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Abstract In this paper, we consider the decentralized reduced-order H., controller for the general plant. Simpli-
fying method is suggested for the general plant with the decentralized controller structure. When the controller is
reconstructed for the original system, the decentralizability of the controller for the transformed system is generally
destroyed with the older method. We solve this problem. For the simplified system, the structure of the decentraliz«

controller is suggested.
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1 Introduction

In this research, we consider the decentralized reduced-
order Hy, controller for the general plant like a boiler sys-
tem. Individual system has a reduced order observer, and
with these, estimates of states or worst case exogeneous
inputs of a channel are obtained. Then we can design the
controller minimizing the H, norm of the transfer function
matrix from exogeneous inputs to the controlled outputs.

The assumptions of the standard condition is modified
for the decentralized controller design. General plant in-
cludes a direct feedthrough term from input to the output
and controlled output has a direct feed through term from
exogeneous input. Hence, method of simplifying to stan-
dard plant assumption is not usable to the decentralized
controller structure. Reduced-order observers are used for
the real attraction.

2 Preliminaries

Firstly, we consider the system having the D;; and Dq,
for the general plant.

z = Ax + Byw + Byu

P(s)={ 2=Ciz+ Dyyw + Dysu (1)
Yy = Coxz + Dojw + Dosu
We can rewrite above as a following matrix form :
T A | B, B} B? T
z | _| Ci|Du D2 Dip w )
() C3 D%l D%z D3, u
Y2 Czl D%l Dgz D‘2‘2 U2

We want to design the decentralized controller K (s) for the
system P(s).
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2.1 Assumptions

The above system must satisfy the following assump-
tions. Singular problem is not considered in this paper yet.
A1l. There are no unstable decentralized fixed modes.
A2. D;; and D5 has full row/column rank.
A3. (A B, C(,) is stabilizable and detectable.
A4, The system (A, B, Cy, D12) and (A, By, Cy, Dyy)
have no invariant zeros in the jw-axis.

2.2 Simplifying Assumptions

For the simplicity, we can remove the terms of D, and
Dy,. For this, general procedure for the decentralized con-
troller design is suggested by modifying the general sim-
plying procedure.

Step 1 : Decentralized norm minimization problem
U Fl 0 N ﬁl
= N 4
IR | R G
F o . .
where F' = 0 Bl By applying above transformation,
we can obtain following LFT :
& A| B B [z

z |=|C|Dn D w (5)

y Co | Da1 Da2 u
where

A=A+ B2F(I - D22F)—IC2

Bl =B + By F(I — D22F)-1D21
B2 = B2(I - D22F)—1

él =C) + DlgF(I - D22F)—102

Q2 = (I - D22F)_102

D1y = D1y + D12 F(I = Dy F) ™' Doy
Diy = Dyo(I — Dy F)™?

Doy = (I — D2 F) ™' Doy

Doy = (I = D2 F) ™' Dy

Step 2 : Making Dy; =0

In real situation, it is generally not satisfied by the
frequency weighted function for the closed loop shaping.



Hence, this preocedure is needed for simplicity. Currently,
some loop transformation is used, but it is not satisfactory
for the system having decentralized structure. For the de-
centralized system, following transformation can only be
used. If we let Dll =Dy + D12F(I - D22F)—1D21 , fol-
lowing transformation will remove Dy,

1. }_?ind the decentralized form of matrix F' such that
m}n “Dll Il = Yo-

2. Choose v > 7, and performing next transformation.

H[ ][]

. 6
1D11 _ (I v DuDll):l [w} ( )
- ’Y_lDuDll y~'D;, z

where ©0* = 721, ||®a]], < 772, V7 > Yo.

By applying above transformation, we can obtain follow-
ing LFT :

il B B

T T
z = le 0 Plz w (7)
Yy Cy | Doy Do (
where
4 A + B] (I D11®22)—101
By, = B1(I ©422D11)710y;
Bz = By + B109(I — @22D11) D12
C1 @12(1 622D11)
Cz =Cy+ Dy (I - 922D11) G
D12 = 012(] — ©22D11) 7' Dys
D21 = D21(I ©22D11)7102;
Dyy = Dag + Dy1©92(I —~ ©22D11) ' D1y
Step 3 : Making Dy =0

Some feedforward term is added after designing controller.
Several consideration is needed.

T A|B1 Bz

z
7 = C:l ~0 1212 —_’I_IJ~ (8)
Yy Cy | Doy Daa i
We apply following transformation.
§=y— Dpi
= Chx + Doy (9)
Then the resulting tranfer system is as this :
2] [AlB B J[e
z = C:l ~0 D12 w (10)
y Cy|{Dxn O U

Now, our objective is complete. But one problem remains
still unsolved. If you would like to regain the controller
for your original plant, other station’s inputs are needed
in subsystems by the terms D22 and D22 i.e., antidiagonal
terms of ng on above setting. Hence, followmg approxi-
mation is needed for decentralizing controllers.

BHOREE D
G2 |2 D3, D3| |42 X (11)
~|n] _ [P O ar]| _[ 0 Di| [

Y2 0 Diy) a2 D3 0 ug

Here, @¢ is the estimate of the other system’s input. It
can be estimated by some state estimates and replacement.
Reduced-order observers gives some estimates of the system
state, and from this, we can estimate the other station’s
inputs. Control strtrategy which is used by full state feed-
back system can be used, and make a good result. The
method is used in the reference [1]. These method is good
for the sytems without exchanging information each other.
Hence, the assumption Dy =0is generalized.

We can construct the simplified procedure for the general
system with the above assumption without loss of general-
ity. After now on, we only consider the decentralized re-
duced order H, controller for the simplified system. Lem-
mas of the following section will justify our transforma-
tions.

2.3 Reconstruction Lemma

Now, we must show that the loop transformation does
not destroy the representation of the decentralized con-
trollers and that the order of the designed H, controller
is not higher than before transformation. Note that the
structure of the controller as Figure 1. Let the state space
realizations as this :

Uy U9
[U‘Z] Kl(s)yls [ﬂf

] = K»(s)ij2

Let the realization for the controller K;(s) and Ka(s) as
this :

= Ki(s)w, = K3(s)y2 (1)
where
Ap | B } [ Ak | Bro
K = K =
1(8) [ Cri | Dia |’ 2(5) Cra | Dis (15)

With above and equation (3) and (10), we can conchule w
this lemma.

Lemma 1 (Reconstruction) If we can design the decen-
tralized controller K (s) for the systems for P(s) , then we
can reconstruct the controller K(s) for the system P(x)
having no higher oreder realization.

(Proof)

If we can design the controller K;(s) and K3(s) , we can
obtain the K;(s) and K3(s) by the manipulation of the
matrix equations. Let the equations as this :

= Ai(s)h
a5 = Az(s)th
i =w — iy ) (16)
1=% — [Déz [)%2] [Zel:]
2
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if = Asz(s)g2
Gy = A4(s)y2

iy = ug — Foyy Qa7

S (D3 pA | U
g2 =y2 —[D3; Dj,] [ﬁz]
If we preform the following operation and manipulation, we
can obtain the controller realization for the system P(s).
i1 =1 — D3ty — D3, As(s)iy
g1 = (I + D3, A2(s)) (1 — Diyiaa)
’111 = Az (S)ﬂl

= A1(s)(I + D3, 45(5)) ™ (11 — Dlyiin) (18)
@ = [T+ A1(9)(I + Dy 4a(s)) "' Dy
[ 41T + Dh40(5) ™ wa
Hence, we can obtain following results :
N ~ -1
= [Fl + {1+ 41()(I + D3 Ax(s)) 7 DY, } 9
{46+ DL 40 ]
Similarly, for the K»(s), we can obtain
N n -1
up = [F2 +{I+ 43U + DY Au(5) ' D ) 20

{4 + D)} 12

We can reconstruct the controllers as K;(s) having same or-
der realization with K;(s) from the above equations. Q.E.D

3 Main Results

Now after, we assume that D;; and Dy, equal zero with-
out loss of generality.

T = Az + Byw + Bsu

z=Ciz + Dipu (21)
y = Cax + Dyyw
We can rewrite above as a following matrix form :
P A|B Bl B[ z
z ! _| G| 0 DI, D w (22)
W1 - 021 D21>1 0 0 (751
Y2 C22 D%Z 0 0 U2

For above system, we would like to design the controller
having fixed structure :

Uy K (s) 0 n
= = 23
u [uz} [ 0 Kz(s)] [y2 (23)
We can write above equation to following forms :
& =F& + Giyr + [Hu  Hio Zij
K = -7
1(s) uy = L& + My, (24)
u§ = L§& + Msy,
62 =F1£2 +G'2y2 +[H21 H22] Zl
Kz(s) = L2 (25)

ui = L§& + M{y
uz = La&y + Mays
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3.1 Full Information Result
If we have the full state information, we can design the
H,, state feedback controller by following lemma.

Lemma 2 (FI) For the above system, if we know full in-
formation of states x and ezogeneous inputs w, followings
are equivalent.

(1) There exists o P > 0 such that following
Riccali equation is satisfied and A + v 2B,BIP -
By(DT,D13) Y (BT P + DL,C,) is stable.

ATP+PA+CTCy +v2PB,BTP
—(PBy + CID12) (DL, D12)(Bf P + DL,C) = 0 (26)

(2) | Tzw(s)| | <
where u* = —Kz, w*=~"2BfPz.

Above lemma follows by bounded real lemma. Now,
we will design the reduced-order state observer with above
state feedback input assumption. By inserting w* to the
system equations, we obtains

T = Az + Byu
=Az+ (B! B2]|™
TrIB 2]_[u2 (27)
nil|_ ~ — C_'zl
] =0e= (8]

where A = A++72B,BfP and C, = C, +v7 2Dy BB, P.
Applying the theory of the observer,
[61 — T | _ |

€3 Tia Va

Here, V; is the mapping from states to the reduced-oria
states space. We can construct the following equations by
solving and inserting the related equations,

o nllE] [0 ][]

Ly 01[C | M: 0 1) _TK, (30

0 Le||cz o Mgl |w|T |k BV
Then, we can obtain the approximate inputs for the original
plant,

(28)

e_[ui]

ur = e

Uy
M i 3

-1 ] (2] [%]) + [ A]1G) e
Me 0 e K

-1 ][]+ (2]



Remark 3 We need the conditions that

(1) error signals e;(t) = 0 ast = oo , fori =1,2

(2) overall closed loop system must satisfy the needed Hy,
norm bound.

The remained problem is the construction of reduced-order
observers. By [3] and above equations, we will try to con-
nect the decentralization and reduced-order observer design
problem. Bounded real lemma will help this links.

4 Conclusion

Our works are still constructing. We show that the sim-
plifying method for the controller having fixed structure
can not be applied to design the controller with the fixed
structures. Some other simplifying method is needed and
we provide it. Hence, the problem in the decentralized con-
troller design was made easy to deal with. Reduced-order
consroller design problem can be solved by manipulating
the related equations.
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Figure 1: Design Structure
P(s)
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Figure 3: Reconstruction of Decentralized Controller for K(s) with
K(s)
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