


Alternatively, the global optical ow method, which can provide velocity elds with pixel-level resolu-
tion, has been veri ed in 2D PIV and extended to Tomo-PRUknau et a).2005. The 3D global optical
ow methods use a global energy function composed of a data term and smoothness term to replace the in-
terrogation volume in the 3D cross-correlation methods, in which the data term assumes that the given points
retain the same intensity in the particle volume along their trajectories, and the smoothness term assumes
that all neighboring points have similar motioddvarez et al(2009 rstintroduced the global optical ow
method to the research eld of Tomo-PI1V, which includes the incompressibility of the ow as a constraint to
the minimization problemLasinger et al(2017) presented a 3D version of the global optical ow model,
augmented with a physically based smoothness term for incompressible uids. Although these 3D global
optical ow methods are constantly improving the measurement accuracy of the velocity eld in Tomo-PIV,
they still cannot obtain results with higher accuracy because of global energy function condtragttal(

2019. Because the global energy function constraints will make the rapidly changing velocity eld too
smooth, and the ne structure cannot be preserved. Therefore, improving the accuracy of 3D global optical
ow methods for rapidly changing velocity eld measurement is an urgent problem to solve.

In this study, we propose a volumetric-segmentation-based optical ow (VS-OF) method for highly ac-
curate Tomo-PIV measurements. A segmented smoothness term is designed on the assumption that the
velocity varies continuously within each segmented volume and discontinuously on the surfaces of the seg-
mented volumes. Subsequently, the data term is proposed on the basis of the segmented volumes and the
uid mass conservation equation, which is derived from the Reynolds transport equation. In addition, the
robust local level-set method is applied to segment the particle volume according to the velocity distribution
of the uid ow. The rest of the present paper is organized as follows. In section 2, the proposed VS-OF
method is described in detail. Experimental analysis is given in section 3. Conclusions drawn from the
present work are summarized in section 4.

2 The proposed VS-OF method

2.1 Framework of the VS-OF method

In Tomo-PIV measurement, the accurate measurement of the velocity eld is of great signi cance for the
subsequent in-depth analysis of the ow structure. In this study, a volumetric-segmentation-based optical
ow method is proposed. The main process of the VS-OF method is shown il Fifyn initial velocity
eld (up;vo;Wp) is rst estimated by the 3D optical ow of the VS-OF method. Subsequently, the initial
velocity eld is provided as an initialization for the next velocity eld segmentation task. According to the
segmentation results of the velocity eld, the next step of optical ow calculation is guided. After several
iterations, the nal ner velocity eld (u;v;w) is obtained.

In traditional 3D global optical ow methods, due to the global energy function constraints, the velocity
eld is smoothed in the iterative calculation of optical ow. Therefore, in order to avoid smoothing, the VS-
OF method segments the 3D velocity eld calculated in the previous step in each optical ow iteration. It
should be noted that the segmentation operation is implemented on the three components of the velocity eld
rather than on the velocity magnitude, as shown in EigThen, the particle volumds(t) andE (t + dt)
are segmented according to the segmentation result of the velocity eld, and the segmented velocity eld
is taken as the initial value of the next optical ow iteration. The above process is repeated to obtain an
accurate 3D velocity eld. The proposed VS-OF method has excellent comprehensive performance in terms
of ow velocity estimation due to the process of velocity eld segmentation. The segmented smoothness
term and data term in the VS-OF method will be presented and discussed in the following subsections.

2.2 A segmented smoothness term

Inspired by the level set segmentation methdd ef al., 2007), a segmented smoothness term is designed

on the assumption that the velocity varies continuously within each segmented volume and discontinuously
on the surfaces of the segmented volumes. In addition, the segmented smoothness term can segment the
particle volume according to the 3D velocity distribution of the uid ow. Without loss of generality, we
simplify the smoothness term to consider only theomponent that is, to minimize Eq.1:
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