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Fig. 1. Schematic diagram of DLSFM system.
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Fig. 2. Digital line scan imaging analysis of DMD with different fill factor: (a) The rhodamine fluorescence solution images excited

by different density scanning lines; (b) the intensity profiles through the dotted line in (a).
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Fig. 3. SNR analysis of DMD with different fill factor: (a) The intensity distributions of focal plane signal and background signal in-

tensity; (b) the intensity curves of focal planne signal (black) and background signal (red); (c) the curve of the SNR versus fill

factor of DMD.
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Fig. 4. 3D spatial resolution of the system calibrated by the 100 nm fluorescent bead: (a) WF image; (b) VS image; (¢) STD image;

(d) VS + DE image; (e¢) STD + DE image. The corresponding histograms on the right show the measured distribution of z,y, z

FWHM values from 25 beads.
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(2 PR [E] 53 RIS /NG IR FWHM.
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Fig. 5. Reconstructed slice images of the same glomerulus.
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WF+DE VS+DE

2um § STD4+DE
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Digital line scanning fluorescence microscopy
based on digital micromirror device’

Wang Mei-Chang  Yu Bin® Zhang Wei  Lin Dan-Ying Qu Jun-Le!
(Key Laboratory of Optoelectronic Devices and Systems of Ministry of Education and Guangdong Province, College of Physics and
Optoelectronic Engineering, Shenzhen University, Shenzhen 518060, China)

( Received 14 June 2020; revised manuscript received 11 July 2020 )
Abstract

Laser scanning confocal microscope (LSCM) is one of the most important tools for biological imaging due
to its strong optical sectioning capability, high signal-to-noise ratio, and high resolution. On the basis of LSCM,
line-scanning fluorescence microscopy (LSFM) uses linear scanning instead of point scanning to improve the
speed of image acquisition. It has the advantages of simple system structure, fast imaging speed, and weak
phototoxicity, and in addition, it is more suitable for high-resolution and fast imaging of living thick samples. It
is of great significance for studying the life science, biomedicine, and others. However, the current LSFM
technology still faces many urgent problems in terms of system flexibility, imaging speed, resolution and optical
sectioning capabilities. Therefore, based on the existing multifocal structured illumination microscopy (MSIM)
in our laboratory, a digital line-scanning fluorescence microscopy (DLSFM) based on digital micromirror
device(DMD) is presented in this paper. In the illumination path, a high-speed spatial light modulator DMD is
adopted to realize multi-line parallel scanning excitation, which simplies the optical system and improves the
flexibility and scanning speed of the system. A DLSFM image reconstruction algorithm based on the standard
deviation of fluorescence signal is proposed, which is combined withthree-dimensional (3D) Landweber
deconvolution algorithm to achieve 3D high-resolution optical slice image reconstruction. On this basis, the
imaging experiments on fluorescent beads and standard samples of mouse kidney section are carried out by
using DLSFM. The experimental results show that the resolution of DLSFM in the z, y and z directions is 1.33
times, 1.42 times and 1.19 times that of wide field microscope, respectively, and the fast 3D high-resolution
optical sectioning imaging of biological samples is realized, which lays a technical foundation for further

developing the rapid high-resolution imaging of the whole cells and tissues in vivo.

Keywords: line-scanning microscopy, digital micromirror device, fluorescence microscopy
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