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Abstract A stable and robust human action recognition is necessary for realization of high-value added living

environments. Our purpose is to develop a sensing system for human action recognition by utilizing a number of

multimodal sensors. In this paper, we describe a method to extract significant data segments from continuous video

and audio data that include noise of daily lives. This method extracts the significant data segments by adaptive

background model that can deal with stationary and ambient noise. We also discuss criteria to determine resolution

of feature vector units so that they can be easily utilized for human action recognition in sensor fusion approach.

We apply this method to some basic actions in an experimental environment. Finally, we also discuss adequate

definition of similarity between the time-series data that are extracted by our method.
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  Ï IHq Ç ½�ë ¢^¢<Î�¹Í�»�¼�e�f� �¡ Ç å�b)£�e�f�¤
· ø ¢NÎ�¥)¦ ë ³�¦�§z·�§�©�´»(¼�Í#� Ã��?Ç { 4

M
5
M
6
¢\Û?Ü�¥^¨ª©pP�ç�©�´\»�¼

• «ª¬�­a® �#¯)°�±�².³ :
e�f)¤)´)µ1·DÎ�¥�¦ ë ´�µo¥-×

35 ¶ ³�·1© Æ »�¼?¶�ç Ç å-e�f� �¡�¸
¹o³�º'»'¼Aµ n�éZ¹?ºm»ä ¹�Í�»(¼
• ½ �#¯#¾�¿#À�ûÁ³ :

¿HÀ â È�ÁsÂ�Ã(Ç 8 ¶ ³$e�f�¤)´�µ¥>·�© Æ »	¼}¶(ç¨ó Ç AD
é Ã^Â �p
Z³(¿:´�©�Ì ¶�Ã «H¬\¿

PC
¥ � �oP�çQ©�´Z»(¼

• Ä ¥�Å#Æ�� PC ³ :
� á£Ê�� � â |H}�~ �ÈÇ ¦¨§�©"ômÁ¯QòÉM «�¬}³ Æ »�¼

Ê 0 Ã e�f\¹ Ç å Á à ²�
\É Ã ß ³����7«�¬ Ç Æ'K ©'n Á ~À Ã ¹7�Dÿ�©�´\»�¼
3. 2 Ë#Ìs�����b 2 É�ß : Ã ·�©�Í'Î�å � Ç e�f'¤\¹ Ç å h ® ­ Ç ½Që Ã ÛÜ�Ý�Ï'Ð U À8Ñ Ã Ê W ¸�ï�Ò Æ »(¼
• Ó Ç õ}ÿ�Ô�´\»^Õ�Ö Ã yØ×��ÈÙÚMÜÛ�Ý
•
ÕÈÖ Ã�Þ�ß

• à�á M à�á Õ Ã 0�p
•
n�é�e�fâMãÏ)Ð

Í�Î��
ä Ç åæå�çzó Ã Ï�Ð Ã ï�Ò)ç�Ò Ç h Ç ä 0 E Ò�ä\Í�è<é
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4 ê'ëíì.î^ï<ð : ñ^ò�ó

�
5 ê'ëôì.î�ï8ð : õ 9

�
6 ê'ëöì.ï8ð�÷.ø �

b�ù Ç ·1©�Í�ÎKrDókx�úªû Ç
ü �s
 Ã p�ýØþ���ÿ7å ø çDó Ç��Ù.Ôa«�¬Øþ������ K	� ä�
�è���å�
�� Ã e�f 2�� ß : Ã�� �sróøå Ê 0��Ne�f Ã�� � Ç ] { û Ç ä �s` � Ç x XÈÃ Û\Ü�Ý<Ï�Ðþ���� Ù�Ô7�1ÿ�å ø ç Ç�� Ù.Ô<3)4Øþ��Dÿ � é¾ �ªû Ç �-å�� 3
î�û Ç ÷ � ÿ�Ô ë XÈÃ Ï'Ð�þ 5

0��������
Ù.Ôa�}ÿ � é
• ���'Ó r5ó Ã��aÁ! �"�# è Ã yØ×��ÈÙ'ås`%$7d!Û'Ý
• ���'Ó r5ó Ã ��� Ã yØ×��ÈÙDås`	$-d�Û�Ý
• ���'Ó Ã!Þ)ß U Õ�; W
• à�á M à�á Õ Ã 0�p

ø çpÙ�ç Ã'& � Ç `)ÿ�Ô7å 5)(�* h ® ��j Ç�ô ÿ	õ ö ü �s
�þò�è � � Ç å���j�+�, ë�- è�.1ÿ * î/�!��0æÙ * r£ÿ � é'Ï�Ðþ��21kF'Õ%�30'F�ä�
\ÿ � �aå x34 þ65 ��7 ��8
Ù9��:�;=<?>@ � é�A �'B�C�D Í�Î Ç�� Ù�Ô�E Ç�F�G < Ã�H�I þ�Ù *�J%K �

L
1 M�N'OQP3RQSUT�V'W�XZY�[]\_^�`/aQb

CAM SUT�Y�[ CAM S�T�YU[ CAM S�T�Y�[
1 56 13 834 25 1198

2 231 14 405 26 897

3 891 15 352 27 983

4 631 16 246 28 686

5 471 17 283 29 863

6 361 18 161 30 90

7 333 19 585 31 834

8 1749 20 20 32 715

9 797 21 9 33 171

10 4861 22 494 34 606

11 1598 23 1093 35 192

12 934 24 348

c ä B 8ed)ûgf'h K �ji c�k�ljc%mon h�p i6G�qsr�tUu3v�wyxz u ÿ�{'|
3. 3 }�~������/� ( �������s� ) �	�U���� f B ;�� t�������� f�� t�u�B�� 8 �����/� c�� F�� h K� | � c�� F c'�jc �����/���%�'���%�U �¡�¢�£ h K � |�¤�¥
�'B�� 8 ������� cg¦�§�¨ � 1 sec ¡g¢©r�t)B%ª c�« f'¬ n�­® J!¯ l z u�° { r²±�³´x z { ���j�gµ�¶ A z {�· § ��� 8
�����U�©r�tUu�F'qst � |¸�¹�º J´¯ c G�q f�» t�u���B��%¼	½���¾ f�¿ °�ugÀ�Á2rQ±
³	x z���Â�Ã c�Ä µ'Å�Æ c 1 % �6Ç @�{ i c �U� 8 Â�È r ¬�É
t)Bjª z ��¶�Ê · § �U� 8 �����/�Ër�t � |A � B�Ì�Í�Î�Ï�¼�Ð�� JÑ¯ c G�q���B�Ò�Á�Ó È f�Ô�{ ÀgÁ�ÓÈ � F�¼�Õ/Ö	���U×�Ø!t � Ó�Ù�Ú������������ ��Û rgt � |eÜc Ó�Ù�Ú������ f�Ý�Þ k�ß�c�à x c Ù�Ú�µ3v�wyx z { i c ��¶
Ê · § ��� 8 �����/�!r ¬�É tUu � F�t � |gá C�D�£���B�� 8
�����U� J�â�J c ± ¬ ��ã {'Ý�Þ r�t6u�B���Ì�Í�Î�Ï�¼�Ð��/£
¼�Õ/Ö%�eä'��å/æ c Ó�Ù�Ú c/ç�è Þ�é�ê c Þ �/Ø�° � |� F�x z�� � 8 ������� Ä �6ë 1

¿%Ô3ì ë 2
f�A r�í {�|3á

C�D�£�� 2
¦�§

48 î 13 ï�î c ������� ;�� tUu ¿s< B � F�xz {�ð�ñ r�ò {�· § � 10093 ó	ô K � | CAM1 õ 12
A £�µgö÷ f�ø�ù x z u ¿Ë< B CAM13

k�ú�c ¸�¹�º µ3C�D�û�ü�ý f�øù x z u�° {�|
CAM10

c F�q�� 8 ������� Ä µgþ�ÿ K u���° |���� r�t6u3BÜ c ¸�¹�º µ á��	� û�G <�
 �
�	�©tUu ¿Ë< B�G <�
�f�ù J z
u�° ��� µ ¨�¦�§ f�� � K ugÀ�Á2r ± ¬ x z������ Ü r6µ�� @¯ z {�|gá C�D�£���B m��	��� f ô �	� u3Ò�Á	� ¬ Ø c��� "!º�¹ ������#�$©t/u�° � µgB&%(' [1] £ ;=< ß() u�° {�Ô�*/f�" +! º�¹ ������×+,.- f #	$�ã {�/(0 � ; < G z {�Ü rU£gB¤ æj� Ü c Ô1* ò�2 ù x z���3 Æ f�� ��£54 { r6� @ ¯ z {�|

CAM20 7 21 7 30 c F'qg� 8 �����/� Ä µ�8Ër�9&:!tUu�;&<f>= òg° c ��B Ü z ¯ c ¸�¹�º µ�C�D�û c�?%c�@ �A�	�Ët�u ¿< B�C�D « f+B ¸�¹�º c �	�"C&D f>E § µ�F.G�G {�Ü r6µ = òJ%K � � £�ô {�| CAM18 7 33 7 35 i>H>I f B&J	K c 3�L µ ù
°�u�ô <NM�h µ�OËt/°>C&D´�
P&Q f ¶+R�£�° { � í3B&S � - f
F3q�� 8 �����/��µ = òUT²ò K � |� f B�Ì�Í�Î�Ï�¼�Ð�� JÑ¯ F'qex z�� Ó�Ù�Ú������ J´¯ � F
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L
2 M�N'OQP3RoSUT�V'W'XZY6[ \WV�X�Y�Z�[�\�] b

MIC SUT�Y�[ MIC SUT�Y�[
1 1164 5 761

2 935 6 1949

3 1239 7 725

4 853 8 1327

t � � 8 �����/� c�Ä f�^ °�u	��_�ã {'|��Û C�D&`	a�£���Ó f�»
b ã {"c Í�d�e!r�t�u�B�f+g"h�� ci&j Ók7 PC l���m�n	o c i&j Ó�µ�p	q�ã {�|%Ü c c Í�d'Ój�'Br Mjf
s�t ã {
u&v c Ó©rNJ&w�ò�° u&v c Jx4gx�µ�ô {�|�yjf Bz	{ lgG�|�û f>}~*�� 7�� c��+� Ó%��ª z ¯ r�9���u�� k�ß�c
J�4�x c G�qsr�tUu3v�wyx z u�° {�|
�jÌ�Í�Î�Ï�¼�Ð��'£ c F�q�� 8 ������� Ä � ¿�¿ Ê�� 1000

À�æ f��ÑA K u�° {�|yÜ z ��B	��7 � c��5� f�»�b ã { z1{
��v�w��5��ò ¸�¹�º (CAM13: G <�
���é�ê , CAM22: n��+� ,

CAM31,32: ��¼������&g�� )
c F'qg� 8 �����/� Ä f�ê ° Þ �� t�u�° {�|

MIC6
c F3q�� 8 ������� Ä µ�8©r�9���u�J�43ò Þ r�ò K u

° {'| t J t9B�G�q�Ó�Ù�Ú c>��� µ�8 c Ì�Í�Î�Ï�¼�Ð���r��Ët
T��%ò K u�° {>� � £��gò�° c £�B Ý�Þ c ø�¬�Þ µ�J�4�T��	�
t6u�° { r6� @ ¯ z {�| ×	,5- f3Ý3Þ �
� ¬ ã { ò¡  c � ����B¤ æ c�¢	£ r�t � ° |
3. 4 }�~������/�¡¤&¥�¦	§�¨�©� F�x z�� �g�&ª������6���/B�� �"« c�¦�¬&­ �����'£�ô {�|Ü z ¯ ��Î º�® �	ä'�gå�ã {�Ü r f�Ô K u�Í�¯y�x� c ±	°y��ã{ � í f �'B ¦�¬	­ ����� §�c�±"² v �
³ ¯6J c Ú�£ ¬gÉ ã {´&µ µ�ô {�|
¡&¶ f ¦>¬	­ ������H�·e�3Ìx¸
¹	��å�ã {
º"» B ² � Í�¯e�
�?£��	ª������/�.¼ c�¦�§ µ	½ z u�°yr9B������ §�c�¾�¿ µ�J
4¡T²ò K uyt A¡*?|	À °�Á @ z1Â B ¦�¬	­ �������'Ì�¸A¹e��å
ã {�º�»%f ��B������ §�c ¢	S c ½ z µ+Ã £ r�ò {'|
¢�S c ½ z ��Ä � ã {�Ô1* ò�×	Å%ò ±�²"Æ v �/Ø&ª�ã {�Ü r
£�B%ª z f�Ç1È ° � Î º�® �eä'�gå�r�Í�¯e�x� ±�°�µ��+� f ò{�| t J t)B&É�ÊËt � ±�² v c�Æ vjf�Ô K u3±"°	Ë	Ì�µ�J�4¡TÍ�Î x z {�Ü rUµ	� @ ¯ z {�|
ª Ü £ á1Ï £j��B k ÷ c�Ð m ±´c�±1²1Æ vyf�^ °�u&Ñ(Òs�h K � |%ÜgÜ £3B�ô { ¦�¬&­ ����� a ��B N

��« 7 T ¦�§�c J
4�x���Ó ^ � �"« �����'£�ô < B �(« n 7 ¦�Ô t

fg¿ � { ���
��� ant r�ô ¯ � ã |�A � B ¦�¬&­ ����� a r b

c
DP Ì¡¸6¹

��å�� DP (a,b) roë�Õ�ã {�|
• � ��«&Ö ­ DP Ì�¸A¹	�gåØ× DP1 Ù�Ú

� �+« ����� c � ��« £ DP Ì.¸A¹e��å�� h °'B�ª z ¯ c>Û�ÜÞ ��� ��« ¦�¬�­ ����� §�c�±�² v r�t�u ¬�É ã {'|�Ý Æ.- f
��B������ a 7 b §�c ô { ��« n £ c�±	² v �UB anta

r bntb

f
¿ � { h ® �9�AÞ (7) r)ã { DP Ì.¸
¹%��å DP (an, bn) £ ¬É t)B������ a 7 b §�c�±�² v �AÞ (8) £ ¬gÉ ã {�|

cost(anta
, bntb

) = |anta
− bntb

| (7)

dDP1
(a,b) =

1

N

N
∑

n=1

DP1(an,bn) (8)

• � �"« DP Ìx¸A¹e��åß× DPN Ù�Ú
� ��«�à §�c�á ��Î	ä�¸¡â ¾&¿ �	h ® ��r²ã { DP Ì.¸�¹e��åf�Ô K u�B	� �+« ¦>¬�­ ����� §�c�±�² v � ¬�É ã {�|�Ý Æ¡-f ��B DP Ìx¸
¹e�gå3£ a

c ô { ¦�Ô ta r b
c ô { ¦�Ô tb

f
¿ � { h ® �²�AÞ (9)

c Ô1*�f'¬�É t9B%ª z ��Ø�° � DP Ì�¸
¹e��å f�Ô K u�Þ (10)

c Ô1*/f ±�² v � ¬gÉ ã {�|

cost(ata , btb
) =

(

N
∑

n=1

(aita
− bitb

)2

) 1

2

(9)

dDPN
(a,b) = DPN (a,b) (10)

• RunningSpectrum × RS ÙãÚ
� �"« cg¦>¬	­ ����� an �g¼��yä6f � ÁËt9B ��« Ä N × ä�ÙÄ(å î Ä L

c � �1« ����� §�c&á ��Îeä�¸¡â ¾"¿ ��� �+« ¦¬�­ ����� §�c�¾	¿ r�tUu ¬gÉ ã {�|�Ý Æ¡- f ��B������ a
c

RunningSpectrum ARS �
Þ (11)
¿%Ô�ì

(12)
f�Ô K u�æ%í�B

Þ (13)
f�Ô K u ±"² v � ¬�É ã {'|eÜ�Ü £�B λ � FFT

f�Ô K
u � ¯ z�� ô { ä�Ù Ä �Uë�ã |

ARS = [A1, A2, · · · ,AN] (11)

An = FFT (an) (12)

dRS(a, b) =

(

N
∑

n=1

L
∑

λ=1

(Anλ − Bnλ)2

) 1

2

(13)

Ü z ¯ c���� ��î�ç�ã { � í f B á C�D�£ � ¯ z�� �	ª����
�3� f�� t'ujª z�è�z c /50yfeÔ K u ±1² v ��æ´í � |�d 7

�'B CAM13 £ � ¯ z�� ��ª��������	é�£ � ¯ z���ê ^xë c �
ª������/� f�� tUu�B�ª z k�ljc �&ª������/�"ì c�±�² v �&í
Ï"¸+�Ut � i c £�ô {/|6î�ï ����ª������6��ð�ñ	�²ëstQBAò ï �
��ª�������� §�±�² v ��ë�ã | ò ¿ B Ü c å º ¼g� ±�² v c���%c J�43° ê�ó c �&ª��������Ër c 9�:"Ë&Ì´�Aô	JËt � i c £
ô < B Ð m c /�0%f�Ô K u � ¯ z�� Ä Þ ��9�:©t6l�ã�° Ô�* ®õ �'Ö%� � @ u�ô {�| ª z+è3z B DP1 µ>� ��«�Ö ­ DP Ì¡¸6¹
�3å B DPN µ>� �	« DP Ì5¸�¹j��å B RS µ RunningSpectrumf'� ,!t�u�° {�|%A � B CAM13

J´¯ � ¯ z�� Å��	ª������/�§�c>±+² v �>ö&÷ t²B&ø �+« í�Ï�¸.��t � i c � d 8
JÑ¯

10f � ã |
�eå º ¼ J´¯ B Ð /"0 rgi>ù	rARx �F3q�ã {/Þ c���� f�ú °
µ�ò�° Ü r6µ�î J {'| ê�ó c �	ª������/��£�B	û ë �	ª������
� J´¯ c�±�² v c�ü µ3G z >+� K u�° { i c µ�p	q�ã {�|&ý�@Â B3��ª������U� 705 ð�À�æ�£�� Ð /	0 £5þ3��Î c ¢ ù µ���òÿ B A � �	ª������U� 750 ð égê £���ø ¸�� ô { þ3��Î c Ú ­
µ���� ú K u�° {�Ü r6µ�î J {�|jÜ z ¯ c ú °���B DP1

f�� t
u�ª c 8 c /�0 µ�� ��« ���&F f�� K u�°�ò�° Ü r6µ ��� r��@ ¯ z {'|
Ð m 0 £&ø ^ c �(ª%�j�j�'� §�c�±(² v ��ö	÷%ã { c f JJ { ��� ¦j§ ��B DP1 µ Û1Ü 800 msec

u5v 7 DPN µ Û1Ü
650 msec

u	v 7 RS µ Û&Ü 220 msec
u�v £�ô K � |	Ü c r�4
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��&]������ :DP1

N = 75 � T = 10(100 msec
Ô�� £ 1 ï § ) £�� Pentium4 3.0

GHz
c

CPU ������ã { PC
ß £����e� h K � |

RunningSpectrum
f>Ç5È T /�0 £�� ±+² v µ�� �+«	à §�cá ��Î	ä�¸¡â ¾	¿ r�tUu ¬�É x z {�|+^�� ÿ � ¦�¬	­ ����� §c>±"² v µ metric r�t/u ¬�É x z { � í f �jª c æ c ���%£c � °�µ�9&:.-��� f ò { r"!�#�£54 {'| x ¯ f ����� ¦�§ µ$ Toã�Êyr�° *&%�' i3ô { � í�� ¤ æj� RunningSpectrum

f
Ç1È T ±"² v � % Ø�ã {�|

4. ( ) *
á"Ï £����&`�a « fg¿ � {"c Í&d c ¬ n�+ ���-,ËtUu.� ¸�¹º 7 Ì�Í�Î�Ï�¼�Ð��/£3v�w!t ��/�0 Jy¯ ���	ª%ò ó î	��1 p -f �32 ã {�/�0%f�^ °�u.4"� � |�� � �jª cgß £ E § h�p�5�6c � í f �´��  §�c87 v ��ª�9�:�u����jã { @ 0yf	^ °�u´i;�< t � | ¸�¹�º 7 Ì�Í�Î�Ï�¼�Ð��'ª z1è�z c=2 q f�^ °�u p
-�Ò�Á�>���Ö	��?�@ 7BA�C�ã {�Ü r f�Ô K u-��À�Á2rED�ò �j{
����� c8� � �32 �(��£�ô {'| x ¯ f ��F�þ f F�G�`	a fg¿ °
u m9n h�p c v�we� h °.� á�/�0 �U×�Ø!t � | ª c�ß £.��±�°
ò.  c æ����y� h~* � í cg¦�¬	­ /�0 §�c�¾&¿	c ¬�É%f�^ °�u
��_©t � | H I
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