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On-line Video Synthesis for Removing Occluding Object via Complemen-
tary Use of Multiple Handheld Cameras
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Abstract We propose the use of an on-line video synthesis system that makes complementary use of multiple handheld

cameras and thus removes occluding objects. We assumed that the same scene is captured with multiple handheld cameras,

but an object occludes it. First, we used an ARTag marker to calculate a projection matrix, and then we estimated a ho-

mography between two captured images that was based on the projection matrix. We used this homography to transform

the planar area into the image seen by the viewer. Finally, we blended the pixel value in accordance with the di•erence of

the pixel values of the captured image and of the warped images at the same position. Doing this means that we remove the

occluding object that cannot be approximated as a planar area. Our experimental results prove that this system can be used

to remove the occluding object in a dynamic scene.
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Prototype experimental system.
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Q�ß"á�é�£!��â�½���I�_�f �<�£!��â�ê9Ø���Ç�Ð���Ú!¹�Ý
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•���T�\�é �¿�Ç���µ!¹�Ý� &Ô�'�Ô��9Ú �’�˜�ê9Ø�I�_�f �<

�£!��æ�Å�¿�á9Ø�» /N��5Y 
•�� �é5Ô�^�Ô�å�
 �Ü1¤+A �
Õ1ñ�½

�4°ð�Ô��9Ú 
•
� 9Ø�Ø���Ù���é�£!��æ�ß�¿�á .f�Ò�Ê 1@�ô��9Ú

�Ñ 3 �£!��é �y��
Overview of proposed method.

(a) �»/N��5Y
��æ 2)'Î (b) �/"å �å��5Y�æ 2)'Î
�Ñ 4 
�!Ç�3�¡ &}�é�o'õ

De®nition of the world coordinate system.

3. 1 �¿�Ç���µ!¹�Ý�é!¢�‘

9Ô19Õ ARTag �æ���� �¿�Ç-��É %š�´

�’�˜�ê9Ø���T�\�é �¿�Ç-��É P �%š�´�Ô���Ú�ü�æ ARTag

�ã�m�ë ���� �0�H�;���� ����Ñ!ª�Ô��9Ú ARTag �ã�ê!¹�Ý�£!�

�æ�� �Þ�á9Ø���T�\�é�I�!¹�Ý
��Æ�� �Q�o������´�Ô���Î�ã

�â9Ø���f�\���f�â���T�\�é �¿�Ç-��É P �%ò�� "›�æ %š�´�Ô

���Î�ã�é�â�È�� �0�H�;���� ���â�½��9Ú ARTag �æ���� %š�´�Ð

���� �¿�Ç-��É�ê �Ñ 4 �æ$��Ô���Á�æ9ØXY ��5Y�Ç �Q�o���ã �Ó

��9Ø �Q�o���é 2æ"å
��0 �È�Ç�0 �Ç Z 0²�é�\�ã�å�� 
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��,�ß9Ú

9Ô29Õ �»/N��5Y�æ�»�Ô�� Homography �é%š�´

�Q�o�����´�æ���� �ç�����Ú �¿�Ç-��É P �!ª�¿���Î�ã�â�»

/N��5Y�æ�»�Ô�� Homography �%š�´�Ô��9Ú�» /N��5Y�ã!¹�Ý

��5Y4F�é Homography �Ç%š�´�Ô���Î�ã�Ç�â�È�� �ë9Ø�»/N��

5Y�æ�»�Ô�����T�\4F�â�é Homography �ê (1) �|�é���Á�æ�Ò

�á�Þ�ù��9Ú �Ñ 5 �â$��Ð�����» /N��5Y 
��â�é�½���P M �ã!¹

�Ý A9Ø!¹�Ý B 
��â�é�» ���P Äm A 9ØÄm B 4F�â�é Homography

�Ç�Ø���Ù�� H A 9ØH B �â-+�Ð���Ú�ã�Ô��9Ú�Î�é�(9Ø!¹�Ý A

�Æ��!¹�Ý B �ó�é Homography(H ) �ê	û )x�æ
•
� �é�|�â-+

�Ð����9Ú

H = H ¡ 1
B H A (1)

�4�æ���T�\4F�é Homography ��Þ�ü���Ú�ü�æ ��-Ð �å�» /N��

5Y�ã!¹�Ý��5Y4F�é Homography �é%š�´�:�æ�ß�¿�á 1@�ô��9Ú

�Ñ 4(a) �â$��Ð�������Á�æ9Ø �Q�o����» /N��5Y 
��æ2)'Î�Ò�Ú

�•�'�ê 
�!Ç�3�¡ &}�é Z =0 ��5Y�Ç�» /N��5Y�ã�å��9Ú �¿�Ç-�

�É P ���� Z =0 �é�(� ((�Ã���ã

.° �¥ �: -„�™�é�B�f�:�����T�\�é¯.ž�Ñ!ª�æ����1¤+A �
Õ4°ð���Ý�é���f�\���f!¢�‘ ( 3 ) 3



�Ñ 5 ���T�\4F�é Homography
Homography of the objective plane beteween cameras.
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 �Ü9Ø�Î�é �|�ê 2 �4�0 �3�¡ �Æ�� 2 �4�0 �3�¡

�ó�é���µ�ã�å��9Ú�� �Þ�á9Ø
�!Ç�3�¡ &}�é Z =0 ��5Y�Æ��!¹

�Ý�3�¡ &}�ó�é Homography �Ç%š�´�â�È��9Ú

3. 2 �I�_�f�<�£!�
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-��Á�Î�ã�â�s 4Ù�æ1¤+A �
Õ�é4°ð�-��Á9Ú

9Ô19Õ �ÿ�2�o �é-l�\

�ÿ�2�o ��'�‘�Ô�� �è�æ9Ø�ù�Õ�ÿ�2�o �é-l�\�-��Á9Ú-„�™

�é���T�\�!ª�¿���Ú�ü9Ø �6�. �é�Ç�0 %l�æ���� �Ø���Ù���é��

�T�\�â �ç������!¹�Ý�é �K
Õ"›�å �ÿ�2 �Ç!ã�å�� 
P�Ç�½��9Ú �Ø

�é�Ú�ü9Ø�ÿ�2�o �é-l�\�-��¿�&!¹�Ý�é �K
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��é "•�¿1ñ�½��Ñ

!ª�Ô��9Ú �Ñ 6 �ê�s 4Ù�æ!¹�Ý�é �K
Õ"›�å �ÿ�2�o �é-l�\�-� �Þ

�Ú&¿�� �â�½��9Ú �Ñ 6 �é!¹�Ý A �æ�Å�Ì�� �Q�o��
��é "•�¿1ñ�½

�é�ÿ�2 �é�� ���o � C A 9Ø�+�Ó�Ê!¹�Ý B �æ�Å�Ì�� �Q�o��
��é

"•�¿1ñ�½�é �ÿ�2 �é�� ���o � C B �ã�Ô���ã ���f�Q�� �µ���� 
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C A = 255
µ

C B
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(3)

(3) �|�æ�Å�¿�á �Â#n�™�â�½�� ° �é�o��Þ�ü9Ø!¹�Ý B ����f

�Q�� �µ�Ô���Î�ã�æ����9Ø �K
Õ"›�å �ÿ�2 �!¹�Ý A �æ�'�
�Ö��

�Î�ã�Ç�â�È��9Ú �Ñ 6(c) �ê9Ø!¹�Ý B �é�ÿ�2 �!¹�Ý A �æ�'�
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���Æ�é���T�\�æ���Ç�Ð���á�Ò�ù�¿9Ø���T�\4F�é �ÿ�2 �Ç�B%5

(a) !¹�Ý A

(b) !¹�Ý B (c) -l�\!¹�Ý
�Ñ 6 ���f�Q�� �µ�æ���� �ÿ�2�o �é-l�\

Intensity correction with gamma transform.

�æ!ã�å�Þ�á�Ò�ù�Á���Á�å�•�'�æ�ê �b�K �æ-l�\�â�È���
�Ì�â

�ê�å�¿9Ú�Î�Î�â�é -l�\�ê9Ø�½�Ê�ù�â�ý�Y�o�)!¹�Ý�æ
•�é��

�T�\�æ %ò���å�»�:�â1-�à�Ì���Î�ã�  S�Þ�Ú�ý�é�æ 1Š�É�å�¿9Ú

9Ô29Õ �I�_�f �<4P�™

�4�æ9Ø�»���Ô��
��ß�é!¹ &›�é�ÿ�2�o ��ä�é���Á�æ�'�‘�Ô
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�»/N��5Y�é�±�Ž� �ç���Î�ã�Ç�â�È��9Ú�� �Þ�á9Ø�Î�é 2 ���é

�(�P �o�;���T�\�Æ�� �ç�������» /N��5Y�é�±�Ž��Ñ!ª�Ô���Î

�ã�â1¤+A �
Õ�é4°ð��s û�Ô��9Ú

�ù�Õ9Ø�Y�o�)-Þ�P!¹�Ý�é �ÿ�2�o �Ç 2 ���é�¿�Ç���µ!¹�Ý�é

�]9Ø�Ë�å�Ê�ã�ý	û �Ç�é�¿�Ç���µ!¹�Ý�é �ÿ�2�o �ã�ö�÷ %l�Ò�¿

�•�'9Ø�Î�é�•�'�ê�Y�o�)-Þ�P!¹�Ý�æ�Å�¿�á�ê�» /N��5Y5Ô�^

�â�½���ã ((�Ã�������é�â�Y�o�)-Þ�P!¹�Ý�é �ÿ�2�o �1¬�ï �Ô

��9Ú�4�æ9Ø�Y�o�)-Þ�P!¹�Ý�é �ÿ�2�o �é�ú�Ç
•�é
Q�ß�é �ÿ�2

�o�ã�"�È�Ê !ã�å���•�'9Ø�Î�é�•�'�ê�Y�o�)-Þ�P!¹�Ý�æ�Å�¿

�á�ê1¤+A �
Õ5Ô�^�â�½���ã ((�Ã�������é�â9Ø
•�é
Q�ß�é �ÿ

�2�o �1¬�ï �Ô��9Ú

�"�q
� 9Ø!¹�Ý �3�¡ (i ; j) �é
Ï'Î�â�é�Y�o�)-Þ�P!¹�Ý�é �ÿ�2

�o� pV 9Ø�¿�Ç���µ!¹�Ý n �é�ÿ�2�o � pn �ã�Ô��9Ú�Î�Î�â9Ø

!¹�Ý �3�¡ (i ; j) �é
Ï'Î�â�é�´�!¹�Ý�é �ÿ�2�o � q �ã�Ô���ã9Ø

�Î�é �ÿ�2�o q ��ÿ�o�Ô���Ú�ü�é�I�_�f �<4P�™� �’�˜�ê 
•
�

�é���Á�æ pV �ã pn �é�" �Ê4P�%�æ���� ���ß�Æ�é�•�'�æ�½�Ì

�á�o'õ�Ô���ý�é�ã�Ò�Ú9Ú

Case1 if (pV ¼ p1 ¼ p2) q = pV (4)

Case2 if (pV ¼ p1 j= p2) q = pV (5)

Case3 if (pV ¼ p2 j= p1) q = pV (6)

Case4 if (pV j= p1 ¼ p2) q =( p1+ p2)=2 (7)

4 ( 4 ) ���Ý�±�Ž�T�:�����G
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�Ñ 7 4Ú�‚  ��æ1¤+A�Ð���Ú�» /N��5Y�ã
��ß�é���T�\�é 2)'Î4P�%

Geometrical relationship between three cameras and ob-
jective plane behind obstacle.

�Ñ 8 �I�_�f�<�£!�
Blending process.
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² CPU : Intel Pentium4 Processor 3.2GHz

² �T�U�]�o : 2048MB

² OS : Windows XP
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�¿��9Ú�Ò�Æ�Ò�å�Ç��9Ø�Ñ 10(d) �æ$��Ð�������Á�æ9Ø�ÿ�2�o

�é-l�\��É�Ô�Î�ã�â�A���-�é�Ç5À�0·�ë�Ò9Ø�´�!¹�Ý�é�ÿ

�2�o�Ç
�1j&ï�æ�å���Î�ã4•�¿�â�¿��9Ú�ÿ�2�o�é-l�\�-��Á

�Î�ã�â����1‘�z�õ�é�å�¿4°ð�-��Á�Î�ã�Ç�â�È��9Ú�ÿ�2�o

-l�\�é�2�H�æ�ß�¿�á9Ø�o2‚"›�æ.O���Ò�Ú&¿��� -+ 1 �æ$�

�Ô9Ú.O���æ�ê9Ø�s4Ù�æ1¤+A �
Õ�4°�¿�á���Ç�Ò�Ú�\.�!¹�Ý

(�Ñ 10(b)) �ã9Ø-l�\�å�Ò�n�½���é�Ø���Ù���é�´�!¹�Ý�ã�é

.° �¥ �: -„�™�é�B�f�:�����T�\�é¯.ž�Ñ!ª�æ����1¤+A �
Õ4°ð���Ý�é���f�\���f!¢�‘ ( 5 ) 5



(a) �I� (b) �´�
�Ñ 9 �Q�o����»/N��5Y
��æ2)'Î

Marker on the object plane.

(a) �I�!¹�Ý (b) �\.�!¹�Ý

(c) �´�!¹�Ý ( -l�\�u ) (d) �´�!¹�Ý ( -l�\� )
�Ñ 10 �ÿ�2�o-l�\�é��u�æ����&¿���é�§0»

Comparison of result by using of intensity correction or
not.

PSNR(Peak Signal-to-Noise Ratio)�!ª�¿�Ú9Ú PSNR �ê

�o�Ç�"�È�¿�ö�ä9Ø�\.�!¹�Ý�ã�é�Å�Ç�Ë�å�¿�ã�¿�Á�Î�ã�$�

�Ò�á�¿��9Ú�o2‚.O���é&¿������9Ø-l�\�½���é�´�!¹�Ý�é�Ç

�Ç PSNR �é�o�Ç�"�È�Ê9Ø�����\.�!¹�Ý�ã�é�Å�Ç�Ë�å�¿�Î�ã

�Ç�
�Æ��9Ú

�ù�Ú9Ø3 ���é���T�\�K�á��Y�o�)���T�\�ã�Ò9Ø�Ø���Ù��

�é���T�\�â1¤+A �
Õ�4°ð�Ò�Ú&¿��� �Ñ 11 �æ$��Ô9Ú�Ñ11

�ê
��Æ��5Å�æ9Ø
��)�n�À�n�����T�\��Y�o�)���T�\�ã�Ò�Ú�(

�é�I�!¹�Ý�ã�´�!¹�Ý�â�½���Ç9Ø�ä�é
Ï'Î�Æ���â�ý1¤+A �

-+ 1 �ÿ�2�o-l�\�é�o2‚"›.O��
The quantitative evaluation of intensity correction.

�´�!¹�Ý PSNR(dB)

-l�\�u 26.7
-l�\� 32.7

(a) �I� (b) �´�
�Ñ 11 �Ô�ô�á�é���T�\�æ�Å�Ì��4°ð&¿��

Removig result in all cameras.


Õ�Ç4°ð�Ð���á�¿��9Ú��z�*�,�9�S�æ�Å�¿�á�ê9Ø�X�˜�é��

�T�\�Ç�Õ��é�Î���,�Þ�á�¿���
�Ì�â�ê�å�Ê9Ø�Ô�ô�á�é��

�T�\�Ç�Y�o�)���T�\�æ�ý�(�P�o�;���T�\�æ�ý�å���ç��9Ú�Ø

�é�Ú�ü9Ø�&���T�\!¹�Ý�¯.ž"›�æ�Ñ!ª�Ô���Î�ã�æ����9Ø�Ô

�ô�á�é���T�\
��Æ��1¤+A �
Õ�4°ð�Ô���Î�ã�Ç�â�È���é�â

�½��9Ú

�Ñ 12 �ê�»/N��5Y
��é"•&•�æ
q�Ç&×�� �¿�á�¿���ã�¿�Á

 A�+�â�½��9Ú�Ô�å�
�Ü9Ø�Î���ê1¤+A �
Õ�Ç$–G�Ò9Ø�Æ�ß�»/N

��5Y�é�±�Ž�Ç�(4F"›�æ�ñ�æ��{�Ò�á�¿���•�'�â�½��9Ú�Î�é

�(�Y�o�)���T�\�æ�Å�¿�á�ê9Ø
q�é�»�Ç1¤+A �
Õ�ã�å�Þ�á�Ò

�ù�¿�¬�¿�á�¿��&× (�O�o�^�ã�
 ) �Ç4Ý���á�Ò�ù�Þ�á�¿��9Ú�Ò

�Æ�Ò9Ø��z�»�:�!ª�¿���Î�ã�â
q�é�»��–�Ò9Ø�¬�¿�á�¿��

&×�-×���Î�ã�Ç�â�È�Ú9Ú��z�»�:�â�ê9Ø�è�H�_�o�S�é�±�Ž

�!ª�¿�Õ�æ û�H�_�o�S�é�±�Ž�é�ú�â1¤+A �
Õ�é4°ð�-��Þ

�á�¿���Ú�ü9Ø�H�_�o�S4F�â�*�o�f�Ç��{�Ô�����Á�å�•�'�â

�ý4°ð�-��Á�Î�ã�Ç�â�È��9Ú�´�!¹�Ý�æ�ê	û1ñ�»�Ç�–�Ã�Õ

�æ�w�Þ�á�Ò�ù�Þ�á�¿��1ñ�½�Ç�½���Ç9Ø�Î���ê�Y�o�)-Þ�P!¹

�Ý
��é1¤+A �
Õ5Ô�^�ã�¿�Ç���µ!¹�Ý
��é1¤+A �
Õ5Ô�^�Ç2€

�å�Þ�á�Ò�ù�Þ�Ú�Ú�ü9Ø�I�_�f�<�£!��Ç�Á�ù�Ê�¿�Æ�Õ�æ1¤+A

 �
Õ�Ç�w�Þ�á�Ò�ù�Þ�Ú�ý�é�ã((�Ã������9Ú


�.%�é�s6Î&¿���â�ê9Ø-×�Ú�¿�»/N�Ç�b�K�å��5Y�é�ú�â�½�Þ

�Ú�Ç9Ø�»/N�Ç��5Y�â�ê�å�Ê%�
Õ�é�•�'�æ�»�Ò�á9Ø�Ä�»�:�

!ª�¿�á�£!��-��Þ�Ú&¿��� �Ñ 13 �æ$��Ô9Ú�Ñ13 ����9Ø�»/N

�Ç��5Y�é�(�ã�§�ô�á�´�!¹�Ý�æ�Å�Ì��-×�Ú�¿�»/N �
Õ�ê�O

�$�á�Ò�ù�Þ�á�¿��9Ú�Î�é���Á�æ�O �$�á�Ò�ù�Þ�Ú!�!±�ã�Ò�á9Ø
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(a) �I� (b) �´�
�Ñ 12 �»/N�*�o�f�Ç��{�Ò�Ú�•�'�é&¿��

Result of dynamic scene.

�Q�o����»/N��5Y
��æ2)'Î�Ò�Ú�•�'�ê
�!Ç�3�¡&} Z=0 �é
Ï

'Î�æ��5Y�Ç�=�÷�Ò�á�¿���ã 
’�o�Ò�á�£!��-��Þ�á�¿��9Ú�Ò

�Æ�Ò�å�Ç��9Ø�s4Ù�ê%�
Õ�å�Ú�ü��5Y�+ �û�é�» ��
ƒ �Ì�â�½��

Homography �!ª�¿�á�£!��-��Þ�Ú4Ù�æ .‹�Å�Ç !¢�Ó �á�Ò�ù

�Á�Ú�ü�â�½��9Ú

�å�Å9Ø�£!� 1f�2�ê �@�6�; �b�o�"�1b �Ó�á�£!��-��Á�ã &‚

1fps �â�½��9Ø�£!� 1f�2�é -ð�P�Æ���ê�ù �Û�2 �½�å�ý�é�ã�ê .�

�Ã�å�¿9Ú�Ò�Æ�Ò�å�Ç��9Ø!¹�Ý�£!�1ñ�½ (�¿�Ç���µ!¹�Ý�é !¢

�‘9×�I�_�f�<�£!� ) �é�ú�é�£!� 1f�2�â�ê &‚ 7fps �â�½�Þ�Ú9Ú

�ù�Ú9Ø�Ä�*�,�9�S�ê9Ø1¤+A �
Õ4°ð�æ�ê�I�_�f�<�£!��!ª

�¿�Ú�é�â�»G�é �2
Þ �Ç��-Ð�å�¿9Ú���Þ�á9Ø û�‘4Ï�â�ê �@�6

�;�b�o�"�é1b �>1f �2�Ç�£!� 1f�2�æ�"�È�å�Ç5À�ø�÷�Ò�á�¿

���Ç9Ø 
y�ß 1b�>1f �2�é �0
��Ç�Ñ������ �ë�2 �½���f�\���f�â

�é1¤+A �
Õ4°ð�*�,�9�S�â�½���ã�¿�Ã��9Ú

4. 2 �Q�o����»/N��5Y�ã�/"å�å��5Y
��æ2)'Î

�Q�o����»/N��5Y�ã�/"å�å��5Y
��æ2)'Î�Ò�Ú�•�'�æ�ß�¿

�á�Ä�»�:�é�£!��-��Þ�Ú9Ú�Q�o����»/N��5Y�ã�/"å�å��5Y

�æ2)'Î�Ò�Ú�•�'�ê9Ø�»/N��5Y�é 3 �4�0
Ï'Î�±�Ž�Ç��-Ð�ã�å

��9Ú
y�Á �ê���H�\���f�£!��-��¿9Ø�è�ý�Þ�á�»/N��5Y�é 3 �4

�0
Ï'Î�%š�´�Ò�á�Å�¿�Ú9Ú&¿��� �Ñ 14 �æ$��Ô9Ú�Ñ14 ����9Ø

�Q�o����»/N��5Y�ã�/"å�å��5Y�æ2)'Î�Ò�Ú�•�'�â�ý�I�!¹

�Ý�æ�Å�Ì��1¤+A �
Õ�Ç4°ð�Ð���á�¿���Î�ã�Ç�
�Æ��9Ú�Î�é

���Á�æ9Ø�»/N��5Y�é�Q�o���Æ���é 3 �4�0
Ï'Î�Ð�Ã�½�Æ�� �ë9Ø

�£!��-��Á�Î�ã�Ç�â�È��9Ú

4. 3 !ã�å���,�M�6�"�é���T�\�!ª�¿�Ú&¿��

�Î �Î �â �ê9Ø!ã�å�� �, �M�6�" �é �� �T �\ � !ª �¿ �Ú�• �' �é

(a) �I� (b) �´�
�Ñ 13 �»/N�Ç 5V��5Y�é&¿��
Result in nonplanar scene.

(a) �I� (b) �´�
�Ñ 14 �Q�o����»/N��5Y�ã�/"å�å��5Y
��æ2)'Î

Marker on the perpendicular plane to the object plane.

&¿ �� � $� �Ô9Ú
� .% �é �s6Î&¿ �� �â �ê9Ø�� �T �\ 3 �� �ã �ý

Logicool �é Qcam Fusion � !ª �¿�á�¿�Ú�Ç9Ø!ã�å�� 9ß

�Ï$³ �é���T�\9Ø UCAM-E1W30(ELECOM) 9ØQcam Fu-

sion(Logicool)9ØQcam Pro(Logicool) � 1 ���Õ�ß�+�(�æ

!ª�¿�Ú&¿��� �Ñ 15 �æ$��Ô9Ú�Ñ15 �ê
��Æ��5Å�æ9Ø UCAM-

E1W309ØFusion9ØPro ��Y�o�)���T�\�ã�Ò�á4°ð��Ò�Ú&¿

.° �¥ �: -„�™�é�B�f�:�����T�\�é¯.ž�Ñ!ª�æ����1¤+A �
Õ4°ð���Ý�é���f�\���f!¢�‘ ( 7 ) 7



-+ 2 ���T�\�é �,$“ �ã�,�M�6�"
A name and the speci®cations of the cameras.

���T�\ �, !¹&› �™ ���Ý �:�C ���,

ELECOM UCAM-E1W30 30 
�!¹&› CCD
Logicool Qcam Fusion 130 
�!¹&› C-MOS

Logicool Qcam Pro 200 
�!¹&› C-MOS

(a) �I� (b) �´�
�Ñ 15 !ã�å���,�M�6�"�é���T�\�!ª�¿�Ú�•�'�é&¿��

Results with di erent camera speci®cations.

���â�½��9Ú -+ 2 �ê9Ø�Ø���Ù���é���T�\�é�,�M�6�"�â�½��9Ú

�å�Å9Ø�¨�"�H�_�o�S�_�o�;�ê 3 ���ã�ý 30fps�â�½��9Ú

��z�»�:�æ�Å�¿�á9Ø  $�o�é���T�\�æ ���=�Ô���£!��ê�Ò�á

�¿�å�¿9Ú�Ø�é�Ú�ü9Ø!ã�å�����T�\�!ª�¿�Ú�•�'�â�ý Ú!�"›

�æ�ê4°ð�-��Á�Î�ã�Ç�â�È��9Ú�s4Ù�æ�Ñ 15 �æ$��Ð������

�Á�æ9Ø3 ���ã�ý!ã�å���,�M�6�"�é���T�\�!ª�¿�Ú�•�'�â�ý

1¤+A �
Õ�é4°ð�-��Á�Î�ã�Ç�â�È�Ú9Ú
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�Ä.°�¥ �â�ê9Ø-„�™�é�B�f�:�� ���T�\�é¯.ž�Ñ!ª�æ����1¤+A

 �
Õ4°ð ���Ý�é���f�\���f !¢�‘�*�,�9�S���z�Ò�Ú9Ú��z

�*�,�9�S�æ�Å�¿�á9Ø�Ô�ô�á�é���T�\�ê�Õ�o�â�½����-Ð�Ç�å

�Ê9Ø�&���T�\�é!¹�Ý�¯.ž�Ñ!ª�Ô���Î�ã�æ�����Ô�ô�á�é��

�T�\�æ�Å�¿�á1¤+A �
Õ�é4°ð��s û�Ò�Ú9Ú�ù�Ú9Ø��z�*�,�9

�S�â�ê9Ø�è�H�_�o�S�é�(&} �É�±�Ž�!ª�¿�Õ�æ û�H�_�o�S�æ

�Å�Ì�� -„�™-Þ�P!¹�Ý��Ñ!ª�Ô���Î�ã�æ����9Ø�(4F"›�æ�*�o

�f�Ç��{�Ô�����Á�å A�+�â�ý�£!��Ç-��Ã���Î�ã�$��Ò�Ú9Ú

�Ä.°�¥ �â�ê9Ø%ò��"›�æ � �V �]�I�_�o�* �Z�f�-��Á�Ú�ü�æ

ARTag �Q�o���!ª�¿�Ú�Ç9Ø�¨ 1-�ê9ØSIFT  $�ý 2‚ 12) �å�ä

�é)D �| $�ý �P�é ���´�æ �n�à �¿�Ú � �V �]�I�_�o�* �Z�f�»�:�Ç

���™ ��z�Ð���á�Å��9Ø�Î�é���Á�å�»�:��Ñ!ª�Ô�� �ë�Á�ê "›

�æ�ê9Ø�Q�o���_�,�â�é�*�,�9�S�s û�ê �2�½��(» �â�½���ã �A

�
����9Ú�ù�Ú9Ø 
y�Á �é�£!��â�ê5Ô�^���5Y 1-
Ã �Ò�á�£!��

-��Þ�á�¿���Ú�ü9Ø�»/N�Ç%�
Õ�é�(�ê�»/N�æ�O �$�Ç!¢�Ó �á�Ò

�ù�Þ�Ú�Ç9Ø
y�ß ���T�\�é�� �™��Ç�ÿ �Ô9Ø���f�\���f�â�é �O

-��È%š�´�å�ä��Ñ!ª�Ò�á%�
Õ�æ�ý�» ���â�È�����Á�æ�£!��

�w)Ÿ�Ô�� 
M�o�â�½��9Ú

�§�¥  ‚�¨

19Õ
���$- 
Q, 
�2•.ˆ�È , �Ê�û4É9Ø�ª+®4É�„: ª !¹�Ý
��é  $�ý �P�æ�n�à �Ê�s �n
!¹�Ý�ã CG !¹�Ý�ã�éG!¹�Ý�'�‘�*�,�9�S º, ���±�G.y , 51 , 7, pp.1086-
1095(1997)

29ÕR.Azuma, Y.Baillot, R.Behringer, S.Feiner, S.Julier and
B.MacIntyre: ªRecent advances in augmented realityº, IEEE
Computer Graphics and Applications, 21 9Ø69Øpp.34-47 (Nov.
2001)

39ÕV.Lepetit and M.-O.Berger: ªA semi-automatic method for re-
solving occlusion in augmented realityº, In Proceedings of IEEE
Conference on Computer Vision and Pattern Recognition, 2,
pp.225-230 (Jun. 2000)

49ÕS.Mann and J.Fung: ªVideoOrbits on Eye Tap Devices for De-
liberately Diminished Reality or Altering the Visual Perception
of Rigid Planar Patches of a Real World Sceneº, Proceedings of
the Second International Symposium on Mixed Reality, pp.48-55
(Mar. 2001)

59ÕJohn Y. A. Wang and Edward H. Adelson:ªRepresenting moving
images with layersº, IEEE Transactions on Image Processing Spe-
cial Issue: Image Sequence Compression, 3, 5, pp.625-638(Sept.
1994)

69ÕS.Zokai, J.Esteve, Y.Genc and N.Navab: ªMultiview Paraper-
spective Projection Model for Diminished Realityº, Proceedings
of the Second IEEE and ACM International Symposium on Mixed
and Augmented Reality, pp.217-226(Oct.2003)

79ÕK.Satoh, S.Uchiyama and H.Yamamoto: ªA Head Tracking
Method Using Bird �	 s-Eye View Camera and Gyroscopeº, Pro-
ceedings of the Third IEEE and ACM International Symposium
on Mixed and Augmented Reality, pp.202-211(Nov.2004)

89ÕJ.Pilet, A.Geiger, P.Lagger, V.Lepetit and P.Fua: ªAn All-In-
One Solution to Geometric and Radiometric Calibrationº, Pro-
ceedings of the Fifth IEEE and ACM International Symposium
on Mixed and Augmented Reality, pp.69-78(Oct.2006)

99ÕG.Klein and T.Drummond: ªSensor Fusion and Occlusion Re-
®nement for Tablet-based ARº, Proceedings of the Third IEEE
and ACM International Symposium on Mixed and Augmented
Reality, pp.38-47 (Nov.2004)

109ÕE.Ichihara and Y.Ohta: ªNaviView: Visual Assistance Using
Roadside Cameras- Evaluation of Virtual Viewsº, 3rd IEEE
Conference on Intelligent Transportation Systems, pp.322-327
(Oct.2000)

119ÕM.Fiala: ªARTag, a ®ducial marker system using digital tech-
niquesº , Proceedings of the 2005 IEEE Computer Society Con-
ference on Computer Vision and Pattern Recognition , 2, pp.590-
596(Jun.2005)

129ÕI.Skrypnyk and D.G.Lowe:ªScene Modelling, Recognition and
Tracking with Invariant Image Featuresº, Proceedings of the
Third IEEE and ACM International Symposium on Mixed and
Augmented Reality, pp.110-119 (Nov.2004)

�Ã �é

�Q
�ý �ã

�Ä
�½ �È

�Y
�í �ã


q 2007 ��9Ø�.�e'õ�¶ �"�G!��¿�G 1ñ�±�Ž
�¿�G$|�: 9Ú û�÷9Ø�.�e'õ�¶ �"�G�"�G4® !��¿�G#‡$å$| �è
�¼³�û.–$Ÿ �æ�÷�G
�9Ú �&�f�G�X �o�2�F�+�Z �f9Ø  $�æ���›
 û�s�õ�æ4P�Ô�� #‡$å�æ�å
P9Ú

�Ð �¿

�ª
�ã �Á

+®
�í �â

)÷
�Å

4ö 1992 ��9Ø�.�e'õ�¶ �"�G4®³�û.–$Ÿ�C

L9Ú�+���+�" �G%�»9Ø1995 ��9Ø�¾
›.à�ç 9Ø2001 ��%�Ž
�|9Ø 2006 ��9Ø�±�Ž �¿�G$|�Ž�| 9Ú�&�f�G�X �o�2�F�+�Z �f9Ø
!¹�Ý�£!��æ4P�Ô�� #‡$å�æ�å
P9Ú1997:* 1999 ��9Ø�ã�Ä�G-�
�D)]
³�• �� $�Î#‡$å�¬ �ã�Ò�á &(�Ö���o �@�! �o�T �`�f�" �G
�`�O�9 ���"�, #‡$å�²�ó!Ð�G 9Ú2000:* 2003 ��$|�G�Û-��D
)]
P�:�Å �Ð�È�Ç�Ì 21�¡�±�Ž�ã #n�¢#‡$å�¬9Ú³�û ( �¿�G )9Ú
�\
³�¬ 9Ú

8 ( 8 ) ���Ý�±�Ž�T�:�����G
³.y Vol. 62, No. 6 (2008)


