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Multi-plane Holographic Projection Using Programmable Fresnel Phase Lenses
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Abstract; A method to achieve multi-plane holographic projection using programmable Fresnel phase
lenses was investigated. A multi-plane holographic projection system was developed with liquid crystal on
silicon phase modulator. First, the programmable Fresnel phase lenses were substituted for the Fourier
lens, in addition, the phase of Fresnel phase lenses were added to the computer generated phase
holograms. Then based on the principles of time division multiplexing and space division multiplexing,
two different methods combined programmable Fresnel phase lenses and phase holograms displayed on a
phase modulating spatial light modulator were presented. Finally, the method to acquire dynamic 360°
viewing-angle images corresponding to the object rotation in each image plane of multi-plane holographic
projection was discussed. Experimental results show that holographic projection images could be recorded
at different distances such as 500, 800, 1 100 and 1 400 mm from the L.LCOS. Dynamically change the
focal length offered by the programmable Fresnel phase lenses, multi-plane holographic projection could
be performed.

Key words: Information optics; Holographic displays; Fourier transform; Fresnel phase lenses; Spatial
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Fig.1 Schematic diagram of holographic projection system
SIMEHEGIATHENZR, SHENESSTHEE
MEEEREN EEEMNEEREATNRETES
SLM B 7€ i ¥ T8 3 A2 1 4 By 18 B ok AR 4 56 R M A,
BB FEMAGM S SLM B Rk XE RN

Ulz,y) =3{Uu,») } (2)
AL, J R E M,

2 B REAIB 088 15 R 55 I3 A 635 18
B SLM. %8 — 1B A _HEEG LM SLM, H
BANETBBRENLKE LR 4, BEBER AdBR
B MX N, HFERE LR 9= (d/Ad)* i+ B WAL
LRRAMBERENEIX, EBELTRRBNESR
Sy L22-23]

t(u,v)za(u,v){rect(ﬁ-,di)@q(u,v)} (3
A

) (0

u
a(u,v)=rect(m,NAd

q(u,v) =exp [igo]M;io_l(‘)‘(u—mAd,v—nAd) (5
o HIMERB SLM B EFHX LA H, QR EH
MizfH. RKOERRYHEBHEMLLEE T SLM ko,
Bt R ZH SLM BEGES MM E M. 5k,
SLM (18 2 [a] BE Y 58 T R £ 6] B 9 K/, ok, &5
RAEH AL R RS SLM i 3R R TR o8 Bk AT %
M.EE,RTAR SLM 2 7 M2 8 B REE
25 6] 32 BR #).

AXXRFHREGMH Y B ETERE (u)
w i AR (2) Bl LS B B R F T & 4 09 3% 43 i , SLM
BB R FRIETE 1L T — A JE B8 0 1R R A IR 45 0, 21U
T PR R G X4 OR A e B BR A B, R R 9 i 9 R R
HIEZRM g S S, 2R B EWRNEE DM
% SIM BAGENHH 1 18 H.
2 TFIRMEIFEEHHMESE

WE 1 R, 7E SLMGE I A—"MMER - B H K
SCHL SLM 5 iof 5 bR H50 A 18 B i AR e, 5 4R T 8BS AR
BB F BT, FoAE 7 A AR AT LA R R
;—T}(uz-sz)}
KHFARRER, fRRBENERE. P(u, ) BN E
BE 0 R PR B, Z MR BB R TN, B E Py, o) =1.

s(u,v)=P(u,v)exp {— (6)

0509002~ 2

ef


















* F % #
43(34); 6278-6284. programmable spatial light modulators[]J]. Applied Optics,

[18] YZUEL M J, CAMPOS J. MARQUEZ A, et al. Inherent 1990, 29(17). 2505-2509,
apodization of lenses encoded on liquid-crystal spatial light [25] WS, MEHEEFIHIM]. BEKF. L. EFT0H
modulators{ J]. Applied Optics, 2000, 39(32) . 6034-6039. Rt , 2011,

[19] MARQUEZ A, IEMMI C. CAMPOS J, et al. Achromatic [26] GERCHBERG R W, SAXTON WOQ. A practical algorithm
diffractive lens written onto a liquid crystal display[J]. Optics for the determination of the phase from image and diffraction
Letters, 2006, 31(3) . 392-394. plane pictures[J]. Optik, 1972, 35, 237-246.

[20] MA S, PANEZAI S, WANG D, et al. The study of [27] COLLINGS N, DAVEY T, CHRISTMAS J, et al. The
diffractive lenses displayed in a phase-only liquid crystal applications and technology of phase-only liquid crystal on
spatial light modulator [ C]. Proc. SPIE, International silicon devices[J]. Journal of Display Technology, 2011, 7
Symposium on Photoelecironic Detection and Imaging: (3): 112-119.

Optical Storage and Display Technology, 2013, 8913. 28] GEORGIOU A, CHRISTMAS J, MOORE J, et al. Liquid
89130 M-1-89130M-9. crystal over silicon device characteristics for holographic

[21] BUCKLEY E. Holographic laser projection[J]. Journal of projection of high-definition television images[J]. Applied
Display Technology » 2011, 7(3): 135-140, Optics, 2008, 47(26) ; 4793-4803.

[22] SHEN Chuan, ZHANG Cheng, LIU Kaifeng, et al. [29] ZHANG H, XIE]J, LIUJ, etal. Elimination of a zero-order
Research on issues about reconstructed holographic image beam induced by a pixelated spatial light modulator for
based on a pixelated spatiai light modulator[J]. Acta Optica holographic projection[ J1. Applied Optics, 2009, 48(30).
Sinica, 2012, 32(3); 0309001, 5834-5841.

W, TR, XYLk, & KETHRELAMSEDEEHEN S [30] PALIMA D, DARIA V R. Holographic projection of
B EAEs]]. JeresE#, 2012, 32(3): 0309001, arbitrary light patterns with a suppressed zero-order beam

[23] ONURAL L, YARAS F, KANG H. Digital holographic [J]. Applied Optics, 2007, 46(20). 4197-4201,
three-dimensional video displays [ C]. Proceedings of the [31] GEUSEBROEK ] M, BURGHOUTS G J, SMEULDERS A
IEEE, 2011, 99(4): 576-589. W. The Amsterdam library of object images [ ] J.

[247 COTTRELL D M, DAVIS J A, HEDMAN T R, et al. International Journal of Computer Vision, 2005, 61(1):
Multiple imaging phase-encoded optical elements written as 103-112.

0509002- 8

i



