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Fig. 3. The time series of system (10) and the schematic
diagram of the switching of TSEDFC control signals in dif-
ferent time intervals, where the control signal exists in the
gray time intervals and disappears outside the gray time in-

tervals.
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Fig. 4. The relationships between the stable domain of the
controlled high-period UPO X5(t) and switching fre-
quency w, where the stable domain is the blue region and
the largest magnitude of the Floquet multipliers is less than

one.
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Fig. 5. The largest magnitudes of the Floquet multipliers of
the controlled high-period UPO Xa(t) as functions of the
feedback gaing. The red dashed lines and blue solid lines
correspond to EDFC and TSEDFC, respectively.
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Fig. 6. The error indices Egex of the controlled high-period
UPO Xs(t) as functions of the feedback gaing. The red
dashed lines and blue solid lines correspond to EDFC and
TSEDFC, respectively.
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Fig. 7. The chaotic attractor of Riossler system.
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Fig. 8. The projection of the high-period UPO X (t) with
period-k circles of Roossler system on the zoy plane: (a) The
high-period UPO X>(t) with period-2 circles; (b) the high-
period UPO X3(t) with period-3 circles.
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Fig. 9. The relationships between the stable domain of the
controlled high-period UPOs X (t) and the switching fre-
quency w, where the stable domain is the gray region
where the largest magnitude of the Floquet multipliers is
less than one: (a) The projection of the controlled high-peri-
od UPO X3 (t) with period-2 circles; (b) the projection of
the controlled high-period UPO X3(t) with period-3 circles.
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Fig. 10. The largest magnitudes of the Floquet multipliers
of the controlled high-period UPOs X (¢t) as functions of
the feedback gaing. The red dashed lines and blue solid
lines correspond to EDFC and TSEDFC, respectively: (a) The
projection of the controlled high-period UPO X (t) with
period-2 circles; (b) the projection of the controlled high-
period UPO X3(t) with period-3 circles.
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R4 il LA TEAI.
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0.3 A

Egex

(b)
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Egex
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Xa(t); (b) ZAEZHERe WL X3(t)

Fig. 11. The error indices FEgex of the controlled high-period
UPO X (t) as functions of the feedback gaing. The red
dashed lines and blue solid lines correspond to EDFC and
TSEDFC, respectively: (a) The projection of the controlled
high-period UPO X5(t) with period-2 circles; (b) the pro-
jection of the controlled high-period UPO X3(t) with peri-

od-3 circles.

4 %
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Ungar? 552, WA D)5 S X 42 v EDFC Y45
il P e R R LB, H ORISR AN, i
TSEDFC il it 22 Jie 5% A i 2 i A e DX St 1)
AR AL SR AR 1AL A, Anfarie S e A
B RE S A DA | AT IR — IR Sk phe g ] L.

M FEEHE 7 A H K Floquet
T2k
T FRRE TR

{ﬁ(t) = DF(t, X«(1))C(t) + G*((L = r)¢(t —7) = (1)),
S@) =¢t) +rS(t—7),

(A1)

Horp, () e R w228, = NI, X (t+7) = X (t)
hRFEE R H bR 2 R A W L, DF(t+ 7, Xu(t+
7)) = DF(t, X+ (t)) € R™*™ R RGH . &R X [to, to + 7]
R S Nty =to +khe, i E=0,1,--- kp,
krhe =7, ho N HIFEIE TR (A1) BIECK Floquet
TeHL, H Runge-Kutta I ERETR (A1) BHULEH):
S(k+1) =c(k+1) +rS(k — kr + 1),
{c(k +1) = My (k)s(k) + Ma(k)S(k — kr +1)  (A2)
+ Ms(k)S(k — kr),

Af, () = oo + kha), Mi() = B+ ha AR+ "2 42(0),

Ma(k) = %Gt, M (k) = %Gt + %"2 A2(k)B , Hrh, B
PR, A(k)= DF(ty, X«(k))— Gt, B=G*(1 —r), X«(k) =
X (tr) = Xa(to + kha) .

Sl — R 5 B B & So(k) = S(k —kr), S2(k) =
S(k—kr+1), -, Sp,_1(k)=S(k—1), Sk (k) =S(k),
I AL Y (k) = (So(k), S(k), - , Sk, (k), <(k)T . 17
(A2) A E A

Y (k+1) = Hk)Y (k), (A3)
Hoh . H(k) = (Hij) (ko 42)x (kr+2) s Hipv2,1 = M3 (k),
Hy 422 =Ma(k), Hi jok.+2=Mi(k), 3 1<i<k,
j=i+ 10 Hij = B HA Hij € Rm>m S BARE. ) (A3)
Ararfs:
Y (k) = H*Y (0), (A4)
s B =TT (k). R E ORI 0O B b %
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Abstract

Control parameters are frequently subjected to certain restrictions in the engineering practice of chaos
control. It is difficult to stabilize multi-rotation unstable periodic trajectory when the stability range is too
small and outside the restrictions of control parameters. Thus, it is fundamentally important to expand the
stability range of the controlled multi-rotation unstable periodic trajectory by using an applicable method. In
this work, the original extended time-delay feedback control is improved based on the time-varying switching
strategy, which leads to the time-varying switching extended time-delay feedback control. The time-varying
switching extended time-delay feedback control only applies the control to the controlled system in a specific
period, and does not apply the control to it in other periods, this is different from the continuous control of the
original extended time-delay feedback control. The specific performance of the time-varying switching extended
time-delay feedback control in stabilizing unstable multi-rotation periodic trajectories is investigated by case
studies. The maximum Floquet multiplier of the controlled periodic trajectory is calculated, and the relationship
between the stability region of the controlled multi-rotation periodic trajectory and the switching frequency is
obtained. The results show that with the increase of switching frequency, the stability region of the controlled
multi-rotation periodic trajectory presents a non-smooth change. In particular, the stability region of the time-
varying switching extended time-delay feedback control is significantly larger than that of the original extended

time-delay feedback control when an appropriate switching frequency is selected.
Keywords: chaos control, delayed feedback, periodic trajectory, Floquet multipliers
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