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Engineering, Peking University, Beijing 100081, China

Abstract

This paper deals with consensus control in leader-follower format of a class of network-connected uncertain nonlinear systems
by output feedback. Each subsystem is in the nonlinear output feedback form with unknown parameters, and the connection
graph among the subsystems is directed. Distributed adaptive control inputs are designed to achieve the consensus control in
the sense that the subsystem states asymptotically follow the subsystem at node 0 with no input, which is also known as the
leader. The proposed adaptive control only uses relative output measurements and the local information of the connection
to each subsystem, and hence the proposed adaptive control is fully distributed. The proposed scheme is different from the
consensus output regulation schemes literature, and the leader plays a similar role as a reference model in the classic model
reference adaptive control.

Key words: Adaptive control, Nonlinear systems, Consensus control, Output feedback

1 Introduction

For a dynamic system with the subsystems connected by
a network, control design of the subsystems can be co-
ordinated to achieve a common control objective by ex-
ploring the network connections. The objective for con-
sensus control is to achieve the same subsystem states,
often by control design using the relative state or out-
put values of the subsystems in their neighbourhoods.
The Laplacian matrix that characterises the connection
of a network plays an important role in the consensus
control design, and in particular, its second least value
of the real parts of the eigenvalues, which is commonly
referred to as the connectivity of the network (Fax and
Murray, 2004; R.Olfati-Saber and Murray, 2004; Olfati-
Saber, Fax and Murray, 2007; Hong, Hu and Gao, 2006).
Many proposed design methods for consensus control
use Laplacian matrix in the control gain design, and the
connectivity is explicitly used in determining the feed-
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back control gains (R.Olfati-Saber and Murray, 2004; Li,
Duan, Chen and Huang, 2010; Ding, 2014). With a fixed
control gain design, the control inputs only use the rela-
tive states or outputs in their neighbourhoods, and this
kind of control strategy is often referred to as decentral-
ized. However, the connectivity is a property of an entire
network, and it is not an information entirely from the
neighbourhood of a subsystem. Therefore, the control
design that relies on the information of the Laplacian is
not completely distributed.

A distributed scheme was developed for consensus con-
trol design based on adaptive control for linear subsys-
tems connected by an undirected graph (Li, Ren, Liu
and Xie, 2013). This adaptive scheme is based on the ob-
servation that the control structure can be parametrised
in such a way that a scalar constant can always be in-
creased in value to achieve consensus control no matter
how small the connectivity is. The success of the pro-
posed control in (Li et al., 2013) relies on the symmetry
in the network connection of an undirected graph. Many
adaptive schemes for consensus control requires that the
connection graph is undirected to achieve decentralised
adaptive laws (Su, Chen, Wang and Lin, 2011; Yu and
Xia, 2012; Su and Huang, 2013). For a directed con-
nection graph, the adaptive schemes in (Das and Lewis,
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2010; Zhang and Lewis, 2012) achieved consensus con-
trol at a price of sacrificing the asymptotic convergence.
Further results on adaptive control under directed com-
munication graph include adaptive coordination of mul-
tiple Lagrangian systems (Mei, Ren, Chen and Ma, 2013)
and consensus tracking for state-feedback nonlinear sys-
tems in the strict feedback form (Wang, Huang, Wen
and Fan, 2014), which were obtained using direct lo-
cal measurements or certain parameters such as Pi in
(Wang et al., 2014) that requires the knowledge of the
Laplacian matrix. The asymmetric connection in a di-
rected graph remained as an obstacle in the extension
of adaptive schemes beyond undirected graphs to fully
distributed adaptive consensus control, using the rela-
tive state or relative output measurements. This obsta-
cle is removed in a recent attempt (Li, Wen, Duan and
Ren, 2015) where a careful application of changing sup-
ply function is implemented in the Lyapunov function
design for the success of distributed adaptive scheme
for linear systems with known parameters. Further de-
velopment is reported in (Li and Ding, 2015) for fully
distributed adaptive control for linear systems with un-
known parameters, and with uncertainty in the network
connectivity.

In this paper, we consider the uncertainty in the network
connectivity as well as the uncertainty in the subsystem
dynamics for a class of nonlinear subsystems. We pro-
pose a new distributed adaptive scheme for a class of
network-connected nonlinear systems whose subsystems
are in the output feedback form and contain unknown
parameters. The network connection can be described
by a general directed graph as long as there is a directed
spanning tree with the node 0 as the root. There are
many results on nonlinear and adaptive of nonlinear sys-
tems in the output feedback form when they stand alone
(Marino and Tomei, 1995; Krstic, Kanellakopoulos and
Kokotovic, 1995; Ding, 2013b). It is worth pointing out
that the nonlinear output feedback form contains gen-
eral linear SISO system as a special case, and can be used
to describe dynamics of physical systems such at a robot
with a flexible joint and a mass-spring-damper system
with a nonlinear spring. Consensus control of nonlinear
systems in output feedback appeared recently, for ex-
ample (Ding, 2013a) where consensus output regulation
is solved for nonlinear systems in the output feedback
form when the parameters are known and the connec-
tion graph does not contain circles. The formulation of
the problem in this paper is different from the consensus
output regulation problem considered in the literature
such as (Ding, 2013a; Ding, 2015), where an exosystem
with different dynamics from the subsystems is used to
generate the desired trajectories. We use one of the sub-
systems in the node 0 as the leader whose the input is
set to zero, and the other subsystems are required to
follow the state trajectories of the leader. This leader
plays a similar role as the reference model in the tra-
ditional model reference adaptive control design. This
kind of set-up with the leader having the same dynamics

as the subsystems reflects certain applications such as
vehicle and robot formation control etc. As the leader,
the node 0 does not take information of other subsys-
tems. Due to the extension of the connection graph to
a general directed graph which may contain a cycle and
the leader-follower structure, the method proposed in
(Ding, 2013a; Ding, 2015) would not be applicable even
when all the parameters were known. With the nonlin-
ear functions being restricted to polynomials, relative
outputs among the subsystems provide a possible sig-
nal to achieve consensus control, in a similar way as for
the consensus output regulation in (Ding, 2013a), but
with a different controller structure. The uncertainty in
unknown system parameters are dealt with by adap-
tive gains in the same spirit as tackling unknown con-
nectivities. However, the nonlinear term in the control
input makes the adaptive control scheme shown in (Li
et al., 2015; Li and Ding, 2015) not applicable. In this
paper, we propose a new distributed adaptive control
scheme to achieve state consensus among the subsys-
tems, via relative output feedback. The proposed adap-
tive scheme considers the high-order nonlinear terms in
the control design, and the stability analysis is carried
out with a carefully chosen Lyapunov function. This dis-
tributed adaptive scheme tackles the unknown connec-
tivity and unknown parameters in the nonlinear subsys-
tems simultaneously. An example is included to demon-
strate the proposed distributed adaptive scheme for con-
sensus control.

2 Problem Statement

In this paper, we consider a set of N + 1 nonlinear sub-
systems, of which the subsystems are described by

ẋi =Acxi + φ(yi) + bui,

yi =Cxi, (1)

with b, CT ∈ Rn and

Ac =



0 1 0 . . . 0

0 0 1 . . . 0
...

...
...

. . .
...

0 0 0 . . . 1

0 0 0 . . . 0


,

b =


b1
...

bn

 , CT =


1

0
...

0

 ,

2



for i = 0, 1, . . . N , where xi ∈ Rn is the state vector,
with n a known positive constant integer denoting the
order of the subsystems, yi, ui ∈ R are the output and
input respectively of the ith subsystem, b is an unknown
Hurwitz vector with b1 6= 0, which implies the relative
degree of the system is 1, φ : R × Rm → Rn contains
unknown nonlinear functions with each element being
polynomials of its variables and satisfies φ(0) = 0. Note
that we start the index from 0 for notational convenience
in the presentation later.

The connections among the subsystems are specified by
a directed graph G which consists of a set of vertices de-
noted by V and a set of edges denoted by E . A vertex
represents a subsystem, and each edge represents a con-
nection. Associated with the graph, its adjacency matrix
A with elements aij denotes the connections such that
aij = 1 if there is a path from subsystem j to subsystem
i, and aij = 0 otherwise. We define the Laplacian matrix

L in the normal way as lii =
∑N
j=1 aij and lij = −aij

when i 6= j.

We take the subsystem at node i = 0, or the root node,
as the leader whose input u0 is set to 0. We define the
output tracking errors as

ei = yi − y0 (2)

for i = 1, . . . , N .

The distributed adaptive consensus control problem con-
sidered in this paper is to design an adaptive control
strategy using the relative output information yi − yj ,
i 6= j, provided by the network connection to each sub-
system to ensure the state consensus in the sense that
the subsystem states asymptotically follow the state of
the leader, i.e., the subsystem at node 0, under any ini-
tial condition of the system in the state space, which
implies the convergence to 0 of output tracking errors ei
for i = 1, . . . , N .

We make three assumptions about the dynamics of the
subsystems and the connections between the subsys-
tems.

Assumption 1. The sign of the high-frequency gain b1
is known.

Assumption 2. For the nonlinear function φ, the fol-
lowing condition holds:

‖φ(yi)− φ(y0)‖2 ≤ γφ(e2i + e2pi )

where γφ is an unknown positive real number, and p is
a known positive integer.

Assumption 3. The connection graph contains a di-
rected spanning tree with node 0 as the root.

Remark 1 The subsystem (1) is in the standard nonlin-
ear output feedback form. The geometric conditions are
specified in (Krstic et al., 1995) for a general nonlinear
system that can be transformed to the output feedback
form. It contains general linear SISO systems with com-
pletely unknown parameters as a special case.

Remark 2 Examples for physical systems in the output
feedback form are discussed in some details in (Marino
and Tomei, 1995), which include the systems such as a
robot with a flexible joint etc. From the practical point of
view, nonlinear functions can be approximated by poly-
nomials in certain regions, and we would expect that the
control design for the output feedback forms with nonlin-
ear functions in polynomials to be applicable to the sys-
tems in the standard output feedback form. Some com-
mon physical systems such as mass-spring-damper sys-
tems with hardened or softened springs can be modelled in
the nonlinear output feedback form with polynomial non-
linearities for the nonlinear relations between the spring
forces and the displacements.

Remark 3 Assumption 2 is clearly satisfied for linear
systems with unknown parameter. It is also satisfied when
the tracking trajectory y0 is bounded and the polynomial
order is up to p. Physical systems such as mass-spring-
damper systems and van der Pol oscillators satisfy As-
sumptions 1 and 2. Note that a van der Pol oscillator
describes the dynamics of a RLC circuit with a nonlinear
resistor (Ding, 2013b). In practice, the leader’s trajec-
tory is expected to be bounded, and the other nonlinear
functions can be approximated by polynomials. In such a
case, Assumption 2 is then satisfied.

3 Preliminary Results

We introduce a state transformation to extract the in-
ternal dynamics of (1) with z̄i ∈ Rn−1 given by

z̄i = xi,2:n −
b2:n
b1

yi, (3)

where (·)2:n refers to the vector or matrix formed by the
2nd row to the nth row. With the coordinates (z̄i, yi),
(1) is rewritten as

˙̄zi =Bz̄i + φ̄(yi)

ẏi = z̄i,1 + φ̄y(yi) + b1ui, (4)

3



where B is the left companion matrix of b given by

B =



−b2/b1 1 . . . 0

−b3/b1 0
. . . 0

...
...

...
...

−bn−1/b1 0 . . . 1

−bn/b1 0 . . . 0


, (5)

and

φ̄(yi) =B
b2:n
b1

yi + φ2:n(yi)−
b2:n
b1

φ1(yi),

φ̄y(yi) =
b2
b1
yi + φ1(yi).

Let zi = z̄i− z̄0. The dynamics of (zi, ei) are obtained as

żi =Bzi + ψ(yi, y0),

ėi = hT zi + ψy(yi, y0) + b1ui, (6)

where h = [1, 0, . . . , 0]T ∈ Rn−1, ψ(yi, y0) = φ̄(yi) −
φ̄(y0) and ψy(yi, y0) = φ̄y(yi)− φ̄y(y0).

To deal with polynomials, we have the following result,
which can be obtained from Young’s inequality.

Lemma 1 For a variable y ∈ R > 0, the following in-
equality holds:

yr1 ≤ µ1y
r2 + µ2y

r3 (7)

where r1, r2 and r3 are positive integers with r3 < r1 < r2
and r1 ≥ 2, and µ1 and µ2 are positive real constants.
Furthermore, with µ1 chosen, µ2 is a function of µ1 and
ris for i = 1, 2, 3, and is independent of y.

Proof. Let a, b > 0 and a + b = r1. Let p, q > 0 and
1
p + 1

q = 1. From Young’s inequality, we have

(µya)(ybµ−1) ≤ µp y
ap

p
+ µ−q

ybq

q
(8)

where µ is any positive number. With ap = r2 and bq =
r3, we have

a=
r2(r1 − r3)

r2 − r3
,

b=
r3(r2 − r1)

r2 − r3
,

p=
r2 − r3
r1 − r3

,

q =
r2 − r3
r2 − r1

.

Setting µp/p = µ1, it can be obtained that

µ2 =
r2 − r1
r2 − r3

(
r2 − r3
r1 − r3

µ1

)− r1−r3
r2−r1

. (9)

/

From Assumption 2 and applying the result shonw in
Lemma 1, it is easy to obtain that

‖ψ(yi, y0)‖2 ≤ γψ(e2i + e2pi ), (10)

ψ2
y(yi, y0)≤ γy(e2i + e2pi ), (11)

for some unknown positive real constants γψ and γy.

We have the following results before the presentation of
control design.

Lemma 2 Based on Assumption 3, with the Laplacian
matrix being partitioned as

L =

[
0 01×N

L0c Q

]
,

the matrix Q ∈ RN×N is a non-singular M-matrix (Qu,
2009), and there exists a positive diagonal matrix G =
diag{g1, . . . , gN} such that

GQ+QTG ≥ r0I (12)

for some positive constant r0.

Proof. This result has been used in literature such as (Li
et al., 2015). It is easy to see that Q is a non-singular
M-matrix from the structure of L (Qu, 2009), and the
existence of G for (12) follows from a theorem in (Qu,
2009) . /

Note that qij = lij for i, j = 1, . . . , N . We define, for
i = 1, . . . , N ,

ζi =

N∑
j=0

aij(yi − yj).

It can be obtained that

ζi =

N∑
j=1

lijyj + li0y0

=

N∑
j=1

lijyj −
N∑
j=1

lijy0

=

N∑
j=1

qijej , (13)

4



or in the vector form, ζ = Qe where ζ, e ∈ RN are the
vectors with ζi and ei as elements, respectively. A useful
relationship between e and ζ is shown in the following
lemma.

Lemma 3 With ζ = Qe, the following inequality holds
for any positive integer p,

N∑
i=1

e2pi ≤ N
p−1σ2p(Q)

N∑
i=1

ζ2pi (14)

where σ(Q) denotes the singular value of Q.

Proof. A direct evaluation gives

N∑
i=1

ζ2pi =N([
1

N

N∑
i=1

(ζ2i )p]1/p)p

≥N([
1

N

N∑
i=1

(ζ2i )])p

=N1−p(‖ζ‖2)p

=N1−p‖Qe‖2p

≥N1−pσ−2p(Q)‖e‖2p

≥N1−pσ−2p(Q)(

N∑
i=1

e2i )
p

≥N1−pσ−2p(Q)

N∑
i=1

e2pi

from which (14) is obtained. /

4 Control Design

We design the control input as

ui =−sign(b1)(ki + ρi)(ζi + ζ2p−1i ) (15)

where ρi = ζ2i and ki is generated by

k̇i = γk(ζ2i + ζ2pi ) with ki(0) = k0 (16)

with k0 any known positive constant. Note that ki can
be viewed as an adaptive gain.

Theorem 4 For the network connected nonlinear sys-
tems with subsystem dynamics (1), the control input (15)
together with the adaptive law (16) solve the distributed
adaptive consensus control problem under Assumptions
1, 2 and 3.

Proof. The closed-loop subsystem dynamics of ei can be
obtained as

ėi = hT zi + ψy(yi, y0)− |b1|(ki + ρi)(ζi + ζ2p−1i ). (17)

Let

Vζ =

N∑
i=1

2gi

(
ki(

ζ2i
2

+
ζ2pi
2p

) + (
ζ4i
4

+
ζ2p+2
i

2p+ 2
)

)

+
1

2γk

N∑
i=1

(ki − k∗)2

where k∗ is a constant, to be determined later. Using
(17) and (16), we have

V̇ζ =

N∑
i=1

2gi(ki + ρi)(ζi + ζ2p−1i )

N∑
j=1

qij ėj

+

N∑
i=1

gi(ζ
2
i +

ζ2pi
p

)k̇i +
1

γk

N∑
i=1

(ki − k∗)k̇i

=−|b1|ζT (K + ρ)(IN + ρp−1)(GQ+QTG)

×(IN + ρp−1)(K + ρ)ζ

+2ζT (K + ρ)(IN + ρp−1)GQ((IN ⊗ hT )z + Ψy)

+γk(ρ+ ρp/p)G(ρ+ ρp) + ζTK(IN + ρp−1)ζ

−k∗
N∑
i=1

(ζ2i + ζ2pi )

where gi, i = 1, . . . , N , are the diagonal elements of G
defined in (12), z, and Ψy are vectors that are formed
by stacking up their corresponding individual elements
zi and ψy(yi, y0) in the order from 1 to N , respectively,
and K = diag{ki}, ρ = diag{ρi}.

From (12) and Young’s inequality, we have

V̇ζ ≤−
5

8
r‖(K + ρ)(IN + ρp−1)ζ‖2

+
8

r
(‖GQ‖2‖z‖2 + ‖GQ‖2‖Ψy‖2 +

1

4
‖ζ‖2)

+γk(ρ+ ρp/p)G(ρ+ ρp)

−k∗
N∑
i=1

(ζ2i + ζ2pi ) (18)

where r = |b1|r0, and we used

ζTK(IN + ρp−1)ζ

≤ r

8
‖(K + ρ)(IN + ρp−1)ζ‖2 +

2

r
‖ζ‖2.

Observe that

‖(K + ρ)(IN + ρp−1)ζ‖2 ≥ ρ3(IN + ρp−1)2

whose highest power of ρ is 2p+1, and the highest power
in the terms in the polynomial γk(ρ + ρp/p)G(ρ + ρp)

5



is 2p. Since all the matrices are diagonal, we can apply
Lemma 1 element-wise. Hence, from Lemma 1, we es-
tablish that

γk(ρ+ ρp/p)G(ρ+ ρp)

≤ r

8
‖(K + ρ)(IN + ρp−1)ζ‖2 + µ(r)ρ (19)

where µ : R+ → R+ is a function that depends on un-
known parameters.

From (11) and Lemma 3, it can be shown that there
exists a positive real constant µy such that

‖Ψy‖2 ≤ γy
N∑
i=1

(e2i + e2pi ) ≤ µy
N∑
i=1

(ζ2i + ζ2pi ). (20)

From (19), (20) and (18), we obtain

V̇ζ ≤−
r

2
‖(K + ρ)(IN + ρp−1)ζ‖2 +

8

r
‖GQ‖2‖z‖2

−
(
k∗ − µ(r)− ‖GQ‖2µy −

2

r

) N∑
i=1

(ζ2i + ζ2pi ).(21)

SinceB is Hurwitz, there exists a positive definite matrix
P such that

PB +BTP = −3I.

Let

Vz =

N∑
i=1

zTi Pzi.

From (6), it can be obtained that

V̇z =−3

N∑
i=1

‖zi‖2 + 2

N∑
i=1

zTi Pψ(yi, y0)

≤−2‖z‖2 + ‖P‖2
N∑
i=1

‖ψ(yi, y0)‖2

≤−2‖z‖2 + ‖P‖2µψ
N∑
i=1

(ζ2i + ζ2pi ) (22)

where µψ is a positive real constant. To obtain the last
line in (22), we have used (10) and Lemma 3.

Finally, let

V = Vζ +
8

r
‖GQ‖2Vz.

From (21) and (22), we have

V̇ ≤−r
2
‖(K + ρ)(IN + ρp−1)ζ‖2 − 8

r
‖GQ‖2‖z‖2

−
(
k∗ − µ(r)− ‖GQ‖2µy −

2

r

−8

r
‖GQ‖2µψ‖P‖2

) N∑
i=1

(ζ2i + ζ2pi ). (23)

Setting

k∗ = µ(r) + ‖GQ‖2µy +
2

r
+

8

r
‖GQ‖2µψ‖P‖2

results in

V̇ ≤−r
2
‖(K + ρ)(IN + ρp−1)ζ‖2 − 8

r
‖GQ‖2‖z‖2. (24)

Therefore we can conclude that the variables ζ, z and
K are bounded and ζ, z ∈ L2∩∞. From the bounded-
ness of their derivatives and Babalat’s lemma, we have
limt→∞ z(t) = 0 and limt→∞ ζ(t) = 0 which implies that
limt→∞ ei(t) = 0 for i = 1, . . . , N . /

Remark 4 In the above proof, the boundedness of kis in
K is established via the boundedness of V , as the Lya-
punov function V is positive definite respect to the vari-
ables ki. Intuitively, if we integrate both sides of (16), we
have

ki = k0 + γk

 t∫
0

ζ2i (t)dt+

t∫
0

ζ2pi (t)dt


≤ k0 + γk(1 + ‖ζi‖2(p−1)∞ )‖ζi‖22,

where ‖ζi‖∞ and ‖ζi‖2 denote the functional norms of
ζi in L∞ and L2 respectively. Hence, the boundedness of
ki follows the fact ζi ∈ L2∩∞. The boundedness of ui in
(15) then follows from the boundedness of ki and ζi.

5 Example

In this section, we will show some details of the proposed
consensus control design through an example. The sys-
tem under consideration is a connection of 5 subsystems,
each of them is described by a second-order state space
model as

ẋi =

[
0 1

0 0

]
xi +

[
µ(yi − 1

3y
3
i )

−yi/µ

]
+

[
b1

b2

]
ui (25)

with yi = xi,1, where µ, b1 and b2 are unknown positive
real parameters. Note that when ui = 0, the system is a

6



van der Pol oscillator, and its trajectories are bounded.
It is also worth noting that a van der Pol oscillator de-
scribes the dynamics of a RLC circuit with a nonlinear
resistor. Hence, it can be shown that Assumption 2 is
satisfied with p = 3.

The adjacency matrix is given by

A =



0 0 0 0 0

1 0 0 1 0

0 1 0 0 0

1 0 0 0 1

0 0 1 0 0


and the resultant Laplacian matrix is obtained as

L =



0 0 0 0 0

−1 2 0 1 0

0 −1 1 0 0

−1 0 0 2 −1

0 0 −1 0 1


.

Since b1 > 0, Assumption 1 is satisfied. From the net-
work connection, it can be shown that the network-
connected system with the subsystem (25) also satisfies
Assumptions 3. The control inputs are designed as, for
i = 1, . . . , 5,

ui =−(ki + ρi)(ζi + ζ5i ),

k̇i = γk(ζ2i + ζ6i ).

Simulation study has been carried out with the param-
eters b1 = b2 = 1 and γk = 5. The parameter µ is set as

µ =

{
0.5 for 0 ≤ t ≤ 20,

2 for t > 20.

so that two different limit cycles are used as the trajec-
tories of the leader.

The simulation results of the subsystem states are shown
in Figures 1 and 2. Figures 3 and 4 show the subsystem
inputs and the gains ki. It can be seen that both the
output and the states converge to common trajectories
of the leader, which are shown in Figures 1 and 2 with
the initial values [2.0 − 1.0]T . It is also noted that that
the trajectories are different after 20 seconds in the sim-
ulation, due to the change in the value of µ.
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Fig. 1. The subsystem states xi,1, i.e., the outputs.

0 5 10 15 20 25 30 35 40
−4

−3

−2

−1

0

1

2

3

time (s)

s
u
b
s
ta

te
 2

Fig. 2. The subsystem states xi,2.
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Fig. 3. The subsystem inputs.

6 Conclusions

We have proposed a distributed adaptive scheme for
consensus control of a network-connected nonlinear sys-
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Fig. 4. The controller gains ki.

tems via relative output feedback. The proposed scheme
does not use any global information, not even the con-
nectivity of the directed network connection. Adaptive
control techniques are used to tackle both the unknown
connectivity and the unknown parameters in the sub-
system dynamics. This proposed control design is dif-
ferent from consensus output regulation, and the leader
acts as a reference model. Comparing with the existing
results on distributed adaptive schemes, this result ex-
tends the distributed adaptive scheme to nonlinear sys-
tems and uncertain systems, including uncertain linear
systems. Further research could be carried out to relax
some of the assumptions made in the proposed design.
One direction would be to allow subsystems to have dif-
ferent dynamics. It is not expected to be straightforward
for the class of the systems considered here, at it may
involve some obstacles that people would encounter in
nonlinear output regulation with nonlinear exosystems.
There is a good chance to extend the results for uncer-
tain linear subsystems with a possible exploration of ro-
bust adaptive control techniques.
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