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Abstract Multi-view structured light measurement is a process of utilizing structured light measurement system to
achieve the complete expression of the measured object from multiple angles. Thus, the splicing of the measurement
data from multiple perspectives affects the integrity of the measured object. In this paper, a new method is proposed
to estimate the measurement pose using the deep learning and to directly align the multi-view data. The structure
light measurement model is a four-step phase-shifting method combined with multi-frequency heterodyne method to
realize the single high-precision three-dimensional reconstruction. In pose estimation, You only look once (YOLO)
network is used to identify the 3D bounding box corner of the measured object, and perspective n point (PnP)
algorithm is used to estimate the target pose. Since the coordinate systems of the measurement system and pose
estimation are unified to the monocular camera, the data from multiple perspectives are directly spliced using the
estimated pose. The feature descriptors of adjacent point clouds are established, and iterative closest point (ICP)
algorithm is used to realize the high-precision stitching. The results show that the proposed measurement can
effectively realize the multi-view structured light data splicing. The translation accuracy of pose estimation is better
than 3 mm, the rotation accuracy is better than 1°, and the average deviation of stitching point cloud is 0.02 mm,
which has a comparable accuracy level with that of using the method of the marker points. The proposed method is

suitable for the multi-view structured light measurement with single pose estimation, which can improve the
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registration efficiency for multi-view measured data.
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Fig. 1 Proposed data alignment strategy for multi-view structured light measurement
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Fig. 2 Pose estimation based on YOLO network
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Fig. 3 Experimental results. (a) Setup; (b) training loss and testing accuracy; (c) translation and rotation error;

(d) true pose determination; (e) pose estimation visualization
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Mean re-projecting
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error /pixel

Translation
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error /mm

Angle error /(%) 0. 85 0.42 0.55 1.05
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Fig. 5 Single-view structured light reconstruction based on the proposed system. (a) Projection image;

(b) wrapping phase; (c) absolute phase; (d) 3D point cloud
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Fig. 6 Point cloud splicing using estimated pose. (a)(d) Projection images in two views; (b)(e) pose estimation results;

(c) () point clouds in two views; (g) data splicing result; (h) zoom-in view of box in Fig. (g)
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Fig. 7 Data registration with estimated pose. (a)(d) Two-view registration of pillars and recess, with deep learning-based

pose estimation; (b)(e) global refinement using ICP algorithm based on rough rigid transformation; (c) (f) error

distributions of the final registration of fused data in Figs. (b), (e) and CAD model, where the error is determined

by the point-to-model distance
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Table 2 Error comparison of data fusion using markers

and deep learning

Object Sphere Pyramid Pillars

Pose estimation /mm 0. 065 0.058 0.067
Coded marker /mm 0. 044 0.038 0. 046
Error /mm 0.021 0.020 0.023
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