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X� �‡�˜�Ÿ�@�ÿ�] , �Y+XCCD ,´ RGB  Q�?G÷�g�˜�Ÿ
.�& , �˜�ŸGý�´�ÿ�J�*)à(©�Ê,´
˜�O�W�6�3 . �\�·�þ*6Aê


¼�ÎP¼�:B�4ö.D0¦�¶F	/ý
˜�O�ÿ�×+O,´�j*6�Ã�6�3(©�W
¼�Ä+X . .D0¦5��Ì�n/j , +a�¾CCD ,´�yBa%�KŒ�J�¯�˜�Ÿ
.

,´ RGB �9�Z	…8¢G÷�gLe�G�*)àG��6�ÿ3P��
',´5j�a , 
�!” , M0?±FJE÷(©�Ê, d́emosaicing � �–1Ç#��)5j�a,´�ÿ3P��


'F�>|Gý�*���’�@�¼�¤,´	…8¢G÷�gLe�G , F	�_� �‡�˜�Ÿ�½)à�ÿ
˜�O�6�3�×+O,´�i$À . 6<�*�¾ demosaicing 1Ç#�,´G÷

�gLe�GGý�*�J
X�˜�Ÿ
.NÁBa�]�E�•B3�f�-�  , �,8$(™�ƒ�½)à�ÿ
¼M&4×>}�4�Á,´
˜�O�6�3���2 . �\�·��/j�¶�˜�Ÿ
.,´

RGB G÷�g�Ãdemosaicing 1Ç#��>�˜�ŸGý�´�ÿ
˜�O�W�{L$,´�µ
X�£6„ . �0
> , AØAê�¶5�
80ªL$0+�}
¼
.�ÿ�’�1�–�°�_ ,

�Y+XGý�´�ÿ,´
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X� �‡�˜�Ÿ�@�ÿ�] , �¯+XU�,­ CCD -(�jAà�…

,´�˜�Ÿ�¢#¹
.,´�½)à5��Ì�n/j , (™�ƒ�½)à�ÿ
¼M&

4×>}�4�Á
�
X?ö
j,´�]�ó	j���*)à , �²
. 1(a) �p

/j , �¦�]�½)à�ÿ�>M&4×>}�4�Á�¼�˜Gý
� . 'f6< , �ƒ�¯

+XCCD ,´ RGB  Q�?Aà�…�˜�Ÿ
.�& , �½)à�ÿ�J�*)à


˜�O�6�3)àB‘ [1−9], �²
. 1(b)—(d) �p/j . �¦�] , 
.

1(b)—(d) �6�[�_�Y+X�=
<NÁ)·�y#� (4Ò�Ã5/�Ã ;
 )


¼�*�¾:"#µ�DGý�´1Ç#�9ç�Ç,´� �‡�˜�Ÿ�½)à�ÿ . �þ

�]�A��
���-;�`�>�n,´
.�ÿ
˜�O�W�6�3 . �)� �‡�˜

�Ÿ�½)à�ÿ,´F	/ý
˜�O�6�3(©�W
¼@�Gú��	ú�Ä+X , �·

)^ [1, 2] �.�þ CCD �0�?G÷�gNÁ)·,´@��Ö5	�*�¶�M

!•,´*6Aê�6�À . 'f6< , �·)^ [1, 2] ,´.D0¦�¦�Z�u�6��

/jG÷�gNÁ)·
�	F
¼�˜�Ÿ�½)à�ÿ
˜�O�6�3�{L$,´�µ


X�j*6 . �·)^ [1] �k?±�_���*�¶�0/ý�à,´�Y+XGý�´

�ÿ,´
˜�O(©�W
¼0ªL$0+�},´�é#��Á�f
<E¤M&4×>}

�4 , �)
˜�O�ÿ,´�×+O	Ï
��¦�Z5	�*@�Gú . �·)^ [2] ,´

���Œ
<�g�*�¾
.�ÿ,´
˜�O(©�W , �v�Î�Ð�¶�)0ªL$0+

�}#��Á�fM&4×>}�4�Á,´�$�J�õ�å,´AêF , 	5���¶/ë

E¤�õ�’ . 
X�)
.�ÿ
˜�O�W�×+O�j*6,´*6Aê@�Gú�éM’

<­'f5	�*�¶�M!•�6�À , �v�¦�=�¼�¤
¼$!�• . 
��F , �0

�Ë�·1��.�) RGB G÷�gE÷0;�]�*�¾ demosaicing 1Ç

#�,´Gý�´G÷�gLe�G�p8$,´
.�ÿNÁBa
˜�O�6�3F�>|

�¶.D0¦ [10−13], �v�¦*6Aê
¼5��Ì�¦�Z#¹	ú� �‡�˜�Ÿ

,´Gý�´AÑ1ÇE÷0;, 
�!”�¦�=�¼�˜F2+X�¾� �‡�˜�Ÿ�@

�ÿ�õ�å .

�j �¶�)�*�¾ RGB G÷�g Q�?,´� �‡�˜�Ÿ
˜�O

�ÿ�×+O,´�j*6
¼?ô�»�Š�*�«�Å,´@�Gú , �¦+a!”F�

�0!•�)
˜�O�ÿ,´�6�3F�>|B3�× , ��	ú*6@�
¼�¼�´

�Y+X
˜�O�ÿ�Á�fM&4×>}�4,´�é#� , �\�·OÆ�xFJE÷

�6�À RGB  Q�?,´G÷�gE÷0;�Ã �¼�¤	…8¢G÷�g.�Le

,´�´�*	ú�¦ demosaicing 1Ç#�, B�4ö.D0¦�¶� �‡�˜

�Ÿ
. �½)àE÷0;�] 
. �ÿ 
˜ �O�6�3�×+O,´�i$À
¼(©

&é, 'f
>AØAê�¶� �‡�˜�Ÿ�½)à�ÿ
˜�O�6�3,´B3�×


¼�Y+XGý�´�ÿ
˜�O(©�W
X�Á�fM&4×>}�4�Á�éM’,´

�Ä+X.
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2 �Â�ª	‹8¨Gý�m.�Lk,º�º�0

�Y+X CCD -(�jAà�…�™8¢
.�ÿ,´�h?ñ�é#��_


X CCD ,´�ÿ3PLe�G�}?¶-��0�r+a�03+�G�Þ�?Pœ

C‹�{(æ,´%��y(w4ô�@,´ �™8¢%�KŒLe�G(color fil-

ter array, CFA). �=
</ý2«,´�Þ�?%��y(w4ô�@�=
<

,´ �Â�3 , �¦ �D
� �qAè(©�Ê#�K¯,´ �yF?E÷ . �h?ñ,´

CFA �_ Bayer %�KŒ[10,11,14], �¦%��y(wLe�G�Â�3�²


. 2(a) �p/j . 4ÿ Bayer %�KŒ
>,´�y��
'>Û�6G}�`

4Ò(Red)�Ã5/ (Green)�Ã;
 (Blue) �9�Z�M�û	…8¢G÷�g

.�Le (monochromatic sampling array, MSA) �] , �²
.

2(b) �p/j . 
�!”
X!ÿ�Z MSA �]�õ'f�J�9�0�Ë�ÿ3P

�*)àG÷�g��
',´5j�a .


. 1 
<E¤�  �‡�˜ �Ÿ,´
. �ÿ�½)à (a) �¯+XU�,­ CCD Aà�…;
(b)—(d) �¯+X CCD ,´ RGB  Q�?Aà�…


. 2 (a) Bayer %�KŒCFA; (b) Bayer %�KŒ,´�M�û	…8¢G÷

�g.�Le MSA

FJE÷(©�Ê,´�  �–�� �l1Ç#�
� �� �) �M�û MSA

�]5j�a��
',´�ÿ3PF�>|C{�l , �þ6<�’�@�¼�¤ MSA,

F	�0E÷0;0 �j demosaicing E÷0;. �¦�] , Fë�����l

(adjacent element interpolation, AEI) 
¼	ü4ï�W���l

(bilinear interpolation, BI) �_�T/ý�h?ñ,´ demosaic-

ing 1Ç#� [12,15].


X� �‡�˜�Ÿ�@�ÿ�] , �¯+X CCD ,´ RGB  Q�?F�

>|�˜�Ÿ
.Aà�…�& , M0?±�) R, G, B �9�Z	…8¢G÷�g.�

Le�6�[F�>|Gý�* . OÆ�x�� R .�Le�j�» , �)Gý�´�ÿ
˜

�O�W�×+O,´�j*6F�>|�6�À . � �‡�˜�Ÿ
.G÷�g,´�M�û

R .�Le
���>˜Eî�j

hR(k, l) =
1
4

h(k, l)[1− (−1)k] · [1+(−1)l ], (1)

�¦�] h(k, l) �j �˜�Ÿ
. , k = 1,2, ·,M, l = 1,2, · · · ,N.

M 
¼ N �6�[�j CCD 
X"d�£
¼
²-$�é
A,´�ÿ3P�  .

�M�û R .�Le,´�ÿ3PG÷�g�õ�å�²
. 3(a) �p/j . �n'f ,

R .�Le�]�99��¢�ÿ3P5j�a�¶G÷�g��
' . �)!” , G÷+X

Fë�����l,´ demosaicing 1Ç#��)��
'5j�a,´�ÿ3PF�

>|C{�l���´�@�¼�¤,´	…8¢ R .�Le , �¦� �–>˜Eî
�

���É�j

hRD(k, l) =
1
4

k

∑
p=k−1

l+1

∑
q=l

{
h(p,q)[1− (−1)p]

· [1+(−1)q]
}
. (2)

G÷+XFë�����l#�,´ demosaicing 1Ç#��p9ç�Ç,´�¼�¤

R .�Le�²
. 3(b) �p/j .


. 3 (a) �M�û R .�Le	úG÷�g���Ÿ5j�a ; (b) Fë�����l#��›�u,´

�¼�¤ R .�Le

3 �ž�¥�Ã)æ��,º
ž�U�<�9

�Y +X :" #µ �D 
� �’ 1Ç #� �) �  �‡ �˜ �Ÿ 
. F� >|

�½)àAÑ1Ç, �¦ �½)à#� 
j ,´ �= �_ �u /ë �“ �’ �? 
� ��

>˜/j�j [16]

Γ (m,n) =C0 × IDFT
{

h(k, l)×R∗(k, l)

× exp[−iπ(k2∆x2 + l2∆y2)/λd]
}

=C0 × IDFT{h(k, l)}⊗ IDFT{R∗(k, l)

× exp[−iπ(k2∆x2 + l2∆y2)/λd]
}
, (3)

�¦�] Γ (m,n) �_�½)à#�
j,´�=�_�u , m = 1,2, · · · ,M,

n = 1,2, · · · ,N, C0 �j�=�h�  , IDFT >˜/j/ë�“F6�µGü


&
��’ , R∗(m,n) �_�½)à	ò63�y#� , exp[−iπ(k2∆x2 +

l2∆y2)/λd] �_ &é �™ �“ �- �  (point spread function,

PSF), ∆x 
¼ ∆y �j CCD ,´ �ÿ3P�j �( , λ 
¼ d �6�[

�j�y#�K¯
¼�½)àD
/ë , 1V
' ⊗ �j	§0�1Ç1V . (3) �?�n

/j , � �‡�˜�Ÿ,´Gý�´#�
j�ÎLu�:�_+a h(k, l) ,´ IDFT


¼&é�™�“�-� ,´ IDFT ,´	§0�.ž�Ê .
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3.1 R .�Lk,º�º�0
Â
ž�U�Ã)æ��

�Í�ž (3) �?�)�*�¾�M�û R .�Le,´G÷�g�˜�Ÿ
.

hR(k, l) F�>|F6�µGü
&
��’ , �¦� �–>˜Eî�²�; :

HR(m,n) =IDFT{hR(k, l)}

=
1
4
[
H(m,n)−H(m−M/2,n)

+H(m,n−N/2)

−H(m−M/2,n−N/2)
]
, (4)

�¦�] H(m,n) = IDFT{h(k, l)}. (4) �?$5�Š
`�n/j , �M

�û R .�Le�˜�Ÿ
.,´ IDFT NÁBa+a4 �Z�¼�˜-(
<,´NÁ

Ba
.�ÿ4ô�@ , �¦���[�õ
X�¾�¬!”�{L$�9 (M/2, N/2)

,´L$LÄ, 5��Ì�²
. 4(a) �p/j . �¦�] , �]�ó�4�9�0�Z�¼

�¤,´NÁBa
. , �i�ž/ë�“�µGü
&
��’,´�Ú)ß
˜�O�W ,

�}
>
¼��
#�T�×�]L$,´NÁBa�6�[4ô�@�T�Z�¼�¤,´

NÁBa
., 6<
��Z@�:m,´NÁBa4ô�@1\4 �Z�¼�¤NÁBa
. .

+a�¾�½)à�ÿ�j& �Ö
.�ÿ , 
�!”
���
� HR(m,n) ,´�u

�l�ÿF [17,18], 	£
. 4(a) �n/j,´�_ |HR(m,n)|.


. 4 (a) �M�û R .�Le,´ IDFT 
. ; (b) B3�f�-�  ; (c) �¼�¤ R .�Le,´ IDFT 
.

�6 (4) �?���• (3) �?�Ç�`�½)à#�
j ΓR(m,n) �j

ΓR(m,n) =C0 ×HR(m,n)⊗ IDFT
{

R∗(k, l)

× exp[−iπ(k2∆x2 + l2∆y2)/λd]
}

=
1
4

H(m,n)⊗ IDFT{R∗×PSF}

− 1
4

H(m−M/2,n)

⊗ IDFT{R∗×PSF}

+
1
4

H(m,n−N/2)

⊗ IDFT{R∗×PSF}

− 1
4

H(m−M/2,n−N/2)

⊗ IDFT{R∗×PSF}

=ΓR1(m,n)+ΓR2(m−M/2,n)

+ΓR3(m,n−N/2)

+ΓR4(m−M/2,n−N/2), (5)

�¦ �] IDFT{R∗ × PSF} >˜ /j IDFT{R∗(k, l) × exp

[−iπ(k2∆x2 + l2∆y2)/λd]}.

�þ (5) �?�]
����¸$5�Š,´-;�` , �½)à#�
j+a 4

�Z-(
<G��64ô�@ , �¬!”L$LÄ�j (M/2, N/2) . �¦
.�ÿ

�²
. 5(a) �p/j , �þ�]
���-;�`M&4×�Á�Ã(™�ÿ�Ã�¡E•

�ÿ�§�9-(
<,´
˜�O�6�3(©�W�¦�D�¼�˜Gý
� . F	�_
�

�j
X
<E¤� �‡�˜�Ÿ�] , �965,´NÁBa-(�ÂGý
�
X�0C§ .

�*�¾�M�û R .�Le,´�˜�Ÿ
.+a�¾G÷�g
˜�O�Î�Ð�0�= ,

�,8$�¦NÁBa
.�*)à�¶ 4 �Z�¼�˜-(
<,´
.�ÿ , �v!ÿ�0

�ZNÁBa
.�]�ý'f
<�&	5���¶M&4×�Á�Ã(™�ÿ
¼�¡E•

�ÿ���Ÿ , 
�!”�,8$
X�ÿ�£M’,´ 4 �Z
˜�O�½)à�ÿ .


. 5 (a) �M�û R .�Le,´� �‡�˜�Ÿ�½)à�ÿ ; (b) �¼�¤ R .�Le,´� 

�‡�˜�Ÿ�½)à�ÿ

+a�¾�M�û R .�Le,´�˜�Ÿ
.�_�0�Z�=�¼�¤,´G÷

�gLe�G, 
�!” , �A��FJE÷Fë�����l,´ demosaicing 1Ç

#��´�*�¼�¤,´ R .�Le�˜�Ÿ
. hRD(k, l), 	£�) (2) �?

�ŒF6�µGü
&
��’ IDFT:

HRD(m,n) =IDFT
{

hRD(k, l)
}

=
1
4
[
1+ exp( jωm)

]
·
[
1+ exp( jωn)

]
×
[
H(m,n)
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−H(m−M/2,n)+H(m,n−N/2)

−H(m−M/2,n−N/2)
]

=
[
1+ exp( jωm)

]
·
[
1+ exp( jωn)

]
·HR(m,n), (6)

�¦�] ωm = 2πm/M, ωn = 2πn/N. 
<*6 , 
� (6) �?,´

�u�lF�>|>˜�± ,

|HRD(m,n)|

=|1+ exp j(ωm)| · |1+ exp j(ωn)| · |HR(m,n)|

=4|cos(ωm/2)| · |cos(ωn/2)| · |HR(m,n)|. (7)

(7) �?>˜�> , 4ÿFë�����l1Ç#��´�*,´�¼�¤ R .�

Le,´ IDFT NÁBa�ÎLu�_�M�û R .�Le,´ IDFT NÁBa4ÿ

�-�  ηR(ωm,ωn) = 4|cos(ωm/2)| · |cos(ωn/2)| B3�f

,´5��Ì , B3�f�-� �²
. 4(b) �p/j , �¦(©&é�_�-� �l


XNÁ���]�ó	j�0�W , 
XEé5H�4�l�j 0. F	�Î�Ð�¶�]�ó

	j��,´NÁBa
.��
' , 6<�¯
�
˜NÁBa
.�],´�*NÁ��
'

�‚M&. B3�f5��Ì�²
. 4(c) �p/j . 
<*6 , �6 (6) �?���•

(3) �?
����Ç�`�½)à#�
j ΓRD(m,n), 	£

ΓRD(m,n) =C0 ×HRD(m,n)⊗ IDFT
{

R∗(k, l)

× exp[−iπ(k2∆x2 + l2∆y2)/λd]
}

=
1
4
[
η(ωm,ωn)H(m,n)

]
⊗ IDFT{R∗×PSF}

− 1
4
[
η(ωm,ωn)H(m−M/2,n)

]
⊗ IDFT{R∗×PSF}

+
1
4
[
η(ωm,ωn)H(m,n−N/2)

]
⊗ IDFT{R∗×PSF}

− 1
4
[
η(ωm,ωn)H(m−M/2,n−N/2)

]
⊗ IDFT{R∗×PSF}

=ΓRD1(m,n)+ΓRD2(m−M/2,n)

+ΓRD3(m,n−N/2)

+ΓRD4(m−M/2,n−N/2), (8)

�¦�] η(ωm,ωn) = [1+ exp( jωm)] · [1+ exp( jωn)].

�þ (8) �?�]
���-;�* , �½)à5��Ì
<�g+a 4 �Z-(


<G��64ô�@, �¦	j�[�õ
X�¾�¬!”L$LÄ�j (M/2, N/2).

�½)à#�
j,´
.�ÿ�²
. 5(b) �p/j . !”�&M&4×>}�4�Á

�õ�*)à
X?ö
j�]�ó , �v(™�ƒGý�´�ÿ�ý'f�§�9
˜�O

�W. *6Aê�:Aâ , M&4×�Á<­'f+a	ò63�y
¼(™�y�´�@ , �v

�¦NÁBa���*NÁ�j�k . 
X
<E¤�˜�Ÿ�] , <­'fM&4×>}�4�Ã

(™�ƒ�½)à�ÿ
¼�¡E•�ÿ
X0ªL$
¼NÁ��Gý
� , �v+a�¾NÁ

BaB3�f�-� 
X?ö
jEé5H,´�l�jM& , �þ6<�¯Eé5H,´
˜

�OM&4×�Á�Ã�¡E•�ÿ
¼(™�ƒ�½)à�ÿNÁBa,´�*NÁ
w>Û

#¸L” , +a�¾(™�ÿ(	5���¡E•�ÿ ) �ˆ
XQ�NÁ , 
�!”�ý'f


����½)à , 6<M&4×�š� �I�Ç�`�±�W�Á�f , F	�>�A��

,´�ÎP¼5��Ì�¼�˜�08$ . 
��0�éM’ , FJE÷�ÎP¼�A��
�

���6�[Aà�…	ò63�y |R|2 
¼(™�y |O|2 �¦
X�˜�Ÿ
.Gý

�´AÑ1Ç�]�ÿL” , �vF	�¦�=7-�9�x#¸L”M&4×>}�4�š� ,

F	�_
��j(™�y
¼	ò63�y
��€>Û	5
[
X�˜�Ÿ
.,´�¢

#¹�‘4é�]�¦
X#�
jGý�*,´/ë�“�µGü
&
��’�]�Œ�j

�*NÁ,´-$#qN©�ƒ)à�*�• . 6<NÁBa,´B3�f�-� +a�¾
X

AÑ1ÇE÷0;�]�)?ö
jEé5H�*NÁ,´%�L”�J�­
��U�Œ+X ,

+a!”�¯M&4×>}�4�Ç�`�¶�9�x�Á�f .

3.2 G .�Lk
ž�U�Ã)æ���<�Æ

���:�)� �‡�˜�Ÿ�½)à�ÿ,´
˜�O�6�3�j*6
¼(©

�W,´�6�À�_�*�¾ R .�Le�˜�Ÿ
.,´ . �þ
. 2 
����Ç

.� , +a�¾B .�Le�> R .�Le�Â�32«�l , 
�!”�¦�½)à�ÿ

,´
˜�O�6�3(©�W�Ä�> R .�Le2«�l , �²
. 1(d). �v�_

�M�û G .�Le,´�ÿ3PG÷�g�6�3+a�¾�>�:M’�¼65�=
< ,


�!”�¦�½)à�ÿ,´
˜�O�6�3�> R .�Le
¼ B .�Le�=
< ,

�²
. 1(c). ���;�A���)�*�¾ G .�Le,´G÷�g�˜�Ÿ
.,´

�½)à�ÿ
˜�O(©�WF�>|�6�À . �M�û G .�Le,´�ÿ3PG÷�g

�6�3�²
. 6(a) �p/j , �¦� �–�:
����É�j

hG(k, l) = h(k, l)× 1
2
[1+(−1)k+l ]. (9)


X!”�Y+X	ü4ï�W���l,´ demosaicing 1Ç#��) G .�Le

�],´5j�a��
'�ÿ3PF�>|C{�l , �²
. 6(b) �p/j , �I
�

���Ç�`

hGD(k, l) =h(k, l)× 1
2
[
1+(−1)k+l]

+hb(k, l)×
1
2
[
1− (−1)k+l], (10)

�¦�] hb(k, l) = [h(k−1, l)+h(k+1, l)+h(k, l −1)+

h(k, l +1)]/4 �j	ü4ï�W���l�-�  .


. 6 (a) �M�û G .�Le ; (b) 	ü4ï�W���l�›�u,´�¼�¤ G .�Le
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�M�û G .�Le,´/ë�“F6�µGü
&
��’ IDFT �j

HG(m,n)

=
1
2
[H(m,n)+H(m−M/2,n−N/2)]. (11)

�n'f , (11) �?�> (4) �?�§�9�¸�W���[ . (11) �?B$�> , G

.�Le,´NÁ��	5
[�T�Z�¼�¤
.�ÿ , �6�[�)�Ä
. 7(a) �]

,´�]�ó
.�ÿ
¼
��Z@�,´NÁBa�´�@,´
.�ÿ .

�*�¾	ü4ï�W���l�´�*,´�¼�¤ G .�Le,´/ë�“F6

�µGü
&
��’ IDFT �j

HGD(m,n) =
1
2
[
1+ exp( jωm)+ exp(− jωm)

+ exp( jωn)+ exp(− jωn)
]

× [H(m,n)

+H(m−M/2,n−N/2)
]
. (12)

���l�4*6�}
>,´ G .�Le,´NÁBa�£3+�j

|HGD(m,n)|=1
2
(2+ cosωm + cosωn)

· |HG(m,n)|. (13)

+a (13) �?
���-;�* , �*�¾	ü4ï�W���l�´�*,´

G .�Le,´NÁBaB3�f�-�  ηG(ωm,ωn) = (2+ cosωm +

cosωn)/2 �> ηR(ωm,ωn) �=
< , �²
. 7(b). ηG(ωm,ωn)

�Á�f�¶�M�û G .�LeNÁBa�] 4 �Z@�,´�*NÁ��
' , �¦5�

�Ì�²
. 7(c) �p/j .


. 7 (a) �M�û G .�Le,´ IDFT 
. ; (b) B3�f�-�  ; (c) �¼�¤ G .�Le,´ IDFT 
.

�6 (11) 
¼ (12) �?���• (3) �?�Ç�`�½)à�ÿ�²
. 8

�p/j . 
. 8(a) �_�M�û G .�Le�˜�Ÿ
.,´�½)à�ÿ . �¦�] ,

M&4×>}�4�ÿ
¼(™�ƒ�½)à�ÿ�§�9-(
<,´
˜�O�6�3(©

�W�¦�D�¼�˜Gý
� . 6<
. 8(b) �_4ÿ	ü4ï�W���l�´�*
>

,´�¼�¤ G- .�Le�˜�Ÿ
.,´�½)à�ÿ . �>
. 5 ,´ R .�Le

�˜�Ÿ
.,´�½)à�ÿ�6�3�=
< . �¼�¤ G .�Le�˜�Ÿ
.,´�½

)à�ÿ�õ�*)à
X?ö
j�]�ó
¼
��Z@��: . �¦�] , M&4×>}

�4�ÿ�õ�*)à
X?ö
j�]�ó , �>(™�ƒ�½)à�ÿ�§�9�=
<,´

�6�3 , �’�@,´	Ï*6�>�) R- .�Le�½)à�ÿ,´@�Gú2«�l .

4 �_+^ �Ã)æ�� ,º 
ž �U �] �Ç �lM,4Ý>ƒ

�:��

�Y+X� �‡�˜�Ÿ�½)à�ÿ,´
˜�O(©�W , 
���
��…�0

�ËGý?±,´�Ä+X. �»�² , � �‡�˜�Ÿ�@�ÿ�],´M&4×>}�4

�ÿ,´�Á�f . +a�¾
<E¤� �‡�˜�Ÿ�½)à�ÿ�]M&4×>}�4�ÿ

�>(™�ƒ�½)à�ÿ�¼�˜Gý
� , F	5	�Á�fM&4×>}�4�ÿ�V�•

�¶�¸�W,´
 Lî . <­'f-(0+#��_-��}�0/ý
����9�x�Á

�fM&4×>}�4,´�é#� , �v�_�³�))ß�³,´0c�Ê�W?±"r�¸

Q�, �¦�D�Î�Ð�¶�˜�Ÿ�yD�,´�=�r�W [19,20]. H¤�¾� �‡

�˜�Ÿ�@�ÿ�]�hG÷+X CCD ,´U�,­ Q�?Aà�…�˜�Ÿ
. ,

�A��
X!”AØAê�0/ý�*�¾ RGB G÷�g Q�?,´�˜�Ÿ
.Le

�G9ç
� , 5�
80ªL$0+�}#�
¼�’�1�–�°�_�9�x�Á�f� 

�‡�˜�Ÿ�@�ÿ�],´M&4×>}�4�ÿ,´�é#� . F	/ý�é#�+a
�

�Z!•PÔ4ô�@, �²
. 9 �p/j .


. 8 (a) �M�û G .�Le,´� �‡�˜�Ÿ�½)à�ÿ ; (b) 	ü4ï�W���l�´�*

,´�¼�¤ G .�Le,´� �‡�˜�Ÿ�½)à�ÿ

1b 1 !› � �‡�˜�Ÿ
˜�O�½)à�ÿ,´�×+O
¼9ç
� .

�)U�,­ CCD -(�j�¯+X RGB  Q�?G÷�g�¦FJE÷ demo-

saicing 1Ç#�9ç
��¼�¤,´	…8¢G÷�g�˜�Ÿ
.Le�G , ��
�

�Ç�’�@�˜�Ÿ
.�½)à�ÿ
˜�O�W�6�3,´�*.p .

1b 2 !› �Y+X0ªL$0+�}�é#��6
. 9(b) ,´�]�ó
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0+�`
�@� , 	£�6�ÿ�£M’,´
��ZB‘L€�Š�0!Q�)@�0+�} ,

F	�&�à,´�ÿ�£M’,´�]�ó	j��
��9(™�ÿ6<"Ñ�9M&4×

>}�4�Á , �²
. 9(c) �p/j .


. 9 �Y+X
.�ÿ
˜�O�W�Á�fM&4×>}�4�ÿ (a) U�,­ CCD -(�j9ç

�Ç,´�˜�Ÿ�½)à�ÿ ; (b) �¯+X RGB  Q�?,´
˜�O�½)à�ÿ,´9ç�Ç ; (c) �˜

�Ÿ�½)à�ÿ,´�¼5$0ªL$0+�} ; (d) �Y+X(b) �> (c) ,´-(�ˆ
��Ð�Á�fM&

4×>}�4�Á ; (e) �Y+X
.�ÿ�’�1�–#¸L” (d) ,´
˜�O�ÿ
¼!»+‰�š� 

1b3 !› �6
. 9(b) �> (c) 
��Ð�Ç�`�²
. 9(d) �p

/j,´�Á�fM&4×>}�4
>,´�˜�Ÿ�½)à�ÿ . 
XAÑ1ÇE÷0;�],

�A���Ä+X�¶�ÿ�£
w�l1Ç#� [21], ��N´�Á�f
4/ý�š� .

�¦�] , 1\ 2�Ã 3 !•�"4ÿ
X�·)^ [1,2] �]AêF .

1b 4 !› �Y+X
.�ÿ�’�1�–,´� �–�°�_Aö�[
¼

K1�Ê?ö
j�]�ó,´(™�ƒ�½)à�ÿ , �¦%�L”�¹
˜Eé,´
˜�O

Gý�´�ÿ��	ú+a0ªL$0+�}#��,8$,´!»+‰�š� , �²
.

9(e) �p/j , �0�Z$5� ,´(™�ƒ�½)à�ÿ
���9ç�Ç . �9�£

�Y+X
.�ÿ�’�1�–�Á�f� �‡�˜�Ÿ�@�ÿ�],´�š� �é#�

�6
X�A��,´
��01÷�·1��]F�>|B�4öAêF .

5 5	 Að


X� �‡�˜�Ÿ�@�ÿ�] , �¯+X CCD ,´ RGB  Q�?Aà

�…�˜�Ÿ
. , �½)à�ÿ�J�*)à
˜�O�W�6�3 , FJE÷�) CCD

,´	…8¢ R .�Le
¼ G .�Le,´�˜�Ÿ�½)à�ÿ
˜�O�W,´�6

�À , �\�·��/j�¶�˜�Ÿ
.G÷�gNÁ)·�Ã demosaicing 1Ç#�

�>�½)à�ÿ
˜�O�6�3(©�W�{L$,´�µ
X�£6„�W , .D0¦�Ç

�`���;5�Aê : 1) �¯+X RGB G÷�g Q�?Aà�…�˜�Ÿ
.�& ,

(™�ƒ�½)à�ÿ
¼M&4×>}�4�ÿ
���
x)à�=
<,´
˜�O�W

�6�3 . F	�_
��j�*�¾ demosaicing 1Ç#��¼�¤�´�*,´

	…8¢G÷�g�˜�Ÿ
.
XF6�µGü
&
��’NÁ��
��`B3�f�-

� ,´�Œ+X , �,8$NÁBa
.�]�=
<�}5ž,´�*NÁ��
'>Û�Á

�f , �04ø�¡
ý� �‡�˜�Ÿ�½)àE÷0;�]M&4×>}�4�Á,´�6

�3 . 2) 	…8¢R .�Le
¼ G .�Le,´� �‡�˜�Ÿ�½)à�ÿ�…

/j,´�=
<
˜�O�6�3B$�> , �A��
����Y+X�=
<,´%�KŒ

�-� 
¼ demosaicing 1Ç#��ê�jB3�×�½)à�ÿ,´�6�3 . 3)

�Y+X� �‡�˜�Ÿ,´
˜�O�WGý�´�ÿ,´�×+O�j*6
¼(©�W ,

5�
80ªL$0+�}�°�_
¼�’�1�–�é#� , 
���
��…�0/ý�9

�x�Á�f� �‡�˜�ŸM&4×>}�4�Á,´�é#� .
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[12] Alleysson D, Süsstrunk S, Hérault J 2005 IEEE Trans. Image Process.

14 439

[13] Dubois E 2005 IEEE Trans. Image Process. 12 847

[14] Lukac R, Plataniotis K N 2005 IEEE Trans. Consum. Electron. 51
1260

[15] Gunturk B K, Glotzbach J, Altunbasak Y, Schafer R W, Mersereau R
M 2005 IEEE Signal Process. Mag. 22 44
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The production mechanism of image periodicity in
digital holography and its application in zero-order
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Abstract
An interesting fact in digital holography is that the reconstruction process of the hologram recorded by the color camera may

result in some periodic distribution of images in the image plane. In this paper we describe the production mechanism, characteristics
and application of image periodicity in digital hologram reconstruction. Our study shows that the image distribution characteristics
in the hologram reconstruction are strongly dependent on the option of RGB sampling mode due to a color filter array being used
in the CCD camera, and the relevant demosaicing process of the sampling array reconstruction. The image and the dc noise from
the hologram reconstruction may be of different distribution patterns due to the modulation function in the inverse Fourier transform
of a full monochromatic sampling array (MSA) with demosaicing. Thus, this work reveals the potential relationship between the
demosaicing algorithm for a full MSA reconstruction, the sampling frequency in the hologram recording, and the image periodicity in
the hologram reconstruction. Finally the application of the image periodicity in zero-order noise suppression is discussed.

Keywords: digital hologram, image periodicity, zero-order noise
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