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Basics of Digital Holography
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Holographic Image Formation
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Holographic Image Formation
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Double Phase Encoding Hologram
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Wirtinger Holography
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Wirtinger Holography
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forward model
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Differentiable
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We can use standard optimizers if there is a gradient

d(Err) ﬂ dz dH

ddb  dz dH do




Compute complex

Wirtinger
gradients

Holomorphic function: Complex function that is complex differentiable

Derivative of holomorphic real-valued function is always ZERO

opt = minimize FUPH@)Z ) +y||VD||?

Er;;fb )

Real-valued

d(Err) _ function

dd

Complex-valued
argument
Derivatives of any order are NOT DEFINED for our objective function
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Compute complex

Wirtinger
gradients

Two important properties of gradient:
1) Direction of maximal rate of change

2) Is zero at stationary points

d(Err) =df(z) = Re(Vf, dz)

REFER TO MY SIGGRAPH Asia 2019
PAPER AND SUPPLEMENT

Step 3: Define approximate gradient and compute Wirtinger derivatives for each propagation
model
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Optimize for

phase holograms

Standard off-the-shelf optimization methods
1) Quasi-Newton

2) Stochastic gradient descent

Step 4: Optimize for holograms using off-the-shelf methods
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Simulation Results
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Simulation Results

Modified GS Double phase

(Peng et al. 2017) (Maimone et al. 2017)
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Simulation Results
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Perceptually Optimized Holography

Optimize for deep learning based perceptual losses
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Computing Distance Predicting Perceptual Judgement

Learned Perceptual Image Patch Similarity (LPIPS)
(Zhang et al. 2018)
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Perceptually Optimized Holography

L2 optimized MS-SSIM optimized

LPIPS optimized
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Cascaded Superresolution Holography
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Prototype Hardware Results

Modified GS Double phase
(Peng et al. 2017) (Maimone et al. 2017)
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Ideal Wave Propagation
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Real World Wave Propagation
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Compensating real world deviations via
Hardware-in-the-loop phase retrieval

Double Phase Encoding Wirtinger Holography
Target (Maimone et al. 2017) (Chakravarthula et al. 2019) Our Method
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Compensating real world deviations via
Hardware-in-the-loop phase retrieval

Double Phase Encoding Wirtinger Holography
Target (Maimone et al. 2017) (Chakravarthula et al. 2019) Our Method
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Differentiable

forward model

Compute complex
Wirtinger gradients

Wictuper Uolography
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