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Abstract. To solve the problem of sugar plant
technological complex efficient control basing upon the
method of analytical construction of aggregate regulators
it is necessary to determine the optimal parameters values.
As input data time series of technological variables of
sugar production are used. To investigate the efficiency of
the developed automated synergistic control system,
simulation modeling was performed by comparing the
functioning of the developed system with the traditional
schemes.
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Introduction

At the modern stage of control systems development
increasing of production efficiency is possible due to the
development and implementation of automated
technological systems. Sugar production includes a set of
different subsystems to be interconnected by processes of
intensive interaction, the exchange of energy, substance
and information. These subsystems are non-linear,
multidimensional and complicated in linkage [1].

Formulation of problem

Taking into account the features of the synergetic
approach it is necessary to tend to its practical usage
which will allow the application of efficient methods to
solve actual problems concerning optimal control of the
sugar plant technological complex material flows. The
task of optimal control is in need to determine the
methods to influence the system and the parameters to
provide the best phase transition basing upon certain
criteria.

The synergetic principle to control complex systems
allows you to change the structure of the system or to give
another level of self-organization by changing the order
parameters. The ability to change such parameters and the
limits in which they may be changed are determined by
means of a synergistic regulator. In information systems
the synergetic controller is represented as a software tool
[2, 3].

The application of a synergistic approach to manage
the sugar plant technological complex will provide
increasing of the work efficiency. Taking into account
that the diffusion, juice-cleaning and evaporative
departments are the main subsystems of the technological
complex of a sugar plant [4] it will lead to the general
increasing of the productivity and energy efficiency of the
plant.

In the conditions of sugar producing enterprises
capacity increasing it is the urgent need to elabore
efficient systems for resource-saving management of
technological objects using modern information
technologies including knowledge engineering [5]. The
application of the synergetic principle of control is
increasingly applied to various objects but in automated
control systems for complicated technological complexes
such methods are only started to be used. Therefore, the
synergetic approach to the automated control of the sugar
plant technological complex is based on the method of
aggregate regulators analytical design.

Analysis of recent research results

In paper [3] it is represented a synergetic approach to
manage complicated technological objects as well as to
define and describe abstractor attractive fields as the
centers to form dissipative space-time structures. This
method allows us to assess the behavior of a complicated
system viewing self-organization in the case of chaotic
influences either external or internal ones.

It should be noted that in the case of synergetic
control of complicated systems particular attention should
not be paid on the force power of the system itself but on
the accuracy and the nature of information management
[2, 6] because precisely the information management
determines the efficient organizational and technical
structure.

In order to synthesize efficient control strategies for
nonlinear systems there were the papers devoting to the
methods of passification [7], back stepping [8], robust [9,
10] and synergistic [6, 11] control to be observed. Among
them the most promising for complicated technological
objects are synergistic control methods to be observed in
papers [11-13]. Application of this approach makes it
possible to take into account the physical and chemical
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characteristics of technological processes, reflecting the
phenomena of natural self-organization to provide
resource-saving operating modes being characterized by
resistance to external perturbations as well as to structural
and parametric changes and allowing to organize
efficient search of target states in different conditions,
differ in necessary flexibility while changing goals and
tasks variations, have high reliability and ability to
prevent the occurrence of critical situations [6, 14].

In paper [11] there are modern approaches to object
management methods to be described basing on the
synergistic approach. If control is done by changing the
order parameters we observe instability, symmetry
violation and boundaries of a complex nonlinear system
as a result of such actions. Thus, we have several possible
scenarios of the system's behavior after the phase
transition. In the case of control by changing the initial
conditions there is the possibility of developing the
system in several directions including chaotic behavior to
be observed. The difficulty of this approach is in no
everlasting possibility to change the initial conditions.
Sometimes they are rigidly fixed. Each of these methods
is used when the another one is impossible for
application. So, if there is a perspective to determine the
set of parameters of order from the set of system
characteristics and parameters exactly and there is no
possibility to change the input conditions the first
approach is used. If the set of parameters is too large or
may not be determined due to complicated
interconnections within the system a second approach
should be applied.

Moreover, in paper [3] it was shown that these
methods give satisfactory results for models of real
idealized systems. These factors required new approaches
to manage complicated non-linear technological
complexes.

The questions about analytical design of aggregate
regulators for separate subsystems of the sugar plant
technological complex have not been studied enough
deeply too.

Purpose of research

The purpose of the paper is to use synergetic
regulators for sugar plant complicated technological
complex to give the necessary opportunities of the
practical results application for the object and to elaborate
the efficient resource-saving strategies to control the
diffusion, juice-cleaning and evaporation department of
the sugar plant technological complex.

To achieve this goal, the following tasks, need to be
solved:

- to carry out synthesis of synergetic management
systems for sugar production;

- to determine the optimum values of the control
parameters for the diffusion, juice-cleaning and
evaporation departments of the sugar plant technological
complex by the method of analytical construction of the
aggregate regulators;

- to carry out simulation modeling of the sugar
production technological complex.

Results of research

The core of the synergistic method to manage
complex dynamic systems is the principle of resonant
information influence on the order parameters within
which the system is sensitive and its internal features are
preserved. Resonant impact does not predict influence by
action forcing itself but by properly organized, i.e.
consistent with internal properties, weakly powerful
actions leading the system to move in a given direction
[11].

Having evaluated the behavior of the studied system
[4], we can conclude that it has a nonlinear character. To
study such systems and to determine optimal control it is
necessary to apply the method of analytical construction
of aggregate regulators. In accordance with this method it

is necessary to determine the laws of managementU; to

provide optimal control of the main technological
processes of sugar production. Synthesis of synergistic
control systems for diffusion, juice-cleaning and
evaporation compartments is carried out.

The mathematical model (1) describes the process of
extraction of sugar from beetroot chips:
dF F2.B D -B

d;m:_al.ch+a2.FdC.R+a3~ E;T +a4- T +a5'T’
dFm,_ FOC FOC.FL‘WI.B
TT__aS. T _a7.ch-R_a8.?_i (1)
~3,-D-B-R+ay,-T
4D F .B D R _ F,BD
PR IS S

where: F_ - consumption of beetroot chips, m¥h; F, -

Ci
consumption of diffusion juice, m¥h; R - goodness, %;
B - digestion, %; D - loss of sugar with pulp, %; T -
temperature, °C; a, —a,, - the model parameters to be
determined by identifying of multidimensional time series
using the Vector ODE software environment [15].
As a control tool u, we select the value of the

expense of beetroot chips F

cm?

as a control u, we select

the value of diffusion juice loss F,_ .

According to the method of analytical construction
of aggregate regulators, the control laws depend on:

u,(R,B,T); u,(R,D,T). )

In accordance with the method of analytical design

of aggregate regulators control actions are defined. For

further research it is necessary to observe invariant
manifolds:

v, (R,B,T)=0; v,(R,D, T)=0. (3)

In parallel, the consistent observation of invariant

manifolds allows us to consider invariants to be attractors
with attractive zones while applying control laws

u,(R,B,T); u,(R,D,T).
There is a movement of the system in the phase
space up to the intersection of the manifold y; =0,

w, = 0. Goodness and temperature cannot directly affect



SYNTHESIS OF SYNTHETIC REGULATORS FOR SUGAR PRODUCTION AUTOMATED ... 13

management U;, U,, - thus it is necessary to ensure

such linkage through v :
v, =R+T+v(B), v, =R+T +v(D), )

where: v — certain function of the dependence of real
technological parameters.
Basing on the dependences (3) and (4) we’ll obtain:
R+T+v(B)=0, R+T+v(D)=0. (5

Changing the macro-variables v, and ¥/, obey
the functional:

Tivi(@)+wi(r) =0 (6)

On the basis of the equation of the model and
equation (6) we’ll obtain:

1{dR d—T+ o -dB}+ R+T+v(B)=0,

— +
dt dt 0B dt

Z[dR ar . ov .dD} R+T+v(D)=0,(7)

—+
dt dt oD dt
and the laws of interconnecting controlling the
technological processes of the sugar plant diffusion
department:

R+v T-B? T-B° B F?
U =- - ‘R-F,, = =
T-T, T T T D
B+T T-B’
+ - -F, +
T T
T-B> T-B?
- 2
f_T T gB(B)|p,
R B T A\T
T
T -B?
T
+ B
T
T.B? .
u2_—D+V—E. R B F,. FL,C+
TT, T T D
T 2
+ R-F, [B+BJ-R+
D
B°+T?T-B? T-B® F_-R (8)
T? T T D?
T-B> T-B° T-B?
_ + .Fi";_k .D,
T T D T
where: T1, T2 are the parameters of the synergetic
regulator.

Parameters of setting control laws to affect the
quality of process dynamics to cause efficient self-
organization of the system, there are time parameters -
T1, T2 time constants. The conducted researches of the
synthesized system of synergistic control allowed to
determine the optimal values of T1 and T2 parameters
according to the criteria of duration and resource
consumption (Fig. 1).
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Fig. 1. Transitional process to regulate the goodness
of diffusion juice: a) at T1 = 160 sec; T2 = 180 sec; b) at
T1 =80 sec; T2 = 100 sec; ¢) at T1 = 10 sec; T2 =
= 20 seconds.

The parameters of the setting of the laws of control
adjust the regulation time T1, T2. The condition of system
stability predicts the values: T1> 0, T2> 0.

The mathematical model of the process of
preliminary bowel movements has the form:
dF Feao - Cea F... F.
dC;Ozbl' COT Co_bz'Foc_b3' b, Feor
dF F,,-Ceuo +F,, - C
d;c — _b5 ._0c Ca0 T noe Ca0 _ b6 . Fcao , (9)
dpH F.-pH F.-F_-pH
— b ._Oc + b . F _ b ._Oc nos ,
d r 7 T 8 CaO 9 T
dC C., (F, +F,.)
d;p =Dy - Fepo =By = T & by, Cro-

where F.,, - consumption of lime milk, m¥%h; F, -
consumption of diffusion juice, m¥h; pH - pH of
diffusion juice; Ccp - dry matter content,%; F __ - flow
of diffusion juice return, m3h; T - temperature, °C;
C..o - Concentration of lime milk%; b, —a,,- the

model parameters to be determined by identifying
multidimensional time series using the Vector ODE
software environment [15].

As a control tool u; we select the value of the

expense of beetroot chips F,, as a control tool uz we

select the value of diffusion juice consumption F,_.

According to the method of analytical construction
of aggregate regulators, the control laws depend on:

ul(CCaO’pH’T); UZ(Ccp’ Fnoe’T)- (10)

According to the method of analytical design of
aggregate regulators the control actions are defined. For
further research it is necessary to observe invariant

manifolds:
W1 (Ceoor PH, T)=0;
l//2 (CCp ! Fnoe ’T) = O : (11)

In parallel, the consistent consideration of invariant
manifolds allows us to consider invariants as attractors
with attractive zones while applying control laws

U (Cruor PH,T); u,(C,,F,..T).

cp!
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There is a movement of the system in the phase
space up to the intersection of the manifold yq =0,

w, = 0. Goodness and temperature cannot directly affect
control Uy, Uso, thus it is necessary to ensure such
linkage through ¥/;

vy =pH+T +v(Cpp),

W, = Fnos +T+ V(Ccp)’ (12)

where V - a certain function of the dependence of real
technological parameters.

Proceeding from the dependences (11) and (12) we’ll
obtain:

pH+T+v(C,.,)=0,
Fo.+tT +v(Ccp) =0,

Changing the macro-variables %/, and ¥/, obey
the functional:

(13)

[
Tivi(@)+yi(r) =0. (14)
Basing on the equation of the model and equation
(14) we’ll obtain:

T, dp_H+d_T+ v 4Ce0 +pH+T +
dd dt oCc., dt
+v(C.0) =0,
dC
T, M+d—T ov o +F,,+T+
dt dt oC, dt
+v(C,)=0.

And the laws of interconnecting the technological
processes of sugar plant defecation:
u = (ch ) CCaO + Fnoe ) CCaO) ) CCaO _

1

pH
_ (Ft)c + Fnoe + FCaO) pH + CCaO
pH pH T, ’
@ - T ' CCaO - F()c + Fnoe. ’ CCaO
u2 — CaO _
C, (16)
_ FCaO T+ Ft)c T+ Fnoe T +
C,
+ I:CaO _T. .(ch + Fnoe) T -
_ FCaO + ch + Fnos
Ccp ’ T2

where Ti, T, are the parameters of the synergetic
regulator.

Using the obtained relationships, it is possible to
synthesize regulatory influences for the technological
operations of the 1st and 2nd carbonation, as well as for
intermediate bowel movements.

The parameters of the control laws setting regulate
Th, T regulation time. The condition of system stability
involves the values: T1>0, T>>0.

While simulation the averaged technological
indicators of the technological parameters on the
equipment with a productivity of 3000 t / day were used.

As a result of the research, it was found that the
system is resistant to perturbations, and the time of
regulation depends only on the Ti, Tovalues. Moreover,
the nature of the transient processes does not change
while changing the time of regulation and accordingly
does not depend on it.

On the basis of the abovementioned, one can
synthesize the laws of mutual control for the
mathematical model of the saturator (17):

dF,. Fe, -Ce F.. F,
():C' 2 Z_C ‘Fj_c‘ nos C'C ‘F ,
dT 1 T 2 oc 3 T 4 Ce
dF F,-C
q =y acT “—cs-Fe,, (17
T
dpH F..-pH F,.-pH
p :c7- 9c p Jr-cg.Fcz_cg.M
dr T T
dc, F
p cp oc
dr o Fe, —cy ¢, -Co,
where F, - the saturation gas consumption, m*h; F, -
consumption of diffusion juice, m%h; pH - pH of

diffusion juice; CCP - dry matter content, %; 71 -

temperature, °C; C., - concentration of carbonation

gas,%; C; —Cy, - the model parameters are determined

by identifying multidimensional time series using the
Vector ODE software environment [15].

The mathematical model (18) describes the process
to get syrup:
2

dl:oc:_pl'F()c-i_pZ'Fc'R—l_pii'u

T h-T

, (18)
h-Ccp

ll T +p5-T
dF F F.-F,.-C

c—_p . . F .R_p,.-< e e
dT p6 T p7 oc p8 hT ’
_pg'hlccp'R-i_plO.T
d_  FC, hR_FCh
dT—pll T P12 T’dT_pB T Puas

where F,. - the flow of diffusion juice, m¥h; F, -
consumption of syrup, m3year; R - goodness,%:; Ccp -
dry matter content,%; h - level in the evaporation plant,

m; T - temperature, °C; P,— P, - the model

parameters to be determined by identifying
multidimensional time series using the Vector ODE
software environment [15].
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As a control tool u; we select the value of the
expense of beetroot chips F()C , as a control tool uz we

select the value of diffusion juice consumption F,.

According to the method of analytical construction
of aggregate regulators, the control laws depend on:

u,(R,C,,.T); u,(R,hT) (19)

According to the method of analytical design of
aggregate regulators, control actions are defined. For
further research it is necessary to observe invariant
manifolds:

v, (R,C, T)=0;w,(R,h,T)=0 (20

In parallel, the consistent observation of invariant
manifolds allows us to consider invariants to be attractors
with attractive zones while applying control laws

u, (R, Ccp,T) ;UZ(R,h,T).

There is a movement of the system in the phase
space up to the intersection of the manifold, yq =0,
w, = 0. Goodness and temperature cannot directly affect

control Uy, Us, thus it is necessary to ensure such

linkage through v;
y,=R+T+v(C,), w, =R+T +v(h), (21)

where V - a certain function of the dependence of real
technological parameters.

Basing on the dependences (20) and (21) we’ll
obtain:

R+T+v(C,)=0, R+T +v(h)=0

Changing the macro-variables %/, and ¥/, obey
the functional:

(22)

Tiyi(@)+yi(r) =0 (23)
Basing on the equation of the model and equation
(23) we’ll obtain:

dR dT ov dC,
| —+—+ .
dt dt GC dt
T, dR dT 8\/ dh
dt dt 8h d

)=0

cp

:|+R+T+V(C
} R+T +v(h)=0.(24)

and he laws of interconnecting control of the
technological processes of the sugar plant diffusion
department.

Basing on the developed control laws (U,,U,),

recommendations are made in the form of determining the
nature of the change in the (Ti, T2) time regulation:
"increase”, "reduce"”, etc. To use these recommendations
in the automated control system it is necessary to
determine the quantitative characteristics of these
recommendations.

In order to evaluate the carried research, we
predicted the simulation to assume that the system
operation process is reproduced using an algorithm to be
implemented with the help of a computer.

2
R+v T_Ccp

ul:_ _7.R.FC_
T-T, T
2
_TfCCp _Cap Fz
T T h
c, +T T-C,
+ ” - “Fo.+
T T i
T-Cc,” T-
c, (C,Y
+ T — —R.—=2.| 2 -h+
R T T
2
T-C,
T
+
C.
T
2
, h+v Ccp.h.R.T. hd p Foc'Fc_'_
T-T, T h
T-C°
+ " .R-F, [C + jR
T h (25)
2 2 2
C, +T?T-C, T-C,” F-R
+ 5 K+ e
T T T h

T-B*> T-B*) F, T-B?
— + C =2+ -D
T T D T

where T:, T» — are the parameters of the synergetic
regulator.

The structure of the simulation model of sugar plant
technological complex consists of the following blocks:
the immitter of input actions; model of microprocessor
system of individual parameters local regulation; expert
system of script control; unit for simulation results
representation and interpretation.

The subsystem structure of the simulation modeling
for the sugar plant technological complex is presented in
Fig. 2.

Using the Matlab Toolbox Simulink environment it
was constructed the simulation model (Fig. 3) of the
research of the sugar plant technological complex.

To investigate the efficiency of the elaborated
automated synergistic control system it was simulation
being performed by comparing the functioning of the
elaborated system with traditional schemes.

The formation of incoming actions was carried out
with the help of robust plans of the Taguchi’s experiment.
The results are shown in the table. 1.

According to Taguchi's approach, the design of
processes and industries should be handled predicting that
they are robust to the environment in relation to the
variability of the components and to ensure that the
dispersion of the indicators around the given value is as
low as possible.

Simulation was conducted in accordance with the
requirements of the technological process taking into
account the diverse factors of sugar production.
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formation of tasks by a

A

synergetic controller —

_ simulation model -

performance evaluation complex of synergetic —
subsystem regulators of technological

variables

\ 4

subsystem of
optimization

A
A

Fig. 2. Structure of the subsystem of the simulation modeling of the sugar plant technological complex.
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Fig. 3. Simulation model of the sugar plant technological complex in the Toolbox Simulink environment.

Table 1. Results of simulation modeling.

) . Models of the existing control -
Dependence signal-noise, system Imitation control models
(Et@ees_go0a) 1 (Bt 100 go0a ) Good | Losses, Produg:tivity, Goodness | Losses,% I?roduc;tiv
-ness % m3/h ity, m3/h
l n
o 0.4 0,33
n = - y - - s -
Etaless—good =-10% Ioglo '
1 n
Bl groq = ~10*10035(~+ 3 %/ ) | 887 - 120 90,5 - 123,7
i=1 i
Conclusions optimal control of the main sugar production

technological proc

1. The synthesis of interconnected control systems of
the diffusion, juice cleaning and evaporation departments
of the sugar plant technological complex by the method of
analytical construction of aggregate regulators is based on
the ideology of the synergetic control theory.

2. In order to synthesize the laws of synergistic
control of sugar production processes, invariant manifolds
(attractors) are used, in which the natural properties of the
object and the requirements of control tasks are properly

coordinated. The control laws are defined U; to provide

up to 0.07%.

Smityuh, Y. V. (2014).
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CHUHTE3 CUHTETUYHUX PET'YJISITOPIB
ABTOMATHU30BAHOI CUCTEMU YITPABJIIHHS
JJISI BUPOBHUILITBA LIYKPY
B. II. Jlucenxo, M. A. Cuu, JI. C. Komapuyx

AHoTaIis. {06 BHPIIIUTH nmpobiemMy
TEXHOJIOTIYHOTO  KOMIUIEKCY  I[yKpOBOTO  3aBOJY
e(eKTHBHOTO  YHpaBIiHHA HAa  OCHOBI  METOXIy
AHATIITAYHUX POOIT arperoBaHrX PeryasToOpiB HEOOXiTHO
BU3HAYUTH ONTHMAaNbHI 3HAUYeHHs IapamerpiB. B skocti
BUKOPDHCTOBYBAaHHMX BXIJIHUX YacOBHX pSJiB JaHHX
TEXHOJIOTIYHUX 3MIHHHX Y BHPOOHHMUTBI wnykpy. Jlis
JIOCITIIPKEHHS e(eKTUBHOCTI po3pobiienoi
ABTOMATH30BaHOT CUCTEMH CHHEPTETHYHOrO YIPABIIHHS 1
iMiTamiifHe MOJENIOBaHHSA OyJ0 TMPOBEACHO IIIISIXOM
MOpiBHAHHA (DYHKI[IOHYBaHHS PO3POOJIEHOI CHUCTEMH 3
TPaAUIIHHUMH CXEeMaMH.

KurouoBi caoBa: cuHepreTH4HUN
aBTOMATH30BaHa  CHUCTEMa, MaTeMaTH4Ha
LIYKPOBHUI1 3aBO/I.

perymsrop,
MOJIETIb,

CHUHTE3 CUHTETUYECKUX PETVYJISATOPOB
ABTOMATU3UPOBAHHOW CUCTEMBI
YITIPABJIEHU A J1J151 TTIPOU3BOJICTBA CAXAPA
B. @. Jlvicenxo, M. A. Cuiu, J]. C. Komapuyx

AHHOTaNHA. YroOsI PEIIUTh npobiemy
TEXHOJOTMYECKOTO  KOMIUIEKCa  CaxapHOro  3aBoja
3pdexTHBHOrO  ympaBieHHS Ha OCHOBE  MeEToja

AQHAJIMTHYECKUX pabOT arpernpoBaHHBIX PETYISATOPOB
HEOOXO/ZMMO  ONpENeNUTh  ONTHMAJIBHBIE  3HAYCHHUS
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mapameTpoB. B kadecTBe WCIIOJIB3YEMBIX BXOITHBIX
BPEMEHHBIX psIoB JTAaHHBIX TEXHOJIOTHIECKUX
MIEpEeMEHHBIX B IIPON3BOACTBE caxapa. [y ncciegoBaHus
s pexTrBHOCTH pa3pabOTaHHOW aBTOMATH3MPOBAHHON
CHUCTEMBI CHHEPTEeTHYECKOTO YIpaBICHUSL 178
HMHUTAMOHHOE MOJIEIMPOBaHUE OBLIO NMPOBEICHO IyTeM
cpaBHEHUS (YHKIIMOHUPOBAHUS pa3pabOTaHHOU CHCTEMBI
C TPAJUIUOHHBIMU CXCMaMHU.

KawueBble cJI0Ba: CHHEPTETHUYCCKUI PErysATOp,
ABTOMATH3MPOBAHHASl CUCTEMA, MATEMAaTHUECKasT MOJICIb,
caxapHblIii 3aBOJ.
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