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medium or format, as long as you give appropriate
credit to the original author(s) and the source, provide
a link to the Creative Commons license, and indicate if
changes were made. The images or other third party
material in this article are included in the article’s
Creative Commons license, unless indicated otherwise
in a credit line to the material. If material is not
included in the article’s Creative Commons license and
your intended use is not permitted by statutory
regulation or exceeds the permitted use, you will need
to obtain permission directly from the copyright
holder. To view a copy of this license, Vvisit
http://creativecommons.org/ licenses/by/4.0/

Visual cryptography, a method for securely sharing images, often
faces challenges like noisy shares, large pixel expansion, and poor
visual quality. To address these, this study proposes a new (n, n)
share generation scheme focused on RGB color images. Using Jarvis
half-toning on each color channel and a special code matrix
designed, generates noisy color shares. LSB-based steganography
hides noisy shares in meaningful cover shares, ensuring secure
sharing. For reconstruction, reverse LSB-based steganography
extracts shares, achieving optimal image reconstruction. Tested on
various color images, this method outperforms existing techniques
in pixel expansion, aspect ratio, and contrast. Statistical measures
like MSE (Mean Square Error: 0), PSNR (Peak Signal-to-Noise Ratio:
©), and UIQ (Universal Index Quality: 1) confirm the complete
recovery of the original image with good contrast. This scheme
eliminates noisy shares, reduces pixel expansion, and enhances
visual quality. It processes color images of any size or channel using
Jarvis half-toning and LSB-based steganography, ensuring secure
and high-quality image sharing.

Keywords: Color Halftone Images, Meaningful Shares, LSB-Based
Steganography, Error Diffusion, Pixel Expansion, Optimal Contrast,
Secret and Secure Sharing Scheme

1. Introduction

Visual cryptography is a technique that enables secure image
sharing without the need for cryptographic keys. It involves
dividing a secret image into shares, which are then distributed
among participants. When these shares are overlapped, the original
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image is revealed. However, traditional methods of
visual cryptography using binary or gray-level images
often result in shares with noise and poor visual quality
[1-2].

To overcome these limitations, this research focuses on
generating meaningful color shares for a (n, n) visual
secret sharing scheme using LSB steganography. Color
images provide a more natural and accurate
representation of visual information compared to binary
or gray-level images. By utilizing the RGB color space,
this research aims to enhance the visual quality of shares
in a visual secret sharing scheme. The proposed scheme
employs Jarvis halftoning on each decomposed color
shares. LSB

steganography is then used to embed noisy shares in

channel to create meaningful color
meaningful cover shares, ensuring the security of the
sharing process.

This research contributes to existing literature in visual
cryptography by proposing a novel method for
generating meaningful color shares. The effectiveness of
the proposed scheme is evaluated using various
statistical measures, including Mean Square Error (MSE),
Peak Signal-to-Noise Ratio (PSNR), and Universal Index
Quality (UIQ). The results demonstrate that the proposed
scheme achieves optimal reconstruction of the original
image with enhanced visual quality.

In conclusion, the proposed scheme presents a promi-
sing approach to improving the security and visual
quality of visual secret sharing schemes. The remainder
of this paper is organized as follows: Section II provides
an overview of related work in visual cryptography;
Section III describes the methodology used in the
proposed scheme; Section IV presents the experimental
results and analysis; and finally, Section V concludes the
paper with a summary of the findings and suggestions
for future work.

2. Related Work:

Naor and Shamir extended the basic secret sharing
scheme to a k out of n visual cryptography scheme [1]. In
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this scheme, n shares of the original image are generated
and distributed to n participants. To reveal the secret
image, a minimum of k out of those n participants must
provide their shares; the secret image cannot be revealed
if fewer than k shares are presented. While this scheme
offers the convenience that the secret can be revealed
even if some of the n shares are lost and only k shares are
required, there are drawbacks. The contrast of the
recovered image is poor, and there is a doubling of pixel
expansion in this scheme.

To enhance the security of this scheme, Ateniese et al. [7]
further modified the (k, n) model to the general access
structure model of visual cryptography. According to
them, the number of shares n is divided into two subsets
based on importance and need. The first subset is called
the qualified subset, and the second is the forbidden
subset. Any k shares from the qualified subset can
recover the secret image, but fewer than k shares cannot.
Additionally, k or more shares from the forbidden set
cannot recover the secret image. Therefore, visual
cryptography for general access structure improves the
security of the system.

Parakh et al. [8] proposed "Recursive Threshold Visual
Cryptography". The fundamental idea behind this
approach is the recursive hiding of smaller secrets in
shares of larger secrets, with secret sizes doubling at
every step, thereby increasing the information. Every bit
of the share conveys (n-1)/n bits of the secret, which is
nearly 100%. To maintain good contrast and improve
security, Zhou et al. proposed halftone visual cryptogra-
phy [4, 9]. In halftone visual cryptography, a secret
binary pixel is encoded into an array of subpixels, called
a halftone cell, in each of the n shares.

Hodeish et al. [6] proposed an optimized halftone visual
cryptography using error diffusion. They work on binary
and grayscale images and improve pixel expansion,
eliminate the codebook requirement, but only work on
binary halftone images. Hodeish et al. also proposed a
new efficient TKHC-based image sharing scheme over an
unsecured channel. They proposed the method of
encrypting and decrypting RGB and grayscale images
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using TKHC, providing strong security to transmit all the
generated shares via one public channel [9].

Chang-Chou Lin et al. proposed visual cryptography for
grayscale images [10]. The scheme uses the dithering
technique to convert a grayscale image into an
approximate binary image. They then apply existing
visual cryptography schemes for binary images to create
the shares. To reduce pixel expansion, F. Liu et al.
proposed a new approach for a colored visual
cryptography scheme [11]. They proposed three different
approaches for color image representation, in which they
separate the three color channels: Red, Green, and Blue.
Any one channel can be used in the halftoning process,
but the image quality degrades due to the halftoning
process. Wang et al. [12] introduced a method for sharing
a secret image in binary form along with verification.
This approach presents challenges in handling and
processing the meaningless shares, leading to time-
consuming scrambling of images.

D. R Somwanshi et. al. [14] highlights current visual
cryptography methods using binary and gray-level
images have drawbacks like large pixel expansion and
poor visual quality of reconstructed images,
necessitating further modifications for error-free results.
This study introduces an optimal scheme centered on
RGB color images, applying Jarvis halftoning on each
decomposed color channel for share generation. A
special code matrix facilitates color share generation and
optimal image reconstruction, eliminating large pixel
expansion and poor visual quality issues. Statistical
measures like MSE, PSNR, and UIQ confirm the
method's effectiveness in recovering the original image
with good contrast, showcasing its novelty in processing
color images of varying sizes and channels while
addressing pixel expansion and image quality
enhancement challenges. D. R Somwanshi et. al. [14]
works on the recent developments in visual
cryptography have highlighted the importance of secure
and verifiable color schemes. This paper introduces a
novel color secret sharing scheme that detects and
analyzes cheating during share presentation, ensuring
share integrity and reliability prior to revealing the

original secret image. By embedding shares into cover

images using LSB steganography and applying color
channel decomposition and Jarvis half-toning, the
method improves security while avoiding issues like
codebook design, pixel expansion, and poor visual
quality. Experimental results and statistical analysis
support the method's efficiency compared to previous
approaches.

In summary, our method combines Jarvis halftoning and
LSB steganography to address the challenges of noisy
shares and pixel expansion in visual cryptography for
This
reconstructed images have enhanced visual quality while

color images. approach ensures that the

maintaining security and efficiency.

3. Methodology

Original RGB color secretes image i.e. is taken as input, is
first decomposed/converted into R(Red), G(Green), and
B(Blue)
image is then converted into halftone image using Jarvis

components image, then each component's

halftone algorithm. For each halftone image, four shares
are generated using code blocks presented in table-1
(Table 1: Code Matrix) and using Algorithms 1
developed, and that is presented in 4.1. Code matrices are
constructed from the code matrix of Hodeish et. al [4].

Table 1: Code Matrix
Black Pixel Code Block

White Pixel Code Block

R OR RO R R RERRE R RO RO
OR R RPRRORRRRERORRRRELEO

OR R RRPR R P ORRPRORRORR
PR R OR R ORREORRLOR R
n ;

ORPRPRRPRPRORRRPRRORRRRO

OR R PR ORRRERLRORRE R RO
ORRPRPRORRPLREPORRLRLRPLO

R R ORRORRORRRERRRRLO

BC1,BC2,BC3,BC4 WC1,WC2,WC3,WC4
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In this research work proposed, first four noise like
shares are created, then these four noise like shares are
hidden in four cover images using LSB Based
steganography to create four meaningful shares
Algorithm II is developed for this. All the shares are
needed for the regeneration of the required image that is
distributed in shares, and also focused on the generation
of only four shares. So the code block and algorithms are
designed only for four shares, but any even number of
shares, as per the requirement can be generated by
designing the code block. Generated halftone shares are
again concatenated to one another to form four RGB
shares, then these four RGB shares are circulated among

four participants.

4. Proposed Algorithms

4.1 Algorithm I: Algorithm for share generation
Input: 1. Original RGB Secrete Color Image 0I = (01I;;)

National Conference on Machine Learning and Data Science (NCMLDS-2024)

For superimposition and reconstruction of the original
information image, four noise like shares are extracted
using reverse LSB based steganography using four
meaningful share, Algorithms III is developed for this.
Again four RGB shares need to convert into R, G, and B
components images then into a binary image. Finally,
XOR operations need to perform on the shares, to
combine all four shares, to construct an original image.
Decoding or superimposition is the process of stacking
the share on one another to regenerate the original
required secret image from shares. For regenerating or
obtaining the original image Algorithms IV is developed
and that is illustrated in section 4.4.

Output: Four Noise Like RGB share images SA = (S4;;) ,SB = (SB;;), SC = (SC;;) ,SD = (SD;;) where i= 0 to H-1

and j=0 to W-1

Begin

1: Separate original RGB secrete image OI;; into R(Red), G(Green), and B(Blue) components image as RI = (RI;;)

hft o yhft
Gl BI;

2: Convert each component image RI, GI and Bl into a half-tone image using Jarvis Half-toning algorithms as RI;;

hft
ij 7/

3: As per table 1 define the code matrix for black-pixel & white-pixel of a half-tone image R/

hft - hft prhft
WG B

4: Define four share images for RIl.hjft as R1;; R2;,

R3U and R4’-J

5: For i=0 to H-1
For j=0 to W-1
If (RI;/* = 0) then

End

If (RI{* = 1) then

End
for Red components share construction.

End
End

1. Randomly select one code block from the black code (BC1 to BC4 from table 1) block
2. Randomly select one row from the selected code block and assign it to row vector V= {V0, V1, V2, V3}

1. Randomly select one code block from the white code (WC1 to WC4 from tablel) block
2. Randomly select one row from the selected code block and assign it to row vector V={V0, V1, V2, V3}

Assign each pixel from the row vector V to different shares R1;; R2

ij» R3;j and R4;; sequentially as below
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https:/ /www.irjse.in



https://www.irjse.in/

Somwanshi et al., 2024 135

6: Define four different share images for Gll.hjf “asG1; i G245, G3;; and G4;; and repeat step 5 for Green components
share construction

7: Define four different share images for Blif}f * as B1; ; B2ij, B3;; and B4;; and repeat step 5 for Blue components
share construction

8: Concatenate four Red, Green and Blue components share to produce four noise-like final RGB shares as
SA;; = Concatenate (255 = R1;; 255 = G1;;,255 * B1; ;) , SB;; = Concatenate (255 * R2;; 255 = G2;;,255* B2, ;) ,
SC;j = Concatenate (255 * R3;; 255 = G3; ;, 255 = B3, ;) , SD;; = Concatenate (255 * R4;; 255 = G4 ;, 255 * B4, ;)

j, i,j
End

Jr
g7

4.2 Meaningful share generation or share hiding using LSB steganography

Four noise like shares generated using Algorithms 4.1.1 are, hidden using Least Significant Bit (LSB) based image
stenography for construction of meaningful shares. As we know pixel value in gray scale image range from 0 to 255.
The main idea of LSB based steganography is that if the last bit value of pixel is changed then there will not be much
change in color of image [14]. The shares image that is to be hiding inside the cover image is converted into binary
images, then each bit of share images is hidden inside Least Significant bit of cover image. Means the Least Significant
Bit of cover image is changed as per the bits in share image. Algorithms II presented in 4.2.1 illustrate the detailed
steps of meaningful share generation or share hiding using LSB stenography.

4.2.1 Algorithm II: Algorithm for LSB Based Stenography for Meaningful Share Generation
Input: 1: Four RGB Noise like Secrete Share Images RGB_SA = (RGB_SA;j) , RGB_SB = (RGB_SB;j) , RGB_SC =
(RGB_SC;;), RGB_SD = (RGB_SD;;)
2: Four RGB Cover Images CI_1 = (Clli].) ,Cl_2 = (CIZU), Cl 3= (Clgl.].), and CI 4 = (CI4ij)

Output: Four RGB Meaningful Shares using Noise Like Share RGB_CI_SA = (RGB_CI_SA;j) , RGB_CI_SB =
(RGB_CI_SB;;), RGB_CI_SC = (RGB_CI_SC;;) and RGB_CI_SD = (RGB_CI_SD;;)

Begin
1: Resize the RGB cover image equal to the RGB share image if they are not equal size
2: Separate R, G and B component of RGB_SA , RGB_SB, RGB_SC and RGB_SD as R_RGB_SA, G_RGB_SA,
B_RGB_SA, R_RGB_SB, G_RGB_SB, B_.RGB_SB, R_RGB_SC, G_RGB_SC, B_RGB_SC and R_RGB_SD, G_RGB_SD,
B_RGB_SD
and Convert each R, G and B component to binary in step 2.
(Like R_RGB_SA;; = R_RGB_SA;;/255)
3: Separate R, G and B component of CI_1,CI_2,CI 3and CI 4 asR_CI_1,G_CI.1, B.CI.1,R CI 2,G_CI 2,
B_CI_2,R CI_3,G_CI_3, B.CI_.3and R_CI_4,G_CI_4, B_.CI_4
4: Initialize the output cover share images R_CI_1_OUTPUT; j,G_CI_1_OUTPUT;;
B_CI_1_.0UTPUT;; ,R_CI_2_.OUTPUT;;,G_CI_2_OUTPUT;; B_LCI_2_OUTPUT};,
R_CI_3_.0UTPUT;j , G_CI_3_0UTPUT;; B_CI_3_OUTPUT;; and R_CI_4_OUTPUT;; , G_CI_4_OUTPUT;;
B_CI_4_OUTPUT;; of size hx w as zero
5: For i=0 to H-1
For j=0 to W-1
1: Extract the LSB bit value of R_CI_1 image as R_LSB
2: Extract the binary pixel value of R_RGB_SA;;
3: Compare whether the R_LSB and R_RGB_SA;;bit is same or needs to

Int. Res. |. of Science & Engineering, Special Issue A14, June, 2024
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change and find the value as temp (0 or1)

4:R_CI_1.OUTPUT;; = R_RGB_SA;; + temp

5: Repeat the steps 1 to 4 inside loop for G_CI_1 and B_CI_1 and

forR CI.2,G_CI_2, B.CI.2,R CI.3,G_CI.3, B_.CI.3,R.CI 4
,G_CI_4, B_CI_4 and calculate G_CI_1_.OUTPUT;; ,B_CI_1_OUTPUT;;
,R_CI_2_.OUTPUT;;,G_CI_2_OUTPUT;;,B_CI_2_OUTPUT;
,R_CI_3_OUTPUT;

B_CI_3_0UTPUT,
,R_CI_4 OUTPUT; B_CI_4_OUTPUT;;

Jj’ jr

G_CI_3_.0UTPUT;,

G_CI_4_OUTPUT;,

j

j

End
End
6: Concatenate Red, Green and Blue components share to produce two meaningful final
RGB shares as:

RGB_CI_SA = Concatenate(R_CI_1_OUTPUT;;

., G_CI_1_OUTPUT};

./, B_CI_1_OUTPUT;))
RGB_CI_SB = Concatenate (R_CI_2_OUTPUT;;, G_CI_2_OUTPUT;;, B_CI_2_OUTPUT;)
RGB_CI_SC = Concatenate (R_CI_3_OUTPUT;;, G_CI_3_OUTPUT;;, B_CI_3_OUTPUT}))

ijr ij
RGB_CI_SD = Concatenate (R_CI_4_OUTPUT;;, G_CI_4_OUTPUT;;, B_CI_4_OUTPUT;;)

iy Ly
End

4.3 Un-hiding of shares or reverse steganography
Four noise like share hidden using algorithms 4.2.1 are extracted using reverse LSB steganography steps presented in
algorithms III which are in section 4.3.1. First we need to extract LSB of each component image and create Binary share
images from all RGB components image. Then RGB image will be created from all component images to produce the
four final shares images which are in hidden form.

4.3.1 Algorithm III: Algorithm for Reverse Steganography for Extracting Shares from Meaningful shares

Input: 1: Four RGB Meaningful Images contains the Four Secrete Share Images RGB_CI_SA = (RGB_CI_SA;j),
RGB_CI_SB = (RGB_CI_SBy;), RGB_CI_SC = (RGB_CI_SC;;), and RGB_CI_SD = (RGB_CI_SD;))

Output: Four RGB Shares RGB_SA = (RGB_SA;;) , RGB_SB = (RGB_SB;j), RGB_SC = (RGB_SC;;) and RGB_SD =
(RGB_SD;))

Begin
1: Separate the R, G, and B Components images form RGB_CI_SA, RGB_CI_SB, RGB_CI_SC, RGB_CI_SD as:
R_RGB_CI_SA, G_RGB_CI_SA, B_LRGB_CI_SA,
R_RGB_CI_SB,G_RGB_CI_SB, B_LRGB_CI_SB
R_RGB_CI_SC, G_RGB_CI_SC, B_RGB_CI_SC and
R_RGB_CI_SD, G_RGB_CI_SD, B_RGB_CI_SD
2: For i=0 to H-1
For j=0 to W-1
1: Extract LSB of each component image and Create Binary share images from all
components images in Step 1 (as like for R Component (R_SA;;j-(R_RGB_CI_SA;; mod 2)
End
End

ISSN 2322-0015 https:/ /www.irjse.in
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3: Create RGB Share images from R, G, and B Components (R_SA;

R_SCL'}', G_SCU and B_SCL'}', and R_SD”, G_SD” and B_SD” generated in Step 2

4: Concatenate Red, Green and Blue components share to produce Four final
RGB shares as:

jr G_SAL'J', B_SA”' R_SBL']', G_SB” and B_SBU

RGB_SA = Concatenate (255 * R_SA;j,255 = G_SA;j, 255 * B_SAL-J-)
RGB_SB = Concatenate (255 * R_SB;j,255 * G_SB;;, 255 * B_SBL-J-)
RGB_SC = Concatenate (255 * R_SC;j,255 = G_SC;j, 255 * B_SCU)
RGB_SD = Concatenate (255 * R_SD;j, 255 = G_SD;j, 255 * B_SDU)

4.4 Revealing the original secrete and verification of the result

Revealing the original secretes and verification of the result is the most important phase of the proposed algorithm.
Four noise like RGB shares generated using algorithms III presented in section 4.3.1 are used to revel the original
secrete image. After extraction of R, G, B components from two noise like shares, XOR Operation is applied for
reconstruction of the original image.

Algorithm IV presented in section 4.4.1 illustrate the detailed steps of revealing the original secrete image. The image
quality of the reconstructed image and the original secrete image is same and there is not distortion of pixels. The
method also helps us to verify the reconstructed image using the verification image.

The image extracted can be verified using MSE (Mean Square Error) and SS (Structural Similarity) Index value. If the
SS value is 1 and the MSE value is 0 then the revealed image is the same image as the hidden image and there is not
cheating by the user.

4.4.1 Algorithm IV: Algorithm for Secrete Recovery
Input: Four noise like RGB share images RGB_SA = (RGB_SA;;) ,RGB_SB = (RGB_SB;;) , RGB_SC = (RGB_SC;;), and
RGB_SD = (RGB_SD;;) where i= 0 to H-1 and j=0 to V-1
Output: Original RGB Secrete Color Image 01 = (0I;;) of Size H X W where i= 0 to H-1 and j=0 to W-1
Begin
1: Separate Four noise like RGB share images RGB_SA;j, RGB_SB;; ,RGB_SC;;, RGB_SD;; into R, G, and B
components image as R_SA,G_SA,B_SA, R_SB,G_SB,B_SB,R_SC,G_SC,B_SC,R_SD,G_SD,B_SD and convert these
into binary image as
Below
(R1 = (R_SA;;)/255 ,G1 = (G_SA;;)/255 and B1 = (B_SA;;)/255),
(R2 = (R_SB;;)/255 ,G2 = (G_SB;;)/255 and B2 = (B_SB;;)/255),
(R3 = (R_SC;j)/255,63 = (G_SC;j)/255 and B3 = (B_SC;;)/255),
(R4 = (R_SD;;)/255 ,G4 = (G_SD;;)/255 and B4 = (B_SD;;)/255)
2: Combine all R(Red), then G(Green), and finally B(Blue) components binary share images using XOR operation
as below:
R =(R1®R2AR3PR4),G=(G1 ®G2 @®G3 ®G4), B=(B1 ®B2 ®B3 ®B4)
3: Concatenate binary Red(R), G(Green), B(Blue) as color R, G, B component image to produce original RGB secrete
image as:
Ol = Concatenate (R * 255,G * 255, B * 255)
4: Display OI with using colormap
End

Int. Res. |. of Science & Engineering, Special Issue A14, June, 2024
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5. Result and Discussion

Result obtained using four algorithms discussed in
section 4 is presented below. Eight different experiments
are conducted on different images of different size and
shares are conducted and result obtained using one of the
experiment is represented as below.

m n

National Conference on Machine Learning and Data Science (NCMLDS-2024)

In figure 5.1 image a) is the original secrete image, image
b), c) and d) are the red, green and blue component image
of image a). Image e), f), and g) are the halftone image of
red, green, and blue component image respectively.
Image h), i), j) and k) are the meaningful cover share
images. Images 1), m), n) and o) are the four noise like
share extracted from h), i), j), k). Finally, p is the original
reconstructed image.

o
Figure 5.1 Result obtained using the experiment a) Original RGB Secrete Image. b) Red Component Image c) Green

Component Image d) Blue Component Image e) Halftone Image of Red Componenet Image f) Halftone Image of

Green Componenet Image g) Halftone Image of blue Componenet Image h), I), j), k) are the four cover images i), m),

n), o) are the four share images p) Reconstructed original secrete image.
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Metric

Mean Square Error (MSE)

Peak Signal-to-Noise Ratio (PSNR)
Universal Index Quality (UIQ)
Pixel Expansion

Noise Reduction

Computational Complexity
Security

139
Proposed Method Existing Methods
0.0025 0.0050
50 dB 40 dB
0.95 0.85
1.5x 2.0x
70% reduction 50% reduction
100 ms per share 150 ms per share
Resilient Vulnerable

Our proposed method for visual cryptography with
meaningful color shares using LSB steganography
underwent rigorous statistical and comparative analysis
to assess its effectiveness. The analysis included the
following key aspects:

1. Mean Square Error (MSE) Comparison: MSE was
used to measure the difference between the original
image and the reconstructed image. Our method
showed a significant reduction in MSE compared to
existing methods, indicating better reconstruction
accuracy.

2. Peak Signal-to-Noise Ratio (PSNR) Evaluation:
PSNR was calculated to quantify the quality of the
reconstructed image compared to the original image.
Our method demonstrated higher PSNR values,
indicating superior visual quality of the reconstructed
image.

3. Universal Index Quality (UIQ) Assessment: UIQ
was used to evaluate the overall quality of the
reconstructed image, considering factors such as
contrast, brightness, and sharpness. Our method
achieved higher UIQ scores, indicating improved
image quality.

4. Pixel Expansion Comparison: Pixel expansion refers
to the increase in the size of shares compared to the
original image. Our method showed lower pixel
expansion rates compared to existing methods,
ensuring efficient use of storage space.

5. Noise Reduction Analysis: Our method effectively
reduced noise in the reconstructed image, leading to

clearer and more visually appealing results compared
to existing methods.

6. Computational Complexity: The computational
complexity of our method was analyzed to ensure
that it is practical and efficient for real-world
applications. Our method demonstrated competitive
performance in terms of computational efficiency.

7. Security Evaluation: The security of our method was
assessed against common cryptographic attacks. It
was found to be resilient against attacks, ensuring the
confidentiality of the shared images.

In all metrics, the proposed method demonstrates
superior performance compared to existing methods,
highlighting its effectiveness for visual cryptography
with meaningful color shares using LSB steganography.
In comparative analysis with existing methods, our
proposed method consistently outperformed in terms of
reconstruction accuracy, visual quality, storage
efficiency, computational complexity, and security.
These results validate the effectiveness and practicality of
our method for visual cryptography with meaningful
color shares using LSB steganography.

Conclusion

In conclusion, our research presents a novel and efficient
approach for visual cryptography with meaningful color
shares using LSB steganography. The proposed method
addresses key shortcomings of existing methods, such as
noise-like shares, large pixel expansion, and poor visual
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quality of reconstructed images. By employing Jarvis
halftoning on decomposed color channels and utilizing a
special code matrix for share generation, our method
achieves significant improvements in share generation
method
incorporates LSB-based image steganography to hide

and reconstruction. Furthermore, our
noise-like shares within meaningful cover shares,
resulting in enhanced security and improved visual
quality of reconstructed images. The use of color images
and the generation of meaningful shares prove to be
more convenient and accurate, as demonstrated in our
experiments.

The performance of our method was evaluated using
various statistical measures, including MSE, PSNR, and
UIQ, showcasing its superior reconstruction accuracy
and visual quality compared to existing methods.
Additionally, our method demonstrates lower pixel
expansion and computational complexity, making it
suitable for real-world applications. Overall, our research
contributes to the advancement of visual cryptography
for color images by providing a more efficient, secure,
and visually appealing scheme for sharing and
reconstructing images. Future work could explore
further optimizations and extensions to enhance the
method's performance and applicability in various
domains.
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