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METHOD FOR QUANTITATIVE CRITERION BASED TRANSFORMATION  

OF THE VIDEO INFORMATION ALPHABET 
 

Subject of study: technologies implemented in modern video coding algorithms to ensure the appropriate level 

of reliability in the conditions of their compact presentation. The goal is to develop a technology 

for transforming the alphabet of a video information based on a quantitative criterion while ensuring the re-

quired quality in networks. Objectives: to formulate requirements to video images in dynamic video surveil-

lance systems; to analyze the existing factors leading to an imbalance between the compression and quality 

characteristics of existing video coding algorithms; to develop a technology for transforming the alphabet of a 

video information based on a quantitative criterion (attribute) for the best presentation of the encoded data; to 

develop a mathematical model for the formation of a quantitativeindicator for the transformation of the video 

images; to analyze the effectiveness of using the developed mathematical model for the formation of a quanti-
tative indicator to provide the required trustworthiness of data for the video information resource; to assess 

the effectiveness of the developed technology for transforming the original message in terms of a quantitative 

indicator to ensure the best presentation of the encoded data; to investigate the dynamics of the probabilistic 

and statistical characteristics of the original message as a result of transformation according to the quantita-

tive criterion of the significance of the elements. The research methods: compression coding methods imple-

mented on the basis of the JPEG algorithms. The research results: a new approach has been proposed based 

on the transformation of the encoded alphabet of data by use of a quantitative criterion. A mathematical model 

has been developed for the formation of a quantitative attributethat determines the significance of the elements 

of the original message. Conclusions. A technology has been developed for transforming the alphabet of the 

original message, which allows creating conditions for a more profitable presentation of the encoded data due 

to a significant increase in the dynamic range of probabilistic and statistical characteristics for the trans-

formed message while ensuring the required level of video image quality. 
 

Keywords: video information resource; transformation; alphabet; quantitative attribute; reliability; coding 

technologies. 
 

Introduction 
 

Formulation of the problem. Trends of rapid dig-

ital transformation of the modern information space lead 

to a significant increase in the requirements for infor-

mation resources. This is due to the fact that the infor-

mation resource occupies a very important place in the 

information support system at both state and local lev-

els. It should be noted that an important role in the in-

formation system is given to video information re-

sources as a tool for timely prevention and response to 

relevant crises that arise in society and in the critical 

infrastructure system as a whole [1-3]. The main 

sources of video information resources are static (sta-

tionary) and dynamic video surveillance systems [4-6]. 

Representatives of the latter are air monitoring systems 

(unmanned aerial vehicles). It should be noted, that one 

of the main problem factors in the use of dynamic video 

surveillance systems is to limit the bandwidth of wire-

less data transmission technologies [7-9]. In this regard, 

the requirements for video information resources  

are growing [10-12]. The main ones are the follow-

ing [13-18]: 

1. Prompt delivery of video information resources 

to the end user in order to improve the management of 

relevant bodies, forces and means to overcome relevant 

crises that arise in society and in the critical 

infrastructure system as a whole (ie ensuring timely 

detection and response to relevant crises) [13, 15, 18]; 

2. Compact presentation of coded data with the 

required level of quality [14, 16, 17]. This will ensure 

the required level of data reliability in terms of 

bandwidth limitations of wireless data transmission 

channels, which in turn will allow to give an adequate 

assessment of the informativeness of the received data 

of the video information resource. 

 

1. Analysis of recent research  

and publications 
 

Analysis of recent scientific publications shows 

that currently actively developing technologies for en-
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coding video information resources, built on the concep-

tual basis of algorithms of the JPEG platform [18-21]. 

However, these technologies have a number of prob-

lematic factors [22-24]. The main ones are [23 - 28]: 

1. Complexity of algorithmic implementation [23, 

25]. This is due to the fact that the implementation of 

algorithms of the JPEG family involves a number of 

stages of processing, and therefore increases the time 

required for data processing. 

2. In addition to providing sufficiently high 

compression characteristics, the loss of semantically 

significant elements of video images is possible, which 

leads to a decrease in the level of reliability of video 

information resource data [24, 26 - 28]. 

Thus, there is an imbalance between the 

compression characteristics of the JPEG family of 

algorithms and the required level of reliability of video 

images [29-31]. Thus, in the JPEG algorithm, the main 

loss of information (which can lead to a significant loss 

of the quality level of encoded video images) occurs at 

the quantization stage [32-35]. That is, a more favorable 

representation of the encoded data from the standpoint 

of providing compression characteristics of the 

algorithm can lead to a significant deterioration in the 

level of reliability of the reconstructed video image [36-

39]. 

The presence of these problematic factors leads to 

the need to find new approaches for a more profitable 

presentation of coded data in terms of ensuring the 

required level of quality [40-44]. This in turn will create 

the conditions for a compact representation of the 

encrypted data. 

Therefore, ensuring the required (high) level of 

qualityvideo images in terms of their compact 

presentationis an urgent scientific and applied task. 

The purpose of the article – development of a 

method of transformation of the alphabet of video 

information resource on a quantitative basis for a more 

favorable presentation of encoded datafrom the 

standpoint of creating conditions to ensure the necessary 

compression and quality characteristics. 

 

2. Development of a method  

for transforming the alphabet of video 

images by quantitative indicators 
 

Forensuring the required (high) level of 

qualityvideo images in terms of their compact 

presentation proposed to develop method of 

transformation of the alphabet of video information 

resource on a quantitative basis, which will ensure 

compliance with the following requirements: 

1. Create conditions to ensure the required level 

of compression characteristics. Accordingly, the 

developed method should create conditions to ensure an 

increase in the level of compression characteristics 

compared to existing methods of encoding video 

images, ie the following condition must be met: 

 

IMDM comprcompr  ,    (1) 

 

where 
DMcompr is compression ratio of video images 

for the developed method; 

EMcompr  is video compression ratio for existing 

methods. 

2. Ensuring the required (high) level of quality of 

the reconstructed video image, ie the following 

condition must be met: 
 

0MSEDM  ,          (2) 

 

where DMMSE  is standard deviation for the developed 

method. 

Accordingly, the developed method should 

provide better indicators of the quality of the captured 

images compared to existing coding methods, ie the 

following condition must be met: 

 

EMDM MSEMSE  ,  (3) 

 

where EMMSE  is standard deviation for existing methods. 

Next, it is proposed to develop a method of 

transforming the initial video image on a quantitative 

basis. 

Preparation of the video resource for encoding, ie 

transformation of the initial video image (hereinafter the 

message )n( ) on a quantitative indicator is proposed 

to be conducted in two stages: 

1st stage: transformation of the alphabet of coded 

data; 

Stage 2: transformation of the initial 

message )n( . 

To transform the original video image (hereinafter 

the message )n( ) in order to ensure a more favorable 

presentation of coded data, it is proposed to use a 

quantitative indicator - an indicator of significance 

)x(S i elements ix message )n( , which will take into 

account the psychovisual redundancy of the encoded 

video image by taking into account statistical patterns. 

The mathematical description of the specified 

quantitative indicator has the following look: 

 









1j ji

j

i
i

)x,x(D

)x(P

)x(P
)x(S ,       (4) 
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where )x(S i  is an indicator of the importance of the 

elements ix  message )n( ; 

)x(P i  is the probability of occurrence of elements 

ix  in the initial message )n(X ; 

ix  is element of the initial message )n(X , which is 

received by the center of the simulated RGB color cube, 

within which the correlations of the message element 

are taken into account; 

jx  is elements of the initial message )n(X , correla-

tions with which are taken into account in the process of 

forming a significant indicator )x(S i (elements 

belonging to the proposed model of the color cube 

RGB, the center of which is the coded element), 

 ,1j ; 

  is the number of elements of the message, the 

correlations with which are taken into account to 

account for psychovisual redundancy; 

)x,x(D ji  is the distance between the elements of 

the original message )n(X . 

The structural and functional scheme of the 

transformation of the initial video image in quantitative 

terms is shown in Fig. 1. 

The initial stage of transformation of the coded 

video image on a quantitative indicator is the process of 

taking into account statistical patterns in the message 

)n(X , which is implemented by determining the 

probability distribution of elements ix  in the initial 

message )n(X .  

Thus a set of values of probabilities of occurrence 

of elements is formed ix in the message )n(X . This is 

set as follows: 

 

 )x(P, ... ),x(P, ... ),x(P)m(P mi1 , (5) 

 

where m  is the number of different elements in mean-

ing ix  message )n(X , i.e. the power of the original 

message alphabet )n(X ; 

)x(P i  is the probability of occurrence of ele-

ments ix in the initial message )n(X , m,1i  . 

The next step is to take into account the 

correlations between the coded elements ix . This stage 

is realized by quantities   and   in mathematical 

expression (6), the variability of which allows to 

implement the process of video image quality 

management. 

The implementation of the stage of transformation 

of the alphabet of encoded data includes the following 

components: 

Initial message

}x...; ;x...; ;x{)n(X ni1

Taking into account statistical patterns in the 

message

Determining the probability distribution of 

elements in the message

Formation of a set of values of probabilities of 

occurrence of elements in the message

Taking into account the correlations of 

elements in the message

Determination of a quantitative indicator

for message          elements

)x(P i

)n(

 )x(P, ... ),x(P, ... ),x(P)m(P mi1

)x(S i

ix)n(

Formation of a set of quantitative indicator 

values for message            elements
)x(S i

)n(

 )x(S, ... ),x(S, ... ),x(S)m(S mi1

Determining the limit value of a quantitative 

indicator

limS

Transformation of the alphabet message

Transformation of the initial message

(n)XX(n) transff
 

Video resource transformation

)(XX(m) transff
 

 
 

Fig. 1. Structural and functional scheme  

of transformation of coded video image  

by quantitative indicator 

 

1. Determine the significance indicator )x(S i  for 

items ix  initial message )n( ; 

2. Formationset of values of the quantitative 

indicator )x(S i  forelements ix  message )n( . This is 

set as follows: 
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 )x(S, ... ),x(S, ... ),x(S)m(S mi1 , (6) 

 

where )m(S  is setvalues of the quantitative indicator 

)x(S i  forelements ix  message )n( . 

3. Definition the limit value of the quantitative 

indicator )x(S i  as a toolfor further transformation of 

the initial message alphabet. At this stage, the quality 

control of the reconstructed video image (size control) is 

implementedstandard deviation MSE ) in accordance 

with the bandwidth of data transmission channels. 

4. Video image alphabet transformation. This is 

given by the following expression: 
 

)(XX(m) transff
  ,  (7) 

 

where X(m)  is alphabet of the initial message )n( ; 

)(X   is transformed on a quantitative 

basis )x(S i message alphabet; 

)S|,)(X(|f limtransf   is functionality of the initial 

message )n( ; 

limS  is threshold valuethe value of the quantitative 

indicator )x(S i ; 

|)(X|   is power of the transformed alphabet; 

  is the number of elements in the transformed 

alphabet )(X  (power of the transformed alphabet). 

Thus, in the process of forming the transformed 

alphabet of coded data by taking into account the 

quantitative indicator )x(S i  significance regulates the 

power of the transformed alphabet. 

In turn, the process of transforming the alphabet of 

encoded data is as follows: 

- if the indicator of significance )x(S i  element ix  

message )n(  less than the limit value limS , i.e. the 

following condition is met: 

limi S)x(S  ,  (8) 

 

then in the process of transformation he does not 

participate in the formation of a new alphabet, i.e.: 

 

)(Xxi  .   (9) 

 

- respectively, if the indicator of significance 

)x(S i  element ix  message )n(  more than the limit 

value limS , ie the following condition is met: 

 

limi S)x(S  ,  (10) 

 

then in the process of transformation such elements 

form a new alphabet, i.e.: 

 

)(Xxi  .   (11) 

 

Accordingly, as a result transformation of the 

alphabet of coded data on a quantitative indicator )x(S i  

power changes (decreases) |X(m)|  alphabet X(m)  

coded data, i.e. the following expression will be valid: 
 

|X(m)||)(X|  .  (12) 

 

The next step is to transform the original message 

)n(  taking into account the formed on the quantitative 

indicator of significance )x(S i  transformed alphabet 

)(X  . 

Transformation of the initial message )n(  by 

quantitative significance )x(S i  is given by the 

following expression: 
 

(n)XX(n) transff
  ,      (13) 

 

where (n)X  is transformed by quantitative indicators 

)x(S i  message. 

The process of transforming the original message 

)n(  quantitatively )x(S i  implemented as follows: 

- if the indicator of significance )x(S i  element ix  

initial message )n(  more than the limit value limS , 

i.e. the condition specified by expression (12) is 

fulfilled, then in the process of transformation such 

elements form a new message, i.e.: 

 

(n)Xxi  .   (14) 

 

- respectively, if the indicator of significance 

)x(S i  message element )n(  less than the limit value 

limS , i.e. the condition given by expression (10) is 

fulfilled, then the element ix is replaced by such an 

element x  belonging to the original message )n(  

for which the following condition is met: 

 

if limi S)x(S  , then  xxi , (15) 

 

provided that limS)x(S  , min ( |xx| i  ).  

Thus, the process of transforming the original 

message )n(  by quantitative significance )x(S i  

taking into account formulas (14), (15) will be set the 

following expression: 

 










 .S)x(S ,x

;S)x(S ,x
x

limi

limii
i   (16) 
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Next, it is proposed to investigate the effectiveness 

of the developed method of video image transformation 

using the proposed quantitative indicator )x(S i  from 

the standpoint of ensuring compliance with the above 

requirements (compactness of coded data in terms of 

ensuring the required high level of quality). 

To this end, it is proposed to determine the optimal 

values   and  , which will ensure the adequacy of the 

proposed mathematical model for calculating the 

quantitative indicator of significance )x(S i  message 

element )n( . 

 

3. Development of a mathematical model 

for the formation of a quantitative indicator 

of the significance of the elements  

of the initial message for the method  

of video image transformation 
 

To develop an adequate mathematical model for 

the formation of a quantitative indicator of 

significance )x(S i elements ix initial message )n( it is 

necessary to ensure compliance with a number of 

requirements: 

- the developed mathematical model should 

provide the required level of quality of the transformed 

message; 

- the transformation of the message in quantitative 

terms should have a significant impact on the 

probabilistic and statistical patterns, i.e. should provide 

a more favorable presentation of coded data; 

- mathematical model of quantitative indicator 

formation )x(S i  should not significantly complicate the 

process of algorithmic implementation of the method of 

transformation of the original message )n( . 

To determine the optimal values   and 

 (expression (4)) from the standpoint of ensuring the 

requirements for the required (high) level of video 

quality in terms of their compact representation and 

algorithmic complexity of the developed transformation 

method, a number of experimental studies were 

conducted using the developed software, listed in  

Figures 2, 3. 

Halftone images (100 halftone images) of different 

degrees of saturation were used as initial data for 

experimental studies, typical examples of which are 

shown in Figures 4-6. 

In turn, the results of experimental studies to 

determine the optimal from the standpoint of the above 

requirements of the values of indicators   and   shown 

in Fig.7-9. 

Analysis of the results shown in Fig.7 shows that the 

optimal value of the indicator   is the following  

 

void countSignificance(){ 

    int hlc = 4; 

    proCS = new float[proCC.length]; 

    for(int i=0; i<proCC.length; i++){ 

      if(proCC[i]==0)proCS[i]=0; 

      else{ 

        float sum = 1; 

        int ch0 = (int)red(i); 

        int ch1 = (int)green(i); 

        int ch2 = (int)blue(i); 

        for(int p0=hlc+ch0; p0<hlc+ch0;p0++){ 

          for(int p1=hlc+ch1; 

p1<hlc+ch1;p1++){ 

            for(int p2=hlc+ch2; 

p2<hlc+ch2;p2++){ 

              if(p0>=0 & p0<=256 & p1>=0 & 

p1<=256 & p2>=0 & p2<=256){ 

                int p = mycolorC(p2,p1,p0); 

                if(p!=i | proCC[p]!=0){ 

                  sum+=proCC[p]/pow(cDist(i,pk

),p);  

                } 

              } 

            } 

          } 

        } 

        proCS[i]=proCC[i]/sum; 

 

Fig. 2. Listing of software that implements  

the calculation of the significance of the elements  

of the message 

 

void filtColors(){ 

    for(int x=0; x<fxs; x++){ 

      for(int y=0; y<fys; y++){ 

        int ch0 = (int)masCH0[x][y]; 

        int ch1 = (int)masCH1[x][y]; 

        int ch2 = (int)masCH2[x][y]; 

        int i = mycolorC(ch0,ch1,ch2); 

        if(proCS[i]<=sgbd){ 

          if(dis)i = mycol-

orC((int)(masCH0[x][y]+random(disK*2)-

disK),(int)(masCH1[x][y]+random(disK*2)-

disK),(int)(masCH2[x][y]+random(disK*2)-

disK)); 

          int nc = findNearestSig(i); 

          masCH0[x][y] = (red(nc)); 

          masCH1[x][y] = (green(nc)); 

          masCH2[x][y] = (blue(nc)); 

 

Fig. 3. Listing of software that implements  

the transformation of the alphabet of the message 

 
value: 8 . This is due to the fact that this value 

corresponds to the minimum standard deviation 

MSE i.e.: 

minMSEMSE  . 

 

A further increase in the value of the indicator is 

answered   does not change the standard 

deviation MSE that is, if 8 , then constMSE  and 

is equal to: 

 

%63,0MSE  .       (17) 
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Fig. 4. Example of a weakly saturated image, 

airplane.bmp (512x512)  
 

 
 

Fig. 5. Example of medium saturated image,  

tank.bmp (512x512) 

  

  
 

Fig. 6. Example of a highly saturated image, 

airport.bmp (512x512)  

 

Accordingly, the decrease in the value of the 

indicator   leads to an increase in standard 

deviation MSE . Yes if 4 , then the standard 

deviation MSE will have the following meaning: 

 

%9,0MSE  . 

 

 
 

Fig. 7. Diagram of the dependence of the standard 

deviation MSE from the value of the indicator  ,  

which takes into account the correlations between  

the elements of the message 

 

In turn, in Fig. 8 shows an estimate of the 

dependence of the complexity of the algorithmic 

implementation of the proposed quantitative indicator 

on the value  .  

 

 
 

Fig. 8. Diagram of the dependence of the average 

number of iterations іterR  from the value  

of the indicator   

 

Analysis of the results shown in Fig. 6 indicates 

that the increase in the value of the indicator   leads to 

a significant increase in the average number of iterations 

іterR  required to implement the proposed approach to 

quantify )x(S i in order to further transform the data of 

the information resource. 

So for the case when 8 , i.e. has the optimal 

value from the standpoint of ensuring the required level 

of quality (the result of previous experimental studies 

shown in Fig.6), the average number of iterations іterR  

will have the following meaning: 

 

.500Riter        (18) 

 

Accordingly, a slight increase in the indicator   

leads to a significant increase in the complexity of the 

algorithmic implementation, i.e. the following condition 

is met: 

іtеrR

pix,

,%MSE

pix,
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If 21  , then 
21 iteriter RR  . 

 

So when 10  average number of iterations 

іterR  is equal to 1000, i.e.: 

 

.1000R іter   

 

In turn, a comprehensive assessment of the 

dependence of the standard deviation MSE from the 

value of indicators   and   shown in fig. 9.  

 

 
 

Fig. 9. Diagram of the dependence of the standard 

deviation MSE from the value of indicators   and    

 

The results of experimental studies shown in 

Fig. 9, indicate that for the developed mathematical 

model of the formation of a quantitative indicator )x(S i  

the following values of indicators are adequate from the 

point of view of ensuring the requirements for ensuring 

the required level of video image quality   and  : 

 

8 , .5,3    (19) 

 

Taking into account the results of experimental 

research described by expression (19), a mathematical 

description of the quantitative indicator of significance 

)x(S i  elements ix  initial message )n(X will look like 

this: 
 





8

1j
5,3

ji

j

i
i

)x,x(D

)x(P

)x(P
)x(S ,  (20) 

 

Thus, as a result of the conducted experimental 

researches the mathematical model of formation of a 

quantitative indicator of significance was formed )x(S i  

elements ix  initial message )n(X  that ensures 

compliance with the following requirements: 

- provides the required (high) level of quality of 

the transformed message, i.e. 0MSE ; 

- differs in simplicity of algorithmic 

implementation. 

Next, to determine the compression characteristics 

of the transformed message (n)X on the proposed 

quantitative basis )x(S i  it is proposed to evaluate the 

probabilistic and statistical characteristics of the 

transformed alphabet )(X  message (n)X . 

 

4. Evaluation of the effectiveness  

of the developed method  

of transformation of the initial message  

by a quantitative indicator 

 
To evaluate the effectiveness of the developed 

method of transformation of the initial message )n(  

quantitatively )x(S i  from the standpoint of a more 

favorable presentation of coded data, a number of 

experimental studies were conducted using the 

developed software product. As limit values 

limS quantitative indicator )x(S i the following were 

used: 

- for weakly saturated images the limit value 

limS equal to: 

 

68,20S wsilim  ,  (21) 

 

where wsilimS – threshold valuethe value of a 

quantitative indicator of significance )x(S i element ix  

initial message )n( for low-saturated video images; 

- for medium-saturated images: 

 

61,4S msilim  ,  (22) 

 

where msilimS  is threshold valuequantitative 

significance indicator )x(S i  element ix  initial message 

)n( for medium-saturated video images; 

- for highly saturated images: 

 

13,3S hsilim  ,  (23) 

 

where hsilimS  is threshold valuequantitative 

significance indicator )x(S i  element ix  initial message 

)n(  for highly saturated video images. 

Evaluation of the results of the transformation of 

coded data by quantitative indicators )x(S i from the 

standpoint of capacity change |X(m)|  alphabets X(m)  

initial messages )n(  for conditions where the limit 

pix,

,%MSE


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value limS takes the values given in expressions (21) - 

(23), presented in Fig. 10. 

Figure 10 adopted the following notation: 

- IA – power |X(m)|  alphabet X(m)  initial 

message )n( ; 

- TA – power |)(X|   alphabet )(X   

transformed message (n)X . 

 

 
 

Fig. 10. Diagram for estimating the change in the power 

of encoded data using the developed method  

of transformation of different degrees of saturation  

of video images 

 

Analysis of the results shown in Fig. 10 shows that 

the use of the method of transformation of the initial 

message )n(  quantitatively )x(S i  allows: 

- reduce power |X(m)|  alphabet X(m)  encoded 

data from 3,22 times - for highly saturated to 3,33 times 

- for weakly saturated video images; 

- reduce power |X(m)|  alphabet X(m)  coded 

data by an average of 70%. 

Next, in order to evaluate the effectiveness of the 

proposed method of transformation of the initial 

message )n(  by quantitative assessment )x(S i  from 

the standpoint of providing a more favorable 

presentation of coded data, it is proposed to assess the 

impact of the transformation of the alphabet X(m)  on 

probabilistic and statistical regularities in the 

transformed message (n)X . To this end, a number of 

experimental studies were performed, the results of 

which are shown in Fig.11 - 13. 

The probabilistic distribution of elements in the 

initial and transformed message for low-saturated video 

images is presented in Fig. 11. 

In fig. 11 the following designations are accepted: 

- blue dots are elements ix  alphabet X(m)  initial 

message )n( ; 

- red dots – elements ix   alphabet )(X   

transformed message (n)X . 

 

 
 

Fig. 11. Diagram of probability distribution  

of elements in the initial and transformed message  

for low-saturated video images 

 

Analysis of the results of the alphabet transformation 

X(m)  initial message )n(  for low-saturation video 

images in quantitative terms )x(S i  from the standpoint 

of estimating the dynamics of the probability distribution 

of elements indicates that the proposed method of 

transformation allows (Fig. 11): 

- increase the dynamic range of values of the 

probabilities of occurrence of elements in the message by 

an average of 20%. So for the transformed message (n)X  

the minimum value of the probability of occurrence of the 

element ix  consists of: 

 

004,0)x(P imin  . 

 

In turn, the minimum value of the probability of 

occurrence of the element ix in the initial message )n(  

has the following meaning: 

 

min iP (x ) 0,0000038.  

This means that the proposed method of transforming 

the original message )n(  allows you to significantly 

increase the minimum probability of the element in the 

transformed message (n)X , ie the following condition 

will be met: 

 

)x(P)x(P iminimin  ; 

 

- ensure the creation of more favorable conditions 

for further encoding of the data of the video information 

resource in comparison with the initial message. 

Dynamics of probability distribution of elements 

after using the developed method of transformation of 

the initial message (n) for medium-saturated video 

images is shown in Fig. 12. 
 

|X(m)|

)x(P i
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Fig. 12. Diagram of probability distribution of elements 

in the initial and transformed message  

for medium-saturated video images 

 

Analyzing the results of the transformation of the 

alphabet X(m)  initial message )n(  for medium-

saturated video images from the standpoint of the 

dynamics of the probability distribution of elements ix  

(Fig. 12), we can draw the following conclusions: 

- for the initial )n(  and transformed message 

(n)X  the maximum value of the probability of 

occurrence of the element is 0,13, i.e.: 
 

13,0)x(P)x(P imaximax  ; 

 

- however, the minimum value of the probability of 

occurrence of the element ix   in the transformed message 

(n)X  11 times the same value for the original message: 

 

min i min iP (x ) 0,000004;P (x ) 0,000042;   

 

- alphabet transformation X(m)  initial message 

)n(  by quantitative significance )x(S i allows you to 

significantly increase the dynamic range of values of the 

probability distribution of elements x  transformed 

message (n)X , i.e. the following condition is met: 

 

)x(P)x(P ii  . 

 

So for the initial message )n(  weighted average 

probability value )x(P i  the appearance of the element 

is 0,044, i.e.: 

 

044,0)x(P iсз  . 

 

In turn, the weighted average probability value 

)x(P i  the appearance of the element x  in the 

transformed message (n)X  is 0,052, i.e.: 

 

052,0)x(P iсз  . 

 

Thus, for medium-saturated video images, the 

transformation of the alphabet X(m)  initial message 

(n)  allows to increase the dynamic range of values of 

the probability distribution of elements by an average 

of 18 %. 

Influence of using the developed method of 

transformation of the initial message (n)  on a 

quantitative basis iS(x )  on the probabilistic distribution 

of elements in the transformed message X (n)  for 

highly saturated video images is shown in Fig. 13. 

 

 
 

Fig. 13. Diagram of probability distribution of elements 

in the initial and transformed message for highly 

saturated video images 

 

Analyzing the results of the transformation of the 

initial message )n(  (highly saturated video images) in 

quantitative terms )x(S i  significance of the elements 

shown in Fig. 13, we can draw the following 

conclusions: 

- alphabet transformation X(m)  initial message 

)n(  allows you to significantly change the dynamic 

range of values of the probabilities of occurrence of 

elements in the transformed message (n)X . 

This is the maximum value of the probability of the 

element appearing in the transformed message (n)X  

increases almost 2,7 times: 

 

025,0)x(P imax  , 069,0)x(P imax  , .7,2
)x(P

)x(P

imax

imax 


 

 

Accordingly, the minimum value of the probability of 

occurrence of the element ix   in the transformed message 

(n)X  increases approximately 20 times: 

 

)x(P i

)x(P i
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min iP (x ) 0,0000763, min iP (x ) 0,0000038, 

min i

min i

P (x )
20;

P (x )


  

 

- for highly saturated video images, alphabet 

transformation X(m)  initial message )n(  allows to 

increase the dynamic range of values of the probability 

distribution of elements on average by almost 3 times. 

The method of alphabet transformation is developed 

X(m)  initial message )n(  due to the proposed 

quantitative feature )x(S i  significance of the 

elements ix allows to carry out process of quality 

management of the transformed message (n)X . So the 

growth of the threshold limS  quantitative indicator 

)x(S i  the importance of the elements of the alphabet 

X(m)  initial message )n(  leads to a reduction in power 

|)(X|   alphabet )(X   transformed message 

(n)X i.e.: 

 

if )(S)(S limlim  , then |)(X||)(X|  ,   (24) 

 

where )(S),(S limlim   is limit values quantitative 

indicator )x(S i  significance  - th and  - th elements 

of the original message )n( ; 

|)(X|   is power of the alphabet )(X  , transformed 

by the threshold value )(Slim   quantitative indicator 

)x(S i . 

This, in turn, allows you to increase the probability 

values )x(P i  the appearance of elements in the 

transformed message (n)X , i.e. the following condition 

will be met: 

 

))(S,x(P))(S,x(P limlim   ,      (25) 

 

where ))(S,x(P lim   is the minimum value of the 

probability of occurrence of an element of the 

transformed alphabet )(X   in terms of using the 

threshold value of the indicator )(Slim  ; 

))(S,x(P lim   is the minimum value of the 

probability of occurrence of an element of the 

transformed alphabet )(X   in terms of using the 

threshold value of the indicator )(Slim  . 

However, it should be noted that the growth of the 

threshold value limS quantitative indicator )x(S i  along 

with the positive dynamics of the probability 

distribution of elements in the transformed message 

(n)X  leads to a controlled deterioration in the quality 

of video images (increasing the standard 

deviation MSE ), i.e.: 
 

if )(S)(S limlim  , 

then ))(X(MSE))(X(MSE  ,        (26) 

 

where ))(X(MSE   is standard deviation for the 

transformed message with the alphabet )(X  ; 

))(X(MSE   is standard deviation for the 

transformed message with the alphabet )(X  . 

Thus, the analysis of the results of estimating the 

dynamics of the probability distribution of elements in the 

transformed message (n)X  for different degrees of 

saturation of video image classes indicates that the 

developed method of message transformation )n(  

quantitatively )x(S i  significance of the elements ix  

initial message )n(  allows you to provide a more 

favorable representation of encoded data with the ability to 

control the quality of the original video images. 

Therefore, it is further proposed to develop a 

method of encoding the data of the video information 

resource using the proposed approach in order to ensure 

a compact representation of the encoded data in a given 

(high) quality video images. 
 

Conclusions 
 

1. In the conditions of use of dynamic video 

surveillance systems one of the main problem factors is 

the limitation of the bandwidth of wireless data 

transmission technologies. In this regard, the growing 

requirements for video information resource from the 

standpoint of ensuring the required level of reliability of 

video images in terms of their compact presentation. 

2. To date, in order to meet these requirements are 

actively used compression technologies based on the 

conceptual basis of algorithms of the JPEG family. 

However, they have a number of significant 

disadvantages. The main ones are: the complexity of 

algorithmic implementation, the imbalance between 

compression and quality characteristics, which in some 

cases can lead to the loss of key (small) elements that 

have semantic significance in the decision-making 

process to respond to crisis situations. 

Therefore, the use of these technologies does not 

provide the required high level of video quality in terms 

of their compact presentation. 

Therefore, to solve the scientific and applied 

problem of ensuring the appropriate level of reliability 

of video information in terms of its compact 

presentation, a fundamentally new approach is proposed 

- the transformation of the alphabet of encoded video 
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data on a quantitative basis. To this end, a mathematical 

model of quantitative trait formation was developed, 

which determines the significance of the elements of the 

initial message by taking into account correlations and 

probabilistic and statistical characteristics. 

3. The developed method of transformation of the 

alphabet of the initial message allows to create 

conditions for more favorable representation of the 

coded video data. This is due to the improvement of 

probabilistic and statistical patterns for the transformed 

message in terms of ensuring a high level of reliability 

( рмMSE 0 ). 

So the analysis of efficiency of results of the 

experimental researches received by use of the 

developed software product, testifies that use of the 

developed method allows: 

- increase the dynamic range of values of the 

probabilities of occurrence of elements in the 

transformed message for low-saturated video images by 

an average of 20 %. 

- for medium-saturated video images, alphabet 

transformation X(m) initial message (n) allows to 

increase the dynamic range of values of the probability 

distribution of elements by an average of 18 %; 

- for highly saturated video images to increase the 

dynamic range of values of the probability distribution 

of elements by an average of 3 times; 

- create conditions for more favorable presentation 

of encoded video data. 

4. Thus, for the first time a method of video data 

alphabet transformation was developed, which 

simultaneously takes into account the correlations 

between the elements of the original message and the 

probabilistic approach using the developed 

mathematical model of quantitative indicator formation. 

Distinctive features of the developed method are 

that the transformation of the alphabet of the original 

message is carried out without significant loss of quality 

of the video information resource, i.e. 

рмMSE 0 based on a quantitative feature - signs of 

the importance of the elements of the original message. 

This allows you to get the following results: 

1) create conditions to reduce the structural 

redundancy of the code representation of the video 

resource by significantly increasing the dynamic range 

of values of the probabilities of occurrence of elements 

in the transformed message; 

2) conditions are created to increase the efficiency 

of further use of statistical coding methods; 

3) conditions are created to reduce the time for 

data processing, due to the fact that the developed 

method of transforming the alphabet of video images is 

simple algorithmic implementation and compared to 

existing does not involve the use of a number of 

processing steps (for example in JPEG family 

algorithms in another, orthogonal transformations, 

quantization, etc.). 
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МЕТОД ТРАНСФОРМАЦИИ АЛФАВИТА ВИДЕОИНФОРМАЦИОННОГО РЕСУРСА  

ПО КОЛИЧЕСТВЕННОМУ ПРИЗНАКУ  

С. И. Хмелевский, И.М. Тупица, О. А. Хмелевская, А. П. Мусиенко, М. В. Пархоменко, А. В. Першин,  

И. В. Никора, Я. А. Боровенский, А. М. Якобинчук 

Предметом изучения в статье есть технологии, реализуемые в современных алгоритмах кодирования 

видеоизображений с позиции обеспечения соответствующего уровня достоверности в условиях их компакт-

ного представления. Целью является разработка технологии трансформации алфавита видеоинформацион-
ного ресурса по количественному признаку в условиях обеспечения требуемого уровня качества в совре-

менных инфокоммуникационных сетях. Задание: сформировать требования к видеоизображениям в услови-

ях использования динамических систем видеонаблюдения; провести анализ существующих проблемных 

факторов, приводящих к дисбалансу между компрессионными и качественными характеристиками сущест-

вующих алгоритмов кодирования видеоизображений; разработать технологию трансформации алфавита 

видеоинформационного ресурса по количественному признаку для более выгодного представления кодиру-

емых данных; разработать математическую модель формирования количественного показателя для транс-
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формации видеоизображения; провести анализ эффективности использования разработанной математиче-

ской модели формирования количественного показателя с позиции обеспечения требуемого высокого уров-

ня достоверности данных видеоинформационного ресурса; провести оценку эффективности разработанной 

технологии трансформации исходного сообщения по количественному показателю с позиции создания 

условий для обеспечения более выгодного представления кодируемых данных; исследовать динамику веро-

ятностно-статистических характеристик начального сообщения в результате трансформации по количест-

венному признаку значимости элементов. Методами исследований, которые используются, являются ме-

тоды компрессионного кодирования, реализованные на базе алгоритмов семейства JPEG. Получены следу-

ющие результаты: в условиях использования динамических систем видеонаблюдения повышаются требо-

вания к видеоизображениям. Это связано с наличием дисбаланса между компрессионными и качественными 

характеристиками существующих алгоритмов кодирования видеоизображений. Компрессионные техноло-
гии, реализуемые в алгоритмах на базе платформы JPEG, имеют ряд проблем. Основные из них: сложность 

алгоритмической реализации, снижение уровня достоверности данных видеоинформационного ресурса в 

условиях обеспечения требуемого уровня компрессионных характеристик. Для учета указанных проблем-

ных факторов предложен принципиально новый подход – трансформация кодируемых алфавита данных по 

количественному признаку. Разработана математическая модель формирования количественного признака, 

определяющая значимость элементов исходного сообщения. Выводы. Разработана технология трансформа-

ции алфавита исходного сообщения, позволяющая обеспечить создание условий для более предпочтитель-

ного представления кодируемых данных за счет значительного повышения динамического диапазона веро-

ятностно-статистических характеристик для трансформированного сообщения в условиях обеспечения тре-

буемого уровня качества видеоизображений. 

Ключевые слова: видеоинформационный ресурс; трансформация; алфавит; количественный признак; 
достоверность; технологии кодирования.  

 

МЕТОД ТРАНСФОРМАЦІЇ АЛФАВІТУ ВІДЕОІНФОРМАЦІЙНОГО РЕСУРСУ  

ЗА КІЛЬКІСНОЮ ОЗНАКОЮ  

С. І. Хмелевський, І. М. Тупиця, О. О. Хмелевська, О. П. Мусієнко, М. В. Пархоменко, О. В. Першин,  

І. В. Нікора, Я. О. Боровенський, О. М. Якобінчук 

Предметом вивчення у статті є технології, реалізовані в сучасних алгоритмах кодування відеозобра-

жень з позиції забезпечення відповідного рівня достовірності в умовах їх компактного представлення. Ме-

тою є розробка методу трансформації алфавіту відеоінформаційного ресурсу за кількісною ознакою в умо-

вах забезпечення необхідного рівня якості в сучасних інфокомунікаційних мережах. Завдання: сформувати 

вимоги до відеозображень в умовах використання динамічних систем відеоспостереження; провести аналіз 

існуючих проблемних факторів, що призводять до дисбалансу між компресійними та якісними характерис-

тиками існуючих алгоритмів кодування відеозображень; розробити метод трансформації алфавіту відеоін-

формаційного ресурсу за кількісною ознакою для більш вигідного представлення кодованих даних; розро-

бити математичну модель формування кількісного показника для трансформації відеозображення; провести 

аналіз ефективності використання розробленої математичної моделі формування кількісного показника з 

позиції забезпечення необхідного високого рівня достовірності даних відеоінформаційного ресурсу; провес-

ти оцінку ефективності розробленого методу трансформації початкового повідомлення за кількісним показ-

ником з позиції створення умов для забезпечення більш вигідного представлення кодованих даних; досліди-
ти динаміку ймовірнісно-статистичних характеристик початкового повідомлення в результаті трансформації 

за кількісною ознакою значимості елементів. Методами досліджень, що використовуються, є методи комп-

ресійного кодування, реалізовані на базі алгоритмів сімейства JPEG. Отримано такі результати: в умовах 

використання динамічних систем відеоспостереження підвищуються вимоги до відеозображень. Це 

пов’язано з наявністю дисбаланса між компресійними та якісними характеристиками існуючих алгоритмів 

кодування відеозображень. Компресійні технології, реалізовані в алгоритмах на базі платформи JPEG мають 

ряд проблем. Основні серед них: складність алгоритмічної реалізації, зниження рівня достовірності даних 

відеоінформаційного ресурсу в умовах забезпечення потрібного рівня компресійних характеристик. Для 

вирішення зазначених проблемних факторів запропоновано принципово новий підхід – трансформація ал-

фавіту кодованих даних за кількісною ознакою. Розроблена математична модель формування кількісної 

ознаки, що визначає значимість елементів початкового повідомлення. Висновки. Розроблений метод транс-

формації алфавіту початкового повідомлення, що дозволяє забезпечити створення умов для більш прийнят-
ного представлення кодованих даних завдяки значному підвищенню динамічного діапазону ймовірнісно-

статистичних характеристик для трансформованого повідомлення в умовах забезпечення потрібного рівня 

якості відеозображень.  

Ключові слова: відеоінформаційний ресурс; трансформація; алфавіт; кількісна ознака; достовірність; 

технологія кодування. 
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