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Synchronous detection method for geometric tolerance of free-form
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Abstract: An in-situ decoupling detection method based on composite computer-generated hologram (CGH) is pro-
posed. On the basis of the main detection hologram, this method integrates various auxiliary alignment regions, including
Sphere Mounted Retroreflector (SMR) target spheres, cat's eye reflectors, and planar references, establishing a unified opti-
cal and mechanical reference within the same field of view. By utilizing the orthogonal cylindrical focal lines generated by
SMRs and the wavefront characteristics of the cat's eye reflectors, a six-degree-of-freedom (6-DoF) pose estimation model is
constructed, enabling the simultaneous separation of surface form errors and positional deviations in a single interferometric
measurement. A vertical in-situ interferometric detection setup was developed. Experimental results show that the freeform sur-
face profiles obtained using the proposed method are highly consistent with those scanned by a high-precision profilometer,
both in macroscopic topography and characteristic structures, verifying the method's feasibility and stability for in-situ and si-
multaneous form and position detection. This method effectively addresses the critical issue of mixed form and position errors in
freeform surfaces, providing a new detection technique for the alignment and error pre-compensation of high-end optical sys-
tems.
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