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 0  1  -2, -1, 0, 1, 2  3 

 0 (  -2  -1 
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2.5.3  (Thinning) 

 (Template) 

30  2  (Remove Boundary Pixel 

Templates)  (Restoring Templates)  A1

 A20  (A21  A30)

 1 

 0  (A1  A20)

    0 0 x    x 0 0    x 1 x    x 1 x       
    0 1 1    1 1 0    1 1 0    0 1 1       
    x 1 x    x 1 x    x 0 0    0 0 x       

A1 A2 A3 A4       
                               
    x 0 x    1 1 x    1 1 1    x 1 1       
    1 1 1    1 1 0    1 1 1    0 1 1       
    1 1 1    1 1 x    x 0 x    x 1 1       

A5 A6 A7 A8       
                               
    0 0 0    p 0 0    q 1 p    0 0 q       
    0 1 0    1 1 0    0 1 0    0 1 1       
    p 1 q    q 0 0    0 0 0    0 0 p       

A9 A10 A11 A12       
                               
   0 0 0 x   x 0 0 0    1 1 x x   x x 1 1      
   0 1 0 x   x 0 1 0    1 1 0 0   0 0 1 1      
   0 0 1 1   1 1 0 0    x 0 1 0   0 1 0 x      
   x x 1 1   1 1 x x    x 0 0 0   0 0 0 x      

A13 A14 A15 A16      
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  x x 1 1 x   x 1 1 x x   1 1 1 1 x   x 1 1 1 1    
  x 0 1 1 1   1 1 1 0 x   1 1 1 1 1   1 1 1 1 1    
  1 1 1 1 1   1 1 1 1 1   1 1 1 1 1   1 1 1 1 1    
  1 1 1 1 1   1 1 1 1 1   1 1 1 0 x   x 0 1 1 1    
  x 1 1 1 1   1 1 1 1 x   x 1 1 x x   x x 1 1 x    

A17 A18 A19 A20

                               
0 0 x   x 0 0   x 1 0 0   0 0 1 x   1 0 x   x 1 1 x
0 1 1   1 1 0   0 1 1 0   0 1 1 0   1 1 1   0 1 1 0
1 1 0   0 1 1   0 0 1 x   x 1 0 0   1 1 1   x 1 1 x
x 0 0   0 0 x   A23 A24   x 0 x   A26

A21 A22               A25       
                               
   0 0 0 0   0 0 0 0    0 0 0 0   0 0 0 0      
   0 1 1 0   0 1 1 0    0 x 1 0   0 1 x 0      
   0 1 x 0   0 x 1 0    0 1 1 0   0 1 1 0      
   0 0 0 0   0 0 0 0    0 0 0 0   0 0 0 0      

A27 A28 A29 A30      
2.22  2 

 A1-A20  A21 -A30

 p  q  p  (or) q  1   X 

(Don’t Care)  0  1 

2.23

2.23

I ( ), O ( ), L ( ), H ( ), X ( )

7 ( )

( ) ( )

( )( )( )

( )
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2.24

2.24

I ( ), O ( ), L ( ), H ( ), X ( )

 7 ( )

2.5.4 ,

X1 X2 X3  X1 X2 X3  X1 X2 X3  X1 X2 X3 
X8 X0 X4  X8 X0 X4  X8 X0 X4  X8 X0 X4
X7 X6 X5  X7 X6 X5  X7 X6 X5  X7 X6 X5 

X1 X2 X3  X1 X2 X3  X1 X2 X3  X1 X2 X3 
X8 X0 X4  X8 X0 X4  X8 X0 X4  X8 X0 X4 
X7 X6 X5  X7 X6 X5  X7 X6 X5  X7 X6 X5

X1 X2 X3  X1 X2 X3  X1 X2 X3  X1 X2 X3
X8 X0 X4  X8 X0 X4  X8 X0 X4  X8 X0 X4 
X7 X6 X5  X7 X6 X5  X7 X6 X5  X7 X6 X5

X1 X2 X3  X1 X2 X3  X1 X2 X3  X1 X2 X3 
X8 X0 X4  X8 X0 X4  X8 X0 X4  X8 X0 X4
X7 X6 X5  X7 X6 X5  X7 X6 X5  X7 X6 X5 

2.25

( ) ( )

( )( )( )

( )
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X1 X2 X3  X1 X2 X3  X1 X2 X3  X1 X2 X3 
X8 X0 X4  X8 X0 X4  X8 X0 X4  X8 X0 X4
X7 X6 X5  X7 X6 X5  X7 X6 X5  X7 X6 X5 

X1 X2 X3  X1 X2 X3  X1 X2 X3  X1 X2 X3 
X8 X0 X4  X8 X0 X4  X8 X0 X4  X8 X0 X4 
X7 X6 X5  X7 X6 X5  X7 X6 X5  X7 X6 X5

2.26

    X1 X2 X3  X1 X2 X3     
    X8 X0 X4  X8 X0 X4  
    X7 X6 X5  X7 X6 X5   

2.27

2.4 ,

 0 2 0 
7

 0 2 0 

 3 5 0 
H

 3 5 0 

 0 2 0 
I

 0 2 0 

 0 2 0 
L

 0 2 0 

 0 2 0 
O

 0 2 0 

 0 4 1 
X

 0 4 1 
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Near-field Far-field

Start

Near-field Scanner Finite Element 
Method

Spectra

Preprocessing
(Thresholding, 
Edge detection, 

Thinning)

Neural Network

Spectra (Vertical, 
Horizontal)

Anechoic 
Chamber

Neural Network

Identify PCB 
Shape

Identify PCB 
Shape

Insert Noise
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1.

2.

3.  1  2 

4.  3 

5.

6.

 2  White Gaussian Noise 

Spectrum

Spectrum

Near-field probe 

Pulse generator 
PCB Pre-processingNear-field scanner 

1 1 1 

2 2 2 

7 6

  input   hidden   output    

PCB identify 

Your type is 7-shape 

100Pre-processing   FEM 

Predicted Far-field (Horizontal) Predicted Far-field (Vertical) 
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 3 

 (logic unit) 

 " "

 " "

 (input node),  (output node) 

(hidden node) 

(multi-layers)  (single layer) 

 (weight)  (threshold) 
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3.1

 (input 

layer)

 2  [18]   Supervised Learning 

 Unsupervised 

Learning 

3.1  (Supervised Learning) 

Hidden Layer

OutputsInputs
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Neural Network Training Output 

Target Output 

Adjust Weight 

Input Data Neural Network Network Output 

Training Parameter
Adjust Weight 

3.2

3.2  (Unsupervised Learning) 

3.3

,  (Feed-

forward Backpropagation)  (Supervised 

Learning)

Input Data 

Training Parameter
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(maximum error) 

 3 

-  Log sigmoid transfer function 

 0  1 

3.4  Log sigmoid 

-  Tangent sigmoid transfer function 

 -1  1 

3.5  Tangent sigmoid 

- Purelin transfer function 

3.6  Purelin 
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3.3  (Backpropagation) 

 [19] 

3.7

    Xn        n  N 

Sm  Ym

Ym  m  M 

Vj  Zj

Zj  j  J 

tj  j  J 

wnm

wmj

ej  j  J 

Input
Layer

Hidden
Layer

Output
Layer

X

X

X

XN

w11

wNM

Y

YM

w11

wMJ

Z1

Z2

Z3

ZJ

Input Output 
e1

e2

e3

ej

t1

t2

t3

tJ
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1.  2 

 [-0.5, 0.5] 

2.

1

N

m n nm
n

s x w  (3.1) 

( )m mY f s  (3.2) 

f(x)  [14] 

 Log sigmoid

1( )
1 xf x
e

 (3.3) 

 Tangent sigmoid 
2

2

1( )
1

x

x

ef x
e

 (3.4) 

 Purelin 

( )f x x  (3.5) 

3.

                
1

M

j m mj
m

V Y w                              (3.6) 

( )j jZ f V  (3.7) 



46

2

1

( )
J

j j j
j

e t z  (3.8) 

 [20] 

( 1) ( ) 1r r
mj mj j j j j mw w t Z Z Z Y  (3.9) 

( 1) ( ) ( )

1
1 (1 )

J
r r r
nm nm j j j j mj m m n

j
w w t Z Z Z w Y Y X  (3.10) 

       r 

               0.01 

4.

1

1 J

j
j

error e
J

 (3.11) 

3.4

1. , , ,

2.  (

)

3.  ( )

4.
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5. ,

6.

 (Model Predictive Control)

7.

8.

 HVAC

3.5

3.5.1

, , ,  - ,

3.1

Input data for NN NN Target 
PCB
Conf. Junction

point
End point 

Cross
point

Ratio
Position
of end 
point

Vertical
Line

Horizontal 
Line T1 T2 T3

E 3 5 0 0.0941 0 0 5 0 0 1 

I 0 2 0 0.4712 0 0 5 0 1 0 

L 0 2 0 0.0525 4 5 5 0 1 1 

O 0 2 0 0.0695 0 0 0 1 0 0 

X 0 4 1 0.0542 0 5 5 1 0 1 

7 0 2 0 0.0500 4 0 5 1 1 0 
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3.5.2

 30 MHz – 1 GHz 

 64  4 

 (V) 

 (H) 

3.2

PCB Configurations 

E I L O X 7 Amplitude

V H V H V H V H V H V H 

30 80.4 80.4 80.4 80.4 80.2 80.4 80.0 80.4 80.4 80.4 80.2 80.4 

45 65.0 0.0 72.0 0.0 68.2 32.3 72.2 40.0 72.0 0.0 72.0 0.0 

60 67.1 66.4 67.0 67.1 67.1 67.0 67.1 67.0 67.1 67.0 67.1 67.0 

75 65.8 65.8 65.8 65.8 65.8 65.8 65.8 65.8 65.8 65.8 65.8 65.8 

90 62.8 34.0 66.8 37.9 63.7 38.4 66.8 37.1 66.8 36.0 66.8 38.3 

105 68.2 67.1 68.2 66.1 68.2 68.2 67.6 63.7 68.2 63.3 68.2 68.2 

120 69.7 52.2 69.7 51.1 65.0 57.5 69.7 48.7 69.7 60.6 68.6 56.0 

135 53.1 34.7 64.8 35.9 60.9 31.5 62.4 37.3 63.4 40.8 66.7 37.0 

150 70.9 60.8 70.9 55.2 70.9 64.6 70.9 64.9 70.9 60.1 70.9 53.4 

165 70.2 67.9 70.2 64.4 70.2 70.2 70.2 68.6 70.2 56.3 70.2 59.6 

180 57.1 44.2 59.2 41.0 59.4 43.1 68.9 41.9 56.9 35.3 59.6 41.5 

195 70.0 69.6 69.9 67.3 69.9 66.7 70.0 70.0 70.0 53.7 69.9 65.3 

210 71.2 67.5 66.4 57.1 71.2 66.7 68.8 67.7 71.2 61.5 70.2 61.0 

225 54.2 43.0 63.7 39.3 50.4 39.4 71.6 47.2 63.3 35.7 67.5 40.2 

240 60.5 56.0 63.7 60.7 55.6 56.1 72.7 55.5 59.6 51.9 72.7 58.6 

255 61.2 58.9 63.6 67.2 58.9 64.0 71.2 62.3 67.5 61.7 69.7 64.5 

270 56.3 0.0 41.4 33.1 55.9 31.3 73.7 32.4 61.7 32.3 65.9 34.2 

285 67.7 63.1 74.2 63.1 66.9 63.1 74.2 63.0 69.0 62.7 74.2 64.8 

300 69.8 69.6 73.1 59.7 74.6 67.1 74.6 70.9 74.1 70.1 74.6 70.8 

315 61.4 50.0 68.0 41.7 61.1 46.0 74.9 52.6 62.9 51.3 70.7 50.6 

330 70.3 59.0 74.9 57.0 61.5 63.1 65.0 65.2 64.3 63.7 73.6 64.5 
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3.2( )

PCB Configurations 

E I L O X 7 Amplitude

V H V H V H V H V H V H 

345 62.9 48.1 56.8 52.0 65.3 58.3 68.3 52.2 66.2 59.5 71.9 58.5 

375 61.0 45.9 58.2 61.1 61.7 59.7 75.8 56.4 54.8 58.4 64.2 60.8 

390 57.2 47.5 61.5 65.9 43.5 59.2 73.9 61.5 68.0 60.2 64.0 59.8 

405 52.2 38.0 49.5 47.7 54.4 45.2 76.1 45.8 66.7 43.4 71.7 44.5 

420 63.2 55.5 66.2 60.0 66.8 58.7 76.2 61.6 68.7 57.5 62.3 55.7 

435 59.6 55.9 65.8 52.2 60.3 56.7 46.4 60.1 65.8 49.8 69.7 50.4 

450 58.0 47.4 69.3 46.6 61.0 50.5 65.3 54.5 63.5 41.9 68.8 39.4 

465 60.1 56.7 65.6 52.4 57.9 60.7 68.1 63.0 61.8 48.6 67.8 51.8 

480 58.2 42.3 66.4 47.6 62.8 50.2 71.5 52.7 61.3 45.8 65.3 46.7 

495 53.8 28.2 61.0 34.1 60.6 43.1 76.7 32.8 52.9 32.9 62.9 44.5 

510 56.0 38.8 55.1 39.6 59.8 45.2 72.3 47.0 56.0 39.7 58.3 43.0 

525 54.1 32.7 53.9 0.0 62.5 44.9 69.3 43.2 53.8 35.2 65.5 0.0 

540 55.0 31.8 61.3 0.0 56.7 44.6 70.1 43.0 59.1 34.5 69.8 0.0 

555 50.8 0.0 47.9 38.7 62.8 46.1 64.7 43.8 61.1 41.3 55.7 40.2 

570 53.3 30.0 61.8 0.0 60.3 39.3 67.0 38.3 63.4 34.1 65.5 33.0 

585 47.7 0.0 64.9 0.0 55.1 44.2 70.9 39.7 62.8 33.0 66.0 34.1 

600 46.8 33.0 64.4 0.0 53.5 45.8 72.6 42.4 64.3 32.8 65.7 38.2 

615 54.6 0.0 69.8 0.0 57.2 34.2 79.5 37.2 63.0 0.0 63.2 31.5 

630 56.2 0.0 66.5 0.0 62.3 32.9 77.7 0.0 64.1 0.0 63.9 0.0 

645 55.4 32.2 63.4 32.6 63.2 37.9 71.3 30.7 64.2 37.7 63.7 31.0 

660 59.0 30.2 62.8 31.3 61.0 37.9 68.4 33.1 67.1 34.2 70.3 0.0 

675 60.5 0.0 68.4 30.4 62.7 31.4 68.6 0.0 64.0 32.6 74.3 30.3 

690 62.9 0.0 62.9 39.7 64.1 39.8 72.7 30.6 64.3 39.9 65.7 37.5 

705 57.2 0.0 67.0 0.0 42.5 0.0 75.5 0.0 56.4 0.0 71.1 0.0 

720 55.3 0.0 63.0 34.0 56.1 35.1 71.5 0.0 57.2 31.5 71.2 30.6 

735 57.9 0.0 63.5 30.1 49.1 34.8 77.7 0.0 64.0 0.0 69.1 0.0 

750 54.9 0.0 65.5 0.0 57.4 0.0 77.6 0.0 63.0 0.0 62.0 0.0 
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3.2( )

PCB Configurations 

E I L O X 7 Amplitude

V H V H V H V H V H V H 

765 46.0 0.0 66.0 0.0 61.9 0.0 71.5 0.0 61.4 0.0 68.2 0.0 

780 54.7 0.0 64.0 0.0 60.2 0.0 66.9 0.0 65.8 0.0 67.3 0.0 

795 61.9 0.0 64.8 0.0 63.1 0.0 66.4 0.0 70.5 0.0 72.3 0.0 

810 59.9 32.1 69.1 0.0 67.0 33.7 72.8 32.8 69.1 30.8 68.9 0.0 

825 64.9 0.0 68.0 0.0 66.0 0.0 79.2 0.0 69.9 0.0 70.3 0.0 

840 61.6 31.7 72.1 0.0 58.0 30.9 77.6 31.1 63.1 0.0 73.8 0.0 

855 62.8 33.9 67.1 0.0 62.2 35.2 71.2 34.4 57.4 0.0 72.3 0.0 

870 64.9 0.0 69.2 0.0 59.8 0.0 75.8 0.0 61.2 0.0 73.6 0.0 

885 55.3 0.0 68.1 0.0 49.6 33.7 69.5 0.0 63.0 0.0 70.6 0.0 

900 59.1 0.0 65.2 0.0 50.3 0.0 72.5 0.0 57.5 0.0 73.0 0.0 

915 55.6 0.0 52.2 0.0 45.8 0.0 72.0 0.0 62.4 0.0 55.5 0.0 

930 52.1 31.3 63.1 0.0 63.2 32.3 71.5 0.0 66.4 0.0 71.0 0.0 

945 51.0 30.9 62.9 0.0 65.4 32.2 76.8 31.2 68.7 0.0 59.3 0.0 

960 60.1 0.0 66.3 0.0 59.3 0.0 77.7 0.0 70.5 0.0 73.8 0.0 

975 59.0 31.8 69.5 0.0 64.3 30.7 72.7 33.1 66.7 0.0 72.2 0.0 

990 63.9 30.2 69.5 0.0 66.2 30.3 66.8 31.2 66.7 0.0 70.8 0.0 

T1 0 0 0 0 0 0 1 1 1 1 1 1 

T2 0 0 1 1 1 1 0 0 0 0 1 1 

T3 1 1 0 0 1 1 0 0 1 1 0 0 

NN

Target

T4 0 1 0 1 0 1 0 1 0 1 0 1 
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 4 

 (transfer function),  (hidden layer) 

 (hidden node) [21]  2 

 White Gaussian Noise  x  y 

 0  y  (power)  White 

Gaussian Noise 

 y 

4.1  (White Gaussain Noise) 

 (White Noise) 

 (Gaussain) 

 (White Gaussain Noise) 

(Mean)  0  (Variance)  1 

                (a)                    (b) 

4.1(a)

             (b) 

  0 
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4.1.1  White Gaussian Noise

 2  x  y

      x  5, 10, 15, 20  30

               y  (power)  White Gaussian Noise  1, 2, 3, 5, 10

 20 

(a) (b) 

(c) (d)

(e) (f)
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4.2(a)  White Gaussian Noise  1 

      (b)  White Gaussian Noise  2 

      (c)  White Gaussian Noise  3 

      (d)  White Gaussian Noise  5 

      (e)  White Gaussian Noise  10 

      (f)  White Gaussian Noise  20 

 White Gaussian Noise 

 (x) 

-  (power)

power = 2

1

( )
x

x
i
noise             (4.1) 

4.1.2

 2  x  y

      x  5, 10, 15, 20  30

               y  (Maximum)  1, 2, 3, 5, 10  20 

 0  y 

 (x) 

4.1.3

  = (4.2)x 100 
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4.2

 3 

Log sigmoid transfer function 

Tangent sigmoid transfer function 

Purelin transfer function

4.3

Input
Layer

Hidden
Layer

Output
Layer

Input Output

transfer function 
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4.2.1

Hidden node = 100      Function = logsig, purelin 

1990 Epochs      Time trained = 15.92206 sec      Maximum errors = 10-5 

Hidden node = 100      Function = purelin, purelin 

22482 Epochs      Time trained = 263.012928 sec      Maximum errors = 10-5 

4.4  logsig, purelin 

4.5  purelin, purelin 
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Hidden node = 100      Function = tansig, purelin 

1108 Epochs      Time trained = 11.845372 sec      Maximum errors = 10-5 

Hidden node = 100      Function = logsig, logsig 

N/A Epochs      Time trained = N/A sec      Maximum errors = 10-5 

4.6  tansig, purelin 

4.7  logsig, logsig 
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Hidden node = 100      Function = purelin, logsig 

1 Epochs      Time trained = 1.504598 sec      Maximum errors = 10-5 

Hidden node = 100      Function = tansig, logsig 

18698 Epochs      Time trained = 232.797685 sec      Maximum errors = 10-5 

4.8  purelin, logsig 

4.9  tansig, logsig 
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Hidden node = 100      Function = logsig, tansig 

N/A Epochs      Time trained = N/A sec      Maximum errors = 10-5 

Hidden node = 100      Function = purelin, tansig 

N/A Epochs      Time trained = N/A sec      Maximum errors = 10-5 

4.10  logsig, tansig 

4.11  purelin, tansig 
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Hidden node = 100 Function = tansig, tansig 

N/A Epochs      Time trained = N/A sec      Maximum errors = 10-5 

 4  logsig, purelin  /  

purelin, purelin  /  tansig, purelin    tansig, logsig  4 

 (10-5)

4.13

4.12  tansig, tansig 

Input
Layer

Hidden
Layer

Output
Layer

Input Output
Random

Noise
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4.2.2

4.1 White Gaussian Noise (Vertical) 
function x y first layer second layer 5 10 15 20 30 

logsig purelin 99.85 99.87 99.53 99.67 99.38 
purelin purelin 8.55 7.58 7.87 7.57 7.35 
tansig purelin 99.85 99.87 99.53 99.67 99.38 1

tansig logsig 87.77 76.52 66.32 56.15 40.70 
logsig purelin 99.75 99.80 99.53 99.37 99.03 
purelin purelin 8.03 8.12 7.85 7.62 7.22 
tansig purelin 99.75 99.80 99.53 99.37 99.03 2

tansig logsig 86.75 75.17 63.88 54.43 38.78 
logsig purelin 99.87 99.48 99.18 99.10 98.45 
purelin purelin 8.08 7.30 7.27 7.18 7.75 
tansig purelin 99.87 99.48 99.18 99.10 98.45 3

tansig logsig 86.83 73.45 62.38 52.27 36.03 
logsig purelin 99.42 99.02 98.60 97.78 96.72 
purelin purelin 7.78 7.08 7.13 6.95 7.27 
tansig purelin 99.42 99.02 98.60 97.78 96.72 5

tansig logsig 84.30 70.97 57.38 46.92 30.82 
logsig purelin 98.13 96.67 95.30 93.62 89.92 
purelin purelin 7.20 7.43 7.18 7.38 7.42 
tansig purelin 98.13 96.67 95.30 93.62 89.92 10

tansig logsig 75.78 55.82 41.15 31.05 19.75 
logsig purelin 94.57 88.78 82.90 76.30 64.43 
purelin purelin 7.25 6.60 6.68 5.53 7.05 
tansig purelin 94.57 88.78 82.90 76.30 64.43 20

tansig logsig 40.45 20.85 24.77 11.75 9.48 

4.2  (Vertical) 
function x y first layer second layer 5 10 15 20 30 

logsig purelin 100.00 100.00 99.97 100.00 100.00 
purelin purelin 10.73 8.85 8.93 8.43 8.17 
tansig purelin 100.00 100.00 100.00 100.00 100.00 1

tansig logsig 90.12 80.52 71.53 63.27 49.28 
logsig purelin 100.00 99.95 99.95 99.87 99.92 
purelin purelin 8.47 8.12 7.72 7.15 7.25 
tansig purelin 100.00 99.97 99.95 99.90 99.93 2

tansig logsig 87.53 75.63 63.23 54.83 38.62 
logsig purelin 98.00 99.02 98.45 98.05 97.18 
purelin purelin 8.10 7.27 7.83 7.87 7.12 
tansig purelin 99.50 99.02 98.45 98.13 97.05 3

tansig logsig 84.27 69.25 56.15 45.40 29.92 
logsig purelin 98.57 96.90 95.40 94.12 90.15 
purelin purelin 7.73 6.88 7.50 7.02 7.03 
tansig purelin 98.27 96.58 94.78 93.33 89.07 5

tansig logsig 76.73 57.87 42.07 31.42 20.02 
logsig purelin 96.82 92.20 89.37 85.78 78.37 
purelin purelin 7.77 6.93 6.60 7.07 7.12 
tansig purelin 96.35 91.18 87.95 83.43 75.48 10

tansig logsig 56.85 32.48 23.07 17.25 11.92 
logsig purelin 93.95 86.98 79.92 72.38 58.50 
purelin purelin 6.80 7.02 7.02 6.88 7.08 
tansig purelin 93.65 86.33 78.70 70.72 56.83 20

tansig logsig 33.30 16.95 13.15 10.22 8.30 
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4.3 White Gaussian Noise (Horizontal) 
function x y first layer second layer 5 10 15 20 30 

logsig purelin 99.92 99.92 99.77 99.73 99.60 
purelin purelin 9.13 7.82 7.20 6.95 6.95 
tansig purelin 99.93 99.92 99.77 99.73 99.60 1

tansig logsig 88.65 77.55 67.17 58.95 42.43 
logsig purelin 99.97 99.83 99.73 99.55 99.33 
purelin purelin 8.32 7.68 7.33 7.57 7.22 
tansig purelin 99.97 99.83 99.73 99.55 99.33 2

tansig logsig 88.27 76.77 66.07 55.50 39.93 
logsig purelin 99.80 99.62 99.45 99.40 99.03 
purelin purelin 8.30 7.63 7.67 7.03 7.05 
tansig purelin 99.80 99.62 99.45 99.40 99.03 3

tansig logsig 87.55 75.18 62.42 54.05 36.30 
logsig purelin 99.58 99.20 98.68 98.42 97.37 
purelin purelin 7.98 7.27 6.68 6.73 7.25 
tansig purelin 99.48 99.00 98.45 98.13 96.77 5

tansig logsig 84.88 70.67 57.65 46.58 30.57 
logsig purelin 98.17 95.87 94.33 92.58 89.05 
purelin purelin 7.75 7.32 7.27 7.70 6.38 
tansig purelin 97.57 94.53 92.42 89.92 85.22 10

tansig logsig 73.42 52.72 38.48 28.60 17.35 
logsig purelin 92.90 84.95 78.20 70.42 56.27 
purelin purelin 6.82 6.82 7.17 6.28 6.28 
tansig purelin 92.37 84.07 76.92 68.80 54.88 20

tansig logsig 37.72 19.18 12.17 9.45 7.03 

4.4  (Horizontal) 
function x y first layer second layer 5 10 15 20 30 

logsig purelin 99.98 100.00 100.00 100.00 100.00 
purelin purelin 10.53 8.90 8.78 8.13 7.57 
tansig purelin 100.00 100.00 100.00 100.00 100.00 1

tansig logsig 90.43 82.02 74.02 67.05 53.52 
logsig purelin 100.00 100.00 100.00 100.00 100.00 
purelin purelin 8.65 7.27 7.18 7.22 6.02 
tansig purelin 100.00 100.00 100.00 100.00 100.00 2

tansig logsig 88.10 77.07 66.58 55.53 39.85 
logsig purelin 99.67 99.53 99.18 98.87 98.40 
purelin purelin 7.75 7.33 7.13 7.52 7.00 
tansig purelin 99.67 99.53 99.18 98.87 98.40 3

tansig logsig 85.00 70.47 57.08 46.57 28.72 
logsig purelin 98.17 96.75 94.90 93.30 89.55 
purelin purelin 7.00 7.45 6.55 6.35 7.12 
tansig purelin 98.17 96.75 94.90 93.30 89.55 5

tansig logsig 70.00 49.28 35.97 27.18 16.88 
logsig purelin 94.08 88.32 82.87 77.10 67.95 
purelin purelin 7.02 7.50 6.42 6.58 6.78 
tansig purelin 94.08 88.32 82.87 77.10 67.95 10

tansig logsig 52.18 28.38 18.23 13.75 9.32 
logsig purelin 90.72 81.13 73.40 63.92 48.48 
purelin purelin 7.03 7.23 6.30 6.80 6.38 
tansig purelin 90.72 81.13 73.40 63.92 48.48 20

tansig logsig 30.75 14.85 9.73 8.33 7.20 
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4.5  Vertical

function

first layer second layer White Gaussian Noise
logsig purelin 95.47 93.33 

purelin purelin 7.38 7.62 

tansig purelin 95.47 92.82 

tansig logsig 52.62 47.04 

4.6  Horizontal 

function

first layer second layer White Gaussian Noise
logsig purelin 94.69 91.21 

purelin purelin 7.32 7.32 

tansig purelin 94.11 91.21 

tansig logsig 52.11 45.80 

4.7

function

first layer second layer 

logsig purelin 93.68 

purelin purelin 7.41 

tansig purelin 93.40 

tansig logsig 49.39 

 logsig, purelin  tansig, 

purelin  tansig, logsig  purelin, purelin 
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4.3

 2  50 

purelin

4.14  2 

4.3.1

Hidden node = 50, 50      Function = logsig, logsig, purelin 

N/A Epochs      Time trained = N/A sec      Maximum errors = 10-5 

4.15  logsig, logsig, purelin 

Input
Layer

Hidden
Layer (1) 

Output
Layer

Input Output

Hidden
Layer (2) 
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Hidden node = 50, 50      Function = logsig, purelin, purelin 

7849 Epochs      Time trained = 102.866234 sec      Maximum errors = 10-5 

Hidden node = 50, 50      Function = logsig, tansig, purelin 

6305 Epochs      Time trained = 80.831641 sec      Maximum errors = 10-5 

4.16  logsig, purelin, purelin 

4.17  logsig, tansig, purelin 
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Hidden node = 50, 50      Function = purelin, tansig, purelin 

N/A Epochs      Time trained = N/A sec      Maximum errors = 10-5 

Hidden node = 50, 50      Function = purelin, logsig, purelin 

N/A Epochs      Time trained = N/A sec      Maximum errors = 10-5 

4.18  purelin, tansig, purelin 

4.19  purelin, logsig, purelin 
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Hidden node = 50, 50      Function = purelin, purelin, purelin 

40950 Epochs      Time trained = 602.063900 sec      Maximum errors = 10-5 

Hidden node = 50, 50     Function = tansig, logsig, purelin 

6651 Epochs      Time trained = 78.972359 sec      Maximum errors = 10-5 

4.20  purelin, purelin, purelin 

4.21  tansig, logsig, purelin 
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Hidden node = 50, 50      Function = tansig, purelin, tansig 

9271 Epochs      Time trained = 124.0883239 sec      Maximum errors = 10-5 

Hidden node = 50, 50      Function = tansig, tansig, purelin 

6493 Epochs      Time trained = 75.249779 sec      Maximum errors = 10-5 

4.22  tansig, purelin, tansig 

4.23  tansig, tansig, purelin 



68

 6   logsig, purelin, 

purelin  /  logsig, tansig, purelin  /  purelin, purelin, purelin  /  tansig, logsig, purelin  /  

tansig, purelin, purelin   tansig, tansig, purelin 

 (10-5)  6 

4.3.2

4.8 White Gaussian Noise (Vertical) 
function x y first layer second layer third layer 5 10 15 20 30 

logsig purelin purelin 91.05 80.63 72.30 63.35 50.05 
logsig tansig purelin 92.18 83.73 75.73 68.97 57.35 
purelin purelin purelin 5.97 5.28 5.13 4.98 5.58 
tansig logsig purelin 94.20 88.47 82.00 76.90 66.65 
tansig purelin purelin 80.93 62.67 49.15 38.38 23.32 

1

tansig tansig purelin 91.05 80.63 72.30 63.35 50.05 
logsig purelin purelin 89.53 80.83 71.38 62.82 46.52 
logsig tansig purelin 91.10 83.35 75.35 67.48 52.42 
purelin purelin purelin 5.93 4.98 5.78 5.55 5.10 
tansig logsig purelin 93.38 87.30 81.23 75.10 62.92 
tansig purelin purelin 79.40 61.55 45.82 34.85 20.40 

2

tansig tansig purelin 89.53 80.83 71.38 62.82 46.52 
logsig purelin purelin 90.05 78.57 70.58 61.87 47.48 
logsig tansig purelin 91.08 81.68 74.25 66.48 53.23 
purelin purelin purelin 5.15 5.40 5.23 5.33 5.12 
tansig logsig purelin 93.18 85.82 79.18 73.32 62.22 
tansig purelin purelin 77.43 56.67 41.47 32.10 19.45 

3

tansig tansig purelin 90.05 78.57 70.58 61.87 47.48 
logsig purelin purelin 88.45 78.33 68.70 58.45 42.00 
logsig tansig purelin 89.72 80.72 71.40 62.25 46.92 
purelin purelin purelin 5.23 5.15 4.97 5.57 5.30 
tansig logsig purelin 91.63 83.77 76.55 68.65 55.25 
tansig purelin purelin 71.48 49.67 34.58 25.02 15.48 

5

tansig tansig purelin 88.45 78.33 68.70 58.45 42.00 
logsig purelin purelin 85.17 71.73 59.78 48.20 31.22 
logsig tansig purelin 86.58 74.68 63.32 53.43 36.08 
purelin purelin purelin 4.95 4.75 4.97 5.13 5.03 
tansig logsig purelin 88.45 78.53 68.42 59.80 42.95 
tansig purelin purelin 54.20 30.20 19.75 14.48 10.10 

10

tansig tansig purelin 85.17 71.73 59.78 48.20 31.22 
logsig purelin purelin 63.27 38.20 25.88 17.62 10.75 
logsig tansig purelin 68.62 46.27 32.92 23.23 15.62 
purelin purelin purelin 4.70 4.67 5.15 5.32 4.97 
tansig logsig purelin 77.17 56.52 41.98 30.27 17.75 
tansig purelin purelin 19.32 10.67 8.70 8.45 7.72 

20

tansig tansig purelin 63.27 38.20 25.88 17.62 10.75 
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4.9  (Vertical) 
function x y first layer second layer third layer 5 10 15 20 30 

logsig purelin purelin 92.52 84.93 76.20 70.83 58.93 
logsig tansig purelin 93.98 87.97 82.07 77.47 68.50 
purelin purelin purelin 5.65 5.32 5.82 5.22 5.53 
tansig logsig purelin 97.10 93.93 90.60 88.08 80.90 
tansig purelin purelin 89.12 78.53 66.98 59.22 43.43 

1

tansig tansig purelin 92.53 84.93 76.20 70.83 58.93 
logsig purelin purelin 89.37 79.15 70.93 61.07 44.30 
logsig tansig purelin 90.30 81.28 73.08 64.78 48.85 
purelin purelin purelin 5.50 6.03 5.57 5.17 5.48 
tansig logsig purelin 93.02 86.02 79.55 72.82 60.58 
tansig purelin purelin 82.40 66.62 52.27 43.50 29.50 

2

tansig tansig purelin 89.37 79.15 70.93 61.07 44.30 
logsig purelin purelin 88.67 76.80 66.35 56.73 41.08 
logsig tansig purelin 89.87 77.93 69.17 59.38 44.30 
purelin purelin purelin 5.93 5.80 4.98 5.18 4.57 
tansig logsig purelin 91.57 82.18 74.28 66.63 53.68 
tansig purelin purelin 75.97 53.73 41.00 33.92 23.75 

3

tansig tansig purelin 88.67 76.80 66.35 56.73 41.08 
logsig purelin purelin 85.57 73.57 61.03 48.22 31.08 
logsig tansig purelin 86.72 75.47 62.90 51.43 35.28 
purelin purelin purelin 5.23 4.57 4.90 4.95 4.97 
tansig logsig purelin 88.37 78.43 68.73 57.55 41.93 
tansig purelin purelin 60.88 40.45 30.25 24.08 17.78 

5

tansig tansig purelin 85.57 73.57 61.03 48.22 31.08 
logsig purelin purelin 77.22 56.93 39.53 29.08 16.40 
logsig tansig purelin 80.55 61.62 46.02 35.13 20.15 
purelin purelin purelin 4.95 5.15 5.35 5.43 4.82 
tansig logsig purelin 83.88 68.55 54.95 43.25 27.08 
tansig purelin purelin 39.12 26.10 19.92 17.57 13.62 

10

tansig tansig purelin 77.22 56.93 39.53 29.08 16.40 
logsig purelin purelin 56.37 31.47 20.30 14.42 9.45 
logsig tansig purelin 59.97 35.72 23.18 17.20 11.67 
purelin purelin purelin 4.98 5.42 4.68 5.23 4.83 
tansig logsig purelin 72.83 51.03 34.10 24.73 15.52 
tansig purelin purelin 26.02 17.80 13.73 12.25 11.12 

20

tansig tansig purelin 56.37 31.47 20.30 14.42 9.45 
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4.10 White Gaussian Noise (Horizontal) 
function x y first layer second layer third layer 5 10 15 20 30 

logsig purelin purelin 91.30 82.80 73.55 65.37 51.02 
logsig tansig purelin 90.73 82.75 73.98 66.83 52.48 
purelin purelin purelin 5.78 5.25 5.48 5.28 5.18 
tansig logsig purelin 92.55 85.63 77.60 70.23 58.35 
tansig purelin purelin 80.58 62.02 47.83 36.83 23.38 

1

tansig tansig purelin 91.30 82.80 73.55 65.37 51.02 
logsig purelin purelin 90.22 81.20 72.52 64.72 48.82 
logsig tansig purelin 90.37 81.22 73.52 64.47 49.78 
purelin purelin purelin 4.98 5.37 4.63 4.92 5.10 
tansig logsig purelin 91.50 84.00 76.87 68.98 56.25 
tansig purelin purelin 78.08 58.90 43.70 33.23 21.88 

2

tansig tansig purelin 90.22 81.20 72.52 64.72 48.82 
logsig purelin purelin 90.15 80.37 71.42 63.30 47.50 
logsig tansig purelin 89.97 80.03 70.93 63.13 47.48 
purelin purelin purelin 5.47 5.17 5.27 5.30 4.38 
tansig logsig purelin 91.72 83.18 74.85 68.17 53.12 
tansig purelin purelin 75.03 54.85 40.18 30.17 19.62 

3

tansig tansig purelin 90.15 80.37 71.42 63.30 47.50 
logsig purelin purelin 88.25 78.27 67.82 59.07 42.88 
logsig tansig purelin 87.82 77.85 67.65 57.87 42.33 
purelin purelin purelin 5.75 5.12 4.47 4.80 5.30 
tansig logsig purelin 89.80 80.92 72.35 63.95 49.17 
tansig purelin purelin 69.43 47.00 32.00 25.58 17.47 

5

tansig tansig purelin 88.25 78.27 67.82 59.07 42.88 
logsig purelin purelin 84.78 69.42 55.18 43.92 29.05 
logsig tansig purelin 83.80 68.65 55.08 43.80 27.20 
purelin purelin purelin 5.40 5.03 5.05 5.32 5.03 
tansig logsig purelin 87.63 76.42 64.13 55.45 38.18 
tansig purelin purelin 49.87 28.32 19.83 15.93 12.43 

10

tansig tansig purelin 84.78 69.42 55.18 43.92 29.05 
logsig purelin purelin 52.90 28.20 16.90 12.15 7.78 
logsig tansig purelin 57.83 31.78 19.05 12.33 6.63 
purelin purelin purelin 5.03 4.87 4.85 4.98 4.55 
tansig logsig purelin 77.92 56.77 39.65 28.08 14.28 
tansig purelin purelin 20.50 11.70 10.27 10.35 8.28 

20

tansig tansig purelin 52.90 28.20 16.90 12.15 7.78 
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4.11  (Horizontal) 
function x y first layer second layer third layer 5 10 15 20 30 

logsig purelin purelin 93.15 86.53 79.35 73.60 62.53 
logsig tansig purelin 92.78 87.23 80.38 74.55 63.25 
purelin purelin purelin 6.35 5.07 5.72 5.47 5.07 
tansig logsig purelin 94.83 89.68 84.82 79.55 70.03 
tansig purelin purelin 87.05 75.18 62.83 52.17 34.70 

1

tansig tansig purelin 94.07 87.48 80.18 75.73 64.37 
logsig purelin purelin 89.73 78.80 70.43 61.48 45.82 
logsig tansig purelin 90.02 79.75 72.30 62.45 48.33 
purelin purelin purelin 5.82 5.38 5.38 5.20 4.75 
tansig logsig purelin 91.45 82.38 75.17 66.48 52.43 
tansig purelin purelin 79.20 59.55 43.83 33.75 22.18 

2

tansig tansig purelin 90.23 80.07 73.40 63.52 47.77 
logsig purelin purelin 88.88 78.02 67.33 58.03 40.42 
logsig tansig purelin 88.70 77.08 65.70 57.53 40.43 
purelin purelin purelin 5.00 5.30 5.28 5.47 4.83 
tansig logsig purelin 89.58 79.78 69.85 61.18 46.00 
tansig purelin purelin 67.65 44.95 33.07 24.42 17.52 

3

tansig tansig purelin 89.58 78.97 69.05 59.47 43.27 
logsig purelin purelin 85.43 71.40 58.17 45.67 31.17 
logsig tansig purelin 84.38 69.35 55.97 44.27 28.30 
purelin purelin purelin 4.85 5.03 4.62 4.88 4.62 
tansig logsig purelin 87.22 75.80 65.52 54.38 38.05 
tansig purelin purelin 49.93 27.82 20.05 15.95 11.62 

5

tansig tansig purelin 86.18 72.82 58.50 47.67 31.40 
logsig purelin purelin 70.45 47.98 32.63 22.62 14.60 
logsig tansig purelin 72.50 49.93 32.67 22.38 11.02 
purelin purelin purelin 5.60 4.65 4.73 4.42 4.47 
tansig logsig purelin 84.25 68.70 53.47 42.40 23.78 
tansig purelin purelin 28.38 14.67 12.20 10.70 9.68 

10

tansig tansig purelin 72.17 50.12 34.75 24.32 15.82 
logsig purelin purelin 43.52 20.88 12.82 8.50 6.10 
logsig tansig purelin 48.62 24.97 13.03 9.53 5.92 
purelin purelin purelin 5.65 5.05 4.97 5.40 4.67 
tansig logsig purelin 74.18 48.82 32.65 21.82 10.40 
tansig purelin purelin 16.07 11.17 9.63 9.47 9.05 

20

tansig tansig purelin 45.83 23.37 14.35 10.82 6.98 
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4.12  Vertical

function

first layer second layer third layer White Gaussian Noise 

logsig purelin purelin 61.49 56.95 
logsig tansig purelin 65.54 60.40 
purelin purelin purelin 5.21 5.24 
tansig logsig purelin 71.32 67.40 
tansig purelin purelin 36.78 40.35 
tansig tansig purelin 61.49 56.95 

4.13  Horizontal

function

first layer second layer third layer White Gaussian Noise
logsig purelin purelin 60.36 54.87 
logsig tansig purelin 60.58 55.11 
purelin purelin purelin 5.10 5.12 
tansig logsig purelin 67.59 63.82 
tansig purelin purelin 36.17 33.15 
tansig tansig purelin 60.36 56.41 

4.14

function

first layer second layer third layer 

logsig purelin purelin 58.42
logsig tansig purelin 60.41
purelin purelin purelin 5.17
tansig logsig purelin 67.53
tansig purelin purelin 36.61
tansig tansig purelin 58.80

 tansig, logsig, purelin 

purelin, purelin, purelin 
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4.4

 100, 200  500 

 logsig, purelin 

4.24

4.4.1  (  100 )

Hidden node = 100      Function = logsig, purelin 

1990 Epochs      Time trained = 15.92206 sec      Maximum errors = 10-5 

4.25  100 

Input
Layer

Output
Layer

Input Output

Hidden
Layer
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4.4.2

4.15 White Gaussian Noise  (7-Vertical) 
5 10 15 20 30 

WGN WGN WGN WGN WGN 
1 92.42 92.90 84.77 86.07 78.08 79.60 71.92 72.82 59.04 60.34 
2 91.65 88.77 83.62 79.46 75.98 69.51 69.07 59.92 55.37 44.30 
3 91.25 87.92 82.61 76.56 74.64 64.88 66.62 55.02 52.85 37.40 
5 89.97 85.12 80.91 70.57 71.22 57.35 63.11 44.57 47.10 26.41 
10 87.43 75.48 75.20 53.09 63.34 36.68 52.27 24.68 35.29 11.16 
20 68.55 53.38 44.39 26.67 28.78 15.81 18.93 8.87 9.02 3.79 

4.16 White Gaussian Noise  (H-Vertical) 
5 10 15 20 30 

WGN WGN WGN WGN WGN 
1 93.0 94.4 81.9 87.5 74.8 83.7 69.0 76.3 53.1 66.0 
2 91.3 90.4 82.2 79.6 72.9 68.9 63.9 61.6 48.6 46.7 
3 90.5 88.4 81.5 77.8 71.3 66.0 61.6 54.3 45.7 38.4 
5 88.3 85.7 77.9 70.3 68.4 58.0 60.0 49.9 45.4 31.9 
10 85.4 77.5 71.5 57.8 57.5 41.8 45.3 32.4 30.8 18.3 
20 65.3 59.5 41.8 32.3 28.9 20.6 19.8 16.5 10.9 9.7 

4.17 White Gaussian Noise  (I-Vertical) 
5 10 15 20 30 

WGN WGN WGN WGN WGN 
1 90.7 90.7 84.9 84.9 75.7 75.7 68.1 68.1 55.7 55.7 
2 90.1 90.1 81.8 81.8 76.3 76.3 67.7 67.7 53.7 53.7 
3 91.2 91.2 82.1 82.1 72.1 72.1 66.9 66.9 50.4 50.4 
5 89.2 89.2 81.1 81.1 68.2 68.2 61.8 61.8 49.9 49.9 
10 86.7 86.7 73.7 73.7 61.3 61.3 49.0 49.0 32.7 32.7 
20 64.1 64.1 38.3 38.3 24.6 24.6 15.6 15.6 8.6 8.6 

4.18 White Gaussian Noise  (L-Vertical) 
5 10 15 20 30 

WGN WGN WGN WGN WGN 
1 90.5 92.1 79.4 82.9 69.2 73.9 60.3 66.3 44.1 51.2 
2 88.8 88.0 78.7 77.4 66.1 64.1 60.9 57.0 43.7 38.9 
3 87.6 87.0 78.8 75.0 69.1 64.0 57.0 51.9 39.7 32.1 
5 87.1 86.3 76.6 71.1 64.3 56.6 54.9 45.4 41.0 28.5 
10 84.1 74.3 71.8 52.2 56.9 35.7 45.7 22.9 24.7 9.2 
20 60.5 49.9 32.1 22.7 18.5 11.3 10.0 6.1 4.2 2.7 

X

  y 

X

  y 

X

  y 

X

  y 
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4.19 White Gaussian Noise  (O-Vertical) 
5 10 15 20 30 

WGN WGN WGN WGN WGN 
1 91.2 94.2 83.1 87.9 77.3 83.0 68.0 76.1 54.0 66.6 
2 91.7 89.7 82.7 81.2 70.9 70.0 64.1 61.5 50.8 51.3 
3 90.8 88.9 81.3 78.8 71.8 66.5 64.2 57.6 49.4 41.9 
5 902 86.1 78.5 73.1 68.4 60.6 56.6 46.3 42.9 30.1 
10 85.1 77.6 72.4 60.3 61.3 44.0 47.9 31.2 31.7 14.8 
20 68.3 60.9 42.2 33.4 25.9 19.3 16.3 13.1 6.4 5.2 

4.20 White Gaussian Noise  (X-Vertical) 
5 10 15 20 30 

WGN WGN WGN WGN WGN 
1 90.7 93.5 84.9 87.2 75.7 80.5 68.1 73.4 55.7 64.9 
2 90.1 89.9 81.8 83.2 76.3 75.1 67.7 64.5 53.7 50.0 
3 91.2 90.3 82.1 79.0 72.1 67.9 66.9 63.2 50.4 41.6 
5 89.2 85.4 81.1 75.4 68.2 59.6 61.8 49.0 49.9 36.2 
10 86.7 78.9 73.7 57.0 61.3 41.3 49.0 29.0 32.7 15.3 
20 64.1 55.8 38.3 28.1 24.6 15.2 15.6 12.0 8.6 8.1 

4.21 White Gaussian Noise  (7-Horizontal) 
5 10 15 20 30 

WGN WGN WGN WGN WGN 
1 91.3 93.8 85.4 91.3 75.4 85.0 70.6 79.0 53.7 68.5 
2 90.8 88.3 82.2 78.6 72.2 71.0 65.3 60.6 49.4 47.8 
3 89.4 86.9 79.9 73.5 71.0 65.8 61.4 54.5 47.5 37.8 
5 88.9 85.0 78.3 69.6 69.3 59.5 58.0 44.6 43.8 26.2 
10 84.2 74.1 71.8 49.3 54.8 33.4 44.5 21.8 25.1 9.0 
20 61.9 52.7 34.9 22.9 18.8 11.9 10.7 5.6 4.8 1.2 

4.22 White Gaussian Noise  (H-Horizontal) 
5 10 15 20 30 

WGN WGN WGN WGN WGN 
1 91.3 93.2 83.3 89.2 79.1 83.5 73.6 80.5 56.3 71.1 
2 91.8 91.4 82.3 81.2 76.6 78.7 69.7 68.1 57.7 56.4 
3 91.2 88.3 82.5 80.1 76.7 69.8 66.8 62.3 54.8 43.6 
5 89.3 85.1 80.8 72.1 72.7 60.2 62.7 50.8 48.2 31.3 
10 82.8 74.4 70.5 53.1 60.7 40.5 48.0 26.3 32.6 16.3 
20 66.8 57.5 41.3 31.4 24.7 21.6 16.6 12.0 10.6 7.5 

4.23 White Gaussian Noise  (I-Horizontal) 
5 10 15 20 30 

WGN WGN WGN WGN WGN 
1 91.8 94.8 82.5 88.1 73.6 81.7 66.0 74.0 47.8 61.9 
2 91.8 90.6 80.4 81.4 73.5 70.0 64.4 62.7 49.1 45.6 
3 91.0 89.0 80.6 76.3 70.5 64.2 61.9 58.5 47.5 38.9 
5 90.1 86.9 79.7 74.1 72.8 64.7 57.0 51.4 42.2 34.5 
10 85.9 78.2 72.8 63.9 57.9 48.4 51.6 42.6 38.1 37.6 
20 63.1 55.0 46.1 38.9 34.4 32.3 33.6 31.8 34.5 32.2 

X

  y 

X

  y 

X

  y 

X

  y 

X

  y 
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4.24 White Gaussian Noise  (L-Horizontal) 
5 10 15 20 30 

WGN WGN WGN WGN WGN 
1 92.3 94.6 82.6 87.9 73.7 77.8 67.9 74.4 53.4 60.5 
2 92.1 90.9 83.8 83.9 75.6 73.8 67.3 67.9 50.2 51.4 
3 90.3 89.6 79.7 78.1 73.6 71.2 65.6 58.8 49.0 40.5 
5 90.4 87.1 82.3 74.9 74.1 62.4 61.0 46.3 42.5 26.0 
10 85.5 73.9 74.2 51.7 57.5 33.1 49.0 22.8 29.6 11.8 
20 63.3 52.6 33.6 24.2 16.4 13.5 12.2 7.9 3.7 3.6 

4.25 White Gaussian Noise  (O-Horizontal) 
5 10 15 20 30 

WGN WGN WGN WGN WGN 
1 91.3 92.1 79.8 80.9 73.0 74.1 59.3 67.8 45.1 52.5 
2 88.2 88.0 81.5 78.8 68.9 66.6 61.6 59.8 42.1 39.0 
3 89.2 88.0 78.4 74.8 68.6 63.9 56.0 51.7 42.5 36.5 
5 87.2 85.4 75.9 70.7 66.4 57.4 51.9 44.2 37.4 27.1 
10 83.6 74.8 70.1 49.8 54.2 33.9 43.0 26.0 25.5 12.6 
20 60.3 49.6 33.0 24.6 19.7 17.1 12.4 9.7 7.6 3.4 

4.26 White Gaussian Noise  (X-Horizontal) 
5 10 15 20 30 

WGN WGN WGN WGN WGN 
1 92.8 94.1 86.3 87.9 78.3 83.3 71.2 78.7 57.7 65.8 
2 91.9 92.3 84.7 85.6 75.9 75.8 72.2 71.3 55.8 59.2 
3 93.3 91.0 83.3 82.4 76.3 71.7 71.2 65.2 54.2 46.1 
5 91.0 89.4 81.5 76.0 73.8 64.0 65.0 51.8 47.7 34.8 
10 87.0 79.1 76.7 60.6 62.7 44.8 52.3 30.7 33.8 16.5 
20 66.3 58.7 43.8 36.7 28.2 21.5 19.6 15.1 13.0 9.1 
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4.4.3  (  200 )

Hidden node = 200      Function = logsig, purelin 

815 Epochs      Time trained = 10.901743 sec      Maximum errors = 10-5 

4.4.4

4.27 White Gaussian Noise  (7-Vertical) 
5 10 15 20 30 

WGN WGN WGN WGN WGN 
1 89.18 91.67 79.42 82.53 69.52 74.39 60.08 66.96 44.01 53.02 
2 88.51 88.24 77.52 77.02 68.03 66.45 57.29 55.90 41.23 39.71 
3 87.82 86.83 76.84 73.19 66.22 61.22 56.14 50.67 38.84 31.40 
5 86.69 83.10 74.37 66.21 62.76 50.28 51.17 36.99 34.09 20.09 
10 82.67 68.45 65.51 44.20 49.42 29.50 37.28 20.67 20.73 13.57 
20 54.72 47.01 31.44 27.93 23.35 22.20 19.46 19.90 15.82 19.75 

4.28 White Gaussian Noise  (H-Vertical) 
5 10 15 20 30 

WGN WGN WGN WGN WGN 
1 92.3 96.6 86.5 92.0 78.8 87.8 70.3 82.8 60.6 76.6 
2 91.8 91.5 83.8 84.3 80.2 78.4 74.0 68.6 57.0 56.3 
3 91.5 89.6 83.2 78.4 72.9 66.4 65.4 57.7 53.8 44.7 
5 91.1 85.2 81.4 72.6 74.3 61.6 63.1 45.4 45.8 27.3 
10 87.0 77.0 72.3 48.7 61.6 36.6 47.7 26.2 28.1 13.5 
20 60.7 53.3 33.3 26.2 19.2 15.4 11.9 8.6 6.5 5.2 
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4.29 White Gaussian Noise  (I-Vertical) 
5 10 15 20 30 

WGN WGN WGN WGN WGN 
1 91.5 94.1 80.8 86.8 74.5 79.3 66.0 75.2 51.1 61.7 
2 90.9 90.3 81.0 80.2 72.4 72.2 63.8 63.9 46.4 47.1 
3 90.2 88.4 79.3 75.7 72.1 67.6 61.6 54.6 44.9 36.5 
5 88.7 85.2 76.1 68.7 64.8 53.5 56.7 44.7 39.3 23.7 
10 85.0 73.8 69.7 51.1 56.0 35.9 44.8 22.4 27.7 9.8 
20 60.3 48.7 33.0 24.2 19.6 15.5 12.2 8.8 4.6 3.3 

4.30 White Gaussian Noise  (L-Vertical) 
5 10 15 20 30 

WGN WGN WGN WGN WGN 
1 90.5 93.2 81.7 86.6 72.6 78.6 66.0 73.6 47.4 62.4 
2 90.2 90.7 79.0 79.9 71.7 70.9 65.9 62.6 46.8 46.9 
3 89.1 86.4 79.1 75.9 70.7 64.6 59.0 51.3 42.9 34.2 
5 88.3 82.7 75.6 68.2 67.0 56.2 57.9 44.7 38.7 25.9 
10 85.3 78.8 69.7 56.9 60.1 42.7 47.9 32.9 29.1 23.7 
20 64.0 56.2 39.1 32.2 27.4 23.8 23.3 20.8 23.4 22.8 

4.31 White Gaussian Noise  (O-Vertical) 
5 10 15 20 30 

WGN WGN WGN WGN WGN 
1 92.3 94.1 84.1 88.5 78.6 82.6 73.3 81.1 57.4 69.7 
2 93.0 93.2 84.8 82.2 79.7 76.3 70.1 69.1 58.7 56.3 
3 91.7 92.1 84.0 83.8 75.4 72.2 70.2 66.4 56.4 54.6 
5 92.3 90.9 84.3 81.6 75.9 70.9 69.7 61.2 54.9 50.5 
10 90.2 83.4 81.2 65.6 70.6 56.9 61.6 47.9 48.1 42.2 
20 69.0 59.8 48.8 42.0 41.0 33.6 33.9 32.5 33.4 32.8 

4.32 White Gaussian Noise  (X-Vertical) 
5 10 15 20 30 

WGN WGN WGN WGN WGN 
1 96.0 96.6 84.9 95.0 86.7 90.7 82.9 88.2 75.5 82.1 
2 94.1 97.0 81.8 92.5 86.2 86.4 80.7 80.9 70.1 70.3 
3 94.4 93.4 82.1 87.7 84.7 79.5 78.0 73.9 68.3 61.8 
5 94.0 88.4 81.1 77.5 81.7 70.0 76.4 58.3 63.6 44.3 
10 89.2 79.9 73.7 61.8 68.9 46.0 59.4 36.7 44.8 24.6 
20 64.6 53.0 38.3 32.3 29.4 22.7 23.4 19.3 18.1 18.0 

4.33 White Gaussian Noise  (7-Horizontal) 
5 10 15 20 30 

WGN WGN WGN WGN WGN 
1 88.7 90.7 78.6 80.5 68.2 73.0 60.9 68.3 41.8 52.6 
2 88.7 87.4 77.7 78.0 67.9 66.0 59.3 55.6 40.3 37.5 
3 89.6 87.9 75.7 72.1 62.6 58.9 55.4 50.1 37.3 29.7 
5 87.4 82.6 75.1 67.8 64.6 50.9 53.5 40.4 34.2 20.0 
10 81.9 67.2 64.3 38.7 51.4 24.4 36.2 15.2 19.7 7.3 
20 48.4 37.2 23.0 14.9 12.7 8.2 6.4 3.8 3.4 1.7 
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4.34 White Gaussian Noise  (H-Horizontal) 
5 10 15 20 30 

WGN WGN WGN WGN WGN 
1 90.3 90.5 77.5 81.0 68.9 75.1 60.1 67.8 40.9 52.5 
2 88.9 88.1 77.2 77.0 67.4 66.0 55.8 54.6 39.4 36.6 
3 87.9 87.2 74.8 70.2 64.0 62.2 53.5 47.9 34.8 26.5 
5 88.3 81.6 74.7 64.0 61.5 47.3 51.3 33.9 30.6 15.9 
10 79.9 63.3 61.6 36.5 42.0 16.7 28.4 10.6 12.5 4.7 
20 41.9 30.2 17.0 11.2 7.4 4.0 4.0 2.0 1.6 0.4 

4.35 White Gaussian Noise  (I-Horizontal) 
5 10 15 20 30 

WGN WGN WGN WGN WGN 
1 91.8 90.1 79.2 81.8 66.3 71.4 55.8 61.3 38.8 47.2 
2 91.8 87.5 75.2 76.2 64.2 64.2 56.1 54.2 38.5 36.7 
3 91.0 84.2 73.5 72.5 65.1 60.1 51.1 46.0 35.2 25.9 
5 90.1 79.6 71.1 60.5 58.9 46.0 48.9 34.3 30.4 15.1 
10 85.9 63.2 58.1 33.9 45.4 19.3 31.0 11.1 15.1 4.6 
20 63.1 31.3 18.9 10.0 9.3 6.7 5.1 3.5 1.6 0.7 

4.36 White Gaussian Noise  (L-Horizontal) 
5 10 15 20 30 

WGN WGN WGN WGN WGN 
1 94.0 95.0 84.8 86.0 78.9 80.3 73.8 74.2 63.0 63.6 
2 93.0 93.1 84.8 83.8 78.0 78.2 71.8 73.9 59.4 62.4 
3 91.4 90.5 86.0 81.5 77.2 71.9 70.0 65.6 59.0 55.8 
5 91.5 85.0 81.7 71.8 74.4 60.3 63.0 47.2 52.3 31.7 
10 84.9 67.7 68.7 41.6 54.0 28.5 45.5 19.1 30.5 12.7 
20 50.8 38.2 26.6 20.8 18.0 14.0 10.9 8.3 7.6 4.1 

4.37 White Gaussian Noise  (O-Horizontal) 
5 10 15 20 30 

WGN WGN WGN WGN WGN 
1 88.9 90.1 77.8 80.2 66.9 70.7 59.6 64.5 41.6 48.2 
2 87.1 86.4 77.1 76.4 66.6 65.7 57.2 56.0 38.6 37.7 
3 86.7 85.2 75.9 73.5 66.2 63.1 54.5 50.4 33.9 31.7 
5 86.1 81.7 74.7 67.9 61.7 52.7 52.7 40.6 34.0 22.1 
10 81.5 69.4 68.0 48.9 48.4 29.5 40.9 18.8 22.1 9.5 
20 52.4 43.8 31.3 24.2 20.1 15.9 13.7 10.8 6.9 5.4 

4.38 White Gaussian Noise  (X-Horizontal) 
5 10 15 20 30 

WGN WGN WGN WGN WGN 
1 91.3 93.9 82.5 88.7 74.6 80.0 61.6 74.5 50.3 64.5 
2 91.5 88.5 80.8 80.6 71.2 69.6 59.1 56.7 48.2 45.2 
3 90.8 89.3 79.6 75.8 69.4 65.4 60.4 52.9 45.8 37.4 
5 88.7 85.2 74.8 66.0 64.8 52.3 54.7 39.7 39.3 22.4 
10 83.2 66.5 65.6 41.3 57.9 30.1 39.9 20.8 21.4 7.3 
20 48.4 42.8 26.3 21.3 16.3 12.1 9.9 5.6 4.4 2.7 
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4.4.5  (  500 )

Hidden node = 500      Function = logsig, purelin 

415 Epochs      Time trained = 9.586696 sec      Maximum errors = 10-5

4.4.6

4.39 White Gaussian Noise  (7-Vertical) 
5 10 15 20 30 

WGN WGN WGN WGN WGN 
1 90.1 89.8 76.1 80.0 66.0 72.1 53.8 61.2 36.3 48.9 
2 87.0 87.2 75.7 76.1 65.5 65.1 54.9 54.5 33.4 33.1 
3 86.0 85.0 75.5 72.8 63.4 56.7 48.1 38.2 29.9 21.3 
5 85.8 79.0 71.1 53.6 57.1 37.3 39.3 22.9 24.6 12.9 
10 75.5 48.6 49.3 23.3 33.1 13.0 22.5 7.3 10.5 2.2 
20 29.1 19.1 12.5 6.5 4.7 2.9 2.2 2.4 0.9 0.8 

4.40 White Gaussian Noise  (H-Vertical) 
5 10 15 20 30 

WGN WGN WGN WGN WGN 
1 90.8 93.6 81.3 86.9 71.3 78.7 62.1 73.4 49.2 63.1 
2 89.8 90.7 79.0 77.9 69.9 69.1 59.2 61.8 44.9 45.4 
3 89.5 87.4 78.0 72.6 69.1 60.7 57.1 51.3 44.4 34.4 
5 88.5 80.6 74.0 61.4 64.7 45.3 50.0 32.3 31.2 18.7 
10 77.4 57.5 59.4 34.3 43.3 21.3 31.8 14.3 18.1 7.9 
20 37.1 35.0 23.8 16.0 13.7 9.4 8.2 9.6 4.6 4.7 
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4.41 White Gaussian Noise  (I-Vertical) 
5 10 15 20 30 

WGN WGN WGN WGN WGN 
1 87.6 88.7 75.8 77.9 63.8 66.7 52.6 57.9 36.3 41.2 
2 86.5 87.2 76.6 75.5 61.3 60.4 49.8 49.6 35.9 34.1 
3 88.8 86.9 72.9 70.4 59.4 56.1 45.2 41.2 30.6 23.7 
5 85.4 78.5 69.8 54.4 54.5 37.1 44.5 24.9 25.5 11.0 
10 76.0 53.2 56.3 28.3 39.3 15.5 26.2 8.8 11.5 3.4 
20 36.3 27.5 15.7 10.2 5.9 5.3 3.5 4.4 1.8 1.0 

4.42 White Gaussian Noise  (L-Vertical) 
5 10 15 20 30 

WGN WGN WGN WGN WGN 
1 88.2 90.5 79.5 82.3 63.7 71.1 58.5 66.2 40.5 52.5 
2 86.1 85.1 77.7 75.5 65.2 63.3 56.3 54.2 36.8 34.8 
3 86.9 84.3 76.6 73.3 65.7 60.3 52.6 50.0 31.3 29.4 
5 84.6 78.7 72.7 61.2 60.1 48.9 50.6 36.5 32.0 23.2 
10 81.6 59.8 58.9 38.7 44.3 24.6 33.0 15.1 22.8 12.7 
20 41.2 30.7 20.9 16.5 13.6 10.1 10.1 7.2 8.8 8.0 

4.43 White Gaussian Noise  (O-Vertical) 
5 10 15 20 30 

WGN WGN WGN WGN WGN 
1 88.5 89.3 77.9 79.7 65.1 71.1 57.2 66.0 40.0 53.3 
2 89.3 88.6 77.2 75.7 67.3 66.6 56.8 55.1 37.4 37.6 
3 87.2 85.9 73.4 68.7 64.0 57.0 55.1 46.6 31.6 23.7 
5 84.7 75.8 71.4 59.0 58.7 40.2 45.0 30.7 31.1 15.3 
10 77.5 58.8 58.2 32.7 40.9 20.9 29.2 15.1 15.2 6.7 
20 43.3 34.0 20.5 15.4 12.6 12.0 9.8 6.5 5.2 5.1 

4.44 White Gaussian Noise  (X-Vertical) 
5 10 15 20 30 

WGN WGN WGN WGN WGN 
1 91.1 91.5 81.2 82.3 72.9 74.4 65.4 68.9 50.2 58.3 
2 91.6 91.4 82.1 82.9 72.2 72.2 61.4 63.3 50.7 50.6 
3 91.6 89.6 80.6 77.1 69.7 66.4 62.2 57.5 46.9 41.5 
5 88.8 83.5 77.4 66.5 67.3 53.4 58.6 42.5 43.4 30.7 
10 81.5 64.6 66.1 46.8 51.3 33.5 43.2 32.0 31.9 31.6 
20 49.5 42.3 35.4 31.5 29.6 27.7 28.6 30.9 31.3 30.5 

4.45 White Gaussian Noise  (7-Horizontal) 
5 10 15 20 30 

WGN WGN WGN WGN WGN 
1 86.4 87.1 74.2 76.9 60.1 66.1 49.3 58.9 31.6 40.2 
2 84.8 85.2 71.8 72.0 58.7 59.8 49.0 47.5 27.3 28.0 
3 83.5 81.6 70.2 63.9 54.5 48.6 44.1 34.3 24.4 19.4 
5 80.5 69.0 64.9 47.0 50.4 32.6 36.9 17.8 18.7 7.5 
10 69.3 44.7 47.8 22.0 27.8 9.2 19.5 4.9 6.7 1.8 
20 28.1 19.9 8.1 4.4 3.4 2.1 1.2 0.9 0.4 0.0 
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4.46 White Gaussian Noise  (H-Horizontal) 
5 10 15 20 30 

WGN WGN WGN WGN WGN 
1 86.6 87.1 73.6 76.2 57.6 61.7 46.1 52.2 31.3 36.9 
2 85.7 86.2 70.9 71.6 57.6 58.8 46.8 46.5 29.0 30.6 
3 84.2 83.1 69.8 66.2 55.0 50.6 43.4 37.9 25.8 19.3 
5 83.8 73.8 66.1 50.8 51.3 35.1 36.7 21.1 21.7 10.4 
10 71.8 51.5 49.0 26.8 32.1 16.3 23.0 13.5 11.4 5.9 
20 33.3 26.5 17.3 10.0 11.5 8.7 6.7 5.1 2.4 3.3 

4.47 White Gaussian Noise  (I-Horizontal) 
5 10 15 20 30 

WGN WGN WGN WGN WGN 
1 87.4 89.6 74.6 79.8 62.7 66.4 52.9 60.1 32.9 43.1 
2 86.2 86.1 72.4 73.2 60.5 59.5 47.4 48.3 29.4 28.7 
3 86.8 84.5 72.5 66.1 59.4 51.5 44.1 38.2 26.7 18.1 
5 82.4 71.1 64.1 44.2 48.5 30.3 39.3 20.0 22.0 9.5 
10 70.6 43.5 47.2 22.0 31.0 12.3 19.2 6.5 8.1 2.9 
20 29.8 24.3 10.0 7.3 3.8 1.9 3.4 1.4 0.6 0.2 

4.48 White Gaussian Noise  (L-Horizontal) 
5 10 15 20 30 

WGN WGN WGN WGN WGN 
1 90.7 87.1 78.4 75.9 69.9 68.5 61.3 57.2 43.9 37.9 
2 90.0 86.2 77.7 72.8 69.5 63.5 58.7 49.1 39.7 32.9 
3 85.7 83.7 77.2 70.4 66.2 55.0 58.1 46.6 42.3 26.5 
5 86.6 78.7 68.2 56.0 62.2 39.9 51.6 29.5 34.4 16.8 
10 79.3 53.6 55.6 33.1 43.2 24.0 36.1 18.7 22.3 20.6 
20 40.7 29.7 27.5 18.0 21.1 16.5 20.8 16.7 18.0 20.4 

4.49 White Gaussian Noise  (O-Horizontal) 
5 10 15 20 30 

WGN WGN WGN WGN WGN 
1 90.4 90.9 83.5 85.4 67.5 76.2 61.8 70.8 49.7 62.8 
2 88.4 88.4 78.8 78.7 72.7 72.6 57.6 59.8 43.4 43.7 
3 88.4 83.8 73.2 70.5 65.4 57.8 55.4 45.4 38.5 33.4 
5 86.8 77.4 75.6 58.5 59.8 44.7 52.0 34.2 31.7 19.5 
10 76.2 54.5 57.0 35.2 42.9 22.4 34.4 18.6 20.0 10.7 
20 40.9 34.5 23.3 18.4 15.4 14.3 11.4 9.7 6.7 4.7 

4.50 White Gaussian Noise  (X-Horizontal) 
5 10 15 20 30 

WGN WGN WGN WGN WGN 
1 85.5 87.1 73.0 75.9 63.3 68.5 52.4 57.2 31.8 37.9 
2 85.7 86.2 72.9 72.8 63.3 63.5 48.2 49.1 31.6 32.9 
3 84.4 83.7 72.2 70.4 59.2 55.0 50.3 46.6 30.4 26.5 
5 84.6 78.7 67.7 56.0 55.8 39.9 43.9 29.5 24.5 16.8 
10 76.1 53.6 55.9 33.1 40.3 24.0 29.4 18.7 18.6 20.6 
20 37.2 29.7 20.9 18.0 18.6 16.5 14.4 16.7 21.3 20.4 
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 200  57.65 %
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4.5  2 

 I, H, L, 

O, X  7 

16

1.

2.

3.

4. ,  (grid) 

4.28  2 



84

 200, 500, 1000, 1500, 2000, 

5000  2  1000 

 logsig, purelin  tansig, logsig, purelin  2 

 2 

White Gaussian Noise  x  y  0 

y  (power)  White Gaussian Noise 

 y 

 x  y 

4.5.1  (  200 )

Hidden node = 200      Function = logsig, purelin 

N/A Epochs      Time trained = N/A sec      Maximum errors = 10-5 

 200 

 10-5 

4.29  200 
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4.5.2  (  500 )

Hidden node = 500      Function = logsig, purelin 

66610 Epochs      Time trained = 2054.104498 sec      Maximum errors = 10-5 

4.51  500 

Vertical Horizontal 
PCB Configuration 

White Gaussian Noise  White Gaussian Noise 

1 98.04 95.27 99.48 97.33 
2 99.82 98.67 99.48 97.37 
3 99.89 98.76 99.84 98.50 
4 98.78 95.73 99.25 97.81 
5 98.89 95.37 99.27 96.88 
6 99.41 98.67 99.25 99.25 
7 99.59 97.87 99.25 96.81 
8 97.99 94.56 99.67 96.93 
9 99.41 96.93 99.79 98.21 

10 99.15 95.63 99.13 96.73 
11 99.46 97.48 99.87 98.54 
12 99.57 97.36 99.67 98.24 
13 99.02 95.88 99.22 96.32 
14 97.63 93.87 98.98 96.47 
15 98.04 93.98 98.91 96.14 
16 99.13 95.91 99.71 97.98 

4.30  500 
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4.5.3  (  1000 )

Hidden node = 1000      Function = logsig, purelin 

17773 Epochs      Time trained = 1629.049708 sec      Maximum errors = 10-5 

4.52  1000 

Vertical Horizontal 
PCB Configuration 

White Gaussian Noise  White Gaussian Noise 

1 94.46 89.16 96.34 91.46 
2 95.90 90.48 95.48 90.18 
3 95.83 91.21 95.98 90.45 
4 95.23 90.04 95.73 90.52 
5 95.10 88.95 95.73 89.65 
6 95.23 89.45 95.37 90.86 
7 96.17 90.91 95.78 90.99 
8 94.79 89.48 95.03 89.98 
9 97.81 93.41 92.71 96.97 

10 94.86 89.47 95.33 89.66 
11 96.38 90.95 97.17 93.24 
12 97.58 92.88 97.28 93.25 
13 95.41 90.33 91.26 95.69 
14 95.70 94.44 92.18 96.62 
15 94.59 89.25 89.43 95.06 
16 95.70 90.38 90.94 96.20 

4.31  1000 
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4.5.4  (  1500 )

Hidden node = 1500      Function = logsig, purelin 

16580 Epochs      Time trained = 1210.575004 sec      Maximum errors = 10-5 

4.53  1500 

Vertical Horizontal 
PCB Configuration 

White Gaussian Noise  White Gaussian Noise 

1 92.33 86.98 95.42 89.06 
2 93.68 89.03 93.23 87.29 
3 93.21 87.89 94.02 88.33 
4 91.41 84.44 93.24 87.27 
5 92.03 85.40 94.23 88.87 
6 94.33 88.80 90.75 85.23 
7 92.82 87.33 91.61 85.28 
8 91.81 85.73 94.51 88.28 
9 88.32 82.35 89.48 83.66 

10 90.95 84.88 94.67 87.97 
11 91.97 86.29 94.09 89.00 
12 93.48 87.56 93.33 87.89 
13 94.95 88.43 94.77 88.73 
14 91.00 84.78 93.59 88.14 
15 91.97 85.94 96.44 90.15 
16 94.93 89.80 92.98 88.58 

4.32  1500 
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4.5.5  (  2000 )

Hidden node = 2000      Function = logsig, purelin 

11827 Epochs      Time trained = 986.376129 sec      Maximum errors = 10-5 

4.54  2000 

Vertical Horizontal 
PCB Configuration 

White Gaussian Noise  White Gaussian Noise 

1 87.60 81.81 90.68 84.86 
2 87.85 82.44 87.32 81.53 
3 88.21 82.13 85.73 79.28 
4 84.92 80.07 82.64 76.93 
5 88.72 83.02 86.53 81.52 
6 88.74 83.63 87.99 83.18 
7 88.21 82.00 85.76 80.22 
8 86.07 79.68 87.73 80.68 
9 90.36 84.36 89.06 83.03 

10 83.03 77.10 84.98 77.16 
11 87.98 81.35 86.01 79.61 
12 91.71 85.86 88.11 81.83 
13 87.48 81.13 87.56 81.79 
14 86.96 81.43 90.92 85.18 
15 85.96 79.19 84.28 78.00 
16 90.43 85.27 87.70 81.68 

4.33  2000 
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4.5.6  (  5000 )

Hidden node = 5000      Function = logsig, purelin 

9642 Epochs      Time trained = 904.372745 sec      Maximum errors = 10-5 

4.55  5000 

Vertical Horizontal 
PCB Configuration 

White Gaussian Noise  White Gaussian Noise 

1 73.33 68.24 73.15 69.03 
2 73.39 69.31 67.81 63.85 
3 72.85 67.98 70.89 77.56 
4 69.19 65.56 68.36 64.55 
5 72.01 69.47 73.15 71.81 
6 70.76 67.11 72.97 67.46 
7 67.13 64.84 61.34 57.83 
8 73.77 68.39 69.89 66.28 
9 66.20 64.35 71.36 65.07 

10 68.33 64.39 67.48 63.43 
11 64.82 62.34 79.30 73.34 
12 75.00 67.61 80.07 75.42 
13 71.85 66.57 72.24 69.23 
14 70.65 68.11 74.18 69.20 
15 71.62 68.09 63.77 60.94 
16 72.88 69.78 78.60 72.52 

4.34  5000 
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4.5.7  (  1000, 1000 )

Hidden node = 1000, 1000      Function = logsig, purelin 

66610 Epochs      Time trained = 6760.923891 sec      Maximum errors = 10-5 

4.56  1000, 1000 

Vertical Horizontal 
PCB Configuration 

White Gaussian Noise  White Gaussian Noise 

1 83.24 79.30 84.38 82.24 
2 83.74 79.95 83.50 79.81 
3 84.45 81.44 83.82 80.59 
4 83.11 80.38 84.58 81.11 
5 83.97 80.62 84.86 83.35 
6 83.72 80.87 82.33 79.57 
7 83.86 80.33 83.90 79.88 
8 83.79 78.80 83.81 81.09 
9 84.37 80.31 83.54 80.42 

10 83.68 79.17 84.00 81.49 
11 84.54 80.86 84.01 82.23 
12 84.43 82.46 83.29 81.10 
13 84.10 80.32 84.69 83.31 
14 83.24 79.27 84.57 82.58 
15 83.96 80.42 84.35 81.29 
16 82.85 78.56 83.86 80.04 

4.35  1000, 1000 
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4.57  Vertical 

White Gaussian Noise
500 98.98 96.37 

1000 95.67 90.67 
1500 92.44 86.60 
2000 87.76 81.90 
5000 70.86 67.00 

1000, 1000 83.81 80.19 

4.58  Horizontal 

White Gaussian Noise
500 99.42 97.46 

1000 94.48 92.54 
1500 93.52 87.73 
2000 87.06 81.03 
5000 71.53 67.97 

1000, 1000 83.96 81.25 

4.59

White Gaussian Noise
500 99.20 96.91 

1000 95.07 91.60 
1500 92.98 87.16 
2000 87.41 81.46 
5000 71.19 67.48 

1000, 1000 83.88 80.72 
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5.1

Best

Worst

Avoid corner shape 
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5.1

 2 

5.1

PCB Configuration Far-field Vertical Horizontal Result 

1

   

2

   

3

   

4

5.1

Better than 

Avoid cross shape 
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5.2 1

PCB Configuration Far-field Vertical Horizontal Result 
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2

   

1

5.3 2

PCB Configuration Far-field Vertical Horizontal Result 
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1
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5.2

5.3 5.2

 2 

 1  3 

5.4

PCB Configuration Far-field Vertical Horizontal Result 

1

   

2

   

3

   

4

5.4
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5.2

1.  100 

 log sigmoid, tangent sigmoid  purelin 

 logsig, purelin  tansig, 

purelin  tansig, logsig  purelin, purelin 

2.  1  2 

 50  2  100  tansig, logsig, purelin 

 purelin, purelin, purelin 

100

 2  27.91% 

3.  100, 200 

500  1  logsig, purelin 

 100 

500

5.3

 (Near-field Scanner) 

 2 

 x  y 
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 1 

 (  1  x 1 )

 ET-BOARD SINGLE BOARD 

MICROCOMPUTER  5.2 

5.2 (a)  ET-BOARD SINGLE BOARD MICROCOMPUTER 

     (b)  ET-BOARD SINGLE BOARD MICROCOMPUTER 

-  (R)     -    (C) 

-  (L)    -    (Keyboard) 

-  (Mosfet)    -    (Transistor) 

-  (Diode)    -    LED 

-  (Crystal)   -    (Switch) 

-  Integrated Circuit (IC)   -    (Speaker) 

-  (Display) -    (Heat Sink) 

-  (Port and Connector) 

(a) (b)
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0   1    2   3   4  5 6   7  8   9 10 11 12 13 14 15 

20

15

10

5

b
a

 ( 5.3)

 15  x 20 

5.3 ET-BOARD SINGLE BOARD MICROCOMPUTER 

5.4 (a) 

              (b) 

0

0

(a) (b)
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 (Crystal) 

5.3, 5.4(a)  4a-13b

5.3, 5.4(a)  1a-2b

 1a-19b

 (Keyboard)  (Display) 

3a-1b  15a-8b  4a-8b  12a-10b

 2 

13a-20b  14a-19b 5.3, 5.4(a) 

 EMC 

,

 EMC 
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