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Background .~ Method

Zeros in transfer function Plant definition
* Continuous time transfer function * Realized by control canonical form
_ —((s — 140)(s + 100) p(s) = B) _ bus™ +bnas™ 1 4o A by
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(I)(t) — Acm(t) + bcu(t)7 y(t) — ccm(t)

: Unstable zeros in continuous tf

. . . xlk + 1] = A,xz[k] + bsulk], y[k] = c,z[k]
e Discretized transfer function

IntrinsiAc Zeros Discretiza;cion Zeros State trajectory generation
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: Unstable zeros in discrete tf 2z, = e*'*, T, = 100 us B(s)™' = F*(s) + F"*(s)
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- Intrinsic zeros

have counterpart in F(s) and 2. State trajectory generation for stable part
are generated from sensor and actuator collocation. zh(t) = [a5h(t) o) - ah()]"
- Discretization zeros t
> — [ e
are generated by discretization and o0
are approximated by Euler-Frobenius polynomial. 3. State trajectory generation for unstable part
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2 —1 = / f (t — T)T(—T)dT ) imaginary axis reversed unstable zeros,
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3 2-v3,(-2-V3) .
(~ _3_(7,_0_26)) 4. Overall state trajectory

zq(t) = g (t) + 5™ (1)

Unstable zeros problem
* Unstable poles in inversion system
 Undershoot in step response

Multirate feedforward [Fujimoto, Hori, Kawamura, 2001]

z:: e Stable inversion for discretization zeros
_ o4 Singlerate system z[k + 1] = A,z[k] + b,ulk], y[k] = c,x[k]
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 Example: Hard disk drive,
robot, high-precision stage, ..
boost converter, airplane... %

Multirate sytem  z[i + 1] = Ax[i] + Buli], y[i] = cx[i]
A=A" B=[A""b, A" b, .- Ab, b,],c=c,

uoli] = B~'(I — 27 A)xyfi + 1]

State trajectory generation
with time axis reversal Multirate feedforward
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Modeling results using frequency domain identification Experimental results using 8t order feedforward
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