
 

LODZ UNIVERSITY OF TECHNOLOGY 

 

 

 

 

MICROSTRUCTURAL 

SEGMENTATION OF 3D 

IMAGES OF ALSPHALT 

SPECIMEN USING MATLAB 

ENGINE 

 

Supervisor: Dr. Marcin Janaszewski 

Co-supervisor: Dr. Laurent Babout 

 

 

 

JON ARTIAGA GARCIA-MIGUEL 

E.U.I.T.T. UNIVERSIDAD POLITECNICA DE MADRID 



PROYECTO FIN DE CARRERA 
 
 
 

 
TEMA: PROCESADO DE IMÁGENES EN MATLAB 

 
 
TÍTULO: MICROSTRUCTURAL SEGMENTATION OF 3D IMAGES OF 
ALSPHALT SPECIMEN USING MATLAB ENGINE 

 
 

AUTOR: JON ARTIAGA GARCIA-MIGUEL 

TUTOR: Dr. LAURENT BAOUT        

DEPARTAMENTO: SISTEMAS DE TELECOMUNICACÓN 

CENTRO DE LECTURA: LODZ UNIVERSITY OF TECHNOLOGY 

Fecha de Lectura: 18 de febrero 2013 

Calificación:  5 (10)    
 

 
RESUMEN DEL PROYECTO: 

 
En este proyecto se ha desarrollado un código de MATLAB para el procesamiento de imágenes 
tomográficas 3D,  de muestras de asfalto de carreteras en Polonia. Estas imágenes en 3D han 
sido tomadas por un equipo de investigación de la Universidad Tecnológica de Lodz (LUT). El 
objetivo de este proyecto es crear una herramienta que se pueda utilizar para estudiar las 
diferentes muestras de asfalto 3D y pueda servir para estudiar las pruebas de estrés que 
experimentan las muestras en el laboratorio. Con el objetivo final de encontrar soluciones a la 
degradación sufrida en las carreteras de Polonia, debido a diferentes causas, como son las 
condiciones meteorológicas. 
 
La degradación de las carreteras es un tema que se ha investigado desde hace muchos años, 
debido a la fuerte degradación causada por diferentes factores como son climáticos, la falta de 
mantenimiento o el tráfico excesivo en algunos casos. Es en Polonia, donde estos tres factores 
hacen que la composición de muchas carreteras se degrade rápidamente, sobre todo debido a 
las condiciones meteorológicas sufridas a lo largo del año, con temperaturas que van desde 30° 
C en verano a -20° C en invierno. Esto hace que la composición de las carreteras sufra mucho y 
el asfalto se levante, lo que aumenta los costos de mantenimiento y los accidentes de carretera. 
 
Este proyecto parte de la base de investigación que se lleva a cabo en la LUT, tratando de 
mejorar el análisis de las muestras de asfalto, por lo que se realizarán las pruebas de estrés y 
encontrar soluciones para mejorar el asfalto en las carreteras polacas. Esto disminuiría 
notablemente el costo de mantenimiento. A pesar de no entrar en aspectos muy técnicos sobre el 
asfalto y su composición, se ha necesitado realizar un estudio profundo sobre todas sus  
características, para crear un código capaz de obtener los mejores resultados. 
 
 



Por estas razones, se ha desarrollado en Matlab, los algoritmos que permiten el estudio de los 
especímenes 3D de asfalto. Se ha utilizado este software, ya que Matlab es una poderosa 
herramienta matemática que permite operar con matrices para realización de operaciones 
rápidamente, permitiendo desarrollar un código específico para el tratamiento y procesamiento 
de imágenes en 3D. Gracias a esta herramienta, estos algoritmos realizan procesos tales como, 
la segmentación de la imagen 3D, pre y post procesamiento de la imagen, filtrado o todo tipo de 
análisis microestructural de las muestras de asfalto que se están estudiando.El código 
presentado para la segmentación de las muestras de asfalto 3D es menos complejo en su diseño 
y desarrollo, debido a las herramientas de procesamiento de imágenes que incluye Matlab, que 
facilitan significativamente la tarea de programación, así como el método de segmentación 
utilizado.  
 
Respecto al código, este ha sido diseñado teniendo en cuenta el objetivo de facilitar el trabajo de 
análisis y estudio de las imágenes en 3D de las muestras de asfalto. Por lo tanto, el principal 
objetivo es el de crear una herramienta para el estudio de este código, por ello fue desarrollado 
para que pueda ser integrado en un entorno visual, de manera que sea más fácil y simple su 
utilización. Ese es el motivo por el cual todos estos algoritmos y funciones, que ha sido 
desarrolladas, se integrarán en una herramienta visual que se ha desarrollado con el GUIDE de 
Matlab. Esta herramienta ha sido creada en colaboración con Jorge Vega, y ue desarrollada en 
su proyecto final de carrera, cuyo título es: Segmentación microestructural de Imágenes en 3D de 
la muestra de asfalto utilizando Matlab. En esta herramienta se ha utilizado todo las funciones 
programadas en este proyecto, y tiene el objetivo de desarrollar una herramienta que permita 
crear un entorno gráfico intuitivo y de fácil uso para el estudio de las muestras de 3D de asfalto. 
 
Este proyecto se ha dividido en 4 capítulos, en un primer lugar estará la introducción, donde se 
presentarán los aspectos más importante que se va a componer el proyecto. En el segundo 
capítulo se presentarán todos los datos técnicos que se han tenido que estudiar para desarrollar 
la herramienta, entre los que cabe los tres temas más importantes que se han estudiado en este 
proyecto: materiales asfálticos, los principios de la tomografías 3D y el procesamiento de 
imágenes. Esta será la base para el tercer capítulo, que expondrá la metodología utilizada en la 
elaboración del código, con la explicación del entorno de trabajo utilizado en Matlab y todas las 
funciones de procesamiento de imágenes utilizadas. Además, se muestra todo el código 
desarrollado, así como una descripción teórica de los métodos utilizados para el pre-
procesamiento y segmentación de las imágenes en 3D. En el capítulo 4, se mostrarán los 
resultados obtenidos en el estudio de una de las muestras de asfalto, y, finalmente, el último 
capítulo se mostraran las conclusiones obtenidas durante el desarrollo de este proyecto. 
 
En este proyecto se ha llevado han realizado todos los puntos que se establecieron como punto 
de partida en el anteproyecto para crear la herramienta, a pesar de que se ha dejado para futuros 
proyectos nuevas posibilidades de este codigo, como por ejemplo, la detección automática de las 
diferentes regiones de una muestra de asfalto debido a su composición. Como se muestra en 
este proyecto, las técnicas de procesamiento de imágenes se utilizan cada vez más en multitud 
áreas, como pueden ser  industriales o médicas. En consecuencia, este tipo de proyecto tiene 
multitud de posibilidades, y pudiendo ser la base para muchas nuevas aplicaciones que se 
puedan desarrollar en un futuro. 
 
Por último, se concluye que este proyecto ha contribuido a fortalecer las habilidades de 
programación, ampliando el conocimiento de Matlab y de la teoría de procesamiento de 
imágenes. Del mismo modo, este trabajo proporciona una base para el desarrollo de un proyecto 
más amplio cuyo alcance será una herramienta que puedas ser utilizada por el equipo de 
investigación de la Universidad Tecnológica de Lodz y en futuros proyectos. 
 

 

 

 

   



RESUMEN 

En este proyecto se ha desarrollado un código de MATLAB para el procesamiento de imágenes 
tomográficas 3D,  de muestras de asfalto de carreteras en Polonia. Estas imágenes en 3D han 
sido tomadas por un equipo de investigación de la Universidad Tecnológica de Lodz (LUT). El 
objetivo de este proyecto es crear una herramienta que se pueda utilizar para estudiar las 
diferentes muestras de asfalto 3D y pueda servir para estudiar las pruebas de estrés que 
experimentan las muestras en el laboratorio. Con el objetivo final de encontrar soluciones a la 
degradación sufrida en las carreteras de Polonia, debido a diferentes causas, como son las 
condiciones meteorológicas. 

La degradación de las carreteras es un tema que se ha investigado desde hace muchos años, 
debido a la fuerte degradación causada por diferentes factores como son climáticos, la falta de 
mantenimiento o el tráfico excesivo en algunos casos. Es en Polonia, donde estos tres factores 
hacen que la composición de muchas carreteras se degrade rápidamente, sobre todo debido a 
las condiciones meteorológicas sufridas a lo largo del año, con temperaturas que van desde 
30° C en verano a -20° C en invierno. Esto hace que la composición de las carreteras sufra 
mucho y el asfalto se levante, lo que aumenta los costos de mantenimiento y los accidentes de 
carretera. 

Este proyecto parte de la base de investigación que se lleva a cabo en la LUT, tratando de 
mejorar el análisis de las muestras de asfalto, por lo que se realizarán las pruebas de estrés y 
encontrar soluciones para mejorar el asfalto en las carreteras polacas. Esto disminuiría 
notablemente el costo de mantenimiento. A pesar de no entrar en aspectos muy técnicos 
sobre el asfalto y su composición, se ha necesitado realizar un estudio profundo sobre todas 
sus  características, para crear un código capaz de obtener los mejores resultados. 

Por estas razones, se ha desarrollado en Matlab, los algoritmos que permiten el estudio de los 
especímenes 3D de asfalto. Se ha utilizado este software, ya que Matlab es una poderosa 
herramienta matemática que permite operar con matrices para realización de operaciones 
rápidamente, permitiendo desarrollar un código específico para el tratamiento y 
procesamiento de imágenes en 3D. Gracias a esta herramienta, estos algoritmos realizan 
procesos tales como, la segmentación de la imagen 3D, pre y post procesamiento de la 
imagen, filtrado o todo tipo de análisis microestructural de las muestras de asfalto que se 
están estudiando. El código presentado para la segmentación de las muestras de asfalto 3D es 
menos complejo en su diseño y desarrollo, debido a las herramientas de procesamiento de 
imágenes que incluye Matlab, que facilitan significativamente la tarea de programación, así 
como el método de segmentación utilizado.  

Respecto al código, este ha sido diseñado teniendo en cuenta el objetivo de facilitar el trabajo 
de análisis y estudio de las imágenes en 3D de las muestras de asfalto. Por lo tanto, el principal 
objetivo es el de crear una herramienta para el estudio de este código, por ello fue 
desarrollado para que pueda ser integrado en un entorno visual, de manera que sea más fácil y 
simple su utilización. Ese es el motivo por el cual todos estos algoritmos y funciones, que ha 
sido desarrolladas, se integrarán en una herramienta visual que se ha desarrollado con el 
GUIDE de Matlab. Esta herramienta ha sido creada en colaboración con Jorge Vega, y ue 
desarrollada en su proyecto final de carrera, cuyo título es: Segmentación microestructural de 



Imágenes en 3D de la muestra de asfalto utilizando Matlab. En esta herramienta se ha utilizado 
todo las funciones programadas en este proyecto, y tiene el objetivo de desarrollar una 
herramienta que permita crear un entorno gráfico intuitivo y de fácil uso para el estudio de las 
muestras de 3D de asfalto. 

Este proyecto se ha dividido en 4 capítulos, en un primer lugar estará la introducción, donde se 
presentarán los aspectos más importante que se va a componer el proyecto. En el segundo 
capítulo se presentarán todos los datos técnicos que se han tenido que estudiar para 
desarrollar la herramienta, entre los que cabe los tres temas más importantes que se han 
estudiado en este proyecto: materiales asfálticos, los principios de la tomografías 3D y el 
procesamiento de imágenes. Esta será la base para el tercer capítulo, que expondrá la 
metodología utilizada en la elaboración del código, con la explicación del entorno de trabajo 
utilizado en Matlab y todas las funciones de procesamiento de imágenes utilizadas. Además, se 
muestra todo el código desarrollado, así como una descripción teórica de los métodos 
utilizados para el pre-procesamiento y segmentación de las imagenes en 3D. En el capítulo 4, 
se mostrarán los resultados obtenidos en el estudio de una de las muestras de asfalto, y, 
finalmente, el último capítulo se basa en las conclusiones sobre el desarrollo de este proyecto. 

En este proyecto se ha llevado han realizado todos los puntos que se establecieron como 
punto de partida en el anteproyecto para crear la herramienta, a pesar de que se ha dejado 
para futuros proyectos nuevas posibilidades de este codigo, como por ejemplo, la detección 
automática de las diferentes regiones de una muestra de asfalto debido a su composición. 
Como se muestra en este proyecto, las técnicas de procesamiento de imágenes se utilizan cada 
vez más en multitud áreas, como pueden ser  industriales o médicas. En consecuencia, este 
tipo de proyecto tiene multitud de posibilidades, y pudiendo ser la base para muchas nuevas 
aplicaciones que se puedan desarrollar en un futuro. 

Por último, se concluye que este proyecto ha contribuido a fortalecer las habilidades de 
programación, ampliando el conocimiento de Matlab y de la teoría de procesamiento de 
imágenes. Del mismo modo, este trabajo proporciona una base para el desarrollo de un 
proyecto más amplio cuyo alcance será una herramienta que puedas ser utilizada por el 
equipo de investigación de la Universidad Tecnologica de Lodz y en futuros proyectos. 

 



ABSTRACT 

In this project has been developed one code in MATLAB to process X-ray 
tomographic 3D images of asphalt specimens. These images 3D has been 
taken by a research team of the Lodz University of Technology (LUT). The aim 
of this project is to create a tool that can be used to study differents asphalt 
specimen and can be used to study them after stress tests undergoing the 
samples. With the final goal to find solutions to the degradation suffered roads 
in Poland due to differents causes, like weather conditions. 
 
The degradation of the roads is an issue that has been investigated many years 
ago, due to strong degradation suffered caused by various factors such as 
climate, poor maintenance or excessive traffic in some cases. It is in Poland 
where these three factors make the composition of many roads degrade rapidly, 
especially due to the weather conditions suffered along the year, with 
temperatures ranging from 30 o C in summer to -20 ° C in winter. This causes 
the roads suffers a lot and asphalt rises shortly after putting, increasing 
maintenance costs and road accident. 
 
This project part of the base that research is taking place at the LUT, in order to 
better analyze the asphalt specimens, they are tested for stress and find 
solutions to improve the asphalt on Polish roads. This would decrease 
remarkable maintenance cost. Although this project will not go into the technical 
aspect as asphalt and composition, but it has been required a deep study about 
all of its features, to create a code able to obtain the best results. 
 
For these reasons, there have been developed in Matlab, algorithms that allow 
the study of 3D specimens of asphalt. Matlab is a powerful mathematical tool, 
which allows arrays operate fastly, allowing to develop specific code for the 
treatment and processing of 3D images. Thus, these algorithms perform 
processes such as the multidimensional matrix sgementation, pre and post 
processing with the same filtering algorithms or microstructural analysis of 
asphalt specimen which being studied. 
 
All these algorithms and function that has been developed to be integrated into 
a visual tool which it be developed with the GUIDE of Matlab. This tool has 
been created in the project of Jorge Vega which name is: Microstructural 
segmentation of 3D images of asphalt specimen using Matlab engine. In this 
tool it has been used all the functions programmed in this project, and it has the 
aim to develop an easy and intuitive graphical environment for the study of 3D 
samples of asphalt. 
 
This project has been divided into 4 chapters plus the introduction, the second 
chapter introduces the state-of-the-art of the three of the most important topics 
that have been studied in this project: asphalt materials, principle of X-ray 
tomography and image processing. This will be the base for the third chapter, 
which will outline the methodology used in developing the code, explaining the 
working environment of Matlab and all the functions of processing images used. 
In addition, it will be shown all the developed code created, as well as a 
theoretical description of the methods used for preprocessing and 3D image 



segmentation. In Chapter 4 is shown the results obtained from the study of one 
of the specimens of asphalt, and finally the last chapter draws the conclusions 
regarding the development of this project. 
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In this project has been developed one code in MATLAB to process  X-ray 

tomographic 3D images of asphalt specimens. These images 3D has been taken by a 

research team of the Lodz University of Technology (LUT). The aim of this project is 

to create a tool that can be used to study differents asphalt specimen and can be 

used to study them after  stress tests undergoing the samples. With the final goal to 

find solutions to the degradation suffered roads in Poland due to differents causes, 

like weather conditions. 

The degradation of the roads is an issue that has been investigated many 

years ago, due to strong degradation suffered caused by various factors such as 

climate, poor maintenance or excessive traffic in some cases. It is in Poland where 

these three factors make the composition of many roads degrade rapidly, especially 

due to the weather conditions suffered along the year, with temperatures ranging from 

30 º C in summer to -20 ° C in winter. This causes the roads suffers a lot and asphalt  

rises shortly after putting, increasing maintenance costs and road accident. 

This project part of the base that research is taking place at the LUT, in order 

to better analyze the asphalt specimens, they are tested for stress and find solutions 

to improve the asphalt on Polish roads. This would decrease remarkable 

maintenance cost. Although this project will not go into the technical aspect as 

asphalt and composition, but it has been required a deep study about all of its 

features, to create a code able to obtain the best results. 

For these reasons, there have been developed in Matlab, algorithms that allow 

the study of 3D specimens of asphalt. Matlab is a powerful mathematical tool, which 

allows arrays operate fastly, allowing to develop specific code for the treatment and 

processing of 3D images. Thus, these algorithms perform processes such as the 

multidimensional matrix sgementation, pre and post processing with the same filtering 

algorithms or microstructural analysis of asphalt specimen which being studied. 

All these algorithms and function that has been developed to be integrated 

into a visual tool which it be developed with the GUIDE of Matlab. This tool has been 

created in the project of Jorge Vega which name is: Microstructural segmentation of 

3D images of asphalt specimen using Matlab engine. In this tool it has been used all 

the functions programmed in this project, and it has the aim to develop an easy and 

intuitive graphical environment for the study of 3D samples of asphalt.  
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This project has been divided into 4 chapters plus the introduction, the second 

chapter introduces the state-of-the-art of the three of the most important topics that 

have been studied in this project: asphalt materials, principle of X-ray tomography 

and image processing. This will be the base for the third chapter, which will outline 

the methodology used in developing the code, explaining the working environment of 

Matlab and all the functions of processing images used. In addition, it will be shown 

all the developed code created, as well as a theoretical description of the methods 

used for preprocessing and 3D image segmentation. In Chapter 4 is shown the 

results obtained from the study of one of the specimens of asphalt, and finally the last 

chapter draws the conclusions regarding the development of this project. 
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2.1. Asphalt materials 

To begin the study of specimens of asphalt, we must know the main features 

and how is made each specimen. Asphalt is highly a complex heterogeneous material 

consisting of air voids, mastics and aggregates. Mastics consist of binder and fines. 

The overall performance of Asphalt Concrete (AC) is highly dependent on the 

proportions of these constituents, as well as their physical properties and distribution. 

In flexible pavements, the aggregate-to-aggregate contact in the AC layer contributes 

significantly to their ability in distributing vehicular loads to the underlying granular 

layers. Hence, their microstructure plays a significant role in their performance, and 

this is one of the reason why it is very important the study of it. 

The black cementing agent known as asphalt has been used for road 

construction for centuries. Although there are natural deposits of asphalt, or rock 

asphalt, most used today is produced by the oil refining industry. Asphalt is a 

constituent of most petroleums and is isolated through the refining process of 

distillation [1].  

Asphalt is called a bituminous material because it contains bitumen, a 

hydrocarbon material soluble in carbon disulfate. The tar obtained from the 

destructive distillation of soft coal also contains bitumen. Both petroleum asphalt and 

coal tar are referred to as bituminous materials. However, because their properties 

differ greatly, petroleum asphalt should not be confused with coal tar. Whereas 

petroleum asphalt is composed almost entirely of bitumen, the bitumen content in 

coal tar is relatively low. The two materials should be treated as separate entities. 

One of the characteristics and advantages of asphalt as an engineering 

construction and maintenance material is its great versatility. Although a semi-solid at 

ordinary temperatures, asphalt may be liquified by applying heat, dissolving it in 

solvents, or emulsifying it. Asphalt is a strong cement that is readily adhesive and 

highly waterproof and durable, making it particularly useful in road building. It is also 

highly resistive to the actions of most acids, alkalis, and salts. 

Covering more than 90 percent of the nations paved highways, Asphalt 

Concrete is the most widely used paving material. For versatility, durability, and ease 

of construction, it has no equal. 
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2.1.1. Asphalt Concrete 

Asphalt Concrete is known by many different names: hot mix asphalt, plant 

mix, bituminous mix, bituminous concrete, and many others. It is a combination of two 

primary ingredients - aggregates and asphalt cement. The aggregates total 90 to 95 

percent of the total mixture by weight. They are mixed with 5 to 10 percent asphalt 

cement to form Asphalt Concrete. 

The aggregates and asphalt are combined in an efficient manufacturing plant 

capable of producing specified materials. Plant equipment includes: cold bins for 

storage of graded aggregate; a dryer for drying and heating aggregates to the 

required mixing temperature; a pug mill for combining the graded, heated aggregate 

and liquid asphalt cement according to specified mix formulas; and tanks for storing 

the liquid asphalt. 

Asphalt Concrete is transported by truck to the paving site where it is spread 

to a uniform thickness with a mechanical paving or finishing machine. Then the 

material is compacted to the required degree by heavy, self-propelled rollers, 

producing a smooth, well-compacted pavement course. 

The paving or finishing machine places the Asphalt Concrete at temperatures 

above 225ºF. The material should be compacted before the mix temperature falls 

below 175ºF to achieve adequate density. 

2.1.2. Aggregates 

Aggregates of asphalts are hard, inert materials such as sand, gravel, crushed 

stone, slag, or rock dust. Properly selected and graded aggregates are mixed with the 

cementing medium asphalt to form pavements. Aggregates are the principal load-

supporting components of an Asphalt Concrete pavement. They total 90 to 95 percent 

of the mixture by weight and 75 to 85 percent by volume [2]. 
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Figure 1. Illustration of different distributions of Asphalt aggregates [3] 

 

Asphalt Concrete paving aggregates are classified according to source or 

means of preparation. Both gravel and sand are typically pit or bank-run natural 

aggregates. They usually are screened to proper size and washed to remove dirt 

before being used for Asphalt Concrete paving purposes. A brief description of the 

classifications follows. 

2.1.3. Processed aggregates 

When natural pit or bank-run aggregate has been crushed and screened to 

make it suitable for Asphalt Concrete pavements, it is considered a processed 

aggregate. Crushing typically improves the particle shape by making the rounded 

particles more angular. Crushing also improves the size distribution and range. 

Crushed stone is also a processed aggregate. It is created when the 

fragments of bedrock and large stones are crushed so that all particle faces are 

fractured. Variation in size of particles is achieved by screening. Aggregates that have 

received little or no screening are known as crusher run. These aggregates are 

generally more economical than screened aggregates and can be used in Asphalt 

Concrete pavements in many instances. 

In the processing of crushed limestone, the rock dust produced is separated 

from the other crushed aggregate and may be used as crushed sand or as a mineral 

filler in Asphalt Concrete pavements. 
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2.1.4. Properties of aggregates 

Selection of an aggregate material for use in an Asphalt Concrete pavement 

depends on the availability, cost, and quality of the material, as well as the type of 

construction for which it is intended. To determine if an aggregate material is suitable 

for use in asphalt construction, evaluate it in terms of the following properties [1]: 

1. Size and grading. The maximum size of an aggregate is the smallest sieve 

through which 100 percent of the material will pass. How the Asphalt Concrete is to 

be used determines not only the maximum aggregate size, but also the desired 

gradation  

2. Cleanliness. Foreign or deleterious substances make some materials unsuitable 

for paving mixtures. 

3. Toughness. Toughness or hardness is the ability of the aggregate to resist 

crushing or disintegration during mixing, placing, and compacting; or under traffic 

loading. 

4. Soundness. Although similar to toughness, soundness is the aggregate’s ability to 

resist deterioration caused by natural elements such as the weather. 

5. Particle shape. The shapes of aggregate particles influence the asphalt mixtures 

overall strength and workability as well as the density achieved during compaction. 

When compacted, irregular particles such as crushed stone tend to “lock” together 

and resist displacement. 

6. Surface texture. Workability and pavement strength are influenced by surface 

texture. A rough, sandpapery texture results in a higher strength than a smooth 

texture. Although smooth-faced aggregates are easy to coat with an asphalt film, they 

are generally not as good as rough surfaces. It is harder for the asphalt to “grip” the 

smooth surface. 

7. Absorption. The porosity of an aggregate permits the aggregate to absorb asphalt 

and form a bond between the particle and the asphalt. A degree of porosity is desired, 

but aggregates that are highly absorbent are generally not used. 

8. Stripping. When the asphalt film separates from the aggregate because of the 

action of water, it is called stripping. Aggregates coated with too much dust also can 

cause poor bonding which results in stripping. Aggregates readily susceptible to 
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stripping action usually are not suitable for asphalt paving mixes unless an anti-

stripping agent is used. 

2.2. Introduction X-ray tomography 

As it is said at the beginning, characterization of composite materials, such as 

Asphalt Concrete (AC) and other engineering materials is required to provide data for 

design and construction. The introduction of tomography technology, such as x-ray 

tomography into engineering field makes it possible to obtain material microstructure 

without disturbing the phase configuration. Along with the development of image 

analysis technology, image data can be manipulated to obtain digitalized sample 

reconstruction.  

X-ray computerized tomography (CT) was introduced into civil engineering 

area to obtain material internal microstructure and detect fault. Recent development 

in image analysis has made it possible to deal with three-dimensional (3-D) 

microstructural characterization and individual material modeling separately. 

Combined with numerical methods, they can be used to conduct digital test as an 

alternative of laboratory and field tests [4]. 

2.2.1. X-ray tomography 

Tomography is a technique which is employed to get a detailed image of a 

plane section of a solid object such as the body or material while blurring out the 

image of the other parts of the plane. This can be done with use of any penetrating 

waves such as the X-ray. There are different types of tomography such as the 

magnetic induction tomography, ultra sound tomography, neutron tomography, X-ray 

computed tomography, etc [5]. This aim of this theme is to explain the process and 

uses of X-ray computed tomography of microstuctural of asphalt specimens. X-ray 

computed tomography is a method based on tomography that creates three-

dimensional images of inside of an object by computer processing.  

2.2.1.1. General principles of X-ray tomography 

The X-ray tomography is of a great use in several areas, especially in the 

medical or industrial field. With the help of CT we can acquire a whole range of 2-

dimensional X-ray images of thin slices through a solid. The 2-D images of the 

internal structure that we require can be obtained through there construction of many 

1-D projections of the particular object acquired at different angles, which is the basic 
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principle behind which the X-ray CT works. We can also get a three-dimensional 

image of the solid part by reconstructing multiple images of adjacent slices.  

 

Figure 2. Three dimensional internal microstructure of a testing sample is 
reconstructed from series of x-ray tomography images [6] 

To get an image of a thin slice of the particular part of the solid that we are 

interested in, the X-ray beams are accumulated such that they give a thin beam of 

rays. A detector is kept opposite to the X-ray source. The detector records the 

number of X-rays that are passed through the solid and produce a 1-dimensional 

projection. Xenon filled ionisation chambers are mostly used as detectors in CT 

scanning. As xenon has a high atomic number 66, it allows for photoelectric 

interactions with the gas and the incoming X-rays which can then give a better result. 

These images are then reconstructed and the solid images are formed by a 

mathematical process called the tomographic reconstruction. There is a signal loss as 

the X-rays pass through the tissue slices. The signal intensities are found by the 2-

dimensional distribution of the tissue attenuation coefficients within the slices. The X-

ray source and the detector are such that they are opposite to each other and kept 

together in a spherical structure. They are then rotated by a certain angle and the 

whole process is repeated again until we get enough data so as to reconstruct the 

image. This is done by a process called the back projection. There constructed image 

then appears on the screen kept outside which is then used for further examination of 

the solid part [4]. 
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Figure 3. Components of X-ray Computed Tomography System [7] 

2.2.1.2 Characterization of asphalt by X-ray tomography 

X-ray tomography is a nondestructive method to capture the internal structure 

of materials. Figure 3 shows the components of X-ray CT. The test of asphalt 

specimen is placed between an X-ray source and a detector. X-rays that pass 

through the test specimen along several different paths in several different directions 

produce a set of CT images. The intensity of X-rays is measured before it enters the 

specimen and after it passes through it. Scanning of a slice is complete after 

collecting the intensity measurements for a full rotation of the specimen. The 

specimen is then shifted vertically by a fixed amount (the slice thickness), and the 

entire procedure is repeated to generate additional slices. The resulting X-ray CT 

image is a map of the spatial distribution of density [7]. 

Once images of the internal structure are captured, imaging techniques can be 

used to extract significant information from the image. Figure 3 illustrates the process 

of analyzing the rocks distribution in an asphalt specimen using the X-ray CT system 

and image analysis techniques [8]. The captured image consists of 256 levels of gray 

intensity that correspond to different densities within the specimen. Using a suitable 

gray intensity threshold value, rocks can be separated from other mix constituents. 

How it will shown in the next chapter, the threshold level represents a boundary value 

below which pixels in the analyzed image are considered as part of the rocks. Pixels 

that have intensity values above the threshold value are considered to belong to the 

remaining phases. This kind of analysis is capable of quantifying the vertical and 

horizontal distributions of rocks and other aggregates, size distribution or connectivity 

of them. 
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2.2.2. Image processing for computed tomography 

Image reconstruction may take place in parallel with data acquisition in order 

to minimize the delay between the end of data acquisition and the display of the 

images on the operator’s console. As the signals corresponding to one projection are 

being acquired, those from the previous projection are being amplified and digitized, 

and those from the projection previous to that are being filtered and processed. 

In order to illustrate the issues involved in image reconstruction, consider the 

raw projection data that would be acquired from a simple object such as an ellipse 

with a uniform attenuation coefficient, as shown in figure 4. The reconstruction goal is 

illustrated on the right of figure 4 for a simple 2 × 2 matrix of tissue attenuation 

coefficients: given a series of intensities I1, I2, I3, I4, what are the values of the 

attenuation coefficients μ1, μ2, μ3, μ4. 

For each projection, the signal intensity recorded by each detector depends 

upon the attenuation coefficient and the thickness of each tissue that lies between the 

X-ray source and that particular detector. For the simple case shown on the right of 

Figure 4, two projections are acquired, each consisting of two data points: projection 

1 (I1 and I2) and projection 2 (I3 and I4). If the image to be reconstructed is also a 

two-by-two matrix, then the intensities of the projections can be expressed in terms of 

the linear attenuation coefficients by 

 

 

Figure 4. Two projections acquired from an elliptical test object [9] 
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where x is the dimension of each pixel. It might seem that this problem could be 

solved by matrix inversion or similar techniques. These approaches are not feasible, 

however, first due to the presence of noise in the projections (high noise levels can 

cause direct inversion techniques to become unstable), and second because of the 

large amount of data collected. If the data matrix size is, for example, 1024 × 1024, 

then matrix inversion techniques become very slow. Image reconstruction, in practice, 

is carried out using either back projection algorithms or iterative techniques [9]. 

2.3. What is image processing? 

To complete the State-of-Art of the project is necessary to explain that is 

Image processing which involves changing the nature of an image in order to either 

improve its pictorial information for human interpretation or render it more suitable for 

autonomous machine perception. 

We shall be concerned with digital image processing, which involves using a 

computer to change the nature of a digital image. It is necessary to realize that these 

two aspects represent two separate but equally important aspects of image 

processing. A procedure which satisfies condition which makes an image “look better” 

may be the worst process for satisfying condition. Humans like their images to be 

sharp, clear and detailed, machines prefer their images to be simple and uncluttered. 

This is the reason for any image processing operation, it needs to transform the 

grey values of the pixels. However, image processing operations may be divided into 

three classes based on the information required to perform the transformation. From 

the most complex to the simplest, they are: 

 

1. Transforms. We require a knowledge of all the grey levels in the entire image 

to transform the image. In other words, the entire image is processed as a 

single large block. This may be illustrated by the diagram shown in figure 5. 
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Figure 5. Schema for transform processing[10] 

 

2. Spatial filters. To change the grey level of a given pixel we need only to know 

the value of the grey levels in a small neighborhood of pixels around the given 

pixel. 

3. Point operations. A pixel's grey value is changed without any knowledge of its 

neighborhood. 

Although point operations are the simplest, they contain some of the most 

powerful and widely used of all image processing operations. They are especially 

useful in image pre-processing, where an image is required to be modified before the 

main job is attempted. 

2.3.1. Aspects of image processing 

After dividing the image processing into three classes, it is convenient to 

subdivide the different image processing algorithms into broad subclasses. There are 

different algorithms for different tasks and problems, and often we would like to 

distinguish the nature of the task at hand [11]. 

Image enhancement. This refers to processing an image so that the result is more 

suitable for a particular application. Example include: 

• sharpening or de-blurring an out of focus image, 

• highlighting edges, 

• improving image contrast, or brightening an image, 

• removing noise. 
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Image restoration. This may be considered as reversing the damage done to an 

image by a known cause, for example: 

• removing of blur caused by linear motion, 

• removal of optical distortions, 

• removing periodic interference. 

Image segmentation. This involves subdividing an image into constituent parts, or 

isolating certain aspects of an image: 

• finding lines, circles, or particular shapes in an image,  

• in an aerial photograph, identifying cars, trees, buildings, or roads. 

These classes are not disjoint, a given algorithm may be used for both image 

enhancement or for image restoration. However, we should be able to decide what it 

is that we are trying to do with our image: simply make it look better (enhancement), 

or remove damage (restoration). 

2.3.2. An image processing task 

Now, we have to see how the above classes may be used to describe the 

various stages in performing this process. Here is how this may be accomplished: 

Acquiring the image. First we need to produce a digital image. This be done using 

either a CCD camera, a scanner and in our case, X-ray tomography picture. 

Preprocessing. This is the step taken before the major image processing task. The 

problem here is to perform some basic tasks in order to render the resulting image 

more suitable for the job to follow. In this case it may involve enhancing the contrast, 

removing noise, or identifying regions likely to contain the postcode. 

Segmentation. Here is where we actually get the postcode; in other words we extract 

from the image that part of it which contains just the postcode. 

Representation and description. These terms refer to extracting the particular 

features which allow us to differentiate between objects. Here we will be looking for 

curves, holes and corners which allow us to distinguish the different digits which 

constitute a postcode. 

Recognition and interpretation. This means assigning labels to objects based on 

their descriptors (from the previous step), and assigning meanings to those labels. So 
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we identify particular digits, and we interpret a string of four digits at the end of the 

address as the postcode. 

2.3.3. Digital Image Representation 

Before processing images, it is important to understand how images are 

defined and how is represented. An image may be defined as a two-dimensional 

function f (x,y), where x and y are spatial (plane) coordinates, and the amplitude of f 

at any pair of coordinates is called the intensity of the image at that point. The term 

gray level is used often to refer to the intensity of monochrome images. Color images 

are formed by a combination of individual images. For example, in the RGB color 

system a color image consists of three individual monochrome images, referred to as 

the red (R), green (G), and blue (B) primary (or component) images. For this reason, 

many of the techniques developed for monochrome images can be extended to color 

images by processing the three component images individually. An image may be 

continuous with respect to the x- and y-coordinates, and also in amplitude. Converting 

such an image to digital form requires that the coordinates, as well as the amplitude, 

be digitized. Digitizing the coordinate values is called sampling; digitizing the 

amplitude values is called quantization. Thus, when x, y, and the amplitude values of f 

are all finite, discrete quantities, we call the image a digital image. 

We may assume that in such an image brightness values can be any real 

numbers in the range 0 (black) to 1 (white). The ranges of 0 and 255 will clearly 

depend on the image, but they can take all real values between their minima and 

maxima. 

A digital image differs from a photo in that the x,y , and f(x,y) values are all 

discrete. Usually they take on only integer values will have 0 and 255 ranging from 1 

to 256 each, and the brightness values also ranging from 0 (black) to 255 (white). A 

digital image can be considered as a large array of discrete dots, each of which has a 

brightness associated with it. These dots are called picture elements, or more simply 

pixels. The pixels surrounding a given pixel constitute its neighbourhood. A 

neighborhood can be characterized by its shape in the same way as a matrix: we can 

speak of a 3x3 neighbourhood, or of a 5x7 neighbourhood. Except in very special 

circumstances, neighborhoods have odd numbers of rows and columns; this ensures 

that the current pixel is in the centre of the neighbourhood. An example of a 

neighbourhood is given in figure 6. If a neighborhood has an even number of rows or 
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columns (or both), it may be necessary to specify which pixel in the neighborhood is 

the “current pixel” [12]. 

 

 

Figure 6. Pixels with a neighborhood [10] 
 

 

2.3.4. Types of digital images 

To study the image processing is necessary to know two basic types of 

images, with which we will work: 

Binary. Each pixel is just black or white. Since there are only two possible values for 

each pixel, we only need one bit per pixel. Such images can therefore be very 

efficient in terms of storage. Images for which a binary representation may be suitable 

include text (printed or handwriting), fingerprints, or architectural plans. An example 

was the image shown in figure 7 below. In this image, we have only the two colors: 

white for the edges, and black for the background.  

 

Figure 7. A binary image 

Greyscale. Each pixel is a shade of grey, normally from 0 (black) to 255 (white). This 

range means that each pixel can be represented by eight bits, or exactly one byte. 

This is a very natural range for image file handling. Other greyscale ranges are used, 
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but generally they are a power of 2. Such images arise in medicine or industrial with 

X-ray tomography, images of printed works, and indeed 255 different grey levels is 

sufficient for the recognition of most natural objects. 

 

Figure 8. A grayscale of asphalt specimen 

2.3.5. Image Segmentation 

Image segmentation is an essential step in image processing and one of this 

most important in this project. Segmentation separates an image into its component 

parts or objects. The level to which the separation is carried depends on the problem 

being solved. When the objects of interest in an application have been inaccessible 

the segmentation must stop.  Segmentation algorithms for images generally based on 

the discontinuity and similarity of image intensity values. Discontinuity approach is to 

partition an image based on abrupt changes in intensity and similarity is based on 

partitioning an image into regions that are similar according to a set of predefined 

criteria. Thus the choice of image segmentation technique is depends on the problem 

being considered. 

The different techniques are by finding boundaries between regions based on 

discontinuities in intensity levels, thresholds based on the distribution of pixel 

properties, such as intensity values, and based on finding the regions directly. All of 

these techniques refer to the process of partitioning a digital image into multiple 

segments (sets of pixels, also known as super pixels). Image segmentation is 

typically used to locate objects and boundaries (lines, curves, etc.) in images. More 
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precisely, image segmentation is the process of assigning a label to every pixel in an 

image such that pixels with the same label share certain visual characteristics. The 

result of image segmentation is a set of segments that collectively cover the entire 

image, or a set of contours extracted from the image. 

Each of the pixels in a region is similar with respect to some characteristic or 

computed property, such as color, intensity, or texture. Due to the importance of 

image segmentation a number of algorithms have been proposed but based on the 

image that is inputted the algorithm should be chosen to get the best results.  

All image processing operations generally aim at a better recognition of 

objects of interest, which is at finding suitable local features that can be distinguished 

from other objects and from the background. The different types of segmentations 

are[13]:  

Pixel-Based Segmentation:  Point-based or pixel-based segmentation is 

conceptually the simplest approach used for segmentation.   

Edge-Based Segmentation:  Even with perfect illumination, pixel based 

segmentation results in a bias of the size of segmented objects when the objects 

show variations in their gray values. Darker objects will become too small, brighter 

objects too large. The size variations result from the fact that the gray values at the 

edge of an object change only gradually from the background to the object value. No 

bias in the size occurs if we take the mean of the object and the background gray 

values as the threshold. However, this approach is only possible if all objects show 

the same gray value or if we apply different thresholds for each object. An edge-

based segmentation approach can be used to avoid a bias in the size of the 

segmented object without using a complex thresholding scheme. Edge-based 

segmentation is based on the fact that the position of an edge is given by an extreme 

of the first-order derivative or a zero crossing in the second-order derivative. 

Region-based methods focus attention on an important aspect of the segmentation 

process missed with point-based techniques. There a pixel is classified as an object 

pixel judging solely on its gray value independently of the context. This meant that 

isolated points or small areas could be classified as object pixels, disregarding the 

fact that an important characteristic of an object is its connectivity. If we use not the 

original image but a feature image for the segmentation process, the features 

represent not a single pixel but a small neighborhood, depending on the mask sizes 

of the operators used. At the edges of the objects, however, where the mask includes 
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pixels from both the object and the background, any feature that could be useful 

cannot be computed. The correct procedure would be to limit the mask size at the 

edge to points of either the object or the background. In the first step, the features are 

computed disregarding any object boundaries. Then a preliminary segmentation is 

performed and the features are computed again, now using the segmentation results 

to limit the masks of the neighborhood operations at the object edges to either the 

object or the background pixels, depending on the location of the center pixel. To 

improve the results, feature computation and segmentation can be repeated until the 

procedure converges into a stable result.  

Model-Based Segmentation: All segmentation techniques discussed so far utilize 

only local information. The human vision system has the ability to recognize objects 

even if they are not completely represented. It is obvious that the information that can 

be gathered from local neighborhood operators is not sufficient to perform this task. 

Instead specific knowledge about the geometrical shape of the objects is required, 

which can then be compared with the local information. This train of thought leads to 

model-based segmentation. It can be applied if we know the exact shape of the 

objects contained in the image. 
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3.2. What is Matlab 

First, it is necessary to explain the tool that has been used for developing the 

functions. Matlab is widely used in all areas of applied mathematics in education and 

research at universities and in the industry. Matlab stands for MATrix LABoratory and 

the software is built up around vectors and matrices. This makes the software 

particularly useful for linear algebra but Matlab is also a great tool for solving 

algebraic and differential equations and for numerical integration. 

Matlab has powerful graphic tools and can produce nice pictures in both 2D 

and 3D. It is also a programming language (similar to C) and is one of the easiest 

programming languages for writing mathematical programs. Matlab also has some 

tool boxes useful for signal processing, image processing, etc. 

The Matlab environment consists of menus, buttons and a writing area similar 

to an ordinary word processor. There are plenty of help functions that you are 

encouraged to use. The writing area that you will see when you start Matlab, is called 

the command window. In this window you give the commands to Matlab. For 

example, when you want to run a program you have written for Matlab you start the 

program in the command window by typing its name at the prompt. The command 

window is also useful if you just want to use Matlab as a scientific calculator or as a 

graphing tool. If you write longer programs, you will find it more convenient to write 

the program code in a separate window, and then run it in the command window [14]. 

The program code has written in M-files, it is a regular text file containing 

Matlab commands saved with the filename extension .m. There are two types; scripts 

and functions. The only syntactic difference is that functions begin with a function 

header whereas scripts do not. There are other differences which are listed in the 

table below: 

 

Figure 10. Scripts and functions in Matlab 

Functions can take variables in (x,y,z,...) and return variables (a,b,c,...). 

Scripts cannot. In order to create an mfile, type >> edit at the Matlab prompt. This 

should bring up a separate window where you can your script.  
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Once we have started to enter commands, we can debug (find errors) using 

the seven buttons to the left of the stack button at the top of the editor. With these 

tools, you can step through line by line and make sure the commands being executed 

produce the desired results. If you put the mouse over these buttons, it will name their 

function.  

3.2.1. Multidimensional Arrays 

As explained in the introduction, the use of Matlab is oriented arrays, allowing 

quick and easy handling of them. In this particular project, multidimensional arrays 

are used as 3D images asphalt specimens are shown as 3D matrix. 

Multidimensional arrays in Matlab are an extension of the normal two-

dimensional matrix. Matrices have two dimensions: the row dimension and the 

column dimension [15]. 

 

Figure 11. 2D matrix 

We can access a two-dimensional matrix element with two subscripts: the first 

representing the row index, and the second representing the column index. 

Multidimensional arrays use additional subscripts for indexing. A three-

dimensional array, for example, uses three subscripts: 

•The first references array dimension 1, the row. 

•The second references dimension 2, the column. 

•The third references dimension 3. This guide uses the concept of a page to 

represent dimensions 3 and higher. 
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Figure 12. 3D matrix 

To access the element in the second row, third column of page 2, for example, 

you use the subscripts (2,3,2). 

 

Figure 13. Example use of multidimensional matrix 

3.3. Reading and querying images 

First thing in the process of study is to read the .raw files for 3D matrix asphalt 

specimen. Functions of read and write .raw files have been implemented with the goal 

to obtain the information of multidimensional matrix of asphalt specimen. 

Furthermore, another function is implemented for reading the features of each 

multidimensional matrix. With these functions, supplied by Dr. Laurent Babout, we will 

get all the information matrix to perform the studio of the specimens like type, format, 

size and bit depth. 
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3.3.1. Basic display of images 

At the time of obtaining the graphs result of asphalt samples, Matlab provides 

two basic functions for image display: imshow and imagesc. Whilst imshow requires 

that the 2-D array specified for display conforms to an image data type (e.g. 

intensity/colour images with value range 0–1 or 0–255), imagesc accepts input arrays 

of any Matlab storage type (uint 8, uint 16 or double) and any numerical range. 

This latter function then scales the input range of the data and displays it using 

the current/default color map. We can additionally control this display feature using 

the colormap function. This is important when we segment the image in order to 

choose the correct values to do the thresholding. 

3.4. Median filtering 

Before to start with the segmentation of the 3D specimen, it is necessary to 

preprocess the multidimensional matrix to improve the result of the segmentation. In 

image processing, it is often desirable to be able to perform some kind of noise 

reduction on an image. The median filter is a nonlinear digital filtering technique, often 

used to remove noise. Such noise reduction is a typical pre-processing step to 

improve the results of later processing (for example, edge detection on an image). 

Median filtering is very widely used in digital image processing because, under certain 

conditions, it preserves edges while removing noise, and it was used in the present 

work to improve the result of the process of multidimensional matrix segmentation. 

Median filtering overcomes the main limitations of the mean filter, although at 

the expense of greater computational cost. As each pixel is addressed, it is replaced 

by the statistical median of its NxM neighborhood rather than the mean. The median 

filter is superior to the mean filter in that it is better at preserving sharp high-frequency 

detail while also eliminating noise, especially isolated noise spikes (such as ‘salt and 

pepper’ noise). 

The median m of a set of numbers is that number for which half of the 

numbers are less than m and half are greater. It is the midpoint of the sorted 

distribution of values. As the median is a pixel value drawn from the pixel 

neighbourhood itself, it is more robust to outliers and does not create a new 

unrealistic pixel value. This helps in preventing edge blurring and loss of image detail. 

Getting the best results in the segmentation process of the 3D asphalt specimen. 
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3.5. Function bwareaopen 

Following the preprocessed code, the bwareaopen function was used for 

removal of small rocks and aggregates, which allow us to have better results in the 

processing of 3D specimen. 

BW2 = bwareaopen(BW, P) 

It removes from a binary image all connected components (objects) that have 

fewer than P pixels, producing another binary image, BW2. This operation is known 

as an area opening. Besides, the type of connectivity can be chosen (conn  

parameter), and can be defined in a more general way for any dimension by using 

for the conn parameter a 3-by-3-by-...-by-3 matrix of 0s and 1s. The 1-valued elements 

define neighborhood locations relative to the central element of conn. It is necessary 

to know that conn must be symmetric about its central element [14]. 

3.6. Thresholding segmentation 

After the pre-process of the multidimensional matrix with the different filters, 

the next stage is the segmentation. Thresholding is the simplest method of 

image segmentation, and it will be the first step in the segmentation of 

multidimensional matrix segmentation. From a grayscale image, thresholding can be 

used to create binary images. It is used to segment an image by setting all pixels 

whose intensity values are above a threshold to a foreground value and all the 

remaining pixels to a background value. 

Whereas the conventional thresholding operator uses a global threshold for all 

pixels, adaptive thresholding changes the threshold dynamically over the image. This 

more sophisticated version of thresholding can accommodate changing lighting 

conditions in the image, e.g. those occurring as a result of a strong illumination 

gradient or shadows [16]. 

We have seen that thresholding can be useful in this project in two different points: 

1. When it is necessary to remove unnecessary detail from an image, to 

concentrate on essentials. Examples of this were given in the asphalt 

specimen images: by removing all grey level information, the rocks and 
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A pixel becomes

aggregates were reduced to binary objects. But this information may be all we 

need to investigate sizes, shapes, or numbers of objects. 

To bring out hidden detail. The detail was obscured because of the similarity 

of the grey levels involved. 

Double thresholding 

The thresholding used for code developed has been the double 

it allows us to segment with two values of threshold and prepares the asphalt 

specimen for next step of image processing. Here we choose two values T

and apply a thresholding operation as: 

We can implement this by a simple variation on the above method:

X>T1 & X<T2  

Since the ampersand acts as a logical “AND”, the result will only produce a 

one where both inequalities are satisfied.  

Figure 14. Example of double thresholding 

A pixel becomes 

 White if its grey level is between T1 and T2

Black if its grey level is otherwise 
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information may be all we 

To bring out hidden detail. The detail was obscured because of the similarity 

been the double thresholding, 

and prepares the asphalt 

Here we choose two values T1 and T2 

 

We can implement this by a simple variation on the above method: 

”, the result will only produce a 

 

ts grey level is between T1 and T2 
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3.7. Watershed segmentation  

After filtering the image and the thresholding segmentation with the filters 

previously described, the next step in processing multidimensional array is to use the 

functions of Matlab: bwdist and watershed. That permits us to segment the 3D 

asphalt specimen. 

A segmentation function is basically a function of the original image (i.e. 

another image derived from the original) whose properties are such that the 

catchment basins lie within the objects we wish to segment. The computation of 

suitable segmentation functions is not always straightforward but underpins 

successful watershed segmentation. The use of gradient images is often the first 

preprocessing step in watershed segmentation for the simple reason that the gradient 

magnitude is usually high along object edges and low elsewhere.  

 

Figure 15. Process of watershed segmentation [13] 

Watershed segmentation is a relatively recent approach which has come 

increasingly to the fore in recent years and tends to be favored in attempts to 

separate touching objects which is one of the more difficult image processing 
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operations. In watershed segmentation, we envisage the 2-D or 3-D, grey-scale 

image as a topological surface or ‘landscape’ in which the location is given by the 

(x,y,z) image coordinates and the height at that location corresponds to the image 

intensity or grey-scale value. 

Rain which falls on the landscape will naturally drain downwards, under the 

action of gravity, to its nearest minimum point. A catchment basin defines that 

connected region or area for which any rainfall drains to the same low point or 

minimum. In terms of a digital image, the catchment basin thus consists of a group of 

connected pixels. Maintaining the analogy with a physical landscape, we note that 

there will be points on the landscape (local maxima) at which the rainfall is equally 

likely to fall into two adjacent catchment basins; this is analogous to walking along the 

ridge of a mountain. Lines which divide one catchment area from another are called 

watershed ridges, watershed lines or simply watersheds. An alternative viewpoint is 

to imagine the landscape being gradually flooded from below with the water entering 

through the local minima. As the water level increases, we construct dams which 

prevent the water from the catchment basins spilling or spreading into adjacent 

catchment basins. When the water level reaches the height of the highest peak, the 

construction process stops. The dams built in this way are the watersheds which 

partition the landscape into distinct regions containing a catchment basin. The actual 

calculation of watersheds in digital images can be performed in several ways, but all 

fundamentally hinge on iterative morphological operations. 

These basic concepts are illustrated for a 1-D landscape in figure 16. 

 

Figure 16. Watersheds and catchment basins [13] 

Basins are defined as connected regions with one local minimum to which any 

incident rainfall will flow. The watersheds can be visualized as those ridges from 
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which ‘water’ would be equally likely to fall towards either of two or more catchment 

basins. 

Segmentation using watershed methods has some advantages, for example, 

unlike edge detection- based methods, generally yield closed contours to delineate 

the boundary of the objects. A number of different approaches can be taken to 

watershed segmentation, but a central idea is that we try to transform the initial image 

(the one we wish to segment) into some other image such that the catchment basins 

correspond to the objects we are trying to segment. 

3.7.1. Euclidean Distance Transform 

Before use watershed function, we need to compute the Euclidean Distance 

Transform (EDT). To do this in Matlab we must compute the EDT using the Matlab 

function bwdist to produce a real-valued Euclidean distance transform 

multidimensional matrix. The bwdist function assumes that object pixels have value 0 

and background pixels have any non-zero value. In order to reduce the effects of 

boundary aliasing due to the digital boundary of the object, smooth matrix slightly by 

blurring it using a Gaussian kernel.  

The bwdist function supports several distance metrics, we have used the 

different distances used for 3D matrix listed, in the following list [14]: 

Euclidean: The Euclidean distance is the straight-line distance between two pixels. 

 

Figure 17. Euclidean distance 

City Block: The city block distance metric measures the path between the pixels 

based on a 4-connected neighborhood. Pixels whose edges touch are 1 unit apart; 

pixels diagonally touching are 2 units apart. 
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Figure 18. City Block distance 

Chessboard: The chessboard distance metric measures the path between the pixels 

based on an 8-connected neighborhood. Pixels whose edges or corners touch are 1 

unit apart. 

 

Figure 19. Chessboard distance 

Quasi-Euclidean: The quasi-Euclidean metric measures the total Euclidean distance 

along a set of horizontal, vertical, and diagonal line segments. 

 

Figure 20. Quasi-Euclidean metric measures 

3.8. Description of regions 

One of the most important point, in order to make the process of studying the 

specimens of asphalt, is to know the basic characteristics of all the component 

elements asphalt specimen, for it has been used Matlab regionprops function. 
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STATS = regionprops(L,properties) 

This function measures a set of properties for each labeled region in the label 

matrix L. Positive integer elements of L correspond to different regions. For example, 

the set of elements of L equal to 1 corresponds to region 1; the set of elements of L 

equal to 2 corresponds to region 2; and so on. The return value, STATS, is a 

structure array of length max(L(:)). The fields of the structure array denote different 

measurements for each region, as specified by properties. 

The following properties can be computed and we have used in the code [13]:  

Area: The number of pixels in the object. In our case, to work with multidimensional 

arrays, the value you get is the volume of the objects. 

BoundingBox: The bounding box of the object is represented as a 4-vector where 

the first two entries are the x and y coordinates of the upper left corner of the 

bounding box, and the two last entries are the width and the height of the box.  

Centroid: The center coordinates of the object.  

PixelList: The actual pixel values inside the object. This is only useful for grey scale 

images.  

The requested properties can either be specified as several input arguments 

or as a cell array of strings. As a short-hand it is also possible to give the following 

strings as arguments.  

Basic: The following properties are computed: "Area", "Centroid" and "BoundingBox". 

This is the default.  

All: All properties are computed.  

3.9. Histograms 

The histogram is commonly used in image processing and one application is 

to check the values of thresholding technique. Also it has been used for obtaining the 

results of the density of rocks in a given volume. Histograms show the distribution of 

data values across a data range. They do this by dividing the data range into a certain 

number of intervals (called "binning" the data), tabulating the number of values that 
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fall into each interval (or "bin"), and plotting the values in the bins using bars or 

wedges of varying height. The functions that create histograms are hist. 

The data that we get with the function hist are density of the rocks in a given 

volume. That comes from dividing the volume of each rock between the volume 

around it. As it will be explained in the next chapter, with the data obtained from this 

function we know the amount of rocks and their distribution in a given volume of each 

asphalt specimen studied. 

 

Figure 21. Histogram density of Rocks in one volume of the 3D 

specimen 

The function in Matlab, n = hist(Y,x) bins the elements in vector Y into x 

equally spaced containers and returns the number of elements in each container as a 

row vector. If Y is an m-by-p matrix, hist treats the columns of Y as vectors and 

returns a 10-by-p matrix n. Each column of n contains the results for the 

corresponding column of Y. No elements of Y can be complex or of type integer [14].
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4.1. Introduction 

There has been performed a series of tests, following the methodological 

framework of Chapter 3, to check the operation of the code and get results of asphalt 

specimen 3D. Some of the most important function can be checked in the Annex of 

the project. These simulations have been made with different asphalt specimens to 

compare the different results. 

During the development of this project, we have used two specimens of 

asphalt, in order to perform the necessary tests to develop the code in Matlab. The 

files are as follows. 

File features of the first asphalt specimen sam_asphalt1_8bit_scale_recon.raw: 

• NUM_X =    675 

• NUM_Y =    425 

• NUM_Z =    915 

• MIN =    0 

• MAX =    255 
 

 
 

Figure 22. Sample image of specimen 1 XY plane 
 
File features of the second asphalt specimen sam_asphalt2_8bit_scale_recon.raw: 

• NUM_X =    800 

• NUM_Y =    525 

• NUM_Z =    965 

• MIN =    0 

• MAX =    255 
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Figure 23. Sample image of specimen 2 XY plane 

4.2. Results 

The specimen selected in this section for testing has been the number two. 

The choice of this specimen was due to the specific features that have, due to it is 

composed of two distinct regions with different densities of rocks and aggregates. 

 

Figure 24. Example image plane XY Z axis 270 
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First, it is performed the thresholding of array 3D. As shown in figure 24 and 

figure 25, threshold values have been chosen with minimum of 50 and maximum of 

141. Whereby, It gets remove information that is not needed for processing of the 

specimen 3-D, and to segment different regions of the specimen. 

 

Figure 25. Colormap de la imagen plano XY Z=270 

To obtain the both level of the double thresholding it was used the function 

histogram. It is commonly used in image processing and with it, we can check the 

values easily and accurately. 

 
Figure 26. Histogram for the image plane XY Z=270, above a grayscale 

colorbar 
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After the thresholding of the specimen, we continue with the process of 

improvement of the 3D image segmentation. For this reason, it was used a function 

which eliminates objects with a specific volume. Thus we remove small rocks in the 

image that are not useful for the study of the specimen. In this example, it is removed 

volumes which were smaller than 150 pixels. These small objects are removed 

because they suppose any extra information and also to improve the accuracy and 

speed of the code. 

 

Figure 27. Image before and after deleting objects  
 

After this step, it has been used various filtering techniques of image which 

improve the 3D specimen, as explained in section 3, known as median filtering. It is a 

nonlinear digital filtering technique, often used to remove noise. Such noise reduction 

is a typical pre-processing technique to improve the results of later processing. With 

this function, we get the edges smoothing and removing blackheads inside some 

rocks. 

The next process of the code is the segmentation of the volumes surrounding, 

also known as the skeletonization by influence zone (SKIZ). It is basically a function 

of the original image whose properties are such that the catchment basins delimits 

the boundary between the different objects of interests, i.e. the rocks and aggregates 
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in order to determine their local volume fraction. It has been using bwdistance and 

wathershed function to process the meshing of specimen in 3D.  

With the use of both algorithms, we get the volumes surrounding the different 

rocks of the aslphalt specimen. This process takes several minutes due to the high 

number of operations to be performed by the algorithm. In the figure 28, we can 

observe one slice of the specimen in the XY plane with the mesh surrounding. 

 

Figure 28. Image plane XY Z=270, after watershed function including 
surrounding volumes 

 
After performing all image processing of multidimensional array and 

implement segmentation functions, we proceeded to get two multidimensional arrays 

of different parts of the specimen, in order to compare results and validate the 

developed code. 

The aim of extracting two smaller multidimensional arrays is to compare the 

different areas of the specimen with different density of rocks. On the other hand, we 

can make the process faster, and obtain the results of multidimensional array 

histogram with full 3D specimen last long due to the size of the asphalt specimens. 

With this system we can reduce processing time without affecting the results that 

would be obtained by performing the study of the complete specimen. 
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The two multidimensional matrixes used are shown in figure 29 and 30. These 

arrays have a size of 200x200x200 and are taken from two different areas of the 

specimen in which you can check at a glance the different density of rocks in them. 

 

Figure 29. Volume of the left side 
 

 

Figure 30. Volume of the right side 
 

After creating the two blocks,   the histogram is obtained with the information 

of the density of rocks of each new multidimensional matrix. The time of this process 

has been reduced thanks to a new algorithm, which code is in the Annex of this 

project, enables efficient and faster calculation of rock volumes and the surrounding 

volumes. This efficiency is due to reduction of loops which is the most cost of time in 

the process. The advantage of this algorithm, it is to reduce of the time of processing 

whereby allows more testing in less time. 
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Following are the results of the histogram for the two matrices studied. 

 

Figure 31. Histogram of density of rocks of left side  

 

Figure 32. Histogram of density of rocks of right side  

As you can see the number of rocks is much higher on the right side, in 

addition to the equation below can conclude that the higher of the volume surrounding 

of the rock will be closer to zero results. 
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In order to compare easily both blocks, the result has been printed on the 

same axes so as to see the differences between the two. 



 

 

 

Figure
 

With this result, we can conclude that the lower density of rocks in a given 

volume the result will be 

rock, the denominator will be greater, as seen in the 

are getting smaller. However, if there is a large density of rocks histogram values 

will become larger. 

Figure 34. Slice of the specimen with different regions

Figure 33. Histogram of both matrix sides  

With this result, we can conclude that the lower density of rocks in a given 

 closer to zero. This is because a larger volume surrounding 

rock, the denominator will be greater, as seen in the equation, this makes the results 

are getting smaller. However, if there is a large density of rocks histogram values 

 

Slice of the specimen with different regions
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With this result, we can conclude that the lower density of rocks in a given 

closer to zero. This is because a larger volume surrounding 

, this makes the results 

are getting smaller. However, if there is a large density of rocks histogram values this 

Slice of the specimen with different regions 
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Hence we get two distinct areas with density of rocks, which can be produced 

due to asphalt layers have different types of compaction used. Also we could obtain 

the study of aggregates of asphalts. As we can see in the first chapter, aggregates 

are hard, inert materials such as sand, gravel, crushed stone, slag, or rock dust. They 

are mixed with the cementing medium asphalt to form pavements. They are the 

principal load-supporting components of an Asphalt Concrete pavement and the total 

90 to 95 percent of the mixture by weight and 75 to 85 percent by volume. With the 

figure 33 we can concluded that those layers and aggregates, has been distributed 

and we could use all the information about it to expand the study of asphalt specimen 

and to improve in the future the quality of them. 
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In this project has been developed one code in MATLAB to process X-ray 

tomographic 3D images of asphalt specimens. This project was carried out with this 

mathematical tool, because it is excellent software to work with multidimensional 

arrays and image processing, which it has been used for process digital images of 3D 

asphalt specimens. 

As it was said in the introduction, the degradation of the roads is an issue that 

has been investigated many years ago. The study of asphalt specimens is a 

fundamental way to obtain new advantages to improve the roads.These studies try to 

find how to solve the problems that can be have the roads in every places of the 

world. Some of this problems depend on various factors such as climate, poor 

maintenance or excessive traffic in some cases. For this reason, this project has a 

final goal which is to find solutions with the code created to look for the degradation 

suffered roads in Poland due to differents causes. 

The code presented for the study of 3D asphalt specimens segmentation is 

less complex in its design and development, due to the image processing tools 

available to Matlab, which significantly facilitate the task of programming, as well as 

the segmentation method used. Also the code has been designed considering the 

objective of facilitating the work of analysis and study from 3D images of asphalt 

specimens. Thus, when allocated as a tool for studying this code has been developed 

with the objective of creating a visual environment, so that it is easier and simpler to 

use. This is the reason that with this code it has created a GUI (Graphic User 

Interface) in a parallel project made by Jorge Vega which title is “Development of a 

MatLab GUI image processing software for 3D images (application to asphalt 

images)”. The user can perform all the studies without working with the code of 

Matlab. 

Therefore, in this project it has been carried out all the points that were 

established in the beginning how principles to create the code, although it has been 

left for future projects some new possibilities, for example, automatic detection of 

different regions of a sample of asphalt due to its composition. As shown in this 

project, the image processing techniques are increasingly used in many areas and a 

procedure for applying the industrial or medical applications. Accordingly, the number 

of possibilities and paths is immense, and this project could be the basis for many 

new applications that can be developed.  
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Finally, it is concluded that this project has helped to strengthen programming 

skills, expand knowledge of Matlab and in image processing theory. Similarly, this 

work provides a basis for developing a larger project whose scope will be a tool for 

the study of 3D tomography asphalt specimens. 
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In this chapter, it will be shown the code of most important functions which have been 

made it to develop this project. In

programmed and the order of the use into the code.

Below it is shown 

in order of use: 

Median filter function

function  ma tx_filt_med=filter_median
%matx:Matrix 3D of a sphalt specimen
%matx_filt_med:Matrix filtered with median filter 
[x,y,z]=sizes(matx);  
for  i=1:x  
    x_filt_1(:,:,i) = medfilt2(matx(:,:,i));
end 
x_filt_flip_1=f_change_matx(x_filt_1,1);
for  i=1:y  
    x_filt_2(:,:,i) = medfilt2(x_filt_flip_1(:,:,i));
end  
x_filt_flip_2=f_change_matx(x_filt_2,1);
for  i=1:z  
    x_filt_3(:,:,i) = medfilt2(x_filt_flip_2(:,:,i));
end  
matx_filt_med=f_change_matx(x_filt_3,1);

In this chapter, it will be shown the code of most important functions which have been 

made it to develop this project. In the figure 35, it is shown the most important functions 

programmed and the order of the use into the code. 

Figure 35. Function Diagram 

Below it is shown the code of some of the most important functions

Median filter function 

tx_filt_med=filter_median _3D(matx) 
sphalt specimen  

%matx_filt_med:Matrix filtered with median filter  
 

x_filt_1(:,:,i) = medfilt2(matx(:,:,i));  

x_filt_flip_1=f_change_matx(x_filt_1,1);  

x_filt_2(:,:,i) = medfilt2(x_filt_flip_1(:,:,i));  

x_filt_flip_2=f_change_matx(x_filt_2,1);  

x_filt_3(:,:,i) = medfilt2(x_filt_flip_2(:,:,i));  

matx_filt_med=f_change_matx(x_filt_3,1);  

ANNEX 

54 

In this chapter, it will be shown the code of most important functions which have been 

the figure 35, it is shown the most important functions 

 

of some of the most important functions 
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First segmentation. Thresholding function 

function  [matx_seg,X_x_2,X_x_1]=f_segmentation(matx,hi,lo) 
%This function does the double thresholding of 3D as phalt specimen 
%matx: 3D Matrix of asphalt specimen  
%hi: Minimum value to delete  
%lo: Maximum value to delete 
%matx_seg: 3D Matrix segmented 
% X_x_2: Matrix of pixels out the specimen 
% X_x_1: Matrix of pixels in the specimen without aggregates 
[nfilas, ncols,dimensions]=size(matx);  
for  i=1: dimensions  
    X_sing=im2single(squeeze(matx(:,:,i)));  
    X_log_1=(matx(:,:,i)>hi);  
    X_log_1c=~X_log_1;  
    X_log_255=X_log_1c*255;  
    X_x_1(:,:,i)=im2single(X_log_255);  
    X_log_2=(matx(:,:,i)<lo);     
    X_log_2c=~X_log_2;  
    X_log_255s=X_log_2c*255;  
    X_x_2(:,:,i)=im2single(X_log_255s);  
    mask=X_x_1(:,:,i)+X_x_2(:,:,i);  
    matx_seg(:,:,i)=X_sing.*mask;  
end  
 

Post process function 

function  matx_seg_filt=f_segm_filt_3D(matx_seg,P,D) 
% Deletes all the objects with a defined size 
%matx_seg: 3D Matrix  
% P: removes stones of that size. In pixels. 
% D: Connectivity between 3D samples (6,18,26) 
%matx_seg_filt: 3D Matrix processed 
matx_seg_filt=bwareaopen(matx_seg,P,D);  

 

Second segmentation. Watershed function. 

function  
[ matx_watershed,mesh_data,find_mesh]=f_watershed_3D(matx_seg_filt,con
n)  
%This function does the watershed of 3D specimen and obtain the 
%matrix of surrounding volumes 
%matx_seg_fikt: 3D Matrix of asphalt specimen  
%conn:connectivity  
%lo: Maximum value to delete 
% matx_watershed: 3D Matrix segmented 
% mesh_data: Struct of basic regionprops of the mesh 
% find_mesh: Struct of with the Pixel list of every surrounding 
%volumes 
distance = bwdist(matx_seg_filt);  
DL = watershed(distance,conn);  
bgm = DL == 0;  
matx_watershed=bgm+matx_seg_filt;  
mesh_data = regionprops(~bgm, 'basic' )  
find_mesh=regionprops(~bgm, 'PixelList' )  
cc = bwconncomp(matx_f, conn);  
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Density of the rocks function. 

function  [density_matrix]=f_sizes_3D_faster (cc,dd)  
%Obtiene el histograma de la densidad de piedras  
%cc: struct with information of all the rocks of the specimen  
%dd: struct with information of all the surranding volumnes of the 
%rock in the specimen 
%density_matrix:matrix with the values of densitity of the rocks  
 
rocksdata = regionprops(cc, 'Area' );  
embvoldata=regionprops(dd, 'Area' );  
find_rock=regionprops(cc, 'PixelList' );  
 
for  k=1:length(find_rock)  
    pixels_rock(k,:)= find_rock (k).PixelList(1,:);  
end 

 
s2c=struct2cell(rocksdata);  
c2m=cell2mat(s2c);  
lindrock=1:length(find_rock);  
lindrock(2,:)=sub2ind(size(cc), pixels_rock (:,2), pixels_rock (:,1), 
pixels_rock (:,3));  
lindrock(3,:)=c2m;  
lindrock(4,:)=dd(lindrock(2,:));  
s2c=struct2cell(embvoldata);  
c2m=cell2mat(s2c);  
lindrock(5,:)=c2m(lindrock(4,:));  
density_matrix=lindrock(3,:)./lindrock(5,:);  
end 

 
 

 

 


