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Abstract: A light field camera incorporates a micro-lens array (MLA) in front of the CCD sensor to simul-
taneously capture both the spatial and angular information of the incident light rays, thereby enabling digital
refocusing after image acquisition and generating sharply focused images at arbitrary depths in the object
space. To achieve multi-plane velocity field measurements in three-dimensional (3D) flow fields, a multi-
plane particle image velocimetry (PIV) method based on the backward ray tracing-based digital refocusing is
proposed in this paper. First, the F-number matching relationship of the light field camera is re-derived to fa-
cilitate the implementation of the ray-tracing process. The vignetted and non-vignetted regions within the

sub-images of the light field image are then calculated. Subsequently, backward ray tracing is employed to
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project the principal rays from vignetted and non-vignetted regions through the MLA and the main lens into
the 3D physical space, thereby generating refocused particle images at different depth planes. Subsequently,
the Expectation-Maximization (EM) algorithm is further applied to deblur the refocused particle images. Fi-
nally, the velocity field distributions at multiple depth planes are calculated using a two-dimensional (2D)
cross-correlation algorithm. To validate the effectiveness of the proposed method, a submerged water jet ex-
perimental system is constructed and corresponding experiments are conducted. The experimental results

demonstrate that the proposed multi-plane PIV method based on the digital refocusing technique can achieve

measurements of multi-plane velocity fields in 3D flow fields.

Key words: particle image velocimetry; light field; digital refocusing technology; ray tracing; vignetting
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Fig. 9 Raw light field image, refocused particle image and

deblurred image in the submerged water jets
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