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Computing True 3D Hologram 

3D modeling Point cloud from RGB-D image Diffraction and interference 

simulation
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Holographic Near-Eye Display

True 3D projectionCompact form factor

[Maimone et al. 2017] 



Holographic Near-Eye Display

Compact form factor

[Maimone et al. 2017] 

Aberration correction



Computing True 3D Hologram 

<latexit sha1_base64="SZjw/lH9E17oisebCpc4Ap0Wf2w=">AAAB8nicdVDLSsNAFJ3UV62vqks3g61QNyGNqbW7ohs3agX7gDQtk+mkHTp5MDMRSuhnuHGhiFu/xp1/46StoKIHLhzOuZd773EjRoU0jA8ts7S8srqWXc9tbG5t7+R391oijDkmTRyykHdcJAijAWlKKhnpRJwg32Wk7Y4vUr99T7igYXAnJxFxfDQMqEcxkkqyizel65551TOPi/18wdBrFatSsWBKatUTIyVVyzAsWNaNGQpggUY//94dhDj2SSAxQ0LYZSOSToK4pJiRaa4bCxIhPEZDYisaIJ8IJ5mdPIVHShlAL+SqAgln6veJBPlCTHxXdfpIjsRvLxX/8uxYemdOQoMoliTA80VezKAMYfo/HFBOsGQTRRDmVN0K8QhxhKVKKadC+PoU/k9apl4+1c1bs1A/X8SRBQfgEJRAGVRBHVyCBmgCDELwAJ7Asya1R+1Fe523ZrTFzD74Ae3tEzGbj+k=</latexit>

O(N2
M

2)
<latexit sha1_base64="W2DsAnvdJrfx/YJpGazt3azxh34=">AAAB6nicdVBNSwMxEM3Wr1q/qh69BFvB05KtW2tvRS+epKK1hXYp2TTbhmazS5IVytKf4MWDIl79Rd78N2bbCir6YODx3gwz8/yYM6UR+rByS8srq2v59cLG5tb2TnF3705FiSS0RSIeyY6PFeVM0JZmmtNOLCkOfU7b/vgi89v3VCoWiVs9iakX4qFgASNYG+mmfFXuF0vIrlfdatWFGanXTlBGai5CLnRsNEMJLNDsF997g4gkIRWacKxU10Gx9lIsNSOcTgu9RNEYkzEe0q6hAodUeens1Ck8MsoABpE0JTScqd8nUhwqNQl90xliPVK/vUz8y+smOjjzUibiRFNB5ouChEMdwexvOGCSEs0nhmAimbkVkhGWmGiTTsGE8PUp/J/cVWzn1K5cV0qN80UceXAADsExcEANNMAlaIIWIGAIHsATeLa49Wi9WK/z1py1mNkHP2C9fQLhII2M</latexit>

N : spatial resolution (one axis)

: maximum sub-hologram width
<latexit sha1_base64="mBu4ZekLDjl4eaxK6jku0RlwUcA=">AAAB6nicdVBNSwMxEM3Wr1q/qh69BFvB05KtW2tvRS9ehIrWFtqlZNNsG5rNLklWKEt/ghcPinj1F3nz35htK6jog4HHezPMzPNjzpRG6MPKLS2vrK7l1wsbm1vbO8XdvTsVJZLQFol4JDs+VpQzQVuaaU47saQ49Dlt++OLzG/fU6lYJG71JKZeiIeCBYxgbaSb8lW5Xywhu151q1UXZqReO0EZqbkIudCx0QwlsECzX3zvDSKShFRowrFSXQfF2kux1IxwOi30EkVjTMZ4SLuGChxS5aWzU6fwyCgDGETSlNBwpn6fSHGo1CT0TWeI9Uj99jLxL6+b6ODMS5mIE00FmS8KEg51BLO/4YBJSjSfGIKJZOZWSEZYYqJNOgUTwten8H9yV7GdU7tyXSk1zhdx5MEBOATHwAE10ACXoAlagIAheABP4Nni1qP1Yr3OW3PWYmYf/ID19gnfm42L</latexit>

M



Computing True 3D Hologram 

<latexit sha1_base64="SZjw/lH9E17oisebCpc4Ap0Wf2w=">AAAB8nicdVDLSsNAFJ3UV62vqks3g61QNyGNqbW7ohs3agX7gDQtk+mkHTp5MDMRSuhnuHGhiFu/xp1/46StoKIHLhzOuZd773EjRoU0jA8ts7S8srqWXc9tbG5t7+R391oijDkmTRyykHdcJAijAWlKKhnpRJwg32Wk7Y4vUr99T7igYXAnJxFxfDQMqEcxkkqyizel65551TOPi/18wdBrFatSsWBKatUTIyVVyzAsWNaNGQpggUY//94dhDj2SSAxQ0LYZSOSToK4pJiRaa4bCxIhPEZDYisaIJ8IJ5mdPIVHShlAL+SqAgln6veJBPlCTHxXdfpIjsRvLxX/8uxYemdOQoMoliTA80VezKAMYfo/HFBOsGQTRRDmVN0K8QhxhKVKKadC+PoU/k9apl4+1c1bs1A/X8SRBQfgEJRAGVRBHVyCBmgCDELwAJ7Asya1R+1Fe523ZrTFzD74Ae3tEzGbj+k=</latexit>

O(N2
M

2)
<latexit sha1_base64="W2DsAnvdJrfx/YJpGazt3azxh34=">AAAB6nicdVBNSwMxEM3Wr1q/qh69BFvB05KtW2tvRS+epKK1hXYp2TTbhmazS5IVytKf4MWDIl79Rd78N2bbCir6YODx3gwz8/yYM6UR+rByS8srq2v59cLG5tb2TnF3705FiSS0RSIeyY6PFeVM0JZmmtNOLCkOfU7b/vgi89v3VCoWiVs9iakX4qFgASNYG+mmfFXuF0vIrlfdatWFGanXTlBGai5CLnRsNEMJLNDsF997g4gkIRWacKxU10Gx9lIsNSOcTgu9RNEYkzEe0q6hAodUeens1Ck8MsoABpE0JTScqd8nUhwqNQl90xliPVK/vUz8y+smOjjzUibiRFNB5ouChEMdwexvOGCSEs0nhmAimbkVkhGWmGiTTsGE8PUp/J/cVWzn1K5cV0qN80UceXAADsExcEANNMAlaIIWIGAIHsATeLa49Wi9WK/z1py1mNkHP2C9fQLhII2M</latexit>

N : spatial resolution (one axis)

: maximum sub-hologram width
<latexit sha1_base64="mBu4ZekLDjl4eaxK6jku0RlwUcA=">AAAB6nicdVBNSwMxEM3Wr1q/qh69BFvB05KtW2tvRS9ehIrWFtqlZNNsG5rNLklWKEt/ghcPinj1F3nz35htK6jog4HHezPMzPNjzpRG6MPKLS2vrK7l1wsbm1vbO8XdvTsVJZLQFol4JDs+VpQzQVuaaU47saQ49Dlt++OLzG/fU6lYJG71JKZeiIeCBYxgbaSb8lW5Xywhu151q1UXZqReO0EZqbkIudCx0QwlsECzX3zvDSKShFRowrFSXQfF2kux1IxwOi30EkVjTMZ4SLuGChxS5aWzU6fwyCgDGETSlNBwpn6fSHGo1CT0TWeI9Uj99jLxL6+b6ODMS5mIE00FmS8KEg51BLO/4YBJSjSfGIKJZOZWSEZYYqJNOgUTwten8H9yV7GdU7tyXSk1zhdx5MEBOATHwAE10ACXoAlagIAheABP4Nni1qP1Yr3OW3PWYmYf/ID19gnfm42L</latexit>

M



Algorithms for Accelerating 3D CGH Computation

Light Field Approximation Multi-layer Approximation Polygonal Tile Approximation

- Very fast 

- Low rendering, data and I/O cost 

- Support occlusion 

- No view-dependent effect 

- Low depth precision

- Moderately fast 

- Support view-dependent effect 

- Support occlusion 

- High depth precision 

- High rendering, data and I/O cost

- Moderately fast 

- Low rendering, data and I/O cost 

- High depth precision 

- No occlusion 

- No view-dependent effect

[Padmanaban et al. 2019; Shi et al. 2017; Zhang et al. 2015] [Makey et al. 2019, Zhang et al. 2017, Chen et al. 2015] [Kim et al 2018/2015,  Zhang et al. 2018 

Matsushima et al. 2005]
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Conversion to Phase-only Representation 

Spatial light modulator (SLM)
Phase-only modulation



Iterative Methods 
[Peng et al. 2020, Chakravarthula et al. 2019,2020, Choi et al. 2021]
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2D 3D

Iterative Methods 
[Peng et al. 2020, Chakravarthula et al. 2019,2020, Choi et al. 2021]



Double Phase Method 
[Maimone et al. 2017, Mendoza-Yero 2014, Hsueh 1978]
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Double Phase Method 
[Maimone et al. 2017, Mendoza-Yero 2014, Hsueh 1978]



Computational Challenges for 3D Hologram

Lack of occlusion modeling High computation cost Non-robust phase-only encoding



Occlusion-aware Point-based Method (OA-PBM)



Occlusion-aware Point-based Method (OA-PBM)
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CNN for 3D Hologram Synthesis
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: number of filters per conv layer (constant)
<latexit sha1_base64="N/D3DjrRhsLeggGsgL2yCJCCdfQ=">AAAB6HicdVBNS8NAEN3Ur1q/qh69LBbBU0hitfZW9OKxBfsBbSib7aRdu9mE3Y1QSn+BFw+KePUnefPfuE0rqOiDgcd7M8zMCxLOlHacDyu3srq2vpHfLGxt7+zuFfcPWipOJYUmjXksOwFRwJmApmaaQyeRQKKAQzsYX8/99j1IxWJxqycJ+BEZChYySrSRGrRfLDl21as6lXOcEa9cXRDnzMOu7WQooSXq/eJ7bxDTNAKhKSdKdV0n0f6USM0oh1mhlypICB2TIXQNFSQC5U+zQ2f4xCgDHMbSlNA4U79PTEmk1CQKTGdE9Ej99ubiX1431eGlP2UiSTUIulgUphzrGM+/xgMmgWo+MYRQycytmI6IJFSbbAomhK9P8f+k5dnuhe01yqXa1TKOPDpCx+gUuaiCaugG1VETUQToAT2hZ+vOerRerNdFa85azhyiH7DePgFOP41K</latexit>c



CNN for 3D Hologram Synthesis

<latexit sha1_base64="k/oANMLD/Wo/pAzG3e2Pwk/aQwc=">AAAB73icdVDLSgNBEOz1GeMr6tHLYBDiZdldozG3oBcvagTzgGQNs5NJMmT24cysEJb8hBcPinj1d7z5N042EVS0oKGo6qa7y4s4k8qyPoy5+YXFpeXMSnZ1bX1jM7e1XZdhLAitkZCHoulhSTkLaE0xxWkzEhT7HqcNb3g28Rv3VEgWBjdqFFHXx/2A9RjBSkvNqwK5vHUuDjq5vGWWnbJVOkIpcYrlKbEOHWSbVoo8zFDt5N7b3ZDEPg0U4VjKlm1Fyk2wUIxwOs62Y0kjTIa4T1uaBtin0k3Se8doXytd1AuFrkChVP0+kWBfypHv6U4fq4H87U3Ev7xWrHonbsKCKFY0INNFvZgjFaLJ86jLBCWKjzTBRDB9KyIDLDBROqKsDuHrU/Q/qTumfWw618V85XQWRwZ2YQ8KYEMJKnAOVagBAQ4P8ATPxp3xaLwYr9PWOWM2swM/YLx9AhCYj1s=</latexit>

O(cN2
M)

: number of filters per conv layer (constant)
<latexit sha1_base64="N/D3DjrRhsLeggGsgL2yCJCCdfQ=">AAAB6HicdVBNS8NAEN3Ur1q/qh69LBbBU0hitfZW9OKxBfsBbSib7aRdu9mE3Y1QSn+BFw+KePUnefPfuE0rqOiDgcd7M8zMCxLOlHacDyu3srq2vpHfLGxt7+zuFfcPWipOJYUmjXksOwFRwJmApmaaQyeRQKKAQzsYX8/99j1IxWJxqycJ+BEZChYySrSRGrRfLDl21as6lXOcEa9cXRDnzMOu7WQooSXq/eJ7bxDTNAKhKSdKdV0n0f6USM0oh1mhlypICB2TIXQNFSQC5U+zQ2f4xCgDHMbSlNA4U79PTEmk1CQKTGdE9Ej99ubiX1431eGlP2UiSTUIulgUphzrGM+/xgMmgWo+MYRQycytmI6IJFSbbAomhK9P8f+k5dnuhe01yqXa1TKOPDpCx+gUuaiCaugG1VETUQToAT2hZ+vOerRerNdFa85azhyiH7DePgFOP41K</latexit>c



Dataset for 3D Hologram Synthesis

1. Uniform pixel depth distribution

2. Enough scene complexity

3. No undefined depth or depth misalignment

Input:

Output:



1. Uniform pixel depth distribution 2. Enough scene complexity

3. No undefined depth or depth mismatch

NYU Depth Dataset V2 [Silberman et al. 2012] Berkeley 3-D Object Dataset [Janoch et al. 2011]

Berkeley 3-D Object Dataset [Janoch et al. 2011]DeepFocus Dataset [Xiao et al. 2018] (1) (2) (3) (1) (2) (3)

(1) (2) (3) (1) (2) (3)
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MIT-CGH-4K 

The first large-scale 3D hologram dataset



Training CNN for 3D Hologram Synthesis 

Input RGB-D

Residual
block

Residual
block

Skip connection
(concatenation)

3×3
Conv BN ReLU

Output hologram

Model size < 0.7 Mb
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Input RGB-D

Residual
block

Residual
block

Skip connection
(concatenation)

3×3
Conv BN ReLU

Output hologram

Target hologram

Output 

focal stack

Target
focal stack

In-focus
object



Training CNN for 3D Hologram Synthesis 

Output hologramTarget hologram
SSIM > 0.97
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Non-robust phase-only encoding



Double phase hologram



Double phase hologram

Theoretical Analysis of Double Phase Method 

[Sui et al. 2021] 

Signal distribution Noise distribution



Anti-aliased double phase hologram
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Hardware Prototype
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Spatial light 
modulator

Camera
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Fourier
filter

3D scene









In-focus foreground

Out-of-focus background



Green channel Depth
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