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Goal and Challenge
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Space bandwidth 
product (SBP)

Data throughput

High-speed 3D imaging of neural activity

Keller, Science 2008

McDole, Cell 2018

Chen, Science 2014

Liu, Science 2018
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Optics

BiologyInformation
Science

𝑷𝑷(𝒙𝒙,𝒚𝒚, 𝒛𝒛, 𝒕𝒕,𝝀𝝀,𝜽𝜽,𝝓𝝓)
Plenoptic function (Adelson, 1991)

Joint design of optics 
and computation



High-speed Imaging
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Time

Space

High spatio-
temporal resolution

Camera array Temporal pixel multiplexing

Hybrid system Coded aperture

Wilburn, CVPR 2004 Bub, Nat. Methods 2010

Hitomi, ICCV 2011; Liu, TPAMI 2014Ben-Ezra & Nayar, TPAMI 2004

✔Single-camera
✔High-resolution

✔✘✘✔

✘✔



High-speed Volumetric Imaging
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Multi-focal/-plane scanning Holographic 3D microscopy

Light field microscopy Light-sheet microscopy
Abrahamsson, Nat. Methods 2012

Levoy, ACM ToG 2006; Prevedel, Nat. Methods 2014 Ahrens, Nat. Methods 2013

Quirin, Front. Neural Circuits 2014

✔Wide-field
✔Full-resolution

✔✘

✔✘

✘✔
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Snapshot Compressive Imaging

6

Objective lens DMD Relay lens sCMOSScene
100 Hz1,000 Hz1,000 Hz

Encoding Capturing

Decoding𝑿𝑿𝒊𝒊 𝑿𝑿𝒊𝒊 ⊙ 𝑪𝑪𝒊𝒊 ∑𝑿𝑿𝒊𝒊 ⊙ 𝑪𝑪𝒊𝒊



 Forward model

 Compressive sensing (Donoho, IEEE TIT 2006; Candès & Tao, IEEE TIT 2006)
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 Compressive sensing (Donoho, IEEE TIT 2006; Candès & Tao, IEEE TIT 2006)

 Decompress snapshot compressive imaging (DeSCI)
(Liu,* Yuan,* et al. IEEE TPAMI 2018)
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Snapshot Compressive Imaging
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Snapshot Volumetric Imaging
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Snapshot Volumetric Imaging
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z-stack

Space

Compression
Redundancy 

High 3D resolution



Snapshot Volumetric Imaging
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Ground truth Snapshot measurement GAP-TV reconstruction DeSCI reconstruction
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200 μm

50 μm

* Simulation results using images of a cleared mouse brain (CX3CR1-GFP) captured from a conventional LSM system.
Eight z-stacks (pixel resolution of 256×256, z-step of 5.4 μm) are collapsed to a snapshot measurement.



Snapshot Volumetric Imaging
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On-going SCV-LSM system …

Galvo mirror

Cylindric lens Illumination obj.

Detection obj.

Piezo stage

Tube lens

DMD
TIR prism

sCMOS

Laser



Snapshot Volumetric Imaging
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On-going SCV-LSM system …

Detection arm Objectives and the sample DMD and TIR prism



Summary (SCV-LSM)
 Conclusion: SCV-LSM enables high-speed volumetric light-sheet 

microscopy at 20 Hz with 50 axial planes.
 High-throughput (compressive high-speed, hyperspectral or light-field)

 Caveats:
 The DMD blocks half of the light [Poisson noise] -> Complementary 

acquisition with two sCMOS cameras

 Low spatial resolution [LSM] -> Lattice light-sheet (Chen, Science 2014)

Aberrations for in vivo observations -> Adaptive Optics (Liu, Science 2018)

 Slow reconstruction (~1 hour for 256×256×8) -> GPU acceleration and 
learning-based reconstruction [Deep learning] (Weigert, Nat. Methods 2018)
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