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Anomauisn

Y ecmammi pozensoaromsca memoou npuxoeanoi nepedaui OaHux ma 3axucmy iHmeiekmyaibHoi 1acHOCHi 6
ymosax enobanvroi yugposizayii. Cmezanoepaghis ma yugposi 6odsni 3uaxu (L[B3) eusnauaromvcs sAK KOYOSI
iHcmpymenmu 3abe3neuennsi KoHgioenyitinocmi ma asmenmuynocmi ingpopmayii. Ilpoananizosano ocHo6Hi aneopummu
60y008ysants OaHUX, ix CMIUKicmb 00 amak ma poib y cywacHux Kibepghizuunux cucmemax. Hazonowyemocs na
HeoOXiOHOCI NOEOHAHHSL CMEe2AHOSPAPIUHUX MemOOi8 3 KpUNMOZPADIUHUM 3aXUCMOM OIS CMEOpenHts 6a2amopieHesuUx
cucmem be3nexu.

KuriouoBi ciioBa: creranorpadis, 1iudpoBi BoJsiHI 3HAKH, 3axXKCT iH(opMallii, kpuntorpadis, iHTeNeKTyaabHa
BJIACHICTb, KiOepOe3meKa.

Abstract

The article deals with methods of hidden data transmission and intellectual property protection in the context
of global digitalization. Steganography and digital watermarking (DWM) are defined as key tools for ensuring
confidentiality and authenticity of information. The main data embedding algorithms, their resistance to attacks, and
their role in modern cyber-physical systems are analyzed. The emphasis is placed on the necessity of combining
steganographic methods with cryptographic protection to create multi-layered security systems.

Keywords: steganography, digital watermarking, information protection, cryptography, intellectual property,
cybersecurity.

Introduction

The current risk of unauthorized data access and intellectual property infringement in modern society
is arguably as high as it has ever been. While cryptography focuses on concealing the content of a message,
steganography goes a step further by hiding the very existence of the communication [1]. In an era of global
change and heightened cyber threats, these technologies have become essential for securing sensitive
information and protecting digital assets.

With the rapid advancement of technology and the increasing number of devices connected to the
internet, digital media files such as images, audio, and video have become ideal containers for embedding
hidden information. This opens significant opportunities for both legitimate content protection and new
challenges related to the covert distribution of information.



The evolution of data hiding in the digital age

Steganography is one of the oldest methods of protection, which has gained a new dimension in the
digital era. The primary goal of modern computer steganography is to embed a secret message into a digital
object-container in such a way that it remains imperceptible to an outside observer [2].

The most common method utilized is the Least Significant Bit (LSB) technique. This approach
involves replacing the last bits of pixels in an image or samples in an audio signal with the bits of the secret
message. Because the human eye or ear is unable to detect such minute changes, the hidden information
remains secure. However, much like traditional warfare, there is an ongoing struggle between the developers
of concealment methods and experts in steganalysis who use statistical methods to detect anomalies within
files.

Digital watermarking: A shield for intellectual property

Unlike general steganography, where the main goal is covert communication, digital watermarking
(DWM) is specifically aimed at protecting the container itself [3]. A digital watermark is a mark embedded
into content to identify the owner, track distribution, or verify the integrity of the file.

The effectiveness of DWM systems is measured by several key criteria:

* Robustness: The ability of the watermark to withstand various signal processing operations, such as
compression (e.g., JPEG), cropping, or scaling.

« Imperceptibility: The embedded mark should not degrade the perceived quality of the original
content.

« Capacity: The amount of data that can be reliably embedded without compromising the transparency
of the watermark.

In the context of global markets, the use of DWM has become vital for combating piracy and
ensuring the authenticity of digital evidence in legal proceedings [4].

Cyber-criminality and global implications

Just as cyber warfare can paralyze infrastructure, the misuse of steganographic techniques can
undermine the trust in digital information systems [5]. A significant challenge is the use of steganography
within cyber-criminal activities. There have been recorded instances where malware used steganographic
images to receive commands from command-and-control servers, allowing them to bypass traditional
intrusion detection systems (IDS).

The international community emphasizes the importance of developing robust standards for verifying the
authenticity of digital content. The combination of cryptographic protection and steganography (stego-
cryptosystems) provides a "double barrier". Even if the fact of transmission is discovered, the adversary
cannot read the contents without the corresponding private key.

Conclusion

The designation of steganography and digital watermarking as strategic tools for information
protection emphasizes their growing relevance in deciding the outcomes of modern security challenges. As
digital threats become more sophisticated, nations and organizations must prioritize the development of
effective data-hiding solutions to protect their interests. Future research must focus on increasing the
robustness of DWM against Al-driven attacks. It is necessary to implement multi-layered security systems



that combine steganography with asymmetric encryption. The advancement of steganalysis is critical for the
timely detection of hidden threats in global networks. Nations may better protect their digital sovereignty and
build a more secure world by mastering these particular techniques and taking proactive actions to guard
against the illicit use of information hiding.
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