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Recognition and analysis of symmetric dynamics and hidden dynamics of
a three-dimensional global coupling discrete chaotic system based on
the coordinate rotation transformation
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Abstract; A three-dimensional chaotic map is created with global coupling by replacing the mean field
with standard 1-D Logistic map. The complex dynamics and hidden dynamics of the coupled system are
analyzed and identified by coordinate rotation transformation. The attractors and the bifurcation struc-
ture together with the coexisting attraction domain of the coupled system, are shown in respective dia-
gram before and after utilizing the coordinate rotation transformation. The comparison among them
shows that the projection of the attractors and the coexisting basin of attraction of the original coupled
system on the rotated plane are of triangular symmetry. Co-dimension 1 and 2 bifurcation lines are su-
perimposed on the two-parameter steady-state diagrams. It provides a way to recognize possible coexis-
ting attractors in parameter domains. Both two-parameter steady state distribution diagram and bifurca-

tion lines are independent of coordinate rotation transformation. However, their computation speed
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would be greatly accelerated with the help of orthogonal transformation.

Keywords: Chaotic map; Coordinate rotation transformation; Triangular symmetry; Recognition; Projection
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(a) Coordinate systems before and after rotation;
(b) process of rotation transformation

TEP 2a . mi P AE AR TR R G0 T B A8 AR

TH0,0.d) .43 d=/3a.

A OP' Jria N v(asasa) B ola,a,
) 18 e AR AR e B = I ) ) b X R
Jiekt A4 5 IR A bR R G F X-Y-Z TEAS AL bR &R I iE
SRR — B B A o 58 o OB 1 e R o £
JE A1 o BERE R 2x I DA R . SR T
Kl o' 5% y BIE RIRERE B AR L A T e o e &2
= B IE ) 5 1) b i 2b s,

FEF AR, FFH PR Givens Jig % 28 #

CIECS
0 a
0| =R,(®PR.(a)|a &))
d a
Horf,
1 0 0
R, ()= |0 cosa sina|,
0 —sina cosa
cosf 0 —sinfB

R,(®»=] 0 1 o 1,
sin3 0 cosP

L Z
SN 27005(1 29

sin,B:«/?§ , Cosﬁzg.

ARV v sy )T JJEAAR R T AT —
B0 (@ y DT g o TEERE IS I X-Y-Z TEAS AR
PRE T AR, W py (5) AT LIS A 4 R 55 5 e
BRI R XOY-Z TF 58 AL b AR 22 i) A b AR

v =R, (DR, (a)v (6)
A A=R,(®R,(a) 1%
v =Av D)
Hr,
V6 V6 /6
3 6 6
— 2 W2
A 0 5 5 (8)
/3 V3 /3
3 3 3

H—IEAHRE, HIA| =1, 8048 (D) s —Fhk
T IE S e e e 4.
K3 4 TRV A R (D TEBUAR B EL a F12

044003-3



% 59 &

W KFFH/CA RAF R

%A

A SRS R 5 | A BR P 75 | - R I 5 | 7 i
ALFR FR 8 — YA [a] R 1] B 28 A bR AR e 5 A Y-
X i E A, B 3a Fl 3b AR T —AN R 12
5] F(a=2.455, A=1.62) /& 3c fll 3d JB/R T 4
A REFRE B F (@ =3. 9,1 =0. 865) , [&] 3e.3{(a =
2.635,A=1. 454) 5& 3g.3h(a =3. 05,A=1. 19)
3 E T P TR DR 5| A AR A8 3 i S B 6T EE

Pl dd i U FRATTIE IR & R G0 () A5 | 11
Jre I i) Y-X S T _E i B85 56 T 0 a5 (0,00 F
A =X X Wit — 2l T R ESE,
R & 2258 (O B | 518 =423 18] 7P O T X R4l
A=y =z ZfRFR HIXBD = HRFRPEXT R GERY
A ZEHRR A AS. I 285 AR BR e il 8 46 )
K T HATIEE 2 R G Al 9 = F X R

1 0.4
03

038
02
w 0.6 0.1
0.4 > 0
0.1
) 02
0.3
04

(a)

0.04

-0.04;

-0.04  -0.02 ? 0.02  0.04

(d (e)

(g)

-0.4 -0.3 -0.2 -0.1 YO 0.1 02 03

(b)

027 o1 ool 02
D
0.15
0.1
0.05
=
-0.05
-0.1
0.15

-0.15 -0.1 -0.05 ())/ 0.05 0.1 0.15

(b

B3 ARAGASHK aFd T RAEMDHEF T ERZFELFZALYX F@ Loy
(39 C, €, g)}?\ %#‘f‘ ‘% T‘ﬂg] '% 5 (bs dy f, h)ﬁ‘:ﬁé%g;}%)%/ﬁ— Y’X _l:.*gi%/;
Fig. 3 The projections of the attractors of system (4) in the original 3-D coordinate space and on the Y-X plane with

different system parameters a,2

(a, ¢, e, g) Attractors presented in original coordinate system; (b, d, {, h) projections on the Y-X plane after rotation
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Fig. 4 The comparisons of 1-D steady-state bifurcation diagrams of coupled system (4) before and after the coordinate

rotation transformation

(a, ¢) Bifurcation diagram of the original coordinate system; (b, d) bifurcation diagram of the rotated coordinate system
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Fig. 6 The projections of the coexisting attractors and their attraction domains of the coupled system (4) on the initial

value plane before and after the coordinate rotation transformation with different parameters

(a, ¢) Projections of the original coordinate system; (b, d) projections of the rotated coordinate system
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