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Abstract: For linear time-invariant Metzlerian systems this paper proposes an original
approach required to reflect structural system constraints and positiveness in solving the problem
of reduced-order Metzlerian observer design. Three forms of design conditions are proposed, all
of them exploiting a set of common system parameter constraint representation in the form of
linear matrix inequalities, while a systematic Ho, norm performance strategy is focused on to
guarantee the observer asymptotic stability. To serve as a potential estimator of the plant state
vector, the impact of strictness and non strictness Metzler matrix structure in design is clarified
and reflected in adaptation of the design conditions. A numerical example is included to assess
the feasibility of the technique and its applicability.
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1. INTRODUCTION

Positive systems represent one class of dynamical systems
whose states and outputs are positive whenever system
inputs, acting under coincidence with system initial states,
are nonnegative and so they indicate processes whose
variable magnitudes do not have a real meaning unless
they are positive (Nikaido (1968), Smith (1995)). In this
context, theory of Metzler matrices play fundamental role
in description of positive systems and in their analysis
(Berman et al. (1989), Carnicer et al. (1998)) and lin-
ear continuous-time positive systems are therefore often
referred to as Metzlerian. The solved problem of Metzler
linear observers usually deals with positive system state
estimation, external inputs estimation and fault detection
and isolation in positive systems.

Observer synthesis for Metzlerian systems means the con-
struction of a model algorithm, driven in time by a non-
negative difference between real output process of the
system and an estimated output in a such way that the
estimation error is asymptotically stable. Since existence
of Metzlerian observer structures depends on acceptable
limitation in nonnegativity of the system and observer
parameters, constrained design approaches are proposed
to solve the design task. Although Metzlerian estimators
received considerable attention (H&rdin and van Schup-
pen (2007)), used design principles have not been studied
as extensively as that of standard linear systems. The
algebraic formulation is introduced in Back and Astolfi
(2008), where using the coordinate transformation, design
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conditions are conditioned by Silvester equation to reflect
suitable transform matrix.

The need for design techniques relying on feasibility of the
set of linear matrix inequalities (LMI) is reflected by Shu
et al. (2008), where LMI design conditions are proposed,
but the considered observer is not of Luenberger type.
Preferring linear programming (LP) approach, a way to
set non-symmetrical bounds in LP constraints, to impose
positiveness in estimated states, is proposed by Ait Rami
and Tadeo (2006). An interconnection of the observer
synthesis methods for linear Metzlerian continuous-time
systems and positive discrete-time systems is investigated
by Liu et al. (2018), specific relations in positive unknown-
input observers design for linear positive systems can find
in (Shafai et al. (2015)), but the first, purely LMI-based
observer synthesis method for linear Metzlerian systems is
proposed by Krokavec and Filasova (2018).

Adapting the authors’ results in full-order Metzlerian ob-
server synthesis to a reduced-order Metzlerian observer
structure, as well as their potential extensions, are the
main issues of this paper. Preferring LMI formulation in
parametric constraints definition together with observer
asymptotic stability, presented theorems use standard ar-
guments based on Lyapunov function combined with H,
approach to obtain design conditions requiring to solve
only LMIs. Because using diagonal positive matrix vari-
ables, the approach is referred to as the diagonal stabilisa-
tion principle, not more difficult than checking the stability
of a square Metzler matrix.

To the best author’s knowledge, the proposed LMI formu-
lations of the design conditions for reduced-order Metzle-
rian observer structure were not fully addressed yet in the
previous works.
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Following introduction in Sec. 1, the design fundamentals
related to linear Metzlerian observers for strictly linear
Metzlerian systems are briefly described in Sec. 2. Section
Sec. 3 gives the reduced-order observer equations, imparts
the reduced-order observer autonomous dynamics to state
the design conditions by use of LMIs and some practice
adaptations. The design task is illustrated by a numerical
solution in Sec. 4 and Sec. 5 draws some conclusions.

Throughout the paper, the following notations are used:
2™, X1 denotes the transpose of the vector x, and the
matrix X, respectively, diag[-] marks a (block) diagonal
matrix, p(X) indicates eigenvalue spectrum of the square
matrix X, for a square symmetric matrix X < 0 means
that X is negative definite matrix, the symbol I,, indicates
the n-th order unit matrix, R (Ry) qualifies the set of
(nonnegative) real numbers, R™"*" (R’ ") refers to the set
of n x 7 (nonnegative) real matrices and IM”’" means the
set of (strictly) Metzler square matrices.

2. LINEAR METZLERIAN OBSERVERS

Continuous-time and time-invariant strictly linear Metzle-
rian SISO systems admit the state-space description
q(t) = Aq(t) + Bu(t) (1)
y(t) = Cq(t), v(t)=Cuq(t)=[In 0]qt) (2)
where q(t) € R%}, u(t) € R", v(t) € R} are system
state vector, control input and measurable output and
y(t) € R is the output of the system to be controlled.
In the above model the nonnegative matrix parameters
B € R}, C € R imply from the Metzlerian system
structure definition, while a signum indefinite matrix A €
IM™%" is considered as strictly Metzler matrix with nega-
tive diagonal elements and positive non-diagonal elements
(Berman et al. (1989)). Analysis and synthesis of systems
with strictly Metzlerian structures is so confronted with n?
boundaries implying from the Metzler matrix structural
constraints
a; <0OVi=1,...n, aij,i¢j>0Vi,j:17...n (3)
This just means in consequence that Metzlerian systems
are diagonally stabilizable, while the derived structural
constraints can be implemented through linear matrix in-
equalities (Krokavec and Filasovéd (2018)). If non-diagonal
elements of a Metzler matrix A are non-negative, the
matrix is non-strictly Metzler matrix.

Considering the Luenberger continuous-time observer to
strictly Metzler system (1), (2) in the form

q.(t) = Aq.(t) + Bu(t) + JgC(q(t) — q.(t)) (4)

y.(t) = Cq.(t) ()
where q,(t) € RY}, y.(t) € R}
ail -+ Gin C?
A— ,C=|: |, ci=lcr1 - ckn] (6)
(i Ann ct
J1Ek
B=[by - b, Je=[Jpg1JTeml Jex=| (7)
InEk

then it has to be satisfied for elements of strictly positive
observer system matrix Agp = A — JgC € M’ii" and for

a strictly positive matrix Jg € R}*™

CL”—Zlekal <O0Oforallle <1,...,TL> (8)

m k=1

ahlejhEkckl > 0 for all h,l,h#l,e <1,...,’I7,> (9)
k=1
To design respecting these constraints the following theo-
rem is available.

Theorem 1. (Krokavec and Filasova (2018)) Using ob-
server of Luneberger type (4), (5) in state estimation of
Metzlerian system (1), (2), then observer system matrix
A, is strictly Metzler and Hurwitz if for given strictly
Metzler matrix A € M™%" and non-negative matrix
C € RY™™ there exist positive definite diagonal matri-
ces V,W; € RI™™ such that for j = 1,2,...n, h =
1,2,...n—1,k=1,2,...m,

V=0, W;>=0 (10)
VA+ ATV =Y (Wil Cup + Carl I"'W) < 0 (11)
k=1 m
VA(j,5) o) /n — Z WiCa, <0 (12)
k=1

VT%(J"H%j)(1<—m)/nThT—ZWkTthk(TT)h =0 (13)

k=1
where
Cai, = diag [c}] = diag [ck1 Cra - Ckn ] (14)
A(J+h, J)1onym=diag[ai+r1  Gnn—h01n—h+1 " Ghn]
(15)
p— PR = OT 1
I=[11---1], T—[In_lo} (16)

X
T ecRY", 1€ RY.
When these conditions hold, the positive observer gain
matrix Jg € R*™ is given as

Jpar=V "W, jpe=Jeaxl, Je= [Jg1 ** Jgm] (17)

Note, (11) implies from standard Lyapunov matrix in-
equality and guaranties Hurwitz A if a solution exists.

3. REDUCED ORDER METZLERIAN OBSERVERS

The problem of interest is to design a reduced-order
Metzlerian observer to the Metzlerian system (1), (2).

With the prescribed structure of v(t) then (1), (2) can be
partitioned in the following way
o @) | A Ara | [qy(t) B,
4(t) = L'Iz(t)] B {Am As |00 T | B, u(t) (18)
t)
£) = [In 0]q(t) = [I,, 0] | 9}
olt) = (£ 0]a(t) = 1, 0] | 1)
where q,(t) € R, qo(t) € RY™™, v(t) € R} and
B, ¢ RTXT’ B, € Rsiz—m)xr’ Ay, € M:njfm, Ay €
M(_n;m)x(nfm)’ A E]R:r_w((nfﬂ%)7 Aoy GRS:rLfm)Xm

(19)

Apart of the structure of v(¢t) = [I,, 0]g(t), the system
coordinate transform cannot depend on any factorization
of C which exploits a matrix inversion principle, because
it leads to disruption of Metzlerian description structure.
Only transformation using a permutation matrix is al-
lowed, if it is necessary to create the block structure (18),
(19) for measurable non-first m state variables.
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Definition 1. The reduced-order observer to (1), (2) takes
the strictly Metzler form

Poc(t) = Aepy, () + Ajv(t) + Beul(t) (20)
Qac(t) = P (t) + Jv(t) (21)

where
A, =A,+A.J, B.=By—JB; (22)
A=Ay —JA,, A,=Ay —JA| (23)

if for positive observer gain matrix J € R}*" the matrix
A, € Mﬁ:m)x(nfm) is strictly Metzler and the matrix
A, € Rf_m)xm is a nonnegative matrix, while the vector

q5.(t) € RD™™ is an estimation of the unmeasurable part

of q(t) and p,.(t) € R}™™ is the state vector of the
reduced-order observer.

Proposition 1. Since (18) implies the following partitions

4, (t) = A1v(t) + A12g,(t) + Bru(t) (24)

45(t) = A210(t) + A22q,(t) + Bou(t) (25)
and an immediate consequence of (24) is

A12q2(t) = ql(t) — Au'v(t) — Blu(t) (26)

the reduced-order Metzlerian observer can be defined as
follows

Q2 (t) = A21v(t) + A22G5.(t) + Bou(t)+ (27)
+J(41(1) = Anv(t) = Bru(t)) — A125.(1))
where (2) implies
q:(t) = o(t) (28)
Then (27) can be rewritten as
Qo (1) — Jo(t) = Ag1v(t) + Bou(t) — JBu(t)+
+ A2(qs.(t) — Jo(t) + Jo(t)) = (29)
—JAv(t) — JA1295,(t)
and writing (21) in the form
Poe(t) = gac (1) — Ju(t) (30)
then (29), (30) yields the simpler structure
Doc(t) = (A2 = JAr2)pse (t)+
+ (A1 — JA)v(t)+ (31)
+ (Age — JAq2)Jv(t))

+ (B2 — JB1)u(t)

and with specific choices given in (22), (23) then (31)
reduces to (20). If the problem is solvable, then there exists
an J solving it.

Moreover, formally, (19) can be interpreted as

v(t) = q,(t) = Pr(t) (32)
to construct full order vector p.(t). To obtain positive
q.(t) for positive q(t) also p,(t) has to be positive. This
defines the Metzler structure to the reduced observer for
a Metzler system.

Considering the autonomous regime of (20), the result of
Theorem 1 can be used directly to state the design con-
ditions respecting stability and structural constraints of
A, € ]M(nfm)x(nfm) as stated below, where by definition,
the matrix Ags € ]M(n m)x(n—m) plays the role of A and

A€ ]MT:(" ™) the role of C and the dimensionality of
matrix variables is adjusted accordingly. For this reason,
proof of the theorem is omitted.

Theorem 2. The matrix A, € ]I\/I(_"_:m)x("_m) of reduced-

order observer (20) is strictly Metzler and Hurwitz if there

exist positive diagonal matrices P, Ry € ]R(f*m)x(nfm)

such that for j = 1,2,...n—m, h = 1,2,...n—m—1,
k=1,2,...n—m
P>-0, Ry,>0 (33)
n—m
PAy+ AP — ) (RyI'Cax + Carl I'Ry) < 0 (34)
k=1 R
PA%(j,5)a)— Y, ReCar <0 (35)
k=1

PT"Ags(j+h,j)(0)T"" = Y RI'CyT"™ =0 (36)

k=1
(A)=(14 (n—m))/(n—m), TeR{™>=™) 1R
ar1F21 a;rz,l
A = , Ago = (37)
a’r1112m a’g\Z,n—m
Ca. = diag [a12k1 a12k2 -+ @12k,0-m ] (38)
A2 (j+h, ) (a) = diag
[022,1+h,1' ©1a22 n—m,n—m—h 4221, n—m—h+1"" 'a22,h,n—m]
(39)
T _ _ ot 1
e P B0

When these conditions hold, the corresponding positive

observer gain matrix J € Rffm)xm

Ju.= P 'Ry,

is given as
Je=Jal, J=1[J1 " Jm]
It is natural to restrict the H., norm of the observer

transfer function. This takes the following formulation.

Theorem 3. The reduced-order Metzler observer (20) to
strictly Metzler system (1), (2) is asymptotically stable
with the quadratic performance -y if there exists diagonal

(41)

positive definite matrices P, Ry € Rffm)x(nfm) and a
positive scalar v € R4 such that for j = 1,2,...n—m,
h=1,2..n—-m—-1,k=1,2,...n—m
P>0 Ry >0, v>0 (42)
PA,, +A P Z RkllTCdk-i-Cdkll Rk) * *
<0
B;fP - BIL'R" —I, =
A12 0 _’yIm
- (43)
PA%»(j,j)a)— Y ReCar <0 (44)
k=1

PT" Az (j+h,j)0)T"" = > RI'CyT" -0 (45)
k=1
while
R=[R; -

R, ], L=diag[l---1] (46)

2
where R € ]Rsf_m)x(n_m) is structured matrix variable,

2
L e Rﬁkm) X(=m) and the remaining design parameter
are defined in (37)-(40).
When the above conditions hold, the positive observer gain
matrix J € Rﬁf‘m)x"‘ is given as in (41).

Hereafter, * denotes the symmetric item in a symmetric
matrix.
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Proof. Defining the Lyapunov function candidate as fol-

lows
U(p2e(t)) = pge(t)PPQe (t)+
t 47
w1t [ @, @ a7
0
where
Uy (1) = Ao, (1) (48)

v € IR, is an upper bound of H,, norm of the transfer
functions between Y, (s) and u(s), then the time derivative
of (48) along any trajectory is
i}(p26(t)) = pZTe(t)PPZe(t) +pge(t)Pp2e(t)+
+77 P () ALy Arapa. (1) — yu' (Hu(t))
<0

Considering v(t) = 0 and substituting then (20) into (49)
gives

(49)

0(P2e (1)) = P (8)(PAcA+A Py~ Ay Arz)py (1) +
+ Py () PBeu(t) + u' (1) B; Ppy(t)—
—yu’ (t)u(t)
<0
(50)
Defining the composed vector
3l () = [pa(t) w™(t) ] (51)
the inequality (50) can be rewritten as
0(p3e (1) = P (HP°p3,(t) <0 (52)

which corresponds to the condition writable in the linear
matrix inequality form
PA, +A'P+~74T, A, PB.
B'P —I,
Regrouping terms using the Schur complement property it
yields immediately
PA.+ A'P PB, Aj,
B'P I, 0
Agp 0 —Iy
Since the matrix product P B, for given B, is defined by
the relation

P* = <0 (53)

<0 (54)

PB.,=PB; — PJB; (55)
it yields using (17) and (46)
PJ=Plj - Jmnl
=P|Jaq1 - Jam|L
[Ja1 dm | (56)
=[R -+ R,]|L
=RL
and so, consequently, collecting these results,
PB,=PB;— RLB; (57)

Because the relation PA, + AIP can be written as (34)
then with (57) the inequality (54) implies (43). Thus any
feasible solution of P and the set of Ry, must satisfy (33)-
(36). This completes the proof. |

To exploit the affine property of linear Metzlerian models,
a slack matrix variable can be incorporated into the set
of LMIs. The main result is that the observer matrices
are decoupled from the Lyapunov matrix P to reduce
conservatism of such solutions.

Theorem 4. The reduced-order Metzler observer (20) to
strictly Metzler system (1), (2) is asymptotically stable
with the quadratic performance ~ if for given positive
0 € R, there exists diagonal positive definite matrices

P.S Ry, € ]Rgfl_m)x("_m) and a positive scalar v € R

such that for j = 1,2,...n—m, h = 1,2,...n—m—1,
k=1,2,...n—m
P-0, S~=0, v>0 (58)
¥, * * *
‘1’21 —208 * * <0
(SB;—RLB,)T §(SBy;—RLB,)T —I,
A12 0 0 7’)/Im
(59)
n—m
SAz(j,i)a) = Y RiCar <0 (60)
k=1
m—m
ST" Az (j+h,§)()T"" = > RT"CaT"" =0 (61)
k=1

where

U, = SA22+A2TQSfZ (RiLI"C g + Carl U'Ry,) (62)
k=1

Wy =P —S+0SAy» -0 Y Ryll'Cay
k=1
and the remaining design parameter are defined in (37)-
(40), (46).
When the above conditions hold, the estimator gain matrix
is given by
Jix=S™'Ry,

(63)

J=14y -

Proof. Using the relation (20) where v(t) = 0, then with
a positive definite diagonal matrix S € ]RS:“’")X(""”) and

a positive scalar § € Ry it yields

Jx=Jarl, Jm]  (64)

836 () (Aepac(t) + Beu(t) — po (1) =0 (65)
where
82¢(t) = P3t)S + 0o (1)S (66)

Thus, adding (65) as well as its transpose to (49) gives

0(Pae(t) = Pae (1) Phoc (1) + D3 (£) Ppo (1) +
+ 85 (1) (AeDae (t) + Beu(t) — o (1))
+ (Acpa. (t)+Beu(t) — po (1) s2e(t)  (67)
+77 P () Ay Aropa (1) — yu (Hu(t)
<0
Constructing a new composed representation
pie (1) = [pac(t) p2c(t) w'(t) ] (68)
it can now be found rewritten form of (67)
0(pac(t)) = P3¢ (8)P°po.(t) < 0 (69)
where
SA,+AlS+~7 AT, A1, P-S+5ALS SB,
P°= P-S+46SA. —-268  6SB.| (70)
B's oB'S I,

and the corresponding negative definite matrix inequality
implying from (70) is
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SA.+A'S P-S+0AlS SB., A,

P—S+85A, —208  40SB, 0
B'S sB'S -1, o | <0
A12 0 0 7"}/Im

Since, in analogy with (34), it can consider the following
relation expression
U, =SA.+A'S
=SAn+ALS-Y  (Rll"Cy, + Carl I'Ry)
k=1

(72)

then (62) is obtained from (72), where it has to be
redefined that

R, =SJ (73)
Since induced relation implying from (72) is
SA.=SAy»— ) Rl'Cy (74)
k=1
and plugging this in the denotation
Py =P —-S+6SA, (75)

then (74), (75) imply (63). Finally, supplanting (57) with
(73) as

SB. =SB, — RLB; (76)

then (71) implies (59) and (35), (36) are superseded by
(60), (61), respectively. This concludes the proof. ]

Note, the above given theorems, which could be potentially
considered as equivalent, give generally different solutions,
while conditions formulated in Theorem 4 are often de-
noted as the enhanced design conditions.

Remark 1. The design objective is to construct a reduced
order observer for strictly Metzlerian linear systems such
that the associated synthesis conditions are formulated
in terms of LMIs. The exploited reduced order observer
structure softens requirement on the strictly Metzler struc-
ture of the complex systems matrix A, because synthesis
principle results, if a solution exists, in a strictly positive
matrix J of the observer gain already when the Aoy matrix
is strictly Metzler. This potentially makes it possible to
permutate the system state variables to obtain only a
strictly Metzler matrix Aso. If such a structure cannot be
found for a given Metzler system, it is necessary to create
a state description by permutation of the state variables in
which at least some rows of the matrix Ass do not contain
zero elements and look for a solution with nonnegative
matrix J using the methodology given in Krokavec and
Filasové (2019).

Remark 2. Conditions requiring the strictly Metzler struc-
ture are only applied in construction of the Hurwitz matrix
A.. Therefore, it is not possible to expect that generally
non-square matrices B, A,, A, will be positive or non-
negative, although for some cases such solutions may exist
and, consequently, only a stable Metzler structure of the
matrix A, can be a solution criterion. The exception is
the case when n—m = 1 when zero elements cannot occur
in Ags (Ago is a negative scalar quantity) and the result
is a positive row vector representing observer gain J. In
the last case, this positivity applies to a strictly as well as
non-strictly Metzler structure of the matrix A.

4631

4. ILLUSTRATIVE NUMERICAL EXAMPLE

The considered system is represented by the model (18),
(19) and the system model parameters

—3.3800 2.2080| 4.7150 2.6760
A— 1.8810 —4.2900 | 2.0500 0.6750
B =

2.0670 4.2730[—6.6540 2.8930
1.1480 2.2730| 1.3430 —2.1040

0.1500 0.1888
0.1679 0.1030 C. — 100
0.1436 0.1146 |’ 1010
0.1036 0.1701

and it is straightforward to separate matrices in blocks
such that
A — —3.3800 2.2080 Ay — 4.7150 2.6760
71 1.8810 —4.2900 | “H12 7 | 2.0500 0.6750

A — 2.0670 4.2730 Ay — —6.6540 2.8930
217 11,1480 2.2730 > 722 7 | 1.3430 —2.1040

0.1500 0.1888 B, — 0.1436 0.1146
0.1679 0.1030 |’ 2710.1036 0.1701

One can verify that the matrix A is strictly Metzler but
not Hurwitz, while both sub-matrices Ay1, Aos are strictly
Metzler and Hurwitz.

B, =

To implement in the following, the prescribed design
parameter assumptions dictate

. —6.6540 0
Azz(m)(mz)/fz:[ 0 _2.1040}

o 1.3430 0
A (j+1,J)ao2)2 = [ 0 2.8930}
4.7150 0 2.0500 0
Ca = [ 0 2.6760}’ Car = [ 0 0.6750}

1
01 1 1
0

With observer gain design according Theorem 2, SeDuMi
package produces the solution

P:[0.1582 0 }Rlz{omn 0 ]

_=Oo o

0 0.5022 0 0.0409

R, — 0.0635 0 g 0.2347 0.4016

2= 0 0.0596 |° < — |0.0814 0.1186
A — —8.5840 1.9938 B - 0.0410 0.0289
e~ | 0.7161 —2.4019 |’ ¢~ | 0.0715 0.1425

A — 2.1051 5.4774 A° — 0.2523 2.2668
v 11.2000 2.6021 [> “Tv | 1.1726 2.6048

It can see that with strictly Metzler Aso the reduced-order
observer gain J is strictly positive and the reduced-order
observer matrix A, is strictly Metzler and Hurwitz, where
the eigenvalue spectrum of A, is

p(A.) = {—8.8069, —2.1790}
With the prescribed tuning parameter § = 0.8 the solution
of (58)-(61), obtained using the same solver, is given as

p_ [284625 0 g_ [46436 0
|0 247150 7T | 0 14.3068
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_[0.7040 0
Rl—[ 0 0.6617

7 [0.1516 0.7036]

_[32671 0
}RZ—[ 0 2.7689]

0.0463 0.1935

—8.8112 2.0124 B — 0.0027 0.0135
0.7282 —2.3584 |* ¢~ | 0.0642 0.1414

1.2560 6.9565} A° — [0.0132 1.1467]

A~ |

Ay = {0.9403 3.0011 0.9416 3.0570

Analyzing this result it is obvious that the reduced-order
observer gain matrix J is strictly positive and checking
the eigenvalue spectrum

p(A.) = {—9.0308, —2.1388}

it can observe that the reduced-order observer matrix A,
is strictly Metzler and Hurwitz. Note, setting the tuning
parameter such that § > 1 the resulting matrix A is real
signum indefinite.

Therewithal, it can see that both solutions match well to-
gether and the dynamic performance of the first solution is
acceptable although a little bit worse than that achieved by
the conditions related to Bounded Real Lemma structure
in Theorem 4.

As a comparison, nonnegative reduced-order observer gain
matrix can be obtained defining the structured matrix

variables
|71 O |71 O
R1|: 0 O:|7R2|: 0 O:|
where 717 > 0, ro1 >0, 711,721 € Ry

Therefore, a feasible and stable solution of the design

conditions (42)-(45) is
P [2.3290 0 } R, — [0.6407 0}

0 4.9633 0 0
0.8209 0 0.2751 0.3525
o= [V o= MO
4 _ [-86735 191907 o _ [0.0432 0.0264
©= | 13430 —2.1040 | ¢ = | 0.1036 0.1701

A — 2.3338 5.1776 A° — —0.0521 2.1206
v 1.1480 2.2730 |2 v 1.5174 2.7463

where J is nonnegative matrix and stable eigenvalue
spectrum of A, is

p(A.) = {—9.0448, —1.7327}
Comparing

A — —6.6540 2.8930 A — —8.6735 1.9190
2271 1.3430 —2.1040 |> e T 1.3430 —2.1040

it can see that the solution is independent on the second
row of Ass. Then, evidently, it can summarize that apply-
ing the methodology presented in Krokavec and Filasova
(2019) this also yields for the same observer gain J so that
adequately

A, _ | 66540 289301 , _ [-8.6735 1.9190
2= 0 —2.1040 |> “*e — 0 —2.1040

if the last mentioned Metzler matrix Ass contains a zero
item in the second row. In this case

p(A.) = {-8.6735, —2.1040}
and such resulting A, is Metzler and Hurwitz, too.

5. CONCLUDING REMARKS

The problem of asymptotic stability of the reduced-order
observers for linear continuous-time Metzlerian systems is
investigated in the paper. The novelty of this work lies in
LMI definition of the observer parametric constraints and
in the partly exploited H,, approach in observer stability
sustaining. The proposed design method guarantees that,
if exists, the observer gain matrix is positive (nonnegative)
and the reduced-order dynamics is autonomous while
maintaining the Metzler structure of the reduced-order
observer system matrix.

The achievable performance within the proposed design
conditions is guaranteed no worse than that derived from
standard Lyapunov formulation. Presented illustrative ex-
ample documents the design approaches provide an effi-
cient and systematic way for the synthesis of reduced-order
observers for linear continuous-time Metzlerian systems.
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