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The objective of this research is to study 3 methods; namely multiple linear 
regression, feed-forward artificial neural network and genetic algorithm for predicting quantity 
of organic matter. Soil samples were selected from fruit farming agricultural area in Nakhon 
Pathom, Samut Sakhon and Samut Songkram. Soil samples were measured 17 soil 
properties used as independent variables. In order to reduce numbers of independent 
variables and eliminate data multicolinearity, Principal Component Analysis were used. The 
models with 5 principal components such as PC1, PC2, PC3, PC4 and PC5 accounted for 
75.8% of total variance were performed. The evaluations of performance of models were 
measured by performance indexes which are AI, RMSE, MBE and MAE.

The performance indexes from multiple linear regression model are 0.97, 0.27, -
0.11 and 0.23, respectively. The performance indexes from feed-forward artificial neural 
network model are 0.99, 0.24, -0.17 and 0.22, respectively. The performance indexes from 
genetic algorithm model are 0.99, 0.11, -0.03 and 0.09, respectively. The result show that 
genetic algorithm model is better than multiple linear regression and feed-forward artificial 
neural network model for predicting soil organic matter.

Department of Statistics          Graduate School, Silpakorn University       Academic Year 2009 
Student's signature ........................................
Thesis Advisor's signature ........................................ 



.

.

.

.

“

: ”



 ....................................................................................................................  

 ...............................................................................................................  

 .....................................................................................................................  

 ............................................................................................................................  

 ...............................................................................................................................

   1  .............................................................................................................................  1 

 ................................................................  1

 ....................................................................................  3

 ........................................................................................  4

 ...........................................................................................  4

 ..................................................................................................  4

 ...................................................................................  5

 ...................................................................................................  5

   2  ..................................................................................  7 

 .............................................................................  7

 .................................................  7

 ..................................  8

 .................................................................  10

 .....................................................................................  11

 ..................................................  11

 ........................................................  13

 ................................................................................................  13

 .........................................................................................................  13

 ............................................................................  14

 ......................................................  15

 ...................................................................  15

 .................................................................................................  20



 ........................................................................................................  21

 .....................................................................................  21

 ..............................................................................................  21

 ......................................................  22

 ..................................................  23

 .........................................................................  23

 ..................................................................................  25

 .............................................................................  25

 .........................................................................  25

 ...........................................................................................  29

 ..............................................  29

 .........................................................................................  30

   3  ...........................................................................................................  36

 ....................................................................................  36

 ...........................................................................................  37

 .................................................  39 

 .  40

 ...............................................................  43

 ................................................................................  47

   4  .....................................................................................................................  48 

1  ..............  

 ....................................................................................  48

2  .........................  52 

 ................................................  52

  54

 ..............................................................  57

 ................  59

   5  ..............................................................  62

 .................................................................  62



 ........................................  63

 ............................................................................................................  64

 ................................................................................................  65

 .......................................................................................  66

 ............................................................................................................................. 66

 ..................................................................................................................................  70

 ..............................  71

 ..............................................................................................................................  81



 1              

                          95% ................................................................................       45 

 2               ..................       49 

 3               5  .............       51 

 4               ...........................       52 

 5               .....       53 

 6               ......       54 

 7               ................        

 ...............................................................       55 

 8               ....        

 ...............................................................       57 

 9               ........................................       57 

 10             ..........................       58 

 11             ....................       59 

 12             3  .......................................       60 

 13             (MLR)

                           (FANN)

                          (GA) ..................................................................       61 



 1               ....................................................................       12 

 2               ................................................       15 

 3               (Unsupervised Learning) ......................       16 

 4               (Supervised Learning) ...............................       17 

 5               ...............................................................       19 

 6               Over fitting ...............................................................................................       20 

 7               ....................................................................       25 

 8               One-point crossover ......................................................................       27 

 9               Two-point crossover .....................................................................       28 

 10            ....................................................................................       28 

 11             .................................................................................       37 

 12             ............................................       40 

 13             FANN .........................................................................       42 

 14             .............................................................................       43 

 15             ..................       46 

 16             ..........................................................       47 

 17            Scree plot  ..................................................       50 

 18            

                           MLR  .....................................       53 

 19             FANN ...............       55 

 20            

                           FANN  ...................................       56 

 21            

                           GA  ........................................       58 

 22            

                           MLR, ANN  GA  ............       60 

 23             MLR, FANN  GA .......       63 



1

 1 

 (Sousa et al. 2007 : 97-

103)  (Yang et al. 

2006 : 213-219) 

 (Ingleby and Crowe 2000 : 57-63) 

(Ingleby and Crowe 2001 : 7.1-7.5) 

 (Jung Yi Kim et al. 2005 : 6942-6945, Song et al. 2005 : 

487-495)  (Erenturk 2007 : 905-912)  (Rurkhamet 

1998 : 21-28) 

 Ingleby 

Crowe  (Ingleby and Crowe 2001 : 7.1-7.5) 

 (Eskandari, Rewaee and Mohammadnia 2004: 40-48 ; Pao 2008: 720-727)  
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 Ingleby  Crowe  (Ingleby and Crowe 2001 : 57-63) 

(  2002)  (Karunaka and Datta 2007 : 58-66 ; 

Yang and Gell 2006 : 213-219) 

 (  2548) 

 (Organic Matter: OM) 

 (Stevenson 1994) 

 (CEC) 

 (Organic Matter) 
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 3 

(Principal Component Analysis)  (Collinearity) 

 (Multiple Linear Regression: MLR) 

   

 (Feed-forward Artificial Neuron Network: FANN)  

 (Yang 

et al. 2006 :  213-219) 

 (Genetic Algorithm: GA) 

 (Performance Indexes)  

1.
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2.

2.1

2.2

2.3

1.

 3 

 58  “

 : ”

2.

(MLR)  (Stepwise multiple regression) 

 (FANN) 

 (GA) 

 4 

1.
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2.

3.

4.

1.

2.

3.

1.  (Organic Matter) 

,

 3 

1.1

1.2
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1.3 -

-

2.  (Performance indexes) 

2.1  (Index of Agreement : IA) 

 1

2

1

2

1

ˆ( )

. . 1
ˆ( )

n

i i

i

n

i i

i

Y Y

I A

Y Y Y Y

  (1) 

2.2  (Root Mean Square Error: 

RMSE)  0 

2

1

1 ˆ( )
n

i i

i

RMSE Y Y
n

     (2) 

2.3  (Mean Bias Error: MBE) 

 0 

1

1 ˆ( )
n

i i

i

MBE Y Y
n

     (3) 

2.4  (Mean Absolute Error: MAE) 

 0 

1

1 ˆ
n

i i

i

MAE Y Y
n

     (4) 

iY

ˆ
iY

Y

n
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 2 

1.  (Principal Component Analysis) 

2.  (Multiple Linear Regression: MLR) 

3.  (Artificial Neural Network) 

4.  (Genetic Algorithm) 

5.

 (Principal Component Analysis: PCA)  (

2551: 182-191) 

p m

m  p

p p

iPC i ; i=1, 2,…, p iPC
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x 1 2[ , ,..., ]pX X X

 (eigenvalue) 1 2 ... 0p

1 2, ,..., pX X X  1

1PC
1

w x 11 1 21 2 1... p pw X w X w X

2PC
2

w x 21 1 22 2 2... p pw X w X w X

                  

kPC w'px 21 1 22 2 2... p pw X w X w X     

( )iVar PC = w'i wi , 1, 2,...,i p

( , )i kCov PC PC = w'i wi ; , , 1, 2,...,i k i k p

1 2, ,..., kPC PC PC p wij

Xij iPC 1 2, ,..., kPC PC PC

1PC  1  1 

 Var( 1PC ) = w'i wi

1PC =
1

w x  Var( 1w x ) 1 1w w = 1 

1 1
w w 2 2 2

11 12 1... 1pw w w

2PC =  2 1 2, ,..., pX X X = 2w x  Var ( 2w x )

2 2w w = 1 Cov 1 2( , )w x w x 1 2( , ) 0Cov PC PC 1PC

2PC

kPC = k
1 2, ,..., pX X X = w'kx  Var(w'kx)

w'kwk = 1 Cov (w'kx, w'ix) = 0 i < k kPC

iPC i < k

iPC jPC  (i j)
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iPC Xj

 (loading) 

 (  +1  -1) 

1Z 11 1 11 2 1... p pl PC l PC l PC

2Z
22 1 22 2 2... p pl PC l PC l PC

           

Zp 1 2 2 2 ...p p pp pl PC l PC l PC

       

Zj Xj ; j = 1, 2,…, p

 PCA 

Bartlett’s sphericity  Bartlett  Sphericity test 

 p 

 Bartlett’s sphericity 

 (
2
)  ( R )

 (5) 

2 2( 5)
( 1)

6

p
n ln R     (5) 

2 1
( 1)

2
p p    

ln R  log R

p

n
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R

 6 

1

p

i

i

R        (6) 

i
i ; i= 1,2,…,p

 (

 ( R I ) R I

 1 R  -1 ln R
2

 H0

ln R
2

 H0

 (Multiple Regression Analysis) 

k  ( 1 2 kX , X ,..., X ) Y

Y
1 2 kX , X ,..., X

 (7) 

1 20 1 2 k kY =  + X  + X  + ... + X + e   (7) 

Y  (Dependent Variable) Y X

X  (Independent Variable) 

0  Y  Y 01 2 kX =X =...= X

1 2, ,..., k  (Partial Regression Coefficient)



11

i
Y

iX  1 

X
i b

i 0 a

 (8)

1 21 2 k kŶ = a + b X  + b X  + ... + b X    (8)            

Ŷ Y

ˆe Y Y

i bi 0 a  (Least Square 

Method) a, b1, b2,...,bk

2 2

1

ˆ( )
n

i i

i

e Y Y

 (Artificial neural network)  (  2550 : 

13-22)

 (Lippmann 1987 : 4-22) 

 ( )

 (Klimasauskas 1993 : 47-72) 

 (Flood and Kartam 1994 : 149-162) 

 Lippmann (Lippmann 1987)  Kireetoh (Kireetoh 1995) 

 " " (Dendrite) 
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 " " (Axon)  1 

 1 

 : , “

 PM10 

” (

, 2550), 14. 

 (Artificial Intelligence) 

 (Lippmann 1987:4-22, Klimasauskas 1993: 47-72, Medsker et al. 1993: 3-26) 
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5 , , ,

 (Adeli 1992: 1-10)  Elazouni et al. (1997) 

 3  1)  2)  3) 

 2 

 3  1)  2) 

 3) 

 2  (Smith, 1993) 

 predictiveness  covariance 

 2 

 (sensitive)  over 

fitting  limit generalization 

 (Wu and Lim 1993: 61-66) 

 (Hidden Layer)

 1 
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 (Lippmann 1987: 4-22) 

 (Back-

propagation)

(Karunasekera, 1992) 

 over fitting 

 noise 

 (Smith, 1993)

 (Khan, Topping and Bahreininejad 1993: 81-94) Berke  Hajela 

(1991)

  Soemardi (1996) 

75

 75 

 (Weights and biases)

 ( )

 (Medsker et al. 1993: 3-26) 
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 (Summation and transfer function)

 (Input) 

 2 

 (N)  (Output) 

 f(N)  1)  2) 

 N  (Smith 1993) 

 2

 : Simon Haykin, Neural Networks: A Comprehensive Foundation, 2nd ed. (New York : 

Prentice Hall, 1998), 11. 

 (Training or Learning) 

 3  1)  2)  3) 

 (Medsker et al 1993: 3-26) 
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 (Klimasauskas 1993: 47-72) 

 Bhokha (1998) 

 Klimasauskas (1993) 

(Mean square error)  Lippmann (1987)  Smith (1993)

 2 

 (unsupervised training)  Kohonen (1984) 

 3  (Unsupervised Learning)

 : Artificial Neural Network [Online], accessed 20 November 2009. Available from  

http://202.28.94.55/web/320417/2548/work1/g26/Files/Report_Neural%20Network.doc
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 (supervised training)

 4  (Supervised Learning)  

 : Artificial Neural Network [Online], accessed 20 November 2009. Available from  

http://202.28.94.55/web/320417/2548/work1/g26/Files/Report_Neural%20Network.doc

feed forward back propagation neural network 

 (multilayer feed forward) (Bhokha 1998)  5 

 (w) 
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 output 

 9 – 13 

w  = w  + w       (9) 

 Output layer 

i k k jk o
w y (t z )f '(net )      (10) 

k k k jk o
( t z )f '(net )

k i
w y        (11) 

 Hidden layer 

1156

i ij h k k jk
w x f '(net ) w      (12) 

j ij h k k jk
f '(net ) w

j i
w x        (13)

  h = 

o = 

wij = 

wjk = 

xi = 

yj =  ( )

zk =  ( )

tk = 

=
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 5 

 : , “

 PM10 

” (

, 2550), 20. 

 Levenberg –Maquardt back propagation 

 100  Hessian matrix 

overfitting  bad local minima (Matignon , 2007) 

 Levenberg-Maquardt (Adineh  2008 : 1000-1007) 

Newton  Hessian 

 Hessian matrix 

(error index)  (quardratic 

function)  Newton 

 back propagation  Levenberg-

Maquardt  14 
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1 1k k T T

x x ( J J I ) J e    (14)

x
k+1

x
k

J
T
J  Hessian Matrix 

I  (Identity Matrix)     

J
T
e  gradient e

 (Stop training) 

 2  1) 

(Epochs) 2)  (error)  (Bhokha, 1998) Carpenter (1993) 

 20,000  100,000 

 (Khan et al. 1993 : 81-

94)  Over fitting 

 6  

 (Bhokha,1998) 

 6  over fitting 

 : , “

 PM10 

” (

, 2550), 21. 
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 (Samples) 

 Yeh  

et al. (1993)  3  1) 

2)  3)  2 

 (Training set)  (Test set) Klimasauskas (1993) 

 5 

 (Testing) 

Smith (1993) 

 (Training set) 

 (Test set) 

 2 

-  2  (McKim et al. 1996 : 247-256) 

(system error) 

 - 

 (Genetic algorithm: GA) (  2002 : 69-83) 

 “ ”



22

 GA 

 3 

1.  (Selection) 

2.  (Genetic operation) 

3.  (Replacement) 

 GA 

 GA 

 GA 

1.  (random)

2.

 GA 

3.  GA 

4.
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5.

6.  3 

7.  5 

8.  2 

 5 

1.  (Chromosome encoding) 

 (Chromosome)

2.  (Initial Population) 

3.  (Fitness Function) 

4.  (Genetic operation) 

 GA  (Selection), 

 (Crossover)  (Mutation) 

5.  (Parameter)  GA 

,

 (Chromosome Encoding) 
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Permutation Encoding  Permutation encoding 

 travelling salesman 

permutation encoding  (string number) 

A : 1 5 3 2 6 4 7 9 8

 B : 8 5 6 7 2 3 1 4 9

 Crossover 

 mutation 

 Travelling Salesman 

Valued Encoding  Direct Encoding 

valued encoding  binary encoding 

A : 1.2324 5.3243 0.4556 2.3293 2.4545

 B : ABCSGTHIMNASBVFRTOIUCEUDSAG

 C : (back), (back), (right), (left), (left) 

 valued encoding 

 (neural network) 
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Tree Encoding  GA 

 (node)  LISP  7

A  B 

( + X  (  / 7 y ) ) ( do_until  step  wall ) 

 7 

 (Initial Population) 

 GA 

 (Fitness Function) 

 (Genetic operation) 

 (Genetic operation) 

GA  3 

1.  (Selection) 

+

X /

7

do until

step wall
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 (Roulette Wheel) 

 (ranking) 

 (Elitism) 

 (Tournament Selection) 

 (  2 

)

2.  (Crossover) 

 (Crossover)  (Recombination 

operator)

 (Pc)

 (Single-Point Crossover)
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 8

 8  one-point crossover 

 : , “  1,”  9, 1 

( -  2545) : 69-83. 

 (Two-Point Crossover) 

 10  3 

 (Uniform Crossover) 

 9 
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 9  two-point crossover 

 : , “  1,”  9, 1 

( -  2545) : 69-83.

3.  (Mutation) 

 (Mutation) 

 10 

1 1 0 0 0 1 1 0 1

1 1 0 0 1 1 1 0 1

 10 

 : , “  1,”  9, 1 

( -  2545) : 69-83. 

 GA 
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 GA 

 (Parameter)

 (Parameter)  GA  3 

 (Crossover Probability)  0-100 

 crossover 

 60-95%  (0%) 

 (parent) 

 60% 

 (Mutation Probability)  0-100 

 0.5-

1%  GA 

random search

 (Population size)

 GA 

 20-30  50-100 

 GA 

-

-

-

 95
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 (2545) 

 (Training 

set)  (Validation set)  (Test set) 

(Back prorogation Neural Network) 3  6 3 1 

 (tansig)  (transfer function)

Somsong et al. (1997) 

 1)  (GDP) 2) 

 (money supply) 3)  (interest rate) 4)  (number of 

branches of commercial banks)  5)  (loan)  (bank deposit) 

 GA  2 loop
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The genetic forecasting loop  minimize error 

 minimize  average pattern error

Pattern learning loop 

 GA 

Population size: 30

Crossover rate: 1 

Mutation rate: 0.01

Number of crossing sites: 1 

Number of best individuals passed on the next generation: 2 

 3  (input node) 5 

 7  1 

 ANN 

 8.29  GA  5.07  ANN 

 GA 

Ingleby and Crowe (2001) 

 Saskatchewan 

 1) 

 2)  SSE 

 multi-layer feedforward  5  10 

 1  log-sigmoid transfer function 

 linear transfer function  5, 10, 15 

20  Levenberg-Maquadt  back propagation 
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 Ingleby 

 Crowe (2000) 

 Saskatchewan 

 SSE  Outlook 

 4  SSE  0.67 

 SSE  Outlook  4  SSE  1.56 

Merdun et al. (2005)

 (particle-size distribution)  (bulk 

density)  (pore size) 

(artificial neural network)  (multiple linear regression) 

 195 

 130 

95   (pedotransfer functions : PTFs) 

 (R
2
)

 (RMSE) 

 (p > 0.05) 

 R
2

 0.637  0.979  RMSE 

 0.013  0.938  R
2

 0.444  0.952 

 RMSE  0.020  3.551 

 algorithm 
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Sousa et al. (2006) 

(O3),  (NO),  (NO2),  (T), 

 (WV)  (RH) 

 (Mulitple Linear Regression : MLR) 

 (Feed-forward Artificial Neural Network : FANN) 

 (Principal Component Regression : PCR) 

 (Principal Component Feed-forward Artificial Neural Network : PC-FANN) 

 2-6 

 MLR  FANN  FANN 

 PC-FANN 

PCR  5 

Karunakar and Datta (2007) 

 1)  (Green compress strength) 2)  (Green shear 

strength) 3)  (Permeability) 4)  (Dry compression 

strength) 5)  (Dry shear strength) 

 1)  grain  2)  3)  4) 

Mulled time 5) Hardness  back 
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propagation algorithm 

 5  crossover  1.0 

 mutation  0.0  81  objective function 

 (Performance Index : PI)

Thomas  et al. (2008) 

 4 

5  10  4  1)  (Linear 

Regression Analysis: LRA) 2)  (Genetic Algorithm: GA) 3) 

 (GA-LRA) 4) 

 (GA-LRA with Adaptive Mutation Rate: GA-

LRA  with AMR)  10 

 PUBH, LAND, UER, PROIN, HIS, GDP, GCON, HCPI, HSTOCK, GCE 

 LRA  stepwise 

regression analysis  GA-LRA 

 all possible regression

 LRA  5  10 

 GA 

 LRA  GA-LRA  LRA 
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 GA   GA-LRA with AMR  local optima 

 4  1) 

LRA  2)  GA 

 3)  GA 

 4)  GA 
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 3

 3 

 5 

 1 

 2 

 3  52 

 6 

 52 

 46  6 

 4 

 3 



37

 5  3 

 6  AI, 

RMSE, MBE  MAE

 11 

 11 

1.

 58  3 
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2.  (Organic Matter) 

3.  17 

(Aluminium: Al),  (Manganese: Mn),   (Iron: Fe),  (Chromium: Cr), 

 (Magnesium: Mg),  (Zinc: Zn),  (Cupper: Cu),  (Lead: Pb), 

  (Potassium: K),   (Sodium: Na),  (Calcium: Ca),   (Fulvic 

Acid: FA),  (Humic Acid : HA),  (Cation exchange capacity: 

CEC),  (Percent clay: %clay),  (TN)  (OC) 

3.1  (mg/g soil)

3.2   (mg/g soil) 

3.3   (mg/g soil) 

3.4   (mg/g soil) 

3.5   (mg/g soil) 

3.6   (mg/g soil) 

3.7   (mg/g soil) 

3.8   (mg/g soil) 

3.9  (mg/g soil) 

3.10   (mg/g soil) 

3.11   (mg/g soil) 

3.12   (mg/g soil) 

3.13   (mg/g soil) 

3.14   (cmol/Kg) 

3.15   (%) 

3.16  (%) 

3.17  (%) 
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 (

)  ( )

(Stepwise multiple regression) 

 5 

 3 

 (training set)  (validation set) 

 (test set) 

 80, 10  10  46, 6   6 

 (IA), 

 (RMSE),  (MBE) 

(MAE)  12 



40

 12 

 5 

 3  (training set) 

 (validation set) 
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 (test set) 

80, 10  10  46, 6  6 

 3 

 4 

 (feed-forward artificial neural network) 

 Levenberg-Maquardt back-

propagation algorithm  Sigmoid  Tangent Hyperbolic Function 

 Sigmoid  Tangent Hyperbolic Function  15 

( )
x x

x x

e e
f x

e e
     Range (-1, 1)     (15) 

 (training set) 

 (validation set)  

 (IA), 

(RMSE),  (MBE)  (MAE) 

 13
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 13  FANN 

 :  Jiang Dahe et al., "Progress in developing an ANN model for air pollution 

index forecast," Atmospheric Environment 38, 40 (December 2004) : 7055-7064. 



43

 (Initial Population)

 52

 (Chromosome encoding) 

 (Chromosome) 

 value encoding 

 52  52 

 (fitness value) 

 14

 14 

(Objective function) 
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(Minimization)  (Fitness Function) 

 (Root Mean Square Error: RMSE) 

2

1

1 ˆmin ( )
n

i i

i

RMSE Y Y
n

   

iY  i = 1,2,…,n 

   ˆ
iY  i = 1,2,…,n 

    n    

 (Genetic operation)  GA 

 (Selection)

 (Tournament Selection) 

 (Crossover)

 (Pc)

 0.85 

(Single-Point Crossover) 

 (Mutation)

 GA 

 (Pm)
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 (Parameters) 

Population size   52 

Probability of Crossover  0.85 

Probability of Mutation   0.00 

Replacement    steady state 

Selection   tournament (size = 10) 

Maximum Generation  100 

 (Bounds) 

 52 

(Enter multiple regression)  95% 

 1 

 1  95%

b0 2.376 2.496

b1 0.104 0.159

b2 0.319 0.391

b3 -0.091 -0.008

b4 -0.037 0.049

b5 -0.238 -0.123

 52   (Tournament) 

 10  (Parent)  
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 0.85 

 (Offspring)  2 

 Negative Tournament 

 10 

 52 

 (Generation) 

 100 

 15 

 16 

 15 
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 16 

 :  Kucuk Ilker and Naim Derebasi, "Prediction of power losses in transformer 

cores using feed forward neural network and genetic algorithm," Measurement 39, 7 (August 

2006) : 607. 

 SAS (Statistical Analysis System) 

 JAVA
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 4 

 2 

 2  (1) 

,

 (2) 

 1 

 58 

 17 , , , , , ,

, , , , ,  mg/ 

g soil  cmol/Kg  ,

 (%) 

 7929.24   34947.96 

14163.40  4137.62  11810.52 

  28602.88  19846.78  3394.37 

 2
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 2 

( )

1)    (mg/g soil) 7929.24 34947.96 14163.40 4137.62

2)  (mg/g soil) 190.15 2180.88 836.92 394.33

3)  (mg/g soil) 11810.52 28602.88 19846.78 3394.37

4)  (mg/g soil) 13.27 48.71 22.40 4.98

5)  (mg/g soil) 1270.10 5717.70 3131.85 820.79

6)  (mg/g soil) 31.36 114.10 60.78 19.91

7)  (mg/g soil) 11.47 267.44 39.49 42.46

8)  (mg/g soil) 24.01 61.38 37.83 8.33

9) (mg/g soil) 747.57 4831.45 2167.00 746.72

10)  (mg/g soil) 437.32 5101.70 1697.41 643.47

11)  (mg/g soil) 3957.08 16816.74 12475.71 2567.58

12)  (mg/g soil) 10.65 609.80 151.60 113.61

13)  (mg/g soil) 6.57 49.47 32.91 12.24

14)  (CEC) (cmol/Kg) 14.73 34.29 24.68 4.79

15)  (%) 14.27 87.87 44.28 15.21

16)  (%) 0.07 0.22 0.14 0.04

17)  (%) 0.70 2.32 1.41 0.42

(Data preprocessing) 

 (Principal Component Analysis: PCA) 

 PCA  Bartlett’s 

sphericity



50

H
0
 : 

H
1
 : 

 Bartlett’s sphericity  681.672 

(p-value = .000)  PCA 

 1  5 

 1 (PC1)  5 (PC5) 

 75.81%  6 (PC6)  17 (PC17) 

 24.19%  5 

 17 

 17 Scree plot 

PC1, PC2, PC3, PC4  PC5 

 75.81% 
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 (eigenvalues)  5  PCA 

 0.40  1  

,  2 , ,

 3 , ,

 4 ,

 5 ,

 5  3 

 3  5 

PC1 PC2 PC3 PC4 PC5

 ( Al) 0.946 0.042 0.090 0.022 0.014

 ( Mn) -0.076 -0.071 0.236 0.788 -0.114

 (Fe) 0.775 0.017 -0.339 0.316 0.012

 (Cr) 0.937 -0.058 -0.086 0.007 0.158

 ( Mg) 0.109 0.013 -0.166 0.874 0.179

 ( Zn) 0.535 0.649 -0.020 -0.061 0.006

 (Cu) -0.042 0.268 0.547 -0.278 0.271

 ( Pb) 0.442 0.109 -0.669 0.206 0.208

 (K) 0.377 0.191 -0.299 0.306 0.611

 (Na) 0.291 0.009 -0.071 0.672 0.293

 (Ca) -0.240 0.653 0.084 0.323 -0.054

 (FA) 0.022 0.310 -0.226 0.016 0.812

 (HA) 0.028 0.039 -0.042 0.104 0.794

 (CEC) -0.125 0.022 0.775 0.091 -0.302

 (% clay) 0.093 -0.037 0.858 0.157 -0.131

 (TN) 0.117 0.879 0.014 -0.142 0.324

(OC) -0.006 0.931 -0.024 -0.092 0.190

4.766 2.868 2.135 2.009 1.108

0.280 0.449 0.575 0.693 0.758
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 2 

 2  (1) 

 (2) 

,

 58 

 (training set)  52 

 (test set)  6  29, 33, 34, 48, 50 

 52 

 MLR  (Stepwise 

multiple regression)  (R
2
)

89%  16 

 4

1 2 5Ŷ = 2.423 + 0.135PC  + 0.367PC  -  0.184PC     (16) 

 4 

Model Constant  PC1 PC2 PC5

Parameter estimate  2.423 0.135 0.367 -0.184 

Standard error 0.034 0.015 0.020 0.030 
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 5 

 18 

 5 

1 1.9477 1.7296

2 3.6756 3.5493

3 2.5483 2.0695

4 3.1388 3.1084

5 2.4351 2.7770

6 2.2166 2.0418

 18 

 MLR 
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 (IA) 

 1 

 0.97 

 (RMSE),  (MBE) 

(MAE)  0  0.27, -0.11 

 0.23 

 6 

 6 

 MLR 

AI 0.97

RMSE 0.27

MBE -0.11

MAE 0.23

 5 

 3  1 

 4 

 19 

 7 

 20



55

 19  FANN 

 7

1 1.9477 1.7872

2 3.6756 3.4354

3 2.5483 2.1539

4 3.1388 3.0072

5 2.4351 2.5659

6 2.2166 1.9595
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 20

 FANN 

 (IA) 

 1 

 0.99 

 (RMSE),  (MBE) 

(MAE)  0  0.24, -0.17 

 0.22 

 8 
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 8 

 FANN 

AI 0.99

RMSE 0.24

MBE -0.17

MAE 0.22

 17

1 2 3 4 5
ˆ 2.440 0.117 0.367 0.809 0.047 0.160Y PC PC PC PC PC  (17) 

 9 

b0 2.440 

b1 0.117 

b2 0.367 

b3 -0.089 

b4 0.047 

b5 -0.160 

 9 

 b3  b4
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 10 

 21 

  10

1 1.9477 1.9264

2 3.6756 3.6401

3 2.5483 2.4262

4 3.1388 3.0152

5 2.4351 2.6354

6 2.2166 2.1645

 21 

 GA 
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 (IA) 

 1 

 0.99 

 (RMSE),  (MBE) 

(MAE)  0  0.11, -0.03 

 0.09 

 11 

 11 

 GA 

AI 0.99

RMSE 0.11

MBE -0.03

MAE 0.09

 6 

 3  12 

 22 
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 12  3 

MLR FANN GA

1 1.9477 1.7296 1.7872 1.9264

2 3.6756 3.5493 3.4354 3.6401

3 2.5483 2.0695 2.1539 2.4262

4 3.1388 3.1084 3.0072 3.0152

5 2.4351 2.7770 2.5659 2.6354

6 2.2166 2.0418 1.9595 2.1645

 22 

 MLR, FANN  GA 

 AI  1  FANN  GA 
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 0.99  MLR  0.97 

 RMSE  MAE  0

 GA  0.11  0.09 

 FANN  0.24  0.22  MLR 

 0.27  0.23  MBE 

 GA  -0.03 

MLR  -0.11  FANN 

-0.17  3  13 

 13  (MLR) 

 (FANN)  (GA) 

MLR FANN GA

AI 0.97 0.99 0.99

RMSE 0.27 0.24 0.11

MBE -0.11 -0.17 -0.03

MAE 0.23 0.22 0.09
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 5 

 3 

 58  17 

 (Data preprocessing) 

 PCA 

 (Multicollinearity) 

 3 

 17 

 1  5 

75.81%  5 
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 AI 

FANN  GA  RMSE  MAE 

 GA  MBE 

 GA 

 23 

 23  MLR, FANN  GA 
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 (Data preprocessing) 

 (over 

fitting)

 (trial and error ) 
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1.

 (Lavenberg Maquard Algorithm) 

 (Backpropagation Algorithm) 

2.
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