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Abstract Based on extensive simulations, the robustness aspect of the two main kinds of

camera self-calibration methods, namely the absolute conic based method and the absolute

quadric based one, is investigated and compared in terms of the conditioning number of

the corresponding coefficient matrix. In addition, the sensitivity of the conditioning number

to the unknown scales in the constraint equations is also investigated. It is shown that the

conditioning number of the absolute conic based method is generally smaller than that of the

absolute quadric based one, and the absolute quadric based method is generally more sensitive

to the possible scaling errors. The above simulation results indicate that the absolute conic

based method is more robust than the absolute quadric based one, a conclusion in direct

contradiction to the previously reported observations in the literature.
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1 X?��\�l2eN\7��K�sf�U��s�1*�+&��℄-��~��\(�ld?2

d�{t,℄�:�E℄I/��\�ld?� 1992 da Faugeras C
Maybank

[1,2] ;IXC�(uH
J+y�{>>t,℄��\(�ld?�-℄,G� 26℄Rv℄�z�I{� (The absolute conic–AC) ℄�X�z�I{T (The absolute

dual quadric) ℄�+P��\℄"Zsp~�N�~��g��\℄_2Cb4}I2��v�z�I{���z�I{T4q6b�l�%Æ��\�l℄��[1∼13]
. RO�Ye�z�I{�CYe�z�I{T℄(�l��2��\(�l��℄8/ E���p�Ye Kruppa �?℄��\(�l��2Ye�z�I{�(�l��℄S#��w℄<
Gv℄Ye Kruppa �?℄��\(�l��,S#Ye�z�I{�℄(�l���K�#℄w�,#��Qz(�l��F
2℄VK�qz[I�ZN�℄<
�
KNbz(�l��3b℄F
2yY�T℄<
�Y�}4Rv “3bF
2 ”2Æ+L-e�ZN��+L-e℄e�l℄f�W�h (�) ℄�6℄F
2�}�F
22��R3b℄�Cm�w��℄I%�Y#X[5]

, Ye�z�I{T℄��I�_eYe�z�I{�℄���W&2u�l℄rT2�T�}%�Y��)C=I%l2℄�4�
Ye�z�I{T℄����=|ymkTzRbf�℄I�2����
2Cl;℄l2�zQ	[���℄℄rC2���2yYF
2℄I&�:�E℄Æ���w9fK8/���C��℄℄rCC��℄ Monte Carlo ���_>O;��%�,z(�l��℄F
2�/��<
�(zYe�z�I{�℄��\(�l��CYe�z�I{T℄(�l���/B-l;�z��wf 2 ~vz8/��4oE℄���f 3 ~2b�z℄_�o�`F22���f 4 �5 ~_>��%�z8/���/�z�f 6 ~2-��
2 :1,"oÆ�
2.1 S� Kruppa H=�
9BHFuYe�z�I{�℄��\(�l����0�bS#2℄�2Ye Kruppa �?℄���Kruppa �?℄��-,q[5]

FCFT = s[e′]×C[e′]T
×

(1)

(1) � s 2u	℄:CU&�F C e
′ 28�f�m℄Y���O`uf��f��℄_h��� [e′]× 2zYe�; e

′ = (e′1, e
′

2, e
′

3)
T ℄	z=���C = KKT 2Tz℄�z�I{T℄� (IAC). RvYe Kruppa �?℄(�l��2ÆKoB�? (1) zu	��

C = KKT ℄>?�IU C = KKT \Z���\_2C�� K &_> Cholesky ��\Z�
2.1.1 S7�mq=z� Kruppa �?�_: 5E�!��?�℄u	:CU& s, K~\Z
�℄a��?

(FCFT)11
([e′]×C[e′]T

×
)11

=
(FCFT)12

([e′]×C[e′]T
×

)12
=

(FCFT)13
([e′]×C[e′]T

×
)13

=

(FCFT)22
([e′]×C[e′]T

×
)22

=
(FCFT)23

([e′]×C[e′]T
×

)23
=

(FCFT)33
([e′]×C[e′]T

×
)33
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℄Ye Kruppa �?℄�l��O} 26℄��a��?RX/℄��2oB,�/�l℄�w�#X�I&Y���0}&OX/4e�� C = KKT ℄ 5 &u	iL℄8&v7�IoB[9]
. UH���5E 3 �f�/&Oz� C.

2.1.2 vz�mylaO���&	�)l n zf�z (k�ui�>?��S=lNyY�a#��\℄_2C�A+�), zQ&OW\
� n & Kruppa �?


























F1CFT
1 = s1[e

′

1]×C[e′

1]
T
×

F2CFT
2 = s2[e

′

2]×C[e′

1]
T
×

...

FnCFT
n = sn[e′

n]×C[e′

n]T
×

(2)

p� C = KKT =





c1 c2 c3

c2 c4 c5

c3 c5 c6



, g x = (c1, c2, c3, c4, c5, c6)
T, aHzQ&Ov0, (2) �RX/℄oB�('>
�sI�?.℄-,

A(sV )x = 0p� sV = [s1, s2, · · · , sn]T #.a n&u	:CU&R1>℄�;�A qzYe n & Kruppa�?℄�C���piL2 sV ℄�C�4e�� A ℄�Z#N-,2q�H��� A 2u	:CU& sV ℄�C�UH�E�l= sV , �� A G�\O�l�~wIU�� A �lJzQ�&Oz��\�/�2�l�
_> SVD ��\Zu	�; x℄��
2.2 S�\DE?f
�iwU
9BHF�z�I{T Ω

∗ 2a Triggs
[3] 0wWÆZ��\(�l℄<
�,℄�%h��z�I{T2�z�I{�℄zh�2aRbg�z�I{��v℄kTR1>℄lN-,℄�I{T�(aI&�q 3 ℄ 4×4 sIz=��#.�g5)m��z�I{T℄�#�?q

Ĩ =

[

I3×3 0

0T 1

]T℄�E2ue Ω
∗ O�:oX℄�,��=|ymkTC�z�I{�℄*��(w�z�I{T Ω

∗ ℄d[�2 C = KKT, b
C = s

′PΩ
∗PT (3)

(3) �:�E�T2v��\_2C℄(�oB"MZz Ω
∗ ℄oB℄fR�P 2�[�tJ℄d[���s′ 2u	:CU&�
:��\℄_2CIl�gYe Kruppa �?℄��ID�_>�?8�zYiL���a (3) &O\Z4e Ω

∗ ℄}&�IoB�a2�v Ω
∗ ℄I& 10 s�; y ,#.�y n �f�a (3) z Ω

∗ ℄oB'>sI�?℄-,q
B(s′

v)y = 0 (4)p� s
′

v = [s′1, s
′

2, · · · , s
′

n] #.a n &:CU&R1>℄�;�B 2�C���piL2 s
′

v℄�C����℄�Z-,q�H�K (4) 	��E�l= s
′

v, �� B G�\O�l�W�� B �lJzQ�&Oz��\�/�2�l�
_> SVD ��\Zu	�; y ℄��K~&Oz\ Ω
∗. Ω

∗ �lJ�a (3) eN\Z C, z C t�/ Cholesky ��\Z K.
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�|`�a��(C`�\(�.�
3.1 <�un[�qXn8Z`℄HF�P_zzYe Kruppa �?℄(�l��~>�;��ze}i�I��2oB�?℄z�Z\uq�RNbGb$℄��[4,5]

, G�2G_> Kruppa �?℄��2oB,�l��\℄��%℄l�+O�pI�Y�6℄z� Kruppa �?�/��\(�lq��2yY℄+�kUue�?�℄:CU&2u	℄�UH��2e Kruppa�?�℄:CU&��Jz��\�/�2�l2I��\UQ℄j��.>a[12] XC℄Ye Kruppa �?℄(�l��N�X=H���u%hY℄�℄&/2�a2�zeYe�z�I{T℄(�l��GMuaD℄yY�UH�-℄,G�Q�p_>�2oBz��\�/�2�l�~�2�l��C��℄℄rC2(L�l��F
2�:�E℄I&Æ���w�2K}I5hC��_>�z8/���C��℄℄rC�Oml;ez}8/��℄F
2�/��C�z�
3.2 e8Z�dhzQvKO�8&3T,z�C��℄℄rC�/�z	

1) W:CU&N	#��z8/���2oB��C��℄rC℄O"��C��℄℄rCpO�GX���p+F
�
2) W:CU&b�6#��z8/��((�C��℄rC℄�Nx+��Np���GXzY��z:CU&℄�6pW!���G�F
26�

3.3 J�k|;�;��q=��8/��℄&�2O`�z℄�:bQS�8/��℄Rb%� 2u�a℄C���/℄�pI��w�uVK����3b℄F
2�G�2G+2af�x�Y�℄+F
�ROu%��v+$Jf�x��H#W_2C)l#��:�g��\℄spb4���%�����\℄_2C �lq
K =





1200 0.2 512

0 1200 384

0 0 1



��\℄sp->�,�G�2 n �f�℄9 �2_>�&P\9 n &7"��n &7"xxC n &kM�;,%Æ℄�u��%���zeYe Kruppa�?℄(�l���;��Y��� F C_h e
′ 2aO�℄0,eN\Z℄[5]

, b F = K−T[T ]×RK−1, e
′ = KT . H#�:CU& s =

1

(det(K))2
.�J��l�C�� A (eN�� A ℄℄rC�a2�zeYe�z�I{T℄(�l���;��%Æ�[�t�p�%��K�[)mZg,)m℄�[�S��}q[11]

: H =

[

K−1 0

a
T d

]

, p� a = [−0.0057, 0.002,−0.2374]T2|ymkTu�[)m℄�?�d = 0.22). H#�s′ = 1. �J��l�C B ��(eN�� B ℄℄rC�
2) 1&�{R���a, d 'Pr�RD�a, d ,b^~�{&A�;O
\��SP~5{R�*Dv&A�1^^J/D��
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4 ��i�`(C�=
1) :CU&|�6℄x+�Y℄��f�z��\�/�2�l�z8/�l���&z�p�Y℄�C��℄℄rC�f 1 2 100 I%��:℄{�f�p�PI%�O��f�qI.�/II�lb�/II%��Kf�&O#C�Ye�z�I{T(�l���C��℄℄rC-2OeYe Kruppa �?��℄℄rC�}GXYe�z�I{T(�l���Ye Kruppa �?℄��,+F
�

h 1 ��h�$90
�
E��^sE_�{
Fig. 1 A comparison of the conditioning numbers of the two approaches with triplets of images

2) :CU&b�6℄x+�aD�II%�Y℄��f�z��\�/�2�l�q=$48/��W:CU&b�6#�C��℄rC℄�Nx+�z:CU&�&j� �qB℄#Hx��x��6K:CU&%h�℄ 10% zjZ:CU&%h�℄ 150%(-<q 10%). uPIx�Fk� 3 100 Iv7%��(eNuPIx�Fk�8/��℄�C��℄℄rC℄ �C �6�Rb%�℄�:tY��a�aej�R���wv+II�Y�b,�℄w|&2rw� [13]. f 2 2p�II%��:℄{�f�p��f
2(a) 2 �℄{�f�f 2(b) 2�Y℄�6℄{�f�%��:#X	W:CU&b�6

(a) !� ( mean) (b) �7 (variance)h 2 ��h��X;EV'd�8$
E��^sE�Q_"
E
8�{
Fig. 2 A comparison of the conditioning number′s mean and variance of the two approaches with

triplets of images
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Ye Kruppa �?℄��F
�
5 J��~�i�`(C�=

1) :CU&|�6℄x+�g��f��a��&℄I��}�f�z��\�/�2�l�z8/�l���&z�pzY℄�C��℄℄rC�O;%�#X	|K20℄I�R2}�f��Ye�z�I{T(�l��℄�C��℄℄rC-2OeYe
Kruppa �?��℄℄rC�}GXYe�z�I{T(�l��+
Ye Kruppa �?℄��F
�aej�R��}4 (`OJ) �+t�Y�Z%��:=�!,�℄w|&2rw� [13].

2) :CU&b�6℄x+��:g��f�℄x+/K�W:CU&b�6#�Ye�z�I{T(�l���C��℄rC℄�N�Ye Kruppa �?��℄�NE���
3) f�C\zjz℄rC℄[��q=$4�l�f�C\zjz8/���C��℄rC9 ℄[��zQ�z=*℄���I��}�CE�f��l#8/(�l���C��℄rC℄�Nx+��:#X	z8/��~>�0℄E�f��l#�C��℄rCt0"�~0℄��#0O�G�2G��C��℄℄rCP$f�C℄zj~p"�W&2K��f�zjZI�#℄rCp"℄�xGO�}GXu�l�&O_>0℄}�f�,X#�l��℄F
2�VWf�COeIlC\#�_>zjf�C;,X#��℄F
2℄$:�+X
=�6	�1) zeYe Kruppa �?℄(�l��~>���\kMsp℄O"z℄rCNb[��zeYe�z�I{T℄��~>�ygkM�;℄O"b4�
2) +K2zYe Kruppa �?℄(�l��~>�R2zeYe�z�I{T℄(�l��~>�℄rCtg7"x℄O"b4�
3) w��℄<
 [5] N#Xz�C���/8INJ�V*��℄℄rCw
�UH��w�Rb℄%��:t2z�C��8INJ℄�:�Cm��w��C��℄8IN2Æz���℄PI/�/8IN�
4) W:CU&b�6#�zQY℄8/�� z��\�/=�2�l�b_> SVD��,z���\℄_2C���zQ�Æz}8/��~>�W:CU&�6�z"#��
�W):CU&j� �qB��6q:CU&�%�℄ 2% �4% ℄#Hx�#�Rz\℄_2C℄�tg�%�R2�z}
℄�V2�W:CU&�6�zO#��
�W):CU&j� �qB��6q:CU&�%�℄ 10% ℄#Hx�#�Rz\℄_2C℄�tg�%��6zO�}G�2G�
:2e℄:CU&℄�6+O�H#&O�z��\�/�2�l�(v�2�l℄�:4qB+�t�I-�/��2_NK~\Z,A℄�l�:�

6 �M_>O;℄��%�z��\(�l℄8/ E��K�C��℄rCC��/=l;�z�(wz(�l��℄F
2�/=I%���%��:#X�Ye Kruppa �?℄��\(�l��℄�C��℄℄rC"eYe�z�I{T��℄�C��℄℄rC�(wW:CU&b�6#�Ye�z�I{T��℄�C��℄rC℄�N�Ye
Kruppa �?��℄��℄rC℄�N,���}GXYe�z�I{T℄(�l��3



3 o T�
b
[f^sE_��^+!n
�_GÆ3�� 343b℄F
2E6�(wz:CU&℄�6G�zW!�YeH�zQ℄�K2	zYe�z�I{�CYe�z�I{T℄}8/(�l��~>�J|℄F
2z6�~Ye�z�I{�℄���z,GF
2z#��\ÆC℄2��w��2O℄rC℄O",H;8/��℄�2+2_>℄rCao�H;8/��℄F
2G2�\�I-<
℄yY�pI��/���C��℄sCG+ID�u}�x+���6℄�C��℄℄rC,H;�/��℄F
22�F2G2I&bT�I-UV℄yY�Cm�K℄rCC��zQ\Z℄�K�Agw��℄�K�1[5]
. aew��℄�KG2I%%�54�:���;%℄2KkY�RO�4eZd℄I/��,F
}&yY�R5E�I-�/�
℄<
��w&OG��u}I�T�/=IhB-℄UV�R\Z℄�:&aG��2K[I3T℄I%V��G^G20��K2℄>:�
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