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ABSTRACT 

 
     A method is presented for determining soil particle aspect ratios from images of an 
assembly of particles that was deposited by sedimentation through water. The 
sedimentation method combined with image processing is termed Sedimaging. The 
Sedimaging hardware is described. Sedimaging produces the specimen particle size 
distribution for sizes ranging between 2.0 mm and 0.075 mm. While determination of 
particle size utilizes a statistical method using 2D wavelet analysis the particle shape 
assessment utilizes a deterministic method using image segmentation through mean-shift 
clustering. The method requires estimation of an appropriate radius for the mean-shift 
clustering window.  This radius is chosen based on the expected size of particles in each 
image. The wavelet analysis provides this first size estimate. Well-segmented particles are 
then interactively selected for accurate shape determination.  
 
1. INTRODUCTION 

 
     Particle size distribution and particle shape are fundamental features of a soil that 
dictate many aspects of its engineering behavior. Image-based methods have the potential 
to better estimate the engineering properties than traditional tests for particle size 
distribution such as sieving because not only the particle size but also the particle shape 
can be obtained from images. A new test system called Sedimaging was developed by 
combining sedimentation of a soil specimen through water (to segregate the particles by 
size) with image processing. A potential method to quantify particle shapes from the 
images of the sedimented soil is discussed in this paper.   
 

2. SEDIMAGING 

 
     Sedimaging determines a soil’s particle size distribution for grain sizes ranging between 
2.0 mm and 0.075 mm. The Sedimaging system is composed of 5 major parts: 1) a 
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Fig. 2 shows a typical Sedimaging test result.  The captured image shown on the left side 
of the figure is 4160 pixels high and 1280 pixels wide.  As 256 pixel by 256 pixel “windows” 
scan the image in 10 columns, the average particle size in each window is computed and 
plotted versus elevation as shown in the upper right. Sorting the data points by size yields 
a particle size distribution curve as shown in the lower right of Fig. 2.   
 

 
Fig. 2. Typical result from Sedimaging (Ohm et al. 2012) 

 
3. MEAN-SHIFT CLUSTERING 

 
     Comaniciu and Meer (2002) proposed an image segmentation method called mean-
shift clustering. Mean-shift clustering finds locations of the highest densities of points in a 
three dimensional space where x and y are the image coordinates while the z-coordinates 
are the grayscale intensity values. The steps for mean-shift clustering are shown in Fig. 3 
and detailed next. 
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entire individual soil particles, or combinations of two (or more) adjacent soil particles 
having similar gray scales. Obviously, it would be best if the groups reflected only “entire 
particles” rather than parts of particles, voids or agglomerations of adjoining particles. The 
following section discusses how this can be accomplished. 

 

 4. ESTIMATING THE WINDOW RADIUS R AND PARTICLE SHAPE DETERMINATION  

 
     Mean-shift clustering requires one parameter that a user needs to select – the window 
radius R (Comaniciu and Meer 2002) which may also be termed as the “resolution of the 
analysis”. Fig. 4 shows a soil image and the results of segmentation of the image by 
mean-shift clustering using different R values.   
 

 
Fig. 4. Results of mean-shift clustering on a 256 x 256 soil image 

 
A small R causes over-segmentation of the soil particles, while a large R causes under-
segmentation. Also, as discussed earlier, segmented objects in an over-segmented image 
are mostly internal textures, voids, or color variations within soil particles, whereas 
segmented objects in an under-segmented image are mostly combined two adjacent soil 
particles that have similar gray scale values. In order to obtain good segmentation 
reflecting the actual particles an estimate of R may be obtained by wavelet transformation. 

Original Image R = 15  MEAN AREA = 402 R = 20  MEAN AREA = 790

R = 25  MEAN AREA = 1130 R = 30  MEAN AREA = 1524 R = 35  MEAN AREA = 1725



Because the average particle size in every 256 pixel by 256 pixel area of the original 
image is known from the wavelet transformation, an R value can be estimated as half of 
the diameter of a soil particle i.e. the PPD. After the first estimate of R is used, mean-shift 
clustering is performed using a range of R values close to the first estimate. Even though 
an appropriate R value is determined from wavelet transformation, manual selection of 
well-segmented particles is required. After selecting well-segmented particles, the aspect 
ratio of those particles is computed as shown in Fig. 5. 
  

 
Fig. 5. Aspect ratios of manually selected well-segmented particles 

 
5. CONCLUSIONS 

 
     Image-based method for determination of particle size distribution of soils can also 
provide particle shape information. Sedimaging produces particle size distribution of soil 
particles between 2 mm and 0.075 mm. Mean-shift clustering is utilized to segment 
particles from numerous 256 pixel by 256 pixel areas of a soil image that was obtained 
from Sedimaging. A first estimate of the radius for the mean-shift clustering window (R) is 
selected based on wavelet transformation results. Manual selection of well-segmented 
particles is required. Future research might be to automate this manual selection by 
knowing that the perimeters of well-segmented particles are typically concave not convex. 
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