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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 �ooded with informa-

tion, manifested in the very high number of ��les� 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

dif�cult 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 �t 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 �sh-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 �t 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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V� 1 â�
 ¥o>'̃ :�¿R�

�&‡F� ”̂·œ§�Ér ��|̂—[þt\�>� �‚��{9� l�l���H ¶œ'_� �9�”̂&h���� Ò́ì�rs� ÷&%3���. ·œ§�Ér »̃XO� †DG

��[þt\�"f��H 100%\� ����î�r ���{9�Ò�ƒ‘�ƒ �—#� Ò̄�ƒ e���ƒ, �‚��{9� l�l�_� ”̂��H (�Û…V,�

(��ÉÓ’�_� ”̂\�ƒ Ò̆�Z4
��ƒ e����. 1993‚��\���H ���[j>�&h�Ü…�— ��{9���_� ”̂�� 10 ºß�"î
 �—

�� &h�%3�t�ºß�, 2003 ‚�� ×�æìł̋\���H ×�æ†DG ºß�Ü…�— Õ“ 10 C� ”̂_� ��{9��� ”̂\�ƒ l�2�⁄
�%i�

��[2]. s�XO�>� V,�o� �—/åL�)a �‚��{9� �:r�Ér Øß�í�Hô�̇ :�x���l�l�\�ƒ �̄�#Q"f ���]j #QÖ… M:��

�����‘�ƒ n���ƒ YO�w�p�n�#Q\�ƒ F�Òqt‰+É ”̂ e����H n�t�»1̌ p�n�#Q F�Òqt_� Ùþ�d��s� ÷&#Q e����.

¢‚ô�̇ n�t�_O� 
�Bj�� l�Õüts� µ1̌���
����"f, �����‘�ƒ 2[1pq
���H ~‰Ód�� %i�r� ����o
��ƒ e��

��. �����‘�ƒ $��'�
���H ~‰Ód��s� n�t�_O��o ÷&���"f �����‘�ƒ n����HX< �9�fl„ô�̇ q�6 x�Ér ��_� \O�

#Q&����. ����"f B�”̃ œ́“�Ér r�çß� 1lxîß�\� @/|¾Ó_� n�t�_O� s�p�t�\�ƒ 2[1pq‰+É ”̂ e����. �8

������, n�t�_O� 
�Bj���� �‚��{9� �:rı� ���‰+̧
����"f, ���]j #QÖ…M:�� s�p�t�\�ƒ %3���H �fl	

s� {9��'�s� ÷&#Q ���ƒ e����. s��Qô�̇ ����o��H �‚��{9� l�l� �'�\�"f @/|¾Ó_� s�p�t�\�ƒ ÚÔ

��”̃fç
 K���‰+É �9�fl„$í
s� 7£x@/H�d‘�ƒ _�p�ô�̇��.


�t�ºß� �‚��{9� l�l�_� ô�̇>���H #����y� �>rF�
��ƒ e���ƒ, s� M:º�H\� @/|¾Ó_� s�p�t�\�ƒ

ÚÔ��”̃fç

���H �fl	�Ér ~1�t� •œ§�Ér {9�s���. Óüt�:r �‚��{9� l�l���H �ŁÆÔàÔ J?#Qü< 
�×…J?#Q

1
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�“����Ü…�—µ1̌���
��ƒe��t�ºß�,n�Û…e�ƒYUs�_�ß…l�ºß��pu�Ér ����Érß…l��—]jô�̇ |¤c ”̂µ1Ú\�

\O���[3]. ����"f]jô�̇�)aß…l�_�n�Û…e�ƒYUs�\�ƒ����� �'�u�îß�\�"fs�p�t�\�ƒ·òı�&h�Ü…

�— ÚÔ��”̃fç
 K���‰+É �9�fl„$í
s� e����. ¢‚ô�̇ ����Ér ß…l�_� n�Û…e�ƒYUs���H {9�ìł̋&h�Ü…�— �‚

��{9�l�l�\�"f��6 x‰+É ”̂e����H’�u�J�×…_� ���\O� %ò
%i�s�]jô�̇ �)a����H �fl	¢‚ô�̇ _�p�ô�̇

��.s�\�ƒ 0AK�s�p�t�¢‚��H º�H"f\�ƒÚÔ��”̃fç

�l�0Aô�̇Dh�—î�r ���’�‘�s�Û…7ÆxÀÓ_� ���

’�‘�s�Û…�� ���’��7����‘�ƒ >hµ1̌
���H „¡§f��e��s� ß…>� {9��ƒ e����. [4][5][6] ¢‚ô�̇ ����Ér �o

���\�"f�‚, 	�Hs�p�t���º�H"f\�ƒÚÔ��”̃fç
 ‰+É ”̂e����HDh�—î�rYUs���Ö�'s�����r��o ~‰Ó

ZO�‘�ƒ &h�6 x
��ƒ
�
���H „¡§f��e��¢‚ô�̇ �>rF�ô�̇��[7][8][9]. Dh�—î�r ���’�‘�s�Û…ü<��r��o

~‰ÓZO��Ér"f�—Ø�æ[�t
�t�•œ§��H ô�̇�‚‰+̧\�����7Æ§�8·òı�&h���� ���ı�\�ƒ %3�‘�ƒ ”̂e����.

ô�̇…#� �‚��{9� l�l�\� ���“�ô�̇ G’pdç
 l�Õüt‘�ƒ :�x‰+̧�<̊Ü…�—+�, ���’��7����‘�ƒ Øß�í�H�o 
��ƒ

7Æ§�8���“�ô�̇ ���’��7����‘�ƒ��0px
�>�‰+É�9�ƒ
���H „¡§f��e��s�e����[10][11][12][13][14][?]

Mantyjarvi06 :£⁄y�, G’pdç
l�Õüt ×�æ\�·òı�&h�Ü…�—��6 x|¤c ”̂e����Hl�Õüt�—l�Ö�ƒl�G’p"f

1px‘�ƒ s�6 xô�̇ �‚������d��s� e����. s� �‚��� ���d��‘�ƒ s�6 xô�̇ ~‰ÓZO��Ér workspace_� ]jô�̇s�

��, �o��� ß…l��— ���ô�̇ FOV_� ]jô�̇‘�ƒ ·òı�&h�Ü…�— �FG4�⁄
���HX< �‚„¡§s� ÷&%3���[6] [1].

¢‚ô�̇Õ“���̂�—f���’a&h�s��ƒ�����Û…�Qî�r ���’�‘�s�Û…����H �'�&h�s�e����.

&h�]X�ô�̇ ���’�‘�s�Û…ü<YUs���Ö�'_��‚‰+̧�Ér�‚��{9�l�l�\�"f·œ§�Ér �“�_�s�p�t�\�ƒ��

ÀÒ��HX<�‚„¡§s�÷&o����ƒÒqty���)a��.

V� 2 â�
 ¥o>'̃ â·�\�

f���’a&h�s��ƒ �����Û…�Q”̃���"f ���5̄q&h���� {9�§4�‘�ƒ ~̨̂‘�ƒ ”̂ e����H �‚��� ���’�‘�s�Û…��H �‚

��{9� l�l�\�"f ��6 x‰+É ”̂ e����H B�”̃ ·òı�&h���� ���’�‘�s�Û…�� |¤c ��0px$í
s� e����. �‚

��� ���’�‘�s�Û… �â
”̃ �&‡z�·\� ����î�r Bj���í[11]_� ���’��7����s� ��0px
� 9 ¢‚ô�̇ direct

manipulations���0px
�#�,proprioception_��‚„¡§[40]¢‚ô�̇ %3�‘�ƒ ”̂e��‘�ƒ �fl	Ü…�—Òqt

y��
�%i���. :£⁄y��‚��{9� �'�u�ü<�‚��� ���’�‘�s�Û…_� ���‰+̧s� 3	�"Ø¶ ���’�‘�s�Û…�—"f·ò

ı�&h�e��s�7£x"î
�)a���‚e����[1]. s��‚��� ���’�‘�s�Û…���‚��{9�l�l�\�"f��|¾Ó_�ÚÔ��

”̃fç

�l�0Aô�̇ 3lq&h�Ü…�—&h�‰+̧ô�̇t�, ºß������0px$í
s�e�������#Q*�ô�̇ +þAI�_��‚��� ���’�

‘�s�Û…��&h�‰+̧ô�̇t�\�ƒ ���7£xK��—�ƒ��ô�̇��.

¢‚ô�̇ �‚��{9� l�l�_� ô�̇>�\�ƒ �FG4�⁄
�l� 0AK� ���“�ô�̇ YUs���Ö�'s� ]jîß�÷&%3��ƒ, Õ“[þt

YUs���Ö�'s�{9�&æ
 &æ
�‚_�·òı�\�ƒ��Ø�H��e����[7]. s�[þtYUs���Ö�'s�YUs���Ö�'[þt�Ér�‚
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��{9� l�l�\�"f @/|¾Ó_� s�p�t�\�ƒ ÚÔ��”̃fç

�l� 0Aô�̇ ÚÔ��”̃$�\��‚ &h�6 xs� ��0pxô�̇t�

r�+«>K� �:r��.

ô�̇…#� s�[þt YUs���Ö�'ı� ���’�‘�s�Û…\�ƒ �‚‰+̧
�%i�‘�ƒ M:, #Q�"� +þAI�_� �'�.Øß�&h�s� e����H

t�, #Q*�ô�̇ YUs���Ö�'ı� ���’�‘�s�Û…_� �‚‰+̧s� ���'� ·òı�&h�{9� ”̂ e����Ht� ���7£xK� �:r��.

V� 3 â�
 —aµ%K��+ '̃]̄�

2 �'� \�"f��H �&‡F���t�_� �‚��{9� l�l�\�"f ����Ér �o���_� ô�̇>�\�ƒ K����
��ƒ�� 
���H r��‚

[þtı�, �‚���\� l�ìł̋ô�̇ ���’�‘�s�Û…[þt\� @/ô�̇ ���‰¤\�ƒ �Ł>h
�%i���. 3 �'�\�"f��H s�p�t�

ÚÔ��”̃$�_� fl„|	�ı�, Õ“\� &h�‰+̧ô�̇ YUs���Ö�', Õ“o��ƒ �‚���‘�ƒ s�6 xô�̇ ���’�‘�s�Û…\� @/


�#� [O�"î

��ƒ, s�\�ƒ s�6 x
�#� ‰¤�&‡ô�̇ s�p�t� ÚÔ��”̃$�\� @/
�#� [O�"î

�%i���. 4 �'�

\�"f��H ���“�ô�̇ YUs���Ö�'ı� l��>r_� !Q�Ér ���’�‘�s�Û…, Õ“o��ƒ s����\� ]jîß�ô�̇ �‚��� ���

’�‘�s�Û… ��s�_� �‚‰+̧[þt_� ��6 x$í
‘�ƒ z�·+«>‘�ƒ :�xK� ���7£x
�%i���. 5 �'�\�"f��H s���� ���

‰¤\�ƒ :�xK� %3�#Q��� ����:rı�, Õ“\� ���Ér �¾ÓŒ̊ ���‰¤‰+É ���‰Ó\� @/
�#� s���l� 
�%i���.
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Gutwin[7]�Ér {9�ìł̋&h����X<Û…ß…»1Ñ‘�ƒ 0AK�ºß�[þt#Q��� 	�H ���’�‘�s�Û…\�ƒ ����Ér �o���‘�ƒ��

��� �‚��{9� �'�u�\�"f ��ÀÒl� 0Aô�̇ ·òı�&h���� ~‰ÓZO�‘�ƒ „1Ôl� 0AK�, panning system, 2-

level zoom system, �sheye view\�ƒ "f�— q��§
�%i���. �‚��H r�Û…%7�s� {9�ìł̋&h���� 	�H

�o���‘�ƒ��6 x
���Hr�Û…%7��—����H a%~t�•œ§��H ���ı�\�ƒ�—%i���. ���ı�&h�Ü…�— �sheye view

ü< two-level zoom systems�W1q�>�s����‘�ƒ 0Aô�̇ ���’�‘�s�Û…�—·òı�&h���� �fl	Ü…�—��

��z�⁄��. �sheye view��W1q�>�s����I�Û…ß…\�"f7Æ§�8���Ér ���ı�\�ƒ�—%i�t�ºß�,��6 x��

[þt�Ér 2-level zoom system‘�ƒ�8��� æ
�%i���.

Patel[15]�Ér ����Ér �o���‘�ƒ ����� �‚��{9� �'�u�\�"f_� ·òı�&h���� s�p�t� ÚÔ��”̃fç
‘�ƒ

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

Auto Zoom�Ér scrolling speedü< zoom_� ß…l�\�ƒ ìł̋ q�YV r���� _�ß…_��s� 9, Ges-

tureZoom�Ér ”̂f�� ~‰Ó�¾Ó_�Û…ß…\�ƒı� �'��’a \O�s��í���h�A �'�u�_�ýa”̃„¡§f��e��ı� zoom_�

ß…l�\�ƒ ���1lxr���� ~‰Ód��s���.s�_�ß…_��[þt\�@/ô�̇��6 x$í
 ¤î
��\�ƒ :�xK�,r�çß� í�H"f@/�—

&æ
§>=�)a �����[þt_� �‚e��\�"f :£⁄&æ
 s��$�àÔ[þt_� �����‘�ƒ ���Ò�o
�����, :£⁄&æ
ô�̇ :£⁄$í
‘�ƒ ��

4
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��������[þt‘�ƒ ���Ò�o
���HX<, {9�ìł̋&h���� Discrete Zoom technique\�q�K� Auto Zoomı�

Gesture Zooms� ·òı�&h�e��‘�ƒ �—#� Ò̄%3�Ü… 9, s�Œ̊ °œ �Ér technique\� @/ô�̇ 7Æ§�8 ��

�“�ô�̇ ì�r$3�‘�ƒ
�%i���[5].

Hakala[8]��H spatial cognition‘�ƒ s�6 x ‰+É ”̂ e����H 3 	�"Ø¶ ��r��o\�ƒ :�xK�, ·òı�&h�

���X<s�’����†œ�‘�ƒ �uÙþ¡��.�‚��{9� �:r_���{9�‰¤�‚\�ƒ {9�ìł̋&h����o�Û…àÔ����m��� 3	�

"Ø¶_� &æ
�—\�ƒ �8 ]j/BN‰+É ”̂ e����H ~‰Ód��Ü…�— ����â

�%i���. s�\�ƒ :�xK�, y��y��_� ��{9� e�ƒ�8

[þt�Ér Øß�í�Hô�̇ ‰¤�‚�� ��m���, /BNçß�\�"f_� 0Au��—�‚ ���� Ł›q ”̂ e��%3���. Õ“ ���ı� 3 	�

"Ø¶��r��o\�ƒs�6 xô�̇ÚÔ��”̃$���H��ØÔ>�C�Ö�ƒ ”̂e���ƒ,�‚��{9� �:r_� �BHJ$�ÞÔ[þt‘�ƒ ~1�>�

���t�‰+É ”̂e��%3���.
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Rekimoto[10]��H small screen �'�u�\�ƒ 0AK� tilting operation‘�ƒ {9�§4�Ü…�—��6 x
���H

�fl	‘�ƒ]jîß�
��ƒ, LCD TVü< FASTRAKàÔþ̌�&�\�ƒs�6 x
�#�Õ“ÆÔ�—�—��{9�‘�ƒ‰¤�&‡
�

%i���.ÆÔ�—�—��{9�r�Û…%7�‘�ƒ :�x
�#� tilt\�ƒs�6 xô�̇Bj¾»r�Û…%7�ı� 	�H 2DÛ…‘�s�Û…W1

q�>�s�’�,Õ“o��ƒ 3D object Ó́#Qr�Û…%7�‘�ƒ‰¤�&‡
��ƒ]jîß�
�%i���.�‚��{9�r�Û…%7���

�̂\�"f �‚��H Ò́ì�r‘�ƒ ¢-a��� r�v�t���H 3lw
�%i�t�ºß�, �‚��{9� l�l�\�"f �‚��� ���d��‘�ƒ ��6 x

‰+É ”̂e����H��0px$í
‘�ƒ�—#� Ò̄%3���.

Yee[6]�Ér Peephole display\�ƒ ]jîß�
�%i���. Peephole display��H {9�ìł̋&h���� �‚��{9�

l�l�\�"f��6 x
���H pen interactionr�,�‚��{9�l�l�_� �o���ß…l�������Ér �fl	\�"fl����


���H a%v�Ér workspace_� º�H]j\�ƒ 0Au� ���d��‘�ƒ s�6 x
�#� K����
�%i���. s�\�ƒ :�xK� �‚��

{9�l�l�_� �o����—��	�H���'�_� �o���\�"f���“�ô�̇ ���’��7����‘�ƒ ”̂’��‰+É ”̂e��%3���. ô�̇…#�

�‚��� ���d��‘�ƒ 0AK�"f��H optical mouse tracking, ultrasonic tracking, two-tethered

trackingÕ“o��ƒ magnetic tracker\�ƒs�6 xô�̇ tracking 1px‘�ƒs�6 x
�%i���.Õ“�Q���‚

¿”�'�u����̂\��‚��� G’p"f\�ƒ [O�u�
���H +þAI�����m���,ü@Ò́\�[O�u��)ar�Û…%7�_��‚„¡§

‘�ƒ ~̨̂����
���H �fl	Ü…�—¢-a���
�>� º̊@/��0pxô�̇ +þAI���÷&t���H 3lwÙþ¡��.

ô�̇…#��‚��{9�l�l������&æ
ô�̇�‚��{9�l�l��—���6 x
�l�0AK�"f��H�‚��� ���d���‚ exter-

nal reference\�ƒ �9�fl„�— 
�t� •œ§��H self-contained sensing system\� _�K�"f s�ÀÒ

#Q|9� �9�fl„$í
s� e����. �‚��{9� l�l�_� $í
0pxs� µ1̌���
�#�, ü@Ò́_� %�o� �'�u� \O�s� �‚��

{9� �'�u�_�ÆÔ�—[jdç
��0>\�ƒs�6 x‰+É ”̂e��>�÷&���"f, self-contained motion sensing
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system‘�ƒs�6 x‰+É ”̂e��>�÷&%3���.

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

��H ����:r‘�ƒ %3��ƒ, inertial sensor\�ƒ ‰¤�&‡
�l� 0AK� �9�fl„ô�̇ l�Õüt[þt‘�ƒ "fÕüt
�%i���. Õ“

\� ��ØÔ���, self motion sensing‘�ƒ 0Aô�̇ l�Õüt�—, accelerometerü< gyroscopes\�ƒ [þt

%3���. accelormeter��H Õ“ ���̂�— 2 »¡⁄_� ]X�@/&h���� l�Ö�ƒl�\�ƒ ���d��
���H tilt sensor�—

��6 xs���0px
�l�M:º�H\�,���“�ô�̇ ���‰¤\�&h�6 x÷&%3���. Øß� 3��»̃�‚s��'�_� „¡§f��e��‘�ƒ

���d��‰+É ”̂\O�Ü…Ù…�— 3	�"Ø¶ ¤8��â
‘�ƒ 0Aô�̇ ���’�‘�s�Û…�—��6 x
�l�\���H Ò́7Æ⁄�<̊s�e����.

Harrison[11]�Ér ô�̇ º�H"f��Õþ�\�"f_�W1q�>�s����, U�·�ƒ���5̄q�)ao�Û…àÔ_�W1s�>�s�

���, º�H"f\� Ò̄$3� ‡ðr� 1px_� ���’��7����‘�ƒ tilting sensorü< pressure sensor\�ƒ s�6 xK�

z�·]j[j>�_�Bj���íü<q�5pwô�̇ +þAI��—‰¤�&‡
�%i���.

Bartlett[12]�Ér tilting‘�ƒ s�6 xô�̇ scrolling techniqueü< !Q�Érs��� ’�u�J�×…_� �‚

„¡§ \O�s����“�ô�̇ »̃$�{9�§4�‘�ƒ %3�‘�ƒ ”̂e����H tilting gesture\�ƒ]jr�
�%i���.

Hinckley[13]��H �‚��{9� l�l�_� ���’��7����‘�ƒ 0Aô�̇ sensing technique‘�ƒ ]jîß�
�

%i���. IR proximity sensor, touch sensor, tilt sensor 1px_� ���“�ô�̇ G’p"f\�ƒ :�xK�

background-sensing‘�ƒ ô�̇ +’s�\�ƒs�6 xô�̇ ���’��7����‘�ƒ]jîß�
�%i���. �7Hº�H\�"f]jîß��)a

���’��7���� ~‰ÓZO� ×�æ�’p 2-axis linear accelerometer\�ƒl�ìł̋Ü…�—ô�̇ tilt sensor\�ƒs�6 x

ô�̇ portrait/landscape display mode y��t�ü< ���‰+̧�)a tilt sensor\�ƒs�6 xô�̇ scrolling‘�ƒ

]jîß�
�%i���.

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

Ü…�— �‚��{9� �'�u�\�ƒ [þt�ƒ e����H �'�I�\�"f �<H3lq l�Ö�ƒe��‘�ƒ s�6 xô�̇ W1q�>�s����\� @/

ô�̇ ì�r$3�‘�ƒ 
�%i���. ���ı�\� ��ØÔ��� ×�æd��\� ��A�AÆ⁄‘�ƒ �¾Ó‰+É M:�—�� 0AAÆ⁄‘�ƒ �¾Ó‰+É M:,

variability�� 7£x��
�%i�Ü… 9, X»¡⁄ �‚���s� Y»¡⁄ �‚��� �—�� variability�� ß…����H ����:r

‘�ƒ %3�%3���.s����ı���Hs�Œ̊ tilting sensor\�ƒs�6 xô�̇ ���‰¤\�s�6 x|¤c ”̂e����.

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

ing sensingı� speed-dependent automatic zooming(SDAZ) [4]~‰Ód��‘�ƒs�6 xô�̇ nav-

igation technique‘�ƒ ���‰+̧
��ƒ,Õ“ SDAZ technique\��í�<̊�)a dynamic coupling‘�ƒ

dynamic systemÜ…�— ‡ð�&‡
�%i���. ô�̇…#� Õ“ü< #î
’��ô�̇ ��6 x�� ¤î
��_� ���ı� tilting

navigations��'�&h�s��>rF��<̊\��‚Ô�ƒ‰¤
��ƒ,��6 x��[þt�Érs����_� stylus-control ~‰Ód��

‘�ƒ�8…#�îß�
�>�#�|������H ���ı�\�ƒ %3�%3���.
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Marsden[19]�Ér ���'�¤8��â
‘�ƒ W1q�>�s����
�l� 0A
�l� 0Aô�̇ tilting sensor\�ƒ s�6 x

ô�̇�‚��� ���’�‘�s�Û…\�ƒ�‚{9�
����"f, í�H”̂
�>��‚���‘�ƒs�6 xô�̇ �fl	ı�,�‚���ı�!Q�Ér‘�ƒ �D¥

6 xô�̇ ¿” ��t� +þAI�_� ���’�‘�s�Û…\�ƒ q��§
�%i���. ���ı�&h�Ü…�— �‚���ı� !Q�Ér‘�ƒ �D¥6 xô�̇

+þAI�_� ���’�‘�s�Û…��ºß�7Æ⁄�‚,W1q�>�s����\����o���Hr�çß�,C�”̃l�/’î�r &æ
�‚, z�·”̂\�ƒ

&h�>�
���H &æ
�‚�‚¿”\�e��#Q"f�8·òı�&h�s�����H ����:r‘�ƒ %3�%3���.

ô�̇…#� Hwang[1]�Ér 3-axis linear accelormeterü< vision technique‘�ƒ ���‰+̧ô�̇ +þAI�

_��‚��� ���d�� ~‰ÓZO�‘�ƒ‰¤�&‡
�%i���.s��D¥‰+̧+þA�‚��� ���d�� ~‰ÓZO��Érl��>r_� Øß�í�Hô�̇ 2»¡⁄_�

l�Ö�ƒe��ºß�‘�ƒ ���d��
���H �fl	s���m���, 4��»̃�‚_� „¡§f��e��‘�ƒ ���d��‰+É ”̂e����.s����’�‘�

s�Û…��H 3	�"Ø¶_����'� ¤8��â
\�"f_� ���’��7����\�&h�6 x÷&%3�Ü… 9,��6 x��¤î
�����ı�\���

ØÔ���, �‚���‘�ƒ s�6 xô�̇ ���’�‘�s�Û…�� task perfacenceü< usability �‚¿” !Q�Ér ���’�‘�

s�Û…�—��a%~�Ér ���ı�\�ƒ %3�%3���.



� 3⁄øÿ

�‹��P̨æc�‘�d� µ��� fi$V?Œ �����

V� 1 â�
 l�i�m� Æ̂��¸̀$��+‡À�
>

s�p�t� ÚÔ��”̃$���H#��Q >h_� s�p�t��— Ò́’� »̃$��� 
��� ¢‚��H Õ“ s��'�_� s�p�t�\�ƒ

���×þ�‰+É ”̂e���‚2�⁄
���HÆÔ�—Õ“þ̌�s���.s�s�p�t�ÚÔ��”̃$���H ô�̇���\�#��Q�'�_�s�p�

t�\�ƒ�—#�×�ƒ ”̂e��#Q��
� 9, "Ø¶A�_� full resolution image¢‚ô�̇�—#�×�ƒ ”̂e��#Q��

ô�̇��.[20]s��‚|	�‘�ƒ Zoomable user interface(ZUI)\�ƒs�6 x
����, ~1�>�†œ�$í
‰+É ”̂e��

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

e��Ü… 9, »̃$���H interface space\� e����H Ì�o�̂\�ƒ zooming¢‚��H panning‘�ƒ :�x
�#� f��

]X�&h�Ü…�— �'� æ���6 x ‰+É ”̂ e����H +þAI�_� ���’�‘�s�Û…s���[21]. Panning�Ér �&‡F� �—s�

��H information space_� area\�ƒ ����â
r�v��ƒ, zooming�Ér �&‡F��—s���H information

space_� scale‘�ƒ ����â
r������.

ô�̇…#� �‚��{9� �'�u�\�"f ���'� ]jô�̇ ÷&��H Ò́ì�r�Ér �o���_� ß…l�s���. {9�ìł̋&h���� X<Û…

ß…»1Ñ_� �o����—�� ß…l��� ���6£§\� ����, ô�̇ �o���\� [þt#Q°œ� ”̂ e����H s�p�t�_� ”̂�� ß…

l�\�"f �'�{'�y� ]jô�̇s� e��>� �)a��. :£⁄y� s�p�t�_� ß…l�\�ƒ �-”̀ ���>� ô�̇�����, ��6 x��

�� �—�ƒ ���t� ‰+É ”̂ \O�Ü…Ù…�—, #QÖ… &æ
�‚_� ß…l�\�ƒ »̃t�‰+É ”̂ µ1Ú\� \O���. s�\�ƒ 0AK�

single-view browsers�— [O�>�
�%i���. Single view browser��H �o���_� ���Ò́\�ƒ 
���

8
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_� view‘�ƒ 0AK� �‚��H screen space\�ƒ ��6 x
���H +þAI�_� ÚÔ��”̃$� s���. s� ~‰ÓZO��Ér

display space�� Ò́7Æ⁄‰+É �â
”̃\�{9�ìł̋&h�Ü…�—s�6 x÷&��H +þAI�s���[22].

Plaisant[22]��H single view browser\�ƒ detail only, zoom-and-replace, �sh-eye�—

‰¤ì�r
�%i���. Detail only��H zooms� �>rF�
�t� •œ§��H ÚÔ��”̃$� r�Û…%7�Ü…�— �o����—��

s�p�t��� ���‘�ƒ �â
”̃��, ���]j�� n�_�{9�ºß�‘�ƒ �ƒ�9K��� 
���H �â
”̃\� ·òı�&h�s���. �o

���_� ß…l��� ����Ér �‚��{9� �'�u�\�"f��H detail only��H Õ“o� ·òı�&h�s�t� 3lw
���. ô�̇…#�

zoom-and-replace��H ����̂ s�p�t�ü< [jÒ́ ��s�_� ß…l� 	�s��� 9þt �â
”̃\� ·òı�&h����

~‰Ód��s���. Fish-eye��H [jÒ́ü< ����̂&h���� Ò́ì�r‘�ƒ single view\�"f 1lxr�\� �—#� ×�ƒ ”̂

e����H ~‰ÓZO�s�t�ºß�,�—#�Ò̄��Hs�p�t�\�d��y��ô�̇ �=/BGs�µ1̌Òqt
�>��)a��.s��=/BG�Érß…l�

�� 0Au��� ×�æfl„ô�̇ �â
”̃�’p 	�H º�H]j�� |¤c ”̂ e����. �‚��{9� s�p�t� ÚÔ��”̃$��� ���×þ�‰+É

”̂e����H ~‰Ód���Ér zoom-and-replaceü< �sheye single view browser���)a��.

s�p�t� ÚÔ��”̃$�\�ƒ 0AK� ���×þ�÷&��H �‚��� ���’�‘�s�Û…��H zoomingı� panning\� &h�

‰+̧‰+É �9�fl„$í
s� e����. s�\�ƒ 0AK���� þj�Łô�̇ 2DOF s��'�_� ���’�‘�s�Û…�� �9�fl„
� 9,

panningı� zooming‘�ƒ 1lxr�\� 
�l� 0AK�"f��H 3DOF s��'�_� ���’�‘�s�Û…\�ƒ ��6 x
�

��H AÆ⁄s�&h�‰+̧
����ƒ�:r��.

V� 2 â�
 �¿⁄�>£�• l�£� ł5�Œ�>’aZcl�â«

2.1 �¿����
 *�×n�Uc"��+�¿⁄�>Œ�>—̌�

�‚��{9� �'�u�\�"f�‚��� ���d��‘�ƒ 0AK���6 x÷&��H G’p"f[þt�Ér external reference \O�s� self-

contained systems�#Q�� ‰+É �9�fl„�� e����. s� �‚|	�‘�ƒ Ø�æ7Æ⁄
�#� �‚��{9� l�l�\�"f ��

6 x‰+É ”̂e����H G’p"f[þt‘�ƒ‡ð3.1\�&æ
o�
�%i���.

3 DOF linear accelerometer��H 3»¡⁄_� ��5̄q�‚ °œfl‘�ƒ G’pdç

�Ù…�—, s�\�ƒ &h�ì�r
����,

5̄q�‚ü< 0Au�\�ƒ y��t� ‰+É ”̂ e����. 
�t�ºß�, 0Au�\�ƒ •œ�l� 0AK�"f��H &h�ì�r‘�ƒ ¿” ���K���


�Ù…�—, \��Q_� ß…l��� &�t��ƒ, d��
�>� \��Q�� ¾”&h�s� ÷&#Q œ́“�Ér í�Hçß�_� gesture\�ƒ

���d��
���H &æ
�‚_� s��'�Ü…�— �Ö‚6 x
�|�� ~1�t� •œ§��. z�·]j�— 3 DOF linear accelerome-

ter\�ƒ�‚��{9� �'�u�\�"fs�6 xô�̇ ���‰¤[þt�Ér@/Ò́ì�r 3 DOF linear accelerometer‘�ƒ tilt

sensor�—s�6 x
���H ]X���H‘�ƒ
�%i���.s��â
”̃�’p 2 »¡⁄l�Ö�ƒl�°œfl‘�ƒ\��Q��¾”&h�÷&t�•œ§

��H ]X�@/°œflÜ…�—%3�‘�ƒ ”̂e����. Øß�, 2 »¡⁄‘�ƒ��»̃\�v>����×þ�‰+É ”̂e����H �fl	s���m���, ×�æ§4�
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G’p"f_�7ÆxÀÓ 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 �ow) Relative Y

Relative roll

Relative yaw

Camera(Hwang[23]0s method) Relative Z

Relative pitch

Relative yaw

Angular�rate�sensing Gyroscope Relative pitch

Relative roll

‚Ø 3.1���̂ �‚��� ���d��s���0pxô�̇ G’p"f[þt

‘�ƒl�ï�rÜ…�—
�l�M:º�H\�%3�‘�ƒ ”̂e����Hl�Ö�ƒl�°œfl�Ér pitchü< roll ÷�rs���.

Camera��H %ò
�'�‘�ƒs�6 x
�#�&æ
�—\�ƒ %3�#Q?/��H visionl�Õüt‘�ƒs�6 x
�#�, 0Au�\�ƒ G’p

dç
ô�̇��. Optical �ow image prosessing ~‰ÓZO�‘�ƒ s�6 x
����, 
�Bj���— Ò́’� %3�#Q���

���5̄q�)a s�p�t��—Ò́’� 2»¡⁄_� translationı� 1 »¡⁄_� �—_�s���� °œfl‘�ƒ %3�‘�ƒ ”̂ e����. ô�̇

…#� Hwang[23]s� ]jîß�ô�̇ +þAI�_� �‚��� ���d�� ~‰ÓZO��Ér 
�Bj�� s�p�t��— Ò́’� 1 »¡⁄_�

translationı� 2 »¡⁄_� �—_�s���� °œfl‘�ƒ %3�#Q Ł›q ”̂ e����. camera\�ƒ s�6 xô�̇ G’pdç
_� º�H

]j&h��Ér \��Q�� ¾”&h�÷&�ƒ, y'�§4�ô�̇ computing power\�ƒ �9�fl„�— 
� 9, ¤8��â
\� %ò
�¾Ó‘�ƒ

~̨̂��H����H &h�s���.

Angular�rate�sensing gyroscope��H 3 DOF linear accelerometer�� camera�—

�� q���t�ºß�, 3 »¡⁄_� �r���‘�ƒ ���Ò́ %3�#QŁ›q ”̂ e����H �'�&h�‘�ƒ °œ��ƒ e����. ��ºß� �'�@/&h�Ü…

�—�‚���‘�ƒ ���d��
�Ù…�—,\��Q��¾”&h�÷&��H �&‡�'�‘�ƒ#����y�°œ��ƒe����.

y��y��_� G’p"f�� •œ��ƒo�7£§[þt�Ér "f�— �'�,Øß�&h�‘�ƒ °œ��ƒ e���ƒ, ���d��‰+É ”̂ e����H #3�0A��

�‚�FKm�� 	�s��� e����. 2 �'� 2]X�\� �Ł>h�)a @/Ò́ì�r_� ���‰¤[þt\�"f��H 3 DOF linear ac-

celerometer\�ƒ tilt sensor�— s�6 x
�#� 2D interface�— s�6 x
�%i���. 
�t�ºß�, 3 DOF

linear accelerometerºß�‘�ƒs�6 x‰+É �â
”̃�’p 2Ds��'�_� „¡§f��e��‘�ƒ ���d��‰+É ”̂\O�Ü…Ù…�—,

3 DOF linear accelerometerü<
�Bj��\�ƒ #î
6 x
���H ~‰ÓZO�[1]‘�ƒ Ò̄�)a ���’�‘�s�Û…�—s�
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6 x
�%i���. Õ“ s�»̃��H 2D panningı� 1D zooming‘�ƒ :�x‰+̧‰+É ”̂ e����H ���’�‘�s�Û…s�l�

M:º�Hs���.

2.2 �¿����
 *�×n��+ �Dn� Ù̋�\�£�• l�£� ł5� Œ�>’aZcl�â«(Position Tracking
Motion Interface)

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

4DOF 0Au� Ò̆&h�

Hwang[1]_� 0Au� Ò̆&h� ~‰ÓZO�‘�ƒ ��6 x‰+É �â
”̃ pitch,roll,yawü< 1D translation_� 4

DOF_� X<s�’�\�ƒ %3�‘�ƒ ”̂ e����. s� 4 DOF X<s�’���H �‚��{9� �'�u�_� 3 	�"Ø¶ /BNçß�\�"f

_� �'�@/&h���� 0Au�\�ƒ %3�#Q ?/l�\� Ø�æì�r
���. ô�̇…#�, 1lxr�\� Y>� ��t� ��&æ
‘�ƒ Ò́#�ô�̇��

���, ��6 x��_� „¡§f��e���‚ #QÖ… &æ
�‚ »̃Ò̆�� ��0px
���. ºß���� ��6 x���� �'�u�_� n�Û…e�ƒYU

s�\�ƒ ”̂f��Ü…�— �����—���"f „¡§f����������, �'�u��— Ò́’� %3�#Qt���H 4 DOF X<s�’�\�ƒ :�x

K�, ��6 x��_� „¡§f��e��‘�ƒ Õ“a̧> 3.2ü< °œ s� »̃Ò̆‰+É ”̂ e����.
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Yaw Pitch

Roll Translation

along screen normal

Ü«˝̌� 3.2��6 x��_� 4 DOF„¡§f��e��
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Ü«˝̌� 3.3 »̃$�_� Ò̆&h��)a „¡§f��e��\� l�ìł̋ô�̇ 3D Navigation

s�XO�>� %3�#Q��� ��6 x��_� „¡§f��e��‘�ƒ s�p�t� ÚÔ��”̃$�_� manual operationı� B�g�A

‰+É ”̂ e����. {9�ìł̋&h���� 2D s�p�t� ÚÔ��”̃$������, yaw�’p 1D horizontal panning‘�ƒ

pitch�’p 1D vertical panning‘�ƒ Û…ß…�2; ~‰Ó�¾Ó_� translation�Ér zoom in out‘�ƒ @/6£x

‰+É ”̂ e����. ô�̇…#� s� ��6 x��_� „¡§f��e���Ér 3D „¡§f��e��s�Ù…�— Õ“ „¡§f��e��‘�ƒ 3D ¤8��â
\�"f

_� „¡§f��e��Ü…�— Õ“@/�— @/6£xr�~�· ”̂ e����. yaw_� �â
”̃�’p ��6 x��\�ƒ »¡⁄Ü…�— 
��ƒ, ��6 x

��ü< Û…ß…�2; ��s�_� ��o�\�ƒ ìł̋t�2£§Ü…�— 
���H, t����ı� ¤î
’��ô�̇  æ\�ƒ Õ“o���H „¡§f��e��Ü…

�— @/6£x‰+É ”̂ e����. pitch_� �â
”̃\��‚ yawü< ��ðł̋��t��— ��6 x��\�ƒ »¡⁄Ü…�— 
��ƒ, ��

6 x��ü< Û…ß…�2; ��s�_� ��o�\�ƒ ìł̋t�2£§Ü…�— 
���H t����ı� ”̂f��ô�̇  æ\�ƒ Õ“o���H „¡§f��e��

Ü…�— @/6£x‰+É ”̂ e����. Û…ß…�2; ~‰Ó�¾Ó_� „¡§f��e���Ér Õ“@/�— screen ~‰Ó�¾Ó_� translations�

��. screen ~‰Ó�¾Ó�Ér ��6 x��ü< ”̂f��ô�̇���ƒ ��&æ

�%i�Ü…Ù…�—, ��6 x��ü< Û…ß…�2; ��s�_�

��o�\�ƒ ����o
���H {9�s� �)a��. 7£⁄ Õ“a̧> 3.3ı� °œ �Ér +þAI�_� „¡§f��e��s� �)a��. s�[þt ��6 x��

_� „¡§f��e��ı� browser operationı�_� @/6£x‘�ƒ ‡ð3.2\� &æ
o�
�%i���.

s�XO�>� �&‡F�_� Ò̆&h��)a �'�@/ 0Au�ü< ���'�_� �'�@/ 0Au�\�ƒ Õ“@/�— º�siç

�#� 3D ÚÔ

��”̃fç
‘�ƒ ô�̇�����, »̃$�_� „¡§f��e�� ���̂�� ÚÔ��”̃fç
 
���H „¡§f��e��s�Ù…�—, �����Û…XO�

�ƒ f���’a&h���� ���’�‘�s�Û…�� |¤c ”̂ e����. 
�t�ºß� s� �â
”̃�’p �&‡z�·_� workspace��H ��

6 x��_� …1̌ U�·s�\� ]jô�̇s� �)a��. ÚÔ��”̃fç
 K��� 
���H s�p�t�_� ”̂\� ���� ���'�_�

workspace_� ß…l���H ”̀]jô�̇\� ��¾œ�>� 7£x��‰+É ”̂ e��Ü…Ù…�—, ���'�_� V,��Ér workspaceü<

�&‡z�·_� ]jô�̇�)a workspace��s�\� Ô�ƒ{9�u��� µ1̌Òqtô�̇��. s� �â
”̃ �&‡z�·_� „¡§f��e��ı� ��
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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

‚Ø 3.2 �‚��{9� �'�u�_� 0Au� Ò̆&h�‘�ƒ s�6 xô�̇ ���’�‘�s�Û…_� ��6 x��_� „¡§f��e��ı�

Browser Operationı�_� B�g�A

�'�_� „¡§f��e�� ��s�_� gain‘�ƒ 7£x��r�v�>� ÷&��HX<, s� gains� F�g�'�y� 9þt �â
”̃�’p q�·òÖ�ƒ

&h�s� ÷&��H Øß�&h�s� e����. :£⁄y�, motion interface_� Ô�ƒîß�&æ
$í
ı� Ø�æì�r
�t� 3lwô�̇ K��'��‚

M:º�H\�, z�·|9�&h�Ü…�— ���'�_� workspaceü< �&‡z�·_� workspace_� ��s�_� ß…l� 	�s���

ô�̇>� s��'� {9� M:��H ��6 x‰+É ”̂ \O���. ¢‚ô�̇ Ø�æì�ry� interface_� K��'��‚�� Z�}���‚, ��6 x

��_� „¡§f��e��_� K��'��‚�� Õ“\� ��ØÔt� 3lw ‰+É ”̂�‚ e����. ����"f, ���'�_� workspaceü<

�&‡z�·_� workspace_� 	�s�\�ƒ K���� ‰+É ”̂ e����H ~‰ÓZO�s� �9�fl„
���. s� ~‰ÓZO� ×�æ\� 
����—

clutching[24]s� e����. Clutching�Ér {9�ìł̋&h���� 2D mouse_� „¡§f��e��ı� °œ �Ér ~‰Ód��s���.

��”̃Û…\�ƒ ��6 x
�����, workspace_� =åQ\� ����ØÔ���, ��”̃Û…\�ƒ [þt#Q"f(declutching)

workspace_� ��î�rX<�— ‘��|�� ��6£§\�, ?/�9 Z�~��H(clutching) �fl	ı� °œ ��.

çß�Øß�ô�̇ pilot test\� ��ØÔ��� browsing time_� 10%�� clutching timeÜ…�— �Ł�‚

÷&%3���. ClutchingÜ…�— ���ô�̇ r�çß� �Ł�‚�� ”̀r�‰+É ”̂ e����H ß…l��� ��m�%3�Ü…Ù…�—, s�

\�ƒ K���� ‰+É ”̂ e����H ~‰ÓZO�‘�ƒ �ƒ�9
�%i���. ���'� 	�H º�H]j��H workspaceß…l�_� ]jô�̇s�

%3�Ü…Ù…�—, �&‡F�_� workspaceß…l�_� ]jô�̇‘�ƒ ~̨̂��H position control ~‰Ód��s� ��m���,

workspace_� ß…l�\� ]jô�̇‘�ƒ ~̨̂t� •œ§��H velocity control ~‰Ód��Ü…�— ����â

���H �fl	s� ��

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

s� position control �—�� 7£x;�⁄÷&Ù…�—, \��Q�� ¾”&h� ÷&��H camera\�ƒ s�6 xô�̇ Ò̆&h� ~‰Ó

d�� �—����H l�Ö�ƒl� ºß�‘�ƒ s�6 xô�̇ Ò̆&h� ~‰Ód��s� 7Æ§�8 ·òı�&h�s�%3���.

2.3 �¿����
 *�×n��+e�	�•e� Ù̋�\�£�• l�£� ł5�Œ�>’aZcl�â«(Tilt Motion Inter-

face)

�‚��{9� �'�u�_� l�Ö�ƒl� Ò̆&h�‘�ƒ s�6 xô�̇ ���’�‘�s�Û…��H 3 DOF linear accelerometer_�

absolute sensing‘�ƒ s�6 x
�%i���. ×�æwn� 0Au��—Ò́’�_� l�Ö�ƒl�\� q�YV
�#�, ÚÔ��”̃$�
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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

‚Ø 3.3 �‚��{9� �'�u�_� l�Ö�ƒl� Ò̆&h�‘�ƒ s�6 xô�̇ ���’�‘�s�Û…_� ��6 x��_� „¡§f��e��ı�

Browser Operationı�_�B�g�A

_� panning velocity\�ƒ �‚&æ

���H +þAI��� �)a��.{9�ìł̋&h���� 2D s�p�t� ÚÔ��”̃$�_� �â


”̃�’p ×�æwn� 0Au��— Ò́’�_� roll_� 	�s���H horizontal panning_� 5̄q�‚\�ƒ ]j#Q
� 9,×�æ

wn� 0Au��—Ò́’�_� pitch_�	�s���H vertical panning_� 5̄q�‚\�ƒ]j#Qô�̇��. ô�̇…#� 3 DOF

linear accelerometer��H 2 »¡⁄ºß� &h�6 x��0px
�����H Øß�&h�s�#����y��>rF�
�Ù…�—, zoom-

ing�Ér #����y� 
�Bj��\�ƒ s�6 xô�̇ �'�@/&h���� position control ~‰Ód��‘�ƒ s�6 x
�#� �‚]X�ô�̇

��.s����’�‘�s�Û…%i�r� ‘�‚��{9� �'�u�_� 0Au� Ò̆&h�‘�ƒs�6 xô�̇ ���’�‘�s�Û…’ü< °œ s� 3	�

"Ø¶ ¤8��â
_� W1q�>�s����‘�ƒ 0AK� ��6 x‰+É ”̂ e����. Screen normal ~‰Ó�¾Ó_� „¡§f��e��s� ]j

ô�̇�)a�����, z�·|9�&h�Ü…�— ”̀ô�̇@/_� workspace\�ƒ]j#Q‰+É ”̂e��>��)a��.

z�·|9�&h����‰¤�&‡_� �â
”̃�’pl�Ö�ƒl�	�s�_�]jY�L\�q�YV
�#� 5̄q�‚\�ƒ ����or�(����.

V elocity of panning =
A � abs(� � basis�) � (� � basis�)

samplingT ime
(3.1)

d��_� �°œfl_� Øß�0A��H radian, samplingT ime °œfl_� °œfl�Ér Øß�0A��H second�� �)a��. ��

��"f V elocity of panning�Ér rad=s_� Øß�0A\�ƒ °œ���H��. Accelerometer�� ���d��‰+É ”̂

e����Hl�Ö�ƒl�_�þj@/°œfl�Ér �1:53rads�t�ºß�, �'�q�\�[O�u��)a +þAI�\�����z�·]j%3�‘�ƒ ”̂

e����Hþj@/°œfl�Érs��—��&h��Ér °œfls��)a��. z�·]j��6 xô�̇ °œfl�Ér 4�'�,2.4�Ł]X�_� z�·+«>‘�ƒ 0A

ô�̇‰¤�&‡ Ò́ì�r\�[O�"î

�%i���.

Pilot test���ı� workspace_� ]jô�̇�Ér �FG4�⁄‰+É ”̂ e��%3�t�ºß�, [jx9�ô�̇ ]j#Q\�"f º�H]j

\�ƒ�—%i���. ô�̇…#��‚��{9� �'�u�_� roll‘�ƒs�6 x
�l�M:º�H\�, �o���s�l�Ö�ƒ#Q4R�=/BGs�µ1̌

Òqt
�>��)a��.s�\�ƒK����
�l�0AK� virtual camera%i�r� rollr�&�"f,��6 x�����—l�\�
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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

‚Ø 3.4 0Au�, l�Ö�ƒl� �D¥$í
 Ò̆&h� ���’�‘�s�Û…_� ��6 x��_� „¡§f��e��ı� Browser Opera-

tionı�_� B�g�A

��H >Æ⁄���— �—s��‚2�⁄ ”̂&æ

�%i���[25].

2.4 �Dn�, e�	�•e�ÜqŁ]̄� Ù̋�\�Œ�>’aZcl�â«(Hybrid Motion Interface)

‘�‚��{9� �'�u�_� 0Au� Ò̆&h�‘�ƒ s�6 xô�̇ ���’�‘�s�Û…’_� ���&h��Ér real workspaceü< virtual

workspace��s�_� 	�s��� 9þt �â
”̃ clutchingÜ…�— ���ô�̇ $í
0px º�H]j�� µ1̌Òqtô�̇����H �fl	

s���. ô�̇…#� ‘�‚��{9� �'�u�_� l�Ö�ƒl� Ò̆&h�‘�ƒ s�6 xô�̇ ���’�‘�s�Û…’��H velocity control‘�ƒ

s�6 x
�l� M:º�H\�, [jx9�ô�̇ 1lx���_� �â
”̃\� º�H]j�� µ1̌Òqt
�%i���. s� Ñüt_� �'�&h�‘�ƒ �D¥‰+̧‰+É

”̂ e�������, 7Æ§�8 ·òı�&h���� ���’�‘�s�Û…�� |¤c ”̂ e��‘�ƒ �fl	s����ƒ \V�'�
�%i���. ‡ð3.2ü<

‡ð3.3\�ƒ �’a„1̌
����, 1�‚��{9� �'�u�_� 0Au� Ò̆&h�‘�ƒ s�6 xô�̇ ���’�‘�s�Û…’\�ƒ s�6 x‰+É M:��H

roll‘�ƒ ��6 x
�t� •œ§��H��. ô�̇…#� ��6 x��_� „¡§f��e��_� �â
”̃\��‚ �'�u�_� ”̀>� M:º�H\�, ýa

”̃ �—�� �'�
� l�Ö�ƒe��_� &æ
�‚�� ]jô�̇÷&��H �â
�¾Ós� e��%3���. ô�̇…#�, �&‡F�_� 
�Bj��\�ƒ s�

6 xô�̇ pitch sensing_� �â
”̃�’p translationı� rotation‘�ƒ &æ
SX�y� ‰¤ì�r‘�ƒ 3lw
���H :£⁄$í


s� e����. ����"f z�·]j�— ·œ§s� l�Ö�ƒs�t� •œ§�8���‚ pitch°œfl‘�ƒ {9�§4� ~̨̂‘�ƒ ”̂ e����.

s�\� ����, yawü< pitch_� �â
”̃�’p 0Au� ���’�‘�s�Û…\�ƒ ��6 x
��ƒ, rollı� thresh-

olds��'�_� pitch_� �â
”̃�’p l�Ö�ƒl� Ò̆&h� ���’�‘�s�Û…\�ƒ 
���H +þAI��— ¿” >h_� ���’�‘�s�

Û…\�ƒ "f�— ���‰+̧‰+É ”̂ e��%3���. {9�ìł̋&h���� yaw „¡§f��e�� ¢‚��H pitch „¡§f��e��_� �â
”̃�’p 0A

u� ���’�‘�s�Û…ü< °œ �Ér ~‰Ód��Ü…�— ���1lx
��ƒ, roll ¢‚��H pitch�� threshold°œfl‘�ƒ �̄�%3�‘�ƒ

�â
”̃\���H 0Au� Ò̆&h�‘�ƒ ×�æØß�
��ƒ, l�Ö�ƒl� Ò̆&h� ~‰Ód��Ü…�— ���1lxô�̇��.

çß�Øß�ô�̇ pilot test\� ��ØÔ���, clutching_� �9�fl„$í
�Ér \O�%3���.
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Ü«˝̌� 3.4 ���’�‘�s�Û…_� „¡§f��e��ı�"Ø¶l�Ñüæ C�u�

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

3.1 Tiled Cylindrical Layout

�‚���‘�ƒ s�6 xô�̇ ���’�‘�s�Û…\�ƒ ��6 x
�Ù…�—, s�p�t�_� C�u� %i�r� �‚���‘�ƒ ��6 xô�̇ ���’�

‘�s�Û…\� &h�‰+̧
��‚2�⁄ K��� ‰+É �9�fl„$í
s� e����. �&‡F�_� ���’�‘�s�Û…��H 3 	�"Ø¶ �‚���‘�ƒ

Ò̆&h�‰+É ”̂ e��Ü…Ù…�—, s�p�t�_� C�u�\�ƒ 3 	�"Ø¶ &h�Ü…�— K��‚ º�H]j��H \O���. :£⁄y� per-

spective view\�ƒ ��6 x
���H 3D navigation‘�ƒ s�6 x‰+É �â
”̃\���H zooms� ��0pxô�̇ 2D

image browserü< l�0px&h�Ü…�— 	�s��� \O���. Õ“a̧> 3.3_� �‚��� ���’�‘�s�Û…_� „¡§f��e��

‘�ƒ �ƒ�9K� �̂ƒ M:, q��§&h� ·òı�&h���� s�p�t� C�u���H ��6 x��\�ƒ ×�æd��Ü…�— ô�̇ "Ø¶l�Ñüæ +þA

I�s���. �‚��� ���’�‘�s�Û…_� „¡§f��e��\� ·œ�Ò̆#Q ��6 x��\�ƒ ×�æd��Ü…�— 
���H ‰¤ +þA_� C�u�

\�ƒ ‰+É �â
”̃ s�p�t�_� �=/BG‘�ƒ ��4R �‚>� �)a��. ¢‚ô�̇, z�·]j�— ��6 x���� ��6 x
���H �‚���

_� #3�0A\�"f pitch_� ����o��H ß…t� •œ§Ü…Ù…�—, ‰¤ @/���"Ø¶l�Ñüæ‘�ƒ ��6 x�<̊Ü…�—"f µ1̌Òqt
�

��H �=/BG %i�r� ß…t� •œ§��. Õ“a̧> 3.4�Ér ���’�‘�s�Û…_� „¡§f��e��ı� "Ø¶l�Ñüæ C�u� ��s�_� �’a

>�\�ƒ �—#� ï�r��.

ô�̇…#�"Ø¶l�Ñüæ +þAI��— C�u�‰+É M:, s�p�t� ��s�_� çß����ı� s�p�t�ü< ��6 x�� ��s�_� ��

o�\�ƒ {9�&æ

�>� C�u�
�#�, {9�ìł̋&h���� 2D s�p�t� ÚÔ��”̃$�_� tiled C�u�ü< °œ >� 
�%i�

��.
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Illustration Snap Shot

Ü«˝̌� 3.5 Tiled Cylindrical Layout

LayoutRadius =
0:5ImageWidth

tan(0:5SpanAngle)
(3.2)

3.2 Fisheye Cylindrical Layout

Gutwin[7]_� ���ı�\� ��ØÔ���, ����Ér �o���‘�ƒ ����� �‚��{9� l�l�\�"f 	�H º�H"f\�ƒ ��6 x
�

��H �â
”̃ �sheye view_� ��6 x�Ér �'�{'�y� ·òı�&h�s�%3���. s��fl	s� ��”̂_� s�p�t�\�ƒ ��6 x


���H �â
”̃\��‚ &h�6 xs� ��0px‰+É �fl	s��� Òqty��÷&%3���. Fisheye view��H s�p�t�\�ƒ �=/BG

r�&�, ��î�rX<��H y'��‚�� ÷&#Q ß…>� �—s��ƒ, Ò̄���Ò́��H ���>� �—s���H +þAI�_� views���.

s�\�ƒ YU����Ö�'\� &h�6 x‘�ƒ ô�̇�����, �&‡F�_� view\�"f ×�æd��\� ���'� ����î�r s�p�t���H ß…

l�\�ƒ 7£x�� r�v��ƒ, Ò̄���Ò́�— °œ�”̂2�⁄ s�p�t�_� ß…l�\�ƒ y���Łr�v���H +þAI��� �)a��. ¢‚ô�̇

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

ô�̇…#�, �sheye cylindrical layout_� ô�̇ s�p�t�_� ß…l���H d��3.3ü< °œ ��. �&‡F�_� ���'�

_� 
�Bj�� 0Au�\�"f s�p�t�_� 0Au�\�ƒ�É�, 7�’�ü< �&‡F� ���'�_� 
�Bj���� �����—��H ~‰Ó

�¾Ó  7�’�\�ƒ dot productô�̇ +’ �‚·œ���s�Ý… ô�̇��. Õ“ +’, �sheye view\�"f_� ×�æd��Ò́ü<

Ò̄���Ò́_� s�p�t� ß…l� 	�s�\�ƒ [O�&æ
�<̊\� ����"f &h�]X�ô�̇, A,B �'�”̂ °œfl‘�ƒ &æ
K�ï�r��.z�·

]j�— ‰¤�&‡\� ��6 xô�̇ A,B �'�”̂ °œfl�Ér 4�'�,2.4 �Ł]X�_�z�·+«>‘�ƒ 0Aô�̇‰¤�&‡ Ò́ì�r\� [O�"î

�

%i���.
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Ü«˝̌� 3.6 Fisheye Layout_� s�p�t� ß…l� ���&æ


Illustration Snap Shot

Ü«˝̌� 3.7 Fisheye Cylindrical Layout

Image size = A � j(
ViewDirection � (ImagePosition � ViewPosition)

jImagePositionj � jViewPositionj
)Bj

(3.3)

V� 4 â�
 l�i�m� Æ̂��¸̀$��+ '̃«̄�

4.1 Œ�>’ał‘c⁄�> à�
N�

•œ¡"f_� �'�\�"fs�p�t�ÚÔ��”̃$�\�"f��6 x‰+É�‚��� ���’�‘�s�Û…ü<YUs���Ö�'‘�ƒ�ƒ�9
�

%i���.s�p�t�ÚÔ��”̃$�\���6 x‰+É�‚��� ���’�‘�s�Û…_� :£⁄$í
‘�ƒ ¶œ�(R�—���,l�Ö�ƒl� Ò̆&h�

‘�ƒs�6 xô�̇ ���’�‘�s�Û…��H absolute input device\�, 0Au�ü<l�Ö�ƒl��D¥$í
 Ò̆&h� ���’�‘�

s�Û…��H relative input device\� 5̄qô�̇��. [j 7ÆxÀÓ_� ���’�‘�s�Û… �‚¿” 3DOF s��'�‘�ƒ

t�"Ø¶
���H ���’�‘�s�Û…s� 9, ’�u� Û…ß…�2;s��� ���̂ƒ�̌@ %�!3�, �o���‘�ƒ Õ“@/�— {9�§4� �'�u�
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�— ��6 x
�t� •œ§Ü…Ù…�—, indirect input devices���[24].  ü�ì�r\� ���’��7����\� #��Q >h

_�!Q�Ér {9�§4�ı� {9�§4��'�u�_� {9�§4�‘�ƒ 1lxr�\� ~̨̂‘�ƒ ”̂e����H �'�&h�s�e����. ô�̇…#�,s�[þt ���

’�‘�s�Û…ü<YUs���Ö�'‘�ƒs�6 x
�#�,s�p�t�ÚÔ��”̃$�\�ƒ ºß�[þtl�0AK�"f��Hs�p�t�ÚÔ��

”̃$�_�l�0pxı�Õ“���’��7����‘�ƒ&æ
_�
�#���ô�̇��.

s�p�t� ÚÔ��”̃$��� ��t���H l�0pxÜ…�—��H panning, zoomings� e����. ��”̂_� s�p�

t�_� thumbnail‘�ƒ]jr�‰+É ”̂e��#Q��
��ƒ,s� thumbnails�p�t�\�"f_� panningı�

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

�—#�×�ƒ ”̂e��#Q��
� 9,�—�ƒ��
���Hs�p�t�_� original size_�s�p�t�%i�r��—#�×�ƒ

”̂e��#Q��ô�̇��. 2.2, 2.3, 2.4\�"f]jîß�¢‚��H�Ł>hô�̇ ���’�‘�s�Û…��H panningı� zoom-

ing‘�ƒ�‚¿”t�"Ø¶
���H+þAI�_� ���’�‘�s�Û…s�Ù…�—,s�p�t�ÚÔ��”̃$�����4R��
���Hl�

0px‘�ƒ ~1�>�t�"Ø¶‰+É ”̂e����.¢‚ô�̇ ���’�‘�s�Û…&h�Ü…�—#��Qs�p�t�_� thumbnail‘�ƒ�—

#� Ò̄��H �'�I�\�"f /BI���— n�_�{9�ô�̇ s�p�t�\�ƒ �—#� ×�ƒ ”̂ e��t�ºß�, {9�ìł̋&h� two level

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

olutionÜ…�—�—#�Ò̄��H�‚×…��e��‘�ƒ ”̂e����.

s�p�t�ÚÔ��”̃$�\�ƒ‰¤�&‡ô�̇ ¤8��â
�Ér��6£§ı� °œ ��. Intel M733 CPU, 512MB mem-

ory,5 inch LCD, Windows XP¤8��â
���, SONY VGN-U71P ultra mobile computer\�ƒ

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

cam camera\�ƒ G’p"f�— s�6 x
�%i���. 
�Bj��\�ƒ :�xô�̇ �‚��� ���d��s� ��0pxô�̇ ÆÔ�—[jdç


��0>\�ƒ �9�fl„�—
�%i�l�M:º�H\�, {9�ìł̋ (��ÉÓ’�_�$í
0px‘�ƒŁ›q ”̂e����H ultra mobile com-

puter\�ƒs�6 x
�%i���.

s�p�t�ÚÔ��”̃$���H 1lxr�\�s�p�t�\�ƒ&æ
o�
��ƒ�’ao�
���H��{9��’ao����—"f_�l�0px

‘�ƒ �<̊a� ��|9� ”̂ e����. s�p�t�\�ƒ &æ
o�
��ƒ �’ao�
���H l�0px‘�ƒ °œ���H�����, s�p�t�_� ���

×þ�,s�1lx, 4�⁄��1px_�l�0px‘�ƒ �9�fl„�—ô�̇��.�‚���‘�ƒs�6 xô�̇ {9�§4��'�u��� indirect input

devices�Ù…�—,!Q�Ér‘�ƒ 1lxr�\���6 x‰+É ”̂e����H&h�‘�ƒs�6 x
�#�,s��Qô�̇ Ò̆��&h�������’�

�7�����Ér!Q�Érı�Bj¾»���’�‘�s�Û…\�ƒs�6 x
�#�‰¤�&‡
�%i���.

‰¤�&‡‰+É���’��7����\�"f��6 x÷&��H!Q�Ér_� 3lq2�⁄�Ér‡ð3.5ü< °œ �ƒ, state diagram�ÉrÕ“

a̧> 3.8ü< °œ ��.
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!Q�Ér_� 7ÆxÀÓ l�0px

Select button ��”̃Û…_� ¢,aAÆ⁄ !Q�Érı� °œ s� ���×þ� l�0px‘�ƒ ô�̇��.

Menu button ��”̃Û…_� �‚�ÉrAÆ⁄ !Q�Érı� °œ s�

���’��7����‘�ƒ 0Aô�̇ Bj¾»\�ƒ Ø�ƒ§4�ô�̇��.

Toggle button �&‡F� 
���_� s�p�t�\�ƒ ���×þ�
���H �‚×…���t�,

��”̂_� s�p�t�\�ƒ ���×þ�
���H �‚×…���t� ���&æ
ô�̇��.

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

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

Reset button G’p"f_� {9�§4� °œfl‘�ƒ �íl��o 
��ƒ,

�&‡F� 0Au�\�ƒ l�ï�rÜ…�— calibrationô�̇��.

Clutch button G’p"f_� {9�§4� °œfl‘�ƒ ”̀r�
�#�, decluching‘�ƒ ”̂’��ô�̇��.

‚Ø 3.5 Motion Interface\�"f ��6 x
���H !Q�Ér
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State diagram\�"f ‡ðr�ô�̇ ���’��7����\�"f��6 x÷&��H!Q�Ér�Ér select,menu,toggle,left

arrow,right arrow_� 5>hs� 9, y��y�� !Q�Ér‘�ƒ ¾”�Ér í�Hçß�\� L,p í�Hçß�Ü…�— ���÷¶��. 7£⁄

state diagram�Ér 10>h_� {9�§4� °œfl‘�ƒ °œ���H��. State diagram\�"f {9�§4� °œfls� Ò̄#Q&��

‘�ƒM:, �&‡F�_� state\�ƒÕ“@/�— »̃t�
���H {9�§4��Ér Òqt|̃Ì
�%i���.

State diagram�Ér Idle¢‚��H MIdle state\�ƒ l��:rÜ…�— ô�̇��. s� State��H ��”̀ s�p�

t��‚ ���×þ�÷&t� •œ§��⁄‘�ƒ �â
”̃\�ƒ _�p�
�#�, MÜ…�— r����
���H state��H ��”̂_� s�p�t�\�ƒ

���×þ�‰+É ”̂ e����H �â
”̃\�ƒ _�p�ô�̇��. Move interaction_� �â
”̃�’p Drag state\�ƒ :�x
�

#� s�ÀÒ#Q�����. Drag state��H select !Q�Ér‘�ƒ ¾”�Ér �'�I�\�"f „¡§f��%i�‘�ƒM:, [þt#Q����H

states���. �&‡F� 0Au��— Ò́’� &h�]X�ô�̇ ��o��� b��#Q��� +’\� select !Q�Ér‘�ƒ b����, move

interactions�s�ÀÒ#Qt��ƒ, Select¢‚��H MSelect state�—����o
�>��)a��. Select¢‚��H

MSelect state\�"f menu button‘�ƒ ���×þ�
���� Select¢‚��H MSelect stateü< ����’a�)a

menu state�— [þt#Q�� open,copy,clear,cancel1px_� ���’��7����‘�ƒ ‰+É ”̂ e����. ClearBj

¾»��H �&‡F� ���×þ��)a s�p�t�\�ƒ �� 2[�Ł
��ƒ, Idle¢‚��H MIdle state�— [�t������H Bj¾»s�

�ƒ, cancel_� �â
”̃�Ér s���� �'�I��— [�t������H Bj¾»s���. Open���’��7����‘�ƒ ���×þ�
�%i�‘�ƒ

�â
”̃�’p Open state�� ÷&#Q 
���_� s�p�t�ºß�‘�ƒ �—#� ï�r��. s� r�&h�\�"f select¢‚��H

menu!Q�Ér‘�ƒ ���×þ�
����,"Ø¶A�_� Select¢‚��H MSelect state�—[�t���:r��. Copy���’��7�

���‘�ƒ ���×þ�
����, �&‡F� ���×þ��)a s�p�t��� 4�⁄���)a �'�I�\�"f ÚÔ��”̃fç
‘�ƒ ‰+É ”̂ e����. s�

�â
”̃\� menu button‘�ƒ ���×þ�
����, paste,clear,cancel1px_� ���’��7����‘�ƒ ‰+É ”̂ e����.

PasteBj¾»\�ƒ ���×þ�
����, 4�⁄��ô�̇s�p�t�\�ƒ •¡›#�V,�‘�ƒ ”̂e����.
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Ü«˝̌� 3.8 “�� '• �7̃ ‚�� _� State Diagram


