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1 - Mcculloch 
2 - Pitts 
3 - Learning 
4- Training 
5- Synaptic weights 
6 - sensory 
7 - Responding 
8 - Hidden 
9 - learning 
10 - Training 
11 - Test set 
12- Target 
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)(: grwi�;  {�/» 7Z"�s É,� �" Ã| Z¼ÌIZ" NZ3 *&, 
)(: grwt@#Z»&G {�/» ' /¼  �2 �{ Ã|> {�3 NZ3 8( *&, 

'" ,|#{�= [Zb$ Y Ê<{Z05 c�/� '" '( 'K4  '� �{ |/< �Y|4» , Ê-#Z»&G c�( �2 �{ Ê &, 1ÌH ZÌ» �KI '^�Zv» ÉY�" 
, |»G )�{|#{�= Ê<� » c�( �2 �{ Ê &, 1ÌH ZÌ» �KI Ã|9#Z¼  *Y/9� '" �#{Z4» 1#Y 1ÌH ZÌ» �Y|4» .E# &Y É�Y{�" ' /¼  )%+

"/R [ZIÊ5050|#{�= Ã{ZA$�Y É�$» Ê$ Z� .NZ3 &Y É�Y{�" ' /¼  J¼�10Z515{/" �$» Ê$ Z� .
Z»&G 1#Y �{ '$<� �Z( '" ÉZ2 EPY {Z "Y ÉY�Y{ cZ-#5050{/" Ê» �$» Ê$ Z� .'( {/" Ê» �¸< , [/R &Y Z2 EPY ' |" U9+

)<�= Ê» �Y�I É�¸< Ê¸�Y Ê�Z> E# É,� �".OÌ5�5 '" '$<� �Z( '" ÉZ2 EPY xY�/� Ã&Y| Y50,5/31,20,5/12{/" �$» Ê¸Ì» 
| {/" c"�» 8°> '" '( ., É�Ì= Ã&Y| Y )%+ )I{ Z" ,&Y�5 E# &Y Z2 EPY É,� �" Ã| Z¼ÌIZ" NZ3 *&10|> Ã{ZA$�Y L�= .QK�

 {Z "Y ÉY�Y{ cZ-#Z»&G 1#Y �{ Ã{ZA$�Y {�/» ÉZ2 c�(403{/" Ê» �$» .h�K» É,�-Ì^ ÉZ2 )��� )v� &Y *Z9Ì¼?Y )%+
 '¸�Z< , Ã >20" {�/» Ã{,|v» *Y/9� '" c�( �2 Ê ZÌ» É�$» )<�= �Y�I �;  |» cZ-#Z»&G �{ Ê��� .1#Y �{ '$<� �Z( '" �Y,{ �¸Ì5

|#{�= Ê» 80$» �/$(Y�5 '" )�<G c�/� '" '( {/" �Y/� j/  &Y , JÌ4v5 .cZsZ" �{ É&�/(Z3 cZÌ¸¼� LZW Y )%+ �¸Ì5 7|» 1#Y &Y
{{�= Ê» Ã{ZA$�Y '$�^ .ÉY�Y{ �¸Ì5 1#Y6ÉY�Y{ l M< �2 , l M< 4j/  &Y 'uÌ5 7Y ÉZ2 'uÌ5–{/" 8°> ., l M< ,{ 1Ì" '¸�Z<

18 , ' |" Z5 Ê#Z%$ Y l M< '¸�Z< , �$» Ê$ Z� 10{/" �$» Ê$ Z� .,� ,{ �¸Ì5 7|» 1#Y *{/" )�<G {�� �6(Y|X90{/" �$» Ê$ Z� .
{/" Ê9> )¸Ì� j/  &Y NZ3 )<Z".{/" {,�$R *Z$��%> ,cZ-#Z»&G ÉY�+Y '4K9» .cZ-#Z»&G LZW Y &Y U^ Ã|»G )�{ '" ÉZ2 Ã{Y{ ,

)<�= �Y�I @ Z#�Y, '#�W5 {�/» ., Ã|> h�K» 8»Y/� �ÌYZ5 )v5 NZ3 *|> {�3 *Y�Ì» Ê9Ì" @Ì^ )%+54'" ÉZ2 Ã{Y{ &Y É�� 
{�Ì= LZW Y 7|» �{ f&/»G |9#G�< Z5 |#{�= {�Y, Ê^0� '°^> 7|» '" É{,�, ÉZ2 Ã{Y{ *Y/9� '" cZ-#Z»&G �{ Ã|»G )�{ ., UV�

18Y É�� |> Ã{ZA$�Y Ê^0� '°^> f,� {�"�Z( )v� Ê���" )%+ ,|#{�= É�Ì= Ã&Y| Y cZ-#Z»&G LZH92 �{ '( Z2 Ã{Y{ &.1#|"
 '" ,7|» ÉY�+Y &Y U^ '»Z �" Ê+,�3 , |#{�= Ê^0� '°^> 7|» {�Y, cZ-#Z»&G �{ Ã|> É�Ì= Ã&Y| Y ÉZ2�$»Y�Z^ �#{Z4» '( OÌ5�5

|»G )�{ .»G )�{ '" �Y|4» Z" Ê+,�3 �Y|4»|> '^�Zv» @#Z»&G ÉZK3 *Y�Ì» , |#{�= '�#Z4» cZ-#Z»&G �{ Ã| .�" �Z( )%+{
�Y�<Y L�  &Y ,Ê�/90» Ê^0� '°^> f,�MATLAB|> Ã{ZA$�Y .Y�"Y �Y/  *Y/9� )v5 &Y�"Y �Y/  E# ,�Y�<Y L�  1#Y �{�'°^> 

1 MWD (Median Weight Diameter ) 
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Ê^0�1" �Z( Z5 Ã|#{�= Ã{Z»G �¼ Ã{ZA$�Y Ê^0� '°^> |$» &Y | Y/$" Ê$XY� '" |#Z .)%+ JÌ4v5 1#Y �{ Ã|> Ã{ZA$�Y '°^> j/ 
 ,ZK3 @2Z( , �5 JÌI{ Ê#Z%"Y/+ '" 7/0XGeneralized Regression Networks{/" .

<=] Á lËZ,¿ 

#Z»&G �{ Ã|> h�K» 8»Y/� @7,|+ �{)1()�Y Ã|> 'eY�Y .U Z#�Y, '#�W5 , Ã|»G )�{ '" ÉZ2 Ã{Y{ É�Z»G Ê���" ÉY�"
)<�= LZW Y .$ 7,|+ �{ U Z#�Y, '#�W5 &Y 8�ZX l#Z)2()�Y Ã|»G .

(Á|))2:(Ã|& D�ÌV Ã�Y|¿Y DZ4 Ã'Y' A¿ZË�YÁ ÄËBCe 
F cZ "�» 1ÌH ZÌ» cZ "�» j/¼W» É{Y&G '+�{ �ÌÌu5 c"Z9» 

0/453 0/057 0/113 2 rep 
*893/468 167/037 334/073 2 M.C 

- 1955 5739 4 EMC 
- - 6073/186 8 Main Plot 

*1405/616 175/375 175/375 1 F.V 
*65/118 8/125 16/249 2 M.CF.V 

*1658/760 206/960 206/960 1 RPM 
*4/205 0/525 1/049 2 RPMM.C 
*8/680 1/083 2/166 2 F.VRPMM.C 
*22/478 2/805 2/805 2 F.VRPM 
*669/140 87/230 87/230 1 S.P 

*8/953 1/117 2/234 2 S.PMC 
*3/914 0/488 0/488 1 S.PF.V 
*57/311 7/151 7/151 1 S.PRPM 

2/931 0/498 0/498 2 F.VS.PMC 
*10/111 1/262 2/523 2 RPMS.PMC 
*17/516 2/185 8/742 2 FVRPMSPMC 

- 239/125 5739 24 ESplit Plot 
- - 6252/740 55 Split Plot 

Ê$"/?� ÉY/$v» , f/^�{ �Y�4$�Y )Ì �, ,�/5,� Ê Y�,{ )��� ,É,�-Ì^ )��� '( |2{ Ê» *Z-  U Z#�Y, '#�W5 l#Z$  Ê���" 
{�Ym= Ê» �ÌYZ5 NZ3 *|> {�3 *Y�Ì» �" É�Y{ Ê9 » c�/� '" NZ3 .,Ê Y�,{ )��� Z" É,�-Ì^ )��� 1Ì"Z» 8"Z4$» cY�YY

,NZ3 Ê$"/?� ÉY/$v» , f/^�{ �Y�4$�Y )Ì �, �YY ,NZ3 Ê$"/?� ÉY/$v» , f/^�{ �Y�4$�Y )Ì �, Z" Ê Y�,{ )��� 8"Z4$» �YY 
�2 8"Z4$» �YY , NZ3 Ê$"/?� ÉY/$v» , �/5,� Ê Y�,{ )��� ,É,�-Ì^ )��� 8"Z4$»4Y� É�Y  Ê9 » `M$3Y ,�H#|°# �" 8»Z� 

QK� �{ NZ3 *|> {�3 *Y�Ì» �"5%|2{ Ê» *Z-  .�Y|4» ,É,�-Ì^ )��� @#Y�<Y Z")�Y '$<Z# @#Y�<Y Ê &, 1ÌH ZÌ» �KI .
NZ3 '¼4P 7/? ,É,�-Ì^ )��� @#Y�<Y Z" ,Y�#& |>Z" Ê» NZ3 k�/5 f�" *Z»& �{ �$=��" ÉZ2 '¼4P 8Ì°-5 ,�»Y 1#Y )¸�

|"Z# Ê» @#Y�<Y .)�Y Ã|> Ê &, 1ÌH ZÌ» �KI �Y|4» @2Z( '" �W9» �/5,� Ê Y�,{ )��� @#Y�<Y .ÉZ2 '¼4P 8Ì°-5 ,�»Y 1#Y )¸�
|>Z" Ê» NZ3 f�" *Z»& �{ �$°R/( .NZ3 '¼4P , Ã|> Ã{,�<Y NZ3 �" {�Y, É,�Ì  ,�/5,� Ê Y�,{ )��� @#Y�<Y Z" ,*G �" Ã,M�

|9( Ê» {�/3�" f/^�{ '" É�$-Ì" c|> Z" .Ê» 'uÌ5 &Y NZ3 '¼4P *|> Y|+ 8v» Z5 '¸�Z< @#Y�<Y '" �W9» ,f/^�{ *{�" .Z"

 
1 Neural Network toolbox (NNtool) 
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{{�= .^�  É�$¼( c|> Z" C�+ ,YmP 8¼ PY U°� É,�Ì  'WÌ$  �{ , |9( Ê» {�/3�" f/^�{ 'vA� '" f/^�{ 1Ì#Z^ )Ì �, '" )
|"Z# Ê» @2Z( NZ3 '¼4P �" .{/> Ê» Ê &, 1ÌH ZÌ» �KI �Y|4» fY�<Y , NZ3 *|> {�3 @2Z( '" �W9» ,�»Y 1#Y .@#Y�<Y

Y Ã|> Ê &, 1ÌH ZÌ» �KI @2Z( , NZ3 *|> {�3 @#Y�<Y '" �W9» , Ê$"/?� ÉY/$v»)�.Ê�,|¼2 É,�Ì  @2Z( ,�»Y 1#Y )¸�
|>Z" Ê» NZ3 �{ É{�5 )PZX {ZW#Y , NZ3 cY�€ 1Ì" �{.NZ3 EÌ$�M^ |X Z5 Ê$"/?� ÉY/$v» @#Y�<Y)Plastic Limit (

{{�= Ê» )Ì �, 1#Y '" �W9» .7,|+ �{)3()�Y Ã|> Ê<� » É| " ÉZ2 7,|+ �{ '$<� �Z( '" ÉZ2�Ìu$» ,.

(Á|))3:(Ìw,» Ê>�G»Ä,>� �Z¯ Ä] DZ4� 

{Z4» 8»Z> f&/»G |9#G�< LZW Y )%+ , Ê�/90» Ê^0� '°^> �Y�"Y�Y/  '" É{,�, ÉZ2 Ã{Y{ 7,|+ �{ Ã|> 'eY�Y �#)4({/" .18
|> [Zb$ Y Ê<{Z05 c�/� '" Ê^0� '°^> ÉZ2 Ê+,�3 Z" '�#Z4» )%+ É{,�, ÉZ2 Ã{Y{ OÌ(�5 &Y É�� .c�/� '" {Y|�Y 1#Y

|> Ã| ZW9= Ê^0� '°^> É{,�, �{ Ê #&/5 .7,|+ �{ Ê�/90» Ê^0� '°^> f,� �{ Ã|> Ê9Ì" @Ì^ �#{Z4»)5(Ê» Ã|2Z-»
{/> .'�#Z4» ÉZK3 {/+, �H ZÌ" ,cZ-#Z»&G �{ Ã|»G )�{ '" �#{Z4» Z" Ê�/90» Ê^0� '°^> f,� Ã|> '^�Zv» l#Z$ 
46/0ÊPY |��{86/9|>Z" Ê» |��{ .|>Z" Ê» [/¸K» ,�$-Ì" cZ-#Z»&G LZW Y ,�5 JÌI{ ÉZ%"Y/+ '" 7/0X )%+ .'" '+/5 Z"

> f,� &Y Ã{ZA$�Y '( {/¼  *ZÌ" *Y/5 Ê» ,Ã|»G )�{ '" l#Z$  Ê#Z Y/5 ÊK3 �Ìs É&Z�P|» �Y�"Y E# *Y/9� '" Ê�/90» Ê^0� '°^
|>Z" Ê» Y�Y{ Ã|> h�K» 8»Y/� �YY )v5 Y� NZ3 *|> {�3 *Y�Ì» {�/» �{ Ê9Ì" @Ì^ .

*Y/9�O�R�"cZvÌ�/5
cZ-#Z»&G �{ Ã|»G )�{ '" Ê &, 1ÌH ZÌ» �KI MWDexp _

Ê^0� '°^> Ã|> Ê9Ì" @Ì^ Ê &, 1ÌH ZÌ» �KI MWDpre _

ZK3 Error 100
exp

exp


�


MWD

MWDMWD
Error pre
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 (Á|))4:(Z�Â»M |:ËM�> 2ZC¿Y 6%) ÊLÂ:?» Ê`?L Ä°`& �YB]Y�YÂ¿ Ä] D'Á�Á DZ4 Ã'Y' 

Ã|2Z-» F/V 
[km/hr] 

RPM 
[rpm] S/P M.C 

[%] 
MWDexp 
[mm] 

MWDpre 
[mm] 

Error 
[%] 

12/23 183 1Ì#Z^ 10_12 26/76 28/50 6/50 
22/23 183 1Ì#Z^ 14_ 16 22/95 23/68 3/18 
32/23 183 .Z" 10_12 29/93 29/28 2/17 
42/23 183 .Z" 12_ 14 25/77 26/95 4/58 
52/23 183 .Z" 14_ 16 23/55 23/94 1/66 
62/23 251 1Ì#Z^ 10_12 22/46 24/47 8/95 
72/23 251 1Ì#Z^ 14_ 16 19/58 20/18 3/06 
82/23 251 .Z" 12_ 14 22/79 23/92 4/96 
92/23 251 .Z" 14_ 16 20/96 20/69 1/29 
10 3/41 183 1Ì#Z^ 10_12 30/27 29/92 1/16 
11 3/41 183 1Ì#Z^ 14_ 16 24/20 24/13 0/29 
12 3/41 183 .Z" 10_12 31/99 30/42 4/91 
13 3/41 183 .Z" 12_ 14 29/75 28/57 3/97 
14 3/41 251 1Ì#Z^ 10_12 27/18 27/07 0/40 
15 3/41 183 1Ì#Z^ 12_ 14 29/31 28/29 3/48 
16 3/41 251 1Ì#Z^ 14_ 16 20/68 20/66 0/10 
17 3/41 251 .Z" 10_12 30/37 28/37 6/59 
18 3/41 251 .Z" 12_ 14 27/62 26/13 5/39 
19 2/23 183 1Ì#Z^ 10_12 26/83 28/50 6/22 
20 2/23 183 1Ì#Z^ 14_ 16 23/48 23/68 0/85 
21 2/23 183 .Z" 10_12 29/62 29/28 1/15 
22 2/23 183 .Z" 12_ 14 25/78 26/95 4/54 
23 2/23 183 .Z" 14_ 16 24/39 23/94 1/85 
24 2/23 251 #Z^1Ì10_12 22/15 24/47 10/47 
25 2/23 251 1Ì#Z^ 14_ 16 19/16 20/18 5/32 
26 2/23 251 .Z" 12_ 14 22/60 23/92 5/84 
27 2/23 251 .Z" 14_ 16 21/10 20/69 1/94 
28 3/41 183 1Ì#Z^ 10_12 30/38 29/92 1/51 
29 3/41 183 1Ì#Z^ 14_ 16 23/87 24/13 1/09 
30 3/41 183 .Z" 10_12 30/89 30/42 1/52 
31 3/41 183 .Z" 12_ 14 30/20 28/57 5/40 
32 3/41 251 1Ì#Z^ 10_12 27/24 27/07 0/62 
33 3/41 183 1Ì#Z^ 12_ 14 28/42 28/29 0/46 
34 3/41 251 1Ì#Z^ 14_ 16 20/75 20/66 0/43 
35 3/41 251 .Z" 10_12 30/81 28/37 7/92 
36 3/41 251 .Z" 12_ 14 27/75 26/13 5/84 
37 2/23 183 1Ì#Z^ 10_12 26/21 28/50 8/74 
38 2/23 183 1Ì#Z^ 14_ 16 22/89 23/68 3/45 
39 2/23 183 .Z" 10_12 29/69 29/28 1/38 
40 2/23 183 .Z" 12_ 14 25/23 26/95 6/82 
41 2/23 183 .Z" 14_ 16 24/19 23/94 1/03 
42 2/23 251 1Ì#Z^ 10_12 22/27 24/47 9/88 
43 2/23 251 1Ì#Z^ 14_ 16 19/21 20/18 5/05 
44 2/23 251 .Z" 12_ 14 22/91 23/92 4/41 
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45 2/23 251 .Z" 14_ 16 21/12 20/69 2/04 
46 3/41 183 1Ì#Z^ 10_12 31/03 29/92 3/58 
47 3/41 183 1Ì#Z^ 14_ 16 24/18 24/13 0/21 
48 3/41 183 .Z" 10_12 31/78 30/42 4/28 
49 3/41 183 .Z" 12_ 14 29/91 28/57 4/48 
50 3/41 251 1Ì#Z^ 10_12 27/68 27/07 2/20 
51 3/41 183 1Ì#Z^ 12_ 14 26/89 28/29 5/21 
52 3/41 251 1Ì#Z^ 14_ 16 21/18 20/66 2/46 
53 3/41 251 .Z" 10_12 29/49 28/37 3/80 
54 3/41 251 .Z" 12_ 14 27/26 26/13 4/15 

(Á|) )5: (hË|?e |:ËM�> 2ZC¿Y 6%) ÊLÂ:?» Ê`?L Ä°`& �YB]Y�YÂ¿ Ä] D'Á�Á DZ4 Ã'Y' 

Ã|2Z-» F/V 
[km/hr] 

RPM 
[rpm] S/P M.C 

[%] 
MWDexp 
[mm] 

MWDpre 
[mm] 

Error 
[%] 

12/23 183 1Ì#Z^ 12_ 14 25/64 27/08 5/62 
22/23 183 .Z" 10_12 29/69 29/28 1/38 
32/23 251 .Z" 10_12 26/54 25/87 2/52 
43/41 251 1Ì#Z^ 12_ 14 23/71 25/72 8/48 
53/41 183 .Z" 14_ 16 26/46 24/36 7/94 
63/41 251 .Z" 14_ 16 23/23 21/07 9/30 
72/23 183 1Ì#Z^ 12_ 14 25/91 27/08 4/52 
82/23 183 .Z" 10_12 29/62 29/28 1/15 
92/23 251 .Z" 10_12 25/99 25/87 0/46 
10 3/41 251 1Ì#Z^ 12_ 14 23/48 25/72 9/54 
11 3/41 183 .Z" 14_ 16 26/90 24/36 9/44 
12 3/41 251 .Z" 14_ 16 23/04 21/07 8/55 
13 2/23 183 1Ì#Z^ 12_ 14 24/65 27/08 9/86 
14 2/23 183 .Z" 10_12 29/93 29/28 2/17 
15 2/23 251 .Z" 10_12 25/57 25/87 1/17 
16 3/41 251 1Ì#Z^ 12_ 14 23/85 25/72 7/84 
17 3/41 183 .Z" 14_ 16 26/12 24/36 6/74 
18 3/41 251 .Z" 14_ 16 23/31 21/07 9/61 
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8°&)2:(RZUËZ»�M�' Ã|»M 60' Ä] �Ë'Z$» Á Ê`?L Ä°`& ZÁ� �' Ã|& Ê:Ì] �Ì5 Ê¿�Á [Ìa¿ZÌ» �/3 �Ë'Z$» ÄHËZ$»)DZ4 Ã'Y'

hË|?e |:ËM�> 6%) Ã|& MË�Ge(
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