
 IMPLEMENTING THE GERCHBERG-SAXTON 
ALGORITHM IN DIGITAL SIGNAL PROCESSORS

Due to the extremely high frequency of oscillations of the 
electromagnetic waves, the information about phase is 
lost while only the information about magnitude and 
therefore intensity is available. Various phase retrieval 
algorithms have been proposed. The first algorithm 
successfully retrieving the phase from intensity 
measurements was Gerchberg-Saxton (GS) algorithm 
based on alternating projections (shown on the right side). 
Later other algorithms such as transport intensity of 
equation (TIE), PhaseCut, PhaseLift, SR-SPAR were 
proposed.
The GS algorithm is still widely used to retrieve the 
missing information about the phase of a signal. We 
describe here the implementation of single-plane and 
multi-plane GSalgorithm in embedded systems.
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The single-plane GS propagates the central wave of random phase and known magnitude one step 
forward. At the new location, the phase is preserved while the calculated intensity is replaced with the true 
intensity. Next, the wave is propagated backwards, and againhe phase is preserved while the calculated 
intensity is replaced with the true intensity. The described steps are repeated in the backward direction. 
After a certain number of iterations the phase has been retrieved.
The multiple-plane GS algorithm is basically the same as the single plane GS algorithm, the difference 
being that the central wave is propagated forwards and backwards various distances, and after returning 
to the central plane the new phase of the central wave is equal to the average value of the phase of all 
waves propagated back to the central plane.
Here, we report on the implementation of single-plane and multiple-plane GS in the digital signal 
processor dsPIC30F6014A supporting 16-bit fixed-point calculations and the effect of the number of 
images on the quality of the retrieved phase. The length of the vector is 256 pixels. The software is written 
in MPLAB IDE and will be transferred to dsPIC bu MPLAB ICD 4.

In future, it is intended to develop a microlens array 
consisting of microlenses with absorbing sidewalls. Such 
an arrays splits the 2D object into parallel vectors and 
propagates each vector in free space. Next,the phase of 
all vectors can be retrieved using the embedded system. 
The absorbing sidewalls will be designed by applying 
metallic and dielectric thin films or Au@SiO2 core-shell 
nanostructures  to them.
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Single-plane GS 
algorithm (left) 
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implementation 
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Three images; 100 iterations. Five images; 100 iterations. Seven images; 100 iterations.


	Page 1

