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Error Analysis of Image Velocimetry According to the Variation
of the Interrogation Area

AME/RAT 8 T
Kim, Seojun / Yu, Kwonkyu / Yoon, Byungman

Abstract

Recently image velocimetries, including particle image velocimetry (PIV) and surface image velocimetry
(SIV), are often used to measure flow velocities in laboratories and rivers. The most difficult point in using image
velocimetries may be how to determine the sizes of the interrogation areas and the measurement uncertainties.
Especially, it is a little hard for unskilled users to use these instruments, since any standardized measuring
techniques or measurement uncertainties are not well evaluated. Sometimes the user’s skill and understanding
on the instruments may make a wide gap between velocity measurement results. The present study aims
to evaluate image velocimetry’s uncertainties due to the changes in the sizes of interrogation areas and
searching areas with the error analyses. For the purpose, we generated 12 series of artificial images with
known velocity fields and various numbers and sizes of particles. The analysis results showed that the
accuracy of velocity measurements of the image velocimetry was significantly affected by the change of
the size of interrogation area. Generally speaking, the error was reduced as the size of interrogation areas
became small. For the same sizes of interrogation areas, the larger particle sizes and the larger number
of particles resulted smaller errors. Especially, the errors of the image velocimetries were more affected
by the number of particles rather than the sizes of them. As the sizes of interrogation areas were increased,
the differences between the maximum and the minimum errors seemed to be reduced. For the size of the
interrogation area whose average errors were less than 5%, the differences between the maximum and the
minimum errors seemed a little large. For the case, in other words, the uncertainty of the velocity measure—
ments of the image velocimetry was large. In the viewpoint of the particle density, the size of the interroga—
tion area was small for large particle density cases. For the cases of large number of particle and small
particle density, however, the minimum size of interrogation area became smaller.

Keywords . image velocimetry (IV), interrogation area, artificial image, error analysis
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(a) Image at Time 7T (b) Image at Time 7+ At (c) Velocity Field

Fig. 2. Artificial Image Pair and Its Velocity Field

Table 1. Parameters for the error analysis of the Image Velocimetry

Parameters

Values

Number of particle (N,)

1,000 5,000 10,000

Particle diameter (D),)

5 pixel 10 pixel 15 pixel 20 pixel
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Fig. 4. Mean Error according to Variation of the Size of Interrogation Area
Table 2. Mean Particle Densities of the Artificial Images
Size of particle 5 pixel 10 pixel 15 pixel 20 pixel
Number of particle| 1,000 | 5,000 | 10,000 | 1,000 | 5,000 | 10,000 | 1,000 | 5,000 | 10,000 | 1,000 | 5,000 |10,000
Particle density 0.020 | 0.094 | 0.178 | 0.075 | 0.326 | 0.544 | 0.165 | 0.592 | 0.829 | 0.267 | 0.795 | 0.958
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Fig. 5. Error Analyses with Various Particle Densities
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