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An Application of Multi-layers FNN with GA by
MATLAB in The Air-Conditioning Temperature Control
System ldentification

Yahui Wang, Xuejun Hao, Xiao Liu
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Abstract: This paper introduces a kind of system identification method based on muiti-layers FNN,
and it also use GA to improve that method to some degree. We can use MATLA_B in the programming
process in order to achieve that method. We have applied this vindication meﬂ'fod info the
temperature controlling mode of air-condition system. The facts illustrate that the idea is very

successful.
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1. MULTI-LAYERS NEURAL NETWORK

Connecting two or more single neural network we
can produce multilayer neural network. As the
structure of the there neural network.
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Figure 1. Three layers neural network framework

The structure of the network has r input vector. In
the first level it has s1 nerve cell, and in the second
layer it has s2 nerve cell. Generally speaking, different
level maintains different nerve cell number,
furthermore, each nerve cell contains a error which the
value of its input is 1,

2. USING MATLAB TO CALCULATE OUTPUT
OF ARTIFICIAL NEURAL NETWORK (ANN) -

In MATLAB environment of ANN’s tool box, when
single net is composed of input matrix P. welght matrix
W and error matrix B, we may easily conclude the
output matrix A by using corresponding the activation
function. All the calculating process can be
accomplished by matrix mode.

3. THE DATA MODEL IDENTIFICATION FOR
OBJECT CONTROLLED fis s
3.1 About Input/Output Data and Object Controlled.

In this experiment the controlling subject of neural

network mode should be the air-condition system. This
controller is rightly the output of fuzzy neural network In
the real process this controller could be the power
consumed by chilled water system, turnon magnitude
of fan-coil system, turnon magnitude of valve in the
air-conditioning system. Anyhow, it represents the total
consumption velume or the total refrigerating output of
the whole air-condition system.

The input of fuzzy neural network is the
temperature measured at the spot in a particular time
span. To be more specific, the temperature is selected
from 40 continuous data of the auto-recording device
(figures which has been taken in 400 minutes).
Reasons for this activity as follows: 1) the efficiency of
the acting program, for the speed of the training of
neural network is very slow therefore the date will be
increased consequently the time will also rise at a
double rate level. 2) the record of any time period can
be pralonged to a day, a month, a season or even a
year. Similarly, the temperature date selected in any
location can be equally applied to any other location.
The output expected by fuzzy neural network is justthe
output control of fuzzy neural network, This expecting

-output is a fictitious date, its specific date is determined

by the former input records. The input value is the
temperature and the assumed control value is the
consumption P of the air-condition system.

3.2 The Application of Neural Network for the Model
Identification

In the established neural network, the input vecter
and the output vector has been already confirmed, the
dimension of this two vector are same and each
slement of this two vector are relatively carresponding,
Because of the non-linear change of its input, the
output of the network also maintains no regulation.
Considering the system which consist of this kind of
input and output situation, according to those ganeral
analyzing method, the functional relationship of its
input and output cannot be -established. However,
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neural network rightly holds strong advantage in this
respect. The input and output of neural network dose
not have a direct functional relationship but have
reftecting connection. It has a highly non-linear totat
effect. Each nerve cell of the neural network are
receiving a huge number of input data from other nerve
cell. The mutual confrontation and mutual affects
among the nets reafize the reflection refationship
between input and output. The special competitiveness
of neural network has attributed it in playing a
significant role in model identifying process.

3.3 The Identification Program and Explanation on the
Object Controlled
The model identification program: plant2.m
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'ta)nsig(W10’P ,B10),B  Figure of the initial weight
20));

value

0.1s pause

| 12!, 3
alning the object of the
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frequency of the
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else ) Otherwise

ending the
process

judging

end

3.4The Analyse to Model Identification Program

We apply BP network in the nerve cell net of the
identification program of the controller model, in
addition, we use S and the linear activation function in
this network’s internal structure, in terms of experiment
result we select 5 implicit points.

>4 =
NNP
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Figure 2. The structure used for Identification by ANN

As showing in Figure 2, the relationshi
network as follows: % . ainonsljnp o the

0, =fw® - P+BY)=f(Tw -x; +b")i=12...5

5
a(k) = f(z wl_(z) -0, +b‘(z))
i=l

Execute and explain the program as follows:In the
identification program plant2.m of the object controlled
model, from line 6 to line 9 represent the reading and
pre-processing of the data.  ‘x11=a(1:1:40)/100;* and

¢« x21=f(1:1:40)/100; ° means normalization data.
According to this neural network which can only deal
with data which contains within [-1, 1], thereby, we
ought to divide each element from vector a to f by
100,and then put them into vector X1 and X2. vector P
and T are the transpose matrix of x1 and x2
respectively, this two vector respectively symbolize the
input of the processed network and expected output of
the system. The number of input/expected output data
is 40.

In the line13 ‘plot(ti,T.ti,P);’ , we draw input and
expected output curve( ti symbolize a vector which
consists of 1 to 40, in order to represent 40 abscissa of
the time point). As Figure 3 shows, the curve of input
and expected output follows.

Figure 3. The curve of input and expected output

There is the initialization of weight vector in the
programming line of 18 to 23. In these lines W10 and
B10 represent implicit layer's weight vector, W20 and
B20 represent the output layers’ weight vector. As the
Figure 4 shows.

wW10,B10

wW20,B20

IR

R Lol el

Figure 4. The structure of BP network about the
program plant2.m

In Figure 4, weight vector W10 and B10 use N-W
initialization condition, the function of this Initialization
efficiency is to produce Nguyan-Widrow random
number from tansig nerve cell. The goal of initialization:
of N-W Is to speedup the training process. And the
object of the initialization of tansig nerve cell is to foous’
the linear zone onto the input space which the input
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frequently visited. When using the data of current input
/expected output W10, we apply random initialization
condition and the training step number is 58; when
using N-W initialization condition, training step number
is 47 that means the later one’s speed increases up to
19 percent comparing with the former one. The
initialization condition of weight vector W20 and B20 is
random number, because this group of weight vector
related to output layer, and the function of output layer
is linear activity function: purelin. The line 24 of the
program contains the input/output graph when drawing
initialization weight. as it is shown in Figure 5. In the
picture, we can see that when we do not using
optimization method, the output<green> of neural
network by using initialization(random) weight vector is
quite different from the output(blue) of the network.
Line 30 to line 38 maintains the training program of
BP network. Line 6 to line 10 are setting the training
factor, whichis ‘disp_freq=3;’ frequency during study
period ‘max_epoch=2000;" the maximal training times
‘err_goal=0.0005;" error target: ‘Ir=0.01;’, correcting
learning speed for weight; ‘Ir_inc=1.05;", the increase
coefficient of the leaming speed; ‘Ir_dec=0.7;’, the
decrease coefficient of the learning speed :
‘err_ratio=1.04;", error variance ratio.
The factors are designed for the training order
‘ trainbpa '- of BP network. The line 37
‘IW1,B1,W2,B2,epoch, TR]=trainbpa(W10,B10," tansig *,
W20,B20,'purelin’,P,T,TP);" is the training of the weight
- of BP with adaptive rate. The left side of the formula
are new weight vector W1. B1. W2 f1B2: the real
training times of network training epoch and error
quadratic sum vector tr of the network. The right side of
formula are BP network’s training order trainbpa and its
factors. W10,B10,tansig means that the first layer of
the network(implicit layer) use tangent S transform
function, and its initialization weight vector. The 38"

line ‘totalflops=flops’ means that putting the times of
float operation into variate—totalflops, the times of
operation is one of the reference in judging the
effectiveness of the algorithm.

Figure 5. The input/output characteristic diagram of
intialization weight

During the training process the change of error will
be raal-time presented at the map, then the speed rate
will determined by factor disp_freq. After the training it
will 'also' show the changes of error quadratic sum

(Figure8) thetraining result (Figure7) , the change
of leamning#pesd (Figure8), the input/expected output
‘compare with real network output (Figure9) during

the training period.

Figure 6. The changes of error quadratic sum about
training

Figure 9. The input/expected output compare with real
network output

Noticing from Figure9, the output curve(red) of the
network is very approaching to the expected output of
the system.

4. TRAINING THE FNN CONTROLLER'S
WEIGHT WITH GA

4.1 The Output of FNN Controller
First, the output of FNN is calculated with follow
formula:

P=[e, ec]”
D =expl W, - x; +b,)%] (1)
a? =0 -a% =expHWS - x; +h,o |+ -x, +5,]1)

@
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u=w®. A% =% a® -w? @

k=1

Where j=1,2; I,m,n=1,2,...r1: k=1,2,...r1 Xr1, rl is
fuzzy flag number. If we put apart of the structure of
neural network and directly use theorization and
normal distribution membership function by means of
multiplication-addition-bary center method, we can also
receive the same result. The reason for that matter is
that through reflection and combination of fuzzy logic
and neural network we can let the structure and
location of parameter-membership function which is
very essential to fuzzy logic and fuzzy rule to convert
into neural network weight. In this way, we can use the
self-study and self-adjusting ability of neural network to
modify and optimize them, furthermore to achieve the
goal of improving the controlling effects of fuzzy logic.

As there is no practical program can be used in the
toolbox of neural network, it is necessary to make it into
sub-program in order to be selected timely(as confining
with the space of the paper, the program don't appear
here, readers who interested in this aspect can contact
with the author).

4.2 The Calculating Process of FNN Controller Output

Figure 10. The structure of fuzzy neural network
controller

The output vector is:
A= fWXP+b)=f(3 wp,+b)
Jj=t1

C (4

This function can be applied to any nerve c(el)l

output, that is the output of nerve cell can be write as

the input vector P of nerve cell multiply the weight

vector W, after the summation, add variation b of

weight vector, and then put the result into a transform
function f.

4.3 The Result of Optimization by Self-organizing

Competition Network :
‘While optimizing training, the saturation of output

tracing goal vector shows in Figure 11 & Figure12.

Figure11. The output of network and expect output in
system when training in 45" generation.

Figure12. The output of network and expect output in
system when training in 100" generation.

Judging from the above several Figures we can
easily come to the conclusion that along with the
processing of the improvement of the training, the
output of the network become increasingly approach to
the expected output of the system.

5. CONCLUSION

This paper discussed the primitive result of the
fuzzy neural network applied in the air-condition
controlling system according to the program designing
aspect. By comparing the deference between the
output through the 40 input data and the expected
output of the system we can adjust the network’s
weight vector furthermore to improve the goal and let
the output be closer to the expected result. Concemning
the result of identification training method, the
advantage of the nerve cell net is obviously distinctive.
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