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Abstract Because of the low imaging resolution of holographic stereogram, a method using wavefront plane is
proposed to improve imaging quality. The resolution limit of holographic stereogram is mainly affected by spatial
sampling, angular sampling and diffraction. The influences due to these factors are analyzed with mathematical
equations. Supposing that the distance between hologram and human eyes is about 600 mm, the relationship between
imaging resolution limit and depth of three—dimensional scene or Hogel size is provided according to acuity of human
eyes. The depth limit of three—dimensional scene and optimal Hogel size are 12.80 mm and 90 pm, respectively, if
the wavelength is 632.8 nm. A wavefront plane which is decided by depth limit is set. The experiments are performed
with two three—dimensional scenes to evaluate the proposed method. With numerical simulation method, the tank
model which has complicate structures is reproduced. The elaborate features of tank model at every depth are
accurately obtained. A teapot model is optically reconstructed with holographic three—dimensional display system
based on spatial light modulator. The three—dimensional cues such as depth and gloss are well provided in the
reconstructed images.
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Table 1 Size and pixel level of hologram/wavefront plane

Size Size of pixel Pixel number

36.00 mmX36.00 mm 3 pmX3 pm 12000 pixelx12000 pixel
F2OUHTV- A SRS B

Table 2 Parameters of wavefront plane

Hogel FOV Rendered image
Size Pixel number Number 21 Pixel number Number
90 pm*90 pwm 30 pixelx30 pixel 400%x400 ’ 30 pixelx30 pixel 400%x400
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Fig.8 Numerical reconstruction results with traditional holographic stereogram method. (a) Reconstruction image focused at

208.00 mm; (b) reconstruction image focused at 211.00 mm; (c) reconstruction image focused at 217.00 mm;

(d) reconstruction image focused at 220.00 mm
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Fig.9 Numerical reconstruction results with proposed method using wavefront plane. (a) Reconstruction image focused at 208.00 mm; (b)
reconstruction image focused at 211.00 mm; (c) reconstruction image focused at 217.00 mm; (d) reconstruction image focused at 220.00 mm
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Fig.10 Optical reconstructed system based on SLM

0209002-6



mOE B ok
B, E10H SLM AR ZE R T8 8 pm, £ E A 1920 pixelx 1080 pixel, 3 o 715 HLIE 4 B & i # 21
SLM [ 5 S A OG5 & 19 632.8 nm A BOG L 08 7 R I #% 2 J5 #9 AME F, BRG SLM A W /s AR, &2
FI| SLM 1 il i ) S 6 HE M T 42 B BT 5 0 — 4k 3 5 50 B A AL (Canon EOS 550D, MACRO 100 mm)gE
% 4 15 P B IR 1%

/

BI1L H AR5 %
Fig.11 Image of object scene
YT SLM AT BRI 23 T) 7 56 FR, A SOk 6 235 04y 17 B 1) 2% Al A5 AR D o't 2 1 B = 4E 37 5, 0 11 s, 1
RoF R 13.64 mmx6.53 mmx8.26 mm, i Fif 1 11 55 4% 4 A5 AU 5 3/ o5 1 5 25 4.54 mm (12.80~8.26 mm), % {if
1 5 4 BUE Z R BN 2, =600.00 mm
P 178 B9 A% G2 05 2 FAR SCH Hh Y 05 vk 23 i H SR 2R e AL i 4 R IR, R 3 AER 4 4 th T H 5 T B Y AR
KSR, T BB UL B A 2 3R 4 H Y Hogel RT J2 AR 4 5 8 Hogel RF 90 puom B AT {RL(H 88 pom , K b 75 ZL AR
UE Hogel MR R AN BUBRCRE AL . 4 BRI DOG iE A5 R an i 12 i
223 4 SR RV R T B A% KT

Table 3 Size and pixel level of hologram/wavefront plane

Size Size of pixel Pixel number

15.31 mmx8.62 mm 8 wmXx8 wm 1914 pixelx1078 pixel
4 EPOT S

Table 4 Parameters of wavefront plane

Hogel FOV Rendered image
Size Pixel number Number 1530 Pixel number Number
88 wmXx88 pwm 11 pixelx11 pixel 174%98 o 11 pixelx11 pixel 174%98
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609.00 mm 4b 2 £5 1 P B0 MG () AR SCHE H Y 5 1076 613.00 mm Ab 5 45 1 F 300 &4
Fig.12 Optical reconstruction results of teapot model. (a) Reconstruction image focused at 605.00 mm with traditional method;

(b) reconstruction image focused at 609.00 mm with traditional method; (c¢) reconstruction image focused at 613.00 mm with traditional
method; (d) reconstruction image focused at 605.00 mm with proposed method; (e) reconstruction image focused at 609.00 mm with
proposed method; (f) reconstruction image focused at 613.00 mm with proposed method
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Table 5 Time spending in experiments (unit: s)

Tank Teapot

Rendering 6132.25 179.64
Calculation 6271.64 214.07
Total 12403.89 393.71

S G T A SCER 907 ¥ A A R TRT G B RR B I R] , SE R AR 4 D = M R E R e R
PIAS BRI BE Ge  T  4 JE TR BT R Bl A I ) = 52 v e TR 0 15 3 ORI e R R B B o e o L
B R T G ) R BCR 2 AR R, I AE B 1 8 2 B TE G R T SRR (R] T 25 A A 2 i G ) PR B0 B
A ARFAR T QAN T R T AR B I ) D o YR e R A P X B A A P 5 0 T D R L A
iz AR e AR EL S A T LA T R AL B 8% (GPU) I A7 b BEBE ) 2 g v e AT H SR B s 32

5 45

4 UL 1925 1R BE A3 SR BE I Hogel FOAT S A0 2 1 20 FE A% 43 3 56 9 3235 4 2%, 107 Hogel 1777 5
SR TR PR A HE R e 2, = 2k 4 5 15 4 L T 2 14 14 5 B 1 Hlogel B9 JRL <2 3% 0 76 0L 450 40 B 4
AR B B, P = 0 5 4 T A G L A M R4 B K, B A% B R 2 (L Hogel
f9 RS 5 0140 0 R 43 00 23R S5 T B R 2 5 R DA B 43 90 R 13 40 o 4 A0 1 0490 e i R 4
P30T AR AS = e 4 5 4 L T 2 ) A KRS S T A S P T 0 37 B Hogel . S5
JOE FRZ 7 5 T 6 75 50 5 0 R M T B A (L 80 e = 44 35 53 R 5 4 0 0 R AR 1, F — 2B 1 TR 2
JH GPU 9 947 40 BLAE J1 747 0 3K

& % X #k

1 Lii Naiguang. Fourier Optics[M]. Beijing: China Machine Press, 2006: 226-228.
B 306 A E A M. 65T HLAR Tl Hh AT, 2006: 226-228.

2 Wei Sui. Basic Theory of Holographic Imaging[M]. Hefei: Anhui University Press, 2013: 20-23.
F5 B 2B AURNEIS M. A IR UK 2 R, 2013: 20-23.

3 Jia Jia, Wang Yongtian, Liu Juan, et al.. Progess of dynamic 3D display of the computer—generated hologram[J]. Laser & Optoelectronics
Progess, 2012, 49(5): 050002.
UL B, X ME, A TR AR S ARSI R f BT R R ()], Ot 50 A, 2012, 49(5): 050002.

4 Li Junchang, Gui Jinbin, Lou Yuli, et al.. Study of creation algorithm of computer—generated hologram of diffuse reflection 3D object[]].
Laser & Optoelectronics Progress, 2013, 50(2): 020903.
R, R, BRI, A L8 S = R IR A A B R B R S SO S O6 H FRA R, 2013, 50(2): 020903.

5 Wang Hui, Jin Hongzhen, Wu Dongyuan, et al.. Information capacity and reduction in computing holographic three—dimensional display
[J]. Chinese J Lasers, 2014, 41(2): 0209012.
T OM, &U0E, AT, I 2R =4 Bon (5 8 LR H EEOE, 2014, 41(2): 0209012,

6 Hong J, Kim Y, Choi HJ, et al.. Three—dimensional display technologies of recent interest: principles, status, and issues [Invited][J]. Appl
Opt, 2011, 50(34): H87-H115.

7 Zhang Hao, Collings N, Chen Jing, et al.. Full parallax three—dimensional display with occlusion effect using computer generated hologram
[J]. Opt Eng, 2011, 50(7): 074003.

8 Ichikawa T, Yamaguchi K, Sakamoto Y. Realistic expression for full-parallax computer—generated holograms with the ray—tracing method

0209002-8



S I S

[J1. Appl Opt, 2013, 52(1): A201-A209.
9 Sun Ping, Xie Jinghui, Zhou Yuanlin, et al.. Optical tomography based on Fresnel zone plate scanning holography[J]. Acta Optica Sinica,
2004, 24(1): 110-114.
h P, EHAORE, R TTAR, A5 L BE T IETR HR A A BRI R T AR T]. DGR A iR, 2004, 24(1): 110-114.
10 Cao Xuemei, Sang Xinzhu, Chen Zhidong, et al.. Computer generated hologram of complex three—dimensional object based on a two—
dimensional color image and the depth map[J]. Chinese J Lasers, 2014, 41(6): 0609002.
B, FOPTAE, BROER, & 3T AR O R R AIR S B 9 B 2% = AR BT A B ). T EEOKE, 2014, 41(6): 0609002.
11 Chen J S, Chu Daping, Smithwick Q. Rapid hologram generation utilizing layer—based approach and graphic rendering for realistic three—
dimensional image reconstruction by angular tiling[J]. Journal of Electronic Imaging, 2014, 23(2): 023016.
12 Yang Lei, Xia Jun, Zhang Xiaobing, et al.. Three=dimensional display by holographic imaging on multiple focal planes[J]. Chinese J Lasers,
2014, 41(2): 0209017.
o L2 A RBEIR ST 20V B R =4 R[] T EREOG, 2014, 41(2): 0209017.
13 Takaki Y, Ikeda K. Simplified calculation method for computer—generated holographic stereograms from multi-view images[J]. Opt Express,
2013, 21(8): 9652-9663.
14 Jiang Xiaoyu, Pei Chuang, Yan Xingpeng, et al.. Optimization of exit pupil function: improvement on the OTF of full parallax holographic
stereograms|J]. Journal of Optics, 2013, 15(12): 125402.
15 Wakunami K, Yamaguchi M, Javidi B. High—resolution three—dimensional holographic display using dense ray sampling from integral
imaging[J]. Opt Lett, 2012, 37(24): 5103-5105.
16 Kang H, Yamaguchi T, Yoshikawa H. Accurate phase—added stereogram to improve the coherent stereogram[J]. Appl Opt, 2008, 47(19):
D44-D54.
17 Kang H, Yamaguchi T, Yoshikawa H, et al.. Acceleration method of computing a compensated phase—added stereogram on a graphic
processing unit[J]. Appl Opt, 2008, 47(31): 5784-5789.
18 Zhang H, Zhao Y, Cao L, et al.. Fully computed holographic stereogram based algorithm for computer—generated holograms with accurate
depth cues[]]. Opt Express, 2015, 23(4): 3901-3913.
19 Wakunami K, Yamaguchi M. Calculation for computer generated hologram using ray—sampling plane[]J]. Opt Express, 2011, 19(10): 9086~
9101.
20 Wakunami K, Yamashita H, Yamaguchi M. Occlusion culling for computer generated hologram based on ray—wavefrontconversion[J].
Opt Express, 2013, 21(19): 21811-21822.
21 Utsugi T, Yamaguchi M. Speckle—=suppression in hologram calculation using ray—sampling plane[]J]. Opt Express, 2014, 22(14): 17193-
17206.
EE&E: T4

0209002-9



