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The problem of decentralized impulse controllability/observability for large-scale interconnected descriptor systems with two
subsystems by derivative feedback is studied. Necessary conditions for the existence of a derivative feedback controller for the
first subsystem of the large-scale interconnected descriptor systems ensuring the second subsystem to be impulse controllable
and impulse observable are derived, respectively. Based on the results, a derivative feedback controller for the first subsystem of
the large-scale interconnected descriptor systems is constructed easily such that the second subsystem is impulse controllable or

impulse observable. Finally, examples are given to illustrate the effectiveness of the results obtained in this paper.

1. Introduction

Descriptor systems are also referred to as singular systems,
implicit systems, differential algebraic systems, semistate sys-
tems, or generalized state space systems. Descriptor system
models are more convenient and natural than standard state
space system models in order to describe practical systems,
such as interconnected large-scale systems, economic sys-
tems, networks, power systems, and chemical processes [1, 2].
Due to this reason, the control of descriptor systems has been
extensively studied in past years and a great number of results
based on the theory of standard state space systems have been
generalized to descriptor systems [1-5].

It has been known that the response of a descriptor
system may contain impulsive terms. In a practical system,
the impulse may cause bad performance and even destroys
the system. Therefore, it is important to study the problem
of eliminating impulsive behavior of a descriptor systems via
certain feedback controllers. For regular descriptor systems, it
is pointed out in the work [6] that the necessary and sufficient
condition for impulse elimination via proportional state
feedback is that the considered system is impulse controllable.
The work in [7] shows that homogeneous indices are a
complete set of invariants for the action of a natural group of

feedback transformations on descriptor linear systems, and
the homogeneous indices determine exactly which closed-
loop invariant polynomials can be assigned by feedback,
thereby generalizing the control structure theorem of Rosen-
brock. In [8], the pole placement and connected problems by
the use of matrix pencil formulation have also been studied.
In [9], the limits in altering the eigenstructure of linear
reachable descriptor systems by proportional plus derivative
(P-D) state feedback have also been studied, and an explicit
necessary and sufficient condition is established for a set
of invariant polynomials and positive integers to represent
the finite and the infinite eigenstructure of a system obtain-
able from the given descriptor system by proportional plus
derivative (P-D) state feedback. The problem of pole structure
assignment (PSA) by proportional state feedback in implicit,
linear, and uncontrollable systems has also been studied in
[10]. In [11], the problem of the action of proportional plus
derivative (P-D) and pure proportional feedback groups on
the set of all singular systems has also been studied. In
[12], the concepts of impulsive modes and impulsive mode
controllability are proposed by the analysis of admissibility
of initial conditions. In [13], the problem of impulsive mode
elimination via proportional state feedback is considered.
It is pointed out that the impulsive mode controllability



is necessary and sufficient for the existence of impulsive
mode eliminating proportional state feedback controller. The
concept of impulsive controllability is proposed in [14]. It is
shown [15, 16] that the condition of impulse elimination via
proportional plus derivative (P-D) state feedback is that the
original system is impulsive controllable one. New criteria
are proposed in [17] for impulsive mode controllability
of descriptor linear systems by adopting the null space
approach. In [18], the problem of impulse elimination via pro-
portional plus derivative (P-D) output feedback has also been
studied. In [19], a decentralized (P-D) feedback is explored for
the impulsive elimination problem where the centralized (P-
D) feedback is regarded as a special case. In [20], a concept
of the structured proportional plus derivative (P-D) feedback
is first introduced and an explicit necessary and sufficient
condition is constructively derived for the closed-loop system
to be regular and impulse-free by the structured proportional
plus derivative (P-D) feedback. A rank condition of impulse
observability is presented for regular descriptor systems [21].
In [12], the presence of impulsive responses in descriptor
systems and how they relate to impulse controllability and
impulse observability are considered.

The large-scale interconnected descriptor systems are
a kind of dynamic systems which are more general and
have extensive applied background, such as power systems,
economic systems, and network systems [22]. The class of
systems can be characterized by a large number of state
variables, parametric uncertainties, a complex structure, and
a strong interaction between subsystems [23]. Decentral-
ized/interconnected descriptor systems have attracted more
and more attention because of their practical backgrounds;
for example, [24, 25] investigated dynamic networks gov-
erned by decentralized/descriptor systems, respectively. The
related research has been widely used in the research of
multiagent robot and four-rotor aircraft [26].

Decentralized/interconnected descriptor systems also
contain impulse terms. However, to the best of our knowl-
edge, the research on decentralized impulse controllabil-
ity/observability of interconnected descriptor systems still
receives little attention. So in this paper, we study the problem
of decentralized impulsive controllability/observability for
interconnected descriptor systems. The derivative coefficient
matrix (E + BK) is not required to be revertible, so our
results include previous related ones as special cases. Decen-
tralized impulsive controllability/observability is investigated
by using matrix rank properties, which is a novel way to
deal with the impulse. The dynamic order of the closed-loop
descriptor systems can be assigned between the minimum
rank and maximum rank of (E + BK).

Hypersonic technology is the best stratagem in the realm
of aerospace technology in the 21st century. The hypersonic
vehicle is characterized by its high speed and high ability
of penetration. So it is of great importance in both civilian
field and military field. Because of the advanced aerodynamic
configuration, fuselage-engine integrated design, large flight
envelope, and the tremendous changes of flight environment,
the hypersonic aircraft has poor stability, serious couplings
among the subsystems, and biggish model uncertainty. Mean-
while, various restrictions for the flight of the vehicles need
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to be considered. That means that system equations of the
vehicles should include the algebraic equations. In most cases,
the parameters of hypersonic technology systems change
all the time. When derivative coefficient matrix is singular
matrix, we can describe the hypersonic technology systems
as descriptor systems. So, the impulse problem of vehicle
systems is the first problem to be solved. However, to the
best of our knowledge, the research on impulse control of
hypersonic vehicle still receives little attention. Therefore,
the research problem of hypersonic technology impulse
controllability is overwhelmingly crucial.

As is known to all, for the descriptor systems, propor-
tional feedback can not alter the impulse controllability of
systems. Therefore, this paper focuses on designing a deriva-
tive feedback controller for the first subsystem of the large-
scale interconnected descriptor system such that the second
subsystem is impulse controllable or impulse observable. The
impulse controllability/observability problem of descriptor
systems involves the rank constraints of matrix pencil with
parameter K. Firstly, we use matrix theory to transform the
matrix pencil involving parameter K into the form of A +
BKC. Further by comparing the maximum rank of the left
hand of the condition of impulse controllability/observability
with the minimum rank of the right hand of the condition
of impulse controllability/observability, necessary conditions
for the existence of a derivative feedback controller for the
first subsystem ensuring the second subsystem to be impulse
controllable and impulse observable are derived, respectively.
If the maximum rank of the left hand of the condition of
impulse controllability is lower than the minimum rank of
the right hand of that, the controller to be designed will
not exist. If the maximum rank of the left hand of the
condition of impulse controllability/observability is higher
than the minimum rank of the right hand of that, the
intersection of the set of the ranks of the left hand and the
set of the ranks of right hand of the condition of impulse
controllability/observability is not an empty set, and the
controller to be designed will exist and can be selected in
the intersection. Finally, illustrative examples are provided to
demonstrate the applicability of the proposed method.

This paper is structured as follows. In Section 2, defini-
tions and lemmas are introduced for later use. Section 3 gives
conditions of the impulsive controllability and impulsive
observability by derivative feedback. In Section 4, illustrative
examples are proposed to testify the feasibility of the theo-
rems. Finally, conclusive remarks are made in Section 5.

2. Preliminaries

Consider a class of large-scale interconnected descriptor
systems composed of two subsystems of the following form:

Ex; = Ayx, + Apx, + Byug,
E)xy = Ayxy + Apx, + Byuy,
(1)
»n =Cixy,

¥, = Cyxy,
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where x; € R™ is the state of the first subsystem, x, € R™
is the state of the second subsystem, y; € R™ and y, €

R™ are outputs, and u, € R" and u, € R" are control
inputs. E,, E,, A;, Ay, Ay, Ay, By, By, Cy, and C, are
constant matrices with compatible dimensions. In this paper,
we suppose that

rank (El) =Te)

rank (B,) = 1,

rank (Ez) =T

rank (B,) = 1y, (2)
rank ([E; B,]) = Te by

rank([E2 Bz]): eby?

n +n, =n.
Denote
s [0 ,
Lo B,
I [An AIZ] ,
LAy Ap
_ [B; O
B= ,
Lo B,
_ JC, o
C= , 3)
e
]
x= ,
L X7 ]
i, ]
u= ,
LU, |
[ 1]
Y= .
LY2 ]
Then system (1) can be rewritten into the condensed form
Ex = Ax + Eu,
_ (4)
y =Cx,

and system (1) is assumed to be regular; that is, 3s €
C, det(sE — A) # 0. In this case, the state response of system
(1) exists uniquely for any admissible initial state.

The local derivative feedback can be described as

Uy = -Kpxp, €)
where K € R ™ jisa gain matrix to be determined. Applying

the feedback to the first subsystem of system (1), the resultant
closed-loop system is

By = Ax + Bythy, ©)

3
where
_  [E,+BK, 0
- [ 0 Ez] ’
— 0 7
b [Bz] '
Setting
B, = [Bl 0] , (8)
00
then we have
Ex =E+B/K,. 9)

The local derivative output feedback can be described as
Uy ==Ly, (10)
where L, € R"*™ isa gain matrix to be determined. Applying

the feedback to the first subsystem of system (1), the resultant
closed-loop system is

E; % = Ax + Byu,, (11)
where
7 _ [El +B,L,C, 0 ]
0 E, (12)
C,=1[0 G.
Setting
C = [Cl 0], (13)
0 0
then we have
E, =E+B,L,C,. (14)

For system (1), there exist orthogonal matrices
Q, Q,, Uy, Uy, Vy, and V, with appropriate dimensions
such that

(=1 0 0
UE\V, = |E} E), 0],
L0 0 0
[0 0
UB,Q = |2} 0],
[0 0
(15)
(22 0 0
U,E,V, = | E5, E5, 0,
L0 0 0
[0 0
U,B,Q, = |23 0],
[0 0



where 2] € RVannTan ) 3L e R 32 ¢
RUee ™) W T0) and 32 € R are diagonal pos-
itive definite matrices. E;l € R X0ty o) E;z €
Rrblx(reﬁrbf”e]bl)’ E§1 € errzx(reﬁrbz*"ezbz)’ and E§2 €
R *e*7, ~Teits) are full column rank matrices:
F A0l 411 4117
Ay Ay A
a4 o411 4n
UlAnVi = | Ay Ay Ay
11 411 411
| A3 Asy Ay
F 412 412 4127
Al A AL
| a2 412 412
UlALVa = | Ay Ay An s

12 12 12
_A31 A32 A33 J

421 21 21 7
All A12 A13

2 421 421 (16)
U,ApVy = | A5 A% Ay |
21 421 421
| A3 A%, Ay
M 422 422 4227
All A12 A13
22 422 422
U,A,V, = A21 Azz A23 ’
22 22 22
| A3 AT, Ay
1 1 1
UGV, = [Cu C12 C13]’
UGV, = [Cﬁ Cil C%l]‘
For linear descriptor systems of the form
Ex = Ax + Bu,
(17)
y =Cx,

where x € R" is state vector, u € R” is control input, and y €
R is controlled output, E,A € R”", B € R",and C ¢ RX"
are constant matrices and rank(E) = n, < n.

Definition 1 (see [6]). System (17) is said to be regular if there
exists a constant scalar s € C such that
det (sE — A) # 0. (18)

Lemma 2 (see [6]). (a) System (17) is impulse-free if and only
if the following relation holds:

k Bo = k(E 19
ran ([A E])—n+ran (E). 19)

(b) System (17) is impulse controllable if and only if the
following relation holds:

i E 00 K
ran <[A E B]>=n+ran (E). (20)

(c) System (17) is impulse observable if and only if the
following relation holds:

E A
rank 0 E
0 C

=n+ rank (E). (21)
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Lemma 3 (see [2, 21]). For arbitrary matrices f € R™", B €
R™™ and € € R™" the following relation holds:

(a) min {rank (&f + BHK)}
g (22)
=rank ([&/ $B]) - rank (%),

where ming, {*} is the minimum rank of matrix pencil {} with
parameter matrix & € R™".
Consider the following:

(b) myi{n {rank (f + B EC)}
o
=rank([£f 95’])+rank<|:(g]) 23)

(g o))

where ming, {*} is the minimum rank of matrix pencil {} with
parameter matrix K € R™.
Consider the following:

(c) m;{tx {rank (of + BHE)}

- it . une([2]))

where max o {*} is the maximum rank of matrix pencil {x} with

parameter matrix H € R™.
Consider the following:

M= {% ¢ R™ | rank (o + BHE)
(25)
= max {rank (o + @%g)}} .

It is a Zariski open set, or equivalently almost every matrix
F € R™! can make rank(f + BHE) to be maximal.

By Lemma 2, we have the following results.

Lemma 4. (a) System (6) is impulse controllable if and only if
the following relation holds:

rank (

(b) System (11) is impulse observable if and only if the
following relation holds:

Ex 0 0

A Ex B,

) =n+ rank (EK) . (26)

E, A

rank 0 E;

0 C,

Lemma 5 (see [29]). If r.;, = ming rank(ef + BHE) and

Tmax = MaX g rank(f + BHE), then there always exists K €

R™! such that ry = rank(of + BHB) for any positive integer
1o satisfying . <ty <t

in = max*

=n+ rank (EL) . (27)
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3. Main Results

In this section, conditions for the existence of a derivative
feedback controller for the first subsystem of the large-
scale interconnected descriptor systems ensuring the second
subsystem to be impulse controllable and impulse observable
are derived, respectively.

Theorem 6. Consider system (1). If

rank <

there does not exist K| such that closed-loop system (6) is
impulse controllable.

11 11 12
A32 A33 A33

21 21 22
A32 A33 A33

) <SM=Tep —Top — T (28)

Proof. We first note that

Ex 0 0 EO0 0
A Ex B, |2 E B,
B 100 (29)
B, 0 0]_
+ _ K,|0I 0],
0 B, 0
00 I
where
[K, 0 0
Ki=|0 K 0},
[0 00 (30)
_ [K, ©
K, =
0 K,
Denote
05)1 = Dlag {U1’U2’U1’U2}’
(31)

8, = Diag {V},V,, V1, V5, Q,, Q1. Qi -

Diag{+} denotes the block diagonal matrix. By Lemma 3, we

have
0 0
R, = max yrank © o
K A Ex B,

{ EO0 0 B 0
=max{rank| [_ _ _ —_
K A E B, 0 B,

E, 0 0 0 0 B, 0

0O E, 0 0 0 0 O
=rank| &, )

A, A, E, 0 0 0 B

Ay A, 0 E, B, 0 0

= 2rank (Z}) + 2rank (2113) + 2rank (Zf)

)

11 11 12
A32 A33 A33

21 21 22
A32 A33 A33

+ rank (E;Z) + rank (Zé)

+ rank (

=21,y +71,, +7,, +rank <

11 11 12
A32 A33 A33

21 21 11
A32 A33 A33

(32)

On the other hand, by Lemma 3, we have

r; = n+rank (EK)

E, +B,K, 0
= min {#n + rank
K, 0 L
E, 0 B, 0 B, 0
=n + rank — rank
0 E 00 00

=n+ T’ez + relbl - Tbl.

(33)

When R, < r;, namely, (28) holds, by Lemma 4, we
can know that there does not exist K; such that closed-
loop system (6) is impulse controllable. This completes the
proof. O

Theorem 7. Consider system (1). If

rank (

where

11 11 12
A32 A33 A33

21 21 22
A32 A33 A33

> >n-— Te, ~ Ve, ~ Ty
(34)

Qg = U {Kiun Kyt # ¢,

r <i<R;

Ex 0 OD }
— — — :l b
A Ex B, (35)

K, = {Kl | n+ rank (EK) = i} ,

then one can find K, € Qg such that the closed-loop system is
impulse controllable.

Proof. The proof of Theorem 7 is similar to that of Theorem 6;
the details are omitted. O

Remark 8. In the case of R; < r, there does not exist
gain matrix K, such that the closed-loop system is impulse
controllable. When R, > ry, the existence of gain matrix K,
can be considered in terms of probability. Namely, assume
there exists a topological space, in which we can define a
nonnull set O that expresses the intersection of the dense set
and any subset of that topological space. Then based on the
perspective of probability, we can easily obtain this kind of Q.



Based on this idea, we know that K, is a Zariski open
set according to Lemma 3. We also know that almost every

Ex 0 0
A 5 B,
set. According to Lemma 5 we know that there always exists
K, such that n + rank(Eg) = Ry, and K,p is a subset of
the topological space R™". Then based on the perspective
of probability, we can easily get this kind of Q. If QO # 0, we
can find K, € Qy such that the closed-loop system is impulse
controllable, where

K, can make rank([ ]) = R,. Namely, K, is a dense

Qg = Kjg, N Kyp - (36)

Remark 9. When Qy # 0 and n + rank(Ex) = R,, we can
obtain K; as the following form:

Kan [-(2h) Eh 0]+

vh, @)
K (Kazy Kozl

-

where K, € RV Tan™) K, e RO )0en ) K ¢
R )% (1, +1 *’elbl), and K,,; ¢ RU=m)X0=re) e four
arbitrary parameters matrices, A € R Tan*n) jg fyll
column rank parameter matrix, and rank(A) = Ry —n-r,;, +
Ty, —T,,- At the same time, if K; which is obtained by the above
process satisfies formula (27), then K is the gain matrix. Let

K K K
T ain Kain Kaiz
Q K,V = [ ]» (38)
Kann Kany Kaps
in which matrix-blocks are compatible. Then we have
UEgV
3 0 0 0 0 0]
Ey + 2Ky Ey +21151Kd12 z1131K5113 0 00
0 0 o o o of (39
- 0 0 o 2 o0 o
0 0 0 E E,0
L 0 0 0 0 0 0J

where U = [U‘ UZ],Vz [V‘ Vz]'
By rank(Eg) = R, — nand (39) we can get the following
formula:

rank ([Eéz + Zgleu ZgleIS])

(40)

=R, —-n- Tep, + 15, — Te,-

Obviously, the matrix [K;, Ky3] can be expressed as the
following form:

(K Kas] = [‘(21131)_1552 °]+A’ (41)

rank (A) =Ry —n—r,,, +1, — 1.

Next, we discuss the problem of impulse observability.
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Theorem 10. Consider system (1). If

|
o

Gl

B,
rank 0
0

o o
QL.
o

o o
O

|

< rank

=)

(o}
L0 C

(42)

1 1 12
Az Az Ag
s
ran >n—r,, —t, — 1
21 421 42 = el b Tep
A3y Ay A% S
0 0 C
Q= U {LunLyt#¢,

r,<i<R,
where
E, A
0 E | |=it,
0 C,

L,;=4L|rank

L, = {L | n+ rank (EL) = i},

then one can find L € Q; such that closed-loop system (11) is
impulse observable.

Proof. Note that

E, A1 [E 4] [B o]
a _ _ C, 0
E l=|0 E|+|o0 B |L| _ | (44
B = 0 C,
0 C2 0 CZ 0 0
where
_ L, 0
le — >
0 L,
(45)
_ L, 0
L, =
0 L,
Denote
(5’3 = Diag{Ul,U2>U1)U2)U1’U2}’
(46)

c§74 = Dlag {V17V27V1’V2’Q1’ Ql} >
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when
EAB o
rank 0 E 0 B,
0C, 0 0
‘F A7
B (47)
0 E
< rank 0 C,
o
[0 C, ]
By Lemma 3, (15), and (16), we have
L A
R, = max rank 0 E;
0 G,
EAB o
= rank 0 E 0 B
0C, 0 0
'E, 0 A, A, B, 0]
0 E, A,y A, 0 0
= rank 0 0 E, 0 0 B
0 0 0O E, 0 O
’ (48)
L0 0 0 C, 0 0
[E, 0 A,;, A, B, 0]
0 E, Ay, Ay, 0 0
=rank| &0 0 E, 0 0 B|dS,
00 0 E, 0 0
L0 0 0 C, 0 0]
1 41 4127
Ay Ay Ay
AL A% A2
=2r,p +2r, +rank 2212 221 223
Ay Ay Ay
2
0 0 C
On the other hand, by Lemma 3, we have
r, = n}l}n {n + rank (EL)}
—n+rank([E Bl])—rank(B)
(49)

E, 0 B, 0 B, 0
=n+ rank —rank
0 E, 00 00

=n-+ rez + relbl - rbl.

Since R, > r, and Q; # ¢, by Lemma 4 there exists L,
such that closed-loop system (11) is impulse observable. This
completes the proof. O

Theorem 11. Consider system (1). If

EAB 0
rank 0 E B,
0C, 0 0
"E AT
0 E
> rank 0 C 5
C, 0
L0 Gy
r 1 12 7
0 Ay Ay (50)
0 Al A2
33 33
21 42
0 A% A%
21 42
rank 0 A% A%,
2
0 o0 C
C, 0 0
1
L 0 C; 0]
2N+ Ty =2 =T =Ty,
O = U {LynLyt#¢,
r,<i<R,

then one can find L € Q; such that closed-loop system (11) is
impulse observable.

Proof. The proof of Theorem1l is similar to that of
Theorem 10; the details are omitted. O

4. Ilustrative Examples

In this section, illustrative examples are considered to show
the effectiveness of the proposed approach.

Example 1. Consider system (1) with the following parame-

ters:
13
E, = ,
12 6
(—2.3 45
E, = )
| 1.15 -2.25
B -1 0.5
ol 1]’
B 16
27 1-05 -3’
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(4 0.7 7, = min {n + rank (E
a1 = min -+ ank (B )}
18 1.4
E, +B K1 0
[-3 1.5 = min 7 + rank
A21 = :| > K EZ
|15 -0.75
0 B, O
[0.5 =n+ rank
Bl = ] > 2
!
B, 0
[ 2 - rank
B, = . 00
-1
(51) 13 0 0 0.5
26 0 0 1
=4 + rank
00 -23 45 0
Note that 00 115 225 0
k 0.5
Ex 0 0 ~ran
R1=max<|rank< K ])} 1
K, A Ex B, (52)
E, 0 0 0 0B 0 R, < r; does not meet the necessary condition of impulse
0 E, 0 0 0 0 O controllability.
= rank A A-E 0 0 0 B By Theorem 6, there does not exist K; such that closed-
1z =l 1 loop system (6) is impulse controllable.
A, Ay, 0 E, B, 0 0 We can design a derivative feedback controller for the first
subsystem as follows:
2 6 0 O
—l+rank| | 0 0 -23 45| | =4 = -Ki%, K =la b], (53)
-105 4 07 where a, b are arbitrary parameters. We have
E,+B,K, 0 0 0 0
Ex 0 0 0 E, 0 0 0
rank | | _ _  _ = rank
A E¢ B, A, A, E,+BK, 0 0
Ay Axp 0 E, B,
- b -
241243 0 0 0 0 0 0 0
2 2
a+2 b+6 0 0 0 0 0 0 0
0 0 -23 45 0 0 0 0 0
0 0 115 -225 0 0 0 0 0
= rank a b < (54)
-1 0.5 4 0.7 E+l 5+3 0 0
-2 1 8 14 a+2 b+6 0 0 0
-3 1.5 1 6 0 0 -23 45 2
. -1.5 075 -05 -3 0 0 115 -2.25 -1
b
241243 0 0
E,+B/K, 0 2 2
n+rank(EK)=n+rank([ oo ]>:4+rank a+t2 b+6 0 0 > 6.
0 B 0 0 -23 45
0 0 115 -2.25
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For any derivative feedback gain K, equality (26) in Lemma 4 R, > r, satisfies the necessary condition of impulse
can not hold. That means there does not exist K; such that  controllability. By Theorem 7, we can design proportional
closed-loop system (6) is impulse controllable. feedback controller for the first subsystem as follows:

Example 2. Consider system (1) with the following parame-

ters: u, =Kyx, K;=[a b]. (57)
10
E = ,
00
We have
E [2 0]
2= >
00 . E 00
A ran o _
U Ax E B,
1= ,
5 6]
E, 0 0 0 0
[1 3] 0 E, 0 0 0
Ap = 5 4l = rank g
L . (53) A,+BK; A, E; 0 0
[7 3] Ay Ay 0 E, By
Ay = 42| _ _
L . 1 0 0000O0CO0OO
(2 1] 0 0 0000O0CO0OO
Ay = >
|14 6 0 0 2000000
1 0 0 0000O0COO
B = = rank
1= ol 14+a 2+4b 7310000 (58)
3 5 6 2400000
BZZ[O]. 2 1 1300203
4 6 2400000
Note that - .
Eqx 0 0 =5
Ry =maxqrank|{ | _ _ _
Ky A Eg B, 1000
_ 0000
E, 0 0 0 0B 0 n+rank(E):4+rank =6,
) 0O E, 0 0 0 0 0 0020
=ran
A, A, E, 0 0 0 B 0000
Ay Ay 0 E, B, 00 E 00 —
e 2 rank|{ |_ _ _ =/:n+rank(E),
— 6 A, E B,
r = n}(in {n + rank (EK)}
1 n Ap+B Ky A
(56) where Ay = [ ta AZ]'
) E,+B/K, O We can conclude that there does not exist proportional
= n}<11n n+ rank 0 E, feedback K, such that closed-loop system (6) is impulse
controllable.
E, 0 B 0
= n+rank<[ ' ' ]) Example 3. Consider system (1) with the parameters as
0 E 00 Example 2.
B 0 R, > r, satisfies the necessary condition of impulse con-
— rank ( [ ! ] ) trollability. Further, by Theorem 7 we can design a derivative
00 feedback controller for the first subsystem as follows:

=4+ra\nk<[1 0:|)—rank([l]>=5.
02 0 u, = -K,%,, K,=[a b]. (59)
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Then we have

Ex 0 0
rank _K _
A Ex B,

E,+BK, 0 0 0 0
0 E, 0 0 0
= rank
A A, E,+BK, 0 O
Ay A 0 E, B,
[1+ab 00 0 0000]
0O 000 O OO0OOO
0O 020 O 00O0OO
(60)
0O 000 O OO0OOO
= rank
1 2731+ab000
5 642 0 0000
2 113 0 0203
| 4 624 0 000 0]
l1+a b 0
= 3 + rank 5 62 R
4 6

n+rank(EK) =5+rank ([l +a b]).

In fact, by the above derivation, we can give arbitrary
derivative feedback controller such that closed-loop system

(6) is impulse controllable. When K; = [1 —1], we have
E
rank _K _
A Eg
[2 -1000 0 0 0]
00 2000 00
1 2732-100
:rank =6, (61)
56 420 0 00
21 1300 23
(4 6 240 0 00

_ 2 -10
n+rank(EK)=4+rank([0 0 2]):6,

and we can conclude that closed-loop system (6) is impulse
controllable under the above derivative feedback controller.

Mlustrative Examples 2 and 3 are provided for demon-
strating the different effects of proportional feedback and
derivative feedback. We can find that our method of deriva-
tive feedback can change impulsive controllability when the
method of proportional feedback is unable to do it.
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Example 4. The hypersonic vehicle is modeled as in [27],
and the mathematical model (62) of hypersonic vehicle is
established in [28]. Consider

y = wx—tanS(w},cosy—wzsiny),

w.p
57.3°

& =bw, +ba + b + bydz -

B=aw, + aw, +asf + asf3 + bdx + bydx + a, 0y

w, o
57.3°

Wy = W, + Gy, + o+ 6+ ¢0x + ¢, 0y
W,
I,-1)==,
+( 7 Z) 57.31,
@, =bw, +bw, +bp+ bsf3 + bdx + b, Sy

(- 1) <

(62)

57 3I

W y
57.31,°

W, = a;w, +a4¢x+a40c+a88z+(1 —I)

where y denotes roll angle, o denotes angle of attack,
B denotes yaw angle, and w,, w,,and w, denote rotating
angular velocity components in the coordinates x, y, and z.

Various restrictions for the flight of the hypersonic tech-
nology need to be considered. In most cases, the parameters
of hypersonic technology systems change all the time, with
derivative coefficient matrix into singular matrix; by [29]
we describe the hypersonic technology systems as descriptor
systems. By Assumption 2.1 of [30] if the equilibrium of
nonlinear singular system Ex = f(x) is x, = 0 then
the locally nonimpulsiveness of this system is equivalent
to (deg(det(sE — A)) = rank(E) Vs € C, where A =
(0f /0x)(0)). Therefore nonlinear large-scale interconnected
descriptor systems (62) can be linearized at equilibrium point
(y> &, B, wx,wy,wz) (0,0,0,0,0,0); then we obtain the
following system:

Eixy = Ajxy + Appx, + B,

(63)
E,x, = Ay x; + Aypx, + Byu,,
where

rr o o0
E,=|01-b 0|,

L0 -a, -1

o0 o0
E,=|01-a5 1|,

L0 -b, 1

1 0 0
Ay =100b as,

LO a4 a4
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A=

Xy =

Xy =

System (63) is the large-scale interconnected descriptor
systems for the conditions that 1 - b, = 0,1 —a; = 0,
and E; and E, are singular matrices. Furthermore, we find
rank([ % % ]) # n + rank(E), so impulse exists in the system.
For hypersonic vehicle, it may generate impulse response to
the vehicle with the vehicle flight with acceleration, decelera-
tion, and sharp turns, which may lead to the instability of the
system or may even destroy the vehicle, and hence it is not

expected to exist.

Consider system (63) with the following parameters [22,

23]:

[1 00
000

>

000

(6 6 G
a, as a4 |,

Lby bs b,

(0 0 0

a, =0.5,

a, = 0.8,

Note that

as =2,
a, = 0.5,
as =1,
as =0,
a; = 0.6,
ag = 0.5,
b =0.3,
b, =04,
b =1,
by =1,
bs =0,

E, 0 0 0 0
0 E, 0 0 0
A, A, E, 0 0 0 B,
Ay Ap 0 E, B,

r = rr11<in {n + rank (EK)}

= min

1

{n + rank (

E,+BK, 0

0 E

i

1

(65)
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E, 0 B 0 E
=n+rank([ 1 1 ]) n+rank(E)
0 E, 00 ] ]
1 0 0 00
B, 0
—rank([ ' D=1o. 0 0 0000
00 | 0051000
=6+ran =11.
(66) 0 0 0100
R, > r, satisfies the necessary condition of impulse 0 0 0001
controllability. By Theorem 7, we can design a proportional 00 0 0 -11
feedback controller for the first subsystem as follows: ) i 68)
=K,x, K;=|a b c]. 67
- ax d [ ] ©7) Obviously,
Then we have =
E 0 0 _
E 0 0 rank| | _ _ _ # n+ rank (E) (69)
rank | | _ _ _ Ax E B,
Ac E B,
By the above derivation, for any proportional feedback gain
E, 0 0 0 O K,, equality (26) in Lemma 4 can not hold. That means
there does not exist K; such that closed-loop system (6) is
0 E, 0 0 0 ) ‘
- rank impulse controllable. Further, by Theorem 7 we can design
A,+BK; A, E; 0 0 a derivative feedback controller for the first subsystem as
Ay A, 0 E, B, follows:
05 -1 u, =-K;x,, Ky=[ab (]. (70)
=9+rank<[ ]>=10,
1 2 Then we have
E,+B,K, 0 0 0 0
Ex 0 0 0 E, 0 0 0
rank( [ = rank
A Ex B, A, Ap E,+BK, 0 0

A21 A22 0 E2 BZ

r1+0.1a 0.1b 0.1c 0 0 0 7

0 0 0 0 0 0
(71)
02a -0.5+02a -1+0.2c 0 0 0
= 6 + rank >

1 0 0 1+0.1a 0.1b 0.1c
0 -1 2 0 0 0

L 0 0.5 0.5 02a -0.5+02b —1+0.2c]

. 1+0.1a 0.1b 0.1c
n+rank(EK) =9 +rank .
02a -0.5+02b -1+0.2c

When g, b, and c satisty for example,a =0, b =1, ¢ = 0, we have

1+0.1a  0.1b 0.1c rank <
rank =
02a -0.5+02b 1+0.2c

Then closed-loop system (6) is impulse controllable.

Ex 0 0
A Ex B,

]) = n+ rank (EK) =11 (73)

DN

» o (72)
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In the practical example, we can find that our method
of derivative feedback can change impulse controllability
when the method of proportional feedback is unable to do
it. So, derivative feedback method is more effective than
proportional feedback in the problem of impulse elimination.

5. Conclusions

In this paper, the problem of impulse controllability and
impulse observability of large-scale interconnected descrip-
tor system by derivative feedback has been studied. Necessary
conditions for the existence of a derivative feedback con-
troller for the first subsystem of the large-scale interconnected
descriptor systems ensuring the second subsystem to be
impulse controllable and impulse observable are derived,
respectively. The examples have been presented to demon-
strate the applicability of the proposed approach. Recently,
to ensure the reliability and safety of modern large-scale
industrial processes, data-driven methods have been receiv-
ing considerably increasing attention. The research on the
modeling and the impulsive controllability/observability of
interconnected descriptor systems based on large data and
fault diagnosis of complex system will be the next research
focus [31-33].
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