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Fig. 1. (color online) Comparison of statistical resam-

pling algorithm with theoretical cumulant variance.
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Fig. 2. (color online) Comparison of raw fSOFI and deconvolution optimization fSOFI based on cumulant

standard deviation with simulation: (a) Average image of superimposing 800 independent fluorophores blink-

ing images; (b) super-resolution image of (a) after raw 3rd order fSOFI process; (c) 3rd order fSOFI result

with the cumulant standard deviation in each pixel served as a DAMPAR in Lucy-Richardson algorithm;

(d) raw 3rd order fSOFI result with 2000 blinking images; (e) relative error of signals distributed on two

parallel lines in (a)—(d); (f) cross-sections indicated by white lines (averaged over 20 pixels along x) in (a)
(blue), (b) (green), (c) (red) and (d) (cyanidin). Scale bars: 500 nm.
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Fig. 3. (color online) Comparison of raw fSOFI and deconvolution optimization fSOFI based on cumulant
standard deviation with real data: (a) Average images of Tubulins networks labeled by high density blinking
fluorophores; (b), (c) super-resolution image of (a) after raw 3rd order fSOFI process and deconvolution
optimization fSOFI process based on cumulant standard deviation, respectively; (d), (e) skeletonized images
of (b) and (c); (f) histograms of the length of the continuous lines in (d) and (e); (g) cross-sections indicated
by white linel in (a) (blue), (b) (green) and (c) (red); (h) cross-sections indicated by white line2 in (a)—(c).

Scale bars: 1 pm.
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Fig. 4. (color online) Deconvolution optimization
fSOFI based on cumulant standard deviation improve
imaging speed: (a) Raw 3rd order fSOFI result with
500 blinking images; (b) 3rd order fSOFI result after
deconvolution optimization based on cumulant stan-
dard deviation with 250 blinking images. Scale bars:
1 pm.
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Abstract

The super-resolution optical fluctuation imaging (SOFI) technique enhances image spatial resolution by evaluating
the independent stochastic intensity fluctuations of emitters. In principle, it eliminates any noise uncorrelated temporally,
and provides unlimited spatial resolution since the calculation of the nth-order cumulant followed by a deconvolution
results in an image with n-fold resolution improvement in three dimensions. But in practice, due to limited data length,
the statistical uncertainty of cumulants will affect the continuity and homogeneity of SOFI image, which results in the fact
that the high order SOFT (typically over 3rd order) cannot improve spatial resolution significantly. Since the variance
characterizes the statistical uncertainty of cumulant, we deduce its theoretical expression based on a single dataset.
In traditional SOFI techniques, due to lack of statistical analysis of cumulant, there is no noise constraint condition of
cumulant in the Lucy-Richardson deconvolution to prevent the algorithm from causing noise amplification. In this paper,
based on the cumulant variance formula, we calculate the cumulant standard deviation in each pixel of SOFI image and
introduce the results into the Lucy-Richardson algorithm as a DAMPAR to suppress the noise generation in such pixels.
The simulation and experimental results show that under the same data length, the deconvolution optimization based
on cumulant standard deviation significantly improves the uniformity and continuity of SOFI image. On the other hand,
under the premise of identical image quality, this optimization technique can also greatly shorten the image frames to

less than half the original, thus promoting the development of super-resolution imaging of living cells.
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