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High-Speed 3D Topography Measurement Based on Fringe Projection:

A Review

Wu Zhoujie, Zhang Qican’
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Abstract High-speed 3D topography measurement technology is important for research and application in virtual and

augmented reality, intelligent manufacturing testing, material performance testing, and other fields that require 3D

modeling and deep analysis for dynamic scenes and processes.

With the increasing demand for high-speed dynamic scene

measurement and the rapid development of measurement equipment, researchers have gradually shifted their attention

from 3D measurements of simple static scenes to measurements of complex dynamic scenes. Based on the requirements of

measurement projects,

measurement technology based on fringe projection. Then,

this study reviewed the hardware and algorithmic research progresses of high-speed 3D

it compared the advantages and disadvantages of existing

technologies in different categories, suggested method selection under different measurement tasks, and summarized the

challenges and potential development trends of high-speed 3D measurement technology based on fringe projection.

Key words three-dimensional measurement; fringe projection; dynamic three-dimensional measurement; high-speed 3D

reconstruction
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Fig. 1 Classifications and typical applications of 3D shape measurement technique based on structured light projection. (a) Dot matrix

structured light projection””; (b) line structured light projection””; (c) planar structured light projection””; (d) medically assisted

diagnosis""; () industrial component testing"”; (f) digitization of cultural relics™”
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Fig. 2 Measurement requirements of complex dynamic scenes. (a) Swing of the pocket watch; (b) vibration of the drum membrane;

(c) rotation detection of engine blades; (d) vibration of the loudspeaker; (e) impacting experiment; (f) vehicle crash test;

(g) collision experiment under force; (h) transient deformation analysis
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Fig. 3 Analysis of material mechanical properties based on three-dimensional shape information of complex structures. (a) Structural

mechanics, force analysis of honeycomb structures™; (b) mechanics of materials, performance test of composite braided

materials””’, rotational stress test of alloy materials "
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Fig. 4 Principle and progresses of dynamic 3D shape measurement technology based on fringe projection"”
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Fig. 5 Typical high-speed imaging devices and techniques. (a) CUP™; (b) STAMP"™; (c) 3D imaging based on event camera’;
(d) 3D imaging based on SPAD"”; (e) 3D imaging based on SPD"”
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Fig. 6 Typical ultrafast structured light projection system. (a) Binary defocusing projection system'™; (b) array projection system"";

(¢) rotary grating projection system™”; (d) time-encoded projection system "
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Fig. 7 Flowchart of dynamic 3D shape measurement based on Fourier transform profilometry
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Fig. 8 Typical dynamic measurement results based on FTP. (a) L iquid vortex

(d) vibrating drum membrane™
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Fig. 9 Dynamic measurement method based on temporal Fourier transform profilometry™’. (a) Rotating grating structured light

projection device; (b) dynamic 3D shape reconstruction process
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Fig. 10 Dynamic measurement method of improved temporal Fourier transform profilometry. (a) Measurement results of reference

plane assisted TETP method™”; (b) measurement results of three-frequency fringe assisted TF TP method"*"
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Fig. 11 Dynamic measurement method based on micro Fourier transform profilometry (uFTP)™. (a) Measurement flow chart of

pF TP method; (b) results obtained by temporal phase unwrapping method based on minimum projection distance
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Fig. 12 High-speed 3D shape measurement results based on pF TP method™. (a) Pistol shot on plates; (b) busted balloon
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Fig. 13 Measurement example of three-step phase-shifting method.
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Fig. 14 Schematic of binocular fringe projection measurement system
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Fig. 15 Measurement results of typical dynamic scenes bascd on binocular fringc projection measurement system.
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(a) Glass resonance™; (b) broken glass™""; (c) teared paper’
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Fig. 16 Binocular structured light system based on aperiodic fringe projection and typical reconstruction results. (a) Array projection
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system™; (b) rotary grating projection system'"; (c) brick collapse”™; (d) airbag ejection””
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Fig. 17 Typical temporal phase unwrapping approaches based on two-frequency phase shifting. (a) Two-frequency method;

(b) number-theoretical method; (¢c) two-wavelength method
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Fig. 18 Typical measurement results of the multi-frequency phase-shifting method. (a) Simple pendulum swing"”; (b) beating of the

isolated rabbit’s heart™”; (¢) dynamic and static isolated objects”"”; (d) measurement of human motion posture’"
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Fig. 19 Gray-coded-assisted phase-shifting measurement technology. (a) Measurement principle; (b) source of phase unwrapping error
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Fig. 20 Phase unwrapping error correction method of Gray-coded-assisted phase-shifting technique. (a) Post-correction method;

(b) complementary Gray code method™™; (c) tripartite phase unwrapping method""”
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Fig. 22 Typical measurement results for dynamic scenes of Gray-coded-assisted phase-shifting technology. (a) Newton’s pendulum

impact""”; (b) block collapse"””; (c) blade rotation""; (d) falling snowflake""”; (e) water balloons hitting iron mesh"""
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