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LENSFREE DIFFRACTIVE TOMOGRAPHY FOR THE IMAGING OF 3D CELL CULTURES
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 92 Isikman S. O. & al., Lens-free optical tomographic microscope with a large imaging volume on a chip, Proc. Natl. Acad. Sci. U.S.A. 108(18), 7296-7301. (2011). [10] Rudin, L.I. & al., Nonlinear total variation based noise removal algorithms. Journal of Modern Optics, 2010. Context  Growth of 3D cell culture in organic gel  Lack of non-invasive imaging  Difficult to get acquisitions of large volumes  Rise of lensfree imaging for 2D cell cultures  Cheap, robust and easy to implement  Label free and time lapse microscopy Objectives  Apply lensfree microscopy to 3D cell culture  Experimental prototype (first data on biological culture)  Proof of concept (first algorithms for 3D reconstruction)  Operational device  Robust to incubator  Suited to living samples Acquisitions & results Matrigel® capsules data 𝜑 = 0°, 84.6°, 169.2°𝜆 = 630 𝑛𝑚 The arrows point on special features Conclusions  Working prototype with 3D biological samples acquisitions  2D slantwise phase retrieval on real data acquisitions  First 3D reconstructions on several 𝒎𝒎 𝟑 volumes Perspectives  Incubator-proof prototype for 3𝐷 + 𝑡 acquisitions  Improve data alignment  Inverse problem algorithms on the 3D volume φ 𝜃 𝑈 𝑑𝑖𝑓 𝑟 = -1 4𝜋 𝑂𝑏𝑗𝑒𝑐𝑡 𝐹 𝑟 ′ . 𝑈 𝑖𝑛𝑐 𝑟 ′ . 𝑒 𝑖𝑘 0 𝑟 ′ -𝑟 𝑟 ′ -𝑟 𝑑 3 𝑟 ′ Setup: lensfree in-line holography Semi-coherent illumination (about angle 𝜑 // 𝜃 = 45°) , 𝛽 𝑗 , 𝛾 𝑗 = 4𝑖𝜋𝑤. 𝑒 -2𝑖𝜋𝑤𝑧 𝑠 𝑈 𝑑𝑖𝑓 𝑗 𝑢, 𝑣; 𝑧 𝑠 with 𝛼 𝑗 , 𝛽 𝑗 , 𝛾 𝑗 = 𝑢 -𝑛 0 modelled by a 2D transmission plane: 𝑡 2𝐷 = 1 + 𝛿𝑡 𝑈 𝑡𝑜𝑡 = 𝑈 𝑖𝑛𝑐 + 𝑈 𝑑𝑖𝑓 and ℎ 𝑧,𝑘 0 Introduction of a phase ramp to take into account the tilted wavefront  Twin-image in the data inversion Solution: inverse problem  𝑙 1 -norm minimization: sparse objects  𝑇𝑉 minimization: sparse gradient  ℜ 𝛿𝑡 < 0: non-emissive objects 𝛿𝑡 0 = min ℜ 𝛿𝑙 <0 𝛿𝑡 𝐼 𝑑𝑎𝑡𝑎 -𝑈 𝑖𝑛𝑐 + 𝛿𝑡 ⋆ ℎ 𝑧,𝑘 0 2 +𝜇 𝐿 1 𝛿𝑡 𝐿 1 + 𝜇 𝑇𝑉 𝛻 𝛿𝑡 𝐿 1 𝑡 2𝐷 = 1 + 𝛿𝑡 0 Retrieved phase data fidelity Reconstruction of 512 3 × 3.34 3 𝜇𝑚 3 = 5𝑚𝑚 3 volumes without/with phase retrieval on the 2D dataset. 31 angles 𝜑 = 0°: 9.4°: 282°, 𝜃 = 45°. Cell-sized beads can be resolved both on 𝑥𝑦-plane and 𝑧-axis.