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The control u will be specified by our theorem.



Example: Smoothed Sawtooth Wave

Sawtooth wave delay represents sampling in control.

3/7



Example: Smoothed Sawtooth Wave

Sawtooth wave delay represents sampling in control.

1.0

0.8

0.6

0.4

0.2

0.5 1.0 1.5 2.0 2.5 3.0

3/7



Example: Smoothed Sawtooth Wave

Sawtooth wave delay represents sampling in control.
1.0
0.8
0.6
0.4

0.2

0.5 1.0 1.5 2.0 2.5 3.0

Gaussian smoothing and interpolation. 1000 interpolation points
and standard deviation 0.2 of smoothing on [0, 1]. Scale by 0.98.



Example: Smoothed Sawtooth Wave

Sawtooth wave delay represents sampling in control.
1.0
0.8
0.6
0.4

0.2

0.5 1.0 1.5 2.0 2.5 3.0
Gaussian smoothing and interpolation. 1000 interpolation points

and standard deviation 0.2 of smoothing on [0, 1]. Scale by 0.98.

3/7



Example: Smoothed Sawtooth Wave

Sawtooth wave delay represents sampling in control.
1.0
0.8
0.6
0.4

0.2

0.5 1.0 1.5 2.0 2.5 3.0
Gaussian smoothing and interpolation. 1000 interpolation points

and standard deviation 0.2 of smoothing on [0, 1]. Scale by 0.98.
Assumption 2 holds with ¢, = 0.924, I;, = 0.98, and n, = 592.72.
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Theorem (Automatica, M and M, 2017)

Let Assumptions 1-2 hold and p satisfy (LB). Then if we use the
control u(t) = K(Qg1(t))zp(t) in (LTV), where z, is the last n
components of the system

zi(t) = Ri(DA01(1)z1 () + R (1)B(6+1 (1)) u(2p-1(1))
+ Ly ()[4 (61 7(1)) — x(1)]
zi(t) = () (Gi(1))zi(t) + Ri(t) B(Gi(t))u(2,-(1))
Li()[zi(07 (1) —zia (1)), i€ {2,...,p}
where L;(t) = —I, — Ri(t)A(Gi(t)) and Gi = Q' 0 Q,,_j, then the

dynamics for (x, &) are globally exponentially stable to 0, where

E(t) = (z1(t) = x(01(1)), 22(t) — 1 (62(1)), - - -, Zo(t) = Zo—1(0,(1)))-

(1)



Pendulum Example
n(t) = r(t) @
R(t) = —9sin(ri(t)) + oz v(t — h(1))

Change of feedback and linearizing the tracking dynamics for
tracking (wt,w) for any w > 0 gives

{ xi(t) = x(t) 3)
- _ g
o) = —9cos(wt)x(t) + u(t — (1))

Theorem applies with A(t) = 1 + assin(t) with a € (0, 1).

E.g.,if/>gandw > 0and a =1/7, can pick p = 47.
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Thank you for your attention!



