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ABSTRACT: GeoPIV is a MATLAB module which uses the principles of particle image velocimetry (PIV) to monitor particles movement 
during geotechnical tests. To obtain desired output results, several input parameters such as patch size, patch spacing, searchzone pixel, 
frame rate and leapfrog are required to analyse a batch of sequential images. Inappropriate parameters would produce poor displacement 
vectors, known as wild vectors. This paper describes the input parameters and also defines the absolute values to be adopted when analysing 
particle movement during direct shear testing, based on literature and parametric studies. Sequential images were remotely captured during 
direct shear testing, using a Canon EOS 450D. The tested specimen was well-graded sand, sheared in a custom fabricated transparent shear 
box. From the current study, the most appropriate input parameters for this test were patch size of 16×16 pixels, patch spacing of 8×8 pixels, 
search zone of 8×8 pixels, frame rate interval of 50 s and leapfrog of 1. This pre-defining of the input parameters is essential before running 
any GeoPIV analysis, so as to obtain an accurate and effective displacement vectors. 
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1 INTRODUCTION 

Particle image velocimetry (PIV) technology was developed by 
Adrian (1991) to measure the velocity of fluids during field tests. 
PIV uses double-flash photography and analyses sequential images 
captured by splitting the photos into a grid of patches. Each patch 
would then be analysed during the interval of flash and hence, the 
displacement can be obtained using an autocorrelation function. The 
particles overlapping each other from the sequential images would 
produce an offset of the correlation which will define the 
displacement vector of the particle. Figure 1 shows the principles of 
PIV analysis. 

 
Figure 1 Principles of PIV analysis (White and Take 2002) 

 
GeoPIV software is a MATLAB module, developed by White et 

al. (2003) to analyse particle movement in geotechnical tests by 
applying the principle of PIV technology. To conduct PIV analysis 
using the GeoPIV software, two input files and a set of sequential 
images are required. The requirements for PIV analysis are shown in 
Figure 2. 

 
Figure 2 Requirements for GeoPIV analysis (White and Take 2002) 

 

The two input files consist of the launcher.txt and the mesh.txt 
files. The launcher.txt file consists of parameters such as searchzone 
pixel and leapfrog, which can be defined by the user before starting 
the analysis. The mesh.txt file is generated after a grid of patches is 
drawn onto the initial image with specified patch size and spacing 
which will define the area to be analysed, known as the region of 
interest (ROI). 

 
2 INPUT PARAMETERS 

To obtain desirable output results from GeoPIV, a set of input 
parameters have to be defined. The parameters are patch size, patch 
spacing, searchzone pixel, frame rate and leapfrog. By altering the 
parameters, the outcome will be directly influenced. The parameters 
are described as follows. 
 
2.1 Patch size 

The first step in analysing a set of images is to draw a grid of test 
patches on the first image. The size of the test patch can be defined 
by the size of L x L pixels, which consist of the image matrix to be 
used for obtaining the displacement between images (White et al. 
2003). White and Take (2002) described the precision of the 
software as a function of patch size, L and the image content.  
 
2.2 Patch spacing 

Patch spacing is required for the drawing of the patch grid, where 
the spacing describes the overlapping area between consecutive 
patches during the analysis. Berghe (2012) described the most 
practical spacing to be used as being 50% overlap of the test 
patches. It should also be noted that the criteria to define the spacing 
is based on the particle displacement. The patch spacing should be 
defined such that the particle displacement is within the test patch of 
the consecutive image. By maintaining a 50% overlap spacing and 
increasing the patch sizes, better precision can be obtained without 
severely changing the resolution (Kelly 2014). 
 
2.3 Searchzone pixel 

Searchzone pixel is described as the maximum area GeoPIV will 
look for the largest displacement vector during the analysis. Ideally 
the value is defined as half the difference between the search patch 
and the patch size, where the search patch is defined as the extended 
area beyond the patch size (White and Take 2002, White et al. 
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2003). For this case, the extended area is known as the patch 
spacing. Grognet (2011) mentioned that the searchzone pixel must 
be more than the largest particle displacement between two frames. 
 
2.4 Frame rate 

Frame rate is described as the time interval between two successive 
images. The displacement rate of the particles is required to define a 
suitable frame rate such that the particle displacement does not 
exceed the patch size length within the next frame. Also, it should 
be ensured that the maximum particle displacement is within the 
searchzone area. 
 
2.5 Leapfrog 

Leapfrog allows the user to specify how frequent the reference 
image would be updated during the analysis. A leapfrog value of 1 
will update the reference image at each step but will produce low 
measurement precision for large batches of images. However, since 
the patches are easily recognised at each step, this will reduce the 
possibility of generating wild vectors during the analysis. To obtain 
a more precise measurement, it is recommended to increase the 
leapfrog value as long as the wild vectors obtained are acceptable. 
However, high value of leapfrog will take longer to process the 
GeoPIV analysis (Nazhat 2013). 

 
3 EXPERIMENTAL SETUP 

Particle image velocimetry (PIV) technology was used during the 
shearing of sand in a direct shear box to study the particle 
movements. The stresses and deformations of the tested specimen 
measured during the direct shear test were used to benchmark the 
findings of the GeoPIV analysis. A fully automated direct shear test 
apparatus was used, which comprised of two LVDTs for measuring 
the vertical and horizontal displacements of the specimen and a 
motor for shearing the sample at a constant rate. The samples were 
sheared at a rate of 0.0017 mm/s to ensure that the particle activities 
can be captured while using lower frame rate during image 
acquisition. The shearing displacement of the test samples was 15 
mm. 

To accommodate a camera for capturing sequential images 
during the direct shear test, several modifications were made onto 
the direct shear equipment. The cross bar was replaced with a 
modified one to ensure a clear sight of the shear box was obtained. 
The free top platen was replaced by a fixed one to ensure even load 
transfer onto the tested sample. A transparent shear box was 
fabricated using Perspex material to allow visibility of the tested 
specimen when being sheared. The transparent shear box size and 
specifications were identical with the original shear box to comply 
with ASTM (2003). Hence with a clear view of the transparent shear 
box, image acquisition of the specimen during the test was made 
possible. 

 
3.1 Tested specimen 

The material used for the direct shear test was sand which was oven-
dried and scalped according to the shear box dimensions and ASTM 
(2003). The scalped sand had a particle size distribution passing 
2.36 mm sieve and retained by 75 µm sieve. The specimen was 
classified as well-graded sand according to Unified Soil 
Classification System ASTM (2000). 
 
3.2 Image acquisition 

A Canon EOS 450D camera was used to remotely capture sequential 
images while the sample is sheared at constant rate. The camera was 
remotely operated through a laptop such that no disturbance 
occurred while taking the photos. Dim lights were set near the shear 
box to avoid shadows and improve the visibility of the specimen. A 
total of 175 images were captured at an interval of 5 seconds. Figure 
3 shows the experimental setup. 

 
3.3 Region of interest 

The region of interest is defined as the selected zone of the images 
to be analysed during GeoPIV analysis. The user can focus on a 
specific area to be analysed and divide it into grids, by defining the 
patch size and patch spacing, to form a mesh file.  
 

  
Figure 3 Experimental setup 

 
The mesh file needs to be created prior to the start of the 

analysis. For this study, the images captured are of 72 dpi resolution, 
with 4272 x 2848 pixels in size. Larger image resolution will create 
more test patches and hence more information can be produced 
(Grognet 2011). The region of interest for this study was set along 
the shear band for all the set of GeoPIV analysis. Figure 4 shows the 
image dimensions and region of interest. 

 

 
Figure 4 Image dimensions and region of interest 

 
4 VALIDATION 

It is essential to assess the validation of the GeoPIV software based 
on accuracy and precision errors. Accuracy can be defined as 
variation between a true value and a measured value of a certain 
quantity. However, precision is the variation between multiple 
measurements of the same quantity (White and Take 2002). Hence, 
to make sure that the software performs effectively, two validation 
exercises were conducted on the GeoPIV software. 

The first exercise consisted of two identical images analysed 
together to make sure that no additional or unwanted movements 
were obtained during the analysis. The images were named 
differently and the outcome of the analysis showed static dots with 
no movement as shown in Figure 5. 

 
Figure 5 Validation exercise 1 with no movement recorded 



                   19th Southeast Asian Geotechnical Conference & 2nd AGSSEA Conference (19SEAGC & 2AGSSEA) 
Young Geotechnical Engineers Conference, Kuala Lumpur, 30 May 2016 

 

 

 
48 

The second exercise uses the same image but with a dot digitally 
inserted and moved 45o North-East in the second image (Figure 6). 
This is to ensure that the movement recorded by GeoPIV is 
adequate. The outcome of the second exercise showed a vector 
displaced to the North-East direction as shown in Figure 7. Hence, 
the two validation exercises conclude that the software is running 
effectively. Note that the y-axis aspect ratio of the vector plots has 
been increased for better visual purposes. 

 

 
Figure 6 (a) Dot digitally inserted and (b) moved 45o North-East in 

the second image 
 

 
Figure 7 Validation exercise 2 with movement recorded at 45o 

North-East 
 

5 PARAMETRIC STUDY 

A parametric study was conducted by varying all the input 
parameters of GeoPIV which consist of the patch size, patch 
spacing, searchzone pixel, frame rate and leapfrog. A set of 
sequential images from the direct shear test was used for this study, 
comprising a total of 13 images displaced to 2.72 mm. Based on 
literatures and the outcomes of the parametric study, the most 
suitable set of parameters are to be adopted for future analysis. 
 
5.1 Patch size 

Three different patch sizes were used to analyse a set of images to 
define the most appropriate patch size to be used for the following 
analysis. The patch sizes were of 16 x 16 pixels, 32 x 32 pixels and 
64 x 64 pixels. The patch size used will strongly influence the 
precision of the analysis. White and Take (2002) used an empirical 
equation to address the measurement precision based on the length 
of the patch size, L (Eq. (1)). Using larger patch size, the number of 
measurement points will be reduced in an image. Hence, a comprise 
is needed when using larger patch size to obtain a good precision 
with satisfactory number of measurement points. The number of 
measurement points found in an image of width, W and height, H, in 
pixels is defined in Eq. (2). Table 1 shows the difference in 
measurement precision error and number of measurement points in 
an image for patch sizes of 16 x 16, 32 x 32 and 64 x 64 pixels. 
 

 (1) 

 (2) 

Table 1 Measurement precision error and no. of measurement points 
for different patch sizes 

Patch 
size, L 

Image 
width, 

W 

Image 
height, 

H 

Measurement 
precision 
error, ρ 

No. of 
measurement 

points, n 
(pixel) (pixel) (pixel) (pixel) (points) 
16 4272 2848 0.038 47526 
32 4272 2848 0.019 11882 
64 4272 2848 0.009 2970 

 
Figure 8 shows the vector plots for patch sizes of (a) 16 x 16 (b) 

32 x 32 and (c) 64 x 64 pixels. Particles within the upper half of the 
shear box experiences minimal upward movements, while particles 
within the lower half of the shear box were displaced to the left. 
With increasing patch size, the vector intensity reduces. Smaller 
patch size was able to capture a more detailed movement of the 
particles as opposed to larger patch sizes. 

 

 
Figure 8 Vector plots using patch sizes of (a) 16 x 16 (b) 32 x 32 

and (c) 64 x 64 pixels 
 
From Figure 8, the most appropriate patch size for this study is 

16 x 16 pixels as it produced a more detailed vector plot of the 
particles movements as opposed to 32 x 32 and 64 x 64 pixels 
patches. From Table 1, patch size 16 x 16 pixels consists of a 
measurement precision error of 0.038 and number of measurement 
points of 47526 which is acceptable due to its low precision error 
and yet a larger number of measurement points. 

 
5.2 Patch spacing 

Patch spacing is defined as the overlapping area between 
consecutive patches during the GeoPIV analysis. To define the most 
suitable patch spacing, three spacing options with 25%, 50% and 
75% overlapping areas were considered. The patch spacing sizes 
were 4x4 pixels (25% overlapping), 8x8 pixels (50% overlapping) 
and 12x12 pixels (75% overlapping) as shown in Figure 9. 

Kelly (2014) recommended a patch spacing with an overlap of 
50% between consecutive patches and based on Figure 9, the most 
favourable patch spacing is 8 x 8 pixels. The details of the particles 
movement are clearer as opposed to 4 x 4 pixels spacing, which 
consist of high vector intensity and 12 x 12 pixels spacing having 
lower vector intensity. 
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Figure 9 Vector plots using patch spacing of (a) 4 x 4 (b) 8 x 8 and 

(c) 12 x 12 pixels 
 

 
Table 2 Maximum displacement between two images at different 

time frames 
Frame rate 
(seconds) 

Shearing rate 
(mm/s) 

Displacement 
(mm) 

Displacement 
(Pixel) 

50 
0.0017 

0.085 2.805 
150 0.254 8.382 
300 0.508 16.765 

 

 

 
Figure 10 Vector plots using searchzone pixels of (a) 4 x 4, (b) 8 x 8 

and (c) 12 x 12 pixels 
 

5.3 Searchzone pixel 

The searchzone pixel is defined as the maximum displacement that 
GeoPIV will search for during the analysis. Hence it is important to 
ensure that the maximum displacement between successive images 
is not exceeded with relation to the defined searchzone pixel. Table 
2 shows the maximum displacement between two images at 
different time frames. 

Three different searchzone pixels of sizes 4 x 4, 8 x 8 and 12 x 
12 pixels were used to study its effect onto the vector plots for 50 
seconds time interval as shown in Figure 10. Based on White and 
Take (2002) and White et al. (2003) interpretation of the searchzone 
pixel, for a patch size of 16 x 16 pixel and patch spacing of 8 x 8 
pixels, the recommended searchzone pixel would be 8 x 8 pixels. 
There is no distinct change in the vector plots as the searchzone 
pixels used in Fig 10 (a), (b) and (c) exceeds the maximum 
placement for a frame rate of 50 sec as shown in table 2. Hence, the 
searchzone pixel to be adopted is 8 x 8 pixels. 

 
5.4 Frame rate 

The frame rate is described as the time interval between the 
sequential images captured during the test. Three frame rates of 50 
seconds, 150 seconds and 300 seconds were analysed and the vector 
plots are shown in Figure 11. From Table 2, the maximum 
displacement between successive images is shown for different 
frame rates. The maximum displacement should not exceed the 
searchzon pixel so as to avoid the occurrence of wild vectors. Figure 
11 (b) and (c) shows the presence of wild vectors as their 
displacement exceeds the 8 x 8 searchzone pixels. Hence, the 
suitable frame rate to be adopted is 50 seconds interval.  

Note that by reducing the frame rate, more images are required 
during the analysis. Hence, the analysis would need better computer 
processors and longer time to be completed. For acceptable amount 
of wild vectors, the frame rate can hence be increased to reduce 
computational time and resources. 

 
 
 

 
Figure 11 Vector plot using frame rate of (a) 50s, (b) 150s and (c) 

300s 
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5.5 Leapfrog 

Leapfrog is the option for the user to define how many times the 
reference image should be updated. The overall measurement error 
within the last image analysed can be obtained from Eq. (3), where n 
is the set of sequential images and f is the leapfrog flag (White and 
Take 2002). 
 

 (3) 
 
Higher leapfrog flag can reduce the overall measurement error 

but at the same time it may produce a large amount of wild vectors. 
Figure 12 shows the vector plots using a leapfrog flag of 1, 10 and 
100. From the exercise, the amount of wild vectors increased with 
increasing leapfrog flag. Increasing leapfrog flag would also 
increase the computational time of the analysis. Hence the desired 
leapfrog flag for this study is chosen as 1. For a batch of 13 images 
and leapfrog flag 1, the overall measurement error is 3.46 within the 
last image analysed during this parametric study which can be 
argued to be acceptable due to no presence of wild vectors as 
opposed to Figure 12 (b) and (c). 

 
Figure 12 Vector plots using leapfrog flag of  

(a) 1, (b) 10 and (c) 100 
 

6 RESULTS & DISCUSSION 

Based on past literature and the parametric studies, the optimised 
input parameters for this study are tabulated in Table 3. Note that 
the set of parameters is applicable to this experimental setup and 
may not be suitable for other types of study. Some of the critical 
aspects that need to be taken into consideration before adopting a set 
of parameters are; the image resolution, region of interest and the 
maximum particle displacement within successive frames. The set 
of parameters can be altered based on specific scenario to meet the 
user’s expected outcomes.  
 

Table 3 Optimised GeoPIV parameters 
GeoPIV 
Parameters 

Value Units 

Patch Size 16 x 16 Pixels 
Patch Spacing 8 x 8 Pixels 
Searchzone Pixel 8 x 8 Pixels 
Frame Rate 50 Seconds 
Leapfrog 1 - 

7 CONCLUSION 

GeoPIV software was used to study the particle movements during 
direct shear tests. A modified experimental setup including a 
transparent shear box was used to capture sequential images during 
the test. The images were remotely captured using a Canon EOS 
450D connected to a laptop. Before analysing the set of images, 
input parameters such as patch size, patch spacing, searchzone pixel, 
frame rate and leapfrog need to be determined. This study focuses 
on the validation of the software as well as finding the optimised 
parameters for the direct shear setup. Two validation exercises were 
done to ensure that no additional/unwanted movement is obtained 
and also the correct displacement is captured during the analysis. 

The parametric study was carried out by varying each parameter 
separately and thus finding its effect onto the vector plots obtained.  
Based on literature guidelines and the outcomes of the parametric 
study, the optimised set of parameters was achieved. Hence, this set 
of parameters can be used to produce adequate vector plots for the 
study of particle movements during direct shear test and. 
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