
 

 

Abstract—Digital Image Correlation (DIC), as a technique 

based on image processing, has been intensively used for 

displacement measurement. The setup of DIC analysis starting 

condition is crucial to the validity of the results. In this paper, 

the influence of correlation window size (corrsize), one of the 

parameters that need to be chosen by users for setup, is studied. 

The results show that DIC is reliable as long as the corrsize is 

between a lower bound (corssizemin) and an upper bound 

(corssizemax). The reason why DIC returns high error factor 

when beyond corssizemax is related to image boundary effect, 

which is demonstrated by an equation serving as a criterion for 

corrsize choice. The study in this paper is particularly vital in 

cases where the Region of Interest (ROI) is close to the image 

and the real displacement is large. 

 

 
Index Terms—Digital Image Correlation, Correlation 

Window Size, Upper and Lower Bounds, Image Boundary 

Effect 

 

I. INTRODUCTION 

Igital Image Correlation (DIC) has drawn a great deal of 

attention in the field of experimental mechanics due to 

its capability to measure in-plane full-field 
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displacements with sub-pixel accuracy [1]. DIC finds a wide 

range of applications in displacement measurement both at 

the macroscopic [2, 3] and microscopic [4-10] levels. 

Particularly, in recent years, the combination of Focused Ion 

Beam (FIB) and DIC has become established as a new 

method for the evaluation of residual stress at the micro-scale 

[11-16]. Compared to conventional strain measurement 

methods such as strain gauge techniques, DIC image capture 

has the advantage of being economical and can be performed 

within the microscope, outdoors in the civil engineering 

context, etc., making in situ experiments a lot easier [2]. A 

principal benefit of DIC its non-contact nature that is 

particularly advantageous when measurement has to be 

performed over large distances or samples are too fragile to 

be attached to displacement sensors.  

There is a variety of DIC implementations available 

commercially and within the academic context. The present 

paper specifically focused on the DIC package developed by 

C. Eberl and M. Senn [17], and adapted further within the 

framework of EU project iStress. This package is based on 

Matlab implementation. The advantage of this package lies in 

the combination of having a compiled version together with 

the original code. On the one hand, the compiled version 

allows an easier experience with a friendly interface (Fig. 1). 

Moreover, the graphical interface saves the users a 

considerable amount of time by sparing the effort of putting 

commands in the Matlab window. On the other hand, with the 

original code provided, users can modify them to achieve 

special purposes.  

To ensure accurate results, the starting conditions of DIC 

analysis, including image filter and marker position, should 

be selected with caution. In this paper the influence of one of 

these parameters ‘corrsize’ has been investigated. ‘Corrsize’ 

is short for ‘correlation window size’, and is defined as half 

of the length of one of the sides of the square correlation 

window which is used for image comparison. Instead of 

using the whole image, this sub-image is used to enhance the 

efficiency of DIC. In theory, as long as corrsize is large 

enough for the correlation region to cover the real 

displacement, DIC should give reliable results. In reality, 

image boundary effect also has to be taken into consideration 

and therefore further investigation has been performed, as 

outlined below.  
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II. EXPERIMENT 

A. DIC Analysis Description 

Fig. 1 is the interface of DIC in use. Three main procedures 

are included in a DIC analysis: preprocessing, processing and 

postprocessing. At preprocessing, the processing conditions 

are selected in order to optimize the analysis performed. This 

includes preparing image sequence, selecting the image filter, 

placing markers and checking the quality of the images. The 

corrsize parameter is also selected before marker tracking is 

implemented. Postprocessing is then performed to clean the 

markers according to the correlation coefficient or standard 

deviation of fitting. Calculations can then be performed to 

determine the strain-field or displacement-field of the region 

of interest. 

DIC analysis is typically performed on an array of images, 

the first image being the base image and the rest being 

deformed or displaced versions of this original[18]. 

‘Deformed’ here merely refers to the content of the image 

(i.e., the sample surface in the case of FIB-DIC ringcore 

milling[6]) rather than the image itself. Region of Interest 

(ROI) on the image is defined through placing tracking 

markers on the base image accordingly. By comparing the 

sequence of deformed images with the base image, 

displacement field of ROI in each deformed image is 

obtained in the form of x- and y- displacement of each 

marker. In order to compare the deformed images with the 

base image, the ROI surrounding each marker is compared 

with the base image by calculating the cross-correlation 

surface over a pre-defined window. Essentially this can be 

considered as if the deformed image is looking for the best 

match to the original image in a pixel-by-pixel search[18]. In 

the Matlab implementation of this code the cross-correlation 

surface is obtained using the 2D normalized cross-correlation 

in ‘nomxcorr2.m’[19, 20]. The new position of the ROI is 

decided by fitting the cross-correlation surface to find the 

best possible match, as described in more detail 

elsewhere[18]. 

The pre-defined window mentioned above is the 

correlation window introduced earlier in this paper. 

Correlation window is centred on an individual marker and 

its size is associated with the parameter ‘corrsize’ (Fig. 3).  

B. Study of Correlation Window Size Influence 

In order to simplify the investigation into corrsize, DIC 

was performed using the base image and only one deformed 

image, as illustrated in Fig. 2(a). During the analysis the ROI 

was centered on the one and only single white pixel which 

was located at position (x0, y0). Note that the position is 

counted in pixel. Moreover, x0, y0 respectively represent the 

distance from the pixel to the left boundary and to the top 

boundary of the image. The deformed image is only a shift of 

the base image by d (pixels) and d (pixels) along x- and 

y-direction respectively. In Fig. 2(a) d is 10pixels and (x0, y0) 

is (55, 56) as an example, resulting in the new position of (65, 

66) of the white pixel in the deformed image. Therefore, the 

intensity levels in the base image and the deformed image are 

identical. d will be defined as the real displacement in the 

following discussion. Fig. 2(b) is the 3D surface plot of the 

area in red dashed rectangle in Fig. 2(a). It shows that the 

white pixel is a unique and outstanding feature in the whole 

image. This is to ensure that no confusion is caused between 

pixels with similar intensity level during cross-correlation. 

Fig. 3 depicts the marker position and the correlation window 

on the base image when corrsize is 12pixels as an example. 

Only one marker was placed in the middle of the white pixel 

for simplicity. The top right inset is the figure of marker 

position with higher resolution. The size of the correlation 

window (the orange rectangle) equals to 2*corrsize+1, 

including one pixel that the marker occupies. Hence the side 

length of the correlation window in Fig. 3 is 25pixels. 

 
Fig. 1.  Graphical interface of the compiled DIC 

 

 

 
(a) 

 
(b) 
 

Fig. 2.  (a) ROI shown on base image and deformed image (b) 3D surface plot 

of ROI and its surroundings  
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Four cases were studied where values of real 

displacement d were 1pixel, 2pixels, 5pixels and 10pixels. 

The position of the white pixel (as well as marker) for the 

four cases above are listed in Table I. It was made sure that 

the white pixel is on the top left part of the base image for all 

the four cases when preparing images for this study. Thereby, 

the distances between the white pixel to the right and bottom 

image boundaries are not influencing the results. Values of 

corrsize were chosen differently according to different d for 

DIC analysis (Fig. 4). Error factor f represents the normalized 

error level of DIC results and was calculated as follows 
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where dx and dy are the displacement values along x and y 

respectively that DIC analysis results gave. f=0 means DIC 

results are completely correct while f=1 means DIC tracking 

is not working at all. 

III. RESULTS AND DISCUSSION 

Fig. 4 demonstrates the relationship between DIC error 

factor and corrsize. It is evident that for a specific d, corrsize 

has a lower bound (corrsizemin) and an upper bound 

(corrsizemax), only between which two is DIC analysis 

reliable. Values of bound for different real displacement are 

given in Table I. It is easy to understand the existence of 

corrsizemin: only when the correlation window is large 

enough to cover the real displacement, is DIC able to find the 

new position of ROI in the deformed image.  

In principle, any value of corrsize larger than the real 

displacement should give reliable results in this case, except 

that larger corrsize takes longer analysis time. What was 

discovered above is related to the image boundary effect. 

Equation (2) summarises the criterion for the upper bound of 

corrsize 

 

12/  lcorrsize                                                                           (2) 

 

where l is the rounded-up number of the smallest value 

among the distances between the marker and the four image 

boundaries. Note that decimal place can exist in marker 

position value, and rounding-up in this case gets the nearest 

integer. Compare Equation (2) with Table I, good agreement 

can be achieved.  

This DIC package was initially developed to evaluate 

microstrains for FIB-DIC ringcore milling experiment in 

combination with Scanning Image Microscopy (SEM). In 

that case, the real displacement is often at sub-pixel level and 

the ROI is normally in the middle of the image. Thereby, the 

lower and upper bounds studied in this paper are unlikely to 

affect the accuracy of DIC results. However, when it comes 

to situation where relatively large scale of real displacement 

is involved, the upper bound should serve as a criterion for 

the choice of corrsize. Additionally, efforts should be made 

when taking images for DIC analysis to ensure that the ROI is 

centred. When, in some more extreme circumstances, 

bringing ROI to the image centre is not an option, and in the 

meantime the real displacement is larger than l/2-1, that 

means DIC is unable to track the displacement using 

conventional analysis procedure and the original images 

directly. The image boundary needs to be manipulated 

somehow to have a wider edge without disturbing the 

intensity levels of the original image, e.g. putting a ‘patch’ 

with zero-intensity pixels around the original image. 

IV. CONCLUSION 

In this study the influence of correlation window size 

corrsize on the DIC results with different real displacement 

 

 
Fig. 3.  Setup of DIC analysis condition when corrsize is 12pixels as an 

example 

 

 
Fig. 4.  The relationship between DIC result error factor, the corrsize and the 

real displacement d 

TABLE I 

MARKER POSITION, UPPER AND LOWER BOUNDS 

 
marker 

position 
d (pixel) corrsizemin corrsizemax 

Case 1 (28, 33) 1 6 12 

Case 2 (28, 33) 2 4 12 

Case 3 (48, 43) 5 6 20 

Case 4 (53, 54) 10 11 25 
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was explored. It is found out that DIC can give sensible 

results when the corrsize is between a lower bound 

(corssizemin) and an upper bound (corssizemax). The upper 

bound is resulted from image boundary effect. An equation is 

given as a criterion for corrsize choice. The content in this 

paper is crucial when DIC analysis is utilised for cases where 

the distance between ROI and the image boundary is limited 

and the real displacement is relatively large. 
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