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Abstract

Because variable air volume (VAV) air conditioning system has the feature of intense coupling among multi-loops, supply air tem
cannot follow the set-point value closely. Therefore, the precision and performance of indoor air temperature of VAV air conditionin
is influenced. In this paper, precision and performance of indoor air temperature of VAV system are highly improved through state
decoupling and genetic algorithm. The coupling between loop of supply air temperature and loop of indoor air temperature is e
in the method of state feedback decoupling. Besides, the controller parameters are optimized by means of inverse and genetic
LonWorks technology is adopted in VAV air-conditioning decoupling control system so that data can be exchanged among multi-lo
experimental results show that performance of indoor air temperature of VAV system is improved effectively.
 2005 Elsevier SAS. All rights reserved.
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1. Introduction

VAV air conditioning control system is multi-variable
and has multi-control loops coupling [1]. Because of
coupling between loop of indoor air temperature and lo
of supply air temperature, the precision and performanc
indoor air temperature of VAV air conditioning system is
fluenced. For example, the change of chilled water flow
effects the change of supply air temperature. Due to this
indoor air temperature of room is also changed. Further
change of supply air flow rate influences the indoor air te
perature. Besides, it also causes the change of the air
rate of the cooling coil. As a result, the supply air temp
ature is changed, and eventually affects the indoor air t
perature continuously. In this paper, the coupling betw
loop of indoor air temperature and loop of supply air te
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perature is decreased or eliminated through state feed
decoupling technology [2,3].

Meanwhile, the controller parameters are desig
through inverse and genetic algorithm. The relationsh
among the PID parameters and the roots of characte
equation are found in the method of inverse deducing. T
equation is the characteristic equation of closed loop c
trol system. While designing the controller parameters
the range of the roots is within the unit circle in thez-plane,
then the closed loop control system is stable. But the r
in different groups affect the performance of the control s
tem differently. In this paper the roots are optimized by
use of genetic algorithm [4,5]. The controller parameters
optimized by the combined effect of inverse and genetic
gorithm.

Data must be exchanged between loop of indoor air t
perature and loop of supply air temperature in VAV d
coupling control system. Data exchanging between th
two loops is very important for decoupling control syste
Otherwise, it is difficult to realize the decoupling contr
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Nomenclature

A matrix
a21 proportion coefficient
Aa heat transfer area of air side about the cooling

coil . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . m2

Ap wall area of room . . . . . . . . . . . . . . . . . . . . . . . m2

B matrix
b11 proportion coefficient
b22 proportion coefficient
C matrix
C1 the first row of matrixC
C2 the second row of matrixC
Ca heat capacity of air . . . . . . . . . . . . . J·kg−1·◦C−1

Cc heat capacity of cooling coil . . . . . J·kg−1·◦C−1

cmax maximum of each circulating calculation about
genetic algorithm

Cv heat capacity of indoor air . . . . . . . J·m−3·◦C−1

Cw heat capacity of chilled water . . . . J·kg−1·◦C−1

E matrix
E−1 inverse matrix ofE
F matrix
favg average fitness about genetic algorithm
fi fitness about genetic algorithm
fmax maximum of fitness about genetic algorithm
G0(s) transfer function matrix of controlled process
G1(s) the first row ofG0(s)

G2(s) the second row ofG0(s)

Gf (s) transfer function matrix
H matrix
I unit matrix
J object function about genetic algorithm
K matrix
kD differential coefficient of PID controller

parameter
kI integral coefficient of PID controller parameter
kp proportion coefficient of PID controller

parameter
L length of each individual in population about

genetic algorithm
Mc mass of cooling coil . . . . . . . . . . . . . . . . . . . . . . kg
qa air flow rate of air side of cooling coil . m3·s−1

qa,b return air flow rate . . . . . . . . . . . . . . . . . . . m3·s−1

qa,f fresh air flow rate . . . . . . . . . . . . . . . . . . . . m3·s−1

Qm heat of heat source in room . . . . . . . . . . . . . J·s−1

qr supply air flow rate of room . . . . . . . . . . m3·s−1

qw chilled water flow rate of cooling coil . . m3·s−1

SGA search space about genetic algorithm
t time . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . s
T0 sampling period . . . . . . . . . . . . . . . . . . . . . . . . . . . s
T1 time constant . . . . . . . . . . . . . . . . . . . . . . . . . . . . . s
T2 time constant . . . . . . . . . . . . . . . . . . . . . . . . . . . . . s
U input vector of controlled process
u1 chilled water flow rate . . . . . . . . . . . . . . . m3·s−1

u2 supply air flow rate of room . . . . . . . . . . m3·s−1

V volume of room . . . . . . . . . . . . . . . . . . . . . . . . . m3

x1 supply air temperature . . . . . . . . . . . . . . . . . . .◦C
x2 indoor air temperature of room. . . . . . . . . . . .◦C
y1 supply air temperature . . . . . . . . . . . . . . . . . . .◦C
y2 indoor air temperature of room. . . . . . . . . . . .◦C
Y output vector
z11 root of equation of the closed loop
z12 root of equation of the closed loop

Greek symbols

αa heat exchange coefficient of air side about
cooling coil . . . . . . . . . . . . . . . . . . . W·m−2·◦C−1

αp heat exchange coefficient about indoor air and
wall in room . . . . . . . . . . . . . . . . . . W·m−2·◦C−1

ρ1 radius of polar coordinate inz-plane
ρa density of air . . . . . . . . . . . . . . . . . . . . . . . kg·m−3

ρw density of chilled water . . . . . . . . . . . . . . kg·m−3

θ1 angle of polar coordinate inz-plane
θa,b return air temperature . . . . . . . . . . . . . . . . . . . .◦C
θa,f fresh air temperature . . . . . . . . . . . . . . . . . . . . .◦C
θa,in inlet air temperature of cooling coil . . . . . . . .◦C
θa,out outlet air temperature of cooling coil . . . . . .◦C
θc temperature of cooling coil . . . . . . . . . . . . . . .◦C
θp wall temperature of room. . . . . . . . . . . . . . . . .◦C
θr indoor air temperature of room. . . . . . . . . . . .◦C
θs supply air temperature . . . . . . . . . . . . . . . . . . .◦C
θw,out outlet water temperature of cooling coil . . . .◦C
θw,in inlet water temperature of cooling coil . . . . .◦C
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algorithm. LonWorks technology is adopted to realize
data exchanging. It has many features including peer-to-
communication; device level processions; and a netw
operating system for easy management such as remot
vices. In this paper, decoupling compensation coefficie
between the two loops are handled as network varia
(NV), a new concept adopted in LonWorks technology [6

This paper presents a strategy that highly improves
controlling performance of indoor air temperature throu
state feedback decoupling, genetic algorithm and field
such as LonWorks technology.
r

r-

2. An outline of the studied VAV system

Fig. 1 is the schematic diagram of the studied VAV
conditioning system, which is mainly composed of six un
such as air handling unit, fresh air valve, return air va
exhaust air valve, VAV boxes and duct network.

After the return air has blended with the fresh air,
mixed air will enter the air handling unit. When the air te
perature has dropped, the air is sent to the supply air du
fan, and it then enters the room.
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Fig. 1. Constitution of the VAV air conditioning system.

Control loop of supply air temperature: Supply air te
perature is detected by the temperature sensor. Then
compared with the set-point value. According to the diff
ence between the actual value and the set-point value
chilled water valve is adjusted by the controller, so that
supply air temperature is controlled.

Control loop of indoor air temperature: Indoor air te
perature is detected by the temperature sensor. Then
compared with the set-point value. According to the diff
ence between the actual value and the set-point value
supply air valve is adjusted by the controller, so that the
door air temperature is controlled.

3. System model

There are two control loops in the studied system: On
the loop of supply air temperature, another is the loop of
door air temperature. System model is established acco
to three steps. First, input variables and output variables
determined. Second, the relationships among input varia
and output variables are deduced according to corresp
ing physical equations. Finally, the state equation is se
according to these relationships.

Input variables: chilled water flow rate(u1), supply air
flow rate of room(u2). Input vector:U = [u1 u2]T.

Output variables: supply air temperature(y1), indoor air
temperature of room(y2). Output vector:Y =
[y1 y2]T.

The first describes the relationship between supply
temperature and chilled water flow rate. The second
scribes the relationship between indoor air temperature
supply air flow rate. These relationships are the basis o
ducing state equation. The third describes the setting u
state equation based on the first subsection and the se
subsection.
-

d

3.1. Relationship between chilled water flow rate and
supply air temperature

Utilizing heat balance and mass balance relationships
Eqs. (1)–(3) can be obtained. Eq. (1) indicates that the
change of heat exchanger equals to the difference betw
the decreasing heat of air and the increasing heat of ch
water. Eq. (2) indicates that the decreasing heat of air eq
to the heat exchange between the air and the heat excha
Eq. (3) indicates that the inlet air temperature of heat
changer equals to the product of the fresh air tempera
and its percentage plus the product of the return air tem
ature and its percentage.

McCc

dθc

dt
= qaρaCa(θa,in − θa,out)

− qwρwCw(θw,out − θw,in) (1)

qaρaCa(θa,in − θa,out) = αaAa(θa,in − θc) (2)

θa,in = qa,f

qa,f + qa,b

θa,f + qa,b

qa,f + qa,b

θa,b (3)

From Eqs. (1)–(3),θa,out can be described as Eq. (4) wh
T1 = McCc

αaAa
:

dθa,out

dt
= − 1

T1
θa,out + 1

T1

[
qa,f

qa

θa,f + qa − qa,f

qa

θa,b

− qwρwCw

qaρaCa

(θw,out − θw,in)

]
(4)

The proportion coefficient betweendθa,out
dt

andqw is b11
T1

,
b11 is described as

b11 = − ρwCw

qaρaCa

(θw,out − θw,in)

Because the relationship betweendθa,out
dt

and qa is non-
linear, it can be transformed into linear by the use of Tay
series at working point.

The proportion coefficient betweendθa,out
dt

andqa is b12
T1

;
b12 is described as

b12 = 1

q2
a

[
−qa,f θa,f + qa,f θa,b

+ qwρwCw

ρaCa

(θw,out − θw,in)

]

3.2. Relationship between supply air flow rate and indoo
air temperature

Utilizing heat balance relationship [8], Eq. (5) can be o
tained. Eq. (5) indicates that the heat change of indoo
equals to the difference between the increasing heat an
decreasing heat of indoor air.

CvV
dθr

dt
= qrCvθs − qrCvθr + Qm − αpAp(θr − θp) (5)
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Eq. (5) can be transformed into Eq. (6):

CvV

qrCv + αpAp

dθr

dt
+ θr

= Cvqrθs

qrCv + αpAp

+ Qm + αpApθp

qrCv + αpAp

(6)

Eq. (6) can be transformed into Eq. (7):

dθr

dt
= −qrCv + αpAp

CvV
θr + qr

V
θs + Qm + αpApθp

CvV
(7)

WhenT2 = CvV
qrCv+αpAp

, Eq. (7) can be transformed in
Eq. (8):

dθr

dt
= − 1

T2
θr + qr

V
θs + Qm + αpApθp

CvV
(8)

The relationship betweendθr

dt
andθs can be transforme

into linear by the use of Taylor series at working point,
proportion coefficient betweendθr

dt
andθs is a21 = qr

V
.

The relationship betweendθr

dt
andqr can be transforme

into linear by the use of Taylor series at working point,
proportion coefficient betweendθr

dt
andqr is b22 = θs

V
.

3.3. The establishment of the state equation

The state equation describes the state of a dynamic
tem in terms of a set of state variables. The variables
those variables that determine the future behavior of the
tem when the present state of the system and input sig
are known. The basis of the state equation is the phys
equations among output variables and input variables [2
According to the analyzing of the first subsection and
second subsection, the following can be deduced:

State variables:x1 is supply air temperature,x1 = θa,out =
θs ; x2 is indoor air temperature of room,x2 = θr .

Input variables: u1 is chilled water flow rate;u2 is supply
air flow rate of room.

Output variables: y1 is supply air temperature;y2 is indoor
air temperature of room.

State equation is described as Eq. (9):[
ẋ1
ẋ2

]
=

[− 1
T1

0

a21 − 1
T2

][
x1
x2

]
+

[ b11
T1

b12
T1

0 b22

][
u1
u2

]

[
y1
y2

]
=

[
1 0
0 1

][
x1
x2

]
(9)

In Eq. (9)

A =
[− 1

T1
0

a21 − 1
T2

]
, B =

[ b11
T1

b12
T1

0 b22

]

C =
[

1 0
0 1

]
, Y =

[
y1
y2

]
, U =

[
u1
u2

]

Through deducing,Y can be described as Eq. (10):

Y = C(sI − A)−1BU (10)
-

In Eq. (10), matrixI is unit matrix.
The transfer function matrix of controlled processG0(s)

can be described as Eq. (11):

G0(s) = C(sI − A)−1B (11)

Through deducing,G0(s) can be described as Eq. (12)

G0(s) =
[ b11

T1s+1
b12

T1s+1
a21b11T2

(T1s+1)(T2s+1)
b22T1T2s+(a21b12T2+b22T2)

(T1s+1)(T2s+1)

]
(12)

4. The structure of the state feedback decoupling
control system

Fig. 2 is the schematic diagram of the state feedb
decoupling control system. In Fig. 2,U is the input vec-
tor, U = [u1 u2]T; Y is the output vector,Y = [y1 y2]T.
U can be described asU = K · x + H · v. The objective and
function of state feedback decoupling control system is
transform the transfer function matrixGf (s) of the system
in Fig. 2 into a diagonal matrix through designing the m
trix K andH . Thus, the coupling between loop of indo
air temperature and loop of supply air temperature is el
nated, and air conditioning system is decoupled.

The transfer function matrix of system in Fig. 2 can
described as Eq. (13):

Gf (s) = C(sI − A − BK)−1BH (13)

G1(s) is the first row of matrixG0(s); G2(s) is the sec-
ond row of matrixG0(s); di = min{the order difference be
tween denominator and numerator of elements inGi(s)}−1;
d1 = 0, d2 = 0. C1 is the first row of matrixC; C2 is the sec-
ond row of matrixC.

Matrix F can be described as following:

F1 = C1A
d1+1 = [1 0]

[− 1
T1

0

a21 − 1
T2

]
= [− 1

T1
0
]

F2 = C2A
d2+1 = [0 1]

[− 1
T1

0

a21 − 1
T2

]
= [

a21 − 1
T2

]

F =
[

F1
F2

]
=

[− 1
T1

0

a21 − 1
T2

]

E1 = lim
s→∞ s · G1(s) = [

b11
T1

b12
T1

]

E2 = lim
s→∞ s · G2(s) = [0 b22]

Fig. 2. Decoupling system of state feedback.
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E =
[

E1
E2

]
=

[ b11
T1

b12
T1

0 b22

]

E−1 =
[ T1

b11
− b12

b11

1
b22

0 1
b22

]

H = E−1 =
[ T1

b11
− b12

b11

1
b22

0 1
b22

]

K = −E−1F = −
[ T1

b11
− b12

b11

1
b22

0 1
b22

][− 1
T1

0

a21 − 1
T2

]

K =
[ 1

b11
+ b12

b11

a21
b22

− b12
b11

1
b22

1
T2

− a21
b22

1
T2b22

]

The transfer function matrix of decoupling system
Fig. 2 can be described as following:

Gf (s) = C(sI − A − BK)−1BH

Through calculating

Gf (s) =
[ 1

s
0

0 1
s

]

In the above deducing, the transfer function matrixGf (s)

is transformed into a diagonal matrix, so that the coup
between loop of indoor air temperature and loop of sup
air temperature is eliminated, and VAV air conditioning s
tem is decoupled.

5. Designing of the controller parameters

5.1. PID parameters vs the roots of characteristic equat

The controlled process is transformed intoGf (s) through
state feedback decoupling. The transfer function betw
indoor air temperature and supply air flow rate is1

s
. The

transfer function of zero-order hold is1−e−T0s

s
, T0 is the sam-

pling period of indoor air temperature—supply air flow ra
loop.

Gr(z) = Z

[
1− e−T0s

s

1

s

]
(14)

Eq. (14) can be transformed into Eq. (15):

Gr(z) = T0

z − 1
(15)

The transfer function of PID controller of the supply a
flow rate-indoor air temperature loop isDr(s):

Dr(s) = kp + kI

s
+ kDs (16)

kI

s
in Eq. (16) can be changed by means of bilinear tra

formation(s = 2
T0

1−z−1

1+z−1 );
kD · s in Eq. (16) can be changed by means of backw

difference(s = 1−z−1
);
T0
Eq. (16) can be transformed into Eq. (17):

Dr(z) = kp + kI T0(z + 1)

2(z − 1)
+ kD(z − 1)

T0z
(17)

Dr(z) = [(
kI T

2
0 + 2kD + 2kpT0

)
z2

+ (
kI T

2
0 − 2kpT0 − 4kD

)
z + 2kD

]
× [

2T0z(z − 1)
]−1 (18)

Dr(z)Gr(z) = {[(
kI T

2
0 + 2kD + 2kpT0

)
z2

+ (
kI T

2
0 − 2kpT0 − 4kD

)
z + 2kD

]
× [

2T0z(z − 1)
]−1} T0

z − 1
(19)

Dr(z)Gr(z) =
kI T 2

0 +2kpT0+2kD

2T0
(z − x2)(z − 1)

z(z − 1)

T0

z − 1
(20)

Based on the above deducing, the characteristic equ
can be described as Eq. (21):

z2 − z + T0(kI T
2
0 + 2kpT0 + 2kD)

2T0
(z − x2) = 0 (21)

z1 andz2 are the roots of Eq. (21). The following 4 equatio
can be worked out (Eqs. (22)–(25)):

1− 1

2

(
kI T

2
0 + 2kpT0 + 2kD

) = z1 + z2 (22)

−x2(kI T
2
0 + 2kpT0 + 2kD)

2
= z1z2 (23)

−kI T
2
0 − 2kpT0 − 4kD

kIT
2
0 + 2kpT0 + 2kD

= 1+ x2 (24)

2kD

kIT
2
0 + 2kpT0 + 2kD

= x2 (25)

Through deducing,kD1, kp1 andkI1 can be worked ou
as Eqs. (26)–(28):

kp = 1

T0
(z1z2 − z1 − z2 + 1) (26)

kI = 0 (27)

kD = −z1z2 (28)

From the above analysis, the relationships amongkD , kp,
kI andz1, z2 are directly found out. Ifz1 andz2 are within
the unit circle inz-plane, the closed loop control system
stable. Butz1 andz2 in different groups influence the perfo
mance of the control system differently. Accordingly,z1 and
z2 should be optimized.

5.2. Optimizingz1 andz2 in the method of genetic
algorithm

z1 andz2 are within the unit circle inz-plane. Differentz1
andz2 influence the performance of the control system
ferently. Accordingly,z1 andz2 should be optimized. Afte
z1 andz2 are optimized, the optimizing controller param
ters could be obtained. Genetic algorithm is a nice met
for optimizingz1 andz2.
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The basic ideas of optimization method are: First, enc
ing of the optimization problem in a binary string. Seco
random generation of a population, which includes a gen
pool representing a group of possible solutions. Third, re
oning of a fitness value for each subject. It will directly d
pend on the distance to the optimum. Fourth, selection o
subjects that will mate according to their share in the pop
tion global fitness. Fifth, genomes crossover and mutati
Sixth, starting again from point 3. Finally, the optimizati
solution can be found out.

In order to satisfy the transformation,z1 andz2 are trans-
formed into polar coordinate forms as the following:

z1 = ρ1 cosθ1 + iρ1 sinθ1

z2 = ρ1 cosθ1 − iρ1 sinθ1.

The range ofρ1: 0 < ρ1 < 1; the range ofθ1: 0 � θ1 �
3.1416.

Step 1: The transformation from the solution space(Π) to
genetic algorithm search space(SGA):

Π = (ρ1, θ1) �⇒ SGA = (f1, g1)

Step 2: The transformations fromf1, g1 to ρ1, θ1 are de-
scribed as Eqs. (29) and (30):

ρ1 = ρ1min + [ρ1max− ρ1min] f1

2d1 − 1
(29)

θ1 = θ1min + [θ1max− θ1min] g1

2d1 − 1
(30)

In Eqs. (29) and (30),d1 = 10, ρ1min = 0,
ρ1max= 1, θ1min = 0, θ1max= 3.1416:

ρ1 = 0+ [1− 0] f1

210 − 1

θ1 = 0+ [3.1416− 0] g1

210 − 1

the length of each individual in population
L1 = 20.

For example, Π = (0.04203,1.89172) �⇒
SGA = (43,616).

Gene locus:

1 2 3 4 5 6 7 8 9 10
0 0 0 0 1 0 1 0 1 1| ||

f1

11 12 13 14 15 16 17 18 19 20
1 0 0 1 1 0 1 0 0 0| ||

g1

Bit string:SGA = 00001010111001101000
Step 3: Object functionJ can be described as Eq. (31):

J =
300∑

kad=1

[
r(kad) − y(kad)

]2 (31)
In Eq. (31), kad is the sampling time of indoor a
temperature—supply air flow rate control loop.r(kad) is
the set-point of indoor air temperature—supply air flow r
control loop.y(kad) is the output of indoor air temperature—
supply air flow rate control loop.

The object of the genetic algorithm is to search the m
imum of object functionJ . The fitnessfi must be satisfied
with 2 conditions: (a)fi � 0; (b) the optimizing direction
of the object function is the direction of increasing fitne
Fitnessfi can be described as Eq. (32):

fi = cmax− J (32)

In Eq. (32),cmax is the maximum of each circulating ca
culation, sofi � 0. Meanwhile, the direction of searchin
minimum ofJ is the direction of increasing fitnessfi .

Step 4: In genetic algorithm space, the initialized popu
tion is produced randomly; the amount of individ
als is 20.

Step 5: To search maximum of fitnessfmax and to search
average fitnessfavg.

Step 6: If fmax andfavg are the expected solutions, then t
calculation ends. Otherwise, go to the next step

Step 7: In genetic algorithm space, the population of n
generation is produced by the operation of gen
algorithm, and they are decoded to solution spa

Step 8: Go to step 5.

6. Implemental study with LonWorks technology

LonWorks technology is one of the most important fie
bus technology. The advantages of the LonWorks open
tem include:

• The ability for owners and integrators to choose amon
best-of-breed, off-the-shelf components selected f
among different manufacturers for both initial instal
tions and enhancements down the road that are not
to one manufacturer’s closed technology.

• Lower system costs since the ability to choose fos
greater price competition.

• Less complexity and fewer failure points through t
elimination of gateways to bridge between sub-syste

• Lower cost deployments because it is faster to dep
interoperable products than non-interoperable produ

• The modularity of open systems enables changes
expansion to occur in a less-costly and less-comp
manner.

• Lower life-cycle costs, particularly from an operatio
and maintenance perspective.

Network variable is an important concept of LonWor
technology. The data exchange among different node dev
of LON network is realized by network variables. It is su
able that decoupling compensation coefficients between
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Fig. 3. The schematic of decoupling control system of VAV air condition
by LonWorks technology.

of indoor air temperature and loop of supply air tempera
are handled as network variables of LonWorks technolo
Fig. 3 is the schematic diagram of decoupling control sys
realized by LonWorks technology.

This system has 2 control loops. The first loop is loop
the chilled water flow rate—supply air temperature; the s
ond loop is loop of the supply air flow rate of room—indo
air temperature of room. The link between input netw
variable and output network variable is described as Tab
Types, units and ranges of these user defined network
ables are described as Table 2.

This control network system has 4 nodes.
Node 1 is the sensor node of supply air temperature

output network variable is:

nv_satp_out (the measured value of supply air temp
ture).

Node 2 is the control node of the chilled water valve.
input network variables are:

nv_satp_in (the measured value of supply air temperatu
Table 1
Link between input network variable and output network variable

nv_satp_out (node 1) ←→ nv_satp_in (node 2)
nv_b12H_out (node 2) ←→ nv_b12H_in (node 4)
nv_b12K_out (node 2) ←→ nv_b12K_in (node 4)
nv_iatp_out (node 3) ←→ nv_iatp_in (node 4)
nv_b21H_out (node 4) ←→ nv_b21H_in (node 2)
nv_b21K_out (node 4) ←→ nv_b21K_in (node 2)

Table 2
Types, units and ranges of network variables

Type Unit Range

nv_satp_out (node 1) float_type ◦C 0.0–30.0
nv_satp_in (node 2) float_type ◦C 0.0–30.0
nv_b12H_out (node 2) float_type m3·s−1 0.0–0.3
nv_b12H_in (node 4) float_type m3·s−1 0.0–0.3
nv_b12K_out (node 2) float_type m3·s−1 0.0–0.3
nv_b12K_in (node 4) float_type m3·s−1 0.0–0.3
nv_iatp_out (node 3) float_type ◦C 0.0–50.0
nv_iatp_in (node 4) float_type ◦C 0.0–50.0
nv_b21H_out (node 4) float_type m3·s−1 0.0–0.1
nv_b21H_in (node 2) float_type m3·s−1 0.0–0.1
nv_b21K_out (node 4) float_type m3·s−1 0.0–0.1
nv_b21K_in (node 2) float_type m3·s−1 0.0–0.1

nv_b21H_in (the compensation coefficient of the sec
loop to the first loop, it is caused byH matrix),

nv_b21K_in (the compensation coefficient of the sec
loop to the first loop, it is caused byK matrix).

Its output network variables are:

nv_b12H_out (the compensation coefficient of the first lo
to the second loop, it is caused byH matrix),

nv_b12K_out (the compensation coefficient of the first lo
to the second loop, it is caused byK matrix).

Node 3 is the sensor node of indoor air temperatur
room. Its output network variable is:

nv_iatp_out (the measured value of indoor air tempera
of room).

Node 4 is the control node of the VAV box valve in roo
Its input network variables are:

nv_iatp_in (the measured value of indoor air temperatur
room),

nv_b12H_in (the compensation coefficient of the first lo
to the second loop, it is caused byH matrix),

nv_b12K_in (the compensation coefficient of the first lo
to the second loop, it is caused byK matrix).

Its output network variables are:

nv_b21H_out (the compensation coefficient of the sec
loop to the first loop, it is caused byH matrix),
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nv_b21K_out (the compensation coefficient of the sec
loop to the first loop, it is caused byK matrix).

7. The experimental results

This paper improves the control performance of ind
air temperature in VAV air conditioning system through st
feedback decoupling, genetic algorithm and LonWorks te
nology. Fig. 4 is the response curve of indoor air tempera
without improvements. Fig. 5 is the response curve of
door air temperature with improvements. In these figu
“ r” indicates the set-point curve, while “y” stands for the
measured curve. The root mean square of difference bet
the set-point curve and the actual curve in Fig. 4 is 0
while the root mean square of difference between the
point curve and the actual curve in Fig. 5 is 0.14. Obviou
the actual curve is more close to the set-point curve thro
improving method. Precision of the indoor air temperat
is highly improved. This is due to two reasons. One of th
is that the coupling between the indoor air temperature
the supply air temperature is eliminated, so that the su
air temperature no longer affects the indoor air temperat
Another reason is that the PID parameters of the contro
are optimized.

Fig. 4. Response curve of indoor air temperature without improveme

Fig. 5. Response curve of indoor air temperature with improvement
n

8. Conclusion

The combination of the state feedback decoupling,
netic algorithm and LonWorks technology can improve
control performance of indoor air temperature in VAV
conditioning system effectively.

State feedback decoupling is a good method for elimi
ing the coupling between loop of indoor air temperature
loop of supply air temperature.

The combination of inverse deducing and genetic a
rithm is an effective way to optimize the controller param
ters of air conditioning system.

It is suitable that decoupling compensation coefficie
between loop of indoor air temperature and loop of sup
air temperature are handled as network variables of L
Works technology.

The advantage of the method discussed in this pap
that it can improve the performance of indoor air tempe
ture of air conditioning system, while the limitation of th
method is that the computing workload is vast, but it is e
for high speed processor.
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