$20% 6 eoE G TR Vol. 20 No.6
2012 4F 6 H Optics and Precision Engineering Jun. 2012

XEHS 1004-924X(2012)06-1159-07

ET /MBI AR AERN B
ZHBTHEARENAR

kK #FoM BB OEFERKAR
(BHFAF ARREF AN LEZERHEARFATHERLRE, R Z 30007D)

FEE 41X A UG AR IR = 4 7R 7 R 32 = 28 T 3045 5 20 % 8 14 L o T 10 12 5 00 KRR oy P 1 R R, 452 10 T — 3 T/
R I A USSR = 4 IR B R R O vk . %07 R B0 U BURUR BR R M — A BB Bk T R
B R 5 &R 28 R R O B RN RO B S T BB R e . SRS O P imdh BB R L, % ik
B RGEEE R RS X B s 2R AN S . LR R BR . Y R BRI SR R AR
AR 1 T9RE A USRS = A TR R SRR 6. 4 % RS 2 PO P E Y RB ARSI A SR E R T T 60% .
B AR IR = 4 IR B R T — A AR e T

E G W D4R R T ERARMSE BIRE A KA

FES S TN27;0439 XEkARIZED : A doi: 10. 3788/0OPE. 20122006. 1159

Enhancement of field depth for projection-type integral imaging
three-dimensional display based on small diverging angle

ZHANG Lei, YANG Yong" , ZHAO Xing, FANG Zhi-liang, YUAN Xiao-cong

(Key Laboratory of Optical Information Science and Technology of the Ministry of Education,
Institute of Modern Optics, Nankai University, Tianjin 300071, China)

% Corresponding author, E-mail : yang yong@nankai. edu. cn

Abstract: As the integral imaging three-dimensional(3D) display technology is limited by the depth of
field in a reconstructed image, it can not be widely used in the fields of 3D display. Therefore, this
paper proposes a method to enhance the depth of field in a projection-type integral imaging system
based on the angle control. To enhance the depth of field, an additional lens is used to control the di-
verging angle of every pixel in the elemental image array. Contrast to the conventional method with
multi-layers, the proposed method has advantages in simpler systems, higher efficiency and lower re-
quests for display devices. Experimental results show that the depth of field is 6. 4 times that of origi-
nal one when the diverging angle is 1. 79°. And as compared to the conventional method with an en-
hancement of 4 times depth of field, the proposed method has increased by 60% in efficiency. These

results demonstrate that the proposed method gives a new way to enhance the image quality for inte-
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Horpr, g J2 00 2 R BE 5 21 35 455 B 5 1 FE 2
a Ji 3B BT B A B B RO R ES , f ok T
BRfRlE , a, g, f R BB UR A d 2B B Y
T BB LA 5 S A2 R U 7R R 50 BE 08 42
W e KEBE BLAR . FR b ] DA 845 31 4 15
SRR I S AR IR IE Loor »

Smax
LD()FZZXTXOL (@YD)

ARG Z2 O T R BUIR B (9 07 A
[ A SR T /N S A A T AR AR 1) 1 B TR
JE RN 2 s .

Kb, g J2 o0 3 R I 51 3] 35 55 1 ) 1 B
a J& 155 BT K5 B P BLR E G oF TER BRES . (A] 2
() FIPE 2(h) g5 i T /N A IS 0L T 2l & e
Ve #3005 0 BT BB R RN, TR



55 6 1] gk

B A TN B B AR AR = 2 R B BE A 9 1161

5 AR GE R S BRI R GEAR LE /N K B Y
JEREAT WA/ . AR S AR BAE BL R N
BUA ¥ 7 1 i] AR A S R B FF B IR B, A 2
(o) (D 7R  TT R ER B 51 v 25 5080 K 80M R

Lens array Marginal depth plane
Central depth plane
il Tt T Spot
g =@
= — = bt =
Bl e
= [<I— - =
g R >
5|/ T
w -~ -
B .
LpoF
£ a

Ca) f 58 )y ¥ 30 F7F T _E B BE /N

(a)Spot size on marginal depth plane of traditional method

Lens array Central depth plane Marginal depth plane

% Spot
E | _AT-r1
s S
z e
E ~
o
Z |7
R
Lpor
£ a

(b) /NI A 3 54T B 1 DG B R/
(b)Spot size on marginal depth plane of small diverg-

ing angle

Lens array

Marginal depth plane

epth plane Central depth plane

T
Elemental images
\ /

\

(o) - BIR B
(c)Depth of field

Lens array Central depth plane Marginal depth plane
Marginal dgpth plane
ty ~ Spot
® . Spot
:.‘;’ | @ P
E e o
3 <Y
5 7
g ’
=
o A
Tpor
FA
£ a DOE

(D IGBER /N
(d)Spot size
PR 2 /0N A A G o R e 3R
Fig. 2 Sketch of enhanced-depth of field by small di-
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Tab.1 Parameters of experiment

Specification Characteristics
Lens array
Lens shape Square

Aperture of element lens 5 mmX5 mm

Pitch of element lens 5 mmX5 mm
20 mm
7(H) X7(V)

50(H) pixel X50(V) pixel

Focal length
Lens number
Pixels of element image
Projector and angle control lens

N. A. 0. 35

D. M. D pitch 16. 38(H)mm X 9. 22 (V)mm
Focal length 43 mm
Focal of lens 640 mm

Diverging angle 1.79°

Integral imaging system
g 25 mm
a 100 mm
6 (6, = 2arctan(d/2 g)) 11.31°
Sirax 0.5 mm
Lpor (without enhance) 20 mm
Lpor (proposed method) 128 mm
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