FACE RECOGNITION USING EIGENFACES SOURCE CODE MATLAB

FACE RECOGNITION USING EIGENFACES SOURCE CODE MATLAB HAS GAINED SIGNIFICANT ATTENTION IN THE FIELD OF COMPUTER
VISION AND ARTIFICIAL INTELLIGENCE. THIS TECHNIQUE LEVERAGES THE MATHEMATICAL PRINCIPLES OF LINEAR ALGEBRA TO
IDENTIFY AND VERIFY INDIVIDUALS BY ANALYZING THEIR FACIAL FEATURES. EIGENFACES IS A POPULAR APPROACH FOR FACE
RECOGNITION DUE TO ITS EFFECTIVENESS AND RELATIVELY LOW COMPUTATIONAL COMPLEXITY. THIS ARTICLE DELVES INTO THE
PRINCIPLES BEHIND EIGENFACES, THE MATLAB IMPLEMENTATION, AND PRACTICAL APPLICATIONS IN THE REAL \WORLD.

UNDERSTANDING EIGENFACES

EIGENFACES IS A METHOD OF FACE RECOGNITION THAT USES PRINCIPAL COMPONENT ANALYSIS (PCA) TO REDUCE THE
DIMENSIONALITY OF FACE IMAGES WHILE PRESERVING THE MOST SIGNIFICANT FEATURES NECESSARY FOR RECOGNITION.

1. THE CONCEPT OF EIGENFACES

THE TERM “EIGENFACE” REFERS TO A SET OF EIGENVECTORS THAT ARE OBTAINED FROM THE COVARIANCE MATRIX OF A SET OF
FACIAL IMAGES. EACH EIGENFACE REPRESENTS A SPECIFIC FEATURE OF THE FACE AND CAN BE USED TO CONSTRUCT ANY FACE IN
THE DATASET. THE KEY STEPS INVOLVED IN THE EIGENFACE METHOD INCLUDE:

1. IMAGE COLLECTION: GATHER A DATASET OF FACIAL IMAGES, WHERE EACH IMAGE SHOULD BE OF THE SAME SIZE AND IDEALLY
CONTAIN THE SAME LIGHTING CONDITIONS.

2. PREPROCESSING: NORMALIZE THE IMAGES BY CONVERTING THEM TO GRAYSCALE AND RESIZING THEM TO A STANDARD
DIMENSION.

3. CoNsTRUCTING THE COVARIANCE MATRIX: COMPUTE THE COVARIANCE MATRIX OF THE DATASET TO CAPTURE THE
RELATIONSHIPS BET\WEEN DIFFERENT FACIAL FEATURES.

4. CALCULATING EIGENVALUES AND EIGENVECTORS: USE LINEAR ALGEBRA TECHNIQUES TO OBTAIN THE EIGENVALUES AND
EIGENVECTORS FROM THE COVARIANCE MATRIX.

5. SELECTING EIGENFACES: CHOOSE THE TOP K EIGENVECTORS THAT CORRESPOND TO THE LARGEST EIGENVALUES, AS THEY
CAPTURE THE MOST VARIANCE IN THE DATASET.

6. PROJECTING FACES ONTO EIGENFACES: CONVERT THE ORIGINAL FACIAL IMAGES INTO THEIR CORRESPONDING EIGENFACE
REPRESENTATIONS.

2. MATHEMATICAL FOUNDATION

THE EFFECTIVENESS OF THE EIGENFACES METHOD IS ROOTED IN THE PRINCIPLES OF PCA. THE MATHEMATICAL OPERATIONS
INVOLVED ARE AS FOLLOWS:

- MeaN FACE CALCULATION: SUBTRACT THE MEAN FACE FROM EACH INDIVIDUAL FACE TO CENTER THE DATA.
- COVARIANCE MATRIX: THIS MATRIX CAPTURES THE VARIANCE AND RELATIONSHIP BETWEEN THE PIXELS OF THE IMAGES. IT IS
COMPUTED AS:

\[
C=\rrac{ 1}{n-13 \sum_{i=13"{n} (1 - \MU)(L_1 - \MU)"T
\]

wHERE \(1_1'\) I1s eacH iMaGE aND \( \MU \) IS THE MEAN IMAGE.

- EIGEN DECOMPOSITION: SOLVE THE EQUATION:

\[

C v =\LAaMBDA V



\]
wHERE \( Vv \) REPRESENTS THE EIGENVECTORS (EIGENFACES) AND \( \LAMBDA \) ARE THE CORRESPONDING EIGENV ALUES.

- DIMENSIONALITY REDUCTION: SELECT THE TOP K EIGENVECTORS BASED ON EIGENVALUES, WHICH EFFECTIVELY REDUCES THE
FEATURE SPACE.

IMPLEMENTING EIGENFACES INMATLAB

NOW THAT WE HAVE AN UNDERSTANDING OF THE EIGENFACES CONCEPT, LET’S LOOK AT HOW TO IMPLEMENT FACE RECOGNITION
USING EIGENFACES INMATLAB. BELOW IS A STEP-BY-STEP GUIDE THAT INCLUDES THE ESSENTIAL SOURCE CODE.

1. PREPARING THE DATASET

BEFORE CODING, YOU NEED TO ENSURE THAT YOUR DATASET IS ORGANIZED. SAVE YOUR IMAGES IN A DIRECTORY WHERE EACH
IMAGE IS NAMED IN A WAY THAT ALLOWS YOU TO IDENTIFY THE INDIVIDUAL (E.G., 'PERSONT_T1pPG", 'PERSONT_2JPG", ETC.).

2. THe MATLAB CobEe

HERE’S A SIMPLIFIED VERSION OF THE MATL AB CODE FOR IMPLEMENTING EIGENFACES:
“'MATLAB

% LoAD IMAGES

IMGDIR = ‘PATH_TO_IMAGES": Y DIRECTORY CONTAINING IMAGES

IMGFILES = DIR(FULLFILE(IMGDIR, “JPG")); % ADJUST EXTENSION AS NEEDED
NUMIMAGES = LENGTH(IMGFILES);

MGSize = [ 100, 100]; % STANDARD IMAGE SizE

9% PREALLOCATE SPACE FOR IMAGES
IMAGES = zEROS(PROD(IMGSIZE), NUMIMAGES);

9% READ AND PREPROCESS IMAGES

FOR | = 1:NUMIMAGES

MG = IMREAD(FULLFILE(IMGDIR, IMGFILES(1).NAME)):

IMG = IMReSIZE(IMG, IMGSIZE); Y RESIZE IMAGES

IMG = RGB2GRAY(IMG); % CONVERT TO GRAYSCALE
IMAGES(:, 1) = MG(:); Y% FLATTEN IMAGE TO COLUMN VECTOR
END

% CALCULATE MEAN FACE
MEANFACE = MEAN(IMAGES, 2):
CENTEREDIMAGES = IMAGES - MEANFACE;

% COMPUTE COVARIANCE MATRIX
covMATRIX = (CENTEREDIMAGES’ CENTEREDIMAGES) / (NUMIMAGES - 1);

% EIGEN DECOMPOSITION

[EIGENVECTORS, EIGENV ALUES] = EIG(COVMATRIX):

[E1IGENV ALUES, ORDER] = SORT(DIAG(EIGENV ALUES), 'DESCEND”);
EIGENVECTORS = EIGENVECTORS(:, ORDER);

O SELECT TOP K EIGENFACES
k = 50; % NUMBER OF EIGENFACES



EIGENFACES = CENTEREDIMAGES EIGENVECTORS(:, 1:k);

1

9% NORMALIZE EIGENFACES

FOR I = Tk
EIGENFACES(:, 1) = EIGENFACES(:, 1) / NorM(EIGENFACES(:, 1));
END

% DISPLAY EIGENFACES

FIGURE;

FOR = 1k

suepLoT(5, 10, 1);

iIMsHOW (ResHAPE(EIGENFACES(:, 1), IMGSIZE));
TiTLe(['Bicenrace * numM2sTR(1D]);

END

% PROJECT IMAGES ONTO EIGENFACES
PROJECTIONS = EIGENFACES’ CENTEREDIMAGES;

9% RecoGNITION (EXAMPLE)

TESTIMAGE = IMREAD('PATH_TO_TEST_IMAGEJPG');
TESTIMAGE = IMRESIZE(TESTIMAGE, IMGSIZE);
TESTIMAGE = RGB2GRAY(TESTIMAGE);
TESTIMAGEVECTOR = TESTIMAGE(:) - MEANFACE;
TESTPROJECTION = EIGENFACES’ TESTIMAGEVECTOR;

% CALCULATE DISTANCES AND IDENTIFY THE CLOSEST MATCH
DISTANCES = SQRT(SUM((PROJECTIONS - TESTPROJECTION)."2)):
[~, MININDEX] = MIN(DISTANCES);

FPRINTF('RECOGNIZED AS: YS\N', IMGFILES(MININDEX).NAME);

A

3. ExPLANATION OF THE CODE

- LOADING AND PREPROCESSING: THE CODE BEGINS BY LOADING IMAGES FROM A SPECIFIED DIRECTORY. |T RESIZES EACH IMAGE TO
A STANDARD SIZE AND CONVERTS IT TO GRAYSCALE.

- MeAN FACE CALCULATION: THE MEAN FACE IS CALCULATED TO CENTER THE DATASET.

- COVARIANCE MATRIX: THE COVARIANCE OF THE CENTERED IMAGES IS COMPUTED TO PREPARE FOR EIGENV ALUE
DECOMPOSITION.

- EiGEN DECOMPOSITION: THE EIGENVALUES AND EIGENVECTORS ARE CALCULATED, AND THE TOP K EIGENFACES ARE SELECTED
BASED ON THE LARGEST EIGENVALUES.

- PROJECTION AND RECOGNITION: FINALLY, THE TEST IMAGE IS PROJECTED ONTO THE EIGENFACES, AND DISTANCES ARE
COMPUTED TO IDENTIFY THE CLOSEST MATCHING FACE.

APPLICATIONS OF EIGENFACES IN REAL W ORLD

THE EIGENFACES METHOD HAS SEVERAL PRACTICAL APPLICATIONS IN VARIOUS FIELDS:

- SECURITY SYSTEMS: USED IN SURVEILLANCE AND SECURITY TO IDENTIFY INDIVIDUALS IN REAL-TIME.

- Access CoNTROL: EMPLOYED IN BIOMETRIC SYSTEMS FOR SECURE ENTRY TO BUILDINGS OR DEVICES.

- SoclAL MepIA: UTILIZED FOR TAGGING AND ORGANIZING PHOTOS BASED ON RECOGNIZED INDIVIDUALS.

- CUSTOMER INTERACTION: IN RETAIL, COMPANIES USE FACE RECOGNITION TO TAILOR CUSTOMER EXPERIENCES BASED ON
RECOGNIZED PREFERENCES.



CoNcCLUSION

FACE RECOGNITION USING EIGENFACES SOURCE CODE MATLAB IS A POWERFUL TECHNIQUE THAT COMBINES THE PRINCIPLES OF
LINEAR ALGEBRA AND IMAGE PROCESSING. BY IMPLEMENTING THE STEPS OUTLINED IN THIS ARTICLE, YOU CAN CREATE YOUR OWN
FACE RECOGNITION SYSTEM USING MATLAB. WITH THE CONTINUED ADVANCEMENTS IN TECHNOLOGY AND ALGORITHMS, THE
POTENTIAL FOR FACE RECOGNITION APPLICATIONS IS VAST AND EVER-EXPANDING. THIS METHOD NOT ONLY SERVES AS A
FOUNDATION FOR UNDERSTANDING MORE COMPLEX ALGORITHMS BUT ALSO OPENS THE DOOR TO INNOVATIVE USES IN VARIOUS
INDUSTRIES.

FREQUENTLY AskeD QUESTIONS

WHAT IS THE PURPOSE OF USING EIGENFACES IN FACE RECOGNITION?

EIGENFACES ARE USED IN FACE RECOGNITION TO REDUCE THE DIMENSIONALITY OF FACIAL IMAGES WHILE PRESERVING THE MOST
IMPORTANT FEATURES, ALLOWING FOR EFFICIENT COMPARISON AND CLASSIFICATION OF FACES.

How po You IMPLEMENT EIGENFACES IN MATLAB FOR FACE RECOGNITION?

To IMPLEMENT EIGENFACES INMATLAB, YOU TYPICALLY START BY LOADING A DATASET OF FACIAL IMAGES, COMPUTE THE
COVARIANCE MATRIX, FIND ITS EIGENVALUES AND EIGENVECTORS, AND PROJECT THE IMAGES ONTO THE EIGENFACE SPACE FOR
RECOGNITION.

\WHAT ARE THE PREREQUISITES FOR RUNNING EIGENFACES SOURCE CODE IN MATLAB?

Y OU NEED A WORKING INSTALLATION OF MATLAB, THE IMAGE PROCESSING TOOLBOX, AND A DATASET OF FACIAL IMAGES.
FAMILIARITY WITH MATRIX OPERATIONS AND BASIC IMAGE PROCESSING CONCEPTS IS ALSO HELPFUL.

CAN EIGENFACES HANDLE VARIATIONS IN LIGHTING AND EXPRESSION?

EIGENFACES CAN BE SENSITIVE TO VARIATIONS IN LIGHTING AND FACIAL EXPRESSIONS, AS THEY RELY ON CONSISTENT PIXEL
PATTERNS. PREPROCESSING TECHNIQUES, LIKE HISTOGRAM EQUALIZATION OR NORMALIZATION, CAN HELP MITIGATE THESE ISSUES.

\WHAT ARE SOME COMMON PERFORMANCE METRICS FOR EVALUATING EIGENFACES IN FACE
RECOGNITION?

COMMON PERFORMANCE METRICS INCLUDE RECOGNITION RATE, FALSE ACCEPTANCE RATE, FALSE REJECTION RATE, AND THE
COMPUTATIONAL TIME TAKEN FOR RECOGNITION, WHICH HELP ASSESS THE EFFECTIVENESS OF THE EIGENFACE ALGORITHM.

Is THERE AN OPEN-SOURCE MATL AB IMPLEMENTATION OF EIGENFACES AVAILABLE?

YES, THERE ARE SEVERAL OPEN-SOURCE IMPLEMENTATIONS OF EIGENFACES AVAILABLE ON PLATFORMS LIKE GITHUB, WHERE YOU
CAN FIND SOURCE CODE AND EXAMPLES FOR FACE RECOGNITION USING MATLAB.
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