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Space object deconvolution from wavefront sensing by wavefront
phase modelling based on simplex splines function
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(1. School of Automation, Northwestern Polytechnical University, Xi’an 710129, China;
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Abstract: An image restoration method for ground-based adaptive optics telescope imaging was proposed in
the case of simultaneous recording of short exposure images and wavefront sensor measurements. The
proposed method was based on a zonal representation of the turbulence-degraded wavefront phase using
bivariate simplex splines function, instead of the traditional Zernike modal decomposition; an average slopes
measurement model for Shack-Hartmann wavefront sensor was then built based on the zonal representation
method, which transformed the ill-posed wavefront reconstruction problem into a well-conditioned equality
constrained least squares problem. The object image was finally obtained by non-blind Richardson -Lucy
iterative deconvolution. Simulated experiments show that the proposed method performs superior image
restoration results and noise suppression capability in different turbulence strength.
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Tab.1 Comparison of simplex splines function method and Zernike polynomials method for wavefront phase

. . . . - Coefficient
Descriptions Basis function Polynomials Coefficients . Model error
constraints
. Product of radial basis Zernike - Coefficient statistical
Zernike method ~ Mode method . . Mode coefficients . Mode total orders
and angle basis polynomials correlation
Simplex splines . . B-form Global L . Triangulation form,
p. P Zonal method Bernstein basis . . Continuity conditions g.
function method polynomials B-coefficients selections of d,r
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Fig.1 Two kinds of sub-triangulation configuration based on square

and hexagonal geometry of lenslet arrays
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Fig.2 Geometry arrangement of the microlens array and the

corresponding triangulation used in simulation. The
microlens array consists of 60 effective subapertures,

and the full wavefront region contains 360 triangles
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Tab.2 Result statistics by relative errors

D/r, Jefferies methods ~ Method of this paper
15 0.5707 0.1611
PSF 30 0.8428 0.508 6
50 1.0300 0.6350
15 0.0746 0.049 4
Image 30 0.2122 0.0910
50 0.3539 0.2176
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Fig.3 Wavefront phase and PSF reconstruction results by our

proposed method

Pl 4 AT i i otk BE T H AR 15 A I 2R
Fig.4 Object images restoration results in different turbulence strength
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Tab.3 Relative error results of PSF estimation in

different WFS noise levels

SNR

-1 0.1 1 10 20 30 40
/dB

PSF
error

0.1472 0.1446 0.1410 0.1300 0.1295 0.1293 0.1291
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