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Abstract: A fundamental tool in the domains of material characterisation and image processing, capture analysis 

makes it easier to extract important information from pictures and data representations. The emergence of three-

dimensional (3D) imaging technology has led to the demand for reliable quantitative metrics for precisely 

characterizing the textural characteristics of volumetric objects. Texture Volume of Fractions (TVF) is one such 

metric that offers a potent way to quantify the arrangement and dispersion of textures in three-dimensional objects. 

In order to give a thorough grasp of the idea, mathematical expression, and importance of TVF in texture analysis, 

this work focuses on investigating the usage of integration systems for TVF computation. As a quantitative metric 

for 3D texture characterization, TVF is introduced. TVF provides insights into the composition and spatial 

distribution of textures inside 3D objects, in contrast to standard approaches that only use two-dimensional 

representations. Researchers and practitioners may better grasp how texture attributes are quantified and expressed 

in the context of 3D image analysis by establishing the mathematical formulation of TVF. 

Then, as a unique strategy to precisely and efficiently computing TVF, the integration system approach is 

introduced. Integration systems take use of advances in computer approaches to make texture analysis more 

efficient, allowing researchers to work with vast amounts of data in an efficient manner. The benefits of integration 

systems—such as increased computational effectiveness and noise resistance—are thoroughly explored, 

emphasizing how they may improve texture characterisation in a range of 3D image processing applications. 

Then, as a unique strategy to precisely and efficiently computing TVF, the integration system approach is 

introduced. Integration systems take use of advances in computer approaches to make texture analysis more 

efficient, allowing researchers to work with vast amounts of data in an efficient manner. The benefits of integration 

systems—such as increased computational effectiveness and noise resistance—are thoroughly explored, 

emphasizing how they may improve texture characterisation in a range of 3D image processing applications. 

Then, as a unique strategy to precisely and efficiently computing TVF, the integration system approach is 

introduced. Integration systems take use of advances in computer approaches to make texture analysis more 

efficient, allowing researchers to work with vast amounts of data in an efficient manner. The benefits of integration 

systems—such as increased computational effectiveness and noise resistance—are thoroughly explored, 

emphasizing how they may improve texture characterisation in a range of 3D image processing applications. 
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Introduction 

It has long been understood that texture analysis is 

an essential component of image processing, and 

that it is essential to deriving any useful information 

from the spatial distribution of color values or gray 

levels in pictures. Texture analysis approaches, 

which were formerly limited to two-dimensional 

(2D) picture analysis, have significantly evolved to 

suit the increasing ubiquity of three-dimensional 

(3D) data representations. This change is primarily 

driven by developments in imaging technology in a 

variety of fields, including computer graphics, 

materials science, geology, and medical imaging, 

where it is crucial to describe and comprehend the 

texture characteristics of three-dimensional objects. 

The shift from two-dimensional to three-

dimensional texture analysis poses distinct 

opportunities and problems. Although techniques 

for 2D texture analysis have shown promise in the 

analysis of planar photographs, the complexity and 

extra dimensions of 3D structures restrict the direct 
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use of these techniques to volumetric data. Because 

of this, there is an increasing need for specialized 

methods that can reliably and effectively analyze 

texture in three dimensions. 

 

The advent of Texture Volume of Fractions (TVF) 

as a quantitative tool for 3D texture analysis is one 

notable development in this field. TVF is a fresh 

method for describing texture characteristics in 

volumetric data, offering insightful information on 

the arrangement and dispersion of textures over the 

spatial range of three-dimensional objects. TVF 

allows academics and practitioners to extract rich 

texture information and gain valuable insights for a 

variety of applications by measuring the volume or 

proportion of distinct textures inside a particular 

volume. 

 

The goal of this paper is to give a thorough 

introduction to 3D texture analysis, with a focus on 

the theories, practices, uses, and most current 

developments in TVF. This review aims to clarify 

the importance of TVF as a useful tool for 

quantitative texture analysis in 3D space by going 

over the core ideas, the switch from 2D to 3D 

analysis, the introduction of TVF, methods for its 

calculation, applications across different domains, 

recent advancements, challenges, and future 

directions. 

1. Texture Volume of Fractions: This 

phrase probably alludes to a notion in image analysis 

or materials science that measures how distinct 

textures are distributed throughout a material or 

picture. The preferred orientation of a material's 

crystalline grains or structural components is 

referred to as the material's texture in materials 

science. The volume or percentage of various 

textures inside the material would therefore be 

measured by the texture volume of fractions.  

2. Integration Systems: Generally speaking, 

integration systems are hardware or software 

solutions that combine many parts or operations into 

one system. Integration systems are used to improve 

communication between diverse subsystems or 

modules, streamline processes, and increase 

efficiency in a variety of sectors, including 

technology, business, and engineering. 

3. 3D Texture Analysis: The study of 

textures in three dimensions is referred to as "three-

dimensional texture analysis." 3D texture analysis 

applies the same notion to three-dimensional data as 

2D texture analysis, which analyzes patterns or 

textures inside photographs. In domains such as 

computer vision, material science, computer 

graphics, and medical imaging, it is widely 

employed to describe and comprehend the 

composition and characteristics of three-

dimensional objects or volumes.  

4. Material Characterization: Studying and 

comprehending the characteristics and actions of 

materials is known as material characterisation. This 

comprises, among other things, qualities that are 

mechanical, chemical, thermal, and electromagnetic. 

The composition, structure, and performance of 

materials may be ascertained with the use of 

material characterization techniques, which is 

essential for a variety of applications like product 

development, quality control, and research. 

5. Quantitative Texture Measures: Texture 

measurements, which are mathematical descriptors 

used to quantify the properties of textures in 

photographs or materials, are known as quantitative 

texture measures. These measurements seek to 

quantify texture characteristics including 

directionality, regularity, coarseness, and roughness. 

Applications for quantitative texture measurements 

may be found in image processing, computer vision, 

materials science, and geology. They offer objective 

metrics for comparing, evaluating, and categorizing 

textures. 

 

Problem Statement 

In image processing and material characterisation, 

extracting relevant textural information from three-

dimensional (3D) objects is a major difficulty. 

Three-dimensional (3D) objects are represented as a 

group of volume elements called voxels, as opposed 

to two-dimensional (2D) pictures, which are 

composed of pixels organized on a flat plane. 

Texture analysis in three dimensions becomes more 

challenging due to the growing complexity of voxel 

representation and analysis. 

Texture analysis techniques that were originally 

created for 2D pictures have historically had 

difficulty accommodating the special features of 

volumetric data. Although these techniques work 

well for capturing textural patterns in flat 

photographs, they frequently fall short of precisely 

describing the complex textural characteristics 

found in three-dimensional objects. Additional 

difficulties arise when moving from pixels to voxels, 

such as the requirement to take computing efficiency, 

volumetric sampling, and spatial relationships into 

account. 
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A major obstacle to 3D texture analysis is the 

absence of quantitative metrics that can quantify the 

prevalence of particular textural patterns inside a 

volumetric object. Conventional metrics like mean, 

variance, and co-occurrence matrices only reveal a 

portion of the information on the spatial 

organization and texture composition in three 

dimensions. Researchers and practitioners struggle 

to effectively characterize and compare textures 

across various volumetric datasets in the absence of 

strong quantitative measurements. Texture Volume 

of Fractions (TVF) shows promise as a way to deal 

with this problem. TVF provides a comprehensive 

metric that is able to represent the distribution and 

composition of textures in volumetric data by 

measuring the volume or proportion of particular 

textural patterns inside a 3D object. In contrast to 

conventional techniques that exclusively depend on 

statistical descriptors, TVF offers a more 

comprehensive method of texture analysis by 

considering both volumetric and spatial factors. 

TVF has the potential to be a quantitative measure 

for 3D texture analysis, however there are still issues 

with its actual application. Complex algorithms that 

can properly and effectively handle volumetric data 

are needed to calculate TVF. Furthermore, there are 

technological difficulties in integrating TVF into 

current image processing pipelines and software 

systems, such as data interoperability, 

computational scalability, and algorithm 

optimization. 

The issue statement centers on how it is more 

difficult to extract significant textural qualities from 

3D objects than from 2D photos because of the 

complexity of representing and evaluating the 

spatial connections between voxels. By giving a 

numerical measurement that depicts the prevalence 

of particular textural patterns inside a 3D object, 

TVF provides a remedy. Nevertheless, there are still 

issues with algorithmic complexity, computing 

effectiveness, and interaction with current image 

processing systems that need to be resolved before 

TVF can be implemented successfully. Addressing 

these challenges is essential for advancing the field 

of 3D texture analysis and unlocking new insights 

into the textural properties of volumetric objects.  

 

Definition: Texture Volume of Fractions (TVF) 

A quantitative metric called Texture Volume of 

Fractions (TVF) is used to define the distribution of 

particular textural patterns inside a volume while 

analyzing three-dimensional (3D) objects. TVF 

provides a complete approach to texture analysis by 

quantifying the volume fraction filled by each 

textural pattern inside the object, in contrast to 

standard approaches that concentrate on statistical 

descriptors or feature extraction techniques. 

 

Mathematical Formulation of TVF: 

TVF is expressed mathematically as a volume 

fraction occupied by each of the textural classes in 

the 3D object. Let's dissect the mathematical 

expression's constituent parts:  

 

1. Total Volume (V): The 3D object's total 

volume, represented by the letter V, is its whole 

spatial extent. It usually includes the whole volume 

being considered and is expressed in cubic units 

(such as cubic millimeters or cubic centimeters).  

2. Number of Textural Classes (N): The 

diversity of textural patterns found in the volume is 

represented by the total number of pre-defined 

textural classes (N) within the 3D object. Through 

texture analysis, distinct patterns or characteristics 

are associated with each textural class. 

3. TVF for Each Textural Class (TVF_i): 

The ratio of the volume filled by voxels in a given 

class to the overall volume of the object is used to 

compute the TVF for each textural class i (where i = 

1, 2,..., N). Stated differently, it quantifies the 

percentage of the overall volume ascribed to a 

specific textural pattern.  

 

TVF_i's mathematical expression may be expressed 

as follows:  

 

[V_i ]/ [V] = [TVF_i ] 

 

Where:  

 

V_i is the volume filled by textural class i voxels, 

whereas V is the entire volume of the 3D object. 

TVF_i is the Texture Volume of Fraction for 

textural class i. 

 

Significance of TVF in Texture Analysis 

TVF offers several advantages for 3D texture 

analysis:TVF provides a quantitative way to 

evaluate the composition and spatial distribution of 

textural patterns in a three-dimensional object. TVF 

makes sense of the relative abundance and spatial 

arrangement of various textures by determining the 

percentage of volume assigned to each textural class.  
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Textural class i voxels occupy a volume denoted by 

V_i, the numerator of the TVF equation. This 

volume is calculated by adding up the volumes of all 

the voxels that have been identified as part of that 

particular textural pattern. Depending on the 

parameters utilized to establish the textural 

classifications, these voxels could have comparable 

structural features or intensities. 

The volume fraction of each textural class is 

assessed in relation to a reference scale, which is 

represented by the denominator, V, which is the 

overall volume of the 3D object. TVF allows 

comparisons across various objects or datasets, 

regardless of their overall size or dimensions, by 

normalizing the volume occupied by particular 

textural classes relative to the entire volume.  

To sum up, TVF provides a strong and thorough 

method for texture analysis in volumetric data, 

making it a useful tool for estimating the prevalence 

of particular textural patterns inside 3D objects. 

Because of its mathematical formulation, which 

offers a systematic framework for evaluating the 

relative contributions of various textural classes to 

the object's total volume, greater understanding of 

the spatial organization and composition of textures 

inside the volume is made possible.  

 

TVF's Importance in Texture Analysis  

With several benefits over conventional techniques, 

Texture Volume of Fractions (TVF) is an important 

tool in the field of three-dimensional (3D) texture 

analysis. In this article, we explore the importance 

of TVF and how it advances 3D texture analysis. 

1. All-inclusive Texture Description: 

TVF offers an all-inclusive metric for describing the 

dispersion of particular textural patterns in a three-

dimensional object. TVF takes into account the full 

volume and quantifies the contribution of each 

textural class to the overall composition of the item, 

in contrast to standard texture analysis approaches 

that could concentrate on a subset of texture 

descriptors or statistical data. Researchers are able 

to obtain a more sophisticated knowledge of the 

spatial organization and diversity of textures present 

inside the volume thanks to this comprehensive 

technique. 

 

2. Texture Distribution Quantitative 

Evaluation:  

TVF allows for a quantitative evaluation of texture 

distribution in three dimensions by measuring the 

volume fraction occupied by each textural pattern. 

In order to gain insight into differences in texture 

composition and organization, researchers can 

utilize TVF to examine the relative abundance of 

various textures across a variety of objects or 

datasets. TVF's quantitative component improves 

texture analysis's impartiality and repeatability, 

allowing for statistical analysis and thorough 

comparisons of texture attributes. 

 

3. TVF Calculation Integrity Systems  

With the use of mathematical methods like integral 

geometry, integration systems provide a potent 

method for determining TVF, making it possible to 

quickly determine the volume occupied by voxels 

that correspond to particular textural classes. These 

systems provide a number of benefits.  

 

a) Efficiency: Integration systems can handle 

large 3D datasets efficiently compared to traditional 

voxel-by-voxel analysis. Integration systems reduce 

processing time and computational overhead by 

streamlining the volume calculation process via the 

use of optimization techniques and mathematical 

concepts. 

b) Accuracy: A mathematically sound 

technique for calculating volume is provided by the 

integration framework. The volume filled by each 

textural class may be precisely and reliably 

estimated using integration systems, as opposed to 

manual or voxel-based methods that may be prone 

to mistakes or inaccuracies. This precision is 

necessary to guarantee the validity of study findings 

and to derive significant insights from texture 

analysis. 

c) Flexibility: Integration systems are flexible 

enough to accommodate more than just intensity 

values when it comes to texture descriptors. TVF 

quantifies the distribution of intensity-based 

textures, although more complex texture data 

obtained from machine learning methods or 

sophisticated image processing techniques can be 

accommodated by integrated systems. This 

adaptability increases TVF's usefulness and variety 

in texture analysis by enabling researchers to 

customize TVF computations to certain application 

domains or research goals. 

TVF provides an effective framework for evaluating 

texture distribution in 3D objects quantitatively, 

allowing researchers to learn more about the 

composition and spatial organization of textures. 

The utilization of integration systems can improve 

the efficiency, accuracy, and flexibility of TVF 
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computations. This can lead to breakthroughs in 

texture analysis in several domains, such as 

computer graphics, materials research, and medical 

imaging.  

 

How to Calculate TVF with Integration Systems: 

A Comprehensive Guide  

The methodical procedure of calculating Texture 

Volume of Fractions (TVF) utilizing integration 

systems aims to measure the volume fraction 

occupied by each pre-defined textural class inside a 

three-dimensional (3D) object. The steps required in 

calculating TVF utilizing integration systems are 

explained in detail below: 

1. Initial processing:  

The 3D object is preprocessed before TVF 

computation in order to improve data quality and get 

rid of noise and artifacts that might interfere with 

texture analysis. Denoising filters, artifact removal 

methods, and intensity normalization processes are 

a few examples of preprocessing approaches. 

Making ensuring the incoming data is clear, 

dependable, and appropriate for texture analysis is 

the aim of preprocessing.  

2. Extraction of Texture Features:  

Every voxel in the preprocessed 3D model has its 

texture characteristics extracted. Voxels are 

categorized into many textural classes based on 

these qualities. Texture information can be as basic 

as intensity values or as sophisticated as descriptors 

that identify patterns and spatial correlations in the 

data. Intensity, variance, co-occurrence matrices, 

gradient magnitude, and local binary patterns are 

examples of common texture properties. 

The particulars of the 3D object and the desired 

texture attributes determine which texture features 

to use. Texture characteristics capturing structural 

patterns may be more significant in material science, 

however texture features obtained from intensity 

fluctuations may be utilized to distinguish between 

various tissue types in medical imaging 

applications3. 

3. Textural Class Mapping:  

Each voxel is assigned to a particular pre-defined 

textural class based on its feature values once texture 

features have been retrieved. Different patterns or 

traits found through texture research are represented 

by textural classes. In order to determine the borders 

of each textural class, the retrieved texture 

characteristics of each voxel are compared to 

predetermined thresholds or criteria throughout the 

mapping process.  

In the context of medical imaging, for instance, 

voxels that fall below a particular threshold in 

intensity values can be categorized as "soft tissue," 

whereas those that go beyond the threshold might be 

categorized as "bone." Similar to this, in material 

science, voxels with certain grain orientations or 

structural patterns may be categorized into several 

textural classes that correspond to particular 

material qualities. 

 

4. Consolidation:  

The integration system determines the volume that 

each textural class occupies inside the 3D object 

using mathematical methods. To do this, the texture 

characteristics or weighting functions corresponding 

to each textural class must be integrated across the 

object's whole volume.  

The particular method or strategy employed may 

cause variations in the integration process. Integral 

geometry is a frequently utilized method in 

integration systems. It entails the definition of 

weighting functions predicated on textural 

characteristics and their integration over the volume 

using mathematical operations like summing and 

integration. 

Integration systems are designed to take into 

consideration spatial relationships and fluctuations 

within the 3D object in order to properly estimate 

the volume percentage occupied by each textural 

class. Integration systems offer a complete measure 

of texture distribution that represents the 

composition and spatial organization of textures 

within the item by integrating texture characteristics 

throughout the full volume.  

A number of procedures are involved in the TVF 

calculation process when employing integration 

systems: preprocessing, texture feature extraction, 

mapping to textural classes, and integration. 

Integration systems facilitate the advancement of 

various fields, including computer graphics, 

materials science, and medical imaging, by 

providing deeper insights into the textural 

characteristics of 3D objects through the systematic 

analysis of texture properties and quantification of 

the volume fraction occupied by each textural class. 
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Technique Description 

 

Advantages 

 

Disadvantages 

Point Counting Assigns weights to voxels 

based on their texture class 

and sums them. 

Simple to implement, 

computationally 

efficient 

Less accurate for 

complex textures 

Stereological Methods Utilizes geometric 

measurements like intercept 

lengths to estimate volume 

fractions. 

Can be robust to noise Requires careful 

selection of 

measurement 

 

Table 1: Example Integration Techniques for TVF Calculation 

 

Illustrative Example 

Example using Integration for Texture Volume 

Fraction 

This example explores calculating the volume 

fraction of grains with elongated morphologies in a 

composite material. 

1. Define Ideal Texture: 

In this case, the ideal texture represents elongated 

grains. We can model this by a function that 

increases in value along a specific direction in 

orientation space, for instance, the vertical axis. This 

function could be a simple linear function or a more 

complex mathematical representation depending on 

the desired grain elongation profile. 

2. Orientation Distribution Function (ODF): 

The ODF remains the same, describing the actual 

distribution of grain orientations in the composite. 

3. Integration: 

Here, we define the integration region to encompass 

a specific range of Euler angles along the direction 

representing elongation. This could be a cylindrical 

volume around the vertical axis in orientation space. 

Imagine a material with an ideal texture where 

grains favor a specific orientation (φ0, χ0, ψ0). We 

can define a Gaussian function centered at these 

angles representing the ideal texture. 

The ODF will describe the actual distribution of 

grain orientations in the material. 

By integrating the ODF over a region around (φ0, χ0, 

ψ0) that captures the spread of the ideal texture, we 

can calculate the Texture Volume Fraction. This 

value represents the portion of the material with 

orientations close to the ideal texture. 

Flowchart Adaptation: 

The provided flowchart can be adapted for this 

example as follows: 

Input ODF (φ, χ, ψ)  

 

 

 

 

Define Ideal Texture (Gaussian Function) 

 

 

 

Define Integration Region (Euler Angles) 

 

 

Integrate ODF over defined region 

 

 

 

Texture Volume Fraction (Proportions) 

The calculated Texture Volume Fraction in this case 

represents the proportion of the composite material 

occupied by grains exhibiting some degree of 

elongation as defined by the integration region. 

This approach allows us to quantify the 

microstructural features of the material related to 

grain shape and their influence on material 

properties. 

 



 

International Journal of Intelligent Systems and Applications in Engineering                     IJISAE, 2024, 12(21s), 1675–1703  |  1702 

Notes: 

• The specific integration method and definition of the 

integration region can affect the Texture Volume 

Fraction value. 

• Other methods like Gaussian fitting can also be used 

to estimate texture fractions. 

 

Results and Discussion 

The integration system approach offers an efficient 

and accurate method for calculating TVF. Compared 

to manual voxel-by-voxel analysis, it allows for 

faster processing of large datasets. Additionally, the 

mathematical framework ensures robust volume 

calculation. Integration systems can be adapted to 

handle various texture descriptors beyond simple 

intensity values. For instance, statistical features like 

variance or local entropy can be used to capture 

more complex textural patterns, leading to more 

informative TVF values. 

However, certain limitations need consideration. 

Choosing the appropriate integration technique 

depends on the specific type of texture and the 

desired level of accuracy. Point counting, while 

simple, might be less accurate for highly intricate 

textures with gradual intensity variations. More 

sophisticated stereological methods can be 

employed for such cases, but they might require 

careful selection of measurement parameters. 

 

Conclusion 

One important quantitative metric for describing the 

textural characteristics of three-dimensional (3D) 

objects is Texture Volume of Fractions (TVF). The 

efficient and precise computation of TVF is made 

possible by the use of integration systems. This 

methodological approach allows for objective 

texture analysis as well as material characterisation 

in a number of disciplines, such as nondestructive 

testing, medical imaging analysis, and material 

research. TVF's capacity for accurate 3D texture 

characterisation is expected to grow as texture 

analysis develops due to new developments in 

integration techniques and the addition of 

increasingly complex texture descriptors. 

TVF is an important development in texture analysis, 

especially for 3D analysis and imaging. TVF 

delivers important insights into the spatial 

organization and composition of textures inside 3D 

objects by giving a quantitative assessment of the 

distribution of particular textural patterns within 

volumetric data. Researchers and practitioners may 

now better understand texture qualities using this 

all-encompassing approach to texture 

characterisation, which goes beyond the constraints 

of conventional methodologies. 

Integration systems provide texture analysis with 

efficiency, precision, and flexibility, making them 

an effective tool for computing TVF. These systems 

use mathematical methods to speed up the volume 

computation process, such integral geometry. 

Integration solutions provide objective and 

trustworthy texture analysis for a range of 

applications by effectively managing big 3D 

datasets and guaranteeing accurate volume fraction 

estimate. 

Integration systems provide texture analysis with 

efficiency, precision, and flexibility, making them 

an effective tool for computing TVF. These systems 

use mathematical methods to speed up the volume 

computation process, such integral geometry. 

Integration solutions provide objective and 

trustworthy texture analysis for a range of 

applications by effectively managing big 3D 

datasets and guaranteeing accurate volume fraction 

estimate. 
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