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GIO: Artificial Tail To Redevelop Vestigial Functions  
 

Kaori UJIMA†1,A)  Azusa KADOMURA†1,B)  Itiro SIIO†1,C)� �  
 
Abstract:  Human beings have evolved considerably over the course of history, during which we have lost and 
replaced a number of organs. We focus in this study on artificially “regrowing” such lost organs, with particular 
emphasis on the tail. Tails are controlled by muscles in the buttocks, and are often taken to represent animals’ 
feelings. We propose a wearable tail-type interactive device called “GIO” (which means “imitation tail” in 
Japanese), which can be used as a tool to represent the wearer’s emotions as it is controlled by his/her muscle 
movement. Furthermore, we describe a measurement method for the electromyography (EMG) of the buttock 
muscles used to activate the artificial tail, and its experimental evaluation. We also carry out a survey of the 
correspondence between the general motion of the tail and the relevant emotion to define the motion of GIO as 
applications. 
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Fig. 1� Overview of Artificial Tail. 
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y ʝƾĭ˥AD ňƲò˟0~1024ˠ 

Fig. 2� Raw EMG/ Filtered EMG data at arm muscles. 
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Fig. 3� Frequency response of the FIR HPF. 
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Fig. 4� EMG Measuring points. 
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ļ 5� ɠʸŬõ A Bl Cl Dl ĩʸækżɊ˟ ŬˠlĢɌ˟ Ħˠ 

x ʝƾĭ˥ǅ˂˟312.6 ms k£È��ȤZˠ 
y ʝƾĭ˥IWS940 k AD ňƲò˟0~1024ˠ 

Fig. 5� EMG results for measuring points: Left A-D. 
 

 
ļ 6� ɠʸĦõ A Bl Cl Dl ĩʸækżɊ˟ ŬˠlĢɌ˟ Ħˠ 

x ʝƾĭ˥ǅ˂˟312.6 ms k£È��ȤZˠ 
y ʝƾĭ˥IWS940 k AD ňƲò˟0~1024ˠ 

Fig. 6� EMG results for measuring points: Right A-D. 
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ļ 7� ��¢¸ǟƙļ 
Fig. 7� Block diagram of the system. 

 
£È�O�À�ÁʜʨV�~ˢArduino elˡ£È�Oʜ

ʨV�~_ni (l1)£È��ģƆX (l2)FIR ª�¬�¯�

Á��NRˡ(3)ǉƽ£È��ĮvʱĞ 10 ñk£È�kǉ

ŋòfǉŢòkŭ˟peak-to-peakˠ�ɻȷXˡ(4)T���

��ÁeɿřV�_˄òfǬʟXˡ(5) ˄ò�ʒLdJ_

|Ťťʸăk�È´ºÈ��ēNZˡfJKƞ˕�ɏ}ʣ

Zˢ˄ò�ʓL~f�È´ºÈ�l 90 ŶĺʜXˡǤiʩ

ƾĭi 90 ŶĺʜZ~ˢTkƂƈlȾ 2.5 ȨeɂÓZ~ˢ

�¢ ±(5)el TlkƂƈʰē� 0.6ms UfiăčX �l

È´ºÈ��˚ēZ~Tfeˡ(1)N|(5)k�¢ ±�

0.6ms áÿiɂÓV\ˡ£È�kģ}TsX�ʑTVhJ

{KiūŌXdJ~ˢ£È�ģƆʸă�čʡuāȎidŚ

ȍZ~TfxǜɼX_OˡArduino kªÈ¥���ˡˁȘ

�¯¤���kćȾN|ˡ�À�ÁʜʨiīǋXdȬøZ

~�Å±Áh±Ã�¿¸ǟƙfX_ˢ 
� ǽř£È�O˄ò�ʓL~fÉƂƈkēéOĝŷiˁŐ

XˡÏƼZ~TflhJˢÉƂƈkēék˂iÉŶex˄

ò�ʓL~f Vl|iǤkÉƂƈēéOɩ��~ Ésƾeˡ

Ƃƈēék˂iÉŶx˄ò�ʓL~TfOhR�mˡǤk

Ƃƈēélɩ��[ˡŤťlóǧZ~ˢ 
 

5. ���@  
� ɐťkƏɘ�ʀìZ~łȣșhʀìŚ˛�ȳɓɡʚkɠ

ʸkȴɕi{bdɩb_ BsɐťkŤť�ēNX_JCfƖ

ļX_��·Å�eɠʸkȴɕiď�ü�ˡŤťʸăOē

Qtekǅ˂�ɠʸkŬõˡĦõeɻǽX_ˢ£��µÈ

�°ÁˏǞ�ʎ}ßR_ƅˡƹĺ]kʸæeżɊÇĢɌ�

ɏ}ʣXˡ˄òkɿř�ɩb_ˢɐť�ɮȞXˡȜȰXd

ˑǧX_ȉƘeˡɠʸkʸæ�ēNZƖʋ�xbdȴɕ�

ēNX_ˢɠʸkŬt_lĦiˏǞ�ʎ}ßRˡ]�^�

10 ĺ[cǽřX_ˢ 
� ɫ 2 iɄǗ�ȤZˢƹòlˡŤťʸă�ēéV\{Kf

ƖļXɠʸȴɕiď�ü�_ƅiˡŚˋiŤťOēéZ~

tekǅ˂�ȤZˢɠʸŬĦiģ}ßRdŚ˛�ɩb_ĩ

10 ĺýdiMJdŤťʸălēéX_ XsNX ēléZ~

tekǅ˂lˡŬĦi{bdm|cPOI~TfOɻǽɄ 

 

ɫ 2� ēéŚ˛ɄǗ 
ƹòlēéZ~teiƋɱfX_ǅ˂˟secˠ 

Table. 2� Reaction time of operations. 
 

ǗN|ăb_ˢɠʸŬõk 2ˡ4ˡ5ˡ7 ĺțfˡɠʸĦõ

k 9 ĺțeēéZ~teiǅ˂ONNbdJ~ˢT�lˡ

lYwiˏǞ�ʎ}ßR_ʸæflţX[�_ʸæiď�

ü�dXtJˡǨXJʸæiď�ü�~teiǅ˂ONN

b__weI~ˢ 
 � t_ ɠlʸĦõ{}xŬõeēéˁŐtekʮŸOŋP

J÷ĭOI~ˢT�lˡĆPʔ˟Ś˛ɓlĦĆPˠkƁ˔

elhJNfƎ��~ˢÜƅɭ˛ɓ�ĕ}ˡV|h~Ś˛

�ɩJ_JfɒLdJ~ˢ 
� Ťťʸă�ēéV\{KfƖļX_ńĪˡǨXJʸæi

ď�ü�~teiǅ˂ONNb_ȃi˃Xdlˡƿűȏǹ

iMJdˡɠʸkȴɕku�ƖʋșiēNZń˓OţhJ

_welhJNfɒLdJ~ˢ{bdˡɠʸkʸæ�Ɩʋ

XdēNZilɽɋOƋɱfƎ��~ˢǏŚ˛kÏeˡɠ

ʸŬõk 8 ĺțáˆyɠʸkĦõlˡďkü�ƾ�Éři

ïcTfOeP_fJKƗɶOIb_ˢI|NYwƹĺk

ɽɋ�ɩKTfeTkĵ˖lɹǲeP~kelhJNfɒ

LdJ~ˢ 
� t_ˡǆǩƖʋXdēNVhJʸæ�ˡɐť�ȐJdē

NXdJQTfi{}ˡʧĖX_ǣɘ�ģ}ƜXʚçƩž

Z~kfīǅiˡƖʋșiēN\~ȴɕOņL~ĒǗOI

~fɒLdJ~ˢÜƅlˡɠʸk{}ŵȹhȹĻekɻǽ

yˡ�Å�kƹ�ņyXdɻǽZ~Tfeˡ{}ȼŶɥQ

ēN\~��¢¸�țƬX_Jˢ 
 

6. �#	��  
6.1 &$8/	��	 !	��  
� ȍĿkɐťkȵç˟ļ 1ˠl L100>W90>H35mmˡʺ

VlȾ 140g eI}ˡ½È�kēP�˅Ŝ\[Ȟəxŝǂ

iɩL~ˢTkȵçil³Á¤OßJdM}ˡêȐZ~ˋ 
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ļ 8 �Å�È¤k�¿�¤ë 
˟ɻ 10 ǖkÏN|ƦĂˠ 

Fig. 8� Example illustrations of questionnaire. 
 
lɝiĽřZ~ˢǤiˡ£��µÈ�°ÁˏǞ�ɠʸiʎ

}ßRˡĥňƤƢĹk���Á�ĺXˡȴɕżɊǅiŤť

OēéXhJ˄òiɿř�Z~ˢǉƅiâƖk��·Å�

eˡˏǞ�ʎ}ßR_ʸæiď�ü�ˡȴɕ�ĢɌV\~

TfeŤťOēéZ~ˢ 
� ȍĿkŤťkēPlˡěȿhƂƈʰēeI~ˢÜƅˡŤ

ťkēPi{}BĶnˡœXVˡƒXVˡʌƛC�ɫȍe

P~{KiǣɘƩžX_JfɒLdJ~ˢTTeʶƣX_

ƗƓɫȍlˡ20 àN| 40 àkȓŎ 30 ĬiŤťi˃Z~

�Å�È¤ʈǘ�ɩJˡþŁșhēȆkŤťkēPk�¿

�¤˟ļ 8ˠN|ʬƕZ~ƗƓicJdĺȶ�Ɔ_ɄǗe

I~ [f][g]ˢǏ�Å�È¤ʈǘkɄǗ�xfi BlĶnCk

ɫȍlˡËĭPiŤť�ĭRŬĦiƮ~ BlœXVCkɫȍ

lˡÌĭPiŤť�ĭRŬĦiƮ~ BlƒXVCkɫȍlˡ

ÌĭPiŤť�ÌS~ BlʌƛCkɫȍlˡËĭPiŤť�

ËS~fJKŚɮ�ɩKÔřeI~ˢTkŚɮelˡ½È

�OˡËʤX_ 4 ckēéN|Éc�ƥX´�Å�� �

eʶƣXˡɠʸkȴɕ�ĢɌV\~Tfeēé�ʑēV\

~ƾź�ɒLdJ~ˢ 
� Tkǣɘi{}ˡëLmˡġÛfʯ�eJ~ˣ±Â�Å

¤�ʍb_hgˡĶnyœXVfJKƗƓ�åKfPyˡ

ŒhTfOIb_ˣɳȟ|jxkiĂQ�X_hgˡƒX

VyʌƛfJKƗƓOåb_fPiêȐZ~TfOĥɘi

h~ˢȇiˡƗƓ�đʿX_JˋyˡƗƓ�]kttĤi

ĂZTf�ʙʘ��~ˋkƗƓɫȍiǊĒeI�Kˢ 
6.2 �%	 !	��  
� šǓlˡ±Ã�¿¸V�_ēP�ĀȍZ~`RelhQ

ŊƀhēP�ŚȍX_JˢǏǓkēȆkŤťlˡËÌiē

QˡɀǀQt_lzbQ}fēQˡɟ|vˡÐt~ˡhg

kēPOI~ˢēQƾĭyˡēé�®È¥ˡſȉ�ňĖV

\~hgk˓N|ɫȍkų�ņyZTfOeP~eI�Kˢ

                                                             
þŁșhēȆkŤťkēPlÌɾ��¤�ğɒiX_ˢ 
f)�§º¨�º: 
http://inumo-nekomo.jp/health/FȋĘŰOɹʆ˞G� µe�N~Ȋkǯ

ƫa 
g)��Tk\�\J: 
  http://wankoukiuki.blog106.fc2.com/blog-entry-192.html 
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