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ABSTRACT

There is an actuality validation for the development and research of hybrid intelligent system synthesis methods in
this paper. We considered the model of the output stream concentration control for lighting-up equipment of steam unit
boiler. The control of the electric motor of the mixer from the lighting-up equipment is carried out by a hybrid controller
application. Fuzzy Logic Toolbox was used for simulation. The synthesis of the control model of the mixer output stream
has been done. A conventional control method and the fuzzy control method were used for the system synthesis. We used
Mamdani algorithm to implement the fuzzy control model of the mixer output stream concentration. There is a description
of the procedure of the fuzzy system model integration in Simulink interactive system by means of the graphic editor FIS
in this paper. The results of this work are meant for the experimental researches of intelligence hybrid control system

parameters.
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1. INTRODUCTION

Development and research of the synthesis
methods of hybrid intelligence control systems,
development of the algorithms for objects control with
hybrid systems, and extension of the application area of
these methods are the topic problems [1-4]. Classic
automatic control theory cannot offer a qualitative control
action for the objects with incomplete data. However,
modern plants control takes place precisely in the
uncertainty conditions. The electric motor controlling
throttle position for fuel supply in the boiler of the steam
unit SGU-50/6M can be rated as such object. The control
of the output stream concentration of the lightning
equipment ensures desired quality for the boiler operation.
Structural block diagram of the lightning equipment is
shown in Figure-1. The control of the electric motor is
implemented by the hybrid controller usage [5]. A hybrid
approach uses the classic control theory integrated with
fuzzy logic, as a tool. The application of hybrid modeling
methods and hybrid control systems allows the significant
improvement of main quality indexes of automatic control
systems operation [3-8]. For example, we can affect the
form of control curve by creating it separately at each time
interval during the fuzzy controller parameters tuning. It is
possible to constrain the influence of neighbor parts of the
control curve during the controller design and the tuning
of coefficients.
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Figure-1. Lightning equipment.

Hybrid control system synthesis and research
were carried out in Matlab with SIMULINK interactive
system for Windows. Fuzzy Logic Toolbox was used in
modeling [9].

2. OUTPUT STREAM
CONTROL MODEL

The features and results of conventional and
fuzzy model without disturbances and with them and
control object (DC motor) parameters changing were
considered in [10]. This motor is used in the control
system of the technological process of the steam unit
USG-50/6M applied in the oil industry. The fuzzy system
implementing PI controller was developed with Fuzzy
Logic Toolbox graphic interface.

We used the classic (method 1) and the fuzzy
control (method 2) methods for the synthesis of the control
system for output stream concentration regulation. Classic
control method was implemented with a control theory [1]
usage. Use of different methods can be explained by high
quality standards of chemical and alimentary industries to
control in such systems.

The algorithm of synthesis of the output stream
concentration control model has the following structure.

The variables identification:

Method 1 (conventional
corresponds to I=1;

Method 1 (conventional logic) non-fulfillment
corresponds to 1=0;

Method 2
corresponds to J=1;

Method 2 (conventional logic) non-fulfillment
corresponds to J=0;

Method 1 (fuzzy logic) execution corresponds to

CONCENTRATION

logic) execution

(conventional logic) execution

L=1;
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Method 1
corresponds to L=0;

Method 2 (fuzzy logic with changed rule base)
execution corresponds to S=1;

Method 2 (fuzzy logic with changed rule base)
non-fulfillment corresponds to S=0.

(fuzzy logic) non-fulfillment

Step-1. Calculation of the classic controller and the
control object parameters by the method 1.

Step-2. Synthesis of the conventional control system.

Step-3. Creation of the special file for the conventional
system simulation results writing, the setting of file
parameters.

Step-4. Simulation of the conventional control system.

Step-5. Recording of the simulation results to the created
file

Step-6. Calculation of the ADC capacity and the DAC
sampling step.

Step-7. Analysis of simulation results. If the condition I=1
is fulfilled, then the algorithm goes to step-21, else
(I=0) the algorithm goes to step-8.

Step-8. Calculation the classic controller and control
object parameters by the method 2.

Step-9. Simulation of the conventional control system.

Step-10. Recording of the simulation results to the created
file

Step-11. Analysis of simulation results. If the condition
J=1 is fulfilled, then the algorithm goes to step-21,
else (J=0) the algorithm goes to step-12.

Step-12. Extraction of numerical values from the file.

Step-13. Design of the fuzzy control system with FUZZY
LOGIC TOOLBOX on the basis of received values.
The type of used fuzzy system, linguistic variables
with appropriate term-sets, and methods necessary for
fuzzy inference are determined at this step. The
appropriate set of production rules and a fuzzy
inference surface are created.

Step-14. Integration of the developed fuzzy system into
interactive SIMULINK system by using of FUZZY
LOGIC TOOLBOX.

Step-15. Simulation of the conventional (method 2) and
the fuzzy (method 1) control systems.

Step-16. Comparison of the simulation results. If the
condition L=1 is fulfilled, then the algorithm goes to
step-21, else (L=0) the algorithm goes to Step-17.

Step-17. Correction (the method 2 for fuzzy system
creation) of the rule base of the “Fuzzy controller”
system and/or changing of the fuzzy inference
methods to increase the control efficiency.

Step-18. Simulation of the conventional (method 2) and
the fuzzy (method 1) control systems.

Step-19. Comparison of the simulation results. If the
condition S=1 is fulfilled, then the algorithm goes to
step-21, else (S=0) the algorithm goes to step-20.

Step-20. Improvement of the fuzzy model by changing
and/or correction of the main fuzzy inference stages.

Step-21. The end of algorithm, and issue of conclusions.

The desired parameters of the control object and
the controller have been calculated with the data presented
in Table-1.

Table-1. The data for the calculation of the
control object and the controller.

Kco T. co Tco Tl T. d Kp
1,25 50 5 2,5 0,470 0.95Tc
Tco / kcorco

The transfer function of the control object has a

form
1,25¢77
/48 = 1
(P) 1+50p (1
The transfer function of the PID controller has a
form

1
WPID(p):7a6(1+_+2pj' 2
12p

We showed the model of the digital integrated
control system made in SIMULINK system in Figure-2.
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Figure-2. Digital integrated control system model.

The ADC capacity is chosen according to a
quantum rate (the value of lower order bit). The DAC
capacity is chosen according to the range of output
variable y(f) and the allowable error Ay of amplitude
quantization. The sampling step is determined from the
inequality 7)< (0,1+0,3)T and it is equal to 1,5 s, the
quantum rate is equal to Ay = 2,4109e-005.

The signals of error 6, error rate 0 , and control
action U are recorded in the special file FBD13.mat during
the system simulation.

Data record in the file FBDI13.mat was
implemented with the discreteness equal to 1 in the
investigated model. The ‘“PID-controller” subsystem
model with calculated parameters is shown on Figure-3.

The Mamdani algorithm is wused for the
implementation of the fuzzy model of the output stream
concentration control in the mixer. The new file is created
using FIS editor graphic interface with a name of fuzzy
inference system «PIDbezvozmy», the Mamdani fuzzy
inference algorithm, and chosen methods of activation,
aggregation, accumulation, and defuzzification.

1638



VOL. 10, NO. 4, MARCH 2015

ARPN Journal of Engineering and Applied Sciences

ISSN 1819-6608
=3
©2006-2015 Asian Research Publishing Network (ARPN). All rights reserved.

www.arpnjournals.com

Gain2

Disoete-Time

Integrator

Gainl  Dismete Derivativet

Figure-3. The “PID-controller” subsystem model.

The terms and the membership functions, which
have been developed in the editor of membership
functions, for the input and output variables of the fuzzy
inference system are presented in Figure-4-6.

FIS Vanabées Mastarahe funcion pots Pl s 11

> "

1
L'}
D A A
P " L T s
Y \.}:;' N
e / SN 2
4 v 4 4 N, s b
/ / N // X A

rout varabie "

Figure-4. Terms of linguistic variable “error”.
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Figure-5. Terms of linguistic variable “error rate”.
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Figure-6. Terms of linguistic variable “control action”.

The “error” linguistic variable has the term-set
T/={ZN, Z, ZP, PS, PM}. The “error rate” linguistic
variable has the term-set 7,={Z, ZP, PS, PM, PB}. The
“control action” output linguistic variable has the term-set
Ts={ZN, Z, ZP, PS, PMS, PM, PMM, PB}. The terms of
input and output variables are intersected for the control
efficiency sake. Fuzzy inference rules have been formed
by the tools of FIS editor. One can see the program with
fuzzy inference rules in Figure-7. This program could be
used straight in simulation process. To do that, we should
choose other type of fuzzy controller in SIMULINK:
«Fuzzy Logic Controller with Rule Viewer». The
developed fuzzy inference model is integrated into
SIMULINK interactive system after the end of all fuzzy
system development stages with means of FIS graphic
editor.

The fuzzy controller model in SIMULINK
system with the integrated fuzzy inference model is shown
in figure 8. This model was developed on the basis of the
chosen algorithm and appropriate methods.

There is an opportunity of setting of the certainty
coefficients or the weight coefficients for every rule
(values in the parentheses opposite to every rule). Theses
coefficients can take values from the interval [0,1]. If these
weight coefficients are not defined, their values are equal

to 1.
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Figure-7. Program of fuzzy rules development and view.

The dialog window for the fuzzy inference
system integration into SIMULINK interactive system is
shown in Figure-9.

It is necessary to enter the name of file
«PIDbezvozmy in the parameters window of block Fuzzy
controller (see on Figure-9) and to choose item Model
Properties in the menu File of the model window. Then it
is necessary to choose tab CallBacks in the appeared
window and to enter the command
"fuzzy = readfis('PIDbezvozm')" in the field Model pre-
load function. This command will place the created file
"fuzzy.fis" into the Workspace of MATLAB each time the
model file is opened.

Figure-8. Fuzzy controller model in SIMULINK.

The error and error rate input signals and the output signal
of control action with membership functions defined in
FIS editor are represented by Input MF (e), Input
MF (de/dt) and Output MF (u) subsystems. Input MF (e),
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Input MF (de/dt) and Output MF (u) subsystems are
formed in turn by the set of ZN, Z, ZP, PS, PM; Z, ZP, PS,
PM, PB; ZN, Z, ZP, PS, PMS, PM, PMM, PB subsystems.
The rule base made by FIS editor tools is represented by
Rule (Rule 1, Rule 2, ..., Rule 11) subsystem. The form of
Input MF (e) and Input MF (de/dt) subsystems in the
developed model is shown in Figure-10.
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Figure-9. Integration of fuzzy output model with
SIMULINK.

The procedure of truth degree calculation for
every rule antecedent is presented by Max block. The
procedure of output variables defuzzification (reduction to
precise form) is presented by COA subsystem.

In1 DstaConv

Figure-10. Form of Input MF (e) u Input MF (de/dt)
subsystems.
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The general algorithm of ZN, Z, ZP, PS, PM; Z,
ZP, PS, PM, PB subsystems is shown in Figure-11.
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Figure-11. Algorithm of ZN, Z, ZP, PS, PM; Z, ZP, PS,
PM, PB subsystems.

The form of Output MF (u) subsystems in the
developed model is shown in Figure-12.
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Figure-12. Output MF (u) subsystems.
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It is necessary to enter the command «trimf
(linspace (fis.output (1). range (1), fis.output (1). range
(2), 101), fis.output (1).mf(7).params)» for Z, ZP, PS,
PMS, PM, PMM, PB, PMB subsystems. The designed
algorithm for development of fuzzy rules from the set Rule
(Rule 1, Rule 2, ..., Rule 11) is shown in Figure-13.
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Figure-13. Algorithm of fuzzy rules development.

Developed algorithm of COA subsystem is shown
in Figure-14.
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Figure-14. COA subsystem algorithm.

3. CONCLUSIONS

We developed the integrated model of control
system on the example of PID control of the output stream
concentration in mixer. The transfer functions of control
object and controller has been derived.

Fuzzy control model synthesis has been done on
the example of PID-FUZZY-controller of the output
stream concentration in mixer. The terms and membership
functions have been defined for input and output variables
of the fuzzy inference system. The set of fuzzy inference
rules has been formed. The fuzzy inference system type,
the methods of activation, aggregation, accumulation and
defuzzification have been chosen.

We showed the procedure of the developed fuzzy
system integration into SIMULINK interactive system by
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use FIS graphic editor. The block diagram of the
integrated fuzzy inference model and basic subsystems are
presented. Obtained results allow the experimental
research for the intelligence hybrid control system
parameters selection.

REFERENCES

(1]

(2]

(3]

(4]

(3]

(6]

(7]

(8]

(9]

Besekerskiy V.A. and E.P. Popov. 2003. Automatic
control system theory. SPb, Publishing “Professia”. p.
752.

Automatic control intelligence system /Ed. IL.M.
Makarova, V.M. Lohina. 2001. M.: Physmatlit. p.
576.

Havrilov A.V. 2002. Intelligence hybrid systems. —
Novosibirsk: NSTU Publ. p. 142.

Ignatiev V.V. and V.I. Finaev. 2013. Control systems
based on the classic and fuzzy object models
combination. M.: PHYSMATLIT. p. 156 p.

Ignatiev V.V. 2008. Automatic control system of
PO3KHUIOM TOPENIOK MPH paboTe KOTIa Ha IPHPOJHOM
raze [Text]/V.V. Ignatiev// Actual problems of
electricity produce and consumption: thematic
issue / SFEDU News. Technics. Taganrog: TTI
SFEDU Publ. 84(7): 240, pp. 128-136.

Yan H.H. 1992. Power system security assessment
using a hybrid expert system: neural network
architecture / Proc. of IEEE. ISCS. New York. pp.
1713-1716.

Kolesnikov A.V. 2001. Hybrid intelligence system:
theory and developing technology. SPb.: SPbFTU
Publ.. p. 600.

Medsker L.R. 1996. Hybrid Intelligent
Systems // International Journal of Computational
Intelligence and Organizations. 1: 10-20.

Leonenkov A.V. 2005. Fuzzy modeling in the
MATLAB and fuzzyTECH. — SPb.: BHV, Peterburg.
p. 736.

[10]Ignatyev V. V., and V. 1. Finaev. 2013. The Use

Regulator in Design of Control Systems. World
Applied Sciences Journal. 23 (10): 1291-1297.

ISSN 1819-6608

i@

1641



