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Abstract This paper proposes a novel method of estimating 3-D hand posture from images observed in complex

backgrounds. Conventional methods often cause mistakes by mis-matches of local image features. Our methods

compute possibility of the mistakes between each model appearance and the other model appearances. Appropriate

model is selected from the mistake possibility and matching results between input image and model appearance,

even if image feature mis-matches occur. Finally, by using edges and skin region as image feature, experimental

results show effectiveness of the method.
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Fig. 1 Mistake of conventional method
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(a) Wireframe model
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(b) Model after shadingð
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Fig. 3 Hand model
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Fig. 4 CG of typical hand model
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Fig. 5 Edge image of hand model

Æ � Î�®�¯s¶��%Á�´�¯	��å���©�¨sª� ��� �����©%´�æ���¦�¨�ª
 ���¶�Q��

θ
¶ n [&'	(Ug � ¶�e�f ¶�'	(���Fdb#¨�Î�{ Ú�¦&ef ¸�� =%Ù;'�º�bLqeª�Æ�Ø%Ù�´�¯��%å���© ¨�ª� "!$#%�'& 6�ª

!U� Ù
9[◦]
ÑGÒ

15[◦]
¶�(�¦

ζ
¶*) ¸�+ î�Ä�Æ�Î

,
1 -�.�ó�/10�243 ó�5�6�7*8

Table 1 Quantization width from search center

∆θc
bend

[◦] −ζ 0 ζ

∆θc
open [◦] -6 0 6

∆θc
o,m [◦] - 0 -

∆θc
r,x [◦] -30 0 30

∆θc
r,y [◦] -15 0 15

∆θc
r,z [◦] -6 0 6

∆tcx 9 ∆tcy [mm] -8 0 8

∆tcz [mm] -40 0 40

3. :<;>=@?BADCFEHGJI � ���LK>MBN@OQPSRDTVUW@X ��� �LY[Z
\�] Ï�Ð>¸�Ó ¼/Ô_^�`0 �a�b�c4ds¶�^�`%¦ x4e Ä�´H{ ) ¸

I × ª�Î;h�f�m î�g�¦�³�´&r�s�°
±�²
Θj

Ù�é × ª \"] Ï�Ð
I¶�f%í

P (I|Θj)
¸ h4#�( × ª�r�s�°�±�²

Θ̂ = arg max
Θj

P (I|Θj) (2)

¸ j�k�× ª
Î�f�í�¶�°�±%²s³�´ \�] Ï�Ð  �r�s °�±�² Ñ�Ò�h�Ï
b )Gªye	f Ï�Ð ^�`�¶$i4j�Ù�k�lQ�1î�ï8b�)�ª
Î�m%ì�¦�³ 1�n
m�¤�¥%¦�o%§ÅÄ�Æ Ï�Ð ^4`�¶�p�q%í ¸ � × Î�¬�Ù�m%®4g�ÙU!�ª
r4s�t�u>¸*vxw Ä�Æ�ÍC 1´�yQz�{�m�î�¶�|4}�Ù�k�l�¨�©�~��54
6�°�±�² j�k k4� ¸��>Ö
× ª
Î

3. 1 �����4���$�����m�®�g%¦ ³�´�®�¯�c�ds¶ Û ² Ó ¼��; Ó ¼1Ô_^�` Ù�k�l�¨�©
\�] Ï�Ð  �r�s�°
±%²�¶�e	f ¶*p4q%í ¸$��� × ª�Î
Û ² Ó ¼"�9Ù��V��Ä�Æ�p4q í

fskin(A
(s)
~θ

; I(s))
³�´ \"] Ï�Ð

¶�a�b4c�d
I(s)

¶ ���#´Er�ss°�± ²
~θ
ÑÞÒ

CG
¦ t ÃeÄ�Æ Û

² Ó ¼��
A

(s)
~θ

Ù��"6 Ò 6�¨�>���¶ ·�� ¦ ��� × ª�Î
1 Æ Ó ¼RÔ�^�`�Ù��V��Ä�Æ_p4q�í ¸*�4��× ª�Æ�Ø�´

chamfer

matching [1] [12] [16]
¸ ã�ä½Ä�´��4�HQ5R;���s¨ Ó ¼1Ôx����¦

chamfer matching [14] [18]
Ù"! / © Ó ¼EÔ�^�`�¶
é���l�
 ¸ �� Î 1 Æ�ê Ó ¼RÔ���¶��4��� ¸�Ó ¼1Ô���í�¦ �4� Ä
©%´��4���

¶���¨ Ó ¼1Ô�¶� �¡4¢ ¸ �F& × ª�Î�m4£�¤�¦ ³�´ Ó ¼/Ô�¶���í
 ����"QdR ¸�¥�¦ Ä�Æ�p�q�í

fdist

 �Ä�©�z<§ ¶�¨ ¸ §Å¨�Æ%Î
r	s °�±�²

~θ
Ñ�Ò t Ã½Ä�Æ Ó ¼/Ô

A
(e)
~θ

¶
j © �/¶ Ó ¼1Ô�� ¸

~x~θ,j

 �Ä#´ \�] ¶
k © �1¶ Ó ¼1Ô_� ¸ ~xI(e),k

 �Ä
©
fdist(A

(e)
~θ

; I(e))

=
∑

j

w~θ,j
min

k
(||~x~θ,j

− ~xI(e),k|| + fI(e),k + g(j, k)). (3)

Ú�Ú/¦%´
min(.)

¶�B�¶*ªH=�«
||~x~θ,j − ~xI(e),k||

³
2
¬�­�¶_¬ Ë

­%® ¼�¯�°9² Ì ¦�Í�ª#Î
w~θ,j

³�°#±�²�¶
j © �E¶ Ó ¼RÔ���¶��í�Ù�k4l ¨�Æ� 4¡�¢�¦�´%°�±�²Å¶ Ó ¼/Ô_��¶ Ó ¼1Ô���í ¸

d~θ,j × ª" 

w~θ,j
=

d~θ,j
∑

l
d~θ,l

(4)

¦ Í�ª#Î�ª�±�«
fI(e) ,k

³���í&��² ¨ \�] ¶ Ó ¼9Ô�Ù�é × ª�³4´
²�µ>Ý¶«�¦ Í � ´ \�] Ó ¼1Ô%¶_��í dI(e) ,k

¸ §�¨�©�¬�¨%¦�î�ï
OS-A10-02 MIRU2007 415



× ª�Î
fI(e) ,k = −wddI(e),k. (5)

ÆH�>Ä%´
wd

³4��� ¸Ex�e�× î�,s¦���� 4�Ù��>ØGª�Î_ª�«<«
g(j, k)

³�°
±%²s¶ Ó ¼EÔ� \4] ¶ Ó ¼EÔ� 1¶�é�� ¸����%× ª�Æ
Ø�¶�����QUR�¶_p�qÅ¶�í Á�¨�¦�Ísª
Î

j © �1¶�°
± ²Å¶_����QR ¸
φ~θ,j

´
k © �1¶ \�] ¶*�4��QCR ¸ φI(e),k

 �Ä�´
g(j, k) = wφ||φ~θ,j − φI(e),k||. (6)

Æ�� Ä#´
wφ

³*��� ¸ x�e�× î&,�¦ Í�ª�Î�Ú
¶�ã
äÅÄ�Æ
chamfer

matching
³	��
�'�� ¸ § ¨�©���
�Ù�*�� × ª%Ú� O�%¦Q��ª�Î

3. 2 �������
1.
ì%¦��4��Æ���m�î�¶;: ¸ § ¨�©�´�m�®�g�Ù���
�ªR®�¯%º�Z

¶ r4s�t�uÅ¸*v�w�× ª�Î
�

1(a),(c)
Ù�p8g × ª�°�± ² ¸ {;)���)

Θa,Θc

 × ª�Î
Θ¸

CG
Ê ß�� ® ß à Ä
© t Ã�Ä�Æ u�� 4�6 Ï�Ð ¶;e�f ¸

AΘ

 
× ª�Î Ï�Ð B�¶#®�¯s¶
º�Z��

Θc

¶�� Á�Ù
AΘc

� Ö! �× ª#"�¢
¸�¥ f�ª#Î�°
±%²  Oe	fE����=�®�¯�º	Z	6�¶�¦%´

AΘc

Ù�é × ª
Θc

¶�f�í
p(AΘc |Θc)

³%$4��#%��6�) ¸  �ª�Î
G�& Ù�'

AΘa

� Ö(  × ª#"4¢ ¸�¥ f�ª%)"�
2
Ù;� × !5�9Ù�'

º�Z��4j"6sª�Ùd� Ñ%Ñ4e�Ò�n #�>����
Θc

¶ Ï�Ð Ù	* 1 )eª�¶
¦�'	{�¶�f�í

p(AΘa |Θc)
��#D�J& 6 / ©ÅÄ 1 � Î{�¶%Æ�Ø�´_m�+

Θc

��,�-0 �6sª��Q�/.10%¶ \�] Ï�Ð
I
��2

Ò )>Æ  ��
´
I
Ù�°�±�²½¶&e"f ¸ g�©�³�Ø�ª$��ÁsÙ8�
´

AΘa

´
AΘc

�  &��Ù
I
Ù�é>Ä
©�3%Á × ª�Ú" ��4 � b )�ª
ÎÅÚ�¶�5�´

6 Ð 5�¶"°�z�{�7�º�Z�°#±%²Å¶%8�,�"db#´�°
±%²	'�,s¶ u	v�(
��iH6�!�¶�Æ�Ø%Ù�´�Æ 1 Æ 1

AΘa

¶93�Á�¶ �4� ¶�Q���#Q� Ñ /Æ*��Á�Ù�³�´�� / © Θc

� j�k b�)�ª
Î
Ú�¶C!5� 6	:�+4g�¶�;=< ¸ -�� × ª�Æ�Ø�Ù%´ÅÚ%Ú/¦�´�{ )��

)s¶�°�±�²Å¶;e�f%Ù�é × ª
Θa

¶�f í
p(AΘa |Θa)

´
p(AΘc |Θa)Ù�> � × ª�Î�Ú#¶$��Á�´

p(AΘa |Θa)
³

p(AΘc |Θc)
 ���`%Ù*#J�

& ´
Θa

¶
CG
Ï�Ð B
Ù;e&f

AΘc

³ Ö# Ä�6�¨�Æ�Ø
p(AΘc |Θa)³EF�bJ&O6�ª%ÚH ��4 � b )Gª#Î

Θa

Ù&G ¨�©�³
p(AΘa |Θa)

³_#L�Q&
p(AΘc |Θa)

�	F8bQ&�6
� ´ Θc

Ù�G%¨�©�³
p(AΘa |Θc)

´
p(AΘc |Θc)

��?sÙ�#%�%& 6sª
ÚH ¸�¥�¦ × ª" R´Ee	f

AΘa

 
AΘc

��?�Ù Ï�Ð B�Ù%@�A�b )
Æ�¶&6 Ò ´�{�¶ Ï�Ð ³�°#±%²

Θc

 m�îdb )�´
AΘa

¶�����@�A
b�)�Æ%¶�6 Ò ´"{�¶ Ï�Ð ³�°
±%²

Θa

 m�îdb�)�ª��D�/¦�Í�ª
ÿ �

6 B 3 � ÎÄ�Æ;� / ©�´ Í Ò�ÑDC Ø�E�F���¶�Ísª�eHf AΘk

Ù�é × ª#ê
r&s�°#±�²

Θj

¶$f�í�ëy,
p(AΘk

|Θj)
¸ e � � / ©�����´ Ï�Ð

I
Ù�é × ª�ê�e�f

AΘk

¶�f�í
p(I|AΘk

)
¸ "�¢54
Ù	G�Á ����×

ª%ÚH E¦�´%,>Ä�¨;r�s�°�±�² ¸�j�k × ª%Ú" �%¦Q��ª#Î
k |= j

¶$� Á�¶�f�í
p(A

(e)
Θk

|Θj)
³�´*m�+ °
±%²

Θj

Ù;m�î5b
)eª��Q� Ï�Ð Ù�� / © Θk

¶;e	f ¸ g#© ³�Ø�ÆU ���¶�f%í ÿ z
§9� � 3�Á�f%í0 (H�I � ¦�Í�ª#Î

3. 3 JLKNM�O�P�����Q%RTS�UWVYX9¡�¢%£�Z�[l�ì�¦��<�>Æ r"s"t�u�¸ y%z_{�m�î>¶�|<}D��Ù ! / © ��Ö× ª�Î
I(e)
Ù#é × ª

Θj

¶�f�í ¸
p(I(e)|Θj)

¦ x_e�× Î
A

(e)
Θ1

, A
(e)
Θ2

, . . .

PSfrag replacements

A
(e)
Θa

A
(e)
Θc

Θa ó1���

Θc ó1���

p(A
(e)
Θa

|Θa)p(A
(e)
Θa

|Θc)

p(A
(e)
Θc

|Θa) p(A
(e)
Θc

|Θc)

∼=

<

ð
6 ú�ûõü�����\9ý=]	^N_(`

Fig. 6 Likelihood for edge images
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