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ABSTRACT

In view of the characteristics of variable air volume (VAV) air conditioning system which is multiple variable,
nonlinear, large delay and time-varying. In the control of air conditioning if we only use one kind of traditional
intelligent control method to deal with the factors such as disturbance and uncertainty can not get good control
effect. In this paper, the multiple mode control method is introduced in VAV air conditioning system. This method
sets up two kinds of control modes, chooses different controlled objects under different disturbance in order to
achieve rapid adjustment and characteristic of energy saving. It combines fuzzy neural network and predictive
control to establish a neural network prediction model, and uses the difference between the predictive output and the
actual output to adjust the parameters of the predictor online. The results show that the control effect of the multiple
mode control system is better than the traditional neural network predictive control system. Multiple mode control
method has the characteristics of strong robustness, high control precision, strong adaptive ability, safe, reliable and
energy saving. The system has wide application prospect.
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INTRODUCTION

VAV air conditioning system is a full air systen,controls the temperature in one area of the mglaf an air
conditioning system by changing the supply airqaan adjust supply air temperature), the systemad@ust the air
conditioning air output automatically accordingthe requirements of the changing air conditioniwadl and indoor
parameters, it could satisfy the requirement obordoersonnel comfort and save much of energyeaséme time.
Due to the characteristics of high efficiency, @yesaving, easy to reorganization and expansiomeearch of the
VAV air conditioning system has become a focusesearch of intelligent building field.

However, because of the VAV air conditioning systeas the characteristics of multiple variable, im@dr, large
delay and time-varying, the traditional control hwt has been unable to achieve good control effdwt. method
of multiple mode control sets up an air conditigngontrol system ,which combines the control ofvailume size,
supply air temperature, air supply duct static gues regulating. Through the central controlles thiethod can
selectively control different controlled object. d\take advantage of the characteristics of neweabark can be a
very good approximation of nonlinear system. E&ablg a reference model on-line, completing theaadyic

characteristics of a system identification, impraythe control effect.

[l. THE WORKING PRINCIPLE OF VARIABLE AIR VOLUME AIR ®NDITIONING SYSTEM

Variable air volume air conditioning system is ntginomposed of four parts, for air handling anchsfortation
equipment, duct system, automatic control systech\&V terminal device (VAV box). The working pringde of
VAV air conditioning system is: the air conditiogirsystem calculates the collected data from theitoromy
device ,after comparing with the set value ,it wilculate the opening of each end (terminal )efain valve should
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be, through the terminal device, adjust the roompierature to the default values. So how to makeaihe
conditioning system achieve the control goal fasd atable is the pivotal issue of whether the ainditioning

system control performance is good or not. To rpeeple's requirement of air quality and energyreaeffect we
need to come up with a better control strategy.

[ll. THE STRUCTURE OF THE CONTROL SYSTEM DESIGN

By changing the air volume to the air conditionile@m VAV air conditioning system adjust the inddemperature
to room temperature set point, compared with thes@mt air volume air conditioning system, mostiwie of the

VAV air conditioning system is working under paltiead and low load condition. However, when laggaount of

interference in the room, just by changing thewdeli room temperature to achieve the set valud, malke the

regulating time of the system is too long, or i@ the air volume input at the same time to imptbe quickness
of the air conditioning system reaching set temjoeea this method can not only increase the eneagpgumption
of the system, also can affect the indoor enviramtneemfort badly. So, it is the most energy-effitienode by
adjusting the air volume size to adjust the roomperature reaches the temperature set point wrerertor

between the actual temperature and set tempenaitii@ a certain range, however, when the errou@dleyond a
certain range ,just uses the adjustable air volah@nge to achieve the temperature set point wdlieise the
system energy consumption, reduce the comfortefabm. So when the disturbance in the room iguifit using
different control methods. The control system strreediagram is shown in figure 1.

Two kinds of control mode are presented in thisepaihe difference between them is different outmd different
control objects. But fuzzy controller 1 and fuzontroller 2 have the same algorithm and input \#eiathe four
inputs of the fuzzy neural network are the errgrbetween the room temperature set point and thealact
temperature value, the error lzetween the neural network prediction output aswhr temperature set point, the
error g of return air temperature and the air duct stptiessure values. But the two output variables apply
different controlled objects, when the errqri® greater than a certain range ,changes the aipiyolume and air
supply temperature at the same time, means thahétieod of the fuzzy neural network controller autpariables
u; of fuzzy neural network controller 1 is two-dimémrsl. They control the supply air duct heatingideunside
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Figurel.the structure of the control system

the motor and the air valve of the supply fan tqustdair valve, respectively. When the error betwéee room
temperature set point and the actual temperatuze dot exceed a certain range the system stilltade@piable air
volume adjustment method, namely, the output véeghy of the fuzzy neural network controller 2 is
one-dimensional, controls the air valve of the $ygan. As the room setting error el changes, chatifferent
control method to realize the room temperaturesigjant, reduce system energy consumption as wéthg®ved
the comfort of the room. Now set the critical vabfeel is k. When the value of the error el is greater tharntHe
fuzzy neural network controller 1 was open, assgnthis control method is model 1. When the errpv&ue
between 0 and & the fuzzy neural network controller 2 was openuassg this control method is model 2.When
choosing different fuzzy neural network controllme input u of predictor also changed accordinglig the output
of the fuzzy neural network controller.
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IV. THE DESIGN OF FUZZY NEURAL NETWORK CONTROLLER AND NERAL NETWORK PREDICTOR

A. The Design of Fuzzy Neural Network Controller

This paper proposed the air conditioning systentrobpart is composed of controller and predictbg controller
is composed of fuzzy neural network controller H dazzy neural network controller 2, they are pafalBy
judging the system selects one of control modespasdes its output to the actuators. The fuzzyahewatwork
controller structure is shown in figure 2.There &ar layers in the fuzzy neural network, they arput layer,
component layer, rule layer and output layer. Thesform assigning, fuzzification, blurred fuzzy @alkhtion and
the calculation of the defuzzification. The corgplnetwork parameters of the model of are the comapt value
‘m’ of each neuron in the component layer, the tidd and the weight W between rule layer and outputrlaye
Other connection weights of each part are I. Is gapei is defined as the input of the neurons, G is thput of
the neuron, The top right corner mark said therlafehe neurons in, The lower right corner marldghe layer
order number of the neurons in. The first layenut layer. In this layer the external input oinens is passed to
the next layer directly .The first layer has thieetf of transition and allocation in signal transsidn, namely

z9 =x, (L)

In the formula, xm is the mth component of the maé input ,in this paper, xm is the mth input ahte of the
controller.

The second layer is component layer. Through tihepoment function the neuron blurs the input daaaely

Figure2.the structure of the fuzzy neural network controller
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In the formula U ij) are the ith neuron’s input and output when the impiut is blurredm(nz-) . O_n(f) are the

mi
component value and the width. The network of gaper divides each network input into five, theg aegative
big, negative, zero, small and the board. Therefmsimg five Gaussian function respectively, namely

E&ﬁZlDl_) (3)

() =expC—25

The third layer is the rule layer. "And” the bludre@esult of the second layer, the fuzzy rules &:»>is a M
dimensional vector, component language number valuethe universe of discourse of each component are
I1,15...,Im: S€t Z is a N dimensional vector, component languageber value on the universe of discourse of each
component arepJb, ...,

Using the network operation realize the inferenaaleh, in the form of the if if-then fuzzy rules. the first layer
using m input neuron respectively corresponds &dhch component of x variables in the fuzzy rul@s.the
second layer, respectively, using b,...,ly corresponding to the subentry language valugsAg,...,Aum Of the
if-then fuzzy rules.
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In the third layer using product operation impletafinference rules "and". For its expression is

Kr
3) — 3
Z2 =N (4)

k

In the formula , Kr is the number of all the inpatriables of the rth neurons in the third layer

The fourth layer is output layer, use the methodeiighted square to defuzzy, namely
R
3
anyi( )
gn = ng4) — =1

S (3)
;M

In the formula, W is the weight of output layer; Yi is the output tbe sub-network of the ith component fuzzy
neural network.

(%)

B. The Design of the Predictor

Predictor in this paper is recursive wavelet neatlvork, including the input layer, hidden laystructure layer
and output layer, the input of the neuron is thgpouof the neuron in hidden layer, output of stuue layer and
input layer are the input of the hidden layer. Blreicture layer neurons is also a kind of memoriysuthe storage
of the hidden layer neurons on the output of tbp,dhe memory let that network has good dynamifopaance.

There are three vectors in input layer of the netwthey are the errorzef control object actual output and the
output of prediction, the actual output value othg moment before, output value of the fuzzy neunstivork
controller u(u is wor v, when fuzzy neural network 1 is opened u jigyuis a two-dimensional variables, when
fuzzy neural network 2 is opened u is W is one-dimensional variable ),one output layeresodnd no matter
choose which kinds of control mode hidden layer gnedstructural unit has five nodes.

Network output § for the room temperature forecasts the outputevafithe next moment, the network input o(K) is
a 3 dimensional vector, output x (k) and hidderetastructure unit output xc (k) of 5 dimensionatteg, network
output t(k) as 1 dimensional vector, connection weight /5 x 5 dimensional matrix, ¥\is 5 x 3 dimensional
matrix, W matrix is 1 x 5 dimensional. Because the wavedeiral network is introduced into the scale factod a
shift factor, so to increase the flexibility of timetwork, can be more effectively and make theningi process
approximation accuracy of target value, traininfge&fis more ideal.

The mathematical model of wavelet EIman neural netvas follows:

x.(K) =ax. (k-1)+ x(k-1) (6)
h(k) = b, (k)

K) = (——= 7
x(k) =¢/( a2 ) @)
y(K) = g(W° (k) x(k)) (8)
In the formulah(k) = W* (k) x, (k) + W?(k) u(k) )

(.) is the wavelet function. This article takes therleio wavelet, sed is the wavelet scale coefficient

matrix,h is the wavelet translation matrix .

Setx = M (10)
a (k)
For the wavelet translation matrix is
RS
Y(X) =cos(l.75X)e 2 (11)

g(-) is the transfer function for the output layer.
V. THE SIMULATION

Since each parameter of air conditioning room afluenced of such factors as outdoor temperaturdoar
equipment, lighting and heat flow, the air conditiy room is a complex thermal system. Therefdris, difficult to
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use a precise mathematical model to descAlssumingthe whole air conditioning room as a single ohjagtore
other objects' accumulation and air flow, the ramperature is regard as uniform distribution. Asisig that the
transfer function of the air conditioning room is:

G(s)= ke ,T1=12 T2=5 k=18
(Tst 1)(T,s+ 1)
1=12, So G(s):zLe‘m
60s"+176-+1

Because as the error value E between the room tatope set point and the actual temperature chamgem
control system will choose a different pattern iempentation room temperature control, but achieeedtitical
value Ek needs experiment many times, therefoie ptiper only select a smaller temperature diffegaralue and a
larger temperature difference value as represeatatof the two control methods to compare in thetlda
simulation software.

Control mode 1:The control system select controtlenta when the interference of the room is smallthig time,
control object is the air valve and heater motoswNassume that the current temperature of roon8is, Air
conditioning room setting temperature value isC2Respectively, in the Matlab simulation softwarengs
multivariate air conditioning control method anct ttraditional parallel neural network predictiventrol method
for simulation analysis, the control effect contrdigsgram as shown in figure 4.
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Figure4.simulation diagram 1

It can be seen from the above, when parallel naritible air conditioning control system is choosessponse time
is short, overshoot volume is about 4%, settlenteng is about 200s , the steady state error is40&0the
traditional neural network predictive control systeesponse time is a bit long, overshoot volumabsut 6%,
settlement time is about 280s, the steady state efr0.24%,so when the room interference amoufarger, or it
has a larger error between the actual temperataettee temperature set point, control effect oftipld mode
control is better than the traditional neural netwopredictive control system. Compared with tramial VAV

control system, parallel multivariate air condifiogy control system has the characteristics of higlmver, small
amount of overshoot, small steady-state errorpniit save energy and improve the indoor environmoéobmfort.

Control mode 2:The control system select controden@ when the interference of the room is bighat time,
control object is air valve . Now assume a curttemperature of room is Z1, air conditioning room setting
temperature value is Z5. In the Matlab simulation software using multide air conditioning control method and
the traditional parallel neural network predictis@ntrol method for simulation analysis, the congfiect contrast
diagram as shown in figure 5.
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Figure5.simulation diagram 2

It can be seen from the diagram above, this tinge garallel variable air conditioning control systemd the
traditional neural network predictive control syate response time, mediation, the steady-state erfmsically the
same, parallel multivariate air conditioning cohtsgstem overshoot volume is about 4%, the tradiicneural
network predictive control system overshoot voluima@bout 5.6%, the difference is not big. So whes érror
between the actual temperature and the tempersdtirgoint is small, select parallel multivariate @nditioning
control system and traditional VAV air conditionimgntrol system the distinction both can achiewe résult of
energy saving.

CONCLUSION

In this paper, the multiple mode control methodhisoduced to the VAV control system, this methedssup two
kinds of control modes, it chooses different contrbjects under different disturbance in order thiave rapid
adjustment and the characteristics of energy savihg controller adopts fuzzy neural network, amel predictor
adopts wavelet neural network, combination of thestablishes a neural network prediction model ef dbject
online, and uses the difference of the predictivgpot and the actual output to adjust the parametethe predictor
online.. The results show that, the control effefcthe multiple mode control air conditioning systés much better
than the traditional neural network predictive eohsystem. Multiple mode control method has tharahbteristics
of strong robustness, high control precision, tapéive ability is strong, safe, reliable and egesgving, it has
wide application prospect.
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