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Abstract

We provide preliminary results dealing with sufficient conditions for stochastic
versions of ISS for randomly switched systems. Two types of switching signals are
considered: the first is characterized by a statistically slow-switching condition,
and the second by a class of semi-Markov processes.
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e switching signal o is a P-valued piecewise constant function

Average Dwell-Time Switching [Hespanha-Morse]:
t—t

e o possesses an average dwell-time 7, if N, (t,t) < Ny + (Ng > 0)

Ta

Input to state stability (ISS) [Sontag]:
e B ekLyeKe: VI |x(t)] < B(lzol, ) +7(lld]oo)
Theorem 1 (Vu-Chatterjee-L, Automatica (2007)). System (x) is 1SS if
o 3C" pos def V; s.t.
o Ga(@) fi(x,d) < —AVi(x) + x(1d) (Ao >0, x € L)
o Vi(z) <pVj(z) (p>1)
o o has average dwell-time T,

oln,u<%
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e o is a random process, (7;);en are jump instants

ISS estimate:
System (%) is ISS in L if

e Ja,y €K, 3L Vi Ela(lz(t)])] < B0l ;) +v(lld]l)
Aim: Find conditions s.t. (x) is ISS in L[4

Approach:
e extract statistical properties of switching signal o
e extract properties of individual modes (via ISS-Lyapunov functions)

e connect the two sets of properties
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o 3 pos. def. ubdd. V' s.t.

o %‘gfi(x,d) < = A Vi(z) whenever |x| > p(|d]) (Ao > 0,p € Kx)
o Vi(z) <pVj(z) (b>1)

o A< (Mot X) /1

Then a sequence 3 (T;)i=0 T 00 s.t.

E[lz(t)| Lpemmap] < Bz, t) +7(ldlle) ¥t Vi

Note: e s,7T; are optional times, P is conditional on §,
e details in paper
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= E[Vow (@) 1gepnp] < B(lzol t) using (1)
e on {t € [T}, Th[}, z(t) € By
= E[V,)(z(t) Lpem mpy] < aa(rad(Bs))
o on {t € [To, Ts[}, Vo (a(t)) < photTle 2l ay(rad(By))
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rad(Bs) ~ p(||d]|«), we get the estimate from the above terms
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System: &= fo(z,d), (2(0),0(0)) = (xg,00), t=0 (%)

oz € R", deRF ic P finite index set
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Proposition 3. Suppose that
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initial probability ©° and generator matriz ()
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Then 33 € KL, o,y € K s.t.
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e Proof relies on martingale arguments, see [Chatterjee PhD Thesis, 2007]
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8. ISS disturbance attenuation

System: | &= f,(z,d) + Z gi(z)u;, (2(0), 0(0)) = (20,00), t>0

Objective: Choose u; such that closed loop system satisfies an ISS estimate

Two architectures:
(i) o(t) available at each t

(ii) o is “unobserved”

Approach:
e In case (i)

o get u via ISS universal formulae [L.-Sontag-Wang] for each subsystem
o ensure sufficient stability margin (large \,) if o is slow

o ensure \;’s satisfy hypotheses if o is semi-Markovian
e In case (ii)

o get u s.t. some subsystems are stabilized, others not too destabilised



9. Conclusion

e ISS in L “discrete” estimates for general semi-Markovian signals

e ISS in L1 estimates under semi-Markovian switching—open; issues:

— gluing the estimates on random disjoint intervals to get uniform bound

— interpolating random time-point estimates to get uniform bound
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