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Computer Generated Half-Circle Viewable Color Rainbow
Holographic Stereogram
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Zhejiang Normal University, Jinhua, Zhejiang 321004, China ;
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Abstract Holographic stereogram (HS) is a kind of hologram that can accelerate calculation, which can realize the
monochromatic holographic three-dimensional (3D) display, and combining it with the color rainbow hologram and
realizing the half-circle viewable color rainbow holographic 3D display which can be watched by many people have
practical application value. Based on the HS calculation principle, the side angle of view and the field of view of the
elemental hologram are designed, and the spectrum of the elemental hologram containing red, green, and blue
information through frequency domain multiplexing is achieved. The elemental hologram is obtained by taking the
real part of the complex amplitude from the inverse Fourier transform of the spectrum. The high-resolution half-
circle viewable color rainbow HS can be achieved by combining all elemental holograms. A high resolution half-circle
viewable color rainbow HS with a resolution of 200800 pixel X 200800 pixel and a size of 64 mm X 64 mm is
calculated only within 15.15 min by parallel acceleration. Reflective illumination is used for optical reproduction and
a clear color holographic 3D display that can be viewed by multiple people is achieved, which is expected to be
applied to 3D military maps, 3D sand tables, and other fields.

Key words  holography; color holographic three-dimensional display; circle-viewable color rainbow holographic

three-dimensional display; holographic stereogram
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Fig. 2 Principle of computer generated circle viewable color rainbow holographic stereogram. (a) Diffraction diagram of

elemental hologram diffraction; (b) frequency domain distribution diagram
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hologram and 3D model
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Fig. 4 Calculation of elemental hologram. (a) Spectrum image; (b) elemental hologram; (c¢) numerical reconstruction result
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hologram reconstruction
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Fig. 6 Color holographic reconstruction images captured from different views in four directions. (a) Reconstructed

image in 30°; (b) reconstructed image in 70°; (c¢) reconstructed image in 110°; (d) reconstructed image in 150°
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Fig. 7 Dispersion model of elemental hologram reconstruction
SRR TS AL G 2 R AR 6 % T 4 BRI A
WoE R S S IS A B T e 7 R L R
P A, S TR AR R i 4 8 3D UK,
(B3 2o 15 50 0 PR AR R A3 AL AR AR AR A BT b
14 42 4% W =22 & K EG 4 A ol R 7 4 PR o

i VR P e A T T S 0 A 1 A A 9 o T AR e A
R 4 B R T B S %, DT A B S B 360° AT R
F R AT 4 3 3D WoR .

4 BRI 0GB BT 4 B BRI AE
411 SR TR B A i T o S - e N O N i o ]
20 oS T P R A TR L 3D SR . A T R R I g A
ARG e P S IR A7 A 4 B R O PR B R A
P X TE SCHRL 16 1 AT FE B TR0 A e A e 3 L 1
AR ——RTF . 45 A A S0 T B, 3 26 5575 IR 1]
FF RS AR % a4 BRI B 5,
itk — 4R TR 6 3D WoR it H X 75 B £
f 3R]

4 4k 1w

ERTHTF Y 3Ll L 45 A & BRI E L # (@

AR SNEOE o i v RIS R AT
) S NI BT O NI 73 = M S 5 N ¢
200800 pixel X 200800 pixel [ #5 4> ¥ 2 F Ji ¥ %

BN 4 B AR K A B AT 15, 15 min, i 43 5%
FHRELRT R Z ANBMEE G 3D BRSO,
it Fk A BN T 3D EH b E . 3D ¥ %
CIE

s £ X #

[1] Yaras F, Kang H, Onural L. State of the art in
holographic displays: a survey[J]. Journal of Display
Technology, 2010, 6(10): 443-454.

[2] Geng J. Three-dimensional display technologies[J].
Advances in Optics and Photonics, 2013, 5(4): 456-
535.

[3] Matsushima K, Arima Y, Nakahara S. Digitized
holography: modern holography for 3D imaging of
virtual and real objects[J]. Applied Optics, 2011, 50
(34): H278-H284.

[4] Sui XM, HeZ H, Cao L C, et al. Recent progress
in complex-modulated holographic display based on
liquid crystal spatial light modulators [J]. Chinese
Journal of Liquid Crystals and Displays, 2021, 36
(6): 797-809.

FEmEWT, (et , BRA, 5. BT W5 RDG M
SHERE 2R R RERD]. WS BR, 2021,
36(6): 797-809.

[5] Yang X, Song P, Zhang H B, et al. Full-color
comuter-generated holographic near-eye display based
on white light illumination [J]. Optics Express,
2019, 27(26): 38236-38249.

[6] Yang X, Wang H, Li Y, et al. Computer generated

0409001-6



MR

E 4% F48/2022 F 2 B/RFFIR

(8]

(9]

(10]

[11]

[12]

[13]

[14]

[15]

full-parallax synthetic hologram based on frequency
mosaic[J]. Optics Communications, 2019, 430: 24-
30.

Shi Y L, Wang H, Li Y, et al. Practical method for
color computer-generated rainbow holograms of real-
existing objects[J]. Applied Optics, 2009, 48(21):
4219-4226.

Tsuchiyama Y, Matsushima K. Full-color large-
scaled computer-generated holograms using RGB
color filters[J]. Optics Express, 2017, 25(3): 2016-
2030.

XuF Y, Yang X, Yao ] Y, et al. High-resolution
multiview dynamic 3D display [J].
Chinese Journal of Lasers, 2021, 48(1): 0109001.
WEH, BE, ks, & aarsiidsse
B.3D WoR[I]. EEOE, 2021, 48(1): 0109001,
Shi Y L, Wang H, Li Y,
matching approach for
holography [J].
2013, 9(8): 638-643.

Ren H R, Fang X Y, Jang ],

amplitude

holographic

et al. Practical color

color computer-generated
Journal of Display Technology,
et al. Complex-

metasurface-based orbital angular
momentum holography in momentum space [J].
Nature Nanotechnology, 2020, 15(11): 948-955.
Tsang P W M, Poon T C, Wu Y M. Review of fast
methods  for  point-based computer-generated
holography [Invited] [J]. Photonics Research, 2018,
6(9): 837-846.

Liu J P, Liao H K. Fast occlusion processing for a
polygon-based computer-generated hologram using
the slice-by-slice silhouette method [J]. Applied
Optics, 2017, 57(1): A215-A221.

Chen J S, Chu D P. Improved layer-based method for
rapid hologram generation and real-time interactive
holographic display applications[]J]. Optics Express,
2015, 23(14): 18143-18155.

Zhang H, Zhao Y, Cao L. C, et al. Fully computed
based

computer-generated holograms with accurate depth

cues[J]. Optics Express, 2015, 23(4): 3901-3913.

holographic  stereogram algorithm  for

[16]

[17]

(18]

[19]

[20]

[21]

[22]

0409001-7

Kang H, Stoykova E, Yoshikawa H. Fast phase-
added
photorealistic 3D content[J]. Applied Optics, 2016,
55(3): A135-A143.

Huang Y Q, Zhao K, Jiang X Y, et al. Improvement

stereogram  algorithm for generation of

of imaging resolution of holographic stereogram using
wavefront plane [J]. Chinese Journal of Lasers,
2016, 43(2): 0209002.

W, B, WRE, 4. AT P R e A Bk
P S AR 2y B2 [T]. o [ O, 2016, 43 (2):
0209002.

Yang X, Wang H, Li Y, et al. Large scale and high
resolution computer generated synthetic color rainbow
hologram [ J]. Journal of Optics, 2019, 21 (2):
025601.

Yang X, Wang H, Li Y, et al. Computer generated
half-circle view-able color rainbow hologram based on
frequency domain synthesis [J]. Chinese Journal of
Lasers, 2018, 45(3): 0309001.

g, T, 28, & ETIEE B TS L
R Rl ] hE#EOE, 2018, 45(3):
0309001.

Yang X, Xu F Y, Zhang H L, et al. High-resolution
hologram calculation method based on light field
image rendering[J]. Applied Sciences, 2020, 10(3):
819.

LiuZ M, Yao J Y, Xu F Y,
generated integral color rainbow holography three-
dimensional display[J]. Acta Optica Sinica, 2021, 41
(10): 1009002.

XIFBE, Bkt m, IFEE, & FRLHE R AR
AR =4 R oR [J]. e A, 2021, 41(10):
1009002.

Bu H Z, Jiao S M. Review of computer-generated

et al. Computer

phase-only hologram optimization algorithm [J].
Chinese Journal of Liquid Crystals and Displays,
2021, 36(6): 810-826.

MW, FEREE . SEARA 2 B ER AL 1] WA
5K, 2021, 36(6): 810-826.



