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For linear multivariable system, the transfer function is

T.(s) | [Gu(s) Gu(s) FC(S)}
T.0)] [Gu() Gu(9)]a0)

T,(5), T, (s), G, (s), @, (s), &, (s) are all matrice
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Transfer function H

—>Linear Multivariable
_ System

dT :
r—y—
dt Q

Q = aeoﬂDeo I—el (Tr _Tewl) + aeoﬂDeo (Le o I—el )(Tr _Tewz)

T RO
[T.(s)]=[H.(s) Hm(s)]{ih (S)}

T,(s),T.(s), H; (s), T,,(s) are all matrice

Where T, :indoor temperature
C :specific heat
v :heat source
Q :heatis absorbed by indoor air-conditioner
0, :thermal conductivity
D, .evaporator outer diameter

€eo

L, ‘tube length

C

' K= aeoﬂDeo
L, ‘two-phase zone length, N
T,, -two-phase region wall temperature EEosme et
T.. :superheat zone wall temperature Ks=(L.-La)
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o= Governing equations

X(k +1) = AX(K) + B,u, (k) + B, u, (k) + Bo(k)
2(k) = E;x(K) + E,u, (K) + Geo(K)
u, (k) =—alu, (k) —uy(k)]
u_(k) = —Kx(k)

X(K) : state vectors contain evaporator temp
and superheat
u, (k) : control inputs contain compressor speed,
EEV opening, fan speed of indoor and outdoor
u, (k) :antiwindup control input if adds integrator
o(Kk) : disturbance inputs contain indoor heat source
and temp. change
z(k) : ouput vectors
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2 0 " ®eR ‘a)Hz weR ZO)TO)
Y (o w-12"7)>0
0
Discrete Riccati equation
APA" —P-J <0
get o from Linear quadratic regulator

Discrete Lyapunov equation
APA" -P-J,<0
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u_for u <u

min C min

u =<u for u <u <u

S c min C

u for u >u
C max

max

A 4

Plant

Hodel , A. S., and Hall, C. E., 2001,
Variable-Structure PID control to Prevent Integrator Windup,
IEEE Transactions on Industrial Electronics, vol. 48, no. 2, pp. 442-451.
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Linear quadratic regulator

* For a discrete-time linear system described by
X,y = AX, + BU,
e with a performance index defined as

J =) (%Qx +u Ru,)
k=0

» the optimal control sequence minimizing the performance
iIndex is given by
u, =—Kx,

e Where
K=(R+B"PB)'B"PA

 and P is the solution to the discrete time algebraic Riccati
equation (DARE) e
P=Q+ A’ (P—PB(R+ B' PB)‘1 B' P)AFFOm Wikipedia
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y. ITRI

* In the Lyapunov stablility theory, the system is
said to be asymptotic stable if there exists a
symmetric matrix P = P'in governing equation.

« The function V is a Lyapunov function if V(x)is
negative semi-definite in U: V (x) <0.

 The existence of a Lyapunov function is sufficient
to prove stability (in the sense of Lyapunov) in the
region U.

« [IfV(x)is negative definite, the equilibrium is
asymptotically stable.
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Schur complement:
S
R>0,Q-SR'S'>0< M ={SQT R}>O

Inverse matrix expression:

(A+BCD)'=A"'-A'B(C'+DA'B) ‘DA™
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There exists Y =Y 'such that H_ norm LMI in linear operation

-Y * * *

W B 0 E,E, * %
— >0,Y >0 = p—

B Y AY B -y =

| E,Y + E,KY 0 0 I

There exists Y =Y'such that H_.norm LMI in saturation operation

W B
>0,Y >0
Y
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There exists Y =Y'such that H,norm LMI in linear operation

Y * * * *
0 0 * * *
KY -Y * * <0

m
_<|| o

— — <0
~AY B B -y x =

0 0 0 B -1 *

EY O 0 0 0 -l
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