5542 B4 12 1) o R Vol. 42 No. 12
2013412 A ACTA PHOTONICA SINICA December 2013

doi:10. 3788/gzxb20134212. 1454
THREALS G BARGE S i AE KM AL A Ja L4 2 A

FET,.ITHE, R F HE
CHT VLB TE K 2% 5 B 9E fr . #iiT 448 321004)

B E.RAMLELEBETHARIOCHBEIL. BEmLLE AN ARESFHRAEBNAL L FINL
LA MALA TS O RFI, &AL BT B AERMALA B AL A B B o) # k it
AMEAFALAERESHT R AR T HH A FRANLS LT HXRE,IEFT WK EHBN
AR CERFIB LGOS AFAE. FRT A LA LLBATAREG YR, T THE=F A
FHREALMBEEAR EFTALALATARELEYARRTANEMANXZX P A EXZ WS
Kok MAEBGZ R RENR. ABRT ENET RS TN ORFING XMAA BALA LB, Mk
T REA L. AT T FARE AL RBL, Z X RAT AR F ALKk ag b, 3t
TR RR B R F 648 B HAE, B B T A3 35 A AR 69 AL A

KR FRAML L FNH AL ELE; Hish L H

FESES.0438. 1 XEkRARINED . A MEHES.1004-4213(2013)12-1454-6

= =

Circular-viewing Hologram with Large Side Viewing Angle Generated
by Combining Computer with Optical Holography

WU Dong-yuan, WANG Hui, XIE Yu-tao, YANG Xin
(Institute of Information Optics, Zhejiang Normal University, Jinhua, Zhejiang 321004, China)

Abstract; The circular-viewing hologram can show 360° reconstruction of a object, so it has a
great application value. For the purpose of increasing the viewing-angle of the image and
reconstructing it by white light, a new two steps method, Which combined computer with optical
holography for making the circular-viewing hologram, was proposed considering of the computer
generated hologram. First, the algorithm of computer generated circular-viewing plane hologram
was studied, the propagation principle of object wave was derived, and the distribution pattern of
the object wave on the recording plane was obtained meanwhile. Next, the influence of the angle
between reference light and object light on spatial frequency of the hologram was discussed, the
spatial frequency could be decreased by using a point reference light source, so it could increase
the viewing-angle. However, the image could only be viewed by laser. To solve this problem and
to reconstruct the hologram by white light, optical setup for image-plane hologram was designed
as the second step. Then, the relationship between spatial frequency of the hologram and the size
of object, and the relationship between spatial frequency of the hologram and the viewing angle
were deduced, and the curves of the relationships were also calculated. Finally, a 3-D modeling
gray object was used and the circular-viewing hologram with large side viewing angle which could
be reconstructed by white light was made. Therefore, the calculation method and optical design
were verified. For circular-viewing plane hologram, the technique can record real-existing objects

and virtual objects and achieve the image by white light, and it can increase the viewing-angle of
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the reconstruction at the same time.
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Fig.1 Propagation of object wave of the circular-viewing

plane hologram
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Fig. 3 Recording process of the cicular-viewing hologram

with large side viewing angle
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Fig. 5  Detailed figure of the recording process

R(xy s yn) =arexp (*jk ZIZT‘ ) (12)
R

SN S INP Sy

5R:arctan(%> (13)

WL REE AR R~R, , B4 52 B KRR &
N Zg WP SR 2 R %k g

0= arctan(

Zﬂfizo) (14)



12 14 YA % RS e 2 B

g5 4 AR O A AR TR R 42 L TR 1457

I R EEAE T 1 11 AR
=2, (R/(Zg—2,)) (15)
AR AT LA RN S 2 W mOG A I T T AT
SYIEOCBE R AL XF T ARAR A (g s v 0 20) B H KT
H1 3 (O AT S BERY O AE X7 18] B9 AR AR

Lo

Toh = Zh*zuz*h (16)
JIT LA A3 S DG BRE 0 2% A bRy

Ty, = Lo T w= (X Zp—2.R)/(Zy—2,) (17)
2y, =gt g = (10, Za T2, R) /[ (Zg—2,) (18)

A CL3) AR BT T AL (o0 yo 0 20) - 2 H LR
RAGHf 0

O = arctan ( LoZu 2R

7 ) arctan 7 (Zo—=) (‘ZS]‘ —) (19)

HI & 5 AT AR B 2 W Je £

‘TOZSII 7Z0R

ZeZa—zy 0

~“+arctan

6=0+0r 7
TR SN SRR N PR )
f=sin 0/1 2D
M 2O R 21 0] LU H 5 25 ) 40 56 5 W kR

/NF G 6Ca) | (b) 433l oy 4 LI 23 [ A3 f R

RN 2o T KN =, B R ik b R=
1600
1400
1200
1000

—arctan

x,/mm

(a) Relationship between spatial frequency of the
hologram and lateral dimensions

0 50 100 150 200

(b) Relationship between spatial frequency of the
hologram and vertical size

He6 AEETEMEEHPERADHXZ
Fig. 6 Relationship between spatial frequency of the
hologram and the size of object

500 mm.zg = 50 mm, =4 =400 mm, & 7 & 55 [a] 5
RGN LR ML, Hrb 2, =500 mm,
=400 mm, B3R R 50 A 1
F.B 7 i e 2 A R 4 B TR R G R R )
e, AR 500 dpi. HA 4 BB 25 [R5 T
WCAE I A a] LT B i, i DLEESRAEIE 6.7t f /)

2, =0 mm,zy,

T 500 dpi (193 FE P9 HUE S 19 2 i ok 4T S5 PR 4
B .
1500
z,=0mm
1000
& 2,=20mm
<
S0 ——fp—m e T T T T T T ]
z,=40mm
Z; 60mmz iy —
0 ) ) z,=100mm
0 200 400 600 800 1000
R/mm
H7 2BEZEREEMNANRX R
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3 RIWERMITM

K 0BT = AR R — A B AR A
8. WA ) e KR R 2 X e = 20 mm, $ie K57
K Zomax = 30 mm; I B 4% 42 R =500 mm,
R, =503 mm; k4% 5 4 5 & 1Y I 5 K Z,, =400 mm;
G IR AR RR R (0,0, Zg =50 mm) . 355 4 HE
Ho s A AT 2 B E H S R 4. 4 PR
PLiEE] 500 dpi. B 9 2 X =10 mm i, 4 5 &
23 [ AT R Bl =, AR Al 2. T LUFE 0 a5 9 1) A b
WERNT 2omin » 42 BB 25 (0] 330 204 K F 500 dpi.
N TR b R 4 B KL A TR N T
500 dpi, N 1% B PR 500 5% F P B K T 2o -

B8 Zga#ius Al
Fig. 8 3-D model of digital object



1458 *t T

I ¢ 2%

1400
1200 1
1000 1

800 1

71 dpi

600 1
500 ——
400

200

0

0 50 100 150 200

B9 Xoww=10 mm i, f M 2, &t &
Fig. 9 Relationship between f and z, when X« =10 mm

B2 RS0 A 4R 8 (0,0, Zg =50 mm) , 4
TOEZ 2 IR s AL T W AR N AR L B E R S il
P HE B B KT Zg =50 mm.

RIS TR e 4 Bt Kl
A IR IR G 5 4 B ERDECE Tzt i b, 54T
T 2F R A 4 B A A B T A W O R 1 s A B
Jei i A 4 1 o2 TR A 4 R T T AR R 4 L TR
PO BE rp AT R . A MR L 2% T ik ) (B 2R OE WL 4%
X3 11— i AT 08 2 3 P AR . EAORE AH AL I 5% IR R
WL ZE P 4 — JA e B 6 A 7 LA 45 FE AR L 45 R n &
10. AR B & AR J7 0 b L5 51 1) 4 1R 1 40 L 2 AN Tl

W10 ANeEHETEAEHNELE

Fig. 10 Reconstruction of the circular-viewing hologram

from different directions
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