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Generalized observer design of index one for descriptor
systems with unknown inputs

Abhinav KUMAR and Mahendra Kumar GUPTA

Generalized observers are proposed to relax the existing conditions required to design
Luenberger observers for rectangular linear descriptor systems with unknown inputs. The current
work is focused on designing index one generalized observers, which can be naturally extended to
higher indexes. Sufficient conditions in terms of system operators for the existence of generalized
observers are given and proved. Orthogonal transformations are used to derive the results.
A physical model is presented to show the usefulness of the proposed theory.
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1. Introduction

Descriptor systems — also known as differential algebraic equations (DAEs)
or singular systems — are combinations of differential and algebraic equations
implicitly. Many real life plants are naturally modelled as descriptor systems,
such as constrained mechanical systems [1,2], chemical control processes [3, 4],
electrical circuits [5,6], and secure communications [7], for instance.

This work discusses the linear time invariant descriptor system with unknown
inputs as follows

Ex=Ax+Bu+Fv, (1a)
y= Cx +Gv, (1b)
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where x € R”, u € R¥, and § € R” are the state vector, the control input vector, and
the output (measurement) vector, respectively. v € R? is the vector of unknown
inputs. E € R™" A € R™" B e R"™* F e R™4, C € RP" and G € RP*4
are constant matrices. System (1) is called regular descriptor system if matrices
E and A are square and 3 A € C such that det(1E — A) # 0. Regularity is the
condition for the existence and uniqueness of the solution for descriptor systems.
A descriptor system that is not regular is called irregular. In the case, where E
and A are square and E is nonsingular, the system is well known as state space
representation. In this article, we study rectangular descriptor systems where the
number of equations is not necessarily equal to the number of states. It is evident
that rectangular descriptor systems, often referred as over- or under-determined
systems [8], are the most general form of irregular descriptor systems. Therefore,
the system (1) is sufficiently general and covers enormous types of linear control
systems.

In the literature, unknown inputs are also referred as noises or disturbances [9].
In many practical situations, descriptor systems are modeled with presence of
unknown inputs. Contrary to state space systems, solutions of descriptor sys-
tems contain higher ordered input derivatives, see [2, 10]. As a result, descriptor
systems are exceptionally delicate to slight input changes. Thus, considering
unknown inputs in observers design problems for descriptor systems are more
important compared to observer design for state space systems. In this work, we
are considering unknown inputs in the most general form by considering their
presence in the both dynamic and output equations. Considering the presence of
unknown inputs in the measurement equation (1b) is essential because contrary
to known inputs, it is not possible to take out unknown inputs from the output
equation without loss of generality.

The problem of state estimation for dynamical systems is well established in
the control theory since it is utilized for various purposes e.g. feedback control
and synchronization [11]. Various kinds of observers have been designed for
system (1) for state estimation. For a comparison, we enlist a few types of the
observers given in the previous works.

(01) z=Liz+ Lyy + L3u,
X = Flz+F2y+F3u.

(02) z=Liz+ Lyy+ L3u,
S
t=Fiz+ Z(F2,iu(i) + F3,y"),
i=0

where (i) denotes the i-th derivative. Integer s > 0 is called index of the
observer (02).

(03) £ =Lix+ Loy + Lau+ Lyy.
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q
(04) Ex = Ly%+ Loy +Lau+Ls ) wi,
i=1
w = Fi(y = C&) + Miw, i=1,2...q.

In the literature, observers of the form (O1) are called Luenberger observers
[9, 11, 12]. Observers of the form (0O2) are called generalized observers [13].
Observers of the form (O3) and (O4) are called proportional-derivative (PD)
observers [14,15], and proportional—integral (PI) observers [16, 17], respectively.
The literature reflects that Luenberger observers (O1) are the most adopted among
all other observers. It is because of the fact that Luenberger observers are explicit
in nature and consequently simple to carry out for implementation. However, for
descriptor systems with unknown inputs, designing of generalized observers is
still an untouched area of research.

Darouach et al. [18] have utilized the ideas of generalized Sylvester equation
and generalized inverse to design a Luenberger observer for system (1) under
assumptions (H1) and (H2) as follows. Proportional Multiple-Integral observer
of the form (O4) has also been designed using the assumptions (H1) and (H2) [17].

EAFO
0 EO0F E F
(H1) rank 0CC 0 —rank[o G +n+gq,
000G
[A—1E F| -
(H2) rank G G—]—n+q\7’/l e C,

where C stands for the set of complex numbers. C* = {s|s € C, Re(s) > 0}
is the closed right half complex plane.

Luenberger PD or PI observers for system (1) have been designed under the
least restrictive assumptions (H1) and (H2). As a matter of fact, (H1) and (H2) are
the generalizations of the impulse observability and detectability properties of
linear descriptor systems without unknown inputs to (1), respectively [19]. We can
obtain these conditions by substituting F and G as zero matrices in (H1) and (H2).
Hou and Miiller [13] have proved that the detectability is a necessary condition
and therefore, can not be relaxed further for Luenberger or generalized observer
design. It has been observed that many practical models do not fulfill (HI). To
loosen up the condition (H1), observers of the form (O2) are introduced, which
can be designed under milder conditions. In generalized observers, the minimum
possible index is preferred to minimize the noise which may be occurred due
appearance of derivatives terms.

In this paper, we replace the condition (H1) with the following proposed con-
dition (HO) for designing index one generalized observer which can be understood
as the main contribution of the paper.
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EAF 00
0FEO0FA EF A

(HO0) rank |0 C G 0 O|=rank |0 G C|+n+q.
000GC 0 0E
0000O0FE

This work is devoted to design index one generalized observers of the form
(O2) under the conditions (HO) and (H2). The proof of (H1)=(HO) is given in
Section 2, which shows that (HO) is milder than (H1). On the other hand, an
example that satisfies only the condition (HO) but not (H1), is given in Section
4. It is also notable that the condition (HO) is being proposed for the first time
and has never been used in the literature for any other control theory purposes.
In order to prove our results, we use orthogonal transformations to ensure the
numerical stability of the proposed methods.

The notational convention is as follows. A matrix is called to be full column
(row) rank provided that its rank is equal to the number of its columns (rows). 0
and [ are the zero and identity matrices of compatible dimensions, respectively.
Sometimes, to be specific, we use I, to represent the identity matrix of dimen-
sion n. R"™" represents the m X n real matrix set. A” stands for the transpose of
a matrix A.

The rest of the paper is structured as follows: In Section 2, it is proved that
the condition (H1) implies (HO). Section 3 describes the designing of the index
one generalized observer for system (1). In Section 4, one real-life model is given
to show the requirement and efficiency of the proposed technique. At the end,
Section 5 concludes the paper.

2. System Decompositions and Preliminaries

In this section, we exhibit system decompositions and establish some funda-
mental theorems, which are used for observer design in the next section. Firstly,
we state the following proposition which is used to develop subsequent results.

Proposition 1 [20] Let X € R™*"1 § € R™>"2 and Y € R™*"2, Then

rank [X S =rank X +rank Y,

7]
if at least one of the following conditions holds.
(i) X is full row rank,

(ii) Y is full column rank.
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Letrank E = ng then there exists an orthogonal matrix P such that PE = [E] ,

0
where E is a full row rank matrix. Other system matrices are also decomposed
accordingly as PA = [:1 ,PB = [ 5] , PF = [ 51 ] Applying the above decom-

positions, (1) is a restricted system equivalent to the following system

Ex=Ax+Bu+Fv, (2a)
y=Cx+Gv, (2b)

A_l] c Rtxn,

where E € R0 A ¢ RwoXn B ¢ Roxk F ¢ RX4 C = [ é

F - .
G = [G—l] e R™, and y = [ Bylu] € R witht = p + m — ny.
Let rank G := g < ¢, taking the singular value decomposition (SVD) of G,
%, 0
0 of
a nonsingular diagonal matrix of rank g;. System (2) can now be reformulated as
follows.

there exist orthogonal matrices U and V such that UGV = where X, is

Ex = ®x+Bu+F 13,y + Fiava (3a)

y2 = Crox, (3b)
along with

yi=Cnx+2g v, (3¢)

yi| _ Ci Vi
where [yz] = Uy, [Clz Vs

:UC,V:V[ ],FV: [Fii Fi2], and ® = A —

Fiq Z;ll Cii.
Similar transformations have been carried out in [9, 18]. For system (1) and
(3), we have the following lemmas.

Lemma 1 Descriptor system (1) satisfies (HI) if and only if descriptor system
(3) satisfies the following condition.

E Fpp

(H1.1) rank Cy, 0 ] =n+q — q (full column rank).

Lemma 2 Descriptor system (1) satisfies (H2) if and only if descriptor system
(3) satisfies the following condition.

O -AE Fpp

(H2.1) rank Ci 0

] =n+q — qi (full column rank)V A € C*.
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Itis easy to prove Lemma 1 and Lemma 2 by applying orthogonal transformations
P, U, and V in assumptions (H1) and (H2).

E . .
Now, let rank CIZ] = nj, then there exists an orthogonal matrix Q € R™"

[E o E
Q= [C12a 0]’ where [Clza

Letx =0 [2 ] , D0 = [(D1 CDQ]. Then, system (3) can be written as follows.

is full column rank.

such that [ C]'E; 5

Ele :q?lxl+(I)2)C2+BM+F112;11y1+F12V2, (43)
y2 = CroaX1, (4b)

We have the following theorems for systems (1) and (4). Proposition 1 is used
throughout to establish the proofs.

Theorem 1 Descriptor system (1) satisfies (HO) if and only if system (4) satisfies
the following condition.

(HO.1) rank [be;a cI(>)2 Féz] =n+q — q1 (full column rank)
Proof.
EAF 00 POOOO][EAF 00O
0FEO0FA OPOO0OO||OEOFA
rankOC_’GQQ:ranKOOIOO OCG_QQ
000GC 00070 000GC
00O0O0FE 0000P[|lOODOOE
[E A F 0 0]
0 A F; 00 EO0F A
0O E 0 F A CGoO0 o
=rank |0 O O F; Ai| =rank +rank E
-~ = 00GZC
0 ¢ GO0 O 00 O0FE
00 0 G C
0 0 0 0 E|
[/ 0 0 OJ[E O F A1[1 0 0O
B kOUO() CGO0OOo||IOVO0OO CE
=i 0 v ollo o G clloovolt™@n
00 0 7][0 0 O0FE|]|OO0O01
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[ E 0 0 Fi1 Fp A
Ci 2,0 0 0 O
_ Chr 00 0 0 O
= rank 0 003, 0 Cy +rank £
0O 0 0 0 0 Cp
|0 0 0 0 0 E|
[E Fiy Fio A
Chr 0 0 O
=rank | 0 X, 0 Cy|+gqi+rank E
0O 0 0 Cpp
|0 0 0 E |
[ E Fi1 Fip A
Cr 000 é (1) 8 —zgc
=rank| 0 X, 0 Cy 00 I q(l) 1 + gy +rank E
0O 0 0 Cpp 000 I
|0 0 0 E |
e ot o lje oo
= rank | 12 0 7 Of+2g+rank E
0 0 Cpp 000
| 0 0 E
[ Ey Fio @ D
_ Ci2e 0 0 O
= rank 0 0 Cpy 0 +2q1 +rank E
| 0 0 E; O
= rank le;a %2 cI())2 + rank [le;a +2q +rank E. (5
Likewise, we can write
EF .
rank |0 G C| =rank [Cl + g +rank E. (6)
00 E 124

Equations (5) and (6) clearly reflect that the condition (HO) is equivalent to the
condition (HO.1). O

Theorem 2 Descriptor system (1) satisfies (H2) if and only if descriptor system
(4) satisfies the following condition.

© - AE; ®; Fip

(H2.2) rank Cir 0 o |=nta-a (full column rank)¥ 1 € C*.
a
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Proof. Since

cank [@ - AE Flz] _ rank [@ - AE Flz] [Q O]

Ci2 0 Cis 0 0 1
_ @) - AE; O, Fio
= rank[ Croa 0 0 ] . (7)
Hence, from Lemma 2 and equation (7), Theorem 2 is proved. O

The following corollary is immediate from any of Theorems 1 or 2.

Corollary 1 The matrix [CDZ F12] € RX=m+a=a1) s full column rank if the
descriptor system (1) satisfies any of the assumptions (HO) or (H2).

Theorem 3 The following implication always holds. (HIl) = (HO).

Proof. It is obvious from (H1.1) in Lemma 1, that if the system fulfills the con-

dition (H1), then rank Cli

In that case, system (4) fulfills (HO.1), which is equivalent to the condition (HO)
on system (1). O

] = n (full column rank) and hence, ®, = ¢ (empty).

3. Observer design

In this section, we will describe the methods to design index one generalized
observers for system (1) under the assumptions (HO) and (H2). The design meth-
ods are based on work [9], where ‘Luenberger’ observer is designed for system
(1) under the assumptions (H1) and (H2).

If we take vector x;, as an unknown input, the combined unknown input in the

dynamic equation (4a) would be

ii] . Itis clear from the assumptions (HO.1) and

(H2.1) and {Theorem 1 & 2, [9]} that considering the vectors [i}cz as unknown

inputs, Luenberger observers can be designed for system (4) to estimate the states
x1 using the methods given in [9]. After estimating x|, states x, and unknown
inputs v, can be estimated by the equation (4a) itself, since from Corollary 1
matrix [CDZ F 12] is full column rank. Based on Sections 3 and 4 of the paper [9],
the main result of the paper can be given in the form of the following theorem.

Theorem 4 Let (HO) and (H2) be satisfied by the coefficient matrices of sys-
tem (1). Then, there exists an index one generalized observer of the form (0O2) for
system (1).
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Now, assuming (HO) and (H2), we briefly present two algorithms for design-
ing index one generalized observers (O2) for system (1). The reference [9] has
proved that all the steps in Algorithm 1 and Algorithm 2 below are executable
under assumptions (HO) and (H2). Prior to applying these algorithms, one must
transform (1) into (4).

3.1. Observer design approach I

In this subsection, a generalized observer of the following form is designed:

¢=Nz+TBu+TF; 2,y + Ly, (8a)
)?1 :z+My2, (Sb)
£2 = Z1E1f) - Z1@1%) — 21 Bu - S Fn gy, (8¢)

. £1(2)
t) = - , &d
s -o[8)] (8

where z € R™ and [g;] is any left inverse of [®; Fiz|. Matrix X5 is utilized

in Remark 3 to estimate actual unknown inputs. The remaining problem is to
compute N, T, L, and M of appropriate dimensions such that () — x(z) as
t — oo for arbitrary initial conditions x(0) and z(0). Algorithm 1 summarizes
the steps to design these matrices.

Algorithm 1 Computational steps for construction of observer (8) for system (1)

Step 1. Compute a full row rank and left null matrix Ty € R%0+1==9+1)Xm0 for matrix
[, Fia].

Step 2. Compute a full column rank R for matrix pair (ToE;, Cia,) such that

I, — RTHE,

rank ] =rank(Cj2q).
Ci2a

Step 3. Solve matrix equation MCiy, = I,,, — TE for matrix M, where T = RTj.

Step 4. Find a matrix K such that N = T®; — KCyp, is a stable matrix (using pole
placement or LMI approach).

Step 5. Calculate L = K+ NM.

We may simplify system (8) further. Take O = [Q 1 Qz], Q1 € R and
0, € R™(1=m) then (8d) can be written as

x(1) = Q1%1(1) + Q2X2(1). 9
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Substituting values of X and X, from (8b) and (8c), respectively, we obtain
£(t) = Q12+Q 1 My, + QX1 E 11— 025 @181 - 025 Bu— 0251 F11 2, y1 . (10)
Now once again, substituting the value of £; and £; from (8b) in (10),

() = (Q1 = Q2Z1D1) 2+ (Q1M — Q221 D1 M) yr + Q221 Eq 2
+ Wy — Q251 Bu — Q2% F1i 2, y1 (11)

where W = 0,21 E1M. Taking Z from (8a) in (11) and simplifying it,

)?(l‘) =Sz+ %yz + (Q221E1T - QZZI) Bu
+(Q2Z1EiT — 02%1) FuuZ,lyi + Ws. (12)

Combining (12) with (8a), the observer (8) can finally be simplified in the
form of (O2) as

¢=Nz+TBu+TF; 3,y +Ly,, (13a)
(1) :Sz+V(Bu+F112;“1y1) +Uyy+ Wi, (13b)
where,
0 =[Q1 03], 01 € R™™ and Q, € R™(=m),
S=01+ 02X E\N - Q:51Dy, U=01M+Qr2%E\L—-Qx2 1P M,
V =0ZE\T — Q7%4, and
W=021E/M. (14)
3.2. Observer design approach II

In this subsection, we propose another generalized observer as follows

Z=NZ+ToBu+ToF112;11y1 +Z,y2, (153)
X1 =Rz+ My,, (15b)
£ = %1 E1%) — S @18 — S Bu — X1 Fi 2,y (15¢)

crn | X1()
(=0 [)ez(z)] : (15d)

where z € R0~ (4-q1)~(n=n1) To, R, and M are the same from the previous sub-
section. The remaining matrices N and L would be calculated in such a way that
X(t) — x(t) ast — oo V x(0), z(0). The observer design method is summarized
in the following Algorithm 2.
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Algorithm 2 Computational steps for construction of observer (15) for descriptor sys-
tem (1)

Step 1. Repeat Steps 1-3 of Algorithm 1.
Step 2. Find matrix K such that N = Ty®;R — KC}24R is a stable matrix.

Step 3. Calculate L = To® M + K — KC12u M.

Again, observer (15) can be formulated in the form of (O2) as

Z:]\_]Z+ToBu+ToF112;lly1+iy2, (1621)

2(1) :Sz+V(Bu+FHz;“‘y1) + Oyy + Wy, (16b)

where, S = Q]R + QQZ]E]RN - QQZ](DIR and U = Q]M + QzZ]E]RZ -
0,%21® M. Remaining matrices are the same as discussed in Subsection 3.1.

Derivation of (16b) can be done as given in Subsection 3.1, Observer design
approach 1.

Remark 1 Approach I and I both provide reduced-ordered observers. To be

E A F
specific, order of the observer given by approach I is ny, whichisrank |0 E 0 |-
0CG
3 EAF]
rank = | and by approach Ilis np—(g—q,)—(n—ny), whichisrank |0 E 0 |-
0G = =
- | 0CG
(A F
rank [E 0
CG

Remark 2 From the equations (13b) and (16b), it is evident that if the matrix W
is zero or empty, then the generalized observers discussed in this section result
in Luenberger observers. Because, in this case, they do not contain derivatives of
the output or input. Equation (14) reflects that if (H1) is satisfied, then W turns
out to be empty because Q, is empty and observer design methods delivered in
this article coincide with design techniques of Luenberger observers presented
in [9]. However, there may be other cases where W is obtained as a zero matrix
and system (1) satisfies only (HO) but not (H1).



www.czasopisma.pan.pl P N www.journals.pan.pl
Y
S~

94 A. KUMAR, M.K. GUPTA

A

o . N %
Remark 3 After estimating the states, unknown input vector v =V [‘A};] may be

estimated as follows.

b =2,y -2, Cnt, (17)
02 = SoErd1 - Sa®f) - 3 (Bu+ FuZy!yi). (18)
4. Example

In this section, we apply our theory on a mathematical model of a physical
system.

Example 1 Systems from constrained mechanics are generally modeled as [1,21]

X1 (1) = x2(2), (19a)
X2 (1) = Fx1 (1) + Dxa (1) + HTx3(1) + €V, (1), (19b)
0=x1(1) +va(2). (19¢)

State variables x;(¢) and x;(¢) represent the position vector and the velocity
vector, respectively. Equation (19¢) is a physical constraint that produces the force
7Tx3(t). The input is being applied through a force €v;(¢) in equation (19b)
and affects the algebraic constraint (19c) through v;(#). Moreover, matrix # is
assumed to have full row rank. The physical system (19) can be formulated in the
form (1), if we take

100 . 01 O ~[00 )
E=|010|, A=|F 92 %"|, F=|20{, B=0. (20
000 Z 0 0 01
x1(1) vi(?)
x(1) = ngtg ,and v(r) = [Vz ( t)]' For computational purpose, we consider the
X3 (7

matrices #, 9D, #, €, and v(t) as given below

g:[—z 1]’ 9:[0.25 0 ] =1 -1], g:“] and v(t):[sin(t)]_

1 -2 0 0.25 sin(r)
) -10130] 00
Ifwetake C =14 1010|],G =10 0], the system matrices (20) do not
1 0100 00
satisfy (H1). Thus, it is clear that the designing of Luenberger or PI observer is
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not possible for this system by the techniques available in [9, 17, 18]. However, as
the system matrices fulfill the assumption (HO), the approaches explained in the
previous section can be applied. Here we execute only Algorithm 2 as it provides
alesser order observer compared to Algorithm 1. Applying Algorithm 2, observer
(15) matrices are obtained as follows

10130 8 0
Cii=[1-1000], Co=|4 1010, Fy=|,|, Fiu= ,
1 0100 0 -1
0 -1
0 0 1 0 0 -0.9649 0.1506 —0.0705 —0.2032
® - 0 0 0 1 0 b —0.2214 —0.0337 0.2253 0.9482
12 1 0250 0 1| “'7|-0.0244 —-0.3160 —0.9264 0.2032 |’
1 -2 0 025 -1 ~0.1390 —-0.9361 0.2932 -0.1355
—0.0244 —0.3160 —0.9264 0.2032 0
_[-0.1390 -0.9361 0.2932 -0.1355 © - 0
"= 117023 -0.4140 0.1347 14054 "2~ |1}
—0.5569 —0.0159 —0.4478 —2.1334 -1
0.5235 —3.2750 0.0238 0
7071 —0.7071
Ciaa = |—4.2201 —0.3675 0.2367 0|, Ty = _00770571 _8 ;8;1 8 8 i
~0.9894 —0.1654 —0.9969 0 ' '
0 0 0.0275 -0.2214 —0.0519
o 0 0 _ [-0.3008 -0.0337 -0.0152
105301 -0.8192°"" ~ | 0.0908 0.0209 -1.0172|’

—-0.8658 —0.5602 -0.0251 -0.0601 0.2283

-0.2682 —0.0400
0.3379 -0.4313

|

The simulation results are displayed in Figure 1. All the computations have
been executed in MATLAB 2021a. System (15a) is solved using ode45 solver. The
vector X is differentiated by grad command using the same time discretization
as used in ode45 solver.

, an

% =[0005 -0.5], 1\7:[

_[~0.1630 -0.2180 0.8702
~ [-0.2137 -0.0660 —0.4934
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First State

Third State

Second State

-30f | — True x(1) -30t | —True x(2)
- = =Estimated x(1) - = =Estimated x(2)
_40 : . . —40 ; , .
5 10 15 20 5 10 15 20
Timet Timet
() (b)
40 ; 30 :
—True x(3) — True x(4)
30t - - -Estimated x(3) 20! - - -Estimated x(4) ||
20t
o 100
10} 3
[ < 0
0 gy 5
o
w -10}
-10
-20 -201
-30 . -30 . . .
5 10 15 20 5 10 15 20
Time t Time t
(c) (d)
35 :
——True x(5)
308 - - -Estimated x(5) ||
250 Y
A}
@20
g %
2T
= 15 ‘\
& Y
ir 10f .
~§
5 T
0 S~ =
_5 . .
0 5 10 15 20
Time t

(e)

Figure 1: Original states and estimated states by Approach II

5. Conclusion

This paper presents novel sufficient conditions for the designing of generalized
observers of index one for rectangular descriptor systems with the presence of un-
known inputs. These conditions are presented in the form of algebraic constraints
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on the rank of coefficient matrices of the given descriptor system. Special cases
are discussed where generalized observers coincide with Luenberger observers.
Two different algorithms are proposed to summarize the design procedure, and
the order of the observers is given in terms of system matrices. Simulation re-
sults are presented to validate our findings. Work on sufficient conditions for k-th
indexed generalized observer is under progress.

References

[1] V.K. MisHra, N.K. Tomar, and M.K. Gupra: Regularization and index
reduction for linear differential-algebraic systems. Computational and Ap-
plied Mathematics, 37(4), (2018), 4587-4598. DOI: 10.1007/S40314-018-
0589-3.

[2] G.-R. Duan: Analysis and design of descriptor linear systems. Part of the
book series: Advances in Mechanics and Mathematics, 23 Springer, 2010.

[3] A. Kumar and P. Daouripis: Control of nonlinear differential algebraic

equation systems with applications to chemical processes. CRC Press, Boca
Raton, 1999. DOLI: 10.1201/9781003072218.

[4] R.K. ManDELA, L. SripHAR, and R. REncaswamy: Introducing DAE
systems in undergraduate and graduate chemical engineering curriculum.
Chemical Engineering Education, 44(1), (2010), 73-80.

[5] R. Riaza: Differential-algebraic Systems: Analytical Aspects and Circuit
Applications. World Scientific, Singapore, 2008.

[6] M.K. Gupta, N.K. TomaRr, and M. Darouach: Unknown inputs observer
design for descriptor systems with monotone nonlinearities. International
Journal of Robust Nonlinear Control, 28(17), (2018), 5481-5494. DOI:
10.1002/rnc.4331.

[7] L. Moysis, M.K. Gupra, V. Misara, M. MarwaN, and C. VoLos: Ob-
server design for rectangular descriptor systems with incremental quadratic
constraints and nonlinear outputs — Application to secure communications.
International Journal of Robust Nonlinear Control, 30(18), (2020), 8139—
8158. DOI: 10.1002/rnc.5233.

[8] P. KunkeL and V. MEHRMANN: Analysis of over- and underdetermined
nonlinear differential-algebraic systems with application to nonlinear con-
trol problems. Mathematics of Control, Signals and Systems, 14(3), (2001),
233-256. DOI: 10.1007/PL00009884.


https://doi.org/10.1007/S40314-018-0589-3
https://doi.org/10.1007/S40314-018-0589-3
https://doi.org/10.1201/9781003072218
https://doi.org/10.1002/rnc.4331
https://doi.org/10.1002/rnc.5233
https://doi.org/10.1007/PL00009884

98

www.czasopisma.pan.pl P N www.journals.pan.pl
Y
S~

A. KUMAR, M.K. GUPTA

[9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

M.K. Gurta, N.K. ToMAR, and S. Buaumik: Full- and reduced-order ob-
server design for rectangular descriptor systems with unknown inputs. Jour-
nal of the Franklin Institute, 352(3), (2015), 1250-1264. DOI: 10.1016/
j.jfranklin.2015.01.003.

S.L. CampBELL: Singular Systems of Differential Equations. Pitman, Lon-
don, 1980.

L. Moysis, M. TripaTHi, M.K. Gupta, M. MARWAN, and C. VoLos: Adap-
tive observer design for systems with incremental quadratic constraints and

nonlinear outputs—application to chaos synchronization. Archives of Control
Sciences, 32(1), (2022) 105-121. DOI: 10.24425/acs.2022.140867.

M. DarouacH and M. BoutayeB: Design of observers for descriptor sys-
tems. IEEE Transactions on Automatic Control, 40(7), (1995), 1323-1327.
DOI: 10.1109/9.400467.

M. Hou and P.C. MULLER: Observer design for descriptor systems.
IEEE Transactions on Automatic Control, 44(1), (1999), 164-169. DOI:
10.1109/9.739112.

J. REN and Q. ZHANG: PD observer design for descriptor system: An LMI
approach. International Journal of Control, Automation and Systems, 8(4),

(2010), 735-740. DOI: 10.1007/512555-010-0404-4.

M.K. Gupta, N.K. ToMAR, D. SHARMA, and J. JarswaL: PD observer design
for descriptor systems with unknown inputs: Application to infinite bus
system. In 5th IEEE International Conference on Recent Advances and
Innovations in Engineering, IEEE, Jaipur, (2020), 1-5.

A.-G. Wu, G.-R. Duan, and W. Liu: Proportional multiple-integral ob-
server design for continuous-time descriptor linear systems. Asian Journal
of Control, 14(2), (2012), 476—488. DOI: 10.1002/asjc.295.

D. Koenig: Unknown input proportional multiple-integral observer design
for linear descriptor systems: Application to state and fault estimation.
IEEE Transactions on Automatic Control, 50(2), (2005), 212-217. DOI:
10.1109/TAC.2004.841889.

M. DarouvacH, M. Zasapzinskl, and M. Havar: Reduced-order observer
design for descriptor systems with unknown inputs. /[EEE Transactions on
Automatic Control, 41(7), (1996), 1068—1072. DOI: 10.1109/9.508918.

M.K. Gurta, N.K. ToMAR, and S. BHaUMIK: On detectability and observer
design for rectangular linear descriptor system. International Journal of


https://doi.org/10.1016/j.jfranklin.2015.01.003
https://doi.org/10.1016/j.jfranklin.2015.01.003
https://doi.org/10.24425/acs.2022.140867
https://doi.org/10.1109/9.400467
https://doi.org/10.1109/9.739112
https://doi.org/10.1007/s12555-010-0404-4
https://doi.org/10.1002/asjc.295
https://doi.org/10.1109/TAC.2004.841889
https://doi.org/10.1109/9.508918

www.czasopisma.pan.pl P N www.journals.pan.pl
Y

GENERALIZED OBSERVER DESIGN OF INDEX ONE
FOR DESCRIPTOR SYSTEMS WITH UNKNOWN INPUTS 99

Dynamics and Control, 4(4), (2016), 438-446. DOI: 10.1007/s40435-014-
0146-x.

[20] J. JaiswaL, M.K. Gupta, and N.K. Tomar: Necessary and sufficient con-
ditions for ODE observer design of descriptor systems. Systems & Control
Letters, 151 (2021), 104916. DOI: 10.1016/j.sysconle.2021.104916.

[21] K.S. BoBinYEC: Observer construction for systems of differential algebraic
equations using completions. North Carolina State University, 2013.


https://doi.org/10.1007/s40435-014-0146-x
https://doi.org/10.1007/s40435-014-0146-x
https://doi.org/10.1016/j.sysconle.2021.104916

	A. Kumar, M.K. Gupta: Generalized observer design of index one for descriptor systems with unknown inputs

