(Artificial neural network)

3.1 [15,16]
(Computing or processing elements
or elementary nerve cell) (Neuron) 10
(Synapse or Connection) (Network)
6X1015 104
(Parallel)
(103 )
(Electrical switching network)
3 (Receptors or
SeNsory units), (Central nerve system) (Effector)

31

31
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31
(Electrical impulse)
3.2 [15,16]
(Neuron) 3 (Soma)
(Cell body), (Dendrite), (Axan) 3.2
(Weight)
(Neightboring neural)
(Synapse)
Axon \
Synapse
3.2
1.
2, (Connection value or
weight value)
3.



3.3

algorithm)

1.

function)

(Artificial neuron)

24

(Local)
(Long-term)
(Short-term)
(Mathematical
(neuron)

(weight)
(Activation function Transfer

(Non-linear)

3.3



31

31

3.3

3.3

X, [ = l, 2, 3,..., N

=Y jWkx. + bk
= Xt wkx2+ .+ wkNkN +hk

25



hk (Activation function)
yk
N
Vi =f(zwklxl +bk]
\
k | k
bk (bias) k
3.4
34.1 (Threshold function

Step function)

, 11

3.4

g(v)z{l;vzo

0;v<0

26

Hard limit function

34
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3.4.2 (Saturating Linear function)
35

35
Iv> O
g(v)=<av-b <v<b (3.4)

O;v<0
a (Slope)
b

(b = 00)
g(v) = av
(a =00
3.4.3 (Sigmoid function)
(Logistic function)
(Hyperbolic tangent function) 3.6

3.9 3.6
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S A i 9
A
. 1- exp(-v)
g(v)—tath L+ exp(-v) (3.6)
a a
__________ M4l
..............
_—g"""# = 2
0
............. 2= T
(a) Log-sigmoid (b) Tan-sigmoid
3.6
35 (Neural network architecture)
3.7 33

3.7
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(Processing part or Computation part)

351 (Single-layer feedforward networks)

(Feedforward) 3.8
(Single-layer network)

« « tin

3.8

35.2 (Multilayer feedforward networks)

(Hidden neural)



3.9

{ﬂguuh Futeu dufieyadennn

3.9

(Diverse problems) (Training)

back-propagation algorithm)
(Error-correction learning rule)

30

(Error



(Free parameters)

(Iterative)
1.
2.
3.
3.6 (Neural network learning)
(Learning rule)
2
36.1 (Supervised learning)
(Training set)
0y ytea 3 ta APl
X, (Input Variable)
(Target)
P (Pattern)
(Output variable)

(Iterative method)

31



3.6.2 , (Unsupervised learning)

(Clustering operation or network classifier)

3.1 (Perceptron network)

(Linearity separable)

311
3.10

X Nx 1 M x N
y1 Mx 1 bi Mx \ M

yL- hardiim v yykixi +bk

32

(3.7)
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A

2. g .
(] (] " (] (3.8)
WAL w2 - - wkt - - w
WM2 - - WM, e wwmN
(3.7) Inner product *
-bk 1
(w-x)+te =0
X h \%
—» W hardlimit ——»
M xN M x1
Nx\  1— b
M x1
3.10
3.1.2 (Perceptron learning rule)

(Linearly separable)
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Awt/= {tk- y kk (3.10)
br=boKkid+{tk-y K) (3.11)
- k
yk = k
313 (Gradient descent learning) [15]
(Continuous functions)
E
AN (3.12)
(E)
E
Kl bk
Kl bk Awk Abk
OF
a oWki

:((£('* -y (313)
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Abk - CE
_a ~Sk

R (314

314 (Error back-
propagation learning rule)

(Forward pass)
(Backward pass)

(Error-correction rule)

(Desired or target) (Error)
h_i k i,
X, | X, 7 z N, Hl ’ Yy z AL Y, Y1 N
t, T,
x, T h_in, h, T y_in, Y,
v X, H, Y, F>
: * b, * b,
x, h__ln' h' y_in, Yu
L Il : e I L ! "
put Hiaaen Layer uutput Layer
3.11 2
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i i=1 2 3.,
j J ::L 2; 3!"'1 y
k k=12 3.,
j

H]

h-inj ="LXVu+bx

hj=fh[h inj)

y J nk ="Lhjwjk +byk

yk="1y(yJnk)

Yk

k
K
(3.15)
(3.16)
(3-17)
Yk
(3.18)



(3.12)
1 ¥
E=5| h-fy . .. iixi + oh ¥ Dy
w - (h yk)fy (yJnk)hj
db - fc yk)fy{yj"k)
v = (tk .)F)fy{y_ink)wjk\fh(b_inj)*
b = Z [ yROFYlys akpwikvhin g o)
sk = (tk-y k) fy(yJnk)
0J= fth{hJ nj)  skwijk)
E
(3.13) (3.14)

Awk = ad khy

Abyk = aSk

37

(3.19)

(3.20)

(3.21)

(3.22)

(3.23)

(3.24)

(3.25)

(3.26)

(3.27)
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Av, =aSjX, (3.28)
Abhj =adj (3.29)
Aw Ab
(tk- y k)
(Error back-
propagation algorithm)
1
2
(Mean square error) (Sum square error)
3
3 5 (Delta vector)
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3.7.5

Hessian

Levenberg-Marquadt

39

49U (n)=1 I

Y

. :
‘ guAr manminuazAludaduiu

i

Y

AU output TBIATEEY

S
* UfuAr i aiwinuazen luss

AU UATANN TR WAA A
error = target - network output

+ ATUAUAN delta vector

[ ATUINUAY mean square error

A

mean square emor < eror goal No

or n>n_max

Yes

.
At winuaz A luda
TWNHlum meanmi

: Levenberg-Marquadt

Levenberg-Marquadt Newton

Hessian (error index)
(quadratic function)

Newton

3.30



3.8

38.1

3.8.2

3.8.3

Jacobian

Xk = xk+(0TJ +july JTe

[15]

(3.30)

40
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P= (3.31)
e
P
384
1 1
39
39.1 (Neural network
modeling)

3.13 9]
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3.13
(XH"'!XM)
(]
()
(f)
(")
>y N)
1
3.9.2
3.14
Temperature
Voltage

Hydrogen inlet flow

. W .
Oxygen inlet flow ater production

Current density O—»  Power

3.14



3.10

(Input)

[17]

(Output variable)

MATLAB

temperature

(Input variable)

Simulink

3.15

Nl Ol

43

(Disturbances)

0

water

H2 flow
=
: > 02 flow pln3 ous
A

n2
Ou2

v

W2 Ouz

»{int Oal
>
>

3 Ou3

[

A

YyVVYYV

de_normalization1

Power Setpoint

current densil
Gain nd  Ouwd Neural Network
normalizationt
-
area(om2) Fort Dot Product!
Dot Product PID Controller

(with Approximate

Derivative)

3.15

volt

power
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