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Introduction Model and analytic results (diagonal coupling)

« Stabilization of unstable steady states by Generic case of an unstable focus with time-delayed control Exponential ansatz: X(t)~exp(At), y(t)~exp(At)
time-delayed feedback force (Pyragas control): .

* Analytic solution of characteristic dx(t) Characteristic equation: A+i w=A+K[1—exp(~AT)|
equation by Lambert function TR x(t)+w y(t)—K[x(t)—x(t—)]

*Influence of phase-dependent coupling ) Solution of characteristic equation by Lambert function W :

«Domain of control for diagonal and = —wx(t)+Ay(t)-K|y(t)-y(t-1)|

nondiagonal control At = WK e ™K Atiw)T—K T
K: Feedback gain, T:Time delay,A ,weR,A>0,w#0

Domain of control (diagonal coupling)

Real part of eigenvalue vs. time delay: A=05,w=m Re(A)vs. time delay and feedback gain:
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Start at uncontrolled eigenvalue A+iw 7 g St ) Bottom projection for stabilization (A<0)
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Infinite number of artificially created e % P Sy Analytic results of the domain of control:
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modes (see case K=0.3)
* Minimum feedback gain:

K
y “h"'w r Current and delayed component in antiphase
‘Hﬂ “‘H“Hu‘ i i g5
.“‘“‘ Stabilization: Vanishing control force A 6« No control for multiples of intrinsic period T, =
" | i ‘ o B g 0. p! p 0
|\“ }i‘“ I : — Noninvasiveness 3
i ‘”

Of
i
H\ U

Variable phase-dependent coupling

Unstable focus with time-delayed control force and phase ¢ :  Characteristic equation:

Atiw=A+Ke'’(1-e"7)
= Ax(t)+w y(t)=Keos(@)[x(t)~x(t=)|~sn (@) y () -y (t—7)]]
 Solution of characteristic equation by Lambert Function
= —wx(t)+Ay(t)=K(dn(@)[x(t)=x(t=)|+cos()[ y (t) -y (t—7)]) ‘
AT = W(KTe—(\:lm)wk\cosrwiwsnrwr:ww]+()\iiw)_r_KTe:w;

cos(p) —S'n(<p)) x(t)—x(t—r)) * Minimum feedback gain:
sn(e) cos(e) | {y(t)-y(t—T) K. (o) = A A A
m cos(p)—cos[p+Im(AT)] — 2 cos(e)—cos[@+IM(AT)] | ooumnr=n

Phase-dependent domain of control

Largest real part of eigenvalues vs. time-delay: A=0.1,w=m,K=0.3
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+ Forincreasing phase: T s For phase approaching 2 :
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o e = * Smaller control regions R ; o e Larger control regions
o, . ‘H%: e Distortion to larger time delays . . -§°¢ < Distortion to smaller time delays
" <5 e Eventually no stabilization possible
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—> For ¢ =1 no stabilization

Start at uncontrolled e|genvalue For phase approaching 2 :

For increasing phase: « Increase of control interval [ Re(A)<0 |
* Decrease of maximum real part

* Decrease of control interval [Re(A)<0] 3 0 * Shift to smaller T of minimum real part
¢ Increase of maximum real part

* Shift to larger T of minimum real part o 21 End at uncontrolled eigenvalue

—> Domain of control 27 periodic
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