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For successful technological process in automated control systems it is necessary to maintain technological pa-
rameters constantly at the required level, which is ensured by the use of automated process control systems (APCS).
The classical solution of this problem is the application of control devices of various types, the choice of which directly
depends on the system under consideration and the requirements to it. The leading position among the automatic con-
trol system regulators for the last decades belongs to the proportional-integral-differentiating (PID) regulator, which
efficiency of application in the technological process is defined by the speed and accuracy of its work. These qualities
directly depend on the correct setting of the regulator parameters. The synthesis of regulators requires using of modern
computer-aided design systems. The article presents the method of automatic setting of PID-regulator of the dynamic
system of high order with negative feedback on the example of automatic room temperature control system. The modern
Russian environment of dynamic simulation of technical systems SimInTech applied at a number of nuclear, oil refining
and aerospace enterprises is used as the environment for system model development, as well as the process of its analy-
sis and optimization. The main components of the system and transfer functions of its elements are presented. The step-
by-step description of the process of project construction from standard software blocks and submodels, interacting
through a single database with the use of built-in programming language, is described. The use of the built-in block of
SimInTech visual simulation environment optimization for automated search of PID-regulator parameters is described
in details and illustrated. The advantages and disadvantages of this adjustment method revealed during the project im-
plementation are listed.

Keywords: modeling, PID-regulator, automatic control system, SimInTech.

ABTOMATU3UPOBAHHASI HACTPOMKA PET'YJISATOPOB JUISI ACYTII
B CPEJE BU3YAJIBHOI'O MOJEJIMPOBAHMUS SIMINTECH

B. B. Ycrumenko*, A. B. Uy6aps, JI. A. MuxaiiieHko

Cubupckuii henepanbHbIil yHUBEPCUTET
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Jis ycnewno2o npomexkanus mexHoio2U4ecko20 npoyecca mpebyemesi NOCMosHHOEe ROOOEPAHCAHUE MEXHOIo2UYe-
CKUX NApaAMempos Ha mpeayemom yposHe, 4mo 06ecneuuéaemcs NPUMEHEHUEM a8MOMAMUUPOSAHNHBIX CUCIEM YRPAE-
nenust mexroaoeuueckumu npoyeccamu (ACYTII). Knaccuueckum peweHuem OaHHOU 3a0ayu S6/IAemMcs NpUMEHeHue
VAPAGISIOWUX YCIMPOUCIE PAZIUYHO20 MUNA, 8bLOOP KOMOPBIX HANPIMYIO 3A6UCUM O PACCMAMPUBACMOL CUCEMbL U
npedvsasisiemMvlx K Heti mpebosanuti. Jluoupyrowyro nosuyuio cpedu peeyismopoe ACYTII nocreonue oecsamunremust
3aHUMaem nponoPYUOHAILHO-UHMe2palbHo-oud@epenyupyrowuti (IIHJ]) peeyismop, s¢hgexmusnocms npumenenus
KOMOPO20 8 MEXHONIOSUYECKOM npoyecce onpedensiemcs 6Gvlcmpooeliicmeuem U moyHOCmblo e2o0 pabomuvl. [anHvle
Kauecmea Hanpsamyr 3a6Ucim Om RPAGUIbHOCMU HACMPOUKU NAPAMEMPO8 pe2ylsamopos, Ols CUHmMe3d KOMOpbIX
HeobX00UMO UCHOTL30BAHUE COBPEMEHHBIX CUCEM ABMOMAMUZUPOBAHHO20 NPpoeKmuposanus. B pabome paccmampu-
saemcs. Memood asmomamusuposanioi nHacmpotixu ITH[-pecyisimopa OuHaMu4ecKkou cucmembl 6blCOKO20 NOPAOKA
¢ 06pamnoll C6:3bi0 HA NPUMEPE CUCIEMbL ABIMOMAMULECKO20 PE2YIUPOSAHIUsl MeMNepamypel 6 nomeujeHuu. B xaue-
cmee cpedvl paspabomku MoOeIU CUCIEeMbl, 4 MAKNCe NPOYECca ee aHamu3a U ONMUMUZAYUU UCTOTb3YEMCS COBPEMeH-
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Has poccuiickas cpeda OUHAMUYECK020 Modenuposanuss mexnuyeckux cucmem SiminTech, ucnonvsyemas na psoe
npeonpusmuil amomHoU, Hegpmenepepabamvisarouell U aspoKocmuyeckou ompacieil. Ilpusedenvl 0CHOGHbIE KOMNO-
HEHmbl cucmemvl, nepedamoynvie QYHKYuu ee 1eMeHmos. [Jano nosmantoe onucanue npoyecca co30aHus npoeKma
U3 Munogvix OI0KO8 U cyomooenell NPOSPAMMHO20 ObecnedeHus, 83aumMoOeliCmeyIuux yepe3 eOuHyr 6azy OaHHBIX
CUCHATIO8 ¢ NPUMEHEHUeM 8CMPOEHHO20 A3bIKA Npocpammuposanus. I[1o0pobHO onucano u NpoUnTIOCIMpPUPOBAHO UC-
NONb306AHUE CIMPOEHHO20 OIOKA ONMUMUZAYUU CPedbl 8U3YATbHO20 Modeauposanus SiminTech 0as asmomamusupo-
8aHHO20 noucka napamempos pezyasmopa I1H/]-muna. [lepeuucnensi gviasnienHble 8 X00e pearusayuu npoeKma npe-

uMyujecmea u He0oCmamku OAHHO20 Memooa HACMPOUKU.

Kmiouesvie cnosa: mooenuposanue, IH/]-pecynsmop, ACYTII, SiminTech.

Introduction. Design of control systems is an impor-
tant component of modern technological production. For
a long time regulators have been acting as the basis for
managing technological processes. Their main task is to
maintain the value of the system parameter at the level set
by technology for the successful flow of the technological
process as a whole. The choice of regulator type is di-
verse: from the simplest two-position to self-adjusting
microprocessor regulators.

Traditionally, proportional-integral-differentiating
(PID) regulators are used in process control systems. PID
regulation is a fundamental element of the management
process in continuous operation. PID-type control devices
are widely used in the field of automation due to their
longevity, flexibility, high functionality and reliability.
PID-regulators are universal in application, suitable for
solving most practical problems, they are easy to imple-
ment and have a low cost. Their applications range from
household devices to nuclear and aerospace industries.

However, in practice a significant proportion of con-
trol problems are associated with incorrect configuration
of PID-regulators: the accuracy and speed of the system
as a whole depends on the correct setting of the regulator
coefficients. It means that the task of parametric synthesis
of control devices is an urgent task.

The task of parametric synthesis for the specified con-
trol objects is reduced to determining the optimal parame-
ters of the regulator, which meet the required operating
conditions of the system, as well as the requirements for
the quality and accuracy of control.

Currently, a number of methods, algorithms and rules
allows speeding up and simplifying the task of setting up
regulators [1—4]. These methods are usually divided into
two broad categories: methods aimed at ensuring the
quality requirements of regulation, or selection methods,
in which the system operator must match the desired op-
erator as accurately as possible [5]. Recently, regulators
that can calculate the “correct” parameters when the de-
vice is connected to the system have become very popular
[6]. Some of the methods for setting up regulators were
considered in previous works [7-9].

In this paper, we consider the process of automated
search for parameters of a PID-type control device in-
cluded in the control loop. The object of regulation is a
heated room. The model of the automatic control system
(ACS) of room temperature is implemented in the Rus-
sian environment of dynamic modeling of technical sys-
tems SiminTech.

The algorithm of PID-regulator work. The PID-
regulator is a parallel connection of typical links of P-, I-
and D-regulators [10]. The transfer function of a PID-
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regulator is the sum of the transfer functions of each type
of regulator:

1
Wen :Kp+T_.+Td P

1

where K, — the regulator gain coefficient or the trans-

mission coefficient; K, =— — the integration constant;

1
K, =T, — the differentiation constant.

There is no static error in PID-regulator system and
they are of high performance. Regulators of this type pro-
vide a relatively high quality of regulation of objects that
have a large transition delay (for example, heat exchange
and mass transfer devices), as well as in cases where the
load in the control objects changes frequently and
quickly.

It should be noted that if the adjustment coefficients of
the PID-type control device are set inaccurately, it might
have worse indicators than the two-position regulator and
even go into self-oscillation mode.

Automatic room temperature control system. In
general, the automatic temperature control system in the
room is shown in fig. 1.

The object of regulation in the system under consid-
eration is a heated room. The indoor temperature 6
is a controlled value; the air temperature 6; coming from
the heater is a regulating (controlling) effect; external
factors fare a disturbing effect.

The sensing device (sensitive element) in this control
system is a thermal resistor R, included in the bridge cir-
cuit. The thermal resistor also performs the functions of a
comparing device. An amplifier provides the amplifica-
tion of the AU signal (mismatch signal) of the measuring
bridge circuit. The amplified signal U, provides rotation
of the two-phase prime engine, which changes the amount
of movement of the valve (flap) on the steam supply pipe-
line to the heater, which achieves a change in the air tem-
perature at the outlet of the heater regulating the effect on
the control object.

The initial data of the system is in [11]. The control
system model has the following transfer functions:

W.(p)= _ transfer function of the object of
400-p+1
regulation according to the regulatory effect;
2 . .
W,(p)= _02 transfer function of the object of
400- p+1

regulation according to the disturbing effect;
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W, (p) = 0.2 — transfer function of the sensor;

w,(p)= _10 transfer function of a magnetic
0.5-p+1

amplifier;
.002 . .
W,(p)= _ 002 engine transfer function in
p-(0.08-p+1)
conjunction with the valve;
1 .
W,(p)= _1 transfer function of the heater.
20-p+1

Main requirements for the quality of automatic
control system. The main task of the regulator in the sys-
tem under consideration is to maintain the technological
parameter and the room temperature at a given level while
minimizing the influence of external disturbing influ-
ences.

The system has the following requirements:

— working out the set value without an error in a set-
tled mode;

— transition time — no more than 500 seconds;

— number of vibrations — no more than one, its ampli-
tude should not exceed 5 % of the set value.

Simulation of ACS in the environment SimInTech
and setting the coefficients of PID-regulator. The Rus-
sian SimInTech modeling environment was chosen as the
system development environment for its analysis and op-
timization [12—14].

The initial complex dynamics model implemented in
this software can be simplified. This provides verification
of the basic principles of operation of the simulated object
and its control system. As the design progresses, its indi-
vidual parts can be refined and supplemented to match the
real object in as much detail as possible.

To create a complex mathematical model, models of
the main subsystems (submodels) implemented as sepa-
rate projects are combined into a single package [15]. To
link projects to each other, the signals database is used,
which is a file database that contains all the necessary
variables for the projects to work. These variables are
used to describe the model, visually represent the model-
ing process on video frames, exchange data with external
modules etc.

Comparator

As a programming language, this software uses the
built-in C language to write scripts that perform manipu-
lations with schema objects as they are calculated.

The ACS scheme implemented in the SimInTech vis-
ual modeling environment is shown in fig. 2. The control
object is placed in a submodel consisting of standard
blocks, the composition of which is shown in fig. 3.

In the “calculation of transient parameters” submodel,
which is shown in fig. 4, automatic calculation of time
indicators of control quality is performed: the control time
and the maximum of the controlled value. In the script,
basing on the data obtained (the steady value and its
maximum) the overshooting value is calculated.

The calculation of the control time — the time for
which the value of the system reaches a new steady value
is as follows: the mismatch signal module (control error)
is applied to the middle (logical) input port of the key.
Given that the complete process attenuation occurs at
t—oo, the duration of the transition process is limited to
the moment when the controlled value begins to deviate
from the steady value by less than 5 %. Based on this, if
the mismatch signal exceeds the specified five percent set
point, the current model time (signal from the lower input
port) is transmitted to the key output. If the control signal
is less than the set point, the same signal is transmitted to
the key output, but delayed by one integration step (the
signal from the upper input port). Thus, after the calcula-
tion is completed, the variable «determining the control
time» will contain the value of the transition time.

All variables calculated during operation are recorded
in the signal database. An example of a project signal
database is shown in fig. 5.

Detailed information about the database structure of
the project (tab. 1).

In the SimInTech visual modeling environment, the
PID regulator is represented by a separate block of the
“Discrete” library — “Discrete PID-regulator”. When im-
plementing the ACS scheme with an embedded PID-
regulator, shown in fig. 6, only the macroblock “Control
object” is modified: the regulator, which parameter set-
ting is the task of this work, takes place after the compari-
son device.

|7

Uy U ; 8 O
. Driven : :
Control device > gra > Object of regulation >
Uz
Sensor <

Fig. 1. Functional chart of automatic control system of room temperature

Puc. 1. ®ynxunonansHas cxema CAP TeMneparypsl B MOMELICHUH
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Fig. 2. The automatic control system in the SimInTech environment
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Fig. 4. Composition of the substructure “Calculation of transition process parameters”
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Fig. 5 Design of the Signal Database of the Package
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Fig. 6. The automatic control system model with discrete PID regulator
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Table 1
The list of signals of the project database
Name Caption Data type
tpp Transition time double
Yinax Maximum value double
Yust Current value double
Est Statistic regulation error double
G Overshooting double
K, Proportional coefficient of regulator double
K; Integrated coefficient of regulator double
K, Differential coefficient of regulator double

The regulator block will be accessed via the signal da-
tabase: for this purpose, the corresponding variable from
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the signal database is specified in the properties of the
control device block opposite to each of the components
of the PID-regulator. The values of the regulator coeffi-
cients will change automatically, which allows accessing
this object from any project in the package.

In the dynamic environment Sim/nTech created a spe-
cial block “Optimizer”, located in the library “Analysis
and optimization”, which allows you to perform an auto-
mated search for such values of variable parameters of the
ACS, in which the dynamic characteristics of the ACS
(and the transition process, in particular) meet one or
more conditions (criteria) “optimalities”. The scheme of
the system with the parameter optimization block is
shown in fig. 7.

The following algorithms are used as optimization
methods that can be implemented in this block [13]:
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1) Search — 2: an algorithm for dividing the step in
half for one optimized parameter (# = 1) and an algorithm
for converting the direction matrix for (n > 1) is imple-
mented. Next, we consider the multidimensional search
algorithm.

2) Search — 4: implements a quadratic interpolation
algorithm for one optimized parameter (n = 1) and
an algorithm for rotation and stretch-compression trans-
formations (n > 1).

3) Simplex method: the “deformable polyhedron”
method of Nedler and Mead is used, in which a function
of n independent variables is minimized using (n + 1)
vertices of the deformable polyhedron. Each vertex can be
identified by the vector x. The vertex (point) at which the
value of f{x) is maximal is projected through the center
of gravity (centroid) of the remaining vertices. Improved
(smaller) values of the objective function are found
by sequentially replacing the point with the maximum
value of f{x) with more “good” points until the minimum
of f(x) is found.

The main task of using the “Optimizer” block is to
correctly configure the required data, including:

— names of variable parameters, limits of their change
and calculation error;

— names of local criteria and acceptable limits of their
values;

— calculated optimization method and its settings.

Look at the process of configuring the parameters of
the optimization block in details [13].

The optimization parameters are the transition time
tpp and the maximum value Ymax during the transition
process. Accordingly, the optimization should be calcu-
lated for the entire transition process, so in the “Parameter
optimization mode” select “full transition process”.

Using the properties “Maximum values of block out-
puts” and “Minimum values of block outputs”, we limit
the search range for optimal system parameters. The pro-
portional and integral components will vary in the range
[0.0001; 5], the differential — in the range [0.0001; 300].

In the “Absolute accuracy of selecting output values”
property, we specify the accuracy when calculating the
optimized parameters.

The “Initial increment of outputs” property sets the
first increment step when selecting optimum values. The
larger the step, the faster the selected values change at the
beginning of the search for the optimum, but there is a
chance that the optimal value will be skipped. Set a step
equal to “Absolute accuracy of selecting output valuesy, it
slows down the calculation, but guarantees the search
with the specified accuracy.

The “Minimum values of input optimization criteria”
and “Maximum values of input optimization criteria”
properties define the acceptable range of optimization
criteria. According to the requirements imposed on the

system when setting the task for the synthesis of the regu-
lator, the value of overshoot should not exceed 5 % of the
set value, the transition time when working out the task
should not exceed 500 s. Thus, the minimum values of the
optimization criteria are as follows: Yy,x = 0.95; tpp =0 s.
The maximum values of the optimization criteria are:
Yimax = 1.05; tpp = 500 s.

The simplex method is chosen as the optimization
method.

The “Initial approximation of outputs of the block”
property sets the vector of initial values of the optimized
parameters. In this case, the optimized parameters are the
coefficients of the PID-regulator. Add approximate values
of the regulator parameters calculated by the Ziegler—
Nichols method to this property [16]. The result of con-
figuring the properties of the “Optimizer” block is shown
in fig. 8.

The setup procedure in the Ziegler-Nichols method
has the following steps:

1. Experimental study of the system: the studied sys-
tem with a given object of regulation is supplied with a
proportional regulator, the gain coefficient K, of which
vary as long as at the output of the system the oscillations
with constant amplitude are not set.

2. Fixing of values: the value of the transmission coef-
ficient of the regulator, at w*hich the system is at the boundary
of stability and the period 7" of steady-state oscillations in the

system, is fixed and denoted by K; .

3. Values of the PID-regulator parameters are calculated us-
ing the formulas given in tab. 2.

This method is based on the use of data obtained ex-
perimentally on a real object and the use of stability re-
serves [15].

Experimental results of the study. The proportional

coefficient K; = 1.242 was determined experimentally,

at which oscillations with a constant amplitude are estab-
lished in the system. From the graph, we determine the
oscillation period 7" = 577 s.

Required parameters of the PID-regulator, according
to table 2 have the following values:

K,=0.7450;
K;=0.0025;
K,=53.755.

Add data to the properties of the «Optimizer» block
and configure parameters using the built-in tools of the
SimInTech environment.

Graphs of the transition process without the use of the
controller and with the application controller of the PID
type, the coefficients of which were obtained from calcu-
lations of the unit “Optimizer” is shown in fig. 9.

For better comparison of the quality of the transition
process, the designed in the course of work indicators
of quality of regulation are summarized in tab. 3.

Table 2
PID-regulator parameters
Type K, X, X,
: 12K, Kt
PID-regulator 0.60-K, Zp 0.075-K,-T
T
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Fig. 7. The automatic control system model with optimizer
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€3 Properties : OptimizeBlockd - O x
Properties  Common Pors  Visual layers
Caption Mame Expression Value
Parameter optimization mode optmode In dynamics continuously
Periodicity of analysis of optimization criteria in the ca... optstep 1
Initial approximation of the outputs of the block %0 [0.5, 0.0012. 53] [1]
Minimum values of the outputs of the block ymin [0.0001, 0.0001, O.. [0.0001, 0.0001, 0.0001]
The maximum values of the outputs of the block ymax [5,5,300] [5,5,300]
Absolute accuracy of selection of output values yabserror [0.0001, D.0001, O0.. [0.0001, 0.0001, 0.0001]
Initial increment of outputs dparams 0.0001 [0.0001]
Minimum wvalues of input optimization criteria umin [0.95, 0] [0.95, 0]
Maximum values of input optimization criteria umax [1.05,500] [1.05, 500]
Type of summary optimization criterion usumtype Quadratic
Optimization method optmethod Simplex
The maximum number of repeated simulations in the ... maxiter 300
Issuance of information about the optimization process  printoptinfo Cna
< >
@aML®T| ARE|O
Fig. 8. Properties of the “Optimizer” block
Puc. 8. Cpoiicta 610ka «OnTHMH3aTOP
Table 3
Comparison of the quality of the transition process indicators
Parameter Original scheme PID-regulator scheme
Regulation time ¢, , s 11907 410
Maximum value Y 1.9 1.04
Second maximum value Y, 1.8
Overshooting ¢, % 90.7 4
Attenuation D 0.11 1
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Fig. 9. Comparison of the automatic control system transition diagrams,
where / is the original circuit, 2 is the circuit with the tuned PID regulator
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From the graphs of the ACS transition process and
control quality indicators presented in fig. 9 and tab. 3,
respectively, we can conclude that it is advisable to use
control devices in technological process control systems.
The automated search for controller parameters using the
built-in SimInTech dynamic modeling environment fully
meets the system requirements: the process parameter, in
this case, the room temperature, is maintained at the set
level, the set value is processed without error in the
steady-state mode, the transition time is reduced com-
pared to the original scheme and is less than 500 seconds,
there are no fluctuations. The system is stable and effi-
cient.

Automated adjustment of PID-regulator parameters
using SimInTech's built-in tools has the advantage that the
algorithm will work until it makes parameter settings that
meet the required optimality criteria or, if this is not pos-
sible, selects such regulator coefficients so that the quality
of system regulation is as close as possible to the required
level. Moreover, several optimization methods are avail-
able, which allows to choose the best one for the designed
system.

This method does not require the direct presence of
the operator, it only sets the necessary operating condi-
tions for the block, however, the configuration process
can take a long time.

At the same time, the “Optimizer” in the SimInTech
environment can be used to configure the parameters of
control devices and dynamic systems of various types.
The main thing is to set the optimality criteria and initial
approximations of the output variables correctly.

Conclusion. In this paper, in the environment of dy-
namic modeling of SimInTech technical systems using
standard blocks of general technical software libraries, a
model of an automation object is developed and imple-
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mented — a dynamic system with feedback on the example
of an automatic temperature control system in a room.
The application of such development environment tools
as a database and a programming language is described.

The system includes a proportional-integral-
differentiating regulator, which is a parallel connection of
P-, I- and D-regulators in the form of a single block “Dis-
crete PID-regulator”.

An automated search for PID-regulator parameters
was performed using the built-in tools of the development
environment — using the “Optimizer” block, a detailed
description of the application and settings of which is
described in this paper. The advantages and disadvantages
of the configuration method identified during the project
implementation are described.

The results of the ACS simulation, as well as the sys-
tem with the control device, are confirmed by time graphs
and mathematical calculations. The quality indicators of
the system control process are compared based on the
following indicators: control time, maximum value of the
controlled value, overshoot, attenuation.

Based on the results of system modeling, the feasibil-
ity of using SimInTech tools to determine the coefficients
of a PID-type control device was evaluated. Conclusions
are made about the effectiveness of this method: the sys-
tem meets the requirements for it in full. It is possible to
use the SimInTech model parameter optimization block
for dynamic systems of different orders and control de-
vices of different composition from the one under consid-
eration.
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