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Deflectometry-Based Investigation of Radius of Curvature of Convex
Spherical Elements Testing Method

Liu Xin, Li Dahai’, Zhang Xinwei, Ge Renhao, Yan Ziliang

College of Electronics and Information Engineering, Sichuan University, Chengdu 610065, Sichuan, China

Abstract A pre-distortion fringe deflection approach based on reverse ray tracing was proposed to address the blurred edges and
low contrast of the fringe pattern captured by the camera while measuring a convex sphere with a small radius of curvature (ROC)
using phase measuring deflectometry. In this approach, the pre-distortion fringe pattern was obtained by employing the reverse ray
tracing model based on the nominal ROC of the spherical element to be tested. N-step phase shift algorithm and iterative
optimization algorithm were applied to obtain the coordinates and height of each point on the element surface and subsequently
combine with the differential geometry approach to compute the mean ROC of each point of the element. For a convex surface
with an ROC value of 8 mm, the measurement accuracy in numerical simulations was approximately 11 pm. Finally, the mean
ROC obtained for the points on the convex sphere with a ROC value of 8.26 mm was 8.28 mm, and the diameter of the
measurement area increased from the original 4 mm to 5 mm. The findings reveal that compared with the traditional deflection
approach, this approach can not only overcome the issue of blurred edge and low contrast of the fringe pattern when measuring
convex spheres with small ROC but also improves the measurement accuracy and effective measurement area.

Key words measurement; phase measuring deflectometry; convex spherical; small radius of curvature; pre-distortion
fringe; differential geometry
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Fig. 1 Schematic diagram. (a) PMD measurement system;

(b) principle of acquiring coordinates of spherical

reflection points
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Fig. 2 Schematic for generating pre-distortion fringe
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Fig. 3 Fringe projected by the LCD and captured by the camera. (a) Standard sine fringe in horizontal and vertical directions,

respectively; (b) pre-distortion fringe in horizontal and vertical directions, respectively; (¢) fringe captured by the camera when

projecting standard sine fringe horizontally and vertically, respectively; (d) fringe captured by the camera when projecting pre-

distortion fringe horizontally and vertically, respectively
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Fig. 4 Unwrapping phase. (a) (b) Horizontal and vertical unwrapped phases of the fringe captured by the camera when projecting

standard sine fringe, respectively; (c) (d) horizontal and vertical unwrapped phases of the fringe captured by the camera when

projecting pre-distortion fringe, respectively
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Fig. 5 Calculated ROC. (a) ROC obtained by projecting a standard sine fringe; (b) ROC obtained by projecting pre-distortion fringe
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Table 1 Simulation results of spherical surfaces with different
ROC values unit: mm
ROC Mean 1Y% RMS
6 6.0001 0.0122 0.0031
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Fig. 6 PV and RMS calculated with different ROC values
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Fig. 7 Experimental setup for measuring the ROC of

spherical element
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Fig. 8 Fringe captured by the camera. (a) (b) Fringe captured by the camera when projecting standard sine fringe and pre-distortion

fringe in the vertical direction, respectively; (c) (d) fringe captured by the camera when projecting standard sine fringe and pre-

distortion fringe in the horizontal direction, respectively
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Fig. 9 Contrast of fringe. (a) Contrast of fringe captured by the camera when projecting standard sine fringe; (b) contrast of fringe

captured by the camera when projecting pre-distortion fringe
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Fig. 10 Mean ROC values measured in the experiment. (a) Result of projection standard sine fringe; (b) result of

projection pre-distortion fringe
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