
Інформаційні системи і технології 
 

67 

UDC 528.852.088-047.44  doi: 10.32620/aktt.2023.2.07 
 

Viktor MAKARICHEV, Bogdan KOVALENKO, Vladimir LUKIN 
 

National Aerospace University “Kharkiv Aviation Institute”, Kharkiv, Ukraine 
 

PRELIMINARY ANALYSIS OF NOISY IMAGE LOSSY COMPRESSION  

BY DISCRETE ATOMIC TRANSFORM-BASED CODER 
 

Remote sensing provides data (images) important for many modern applications. Image number and average 
size tend to increase. This makes their transfer via communication lines, storage, and dissemination problematic. 

Thus, compression should be applied where lossy compression is mostly used. Most methods of lossy compres-

sion assume that images do not contain noise. Meanwhile, images are often noisy, and this should be considered 

in the design and performance analysis of image compression techniques. Lossy compression has already been 

studied by several coders. However, it has not been investigated for the recently proposed atomic transform-

based techniques that possess several advantages, in particular, the ability to provide privacy of compressed 

data. The main subject of this paper is the peculiarities of noisy image lossy compression by an atomic transform-

based coder. Our goal is to analyze whether the considered compression method provides the noise filtering 

effect and the so-called optimal operation point. The task is to obtain rated distortion curves for the atomic 

transform-based coder applied to noisy images and to analyze their behavior for several performance charac-

teristics such as quality metrics and compression ratio. In the first order, the monotonicity of the main depend-
ence is of interest. The main results are as follows. First, it is shown that the dependencies have non-monotonic 

behavior and the appearance of analogs of optimal operation point is possible, at least, for such metric as max-

imal absolute error. Second, there is a specific dependence of compression ratio on a parameter called UBMAD 

that controls compression. Experiments have been performed on several noisy test images having different com-

plexity and contaminated by noise of different intensities. In conclusion, it is demonstrated that one more coder 

might have optimal operation points for images having a rather simple structure. However, at the moment, it is 

difficult to predict its existence and the corresponding coder parameters.  

 

Keywords: lossy compression; discrete atomic transform; rate-distortion curve; optimal operation point. 

 

Introduction 

 

Image acquisition from spaceborne and airborne 

carriers and their further processing have become wide-

spread means for various applications [1, 2]. For useful 

information extraction from the obtained remote sensing 

(RS) data, they should be usually passed to on-land cen-

ters of data processing and, possibly, stored [3]. How-

ever, the problem with RS data transfer via communica-

tion lines and their storage is that the data size has an ob-

vious tendency to rapid increase [3]. There are several 

main reasons behind this – the resolution of imaging sys-

tems improve, images are acquired more frequently, and 

most imaging systems are multichannel [3, 4]. To solve 

the problem, image compression is widely used [5-7].  

Image compression methods can be divided into 

lossless and lossy [8, 9]. The use of lossless methods is 

limited since they usually do not provide appropriately 

large compression ratios (CRs) and, besides, CR cannot 

be varied. Thus, lossy compression techniques are widely 

exploited [10-12].  

There are various methods of image lossy compres-

sion [9, 13, 14] and priorities of requirements to them 

[11, 15, 16]. Most modern lossy compression techniques 

are based on orthogonal transforms, mainly discrete co-

sine transform (DCT) and discrete wavelet transforms 

(DWTs) [11, 13, 15] although there is also a permanent 

interest in neural network-based compression [10]. A set 

of requirements to image lossy compression might in-

clude the following: 

1) to provide a desired CR [13],  

2) to ensure an appropriate trade-off between qual-

ity characterized by a given metric and CR [16],  

3) to provide a desired quality and make this easily 

and quickly enough [11],  

4) to ensure privacy protection for compressed data 

[15], etc.  

In a practical situation, not all of the aforementioned 

requirements have to be satisfied simultaneously and 

their priority can be different. Below, we concentrate on 

the case when it is desired to provide privacy protection 

easily and reliably as well as to ensure a reasonably high 

quality of compressed noisy images.  

In this sense, methods of lossy compression based 

on discrete atomic transform (DAT) [15, 17] have several 

positive features. First, they provide privacy protection 

for compressed data. Second, DAT-based compression 

performs better than JPEG in terms of peak signal-to-
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noise ratio (PSNR) for the same compression ratio (CR) 

for grayscale and three-channel (color) images [15]. 

Third, DAT-based methods allow for controlling maxi-

mal absolute deviation (MAD), which is important in re-

mote sensing applications when image classification is 

the final goal [18]. Fourth, there are quite strict connec-

tions between MAD and standard metrics of image qual-

ity such as PSNR that allows relatively easy and fast 

providing of the desired quality of compressed images 

[15]. Finally, there are approaches intended to suffi-

ciently decrease the memory expenses at compression 

and decompression stages [17].  

The DAT-based compression methods have been 

intensively tested for grayscale and color images  

(see [15, 17] and references therein) where those images 

did not contain noise or, at least, this noise was invisible. 

Meanwhile, there are quite many practical situations  

[19-21] where noise is inevitable or can be quite inten-

sive. Noise is visible in radar images [19] as well as in 

images acquired in bad illumination conditions [20] or in 

some component images of hyperspectral remote sensing 

data [21]. Lossy compression of noisy images has certain 

peculiarities discovered about 25 years ago [22, 23] and 

studied later more in detail [24, 25] for coders based on 

discrete cosine transform (DCT) and wavelets. In partic-

ular, specific noise-filtering effect was discovered.  

It has been also shown that, due to this effect, opti-

mal operation point (OOP) might exist where OOP is 

such a parameter that controls compression (PCC) that 

compression in it provides the maximal similarity be-

tween a compressed and the corresponding noise-free 

(true) images, which is better than for the original (noisy, 

uncompressed) image. It has been also shown that, even 

without having the noise-free images, OOP existence and 

PCC for it can be predicted [24, 25].  

Meanwhile, DAT-based compression has been 

never tried for noisy images, and it is not known does 

OOP exist for it. Thus, the main goal of this paper is to 

check if OOP can be observed in the case of DAT-based 

compression of noisy images and, if yes, what are the in-

itial assumptions concerning the corresponding PCC.                  

 

Problem statement 
 

DAT-based compression uses a scheme typical for 

most wavelet-based compression techniques (Fig. 1). A 

three-channel (or RGB) image is first decomposed using 

RGB to YCbCr transform to decorrelate data. Then, DAT 

is applied component-wise, and the obtained coefficients 

are quantized and compressed using a combination of 

Golomb codes and context-adaptive binary arithmetic 

coding. Decompression is carried out in inverse order. 

The wavelets are constructed using the atomic function 
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where s is an integer; k is an index, which varies from 

one to infinity; x is an independent variable; t is an inte-

gration variable; i and π are classic mathematical con-

stants. In this study, we consider the case s = 32. We note 

that, in DAT, non-stationary infinitely locally supported 

wavelets are applied.    

 

 
Fig. 1. The block diagram of DAT-based compression 

 

Compression based on DAT is controlled by the so-

called upper bound of MAD (UBMAD). A larger 

UBMAD relates to a larger MAD, larger mean square er-

ror (MSE) and CR, and smaller PSNR. Meanwhile, CR 

also depends on image complexity. Approximate expres-

sions that allow estimating (predicting) MSE or PSNR 

for a given UBMAD are presented in [15].  

Analysis of lossy compression of noisy images has 

several specific features [23-25]. First, studies are usually 

carried out using three types of images: noise-free (true) 

image It, noisy image In, and compressed image  Ic. Then, 

in fact, it is possible to calculate two types of rate/distor-

tion curves - dependencies of a considered full-reference 

metric for 1) images In and  Ic; 2) images It and Ic. In the 

former case, one gets traditional dependencies that can be 

obtained in practice since both In and  Ic(PCC) are avail-

able. For the latter case, such dependencies can be ob-

tained only in simulations since images It are not availa-

ble. Because of this, we need to say a few words about 

the conditions of carrying out simulations.  
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If some study concerning noise influence on perfor-

mance of some image processing methods is started, it is 

commonly assumed that noise is additive, white, and 

Gaussian (AWGN) [24]. We will do the same supposing 

that we deal with AWGN with zero mean and variance 

σ2 known in advance or pre-estimated with high accu-

racy. Our goal is to determine do OOP exist and accord-

ing to what metrics. If a metric is determined for the im-

ages In and  Ic, the subscript nc will be used. In turn, if a 

metric is calculated for the images It and Ic, it is marked 

by the subscript tc.  

OOP existence can be considered proven if, accord-

ing to a given metric Metrtc, there is a global maximum 

for which Metrtc(PCCOOP)< Metrtc(PCCOOP→0). Here we 

assume that the metric value is larger if the similarity is 

larger (PSNR is an example) and PCCOOP→0 relates to 

practically uncompressed images (one example is the 

quantization step for DCT-based coders and another ex-

ample is UBMAD for the considered DAT-based com-

pression). Thus, our task is to consider typical rate/dis-

tortion curves and to analyze the peculiarities of their be-

havior for the DAT-based compression. Recall here that, 

according to previous experience, OOPs are usually ob-

served for simple structure images (containing large ho-

mogeneous areas) corrupted by a rather intensive noise. 

In addition, OOPs are more often observed for such con-

ventional metrics as PSNR compared to visual quality 

metrics.            

 

Analysis of rate/distortion curves 
 

Keeping in mind the aforementioned property, we 

have carried out our studies for two images presented in 

Fig. 2. 

Let us start our analysis from the most typical de-

pendencies [9, 11]: the rate-distortion curve 

MSEnc(UBMAD) and CR(UBMAD). They are presented 

in Fig. 3. As one can see, they are both a little bit specific. 

First, a general tendency for MSEnc is that it increases if 

UBMAD increases. However, there is an MSEnc small 

jump for UBMAD=48 and the dependence is not monot-

onous – there is a small decrease of MSEnc when 

UBMAD is about 350. Besides, MSEnc increases slower 

(nonlinearly) for larger UBMAD. Note that in this paper 

we consider UBMAD values that have not been earlier 

studied in [15] and other our paper that dealt with DAT-

based compression mostly in the visually lossless mode 

(for PSNRnc larger than 33-35 dB, i.e. MSE smaller than 

20-30).  

Dependencies CR(UBMAD) are specific too. They 

have some “flat” intervals where UBMAD increase does 

not lead to CR increase. This shows that it is a little bit 

problematic to set a proper UBMAD to provide a desired 

CR or MSEnc even if one uses a two-step procedure [11]. 

This also means that dependencies  MSEnc(UBMAD) and 

CR(UBMAD) should be studied in the future more in de-

tail, especially for large UBMAD values.   

Meanwhile, we are more interested in studying the 

dependencies Metrtc(UBMAD). Two of them are pre-

sented in Fig. 4 (let us start by considering the case of 

AWGN with noise variance equal to 100).  The first is 

PSNRtc(UBMAD) and the second one is PSNR-

HAtc(UBMAD). Recall here that PSNR-HA is a visual 

quality metric [26] that has larger values if compressed 

image quality is better. Similarly, to PSNR, PSNR-HA is 

expressed in dB. 

 

 
a 

 
b  
 

Fig. 2. Images Frisco (a) and Point Loma (b)  

used in experiments  

 

PSNRtc(UBMAD) starts from 28 dB which corre-

sponds to PSNR of In with respect to It. Then, if 

UBMAD increases, PSNRtc decreases but there are lo-

cal maxima for UBMAD of about 280. PSNR-

HAtc(UBMAD) is characterized by steadily decreasing 

behavior without local maxima, i.e. visual quality of 

compressed images reduces if UBMAD decreases. 
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a 

 

b 

Fig. 3. Dependencies MSEnc(UBMAD) (a)  

and CR(UBMAD) (b) for DAT-based compression  

applied to noisy images in Fig. 2 corrupted by AWGN 

with noise variance equal to 144 

 

 
a 

 
b 

 

Fig. 4. Rate/distortion curves PSNRtc(UBMAD) (a)  

and PSNR-HAtc(UBMAD) (b)  for the DAT-based  

compression applied to noisy images in Fig. 2 corrupted 

by AWGN with noise variance equal to 100 

Since any visual quality metric is not perfect  

[27-29], it is worth using, in addition, to PSNR-HA, some 

other good visual quality metric. For this purpose, let us 

use MDPI [30, 31]. Note that MDSI varies in the limits 

from 0 for perfect quality to about 0.6 (very poor visual 

quality).  

 

 
 

Fig. 5. Rate/distortion curves MDSItc(UBMAD)  

for the DAT-based compression applied to noisy  

images in Fig. 2 corrupted by AWGN  

with noise variance equal to 100 

 

The plot analysis shows that although OOP is for-

mally absent for the metric MDSI (Fig. 5). However, 

there is an interval of “flat” behavior or even local mini-

mum neighborhood observed for UBMAD of about 200. 

Thus, if it is strongly desired to provide a rather high CR 

(for example, about 10, see Fig. 3,b), it can be recom-

mended to set UBMAD≈200 (for a given σ2 = 100).  

Consider now the case of a slightly larger variance 

of AWGN (σ2 = 144). Rate/distortion curves 

PSNRtc(UBMAD) (a) and PSNR-HAtc(UBMAD) are 

given in Fig. 6.  The RDC PSNRtc(UBMAD) (Fig. 6,a) 

starts from PSNRtc≈26.5 dB and has local maxima or 

quasi-flat interval at UBMAD≈280. Meanwhile, for-

mally OOP does not exist. Similarly to the plots in Fig. 

4,b, the plots PSNR-HAtc(UBMAD) (Fig. 6,b) have, in 

general, the decreasing, but “staircase-like” behavior.   

Fig. 7 presents the rate/distortion curves 

MDSItc(UBMAD). Again, OOP is formally absent. How-

ever, there is a rather large interval of quasi-constant val-

ues with the “central” value of UBMAD≈250 that can be 

recommended for practical use if it is an ultimate goal to 

provide a large CR with a reasonably good quality of 

compressed images.     

Finally, Fig. 8 shows the plots MADtc(UBMAD). 

As one can see, OOP formally exists and this happens for 

UBMAD of about 300 (although jumps of MAD are ob-

served). We associate the OOP presence according to 

MAD since DAT-based compression has been designed 

to minimize and control MAD (in opposite to other com-

pression techniques designed to minimize MSE). 
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a 

 
b 

Fig. 6. Rate/distortion curves PSNRtc(UBMAD) (a)  

and PSNR-HAtc(UBMAD) (b) for the DAT-based  
compression applied to noisy images in Fig. 2 corrupted 

by AWGN with noise variance equal to 144 

 

 
Fig. 7. Rate/distortion curves MDSItc(UBMAD)  

for the DAT-based compression applied to noisy  

images in Fig. 2 corrupted by AWGN with noise  

variance equal to 144 
 

Fig. 9, a presents the noisy image and Fig. 9, b 

shows this image compressed with optimal 

UBMAD=206. As one can see, noise is clearly visible 

in Fig. 9,a, especially in homogeneous regions that 

correspond to water surface. It is sufficiently sup-

pressed in the compressed image (Fig. 9,b) although 

some residual noise is visible. Fig. 10 gives another 

example. Noise intensity is larger here and noise is 

more annoying (Fig. 10,a). Compression with 

UBMAD=258 (Fig. 10,b) produces quite efficient 

noise suppression, although some smearing takes 

place too. 

 
Fig. 8. Rate/distortion curves MADtc(UBMAD)  

for the DAT-based compression applied to noisy  

images in Fig. 2 corrupted by AWGN with noise  

variance equal to 144 

 

 
a 

 

 
b 

 

Fig. 9. Examples of noisy image Frisco, σ2=100 (a)  

and compressed with optimal UBMAD=206 (b) 
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a 

 

 
b 

 

Fig. 10. Examples of noisy image Frisco, noise  

variance is equal to 144 (a) and compressed image,  

optimal UBMAD is equal to 258    

 

Conclusions 
 

The task of noisy image lossy compression using 

the DAT-based approach is considered. It is shown that 

the noise-filtering effect is observed if UBMAD is set 

properly. OOP has not been formally observed for PSNR 

and some considered visual quality metrics although lo-

cal maxima or minima of rate/distortion curves have been 

found. Meanwhile, OOP is observed according to the 

MAD criterion (metric) that has not been earlier studied 

in the analysis of lossy compression applied to noisy im-

ages.  
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ПОПЕРЕДНІЙ АНАЛІЗ СТИСНЕННЯ З ВТРАТАМИ ЗОБРАЖЕНЬ З ШУМОМ КОДЕРОМ  

НА ОСНОВІ ДИСКРЕТНОГО АТОМАРНОГО ПЕРЕТВОРЕННЯ 

В. О. Макарічев, Б. В. Коваленко, В. В. Лукін 

Дистанційне зондування надає дані (зображення), важливі для багатьох сучасних додатків. Кількість зо-

бражень і їх середній розмір мають тенденцію до зростання. Це ускладнює їх передачу по лініях зв'язку, збе-

рігання та розповсюдження. Таким чином, бажано застосовувати стиснення, причому переважно використо-
вується стиснення з втратами. Більшість методів стиснення з втратами базуються на припущенні, що зобра-

ження не містять шуму. Тим часом, зображення часто мають шум, і це слід враховувати при розробці та аналізі 

ефективності методів стиснення зображень. Стиснення з втратами вже вивчалося для кількох кодерів. Однак 

не було досліджено нещодавно запропоновані методи на основі атомарного перетворення, які мають низку 

переваг, зокрема, здатність забезпечувати конфіденційність стиснутих даних. Основною темою цієї статті є 

особливості стиснення зашумленого зображення з втратами за допомогою кодера на основі атомарного пере-

творення. Наша мета – проаналізувати, чи забезпечує розглянутий метод стиснення ефект фільтрації шумів і 

так звану оптимальну робочу точку. Завдання полягає в тому, щоб отримати криві рівня спотворень від пара-

метрів стиснення для кодера на основі атомарного перетворення, який застосовано до зашумлених зображень, 

і проаналізувати їх поведінку для кількох характеристик ефективності, таких як показники якості та ступінь 

стиснення. У першу чергу нас цікавить монотонність основних залежностей. Основні результати наступні. 
По-перше, показано, що залежності мають немонотонний характер і можлива поява аналогів оптимальної ро-

бочої точки принаймні для такої метрики як максимальна абсолютна похибка. По-друге, існує певна поведінка 

залежності ступеня стиснення від параметра UBMAD, який контролює стиснення. Були проведені експери-

менти для кількох тестових зашумлених зображень різної складності та шумів різної інтенсивності. В якості 

висновків показано, що розглянутий кодер може мати оптимальні робочі точки для зображень, які мають до-

сить просту структуру. Однак на даний момент важко передбачити їх існування та відповідні параметри ко-

дера. 

Ключові слова: стиснення з втратами; атомарні перетворення; крива спотворення-швидкість; оптима-

льна робоча точка. 
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