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Abstract

Compressing color images (such as JPEG 2000) with wavelet transforms that are used in image parsing into
approximate and detailed coefficients in the Multi Resolution Analyses (MRA\) stage, such as Symlet 2, Coiflet 2,
and Daubechies 2. The rapid development that occurs in modern life and the development of technology and
artificial intelligence has increased the need to find an advanced and fast technology in image transfer, which
requires reducing the space used by very large image data through the compression process that images need during
transfer and transmission. Therefore, the need to accomplish this work has been necessitated by finding a new
method and purely mathematical methods with equations and transformations that will be performed on Hermite
polynomials to obtain the discrete Hermite wavelets (DHWT) to meet the great challenge in the field of images
due to the mathematical properties that characterize these waves to be ready to perform the image analysis process
known in the field of images (MRA), which is summarized in entering the color image to analyze the color image
into two types of coefficients, which are detail coefficients and convergence coefficients due to the high level and
low level, respectively, to divide the image into four blocks, which are Low Low, High Low, Low High and High
High to then remove the noise and then compress, A suitable algorithm was created in MATLAB to read the
program for this tool as in common waves (Symlet 2, Coiflet 2, and Daubechies 2) to obtain good results with new
wavelet. The results obtained and through comparisons with basic wavelet work such as Haar and Daubechies etc.
to obtain the values of the most important image quality parameters and the experiment was carried out on a sample
of JPEG 2000 The tables in this work show the results that will be obtained that prove the efficiency of the proposed
model after calculating the image quality parameters Mean Square Error (MSE), Peak Signal of Noise Ratio
(PSNR), Bit Per Pixel (BPP) and Compassion Ratio (CR).

Keywords: JPEG 2000; Color image; Wavelet; New algorithm; Multi Resolution Analyses

1. Introduction

Image analysis and compression procedures could be made simpler by developing a wavelet transformation. DWT
[1] benefited greatly from this wavelet processing and became more popular than its predecessors. This is similar
to DCT [2], but DWT has the continuity property [4], which makes it consume less energy [5], however, DCT
generates better compressed images than DWT. If the resultant image information is preserved, even in the event of
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a loss [6], it will remain undetectable [7]. When comparing the non-losing compression [8] with the losing
compression [9], then see that the latter has a minor, imperceptible difference, while the former has high compressed
ratios. Previous transformations used in image processing to convert pixels to frequency coefficients [10], resulting
in the loss of image data. To get extremely accurate images from the analysis of the color image, either smooth
images or wavelets are used [11]. New results will be obtained using the limits [12]. The large numbers of images
and the data that these images carry require transformations that convert the image into binary matrices through the
computer to be the machine that stores this data and the need to compress this data [13-16]. Which requires sufficient
storage space [17]. Achieving the quantitative measurement procedure to obtain the pressure [18], [19]. For
wireless sensor networks, duplicating data that requires high frequencies can be challenging [20]. Image
compression technology provides a solution to these problems. [21]. Use arrays (NMF) to obtain a general
understanding of the data's dimensions, In the medical field, compression methods have been used, including
Singular Value Decomposition (SVD) to send images [22]. send images using it. In the medical domain, image
compression seeks to reduce file size without compromising the quality of the original image. Digital images are
available [23]. The industry standard for storing patient data in medical imaging files is Digital images Compression
Of Medical (DICOM). Hoffman lossless compression is used to compress the data instead of DICOM [24].

Wavelets and the EZW algorithm were used to compress the color image to achieve superior compression results
because of Wavelets provide a relative lossless compression value in the original image data. Using the discrete
Hermite wavelet transform (DHWT), a color image was compressed in this work [27]. The wavelets were examined
and divided into approximation and detailed coefficients once they were supplied to the MATLAB code. To
determine the correct filter, validate its mathematical components, and test it using an operation and a matrix, Multi-
Resolution Analyses (MRA) [25] were used. Decomposition with rows, reconstruction using the filter's inverse [26],
and modification of the matrix's columns were the methods used to obtain the original matrix. The new filter was
integrated into the MATLAB program using a new technique, enabling the wavelet to be used with the other
common wavelets in the program, such as Symlet 2, Coiflet 2, and Daubecheis2. Works in which images were
processed by creating new wavelets from polynomials of Laker, Chebyshev, Legendre, etc. These new tools in the
field of images are also used in artificial intelligence [27-30].

In this work, a good model will be used to produce new Hermit waveforms that can be used in good image processing
and obtain the most important results that have been compared with previous models. Tables (2) and (3) prove the
efficiency of the proposed theory.

2. Materials and methods
2. 1. Proposed method

The proposed transforms in this study are applied to the image shown in Fig. 1 during the Multi-Resolution
Analysis (MRA) stage, in order to generate discrete Hermite wavelets derived from Hermite polynomials. These
wavelets are constructed based on the mother function defined in Equation (1).

o
h,p(x) = |a|zh [—b] abeRa#0 (1)

With the transforma = 27, b = (a(2n — 1)), x = a(2a~'t), and DHWT h,, ,(t) = h(k,n, m, t) in equation (12)
in [0,1].

k
SH* (9k+1p _ n-1 n
by (6) = {zsz(z t—2n+1)te [, 5 @)
0 otherwise
" 1
Where Hiy = sz Him m=0,12,....M—1n=0,1,2,...,2K

The approxemate function in [0,1]

f(t) = Z;O=1 Zﬁ:o Cn,mhn,m (t) (3)
where Cp, 1, = (f(t),hn,m(t)) = fol Wy (Dhy, i () f(©)dt in which (., . )denoted inner product in L2, [0,1].
109

DOI: https://doi.org/10.54216/JCIM.160208
Received: January 30, 2025 Revised: March 23, 2025 Accepted: April 11, 2025



https://doi.org/10.54216/JCIM.160208

Journal of Cybersecurity and Information Management (JCIM) Vol 16, No. 02, PP. 108-118, 2025

A certain limit is taken from the terms in the equation 4)
(ft) = fpip_y D23 TN Combm () = CTh(D) @)
where F and h(t) are 2XM x 1 matrices given by:
h(t) = [hy0(0), 11 (D), oo, By (0, Dy o (0, oo hp—1 (8, - By o (1), ..,hzk‘M_l(t)]T,

T
C = [Cl,O' Cl,l’ ey Cl,M—l' CZ,O’ ey CZ,M—].' caay Czk,O’ ceay Czk,M—l] (5)
The Hermite wavelet transform, with € R , with time t can be defined the coefficients
Ap = [f(Oh,p(Ddta € R, b R (6)

used scaling function in orthogonal with wavelet function h can be get the two basic wavelets are called Hermite
wavelets in equation (7)

k
hy (D) = 2zh(2K* 't —n + 1)

K )
Opm(®) = 220(2% 1t —n+ 1)
for(n, m) € Z2
With coefficients in (8) and (9)
8nm = [ S(Ohp,(Ddt ®)
Mnm = Jg SOy m(Odt 9)
The reconstructed the signal
S(t) = Ynez Lmez hnm (O8nm (10)
The concept of Multi Resolution Analysis ( MRA)
with f(t) € V, & f(2t) € V,_,, be defined (11)
Vo = {fe PR)|f() = Tnez Anmo (2Kt — 2n + 1) € 12(2) (11)

The wavelet spaces denoted by{W, },z, the space W, L V,, in V,_; =V, @ Wy, n € Z, {0, n}(n, m) € Z2is
generated {V,}nez and {hy,  }(n, m) € Z2 is generated {W), },¢z, the coefficient &, , is the orthogonal projection
of Son {W,} ez

The approximation coefficients of DHWT is

Nnm = Jp SOwnm (0 dt (12)
where  Ap(t) = Ymez Mnm®n,m (1) (13)
The detail coefficients of DHWT is

8nm = [ S(Ohym (D) dt, (14)
where D, (t) = Y ez Onmbhnm(®) (15)

DHWT is applied on a4 x 4sub-image for more illustration. The coefficients of DHWT obtained above are
used where the filter extracted is

(2 x 2)F=%EE _11] (16)

Image analysis in the MRA phase using DHWT is illustrated in Fig.1.
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IDHWT

- Synthesized image
Decomposition a level 1

Figure 1. Analysis image with DHWT in MRA

2.1. Proposed Model Algorithm in Color Image Compression
Image compression algorithm steps with the proposed model, enter color image
Step 1: Using the new wavelets proposed in this work after inserting them into MATLAB.

Step 2: wavelets are divided into low pass filter and high pass filter so that th coefficients are divided into
approximate coefficient and details coefficient

Step 3: The image analysis stage into four parts LL, LH, HL, HH The first represents the approach coefficients,
while the remaining parts represent the detail coefficients; each part has a size 16x16.

Step 5: Taking the quadrant LL that represents approach coefficients to denoise from the resulting image.
Step 6: The image is compressed in several stages as in the table that shows the compression stages.

Step 7: Taking the inverse of the wavelet proposed in this work restores the processed image without losing input
image information.

Figure 2 illustrates the stages involved in the color image compression process using the proposed system.

Denoised image with Compressed image with
DHWT DHWT

Figure 2. Denoised and Compressed image with DHWT
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3. Results and Discussion

In this section, the results are presented, discussed, and compared with other waveforms such as Daubechies 2,
Symlet 2, and Coiflet 2 to illustrate the superior performance of the proposed waveforms. The proposed waveforms
achieved the best results in MSE and PSNR. At high levels of decomposition, specifically at level 8, an ideal PSNR
value of 46.99 was achieved, which is favorable compared to other waveforms. Additionally, the compression
ratio (CR) reached 46.17%, indicating no effective loss of quality.

Tables 1 and 2 contain comparison results for the basic wavelets with the proposed wavelets at level 8 that
demonstrate the quality achieved compared to those wavelets. Using MATLAB and at the prompt of Wavelet
Toolbox, DHWT was added to the mentioned program to apply the proposed wavelets to the color image

Color image compression is improved with the proposed wavelet and the results are obtained from it

1- MSE (Maximum Signal-to-Noise Ratio): Increased from 7.712 dB to 46.99 dB, reflecting superior image
quality after compression.

2- In return for the decrease in MSE error, the PSNR value increased from 7.712 dB to 46.99 dB, indicating
improved compressed image quality.

3- The image was improved with BPP value, where the value was improved from 0.0072 to 11.081, achieving a
balance for image quality.

4- The CR value achieved 46.17%, indicating that important information of the image was preserved while
reducing the space occupied by the data

In the MRA stage, the approximate coefficients LL and details LH, HL and HH are separated with a threshold
that is the reason for the critical features to remain. This means that the proposed wavelet is successful and the
image is restored without loss with the inverse wavelet DHWT. In calculations and trade-offs, the proposed
wavelet DHWT takes time to reach the optimal solution because it is achieved at level 8. This indicates that DHWT
is suitable for applications where quality is prioritized over speed, such as medical applications and archive storage.

The obtained results with PSNR and MSE values are suitable for applications to DICOM files for medical
applications and wireless sensors to be lossless compression for researcher accessibility via the Wavelet Toolbox
in MATLAB. A strength of this technique in this work is the mathematical approach used to derive the DHWT
from Hermite polynomials and its orthogonality capability, which enhances the obtained compression efficiency.
The proposed method demonstrates the ability to adaptively adjust thresholds at each level of the decomposition
process, allowing for more precise control over image compression quality. However, the computational
complexity associated with the DHWT framework introduces certain limitations, particularly in terms of
processing time during multi-level decomposition. Despite these challenges, the method underscores the
significance of DHWT in enhancing the overall compression workflow, especially in applications that demand
high accuracy and data fidelity.

Table 1: Represents the compression stages of the input image with the new Wavelets DHWT

Loop | ClI MSE PSNR BPP CR

1 - 11010 7.712 0.0072 0.03%
2 . 3664 12.5 0.0076 0.03%
3 3094 13.23 0.0079 0.03%
4 3094 13.23 0.0079 0.03%
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5 F 2008 14.98 0.0113 0.05%

6 '|_- 1669 15.91 0.015 0.07%
|

7 'ﬁ 1030 18 0.046 0.19%
|

8 ﬂ 619.3 20.21 0.110 0.46%

9 t_; 278.4 23.69 0.319 1.33%
|

10 e 124.4 27.18 0.633 2.64%

1 e 53.76 30.83 1.1752 4.90%
|

12 a 21.41 34.82 2.074 8.64%

13 ﬁ 8.404 38.89 3.388 14.12%

14 ﬁ | 3.443 42.76 5.343 22.27%

15 e 1.758 45.68 7.941 33.09%

16 a | 1.302 46.99 11.081 46.17%

17 a 1.302 46.06 11.081 46.17%

|
18 @‘ 1.302 46.99 11.081 46.17%
|
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Table 2: It shows the most important readings that prove the efficiency of the proposed work with other

DOI: https:

techniques
DHWT
point MSE PSNR BPP CR
1 7.050 39.050 25.102 4726%
2 4.7201 40.45 17.676 72.65%
3 3.222 41.30 10.102 45.26%
4 3.200 41.50 7.344 26.60%
5 3.100 42.44 8.640 30.38%
6 2.22 43.30 9.720 35.65%
7 1.84 44.21 11.091 45.17%
8 1.405 45.99 11.081 46.17%
SYM 2
point MSE PSNR BPP CR
1 9.850 38.65 24.2 45.01%
2 6.922 40.44 16.99 60.80%
3 5.924 41.25 10.734 46.62%
4 5.2 41.82 6.2 30.8%
5 5.3 41.75 6.43 28.9%
6 4.2 41.70 6.5 25.7%
7 4.5 41.7 6.4 27.4%
8 2.8 42.85 12.0 55.8%
COIF 2
point MSE PSNR BPP CR
1 9.9 39.1 25.0 99.0%
2 6.488 41.02 15.320 65.00%
3 8.55 39.8 8.5 33.44%
4 3.19 41.°1 7.7 25.1%
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5 4.10 44.1 8.5 26.1%
6 4.40 43.1 9.4 22.9%
7 4.60 41.1 8.4 24.8%
8 2.54 40.01 115 54.4%
db2

point MSE PSNR BPP CR

1 11.0 36.1 215 92.8

2 5.592 39.41 15.991 71.8%
3 9.15 38.33 9.1 33.0%
4 4.15 41.55 8.3 31.6%
5 4.35 41.55 7.2 30.7%
6 4.48 41.42 7.3 30.4%
7 4.38 41.12 7.5 32.4%
8 2.17 4.27 8.9 45.4%

4. Conclusion

In this study, the Discrete Hermite Wavelet Transform (DHWT), which is derived from Hermite polynomials, is
employed to compress input images with a high degree of precision. Unlike traditional wavelet techniques, DHWT
offers a unique mathematical structure based on orthogonal polynomials, enabling more adaptive and localized
signal representation. The process begins with Multi-Resolution Analysis (MRA), where the input image is
decomposed into hierarchical sub-bands—specifically approximation and detail coefficients—using a newly
designed filter bank tailored for Hermite-based wavelets. This decomposition captures both low-frequency
structural information and high-frequency textural features, making it highly efficient for compressing images
without sacrificing critical details. After the decomposition stage, the image can be accurately reconstructed using
the Inverse Discrete Hermite Wavelet Transform (IDHWT), which reverses the transformation and restores the
original structure. The proposed system demonstrates superior performance in preserving image fidelity while
significantly reducing data redundancy. This is particularly beneficial in fields like medical imaging, where even
slight distortions or data loss can affect diagnostic accuracy. The DHWT-based method outperforms conventional
wavelet techniques by maintaining a better balance between compression ratio and image quality. Quantitative
assessments, such as Peak Signal-to-Noise Ratio (PSNR) and Structural Similarity Index (SSIM), support the
method’s effectiveness in maintaining visual and structural integrity in compressed medical images. Looking
ahead, the integration of the proposed DHWT-based compression system with deep learning frameworks presents
a promising research direction. Combining the high-efficiency compression capabilities of DHWT with the
adaptive learning power of deep neural networks could lead to advanced hybrid systems capable of automated
feature extraction, classification, and intelligent compression tailored to specific imaging tasks. Such integration
may enhance performance in various applications, including medical diagnostics, biometric recognition, remote
sensing, and image-guided systems. Future work will focus on exploring convolutional neural networks (CNNs),
autoencoders, and transformer-based models that can work synergistically with DHWT to further improve
performance, scalability, and real-time applicability.
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