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Abstract 

 

The use of X-rays has spread in various fields of medicine, and given that 

they consist of a pair of two-dimensional images, the beam required for 

transmission and twice the space required for storage must be 

improved, so compressing the X-rays is an important research area. 

In this paper, the X-ray image resolution has been improved based on 

intermittent wavelength conversion using a reference stereogram. The 

research presented a test of performance (20) different types of 

wavelets with the most popular wavelet-based encoding techniques, 

namely EZW (Embedded Zerotree Wavelet), SPIHT (Set Partitioning In 

Hierarchical Trees) and WDR (Wavelet Difference Reduction) in order to 

choose the ideal image. Which achieves the best ratio of clarity and ideal 

wavelet that maintains the best quality of the restored image in addition 

to determining the best coding technique used with previous wavelets. 

Scheme for compressing the X-ray image pair symmetrically. Simulation 

was done using MATLAB. The image was illustrated with 65% of the 

original image. 
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Chapter One 

 

X-ray 

1-1:- X ray 

      In 1895, the German scientist Roentgen discovered in his accident his 

study of the behavior of the cathode rays of high energies in cathode ray 

tubes under pressure and slow. 

Glow noticed a barrier of platinum cyanide and barium discovered that 

the radiation is unknown produced from the tubes and its glow is reduced 

to varying degrees when different materials are put and called this X-ray 

radiation [1]. 

 The dual-wave and physical nature of X-ray and the experiments of 

interference, diffraction and polarization by Laos and Bark proved that  

X-rays are transverse waves similar to light waves [2]. 

X-rays are characterized by particles through their interactions with 

materials in a specific energy or photons. X - Rays are generated during 

the transmission of electrons between the different energy levels of the 

electronic circuits, called the characteristic radiation or the result of the 

sluggishness of the charged particles and called the braking force [1]. 

When the X - ray package passes through the material, which depends on 

the X - ray energy during the material and its interactions with it, which 

depends on the energy of X - ray falling and the type of material produces 

a secondary ray of radiation as a result of precipitation or radiation 

fluoridated fluoridate, which represent the characteristics and properties 

of the target [3]. 

X-ray is characterized by its ability to penetrate and permeate, and has the 

ability to ionize atoms and gases when the passage of X-ray during it, and 

affect the films and have a clear effect in the materials [5, 6, 7, 8]. 

X-ray is used in diagnosis and medical treatment, as well as in industrial 

applications for the detection of pipe erosion. Measuring the level of 

liquids in reservoirs and in the field of security and protection such as 

checking bags at airports… Etc. of the uses 



 

 

1-2:- X-ray Tube 

For the purpose of obtaining the X-ray must be available 

- Source of electrons 

- High voltage differential to accelerate the electrons 

- Accelerated path to accelerate electrons 

- Aim for the absorption of accelerated electrons 

These components are surrounded by a hollow envelope of air and under 

pressure and slow and are called X-ray tubes as shown in Figure (1-1) 

which illustrates the components of the X-ray tube [4].  

 

 

 

 

 

 

 

Figure (1-1) X-ray tube 

1-3:- Basic Interaction between X-ray and Matter 

When X-ray photons penetrate through the physical medium and their 

interaction with the material, the type of reaction depends on the X-ray 

energy and the nature of the materials of the medium, and that the 

transmission of the energy of the photon or part of it into one of the 

electrons that lead to the effects and irritation and then the process of 

energy conversion To the material or living tissue [12]. 

There are five basic reactions and what is important in our research is the 

effect of electrophoresis and Compton, while the other phenomena are 

not important, because they do not affect the medical diagnosis because 

 



 

their photon energy is very high, and so is the occurrence outside the 

scope of medical diagnosis [2]. 

1 - Photoelectric Effect  

The photon energy is transferred entirely to the electron and emitted with 

a kinetic card equal to the difference between the falling photon energy 

and the electron bonding force with the atom [7, 9]. 

The probability of the occurrence of the photoelectric is inversely 

proportional to the cube energy and directly with the cube atomic number 

and the phenomenon is common occurrence of low energies and with the 

atomic number of the material [10]. 

The photoelectric interaction has applications in radiological diagnosis, 

which produces a clear and distinct visual image and increases the 

contrast between the different tissues of the body of the large nucleus in 

the atomic number between the bones and the fine tissue. The 

photoelectric effect does not result in diffuse radiation but leads to 

receiving radioactive doses because the photon the fallen is absorbed 

entirely by the patient [12]. 

2- Compton Scattering  

This type of absorption occurs for the medium energies of the radiation, 

where the photon gives part of its energy to the semi-free electron, 

causing it to go out of the atom, called the electron or electron Compton 

[15].  

The probability of the appearance of Compton's is almost equal to all of 

the weak orbital electrons associated with the nuclei. Therefore, the 

reaction section depends on the electronic density of the material and 

does not depend much on the atomic number of the substance [10]. 

In the range of 10-150 Kev , only the electrons in the external orbits are 

free for the elements with the higher atomic number, whereas the 

elements with the atomic  number, such as the fine tissue, are free in orbit 

(k) with a bond of less than 1Kev [11]. 

 

 



 

1-4:- X-ray in Diagnostic Radiology 

For the purpose of obtaining a radiographic image containing the exact 

details of the parts to be diagnosed, the unit shall contain the X-rays on 

the following parts 

1-X-ray Tube  

X rays can penetrate the human body and to different dimensions 

depending on the energy of the radiation and the convergence of this 

radiation absorption and dispersion within the body and what comes out 

of them are used for the purposes of radiation examination [1]. 

2- Filter  

The X-ray package contains a wide range of energies and intensity. The 

absorption process inside the contents of the X-ray tube, which is called 

the basic filter, reduces the exposure rate by an equal amount of the 

thickness of the pipe components, which is measured and equivalent to 

the thickness of the aluminum equivalent. The thickness of the filter      

(1-0.5 mm) is equivalent to aluminum in most X-ray tubes [5, 7, and 9]. 

Table (1-1) between the total thickness of the aluminum, which includes 

the filter and the aluminum of the energies indicated and recommended 

by the International Commission for the Prevention of Radiation (NCRP) 

for medical uses [4, 10]. 

Table (1-1) between the total thickness and voltage  

Kvp Filter AL mm 

Less than 50 0.5 

50-70 1.5 

More than 70 2.5 

 

3- Collimator  

The radiators are used to guide beam and to regulate beams the size and 

shape of the beam of the falling rays on the area to be photographed, thus 

reducing the area exposed to the patient and reducing the dispersion of 

the radiation and improving the quality of the image. [6] It was observed 



 

that the rectangle opening gives a wider area and reduces radiation The 

scattered is better than the payer by opening the coin [3]. 

4 - Condensation screen 

The sensitivity of the film exposure to x-rays is relatively small and the 

limit (2-6%) absorbs the film from the energy of radiation and this 

requires an increase in exposure time [5]. The condensation screen 

consists of a strong base of plastic or thick paper. Its surface is coated 

with a white reflective plate covered with an active layer of small grains 

of phosphoric crystals and a light protection layer. Fluorescent substances 

used in medical diagnosis are [2, 4]. 

- High capacity for X-ray absorption 

- Relatively high efficiency for converting X-rays into light 

- coefficient of reflection and slow 

- Short time for light emission 

The efficiency of the screen increases with the thickness of the fluorine 

layer and the size of the granules [15]. 

5- Network 

The photovoltaic network consists of long sheets of lead separated by a 

radioactive material, used to absorb dispersion and to improve contrast in 

the radiographic image [12]. As an alternative to the use of the network 

uses an aerobic gap and special in the chest and teeth imaging, which 

make the distance between the patient and the film to reduce the scattered 

radiation, which depends largely on the distance, and found that the air 

gap is about (5-15 cm) [13]. 

5-1:- Photographic X-ray Film  

The photographic film is made up of a thin sheet of transparent material 

from a cellulose or a polyester film known as the base of the film 

thickness (0.2 mm), covering one or both faces emulsion containing a 

sensitive substance, a layer of gelatin containing light crystals of silver 

halides are often silver bromide (AgBr), the proportion of its presence in 



 

the medical films (90-99%) and the increase of allergy emulsion added a 

small amount (1-10%) of silver ions (AgI) [6,11]. 

When the film is exposed to a beam, the electrons beam are released from 

the ion bromine and work within the crystal until the center of the 

sensitivity caused by the effects of silver sulfide [9] that the traps of 

electrons attract and equal silver ions and the atoms of silver equivalent 

deposited on the film is a hidden error in the emulsifier And turning into 

chemical processes [12].  

Where the film is placed in the solution of the appearance to reduce the 

silver ions exposed to the radiation to the atoms of black silver deposited 

on the film and then wash the film to remove the materials show the base 

and explains in the fixer solution where the reaction of the solution with 

silver halides are not exposed to radiation and converted to a solution 

dissolved and after washing and drying The film is ready and shows the 

radial image where the exposed parts of the radiation appear dark, while 

the non-exposed radiation appears transparent. The accuracy of the results 

depends on the purity of the concentration of the solutions, the 

temperature of the solutions and the time of the display [9, 12, and 14]. 

1-6:- X-ray Image 

The beam of the body and its dimensions vary in capacity and distribution 

regularly, graduated with a specific model of distribution to carry the 

beam image and to pass it in a heterogeneous medium and depending on 

the difference in attenuation [6, 11, and 16]. 

The white color appears on the film in the event of attenuation in the 

beam. If the beam is carried out in the middle, the image appears as areas 

with a high density of light in black and the amount of the intensity of the 

falling rays [19]. 

The beam of the body and the dimensions vary according to their capacity 

and distribution regularly, graduated with a specific model of distribution 

to carry the beam image and to pass in a heterogeneous medium and 

depending on the difference in attenuation [11]. The type of reaction 

depends on the energy of the falling photons, the atomic number of the 

medium and the density of the electrons [16]. Table 1.2 shows the values 



 

of atomic numbers, density, and electronic density of air and body 

components. 

 

Table (1-2) Active atomic numbers, density, electron density [16] 

The physical 

medium 

Atomic number Density 

Kg/m
3 

Electronic Density 

e/Kg 

Air 7.6 1 3.01x10
26 

Water 7.4 1000 3.34x10
26 

Soft tissue 7.4 1000 3.36x10
26 

Grease 5.9-6.3 910 3.48x10
26 

Bones 11.6-13.8 1650-1850 3.19x10
26 

 

1-7:- Radiation Dose for body 

The basis for the prevention is that the dose received is limited to a 

certain extent does not constitute the effects of a clear the life of the 

exposed individual and called endurance, but there are genetic effects 

appear on subsequent generations were not taken into account and on this 

principle, the International Atomic Energy Agency (IAEA) (ICRP) and 

the International Commission on Radiation Units and Measurement 

(ICRU). Maximum permissible potency limits [20] and Table (1-3) 

represent the overall body limits as recommended by the ICRP [1] 

Table (1-3) represents the maximum limits throughout history for the 

whole body as recommended by ICRP. 

Year MPD 

1948 0.5Sv, 50rem 

1969 0.3Sv , 30rem 

1996 0.15Sv , 15rem 

2008 0.05Sv , 5rem 

In order to obtain an acceptable level of damage, annual doses should be 

adhered to. Radiation doses are determined based on two types of effects: 

random and non-random effects [19]. One of the bases used to determine 

potions is the inclusion of the weighted tissue factor, which includes the 

sensitivity of the cells exposed in the calculation of active doses (E), 

which is equal to the value of the equivalent dose (HT) in the weighted 

tissue factor (WT) of any member in cases of homogeneous radiation 

exposure by equation [17] 



 

E=HT * WT ……… (1) 

The values of the weighted factor of tissue and body organs are shown in 

Table (1-4)  

 

Table (1-4) Weighted fabric factor [21] 

Tissue and Body Member WT 

Reproductive system 0.2 

Red bone marrow 0.12 

Colon 0.12 

Lung 0.12 

Stomach 0.12 

Bladder 0.05 

Breast 0.05 

Liver 0.05 

Esophagus 0.05 

Thyroid gland 0.05 

Skin 0.01 

Surface of the bone 0.01 

Other tissue 0.05 

 

Where the levels of medical exposure to areas of the body are shown in 

Table (1-5) 

Table (1-5) Radiation Levels in Diagnostic Radiology of the Patient and 

worker [21] 

Examination Patient Dose mGy/y Worker Dose mGy/y 

Lumbar spine 10 20 

Abdomen 10 20 

Pelvis 10 20 

Hip joint 10 20 

Chest 1.5 4 

Dental 0.6 0.8 

Skull 3 7 

 

1-8:- Biological Effect of Ionization Radiation 

Two types of effect occur: the direct effect of the beam, where the effect 

on cells and organic compounds leads to loss of functions in the cell, and 



 

the indirect effect of radiation, which leads to the formation of free 

radicals during the ionization of water molecules in the cell. Studies have 

shown that at least (5%) of all cancer cases of the population are caused 

by the natural radiological background, and that radiological doses 

resulting from medical diagnosis are capable of causing greater radiation 

damage [16]. 

These effects are divided into two types 

1. Physical effects 

And are effects that can be triggered early or late. 

Early effects appear as a result of exposure to a high radiation dose and 

occur within a period of several hours and several days and lead to the 

death of a large number of cells of the body or delay or prevent the 

division based on the amount of radiation doses [21]. 

The delayed effects are the result of exposure to a dose of radiation and 

low during long periods causing damage to a number of body cells, and 

occur when receiving the shield exceeds the limits of the permissible 

dose, such as the effects of the lens of the eye lens and injury to the skin 

with some ulcers [22]. 

2. Hereditary Effects  

Hereditary effects are caused by the destruction or damage of 

proliferative cells and lead to a variety of changes known as genetic 

changes. These changes occur in the genetic material (DNA) that carries 

the genetic characteristics of the cell and the occurrence of genetic 

mutations increases by increasing the radiation dose. The doses of 

radiation exposure resulting from medical diagnosis Capable of causing 

mutations in humans, the lethal dose of humans is limited to (2.5-3.5 Gy) 

[24]. 

1-9:- Exposure Protection in Diagnostic Radiology 

Several adverse side effects were observed as a result of the exposure of 

the skin of the patients with X-ray. This led to the adoption of some 

precautions that required the use of this radiation, but were not sufficient 

to prevent the harmful effects that emerged in the following decades, and 



 

the unfortunate incidents that occurred due to the use of this radiation 

doctor incident During an experiment that exposed his head to an hour of 

radiation from a tube not more than half an inch from the lashes of his 

head (February 1896). His hair was falling after three weeks of radiation 

exposure and the amount of skin radiation was estimated at about 4 Gy. 

Clarence D. (Assistant radiologist Thomas Edison) and Walter Dodd 

(first radiology doctor at the General Hospital in Masatosysh) and this led 

to the development of safety precautions and based on the measurements 

conducted in the period 1933-1937 estimated Prestrabe that the amount of 

radiation on the skin of radiologists in this The period was estimated at 

approximately 1 Gy / year, given that the average age was 40 years [26]. 

William Rawlins, a dentist, was the first to introduce radiation-shielding 

techniques to encapsulate an X-ray tube. The thickness of the lead was 

calculated so that if we placed a photographic plate in contact with the 

lead case and after a radiation exposure for seven minutes, Rawlins 

several factors to reduce the amount of radiation to the doctor and patient 

and realized that the rectangular opening better than the circular aperture 

because it gives a wider area of the area to be photographed and noted 

that the identification of the arena in this way reduces the scattered rays 

that affect the clarity of the image. The principles of radiation protection 

and radiological safety principles are essentially based on the principles 

established by the International Commission on Radiological Protection 

(ICPR), which provide that no practice that causes or can cause radiation 

exposure shall be adopted unless the benefit to the exposed individuals or 

the society exposed to radiation exceeds the radiation damage caused by 

or Can be caused by [1]. It should not exceed the individual doses 

resulting from the combination of all exposures Relevant practices 

Allowable dose limits All radioactive sources and radiological 

installations should be equipped with the best possible safety and 

prevention measures so that the size, exposure and number of persons 

exposed to radiation is at a reasonable level, taking into account 

economic and social factors. This is known as the ALARA principle. 

That the legal personality (legal person) authorized to perform an exercise 

involving a radioactive source bear the primary responsibility for 

radiological protection. In addition to the above, training and continuous 

training of workers and instilling a culture of safety. All means and tools 

that help ensure safety and safety should be ensured through good 



 

management and sound engineering of the premises, quality control 

procedures, periodic safety assessment, and lessons learned from the 

experience of others and previous radiological incidents [5,20and 25]. 

The aim of radiation protection is to achieve the best level of safety and 

safety of individuals and to ensure that the peaceful applications of 

atomic energy is one of the sources of modern technology for the well-

being of the human without any risk that may result from these 

applications. This is done by providing adequate information and 

guidance to officials and workers in various ionizing radiation fields on 

the bases and preventive methods to be followed when dealing with 

ionizing radiation and its sources of generation. To achieve this, the 

International Radiological Protection Commission (ICRP) has set two 

basic goals for radiological prevention: [8] 

1 - Prevention of the effects of marginal radiation and these effects appear 

only after the organism is exposed to a specific radiation dose known as 

threshold and increase the severity of infection increase the dose to which 

the individual 

2. Minimize the effects of non-radiation effects (risk of cancer and 

genetic damage). These effects do not have a specific threshold, but the 

effect may occur at any dose, no matter how small. The likelihood of 

these effects is proportional to the amount of radiation dose. 

 

 

 

       

 

 

 

 

 



 

Chapter two 

Wavellet Transformation 

2-1:- Introduction 

Wavelet transformation 

Wavelet transformation is one of researchers used in many applications 

because of its properties[26]dependent on signal analysis, [27] which 

plays a large role in the processing of the digital signal. The industrialist 

in diagnosing faults and stopping the god from working to avoid the 

delay in the work of the  machine[28] 

  Wavelet transformation is a mathematical, 

 analytical method used to treat signals for many[29] scientific 

applications. The basis of this theory is based on the Fourier theory[30] 

 

Fourier series or Fourier theory 

2-2:- 

The scientist Fourier in 1822 produced what is known as Fourier analysis, 

which is a way to represent periodic signals using a series of sinus [31] 

and sinus completely developed for any signal even if it was not periodic 

and that the end of its cycle at infinity and then produces a Fourier 

transform. The conversion then transfers the signal from the time field 

to the frequency field and vice versa[32].  

The transformation converts the signal to several levels depending on 

what the signal contains from different frequencies or in a breaching 

term. 

 Fourier transform can be considered as a mathematical technique for 

converting the signal[33] from the time space to the frequency space 

where the sinus functions are used as basic functions in analyzing the 

signals and it is important in detecting what it contains The signal of 

frequencies. Chapter three 



 

Result and discussion 

3-1:-  Material and Method 

 

The Characteristics of X- ray at first we must find out"               In this study used three types 

x-ray film (Kodak, Cea dent and Ergonom.x) these film are characterized with a high 

sensitivity and made of a large size crystal emulsion in comparison with other film and they 

are distributed in to types (blue and green ) and theirs dimensions are fluctuating from 

(31x41mm) , Digital Transmission Densitometer – TD1125 was used . This detector was 

properties with its high precision and measuring a great range of optical density and a high 

degree of consistency, the optical density detector is consist of a light source targeted 

through a pin hole on optical detector, that transmit the optical energy into an electric 

current . The film is putting between the light source and the detector to obtain the 

necessary optical density for the film. The optical density of 15 films was measured and with 

5 point for every film was decided to the optical density of radiology film. The necessary 

thickens to get optical density through the using low of intensity [11] 

I=I0e-µx   …….. (1) 

X= thickens of x-ray film 

µ= the coefficient of mass attenuation of AL 

I/I0= intensity of radiation falling and parsing 

And transmit the intensity into optical density we get the equation 

x=(log2.3 * OD)/μ ……… (2) 

A malty purpose detractor MRI model 240 for the measuring of voltage and the average of 

the exposure the apparatus may operate according to differential absorption of x-ray 

Table (1) represented relation between optical density and average exposure film Ergonom.x 

Optical   Density Log Exposure mAs Voltage Kvp 

0.22     0.3                            70 

0.37    0.6                              70 

0.58    0.9                        70 

2.41    1.5                        70 

3.17    1.8                        70 

 

Table (2) represented relation between optical density and average exposure film Cea Dent 



 

 

Optical Density Log Exposure mAs Voltage Kvp 

0.25 0.3 70 

0.42 0.6 70 

1.02 0.9 70 

2.79 1.5 70 

3.25 1.8 70 

 

 

 

Table (3) represented relation between optical density and average exposure film Kodak 

Optical Density Log Exposure mAs Voltage Kvp 

0.47 0.3 70 

0.65 0.6 70 

1.04 0.9 70 

2.81 1.5 70 

3.38 1.8 70 

 

Discussions and Result 

A curve has been drown for the three before mentioned film in one figure in order to find 

variety, rang and speed film, the curve that showed in fig (1) are depending a pone the a 

quality of the film in a other world the film deferring a cording to the crystal that there 

emulation from which they are made. For Ergonom.x film it has to degree more than that 

Cea dent and Kodak. As the slope of as the slope of curve of first film is more than that of 

the other two. One characteristic of curve of the x-ray film in to measure the range of the 

film that refer to range of the sensitivity of the film at the optical density that are used in 

diagnosing process which is to be between the beginning and the end of liner of the 

properties. Figure (1) shows the differences among the range of three films, in which the 

Kodak film has a bigger range that of the two other film I.e. to the data of fig(1) it has 

showed that the range and the variety are in revers properties as for the range and speed 

they are of forward proportion. As mentioned in table (4). The film variety also depend on 

from of curve of film, properties and the differ a according to the relation speed due to the 

difference among the size of the crystals that the films are made from 



 

 

 

 

Table (4) shows deferent in variety and range from radiology film 

Range Variety Speed Types of film 

2.02 1.92 90 Ergonom.x 

2.27 1.83 93 Cea Dent 

2.46 1.68 95 Kodak 

 

  

Fig (1) shows between log mAs and optical density all the x-ray film 

After we knowledge characteristics of x-ray we use matlab equations and wavelet 

transformation equations  .  

3-2:- Discussion  

The point processes in which the dynamics of the system are the time of occurrence of 

characteristic events are found in many areas of natural science, for example, 

neurodynamics, where the analysis of point processes is carried out when studying coding of 

information by neurons{34} and their ensembles [1]. Point processes are generated by 

threshold devices that convert the input analog signal into the output sequence of 

stereotypical pulses. Such a transformation is accompanied by a partial loss of information 

about the dynamics at the input of the threshold device. However, the information available 

for analysis allows us to characterize many important features of the input process. In 

particular, in the framework of earlier studies [30-35], it was found that the metric dynamic 

characteristics of chaotic modes of self-oscillations at the input of the model systems 

“accumulation-discharge” (NS) and “threshold crossing” (PP) can be calculated - lenas 

according to the output sequence of interspike intervals at 

fulfillment of fairly general requirements. Methods were proposed for reconstructing 

dynamical systems using point processes, which made it possible to increase the accuracy of 

the estimates made [34-36]. However, in the mentioned studies, only the case of 

deterministic dynamics was considered. The efficiency of reconstruction methods in the 

presence of noise has not been studied in detail, despite the fact that the presence of 

random fluctuations can significantly affect the estimated characteristics. In the framework 

of the standard algorithm for calculating Lyapunov exponents from experimental data [9], 

the noise-induced additional runaway of the trajectories can be partially ignored by 

introducing a threshold value for the perturbation vector in the reconstructed phase space. 

In the case of 



 

Through point processes, this procedure is more complex. In this paper, we consider the 

problem of determining the highest Lyapunov exponent λ1 from noisy point processes. For 

this purpose, two standard models of threshold devices are considered - NS and PP [38]. In 

the first model, output pulses are generated when the integral reaches the threshold level 

from the input signal, after which the integral is reset. In the second model, pulses are 

generated when the input signal exceeds a threshold level. To reconstruct dynamic systems 

from the obtained point processes, the approach proposed in [37] and modernized in 

[34-39] .To calculate the highest Lyapunov exponent, the standard 

 

method [38] taking into account the following modification. Renormalization of the 

perturbation vector is carried out by minimizing its length while setting the maximum 

permissible angle α between the vectors before and after renormalization, taking into 

account the introduction of a threshold value for the initial perturbation. Then, the 

dependence λ1 (α) is constructed, and the presence of a clearly expressed maximum of this 

dependence in the region of small α indicates the correctness of the calculations. A change 

in the slope of the dependence for large α characterizes the effects associated with the 

presence of fluctuations, and the more 

the corresponding slope, the higher the noise level in the point process. 

 

                                                                    FIG 

x-ray image scheme after processing images in the matlab program 

Fig. 1. The dependence of the senior Lyapunov exponent on the parameter α, which 

determines the maximum angle between the vectors before and after renormalization for 

different values of the noise intensity D. The dashed line indicates the theoretically expected 

value λ1 calculated by the method *10+ Figure 1 shows an example of calculating the 

dependence λ1 (α) chaotic regime of the dynamics of the Rössler system. 

for the case when the signal S (t) = x (t) +35 is considered as an input signal of the NS model. 

For different values of the noise intensity D, which is added to the output sequence of 



 

interpulse intervals, the quantity λ1 is correctly estimated in the region of the maximum of 

the dependence λ1 (α) - the value αmax. The change in slope λ1 (α) at large angles α is an 

indicator of the presence of noise in a point process. With increasing D, the maximum in the 

region αmax disappears, and the dependence λ1 (α) becomes monotonic. In this case, a 

correct estimate of λ1 is not possible. Similar dependences λ1 (α) were obtained for another 

model of the threshold device - the PP model. As in the case of the NS model, two 

characteristic features are noted, namely, the presence of an “optimum” in the range of 

small α values, for which λ1 approaches the value 

calculated according to the equations of the Rössler system by the method [10] 

The characterizing dependence λ1 (α) observed for deterministic dynamics is replaced by an 

increase in λ1 with increasing angle α. The proposed modification of the method [9] makes it 

possible to evaluate the accuracy of calculating the highest Lyapunov exponent and the 

noise level in the output sequence of the inter-pulse intervals. The absence of an optimal 

value of α indicates the impossibility of a correct assessment of the senior Lyapunov 

exponent by the point process. Along with the presence of noise, the absence of an optimal 

value of α can also be associated with a low pulse generation frequency. The study was 

carried out with a grant from the Russian Science Foundation ... , and 

change of slope λ1 (α) in the region of large angles.  

 

When solving a wide range of scientific and technical problems, the need arises for digital 

filtering of signals and images. Such problems are encountered in communication 

technology, and their solution allows to improve the quality of reception of transmitted 

messages. The need for digital filtering of experimental data arises in biology and medicine, 

for example, when visualizing various images. To solve digital filtering problems, methods 

are widely used that use the discrete wavelet transform (DWT) [1, 2]. Unlike filtering 

techniques based on the Fourier transform, the use of soliton-like basis functions (wavelets) 

allows one to eliminate localized noise. Wavelet filtering involves decomposing the signal / 

image into components that correspond to different scales, and making corrections to the 

decomposition coefficients at small scales. In [3, 4], variants of hard and soft task of the 

threshold function are considered, at which a part of the wavelet coefficients at small scales 

corresponding to fluctuations is zeroed. In the hard version, only those wavelet coefficients 

that do not exceed the threshold level modulo are corrected, which leads to discontinuities 

of the threshold function and the appearance of irregularities of the reconstructed signal or 

image. With the soft version, there are no gaps in the threshold function, and all wavelet 

coefficients are corrected. This approach avoids the appearance of irregularities, but does 

not preserve the amplitude of the filtered signal. However, this circumstance does not play a 

fundamental role in many applied problems, since the signal can be amplified after filtering. 

Among the drawbacks of the DVT-based approaches are oscillations of wavelet coefficients 

in the vicinity of singularities that complicate the processing of signals, the absence of 

invariance with respect to the shift, leading to unpredictable changes in the patterns of 

wavelet coefficients when the singularities are shifted, and the appearance of artefacts in 

the reconstructed signal after correction of wavelet coefficients. In recent years, various 



 

modernizations of wavelet decomposition methods have been actively applied to eliminate 

these shortcomings, among which the dual decomposition method using the dual-tree 

complex wavelet-transform [5–7] should be highlighted. This modernized method is a 

generalization of the classical fiberboard using real bases, by analogy with the analytical 

signal method, which complements the real functions with the imaginary part. In this paper, 

a comparative analysis of digital filtering methods is carried out using the example of 

images. To quantify the filtering error, noise was added to the images (a normally 

distributed random process). The quality of digital wavelet filtering was estimated by 

calculating the mean square error between the filtered and the original image. Figure 1 

shows an example of wavelet filtering of an X-ray image of a tooth for fiberboard with hard 

and soft task of the threshold function, as well as for CWP. As a quantitative assessment of 

the filtering quality, Fig. 2 shows the dependences of the mean square error on the 

threshold level for the fiberboard (the case of the minimum filtering error with variation of 

the basis) and the CFT. The presented results indicate that the use of complex wavelets 

allows to reduce the image filtering error. 

a b

  

c  

Fig. 1. An example of wavelet filtering an image using 

fiberboard with hard (a) and soft (b) option for setting the threshold 

functions and KVP (in). 
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