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6.4 Development the technological monitoring subsystem of the distillation-
rectification facility management system 

 

ANNOTATION 

The purpose   is to improve the efficiency of alcohol production by creating an 

automated system process monitoring   distillation  department, and based on online 

analytical processing to realize efficient resource-management strategy using intelligent 

mechanisms. 

Keywords: monitoring, distillation-rectification facility, data mining, wavelet 

analysis, scenario approach, neural networks, uncertainty. 

 

Technological systems of food production, including distillation area of ethanol 

production plant are complex facilities management. Characteristic features of complex 

control systems are: high degree of uncertainty in many shapes, a significant level of 

noise, multicriteriality, non-linear behavior. Decision making in the management of 

these conditions is extremely difficult, and in some cases carried out reflexively based 

on experience and intuition attendants. Due to the large inertia of facilities management 

effectiveness of control actions taken on the object management may be insufficient. 

Computerized control systems in the current environment focused mainly on linear, 

deterministic or stochastic with known statistical regularities of control, it does not take 

into account the inherent technological systems for food production features of complex 

behavior. 

Therefore, to improve the efficiency of the management of complex technological 

systems of food production is necessary to conduct an operational analysis of the 

information received in the operation of control systems. These functions are allocated 

to the subsystem process monitoring, conducting rapid processing of input-output data, 

provides prediction of the control object. By doing so, create the necessary conditions 

for improving the process of decision making by management. Thus, development of 

algorithms, models and technology monitoring subsystem using modern methods of 

analysis information is relevant scientific and technical problem. 
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The systems approach to the development of alcohol production, along with the 

improvement of technology and equipment requires the use of automation of production. 

Modern structured management system must implement automation strategy that 

provides complete operation and management of distilleries. Making the transition to 

structured automation systems - an effective way of intensifying production. Currently, 

the majority of factories operate complex hierarchical automation system ethanol 

production based on the structures of 3 levels creating an automated process control 

system. 

For the analysis of quantitative and qualitative characteristics of object behavior 

and training necessary to organize data management strategies and decision management 

solutions for SCADA must have a membership subsystem process monitoring. 

 Today, most businesses are trying to revise and restructure their industrial 

processes. You must get their qualitative assessment, it will help to detect abnormalities 

in the equipment and choose the right methods to address them. If they are removed, it 

is necessary to ensure that the process runs as good. 

To assess the quality of the production process requires a special enterprise system 

- the so called system of monitoring processes that can effectively work using 

appropriate initial values . 

The conceptual plan of the monitoring system is considered as a hierarchy of 

services, which act as consumers of end users and higher-level services. 

The issue of monitoring engaged scholars such as S. Kuznetsov [328], B.G. 

Lewinsky, A.B. Sladkova, T.J. Ashyhmina, B.A. Ballod, M.O. Podustov, V.I. 

Toshynskyy, S. Grossman, O. Hart, A. Williamson, D. Hay, M. Ohtilyev , R.M. 

Yusupov, B.V. Sokolov [329], A.V. Kovardakov [330], A.P. Ryzhov [331]. 

 The main functions of technological monitoring subsystem and it`s structure 

(fig.1) were developed based on the analysis of technological monitoring problems. This 

subsystem provides a comprehensive treatment of the input - output information, 

identifying patterns, analysis of work situations and technological forecasting. 
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Fig.1. Block diagram of the technological monitoring subsystem 
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The technical result of the application of this structure is achieved particularly 

through the block abnormal discharge measurements, which include emissions 

erroneous measurements due to faulty instrumentation ; recovery unit passes data such 

as laboratory measurements at regular intervals ; block filtering to improve the signal / 

noise ratio . The system presents the information in qualitative linguistic values , which 

makes it possible to develop intelligent logical- linguistic model that is the basis of 

knowledge bases. 

For efficient process control as part of computer- integrated systems proposed 

structure allows devices using structural and parametric identification of diverse 

mathematical models developed for the purposes of prediction and control. 

To evaluate the decisions made by management and their implementation on-site 

management unit is used for evaluating the effectiveness of strategies control that allows 

together with the block forecasting system to estimate trends in results of operation of 

process control and establish preventive measures to correct deviations in the generated 

script control , defined in the block assessment and implementation scenarios. 

Figure 1 shows a block diagram of information- analytical system. Under this 

scheme information system process monitoring complex organizational and technical 

system includes control object 1, data input means 3 having feedback from the workplace 

2 operators analyst and connected in series to the 4 abnormal discharge measurement 

unit 5 skipped data recovery , data filtering unit 6 , which is connected to the block 7 the 

formation of mathematical models, which in turn contains a structural identification 

device 8 and 9 parameter identification device, fuzzification - defuzzification device 10 

having feedback knowledge base of 11; block 7 of forming mathematical models on the 

one hand connected to the control operational sequence device 12,  and on the other - 

with the unit 13 for evaluating the effectiveness of management strategies ,  prediction 

system trends unit 14, and block 15 reviews implementation of management scenarios 

from which the information is sent to the block 16 expert evaluation, and the block 17 

for generating and analyzing scenarios of management. 

This structure of the system works as follows: inputs from the control object 1 are 

introduced as a means of data input through 3, and from the workplace 2 operator analyst. 
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Unit 4 is carried out allocation and elimination of abnormal measurements in the input 

data, and restores the unit 5 spaces available. In block 6 is carried filtering data supplied 

to unit 7 of forming mathematical models. In this block using devices 8 and 9 structural 

and parametric identification, respectively, and the device 10 defuzzification phasing - 

developed mathematical and logical- linguistic intelligence model, which is the basis of 

knowledge bases 11. Upon this information goes to block 13 for evaluating the 

effectiveness of management strategies , unit 14 predict system trends, and block 15 

reviews implementation management scenarios to assess the performance of the 

generated script control. Simultaneously, the information is exchanged with the block 7 

the formation of mathematical models and control device 12, the sequence of operations 

that sends data to the block 17 for generating and analyzing scenarios of control. In 

addition, in the same block of data is transferred from block 16 expert assessments 

required for the formation of alternative scenarios. 

The structure of  monitoring subsystem of the complex technological    

systems. 

Efficiency of complex production facilities can be greatly enhanced through the 

use of scripts governance, which is a system of models that reflect the processes of 

change over time and the conditions of phase coordinates of the object, discrete fixing 

the fundamental terms of managing transitions to a new qualitative state. 

Given multipurpose management technological complex scenarios, provides a 

variety of situations in facilities management, depending on the priority objectives such 

as conflict and so on. The basis of the scenario is situationally significant events and 

relationships between them are determined taking into account the detailed description 

and transition management processes, such atracctor`s  behavior. Decision management 

scenarios for decision on the basis of dynamic analysis of situations, which is held 

subsystem process monitoring management system. Monitoring technology allows on 

the basis of current information on the state of the control object, and the task of the 

operator to analyze the quantitative and qualitative characteristics of the behavior of the 

object and prepare the necessary data for the organization of management strategies; 

decisions on management [332]. 
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In order to see the changes in the objects, there is a need for special studies changes 

of processes influenced by various factors, including human activities. 

System repeated studies and one more element in the control object in space and 

time with a specific purpose and according to the program prepared by were asked to 

name - monitoring. 

It should be noted that the system for monitoring changes in facilities management 

is not some kind of a new system that requires networking new monitoring stations, 

power lines and telecommunications, data centers and etc. It is a component of the 

system of complex technological systems. 

Thus, the process of monitoring system to ensure functioning of the management 

of complex technological systems can identify changes brought about as a result of the 

operation of the process that require detailed information about the different variations 

and changes in the environment. Monitoring involves obtaining (or presence) of such 

information. 

Monitoring includes the following main activities: 

1. Observations on the factors that affect the environment and the state of the 

process. 

2. Assessment of the actual state of the process. 

3. Prognosis of the state of the process and evaluation of the condition. 

So technology is a multi-monitor information system. Its main task - to monitor 

the state of the object, evaluation and prognosis of his condition; determine the intensity 

of various actions, identifying factors and sources of influence. 

Blocks "observation" and "condition prognosis" closely related, as the weather 

condition of the object is only possible in the presence of representative information on 

the actual status (direct link). The prognosis on the one hand, implies knowledge of the 

laws of change of the natural environment, the availability of the scheme and 

opportunities numerical calculation, the second - direction prediction should largely 

determine the structure and composition of the observed (feedback). 

Information - measuring systems as an information system for monitoring 

processes, is a component of the control of human interaction with the environment, 
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because information about the current state and trends of the process of change should 

be the basis for developing measures for decision-making and taken into account when 

planning of the object. Results of the assessment of existing and projected state of the 

object, in turn, make it possible to determine the requirements for the subsystem 

observations (this is what is scientific justification for the monitoring study of the 

composition and structure of the network and methods of observation). 

The data describing the state of the process obtained by observation or prediction 

should be evaluated depending on the industry in which they are applied (using specially 

selected criteria). Evaluation aims on the one hand - definition of damage from the 

impact of various factors on the other - the choice of optimal conditions for and clarify 

existing provisions. The purpose of these assessments is to determine the allowable loads 

for the manufacturing process. 

It is also an opportunity to consider the impact of external factors on the sensor 

readings, leading to a distorted representation of the state of the object. 

The use of STM network of diverse sensors makes creating a complex system of 

data collection, processing and analysis of data should: 

- To welcome and formatting sensor signals; 

- Generate a vector of characteristics of an object using vector sensors. In order to 

eliminate redundancy vector performance is optimized; 

- To keep the history of the object (data collected for the entire period of 

observation the object) as "images" (frames) of the current state for several seasons 

working ethanol plant using a compact data representation techniques, while maintaining 

the possibility of retrospective analysis. 

- "Learn" to recognize the features of normal behavior (change state) of the object 

and abnormal changes. The process of "learning" should include the natural life cycle of 

the object associated with changes in external factors (temperature, humidity, etc.) And 

modes of operation. Study and analysis of changes - two parallel interconnected 

processes. Initially, the operation of the inevitable false alarms; 

- Analyze changes to the localization of abnormalities and assess their 

significance. 
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For the classification is necessary to create and maintain knowledge base, taking 

into account operating experience of similar objects, the results of simulation, expert 

opinion, and others. 

Given the feasibility of the lower stations of ACS DRF, task is to build a top level 

- of intellectual analysis, monitoring and control .From lower-level process control 

system, namely of SCADA - system information , by OPC - collectors coming to the top 

level - the level of a single archive Historian, where the current backup of the database. 

These laboratory tests come in. zipping through laboratory workstations brokered File 

collectors. 

The only interface that allows for the information to third-party programs on the 

environment - Archive Historian, is its integrated subsystem Excel Add in, this interface 

allows you to play at the level of information tables Excel, and then through Excel to 

transfer to the upper level - smart automated management DRF. 

Subsystem process monitoring is realized by integration environment MVTM  

and developed software in C # environment. In turn, transmits the processed data to the 

level of production analysis MES level - the level control of production. Processed 

information through programmatic interfaces of Excel Add in arriving at the level of 

SCADA - system (figure 2). 

 

Fig.2. The integration of monitoring subsystem in the information vertical of alcohol 
production. 
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Conclusions and results 

A new approach to improve automated control system of  DRF  by including in 

its composition process monitoring subsystem, which based on the developed models 

and algorithms favor making management decisions in order to maintain high-quality 

indicators of functioning of the plant was proposed. 

1. Based on system analysis    technological complex of rectification area of 

ethanol production plant revealed features of uncertainties that occur during the 

operation of the facility management and operational tasks defined process for 

monitoring the implementation of effective management strategies. 

2. Methods for reducing uncertainties in the input information coming from the 

microprocessor control systems and plant laboratory by removing anomalous 

measurements, gaps in data recovery, filtering information based on wavelet and fractal 

analysis, which led to an increase in the reliability and accuracy of the technical data 

and created favorable conditions for the adoption of quality management solutions. 

3. Algorithms detection system variable in an object management, identify the 

type of object behavior by analyzing time series of process variables, analysis and 

classification of situations with self-organizing maps of Kohonen. It is possible to 

increase the efficiency of decision-making on management and form-situational 

important area for control scenario distillation area of ethanol production plant. 

4. Conducted linguistic approximation for rectification process major variables 

based on expert and experimental data allowed to describe the set of variables in terms 

of linguistic assessments for scenario construction management. 

5. Developed scenario management of DRF based on a comprehensive analysis 

of expert and experimental information with regard attractor and situational behavior 

of the control object that allowed an effective management strategy. 

6. Functional structure and user interface intelligent system management 

scenario of distillation process monitoring subsystem, which is based on in-depth data 

mining algorithms and implementation scenario management makes recommendations 

to the operator to improve the indicators of alcohol. 

  


