
2018년 춘계학술발표대회 논문집 제25권 제1호(2018. 5)

 
 

    2-class Maxtreme 
Learning Machine(MLM) 

 
, * 

*   
e-mail : smchoi90@yonsei.ac.kr 

 

2-class Maxtreme Learning Machine(MLM) for Mobile Touchstroke 
using Sequential Fusion 

 

Seok-Min Choi, Andrew Beng-Jin Teoh* 
*School of Electrical and Electronic Engineering, Yonsei University 

 
 

        

           .  
   Extreme learning machine     Maxtreme 

Learning Machine(MLM) ,         
 .            

      .  
 

1.  

     10    , 
     . 

    ,    
     . ,  

     , 
     .  

    [1],  [2]  
      , 

     API   
        

      . 
        

       
.      

    ,   
  (  )    
     . 
 

2.  

  Touchanalytic dataset[3]   
.  28      

  28  .   
   ,   
       , 

  2    . 
2.1 Maxtreme Learning Machine 

Maxtreme Learning Machine(MLM)  Extreme 

Learning Machine(ELM)[4]    
 .       

,    .  
       
  .     

       
 [5]   .    

    28   
    .    

        
   ,     
       . 

        
  .   
   MLM   

        
       2 

  .    
 1 ,     0  . 

  1      
 , 0     

 .  
2.2      

,     
         

      
. [4]        

    .  
       

- 362 -



2018년 춘계학술발표대회 논문집 제25권 제1호(2018. 5)

 
 

      . 
      

  ,     
         

(  )     
      . 
  p     
     . 

 p  1  15    
 . 

2.3     
  Touchanalytic dataset[1]   

    ,  
    .    

21,158     41   
. ,    7   3

   ,    
 5      

.  , 28   
 .  28      
    ,    

    .    
 -   L2    

[0 1]   . 
MLM     (N),   

  (d),      
  ( ),  3     

.    0.01   , 
d={1,30,50},  N={10, 100, 300}   

   ..  
       
  ,   

.     
       

.      
    .   

   . 
 

(%) =  
    /      (1) 

(%) =  
    /        (2) 

 
MLM  -     
     ,  

        
        
.        
      

    . 
2.4   
    5     

      
        

       
   . (  1)    

(14  ) MLM    
14       

(14   )  . 
     

MLM    2.3    
  (N)    9   
. (N = {10,100,300}  d = {1,30,50}  9  ) 

  (p)     
45    . (p = {  d = 
{1,30,50}  15  ).   (  2)  (
3)   p   d  N     

        
  . 

(  2)       
12312.15 . (  2)   (d=30, p=12)   

 0     . d = 30   
12      

     0  

(  1). MLM       
   

(  2).   (p)     
 ( =0.01,N=200) 

- 363 -



2018년 춘계학술발표대회 논문집 제25권 제1호(2018. 5)

 
 

. d = 10      
         

       . d 
= 50     ,  p 

    ,  
       

   . 
(  3)    p = 11   
      . (
 3)      3697.55 . 
    N = 100   

  .  N = 100  N = 300
   d=10    

0.1185  0.1330   .   
      

       
.       0  

    .  
 
3.  

   ELM   
     MLM   

.        
       
          

.      
      .  

        
    .    
       

     .  
      ,  
       

       
   . 
 

 

[1] 
 IEEE, vol. 85, no. 9, pp. 

1348 1363, Sep. 1997. 
[2] 

pp. 1441 1460, Oct. 1993. 
[3] M. Frank, R. Biedert, E. Ma, I. Martinovic and D. Song, 

"Touchalytics: On the Applicability of Touchscreen Input 
as a Behavioral Biometric for Continuous 
Authentication", IEEE Transactions on Information 
Forensics and Security, vol. 8, no. 1, pp. 136-148, 2013. 

[4] G. Huang, Q. Zhu and C. Siew, "Extreme learning 
machine: Theory and applications", Neurocomputing, vol. 
70, no. 1-3, pp. 489-501, 2006.  

[5] I. J. Goodfellow, D. Warde-farley, M. Mirza, A. Courville, 
 

 
 
 
 
 
 

(  3)   (N)      
 ( =0.01,p=11) 

- 364 -




