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Purpose. The aim is to analyze the effectiveness of traditional and intelligent adaptation methods of automatic con-
trol systems of thermal power processes at a thermal power plant (TPP). 

Methods. In the course of the study the classical methods of active identification and adaptation of automatic 
control systems (ACS) were used. Test excitation of ACS starts a transient process which allows to obtain parameters of 
the object transfer function and calculate the conventional adjustment knob. However, active identification introduces 
additional disturbance to the site and degrades the quality of control as a whole. Thus, it is proposed to use a heuristic 
method of experts – fixers in the processes of remote adaptation of single loop ACSs with regard to the trajectory of the 
transient characteristic. 

Results. The inefficiency of standard adaptation methods of thermal objects in ACS adjustment mode, on the basis 
of the channel temperature control of superheated steam from TPP was demonstrated experimentally. At the same time, 
ussng fuzzy logic theory in modeling actions of personnel in the processes of ACS adjustment and adaptation, it was 
possible to obtain transient processes with the expected quality indicators. 

Scientific novelty. To expedite the process of adaptation of control systems and reduce the impact of additional 
perturbations, caused by active identification, intelligent approach to calculating settings of proportional-integral-
derivative (PID) controller on the basis of Mamdani algorithm was proposed. 

The practical significance. Currently, more than 90% of Ukraine's coal plants units expired their design life and re-
quire modernization. At the same time, the vast majority of TPP work with hourly load change in the adjusting mode 
with the corresponding change in the properties of the control subsystems. The use of intelligent technologies in TPP 
(ACS) in the processes of identification and adaptation of local ACS with a proportional-integral (PI) and PID control-
lers will significantly reduce the operating costs, related to excessive consumption of  solid fuel because of inefficient 
transient processes. 

Keywords: identification, adaptation, complex frequency response, PI controller, power block unit, fuzzy adapter 
 
Introduction. 2Despite the fact that the share of 

thermal power plants (TPP) in the national power ex-
ceeds 53% , the majority of power units working in TPP 
are equipped with outdated equipment, which imple-
ments traditional control algorithms that do not allow to 
increase economic performance and, consequently, the 
efficiency of coal power plants is not more than  30%. At 
the same time, 92.1% of power units in Ukraine worked 
out their design life and need modernization [1]. This 
problem requires a comprehensive research into selection 
of optimal operation modes of power units that are only 
possible with adaptive control actions. 

In industrial environment of TPP equipment, with 
frequent load changes and the impact of random disturb-
ances, the plant parameter values are subject to the dy-
namism which requires that ACS adjuster install new 
values of the controller settings or its adaptation . How-
ever, due to time constraints, inability to control disturb-
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ances, complexity of the identification process, etc., ex-
perts often cannot calculate the adaptive settings of 
standard PI and PID controllers, which reduces the effi-
ciency of the entire production. Hence, arises the prob-
lem of optimizing adaptation procedures, in particular of 
finding methods with minimal time and information con-
sumption. Analytical models obtained by solving a sys-
tem of differential equations, are ineffective because 
some parameters of objects are represented in a simpli-
fied form, and some cannot be taken into account be-
cause of simplified models. Accordingly, assessment of 
the object model at the pre- stage of the control system 
synthesis contains a number of unaccounted factors 
which affects the results accuracy of ACS design and op-
eration [2]. 

In addition, mathematical modeling of, for example,  
superheated steam temperature, is usually associated with 
approximation of the acceleration curves obtained exper-
imentally, and as a result mathematical description be-
comes inaccurate a priori. In view of this, the adaptive 
management practices receive particular relevance [2]. 
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Recently, a number of Ukrainian thermal power systems 
of local ACSs have been using Remicont, Aries, Siemens 
controllers with integrated adaptive control software al-
gorithms, which usually implement the classical methods 
of adaptive control or upgrading [3–8]. It should be noted 
that adaptive ASC has not yet received a significant 
spreading in domestic TPP for a number of reasons of fi-
nancial and industrial character. As a rule, expert-
adjusters of ACS disable adaptive blocks of standard 
regulators in conditions of heavy disturbances. Thus, the 
questions of finding optimal adaptive methods for man-
aging complex thermal processes remain open. 

Analysis of the classical methods of adaptive con-
trol.  Given the importance and necessity of using the 
principles of adaptation, we analyze the most common 
methods used at thermal plants. In the process of auto-
matic adaptation, the controller can be set in accordance 
with the classical structural diagram (fig.1). 

 

 
 

Fig. 1. Active adaptation in ACS: u – impact test; μ – 
control action; λ – perturbations; y – output pa-
rameter 

 
The structure includes an identifier, which analyzes the 

object model, the optimizer, which calculates controller 
settings at the next step of proceeding to the optimum, and 
the corresponding regulator unit. For arbitrary setting, 
providing stability control of the system, the regulator 
comes into operation, after which it is subjected to step ex-
ternal u(t) identifying impact. The response to this effect 
(change in time of the controlled variable y(t)) will be the 
corresponding transient response of the closed system up 
to the amplitude of the input action. With a known algo-
rithm of the regulator functioning, we can obtain a transfer 
function or complex frequency response (CFR) of the ob-
ject. Designing a mathematical model of the object, we 
can calculate the optimal settings for PI or PID-controller. 
It should be noted that assessment of the transient response 
of the closed loop in actual operation of control systems 
typically is relatively unstable, i.e. if the experiment is re-
peated several times, very different results will be obtained 
which will affect adequacy of the object model. However, 
if the response is oscillatory, then it is possible to assess 
the degree of oscillations  damping and their period [2]. 
Therefore, the analysis of adaptation method was per-
formed, wherein the loop dynamics will be evaluated by 
these characteristics of the transient loap parameters, be-
cause similar approach is used in many adaptive microcon-
trollers’ of various brands specializing in automation [3]. 

We investigated the adaptation process of PI-
controller, wherein the unknown transfer function of the 
adaptive system of an object – a powerful TPP boiler su-
perheater channel – is defined along “the movement of 

the regulatory body of cooling water consumption to the 
superheater” – “temperature change of the superheated 
steam” in the regulatory system and is determinated by 
the transfer function –   inertia link of the third order delay 

 
0,52

3

0,55( )
(1,5 1)

sW s e
s ,       (1) 

 
where s – laplace operator; е -0,52s – link delay. 

This characteristic can be considered typical for ob-
jects and processes with automatic compensation [6]. 

According to conditions of operation, it is necessary 
that, for the optimum settings, the degree of attenuation 
is Ψ = 0.9. We choose the initial value of the integration 
constant controller Тi = 12 min. Let us assume that the 
transmission coefficient is sufficiently small (you can 
generally start with a zero). By including regulators into 
work and due to gradual increase in its transmission coef-
ficient we will achieve that transient response of the cir-
cuit has become self-oscillating and not exceeding the 
permissible limits. If the factor of proportionality kр= 6.5, 
we obtain the process, shown in fig. 2. Handling the pro-
cess yields the following quality indicators: degree of at-
tenuation Ψ=0.228 and oscillation period: Т = 10.36 min. 
Since the degree of attenuation does not correspond to 
the desired degree: Ψтр= 0,9 the adapter starts the proce-
dure of adapting (fig. 2). 

Simulation result of the system’s transient response 
with this setup is shown in fig. 2. From the resulting 
graph, we define the new values: the degree of attenua-
tion and oscillation period. These parameters were equal 
to 0.71 and 13.43 min. Recalculation by the formulas for 
new oscillation parameters gives the following result: ob-
ject model gain k mod = 0.076; model delay τmod =  
2.04 min; optimal controller settings: k р.opt =4.31;  
Т i.opt =5.81. From the analysis of values Ψ and Т follows 
that they do not meet the specified settings according to 
the requirements of the technological process. Thus, the 
controller continues the process of adaptation. The third 
stage of the settings calculation is similar to the previous 
one. In fig. 3, besides transient characteristics of a closed 
loop, by which we assess oscillations parameters, the 
dashed line shows transient response of the control sys-
tem under disturbances, acting on an object during the 
regulatory impact. This allows to assess the quality of the 
regulatory system in terms of its main task – suppression 
of disturbances acting on the object. 

As can be seen from fig. 3, the degree of attenuation 
Ψ = 0.86 remains unchanged, consequently, adaptation 
process is finished. But, since Ψ does not correspond to 
the preset value 0.9, and the process is not aperiodic, as 
required for the key facilities of TPP, we can conclude 
that the adaptive ACS, which operates according to the 
proposed method, is robust but not effective in terms of 
energy efficiency and reliability, and requires additional 
manual settings by automation specialist. The adaptation 
process is characterized by considerable duration  
(3–4 stages). This fact introduces additional disturbances 
in the control channel and affects the output (adjustable) 
value.
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The disadvantage of this method, according to the au-
thors, is that the initial settings of the regulator must be 
specially selected only for the reasons of control loop  
stability and is not optimal for this mode of thermal ob-
ject operation. We can assert that the economic compo-
nent of the operation of this ACS increases due to the 
need for expensive equipment, which generates test sig-
nals, as well as for communication lines and additional 
maintenance personnel. 

Adapting to the transient response of the system 
with a preliminary estimation of customizable object 
model. As a rule, the transfer function of the customiza-
ble object models is selected as multiple identical aperi-
odic links with delay. Hence rational function V(s) is de-
fined by the formula 

 

m od 

1 V (s) ,
(T 1) ns

 

 
where  Tmod  – time constant model; n – model order. 

The number of parameters to be assessed in this case 
is equal to four. Therefore, evaluation of all parameters 
of the model, knowing only the degree of attenuation and 
the oscillation period of the transient response would be 
impossible. However, as a matter of practice [6], one can 
get a satisfactory solution to the problem, if the time con-
stant is associated with the fixed delay by the equation 
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and fix the value of n, where  – coefficient to the model 
equal 3.5. The coefficients of the model transfer function, 
which can independently change during adjustment, may be 
called free, while the other coefficients (in this case Tmod and 
n) can be called associated. In imposing such associations 
the gain ajustment in the control loop can be taken into ac-
count by the change in the transmission coefficient, and the 
phase shift can be reflected in the delay change. It is com-
mon to conduct expert evaluation of the associated coeffi-
cients of this transfer function  = 4; n = 2 [6]. 

Before the beginning of the adaptation process, we 
experimentally assess the transient response of the object 
(when the controller is switched off). It determines the 
approximate values of  for the selected n, and usually, it 
suffices to choose a rough approximation (n < 2). Then, 
to obtain computational formulas for the optimum set-
tings, we produce replacement of S = S in the transfer 
function of the open-loop system with the considered 
customizable model 
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According to the dimensionless transfer function of 

customizable object models 
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we calculate the controller optimal dimensionless param-
eters. Transition to the real optimal settings to be in-
stalled in the controller is provided by the formulas 
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Let us adapt the system for the analysis of the test 

method. Transfer function is given by 
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We will use the presetting procedure, that is, let us 

assume that before the adaptation, we evaluate object 
transient response (identification ), and, departing from 
it, through the tangent at the inflection point we obtained 
the simplest model in the form of aperiodic element with 
delay. Assume that the time constant and the model delay 
are respectively 7 min and 2 min , i.e. the coefficient  in 
formula (1) may be taken 3.5 . 

It is assumed that the initial process of regulation is de-
termined by acceptable self-oscillations with  = 0.228 
and T = 10.36 min. To determine the free model parame-
ters and definable values of settings, let us do calculation 
(fig. 4). As a result we obtain the following settings for  
PI – controller: k .opt =2,91,  i opt = 4.47. Modeling of regu-
latory process yielded the degree of attenuation value  = 
0.71, and the oscillation period T = 14.2 min. Recalcula-
tion of settings resulted in the similar quality criteria. 

Thus, it is noteworthy that the best indicators of 
quality in the present approximation methods are:  

 = 0.71, regulation time  = 20 s. To reach a value  
 = 0.9 is impossible. Thus, the method is not optimal, 

although it takes less time for adaptation. At the same 
time, this method is characterized by deficiencies that are 
associated with inaccurate mathematical model parame-
ters, which are related to the approximation of the transi-
ent response and impossibility to obtain an aperiodic 
process.  

The disadvantages of the method include the need for 
special equipment for test actions, and the duration of the 
process related to the search for a mathematical model 
and calculation of the optimal settings. Also, if during the 
experiment, the system is under profound disturbance, 
noise and interference, then the estimation of the mathe-
matical model can involve considerable errors. Thus, the 
generator may require additional equipment with adap-
tive filter settings. However, the issue of the develop-
ment and implementation of the adaptive filter remains 
open up to the present time. 

Method of adaptive adjustment of PID-controller 
by fuzzy identification of the transiend process. De-
spite the fact that the passive identification, according to 
some scientists [2, 5], is not effective, it can be assumed 
that expert knowledge and experience of the ACS adjust-
er may bring success during manual setting of ACS and 
the analysis of the transition process.  
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SCADA system, which visualizes the transition process 
and calculates the quality parameters. 

In elaborating the model of fuzzy adapter and carry-
ing out fuzzification stage, we used three membership 
functions: Z, S – shaped and triangular type [9]. Univer-
sum of term-sets (low, medium, high) and the knowledge 
base of the adapter were configured during multiple ex-
periments with respect to the range of changes in the val-
ues of the transfer functions parameters and parameters 
of transients processes. Also the recommendations [10] 
about the impact of each PID parameter on the trajectory 
of the transition process were taken into account. 

As a method of defuzzification we chose the method 
of the gravity center [9] 
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where μ – truth degree of membership function; n – 
number ofи  term-sets. 

Window of working of fuzzy adapter shown in fig. 7. 
The window of fuzzy adapter working results (fig. 7) 

shows the calculated values of the adaptive PID parame-
ter: Кр = 16.9; Тi = 2.48; Kd = 0.75 that must be set on the 
controller for the following values of the transient pro-
cess of a single loop ACS: G1 = 0.584; Tp = 19.2;  
τ = 1.32. These settings allow to obtain the expected 
transient process with improved quality parametrs. 

Comparative testing of settings recommended by 
fuzzy adapter of PID-controller with inertial object of the 
third order in Simulink program resulted in anticipated 
transients processes with improved quality, in contrast to 
the processes, of classical adaptive ACSs. The proposed 
method for constructing adaptive PID controller elimi-
nates the step of active adaptation from the setup process 
and allows to evade deterioration of the object work. The 
disadvantage of the fuzzy approach is the need for a sig-
nificant amount of experiments at the stage of evaluation 
and adjustments of fuzzy model parameters, as well as 
impossibility to use it for multi-loop ACS. 

 
 
 
 
                                                                                                             N…. 
   
                      
                                                                               

 
 

  - 
 
 
 

Fig. 5. The structure of the fuzzy adaptive ACS: λ – external perturbation; Z  – task; Tp – regulation time; ΔG1 – 
time to reach the of the  first deviation of the transition process; τ  – delay; Y – output parameter; Kd  – differen-
tiation coefficient; Kp – proportionality coefficient;  Ti –  integration time  

 
 

 
 

Fig. 6. Kind of the fuzzy model (adapter) in program FLT (MatLab), which implemented by Mamdani algorithm:  
G1 – block of the first deflection; Tp –  time control of the transition process; τ – delay; Kp – proportionality coef-
ficient; Ti – integration time; Kd – differentiation coefficient; PID – knowledge base 
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