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Convex optimization-based mesoscopic 3D reconstruction method for
fluorescence-free light fields

WANG Changmiao'**, LI Hui"?, SU Chenbo"?, WU Yuntao"’
(1. School of Computer Science and Engineering, Wuhan Institute of Technology, Wuhan 430205, China;
2. Swan college, Central South University of Forestry and Technology, Changsha 410211, China;
3. Hubei Key Laboratory of Intelligent Robot, Wuhan 430205, China)
Abstract: Currently, the microscopic 3D observation primarily relies on specific fluorescence staining, which
will cause irreversible damage to samples and presents issues such as high cost and phototoxicity. A novel
method for mesoscopic high-resolution 3D reconstruction without fluorescence was proposed, known as RGB-
MesoLFM. First, a fluorescence-free labeled white-light mesoscopic circuit was constructed, where the RGB
three-band light field data were decoupled. Subsequently, based on fluctuating optics point spread function, the
point impulse response of the system at any depth within the three bands was computed. Finally, an objective
function was developed using convex optimization theory, considering the RGB three-band light field data and
point impulse response as input for 3D deconvolution iteration, which can reconstruct the slice image of the
high-resolution target object at any depth. The 3D reconstruction experiment was based on the light field
sampling results of egg embryo slices, and could obtain slice images in the range of 0~—20 um with a sequence
interval of 4 um. Compared with the traditional fluorescence reconstruction method, the proposed method does
not require fluorescence, but uses white light for imaging. The reconstructed peak signal to noise ratio (PSNR)

value of arbitrary depth slices is about 10% higher than that of traditional methods.

Key words: non-fluorescence; mesoscopic; 3D reconstruction; convex optimization; light field
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Fig.2 Schematic diagram of mesoscopic imaging of light

field and reconstruction process
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Fig. 5 Results of fluorescence-free reconstruction of US Air Force-1951 resolution target under different depth slices (grayscale

map)
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Fig. 6 Comparison of reconstruction results of 72-hour non-fluorescent 3D RGB slices of egg embryos by three algorithms
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Table 2 Comparison of evaluation indicators

Method Depth/um SSIM PSNR Brenner Energy
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