIEZE W {s, () ys, () ss, () ) BT 8 LT 33 A

4

REMBMLEHENTRRE WM BRERML, B LKA
SRR Tk, BB WA QA U, B4k T R E W e
TR, MR CCEXEEELTMT,

DG o S RSB S MBRIR B o (o) I — b N HL
HD (),

DY R DGOMEEHEE R

D, D, D,
R — D o D T D.zp 5
D(m—npu D(m—lmz Dmp

Ho, p=INT(N/m)sm=2,3,,INT(N/2),
DEXVFRBERZE .
i er, R% € [Ryy (A —.Riy A+
T e 1, HAl

(6)
Hbr,i=1,2,,m—1;k=1,2,-,p;86=G+1),
GH2) e m s RENE p FEN .02,

O B/ R R E S CCfH

CC:min{ZeT‘/(mo(p—l))}XlOO% 7
R A3 3l A2 ST R TR R AR 2 i (CC 1ED 2 ok 3 2 )
RN

CC I B HRBIT RN i — 2B U1l WA T 48 B A
R KT 14l m £M 21 5F INT(N/2), i H
m BRI 1 R BRIRZE o TR RN BB (m— D)
Y Wit AR FE 2% T B 3 2, R e 75 22 0 o S 3
1.2 Sask i iz

BE 5T B — fi i SR B o DT YR B R B
Kpomfeaes

ST R BT S AN 1 000 p, T A ) k4 b4
1A% . PR HEUE T R AR A B B 2R BT B A R )
R B XS B R R AR R B R IER A,
HERR R EE T R A A X R, 3O T R
IR/

s'tn’) = minmax{s, (n)} (8)

Forpos' (n) Ay Ak PR 0 7R ALY BT = 4R FF 81 (' 2
BEREANRO, ERER=ZMBESHEEZ N — HH T
A9,

v ECOR n >3
SO ANT G )i = 120 fr <3
9
MIERE NN T 3, HHEFE R, RAERE Y
g £ =500

I R o S P ) Bk AR I g A AT 1 BTOR

B 1 PR PR B T R AL R T 3 A
A TAT 010 B 5 4% B B R HL TL AT AR AT 3 PR 25 408 3 3 L 45
SRR HY SR IR . T ] ST BRI 9 ] L

« 95



545 B W F o

F R K

400

200
100

600

(b) A

M1 ZRRA SRR x .y .2 Jr i g E

W S 4 SR A R Y . S R A R A R e A R T A
BWEAG, WU AT R H R T AR B0
WE) CCAE , SEBRIC 57 A A J7 1) b S 04 27 {5 A9 S0 40 Nis,
FHEBRBAE R K Ns Fm L uedt ¥ 5, tbasd i & /7
R RIRZEIT R rCClrapid CO) , E MBI R G HHE
1.3 REBESH

K6 Py g 2B MBI P AR ER I, 7L 25T 0%
FHE W 2 5 R EG B B B b o BT A0 S S R S A
S T A HR 22K B R BB E .

E2FiRATEARR R F. it ERERNERFTEN
rCC 5UGHZ R CC R H

100 -

80+

Fz2 gRRTBEARR L TAZH CCH

HiE 2 WL BEE B I/ B/ SRR R R 22 MO i
/N B 2 FABPR S SRS KR & TR g N

e 0 o

it ERMETH. SaXREaFE. pHEHXFE
B 0. 035,

TESH y=3. 24 B ,CC W 3L T f 0, e ] 4 I 1 2 37
MR it 2 e 5 CCEIATHE] 50 DL HB 8 y=3.31
I B Ay HCAR P B A X X0 R R AE . CC F rCC M AR R
LI SEL

2 WAERESH

PR 3 D I /S U e A bR R g — T R A
Rossler 778, L SEC Sy @ hrifit , L 48 M 4 (B B AT /5 B 2%
Bk o UL R B R T RE T . TR CPU RS h
Intel(R) Core(TM) i5-3230M, 4% 2. 6 GHz iyit& L E,
B 1T MATLAB2018b; @& #7 73 75 O Ff L 40 &9 SEC (&
0.9,

2.1 INERMESTEE

SN W S PR R AT I S T A A o 2 TR DS
REBBEMESEZEEES G ESZSESEEEE —RK.H
AR

2(n+1) = 1.3(1 — 2(n))? e "ewie’ (10)

Hrp 28 e L—1.5,1. 5], 40 & BRI 44 2 6
ZL 10 &AL 1 000 KB 200 &, #ME (1) =0.1,

B3 AR /N s o B, By 3 Ak il 4 4y ) R i
B8 Z%FFAE SEC.CC F1 xCC, H [l 3 AT AT, 7E 4> & B 2, SEC
INELARE, CC A8 R4, 1 CC AR ; BEAHEAR
AR, 3 PR AE — BRI E 2k, AR =054
Frit, SEC {H7 — e IX dsf B @ [ AIK, XF L 22 B T IR H 1
A3 L RS MA T KA E R 24,1 CC 5 rCC EH
XoF RO B0 L A Ak Ak 3R I X B 2R A R 4 2 I

P15
He J .

B3 AN B R (R B B S 2R R

2.2 G—FERSE
G FEGV I T Lorenz Z%¢.Chen £4 M Li
ARG HASTRMASREW I A %17k, HMar
A MR D R,
dx/dt = (254 +10)(y —2)
dy/dr = (28 —35a)x — a2+ (29a — Dy
dz/dt = xy — (8 +a)=z/3
Ho . 28« € [0,1], W L4 % H oded5 SKAF 7 000
A COME 00.1,0.1,0. 17,254 0. 01,23 3 000 &),
EABRAGE - TRAGHEE SN « k., SEC.CC

(11)



B OAF.WABIELEAGAT RO REN

4 6

5 (CCERR L. WYX B % SEC A CCER AL 1E o
{Hh 0. 37.,0. 47.,0. 58 B R GLAL T I 145, Bicik 5 B0 o8 0
B CCAWREMER R I X 3 MRS E 0 LI BT
RS EABEREN (CCHE, 53 HAZ -2

B4 G—Ii BRI RIBE SRR

2.3 Rossler #BH R %
Rossler #IRME R4 0] B BA ¥ 0 & 2 W 5h J1 %47
N R FRGEACA T TF 16 7 A SO YR R 51 A Ay 7
ML AR,
de/dt = —y — =
dy/dt = 2 +0. 25y +w
de/dt = 3+ x=
dw/dt = —cz 4+ 0. 5w
Hp .28 c€[0.2,0.67, WM FHE K oded5 K1F
7 000 S (FME R[0. 1,0.1,0.1,0. 1,4 0. 01 3L 3 000 £),
P 5 Bi7s 4 Rossler IR M R G B2 4 ¢ 14k, SEC,
CC 5 rCCHEMRT .

1.0

12

5 Rossler FBARIB LW EMEMAE

AT S AT X F Rossler 88 1R Wl 5 82, ISR A B2 3T
Bor.y.w 419 SEC A BRBAN, H = #Ef) SECHBET
0.9 DL R0y B K s BB O T B AR B o= HEHE
XFFRER CC M rCC A AR E S HIL B LB B A A ,
AR TG — Jr BRIRIAS Y rCC{H BIRMEA R rCC HIR &
T 20%,

2.4 BTEMESH

WAL RS R B 5 IR NG B {E N 0. 02 B Ry CC
.5 g {HN 0. 035 NI rCC {HMIZE(E.

B 6 Bias Sy bk 3 AUk Bl AE et T S 1 CC (H A
. B BRG] 2 EOR T A S BERFE T 38 88
BT 4SS, TAMERHESET,CCHIENRETE

[—10,10]2Z & ; % F Rossler # iRl % . H CC {524k W
B ER, WHZEdW#EN CCERBE TASEHE
BRESAES TR HBIREE.

30— gi—712 ‘ i
o5 = Rossler 52 /E\\ /
ek . A R/
208 8 ; /a “ﬂ/ \ //
15\ \S\\/‘A ¥
\/ F
ook Y [
- /o
k¢ o
5 ‘\\‘ /?
10t v/
) 2 4 6 3 10 12 14

ZHAH
Ao 3AMRAWASAIHERER

2.5 TERETE
1 BRI 4 000 SEIEKE ., IERRAENEE,

® 1 3MAK B8 A R T % 7T S BT 8 X b s

RN SEC CC rCC

/)N B R B 0. 791 7. 300 3. 100
G—HRASR 0.025 7. 100 0.332
Rossler BT A4 0. 023 6. 900 0. 306

AR 1A CC MR EZRERE, i SEC F1 rCC
BB E BRI, B, DIEREK CC e CCETT
F 2 E AL, W4 — 5 T2 M Rossler F MR T T & 1%
20 R . Bl rCC RE % DT I8 M i PRE R I R 48 Y

HIRRE .
RN

T 3 4 o B 9 PR SR AT B BT B Y L il
F 1 (52 s 280 (R B LG s ) VIR VE (D L
HrOh BEDLEC CHHS AR , A R 3 B 44 45 B 22 B0 (CC B 43
ANTF T AT 7 M50 ZIE AT 50 A 84 Z A VKT 8.

A SO T N B B A8 CC I8, Bk
SRR L [ A W A A, FEA0 B AR R B BRE O T R 25
R, DB 4% B SEC Jpxf AR R B 3 MR TE 5 7
ERIHE. &5 RRY . WHEE M CC ETHERRPSEMET 20
f5(oded5 BRI T BAM T, F B TR 5#R
TR E AR .

HE— 2 S BREUE TAE 4 3 BOR TR L 5 B
S E Tk
[1] PARISI G. Complex systems: A physicist's viewpoint[]].

Physica A, 1999, 263(1-4). 557-564,
(2] TANG L, LV H L, YANG F M, et al. Complexity

o« 97



45 B A A S
testing  techniques for time series data: A criteria design for signal complexity measures[ J ], Chinese
comprehensive literature review[J]. Chaos, Solitons Journal of Electronics, 2019, 28(6): 1139-1143.
and Fractals, 2015, 81 117-135. [11] RENZE, RBA, BB, T Gals/AlGals i Mtk
(3] kiR, T8, REmis. 5. 30 AR S 08 hn T B B O TR Y B R R SR SR MT). BT
W10, PB4, 2020, 69(1) . 61-73. WEHA, 2021, 149 1-5.
(1] 4%, Bidefs, Weft, 2%, HFEHEMN LempelZivE  [12] DUBOIS M A. Modelling nature: A physicist” s
REMNERNEESETESIIT]. TEV NS % viewpoint[ J]. Science Asia, 2009, 35; 1-7,
4, 2014, 31(9). 162-165. [13] WADE J, HEYDARI B. Complexity: Delinition and
[5] ARMAND]J S, BODO B. A modified 0-1 test for chacs reduction techniques; Some simple thoughts on
detection in oversampled time scrics observations [ J . complex systems [ J]. Complex Systems Design and
International Journal of Bilurcation and Chaos, 2014, Managcement, 2014, 1234(18); 213-226.
24(5): 1450063-1-13. (L4] FIT8. B/, — /i ek s B S BB e w7 2
[6] POWELL G, PERCIVAL I A spcctral cntropy ME[T]. ¥, 2006, 55(8): 3969-3973.
mecthod [or distinguishing regular and irregular motion [15] LVJH, CHENGR, CHENG D Z, ct al. Bridge the gap
of Hamiltonian systcm [ J]. Journal ol Physics A: between the Lorenz system and the Chen system [J .
Mathcmatical and General, 1979, 12(11); 2053-2071. Intcrnational of Bilurcation and Chaos, 2002, 12(12).
(7] hFesg, B0, R, 4. RO REHL T 51 A 15 i 2 2917-2926.
ZebEarprT]. $rF M, 2013, 62(1): 35-42. [16] ROSSLER O E. An cquation for hyperchaos [ ] ].
(8] AUDUN M, KHASAWNEH F A. On thc automatic Physics Letter A, 1979, 71:155-157.
paramcter sclection [or permutation cntropy [ J . 1EE@mN
Chaos, 2020, 30(3) 033130, R WL, LB BFIT 7 I G F 3.
[9] WUSL,LIYT, LIWS, ctal. Chaos critcria design E-mail : 20204228009 stu. suda. edu. cn
based on three-threshold sign [unction []]. Chinese EVTHGEEELS EE. 5. T EWE AN E RN
Journal of Electronics, 2019, 28(2) . 364-369. BEI AR TR,
[10] CAIJW,LIYT, L1 WS, et al. Two entropy-based E-mail : lwshi@suda. edu. cn

98



