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x7}+1 = 1xp (1 — xy)
f(xn) =71 —2rx,



Wl
%Wr"d“'cf “ &fﬁ"’
lyap=zeros(1,1600);
j=0;
for(r=3:0.001:4)
xnl=rand(1);
lyp=0;
j=3+1;
for(i=1:1060008)
Xn=xn1l; 1 ; . ,
%logistic map A== (lnlf(xo)| + lnlf(x1)| + et ln|f(xn_1)|)
Xnl=r*xn*(1-xn); n

%walt for transient ‘{:}'
if(i>3e0)

% calculate teh sum of logaritm
lyp=lyp+log(abs(r-2*r*xnl));

end
end i i

%calculate lyapun
lyp=1yp/10000; ‘ f(x,) =r—2rx,
lyap(J)=1yp;

end

r=3:0.01:4;

plot(r,lyap);

(§) Loy plol JHhadl ey o513 = Sty Sl o 10
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clear;clc;close all

%% Load data
load('Data.mat') ;

x = x(1:1000) ;
subplot(3,2,1:2);plot (x)
xlabel ('Sample')

U Ol glod allio (5 3l o0l

yvlabel ("x")

%% Set the parameters

m = 2; % Embedding dimension
T = 10; % Time delay

e = 0.1*max (x); % Epsilon threshold

'|IIZZI

P = 30; % The length of trajectory piece

%% Compute Lyapunov exponents with the linear divergence based on the Kantz method
subplot(3,2,3:6);

LE = KantzLyapunovExponents (x,m,T,e,P);

(t) L@) f\.ﬂ‘ LSU“‘J\ o o&éb*&b@g 33\.& ('.wl.é 14



{% function LE = KantzLyapunovExponents(x,m,T,e,P)
—| %% Rosenstein-Kantz Algorithm
Time series

Embedding dimension

Epsilon threshold

X
m

T : Time delay

e

= The length of trajectory plisce

d? o o of o o

LE : Lyapunov Exponents with the linear divergence

e delay phases based on Taken method

EmbeddingSpace (x,m, T) ;
1:F;

—-| for tau = Tau % loop for averaging on a1l of the states in ecuation s(n,tau)
{g for n = 1:L-tau % loop for sweeping the states of main trajectory
%% Find all of the states near by the state n based on the epsilon threshold
distance = sgrt(sum((¥Y-repmat(¥(n,:),s1ize(¥,1),1))."2,2));
nearestneighbor = distance<e;
nearestneighbor (distance==0) = 0;
nearestneighbor = find(nearestneighbor==1);
nearestneighbor (nearestneighbor>=(L-tau)) = []1;

%% Compute the ratio of Euclidean distances

d0 = sgrt(sum( {(repmat (¥ ({n, :)},length{nearestneighbor),1)-Y(nearestneighbor,:}))."2,2)}:

s(n,tau) = mean(dtau./d0);

dtau = sgrt(sum((repmat (Y (nttau, :),length(nearestneighbor), 1) -¥ (nearestneighbor+tau,:))."2,2));

- end

%% Average on the columns of s(n,taun) matrix

¥ = s{:,tau);
x({isnan(z)==1) = []:
S({tau) = mean(x)-;

- end
(C) Lé) (aL»‘ L;LJ‘ O c\i.i.;b — Gtmau LS;JLJ v-wg
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function LE = KantzLyapunovExponents(x,m,T,e,P)

%% Rosenstein-Kantz Algorithm

% x Time series
¥ m Embedding dimension
% T Time delay
t = Epsilon threshold
$ P The length of trajectory plisce
% LE Lyapunov Exponents with the linear divergence
L 1] = = = L ] | ] ] L : = ] 1 I ]
EmbeddingSpace (x,m, T) ; m
Tau = 1:P;
for tau = Tau % loop for averaging on all of the states in ecuation s(n,tau)
for n = 1:L-tau % loop for sweeping the states of main trajectory
%% Find all of the states near by the state n based on the epsilon threshold
distance = sgrt(sum((¥Y-repmat(¥(n,:),size(¥,1),1))."2,2));
nearestneighbor = distance<e; 9
nearestneighbor (distance==0) = 0;
nearestneighbor = find(nearestneighbor==1);
nearestneighbor (nearestneighbor>=(L-tau)) = []:
%% Compute the ratio of Euclidean distances
d0 = sgrt{sum( (repmat (Y (n,:),length(nearestneighbor),1)-Y (nearestneighbor,:))."2,2));

dtau = sgrt (sum

s(n,tau) = mean(dtau./d0):

x:

¥x(isnan(x)==1) = []: e

S(tau) = mesan(x)

s{:,tau);

1]

end

(t) u) <’LA‘ GL.LA\ O c\i.idb — Gm oé.sl..; V-«JG
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¥x = s(:,tau):
x(isnan(x)==1) = [1:
S(tau) = mean(x);

%% Average on the columns of s(n,tau) matrix

- end

[LE,kb] = LSE({(Tau,S);

%% Estimate the slope of 5 curve as the Lyapunov Exponents with the linear diwvergence

%% plot the 5 curve
plot (Tau,S5,'."}

xlabel {'\tau')} shold on
ylabel ('S (\tau) ")

plot (Tau, LE*Tautb, 'r')

text (Tau(fix (length (Tau) /2))40.05%p, LE*Tau(fix (length(Tau) /2) ) +b, ["\lambda =

'ynumZ2str (LE) ], 'Coloxr', '2')

- end
? function [Mi,L] = EmbeddingSpace (y,m,T)
-l % = : Time Serieﬂ

% m : Embedding dimension

- % T : Time delay

N = length(y); % The length of time series
L = N-{m-1}*T; % The length of each phase
| for 1 = 1:m

Mi(:,1) = y((i-1)*T+1: (i-1)*T+L):

- end
- end
-| function [a,b] = LSE(x,vy)
N = gsize(x,2):;
a = [N¥*x*y'-sum(x)*sum(y)]/[N¥sum(x."2)-sum(x)~2];
b = [sum(x.”2) *sum(y) —x*y"*sum(x) ]/ [N*sum(x."2)-sum(x) *2];
L_=nd

(t) u) <’LA‘ GL.LA\ O c\i.idb — Gm oé.sl..; V-«JG
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clear;clc;close all

%% Load data

load('Data.mat');

¥ = x(1:1000);

subplot (3,2,1:2);plot (%)

xlabel ('Sample')

ylabel ("x")

%% Set the parameters

m=2; % Embedding dimension

T = 10; % Time delay

e = 0.1*max(x); % Epsilon threshold

P = 30; % The length of trajectory piece
%% Compute Lyapunov exponents with the linear divergence based on the Kantz method
subplot(3,2,3:6);

LE = KantzLyapunovExponents(x,m,T,e,P);
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function CD = CorrelationDimension(x, varargin)

%%
% ¥: Input =ignal
% varargin{l} = StepR: Step of the Interval time (default = 0.1)
% CDh: Correlation Dimension of the input signal
%%
if nargin == 1
StepR = 0.01;
el=se
StepR = wvarargin{l};
end

R = 10.”~(-1.6:StepR:-0.0001) ; <:
for Ek = l:length (R)
= 0;
N = length(x);
for 1 = 1:N
9 = 1:H;
ji) = [1;
a = sumi{heaviside (R({k)-abs(x(i1)-x(J)))); <:: C(R) = E 2 R_lxl _-x_; D (9.3-4}

B = b+a; J"=|. J=lj#i

o

end
C(k) = loglO(b/(N*(N-1)));
end
plot (leglO(R),C, "a")
CD = LSE({loglO(R),C);
end
%% fitting
function [a,b] = LSE(x,y)
N=size(x,2);
a=[N*x*y ' —sum(x) *sum(y) ]/ [N*=um(x."2) —sum (x) 2] ;
E=[sum(=x."2) *sum(y) =x*y"*sum(x) ]/ [W*sum({x."2) —sum(x) “2];
end

g.sadeghi@imamreza.ac.ir 23
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Fig. 9.9. A plot of log C(R) as a function of log R for the logistic map trajectories with A =
3.56995. One hundred data points were used in the analysis. For large values of R the finite
size of the attractor makes C(R) “saturate” at 1. For small values of R, the finite number of
data points causes In C(R) to become very negative, which occurs at an R value given
roughly by the size of the attractor (given by the range of x values) divided by the number of
data points. The intermediate region, in which the curve is approximately a straight line
(bounded in the figure by the circled points), is called the |scaling regionl The slope in the
scaling region gi ves the correlation dimension D, -
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| Transform real Data to Phase Plane |

Ls=Number of data points
Ldn=Number of large diameter changes m elliptic

[ Determine Center of Phase Plane (Yc.Yc)|

| Fori=1toLs |

Compute Poincare Section Line (PSL) as a line between (Xc.Yc) and
i poins of Phase plane (PSLY)

| New data= Poincare point of PSL' |

| L'= Number of Poincare point of PSL} |

Compute K® elliptic with center of C{c.‘fc% orientation of PSL' and
Large diameter (Ld™)

!

Count™ = number of poincare points in k™ elliptic and {® Poincare
Section point for i® points of trajectory

!

Visualization with 8 events
Eventl=1 per 8 points in kth elliptic

Event8=8 per 8 points in kth elliptic

g.sadeghi@imamreza.ac.ir
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