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Monocular measurement in binocular measurement

system with instantaneous random illumination
SHI Chun-qin, ZHANG Li-yan, WEI Hu, LIU Sheng-lan

(Jiangsu Engineering Research Center of Precision and Micro-Manu facturing

Technology, Nanjing University of Aeronautics and Astronautics, Nanjing 210016, China)

Abstract: To alleviate the effect of local highlight and self occlusion of a random-pattern-projection-
based binocular stereo measurement system, a novel method by using a single camera and the projec-
tor as a monocular measurement unit was presented. Firstly, a simple and effective calibration algo-
rithm was proposed to construct the line functions of the rays emitted from every point of the random
pattern plate through a projector lens,then the calibration was carried out by just taking several ima-
ges (called calibrated images) of a white board with random illumination in different orientations. It is
unnecessary to calibrate the distortion of projector lens, and the system precision is not affected by the
distortion. Then, the object image captured in random illumination was matched with the calibrated
image at sub-pixel location, and the 3D point cloud data of the object were obtained by triangulation
principle. Finally, the standard plane and cylinder were measured to verify the accuracy of the pro-
posed method, which demonstrates that the measurement uncertainty is less than 0. 05 mm (35). Sev-

eral other measurement examples indicate that two monocular measurement units working together
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can effectively avoid point losing caused by the highlight and occlusion.

Key words: binocular stereo measurement; camera-projector; calibration; random illumination; 3D

measurement
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Fig. 1 Setup of measurement system
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(a) Structure of projector
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Fig. 2 Sketch maps of random illumination protector
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Fig. 3 Speckle images for calibration
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Fig.4 Model of speckle calibration and 3-D recon-

struction
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Fig. 5 Sketch maps of initial correspondences be-

tween the two images
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Fig. 6 Monocular measurement configuration
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Fig. 7 Histogram of fitting deviation
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Fig. 8 Monocular measurement results of sheet met-

al door
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