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Abstra
t
We study linear di�erential-algebrai
 multi-input, multi-output sys-tems whi
h are not ne
essarily regular and present ne
essary 
ondi-tions for feasibility of funnel 
ontrol. Asymptoti
 stability of the zerodynami
s is the fundamental assumption to guarantee that the funnel
ontroller (that is a stati
 nonlinear output error feedba
k) a
hievestra
king of a referen
e signal by the output signal within a pre-spe
i�edperforman
e funnel.

System 
lass
We 
onsider the 
lass of systems governed by the equation

E ẋ(t) = Ax(t) +B u(t)

y(t) = C x(t) ,
(1)

where E,A ∈ R
l×n, B ∈ R

l×m, C ∈ R
p×n. The set of these systemsis denoted by Σl,n,m,p and we write [E,A,B,C] ∈ Σl,n,m,p.A traje
tory (x, u, y) : R → R

n × R
m × R

p is said to be a solutionof (1) if, and only if, it belongs to the behaviour of (1):
B(1) := {

(x, u, y) ∈ C1(R;Rn)× C(R;Rm)× C(R;Rp)
∣

∣

(x, u, y) solves (1) for all t ∈ R }

The zero dynami
s
The zero dynami
s of system (1) are de�ned as the set of traje
tories

ZD(1) := {

(x, u, y) ∈ B(1) ∣

∣ y = 0
}

.

The zero dynami
s are asymptoti
ally stable if, and only if,
∀ (x, u, y) ∈ ZD(1) : lim

t→∞
(x(t), u(t)) = (0, 0).

Control obje
tive
Given, for µ ∈ N,
• ϕ ∈ Cµ(R≥0;R) s.t. ϕ, ϕ̇ are bounded, ϕ(0) = 0, ϕ(t) > 0 for t > 0and lim inft→∞ϕ(t) > 0 (the set of these fun
tions is denoted by
Φµ);

• a referen
e signal yref ∈ Cµ+1(R≥0;R
m) s.t. y(k)ref is bounded for k =

0, . . . , µ + 1 (the set of these fun
tions is denoted by Yµ).We seek that the tra
king error e = y− yref evolves within the perfor-man
e funnel Fϕ := { (t, e) ∈ R≥0 × R
m | ϕ(t)‖e‖ < 1 }.To ensure error evolution within the funnel, we introdu
e, for k̂ > 0,the funnel 
ontroller :

u(t) = −k(t) e(t), where e(t) = y(t)− yref(t)

k(t) =
k̂

1− ϕ(t)2‖e(t)‖2
.

(2)

Main result
Theorem. Let [E,A,B,C] ∈ Σn,n,m,m with asymptoti
ally stablezero dynami
s and rkC = m. Suppose that, for the inverse L(s) of
[

sE−A −B
−C 0

] over R(s), the matrix
Γ = − lim

s→∞
s−1[0, Im]L(s)

[

0

Im

]

∈ R
m×m

exists and satis�es Γ = Γ⊤ ≥ 0. Let, for µ ∈ N su�
iently large,
ϕ ∈ Φµ de�ne a performan
e funnel Fϕ. Then, for any referen
e signal
yref ∈ Yµ, any 
onsistent initial value x0 ∈ R

n, and initial gain
k̂ >

∥

∥

∥

∥

lim
s→∞

(

[0, Im]L(s)

[

0

Im

]

+ sΓ

)∥

∥

∥

∥

,

the appli
ation of the funnel 
ontroller (2) to (1) yields a 
losed-loopinitial-value problem that has a solution and every solution 
an beextended to a global solution. Furthermore, for every global solution
x,(i)x is bounded and the 
orresponding tra
king error e = Cx − yrefevolves uniformly within the performan
e funnel Fϕ; more pre
isely:there exists ε > 0 su
h that for all t > 0 we have ‖e(t)‖ ≤ ϕ(t)−1−ε.(ii) the 
orresponding gain fun
tion k given by (2) is bounded.

t

1
ϕ(t)

‖e(t)‖
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