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For image compression, discrete wavelet transform (DWT) and CHC with principal component analysis (PCA) were
combined. The lossy method was introduced by using PCA, followed by DWT and CHC to enhance compression
efficiency. By using DWT and CHC instead of PCA alone, the reconstructed images have a better peak signal-to-noise
ratio (PSNR).
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| 1. Introduction

With the phenomenal rise in the use of digital images in the Internet era, researchers are concentrating on image-
processing applications W&, The need for image compression has been growing due to the pressing need to minimize
data size for transmission. This has become particularly necessary due to the restricted capacity of the Internet. The
primary objectives of image compression are to store large amounts of data in a small memory space and to transfer data
quickly 12,

There are primarily two types of image compression methods: lossless and lossy. In lossless compression, the original
and the reconstructed images remain exactly the same. On the other hand, in lossy compression, notwithstanding its
extensive application in many domains, there can be data loss to a certain extent for greater reduction of redundancy. In
lossy compression, the original image is first forward transformed before the final image is quantized. The compressed
image is then produced using entropy encoding. This process is shown in Figure 1.
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Figure 1. Lossy Image Compression Block Diagram in General.

Lossy compression can additionally be classified into two primary methods EI!:

Firstly, there are direct image compression methods, which are applied for sampling an image in a spatial domain. These
methods comprise techniques such as block truncation (block truncation coding (BTC) [, absolute moment block
truncation (AMBTC) €&, modified block truncation coding (MBTC) 4, improved block truncation coding using K-means
quad clustering (IBTC-KQ) &, adaptive block truncation coding using edge-based quantization approach (ABTC-EQ) &)
and vector quantization 29,

Secondly, there are image transformation methods, which include singular value decomposition (SVD) 14, principal
component analysis (PCA) 12, discrete cosine transform (DCT) 13 and discrete wavelet transform (DWT) 241, Through
these methods, image samples are transformed from the spatial domain to the frequency domain, thereby concentrating
the energy of the image in a small number of coefficients.

Presently, researchers are noticeably turning to the DWT transformation tool due to its pyramidal or dyadic wavelet
decomposition properties 2. It enables high compression and helps produce superior-quality reconstructed images. The
present study demonstrates the benefits of the DWT-based strategy using canonical Huffman coding. In their preliminary
work, the present authors explained this aspect of the entropy encoder 28, In course of the analysis, a comparison of



canonical Huffman coding with basic Huffman coding showed that the former has a smaller code-book size and
accordingly requires less processing time.

In the present study, for the standard test images, the issue of enhancing the compression ratio was addressed by
improving quality of the reconstructed image and by thoroughly analyzing the necessary parameters, such as PSNR,
SSIM, CR and BPP. PCA, DWT, normalization, thresholding and canonical Huffman coding methods were employed to
achieve high compression with excellent image quality.

The present authors developed a lossy compression technique during the study using the PCA 12 which proved to be
marginally superior to the SVD method &4 and DWT 18 algorithms for both grayscale and color images. Canonical
Huffman coding & was used to compress the reconstructed image to a great extent. The authors also compared the
parameters obtained in their proposed method with those provided in the block truncation X8 and the DCT-based
approaches (14,

PCA-DWT-CHC extends the previously reported work (DWT) 8. The proposed method uses the Haar wavelet transform
to decompose images to a single level and then incorporates PCA with DWT to improve performance. In the previous
work, images were decomposed up to three levels using a Haar wavelet, and PCA was not included as a pre-processing
compression method. Here, the proposed method yields high-quality images with a high compression ratio and requires
less computing time (by an average of 45%) than the previously reported work. In the process of the study, the authors
examined several frequently cited images in the available literature. Slice resolutions of 512 x 512 and 256 x 256 were
used, which are considered to be the minimum standards in the industry 2%, The present authors also calculated the

compression ratio and the PSNR values of their methods and compared them to the other research findings EI=ISIZIEIE]
(167201

| 2. 2D DWT and PCA with Canonical Huffman Encoding

An overview of several published works on this subject highlights various other methods that have so far been presented
by many other researchers. One approach that has gained considerable attention in recent years among the research
communities is a hybrid algorithm that combines DWT with other transformation tools 19, S M Ahmed et al. 21! explained
in detail their method of compressing ECG signals using a combination of SVD and DWT. Jayamol M. et al. & presented
an improved method for the block truncation coding of grayscale images known as IBTC-KQ. This technique uses K-
means quad clustering to achieve better results. Aldzjia et al. 24 introduced a method for compressing color images using
the DWT and genetic algorithms (GAs). Messaoudi et al. B! proposed a technique called DCT-DLUT that involves using
the discrete cosine transform and a lookup table known as DLUT to demarcate the difference between the indices. It is a
quick and effective way to compress lossy color images.

Paul et al. 19 proposed a technique, hamely DWT-VQ (discrete wavelet transform-Vector Quantization), for generating an
YCbCr image from an RGB image. This technique compresses images while maintaining their perceptual quality in a
clinical setting. A K Pandey et al. 23 presented a compression technique that uses the Haar wavelet transform to
compress medical images. A method for compressing images using the discrete Laguerre wavelet transform (DLWT) was
introduced by J A Eleiwy 241, However, this method concentrates only on approximate coefficients from four sub-bands of
the DLWT post-decomposition. As a result, this approach may affect the quality of the reconstructed images. In other
words, maintaining a good image quality while achieving a high compression rate can prove to be considerably
challenging in image compression. Moreover, J. A. Eleiwy did not apply the peak signal-to-noise ratio (PSNR) or the
structural similarity index measure (SSIM) index to evaluate the quality of the reconstructed image.

M. Alosta et al. (23 examined the arithmetic coding for data compression. They measured the compression ratio and the
bit rate to determine the extent of the image compression. However, their study did not assess the quality of the
compressed images, specifically the PSNR or SSIM values, which correspond to the compression rate (CR) or bits per
pixel (BPP) values.

R. Boujelbene et al. 29 have shown that the NE-EZW algorithm provides a triple tradeoff between the number of symbols,
image size, and reconstructed image quality. It builds upon the EZW coding approach and outperforms both the JPEG
2000 [28 and SPIHT 24 compression algorithms.

S. Singh et al. [28 validated SPIHT’s superiority over JPEG 22 in medical image datasets for image quality at the same bit
rate.
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