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Abstract: The progress of deep learning technology has greatly enhanced the performance of face recognition system, but
there are also limitations such as low sample efficiency, unstable training, etc. Transformer is a revolutionary deep learning
model architecture with the advantages of parallel computing and powerful long-range dependent modelling capability. This
paper analyses the advantages and disadvantages of classical methods, deep reinforcement learning, Transformer and other
methods applied in face recognition after reviewing many literatures, and concludes that the application of deep reinforcement
learning combined with Transformer in face recognition is still in the early stage, but it has also achieved certain results, and it
is a direction full of development potential in the field of artificial intelligence today.
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1. Introduction

Facial recognition is the most effective method of
identifying individuals in everyday life, and it utilises the
unique biometric features of the human face, which are
considered to be the most primitive and natural features of the
human body. Facial recognition technology can evaluate
biometric information (including eye movements and facial
features) by comparing it to pictures or videos and produce
results . Artificial Intelligence (AI) technology has played a
significant role in advancing the development of facial
recognition technology . Although face recognition is widely
used because of its technological sophistication and
effectiveness, it is far from perfect. Variations in lighting
conditions, facial expressions, head orientation, and
background scenes often reduce recognition accuracy.

Deep Reinforcement Learning (DRL), which combines the
perceptual capabilities of deep learning with the decision-
making capabilities of reinforcement learning, has achieved
notable successes in fields such as robotics, gaming, natural
language processing, finance and healthcare. Advances in
deep learning techniques have greatly enhanced the
performance of face recognition systems (FRS) by enabling
them to extract complex abstract features from large datasets,
thereby improving accuracy and robustness, especially in
challenging scenarios [1,2]. Deep learning algorithms do not
require a manual design process and have surpassed various
established benchmark evaluations compared to traditional
computer vision systems. In unconstrained environments,
deep learning methods are the most efficient and have the
shortest recognition time, surpassing traditional methods.
Despite these advances, DRL also suffers from drawbacks
such as low sample efficiency, unstable training, difficulty in
reward function design, and trade-offs between exploration
and exploitation.

Transformer is an encoder-decoder architecture based on
the self-attention mechanism. It is a classical Natural
Language Processing (NLP) model proposed by Google team
in 2017 . Features such as parallel computing, unrivalled
contextual understanding, and multiple heads of attention
make Transformer powerful and the most central and
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revolutionary architecture in the field of artificial intelligence
today. The scenarios that face recognition needs to face are
often dynamic, and face recognition in dynamic scenarios
requires the system to not only be able to recognise faces
under a variety of different poses, lighting, scale variations,
and occlusions, but also to maintain sufficient performance at
the real-time level. A single feature extraction method may
not be sufficient in various environments, and it is necessary
to try to combine two or more models in order to expect better
recognition results. This review focuses on analysing the
advantages and disadvantages, ethical issues and future
prospects of combining Transformer with Deep
Reinforcement Learning techniques for application in face
recognition.

2. Classical Method

Classical face recognition methods are hand-designed
features and traditional machine learning classifiers, and the
core process includes: face detection, preprocessing, feature
extraction, and classification and recognition. Global feature
methods and local feature methods are the two main
extraction methods. The global feature method is to process
the overall face image as a high-dimensional vector, in which
the feature face (PCA) is the principal component analysis
and Fisherfaces (LDA) is the linear discriminant analysis.
Local feature methods extract local features of the face and
combine them into a global representation, including Local
Binary Pattern (LBP) and Scale Invariant Feature
Transform/Histogram of Orientation Gradients (SIFT/HOG).
The Fisherfaces method avoids the problem of variations in
lighting and facial expressions by adding Linear Discriminant
Analysis (LDA) to the PCA method by minimising the
within-class variance and maximising the between-class
variance[3]. The LDA method was used to avoid the effects
of light and facial expression changes by adding linear
discriminant analysis (LDA) to the PCA method to minimise
within-class variance and maximise between-class variance.
Ojala et al. (2002) introduced LBP in this study by
thresholding the neighbourhood of all the pixels obtained and
then using binary numbers to represent the results, resulting



in an intuitive histogram[4]. The results of the study indicated
that LBP can be well applied to real-time face detection and
recognition systems in constrained environments.

Erwin et al. (2019) in the study of Principal Component
Analysis and Figenfaces in Face Extraction used Principal
Component Analysis (PCA) and Eigenfaces approach for face
characterisation and came up with the experimental results of
PCA in terms of improved accuracy, precision and recall
respectively[5]. Putra, R. R. C., & Juniawan, F. P. (2017) In
the implementation of Fisherfaces face recognition algorithm
in Android based student attendance system, Local Binary
Pattern (LBP) and Fisherfaces algorithm were used to test the
data of 15 face recognition data, which yielded the results of
Facial recognition technology helps in fraudulent behaviour
and overcomes the errors made by the staff while entering into
the database[6].

Classical methods have the advantages of high
interpretability, low computational resource requirements,
and the ability to run on embedded devices, but of course, they
also have the disadvantages of features that need to be
designed manually, limited generalisation capabilities, and
poor performance in complex and unconstrained
environments.

3. Deep Reinforcement Learning
(DRL)

Deep Reinforcement Learning (DRL) is a cutting-edge
branch of Artificial Intelligence, Deep Learning is the
approximation of policy functions or value functions with
complex deep neural networks to process high-dimensional
state inputs (e.g., images, speech, etc.). Deep neural networks
(DNNs) are the core architecture of deep learning.
Convolutional neural network (CNN) is a specific type of
deep neural network (DNN), which efficiently extracts spatial
hierarchical features from grid data, such as images, by means
of locally connected and parameter-sharing convolutional
operations, and progressively abstracts and downscales them
through a pooling layer, and finally the decision-making is
done by a fully connected layer. It is a cornerstone in the field
of computer vision and plays an important role in areas such
as natural language processing as well.

Kumar A B et al. (2025) in Deep Learning Based New
Model for Masked Face Recognition proposed model
integrating migration learning, deep neural network (DNN)
and deep learning (DL) architectures to effectively extract
features for masked face classification and recognition[7]. It
is also compared and analysed with eight traditional methods
to yield better accuracy, less error rate, faster computation less
parameter usage. Gaur S et al. (2024) fused two K Nearest
Neighbours (KNN) and Multi-task Cascaded Convolutional
Networks (MTCNN) in the implementation of Attendance
Monitoring Facial Recognition Technique using MTCNN
Integrated Biometrics face recognition techniques[8]. The
results obtained are that MTCNN improves the accuracy
especially in the case of masks partially obscuring the face in
a well-lit and clean environment, and is an effective technique
for attendance control.

4. Transformer

Transformer is a revolutionary deep learning model
architecture that is no longer based on the previously
commonly used loops and convolutional structures that
dominate sequence processing, but is based entirely on the
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core mechanism of self-attention. It has the advantages of
parallel computing, powerful long-range dependency
modelling capabilities and interpretability. It has completely
changed the landscape of the previous natural language
processing (NLP) field, and has been gradually extended by
researchers to computer vision, speech processing and other
Al fields.

Zhong, Y.; Deng, W(2021) in Face Transformer for
Recognition explored the effectiveness of Transformer
models in face recognition using sliding segments that
overlap with each other to generate tokens, on CASIA-
WebFace and MS-Celeb-1M database training, and evaluated
on several mainstream benchmark datasets, yielding the
feasibility of the Transformer model in face recognition[9].
He L et al. (2023), in CFormerFaceNet: an efficient and
lightweight face recognition network fusing CNN and
Transformer, proposed a network fusing a convolutional
neural network with a Transformer architecture called
CFormerFaceNet, an innovative efficient and lightweight
face recognition model, and validated on several difficult
benchmark face datasets, which concludes that it has the
lowest computational cost compared to other state-of-the-art
face recognition models, and is capable of completing the face
recognition task in real-time while guaranteeing a high
accuracy rate[10].

Cao L et al. (2023) in sketch face recognition based on light
semantic Transformer network in order to solve the problems
and improve the training effect, proposed a lightweight
semantic Transformer network, a hierarchical group linear
transformation and introduced a parameter sharing
mechanism to construct a lightweight semantic Transformer
network and a domain adaptive focus loss function approach
The method of Domain Adaptive Focus Loss Function[11].
The recognition rate on both UoM-SGFSv2 dataset and
CUFSF dataset is significantly improved through extensive
experiments.

Qin et al (2024) in SwinFace: A Multi-Task Transformer
for Face Recognition, Expression Recognition, Age
Estimation and Attribute Estimation for SwinFace model is
designed to meet different task requirements and resolve
conflicts that occur during multi-tasking[12]. Through a large
number of experiments, the model has a deeper understanding
of faces and performs well in all tasks, setting the state-of-
the-art in facial expression recognition and age estimation on
the RAF-DB dataset and CLAP2015 dataset, respectively.

5. Limitations, Ethical Issues

The combination of Transformer and Deep Reinforcement
Learning techniques for face recognition has a great potential
for development, but it still needs to face the problems of
computational cost and delay, training stability and
convergence, overfitting of reward signals, and insufficient
theoretical understanding. The combination of Transformer
and Deep Reinforcement Learning techniques for face
recognition can also present serious ethical issues. Face
recognition is based on large-scale tracking and surveillance,
and collects a large amount of private biometric information,
sometimes even storing it permanently without the user's
explicit consent, which poses a risk of data leakage and
misuse.

6. Conclusion

Deep Reinforcement Learning has limitations in dealing



with complex environments such as partial observability,
complex state spaces, and the need for inference and planning.
Transformer has features such as better processing of history
information, modelling entity relationships, improving
sample efficiency, and dealing with multimodal inputs, which
are just enough to address the limitations of Deep
Reinforcement Learning. Deep Reinforcement Learning
provides Transformer with an arena for the task of learning
and executing decisions in an interactive environment, while
Transformer provides Deep Reinforcement Learning with a
powerful tool for processing long sequence histories,
understanding complex relationships, and improving sample
efficiency. While the combination of the two is in its early
stages, it is still a promising direction for Al today. Of course,
the application of Transformer and Deep Reinforcement
Learning for face recognition requires multiple ethical, legal
and technical considerations.
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