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摘  要
         

         

随着先进光学元件的设计和制造技术的发展，各种超精密加工光学元件被广泛地应

用于航天、航空、国防、等领域中。与此同时，对光学元件的面形及其参数的检测

、面形质量的评价提出了更高的要求。合理的误差检测方法及面形质量评价指标

，对改善光学元件表面质量以及提高补偿加工的制造精度起着重要的作用。长期以

来，误差检测技术的发展速度制约到超精密加工光学元件制造技术的进一步发展

，各国专家投入大量的人力和物力进行研究。

本文主要针对超精密加工光学元件基于三维坐标测量的误差检测方法，和光学表面

质量评估技术进行研究。由三维坐标测量值提取非球面光学表面方程参数，尤其针

对面形标准方程复杂的非轴对称非球面，提出一种准确的参数拟合方法。同时，在

光学元件表面中频误差评估方面做了较为深入的探索。本文主要研究内容包括：

1.根据轮廓仪测量的三维光学表面坐标值，提出基于初值估计的非球面光学表面标

准方程参数提取方法，经实验验证可以达到较高精度。

2.对强光系统中引起非线性自聚焦的中频误差，利用一维、二维波前功率谱密度

(PSD)进行评价，探讨低频、高频成分对评价过程影响。

3.基于经验模态分解(EMD)原理，将光学元件表面拟合残差分解为各阶固有模态函

数(IMF)，分离出光学元件表面空间各频段误差。

         

关键词：光学元件；误差检测；面形评价
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Abstract
         

         

With the development of optical design and manufacturing technology, more and

more optical lenses have been widely used in aviation, space navigation, national

defense and etc. At the same time, the requirement for the accuracy and surface

profile equality of optical lens are becoming higher. The reasonable detection

methods and evaluation indicators of surface quality play an important role in

improving the surface quality and compensation machining accuracy. For a long

time, the status of errors detection restricts the further development of

manufacturing technology of the optical lens. The different countries’ experts

spent a long time and much money in doing research in the area.

The paper mainly does research in detection method of precision optical lens

based on three-dimensional coordinates, and the evaluation technology of the

surface quality. Deep exploration was done in extracting the standard parameters

of aspheric equation according to the three-dimensional coordinates, and

evaluating the mid-spatial frequency error of optical surface. The main work can

be described as follows:

1. According to the three-dimensional coordinates from the profiler, the standard

parameters of non-axisymmetric aspheric lens was fitted, and an accurate fitting

method was raised. The relevant experiments proved it could reach high

precision.

2. The mid-spatial frequency error easily leads to nonlinear self-focusing in

highlight optics systems. Power spectrum density (PSD) is employed to evaluate

mid-spatial frequency error of optical surface.

3. Based on the empirical mode decomposition (EMD), the fitting residual is

decomposed to a series of intrinsic mode functions (IMFs) to acquire high-

frequency error or mid-spatial frequency error of optical surface.
         

Keywords: Optical lens; Errors detection; Surface evaluation
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