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Analysis of particle displacement images is a main step in several image-based measurement technigies.
Particle displacement images are used for the measurement of deformation of solids as well as velocity
of fluids. For example, particle image velocimetry (PIV) is one of the common flow measurement
techniques, which is capable of measuring instantaneous flow velocity. In this method, visualized flow
patterns by small tracer particles, which follow the fluid flow and reflect an incident light, are recorded
by a camera successively, and the analysis of particle movements in recorded images results in the
velocity of flow field. Correlation analysis is commonly used for the analysis of particle shift images, in
which images are divided into smaller windows called interrogation windows. The common
displacement vector of particles in each interrogation window is determined by correlation analysis,
which in turn results in displacement vectors in the entire image. The accuracy of this method is
dependent on the estimation of the location of the maximum value of correlation with subpixel
accuracy. The objective of this research is the evaluation of function fit methods to estimate the
correlation peak location with subpixel accuracy. For this purpose, parabolic curve and second order
surface fitting are investigated theoretically and experimentally. To achieve definite displacements, the
deformation of a solid part under uniform loading is investigated instead of fluid flow and the
displacement of point patterns painted on the solid surface are analyzed. The results show that both
function fit methods are capable of resolving subpixel movements with the accuracy of 0.035 pixel or
one micrometer in this research.
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Fig. 7 Synthetic displacement images with Gaussian point patterns. The
gray levels of images are inverted.
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Fig. 9 Displacement vectors and contours of displacement magnitude
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Fig. 13 Sample particle displacement images. (a) Reference image, (b)
displaced/deformed image. The gray levels of images are inverted.
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Fig. 14 Removed background color. The gray levels of images are
inverted.
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Fig. 15 Displacement vectors and contours of displacement magnitude
of Fig. 13 using parabolic fitting
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Fig. 18 Displacement vectors and contours of displacement magnitude
of Fig. 13 using quadratic surface fitting
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Fig. 19 Error contours of displacement magnitude in Fig. 18
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Table 1 Variation measurement error with the size of interrogation
window
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Fig. 16 Displacement vectors and contours of displacement magnitude
of Fig. 13 from PIVview software
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Fig. 20 Variation of displacement magnitude by parabolic and
quadratic surface fitting along the x axis at y = 128 pixel (left axis)
and their corresponding error (right axis)
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