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Performance testing and evaluation of PIV system in centrifugal
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Abstract: Particle Image Velocimetry (PIV) is a non-intrusive, transient, and an entire region measurement technique that
is capable of measuring soil deformation behavior and the instantaneous particle velocities during testing. Compared to
traditional point or line measurement methods, PIV offers distinct benefits and has been increasingly applied in geotechnical
centrifugal model tests. However, the extreme environment of centrifugal hypergravity poses a severe challenge to the
accuracy of PIV system speed measurements. In this study, a self-designed servo-controlled calibration apparatus was
introduced, which is capable of providing stable velocity fields under hypergravity conditions. Using the velocity fields
generated by this apparatus as benchmarks, the performance of a set of PIV system under various centrifugal accelerations,
reference velocities, and shooting modes was tested. The measurement errors of the PIV system were analyzed and assessed.
The results show that the velocity measurement error of the PIV system mainly originates from the timing control error of
the system itself. Within 50g centrifugal acceleration, the g value has a limited influence on the system performance, and
the velocity modification formulas proposed in the test results under normal gravity are also applicable to the hypergravity
working conditions. The test accuracy of the PIV system is related to the camera’s working mode. In continuous shooting,
the shorter the interval between two images, the lower the degree of dispersion of the test data. The data points of the

double-exposure working mode test are more concentrated, and the system accuracy is higher. In different areas of the
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image field, the PIV system can maintain a small systematic error and coefficient of variation, and can realize the full range

of measurement. This study provides a reliable calibration method for the application of PIV technology under hypergravity

conditions and provides a reference for the hypergravity performance testing and evaluation of other PIV systems.

Key words: Particle Image Velocimetry (PIV) technology; centrifugal model test; servo-controlled calibration apparatus;

systematic error; coefficient of variation
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Fig. 1 Schematic diagram of servo-controlled calibration apparatus
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Table 1 Test conditions of PIV system velocimetry performance
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