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USAGE OF 3-D BASED METHODS FOR THE DETECTION
OF AGGREGATE MICROTEXTURE

Some of the available advanced three-dimensional based methods for measurement of microtexture have been described. These methods

are generally divided into three categories, namely image analysis based methods, laser based methods and photogrammetry methods. Moreo-

ver, a particle of aggregate can be captured using a stereomicroscope and using the appropriate software to obtain a 3-D image of investigated

aggregate. Software also includes an interactive measurement tool that allows to obtain a profile of aggregate particle. The stereomicroscope

method is also presented in the paper. The usage of the microscope for the detection of aggregate microtexture allows to eliminate some of the

disadvantages of described methods and provides additional opportunities for microtexture evaluation.
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1. Introduction

Microtexture is defined as configuration of particular peaks
on the surface of aggregate particles. Microtexture is very
considerable parameter in term of skid resistance and mainly
influence friction at low speeds on dry pavement surface [1].
Microtexture is also necessary to assure high friction value
between a tire and pavement [2]. Microtexture is characterized
by wavelengths and amplitudes in the range between lum - 0.5
mm [3].

In [4], the microtexture is defined as the angularity of the
aggregate particle, which represents geometric attribute of the
aggregate to have sharp edges (Fig. 1). The more shaped surface
of the aggregate, firmer and also sharper material of surface
means that better and more lasting friction is expected.

It is clear that the possibilities of measuring microtexture
and the knowledge of the roughness of aggregate particles are
particularly important for road traffic safety.
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Fig. 1 Geometry of aggregate [5]
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Variety of methods has been developed for detection of
microtexture. These methods can be generally divided into manual
measurements, detection of microtexture based on comparison
and digital image analysis methods. The manual methods and
the methods on basis of comparison are easy to realize, but
are considered as subjective and time consuming. The current
development of technique provides enhancement of microtexture
detection methods by the methods obtaining outputs in the form
of three-dimensional image of investigated particle.

2. Methods based on an image analysis

Determination of microtexture using digital image analysis
methods (DIAM methods) generally consists of image acquisition,
the image processing (image editing) and subsequent evaluation
of the image by various methods. The image analysis means
conversion of image to data. Because the digital image is used,
all transformations and calculations are implemented in pixels. In
most cases, the evaluation is carried out by various mathematical
algorithms in different computing programs. Many of used
algorithms are complicated and very difficult to programming.
Therefore, this method requires considerable computer knowledge
and longer processing time.

A wide range of complex systems based on digital image
analysis which allow obtaining a 3D view of the particle and
then evaluation of aggregate microtexture have been developed.
These systems generally consist of mechanisms for obtaining
high-quality images of aggregates and evaluation software. These
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systems include, for example, the system UIAIA (University of

Illinois Aggregate Image Analyzer - Fig. 2).
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Fig. 2 UIAIA system [5]

The UIAIA uses three cameras to capture projections of a
particle from three orthogonal directions. The UIAIA features
a moving conveyor belt that carries the individual aggregate
particle into the view of a sensor, which detects the particle
and immediately triggers the cameras. The use of three images
for each particle allows creating the 3-D view of each particle.
This system uses for microtexture evaluation the outline slope
angularity index. The outline slope angularity index measures
the angularity of a particle as change in the slope of the particle
polygon outline (Fig. 3).

Fig. 3 The polygon outline of particle [6]

The main disadvantage of these systems is that the available
parameters for angularity characteristics of aggregate particles by
these methods are based on analysis of 2-D images. Despite of this
disadvantage complex systems provide outputs in the form of 3-D
view of the particle, the appropriate evaluation software of these
systems allows microtexture evaluation of individual particles
only by 2-D parameters. Then, the resultant value is assessed as
the average value of the parameters obtained from the evaluation
of 2-D images of many projected sides of an aggregate particle.

In general, disadvantage of 2-D parameters based on digital
image analysis is that these parameters allow to capture only the
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larger peaks on the surface of aggregate particles. As the result of
this, only the upper part of microtexture range is included into
the evaluation. Used microtexture parameters are described in
the [6].

3. 3D laser scanning device

This laser-based method is intended for simple three-
dimensional (3-D) reconstruction of aggregate particles (Fig.
5). The 3-D laser scanning device in Fig. 4 uses advanced non-
contact laser sensors to scan an object in three dimensions.
Aggregate particles are scanned on rotating plate using a laser
beam, which travels vertically up the rotating object to generate
three dimensional digital scan file. Data processing software is an
integral part of the 3-D laser device [7].

Fig. 4 3D laser scanning device [8]

Fig. 5 3D image of aggregate particle obtained by 3D laser

scanning device [8]

This method has the same disadvantage as in the case of the
above presented methods of digital image analysis. The entire
evaluation is carried out automatically, but by the 2D parameters.
The capture of the entire field of microtexture values is also
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problematic, because of the laser device software, which scans
objects with a 0.1 mm scanning resolution.

4. Photogrammetry method

The photogrammetry method is another method for the
detection of microtexture, which allows obtaining the outputs
in the 3-D form (Fig. 7). Photogrammetry is a set of methods
for obtaining the coordinates of prepared aggregate sample (Fig.
6) from analogue or digital photography. The principle of this
method is in obtaining photographs, getting the coordinates
of the surface using the appropriate software and the further
transformation of the coordinates in the 3-D model.

Fig. 6 Sample of aggregates used for obtaining the 3D aggregate
image by photogrammetry method [9]

This method uses software Mountain Map for microtexture
evaluation. The advantage of this software is that it enables to
include into evaluation the entire particle surface by volume
characteristics. One of the possibilities is to use the material ratio
curve so-called the Abbott-Firestone curve.

Fig. 7 The photogrammetry method used for obtaining
the 3D aggregate image [9]
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Using the Abbott curve, a graphical analysis can be
performed in order to retrieve volume parameters characterizing
the roughness of aggregate particle. According to Fig. 8, the curve
distributes the surface texture into four volume parameters: Vmp
(peak material volume), Vmc (core material volume), Vvc (core
void volume) and Vvv (valley of the void volume) [9]. Then, the
resultant characteristic of microtexture represents the volume
parameter Vmp (peak material volume) (Fig. 9). The downside is
that this method requires considerable computer knowledge and
longer processing time.
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Fig. 9 Characteristic of microtexture represented
by the volume parameter Vimp (peak material volume) [10]

5. Usage of microscope method for the detection
of microtexture

It is possible to scan a particle of aggregate by a microscope
(e.g. NIKON AZ 100). On the basis of the software Nis Elements
D it is possible to achieve a 3-D view of investigated aggregate
(Fig. 10). This view can be exported into the wrml (Virtual
Reality Modelling Language) format. It makes possible to image
the aggregate in 3-D also apart from the software Nis Elements D
in the workspaceof different programs (e.g. in the workspace of
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Matlab program - Fig. 11). The appropriate software also includes
an interactive measurement toll EDF profile. Usage of this one
allows obtaining the coordinates of singular profiles of aggregate.
The acquired profile of aggregate is then expressed by x (y) and z
coordinates. This data file can be also exported to various formats.

The principle of 3-D view acquirement by microscope rests
in scanning of aggregate particle by cameras at different height
levels. Aggregate particle is scanned on the microscope stage,
which is vertically moved in micro steps by rotary knob. Then, the
software creates the resultant 3-D image from the images obtained
by scanning. The accuracy of the obtained output depends on the
before selected range of scanning, of the number of steps and the
required zoom level.

Fig. 10 Three-dimensional view of aggregate particle obtained by

microscope
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Fig. 11 Image of aggregate in the Matlab program workspace

The main advantage of this method is the possibility to image
aggregate particle in 3-D apart from the software Nis Elements D
in the workspace of different programs. Then, a program can be
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used for following evaluation. The program allows microtexture
evaluation by 3-D parameters and eventually deals with creation of
new parameters, which provide new possibilities of microtexture
evaluation using the surface areas and volumes.

An aggregate particle can be captured by microscope in
different zoom levels. It provides the capturing of the entire
field of microtexture values and it gives more accuracy and
better representativeness of results (compared to other detection
methods of microtexture).

In all, the process of measuring by microscope is not time-
consuming and it is quite simple.

6. Conclusion

The possibility that microtexture information can be obtained
from three-dimensional data by the 3-D image methods involves
the series of advantages in monitoring the aggregate microtexture.
By these outputs, it is possible to detect aggregate microtexture
in a more realistic way. In particular, it allows determination of
microtexture characteristics with high accuracy and reliability of
the results when compared to other used microtexture detection
methods.

Despite of these advantages, these methods have still some
limitations. The main limitation of these systems is that the
systems provide outputs in the form of a 3-D view of the particle
and the appropriate evaluation software of these systems allows
microtexture evaluation of individual particles only by 2-D
parameters.

Generally, the approach to quantification of aggregate
microtexture based on the microscope methods is not commonly
used as compared to other 3-D based methods. The usage of the
microscope method for the detection of aggregate microtexture
allows eliminating some of the disadvantages of described
methods and mainly the limitation in the form of resultant 2-D
image analysis.

Using these outputs in the tree-dimensional form obtained by
microscope method gives possibility to include into the evaluation
the entire surface of the investigation particle of the aggregate
and also deals with microtexture evaluation based on volume
characteristics.

The previous considerations can be used as a starting point
for further studies of aggregate microtexture by the microscope
method. Working with a 3-D surface, it is possible to go one
step further and move to evolution of new parameters, with
the main aim to find the most suitable parameter as the best
characterization of microtexture. Possible further applications of
these indicators can be very useful for more complex evaluation
of pavement microtexture.
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