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Interactive exploration and manipulation
of microscopic systems: what do we need?

real-time 3D imaging
of micro-systems e
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Optical tweezers for micromanipulation
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Holographic tweezers for dynamic 3D micromanipulation
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Advanced interfaces to holographic tweezers

iTweezers Force-feedback optical tweezers
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Pacoret et al. , Opt. Express (2009

Kinect — controlled optical tweezers

Shaw et al. , Journ. of Opt. (2013)
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Virtual reality

Virtual lab experiments Molecular dynamics simulations

De Jong et al. , Science (2013) O’Connor et al., Sci. Adv. (2018)

Flight simulations
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3D imaging techniques

E.coli
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Holographic microscopy for fast 3D reconstructions
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Holographic microscopy for fast 3D reconstructions

3-axis Digital Holographic Microscopy
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hologram
Ferretti et al. , Sci. Rep. (2021) / Ferretti et al. , Sci. Rep. (2021)
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Data and light flow diagram
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The power of dynamic 3D micromanipulation

Kirkham et al. , Sci. Rep. (2015)
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Vizsnyiczai et al. , Biomed. Opt. Express (2020)
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On growth and form

D’Arcy Thompson
(1860 — 1948)
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Ferretti et al. , Sci. Rep. (2021)




Optical tweezers for cells sorting and analysis
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Bianchi et al., Phys. Rev. X (2017) Tadir et al., Fertil. Steril. (1990)
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Min et al., Nat. Methods (2009) Lim et al., Acta Mater. (2004)
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E.coli bacteria

Ferretti et al. , Sci. Rep. (2021)



Post processing data

“fishing” swimming bacteria trapping and manipulation release
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Ferretti et al. , Sci. Rep. (2021)
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Generic objects rendering

New strategy for the virtual rendering of
generic objects with unknown morphology.
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Ferretti et al. , Sci. Rep. (2021)
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Next steps

New advanced tomography algorithms to reconstruct simple objects like bacteria, aiming to
extend this tool to more complex objects (other motile cells like sperm cells for motility studies,
or crawling cells).

Live analysis of bacteria dynamics in specific conditions (interaction of parallel swimming bacteria,
interactive study of motility, speed and dimension, ...).

Real-time fabrication and manipulation of 3D micro-tools and interactive assembly of bio-hybrid
micro-machines.
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Fourier optics for wave propagation
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Iterative algorithms: phase mask computation

1,...,N pixels - U(xj,yj) = Uj = |Uj| . el®j Di Leonardo et al., Opt. Express (2007)
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Iterative algorithms: some results
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Real-time 3D exploration and manipulation

* Framerate: 20f.p.s.
 Field of view: 56Xx56%20 pm?3

e Spatial resolution: < 1 um

LED D

2um silica beads

SAMPLE

Saglimbeni et al. , Opt. Express (2014)
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