Modern Development Technologies and Investigation of
Food Production Technological Complex Automated
Systems

ABSTRACT

Nowadays, the application of modern technologies, the scenario-
targeted approach namely, allows to provide the stable quality of
product and energy saving in conditions of the objects changing
parameters at the stage of control system development. These
technologies also include the genetic algorithms and network
structures. The following article presents the variants of modemn
technology applications at the stage of control system
development of the separate departments of sugar factory, diary
enterprises and brewery.
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1. INTRODUCTION

According to the latest trends, automation systems (AS) of
complex technological units (TU) are developed in several
directions, deriving from requirements such as nonstationarity,
adaptability and intellectuality. Particular attention is paid to the
intellectual AS (IAS), that are developed using various methods:
fuzzy logic, cognitive maps, neural networks, genetic algorithms,
etc [1]. The advantage of these methods is versality, that allows to
apply them to objects in various industries [2-4]. Methods of

coordination;
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linear systems, which operate in conditions of significant
perturbations, continue to be investigated and improved [5].
Possibilities for using improved invariant systems have been
discussed more than 70 years, although there is a problem of their
combination with optimal methods [6-8].

In the process of automation of the complex objects, such as
technological units, production optimization problem is
formulated as a problem of top-level management. This problem
is solved in relation to the limited number of state, monitoring and
control variables, i.e. only those that significantly affect the
progress and performance of production. In this case, the majority
of technological variables are maintained at the given or optimal
level by systems of automation of subsystems distinguished by
specific characteristics in a technological unit [9, 10]. Control
system structure is developed using decomposition methods that
allow distribution of applied functions between levels (‘vertically’)
and subsystems (“horizontally’).

2. DETERMINATION OF BASIC
SECTIONS AND MATERIAL FLOWS OF

SUGAR FACTORY

Most of control systems installed at the factory are based on the
use of local regulators, but they begin control process after
occurrence of a significant mismatch that makes the control
process relatively inertial. To increase efficiency of the TU, it is
advisable that traditional management methods are complemented
by methods of statistical diagnostics. This allows the early
identification of possible problems in the technological process
and algorithms of coordination, and thus enable significant
reduction of regulation time and, consequently, the cost of energy
and intermediate losses and increase in quality and quantity of
sugar output.

Solution of coordination problem is to determine the interaction
between subsystems in which control, optimal by criteria of each
subsystem performance, is also optimal by general criterion for
TU as a whole. Conditions of coordinability and compatibility of
control subtasks are important for effectiveness of TU control
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system. These conditions guarantee solution of the general
problem, if there is a solution to each of subtasks.

As an example we take technological unit of sugar factory that
refers to complex objects. It has a hierarchical structure and there
is a possibility of decomposition into separate subsystems
interconnected by complex structural and functional relations.

The structure of TU material flows is shown in Fig. 1.

In the Fig. 1 xl.f is input quantity vector; ¥, is output quantity
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Figure 1. Structure of material flows of sugar factory TU
subsystems.
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vector, U" is control vector, jra ; 1s perturbation vector. Only the
basic components of material flow are thereby presented.

In vparticular the work of evaporation section is
characterized by an input vector, which is the output material flow

from the juice purification section. The input vector X, (i=2,

n=1.3) is formed by consumption of II carbonation filtered juice,
solid content and purity of juice. The input vector for separate
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evaporation section is formed as Y, =X;, ), =X;, ¥, = X;.

The output values of vector ¥, (i=3, n=1,3) are syrup
consumption after the evaporation station, syrup concentration
and syrup color. Control vector U" (i=3, m=1,6) is formed by

heating steam consumption by juice heater before evaporation
station, III casing extra steam (secondary steam) consumption by
heater of syrup and remelt sugar mixture, IV casing secondary
steam consumption, concentrator, concentrator secondary steam
consumption by condenser unit and secondary steam consumption

be plant consumers. Perturbation vector Z l.l (1=3, 1=1,3) includes

the following variables: heating steam temperature and heat
capacity, heating steam pressure and dilution in condenser unit.
Evaporation station is characterized by a large number of
intermediate parameters, the main of which are: casing levels,
boiling point in casings, levels in juice collectors before
evaporation station, levels in ammonia water, condensate and
syrup collectors, juice (syrup) concentration in casings and after
concentrator, pH of syrup, etc.

3. DIAGNOSTICS OF THE
TECHNOLOGICAL UNIT STATE

TU control in real time is not possible without operational
optimization, because it is necessary to change not only the
material and energy flows in the system, but also subsystem
modes. Therefore, diagnostics of TU state is a common and
binding measurement. The easiest and most common way to
collect information for TU operational control tasks is taking
sensor readings, results of tests conducted in factory laboratories,
results of specific calculations for determining values of the
technological variables and values obtained using combined
methods. Problems, which can arise with this method of
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diagnostics, are discreteness of updating information (from 0.1 sec
(time of sensor scanning by microprocessor controller) to several
hours (time taken by laboratory to carry out chemical reactions))
and harmonization of obtained data for determining TU
operational state. Also an important role in the speed and accuracy
of diagnostics is given to the way of entry of the technological
variable values, the nature of technological variable change, the
nature of variable impact on technological mode as a whole and
the nature of impact on technical and economic parameters.

TU control tasks have a great dimensionality caused by high
dimensionality of coordinates of state, output and input variables
and control actions. Mathematical model in coordinates of state is
reduced to the form:

X=Ax+ Bu+Gw )
y:Cx+Du+Hw+v,

where x, u, y, w, v are vectors of coordinates of state, control,
output variables and perturbations and noise by measuring
channel, respectively. A, B, G, C, D and H are functional matrixes
of the object state, control, perturbation, output by state, output by
control and output by in perturbation, respectively. These
mathematical models make it possible to evaluate such properties
of the object as observability and controllability.

Methods of statistical diagnostics based on the analysis of time
series are convenient in determining the object state. Statistical
control in managing technological process is applied for the
timely introduction of corrective actions and refining algorithms
for coordination. Prompt diagnostic measures are provided in this
case by control charts, which in addition to signal of changes in
the process, evaluation of controlled variable change and
frequency of such cases, are the basis for introducing corrective
actions with given limitations imposed for decision-making period.

Control charts of Shewhart should be used to analyze and monitor
the smooth process of certain independent variables of samples
with normal law of distribution [11-13]. The feature of Shewhart

charts is generating charts for the average X for the purpose of
quantity control, and standard deviation charts R on one sheet, and
their simultaneous analysis. Falling of controlled variables beyond
the control limits, which are at a distance 3¢ from the center line
(0o is dispersion, which for this type of chart is determined by a
mean moving range), and certain variations of order of points in

relation to the central line on X -chart combined with analysis of
R-chart indicate the availability or lack of nonrandom deviations
and the need for corrective signal.

Control limits established on control charts do not match up with
limits required by the technical specifications. They are
established using simple statistical calculations based on
observations at the process output. The control limits are useful in
obtaining information that can help to avoid:

e regulation of controlled rate of flow, temperature, etc.,

if necessary;

e failure in regulation, if the latter is necessary.

Level analysis of control charts of Shewhart in the T ES
casing (Fig. 2) has showed that there is no falling beyond the
control limits on R and X charts in normal distribution of values.
This indicates that the process is statistically controlled. Thus,
there is very high probability that the process in the II casing is
also statistically controlled.



Fig. 3 shows the result of generating relevant Shewhart charts:
there is no falling beyond the control limits on R and X charts in
normal distribution of values. The results confirm previous
assumptions.

Analysis of control charts can be interpreted:

* as a signal that some changes occurred in the process;
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Figure 2. Control charts of Shewhart for the level in the I ES
casing.
For accurate result and given technology, level analysis of the II

ES casing was conducted in 16 minutes after analyzing the I
casing.
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Figure. 3. Control charts for the level in the I ES casing.
* as an estimate of the variation value that needs certain corrective
action to be eliminated;

* to determine the estimates of the number of such cases in the
past, on the basis of which the reasons for changes occurrences
are to be determined

* as a measure of product quality for periodic classification.

The logic of the interpretation of the control chart is as follows
(Fig. 4): it is assumed that the study process is stable during a

certain period of time while the data for analysis is being collected.

This allows the use of the average based on the batch average
meanings and mean range to set control limits. On the basis of the
received data and calculated values, a prediction of the possible
process operation is made, in particular, the boundaries of the
expected variation of batch ranges and batch average meanings
are determined.

Batch ranges and averages are compared to the predicted values.
In the case of coherence of the observed and predicted values, it is
assumed that the researched process is stable. To prove stability, it
is necessary to certity its flow within the control limits during a
considerable period of time. If the process does not fall within the
limits, it is unstable and thus specification and elimination of the
peculiar effects (non-conformity of raw materials with nominal
values, displacement of the sensor scale, etc.) are required, for
which relevant corrective actions are introduced.

The usage of control charts implies the introduction of corrective
actions only after occurrence of the evidence of the process
instability. The corresponding evidence is the emission beyond
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control limits or the location of points on the control charts in

accordance with one or more of the eight criteria. Based on the

experience of work with Shewhart charts, it is believed that the

first three criteria indicate a critical discrepancy, and the rest

prove a signal for the introduction of precautionary actions.
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Figure 4. Algorithm for interpretation of the control charts of
Shewhart.
The benefits of using control charts are as follows:

 Shewhart charts serve as "filters" for noise which occurs in any
data set;

« the appearance of an emission on the chart always testifies to the
fact that the process has gone wrong and it is necessary to look for
a peculiar effect, regardless of the number of subgroups being
investigated,

* control charts can be applied when models of technological
processes or objects are unknown or approximate.

If there are emissions on the control charts (Fig. 2, Fig. 3), this
will prove the possible occurrence of deviations of levels from the
set value in the I and II ES casings, which is unacceptable, since
in the future with a decrease in the level it can lead to: the
exposure of the heating tubes of the evaporator, increase in the
color of the syrup, increase in the color of the syrup and increase
in the sucrose breakdown; exceeding the level triggers the
following threats: intrusion of the syrup into the condensers,
decrease in the intensity of heat transmission and reduction in the
concentration of dry substances in the syrup. All these lead to
significant energy, resource and financial losses, which is
unacceptable in the current context of resource and energy
efficiency of production. Maintaining an optimal level of the
syrup in the evaporator ensures its maximum productivity.

In the case of falling beyond control limits on the charts it is
necessary to introduce corrective actions, which, depending on
their causes, may be traditional changes in refining actions,
regulator settings, system structure or using coordination
algorithms.

4. OPERATION COORDINATION OF
MAJOR SUBSYSTEMS OF SUGAR
FACTORY TU

Iterative algorithms are used in tasks related to TU subsystem
coordination [14, 15]. When making operational decisions in a
complex hierarchical system of a sugar plant, the main objective

provide a maximum of the system vector of target functions
F(x,,....xy) under a coordination task Xy (D) obtained from



control level (N+1). Moreover, the decision-making process is

carried out discretely at moments of time =17 and in the

general case, the sample spacing for management increases from
the lower levels to the upper. A part of the solutions (mainly on
the lower levels) has the nature of control actions, and the greater
part only coordinates the work of subsystems on different levels.
Assigning the target functions to subsystems of lower levels is
also a means of coordination, whereas this task assumes that they

have already been selected. The solution found ¢ x}.i=LN is to

belong to a subset of the permissible system regimes

(technological, reliable, economic, etc.), C < X that is to be
consistent with the technological capabilities.

A direct attempt to use a unique universal criterion of the top-
level makes the optimization task too complicated and ignores the
presence of proper target functions in the appropriate subsystems.

In addition, the universal target function F(}EN) does not

explicitly depend on the decisions taken by the subsystems of
lower levels, which complicates the choice of subsystems
operating modes and ways to improve it. Therefore, we will

predict that for each j subsystem of level i, proper goals F(x;)
are set on the multitude of subsystems solutions, while the system

target function F(x,,...,x,)is vector and depends on both the

universal ['(xy) criterion and the target subsystem functions

F(xy).

It is obvious that the task of the optimal management of the multi-
stage production of a sugar plant reduces to the equivalent task of
the optimal management of the individual stages, taking into
account the interaction between them, which requires the creation
of a multi-level hierarchical system where each of these stages is
divided into separate subsystems [7].

The basis of the typical subsystem coordination task is a two-level
structure, but there is always a series of non-trivial approaches
which require an operational solution for a particular production
and TU. It is common to study optimization issues for a two-level
system and to accept this task as the main module for any system
of the N-level, while the result of optimization on the level (i) is
considered already set for solving the problem on the level (i-1).

Or, if xy is written in the form of XN ={x,}> i=LN,j=1M

where A = m, is the number of subsystems on the i-level

management, it is assumed that when finding solutions

0

Xa 10 j=Lm_ . all estimates Xy ] = L ;?,71 are already accepted,

therefore various iterative methods are mostly used for the
optimization in multi-level systems.

Instead of a problem with a clear solution Xx.1 ona (N + 1)
level and a fixed number of levels N, let's consider some set of
problems with N = 123 ..; x,,.. =[0,00] . In this case, the

N+1

maximum of functions F(x,...,xy)will depend on Nand xc, .

Thus, the original clear task is actually blurred which leads to the
concept of fuzzy solution for each level of management. This
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allows us to apply the apparatus of the fuzzy set theory to solve
the problem.

We will use the function of the membership of approved solutions
to a subset of acceptable, effective and coordinated solutions

7 D(;CN) as a feature of the approved solutions by the individual
subsystems of the sugar plant and for the system as a whole,

wherein this function is not reduced to the function F()}N) for

clear solutions, since it includes not only the performance
characteristics of the solution but also the characteristic of its

acceptability (the degree of membership of the x;v solution in a

subset of acceptable modes C) and coherence with the goals and
limitations of the subsystems of lower levels (the degree of

membership of the x;v solution in a subset of coordinated modes

K). The membership functions are determined on the multitude of
solutions y = {1} The efficiency of the solution is given by a

fuzzy intention G c X as a fuzzy subset with a membership
function /uG(xij) , the acceptability of a solution — by a fuzzy

subset C ¢ X with a membership function He (xl_j) and co-

ordination — by a fuzzy subset K — X with a membership
function g, (xl_j). The resulting effect of the fuzzy intention G,

the fuzzy limitation C, and the fuzzy coordination K on the choice
of the solution X j may be represented by the intersection
GNCnK . The membership function for the intersection is given
by the relation
Hencrk (xij) = Ha (x,-j) N Mo (x,-j) N Hy (x,-j) = @
= max{ s (x, ). o (). py (x,) 51 %, € X.

Then the fuzzy subset D=G~C~K Wwill be called a fuzzy
solution of the subsystem j on the level 1, wherein

(X)) = Ho e (X)) - 3)

In the presence of material flows within the hierarchical levels or
the equations of the material balance, which describe the groups
of subsystems, the solution for the subsystem j on the level (i+ 1)
is associated with the solution of the subsystems of the level 1 with

help of the equation X, - = f(X;,...,X,,)-

)

The work of the subsystem j on the level (i + 1) will be the most
effective in case every subsystem j of the level 1 will make
optimal decisions (maximizing its membership function), and
when determining the coordination tasks for subsystems of the
lower level we will strive to maximize their projection on the axis

X(Hl)j , that is

He (%) = maxl (3, ® .. ® g ()] “)

The application of the principle of optimality allows us to
implement the most effective way of coordinating solutions which
are made on the certain levels of the hierarchy [12]. This principle
allows to minimize the information exchange between levels and
provide local processing of information within subsystems.

The active hierarchical system of the sugar plant described this
way in the language of the theory of fuzzy sets is completely



defined, since the given structure of the system and the allocated
levels of the hierarchy, the advantages for each subsystem are
revealed by setting the corresponding membership functions, the
system of equations and limitations which describe the
connections within the hierarchical system.

Optimization sub-task is developed for each subsystem as a result
of decomposition of a basic task consisting in the technological
unit control. Coordination sub-task is solved using the principle of
forecasting subsystem interactions based on iterative algorithm.
The results of task solving are shown in Fig. 5.

In coordination steps 5 and 6 overall performance of TU
( Z[ Bl = 1,3 is higher than performance without coordination.

It is typical for this example that a particular index /, decreases in
the course of coordination.
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Figure 5. Coordination of TU subsystems.

Practical implementation of coordination algorithms should take
into account that mathematical models and objective functions for
each TU subsystem are functions of many variables. Often the
functions are non-convex, so this complicates preliminary
assessment of convergence of these algorithms. Correct
formulation of basic TU control task is the main condition of
using these algorithms.

S. CONCLUSIONS

The paper distinguishes sets of input and output technological
variables and investigates their interactions and relationships on
the basis of the proposed analysis of complex hierarchical system
of sugar factory.

The proposed methods allow early detection of technological
deviations in TU operation using statistical analysis and control
charts of Shewhart, as well as introducing necessary corrective
actions.

The basic coordination task for the TU subsystems distinguished
is adjustment of material flows with restrictions on the quality of
intermediate and finished products.
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