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In  r e ce n t  ye a r s ,  t h e r e  h as  b ee n  an  e ve r  i nc re a s i n g  a mo un t  o f  r e s e a r ch  a n d  

de ve l o p me n t  o f  t e c h no l o g i e s  a n d  me t ho d s  t o  i mp r o ve  t h e  q u a l i t y  a n d  t he  p e r f o r man c e  

o f  s u rg i c a l  o pe ra t i o n  a n d  c l i n i c a l  t r ea t me n t ,  s uc h  a s  t h e  n o ve l  i n s t r u me n t s  f o r  

l a pa r os co p ic  s u rge r y,  t h e  c o lo n os c o pe  d e v i ce s  fo r  e n d os c op y,  t h e  mi c ro s co p e  de v i ce s  

fo r  ne ur o su rge r y,  t h e  j a w  mo ve me n t  an a l y s i s  d e v i ce s  fo r  a s s i s t i n g  c l i n i c a l  d i a gn o s i n g  

an d  t r e a t me n t s  o f  j a w  d i se as e ,  a n d  s o  o n .  T h e  i n t r o d uc t i on  o f  t h es e  t ec h no l o g i e s  i n  

su rg i ca l  o p e r a t i o n  a nd  c l i n i ca l  t r ea t me n t  i mp r o v e s  e x i s t i n g  me d i ca l  p ro c ed u re s  an d  

p r o v i d e s  i n n o va t i ve  a pp r oa c he s  t o  c u r r e n t  me d i ca l  p r ob l e ms .  M o re o ve r,  t h es e  

t e ch n o l o g i e s  b r in g  h u ge  a d va n ta ge s  t o  t he  pa t i e n t s :  t he y  p r od u ce  l e s s  p os to p e r a t i ve  

pa in  a n d  t r a u ma ,  l o wer  i n f e c t i on  r i s k ,  be t t e r  c l i n i c a l  d i a gn os in g  a n d  r eh a b i l i t a t i on  

t r e a t me n t ,  f a s t e r  r e c o ve r y,  an d  s h or t e r  h o sp i t a l i za t i o n .  

T he  a d va n t a ge s  o f  t h es e  t e ch n o l o g i e s ,  ho we ve r,  a r e  a c c o mp a n i e d  b y  s pe c i a l  

de ma n ds  o n  t h e  d o c t o r s ,  wh o  n ee d  t o  p o ss es s  ce r t a i n  t ec h n i c a l  s k i l l s  t h a t  a r e  mo re  

co mp l i ca t e d  t h an  i n  co n ve n t i on a l  d e v i c e s .  M or e o ve r,  i t  t a ke s  t h e  d o c t o r s  a  r e l a t i v e l y  

l o n g  l e a r n i n g  c u r ve  t o  ma s t e r  t h es e  t e c hn o l o g i e s  f u l l y.  T he  do c t o r  c o u l d  p u t  a  p a t i en t  

a t  r i s k  i f  he / s h e  d id  n o t  s t r e n g t he n  t he  o pe r a t i ve  s k i l l s  o f  t h e se  t e ch n o l o g i e s .  

T he re f o r e ,  t o  gu a r a n t e e  t h e  s a f e  u se  o f  t h es e  t ec h no l o g i e s ,  p r o pe r  t r a i n i n gs  o f  t he  

op e ra t i ve  s k i l l s  a r e  o f  p a r a mo u n t  i mp o r t a n c e .  

To  t r a i n  t h e  o pe ra t i ve  s k i l l s ,  va r i ou s  f a c i l i t i e s ,  s u ch  a s  b ox  t r a i ne r s  a n d  v i r t ua l  

r e a l i t y  (V R)  s i mu l a t o r s ,  ha v e  b ee n  d e ve lo pe d .  St u d i e s  ha ve  sh o wn t ha t  t r a i n i n g  on  

t h os e  k i n ds  o f  bo x  t r a i ne r s  a nd  s i mu l a t o r s  c an  i mp r o ve  t h e  d o c t o r s ’  o pe ra t i ve  s k i l l s .  

Amo n g  t h es e  t r a i n i n g  de v i c es  t he re  i s  o n e  co mmo n  n e ed :  t he  s k i l l  e va l ua t i o n  

s ys t e m.  S k i l l  e va lu a t i o n  i n  f ac t  c o u l d  p r o v i d e  i n s i gh t  o f  d oc to r s ’  o pe ra t i ve  s k i l l  

co mp e t e nc e  a n d  ve r i f y  wh e t h e r  t h e  d o c t o r s  h a ve  q ua l i f i e d  a b i l i t i e s  fo r  t he  r e a l  

op e ra t i on  o n  t he  pa t i en t s .  M or e o ve r,  o b j ec t i ve  s k i l l  e v a l ua t i o n  co u l d  p ro v i de  

qu a n t i t a t i ve  f e ed b ac k  t o  t he  d o c t o r s  so  t h a t  t he y  c a n  i mp ro ve  t h e i r  s k i l l s  mor e  

e f f i c i e n t l y.  Ho we ve r,  t h e  s k i l l  e va l u a t i o n  s ys t e ms  o n  mo s t  o f  t he  c u r r e n t  t r a in in g  

de v i c es  ha ve  s e ve r a l  l i mi t a t i o ns ,  wh i c h  c a n  b e  b a s i ca l l y  su mma r i ze d  i n t o  t h r e e  

a s p ec t s :  

  In  t h e  ca s e  o f  b ox  t r a i ne r,  e va l u a t i o n  o f  o p e r a t i ve  s k i l l s  h e a v i l y  r e l i e s  o n  

su b j e c t i ve  me a s ur e s  an d  s co r i n g  b y  a n  e xp e r t  d oc to r,  wh ic h  ma y  b e  a  va r i a b l y  

b i a s e d  o p i n i o n  us in g  va gu e  c r i t e r i a .  T h e  VR s i mu la t o r s  p r o v i de  o n l y  l o w - l e ve l  

s k i l l  e va l ua t i on  o r  s c o r in g  b y  u s i n g  t h e  mo t i o n  i n f o r ma t i o n  o f  t h e  o p e r a t i ve  

i n s t ru me n t s  d u r in g  t r a i n i n g ,  wi th o u t  d e t a i l  qu a n t i t a t i ve  i n f o r ma t i o n  f e e db a c k  t o  

t h e  s u b j ec t s .   

  T he  cu r r e n t  s k i l l  e v a l ua t i o n  me th o ds  i n  V R s i mu l a t o r s ,  wh ic h  a r e  e mb e d de d  

wi t h  t h os e  sp e c i f i c  t r a i n i n g  s ys t e ms ,  c a nn o t  be  e x t e nd e d  f o r  t he  u s e  i n  o t h e r  
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me d i ca l  t r a i n i n g  s ys t e ms  a n d  a p p l i c a t i o ns ,  su c h  a s  b o x  t r a i ne r s  a nd  c l i n i c a l  

t r e a t me n t .  T h i s  wi l l  r e s u l t  i n  i n c re as in g  t h e  f i na n c i a l  b u r d en  t o  h os p i t a l s  t o  

pu r ch as e  d i ff e r en t  k i n ds  o f  s k i l l  e va l ua t i o n  s ys t e ms ,  i n  o r d e r  t o  e va lu a t e  

do c t o r s ’  s k i l l s  i n  d i f f e r e n t  me d i ca l  f i e l d s .  

  Mo st  o f  t he  c u r r e n t  s k i l l  e va lu a t i o n  me t ho d s  c an  o n l y  b e  u s ed  fo r  e va l ua t i n g  

t h e  s k i l l s  d u r i n g  r e g u l a r  t r a i n in g ,  b u t  c o u l d  n o t  b e  fu r t h e r  i mp l e me n t ed  i n  t h e  

r e a l  op e r a t i n g  ro o m or  c l i n i c a l  d i a gn o s i n g  a s s i s t a n ce  an d  t r e a t me n t .  

T he  s k i l l  t r a i n i n g  n or ma l l y  i n vo l ve s  a  mu l t i d i me ns i on a l  s e r i e s  o f  t a s ks  r e q u i r i n g  

t h e  do c t o r s  t o  h an d le  t h e  op e r a t i ve  i n s t r u me n t s .  S o me  s t u d i e s  h a ve  sh o we d  t ha t  

mo t i on  a na l ys i s  i s  a  va lu a b l e  o b j ec t i ve  s k i l l  a s s es s me n t  me t h od  f o r  o p e r a t i ve  t r a i n i n g .  

I t  c an  d e f i n e  s e t s  o f  pa ra me te r s  t h a t  a l l o w  us  t o  c h a r ac t e r i ze  t h e  d o c t o r ’ s  mo ve me nt s ,  

t o  s e e  h o w d i ff e r e n t  pe o p l e  a c t  du r i n g  t he  t r a i n i n gs  an d  op e ra t i on s ,  a n d  t o  e va lu a t e  

t h e i r  s k i l l  e x pe r t i s e  an d  i mp ro ve me n t s  o f  pe r f o r ma n c e  a f t e r  t r a i n i n g .   

In  o r d e r  t o  me as u re  d oc to r ’ s  mo ve me n t s ,  a  mo t i o n  c a p t u r e  s ys t e m i s  n e ed e d .  T h e  

mo s t  c o mmo n l y  u s e d  t e ch n o l o g i e s  f o r  mo t i on  c ap t u r e  a r e :  ca me ra -b a se d  mo t i on  

ca p t u re  s ys t e m;  ma gn e t i c -b a se d  mo t i o n  c ap tu re  s ys t e m;  a nd  i n e r t i a l - s e n so r -b as e d  

mo t i on  ca p tu re  s ys t e m.  Ca me r a -b a s ed  s y s t e ms  n or ma l l y  a r e  ve r y  e x pe n s i ve  a nd  t he y  

ca n  be  u s ed  o n l y  i n  a  c a l i b r a t ed  r oo m.  A l t ho u gh  t he  r e f l e c t i v e  ma r ke r s  u se d  i n  t h es e  

s ys t e ms  a r e  s ma l l  a n d  l i gh t  we i gh t ,  t h e y  ne e d  t o  b e  a l wa ys  i n  s i gh t  w i t h  t h e  c a me ra s ,  

wh i c h  i s  n o t  a l wa ys  p os s i b l e  d u r i n g  t h e  op e ra t i on s .  Ma gn e t i c -b a se d  s ys t e ms  h a ve  

l i mi t e d  t r ac k i n g  vo l u me s  whi c h  a r e  n o t  su f f i c i en t  t o  t h e  mea s ur e me n t s  o f  d oc t o r ’ s  

wh o l e  b o d y  mo ve me nt s  du r i n g  me d ic a l  op e ra t i on s .  T he  i n e r t i a l - s e n so r -b a s e d  s ys t e m 

i s  a n  e f f e c t i ve  s o l u t i on  f o r  t he  me d ic a l  a pp l i ca t i o ns ,  a s  i t  ca n  be  p u t  on  h u ma n  b o d y  

to  me a su r e  t h e  mo t i o n  a nd  p or t a b l e  t o  a n ywh er e .  Ho we ve r,  cu r r e n t  

i n e r t i a l - s e n s o r -b a se d  s ys t e ms  a r e  s t i l l  n o t  wea ra b l e  e n o u gh  f o r  mo s t  p r a c t i c a l  

ap p l i c a t i on s  i n  s u rge r y  an d  c l i n i c a l  p r ac t i c e .   

T he re f o r e ,  t h e  go a l  o f  t h i s  t h es i s  i s  t o  d e ve lo p  a n  u l t r a -mi n i a t u r i ze d  mo t i o n  

an a l ys i s  s ys t e m f o r  op e ra t i ve  s k i l l  e va l u a t i o n  i n  va r i o us  me d ic a l  a p p l i c a t i o ns ,  wh ic h  

i s  c o ve r i n g  t h r ee  a i ms :  

1 .  To d e ve l o p  a n  u l t r a -mi n i a t u r i ze d  hu ma n  mo t i on  c ap tu re  s ys t e m s u i t a b l e  f o r  

t r a c k i n g  t he  d oc to r ’ s  u p pe r  b o d y  mo t i o n  d ur i n g  b o t h  t he  b ox  t r a i n e r  t r a in in g  

an d  V R t r a i n i n g .  

2 .  To d e ve l op  a  c o mm on  s k i l l  e va l u a t i o n  me t h od o lo g y  a nd  s y s t e m b as ed  on  t h e  

mo t i on  an a l ys i s ,  wh i ch  i s  s e p a r a t ed  f r o m th e  t r a i n in g  d e v i c es .   

3 .  To ve r i f y  t he  p r op o se d  s k i l l  e va lu a t i on  s ys t e m ca n  b e  a da p t i ve  t o  mu l t i p l e  

me d i c a l  a p p l i c a t i o n s  fo r  e va l u a t i n g  t h e  op e ra t i ve  s k i l l s  a n d  a s s i s t i n g  c l i n i c a l  

d i a gn o s i n g  a nd  t r ea t me n t .  
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T hi s  t h es i s  c o n t a i ns  t h r e e  p r i ma r y  p a r t s :  Pa r t  I  i n t r od u ce s  t he  n e w 

u l t r a -mi n i a t u r i ze d  wea ra b l e  mo t i o n  c a p t u r e  s ys t e ms  de ve l op ed  i n  t h i s  t he s i s ,  a nd  

e va l u a t e s  t h e  s ys t e m p e r f o r ma n c e ;  P a r t  I I  d e a l s  wi t h  t h e  e va l ua t i o n  o f  su rg i c a l  

op e ra t i ve  s k i l l s  b as ed  o n  an a l ys i s  o f  t r a i ne e ’s  u pp e r  b o d y  mo t i on  i n  t he  f i e l d s  o f  

l a pa r os co p ic  t r a in in g  a nd  ne ur o su rge r y  t r a i n in g ;  an d  P a r t  I I I  i n t r o d uc es  t h e  ex t e nd e d  

ap p l i c a t i on  o f  t h e  p r o po s ed  s k i l l  e va l ua t i o n  s ys t e m f o r  ma s t i ca t o r y  p e r fo r man c e  

e va l u a t i o n  i n  o r de r  t o  a s s i s t  c l i n i ca l  d i a g no s i n g  a n d  t r e a t me n t  o f  de n t a l  d i se a se s .   

T he  t h es i s  i s  l a i d  ou t  a s  f o l l o ws :  

I .  To d e ve l o p  n o ve l  u l t r a -mi n i a t u r i ze d  wea ra b l e  mo t i on  ca p t u r e  s ys t e m f o r  

e va l u a t i n g  t h e  mo t io n  a n d  op e r a t i ve  p e r f o r ma n c e  d ur i n g  s u rg i c a l  t r a i n i n g  a n d  

c l i n i c a l  t r e a t me n t .  

•  Cha p te r  2  i n t r o d uc es  t h e  de ve l op me nt  o f  t h e  ne w  u l t r a -mi n i a t u r i ze d  

wea ra b l e  mo t i o n  ca p tu re  s ys t e m W B -3  a nd  W B -4 .  W B -3  s ys t e m a n d  W B -4  

s ys t e m a r e  b as e d  o n  t h e  u se  o f  w i r e d  i n e r t i a l  me a s ur e me n t  u n i t  ( IM U)  an d  

wi r e l e s s  i ne r t i a l  me a su re me n t  u n i t ,  r e sp e c t i ve l y.  

•  Cha p te r  3  s t ud i e s  t he  r i g i d  b o d y  o r i e n t a t i o n  e s t i ma t e  b y  u s i n g  

qu a t e rn io n -b a se d  E x te nd e d  K a l ma n  F i l t e r  a l go r i t h m,  a n d  i n t ro d uc e s  t h e  

b i o me c h an ic s  a n a l ys i s  o f  hu ma n  u p p e r  l i mb .   

I I .  To e va l u a t e  t h e  s u rg i ca l  o pe ra t i ve  s k i l l s  d u r i n g  r e gu l a r  t r a i n i n g  s i n g  t h e  

p r o po s ed  s k i l l  e va l u a t i o n  s ys t e m.  

•  Cha p te r  4  d es c r i be s  t he  u se  o f  W B -3  s ys t e m t o  e va lu a t e  t h e  ex p e r t  

su rge o n s  a n d  n o v i c e  s t u d en t s ’ s u rg i ca l  op e r a t i ve  s k i l l s  d u r i n g  r e gu l ar  

l a pa r os co p ic  t r a i n i n g  t a s ks  b as e d  o n  t h e  k in e ma t i c s  d a t a .   

•  Cha p te r  5  p r e s en t s  t he  ap p l i c a t i on  o f  t h e  p r op o se d  s k i l l  e va l ua t i o n  s ys t e m 

in  n eu ro s u rge r y.  A s i mp le  p i c k  a n d  p l ac e  t e s t  wa s  e va l u a t ed  w i t h  a  g r o u p  

o f  n o n -me d i ca l  n o v ic es  a n d  on e  p r o fe s s io n a l  n eu r os u rge o n .  T he  s k i l l  

e va l u a t i o n  wa s  b as e d  o n  t h e  a n a l ys i s  o f  t h e  i n s t r u me n t  mo t i o n  a cq u i r e d  b y  

W B -3  s ys t e m.  

I I I .  To ap p l y  t h e  p r o p os ed  s k i l l  e va lu a t i o n  s ys t e m fo r  ma s t i c a t i o n  a na l ys i s  wh i ch  

i s  s i gn i f i c an t  i mp o r t an t  t o  t he  c l i n i c a l  d i a gn os i n g  an d  t r e a t m e n t .  

•  Cha p te r  6  d es c r ib e s  t h e  u s e  o f  t h e  p ro po s ed  s k i l l  e va l u a t i on  s ys t e m t o  

e va l u a t e  t he  ma s t i c a t i on  p e r f o r ma n ce .  Two  e x pe r i me n t s  we r e  e l ab or a t e d  by  

us in g  W B -3  IM U a n d  W B -4  IM U ,  r e s pe c t i ve l y.  In  b o t h  e x p e r i me n t s ,  o ne  

IM U wa s  a t t a c he d  t o  t h e  ma n d ib l e  i n  o rd e r  t o  me as ur e  t h e  j a w  mo t i on  a n d  

an a l y ze  t h e  ma s t i ca t i on  p a t t e rn .  

Fi n a l l y,  Ch a p te r  7  e va lu a t e s  a n d  d i sc us s es  t h e  r e su l t s  o f  t h i s  t h es i s ,  a nd  p r o p os e s  

so me  po s s i b l e  d i r ec t i o ns  fo r  t he  c on t i n ua t i on  o f  t h i s  wor k .
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Kozo Konishi, 

Makoto Hashizume, 

Atsuo Takanishi 

 

○ Development of an 

Ultra-Miniaturized Inertial 

Measurement Unit for Jaw 

Movement Analysis during 

Free Chewing 

 

Journal of Computer 

Science, Vol. 6, No. 8, pp. 

896-903. 

2010 年 8 月 

(published) 

Zhuohua Lin, 

Massimiliano Zecca, 

Salvatore Sessa, 

Hiroyuki Ishii, 

Atsuo Takanishi  

 

 

     



  

 

Ｎｏ.2 

早稲田大学 博士（工学） 学位申請 研究業績書 
 

種 類 別 題名 発表・発行掲載誌名 発表・発行年月 連名者（申請者含む） 

論文の続き     
 Ultra-Miniaturized Inertial 

Measurement Unit WB-3 

for Jaw Movement 

Analysis during Free 

Chewing 

Proceedings of 2010 

International Symposium 

on Robotics and 

Intelligent Sensors, pp. 

213-218, 2010. 

 

2010 年 3 月 

(published) 

Zhuohua Lin, 

Massimiliano Zecca 

Salvatore Sessa 

Hiroyuki Ishii 

Atsuo Takanishi 

 

○ Objective Skill Analysis 

and Assessment in 

Neurosurgery by Using an 

Ultra-Miniaturized Inertial 

Measurement Unit WB-3 

–Pilot tests- 

Proceedings of 31st 

Annual International 

Conference of IEEE 

Engineering in Medicine 

and Biology Society, pp. 

2320-2323, 2009. 

2009 年 9 月 

(published) 

Zhuohua Lin, 

Massimiliano Zecca 

Salvatore Sessa  

Tomoya Sasaki 

Takashi Suzuki  

Kazuko Itoh 

Hiroshi Iseki 

Atsuo Takanishi 

 

○ Waseda Bioinstrumentation 

System WB-2R as a 

Wearable Tool for an 

Objective Analysis of 

Surgeon’s Performance 

Proceedings of 2009 

IEEE/ASME 

International Conference 

on Advanced Intelligent 

Mechatronics, 

pp.705-710, 2009. 

2009 年 7 月 

(published) 

Zhuohua Lin, 

Massimiliano Zecca 

Salvatore Sessa 

Toshihiro Kusano 

Kazuko Itoh 

Atsuo Takanishi 

 

 Development of the 

Ultra-Miniaturized Inertial 

Measurement Unit WB3 

for Objective Skill Analysis 

and Assessment in 

Neurosurgery: Preliminary 

Results 

Lecture Notes in 

Computer Science, Vol. 

5761/2009, pp. 443-450 

2009 年 10 月 

(published) 

Massimiliano Zecca, 

Salvatore Sessa, 

Zhuohua Lin, 

Takashi Suzuki, 

Tomoya Sasaki, 

Kazuko Itoh, 

Hiroshi Iseki, 

Atsuo Takanishi  

 

 Objective Skill Analysis 

and Assessment of 

Neurosurgery by using the 

Waseda Bioinstrumentation 

System WB-3 -Pilot tests- 

Proceedings of 2009 

IEEE/RSJ International 

Conference on Intelligent 

Robots and Systems, pp. 

4086-4091, 2009. 

 

 

2009 年 10 月 

(published) 

Salvatore Sessa, 

Massimiliano Zecca, 

Zhuohua Lin, 

Tomoya Sasaki, 

Takashi Suzuki, 

Kazuko Itoh, 

Hiroshi Iseki, 

Atsuo Takanishi 

 

 Development of an 

Ultra-Miniaturized Inertial 

Measurement Unit for 

Objective Skill Analysis 

and Assessment in 

Neurosurgery: preliminary 

results 

Proceedings of 12th 

International Conference 

on Medical Image 

Computing and Computer 

Assisted Intervention, pp. 

443-450, 2009. 

2009 年 9 月 

(published) 

Massimiliano Zecca, 

Salvatore Sessa, 

Zhuohua Lin, 

Takashi Suzuki, 

Tomoya Sasaki, 

Kazuko Itoh, 

Hiroshi Iseki, 

Atsuo Takanishi 

 

 

 

 



  

 

Ｎｏ.3 

早稲田大学 博士（工学） 学位申請 研究業績書 
 

種 類 別 題名 発表・発行掲載誌名 発表・発行年月 連名者（申請者含む） 

論文の続き     

 Waseda Bioinstrumentation 

System #3 as a tool for 

objective rehabilitation 

measurement and assessment 

-development of the inertial 

measurement unit- 

 

Proceedings of 2009 

IEEE 11th International 

Conference on 

Rehabilitation Robotics, 

pp. 115-120, 2009. 

2009 年 6 月 

(published) 

Salvatore Sessa, 

Massimiliano Zecca, 

Zhuohua Lin, 

Tomoya Sasaki, 

Kazuko Itoh, 

Atsuo Takanishi 

2. 賞     

 Best conference paper 

finalist 

2010 International 

Symposium on Robotics 

and Intelligent 

Sensors(IRIS2010) 

2010 年 3 月 Zhuohua Lin, 

Massimiliano Zecca, 

Salvatore Sessa, 

Hiroyuki Ishii,  

Atsuo Takanishi 

 

 Best conference paper  

 

2009 IEEE/ASME 

International 

Conference on 

Advanced Intelligent 

Mechatronics 

(AIM2009) 

2009 年 7 月 

 

Zhuohua Lin, 

Massimiliano Zecca, 

Salvatore Sessa, 

Toshihiro Kusano, 

Kazuko Itoh, 

Atsuo Takanishi 

 

3. 産業財

産権 

    

 超小型慣性センシングユ

ニット 

大学整理番号 1085  高西淳夫 

ゼッカマッシミリアーノ 

セッササルバトーレ 

林焯華 

 

4. 講演     

 Objective Skill Analysis and 

Assessment in Neurosurgery 

by using the Waseda 

Bioinstrumentation System 

WB-3 -Pilot tests- 

2009 Robotics and 

Mechatronics 

Conference, pp. 

1A1-L08(1) - 

1A1-L08(4). 

 

2009 年 5 月 

(published) 

Zhuohua Lin, 

Massimiliano Zecca, 

Salvatore Sessa, 

Tomoya Sasaki, 

Takashi Suzuki, 

Kazuko Itoh, 

Hiroshi Iseki, 

Atsuo Takanishi 

 

 超小型姿勢センサユニッ

ト WB-3 の開発－姿勢セン

サ IntertiaCubeとVICONモ

ーションキャプチャシス

テムとの比較－ 

第 28 回日本ロボット

学会. 

2010 年 9 月 

(published) 

 

鈴木悠人, 

迎田美和, 

林焯華, 

ルカ バルトロメオ, 

伊藤加寿子, 

石井裕之, 

サルバトーレ セッサ, 

マッシミリアーノゼッカ 

高西淳夫 

 

 他 5 件    

     




