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Abstract The QR decomposition with column pivoting (QRCP) is applied to a wavefront sensor based on the Talbot
effect of two-dimensional grating, which significantly increases the number of subapertures, reduces the difficulty of sensor
design, and accelerates wavefront reconstruction. After applying the QRCP method to the polynomial matrix, the number
of rows of the polynomial matrix can be compressed to the same order as its columns. When reconstructing a higher-
complexity and higher-order Zernike polynomial, the reconstruction speed of the solving process of Zernike coefficients
increases to 224. 00 times that of the traditional method, which makes it more suitable for calculations of adaptive optics.
Additionally, this compression algorithm exhibits good robustness and can be applied to interferometers and Shack-
Hartmann wavefront sensors. Its reduction ability creates a potential for simplifying and improving the sensor structure.
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Fig. 1 Schematic diagram of Talbot effect wavefront sensor
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Fig. 2 Flow chart of wavefront slope extraction
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Fig. 3 Flow chart of the QRCP algorithm to compress the data
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Fig. 4 Schematic diagram of the Zernike matrix compression using QRCP algorithm twice
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Fig. 5 Single Zernike polynomial 5th wavefront reconstruction results. (a) Wavefront input; (b) reconstruction result of principal

component slope extracted by QRCP algorithm; (c) residual error of reconstruction result of principal component slope extracted

by QRCP algorithm; (d) reconstruction result from overall wavefront slope data; (e) residual error of the reconstruction result

from overall wavefront slope data
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Fig. 6 Simulation result of Talbot effect and its input wavefront. (a) Talbot effect self-imaging result; (b) input wavefront composed by

the first 65-term Zernike polynomials
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Fig. 7 Reconstruction data and wavefront reconstruction results. (a)(b) Wavefront slope extracted by wavefront sensor based on Talbot

effect; (c) wavefront reconstructed from overall slope data; (d) error of the wavefront reconstructed from overall slope data;

(e)(f) location of the chunk using QRCP; (g) wavefront reconstructed from pivot data; (h) error of the wavefront reconstructed

from pivot data
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Fig. 8 Reconstructed data retained after out-of-order and wavefront reconstruction results. (a)(b) Location of the chunk retained after

shuffling the priority of the pivots; (¢) wavefront reconstructed from out-of-order data; (d) error of the wavefront reconstructed

from out-of-order data
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