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Introduction 
With the exponential growth in digital media 
transmission, safeguarding image and signal 
data has become essential. Traditional encryption 
techniques like AES and DES, while effective for 
text-based data, fall short in efficiently handling 
large-scale multimedia content. To address these 
limitations, researchers have turned to domain-
specific techniques such as wavelet transforms and 
permutation-based algorithms. This study proposes 
a hybrid model integrating wavelet analysis with a 
robust permutation scheme for enhanced encryption 
of images and signals.

Related Work Several encryption methods have been 
explored in the literature, including spatial domain 
techniques, frequency domain transformations, and 

hybrid models. Wavelet-based methods have gained 
popularity due to their ability to decompose data into 
various frequency components, aiding in selective 
encryption. Permutation techniques have also been 
used extensively to increase the confusion property 
in encrypted data. However, many existing models 
lack a balance between computational efficiency and 
security robustness.

Proposed Methodology
Wavelet Transform Analysis The Discrete Wavelet 
Transform (DWT) is employed to decompose the 
input image or signal into sub-bands: LL, LH, HL, 
and HH. The LL sub-band, containing the most 
significant information, is selectively encrypted, while 
the other bands may undergo further scrambling to 
enhance security.
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Experimental Results
Evaluation Metrics The proposed method is 
evaluated using the following parameters:

•	 Entropy: Measures randomness in the 
encrypted data

•	 Correlation Coefficients: Assesses the 
relationship between adjacent pixels or 
samples

•	 Histogram Analysis: Ensures uniform 
distribution of encrypted data values

Simulation Environment The algorithm was 
implemented using MATLAB/Python with test 
datasets consisting of standard images (e.g., Lena, 
Cameraman) and audio signals.

Results and Discussion
The experimental outcomes show a significant 
improvement in entropy values (approaching ideal 
value of 8 for 8-bit images), near-zero correlation 
in adjacent pixels, and uniform histograms. The 
hybrid method also demonstrated resilience against 
common attacks such as brute-force, statistical, and 
differential attacks.

Fig. 1. DWT Decomposition of an Image

Permutation Scheme: A key-based pseudo-
random permutation algorithm is applied to the DWT 
coefficients. The scheme shuffles pixel positions  
(in images) or sample positions (in signals) based 
on a secret key, ensuring strong diffusion and 
confusion.

Encryption Workflow

1.	 Input image or signal acquisition
2.	 Apply DWT to decompose the data
3.	 Perform coefficient-level permutation using 

the secret key
4.	 Optionally apply inverse DWT to obtain the 

encrypted version
5.	 Transmit or store the encrypted data

Fig. 2. Flowchart of the Proposed Encryption Process

Table 1: Encryption Results for Standard Test Images

	 Metric	 Original Image	 Encrypted Image

	 Entropy	 7.45	 7.99
	 Correlation (H)	 0.92	 -0.01
	 Correlation (V)	 0.88	 -0.03
	Histogram Uniformity	 Low	 High
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Fig. 3. Histogram Comparison (Original vs. Encrypted)

Advantages and Limitations

Advantages:
•	 High security due to combined spatial-

frequency domain operations
•	 Efficient for both image and signal encryption
•	 Flexible and scalable to different data sizes 

and formats

Limitations:

•	 Slightly increased computational complexity
•	 Key management and synchronization 

required for accurate decryption

Conclusion 
This paper presents a hybrid encryption technique 

that effectively combines wavelet decomposition with 
permutation schemes for robust multimedia data 
protection. The method ensures strong encryption 
performance while maintaining computational 
feasibility, making it suitable for real-time applications. 
Future work includes extending the model to color 
images and video data, as well as optimizing it for 
hardware implementation.
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