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Supplementary material
The process of wavefront measurement trough SPAM is conceptually identical to the Shack-Hartman Wave Front Sensing. The 
combination of the sub aperture with the tube lens acts as a single Shack-Hartman lenslet. To measure the wavefront on the whole 
pupil the system scans it with a sub aperture in 𝑚 positions (Fig. 1a) and acquires the image shift.
For example, with an aberration common to the whole field of view, for each sub-pupil position we would observe a rigid 
displacement of the whole image. Conversely, with a field-dependent aberration, the displacement is position-dependent leading to 
a distortion of the image.

Fig. S1: Example of division of the field of view. For simple visualization the case N = 3 is shown, corresponding to k=3 x 3 sectors.

In order to measure the aberration in each position of the field of view, we virtually divide the detector into k=N2 equally spaced 
sectors and then we compute the displacement of the image in each sector relative to the image taken with the sub-pupil in the 
central position.
Therefore, the displacement measured with the 𝑖𝑡ℎ sector is a column vector whose entries are the 𝑥 and 𝑦 displacement information, 
namely:
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The displacement is arranged in a column vector S:
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We finally convert S into wavefront gradients as:

∇𝑊𝑖 =
𝑃𝑖𝑥𝑊𝑖𝑑𝑡ℎ

𝑓 Δ𝑠𝑖

where 𝑃𝑖𝑥𝑊𝑖𝑑𝑡ℎ is the dimension of the camera pixel, 𝑓 is the tube lens focal length and 𝑖 is the field referred to the 𝑖𝑡ℎ image region. 
The wavefront is computed using modal reconstruction algorithm [1].

Wavefront reconstruction accuracy vs sub pupil Dimensions
We carried out some simulations to choose the best sub-pupil dimension for an optimal wavefront reconstruction.
We generated a wavefront with 0.4 waves (@530nm) of each Zernike coefficient from the 3rd to the 14th (Fig S2) and, starting from 
this wavefront, we run the wavefront measurement algorithm using different sub-pupil dimensions. To measure the performance 
of the various configurations the reconstructed wavefront was then subtracted from the real one . The results are shown in table T1.

Fig. S2: Artificially generated wavefront with constant Zernike polynomials values

DIAM. [mm] Initial RMS
(waves @530nm)

Residual RMS
(waves @530nm)

1 1.4 0.03

1.5 1.4 0.21

2 1.4 0.57

2.5 1.4 0.82

3 1.4 1.1

3.5 1.4 1.2

Table T1: Wavefront Reconstruction accuracy in function of the sub-pupil diameter.

Results comparison against the ground truth.



In this section, we compare the results of the isoplanatic (ISO) and anisoplanatic (ANI) deconvolutions with respect the ground truth 
image obtained without the aberrating phase plate. Both reconstructions were obtained by deconvolving the aberrated image. We 
restrict this analysis on the cropped region reported in the Fig.4 in panels 4d (ground truth), 4e (ISO), and 4f (ANI).
For each reconstruction, we compute the average percentage difference between the ground truth image 𝐼𝐺 and the ISO and ANI, 
defined as:

𝑑 𝐼𝐺,𝐼{𝐼𝑆𝑂, 𝐴𝑁𝐼} =
1

𝑁𝑝𝑖𝑥𝑒𝑙

|𝐼𝐺 ― 𝐼{𝐼𝑆𝑂,𝐴𝑁𝐼}|
𝐼𝐺

.

In our reconstructions, we obtain 𝑑(𝐼𝐺,𝐼𝐼𝑆𝑂) = 15.9% and 𝑑(𝐼𝐺,𝐼𝐴𝑁𝐼) = 10.6%. The anisoplanatic reconstruction turns to be better 
than the isoplanatic one because it gets closer to the ground truth. In Fig.S3 we report the map of the pixel-wise percentage difference 
for each ground truth-(ISO/ANI) pair corresponding to Fig.4cdef.
 The ISO deconvolution introduces low-noise artifacts spread through the whole image and this gives the perception of more contrast 
in the final reconstruction. In both panels, the region where the error is higher is the dark region in which the sample is not present 
(bottom right).

Fig. S3: Left panel, percentage difference between the ground truth and the ANI reconstruction. Right panel, percentage difference 
between ground truth and ISO reconstruction.
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