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1 Introduction

Synchronisation is a common task in multi-agent systems.
A networked controller should give all subsystems a com-
mon behaviour, which is governed by the agent dynamics.
While the asympotic synchronisation of identical agents
has been analysed extensively in the literature, the practi-
cal synchronisation of disturbed agents with model uncer-
tainties has not been discussed. Especially, when thinking
of the practical application of multi-agent systems, e.g.
a vehicle platoon, a joint measurement task or the land-
ing of a quadrotor on a moving object, disturbances and
uncertainies can not be neglected and, hence, asymptotic
synchronisation is difficult to achieve. Therefore, the main
contribution of this project is to analyse the practical syn-
chronisation and to find controllers and communication
structures for this goal.

The project considers the mutual synchronisation of the
agents Pi, (i = 1, 2, ..., N), each of which can be affected
by a disturbance di(t), which is the output of a disturbance
generator Σdi (Fig. 1). The networked controller consists
of local controllers Ci and a communication network.

Figure 1: Networked control of multi-agent systems.

2 Project aim

The scientific goal of this project is to elaborate design
methods for cooperative controllers that ensure practical
synchronisation of linear agents with identical dynamics

∀t ≥ t̄ : |yi(t)− ys(t)| ≤ ē, i = 1, 2, ..., N. (1)

In extension to the current state of the art, the control
methods should be applicable to agents with bounded
disturbances, with model uncertainties, and with con-

trol goals that include, besides synchronisation, additional
practical requirements.

The main methodological problem consists in finding
explicit relations between the performance requirements
on the overall system behaviour and the properties of the
controlled agents and the communication topology. The
results should give design rules for the communication net-
work to answer the question:

Under what conditions should the controlled agents
be connected by communication links?

As communication links require to transmit information
with sufficient sampling frequency, precision and reliabil-
ity, sparse communication graphs should be used.

The goals should be achieved under the restriction that
the overall system has a shallow hierarchy without any
coordinating unit. This fact is not only relevant for the
online application of the control law, but also for the de-
sign phase in which the local controllers and the commu-
nication structure have to be selected without a complete
model of the overall system, but with local information.

3 Synchronisation subject to dis-
turbances

As a first step towards practical synchronisation, the
asymptotic synchronisation of disturbed agents is consid-
ered, because almost no literature exists in this field. For
arbitrary initial states xi0, xci0 and xdi0 of the agents Pi,
the local controllers Ci and the disturbance generators Σdi,
the agent outputs yi(t) should follow a synchronous tra-
jectory ys(t):

lim
t→∞

|yi(t)− ys(t)| = 0, i = 1, 2, ..., N.

This goal includes the synchronisation of undisturbed sys-
tems (xdi0 = 0), which is already discussed in [1], and the
disturbance attenuation of initially synchronised systems
(xi0 = xj0, ∀i, j) as particular cases [2,3]. Therefore, one
main question of this project is:

How to synchronise agents subject to disturbances?

In order to answer this question, results on disturbed
multivariable control systems and networked control sys-
tems will be combined. Especially, an equivalent version
of the internal-model principle in multivariable control for
multi-agent systems is looked for. Known from multivari-
able control the open-loop system needs to include the



distubance generator in order to attenuate disturbances at
the output and, furthermore, the closed-loop system has
to be asymptotically stable. Both conditions should be
extended onto multi-agent systems. Therefore, the local
controller is said to consist of two components (Fig. 2).

Figure 2: Local controller.

The first component Σ̃di brings in the missing dynamics
of the disturbance generator

Σ̃di = Σdi \ {Pi ∩ Σdi}

into the open-loop system, which in multi-agent systems is
the extended agent. The goal is to include the disturbance
generator in the extended agent

Σ0i ⊇ Σdi.

In general the disturbance dynamics Σdi and with that the
dynamics Σ̃di are not stable. Hence, adding Σdi into the
extended agent makes it difficult to synchronise. There-
fore, the second component Fi is introduced into the ex-
tended agent, which makes the extended agent output-
feedback stabilisable and, hence, synchronises the overall
system.

Having synchronising disturbed agents the question
arises how the disturbances affects the synchronous trajec-
tory ys(t). Therefore, the synchronous behaviour subject
to disturbances should be analysed and a relation between
the disturbance generators and the synchronous trajectory
is looked for.

Extension towards practical synchronisation. To-
wards practical synchronisation the disturbance genera-
tors cannot assumed to be exactly known. Therefore,
model uncertainties for the disturbance generators have to
be considerd. Expecially the relation between these model
uncertainties and the synchronisation bound ē in eqn. (1)
is looked for. Further, local controllers Ci should be found
that are robust to such uncertainties of the disturbance
generators and, hence, lead to practical synchronisation.

4 Synchronisation of similar
agents

Speaking of model uncertainties for the disturbance gen-
erators, it also cannot be assumed that the agents have
identical dynamics. More likely the agents have the same
structure with almost the same but different dynamics.
Known from the literature on asymptotic synchronisation
individual agents are only synchronisable if they have com-
mon dynamics. In the case of agents with similar dynam-
ics as considered in this project none common dynamics
exists and, hence, no asymptotic synchronisation is possi-
ble. Therefore the goal is to find a relation between the
dynamical difference and the synchronisation bound ē.

5 Communication network

The communication network allows the local controllers
to exchange information with each other. Therefore, a
methodology to design the communication network is a
main goal of this project. Known for the synchronisation
of undisturbed agents with identical dynamics, it is nec-
essary for the communication graph to possess a spanning
tree. This leads to the question whether the same is the
case for disturbed agents and similar agents or more con-
ditions have to be satisfied by the communication graph.

6 Example: Oscillator network

Figure 3 shows the behaviour of a network of 5 identical os-
cillators. The example considers the synchronisation sub-
ject to disturbances, where the top figure shows the step
disturbances for t ≥ 20 s. The middle and bottom figure
show the output behaviour of the oscillators for two dif-
ferent cases, where in the middle figure no internal model
of the disturbances is included in the extended agent and
in the bottom figure such internal model is included. In
the first 20 s the oscillators synchronise in both cases. For
t ≥ 20 s the extended agents without an internal model do
not synchronise subject to disturbances, whereas for a sat-
isfied internal-model principle the oscillators synchronise
subject to disturbances.

Figure 3: Step disturbances (top), oscillator network with-
out local controller and oscillator network with networked
controller which satisfies the internal-model principle.

The oscillator example can also be used for the analysis
of the synchronisation of similar agents. Therefore, the os-
cillators have to be assumed to have different frequencies.
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