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Abstract: Modal cross coupling frequently occurs in modal approaches from wavefront gradient data such as lateral
shearing measurement through Zernike circle polynomials, since the gradients of Zernike circle polynomials are not
orthogonal. We use a modal approaches incorporating the Gram matrix, using the orthogonality of angular derivative
of m=0 modes with respect to weight function w(p)=p (polar coordinates), and the orthogonality of radial derivative of

YetsAER: 2018-05-23; YgZElfEektsAEA: 2018-09-25

1EEENT: (1988-) E-mail wenhansun1988@outlook.com
BIEES: (1988-) E-mail wangshuai@ioe.an.cn
(1960-) E-mail bingxu@ioe.ac.cn

180273-1



DOI: 10.12086/0ee.2019.180273

m=0 modes with respect to weight function w(p)=p(1-p°) (polar coordinates). The Gram matrix method needs no
auxiliary vector functions. The Zernike coefficients can be obtained with no modal cross coupling. The simulation
results are given, which indicate that the modal cross coupling is avoided by using Gram matrix method. This method
can be easily extended to annulus, and the coefficients of Zernike annular polynomials with no modal cross coupling

can be obtained.
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Reconstruction results. (a) Original wavefront; (b) Reconstructed wavefront by Eq.(18), including m#0 modes; (c) Reconstructed wavefront by

Eq.(19), including m=0 modes; (d) Reconstructed wavefront; (e) Residual error

Overview: Modal cross coupling frequently occurs in modal approaches from wavefront gradient data such as lateral
shearing measurement through Zernike circle polynomials, since the gradients of Zernike circle polynomials are not
orthogonal. We use a modal approach incorporating the Gram matrix, instead of least squares estimation, to recon-
struct coefficients of modes for high sampling gradient measurement such as lateral shearing measurement. The matrix
equation incorporating the Gram matrix has exactly one solution when the modes of the Gram matrix are linearly de-
pendent. The matrix equation incorporating the Gram matrix has the solution without modal cross coupling when the
modes of the Gram matrix are mutually orthogonal with respect to the same weight function of the Gram matrix. Using
the orthogonality of angular derivative of m=0 modes with respect to weight function w(p)=p (polar coordinates), one
can obtain Zernike coefficients of m=0 modes without modal cross coupling by Gram matrix method. Using the ortho-
gonality of radial derivative of m=0 modes with respect to weight function w(p)=p(1-p%) (polar coordinates), one can
obtain Zernike coefficients of m#0 modes without modal cross coupling by Gram matrix method. The Gram matrix
method needs no auxiliary vector functions, and can be easily constructed and calculated. The Zernike coefficients can
be obtained with no modal cross coupling. The numerical simulation results are given. Remaining error can character-
ize the modal cross coupling when sampling number is sufficiently high so that modal aliasing is able to be neglected.
The numerical simulation result shows that the remaining error keeps very small as the truncation number ] changes.
The result indicates that the modal cross coupling is avoided by using Gram matrix method. This method can be easily
generalized to annulus, one can obtain Zernike annular polynomial coefficients with no modal cross coupling.

Citation: Sun W H, Wang S, He X, et al. Modal wavefront reconstruction to obtain Zernike coefficient with no cross
coupling in lateral shearing measurement|[J]. Opto-Electronic Engineering, 2019, 46(5): 180273
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