
Ô n Æ � Acta Phys. Sin. Vol. 61, No. 8 (2012) 084212

ÄÄÄuuu<<<úúúÀÀÀúúú���888¤¤¤¤¤¤���nnn���www«««©©©EEEÇÇÇ���'''���*

�� ë(† 
] ��û ��h

( Hm�Æy�1ÆïÄ¤, 1Æ&EEâ�Æ��Ü­:¢�¿, U9 300071 )

( 2011 c 7 � 11 FÂ�; 2011 c 11 � 1 FÂ�?Uv )

�
éØÓ8¤¤�XÚn�w«A^¥�Àú©E�J?1L�, JÑ
�«Äu<úÀú�8¤¤�n
�w«©EÇ�©Û'��{. ÏL©Û8¤¤�n�w«XÚ�©EÇ�<ú3�Zw«*wåle©E�+
�'X, ½Â
�é©EÇëê, ©Û
Ù�8¤¤�n�w«¢S*w�Àú©E�J�'X. ïÄ(JL², ß
º
����é8¤¤�n�w«�Àú©E�Jk­��K�. �éü�XÚ¢~�nØO�(JL², XÚm
��é©EÇëê�É´DÚ©EÇ�É� 1.75 �, ¢�(J�nØ©Û��. TïÄ�{én�w«©EÇ�µ
dk�½���¿Â.
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1 Ú ó

�X1Æ!êi&E?nUå���uÐ±
9<�éÀú�¦�ØäJp, n�áNw« [1] �
��«�#�ª�Àú�·¤�Nõ<�Ï� [2].

8c, ¢yáNw«��{kõ«, ~XNÀ{!
�Eâ{Ú8¤¤�{ (integral imaging). NÀ{
�±A^3n�iZ!�¯ÔöÚ�ý�[�+
�, �´duVúà�:ÚÀ�®à:Ø3Ó��
²¡þ, 
�k
EâI���AÏ��âU*w,

N´�)Àú·ÏÚ�N [3]. �Eâ��{�,Ø
I���?Û9Ï��Ò�±w�p�þ�ã�,

�´�Z1���^�9�þ�êâ?n [4] ¦Ù
A^É���. 8¤¤�{ÏØI��Z1!äk
�À�9ëY*	:!*w�ØI���?Û9
Ï�� [5] 
É�­À.

Jp8¤¤�n�w«©EÇ��{��´
ïÄö�'5�9:��. Cc5, <�JÑ�«
�{5Jp8¤¤�n�w«XÚ�©EÇ. ~X:

Piao � [6] ¦^����N���{, rd��å
l�n�ÔN¼������ã�
�=���

CålÔN�����ã�, l
��©EÇJp
�2yã�; ©z [7] æ^ßº
�£Ä��ª, Ï
L3Y²Úç���£Äßº
�¼�õ|��
ã�, òÙ|Ü2y��
©EÇJp�ã�; È
ÿ [8] JÑ
�«Äun�|µáN��1�N�
��µã�O�Å­�Eâ, ²�µ¤�XÚ�?
èláN��N���N��ã�«�¥J�é
AáN���õ�����:5­��µã�, ¦
Ù©EÇO�. �´ykïÄÑ8¥3ÏLU?w
«ì�½ö1ÆXÚ��5`zXÚ, Ñ´éÕá
�8¤¤�Eâ?1&¢ÚïÄ, éuØÓXÚm
�g`³�'�±9XÚ�µd�{vk�\ï
Ä, ¦�Uõ
�8¤¤��JvkÚ��IOï
þ, �ykïÄ¿vkl¢Sw«*wA^��Ý
é8¤¤��Àú©E�J?1'�©Û. ¯¢þ,

��w«XÚ, <ú´�ª�*	XÚ, ²L<ú
À��2g¤����Jâ´XÚ�ª�w«*
w(J. ¤±, üXlì�ëê���XÚ©EÇ
¿ØU��L�8¤¤�n�w«XÚ¢SA^
^�e�Àú�J, ddÚu
±e�a;.¯K:

�âDÚ�{�ä©EÇ�Ó½�C�XÚ, du
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XÚëêØÓE¤w«A^�*w^�ØÓ, l

�)��ØÓ�áNã�w«*w�J. yké8
¤¤�Eâ�ïÄØU)ûþã¯K, vkÚ�I
O½ö�{é�3þã¯K�XÚ?1µdÚ'
�. T¯K�9��5EâuÐÚA^�ã�µd
IO, ®²Úå
ïÄ<
9�'ISIOz|�
�5¿, �´8cþ?u&¢ïÄ�ã, IS	ÿ
�k���\�ïÄ��. Ïd, Äu<úÀúï
Ä8¤¤�n�w«�©EÇ!'�äk�Ó½
�q8¤¤�XÚ©EÇ�XÚ3¢SA^^�
e�Àú�J, òé8¤¤�n�w«©EÇ��
*µd±98¤¤�n�w«Eâ�uÐäk­
�¿Â.

�©JÑ
�«Äu<úÀú�8¤¤�n
�w«©EÇ�'��{. 3©ÛO�8¤¤�w

«XÚ©EÇÚ�Zw«*wåle<ú©EA
5ëê�Ä:þ, ÏL½Â�é©EÇëê5L�
XÚw«*w�Àú©E�J, l
¢yék�q
©EÇ�8¤¤�XÚ?1é'Ú«©, ¿|^¢
�(Jy²
T�{��(5.

2 8¤¤�n�w«XÚ�©EÇ

8¤¤�XÚ¢yn�áNw«�©�&E
P¹ÚáNw«üÜ©. P¹�|^ßº
�½�
Å
�lØÓÀ�P¹Ô�m�&E, �����
¹ÔNn�&E���ã�
�; 2y�ÏLw«
ì�w«��ã�
�¿c�ßº
�, �â1�
�_5�n, 1�^X�´�£, 3�5�m �
?2yÑ�Ô/m [9], Xã 1 ¤«.

ã 1 8¤¤��n«¿ã

ã 2 8¤¤�n�w«XÚ©EÇ�nã
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8¤¤�n�w«XÚ�©EÇdw«àë
êû½, Ù�nXã 2 ¤«, Ù¥ p ´fßº�»,

δ ´w«������», g Ú a ©O´w«��
�ßº
�Úßº
��2yáNã��m�å
l, D ´2yáNã���Ý, L ´*wål. 38
¤¤�¥, XÚ�©EÇÌ�dw«à�C�A5
û½, w«ì��5U!ßº
���þ±9üö
��é �CzÑK�XXÚ�©EÇ.

�âDÚ�©EÇO��{ [10], n��¹e,

dAÛ'X�±��XÚ�n��©EÇ

Ri1 =
g

aδ
=

g

a
RD, (1)

Ù¥ RD �w«����©EÇ. d�XÚ�n�
�©EÇÌ�dw«���5Uû½. ,
duß
º
�¥fßº�»�û��A9ßº
�Úw
«���ó²�� [11], XÚ�û��©EÇ Ri2

dOp�Úa|�âû½ [12],

Ri2 =
p

2λa
, (2)

Ù¥ λ ´ì²1Å�. 3¢S�¹e, 2y�n�
ã�Ï�û���3¦Ùz��:ÑC¤���
Ñ�, ¤±XÚ¢S��©EÇ Ri d Ri1 Ú Ri2

�Óû½, =

Ri =
1

1
Ri1

+
1

Ri2

. (3)

�w«��Ôn©EÇ'�p�, Ri1 � Ri2 �'
[, d� Ri X (3) ª¤L«; �w«��Ôn©E
Ç�$�, Ri1 ¿ Ri2, d� Ri ≈ Ri1.

±þ£ã�XÚ©EÇ3�½§Ýþ�±�
NXÚ�5U, �´3¢Sw«A^L§¥, *w
n�ã��Àú©E�JØ=�XÚ�©EÇk
', �*w^�Ú<úÀúA5�k���'X.

Ïd, �kòXÚ���©EÇÏ���A�*	
^�ÚT^�e<ú�Àú©EA5�(ÜâU
��ý¢/�Nã��Àú©E�J.

3 8¤¤�n�w«XÚ�Àú©E
�J

8¤¤�n�w«XÚ�Àú©E�J´�
d8¤¤�XÚ2y�áNã�²À��2g¤
�£O�*	ö�¢SÀú©EaÉ, �8¤¤�
XÚ���©EÇ9¢SA^^�e<úÀúA
5k'. du¢SA^¥8¤¤�XÚÏëêØÓ

éw«*wålkØÓ��¦, 
*wålé<ú
¤U©E���º�ké��û½�^, ÏdØÓ
�8¤¤�n�w«XÚ�Àú©E�Jòk¤
ØÓ. ^XÚ�©EÇ�¢SA^¤I�A½*w
åle<ú©E�+��é'X�±L«Ñ*	
öw��ã�Àú�J, =

RR =
Ri

R e
× 100%, (4)

Ù¥, RR ½Â��é©EÇ, L«8¤¤�XÚ©
EÇU
÷v<ú�©EI¦�§Ý, =XÚ©E
Ç�÷v<ú3A½ål*w�ã�¤I©EÇ
�m���§Ý; Ri ��âDÚ�{O�¤��
8¤¤�XÚ�©EÇ; R e �*	ö3A½*	
ål*w2yã���<ú�©EÇ. d (4) ª�
±wÑ, éu�Ó���«�, ©f�L3T«�
SXÚ2yáNã��:ê, ©1�LT«�S<
ú�£O�:ê. � Ri � R e �'��u 100%�
��Cu 100%, L«�½«�S<ú�£O�2
yáNã��:ê�õ, ÷*þLy�*	ö*w
��ã�Ó+�[b, [!�´L, Àú�J�Ð;

� Ri � R e �'��u 100%, L«XÚ2y�á
Nã�¥�3�
<úÃ{£O�:, �U¬E¤
XÚ©EÇL¤, O\Ø7��¤�.

�âû�nØ, <ú��©EÇ ω �L«�

ω =
1.22λ

d
, (5)

Ù¥ d L«Ò��². 3ûÐ�ì²^�e, <ú
��©EÇ� 1

′[13]. <úäké��À|, �´É
X¥%¶Ú�������, �
�ß/£O, �
±|^�==´Ù¥��Ü©, �V� 6◦—8◦ �
m (�©� 7◦)[14], ew«ã�¿÷d«��?1
*w, òU3©EåÚÓ·Ý��¡���Z�*
w�J. âd, �x¡�½�, �(½�A��Z*
wål, 
<úd���©EÇ R e �L«�

R e =
1

Lω
, (6)

ùp L ��Z*wål, =

L =
H

2 tan(3.5◦)
, (7)

Ù ¥ H � ã � � é � � � Ý. � Ä � ~ 5 8
¤¤ �n�w«XÚ�A:, ã�º��ßº

 � º � � �, ¤ ± (7) ª ¥ � H � ± L «
� H = p

√
m2 + n2 = pN , Ù¥ N =

√
m2 + n2,

m Ú n ©O�Y²��Úç����fßº�ê.
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d (3) Ú (6) ª��

RR =
LωgpRD

ap + 2λagRD

=
c1Np2

c2g + p

(
g

f
− 1

)
, (8)

c1 =
ωRD

2 tan(3.5◦)
, (9)

c2 =2λRD, (10)

Ù¥, f �fßº�å, a Ú g ÷vßº�¤�'X.

3w«���½��¹e, c1 Ú c2 ´~ê.
�d, d (8) ª¤(½��é©EÇ=�^u

L�8¤¤�n�w«XÚ�Àú©E�J, k�
«©Ú'�äk�ÓXÚ©EÇ�8¤¤�XÚ.

4 ¢�(J�©Û

4.1 ¢¢¢������yyy

éuäk�qXÚ©EÇ�8¤¤��±Ï
L�é©EÇ?1'�. �
�yþã�{, ·�
?1
nØO�Ú1Æ¢�é'. ¤À��ü�8
¤¤�n�w«XÚëêXL 1 ¤�.

L 1 8¤¤�n�w«XÚ�ëê

XÚ A XÚ B

p/mm 5 5

m × n 7 × 7 4 × 4

F/mm 14 9.6

g/mm 11 7.5

L/mm 405 231

Ri/mm−1 2.524 2.5774

RR/% 29.735 17.319

|^þã�{éXÚ A ÚXÚ B ?1�A�
©EÇO�, w«������»þ� 0.09 mm. l
L 1 ¥�©EÇO�(J�±w�, �,ü�X
Ú��©EÇ�~�C, ��Äw«*w^�e
<ú�ÀúA5�, üö�é©EÇ��É (RRA

� RRB �') 'XÚ©EÇ��É (RiA � RiB �
') O�
 75%. `²üXÚ2yáNã��Àú
©E�Jäk²w�ØÓ, ü�XÚ�é©EÇ�
n�� 100%��'��, ù´w«��Úßº

�5U�����, �lO�(Jþýÿ, XÚ A

'XÚ B k�Ð�Àú©E�J.
��\/�/é'±þüXÚ�Àú©E�

J, ·�?1
1Æ¢���y. |^O�8¤¤

�Eâ�)©EÇ����ã�
� (�
L«
áN�J, 3©EÇ�� 20 mm ?k�IP, l
üö�é ��Cz�±wÑÔ�m|µ�n
�&E), ¿æ^L 1 ¥�ü�ßº
�©O?1
n�|µ�1Æ2y. ¢�C�Xã 3 ¤«, Ù
¥¦^���»� 0.09 mm, ��ê� 640 × 360
� 71.12 mm(é���Ý) �¬w«¶w«��ã
�, ¿¦ì�Å��å�±ØC±�yP¹XÚ
��©EÇ�½. ¢�¤©Û'��é�´ü�
ØÓ8¤¤�XÚ¢Sw«ã�©EÇ��É±
9�é©EÇnØO�(J��É, ±dy²�é
©EÇ(¢�^uXÚÀú©E�J�L�, ¿
�«©äk�qXÚ©EÇ�8¤¤�XÚ. ¿
�d (4) Ú (6) ª��, <ú��©EÇÚ*wå
l´K��é©EÇ�­�Ï�. Ïd, ¢�¥3
d<úA5û½��Z*wål?, �,¦^�
<ú�©EÇØÓ�ì�ÅP¹w«(J, �´
éuüXÚm�'�
ó, ØÓP¹XÚé(J
�K�ò�-�. ¤±¦^ì�Å?1*w�J
�P¹, E�±
¢�(J��'5Ú��5. 3
L 1 �Ñ�*	ål?P¹ØÓÀ��n�2y
��(JXã 4 ¤«, ã¥�!¥!mn�ã�¤
w«�©EÇ�ñ	IP �ØÓ, éAXl�!
¥!mn�ØÓÀ����2y�. ÏL�Ý�©
{ [15] 5'�üXÚ2y���þ, ��XÚ A 2
y���Ý�©�� 0.01735, XÚ B 2y���
Ý�©�� 0.010811, üö�'� 1.6, �nØO�
� 1.72(RRA � RRB �') ���C. ù�*/�
NÑ3�Z*wål?*wü�XÚ�n�ã�
w«�XÚ A �Àú©E�J�Ð, �þãnØý
ÿ(J��.

ã 3 ¢�C�
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þãnØÚ¢�(J¿©`²�é©EÇ
( ¢ U 
 L � 8 ¤ ¤ � n � w « X Ú � À ú

© E � J, l 
 � y 
 � © ¤ J Ñ © Û � { �
�(5.

ã 4 ØÓÀ��8¤¤�n�w«2y(Jé' (a) XÚ A; (b) XÚ B

4.2 ©©©ÛÛÛ999???ØØØ

ÏL±þ¤ã�±uy, �,ØÓ5U�w«
��Úßº
���|Ü�8¤¤�XÚ�±¼
�äk�C$��Ó©EÇ�áNã�, �éu¢
Sw«A^
ó, <�ÏLØÓ8¤¤�w«XÚ
w�áNã��Àú©E�J´ØÓ�. =�âD
Ú�{O�XÚ©EÇ´Ã{O(«©Ú'�¢
Sw«*w�ü�8¤¤�n�w«XÚ�Àú
©E�J�, $�k�U�)�Ø��ä, ¦�¢
Säk�ÐÀú©E�J�8¤¤�XÚ�`³
ØU��u�Ú|^. Ïd, �©¤JÑ�©EÇ
©Û�{é8¤¤�n�w«XÚ��OÚµd
òäkéÐ���¿Â.

d (1)—(3) ª��, 8¤¤�n�w«XÚ�
©EÇ=û½ufßºÚw«���ëê9w«
���ßº
�m��é �, �ßº
����

vk'X. d (8) ª��, �é©EÇ RR Ø=�f
ßº�5Uk'X, ���ßº
��¡/º��
ké��'X, 
����û½
�Z*wål,

l
K�X2yáNã��Àú©E�J. �d,

±�/
� (m = n) �~, O���ßº
�º
�ØÓ��é©EÇ RR �fßº�» p �Cz
ª³Xã 5 ¤« (éu��/�ßº
��n�
Ó), O��¤æ^�Ä�ëê�L 1 ¥XÚ A �
ëê�Ó. lã 5 �±wÑ, RR � p �O�Ä�¥
�5O�, ���»
�� RR éßº�êCz�
¯aÝpu��»
�, ù`²O\äk��fß
º�»�ßº
��ê, òU�k�/Jp8¤n
�w«�Àú©E�J. 
 RR � N ¥4O'X,

Ïd�é©EÇ RR ò�ßº
�º��O�

O�. ¤±, �
Jpn�8¤��Àú©E�J,

k���{´O�ßº
��º�. 3Ø�Ä¤�
�¢SÏ���¹e, ÀJO�fßº��», �
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´O\fßº��ê, IÀ�/ßº
�º��O
Ì (= ∆(mp)) 
½. ùé8¤¤�XÚ�U?9
ÀJk�½�ë�¿Â.

ã 5 ßº
�º�é�é©EÇ�K�

nþ¤ã��, ßº
�´«©äk�qXÚ
©EÇ�8¤¤�XÚ�'�Ï�. Ïd38¤¤
�n�w«A^¥, ßº
�7òé©EÇ!À|

��XÚëê�)­��K�, Aéù�ì��A
Ï5Úå¿©�­À.

5 ( Ø

�©JÑ
�«Äu<úÀú�8¤¤�n
�w«©EÇ�'��{. 3©ÛO�8¤¤�w
«XÚ©EÇÚ�Zw«*wål?<ú©EA
5ëê�Ä:þ, ½Â
�é©EÇù�L�2y
áNã�¢Sw«*w�Àú©E�J�ëê, ^
5'�Ú©Û8¤¤�XÚ2yáNã��©E
�J. ÏLéü�XÚ¢~?1nØO�Ú'�,

(JL²XÚm��é©EÇ�É'DÚ©EÇ
�ÉO�
 75%. ¢�(J�nØ©Û���5y
²
T�{��(5. Ó�, é8¤¤�n�w«
XÚ¥ßº
��­�K�?1
ÐÚ�©ÛÚ
�ã. �©¤JÑ��{é8¤¤�n�w«XÚ
©EÇ��*µd±98¤¤�n�w«Eâ�
uÐäk�½��¿Â.
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Comparison of the resolutions of integral
imaging three-dimensional display
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Abstract

In order to present the visual resolution effects of different integral imaging systems in three-dimensional (3D) display applica-

tions, a method of comparing the resolutions of integral imaging 3D display based on human vision is proposed. The relative resolution

parameter is defined by analyzing the relation between the integral imaging 3D system and resolving power of human eyes on the best

viewing condition, and its relationship with the visual resolution effect viewed in the integral imaging 3D display system is analyzed.

The results indicate that the size of lens array has an important influence on the visual resolution effect in the integral imaging 3D

display system. According to the theoretical results of two examples show that the difference in relative resolution parameter between

the systems is 1.75 times of that of traditional one. The experimental results are consistent with the theoretical analyses. The method

proposed in this paper could have a certain directive significance for 3D display resolution evaluation.

Keywords: three-dimensional display, integral imaging, resolution, human vision
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