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Abstract. With the widespread use of smart devices such as smartphones, facial recognition
applications have experienced rapid growth. Additionally, breakthroughs in deep learning
algorithms have led to the development of facial recognition technology based on deep
convolutional networks, greatly improving recognition speed and accuracy. Therefore, this study
proposes a real-time face recognition method based on the MTCNN-Inception-ResNet-v2-SVM
model. In the facial detection phase, the MTCNN algorithm, which offers better overall
performance compared to face detection algorithms such as OpenCV and Dlib, is utilized. Data
augmentation and other methods are employed in the image preprocessing phase to enhance data
diversity. The Inception-ResNet-v2 deep convolutional neural network is used as the backbone
network for feature extraction in the facial recognition backbone network section. In the final
classification stage, an SVM classifier is employed for the ultimate facial classification.
Comparative analyses with models such as Inception-ResNet-v1, Inception-v3, and Inception-
v4 are conducted in the backbone network section, determining that the Inception-ResNet-v2
model exhibits the best overall performance. The final result is a real-time face recognition model,
MTCNN:-Inception-ResNet-v2-SVM, with a high accuracy of 98.79% and fast processing speed.

Keywords: Deep Learning, Facial Recognition, Convolutional Neural Network, MTCNN,
Inception-ResNet-v2.

1. Introduction

Face recognition is one of the most common biometric features, widely employed in various software
applications for facial recognition due to its proactive recognition capabilities and high-precision
features, surpassing other biometric technologies. However, face recognition has several drawbacks,
including susceptibility to lighting variations, facial angles, and obstructions such as sunglasses and
masks.

Traditional face recognition methods primarily extract facial features through techniques like PCA
[1] and LBP [2], followed by the establishment of a comparative model based on these features to
construct a face recognition system. However, these models often exhibit suboptimal performance and
are inadequate for large-scale applications. With the development of deep learning, convolutional neural
networks, advancements in GPU technology, and the construction of large-scale databases, the
performance of face recognition systems has improved.

© 2024 The Authors. This is an open access article distributed under the terms of the Creative Commons Attribution License 4.0
(https://creativecommons.org/licenses/by/4.0/).
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This study aims to address issues related to the size of training models and the computational time
of face recognition. By employing deep learning, the goal is to reduce the impact of factors such as facial
localization, feature detection, and environmental changes that may lead to misjudgments. The ultimate
objective is to enable rapid loading of the face recognition system on computers and ensure real-time
computation and recognition.

Referring to the challenges mentioned in "Face recognition using eigenfaces" [3], such as facial
localization, feature detection, and facial orientation, deep learning, through its neural network approach
and sufficient training data, along with data augmentation methods, can alleviate the difficulty of these
issues.

Currently, the industry extensively employs deep learning methods for face recognition, exemplified
by Google's FaceNet [4]. The concept involves obtaining feature vectors for each facial image through
aneural network. After establishing a database of these feature vectors, the similarity between two facial
images is represented by the Euclidean distance of their feature vectors, with smaller distances indicating
higher similarity.

The deep convolutional neural network in this study utilizes Inception-ResNet-v2 [5, 6]. The loss
function incorporates both Softmax Loss and Center Loss [7] to increase inter-class distance while
reducing intra-class distance, thereby enhancing the accuracy of face classification. The training model
structure is based on FaceNet, which employs two distinct deep convolutional neural networks [8, 9]. In
comparison to FaceNet, the Inception-ResNet-v2 used in this study has fewer parameters and lower
computational complexity.

The research framework of this study is mainly divided into four parts: face detection, face image
processing, face recognition, and feature-based classification comparison. In the training phase, facial
image data is loaded into the MTCNN [10] face detection system, followed by data processing for facial
images, such as data augmentation and face alignment. The processed image data is then input into a
deep convolutional neural network for training, resulting in the extraction of facial feature vectors. The
trained model is saved for future use. In the prediction phase, the face to be tested undergoes feature
extraction using a pre-trained facial model structure. Subsequently, the two embedded feature vectors
are compared to determine if they are the same. However, having discriminative features obtained from
the trained model alone is not sufficient for effective face recognition. Therefore, it is necessary to
complement the trained model with an SVM classifier to achieve the desired face recognition effect.

The study flow framework is shown in Figure 2.
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Figure 1. Flowchart of Face Recognition.

2. Models and Methods

2.1. Face Detection Face Recognition

Face detection is a critical task in the field of computer vision, aiming to accurately locate and identify
the positions of faces in images or videos. In real-world scenarios, the presence of abundant and complex
lighting variations often leads to a high error rate in face detection. Therefore, it is crucial to choose
methods that exhibit high tolerance to environmental changes for effective face detection. In this chapter,
MTCNN is selected as the face detection method for this study. A comparative analysis is conducted
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against traditional face detection methods such as OpenCV and Dlib, with an examination of their
respective strengths and weaknesses.

2.1.1. OpenCV and DIib Face Detection

OpenCV's face detection utilizes the Haar Feature-based Cascade Classifier method [11]. This method
boasts an extremely fast computation speed but suffers from a notable drawback of high error rates. Its
detection accuracy is susceptible to the influence of training data or variations in lighting conditions,
making it more suitable for simple and less dynamic environments. By sliding windows across the image
to compute feature values at each position, different masks form weak classifiers, which are then
combined through cascading and adaptive boosting (AdaBoost) to create a robust classifier. These weak
classifiers quantify image features, such as the difference in eye color relative to the cheeks, using pixel
values in rectangular blocks. The final robust classifier is generated through the combination of these
weak classifiers using AdaBoost.

Dlib's face detection employs the Histogram of Oriented Gradients (HOG) method [12]. This method
is characterized by high accuracy but slower computation speed. In real-world scenarios, it is less
susceptible to environmental disturbances and provides more accurate facial annotations. However,
under real-time conditions, additional techniques or suitable hardware may be required for face detection.
The core idea of HOG is to use histograms to describe the direction, intensity, and distribution density
of gradients, making it particularly suitable for pedestrian detection. To address limb movement issues,
the HOG model is divided into a main model and multiple sub-models, cross-verified to enhance overall
recognition rates during limb motion changes.

The selection of OpenCV and Dlib for comparison with MTCNN in face detection is primarily driven
by a comprehensive evaluation of traditional feature-based methods and deep learning methods.
OpenCV and Dlib, representing widely used traditional approaches, exhibit a certain level of accuracy
and real-time performance. Comparing them with MTCNN aids in assessing the strengths and
weaknesses of deep learning methods in face detection tasks. Moreover, the choice is influenced by the
fact that OpenCV and Dlib are open-source libraries with extensive user and community support,
making the comparison more practically meaningful.

2.1.2. MTCNN Face Detection

Due to the abundant and complex variations in lighting conditions in real-world scenarios, the error rate

of face detection increases. Therefore, it is necessary to choose a method with a high tolerance to

environmental image changes for face detection. In this study, considering both accuracy and
computational speed, we utilized MTCNN (Multi-Task Cascaded Convolutional Networks) as the face
detection method, which achieved the best overall performance.

MTCNN, a Multi-task Convolutional Neural Network, integrates face region detection and facial key
point detection. Its overall structure is similar to a cascade and consists of three network layers: P-Net,
R-Net, and O-Net.

Firstly, the image is transformed into different scales to build an image pyramid, adapting to the
detection of faces of various sizes.

1. P-Net (Proposal Network): P-Net is a fully convolutional network responsible for initial feature
extraction and bounding box calibration. It operates on the image pyramid, and its Fully
Convolutional Network (FCN) conducts preliminary feature extraction and bounding-box
regression. Bounding boxes are adjusted, and Non-Maximum Suppression (NMS) [13] is applied
to filter out most windows.

2. R-Net (Refine Network): R-Net is a convolutional neural network that refines the candidate boxes.
It introduces a fully connected layer, making the screening of input data more stringent. After P-
Net, numerous candidate windows are retained. These windows are fed into R-Net, which filters
out many poorly performing candidates. Finally, Bounding-Box Regression and NMS are applied
to optimize the predictions further.
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3. O-Net (Output Net): O-Net is a more complex convolutional neural network than R-Net, with an
additional convolutional layer. Unlike R-Net, O-Net employs more supervision to recognize facial
regions and regress facial key points. It ultimately outputs five facial feature points.

MTCNN balances performance and accuracy by avoiding the significant computational cost
associated with traditional approaches like sliding windows and classifiers. It first uses a small model
(P-Net) to generate candidate boxes for potential targets. Then, a more complex model (R-Net) performs
detailed classification and higher-precision bounding box regression. This process is recursively
executed through three layers (P-Net, R-Net, O-Net) to achieve rapid and efficient face detection.

In summary, MTCNN employs an image pyramid for initial scale transformation, utilizes P-Net to
generate a large number of candidate target boxes, applies R-Net for the first round of selection and
bounding box regression, and finally uses the more complex and accurate O-Net for discrimination and
fine-grained bounding box regression on the remaining target boxes.

2.2. Face Image Processing

After completing face detection, image processing serves not only to remove interference but also to
transform the image into an ideal format for subsequent tasks such as feature extraction, aiming to
enhance the overall recognition performance. This section mainly explores image processing techniques
related to this study, including data augmentation, image normalization, and facial alignment.

2.2.1. Data Augmentation

In real-world scenarios, people may have a set of image data captured in limited scenes. However, our
target application may involve different conditions, such as varying orientations, positions, scaling ratios,
and brightness levels. Therefore, it is necessary to train neural networks to handle these diverse
situations by incorporating synthetically generated data. Data augmentation is a technique that
artificially expands limited data to generate more valuable data, overcoming issues of insufficient and
uniform training data. Currently, this method finds widespread application in the field of deep learning.
However, due to differences between generated and real data, it inevitably introduces some challenges.
The essence of data augmentation is to enhance the learning model's adaptability to unknown data. In
this study, five data augmentation techniques are employed, including flipping, rotation, cropping,
scaling, and shifting.

2.2.2. Image Normalization

The image normalization process consists of two parts. The first part is grayscale conversion, primarily

aimed at reducing image information. The second part is image extraction, which aims to rapidly obtain

facial key points, remove unnecessary background images, and normalize the image size to enhance the
model's generalization performance.

1.  Grayscale Conversion: In the RGB color space, each pixel contains three components—red, green,
and blue—with values ranging from 0 to 255. In grayscale images, the brightness of each pixel is
represented by a value ranging from 0 to 255. To convert a color image to grayscale, a common
formula is used, as follows.

Gray(R,G,B) = 0.299R + 0.587G + 0.144B (1)

This method enhances contrast, with brightness in the image highlighting edge features, making
facial features more effectively captured during feature extraction.

2. Image Extraction: Image extraction is primarily aimed at removing unnecessary information from
facial images. Since each facial image has a different size, standardizing facial edges requires
extracting the desired portions using image region extraction. The irrelevant external parts of facial
images need to be removed during this process, which is also a part of normalization.
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2.2.3. Face Alignment

Face alignment refers to adjusting the detected face to a standardized pose for better adaptation to
subsequent face recognition or analysis tasks. The goal of face alignment is to ensure consistent facial
poses and appearances, thereby enhancing the robustness and accuracy of subsequent tasks.

After performing facial key point detection using the MTCNN facial detection algorithm mentioned
above, the detected key point information can be utilized to apply an affine transformation for rotation
and scaling, ultimately achieving the effect of face alignment.

Affine transformation is a type of linear transformation. For a two-dimensional affine transformation,
it can be represented as a combination of matrix multiplication and translation. Assuming a two-
dimensional point (x, ), the resulting point after an affine transformation is denoted as (x’,y"). If the
image undergoes a rotation angle 6 and scaling factors S, and Sy, in the x and y directions, the affine
transformation can be expressed by the following formula.

x' Sycos(0) —Sycos(8) c7,x
<y'> = [stin(e) Sycos(8) f] (y) )
1 0 0 1M

In this study, face alignment is achieved by detecting facial key points to obtain the coordinates of
these key points. Subsequently, the facial orientation is adjusted based on the coordinates of the facial
key points, accomplishing the process of face alignment. The approach involves first determining the
coordinates of key points using MTCNN and then employing an affine transformation in OpenCV for
alignment.

2.3. Face Recognition Algorithms

Traditional face feature algorithms include PCA (Principal Component Analysis) and LBP (Local
Binary Pattern). With the development of convolutional neural networks (CNNs), facial feature
extraction is now predominantly handled by CNNs. On one hand, CNNs enable the training of large
batches of data, and on the other hand, they significantly improve the precision and accuracy of feature
extraction, yielding more satisfactory results.

CNN s process image data through components such as convolutional layers, pooling layers, and fully
connected layers. Local features are extracted through convolutional operations, data dimensions are
reduced through pooling operations, and final classification is performed using fully connected layers.
The core idea is to extract high-level abstract features of images through layer-by-layer stacking,
allowing the network to automatically learn patterns and features in the data. In contrast, ResNet [14]
introduces the concept of residual learning. By designing residual blocks and introducing skip
connections in the network, gradients can propagate directly through these skip connections, effectively
addressing the issues of gradient vanishing and exploding during deep neural network training. The
design of ResNet makes the network easier to train, allowing the construction of deeper network
structures, and leading to significant achievements in practical applications. This introduces the main
focus of the current research, the network architectures of Inception and Inception-ResNet.

2.3.1. Inception Architecture
1. Inception-v3
From the input image, passing through the Stem, and then to the Inception Module, there are 3
Inception-A Modules, 5 Inception-B Modules, and 2 Inception-C Modules. The Inception modules are
carefully designed convolutional modules that can generate discriminative features while reducing the
number of parameters. Each Inception module consists of parallel convolutional and pooling layers.
After the convolutional layers and Inception modules, the feature map size is 5x5, with a 2048-
dimensional vector. Feature extraction utilizes the Stride, Padding, and MaxPooling operations within
the convolution to compute the feature vector of the facial image. Finally, the feature vector undergoes
processing through Average Pooling, Dropout, Fully Connected Layer, and L2 Normalization Layer.
2. Inception-v4
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From the input image, passing through the Stem and then to the Inception Module, there are 4
Inception-A Modules, 7 Inception-B Modules, and 3 Inception-C Modules, along with Reduction-A
Module and Reduction-B Module. Each Inception module consists of parallel convolutional and pooling
layers.

After the convolutional layers and Inception modules, the feature map size is 5x5, with a 1536-
dimensional vector. Feature extraction utilizes the Stride, Padding, and MaxPooling operations within
the convolution to compute the feature vector of the facial image. Finally, the feature vector undergoes
processing through Average Pooling, Dropout, Fully Connected Layer, and L2 Normalization Layer.

In contrast, Inception-v4 further increases the depth from 48 layers to 73 layers, incorporating 4
Inception modules with a total parameter count of 42 million. Inception-v4 eliminates the auxiliary
classifiers present in Inception-v3, opting for a simplified and optimized structure. It also introduces
techniques such as residual connections from ResNet. These enhancements are aimed at improving
model performance, including higher accuracy and better generalization capabilities. The choice of
which model to use often depends on the complexity of the task and the availability of computational
resources. Inception-v4 is designed to adapt to more intricate computer vision tasks, providing robust
support for the advancement of deep learning in the field of image processing.

2.3.2. Inception-ResNet Architecture

Use 20-point type for the title, aligned to the center, linespace exactly at 20-point with a bold and italic
font style and initial letters capitalized. No formulas or special characters of any form or language are
allowed in the title.

1. Inception-ResNet-v1

From the input image, passing through the Stem, and then to the Inception-ResNet Module, there are
5 Inception-ResNet-A Modules, 10 Inception-ResNet-B Modules, and 5 Inception-ResNet-C Modules,
along with Reduction-A Module and Reduction-B Module. Feature extraction utilizes operations within
the convolution, including Stride, Padding, and MaxPooling, to compute the feature vector of the facial
image. Finally, the feature vector undergoes processing through AveragePooling, Dropout, Fully
Connected Layer, and L2 Normalization Layer.

2. Inception-ResNet-v2

The architecture of Inception-ResNet-v2 is not significantly different from Inception-ResNet-v1. The
distinctions lie in the output dimensions after computation through different Stem structures, with
Inception-ResNet-v2 having higher dimensions than Inception-ResNet-v1. Additionally, each module
has more parameters. Feature extraction similarly involves operations within convolution, including
Stride, Padding, and MaxPooling, to compute the feature vector of the facial image. Finally, the feature
vector undergoes processing through AveragePooling, Dropout, Fully Connected Layer, and L2
Normalization Layer.

In the Residual-Inception network, the Inception-ResNet module utilizes an Inception module with
lower computational complexity than the original Inception module. Notably, the term "Inception"
implies the incorporation of ResNet's residual structure, where the output of each Inception-ResNet layer
is added to its input, deepening the network structure. The Inception-ResNet module is a meticulously
designed convolutional module capable of generating distinctive features while reducing the number of
parameters.

In terms of structure, Inception-ResNet-vl is similar to Inception-ResNet-v2, with the main
difference being that the latter is deeper and more complex, resulting in more parameters and achieving
higher accuracy. A significant difference lies in the preprocessing part, where Inception-ResNet-v2
adopts a more complex Stem structure. The output dimension of the Stem in Inception-ResNet-v2 is a
384-dimensional vector, larger than the 256-dimensional vector of Inception-ResNet-v1. The intricate
Stem structure leads to a slightly slower training speed for Inception-ResNet-v2, but it delivers better
overall performance.
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2.4. SVM Classifier

SVM is a supervised learning algorithm primarily used for classification and regression tasks. In
classification problems, the goal of SVM is to find an optimal hyperplane that separates the dataset into
two classes, maximizing the margin between the two classes. Support vectors are the training samples
closest to the hyperplane, playing a crucial role in defining the hyperplane.

The core idea of SVM is to map the raw data into a high-dimensional space, finding a hyperplane in
this space to achieve linear separation of the data. Commonly used kernel functions include linear,
polynomial, RBF, and others. By selecting different kernel functions, SVM can adapt to various types
of data distributions.

In deep learning, backbone networks such as Inception-ResNet-v2 are often employed to learn high-
level feature representations that better capture information in images. However, deep learning models
may suffer from overfitting or insufficient generalization, especially when trained on limited data or
dealing with complex tasks.

To address this issue, traditional machine learning classifiers like SVM can be used to classify the
high-level features extracted by deep learning models. This approach combines the feature learning
capability of deep learning with the generalization ability of traditional machine learning.

Therefore, by using an SVM classifier after Inception-ResNet-v2, the accuracy of facial classification
can be further improved on the foundation of a deep learning model, enhancing robustness to small-
scale data. This combination approach has demonstrated excellent results in many facial recognition
tasks.

3. Experimental Information and Results

3.1. Experimental Datasets

The facial image training dataset is divided into training, testing, and validation sets. In this study, the
CASIA-WebFace [15] database is utilized, with 90% of individual facial images allocated to the training
set and 10% to the validation set for model training. The model learns to compare facial feature vectors
in the feature space to determine whether they possess similar characteristics. Finally, the LFW [16]
database is employed for testing, serving as a benchmark to evaluate the model's accuracy.

The CASIA-WebFace database comprises 10,575 individuals, totaling 494,414 images, provided by
the Chinese Academy of Sciences Institute of Automation (CASIA). It includes a diverse collection of
facial images from various individuals, exhibiting complexity with different poses, expressions, and
lighting conditions. This makes the CASIA-WebFace database a challenging dataset valuable for testing
the robustness and generalization ability of facial recognition algorithms.

The LFW database is a standard evaluation dataset for face recognition. It contains over 13,000 facial
images gathered from the internet, representing approximately 1,680 different identities of 5,749
individuals. The database features real-world facial images captured in diverse environments,
encompassing different ages, ethnicities, genders, and expressions. This establishes the LFW database
as a standard benchmark for evaluating the performance of facial recognition algorithms.

3.2. Experimental Process

In this paper, the real-time facial recognition system is primarily divided into two components. The first
component is the facial training model architecture, and the second component is the SVM classifier. In
the facial training model architecture, we input facial images, and then, after training with Inception-
ResNet-v2, output facial image feature vectors. The distance between vectors represents the similarity
of images, which is further classified through the SVM classifier. The following image illustrates the
architecture of the facial training model.

185



Proceedings of the 4th International Conference on Signal Processing and Machine Learning
DOI: 10.54254/2755-2721/45/20241677

Face Model 128-dimension vector
Input Face Image ° SVM Classifier Identity
- Structure

Figure 2. Real-time Face Recognition System.

The performance of the facial training model architecture directly impacts the overall accuracy of
the entire facial recognition system. The facial training model structure in this paper is based on FaceNet,
with a distinction lying in the utilization of the Inception-ResNet-v2 deep convolutional neural network
and the Center Loss + Softmax Loss as the loss function, as opposed to FaceNet.

Deep Neural _ Batch
Network "| Normalized

Y

Y

Batch Embedding Center Loss + Softmax Loss

Figure 3. Training Structure of Face Recognition Model.

Batch refers to inputting pre-processed facial images into the model. Deep Architecture is based on
different CNN architectures, such as Inception-v3, Inception-v4, Inception-ResNet-v1, Inception-
ResNet-v2, etc. Batch Normalization involves normalizing features to a consistent range after
preprocessing to obtain more discriminative features. Embedding is the process of inputting the 128-
dimensional vector generated by the trained Inception-ResNet-v2 and Batch Normalized features into
the loss function for feature vector differentiation. Center Loss + Softmax Loss obtains an embedding
function from the vector, where features between the same faces are closer, and features between
different faces are as separate as possible, making the determination of whether two facial images belong
to the same person more effectively.

After training the model, the 128-dimensional feature vectors are obtained. Using the pre-processed
data, a hyperplane is found to separate the two parts of the categories. Once the SVM classifier is trained,
this method can be used for fast and accurate classification. Finally, by combining the facial features
with the trained model and SVM classifier, the facial recognition system is enhanced.

3.3. Experimental Hyperparameter Settings

The facial recognition method in this study combines the Inception-ResNet-v2 deep convolutional
neural network. Images of size 160x160, obtained after face detection and alignment using MTCNN,
are used as input. Dimension vectors of 256 and 128 are tested, and results indicate that the 128-
dimensional vector input performs the best, consistent with FaceNet. Three optimizers, RMSPROP,
ADAM, and ADAGRAD, are compared, with ADAM showing the best performance. The learning rate
is set to -1, allowing the model to converge to a local minimum. Dropout is experimented with values
0f 0.2, 0.4, 0.6, and 0.8, with 0.8 being the optimal choice during training. The optimal value for weight
decay is Se-4. Unlike FaceNet, this study utilizes ADAM as the optimizer.

During data training, a batch size of 90 is chosen, indicating that 90 images are used in each training
batch. The number of epochs is set to 100, representing 100 training cycles. The epoch size is set to
1000, meaning that each training cycle consists of 1000 iterations. The study employs the ADAM
optimizer to minimize the loss value, and the accuracy of the neural network is calculated after every
1000 steps, guiding the training until reaching 100 epochs.

3.4. Experimental Results

This study initially conducted a comparison of face detection algorithms. MTCNN was utilized for face
detection, and it exhibited excellent performance for single-person image detection. The study tested
three face detection methods, MTCNN, Dlib, and OpenCV, by measuring the average computation time
for processing a single-person image at a resolution of 1080x720. The time taken for each of the
mentioned face detection methods is presented in the following table.
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Table 1. Average processing time for a single image.

Model Average processing time
OpenCV 1.1ms
Dlib 72ms
MTCNN 2.4ms

When comparing processing times, OpenCV exhibits the fastest processing speed at 1.1ms, followed
by MTCNN with a slightly slower speed than OpenCV. Dlib, on the other hand, has a significantly
slower processing speed compared to the other two detection algorithms. However, when considering
the overall performance, which combines both algorithm speed and success rate in face detection, there
is a substantial gap. In a complex scenario involving the multi-face recognition of 28 individuals, the
success rates of face detection for the three algorithms are shown in the following table.

Table 2. Success rate of facial detection for 28 people.

Model Number of detection | Detection success rate
OpenCV 21 75.0%
Dlib 24 85.7%
MTCNN 27 96.4%

Consequently, it can be concluded that OpenCV has a fast detection speed but a lower accuracy rate.
Dlib, despite its slow processing speed, exhibits an improved success rate in comparison to OpenCV.
Meanwhile, MTCNN outperforms both detection methods not only in terms of detection speed but also
in detection success rate. In summary, MTCNN demonstrates the best overall performance.

This study also includes a comparison of the accuracy and speed of four convolutional neural
networks—Inception-v3, Inception-v4, Inception-ResNet-v1, and Inception-ResNet-v2—on the LFM
dataset. The table is provided below.

Table 3. Regression performance for each model.

Model Accuracy Speed
Inception-ResNet-v1 97.98% 0.34s
Inception-ResNet-v2 98.79% 0.47s

Inception-v3 96.64% 0.46s
Inception-v4 92.53% 0.74s

According to the table above, considering both training speed and accuracy, the optimal model is
determined to be Inception-ResNet-v2. Therefore, it is chosen as the backbone for the facial training
model in this study.

In conclusion, the best facial recognition model obtained in this study involves using MTCNN for
face detection, inputting processed data into the backbone network of Inception-ResNet-v2, and finally
classifying faces using an SVM model. The resulting final facial recognition accuracy is 98.79%.

4. Conclusion and Prospects

The research conducted a comparative validation in the aspect of face detection using MTCNN. Despite
its slightly slower detection speed compared to OpenCV, MTCNN demonstrated the best detection recall.
Considering both time and accuracy, MTCNN stands out as the optimal choice for face detection.
Factors influencing image facial recognition speed and accuracy in this study include the number of
recognized faces, neural network principles, and architectures, as well as hyperparameter settings. To
increase facial recognition speed, methods such as reducing the number of neural network layers and
shrinking the convolutional kernel can be employed, but this might lead to a decrease in recognition
accuracy. On the other hand, enhancing accuracy can be achieved by increasing convolutional layers
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and incorporating residual structures. The study compared four different deep convolutional neural
networks and concluded that Inception-ResNet-v2 exhibited the best overall performance. Ultimately,
the MTCNN-Inception-ResNet-v2-SVM facial recognition model achieved the highest accuracy of
98.79%.

Due to variations in facial recognition time resulting from different combinations of datasets and
convolutional network architectures, it is challenging to make direct time comparisons. Given that facial
recognition prioritizes accuracy, accuracy serves as a better metric to evaluate a model's quality. Ideally,
the goal is to achieve the highest recognition rate in the shortest time possible. Recognition speed and
accuracy are interrelated, and the improvement goal is to enhance facial recognition speed without
compromising accuracy. Therefore, to implement the facial recognition system using the approach in
this study, aside from deepening the depth of the convolutional neural network to improve recognition
accuracy, enhancements can be made by adjusting network hyperparameters, utilizing faster GPU
acceleration, or adopting more advanced network architectures to improve both accuracy and speed of
facial recognition.
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