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` �sb2Âgf_Â |GhzY±���(Yq�4��WP~�Y>Z�y�S-�?` ��\2W�d]^���^T��U6��^T~��4����YPY]Ue\q��^_d]��W$~�Xq~��/WP¡A~�Yq^Dd?S(d]U6�4�4�P~�Â�x�^ ¢ dP¦Ad]^_\ ¢ ce¦P¶����-W���^T�4U6��^T~����A��W?^T�/WPU#
ji&kglmi&n~�+��~
\]W/Áz^_W�\ dq~����-WA��W?^T�/WPU+Y>Z����(WA��hzY ��Y]^T������WP^T�/W?U6~#
�o k lmo n ��dq^_\*
�ojpk lHojpn ��Âvx6^ ¢ d�¦P¶kd?ª]��~rq�s*t�u�v
Y>Z����(WA��^T�4U6��^T~����$��YPYqUe\]��^_dq�/W�~�Xq~��/WP¡���~
���(W+cP��~6W��P�/YqU�Y>Zk���-Wa��h{YA¡AdHwPYqUad?ª]W?~kY>Z>xzy$d]^_\!x py Â�x���~vYqU6�4WP^T�/dq���4Yq^±��~kdq~�~�S8¡$W�\$��Y$c�Wa���(Wa~6dq¡AW�dq~k���(dq�zY>ZkVBW��?��Y]U�
�ojk|{�o pk lHojn}{�o pn �PÂ
RT��^_��W����(W±¡Admw�YqU�d?ª]��~$Y>Z$dq^%WB`�` � «T~6W���~�^_Y]�vd]` hzdqXq~�\]W/Áz^_W�\ ¢ ��^µ���(W���dq~6W±Y>Z�d��P��Ue�?` W�¦�¶adq^_Yq���(W?Ua«8Yq~�~��4c?` W��6�-Yq����W���~�~>�(Y~hz^%��^ ¢ ce¦
h­�-WPUeWA���(W1q�s*t�u�v*dBªq��~���~+d]` � b]^_W�\�h ���������(WA` ��^_W$c�W?��hzW�WP^�«8Yq��^T��~�
�ojk0lHojn'�+dq^_\*
�o pk l�o pn �PÂ



f�� ð�ð

data set

nosy set

Y

X-1.80

-1.60

-1.40

-1.20

-1.00

-0.80

-0.60

-0.40

-0.20

-0.00

0.20

0.40

0.60

0.80

1.00

1.20

1.40

1.60

-1.50 -1.00 -0.50 0.00 0.50 1.00 1.50n�
Eo
occluded set

Y

X

-1.60

-1.40

-1.20

-1.00

-0.80

-0.60

-0.40

-0.20

-0.00

0.20

0.40

0.60

0.80

1.00

1.20

1.40

1.60

-1.50 -1.00 -0.50 0.00 0.50 1.00 1.50n�8
o
` �sb2Â­¥8Â x6^ ¢ d�¦P¶����-W�YqU6�sbq��^_d]`�\2dq�/d�~6WP��Y>Z����(WabqS(���/dqUa��~�«2W?U6��S8UPc�W�\�hz�����±Uedq^_\2Yq¡ ³ dqS8~�~���d]^#c�S(¡a«T~�dq�­mMn*\]� �vWPU>WP^T��` Y?��dq����Yq^T~�Â�|��-W
~��/dq^_\]dqUe\�\2WPVB��dq���4Yq^�Y�Zv���-Wa^_Yq��~6Wa��~�n�� n]m-ÂA|��(Wa~�� �?W�Y>Zv���(Wa~>�(d�«8W+��~kd�«]«TU>Y?ªq��¡Ad]�4��VBWB` X�rTÂ�x6^ ¢ c>¦�¶ ���(W�Y]U6� b]��^_d]`_\2dq�/d+�-dq~�m~�ù¡���~�~���^8b
\]dq�/d ~���d]U6�4��^8b�d]��Y]^_WAY�Z����(W�mMn�«8Yq~�~���cP` WA~���d]U6�4��^8b+«8Yq��^T��~�Â



ú'ú f�R

True value

Canonical

Scatter matrix

Taubin

angle (deg)

noise realisation
0.00

5.00

10.00

15.00

20.00

25.00

30.00

35.00

40.00

45.00

50.00

55.00

60.00

65.00

70.00

75.00

80.00

85.00

90.00

95.00

100.00

105.00

110.00

0.00 10.00 20.00 30.00 40.00 50.00n�
Eo
True value

Canonical

Scatter Matrix

Taubin

angle (deg)

occlusion location53.00

54.00

55.00

56.00

57.00

58.00

59.00

60.00

61.00

62.00

63.00

64.00

65.00

66.00

67.00

68.00

69.00

70.00

71.00

72.00

73.00

0.00 10.00 20.00 30.00 40.00 50.00n�8
o
` �sb2ÂW�qÂÿx�^ ¢ dP¦�dq^_\ ¢ ce¦P¶����(W�dq^8b2` W�Z6YqU���d]^_Yq^T����d]`vd]` �sbq^T¡$W?^T��dqUeW���Yq¡a«2dqU>W�\�h ������YqS(U�d�«2«TUeYPd2�6�]¶
|_dqSTcP��^�£ ~±\]W/Áz^T�����4Yq^(¶Adq^_\�d
~���¡a«_` W��/W����8^T��d?S(W�c�dq~6W�\ Y]^
���(W�~6��dq���/WPU�¡Adq��U6�sª�Y>Z+���(W$\]dq�/dq~6W?�/Â�x6^�W�d]���*��dq~6W6¶����(W$��YqU6UeW��P��d]^8b]` WA��~X�~� \]W�bqUeW�W?~�Âkx�^ ¢ d�¦P¶ n�� n]m�~��/\2Â
\]W?VMÂ±^_Yq��~�W±��~Ad]\]\]W�\��/Y����(W±��dqU�dq^_\*��^ ¢ c>¦�¶�m~�¼Y>ZA¡A��~�~���^8b�\]dq�/d���~Ad�«]«_` ��W�\
d]�vW�d]����Y>ZA¥,�*\q� �vWPUeW?^T�k~��/dqU6����^8b�«2Yq��^T�4~�d]` Yq^8b����-W
�8�)�M��^8b±c�YPY]�/Â
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` �sb2Â0�qÂ Qa^±W�ª2dq¡a«_` W�Y�Z�d���Y]¡�«_` W?��W�~6W?��Y�Z{y�S(�B` ��\]W�dq^ ��^TVMdqU6��dq^T��~�Z�YqUkd�d?S(d]U6�4�4�!h ������d+��YPYqUe\]��^_dq�/W�~�Xq~��/WP¡;\]W/Áz^_W�\Adq~���^ ` � b8Â,f ¢ c>¦qÂ
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2

4

Y

-1 0 1 2
X

` �sb2Âz®2Â |��(W:dPS-dqU6�����$Y>Z ` � b8Âbc±��^�����~�y�S-�?` ��\2W�d]^���^T��U6��^T~��4����Y?YqUe\q��^_dq�/W$~�Xq~��/W?¡+¶�dq^_\±����~����8U>W�W$��YqVMdqU6��d]^T����Y]^T���?~6Â



ú'ú f�f

mean c1

std dev c1

Y

-3X x 10-0.50

0.00

0.50

1.00

1.50

2.00

2.50

3.00

3.50

4.00

4.50

5.00

5.50

6.00

6.50

7.00

7.50

0.00 50.00 100.00 150.00

` �sb2Âv¤2Â ¬�dqU6�4dq����Yq^T~�Y>Z����(W�¡AW�dq^�Y>ZF� � i%����dq^_\
���4~�~��/dq^_\]d]Ue\#\2WPVB��dq���4Yq^ ¢ h ������c���UeW�d]` ���?dq����Yq^T~/¦�Z�YqU±dq^���^_�?UeW�dq~���^8b#dq¡$YqS8^T��Y>Z
«2W?U6��S8UPc�dq���4Yq^Dhz�����*¥,� c�S(¡a«T~�Â

��
�÷ ���Æô�õ*
�÷ 8,ö�ö�õ ø*v�1���
T�'v �$
�÷ ����ô õ�
�÷ 8,ö9ö�õ ø�v.1���
T�'v
®@n1÷�
�ó
o �µÏ �.!7f �ÆÏ ���.d �µÏ �)R,d �ÆÏ ���.! �ÆÏ e�e.! �ÆÏÛ!�R�S �ÆÏ ��!�� �ÆÏ �����
Ø Á �µÏ �)R�� �ÆÏ ��RTd �µÏ ��f�S �ÆÏÛ!�R,S �ÆÏ ��f�S �ÆÏ ��S.b �ÆÏ �.b�R �ÆÏÛd�b��
Ø Ã �µÏ �.d�b �ÆÏ ��f�S �µÏ �.!7e �ÆÏ�R�f.d �ÆÏ f�!�d �ÆÏÛ!�d7� �ÆÏ �7c�b �ÆÏ f7c��

|_d2c?` W#a]Â |��(W�` W/Z��{«2dqU6�+\]��~/«_` dqXq~$���-W±~��/dq^_\]dqU>\�\]W?V?�4dq����Yq^�Y�ZA���(W W?U6UeYqU6~�Yq^%���(W�y�S-�B` �4\]W�dq^���^T��U6��^T~��4�±��YPY]Ue\q��^_d]��W�~�Xq~��/WP¡=S8^_\]W?U
n�� n]m±~���\8Âv\2WPVqÂv^_Yq��~6W�Y]^����(W��PS(U6VBW�dq�­mMnA«8Yq��^T��~>¶TZ6Y]U!c��AUeW�d]` ���?dq����Yq^T~�Â�|��-W+U6� bM�8��«2dqU6��\q��~/«_` dqXq~a���(W�~��/dq^_\]dqU>\±\]W?V?�4dq����Yq^*S(^_\]W?U�m~�
Y>Z+¡���~�~���^8b \]dq�/d�Z�YqU�mMn�\q� �vWPUeW?^T��~���d]U6�4��^8b�«2Yq��^T�4~�Â



f7c ð�ð

car

boot

guitar

skyhawk

sqrt(c’2/c’1) x 10-3

-3sqrt(c2/c1) x 10

-150.00

-100.00

-50.00

-0.00

50.00

100.00

150.00

200.00

250.00

300.00

350.00

400.00

450.00

500.00

100.00 200.00 300.00 400.00 500.00n�
Eo
car

boot

guitar

skyhawk

sqrt(c’2/c’1) x 10-3

-3sqrt(c2/c1) x 10

-200.00

-150.00

-100.00

-50.00

-0.00

50.00

100.00

150.00

200.00

250.00

300.00

350.00

400.00

450.00

500.00

550.00

600.00

0.00 100.00 200.00 300.00 400.00 500.00 600.00 700.00n�8
o
` �sb2ÂGa,�]Â��+��~���U6��c�S(����Yq^T~aY>Z���^TVBdqU6�4dq^T��~T
&� ��� Õ� ÿ � l=� � � ë Õ� ë ÿ � ��S(^_\]W?U�n�� n]m�~��/\2Âa\]W?VqÂk^_Y]��~6W ¢ d�¦Adq^_\�m~� Y>Z�¡A��~�~���^8b�\]dq�/d�dq�©mMn�\q� �vW?UeWP^T�
~��/dqU6����^8b�«2Yq��^T��~�Yq^����(W$�?S8U6VMW ¢ c>¦qÂ�|��-W�Z�YqS(U�\]dq�/dA«2Yq��^T��~6WP��~�S(~6W�\�dqUeW$~>�(Yzh ^���^ ` �sb2Â>a]Âaº�Yq���4��W����(dq�����(W�Z�YqS8UA�?` S(~��/W?U6~+dqUeW�h{W?`�`
~6W>«8dqUedq�/W�\���^����8��~�«_` d]^_WAY�Z���^TVBdqU6�4dq^T��~�Â
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` � b8Âbaza2Â |��8��~���~ad]^�W�ª2dq¡a«_` W�Y>Z�d ��Y]¡�«_` W?��W$~6W?��Y>Z+d��%^_W���^TVMdqU6��d]^T�4~zZ�YqUXd?S(d]U6�4�4�P~�Â

-1

0

1

2

3

Y

-6 -4 -2 0 2 4 6

X

` �sb2Â�a.c8Â |��(WWd?S-dqU6������Y>Z ` �sb2ÂgcA��^����4~vdm�%^_Wa��^T��U6��^T~����a��YPYqU>\q��^_dq�/W�~�Xq~��/W?¡;d]^_\����(Wa���8U>W�W�d]~�~6Y?�P�4dq�/W�\���Yq^T�4�P~>¶bh©�(WPU>W�x py ��~kdA�P��Ue�B` WMÂ
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o
` �sb2Â3a~e2ÂT�+W���Yq¡a«2Yq~����4�4Yq^���^T�/Y$���(UeW�W���Yq^T�4�P~�Y>Z����-W<d?S(d]U6�4�4�{Áz���/W�\�Yq^����(Wa�(���q��^8b c>Y?Yq����^����(W�YqU6� b]��^_d]`���YPY]Ue\q��^_d]��WA~�Xq~��/WP¡ ¢ d�¦$dq^_\
����~�dm��^_WA��^T��U6��^T~����A��YPYqU>\q��^_dq�/W$~�Xq~��/WP¡ ¢ ce¦qÂ



ú'ú f.b

data set

noisy+affine tr.

Y

X

-1.80

-1.60

-1.40

-1.20

-1.00

-0.80

-0.60

-0.40

-0.20

-0.00

0.20

0.40

0.60

0.80

1.00

1.20

1.40

1.60

-1.00 0.00 1.00 2.00n�
Eo
data set

chhikingboot.data

Y

X

-1.80

-1.60

-1.40

-1.20

-1.00

-0.80

-0.60

-0.40

-0.20

-0.00

0.20

0.40

0.60

0.80

1.00

1.20

1.40

1.60

-1.00 0.00 1.00 2.00n�8
o
` �sb2Âra�f_Â x6^ ¢ dP¦�d]UeW�~>�(Y~hz^����(W�YqU6�sbq��^_d]`{\]dq�/d�~6WP��Y>ZA���(W��8���q��^8b�c�Y?Yq��dq^_\�����~�«2W?U6�4S(UPc�dq����Yq^Shz�����#Ued]^_\]Yq¡ ³ dqS8~�~���d]^�c�S(¡a«T~�Y>Z
~�� �?Wan�� n]m ¢ ~e�-d�«2W�Y�Za~�� �?W�e�¦qÂ�x�^ ¢ c>¦$dqUeW$~>�(Y~hz^
���(W$YqU6� b]��^_d]`�\]d]��d dq^_\ ����~�«2W?U6�4S(UPc�dq����Yq^[h �����±m~�=Y>Z�¡A��~�~���^8b \]d]��d8Â�x�^�W�d]���*��dq~6W�¶
dq^�d��%^_WA��Uedq^T~�Z6Y]U6¡Adq���4Yq^���~+d�«]«_` ��W�\�Yq^
���(Wa«2W?U6��S8UPc�W�\�~>�(d�«8WBÂ



f�S ð�ð

��
�÷ ����ô õ�
�÷ 8,ö9ö�õ ø*v.1E�)
T�'v ��
�÷ �.��ô õ�
�÷ 8µö�ö�õ ø*v�1���
T�'v
Ø�¢ R�R�Ï �.ó R�Ïwb�ó cµÏ e.ó RTd�RTó f�fÆÏwb�ó c.�ÆÏ �.ó eÆÏ f.ó ��R�R�ÏÛ!�ó
û ÿû Õ R,�ÆÏ S.ó cµÏ S.ó cµÏ cEó c,Ï fEó f�fÆÏ cEó R,eÆÏ�RTó R��µÏ fEó R��µÏ !.ó
û ë Õû Õ RT!�Ïwb�ó d�ÏÛd�ó R�f��.ó cEd�Ï �.ó !�S�f.ó R,�ÆÏ S.ó !7S�e.ó !�!�f�!.ó
û ë ÿû ë Õ dÆÏ+R�ó b�Ï f.ó R,!ÆÏ fEó !��ÆÏ f.ó R,�ÆÏ cEó RT!�Ï �.ó R�SµÏ fEó e�!ÆÏ SEó
û ë ëÕû Õ R�b�Ï f.ó d�Ï cEó �ÆÏ S.ó e.!�ÏÛ!�ó b�c)RTó d��.b�ó !7�µÏ c�ó R$c.�7c.S.ó
û ë ëÿû ë ëÕ R,fÆÏwb�ó eÆÏ �.ó R��µÏ fEó !�eÆÏ S.ó d��ÆÏ S.ó R,SÆÏ �.ó R$c,Ï SEó !�d��.ó
õ !ÆÏ d.ó �ÆÏ S.ó !�Ï S.ó �µÏ SEó dÆÏ c�ó R�Ï fEó fÆÏwb�ó R�ÏÛd�ó
õ ¿ !ÆÏ d.ó �ÆÏ S.ó !�Ï S.ó �µÏ SEó dÆÏ c�ó R�Ï fEó fÆÏwb�ó R�ÏÛd�ó
õ ¿ ¿ fµÏ �Eó R��ÆÏ cEó b�Ï�RTó �µÏ �Eó !�eÆÏ �.ó e.d�Ï cEó R��µÏ SEó fÆÏÛd�ó
Ø ¢�¤ eµÏ �Eó SÆÏ cEó !�ÏÛd�ó RTd�Ï e.ó !�R�Ï�RTó e�cµÏ cEó cµÏ �.ó f�fµÏ �Eó
Ø RTd�Ï S.ó �ÆÏwb�ó c��Eb�ó b�!�Ï cEó e���RTó R,��R�ó d�d�f.ó e�!�fÆÏÛ!�ó

|_d2c?` WWc8Â¼��W?Ue��WP^T�/d?b2W�Y�Z�UeWB` dq����VBW�WPU6UeY]U6~�Yq^*��^TVBdqU6�4dq^T��~�W?~�����¡$dq����Yq^T~�S8^_\2WPUkn�� n]m±~��/\2Â�\]WPVqÂv^_Yq��~6W ¢ ` W/Z��s¦�d]^_\�m~�ù¡A��~�~���^8b�\]dq�/d�Yq^
���(WA�PS(U6VBW$dq� mMn�\]� �vWPU>WP^T��~��/dqU6����^8b�«2Yq��^T��~ ¢ U6�sbB�(� ¦qÂ



ú'ú f��

�$
�÷ ���Æô�õ*
�÷ 8,ö�ö�õ ø�v.1���
T�'v ��
�÷ �.��ô õ�
�÷ 8µö�ö�õ ø*v�1���
T�'v
� f��µÏ eEó eÆÏÛ!�ó dÆÏ !.ó e�S�fµÏ SEó d�S�e��.ó RT!�ÏÛ!�ó b�ÏÛ!�ó !7���.ó
Ó f�dÆÏ d.ó b�ÏÛ!�ó eµÏ c�ó cEb��µÏ SEó !���d.ó R,fÆÏ�RTó �ÆÏ f.ó c����.ó
Ø c.dÆÏ d.ó cµÏÛ!�ó dÆÏ+R�ó R���SµÏ d.ó R,S.b�ó dÆÏ SEó eÆÏ�RTó d�b�Ï c�ó
� c�c,Ï c�ó d�Ïwb�ó S��ÆÏ �.ó b��ÆÏÛd�ó !��7c�ó SµÏÛb�ó b��µÏ �Eó d7�µÏ c�ó
Ø Á RTb�Ï �Eó cµÏ S.ó fµÏ c�ó R�SÆÏ �.ó f�eÆÏ �.ó b�Ï+R�ó eÆÏ�RTó R�eµÏÛb�ó
Ø Ã �ÆÏ �.ó !�ÏÛd�ó R�Ï SEó !�cµÏ�RTó fµÏ eEó dÆÏ SEó fÆÏ�RTó !�R�ÏÛb�ó

|_d2c?` WXe2Â¼��W?Ue��W?^T��dBb]WAY>ZaW?U6UeYqU6~a��^����(W�WP~�����¡$dq�/W�\�dm��^_W���YPY]Ue\q��^_d]��W$~�Xq~��/WP¡ S8^_\2WPUkn�� n]m Y>Z�^_Yq��~6W ¢ ` W/Z��s¦�d]^_\�m~�=Y>Z�¡A��~�~���^8b±\]dq�/d
¢ U6� bM�8�s¦qÂ

�$
�÷ �.��ô�õ*
�÷ 8µö�ö�õ ø�v.1���
T�'v �$
�÷ ���Æô�õ*
�÷ 8,ö�ö�õ ø�v.1���
T�'v
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