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Fig. 1. A target wave is produced by local inhomogene-
ity. System parameters are a; = —1.34, f1 = 0.35,
and parameters of the impurities are ag = —1, 82 = 1.
(a) Local inhomogeneous parameters are introduced
when t = 300 t.u; (b) ¢ = 500 t.u.; (¢) ¢ = 600 t.u.;
(d) t =900 t.u.; A target wave is fully produced.
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Fig. 2. Snapshots of the final evolution of the system with different impurities parameters. System pa-

rameters are a1 = —1.34, 81 = 0.35, and parameters of the impurities are az = —1 and (a) 82 = —3.0,

(b) B2 = —1.2, (C) B2 = —0.6, (d) B2 = —0.4, (e) B2 = —0.1, (f) B2 =0, (g) B2 = 0.4, (h) B2 = 2.2 and

(i) B2 = 2.8, respectively. The full target waves can be only produced for the cases of (e) and (f).
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Fig. 3. (color online) System frequencies versus fa.
System parameters are oy = —1.34, 81 = 0.35, and
parameter of impurities is ap = —1. Here black spots
represent the frequency of impurities area, red spots
represent the frequency of non-controlled area. The
figure is divided into three areas, and the multi-spiral
patterns can be evolved into a target wave in area B,

while areas A and C remain multi-spiral patterns.
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Fig. 4. System frequencies versus (2. System param-
eters are oy = —1.34, $; = 0.35, and parameter of
impurities is g = —1. In this figure, only the fre-

quencies of non-controlled area are plotted.

— (2)
—
_—f’A
. YT T .

|

V

|

|

5 RGEMBEANIL RASH N = -1.34,
Br1 = 035, REZH Aoz = —1; (a) B2 = —0.16,
AT B 4 VIR, RGBT N R 5ME
RIS (b) B2 = —0.08, i1 F VIEX M AR, &Y
IRETEAL T H A I A AR K B

Fig. 5. The evolutions of the system. System param-
eters are oy = —1.34, f1 = 0.35, and parameter of
impurities is ap = —1. (a) B2 = —0.16, outwardly
propagating target, which is corresponding to the left
side of the V-shaped area, is observed; (b) B2 = —0.08,
inwardly propagating target, which is corresponding to

the right side of the V-shaped area, is observed.
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Abstract

Target waves usually emit concentric circular waves, whereas spiral waves rotate around a central core (topological
defect) region, the two forms of waves are closely related due to the similarity of their spatial structures. Spiral waves
can be generated spontaneously in a homogeneous system, while target waves usually cannot be self-sustained in the
same system. Therefore, spiral waves can be found in diverse natural systems, and target waves can be produced from
the spirals with special boundary configurations or central pacemakers. The pacemaker of target wave is an oscillatory
source or medium inhomogeneity. To model the inhomogeneity in some realistic situations, we introduce local parameter
shifts and simulate the transition from spiral waves to target waves. In this research, the evolution of the spiral waves
in the complex Ginzburg-Landau equation is investigated by numerical simulations, and the multi-spiral patterns can be
transformed into stable target waves with local inhomogeneous parameter shifts in a two-dimensional (2D) spatiotemporal
system. The detailed study shows that the initial multi-spiral waves can be influenced by introducing inhomogeneity in
the local area of the system space, and the oscillatory frequency of the system plays an important role in changing the
pattern. A successful transition from inwardly propagating spirals to target waves can be observed when the oscillatory
frequencies of non-controlled and local inhomogeneous region, which have equal values, are both less than the inherent
frequency of system. When we inspect the relationship between oscillatory frequencies and the characteristics of the
inhomogeneous region, an intriguing V-shaped line is found in parameter-frequency diagram, and the V-shaped area
presents three features. Firstly, the left and right sides of the V-shaped area are symmetrical. Secondly, the propagating
directions of target waves from the left and right sides are opposite. An inwardly propagating target wave is formed
on the left side of the V-shaped area, and an outwardly propagating target wave stably exists on the right side of the
line. Thirdly, as local inhomogeneous parameter oy increases, the V-shaped area moves towards the local inhomogeneous
parameter B2 and decreases simultaneously, and the width of the V-shaped area remains approximately the same. To
our knowledge, this V-shaped line is a novel observation, hence the changes of the system frequencies are thought to
be provoking. This work presents the numerical experiments and theoretical analyses for the stable conditions of target

waves, and therefore provides the ideas in the applications of signal propagation and mode competition.
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