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Linear Multivariable
System

Where      :indoor temperature
:specific heat
:heat source
:heat is absorbed by   indoor air-conditioner 
:thermal conductivity
:evaporator outer diameter
:tube length
:two-phase zone length,
:two-phase region wall temperature     
:superheat zone wall temperature
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Governing equations
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ê

sh set

T
T





v

fK

sv



/fK s


cv



Copyright 2008 ITRI 工業技術研究院

Procedure

LMI matrix

Linear quadratic
regulator (LQR)

Compressor speed
EEV opening

Lyapunov inequalities

Get ω from
Riccati equation

Schur transformation

System identification

State equation
Output equation

Thermal dynamic
equations

Get Kc; Kf from
LMI

G

H

Controller
Kc; Kf unknowns

Anti-windup
α

H2;Hinf
γ

Whole systems

Temperature 
Compressor speed

EEV opening

heat transfer coefficient 
of evaporator’s

two-phase region,
the outer diameter 
of the evaporator,

evaporator tube length, 
evaporator temperature,

superheat,
air density,

interior volume,
specific heat of air



Copyright 2008 ITRI 工業技術研究院

Linear quadratic regulator
• For a discrete-time linear system described by

• with a performance index defined as

• the optimal control sequence minimizing the performance 
index is given by

• Where

• and P is the solution to the discrete time algebraic Riccati
equation (DARE)
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Lyapunov stability

• In the Lyapunov stability theory, the system is 
said to be asymptotic stable if there exists a 
symmetric matrix        in governing equation. 

• The function V is a Lyapunov function if       is 
negative semi-definite in U:         0.

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

• If       is negative definite, the equilibrium  is 
asymptotically stable.
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Compressor Speed vs. Time
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Superheat vs. Time
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Thank you for listening


