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1 Abstract

This work studies the problem of output agreement in ho-
mogeneous networks of nonlinear dynamical systems un-
der time-varying disturbances using controllers placed at the
nodes of the networks. For the class of contractive systems,
necessary and sufficient conditions for output agreement are
derived, and these conditions relate the eigenvalues of the
network Laplacian and the node dynamics.

2 Motivation

This result builds upon the method of [1], in which the out-
put agreement problem is solved for the class of incremen-
tally passive systems using dynamic couplings.

Previous results [2] study the problem of output regulation,
and propose a solution using similar methods. However,
such approaches are in general of limited use in large-scale
networks, as conditions derived depend on the entire Lapla-
cian matrix of the graph, and the resulting control strategy
needs to be computed in a centralized manner.

3 Setting

We study networks of n systems

ẇi = siwi

ẋi = f (xi)+ui + piwi

yi =Cxi

Here, si is assumed to be skew-symmetric. The stacked ver-
sion of the interconnected system is denoted by x̄, ū, w̄ along
with f̄ , s̄ and h̄.

When these are placed on the nodes of a graph G , we denote
the adjacency matrix by B and the Laplacian matrix by L .

To achieve output agreement, we place controllers at the
nodes of the form

ξ̇i = pT
i Qxi + siξi +H ∑

j∈Ni

(ξ j −ξi),

ui =−piξi.

The objective is then to design H, Q and pi such that yi −
y j → 0 as t → ∞ for all pairs of nodes.
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4 Approach

If the Jacobian of the entire system is quadratically stable,
we achieve output agreement trivially. However, we aim to
show that it’s possible to achieve the same result by satisfy-
ing a simpler condition on the node systems for each eigen-
value of L : we require instead that an expression of the
form

f ′(x)+λiH (1)

be quadratically stable.

This result extends to dynamic controllers positioned at the
nodes. In the case of scalar systems, this condition guar-
antees state synchronization; for the case of non-scalar sys-
tems, we have output synchronization.
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