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Abstract: Traditional schemes for Shack-Hartmann wavefront reconstruction can be classified into zonal and modal

methods. The zonal methods are good at reconstructing the local details of the wavefront, but are sensitive to the

noise in the slope data. The modal methods are much more robust to the noise, but they have limited capability of

recovering the local details of the wavefront. In this paper, a B-spline based fast wavefront reconstruction algorithm

in which the wavefront is expanded to the linear combination of bi-variable B-spline curved surfaces is proposed.

Then, a method based on successive over relaxation (SOR) algorithm is proposed to fast reconstruct the wavefront.

Experimental results show that the proposed algorithm can recover the local details of the wavefront as good as the

zonal methods, while is much more robust to the slope noise.

Keywords: B-spline function; wavefront reconstruction; Hartmann wavefront sensor
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Fig. 1 Surfaces of B-spline basis. (a) First-order B-spline surface; (b) Second-order B-spline surface
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Fig. 2 Positional relation between B-spline basis and subaperture with a square layout. (a) Fried model; (b) Southwell model
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Fig. 5 Measurement data of No.4 actuator obtained with ZYGO interferometer
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Table 1 Comparison results of different wavefront reconstruction methods
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6 0.323 0.028 99.6 1.754 0.243 78.3 0.172 0.027 99.7
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Overview: Reconstructing wavefront from sampled slopes is the key to the slope sampling wavefront sensors, such as
the Shack-Hartmann wavefront sensors and the pyramid wavefront sensors. Traditional reconstruction schemes can be
classified into zonal and modal methods. The zonal methods reconstruct the wavefront by solving the slope differen-
tial-based least squares problem, in which the slopes are related to the wavefront data sampled in a predefined grid.
These methods are good at reconstructing the local details of the wavefront, but are sensitive to the noise in the slope
data. Besides, as it can only calculate the wavefront data in the grid, interpolation methods are needed to retrieve the
wavefront data of higher spatial resolution, which may introduce additional error. The modal methods expand the
wavefront to the linear combination of orthogonal polynomials, such as Zernike polynomials for the radical pupil and
Legendre polynomials for the rectangle pupil. These methods are much more robust to the noise, but they have limited
ability in recovering the local details of the wavefront. Hence, more polynomials are needed to recover the local details,
but it will make the reconstruction process more ill-posed at the same time.

In this paper, a B-spline based fast wavefront reconstruction algorithm is proposed. The wavefront is expanded to the
linear combination of bi-variable B-spline curved surfaces first. Then the reconstruction problem is converted from the
least-mean squares of slopes to a Poisson problem, in which only the theoretical divergence and the measured diver-
gence are utilized. The theoretical divergence can be calculated efficiently by the integration of divergences of the related
B-spline bases, and the measured divergence can be easily estimated by the Taylor expanding of the local slopes. Then,
the Poisson problem can be efficiently solved by employing successive over relaxation (SOR) method.

To evaluate the performance of the proposed method, an experiment of measuring the influence functions of the ac-
tuators of a piezoelectric deformed mirror is performed. Experimental results show that the proposed algorithm can
recover the local details of the wavefront as good as the zonal methods, while is much more robust to the slope noise.
Besides, thanks to the analytic solution of wavefront, it can retrieve the high spatial resolution data directly. As the pro-
posed method separates the theory divergence calculation of the B-spline bases from the slopes, it can be easily extended
to other reconstruction problems with different orders and control knots of B-spline surfaces utilized. Last but not least,
the ability of recovering the local details and robustness to slope noise can be easily balanced by changing the layout of
the knot and the calculation area of divergence estimation.
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