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Multi-party interaction analysis based on the speaker’s changes
in head and posture

Kazuaki Komatsu1,a) Kazutaka Shimada2,b) Tsutomu Endo2,c)

Abstract: The goal of our study is to understand user’s states in multi-party conversation. In this paper,
we focus on the change of a user’s posture in the conversation. Our method uses a top view image with depth
information for the analysis. We compute a similarity between each image frame by using 4 features; (1)
depth histogram, (2) dimensions, (3)slant and (4) direction. Furthermore, we analyze our corpus in terms of
the relation between the changes of posture and emotion of users.
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R

�^�•�”�}

ID2ID1 ID3

人物領域の座標位置を算出


$ 2 
�ú�–�¬�w�¨	Z�}


�ú�–�¬�w�¨	Z

�Ÿ
N	Ý�6
*���p�x
�ú�–�¬�w�¨	Z�0	Å�U�°
��p�K�”�w�t

�0�`�|�Ÿ
N�!�=
*���p�x
$ 2 �p�Ô�b�‘�O�t�¨	Z�0	Å�Uó
:


�ú�p�K�”�h�Š�|�é	��–�w
�ú�–�¬�›�¨	Z�b�”ž�A�U�K�”�}

�¨	Z�t�x�¤�é	��w�„æ�–�¬�›�‰	Z�`�|�„æ�–�¬�w�2ª�›�,

�t
�ú�–�¬�w�¨	Zc�“�›�>���`�o�M�”�}�s�S�|�¤�é	��w
�

ú�–�¬�wc�“�x 213× 240 �q�`�o�M�”�}

�›�Ã�”�¨	Z

�Š�æ���p�x�|�é	��w�Ÿ
N�!�=�›	��˜�b�”�h�Š�t
�ú�–�¬

�‘�“	��˜�`�h
��S	Ø�C�›�,�t�Ž�<�w 4 	��¨�w�›�Ã�”�›�¨	Z

�`�o�M�”�}

1. 
��S�Î�µ�Ä�¬�å�Ü�›�Ã

2. 
�ú�w�Ø
u�›�Ã

3. 
��.�w���V�S�ù�M�›�Ã

4. 
��.�w�²�V�›�Ã

�„æ�t�|�Ÿ
N�!�=�w
*��

�„æ�t�|�Ÿ
N�!�=�w
*���x�‡�c�|�Ÿ
N�!�=�UC
\�`�h�Ñ

�è�”�Ü�T�’
²	\�`�h 4 �m�w�›�Ã�”�›	��˜�b�”�}�Í�t�Ñ�è�”

�Ü�–�t�S�M�o�¤�›�Ã�”�›�¨	Z�`�|
²�s�Ÿ
N�!�=�UC
\�`�h

�Ñ�è�”�Ü�p�¨	Z�^�•�h�›�Ã�”�q�w�¨�Å�S�›�‰	Z�b�”�}�\�w

�Ì�˜�’�•�h�¨�Å�S�›�,�t�¢�‹�›
ƒ���`�|�¤�Ñ�è�”�Ü�t�S�M

�o�¢�‹�Ž	Í�w�)ü�U�_�’�•�h�Ì�t�f�w�Ñ�è�”�Ü�›�!�=C
\

�Ñ�è�”�Ü�q�`�oQ�…�b�”�}
$ 3 �t�!�=
*���w�«�›�Ô�b�}

面積：16098pix

傾き度合い：911mm
身体の向き：22°

面積：16836pix

傾き度合い：902mm
身体の向き：27°

類似度：0.976

面積：738pix
傾き度合い：9mm

身体の向き：5°

フレーム：300

フレーム：423


$ 3 �„æ�t�|�Ÿ
N�!�=
*���w�«�}

4.2 
��S�Î�µ�Ä�¬�å�Ü�›�Ã

4.2.1 
��S�Î�µ�Ä�¬�å�Ü�t�‘�”�›�Ã�¨	Z

�Ÿ
N	Ý�6
*���w	��O�p�x�|
�ú�–�¬�w�ˆ�›	��˜�b�”�h�Š

�t�7�&�s�‘�m	Ø�C�wc�“�› 1000mm�™1700mm �q
ƒ���b�”

�\�q�p
��S�Î�µ�Ä�¬�å�Ü�›�^
R�`�o�M�”�}�`�T�`�| 1000�™

1300mm �wc�“�p�x���wc�“�qz�±�`�o�é	��w
�ú�–�¬�U

�q�•�”�s
:�U	—�s�X�|�Î�µ�Ä�¬�å�Ü�t�›�Ã�U�q�•�t�X�M�}

�f�\�p�|c�“�]�q�t�Î�µ�Ä�¬�å�Ü�›�Ï
R�b�”�A
É�w�,	j�›

�)���=�`�h�“�|�K�”�°���wc�“�t�S�M�o�A
É�›�w�ù�b�”�\
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�q�p�›�Ã�w�f�¶�=�›
$�”ž�A�U�K�”�}�Š�Z�€�p�x 1000�™

1300mm �wc�“�t�S�M�o 10mm �]�q�t�| 1301�™1700mm �w

c�“�t�S�M�o�x 1mm �]�q�t�Î�µ�Ä�¬�å�Ü�w�A
É�›
\
R�`

�o�S�“�|�ù�- 430 �x�w�A
É�p�Î�µ�Ä�¬�å�Ü�›�Ï
R�`�o�M�”�}


$ 4 �t
��S�Î�µ�Ä�¬�å�Ü�w
\
R�«�›�Ô�b�}

床カメラ

1000 1700

深度値

1300

床カメラ

1000 1700

深度値

1300


$ 4 �Î�µ�Ä�¬�å�Ü
\
R�w�«�}

4.2.2 
��S�Î�µ�Ä�¬�å�Ü�t�‘�”�¨�Å�S�‰	Z


��S�Î�µ�Ä�¬�å�Ü�›�Ã�w�¨�Å�S�‰	Z�t�x
��S�Î�µ�Ä�¬

�å�Ü���w Bhattacharyya �‘�m�›�;�M�” . �Î�µ�Ä�¬�å�Ü���w

Bhattacharyya �‘�m�t�‘�”�¨�Å�S�›�‰	Z�b�”�t�x�|�f�•�g

�•�w�Î�µ�Ä�¬�å�Ü�p�Î�µ�Ä�¬�å�Ü�w�ù�-�U 1 �t�s�”�‘�O�t


Y�F�=�›�æ�O . m �Ï�ï�T�’�s�” 2 �m�w
Y�F�=
��S�Î�µ�Ä�¬

�å�Ü�›�f�•�g�• p�| q �q�`�|
²�s�!�=�UC
\�`�h�Ñ�è�”�Ü

�w
��S�Î�µ�Ä�¬�å�Ü�› p�|Q���0	Å�Ñ�è�”�Ü�w
��S�Î�µ�Ä

�¬�å�Ü�› q�|�¤�Ï�ï�› pu�| qu �q�b�” . �\�w�q�V�w 2 �m�w
Y

�F�=
��S�Î�µ�Ä�¬�å�Ü�w�¨�Å�S Shist �x�Ž�<�w�Ü�p�‰	Z�^

�•�” .

Shist =

m∑
u=1

√
puqu (2)

4.3 
�ú�w�Ø
u�›�Ã

4.3.1 
�ú�w�Ø
u�t�‘�”�›�Ã�¨	Z


�ú�w�Ø
u�x�Ÿ
N�!�=
*���t�S�M�o�‹�Ú�ò�$�p�›���w�›

�Ã�”�q�s�”�q�ß�Q�”�}�f�\�p�Š	��O�p�‹�Ÿ
N	Ý�6
*���w	�

�O�q�‰�7�t�¨	Z�^�•�h
�ú�–�¬�w�Ð�«�·�ç
:�w
ï�è�›�‰	Z

�b�”�\�q�t�‘�“�{�Š�”�}

4.3.2 
�ú�w�Ø
u�t�‘�”�¨�Å�S�¨	Z


�ú�w�Ø
u�›�Ã�w�¨�Å�S�‰	Z�t�x
²�s�!�=�UC
\�`�h�Ñ

�è�”�Ü�w
�ú�w�Ø
u�›�Ã�q�w�)ü�›�;�M�”�}
²�s�!�=�UC


\�`�h�Ñ�è�”�Ü�w�Ø
u�›�Ã�› Sn−1�|Q���0	Å�Ñ�è�”�Ü�w

�Ø
u�›�Ã�› Sn �q�b�”�}�\�w�q�V�w 2 �m�w�Ø
u�›�Ã�w�¨�Å

�S Sarea �x�Ž�<�w�Ü�p�‰	Z�^�•�” .

Sarea = |Sn − Sn−1| (3)

4.4 
��.�w���V�S�ù�M�›�Ã

4.4.1 
��.�w���V�S�ù�M�t�‘�”�›�Ã�¨	Z

	��˜�`�h�h
þ�Ã�”�»�›ü
s�`�h�A�L�|�Ÿ
N	Ý�6
*���w	�

�O�q�‰�7�t�¤�Ÿ
N�w
��.�w���V�M�t�x�°���w���²�U�q�•�o

�M�”�\�q�Uü�T�l�h�}�f�\�p�|�Š�Z�€�t�S�M�o�‹
�ú�–�¬

�w�¤	ú�2ª�q�„æ�–�¬�w�¤	ú�2ª�›�b�;�`�h
��.�w���V�S

�ù�M�t�‘�”�›�Ã�¨	Z�›�æ�O�}

�Š�æ���p�x�|�h
þ�Þ�”�Ý�ï�Ä�›�b�;�b�”�\�q�p
�ú�–�¬

�‘�“	��˜�`�h	O	ú�t�|
��S�‹�›�¤	ú�2ª�q�`�o�{�O�}
�ú

�w�Ø
u�S�‘�|�.���›�Ã�›	��˜�`�h�M�t�;�M�h
�ú�–�¬�›�Ö

�—�h
þ�q�`�|�Ž�<�w�Ü�t�S�M�o
�ú�–�¬�w 3 �Í�w�í���Þ�”

�Ý�ï�Ä Mpq �›�{�Š�”�\�q�p�–�¬�w	O	ú�2ª (x̄�| ȳ) �›�‰	Z

�b�”�}�Ü (4) �w p�| q �x�f�•�g�• x �M�²�| y �M�²�w�Í
:�›�Ô

�`�o�M�”�} 
mpq =

∑
x,y

(xp · yq · f(x, y))

x̄ =
m10

m00
�| ȳ =

m01

m00

(4)

�^�’�t�|�Ü (4) �p�{�Š�h�2ª�•�:�w
��S�‹�›�A
É�q�`�o�C

�Q�”�\�q�p 3 �Í�i�w�2ª�q�`�o	��˜�b�”�}�‡�h�|�„æ�–�¬

�w�¤	ú�2ª�‹�‰�7�t�„æ�–�¬�›�Ö�—�h
þ�q�`�o�Ü (4) �›�;

�M�”�\�q�p�„æ�–�¬�w	O	ú�2ª�›�‰	Z�b�”�}�„æ�w�•�”�›

�Ô�b�„æ�–�¬�x
$ 5 �t�S�M�o
�ú�–�¬�º�w�ñ�v�U�ñ�Mæü

�p�K�”�}�s�S�|
$ 5 �¤�w�Ô�x
�ú�–�¬�w�¤	ú�2ª�:�›¯�`

�o�S�“�|�Û�x�„æ�–�¬�w�¤	ú�2ª�:�›¯�`�o�M�” *3�}�Ö�—

�h
þ�‘�“
�ú�–�¬�w�¤	ú�2ª�T�’�ˆ�o�„æ�–�¬�w�¤	ú�2ª

�U�r�\�t�•�”�b�”�T�{�Š�h�™�|�2ª���w�‘�m�›	��˜�b�”�}

�\�w�2ª���w�‘�m�w�‹�›
��.�w���V�S�ù�M�q�b�”�}
$ 5 �w

�ü�¹�U�f�w���V�›�™�¯�`�o�M�”�}
��.�w���V�S�ù�M�›¯�b

�2ª���w�‘�m D �x�Ž�<�w�Ü�p�‰	Z�b�”�}

D =
√

(xc − xg)2 + (yc − yg)2 + (Depthc −Depthg)2 (5)

�Ü (5) �w xc �q yc �x�f�•�g�•
�ú�–�¬�w�¤	ú�2ª (xc�|

yc) �›�| xg �q yg �x�f�•�g�•�„æ�–�¬�w�¤	ú�2ª�w (xg �| yg)

�›�| Depthc �q Depthg �x�f�•�g�•
�ú�–�¬�w�¤	ú�2ª�q�„

æ�–�¬�w�¤	ú�2ª�w
��S�‹ Depthc�| Depthg �›¯�q�`�o�M

�”�}
$ 5 �t
��.�w���V�S�ù�M�›�Ã�w	��˜�«�›�Ô�b�}
$�¤�w

�ü�¹�w�Õ�^�U
��.�w���V�S�ù�M�p�K�”�2ª���w�‘�m D �›

¯�`�o�M�”�} D �w�‹�U�G�V�Z�•�y�G�V�M�„�r�ü�¹�w�Õ�X�s

�“�|
��.�U�G�V�X���M�o�M�”�\�–�›¯�b�}

4.4.2 
��.�w���V�S�ù�M�t�‘�”�¨�Å�S�¨	Z


��.�w���V�S�ù�M�w�¨�Å�S�‰	Z�t�x
²�s�!�=�UC
\�`�h

�Ñ�è�”�Ü�w
��.�w���V�S�ù�M�›�Ã�q�w�)ü�›�;�M�”�}
²�s

�!�=�UC
\�`�h�Ñ�è�”�Ü�w���V�S�ù�M�›�Ã�› Dn−1�|Q��

�0	Å�Ñ�è�”�Ü�w���V�S�ù�M�›�Ã�› Dn �q�b�”�}�\�w�q�V�w

2 �m�w�Ø
u�›�Ã�w�¨�Å�S Sdist �x�Ž�<�w�Ü�p�‰	Z�^�•�” .

Sdist = |Dn −Dn−1| (6)

4.5 
��.�w�²�V

4.5.1 
��.�w�²�V�t�‘�”�›�Ã�¨	Z

�Ÿ
N	Ý�6
*���w	��O�p�x
�ú�–�¬�w�¤	ú�2ª (xc�| yc) �S
*3 
$ 5 �w�h
þ�p	��˜�b�”�2ª�•�”�x�î
H�„�w
G�O (�o�•�x mm) �t

�!�õ�`�o�M�”�}
$ 5 �w
��.�w���V�é�ù�›	��˜�b�”�M�t�–�;�b�”�h

þ�w�ˆ�U�0	Å�p�K�”�\�q�t�«�™�}
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人物：(xc,yc,Depthc)=(455,-255,1202)
頭部：(xg,yg,Depthg)=(478,-284,1202)

距離： D = 36
フレーム:320

●：人物領域の中心座標

▲：頭部領域の中心座標

人物：(xc,yc,Depthc)=(478,-268,1236)
頭部：(xg,yg,Depthg)=(524,-299,1202)

距離： D = 65
フレーム:440


$ 5 
�ú�–�¬�S�‘�|�„æ�–�¬�w�¤	ú�2ª�q


��.�w���V�S�ù�M�›�Ã�w�«�}

�‘�|�„æ�–�¬�w�¤	ú�2ª (xg �| yg) �›�;�M�o�¯�S�›�‰	Z�b

�”�\�q�p
��.�w�²�V�x�‰	Z�`�o�M�h�}�Š�æ���p�x�|
��.�w

�²�V�w�‰	Z�t�„æ�–�¬�t�S�Z�”�*���U	Z	��O�›�b�;�`�o�M

�”�}�*���U	Z�t�x�7	–�Ç	Ð
*���›�;�M�o�S�“�|�7�‘�w�*��

�t�|�*���w�¤	ú�2ª�›�‰	Z�b�”�\�q�U�p�V�”�}�^�’�t�|
$

6 �t�S�M�o�*���w�¤	ú�2ª (x1�| y2) �S�‘�|�*���w�y�% a �t

�S�Z�”�sü�:�2ª (x2�| y2) �›�;�M�o
��.�w�²�V�q�s�”�¯�S

�›�‰	Z�b�”�}
��.�w�²�V θ �x�Ž�<�w�Ü�p�‰	Z�b�”�}

θ=− arctan((y2−y1), (x2−x1)) ∗ (180/π) (7)

�s�S�|�2ª�•�”�x
$ 6 �w�h
þ�t�S�M�o�|�f�w�(	Í�› (0,0)

�q�`�h
ˆ�0�2ª�p�K�”�}
$ 6 �x
��.�w�²�V�w	��˜�«�›¯�`

�o�M�”�}

●：楕円の中心座標

▲：短辺の中心座標

楕円：(x1,y1)=(103,123)

短辺：(x2,y2)=(156,99)

角度： θ = 25°aaaa

b

θθθθ


$ 6 
��.�w�²�V�›�Ã�w�«�}

4.5.2 
��.�w�²�V�t�‘�”�¨�Å�S�¨	Z


��.�w�²�V�w�¨�Å�S�‰	Z�t�x
²�s�!�=�UC
\�`�h�Ñ�è�”

�Ü�w
��.�w�²�V�›�Ã�q�w�)ü�›�;�M�”�}
²�s�!�=�UC
\�`

�h�Ñ�è�”�Ü�w
��.�w�²�V�›�Ã�› θn−1�|Q���0	Å�Ñ�è�”�Ü�w


��.�w�²�V�›�Ã�› θn �q�b�”�}�\�w�q�V�w 2 �m�w�Ø
u�›�Ã

�w�¨�Å�S Sangle �x�Ž�<�w�Ü�p�‰	Z�^�•�” .

Sangle = |θn − θn−1| (8)

4.6 �!�=
*���t�S�Z�”�¢�‹
ƒ��

4.2.2 
…�‘�“�˜�’�•�h
��S�Î�µ�Ä�¬�å�Ü�›�Ã�t�‘�”�¨�Å�S

Shist�| 4.3.2 
…�‘�“�˜�’�•�h
�ú�w�Ø
u�›�Ã�t�‘�”�¨�Å�S

Sarea�| 4.4.2 
…�‘�“�˜�’�•�h
��.�w���V�S�ù�M�›�Ã�t�‘�”

�¨�Å�S Sdist�| 4.5.2 
…�‘�“�˜�’�•�h
��.�w�²�V�›�Ã�t�‘�”

�¨�Å�S Sangle �w 4 �m�w�¨�Å�S�t�0�`�o�f�•�g�•�¢�‹�›
ƒ��

�`�h�}�Ä
²�t�æ�l�h�'‹�î�g�w�A�L�|�¤�¨�Å�S�U Sarea �¾

200pix �T�m Sdist �¾ 5mm �›�¬�h�`�h	Í�p�| Shist �½ 0.985

�‡�h�x Sangle �¾ 10�Ã�t�s�l�h	Ý�6�U�!�=
*���t�7�&�p�K

�”�qQ�Ì�`�h�h�Š�|�Š�æ���t�S�M�o�‹�‰�7�t
ƒ���`�o�M�”�}

4.7 °�A�î�g

4.7.1 °�A�,	j

���Š	��O�p	��˜�`�h�Ã�”�»�q�ž�Ê�Â�”�Ä�Ã�”�»�q�wz�±

�›�æ�O�t�K�h�“�|�Š�æ���p�x ±1 µ���›�¡�)�wc�“�º�q�`�|

�ž�Ê�Â�”�Ä�Ã�”�»�t�G�L�^�•�h�¤�Ñ�è�”�Ü�w
²�™ 20 �Ñ�è�”

�Ü�›
Y�r�Ñ�è�”�Ü�q�`�o�M�”�}�\�•�x 1 �Ñ�è�”�Ü�U�ÿ 0.05

µ�q�M�O
����U�!�=�›�
�Q�”�t�x‡	×�t�y�M�Ì���p�K�“�|

�‰�°�Ñ�è�”�Ü�›	��˜�b�”�w�x‡	×�t���É�s�h�Š�p�K�”�}�‡

�h�|�Š�Z�€�p�x�!�=
*���w
^�S�‘�“�0�éü
s�t	O�:�›�”�M

�o�M�”�}�f�w�h�Š�| 1 µ�q�M�O�Ì���x
����U�¢�¹�q�ò�a�”

�Ì���wc�“�º�p�K�“�|�f�w�à���w�!�=�x
����t�q�l�o�x�>

�t�s�’�s�M�¡�)�p�K�”�q�ß�Q�h�}�s�S�|�\�w	Ú�E�p 3 �Êü

�w�ž�Ê�Â�”�Ä�Ã�”�»�w�°�•�p�›�‰	Z�`�h�A�L�|�„æ�t�|�Ÿ


N�!�=�t�S�Z�”�°�•�p�x 86.5 �Ë�q�s�l�h�}�Ž	Í�›�•�‡�Q�|

�Š�æ���p�x�Ž�<�w 3 �ò�è�›°�A�b�”�\�q�p���Š	��O�w���®


Q�›�U	Â�`�h�}

1. �Ã�”�»�A�ÿ�p

2. �¨	Z
R��p

3. 
Y�t�p

°�A�º�0�w�“�t�›
$ 7�|�¤°�A�ò�è���w����
Q�›
$ 8 �t�Ô
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Group1 27900 1827 1512 390 369 93.5 �Ë 82.8 �Ë 94.6 �Ë

Group2 27735 2613 2255 506 482 90.6 �Ë 86.3 �Ë 95.3 �Ë

Group3 28545 1737 817 231 231 93.9 �Ë 47.0 �Ë 97.9 �Ë

Group4 29154 3238 2850 537 537 88.9 �Ë 88.0 �Ë 92.6 �Ë

Group5 30600 3536 1991 412 412 88.4 �Ë 56.3 �Ë 100.0 �Ë

Group6 21945 1974 1869 342 342 91.0 �Ë 94.7 �Ë 96.6 �Ë

Group7 27687 1249 1109 307 307 95.5 �Ë 88.8 �Ë 83.0 �Ë

Group8 32731 2532 1890 457 457 92.3 �Ë 74.6 �Ë 96.4 �Ë

�ù�- 226297 18706 14293 3322 3137 91.7 �Ë 76.4 �Ë 94.4 �Ë

RGB画像 深度画像
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