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Developmentof RemoteBook Browsing Robot System
– Realizationof Book Opening/Closingand PageTurning Behavior –

*TetsuoTOMIZAWA, AkihisaOHYA, Shin’ichi YUTA (University of Tsukuba)

Abstract— This paper describesa systemwhich usesa mobile manipulatoras a teleoperatedtool for accessingand
manipulatingremoteobjects. A humanusesthe systemto browsea book of a library from a remotelocationvia the
Internet. We presentthe developed book browsing unit, which containsbook opening/closing andpageturning device,
andevaluateits performancethroughexperimental results.

Key Words: Mobile Robot,Teleoperation,Book Opening/Closing,PageTurning

1. LNMPOCQRTSTUWVYX[Z]\_^a`cbWdPe[fTgihkj*lnmWoqpsr_tqrvuwaxzyv{k|~}��s�k�Y�c�������P�T�s�>�s���s�k�P�T�^�X ���$� t~���k�T�T� �k�i� h_uY�v�[�v�s c¡v¢£`¤v¥>�_¦T§T¨P©  stsekª£«­¬Y«quA®°¯ �q±c²s³>´sµq¶· «kr¹¸°º>» � «�rzX�Z$\s^ §v²v¼ «�r>tse¾½ µq¶ e� � h_¿£ÀÂÁ { lÃu�ÄiÅ ¦ÂÆ pPrstse � hvÇ6lÉÈv�P`ÊAË p£r>tsekªÌ f>g> ihvu£X¾Z$\s^ µ­Í «qrkÎiÏTÐ � Ì µcÑWÒ de>� ��µi�kÓYÔ>� «c�vªY� �T�_ÓWÕ>Öiµ�× Åid£ei� � iuTØ �kÙ£� hcÚvÛYÜvÝ£�­`_tqrÞ¸­u_¿v�q¬A¸ waß$wàT§ Ä>ái`vâkã_äP`iåvæTtqrstse¾çsèv céPê � Ì µ­ë` � �¾riÜ àzµc¶ r&ì y_��í_îYµ�ï «Wåqd~� �ð§  ¹ñe_òPóô` { e�ªðõÂö°hi�apÂÀ� _`Wu w÷x UWVzXøZA\W^ µÎiÏ>¬ Ëaù_ú d£e>� �  su�ÎiÏWÐ � Ì µ�û ÁüåcdY� ��  Âñce �TÓqÕvÖvµ¾ýTþ «�rzñ�� 1)2) ªv� � X[Z]\_^ah�W�P�>�s���i�Wµ�ÿ�� «qr>tqrPusX�Z6\s^ §���� «c�Ì�� ���	� ¬ Ë Ø �kÙ£��§
1 
 � Ì µ���
 dze � u��� «W� Ì ����� ½�� µ���� «�r û Á°åcd ú�� µ ÄvR¹«�

(Fig.1)
ª>«­¬Y«qu û Áðå>«c� Ì �����P���z���sµ��tcr �	�Yµ­û� dze_� � hc Añ { ¬Â���Wª�!P�¾  Ì�" ih_u Ì µcÑWÒ d£eq��#_`�$c¬�% { t�& �$� «�r>u ûÁ°ås«c� Ì µ���' «�r �Y�(�sµ #6løe�)(*z`�+_tWr�,- «qu�.z�T` ývþ «q� ÑWÒs�vÓWÕ_Ö `�+_tcr�/�0~e�ª

2. 1325476ÑWÒ `(8v� { & � h:9 Ì µ	� tqr �£�(�Pµ #$løe>���; 9 ���£µ<��� «¾rWØ �¾Ùs� `�=�>_dieT� �<;  >¿>e�ªÌ�� ¬ Ë û Á[å Æ pÂ� Ì h_u �W�s�>�s���i� ` û Á@?A Ë pY�(B �DC `~òv��r�E�F Æ pzritseqª	G�+ �IH  Ì µIJ óð��#_`vh	G	K Ì µI� tTrT¬ Ë Ì µ(� l ¬iu�.�T` �W�s�>�s���i�cµ�L�M d£e�8v� § ¿iekªÌ ���Y���sµ #6løe ë *£`vbP«kr>hvuvt�lN+W¬	OQP¦ÞÆ pYr>t£e�R£h>¿Pe 3) ªs«�¬z«Wu£�üp Ë h�ST#v`�U´c§ Ì µ�V «ÞlXWÂ\P^ðdzeY8_� § ¿�Á uPX¾Z6\s^ §*wV y ` Ì µ�J ó � t&óWì y `vh�ZÂ«�r>t { tTª�!s�� õAö[hqu¾ Yñqe�[ AI\(]  (^�_ {­ý(`  _u
1 a�b + �P��vµ #&l[eW� ���  Yñ�e>òPóô`Wu Ì �(�	'dce�s�I� #&lÁ � !­pQfqp~`	+>tvr	g�h¹«W�Ii �~µ	��j «kr£X¾Z6\^°` ÿ�� «c�Tª{	k u Ì �vÓqÕvÖ>µ<lm� d£e�`v¿v�]ÁÃu�n~ñ Æü§

B5

operator
mobile robot

remote library

Fig.1 o�p�qsr�t�uIvYwyxYz
¬ Ë

A4 {D|�} c�~ÂÆ h 400g � }  iuIB �DCI�<�Y�W�Ì µI���]� «�r>tseqª
2� 1 �����������Ì ��' i �£�I� � µ

Fig.2
`�>idqª Ì ���	' i � hTu� mP`�� © [

2
Ì �£�k���~�W´ `

2
Ì �I�~µ ¬ A ���^ {ký�` ¬ Ë�� e�ª~�°p Ë �Y� h	� �P� `~òzÁ���� �� ` � mvUWVsd£eqªÌ ����' V ú �që�� h_u£À b �W�P�>�s���i�   Ì �� \ �Pµ

2
Ì ���~� Ü��z`��Â«��cr¹e��

Fig.2 a  b ¡ ª¢ `vu�B �DC���ë�££µ�¤ ö¾`��Â«�¥m¦ {k§ Ë u �~µ �� � � ` � l
(Fig.2c  f)

ª {�k u Ì µ('�§ e � ñ­hz���¨~�kë��¹µ m�©�ª]ò­t_ª
2
Ì ���Âµ�� l�«�¬ ��­&Æh Ì � {®|Y} `¹òW�­r(¯ { e § u Ì §Q��' i � `(°�±Æ p¹� � ñ �v�c�£�>�s����²��cë�£	��� `YòzÁ Ì � {|Y} µ�³ e_� �°§  ÂñcekªzÀk�vuz� � )	*s ih Ì ��´§¶µ�§�¤]Æ À­ 	¥�·¹«�r*l�eq��#vu ¢ ��¸  (¹Dºvd£e�£���sµ #6løeyi � h ��' i �£� ¥�»z`m¼ � «�r k l� �°§  ¹ñqeqª

2� 2 ½m¾(¿¶À(ÁÃÂyÄ��(�� tv� Ì ���z���sµ #$l�ek��# � V ú hvu�U ´c§�Åë   �P���sµ #6l�e � ñ � � £P� V&ñ�`IÆ6ì�«qum! �V ú µ�Ç�È dPeÉ& ýYµ�Ê	Ë dPev� �  kÄTR µ hq¬£���WªU §��P���sµ #6l�e�ái`vh>uPÀ b�Ì � µ�Í�´ `��Â«�+A {k§ Ë u�� � ? A�Î µ Ü�Ï � «c�QÐ�ÑP`(ÒÞ�¾r Í�´µq{  vr Ízµ b Ë dÓ� Fig.3
�

(i)
��Ô	Õ ¡ ª�!v«�r�ÖÂñ¥ § �¾� Í£µY£ `Y×0Á {�§ Ë �

Fig.3
�

(ii)
�YÔ	Õ ¡ u ¢



(a) (b) (c)

(d) (e) (f)

manipulator

book opening unit

Fig.2 Ø�ÙÛÚYÜsÝYÞ(ßáà�â

up down

rotation

links
turning stand

In the case of human hand

( i ) ( ii )

Fig.3 ã�äÉå�æTç<èéÝ�Þ�ßNàYê

ë�ì7í�îðïyñDò�ómômõ�ë�öT÷Iø�ùTú(ûýü<þ ÿ��������	�

��������� ÿ��� ô��dï�÷������Dÿ��� �ë�!#"�$�ô�%Tô�&
'¶÷#�Tÿ
4 ( ô�)�*sò�*,+�-
��!/.Yù10I÷�2#3dü54ðÿ�2�376�80:9/;®ü�ùdÿ�ñ¶ò(ó� 3í=<?>
@ ÷�A=BDC��=�E*F+/-�ôG�H ë�I�J�K�L 
�M <ONQP�ú � <�!E*F+
-�÷�R
SðüT4ÿ � � � ! ��U ô�V ��W ë�J=K�LT÷�ûXC�Y�P=��Z=[\�,!W L�8D0^]_C���Z�[\��÷T`1<bamþQÿdc

Fig.3 e/f�g �Nñ�òó�÷� íyÿ���ï�I�!�h e ô�ñDò(ó�ë1*F+/- G�H ÷YûDC� ú���Z�[ �=i�j ÷�2#35üF4ðÿ � � � !#J=K�L 
 ( ôk L¶ô/l�m�ë�n\o�ú�p��QC�!/.�ùTë#q_��ñTò�ó 
/r ùú�s5ï ��
 ÿ�� W�
 s5ïFR 
 o��X0�!t*F+/-�÷�R
u=vwyx R
z�{ 
 0,2�3 ÷�|7PQÿ��}sýï}R 
 o���ñDò(ó 
G ë#~�0Xùýÿ�������ë�!���ô�ñDò(ó�ë�I=�môE*F+/- 
� øýü�ùdÿ#�� �!= í�o<ú
�Dÿ W�

� ë��D�\�#��C����� �y���/� ÷������Tÿ � � 

� ï	ÿ��2�3_6 

180 � 2#3_�Tÿ_�<ñTò�ó 
 1 �  í�0NùQ!.	ô��QëE*F+/-(÷���� W LQë�ûDC � ú�ú	ñQò	óQ÷=� U�Tÿ#� � ô�� 	 ÷D� � ô�ñ ò(ó�ë=�����Dÿ�� ��� <?����7����! � ô��
97I�2�3_6mô�2�3�u��Q�X*,+/-(÷�RS��Tÿ/�=�_��+# �÷�h e�¡ 35ü54 ÿ�¢
P � ! ¡�£ �Qïë �  íyÿ � � 

� ï�ÿ��

2¤ 3 ¥/¦�§�¨=©�ª#«�¬­�® ô#¯�°�I�±�²=³7{�´ ® ô�µ�0áùýÿ,¶�·�ó7�F¸Q¹º�» ÷�¼/��ú#½1����¹ º�» I�¾,¿ÁÀ�ÂNë�Ã�Ä®üXùX�
PCëXÅ�o�ú#¯/°ÇÆÈ´ ®�ÉQÊ +�¾(òQË 
�Ì�Í ü�ùD! ­�® IÎ�Ï

LAN
÷�ÐQCIú#Ñ
Ò�ÓTô�Ô�Õ�ÖQë�~t0áùýÿ#�

3. ×�Ø� ù10�ô=Ù�Ú�>/@T÷=!�ÛÝÜ 
 ì#ÞDC�ú ï���Ñ�Ò f#ßÙ�Ú7¾}¿ÝÀ=ÂNë�à�>QC#�ác
Fig.4g ��¾,¿âÀ�Âsô#6�ã�ë�Iä=å7æ�ç�è ò�� 
/M <�NXPy0XùDú/é�<�!
.�ô#R�êTë�ÙÚ�>�@T÷�ë/@XC�ú���ÿ#� ä�å�æ/ç�è ò
��ëQÅ�o�ú (�ì8Á0 M <îí
CQü�ùQ� ( I�!/.�ô�����Ù=Ú�>/@Dë � ø®üùýÿ#� � ô
¾,¿1À�ÂÉ÷�ï/¼_C(ú/!#�Dô�ö=ðDëXÅX<�]�ù� �=ñ ë � ÿ ( ÷ M <�í�CIú�òXó_�F�Á�?� 	 ÷5½Qo5���

Browsing Unit

Manipulator

Mobile Robot

Fig.4 ô,õFö�÷=ø:ù�ú=ûFüîý5þ�ÿ�� ����� ä�� “ 	�
��
��
” �����

(A) Book Opening

(B) Page Turning

Fig.5 �=øîô,õ����^þ��

1.
¾,¿tÀ�Â 
������ ë ß�� � � p����Dÿ

2.
Ô�Õ�Ö�I�¾F¿_À#ÂNô�¹ º,» ­#® ÷� �ú ( ÷T%�!���ÿ

3.
¾,¿tÀ�Â#"_+�Ë 
 � � ô ( ÷ M <îí��

4. ( ô�ì%$�>�@�ë ( ÷ � ø/�Dÿ
5. ( ô�ñTò(ó�÷� íyÿ
6.
ñTò(ómô ­�® ÷�Ô�Õ�ÖQë�~'&
�Dÿ

M <:í�C#� ( ÷�ì���ú�ñ�ò�óm÷� díÛÿ)(�*D÷ Fig.5
ë

!
��� ( ÷�ì%$��Dÿ5� 	 I�+ 5 , Æ ñTò(ó�÷ 1 �  íÿ,� 	 I�+
5 , ÷�-DC�����.�2 	 ;DC���ñQò�ó� í�<>
@�I/!

1 � r Y7C�8� í�ÿ � ��I � ï�{
���� �!�/0 ñDò	ó� íyÿ�ô	ë/I�1 ísô���$�÷�2'-��T�Dÿ�37I�4
5 ��î®ï7698 ��� ÿ#�
4. :<;>=A�ByC���>
@ ÷�à�>��Tÿ � �YëQÅ�oYú�!�p��y¾,¿tÀÂy÷�ÐQC���Ñ
Ò f�ß Ù�Ú@?BA9C'D�ë�! ( ÷(ì���ú�ñDòó�÷� í<ÿ����Ý�#E7�={��'F ÷�GBHDC��=��.���I�!�ÙÚ�>/@T÷�I'J�C�ú�±�KBLT÷=I�8¶ÿ��NMQë�!�àBOQô f#ßP ë�¾,¿1À�ÂÉ÷�ë�@XC(ú7)7·�ò5¸�Ë�C@AÝÂy÷�QSR¶ÿUTU/��� ÿ��
V%WBX9Y
1) Z7[�\�]�^7_�`7a�b�^Nc�dfe�g�hji�kUl'm�èon7p=øîô,õ
�q�Fü�æ���r#sSt�uv��w�x�^Ny 19 zB{|�'r}s~t�u|�U�
�7���������U�U������^ 3J14(2001)�

2) Z7[�\�]�^7_�`7a�b�^�cqd#e�g�h��o�5ý�þ�ÿ�� �U��� ä
����mU�#i�k�nNp�ô,õ���������������^�r}s��'���N����)� u}r)�������U��� 2002̂ 1P1-D05(2002)�

3) http://www.j-d.co.jp/4_fks/readable/r_top.html


