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Multi-image focus retrieval technology for biological microscopy based

on the transport of intensity equation
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Abstract: To address the issue of varying focal positions of individual sample objects in the field of view when observing
biological samples under a microscope, which prevents full-focus imaging, a multi-image focus retrieval technique based on
the Transport of Intensity Equation (TIE) is proposed. Using the designed image acquisition device, intensity maps of both
focused and defocused states of the sample can be obtained without the need for mechanical movement. The phase informa-
tion is then solved using the Transport of Intensity Equation, and the angular spectrum propagation algorithm is used to re-
trieve the focused states of cells at different depths. This technique avoids the errors introduced by mechanical adjustments in
traditional methods without the need for complex or high-cost hardware modifications, while also providing high-precision
phase information. Simulation experiments on red blood cells show that the focus error of the cells is reduced to 18.18% after
retrieval. Experiments on plant tissue and insect tissue further validate the applicability of this technique for focus retrieval in
both discrete and continuous biological tissues.
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