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This automatic drive control system will comprise two 
control loops: an internal loop, i.e. current control loop, 
and an external loop - speed control loop. Both loops are 
tuned for module optimum.Figures 2 and 3 show graphs 
of the system transients in current and speed, respectively. 

At the moment the complex control systems are 
subject to the requirements which are different from 
conventional and mathematical approaches. They are 
subject to the properties which are defined by 
responsiveness of a control system, lack of formalized 
object existence purpose, lack of desired characteristics 
and optimality, incomplete information about the object. 
This is why the issue of identification and mathematical 
description of these systems takes place. 

Figure 2. Motor current transient process 

Figure 3. Motor speed transient process 

There are contemporary approaches to eliminate all 
modeling disadvantages. The primary trend of 
developmentofcontrolmethodsistheir intellectualization. 
Themain areasof research in the 
field of artificial intellect are: 

– artificial neural networks,
– fuzzy logic systems,
– genetic algorithms and evolutionary programming.
The conventional methods during modeling are often

inadequate. At the moment, fuzzy control is one of the 
most promising intellectual technologies which allows 
creation of high-quality control systems. A fuzzy 
controller itself creates a control action which goes to the 
object input, or fuzzy logic inference signals control the 
parameters of the controller within the conventional 
control system [2]. 

The application of the approach proposed makes it 
possible to combine the intuitively simple tuning of fuzzy 
systems with widest opportunities and flexibility of neural 
networks without the need to use their cumbersome 
mathematics. 

As an example, we will consider the simulated drive 
control system using fuzzy logic. A fuzzy control 
algorithm in the controlled drives is implemented using a 
fuzzy controller (Figure 4). 

Functioning of this controller can be performed using 
the Sugeno-Mamdani inference algorithms. In our case, 
the tuning is based on simplified Sugeno inference 
algorithm. A fuzzy knowledge base will be tuned after 
tuning the fuzzy controller input and output [3]. 
Thereafter the modeling process is started. As a result, we 
obtain a graph of the transient process of intelligent 
control system with a fuzzy controller (Figure 5). 

The graph shows that the main advantage of systems 
with a fuzzy logical controller is the lack of overshoot, 
while in the classical control system it is 5%; and there is 
also a slight increase in the speed of the control system 
tuned using the theory of soft computing. 

It can be observed that the main advantage of the 
systems with fuzzy logic controller is lack of overshoot 
and insignificant response speed improvement. 

More complex control objects require implementation 
of complex control procedures, as well as implementation 
of the approaches during synthesis of these procedures 
considering the requirements and constraints applied to 

Figure 1. Structural diagram of a drive with subor dinate current and speed control 
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these objects during formalization. We will show the 
implementation of the complex control laws using a 
multi-cascade fuzzy controller in the context of tracking 
drive system [4]. 

The application of multi-cascade fuzzy control 
technology not only provides solution of the conventional 
control task for drive systems, but also offers the 
opportunities for control procedures in the context of 
multicriteriality, improves adaptivity and universality, as 
well as resolves this task for the entire classes of these 
systems. 

For synthesis of the fuzzy control system with 
Mamdani inference algorithm the designed model of a 
tracking drive is taken as a basis. The conventional 
position controller is replaced by the fuzzy controller with 
Mamdani inference algorithm (Figure 6). 

Figure 5. Transient process of system with 
conventional and fuzzy controllers (1 - system with 

conventional controller, 2- system with fuzzy 
controller) 

A fuzzy logic controller (FLC) analyzes an error 
signal and has a linguistic variable “input1” at the input; 
the output of controller is formalized by one linguistic 
variable “output1”. Functioning of this controller is 
performed using the Mamdani inference algorithm [5-7]. 

The linguistic variable “input1” formalizes the values 
of the first input signal of the fuzzy controller - a position 
error signal. Selection of a domain of linguistic variables 
shall be based on the transient process of a system with 
the conventionalcontroller. Five approximated triangle  
membership functions of fuzzy variables are distributed 
within the domain of linguistic variable term set [8-11]. 

The linguistic variable “output1” formalizes the values 
of the first input signal of the fuzzy controller - a position 
error signal. Selection of a domain of linguistic variables 
shall be based on the transient process of a system with  

the conventional controller. Five approximated triangle 
membership functions of fuzzy variables are distributed 
within the domain of linguistic variable term set. 

In order to create a model of the fuzzy controller with 
membership functions, a complex multi-cascade 
intelligent system shall be implemented which includes a 
number of the simplest Mamdani controllers with the only 
membership function at the input and the output, and 
intelligent switching device with Sugeno inference 
algorithmwiththe only linguistic variable at the input and 
three information outputs [12, 13]. 

Conceptually, development of this approach will 
essentially extend the opportunities of fuzzy systems by 
means of building the fuzzy controllers with spacial 
membership function for input linguistic variables. 

In order to form an internal cascade of the intelligent 

Figure 4. DC drive mode l with fuzzy controller 

Figure 6. Model of a DC drive with a fuzzy 
controller 

Analysis of approaches to modelling the fuzzy control systems with extension of their functional capabilities

EAI Endorsed Transactions on 
Energy Web 

11 2020 - 01 2021 | Volume 8 | Issue 31 | e4



S.P. Cherniy et al. 

4 

system it is required to reduce the control range of 
Mamdani fuzzy controller by 30%, and to form a similar 
controller with the control range extended by 30%. 

The knowledge base comprises a set of production 
rules, remains unchanged for all the above mentioned 
controllers, and will be as follows: 

1. If «input1» is Z, then «output1» is Z,
2. If «input1» is MP, then «output1» is MP,
3. If «input1» is P, then «output1» is P,
4. If «input1» is O, then «output1» is O.
We will introduce the intelligent switching device to

the system. The main function of it will be to model the 
spacial membership function. It is a fuzzy logic controller 
with Sugeno inference algorithm and three multiplication 
elements. FLC analyzes an error signal and has a 
linguistic variable “input1” at the input; the output of 
controller is formalized by three linguistic variables 
“output1”, “output2” and “output3”. Functioning of this 
controller is performed using triangle membership 
functions in fuzzification block [14]. 

The linguistic variable “input1” formalizes the values 
of the first input signal of the fuzzy controller - position 
error signal. The domain is a range [0; 10.4]. Three 
approximated trapezoidal membership functions of fuzzy 
variables are distributed within the domain of linguistic 
variable term set [8-11]. The linguistic variable “output1” 
formalizes the value the output signal of the fuzzy 
controller. The domain is a range [0;1]. A ground term-set 
– ܶ of the linguistic variables - consists of the following
elements: ܶ ൌ  ሼ ܼ, ܲሽ, where ܼ is a constant value, equal
to 0; ܲ is a constant value, equal to 1; values of fuzzy
variables of the linguistic variable “output1” [15].

The fuzzy production rule knowledge base of the 
fuzzy controller represents a list of three rules and looks 
as follows: 

1. If «input1» is Z, then «output1» = 0, «output2» = 1,
«output3» = 0; 

2. If «input1» is P, then «output1» = 1, «output2» = 0,
«output3» = 0; 

3. If «input1» is MP, then «output1» = 0, «output2» =
0, «output3» = 1. 

When applying the above mentioned structural 
solution, it is possible to obtain the following model of the 
intelligent control system with the fuzzy controller 
forming the spacial membership functions (Figure 7). 

Functional ability of the system can be checked by 
means of changing the drive signal value by 30% from the 
initial value, so three signals are formed with the values of 

5.6 (-30% from the initial signal), 8 (initial signal), 10.4 
(+30% from the initial signal). The equivalent drive 
signals are given to the conventional system. Analyzing 
the obtained graphs of the system’s transient processes 
(Figure 8), we can conclude that a system configured 
using an intelligent approach has better transient quality 
indicators than the classical automatic control system. The 
advantages of an intelligent control system are the 
absence of overshoot compared to the classical system, 
where it is 6%, and the maximum response speed of these 
systems will be to a considerable extent defined by the 
minimum set of production rules and approximated 
membership function. The control strategy while using 
the multi-cascade fuzzy controller will be defined by the 
knowledge base of the external cascade, which is the base 
for selection of the elements in the internal cascade. 

Figure 8. Transient process of system with 
conventional and fuzzy controllers with reference 

control signal (1 - system with conventional 
controller, 2 - system 
with fuzzy controller) 

Therefore, we obtain the intelligent controller for 
implementation of spacial membership function, as 
shown in Figure 9. 

Figure 9. Intelligent controller with spacial 
membership functions 

Figure 7. Model of a fuzzy control system EAI Endorsed Transactions on 
Energy Web 

11 2020 - 01 2021 | Volume 8 | Issue 31 | e4



co
sh

res
se
ex
im
un
ad
pr
an
im

ba
co
inf
ex
ca
ex
of 
ex
do
ca
un
wi
sy
a b
as 
co
kn

C

ac
co
thi
lin
Th
ex
ca
lin

nu
im

This intellig
ontrollers set f
hown in Figure

The variatio
strict the ca
nsitive to ch

xtremes of th
mplementation
niversality of 
daptive prope
rocesses, as w
nd algorithmi
mplemented as

The respons
ased on the fo
ontroller mod
ference algori

xtent, and nu
ascade and fu
xtent. It shall b
f the fuzzy co
xtension of the
o with the fa
ascade have t
nique input to 
ill make it po

ynthesized wit
big number of
 big numbe

onnections wit
nowledge base

onclusion

The fuzzy 
ccurate object
ontrol strateg
inking. It can 
near required 
his algorithm
xpert. The sp
apability to im
near systems [

In addition 
umber of 
mplementation

gent system c
forms the spac
e 10. 

ons of signals
apabilities of 
hanging envir
he control ra
n of fuzzy 
f the intellige
erties and sim
well as to red
ic complexit
s a single mod
se speed of t
llowing param
del: member
ithm in the ex
umber of el
uzzy inferenc
be also emph

ontrol system 
e controller’s 
act that the e
the similar ru
the unique ou

ossible to fill 
th use of stand
f input and ou
er of produc
thin these rule
e as a whole. 

ns and out

control does
t model; it im

gy by means
express any a
for control ta

m shall be pr
pecial feature 
mpart the rob
[15]. 

to the advan
disadvantage

n of this k

comprising a t
cial members

s shown in th
controller, a

ronment, whic
ange. Such a
systems help

ent controller
mplify tuning
duce informat
ty of these 
dule. 
the system w
meters of fuzz
ship function
xternal cascad
lements with
ce algorithms

hasized that su
will not resu
knowledge b

elements with
ule bases, wh
utput. The app
the gaps of fu
dard methods 
utput linguistic
ction rules, b
es and hyper-s

tlines 

s not require
mplements an
s of modeli
algorithm both
ask in simple l
reliminary de

of the fuzzy
ustness prope

ntagesthe sys
es related 
kind of con

two-stage fuz
hip functions 

he article do n
and it remai
ch includes t
an approach 
ps to enhan
r, to extend 
g and retuni
tion redundan

controllers, 

will be primar
zy multi-casca
n form, fuz
de - to a grea
in the intern
s - to a less
uch constructi
ult in significa
base. This has 
hin the intern
hich assign t
proach propos
fuzzy controlle

and comprisi
c variables, su
big number 
spacial form o

e knowledge 
n approximat
ng the hum
h non-linear a
linguistic term
eveloped by 
y control is 
erty to the no

stem presents
to technic

ntroller mode

5 

zzy 
as 

not 
ins 
the 
to 

nce 
its 

ing 
ncy 

if 

rily 
ade 
zzy 
ater 
nal 
ser 
ion 
ant 
to 

nal 
the 
sed 
ers 
ing 
uch 

of 
of a 

of 
ted 

man 
and 
ms. 
an 
its 

on-

s a 
cal 
els. 

Pa
co
po
In
im
ca
se
ca

pr
in
m
al
of
th
m
w

A

Un
Pr

R

[1
fu
So
En
Xp
[2
ra
Fu
Th
62
[3
tra
Ka
Vo
te
[4
Sy
M
Te
10
[5
Dy
M
Te
10
[6
No
Sa
on
(F
10

[7
/  
Co

articularly, th
ombinations o
ossible structu
n addition, th
mplementation
auses a num
election of on
ascade. 

But despite
resentation 
ncompleteness

means which 
llow construct
f lengthy com
he convention

more flexible 
widely used con

Acknowledgm

The research 
niversity Com
roject Number R

References

] Cherny
uzzy controller 
olovyev. – 20
ngineering, App
plore Conferen

2] Priyank
ate in Oil Pipeli
uzzy�PID Con
hangavel. - Flo
2August 2018Pa
] S.V. Ste
ansportation wi
apustenko. KnA
ol. 1, No. 1
chnologies". - P

4] Cherniy S
ystem/A.V. Bu

Multi-Conferenc
echnologies 
0.1109/FarEastC
5] Susdor
ynamics/ S.P. 

Multi-Conferenc
echnologies 
0.1109/FarEastC
6] Savely
onlinear Elem
avelyev, A.S. G
n Industrial 
FarEastCon), 
0.1109/FarEastC

7] Kudino
Yu. I. Kudinov

ontrol No. 3, 20

here is a pro
of fuzzy infer
ural solutions 
he application
n of a modu

mber of prob
ne or anothe

e this fuzzy 
of real 

s of their form
reflect fuzzin
tion of reality

mputational pro
al control me
mechanism c
nventional con

ments 

is funded from
mpetitiveness 
R-113 / NIS201

s 

y, S.P. Anothe
intellectual ca

017 Internatio
plications and 

nce Publications
ka E. B. Online
ines Transporta
ntroller / E. B
ow Measureme
ages 144-151 
lmaschuk. C
ith modal cont
ASTU memoirs
(38) 2019 "S
Pp. 28-40. 
.P. Fuzzy Mu
uzikayeva, A.S
e on Industr

(F
Con.2018.8602
rf V.I. Optimi
Cherniy, A.V. 
e on Industr

Con.2019.8934
ev, D.O. Softw

ments of Auto
Gudim. -   2018

Engineering 
Vladivo

Con.2018.8602

ov, Yu. I. Fuzzy
v, I.N. Dorokh
004, pp. 2-14. 

blem related 
rence algorith
while synthes

n of Mamda
ule in the e
blems related
er element fro

logic ensure
object unc

mal descriptio
ness of origi
y-relevant mo
ocedures whic
ethod. Fuzzy 
comparing to
ntrol algorithm

m Komsomols
Enhancement 

19. 

er approach to
apabilities / S

onal Conferen
Manufacturing

s. – 2017. – рр. 
e Monitoring an
ation System by
B. Priyanka, C
ent and Instrum

Coordinated c
troller / S.V. S
s, Komsomolsk

Scientific study

ulti-Cascade A
S. Gudim //2
rial Engineerin

FarEastCon). 
2930. 
ization of Ser
Buzikayeva //2

rial Engineerin
(

4344. 
ware Fuzzy Logi

matic Control
8 International 

and Moder
stok, 2

2829. 

y controllers an
ov, F.F. Pasche

to selection 
hms that defin
sis of cascadin

ani algorithm 
external casca
d to quality 
om the inter

es the effect
certainties a
n. Mathemati
inal informati
odel without u
ch are typical 
control provid

o capabilities 
ms [4]. 

k-na-Amure St
Program gra

o enhancement 
.P. Cherny, V
ce on Indust
 (ICIEAM). IE
1 - 4. 

nd Control of Fl
y using PLC ba
C. Maheswari, 
mentation Volu

control of b
Stelmaschuk, D
k-na-Amure, 20
y of nature a

AC Drive Cont
018 Internatio
ng and Mod

D

ries Motor Dr
2019 Internatio
ng and Mod
FarEastCon).D

ic Compensator
l System / D
Multi-Conferen

rn Technolog
2018. d

nd control syste
enko. Problems

of 
nes 
ng. 
in 

ade 
of 

rnal 

tive 
and 
ical 
ion 
use 
for 
des 
of 

tate 
ant, 

of 
V.A.
trial 
EEE 

low 
ased 

S. 
ume 

belt 
D.V.
019, 
and 

trol 
onal 
dern 
OI: 

rive 
onal 
dern 

DOI: 

r of 
D.O.

nce 
gies 
doi: 

ems 
s of 

Figure 10. Spacial membership functions

Analysis of approaches to modelling the fuzzy control systems with extension of their functional capabilities

EAI Endorsed Transactions on 
Energy Web 

11 2020 - 01 2021 | Volume 8 | Issue 31 | e4



S.P. Cherniy et al. 

6 

[8] Malyshev, N.G. Fuzzy models for expert systems  /
N.G. Malyshev, L.S. Berstein, A.V. Bozhenyuk. - M. : publ. by
"Energoatomizdat", 1991. Vol. 136.

[9] Rabi, N.M. Development and implementation of
induction motor drive using sliding-mode based simplified
neuro-fuzzy control / Rabi Narayan Mishra, Kanungo Barada
Mohanty. - Engineering Applications of Artificial Intelligence,
Volume 9, May 2019, Article 103593.

[10] Kannan ,C. A new topology for cascaded H-bridge
multilevel inverter with PI and Fuzzy control / C. Kannan, Nalin
Kant Mohanty, R. Selvarasu. - Energy Procedia, Volume 117,
June 2017. - p. 917-926.
[11] Li, S. Cascade fuzzy controlfor gas engine driven heat
pump /Shuze Li,Wugao Zhang,Rongrong Zhang,DexuLv,Zhen
Huang. - Energy Conversion and Management, Volume 46,
2005. - p. 1757-1766.
[12] Kumar, V. Robust speed control of hybrid electric
vehicle using fractional order fuzzy PD and PI controllers in
cascade control loop / Vineet Kumar,K. P. S. Rana,Puneet
Mishra.  -  Journal of the Franklin Institute, Volume 353, 2016. -
p. 1713-1741.
[13] Mar, J. A car-following collision prevention
control device based on the cascade fuzzy inference system /
Jeich Mar, Hung-Ta Lin. - Fuzzy Sets and Systems, Volume
150, 2005. - p. 457-473.
[14] Abilov,A. G. Fuzzytemperature control of industrial
refineries furnaces through combined feedforward/feedback
multivariable cascade systems/  A. G. Abilov, Z. Zeybek, O.
Tuzunalp, Z. Telatar. - Chemical Engineering and Processing:
Process Intensification, Volume 41, 2002. - p. 87-98.
[15] Wang, J-W. Exponentially stabilizing fuzzy controller
design for a nonlinear ODE-beam cascaded system and its
application to flexible air-breathing hypersonic vehicle
Fuzzy Sets and Systems / Jun-Wei Wang, Huai-Ning Wu. -
Volume 38515, 2020. – p. 127-147.

EAI Endorsed Transactions on 
Energy Web 

11 2020 - 01 2021 | Volume 8 | Issue 31 | e4




