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Abstract
This article proposes a method for the synthesis of fuzzy logic controllers for control of complex 
technological processes on the example of sinter production. The proposed method is based on 
the self-organizing knowledge bases of fuzzy controllers using the so-called fuzzy-supplementing 
optimizing algorithm. This method differs from the known ones by capability to synthesize control 
systems that meet the quality criteria and reduced amount of computation required to solve the 
problem of the synthesis.
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Introduction
The analysis of sintering technologies allowed to 

draw a conclusion [1] that this production is a typical 
non-linear multi-level process of the mining indus-
try, for which the implementation of a comprehensive 
program of automation associated with the solution 
of problems of synthesis of adaptive systems of mul-
ti-level management, which will improve production 
efficiency and reduce power consumption.

As the dynamics of sintering process depends on 
a number of uncontrollable factors , 1,2,3i cic i∈Ω =              
(i = 1 - vector of unknown quasi-stationary coeffi-
cients of the object; i = 2 – is a function of time which 
can’t be measured;  i = 3 - are unknown functions of 
state variables of the objects or the measured variable 
input-output) adaptation control system and signal to 
the parametric uncertainty can be implemented with 
the use of fuzzy logic controllers (FLC) [2-4] on the 
lower level of the automatic process control (APC) 
and functional uncertainties - on the basis of the cal-
culation of the general strategy of vector control of 
the upper hierarchical level APC of sintering produc-
tion.

In order to implement a comprehensive program 
of automation of production processes in the top-le-                                                                                                   
vel adaptive APC should be included subsystem 
which allows to define: technological and tech-
no-economic performance; the concept of the cur-
rent management of local stabilization systems with                                            
implementation of the principle of robustness to dis-
turbing influences; the main operating parameters of 
the process equipment; conditions and principles of 
load matching between the parallel stage of a multi-
stage production complex; effective, in terms of tech-
nical and economic parameters, control channels in 
a subordinate regulation of multiply dynamic objects 
processes of adaptation of local loops on the lower 
hierarchical levels APC; graphics planned preventive 
maintenance of process equipment.

This article presents informative and formal state-
ment of the problem of synthesis of fuzzy logic con-
trol systems of multi-level sintering process, orga-                                                                                                  
nizational and technical measures to solve it are pro-
posed.

The advantages of control systems with FLC ge- 
nerally include the following [4]:

1) the possibility of control systems synthesis in 
uncertainty  conditions when there are only quali-
tative information in the object of management and 
control actions;

2) the special properties of control systems with 
FLC, in particular, low sensitivity to changes in the 
parameters of the control object;

3) synthesis of control systems of complex objects 
using fuzzy logic methods are often less labor inten-
sive than traditional management systems;

4) linguistic form of the information is quite sim-
ple to interpret;

5) the fuzzy logic  is a relatively new technolo-
gy and its application allows you to easily reach the 
“non-infringement” designed products.

The main method of synthesis of FLC is expert 
method. In this case, controllers design is fulfilled in 
two stages.

On the first stage by means of interviewing of              
experts and specialists in the field of management 
of the object, for which the fuzzy logic controller is                
being developed, there buildt a knowledge base in the 
form of fuzzy production rules and then selected the 
type of algorithm, fuzzy logic and initial values of the 
controller parameters.

On the second stage the algorithm of fuzzy infe- 
rence, knowledge base and the parameters FLC are 
customized using the conducting experiments on the 
real object or on a simulation model of the synthe-
sized control system. This step is very time-consum-
ing in terms of time spent for the experiments on the 
real object of management and needs a lot of compu-
tational costs when  the experiments on the simula-
tion model system will be made. 

In this article there is a method that give opportu-
nity to synthesize knowledge bases into fuzzy logic 
controllers which is differ by amount of calculations 
required for carrying out the synthesis.

Problem statement
Let us consider closed control system that includes 

FLC with control object (CO) in the figure 1.
Fuzzy logic controller consists of linear dynamic 

component (LDC) and module of fuzzy logic output 
(FLO). Such structure of controller makes us able to 
cover a wide class of fuzzy controllers of technologi-
cal parameters of sintering production.

Figure 1. Control system structure with fuzzy logic 
controller

The aim of control is to get the best, as for chosen 
quality coefficient, correspondence of output coordi-
nate of object y to the set value of x0.

Initial data for synthesize of FLC are:
1) quality parameter of control, chosen according
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to characteristics of control object (response time, 
time of the first coordination, overcontrol, integral 
square value etc);

2) manifold of typical input signals x0; according 
to the reaction on them, it is possible to asses control 
system in the real worlk conditions;

3) model of the control object;
equation of LDC block (LDC should provide                

infeed rate of FLO signals of control error e and its 
derivative  [2-4]).

The task is to synthesize knowledge bases of FLO 
of FLC.

Synthesis of FLC knowledge base based on 
self-organizing algorithm

To solve the task we can use implementing opti-
mizing algorithm of self-organizing of FLO system 
proposed in [5, 6]. This algorithm differs with smaller 
computational efforts as compared twith other known 
algorithms of fuzzy neural networks building-up [4-
6].

Let us describe the algorithm in the context of the 
current task.

Let us assume that block of fuzzy interference 
(BFI) implements some nonlinear dependency be-
tween its input x  and output u :

                            )(xu 
η= ,                             (1)

This dependence should give us a minimum of 
))(( xGI 

η= , characterizing working quality of control 
system.

Let us consider that this composite function repre-
sents an integral square error of the system:

Let us assume, that we have some prior information 
about dependence (1) written in the form of battery 
m0  fuzzy production rules in form:

Пr: if х1 is Аr1 and х2 is Аr2 and…and хn is Аrn,then 
ruu = ,

Where r=1,2, … m0 – is a rule number in the 
knowledge base, xj (j=1,2,…, n) – are the components
of the vector x , Arj – are some some fuzzy numbers, 
that have membership functions .

Let us note that the given prior information may be 
absent (herein m0=0). Let us assume that experiment 
can be performed to evaluate the value of composite 
function ))(( xII 

η=  with current form of dependen-
cy )(xy 

η= . Such experiment is implemented by the 
imitational modeling of the given control system.

Algorithm consists in implementation of the next

(2)

steps.
Step 0 (preliminary). There set a parameter ɛ  

characterizing error of the obtained minimum of 
the composite function. With the help of expert 
method there determined prior knowledge base 
of FLC in the form of 0m  of the fuzzy production 
rules. Current number of rules in the knowledge 
base is set m=m0.

Step 1. If forming knowledge base (KB) is emp-
ty ( 00 =m ), then step 2 is performed, otherwise 
value )(xm


η  will be defined with help of Sugeno 

algorithm of 0 order of fuzzy output and with the 
help of certain production rules [4]:
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where )(...)()()( 2211 nrnrrr xxxx µ××µ×µ=α
  – is 

the degree of validity of prerequisites of rth  rule. 
Based on value of (3) the value of composite 

function mI  (2) with the help of imitational modeling 
is estimated.

Step 2. Rule with the next form is added to the KB.
    Пm+1: if х1 is А(m+1)1 and х2 is А(m+1)2 and … хn is 
А(m+1)n, then 1+= muu ,
where j),m(A 1+  – are fuzzy numbers with V-tent 
membership functions [4]:

(3)

(4)

where jmc )1( +  – are the centers of fuzzy num-

bers j)m(A 1+ .
Then we determine value 

),...,,,,...,,( )1(1),1(1),1(1)1(1 nmmmnmmm uccx ++++++ λλη


 with help of formula that is similar to (3). Pa-
rameters 

1)1( +mc , … 
nmc )1( +
, 1+mu , 

11 )m( +λ , … 

n)m( 1+λ  are set up
 by the optimization of function 

)),...,,,,...,,(( )1(1),1(1),1(1)1(11 nmmmnmmmm uccxII +++++++ λλη=
  

in accordance with specified parameters.
Step 3. Checking inequality:

                              ε≤− +1mm II .                       (5)

where ))(( xII mm


η= , ))(( 11 xII mm


++ η= .
Value m  is changing: 1+= mm .
In case of inequality (5) failes we’ll go to 2, 

otherwise transition to step 4.
Step 4. KB of FLC is formed. Result is KB that 

consists of m  production rules, herein the value of 
composite function is equal to mI .
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Simulation experiment. Let us illustrate the gi- 

ven method. Let us consider the control system of 
electric drive of sintering machine. 

A feature of control of agglomerate sintering is the 
lack of methods of control for base value of the pro-
cess - place of ending of the sintering process of the 
furnace charge. According to the previous statement, 
a comprehensive indicator of the process was consi- 
dered as the main control parameter [1].

Neural-fuzzy system of determination of active 
automatic control system (ACS) [1] will carry out an 
analysis of the actual dynamic state of the process and 
according to the developed algorithm [1] will decide 
to activate the corresponding ACS in case of devia-

tion of the given indicator.
We’ve got structural scheme with FLC and CO in 

form of fuzzy model for the control system of electric 
drive (fig. 2).

In the fig. 2 component M is the sampler with ze-
ro-order hold which is described by the equation: 

)()(*
ktete =  with [ ]1+∈ kk t,tt ,

where 0Tktk ⋅=  – is time of modulator firing,  
...,2,1,0=k  – are the numbers of discrete moments 

of time, 1,00 =T  – sampler work period.
Components of fuzzy logic output FLO 1 and 

FLO 2 of controller and CO respectively implement 
algorithm of fuzzy output Sugeno of 0 order [4].

Figure 2. Structural scheme of electric drive control system of sintering machine.

KB of FLO 1 controller was obtained with help of 
expert method in the next form: 

 
 

.
Membership functions of fuzzy variables N, Z and 

P have the form shown in fig. 3 (parameter 5,0=a ).

Figure 3. Membership functions of variables is “negative” 
(N), “approximately equal to zero” (Z), “positive” (P)

KB for FLO 2 of CO:

Composite functions of fuzzy variables “approx. 
-2” and “approx 2” are V shaped:

                
(6)

with parameters 2−=c  and 2=c  for “approx. 
-2” and “approx 2” accordingly.

As an indicator of control system quality, the 
integrated square mistake is considered (2) when
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supplying on the entrance of the system of single step 

influence )(100 tx =
Imitational modelling of the system, where FLC 

is determined by above described 5 production rules, 
gave us the following result: I=3.829. 

According to described algorithm there was 
performed synthesis. A priori KB was taken the same 
as for the first example. Accuracy parameter is ɛ =0,01

Rules in the next form:

.

The following parameters of added rules were 
optimized: centers of membership functions rec , 

rec∆ ; results of rules ru ; general variance rλ  for both 
membership functions. Result of self-organization 
algorithm: number of rules including prior m=8; 
parameters of added production rules:

9494,06 =ec , 1892,06 −=∆ec , 3561,06 =λ ,  9420,06 =u ;
7357,07 =ec , 2119,07 −=∆ec , 4184,07 =λ ,  6557,07 =u ;
4418,08 =ec , 3533,08 =∆ec , 0768,08 =λ ,  6756,08 =u ;

Value of integral square error 262,1=I , which is 
three times less than in initial system. 

Above mentioned example illustrates the effec-
tiveness of suggested synthesis method of fuzzy logic 
controllers. 

Conclusion
Proposed method for synthesis of fuzzy logic 

controllers based on self-regulztion of their know-           
ledge base can be easy extended for case of multiple 
connected control systems and can be used to design             
automatic control systems with different technologi-
cal processes.
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