4D tracking of biological samples using lens-free on-
chip in-line holography

Zihao Wang'

Advisor: Oliver Cossairt’
Co-authors: Donghun Ryu?, Kuan He', Aggelos Katsaggelos'
Affiliations:

1 Electrical Engineering & Computer Science, Northwestern University;
2 Electrical Engineering, California Institute of Technology

T M""l - = -y
Northwestern
ENGINEERING

comp

photo

lab



digital holographic microscopy
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sperm, protozoa, etc.
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On-chip setup

Blepharisma

Biological
sample

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




From hologram to object

back propagation Hqu;—g‘{suxxg}whhkq{mvki—ﬁ—kﬂ}@ﬂ

object plane

z=0.00 mm

modified
Gerchberg-
Saxton phase
retrieval

refocusing hologram plane



Phase retrieval
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Lens-free on-chip imaging —phase retrieval gallery
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Tracking/profiling
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(a) Depth map (ground truth) (b) Simulated hologram (c) Variance scan (d) Recovered depth map

most recent comparative study: Mohammed et al. Appl. Opt. (2017)



preliminary KMC filtered amplitude phase support

(a) Hologram (b) Depth estimation (c) Phase retrieval (d) Refined depth
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Tracking/profiling (Paranema)
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Thanks for your attention!
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