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ABSTRACT: The mathematical software Matlab provides basic tools for image processing and for
automated calculation of geometrical parameters of objects, such as perimeter, area, maximum and
minimum length. We use k-means cluster analysis for object separation at various scales, macroscopic or
microscopic, such as crystal separation in rock thin sections based on their colour and/or their luminance
and also to provide textural data. The overall code automates a series of procedures that lead to the
exact definition of the areas, perimeters, and the maximum and minimum lengths of limestone grains of
industrial use. Histograms of the maximum and minimum lengths are provided, which constitute useful
parameters to establish grain shape and elongation. They are compared with results from measurements
of gravel sizes using sieves. Image analysis is a non-destructive technique, with the advantage of analysing
quickly a larger volume of sample. Measured sizes are more correct than when sieves are used.

I INTRODUCTION

The mathematical software Matlab extracts
information from objects that they may either be
captured by an imaging system or schematically
rendered into visual form. The calculation of the
geometrical parameters of objects, such as area,
perimeter, centroid, orientation, maximum and
minimum length, requires initially processing and
fmally, for coloured images, transformation to
binary images.

In this paper we calculated the size and shape
parameters from samples of crushed limestone
aggregates: coarse gravel (4/32 mm fraction), fine
gravel (4/20 mm fraction), and all-in-one (0/32 mm
fraction). The main objective of this project was
to estimate visually the flakiness and shape indi
ces of these limestone aggregates and to establish
the relations that will enable us to correlate visual
and sieving methods of determination. Crushed
unbound aggregates have many applications in the
construction industry. Furthermore, the shape of
the aggregate particles affects the size distribution
and the packing density of the materials, and con
sequently the mechanical properties of concrete,
mortars, and road pavement materials that contain
them (e.g., Lees 1964). There are several methods
to measure the shape of aggregate particles. Cur
rently, the most common are manually based, e.g.,
EN 933-3 and EN 933-4. In this study, the param
eters that were calculated (in two dimensions) from
the aggregates were extracted by images captured

from 30 cm distance from the specimens. Random
distribution of gravels from each specimen were
placed on a green background. At least four pho
tos from each specimen were taken, each specimen
photos contained up to a few hundred particles
(139-382), which were manually arranged not to
significantly overlap or touch each other.

A mathematical method called k-means cluster
analysis was applied in Matlab in order to sepa
rate gravels from the background and measure the
already mentioned parameters. K-means cluster
ing is a method of cluster analysis which aims to
partition n observations into k clusters in which
each observation belongs to the cluster with the
nearest mean.

2 COLOUR-BASED SEGMENTATION
USING K-MEANS CLUSTERING

2.1 K-means clustering

K-means clustering, k-means for short, is one of
the most well-known methods for data clustering.
The goal of k-means is to find k points of a data
set that can best represent the dataset in a certain
mathematical sense. These k points are also known
as cluster centres or centroids.

The procedure follows a simple and easy way to
classify a given data set through a certain number
of clusters (assume k clusters). The main idea is
to define k centroids, one for each cluster. These
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centroids are placed in random locations, but the
best choice is to place them as much as possible far
away from each other. The next step is to take each
point belonging to a given data set and associate it
to the nearest centroid. That is to calculate the dis
tance between cluster centroid to each point based
on the Euclidean distance and create a distance
matrix of the form:

D = [ d(pl,ql); d(pl,q2) d(~l,qj)]

d(pi,ql) d(pi,q2) d(pi,qj)

The Euclidean distance is given by

d(p,q) = ~(pl- ql)2 + (p2- q2)2

where d(p,q) the distance between each centroid
p(Px'p) and the point q(qx,qy).

Each column in the distance matrix symbolizes
an object. The first row of the distance matrix cor
responds to the distance of each object to the first
centroid; the second row is the distance of each
object to the second centroid and so on. When no
point is pending, we assign each object based on
the minimum distance to the nearest centroid and
the first step is completed and an early groupage is
done. At tbis point we need to re-calculate knew
centroids as barycenters of the clusters resulting
from the previous step. After we have these knew
centroids, a new binding has to be done between
the same data set points and the nearest new cen
troid. A loop has been generated (Figure I). As a
result of this loop we may notice that the k centro
ids change their location step by step until no more
changes are possible. In other words, the centroids
do not move any more.

No

Figure 1. A loop for centroid estimation and data clus
tering (reproduced from Kardi Teknomo, PhD, 2007).

2.2 Image segmentation using k-means clustering

In image processing k-means clustering aims at
image separation in part depending on object col
our and/or its brightness. Thus, regions with the
same colours and/or brightness are plotted sepa
rately compared to regions with different colour
and/or brightness.

An algorithm based on k-means clustering was
developed in Matlab for separating the limestone
grains from the green background. The first step is
to define how many colours are in an image. The
groups, thus the clusters, we want to separate in the
images are two, the grains and the background. We
use the Lab colour space (also known as CIELAB
or CIE L*a*b*) in order to distinguish these colour
differences. The L*a*b* space consists of a lumi
nosity layer 'L*', a chromaticity-layer 'a*' indicat
ing where colour falls along the red-green axis, and
a chromaticity-layer 'b*' indicating where the col
our falls along the blue-yellow axis (Figure 2). All
of the colour information is in the 'a*' and 'b*' lay
ers. One can measure the difference between two
colours using the Euclidean distance metric.

Figure 2. The eIE L*a*b* colour space.

Figure 3. Limestone grains on the green background
before the segmentation.
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Figure 4. Limestone grains after the segmentation
using k-means clustering.

The separation between' the grains and the
background is represented in Figure 4, as it results
from the original Figure 3. The image containing
only the grains must be converted from RGB to
binary for the calculation of the perimeter, area,
and maximum and minimum length. Binary clas
sification has been applied.

3 RESULTS

The results of the visual determination of the
grain size parameters are plotted On frequency his
tograms in Figures 5 and 6. The top two graphs
of each figure show the distribution of the major
and minor size, respectively, of the gravel grains in
each fraction. It must be mentioned that the top
graphs have been derived from our code developed
in Matlab and the intervals for the maximum and
minimum length were taken by 20. The bottom
graph is the distribution of the nominal gravel sizes
measured with sieves.

The distribution of the sizes of the major axis
of the coarse gravel fraction peaks at about 2.8 em,
with a better defined shape of the distribution com
pared to the histogram showing the distribution of
the minor axis, which describes a more complicated

Distribution of the major axis
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Figure 5. Major- Minor axis length respectively of the
coarse gravel (4/32) fraction (top graphs), and the distri
bution of manually measured sizes (bottom graph).

distribution of sizes. This averages at about 2.3 em.
The nominal size distribution of the same fraction,
measured with the use of sieves, is shown in the
bottom graph of the figure and it peaks at about
2.3 em, with a skew towards smaller sizes.

Similarly, the fine fraction is determined with
visual methods to average at about 1.6 em, when
the distribution of the major axis is considered.
The distribution of the minor axis is again compli
cated with multiple peaks (e.g. 1.1, 1.4 and 1.6 em),
probably representing multiple distributions. The
distribution produced by manual measurements
using sieves peaks at about 1.0 em.

Figure 7 is a gravel fraction which is a mixture
of the previous two size fractions. Distributions for
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We have applied a k-means clustering method in
Matlab for image segmentation and calculation
of geometrical parameters of limestone grains of
industrial importance, such as the area, perimeter,
and maximum and minimum lengths in order to
estimate their shape and their size distribution.
This is the first investigation to check if quality
control issues can be treated in this way on the
production of gravel fractions of well-defined sizes
and shapes. Currently, the parameters are calcu
lated taking account only two dimensions; future
work will focus on developing k-means clustering
on three-dimensional parameter calculation (form,
sphericity, flatness index etc.).

Our results show that manual methods of size
distribution estimation using sieves do not result to
the real size and shape of the gravel. For both frac
tions we observe that the gravel size measured with
sieves averages very close to the values of the minor
axis that it is estimated by the image processing
methods applied in this work. The grain sizes of the
major axis (larger dimension) cannot be measured
when sieves are used, producing therefore errone
ous results when flakiness and shape parameters are
estimated. This is of course expected since gravels
after the continuous mechanical vibration finally
orientate themselves to their minimum dimension
through the sieve. Consequently, the digital meth
ods described here are most appropriate for meas
uring the true size and shape of gravels and can be
used for a correct quality control during produc
tion. Labour-intensive and time-consuming labo
ratory mechanical measurements, e.g. using sieves,
can be eliminated and digital methods can increase
production, reducing costs and effort, while they
can also enable real-time quality control.
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Figure 6. Major- Minor axis length respectively of the
coarse gravel (4/20) fraction (top graphs), and the distri
bution of manually measured sizes (bottom graph). REFERENCES

Figure 7. Major- Minor axis length respectively of the
all-in-one, 0/32 fraction.

both minor and major axes have multiple peaks,
close to the peaks identified from the individual
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mation, however verifies our results.
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Non-destructive evaluation (NDE) methods have dominated most of the fields of
applied research and technology over the last twenty years. These techniques
provide information on the functional efficiency of materials and structures
without causing any structural impact on the structure itself. Their use enables
the monitoring of the structural integrity, the structural condition as well as the
service in-duced degradation of materials and structures during their service
life. In this respect, they address a vast field of applications ranging from the
aerospace and automotive industry to civil engineering structures and material
quality control.

This volume comprises scientific papers presented during the Fifth Conference
on Emerging Technologies in Non-Destructive Testing (Ioannina, Greece, 19-21
September 2011). A broad spectrum of related research was presented during
the course of the conference, including optical, acoustic, thermal, electrical
and electromagnetic methods together with imaging tomographic and signal
processing techniques. Special attention was given to NDE for Civil Engineering
Structures and for the first time in the conference series, a multiple session on
NDE for the pr9tection of cultural heritage was organized.

Emerging Technologies in Non-Destructive Testing V contains contributions
by experts in this field from 22 different countries worldwide. Reflecting the state
of-the-art in Non-Destructive Evaluation, the book will prove to be a valuable
companion to students, engineers and industrial partners who are active in the
field of non-destructive evaluation and testing. This volume will also provide
students and researchers with insight into the focal points of contemporary
research efforts in the field of non-destructive evaluation.

ISBN-13:

II
9 780415 621311


	Image (2)
	Image (3)
	Image (4)
	Image (5)
	Image (6)
	Image (7)
	Image (8)
	Image

