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Purpose: The objective of this research is the development of signal acquisition and 

processing methods to be used in the high-resolution time-average Fourier telescopy (TAFT) 

imaging of distant objects through long horizontal-path ground-level atmospheric turbulence. 

Background/Significance: TAFT is a method based on Fourier domain imaging that exploits 

special signal averaging techniques to reduce enormously the effects of atmospheric turbulence 

on images obtained at large  horizontal-path distances at ground level. The method employs 

active illumination with several mutually coherent and frequency shifted laser beams that creates 

moving Young's fringe patterns at the object.  Light reflected from the object is collected by a 

“light bucket” detector and the Fourier transform of the reflectance of the object is then extracted 

via signal processing. An inverse Fourier transform is then performed to obtain an image of the 

object. To remove the effects of turbulence, time averaging of the magnitude and phase of 

received sinusoidal signal components is employed, each such signal corresponding to a 

particular spatial frequency (Fourier) component of the image. Since many Fourier components 

are needed, it is essential that parallelism be built into the system. Method: We address the basic 

problem through the use of arrays of laser sources operating cooperatively and producing 

multiple return signal components at different temporal carrier frequencies. It is essential that 

these laser sources satisfy non-redundant spatiio-temporal array conditions, i.e., that they be 

spaced by unrepeated distances and that they operate at temporal (optical) frequencies such that 

no frequency difference is repeated. Prior research on non-redundant arrays has been concerned 

only with spatial nonredundancy.  
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Introduction 

•Time Average Fourier Telescopy (TAFT) is a 
method for the high-resolution imaging of distant 
objects through ground-level turbulence. 
•The method employs active illumination with 
multiple pairs of mutually coherent and frequency 
shifted laser beams that creates moving Young's 
fringe patterns at the object.   
•Light reflected from the object is collected and the 
Fourier transform of the reflectance of the object is 
then extracted via signal processing. An inverse 
Fourier transform yields the image. 
• .Each moving fringe pattern corresponds to a 
particular spatial frequency (Fourier) component. 
 
 

•To remove the effects of turbulence, time 
averaging of the magnitude and phase of received 
sinusoidal signal components is employed. Since 
many Fourier components are needed, it is 
essential that parallelism be built into the system. 
 

Findings 

•Several NRAs were explored both for rectangular 
and hexagonal arrays, from the classic Golay based 
techniques’ interactive minimization methods and  
cyclic difference sets algorithms. 
•Of those methods, the one  that uses cyclic 
difference sets algorithms is the most convenient for 
the TAFT method because of the compactness of the 
NRAs generated and the possibility of mapping from a 
rectangular to a hexagonal array which would facilitate  
the temporal frequency non redundancy condition. 
 

Method 

•The laser sources operate cooperatively 
producing multiple return signal components at 
different temporal carrier frequencies. It is 
essential that these laser sources satisfy non-
redundant spatiio-temporal array conditions,  
•Prior research on non-redundant arrays (NRA)  
has been concerned only with spatial 
nonredundancy. We are exploring different 
methods for the construction of spatio-temporal 
nonredundant arrays. 
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