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Abstract

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

0 2005 Elsevier SAS. All rights reserved.
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1. Introduction perature is decreased or eliminated through state feedback
decoupling technology [2,3].

Meanwhile, the controller parameters are designed
through inverse and genetic algorithm. The relationships
among the PID parameters and the roots of characteristic
equation are found in the method of inverse deducing. This
equation is the characteristic equation of closed loop con-
trol system. While designing the controller parameters, if
the range of the roots is within the unit circle in thelane,
then the closed loop control system is stable. But the roots

VAV air conditioning control system is multi-variable,
and has multi-control loops coupling [1]. Because of the
coupling between loop of indoor air temperature and loop
of supply air temperature, the precision and performance of
indoor air temperature of VAV air conditioning system is in-
fluenced. For example, the change of chilled water flow rate
effects the change of supply air temperature. Due to this, the

indoor air temperature of room is also changed. Further, the "™
change of supply air flow rate influences the indoor air tem- in different groups affect the performance of the control sys-
wem differently. In this paper the roots are optimized by the

perature. Besides, it also causes the change of the air flo ) 3
use of genetic algorithm [4,5]. The controller parameters are

rate of the cooling coil. As a result, the supply air temper- s , 3 ;
ature is changed, and eventually affects the indoor air tem- OPtimized by the combined effect of inverse and genetic al-

perature continuously. In this paper, the coupling between 9°rthm. . _
loop of indoor air temperature and loop of supply air tem- ~ Data must be exchanged between loop of indoor air tem-
perature and loop of supply air temperature in VAV de-

coupling control system. Data exchanging between these
" Corresponding author. two Ioops is. very ?rT.]portant for .decoupling cont.rol system.
E-mail addresswangjun9312@yahoo.com (J. Wang). Otherwise, it is difficult to realize the decoupling control
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Nomenclature
A matrix dar freshairflowrate.................... s 1
as1 proportion coefficient Om heat of heat source inroom............ s
Aq heat transfer area of air side about the cooling ¢, supply air flow rate of room .......... et
COIl e o oq chilled water flow rate of cooling coil.. fas~1
A, wall areaofroom ....................... ’m ScA search space about genetic algorithm
B matrix N t M .. $
b1 proportion coefficient To samplingperiod.............. ..ot 5
b22 proportion coefficient T time constant . . .........oovueeniiia... S
¢ matrix _ T2 time constant . ... 5
C1 tEe first rogv of mf;t”XC . U input vector of controlled process
Co the second row of matrig ; —1
¢, heatcapacity ofair............. et e e
Ce heat capacity of cooling coil ... .. Ky~tect volume of room . ......oovveeei. .., 3m
Cmax gneixé?cug:g%fritef?nih circulating calculation about X1 §upp|y ajrtemperature .................. °C
Cy heat capacity of indoor air . ... ... .ng—3.cc1 2 ;nudpop?)r/ e;irr ttirrnnrp))irr?ttrree offoom. ... :g
Cu heat capacity of chilled water . . . .-k§y~t.cC~1 1 . P o
B matrix 2 indoor air temperature of room..........°¢ C
1 . Y output vector
E inverse matrix off .
F matrix 711 root of equation of the closed loop
favg  average fitness about genetic algorithm ‘12 root of equation of the closed loop
i fitness about genetic algorithm Greek symbols
Yy
fmax  maximum of fitness about genetic algorithm oy heat exchange coefficient of air side about
Go(s) transfer function matrix of controlled process Co0liNG COIl - oo v Wn—2.0C-1
glgsg mg zrest;[orr?évr%{/(v}oog)( ) ap heat exchange coefficient about indoor air and
2(s ols ; —2.0n-1
. ; wallinroom .................. Wn—<.°C
gf(s) tnrg:;ier function matrix o1 radius of polar coordinate in-plane
/ unit matrix Pa density of air ....................... k@—z
J object function about genetic algorithm Pw density of chilled Wa-ter o ko
I% matrix 01 angle of polar coordinate inrplane
kp differential coefficient of PID controller O, return air temperature..................¢ Cc
parameter 0q,r  freshairtemperature................... °C
k; integral coefficient of PID controller parameter ~ fain  inletair temperature of cooling coil. ... :'C
k) proportion coefficient of PID controller O.0ut Outlet air temperatu_re of c_oolmg coil ..... ;C
parameter 6, temperature of cooling coil .............. o.C
L length of each individual in population about ~ » wall temperature of room..............."! C
genetic algorithm O, indoor air temperature of room.......... °C
M.  massofcooling coil...................... kg Os supply air temperature .......... e - 0C
qa air flow rate of air side of cooling coil . fs™t 6w,out  OUtlet water temperature of cooling coil.. °C
qap  returnairflowrate................... Fis ! fw,in  inlet water temperature of cooling coil ... .°C

algorithm. LonWorks technology is adopted to realize the 2. An outline of the studied VAV system

data exchanging. It has many features including peer-to-peer

communication; device level processions; and a network

operating system for easy management such as remote ser- Fig. 1 is the schematic diagram of the studied VAV air
vices. In this paper, decoupling compensation coefficients conditioning system, which is mainly composed of six units
between the two loops are handled as network variablessuch as air handling unit, fresh air valve, return air valve,
(NV), a new concept adopted in LonWorks technology [6,7]. exhaust air valve, VAV boxes and duct network.

This paper presents a strategy that highly improves the  After the return air has blended with the fresh air, the
controlling performance of indoor air temperature through mixed air will enter the air handling unit. When the air tem-
state feedback decoupling, genetic algorithm and fieldbus perature has dropped, the air is sent to the supply air duct by
such as LonWorks technology. fan, and it then enters the room.
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variable frequency

ear | A controlier | emor 3.1. Relationship between chilled water flow rate and
valve f supply air temperature
fresh ‘
ar — v exhaust air Utilizing heat balance and mass balance relationships [8],
vabve @ Egs. (1)—(3) can be obtained. Eq. (1) indicates that the heat
| e Reom ! change of heat exchanger equals to the difference between
Q return air | I; : the decreasing heat of air and the increasing heat of chilled
| i o] | water. Eq. (2) indicates that the decreasing heat of air equals
! contller congoller | to the heat exchange between the air and the heat exchanger.
N | Eqg. (3) indicates that the inlet air temperature of heat ex-
eturn air : : changer equals to the product of the fresh air temperature
duct T TTTT T and its percentage plus the product of the return air temper-
ature and its percentage.
Fig. 1. Constitution of the VAV air conditioning system. d.
McCe~3= = dapaCa(Bain — ba.ow)
Control loop of supply air temperature: Supply air tem- %wPuwCu B0t = bwin) 1)
perature is detected by the temperature sensor. Then it isfaPaCa(®a,in = Oa,ou) = @aAa(Ba,in — Oc) (2)
compared with the set-point value. According to the differ- o . _ 9o/ o . dab 4 3)

. ; ' f
ence between the actual value and the set-point value, the ‘ Ga.f t4ab ¢ Ga.f +qab
chilled water valve is adjusted by the controller, so that the From Egs. (1)—(3)¢, out can be described as Eq. (4) when

supply air temperature is controlled. Ty = McCe .
Control loop of indoor air temperature: Indoor air tem- %ada
perature is detected by the temperature sensor. Then it isdd, oyt 1 1[4qary qa — qa,f
compared with the set-point value. According to the differ- ~— g  — T a,out + Fl|: 7 Oa, 5 + q—aea’h
ence between the actual value and the set-point value, the GwPwC
supply air valve is adjusted by the controller, so that the in- - ﬁ(é)w,out— Gw,in)] (4)
arFa*~a

door air temperature is controlled.
The proportion coefficient betwequgt—"“t andgq,, is lell,
b11 is described as

3. System mode PuwCu
bi1=—
qaPaCa

(Qw,out - Qw,in)

There are two control loops in the studied system: One is

the qup of supply air temperature, af“’ther |s.the loop of n- linear, it can be transformed into linear by the use of Taylor
door air temperature. System model is established accordmgSeries at working point

to three steps. First, input variables and output variables are . L. .
P P P The proportion coefficient betvve<—:-q§%“t andgq, is %2;

determined. Second, the relationships among input variables, . .
i . b12 is described as
and output variables are deduced according to correspond-

Because the relationship betwetg?g*t—"“t and g, is non-

ing physical equations. Finally, the state equation is set upb 1
according to these relationships. 12= a2 ~4a.fb%.f + da.f0ab
. L . quwPwCy
Input variables: chilled water flow rate(u1), supply air + T(Qw,out—ew,in)
flow rate of room(u»). Input vectorU = [u1  u>]'. Pata
Output variables: supply air temperaturéy;), indoor air
temperaiure of room(yz). Output vector:Y = 3.2. Relationship between supply air flow rate and indoor
[yr y2I'. air temperature

The first describes the relationship between supply air
temperature and chilled water flow rate. The second de-
scribes the relationship betvveep mdqor ar temperaFure andequals to the difference between the increasing heat and the
supply air flow rate. These relationships are the basis of de'decreasing heat of indoor air
ducing state equation. The third describes the setting up of '
state equation based on the first subsection and the secon db,

Subsec?ion. e'vva =qrCy0s — q,Cy0r + Qi — apAp(er - 9[?) (5)

Utilizing heat balance relationship [8], Eq. (5) can be ob-
tained. Eq. (5) indicates that the heat change of indoor air
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Eq. (5) can be transformed into Eq. (6):
c,V ds,
q;Cy +apA, dr
_ Cygys Om+apAy0,
T g CotapA,  q:Cotayh,
Eq. (6) can be transformed into Eq. (7):
do, __quU +oapA Om+apAyby

P qr
L = 0, + 20
dr C,V Pty ot C,V

+6,

(6)

(7)

WhenT, = —S&Y _ Eq. (7) can be transformed into

qrCotapAp’
Eq. (8):
do, 1 qr Om+apAyl,
g 4 drg  2m TP OPTP
T T C,V

The relationship betwee%f;—’ andg, can be transformed

(8)

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

proportion coefficient betweeﬁ% anddy isas1 = qV’.
The relationship betwee%f;i andg, can be transformed

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

proportion coefficient betwee%?,i andg;, is boy = %.

3.3. The establishment of the state equation

In Eq. (10), matrix/ is unit matrix.
The transfer function matrix of controlled proceSs(s)
can be described as Eq. (11):

Go(s)=C(sI —A)7!B (11)
Through deducingio(s) can be described as Eq. (12):

bia b1

— Tys+1 Tis+1
Go(s) = |: az1b11T baoT1 Tos+(az1b12T2+b2273) :| (12)
(Tis+D(Tos+1) (Trs+1) (Tos+1)

4. Thestructure of the state feedback decoupling
control system

Fig. 2 is the schematic diagram of the state feedback
decoupling control system. In Fig. 2] is the input vec-
tor, U = [u1 u2]"; Y is the output vectory =[y1 y»]".

U can be described d8 = K - x + H - v. The objective and
function of state feedback decoupling control system is to
transform the transfer function matri& s (s) of the system

in Fig. 2 into a diagonal matrix through designing the ma-
trix K and H. Thus, the coupling between loop of indoor
air temperature and loop of supply air temperature is elimi-
nated, and air conditioning system is decoupled.

The state equation describes the state of a dynamic sys- The transfer function matrix of system in Fig. 2 can be
tem in terms of a set of state variables. The variables aredescribed as Eq. (13):

those variables that determine the future behavior of the sys-
tem when the present state of the system and input signals

Gy(s)=C(sI —A—BK) 'BH (13)

are known. The basis of the state equation is the physical G4(s) is the first row of matrixGo(s); Ga(s) is the sec-
equations among output variables and input variables [2,3]. ond row of matrixGo(s); d; = min{the order difference be-
According to the analyzing of the first subsection and the tween denominator and numerator of element;its)} —1;

second subsection, the following can be deduced:

State variables:x; is supply air temperaturey = 0, out =
0s; x2 is indoor air temperature of roomy = 6,.

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

Output variables: y; is supply air temperaturey is indoor
air temperature of room.

State equation is described as Eq. (9):

. ] -1 0 by b1z
-l S ]
X2 | az1 _Tiz X2 0 by uz

In EQ. (9)
r—L1 by b1
SRS
azl 7T 0 b2

[1 0 _|»n _|m
c=lo 5] r=[n] v-[i]
Through deducingy can be described as Eq. (10):
Y=C(sI —A)~BU (10)

d1=0,d> =0.C1 is the first row of matrixC; C» is the sec-
ond row of matrixC.
Matrix F can be described as following:

1
-1 0
Fi=C1A%H =1 0][ n 1]=[—i 0]

— i . —[bu bi
El_sll_>moos Gl(s)—[Tl 1]

Ey = lim s-Gao(s) =[0 byo]
§—>00

u
H ‘I' B (SP-A)! [¢
—> —>®—> — —>
+
K

Fig. 2. Decoupling system of state feedback.
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bin b1z
=Bt 7
E> 0 b2
o _bip 1
E-1_ |: b11 b11 b22 :|
0 1
b22
L _ b2 1
_ b
H=E 1_|:b11 b1 22:|
0 1
b2
m m|[-% O
K=_Flp—_|Mm 11 b22 T1 L
1 a1 —7
boo P

4 bzan _b1p 11
K = |: b11 b11 b2 11 b22 T2 j|
az1 1
b2

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

Gs(s)=C(sI —A—BK) 'BH
Through calculating
10
o[} 1]

In the above deducing, the transfer function magrix(s)
is transformed into a diagonal matrix, so that the coupling
between loop of indoor air temperature and loop of supply
air temperature is eliminated, and VAV air conditioning sys-
tem is decoupled.

5. Designing of the controller parameters
5.1. PID parameters vs the roots of characteristic equation

The controlled process is transformed iGig (s) through

state feedback decoupling. The transfer function between

indoor air temperature and supply air flow ratesi LsThe

transfer function of zero-order holdig‘— Ty is the sam-
pling period of indoor air temperature—supply air flow rate
loop.

1— —Tos 1
G () = Z[L—} (14)
N N
Eq. (14) can be transformed into Eq. (15):
T
Gr(x) = —= (15)
z—1

The transfer function of PID controller of the supply air
flow rate-indoor air temperature loop 1% (s):
D, (s)

k

"’ in Eq. (16) can be changed by means of bilinear trans-

format|on(s =21 Z,l

kp - s in EqQ. 816) can be changed by means of backward
difference(s = TZO

1);
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Eqg. (16) can be transformed into Eq. (17):

kiTo(z+1)  kp(z—1)
Dr = 17
® 2 - 1) Toz an
Dy (z) = [(kr TZ 4 2kp + Zk,;To)z2
+ (k1 T§ — 2k, To — 4kp)z + 2kp]
x [2Toz(z — 1] * (18)
Dy ()G (z) = {[ (ki Tg + 2kp + 2k, To)?
+ (k1 T§ — 2k To — 4kp)z + 2kp ]
_ T
x [2Toz(z — D] 1}Z_—O1 (19)
k]T02+2k,,T0+2kD
— (@ —x2)(z-1
Dy(2)G(z) = ——200 : (20
72(z—1) z—1

Based on the above deducing, the characteristic equation
can be described as Eq. (21):
5 Tolk; T§ + 2k To + 2kp)
m—z+
2To
z1 andzp are the roots of Eq. (21). The following 4 equations
can be worked out (Egs. (22)—(25)):

(z—x2) = (21)

1
- E(k,To2 + 2k, To+ 2kp) =21+ 22 (22)
—xp(k; T2 + 2k, To + 2k
x2(k; T . pTo D) . (23)
kT2 — 2k, To — 4k
e (24)
k]TO +2ka()+2kD
2k
2 = (25)
k[TO +2k[,T0+2kD

Through deducingkp1,
as Eqgs. (26)—(28):

kp1 andkyy can be worked out

1
kp=—(iz2—z21—22+1) (26)
To
k=0 27
kp=—z122 (28)

From the above analysis, the relationships amiasng,,
k; andzi, z2 are directly found out. I1£; andz, are within
the unit circle inz-plane, the closed loop control system is
stable. But1 andz; in different groups influence the perfor-
mance of the control system differently. Accordinglyand
z2 should be optimized.

5.2. Optimizing;1 andzz in the method of genetic
algorithm

z1 andz» are within the unit circle in-plane. Different
andzy influence the performance of the control system dif-
ferently. Accordingly,z1 andzz should be optimized. After
71 andzp are optimized, the optimizing controller parame-
ters could be obtained. Genetic algorithm is a nice method
for optimizingz1 andz,.
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The basic ideas of optimization method are: First, encod-
ing of the optimization problem in a binary string. Second,

In Eq. (31), kaq is the sampling time of indoor air
temperature—supply air flow rate control loofikag) is

random generation of a population, which includes a genetic the set-point of indoor air temperature—supply air flow rate
pool representing a group of possible solutions. Third, reck- control loop.y(kag) is the output of indoor air temperature—

oning of a fitness value for each subject. It will directly de-
pend on the distance to the optimum. Fourth, selection of the

supply air flow rate control loop.
The object of the genetic algorithm is to search the min-

subjects that will mate according to their share in the popula- imum of object function/. The fitnessf; must be satisfied
tion global fitness. Fifth, genomes crossover and mutations.with 2 conditions: (a)f; > 0; (b) the optimizing direction

Sixth, starting again from point 3. Finally, the optimization
solution can be found out.

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

71 = p1COSH1 + i1 SiNby
Z2 = p1 COSH1 — ip1Sinby.

The range ofo1: 0 < p1 < 1; the range ob;: 0 < 61 <
3.1416.

Step 1: The transformation from the solution spa@é) to
genetic algorithm search spaG&sa):

IT=(p1,01) = Sea= (f1,81)

Step 2: The transformations fronyy, g1 to p1, 61 are de-
scribed as Egs. (29) and (30):

1= P1min+ [01max— 01 min] % (29)

1
01 =01 min + [01max— 01 min]zdfi_ (30)

1
In Egs. (29) and (30)d1 = 10, p1min = O,
P1max=1, 01 min =0, 01 max= 3.1416:

J1

2101
81

the length of each individual in population is
L, =20.

For example, IT = (0.042031.89172 —
Sca=(43,616).

Gene locus:

1 2 3 45
|00001

p1=0+[1-0]

o
= ©

6
01

—

|
f1
11 12 13 14 15 16 17 18 19 20

|100110100?
|

81

Bit string: Sca = 00001010111001101000
Step 3: Object function/ can be described as Eq. (31):

300 )
J="Y" [rtkad — y(kad)] (31)

kag=1

of the object function is the direction of increasing fitness.
Fitnessf; can be described as Eq. (32):

fi=cmax—J (32)

In EQ. (32),cmax is the maximum of each circulating cal-
culation, sof; > 0. Meanwhile, the direction of searching
minimum of J is the direction of increasing fitnegs.

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

Step 5: To search maximum of fithesfnax and to search
average fitnesgayg.

Step 6: If fmaxand favg are the expected solutions, then the
calculation ends. Otherwise, go to the next step.

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

Step 8: Go to step 5.

6. Implemental study with LonWorks technology

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

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

e Lower system costs since the ability to choose fosters
greater price competition.

e Less complexity and fewer failure points through the
elimination of gateways to bridge between sub-systems.

e Lower cost deployments because it is faster to deploy
interoperable products than non-interoperable products.

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

e Lower life-cycle costs, particularly from an operations
and maintenance perspective.

Network variable is an important concept of LonWorks
technology. The data exchange among different node devices
of LON network is realized by network variables. It is suit-
able that decoupling compensation coefficients between loop
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Link between input network variable and output network variable

‘ Computer ‘

nv_satp_out (node 1) «— nv_satp_in (node 2)
| nv_b12H_out (node 2) <~ nv_b12H_in (node 4)
’ PCLTA—20 Interface Card ‘ nv_b12K_out (node 2) <« nv_b12K_in (node 4)
| nv_iatp_out (node 3) <~ nv_iatp_in (node 4)
O nv_b21H_out (node 4) <« nv_b21H_in (node 2)
I | | | nv_b21K_out (node 4) <~ nv_b21K_in (node 2)
3 g 3 g
g g < g Table 2
= = = = Types, units and ranges of network variables
Type Unit Range
=) =] R= =]
5 5 5 = nv_satp_out (node 1) float_type °C 0.0-30.0
§ § § § nv_satp_in (node 2) float_type °C 0.0-30.0
g 5 3 5 nv_b12H_out (node 2) float_type Sl 0.0-0.3
nv_b12H_in (node 4) float_type Fs1 0.0-0.3
nv_b12K_out (node 2) float_type st 0.0-0.3
5 5 nv_b12K_in (node 4) float_type Hsl 0.0-0.3
5 5 g - nv_iatp_out (node 3) float_type °C 0.0-50.0
N § : g nv_iatp_in (node 4) float_type °C 0.0-50.0
5 = 5 = nv_b21H_out (node 4) float_type 3t 0.0-0.1
& —_— ©
5 = 5 2 nv_b21H_in (node 2) float_type st 0.0-0.1
o '8 o S
£ < g = nv_b21K_out (node 4) float_type sl 0.0-0.1
= 2 = S nv_b21K_in (node 2) float_type bl 0.0-0.1
2 s 5 °
o o >
z E E

nv_b21H_in (the compensation coefficient of the second
loop to the first loop, it is caused iy matrix),

nv_b21K in (the compensation coefficient of the second
loop to the first loop, it is caused by matrix).

_,
-
.

P

Node 2
Node 3
Nodc 4

Node 1

Its output network variables are:

Fig. 3. The schematic of decoupling control system of VAV air conditioning nv_b12H_out (the compensation coefficient of the first loop

by LonWorks technology. to the second loop, it is caused By matrix),
nv_b12K_out (the compensation coefficient of the first loop
of indoor air temperature and loop of supply air temperature to the second loop, it is caused Eymatrix).

are handled as network variables of LonWorks technology.
Fig. 3 is the schematic diagram of decoupling control system  Node 3 is the sensor node of indoor air temperature of
realized by LonWorks technology. room. Its output network variable is:

This system has 2 control loops. The first loop is loop of
the chilled water flow rate—supply air temperature; the sec- nv_iatp_out (the measured value of indoor air temperature
ond loop is loop of the supply air flow rate of room—indoor of room).
air temperature of room. The link between input network
variable and output network variable is described as Table 1.  Node 4 is the control node of the VAV box valve in room.
Types, units and ranges of these user defined network vari-lts input network variables are:
ables are described as Table 2.

This control network system has 4 nodes. nv_iatp_in (the measured value of indoor air temperature of
Node 1 is the sensor node of supply air temperature. Its room),
output network variable is: nv_b12H_in (the compensation coefficient of the first loop

to the second loop, it is caused Bymatrix),
nv_satp_out (the measured value of supply air tempera-nv_b12K in (the compensation coefficient of the first loop
ture). to the second loop, it is caused Eymatrix).

Node 2 is the control node of the chilled water valve. Its Its output network variables are:
input network variables are:
nv_b21H out (the compensation coefficient of the second
nv_satp_in (the measured value of supply air temperature), loop to the first loop, it is caused iy matrix),
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nv_b21K out (the compensation coefficient of the second 8. Conclusion
loop to the first loop, it is caused by matrix).

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

State feedback decoupling is a good method for eliminat-

_ This paper improves the control performance of indoor g the coupling between loop of indoor air temperature and
air temperature in VAV air conditioning system through state |45 of supply air temperature.

feedback decoupling, genetic algorithm and LonWorks tech- 1o combination of inverse deducing and genetic algo-

nology. Fig. 4 is the response curve of indoor air temperature ;i m is an effective way to optimize the controller parame-
without improvements. Fig. 5 is the response curve of in- ters of air conditioning system.

door air temperature with improvements. In these figures,
“r" indicates the set-point curve, whiley” stands for the
measured curve. The root mean square of difference betwee
the set-point curve and the actual curve in Fig. 4 is 0.39;
while the root mean square of difference between the set-
point curve and the actual curve in Fig. 5 is 0.14. Obviously,
the actual curve is more close to the set-point curve through
improving method. Precision of the indoor air temperature
is highly improved. This is due to two reasons. One of them
is that the coupling between the indoor air temperature and
the supply air temperature is eliminated, so that the supply
air temperature no longer affects the indoor air temperature.
Another reason is that the PID parameters of the controller ACknowledgements
are optimized.

7. The experimental results

It is suitable that decoupling compensation coefficients
between loop of indoor air temperature and loop of supply
i temperature are handled as network variables of Lon-
Works technology.

The advantage of the method discussed in this paper is
that it can improve the performance of indoor air tempera-
ture of air conditioning system, while the limitation of the
method is that the computing workload is vast, but it is easy
for high speed processor.
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