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Stochastic /., Control Problem with State-Dependent Noise for
Multimodeling Systems

Hiroaki Mukaidani and Vasile Dragan

Abstract—In this paper, stochastic H., state feedback con-
trol with state-dependent noise for multimodeling systems is
addressed. After establishing the asymptotic structure of the
stochastic multi-modeling algebraic Riccati equation (SMARE),
an iterative algorithm that is based on Newton’s method is
established. A high-order state feedback controller by means
of the obtained iterative solution is given and the degradation of
the H., performance is investigated for the stochastic case for
the first time. Finally, in order to demonstrate the efficiency
of the proposed algorithm, numerical example is given for
practical megawatt-frequency control problem.

I. INTRODUCTION

When several small singular perturbation parameters of
the same order of magnitude are present in the dynamic
model of a physical system, the control problem is usually
approached as multimodeling systems. The control problem
of the multimodeling systems has been widely studied during
the past few decades (see e.g., [8], [9], [10]).

Recently, stochastic H., control problem with state- and
control dependent noise were considered in [1], [2], [15],
[16]. It has attracted much attention and has been widely
applied to various fields. For example, the stochastic Hy/H
control with state-dependent noise has been addressed [5].
However, to the best of our knowledge, no results have been
obtained for the H., control problem of the multimodeling
systems with stochastic uncertainty such as standard Wiener
process even though the asymptotic properties of input-
output operations norm for singularly stochastic perturbed
systems have been treated in [6].

In order to design the stochastic H., controller, the
stochastic algebraic Riccati equation (SARE) needs to be
solved. The reliable approach for solving the SARE has
been well documented in [4]. This algorithm is based on the
revised Kleinman algorithm and it is easy to show that this
algorithm is equivalent to the Newton’s method. Hence, the
quadratic convergence is attained if the initial guess is close
to the required solution. However, the considered SARE has
the positive definite quadratic term. Therefore, we cannot
apply the existing result to the SARE that has the sign indef-
inite quadratic term directly, where it arise in stochastic H,
control. More recently, in [11], [12], the Newton’s method for
solving the sign-indefinite multimodeling algebraic Riccati
equation (MARE) has been developed. Although this result is
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very elegant in theory, the stochastic multimodeling systems
(SMS) situation is an issue that remains to be considered.
In this paper, the numerical solution to the stochastic
multimodeling algebraic Riccati equation (SMARE) with
sign-indefinite quadratic term related to the stochastic H
control problem with state-dependent noise is investigated.
The main objective of this paper is to obtain numerically
controllers and to prove that the high-order approximate
controller can be used reliably on the original SMS. The
difficulty in extending the results is that since the stochastic
uncertainty exists, the derivation of asymptotic structure
of SMARE cannot be determined by using the existing
assumption. Therefore, in order to avoid the complication
for the derivation, the appropriate assumption is made for the
coefficient matrix related to the stochastic uncertainty. The
contributions of this paper are as follows. In order to obtain
the initial guess of the algorithm, the asymptotic structure of
the sign indefinite SMARE is established for the first time.
Then, our new concept is to set the initial condition to the
solutions of the reduced-order SARE. Because of such a
choice, it can be proved that the proposed algorithm con-
verges to a required solution by using Newton-Kantorovich
theorem [13]. As another important feature, a high-order state
feedback H., controller on the basis of the obtained iterative
solution is given. Moreover, the degradation of the H.,
performance is investigated for the stochastic systems for the
first time. Finally, in order to demonstrate the efficiency of
the proposed algorithm, a numerical example for a two-area
electric energy system is solved.
Notation: The notations used in this paper are fairly standard.
I,, denotes the n x n identity matrix. Superscript 7" denotes
the matrix transpose. | - | denotes its Euclidean norm for
a matrix. The space of the R¥-valued functions that are
quadratically integrable on (0, co) are denoted by L5 (0, o).
w3 := Efst lew(t)|?dt, w(t) € L5(s, t) denotes Ly norm
in a Hilbert space. block diag denotes the block diagonal
matrix. E[-] denotes the expection operator.

II. PRELIMINARY RESULT

We consider the following SMS that consist of N-fast sub-
systems with specific structure of lower level interconnected
through the dynamics of a higher level slow subsystem.

dx(t) = [Aex(t) + Beu(t) + Dev(t)]dt

M
+ Z Apex(t)dwy(t), (la)
p=1
2(t) = Cx(t) + Hu(t), (1b)
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o) = [ 2@ «T@) - 2L " en?,
u(t) = [ uf(t) uL(t) ]T e R™,
’U(t) = [ ’U,{' ’U%( ) ]T S %[,
II. := block dlag( erln, -+ enlny ),
- Aoo AOf
Ae - |: 1Af0 1Af
Aoy = [ Ao Aon ]7
T
Apo o= [A{o A%o] ;
Ay := block dlag( A -+ Ay ),
A Apoo 1 Apof
pe &0 A0 T71E0A, |7
Apoy = [ P01 Apon ]a
T
Ao = [ ATy - AZ;NO] 5
Apr = block dlag( Api1 Apnn )

B
I
By := block diag ( B Byn )

D
o [ oo o
Dy := block diag ( D1 Dnn ),
C:=1C Cf],

Coo 0o -~ 0
Cho Cy - 0
CQ = . ,Cf = . . . )
CnNo 0 CnN
H := block diag( Hy Hyn )
zj(t) € R, j = 0, 1, ... ,N are the state vectors,
ui(t) € ?Rmf, i =1, , N are the control inputs,
vi(t) € (O o), j = 1, ... ,N is considered to be

an unknown finite-energy deterministic disturbance [1], [5].
z(t) € RP is the controlled output. ¢; >0, j =1, ..., N and
i > 0 are small parameters and § > 1/2 is independent of
€ := min{eq, ...,en}. It should be noted that the parameters
w and 0 have been introduced in [6], [7] for the first time.
Moreover, the considered SMS consists of N-fast subsystems
as compared to [6]. wy(t) € R, p = 1, ,M is a one-
dimensional standard Wiener process defined in the filtered
probability space [1], [2], [3], [5].

We assume that the ratios of the small positive parameters
g, J = 1, ,N and p are bounded by some positive
constants k”, kw’ land [ and only these bounds are assumed
to be known [8], [9]. In other words, they have the same order
of magnitude.

0<@ij§aijzi—jséij<oo,oszs 6)

o=
=~

Note that one of the fast state matrices A;;, j =1, ... | N
may be singular.

Without loss of generality, the stochastic H., control
problem for the SMS is investigated under the following
basic assumption [1], [5].

Assumption 1: CTH =0and HTH = I;,.

It should be noted that the matrix pair (E, G) is deemed
stable, if dz(t) = Ex(t)dt+Gx(t)dw is asymptotically mean
square stable [5].

The stochastic H, control problem for SMS is given
below [1], [5].

Given a constant v > 0, find a matrix K satisfying the
following conditions:

1) The system

M
2(t)dt + > Apex(t)dw,(t) (3)

p=1

dx(t) = [Ae + B K]

is exponentially mean-square stable internally, i.e. it
satisfies the following equation.

Elz(t)]* < pe "I Ela(s)|?, 3p, ¥ >0. (4
ii) The closed-loop system

dx(t) = [(Ae + B.K)z(t) + Deo(t)]dt
M

+3 Apea(t)dwy(t), (5a)

2(t) = (C +an)x(t), (5b)

corresponding to the system in equation (1) with
feedback control u(t) = Ku(t), satisfies following
condition.

|13

v € Lg(o, oo),||v||2
v #0, z(0) =0

E [
= sup

ve L;(O, o),
v#£0, x(0)=0

<. (©6)

The following result is well known [1], [5].

Lemma 1: Suppose that Assumption 1 is satisfied. The
stochastic H, state-feedback control problem has a solution
if and only if there exists a symmetric non-negative definite
solution P, to the following SMARE

C’TC’x() uT (t)u(t))dt
Ef+°° T (t)v(t)dt

G(P.):=ATP, + P.A, +ZATPA
p=1

—P,(B.BT —~2D.DT)P,+CTC =0 (7)
such that the stochastic system
dz(t) = [Ae — BeBT P. + v 2D.DI P)x(t)dt

M
+ Z Apex(t)dwp(t) (3)
p=1
is exponentially mean-square stable.
The controller solving this H,, problem is given by
equation (9).

u(t) = Ka(t) = =BT P,x(t). )
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ITII. ASYMPTOTIC STRUCTURE OF SMARE

In this section, we need to first analyze the asymptotic
structure of SMARE (7) to obtain the controller. In order to
simplify the presentation, the following matrices are defined.

—1

Se = B.B! —v—QDeDeT:[ H;%Oggf H?‘ig?ﬁe_l ]
Soy == [ Sox Son |,
Sy = block diag ( Si1 Snn ),

T | Qoo Qog
@ = CO_[Q%} Qr ]’
Qos = [ Qo Qon |
Qs = block diag( Q11 QNN )

Since the matrices A., Ape, B. and D, contain the term
of sj_l, a solution P, of the SMARE (7), if it exists, must
contain terms of ¢;. Taking this fact into consideration, we
look for a solution P, of the SMARE (7) with the structure

. Pyo P%He T
PB L H@Pf@ H@Pf ) POO_POO7
T
PfO::[Pljg) sz/ﬂo] )
Py
Py a1pPd aasPl - anPE,
Py Py aosPh - aan Py
Pinv_1y1 Piv—12 P(v—1)3 -+~ OZ(N—l)NP]z;(N_l)
Pyy Ppo Py3 - Pyn
. P = P{ 1.

Before investigating the optimal control problem, we investi-
gate the asymptotic structure of the SMARE (7). Substituting
the matrices A., Ape, Se, @ and P, into SMARE (7) results
in the following partitioned equation (10).

f1 = PooAoo + Ao Poo + PfyAso + A7y Pro

M M
+ 3 AL PooApoo + &> AT 0 ProApoo
p=1 p=1
M M
5 T pT DY) T -
+6° > ALl Appo + 7> AL PAIIT Ay g
p=1 p=1
—PooS00Poo — P%SfPfO
—PooSor Pro — P%ngpoo + Qoo =0,
fo = Al Plolle + AT Py + PooAgs + Ply Ay

(10a)

M M
+u Z AZ;OOPOOAZDOf + EJILL Z A;ZfOPfOA;DOf
p=1 p=1

M M
0 T T =24 T _
+80 Y AL PR A+ AT PTI Ay
p=1 p=1

—PooSoo Polle — P}y S5y PfoTle
—PooSor Py — P%Sfpf +Qor =0,
fs = P{ Ay + A7 P+ 1. ProAos + A PjoIle

(10b)

M M
2 T =0 T
+u ZApOfPOOA;DOf +é /LZAprfOApOf
p=1 p=1

M M

+e0u Y AL PRA +EP Y AT PII Ay
p=1 p=1

—P{ S§Py — P} S5 P, — 1. ProSos Py

—T1. PsoSoo Pfolle + Qs = 0. (10c)

It is assumed that the limit of «;; exists as ; and ¢; tend
to zero [8], [9], that is

(1)

a;; = lim ay,.
J 5]‘—>+0 J
e;—+0
Let Py, Pro and Py be the limiting solutions of the above
equation (10) as 4 — +0,¢; — 40, j =1, ..., N, then
we obtain the following reduced-order equations (12).

M
PooAoo + Agopoo + P%Afo + A?opfo + Z AgoopooApoo

p=1
—Po0So0Poo — p%Sfpfo
—PooSogPro — PyS3 s Poo + Qoo = 0, (12a)
Afo Py + PooAos + PlyAg
—PooSos Py — PJySy Py + Qo = 0, (12b)
PPAp+ AT Py — P} Sy Py +Qp =0, (12¢)
where
pf
Py 541215271 @131—:’371 e @1Np§1
P aon PE,

5 5 BT
Py Py Qo3Psy - -

Piv—an Pov-nz Pv-ys -+ av-nn Py

Pni Ppo Py3 Pnn
P =P}, j=0,1, .. N.

It should be noted that the algebraic Riccati equation (ARE)
(12c¢) admits an asymmetric solution. However, it can be veri-
fied that there exists at least a symmetric positive semidefinite
stabilizing solution of ARE (12c) because of the following
reasons [11], [12].

First, the following AREs are introduced.

% T px* % 5%
PiiAj; + Aj; Pjy — Pj3Sj Py + Q45 = 0.

(13)
Moreover, let us define the following sets.

Ly, = {y > 0] the ARE (13) with S;; = B;; B}, —
’y_QDJ-j D}; has a positive semidefinite and stabilizing solu-
tion P}, j=1, .., N.

Assumption 2: The sets 'y, are not empty.

Lemma 2: Under Assumption 2, the ARE (12c) admits a
unique symmetric positive semidefinite stabilizing solution
Py which can be written as

]5; := block diag ( Py Z?J’{,N ) ) (14)
Assumption 2 ensures that Aj; — S;; P, j=1, ..., N
are nonsingular. Substituting the solution of (12¢) into (12b)
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and substituting ]5;0 into (12a) and making some lengthy
calculations (the detail is omitted for brevity), we obtain the
following 0O-order equations (15).

M
PooA+ A" Py + Z AZ;OOPJOAPOO
p=1

—P;ySPjy+Q =0, (15a)
. 5 I
*T . * —1 n
Pjo = [ Py —In, ]Tjj Tjo [ p(;% ] ) (15b)
PjjAj; + Aj Py — PSP+ Qi =0, (15¢)
where Pj, := [ Py Pyt ]T’
N
A -8 )
[ -Q -AT ] = Too = 3 To;Tj5' Tho,
j=1
Ao —So0 ] [ Ag;  —So; ]
Too := R To: 1= ,
0 |: _QOO _AgO 0J _Qﬂj _A?O
A'O —STv A _ST.
T'O::[ o7 %],T—-;:[ 2 7ol
’ —Qo; Ao " —Qj; —4j;
j=1, .., N.

Remark 1: For each j € {1, ... , N} equation (13) is a
Riccati equation arising in connection with the deterministic
H,, problem. Hence, if I'y, is not empty then I'y, =
(74, 00). On the other hand, if v € T'y, then the matrix
Ajj — Sj;P}; is a stable matrix. Therefore the hamiltonian
T}, is invertible.

The ARE (15c¢) produces a positive semidefinite solution
if 7 is sufficiently large. Hence, let us define the set.

I's = {7 > 0] the SARE (15a) has a positive semidefinite
and stabilizing solution Pg,}.

We introduce the assumption:

Assumption 3: The set I'y is not empty and it has the form
s = (vs, 00).

Remark 2:  a) In the considered general case it is not

clear how the coefficients A, S, Q are depending upon
v. That is why we have to introduce as an assumption
the fact that the set I'y takes the form of a right
unbounded interval. It is worth mentioning that this
happens if all matrices A;; are invertible.

b) The fact that P is the stabilizing solution of (15a)

means that the trajectory « = 0 of the Ito differential

equation
_ M
dwo(t) = Axo(t)dt + Y Apoozo(t)dwy(t)  (16)
p=1

is exponentially stable in mean square (ESMS), where
A := A — SPj. This is equivalent to the fact
that the Lyapunov operator X — ATX + XA +
2117\4:1 AZ;OOX Apoo are located in the half plane Re\ <
0. This means that (16) is true.
The limiting behavior of P. as the parameter ||v| — +0
is described by the following theorem.
Theorem 1: Under Assumptions 1-3, if a parameter vy >
7 :=max{Ys, Y, - »Vfn r 1S selected, there exists a small

o* such that for all |v| € (0, 0*), the SMARE (7) admits the
unique symmetric positive semidefinite stabilizing solution
P, for stochastic system (5) which can be written as

P.:=®.P+0O()), a7
where
P = ]:720 9* , ¢, := block diag( I,, Il )
PfO Pf ..
Proof: This can be proved by applying the implicit

function theorem to (10). Since the proof is similar to that
mentioned in [12], it is omitted. |

It should be noted that there is no solution of the SMARE
(7) as long as there is no positive semi-definite solutions
P;; of the SARE (15c¢). Conversely, the asymptotic structure
of the solution for the SMARE (7) can be established by
using the reduced-order solution ij of the SARE (15¢)
via implicit function theorem. Therefore, the existence of
the reduced-order solution P;; of the SARE (15c) will
play an important role in this study. In this case, it is
easy to verify that the magnitude of disturbance attenuation
level vy, influences to the existence of the reduced-order
solution P;j;. In fact, when 7y, tends to zero, it is hard to
obtain the reduced-order solution P;; except for the special
case. Finally, in this study, the problem considered here is
restricted for the disturbance attenuation level ~y;, such that
the reduced-order SAREs (15c) have the solutions P;;.

IV. NEWTON’S METHOD

Let us consider Newton’s method (18).

Pe(n+1)(Ae _ SEPg(n)) + (Ae — Sepe(n))TPe(n+l)

M
+3 AL PMUA, 4+ PMS.PM £ Q =0, (18)
p=1

where n =0, 1, ...
as follows.

, and the initial conditions are chosen

PO = [ ]foio P;QT*He ] : (19)
€ P, Py

The algorithm represented by equation (18) has the feature

given in the following theorem for the SMS.

Theorem 2: Suppose that Assumptions 1-3 are satisfied. If
the parameter-independent reduced-order SARE (15c¢) has a
positive semidefinite solution, there exists a small ¢ such
that for all |v| € (0, ), 0 < & < g, the iterative
algorithm represented by equation (18) converges to the
exact solution of P, with a rate equal to that of quadratic
convergence; here, Pe(n) is positive semidefinite. Moreover,
the convergence solutions equal those of P, in the SMARE
(7) in the neighborhood of the initial condition Pe(o) = P.
In other words, the following condition is satisfied.

(20)*" _ O(lv|*")

pm) P.| = _

n=0, 1, .. (20)

where A = 2[S.| < o0, ¢ = [[VG(P) 7 m = ¢-
1G], 6 = gnr < 271,
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Proof: The proof follows directly by applying the
Newton-Kantorovich theorem [13]. Since the proof is similar
to that mentioned in [11], [12], it is omitted. |

V. A HIGH-ORDER STATE H,, CONTROLLER

In this section, we apply the controller u(")(t) =
—BgPe(")x(t) to the SMS (1) and compare it with the exact
optimal control (9).

Theorem 3: Under the conditions given in Theorem 1, if
the controller gain matrix K := —BgPe(") is designed
for a prescribed disturbance attenuation level v > 7 and the
resulted controller u(™ (t) = —BEPQ(")x(t) is applied to the
SMS (1), then the following inequality will be satisfied:

(C+HK™) . (sIi—Ae— B K™) ™' D, || o

— [(CHHE)(sTh— Ay — B.K) " Delloo+ O (0 |™)
<y+O0(Jv[™*7) @
where K = —BTP, and K™ = —BTP{™.
Proof:  Applying the optimal controller wu(t) =

Kz(t) = =BT P.z(t) to (1) yields

da(t) = [(Ae + [V Le)z(t) + Dev(t)]dt
M
+ Z Apex(t)dwy(t), 2° =0, (22a)
=1
J=E / h =T (t)Qx(t)dt, (22b)
0
where
A _ AQQ Aof,
I Ap T Ay

Ao == Ago — SooPoo — SofPro, Aoy := Aoy — Sos Py,
Afg = Afg _ngPOO —SfPfO, Af = Af - SfPf,
Le=—|v| Y (B.BTP.—A.+A.), Q=Q+P.B.Bl'P..

Since Ay is stable, there is transformation y(t) = T~ x(t)
such that T~1A.T = block diag ( A, TI;'A; ), where
A, = AOO—AOfAflAf0+O(||u||) and Af = Ar+0(|v])
[10].

Using the transformation 7', we obtain

Lt -5 ][] ]

Do, B
" [D;f] U) at ZT FApex(t)dwy (1), (23)

p=1
where = B ["yT(OTTQTy(Hdt, 40 = y(0).
y(t) = [y5 (1) yf( s and L7 HelLT]T = T 'L,

(D, T 'D7;)" = T7'D.. From (23), if |v| is small
enough, then we have |y|3 < ci1|v]3,c1 > 0. Similarly,
substituting u(t) = —K™i(t) and f(t) = T-'i(t) into
system (1), we get

s )= (5 2 )3 5]

D, M
" [D;;] “) dt + ) T~ Apeii(t)duy (1), (24)

p=1

where J = E [t HTTQTf(H)dt, Q =
Q + PMB.BIPY, f0 f). [LT LR

— || (B BT P™ — A, + A.). Hence, from (24), one
can derive |f|3 < c2|v|3, c2 > 0. Subtracting (24) from

(23) we get the f(;llowing equation (25).

i )= ([s 2] [a]om 2]
+ ot v)

M
+ 3 T Apee(t)dwy(t),

p=1

where e(t) = y(t) — f(t). From (25), we obtain |e]3 <
cslv P 2lyl3 < ealv P2 o]3, cs,ca > 0. .
Then, we note that 7L, T —T~*L.T = O(|v|"), |Q —
QH m0||u||"+1, mo > 0.
Applying the Schwartz inequality yields

|J = J] < E/Ooo[ml le@1 - ly@)] + male@)] - 1£@)]
+ma " £ (1)) dt

< mflel2(lyllz + 1£]2) + [ 1™ F12),

where m = max{mi, ma}, m ITTQT|, my =
|TT BBTT|. Moreover, substituting |y|3 < c1||v]3, | |3 <
c2|v|3 and Je|2 < cafv|?"F2|v|3 into (26) yields

|7 = J]
< mlye(Vertyes) +eallv] " ol3 <molv " v]327)
Finally, by using condition J < ~?|v|%, we have
T <[P +0(vI™Iols = by + O(w ") vl3, 28)

that is, an O(|v|") accuracy controller u(™ (t) = —K (™) z(t)
achieves the performance level v + O(|v | *1). [ |

(25)

(26)

VI. NUMERICAL EXAMPLE FRO
MEGAWAT-FREQUENCY STOCHASTIC
H,, CONTROL

In order to demonstrate the efficiency of the stochastic
H control for SMS, we present results for the practical
multiarea electric energy systems. The state variable model
of the megawatt-frequency control problem was developed
n [14]. The system matrices are given by the top of the
next page. It is assumed that time constant of the governers
represent the small singular perturbations. Hence, small
parameters are T,1 := €1 = 0.030 and T2 := €2 = 0.029.
Moreover, it should be noted that p = 0.

It should be noted that the deterministic disturbance dis-
tribution v(t) := [APs APg)T =1[0.1 0.1)7 and the state
dependent noise related to the load frequency constant [14]
are both considered compared with the existing results [11],
[12]. We suppose that the error of the load frequency constant
is within 5% of the nominal value. Therefore, the proposed
design method is very useful because the resulting strategy
can be implemented to more practical SMS.
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ro 0.315 0 —0.315 0 0
0 0 1 0 0 0
0 —1.888 —0.0498  1.888 0 6
A= | © 0 0 0 1 0
0 1.888 0 —1.888 —0.0498 0
0 0 0 0 0 —3.333
Lo 0 0 0 0 0
A = [0 0 0.41666 0 0 0 0 } Ay = [ 0
0 0 0 0 —0.41666 0 0 |’ 0

0 0 0
0 0 0
0 0 0
O 5 AOl = 0 5 A02 = 0 5
0 0 6
0 3.333 0
—3.333 0 3.333
0 0.41666 0 0 0 0
0 0 0 —041666 0 o |» A =Ax2=-1

Ao = block diag( 0 0 0.00249 0 0.00249 0 0 ) L Ajor = Ajoz =0 € R7¥Y,

Ao = A120 =0 € R™7, A111 = A1a = A122 =0, Bo1 = Boa =0 € R™*", Bi1 =1, Baa =1,

Dp=[0 0 —06 0 0 0 O]T,DOQ:[O 0 0 0 —06 0 O]T

u®) (1) = [ 1.5893 9.4531e — 1

For every boundary value v > 7 := max{vs, v, V. } =
2.2608e — 1, the SMARE (7) has the positive definite stabi-
lizing solution because the AREs (15¢) and the SARE (15a)
have the positive definite solution, where s = 2.2608e — 1,
Y1 = V2 = 0.

Now, we choose v = 0.3 (> 7) to solve the MSARE (7).
The efficiency of the Newton’s method (18) is demonstrated.
It is easy to verify that algorithm (18) converges to the exact

solution with an accuracy of ||Q(Pe("))|| < 1.0e — 11 after
five iterations.

Table 1. Errors per iterations.

n |G(PE)]
0 1.5667

1 4.2489¢ — 01
2 3.3631e — 03
3 2.0470e — 05
4 1.5710e — 11
5 9.1508¢ — 12

In order to verify the accuracy of the solution, the remain-
der per iteration is substituted by Pe(") into SMARE (7). In
Table 1, the results of the error |G (Pe("))” per iteration are
given. It can be seen that algorithm (18) yields quadratic
convergence. Using the obtained iterative solution, the high-
order approximate stochastic H, controller is given by the
top of the this page.

VII. CONCLUSION

In this paper, stochastic H., control problem for the SMS
has been discussed. Particularly, a new iterative algorithm for
solving the SMARE that has sign-indefinite quadratic form
has been proposed. The proposed algorithm consist of the
Newton’s method. As a result, it has been proven that the
solution of the SMARE converges to a positive semi-definite
stabilizing solution with the rate of convergence of O(|v|?").
As another important feature, the degradation of the H,
performance via a high-order state feedback controller by
means of the obtained iterative solution was given for the
stochastic case for the first time. Finally, for the practical
megawatt-frequency control problem, the numerical exam-
ples have shown excellent results that the proposed algorithm
has succeeded in reducing the computational workspace and
the quadratic convergence has been attained. It is worth
pointing out that although the stochastic and the deterministic

4.1393 1.6120 1.8547e — 1
—7.8321e — 1 1.7522e — 3 2.3204e — 1 1.1581 9.5872e — 1 2.6205e — 1

, D11 = Doy = 0, Q = block diag( Iz 0.25I4 ) .

4.2214 —2.8374e — 2 4.6816e — 1 2.1536e — 2

9.3331e — 2 2.2279¢ — 2 2.6668¢ — 1 ] 2(t)-

uncertainty are both included in the SMS, we can construct
the H,, controller with high-accuracy.
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