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ëâ��Á#,�²éÙ�í°Ã�+úá¢²·ÕléôcÓ�_ÙÃ7 V���.

2006î�Ó 12�ÄÃ 27_�Õ

��¬��²÷ýNùý�âç����«°¿ÞO��«°¿�î| Ú��À�Nùý (t̀ä)

�� «°¿ �âç=�ê��� (t̀ä)

�� «°¿ f£;�ê�Ë (t̀ä)



MIT

20052620

+�Ö�[Ù¥̈�, Sunghoon Yim, y ��_�Õ �Ék�̂�²é ëâU[� Ðwí��d �¦,�Ò�p� \�Y�]�

z����¢�¡Ù [�{�É÷D, Image Browsing in Mobile Devices Using User

Motion Tracking, Department of Computer and Communica-

tions Engineering, 2007, 85 p, Advisor: �ûÔ²º�é (Seungmoon
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Abstract

One of the recent trends in the use of digital technology is the proliferation

of sensing, communication and storage devices (mostly due to low cost), either

separately (e.g. USB memories, digital cameras) or in integrated form such

as a cell phone. One side effect is that we get ourselves flooded with informa-

tion, manifested in the very high number of “files” we have to manage. For

instance, it is often the case that hundreds (even thousands) of multimedia

data are stored in one’s PC or mobile devices in an unstructured manner. This

in turn makes the browsing and manipulation of such high amounts of data

difficult and time consuming. Moreover, the basic hand-held device interfaces

are 2D and discrete input based with a very limited display size, and thus is

not fit for such a demanding task.

A possible solution is to adopt a 3D and continuous input based interface

such as a motion based interaction. Previous researches have shown that a

motion based interaction on hand-held devices produces high task performance

(e.g. object selection and navigation), and is intuitive and natural to use as

well. To further enhance the effectiveness of the motion based interaction, we

also explore the use of particular data layouts, tiled cylindrical and fish-eye

cylindrical are implemented and tested for their usability and effectiveness in

combination with different styles of data layouts, vs. the traditional button

based interface



The motion based interface on the hand-held device is implemented using

the camera and a 3 axis accelerometer and can track motions in 4 degrees of

freedom (e.g. forward-backward translation and rotations in roll, pitch, and

yaw). Three types of motion based interfaces (position tracking, tilt tracking

and hybrid tracking) are implemented.

Contrary to our expectation, the motion based interface did not exhibit any

particular advantages over the button based one in our evaluation study. This

may be due to the nature of the task, image browsing, that requires a mini-

mum amount of scanning time for effective browsing. Motion based interface,

on the other hand, seems to be fit for fast scanning of data. In addition, the

motion based interface may be more appropriate for 3D task as well. The study

suggests that a careful interface design is required for hand held devices for

different tasks and applications.
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�Ð

�� &h�%3�t�ëß�, 2003 �̧� ×�æìøÍ\���H ×�æ²DG ëß�Ü¼�Ð Õª 10 C� Ãº_� ��{9��� Ãº\�¦ l�2�¤�%i�

��[2]. s�XO�>� V,�o� �Ð/åL�)a �̧��{9� �:r�Ér éß�í�Hô�Ç :�x���l�l�\�¦ �Å�#Q"f ���]j #QÖ¼ M:��

������̀¦n���¦YO�w�p�n�#Q\�¦F�Òqt½+ÉÃºe����Hn�t�»1Ïp�n�#QF�Òqt_�Ùþ�d��s�÷&#Qe����.

¢̧ô�Çn�t�_O�
�Bj��l�Õüts�µ1Ï�������"f,������̀¦2[1pq���H~½Ód��%i�r�����o��¦e��

��.������̀¦$��©����H~½Ód��s�n�t�_O��o÷&���"f������̀¦n����HX<�9¹כ�ô�Çq�6 x�Ér��_�\O�

#Q&����. ����"f B�Äº Âúª�Ér r�çß� 1lxîß�\� @/|¾Ó_� n�t�_O� s�p�t�\�¦ 2[1pq½+É Ãº e����. �8

������,n�t�_O�
�Bj���� �̧��{9��:rõ����½+Ë����"f,���]j#QÖ¼M:��s�p�t�\�¦%3���H�	כ

s� {9��©�s� ÷&#Q ���¦ e����. s��Qô�Ç ����o��H �̧��{9� l�l� �©�\�"f @/|¾Ó_� s�p�t�\�¦ ÚÔ

��Äºfç
K���½+É�9¹$כ�í
s�7£x@/H�d�̀¦_�p�ô�Ç��.

�t�ëß� �̧��{9�l�l�_�ô�Ç>���H#����y��>rF���¦e���¦,s�M:ë�H\�@/|¾Ó_�s�p�t�\�¦

ÚÔ��Äºfç
���H ��Ér	כ ~1�t� ·ú§�Ér {9�s���. Óüt�:r �̧��{9� l�l���H �èáÔàÔ J?#Qü< �×¼J?#Q

1
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�ª����Ü¼�Ðµ1Ï�����¦e��t�ëß�,n�Û¼e�¦YUs�_�ß¼l�ëß��pu�Ér����Érß¼l��Ð]jô�Ç |̈cÃºµ1Ú\�

\O���[3]. ����"f]jô�Ç�)aß¼l�_�n�Û¼e�¦YUs�\�¦������©�u�îß�\�"fs�p�t�\�¦ ò́õ�&h�Ü¼

�Ð ÚÔ��Äºfç
 K���½+É 
¹$íכ��9s� e����. ¢̧ô�Ç ����Ér ß¼l�_� n�Û¼e�¦YUs���H {9�ìøÍ&h�Ü¼�Ð �̧

��{9�l�l�\�"f��6 x½+ÉÃºe����H'�u�J�×¼_����\O�%ò
%i�s�]jô�Ç�)a����H�	כ ¢̧ô�Ç_�p�ô�Ç

��.s�\�¦0AK�s�p�t� ¢̧��Hë�H"f\�¦ÚÔ��Äºfç
�l�0Aô�ÇDh�Ðî�r���'��̀s�Û¼7áxÀÓ_����

'��̀s�Û¼�� ���'��7�����̀¦ >hµ1Ï���H ¹¡§f��e��s� ß¼>� {9��¦ e����. [4][5][6] ¢̧ô�Ç ����Ér �o

���\�"f�̧,	�Hs�p�t���ë�H"f\�¦ÚÔ��Äºfç
½+ÉÃºe����HDh�Ðî�rYUs���Ö�©s�����r��o~½Ó

ZO��̀¦&h�6 x��¦����H¹¡§f��e�� ¢̧ô�Ç�>rF�ô�Ç��[7][8][9]. Dh�Ðî�r���'��̀s�Û¼ü<��r��o

~½ÓZO��Ér"f�ÐØ�æ[�t�t�·ú§��Hô�Ç �̧½+Ë\�����7á§�8 ò́õ�&h�������õ�\�¦%3��̀¦Ãºe����.

ô�Ç¼#� �̧��{9� l�l�\� ���ª�ô�Ç G'pdç
 l�Õüt�̀¦ :�x½+Ë�<ÊÜ¼�Ð+�, ���'��7�����̀¦ éß�í�H�o ��¦

7á§�8���ª�ô�Ç���'��7�����̀¦��0px�>�½+É�9�¦���H¹¡§f��e��s�e����[10][11][12][13][14][?]

Mantyjarvi06:£¤y�,G'pdç
l�Õüt×�æ\� ò́õ�&h�Ü¼�Ð��6 x|̈cÃºe����Hl�Õüt�Ðl�Ö�¦l�G'p"f

1px�̀¦ s�6 xô�Ç �̧������d��s� e����. s� �̧��� ���d���̀¦ s�6 xô�Ç ~½ÓZO��Ér workspace_� ]jô�Çs�

��, �o��� ß¼l��Ð ���ô�Ç FOV_� ]jô�Ç�̀¦ ò́õ�&h�Ü¼�Ð �FG4�¤���HX< �̧¹¡§s� ÷&%3���[6] [1].

¢̧ô�ÇÕª���̂�Ðf���'a&h�s��¦�����Û¼�Qî�r���'��̀s�Û¼����H�©�&h�s�e����.

&h�]X�ô�Ç���'��̀s�Û¼ü<YUs���Ö�©_� �̧½+Ë�Ér �̧��{9�l�l�\�"f ú́§�Ér�ª�_�s�p�t�\�¦��

ÀÒ��HX< �̧¹¡§s�÷&o����¦Òqty���)a��.

V� 2â�
 ¥o>Ä© ấ�\�

f���'a&h�s��¦ �����Û¼�QÄº���"f ���5Åq&h���� {9�§4��̀¦ ~ÃÎ�̀¦ Ãº e����H �̧��� ���'��̀s�Û¼��H �̧

��{9� l�l�\�"f ��6 x½+É Ãº e����H B�Äº ò́õ�&h���� ���'��̀s�Û¼�� |̈c ��0px$í
s� e����. �̧

��� ���'��̀s�Û¼ �â
Äº �&³z�́\� ����î�r Bj���í[11]_� ���'��7����s� ��0px� 9 ¢̧ô�Ç direct

manipulations���0px�#�,proprioception_� �̧¹¡§[40] ¢̧ô�Ç%3��̀¦Ãºe���̀¦�Ü¼�ÐÒqt	כ

y���%i���.:£¤y� �̧��{9��©�u�ü< �̧������'��̀s�Û¼_����½+Ës� 3	�"é¶���'��̀s�Û¼�Ð"f ò́

õ�&h�e��s�7£x"î
�)a���̧e����[1]. s� �̧������'��̀s�Û¼�� �̧��{9�l�l�\�"f��|¾Ó_�ÚÔ��

Äºfç
�l�0Aô�Ç3lq&h�Ü¼�Ð&h�½+Ëô�Çt�,ëß������0px$í
s�e�������#Q*�ô�Ç+þAI�_� �̧������'�

�̀s�Û¼��&h�½+Ëô�Çt�\�¦���7£xK��Ð�¦��ô�Ç��.

¢̧ô�Ç �̧��{9� l�l�_� ô�Ç>�\�¦ �FG4�¤�l� 0AK� ���ª�ô�Ç YUs���Ö�©s� ]jîß�÷&%3��¦, Õª[þt

YUs���Ö�©s�{9�&ñ
&ñ
�̧_� ò́õ�\�¦��é�H��e����[7]. s�[þtYUs���Ö�©s�YUs���Ö�©[þt�Ér �̧
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��{9�l�l�\�"f@/|¾Ó_�s�p�t�\�¦ÚÔ��Äºfç
�l�0Aô�ÇÚÔ��Äº$�\��̧&h�6 xs���0pxô�Çt�

r�+«>K��:r��.

ô�Ç¼#�s�[þtYUs���Ö�©õ����'��̀s�Û¼\�¦ �̧½+Ë�%i��̀¦M:,#Q�"�+þAI�_��©�.éß�&h�s�e����H

t�,#Q*�ô�ÇYUs���Ö�©õ����'��̀s�Û¼_� �̧½+Ës����©� ò́õ�&h�{9�Ãºe����Ht����7£xK��:r��.

V� 3â�
 Ðaµ%K��+Ä©Å]�

2�©�\�"f��H�&³F���t�_� �̧��{9�l�l�\�"f����Ér�o���_�ô�Ç>�\�¦K������¦�����Hr��̧

[þtõ�, �̧���\� l�ìøÍô�Ç ���'��̀s�Û¼[þt\� @/ô�Ç ���½̈\�¦ �è>h�%i���. 3 �©�\�"f��H s�p�t�

ÚÔ��Äº$�_� ,��õ	|¹כ Õª\� &h�½+Ëô�Ç YUs���Ö�©, Õªo��¦ �̧����̀¦ s�6 xô�Ç ���'��̀s�Û¼\� @/

�#� [O�"î
��¦, s�\�¦ s�6 x�#� ½̈�&³ô�Ç s�p�t� ÚÔ��Äº$�\� @/�#� [O�"î
�%i���. 4 �©�

\�"f��H ���ª�ô�Ç YUs���Ö�©õ� l��>r_� !Q�Ér ���'��̀s�Û¼, Õªo��¦ s����\� ]jîß�ô�Ç �̧��� ���

'��̀s�Û¼ ��s�_� �̧½+Ë[þt_� ��6 x$í
�̀¦ z�́+«>�̀¦ :�xK� ���7£x�%i���. 5 �©�\�"f��H s���� ���

½̈\�¦:�xK�%3�#Q�������:rõ�,Õª\����Ér�¾ÓÊê���½̈½+É���½Ó\�@/�#�s���l��%i���.



� 2¤ùÿ

fy��Ýä��ä��

V� 1â�
 �¿����
*�×n��+¹ôø��\�ê�>PLl�'a¦�>I±Ó£�·�Dø5�Qcl���	�º

���ê�>'aZcl�â«Uc7�ø5�¥o>Ä©

Gutwin[7]�Ér{9�ìøÍ&h����X<Û¼ß¼»1Ñ�̀¦0AK�ëß�[þt#Q���	�H���'��̀s�Û¼\�¦����Ér�o����̀¦��

��� �̧��{9� �©�u�\�"f ��ÀÒl� 0Aô�Ç ò́õ�&h���� ~½ÓZO��̀¦ ¹1Ôl� 0AK�, panning system, 2-

level zoom system, fisheye view\�¦ "f�Ð q��§�%i���. �̧��H r�Û¼%7�s� {9�ìøÍ&h���� 	�H

�o����̀¦��6 x���Hr�Û¼%7��Ð����Ha%~t�·ú§��H���õ�\�¦�Ð%i���.���õ�&h�Ü¼�Ð fisheye view

ü< two-level zoom systems�W1q�>�s�����̀¦0Aô�Ç���'��̀s�Û¼�Ð ò́õ�&h�������Ü¼�Ð	כ

��z�¤��. fisheye view��W1q�>�s����I�Û¼ß¼\�"f7á§�8���Ér���õ�\�¦�Ð%i�t�ëß�,��6 x��

[þt�Ér 2-level zoom system�̀¦�8��� ñ�%i���.

Patel[15]�Ér ����Ér �o����̀¦ ����� �̧��{9� �©�u�\�"f_� ò́õ�&h���� s�p�t� ÚÔ��Äºfç
�̀¦

0AK� SDAZ[4]6£x6 xô�Ç Auto Zoom techniqueü< Gesture Zoom�̀¦ ]jîß��%i���[5].

Auto Zoom�Ér scrolling speedü< zoom_� ß¼l�\�¦ ìøÍ q�YV r���� _�ß¼_��s� 9, Ges-

tureZoom�ÉrÃºf��~½Ó�¾Ó_�Û¼ß¼\�¦õ��©��'a\O�s��í���h�A�©�u�_�ýaÄº¹¡§f��e��õ� zoom_�

ß¼l�\�¦���1lxr����~½Ód��s���.s�_�ß¼_��[þt\�@/ô�Ç��6 x$í
 î̈
��\�¦:�xK�,r�çß�í�H"f@/�Ð

&ñ
§>=�)a �����[þt_� �̧e��\�"f :£¤&ñ
 s��$�àÔ[þt_� ������̀¦ ���Ò�o�����, :£¤&ñ
ô�Ç :£¤$í
�̀¦ ��

4



2. �¿¤�>ê�>ÐÏ�£�·l�£� ø5��¿����
ê�>'aZcl�â«Uc7�ø5�¥o>Ä© 5

��������[þt�̀¦���Ò�o���HX<,{9�ìøÍ&h���� Discrete Zoom technique\�q�K� Auto Zoomõ�

Gesture Zooms� ò́õ�&h�e���̀¦ �Ð#� ÅÒ%3�Ü¼ 9, s�Êê °ú �Ér technique\� @/ô�Ç 7á§�8 ��

�ª�ô�Çì�r$3��̀¦�%i���[5].

Hakala[8]��H spatial cognition�̀¦ s�6 x ½+É Ãº e����H 3 	�"é¶ ��r��o\�¦ :�xK�, ò́õ�&h�

���X<s�'����²ú��̀¦�uÙþ¡��. �̧��{9��:r_���{9� ½̈�̧\�¦{9�ìøÍ&h����o�Û¼àÔ����m��� 3	�

"é¶_� &ñ
�Ð\�¦ �8 ]j/BN½+É Ãº e����H ~½Ód��Ü¼�Ð ����â
�%i���. s�\�¦ :�xK�, y��y��_� ��{9� e�¦�8

[þt�Ér éß�í�Hô�Ç ½̈�̧�� ��m���, /BNçß�\�"f_� 0Au��Ð�̧ ���� èq Ãº e��%3���. Õª ���õ� 3 	�

"é¶��r��o\�¦s�6 xô�ÇÚÔ��Äº$���H��ØÔ>�C�Ö�¦Ãºe���¦, �̧��{9��:r_��BHJ$�ÞÔ[þt�̀¦~1�>�

���t�½+ÉÃºe��%3���.

V� 2â�
 �¿¤�>ê�>ÐÏ�£�·l�£� ø5��¿����
ê�>'aZcl�â«Uc7�ø5�¥o>Ä©

Rekimoto[10]��H small screen�©�u�\�¦0AK� tilting operation�̀¦{9�§4�Ü¼�Ð��6 x���H

��jîß[¦̀�	כ��¦, LCD TVü< FASTRAKàÔÏþ�&�\�¦s�6 x�#�ÕªáÔ�Ð�Ð��{9��̀¦ ½̈�&³�

%i���.áÔ�Ð�Ð��{9�r�Û¼%7��̀¦:�x�#� tilt\�¦s�6 xô�ÇBj¾»r�Û¼%7�õ�	�H 2DÛ¼�̀s�Û¼W1

q�>�s�'�,Õªo��¦ 3D objectÂÓ#Qr�Û¼%7��̀¦ ½̈�&³��¦]jîß��%i���. �̧��{9�r�Û¼%7���

�̂\�"f �̧��H ÂÒì�r�̀¦ ¢-a��� r�v�t���H 3lw�%i�t�ëß�, �̧��{9� l�l�\�"f �̧��� ���d���̀¦ ��6 x

½+ÉÃºe����H��0px$í
�̀¦�Ð#�ÅÒ%3���.

Yee[6]�Ér Peephole display\�¦ ]jîß��%i���. Peephole display��H {9�ìøÍ&h���� �̧��{9�

l�l�\�"f��6 x���H pen interactionr�, �̧��{9�l�l�_��o���ß¼l�������Ér�����fl"�\	כ

���H a%v�Ér workspace_� ë�H]j\�¦ 0Au� ���d���̀¦ s�6 x�#� K�����%i���. s�\�¦ :�xK� �̧��

{9�l�l�_��o����Ð��	�H���©�_��o���\�"f���ª�ô�Ç���'��7�����̀¦Ãº'��½+ÉÃºe��%3���.ô�Ç¼#�

�̧��� ���d���̀¦ 0AK�"f��H optical mouse tracking, ultrasonic tracking, two-tethered

trackingÕªo��¦ magnetic tracker\�¦s�6 xô�Ç tracking1px�̀¦s�6 x�%i���.Õª�Q�� �̧

¿º�©�u����̂\� �̧���G'p"f\�¦[O�u����H+þAI�����m���,ü@ÂÒ\�[O�u��)ar�Û¼%7�_� �̧¹¡§

�̀¦~ÃÎ�������H����Ü¼�Ð¢-a	כ�>�Êë@/��0pxô�Ç+þAI���÷&t���H3lwÙþ¡��.

ô�Ç¼#� �̧��{9�l�l������&ñ
ô�Ç �̧��{9�l�l��Ð���6 x�l�0AK�"f��H �̧������d���̧ exter-

nal reference\�¦ ¹�Ðכ��9 �t� ·ú§��H self-contained sensing system\� _�K�"f s�ÀÒ

#Q|9� 
¹$íכ��9s� e����. �̧��{9� l�l�_� $í
0pxs� µ1Ï����#�, ü@ÂÒ_� %�o� �©�u� \O�s� �̧��

{9��©�u�_�áÔ�Ð[jdç
��0>\�¦s�6 x½+ÉÃºe��>�÷&���"f, self-contained motion sensing
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system�̀¦s�6 x½+ÉÃºe��>�÷&%3���.

Verplaetse[16]��H inertial sensings� self motion sensing system\��9�Ãº&h�s���

��H ����:r�̀¦ %3��¦, inertial sensor\�¦ ½̈�&³�l� 0AK� ¹ô�Çכ��9 l�Õüt[þt�̀¦ "fÕüt�%i���. Õª

\� ��ØÔ���, self motion sensing�̀¦ 0Aô�Ç l�Õüt�Ð, accelerometerü< gyroscopes\�¦ [þt

%3���. accelormeter��H Õª ���̂�Ð 2 »¡¤_� ]X�@/&h���� l�Ö�¦l�\�¦ ���d�����H tilt sensor�Ð

��6 xs���0px�l�M:ë�H\�,���ª�ô�Ç���½̈\�&h�6 x÷&%3���.éß� 3��Ä»�̧ s��©�_�¹¡§f��e���̀¦

���d��½+ÉÃº\O�Ü¼Ù¼�Ð 3	�"é¶ 8̈��â
�̀¦0Aô�Ç���'��̀s�Û¼�Ð��6 x�l�\���HÂÒ7á¤�<Ês�e����.

Harrison[11]�Érô�Çë�H"f��Õþ�\�"f_�W1q�>�s����,U�́�¦���5Åq�)ao�Û¼àÔ_�W1s�>�s�

���, ë�H"f\� ÅÒ$3� ³ðr� 1px_� ���'��7�����̀¦ tilting sensorü< pressure sensor\�¦ s�6 xK�

z�́]j[j>�_�Bj���íü<q�5pwô�Ç+þAI��Ð ½̈�&³�%i���.

Bartlett[12]�Ér tilting�̀¦ s�6 xô�Ç scrolling techniqueü< !Q�Érs��� '�u�J�×¼_� �̧

¹¡§\O�s����ª�ô�ÇÄ»$�{9�§4��̀¦%3��̀¦Ãºe����H tilting gesture\�¦]jr��%i���.

Hinckley[13]��H �̧��{9� l�l�_� ���'��7�����̀¦ 0Aô�Ç sensing technique�̀¦ ]jîß��

%i���. IR proximity sensor, touch sensor, tilt sensor 1px_� ���ª�ô�Ç G'p"f\�¦ :�xK�

background-sensing�̀¦ô�Ç+'s�\�¦s�6 xô�Ç���'��7�����̀¦]jîß��%i���.�7Hë�H\�"f]jîß��)a

���'��7����~½ÓZO�×�æ�'p 2-axis linear accelerometer\�¦l�ìøÍÜ¼�Ðô�Ç tilt sensor\�¦s�6 x

ô�Ç portrait/landscape display modey��t�ü<���½+Ë�)a tilt sensor\�¦s�6 xô�Ç scrolling�̀¦

]jîß��%i���.

Crossan[17]�Ér 3 degree of freedom accelerometerü< PDA\�¦ s�6 x�#� ô�Ç �<H

Ü¼�Ð �̧��{9� �©�u�\�¦ [þt�¦ e����H �©�I�\�"f �<H3lq l�Ö�¦e���̀¦ s�6 xô�Ç W1q�>�s����\� @/

ô�Ç ì�r$3��̀¦ �%i���. ���õ�\� ��ØÔ��� ×�æd��\� ��A�Aá¤�̀¦ �¾Ó½+É M:�Ð�� 0AAá¤�̀¦ �¾Ó½+É M:,

variability�� 7£x���%i�Ü¼ 9, X»¡¤ �̧���s� Y»¡¤ �̧��� �Ð�� variability�� ß¼����H ����:r

�̀¦%3�%3���.s����õ���Hs�Êê tilting sensor\�¦s�6 xô�Ç���½̈\�s�6 x|̈cÃºe����.

Eslambolchilar[18]��H 3 degree-of-freedom linear accelerometer\�¦s�6 xô�Ç tilt-

ing sensingõ� speed-dependent automatic zooming(SDAZ) [4]~½Ód���̀¦s�6 xô�Ç nav-

igation technique�̀¦���½+Ë��¦,Õª SDAZ technique\��í�<Ê�)a dynamic coupling�̀¦

dynamic systemÜ¼�Ð ³ð�&³�%i���. ô�Ç¼#� Õªü< #î
'��ô�Ç ��6 x�� î̈
��_� ���õ� tilting

navigations��©�&h�s��>rF��<Ê\��̧Ô�¦½̈��¦,��6 x��[þt�Érs����_� stylus-control~½Ód��

�̀¦�8¼#�îß��>�#�|������H���õ�\�¦%3�%3���.
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Marsden[19]�Ér ���©�8̈��â
�̀¦ W1q�>�s�����l� 0A�l� 0Aô�Ç tilting sensor\�¦ s�6 x

ô�Ç �̧������'��̀s�Û¼\�¦ �̧{9�����"f,í�HÃº�>� �̧����̀¦s�6 xô�Ç�,�õ	כ �̧���õ�!Q�Ér�̀¦�D¥

6 xô�Ç ¿º ��t� +þAI�_� ���'��̀s�Û¼\�¦ q��§�%i���. ���õ�&h�Ü¼�Ð �̧���õ� !Q�Ér�̀¦ �D¥6 xô�Ç

+þAI�_����'��̀s�Û¼��ëß�7á¤�̧,W1q�>�s����\����o���Hr�çß�,C�Äºl�/'î�r&ñ
�̧,z�́Ãº\�¦

&h�>����H&ñ
�̧ �̧¿º\�e��#Q"f�8 ò́õ�&h�s�����H����:r�̀¦%3�%3���.

ô�Ç¼#�Hwang[1]�Ér 3-axis linear accelormeterü< vision technique�̀¦���½+Ëô�Ç+þAI�

_� �̧������d��~½ÓZO��̀¦ ½̈�&³�%i���.s��D¥½+Ë+þA �̧������d��~½ÓZO��Érl��>r_�éß�í�Hô�Ç 2»¡¤_�

l�Ö�¦e��ëß��̀¦���d�����H�,���s���m	כ 4��Ä»�̧_�¹¡§f��e���̀¦���d��½+ÉÃºe����.s����'��̀

s�Û¼��H 3	�"é¶_����©� 8̈��â
\�"f_����'��7����\�&h�6 x÷&%3�Ü¼ 9,��6 x�� î̈
�����õ�\���

ØÔ���, �̧����̀¦ s�6 xô�Ç ���'��̀s�Û¼�� task perfacenceü< usability �̧¿º !Q�Ér ���'��̀

s�Û¼�Ð��a%~�Ér���õ�\�¦%3�%3���.



� 3¤ùÿ

�¬��ÎPæc��̀d�µ��� ®$V?ê�����

V� 1â�
 l�i�m�áÃ��ËÁ$��+³À�
>

s�p�t� ÚÔ��Äº$���H#��Q >h_� s�p�t��Ð ÂÒ'� Ä»$��� ��� ¢̧��H Õª s��©�_� s�p�t�\�¦

���×þ�½+ÉÃºe���̧2�¤���HáÔ�ÐÕªÏþ�s���.s�s�p�t�ÚÔ��Äº$���Hô�Ç���\�#��Q�©�_�s�p�

t�\�¦�Ð#�×�¦Ãºe��#Q��� 9,"é¶A�_� full resolution image ¢̧ô�Ç�Ð#�×�¦Ãºe��#Q��

ô�Ç��.[20]s� �̧|	��̀¦ Zoomable user interface(ZUI)\�¦s�6 x����,~1�>�²ú�$í
½+ÉÃºe��

��. Zoomable user interface��H information object��, spaceü< scale�Ð &ñ
o� ÷&#Q

e��Ü¼ 9, Ä»$���H interface space\� e����H Ì�o�̂\�¦ zooming¢̧��H panning�̀¦ :�x�#� f��

]X�&h�Ü¼�Ð �©� ñ���6 x ½+É Ãº e����H +þAI�_� ���'��̀s�Û¼s���[21]. Panning�Ér �&³F� �Ðs�

��H information space_� area\�¦����â
r�v��¦, zooming�Ér�&³F��Ðs���H information

space_� scale�̀¦����â
r������.

ô�Ç¼#� �̧��{9� �©�u�\�"f ���©� ]jô�Ç ÷&��H ÂÒì�r�Ér �o���_� ß¼l�s���. {9�ìøÍ&h���� X<Û¼

ß¼»1Ñ_� �o����Ð�� ß¼l��� ���6£§\� ����, ô�Ç �o���\� [þt#Q°ú� Ãº e����H s�p�t�_� Ãº�� ß¼

l�\�"f �©�{©�y� ]jô�Çs� e��>� �)a��. :£¤y� s�p�t�_� ß¼l�\�¦ �-Áº ���>� ô�Ç�����, ��6 x��

�� �Ð�¦ ���t� ½+É Ãº \O�Ü¼Ù¼�Ð, #QÖ¼ &ñ
�̧_� ß¼l�\�¦ Ä»t�½+É Ãº µ1Ú\� \O���. s�\�¦ 0AK�

single-view browsers�Ð [O�>��%i���. Single view browser��H �o���_� ���ÂÒ\�¦ ���

8
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_� view�̀¦ 0AK� �̧��H screen space\�¦ ��6 x���H +þAI�_� ÚÔ��Äº$� s���. s� ~½ÓZO��Ér

display space��ÂÒ7á¤½+É�â
Äº\�{9�ìøÍ&h�Ü¼�Ðs�6 x÷&��H+þAI�s���[22].

Plaisant[22]��H single view browser\�¦ detail only, zoom-and-replace, fish-eye�Ð

½̈ì�r�%i���. Detail only��H zooms� �>rF��t� ·ú§��H ÚÔ��Äº$� r�Û¼%7�Ü¼�Ð �o����Ð��

s�p�t��� ����̀¦ �â
Äº��, ���]j�� n�_�{9�ëß��̀¦ �¦�9K��� ���H �â
Äº\� ò́õ�&h�s���. �o

���_� ß¼l��� ����Ér �̧��{9� �©�u�\�"f��H detail only��H Õªo� ò́õ�&h�s�t� 3lw���. ô�Ç¼#�

zoom-and-replace��H ����̂ s�p�t�ü< [jÂÒ ��s�_� ß¼l� 	�s��� 9þt �â
Äº\� ò́õ�&h����

~½Ód��s���. Fish-eye��H [jÂÒü< ����̂&h���� ÂÒì�r�̀¦ single view\�"f 1lxr�\� �Ð#� ×�¦ Ãº

e����H~½ÓZO�s�t�ëß�,�Ð#�ÅÒ��Hs�p�t�\�d��y��ô�Ç�=/BGs�µ1ÏÒqt�>��)a��.s��=/BG�Érß¼l�

�� 0Au��� ×�æ¹כô�Ç �â
Äº�'p 	�H ë�H]j�� |̈c Ãº e����. �̧��{9� s�p�t� ÚÔ��Äº$��� ���×þ�½+É

Ãºe����H~½Ód���Ér zoom-and-replaceü< fisheye single view browser���)a��.

s�p�t� ÚÔ��Äº$�\�¦ 0AK� ���×þ�÷&��H �̧��� ���'��̀s�Û¼��H zoomingõ� panning\� &h�

½+Ë½+É 
¹$íכ��9s� e����. s�\�¦ 0AK���� þj�èô�Ç 2DOF s��©�_� ���'��̀s�Û¼�� 9 �¹כ��9,

panningõ� zooming�̀¦ 1lxr�\� �l� 0AK�"f��H 3DOF s��©�_� ���'��̀s�Û¼\�¦ ��6 x�

��HAá¤s�&h�½+Ë����¦�:r��.

V� 2â�
 �¿¤�>£�·l�£� ø5�ê�>'aZcl�â«

2.1 �¿����
*�×n�Uc"��+�¿¤�>ê�>ÐÏ�

�̧��{9��©�u�\�"f�̧������d���̀¦0AK���6 x÷&��HG'p"f[þt�Ér external reference\O�s� self-

contained systems�#Q�� ½+É ��¹כ��9 e����. s� �̧|	��̀¦ Ø�æ7á¤�#� �̧��{9� l�l�\�"f ��

6 x½+ÉÃºe����HG'p"f[þt�̀¦³ð3.1\�&ñ
o��%i���.

3 DOF linear accelerometer��H 3»¡¤_� ��5Åq�̧ °ú̀�כ¦ G'pdç
�Ù¼�Ð, s�\�¦ &h�ì�r����,

5Åq�̧ü< 0Au�\�¦ y��t� ½+É Ãº e����. �t�ëß�, 0Au�\�¦ ·ú�l� 0AK�"f��H &h�ì�r�̀¦ ¿º ���K���

�Ù¼�Ð, \��Q_� ß¼l��� &�t��¦, d���>� \��Q�� ¾º&h�s� ÷&#Q Âúª�Ér í�Hçß�_� gesture\�¦

���d�����H &ñ
�̧_� s��©�Ü¼�Ð �Ö̧6 x�|�� ~1�t� ·ú§��. z�́]j�Ð 3 DOF linear accelerome-

ter\�¦ �̧��{9��©�u�\�"fs�6 xô�Ç���½̈[þt�Ér@/ÂÒì�r 3 DOF linear accelerometer�̀¦ tilt

sensor�Ðs�6 x���H]X���H�̀¦�%i���.s��â
Äº�'p 2»¡¤l�Ö�¦l�°ú̀�כ¦\��Q��¾º&h�÷&t�·ú§

��H]X�@/°úכÜ¼�Ð%3��̀¦Ãºe����.éß�, 2»¡¤�̀¦��Ä»\�v>����×þ�½+ÉÃºe����H��s���m���,×�æ§4	כ
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G'p"f_�7áxÀÓ Translation Rotation

Relative X

3 DOF Accelerometer Relative Y

Relative Z

3 DOF Accelerometer Absolute roll

(as tilt sensor) Absolute pitch

Relative X

Camera(optical flow) Relative Y

Relative roll

Relative yaw

Camera(Hwang[23]′s method) Relative Z

Relative pitch

Relative yaw

Angular−rate−sensing Gyroscope Relative pitch

Relative roll

Ø̧ 3.1���̂ �̧������d��s���0pxô�ÇG'p"f[þt

�̀¦l�ï�rÜ¼�Ð�l�M:ë�H\�%3��̀¦Ãºe����Hl�Ö�¦l�°úכ�Ér pitchü< roll÷�rs���.

Camera��H%ò
�©��̀¦s�6 x�#�&ñ
�Ð\�¦%3�#Q?/��H visionl�Õüt�̀¦s�6 x�#�,0Au�\�¦G'p

dç
ô�Ç��. Optical flow image prosessing ~½ÓZO��̀¦ s�6 x����, 
�Bj���Ð ÂÒ'� %3�#Q���

���5Åq�)a s�p�t��ÐÂÒ'� 2»¡¤_� translationõ� 1 »¡¤_� �Ð_�s���� °ú̀�כ¦ %3��̀¦ Ãº e����. ô�Ç

¼#� Hwang[23]s� ]jîß�ô�Ç +þAI�_� �̧��� ���d�� ~½ÓZO��Ér 
�Bj�� s�p�t��Ð ÂÒ'� 1 »¡¤_�

translationõ� 2 »¡¤_� �Ð_�s���� °ú̀�כ¦ %3�#Q èq Ãº e����. camera\�¦ s�6 xô�Ç G'pdç
_� ë�H

]j&h��Ér \��Q�� ¾º&h�÷&�¦, y©�§4�ô�Ç computing power\�¦ ¹�Ðכ��9 � 9, 8̈��â
\� %ò
�¾Ó�̀¦

~ÃÎ��H����H&h�s���.

Angular−rate−sensing gyroscope��H 3 DOF linear accelerometer�� camera�Ð

�� q���t�ëß�, 3 »¡¤_� �r����̀¦ ���ÂÒ %3�#Qèq Ãº e����H �©�&h��̀¦ °ú��¦ e����. ��ëß� �©�@/&h�Ü¼

�Ð �̧����̀¦���d���Ù¼�Ð,\��Q��¾º&h�÷&��H�&³�©��̀¦#����y�°ú��¦e����.

y��y��_� G'p"f�� ·ú��¦o�7£§[þt�Ér "f�Ð �©�,éß�&h��̀¦ °ú��¦ e���¦, ���d��½+É Ãº e����H #3�0A��

�̧�FKm�� 	�s��� e����. 2 �©� 2]X�\� �è>h�)a @/ÂÒì�r_� ���½̈[þt\�"f��H 3 DOF linear ac-

celerometer\�¦ tilt sensor�Ð s�6 x�#� 2D interface�Ð s�6 x�%i���. �t�ëß�, 3 DOF

linear accelerometerëß��̀¦s�6 x½+É�â
Äº�'p 2Ds��©�_�¹¡§f��e���̀¦���d��½+ÉÃº\O�Ü¼Ù¼�Ð,

3 DOF linear accelerometerü<
�Bj��\�¦#î
6 x���H~½ÓZO�[1]�̀¦ÅÒ�)a���'��̀s�Û¼�Ðs�
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6 x�%i���.Õªs�Ä»��H 2D panningõ� 1D zooming�̀¦:�x½+Ë½+ÉÃºe����H���'��̀s�Û¼s�l�

M:ë�Hs���.

2.2 �¿����
 *�×n��+ �Dn� ÍÙ�\�£�· l�£� ø5� ê�>'aZcl�â«(Position Tracking
Motion Interface)

Ü«ÍÏ� 3.1 Hwang[1]_� 3 DOF Linear Accelerometerü< 
�Bj�� s�p�t�\�¦ #î
6 xô�Ç

4DOF0Au�ÆÒ&h�

Hwang[1]_�0Au�ÆÒ&h�~½ÓZO��̀¦��6 x½+É�â
Äº pitch,roll,yawü< 1D translation_� 4

DOF_�X<s�'�\�¦%3��̀¦Ãºe����.s� 4 DOFX<s�'���H �̧��{9��©�u�_� 3	�"é¶/BNçß�\�"f

_� �©�@/&h���� 0Au�\�¦ %3�#Q ?/l�\� Ø�æì�r���. ô�Ç¼#�, 1lxr�\� Y>� ��t� ��&ñ
�̀¦ ÂÒ#�ô�Ç��

���,��6 x��_�¹¡§f��e���̧ #QÖ¼&ñ
�̧ Ä»ÆÒ����0px���.ëß������6 x�����©�u�_�n�Û¼e�¦YU

s�\�¦ Ãºf��Ü¼�Ð �����Ð���"f ¹¡§f����������, �©�u��Ð ÂÒ'� %3�#Qt���H 4 DOF X<s�'�\�¦ :�x

K�,��6 x��_�¹¡§f��e���̀¦ÕªaË> 3.2ü<°ú s�Ä»ÆÒ½+ÉÃºe����.
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Yaw Pitch

Roll Translation

along screen normal

Ü«ÍÏ� 3.2��6 x��_� 4 DOF¹¡§f��e��



2. �¿¤�>£�·l�£� ø5�ê�>'aZcl�â« 13

Ü«ÍÏ� 3.3Ä»$�_�ÆÒ&h��)a¹¡§f��e��\�l�ìøÍô�Ç 3D Navigation

s�XO�>�%3�#Q�����6 x��_�¹¡§f��e���̀¦s�p�t�ÚÔ��Äº$�_� manual operationõ�B�g�A

½+É Ãº e����. {9�ìøÍ&h���� 2D s�p�t� ÚÔ��Äº$������, yaw�'p 1D horizontal panning�̀¦

pitch�'p 1D vertical panning�̀¦ Û¼ß¼�2; ~½Ó�¾Ó_� translation�Ér zoom in out�̀¦ @/6£x

½+ÉÃºe����.ô�Ç¼#�s���6 x��_�¹¡§f��e���Ér 3D¹¡§f��e��s�Ù¼�ÐÕª¹¡§f��e���̀¦ 3D 8̈��â
\�"f

_�¹¡§f��e��Ü¼�ÐÕª@/�Ð@/6£xr�~�́Ãºe����. yaw_��â
Äº�'p��6 x��\�¦»¡¤Ü¼�Ð��¦,��6 x

��ü< Û¼ß¼�2; ��s�_� ��o�\�¦ ìøÍt�2£§Ü¼�Ð ���H, t����õ� î̈
'��ô�Ç  ñ\�¦ Õªo���H ¹¡§f��e��Ü¼

�Ð @/6£x½+É Ãº e����. pitch_� �â
Äº\��̧ yawü< ��ðøÍ��t��Ð ��6 x��\�¦ »¡¤Ü¼�Ð ��¦, ��

6 x��ü< Û¼ß¼�2; ��s�_� ��o�\�¦ ìøÍt�2£§Ü¼�Ð ���H t����õ� Ãºf��ô�Ç  ñ\�¦ Õªo���H ¹¡§f��e��

Ü¼�Ð@/6£x½+ÉÃºe����.Û¼ß¼�2;~½Ó�¾Ó_�¹¡§f��e���ÉrÕª@/�Ð screen~½Ó�¾Ó_� translations�

��. screen ~½Ó�¾Ó�Ér ��6 x��ü< Ãºf��ô�Ç���¦ ��&ñ
�%i�Ü¼Ù¼�Ð, ��6 x��ü< Û¼ß¼�2; ��s�_�

��o�\�¦����o���H{9�s��)a��.7£¤ÕªaË> 3.3õ�°ú �Ér+þAI�_�¹¡§f��e��s��)a��.s�[þt��6 x��

_�¹¡§f��e��õ� browser operationõ�_�@/6£x�̀¦³ð3.2\�&ñ
o��%i���.

s�XO�>� �&³F�_� ÆÒ&h��)a �©�@/ 0Au�ü< ���©�_� �©�@/ 0Au�\�¦ Õª@/�Ð ë�siç
�#� 3D ÚÔ

��Äºfç
�̀¦ ô�Ç�����, Ä»$�_� ¹¡§f��e�� ���̂�� ÚÔ��Äºfç
 ���H ¹¡§f��e��s�Ù¼�Ð, �����Û¼XO�

�¦ f���'a&h���� ���'��̀s�Û¼�� |̈c Ãº e����. �t�ëß� s� �â
Äº�'p �&³z�́_� workspace��H ��

6 x��_� ¼1Ï U�́s�\� ]jô�Çs� �)a��. ÚÔ��Äºfç
 K��� ���H s�p�t�_� Ãº\� ���� ���©�_�

workspace_�ß¼l���HÁº]jô�Ç\���¾ú�>�7£x��½+ÉÃºe��Ü¼Ù¼�Ð,���©�_�V,��Érworkspaceü<

�&³z�́_� ]jô�Ç�)a workspace��s�\� Ô�¦{9�u��� µ1ÏÒqtô�Ç��. s� �â
Äº �&³z�́_� ¹¡§f��e��õ� ��
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2D Browsing operation 3D Navigation operation

Yaw 1D Horizontal panning 1D Horizontal arc

Pitch 1D Vertical panning 1D Vertical arc

Roll

Translation Zooming 1D Translation

along screen normal view direction

Ø̧ 3.2 �̧��{9� �©�u�_� 0Au� ÆÒ&h��̀¦ s�6 xô�Ç ���'��̀s�Û¼_� ��6 x��_� ¹¡§f��e��õ�

Browser Operationõ�_�B�g�A

�©�_�¹¡§f��e����s�_� gain�̀¦7£x��r�v�>�÷&��HX<,s� gains�F�g�©�y�9þt�â
Äº�'pq�ò́Ö�¦

&h�s�÷&��Héß�&h�s�e����.:£¤y�, motion interface_�Ô�¦îß�&ñ
$í
õ�Ø�æì�r�t�3lwô�ÇK��©��̧

M:ë�H\�,z�́|9�&h�Ü¼�Ð���©�_� workspaceü<�&³z�́_� workspace_���s�_�ß¼l�	�s���

ô�Ç>� s��©� {9� M:��H ��6 x½+É Ãº \O���. ¢̧ô�Ç Ø�æì�ry� interface_� K��©��̧�� Z�}���̧, ��6 x

��_�¹¡§f��e��_�K��©��̧��Õª\���ØÔt�3lw½+ÉÃº�̧e����.����"f,���©�_� workspaceü<

�&³z�́_� workspace_�	�s�\�¦K����½+ÉÃºe����H~½ÓZO�s��9¹כ����.s�~½ÓZO�×�æ\�����Ð

clutching[24]s�e����. Clutching�Ér{9�ìøÍ&h���� 2D mouse_�¹¡§f��e��õ�°ú �Ér~½Ód��s���.

��ÄºÛ¼\�¦ ��6 x�����, workspace_� =åQ\� ����ØÔ���, ��ÄºÛ¼\�¦ [þt#Q"f(declutching)

workspace_���î�rX<�Ð �̀�|����6£§\�,?/�9Z�~��H(clutching)�.�� õ�°ú	כ

çß�éß�ô�Ç pilot test\� ��ØÔ��� browsing time_� 10%�� clutching timeÜ¼�Ð �è�̧

÷&%3���. ClutchingÜ¼�Ð ���ô�Ç r�çß� �è�̧�� Áºr�½+É Ãº e����H ß¼l��� ��m�%3�Ü¼Ù¼�Ð, s�

\�¦ K���� ½+É Ãº e����H ~½ÓZO��̀¦ �¦�9�%i���. ���©� 	�H ë�H]j��H workspaceß¼l�_� ]jô�Çs�

%3�Ü¼Ù¼�Ð, �&³F�_� workspaceß¼l�_� ]jô�Ç�̀¦ ~ÃÎ��H position control ~½Ód��s� ��m���,

workspace_�ß¼l�\�]jô�Ç�̀¦~ÃÎt�·ú§��H velocity control~½Ód��Ü¼�Ð����â
���H����s	כ

�©���H�:r&h����K����Õþ�s��)a��.@/��� velocity control~½Ód��{9�M:��H\��Q��p�u���H%ò
�¾Ó

s� position control �Ð�� 7£x;�¤÷&Ù¼�Ð, \��Q�� ¾º&h� ÷&��H camera\�¦ s�6 xô�Ç ÆÒ&h� ~½Ó

d���Ð����Hl�Ö�¦l�ëß��̀¦s�6 xô�ÇÆÒ&h�~½Ód��s�7á§�8 ò́õ�&h�s�%3���.

2.3 �¿����
*�×n��+e�	�·e�ÍÙ�\�£�·l�£� ø5�ê�>'aZcl�â«(Tilt Motion Inter-

face)

�̧��{9��©�u�_�l�Ö�¦l�ÆÒ&h��̀¦s�6 xô�Ç���'��̀s�Û¼��H 3 DOF linear accelerometer_�

absolute sensing�̀¦ s�6 x�%i���. ×�æwn� 0Au��ÐÂÒ'�_� l�Ö�¦l�\� q�YV�#�, ÚÔ��Äº$�



2. �¿¤�>£�·l�£� ø5�ê�>'aZcl�â« 15

2D Browsing operation 3D Navigation operation

Yaw difference

from center position

Pitch difference Velocity of Velocity of

from center position 1D vertical panning 1D vertical panning

Roll difference Velocity of Velocity of

from center position 1D horizontal panning 1D horizontal panning

Translation Zooming 1D Translation

along screen normal along view direction

Ø̧ 3.3 �̧��{9� �©�u�_� l�Ö�¦l� ÆÒ&h��̀¦ s�6 xô�Ç ���'��̀s�Û¼_� ��6 x��_� ¹¡§f��e��õ�

Browser Operationõ�_�B�g�A

_� panning velocity\�¦ �̧&ñ
���H +þAI��� �)a��.{9�ìøÍ&h���� 2D s�p�t� ÚÔ��Äº$�_� �â


Äº�'p ×�æwn� 0Au��Ð ÂÒ'�_� roll_� 	�s���H horizontal panning_� 5Åq�̧\�¦ ]j#Q� 9,×�æ

wn�0Au��ÐÂÒ'�_� pitch_�	�s���H vertical panning_�5Åq�̧\�¦]j#Qô�Ç��.ô�Ç¼#� 3 DOF

linear accelerometer��H 2»¡¤ëß�&h�6 x��0px�����Héß�&h�s�#����y��>rF��Ù¼�Ð, zoom-

ing�Ér #����y� 
�Bj��\�¦ s�6 xô�Ç �©�@/&h���� position control ~½Ód���̀¦ s�6 x�#� �̧]X�ô�Ç

��.s����'��̀s�Û¼%i�r� ‘�̧��{9��©�u�_�0Au�ÆÒ&h��̀¦s�6 xô�Ç���'��̀s�Û¼’ü<°ú s� 3	�

"é¶ 8̈��â
_� W1q�>�s�����̀¦ 0AK� ��6 x½+É Ãº e����. Screen normal ~½Ó�¾Ó_� ¹¡§f��e��s� ]j

ô�Ç�)a�����,z�́|9�&h�Ü¼�ÐÁºô�Ç@/_� workspace\�¦]j#Q½+ÉÃºe��>��)a��.

z�́|9�&h���� ½̈�&³_��â
Äº�'pl�Ö�¦l�	�s�_�]jY�L\�q�YV�#�5Åq�̧\�¦����or�(����.

V elocity of panning =
A × abs(Θ − basisΘ) × (Θ − basisΘ)

samplingT ime
(3.1)

d��_� Θ°úכ_� éß�0A��H radian, samplingT ime °úכ_� °úכ�Ér éß�0A��H second�� �)a��. ��

��"f V elocity of panning�Ér rad/s_� éß�0A\�¦ °ú���H��. Accelerometer�� ���d��½+É Ãº

e����Hl�Ö�¦l�_�þj@/°úכ�Ér ±1.53rads�t�ëß�,�©�q�\�[O�u��)a+þAI�\�����z�́]j%3��̀¦Ãº

e����Hþj@/°úכ�Érs��Ð��&h��Ér°úכs��)a��.z�́]j��6 xô�Ç°úכ�Ér 4�©�,2.4�è]X�_�z�́+«>�̀¦0A

ô�Ç ½̈�&³ÂÒì�r\�[O�"î
�%i���.

Pilot test���õ� workspace_� ]jô�Ç�Ér �FG4�¤½+É Ãº e��%3�t�ëß�, [jx9�ô�Ç ]j#Q\�"f ë�H]j

\�¦�Ð%i���.ô�Ç¼#� �̧��{9��©�u�_� roll�̀¦s�6 x�l�M:ë�H\�,�o���s�l�Ö�¦#Q4R�=/BGs�µ1Ï

Òqt�>��)a��.s�\�¦K�����l�0AK� virtual camera%i�r� rollr�&�"f,��6 x�����Ðl�\�
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2D Browsing operation 3D Navigation operation

Pitch difference Velocity of Velocity of

from center position 1D vertical panning 1D vertical panning

Roll difference Velocity of Velocity of

from center position 1D horizontal panning 1D horizontal panning

Translation Zooming 1D Translation

along screen normal along view direction

Translation along 1D Vertical panning 1D Vertical translation

vertical direction of screen

Yaw 1D Horizontal panning 1D Horizontal arc

Ø̧ 3.4 0Au�, l�Ö�¦l� �D¥$í
 ÆÒ&h� ���'��̀s�Û¼_� ��6 x��_� ¹¡§f��e��õ� Browser Opera-

tionõ�_�B�g�A

��H>á¤���Ð�Ðs��̧2�¤Ãº&ñ
�%i���[25].

2.4 �Dn�,e�	�·e�ÜqèÅ]�ÍÙ�\�ê�>'aZcl�â«(Hybrid Motion Interface)

‘�̧��{9��©�u�_�0Au�ÆÒ&h��̀¦s�6 xô�Ç���'��̀s�Û¼’_����&h��Ér real workspaceü< virtual

workspace��s�_� 	�s��� 9þt �â
Äº clutchingÜ¼�Ð ���ô�Ç $í
0px ë�H]j�� µ1ÏÒqtô�Ç����H �	כ

s���. ô�Ç¼#� ‘�̧��{9� �©�u�_� l�Ö�¦l� ÆÒ&h��̀¦ s�6 xô�Ç ���'��̀s�Û¼’��H velocity control�̀¦

s�6 x�l�M:ë�H\�,[jx9�ô�Ç1lx���_��â
Äº\�ë�H]j��µ1ÏÒqt�%i���.s�Ñüt_��©�&h��̀¦�D¥½+Ë½+É

Ãº e�������, 7á§�8 ò́õ�&h���� ���'��̀s�Û¼�� |̈c Ãº e���̀¦ �¦����s	כ \V�©��%i���. ³ð3.2ü<

³ð3.3\�¦ �'a¹1Ï����, 1�̧��{9� �©�u�_� 0Au� ÆÒ&h��̀¦ s�6 xô�Ç ���'��̀s�Û¼’\�¦ s�6 x½+É M:��H

roll�̀¦ ��6 x�t� ·ú§��H��. ô�Ç¼#� ��6 x��_� ¹¡§f��e��_� �â
Äº\��̧ �©�u�_� Áº>� M:ë�H\�, ýa

Äº �Ð�� �©�� l�Ö�¦e��_� &ñ
�̧�� ]jô�Ç÷&��H �â
�¾Ós� e��%3���. ô�Ç¼#�, �&³F�_� 
�Bj��\�¦ s�

6 xô�Ç pitch sensing_��â
Äº�'p translationõ� rotation�̀¦&ñ
SX�y� ½̈ì�r�̀¦3lw���H:£¤$í


s�e����.����"fz�́]j�Ð ú́§s�l�Ö�¦s�t�·ú§�8���̧ pitch°ú4§�9}¦̀�כ�~ÃÎ�̀¦Ãºe����.

s�\� ����, yawü< pitch_� �â
Äº�'p 0Au� ���'��̀s�Û¼\�¦ ��6 x��¦, rollõ� thresh-

olds��©�_� pitch_��â
Äº�'pl�Ö�¦l�ÆÒ&h����'��̀s�Û¼\�¦���H+þAI��Ð¿º>h_����'��̀s�

Û¼\�¦ "f�Ð ���½+Ë½+É Ãº e��%3���. {9�ìøÍ&h���� yaw ¹¡§f��e�� ¢̧��H pitch ¹¡§f��e��_� �â
Äº�'p 0A

u� ���'��̀s�Û¼ü< °ú �Ér ~½Ód��Ü¼�Ð ���1lx��¦, roll ¢̧��H pitch�� threshold°ú̀�כ¦ �Å�%3��̀¦

�â
Äº\���H0Au�ÆÒ&h��̀¦×�æéß���¦,l�Ö�¦l�ÆÒ&h�~½Ód��Ü¼�Ð���1lxô�Ç��.

çß�éß�ô�Ç pilot test\���ØÔ���, clutching_��9¹$כ�í
�Ér\O�%3���.
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Ü«ÍÏ� 3.4���'��̀s�Û¼_�¹¡§f��e��õ�"é¶l�ÑüæC�u�

V� 3â�
 �¿����
e�e�Uc"���ÊÁ�+l�i�m�:�n�

3.1 Tiled Cylindrical Layout

�̧����̀¦ s�6 xô�Ç ���'��̀s�Û¼\�¦ ��6 x�Ù¼�Ð, s�p�t�_� C�u� %i�r� �̧����̀¦ ��6 xô�Ç ���'�

�̀s�Û¼\� &h�½+Ë��̧2�¤ K��� ½+É 
¹$íכ��9s� e����. �&³F�_� ���'��̀s�Û¼��H 3 	�"é¶ �̧����̀¦

ÆÒ&h�½+É Ãº e��Ü¼Ù¼�Ð, s�p�t�_� C�u�\�¦ 3 	�"é¶ &h�Ü¼�Ð K��̧ ë�H]j��H \O���. :£¤y� per-

spective view\�¦ ��6 x���H 3D navigation�̀¦ s�6 x½+É �â
Äº\���H zooms� ��0pxô�Ç 2D

image browserü< l�0px&h�Ü¼�Ð 	�s��� \O���. ÕªaË> 3.3_� �̧��� ���'��̀s�Û¼_� ¹¡§f��e��

�̀¦ �¦�9K� �̂¦ M:, q��§&h� ò́õ�&h���� s�p�t� C�u���H ��6 x��\�¦ ×�æd��Ü¼�Ð ô�Ç "é¶l�Ñüæ +þA

I�s���. �̧��� ���'��̀s�Û¼_� ¹¡§f��e��\� ú́�ÆÒ#Q ��6 x��\�¦ ×�æd��Ü¼�Ð ���H ½̈ +þA_� C�u�

\�¦ ½+É �â
Äº s�p�t�_� �=/BG�̀¦ ��4R �̧>� �)a��. ¢̧ô�Ç, z�́]j�Ð ��6 x���� ��6 x���H �̧���

_�#3�0A\�"f pitch_�����o��Hß¼t�·ú§Ü¼Ù¼�Ð, ½̈ @/���"é¶l�Ñüæ�̀¦��6 x�<ÊÜ¼�Ð"fµ1ÏÒqt�

��H �=/BG %i�r� ß¼t� ·ú§��. ÕªaË> 3.4�Ér ���'��̀s�Û¼_� ¹¡§f��e��õ� "é¶l�Ñüæ C�u� ��s�_� �'a

>�\�¦�Ð#�ï�r��.

ô�Ç¼#�"é¶l�Ñüæ+þAI��ÐC�u�½+ÉM:,s�p�t���s�_�çß����õ�s�p�t�ü<��6 x����s�_���

o�\�¦ {9�&ñ
�>� C�u��#�, {9�ìøÍ&h���� 2D s�p�t� ÚÔ��Äº$�_� tiled C�u�ü< °ú >� �%i�

��.
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Illustration Snap Shot

Ü«ÍÏ� 3.5 Tiled Cylindrical Layout

LayoutRadius =
0.5ImageWidth

tan(0.5SpanAngle)
(3.2)

3.2 Fisheye Cylindrical Layout

Gutwin[7]_� ���õ�\� ��ØÔ���, ����Ér �o����̀¦ ����� �̧��{9� l�l�\�"f 	�H ë�H"f\�¦ ��6 x�

��H�â
Äº fisheye view_���6 x�Ér�©�{©�y� ò́õ�&h�s�%3���.s��s���Ãº_�s�p�t�\�¦��6 x	כ

���H �â
Äº\��̧ &h�6 xs� ��0px½+É ����s	כ Òqty��÷&%3���. Fisheye view��H s�p�t�\�¦ �=/BG

r�&�, ��î�rX<��H y©��̧�� ÷&#Q ß¼>� �Ðs��¦, ÅÒ���ÂÒ��H ���>� �Ðs���H +þAI�_� views���.

s�\�¦YU����Ö�©\�&h�6 x�̀¦ô�Ç�����,�&³F�_� view\�"f×�æd��\����©�����î�rs�p�t���Hß¼

l�\�¦7£x��r�v��¦,ÅÒ���ÂÒ�Ð°ú�Ãº2�¤s�p�t�_�ß¼l�\�¦y���èr�v���H+þAI����)a��. ¢̧ô�Ç

���©�_� 
�Bj��_� view�� \O�X<s�àÔ |̈c M: ����, YUs���Ö�©�̧ \O�X<s�àÔ ÷&#Q�� ô�Ç��.

ô�Ç¼#�, fisheye cylindrical layout_� ô�Ç s�p�t�_� ß¼l���H d��3.3ü< °ú ��. �&³F�_� ���©�

_�
�Bj��0Au�\�"fs�p�t�_�0Au�\�¦�É�, 7�'�ü<�&³F����©�_�
�Bj���������Ð��H~½Ó

�¾Ó  7�'�\�¦ dot productô�Ç +' �̧ú́���s�Ý¼ ô�Ç��. Õª +', fisheye view\�"f_� ×�æd��ÂÒü<

ÅÒ���ÂÒ_�s�p�t�ß¼l�	�s�\�¦[O�&ñ
�<Ê\�����"f&h�]X�ô�Ç, A,B�©�Ãº°ú̀�כ¦&ñ
K�ï�r��.z�́

]j�Ð ½̈�&³\���6 xô�Ç A,B�©�Ãº°úכ�Ér 4�©�,2.4�è]X�_�z�́+«>�̀¦0Aô�Ç ½̈�&³ÂÒì�r\�[O�"î
�

%i���.
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Ü«ÍÏ� 3.6 Fisheye Layout_�s�p�t�ß¼l����&ñ


Illustration Snap Shot

Ü«ÍÏ� 3.7 Fisheye Cylindrical Layout

Image size = A · |(
ViewDirection · (ImagePosition − ViewPosition)

|ImagePosition| · |ViewPosition|
)B|

(3.3)

V� 4â�
 l�i�m�áÃ��ËÁ$��+Ä©«Å�

4.1 ê�>'aø̀c¤�>à�
N�

·ú¡"f_��©�\�"fs�p�t�ÚÔ��Äº$�\�"f��6 x½+É �̧������'��̀s�Û¼ü<YUs���Ö�©�̀¦�¦�9�

%i���.s�p�t�ÚÔ��Äº$�\���6 x½+É �̧������'��̀s�Û¼_�:£¤$í
�̀¦¶ú�(R�Ð���,l�Ö�¦l�ÆÒ&h�

�̀¦s�6 xô�Ç���'��̀s�Û¼��H absolute input device\�,0Au�ü<l�Ö�¦l��D¥$í
ÆÒ&h����'��̀

s�Û¼��H relative input device\� 5Åqô�Ç��. [j 7áxÀÓ_� ���'��̀s�Û¼ �̧¿º 3DOF s��©��̀¦

t�"é¶���H ���'��̀s�Û¼s� 9, '�u� Û¼ß¼�2;s��� ���̂¦�Ï@ %�!3�, �o����̀¦ Õª@/�Ð {9�§4� �©�u�
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�Ð ��6 x�t� ·ú§Ü¼Ù¼�Ð, indirect input devices���[24].  ü�ì�r\� ���'��7����\� #��Q >h

_�!Q�Ér{9�§4�õ�{9�§4��©�u�_�{9�§4��̀¦1lxr�\�~ÃÎ�̀¦Ãºe����H�©�&h�s�e����.ô�Ç¼#�,s�[þt���

'��̀s�Û¼ü<YUs���Ö�©�̀¦s�6 x�#�,s�p�t�ÚÔ��Äº$�\�¦ëß�[þtl�0AK�"f��Hs�p�t�ÚÔ��

Äº$�_�l�0pxõ�Õª���'��7�����̀¦&ñ
_��#���ô�Ç��.

s�p�t� ÚÔ��Äº$��� ��t���H l�0pxÜ¼�Ð��H panning, zoomings� e����. ��Ãº_� s�p�

t�_� thumbnail�̀¦]jr�½+ÉÃºe��#Q����¦,s� thumbnails�p�t�\�"f_� panningõ�

zoomings���0pxK���ô�Ç��. zoomings�s�ÀÒ#Q��������, thumbnails�p�t�_� detail�̀¦

�Ð#�×�¦Ãºe��#Q��� 9,�Ð�¦�����Hs�p�t�_� original size_�s�p�t�%i�r��Ð#�×�¦

Ãºe��#Q��ô�Ç��. 2.2, 2.3, 2.4\�"f]jîß� ¢̧��H�è>hô�Ç���'��̀s�Û¼��H panningõ� zoom-

ing�̀¦ �̧¿º t�"é¶���H+þAI�_����'��̀s�Û¼s�Ù¼�Ð,s�p�t�ÚÔ��Äº$�����4R�����Hl�

0px�̀¦~1�>�t�"é¶½+ÉÃºe����. ¢̧ô�Ç���'��̀s�Û¼&h�Ü¼�Ð#��Qs�p�t�_� thumbnail�̀¦�Ð

#� ÅÒ��H �©�I�\�"f /BI���Ð n�_�{9�ô�Ç s�p�t�\�¦ �Ð#� ×�¦ Ãº e��t�ëß�, {9�ìøÍ&h� two level

discrete zoom browserü<°ú s����×þ�\�����"f, original image���ëß� original res-

olutionÜ¼�Ð�Ð#�ÅÒ��H �̧×¼��e���̀¦Ãºe����.

s�p�t�ÚÔ��Äº$�\�¦ ½̈�&³ô�Ç 8̈��â
�Ér��6£§õ�°ú ��. Intel M733 CPU, 512MB mem-

ory,5 inch LCD, Windows XP8̈��â
���, SONY VGN-U71P ultra mobile computer\�¦

s�6 x�%i�Ü¼ 9, Freescale_� MMA7260 3 axis-accelerometerü< Logitech quick-

cam camera\�¦ G'p"f�Ð s�6 x�%i���. 
�Bj��\�¦ :�xô�Ç �̧��� ���d��s� ��0pxô�Ç áÔ�Ð[jdç


¹�Ðכ��9¦�\<�0��%i�l�M:ë�H\�,{9�ìøÍ(��ÉÓ'�_�$í
0px�̀¦èqÃºe����H ultra mobile com-

puter\�¦s�6 x�%i���.

s�p�t�ÚÔ��Äº$���H1lxr�\�s�p�t�\�¦&ñ
o���¦�'ao����H��{9��'ao����Ð"f_�l�0px

�̀¦ �<Êa� ��|9� Ãº e����. s�p�t�\�¦ &ñ
o���¦ �'ao����H l�0px�̀¦ °ú���H�����, s�p�t�_� ���

×þ�,s�1lx,4�¤��1px_�l�0px�̀¦�9¹כ��Ðô�Ç��. �̧����̀¦s�6 xô�Ç{9�§4��©�u��� indirect input

devices�Ù¼�Ð,!Q�Ér�̀¦1lxr�\���6 x½+ÉÃºe����H&h��̀¦s�6 x�#�,s��Qô�ÇÆÒ��&h�������'�

�7�����Ér!Q�Érõ�Bj¾»���'��̀s�Û¼\�¦s�6 x�#� ½̈�&³�%i���.

½̈�&³½+É���'��7����\�"f��6 x÷&��H!Q�Ér_�3lq2�¤�Ér³ð3.5ü<°ú �¦, state diagram�ÉrÕª

aË> 3.8ü<°ú ��.
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!Q�Ér_�7áxÀÓ l�0px

Select button ��ÄºÛ¼_�¢,aAá¤!Q�Érõ�°ú s����×þ�l�0px�̀¦ô�Ç��.

Menu button ��ÄºÛ¼_� �̧�ÉrAá¤!Q�Érõ�°ú s�

���'��7�����̀¦0Aô�ÇBj¾»\�¦Ø�¦§4�ô�Ç��.

Toggle button �&³F����_�s�p�t�\�¦���×þ����H �̧×¼���t�,

��Ãº_�s�p�t�\�¦���×þ����H �̧×¼���t����&ñ
ô�Ç��.

Left arrow button Bj¾»_����×þ�\���6 x�)a��.

Right arrow button Bj¾»_����×þ�\���6 x�)a��.

Reset button G'p"f_�{9�§4�°ú̀�כ¦�íl��o��¦,

�&³F�0Au�\�¦l�ï�rÜ¼�Ð calibrationô�Ç��.

Clutch button G'p"f_�{9�§4�°ú̀�כ¦Áºr��#�, decluching�̀¦Ãº'��ô�Ç��.

Ø̧ 3.5 Motion Interface\�"f��6 x���H!Q�Ér
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State diagram\�"f³ðr�ô�Ç���'��7����\�"f��6 x÷&��H!Q�Ér�Ér select,menu,toggle,left

arrow,right arrow_� 5>hs� 9, y��y�� !Q�Ér�̀¦ ¾º�Ér í�Hçß�\� L,p í�Hçß�Ü¼�Ð ���÷¶��. 7£¤

state diagram�Ér 10>h_� {9�§4� °ú̀�כ¦ °ú���H��. State diagram\�"f {9�§4� °úכs� ÅÒ#Q&��

�̀¦M:,�&³F�_� state\�¦Õª@/�ÐÄ»t����H{9�§4��ÉrÒqt|ÄÌ�%i���.

State diagram�Ér Idle¢̧��H MIdle state\�¦ l��:rÜ¼�Ð ô�Ç��. s� State��H ��Áº s�p�

t��̧ ���×þ�÷&t� ·ú§��¤�̀¦ �â
Äº\�¦ _�p��#�, MÜ¼�Ð r�������H state��H ��Ãº_� s�p�t�\�¦

���×þ�½+É Ãº e����H �â
Äº\�¦ _�p�ô�Ç��. Move interaction_� �â
Äº�'p Drag state\�¦ :�x�

#� s�ÀÒ#Q�����. Drag state��H select !Q�Ér�̀¦ ¾º�Ér �©�I�\�"f ¹¡§f��%i��̀¦M:, [þt#Q����H

states���. �&³F� 0Au��Ð ÂÒ'� &h�]X�ô�Ç ��o��� b��#Q��� +'\� select !Q�Ér�̀¦ b����, move

interactions�s�ÀÒ#Qt��¦, Select¢̧��H MSelect state�Ð����o�>��)a��. Select¢̧��H

MSelect state\�"f menu button�̀¦ ���×þ����� Select¢̧��H MSelect stateü< ����'a�)a

menu state�Ð [þt#Q�� open,copy,clear,cancel1px_� ���'��7�����̀¦ ½+É Ãº e����. ClearBj

¾»��H �&³F� ���×þ��)a s�p�t�\�¦ �� 2[�è��¦, Idle¢̧��H MIdle state�Ð [�t������H Bj¾»s�

�¦, cancel_� �â
Äº�Ér s���� �©�I��Ð [�t������H Bj¾»s���. Open���'��7�����̀¦ ���×þ��%i��̀¦

�â
Äº�'p Open state�� ÷&#Q ���_� s�p�t�ëß��̀¦ �Ð#� ï�r��. s� r�&h�\�"f select¢̧��H

menu!Q�Ér�̀¦���×þ�����,"é¶A�_� Select¢̧��H MSelect state�Ð[�t���:r��. Copy���'��7�

����̀¦ ���×þ�����, �&³F� ���×þ��)a s�p�t��� 4�¤���)a �©�I�\�"f ÚÔ��Äºfç
�̀¦ ½+É Ãº e����. s�

�â
Äº\� menu button�̀¦ ���×þ�����, paste,clear,cancel1px_� ���'��7�����̀¦ ½+É Ãº e����.

PasteBj¾»\�¦���×þ�����,4�¤��ô�Çs�p�t�\�¦·¡#�V,��̀¦Ãºe����.
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Ü«ÍÏ� 3.8���'��7����_� State Diagram
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4.2 Ä©«Å�

s�p�t� ÚÔ��Äº$���H y��y�� hybrid motion interfaceü< tilt motion interfaceü< tiled

cylindrical layout, fisheye cylindrical layout_� �̧½+ËÜ¼�Ð ½̈�&³÷&%3���. 3D mo-

tion\� l�ìøÍô�Ç 2D panningõ� zoomings� ��0px� 9, ÆÒ���Ð ���×þ�, s�1lx, 4�¤��, ô�Ç

s�p�t�ëß� �Ðl�, 1px_� l�0px�̀¦ ½̈�&³�%i���. y��y�� l�0px_� 1lx����Ér ÕªaË> 3.9,3.10,3.11,

3.12\�����?/%3���.

Target Select button down Select button up

Ü«ÍÏ� 3.9s�p�t�_����×þ�

Select button down Panning(Drag) Select button up(Drop)

Ü«ÍÏ� 3.10s�p�t�_�s�1lx
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Selected state Menu button down Single image view

(Menu Open)

Ü«ÍÏ� 3.11ô�Çs�p�t�ëß��Ðl�

Selected state Menu button up Select Button Down

(Menu Copy) (Copy)

Menu button up (Menu Paste) Select Button Down (Paste)

Ü«ÍÏ� 3.12s�p�t�_�4�¤��
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V� 1â�
 ��
��@ ấ�\�

s����\��è>h��¦ ½̈�&³ô�Ç���'��̀s�Û¼[þtõ�YUs���Ö�©_� �̧½+Ë[þt�̀¦f��]X�s�p�t�ÚÔ��Äº

fç
õ�&ñ
\���6 xK��Ð���"fÕª �̧½+Ë[þt_���6 x$í
�̀¦ î̈
��ô�Ç��.s�\�¦:�xK�y��y��_����'��̀

s�Û¼�� YUs���Ö�©s� l�@/ô�Ç ò́õ�\�¦ èq Ãº e��%3���Ht�, ÅÒ#Q��� ���'��̀s�Û¼ü< YUs���Ö�©

\�·ú�ú́��Ér �̧½+Ë�Ér#Q�"������t�SX����K	כ �̂¦Ãºe����.

V� 2â�
 ��
��@à�
N�

2.1 q���
��@��

24 "î
_� x�z�́+«>���� z�́+«>\� �ÃÐ#��%i���. x�z�́+«>�� ×�æ 18 "î
�Ér z��$í
, 6 "î
�Ér #�$í
s�

%3���.x�z�́+«>����H �̧¿º�<ÆÒqts�%3�Ü¼ 9,��s�ì�r�í��Hëß� 17[j\�"f 25[j��s�%i���.x�

z�́+«>�� ��s�_� î̈
ç�H�Ér ëß� 21 [js���. x�z�́+«>�� ×�æ, �̧��{9� l�l�\�¦ s�6 x�#� s�p�t�

\�¦�'ao����H���"é¶�Ér 15"î
, �̧������'��̀s�Û¼\�¦��6 xô�Ç�â
+«>s�e����H���"é¶�Ér 6"î
s�%3�

��.

26
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2.2 �ấ���£o>ÊÁ

z�́+«>_� 1lqwn� ���Ãº��H button interface, tilt motion interface, hybrid motion in-

terface_� ×�æ ���_� ���'��̀s�Û¼ &h�6 x #�ÂÒü<, tiled cylindrical layoutõ� Fisheye

cylindrical layout×�æ���_�YUs���Ö�©_�&h�6 x#�ÂÒs���.³ð4.1\�1lqwn����Ãº[þts�&ñ


o�÷&#Q e����. Pilot experimentr� position tracking motion interface��H clutching

ë�H]j�Ð���K�, hybrid motion interface�Ð��a%~t�3lwô�Ç$í
0px�̀¦�Ð#�ÅÒ%3�Ü¼Ù¼�Ð,z�́+«>

\���6 x÷&��H���Ãº×�æ\�"f��H]j��÷&%3���.z�́+«>_�����̂&h����n�������Ér 3 ¢̧��H 2 level�̀¦

°ú���H 2 factor within-subject designÜ¼�Ð,x�z�́+«>����H³ð 4.2ü<°ú �Ér 6��t�_�z�́+«>

[j����̀¦Ãº'���>��)a��.

Ø̧ 4.11lqwn����Ãº

Ø̧ 4.2 6>h_����'��̀s�Û¼ü<YUs���Ö�©_� �̧½+Ë

ô�Ç¼#�y��y��_����'��̀s�Û¼[þt\�"f��H zooming¹כ�è��]j��÷&%3���. pilot test_����õ�

��6 x��[þt�Ér zooming�̀¦s�6 x�l��Ð����Hþj@/ô�Ç zoom outô�Ç�©�I�\�"fz�́+«>\�e���

%i���.���²DG zoomõ��'aº���)a���õ�\�¦%3��̀¦Ãº\O�%3�Ü¼ 9,�8�#�, �̧������'��̀s�Û¼_�Û¼

ß¼�2; ~½Ó�¾Ó_� 1D translation sensing0px§4�_� K��©��̧ ë�H]j�Ð, �&³F� ��6 x��_� ¼1Ï U�́s�

�Ð]jô�Ç÷&��H workspaceß¼l�îß�\�"f��H&h�]X�ô�Ç zoomings�s�ÀÒ#Qt�t�·ú§��¤��.
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2.3 ¤4 ¢4́£o>ÊÁ

z�́+«>_� 7áx5Åq ���Ãº��H z�́'�� r�çß�, ÚÔ��Äºfç
�̀¦ 0Aô�Ç s�1lx C�&h�_� 8úx U�́s�, ���'��̀s�Û¼

_� ��6 x�l� /'¹¡§, ���'��̀s�Û¼_� C�Äºl� /'¹¡§, ���'��̀s�Û¼_� ��� ñ�̧, ���'��̀s�Û¼_�

f���'a&h���� &ñ
�̧, ���'��̀s�Û¼_� �����Û¼�Qî�r &ñ
�̧, ���'��̀s�Û¼_� F�p�e����H &ñ
�̧, YUs�

��Ö�©_� ��� ñ�̧, YUs���Ö�©_� f���'a&h���� &ñ
�̧, YUs���Ö�©_� �����Û¼�Qî�r &ñ
�̧, YUs���Ö�©

_� F�p�e����H &ñ
�̧, ���'��̀s�Û¼ü< YUs���Ö�©_� �̧½+Ë�̀¦ ��6 x�l� /'î�r &ñ
�̧, ���'��̀s�

Û¼ü< �̧½+Ë�̀¦��� ñ���H&ñ
�̧s���.³ð4.3\�&ñ
o�÷&#Qe����.

Ø̧ 4.37áx5Åq���Ãº

2.4 Ä©«Å�

½̈�&³�)a z�́+«> 8̈��â
\�"f s�p�t�_� Ãº��H 100�©�s� 9 YUs���Ö�©_� Z�}s���H 5�©�, �-q���H

20�©�_� s�p�t�\�¦ s�6 x�%i���. YUs���Ö�©_� ìøÍt�2£§�Ér 1145pixelss� 9, s�p�t�ü< s�

p�t� ��s�_� y���̧��H 5◦(0.087rad)s���. y��y��_� s�p�t���H 100 × 100pixelss� 9, �o

���_�ß¼l���H 400 × 300pixelss���.

z�́+«>\�"f �̧������'��̀s�Û¼ü<q��§�l�0Aô�Ç!Q�Ér���'��̀s�Û¼_� ½̈�&³s��9¹כ��%i�

��.!Q�Ér���'��̀s�Û¼��H�©�,�,ýa,ÄºW1>h_�!Q�Ér�̀¦s�6 x�%i�Ü¼ 9,"é¶���H~½Ó�¾Ó_�!Q

�Ér�̀¦¾ºØÔ���,Õª~½Ó�¾Ó_����]X�ô�Çs�p�t�_�×�æd��Ü¼�Ðs�1lx��̧2�¤�%i���.

z�́+«> 8̈��â
_��â
Äº!Q�Ér�̀¦ô�Ç���¾º\�¦M:s�1lx���H��o���H 100 pixels(¢̧��H 0.087rad)s�

��. s� °úכ�Ér y��y��_� s�p�t�_� ×�æd��Ü¼�Ð ���Ð s�1lx r�v�l� 0AK�, s�p�t�\�¦ C�u�ô�Ç YU

s���Ö�©_� s�p�t� ��s�_� y���̧ü< °ú �Ér °úכÜ¼�Ð &ñ
K�&����. s�p�t�\�¦ !Q�Ér�̀¦ >�5Åq ¾ºØÔ

�¦ e����H �â
Äº !Q�Ér_� þj@/ Ò�re�¦a�A YUs�àÔ��H �í{©� 18���s� 9, s�\� ���� !Q�Ér {9�§4�_�

þj�¦5Åq�̧��H 1800pixels/ss���.
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ô�Ç¼#�z�́+«> 8̈��â
\�"f tilt motion_�s�1lx5Åq�̧��H horizontal panning_��â
Äºd��3.1_�

A °úכ\� 1200pixels/rad�̀¦ @/{9�ô�Ç °úכs��¦, vertical panning_� �â
Äº�'p °ú �Ér d��\�

1536pixels/rad�̀¦ @/{9�ô�Ç °úכs���. ô�Ç¼#� d��3.1_� samplingT ime_� °úכ�Ér �í{©� 8���

sampling�Ù¼�Ð, 0.125�ís���. Panning5Åq�̧_�éß�0A�� pixels/s��÷&�̧2�¤ �̧&ñ
ô�Çd��

�Ér 4.1s���.

V elocity of horizontal panning

= 1200×abs(roll−basisRoll))×(roll−basisRoll)
0.125 (pixels/s)

V elocity of vertical panning

= 1536×abs(pitch−basisP itch)×(pitch−basisP itch)
0.125 (pixels/s)

(4.1)

½̈�&³\� ��6 xô�Ç accelerometer��H ±1.53rad_� °ú̀�כ¦ ���d��½+É Ãº e��t�ëß� [O�u�ô�Ç �©�I�

\� ���� z�́]j�Ð ���d��½+É Ãº e����H #3�0A��H 	�s��� e����. z�́]j roll °úכ_� þj@/,þj�è °úכ

�Ér ±1.21rads� �)a��. Basis��H þj@/ °úכõ� þj�è °úכ_� ×�æçß� °ú̀�כ¦ ú̧�Ü¼Ù¼�Ð, 0radÜ¼�Ð

ô�Ç��. s� °ú̀�כ¦ d�� 4.1\� @/{9����� vertical panning_� þj�¦ 5Åq�̧��H 1757pixels/s��

�)a��. s���H !Q�Ér {9�§4�_� þj�¦ 5Åq�̧ 1800pixels/sü< ����î�r °úכs���. ��ðøÍ��t��Ð z�́]j

pitch°úכ_�þj@/°úכõ�þj�è°úכ�Éry��y�� -1.53rad,0.72rads���.Õª×�æçß�°ú̀�כ¦ basis�Ð ú̧�

Ü¼���, pitch - basisPitch_�°úכ_�þj@/,þj�è°úכ�Ér ±1.12rad���)a��.s�\�¦d��4.1\�@/

{9�����, vertical panning_�þj�¦5Åq�̧��H 1927pixels/s���)a��.s�%i�r�!Q�Ér{9�§4�_�

þj�¦5Åq�̧ 1800pixels/sü<����î�r°úכs���.

Fisheye Layout\�"f��6 xô�Çs�p�t�ß¼l�_��â
Äº,d��3.3\�¦d��4.2ü<°ú s����+þA�%i�

��.

DotProduct = (|(
ViewDirection · (ImagePosition − ViewPosition)

|ImagePosition| · |ViewPosition|
)|

ModifiedDotProduct = 10 × (DotProduct − 0.9) if DotProduct > 0.9

ImageSize = ModifiedDotProduct10×(ModifiedDotProduct)1.5

(4.2)
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2.5 ��
��@â�
	�

2.5.1 ��
��@¦�>à�
%K�

x�z�́+«>����Hz�́+«>���\�l��:r&h�������&h�&ñ
�Ðü< �̧��{9�l�l�\�¦s�6 xô�Çs�p�t��'ao�#�

ÂÒ, �̧��� ���'��̀s�Û¼ ��6 x �â
+«> #�ÂÒ\� @/ô�Ç [O�ë�H�̀¦ ô�Ç��. s� r�&h�\�"f ���'��̀s�Û¼

_���6 xZO�\�@/ô�Ç[O�"î
�̀¦ô�Ç��.

2.5.2 �¿¤�>ê�>'aZcl�â«��·�Dø5�çÃQcl�ýb�Tz¤�>

�̧��H x� z�́+«>���� �̧��� ���'��̀s�Û¼\� e��ņq�t� ·ú§Ü¼Ù¼�Ð Z>��̧_� àÔYUs�_ç
 [j����̀¦

¿º%3���. àÔYUs�_ç
 [j����Ér �̧��� ���'��̀s�Û¼_� l��:r&h���� �̧����̀¦ ņqt� r�v���H �¦̀�	כ 3lq

&h�Ü¼�Ð �%i���. àÔYUs�_ç
 [j����Ér ‘��Ä» �̧���’,‘�©�� �̧���’,‘ýaÄº �̧���’,‘�©��ýaÄº �D¥½+Ë

�̧���’,‘��Ä» �̧���’_� 5 >h_� "fÚÔ [j���Ü¼�Ð ��¾º#Q4R e���¦, y��y��_� "fÚÔ [j����Ér ‘��Ä»

�̧���’[j����̀¦]jü@��4H 5>h_�àÔ��s�\O��Ðs�ÀÒ#Q4Re����.

àÔYUs�_ç
 [j���_� ���'��̀s�Û¼��H ÕªaË> 4.1\�"f �̂¦ Ãº e��1pw, �©�ÂÒ\� p�m� ë�ss� �>rF��

#�, ¹1Ô���� ½+É s�p�t�_� 0Au�\�¦ ³ðr���¦, �©�ÂÒ Äº8£¤�'p ¹1Ô���� ½+É s�p�t�\�¦ ���>� ³ð

r��#�ï�r��.¢̧ô�Ç¹1Ô����½+ÉÕªaË>_�áÔYUe���̀¦ì�r<�ªÒ�oÜ¼�Ð³ðr�K�ï�r��.%�6£§_� ‘��Ä»

�̧���’ [j���\�"f l��:r�̧��� ZO��̀¦ [O�"î
ô�Ç ��6£§, Õª +'_� [j���[þt�̀¦ :�xK� ìøÍ4�¤ ���_þv r����

��. B� àÔ��s�\O� ���� ÅÒ#Q��� J����\� ����, ÕªaË>�̀¦ ���×þ��l� 0AK���� l��:r &h���� �̧���

ZO��̀¦����¹¡§f��#������H0Au�\�ÕªaË>�̀¦C�u��%i���.

2.5.3 ÊÁ�ßj¼ÇÐá��

z�́+«>\�"f x�z�́+«>��\�>� ÅÒ#Q��� Ãº'�� ���\O��Ér ¿º ��t�s���. ����̂ 100 �©�_� �����[þt ×�æ

\�"f ¹1Ô���� ½+É �����s� e����H 0Au�\�¦ ·ú��9ï�r �©�I�\�"f ����� ô�Ç �©��̀¦ ¹1Ô��H Ãº'�� ���\O�

õ�,����̂ 100�©�_������×�æ\�"f¹1Ô����½+É�����s�e����H0Au�\�¦·ú��9ÅÒt�·ú§�Ér�©�I�\�

"f�����ô�Ç�©��̀¦¹1Ô��HÃº'�����\O�s���.

�����_�Ãº'�����\O��̀¦:�xK�,������̀¦���Ò�o��¦���t����H���t�&h�ÂÒ{��(cognition load)�̀¦

��0pxô�Çô�ÇC�]j��¦���'��̀s�Û¼ü<YUs���Ö�©_� ò́õ�ëß��̀¦���7£x½+ÉÃºe����.Õªo��¦Êê��

_� Ãº'�� ���\O��̀¦ :�xK� ������̀¦ ���Ò�o��¦ ���t����H ���t�&h� ÂÒ{���̀¦ �í�<Êô�Ç �©�I�\�"f ���

\O����'��̀s�Û¼ü<YUs���Ö�©_� ò́õ�\�¦���7£x½+ÉÃºe����.
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(A)��Ä» �̧���

(B)�©�� �̧���

(C)ýaÄº �̧���

(D)�©��ýaÄº�D¥½+Ë �̧���

Ü«ÍÏ� 4.1àÔYUs�_ç
[j���
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Ãº'�����\O�_�í�H"f��H�����_�0Au�\�¦·ú��9ÅÒ�¦,������̀¦¹1Ô��HÃº'�����\O��̀¦z�́'��ô�ÇÊê

\�, �����_� 0Au�\�¦ ·ú��9ÅÒt� ·ú§�¦ ������̀¦ ¹1Ô��H Ãº'�����\O��̀¦ z�́r�ô�Ç��. B� Ãº'�� ���\O�

�Ér 24���_� trial�Ð s�ÀÒ#Q4R e���¦, s� ×�æ %�6£§ 4 ���_� trial�Ér àÔYUs�_ç
 [j���Ü¼�Ð ��

6 xô�Ç��.s�¿ºÃº'�����\O��̀¦ 6��t�_�z�́+«>[j�������ìøÍ4�¤�>�÷&Ù¼�Ð,x�z�́+«>����H 12

���_�Ãº'�����\O��̀¦�>��)a��. 6��t�z�́+«>[j���_�í�H"f��H Latin Squre\�¦:�x�#����&ñ


÷&%3���. Trial_�r����&h�Ü¼�ÐÂÒ'�3lq³ðs�p�t���t�_���o���H 4>h_� Trial������o�

_�½+Ës�°ú �̧2�¤ �̧&ñ
÷&%3���.

(A)Ãº'�����\O��è>h (B)3lq³ð�����]jr�

(C)3lq³ð�����_�0Au�]jr� (D)z�́+«>r����

Ü«ÍÏ� 4.20Au�\�¦·ú��9ï�r�����_�ÚÔ��Äºfç
Ãº'�����\O�
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(A)Ãº'�����\O��è>h (B)3lq³ð�����]jr�

(C)z�́+«>r����

Ü«ÍÏ� 4.30Au�\�¦·ú��9ÅÒt�·ú§�Ér�����_�ÚÔ��Äºfç
Ãº'�����\O�
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�����_�0Au�\�¦·ú��9ÅÒ��HÃº'�����\O�_��â
Äº�'p�o����©�ÂÒ_�p�m�ë�s\�3lq³ðô�Ç�����

_� 0Au��� ³ðr� ÷&�¦, �o��� �©�ÂÒ Äº8£¤\� ¹1Ô���� ½+É �����s� ���>� ³ðr��)a��. ÕªaË>4.2

(D)\�z�́+«>�o���s�������e����.

�����_� 0Au�\�¦ ·ú��9ÅÒt� ·ú§��H Ãº'�� ���\O�_� �â
Äº�'p, ÕªaË>4.3(C) \�"f �̂¦ Ãº e��1pw,

�o��� �©�ÂÒ_� p�m� ë�s�'p 3lq³ðô�Ç �����_� 0Au��� ³ðr� ÷&t� ·ú§�¦, �o��� �©�ÂÒ Äº8£¤_� p�

m�ë�s\�ëß�¹1Ô����½+É�����s�³ðr��)a��.

°ú �Ér1lqwn������� �̧|	�Ü¼�Ð¿º���_�Ãº'�����\O�s�=åQ�����,�&³F�_� �̧|	�\�@/ô�Ç[O�ë�Ht�

\�¦���$í
ô�Ç��.[O�ë�Ht���H���'��̀s�Û¼_���6 x�l�/'¹¡§,���'��̀s�Û¼_�C�Äºl�/'¹¡§,���

'��̀s�Û¼_� ��� ñ�̧, ���'��̀s�Û¼_� f���'a&h���� &ñ
�̧, ���'��̀s�Û¼_� �����Û¼�Qî�r &ñ
�̧,

���'��̀s�Û¼_� F�p�e����H &ñ
�̧, YUs���Ö�©_� ��� ñ�̧, YUs���Ö�©_� f���'a&h���� &ñ
�̧, YUs�

��Ö�©_� �����Û¼�Qî�r &ñ
�̧, YUs���Ö�©_� F�p�e����H &ñ
�̧, ���'��̀s�Û¼ü< YUs���Ö�©_� �̧

½+Ë�̀¦��6 x�l�/'î�r&ñ
�̧,���'��̀s�Û¼ü< �̧½+Ë�̀¦��� ñ���H&ñ
�̧\�@/�#�|9�ë�H� 9,

²ú�����Ér 1˜7 ��t� 7éß�>��Ð ²ú���̧2�¤ �%i���. ¢̧ô�Ç B� [j��� �̧|	�\� @/ô�Ç ����̂&h���� �è

y��s���jËµ[þt%3�~��&h��̀¦[O�ë�Ht�\����$í
��̧2�¤�%i���.

2.5.4 ��
��@Ññê�>'aÉÚ¼ÇÐÅ]�

�̧��Hz�́+«>�̀¦=åQ���2;+'�'pz�́+«>\�@/ô�Ç����̂&h�����èy��s���,|	�_���¦z�·�Ér���½Ó�̀¦[O�

ë�Ht�\����$í
��̧2�¤�%i���.
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Source F value P Value

Layout F(1,23) = 11.53 0.0025

Interface F(2,46) = 84.10 <.0001

Layout*Interface F(2,46) = 2.92 0.0642

(A) 2-way within subject ANOVA,Ä»_�Ãºï�r p<0.05
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(B) SNK Test,°ú �ÉrÕªÒ�̈�Ér°ú �ÉrÒ�oÜ¼�Ð³ðr�,Ä»_�Ãºï�r p<0.05

Ø̧ 4.40Au�\�¦·ú��9ï�r�����\�@/ô�ÇÚÔ��Äºfç
Ãº'��r�çß�\�@/ô�Çì�ríß�ì�r$3�

0Au�\�¦ ·ú��9ï�r �����\� @/ô�Ç ÚÔ��Äºfç
 Ãº'�� r�çß�_� �â
Äº, ³ð 4.4_� ì�ríß� ì�r$3�\�

"f �̂¦ Ãº e��1pw, button ���'��̀s�Û¼�� hybrid motion ���'��̀s�Û¼�� tilt motion ���

'��̀s�Û¼�Ð�� Ä»_� �>� &h��Ér r�çß�s� [þt%3���. ¿º �̧��� ���'��̀s�Û¼ ��s�\���H Ä»_�ô�Ç

	�s���H \O�%3���. ¢̧ô�Ç YUs���Ö�© %i�r� ÚÔ��Äºfç
 Ãº'�� r�çß�\� Ä»_�ô�Ç ò́õ�\�¦ ÅÒ%3���.

Tiled cylindrical layouts� fisheye cylindrical layout�Ð�� �8 Âúª�Ér r�çß�s� ���§4���.

Interfaceü< layout çß�_� interaction�Ér Ä»_�ô�Ç Ãºï�rÜ¼�Ð �>rF��t���H ·ú§��¤��. ÚÔ��

Äºfç
Ãº'��r�z�́'��r�çß�_�	�s���HYUs���Ö�©�Ðéß����'��̀s�Û¼\��8%ò
�¾Ó�̀¦~ÃÎ��¤��.
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3.1.2 l��â F��\��+¥@ ��
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Ü«ÍÏ� 4.50Au�\�¦·ú��9ï�r�����\�@/ô�ÇÚÔ��Äºfç
I�Û¼ß¼Ãº'��r�s�1lxC�&h�_�8úxU�́s�

0Au�\�¦·ú��9ï�r�����\�@/ô�ÇÚÔ��Äºfç
I�Û¼ß¼Ãº'��r�s�1lxC�&h�_�8úxU�́s���H³ð 4.5

(A)_�ì�ríß�ì�r$3�\�"f �̂¦Ãºe��1pw,���'��̀s�Û¼\�ëß�%ò
�¾Ó�̀¦~ÃÎ��¤��. SNK test���õ�(³ð

4.5 (B))\���ØÔ���, hybrid motion interfaceëß�s����Ér���'��̀s�Û¼ü<Ä»_�ô�Ç	�s�\�¦

ÍÇx��. s���H hybrid motion interface�� l�@/ô�Ç �õ���H	כ ²ú�o�, $3�[jô�Ç ���×þ�\� ò́õ�&h�

s�t�3lw�%i�����H�.���p�ô�Ç_¦̀�	כ Hybrid motion interface\�@/ô�Ç��6 x��_�[O�ë�H���

õ�\� ��ØÔ���, ‘ú́§s� ��¥[þt�2;��’ ?/t���H ‘$3�[jô�Ç �̧����̀¦ ���HX< Ô�¦¼#����’��H ���/åLs� e��

%3���.
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Source F value P Value

Layout F(1,23) = 0.06 0.8038

Interface F(2,46) = 34.06 <.0001

Layout*Interface F(2,46) = 0.40 0.6733

(A) 2-way within subject ANOVA,Ä»_�Ãºï�r p<0.05
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(B) SNK Test,°ú �ÉrÕªÒ�̈�Ér°ú �ÉrÒ�oÜ¼�Ð³ðr�,Ä»_�Ãºï�r p<0.05

Ø̧ 4.5 0Au�\�¦ ·ú��9ï�r �����\� @/ô�Ç ÚÔ��Äºfç
 Ãº'��r� s�1lx C�&h�_� 8úx U�́s�\� @/ô�Ç

ì�ríß�ì�r$3�
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3.2 �Dn���·N±Ó�bÌÁm�NíâÐM���ë�>Uc7�ø5�áÃ��ËÁ�b�@�â«æ«ÊÁ�ßjÚr
ø�
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Ü«ÍÏ� 4.60Au�\�¦·ú��9ÅÒt�·ú§�Ér�����\�@/ô�ÇÚÔ��Äºfç
Ãº'��r�z�́'��r�çß�

0Au�\�¦ ·ú��9 ÅÒt� ·ú§��H �����\� @/ô�Ç ÚÔ��Äºfç
 I�Û¼ß¼_� ���õ���H 0Au�\�¦ ·ú��9ÅÒ��H

�����õ� ��ðøÍ��t��Ð, ���'��̀s�Û¼ü< YUs���Ö�© �̧¿º Ä»_�ô�Ç %ò
�¾Ó�̀¦ ÅÒ%3���. !Q�Ér ���'�

�̀s�Û¼\�¦ ��6 x���H �â
Äº_� Ãº'�� r�çß�s�, ¿º �̧��� ���'��̀s�Û¼\�¦ ��6 x���H �â
Äº �Ð��

Ä»_��>� Âúª��¤t�ëß�, ¿º 7áxÀÓ_� �̧��� ���'��̀s�Û¼ ��s�\���H Ä»_�ô�Ç 	�s��� µ1ÏÒqt�t�

·ú§��¤��. ¢̧ô�Ç tiled cylindrical layouts� fisheye cylindrical layout�Ð�� 7á§�8 Âúª�Ér

Ãº'��r�çß��̀¦�Ð#�ÅÒ%3���.YUs���Ö�©õ����'��̀s�Û¼��s�_����'��7�����Ér�>rF��t�·ú§��¤

��.
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Source F value P Value

Layout F(1,23) = 70.51 <.0001

Interface F(2,46) = 48.61 <.0001

Layout*Interface F(2,46) = 0.50 0.6117

(A) 2-way within subject ANOVA,Ä»_�Ãºï�r p<0.05
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(B) SNK Test,°ú �ÉrÕªÒ�̈�Ér°ú �ÉrÒ�oÜ¼�Ð³ðr�,Ä»_�Ãºï�r p<0.05

Ø̧ 4.60Au�\�¦·ú��9ÅÒt�·ú§�Ér�����\�@/ô�ÇÚÔ��Äºfç
Ãº'��r�çß�\�@/ô�Çì�ríß�ì�r$3�
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3.2.2 l��â F��\��+¥@ ��
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 I�Û¼ß¼ Ãº'��r� s�1lx C�&h�_�

8úxU�́s�

0Au�\�¦·ú��9ÅÒt�·ú§��H�â
Äº\��̧, hybrid motion���'��̀s�Û¼�����Ér���'��̀s�Û¼

�Ð��Ä»_��>�|��s�1lxC�&h��̀¦�Ð#�ÅÒ%3���.Õªü@\� layout_�%ò
�¾Ó�Ér\O�%3���.



3. ��
��@Úr
ø�����×Òeµ 42

Source F value P Value

Layout F(1,23) = 0.06 0.8090

Interface F(2,46) = 14.72 <.0001

Layout*Interface F(2,46) = 1.75 0.1853

(A) 2-way within subject ANOVA,Ä»_�Ãºï�r p<0.05
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(B) SNK Test,°ú �ÉrÕªÒ�̈�Ér°ú �ÉrÒ�oÜ¼�Ð³ðr�,Ä»_�Ãºï�r p<0.05

Ø̧ 4.7 0Au�\�¦ ·ú��9ÅÒt� ·ú§�Ér �����\� @/ô�Ç ÚÔ��Äºfç
 I�Û¼ß¼ Ãº'��r� s�1lx C�&h�_� 8úx

U�́s�_�ì�ríß�ì�r$3�
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���'��̀s�Û¼\�¦ ��6 x�l� /'î�r &ñ
�̧\� @/ô�Ç [O�ë�H_� ���õ� button ���'��̀s�Û¼�� ¿º

7áxÀÓ_� �̧��� ���'��̀s�Û¼ �Ð�� ��6 x�l� ~1�����H ����:r�̀¦ %3�%3���. ���'��̀s�Û¼_� ��6 x

�l�/'î�r&ñ
�̧\�YUs���Ö�© ¢̧ô�ÇÄ»_�ô�Ç%ò
�¾Ó�̀¦ÅÒ%3���.!Q�Ér���'��̀s�Û¼��Hs�p���

|ÃÐ[þt\�>�e��ņq��¦,F�g�©�y� ú́§�Érô ¥º���̀¦~ÃÎ�Ér�©�u�s�l�M:ë�H����.��Ü¼�ÐÒqty���)a	כ
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Source F value P Value

Layout F(1,23) = 5.79 0.0245

Interface F(2,46) = 32.76 <.0001

Layout*Interface F(2,46) = 2.31 0.1104

(A) 2-way within subject ANOVA,Ä»_�Ãºï�r p<0.05
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(B) SNK Test,°ú �ÉrÕªÒ�̈�Ér°ú �ÉrÒ�oÜ¼�Ð³ðr�,Ä»_�Ãºï�r p<0.05

Ø̧ 4.8���'��̀s�Û¼\�¦��6 x�l�/'î�r&ñ
�̧\�@/ô�Çì�ríß�ì�r$3�
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3.3.2 ê�>'aZcl�â«��·:�ËÁe��D(P�Ça��¿

TB TH TT FB FH FT

0

1

2

3

4

5

6

7

T:Tiled Cylindrical Layout F: Fisheye Cylindrical Layout

B: Button  Interface , H: Hybrid Motion Interface , T: Tilt Motion Interface

E
a

s
e

 o
f 
L

e
a

rn
in

g
 (

7
S

c
o

re
s
)

Ü«ÍÏ� 4.9���'��̀s�Û¼\�¦C�Äºl�/'î�r&ñ
�̧

���'��̀s�Û¼\�¦ C�Äºl� /'î�r &ñ
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Source F value P Value

Layout F(1,23) = 1.11 0.3020

Interface F(2,46) = 33.38 <.0001

Layout*Interface F(2,46) = 0.17 0.8417

(A) 2-way within subject ANOVA,Ä»_�Ãºï�r p<0.05
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(B) SNK Test,°ú �ÉrÕªÒ�̈�Ér°ú �ÉrÒ�oÜ¼�Ð³ðr�,Ä»_�Ãºï�r p<0.05

Ø̧ 4.9���'��̀s�Û¼\�¦C�Äºl�/'î�r&ñ
�̧\�@/ô�Çì�ríß�ì�r$3�
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3.3.3 ê�>'aZcl�â«��·¤n>¡õ�ÐM�Ça��¿
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�̧\� e��#Q"f��H YUs���Ö�©õ� ���'��̀s�Û¼ ��s�_� ���'��7�

���s� µ1ÏÒqt�%i���. Tiled cylindrical layout_� �â
Äº\���H button interface, tilt mo-

tion interface , hybrid motion interfaceí�HÜ¼�ÐÄ»_�ô�Ç��� ñ�̧_�	�s���e��%3�t�ëß�,

fisheye cylindrical layout_��â
Äº\���H[j���'��̀s�Û¼��s�_���� ñ�̧_�	�s���HÄ»_�
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layout_���s�\�"f	�H	�s�\�¦�Ð#�ÅÒ%3���.
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Source F value P Value

Layout F(1,23) = 3.12 0.0907

Interface F(2,46) = 5.69 0.0062

Layout*Interface F(2,46) = 3.30 0.0459

(A) 2-Way within subject ANOVA,Ä»_�Ãºï�r p<0.05 , Layout*Interface

Interaction�>rF�

Button Hybrid Motion Tilt Motion

Source F(1,23) P Value F(1,23) P Value F(1,23) P Value

Layout 9.11 0.0061 0.10 0.7531 1.35 0.2577

Tiled Cylindrical Fisheye Cylindrical

Source F(2,46) P Value F(2,46) P Value

Interface 8.80 0.0006 1.56 0.2217

(B)���'��̀s�Û¼��� ñ�̧\�@/ô�Ç simple effect,1 way-within subject ANOVA,Ä»_�

Ãºï�r p<0.05
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Source F value P Value

Layout F(1,18) = 0.02 0.8808

Interface F(2,36) = 5.19 0.0104

Layout*Interface F(2,36) = 1.74 0.1898

(A) 2-way within subject ANOVA,Ä»_�Ãºï�r p<0.05
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(B) SNK Test,°ú �ÉrÕªÒ�̈�Ér°ú �ÉrÒ�oÜ¼�Ð³ðr�,Ä»_�Ãºï�r p<0.05
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3.3.5 ê�>'aZcl�â«�+��¥o>â«�a(P�Ça��¿
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���'��̀s�Û¼_� �����Û¼�Qî�r &ñ
�̧\� @/ô�Ç [O�ë�H �̧��\�"f��H layoutõ� interface��s�

_� ���'��7����s� �>rF��%i���. Tiled cylindrical layout\�"f��H button interface, tilt

motion interface, hybrid motion interfaceí�HÜ¼�Ð�����Û¼XO�����H²ú�����̀¦%3�%3�t�ëß�,

fisheye cylindrical layout\����, button interfaceü< tilt motion interface�� hybrid

motion interface�Ð�� �����Û¼XO�����H ²ú�����̀¦ %3�%3���. s� M:, button interfaceü< tilt

motion interface��s�\���H Ä»_�ô�Ç 	�s��� \O�%3���. s� ���õ�\�"f�̧ tiled cylindrical

layoutõ� button interface_� �̧½+Ës�Z�}�Ér&h�Ãº\�¦%3�%3���.
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Source F value P Value

Layout F(1,18) = 0.18 0.6765

Interface F(2,36) = 15.74 <.0.0001

Layout*Interface F(2,36) = 4.50 0.0180

(A) 2-way within subject ANOVA,Ä»_�Ãºï�r p<0.05 , Layout*Interface

���'��7�����>rF�

Button Hybrid Motion Tilt Motion

Source F(1,18) P Value F(1,18) P Value F(1,18) P Value

Layout 5.20 0.0349 3.70 0.0704 0.00 1.0000

Tiled Cylindrical Fisheye Cylindrical

Source F(2,36) P Value F(2,36) P Value

Interface 29.35 <.0001 3.90 0.0294

(B)���'��̀s�Û¼_������Û¼�Qî�r&ñ
�̧\�@/ô�Ç simple effect,1 way-within subject

ANOVA, (Ä»_�Ãºï�r p<0.05)

Tiled Cylindrical Fisheye Cylindrical
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(C)���'��̀s�Û¼_������Û¼�Qî�r&ñ
�̧\��>rF����H Layoutõ� Interface��s�_�

Interaction
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3.3.6 ê�>'aZcl�â«�+=�i�ÑÏ�ÐM�Ça��¿
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�̧

���'��̀s�Û¼_�F�p�e����H&ñ
�̧\�@/ô�Ç[O�ë�H\�"f��H �̧������'��̀s�Û¼[þts�!Q�Ér���'�

�̀s�Û¼ �Ð�� F�p�e������H ����:r�̀¦ %3�%3���. z�́+«>�� ×�æ�'p, ‘>�e��\� ��6 x���� a%~��x��’ ��

��H���/åL�̀¦���H��|ÃÐ�̧e��%3���.
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Source F value P Value

Layout F(1,18) = 2.24 0.1518

Interface F(2,36) = 15.21 <.0001

Layout*Interface F(2,36) = 0.59 0.5612

(A) 2-way within subject ANOVA,Ä»_�Ãºï�r p<0.05
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(B) SNK Test,°ú �ÉrÕªÒ�̈�Ér°ú �ÉrÒ�oÜ¼�Ð³ðr�,Ä»_�Ãºï�r p<0.05
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3.4 Qcl���	�ºUc7�ø5�à�
%K�Úr
ø�

3.4.1 Qcl���	�º£�·¤n>¡õ�ÐM�Ça��¿
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�̧

Tiled cylindrical layout�Ð�� fisheye cylindrical layout�̀¦��� ñ���H���õ�\�¦%3�%3�

��. z�́+«>��[þt�Ér fisheye cylindrical layout�̀¦ ‘#Qt�XO���’,‘ÕªaË>_� ß¼l��� �-Áº �����’

���¦���/åL�%i���.
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Source F value P Value

Layout F(1,23) = 18.26 0.0003

Interface F(2,46) = 1.80 0.1761

Layout*Interface F(2,46) = 1.85 0.1685

(A) 2-way within subject ANOVA,Ä»_�Ãºï�r p<0.05
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(B) SNK Test,°ú �ÉrÕªÒ�̈�Ér°ú �ÉrÒ�oÜ¼�Ð³ðr�,Ä»_�Ãºï�r p<0.05
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3.4.2 Qcl���	�º�+ÒÏ�®̧��\�ê�>Ça��¿
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Source F value P Value

Layout F(1,18) = 1.01 0.3275

Interface F(2,36) = 0.19 0.8266

Layout*Interface F(2,18) = 0.82 0.4476

(A) 2-way within subject ANOVA,Ä»_�Ãºï�r p<0.05
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(B) SNK Test,°ú �ÉrÕªÒ�̈�Ér°ú �ÉrÒ�oÜ¼�Ð³ðr�,Ä»_�Ãºï�r p<0.05
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3.4.3 Qcl���	�º�+��¥o>â«�a(P�Ça��¿
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YUs���Ö�©_� �����Û¼�Qî�r &ñ
�̧\� @/ô�Ç [O�ë�H\�"f�̧, ¿º YUs���Ö�© ��s�\� 	�s��� \O�

%3���.
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Source F value P Value

Layout F(1,18) = 3.18 0.0914

Interface F(2,36) = 0.97 0.3879

Layout*Interface F(2,36) = 2.10 0.1370

(A) 2-way within subject ANOVA,Ä»_�Ãºï�r p<0.05
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(B) SNK Test,°ú �ÉrÕªÒ�̈�Ér°ú �ÉrÒ�oÜ¼�Ð³ðr�,Ä»_�Ãºï�r p<0.05
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3.4.4 Qcl���	�º�+=�i�ÑÏ�ÐM�Ça��¿
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Ü«ÍÏ� 4.17YUs���Ö�©_�F�p�e����H&ñ
�̧

YUs���Ö�©_�F�p�e����H&ñ
�̧\�@/ô�Ç[O�ë�H\�"f��H layoutõ� inteface��s�_����'��7����

s� �>rF��%i���. Button interfaceü< hybrid motion interface\�"f��H fisheye cylin-

drical layouts� �8 F�p�e���¦, tiled motion interface�� W=� F�p�e����H ���õ�\�¦ �Ð#�ÅÒ

%3�t�ëß�, tilt motion interface\�¦s�6 x½+ÉM:��HYUs���Ö�©_�%ò
�¾Ós�\O�%3���.
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Source F value P Value

Layout F(1,18) = 8.19 0.0104

Interface F(2,36) = 9.00 0.0007

Layout*Interface F(2,36) = 4.40 0.0195

(A) 2-way within subject ANOVA,Ä»_�Ãºï�r p<0.05 , Layout*Interface

���'��7�����>rF�

Button Hybrid Motion Tilt Motion

Source F(1,18) P Value F(1,18) P Value F(1,18) P Value

Layout 12.49 0.0024 12.80 0.0022 1.38 0.2557

Tiled Cylindrical Fisheye Cylindrical

Source F(2,36) P Value F(2,36) P Value

Interface 10.36 0.0003 2.46 0.0995

(B)YUs���Ö�©_�F�p�e����H&ñ
�̧\�@/ô�Ç simple effect,1 way-within subject

ANOVA, (Ä»_�Ãºï�r p<0.05)

Tiled Cylindrical Fisheye Cylindrical
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(C)YUs���Ö�©_�F�p�e����H&ñ
�̧\��>rF����H Layoutõ� Interface��s�_� Interaction
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3.5 ê�>'aZcl�â«ÿ?Qcl���	�º�+�¿TÒ¼Uc7�ø5�à�
%K�Úr
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3.5.1 ê�>'aZcl�â«ÿ?Qcl���	�º�+�¿TÒ¼l���£� �e��D(P�Ça��¿
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Ü«ÍÏ� 4.18���'��̀s�Û¼ü<YUs���Ö�©_� �̧½+Ës���6 x�l�/'î�r&ñ
�̧

���'��̀s�Û¼ü< YUs���Ö�©_� �̧½+Ës� ��6 x�l� /'î�r &ñ
�̧\� @/ô�Ç ì�r$3�\�"f��H tiled

cylindrical layoutõ� button interface_� �̧½+Ës����©���6 x�l�~1�����H����:r�̀¦%3�%3�

��.���Ér �̧��H �̧½+Ë�Ð�� button interfaceü< tiled cylindrical layout_� �̧½+Ës����©�

��6 x�l�~1�����H���õ�\�¦%3�%3���.�� Qt� �̧½+Ë[þt��s�\�"f��HÄ»_�ô�Ç	�s���\O�%3���.
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Source F value P Value

Layout F(1,23) = 15.92 0.0006

Interface F(2,46) = 16.03 <.0001

Layout*Interface F(2,46) = 10.65 0.0002

(A) 2-Way within subject ANOVA,Ä»_�Ãºï�r p<0.05 , Layout*Interface

Interaction�>rF�

Button Hybrid Motion Tilt Motion

Source F(1,23) P Value F(1,23) P Value F(1,23) P Value

Layout 42.39 <.0001 0.66 0.4259 1.22 0.2808

Tiled Cylindrical Fisheye Cylindrical

Source F(2,46) P Value F(2,46) P Value

Interface 29.85 <.0001 0.71 0.4967

(B)���'��̀s�Û¼ü<YUs���Ö�©_� �̧½+Ës���6 x�l�/'î�r&ñ
�̧\�@/ô�Ç simple effect,1

way-within subject ANOVA,Ä»_�Ãºï�r p<0.05

Tiled Cylindrical Fisheye Cylindrical
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(C)���'��̀s�Û¼ü<YUs���Ö�©_� �̧½+Ës���6 x�l�/'î�r&ñ
�̧\��>rF����H Layoutõ�

Interface��s�_� Interaction
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3.5.2 ê�>'aZcl�â«ÿ?Qcl���	�º�+�¿TÒ¼£�·¤n>¡õ�ÐM�Ça��¿
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Ü«ÍÏ� 4.19���'��̀s�Û¼ü<YUs���Ö�©_� �̧½+Ë�̀¦��� ñ���H&ñ
�̧ ÕªA�áÔ

���'��̀s�Û¼ü< YUs���Ö�©_� �̧½+Ë�̀¦ ��� ñ���H &ñ
�̧\� @/ô�Ç [O�ë�H\�"f�̧ tiled cylin-

drical layoutõ� button interface_� �̧½+Ë�̀¦���©���� ñ�%i���.�� Qt� �̧½+Ë[þt��s�\�

"f��HÄ»_�ô�Ç	�s���\O�%3���.
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Source F value P Value

Layout F(1,23) = 12.05 0.0021

Interface F(2,46) = 3.48 0.0391

Layout*Interface F(2,46) = 10.41 0.0002

(A) 2-Way within subject ANOVA,Ä»_�Ãºï�r p<0.05 , Layout*Interface

Interaction�>rF�

Button Hybrid Motion Tilt Motion

Source F(1,23) P Value F(1,23) P Value F(1,23) P Value

Layout 29.04 <.0001 0.46 0.5039 1.92 0.1795

Tiled Cylindrical Fisheye Cylindrical

Source F(2,46) P Value F(2,46) P Value

Interface 9.90 0.0003 0.77 0.4668

(B)���'��̀s�Û¼ü<YUs���Ö�©_� �̧½+Ë�̀¦��� ñ���H&ñ
�̧\�@/ô�Ç simple effect,1

way-within subject ANOVA,Ä»_�Ãºï�r p<0.05

Tiled Cylindrical Fisheye Cylindrical
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Interface��s�_� Interaction
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3.5.3 ê�>'aZcl�â«ÿ?Qcl���	�º�+�¿TÒ¼l�ÒÏ�®̧��\�ê�>Ça��¿
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���'��̀s�Û¼ü<YUs���Ö�©_� �̧½+Ës�f���'a&h����&ñ
�̧\�@/ô�Ç[O�ë�H\�"f��H �̧��H �̧½+Ë[þt
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Source F value P Value

Layout F(1,18) = 0.02 0.8786

Interface F(2,36) = 2.88 0.0689

Layout*Interface F(2,36) = 1.28 0.2916

(A) 2-way within subject ANOVA,Ä»_�Ãºï�r p<0.05
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(B) SNK Test,°ú �ÉrÕªÒ�̈�Ér°ú �ÉrÒ�oÜ¼�Ð³ðr�,Ä»_�Ãºï�r p<0.05
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3.5.4 ê�>'aZcl�â«ÿ?Qcl���	�º�+�¿TÒ¼l���¥o>â«�a(P�Ça��¿
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cylindrical layout\�"f��H button interface, tilt motion interface, hybrid motion

interfaceí�HÜ¼�Ð�����Û¼�Qî�r&ñ
�̧_�	�s���e��%3�Ü¼��, fisheye cylindrical layout\�

"f��H button interfaceü< tilt motion interface��q�5pwô�Ç&ñ
�̧_������Û¼�Q¹¡§�̀¦�Ð#�

ÅÒ%3��¦, hybrid motion interface�����©�ÂÒ�����Û¼������õ�\�¦�Ð#�ÅÒ%3���.
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Source F value P Value

Layout F(1,18) = 2.21 0.1546

Interface F(2,36) = 16.00 <.0001

Layout*Interface F(2,36) = 7.33 0.0021

(A) 2-Way within subject ANOVA,Ä»_�Ãºï�r p<0.05 , Layout*Interface

Interaction�>rF�

Button Hybrid Motion Tilt Motion

Source F(1,18) P Value F(1,18) P Value F(1,18) P Value

Layout 11.10 0.0037 0.04 0.8534 0.02 0.9005

Tiled Cylindrical Fisheye Cylindrical

Source F(2,36) P Value F(2,36) P Value

Interface 17.39 <.0001 6.90 0.0029

(B)���'��̀s�Û¼ü<YUs���Ö�©_� �̧½+Ës������Û¼�Qî�r&ñ
�̧\�@/ô�Ç simple effect,1

way-within subject ANOVA,Ä»_�Ãºï�r p<0.05

Tiled Cylindrical Fisheye Cylindrical
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(C)���'��̀s�Û¼ü<YUs���Ö�©_� �̧½+Ës������Û¼�Qî�r&ñ
�̧�>rF����H Layoutõ�

Interface��s�_� Interaction

Ø̧ 4.21���'��̀s�Û¼ü<YUs���Ö�©_� �̧½+Ës������Û¼�Qî�r&ñ
�̧\�@/ô�Çì�ríß�ì�r$3�
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3.5.5 ê�>'aZcl�â«ÿ?Qcl���	�º�+�¿TÒ¼l�=�i�ÑÏ�ÐM�Ça��¿

TB TH TT FB FH FT
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T:Tiled Cylindrical Layout F:Fisheye Cylindrical Layout

B:Button HM:Hybrid Motion TM:Tilt Motion

Ü«ÍÏ� 4.22���'��̀s�Û¼ü<YUs���Ö�©_� �̧½+Ës�F�p�e����H&ñ
�̧ ÕªA�áÔ

���'��̀s�Û¼ü< YUs���Ö�©_� �̧½+Ës� F�p�e����H &ñ
�̧\� @/K�"f��H tiled cylindrical

layout �Ð�� fisheye cylindrical layouts�, button interface�Ð����H ¿º �̧��� ���'��̀

s�Û¼���8F�p�e������H����:r�̀¦%3�%3���.
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Source F value P Value

Layout F(1,18) = 4.87 0.0406

Interface F(2,36) = 6.40 0.0042

Layout*Interface F(2,36) = 0.98 0.3856

(A) 2-way within subject ANOVA,Ä»_�Ãºï�r p<0.05

 Tiled Cylindrical Fisheye Cylindrical
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Interface

(B) SNK Test,°ú �ÉrÕªÒ�̈�Ér°ú �ÉrÒ�oÜ¼�Ð³ðr�,Ä»_�Ãºï�r p<0.05

Ø̧ 4.22YUs���Ö�©_������Û¼�Qî�r&ñ
�̧\�@/ô�Çì�ríß�ì�r$3�
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3.6 ÊÁ�ßjk�ë5ÑUc7�ø5�¤n>ÌfCm¬y�&P��7�

z�́+«> ×�æ àÔYUs�_ç
s� Ø�æì�r�t� 3lw�#� àÔYUs�_ç
 s�&7�àÔ�� µ1ÏÒqtÙþ¡�̀¦ ��0px$í
\� @/q�

K�,B�z�́+«>��_����õ�\�¦ 4 trialm������̀¦t�#Q"f,���+þA�r)ì�r$3��̀¦�%i���.y��y��_���

6 x�� ����_� ���õ�\�¦ ��6 x�%i�Ü¼ 9, Ä»_� Ãºï�r�Ér p<0.05 �Ð ¿º%3��̀¦ M:, :�x>�&h�Ü¼�Ð

Ä»_�ô�Ç���+þA�â
�¾Ó$í
�̀¦�Ð������õ�_�Ãº��H³ð4.23õ�°ú ��.

�̧½+Ë TB TH TT FB FH FT

0Au�\�¦·ú��9ÅÒ��H�â
Äº 2 6 2 2 1 2

0Au�\�¦·ú��9ÅÒt�·ú§��H�â
Äº 0 0 2 1 2 1

Ø̧ 4.23:�x>�&h�Ü¼�ÐÄ»_��>�(p<0.05)���+þA�â
�¾Ó$í
�̀¦�����z�́+«>��_�Ãº

³ð4.23\���ØÔ���,8úx 24"î
_���6 x��×�æ, tiled cylindrical layoutõ� hybrid motion

interface_� �̧½+Ë�̀¦]jü@��4H, 2"î
s��_����õ�ëß�s�Ä»_�ô�Ç���+þA�â
�¾Ó$í
�̀¦�Ð%i���.

ô�Ç¼#� tiled cylindrical layoutõ� hybrid motion interface_� �̧½+Ë_��â
Äº\��̧ 24"î


×�æ 6"î
_����õ�ëß�s�Ä»_�ô�Ç���+þA�â
�¾Ó$í
�̀¦�Ð%i���.

���õ�&h�Ü¼�Ð ��6 x��_� Ãº'�� r�çß�\�"f àÔYUs�_ç
 s�&7�àÔ��H µ1Ï|
�÷&t� ·ú§��¤��. éß� s�

��HÂúª�Érl�çß�1lxîß�_�àÔYUs�_ç
s�&7�àÔs��¦,±ú���éß�0As��©�_�|��àÔYUs�_ç
s�&7�àÔ��

�>rF�½+É��0px$í
s�e����.

3.7 �×Òeµ

���õ�&h�Ü¼�Ð, button interface_���6 x$í
s� motion interface[þt�Ð��a%~��¤Ü¼ 9, tiled

layouts� fisheye layout�Ð�� a%~�Ér ��6 x$í
_� ���õ�\�¦ %3�%3���. ú́§�Ér �â
Äº z�́+«>��[þt�Ér

button interface\�"fëß� y�� ���'��̀s�Û¼\�"f èq Ãº e����H þj�¦ 5Åq§4�\� ����î�r s�1lx�̀¦

�%i��¦, motion interface\�"f��H 7á§�8 �ÐÃº&h�s��¦ ��;��;y� ¹¡§f��s���H �â
�¾Ó�̀¦ �Ð%i���.

s� &h�s� Ãº'�� r�çß�\� �©�{©�ô�Ç %ò
�¾Ó�̀¦ z�'¬I���¦ �:r��. s��Qô�Ç �â
�¾Ó�Ér motion inter-

face_� K��©��̧ü< ���ø@$í
\� l��:r&h�Ü¼�Ð ë�H]j�� e��%3�l� M:ë�HÜ¼�Ð Òqty���)a��. q�2�¤ �̧

��{9��©�u�_�Êë@/$í
�̀¦0AK�"f��H inertial sensings� ò́õ�&h�s�t�ëß�,���ø@$í
\���H#QÖ¼

&ñ
�̧ ë�H]j\�¦ µ1ÏÒqtr�v���H "é¶���s� ÷&%3����¦ �:r��. 7á§�8 ���ø@$í
 e����H �̧��� G'pdç
 l�Õüt

�̀¦ �̧{9�½+É 
¹$íכ��9s� e����. Õª ü@\��̧, tilt motion interface_� �â
Äº transfer func-

tion�̀¦ 2nd order�Ð��6 xô�Ç�9¹¡§\�{9��̧�i�r���6 xs�#Q%	כ�#�, 2nd order transfer
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function×�æ5Åq§4�s�7£x���t�·ú§�Ér ½̈çß�ëß��̀¦��6 xô�Ç���i�r�ë�H]j��÷&%3����¦Òqty%	כ

ô�Ç��.

¢̧ô�Ç, button interface_���6 x$í
õ�$í
0pxs��8a%~�Ér���õ�\�¦%3��Ér�¶ô�Ç���Ér"é/@�\	כ

���Ü¼�Ð Cooper[26]_� ���½̈ ���õ�\�"f µ1ß)���� �	כ %�!3� s�p�t�\�¦ �Ð#� ×�¦ M:, moving

presentation�Ð��, fixed presentations� �8 ò́õ�&h�s�l� M:ë�HÜ¼�Ð Òqty���)a��. But-

ton interface_��â
Äº fixed presentation\���¾ú�t�ëß�,¿º7áxÀÓ_�motion interface��H

moving presentation\� ��¾ú���. ����"f ��6 x��_� s�p�t� ���d��s� 7á§�8 /'î�r button

interface�� �8 a%~�Ér ���õ�\�¦ %3��̀¦ Ãº e����. �̧��� ���'��̀s�Û¼\�"f�̧, fixed presenta-

tion\�����î�r presentation~½ÓZO��̀¦��6 x½+ÉÃºe�������7á§�8 ò́õ�&h����s�p�t�ÚÔ��Äº

$�\�¦ëß�[þtÃºe���̀¦�.��s����¦Òqty��ô�Ç	כ

ô�Ç¼#� fisheye layouts� �8 ���Ér ���õ�\�¦ %3��Ér ��\	כ e��#Q"f��H ÅÒ#Q��� I�Û¼ß¼��,

overviewü< detail�̀¦ 1lxr�\� ̈½¹כ���H I�Û¼ß¼�� ��m�%3�~�� ��\	כ ë�H]j�� e����H �¼Ü	כ

�Ð Òqty���)a��. :£¤y� tiled layout\�"f ½̈ì�r�l� &h�]X�ô�Ç &ñ
�̧_� detail�̀¦ ]j/BN���H

X< q�K�, fisheye layout�Ér ×�æd��ÂÒ�'p detail�̀¦ ú́§s� ]j/BN�%i�t�ëß�, ü@FỲÜ¼�Ð °ú�Ãº2�¤

overview\�¦ �Ð#�ÅÒl� 0AK� õ��̧ô�Ç detail_� Òqt|ÄÌ�̀¦ ô�Ç &h�s� ���Ér ��6 x$í
\� 	�H %ò
�¾Ó

�̀¦ ï�r �Ü¼�Ð	כ �Ð�����. ��6 x��[þt_� [O�ë�H\�"f�̧, ü@FỲ_� detail\� @/ô�Ç Ô�¦ëß�s� µ1Ï|
�÷&

%3���. Fisheye layout\�@/ô�Ça%~�Ér���õ�\�¦%3�%3�~��, Gutwin[7]_�z�́+«>s�&���êøÍë�H"f

���\� @/K�"f s�ÀÒ#Q&��~�� �¦̀�	כ �¦�9K� �̂¦ M:, ��Ãº_� s�p�t�\�¦ @/�©�Ü¼�Ð ô�Ç �	כ �Ð

éß�, 	�H s�p�t� ���\� @/K�"f &h�6 x÷&%3��̀¦ M: ò́õ�&h�{9� Ãº e��%3��̀¦ ����s	כ Òqty���)a��.

¢̧��H fisheye layout_� parameter\�¦7á§�8&h�]X��>� �̧]X��#�,��6 x��\�>��Ð#�ÅÒ��H

overviewü< detail��s�_�ç�H+þA�̀¦ ú̧� �̧]X��%i�Ü¼���,a%~�Ér���õ�\�¦%3��̀¦Ãºe��%3��̀¦�	כ

s��� Òqty���)a��. ¢̧, fisheye view\�¦ ]j/BN���H ~½ÓZO�\�"f�̧, ���Ér +þAI�_� ·ú��¦o�7£§�̀¦

s�6 x�#�]j/BN�%i������ ò́õ�&h�{9���0px$í
s�e����.

Interfaceü< layout��s�_� ���'��7����s� µ1Ï|
��)a �½Ó3lq�Ér ���'��̀s�Û¼_� ��� ñ, ���'�

�̀s�Û¼_� �����Û¼�Qî�r &ñ
�̧, ���'��̀s�Û¼ü< YUs���Ö�©_� �̧½+Ës� ��6 x�l� /'î�r &ñ
�̧,

���'��̀s�Û¼ü<YUs���Ö�©_� �̧½+Ë�̀¦��� ñ���H&ñ
�̧,���'��̀s�Û¼ü<YUs���Ö�©_� �̧½+Ës�

�����Û¼�Qî�r &ñ
�̧_� ��$Á	 �½Ó3lq\� ²ú��%i���. Õªo��¦ s�XO�>� ���'��7����s� µ1ÏÒqtô�Ç �â
Äº

button interfaceü< tiled layout_� �̧½+Ës����©�a%~�Ér&h�Ãº\�¦%3���H �̧½+Ës�%3���.s�¿º

�̧|	��Ér �&³F� {9�ìøÍ&h���� �̧��{9� s�p�t� ÚÔ��Äºfç
 r�Û¼%7�\�"f ��6 x÷&��H �̧½+ËÜ¼�Ð, ú́§
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�Ér ��6 x����H �&³F�_� [O�&ñ
�̀¦ �8 a%~�����H �ÐÃº&h���� �â
�¾Ó�̀¦ �Ð%i���. ���õ�[þt\�"f �Ð#�

t���H�â
�¾Ó$í
×�æ\������H tiled layouts�������â
Äº�'p button interface\�@/ô�Ç��� ñ

�̧��H ���Ér ���'��̀s�Û¼ü< Z>� 	�s�\�¦ �Ðs�t� ·ú§��¤��. Tiled layouts� ��m����"f, 7á§�8

ò́õ�&h���� layouts��>rF�ô�Ç�����, motion interface��7á§�8��� ñ~ÃÎ�̀¦Ãºe����H��0px$í


�̀¦�Ð#�ï�r��.

��6 x���ÐÂÒ'�%3��Érx�×¼Ñþ�×�æ���©� ú́§�ÉrÂÒì�r�Ér���'��̀s�Û¼_�Áº>�\�@/ô�ÇÔ�¦ëß�

s�%3���.@/ÂÒì�r_���6 x��[þts�¼1Ïõ�#QL::�x7£x�̀¦ ñ�è�%i��¦, motion interface\�¦��

6 x½+É �â
Äº\� Õª\� @/ô�Ç ë�H]j�� �8 (����. motion interface��6 x r�\� Ø�æì�rô�Ç 5Åq§4�s�

���̧t� ·ú§�Ér ����H\	כ ���'��̀s�Û¼_� ë�H]j�̧ F�g�©�y� ß¼���¦ Òqty���)a��. s� ÂÒì�r�Ér �&³F�

_��â
Äº�'p CPU power\�¦¹כ½̈���H vision sensing�̀¦�íl��t�·ú§Ü¼���²ú�$í
½+ÉÃº\O�

Ü¼o��� �:r��. �t�ëß� mobile l�l�_� computing power��H >�5Åq 7£x����¦ e��Ü¼Ù¼�Ð,

��!9î�r{9�ìøÍ�½�×¼�:r\�"f�̧Ø�æì�rô�Ç computing power\�¦%3��̀¦Ãºe��Ü¼�����0px�o���

�:r��.
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����:r&h�Ü¼�Ð �&³F� ��Ãº_� s�p�t�\�¦ ÚÔ��Äºfç
�l� 0Aô�Ç ~½ÓZO�Ü¼�Ð��H tiled layoutõ�

button interface_� �̧½+Ës����Ér���'��̀s�Û¼ü<YUs���Ö�©_� �̧½+Ë�Ð�� ò́õ�&h�s�%3���.

r��̧ô�Ç ���Ér �̧½+Ë[þt�Ér �̧½+Ë����_� �©�&h�s� e��%3�t�ëß�, tiled layoutõ� button inter-

face_� $í
0pxõ� ��� ñ�̧\�¦ �FG4�¤�l��'p %i�ÂÒ7á¤s�%3���. 2	�"é¶ s�p�t� ÚÔ��Äºfç
\�"f��H

motion interface�Ð�� button interface���8 ò́õ�&h�e���̀¦�Ð#�ï�r��.s���H �̧������'�

�̀s�Û¼\�¦:�xK�%3��̀¦Ãºe����H�����Û¼�Qî�r���'��7����Bj���í��, proprioception_� �̧¹¡§

s� \O�%3�����, s�[þt_� �̧¹¡§s� s�p�t� ÚÔ��Äºfç
�'p ò́õ�&h�s�t� 3lw½+É ��0px$í
�̀¦ r���ô�Ç

��.:£¤y�l�Ö�¦l�\�¦s�6 xô�Ç���'��̀s�Û¼�Ð�� spatialô�Ç5Åq$í
�̀¦s�6 x½+ÉÃºe����H,�D¥½+Ë+þA

���'��̀s�Û¼���8���Ér���õ�\�¦�Ð#�ï�r�
s�s�[þt��0px$í	כ\��8jËµ�̀¦z�́#Qï�r��.Õªo��¦,

tiled layouts� fisheye layout\�q�K�s����z�́+«>\�"f��H���Ér���õ�\�¦�Ð#�ÅÒ%3���.s�

��H �&³F�_� ÅÒ#Q��� I�Û¼ß¼�� overview�Ð����H details� ×�æ¹כô�Ç I�Û¼ß¼s�l� M:ë�HÜ¼�Ð

Òqty���)a��. �t�ëß�, fisheye layout_� &h�]X�ô�Ç parameter ���&ñ
s� s�ÀÒ#Q t�t� ·ú§��¤�̀¦

��0px$í
s�e��Ü¼Ù¼�Ð,s�ÂÒì�r\�@/K�"f��HSX�z�́ô�Ç����:r�̀¦?/wn=Ãº��H\O����¦Òqty��ô�Ç��.

ô�Ç¼#�,�&³F�_� ½̈�&³�)as�p�t�ÚÔ��Äº$�x9����'��̀s�Û¼�� 3	�"é¶ÚÔ��Äºfç
 8̈��â
s�t�

ëß�, ��6 x$í
 z�́+«>�Ér zooming�̧ ]jô�Ç�)a í�HÃºô�Ç 2	�"é¶ 8̈��â
\�"f z�́'��÷&%3���. s� ÂÒì�r

�Ér 2	�"é¶s�p�t�ÚÔ��Äºfç
\�"f��H motion interface��Ø�æì�ry� ò́õ�\�¦µ1Ï6f�t�3lw�

77
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%i��̀¦��0px$í
�̀¦z����¿º�¦e����.�&³F�_���_� 2	�"é¶\�����î�rYUs���Ö�©s���m���, 2.5

?/t���H 3	�"é¶\�����î�rYUs���Ö�©\�"f 3	�"é¶ motion interface\�¦��6 xô�Ç�����,7á§�8

ò́õ�\�¦µ1Ï6f½+É��0px$í
s�Z�}��.

Motion interface���̂_� ���ø@$í
õ� K��©��̧\��̧ ë�H]j�� e��%3���.3 	�"é¶\�"f_� ÚÔ

��Äºfç
�̀¦ s�ÀÒl� 0AK�"f��H ���ø@$í
õ� K��©��̧�� Z�}�Ér 3D motion interface�� ���'��

÷&#Q�� ô�Ç��. ��0px$í
s� e����H ���'��̀s�Û¼ ×�æ\�, IR range sensor�� e����. IR range

sensor��H inertial sensings� ��m�t�ëß�, ��6 x��ü< l�l� ��s�_� ��o�\�¦ ï�q M: ��6 x½+É

Ãº e����. s�XO�>� %3��Ér ��6 x��ü< l�l� ��s�_� ��o���H 1D translationÜ¼�Ð 2[/åL|̈c Ãº

e����. IR range sensor��H���ø@$í
õ�K��©��̧���©�{©�y�Z�}Ü¼Ù¼�Ð, �̧��{9�l�l�\�¦0Aô�Ç

¿ËÒ6xô�Ç 3D motion interface_� {9�ÂÒ�Ð ��6 xs� ��0px½+É ����s	כ Òqty���)a��. ¢̧ô�Ç gyro

sensor_��â
Äº�̧ \��Q��¾º&h�÷&��H�&³�©��̀¦&h�]X�ô�Ç�èáÔàÔJ?#Q&h����~½ÓZO�s��� 3 axis

acelerometer_� ]X�@/ °úכ_� �̧¹¡§�̀¦ ~ÃÎ��"f �̧]X�½+É Ãº e�������, ò́õ�&h���� 3D motion

interface�Ð ��6 x|̈c ��0px$í
s� e����. s� IR range sensorü< gyro sensor1px_� Dh�Ðî�r

motion interface\�¦s�6 x�#�, 3D layout8̈��â
\�"f_���6 x$í
 î̈
��\�¦K����¹��eכ��9¦̂

��.

�t�ëß� s� �̧��H ��\	כ Äº���K��� ½+É ��Ér	כ s�p�t�\�¦ �Ð#�×�¦ M:, ��|ÃÐs� ���t�½+É Ãº e��

��H &h�]X�ô�Ç presentation time�̀¦ ]j/BN½+É Ãº e���̧2�¤ ���H ~½ÓZO�s���. Cooper[26]_� ���

½̈\�"f µ1ß)���� �	כ %�!3� fixed presentations� �8 ò́õ�&h�s�Ù¼�Ð, s�ü< °ú �Ér ò́õ�\�¦

button interface÷�rëß�s���m��� motion interface\�¦s�6 x½+ÉM:�̧ ]j/BN½+ÉÃºe����H~½Ó

ZO��̀¦�¦�9K��Ð����½+É�.���s	כ
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#Qv��?Ø7��É���Á<S"h]�£_A]�w  2î�Ó\�]���s�lëV���. 2î�Óõ9Ó<SU�7�Ë;�ïËÓ=�y �lë<S]�Îå·

_#Õ���� ������sNḰ]� ̈G��dB� z¤ñ�Ó ºÑv¢Ḱ ��êâÕjê\� ��h�lëV���. u�[{ß]�L[e, 2î�Ó õ9Ó4É $h·Ý

Z�u��ñ�Ó, } Îå·\���w  ����õcÓ y �lë\� _�áÕlé �;Ø\���u�, ô�Ó���̂Õ<S"h כzË;�ïËÓ y OḰ _�Õ\�

½�p|�x¤4ÉX�Õ<SºÑv¢Ḱw Õjê\��áX���u�(�Ô�lëV���.

ñ�Ó$hô�Ó=���¢²º��ÁÕlé��c�]�½Ñv|�[�u�,]�Îå·��]�í]Ó�Ék�5�_�ëß�¢ócÓ�¦y %�ÖCn��h

��w�[�×V���.�¦y %�Ö4É¢²º��Á°Ã(�Ô¢²·\�_�á+ùáU�<S]�Îå·4É=���_�áÕlé�¢_�áÕlé�;Ø_�×V���.

u�X�u�,]�w u��¢%�Ö\�ócÓ�ûÔ²º�éu��¢%�ÖCn��h��w�[�×V���.=כ���zU[��¢ºÑv¢Ḱ[כ�z

��d| �²é ��� ��� u��_ÙB� �¢[� �, ÖÁê �H ��¢Ḱ �Ék�¶¢|�x¤ �¶¢�w Ñ�æ } ô�ÓÕlé ��c�]� ½Ñv

|�ócÓ�;Ø<SõcÓ*�Ö|�x¤��h��w�[�×V���.

Z�Ñ�æ ñ�Ó "hÕoé<S 5�*úá]�L[e ��]���d��]� $íÒ�_ÙB� �¢[�u� } ô�ÓÕlé ��c�]� ½Ñv|�ócÓ $�Ö�_Ù

ún
 u��¢%�ÖCnw  ��h��w�[�×V���. u�X�u� =� �̂ç�é4É Y��b�U[� �¦ }çÕlé àwæ�̀×5� %�'ùÖ j�×#Q�¢

"0"h,½�p|�x¤4É�Ék�¶¢Õlé¾�i���¢ócÓU[��[Ù�¬u��¢%�ÖCnw ��h��w�[�×V���.

2î�Ó ÐwíO[e �É�Cn Ë;�ïËÓ ô�Ó���̂Õ *�Ò��Ðlé<S5�w  ��h��w�[�×V���. ºÑv¢Ḱ w Õjê°Ã } ô�ÓÕlé �¢

*úáïËÓ�Ék¢f́�p�,õcÓ*�Ò�p�,��h���p�,�[ÙX�Õ�p�,õcÓÕjæ�p�,ÖÁíún
�p�,*�Ò:ã�p�,Óàô¥̈��p�,u�X�u�

=�ôcÓ �p�<S5� ��h�� w�[�×V���. =�ôcÓ �p�4É w Õjê\� _#ì+ùá��ñ�Ó, ��]���d ��]� �̂ç�éÕlé L[eÐlé

#QÛ¹C�¢_#ì+ùáÕlé�;Ø_�×V���. 2î�Óõ9Ó<S¶�o\�ô�Ó���̂Õ ̈GJº%Õlé[���dU[�:ãv <���dÕlé�É�CnU[�

ÐwíU�Ðlé, =�¥̈�, =��p�, \�=�NḰ _*Þ u�8�0�Ò{� Ý¹E<S H[e ÕxíõcÓ<S5�w  ��h��4É ��¢²·Õlé õ9ÓÃ7 V�

��.�µ¢�Ék=�Y�_�áNḰ�ª:�>�ún
u�X�u�,½�p|�x¤ícÓ[�H[eÕlé�É�Cn��é�ª:�Ðlé,¶�iÖÁí,ôcÓ,ôcÓ

Õjæ,í]Ó1�	<S5�w ��h��4ÉªgìÕléõ9ÓÃ7 V���.

]�Îå·¢Ḱ u�$h ��d¢Ḱ N[eÕlé %óÖ+ùáÕlé «}ç_�×V���. ½�p|�x¤ ÖÁê �H X�Õu� #Q��¢é ��·�gÐlé\� ½�p

<S_�áÕlé�;Ø_�×V���.�]�L[e,ún
=���]�4É �̀Ù1�Õlé\�Ý��Ñgê��h��,L[eÖÁæÃ7��¢_�áNḰ¼�xÕlé¼�g

�¢_�á��u�(�Ôu�,u��;ØÕlé\��¦w Ñ�æv 'úÒ�¾×M�lëV���.
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