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Abstract — This paper describes the development of a chatbot
that implements end-to-end encryption to ensure message
confidentiality. Technologies such as React, Firebase, Elliptic Curve
Cryptography (ECC), and CryptoJS contribute to the creation of a
secure environment for information exchange. The study highlights
the architectural and technical foundations of the chatbot, detailing
encryption protocols and data flows to maintain interaction privacy.
Through the examination of real-time data processing and user
authentication strategies, the chatbot demonstrates an advanced
approach to information protection, making it a reliable solution for
privacy-sensitive applications

Onekcanap [BueHko
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Amnoraris — B po0oti ommcano mpormec po3poOkm HaT-00Ta,
AKAM pealidye HackpisHe mmbpyBaHHE I 3abe3nedeHHA
KoH(iaeHitHOCTI TIOBiAOMIIEHD. BHKOpHCTaHI TEXHOIOTII, TaKi sK
React, Firebase, xpumrrorpadis emnrmaamx xpweux (ECC) Ta
CryptolJS, copusroTh CTBOPEHHIO O6€3I€IHOTO CEpemOBHINA LT
obmiHy imdopmamiero. J[OCTimXKEHHS BHCBITIIOE apXiTEKTypHI Ta
TEXHIYHI OCHOBM d9ar-00Ta, [EeTaJbHO ONHMCYIOYHM IIPOTOKONH
mmdpyBaHHA i TOTOKH JaHWX I 30epexeHHs KoHGiIEHIIHAOCTI
B3a€MOJIiil. 3aBIIKM PO3IIALY 0OPOOKH JaHWMX y PEXUMi PEeabHOTO
gacy Ta cTparerii ayrentmbikamnii KopucTyBauiB, d9ar-6oT
JIEMOHCTpPYE TIepeJIoBui miaxia ao 3axwcry indopmaii, mo poburs
#oro wHamiiHMM pilmeHEAM IS JOAATKiB, YyTIMBHX MO
KoHGizenniitHOCTI
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L INTRODUCTION

In today’s world, where information security is
increasingly vital, end-to-end encrypted chatbots offer an
effective solution for safeguarding data privacy. The
development of digital communications has increased the need
for reliable encryption methods that prevent unauthorized
access to confidential information. This paper examines the
implementation of a chatbot that uses end-to-end encryption
and the technologies supporting this process. By integrating
recognized cryptographic protocols and modern frameworks,
the chatbot provides a secure data-sharing platform that
addresses common vulnerabilities in online communications.
[11, 121

The chatbot’s architecture includes a multi-layered
approach to security, starting from user authentication and
proceeding to encrypted message exchange. A key component
is the use of Elliptic Curve Cryptography (ECC), which
provides robust encryption with efficient performance,
especially for devices with limited computing power [3].
ECC’s low computational cost combined with a high level of
security makes it ideal for this application, strengthening the
chatbot’s ability to maintain a secure communication channel
without compromising speed. This research aims to show how
a systematic approach to data flow security and encryption
design can contribute to advancing the field of information
security, addressing common challenges in digital privacy.

II. METHODOLOGY

To develop a reliable and secure end-to-end encrypted

chatbot, we focused on integrating ECC and AES encryption
in the React and Firebase environments. The study tests
ECC’s performance and security in real-time data processing,
considering factors such as encryption speed and compatibility
with Firebase’s database structure. The methodology includes
testing the efficiency of key generation, storage, and retrieval
processes to ensure chat data protection.
By analyzing the flow of messages through encrypted
channels and observing the React-based interface’s
responsiveness, the study assesses the system’s ability to meet
real-time encryption requirements. Additionally, Firebase’s
real-time data synchronization capabilities are tested to ensure
consistent and secure message delivery across different
devices. The following technologies were used in the work:

React - serves as the foundation for creating the user
interface, simplifying the creation of a dynamic and interactive
user experience. React’s component architecture enables
efficient state management and event handling, making it a
popular choice among developers for building scalable
applications. Its modular structure also simplifies debugging
and maintenance, providing a seamless user experience;

Firebase - as a real-time database solution, Firebase
ensures fast data storage and retrieval, essential for chat
applications where message updates must be instant.

Firebase’s built-in security features allow real-time data
synchronization between different clients, ensuring secure
storage and message transmission;

Elliptic Curve Cryptography (ECC) - The ECC algorithm
provides a high level of data protection by generating a key
pair for each user. The small size of ECC keys ensures a high
level of security without significant resource consumption,
making it suitable for real-time applications where speed is
crucial;

CryptoJS - for message encryption and decryption, the
CryptoJS library implements the AES algorithm, which is a
widely accepted standard for information protection. AES
provides reliable encryption with manageable key sizes,
making it compatible with various devices.

Bot Architecture. User Authentication: The authentication

process starts with verifying user data stored in the Firebase
database. This step ensures that only authorized users have
access to the chatbot. Upon successful login, users gain access
to the encrypted messaging system. Authentication plays a
critical role in maintaining a secure environment, preventing
unauthorized access to the chat.
Key Generation and Storage: Users’ encryption keys are
stored in Firebase in encrypted form, allowing the bot to
perform encryption and decryption directly on the user’s
device. Each user receives a unique private key, ensuring
secure message encryption that can only be decrypted by the
recipient.

Message Encryption: Before sending, the bot generates a
shared secret key based on the ECC keys of the sender and
receiver. This key is then used with the AES algorithm to
encrypt the message, securing data during transmission. The
message remains encrypted until it reaches the recipient,
protecting it from interception.

Message Decryption: Upon receiving a message, the bot
uses the shared secret to decrypt it, allowing the recipient to
view the original text. This decryption process ensures that
only the intended user can see the message content, preserving
communication privacy.

III. RESULTS AND DISCUSSION

The proposed chatbot architecture successfully provides
end-to-end encryption for message transmission. The dynamic
React interface enables the handling of encrypted messages,
and Firebase database integration ensures fast and reliable data
access. The compact size of ECC keys provides strong
encryption without significantly reducing performance,
proving its feasibility for real-time applications.

During testing, the bot demonstrates robust encryption and
decryption processes, with minimal data transmission delays,
meeting the requirements of a fast chat interface. AES-based
encryption further ensures that messages remain protected,
and the integration of the CryptoJS library simplifies
encryption, enabling secure communication even on mobile
devices.

Moreover, the bot’s architecture shows resilience against
common security threats, such as man-in-the-middle attacks,
as messages remain encrypted during transmission. This
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resilience is critical for environments where message privacy
is a priority.

IV. CONCLUSIONS

Developing an end-to-end encrypted chatbot illustrates the
application of modern technologies to ensure information
security. Through the use of React, Firebase, ECC, and
CryptoJS, the chatbot emerges as a reliable tool for secure
message exchange. Lightweight and efficient ECC-based
encryption enhances protection while preserving performance,
making it ideal for real-time communication. This research
demonstrates the potential for integrating powerful
cryptographic methods into a wuser-friendly interface,
promoting secure digital interactions.

Future research may focus on expanding the chatbot with
multi-factor authentication, such as biometric verification,
which will further enhance security by combining various user
identification factors. Integrating additional security layers
will significantly improve protection against unauthorized
access and reinforce the role of end-to-end encryption in
information security.
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