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Volumetric-Calibration Ray Tracing-Based Calculation Method of
Weight Coefficient in Light Field PIV
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National Engineering Research Center of Turbo-Generator Vibration, School of Energy and Environment,
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Abstract Aiming at the problem of large calculation errors of weight coefficients caused by factors, such as medium
refractive index changes and lens distortion in light field particle image velocimetry (PIV) technology, a method for
calculating light field PIV weight coefficients based on volumetric calibration tracking technology is proposed. First,
the mapping relationship between the spatial object points and the microlens is established by the volume calibration
method. Second, the ray tracing technology is used to calculate the weight coefficient of the discrete voxel to pixel in
the control body. Finally, the weight coefficient calculated by this method is compared with the direct tracking
method, and the spatial positions of the feature points of the calibration plate are reconstructed experimentally. The
experimental results show that the weight coefficient calculated by the volumetric calibration tracking method is
highly consistent with the calculation results of the direct tracking method. The position errors of reconstructed calibration
plate feature points in transverse and depth directions are less than 0.002 mm and 0.250 mm, respectively.
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Fig. 1 Principle of light field imaging
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Fig. 2 Principle of extracting light field subaperture image
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Table 1 Parameters of light field camera

Symbol Parameter Value Symbol Parameter Value
Jfwm/mm Focal length of main lens 100 Si/pm Focal length of microlens 800
pm/mm Main lens aperture 25 p1/mm Microlens size 0.1
M Magnification —1 Px/pm Pixel size 5.5
dg/mm Distance from main lens to MLA 200 di/pm Distance from MLA to CCD 800
F. F number of main lens 4 F, F number of microlens 8
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Fig. 3 Numerical verification diagram of weight coefficient calculation method
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Table 2 Central coordinates of voxel

Coordinate 1 2 3 4 ) 6 7 8 9 10 11 12 13 14 15 16 17
x —2.4 —2.1 —1.8 —1.5 —1.2 —0.9 —0.6 —0.3 0 0.3 0.6 0.9 1.2 1.5 1.8 2.1 2.4
Y —2.4 —2.1 —1.8 —1.5 —1.2 —0.9 —0.6 —0.3 0 0.3 0.6 0.9 1.2 1.5 1.8 2.1 2.4
z -8 -7 -6 -5 —4 —3 —2 —1 0 1 2 3 4 5 6 7 8

z=2mm z=4mm 2z=6mm

z=-8mm z=-6mm z=-4mm z=-2mm z=0mm
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Fig. 4 Weight coefficient atlas at different depth positions
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depth positions
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Fig. 6 Weight construction results of calibration plate at different depth positions. (a) VCT method; (b) DRT method
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Fig. 7 Reconstruction accuracy of calibration plate dot position. (a) Location errors in lateral; (b) location errors in depth
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Fig. 8 Reconstructed stretch length of calibration plate dot. (a) Lateral elongation; (b) depth elongation
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Fig. 9 Verification system of weight coefficient calculation experiment. (a) Schematic diagram; (b) physical figure
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