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Abstract

This paper studies the cooperative robust par-
allel operation of multiple actuators over an
undirected communication graph. The plant
is modeled as an uncertain linear system, and
the actuators are linear and identical. Based
on the internal model principle, a distributed
dynamic output feedback control law is pro-
posed to achieve both robust output regulation
of the closed-loop system and plant input shar-
ing among the actuators. A practical example
of �ve motors cooperatively driving an uncertain
shaft under an external load torque is presented
to show the e�ectiveness of the proposed control
law.

Linear robust output regulation

Consider an uncertain linear plant described as follows:

ẋp = Āpxp + B̄pup + Ēpv, e = C̄pxp + F̄pv (1)

where xp ∈ Rnp , up ∈ Rmp , and e ∈ Rp are the state, the input, and the error output of the
plant, respectively; Āp, B̄p, C̄p, Ēp, and F̄p are uncertain constant matrices of conformal dimensions;
v ∈ Rq is the exogenous signal representing the reference input and/or the external disturbance and
is assumed to be generated by the following exosystem:

v̇ = Sv (2)

with S ∈ Rq×q being a known matrix. Suppose the plant (1) is driven by an actuator modeled as

ẋa = Aaxa +Bau, up = Caxa (3)

where xa ∈ Rna and u ∈ Rm are the state and the control input of the actuator, respectively,
up ∈ Rmp is both the output of the actuator and the input to the plant, and Aa, Ba, and Ca are
constant matrices of conformal dimensions.
Then, the linear robust output regulation problem can be solved by the following dynamic
output feedback control law:

u = Kz, ż = G1z + G2e (4)

Problem formulation

Consider the uncertain linear plant (1) and the
exosystem (2) again. Di�erent from the plant
(1) is driven by a single linear actuator in (3),
we consider the scenario where the plant (1) is
driven by N identical linear actuators described
as follows:

ẋi = Aaxi +Baui (5a)

yi = Caxi, i = 1, . . . , N (5b)

up =
N∑
i=1

yi (5c)

Then, the cooperative robust parallel opera-
tion problem of multiple actuators is achieved
if we can �nd a distributed control law, such
that the closed-loop system satis�es: (i). The
nominal closed-loop system matrix is Hurwitz;
(ii). There exists an open neighborhood W
of w = 0 such that, for any initial conditions
and for all w ∈ W , the solution of the closed-
loop system satis�es limt→∞ e(t) = 0; (iii).
limt→∞(yi(t)− yj(t)) = 0, i ̸= j, i, j = 1, . . . , N.

Main results

Inspired by [1] and [2], we consider a distributed dynamic output feedback control law of the following
form:

ui = Kzi, żi = G1zi + G2e+ J
N∑
j=1

aij(zj − zi) (6a)

where

� K =;

� G1 =;

� G2 =;

� J =;

Conclusions

In this paper, we have studied the cooperative
robust parallel operation problem where a linear
uncertain plant is collectively driven by multiple
actuators. Assuming that the communication
graph among the actuators is undirected and
connected, we have proposed a distributed dy-
namic output control law based on the internal
model principle. Our study demonstrates that,
under the same standard assumptions as used
in the output regulation literature, both robust
output regulation of the closed-loop system and
plant input sharing among the actuators can be
achieved.
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A numerical example

In this section, we give a numerical example to demonstrate the e�ectiveness of our design. The
example is adopted from [2] which describes cooperative parallel operation of �ve electric motors
collectively driving a common shaft under an external load torque, see Figure 1. More interestingly,
we consider cooperative robust parallel operation that allows the parameters of the plant to be
uncertain and undergo perturbations. The simulation results are shown below.

0 5 10 15
Time (s)

-6

-4

-2

0

2

4

O
ut

pu
t a

nd
 r

ef
er

en
ce

 s
ig

na
l

0 5 10 15
Time (s)

-15

-10

-5

0

5

O
ut

pu
ts

 o
f a

ll 
ac

tu
at

or
s

0 0.2 0.4 0.6 0.8 1
-15

-10

-5

0

5


