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A. Optimization in The Long Run  

We cannot claim that the optimization is impossible using solely the AdamW optimizer without randomization. But 

we observed the optimization performance degrades after several thousand iterations and the further the training 

proceeds, the more unstable the optimization gets. Fig.S2 shows the results generated without randomization after 

50000 and 100000 iterations. The Adam optimizer never yields the correct results as depicted in fig.S2b and fig.S2f. 

 

 

Figure S1. a variations of the loss value when the reconstruction is performed b, f without any regularization (Adam) 

and c, d, g, h with weight decay regularization but without randomization (AdamW). e, i reconstructed images with 

weight decay regularization and randomization.  



  

 

B. Multi-Height Phase Recovery Algorithm 

To achieve the ground truth phase and amplitude images, 6 holograms are acquired and processed using the multi-

height phase recovery method. For each hologram, the sample plane is shifted by a positive random increment 

(~100𝜇𝑚), then the holograms are sorted by height and the smallest height is considered as the first. After finding 

the z coordinate of each object plane, to extract the object features, the inline reconstructed intensity images are first 

converted to a binary map by hard thresholding, then registered using a feature matching algorithm [1]. This method 

is not universal (such as control point mapping), but is effective for sparsely detailed samples. 

At the first step, a complex field is made by considering the square root of the first hologram as the amplitude and 

a zero matrix as the phase. Besides using a zero matrix, the phase matrix can be estimated using transport of intensity 

equation method which deterministically gives an estimate of the phase distribution. But, since the considered field of 

view is small in size, the operation is fast enough to eliminate any necessity to employ an advanced algorithm giving 

a better initial guess. 
The created complex field is then computationally propagated to the second hologram plane. Then, the propagated 

amplitude image and the square root of the second hologram are averaged; together with the propagated phase which 

is kept unchanged, forms the second complex field. This procedure is repeated all the way to the final plane and then 

reverse direction until reaching the first plane. This defines one iteration of the algorithm. Usually, after about 100 

iterations the results are satisfactory. 

 

C. Network Architecture 
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Figure S2. Structure of the employed deep decoder network. 


