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Abstract: To enable high-precision measurement of complex surfaces, a fringe reflection measurement
system based on phase measuring deflectometry was developed. The study addressed the system's struc-
tural design, calibration procedures, and metrology algorithms for a configuration comprising a camera, a
display screen, and the tested object. High-performance display screens and cameras were selected accord-
ing to the object's size and surface geometry. Instrument-specific calibrations were performed for the cho-
sen display and camera, and the spatial relationships among the three components were established using a
high-precision articulated-arm measuring device. System calibration was completed by combining comput-
er-aided optimization with CODE V simulation analysis. Finally, an integral reconstruction algorithm was

implemented to obtain high-precision surface measurements. Experimental results indicate that the pro-
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posed system achieves measurement performance comparable to LUPHOScan and ZYGO&.CGH, with
wavefront RMS accuracy exceeding A/50. The system features a simple architecture, large dynamic
range, and strong immunity to interference, thereby enhancing measurement efficiency and accuracy for
complex surfaces and satisfying industrial processing and assembly requirements while improving equip-
ment performance.

Key words: optical metrology; complex surface; fringe reflection; phase measuring deflectometry; inte-

gral reconstruction
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Tab.1 Microscope measurement values and average of two measurements (mm)
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dent light
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culation-assisted optimization module
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Fig. 11 Horizontal and vertical stripes displayed on screen
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Fig. 12 Camera captures images reflected back one by one from tested object
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Fig. 13 Vertical and horizontal truncated phase
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Fig. 14 Vertical and horizontal phase unwrapping
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Fig. 15 Measurement results of fringe reflection measure-

ment system based on PMD
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Fig. 16 Measurement results by ZYGO & CGH
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Fig. 17 Convex lens with a height of 9. 27 mm and a di-

ameter of 75 mm
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Fig. 18 Camera captures images reflected back one by one from tested object
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Fig. 19 Vertical and horizontal truncated phase
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Fig. 20 Vertical and horizontal phase unwrapping
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Fig. 21 Measurement results of fringe reflection measure-

ment system based on PMD
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Fig. 22 Measurement results by LUPHOScan
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Fig. 24 Camera captures images reflected back one by one from tested object
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Fig. 27 Measurement results of fringe reflection measure-
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Fig. 28 Results of 5 measurement results of tested 3 using fringe reflection measurement system based on PMD
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