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High-speed 3D imaging of neural activity 2
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Computational Imaging and Microscopy
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High-speed Imaging
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High-speed Volumetric Imaging
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Snapshot Compressive Imaging @) ¥ 4%
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Snapshot Compressive Imaging

B Forward model
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B Compressive sensing (Donoho, IEEE TIT 2006; Candés & Tao, IEEE TIT 2006) —_—
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Snapshot Compressive Imaging

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

X = arg min||y — CI)XH% + A - |[x]]4
X

B Decompress snapshot compressive imaging (DeSCl)
(Liu,* Yuan,* et al. IEEE TPAMI 2018)
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Liu,* Yuan,* et al. [EEE TPAMI, doi:10.1109/TPAMI.2018.2873587 9
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Original #1 GMM-TP (25.85dB, 0.5979) MMLE-GMM (29.38 dB, 0.7894)

MMLE-MFA (25.56 dB, 0.6215)  GAP-TV (27.00 dB, 0.8647) DeSCl (34.68 dB, 0.9636)

Liu,* Yuan,* et al. [EEE TPAMI, doi:10.1109/TPAMI.2018.2873587 10



Snapshot Volumetric Imaging

Snapshot
q measurement

Reconstructed z-stack (8 slices)
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Snapshot Volumetric Imaging
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Ground truth Snapshot measurement GAP-TV reconstruction DeSCl reconstruction

* Simulation results using images of a cleared mouse brain (CX3CR1-GFP) captured from a conventional LSM system. 13
Eight z-stacks (pixel resolution of 256 X 256, z-step of 5.4 um) are collapsed to a snapshot measurement.



Snapshot Volumetric Imaging

On -going SCV—LSM system
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Snapshot Volumetric Imaging
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B Conclusion: SCV-LSM enables high-speed volumetric light-sheet
microscopy at 20 Hz with 50 axial planes.

B High-throughput (compressive high-speed, hyperspectral or light-field)

1 Caveats:

0 The DMD blocks half of the light [Poisson noise] -> Complementary
acquisition with two sCMOS cameras

O Low spatial resolution [LSM] -> Lattice light-sheet (Chen, Science 2014)
O Aberrations for in vivo observations -> Adaptive Optics (Liu, Science 2018)

O Slow reconstruction (~1 hour for 256 x256 x8) -> GPU acceleration and
learning-based reconstruction [Deep learning] (Weigert, Nat. Methods 2018)
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Thanks to the lab!
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