
1 40 ò 1 2 Ï g Ä z Æ � Vol. 40, No. 2

2014  2 � ACTA AUTOMATICA SINICA February, 2014Äu�Åñ	�»�1|ã�·Uuÿ�{�ì� 1 � � 1  ð 1 ±J� 1Á � yk1|æ8XÚ�3ÆÝ&Ejæ��¯K,ddÚå�ã�·U�Aü$
1|ã��þ. �©3 2D 1|µee©Û
1|ã�·U����., ¿�JÑ�«C�lÑ�»æ��Ý�·Uuÿ�{. T�{ÏLO��Åñ	�»
(Random masked aperture, RMA) ¤�:8�CÉXê?1·Uuÿ, A:3u�I®�|µ�ÝÚ«n�k�&E. ±²¡�Å
�Ǒæ8²�, �©3õ|ý¢1|êâ8þ?1
�{��y, ¿�3uÿ(JÄ:þé·U�A?1
?�.'� 1|¤�, ·Uuÿ, �Å
�, �Åñ	�»Ú^�ª �ì�, ��, ð, ±J�. Äu�Åñ	�»�1|ã�·Uuÿ�{, 2014, 40(2): 247−254

DOI 10.3724/SP.J.1004.2014.00247

Aliasing Detecting of Light Field Images Based on Random Masked Aperture

XIAO Zhao-Lin1 WANG Qing1 YANG Heng1 ZHOU Guo-Qing1

Abstract In a light field imaging system, the angular down-sampling problem will lead to severe aliasing effects, which

can significantly deteriorate the quality of a light field image. To address this problem, first we model the causes of

aliasing effects in a 2D light field framework. Then, we propose a random masked aperture (RMA) based aliasing detecting

algorithm. We use the coefficient of variations of imaging set derived from random masked aperture as an aliasing metric.

Most importantly, the proposed algorithm is free of depth estimation and texture independent. We have validated the

proposed algorithm on several groups of real light field datasets, which are acquired by using a planar camera array system.

Finally, we alleviate the aliasing artifacts by employing the detecting results.
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ã 1 1|ã��·U�A
Fig. 1 Aliasing artifacts of light field imaging

1 1|¤��n�ã�·U�.©Û1�DÑ&Ò�±^�� 7 ���1¼ê
f(vx, vy, vz, θ, φ, λ, t) L«[18], ?Û¤�L§Ñ�±w�é�m¥1�DÑ&Ò�æ�L§. Ù¥,

(vx, vy, vz) �Ln��m:, (θ, φ) �L1�\�Æ, λ �LÅ�, t �L�m�Ý. Ø�Ä1��CA5±9��DÑCz, Levoy �[9] Ú Gortler �[15]JÑ�m¥?¿1��±d 4 ��V²¡�.��(½. Xã 2 (a) ¤«, ã�²¡^ UV ²¡L«, �Å²¡^ ST ²¡L«, K?¿1� r �±^
r(u, v, s, t) ?1ëêz, Ïd, 1|¤�L§´éV²¡1|êâ��gæ�L§. Xã 2 (b) ¤«, é: P ¤�I�¢Ú¿\\V²¡SBLT:�¤k1�. XJ¤�:� �u)Cz, K1�¢Ú(JØÓ,X: O 3 UV ²¡¢Ú(J�: P k²w�É. ù�1�¢ÚL§q¡Ǒ1|à�[1, 4]. du1|à�´��O�L§, Ï31|¼��ÏLC�à�²¡U
¢yØÓ���à��J, ùǑ´1|�Åkû��à���n¤3.��JÑ|^�Å
�¢y1|¤��´
Stanford �Æ�ïÄ<
, ��¡�ǑÜ¤�»¤� (Synthetic aperture photography, SAP)[1]. b��Å
�¥z��ÅÎÜ��¤��., �Åê

þ=Ǒ1|ÆÝæ�ê. �ý¢�»éÆÝ&Ò�ëYæ�ØÓ, J[�»�Å�ÆÝæ�&Ò´lÑ�, Xã 3 ¤«.

ã 2 1|à��n«¿
Fig. 2 An illustration of of light field refocus

ã 3 J[�»�ý¢�»é'
Fig. 3 The comparison between synthetic aperture and

real apertureb�\�1�8^ Lo L«, Ký¢�»�¤�: Io �±^ Lo �\\L«, Io =
∫

Lo

r(i)di, Ù¥,

r(i) L«�^\�1�, i ´L«1�¢Ú�ëYCþ. �A�, J[�»�¤��ª�±L«Ǒ
Is =

∫

Lo

r(i)δ(i − n∆x)di (1)Ù¥, Is L«1|¤�:, δ(·) ´ Dirac′s delta ¼ê, ∆x L«æ�m�. �é�Å
�æ��A:,�©^ Kronecker delta ¼êO�ª (1) ¥� δ(·),ù¿ØUC�Å
�æ���. Ïd, �Å
�1|¤�:�±L«Ǒ±elÑ/ª.

Is =
∑

r(i)∈Lo

r(i)δk(i − n∆x) =

∑

r(i)∈Lo

r(i) −
∑

r(i)∈Lo

r(i)δ̄k(i − n∆x) (2)
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δk(i − n∆x) =

{

1, i − n∆x = 0

0, i − n∆x 6= 0

δ̄k(i − n∆x) =

{

0, i − n∆x = 0

1, i − n∆x 6= 0
(3)Ïd, lÑ1|¤�´é�©1|ÆÝ&Ò�üæ�L§, üæ���¤�:��©1|¤�:÷ve�'X:

Is = Io − Ioδ̄k(·) + ε (4)Ù¥, ε´¤�XÚ�D(. dª (4) �±wÑ δ̄k ´��1|¤� Is �DÚ1Æ�»¤� Io �É�'�. duÆÝüæ�é¤��KǑ��u¤�D(,Ïd, �©6Ø�Ä¤�D(�KǑ. Ǒ
{Bå�, �©æ^ 2D 1|µe©ÛÆÝüæ��.[19] ,©Û(JN´í2� 4D 1|.Äk, ·�½Â1|ÆÝæ��Ç R = Sa/Se,Ù¥, Se ǑýÏÆÝæ��Ý, Sa Ǒ¢SÆÝæ��Ý, =�Å²¡æ��Ý. Xã 4 ¤«, t ²¡L«�Å²¡, v ²¡L«ã�²¡. b� t0 L«�Å
��ë��Å, ÙÌ¶ǑJ[�»�Ì¶. õ��Å tx þ!©Ùu�Å t0 Ú ta �m, A L«J[�»��.

ã 4 1|ÆÝæ�©Û
Fig. 4 Angular sampling analysis in 2D light fieldyòJ[�»à�u�m: p, : p �ë��Å�ålǑ Z, ¤�²¡��Å²¡ålǑ f , =¤��å. XJ: p Ø´��¢SÔ:, Kà�u p :�1�ò5guÙ� ∆Z  ��?¿8IL¡«�

DRegion, Xã 4 ¥L¡«�¤«. T«�>.d�Å t0 Ú ta �: p �ò�� t0p Ú tap ¤û½. 3V²¡�.¥«� DRegion 3�Å ta ã�²¡�CX«�Ǒ |va − v′
a|. �â1|¤�nØ, : p 3 ta ¥��:�IǑ

va = v0 −
f

Z
(ta − t0) = v0 −

fA

Z
(5)

?í�Ñ
|va − v′

a| = fA
∆Z

Z2 + Z∆Z
(6)e8I²¡ÎÜKËNb�, 3�Å²¡?�

tx ∈ [t0, ta], K: p 3 tx þ��:��u3 va �
v′

a �m?1«�æ�. �æ��Åê�u |va − v′
a|¤¹��ê�, Ü¤ã�: Is �Ñ�: p 3�Å ta¥¤¤���Ó, =*Ñ�A�3 ta þ$ÏÈÅ�(J��. ù«�.�¹e, Ø�3ÆÝüæ�Úå�1|ã�·U, Xã 4 mþfã�¤«. d��æ��ÝǑ |va − v′

a|/A, = Se = |va − v′
a|/A . 5¿�, þãí�¿��Ä|µ¥«néýÏæ��ÝE¤�KǑ, Ǒ
(�úª���5, �AT3ýÏæ��Ý¥\\«nÏf αt, K�ªýÏÆÝæ��Ý Se = |va−v′

a
|

A
αt. dd, ÆÝæ��Ç R �±U�Ǒ

R = Sa

1

f

Z2 + Z∆Z

∆Z

1

αt

(7)?�Ú©Ûª (7), ·��Ǒ1|ÆÝæ��Ç
R dæ�XÚA5 Sa/f ±9|µA5 Z2+Z∆Z

∆Z

1
αt�Ó�^û½. w,, 1|ã�·Uu)�^�Ǒ

R =















Sa

Se

< 1, ·U
Sa

Se

≥ 1, �·U (8)du R �ª (4) æ�^� (i − n∆x)/i äk�Ó¹Â, ��=� ∆x = 0 = (i − n∆x)/i = 1 �,Ø�3·U. Ïd, ª (4) �,�«/ª�±L«Ǒ
Is = Io − Ioϕ(R) + ε (9)Ù¥, ϕ(R) ´�â R �üæ�¼ê. þã1|¤����©Û�©z [11] ¥ª�©Û�Ñ�(Ø��, 1|ÆÝüæ��û½Ï��)ã�²¡©EÇ (d f û½)!�Å²¡�æ��Ý Sa!|µ�Ý&E (Z2 + Z∆Z)/∆Z Ú|µ«nÏ� 1/αt. ±eA:l��)º
÷v R ≥ 1 �^�, =;�1|ã�·U�A«�U�¹.

1) � ∆Z = 0 �, ÆÝæ��Çòo´÷v�·U�^�. � ∆Z = 0, ¿�X8I|µålJ[à�²¡�ålǑ 0. Ïd, 1|ÆÝ·U�A��U�3uã��Ñ�«�, à�«�Ø�3ÆÝ·U�A.

2) �1|ÆÝæ�êv
� (ý¢�»), ½ö�» A v
� (���.) �, Kk Sa → +∞, ?�±÷v�·U^�.



250 g Ä z Æ � 40ò
3) ��Å²¡�ã�²¡v
�C, = f → 0�, �±;�·U�A. w´�, � f → 0 �, 1|ã�©EÇé$, �C�Åêþ.

4) � αt → 0 �, du|µ«n²w, Ïd, �±;�ã�·U. b�k�¡"y«nAÆ�p¡,=�Ü¤�»à�¡Ø3p¡, ǑØ¬u)ã 1 ¤«�·Uy�.,3ý¢1|¤�L§¥, þã 4 «Ï�´nÜéã�·U�)KǑ�. yk�6uk��Ý&E��{Ñb�ª (7) ¥�|µ&E Z2+Z∆Z
∆Z

1
αt®�, Ïd, �±ÏLN�à�¡�¤k��:�à� �÷v ∆Z = 0, �)�µ��ß (All-in-

focus) �1|ã�, ¿��/ØÓ��Úµ��ã��J. ØÓuÄu|µk�&E��{, �©JÑ�«Äu�Åñ	�»�ã�·Uuÿ�{.

2 1|ã�·Uuÿ�{3�Å
�¤��å!�»�»�½��¹e,éu«n!�Ý®²(½�A½|µ, ·��±b�ýÏÆÝæ��Ý Se ´(½~þ. Ïd, ÆÝæ��Ç R ò�¢SÆÝæ��Ý Sa ØÓUC, ?Úå1|¤�:Cz. 3�Ý!«n�&E����{O(�OÆÝæ��Ç R ��¹e, �©JÑ±¤�:Cz�Ǒýÿ R ��¢, ;� Se ��L§�6|µ�Ý�¯K. ù´ÏǑ�äã�·U�I&Ï Sa � Se ��é'X, = R ´Ä�u 1,�I�� Se Ú R �O(�.�é�Å
�XÚ, ØÓlÑæ��ª�æ��ÝØÓ. K ��Å¤k�U�|Ü�ªk 2K «,Ù¤3�lÑæ��Ý�m½ÂǑ S. ?��«æ��Ý sx ∈ S, XJ sx < Se K R < 1, �3ÆÝ·U�A, ��KØ�3·U, Xã 5 ¤«. DÕ��«� Au �Lã�·Ujæ�«� (R < 1), �8��«� Ao �L�·ULæ�«� (R ≥ 1). 3ª
(9) ¥, � R < 1 jæ�^�e, R �CzòÚå·U� Ioϕ(R) �UC. 3Læ� R ≥ 1 �^�e,üæ�¼ê ϕ(R) ªCu 0, ? Ioϕ(R) ªCu 0.3D(KǑØwÍ�^�e, �âª (9) k Is ≈ Io.dd, �±�Ñ±eíØ.íØ 1. ∀sx1

, sx2
∈ Ao, XJ Is(sx1

) Ú Is(sx2
)�LÓ� �3æ��Ý sx1

Ú sx2
e�1|¤�:, K |Is(sx1

) − Is(sx2
)| ≤ 2ε.� sx1

= sx2
� sx1

∈ Ao �, þãíØÓ�¤á, =�æ��Ý�Ó�Å�m©ÙØÓ�, 1|¤�:ǑCq�Ó. dd, ·�½Â1|ã�·Uuÿ�.Xe.

ã 5 �Å
�æ��Ý�m«¿
Fig. 5 An illustration of sampling-density-space of an

camera array system½Â 1 (·Uuÿ�.). éu�½�æ��Ý sx0
, XJ ∃Ii

s(sx0
), Ij

s (sx0
) , �� |Ii

s(sx0
) −

Ij
s (sx0

)| > 2ε K sx0
∈ Au. Ù¥, Ii

s(sx0
) L«3æ��Ý sx0

e���1|¤�*ÿþ, i, j L«ØÓ��»©Ù�ª.XJò sx0
�½Ǒ�Å
�æ��Ý Sa, du�Å
�(���, �{¡Þæ��Ý sx0

�¤k�U�ÅüÙ. Ïd, �©·�tµ8Iæ��Ýe�� (1 − γ)sx0
≤ sx ≤ sx0

, γ ǑtµÏf.tµ��¤�*ÿþ�m�±L«Ǒ P (sx0
, γ) =

{Is
i(sx)|(1 − γ)sx0

≤ sx ≤ sx0
, i = 1, 2, 3, . . . }, ÷v |P (sx0

, γ)| = C
(1−γ)sx0

sx0
. w,, ¡Þ1|¤�*ÿþ��{O�þL�. �©�ÅÀ� P �f8M = {Is

i(sx)|Is
i(sx) = randomi(P (sx0

, γ)), i =

1, 2, · · · , n}, ÿþ M �Cz§Ý�Ǒ�m P ¥¤�*ÿþoNCz��O, ±ü$O��d. �â�Ë½Æ (Weber′s law), <úé�ÝCza�Ø=��ÝCz�rÝ�', ���µ�ÝrÝ�'. 'X, 3çÚ�µ�ã�þ, ���ÝCzÒ�±�´*ÿ�; 3p�Ýã�þ, <úéÓ���ÝCzÒØ�¯a. Ïd, �©æ^CÉXê Cν Ýþ8Ü
M Cz��a�§Ý.

Cν =
σ

µ
=

√

1

n

n
∑

i=1

(Is
i(sx) − Is(sx))2

Is(sx)
(10)Ù¥, µ = Is(sx) �L8Ü M ¥*ÿþ�þ�, σ�L8Ü M ¥*ÿþ�IO�. éu�½�K�

T , XJ Cν > T , K�Ǒ¤�:�æ��ÝCz²w, d�, Sa ∈ Au ⇔ R < 1, =¤�:�3·U. ��, K Sa ∈ Ao ⇔ R ≥ 1, ¤�:Ø�3·U. é1|ã�¤k�:A^þãuÿ�{���·U��:8Ü=Ǒ1|ã�·U«�, Ù��·U«��äN6§Xã 6 ¤«.
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ã 6 1|ã�·Uuÿ6§
Fig. 6 A flow chart of light field aliasing detecting

3 ·Uuÿ¢��?ØǑ
¼��m¥ý¢�1|êâ, �©�ï
�� 8× 8 �²¡�Å
��Ǒ1|æ8XÚ. 3?1J[�»à�¤��, I�Äké�Å
�?1�p°Ý�ëêI½. du�Å
� ��½, Ïd, �©�æ^gI½�{[20] �O�Åëê, æ^
DÚÜ¼I½{[21]. I½��Å
��1|æ8L§Xã 7 (a) Ú 7 (c) ¤«, zÌfã��L��ÆÝ�æ�. |^J[�»à��{Ü¤1|ã�Xã 7 (b) Ú 7 (d) ¤«.ã 7 (b) �à�²¡3Ýf�¡, �lT²¡�8IC��
, duÆÝjæ�, �
«�Ñy
²w�^«G·Uy�, ã 7 (d) ��aq. ùÎ

Ü��©Û, 1|ã�·U�ÑyuÑ�«�, à�«�du ∆Z = 0, Ïd, Ø�3ÆÝjæ�¯K. ã 7 (e) �Ñ
�Å�»À��«¿, xÚ�f�LÀ¥�k��Å. ã 7 (f) Ú 7 (g) ©O�Ñ
ã 7 (b) Ú 7 (d) ¥ 5 �·U:� 5 ��·U:�
100 |�Å�»¤�(J (�µ�L·U:, �µ�L�·U:), �±wÑ·U:��Å�»¤�äk²w�Cz.�©�{¥tµÏf γ é·UuÿKǑ��,Xã 8 ¤«, ã 8 ¥uÿ(J��Ý�L8�z��ÿÝ Cν �. � γ �����, �Å�»æ��Ý�Cz��, d�, ÆÝæ��Ç R �ÅÄǑ��, Ïd, é·U«��«©5U�f, X γ = 0.05�, ü|êâÑ�3·U«���uy�; ��, �
γ ��L�q¬��·U«��u, ù´ÏǑæ��Ç R ÅÄL�¬Ú\�$æ��Ç�ã�·U,X γ = 0.5. ²L¢�, �©ïÆ γ À�3 0.2 �mU
���O(�uÿ(J, =�Å�»�ÝCz3 20 % ��S. Ó�, du�Åæ�gê�ØÓ, ·Uuÿ(JǑk�½�É. w,, �Åæ�gê�õKuÿ(J��C°(, Ù%C°()�L§¿��5, �Xæ�gê�O\, uÿ(JCz²w~f, Xã 9 ¤«. ã 10 ´ 4 |ØÓêâ8¥ n ���C n − 1 �·Uuÿ(J��Éþz(J, �±wÑ�L 100 g�Åæ��uÿ(J�É$u 5 %.Ïd, 3�© 8 × 8 �Å
�XÚ^�e, �Å�»æ�gê n A�u 100 g, ØÓ�1|æ�XÚdug�æ��Ý�ÉAk�½�«O. ,	, �©¥K� T KǑ·Uuÿ�{éu�ÝCz�¯a5,

T ���uÿ�{�O(, �´|D(�Uå��.¢�L§¥, �©òK� T �½Ǒ²�� 0.02, =�¤�:8Cz�IO��u«�²þ�Ý 2% K�ǑCz²w, ?Û�uTK��CzÑb�´d

ã 7 ·U:��·U:C�»¤�é'
Fig. 7 Comparison of random aperture imaging between aliasing and non-aliasing points
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ã 8 γ �À�é·Uuÿ�KǑ'�
Fig. 8 The affects of different γ setting in

aliasing detecting

ã 9 �Å�»æ�êþ n éuÿ(J�KǑ
Fig. 9 The affects of different n setting in

aliasing detecting

ã 10 4 |ØÓêâ8¥ n ���C n − 1 �·Uuÿ(J��É
Fig. 10 The difference of aliasing detection within n and

n − 1 from four data sets�â1 2 !¥éª (7) �©Û, ü$1|ã�©EÇU
k�ü$·U�A. Ïd, 3þã·Uuÿ(J�Ä:þ, �©?1|·U1|�/¢�. Äk, �©é1| UV ²¡?1üæ�ö�±ü$Ù©EÇ, 2æ^©z [4] ¥�Ü¤�»¤��{���ºÝ$©EÇ1|ã�. ?, Ǒ
^�ºÝã�éA«�O�uÿ��·U«�, �©æ^V�5��{J,�ºÝã�©EÇ��©1|©EÇ.du�©:3u1|·U�uÿ, ·U«�O�KÜ��{�õ, X©z [22−23] ¥��{, ��©Ø�:?Ø. �ª, 3·U«�O�L§¥, �©æ^©z [23] ¥FÝ�ÑtKÜ�{, ±�ÑØÓºÝã�moN�ÝØ���¯K. 31| UV²¡ü©EÇL§¥, �©¢�æ^Y²ÚR��

�� 4 �üæ�±ü$·U�A, dub��Ý��, Ïd, �©�{�/��
�Äu�Ý�{�/��
�3�½�É.ã 11 ¥éü|ý¢|µ©O�Ñ
ü«ØÓ�²¡�½��¹9Ù·Uuÿ(J. ¥mü�éæ^�©�{?1·U?���(J��©(J?1
é'. ·U?�(J²w�)
1|¤��·U�A, �·U«�¿�UC, ùǑ`²
uÿ(J�O(5. duý¢|µp°Ý��Ý&E¼�(J, Ïd, �©3J[êâÄ:þé'
�©�{�yk�{��/(J. Xã 12 ¥¤«�J[|µ (a1), (b1), éu�½ü�ØÓ�é�²¡ (a2),

(b2) æ^�©�{?1uÿ�(JX (a3) Ú (b3)¤«. ã 12 ¥ (c1) Ú (d1), (c2) Ú (d2), (c3) Ú
(d3) ©O´æ^Äu�Ý��/�{, ©z [9] ¥ýÈÅ�{9�©�{��/(J. ã 12 ¥ (a4),

(a5) Ú (b4), (b5) ©OǑü«�{�/(J��©�{�/(J��Éã�. Ǒ,�©�{(J�Äu�Ý�{�(J�', 3Ñ�«��3�É, �´�N�/�J²w`u©z [9] ¥��{, ���´�©�{é�©(J�UCÌ�8¥uã���
Ü©, éuà�«���ß[!vkKǑ, Äu1|ýÈÅ��{K¬�à�«��[!C��
. �©�{Ó��3±eÛ�5: �©uÿ�{¥éu¤�:Cz�K� T 9 UV ²¡üæ��Ç�²�5À�; �©�{I�é�Å
�æ��Ýuÿ���·��tµ, tµÏfÀJ¡�uÿ°ÝÚ°�5�gñ.

4 (Ø�éÆÝjæ����1|ã�·U¯K, �©Äk©Û
·U�A�¤�XÚ!8I|µ�m���'X. 3dÄ:þ, �©�ÑUC�»æ��Ý¬Úå1|¤��Cz, ù«CzLy
1|ÆÝýÏæ��Ý�¢Sæ��Ý�'X, =1|ÆÝæ��Ç��. dd, �©JÑ�«Äu�Åñ	�»�1|ã�·U��uÿ�{. T�{A:3u�I|µ�Ý9«n�Ǒk�&E. �©3±�Å
�Ǒæ8²�¼�ý¢1|êâ�Ä:þ,|^JÑ�{é1|ã�·U?1
uÿ, ¢�(JL²
�©JÑ�{�k�5ÚO(5. Ǒ
?�Ú`²T�{éuJp�Å
�1|¤��þ�Ä:�^, �©|^·Uuÿ(J?1
1|ã��/��Ú¢�, ¿�Äu�Ý��/�{9yk1|ýÈÅ�{?1
é'. �5ïÄó�¥, �öòUYïÄ�'ëê�g·AÀJ�{, ¿�&Ï�`�1|·Uã��/�{.
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ã 11 1|ã�|·U�/�J
Fig. 11 The results of light field aliasing reducing

ã 12 J[|µ|·U�/é'¢�
Fig. 12 The aliasing reducing experiment on synthetic

data sets
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