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ABSTRACT

Digital Image Correlation (DIC) — also referred to as white light speckle technique — is an optical-numerical full-field
measuring technique, which offers the possibility to determine in-plane displacement fields at the surface of objects
under any kind of loading. For an optimal use of the method, the object of interest has to be covered with a speckle
pattern. The present paper studies the efficiency of a random speckle pattern and its influence on the measured in-plane
displacements with respect to the subset size. First a randomly sprayed speckle pattern is photographed three times. Each
picture is taken with a different zoom, yielding three speckle patterns, which are different by the size of the speckles.
Secondly a number of speckle patterns are generated numerically using a given speckle size and image coverage.
Subsequently, each speckle pattern image undergoes a numerically controlled deformation, which is measured with
digital image correlation software. Both imposed and measured displacements are compared and it is shown that the size
of the speckles combined with the size of the used pixel subset, clearly influences the accuracy of the measured
displacements. Furthermore it is shown that it is possible to create an optimal speckle pattern when a given subset size is
chosen.
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1. INTRODUCTION

The identification of the mechanical properties of different materials requires appropriate strain measuring techniques.
This is especially true for loading conditions which create complex heterogeneous deformation fields. Full field
measurement techniques and the Digital Image Correlation (DIC) technique in particular are suitable to tackle this
challenge. This technique — also referred to as white light speckle technique — is an optical-numerical full-field
measuring technique, which offers the possibility to determine in-plane displacement fields at the surface of objects
under any kind of loading based on a comparison between images taken with a digital Charge Coupled Device (CCD)
camera at different load steps. This technique has been used in various technological domains and many of its
applications have been reported [1-6]. The capacity of the technique to measure non-homogeneous deformation fields
has been described [7] as well as its limits and the accuracy of the measured displacements [8-9].

The aim of the present paper is to study the efficiency of a speckle pattern and its influence on the measured in-plane
displacements with respect to the subset size. It has already been shown [10-13] that the subset size is always a critical
parameter in the correlation process. However, the particularity of this study is that the images representing the different
speckle patterns and simulating an actual experiment are numerically deformed. Subsequently the displacement field is
measured by DIC and compared to the imposed one. Two types of speckle patterns are used in the present study:
randomly sprayed patterns and numerically generated ones. The relationship between the speckle size and the
displacement accuracy is determined and an optimal speckle pattern is proposed.

2. NUMERICAL TREATMENT OF THE IMAGES

2.1 Digital image correlation

The digital image correlation technique allows studying qualitatively as well as quantitatively the mechanical behavior
of materials under certain loading conditions. The camera uses a small rectangular piece of silicon, which has been
segmented into 1024 by 1280 arrays of individual light-sensitive cells, also known as photo sites or pixels. Each pixel



stores a certain grey scale value ranging from 0 to 255, in accordance with the intensity of the light reflected by the
surface of the tested specimen. Two images of the specimen at different states of deformation are compared by using a
subset (part of the image) of the undeformed image and searching for it in the deformed image, in order to maximize a
given similarity function. The displacement result, expressed in the centre point of the subset, is an average of the
displacements of the pixels inside the subset. The uniqueness of each subset is only guaranteed if the surface has a non-
repetitive, isotropic, high contrast pattern. A classic correlation function using the sum of the squared differences of the
pixel values is used. The image correlation routine allows locating every subset of the initial image in the deformed
image. Subsequently, the software determines the displacement values of the centers of the subsets, which yields an
entire displacement field.

2.2 Numerical deformation of images

The images of the different speckle patterns are numerically deformed as to simulate a homogeneous deformation. The
deformation is based on a Finite Element simulated displacement field which afterwards is used as a reference for the
comparison of the displacements determined by Digital Image Correlation. To obtain a homogeneous deformation field,
a finite element analysis of a tension test of the specimen is performed. The obtained nodal displacement field is used to
deform the original image. The result can be considered as a picture taken after loading of the real specimen, but without
experimental errors. A grey value image can be seen as a matrix filled with integer values between 0 and 255. Every
element of the matrix represents the grey value of a single pixel. To numerically deform an image, one has to start with
an empty matrix with slightly adapted dimensions, depending on the type of deformation. This is because the deformed
image will contain more or less pixels than the initial image. Firstly, the centers of the pixels in the deformed image have
to be located in the deformed mesh. This is possible because the coordinate system is identical for both the deformed
image and the finite element model and because the nodal displacements are all known. Using the interpolation functions
of the mesh elements, it is possible to determine the displacement components in the centre of every pixel. This also
means that the initial position of the pixel can be traced back in the reference image by subtracting its displacement.
Most likely the initial position of a pixel from the deformed image is not located in the centre of a pixel of the initial
image. Therefore, it’s necessary to interpolate the grey values of the pixels in a given region around the initial position.
This is performed using a bicubic interpolation algorithm. When the same procedure is followed for every pixel, the
entire deformed image is finally constructed.

3. RANDOMLY SPRAYED SPECKLE PATTERNS

3.1 Characterization of the patterns

Firstly, a speckle pattern is randomly sprayed on a flat white surface. Several attempts were made to obtain an evenly
distributed pattern of black paint drops. The same procedure is used in different studies in the case of actual experiments
[14-19]. Three different images with a randomly chosen size of 250 x 500 pixels are extracted from this speckle pattern.
They are all obtained by taking photographs of the same pattern using a different zoom (fig. 1 left). The main difference
between the three new images is thus the overall (and random) size of the black dots or speckles. To be able to
characterize the speckle patterns more quantitatively, a method to calculate the speckle size distribution of a given
pattern, based on image morphology, will be used.

Morphology is a technique of image processing based on shapes. The value of each pixel in the output image is based on
a comparison of the corresponding pixel in the input image with its neighbors. By choosing the size and shape of the
neighborhood, one can construct a morphological operation that is sensitive to specific shapes in the input image. The
operation consists in consecutively eroding and dilating the image. More detailed information can be found in [20]. In
the present case a circular shape is used with different radii. The objective is to locate the speckles with a radius that is
superior to a given value. By performing this operation for different radius values, a speckle size distribution
corresponding to the given pattern can be formulated. An example of such a speckle size distribution curve is shown in
fig. 1(right).

3.2 Influence of speckle size on displacement accuracy

The reference images of the three speckle patterns and the corresponding deformed images can be considered as if they
were generated by an actual experiment. Figure 2 shows the difference between the imposed (FEM-based) displacements

and the measured displacements with the DIC software. Three different subset sizes — 13 x 13, 23 x 23 and 33 x 33
pixels, respectively small, medium and big subset — are used in the image correlation process. The results are presented



in the form of histograms. The x-axis represents the difference between the imposed displacements and the DIC-
calculated displacements in the horizontal direction. The y-axis represents the number of data points in which a given
difference is present. The chosen image resolution is chosen to be equal to 100pm/pixel.
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Fig. 1. Sprayed speckle pattern with three different zooms, yielding the three new reference speckle patterns
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Fig. 2. Difference between the imposed and DIC-calculated displacement components for a homogeneous displacement
field as a function of the speckle pattern and the subset size

Only the vertical displacement component is shown. For the understanding of the plots one should keep in mind the
following remarks:

*The higher and the narrower the central peak, the better the correspondence between the imposed and the calculated
displacements, thus the more accurate the results are;



*All the images are numerically treated in the same way. The difference in displacements is therefore only related to the
speckle and the subset size.

A first and important observation is that the larger the subset, the more accurate the measured displacements are. This is
shown by the narrowing of the peak for increasing subset sizes and it is true for the three speckle types. The reason for
this is that the information content is more important in the larger subsets. This means that in the case of a homogeneous
displacement field, the information can be smoothened inside the subset, which obviously leads to more accurate results.

A second observation is that in the case where the small subset is used, figure 2 shows that the most precise result is
obtained with the smallest speckles, followed by the medium and large speckles. When using the medium subset the best
result is obtained with the large speckles. In that case the difference between the small and medium speckles is
negligible. In the last case, where the large subset is used, it is clear that the large speckles yield the most precise results,
followed by the medium and small speckles. The only problem with the randomly sprayed speckle patterns is that the
size of the speckles cannot be controlled. Therefore it is tried to generate the patterns numerically.

4. NUMERICALLY GENERATED SPECKLE PATTERN
4.1 Creation of the patterns

In the available commercial DIC-systems the subset size is identical throughout the entire image. This means that once
the subset size is chosen, it remains identical during the correlation calculation. The size of the subset depends on the
type of deformation field to be expected. When dealing with homogeneous deformation (constant displacement
gradients), the subset size should be as big as possible to enable noise filtering and thereby smoothing of the
displacement data. However, in the case of heterogencous deformations (variable displacement gradients), the subset
size should be a trade-off between avoiding smearing of the displacement data, correlation problems and noise filtering.
In the present paragraph a subset size of 15x15 pixels has been fixed to perform the study.
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Fig. 3. Three different speckle patterns with a speckle diameter of 5 pixels (left), 9 pixels (middle) and 15 pixels (right)
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Fig. 4. Three different speckle patterns with a speckle diameter of 5 pixels and a coverage of 10% (left), 30% (middle) and
50% (right)

The aim is to numerically generate a speckle pattern which can be characterized by the lowest possible number of
parameters. The speckle patterns which are generated can be characterized by only two parameters. The first one is the
size of the occurring speckles, which is identical for the entire pattern. It will be demonstrated that the speckle pattern
can be random enough when only one speckle size is used. The second parameter is the coverage or the ratio of
grey/black pixels over the entire number of pixels.

Eight circular speckles with increasing diameter between 1 and 15 pixels are chosen. The numerically generated speckle



patterns also have to exhibit a random character. The term “random” refers in this context to the fact the in the entire
image no two sub-images of 15x15 pixels are identical. This is a necessity for the correlation algorithm to perform a
correct calculation. It is achieved by randomly positioning the same speckle in an image of 300x300 pixels, until the
desired coverage is achieved. Seven speckle patterns are generated with a coverage of 55% and speckle size between 3
and 15 pixels (fig. 3). Seventeen patterns are generated using a speckle size of five pixels and a coverage between 15%
and 95% (fig. 4).

4.2 Noise addition and blurring

In reality, the image taken of an object by a CCD-camera is just a representation of that same object influenced by the
lightning conditions, the used lens and the noise of the light sensitive cells. This means that the real distribution of grey
values does not reach from 0 to 255. Indeed, it is slightly smaller, meaning that black and white pixels are actually
represented by a value that is respectively higher than 0 and lower than 255. In reality the object is never positioned in
such a way that its image exactly lies in the image plane of the lens either, which leads to a certain level of blurring of
the image. And finally the presence of noise in the images is unavoidable.

To simulate these conditions as close as possible, the numerically generated speckle patterns have to be blurred,
subjected to noise and their grey value range has to be realistically limited. When analyzing the photographed image, it
has been found that:

* the grey values are limited between a value of 30 and 240;

* the noise present in the image follows a normal distribution with a mean value of zero and a standard deviation of 2;
* the blurring can be simulated by a Gaussian filter with a size of 4x4 pixels and a standard deviation of 0.8

4.3 Determination of the optimal speckle pattern

The same procedure to numerically deform the different patterns is used. A uniform deformation of 5% and a
displacement of 0.5 pixels are imposed. The standard deviation of the difference between the imposed and the measured
displacements for both deformations is calculated and shown as a function of the speckle diameter (fig. 5) and as a
function of the coverage. It is clear that in the case of a subset size of 15x15 pixels, the optimal speckle size is 5 pixels
and the optimal speckle coverage lies between 40% and 70%.
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Fig. 5. Standard deviation of the difference between the imposed and the measured displacements in the case of a
numerically imposed displacement of 0.5 pixel and a numerically imposed deformation of 5% for a speckle size
between 3 and 15 pixels (left) and for a coverage between 15% and 95% using a speckle diameter of 5 pixels (right).

5. CONCLUSION

In the present paper, the accuracy of the Digital Image Correlation technique is studied in function of the nature of the
speckle pattern. In first instance it has been shown that the mean size of the speckles in a given randomly sprayed



speckle pattern in combination with the size of the subset has an influence on the accuracy of the measured
displacements. A method has also been presented that enables the characterization of sprayed speckle patterns by the
determination of a speckle size distribution. It is based on a morphology study of the pattern image.

In a second instance a number of speckle patterns is numerically generated. The two parameters which determine the
speckle patterns are the size of the speckles and the image covering. It has been shown that when using a subset of 15x15
pixels the optimal choice for the speckle diameter is five pixels and that the image covering lies between 40% and 70%

Further research will be conducted to numerically print speckle patterns onto specimens. In this way the speckle
covering and speckle size can be controlled and optimized in function of the experimental set-up. It would offer the
possibility to control the appearance of the patterns without losing the random character of the pattern, which is needed
for the functioning of the DIC technique.
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