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Glcm Texture Features Matlab Code

GLCM Texture Features MATLAB Code: A Comprehensive Guide to Texture Analysis

glcm texture features matlab code is an essential topic for anyone delving into
image

processing and computer vision, especially when it comes to texture analysis. The Gray-
Level Co-occurrence Matrix (GLCM) is a popular statistical method used to examine the
texture of images by considering the spatial relationship of pixels. MATLAB, being a
powerful platform for numerical computing and visualization, o?ers robust capabilities to
compute and analyze GLCM texture features e?ciently. In this article, we will explore
everything you need to know about implementing GLCM texture features in MATLAB,
including practical code snippets, explanations of key concepts, and tips to optimize your
work?ow.

Understanding GLCM and Its Importance in Texture Analysis

Texture is a crucial attribute in image analysis, often used in ?elds like medical imaging,
remote sensing, and pattern recognition. Unlike color or shape, texture conveys
information about the spatial arrangement of intensities within an image. The Gray-Level
Co-occurrence Matrix (GLCM) is a statistical method that quanti?es texture by analyzing
the frequency of pixel intensity pairs occurring at a speci?c spatial relationship.

What Is GLCM?
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The GLCM is a matrix that counts how often pairs of pixel intensities (gray levels) occur in
an image, separated by a certain distance and angle. For example, it may count how
many times a pixel with intensity 3 is adjacent to a pixel with intensity 5 at a 0-degree
angle (horizontal neighbors). The resulting matrix captures the distribution of these
intensity pairs, which can then be used to extract meaningful texture features.

Why Use GLCM Texture Features?

GLCM texture features provide valuable insights into the structural patterns within an
image. They help in distinguishing di?erent textures by quantifying properties such as
smoothness, coarseness, and regularity. This is particularly useful when analyzing medical
scans to detect abnormalities, classifying land cover in satellite images, or recognizing
surface defects in industrial quality control.

Key Texture Features Derived from GLCM

Once the GLCM is computed for an image, several statistical features can be derived to
describe the texture quantitatively. Some of the most commonly used GLCM texture
features include:

Contrast: Measures the intensity contrast between a pixel and its neighbor over

the whole image.

Correlation: Evaluates how correlated a pixel is to its neighbor across the
image.
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Energy: Represents textural uniformity; also known as angular second moment.

3.

Homogeneity: Quanti?es the closeness of the distribution of elements in the
GLCM

to the GLCM diagonal.

Entropy: Measures the randomness or complexity of the texture.

5.

Each of these features captures a distinct aspect of texture, making GLCM a versatile tool
in texture classi?cation and segmentation tasks.

Implementing GLCM Texture Features MATLAB Code

MATLAB provides built-in functions to compute GLCM and extract texture features, making
the implementation straightforward and accessible even for beginners. The primary
function used is "graycomatrix’, which generates the GLCM, and “graycoprops’, which
calculates the texture properties.

Step-by-Step Guide to Computing GLCM in MATLAB

Here?s a simple example demonstrating how to calculate GLCM texture features using
MATLAB code:

““matlab

% Read a grayscale image

| = imread('‘cameraman.tif');
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% Compute the GLCM with default parameters

glcm = graycomatrix(l);

% Extract texture features

stats = graycoprops(glcm, {'Contrast’, '‘Correlation’, 'Energy’, 'Homogeneity'});
% Display the results

fprintf(‘'Contrast: %.4f\n', stats.Contrast);

fprintf('Correlation: %.4f\n', stats.Correlation);

fprintfCEnergy: %.4f\n', stats.Energy);

fprintf"Homogeneity: %.4f\n’, stats.Homogeneity);

This example reads a standard grayscale image, calculates its GLCM, extracts four major
texture features, and prints the results. Note that "graycomatrix™ by default computes the
GLCM for a pixel o?set of (0,1), i.e., horizontal neighbors.

Customizing GLCM Parameters for Better Results

The texture analysis can be re?ned by adjusting parameters such as the o?set (distance
and direction between pixel pairs), the number of gray levels, and the symmetry option.
““matlab

% De?ne o?sets for multiple directions (0°, 45°, 90°, 135°)

o?sets=[01;-11;-10;-1-1];

% Compute the GLCM for these o?sets

glcm = graycomatrix(l, ‘O?set’, o?sets, 'NumLevels', 8, 'Symmetric’, true);
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% Calculate texture properties for each GLCM

stats = graycoprops(glcm, {'Contrast’, 'Correlation’, 'Energy’, 'Homogeneity'});
% Display the average feature values across directions

fprintf('Average Contrast: %.4f\n’, mean(stats.Contrast));

fprintf(Average Correlation: %.4f\n', mean(stats.Correlation));
fprintf(Average Energy: %.4f\n', mean(stats.Energy));

fprintf('Average Homogeneity: %.4f\n’, mean(stats.Homogeneity));

By analyzing multiple directions, the texture description becomes more robust and
rotation invariant, which is a valuable tip for practical applications.

Advanced Tips for Working with GLCM in MATLAB

Preprocessing Your Images

GLCM depends heavily on the quality and nature of the input image. Preprocessing steps
such as noise reduction, histogram equalization, or quantization can signi?cantly enhance
the accuracy of texture features.

**Noise Filtering:** Use median or Gaussian ?ltering to reduce noise that may

distort texture analysis.

**Intensity Quantization:** Reducing the number of gray levels (e.g., from 256 to 8

or 16) can lower computation time and help focus on essential texture patterns.

**Normalization:** Normalize pixel intensities to a standard range to ensure
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consistency across di?erent images.

Extracting Additional Texture Features

While MATLAB?s "graycoprops™ o?ers a convenient set of features, researchers often
compute additional statistical measures such as entropy or cluster tendency. These can
be programmed manually by analyzing the GLCM matrix.

““matlab

% Calculate entropy from the GLCM

glcmProb = glcm ./ sum(glcm(:)); % Normalize to probability

entropyVal = -sum(glcmProb(glcmProb > 0) .* log2(glcmProb(glcmProb > 0)));

fprintfCEntropy: %.4f\n', entropyVal);

Including such custom features can improve the discrimination power of your texture
analysis.

Visualizing GLCM and Texture Features

Visual representation helps in understanding texture patterns better. MATLAB allows you
to plot the GLCM as an image and visualize how texture features vary.

““matlab

?gure;

imshow(glecm(:,:,1), []);

title('GLCM Matrix at 0° O7?set);

% Plot contrast values for di?erent directions
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directions = {'0°", '45°", '90°", '135°};
bar(stats.Contrast);

set(gca, 'XTickLabel', directions);
ylabel('Contrast’);

title('Contrast Feature Across Directions’);

Visualization is particularly useful when tuning parameters or validating texture-based
classi?cation results.

Applications of GLCM Texture Features Using MATLAB

The practical applications of GLCM texture features are vast and diverse. In MATLAB,
these features serve as the foundation for many advanced image processing work?ows.

Medical Imaging: Detecting tumors or abnormal tissues by analyzing the texture

patterns in MRI, CT, or ultrasound scans.

Remote Sensing: Classifying land cover types from satellite imagery based on

texture variations.
Industrial Inspection: Quality control by identifying surface defects or material
3.

inconsistencies.
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Face Recognition: Enhancing feature extraction by combining texture features
4.

with other descriptors.

MATLAB?s comprehensive environment allows integration of GLCM texture features with
machine learning and deep learning toolboxes for building sophisticated classi?cation and
segmentation models.

Optimizing Performance and Scalability in MATLAB

When working with large datasets or high-resolution images, computational e?ciency
becomes critical. Here are some practical tips on optimizing your GLCM texture features
MATLAB code:

**Parallel Computing:** Utilize MATLAB?s Parallel Computing Toolbox to process
multiple images or directions simultaneously.

**\/ectorization:** Avoid loops where possible by leveraging MATLAB?s matrix
operations.

**Selective Feature Extraction:** Instead of extracting all features, focus on the

most relevant ones to reduce computation time.

**Image Downsampling:** Reduce image resolution when high detail is not

necessary, which speeds up GLCM calculations.

Applying these strategies can considerably enhance the performance of texture analysis
pipelines.

Exploring GLCM texture features with MATLAB code opens the door to powerful image
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analysis capabilities. By understanding the theory behind GLCM and leveraging MATLAB?s
built-in functions along with custom implementations, you can extract meaningful texture
descriptors that are instrumental in numerous real-world applications. Whether you are a
researcher, student, or engineer, mastering these techniques provides a solid foundation
for advancing your image processing projects.

Question

Answer

What is GLCM and how

is it used for texture

analysis in MATLAB?

GLCM stands for Gray Level Co-occurrence Matrix, which is a

statistical method of examining texture that considers the

spatial relationship of pixels. In MATLAB, GLCM is used to

extract texture features such as contrast, correlation, energy,

and homogeneity from images, aiding in image classi?cation

and analysis.

How can | compute

GLCM texture features

using MATLAB built-in

functions?
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You can use MATLAB's built-in function 'graycomatrix’ to

compute the GLCM from a grayscale image, and then use

‘graycoprops' to extract texture features like Contrast,

Correlation, Energy, and Homogeneity. Example: glcm =

graycomatrix(l); stats = graycoprops(glcm);

Can you provide a

sample MATLAB code

snippet to extract GLCM

texture features?

Yes. Here's a simple example: | = imread(‘cameraman.tif’);

glcm = graycomatrix(l, 'O?set’, [0 1]); stats =

graycoprops(glcm, {'Contrast', '‘Correlation’, 'Energy’,

'Homogeneity'}); disp(stats);

How do di?erent 'O?set’

parameters in

graycomatrix a?ect

GLCM texture features in

MATLAB?

The 'O7?set’ parameter in graycomatrix speci?es the pixel

distance and direction to consider when computing the co-

occurrence matrix. Di?erent o?sets capture texture

Vol. 2025, Issue 7
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information in various directions (e.g., horizontal, vertical,

diagonal), which can a?ect the extracted texture features

and improve texture analysis accuracy.

Is it possible to compute

GLCM texture features

for color images in

MATLAB?

GLCM is traditionally computed on grayscale images. For

color images, you can convert the image to grayscale using

rgb2gray or compute GLCM features on each color channel

separately, then combine the features for texture analysis.

How can | optimize the

MATLAB code for

extracting GLCM texture

features for large image

datasets?

To optimize GLCM texture feature extraction for large

datasets, consider preallocating arrays, using vectorized

operations, processing images in batches, and utilizing

MATLAB's Parallel Computing Toolbox to run computations in

Vol. 2025, Issue 7
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parallel on multiple cores or GPUs.
**Unlocking Image Analysis: A Deep Dive into GLCM Texture Features MATLAB Code**

glcm texture features matlab code serve as an essential toolset for researchers
and

engineers working in image processing, computer vision, and pattern recognition. These
codes leverage the Gray Level Co-occurrence Matrix (GLCM) methodology to extract
texture features, providing insightful quanti?cations of surface characteristics within
images. MATLAB, with its robust computational environment and built-in functions, o?ers
a versatile platform to implement and customize GLCM-based texture analysis. This article
explores the nuances of GLCM texture features MATLAB code, examining its
implementation, applications, and the impact it holds in various scienti?c and industrial
domains.

Understanding GLCM and Its Role in Texture Analysis

The Gray Level Co-occurrence Matrix is a statistical tool that captures spatial relationships
between pixel intensities in a grayscale image. Unlike simple histogram-based methods
that consider only the frequency of pixel intensities, the GLCM accounts for the frequency
of speci?c pixel value pairs occurring at a de?ned spatial o?set. This approach enables
the extraction of texture features that re?ect the structural arrangement of intensities,

such as smoothness, coarseness, and regularity, which are crucial in di?erentiating
materials or objects within an image.

MATLAB provides a dedicated function, "‘graycomatrix’, which computes the GLCM for an
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image given parameters like o?set, symmetry, and number of gray levels. Following the
matrix computation, the "graycoprops’ function extracts common texture features such

as contrast, correlation, energy, and homogeneity. These features serve as descriptors for
texture classi?cation, segmentation, or quality assessment tasks.

Key Texture Features Derived from GLCM

The primary texture features extracted using GLCM in MATLAB encapsulate various
aspects of image texture:

Contrast: Measures the intensity di?erence between a pixel and its neighbor
over

the entire image, highlighting local variations.

Correlation: Indicates how correlated a pixel is to its neighbor, re?ecting linear

dependencies among pixels.

Energy: Also known as angular second moment, it quanti?es textural uniformity
or

the repetition of pixel pairs.

Homogeneity: Assesses closeness of the distribution of elements in the GLCM
to

the diagonal, indicating smooth textures.
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These features are often supplemented with additional metrics like entropy, dissimilarity,
and cluster shade when more detailed texture characterization is required.
Implementing GLCM Texture Features in MATLAB: A Practical
Overview

A typical MATLAB implementation of GLCM texture features involves several steps,
starting from image preprocessing to feature extraction. Here is a concise breakdown:

Image Preprocessing: Convert the input image to grayscale and optionally
reduce

the number of gray levels to optimize computation.

GLCM Computation: Use ‘graycomatrix" to build one or more co-occurrence
2.

matrices for speci?ed pixel o?sets and directions.

Feature Extraction: Apply ‘graycoprops or custom calculations to extract
texture

features from the GLCM.

Data Aggregation: Combine features from multiple o?sets or directions to form
a

robust texture descriptor.

Here is an example snippet of MATLAB code illustrating the basic extraction process:
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““matlab

| = imread('sample_image.jpg");

|_gray = rgb2gray(l);

o?sets=[01;-11;-10;-1-1]; % Four directions: 0°, 45°, 90°, 135°

glcms = graycomatrix(l_gray, 'O?set’, 0?sets, 'Symmetric', true);

stats = graycoprops(glcms, {'Contrast’, 'Correlation’, 'Energy’, 'Homogeneity'});
% Averaging features over all directions

contrast = mean(stats.Contrast);

correlation = mean(stats.Correlation);

energy = mean(stats.Energy);

homogeneity = mean(stats.Homogeneity);

This modular approach empowers users to tailor their analysis depending on the image
characteristics and the end application.

Advantages of Using MATLAB for GLCM Texture Analysis

MATLAB?s environment o?ers several bene?ts when dealing with GLCM texture features:

Built-in Functions: Ready-to-use functions like ‘graycomatrix" and
‘graycoprops’

simplify implementation without the need for manual matrix calculations.

Visualization Tools: MATLAB?s plotting capabilities allow visualization of both

the
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image and its GLCM for better interpretability.

Customizability: Users can easily modify parameters such as o?set distances,
3.

gray level quantization, and matrix normalization.

Integration: MATLAB supports integration with machine learning toolboxes,
4,

enabling texture features to feed directly into classi?cation or clustering algorithms.

However, it is worth noting that MATLAB?s interpreted nature may pose computational
ine?ciencies for very large datasets or real-time processing, where compiled languages

could o?er performance advantages.

Applications and Impact of GLCM Texture Features MATLAB Code

The utilization of GLCM texture features extends across a wide spectrum of domains. In
medical imaging, these features assist in identifying pathological changes by analyzing

tissue textures in MRI or CT scans. For instance, di?erentiating between benign and

malignant lesions often relies on subtle texture variations captured by GLCM analysis.

In remote sensing, satellite imagery bene?ts from texture-based classi?cation to

distinguish land covers like forests, urban areas, or water bodies. MATLAB?s GLCM code
facilitates rapid prototyping and validation of such models by allowing researchers to

experiment with di?erent parameter sets.
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Industrial quality control leverages texture features to detect surface defects or
inconsistencies in manufacturing processes. Here, the repeatability and precision of
MATLAB?s texture extraction enhance automated inspection systems.

Comparative Insights: GLCM vs Other Texture Analysis Techniques
While GLCM is a powerful descriptor, it is one among many texture analysis methods.
Techniques such as Local Binary Patterns (LBP), Gabor ?lters, and wavelet transforms also
provide complementary or alternative approaches.

GLCM?s main strength lies in capturing second-order statistical information, making it
sensitive to spatial relationships that ?rst-order statistics miss. However, it can be
computationally intensive and may require careful parameter tuning (e.g., gray level
guantization, o?set selection) to avoid information loss.

In contrast, LBP is computationally simpler and rotation invariant but may not capture all
texture nuances. Gabor ?lters provide multi-scale and multi-orientation analysis but are
more complex to implement and interpret.

Therefore, the choice of texture feature extraction method depends on the speci?c
application, data characteristics, and computational constraints. MATLAB?s ?exible
environment allows combining these methods to build hybrid feature sets for improved
performance.

Best Practices for Optimizing GLCM Texture Features MATLAB

Code

To maximize the e?ectiveness of glcm texture features matlab code, consider the
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following recommendations:

Gray Level Quantization: Reducing the number of gray levels (e.g., from 256 to

32 or 64) can improve computational speed without signi?cantly degrading feature

quality.

O7?set Selection: Using multiple o?sets in di?erent directions and distances
2.

captures directional texture patterns more comprehensively.

Normalization: Normalize GLCMs to ensure comparability across images with
3.

varying intensity distributions.

Feature Aggregation: Aggregate features across all o?sets and directions to
build

a robust descriptor vector.

Validation: Use cross-validation techniques when integrating texture features
into

classi?cation tasks to avoid over?tting.

By adhering to these strategies, practitioners can harness the true potential of GLCM

texture features in MATLAB for precise and insightful image analysis.

Published by: api.pieets.com Page 18 of 35
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Exploring the intricacies of glcm texture features matlab code reveals a comprehensive
framework for texture quanti?cation that continues to play a pivotal role in advancing
image-based diagnostics and automated systems. Its balance of theoretical rigor and
practical applicability ensures that it remains a cornerstone technique within the broader
landscape of image texture analysis.

glcm texture analysis matlab, gray level co-occurrence matrix matlab, texture feature
extraction matlab, glcm features code, image texture analysis matlab, matlab glcm
tutorial, haralick features matlab code, glcm calculation matlab, texture classi?cation

matlab, glcm matlab example

Texture feature extraction matlab code

Texture feature extraction MATLAB code is an essential topic in image processing and computer
vision, particularly in applications like medical imaging, remote sensing, industrial inspection, and
pattern recognition. Extracting robust texture features from images allows algorithms to classify,
segment, and analyze images more effectively. MATLAB, with its comprehensive image processing
toolbox and user-friendly syntax, offers a powerful environment for implementing texture feature
extraction techniques efficiently. This article provides an in-depth overview of how to develop
MATLAB code for texture feature extraction, including key algorithms, implementation strategies,
and practical examples.

Understanding Texture Features in Image Processing
What Are Texture Features?

Texture features describe the spatial arrangement of intensities or colors within an image region.
They help differentiate regions with similar colors but different textures, such as smooth vs. rough
surfaces, or various fabric patterns. These features can be classified into statistical, structural, and
transform-based categories.
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Common Types of Texture Features

- Statistical Features: Based on pixel intensity distributions (e.g., mean, variance, entropy).

- Structural Features: Based on repeating patterns or primitives (e.g., edges, lines).

- Transform-based Features: Derived from frequency or wavelet transforms (e.g., Gabor filters,
wavelet coefficients).

Key Techniques for Texture Feature Extraction

Gray Level Co-occurrence Matrix (GLCM)

GLCM captures the spatial relationship between pixel pairs at specific offsets and orientations. The
features derived from GLCM, such as contrast, correlation, energy, and homogeneity, are widely
used in texture analysis.

Local Binary Patterns (LBP)

LBP is a simple yet powerful method that encodes local texture by thresholding neighborhood pixels
against the central pixel. It produces a binary pattern that can be summarized into a histogram
representing local texture.

Gabor Filters

Gabor filters analyze the frequency content in specific orientations and scales, making them suitable
for capturing multi-resolution texture features.

Wavelet Transform

Wavelet transforms decompose images into multiple frequency bands, revealing texture information
at different scales.

Implementing Texture Feature Extraction in MATLAB
Prerequisites and Setup
Before implementing texture feature extraction algorithms, ensure you have:

- MATLAB installed with the Image Processing Toolbox.
- Sample images for testing.



glcm texture features matlab code Workbook

- Basic understanding of MATLAB programming.
Sample code snippets provided below demonstrate the core functions.
Example 1. Extracting GLCM Features in MATLAB
Step 1: Load and Preprocess the Image
““matlab
% Read the image
img = imread('sample_image.jpg");
% Convert to grayscale if necessary
if size(img,3) == 3
gray_img = rgb2gray(img);
else
gray_img =img;
end
% Display the grayscale image

figure; imshow(gray_img); title('Grayscale Image’);

Step 2: Generate GLCM
““matlab

% Define offsets for different directions
offsets=[01;-11;-10;-1-1];

% Compute GLCM with multiple directions

Vol. 2025, Issue 7
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glcm = graycomatrix(gray_img, 'Offset’, offsets, 'Symmetric', true);

Step 3: Extract Texture Features
““matlab

% Initialize feature vectors

stats = graycoprops(glcm, {'Contrast’, ‘Correlation’, 'Energy’, 'Homogeneity'});
% Aggregate features over different directions
contrast = mean([stats.Contrast]);

correlation = mean([stats.Correlation]);
energy = mean([stats.Energy]);

homogeneity = mean([stats.Homogeneity]);

% Display features

fprintf('Contrast: %.3f\n’, contrast);
fprintf('Correlation: %.3f\n’, correlation);
fprintfCEnergy: %.3f\n', energy);

fprintf"Homogeneity: %.3f\n', homogeneity);

Vol. 2025, Issue 7

This example demonstrates how to compute basic GLCM-based texture features in MATLAB, which

are useful for classification tasks.

Example 2: Extracting Local Binary Patterns (LBP) in MATLAB

Implementing LBP



glcm texture features matlab code Workbook

““matlab

function lbplmage = extractLBP(gray_img)

% Define size of neighborhood

radius = 1;

numPoints = 8; % 8 neighbors

% Initialize output

Ibplmage = zeros(size(gray_img));

% Loop through each pixel (excluding borders)

for i = radius+1:size(gray_img,1)-radius

for j = radius+1:size(gray_img,2)-radius

centerPixel = gray_img(i,));

% Collect neighbors

neighbors = zeros(1, numPoints);

count =1,;

for point = 1:numPoints

angle = 2pi(point-1)/numPoints;

y =i+ round(radiussin(angle));

X = j + round(radiuscos(angle));

neighbors(count) = gray_img(y,x);

count = count + 1;

end

Vol. 2025, Issue 7
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% Compute binary pattern

binaryPattern = neighbors >= centerPixel;

% Convert binary pattern to decimal

IbpValue = bi2de(binaryPattern, 'left-msb’);

Ibplmage(i,j) = IbpValue;

end

end

% Display LBP image

figure; imshow(uint8(lbplmage255/ (2*numPoints - 1))); title(LBP Image");

end

Generating LBP Histogram

““matlab

% Call the function

Ibp_img = extractLBP(gray_img);

% Compute histogram

numBins = 2"'8; % 256 bins for 8-bit patterns
histogram = imhist(uint8(lbp_img), numBins);
% Normalize histogram

histogram = histogram / sum(histogram);

% Use histogram as texture feature
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disp('LBP Histogram Features:");

disp(histogram’);

This code computes the Local Binary Pattern for each pixel and summarizes the texture using the
histogram of patterns.

Example 3: Gabor Filter-Based Texture Features in MATLAB
Applying Gabor Filters

““matlab

% Define Gabor filter parameters
wavelengths = [4 8 16]; % scales
orientations = [0 45 90 135]; % orientations
% Initialize feature matrix

gaborFeatures = [];

for w = wavelengths

for o = orientations

% Create Gabor filter

gaborMag = imgaborfilt(gray_img, o, w);

% Compute mean and standard deviation
meanMag = mean(gaborMag(:));

stdMag = std(gaborMag(:));

% Store features
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gaborFeatures = [gaborFeatures, meanMag, stdMag];
end

end

% Display features

disp('Gabor Filter Features:");

disp(gaborFeatures);

Gabor filters effectively capture multi-scale, multi-orientation texture information, which can be used
for classification or segmentation.

Practical Tips for Effective Texture Feature Extraction

- Preprocessing: Always preprocess images to normalize illumination and contrast.

- Parameter Tuning: Adjust parameters like offsets, neighborhood size, and filter scales for
optimal results.

- Feature Selection: Combine multiple features and select the most discriminative ones for your
task.

- Dimensionality Reduction: Use techniques like PCA to reduce feature space and improve
classifier performance.

- Validation: Always validate feature effectiveness with cross-validation or other robust methods.

Conclusion

Texture feature extraction in MATLAB provides a versatile toolkit for analyzing and characterizing
image textures. By leveraging algorithms like GLCM, LBP, Gabor filters, and wavelet transforms,
practitioners can develop powerful image analysis pipelines suited for a variety of applications.
MATLAB?s straightforward syntax and extensive functions facilitate rapid prototyping and
implementation of these techniques. Whether for research or practical deployment, mastering
texture feature extraction MATLAB code is an invaluable skill in the field of image processing.

Further Reading and Resources:
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- MATLAB Documentation: [Image Processing
Toolbox](https://www.mathworks.com/products/image.html)

- Textbooks: Digital Image Processing by Gonzalez and Woods

- Online Tutorials: MATLAB Central File Exchange for community-contributed code

- Research Papers on Texture Analysis Techniques

Note: For comprehensive projects, consider integrating these feature extraction techniques with
machine learning models like SVM, Random Forest, or deep learning architectures for classification
and segmentation tasks.

Texture feature extraction MATLAB code: Unlocking the Power of Image Analysis

In the rapidly advancing field of image processing, the ability to extract meaningful features from
visual data is paramount. Among these features, texture plays a crucial role in diverse
applications?from medical imaging and remote sensing to industrial inspection and pattern
recognition. Texture feature extraction MATLAB code has become a fundamental tool for
researchers and engineers aiming to quantify and analyze the intricate patterns present in images.
This article delves into the core concepts of texture feature extraction, explores the MATLAB
implementations that facilitate this process, and provides practical insights into developing efficient
and accurate feature extraction pipelines.

Understanding Texture in Image Processing
What is Texture?

Texture refers to the visual patterns or spatial arrangements of pixel intensities in an image. Unlike
color or shape, texture captures the repetitive or stochastic variations within a region, conveying
important information about the surface properties or structural composition of objects.

Why Extract Texture Features?

Extracting texture features enables machines to interpret visual information similarly to how humans
perceive surface qualities. This is essential in applications like:

- Medical diagnosis: Differentiating between benign and malignant tumors based on tissue
patterns.

- Remote sensing: Classifying land cover types like forests, urban areas, or water bodies.

- Industrial quality control: Detecting surface defects or inconsistencies.

- Biometric systems: Enhancing fingerprint or iris recognition accuracy.
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Types of Texture Features
Texture features can be broadly categorized into statistical, structural, and model-based features:
- Statistical features: Derived from the distribution and relationships of pixel intensities (e.g.,
gray-level co-occurrence matrix, GLCM).
- Structural features: Based on repetitive patterns and primitive elements.
- Model-based features: Using mathematical models like Markov Random Fields or Fourier

analysis.

This article emphasizes statistical features, particularly those obtained via the Gray-Level
Co-occurrence Matrix (GLCM), due to their widespread use and MATLAB support.

The Foundations of Texture Feature Extraction in MATLAB
The Role of MATLAB
MATLAB provides a comprehensive environment for image processing, equipped with specialized
toolboxes such as Image Processing Toolbox. Its high-level functions, visualization capabilities, and
extensive community support make it an ideal platform for implementing texture feature extraction
algorithms.
Core Steps in Texture Feature Extraction
- Image Preprocessing: Convert images to grayscale (if necessary), resize, and normalize.
- Texture Region Selection: Define regions of interest (ROIs) within images.
- Feature Computation: Calculate texture features using methods like GLCM or filter banks.
- Feature Representation: Aggregate features into vectors suitable for classification or analysis.
- Post-processing: Normalize or standardize feature vectors for machine learning applications.
Implementing Texture Feature Extraction in MATLAB
Step 1: Image Preprocessing
Before extracting features, ensure the image is in an appropriate format:

““matlab

originallmage = imread('sample_image.jpg’);
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if size(originallmage, 3) ==

graylmage = rgb2gray(originallmage);

else

graylmage = originallmage,;

end

% Optional: Resize image for faster processing

resizedlmage = imresize(graylmage, [256, 256]);

Step 2: Defining Regions of Interest (ROI)

Depending on the application, you might analyze the entire image or specific regions:
““matlab

% Example: Cropping a central region

centerX = size(resizedlmage, 2) / 2;

centerY = size(resizedlmage, 1) / 2;

roiSize = 100;

xStart = round(centerX - roiSize / 2);

yStart = round(centerY - roiSize / 2);

roi = resizedimage(yStart:yStart+roiSize-1, xStart:xStart+roiSize-1);

Step 3: Computing Texture Features Using GLCM

The Gray-Level Co-occurrence Matrix (GLCM) is a popular statistical method that considers the
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spatial relationship between pixel pairs:

““matlab

% Define offsets for different directions

offsets=[01;-11;-10;-1-1];

% Compute GLCM for the ROI

glcm = graycomatrix(roi, 'Offset’, offsets, '‘Symmetric’, true);

% Derive statistical features from GLCM

stats = graycoprops(glcm, {'Contrast’, 'Correlation’, 'Energy’, 'Homogeneity'});

Step 4: Extracting Multiple Features

To create a comprehensive feature vector, aggregate features across different directions:

““matlab

contrast = mean(stats.Contrast);

correlation = mean(stats.Correlation);

energy = mean(stats.Energy);

homogeneity = mean(stats.Homogeneity);

featureVector = [contrast, correlation, energy, homogeneity];

Step 5: Automating Feature Extraction for Multiple Images

To handle bulk data, encapsulate feature extraction into functions:

“matlab
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function features = extractTextureFeatures(image)

if size(image, 3) ==

gray = rgb2gray(image);

else

gray = image;

end

% Optional: Resize for consistency

gray = imresize(gray, [256, 256));

glcm = graycomatrix(gray, 'Offset’, [0 1; -1 1; -1 0; -1 -1], 'Symmetric', true);
stats = graycoprops(glcm, {'Contrast’, 'Correlation’, 'Energy’, 'Homogeneity'});

features = [mean(stats.Contrast), mean(stats.Correlation), mean(stats.Energy),
mean(stats.Homogeneity)];

end

Apply this function across datasets:
““matlab

images = {'img1.jpg’, 'img2.jpg’, 'img3.jpg’};
featureMatrix = zeros(length(images), 4);
for i = 1:length(images)

img = imread(images{i});

featureMatrix(i, ;) = extractTextureFeatures(img);
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end

Advanced Techniques and Enhancements
Using Filter Banks for Multi-Scale Texture Analysis

Beyond GLCM, filter banks like Gabor filters can analyze textures at multiple scales and
orientations:

““matlab
gaborArray = gabor(4,8); % 4 scales, 8 orientations
gaborFeatures = imgaborfilt(resizedimage, gaborArray);

% Extract magnitude responses and compute statistical features

Combining Multiple Feature Types

Integrating statistical, frequency, and structural features boosts classification accuracy:
- Statistical features: GLCM, run-length, or histogram-based metrics.
- Frequency features: Fourier or wavelet transforms.
- Structural features: Pattern primitives or edge-based analysis.

Dimensionality Reduction and Feature Selection

High-dimensional feature vectors can be optimized using techniques like Principal Component
Analysis (PCA) to improve model performance:

““matlab
[coeff, score, ~] = pca(featureMatrix);

reducedFeatures = score(:, 1:10); % Keep top 10 components



glcm texture features matlab code Workbook Vol. 2025, Issue 7

Practical Applications and Case Studies
Medical Imaging

Researchers utilize MATLAB code to extract texture features from MRI or CT scans to distinguish
healthy tissue from pathological regions. Accurate feature extraction directly impacts diagnostic
precision.

Remote Sensing

Satellite images are processed to classify land cover types. MATLAB scripts automate the extraction
of GLCM features, enabling large-scale analysis with minimal manual intervention.

Quiality Control in Manufacturing

Texture analysis detects surface defects such as scratches, cracks, or inconsistencies.
MATLAB-based automation accelerates inspection lines, ensuring high throughput and reliability.

Challenges and Future Directions

While MATLAB provides robust tools for texture feature extraction, practitioners face challenges
such as:

- Computational efficiency: Large datasets require optimized code or parallel processing.
- Feature selection: Identifying the most discriminative features for specific tasks.
- Robustness: Dealing with noise, illumination variations, and different imaging conditions.

Emerging techniques like deep learning are increasingly integrated with traditional feature
extraction, offering end-to-end solutions that learn features automatically. MATLAB supports deep
learning workflows, enabling hybrid approaches.

Conclusion

Texture feature extraction MATLAB code stands as a cornerstone in the realm of image analysis,
empowering users to decipher complex surface patterns with precision and efficiency. From
fundamental GLCM-based methods to advanced multi-scale filter banks, MATLAB offers versatile
tools that cater to a broad spectrum of applications. By understanding the underlying principles and
leveraging MATLAB?s capabilities, researchers and practitioners can develop robust, scalable, and
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insightful image analysis pipelines. As technology evolves, integrating traditional texture features
with machine learning and deep learning techniques promises to open new horizons in automated
visual understanding, making MATLAB an indispensable platform for ongoing innovation.

References & Resources

- MATLAB Documentation: Image Processing Toolbox ?
https://www.mathworks.com/help/images/

- GLCM Function: https://www.mathworks.com/help/images/ref/graycomatrix.html

- Gabor Filters in MATLAB:
https://www.mathworks.com/matlabcentral/fileexchange/40146-gabor-filters

- Deep Learning Toolbox: https://www.mathworks.com/products/deep-learning.html

Note: For practical implementation, always ensure your MATLAB environment is updated and
includes the necessary toolboxes for the best experience.

QuestionAnswer How can | extract texture features from an image using MATLAB? You can
extract texture features in MATLAB by using built-in functions like graycomatrix and graycoprops for
GLCM-based features such as contrast, correlation, energy, and homogeneity. First, convert your
image to grayscale if necessary, compute the GLCM, and then extract the desired features. What
are common texture features that can be extracted with MATLAB? Common texture features include
contrast, correlation, energy, homogeneity (from GLCM), as well as features like entropy, local
binary patterns (LBP), and wavelet-based features. MATLAB provides functions to compute many of
these, facilitating comprehensive texture analysis. Can | implement LBP (Local Binary Patterns) for
texture analysis in MATLAB? Yes, you can implement LBP in MATLAB either by using custom code
or by utilizing existing MATLAB toolboxes and functions available on MATLAB File Exchange. LBP
is useful for capturing local texture patterns and can be integrated into your feature extraction
pipeline. What is the typical workflow for texture feature extraction in MATLAB? The typical workflow
involves: (1) reading and preprocessing the image, (2) converting to grayscale if needed, (3)
computing texture descriptors such as GLCM or LBP, (4) extracting statistical features from these
descriptors, and (5) normalizing or scaling features for machine learning applications. Are there any
ready-made MATLAB scripts or toolboxes for texture feature extraction? Yes, MATLAB?s Image
Processing Toolbox provides functions for GLCM calculation and other feature extraction methods.
Additionally, the MATLAB File Exchange hosts user-contributed scripts for LBP, wavelet features,
and more, which can be integrated into your analysis workflow.

Related keywords: image processing, feature extraction, gray level co-occurrence matrix, GLCM,
image analysis, texture analysis, MATLAB code, computer vision, statistical features, image
segmentation
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