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Freeform surface measurement method based on laser differential
confocal with isoclinic line-based rapid focus tracking
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(MIIT Key Laboratory of Complex-field Intelligent Exploration, School of Optics and Photonics,
Beijing Institute of Technology, Beijing 100081, China)

Abstract: To address the issue of measurement accuracy degradation caused by varying nonlinear errors induced by nor-
mal inclination angle changes during point-by-point scanning of freeform surfaces, an isoclinic line-based rapid focusing differ-
ential confocal method for freeform surface measurement was proposed. The method utilizes an improved Coherent Point
Drift (CPD) registration algorithm to calculate the precise pose of the Freeform Surface Under Test (FSUT ). Based on the
precise pose of the FSUT, multiple isoclinic lines are planned. By performing axial scanning with the sensor, the relationship
between light intensity and defocus amount on different isoclinic lines is obtained. The axial response light intensity is used as
feedback to track the contour of the FSUT along the isoclinic lines. Leveraging the characteristic that the non-linear error be-
tween the normalized differential confocal axial response light intensity and defocus amount is insensitive to small angle
changes, fast scanning measurement of freeform surfaces is realized by focusing along isoclinic lines. Experimental results
show that the tracking error of the isoclinic lines in the proposed method is &= 70 nm, which has a negligible impact on the cal-
culation accuracy of defocus amount compared with the differential confocal measurement resolution. Compared with the tra-
ditional differential confocal measurement method, the efficiency is increased to at least 5 times higher; the Peak-to-Valley
(PV) value of the surface profile obtained by point-to-point subtraction with ZYGO interferometer data is 9 nm, and the

Root Mean Square (RMS) value is 1 nm, achieving high-precision and fast measurement of freeform surfaces.
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