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Seeing Beyond RGB
Neural Optics for Stereo RGBD and Hyper-spectral Imaging
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Applications are 
different, imagers 

& ISPs are not

Images from public domain
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optics computationsensing

Co-design of Optics, Sensing, and Algorithms

Ray optics → Wave optics

Diffractive Optical Elements
• thin & lightweight structure

• large & flexible design space

• availability of mass fabrication

• color dispersion (downside)
Promising platform for imaging & 

visual computing apps.
Images from public domain
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Wavefront coding,
Diffractive Achromat, …

BM3D, NLM, Wiener, …

Alexnet, VGG19,
Yolo, Densenet, …

Neural Optics for Domain-specific Apps. Imaging

Optimize end-to-end / via an intermediate term    

• Performance & robustness gains
• Domain-specific hardware w/ reduced cost
• New design space: The “BunnyCam”

* End-to-end optimization of optics and image processing for achromatic extended depth of field   
and super-resolution imaging, V Sitzmann*, S Diamond*, Y Peng*, et al. – ACM TOG, 2018.Wave optics PSF simulator

-1
PSF

Φ Bunny ？
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Differentiable Cameras for Domain-specific Apps.

Large FOV & Lightweight
OSA OE ’15; ACM TOG ’19 Single-shot HDR Imaging

IEEE CVPR ’20

Full-spectrum & Lightweight
OSA Optica ’20; ACM TOG ’16

Single-shot Extended DOF
ACM TOG ’18

Super-resolution SPAD Camera
ACM TOG ’20; IEEE CVPR ’18

AiF & Depth Estimation
IEEE ICCP ’21

Differentiable Compound Optics
ACM TOG ’21

3D Microscopy Imaging
OSA OL ’21
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A.Monocular Image Reconstruction

Multi-focus Image Fusion

Measurement A

AiF image

Measurement B

Issues in RGBD Imaging…

Snapshot Depth from Defocus

Blurred image

Depth map

AiF-RGB+D
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Left Measurement Estimated disparity Distortion caused by blur

B.Conventional Stereo Matching

Issues in RGBD Imaging…

Binocular-Encoding Optics?
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Monocular Depth Estimation and All-in-focus Imaging

* Depth from Defocus with Learned Optics for Imaging and Occlusion-aware Depth Estimation,
H Ikoma, C Nguyen, C Metzler, Y Peng, G Wetzstein– IEEE ICCP, 2021.
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Conventional Depth Est. (Conven.) Ours AiF. (Ours) Depth Est. (Ours)

H Ikoma et al., Depth from Defocus with Learned Optics…, ICCP 2021
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* Yuhui Liu, Liangxun Ou, Qiang Fu, QHadi Amata, Wolfgang Heidrich, Yifan Peng, IEEE CVPR, 2025 (Oral)

Reconstructed RGB Estimated Depth Reconstructed RGB Estimated Depth

Learned Binocular-Encoding Optics for RGBD Imaging 

Learned Diffractive Optical Element (DOE)
Camera Prototype

KAUST
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Pipeline

Learned Binocular-Encoding Optics for RGBD Imaging 
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3D Profile of Left DOE

L

R

Customized Camera Prototype
PSFs
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Experimental Results

AiF-RGB

Depthmap

Conventional
Lens

Lens w/
rank2-

coded DOE
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Experimental Results
Reconstructed Captured

High-fidelity Depth

AiF-RGB
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Why Snapshot Hyperspectral Imaging

1000nm

Hyperspectral imaging

λ

RGB imaging

3D Date cube

Application scenario: Identify which leaves are fake.
Approach: Hyperspectral imaging.

x

y

λ
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Why Snapshot Hyperspectral Imaging

Generate Pseudo RGB image

True Fake Fake FakeTrue

Application scenario: 
Identify which leaves are fake.
Approach: Hyperspectral imaging.

Hyperspectral imagingRGB imaging

Hyperspectral date cube (3D) beyond sensor capability (2D).
x

y

λ
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https://whywww.github.io/ArrayHSI/

Zheng Shi*, Xiong Dun*, Haoyu Wei, Siyu Dong, Zhanshan Wang,  
Xinbin Cheng, Felix Heide, Yifan Peng, ACM TOG, 2024

Learned Multi-aperture Color-coded Optics for
Snapshot Hyperspectral Imaging
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RGB and Hyperspectral Imaging Results Highlight
Specim IQOurs

For Education Use Only, 2025

        by E.Y.PENG@HKU



Tech Flow Overview

Spatial and spectral coding are fully decoupled
Aperture-wise filter also avoids the high cost of customized Bayer filter 
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Microscope 
image of the 
DOE array

Aperture size: 3mm
EFL: 20mm
FOV: 20°

Customed spectral 
response curves 

Camera Prototype

ACM TOG, 2024
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RGB image HSI images

Experimental Results

ACM TOG, 2024
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Glossy Object Reconstruction with Polarization Cues

• Cost-effective polarized acquisition: RGB camera + single linear polarizer
• A single polarized image per view + NeRF + E2E polarization rendering

= Accurate reconstruction & radiance decomposition

* Bojian Wu, Yifan Peng, Ruizhen Hu, and Xiaowei Zhou, IEEE CVPR, 2025 (Highlight)
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* Lin et al. Seeing in Extreme Bright: Embodied Neuromorphic Synergy for Lighting-robust Machine Vision, Nature Comms., 2024

Machine Vision in Extreme Bright: Embodied Neuromorphic Synergy
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What ?
Possibly compact form factor optics
High-definition image reconstruction
Domain-specific visual & sensory applications 

How ?
Wave propagation (DOE or Freeform lens)
Auto-tuning & Data-driven advances 
Physics + AI differentiable optimization

Why ?
Thinner, lighter products
Large, flexible design
Optimal visual performance

Take-home Messages (Imaging Beyond RGB)

Bunny 
Lover!
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WeChat Official Account: IntelligentOptics
Intelligent Optics Sharing

感
知
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evanpeng@hku.hk

KAUST
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