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Digital Holographic Microscopy-Based Dynamic Behavior
Characterization of Micro-Nano Particles

He Bingen ', Zhang Liping ', Gong Xiangjun', Zhang Guangzhao
Faculty of Material Science and Engineering, South China University of Technology, Guangzhou 510640,
Guangdong, China

Abstract Micro-nano particles, such as micro-nano bubbles, colloidal particles, and microorganisms, exist widely in
daily life and the natural environment. Observations of the dynamic behavior of such particles and their accurate
quantitative characterization can enlighten us on the many core issues in life sciences, medicine, material, and
environmental science. This paper introduces a digital holographic microscopy technology that can perform real-time,
large depth-of-field, unmarked, high-precision three-dimensional tracking of multiple particles. Additionally, this paper
expounds the working principle and application of the method and finally discusses its prospects in the further development

and challenges faced by similar technologies.
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Fig. 1 Device diagrams of digital holographic microscope™. (a) In-line DHM (transmission mode); (b) off-axis DHM (transmission
mode); (¢) in-line DHM (reflection mode); (d) off-axis DHM (reflection mode)
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Fig. 2 Connection and accuracy of disconnection trajectory™. (a) 3D trajectory before using the algorithm; (b) 3D trajectory after

algorithm connection; (c¢) the ratio of long and short tracks before and after the application of the algorithm; (d) the accuracy rate
of the connected fragments at E. coli concentrations of 10°, 10°, 107, 3X 10" CFU-mL™"
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histogram of the MSD index v of the motion trajectories of E. coli
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Fig. 4 Characteristic movement track of bacteria””. (a) Characteristic movement track of wild-type E. coli HCB1; (b) characteristic

motion track of Pseudomonas. sp; (¢) frequency of tumble in wild-type E. coli HCB1; (d) frequency of flick in Pseudomonas. sp
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Fig. 5 iSCAT optical microscope. (a) iSCAT imaging device™; (b) characteristic rings of nano-scatterers at different positions

(c) 3D trajectory of a single virus particle landing on a cell membrane"”
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Fig. 6 Data processing results of holograms"”. (a) Three-dimensional distribution of micro-nano bubbles; (b) size distribution;
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(c) original hologram
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Fig. 10 Three-dimensional migration trajectory of fibrosarcoma

cells covered in collagen gel, and the longitudinal axis
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