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1. INTRODUCTION

In the current digital age, data transmission plays a vital role in our daily lives. From online
shopping to internet banking, we constantly rely on the transmission of data through various electronic
devices. However, the transfer of this data comes with the risk of security breaches, which can result in data
theft, financial losses, and unauthorized access. To address this issue, cryptographic techniques have been
developed to ensure secure transmission of data. One such cryptographic tool that has gained popularity in
recent years is elliptic curve cryptography (ECC). In comparison with other cryptographic systems, ECC can
be considered as a public-key cryptography that offers smaller key sizes thus possessing a relatively high
state of security. This article gives a general introduction to ECC and how it can be used for secure and
effective data transmission [1].

It is crucial to secure sensitive information as it is being sent in the increasingly linked digital world.
ECC [2] is becoming a very effective method for transmitting data securely and efficiently. This paper
investigates the foundational ideas of ECC and clarifies its uses to guarantee safe and efficient data transfer.

ECC is a subset of public-key cryptography that encrypts and decrypts data using the mathematical
characteristics of elliptic curves. ECC provides similar security with far lower key sizes than classic
cryptographic methods like rivest-shamir-adleman (RSA), which are dependent on the difficulty of factoring
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huge numbers. Because of this, ECC is especially well-suited for situations with limited resources, such as
those found in mobile and internet of things (1oT) devices [3]-[6].

Elliptic curves: the algebraic structure of elliptic curves defined over finite fields is the subject of
ECC operations. These curves’ non-linearity and the difficulty of solving the discrete logarithm issue are
among the qualities that make them appropriate for use in cryptography procedures. Public and private keys:
ECC uses two keys, a public key that is openly published and a private key that has to be kept confidential,
just like other public-key cryptosystems. These keys are used for both encryption and decryption; they are
obtained from points on the elliptic curve. ECC operations include addition and multiplication of points that
are specified on the elliptic curve. Fundamental operations like multiplication and addition serve as the
foundation for ECC algorithms like the elliptic curve digital signature algorithm (ECDSA) for digital
signatures and the elliptic curve diffie-hellman (ECDH) for key exchange. Alhaj et al. [7], ECC’s advantages
for data transmission to enhanced security: considering the key size being utilized, ECC provides a high
degree of security. This implies that security may be maintained while using smaller key sizes, which lowers
computational overhead and storage needs. Furthermore, ECC algorithms are impervious to a range of
cryptographic techniques, including quantum and brute-force attacks [8].

Efficient resource utilization: because ECC keys are tiny, they allow for the efficient use of
computational resources [9]. Which makes them ideal for devices like smartphones and 10T devices that have
limited processing and memory capacity. This efficiency improves system performance overall by enabling
quicker cryptographic operations and using less energy.

Comepatibility with current standards: ECC has been widely used in a number of cryptographic
protocols and standards, including ECDSA and transport layer security (TLS), which secure internet
connections. Its interoperability with the current infrastructure enables its simplicity of integration into a
variety of platforms and applications [10]. ECC’s use in data transmission applications: secure
communication: to provide secure channels of communication between clients and servers over unsecured
networks, ECC is used in protocols like TLS and secure shell (SSH) [11], [12]. ECC guarantees the
confidentiality and integrity of data exchanged between parties by encrypting it to prevent manipulation and
eavesdropping.

Digital signatures: to confirm the legitimacy and integrity of digital documents and transactions,
ECC-based digital signatures, such as ECDSA, are used. Digital signatures made using ECC provide strong
cryptographic guarantees, enabling non-repudiation and trust in electronic transactions. Key exchange: the
safe transfer of cryptographic keys between parties is facilitated by ECC-based key exchange protocols such
as ECDH. Through the use of the elliptic curve discrete logarithm problem’s computational difficulty, ECDH
allows parties to determine a shared secret key without disclosing private information to prying eyes.

A notable development in cryptographic methods is ECC, which provides an attractive trade-off
between security and throughput for data transfer. Through the use of elliptic curves’ mathematical features,
ECC makes a broad variety of applications possible, including digital signatures, key exchange, and secure
communication. ECC will continue to be an essential tool for protecting sensitive data and guaranteeing the
integrity of digital transactions as the digital world changes.

2. BACKGROUND

In modern times, cryptography has evolved to use mathematical algorithms to convert plain text into
a non-readable form (cipher text), which can only be decrypted by an authorized recipient with the correct
key. The RSA algorithm, which depends upon the challenge of considering larger values, is the very
drastically used cryptographic system [13]. However, RSA key sizes are relatively large, which can result in
slower processing times and higher memory requirements. To address this issue, ECC was introduced in the
mid-1980s. Secure communication, digital signatures, and payment systems are just a few of the applications
where ECC is frequently used. Its usage is anticipated to rise along with 0T, which necessitates secure
transmission among gadgets with constrained processor and memory capabilities. ECC uses the algebraic
structure of elliptic curves to create a public-private key pair. It provides a higher level of security with
smaller key sizes compared to other cryptographic systems, making it an ideal solution for resource-
constrained environments. ECC is currently widely utilized in many different applications, including as
payment systems, digital signatures, and secure communication.

2.1. Cryptography techniques and its types using ECC

Elliptic curve-based cryptography techniques are a type of cryptographic system that uses elliptic
curves to offer a high level of security with comparatively smaller key sizes than other cryptographic
systems. It is a variety of public key cryptography that provides cryptographic keys using elliptic curves [14].
ECC is superior to other public key encryption methods like RSA and Diffie-Hellman in a number of ways,
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including smaller key sizes, quicker computation times, and greater attack resistance. ECC is utilized in many
different applications, including key exchange systems, digital signatures, and secure communication [15].

2.2. ECDSA

To offer data authentication and non-repudiation, the digital signature technique ECDSA makes use
of elliptic curve cryptography. ECDSA generates a public and a private key, using elliptic curve
mathematics. The sender creates a digital signature using the private key and attaches it to the message to
sign it using ECDSA. Employing the sender’s public key, the recipient can confirm the transmitted data’s
legitimacy [16].

2.3. ECDH

Elliptic curve cryptography is used by the key exchange technique known as ECDH to safely
exchange cryptographic keys between two parties. Using elliptic curve mathematics, ECDH creates a public
and a private key. The private key is kept a secret while the public key is made accessible to all. To exchange
keys, the two parties exchange their public keys and use their private keys to compute a shared secret.
Messages between the two parties can then be encrypted and decrypted using the shared secret [17].

ECDH and ECDSA are the two main ECC-based cryptographic methods [16], These methods,
which have several advantages over other public key cryptography methods, are employed in several
applications, such as key exchange protocols, secure communication, and digital signatures.

The use of cloud services is on the rise due to their storage capacity, collaborative environment, and
security features. Due to its short key size, public key cryptography, in particular ECC, is essential for
protecting cloud applications. However, despite recent contributions to enhancing the security of ECC in
cloud services, a review integrating recent studies and providing research directions is missing. This paper
addresses this gap by reviewing recent studies and analyzing various approaches and techniques in ECC.
The review identifies several research directions and open problems for future relevant research in this area [18].
A difficult task is to protect wireless sensor networks (WSNs) from numerous security risks and threats given
their widespread use in many different fields. A recommended method using the ECDSA cryptographic
system has been devised to provide security for node-to-node communication in WSNs. Key management
and communication security on the node level are handled by the algorithm for wireless secure
communication (ASCW), which also lowers the expense of security risks. The results of experiments have
demonstrated that ASCW is an appropriate and innovative method for safeguarding data on nodes during
communication in WSNs, offering a quick and efficient method to secure data [19]. Cloud computing is a
widely used technology, but it comes with security challenges. Services are distributed among servers and
users, making file protection difficult. Cloud providers struggle to ensure data security, which can result in
unauthorized access, misuse, or destruction of data [20]. These limitations highlight the importance of
addressing cloud security concerns in the cloud computing environment.

3. ECC FOR SECURE AND EFFICIENT DATA TRANSMISSION

Cryptography techniques using ECC are widely used to secure data transmission over public
networks, such as the internet. Smaller key sizes and quicker encryption and decryption times are only a
couple of the benefits that ECC has over conventional public-key cryptography systems [21]. There are some
ways in which ECC makes data transmission secure and efficient such as smaller key sizes, fast encryption
and decryption, resistance to attack, forward secrecy, and key agreement.

3.1. Smaller key sizes

ECC requires smaller key sizes than conventional public-key encryption methods like RSA for
security. This is due to the fact that the mathematics underlying ECC is built on elliptic curves, a
mathematical structure that is more intricate than the prime numbers employed in RSA. Because of this, ECC
keys can be shorter without sacrificing security [22]. Shorter keys mean less data needs to be transmitted
during encryption and decryption, which can lead to faster and more efficient communication.

3.2. Fast encryption and decryption

ECC is a faster algorithm than traditional public-key cryptography systems like RSA. This is
because the mathematics behind ECC is simpler and more efficient than RSA [23]. Due to its quick
processing and low power consumption, ECC is therefore more suited for use in contexts with limited
resources, such mobile devices.
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3.3. Resistance to attacks

ECC is more resistant to attacks than traditional public-key cryptography systems like RSA. This is
because the mathematics behind ECC is based on elliptic curves, which are harder to attack than the prime
numbers used in RSA [24]. ECC is also resistant to certain types of mathematical attacks, such as the number
field sieve and the elliptic curve discrete logarithm problem.

3.4. Forward secrecy

Some cryptographic systems have a feature called forward secrecy that makes sure that even if an
attacker gets hold of the private key used for a specific transmission. They cannot read the message, and they
will not be able to use it to decrypt past or future messages [25].

3.5. Key agreement

ECC can be used for key agreement, which means that two can agree on a shared secret key without
transmitting it over the network. This can provide additional security and efficiency benefits, as it eliminates
the need for key distribution [26]. Specifically, with the help of the Diffie Hellman key exchange, which is
supported by ECC, two parties can decide on a shared secret key without sending it over the Internet.

4. RESULTS

The results of the study show that ECC outperforms other popular cryptographic algorithms in
several key areas, including key size, speed, resistance to attacks, forward secrecy, and key agreement.
ECC’s advantages make it a popular choice for various industries, including finance, healthcare, and
e-commerce, where secure data transmission is critical. ECC’s potential also extends to emerging
technologies such as the 10T, where its resource efficiency and security make it an ideal choice for secure
communication protocols. The implementation of ECC in real-world scenarios has the potential to
revolutionize secure data transmission, providing a more efficient and secure alternative to traditional
cryptographic techniques [27]. As technology continues to evolve, ECC’s potential will likely continue to
expand, making it an essential tool for ensuring secure communication protocols in various industries.

4.1. Comparison of elliptic curve cryptography with cryptographic algorithms

In general, ECC offers smaller key sizes and faster encryption and decryption times than RSA, while
also providing stronger resistance to attacks and support for forward secrecy and key agreement. AES is a
symmetric-key encryption algorithm that is generally faster than public-key algorithms like RSA and ECC.
ChaCha20 is another symmetric-key encryption algorithm that is created to be efficient on several variety of
platforms. SHA-256 is a hash function that is used for data integrity and is not used for encryption or
decryption. Table 1 compares five key features of ECC with four other popular cryptographic algorithms:
RSA, AES, ChaCha20, and SHA-256 [28].

Table 1. Comparison of elliptic curve cryptography with cryptographic algorithms

Features ECC RSA AES ChaCha20 SHA-256
Smaller key 30-50% smaller RSA keys are - - -
sizes than RSA longer
Fast encryption 2-4 x faster than Slower than 10-20 x faster 2-3 x faster than -
and decryption RSA ECC than RSA AES
Resistance to Stronger than Vulnerable to Strong against Strong against Strong against
attacks RSA some attacks brute-force quantum attacks collisions
Forward Supported Not - - -
secrecy supported
Key agreement Supported Supported - Supported -

ECC offers smaller key sizes than RSA, typically 30-50% smaller, while still providing the same
level of security. This indicates that ECC is more effective in terms of memory and computing power,
making it appropriate for devices and situations with limited resources. AES, ChaCha20, and SHA-256 are
all symmetric-key or hash algorithms that do not use public-key cryptography, so key sizes are not directly
comparable. ECC is generally faster than RSA for encryption and decryption, typically 2-4 x faster.
In general, ECC is more resistant to assaults than RSA, including side-channel attacks, quantum computer
attacks, and brute-force attacks. Because each session utilizes a different key, forward secrecy in ECC
ensures that even if a private key is compromised in the future, previous conversations will still be safe. Key
agreement is supported by ECC and enables two to create a shared secret key without disclosing it to a third
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party. Overall, ECC offers a balance of security and efficiency, making it a popular choice for many
applications. The optimal option will rely on the particular needs of each use case because each
cryptographic method has advantages and disadvantages of its own.

4.2. Implementation of ECC in real-world scenarios and its potential to revolutionize secure data
transmission

The implementation of ECC in real-world scenarios has the potential to revolutionize secure data
transmission. ECC’s advantages, including smaller key sizes, high resistance to attacks, and support for key
agreement protocols, make it an ideal choice for various industries, including finance, healthcare, and
e-commerce [29]. For example, in the finance industry, ECC can be used for secure online transactions,
including mobile banking and credit card transactions. ECC’s smaller key sizes make it a more efficient
choice for mobile devices, while its resistance to attacks ensures that transactions remain secure. Similarly,
in the healthcare industry, ECC can be used to secure patient records and communication between healthcare
providers.

Figure 1 shows that, the ECC can be implemented in various real-world applications across different
industries. In the healthcare industry, ECC can be used to secure patient records and communication between
healthcare providers. The patient’s medical records can be encrypted using ECC to ensure that they are
protected from unauthorized access and breaches [30]. Similarly, healthcare providers can use ECC to secure
their servers and communication channels, ensuring that sensitive information is kept confidential. In the
finance industry, ECC can be used for secure online transactions, including mobile banking and credit card
transactions. ECC’s smaller key sizes make it a more efficient choice for mobile devices, while its resistance
to attacks ensures that transactions remain secure. ECC can be implemented in smartphones to secure mobile
banking transactions, while banking servers can use ECC to secure their communication channels and protect
against data breaches. In e-commerce, ECC can be used in payment gateways to ensure that online
transactions are secure and protected against fraud. Digital signatures can also be implemented using ECC to
verify the authenticity of digital documents, contracts, and agreements. This helps to ensure that the
documents have not been tampered with and that they are authentic. Thus, ECC has the potential to provide a
more efficient and secure alternative to traditional cryptographic techniques in various real-world
applications across different industries.

ECC’s potential is not limited to traditional industries but also extends to emerging. The
implementation of ECC in loT devices can enhance security and privacy, ensuring that sensitive data is
protected from unauthorized access and breaches. Therefore, the implementation of ECC in real-world
scenarios has the potential to revolutionize secure data transmission by providing a more efficient and secure
alternative to traditional cryptographic techniques. As technology continues to evolve, ECC’s potential will
likely continue to expand, making it an essential tool for ensuring secure communication protocols in various
industries.
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5. CONCLUSION

In conclusion, ECC is an essential tool for ensuring efficient and secure data transmission in the
digital era. With its powerful encryption and decryption capabilities, ECC is an effective option for contexts
with limited resources because it offers high levels of security with relatively modest key sizes.
The comparison of ECC with other cryptographic techniques highlights its advantages, including its
resistance to attacks, forward secrecy, and key agreement support. Additionally, the implementation of ECC
in real-world scenarios shows its potential to revolutionize secure data transmission. Therefore, the use of
ECC should be considered when implementing secure communication protocols in various industries,
including finance, healthcare, and e-commerce. Future studies might examine how well ECC works in
conjunction with other cryptographic methods to increase the security of data transfer. Finally, there is a need
for a detailed analysis of the potential vulnerabilities of ECC and their mitigation strategies. The study does
not address the regulatory and legal aspects of ECC, which can have significant implications for its
widespread adoption. Finally, the study focuses only on ECC, and therefore, the comparison of ECC with
other cryptographic techniques is limited to those discussed in the study.

PRACTICAL APPLICATIONS

10T and embedded systems: ECC’s efficiency makes it ideal for securing communications in 10T
devices and other embedded systems, which often have limited computational power and memory. ECC is
widely used in securing web communications through protocols like HTTPS. It provides robust security for
transactions, data exchanges, and sensitive communications without imposing heavy computational loads on
servers and clients.
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