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Fig. 3. Chaotic image encryption flow chart algorithm (I).
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W, P {yid 5 {yi A BA A, HAATEZAE RN WGERE | Pr, AN S i A B
FIMRFS T 5%, PLHRT LR T R0 . S, B SOR R T RELIE 3, BIX R Sl iz sk
ANFIVRRIER, PP {y;} 5 {y:} SR IRIERY.
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Fig. 10. 0-1 test image of the hyperchaotic Lorenz signal. K13 P8 {y;} AR Pl

Fig. 13. Phase diagram of {y]}.
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Fig. 14. Phase diagram of {y;}.

Bl 11 BRI S YR A

Fig. 11. The spectrum image of the new chaotic signal.

10 5.2.5  FEHUMESAT

0 T WAEFEF {y)} 5 {y:} BRI, Vetf T 6
g -0f FET 15 MR NIST, S48 SRS 8% (p
E —20r i), # 1 53 2 PO T A {y)} 5 {y:} 9 NIST
:zz: M EE . N 1 M 2 AT LUE L, i p MU 8
E ol KT 0.01, FrLAFS{y;} 5 {y:} Sid@ak T NIST il

ol R, XERE I (v} 5 (v} AR LAE.

_700 011 012 013 014 015 016 017 018 019 1.0 526 ,;‘%,{’,’f'g“%‘f}ljﬁﬁ‘fiﬂftb

Normalized frequency/(n radians-sample~1!) JE:JUJZ%%, 5[%5@ Hﬁéﬁ%ﬁﬂ?ﬂ—:%@ 3 ':P U\Jﬂﬁ
P12 MBI Lorenz 5 5 ik LA, RIS S 5 FOR M (S Bl i T R 4y
Fig. 12. Spectrum image of hyperchaotic Lorenz signal. B FEIE B2 NIST T4t 5 AT L3 B+ 2 A TR e
04— i SHEHLEE. SRTTEHE 5 K Lyapunov #5505

0-1 WRZH 4975 T35 5, VLA FLELA T 2
VAT Iy 5 (yh 9 AP, N 13 SRpRASE. LSS TURRE 2 A R
14 R, MR T LR AR e — AN R, % R A TR,
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21 HRMEEF) NIST Ml

Table 1.  NIST test of the new chotic time series.

etk p fH 45
BRI R 0.8752 Biibuy
ey gt 0.8523 Eiiiku)
TR 0.6121 jm i
Hepy A LRk 0.0828 Eiiiku)
R PR 0.1445 it
A L () I 0.8152 Wi
BB i 2y N TRy 0.3527 it
B SR VT it 0.4305 Bkl
Maurerili JHGE I 0.4214 jm i
LM AR 0.2341 Eiiiku)
A ZINTE 0.3053 jm i
AR It 0.1568 Bkl
FhmAm 0.3257 jm i
REBLIRA T 0.1523 Bkl
FEALIRA T2 A0 Pt 0.1057 biEu)

2 IR Lorenz IR NIST il
Table 2. NIST test of the hyperchaotic Lorenz

time series.

ESARNEY pE 45
H R RIR 0.8815 bk
PR 0.7253 B u)
iiZERINES 0.5986 Eiiiku)
Hepy e KRR 0.0823 B u)
TR AR 3 0.1263 Eiiiku)
A R I (535 W 0.8164 B u)
A T AR VC AL R 0.3580 Eiiiku)
SRR IT FLI 0.5216 B u)
Maureri HZE X 0.4418 Eiiikus
LR ST R EE 0.5052 B u)
Fr 4 0.6015 Eiiikus
IR 3 0.1435 B u)
ZmAnA 0.4863 Eiiikus
Rt AILRA T 0.3997 biiEul
BEHLIRA TR Ak 0.2265 EiEus

£ 3 IRNFESHITSET T

Table 3. Comparison of statistical parameters of

chaotic signals.

TN \
SO 0-1 Ik . NIST
e T B T
N=N
ﬁf’;ﬁ 0.338162  0.7937 IRl BEAL
W 2.6002  0.9250 IR Fifi L

5.3 FmREESHINA

AR T — L DRI R (5 LA 2R,
1 Lena 2k A Mtk (https://www.ece.rice.edu/~
wakin/images,/ [2021-01-01]), H:A K5k B Mk
(http://sipi.usc.edu/database/database.php?volu
me=misc [2021-01-01]). EUER/INTHIA 256 x 256,
512 x 512, 1024 x 1024, JK B KGR 25 5 fif 55 52
BB RN 15 Fros. AL 16 /] RIA ), ASC5 1
A DA T A R0 I e

54 Z&MSH
54.1 EHpxFE

Bt R I E AR SO RN, A — MR
FAESR ST s UG, SRS N2 5 % SC MR Z
] 20, DA PR B A, M A a1k

NPCR (number of pixels changerate) 5 UACI
(unified average changing intensity) /& 2% 43 I 7
A Z AR bR, BEATES (4) X (5) 35
13k 157,

>, D)

NPCR — X 100, (4)
1 |Cl(iaj)762(i7j)‘
ACI = 3 1
UACL= o ~ 255 x 100,

(5)
oy Fley PR EMER, BURHIRCSTZ W ox H . qnif
c1 (4,5) # ca (i,5), WD (4,5) = 1, 50, D(3, 5) = 0.

i F NPCR 5 UACI RYE BT 99.6094%
F1 33.4635% BT, AR SCIEEL P(256, 256) R R
EASCE O, IR BN NPCR 5 UACT 45
R, R 4 PR, X ARGREERSCER [10, 13, 58, 59]
1) NPCR 5 UACI, XfHZ5FR U 5 s, 5056
SR RXT LS5 R R, ZF A NPCR 5 UACIT
ORI HNSE T, A SCH i Bk 2
ARG #2021 Rg
5.4.2 BT E AT

TEHEUE M RGN, xo, yo, 20 Flwo HIKE EE
9107 v Firg Ry 0 2 255 FIEEKLBEHLEL. VIZRE
P& ) p RS BE R 10714 HT R4 2T 3R g BORE
107 A SRR T w A 1071 R
TR o MBUEYE BN [1, M x N = 2], IR AT
TREEZE 2T PSR BE s B HUETE R
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Bl 15 BFEUGMEMELRE  (a) 5 (256 x 256) LK (b) 5 (256 x 256) MK (c) & (256 x 256) fif: % ;5 (d) HAR (256 x
256) JRIEL; (e) HHIL (256 x 256) NEEEL; (f) AR (256 x 256) fit % 1&]; (g)Lena(512 x 512) JRI&; (h) Lena(512 x 512) JI% &l (i) Lena
(512 x 512) R () WARIE W (512 x 512) K ; (k) WK (512 x 512) M El; (1) WKL (512 x 512) R K (m) Hli%
(1024 x 1024) & ; (n) HL3% (1024 x 1024) % & (o) HlI% (1024 x 1024) fE % El; (p) KAL (1024 x 1024) JEIE; (q) EHL (1024 x
1024) i (v) KHL (1024 x 1024) fi# 25 &

Fig. 15. Experimental picture of digital image encryption and decryption: (a) Original bird image; (b) encrypted bird image; (c) de-
crypted bird image; (d) original pepper (256 x 256) image; (e) encrypted pepper (256 x 256) image; (f) decrypted pepper (256 x
256) image; (g) original Lena (512 x 512) image; (h) encrypted Lena (512 x 512) image; (i) decrypted Lena (512 x 512) image;
(j) original splash (512 x 512) image; (k) encrypted splash (512 x 512) image; (1) decrypted splash (512 x 512) image; (m) original
airport (1024 x 1024) image; (n) encrypted airport (1024 x 1024) image; (o) decrypted airport (1024 x 1024) image; (p) original
airplane (1024 x 1024) image; (q) encrypted airplane (1024 x 1024) image; (r) decrypted airplane (1024 x 1024) image.

44 NPCR M1 UACI 256 x 256 x M x N x (M x N —2) x 10%
Table 4. NPCR and UACI. ~ 65536 X M % N X (M X N _ 2) x 2339 > 2100.
Vaiy
_— Npi); P (256’31?)01 . AR e 30k [10, 13, 58— 61] QB4 25 7] 45
B . 5é : ” 32 : 1K 109, >255x 1014°, 2253, 239 24 10% Fil 22,
1l (206 250) | | AL T R, AT R 2 4.
Cameraman (256 x 256 ) 99.63 33.30
Pepper (256 x 256 ) 99.62 33.39 5.4.3 BB AT
House (256 x 206)  99.3 37 AP BE SRR B TURG, EAT
bown (912012) 99058 s CONCEE R At PR N LIRS
Airplane (512 x 512) 99.59 33.42 sy sk .
Tank (512 x 512) 99.61 33.49 AT o0: 2o = 1.0
Splash (512 x 512) 99.64 33.54 %t 2o Eﬂ(ﬂ{‘i}ﬁ%ﬁ%@q
Truck (512 x 512) 99.60 33.47 o = zo + 1071,
Airport (1024 x 1024) 99.62 3348 BT AR TR R, T LR REA 35
Airplane (1024 x 1024) 99.60 33.47 %, A 16(&)*(0) iR, Jﬂﬁyl‘, EE?ZIKjCEF'XUL{yz}J‘&
%5  NPCR Ml UACT i P38 5 oA o 8 2 FPURBES 2 5 A WL T TP 8 {yg ) AT, IRt
it b XN ] (s} AN REEAT A 80 2%, 15T 16(c) fi
Table 5.  The average of NPCR and UACI and iﬁ %J: $iﬁﬂ%ﬁ{£ﬂﬁﬁ%ﬂ@%"fﬂﬁi@ﬁ
comparison with other algorithms. ’
ASCFHE SCHR[L0) SCHk[13] SCk[58] SCik[59] 544 A H B
NPCR/%  99.604  99.61 99.6641 99.61 99.6114 T 77 BRI K 35 S5 240 A L 75 4
UACI/% 3346 3348 33.6124 33.46 33.4523 AR, S BT R % R A . 7
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WA B SR A 22 Ay, Bk A Sk
SHUHE, TR T

Pl 17 JER T R A B3 R E PR S
el 5% 3 1y P S WL, WS B R A A A
REYSIN, M2 ARSI Bk, 0y 4 M6 s
AR ST R AR A 2 S0P R B R R (o) WX {uc) RigaeR o
e L= T T et v

EI(J ﬁ% . diagram.

(a) Original image Histogram (b) Cipher image Histogram
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17 mEMEEGESE (a) 5 (256 x 256) I &5 W SCE 7 E; (b) 5 (256 x 256) %5 1 F0 % K B 7 E; (c) BB (256 <
256) J5L 14 5 B SCTH J5 185 () B (256 x 256) AN % 18 F1 5 18 5 5 185 (e) Lena(512 x 512) J5L 1815 B 3CH J5 1815 (f) Lena(512 x
512) i & F0%% E E 7 B () KR (512 x 512) JRE 58I SCE 7L (h) KRG (512 x 512) Jina & 1w B 5 7 (1) HL
(1024 x 1024) & 5B SCE I (5) Bl (1024 x 1024) % B R0 B E 5 (k) ©HL (1024 x 1024) JEE S5 W SCE D5 B (1) &
HL (1024 x 1024) Jin 4 & Fn 5 B 5 #

Fig. 17. Histograms of plain images and ciphered images: (a) Original image and histogram of bird (256 x 256); (b)cipher image and
histogram of bird (256 x 256); (c) original image and histogram of pepper (256 x 256); (d) cipher image and histogram of pepper
(256 x 256); (e) original image and histogram of Lena (512 x 512); (f) cipher image and histogram of Lena (512 x 512); (g) origin-
al image and histogram of splash (512 x 512); (h) cipher image and histogram of splash (512 x 512); (i) original image and histo-
gram of airport (1024 x 1024); (j) cipher image and histogram of airport (1024 x 1024); (k) original image and histogram of air-
plane (1024 x 1024); (1) cipher image and histogram of airplane (1024 x 1024).
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54.5 XS

B LR BT AL, Seit oM ik A — R
MR, AR RE R SENE, ALK AHLB 5
FAHTCNE, T AR SBAREANTENE, X FAHSBAR AN
Ktk — RIS R GE, TN A 1 2 1 S0
FHABIG R AE B A SR T T 0 AU A0CR
b, XTSRRI O 1S S
AREFE A T I RE. Tk, AT R Ay
IR BIR R AE A AH S 62):

R cov(z,y)
" V/D(@)y/Dly)
o
N
cov(z,y) Z i — E(y)).
L

sz
i+1

B 5, AR SCHE Lena Eﬁj(*ﬂ&j(q:'%ml_ﬁl
5000 X Z S HEATIEL, anfEl 18 Fras. ME 18 1]
DU, BSOS T 1) A AR SR A AH G, TSR
SCHAH DG AT AR/ N A DG

R, XA F itk 1ﬁ,\,¢+;%;z§%mu
e 6, IF 5 — e RN SR (10, 13, 58, 59]
()25 SCRH VR XS L, FLES B R e R 7 rp . 5050
GEIRFRW, A SCETE 5 — S AR 00 SCBRAE T
o, AT LR B, BASCRY 3 A4 ) AR SCHER |, &
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Fig. 18.

AARSCEE RN, B 5CH 3 AT ) EAE AR
RAK, SHATTIE—FRAR L T 0. LA SCRA
WhFR) At REASARBTST T .

5.4.6 Az BB

FRRARAE RIREL R, BRERELE
BRI 8, {5 E R i T REVE R/, (5 B4R 8
i (6) 2519

2k 1 1
H(s)= Y p(si)log2ﬂ7 (6)
=0
15 (6) 3, p(si) UG s RAEMER. Bg 1nuk'r*i

PRI 8, AURB R/ BIR AL, 5 Bl

H AT BB MR /N, SR K EEEIMG 572 (house), %‘%5:/
i (cameraman), & (bird), B (pepper), Lena,
K & W5 (splash), K #L (airplane)(512 x 512),
H 5 (tank), K4 (truck), Hl3F (airport), KHL
(airplane) (1024 x 1024 ) BEATAGIN. LA [ (4 22
SUGEALE, TR 8 TR dilgs th T B SRR B LA
L SO B, AU A SCRR 10185859 Ff Tena
(512x512) {5 B 4301k 7.9993, 7.9993, 7.9993,
7.999239. LY 45 R R W FATAT B A 2 SCAE B
7.9993 FH Al J7 2 —FEERAE W4 T 8, R AE
SRR Y AT REPEAR /DN, BUE & LA RENE SO
FBNARAE L, P A SR 1 i 3k B A TR 4 1Y
LabE.
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F 6  FEGHALRE
Table 6.  Correlation coefficients of images.
- LB’ L3S
) KE W kA XA KT T 1 * £ J2 X
Lena 0.9844 0.9668 0.9620 0.9790 —0.0016 0.0014 -0.0014 —0.0010
Bird 0.9889 0.9826 0.9713 0.9519 0.0114 0.0103 0.0104 -0.0031
Cameraman 0.9591 0.9335 0.9101 0.9377 -0.0099 0.0141 -0.0165 -0.0028
Pepper 0.9638 0.9585 0.9368 0.9339 -0.0127 -0.0014 -0.0079 0.0134
Airport 0.9066 0.9072 0.8446 0.8752 -0.0091 0.0088 -0.0014 -0.0054
Splash 0.9925 0.9850 0.9797 0.9507 0.0082 0.0016 0.0039 -0.0060
Airplane 0.9476 0.9664 0.9418 0.9299 -0.0278 -0.0105 0.0013 -0.0083
House 0.9549 0.9780 0.9399 0.9027 0.0141 -0.0115 -0.0176 0.0005
Tank 0.8678 0.8815 0.8414 0.7949 -0.0036 0.0003 -0.0098 -0.0065
Truck 0.9258 0.9561 0.9114 0.8194 0.0028 -0.0041 0.0018 0.0074
T EOCEURMICR B 5 RBI5 Y, AT DU I i 15 3 B SO — 28 3
Table 7.  Comparison of the correlation  coeffi- %‘,%\, JﬂCZIKjC E/‘ij %ﬂ:ﬁ{iﬁ_ﬁﬁﬁ} E,(J % ﬁ"‘ﬁ
cients of images.
Lena  SCHE[10] SCHR[13] SCHR[58]  SCHk[59] 5.4.8 €4 L An it 358 L 49 0 AT
7K -0.0016  -0.00007 0.00047 -0.00251 -0.038118 é@ié E I’ﬂ{%@ﬁ%}}iﬁﬁ%ﬁﬁ@ﬁ% H:'; E’\J%”
FEH 00014 -0.0024 —0.03911 —0.00292 —0.029142 N N o
i B ZR G0 C N B SCRIZE 428 BH SOt A4 . 42
JH -0.0014  0.0019  0.00305 —0.00156  0.002736 L
BEG S 2RI IR, 458K 20 B
%5 fHa R, W UL )7 o T LA P AT
Table 8.  Information entropy of images. %‘:%n%%—: T%%Xj‘é IEH%%‘% E' @{%j&’/ﬁi%i—l‘ﬁ\
B A JN J:‘,%" N2 4 —
il MU A Br, ke 9 FF8. Sm3d It AT LA, A Rh S 1Y
House 256 X 256 7.9969
o) A Inzs N : S N
Bird 256 x 256 7.9968 PRI SCGE BA B st k.
Pepper 256 x 256 7.9971
Lena 512 x 512 7.9993 9  SHMAE{EIMNGITSET
Splash 512 x 512 7.9993 Table 9. The statistical analysis of all-black image
Airplane 512 x 512 7.9993 and all-white image.
Tank 512 x 512 7.9994 A
Truck 512 x 512 7.9993 NPCR UACI f5E%% —
Airport 1024 x 1024 7.9998 P EH X
Airplane 1024 x 1024 7.9998 4BE 09958 0.3332 7.9970 0.0016 0.0003 0.0036
£HE 09961 0.3351 7.9971 0.0070 0.0004 0.0070
547  HHEMLAT

B REPE R I I BIA YT RE i B AR
b, EARE R s B T RE o F 0k iz 3 e s
T, IV SR — Ik, Bl 2k —3
Srr B, AT DU AT 8 BT AR  BH S — 2 R
TR AT AL B V) Bk R B AR 2R
A SNk i A .

Kl 19(a)—(c) & T A A 72 B2 19 55 U1 Bk
L 19(d)—(f) JBR T AS [ A% B2 iy v S0 1 g 7 g il
AT DUE Y, R S R R — L F B e — 2

6 4 %

ARTCHR T — b T IR 2 o) Y IR G 8 53
1%, FIHT LSTM 28 0 28 Xt R e 1) dE AT TR i
A, AT B TREAS T, R DR T B
AR T H AR 22 R 2R, PR~ ) BT AT SRR
HIZE A FIEL 2 B S0, X SR ok 1 AR Y
JE . X SRR A R R, ISk H A B 2
S, BEHRPUR WA BGE . B TR AR PR RR
XEF BB, I AE AR A Rk
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B 19 BEERR  (a) 10% 57805 (b) 30% 85415 (c) 80% B54; (d) 0.001 #5374 Mk it () 0.01 57 A M 20l ; (f) 0.1 7
7 W it

Fig. 19. Anti attack test: (a) 10% data missed; (b) 30% date missed; (c¢) 80% data missed; (d) attack of 0.001 Gaussian white noise;
(e) attack of 0.01 Gaussian white noise; (f) attack of 0.1 Gaussian white noise.

(d)

K20 44 RN A% 1 R
Fig. 20. Encryption and decryption image of all black and all white image.

. 8] Khan M 2015 Nonlinear Dyn. 82 527
%k i /

(1]
2]
B3l
4]

[5]

(6]
[7]

[9] Chai X L, Gan Z H, Yuan K, Yang L Chen Y R 2017 Chin.
Phys. B 26 020504
[10] Chai X L, Fu J Y, Zhang J T, Han D J, Gan Z H
2021 Neural Comput. Appl. 33 10271
[11] Ran Q W, Yuan L, Zhao T Y 2015 Opt. Commun. 348 43
[12] Kaur M, Kumar V 2018 Int. J. Bifurcat. Chaos 28 1850132

Wang X Y, Teng L, Qin X 2012 Signal Pro. 92 1101

Liu W H, Sun K H, Zhu C X 2016 Optics Lasers Eng. 84 26
Wu X J, Kan H C, Kurths J 2015 Appl. Soft Comput. 37 24
Hua Z Y, Zhou Y C, Pun C M, Chen C. L. P 2015 Inf. Sci.

297 80 [13] Yasser I, Khalifa F, Mohamed M A, Samrah A S 2020
Zheng H Y, Li L, Xiao D 2021 Net Inf. Security 21 10 (in Complezity 2020 9597619

Chinese) [HRUtdE, 25k, Kl 2021 5B M4 44 21 10] [14] Wu J H, Liao X F, Yang B 2017 Signal Pro. 141 109
Dharavathu K, Mosa A 2020 Int. J. Commun. Syst. 33 e4369 [15] Wang X Y, Feng L, Zhao H'Y 2019 Inf. Sci. 486 340

Zhao J F, Wang S Y, Chang Y X, Li X F 2015 Nonlinear [16] Wang X Y, Li Z M 2019 Optics Lasers Engin. 115 107

Dyn. 80 1721 [17] Zhang Y 2018 Multimed. Tools Appl. 77 21589

230502-13


http://doi.org/10.1016/j.sigpro.2011.10.023
http://doi.org/10.1016/j.sigpro.2011.10.023
http://doi.org/10.1016/j.sigpro.2011.10.023
http://doi.org/10.1016/j.sigpro.2011.10.023
http://doi.org/10.1016/j.sigpro.2011.10.023
http://doi.org/10.1016/j.optlaseng.2016.03.019
http://doi.org/10.1016/j.optlaseng.2016.03.019
http://doi.org/10.1016/j.optlaseng.2016.03.019
http://doi.org/10.1016/j.optlaseng.2016.03.019
http://doi.org/10.1016/j.optlaseng.2016.03.019
http://doi.org/10.1016/j.asoc.2015.08.008
http://doi.org/10.1016/j.asoc.2015.08.008
http://doi.org/10.1016/j.asoc.2015.08.008
http://doi.org/10.1016/j.asoc.2015.08.008
http://doi.org/10.1016/j.asoc.2015.08.008
http://doi.org/10.1016/j.ins.2014.11.018
http://doi.org/10.1016/j.ins.2014.11.018
http://doi.org/10.1016/j.ins.2014.11.018
http://doi.org/10.1016/j.ins.2014.11.018
http://doi.org/10.3969/j.issn.1671-1122.2021.04.002
http://doi.org/10.3969/j.issn.1671-1122.2021.04.002
http://doi.org/10.3969/j.issn.1671-1122.2021.04.002
http://doi.org/10.3969/j.issn.1671-1122.2021.04.002
http://doi.org/10.3969/j.issn.1671-1122.2021.04.002
http://doi.org/10.3969/j.issn.1671-1122.2021.04.002
http://doi.org/10.3969/j.issn.1671-1122.2021.04.002
http://doi.org/10.3969/j.issn.1671-1122.2021.04.002
http://doi.org/10.3969/j.issn.1671-1122.2021.04.002
http://doi.org/10.3969/j.issn.1671-1122.2021.04.002
https://doi.org/10.1002/dac.4369
https://doi.org/10.1002/dac.4369
https://doi.org/10.1002/dac.4369
https://doi.org/10.1002/dac.4369
https://doi.org/10.1002/dac.4369
http://doi.org/10.1007/s11071-015-1911-x
http://doi.org/10.1007/s11071-015-1911-x
http://doi.org/10.1007/s11071-015-1911-x
http://doi.org/10.1007/s11071-015-1911-x
http://doi.org/10.1007/s11071-015-1911-x
http://doi.org/10.1007/s11071-015-2173-3
http://doi.org/10.1007/s11071-015-2173-3
http://doi.org/10.1007/s11071-015-2173-3
http://doi.org/10.1007/s11071-015-2173-3
http://doi.org/10.1007/s11071-015-2173-3
http://doi.org/10.1088/1674-1056/26/2/020504
http://doi.org/10.1088/1674-1056/26/2/020504
http://doi.org/10.1088/1674-1056/26/2/020504
http://doi.org/10.1088/1674-1056/26/2/020504
http://doi.org/10.1088/1674-1056/26/2/020504
http://doi.org/10.1007/s00521-021-05797-y
http://doi.org/10.1007/s00521-021-05797-y
http://doi.org/10.1007/s00521-021-05797-y
http://doi.org/10.1007/s00521-021-05797-y
http://doi.org/10.1007/s00521-021-05797-y
http://doi.org/10.1016/j.optcom.2015.03.016
http://doi.org/10.1016/j.optcom.2015.03.016
http://doi.org/10.1016/j.optcom.2015.03.016
http://doi.org/10.1016/j.optcom.2015.03.016
http://doi.org/10.1016/j.optcom.2015.03.016
http://doi.org/10.1142/S0218127418501328
http://doi.org/10.1142/S0218127418501328
http://doi.org/10.1142/S0218127418501328
http://doi.org/10.1142/S0218127418501328
http://doi.org/10.1142/S0218127418501328
http://doi.org/10.1155/2020/9597619
http://doi.org/10.1155/2020/9597619
http://doi.org/10.1155/2020/9597619
http://doi.org/10.1155/2020/9597619
http://doi.org/10.1016/j.sigpro.2017.04.006
http://doi.org/10.1016/j.sigpro.2017.04.006
http://doi.org/10.1016/j.sigpro.2017.04.006
http://doi.org/10.1016/j.sigpro.2017.04.006
http://doi.org/10.1016/j.sigpro.2017.04.006
http://doi.org/10.1016/j.ins.2019.02.049
http://doi.org/10.1016/j.ins.2019.02.049
http://doi.org/10.1016/j.ins.2019.02.049
http://doi.org/10.1016/j.ins.2019.02.049
http://doi.org/10.1016/j.ins.2019.02.049
http://doi.org/10.1016/j.optlaseng.2018.11.010
http://doi.org/10.1016/j.optlaseng.2018.11.010
http://doi.org/10.1016/j.optlaseng.2018.11.010
http://doi.org/10.1016/j.optlaseng.2018.11.010
http://doi.org/10.1016/j.optlaseng.2018.11.010
http://doi.org/10.1007/s11042-017-5585-x
http://doi.org/10.1007/s11042-017-5585-x
http://doi.org/10.1007/s11042-017-5585-x
http://doi.org/10.1007/s11042-017-5585-x
http://doi.org/10.1007/s11042-017-5585-x
http://doi.org/10.1016/j.sigpro.2011.10.023
http://doi.org/10.1016/j.sigpro.2011.10.023
http://doi.org/10.1016/j.sigpro.2011.10.023
http://doi.org/10.1016/j.sigpro.2011.10.023
http://doi.org/10.1016/j.sigpro.2011.10.023
http://doi.org/10.1016/j.optlaseng.2016.03.019
http://doi.org/10.1016/j.optlaseng.2016.03.019
http://doi.org/10.1016/j.optlaseng.2016.03.019
http://doi.org/10.1016/j.optlaseng.2016.03.019
http://doi.org/10.1016/j.optlaseng.2016.03.019
http://doi.org/10.1016/j.asoc.2015.08.008
http://doi.org/10.1016/j.asoc.2015.08.008
http://doi.org/10.1016/j.asoc.2015.08.008
http://doi.org/10.1016/j.asoc.2015.08.008
http://doi.org/10.1016/j.asoc.2015.08.008
http://doi.org/10.1016/j.ins.2014.11.018
http://doi.org/10.1016/j.ins.2014.11.018
http://doi.org/10.1016/j.ins.2014.11.018
http://doi.org/10.1016/j.ins.2014.11.018
http://doi.org/10.3969/j.issn.1671-1122.2021.04.002
http://doi.org/10.3969/j.issn.1671-1122.2021.04.002
http://doi.org/10.3969/j.issn.1671-1122.2021.04.002
http://doi.org/10.3969/j.issn.1671-1122.2021.04.002
http://doi.org/10.3969/j.issn.1671-1122.2021.04.002
http://doi.org/10.3969/j.issn.1671-1122.2021.04.002
http://doi.org/10.3969/j.issn.1671-1122.2021.04.002
http://doi.org/10.3969/j.issn.1671-1122.2021.04.002
http://doi.org/10.3969/j.issn.1671-1122.2021.04.002
http://doi.org/10.3969/j.issn.1671-1122.2021.04.002
https://doi.org/10.1002/dac.4369
https://doi.org/10.1002/dac.4369
https://doi.org/10.1002/dac.4369
https://doi.org/10.1002/dac.4369
https://doi.org/10.1002/dac.4369
http://doi.org/10.1007/s11071-015-1911-x
http://doi.org/10.1007/s11071-015-1911-x
http://doi.org/10.1007/s11071-015-1911-x
http://doi.org/10.1007/s11071-015-1911-x
http://doi.org/10.1007/s11071-015-1911-x
http://doi.org/10.1007/s11071-015-2173-3
http://doi.org/10.1007/s11071-015-2173-3
http://doi.org/10.1007/s11071-015-2173-3
http://doi.org/10.1007/s11071-015-2173-3
http://doi.org/10.1007/s11071-015-2173-3
http://doi.org/10.1088/1674-1056/26/2/020504
http://doi.org/10.1088/1674-1056/26/2/020504
http://doi.org/10.1088/1674-1056/26/2/020504
http://doi.org/10.1088/1674-1056/26/2/020504
http://doi.org/10.1088/1674-1056/26/2/020504
http://doi.org/10.1007/s00521-021-05797-y
http://doi.org/10.1007/s00521-021-05797-y
http://doi.org/10.1007/s00521-021-05797-y
http://doi.org/10.1007/s00521-021-05797-y
http://doi.org/10.1007/s00521-021-05797-y
http://doi.org/10.1016/j.optcom.2015.03.016
http://doi.org/10.1016/j.optcom.2015.03.016
http://doi.org/10.1016/j.optcom.2015.03.016
http://doi.org/10.1016/j.optcom.2015.03.016
http://doi.org/10.1016/j.optcom.2015.03.016
http://doi.org/10.1142/S0218127418501328
http://doi.org/10.1142/S0218127418501328
http://doi.org/10.1142/S0218127418501328
http://doi.org/10.1142/S0218127418501328
http://doi.org/10.1142/S0218127418501328
http://doi.org/10.1155/2020/9597619
http://doi.org/10.1155/2020/9597619
http://doi.org/10.1155/2020/9597619
http://doi.org/10.1155/2020/9597619
http://doi.org/10.1016/j.sigpro.2017.04.006
http://doi.org/10.1016/j.sigpro.2017.04.006
http://doi.org/10.1016/j.sigpro.2017.04.006
http://doi.org/10.1016/j.sigpro.2017.04.006
http://doi.org/10.1016/j.sigpro.2017.04.006
http://doi.org/10.1016/j.ins.2019.02.049
http://doi.org/10.1016/j.ins.2019.02.049
http://doi.org/10.1016/j.ins.2019.02.049
http://doi.org/10.1016/j.ins.2019.02.049
http://doi.org/10.1016/j.ins.2019.02.049
http://doi.org/10.1016/j.optlaseng.2018.11.010
http://doi.org/10.1016/j.optlaseng.2018.11.010
http://doi.org/10.1016/j.optlaseng.2018.11.010
http://doi.org/10.1016/j.optlaseng.2018.11.010
http://doi.org/10.1016/j.optlaseng.2018.11.010
http://doi.org/10.1007/s11042-017-5585-x
http://doi.org/10.1007/s11042-017-5585-x
http://doi.org/10.1007/s11042-017-5585-x
http://doi.org/10.1007/s11042-017-5585-x
http://doi.org/10.1007/s11042-017-5585-x
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1

#) 32 2 3R Acta Phys. Sin. Vol. 70, No. 23 (2021)

230502

(35]

[36]
37]
(38]

[39]
(40]
[41]

Bansal R, Gupta S, Sharma G 2017 Multimed. Tools. Appl.
76 16529

Hua Z 'Y, Zhou Y C, Huang H J 2019 Inf. Sci. 480 403

Wang X Y, Yang J J 2021 Inf. Sci. 569 217

Mandal M K, Kar M, Singh S K, Barnwal V K 2014 Secur.
Commun. Netw. T 2145

Wang X Y, Gao S 2020 Inf. Sci. 539 195

Wang M X, Wang X Y, Zhao T T, Zhang C, Xia Z Q, Yao N
M 2021 Inf. Sci. 544 1

Wang X Y, Wang T, Xu D H, Chen F 2014 Int. J. Modern
Phys. B 28 1450023

Zhou S, Wang X Y, Wang M X, Zhang Y Q 2020 Chaos
Solitons & Fract. 141 110225

Wang X Y, Gao S 2020 Inf. Sci. 507 16

Wang X Y, Liu C, Jiang D H 2021 Inf. Sci. 574 505

Zhang Y Q, Wang X Y 2015 Appl. Soft Comput. 26 10

Zhang Y Q, Jia Y R, Wang X Y, Niu Q, Chen N D 2020
IEEE Access 8 213296

He Y, Zhang Y Q, Wang X Y 2020 Neural Comput. Appl. 32
247

Zhang Y Q, Wang X Y, Liu L Y, Liu J 2018 Int. J. Bifurcat.
Chaos 28 1850020

Zhang Y Q, He Y, Wang X Y 2018 Physica A 490 148

Zhou S, Wang X Y, Zhang Y Q, Ge B, Wang M X, Gao S
2021 Multimed. Syst. (Published Online)

Zhang Y 2016 Chaotic Digital Image Cryptosystem (Beijing:
Tsinghua University Press) ppl06 -205 (in Chinese) [7 5
2016 1R 0BT BAG N  (db a: W A R A A ) G
106—2057]

Liu S T, Sun F Y 2009 Sci. Sin-Phys. Mech. Astron. 39 387
(in Chinese) [XIH4E, FMEHE 2009 P EE (G #E: WY )
2 RKICH) 39 387)

May R M 1976 Nature 261 459

Kanso A 2011 Commun. Nonlinear Sci. Numer. Simul. 16 822
Li S L, Liu CX, Hu X Y, Ni J K 2017 J. Xi'an Jiaotong
Univ. 51 35 (in (in Chinese) [Chinese) 217, X527, W%
T, B 2017 PIEASERER 51 35]

Kaneko K 1989 Physica D 34 1

Sinha S 2002 Phys. Rev. I 66 016209

Zhang Y @Q 2015 Ph. D. Dissertation (Dalian: Dalian
University of Technology) (in Chinese) (in Chinese) [5K 2 i

[42]
43]
[44]
[45]
(46]

[47]
(48]

[49]

[50]

[51]

[52]

[53]
[54]

[55]
[56]

[57]
[58]

[59]
[60]
(61]
[62]

[63]

230502-14

2015 22 AHE S (FOkE: RIEH T RK) |

Shi H, Wang L D 2019 Acta Phys. Sin. 68 200501 (in
Chinese) [fifif, TEiFt 2019 #1447 68 200501]

Zhuang Z B, Li J, Liu J Y, Chen S Q 2020 Acta Phys. Sin. 69
040502 (in Chinese) [FER&A, 2%, XM, Bititis 2020 Yy
2447 69 040502)

Zhang Q, Wei X P 2013 IETE Techn. Re. 30 404

Zhang Y Q, Wang X Y 2014 Inf. Seci. 273 329

Chen W, Guo Y, Jing S W 2020 Acta Phys. Sin. 69 240502
(in Chinese) [k, $81E, AR 2020 HyHE~#4 69 240502]

He Y, Zhang Y Q, He X, Wang X Y 2021 Sci. Rep. 11 6398
Ge Z C, Hu H P 2021 Cryptol. Res. 8 215 (in Chinese) [&%
G, BIBOE 2021 #SAR 8 215]

Xiong Y C, Zhao H 2019 Sci. Sin-Phys. Mech. Astron. 49 92
(in Chinese) [f&A7 AL, B 2019 PERE: YHE J1oe KL
249 92

Sangiorgio M, Dercole F 2020 Chaos, Solitons Fract. 139
110045

Huang W J, Li Y T, Huang Y 2021 Acta Phys. Sin. 70
010501 (in Chinese) [Hifh#:, 227k ¥, #iE 2021 YH“EH7 70
010501]

Wang X Y, Wang M J 2007 Acta Phys. Sin. 56 5136 (in
Chinese) [F247T, FHIZE 2007 P24k 56 5130]

Hochreiter S, Schmidhuber J 1997 Neural Comput. 9 1735
Wolf A, Swift J B, Swinney H L, Vastano J A 1985 Phys.
D:Nonlinear Phenomena 16 285

Gottwald G A, Melbourne I 2009 SIAM J. Appl. Dyn. Syst. 8
129

Gottwald G A, Melbourne I 2004 P. Roy. Soc. A-Math. Phy.
460 603

Wu Y, Noonan J P, Agaian S 2011 Cyber J. 1 31
Nepomuceno E G, Nardo L G, Arias-Garcia J, Butusov D N,
Tutueva A 2019 Chaos 29 061101

Zhou M J, Wang C H 2020 Signal Pro. 171 107484

Xian Y J, Wang X Y 2021 Inf. Sci. 547 1154

Wang X Y, Xue W H, An J B 2020 Chaos, Solitons Fract.
141 110309

Boriga R, Dascélescu A C, Priescu I 2014 Signal Processing:
Image Communication 29 887

Abolfazl Y N, Mohammad H M, Masood N T 2017 Optics
Lasers Eng. 90 225


http://doi.org/10.1007/s11042-016-3926-9
http://doi.org/10.1007/s11042-016-3926-9
http://doi.org/10.1007/s11042-016-3926-9
http://doi.org/10.1007/s11042-016-3926-9
http://doi.org/10.1016/j.ins.2018.12.048
http://doi.org/10.1016/j.ins.2018.12.048
http://doi.org/10.1016/j.ins.2018.12.048
http://doi.org/10.1016/j.ins.2018.12.048
http://doi.org/10.1016/j.ins.2018.12.048
http://doi.org/10.1016/j.ins.2021.04.013
http://doi.org/10.1016/j.ins.2021.04.013
http://doi.org/10.1016/j.ins.2021.04.013
http://doi.org/10.1016/j.ins.2021.04.013
http://doi.org/10.1016/j.ins.2021.04.013
http://doi.org/10.1002/sec.927
http://doi.org/10.1002/sec.927
http://doi.org/10.1002/sec.927
http://doi.org/10.1002/sec.927
http://doi.org/10.1002/sec.927
http://doi.org/10.1016/j.ins.2020.06.030
http://doi.org/10.1016/j.ins.2020.06.030
http://doi.org/10.1016/j.ins.2020.06.030
http://doi.org/10.1016/j.ins.2020.06.030
http://doi.org/10.1016/j.ins.2020.06.030
http://doi.org/10.1016/j.ins.2020.07.051
http://doi.org/10.1016/j.ins.2020.07.051
http://doi.org/10.1016/j.ins.2020.07.051
http://doi.org/10.1016/j.ins.2020.07.051
http://doi.org/10.1016/j.ins.2020.07.051
http://doi.org/10.1142/S0217979214500234
http://doi.org/10.1142/S0217979214500234
http://doi.org/10.1142/S0217979214500234
http://doi.org/10.1142/S0217979214500234
http://doi.org/10.1142/S0217979214500234
http://doi.org/10.1016/j.chaos.2020.110225
http://doi.org/10.1016/j.chaos.2020.110225
http://doi.org/10.1016/j.chaos.2020.110225
http://doi.org/10.1016/j.chaos.2020.110225
http://doi.org/10.1016/j.chaos.2020.110225
http://doi.org/10.1016/j.ins.2019.08.041
http://doi.org/10.1016/j.ins.2019.08.041
http://doi.org/10.1016/j.ins.2019.08.041
http://doi.org/10.1016/j.ins.2019.08.041
http://doi.org/10.1016/j.ins.2019.08.041
http://doi.org/10.1016/j.ins.2021.06.032
http://doi.org/10.1016/j.ins.2021.06.032
http://doi.org/10.1016/j.ins.2021.06.032
http://doi.org/10.1016/j.ins.2021.06.032
http://doi.org/10.1016/j.ins.2021.06.032
http://doi.org/10.1016/j.asoc.2014.09.039
http://doi.org/10.1016/j.asoc.2014.09.039
http://doi.org/10.1016/j.asoc.2014.09.039
http://doi.org/10.1016/j.asoc.2014.09.039
http://doi.org/10.1016/j.asoc.2014.09.039
http://doi.org/10.1109/ACCESS.2020.3039323
http://doi.org/10.1109/ACCESS.2020.3039323
http://doi.org/10.1109/ACCESS.2020.3039323
http://doi.org/10.1109/ACCESS.2020.3039323
http://doi.org/10.1007/s00521-018-3577-z
http://doi.org/10.1007/s00521-018-3577-z
http://doi.org/10.1007/s00521-018-3577-z
http://doi.org/10.1007/s00521-018-3577-z
http://doi.org/10.1142/S0218127418500207
http://doi.org/10.1142/S0218127418500207
http://doi.org/10.1142/S0218127418500207
http://doi.org/10.1142/S0218127418500207
http://doi.org/10.1142/S0218127418500207
http://doi.org/10.1016/j.physa.2017.07.019
http://doi.org/10.1016/j.physa.2017.07.019
http://doi.org/10.1016/j.physa.2017.07.019
http://doi.org/10.1016/j.physa.2017.07.019
http://doi.org/10.1016/j.physa.2017.07.019
http://doi.org/10.1007/s00530-021-00803-8
http://doi.org/10.1007/s00530-021-00803-8
https://www.sciengine.com/publisher/scp/journal/SCSGPMA/39/3/10.1360/2009-39-3-387?slug=fulltext
https://www.sciengine.com/publisher/scp/journal/SCSGPMA/39/3/10.1360/2009-39-3-387?slug=fulltext
https://www.sciengine.com/publisher/scp/journal/SCSGPMA/39/3/10.1360/2009-39-3-387?slug=fulltext
https://www.sciengine.com/publisher/scp/journal/SCSGPMA/39/3/10.1360/2009-39-3-387?slug=fulltext
https://www.sciengine.com/publisher/scp/journal/SCSGPMA/39/3/10.1360/2009-39-3-387?slug=fulltext
https://www.sciengine.com/publisher/scp/journal/SCSGPMA/39/3/10.1360/2009-39-3-387?slug=fulltext
https://www.sciengine.com/publisher/scp/journal/SCSGPMA/39/3/10.1360/2009-39-3-387?slug=fulltext
https://www.sciengine.com/publisher/scp/journal/SCSGPMA/39/3/10.1360/2009-39-3-387?slug=fulltext
https://www.sciengine.com/publisher/scp/journal/SCSGPMA/39/3/10.1360/2009-39-3-387?slug=fulltext
https://www.sciengine.com/publisher/scp/journal/SCSGPMA/39/3/10.1360/2009-39-3-387?slug=fulltext
https://www.sciengine.com/publisher/scp/journal/SCSGPMA/39/3/10.1360/2009-39-3-387?slug=fulltext
https://www.sciengine.com/publisher/scp/journal/SCSGPMA/39/3/10.1360/2009-39-3-387?slug=fulltext
https://www.sciengine.com/publisher/scp/journal/SCSGPMA/39/3/10.1360/2009-39-3-387?slug=fulltext
https://www.sciengine.com/publisher/scp/journal/SCSGPMA/39/3/10.1360/2009-39-3-387?slug=fulltext
https://www.sciengine.com/publisher/scp/journal/SCSGPMA/39/3/10.1360/2009-39-3-387?slug=fulltext
https://www.sciengine.com/publisher/scp/journal/SCSGPMA/39/3/10.1360/2009-39-3-387?slug=fulltext
https://www.sciengine.com/publisher/scp/journal/SCSGPMA/39/3/10.1360/2009-39-3-387?slug=fulltext
https://www.sciengine.com/publisher/scp/journal/SCSGPMA/39/3/10.1360/2009-39-3-387?slug=fulltext
https://www.sciengine.com/publisher/scp/journal/SCSGPMA/39/3/10.1360/2009-39-3-387?slug=fulltext
https://www.sciengine.com/publisher/scp/journal/SCSGPMA/39/3/10.1360/2009-39-3-387?slug=fulltext
https://www.sciengine.com/publisher/scp/journal/SCSGPMA/39/3/10.1360/2009-39-3-387?slug=fulltext
https://www.sciengine.com/publisher/scp/journal/SCSGPMA/39/3/10.1360/2009-39-3-387?slug=fulltext
http://doi.org/10.1201/9780203734636-5
http://doi.org/10.1201/9780203734636-5
http://doi.org/10.1201/9780203734636-5
http://doi.org/10.1201/9780203734636-5
http://doi.org/10.1201/9780203734636-5
http://doi.org/10.1016/j.cnsns.2010.04.039
http://doi.org/10.1016/j.cnsns.2010.04.039
http://doi.org/10.1016/j.cnsns.2010.04.039
http://doi.org/10.1016/j.cnsns.2010.04.039
http://doi.org/10.1016/j.cnsns.2010.04.039
http://doi.org/10.1016/0167-2789(89)90227-3
http://doi.org/10.1016/0167-2789(89)90227-3
http://doi.org/10.1016/0167-2789(89)90227-3
http://doi.org/10.1016/0167-2789(89)90227-3
http://doi.org/10.1016/0167-2789(89)90227-3
http://doi.org/10.1103/PhysRevE.66.016209
http://doi.org/10.1103/PhysRevE.66.016209
http://doi.org/10.1103/PhysRevE.66.016209
http://doi.org/10.1103/PhysRevE.66.016209
http://doi.org/10.1103/PhysRevE.66.016209
http://doi.org/10.7498/aps.68.20190553
http://doi.org/10.7498/aps.68.20190553
http://doi.org/10.7498/aps.68.20190553
http://doi.org/10.7498/aps.68.20190553
http://doi.org/10.7498/aps.68.20190553
http://doi.org/10.7498/aps.68.20190553
http://doi.org/10.7498/aps.68.20190553
http://doi.org/10.7498/aps.68.20190553
http://doi.org/10.7498/aps.68.20190553
http://doi.org/10.7498/aps.68.20190553
http://doi.org/10.7498/aps.69.20191342
http://doi.org/10.7498/aps.69.20191342
http://doi.org/10.7498/aps.69.20191342
http://doi.org/10.7498/aps.69.20191342
http://doi.org/10.7498/aps.69.20191342
http://doi.org/10.7498/aps.69.20191342
http://doi.org/10.7498/aps.69.20191342
http://doi.org/10.7498/aps.69.20191342
http://doi.org/10.7498/aps.69.20191342
http://doi.org/10.7498/aps.69.20191342
https://www.tandfonline.com/doi/abs/10.4103/0256-4602.123123
https://www.tandfonline.com/doi/abs/10.4103/0256-4602.123123
https://www.tandfonline.com/doi/abs/10.4103/0256-4602.123123
https://www.tandfonline.com/doi/abs/10.4103/0256-4602.123123
https://www.tandfonline.com/doi/abs/10.4103/0256-4602.123123
http://doi.org/10.1016/j.ins.2014.02.156
http://doi.org/10.1016/j.ins.2014.02.156
http://doi.org/10.1016/j.ins.2014.02.156
http://doi.org/10.1016/j.ins.2014.02.156
http://doi.org/10.1016/j.ins.2014.02.156
http://doi.org/10.7498/aps.69.20201019
http://doi.org/10.7498/aps.69.20201019
http://doi.org/10.7498/aps.69.20201019
http://doi.org/10.7498/aps.69.20201019
http://doi.org/10.7498/aps.69.20201019
http://doi.org/10.7498/aps.69.20201019
http://doi.org/10.7498/aps.69.20201019
http://doi.org/10.7498/aps.69.20201019
http://doi.org/10.7498/aps.69.20201019
http://doi.org/10.7498/aps.69.20201019
http://doi.org/10.1038/s41598-021-85377-1
http://doi.org/10.1038/s41598-021-85377-1
http://doi.org/10.1038/s41598-021-85377-1
http://doi.org/10.1038/s41598-021-85377-1
http://doi.org/10.1038/s41598-021-85377-1
http://doi.org/10.13868/j.cnki.jcr.000432
http://doi.org/10.13868/j.cnki.jcr.000432
http://doi.org/10.13868/j.cnki.jcr.000432
http://doi.org/10.13868/j.cnki.jcr.000432
http://doi.org/10.13868/j.cnki.jcr.000432
http://doi.org/10.13868/j.cnki.jcr.000432
http://doi.org/10.13868/j.cnki.jcr.000432
http://doi.org/10.13868/j.cnki.jcr.000432
http://doi.org/10.13868/j.cnki.jcr.000432
http://doi.org/10.13868/j.cnki.jcr.000432
http://doi.org/10.1360/SSPMA-2019-0115
http://doi.org/10.1360/SSPMA-2019-0115
http://doi.org/10.1360/SSPMA-2019-0115
http://doi.org/10.1360/SSPMA-2019-0115
http://doi.org/10.1360/SSPMA-2019-0115
http://doi.org/10.1360/SSPMA-2019-0115
http://doi.org/10.1360/SSPMA-2019-0115
http://doi.org/10.1360/SSPMA-2019-0115
http://doi.org/10.1360/SSPMA-2019-0115
http://doi.org/10.1360/SSPMA-2019-0115
http://doi.org/10.1360/SSPMA-2019-0115
http://doi.org/10.1360/SSPMA-2019-0115
http://doi.org/10.1360/SSPMA-2019-0115
http://doi.org/10.1360/SSPMA-2019-0115
http://doi.org/10.1360/SSPMA-2019-0115
http://doi.org/10.1360/SSPMA-2019-0115
http://doi.org/10.1360/SSPMA-2019-0115
http://doi.org/10.1016/j.chaos.2020.110045
http://doi.org/10.1016/j.chaos.2020.110045
http://doi.org/10.1016/j.chaos.2020.110045
http://doi.org/10.1016/j.chaos.2020.110045
http://doi.org/10.7498/aps.70.20200899
http://doi.org/10.7498/aps.70.20200899
http://doi.org/10.7498/aps.70.20200899
http://doi.org/10.7498/aps.70.20200899
http://doi.org/10.7498/aps.70.20200899
http://doi.org/10.7498/aps.70.20200899
http://doi.org/10.7498/aps.70.20200899
http://doi.org/10.7498/aps.70.20200899
http://doi.org/10.7498/aps.56.5136
http://doi.org/10.7498/aps.56.5136
http://doi.org/10.7498/aps.56.5136
http://doi.org/10.7498/aps.56.5136
http://doi.org/10.7498/aps.56.5136
http://doi.org/10.7498/aps.56.5136
http://doi.org/10.7498/aps.56.5136
http://doi.org/10.7498/aps.56.5136
http://doi.org/10.7498/aps.56.5136
http://doi.org/10.7498/aps.56.5136
http://doi.org/10.1162/neco.1997.9.8.1735
http://doi.org/10.1162/neco.1997.9.8.1735
http://doi.org/10.1162/neco.1997.9.8.1735
http://doi.org/10.1162/neco.1997.9.8.1735
http://doi.org/10.1162/neco.1997.9.8.1735
http://doi.org/10.1016/0167-2789(85)90011-9
http://doi.org/10.1016/0167-2789(85)90011-9
http://doi.org/10.1016/0167-2789(85)90011-9
http://doi.org/10.1016/0167-2789(85)90011-9
http://doi.org/10.1016/0167-2789(85)90011-9
http://doi.org/10.1137/080718851
http://doi.org/10.1137/080718851
http://doi.org/10.1137/080718851
http://doi.org/10.1137/080718851
http://doi.org/10.1098/rspa.2003.1183
http://doi.org/10.1098/rspa.2003.1183
http://doi.org/10.1098/rspa.2003.1183
http://doi.org/10.1098/rspa.2003.1183
http://doi.org/10.1063/1.5099261
http://doi.org/10.1063/1.5099261
http://doi.org/10.1063/1.5099261
http://doi.org/10.1063/1.5099261
http://doi.org/10.1063/1.5099261
http://doi.org/10.1016/j.sigpro.2020.107484
http://doi.org/10.1016/j.sigpro.2020.107484
http://doi.org/10.1016/j.sigpro.2020.107484
http://doi.org/10.1016/j.sigpro.2020.107484
http://doi.org/10.1016/j.sigpro.2020.107484
http://doi.org/10.1016/j.ins.2020.09.055
http://doi.org/10.1016/j.ins.2020.09.055
http://doi.org/10.1016/j.ins.2020.09.055
http://doi.org/10.1016/j.ins.2020.09.055
http://doi.org/10.1016/j.ins.2020.09.055
http://doi.org/10.1016/j.chaos.2020.110309
http://doi.org/10.1016/j.chaos.2020.110309
http://doi.org/10.1016/j.chaos.2020.110309
http://doi.org/10.1016/j.chaos.2020.110309
https://doi.org/10.1016/j.image.2014.04.001
https://doi.org/10.1016/j.image.2014.04.001
https://doi.org/10.1016/j.image.2014.04.001
https://doi.org/10.1016/j.image.2014.04.001
https://doi.org/10.1016/j.image.2014.04.001
http://doi.org/10.1016/j.optlaseng.2016.10.019
http://doi.org/10.1016/j.optlaseng.2016.10.019
http://doi.org/10.1016/j.optlaseng.2016.10.019
http://doi.org/10.1016/j.optlaseng.2016.10.019
http://doi.org/10.1016/j.optlaseng.2016.10.019
http://doi.org/10.1007/s11042-016-3926-9
http://doi.org/10.1007/s11042-016-3926-9
http://doi.org/10.1007/s11042-016-3926-9
http://doi.org/10.1007/s11042-016-3926-9
http://doi.org/10.1016/j.ins.2018.12.048
http://doi.org/10.1016/j.ins.2018.12.048
http://doi.org/10.1016/j.ins.2018.12.048
http://doi.org/10.1016/j.ins.2018.12.048
http://doi.org/10.1016/j.ins.2018.12.048
http://doi.org/10.1016/j.ins.2021.04.013
http://doi.org/10.1016/j.ins.2021.04.013
http://doi.org/10.1016/j.ins.2021.04.013
http://doi.org/10.1016/j.ins.2021.04.013
http://doi.org/10.1016/j.ins.2021.04.013
http://doi.org/10.1002/sec.927
http://doi.org/10.1002/sec.927
http://doi.org/10.1002/sec.927
http://doi.org/10.1002/sec.927
http://doi.org/10.1002/sec.927
http://doi.org/10.1016/j.ins.2020.06.030
http://doi.org/10.1016/j.ins.2020.06.030
http://doi.org/10.1016/j.ins.2020.06.030
http://doi.org/10.1016/j.ins.2020.06.030
http://doi.org/10.1016/j.ins.2020.06.030
http://doi.org/10.1016/j.ins.2020.07.051
http://doi.org/10.1016/j.ins.2020.07.051
http://doi.org/10.1016/j.ins.2020.07.051
http://doi.org/10.1016/j.ins.2020.07.051
http://doi.org/10.1016/j.ins.2020.07.051
http://doi.org/10.1142/S0217979214500234
http://doi.org/10.1142/S0217979214500234
http://doi.org/10.1142/S0217979214500234
http://doi.org/10.1142/S0217979214500234
http://doi.org/10.1142/S0217979214500234
http://doi.org/10.1016/j.chaos.2020.110225
http://doi.org/10.1016/j.chaos.2020.110225
http://doi.org/10.1016/j.chaos.2020.110225
http://doi.org/10.1016/j.chaos.2020.110225
http://doi.org/10.1016/j.chaos.2020.110225
http://doi.org/10.1016/j.ins.2019.08.041
http://doi.org/10.1016/j.ins.2019.08.041
http://doi.org/10.1016/j.ins.2019.08.041
http://doi.org/10.1016/j.ins.2019.08.041
http://doi.org/10.1016/j.ins.2019.08.041
http://doi.org/10.1016/j.ins.2021.06.032
http://doi.org/10.1016/j.ins.2021.06.032
http://doi.org/10.1016/j.ins.2021.06.032
http://doi.org/10.1016/j.ins.2021.06.032
http://doi.org/10.1016/j.ins.2021.06.032
http://doi.org/10.1016/j.asoc.2014.09.039
http://doi.org/10.1016/j.asoc.2014.09.039
http://doi.org/10.1016/j.asoc.2014.09.039
http://doi.org/10.1016/j.asoc.2014.09.039
http://doi.org/10.1016/j.asoc.2014.09.039
http://doi.org/10.1109/ACCESS.2020.3039323
http://doi.org/10.1109/ACCESS.2020.3039323
http://doi.org/10.1109/ACCESS.2020.3039323
http://doi.org/10.1109/ACCESS.2020.3039323
http://doi.org/10.1007/s00521-018-3577-z
http://doi.org/10.1007/s00521-018-3577-z
http://doi.org/10.1007/s00521-018-3577-z
http://doi.org/10.1007/s00521-018-3577-z
http://doi.org/10.1142/S0218127418500207
http://doi.org/10.1142/S0218127418500207
http://doi.org/10.1142/S0218127418500207
http://doi.org/10.1142/S0218127418500207
http://doi.org/10.1142/S0218127418500207
http://doi.org/10.1016/j.physa.2017.07.019
http://doi.org/10.1016/j.physa.2017.07.019
http://doi.org/10.1016/j.physa.2017.07.019
http://doi.org/10.1016/j.physa.2017.07.019
http://doi.org/10.1016/j.physa.2017.07.019
http://doi.org/10.1007/s00530-021-00803-8
http://doi.org/10.1007/s00530-021-00803-8
https://www.sciengine.com/publisher/scp/journal/SCSGPMA/39/3/10.1360/2009-39-3-387?slug=fulltext
https://www.sciengine.com/publisher/scp/journal/SCSGPMA/39/3/10.1360/2009-39-3-387?slug=fulltext
https://www.sciengine.com/publisher/scp/journal/SCSGPMA/39/3/10.1360/2009-39-3-387?slug=fulltext
https://www.sciengine.com/publisher/scp/journal/SCSGPMA/39/3/10.1360/2009-39-3-387?slug=fulltext
https://www.sciengine.com/publisher/scp/journal/SCSGPMA/39/3/10.1360/2009-39-3-387?slug=fulltext
https://www.sciengine.com/publisher/scp/journal/SCSGPMA/39/3/10.1360/2009-39-3-387?slug=fulltext
https://www.sciengine.com/publisher/scp/journal/SCSGPMA/39/3/10.1360/2009-39-3-387?slug=fulltext
https://www.sciengine.com/publisher/scp/journal/SCSGPMA/39/3/10.1360/2009-39-3-387?slug=fulltext
https://www.sciengine.com/publisher/scp/journal/SCSGPMA/39/3/10.1360/2009-39-3-387?slug=fulltext
https://www.sciengine.com/publisher/scp/journal/SCSGPMA/39/3/10.1360/2009-39-3-387?slug=fulltext
https://www.sciengine.com/publisher/scp/journal/SCSGPMA/39/3/10.1360/2009-39-3-387?slug=fulltext
https://www.sciengine.com/publisher/scp/journal/SCSGPMA/39/3/10.1360/2009-39-3-387?slug=fulltext
https://www.sciengine.com/publisher/scp/journal/SCSGPMA/39/3/10.1360/2009-39-3-387?slug=fulltext
https://www.sciengine.com/publisher/scp/journal/SCSGPMA/39/3/10.1360/2009-39-3-387?slug=fulltext
https://www.sciengine.com/publisher/scp/journal/SCSGPMA/39/3/10.1360/2009-39-3-387?slug=fulltext
https://www.sciengine.com/publisher/scp/journal/SCSGPMA/39/3/10.1360/2009-39-3-387?slug=fulltext
https://www.sciengine.com/publisher/scp/journal/SCSGPMA/39/3/10.1360/2009-39-3-387?slug=fulltext
https://www.sciengine.com/publisher/scp/journal/SCSGPMA/39/3/10.1360/2009-39-3-387?slug=fulltext
https://www.sciengine.com/publisher/scp/journal/SCSGPMA/39/3/10.1360/2009-39-3-387?slug=fulltext
https://www.sciengine.com/publisher/scp/journal/SCSGPMA/39/3/10.1360/2009-39-3-387?slug=fulltext
https://www.sciengine.com/publisher/scp/journal/SCSGPMA/39/3/10.1360/2009-39-3-387?slug=fulltext
https://www.sciengine.com/publisher/scp/journal/SCSGPMA/39/3/10.1360/2009-39-3-387?slug=fulltext
http://doi.org/10.1201/9780203734636-5
http://doi.org/10.1201/9780203734636-5
http://doi.org/10.1201/9780203734636-5
http://doi.org/10.1201/9780203734636-5
http://doi.org/10.1201/9780203734636-5
http://doi.org/10.1016/j.cnsns.2010.04.039
http://doi.org/10.1016/j.cnsns.2010.04.039
http://doi.org/10.1016/j.cnsns.2010.04.039
http://doi.org/10.1016/j.cnsns.2010.04.039
http://doi.org/10.1016/j.cnsns.2010.04.039
http://doi.org/10.1016/0167-2789(89)90227-3
http://doi.org/10.1016/0167-2789(89)90227-3
http://doi.org/10.1016/0167-2789(89)90227-3
http://doi.org/10.1016/0167-2789(89)90227-3
http://doi.org/10.1016/0167-2789(89)90227-3
http://doi.org/10.1103/PhysRevE.66.016209
http://doi.org/10.1103/PhysRevE.66.016209
http://doi.org/10.1103/PhysRevE.66.016209
http://doi.org/10.1103/PhysRevE.66.016209
http://doi.org/10.1103/PhysRevE.66.016209
http://doi.org/10.7498/aps.68.20190553
http://doi.org/10.7498/aps.68.20190553
http://doi.org/10.7498/aps.68.20190553
http://doi.org/10.7498/aps.68.20190553
http://doi.org/10.7498/aps.68.20190553
http://doi.org/10.7498/aps.68.20190553
http://doi.org/10.7498/aps.68.20190553
http://doi.org/10.7498/aps.68.20190553
http://doi.org/10.7498/aps.68.20190553
http://doi.org/10.7498/aps.68.20190553
http://doi.org/10.7498/aps.69.20191342
http://doi.org/10.7498/aps.69.20191342
http://doi.org/10.7498/aps.69.20191342
http://doi.org/10.7498/aps.69.20191342
http://doi.org/10.7498/aps.69.20191342
http://doi.org/10.7498/aps.69.20191342
http://doi.org/10.7498/aps.69.20191342
http://doi.org/10.7498/aps.69.20191342
http://doi.org/10.7498/aps.69.20191342
http://doi.org/10.7498/aps.69.20191342
https://www.tandfonline.com/doi/abs/10.4103/0256-4602.123123
https://www.tandfonline.com/doi/abs/10.4103/0256-4602.123123
https://www.tandfonline.com/doi/abs/10.4103/0256-4602.123123
https://www.tandfonline.com/doi/abs/10.4103/0256-4602.123123
https://www.tandfonline.com/doi/abs/10.4103/0256-4602.123123
http://doi.org/10.1016/j.ins.2014.02.156
http://doi.org/10.1016/j.ins.2014.02.156
http://doi.org/10.1016/j.ins.2014.02.156
http://doi.org/10.1016/j.ins.2014.02.156
http://doi.org/10.1016/j.ins.2014.02.156
http://doi.org/10.7498/aps.69.20201019
http://doi.org/10.7498/aps.69.20201019
http://doi.org/10.7498/aps.69.20201019
http://doi.org/10.7498/aps.69.20201019
http://doi.org/10.7498/aps.69.20201019
http://doi.org/10.7498/aps.69.20201019
http://doi.org/10.7498/aps.69.20201019
http://doi.org/10.7498/aps.69.20201019
http://doi.org/10.7498/aps.69.20201019
http://doi.org/10.7498/aps.69.20201019
http://doi.org/10.1038/s41598-021-85377-1
http://doi.org/10.1038/s41598-021-85377-1
http://doi.org/10.1038/s41598-021-85377-1
http://doi.org/10.1038/s41598-021-85377-1
http://doi.org/10.1038/s41598-021-85377-1
http://doi.org/10.13868/j.cnki.jcr.000432
http://doi.org/10.13868/j.cnki.jcr.000432
http://doi.org/10.13868/j.cnki.jcr.000432
http://doi.org/10.13868/j.cnki.jcr.000432
http://doi.org/10.13868/j.cnki.jcr.000432
http://doi.org/10.13868/j.cnki.jcr.000432
http://doi.org/10.13868/j.cnki.jcr.000432
http://doi.org/10.13868/j.cnki.jcr.000432
http://doi.org/10.13868/j.cnki.jcr.000432
http://doi.org/10.13868/j.cnki.jcr.000432
http://doi.org/10.1360/SSPMA-2019-0115
http://doi.org/10.1360/SSPMA-2019-0115
http://doi.org/10.1360/SSPMA-2019-0115
http://doi.org/10.1360/SSPMA-2019-0115
http://doi.org/10.1360/SSPMA-2019-0115
http://doi.org/10.1360/SSPMA-2019-0115
http://doi.org/10.1360/SSPMA-2019-0115
http://doi.org/10.1360/SSPMA-2019-0115
http://doi.org/10.1360/SSPMA-2019-0115
http://doi.org/10.1360/SSPMA-2019-0115
http://doi.org/10.1360/SSPMA-2019-0115
http://doi.org/10.1360/SSPMA-2019-0115
http://doi.org/10.1360/SSPMA-2019-0115
http://doi.org/10.1360/SSPMA-2019-0115
http://doi.org/10.1360/SSPMA-2019-0115
http://doi.org/10.1360/SSPMA-2019-0115
http://doi.org/10.1360/SSPMA-2019-0115
http://doi.org/10.1016/j.chaos.2020.110045
http://doi.org/10.1016/j.chaos.2020.110045
http://doi.org/10.1016/j.chaos.2020.110045
http://doi.org/10.1016/j.chaos.2020.110045
http://doi.org/10.7498/aps.70.20200899
http://doi.org/10.7498/aps.70.20200899
http://doi.org/10.7498/aps.70.20200899
http://doi.org/10.7498/aps.70.20200899
http://doi.org/10.7498/aps.70.20200899
http://doi.org/10.7498/aps.70.20200899
http://doi.org/10.7498/aps.70.20200899
http://doi.org/10.7498/aps.70.20200899
http://doi.org/10.7498/aps.56.5136
http://doi.org/10.7498/aps.56.5136
http://doi.org/10.7498/aps.56.5136
http://doi.org/10.7498/aps.56.5136
http://doi.org/10.7498/aps.56.5136
http://doi.org/10.7498/aps.56.5136
http://doi.org/10.7498/aps.56.5136
http://doi.org/10.7498/aps.56.5136
http://doi.org/10.7498/aps.56.5136
http://doi.org/10.7498/aps.56.5136
http://doi.org/10.1162/neco.1997.9.8.1735
http://doi.org/10.1162/neco.1997.9.8.1735
http://doi.org/10.1162/neco.1997.9.8.1735
http://doi.org/10.1162/neco.1997.9.8.1735
http://doi.org/10.1162/neco.1997.9.8.1735
http://doi.org/10.1016/0167-2789(85)90011-9
http://doi.org/10.1016/0167-2789(85)90011-9
http://doi.org/10.1016/0167-2789(85)90011-9
http://doi.org/10.1016/0167-2789(85)90011-9
http://doi.org/10.1016/0167-2789(85)90011-9
http://doi.org/10.1137/080718851
http://doi.org/10.1137/080718851
http://doi.org/10.1137/080718851
http://doi.org/10.1137/080718851
http://doi.org/10.1098/rspa.2003.1183
http://doi.org/10.1098/rspa.2003.1183
http://doi.org/10.1098/rspa.2003.1183
http://doi.org/10.1098/rspa.2003.1183
http://doi.org/10.1063/1.5099261
http://doi.org/10.1063/1.5099261
http://doi.org/10.1063/1.5099261
http://doi.org/10.1063/1.5099261
http://doi.org/10.1063/1.5099261
http://doi.org/10.1016/j.sigpro.2020.107484
http://doi.org/10.1016/j.sigpro.2020.107484
http://doi.org/10.1016/j.sigpro.2020.107484
http://doi.org/10.1016/j.sigpro.2020.107484
http://doi.org/10.1016/j.sigpro.2020.107484
http://doi.org/10.1016/j.ins.2020.09.055
http://doi.org/10.1016/j.ins.2020.09.055
http://doi.org/10.1016/j.ins.2020.09.055
http://doi.org/10.1016/j.ins.2020.09.055
http://doi.org/10.1016/j.ins.2020.09.055
http://doi.org/10.1016/j.chaos.2020.110309
http://doi.org/10.1016/j.chaos.2020.110309
http://doi.org/10.1016/j.chaos.2020.110309
http://doi.org/10.1016/j.chaos.2020.110309
https://doi.org/10.1016/j.image.2014.04.001
https://doi.org/10.1016/j.image.2014.04.001
https://doi.org/10.1016/j.image.2014.04.001
https://doi.org/10.1016/j.image.2014.04.001
https://doi.org/10.1016/j.image.2014.04.001
http://doi.org/10.1016/j.optlaseng.2016.10.019
http://doi.org/10.1016/j.optlaseng.2016.10.019
http://doi.org/10.1016/j.optlaseng.2016.10.019
http://doi.org/10.1016/j.optlaseng.2016.10.019
http://doi.org/10.1016/j.optlaseng.2016.10.019
http://doi.org/10.1007/s11042-016-3926-9
http://doi.org/10.1007/s11042-016-3926-9
http://doi.org/10.1007/s11042-016-3926-9
http://doi.org/10.1007/s11042-016-3926-9
http://doi.org/10.1016/j.ins.2018.12.048
http://doi.org/10.1016/j.ins.2018.12.048
http://doi.org/10.1016/j.ins.2018.12.048
http://doi.org/10.1016/j.ins.2018.12.048
http://doi.org/10.1016/j.ins.2018.12.048
http://doi.org/10.1016/j.ins.2021.04.013
http://doi.org/10.1016/j.ins.2021.04.013
http://doi.org/10.1016/j.ins.2021.04.013
http://doi.org/10.1016/j.ins.2021.04.013
http://doi.org/10.1016/j.ins.2021.04.013
http://doi.org/10.1002/sec.927
http://doi.org/10.1002/sec.927
http://doi.org/10.1002/sec.927
http://doi.org/10.1002/sec.927
http://doi.org/10.1002/sec.927
http://doi.org/10.1016/j.ins.2020.06.030
http://doi.org/10.1016/j.ins.2020.06.030
http://doi.org/10.1016/j.ins.2020.06.030
http://doi.org/10.1016/j.ins.2020.06.030
http://doi.org/10.1016/j.ins.2020.06.030
http://doi.org/10.1016/j.ins.2020.07.051
http://doi.org/10.1016/j.ins.2020.07.051
http://doi.org/10.1016/j.ins.2020.07.051
http://doi.org/10.1016/j.ins.2020.07.051
http://doi.org/10.1016/j.ins.2020.07.051
http://doi.org/10.1142/S0217979214500234
http://doi.org/10.1142/S0217979214500234
http://doi.org/10.1142/S0217979214500234
http://doi.org/10.1142/S0217979214500234
http://doi.org/10.1142/S0217979214500234
http://doi.org/10.1016/j.chaos.2020.110225
http://doi.org/10.1016/j.chaos.2020.110225
http://doi.org/10.1016/j.chaos.2020.110225
http://doi.org/10.1016/j.chaos.2020.110225
http://doi.org/10.1016/j.chaos.2020.110225
http://doi.org/10.1016/j.ins.2019.08.041
http://doi.org/10.1016/j.ins.2019.08.041
http://doi.org/10.1016/j.ins.2019.08.041
http://doi.org/10.1016/j.ins.2019.08.041
http://doi.org/10.1016/j.ins.2019.08.041
http://doi.org/10.1016/j.ins.2021.06.032
http://doi.org/10.1016/j.ins.2021.06.032
http://doi.org/10.1016/j.ins.2021.06.032
http://doi.org/10.1016/j.ins.2021.06.032
http://doi.org/10.1016/j.ins.2021.06.032
http://doi.org/10.1016/j.asoc.2014.09.039
http://doi.org/10.1016/j.asoc.2014.09.039
http://doi.org/10.1016/j.asoc.2014.09.039
http://doi.org/10.1016/j.asoc.2014.09.039
http://doi.org/10.1016/j.asoc.2014.09.039
http://doi.org/10.1109/ACCESS.2020.3039323
http://doi.org/10.1109/ACCESS.2020.3039323
http://doi.org/10.1109/ACCESS.2020.3039323
http://doi.org/10.1109/ACCESS.2020.3039323
http://doi.org/10.1007/s00521-018-3577-z
http://doi.org/10.1007/s00521-018-3577-z
http://doi.org/10.1007/s00521-018-3577-z
http://doi.org/10.1007/s00521-018-3577-z
http://doi.org/10.1142/S0218127418500207
http://doi.org/10.1142/S0218127418500207
http://doi.org/10.1142/S0218127418500207
http://doi.org/10.1142/S0218127418500207
http://doi.org/10.1142/S0218127418500207
http://doi.org/10.1016/j.physa.2017.07.019
http://doi.org/10.1016/j.physa.2017.07.019
http://doi.org/10.1016/j.physa.2017.07.019
http://doi.org/10.1016/j.physa.2017.07.019
http://doi.org/10.1016/j.physa.2017.07.019
http://doi.org/10.1007/s00530-021-00803-8
http://doi.org/10.1007/s00530-021-00803-8
https://www.sciengine.com/publisher/scp/journal/SCSGPMA/39/3/10.1360/2009-39-3-387?slug=fulltext
https://www.sciengine.com/publisher/scp/journal/SCSGPMA/39/3/10.1360/2009-39-3-387?slug=fulltext
https://www.sciengine.com/publisher/scp/journal/SCSGPMA/39/3/10.1360/2009-39-3-387?slug=fulltext
https://www.sciengine.com/publisher/scp/journal/SCSGPMA/39/3/10.1360/2009-39-3-387?slug=fulltext
https://www.sciengine.com/publisher/scp/journal/SCSGPMA/39/3/10.1360/2009-39-3-387?slug=fulltext
https://www.sciengine.com/publisher/scp/journal/SCSGPMA/39/3/10.1360/2009-39-3-387?slug=fulltext
https://www.sciengine.com/publisher/scp/journal/SCSGPMA/39/3/10.1360/2009-39-3-387?slug=fulltext
https://www.sciengine.com/publisher/scp/journal/SCSGPMA/39/3/10.1360/2009-39-3-387?slug=fulltext
https://www.sciengine.com/publisher/scp/journal/SCSGPMA/39/3/10.1360/2009-39-3-387?slug=fulltext
https://www.sciengine.com/publisher/scp/journal/SCSGPMA/39/3/10.1360/2009-39-3-387?slug=fulltext
https://www.sciengine.com/publisher/scp/journal/SCSGPMA/39/3/10.1360/2009-39-3-387?slug=fulltext
https://www.sciengine.com/publisher/scp/journal/SCSGPMA/39/3/10.1360/2009-39-3-387?slug=fulltext
https://www.sciengine.com/publisher/scp/journal/SCSGPMA/39/3/10.1360/2009-39-3-387?slug=fulltext
https://www.sciengine.com/publisher/scp/journal/SCSGPMA/39/3/10.1360/2009-39-3-387?slug=fulltext
https://www.sciengine.com/publisher/scp/journal/SCSGPMA/39/3/10.1360/2009-39-3-387?slug=fulltext
https://www.sciengine.com/publisher/scp/journal/SCSGPMA/39/3/10.1360/2009-39-3-387?slug=fulltext
https://www.sciengine.com/publisher/scp/journal/SCSGPMA/39/3/10.1360/2009-39-3-387?slug=fulltext
https://www.sciengine.com/publisher/scp/journal/SCSGPMA/39/3/10.1360/2009-39-3-387?slug=fulltext
https://www.sciengine.com/publisher/scp/journal/SCSGPMA/39/3/10.1360/2009-39-3-387?slug=fulltext
https://www.sciengine.com/publisher/scp/journal/SCSGPMA/39/3/10.1360/2009-39-3-387?slug=fulltext
https://www.sciengine.com/publisher/scp/journal/SCSGPMA/39/3/10.1360/2009-39-3-387?slug=fulltext
https://www.sciengine.com/publisher/scp/journal/SCSGPMA/39/3/10.1360/2009-39-3-387?slug=fulltext
http://doi.org/10.1201/9780203734636-5
http://doi.org/10.1201/9780203734636-5
http://doi.org/10.1201/9780203734636-5
http://doi.org/10.1201/9780203734636-5
http://doi.org/10.1201/9780203734636-5
http://doi.org/10.1016/j.cnsns.2010.04.039
http://doi.org/10.1016/j.cnsns.2010.04.039
http://doi.org/10.1016/j.cnsns.2010.04.039
http://doi.org/10.1016/j.cnsns.2010.04.039
http://doi.org/10.1016/j.cnsns.2010.04.039
http://doi.org/10.1016/0167-2789(89)90227-3
http://doi.org/10.1016/0167-2789(89)90227-3
http://doi.org/10.1016/0167-2789(89)90227-3
http://doi.org/10.1016/0167-2789(89)90227-3
http://doi.org/10.1016/0167-2789(89)90227-3
http://doi.org/10.1103/PhysRevE.66.016209
http://doi.org/10.1103/PhysRevE.66.016209
http://doi.org/10.1103/PhysRevE.66.016209
http://doi.org/10.1103/PhysRevE.66.016209
http://doi.org/10.1103/PhysRevE.66.016209
http://doi.org/10.1007/s11042-016-3926-9
http://doi.org/10.1007/s11042-016-3926-9
http://doi.org/10.1007/s11042-016-3926-9
http://doi.org/10.1007/s11042-016-3926-9
http://doi.org/10.1016/j.ins.2018.12.048
http://doi.org/10.1016/j.ins.2018.12.048
http://doi.org/10.1016/j.ins.2018.12.048
http://doi.org/10.1016/j.ins.2018.12.048
http://doi.org/10.1016/j.ins.2018.12.048
http://doi.org/10.1016/j.ins.2021.04.013
http://doi.org/10.1016/j.ins.2021.04.013
http://doi.org/10.1016/j.ins.2021.04.013
http://doi.org/10.1016/j.ins.2021.04.013
http://doi.org/10.1016/j.ins.2021.04.013
http://doi.org/10.1002/sec.927
http://doi.org/10.1002/sec.927
http://doi.org/10.1002/sec.927
http://doi.org/10.1002/sec.927
http://doi.org/10.1002/sec.927
http://doi.org/10.1016/j.ins.2020.06.030
http://doi.org/10.1016/j.ins.2020.06.030
http://doi.org/10.1016/j.ins.2020.06.030
http://doi.org/10.1016/j.ins.2020.06.030
http://doi.org/10.1016/j.ins.2020.06.030
http://doi.org/10.1016/j.ins.2020.07.051
http://doi.org/10.1016/j.ins.2020.07.051
http://doi.org/10.1016/j.ins.2020.07.051
http://doi.org/10.1016/j.ins.2020.07.051
http://doi.org/10.1016/j.ins.2020.07.051
http://doi.org/10.1142/S0217979214500234
http://doi.org/10.1142/S0217979214500234
http://doi.org/10.1142/S0217979214500234
http://doi.org/10.1142/S0217979214500234
http://doi.org/10.1142/S0217979214500234
http://doi.org/10.1016/j.chaos.2020.110225
http://doi.org/10.1016/j.chaos.2020.110225
http://doi.org/10.1016/j.chaos.2020.110225
http://doi.org/10.1016/j.chaos.2020.110225
http://doi.org/10.1016/j.chaos.2020.110225
http://doi.org/10.1016/j.ins.2019.08.041
http://doi.org/10.1016/j.ins.2019.08.041
http://doi.org/10.1016/j.ins.2019.08.041
http://doi.org/10.1016/j.ins.2019.08.041
http://doi.org/10.1016/j.ins.2019.08.041
http://doi.org/10.1016/j.ins.2021.06.032
http://doi.org/10.1016/j.ins.2021.06.032
http://doi.org/10.1016/j.ins.2021.06.032
http://doi.org/10.1016/j.ins.2021.06.032
http://doi.org/10.1016/j.ins.2021.06.032
http://doi.org/10.1016/j.asoc.2014.09.039
http://doi.org/10.1016/j.asoc.2014.09.039
http://doi.org/10.1016/j.asoc.2014.09.039
http://doi.org/10.1016/j.asoc.2014.09.039
http://doi.org/10.1016/j.asoc.2014.09.039
http://doi.org/10.1109/ACCESS.2020.3039323
http://doi.org/10.1109/ACCESS.2020.3039323
http://doi.org/10.1109/ACCESS.2020.3039323
http://doi.org/10.1109/ACCESS.2020.3039323
http://doi.org/10.1007/s00521-018-3577-z
http://doi.org/10.1007/s00521-018-3577-z
http://doi.org/10.1007/s00521-018-3577-z
http://doi.org/10.1007/s00521-018-3577-z
http://doi.org/10.1142/S0218127418500207
http://doi.org/10.1142/S0218127418500207
http://doi.org/10.1142/S0218127418500207
http://doi.org/10.1142/S0218127418500207
http://doi.org/10.1142/S0218127418500207
http://doi.org/10.1016/j.physa.2017.07.019
http://doi.org/10.1016/j.physa.2017.07.019
http://doi.org/10.1016/j.physa.2017.07.019
http://doi.org/10.1016/j.physa.2017.07.019
http://doi.org/10.1016/j.physa.2017.07.019
http://doi.org/10.1007/s00530-021-00803-8
http://doi.org/10.1007/s00530-021-00803-8
https://www.sciengine.com/publisher/scp/journal/SCSGPMA/39/3/10.1360/2009-39-3-387?slug=fulltext
https://www.sciengine.com/publisher/scp/journal/SCSGPMA/39/3/10.1360/2009-39-3-387?slug=fulltext
https://www.sciengine.com/publisher/scp/journal/SCSGPMA/39/3/10.1360/2009-39-3-387?slug=fulltext
https://www.sciengine.com/publisher/scp/journal/SCSGPMA/39/3/10.1360/2009-39-3-387?slug=fulltext
https://www.sciengine.com/publisher/scp/journal/SCSGPMA/39/3/10.1360/2009-39-3-387?slug=fulltext
https://www.sciengine.com/publisher/scp/journal/SCSGPMA/39/3/10.1360/2009-39-3-387?slug=fulltext
https://www.sciengine.com/publisher/scp/journal/SCSGPMA/39/3/10.1360/2009-39-3-387?slug=fulltext
https://www.sciengine.com/publisher/scp/journal/SCSGPMA/39/3/10.1360/2009-39-3-387?slug=fulltext
https://www.sciengine.com/publisher/scp/journal/SCSGPMA/39/3/10.1360/2009-39-3-387?slug=fulltext
https://www.sciengine.com/publisher/scp/journal/SCSGPMA/39/3/10.1360/2009-39-3-387?slug=fulltext
https://www.sciengine.com/publisher/scp/journal/SCSGPMA/39/3/10.1360/2009-39-3-387?slug=fulltext
https://www.sciengine.com/publisher/scp/journal/SCSGPMA/39/3/10.1360/2009-39-3-387?slug=fulltext
https://www.sciengine.com/publisher/scp/journal/SCSGPMA/39/3/10.1360/2009-39-3-387?slug=fulltext
https://www.sciengine.com/publisher/scp/journal/SCSGPMA/39/3/10.1360/2009-39-3-387?slug=fulltext
https://www.sciengine.com/publisher/scp/journal/SCSGPMA/39/3/10.1360/2009-39-3-387?slug=fulltext
https://www.sciengine.com/publisher/scp/journal/SCSGPMA/39/3/10.1360/2009-39-3-387?slug=fulltext
https://www.sciengine.com/publisher/scp/journal/SCSGPMA/39/3/10.1360/2009-39-3-387?slug=fulltext
https://www.sciengine.com/publisher/scp/journal/SCSGPMA/39/3/10.1360/2009-39-3-387?slug=fulltext
https://www.sciengine.com/publisher/scp/journal/SCSGPMA/39/3/10.1360/2009-39-3-387?slug=fulltext
https://www.sciengine.com/publisher/scp/journal/SCSGPMA/39/3/10.1360/2009-39-3-387?slug=fulltext
https://www.sciengine.com/publisher/scp/journal/SCSGPMA/39/3/10.1360/2009-39-3-387?slug=fulltext
https://www.sciengine.com/publisher/scp/journal/SCSGPMA/39/3/10.1360/2009-39-3-387?slug=fulltext
http://doi.org/10.1201/9780203734636-5
http://doi.org/10.1201/9780203734636-5
http://doi.org/10.1201/9780203734636-5
http://doi.org/10.1201/9780203734636-5
http://doi.org/10.1201/9780203734636-5
http://doi.org/10.1016/j.cnsns.2010.04.039
http://doi.org/10.1016/j.cnsns.2010.04.039
http://doi.org/10.1016/j.cnsns.2010.04.039
http://doi.org/10.1016/j.cnsns.2010.04.039
http://doi.org/10.1016/j.cnsns.2010.04.039
http://doi.org/10.1016/0167-2789(89)90227-3
http://doi.org/10.1016/0167-2789(89)90227-3
http://doi.org/10.1016/0167-2789(89)90227-3
http://doi.org/10.1016/0167-2789(89)90227-3
http://doi.org/10.1016/0167-2789(89)90227-3
http://doi.org/10.1103/PhysRevE.66.016209
http://doi.org/10.1103/PhysRevE.66.016209
http://doi.org/10.1103/PhysRevE.66.016209
http://doi.org/10.1103/PhysRevE.66.016209
http://doi.org/10.1103/PhysRevE.66.016209
http://doi.org/10.7498/aps.68.20190553
http://doi.org/10.7498/aps.68.20190553
http://doi.org/10.7498/aps.68.20190553
http://doi.org/10.7498/aps.68.20190553
http://doi.org/10.7498/aps.68.20190553
http://doi.org/10.7498/aps.68.20190553
http://doi.org/10.7498/aps.68.20190553
http://doi.org/10.7498/aps.68.20190553
http://doi.org/10.7498/aps.68.20190553
http://doi.org/10.7498/aps.68.20190553
http://doi.org/10.7498/aps.69.20191342
http://doi.org/10.7498/aps.69.20191342
http://doi.org/10.7498/aps.69.20191342
http://doi.org/10.7498/aps.69.20191342
http://doi.org/10.7498/aps.69.20191342
http://doi.org/10.7498/aps.69.20191342
http://doi.org/10.7498/aps.69.20191342
http://doi.org/10.7498/aps.69.20191342
http://doi.org/10.7498/aps.69.20191342
http://doi.org/10.7498/aps.69.20191342
https://www.tandfonline.com/doi/abs/10.4103/0256-4602.123123
https://www.tandfonline.com/doi/abs/10.4103/0256-4602.123123
https://www.tandfonline.com/doi/abs/10.4103/0256-4602.123123
https://www.tandfonline.com/doi/abs/10.4103/0256-4602.123123
https://www.tandfonline.com/doi/abs/10.4103/0256-4602.123123
http://doi.org/10.1016/j.ins.2014.02.156
http://doi.org/10.1016/j.ins.2014.02.156
http://doi.org/10.1016/j.ins.2014.02.156
http://doi.org/10.1016/j.ins.2014.02.156
http://doi.org/10.1016/j.ins.2014.02.156
http://doi.org/10.7498/aps.69.20201019
http://doi.org/10.7498/aps.69.20201019
http://doi.org/10.7498/aps.69.20201019
http://doi.org/10.7498/aps.69.20201019
http://doi.org/10.7498/aps.69.20201019
http://doi.org/10.7498/aps.69.20201019
http://doi.org/10.7498/aps.69.20201019
http://doi.org/10.7498/aps.69.20201019
http://doi.org/10.7498/aps.69.20201019
http://doi.org/10.7498/aps.69.20201019
http://doi.org/10.1038/s41598-021-85377-1
http://doi.org/10.1038/s41598-021-85377-1
http://doi.org/10.1038/s41598-021-85377-1
http://doi.org/10.1038/s41598-021-85377-1
http://doi.org/10.1038/s41598-021-85377-1
http://doi.org/10.13868/j.cnki.jcr.000432
http://doi.org/10.13868/j.cnki.jcr.000432
http://doi.org/10.13868/j.cnki.jcr.000432
http://doi.org/10.13868/j.cnki.jcr.000432
http://doi.org/10.13868/j.cnki.jcr.000432
http://doi.org/10.13868/j.cnki.jcr.000432
http://doi.org/10.13868/j.cnki.jcr.000432
http://doi.org/10.13868/j.cnki.jcr.000432
http://doi.org/10.13868/j.cnki.jcr.000432
http://doi.org/10.13868/j.cnki.jcr.000432
http://doi.org/10.1360/SSPMA-2019-0115
http://doi.org/10.1360/SSPMA-2019-0115
http://doi.org/10.1360/SSPMA-2019-0115
http://doi.org/10.1360/SSPMA-2019-0115
http://doi.org/10.1360/SSPMA-2019-0115
http://doi.org/10.1360/SSPMA-2019-0115
http://doi.org/10.1360/SSPMA-2019-0115
http://doi.org/10.1360/SSPMA-2019-0115
http://doi.org/10.1360/SSPMA-2019-0115
http://doi.org/10.1360/SSPMA-2019-0115
http://doi.org/10.1360/SSPMA-2019-0115
http://doi.org/10.1360/SSPMA-2019-0115
http://doi.org/10.1360/SSPMA-2019-0115
http://doi.org/10.1360/SSPMA-2019-0115
http://doi.org/10.1360/SSPMA-2019-0115
http://doi.org/10.1360/SSPMA-2019-0115
http://doi.org/10.1360/SSPMA-2019-0115
http://doi.org/10.1016/j.chaos.2020.110045
http://doi.org/10.1016/j.chaos.2020.110045
http://doi.org/10.1016/j.chaos.2020.110045
http://doi.org/10.1016/j.chaos.2020.110045
http://doi.org/10.7498/aps.70.20200899
http://doi.org/10.7498/aps.70.20200899
http://doi.org/10.7498/aps.70.20200899
http://doi.org/10.7498/aps.70.20200899
http://doi.org/10.7498/aps.70.20200899
http://doi.org/10.7498/aps.70.20200899
http://doi.org/10.7498/aps.70.20200899
http://doi.org/10.7498/aps.70.20200899
http://doi.org/10.7498/aps.56.5136
http://doi.org/10.7498/aps.56.5136
http://doi.org/10.7498/aps.56.5136
http://doi.org/10.7498/aps.56.5136
http://doi.org/10.7498/aps.56.5136
http://doi.org/10.7498/aps.56.5136
http://doi.org/10.7498/aps.56.5136
http://doi.org/10.7498/aps.56.5136
http://doi.org/10.7498/aps.56.5136
http://doi.org/10.7498/aps.56.5136
http://doi.org/10.1162/neco.1997.9.8.1735
http://doi.org/10.1162/neco.1997.9.8.1735
http://doi.org/10.1162/neco.1997.9.8.1735
http://doi.org/10.1162/neco.1997.9.8.1735
http://doi.org/10.1162/neco.1997.9.8.1735
http://doi.org/10.1016/0167-2789(85)90011-9
http://doi.org/10.1016/0167-2789(85)90011-9
http://doi.org/10.1016/0167-2789(85)90011-9
http://doi.org/10.1016/0167-2789(85)90011-9
http://doi.org/10.1016/0167-2789(85)90011-9
http://doi.org/10.1137/080718851
http://doi.org/10.1137/080718851
http://doi.org/10.1137/080718851
http://doi.org/10.1137/080718851
http://doi.org/10.1098/rspa.2003.1183
http://doi.org/10.1098/rspa.2003.1183
http://doi.org/10.1098/rspa.2003.1183
http://doi.org/10.1098/rspa.2003.1183
http://doi.org/10.1063/1.5099261
http://doi.org/10.1063/1.5099261
http://doi.org/10.1063/1.5099261
http://doi.org/10.1063/1.5099261
http://doi.org/10.1063/1.5099261
http://doi.org/10.1016/j.sigpro.2020.107484
http://doi.org/10.1016/j.sigpro.2020.107484
http://doi.org/10.1016/j.sigpro.2020.107484
http://doi.org/10.1016/j.sigpro.2020.107484
http://doi.org/10.1016/j.sigpro.2020.107484
http://doi.org/10.1016/j.ins.2020.09.055
http://doi.org/10.1016/j.ins.2020.09.055
http://doi.org/10.1016/j.ins.2020.09.055
http://doi.org/10.1016/j.ins.2020.09.055
http://doi.org/10.1016/j.ins.2020.09.055
http://doi.org/10.1016/j.chaos.2020.110309
http://doi.org/10.1016/j.chaos.2020.110309
http://doi.org/10.1016/j.chaos.2020.110309
http://doi.org/10.1016/j.chaos.2020.110309
https://doi.org/10.1016/j.image.2014.04.001
https://doi.org/10.1016/j.image.2014.04.001
https://doi.org/10.1016/j.image.2014.04.001
https://doi.org/10.1016/j.image.2014.04.001
https://doi.org/10.1016/j.image.2014.04.001
http://doi.org/10.1016/j.optlaseng.2016.10.019
http://doi.org/10.1016/j.optlaseng.2016.10.019
http://doi.org/10.1016/j.optlaseng.2016.10.019
http://doi.org/10.1016/j.optlaseng.2016.10.019
http://doi.org/10.1016/j.optlaseng.2016.10.019
http://doi.org/10.7498/aps.68.20190553
http://doi.org/10.7498/aps.68.20190553
http://doi.org/10.7498/aps.68.20190553
http://doi.org/10.7498/aps.68.20190553
http://doi.org/10.7498/aps.68.20190553
http://doi.org/10.7498/aps.68.20190553
http://doi.org/10.7498/aps.68.20190553
http://doi.org/10.7498/aps.68.20190553
http://doi.org/10.7498/aps.68.20190553
http://doi.org/10.7498/aps.68.20190553
http://doi.org/10.7498/aps.69.20191342
http://doi.org/10.7498/aps.69.20191342
http://doi.org/10.7498/aps.69.20191342
http://doi.org/10.7498/aps.69.20191342
http://doi.org/10.7498/aps.69.20191342
http://doi.org/10.7498/aps.69.20191342
http://doi.org/10.7498/aps.69.20191342
http://doi.org/10.7498/aps.69.20191342
http://doi.org/10.7498/aps.69.20191342
http://doi.org/10.7498/aps.69.20191342
https://www.tandfonline.com/doi/abs/10.4103/0256-4602.123123
https://www.tandfonline.com/doi/abs/10.4103/0256-4602.123123
https://www.tandfonline.com/doi/abs/10.4103/0256-4602.123123
https://www.tandfonline.com/doi/abs/10.4103/0256-4602.123123
https://www.tandfonline.com/doi/abs/10.4103/0256-4602.123123
http://doi.org/10.1016/j.ins.2014.02.156
http://doi.org/10.1016/j.ins.2014.02.156
http://doi.org/10.1016/j.ins.2014.02.156
http://doi.org/10.1016/j.ins.2014.02.156
http://doi.org/10.1016/j.ins.2014.02.156
http://doi.org/10.7498/aps.69.20201019
http://doi.org/10.7498/aps.69.20201019
http://doi.org/10.7498/aps.69.20201019
http://doi.org/10.7498/aps.69.20201019
http://doi.org/10.7498/aps.69.20201019
http://doi.org/10.7498/aps.69.20201019
http://doi.org/10.7498/aps.69.20201019
http://doi.org/10.7498/aps.69.20201019
http://doi.org/10.7498/aps.69.20201019
http://doi.org/10.7498/aps.69.20201019
http://doi.org/10.1038/s41598-021-85377-1
http://doi.org/10.1038/s41598-021-85377-1
http://doi.org/10.1038/s41598-021-85377-1
http://doi.org/10.1038/s41598-021-85377-1
http://doi.org/10.1038/s41598-021-85377-1
http://doi.org/10.13868/j.cnki.jcr.000432
http://doi.org/10.13868/j.cnki.jcr.000432
http://doi.org/10.13868/j.cnki.jcr.000432
http://doi.org/10.13868/j.cnki.jcr.000432
http://doi.org/10.13868/j.cnki.jcr.000432
http://doi.org/10.13868/j.cnki.jcr.000432
http://doi.org/10.13868/j.cnki.jcr.000432
http://doi.org/10.13868/j.cnki.jcr.000432
http://doi.org/10.13868/j.cnki.jcr.000432
http://doi.org/10.13868/j.cnki.jcr.000432
http://doi.org/10.1360/SSPMA-2019-0115
http://doi.org/10.1360/SSPMA-2019-0115
http://doi.org/10.1360/SSPMA-2019-0115
http://doi.org/10.1360/SSPMA-2019-0115
http://doi.org/10.1360/SSPMA-2019-0115
http://doi.org/10.1360/SSPMA-2019-0115
http://doi.org/10.1360/SSPMA-2019-0115
http://doi.org/10.1360/SSPMA-2019-0115
http://doi.org/10.1360/SSPMA-2019-0115
http://doi.org/10.1360/SSPMA-2019-0115
http://doi.org/10.1360/SSPMA-2019-0115
http://doi.org/10.1360/SSPMA-2019-0115
http://doi.org/10.1360/SSPMA-2019-0115
http://doi.org/10.1360/SSPMA-2019-0115
http://doi.org/10.1360/SSPMA-2019-0115
http://doi.org/10.1360/SSPMA-2019-0115
http://doi.org/10.1360/SSPMA-2019-0115
http://doi.org/10.1016/j.chaos.2020.110045
http://doi.org/10.1016/j.chaos.2020.110045
http://doi.org/10.1016/j.chaos.2020.110045
http://doi.org/10.1016/j.chaos.2020.110045
http://doi.org/10.7498/aps.70.20200899
http://doi.org/10.7498/aps.70.20200899
http://doi.org/10.7498/aps.70.20200899
http://doi.org/10.7498/aps.70.20200899
http://doi.org/10.7498/aps.70.20200899
http://doi.org/10.7498/aps.70.20200899
http://doi.org/10.7498/aps.70.20200899
http://doi.org/10.7498/aps.70.20200899
http://doi.org/10.7498/aps.56.5136
http://doi.org/10.7498/aps.56.5136
http://doi.org/10.7498/aps.56.5136
http://doi.org/10.7498/aps.56.5136
http://doi.org/10.7498/aps.56.5136
http://doi.org/10.7498/aps.56.5136
http://doi.org/10.7498/aps.56.5136
http://doi.org/10.7498/aps.56.5136
http://doi.org/10.7498/aps.56.5136
http://doi.org/10.7498/aps.56.5136
http://doi.org/10.1162/neco.1997.9.8.1735
http://doi.org/10.1162/neco.1997.9.8.1735
http://doi.org/10.1162/neco.1997.9.8.1735
http://doi.org/10.1162/neco.1997.9.8.1735
http://doi.org/10.1162/neco.1997.9.8.1735
http://doi.org/10.1016/0167-2789(85)90011-9
http://doi.org/10.1016/0167-2789(85)90011-9
http://doi.org/10.1016/0167-2789(85)90011-9
http://doi.org/10.1016/0167-2789(85)90011-9
http://doi.org/10.1016/0167-2789(85)90011-9
http://doi.org/10.1137/080718851
http://doi.org/10.1137/080718851
http://doi.org/10.1137/080718851
http://doi.org/10.1137/080718851
http://doi.org/10.1098/rspa.2003.1183
http://doi.org/10.1098/rspa.2003.1183
http://doi.org/10.1098/rspa.2003.1183
http://doi.org/10.1098/rspa.2003.1183
http://doi.org/10.1063/1.5099261
http://doi.org/10.1063/1.5099261
http://doi.org/10.1063/1.5099261
http://doi.org/10.1063/1.5099261
http://doi.org/10.1063/1.5099261
http://doi.org/10.1016/j.sigpro.2020.107484
http://doi.org/10.1016/j.sigpro.2020.107484
http://doi.org/10.1016/j.sigpro.2020.107484
http://doi.org/10.1016/j.sigpro.2020.107484
http://doi.org/10.1016/j.sigpro.2020.107484
http://doi.org/10.1016/j.ins.2020.09.055
http://doi.org/10.1016/j.ins.2020.09.055
http://doi.org/10.1016/j.ins.2020.09.055
http://doi.org/10.1016/j.ins.2020.09.055
http://doi.org/10.1016/j.ins.2020.09.055
http://doi.org/10.1016/j.chaos.2020.110309
http://doi.org/10.1016/j.chaos.2020.110309
http://doi.org/10.1016/j.chaos.2020.110309
http://doi.org/10.1016/j.chaos.2020.110309
https://doi.org/10.1016/j.image.2014.04.001
https://doi.org/10.1016/j.image.2014.04.001
https://doi.org/10.1016/j.image.2014.04.001
https://doi.org/10.1016/j.image.2014.04.001
https://doi.org/10.1016/j.image.2014.04.001
http://doi.org/10.1016/j.optlaseng.2016.10.019
http://doi.org/10.1016/j.optlaseng.2016.10.019
http://doi.org/10.1016/j.optlaseng.2016.10.019
http://doi.org/10.1016/j.optlaseng.2016.10.019
http://doi.org/10.1016/j.optlaseng.2016.10.019
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1

#) 32 2 3R Acta Phys. Sin. Vol. 70, No. 23 (2021) 230502

A new chaotic signal based on deep learning and
its application in image encryption”

Zhao Zhi-Peng?  Zhou Shuang !’ Wang Xing-Yuan ?)*

1) (School of Mathematical Sciences, Chongging Normal University, Chongging 401331, China)
2) (School of Information Science and Technology, Dalian Maritime University, Dalian 116026, China)

( Received 25 March 2021; revised manuscript received 8 July 2021 )

Abstract

To improve the security of image encryption in singular chaotic systems, an encryption algorithm based on
deep-learning is proposed in this paper. To begin with, the chaos sequence is generated by using a hyperchaotic
Lorenz system, prior to creating new chaotic signals based on chaotic characteristics obtained from he
simulations of the powerful complex network structure of long-short term memory artificial neural network
(LSTM-ANN). Then, dynamic characteristics of the new signals are analyzed with the largest Lyapunov
exponent, 0-1 test, power spectral analysis, phase diagrams and NIST test. In the end, the new signals are
applied to image encryption, the results of which verify the expected increased difficulty in attacking the
encrypted system. This is attributable to the differences of the new signals generated using the proposed method
from the original chaotic signals, as well as arises from the high complexity and nonlinearity of the system.
Considering its ability to withstand common encryption attacks, it is hence reasonable to conclude that the

proposed method exhibits higher safety and security than other traditional methods.
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