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A Fault Tolerant Control Approach for Descriptor Systems

Henrik Niemann

Abstract— Fault Tolerant Control (FTC) of descriptor sys-
tems is considered in this paper. A general FTC architecture
for descriptor systems is proposed.

I. INTRODUCTION

There are many trends in the development of control sys-
tems. The most important trend is the growing complexity
of the control systems. According to elementary reliability
theory there is at least one challenge in this connection:
Growing complexity increases the probability of critical
faults occurring in the system. This motivates the interest
in the design of fault tolerant control systems, where the
objective is to disallow one or several faults to develop into
an overall system failure.

This has resulted in an increasing research in the area of
reliable and fault tolerant control of dynamic systems. A
good introduction to the area of fault tolerant control can
be found in Blanke et.al. [1], and the references herein. A
number of theoretic results has been presented in this area
in [6], [8].

These results are derived for regular systems. However,
not all systems are regular. Physical constraints or static
relations can be included in the model, which lead to
descriptor systems. The main result in this paper is to
generalize the FTC architecture proposed in [6] in such a
way that fault tolerant control for descriptor systems can be
handled in the same framework.

II. SYSTEM SETUP

Consider the following generalized nominal system:

ΣP :

⎧⎪⎪⎪⎪⎪⎨
⎪⎪⎪⎪⎪⎩

Eẋ = Ax + Bww + Bdd + Buu

z = Czx + Dzww + Dzdd + Dzuu

e = Cex + Deww + Dedd + Dzuu

y = Cyx + Dyww + Dy f d + Dyuu

(1)

where x ∈ R n is the descriptor variable, d ∈ R r is a
disturbance signal vector, u ∈ R m the control input vector,
e∈R q is the external output vector to be controlled, y∈R p

is the measurement vector, w ∈ R kw and z ∈ R kz are the
external input and output vectors. The connection between
z and w is given by w = θz where θ represents the parametric
faults in the system. Closing the loop from w to z in ΣP by
using θ, we get

ΣP,θ = Fu(ΣP,θ) (2)

The matrix E may be rank deficient, i.e. rank(E) = k ≤ n.
The system ΣP is regular if det(sE −A) �= 0. For a regular
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(E,A), the system ΣP has a unique solution for any initial
condition. The finite eigenvalues of the pencil sE −A are
called the finite dynamic modes. Suppose that (E,A) is
regular and l = deg det(sE −A). Then (E,A) has l finite
dynamic modes, (n− k) non-dynamic modes and (k − l)
impulsive modes. If (E,A) does not have any dynamic
modes in Re[s] ≥ 0, the system is stable. Further, (E,A)
is admissible if (E,A) is regular, impulse-free and stable.

It will be assumed in the rest of this paper that the ΣP

given by (1) satisfy, [9]:

1) (E,A) is regular
2) (E,A,Bu) is finite dynamics stabilizable and impulse

controllable, rank[sE −A Bu] = n, ∀s, s.t. Re[s] ≥ 0,
ImE + ImAkerE + ImBu = R n

3) (E,A,Cy) is impulse observable and finite dynamics
detectable, rank[sET −AT CT

y ] = n, ∀s, s.t. Re[s]≥ 0,
ImET + ImAT kerET + ImCT

y = R n

Let the system be controlled by a stabilizing feedback
controller given by:

ΣK :
{

u = K(s)y (3)

III. THE YJBK PARAMETERIZATION

Before describing a general FTC architecture for de-
scriptor systems, the YJBK parameterization for descriptor
systems is shortly introduced.

Let a coprime factorization of the system Gyu(s) from (1)
and a stabilizing controller K(s) from (3) be given by:

Gyu = NM−1 = M̃−1Ñ, N,M, Ñ,M̃ ∈ R H∞

K = UV−1 = Ṽ−1Ũ , U,V,Ũ ,Ṽ ∈ R H∞
(4)

where the eight matrices in (4) must satisfy the double
Bezout equation given in [9].

Let the controller K(s) be an observer based feedback
controller given by:

K(s) =
{

E,

[
A + BuF + LCy + LDyuF −L

F 0

]}
(5)

where F and L are selected such that E,A+BuF and E,A+
LCy are both admissible. One possible way to construct the
eight stable coprime matrices in (4) is then:

(
M U
N V

)
=

⎧⎨
⎩E,

⎛
⎝ A + BuF Bu −L

F I 0
CyF Dyu I

⎞
⎠

⎫⎬
⎭

(
Ṽ −Ũ
−Ñ M̃

)
=

⎧⎨
⎩E,

⎛
⎝ A + LCy −BuL L

F I 0
Cy −Dyu I

⎞
⎠

⎫⎬
⎭
(6)

with CyF = Cy + DyuF and BuL = Bu + LDyu.
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Based on the above coprime factorization of the system
Gyu(s) and the controller K(s), a parameterization of all
controllers stabilizing the system in terms of a stable
parameter Q(s) is given by [3]:

K(Q) = (U + MQ)(V + NQ)−1
, Q ∈ R H∞ (7)

Using the Bezout equation, the controller given by (7)
can be realized as an LFT in the parameter Q,

K(Q) = Fl

((
UV−1 Ṽ−1

V−1 −V−1N

)
,Q

)
= Fl(JK ,Q) (8)

IV. FAULT DIAGNOSIS FOR DESCRIPTOR SYSTEMS

It has been shown in [2] that it is possible to parameterize
all residual generators by using the YJBK parameterization.
The same result is valid for descriptor systems, see [4].
All residual signals rq for the descriptor system (1) can be
described by, [4]

rq = QFDI(M̃y− Ñu) = QFDIr (9)

where QFDI is a stable and proper filter of suitable order.
QFDI need to be designed such that the residual signal/vector
rq satisfy the conditions for fault detection and fault isola-
tion, see e.g. [7]. The residual signal in (9) is given by

rq = QFDIM̃(Gyd(θ)d + Gywθ(I −Gzwθ)−1Gzuu) (10)

V. FAULT TOLERANT CONTROLLER ARCHITECTURE

A fault tolerant controller mainly consists of two parts, a
fault diagnosis (FDI) part and a controller reconfiguration
(CR) part. Based on the output from a decision block, the
controller is reconfigured by using the YJBK parameter.
This means that the CR part of the feedback controller is
a modification of the existing controller. Thus, a controller
change when a fault appears in the system is not a complete
shift to another controller, but only a modification of the
existing controller by adding a correction signal in the
nominal controller. The reconfiguration can be derived in
different ways. It can be a direct redesign, a selection
between a number of pre-designed controllers etc.

All together, the complete architecture is shown in Fig.
1. Here QFDI is the YJBK parameter used in connection
with fault diagnosis and QRC is the YJBK parameter used
in connection with controller reconfiguration.

The design of the reconfiguration part of the fault tolerant
controller can be derived by considering the closed loop
transfer function from external input d to external output e.
The closed loop transfer function is given by:

e = Fl(P,QCR)d = Ted(s)d (11)

where P is the transfer function between the two inputs
(d,η) and the two outputs (e,r), see Fig. 1.

The design of the QCR can be considered either as a
stabilization problem or as a performance design problem.
Stabilizing the closed loop system by using QCR is obtained
if and only if

(I −QCRP˜rs(θ))−1 (12)
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Fig. 1. A fault tolerant controller architecture.

is stable. This problem is again a controller design problem
for descriptor systems. In the performance design problem,
QCR needs to be designed such that the closed-loop system
is stable, i.e. (12) is satisfied, and a suitable norm of the
closed loop system Ted(s) is minimized.

Note that the same FTC architecture can also be applied
when an active FDI approach is used for fault diagnosis,
see [5].
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