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Abstract: This paper presents a system for arm movement analysis base on computational system rehabilitation. In 
rehabilitation, arm motion analysis is crucial as a number of daily activities are directly related to arm movements. If the 
arm motion analysis is applied regularly to the rehabilitation and diagnosis, a set of desired functional tasks can be 
established. In this study, we have built a rehabilitation support system with 3D image sensor and kinematic model in a 
virtual space. The 3D image sensor can be applied to the postural measurement and joint angle estimation, and the 
kinematic model can provide a visualization of arm movement tracking. This paper shows an experimental example of the 
rehabilitation support system. 
    
Key Words: Computational System Rehabilitation, Arm Movement Analysis, 3D Image Sensor 

 
1. ���� 
� ]OP]JcD[a%�� Ŭ}'ƣ�Ŭ}%·-4Ŭ

}%Ń75�"�	ŦŔ%rŚ�652	%ƣ�7/ Ɖ

ş$ƄĲ"�6 �5ƤŬ}"'� &�ň%�Ř� ½

ð�650&!ƣĔĩ8·/5%��� &Öşg�Ċ$

ƄĲ!�4ƣć�$àď8Ģ� ƣÚ°8�Ɣ�ƣ�3%

�68íĠb�þbŇ£bťƈ�5"�	{Ą!�5[1]Ƥ
���$3ƣ]OP]JcD[a&Ŭ}'ƣĩĕ²��

&Ņƞ80"%Ř	�"µ�ƣħƑ1ðũ!'ƣ��%

á� ���6�6&Ĩ|&ìƘË%Ɛ¼Ī!�5�/ƣ

ÂƌĪ$ĭŲ1Ņƞ8�ú�5�"Ɩ��Ƥ�&�/ƣ

Ú°&¶®Ī$ĆƁ�%Ǝ�5ĮĴƉş"$5Ƥ]OP

]JcD[a%Ǝ�5ć�$�Ɗ&ĭŠ8�4ż.$3ƣ

Ú°âřƣŨĖâřƣƀ�âřƣ`TILâřƣDEJV

�âřƣĭŏ�âř$#8Ģ��Āń.8Ćļ�5�"ƣ

d�&ťēĸ"$4	5ƤüĮĴ!'�&2	$ąØ8�Ũ

ĹűĪDEJV]OP]JcD[a�"2*Ƥ 
� üĮĴ!'ƣeōƃ�&ŨĖƣ�þƣŬ}8īĪ"��

DEJV8Ćļ�5Ƥ]OP]JcD[a&Ğ±!'ƣe

ō&Ǝĺ��®8ŨĖ�5�/ƣ�(�(AN=WcGc

Ģ�365Ƥ���$3ƣAN=WcGc'ƣ ƗČ¸
�8j$ŨĖÁŴ"� �4ƣƃ�i&ťþ%ƆĢ�5�

"'©Ɩ"�6 �5Ƥ-�ƣ�{ťþ8Ř	�/%Xc

D[a?YSHYc8ƆĢ�5±£0�5ƣXcD[a

?YSHY'ƣƠľÏ$�{ťþ%×Ģ!�5dï!ƣŚ

ƙUc>&ũňÖş!�5�"1ƣŜň¶šĉ!Ơ}

$�"�3½őÎ!&½Ģm|Æ$�Ƥ�&�/ƣüĮ

Ĵ!'ƣ»}!��¿ô%Uc>c_E&XcD[a?Y

SHY�ŏ$ 3 ċ�ŶƕĤ�FaB8ƆĢ��DEJ
V8Ćļ�5Ƥ�zĪ%'ƣ3 ċ�ŶƕĤ�FaB%2�
 ŨĖ�6�ś�z&¢ƎĺxňÚ°�3ƣƃ�ºXK^

8Ģ� eō&¢ƎĺŤÏ8è¼�5Ƥ-�ƣŨĖ�6�

ƎĺŤÏÚ°�3ƣƃ�i&Ǝĺ��®8ťþ�5�/ƣ

tÛĵƍ�%ƃ�ºXK^8Ćļ�ƣ]:^G<V%�{

Źŷ&�Ţ��ŏ$DEJV8Ćļ�5ƤtÛĵƍ�!

'ƣƃ�&�Ţ���!'$�ƣĜĠėĹ8Ģ� ƣ�0&

8ä��$#&GE@8h
5�"0!�5Ƥüĳ!'ƣ

Ćļ��DEJV8Ģ��½ƞ|8İ�Ƥ 
 

2. �.4�1'��� 
2.1 3&�36)���� 
üĮĴ!'ƣMicrosoft ıŞ& Kinect FaB8ƆĢ�5Ƥ

Kinect FaB'ƣ>W\Ĥ���!$�ƣÁŴĜz%¦�
 ŵ´�8ĚÃ�5�"!Ĝz-!&Ŷƕ8ŨĖ!�5:

@J;RFaB!�5ƤÓý&ŶƕÚ°8ŨĖ�5_cC

ÑFaB1 CCD >W\8Ģ��EJ_=Ţ"'Ħ$4ƣ
ÍĻª&ŶƕÚ°8dÏ%�Ô!�5�"1ƣöß$#!

0ŨĖ�ŏ!�5$#µ�&�ę�5Ƥ-�ƣ Kinect 
FaB'ƣÓý&XcD[a?YSHYâř&2	%ƣŸ

z%µì&Uc>8q�5Öş$�nƍ&ƟāXK^8

¿ô%�Ô!�5FaB!0�4ƣć�$ĮĴm|%ƆĢ

�6 �5ƤKinect FaB%2� ŨĖ�65ƟāXK^
'ƣ�ŕ�6 �5S`FIB%2� ėĹ�6ƣ]:^

G<V%¢Ǝĺxň8žÓ�5�"!�5Ƥ 
2.2 �.5,0#$!��� ��/� 
� Kinect'ƣ20>ß&Ǝĺxň&ÐĈÚ°8ŨĖ�5�"
�ŏ!�5ƣ¢ƎĺŤÏ8Ĭç�Ô�5�"'!�$

�Ƥ��!ƣüDEJV!'ƣ�3��/]a@Ƌ8¼ŉ

��ƃ�ºXK^8Ģ� ƣ�Ô�6�¢Ǝĺxň%ƃ�

ºXK^&ƎĺÐĈ8Žw��5�"!ƣƍçĪ%ƣś�

z&¸�8è¼�5ïĕ8Ģ�5Ƥ�zĪ%'ƣòfƣ¶

~3éĂ� �5Ƃ�µīĪùƆ�%¯��ƎĺŤÏ

è¼àĕ8ƆĢ�5[2]Ƥ 
� « 1%üDEJV!Ģ�5ƃ�ºXK^8İ�Ƥ¢Ǝĺ
ŤÏ'ƣť�ŝġÞ�6ƣŨĖ�65ś�z&¸�%£

7� ť&æŁŘ765Ƥi ĥī%ġÞ��ť�ŝ's
f&2	%ŚĞ�65Ƥ 

gi = θi ,t ,1,θi ,t ,2 ,θi ,t ,3,θi ,t ,4 ,θi ,t ,5,θi ,t ,6( )   (1) 

� ƃ�ºXK^&¢Ǝĺxň'ƣƚƃ�º8ť��"%2

� Ē/365Ƥõ� t %��5ƃ�ºXK^&ŌƣàƝƣ
à�&Ǝĺxň8 p*

i,j,tƣKinect FaB%2� ŨĖ�6�
Ǝĺxň8 pi,j,t"�5Ƥ��!ƣj'ŌƣàƝƣà�&Ǝ 
ĺĥ¡!�5ơj =1, 2, 3ƢƤƃ�ºXK^&Ǝĺxň"ŨĖ
�6�Ǝĺxň&Žw&Ï£�8īĪƎì"�ƣZc@]

IMŶƕ%¯��ŚĞ�5"sf&2	%$5Ƥ 
 

2016年9月4日～6日，仙台（東北大学）

360



 

 
Fig. 1  Kinematic model. 
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Fig. 2  Posuters in the experiment 

 
Table 1  Angle Estimation Results [deg] 

 

  
   (a) Shoulder abduction     (b) Shoulder exion/extension 

Fig. 3  Visualization of arm motion trajectry 
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Posture Goniometer Proposed 
System 

Shoulder Abduction 60 57 
90 82 

Shoulder Extension 30 25 

Shoulder Flexion 
60 60 
90 89 

120 122 
Shoulder External Rotation 60 56 
Shoulder Internal Rotation 60 55 

Elbow Flexion 
60 48 
90 74 

120 116 
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