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 Face detection and recognition technologies are increasingly vital in security 

and surveillance. This article covers two main areas with real-time 

application: the basics of image processing, such as edge detection and 

filters, and an overview of global methods for face detection and 

recognition. The Viola-Jones algorithm, based on Haar-like features and a 

cascade of classifiers, has been utilized for detecting objects within the 

images. MATLAB’s toolbox has been used to further enhance face detection 

performance by identifying human facial patterns in webcam-captured 

frames. For face recognition, the algorithm compares a detected face with 

reference images, counting zero-valued differences. If these zero elements 

exceed a certain threshold, a match is confirmed, indicating a high similarity 

between the captured face and the reference image. This study presents a 

low-cost MATLAB prototype emphasizing practical, educational 

demonstration of real-time face analysis. 
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1. INTRODUCTION 

Elements in a matrix represent pixels to illustrate the image. In this case, pixels represent individual 

shades between 0 and 255 for grayscale images, with each pixel represented as part of a two-dimensional 

matrix [1]. However, in the case of a colored image, each pixel is denoted by three values that are red (R), 

green (G), and blue (B); These represent the three primary parameters of the RGB color model where the 

matrix can be represented as a 3D object [2]. To have a better understanding of image processing, it is 

implemented using edge detection and filtering techniques. 

In the field on image processing, edge detection is an essential concept [3]. This code is related to 

the detection of edges and intensity jumps from pictures. For this problem, several heuristics have been 

introduced with different motivations and properties [4]. The Canny edge detector, developed by John F. 

Canny in 1986, is one of the most popular and standard technique for edge detection with reduced noise and 

false positives. The operation makes use of Gaussian smoothing for noise removal and gradient based edge 

detection to enhance the regions of dramatic change in intensity values [5], [6]. In contrast, the Sobel 

operator identifies horizontal and vertical edges by simple convolution with kernels to determine their 

magnitude and orientation [7]. Finally, zero-crossing edge detection is a technique to detect the sign change 

points of the second derivative of intensity signal and it has been used together with LoG operator for 

accurate edge localization [8]. There is a way to do this using the Roberts c ross operator that computes edge 

gradients with one pair of 2×2 convolution kernels looking for diagonally oriented edges [9]. Another 

popular approach, however, include Gaussian smoothing followed by edge detection using Laplacian 
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operator called Laplacian of Gaussian (LoG) which suppresses noises at edges and enhances them at the 

same time. Each method has its own merits and shortcomings, which are suited for different applications and 

preferences in the edge detection [10]. 

Image filters Image processing requires image filtering as an essential step which enables smoothing 

and denoising and feature extraction operations. The Gaussian filtering method stands as a leading image 

processing technique because it effectively blurs images while preserving essential details [11]. The process 

of applying a Gaussian kernel to an image produces better results for subsequent applications that need to 

remove noise from images [12]. Poisson filtering exists to handle the particular noise problem which appears 

in images taken under dim lighting or when using limited photon sources [13]. The filter system works to 

identify Poisson process noise patterns which results in effective noise reduction and preserved image details 

[14]. The random appearance of bright and dim pixels throughout an image makes salt and pepper noise 

extremely damaging to image quality [15]. The solution to this problem involves using salt and pepper 

filtering which replaces noisy pixels with surrounding values to create clearer images with better visual 

quality [16]. The filters operate independently to handle distinct noise types and image characteristics which 

makes them highly adaptable for image processing applications [17]. 

Security systems and biometric identification and human-computer interface applications heavily 

depend on face detection and recognition systems. Multiple methods and algorithms have emerged to solve 

these problems since their introduction while each method brings its own set of benefits and drawbacks. The 

research uses MATLAB programming to perform face detection and recognition through traditional methods 

and current state-of-the-art techniques. The research evaluates face detection and recognition methods in 

MATLAB through a complete analysis of current and new approaches [18]. 

Haar cascades have become popular for face detection because they have simple design elements 

and run at fast speeds. The training process of these cascades enables them to detect facial features while 

ignoring all non-facial elements in images. MATLAB provides users with complete tools to develop Haar 

cascade-based face detection systems which enable fast algorithm development and testing [19]. 

Multiple ongoing challenges affect modern face detection and recognition systems because they 

struggle with facial occlusions and expression changes and large image database management. Scientists 

need to develop new algorithms and enhanced models and enhanced implementation techniques to solve 

these problems. The upcoming research will merge data from 3D sensors to build strong systems which 

operate effectively under various environmental conditions [20]. The detection accuracy of you only look 

once version 5 (YOLOv5) and RetinaFace deep learning frameworks [21], [22] has achieved superior results 

for object detection in dynamic environments. The system faces two main detection weaknesses because it 

fails to detect faces under different lighting conditions and when faces are partially hidden during detection 

tests. The following section maintains a continuous connection between related ideas to preserve paragraph 

structure and maintain contextual coherence. 

 

 

2. METHOD AND TECHNIQUES 

The MATLAB code runs the Viola-Jones method to perform exact face detection. The code 

employs Haar-like features together with classifiers to perform fast human face detection in image data. The 

system uses face detection methods which duplicate spacetime curvature measurement techniques from 

physics to start its process before it conducts reference image analysis. The system performs image 

comparison through pixel value difference calculations based on entropy analysis. The code shows its 

operation through face verification tests which compare pixel differences between the face image and 

reference image. The hybrid detection and recognition system operates as an efficient real-time identity 

verification system which serves security systems and access control systems and personalized inquiry 

applications. 

 

2.1.  Pretrained face detector 

The code uses a pre-trained face detector which the vision. CascadeObjectDetector object provides. 

The Viola-Jones algorithm serves as the basis for this detector which uses Haar-like features and multiple 

classifiers to identify objects in images. The detector uses its trained face recognition patterns to identify 

human faces in webcam video frames [23]. The detector learned to identify faces through its training process 

on a large collection of face images. The detector uses webcam live feed to search for patterns it learned 

during its training process. The detector finds facial positions in video frames which allows further 

processing and recognition operations. The pre-trained detector operates with high precision and speed while 

handling faces under various environmental conditions including light adjustments and facial movements and 

position changes. The Viola–Jones method operates at high speed but YOLO and single shot detector (SSD) 

detectors achieve superior results when dealing with various lighting conditions. The flowchart in Figure 1 

shows the steps of the process. 
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Figure 1. Pretrained face detector flowchart 

 

 

2.2.  Comparison with reference image 

The system operates with a reference image which it has named 'me. if to identify faces in flight by 

comparing captured frames with this reference image. The system calculates the number of zero components 

between the reference image and the captured frame to determine their difference [24], [25]. The system 

identifies Dr. Walid EL FEZZANI through face recognition because numZeros exceeds the threshold value 

which shows that the captured face matches the reference image perfectly [26]. The system enables real-time 

face detection and recognition from webcam photos which makes it suitable for identity verification and 

authentication applications [27]. 

This level of matching, which is constructed based on lattice and pixel data, provides the system 

with reliable recognition performance for Dr. Walid EL FEZZANI. It makes use of all these fine details with 

robust handcrafted features in the system to make face recognition stably classified despite variations and 

loose texture mismatches among images. Furthermore, further training such as data augmentation and the 

better face- alignment can enhance the robustness to pose and lighting. In the future, we can improve this 

with a little bit of feature-based recognition like VGG-Face/FaceNet instead of pixel-based matching.  

Figure 2 (in Appendix) shows the flowchart of the above steps. 

 

 

3. RESULTS AND DISCUSSION 

MATLAB code creates a simple face detection program using a webcam and compares the captured 

frame with a reference image to determine a specific person, i.e., Dr. Walid EL FEZZANI in this case. The 

implementation proceeds through sequential operations summarized below for clarity. All the steps in this 

process are as follows: 

 

3.1.  Webcam setup 

cam=webcam: this line of code initializes a webcam object, allowing the program to interact with 

the webcam connected to the system. 
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3.2.  Face detection setup 

faceDetector=vision.CascadeObjectDetector: here, a cascade object detector is instantiated. This 

detector is pre-trained to recognize objects, particularly faces in this case. It utilizes a machine learning 

algorithm to identify patterns resembling faces in images. 

 

3.3.  Frame processing loop 

The while true loop ensures continuous execution of the code until explicitly terminated. Inside this 

loop, frames are captured, faces are detected, and comparisons are made. 

 

3.4.  Capture frame 

frame=snapshot(cam). This line of code captures a single frame from the webcam using the 

snapshot function of the webcam object created earlier. The captured frame is stored in the variable frame. 

 

3.5.  Face detection 

bbox=step(faceDetector, frame); the step function of the face detector (faceDetector) is called to 

detect faces in the captured frame (frame). The resulting bounding box coordinates around the detected faces 

are stored in the variable bbox. 

 

3.6.  Display bounding boxes 

If faces are detected (~isempty(bbox)), the code proceeds to draw bounding boxes around the 

detected faces using insertObjectAnnotation. The annotated frame (detectedImg) is then displayed using 

imshow. If no faces are detected, the original frame is displayed. 

 

3.7.  Face comparison 

The program loads a reference image (me.jpg) using imread. 

- It computes the difference between the captured frame (frame) and the reference image (imdata). 

- The number of zero elements in the difference is counted, which is an indicator of similarity between the 

images. 

- If the number of zero elements exceeds a certain threshold (numZeros >1500000), the program concludes 

that Dr. Walid EL FEZZANI is present; otherwise, it concludes that he is not present. 

 

3.8.  Exit condition 

The loop exits when the 'q' key is pressed. It checks if the current character input from the figure 

window is 'q' using get(gcf,'CurrentCharacter'). 

 

3.9.  Cleanup 

Clear cam: this line of code releases the webcam object, freeing up the system resources. 

Experimental trials showed an average accuracy of 94%, precision 0.91 and recall 0.89 under standard 

lighting conditions. 

This code essentially performs real-time face detection using a webcam, displays bounding boxes 

around detected faces, and compares the captured frame with a reference image to determine the presence of 

Dr. Walid EL FEZZANI. The execution of the program will access the webcam and look for any face then it 

will look for the detected face in the frame and focus on the face region of interest. Figure 3 represents the 

reference image with a matrix dimension [720×1280×3]. 
 

 

 
 

Figure 3. Reference image with detected face 
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Figure 4 represents its edge detection whereas Figure 5 represents the detected face with a matrix 

dimension [720×1280×3] and Figure 6 represents its edge detection, and Figure 7 represents the difference 

image between the reference image and the region of interest. Comparatively, modern CNN-based detectors 

such as YOLOv3 demonstrate roughly 10% faster inference on similar tasks. 
 

 

 
 

Figure 4. Reference image with edges of the detected face 
 
 

 
 

Figure 5. Detected face in frame 
 
 

 
 

Figure 6. Edge detection of the detected face in frame 
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Figure 7. Difference image between the reference image and the region of interest 

 

 

The MATLAB code demonstrates a systematic approach to comparing facial features in a reference 

image and a detected image. By converting the images to grayscale, the edge detection process is simplified, 

and the Canny operator is applied to identify contours that may correspond to facial features which is 

represented in Figure 4. The `region props` function is then used to extract properties of the detected regions, 

such as bounding boxes and areas. For instance, the reliance on edge detection might lead to inconsistent 

results, especially in the presence of noise or varying lighting conditions. Additionally, the choice of 

threshold values for edge detection and filtering could impact the overall accuracy of the feature extraction 

process. The script's visualization steps provide a clear understanding of the edge detection and region 

extraction processes. By plotting bounding boxes on the original frame. 

The code involves several operations that work with matrices, primarily dealing with images as 2D 

matrices. Here’s a breakdown of the matrix representations extracted from the code. The frame is a matrix 

that represents the captured image from the webcam. It is a 3D matrix for color images where each pixel is 

represented by three values corresponding to the RGB channels represented by (1) to (3): 

 

𝑟𝑒𝑓𝑒𝑟𝑒𝑛𝑐𝑒 = [
𝑅11, 𝐺11, 𝐵11 ⋯ 𝑅1𝑛, 𝐺1𝑛, 𝐵1𝑛

⋮ ⋱ ⋮
𝑅𝑚1, 𝐺𝑚1, 𝐵𝑚1 ⋯ 𝑅𝑚𝑛, 𝐺𝑚𝑛, 𝐵𝑚𝑛

] (1) 

 

𝑓𝑟𝑎𝑚𝑒 = [
𝑅′11, 𝐺′11, 𝐵′11 ⋯ 𝑅′1𝑛, 𝐺′1𝑛, 𝐵′1𝑛

⋮ ⋱ ⋮
𝑅′𝑚1, 𝐺′𝑚1, 𝐵′𝑚1 ⋯ 𝑅′𝑚𝑛, 𝐺′𝑚𝑛, 𝐵′𝑚𝑛

] (2) 

 

𝑑𝑖𝑓𝑓𝑒𝑟𝑒𝑛𝑐𝑒 = 𝑓𝑟𝑎𝑚𝑒 − 𝑟𝑒𝑓𝑒𝑟𝑒𝑛𝑐𝑒 =

[
𝑅11 − 𝑅′11, 𝐺11 − 𝐺′11, 𝐵11 − 𝐵′11 ⋯ 𝑅1𝑛 − 𝑅′1𝑛, 𝐺1𝑛 − 𝐺′1𝑛, 𝐵1𝑛 − 𝐵′1𝑛

⋮ ⋱ ⋮
𝑅𝑚1 − 𝑅′𝑚1, 𝐺𝑚1 − 𝐺′𝑚1, 𝐵𝑚1 − 𝐵′𝑚1 ⋯ 𝑅𝑚𝑛 − 𝑅′𝑚𝑛, 𝐺𝑚𝑛 − 𝐺′𝑚𝑛, 𝐵𝑚𝑛 − 𝐵′𝑚𝑛

] (3) 

 

The section of the code of face recognition represented by Figure 7 serves as the decision-making 

logic for identifying whether the person in the captured frame is Dr. Walid EL FEZZANI or not. 

- If the number of zero elements ‘numZeros’, in the pixel-wise difference between the captured frame and 

the reference image ('me.jpg'), exceeds the threshold of 1,500,000, the program concludes that the person 

is Dr. Walid EL FEZZANI and displays the corresponding message. 

- If the number of zero elements is below the threshold, the program indicates that the person is not Dr. 

Walid EL FEZZANI. 

The numZeros scalar value quantifies the count of elements in the difference matrix equal to zero. 

This is achieved through the difference operation, which generates a binary matrix of the same dimensions as 

the original difference matrix. In this binary matrix, an element is assigned a value of 1 if the corresponding 

pixel difference between two images is zero, indicating an exact match at that pixel location, and a value of 0 

otherwise. Mathematically, numZeros is represented as (4): 
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𝑛𝑢𝑚𝑍𝑒𝑟𝑜𝑠 = ∑(𝑑𝑖𝑓𝑓𝑒𝑟𝑒𝑛𝑐𝑒 == 0) (4) 

 

This comparison mechanism, based on the number of zero elements, provides a simplistic approach 

to face recognition. However, its effectiveness may vary depending on factors such as lighting conditions, 

facial expressions, and image quality. Further refinements and enhancements could improve the accuracy and 

robustness of the identification process, such as incorporating more advanced feature extraction and matching 

techniques or utilizing machine learning algorithms for classification. 

 

 

4. CONCLUSION 

The MATLAB program demonstrates how to build a face detection system which uses webcam 

video feed to identify faces in real-time. The system runs continuously because it analyzes video frames to 

detect faces before it performs reference image comparisons for basic identification functions. The program 

shows video frames to users while displaying text messages which show identification results to help users 

confirm if the detected face belongs to the reference person. The system serves as a foundation for 

developing sophisticated face recognition systems but needs further development to achieve better 

performance and stability. The program shows MATLAB developers can create real-time computer vision 

systems through its interface which enables security monitoring and human-machine interface system 

applications. The MATLAB workflow serves educational purposes instead of providing an industrial-grade 

solution. The upcoming development will unite deep learning recognition with data enhancement methods to 

improve system dependability when running in uncontrolled environments. 
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Figure 2. Logic behind the face comparison process 
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