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Abstract

The current method of generating computer-generated holographic images, unlike regular images, requires optimization for each
display device's environment. To display the same image across multiple devices, it is necessary to create separate holographic
images for each device. This process inevitably leads to the wastage of computing resources. Therefore, a method is needed to
effectively apply the same image across various display devices. This paper proposes a method to calculate the optimal propagation
distance for displaying a single holographic image on display devices with different pixel pitches, and demonstrates its
effectiveness through experiments. Additionally, it experimentally shows that this calculation method remains valid even at very
close propagation distances where Fresnel approximation is challenging.
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Fig. 1. (a) A phase only hologram optimized and created for a pixel pitch of 3.6um and a propagation distance of 20cm (b) An image numerically
reconstructed using the BL-ASM method when the POH in (a) is propagated in the optimized environment (c) An image numerically reconstructed
using the BL-ASM method when the POH in (a) is propagated in an unoptimized environment with a pixel pitch of 7.2um (d) An image numerically
reconstructed using the BL-ASM method when the POH in (a) is propagated in an environment with a pixel pitch of 7.2um and a propagation
distance of 80cm
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Fig. 3. (up) As 800 holograms optimized for pixel pitch of 6.4um, wavelength of 520nm, and propagation distance of 20cm are numerically re-
constructed with pixel pitch of 12.8um, a graph showing the average PSNR values with the target image depending on the propagation distance
(down) Numerically reconstructed images at each distance of 78cm, 80cm, and 82cm
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Fig. 4. (up) As 800 holograms optimized for pixel pitch of 6.4um, wavelength of 520nm, and propagation distance of 1cm are numerically reconstructed
with pixel pitch of 12.8um, a graph showing the average PSNR values with the target image depending on the propagation distance (down)
Numerically reconstructed images at each distance of 2cm, 4cm, and 6cm

EAg M AR FAREALE d = rolth
/\}ﬂ FEA &2 - 77k A9k Aol
gt 2 o=we A At frast

< WEshe v 77k
& 743101]*1 2 l&v‘i“’ﬂ/ﬂ T A AgolM AR o]
nA7E Bol= A& ASE A A WS 183 &
A fr=d A4 AR 2RE 7Y H 40749
AstAge A 3z olmx2ke] PSNRe A4S Zlo|th
Mol HAdl 327171 0.89cm, d7F lemzFA 2] 2%k
< L3cmz 7] dot frAtettt. o] dellA Abgshs $14d
2L FAYA 6.4um, 7 520nm, A2HA2] Temol
_%]X-]ﬁ}ﬂo] SGD tl]—l:HOi D}quﬂq _‘1%} 4&: Jﬂa
Agel A stee] kol o] 4 ERIHS 18] 4
3} r7A R AR S 22 59 H, AurelE
stell 7} BL-ASM WA 22 24 543 dajo|n) 1

N
(5
k)
1,
r Ll

k)
:g
m
QL
I
2

d 45 B9 o) 7S Aol A el ERI9
ol At AuA Sl 4emollA MY =S I
PSNRSI 24.7286 S HAF+= AL &0 4 Uk =3
FE® AgA 0.1ecm 7FIAAY Hojx] 7|7
10dBAE "ol = Ak g1 5 AU o= wis- 77t
- Al HAstE A THEoll RO 0]7] wie] Az
Hstol] MZtek Ao g ATk E A ojw)A] FACE
, 80071 ¢] o|w|A] B f¥ AZolA 7 =2 PSNR

AE Hole Ae &9 & itk

O,

=
ol
oy

r_{

F

4 e

2 =RME 94 T2 T3S one-source multi-use 2
oAl o] &3t7] gk 7IRE A3 2A B A X 9
SLME _IJ\_-‘-—i "g*é?} %il% Tq—‘?‘ A—L]/K'“qu]—/] SLM
M= utEA A3t He 44 AgAYE FFH o



o
s
N

o
2
o
X
i)
=2
>
1
2
2
o
Ho
1:0{1
oot

[o
>

B
CRSES
}

(1]

[2]

£
2

X0 R ot g

4z 2

8l (References)

ZHANG, Zichen; YOU, Zheng; CHU, Daping. Fundamentals of
phase-only liquid crystal on silicon (LCOS) devices. Light: Science
& Applications, Vol.3, No.10, e213-e213, 2014.

doi: https://doi.org/10.1038/1sa.2014.94

MAIMONE, Andrew; GEORGIOU, Andreas; KOLLIN, Joel S.

(3]

(4]

(5]

(o]

(7]

(8]

X XA N

Holographic near-eye displays for virtual and augmented reality.
ACM Transactions on Graphics (Tog), Vol.36, No.4: pp.1-16, 2017.
doi: https://doi.org/10.1145/3072959.3073624

GERCHBERG, Ralph W. A practical algorithm for the determi-
nation of plane from image and diffraction pictures. Optik, Vol.35,
No.2, pp.237-246, 1972.

PENG, Yifan, et al. Neural holography with camera-in-the-loop
training. ACM Transactions on Graphics (TOG), Vol.39, No.6,
pp.1-14, 2020.

doi: https://doi.org/10.1145/3414685.3417802

MATSUSHIMA, Kyoji; SHIMOBABA, Tomoyoshi. Band-limited
angular spectrum method for numerical simulation of free-space
propagation in far and near fields. Optics express, Vol.17, No.22
pp19662-19673, 2009.

doi: https://doi.org/10.1364/0e.17.019662

Matsushima, K. Introduction to Computer Holography. Series in
Display Science and Technology. pp.83-86, 2020.

J.W. Goodman "Introduction to Fourier optics, Third Edition",
pp.66-69, 2005.

AGUSTSSON, Eirikur; TIMOFTE, Radu. Ntire 2017 challenge on
single image super-resolution: Dataset and study. In: Proceedings of
the IEEE conference on computer vision and pattern recognition
workshops. pp 126-135, 2017.

doi: https://doi.org/10.1109/cvprw.2017.150

o| ef 3

- 2019 3% ~ BdAY : Z3|CHStm AFEISSIT StAL
- ORCID : https:/forcid.org/0009-0006-3829-160X
- FRYE0R: SYHZ| ¥ HHAY, 220, ASKS

A E QD

t
- 20234 3 ~ SiXf : HS|CHEm HFEISSIL AMA}
- ORCID : https:/orcid.org/0000-0002-3613-3847
- FIME0F: HakNe| o mEelAl, E2TeL, IBK|S



ofefst o 4¢1: 1 FRIYP] A9 A W] B AH AsAZe fE 1F 351
(Tae Hwa Lee et al.: A Study on the Optimal Propagation Distance According to the Change in Pixel Pitch of Phase Holograms)

N A AN

i & 0

- 20224 8% : Z3|CfStm ATEYOIREEHT SHAL
- 2024 28 : Z3|thstm AFEISE L MAL

- 202414 38 ~ B} : ZETISHT HREFSED WAl
- ORCID : https://orcid.org/0000-0002-6402-7785
- FBAIR0F: QAAE] U THEIO, BRI, 91X, blcle #55

|
- 20214 82 : ZAS|CiStm AZEQOISEEL AL
- 20214 98 ~ 20234 8% : Z3|LfStw HFEIZS MA}
- ORCID : https://orcid.org/0000-0001-5322-3556
- FERE0F: dMXE| Y IR, E2Ta], 2IZX|S, H|E R £33}

73 &
- 19944 88 : KAIST M7|UFXIZ8lT} ZSIA}
- 19981 28 : KAIST M7|YUFXIZSIT} ZapAAl
- 20044 28 : KAIST M7|URAIZEtD ZaEtAb

- 2003 8 ~ 20054 108 : @Oo{==E|I=2{A| HE[DIC|0fE EIE

- 20054 113 ~ 20194 8% : S=MASAUATR(ETRI) HLUAVHTIE I8

- 20134 9 ~ 20144 88 : Univ. of Southern California (USC) Visiting Scholar
- 20194 93 ~ 20204 28 : SHOIAICH S MASSME R

- 20204 33 ~ Sixf : Z3|tistn HFEHSEA Fus

- ORCID : https://orcid.org/0000-0001-7308-133X

- FHAMEO0}: IO £33, Hed MR, XY 22T




	위상 홀로그램의 픽셀피치 변화에 따른 적정 전파거리에 대한 고찰
	요약
	Abstract
	Ⅰ. 서론
	Ⅱ. 빛의 전파과정의 수학적 모형
	Ⅲ. 픽셀피치 변화에 따른 적정 전파거리의 유도
	Ⅳ. 근사조건 고찰
	Ⅴ. 실험 결과 및 분석
	Ⅵ. 결론
	참고문헌 (References)


