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Abstract

In this research, the control task of thermal processes under
uncertainty was discussed by the example of technological
process of baked goods. In this paper the complex objects are
observed, particularly, the bread-baking oven. The thermal
processes apply to the class of the systems with non-linear
distributed parameters. The flow chart of bread-baking oven is
given and its controlled parameters, control actions external
disturbances are enumerated. Also the bread-baking oven
description work is represented. The difference between the
designed method and the traditional method of control theory
is proved. The usage of fuzzy inference methods for the
temperature control in the bread-baking oven is well-founded.
The problem of temperature control in the bread-baking
chamber under uncertainty is given. The parameters of control
object are determined by the usage of the fuzzy set theory.
The fuzzy model is offered to control the processes in the
bread-baking oven. This model is distinguished by the taking
into account of quantitative and qualitative information,
expert knowledge and a prior uncertainty of bread-baking
process. The fuel consumption is the main parameter in the
work of bread-baking process. Application of expert
knowledge and description of qualitative information can lead
to appearance of subjectivity and ambiguity of setting values
and also to false work of fuzzy control system. The methods
of probability theory are offered to use in order to remove the
consequences of inaccurate setting of fuzzy model parameters.

Keywords: thermal processes, bread-baking oven, control,
uncertainty, fuzzy set, expert knowledge, updating of
knowledge.

Introduction

In the process of solving of the control problem of any object
it is necessary to conduct its informal description at the
beginning. The work of bread-baking processes is connected
with many difficulties. The problem of effective thermal
processes control is actual for many production facilities [1-
4]. The thermal processes exist in many industrial spheres, for
example, in chemical, metallurgical, oil-refining, power, and

food industries. In the thermal production the main control
objects are ovens, furnaces, kilns, boilers and other facilities.
The thermal processes control is a complex task because there
are no adequate mathematical models of combustion action.
Also the data of static and dynamic behaviors can be
incomplete or insufficient. The thermal processes are
characterized by sizable delays and thermal inertia,
complexity of object’s current state identification,
impossibility of smooth changing of fuel consumption and
transition to other temperature condition.

The bread-baking process refers to the discussed class of
thermal processes [5]. Also the thermal processes refer to the
class of the systems with non-linear distributed parameters
and represent the complex production facilities. The
application of the traditional methods of control theory
becomes inefficient for control of the thermal processes,
particularly, for bread-baking process.

Control problem

The bread-baking processes are connected with some
problems. The main problem is temperature control in the
oven. The successful solution of this problem influences on
quality and readiness of baked goods. This problem is actual
for Russian and foreign researchers [6—10]. The flow chart of
bread-baking oven is shown in Figure 1 [11, 12]. The bread-
baking process continues permanently after ignition of the
oven.

The flues and baking chamber are divided along the oven’s
length into | - IV zones that are corresponded to the different
temperature conditions of baking. The oven has two separate
gas contours. The first furnace plant operates zone I, the
second furnace plant operates other zones.
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Fig. 1. Flow chart of bread-baking oven. 1 — baking
chamber, 2, 3 — furnace plants, 4, 5 — upper and lower
flues

The main controlled parameters of bread-baking process are
T, — T4— temperature of the environment in the oven’s zones;
V1 — V4 — the meaning of moisture in all the oven’s zones;

T. —-T . . .
rea  re& _ temperature of recirculation gases in all the

zones;
Z —the oven load;

R; and R, — depression in the furnace plants.

The main control actions of bread-baking process are fuel

consumption for the first Qu and the second @ furnace
plants;

Quq and Q. _ air consumption for the first and the second
oven contours;

Qscl Q5°4 — steam consumption in all the zones;

Qrecl and Qree, _ consumption of recirculation gases for two
furnace plants.

The external disturbances consist in initial temperature of the
dough pieces To; changing parameters of temperature
conditions T¢; changing of baking duration Tg; heat retention
of the oven I.

The quality ratings of bread-baking oven’s work are
determined as bread production of the oven, specific fuel
consumption and quantity of spoiled goods.

During the control of bread-baking process the operator
regulates such parameters as temperature in the bread-baking
chamber, supplied fuel, traverse speed of hearth by the control
board. The difficulty of temperature control is connected with
the independent work of the operator, his choosing of bread-
baking parameters and making decision during the bread-
baking process. The formula of goods, oven load, and quality
of raw materials can change in the process bread-baking.
Therefore the human factor influences greatly on the results of
bread-baking oven’s work.

Thereby the operator’s experience and knowledge are the
important factors that ensure the quality of baking process. In
the process of automation the operator’s experience,
knowledge and observations can be determined by the
qualitative information and the decision rules.

Fuel consumption influences on the efficiency of baking
process control. The value of temperature in the bread-baking
chamber and baking duration depend on fuel consumption

[13]. The heat dependence plots of bread-baking goods

parameters are shown in Figure-2.

The technological bread-baking process consists of four

conditions. The experience and observations are shown that

for every condition there exist temperature and moisture

values [13]:

- temperature of the bread-baking oven in the zone |
(moistening zone): 120 - 160°C;

- temperature in the zone Il (zone of higher
temperature): 270 - 290°C;

- temperature in the zone Il (transition zone): 270 -
220°C;

- temperature in the zone IV (zone of finish baking):
220 - 180°C.

It is necessary not only to maintain the given temperature
values in consideration of all factors and external disturbances
that influence on the production facilities such as bread-
baking process but also fulfill the smooth transition from one
condition to other [10, 11] Figure-2.

The process of temperature control in the bread-baking
chamber applies the processes under uncertainty, because
information about the process and the results is incomplete.
The process of temperature control in the bread-baking
chamber occurs under the constantly changing and partially
unknown factors: the formula of goods, quality of raw
materials, duration, initial temperature of dough pieces.
Therefore it is necessary to design the control model of named
production facility that could take into account a quantitative
and qualitative information, expert knowledge and prior
uncertainty and finally lead to optimization of the bread-
baking process and getting of the required quality parameters.
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Fig. 2. The chart of heath dependence of baking process’
parameters. a — the temperature relation to time; b — fuel
relation to time; ¢ — fuel relation to temperature

Fuzzy logic and fuzzy set theory [14°-°19] allow us to carry
out the identification of parameters’ production facility under
uncertainty and design the decision model.

2.1 Development of the solution method for the control tasks
under uncertainty.
The fuzzy model is understood as an information-logical
model of a system that is implemented with the application of
fuzzy set theory and fuzzy logic [20]. The opportunity of
usage qualitative information and expert knowledge is
appeared when the fuzzy logic is used for solving control
tasks of production facilities.

The application of fuzzy inference methods for production

facilities control under prior uncertainty is considered by the

example of temperature control in the bread-baking chamber.

The main criteria of the efficient bread-baking process control

are rational (optimal) consumption of resources and

economical fuel consumption [9, 21].

The factors that influence on the choice of control method are

determined as [5]:

- lack of adequate analytical model of baking process
that is determined by the bread-baking conditions
and features of baking chamber;

- availability of a prior unknown parameters that
influence on the work and results of baking process.
There are changeable formula of goods, oven load of
the varying in the early uncertain ranges, quality of
raw materials, temperature deviation from given
values, baking duration, initial temperature of the
dough pieces in the bread-baking oven;

- qualitative (verbal) information that is gotten by the
experts,

- process control on the basis of expert or group of
experts knowledge and observations;

- nonstationarity of baking process parameters during
the work of the baking chamber.

Any mathematical model establishes relation between input
and output parameters of the control object in the steady-state
and transient behaviors. In order to develop an automatic
control system by the usage of traditional methods of control
theory it is necessary to divide the characteristics and
parameters of the production facility into parts with stationary

and linear indexes, to introduce some simplifying
assumptions, to choose the optimal structural elements and
compensating elements [11]. All of these actions lead to
inadequacy of mathematical model of the control object.

The bread-baking oven in the structural relationship represents
a complex non-linear object with distributed parameters and
the great number of inherent feedbacks. The simplifying
assumptions that are described above are introduced in order
to get adequate mathematical model of the oven. The
application of these assumptions assumes division of the oven
into separate parts, each of them is described as a linear one-
capacitive or two- capacitive objects with lumped parameters
and their own inputs and outputs [22].

The control model of temperature in the baking chamber on
the basis of traditional methods of control theory is described
[22]. The mathematical model of kiln dynamics could be
represented as an aggregate of three aperiodic links with the
following transfer functions.

K K K
W. _ 11 ‘W — 12 “W. _ 13 (1)
- (p) Toil o (P) Tpil o (P) Tl

Where

Wr(p) -transfer function of kiln by the channels “fuel
consumption — temperature of combustion products”;

W,y(p) — transfer function of kiln by the channels
“consumption of recirculation gases that are come in the kiln
— temperature of combustion products”;

Wrp(p) — transfer function of kiln by the channels
“temperature of recirculation gases — temperature of
combustion products”.

The constants T and gain K could be determined by the well-
known methods and techniques of the control theory such as
breakdown characteristics, structured tool and heat
engineering data.

Equivalent transfer function of n-zonal oven with draw-
through heating and controlled parameter — temperature of i-
zonal baking chamber by the disturbance of channel gas
consumption has the following view.

A M0 N @
TN U R R ’
l+WTpZ(Vvhl —-Wr, )ZWT‘ (W, +W,)
i=1 i=1
where

A®; —temperature deviation in the i-zone of the oven;

A, — deviation of fuel consumption that comes in the kiln;

w, — transfer function of the kiln by the temperature of
recirculation gases 46;

WEe — transfer function of the kiln by the AB;

W, W, W — transfer functions in the i-zone of upper flues

by the disturbances of 40, AB., 4Os;

W, W', W;" — transfer functions in the i-zone of lower flues by
the disturbances of 40¢, AB;, 4Oy

W, W W, — transfer functions in the i-zone of the bread-

baking chamber by the disturbances of 4G, 4Gys, AGy ;
n=14 — the number of oven zones.
This control model of temperature in the baking chamber is

based on the usage of automatic control theory. In the
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automatic control systems the process of control is fulfilled by
the disturbance. It makes measurements and temperature
control in the more characteristic points of different oven
zones. Temperature deviation of current values from given
values is measured by the usage of sensors in order to
providing of automatic control system work. Updating of fuel
consumption is carried out when necessary.
The control object is the object with distributed parameters it
is represented as aggregation of simpler objects with lumped
parameters. Therefore temperature control is fulfilled on the
basis of usage of several controllers for each oven zone.
Finally, the control system on the basis of the traditional
methods is represented as automatic control system with the
some unconnected control channels.
Though, the representation of the production facility of
temperature control using only deviation is not efficient
enough. The influence of external disturbances on the
production facility and different kinds of uncertainties are not
taken into account in the control model. All of those factors
lead to the nonoptimal results of the control process.
Therefore it is necessary to apply another approach that bases
on such methods and algorithms that provide the finding of
efficient solution of the problem of temperature control in the
bread-baking chamber under uncertainty.
In summary, the analysis of the disadvantages of the existing
traditional analytical models allows us to ground the usage of
fuzzy inference methods and development of fuzzy models for
the temperature control in the bread-baking chamber. The
application of fuzzy inference methods for the described
problem of the temperature control in the bread-baking
chamber helps to solve the following tasks:

- design of multimode control model of temperature
for the baking process, that could be applied in all the
zones of the oven at the same time;

- efficient fuel consumption;

- taking into account of external disturbances such as
oven load, changing of the formula, quality of raw
materials, initial temperature of the dough pieces;

- taking into account of expert knowledge, observation
of the operator, qualitative information;

- taking into account of a prior uncertainty,
inauthenticity and incompleteness of production
control object information and its environment.

Thereby, the application of the fuzzy inference methods
allows us to develop a sufficiently full and an adequate
control model of production facility by the example of the
fuzzy model of temperature control in the bread-baking oven
that takes into account a prior uncertainty and qualitative
information.

Below the features of designing and application of fuzzy
model of temperature control in the bread-baking process
under uncertainty are described.

2.2 Setting and updating of fuzzy model parameters.

The fuzzy inference model allows us to design the effective
control system of production facilities without determination
of mathematical model of analytical view.

Fuzzy logic is an effective description tool of complex
production facilities that uses means of natural language.

Fuzzy logic doesn’t require the accurate number crunching
and prior setting parameters of the described object [23].
Fuzzy logic incorporates the qualitative and numerical
approaches of decision making [24]. However the usage of
expert judgments and qualitative information in the design
process of fuzzy model can lead to appearance of subjectivity
and ambiguity of the setting values [25, 34].

The errors of experts can’t be excluded in the process of
control system designing and its work. There errors lead to
inaccurate setting of the fuzzy model parameters that bring to
decreasing of the developed system efficiency, increasing of
outputs deviation from given values and getting of ambiguous
results. Also the decreasing of the developed system
efficiency can be represented as inadequate decision-making.
In the result the described control system can’t allow us to get
the goods of the required quality.

Therefore the analysis of fuzzy inference stages are hard to
fulfill, because the fuzzy model bases on fuzzy-set theory and
means of fuzzy logic. The analysis of fuzzy knowledge is
impossible. Only by getting of output parameters of the
system it could be judged about the model results. The
analysis of output parameters is possible after the stage of
defuzzification and getting crisp numerical values. It is
necessary to take into account that the errors could be done in
the process of the setting parameters during the development
of fuzzy inference model. The fuzzy model could be
represented as a graph in Figure 3 [26, 33]. In Figure 3 the
following notions are used:

X = <Xu, Xi,..., Xif, ..., Xig, ..., Xij> — fuzzy set of the input
variables;

By s oy oo M vees ey g = membership functions (MF)

of the input variables;

Y = <Yy, Yi2...., V1t ..., Yip, ..., Yis™> — fuzzy set of the output
variables;

P,= <Pi, P,....,P> — set of the fuzzy rules;

By s By oo My, s Hy e My — MF of the output variables.

The structure of fuzzy model graph shows that some stages of
fuzzy model design base on expert judgment, on the one hand,
and state of production control object, on the other hand. The
state of control object is characterized by parameters of
control.
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Fig.3. Graph of fuzzy model.

The expert uses his/her or group experience and observations,
when he/she or group develop the rule base (stages 3, 4) and
set the MF (stages 2, 5). Every expert can have his/her own
point of view about qualitative characteristics of production
facility parameters. There are no standard authentic means of
expert knowledge [27]. Therefore, the fuzzy model can have
subjective nature. Inaccurate set of fuzzy model’s parameters
can lead to nonoptimal solution and deviation of getting
results from required values.

Therefore, to solve the control problems of production
facilities under uncertainty fuzzy logic and fuzzy inference
should be applied together with other methods in order to
provide the optimal results.

On the one hand, fuzzy inference methods are the effective
means that are used by experts in the process of uncertainty
description and qualitative information determination by the
development of control systems. On the other hand, by the
design of fuzzy model the opportunity of the expert errors or
inaccurate setting of parameters values can’t be excluded, that
can lead to decrease of given control ratings. It is necessary to
develop and use the methods of expert knowledge estimation
and updating in order to eliminate the possible inaccurate set
of fuzzy model parameters.

The work of production facilities requires quick decision
making. It is necessary to develop an updating algorithm of
expert knowledge that provides the adequacy of fuzzy model
parameters and given accuracy of results for the short time.
The updating of fuzzy model parameters appears after
estimation of results if the getting values don’t correspond to
given ratings. The metaheuristic and probabilistic methods are
considered for solving this problem [28 — 30].

The base of metaheuristic methods is proximity to nature,
biological, chemical and physical processes. The main point
of the metaheuristic method consists in search of optimal
solution on the given value area. The optimal solution
corresponds to given fitness function. The consecutive

examination of options is fulfilled, until the getting solution

will satisfy fitness function.

However, the metaheuristic methods require the great

computational and time resources and also can lead only to

approximate solution. In order to eliminate these defects the

probabilistic methods are offered to apply. Fuzziness and

probability are similar notions [31] that describe uncertainty

from different points [20]. The distinction between their

conceptions bases on different nature: fuzziness is subjective

notion and probability is objective notion.

The main advantages of probabilistic methods over other

optimization methods of setting of fuzzy model parameters

are the following [32]: - well elaborated mathematical tool,

accuracy of computations and received results;

- taking into account probabilistic uncertainty of data;

- search of global extremum;

- transparence of actions;

- getting of optimal values for few number of
iterations;

- little computational and time resources.

Conclusion

The paper offers the programmatic decision of the quality
measurement improvement both of a parameter, amplitude,
and signal phase. The offered algorithm is investigated both
on the theoretical model of a signal, and according to its
practical application. The paper has shown that the offered
algorithm gives the best results without a considerable delay
of results measurement. Also the offered algorithm has much
the best results in the presence of harmonic components in
comparison with other algorithms.

In this paper, the production facilities, particularly the thermal
processes that operate under uncertainty are described as
control objects. This control problem is solved by the example
of the development of the model of temperature control in the
bread-baking oven.

After the examination of the thermal processes by the example
of temperature control in the bread-baking chamber, it
becomes possible to name the features of this production
facility. They are: lack of common mathematical model of
baking process, heat retention of the oven, influence of
external disturbances, information lag about control object
state, qualitative characteristics of unknown parameters. In
this paper all the named disturbances and factors cause the
existence of a prior uncertainty.

In order to control the production facilities under uncertainty
it is necessary to choose the adequate method of control. The
traditional methods of control theory and methods of artificial
intelligence were described and compared. The conclusion is
made that application of the traditional methods under
uncertainty can lead to inefficient solutions and results. The
methods of artificial intelligence, such as fuzzy inference
method should be applied.

Application of fuzzy inference methods for the temperature
control in the bread-baking chamber allow to solve the
following problems: design of multimode control model of
temperature for the baking process without authentication of
production facility; efficient energy consumption, taking into
account the external disturbances and uncertainty. The
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solution of these problems allows us to supply the optimal
control process and increase the values of quality ratings.

The subjectivity of fuzzy model parameters set requires the
estimation results of fuzzy control model of production
facilities and if it is necessary to carry out the updating of its
parameters.

In this paper, the conclusion is made that application of
updating probabilistic method of fuzzy model parameters is
more efficient than metaheuristic methods. The methods of
probability theory allow us to develop the updating
probabilistic algorithm and fulfill the correction of expert
knowledge by using of the fuzzy model parameters.

Acknowledgement

The materials of articles are prepared in compliance with the
plan of scientific-research work 213.01-07-2014/02 PCHVG
“Development of multicriteria optimization methods of the
hybrid adaptive intellectual regulates parameters by the hard-
formalized objects” fulfillment.

The materials of articles are prepared as part of the work
under the grant of the Russian Science Foundation (Ne 14-19-
01533) in the Southern Federal University.

References

[1] Yao-Qing, Ren, Xiao-Gang Duan, Han-Xiong Li &
C.L. Philip Chen. Dynamic switching based fuzzy
control strategy for a class of distributed.

[2] Antonio, A. Alonso, Ana Arias-Méndez, Eva Balsa-
Canto, Miriam R. Garcia, Juan I. Molina, Carlos
Vilas & Marcos Villafin, 2013. Real time
optimization for quality control of batch thermal
sterilization of prepackaged foods / Food Control. Ne
32. pp. 392-403.

[3] Jin, Woo Moon, Sung Kwon Jung, Youngchul Kim
& Seung-Hoon Han, 2011. Comparative study of
artificial intelligence-based building thermal control
methods — Application of fuzzy, adaptive neuro-
fuzzy inference system, and artificial neural network
/ Applied Thermal Engineering. No 31. pp. 2422-
2429.

[4] Eduardo, F. Camacho, Manuel Berenguel & Antonio
J. Gallego, 2014. Control of thermal solar energy
plants / Journal of Process Control. Ne 24. pp. 332-
340.

[5] Sinyavskaya, E.D. & V.I. Finaev, 2010. Automation
of production processes in the bread-baking facilities
/ Automation of production processes at the bread-
baking plants / VIII Russian scientific conference of
the young scientists, postgraduates and students
«Informative technologies, systems analysis and
control». Taganrog: TTI SFeDU. pp. 142-143.

[6] Ivaschuk, V. & L. Juravleva, 2012. Automated
control of industrial production a lot of range bread /
PROCEEDINGS  Volume 51, book 9.2
Biotechnologies and food technologies. pp. 36°—°39.

[7] Danin, V.B. & A.U. Kirikov, 2014. On stabilized
temperature conditions in a baking chamber

8]

[9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

38903

optimized on the basis of splitting motions /
Scientific journal NRU ITMO. Series "Processes and
equipment for food production”. Ne 1 (17). pp. 1-9.
Paquet-Durand, O., D. Solle, M. Schirmer, T. Becker
& B. Hitzmann, 2012. Monitoring baking processes
of bread rolls by digital image analysis / Journal of
Food Engineering. Ne 111. pp. 425-431.

Zinedine, Khatir. Joe Paton, Harvey Thompson, Nik
Kapur & Vassili Toropov, 2013. Optimisation of the
energy efficiency of bread-baking ovens using a
combined experimental and computational approach
/ Applied Energy. Ne 112. pp. 918-927.

Shin-Yee, Wong, Weibiao Zhou & Jinsong Hua,
2007. Designing process controller for a continuous
bread baking process based on CFD modeling //
Journal of Food Engineering. Ne 81. pp. 523-534.
Grishin, A.S. & M.I. Poltorak, 1967. The complex
mechanization and automation of production
processes at the bread-baking plants. M.: Food
Industry. pp. 280.

Antipov, S.T., I.T. Kretov & A.N. Ostrikov, 2001
The machineries and instruments of food industry:
textbook for the Universities. — M.: Vishaya Shkola
Publishers, V. 2. pp. 680.

Auerman, L.Y., 2006. The technology of bread-
baking production: textbook. — SPb: Professija. pp.
416 (2005).

Orlova, A.l. The decision-making theory: textbook.
M.: Exzamen. pp. 573.

Dyubua, D. & A. Prad, 1990. Possibility theory.
Appliances to representation knowledge in
informatics [Teoriya vozmozhnostey. Prilozheniya k
predstavleniyu znaniy v informatike]. Moscow,
Radio i svyaz'.

Borisov, ANN., AV. Alekseev & O.A. Krumberg,
1982. The decision making models on the base of the
linguistic variables. Riga: Zinatne. pp. 256.

Applied fuzzy systems per, 1993. with Japan. / K.
Asai, D. Vatada, S. Iwai and others; under. Ed. T.
Terano, K. Asai, M. Sugeno. Moscow: Mir. pp. 184.
Borisov, ANN., O.A. Krumberg & V.l. Fedorov,
1990. Decision-making on the base of fuzzy models.
The examples of application. Riga: Zinatne. pp. 184.
Altunin, AEE. & M.V. Semuhin, 2002. The models
and  algorithms  of  decision-making  under
uncertainty: monograph. Tyumen: TSU. pp. 352.
Leonenkov, AV., 2005. Fuzzy modeling in the
MATLAB u fuzzy TECH. SPb: BHV-Petersburg. pp.
736.

Arpita, Mondal & A.K. Datta, 2008. Bread baking —
Areview // Journal of Food Engineering. Volume 86,
Issue 4. pp. 465-474.

Petrov, LK., 1986. The term and graduate project by
automation of production processes / under |.K.
Petrov. M.: Vishaya Shkola Publishers. pp. 352.
Zadeh, L.A., 2008. Is there a need for fuzzy logic? /
Information Sciences. Ne 178. pp. 2751-2779.
Dubois, D., 2011. The role of fuzzy sets in decision
sciences: Old techniques and new directions /Fuzzy
Sets and Systems. Ne 184. pp. 3-28.



International Journal of Applied Engineering Research ISSN 0973-4562 Volume 10, Number 18 (2015) pp 38898-38904
© Research India Publications. http://www.ripublication.com

[25] Endre, Nagy, 2012. Fuzzy Membership Function
Optimization / 9th International Conference on
Mathematical Problems in Engineering, Aerospace
and Sciences.AlIP Conf. Proc. 1493. pp. 684-690.

[26] Alekseev, A.A., Y.A. Korablev & M.Y. Shestopalov,
2008. The control and diagnostic methods in the
technical systems with application of fuzzy logic.
SPb: SPbSETU “LETI”. pp. 188.

[27] Tahsin, Alp Yanar & Zuhal Akylrek, 2011. Fuzzy
model tuning using simulated annealing / Expert
Systems with Applications. Ne 38. pp. 8159-8169.

[28] Marco, Pota, Massimo Esposito & Giuseppe De
Pietro, 2013. Transforming probability distributions
into membership functions of fuzzy classes: A
hypothesis test approach / Fuzzy Sets and Systems.
Ne 233. pp. 52-73.

[29] Meisam, Pourahmadi-Nakhli, Ali Reza Seifi & Reza
Taghavi, 2013. A nonlinear-hybrid
fuzzy/probabilistic load flow for radial distribution
systems / Electrical Power and Energy Systems. Ne
47. pp. 69-77.

[30] Min, Tang, Xia Chen, Weidong Hu & Wenxian Yu.,
2012. Generation of a probabilistic fuzzy rule base
by learning from examples / Information Sciences.
Ne 217. pp. 21-30.

[31] Zadeh, L.A., 1968. Probability measures of Fuzzy
events / Journal of Mathematical Analysis and
Applications,V. 23, I. 2. pp. 421-427.

[32] Luhandjula, M.K. & J.W. Joubert, 2010. On some
optimization models in a fuzzy-stochastic
environment / European Journal of Operational
Research. Ne 207. pp. 1433-1441

[33] Kobersy, Iskandar, S, Valery Finaev, Jury Zargarjan,
Denis Beloglazov & Valentina Shadrina, 2015.
Model of the controller for output stream
concentration in the mixer of a steam unit. ARPN
Journal of Engineering and Applied Sciences.
Volume 10, Issue 4. pp. 1637-1641.

[34] Finaev, Valery, Iskandar Kobersy, Evgeny Kosenko,
Viktor Solovyev & Yuri Zargaryan, 2015. Hybrid
algorithm for the control of technical objects. ARPN
Journal of Engineering and Applied Sciences.
Volume 10, Issue 6. pp. 2335-2339.

[35] Chia-Feng, Juang & Jung-Shing Chen, 2007. A
recurrent fuzzy-network-based inverse modeling
method for a temperature system control. IEEE
Trans. Systems, Man, and Cybernetics, Part C:
Applications and Reviews, vol. 37, no.3, pp. 410-
417.

38904



