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Abstract— In this paper we apply the concept of Intermittent
Feedback to a class of networked control systems known as
Model-Based Networked Control Systems (MB-NCS). MB-NCS
use an explicit model of the plant in order to reduce the network
traffic while attempting to prevent performance degradation. In
the previous body of work regarding MB-NCS, updates of the
plant were given instantaneously; however, in this paper we
consider the case where the loop remains closed for a finite
length fixed interval before the control system returns to open-
loop. We provide a full description of the output, as well as a
necessary and sufficient condition for stability of the system.
We also provide examples in order to illustrate the behavior
indicated by the theory, and we show the advantages of the
approach. Finally, we conclude the paper with discussions on
possible future extensions.

I. INTRODUCTION

A networked control system (NCS) is a control system
in which a data network is used as feedback media. NCS
is an important area in control, see for example [19], [17],
[20], and [22]. The use of networks as media to interconnect
the different components of an industrial system is rapidly
increasing. However, the use of NCSs poses some challenges.
One of the main problems to be addressed when considering
an NCS is the size of the bandwidth required by each
subsystem. Clearly, the bandwidth required by the commu-
nication network is a major concern. Recently, modeling,
analysis and control of networked control systems with
limited communication capability has emerged as a topic of
significant interest to control community, see for example
[23], [6], [8], [24], [10], [2], and recent special issue [3]. An
efficient way to address this is reducing the rate at which
packets are transmitted.

A particular class of NCSs is model-based networked
control systems (MB-NCS), introduced by Montestruque and
Antsaklis [13]. The MB-NCS architecture makes explicit
use of the knowledge of the plant dynamics to enhance
the performance of the system, and it is an efficient way
to address the issue of reducing packet rate. In this paper
we extend the work done in MB-NCS by taking advantage
of intermittent feedback. In the previous work done in MB-
NCS, the state updates given to the model of the plant were
for a time instant only, but with intermittent feedback the
system remains in closed loop control for more extended
intervals. This notion makes sense as it is motivated by hu-
man motor control observations. For example, while driving
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a car, when approaching a curve or hilly terrain, we pay
attention to the road for a longer time, which is equivalent
to staying in closed-loop mode, and we only reduce our
attention -switch to open loop control- when the road is once
again straight. While intermittent control is a very intuitive
notion, its combination with the MB-NCS architecture allows
for obtaining important results and opening new paths in
controlling NCSs effectively.

With the finite bit-rate constraints, quantization has to be
taken into consideration in NCSs. Therefore, quantization
and limited bit rate issues have attracted many researchers’
attention with the aim to identify the minimum bit rate
required to stabilize a NCS, see for example [7], [6], [8],
[21], [18]. In [7] it is shown that asymptotic stability cannot
be achieved by (static) quantization. In [6] Brockett and
Liberzon proposed a dynamic quantization scheme, so called
“zoom-in, zoom-out” approach, to asymptotically stabilize
linear systems. The idea behind the “zoom-in, zoom-out”
scheme is to provide more detailed information when the
states come closer to the origin through finer quantization
(zoom-in), while only coarser quantization (zoom-out) is
sufficient for states farther away from the origin. As an inter-
esting observation of a person’s response in face of changing
environment, one usually tends to pay longer attention to
objects of concern, instead of paying closer attention. This
motivates us to use intermittent feedback in NCSs.

The rest of the paper is organized as follows. In Section II,
we describe the problem formulation in detail. In Section III,
we derive the complete description of the output of such a
system. In Section IV, we present a necessary and sufficient
condition for the stability of the system. An example is
provided in Section V. Finally, we provide conclusions and
propose future work.

II. PROBLEM FORMULATION

The basic setup for MB-NCS with intermittent feedback is
quite similar to that proposed in the literature for traditional
MB-NCS. Please see references [11] through [16] for more
results on MB-NCS.

Consider the control of a continuous linear plant where
the state sensor is connected to a linear controller/actuator
via a network. In this case, the controller uses an explicit
model of the plant that approximates the plant dynamics and
makes possible the stabilization of the plant even under slow
network conditions.

The main idea here is to perform the feedback by updating
the model’s state using the actual state of the plant that is
provided by the sensor. The rest of the time the control
actions is based on a plant model that is incorporated in



define Σ(h) = eΛo(h−τ)eΛc(τ). Since the system is stable, a
periodic sample of the response should converge to zero with
time. We will take the samples at times t−k+1, that is, just
before the loop is closed again. We will concentrate on a
specific term: the state of the plant x

(
t−k+1

)
, which is the

first element of z
(
t−k+1

)
. We will call x

(
t−k+1

)
, ξ (k) .

Now assume Σ(η) has the following form:

Σ(η) =
[

W (η) X (η)
Y (η) Z (η)

]

Then we can express the solution z(t) as:

eΛc(t−tk)
([

I 0
0 0

]
Σ(h)

[
I 0
0 0

])k

z0 (12)

=
[

W (t− tk) X(t− tk)
Y (t− tk) Z(t− tk)

][
(W (h))k 0

0 0

]
z0

=

[
W (t− tk)(W (h))k 0
Y (t− tk)(W (h))k 0

]
z0 .

Now, the values of the solution at times t−k+1, that is, just
before the loop is closed again, are

z
(
t−k+1

)
=

[
W (h)(W (h))k 0
Y (h)(W (h))k 0

]
z0

=

[
(W (h))k+1 0

Y (h)(W (h))k 0

]
z0

We also know that[
I 0
0 0

]
eΛo(h−τ)eΛc(τ)

[
I 0
0 0

]

has at least eigenvalue outside the unit circle, which means
that those unstable eigenvalues must be in W (τ). This means
that the first element of z

(
t−k+1

)
, which we call ξ (k) , will in

general grow with k, if one select the initial condition z(0)
along the direction of the eigenvector of the corresponding
unstable eigenvalue. In other words we cannot ensure ξ (k)
will converge to zero for general initial condition x0.

∥∥x
(
t−k+1

)∥∥ = ‖ξ (k)‖=
∥∥∥(W (h))k+1 x0

∥∥∥→ ∞ (13)

as k→∞, which clearly means the system cannot be stable.
Thus, we have a contradiction.

V. EXAMPLE

We ran simulations to verify the results suggested by the
theory, which, in itself, is highly intuitive. Naturally, one
would think that by using intermittent feedback as opposed to
instantaneous closed loop control, there will be many things
that will be gained in controlling the system.

Indeed, one way to look at this, focusing in particular
on the stability conditions derived above, is the following.
Consider a control system with a certain plant model, then
calculate the eigenvalues of the test matrix as h varies. This
curve is very useful in that the stability of the system is
determined by the maximum eigenvalue of its corresponding
test matrix. So, by observing at which value of h the

Fig. 2. Maximum eigenvalue for traditional MB-NCS.

curve takes a maximum eigenvalue of 1, we are actually
determining the range of h for stability.

The following figures illustrate the previous point. In every

case, we took A =
[

0 1
0 0

]
, B =

[
0
1

]
, K = [−1,−1.5].

For our model we used Â =
[

0 0.5
0 0

]
, B̂ =

[
0
0

]
.

Figure 2 shows the behavior of the test matrix under
traditional instantaneous feedback model-based control, and
Figures 3-7 plot the same data for the case of of intermittent
feedback.

Figure 3 shows the case where τ = 0.1h. As we can see,
the use of intermittent feedback is already extending the
maximum h for stability from approximately 1.15 sec to 1.35
sec, in spite of the still relatively small τ.

As we increase the percentage of the time that the loop
remains closed, the benefits become more obvious and dra-
matic. Figures 4 and 5 illustrate the cases where τ = 0.2h and
τ = 0.3h, respectively. In the latter case, the maximum h has
been extended to 2.1 seconds, which represents an increase
of over 80%.

Figure 6 depicts the case where τ = 0.5h, that is, the time
the system runs open loop is equal to the time it runs closed
loop. At this stage, the benefits are incremented considerably,
with the maximum h being extended to 5.0 seconds, which
corresponds to a 334% percent increase.

Finally, in Figure 7, we can see what happens for τ = 0.7h.
The maximum h for stability in this case is of about 9.4
seconds, which corresponds to an increase of over 700%
when compared to the traditional setup.

As we can see, using intermittent feedback provides valu-
able benefits, by dramatically increasing the sampling time
h required for the system to remain stable. This naturally
coincides with what our intuition suggested, as well as with
the theoretical results developed in this paper.


