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sperm,	protozoa,	etc.

T. Su et al. Sci. Rep. 3 (2013)

non-invasive large field-of-view high speed localization



lens-free	on-chip	video
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Blepharisma

large	Field-of-View,	compact,	cost-effective
2.2x2.2	um	pixel	resolution



from	hologram	to	object	– phase	retrieval

back propagation

refocusing



GF

GF:	Gaussian	Filtering
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from	hologram	to	object	– phase	retrieval

update amplitude

update support

Z. Wang et al. Digital Holography & 3-D Imaging Tu2A.4 (2017)



Blepharisma

Paramecium



temporal	resolution	enhancement
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subsampled	phase	retrieval
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(b) Reconstructed phase(a) Full field-of-view holograms
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Bilevel dictionaryHR-LR training pairs

Captured LR

Sparse 
representation

Captured HR

Recovered HR

LR Dictionary (𝐃")

HR Dictionary (𝐃#)

Simulated LR

Amplitude Phase

lens-free	on-chip	dictionary?

J. Yang et al. Computer Vision and Pattern Recognition pp. 2360-2367 (2012)



Captured 
holograms

Recovered 
amplitude

Recovered 
phase
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data	collection

Peranema Spirostomum Didinium Euplotes Paramecium Blepharisma
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results	– numerical	subsampling
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results	– numerical	subsampling



2x2 3x3 4x4

13.6 FPS 24.8 FPS 36.9 FPS

results	– experimental	videos	recovery
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results	– 3D	tracking	of	Euglena



summary

• used holographic lens-free on-chip video for monitoring in vivo biological 
samples;

• used single frame subsampling for temporal resolution enhancement;

• constructed a bilevel dictionary for recovering subsampled holograms;

• performed phase retrieval on recovered holograms;
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