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Real-time Video Stabilization with GPU

Kenji Takahashi,† Makoto Fujisawa†† and Kenjiro T. Miura†††

This paper proposes a fast computational method of video stabilization using the Graphics
Processing Unit (GPU) that removes the unwanted vibrations from videos. The video sta-
bilization is composed by estimation of the global motion, removal of the undesired motion
and mosaicking. When these are processed with CPU, the computational cost for the global
motion estimation is very high. We improve the speed of this computation with GPU that
the parallel processing is possible. Our method can obtain the result by forwarding the frame
image of the video to GPU as texture data, and drawing the calculation result to the offscreen
buffer. We have achieved a real-time processing by optimizing the load balance bewteen CPU
and GPU on the speeds of reading pixels and calculations of GPU and CPU.
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÷�`�h�}�‡�h�|�7	4�$�s�¤�å�”�‹�U�K�”�‹�‘�“�G

�V�M	Ô�ù�x�|�¬�é�”�Ì�ç�Þ�”�³�ã�ï
*���w�æ
�|�‡�h

�x�|�³�”�ï�½�£�ï�´�q�ˆ�s�`�o	ü�ˆ�4
Y�›�æ�˜�s�M�‘

�O�t�`�o�M�”�}�‹�j�–�œ�|�î�M�w�§�Ý�å�w�ˆ�V�U�K�‡

�“�t�ô���p�K�l�h	Ô�ù�|�\�•�xÆ
Y�¬�s�A�L�›
\�‰�\

�q�t�«�™�b�”ž�A�U�K�”�}

�h
þï�› Wf , �h
þ�ô�^�› Hf �q�`�o�|�{�Š�h�)ü

�h
þ�t�0�`�|

Wf ≤ 2n, Hf ≤ 2n (6)

(n �x�7	–�w
T
: )

�q�s�” 2n × 2n �›³�hc�“�q�`�h FBO �›�¬�-�`�|

GPU �w���»�-�‰�w�›
Q�›
\�T�`�|
$ 2 �w�‘�O�t�`�o

³�hc�“�›�h
þ�wï�q�ô�^�wRü�t�`�h FBO �t�7�“

Ç�Z�o�h
þ�±� �¶�› 1/4 �t�b�”�}�\�w�q�V³�h�b�”�h


þ�w�Ð�«�·�ç�2ª (x, y) �w�‹�x�|�i�w�h
þ�w�Ð�«�·�ç

�2ª
(2x, 2y) (2x + 1, 2y)

(2x, 2y + 1) (2x + 1, 2y + 1)
(7)

�w�‹�›�ù�-�`�h�‹�w�›�¨�ò�b�”�}

�\�•�›���“�&� �̀|�h
þ�±� �¶�›	–� �̂X� �̀o�M�X . �-�‰

�U�K�”���S
��œ�i�’ FBO �w�Ð�«�·�ç�w�§�å�”�‹�t�¨

�ò�`�o CPU �t�æ�”�Å�Ì�¿�«�`�| 1 �Ð�«�·�ç�t�s�”�‡�p

CPU �p�ù�-�b�”�\�q�p�-�‰�A�L�U�˜�’�•�” . 
$ 3 �t�|

2n×2n(n �x 0 �T�’ 7 �‡�p�w
T
: ) �t�S�Z�”�æ�”�Å�Ì�¿

�«�w�±� �¶�t�‘�”�-�‰�Ì���w�!�=�›�Ô�`�h�}�\�\�p�–

�;�`�h�é
þ�x�7	–�‹�s�g�t BGFS �O�›�–�l�o�S�“�|�Ñ

�è�”�Ü�è�”�Ä�U 30[fps], 10[sec] �w 320×240[pixel] �p

�K�”�}�s�S�|�î�æ���¥�x CPU �U Intel⃝R CoreTM2 Duo

E6850�| GPU �U NVIDIA⃝R GeForce⃝R 8800 GTX�|�Ý

�Þ�æ�U 4GB �p�K�”�}

�\�•�›�ˆ�”�q�|�ù�-�‹�-�‰�t�S�M�o�| GPU 	Í�p�7

�™�‡�p�-�‰�›�æ�M 1 × 1 �t�b�”�‘�“�‹�| GPU 	Í�p

24 × 24 = 16 × 16 �‡�p�-�‰�›�æ�M�|�æ�”�Å�Ì�¿�«�w

�™�|�’�“�› CPU 	Í�p	r�g�b�”�q�7���t�s�”�\�q�U�˜

�T�”�}

�\�•�x�|�Š�Z�€�p�;�M�h GPU(NVIDIA GeForce8800

GTX) �p�x�7�G 128 �x�w���»�-�‰�U�D�ó�p�K�”�U�|

n �U 4 �w�q�V 24 × 24 × 4 = 1024�| n �U 3 �w�q�V

23 × 23 × 4 = 256�| n �U 2 �w�q�V 22 × 22 × 4 = 64

(GPU 	Í�p�x RGBA �w 4 	í�w�-�‰�›�æ�l�o�M�” ) �q�|

���»�-�‰�p�V�”
:�tz�‚�o�-�‰�:
:�U	—�s�”�q�|�®�p

�‘�X���»�-�‰�U�p�V�s�X�s�”�h�Š�|�-�‰�Ì���U
ÿ�C�b

�”�q�ß�Q�’�•�”�}

4.2 �Þ�²� �©�ï�¬

�Þ�²� �©�ï�¬�x
$ 4 �t�Ô�b�‘�O�t�|�-�‰	r�g�q�h
þ


\
R�w���m�w	r�g�T�’
R�“�|�\�w�O�j�h
þ�›
\
R�b�”
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�-�‰�Ì���w�!�=

	r�g�› GPU �t�î
÷�b�”�}�h
þ
\
R�p�x���X�w�h
þ�›

�{�O�U�|�‰�a�h
þ�›���“�&�`�–�;�b�”�h�Š�|	ý�F�w�h


þ�w�ˆ�› CPU �T�’ GPU �•�8
ù�`�| GPU 	Í�w�Ý�Þ

�æ�t�-�Ë�`�o�S�X�\�q�p�8
ù�›�7	–�v�t�`�o���S�w�²

	Í�›
$�”�} GPU 	Í�p�x�| CPU �w�-�‰�A�L�t	H�l�o�!

���`�h�Ù�æ�°�ï�› FBO �t	q�Í�7�“Ç�Z�”�\�q�p�|�Þ

�²� �©�ï�¬�›�æ�l�h�h
þ�U�˜�’�•�”�}
\
R�^�•�h�ˆ�h

�x�|�\�w�‡�‡ GPU �T�’�Ú
€�Ã�Ÿ�µ�Ó�è� �t¯�Ô�b�”

�\�q�‹�D�ó�p�K�”�U�| GPU �T�’ CPU �•�æ�”�Å�Ì�¿

�«�b�”�\�q�p�|�Ë�”�Å�Ã�Ÿ�µ�«�•�w�å�h�s�r�w�;�M�‹

�D�ó�t�`�o�M�”�}
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5. �A �L

�±� �¶���w�¬�é�”�Ì�ç�Þ�”�³�ã�ï�w
*���Ì���w�|

CPU �p�w�-�‰�q�| GPU �p�|�¦�Ñ�µ�«�æ�”�ï�Ì�¿�Ñ�•

�t PBuffer11) �q FBO �›�–�l�h	Ô�ù�wz�±�›
$ 5�|�‰

�a
$�w GPU �w	r�g���S�w	Ä�I�U�˜�T�”�‘�O�t�|	N�à

�›�¦�G�`�h�‹�w�›
$ 6 �t�Ô�b�}

�b�‚�o�7	–�‹�s�g�t BGFS �O�›�–�l�o�S�“�|�Ñ�è�”

�Ü�è�”�Ä�U 30[fps], 10[sec] �w
Y�M���w�é
þ�p�K�”�}

GPU �w���»�-�‰�›�;�M�”�\�q�p�| CPU �tz�‚�o�7�G

�ÿ 165 ��w���S�²	Í�›�a
R�`�h�}


$ 5 �t�Ô�`�h�‘�O�t�| CPU �w�ˆ�›�;�M�h	Ô�ù�|�h


þï�q�-�‰�Ì���U�„�…�Ë�Í�Â
¢�t�s�l�o�M�”�}�\�w�é


þ�x
Y�M���p�K�“�|�h
þ�w
ï�Ð�«�·�ç
:�q�|�-�‰�Ì��

�Uz�«�`�o�M�”�q�M�Q�”�}�°�M�| GPU �›�;�M�h	Ô�ù

(
$ 6)�|�h
þï�U 100 �T�’ 200�| 200 �T�’ 300�| 500 �T

�’ 600�| 1000 �T�’ 1080 �w���p���qz�‚�o	r�g�Ì���w

�!�=�U�G�V�M�}�\�•�x�|�ù�-�‹�-�‰�w�M�w�7	s�w FBO

�¬�-�”�U , �Ü (6) �t�`�h�U�M n �w�‹�U�!�=�`�| 128 �T�’

256�| 256 �T�’ 512�| 512 �T�’ 1024�| 1024 �T�’ 2048

�t
ÿ�Q�|�f�•�t�‘�“�|�ù�-�‹�-�‰	r�g�U�	r�g�c�m
ÿ

�Q�”�h�Š�p�K�”�}

�Í�t�| QVGA(320× 240[pixel]), �Ñ�è�”�Ü�è�”�Ä�U

30[fps], 10[sec] �w�é
þ�›�–�;� �̀h	Ô�ù�w CPU �q GPU

�w�Þ�²� �©�ï�¬�w�Ì���wz�±�A�L�›¯ 1 �t�|�†���=�A

�L�›
$ 7 �t�Ô�b�}�‡�h�|�î�æ�A�L�›�Š�æ���tÇ
5�b�”

�Ü�”�Ï�”�Ñ�•� �ç�t�Ô�`�h�}�s�S�|�î�æ���¥�x CPU

�U Intel⃝R CoreTM2 Duo E6850�| GPU �U NVIDIA⃝R

GeForce⃝R 8800 GTX�|�Ý�Þ�æ�U 4GB �p�K�”�}

¯ 1:z�±�A�L
CPU GPU(FBO)

�¬�é�”�Ì�ç�Þ�”�³�ã�ï
*�� 1.61 0.021

�Þ�²� �©�ï�¬ 0.018 0.0020

[sec/frame]
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6. �A �t

320×240[pixel] �w�h
þ�t�S�M�o�| GPU �p�-�‰	r�g�›

�æ�l�h�¬�é�”�Ì�ç�Þ�”�³�ã�ï
*���Ì���x���É 46.6[fps]�|

�Þ�²� �©�ï�¬�s�r�›���Š�h
¶�æ���p�x ���É 40.3[fps]

�q�s�l�h�}�°`�$�t PC �w�ˆ�h�x 30[fps] ���S�p�K�”

�h�Š�|�¬�é�”�Ì�ç�Þ�”�³�ã�ï�q�Þ�²� �©�ï�¬�t GPU

�›�;�M�”�\�q�p�æ�ž�ç�»� �Ü�›�a
R�`�h�} GPU �›
:

�•�–�;�`�o�ô���=�^�d�”�U	[�p�K�” SLI �›�–�;�b�”�\

�q�•�| CPU �›�x�”�T�t	Í�s�”���S�p
Q�ó�²	Í�`�o�M

�” GPU �t�‘�“�|�^�’�s�”�-�‰���S�w�²	Í�‹�D�ó�p�K

�”�q�¥�˜�•�”�}

���™�w�]�J�q�`�o�|�¬�é�”�Ì�ç�Þ�”�³�ã�ï
*���t�S

�M�o�x�|�§�ç�Ú�ï�Ñ�Ÿ�ç�» 6) �s�r�t�‘�”	s�8�‹
*���•�|

�ù�-�‹�-�‰�M�O�w�~
³�t�‘�”�^�’�s�”�-�‰���S�w�ô��

�=�›�æ�M�|�‘�“�G�V�s�h
þ�p�‹�æ�ž�ç�»� �Ü�›�î�q�^

�d�”�\�q�s�r�U�•�[�’�•�”�}�‡�h�|	ü�ˆ�4
Y�p�x�|�§

�ç�Ú�ï�Ñ�Ÿ�ç�» 6) �s�r�›�;�M�o�a�ˆ�w	Ø�C�w�ˆ�p	ü�ˆ

�4
Y�U�p�V�•�y�|�Ñ�è�”�Ü�w�—�•�s�X	ü�ˆ�4
Y�U�p�V�|

	Gü�î�;�$�s�‹�w�t�s�”�q�ß�Q�’�•�”�}�Þ�²� �©�ï�¬

�t�m�M�o�x�|�Š�Z�€�p�x�ô���=�w�h�Š�t Litvin �’�w

	��O 6) �›�;�M�o�M�”�U�|�é�”�§�ç�Þ�”�³�ã�ï
*�� 8) �w

	r�g�› GPU �t
Ê�ˆ���ˆ�|�æ�ž�ç�»� �Ü	r�g�›�-�l�h

�‡�‡�|�ˆ�h�w�¤�t�ˆú�.�U���O�`�o�‹�×
µ�s�4���›�æ

�Q�”�‘�O�t�b�”�\�q�U�•�[�’�•�”�}
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