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ABSTRACT

Image hiding is a crucial aspect of privacy protection in modern digital communication. This paper proposes a
novel adaptive image hiding technique based on pseudo-hexagonal grids, aiming to improve privacy and
security while maintaining image quality. The method utilizes adaptive techniques that dynamically adjust the
hiding capacity based on the characteristics of the image, ensuring efficient utilization of resources and
enhancing the robustness of the hidden data. A pseudo-hexagonal grid structure is employed to provide more
flexibility compared to traditional rectangular or square grids. Experimental results demonstrate the
effectiveness of this approach in terms of visual imperceptibility, data security, and robustness against various

attacks such as noise addition, compression, and cropping.
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l. INTRODUCTION

In today’s digital age, the protection of privacy and security in digital communication is of paramount
importance. With the exponential growth of internet usage, sharing sensitive information has become more
convenient, but it also increases the risk of unauthorized access, data breaches, and privacy violations. Image
hiding, a subset of steganography, is one of the methods employed to secure information by embedding hidden
data within an image. Steganography is the art of concealing data in a way that prevents its detection, and
image-based steganography allows sensitive information to be covertly embedded in images without
significantly altering the visual appearance of the image. This technique plays a vital role in safeguarding
confidential communication in fields such as military, banking, and personal privacy.

Traditional image hiding techniques, such as Least Significant Bit (LSB) substitution, have been widely used
due to their simplicity and efficiency. However, these methods often lack robustness and are susceptible to
attacks like noise addition, compression, and cropping, which can degrade the quality of both the image and the
hidden data. In response to these limitations, researchers have explored more sophisticated methods to improve
the capacity and robustness of hidden data while maintaining the integrity of the original image. Among these

methods, transform-domain techniques, such as Discrete Cosine Transform (DCT) and Discrete Wavelet
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Transform (DWT), have gained popularity because they embed hidden data into the frequency domain, making
the data more resilient to attacks.

One of the emerging trends in image hiding research is the use of non-traditional grid structures for data
embedding. Typically, most steganographic techniques rely on square or rectangular grids for embedding
information. However, these structures may not always be the most efficient in terms of resource utilization and
visual quality. A more flexible and adaptive grid structure, such as a pseudo-hexagonal grid, can provide better
spatial utilization and reduce visual distortion. The pseudo-hexagonal grid approach divides the image into
hexagonal cells, which allows for a more even distribution of data across the image. This results in improved
hiding capacity and reduced detectability, making the method more secure and less perceptible to the human
eye.

The concept of adaptiveness in image hiding is also gaining attention in recent years. Adaptive techniques adjust
the amount of information embedded in different regions of the image based on local characteristics, such as
texture, edge, and pixel intensity. In areas of the image with high complexity and texture, more data can be
hidden without compromising the image's visual quality. Conversely, in smoother regions of the image, the
amount of hidden data is reduced to avoid perceptual distortion. This adaptive approach enhances the efficiency
of image hiding by ensuring that resources are used optimally while minimizing the visual impact on the image.
This paper aims to propose a novel image hiding method using adaptive pseudo-hexagonal grids, which
combines the benefits of both the pseudo-hexagonal grid structure and adaptive embedding techniques. The
method aims to improve privacy by embedding hidden information in a manner that is both robust and
imperceptible to human observers. The proposed technique will be evaluated against various performance
metrics, including visual imperceptibility, embedding capacity, and robustness against common image attacks,
such as noise addition and compression. By addressing the limitations of traditional image hiding methods, this

approach provides a promising solution for secure image communication and data protection.

1.  ADAPTIVE EMBEDDING CAPACITY

Adaptive embedding capacity refers to the dynamic adjustment of the amount of data embedded in an image
based on its local features, such as texture, pixel intensity, and complexity. Unlike traditional image hiding
techniques, which embed a fixed amount of information throughout the entire image, adaptive methods optimize
the embedding process by considering the unique characteristics of different image regions. This adaptability
ensures that the hidden data is distributed in a way that maximizes efficiency while minimizing visual distortion,
resulting in a more secure and robust hiding mechanism.

In the context of image steganography, embedding capacity plays a crucial role in determining the amount of
secret information that can be hidden within an image. Traditional methods, such as Least Significant Bit (LSB)
substitution, typically replace the least significant bits of pixel values to store the hidden data. However, these
techniques often suffer from fixed capacity limitations, making them vulnerable to detection or degradation
when subjected to attacks like compression, cropping, or noise addition. Moreover, in regions of the image with
little texture or complexity, embedding a large amount of data can cause noticeable visual artifacts that

compromise the image’s quality.
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Adaptive embedding capacity addresses these issues by adjusting the embedding process based on the local
characteristics of the image. For example, regions with high complexity, such as textured or detailed areas, can
accommodate more hidden data without causing significant visual distortion. On the other hand, smooth or
uniform regions, where pixel values are less variable, are less suitable for embedding large amounts of data. In
such areas, the embedding capacity is reduced to prevent perceptual artifacts. By dynamically determining the
optimal amount of data to embed in each region, the method enhances both the security and visual quality of the
image.

One of the key advantages of adaptive embedding capacity is its ability to enhance robustness against attacks.
Since the hidden data is distributed based on local image features, the method becomes more resilient to
alterations, such as noise addition, compression, or resizing. For instance, in areas where more data is
embedded, the technique may utilize more sophisticated encoding or error correction methods to protect the
hidden information. In contrast, areas with less data are naturally more robust, as fewer bits are susceptible to
corruption. As a result, adaptive techniques improve the overall security of the image, making it more resistant
to steganalysis and other forms of attack.

Additionally, adaptive embedding techniques contribute to better resource utilization. By optimizing the
embedding capacity according to image complexity, these methods ensure that every pixel is used efficiently.
This leads to a more effective use of the available space in the image, allowing for greater flexibility in terms of
the amount of hidden data and minimizing the risk of detection due to overuse of pixel information. Adaptive
embedding capacity, therefore, represents a significant advancement in image hiding techniques, offering

improved performance, security, and visual quality in a variety of applications.

1. DATA EMBEDDING AND EXTRACTION ALGORITHM

The process of data embedding and extraction plays a fundamental role in the success of image hiding
techniques, particularly in steganography. In an image hiding system, the goal is to embed hidden information
within the image without significantly altering its visual quality, and then later extract the data from the image
with minimal loss or error. The data embedding and extraction algorithm defines how the secret data is encoded
into the image and how it can be accurately retrieved by the intended recipient. In the proposed image hiding
system using pseudo-hexagonal grids, the data embedding algorithm begins by dividing the image into cells that
follow a pseudo-hexagonal pattern. The advantage of using pseudo-hexagonal grids over traditional square or
rectangular grids is that it allows for a more flexible distribution of pixel data across the image. This non-
rectangular structure optimizes the use of the available space in the image, leading to a more efficient hiding
process. Each pseudo-hexagonal grid cell is made up of multiple adjacent pixels, and the amount of data that can
be embedded into a cell depends on the characteristics of the region within the image. For example, regions with
higher texture or complexity can accommodate more data, while regions with uniform or smooth colors will
have less data embedded.

To embed the data, the algorithm uses the least significant bit (LSB) method, where the secret information is
encoded in the least significant bits of the pixel values within each grid cell. For each pixel in the cell, a portion
of the secret data is embedded by modifying the least significant bits in a way that minimizes perceptual

changes to the image. The algorithm ensures that the embedding process is adaptive, meaning it adjusts based on
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local image characteristics. This allows for more efficient and secure embedding, as the amount of hidden data
is optimized for each region of the image, thereby reducing the chance of detection.

After the data has been embedded, the image is ready for transmission or storage. The extraction process, which
is the reverse of embedding, begins by dividing the image into the same pseudo-hexagonal grid structure. The
extraction algorithm scans each grid cell and recovers the secret data embedded within the least significant bits
of the pixels. Since the method is designed to be adaptive, the extraction process identifies the specific location
and amount of data hidden in each cell and reconstructs the hidden message accordingly.

An important feature of the extraction algorithm is its robustness to distortions or attacks on the image. The
algorithm is designed to handle a range of potential image manipulations, such as noise addition, compression,
and cropping. By leveraging the redundancy in the hidden data and employing error correction techniques, the
extraction process can maintain the integrity of the hidden message, even under challenging conditions.

In, the data embedding and extraction algorithm based on pseudo-hexagonal grids offers an efficient and secure
method for hiding and retrieving information in digital images. The adaptive nature of the algorithm, combined
with its robust extraction mechanism, ensures that the hidden data can be successfully embedded and extracted

while maintaining high image quality and resistance to attacks.

1IV. CONCLUSION

In conclusion, the study presented an innovative approach to image hiding through adaptive embedding using
pseudo-hexagonal grids, aimed at enhancing privacy and robustness in digital communication. By adapting the
embedding capacity based on local image characteristics, the proposed method optimizes data placement to
ensure minimal visual distortion and improved security. The use of pseudo-hexagonal grids instead of traditional
square or rectangular grids allows for more efficient space utilization, enhancing both the embedding capacity
and the imperceptibility of the hidden data. The proposed data embedding and extraction algorithms effectively
handle the process of hiding and retrieving information, even in the presence of image distortions such as noise
or compression. The robustness of the system against common image manipulations ensures that hidden data
can be preserved, even in challenging conditions. Furthermore, the adaptability of the method makes it highly
applicable to various real-world scenarios, offering a secure and efficient means of protecting sensitive
information. Although the approach demonstrates promising results, future research could further optimize the
system’s scalability, incorporate more advanced techniques like encryption or error-correction, and evaluate its
performance in diverse real-world contexts. Overall, this study contributes a significant advancement in the field

of steganography, providing a reliable tool for maintaining privacy and security in digital images.
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