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ABSTRACT: The study presents the software tuning the controller parameters of control system in thermal power 

plants written in C# language. The software has a closed structure, with the principle of working independently, 

directly on the Windows operating system, This makes the software more user-friendly and easy to use in practice. 

The theoretical basis for building turning software is based on the research results of scientists in the thermal field. 

The control system is analyzed and synthesized on both frequency domain and time domain. The software has 

applied to turn a number of loops taken from some of the thermal power plants in Vietnam, initially give results 

that meet the requirements of turning controllers in actual production. 

KEYWORDS: Identify, Transfer function, C# programming language, controller, predictive, frequency 

characteristic. 

ACRONYMS: r - Setpoint; D  - Disturbance; CG - Transfer function of controller; PG - Transfer function of 

object; DG  - Transfer function of disturbance; u  - control signal.

INTRODUCTION 

In industrial plants, the quality of the response of the PID control loop circuits is crucial to the stability, frequency 

of incidents, level of fuel loss, product quality, and equipment life. After a period of operation, the PID control 

loop circuits of the control system will get worse and worse, because: Actuators, measuring devices are degraded, 

parameters of process objects change (such as Friction in pipes, change of heat transfer coefficient, etc.). according 

to [1], up to 85% of the control loop circuits do not have the optimal parameter set yet, about 45% of the control 

loop circuits when switched to manual mode will be less fluctuated than the automatic mode. Therefore, the need 

to turn parameters of PID controllers is increasing. The characteristics of the processes in a thermal power plant 

are that the system has a load delay, with a nonlinearity that makes it difficult to explicitly describe the object 

dynamics by conventional analytical methods, so people often build control models according to the structure of 

the control loop circuits.  The thermal power plant has nearly 300 control loops, including 30 important control 

loops. In order to calibrate control loops, the commonly used method is collecting the operating parameters of the 

loops online by using specialized software to extract data from the OPC of the DCS system [1]. From the collected 

data, building the object control model as a transfer function. To describe the object of control rings stick to 

physical nature, we need to based on kinematic description combined with online object identification [4][5][6]. 

Once the control model of the loop circuit is obtained, design the controller and then turning the controller of the 

DCS system.  

For current controller design, people often use Matlab or Labview software. However, these software were 

originally developed according to electromechanical systems, so specialized toolboxes for process control in 

general and thermal processes in particular are not strong enough. This leads to the need for specialized software 

to turning process controller parameter. 

The study presents a specialized software set built to turning controller parameters in a thermal power plant, the 

content consists of three parts: Introduction of software structure and function; software operating instructions; 

Application of software to design controllers in the frequency domain [7] [8] and time domain [9] [10]. 
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The theoretical basis for software construction 

The software operates based on a control loop model described as a Laplace transfer function, Enter the parameter 

of the control object pG ( s )  then software automatically calculates the original controller parameter CG ( s ) . After 

that, use the optimal method for turning the controller parameter to evaluate the quality of the control loop on 

three basic criteria: 

- Overshoot %

max ; 

- Time control rT ( s ) ; 

- Integral-squared error (ISE) ( )2

min

0

J e t dt



=   

The theoretical basis for building software based on PID adjustment design method. The software not only  use 

the basic knowledge of linear automatic control theory, but also uses three additional methods of designing and 

turning the controller [7][8][9][10]. 

Rotach B.R. designs controller parameters based on the closed-loop amplitude characteristics of the controller 

corresponding resonant peak value. frequency indicator of circuit oscillation [7]. This method allows for 

synthesizing the controller when the object is modeled as a frequency characteristic, unnecessary need a 

transmission function model. However, this method requires a certain number of repetitions, but the working 

result of the system is stable. 

Author Mạnh N.V. proposes a method [8] build a sustainable controller from a standpoint soft oscillation index 

and soft characteristics of the open-loop system. By predetermining the desired value to evaluate the sustainability 

of the system, this method group has many advantages in turning the controller, ensuring the system operates 

stably in a wide range of objects. 

The principle of optimizing the control loop with the addition of a predictive element [9] [10] is a new method of 

designing a control loop. 

The control structure, which optimizes the controller parameter, has the structure shown in Figure 1, in which

( )CG s  is the sustainable controller according to [7] or [8], having a general form:  

( )
1

1 sC p d

i

G s k T
T s

 
= + + 

 
                           (1) 

is connected to the predictive element with the transfer function ( )prG s  has the form: 

( ) 1prsi

pr prW s e s



+

=  +                                                  (2) 

The mission of the predictive element that generates the error pulse of input adjusted element of the sustainable 

controller is ( )prt + , by predicting before an interval time pr . An interval time  pr  depend on the delay of 

object. 

  

CG ( s ) prG ( s ) pG ( s )

D( s )

Y( s )R( s ) ( s ) pr ( s ) u( s ) +
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Figure 1. Structure diagram of the controller with additional forecasting stages 

The general transfer function of the controller after the transformation takes the form: 

21 ( )s
pr ppr

C p p d pr p d pr

i i

k
G k k T k T s

T T s


 

 
= + + + + + 

 
                        (3) 

corresponding to the transmission function of the linear controller PIDD. In which the PID controller parameters 

are built on the basis of soft oscillation index or stable reserve ability of amplitude.  

Software structure 

The software “Tuning the controller parameters of control system in thermal power plants” written in C# 

language.  

Enter the object s 
transfer function

Not covered
(-1j, 0)

Start

End

Enter stable  reserve 
ability and predictive 

time

Calculate the controller parameter, 
draw soft characteristics of the 

open-loop system

Calculate the output 
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change a design parameter

Ability to achieve 
control quality?

Controller parameter,
Integral of control error

Soft characteristics
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Enter response channel, 

time and integral

No

predictive time, 
select drawing mode 
multiple responses
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Figure 2. General flowchart using software 

State 1 of the software has a closed structure, with the principle of working independently, directly on the 

Windows operating system, This makes the software more user-friendly and easy to use in practice. The using 

flowchart is shown in Figure 2. 

The software operates on the principle of selecting the control circuit model, entering the algebraic parameter of 

the object, then automatically calculating, giving the controller parameter results, output response and rating 

criteria.  

The functions of software 

The software has the following main functions:  

- Models of thermal process objects are imported into the software as a Laplace transfer function, the software 

calculates the PI controller, PID controller parameters based on sustainable opinion, and soft oscillation index 

according to cutoff frequency. 
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- Simulating soft or hard characteristics of the open system, checking the converging ability of response using 

sustainable controller parameters and soft oscillation index corresponding to the cutoff frequency; 

- Simulating the system output response with PI/PID/PD/D controller parameter sets according to the control 

channel and noise channel, when stimulating input pulse is a square pulse.  Also, compare the output response 

when changing the design value of the system; 

- Turning controller parameters, and can be compared with a number of methods in the frequency domain [7,8], 

applied to 3 types of loop circuits: single-loop circuit, cascade 2-loop circuit, and double-loops circuit with 

differentiator. The programmed function is "Construct an output signal"; 

- Consider the control system integrates the predictive element, to find out the predictive control values that can 

be used [9,10]. After that Simulating the system output response integrating predictive element when stimulating 

input pulse is a square pulse, compare the output response when changing the design value of the system; 

- Evaluate the control quality of the new parameter sets easily and conveniently through specific parameters of 

the thermal process; 

- Evaluate the system when changing stable  reserve ability; 

- From the ideal PID controller, the software enables to design a real PID controller compatible with the themel 

power plant; 

- Import and output data from the SQL server as needed, allowing data transfer through the Excel environment 

for other calculations; 

- Enable to save the simulation results in the design process. 

Software operation steps 

The operation of using software is designed in accordance with the production reality, helping to access the 

software quickly. The main steps taken to design controller parameters in thermal power plants are as follows: 

- Select the object transfer function model; 

- Insert the object transfer function parameter; 

- Select the value of stable reserve ability for a single loop circuit; 

- Push the button “Enter” or “Refresh” to calculating; 

- Turning the two-axis parameter parameters stable reserve ability; 

- Change the controller parameters when you want to compare the soft characteristics with different controllers. 

- Change the time value of the predictive element to assess the open-loop soft characteristics of the control circuit.  

The first main Interface is designed to select the control loop model and enter the corresponding object transfer 

function parameters. Types of loop include: single-loop circuit, cascade 2-loop circuit, and double-loops circuit 

with differentiator (Figure 3). 

Types of object transfer function models include: 1st-order inertia plus dead time; 2nd-order inertia plus dead 

time; 3rd-order inertia plus dead time; Integrating first order plus dead time; Integrating second order plus dead 

time; Oscillating model plus dead time.  

At the second and the third main window, there are 4 pages, designed to allow the realization of turning methods 

[7,8], including: Drawing function to support constructing parameters of PI/PID controller; building hard 

characteristics or soft characteristics of open systems; Simulating output response by noise channel and setpoint. 

(Figure 3,4).   
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Besides, The software has extra interfaces contain modules that support sssthe use of the software, Presenting the 

methodologies and algorithms used to support designing controllers:  

- Diagram of control structure with predictive elements [9,10]; 

- Diagram of a control structure for loops; 

- Interpret some algorithms used in software such as: Determining the instantaneous coordinates of values on 

graphs, functions for software construction. 

 

Figure 3. “Operation mode selection” Interface 

 

Figure 4. Design interface using moethod [7] 
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Figure 5. Design interface using moethod [8] 

Optimization algorithm “Оврагоперешаговый/принцип перешагивания-stepping principle” programmed in 

software to solve optimization problems [11]. The result of the design provides a transient response of the system 

according to the impact of the noise and setpoint when the input pulse is square. 

The software allows building the controller according to the stable reserve ability of the system M . Design 

objective such that the open-frequency characteristic will contact the circle with radius 
2 1

M

M −
, and the center 

point ( )( )21 1 ;0M− − [7]. 

Application of software to design and calibrate PID controllers with typical structures and objects  

Regarding the thermal processes in thermal power plants, there are characteristics of large transport delays and 

inertia. In addition, it is very sensitive to noise impacts. The object transfer function usually consists of three parts: 

The transfer function of the actuator 
CHG ( s ) (such as valves, pumps, fans...); The transfer function of the auxiliary 

process 
2pG ( s ) ; The transfer function of the main process 1pG ( s ) .  

The objects in thermal power plants are popular in 4 forms [1-5]: 
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in which, 1st-order and 2nd-order inertia plus delay can describe the general heat process, Integrating first order 

plus dead time model can describe the object of steam drum water level, combustion chamber pressure, Integrating 

second order plus dead time can describe the turbine-generator. 

Depending on the characteristics of the processes, we can describe the transformation into four types of transfer 

functions: 1st-order inertia, 2nd-order inertia, integral and delay type. 

Technologically, has two types of control requests:  

- Type 1: The loops have a constant setpoint, so the system only requires resistance-noise control, for example, 

the loop control circuits  of the object: steam drum water level, combustion chamber pressure, the oxygen 

concentration in smoke and overheating temperature… 

- Type 2: Loops have both the requirement stick to the setpoint and the noise resistance as the thermal load control 

system.   

Control structures typically use one control loop, two cascading control loops (Cascade), and control loops 

combined with noise compensation feedforward control. 

Designing PI controller 

Considering a single-loop control circuit, suppose the object has the following transfer function: 

( )
13

1

0,075

1 30 1

s s
p

p

k e e
G s

T s s

− −

= =
+ +

                          (5) 

Using software to calculate PI controller parameter according to [7], as follows 

( )
1

20,068 1
21,4548

CG s
s

 
= + 

 
                         (6) 

When combining functions “Regulatory impact”, “Specified impact” and “Construct an output signal” 

programmed in software, We obtain the system's output responses with the input pulse being square pulse, 

according to the set channel and noise channel. Figure 6 shows the results of the software application according 

to the change in the predictive time 0,2,4,6( )pr s =  

  

a. Regulatory impact b. Specified impact 

Figure 6. The output response of the system according to the noise channel and the set channel using [7] 

method 

Table 1. Control quality by the impact of noise 

Predictive time ( )pr s  0 2 4 6 
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%

max  3,42 3,21 3,0 2,88 

rT ( s )  160.1 121.5 109.8 19.7 

ISE 0.0305 0.0263 0.0233 0.0210 

Table 2. Control quality by the impact of setpoint 

Predictive time ( )pr s  0 2 4 6 

%

max  35,29 23,60 14,87 07,29 

rT ( s )  160 110 101.5 102.3 

ISE 22.960 19.744 17.589 16.146 

Comments: 

- The software allows calculating PI/PID controller parameters by two methods and the effective comparison of 

design, returns the response lines 1 in Figure 6a) 6b). 

- When adding predictive element with time 0 2 4 6pr , , , ( s ) =  corresponding to the response lines No. 2-3, the 

system according to the controller parameters better adapted. 

- The addition of the predictive element possible to operate on the control logic each unit in practice. The predictive 

time is set according to the delay characteristic of the control object. 

Designing the PID controller in real 

In industry, PID controllers are always in real form, therefore, the software allows using the method of [7] to 

design real controller parameters in industry.  

Using the control object is steam pressure (element to be controlled) and the control variable is fuel flow (input 

variable), process noise is the thermal value of coal, identified at Hai Phong Thermal Power Plant [6] 

20

30

0.2926

(1 13.86 )(1 93.1 )

0.105
( )

(1 105 )

( )
s

P

s

D

e

s s

e
G s

s

G s
−

−




+ +

 =
 +

=
                          (7) 

The ideal PID controller designed by Rotach’s method takes the form: 

( )
1

17.1954 1 19.5097
40.9017

CG s s
s

 
= + + 

 
                         (8) 

After obtaining the ideal PID controller transfer function, the software allows the calculation of the real PID 

controller with an initial filter coefficient of 8 units, after two iterations of the actual PID controller: 

( )
1 20.18886

15.169 1
39.73 2.5236 1

c

s
G s

s s

 
= + + 

+ 
                        (9) 

Control response according to the set channels, noise channels, 1 – ideal PID; 2 – real PID; 3,4,5 – real PID 

with  2,4,6pr s = shown on figure 8. 
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Figure 8. The output response of system according to the noise channel and setpoint  

Comments: 

- The ideal controller parameter calculated by the software is similar to the theoretical parameter, that helps the 

system equivalent to the ideal parameter, showing the efficiency of the software. 

- Predictive control with large load delay objects is especially effective under the impact of noise, bringing the 

quality of the PID controller closer to ideal. 

Table 3. Control quality by the impact of noise 

Option 1 2 3 4 5 

%

max  5,83 6,36 5,90 5,55 5,24 

rT ( s )  320 340 328 324 321 

ISE 0.123 0.151 0.134 0.122 0.112 

The control quality of the noise channel is improved as increasing the predictive elements. 

Designing Cascade two-loop circuit 

Designing Parameter of the superheated steam temperature controller circuit of Uong Bi extend Thermal Power 

Plant. Internal and external loop object transfer functions are identified from the actual process, supported by the 

Matlab / Identification tool.  

Inner loop: ( )
( )

1

2 2

0.9424

1 5s

s

pG s e−=
+

 

Outer loop: ( )
( )( )

15

1

1.923

20 1 40 1

s

pG s e
s s

−=
+ +

 

Design controller parameters according to the method [8], obtained the two-ring controller as follows: 

Inner loop: ( )2

1
0.196 1 0.026

0.105
CG s s

s

 
= + + 

 
 

Outer loop: ( )1

1
1.518 1 0.474

3.473
CG s s

s

 
= + + 

 
 

After using the "Optimization" function, to adjust the amplification coefficient of the outer-loop controller, 

obtained the new controller as follow 
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( )1

1
0.8088 1 0.474

3.473
CG s s

s

 
= + + 

 
                       (10) 

With the new controller, the outer-loop and inner-loop soft characteristics of the open-loop system pass through 

the point ( )1 ,0j− . Corresponding to the system output according to the impact of noise, with predictive time as 

the response shown in Figure 9. 1,2 with 0 1pr ; ( s ) =  

 

Figure 9. The output response of the system according to the impact of noise 

Comments: 

- The output response of the system similar and conform to the theory. 

- For objects with small-time delays, the large predictive element is highly effective, reduce the overshoot of the 

outer-loop process.  

- For objects with load delay time controlled by a 2-layer circuit structure, the predictive elements bring highly 

effective, reduces the overshoot of the closed-loop process response under the impact of noise. 

CONCLUSION 

The software application results show that it is consistent with the theory and the turning solution proposed. 

It is feasible to add the predictive element to the actual logic at the thermal power plant, so the new control method 

will help improve the performance of the unit in plant. 

The turning Controller parameter software has been initially used for research work to turn controller parameters 

at Duyen Hai 1 and Duyen Hai 3 power plants, supporting the implementation of  Science and Technology Project 

at Power Generation Corporation 1 "Designing and Turning the controller parameter of the thermal-process object 

in thermal power plant".  

With the features of C # language, and the ability to exchange information on the SQL server, the software easily 

connects to the DCS system to develop in the following directions: 

- Add noise compensation feed-forward structure.; 

- Combined with the neural network, it identifies the whole system's thermal process, giving an optimal mode of 

operation. 
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