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deep learning-based frame synchronization algorithms, are limited to single-channel computing ideas, resource con-
sumption, and high clock requirements in the face of Starlink’s high-speed and high-dynamic communication envi-
ronment. However, although the multi-channel parallel frame synchronization algorithm based on SDPSK modulation
introduces frequency offset correction and local preamble sequence correlation to improve the performance and re-
duce the clock requirements, it increases the amount of computation and hardware resources. In view of the above
situation, a four-way parallel design of Starlink downlink signal frame synchronization lightweight circuit based on
frequency offset correction assistance was proposed. Firstly, a lightweight coarse frame synchronization and fre-
quency offset estimation structure based on delay correlation multiplexing was designed, so that the circuit would not
need to calculate the delay correlation value again during frequency offset estimation. Then, a lightweight frequency
offset correction module based on four-channel parallel DDS was proposed to avoid the resource consumption of buff-
ering when a single-channel signal was converted under the multi-channel structure. Finally, the lightweight fine
frame synchronization structure based on symbolic correlation and look-up table complex multiplier was designed to
reduce the resource consumption of local sequence and signal, and the resources of LUT, LUTRAM, FF and BRAM
were saved by 7%, 2%, 5% and 8% respectively under the premise of ensuring performance. Based on the Starlink
open leading structure, a lightweight circuit design of Starlink downlink signal frame synchronization based on fre-
quency offset correction assistance was proposed, and verilog code was written for FPGA implementation, and its re-
source occupation and performance were verified by the xczu47dr chip-on-board produced by Xilinx.

Key words: Starlink, frame synchronization, lightweight
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