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Abstract A light—field three—dimensional (3D) imaging systems based on holographic directional scattering—screen
is developed, which is able to realize light—field 3D display of real scene and virtual scene. The viewpoint image and
the generation method of projected image under holographic directional scattering are detailedly analyzed. The
camera calibration algorithm and projector display calibration algorithm are developed, and hardware design and
software development of light—field 3D acquisition and 3D display are achieved. Light—field 3D imaging of both real
scene and virtual scene are completed in the experiment, and the results of which demonstrate the proposed system
is feasible. Meanwhile the results also prove the generation method of projected image and the calibration algorithms
are correct.

Key words imaging systems; 3D display; 3D acquisition; light—field; holographic directional scattering—screen
OCIS codes 110.6880; 330.1400; 160.4670

1 5 7

DATT AL (3 B 52— = 2k (3D 73 6], H SR A6 40 10 — 2k R S R0 — 4k ) SR e RS B T RGBT R A
0 e B AL 2 0 A4 T 0 S A 7% £ 0 2 ] 0 = 35 K COR B 15 ) 35 b AR 9 0 s K i R
BT MTHR A 2 ST R R ) . = RS = 4 R T LR R G 4 SR A R 4k T (1 B
LS A TE T R A0 G S 0 S M O £ B L FLAT T B R

e = e AR A 9 6 = R 56— RPNy . B LR BT IR A LR
VE 45 G B R 10 % R T A S AR B B R 1O HE A, 6 = 4 AR B R B 22 772 A 038 AR 1O S 0 . B3R 9 K

Y FE HHA: 2015-04-17; We B & % 75 B H#8: 2015-05-20; M4 H ik B #8: 2015-09-07
E&£TH: F%K 863111 (2012AA011903)  VLJ544 #F 58 4 BHIF AU HT 140 35 H (CXLX13_158)
YEZ B v XK F(1987—), 5 Lk, FENF = 4R E S =4k WoRk M5 . E-mail: lyc03516@126.com
SR fE A L4 (1965—), B, H4Z WA T, TR T BT TR 2 R R Ay T A B AT
E-mail: ghj301@nuaa.edu.cn

101103-1



52, 101103(2015) HMYSEMNYEBEIZFHE www.opticsjournal.net

S =R WY S PRIE AR R A A B S ARG B AL AN R RS 8 [ B AR AL E AT O 3% 19 2R 4 s LYTRO 24 W)
HE T — KB T O FE 51 9 LYTRO SE S A ALY, S5 AHALBE SN AR, B S8 7E — 6 1% Ge AR ALY A% 845 1 1 15 78 in
U R 91 > SE B G R IS 2] DAEAT B R AR SR T A O R B HR T i T — AR B
) S AR AE B Sk 5 4% IER A 22 (DS i — 2 27 on A B, X i A G BB A e e AT IR, 22 U A 2k PR sl R
AT E K . 163 = 4k B )7 I, Holografika 23 7] ® 4% 4 31 52 ¥ T HoloVizo i /m 248, B AIH T
4 B — i B B ORI Z G ) = 4R Bon , R G Y 4 B BEE i 1 BN AN AILBE BE A
ARG HA KM, Nagano "I & T 5 TR A =48 NI B R0, R G0 2 AW R/ o B R iE
17 7RG AT DL 2R W37 A A 110° A AR R =4k AR, T g T = 4 H i 2 IR A8 B AR AR A 4R B . kA, MIT
) Wetzstein %" H IS0 B T 1 1HE0OR % 2 2 W05 — 48 B/ R G0 KOt it 17k i ot i i 1O R 2 2
fn DEREAT SR o DU R 22 9 B AR SR | Sl R BoR T A T R EIEST U T AR 2 TSR
Wi VTR 2 X0 B A X 56 3 2 85 =4k W oR R 360° /Kot = 4k R /E TIRARBRSE iR T 2405
INFRG . (B RES B 807 4 A B I /D I Tl B K24 (1) Sang "8G HIE T R RS SE i 4%
N =R RRG, REAEE T 64 A A X e R AR S S BN RG AR SCEE XS =4k WoR 1 E B H
AT WA FHATIEM IR IR

AR SCEEST T — R T A EUE 1 HUN BRI 6 Y 4R R R G R G T SR L S i G S — Ak R R
S 5006 1 5L ISR SRR 3 BER S R o SRR TR S8 B AR R BT RV I & R A R PR 2 AR
SR B AR BCHEAT TR M A AT . S A A SR S I R R E A AR IR =4 BORBOR IEW] T R G A Rk
BT 7 B AT AT

2 LY Yk WoR R S vk
2.1 #FWERT

Adelson %5 ""7E 1991 4F 48 H 1 420t bR KIOR F 38 WL 58 72 46 rh Bl 8% 0 1Y) 2% Pl S L . e R BROR JE T
W5 35 X G AE 25 o] 5 ) (] L Rk o Pri iR iy 26 B B B U0 P(v,y.2,0.0.0,0) B R —1 T4 200
PRET . P (v,y,2) R OGEAEZS M A AL bR, (0.) o AR 28 ) v e | 5 /K F- 09 77 o] f1 B2, A R ¢ 43 5]
R B U K A e 5 B s A ]

S e = AR R TT DL R R AR 2 0 A SR G, A R 3 B s Sl i e R LR SO 4
T 3 AN HIR B A D6 6 45 AT T LU BIXE R 1 = 4P ik . PRk, w] DAL 40 ol BOKR 2678 = dE IR 1ok
Yo BT GLAE H 28 ] PR i A8 AR AR /IS X - BRL L A 00 58 5 ok 136, it — I 220 76 4R 2 1) o7 B L 42 B i )
R, R LR R R b A1 2 RABUE S L=L, (v.y.2.0.0) b i= 1,2, N P00 = 4 2500 8okt
WE 1.

object

K1 R LB 2O R B R
Fig.1 Representation of light field in specific location
M T 5 4E M5 B i BRSO =4 WoR i b B b, % 2 B 25 O AR B T R 4, R
Ab PR ZE DL (R B I DR R
L=L,(x,y,2,¢),i=1,2,---,N, €))
B RSB B B PR AL T 2=z Ab, =45 0, RINEDOLL SRR MLE M g, J7 18 6] &
(sin 0 cos ¢,sin @ sin ¢, cos 0) , ELZE O.M 1] LIFKR Ny
X-x VY. A%
sinfcos¢ sinfsingd cosh’

101103- 2

©))



52, 101103(2015) HMYSEMNYEBEIZFHE www.opticsjournal.net

R DOTFE M R xy At A

x,=(z, —z,)tan O cos ¢ + x,
{ylz(zl_ZL)tanesind)+y’,’ (3)
% a=tanfcosd , B=tanOsin P 735 F R x Hl yﬁf'ﬂﬁ@%ﬁlﬁﬂﬁlfﬁﬁ%,@)iﬁﬂgﬁz
X, =(z, — z,)a + x,
4
{ylz(zl_zl)lg"'%’ 4

BEI =2k 58 0, AT IOELR OM TEFRRERDEH T RIR N L, (x,.y,.0.B) o
2.2 XBHAHSAEEENE

TR W6 =4k AR RGeS R A5 52 AR 5 DG 278 ) B0 e B ARG TR S . R GRS Y =
e R R IR H WML S22 o SCIK T B H A0 22 19 05 v 35 28 2 o BLAT A3 R M 00 5 1 S R ke
SR AT K- 5 1) 4 ] ) A I B 1 B RO . T R EOKCE O m OG5 B R TR By 1 B B[R BT
JE45 65 it — 2P RIR A Lix,y,q) o

4 3 T B B 0 KT 8O AR R 10 A BEAR R BRCAE SR £ 1) D [l 5 T A T L 1) B4 HICR S L AT DL
ik 60°, I il R E AT DL R

a'=F(x,y,a), ®)
BB FAA B AHR 19 G X L 10635
Lx.y.0)= [ L(x,y.c)dxdy =I(x.y) . (6)
YO LY 5 37 8 3 4 B 1] RO B I 0 1 A
L. (x,y,0)= ZJIL %, y,0)F(x,y,a)dxdy = Z[ x,y)F(x,y,0), )
TE WL XA B — 07 B Al — 5 SRR BLAS IR U5 9 6 2R AT R A, 41820 B P 45 B Ay st Ak o oz g 0 T A5, R
I, (x,y)= ley {,yla - ey, 0)1}, ®)

X0, MG ILEDEL, @(x.y,0,) AEEH R C T Ir i M . (@)X AT LUE i, W X E 5
14 PR S i 22 A B A R 22 58 ) 1UST e 0 o s PR E2 I AN 81 2 s, WLER X v, A i IR Ok B @ A4
G 0 D

holographic screen
projectior array view Il)oints
P 2 4 S i O B O = 4 o
Fig.2 Light—field 3D display of holographic directional scattering—screen
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Fig.3 Projected image generation of model rendering
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Fig.4 Hardware structure diagram of light—field 3D imaging system
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