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	2 =


 kf 0 uc

0 f vc

0 0 1


 =


 k 0 uc

0 1 vc

0 0 1





 f 0 0

0 f 0
0 0 1


 = 	′

2�(f, f, 1)
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λ2n2 = �(f, f, 1) (λ1�n1 + t) 2�3
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x2 = f (λ1�n1+t)1

(λ1�n1+t)3

y2 = f (λ1�n1+t)2

(λ1�n1+t)3

2 3
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(λ1�n1 + t)1 = 0
(λ1�n1 + t)2 = 0 2%3
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� = ��0 2F3

��� ������	 
����
	� ����	

��
��
�� � �	� �0 ��*� 
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� �	� ���
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�1 =
[
�1 t1

0� 1

]
= �4×4 + sin(β − β0)Q̂1 + (1 − cos(β − β0))Q̂2
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R̂1 t̂1

0� 0

]
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�	�M

Q̂1 =
1

2 sin(β − β0)
(
�1 −�−1

1

)
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�1 = �3×3 + sin(β − β0)R̂1 + (1 − cos(β − β0))R̂2
1 2��3

t1 = sin(β − β0)t̂1 + (1 − cos(β − β0))R̂1t̂1 2� 3
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��	 2F3 ��- '� &��

�	 ��M

� = �2�1�0 2�%3

t = �2�1t0 +�2t1 + t2 2�B3
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(λ1�2�1�0n1 +�2�1t0 +�2t1 + t2)1 = 0
(λ1�2�1�0n1 +�2�1t0 +�2t1 + t2)2 = 0 2�F3
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�1p + t1 +��
2 t2 = ��

2
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0
λ2


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sin(α − α0) =
2 tan (α−α0)

2

1 + tan2 (α−α0)
2

=
2tα

1 + t2α

cos(α − α0) =
1 − tan2 (α−α0)

2

1 + tan2 (α−α0)
2

=
1 − t2α
1 + t2α

"��"�



�	���	 ������	���
 ��� ���
	� 	���
���
 F

�
 �� �����'(� 
� �(���	�
� λ2 �� �	 "	4	�&	 '�
&��	 
�� ��
�	� �	� 
���� �1"�
��	��
�
 
�� ���
� �) �	
�����	� 
�� ������ �) 
�� ���"(
�	� ��(-	����(+ �	 
�� ��	���( 
��� �
 &�((
'� ��I
"(
 
� �	�(-�� 
�� 	"�'�� �) �������'(� ��("
��	� �) �"
� � ��
 �) ��(-	����(� @$A+
5(
��"�� �	 ���

�
� 
���� ��(-	����(� &�(( '� ��(*�� "��	� 	"����
�( ��
����� �"
� �� 
��
>�&
�	 ��
��� )�� ,	��	� ���
� �) ��
� �) ��(-	����(�� �
 �� 
�"
��( 
� '� �'(� 
� �
�
� �	
��*�	
� 
�� �6�

 	"�'�� �) ���

�
�( ��("
��	�+

0� ��	�
� 
���� ��
� �) ��("
��	� '- (α(i), β(i), λ(i))+ ���- ��� �	 
�� �	
��*�(� [α0 −
π, α0 + π]� [β0 − π, β0 + π] �	� &� �"�
 ��*� λ > 0+ E� )�� &� 
�	������� 
�� ���
 ��	���(

���+ 0� �	�(-�� �	 ��
��( � ����(�,�� ��	�
�(
 ��*�
� �	� &� ���& 
��
 �	 
��� 
��� 
���� ��
� "	�1"� ��("
��	+ 0� 
�	
("�� 
��
 
�� ��	���( 
��� �(�� ����
� � "	�1"� ��("
��	+

��� �
�
	
��� 
�� ��� �
	� ����	

�	 
�� 
��� &���� 
�� ��	 �	� 
�(
 �6�� ��� �"
"�((- ��
����	�( 
�� 4�	���
�
 ����( �) 
��
��*�
� �� ����(�,��� �� ���
��'�� �	 ����	��6 C+ L�� 
�� �"����� �) �	 �(��'���
 �	�(-���
�	� &�
��"
 (��� �) ��	���(�
-� �	� ��- 
����� α0 = β0 = 0+ ��� ��
��
�� '�
���M

�1 =




cosβ 0 sin β t11
0 1 0 t12

− sinβ 0 cosβ t13
0 0 0 1


 2��3

�2 =




1 0 0 t21
0 cosα − sinα t22
0 sin α cosα t23
0 0 0 1


 2��3

�
 )�((�&� 
��
 �1+ 2�#3 '�
����M
 cosβ 0 sin β

0 1 0
− sinβ 0 cosβ





 p1

p2

p3


 +


 t11

t12
t13




+


 1 0 0

0 cosα sin α
0 − sinα cosα





 t21

t22
t23


 =


 0

λ2 sin α
λ2 cosα




&��
� -��(�� 
�� )�((�&�	� �1"�
��	� �	 tan β
2 = tβ � tan α

2 = tα� �	� λ = λ2M

(t11 + t21 − p1) t2β + 2p3 tβ + (t11 + t21 + p1) = 0

(t12 − t22 + p2) t2α + 2(t23 − λ) tα + (t12 + t22 + p2) = 0
(1 + t2α)((t13 − p3) t2β − 2p1 tβ + p3 + t13) +

(1 + t2β)((λ − t23) t2α − 2t22 tα − (λ − t23)) = 0
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c = f (λmin�n1+t)1
(λmin�n1+t)3

0 = f (λmin�n1+t)2
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−c = f (λmax�n1+t)1
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"��"�



�	���	 ������	���
 ��� ���
	� 	���
���
 �%

C- �(���	�
�	� M (5) '�
&��	 
���� �1"�
��	� &� �'
��	 
�� $���!������
�� 4�	���
�

����( �) 
�� �

�*� 
������ �+�+� �1+ 2�#3M

M (1)(α, β) = �2(α, α0)�1(β, β0, α0)M (1)(α0, β0) 2�F3
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�1(β) =




cosβ − sinβ 0 0
sin β cosβ 0 0

0 0 1 0
0 0 0 1
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�2(α, α0) = !2�2(α − α0)!−1
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�1(β, β0, α0) = !2�2(α0)!1︸ ︷︷ ︸
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�1(β − β0)!−1
1 �−1

2 (α0)!−1
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!1 =


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0 0 1 l11
1 0 0 l12
0 1 0 l13
0 0 0 1
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!2 =
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0 0 1 l21
1 0 0 l22
0 1 0 l23
0 0 0 1
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1 0 0 t21
0 cos(α − α0) − sin(α − α0) t22
0 sin(α − α0) cos(α − α0) t23
0 0 0 1
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cos(β − β0) − sin(β − β0) 0 0
sin(β − β0) cos(β − β0) 0 0

0 0 1 0
0 0 0 1
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0 1 0 l13 + l21
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0 0 0 1
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L2 (coordinate change)

T2 (pan rotation)
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