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Fig. 1. Fluorescence images of focal (a), (b) and defocus (c),

(d) planes of two small spherical samples with radii of R

and 10R respectively.
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Fig. 2. Illumination speckle patterns are formed when a
laser beam passes through diffusers with different granular-
ity of 100 (a), 1000 (b) and 3000 (c), respectively.
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Fig. 3. The fluorescence sectioning images (a)—(c) of a small spherical sample with a radius of R and the normalized intensity (d)—(f)

of the fluorescence signal at the center position with the granularity of diffuser being 1000: (a), (d) N = 20; (b), () N = 60; (c), (f)

N = 200.
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Fig. 4. The fluorescence sectioning images (a)—(c) of a small spherical sample with a radius of 10R and the normalized intensity
(d)—(f) of the fluorescence signal at the center position with the granularity of diffuser being 500: (a), (d) N = 20; (b), () N =
60; (c), (f) N = 200.
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Fig. 5. When the granularities of diffusers are different, the relationships between the average values of the normalized intensity of

the fluorescence signals of sectioning images and the numbers of the original fluorescence images: (a) Small ball; (b) large ball.
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Fig. 6. The fluorescence sectioning images (a)—(c) of a small spherical sample with a radius of R and the normalized intensity (d)—(f)

of the fluorescence signal at the center position with 120 original fluorescence images being recorded by CCD: (a), (d) G=100; (b), (e) G

1000; (c), (f) G = 3000.
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Fig. 7. When 120 original fluorescence images are recorded by CCD and the different granularity of diffuser, G=20, 1000, 3000, The
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fluorescence sectioning images (a)—(c) of a small spherical sample with a radius of 10R and the normalized intensity (d)-(f) of the
fluorescence signal at the center position with 120 original fluorescence images being recorded by CCD: (a), (d) G =20; (b), (e) G =
1000; (c), (f) G = 3000.
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Fig. 8. The relationships between the average values of the normalized intensity of the fluorescence signals of sectioning images and

(a) /NERFE A

the diffuser granularities with different numbers of the original fluorescence images being recorded by CCD: (a) Small ball; (b) large
ball.
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Abstract

In order to obtain the internal fine structure of biological tissues and living cells, the microscopic imaging
technology is required to be capable of microscopy. In the wide-field fluorescence microscopy with dynamic
speckle illumination, a series of dynamically changing speckle patterns are used to illuminate a biological sample
in the whole field. The fluorescence sectioning images of sample’s three-dimensional structural are obtained by
extracting intensely changing fluorescence signals in the focal plane. In this paper, the process of obtaining
fluorescence sectioning images by the fluorescence microscopy is studied by theoretical analysis and simulation.
Two main factors affecting the imaging quality of fluorescence sectioning image are analyzed, which are the
number of original fluorescence images recorded by CCD and granularity of diffuser. The simulation results
indicates that the imaging quality of fluorescence sectioning images first increases and then tends to saturation
with the number of original fluorescence images increasing. It first increases and then decreases with the
graininess of diffusers increasing. Considering the imaging quality and imaging time, when the number of
original fluorescence images is 60 that is used to extract fluorescence sectioning images, and the granularity of
diffuser is about 1000, the high spatial resolution fluorescence sectioning images with contrast higher than 85%
can be obtained. Theoretical analysis and simulation research provide a theoretical basis and guidance for
designing the system structure, implementing and optimizing the wide-field fluorescence microscopy with

dynamic speckle illumination.

Keywords: speckle, fluorescence microscopy, sectioning imaging, wide-field illumination
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