% H T K224 Journal of Xi’an University of Technology (2020) Vol. 36 No. 4 575

DOI:10. 19322/j. cnki. issn. 1006-4710. 2020. 04. 020

3 BB AT AR 3R

'JE% Mg, g E

NN
(1. AR R R 2 %ﬁ%ﬁi§1ﬁ s T7ZR TN 5106405 2. JUIT2EBE BR2EBE, YLVE JLYL 332005)

WE: BA e pa ik Mk S I AnERdEis, AT miRsrZe A mEk, X

?ﬁ/f(%‘& Ay #HNBHEE. FELRATHEEESI A S AR ES, F—F R B 5HY
FEMHE X, CRA AR INLEEF . BFELEAIZHRERAAL Logistic # %5 Hénon %

Y,i8id 5 o a B Bk R A8 HGE R A, R 5 R AR
W) . RGN F ok e 2 B R
KEWR: AR EMR; SR EAE; Rk
FES%ES: 019, N93 XHERARERD: A

A RRRFHE A NNE L R

MEHS: 1006-4710(2020)04-0575-06

Fractional-order approximate entropy algorithm
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Abstract: Entropy is an important index for measuring the chaos, randomness and complexity of
time series. Based on the theory of fractional calculus and entropy. a kind of fractional entropy is
firstly defined and analyzed, which is applied to the random variables of the standard normal dis-
tribution and the Poisson distribution. Furthermore, the fractional-order approximate entropy al-
gorithm is proposed, which is a new definition of and algorithm for entropy. It is successfully ap-
plied to the classical chaotic systems—Logistic system and Hénon system. By comparing with the
bifurcation diagram and Lyapunov exponent spectrum, the fractional-order approximate entropy

algorithm can better measure periodic orbits and chaotic sequences. Finally, the program codes of

the fractional-order approximate entropy algorithm are given.
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Ff-Logistic & 4 #Y 43 BUB 1T LA (Matlab fG %)
clear all;clc;close all;tot=400;u=linspace(0,2,tot) ;
for k=1:tot

x0=0.618; n=1; % Logistic & Z W tA1H

for p=1:500

x(n)=1—uk) * x0 * x0;x0=x(n) sn=n-+1; %i%EIC

end

x=x(200:end) 5 Yo F B A, O1 B W51 F40dR
entropy(k) = Fracapproximatentropy(x) ;
end %0 1 i F PR L
z=max(real(entropy) ,imag(entropy)) ; plot(u,z.'b. =) ;
axis([0,2.01, 2,201 s % Bl K AH L I i
xlabel '\ itu’, "FontName’, ' Times New Roman’, FontSize’,
20, FontWeight','bold) ;
ylabel C 43> %t By 3T {8l 4%, FontName’, " Times New Roman’,
‘FontSize', 20, FontWeight','bold) ;
set(gca,linewidth', 2, FontSize', 20) 5 Y0¥ & FIE 2k b
Y0 % Y0 Y6 Yo R FBR Y6 Y6 0 %6 U6 Y6 %6
function approx= Fracapproximatentropy(u)
m=2;r=0.1;N=length(u) ;a=0. 8; Totalnum=N—m-+1;
X=zeros( Totalnum,m) ; sum=0; % ¥ 4 & 15 &
for i=1:Totalnum

forj=1:m

X, p=uli+j—D;
end

end

for k=1:Totalnum
S=0; iR iR E
for j=1:Totalnum
distant=zeros(m,1) ;
for L=1:m
distant(L, 1) =abs(X(k, L) =X, L)) s % i+ H i B
end
d=max(distant) ;
if d<=rY% &
S=S+1; % RBUHH
end
end
C=(—1)"(—a) * (S/Totalnum)-a * log(S/Totalnum) ;
sum=sum-+C; %A A X iz
end
QMI=sum;m=m-+1;Totalnum=N—m-+1;
X=zeros(Totalnum.m) ;sum=0; % 1%k
for i=1:Totalnum
forj=1:m
XG,p=ul+j—1;
end
end
for k=1:Totalnum
S=0; Y i+ BB A (H
for j=1:Totalnum
distant=zeros(m,1) ;
for L=1:m
distant(L,1) =abs(X(k,L) —X(,L));
end
d=max(distant) ;
if d<=r
S=S+1; 7 R
end
end Y%A AXMEM
C=(—1)(—a) * (S/Totalnum)-a * log(S/Totalnum) ;
sum=sum-+C; % Kl
end

QM2 = sum;approx= QM1 — QM2 ; % i tH 4% F
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