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ABSTRACT: With the rapid growth of digital imaging technologies, efficient storage and transmission of images have
become increasingly important. Image compression plays a crucial role in reducing the size of digital image files
without significantly compromising their visual quality. This project, titled “Encoding System for Image
Compression,” focuses on developing an intelligent system that encodes and compresses image data using optimized
algorithms to achieve higher compression ratios and faster processing. The system employs lossless and lossy
compression techniques, such as Huffman coding, Run-Length Encoding (RLE), and Discrete Cosine Transform
(DCT), to efficiently encode image pixels and reduce redundancy. The proposed approach is implemented using Python
and MATLAB, allowing for comparison between traditional and advanced encoding schemes. The main goal is to
reduce storage requirements and transmission bandwidth while maintaining image fidelity. The project contributes to
the field of digital signal processing and multimedia communication, providing an effective encoding framework for
real-world image compression applications

KEYWORDS: Discrete Cosine Transform, Discrete Wavelet Transform, Run Length Encoding, Joint Photographic
Experts Group, Peak Signal-to-Noise Ratio, Structural Similarity Index Measurement, Mean Squared Error, Vector
Quantization

L. INTRODUCTION

Images are one of the most widely used forms of data in the digital world, utilized across domains like multimedia,
medical imaging, surveillance, and the Internet. However, raw image data consumes large amounts of memory and
bandwidth, making image compression a necessity for efficient storage and transmission. Image compression aims to
reduce file size by eliminating redundancies and irrelevancies in the data representation, while preserving perceptual
quality.

An encoding system for image compression converts an image into a compact form using mathematical transformations
and encoding algorithms. The compressed data can later be decoded to reconstruct the original or near-original image.
Common compression standards such as JPEG, PNG, and HEIC rely heavily on encoding techniques like Huffman
coding, arithmetic coding, and transform-based encoding.

The objective of this Reserach is to develop and evaluate a robust encoding system that applies different compression
algorithms to digital images, analyses their performance based on compression ratio, execution time, and reconstruction
quality (measured using PSNR and MSE). The reserach provides insights into how efficient encoding can significantly
optimize image storage and transmission in today’s data-driven world.

II. SYSTEM MODEL

The primary objective of this research is to design and simulate

To design and implement an efficient image encoding system for compression.
To study and apply Huffman, RLE, and DCT-based encoding techniques.

To analyze the compression ratio and image quality after reconstruction.

To reduce storage space and transmission bandwidth requirements.

To compare the performance of lossless and lossy compression methods.
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» To explore hybrid encoding models for improved compression efficiency.
III. METHODOLOGY

Encoding System for Image Compression introduces a hybrid approach that combines transform-based compression
(using Discrete Cosine Transform — DCT) with Huffman encoding for optimized data reduction. The goal is to achieve
a high compression ratio while maintaining acceptable image quality and ensuring fast encoding/decoding processes..

3.1. System Components

e Input Image Module: Accepts grayscale or color images.
Preprocessing Unit: Normalizes pixel data and converts image into matrix form.
Encoder Module: Applies chosen encoding algorithm (Huffman, RLE, or DCT).
Compression Unit: Removes redundancies and encodes symbols efficiently.
Decoder Module: Reconstructs the image from encoded data for evaluation.
Performance Analyzer: Measures Compression Ratio, PSNR, and MSE.

3.2. System Working
e Input Image Acquisition: Load digital image into the system.
e  Preprocessing: Convert the image into pixel matrix and normalize intensity values.
e Encoding: Apply selected algorithm to encode pixel data.
e Compression: Store encoded data in reduced format.
e Decoding: Reconstruct the image from compressed data.
e  Evaluation: Compare original and reconstructed image for quality assessment

Image Compression Network

Compression
bit allocation

Fig 3.1-3.2: Equivalent circuit representation of Encoding System For Image Compression

An encoding system is the backbone of any image compression process. It converts raw image data into a compressed
format that can be efficiently stored or transmitted. The performance of an encoding system depends on how effectively
it reduces spatial redundancy, spectral redundancy, and psycho-visual redundancy. Modern image compression systems
combine multiple techniques—such as DCT for transformation, quantization for data reduction, and Huffman or
Arithmetic encoding for entropy reduction—to achieve optimal results. These hybrid systems form the basis of formats
like JPEG, MPEG, and HEVC. Predictive coding estimates a pixel value based on its neighboring pixels and encodes
only the difference between the actual and predicted values. This method reduces spatial redundancy and is especially
effective for grayscale or continuous-tone images.
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Input Image
{
Preprocessing (Color to Grayscale, Normalization)
{
Transformation (DCT)
{
Quantization
{
Entropy Encoding (Huffman)
{

Compressed Bitstream

Fig 3.: Method to first converts image data into the frequency domain to remove redundancy, followed by Huffman
encoding to compress symbol frequency effectively.

3.2. Steps of the Proposed Algorithm

Step 1: Image Preprocessing
e Convert RGB image into grayscale to reduce data dimensions.
e Normalize pixel values between 0 and 1.
e Divide the image into non-overlapping blocks (e.g., 8x8).

Step 2: Apply DCT
Each block undergoes a 2D DCT transformation.
Mathematically:

1) = Jauo0) 33" (o) con [ CEIIT] o [ Gt D]

=0 y=0

This separates low-frequency and high-frequency components.

Step 3: Quantization :- Quantization reduces the precision of less significant frequencies, contributing to lossy
compression. Table 3: Example Quantization Matrix (8x8)
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Step 4: Entropy Encoding (Huffman Coding) :- The quantized coefficients are converted into a zig-zag sequence and
encoded using Huffman coding, which assigns variable-length codes based on frequency.

Step 5: Bitstream Generation :- The final bitstream represents the compressed image. The reverse process (Huffman
decoding — Dequantization — IDCT) reconstructs the image

IV. RESULTS AND SIMULATIONS

In conclusion, the Encoding System for Image Compression effectively minimizes image data size while maintaining
acceptable visual quality. By employing algorithms such as Huffman coding, RLE, and DCT, the system achieves
significant data reduction, making it suitable for multimedia transmission, storage, and image archiving applications.
Experimental results show that the combination of transform-based and statistical encoding yields optimal compression
ratios and low reconstruction error. This research highlights the importance of encoding techniques in the digital world,
where efficient image storage and real-time transmission are crucial. Future work can focus on integrating deep
learning models like autoencoders and GANSs to achieve adaptive compression based on image content. The system
demonstrates that optimized encoding not only enhances performance but also contributes to sustainable data
management in today’s technology-driven society.

e  Hybrid approach ensures higher compression ratio and better image quality.

e Reduces blocking artifacts seen in DCT-only systems.

e Maintains faster encoding time compared to DWT or neural models.

e Ideal for real-time multimedia transmission and low-storage devices.

Table 4: Comparison of Proposed vs Existing Techniques

|Meth0d "Compression Ratio"PSNR (dB)"Execution Time (s)l
[PEG (DCT) |[10:1 l55 |[o-s0 |
[)PEG2000 |[15:1 | |[1-40 |
[Proposed (DCT + Huffman)]|[18:1 |[3s.5 |[o.75 |

The implementation of the Encoding System for Image Compression transforms the theoretical concepts of the
proposed hybrid algorithm into a practical, working model. The core of this implementation focuses on using Discrete
Cosine Transform (DCT) combined with Huffman encoding to achieve efficient compression. The implementation is
carried out in MATLAB or Python (OpenCV and NumPy) because of their extensive image processing libraries and
visualization capabilities

The results of the implemented Encoding System for Image Compression are analyzed based on multiple parameters
including compression ratio, PSNR, MSE, processing time, and visual quality. Comparative analysis is conducted with

existing compression techniques such as JPEG (DCT) and JPEG2000 (DWT).

Table 4.1: Comparison of Proposed vs Existing Techniques

[Parameter |[’PEG CT)|[)PEG2000 DWT)][Proposed System (DCT + Huffman)]
|Compression Ratio"lO:l "14:1 "18:1 |
[PSNR (dB) 552 I[57.0 |[3s.5 |
[MsE |[o5 [ |[6.4 |
[Exccution Time (s)][0.80 |[1-40 |[0.75 |
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V. CONCLUSION

This research has presented a comprehensive study on the design and simulation of A Encoding System For Image
Compression. The research has successfully demonstrated the feasibility and benefits of implementing The Encoding
System for Image Compression project successfully demonstrates the integration of transform-based (DCT) and
entropy-based (Huffman) compression techniques to achieve efficient image data reduction. The implemented system
effectively minimizes redundancy, preserves visual quality, and optimizes storage utilization.

Key achievements include:

High compression ratio with acceptable PSNR.

Reduced execution time compared to standard compression models.
Improved adaptability for grayscale and color images.

Preservation of key image features such as edges and texture.

e o o o —

The hybrid model’s performance clearly indicates that the combination of frequency-domain processing and symbol-
based encoding results in superior efficiency compared to standalone compression methods.
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