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Zernike Polynomials

Zernike Polynomials:
• Orthogonal polynomial set defined over the unit circle
• Commonly used to describe wavefront aberrations in optical systems
• Each polynomial represents a specific type of aberration (Ex. Defocus, 

astigmatism, coma, spherical)
• Expressed in terms of radial and azimuthal components
• Characterized by two indices: n (order) and m (azimuthal frequency)

Why use Zernike Polynomial:
• Efficiently describe complex wavefronts with a small number of 

coefficients
• Directly relate coefficients to specific optical aberrations
• Orthogonality: Independent coefficients simplify analysis and 

calculations
• Standardization: Widely adopted in the optics community, facilitating 

data exchange.

Offers significant advantages for representing finite element analysis (FEA) deformations of optical surfaces
Enable substantial data compression and seamless integration with optical analysis software.

Mirror Zernike fit



Sigfit™
1. User inputs appropriate information to run the analysis

• FEM data file location
• Mirror Prescription (dia, roc)
• Rigid body motion subtraction ( Best Fit Plane and/or Decenters)
• User specified polynomial fit and omission
 (Max R Wave Number and Max Theta)
• Polynomial Type: Standard Zernike, Annular, Fringe, Asphere, etc.,)

2. Outputs - Surface Figure Error Data Table and Plots
(Raw data, FEM data, After Radial Correction, After RBM Subtraction, Before and after fit, 
After Power Removed, After all polynomials removed).

Finite Element Model (FEM)

Mirror Facesheet Deformation
(Node Position and surface deformation)

Various Surface Figure Plots and Data Table
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Standard Process flow for calculating Zernike coefficients



Defining the coordinate system on 
the mirror surface

Preparing a model in ANSYS™ for analysis in Sigfit

Defining Surface Elements 
on optical surface

Calling the macro script to extract the 
displacement of the optical surface

Creates a Sigfit compatible 
file (*.asig)



Sigfit™ Analysis Process Flow (Polynomial fitting)

Analysis Setup Coordinate System Definition Surface Definition

Surface Fitting

FEA 
Deformation file 

inputOutput Options



Sigfit™
1. User inputs appropriate information to run the analysis

• FEM data file location
• Mirror Prescription (dia, roc)
• Rigid body motion subtraction ( Best Fit Plane and/or Decenters)
• User specified polynomial fit and omission
 (Max R Wave Number and Max Theta)
• Polynomial Type: Standard Zernike, Annular, Fringe, Asphere, etc.,)

2. Outputs - Surface Figure Error Data Table and Plots
(Raw data, FEM data, After Radial Correction, After RBM Subtraction, Before and after fit, 
After Power Removed, After all polynomials removed).
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Analysis setup can be 
labor intense (~10 min)



App/Script (Matlab™)
1. Reads the user specified FEM data.
2. Interpolate randomly scattered data (input data) on a uniform 

grid of query points (min to max; 0.001 increments).
3. Fits a surface and creates a 4Sight compatible file

Finite Element Model (FEM)

Mirror Facesheet Deformation
(Node Position and surface deformation)

4Sight™ Wavefront Analysis Software

FEM

New Process flow for calculating Zernike coefficients

Surface figure (Zernike coefficients) plots

User need <5 seconds to convert the FEA data to view the surface figure plot 



Verified the process flow on multiple mirror geometry and its experimental test data (Gravity and Cryo Deformation)

Process Validation



Summary

• Simplified the FEA deformation data conversion process using custom script/app.

• 99% reduction in labor time (from 600 seconds to 5 seconds)

• Validated on multiple mirror geometry

• Enables rapid evaluation of design trade study and its influence on optical 

performance due to gravity and/or temperature
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