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Super-resolution image reconstruction for structured illumination microscopy (SIM) is
routinely conducted in the frequency domain (FDR), which is prone to suffering from artifacts
and time-consuming due to the post-data processing. Here, we propose a new approach to
directly attaining super-resolution images for SIM in the spatial domain reconstruction (SDR).
In the FDR scheme, the nine raw images from three orientation illumination patterns have to
be made fast Fourier transform (FFT) to get their spectra. All the spectra are then separated,
shifted and recombined to form an enlarged isotropic spectrum, which corresponds to a
super-resolution image in spatial domain after an inverse FFT (iFFT). The multiple operations
of FFT and iFFT severely consume the processing time. What’s more, any mismatch and
errors in each step may cause artifacts to deteriorate the quality of super-resolution image. In
contrast, the SDR scheme is directly performed in the spatial domain with only two-step
operations: image multiplication and summation. And the multiplied coefficient matrixes are
only dependent on the parameters of the structured illumination light field, which can be
pre-calculated to save the processing time. Therefore, the image reconstruction speed of SDR
is much faster than that of FDR. Because there is no operation in frequency domain, the
inherent problem of image artifacts is fully eliminated. The SDR approach obtains the
super-resolution image about 50-fold faster than that of the conventional frequency domain
reconstruction method, boosting SIM as an ideal tool for instant super-resolution imaging
with the feature of “What You See Is What You Get”. The validity of SDR approach is
verified by both numerical simulation and experiments of biological samples and dynamic
fluorescence beads.

