
（　  ）7

THE SCIENCE AND ENGINEERING REVIEW OF DOSHISHA UNIVERSITY, VOL. 51, NO. 3 October 2010

A Proposal of an Unilateral Mastication Detection System 

by using Bone-Conduction Microphones 

 

Rui HAKAMATA*, Ryo ARIIZUMI*, Shigeo KANEDA* 

 

(Received May 27, 2010) 

 
     Although proper frequency of mastication could be very important for jawbone development, it has been radically decreasing 

in Japan. So there have been considerable researches to increase frequency of mastication. But it is not enough for jawbone 

development. For example, unilateral mastication could be a risk to health. It not only impedes the development of jawbone, but also 

contorts it. Consequently, it causes to distort a face and eventually twist a body in the worst. In particular, unilateral mastication on 

the growing children brings many troubles. In the previous work, yet the method that helps to make proper frequency of mastication 

has been studied, they do not deal with unilateral mastication. Therefore, we will propose the method to detect unilateral mastication 

by using bone-conduction microphones. In result, as for evaluating which side the participants chewed on, we gained about 55% of 

answer correctly. 

   

unilateral mastication, bone-conduction microphones, detection system 

 

 

 

 

1)

17 6 10 2)  
 
 

3)

4)  
 
 *Graduate School of Engineering, Doshisha University, Kyoto 

Telephone: +080-3626-5756, Email: rhakamata@ishss10.doshisha.ac.jp 



（　  ）8

( )

5)

 

55   
2

3
4

5
6

 

 
 

2 1
6 1

6)

1,500
2

1

1 30

 

7 8) 2008 7

9)  
 

 

10)

 11)

 12)

10). 
 

 

 

袴田　類・有泉　亮・金田重郎144



（　  ）9

Read waveforms 

Extract points of mastication 

Cut waveforms into a mastication  

START 

 

2

NP-2110

20kHz

CH-1200

 
(1)  
(2)  
(3)  

3

 
 

 

1

( )
 

SVM
K

7

 
 

 

(1)  

 
(2)  

7

10
(7 ) (7 ) 2

1500Hz
4096Hz

10  
(7 ) 10 3  

( 1 ) 
(7 ) 10 3  

( 1 ) 
  

(3)  
1

( )
1

(a) (b) (c)
(Fig. 1)  

 
 
 
 
 
 
 
 

 
 
 

 
[ ] 

2
2  

[ ] 

Fig. 1. Processing for decision which side the  

participants chewed on 
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for i=1 : masticatory times 

if  max amplitude of the left sensor 
 > max amplitude of the right sensor 

decision ( i )  
= left mastication 

YES NO 

decision ( i )  
= right mastication 
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Fig. 2. Waveform of chewing on a gum 
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Fig. 3. The method for decision which side the 
participants chewed on according to amplitude 
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for i=1 : masticatory times 

if the time of max amplitude of the left sensor 
  > the time of max amplitude of the right sensor 

decision ( i )  
= left mastication 

YES NO 

decision ( i )  
= right mastication 
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Fig. 4. The method for decision which side 
participants chewed on according to phase 
shifting 

Fig. 5. PS(Power Spectrum) of a chewing on 
a gum (above : left sensor, below : right 
sensor) 
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Table 1. Accuracy rate of each method 
 amplitude phase frequency  

subjects 
max 

amplitude 
(%) 

phase 
shifting 

(%) 

SVM 
(%) 

barycentric 
method 

(%) 

Nearest 
neighbor 

 (%) 

K Nearest 
neighbor (K) 

(%)  

Kernel 
(%) 

Average 
(%) 

A 51.9 51 55.6 74.1 59.3 70 70.4 61.8 

B 66.7 63.9 47.2 52.8 61.1 61.1 58.3 58.7 

C 78.6 7.1 92.9 96.4 89.3 92.9 89.3 78.1 

D 60.5 42.1 76.3 81.6 71.1 86.8 78.9 71 

E 42.9 46.4 57.1 85.7 82.1 82.1 78.9 67.9 

F 47.1 32.4 52.9 50 52.9 52.9 55.9 49.2 

G 24 28 56 68 76 68 72 56 

average 53.1 38.7 62.6 72.7 70.3 73.4 72 63.3 
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subjects A B C D E F G H I J I 

total count (times) 47 69 45 32 53 32 54 49 38 42 44 

count of left chew (times) 30 47 22 21 14 4 45 23 33 34 12 

count of right chew (times) 17 22 23 11 39 28 9 26 5 8 32 

percentage of left chew (%) 63.9 68.2 48.9 65.7 26.5 12.5 83.4 47 86.9 81 27.3 

percentage of right chew (%) 36.1 31.8 51.1 34.3 73.5 87.5 16.6 53 13.1 19 72.7 

Table 2. Result of the experiment 

Table 3. Accuracy rate of the experiment 

subjects A B C D E F G H I J K average 

accuracy %
t

42.6 60.7 37.8 69.7 49.1 65.6 35.2 59.9 81.6 68.3 52.3 56.6 
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K (Fig. 6)

 
 
 
 
 
 
 
 
 
 

Fig. 6. Wave profile of participant K 
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Fig.7 . PS of participant F (left) and participant C (right)  x-axis: frequency  y-axis: PS 
 

袴田　類・有泉　亮・金田重郎150



（　  ）15

1)  :
, http://haisyaweb.com/?p=290 

2)  ( )  : ,  
http://www.e-shokuiku.com/kihonhou/index.html 

3)  :  ,  
http://nittokagaku.com/kamikami/index.html 

4) 8020  : , 
http://www.dent8020.net/soshaku.html 

5)  : ,  
http://www.juzen.info/masseter.html 

6)  :
, 

http://www.fukushihoken.metro.tokyo.jp/iryo/iryo_h
oken/a0301060_20090603095517743/files/06P62-75.
pdf 

7)  : ( )QK-CF  
http://www.smrj.go.jp/venture/dbps_data/_material_
/chushou/a_ventrure/sangakukan/pdf/heisei14-jirei7
.pdf 

8) astamuse : ,  
http://patent.astamuse.com/ja/published/JP/No/2007
089701 

9)  :
,  

http://naganokenshi.or.jp/event/20zaidan8020.htm 
10)  :  ( ) ,  

http://okuyama-sika.jp/kamigusel.html 
11)  : , 

http://www.ishikura-net.com/yugami2.html 
12)   : ( )

, 
http://allabout.co.jp/health/backache/closeup/CU200
60120A/ 

13)  : ,  
http://www.k4.dion.ne.jp/~handbook/06_histo/05110
6b.htm 

骨伝導マイクロフォンを用いた偏咀嚼の検出手法の検討 151


