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Abstract The hogel-based effective perspective image segmentation and mosaicking (EPISM) method utilizes a
two-step approach for holographic stereogram printing. This method can generate a holographic stereogram with
high-quality reconstructed images using only a few sampled images. However, this method needs to establish an
accurate correspondence among hogels to obtain effective perspective image segments, and it can be utilized only
when certain position constraints are satisfied. To solve this problem, we propose a general hogel-based EPISM
method for holographic stereogram printing in this study. The proposed method uses an approximate
correspondence of hogels instead of an accurate correspondence of hogels to obtain several effective perspective image
segments, so it can be applied to general cases. Furthermore, using optical experiments, we verify that the proposed
method can generate a holographic stereogram with high-quality reconstructed images by employing a few sampled images.

Although the way to obtain the effective perspective image segments is different, the reconstructed images of the
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holographic stereograms obtained by the two methods are with the same good quality. The printing efficiency of the

proposed method is higher than that of the EPISM method, and the proposed method can also be utilized to improve the

“pixel correspondence” holographic stereogram.
Key words holography; holographic stereogram; hogel
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Fig. 1 Basic principle of effective perspective image segmentation and mosaicking method. (a) Extraction of effective

perspective image segmentation corresponding to virtual hogel; (b) synthetic perspective image mosaicked by multiple virtual hogels
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Fig. 2 Basic principle of hogel-based effective perspective image segmentation and mosaicking method (k=1).

(a) Extraction of effective perspective image segment with virtual hogel; (b) acquisition of synthetic perspective image
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Fig. 3 Basic principle of general hogel-based effective perspective image segmentation and mosaicking method.

(a) Extraction of effective perspective image segment with virtual hogel; (b) acquisition of synthetic perspective image
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(b) perspective image sampled by camera in central location; (c¢) perspective image sampled by camera in right-bottom location
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plate and two rulers; (b) clear reconstructed image
when light is focused on right ruler; (c) only
contour of reconstructed image on holographic plate

when light is focused on left ruler
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Fig. 11 Comparisons of synthetic perspective images.
(a) Synthetic perspective image obtained by

EPISM method; (b) synthetic perspective

image obtained by general hogel-based effective
perspective image segmentation and mosaicking

method
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Fig. 12 Comparisons of reconstructed images. (a) Position
relation between holographic plate and ruler;
(b) reconstructed image obtained by EPISM
method; (c) reconstructed image obtained by
general hogel-based effective perspective image

segmentation and mosaicking method

¥ EPISM 1 5 & 1 75 ¥ 19 1 AR AT L AL,
WK 12 Ca) s, 5 20 B ROgcE T84 BTk
11,4 eon 07 B AR ARBCBLR L B 12 (b) R 7R 1Y 2
EPISM 4 3 R0 (&1 19 75 B4, &1 12 Co) R 1
JE BT X — WA B 1 42 B BT A RO AR R A A
BAEME N ERG. 5 EPISM kM &, & S
S SR R BT A KK 2% 5+ (EPISM % 28
600 pixel X 600 pixel, $& H J5 ¥ A 580 pixel X
580 pixel) , A P Ah 75 0k 9 i AR 43 P 2 35 W]

1209001-9



h | i bl
JE 0 TR L 196 0 Y O R 10119,
JEE 0 15 i W5 TR BT 1L %% BE . EPISM 32 75 75 W 8 J i [9] Klug M A, Halle M W, Lucente M E, et al.
W 5 TR 1 007 0 B i EPTSM % £ 45 1 4 ompect prototype one sep wngrn princer [
. e . roceedings o , , 0 15-24.
P Py 2 AR 1 o P 2% 9 43 B A 22 53] Je [10] Halle M W. Holographic stereograms as discrete
R IR i 7 A A D3 1T e AT AT imaging systems [J]. Proceedings of SPIE, 1994,
5 ééf it& 2176: 73-84. ‘
[11] Halle M W, Kropp A B. Fast computer graphics
o TR R — B T 0 4 8 B T AT RO £ AR rendering for full parallax spatial displays [J].
P A L 1% 1 A P AE 4 BT = A 2 7 3 Proceedings of SPIE, 1997,'3011: 105-112. .
DL SR AR B AR AR AT AR A PR D) 3 i 4 e Elllllliell\falil;( Kle:;loAg’raI;f;cmak s‘tﬁil;e:;rzil‘ls()pl[m; fjor
ﬁié‘%‘i‘ﬁﬂi%%%ﬂgéﬁkwlﬁ IEH’%" AR Proceedings of SPIE, 1997, 3011: 78-88.
B T 3 T4 B R oo A RO A S R i Bk o i [13] Brotherton-Ratcliffe D, Rodin A, Hrynkiw L.
ST B 4 B BT R N BT B B B 2 R S kL Method of writing a composite l-step hologram:
54 B BT SO0 RS B i e AT LLg s T US7333252 [ P/OL ]. 2008-02-19 [ 2019-07-14 7.
N s e L Ny https://patents. glgoo. top/patent/US7333252B2/
— o en.
FHZ B3t R L (RARIRCELAT o 9 AR 42 0 I [14] Brotherton-Ratcliffe D, Nikolskij A, Zacharovas S,
BRI IF B EPISM A JEAT X LE 14 BEAR Y J5T ik A et al. ITmage capture system for a digital holographic
M40 3K B R A R G B ) 2 e /D F EPISM printer: US8154584 [P/OL]. 2012-04-10 [2019-07-
2o TR oTRy N Tr 5 A8 gt 4 BRI B 14 J.  https://patents.  glgoo.  top/patent/
R P 06 4035 187 30T B ) 336 7 3% T P T e USBL54584B2 en.
TE I 12 22 56 1 4 B 00 PR T B [15] Bjelkhagen H, Brotherton-Ratcliffe D. Ultra-realistic
imaging: advanced techniques in analogue and digital
s * @ colour holography [ M]. Boca Raton: CRC Press,
2016.

[1] Lucente M. The first 20 years of holographic video- [16] Sul, Yuan Q, Huang Y Q, e al. Method of single-
and the next 20 [C]J//SMPTE 2nd Annual step full parallax synthetic holographic sterecogram
International Conference on Stereoscopic 3D for printing based on effective perspective images’
Media and Entertainment, June 21-22, 2011, New segmentation and mosaicking [J]. Optics Express,
York, USA. USA: SMPTE, 2011. 2017, 25(19): 23523-23544.

[2] Gabor D. A new microscopic principle[[J]. Nature, [17] SulJ, Yan X P, Jiang X Y, et al. Characteristic and
1948, 161(4098): 777-778. optimization of the effective perspective images’

[3] DeBitetto D J. Holographic panoramic stereograms segmentation and mosaicking ( EPISM ) based
synthesized from white light recordings[J]. Applied holographic stereogram: an optical transfer function
Optics, 1969, 8(8): 1740-1741. approach[J]. Scientific Reports, 2018, 8: 4488.

[4] King M C, Noll A M, Berry D H. A new approach [18] Huang Y Q, Su J, Chen Y B, et al. Progress in
to computer-generated holography [J]. Applied holographic printing technique[J]. Infrared and Laser
Optics, 1970, 9(2): 471-475. Engineering, 2018, 47(4): 0406008.

[5] Yamaguchi M, Ohyama N, Honda T. Holographic RV, SR, BRAE DL, . 4 BFTEN R BT R
3-D printer [J]. Proceedings of SPIE, 1990, 1212: [J]. 24N 5806 T/, 2018, 47(4): 0406008.
84-92. [19] SuJ, Yan X P, Huang Y Q, et al. Progress in the

[6] Halle M W, Benton S A, Klug M A, et al. synthetic holographic stereogram printing technique
Ultragram: a generalized holographic stereogram[J] . [J]. Applied Sciences, 2018, 8(6): 851.
Proceedings of SPIE, 1991, 1461: 142-155. [20] Fan F, Jiang X Y, Wang P Y, et al. Numerical

[7] Halle M W. The generalized holographic stereogram
[D]. USA: Massachusetts Institute of Technology,
1991.

[8] Klug M A, Halle M W, Hubel P M. Full-color
ultragrams [J]. Proceedings of SPIE, 1992, 1667:

1209001-10

reconstruction of holographic stereograms with

effective  perspective image segmentation and
mosaicking method [J]. Chinese Journal of Lasers,
2018, 45(12): 1209002.

BEWL, WeHT, EIBH, SF. AU R RO A



h 5| 74 ot
e BRI E M EEEMR ], FEEE, 2018, 45 dimensional virtual reality and augmented reality
(12): 1209002. display based on 4K-spatial light modulators [J].
[21] Fan F, Jiang X Y, Yan X P, et al. Holographic Applied Sciences, 2019, 9(6): 1182.
element-based effective perspective image [24] Mal]sS, Wei YF, SuP. A binocular stereo-view 3D
segmentation and mosaicking holographic stereogram reconstruction algorithm based on contour extraction
printing[J]. Applied Sciences, 2019, 9(5): 920. and depth screening [J]. Computer Engineering &
[22] Zhang H, Cao L C, Jin G F. Scaling of three- Science, 2018, 40(4): 665-672.
dimensional computer-generated holograms with RS, Bl U, IR BT RS B0 B VR B O 1
layer-based shifted Fresnel diffraction [J]. Applied WH=ZgEEHEAR]. IWEIITES R, 2018,
Sciences, 2019, 9(10): 2118. 40(4): 665-672.
[23] Gao HY, XuF, Liu]J C, et al. Holographic three-

1209001-11



