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Gaussian PSF, to achieve a fair comparison, which should not be affected by the smoothing 
process. Its parameters are listed in the Methods section in the Appendix. 

 

Fig. 2. Simulation results. Upper row: (a) Ground truth: high resolution image of simulated 
microtubules. (b) Diffraction-limited image. (c)-(d) SRRF reconstructions from high and very-
high density movies of 361 and 60 frames (6 times denser), respectively. Lower row: (e)-(f) 
MUSICAL reconstructions from high and very-high density movies of 361 and 60 frames, 
respectively.  (g)-(h) SPARCOM reconstructions from high and very-high density movies of 361 
and 60 frames, respectively. Comparing the reconstructions for the same number of frames (e.g., 
the magnified regions in the red boxes), clearly the ability of SPARCOM to separate between 
closely adjacent subwavelength features, outperforms both SRRF and MUSICAL, even with as 
few as 60 frames. These separations closely match those in the ground truth. 

Visually comparing the panels, we observe that all three methods achieve super-resolution, 
similar to the ground truth in panel a, and recover features which are missing in the diffraction 
limited image of panel b. Closer examination, especially features which are magnified in the 
red boxes, reveals that SPARCOM achieves better reconstruction in terms of spatial resolution 
over SRRF and MUSICAL, both for the movies of 361 and 60 frames. For example, the white 
arrows in the enlarged red box in panel c demonstrate that SRRF is unable to separate the 
borders of the microtubules (also indicated by the red arrows in panels c and d). These borders 
are vague in the MUSICAL reconstructions as well, but are clearly visible in the SPARCOM 
images.  

Although SPARCOM exhibits better separation of adjacent features, some artifacts appear 
in the reconstruction as discontinuity of the microtubules. Considering panels g (361 frames) 
and h (60 frames of increased density) of Fig. 2, we see that as we reduce the number of frames, 
but simultaneously increase the emitters density, some parts of the filaments appear broken, as 
indicated for example by the white arrows in Fig. 2(h). This distinction emphasizes a trade-off 
in SPARCOM between the emitter density/number of frames to the creation of these artifacts. 
Even for the movie of 50 frames with increased density, SPARCOM exhibits better spatial 
resolution and clear separation of the microtubules, but at a cost of broken filaments. Thus, the 
user may wish to control the density of emitters, depending on the application at hand. Using a 
few hundreds of frames will give a clear reconstruction, while reducing the number of frames 
(and increasing the emitter density to shorten integration time) might result in some 
discontinuity, but will still manage to separate the fine features of the imaged specimen. 
Alternatively, it is possible to perform SPARCOM recovery with high density to reveal the fine 
structures of the images specimen in short integration time, but complement SPARCOM with 
reconstructions such as SRRF or MUSICAL to fill the areas of discontinuity. 

We now turn to a quantitative comparison based on the panels presented in Fig. 2, by 
considering selected intensity cross-sections taken along the yellow lines in several panels of 
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Finally, Figure 5 demonstrates that the spatial resolution of SPARCOM is preferable over 
other state-of-the-art methods, while achieving similar values to low density ThunderSTORM, 
with only a fraction of the frames. 

 
Fig. 5.  Fourier Ring Correlation (FRC) analysis. (a)-(b) FRC analysis from the simulated movies 
of 361 frames and 60 frames of increased emitter density from Fig. 2, respectively. (c) FRC 
analysis from the movie of 500 frames of the experimental dataset in Fig. 4. Colored curves are 
the FRC curves and the horizontal black lines represent the fixed 1/7 resolution threshold. 
Resolution corresponds to the intersection points of the curves with the horizontal threshold lines. 
In both (a) and (b), the resolution presented by SPARCOM matches that of ThunderSTORM 
(perfect reconstruction), even when the number of frames decreases to 60, and is higher than the 
other methods. For example, the spatial resolution of FALCON in both cases is lower by a factor 
of ~2 compared with SPARCOM. In (c), both SPARCOM and SRRF demonstrate similar 
resolution, while MUSICAL shows decreased resolution.  

In summary, Figs. 2-5, and additional examples in the Appendix, provide direct numerical 
and experimental evidence that SPARCOM presents several clear advantages over both single-
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of required frames from 12000 to 361 and even 60 corresponds to a 33 and 200 times faster 
acquisition rate of SPARCOM compared with single molecule localization. 

Next, comparing FALCON and SPARCOM recoveries from a 361 and 60 frame movies 
(panels e-h) leads to several conclusions. When the filaments are well separated from each other, 
both methods manage to recover them. However, when considering the zoomed-in areas 
outlined by the red frames, it is evident that for very closely situated sub-diffraction features, 
SPARCOM performs considerably better than FALCON. That is, the SPARCOM images for 
both 361 and 60 frames are clearer than the FALCON recoveries and very closely resemble the 
ground truth image and the ThunderSTORM recovery. This comparison suggests that 
SPARCOM achieves better resolution than all other contemporary sparsity-based recovery 
methods. 

 
Fig. 8. Additional simulation results. Upper row: (a) Ground truth: high resolution image of 
simulated microtubules. (b) Diffraction-limited image. (c) Smoothed ThunderSTORM recovery 
from a low-density movie of 12000 frames. (d) 4th SOFI recovery (absolute value, zero time-
lag) from a high-density movie of 361 frames. Lower row: (e)-(f) FALCON reconstructions from 
movies of 361 frames and 60 frames of increased densities, respectively. (g)-(h) SPARCOM 
reconstructions for the 361 and 60 frames movies, respectively. Comparing the reconstructions 
for the same number of frames (e.g., the magnified regions in the red boxes), clearly the ability 
of SPARCOM to separate between closely adjacent subwavelength features is superior to 
FALCON and SOFI. In this example, SPARCOM has an acquisition rate 33 (361 frames) and 
200 (60 frames) times faster than PALM/STORM. 

To obtain a more quantitative comparison between SPARCOM, SOFI and single molecule 
localization, we compare intensity cross-sections, taken along the yellow lines in several panels 
of Fig. 8. Figure 9 depicts two selected intensity profiles. The upper (lower) panel shows the 
selected intensity profile marked by the solid (dashed) yellow lines in Fig. 8, respectively.  In 
both panels the ground truth is given by the dash-dot green line, (Fig. 8(a)), diffraction limited 
profile by dot blue line (Fig. 8(b)), smoothed ThunderSTORM from a 12000 frames movie by 
the solid yellow line (Fig. 8(c)), FALCON image recovered from the high density movie of 60 
frames by the dash red line (Fig. 8(f)) and SPARCOM image recovered from the high density 
movie of 60 frames by the purple circle-head line (Fig. 8(h)).  

Comparing these cross-sections substantiates the conclusions drawn from the visual 
comparison: our sparsity-based method, SPARCOM, taken with 60 frames only, displays 
resolution similar to the ground truth and to the ThunderSTORM reconstruction from 12000 
low density frames. Clearly, SPARCOM achieves considerably better resolution than 
FALCON: the FALCON lines show spurious peaks between the filaments and the width of each 
true peak appears considerably wider than in the ground truth, and in the SPARCOM 
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