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Shack-Hartman Detector Real-time Wavefront Processor Based on FPGA
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2. School of Optoelectronics, Beijing Institute of Technology, Beijing 100081, China)

Abstract: The Shack-Hartman wavefront sensor is the most widely used real-time wavefront detector in
adaptive optics systems. In this study, a Shack-Hartmann sensor with high resolution, high frame rate, and
a large-scale sub-aperture number is proposed. Based on the requirements of wavefront processing
calculations and real-time performance, a field-programmable gate array (FPGA) is also proposed. The
real-time wavefront processor structure and wavefront slope calculation method are investigated. The
system employed the core processing module to reuse the method to calculate the centroid of the spot in
the sub-aperture and transmitted the processed centroid data to the PC in real time through USB 3.0. The
processor was designed with a XILINX Kintex7-325T FPGA processing chip. The results demonstrate that
the algorithm can perform low-latency, real-time operations on 1020x1020 images and 56x56 sub-aperture
Hartmann sensors at 560 frames per second. The spot centroid calculation increased the wavefront
processing speed of the system and the control speed of the entire adaptive optics system.
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Number of The data volume  Processing
Processor
sub-apertures of the sensor delay
2002 Institute of Optics and Electronics, Chinese
) L 17DSP 61 7.8MB/s 340 us
Academy of Sciences™
2011 Institute of Optics and Electronics, Chinese
. 5 FPGA 177 No data 338 s
Academy of Sciences
2014 Technische Universitét lImenaul® FPGA 120 43.3MB/s 1050 ps
2015 Institute of Optics and Electronics, Chinese
. . Computer 949 88.2MB/s 163ps
Academy of Sciences!?
2016 Changchun Institute of Optics and Mechanics™!  GK104 GPU+CPU 1600 115.2MB/s 18us
2018 Changchun Institute of Optics and Mechanics!”? FPGA 349 113.5MB/s 198us
2018 Indian Institute of Astrophysics'® FPGA 2500 No data 24-2615
System and method of this paper FPGA 3136 580MB/s 17.5 ps
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