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sist of sequentially operating systems with a continu-
ous supply of technological product. The task of sta-

bilizing the qualitative and quantitative parameters
of output products at all stages of such production is D EV E L O P I N G
a very difficult task and often leads to additional time

and money costs. Therefore, improving the efficiency I N T E R ACT I V E

of these processes is a relevant issue.

A review of analogous solutions to this type of I N T E R ACTI 0 N 0 F D U A L

problem revealed the variability of their authors’

approaches. Howeuver, all of them are aimed at opti- B U F F E RI N G s Y s T E M s

mizing existing control trajectories, rather than creat-

i ) te trajectory.
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type, only the improved work of technological sub-

CONTINUOUS SUPPLY

This paper describes the principles of control over

the proposed dual buffering system and its interac-

tive interaction with other technological subsystems. O F T EC H N O LOG I CA L
The introduction of buffering systems makes

sequential technological subsystems more indepen- P Ro D U CT s

dent of each other. That makes it possible to increase

the degree of freedom for each control subsystem and

thereby improve the efficiency of finding the optimal
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1. Introduction These two main issues can be addressed by arrang-

ing dual buffering systems between continuous systems.
Within the framework of research into the principles of ~ Buffering systems, which are to be placed between each
controlling systems with continuous supply of the techno-  technological subsystem, order and accept products from
logical product, there is an issue related to maximizing the  the previous system of the transformative class and transfer
quality of resource utilization with the preservation of the it to the next system after request of the latter. That is,
qualitative and quantitative parameters of the system at the  the buffering system controls the replenishment mode and
output [1, 2]. This is due to the limited number of degrees of ~ makes the work of neighboring technological subsystems
freedom for the control system and, as a result, the lack invisible to each other.
of options for control trajectories. The dual buffering system is an object that provides an
Another reason for the inefficient operation of such  independent implementation of the replenishment function
systems is the additional losses during the launch of the and the function of issuing stocks, and the information ex-
entire technological process. The frequency of such laun-  change between interacting sub-objects is ensured through
ches proportionally depends on the discrepancy between the  independent monitoring by these sub-objects of the level of
quantitative parameter at the output of the previous system  stocks of the buffering mechanism [3].
and the input of the subsequent technological system of the Thus, the management of continuous technological pro-
transformative type. cesses with the stabilization of qualitative and quantitative




parameters of the output product is a very relevant task that
must be scientifically solved.

2. Literature review and problem statement

Issues related to improving the productivity of systems
with continuous supply of technological product through
design improvements are described in work [4]. It is shown
that by reducing the size of the technological subsystem, an
increase in the efficiency of operations was achieved. Thus,
the authors only varied the input parameters of the system.

Cost reduction due to adaptive sampling of the search for
the optimal control trajectory in production with continuous
processes is described in [5]. The advantages of the theory of
highways in optimal control and the process of finding the
location of control sampling points are shown. However, with
a small number of degrees of freedom and, accordingly, op-
tions for control trajectories, the search for a particular point
of the optimum in them is not expedient.

Paper [6] describes the general concepts of the operation
of dynamic systems over continuous time and the possibi-
lity of decentralization of settings. However, that does not
affect the effectiveness of management and does not solve
the paper’s goal of structural changes in systems to achieve
improved management.

Optimization of the parameters of the reverse oscillation
control model was shown in [7]. The cited work reports an
approach to the selection of optimal parameters for con-
trolling crystallizer oscillations in the process of continuous
casting. However, the optimization was aimed at reducing
the depth of the vibration traces and was carried out within
the limits imposed by the process parameters affecting the
quality and performance of continuous casting.

There are many studies tackling innovations in the field
of improving optimization algorithms. Those include an al-
gorithm for optimizing continuous processes based on a na-
tural hydrological cycle, based on the continuous movement
of water in nature [8], and a combination of the method of
hybrid spectral collocation and the method of homotopy
analysis [9] and multimodal optimization, which uses a com-
bined method that includes optimization of a swarm of
particles and continuous optimization of an ant colony [10].
However, the authors used a variety of indicators as perfor-
mance criteria that are not verified as criteria indicating the
mode of maximum efficient utilization of the input resources
of the system.

It was in work [11] that the method of structural-para-
metric optimization in systems with a continuous supply of
technological products from the technological subsystem was
described. The sectional-modular model of the dynamic tech-
nological system, which provides independent stabilization
of the qualitative parameter of the technological product,
was also described in detail. This approach made it possible
to increase the possibility of search engine optimization for
each management subsystem individually. However, the ci-
ted paper does not reveal the issue of synthesis of sequentially
connected technological systems and dual buffering systems,
which could make it possible to manage the entire chain
of the continuous technological process interactively and
establish individual control trajectories for each subsystem.
That would make it possible to improve the overall quality
of the entire production chain by reducing energy costs and
reducing the wear of technological mechanisms.

Thus, the options described above for solving the prob-
lem of increasing the efficiency of continuous technological
processes have demonstrated the variability of their authors’
approaches. However, all of them [4—10] are aimed at op-
timizing existing control trajectories, rather than creating
a new, more accurate trajectory. In [11], only the improved
operation of technological subsystems was presented, which
does not reveal the whole idea of an innovative approach to
the optimization of transformative class systems with a con-
tinuous supply of a technological product.

3. The aim and objectives of the study

The aim of this work is to study the principles of control
over a dual buffering system and interactive interaction with
other technological subsystems in a single chain of a conti-
nuous technological process, which could ensure an increase
in the optimization capabilities of control processes.

To achieve the set aim, the following tasks have been solved:

— to build a conceptual model of the dual buffering sysy
tem for a production line with a continuous supply of a tech-
nological product;

— to substantiate the stabilization of the quantitative pap
rameter at the output of the buffering system by controlling
the lower and upper level of reserves based on relatively inde-
pendent operation of the control subsystems of neighboring
systems of the transformative type.

4. The study materials and methods

In order to achieve an increase in the capabilities of the con-
trol processes of the entire production line with a continuous
supply of the technological product, it is necessary to include
dual buffering systems between each technological subsystem.
Such structural changes would allow each control subsystem
in each technological unit to work independently and thereby
expand the possibilities of searching for the optimum.

The practical implementation of such a principle may be
constrained by two factors.

The possibility of intermediate buffering may be excluded
for technological reasons.

The second factor has an economic basis. Buffering
systems link large volumes of intermediate products. In ad-
dition, the performance of converting systems should be the
higher, and the size of the buffering mechanisms the greater,
the closer they are to the beginning of the technological pro-
cess. Otherwise, the principle of continuity of the process and
the possibility of its optimization at subsequent stages could
not be ensured.

However, work of the dual system in interactive interac-
tion with systems of the transformative type makes it pos-
sible to solve the following tasks:

—reduction of the cost of manufactured products by
reducing the cost of moving systems or a transformative
type system,;

— reducing the risks of shortage of finished products;

— increasing the number of control trajectories in search of
finding the optimum for the previous and subsequent systems;

— the possibility of optimizing production processes, int
cluding with a continuous supply of the technological product.

The operation of the dual buffering system is shown below.
Checking the operability of the synthesized structure of the



source, which generates the product of directed action, is
presented in the form of a diagram depicted in Fig. 1. The
proposed interface model refers to automatic control systems
for technological products.

The following designations are accepted in Fig. 1:
sSrcAlpp — cold liquid supply source outlet; sSrcA1zp — sup-
ply source inlet; sSrcP1pp — energy product supply source
outlet; sSrcP1zps — energy product supply source inlet;
sConvAlgp —inlet; sConvA1yp — outlet; sConvA1grp — inlet;
sConvA1yps — outlet; sConvAlyp — energy product supply
intensity setting; sConvAl; — quality product production
setting signal; sConvA1pp —output product; sConvAlzp —
setting the volume of cold liquid supply; sConvAlcy — cur-
rent loading level of the heating mechanism buffer; sCon-
vAlrg — ambient temperature; sConvAlpr — outlet tem-
perature setpoint; sConvAlyr — intensity of the delivery of
a quality product; mBufA1rp — buffering input; mBufAlycp —
current level; mBufAlpp — buffering output; mBufAlsy —
initial level; mBufA1gps — task for the issuance of the target
product; mCmpAit — controlled parameter; mCmpA1s — refe-
rence; mCmpAlgyur — output signal; mCmpA2t — reference;
mCmpA2s — controlled parameter; mCmpA2¢oyT — output
signal; mFinA 1y — input signal; mFinA 1oyt — output signal;
mCrdB1y — input pulse signal; mCrdB1cgrp — input trans-
ferred signal; mCrdBloyt — output signal; mCrdB2y —
input pulse signal; mCrdB2crp — input transferred signal;
mCrdB2oyt — output signal; mNoA 1y — input; mNoA1gyt —
output; mOr2A 1y — first input signal; mOr2A1ys — second
input signal; mOr2A1oyr — output signal; mMemAly —
input signal; mMemA1oyt — output signal; mMemA1rgs —
input reset signal; mSelA1;y — input pulse signal of current
amplitude; mSelAlgr — reference amplitude pulse input;
mSelAloyr — output pulse signal with reference amplitude;
mRecA1y — replenishment request; mRecAlgp — obtaining

of the two-way mechanism «OR», the signal with the task of
producing a quality product enters sConvAly.

Output (sConvAlyp) and input (sSrcAlzp) provide
asingle replenishment request signal. Based on this information,
from the output (sSrcAlpp) of the cold liquid supply source,
a directed product is transferred to the input (sConvA1rp) of
the quality product production system.

At the end of the product transfer to the system, a single
output signal is generated from the sConvAlypg section,
which enters the input (sSrcP1zpr) of the energy product sup-
ply system. This system transmits the energy product to the
sConvAlgp input from the output of the sSrcP1pp section.
Based on this, the sConvA1,p section, which received the
signal from the ZP section, sets the value of the intensity
of the energy product supply. After the completion of the
technological operation in the sConvA1l system, the target
product from the sConvAl,, section enters the mBufAlrp
section of the buffering mechanism. The next replenishment
operation is provided by the mFinA1 mechanism, which
generates a single pulse signal (mFinA1oyr) after the com-
pletion of the reception of the batch of products.

A distinctive feature of the dual buffering system is its
relative independence of functioning on the control subsys-
tems of the transformative class system.

It was proposed to use a mechanism that adaptively
selects the lower and upper level of stocks based on the in-
tensity of the supply of the target product from the previous
technological system and the intensity of consumption by
the subsequent one. This approach allows independent ope-
ration of control systems and uninterrupted operation of the
previous and subsequent systems of the transformative type.

The implementation of the function of forming the tra-
jectory of quasi-optimal control is provided by the mAdpA1
mechanism (Fig. 2).
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nected systems of transformative type and
dual buffering systems proceeds as follows.

The mCmpA1 and mCmpA2 compari-
son mechanisms consistently compare the
current lower and upper inventory levels,
respectively, in the buffering mechanism
with the established upper (UHL) and
lower (ULL) inventory levels.

If the reserves reach the lower level (in-
formation from the UCL section of the
mBufA1 — mBufAlycy mechanism), the
mCmpA1 comparison mechanism genera-
tes a single pulse signal (mCmpA1oyr),
which ensures the beginning of the re-
plenishment process. Through the out-
put (mCrdB1gyr) of the coordination
mechanism and the output (mOr2A1oyr)
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Fig. 1. Interface model of dual buffering system for production systems
of transformative class with continuous supply of technological products



ZHL | ZLL | UCL

A A

UR

mAdpA1

UL

ZCL [ ULL [ UHL

Fig. 2. Mechanism of adaptation of the upper
and lower levels of the buffering system:
mAdpA1zc. — section for issuing the current value
of the stock level; mAdpA 1y, — lower level of reserves;
mAdpA 1yy. — upper level of reserves; mAdpA1yp — energy
product supply control; mAdpA 1y, — left control boundary;
mAdpA 1yr — right control boundary; ZP — energy product
supply control; ZHL — setting the upper level of stocks;
ZLL — setting the lower level of stocks;
UCL — current inventory level

At the first stage of the study, UL management was deter-
mined, at which the maximum of added value was achieved,
and UR management, at which the maximum efficiency of
the transformative class system was reached. In the process
of operation of the entire chain of subsystems, the mAdpA1
mechanism, while estimating the volume of receipt and con-
sumption of stocks, selected the optimal values for the upper
and lower levels and thereby stabilized the quantitative pa-
rameter of the dual buffering system.

5. The results of studying a dual buffering system

5. 1. Construction of time diagrams of the conceptual
model of the dual buffering system for a production line
with a continuous supply of a technological product

Based on the buffering described above, a simulation of
its process was carried out, taking into consideration the
relative independence of the previous and subsequent con-
trol subsystems of the transformative type systems. In order
to make sure that the problem of synthesis of the controlled
system was solved correctly, an automatic functioning mo-
del of all complete mechanisms that perform the necessary
functions within the synthesized structure in a specially
created modeling environment for controlled systems EFFLI
was built [12].

Using the developed mechanisms [13], optimal systems
of two classes were created: physical product conversion
systems (CS) and physical product buffering systems (BS).
Thus, access to the study of the internal structure of the
transformation system and the possibility of isolating its
subsystems was obtained.

The results of the system operation in the EFFLI soft-
ware designer, namely the streams of transmitted information
between sections of objects, are represented on time dia-
grams. Fig. 3 shows the signals for recording the movement
of internal products of the previous one from the buffering
system of the transformative class, which involves the sSrcA1
cold liquid source system, the sSrcP1 energy product source
system, and the sConvA quality product production system.

Fig. 4 shows time diagrams demonstrating the signals of
recording the interaction of the transformation type system
and the buffering system, namely the process of heating the

cold liquid in the technological subsystem and its further
movement into the buffering mechanism.
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Fig. 3. Time diagrams explaining the principles of functioning
of the conversion class system
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Fig. 4. Time diagrams explaining the principles of functioning
of the dual buffering system



The time diagrams showing the signals of work registra-
tion following the buffering system of the transformative
classroom system are shown in Fig. 5. After transferring the
hot liquid to the sRecA1 system for further processing, a single
pulse signal is formed from the sRecA1y section to request the
transfer of an additional portion of a quality product.

Thus, our work on the construction of time diagrams
makes it possible to explain in detail the principles of func-
tioning of the entire chain of interrelated systems and their
integrated interaction.

mBufA1ep
sRecA1rp

0,1

0 200 400 | 600 800 ' 1000 | 1200

mSelA1er
0,8

duction line. It is obvious that such a structure of automation
of production is preferable and economically more profitable.

6. Discussion of research results related
to the operation of the dual buffering system

As a result of investigating conversion class systems with

a continuous supply of technological products, a conclusion
was made about the limited optimization capabilities of their
control systems. The solution to this problem was found
with the help of structural changes in the production line,
namely, by arranging dual buffering systems between

continuous technological systems. The interface model of

n~ the dual model and its relationship with the previous and
subsequent conversion class systems are shown in Fig. 1.

It is obvious that determining the optimal control for

each technological system and buffering systems is not
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a separate task. These systems are connected by a con-
tinuous flow of the target product, and, accordingly,
optimal control must be sought by determining the op-
timal trajectory of change in the control over the entire

0 200 400

Fig. 5. Time diagrams showing the signals of interaction

between the buffering system and the subsequent transformative

class system

5. 2. The results of controlling the lower and upper
level of stocks in the dual buffering system to stabilize the
quantitative parameter at the output of the system

As discussed above, the chain of interconnected conver-
ter and buffering systems was tested in a specially created
EFFLI controlled systems simulation environment. The
report of the results of the dual buffering system’s operation
with the specified parameters is shown in Fig. 6, built in
Microsoft Excel.
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Fig. 6. Plot of changes in the level of stock

Since the continuous technological process is divided
into a certain number of sections, the buffering system accu-
mulates the target product in portions — the replenishment
curve changes linearly-stepwise. The considered separation
system gives the next technological system a product of di-
rected action constantly.

Thus, the buffering system has a quasi-stationary nature
of consumption, and the next conversion system — a station-
ary nature of consumption.

Our study shows that the use of dual buffering systems bet-
ween the conversion class systems in the general chain of the
process with a continuous supply of the technological product
excludes the cases of stopping and restarting the entire pro-
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production system.

After conducting a simulation of the production line
with a continuous supply of a technological product, one
of the options for the operation of such a relationship was
obtained (Fig. 3—-5). Time diagrams describe in detail all
the information flows that explain the principles of func-
tioning of the first conversion class system, the dual buf-
fering system, and the subsequent conversion class system.

With the help of the adaptation mechanism proposed to
be used in the control subsystem of the buffering system, it
was possible to stabilize the upper and lower level of stocks
shown in Fig. 2. That allowed the neighboring control suba
systems to work almost independently and thereby expand
the optimization capabilities of technological systems.

As a result of the structural and parametric changes of
the production line with continuous supply of the techno-
logical product, the following advantages and disadvantages
were obtained:

—a new approach to improving the efficiency of tech-
nological processes with a continuous supply of the target
product is proposed, which differs from existing analogs by
the presence of buffering systems that gives an increase in the
range of search optimization and determining the effective
control trajectory for the studied system;

— stabilization of the qualitative and quantitative para-
meter at the output of the buffering system, which minimizes
the risks of restarting the entire production line;

— creation of conditions for interactive and independent ope-
ration of control subsystems of each link of the production line;

— the possibility of using intermediate buffering only for
processes that can allow for such technological innovations;

— the presence of significant economic costs at the stage
of implementation of a given approach.

The practical implementation of the proposed structural
and parametric optimization of the management of continuous
processes of the conversion class can be constrained by two
factors: technological limitations of buffering the product of
directed impact, the economic high cost of the improvements
being carried out.

Our technological advancements could be used for auto-
matic control systems of production processes of the conversion
class with a continuous supply of the technological product.



7. Conclusions

1. A conceptual model of the dual buffering system for
a production line with continuous supply of a technological
product has been proposed. It is proposed to include buffer-
ing systems between each technological unit, which makes
it possible to divide the chain of interrelated continuous
production processes and thereby ensure the independence
of their control subsystems. That makes it possible to expand
the possibilities of search optimization for each subsystem,

and, accordingly, increase the efficiency of resource utiliza-
tion for technological processes by 14 %.

2.To ensure the stabilization of the quantitative para-
meter at the output of the buffering system, it is proposed
to divide it into two independent modules: buffering subsys-
tems and control subsystems. In the process of operation, the
control subsystem sorts out permissible options of the lower
and upper level of stocks, which avoids stopping the next
continuous technological process by 84 % and set the optimal
level of reserves.
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