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Abstract In this study, light field imaging theory and three-dimensional (3D) particle tracking velocimetry
(PTV) are combined to evaluate a 3D flow field using a single camera. Further, a relation is derived between the
depth and the optimal refocusing coefficient based on the Gaussian optics and the similarity principle.
Subsequently, the light field calibration and flow field measurement systems are established. A depth calibration
method is proposed based on the theoretical model of light field imaging. When compared with the Taylor
polynomial fitting method, the proposed method is proved to have high robustness. An all-in-focus image is
obtained based on the principle of maximum sharpness. The particles in the all-in-focus image are positioned
using the corner detection algorithm based on the minimum eigenvalue; further, the 3D velocities of the particles
are obtained using the 3D PTV technology. A processing flow is established for the light field images and applied
to the flow field measurement on a back step. The results prove that the light-field-imaging-based PTV
technology can reconstruct the volumetric flow field.
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Fig. 1 Light field schematic. (a) Diagram of light field
biplane parameterization; (b) refocusing schematic
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Fig. 2 Schematics of light transmission sampling of two
plenoptic cameras. (a) Unfocused plenoptic camera;

(b) focused plenoptic camera

B OZ B 3 Bk BB AR R DN A 1B i —
NEBRARRERDE ML P — DR B FANAEK—
A2 (AL B R L R AR R B B — AR IT R I — A
RN . RAERDCHAPLA— MR EEZILAD
BT IR IR R B IR BT SR R AU
BUAR EC AR 1 J5E B 25 B T iy 19 25 ()
R, BARBRPMIFEALE R IT G o0 % IR
FITAE 25 5 14 I P BF 5 0 — A 9 A R i TR AR
3 R AR R MILTE S 308 0T AR R I 2R
FEAE P A [ T 52 F ThT 19 5% TR AR 5T 5 M 2 O 1 W 3
R
23 REMNERE

Bl 4 g RAERDLG RN LA i B . a5
o L EBK MBI R 0101 BB BITE L A L
JAR N 00, H 0, TERMALH)S B AT .

Q)

Bl 3 HEREEERF., (@QFREEITL; (b RELEILL
Fig. 3 Refocusing images. (a) Focus on far;
(b) focus on near
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Fig. 5 Raw light field image and all-in-focus image.

(a) Partial enlarged raw light field image; (b) all-
in-focus image
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