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Earthquake prediction: A comparison between 
MLP and SVM

� M u l t i - L aye r  Pe rc e p t ro n  ( M L P )  a n d  S u p p o r t  Ve c to r  
M a c h i n e  ( S V M )  a re  m a c h i n e  l e a r n i n g  m o d e l s  u s e d  f o r  
b i n a r y  c l a s s i fi c a t i o n  t a s k s �

� E a r t h q u a ke s  a re  s u d d e n  a n d  p a t t e r n s  va r r y  p e r  
l o c a t i o n �

� D a t a s e t  i s  s e i s m i c  eve n t s  i n  N e w  Ze a l a n d  re s o u rc e d  
f ro m  G e o N e t . g ov. n z  [ 1 ] �

� P a s t  e a r t h q u a ke  f o rc a s t s  h ave  u s e d :  s t a t i s t c a l  
m o d e l i n g ,  g e o p h y s i c a l  t ra i t s  a n d  e a r t h q u a ke  
p re c u r s o r s .  


1  B A C KG R O U N D

� U s i n g  3 0  s e c o n d s  o f  s e i s m i c  w ave f o r m ,  d e t e r m i n e  t h e  
o c u r ra n c e  o f  a n  e a r t h q u a ke �

� C l a s s i fi c a t i o n  d o n e  p e r  s t a t i o n �
� D e t e r m i n e  t h e  o p t i m a l  p e r f o r m e n c e  f o r  M L P  a n d  S V M .

H o w  d o e s  a  M L P  c o m p a re  w i t h  S V M  w h e n  o p e ra t i n g  o n  
i n d i v i d u a l  t i m e  s e r i e s ?

2  Q u e s t i o n

D a t a  c o l l e c t i o n
� D a t a s e t  c o m p r i s e d  o f  e a r t h q u a ke s  eve n t s  f ro m  2 0 1 6  to  

2 0 2 0  a n d  3 0  s e c o n d s  o f  s e i s m i c  w ave f o r m s  re c o rd e d  b y  
f ro m  5 8  s t a t i o n s �

� E a r t h q u a ke  s e i s m i c  w ave f o r m s  a re  d i v i d e d  to  t h e  
c l o s e s t  s t a t i o n  w i t h  a  d i s t a n c e  u p  to  2 7 0 k m �

� N o r m a l  s e i s m i c  w ave f o r m s  w e re  c h o s e n  t h a t  w e re  
f u r t h e s t  f ro m  e a r t h q u a ke s �

� 5 0 %  e a r h t q u a ke  w ave f o r m s ,  5 0 %  n o r m a l  w av f o r m s .

� F i l t e r  o u t  e a r t h q u a ke s  o u t s i d e  o f  m a g n i t u d e  ra n g e  1 - 3  
a n d  d e p t h  >  2 0 0 k m .

D a t a  p re p ro c e s s i n g

3  M e t h o d s

S V M

C re a t e s  a  h y p e r p l a n e  to  s e p e ra t e  t h e  c l a s s e s  a n d  
o f t e n  t r i e s  to  m a x i m i ze  t h e  d i s t a n c e  f ro m  t h e  
h y p e r p l a n e  to  t h e  n e a re s t  d a t a  p o i n t  o f  a n y  c l a s s .



Ke r n e l  f u n c t i o n s �
� L i n e a �
� Po l y n o m i a �
� R a d i a l  B a s i s  Fu n c t i o n  ( R B F )

Eva l u a t i o n

S t a c ke d  h i d d e n  l aye r s  a n d  n o n - l i n e a r  a c t i va t i o n  
f u n c t i o n s  a l l o w a  to  d i s t i n g u i s h  c l a s s e s  t h a t  a re  
n o t  l i n e a r l y - s e p e ra b l e .  H a s  3  t y p e s  o f  l aye r s :  
I n p u t ,  h i d d e n ,  o u t p u t  l aye r s .



H y p e r p a ra m e t e r s :  

O p t i m i ze r,  d ro p o u t ,  b a t c h  n o r m a l i z a t i o n ,  
re g u l a r i z a t i o n ,  n u m b e r  a n d  s i ze  o f  h i d d e n  l aye r s  
a n d  n u m b e r  o f  e p o c h s .



M L P F i g u r e  3 :  E x a m p l e  h y p e r p l a n e  
S V M  [ 3 ] .

F i g u r e  4 :  S t r u c t u r e  o f  M L P [ 3 ] .

� Fo r  e a c h  s t a t i o n ,  s e i s m i c  a c t i v i t y  re c o rd e d  3 0  s e c o n d s  p r i o r  to  a n  
e a r t h q u a ke  eve n t  i s  l a b e l e d  a s  1 ,  o t h e r w i s e  0 .

L a b e l l i n g

� Tr i m  d a t a ;  s t a t i o n s  w i t h  i n c o m p l e t e  o r  to o  fe w  d a t a  p o i n t s  re m ove d �
� D o w n s a m p l e  t h e  3 0  s e c o n d  s e i s m i c  w ave f o r m s  f ro m  1 0 0 HZ  to  5 0 HZ �
� N o r m a l i ze  t h e  a m p l i t u d e  o f  t h e  s e i s m i c  w ave f o r m s .

7 0 %  t ra i n i n g ,  2 0 %  t e s t i n g ,  1 0 %  va l i d a t i o n .

Ac c u ra c y,  p re c i s i o n ,  re c a l l  a n d  F 1 - s c o re .

F i g u r e  3 :  Ac c u r a c y  S V M  i n  e a c h  s t a t i o n  us i n g  d i f f e r e n t  ke r n e l  f u n c t i o ns .F i g u r e  3 :  Ac c u r a c y  S V M  i n  e a c h  s t a t i o n  us i n g  d i f f e r e n t  ke r n e l  f u n c t i o ns .

4  R e s u lts

� I n h e re n t  c l a s s i fi c a t i o n  e r ro r�
� S e n s o r  m i g h t  d e t e c t  e a r t h q u a ke s  o u t s i d e  o f  t h e  

b o u n d i n g  b ox �
� S a m p l e  s i ze  n e e d s  to  s u p p o r t  t h e  n u m b e r  o f  fe a t u re s �
� N o i s e  b ro u g h t  o n  b y  e n v i o r n m e n t a l  f a c to r s �
� C r i t e r i a  f o r  e a r t h q u a ke  to o  s i m i l a r  to  n o r m a l  a c t i v i t y.

5  d i s c u s s i o n

� R B F  ke r n e l  f u n c t i o n  h i g h e s t  a c c u ra c y  f o r  S V M �
� Th e  m o s t  a c c u ra t e  m o d e l  i s  s t a t i o n  d e p e n d e n t .

6  C o n c lu s i o n

F i g u r e  1 :  L o c a t i o ns  o f  e a r t hqu akes  (y e l l ow)  a nd  s t a t i o ns  ( r ed ) .

F i g u r e  2 :  Wave f o r m  o f  e a r t hqu ake  eve n t  d iv ided  i n t o  t h r e e  p a r ts .
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F i g u r e  5 :  M L P Tr a i n i n g  a nd  va l ida t i o n  l osses  a nd  a c c u r a c i es  f o r  s t a t i o n  
i nd i c es  0  ( l e f t )  a nd  3 4  ( r i g h t ) .

F i g u r e  6 :  M L P a c c u r a c y  p e r  s t a t i o n .


