Frontiers in Optics + Laser Science © 2025 Optica
JTu4A.25.pdf Publishing Group

Techniques to Improve Computation of Zernike Polynomials

Muthiah Annamalai
Panmo LLC, Santa Rosa, CA (www.panmo .cloud),
Email: muthu@panmo .cloud

Abstract: Zernike polynomials are widely used in adaptive optics (AO) and aberration studies
including in vision optics. Estimation of wavefront usually involves computing the Zernike
moments [1] and the results maybe used in, deformable mirrors for AO applications, scaled to
different pupil sizes in case of VO, etc. Typical challenges in using Zernike polynomials include
(a) the speed of computing the Zernike moments can be limiting for realtime applications, (b) the
computation of higher-order Zernike polynomials can be slow, and precision limited. This paper
presents some solutions to these problems in the form of classic computer science techniques of
dynamic programming[5] and insight into computing higher order fields involving Zernike
polynomials.

1.Introduction

Zernike polynomials are widely used in adaptive optics, vision optics and studies of optical systems for purposes
of phase modeling, wavefront estimation, and optical field descriptions. We present some novel ideas to improve
the computation speed of Zernike moments and extend their accuracy to higher orders. The motivation for this
work comes from the insights gained working on Laguerre-Gaussian and Hermite-Gaussian mode superposition
field synthesis and moment decompositions in the study [3].

Zernike polynomials of order # and azimuthal index m is represented below following notation of [2].
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where the radial polynomial R}'(p) is given by

(n—|m|)/2 (- 1)5(n - s)!

m _ n-2s
Blp) = 20 s1[n+ m/2—s] [~ [mly2-s]t”
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The optical fields are represented as a superposition sum of eq. (1) to describe their phase structure at particular
optical frequency.

2. Techniques
2.1 Dynamic Programming

For the purpose of this paper we use the reference code for Zernike Polynomials [4] but rewrite in Numpy Python to
leverage the caching utility and free availability unlike MATLAB.

Dynamic programming (DP) [5] provides a methodology to reduce computation of partial solutions (sub-problems)
en-route to the main problem; for the purpose of the Zernike polynomials this is implicit due to 2-term recurrence
relationship [1]. In this case DP is same as caching in the computation of the Zernike basis functions which can
significantly speedup the computation of the matrices and fields shown in Table. 1:
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Table 1. Effect of Caching on Computation of Zernike Polynomials

N No Cache (s) Cached
10 0.0936s 0.0936s
12 0.1707s 0.0755s
14 0.2752s 0.1009s
16 0.4025 0.1274s

2.2 Large Order Zernike Field Computation

For the large order Zernike field computation which is presented over rho, theta, transverse variables of the spatial
coordinate; while typical implementations compute the Zernike polynomials repetitively for each of the spatial coordinate
we suggest the alternative of promoting the 2-term recurrence of Zernike Polynomials into the recurrence of the field
scaled by suitable coordinate.

We note the optimizations in 2.1 and 2.2 can be cumulatively used in any implementation providing a product of efficiency
speedup.

3. Conclusion

We presented results to use some commonly known computer science ideas and an insight (2.2) to improve the use of
Zernike polynomials; this work will be extended to other orthonormal family of polynomials forming modal basis
functions relevant to optical systems like LG, HG modes, etc. [3].
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