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1 Introduction

This project deals with the command tracking in multi-
agent systems with leader-follower structure (Fig. 1). A
networked controller has to be designed such that the out-
puts yi(t) of the agents Σi follow the reference trajectory
ys(t), which is generated by a leading agent Σ0. The net-
worked controller consists of local control units Ci that
have access to the outputs yi(t) of the agents Σi and the
communication network over which the control units Ci

can exchange information (e.g. the output yi(t)). The
question arises:

When does information have to be exchanged?

The answer to be given in this project is that the control
units Ci decide autonomously according to the current sit-
uation about sending and requesting information.
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Figure 1: Self-organizing control of autonomous agents

2 Project aims

The goal of this project is to develop methods for design-
ing a networked controller that decides which communica-
tional interconnection is appropriate according to the cur-
rent situation to achieve a claimed control performance.
The networked controller fulfills the following constraints:

• There is no central coordinator which has access to
all model information and measurement information.

• Every control unit Ci makes the decision of commu-
nicating with other control units autonomously and
independently from the decision of the other control
units.

• The decisions of the control unit Ci are based on local
information only.

In the course of the project, answers will be given to the
following questions:

• How can the control performance be improved by
adapting the communication topology to the current
control tasks?

• In which situations is an adaptation of the communi-
cation necessary?

3 Models and communication

The agents Σi, (i=0, 1, . . . , N) are described by

Σi :

{
ẋi(t) = Axi(t)+bui(t)+edi(t)+gwi(t), xi(0)=x0i

yi(t) = cTxi(t),

where xi(t) is the state, x0i is the initial state, ui(t) is
the input (u0(t) = 0), di(t) is the disturbance (d0(t) = 0)
and wi(t) is the command signal (wi(t) = 0, i = 1, . . . N).

The communication structure of the networked con-
troller is represented by a directed time-varying labeled
graph G(t) = (V, E(t),K), with the set of vertices V =
{0, 1, 2, . . . , N} representing the agents, the set of directed
edges E(t) representing the communication links among
the agents and the weighting matrix K representing the
coupling strength among the agents. In general the com-
munication topology can be divided into two modes:

• The basic communication structure is designed to
guarantee necessary requirements on the overall sys-
tem behavior as command tracking and disturbance
accommodation with a minimum amount of commu-
nication links (e.g. Fig. 2(a), Fig. 4(a)).

• The adjusted communication structure has to improve
the control performance by cutting or adding links to
the basic communication structure. It depends on the
current situation (e.g. Fig. 2(b), Fig. 4(b)-(c)).
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Figure 2: Basic communication (a) and adjusted commu-
nication structure (b) for disturbance attenuation [1]
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Figure 3: Control unit Ci

The control units Ci in Fig. 3 consist of 3 components:

• The feedback unit Fi generates the input ui(t) by
getting the output yi(t) and the local reference signal
ysi(t) from the decision unit Di.

• The observation unit Oi generates the signal ri(t),
that represents the deviation of the agent Σi from the
desired behavior, by evaluating the output yi(t) and
the information fi(t) (e.g. ui(t)) from Fi.

• The decision unit Di generates the local reference
signal ysi(t) by evaluating ri(t) and decides about the
incoming information YIN,i(t) and outgoing informa-
tion YOUT,i(t).

4 Approaches to self-organization
of networked controllers

The disturbance attenuation in unidirectionally cou-
pled agents is investigated in [1], where the presented con-
trol units Ci switch off the communication to the other
agents, whenever the effect ri(t) of the disturbance di
on the corresponding agent Σi exceeds a given bound r̄
(cf. Fig. 2). It is shown that the control error ∆yi(t) =
yi(t)− ys(t) of the undisturbed agents can be bounded by
an appropriate choice of r̄.

The command tracking for a piecewise constant
changing command signal w(t) in unidirectionally coupled
agents is investigated in [2], where the control units Ci

request additional information from other agents, if the
control error ei(t) of the agent Σi exceeds a given bound

0 1 2 3 4 5(a)

(b)

y t0( ) y1( )t y2( )t y3( )t y4( )t

0 1 2 3 4 5

(c)

| ( )|e t2 ≥ε2

y0( )t

| ( )|e t3 ≥ε3 | ( )|e t4 ≥ε4 | ( )|e t5 ≥ε5

y t0( ) y1( )t y2( )t y3( )t y4( )t

y1( )t y2( )t y3( )t

0 1 2 3 4 5

| ( )|e t3 ≥ε3 | ( )|e t4 ≥ε4

y t0( ) y1( )t y2( )t y3( )t y4( )t

y1( )t y2( )t

Figure 4: Basic communication (a) and adjusted commu-
nication structure (b)-(c) for command tracking [2]

εi (cf. Fig. 4). It is shown that the control error ∆yi(t) can
be bounded by an appropriate choice of the information
activation condition.

In future work the results in [1,2] should be extended
to

• agents Σi with different dynamics,

• multidirectional communication structures,

• situations with simultaneously affecting disturbances
and a changing command signal.

5 Application: Robot formation

The formation problem for robots is illustrated in Fig. 5,
where the command signal w(t) changes over time (see
first plot of Fig. 6) [2]. The second plot of Fig. 6 shows
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Figure 5: Robot formation control

that with the additional communication the control error
of Σ5 can be reduced by about 40%, from approximately
|∆y∗5(t)| = 10 m without information request (dashed
black line) to |∆y5(t)| = 6.3 m (solid magenta line).

The third plot of Fig. 6 (Req. Σi) shows the time inter-
vals at which the robots Σi activate the additional com-
munication links, which is indicated by a thick black hor-
izontal bar, where the thin red vertical lines indicate the
corresponding communication structures in Fig. 4. This
example shows that the communication structure is ad-
justed to the currently acting command signal w(t) and
the communication is not activated if the set-point change
is slight.
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Figure 6: Command tracking of a robot formation
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