International Journal of Biology and Life Sciences
ISSN: 2957-9511 | Vol. 3, No. 2, 2023

Finger Vein Recognition Technology: Principles,
Applications, and Future Prospects

Lizhen Zhou 2"

! Department of Information, Zibo Normal College, Zibo 255130, China

2 Center for International Education, Philippine Christian University, Manila 1004, Philippines

* Corresponding author Email: hizlz@126.com

Abstract: Finger vein recognition technology is a biometric identification technique that analyzes the vein patterns in the
fingers to authenticate individuals. This paper aims to provide a comprehensive overview of the principles, applications, and
future prospects of finger vein recognition technology. Firstly, the unique biological characteristics and advantages of finger vein
recognition will be explored. Secondly, the working principle and key techniques of the finger vein recognition system will be
introduced, covering image acquisition, feature extraction, and matching algorithms. Subsequently, the extensive applications of
finger vein recognition technology in personal identity authentication, financial payments, information security, and other
domains will be discussed. Finally, the future development of finger vein recognition technology will be forecasted, addressing
potential challenges and solutions, as well as its potential applications in broader domains.
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1. Introduction

With the constant advancement of information technology,
the need for efficient and secure identity verification methods
has become paramount. Biometric recognition has emerged
as a prominent solution, offering reliable and unique
identification based on individuals' physiological or
behavioral traits. Among the array of biometric recognition
technologies, finger vein recognition stands out as a cutting-
edge and promising technique that has captivated the attention
of both academia and industries [1,2]. Its unparalleled
advantages, including exceptional accuracy, non-
invasiveness, and resilience to environmental variations, have
paved the way for its widespread adoption in various sectors,
such as finance, healthcare, and security management.

The primary objective of this paper is to provide a
comprehensive overview of finger vein recognition
technology, delving into its fundamental principles,
operational mechanisms, and distinctive features. This
exploration will shed light on why finger vein recognition is
a reliable and robust identity authentication method.
Additionally, the technical workflow of the finger vein
recognition system, encompassing critical steps like image
acquisition, preprocessing, feature extraction, and matching,
will be meticulously elucidated, highlighting the intricacies
involved in accurate identification.

Moreover, this paper will delve into the diverse and
practical applications of finger vein recognition technology
across various domains. Specifically, it will underscore the
pivotal role of this biometric identification technique in
personal identity authentication, revolutionizing the way
users access their devices, make financial transactions, and
interact with secure systems. Furthermore, the paper will
showcase how finger vein recognition has transformed the
landscape of financial payments, instilling unparalleled
security and convenience in a world driven by digital
transactions. Notably, the technology's deployment in
bolstering information security will be exemplified,
illustrating its role in safeguarding sensitive data and
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fortifying access control systems.

As finger vein recognition technology continues to evolve
and mature, the future development prospects merit a
dedicated examination. Potential challenges and roadblocks
faced during implementation will be addressed, alongside
proposed solutions to ensure seamless integration and
optimization of this biometric technology. Additionally, this
section will explore the possibility of extending finger vein
recognition to broader domains, potentially contributing to
advancements in healthcare, transportation, and beyond.

In summary, this paper embarks on a comprehensive
journey through the realm of finger vein recognition
technology. By thoroughly exploring its principles,
applications, and potential future prospects, readers will gain
invaluable insights into the significance of this biometric
recognition technique and its profound impact on various
aspects of modern life.

2. Characteristics of Finger Vein as a
Biometric Feature:

Finger vein recognition technology capitalizes on the
distinctive characteristics of vein patterns in the fingers.
When compared to other prevalent biometric features like
fingerprints or iris, finger veins exhibit several unique traits
that contribute to its status as a sought-after biometric
identification technology [3,4]:

Uniqueness: Just like fingerprints, the vein patterns in each
individual's fingers are entirely unique, ensuring that no two
finger vein patterns are alike. This inherent uniqueness
provides a highly reliable and accurate means of
differentiating between individuals, enhancing the precision
of finger vein recognition for identity authentication.

Privacy: Finger vein features are nestled beneath the skin
surface, making them less susceptible to unauthorized access
or visual observation. The concealed nature of finger vein
patterns adds an extra layer of security and ensures the
protection of users' privacy, making finger vein recognition a
reliable biometric technique in scenarios where privacy is of



paramount concern.

Non-invasiveness: One of the primary advantages of finger
vein recognition lies in its non-invasive nature. The process
involves non-contact imaging using near-infrared or infrared
technology, eliminating the need for direct physical contact
between the user and the recognition device. As a result, users
experience no discomfort or inconvenience during the
identification process.

Stability: Finger vein patterns remain relatively stable
throughout an individual's lifetime, making them less
susceptible to changes caused by factors like age or weight
variations. Unlike facial features that might be influenced by
aging, finger vein recognition provides a consistent and
reliable biometric template over time, enhancing its usability
in long-term identification scenarios.

Anti-spoofing: The positioning of finger veins below the
skin surface adds an additional layer of security, making them
challenging to forge or duplicate. In contrast, biometric
techniques like fingerprint recognition might be vulnerable to
spoofing using artificial fingerprints or molds. The robustness
of finger vein recognition against such attacks makes it a
preferred choice in applications where security is critical.

Convenient Image Acquisition: Another compelling aspect
of finger vein recognition technology is its ease of image
acquisition. Unlike other biometric recognition methods, such
as iris recognition that demands high cooperation from the
users or facial recognition dependent on favorable angles and
lighting conditions, finger vein recognition offers a
convenient and user-friendly approach. Users merely need to
place their fingers on a near-infrared or infrared imaging
device to swiftly obtain the required finger vein images,
facilitating seamless and hassle-free identity verification.

In conclusion, finger vein recognition stands out as a
biometric  identification technology endowed with
exceptional advantages. Its uniqueness, privacy, non-
invasiveness, stability, and anti-spoofing characteristics make
it a highly promising and reliable method for identity
authentication. With the added benefit of convenient image
acquisition, finger vein recognition demonstrates extensive
potential in various domains, encompassing personal identity
authentication, information security, financial payments, and
beyond. Nevertheless, continuous research and improvement
efforts are essential to overcome challenges, such as image
quality and recognition speed, in order to fully unlock the vast
potential of finger vein recognition technology. By addressing
these issues, finger vein recognition is poised to revolutionize
the landscape of biometric identification and enhance security
and convenience across diverse applications.

3. Working Principle of Finger Vein
Recognition System:

The finger vein recognition system is a biometric
identification technology that captures, processes, and
extracts features from finger vein images to perform
individual authentication [5]. The following sections will
provide a detailed explanation of the working principle of the
finger vein recognition system, covering three main steps:
image acquisition, preprocessing and feature extraction, and
matching.

3.1. Image Acquisition:

Image acquisition marks the initial phase in the finger vein
recognition process. During this stage, the system utilizes
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near-infrared or infrared imaging techniques to capture high-
quality finger vein images. Near-infrared or infrared light
possesses the unique ability to penetrate the surface layer of
the skin, enabling it to directly map the vein network beneath
the skin. Consequently, clear and detailed finger vein images
are obtained, unaffected by the surface skin features. The
image acquisition device typically takes the form of a finger
placement apparatus, where users can easily and comfortably
place their fingers on the designated area for rapid image
capture.

3.2. Preprocessing and Feature Extraction:

After image acquisition, the captured finger vein images
undergo preprocessing and feature extraction to extract key
information from the images, facilitating subsequent identity
matching. The goal of preprocessing is to remove noise and
interference from the images, enhance image contrast and
clarity, and ensure image quality. Common preprocessing
methods include image filtering and histogram equalization.

Feature extraction is the core step in finger vein recognition
[6]. It involves transforming the key information in the finger
vein images into digital feature vectors. Common methods
like Local Binary Pattern (LBP) and Histogram of Oriented
Gradients (HOG) are used to capture texture, shape, and
orientation information. Additionally, deep learning-based
approaches [7], Gabor filters, SIFT, SURF, and Convolutional
Gabor Networks (CGNss) have been explored for more robust
and accurate recognition. The choice of method depends on
specific requirements such as computational efficiency and
recognition accuracy, with deep learning showing promising
results in learning relevant features from raw data.

3.3. Matching:

Matching is the final step in the finger vein recognition
system. In this stage, the system compares the extracted finger
vein features with pre-registered templates stored in the
database. The database templates contain the finger vein
features of registered users. The goal of matching is to find
the template in the database that best matches the features of
the identified finger vein, thereby confirming the user's
identity.

To achieve efficient and accurate matching, common
matching algorithms include similarity-based methods like
Euclidean distance, Manhattan distance, correlation
coefficient, and Support Vector Machine (SVM). By
calculating the similarity measure between the extracted
features and the database templates, the system can determine
whether the features match a specific user, completing the
identity authentication process.

The working principle of the finger vein recognition system
encompasses crucial steps such as image acquisition,
preprocessing, feature extraction, and matching. Through
these steps, the system can transform the biological feature of
finger vein into digital features and perform effective identity
authentication. This biometric identification technology
boasts high accuracy and security, making it widely
applicable in personal identity authentication, information
security, and various other domains. However, the system's
performance still requires ongoing optimization and
improvement to meet the growing application demands and
security challenges.



4. Applications of Finger Vein
Recognition Technology

Finger vein recognition technology, as an efficient,
accurate, and secure biometric identification technology,
finds extensive applications in various domains [8]. The
following sections will detail the specific applications of
finger vein recognition technology in personal identity
authentication, financial payments, and information security:

4.1. Personal Identity Authentication
Applications:

Finger vein recognition technology plays a vital role in
personal identity authentication. By capturing the finger vein
features of users, the finger vein recognition system can
accurately verify their identity. This technology can be
applied in unlocking smartphones, tablets, and even for user
identity authentication in mobile payments and e-commerce,
providing convenient and secure user experiences. Moreover,
finger vein recognition technology can be utilized in access
control systems for employee or resident identity
authentication, enhancing security and streamlining access
procedures.

4.2. Financial Payment Applications:

Finger vein recognition technology holds significant
potential in the financial payment sector. Traditional payment
methods, such as passwords or card swiping, are susceptible
to password leakage and forgery risks. In contrast, finger vein
recognition technology ensures payment security and
accuracy through unique biometric recognition. During
payments, users need only place their fingers on the
designated recognition device, and the system quickly verifies
their finger vein features, enabling cardless payments. This
payment method is not only convenient and efficient but also
reduces the burden of carrying bank cards, effectively
preventing the risk of payment information theft.

4.3. Information Security Applications:

Finger vein recognition technology also finds widespread
use in information security. Many enterprises and
organizations require protection for sensitive information and
confidential documents to prevent unauthorized access and
leaks. Finger vein recognition can be used for tasks such as
encryption and decryption, allowing authorized users to
access specific information resources only after successful
identity verification. Such applications can be employed in
government, military, financial institutions, medical facilities,
and other sectors, significantly enhancing information
security and privacy protection. Through finger vein
recognition technology, information security can be reliably
guaranteed, avoiding the risks of traditional password
cracking or misuse.

The extensive applications of finger vein recognition
technology in personal identity authentication, financial
payments, and information security showcase its advantages
in enhancing security, convenience, and user experiences. As
the technology continues to mature and develop, finger vein
recognition is expected to find more applications in various
domains, offering us greater convenience and security in our
daily lives. Nevertheless, careful consideration of user
privacy protection and rigorous security assessments are
essential when promoting its application to fully harness the
potential of finger vein recognition technology.

47

5. Future Prospects of Finger Vein
Recognition Technology:

As an emerging biometric identification technology, finger
vein recognition holds promising future prospects with
continuous advancements in hardware technology and
algorithm optimization [9]. The following key prospects for
the future development of finger vein recognition technology
are outlined:

5.1. Higher Accuracy and Faster Recognition
Speed:

With ongoing technological improvements, the accuracy of
finger vein recognition is expected to increase further.
Although the current technology is already highly accurate,
there may still be cases of misidentification under certain
circumstances, such as finger injuries or poor image quality
[10,11]. In the future, through algorithm optimization and
higher resolution and performance of image acquisition
devices, finger vein recognition technology will achieve
higher accuracy and more stable recognition performance.
Simultaneously, recognition speed is expected to be further
enhanced, making the finger vein recognition process even
faster and more efficient.

5.2. Expansion of Application Domains:

Currently, finger vein recognition technology is mainly
applied in personal identity authentication, financial
payments, and information security domains. In the future, it
is anticipated to find applications in even more fields. For
instance, in the smart healthcare sector, finger vein
recognition can be utilized for patient identity authentication
and medical data access control, improving medical
information security and privacy protection. In the intelligent
transportation field, finger vein recognition technology may
be employed for driver identity authentication, ensuring only
authorized drivers can operate vehicles, thereby enhancing
traffic safety.

5.3. Privacy and Security Challenges:

While finger vein recognition technology possesses
advantages in enhancing security, privacy protection becomes
a concern with its widespread application. As finger vein
recognition technology becomes more prevalent, the
protection of personal biometric data becomes a critical issue.
To safeguard user privacy, it is essential to strengthen the
security of finger vein feature data storage and transmission,
preventing data leakage and misuse. Additionally, relevant
laws and regulations need to be established to regulate the
lawful use of finger vein recognition technology, ensuring its
ethical and legitimate application.

In conclusion, finger vein recognition technology, as an
efficient, secure, and convenient biometric identification
technology, exhibits extensive application prospects. Through
continuous technological innovation and privacy protection
measures, finger vein recognition technology will further
develop and bring convenience and security to various
domains. However, careful consideration of potential
challenges and proactive pursuit of solutions are required to
ensure the steady development of finger vein recognition
technology.
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