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+��(�2�  �� ,
 ��(@ 5 ��� ,4�E ��k ��� �@ ��+Z
 

,4�E KX �� >� +�8(@ �(� .]5�@ ��F ��/-� ����� 

�H5�� �� g5�H
 �5 �H5�� �� � � ]16[:  

)6(  
1

( ) ( )
P

j j
j

F x w x uφ
=

= −∑  

) �H5��6 ( ��)* ,
 +�� �. ��5 J�Z@  ]5�@F 

,
  ����5�� p ]5�@ ,��7� �. ����� #.�
 IZCju 

,
 +��5� ���K" �  .�(����* »|| ||«  ]5�@��X�0 �� �� ��|0 

nR �. F(�7
 ��X�0 , +��k� �� � G�_"*� ,
 +-..  

  
I1� 2 - �(�
 e�7� ,?^� �1?� ,�X� ����7


�� �.�	*: ,-�-
 ����* ]5�@ ��� ��+
 ,��7� 

�5 W�(X ,��7� ���Z"
 �� � ��* ��� ��F ,K_
 �5 

��* ��� ]5�@  ,��7� +-"�� ��7
 .]5�(@ ,��7� 

,K�"_
 ��/-)�� �+� � � �. �� I�� �5 +-[ �� ��(
 

�: �� ����� ,
 �(�:  

)7(  3
: : r:Cubicsplines rφ ℜ → ℜ →  

)8(  2
( ) ( ) log ( )Thin plate splinesx , y x , y x , y→  

)9(  2 2: ( )MQMultiquardics r a rφ = +  

]5�@ ��7
 �� �1?� ��� ,��7� ���� ]5�@ , (M 

�� ,���* �5 �H5�� W�(X �� ,
  +��5]16[:   

)10(  

( )

( )
j

j

x u

jx u e σφ
−

−

− =  

 ��H5�� A�� ��jσ �(".�0 {� I*. j �� ,
 +��5.  

2 -3-3�� �*�4	#� � 56�  

�.��. >� �+
 ,
 �� ��(@  �� +-[ ��(
 6* ��k , �5

���.  ���
 ����Z
 ��5 �	-  ������7
 �� ,7� � �-
��

�+
 h��"* ����� A�� �� .���� �(4� a�"_
 ����  ,����.

�+
 A��?@ J�` ��+� ���7
 �� � (@ �� )14DC١٥(  �

 ,2"�?�� J�`)15CC١٦(  �"0M ��k , �5 ��(
 �� �.

) �5���11) � (12( �: �5 � � �+� ����� �� ]17[ . ��

) �H5��11 () �12( �N ���� ��+7@ ���  X����
 �X��	�

� 

X
��	 �  X
 ���  ���� J�@@ �5  ���Z
 �,@�+��)
 ���

�,@�? ��
 ���� A�2*��
 � ,@�? ��
 ���Z
 A�2*��
  ���

,
 ,@�+��)
 +-��5.  

                                                 
15

14- Determination Coefficient 
16

15- Correlation Coefficient 
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W�75
 A�2*��
 �V4 2�� n/
 "
���� >�  �HE

)16
17RMSE( ,
 ��� ��+Z
 ���
 �\"E� �. +��5  ,-�5

�� �+
 � (@ �+� ���
: �+--.���:5  �� ,7k�� ��+Z
 �5

,
 ��)* .+�� "
���� RMSE 5�  ��(-� J �-
 ��#5� >�

����Z
 ��5 ��� ����HE ��. >� � (@ ,-�5 

,
 ���K" � ���� ��(�	
 .��M  �H5���� ���5  A�� �+--.

,
 "
���� +��5 ]17[:  

)13(  ( )2

1 i i

N

obs comi
X X

RM SE
N

=
−

= ∑  

�. ) �H5�� ��13( N� X���   �   X����
J�@@ �5  ��+7@

���� ������ � ��� +��)
 � ,@�? ��
 ���Z
,@� ,
 +-��5.  

3 - 78�* 9���  

 �� ����� A�� ��2590 �+� �?C ��(.� �.  ��5

�b�� NIED ,
  �+��5 ���K" �+� �� �. ����  ���

�8#8� �� ,@�78�H
  A��b �(). �� �(4(
 ������  G� �� 

http://www.kyoshin.bosai.go.jp � � �+� ��/@.  

���� ����� A�� �� ,@�78�H
 ����  I
��

 A�
� G�"� m.�+c ���"
����)PGA�(  �8#8� ��M�#5

)M�( �8#8� ,*(*�. g�� )Depth(� ��8 ]?-
 ��X�0  �@ ��

���  )r( �8#8� W+� � )I( ,
 .+-��5  ��+4 ��2  ���Z


"
���� A�� .� � �+� ���� ��)* ��  

U�� ��  �� ,1� ,�(-^
 U(� 5 ,-"?
 ���

��� Ic�
 ���� I���@ ��
* ��� �: ���  ,
 ��  .+��5

                                                 
16-17 Root Mean Square Error 

�5  ���+�
 A�5 �1-�� I�8�����  ��
 ]5�(@ �5 �1?� ���

,2-���� ���K" � ��(
f� � ��F � ����  ���+�
 �� ��

��
 ]5�(@� ,
 ��
*  A�� �5 �1-�� �5 �4(@ �5 .+*(�

,
 >� � KX A�5 ]5�(@ ���� �+��5  �� #�* ,4�E ���

��
* ���+�
 A�� ,
 ���   �H5�� �� �(6-
 A�+5 .+*(�

��   :� � �+� ���K" �  

)14(  ' i min
i

max min

X X
X

X X

−
=

−
 

) �H5�� ��14(� X� ����� �����  Xmin  �X	�� @@ �5 J�

���� m.�+c � Ik�+c ��+Z
 �� ,
 .+-��5  

4- 3�� ;4�'8 � �	�  

�8#8� ���"
���� �5 �4(@ �5  J�.@ �+� ,07
  ���

,
 �� ,K�"_
  A�� �� �. ��� ��k ,5����� ��(
 ��(@

 A�+-[ �� ����� A�"/5 A"0�� ��5 a�"_
 J�.@

�+
 �5 ����� J�.@ ��?�")� ���5 A���
 �  �1?�

 ,��7� ,?^� �\
 ��"E�  A�� �� .� � �+� ���K" �

,5������ ���7
 A��?@ J�` ����  �V4 � ,2"�?�� J�`

,
 �HE W�75
 A�2*��
  .+-��5����� A�� ��� 

J�.@ ) ���1) �@ (6J�.@ ��"
���� �� ( ) ���7 �@ (

)10) J�.@ � �"
���� �  (11,
 �"
���� ��/[ ( .+��5  

Comb (2): (m, in)  Comb(1): (d, in)  

Comb (4): (r, in)  Comb (3): (m, d)  

Comb (6): (r, m)  Comb (5): (r, d)  

Comb (8): (m, d, in)  Comb (7): (r, d, in)  

Comb (10):(r, m, d)  Comb (9): (r, m, in)  

Comb (11): (r, m, d, in) 

)11(  1

1

( )
1

( )

i i

i

N

obs comi

N
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X X
DC

X X

=

=

−
= −

−
∑
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N
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��+4 2- ���. ����� �����(.� ���"
���� ���
: ��� 

��"
���� �-�)�5 �-��. A�2*��
 ���� ���*� ���7
 

�8#8� ��M�#5 )M(  9/6 7/3 09/5 71/0 

 ,*(*�. g��)Km(  480 8 90/71 41/94 

8 ]?-
 �� ��X�0�� ���  �@ �� 

)Km(  
74/1792 61/3 57/187 77/216 

W+� )Intensity(  446 0 24/1 83/0 

 A�
� G�"� �-�)�5)gal(  408 0 63/10 67/22 

  

4-1 - 3�� ;4�'8 +�,�� �	�  ��&�'() #���* )SVM(  

���5 A���
 �+
 ��  � �1?� ����: +��5 ��?�")�

 �. ��M ��k �4(@ ��(
 �1?� U�(
: +-�:0 ,2*(2[

 U�(
: +-�:0 ��1@ ��+7@ J �-
 G�_"*� I
�� �(E A��

A��|@ � �+--.   Ic�
 �� �+
 J �-
 ,����5 � ,����.

��X � ,	- �� ���� .� � ,	-  ��
* ���  �+� ��� 

�* n�6-@ �5 +��5   ��� 5 ��#0� ���� �
�*5 �5 ,*�
� �

A�� �� .�(� ���  �� ��c #�8�*: �V2�� �� ����� A�� ��

 ���5 A���
 �+
 ��5 J �-
 ����: A��7@ �/4

.� � �+� ���K" � ��?�")�  ��?�")� ���5 A���
 ��

>�-1@  �"��I*. ���� I�+?@ ��5 �,
 ���K" � � +-.. 

 A�� ���g�Z�@ �� ���� ]5�(@ �*(�* �� �. �(�
 e�7�  ���

,
 I*. ]5�(@ +��5�  ��?�")� ���5 A���
 �
�*5 ��

 .� � �+� ���K" ���+4 ��  3 �+
 h��"*  ���  A���


��?�")� ���5  "
���� ��5PGA �+� U��#M   �.�  

 ��+43-  ���:5 h��"*PGA ��?�")� ���5 A���
 � (@  

  

5 h��"* �5 �4(@ �5�  ��+4 �� �+
: � �3  �+��)


,
 J�.@ �(�  ���)3(� )5(� )6(  �)10( �5  i�?@�� I�8�

 h��"* ����� ���"
���� � ,4�E "
���� A�5 Y(17


�"��+* ,5(�H
 f+*� ,8�c �� �. J�.@  ���)1(� )2(� )4(� 

)7(� )8(  �)11(  ���k �� n� � ,	- �� ���k �� n�

��X G(�H
 h��"* ,	-  �"��� �@ +*�. �,0d ��  J�.@

+��8��� �>? @�1*�� (RMES)  ��'A&�% B4�C(CC)  +��&D B4�C(DC) 
B���D  

,	-  ��X ,	- �� ,	-  ��X ,	- �� ,	-  ��X ,	- �� 

005/0  004/0 993/0  993/0  986/0  994/0  Comb (1) 

025/0  003/0 889/0  997/0  784/0  995/0  Comb (2) 

053/0  053/0 214/0  295/0  035/0  087/0  Comb (3) 

015/0  003/0 946/0  997/0  893/0  995/0  Comb (4) 

051/0  045/0 504/0  531/0  253/0  281/0  Comb (5) 

048/0  043/0 457/0  633/0  204/0  409/0  Comb (6) 

011/0  004/0 952/0  997/0  906/0  995/0  Comb (7) 

014/0  003/0  958/0  997/0  913/0  995/0  Comb (8) 

016/0  003/0  944/0  998/0  889/0  996/0  Comb (9) 

048/0  041/0  594/0  636/0  352/0  404/0  Comb (10) 

017/0  003/0  939/0  998/0 879/0  996/0  Comb (11) 
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)11( �5 
 @5 �J �-
 ����� ��+7@ �(4� ���, .+��5 

 I1�4 �	�"*  J�.@ �5 i(5
 �)11(  ����* ��

,
 .+��  

  
I1� 4 - ���� �-.�� ���(�* �+
 �� ��  ��� PGA  U�� �5SVM ��5  J�.@)11(

4-2- 3�� ;4�'8  �	��&./ �-&, 0�1, #$�� )RBF(  

�+
 �� ��� ,�(-^
 U(�� ���� 5 ���  W�(X

��
* �* n�6-@ �5 �+� ��� ��� 5 ��#0�  ,*�
� �  ,-�5

,
 ���� �
�*5 �5 ��
* U�� .+*(�  ��� ���� ��  ���_5 

2  .� � �+� ���� y�`(@  

 ,?^� �1?� �+
 h��"* #�* ����� ���k A�� ��

�* �� �: �
�*5 �. �(�
 e�7� ��#0� J�"
18

17 �+� �"�(* 

5 �� � o�E ����� +-[ �� ���K" � �5 �� : � ��+
  �� �

��+4 4 .� � �+� ���� ��)*  

5 h��"* �5 �4(@ �5�  ��+4 �� �+
: � �4  �+��)


,
 J�.@ �(�  ���)3(� )5(� )6(  �)10(  ,5(�H
 h��"*

� �"��+*,8 J�.@  ���)1(� )2(� )4(� )7(� )8(  �)11( 

��X ���k �� n� � ,	- �� ���k �� n�  ,	- 

�5  h��"* ,4�E � ����� ���"
���� A�5 ,2"�?�� I�8�

G(�H
 �"��� �@ +*�.  "
���� ��/[ ����� �. ,?�.@

� � ������  J�.@ ,-7�)11(� �5  ��+7@ �(4� ���

,
 @5 �J �-
 ����� .+��5  I1�5 �	�"*  �5 i(5
 �

 J�.@ A������* �� ,
 .+��  

                                                 
17-18 Matlab 

4-3 -  �8$���# ����%�� E*��# �* ;4�'8 �*�4	#�  

,HE�D �(� M� �8��7
 �� ������ A�� �� � 

,HE ��X �/4  J�.@ ��5 h��"* ,	- )11( 

 �+� ���K" �.� � ���  ,HE �(� M�  � A�@

I�8� A�� �5 .� � �(� M� e(* A�@�5��.�� �:   ��

+-�(M ��� .  ���(�*�8��7
 A��� ��)*  �E >� �+-��

.� � � ��  ����� A�� �� �+� ���K" � ,HE �(� M�

�5  �� ,��(*+. W�(X J�"
 �(� M� A�+-[ .� � ��(5

���� �(4� #�* ,HE�D �. � �A�� �����  �(� M� ��

� � �+� ���K" � e��� ,HE�D.  

 � �8#8� ��M�#5 ���2"E�  e(* Y� �5 e��� �H5��

,
 ,*(*�. ��X�0  +��5�. �5  �� W�(X,
 ���5 �(� 

]18[:  

)15(  
W i ilogA = aM + bX- logX+C S +σP 

) �H5�� ��15�( X  �H5�� �� �. � � ,*(*�. ��X�0�� 

,
 �? ��
 :�(�  

)16(  2 2X r depth= +  

�6��� F�G�6� 
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) �H5�� ��16(r �  � ,�H  ��X�0depth  ,*(*�. g��

,
 +��5 �  J��`a� b� c� σ  � S ��5 e��� �H5�� ��

�� � � W��?� ��� e(* ��E ]18[:  

a / b / c / /

S

σ= =− =− =

=

0 399 1 0019 1 065 0 329

1
  

,5	@ ,M+-��. �5��� �+�� a7`�  ��7
�4

�8#8� ��5 �5��� A�� A"��+* ,
 a�"_
 ���  .+��5

�A��5�-5 ,
 �5��� A�� �� ��+.�  Y� �5 +-*�(@

,M���  G(�H
 o�E �ZH-
 >� ��5 ,��2"E�  ���

+-��5. ��+4 ��  5  h��"*e��� ,HE�D �(� M�  h��"* �

) J�.@ ���:511 ( ��5 "
���� PGA�5  ,HE �(� M�

 .� � �+� ���� ��)*  

 ��+44- ���:5 h��"*PGA  � (@ �(�
 e�7� ,?^� �1?�  

�>? @�1*�� +��8��� (RMES)  ��'A&�% B4�C(CC)   +��&D B4�C(DC)  
B���D  

,	-  ��X ,	- �� ,	-  ��X ,	- �� ,	-  ��X ,	- �� 

005/0  005/0  994/0  994/0  988/0  982/0  Comb (1) 

001/0  006/0  994/0  994/0  958/0  984/0  Comb (2) 

048/0  055/0  238/0  264/0  148/0  170/0  Comb (3) 

006/0  005/0  994/0  994/0  988/0  988/0  Comb (4) 

050/0  047/0  461/0  527/0  178/0  287/0  Comb (5) 

048/0  044/0  639/0  564/0  340/0  326/0  Comb (6) 

005/0  005/0  993/0  994/0  984/0  988/0  Comb(7) 

025/0  019/0  858/0  948/0  890/0  736/0  Comb(8) 

017/0  032/0  823/0  943/0  896/0  673/0  Comb(9) 

049/0  044/0  499/0  615/0  157/0  387/0  Comb(10) 

010/0  004/0  955/0  994/0  978/0  997/0  Comb(11) 

  
I1� 5 - ���� �-.�� ���(�* �+
 �� ��  ��� PGA  U�� �5RBF ��5  J�.@)11(  

�6��� F�G�6� 
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A�)�� �(/)
 ,M+-��. �5����  �H5�� ���4 ��

 �5 �1�
: ,5D ��c�* ,M+-��. �H5�� � ����1�� � I*.

 J�@@) �5��� ��17) � (18(  .� � �+� ���5 �H5�� ��

)17( �r  �"
(��. J�c 5 �8#8� #.
 ��X�0m  ��M#5

 � �8#8�PGA J�c5 A�
� G�"� m.�+c gal  � �� 

 �H5�� ��)18( �R  �,*(*�. g��MW  ��8#8� ��M�#5VS 

��   � ,�5 r(
b1  �@b5 
 �5 i(5
��K8 �?-4 ��� 

.� � A�
� +-
��*  

)17(  ln PGA(gal) = 6.74 + 0.859m -1.8 ln(r + 25) 

)18(  2

1 2 W 3 W 4 5 V S A
log(PGA) = b +b (M -6) +b (M -6) +b R +b log(R) +b (logV - logV )  

,
 �+��)
  +-
��* �?-4 ���"
���� �. �(�

,
 ���� ,�"���28 ]��(@ �� J�D� A�
�  J�c5 �. +--.

Y��Z
 �� ,75�(@  ,*(*�. g�� ��8#8� ��M�#5 a�"_
 ���

,
 ���5 ��D � �8#8� #.
 ��X�0 � �8#8�  �(�]3[.

 ��+45-  h��"* ��5 �(� M��+
 ���  PGA  

  

5 h��"*� ��)* �+
: � �  ,2"�?�� J�` �+-��

998/0  A��?@ J�` �996/0  ���"
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Estimation of the Peak Ground Acceleration 
Using Support Vector Machine and Neural 
Radius-Based Function Network Models 
 
Prediction of the ground strong motion parameters is one way to 
evaluate the various earthquakes and to determine the amount of 
risk in each area which plays an important role in the evaluation 
of earthquake effects on the engineering projects design. In this 
study, the support vector machine (SVM) and neural radius-based 
function (RBF) network models as new artificial intelligence 
techniques were used to estimate the peak ground acceleration 
(PGA). For this purpose, the seismic parameters such as the 
magnitude, epicentral distance, focal depth, earthquake intensity 
were applied as input parameters of proposed models. Evaluation 
of obtained results for the estimation of PGA using the SVM and 
RBF models with empirical attenuation relationships and 
regression methods indicated that the presented SVM and RBF 
models can establish an appropriated relationship between the 
observed and calculated PGA values. Also, proposed models have 
more accuracy than classical approaches. The determination 
coefficient is 0.996 and 0.997 for SVM and RBF models, 
respectively where as the determination coefficient is 0.790 and 
0.153 for linear regression and nonlinear regression, respectively. 
 
Keywords:   Data driven models, Support vector machine, Neural 
radius-based function network, Peak ground acceleration.  
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