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Purpose. To develop intelligent information tech-
nology for processing visual information for the metals 
state diagnostics. As against the already existing tech-
nologies it will allow diagnosing the state of metal by 
all characteristics (chemical composition, structure, 
properties). 

Methodology. The methods of comparative study, 
scientific abstraction and mathematical simulation have 
been used in the study. 

Findings. The basic stages of the intelligent infor-
mation technology have been described. The neural net-
works choice to solve the problem of automation metal-
lographic analysis at all its stages has been substantiated. 
The neural networks results for metallographic images 
recognition to determine quantitative information about 
metal have been shown. The neural network results to 
determine the metals properties by samples of steel of 
different grades have been described. 

Originality. We have developed the intelligent in-
formation technology of visual information processing 
for the metals state diagnostics based on the neural net-
works and the precedents theory. It can diagnose the 
metals state by all its characteristics (chemical composi-
tion, structure, properties). 

Practical value. Scientific results of the work al-
lowed us to develop the intelligent information technolo-
gy of the visual information processing for determination 
of metals properties. The software which implements the 
methods and the stages of the developed information 
technology have been created. 

Keywords: information technology, metallographic 
analysis, neural network, software, image processing, 
precedents method 
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Purpose. To rise quality of products based on the proposed methods and models of processes control. 
Methodology. The assessment of model quality has been carried out experimentally in a production environment. 

The experiment has proved the effectiveness of the approaches and production quality of energy intensive products. 
Findings. We have upgraded the process models with modules of adaptation and realization of adaptation functions 

and system components testing to raise the operation quality of the object. We have suggested a new method of implemen-
tation of processes of quality control in compound systems. It is characterized by complexity which is close to quadratic. 
Optimization of the decisions, based on minimization of the criteria proposed and subject restrictions, allows us to mini-
mize the number of defective products. Practical aspects of technological objects modeling have been investigated; the ef-
fectiveness of suggested approaches has been confirmed. Critical analysis of possible solutions has shown that we can con-
sider a modified analysis of the solutions synthesis aiming the product quality improvement retaining its cost and quantity. 

Originality. Based on the substantial analysis of the solutions currently in use we have suggested new approaches to 
the model optimization and development considering the indices and restrictions of the subject field in order to raise the 
production quality at the facility under consideration. 

Practical value. The practical aspects of technological objects have been studied. The effectiveness of the approach 
suggested has been confirmed. The prospects for further research in the field of improvement of production facilities 
have been considered. The study shows that the most important factor affecting the efficiency of the processing equip-
ment is reliability and its derivatives. In this regard, the factors maximizing the reliability are of particular interest for 
models development and their practical application. 

Keywords: quality model, process control, production, optimization 
 
Introduction.4 Process control in industrial automat-

ed systems is usually characterized by some important 
aspects. Among them, in the first place, there are proper-
ties of industry performance effectiveness [1]: 
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where  – a number of part names in the set; n – a num-
ber of machine- tool operations for one part; Mt and  

pot  – machine time and piece-operating time for an op-
eration respectively; 

- shift utilization of equipment work  
 

),/( pccsu Dnn                         (2) 
 

where ccn – a number of worked machine-tool shifts in a 
month; n – a number of installed pieces of equipment; 

pD – a number of working days in a month. 

The determinant factors of mechanical engineering 
equipment operating are indices of reliability. They are: 

 - mean time between failures 
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where N  – a number of equipment pieces included to 
industrial system; it  – time between failures for an hour 
of i-equipment working; m  – a number of equipment 
failures from N machine- tools ; 

- maintainability of equipment ready to work 
 

)/( rpm k ,                          (4) 
 
where '/1)( kpk  – index of professional suitability of 

personnel, 'k ];1,0( r  – time for repairing a failure  
( elimination of defects); 

- index of repairability 
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where i – average time for i-equipment repairing. 
Indices (1)–(5), as well as indices of effectiveness [1], 

determine effectiveness of technological section opera-
tion. 

As investigations have shown, the most important 
factors which influence the effectiveness of technologi-
cal equipment are indices of reliability (2)–(5) and their 
derivatives. In this connection, maximization of relia-
bility factors is of great interest for development of 
models [2, 3]. 

Statement of the research problem. The structure of 
hybrid model of automated technological section [3] is 
given in the form  

 
,SS p .                         (6) 

 
As it has been noted in the work [3], symbol  in (6) 

determines some functionality in a set of relations  
),()( yxR O  model component S . Some properties of ef-

fectiveness are also determined from (1)–(5). 
It is necessary to suggest approaches to optimiza-

tion and model development (6) on the basis of indices 
(1)–(5) for raising effectiveness of the article quality.  

Basic material. Hybrid model development in prac-
tical realizations. The most important aspect of the ra-
tional model utilization in industrial process control is to 
take into account object indices, interferences and mini-
mization of influence made by reliability indices of sys-
tem component on the final product. 

In the work [4], the structure of hybrid model sug-
gested with some simplifications, has a form (fig.1) and 
realizes control in the form  

 
YX ˆˆ .                               (7) 

 

 
 
 
 
 
 
As substantial model analysis (fig.1) [3]  has shown, 

its modules realize control (7) not to the full extent under 
conditions of acting disturbances and great intensity of 
system component failures.  

R(x,y) LDD Md&S 

UBK IK

TOM 

 

Fig. 1. Model structure containing : a great number of relations on the cartesian products of relational model of 
data(MD); LDD – a logical device of design; UBK – a model of fuzzy base of knowledge; IK – an interpreter 
of knowledge; Md&S – the module of modification of data and knowledge; M – a technological object of 
management 
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Statement 1. If model pS S , , which re-

alizes control YX ˆˆ , then additional putting into op-
eration the adaptation module according to reliability 
criterion ( ) and the module of testing realization 
and presentation of adaption processes ( & ) al-
lows to raise the quality of manufactured articles. 

Indeed, correctness of statement 1 is evident if we 
take into account response of the system and model (6) to 
interferences and factors reducing level of article defects 
which is realized by module ( & ) and formation of 
vector )(ˆ MY . 

So, the structure of a model (6) can be presented in 
fig. 2. 

Having marked modules  and &  in the form  
 

),( MTSMSS .                         (8) 
 

We can present hybrid model development as a com-
position of particular models (6) and (8) 
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Problems of composition unification in (9) are important 

and topical and they demand further investigations. So the 
problems of models synthesis and quality raising systems of 
complex objects on the basis of reliability control of model 
component [3, 5] are of great interest. 

Synthesis of models on the basis of reliability indices 
optimization for complex objects. The purpose of system 
synthesis, with indices optimization factor on the basis of 
cost indices C of their functioning minimization is de-
termined from the functional in the form  

 

,*)()(|)( truetPtPC ,     (10) 

 
where *)(tP – acceptable value of operational reliability. 

 

 
 
 

 
Let us determine system reliability factors which 

are mathematically analyzed in works [2,4]. The tech-
nological object of control ( M), as an object of in-
vestigation, is characterized by the following parame-
ters: 

- an object is a composition of instrument making 
soft and hardware as well as articles of mechanical 
engineering; 

- sequential system is characterized by [4] the fact 
that failure of at least one element leads to failure of the 
whole system. Occasional time of sequences consisting 
of independent elements is determined by  

 
1 2 nX X X Xmin( , , ..., ) ;                  (11) 

 
- processes are characterized by some distributed 

probability of no failure operation [4]; 
- let us assume that random quantity  is exponential-

ly distributed while functioning of a section with parame-
ter  and is determined in the form  

0,0,1)( ttetP .            (12) 
 

Statement 2. If we assume as a parameter  the 
quantity of failure intensity , then random quantity (12) 
can be given in the form  

 

0,0,1)( ttetP ,             (13) 
 
where parameter  in (13) determines Gaussian steep-
ness. Parameter  is determined on the basis of the ob-
ject functioning statistics. 

Correctness of statement 2 directly results from the 
nature of parameter  and reliability indices (10)–(11). 

Remark 1. Distribution of time in technically sub-
stantiated cases can be given in the form of some alterna-
tives [5]. 

At present, n algorithms on the basis of SS minimum 
identification error criterion have been developed in 
practical realization 

R(x,y) LDD  Md&S

UBK IK

 

TOM

IT&R 

Fig. 2. Structure of a new model, additionally including the modules:  – the module  of adaptation on the criteri-
on of reliability; IT&R – the implementation of testing and reflection of adaptation processes module 
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taking into account the necessity of elimination or modi-
fication of outdated information, the approach (14) is 
modified as  
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where t0  – a discounting parameter of outdated 
information. 

As appears from [5], least-squares method (14)–(15) 
in adaptive control systems raises a number of complica-
tions because of strong input correlation in calculating 
inverse matrix which determines bad causality. 

So the task of synthesis according to reliability crite-
ria results in practical directivity. Critical analysis of pos-
sible decisions has shown that the following analysis of 
decision synthesis directed to raising production quality 
with simultaneous conservation of cost and quantitative 
indices can be considered. Then, as a quality criterion for 
the task of object parameter synthesis, we can take func-
tional I , which determines no failure operation of the 
given object with certain restrictions 

 
1 2

1

n

*

N
*

I min( X , X , ...,X )| P( ) { P( k )};

P( t ) P( t ) ;

C ( C C ), C,N N . (16)

 

 
In some cases (16), it can also be presented in the 

form (4), as  
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at multitude of restrictions (16). 

Having alternatives },{Alt , in solution (16), 
(17) we should take into consideration the search  

 
NYAlt

F
Alt ,},{min}{ ,    (18) 

 
as subset from NY  of possible solutions. 

The structure of the developed method which defines 
the main cause-effect relations in its realization is pre-
sented in fig. 3. 

Taking into consideration (16)–(18), we can formu-
late the stages of the realized method.  

Stage 1. Determine the model structure and distribu-
tion function of probabilities for the system components  

Stage 2. Formulate a set of reliability indices for the 
analyzed section component.  

Stage 3. Determine the level (intensity) of defective 
articles. 

Stage 4. Determine the set of the system cost indices. 
Stage 5. Set standards of the accepted values accord-

ing to criteria , N  and )(kP . 

Stage 6. For a case when – ( , N , )(kP ) false  
is disturbed, we undertake testing and failures elimina-
tion procedures with their consequences, under possible 
restrictions.  

 Stage 7. Repeat stages 1–6 until realization of criteria 
(16)–(18) under restrictions as for time resources *. 

Stage 8. Stop.  

 
 
Fig. 3. Structure of the developed method: Start – 

Starting up procedures of the method realization; 
Stop – Stopping procedures of the method realiza-
tion; 1 – 7 – method stages  

 
As it follows from peculiarities of technological pro-

cess realization at a certain section, computational com-
plexity of processes realization is in many ways deter-
mined by a model on the basis of particular models by 
Petri nets extensions [5]. Lower limit of computational 
complexity O  of the developed method (fig. 3) can be 
presented as the second order polynomial  

 
2

0 1 2O a a x a x ,                     (19) 
 

START 

Stage 1 

Stage 2 

Stage 3 

Stage 4 

Stage 5 

Stage 7 

Stage 6 

STOP 
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