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Abstract We propose a method to control a camera in order to realize a planned camera-work with reduced num-

ber of camera motion changes. A camera-work to shoot a moving object can be defined by the position, velocity,

size and magnification rate of the object, and the velocity of the background in the video image. When we obtain

video images, unexpected motion of the object makes the difference between the resultant camera-work and the

planned camera-work. If we control the camera so that the resultant camera-work is exactly the same as the planned

camera-work, the camera motion are frequently occurred and the resultant video images are not comfortable for a

human to see. Therefore, we should consider the timing and amount of camera motion adjustments. Considering

this issue, we propose a method to control the camera so that the resultant camera-work is kept within an acceptable

range of the planned camera-work with reduced number of camrea motion adjustments.

Key words Automatic shooting, camera-work, pan-tilt-zoom camera

1. � ���
	
���������������������! #"%$'&�")(�*�+-,.*�/10)2�3�4
5�67 08�)9':���;�<�=�>�?�@BA8C�C�D 5

[1] [2] E�F AHGI"�2310�J�K�L�M�*N�O�"I2�31=�P�Q�R�D 5 EST�UBV�W)X +�Y�K 6 2�3�+! #"�Z\[�0)]^[`_�M VaW�X)b �
c 0#Zd�LIe#f�Rg 5 E VaWIXb � c�h M���i�jkl��m�0�Jn

5poq�r R)")s�t1"%uvxwzy�{xwz|�g�@}wz|1g�@.~�#��J1Z��-�
� ")y�{1_-GI� 5%�-c ����R�D 5 E e�f�@`A 6 V�WlX�b � c +��� / V�WlX�b � c

(TCW) � h%�I� F h 0I4 5 E)�� 0 TCW")��Q���+Ie�f�4 5 P�Q�M��-�.� 6�hI�)� ������+ o#q�� R��
� 0������' -¡£¢�¤R%2�3�¥ 6 K�¦��10�M!��s�t�")u�v h |'g
@%"I§-+%e�f4)A � ZpK EVaWIX�b � c 0)¨�©H��2�3�+%]ª[«¦����Ist�")*�g�0�Z�d�L

http://www.kameda-lab.org/research/index-j.html
http://www.mm.media.kyoto-u.ac.jp
http://www.mm.media.kyoto-u.ac.jp
http://www.kameda-lab.org/research/index-e.html


M
TCW

h ������0!2�3�@BA�LIK 5�o�q�r "�� X�W ��� h "
&�0	��A�=�
� 5 E ����0)2�3�@BA'LpK 5)oq�r "�� X-W ���+ � 2�3������ X-W ��

(SSP) � hl�p� F h 0�4 5 E TCW
h

SSP
h "��)A�+�����4 5�6�7 V�WIX +�����4 5 E������� �������

[3]
M o�q +��� �4 5 F h 0-Z�d�L V WIX+�����4 5�!�" RD 5 E���� 0�� ������� ������#RM TCWh

SSP
h "�#-+�$�%�4 5 ZH[B0�&�0�����=�]'.A 5�67 � V

WIX *�(1"����1=�)�*�4 5 E�+ 6 � [4] "ZH[`0�,.-	/I� X1032+%Y�K 5 ¦��10#M)s�4�5�+�6 75�7 =�PQ�R�D U ��� /��Is#t0�8Y�4 5�7 M�9�:�R�D 5 E
F "�Z\[B0�� TCW

h
SSP

"1��A�+1�;��4 5 ��� �������
���#����+18#Y�¥��

TCW
"���<��1�3=�+>.e�¥�L�����+)]^[

h � VaW�X *3(�"1���=�)�*�¥��@? q =�s�t�"I*-g�0BA^[C��A
0�s�¥�L�D�E10�F�4�¥)L1G�0���K�? q�h � 5 E�H d�L���G�I�K? q "1��=�" 6�7 0�M)�@�)Aa"1����0��}¥�L�� VaW�X *�(����
"���J ����K h ����L0)C�K-L1M�N�+�O [QP1g�R�D 5 E
��R � VaW)X *�(�"1����+�S���¥�L%*�N�O�+I2#34 5�!�"�h¥!L�T���� � ��UWV1X�m

[5]
=�>�?�@BAaLpK 5 EF A�M���s#t"�Y[Z)0�\�]�/��1T-+�^�f�¥��)st�N1=	_�"�T � 0#D 5 & VaW

X +3`)f4 5	!�" R�D 5 E T1_-G.s�t�N1=�R 6 ¦#��T�����a���l+�b[c¥�L�d�e�a����%0	f U ��g�h�i�¥-�%M�F�j�+�k[l)4 5
F h R�mI�nT�����a��a��0�o Uqp �5 Er :I" !�" R�M)�Iuv�s�n�R�M#���

TCW
"I��L�")Q��0�s

¥!L �ut�v�w Z � +�x�f}¥l2�3-")e�f-"�y�+	z�{ 5 E @�Gp08����-+I] [`_�|-_�"�}�~�0�")§ t�v�w Z�+lY�K 5 "R�M��a�.�
������"���f�0�C�K'L3i t;v;w Z+�M;N�¥!� � f;�'&�� + R
SSP

"�����+%]�K��	���1= t�v�w Z � 0�� 5 ZH[ 01����+p] [
F h R#� VaW)X *�(�"1����+�S��4 5 E t�v�w Z�M�� TCW

R
�1=�e�f�@`AaLpK 5 Q��0)s}¥�L r���hq��� +1� ��5 F h R	�
+ 5 E TCW

R��=�ef�@BA�LpK'�pK�Q���0�C)K�L�M#�@��=�@
AaLIK 5 V�WlX�b � c 0)J�K-L%K�_�� 5 ��+ h d 6-h ¥#L�i#�
t�v�w Z � R�D 5-h 4 5 E �-L"lQ���0)s�¥�L SSP

= t�v�w
Z�0#D A � ����+�� 6 ¥�LpK 5�h §-�)4 E�%J-�

TCW
M�������"	�� h ���10���'��-L���f�@�A 5 P

g�i�"�R�D U � F)F R�M TCW
M1�-"� ����-m���D 5 K�MI$ !

0�Z�dL�D-GI_�� 7 � � GBAaLpK 5 i�" h 4 5 E TCW
"I�-L

"%Q���=�e�f�@`AaL%K 5 P�Q�M��IK E t�v�w Z)0�C�K-L�i�D�G_�� 7 � � GBA�LpK 5�h \#f4 5 E��� R#M
TCW

h t;v�w Z�=B� � G�A 5���h ¥#L)���-")2
3�+ h U D�{ 5 E TCW

0)C�K�L�M!� ���l� ���1=�������+le
� ¥�LpK 5 �10#M���e � ¥�LpK 5� v i�? q 0�� + A 5 Z [`0����"Iu�v�=�ef�@�A 5 E�+ 6 ����= � f R� 0��*�¥�LpK 5¦��10�M!�@��* Rn�1 �R 0�¡£¢.=�D 5 ZH[`0)u�v�ef�=�]�'pA5 E t�v�w Z�0�C)K�L�M!�����"���*�¤ � 0�C)K�L 7  �¥�¦ =P�Q�RD 5 E ����� �§_�"l¦�R1¨�©�§�0�*K 6 Uqª A 5 F h "« K����10�C�K-L�M t�v�w Z�+I|-g'� h%5 F h R#� ª A'"1? q0�s4 5 F�4�+�S ��5 F h =�R�g#� � {*�g�¬ 7�5-h _�" +�+*������10�C�K-L�M t�v�w Z�+1¨�@�� h%5 F h R�d�e�23�0�/<10�� 5 F h =�Rg 5 E>?�4 5�!�" RM)2�3 VaWIX _�Gf3® o�q =�¯�GBA 5 {�0�°

(a) ±�²´³¶µQ·¹¸»º½¼¶¾ (b) ¿¶À¶Á¶ÂÄÃ
Å

1 Æ¹Ç

� "�È�É�+1Ê UqË ¥�]^[ E�F "�È�É�+�È�É�Ìu h%� � �Í "�ÈÉ�Ì�u�+%����Î hÏ�Ð 4 5 E�+ �;Ñ����ÎB°[Ò�R�" SSP
+��

�4 5 E ����@BA 6 Ñ����ÎB°Ò�" SSP
+ � ����2�3������

X8W ���
(ESP) � h%�I� E ESP

=
TCW

0�s8¥�L t�v�w Z �
R�D%A � � VaWlX *�(�+�����¥��pK E t�v�w Z�Ó�R�D 5 ¦��10M��1����Ô�R�g 5 s�n�Õ�K�����Î�"�&��

ESP
= t�v�w Z ��h �

5 ZH[`0 V�WIX *3(�+1����4 5 E° r "�È�É�+1�3=4 5�6�7 0�� ����-m�M��@Ö�Î���× V ��j
Ø ��0)s}¥�L�Ù�Ú#f�+18�Y�4 5 F h 0�Z�d�L%s�t�Û�Ü�+�Ý�Þ45 E�+ 6 ESP

+�6 7�56�7 0 V ��ß��#j�×p�[��+�Y�K 5 E
F " !�" R�M�à3Ñ�� VaW�X "	����+)]^[ 6�7 ������È�É�0�_n'G¤A 5 �'&�M��âá�@£A 5 E+ 6 ��ã���ä8�å��+�Y�K 6 �n�M���"	��©�0� 5@æ  	ç�#1=�è�|�¥�LpK � E�F " 6�7 ����+ 2����ÎB� + R%] [`_�+1�[á%4 5 E1F "%���BÎ�é�+�ê�|��������Î�é

L
h 4 5 E��� R)M��	Ñ�ë0%J�K�LI>#?�4 5  ��1��m�"�ìQ�+�í�P 6 Ô��

îåï ë�RMl� � �BUðV�X�m�"�ñ�ò0�C�K�L�í�P 5 E îåó ë�R)M#��  ��	��m"�ô�õ�ö�+1k�÷�4 5�6�7 0�]-d 6 ��ø10)C�K-L1í�P
5 E îåù ë�M ��� " + hp7 R�D 5 E

2. úüûðý£þ ÿ �������	��
�����

2. 1 � ����������������������! #"%$�&�')(�*,+.-�/10���2�354
-�67&#'8�9 :"7;�<1'�=:>@?,A�B�=:>1$��7C84�-ED,F1G,H8I#�
 %"�?%(�*KJ%L�I#M�4�-�6��. 7"7;�NPO�FRQTS8I�UWV#X
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−Fn−1δṪ t + λyn

−Fn−1δṪ + λẏn
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λṡn
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n ẋocw

n yocw
n ẏocw
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Ṗn

�,q1r�A��@?dq#r/@��3A1�
v5�3B1C5� ¬ 8

h�¼ 4�6
ESP

h ��\��W�9 K"Ka1b5� O j *Z+@-#�7��N
ESP

; À ��/

-0.4

-0.2

0

0.2

0.4

0 5 10 15 20 25

x

OSP
ESP
SSP

(a) �����!�
�D�

-1.5

-1

-0.5

0

0.5

1

1.5

0 5 10 15 20 25

dx

OSP
ESP
SSP

(b) ���E�!�
���
�

5 �� �"�#!$�% ±0.25 &F!�HGI*J+K-

-0.4

-0.2

0

0.2

0.4

0 5 10 15 20 25

x

OSP
ESP
SSP

(a) �����!�
�D�

-1.5

-1

-0.5

0

0.5

1

1.5

0 5 10 15 20 25

dx

OSP
ESP
SSP

(b) ���E�!�
���
�

6 �� �"�#!$�% ±0.15 &F!�HGI*J+K-



-0.4

-0.2

0

0.2

0.4

0 5 10 15 20 25

x

OSP
ESP
SSP

(a) �������
���

-1.5

-1

-0.5

0

0.5

1

1.5

0 5 10 15 20 25

dx

OSP
ESP
SSP

(b) �����������
�

7 �� !"�#�$J% ±0.25 �����!"�#�$�% ±0.15 &'�� GI*,+ -

�
8 ���	��
��x����

0 } �����f�3�k¡l.� !q"q$M% � h ¢�k�o j *�+.-t6( ^ (
SSP

h n8+�*7;���� _ l�� ESP ^�_ ;	*7l9*8(�od+ !�"#$&%� h z *8(�o j *d+�-+9#GE$ ? -�6
¬ 4

? ¬ 5
��{�|�(��:/#0�N:�8�1$�Z@k8�	� j *d+�-:/#0 h

;tN%�#�8� } �,�1�5�:V#X^��Z@k1� ` pZa#bE$ "�� ? ` - h �¢%� _ * SSP
$��E���i�:l�* +�-,/708$ ? -�6%g¤l�;��7�E�,�

�5k,$#Z@k¡+��8�tN7�8�#E�F5��G1]5�,É�Á13�(
OSP

��É j �
v@? ` j �7�8���c?�� � _ l.-K6����#A ¸ ?:(#*7;tN K Ã�Lk��%I1��NKH h���� *�N K Ã�LM� ��IE�#N�H ½ Å7[5�,�#�^¢ ��N1N
w �,�1�8y#[5�  +�-7g5? `�À $�� � _ l -�6o8�tN À ��/�0 } ��
�V�X1������(#*�+�-�?W� ` )@- 9�G} ;�N

ESP
?

SSP
?Z$�;.�¤N w �:/�0 h *7l�$��5�d+�g�? ^

_ N0
#V8X#�#� h1i -dJ7L1I#M��7�#��V1X#�8M h �� } �7*:+
` +�g�?d$�� � _ l@-,6( ^ (tN0
 � V8X#�8� h1i -:J�L5I�Mh1i#j *,¹�C5� O j �:/#0�N � V8X�! h �14�-,É#ÊE$ w ��! h

�5� ` '�35� �'� N7Æ#Å </=E$��5���Z�#�(�N < =@?:(t*7N7� :"8�#"�$ ` � V h�i p¡�1�E$����KH5��%'&5U 4�- `�À ��(*)$�+�,c(���6�-�. ` J8L�I��+� D h ; OSP
� yMz ������(,ÉÊ5��+ � -�=�>1$ ? -76

¬ 5
? ¬ 6

h n8+5* !�"#$S% $*/7+#A5$�¹ 7 h �� :":�1s1�
q8r�0#XE$������ ` p¡N ^ n�N7�@ �"da1b7O5"� dH�e7�,q1r @$7�5��� ` -*1SR:$ ? -7g5?d$ ¬ 8 ^�_ � ^ -�6Eo��#N ¬ 5

?
¬ 7

��{�|#45-5?dN7V#X5� !�"#$S% �,f13�(��,/10�N:¹ 7 h P
Q�A&R,V8X1$7a325k«l9*d+�-7$�N�a�41$�5 � kml��7g�? h�i p
�. �"��1s5��q1r5$�M � -#1MR hq? -1g5?�$ ¬ 8 ^9_ G ^ -t6�9 K"K�8s#q8r5��+1a@?d��U��,H76 K �8��� � *#N !#"�$&% �
f83#4�-�=#>E$ ? -�6

5. 8 9
@�: } ;��1�#�5��;=<�pm�  %" } &#'#45-,7 h N7�9 :":�1s
q8r5��+1a�(,n#n#f83@k¨l@�,�. �"%��H��#�d¹1º84�-�A ¸ h n
+�* µ�¶ (���6
wcx ��%%Ã�N:H#S } ;�N%�9 %"d�1s5�,���5��+1a#4�-7�7� h

!�"�$S% ��� D (t��6#�7I8H1Ã h ¢8+�*#N��7I�H8Ã��
ESP

�
�5��N !�"�$&% � }x? l^�EN �@ d":a#b%O5" dHEe%�,����)�*8N!�"#$&% � }�? -K/805� ¥ Nx£#�

L
I1H7Ã��5o } �

ESP
$�c

* !�"#$S% � }�? p?> � - i!�«h O5" :H1e7�:q1r#4�-�6µ#¶#·8¸ ��>�?�@5� ¼ 4E�#�
2
e#g �,�8�5�,���5k h �)(�*

�8��N�¢ i £ �#�@?¡V1X5��@�A h !�"#$&% �3?13�(7�,/10 h n
+�*:¹-C5� O j �K68¹/7 h !#"�$&% ��A�B�$�C.� ` -�� À �9 "��#s5�,���E$�+#a@k«l9*d+�-#g5?:$ ¼ k«lc��6�D h �1�#E�F
��G1]���É¯p h1i -

OSP
��� _ n���N1É¯pd�1��� SSP

$ !
"�$&% � h z *8(�o � gE?d$ ? -8g5?,$�N�(�)#[@?:(#* ? K _l@-K6
P�(5��E=)@?:(#*�N7�8�#E#F5��G1]#¿#ÀE�*����N%¹/7 h �1�
���5��k,�:a1b5� O � gE?d$ ? K _ l9-,65o7�7N�F�G#���5��>��H=+�I@ki)�N�J � �;5�NLK�-5k�QNM7F@UZ"�l�U `dÀ ���=O�t
` >���o } Ë��7*�a1b5� O � gE?��*� � _ l.-�6P Q

[1] Q. Cai and J.K. Aggarwal, “Real time tracking for enhanced

tennis broadcasts”, Proc. CVPR’98, pp.68-72, 998.

[2] Q. Liu, Y. Rui, A. Gupta and J.J. Cadiz, “Automating cam-

era management for lecture room environments”, ACM CHI

2001, pp.442-449, 2001.

[3] S.A. Hutchinson, G.D. Hager, and P.I. Corke, “A tutorial on

visual servo control”, IEEE Trans. Robot. Automat, vol.12,

no.5, pp.651-670, 1996.

[4] R�S�T , U�V�T “ WYX����'�Y��Z�[�\ W�X*�^]�_^`Yaf� b�c
*�de_ ”, f*g�h (D-II), Vol.J83-D-II, no.4, pp.1110-1118,

January 2000.

[5] i�j�k�l , G�m�n�o , ��pq�o “rtsvuew�x#d�y�z{w��|Y} ~#�
y��xe�������� ����,�^�	��������}����	���de��� ”, f�g� �

, PRMU2000-104, pp.31-38, 2000

[6] M.J. Black, “The robust estimation of multiple motions”,

Computer Vision and Image Understanding, vol.63, no.1,

pp.75-104, 1996.

[7] ������� , “ �	�����{�	� �#��� �g	¡#���¢ ”, £¥¤�¦�h�§ , 1993


