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e \oltage applied across electrodes creates an attractive
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e In both typespull-in occurs, i.e., the movable electrode
suddenly ‘crashes’ onto the bottom electrode, so
feedback contrals necessary.
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MEM FEEDBACK CONTROL LITERATURE '

Mostly onelectrostatiaelays.

Maithripala-Berg-Dayawansa 'Opartial state feedback
using position and charge with velocity observer.

Zhu-Praly-.. '05 differential flatness, backstepping.

Younis-Gao-de Queiroz 'G'Lyapunov-based setpoint
controller, feedback linearization tracking controller.
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Unifying Model (Younis-Gao-de Queiroz, ACC 07):
mi + bt +kr = a2’
Bz4+v(gg— 1)z = u
Reference TrajectoryC® > y, : [0,00) — R s.t. 3 constants
m; > 0 for which

(@) m1 < ya(t) < ma, |ga(t)] < ma, and |Ga(t)] < ma Vi

and (b) my + %mg < O9%m1
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Unifying Model (Younis-Gao-de Queiroz, ACC 07):

mx + bt +kr = «az?

Bz+v(go—x)z = u
Goal: Design a controllet.(z, &, z, t) that forcese(t) to

tracky,(t) for all initial statesz(ty) € (—o0, g,).

Reference trajectory, instead of a set point, can improve
micro-relay performance.
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Settinge; = x — y4 ande, = ¢; and using the change of
feedbacky = v (g9 — z) 2 + fviy/m/a gives

€1 = e
éy = —Ki1€1 — koeg + (e, e2) + CQ T QCRM(ely €2, 1)
( = v — QRM(ellj%t) {V4(t) + Kaija(t) + k19a(t) + 1}
where
= /22(1) 1(t), e2(t),t), k1 =2, ky=2,

|,u(61,62)\ < 0.1kymq, and

R 617 627 \/yd _|_ "i2yd ) + Klyd(t) - :u(ela 62)-
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DESIRED STABILITY '

Goal: For each constant > 0, design: € C* andv, for
which:

G1 The closed loofy” = (ey, €2, () system is UGAS ta@.

G2 There exist constant’, & > 0 such that for all closed
loop solutions with initial state¥’(z,) € A B3, we have

Y ()] < Ke *t)|y(t,)| Vt>t,>0.
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Theorem:Letaq, ay > 0 be given constants. Set

o(s) =s/v1+ s?and

K1my 20a4 20054
uler, es) = — 0 |° e1 | +o e || .
0 K11 K11y

Then we can compute a constafit, a;) such that for each
as > a,

1
QRM (61 , €2, t)

renders the error dynamics UGAS to the origin. Moreover,
for each constant > 0, we can choose values of thes and
K, K > 0 to satisfy G2.

v = —azC(1+ (%) + {Ya(t) + rofa(t) + K19a(t) }



IDEA of PROOF '

Construct explicit constant& andI” so that the
Y = (e, e9, () dynamics has the strict global Lyapunov
function

Vi(eq, es, () = Va(er,ea) + T'Q(C), where

Va(er,ea) = erea + KVi(er, ez),

Q(C) = o5 (562 +5¢).,

and Vi(eq,ez) = %6% + foel {ﬁ;ll + “5to (Ml) } dl.

Kimi
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CRAFTING the REFERENCE TRAJECTORY .

ya(t) = 0.01 + &1 [Z(500 + min{t, 50})
—7 (min{max{t,450},550})
+ 7 (max{t, 950} — 500)] for 0 <t < 1000,
ya(t) = yq(t — 1000) for ¢ > 1000,
where
I(r) = [,s,(s — 450)3(550 — s)*ds
and

e1 = .99/Z(550).
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NUMERICAL VALIDATION '

We chose
a1 = as = 1,
as = 100,
m=1, k=25, v=1,
b=1, a=0.5, §=0.001,
9o = 1,
(x,2,2)(0) = (0,0,10).
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CONCLUSIONS'

We constructed a newacking controllefor MEM
relays using a globatrict Lyapunov function

We can proveSSto additive uncertainty ohandk and
computeexplicit bounds on admissible disturbances.

Extensions tgartial state feedbackith controllers
Independent of the velocity can be shown.

For the proofs, see [MM., F. Mazenc, and M. de Queiroz,
“Tracking and robustness analysis for controlled
microelectromechanical relaysiitl. J. Robust

Nonlinear Contro) to appeatr.]
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