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Abstract: On the basis of the principle of integral imaging and the relation between camera array and
display lens array, a pick-up system using a camera array for three-dimensional integral imaging was
analyzed according to the geometric imaging theory and the ray tracing method, and the dependence of
main recording parameters on display characteristics of integral imaging was obtained. A parameter
design method for elemental images was proposed according to the display specifications and a pick-up
system was designed by the proposed method in a pick-up distance of 49. 6 cm and a camera space of 25
mm. The experimental results demonstrate that the pick-up system using the camera array can record
the 3D information for a scene completely and the 3D display characteristics reach to the design re-
quirements. Furthermore, the relationship between the pick-up parameters of the camera array and
the display characters coincides with theoretical analysis, which verifies the display performance of de-

signed system and the feasibility of the proposed method as well. The system can generate elemental

YR BEH:2012-01-16; 81T A #§:2012-03-05.
H2IWE EHFK 973 HRUFIE & BRI BT H (No. 2010CB327702) ; [ H 4R Bl 54 % Bh 35 H (No. 61108046)



1654 e KE TR

5% 20 &

images with large scenes and high resolution for mismatched full optical integral imaging systems.
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Fig. 1  Pick-up and display processes of any two

points in 3D object

AR AT Ay A Byo o T RS R 1 B 2%
P B T e VE E 35 458 70, O 1 SCHG 446 Tk LE 491]
H

L
=2 1
B (1

Horpa I AT 43500 A4 53 S 7 A TRT B %o £ 42 R
/N AT H T s R R a0 S B E

BEIE T P AR AL 50 5 L AL B AL
B PR ABBR A Cxoa s yoas 20a) FICon s Yo s 20) 5 BT
JUAR 8 D BRFT DG 238 B J7 5 5 i A T8 i AH LIS
SIhFAABL 1 R FARBL m B SR S AR AR A,
(Tihres Mhas ) T Arn CTiowas Mo s Rcma)
I3 A -

Lla 8la

(Z1yas Y1hras ) = JCou[ vy()al 7gluJ s (2
la la

(Zimas Mimas Zima)

{xoll%,(m*l)p1+[yo“*(1n*1)p1]%sg1u} ’
1 1

a a

3
Horr s g e AR T S5 A HLIE B B9 B B, v il A
SNPGRS R AR 5, BER FE 5K B L ] B
HEATARTG > W A% Ay B Avq, 75 7R P T B Y
AR Ascry T Agc » 83k 1 755 375 55 [ 4] v AR B 1)
BT 1 BB TC m 43 AR5 L 15 3 AR A
AIAEFR Ascy Casanas Yahas ara) 1 Ascn (Tscmas
Vcmas Zsma) TT I -

o Loa « Lo
(Z301ya s V3(as ) = l‘oa,B il“ g;“ ’ yOaB !ZT;“ g;“ ’ lZa] ’ 4
1a Lo e Loa
(IS(m)u’yS(m)u’ZS(m)u): 1‘0(1[6,gl - 7(7”71>pZ_’_‘B[y()ai(]nil)pl]gl - ’ba} . (5)
Lia 824 Lia 824

Forb s go o s T 5 2 0 B 5 B AL L,
N BB SRR, W R R IR R R
P A BUBAR B, Ascry T A, TE R 35 BEBE S S
R s ] 2 B — A2 R Ay AT
Xs(a™ Lstma

3 y3<1>a:y3<m>ajf72:PlBZ__ (6)
Lzm)u:zg(,,,)d

K1 hEARs BS AL < #iJ5m BT 7
AT [R] 9 SF- T {H 4. 80 R 15 A0 14 B 2 — > 3 )
A TR VG 51 o 10 s A s B AT A = A5 2, B
gu,:glaagm:gza,lﬂjﬁ gm'ﬁ llh\gzzjlﬁ Loy B AN il

AR BILE S A L H AR DG ZGE 5 7 145 B A5
B 7 {8 ) i o L 7 RBCRE £ T AR AR . AT
i IR RE D7 12 T3 H 545 B i B 28 ad AR AL 51 A
B IF 2853 W7 38 BT B 5 14 B BT A48 Ry A AR
Bsy Casans REISOI R 231 ) F Bscw Cascmns NV3mb o
o) I RS R — DR A By X — 1k
Jinl A%

JIS(I)b:xS(m)b

31)2:])1’8&&@' (7)

V(b — Y3(mb
Ly 824

[ZS(I)I): L b

A AR 6) T (7) AT 41,



1656 G R LA %20 %
[y w  of
loa Loy 18L e e T 160
ﬁmﬂuﬁﬁmzéﬁ%ﬁiiﬁféiﬁﬁ A HI — 16.— ‘ i % - 140
L N S = r # -4 120
B AR VERCAR MR R G il M AT S . )y, 3 14p o et 120
2 7 % T B 1 E 59 e 2L w2 Is0 %
| 2e— s | Trme— 23| P 2 e Jeo =
3(Da 3(Db — 3(ma 3(m) b :g S 3 R
|3Cou_l‘oh| ‘Iou_lo“ b 6_ p & o 140
B 420
‘y3<1>a*y3<1>h|:‘ysm)u*yz(m)h‘:& (9) i e S s s e e e 0
| you— 305 | | yoa— you | h : 10 20 30 40 50 60 70 80 90 100 110
Pick-up distance/cm
| 23000 — 2120 | _ | 23(me— 2w | _ D21 g
| 20— 203 | | 200— 201 | P B g Ca) T ORS00 457 6 R
2 3 () A, = 4k BEBRAGORD — 4 W AR 1) e (a) Viewing angle and depth
] RS 1 FEAEA S AR AL B po F0 S 7R 3 55 5 41
I BE o A, A RS WL fERR T 5% 2 5 21000 —0- p=lmm
B oAb 8 50 AR R R 1 AL g T T B
. . T 1500 il
g DA =% ROSE 9 4 i e 1) KT £ ol A e
= il —_— _pl: mm
B LR A — 20 B B o] A, X T AR AR 2 o0l kN ve o o Viewitg ale
= N
N — N NASRETR N - — Depth
f%jE[E@ﬂIE%%ﬂﬁﬂ?%éﬁ 7§ﬁYWEﬁnTﬁ§\' E 600 « \‘\,\: - [Ijafe:ralresolutjon
Lg _ p Ioa0p el T
Lo b 0f E38mmoocmmmssinss
2 81 P2 (10)

tﬁzﬁl&
Az P B

Horpo R br g SR PLIE S 118 R B L 1L
FTon R HABIN B R EEEI MR, Ax R
TN S HEYIR I R IR TR B, A FoR 4 F IR 1 IR
B AR TE R URR R R S B0 E 1Y
UL 0 RGN LS H HARDLEE S 1930 5%
FEES o FIAHBLIEIRR po A0 £E T E T 4 R
IRARGTERE . K HACALE U = 4 R R4
AR @ B 1) Ay HER RO LY BLR
W Az R QL0 b, AT A AL 21 30 s 5
FARBLIE] B 5 =2 P IR R R E RN
Pl

=2 t 7 7
¢=2arc an(zpzf2 L —2 b Bfo gl)

_ B
R=—F">R , (11)
| bl 0

Py fz/
Az=(———1)"—Az
z (;blgl,B ) L, 2

Hor . Ry Ry S 450 R 2 R RO 40 HER . fE L
LRl LRI 1 AR 2 PR Ss 28, 15 B AL
MRS B G HE S EOC SRR B L FIARBLEIBR po X 4R
A& S R B 5 e T R 2 T H R A A
FAcSEEEE L,

10 20 30 40 50 60 70 80 90 100 110
Pick-up distance/cm

()R 1] 7 3 %

(b) Lateral resolution

B2 dsZHGE I B AHBLIR R A1 R e 09 26 &R
Fig. 2

Relationship between pick-up parameters
(pick-up distance and camera space) and

display characteristics
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Tab.1 Experimental specifications

Component Parameter Value
3D object Depth Az /cm 5
Square lens array Filling factor 100%
Number of lenses T(H) X7(V)
Aperture of lenses/mm  5(H) X5(V)

Focal length of lenses [>'/mm  19. 64

Diagonal of lenses I, /mm 7.1
Pitch of lenses p,/mm 5(H) X5(V)
Display plane Lateral resolution Rp/dpi 600
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Tab. 2 Camera specifications
Component Parameter Value
Camera array Number of camera 7(H) X7(V)
Focal length of camera f,'/mm 25
Size of image plane/mm 4. 8(H) X4, 8(V)
Diagonal of lenses I;/mm 6.8
Field of view «/(*) 15
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Fig. 3 Optical pick-up system of scanning-type CCD array



1658 e KE TR

5% 20 &

TGS R =4 A E T CCD FiiA 49. 6 cm &b, %
E CCD WA N 25 mm , XF = 4k gt 4749
T BEF A0 5%, 19 51 1 B B4R B 5 an i 3 () i
R
3.3 BRILBELR

HE AL R 51 35 B i (BT 45 9 91 SR 4% 52 S
w7 3K, B o s O B R A A5 B O = 4E
BB REEMAE 4 i, #EL(EPSON
E3300W)OE N 15 5 it A 2 G085 i 1K1 1% 1 91 1% 5%
FPG2E R G v gk i B T DL AT 4R 5 s IR AR
/B 5 37 55 R A AH DG JE 1Y K /0N 5 LA S bR FH R 45
il B AZOG TR 5 355 5 W 37) L ok b ok PR 1% 1 ) 3 A
I B R B 0 = 4 R SE AR . Bon g5 R
Bl 5 FE 6 Js,

Aperture stop

‘\\\* Lens array
Screen

Integral image

B4 FERBER BRI E
Fig. 4  Experimental setup for projection-type inte-

gral imaging display

i i Bl WO B B RS AR BRI £ 5
CARNFEE @ [T AR AR, R 5 TR,
YW b RE B S R L AT, SR 2
ANFFT A H @ 1 3 M4 BUAR 43 A T B 8 i
BEFEA) 91, 5,100, 6 mm {7 B AL, IR E Az K
9.1 mm, A K BB 2R . B2t B
ANFFT A7 F @ 775 B 5 AR A B ) RS 5K
1.05 cm 1 0. 95 cm, B = 4E 4 (K 5 7 B4 0 7]
RSFRYELAE 0 Y3 B 5., FEAR 3K 5] T 4 1% 15 1)
ROSF i JE AR R, = 4 IR0 2 PER R R
FBE IR 1A A7 geA7 00 B 5, R 5 2
T 4339 3 0 3K A 1 D EE AR TR AR R BE
ZERRTE W3 ) A 1) 3 AT R AR 1 S AT £ R
L] o3 A A B BARIE R 0 19 B S H T R4S
FI) i 0 N B P IR A B L il RS B
C AR AR BUS A PR R 292 106 dpi. H

JE B S 56 7 B A B 52 0 T T B BR AR o7 B 1Y
AT 5% 22 FH 8 73 35 52 76 ) i O BRI 1 = 4 - BLAR
(3 B D e A S R 25 SR AR T 0T o Bk R 4
b AHAE—E R B SR T B3R B B 23 A 4
Mt Irik.

sharply image of “ @ ”
0.95 cm

v
|

,,=-100.6 mm

sharply image of “—=a”

1.05 cm

5,=-91.5 mm

B 5 REREES Y = 4EH R

Fig. 5 Reconstructed 3D images of elemental images

R /I fr A P RS i 0 X = AR T
W37 i1 BB 2 1) 52 oK TR 4 S RS B R i B
W BEAS 25, I 76 FL AR S R AN b 4k 55 % 2 ) 384 i i
IEEN 0. 100 W IR i, DA RIS S 65, Ty
il EHEECSEROLE =4 % . B 6 Frs AN
KPR A1 T 1) UL 5 B 1 = 4 P A, o R Y
WAy A J2: p 38 B B 91 P ad B UG TR AR 38 50 Ml AR
(. WEFRAT LLE H, = 48 fE R AE 11, 4°35
WA B L. 25 R 335 B B 4] Jn T35 22 X6
TR I FZ MR L 3 — 25 J FL AR 3K 3 7 0] UL K S HE 4
AR BTHER

6 R 55 i = 2k P ELE

Fig. 6 Reconstructed 3D images of elemental images

4 5

AR SCHE T U] B AR D B A6 2538 3 5 2, 3
A 73 BT AL 51 DL Kt 7R o i 4 31 22 T ) O AR
25T R VR 4 e B BUOBUR AR GE Y TR AR IS )
e LA S AR BILRAE 1) 11 OC B 2 805 4R LA S s 5 1k
AR IR AR Al b 42 T — i Rk T A B S



% 8

/N SR IE T AL A = dE 4R RS iE SRk R B 1659

(AN DE BE Y 2 5 R iE S R G Bt rid . R
PR R T AL E Sk R TR R T
HICHSE DI 49. 6 cm, MHMLEIBE A 25
mm, JGEE SR S5 SR UL AR R = 4 R ik
THER 254 s 15 58 R 5 MR BLA B 1 38 7R 5
B AR G I AR AL BE 5106 2% 10 5% R B8 BE 16 o8 4%
IR Y B TR M RR 8 4 BoR iE

5% Uk -

[1] HONG J, KIM Y, CHOI H J. et al.. Three-di-
mensional display technologies of recent interest:
principles, status, and issues [J]. Appl Opt. ,
2011,50(34) : H87-H115.

(2] Z&. T, A%A BOLSECHHIAMFROE2E
FOS BRI, k4 #E 242, 2011,19(6) :1414-1420.
WANG T, YU Y J, ZHENG H D. Removal of
magnification chromatism in optoelectronic full color
holography [J]. Opt. Precision Eng., 2011, 19
(6):1414-1420. (in Chinese)

[3] LUOJY. WANG Q H. ZHAO W X, etal.. Au-
tostereoscopic three-dimensional display based on
two parallax barriers [J]. Appl. Opt. . 2011, 50
(18):2911-2915.

(4] Eh4, RFZ2. FERARRBOCERZENE

BEXSFRAE [J]. % 4% 242, 2011.19(9):1999-
2005.
WANG ZH SH, ZHANG X J. Symmetry of pupil
in spatial synthetic aperture imaging optical system
[J]1. Opt. Precision Eng., 2011, 19 (9): 1999-
2005. (in Chinese)

[5] #rzhik, Zihl, FaA, F. ETHEEEID

SE =g R (], 6 F F R, 2007,36(11)
2008-2012.
HAOJ B, HU M L, LI L S, et al.. Real-time
three-dimensional object recognition with microlens
array [J]. Acta Photonica Sinica, 2007,36(11);
2008-2012. (in Chinese)

(6] £AIEF, RE, HF, F. MTHRMAECRKEZREN=
PR B AR B A [T &%
2011,19(11) :2805-2811.

JIAO X X, ZHAO X, YANG Y, et al..

A E LA,

Optical

acquiring technique of three-dimensional integral im-

BE BB IS 1 = 4 AR B R RO TR
Az=9.1 mm,ZrFHE R=106 dpi, a] WM K F 40
%ﬁ] e=11.4°, FEARW & T &2k, hnl

L, A SO 4 4 A VT E & G2 T A BIL R 51 5k R 52
E’Jmfrﬁ/ﬁ T2 AR AT AN VGBS 4 ol 2 A R
B ARG R I 75 19 R 55t R o PR R R R
M5,

aging based on optimal pick-up distance [J]. Opt.
Precision Eng. » 2011,19(11) :2805-2811. (in Chi-
nese)

[7] HAIN M, JAVIDI B. 3D integral imaging using
diffractive Fresnel lens arrays [J]. Opt. Express,
2005,13(1) :315-326.

[8] DENG H, WANG QH, LIL, etal.. An integral im-
aging based three-dimensional display with wide vie-
wing angle [J]. J. Soc Inf. Display, 2011, 19
(10) :679-683.

[9] WANG Q H, DENG H, JJAOT T, etal.. Imitating
micro-lens array for integral imaging [ J]. Chinese Op-
tics Letters, 2010,8(5) :512-514.

[10] E& &, AR, H#H.F. IFEIER =925

FEROE S BOR 5 % e [J]. #F B A%, 2008, 35
(6):11-14.
WANG H X, WU CH H, YANG Y,et al.. Re-
search and development of computer generated in-
tegral image [J]. Computer Science, 2008,35(6) ;
11 -14. (in Chinese)

[11] DENG H., WANG Q H, LID H, etal.. Realiza-
tion of undistorted and orthoscopic integral imaging
without black zone in real and virtual fields [J].
Jouwrnal of Display Technologys 2011,7(5) :255 -
258.

[12] ZHOU ZH L, YAN Y, XIANG L B, etal.. En-
hanced reconstruction of partially occluded objects
with occlusion removal in synthetic aperture inte-
gral imaging [J]. Chinese Optics Letters, 2011, 9
(4):041002.

[13] KAVEHVASH Z, MEHRANY K, BAGHERI S.
Optimization of the lens-array structure for per-
formance improvement of integral imaging [J J.
Opt. Lett. ,36(20):3993-3995.

[14] #&##h, Exd, FRE, F. KT 3DS MAX [



1660

s

% TR

5% 20 &

[15]

LG (V] &b 2w, 2008,23(5):
621-624.

JIAOT T, WANG Q H, LI D H, et al.. Com-
puter generated integral imaging based on 3DS
MAX [J]. Chinese Journal of Liquid Crystals
and Displays, 2008,23(5):621-624. (in Chinese)
FAEL BT BT, F ETHLES REOT
KRG R BRI B NS BT A F 4
% T42,2011,19(9):2050-2056.

YUAN X C, XU Y P, YANG Y, et al.. Design
parameters of elemental images formed by camera
array for crosstalk reduction in integral imaging

[J1. Opt. Precision Eng., 2011, 19 (9);: 2050-

EEE A

FNFA982—) L INPEFIRA L 1+
TR A, 2008 48 T Jb K 2% 47 45 A 1
FAL, FENF =GRS R ER T
WF 5%, E-mail: jiaoxiaoxue267 @ 163.

com

B OB980—), B, REA ML,
HFZ. 2007 4E T M P K2 4K AR 2
DL, 2o 5 BAL IR L KOk &R
GV T AR W T AR . B RSB
=4 A% 5 R B B A G B 5

E-mail: zhaoxingtjnk@nankai. edu. cn

% BA972—), B, RBALIE 1L\
HAZ 2001 4 T R R HKM L4
i, EENFHLAS G =B S
RS BHFGY . E-mail: yangyong@

nankai. edu. cn

[16]

[17]

5 Ui

2056. (in Chinese)

EFRARE, FOERBG AR R RGN
R M BE5E [T+ Bk, 2011.38 (sl
s109002.

WANG F,LI D,ZHAO X, et al.. Study on the
stereo depth of integral imaging three-dimensional
display system [J]. Chinese Journal of Lasers,
2011,38(s1):s109002.

G R, R BRI R S5 R S AR e [T
CT ##&5 5 AAFR, 2005,14(3):29-34.

ZENG X ZH. Structure and standard of image res-
olution test card [ J]. CT Theory and Applica-
tions, 2005,14(3):29-34. (in Chinese)

RINERA1963—) B, BifE AL B ¥, 10
A S, 1988 4 T R HE K 2 4K AR B
240, 1994 4F F I8 BK % (King” s
College) FR15 1 = 24 40, B h B HF K 2%
I8 e aE i N o S SR SN S NN
e e W AURR 58 R SR BTy
T B9 BF 9% . E-mail: xcyuan @ nankai.
edu. cn

Ir:

BE945—), B, H A oz, 1l
AT, 1969 4F TR AL AL Be (B
KHEMTRE RS0, 3 03
RG24 BIF 5T 5 T A& . 32 A = R O
2 OGRS B AL B R A B4 T TR Y

-5 &
WF5% ., E-mail: zlfang@nankai. edu. cn



