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Recent and rapid advancement of robotic technology is bringing aerial robots closer to tasks and applications. Natural 
interaction of aerial robots is expected to be applied in wide areas from disaster countermeasures to entertainment. However 
there was only a method of using external microphone to realize audio-based interaction between human and aerial robots. 
We propose audio-based interaction using onboard microphone to realize closer and directer interaction. 

 

1. ���� 
ðÀūŠőŔģ�âģħ�[�ĥĽŬŏŨńŉŧŬůNatural 

Interaction, NIŰĦãęĶ�£ĒÖOPĔÀĸķĶĳĎĦĥĵ, �
FH¨đĴŀŬŏŮŒĽŬţŬŔĮĢNPčŉŮŬĢħX�Ē

wTėķġčĶ.ó V|�£ĦĨðÀūŠőŔĒ¤đĴbďĶq
�Ĺ�čĝıħĒ<ĔįĴķĶĒ, z�£ĨðÀūŠőŔħĊÅ
ÆċĢĨĥĔĊ¼ÆċĦãęĶ�£ĢČĶ. 
ŦŮňĒhM4šĽńĦí9Ĺ�Ę, í9ÍÑĦĳĵðÀū

ŠőŔĹ�³j´ęĶ§ģčğĝí9ĽŬŏŮśĿĽŋĦĠčġ

ĨV|Ħ�£Ēĥėķġēĝ. ĘđĘ, ðÀūŠőŔ¾�Ēí9
ōŬŇĹ�ďĶĖģĦĳĶ-/�8ģħĽŬŏŨńŉŧŬħ)½Y

ĦĠčġĨĮĞĮĞxá`ĢČĵ, z�£ĨĖħ)½YĹd�
ęĶıħĢČĶ. 
�©�å, ðÀūŠőŔģħ NI ĦĠčġãÙ�£Ĺ�ŭ¸

GĘ, łŬŠŮŕí9ōŬŇĦĳĶí9ÍÑ, $ĪĜķĹ�čĝ
ĽŬŏŨńŉŧŬĦĠčġDÂĘĝŜūŔŏĽŜĹ	ďġÐpęĶ. 

2. ���	 
ðÀūŠőŔħ NI ĦãęĶV|�£ĦĨ, ŊĿŋŐťŮĥĤ

ħ��ŝŮŋħĻŜūŮŐģ, 9ĥĤħí9ŝŮŋħĻŜūŮ
ŐģčĎ�ģĥĶųĠħ^�ĒČĶ. sĦ, ĜķĴħ��$Īí
9ōŬŇÜĒłŬŠŮŕĢČĶđ,đģčĎųØĵĦ�ïĒĥė

ķĶ. HTA(Heavier-than-air)4ðÀūŠőŔĦãĘġ, ĜħV|
�£Ĺ�ęĶ. 

Monajjemi ĴĨńĻŕņŜŏŮģĜħłŬŠŮŕŃţŨĹ�čġ
ŊĿŋŐťŮĦĳĶĽŬŏŨńŉŧŬĹD�Ęĝ[Monajjemi 2013]. 
Ng ĴĨńĻŕņŜŏŮģËµ4ŃţŨĹ�čġŊĿŋŐťŮĦĳ
ĶĽŬŏŨńŉŧŬĹD�Ęĝ[Ng 2011]. �¹ħ^�Ĩ, Ëµ4
ŃţŨĦ�ĭðÀūŠőŔħŞĽūŮŕ§ħŋŞőńĦ�¬Ĺ(

ĕĶ�o, ðÀūŠőŔĨĜħ�µĦãĸĴĚ-/�8ģ��
ŝŮŋħĽŬŏŨńŉŧŬĒ)½ĢČĶ. U¹ħ^�ĢĨ, ��
'W$Ī����ĒðÀūŠőŔģ�ìėķĝŉŋŒŢĢÀĸ

ķĶĝİ, ðÀūŠőŔħŋŞőńĦ�¬Ĺ(ĕĶĖģĒĥč. Ę
đĘĥĒĴ, ŦŮňĨËµėķĝŃţŨħ�ĢħįðÀūŠőŔ
ĦHĘĻńŉŧŬĹÀĎĖģĒÌėķġĐĵ, �âĦģğġħĽŬŏ
ŨńŉŧŬħ)½ĥî5ĒŃţŨħÅÞĦæCėķĶ.  

Quigley ĴĨ1C·ħJ4ðÀūŠőŔĦHĘ, PDAůhMZ
7¦yŰĹ�čĝí9��ĦĳĶÚéj�ĹÀğĝ[Quigley 

2004]. PDA Ĩ3�Ģ��ėķ, PDA ĦĳğġWĴķĝí9Ĩ
ņšŬŕĦ:fėķ, ņšŬŕĨðÀūŠőŔĬ�³×�ėķĶ. 
Ėħ^�ĨŦŮňĒðÀūŠőŔĹÚéj´ęĶ�Ģv!ĢČ

ĶĒ, �oĢðÀūŠőŔ¾�ĦĨí9ōŬŇĨÂ�ėķġč
ĥčĝİ, ðÀūŠőŔĨ¾Óħ-/�8ħí9Ħ%XęĶĖ
ģĨĢēĥč.  
��ħĳĎĦ HTA4ðÀūŠőŔħ NIĦĐčġ, ðÀūŠő

Ŕ¾�Ēí9ōŬŇĹgÔĘ, Ĝħ-/�8ģĽŬŏŨńŉŧŬĹ
ÀģčğĝĻŜūŮŐĨ�ĤįĴķĥč.  

3. �#!$ "��������� 
 ]ĉĒD�ĘĝħĨ, ðÀūŠőŔħłŬŠŮŕšĽńĹ�č
ĝí9ÍÑ$Ī, ĖķĹ�čĝ-/�8ģħĽŬŏŨńŉŧŬĢ
ČĶ. Ëµ4ČĶčĨhM4šĽń§ħœŘĽŋĹ�ęĖģĒĥ
čĝİ, �Cħj´¹ĹÛīĖģĒĥč. ŀŬŏŮŒĽŬţŬŔ§
ħ�ÞĢĨ, Ãm�Ē+rĦ#�ĢēĶSħĽŬŏŨńŉŧŬĒ
)½ĦĥĶ. �Fl §ħ��ŉŮŬĦĐčġĨ, -/ħ��
Z7Ħ�ďí9Z7ħ&ëĦ�čĴķĶĖģĒ¸ďĴķĶ. 

 

4. � 
z©ĢĨ, ]ĉħDÂĘĝŜūŔŏĽŜĹ�ęĶ.ó ðÀūŠ

őŔģĘġ, �{Ĵħ^ħĩĴŇĽŌńĻŕņŜŏŮ[Konomura 
2013, 2014]Ĺ�čĝů0 1Ű. z�ĨŤŮŏđĴHÈħŤŮŏĮ
ĢĒ 12cm, ÝßĨ 70gĢ, ŎśŔľĿĻŉŋŒŢĨ LinuxħŜŨ
őŔśŁŮŢ�Ħ�ªėķġčĶ. šĽńĨœŊŏŪŉũņŬšĽ
ńūśŁŬů0 2ŰĹ�čĝ.  Ù°�Ŵ�>Òºõó }
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4.1 ��� 
ìèrĦĨ, ðÀūŠőŔ¾�ħŗĽŌ�;Ħí9��Ĺä

FęĶıħĒĥč. ìèrħí9ÍÑÜĦĨ, łŮŜŬŎŮŋ
ħ��=ÎRÙ±í9ÍÑŀŬŊŬ Julius[Lee 2009]Ĺc�Ę
ĝ. Julius ĨũĻŪŏĽŢħí9ÍÑ��ĹDÀęĶĖģĒĢē, 
�íÕtĲÊÎŤœŪ§Ĺ¾�Ħ®įuďĶĖģĒĢēĶ.  
z�£ĦĐčġ, ŦŮňÕtĨņšŬŕ¶ĐĳĪ, ðÀūŠő

Ŕħ. ħ"ÎĢ�\ėķġĐĵ, 1). ħį, 2)ņšŬŕħį, 
3). +ņšŬŕģčĎ�¢ïħn�ĹÍÑęĶ. DêĦņšŬ
ŕĹDÀęĶħĨ 3)ħí9��ĒWĴķĝģēħįģĘġčĶ. 
ĖķĨ-/ħñíħÏ��ħH¨ĢČĶ.  

 

4.2 ��� 
ðÀ�ĦĨ, ńĻŕņŜŏŮ¾�ħŜūŞŨĦĳĶñíĦĳĶ

ŗĽŌĒ?2ęĶ. ĖħñíĹ-�mÉ~ęĶģ, 0 3 ħĳĎĦ
�âħ9ħ-�mMĦÖč 100Hz�1kHz ČĝĵĦ=ēĔ�L
ĘġčĶĖģĒĸđĶ. �o, 3kHzÖħ-�mMĦĨŗĽŌĒ
ČĮĵÄĴķĥč. ĜĖĢ, 3kHz ¡QħíĒ�ěĶşĽőŋŪĹ
�čĝDòĹÀğĝ. í9��đĴ FIR śļŪŏů0 5ŰĹ�č
ġŘŬŕřŋśļŪŏĹđĕ, ¥ãmĦĨŃĽňŮ¥ãmĹ�č
ĝ. ¯�, ŜūŞŨíĦĳĶ=ēĥŗĽŌĒČĶ�, şĽőŋŪíĹ
»ē�ĕĶĖģĦ\�Ęĝ. şĽőŋŪíģ�èņšŬŕĹHXė
ěĶĖģĦĳĵ, ðÀ�ħðÀūŠőŔĦłŬŠŮŕšĽńĹ�č
ĝ�èa�Ē)½Ħĥğĝ. 

 

 

 

5. 
� 
łŬŠŮŕšĽń$Ī MCU ĦĳĶí9ÍÑĦĳĶðÀūŠő

ŔģħĽŬŏŨńŉŧŬĹD�Ęĝ. ŀŬŏŮŒĽŬţŬŔĲŖŚŅ
ŮŉŧŬĥĤħ�ÞĢ, ðÀūŠőŔģ�âħĳĵÖĔ�e�ĥĽ
ŬŏŨńŉŧŬĹ)½ĦĘġčĔĖģĒ¸ďĴķĶ. Įĝ, Z7&ë
ħÇ�đĴĨ, V|�ĺĦ�£ĒÀĸķġčĶ¤iů��Z
7ŰĦ�ď, -�mMħ�æĨČĶıħħí9Z7ħ&ëĦı
��ėķĶ)½YĒÄ�ėķĝģčďĶ.  
Įĝ�2Ĩ 3kHz MħşĽőŋŪíĒ�èņšŬŕħįĦH

XėķġčĶĒ, íħàėĲĜħ®į*ĸěřŏŮŬĹ»ē�
ĕĶĖģĢ<¢ħņšŬŕĦHXėě, �ďġŜūŞŨíħ?2
�Ģ�ħ9Ĺ_�ęĶĖģĦı'ĵ®ĺĢčĔ�CĢČĶ. 
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