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ages, a three-dimensional compressed sensing model was established and studied using the CVX method, the
Orthogonal Matching Pursuit(OMP) algorithm and a homotopy algorithm. The models’ measurement matrix
was then designed. Firstly, the system’s theory and design were both developed using the three-dimensional
point-spread function imaging theory of fluorescence microscopy. Then, the process of fluorescence micro-
scopic imaging was simulated, through which the images generated in the established compressed sensing
model were analyzed using the CVX method, OMP algorithm and homotopy algorithm. The recall rate, local-
ization accuracy and reconstruction time were compared. Finally, the simulated biological samples and the
collected cells in the laboratory were analyzed using the homotopy algorithm, and thus three-dimensional su-
per-resolution imaging was achieved. It can be seen from the comparative results that the homotopy al-
gorithm is two orders of magnitude faster than the CVX method when the reconstruction density and localiz-
ation accuracy have little deviation. The localization accuracy of the homotopy algorithm is twice higher than
that of the OMP algorithm. The homotopy algorithm is meaningful for 3D super-resolution fluorescence mi-

croscopy imaging, which can save computing time and achieve real-time imaging.
Key words: compressed sensing; single molecule localization; image reconstruction; homotopy algorithm
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Fig. 1 3D mesh subdivision process of fluorescence image

corresponding sample. (a) Simulated fluorescence
molecular image; (b) the three-dimensional subdivi-
sion of sample corresponding to fluorescent image;
(c) the number of the subdivision corresponding to a

pixel and the whole image
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Fig. 2 The original image subdivided into smaller patches.
(a) A small patch taken from one frame of image;
(b) superposition edges; (c) edge expansion of the
small block of image; (d) the retaining valid areas of

reconstruction results
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Fig. 3 Simulated fluorescent molecule image (green aster-

0

isks are randomly distributed fluorescent molecules
in 3D space; the bottom image in 3D space is the
image generated by the simulated fluorescent mo-

lecules)
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Fig. 4 Reconstructed results of simulated fluorescence molecule image by three kinds of algorithms. (a) Recovery rate; (b)

localization accuracy of horizontal XY shown with the standard deviation; (c) localization accuracy of axial Z shown

with the standard deviation; (d) algorithm running time
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Fig. 5 3D reconstructed results of simulated bioexperiment (scale bar is 800 nm). (a) Accumulation results of randomly dis-

tributed fluorescent molecules with a transverse range of 6.9 umx6.9 um and an axial range from —200 nm to 200 nm.

(b) A randomly generated frame of image. (c) Accumulation results of randomly generated 200 frames of images. (d) A

3D super-resolution image obtained by reconstructing 200 frames of images.
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Fig. 6 Reconstructed results of 3D super-resolution image (scale bar is 2 um). (a) Wide-field image obtained by accumulating

2 000 frames of fluorescent images. (b) 3D super-resolution image reconstructed by the proposed algorithm.
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