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With the significant growth of the semiconductor industry, creating small devices with powerful processing ability
and network capabilities are no longer a dream for engineers. Currently, Internet of Things (IoT) has become one of the
hottest topics in both industry and academia of wireless communication field. The idea of the Internet of Things (loT) is
to connect every day physical objects such as microwave, doors, lightings and so on. The technical concept of the 10T is
to enables these different physical objects to sense information using sensors and sends this information to a server.
Industrial 10T is to integrate various technologies to improve business services in different sectors. It implicitly indicates
the behavior of machine-to-machine communications. Each of industrial 10T as service domains has its own
communication requirements that are measured differently in both such as reliability, Quality of service (QoS), and
privacy. According to the development of industrial automation, the industrial Internet of things (1oT) is widely used in
smart factories to capture the data and manage the production. One of the most important components of industrial [oT
is the wireless sensor network (WSN), which are easy to deploy and use in indoor industrial environments for a lot of
tasks, such as irrigation, machine condition monitoring, and environment monitoring. There are a lot of works focusing
on the WSN in industrial IoT. For example, in, a WSN-based hidden Markov model is proposed to estimate the occupancy
in the building (also see other works [1], [2]). In this paper, the research focus on 3-D mobile robot tracking in 5G
wireless communication combine to sensor network and mobile robot path planning. The mobile robot can move fast in
the three-dimensional (3-D) indoor industrial environment for many tasks such as the monitoring of possible damages

on industrial plants [3], data gathering and transmission from wireless communication [4], transportation [5].

Introduction

The frequency bandwidth of information
technology has already become too pricey, and
with each passing day, they are becoming being
extinct. Radio spectrum demand exponentially in-
creasing after 2019, due to the rising desire from
human being. The next generation wireless com-
munication system considered as the one source
of improved spectrum utilization, meet the needs
of mobile robot in industrial Internet of Things
(IoT) environment with explosive data growth [6].
Mobile robot in industrial IoT environment relies
on the propagation of radio waves with large area
coverage to transmit signals. A range of signals
can be received by terminals in the same frequen-
cy band. Therefore, it is necessary to distinguish
the information from different terminals especial-
ly in the applications of the industrial IoT which
is a typical characteristic of data burst growth [7].
From the user view point the micro mobile robot
characteristics of industrial IoT are displayed as a
3-D under actuated autonomous vehicle and wide-

ly used to describe industrial robots as an example
shown in Fig 1, [8].

Accordingly, several kinematic model that
are important to the operation of the industrial ro-
bot system are identified. These kinematic model
include: considering the time delay involved by
communications and global path planning, the an-
tenna array structure combine to the characteristic
of millimeter wave from 5G wireless communica-
tion to obtain a better stability and the optimal
system performance [9, 10]. In the next sections a
discussion will be related to the mobile robot is
equipment with the sensor inertial measurement
unit (IMU) with a communication technology.
The mobile robot characteristics in industrial loT
environment depends mainly on the sensitivity re-
ceived by the sensor and the wireless communica-
tion network time delay [11]. It is clear that the
change in sensitivity has a strong effect on signal
quality of the air channel and the capture image
resolution of the access point to mobile robot in
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Figure 1. 3-D indoor industrial environment robot moving track

industrial 3-D environment, but negligible effect
on the baseband signal processing.

The 3-D kinematic characteristics of a mobile
robot is the extension of the 2-D kinematic planar
analysis. There is a IMU and a wireless communi-
cation device have equipped in mobile robot in
this paper. Moreover, there is a successful naviga-
tion path algorithm has been designed with real
3-D robot [12]. The mobile robot in the 3-D in-
dustrial IoT space could be described as a Carte-
sian coordinate.

s(1)=x(1),»(t),z(¢). (1)

Figure 2 shows the Cartesian coordinates in (1)
of mobile robot in industrial 3D environment.

Several important parameters which are used
to characterize mobile robot in industrial IoT
communication environment are discussed in the
following sections as mentioned earlier. The
motion of mobile robot in 3-D industrial space in
mathematical equations could be described as (2).
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The U, is the maximum value of the norm of
the input of two degrees of freedom control vec-
tor, usually written as [[iill < U,,. The direction of
robot’s velocity is orthogonal to the input of two
degrees of freedom control, it can be written as
i L. Moreover, according to IMU and the odo-
metry data from wireless sensor feedback can ob-

tain mobile robot’s location s(¢) and the direction
of robot’s velocity i(z). However, the control in-
put u has a constraint in minimum turning radius
of the mobile robot is necessary to be explored in
this dissertation. The minimum turning radius can
be defined as follow (3):

v
R, =—* 3

min UM ( )

In this paper assumed a closed set D with an

arbitrary point in nation p, the safety distance range

between D and p in minimum be written as (4)
dy(D, p) = min |[p - D|| “4)

There is an initial torus, which is an extension
of initial circle proposed in [13] for considering

Y

w0 -
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x(;) X

Figure 2. Mobile robot in 3D spatial coordinates where; s; =
the number of ith mobile robot’s position; i = the current
mobile robot’s number; v, = the speed of robot movement, it
is a constant speed in this dissertation; R*> = Three-dimen-
sional vector space; i = the unit vector indicating the di-
rection of robot’s velocity, ieR;u = input of two degree
of freedom control, u € R ; § = Find the first derivative of
the displacement; i = Find the first derivative of the unit
vector of robot movement speed; U,, = The maximum value
of the norm of the input of two degrees of freedom control i
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Figure 3. Composition of the minimum turning radius set B

the minimum turning radius. When there is a set
B satisfies the (2.5) and (2.6) equations.

B={peR’, (p-s)Li,|p=s|=Run} (5
Q = {p€R3, ds (Bap)::Rmin} (6)

The minimum turning radius can be found is
shown on the circular dotted line below in Fig 3.

In an industrial IoT environment applications
exists two different obstacle scenarios in different
irregular shapes and dynamic velocities can be di-
vided into static state and moving state (walls,
other mobile robot, etc.) To ensure the reliability
and timeliness of obstacle detection, we consider
to deploy 5G massive MIMO antenna in millime-
ter wave communication for increase spatial in-
formation throughput while ensuring the direc-
tionality of information transmission combined
with sensor network in the workspace. In Fig 4,
each sensor acquisition terminal uses a 3-D range
finder to measure the obstacle distance in different
directions in ideal circumstances. There are two
types of 3-D range finder in industrial applica-
tions commonly be used. The first type provides
omnidirectional measurements of distance named
spinning 2-D range finder [14], The second type
only measures the distance based 3D capture
hardware system design method in a limited field
of view named time of flight (ToF) camera [15].
Assumption 2.1: The obstacle scenarios is static
and obstacle’s location is known.

The sensor nodes usually are fixed on the
top of wall, ceilings. The received signal strength
indicator (RSSI) is used for current WSN and fly-
ing robots estimating. Therefore, the locations of
both the sensor nodes and the flying robots can be
estimated based on RSSI [16]. Wireless sensor
nodes in industrial IoT environment combine to

Sensing range

Sensor node
Shadow

Figure 4. The range finder in industrial wireless sensor net-
work environment

magnetic sensor and gravity sensor to obtain the
attitude of each sensor node. Moreover, the mo-
bile robots navigate algorithm is controlled by a
central computer. The central computer could col-
lect the real-time measurements of the obstacles
rapidly from each 3-D range finder according to
connects to one of the sensor nodes in industrial
IoT 5G WSN communication environment. Then,
the 3D-detection area topographic map of the un-
occupied area will be build by central computer
from measurements data value. Furthermore, the
mobile robot in the industrial loT workspace can
communicate to the WSN. The mobile robot is
controlled by the central computer via WSN. In
practical implementations in industrial loT envi-
ronments is shown in Fig 5, the mobile robot up-
loads the sensor data to the central computer.

The structure of 5G WSN in Fig 5 consists of:

1) A central computer, representing central
master control module, central processing module
completes data processing and fusion for the data
collection, analysis, and early warning from the
industrial IoT environment,

2) A flying robot representing the electronic
equipment operates reliably in industrial IoT en-
vironment,

3) A image sensor, is an optoelectronic device
in photoelectric conversion function for convert-

g . Wireless sensor network
“

.\. \‘n

== a,
: \ aq.
Z

* T ~Q

Obstacte &
%, Central computer

l"
~

Flying robot

Figure 5. Structure of 5G WSN implementations in indus-
trial IoT environments
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Figure 6. Wireless sensor node detects objects region

ing the light image on the photosensitive surface
into an electrical signal.

4) A large number of image sensors form a wi-
reless sensor network in a multi-hop or a mesh
manner to collaborative obstacle perception, col-
lect, process, and transmit the information from
the perceived objects in the geographic area to
central computer.

In the industrial environment, the sensor nodes
detect the obstacles and mobile robot position.
For any sensor node detects objects region can be
written as N!, i is the image sensor’s or mobile
robot’s number, ¢ is the image sensor’s perceived
time. the image sensor’s measurements could be
converted from its local coordinate system with its
location to the global coordinate system for a re-
gion N!. Fig 6, (below) shows a detected region
of the image sensor node in coordinate system.

The first definition gives the detected region
N! is a closed and continuous point set in the
three-dimensional vector space R? for any mobile
robot’s number i and image sensor’s perceived
time ¢. Let d, is a constant in the second definition,
the boundary of a closed set D can be expressed
as 0D. a set R [D, d,] stand for the d-reduction of
the closed set D defined as follow (7):

RID,d])={peD:d(eD,p)> d}  (7)

Let a safety range d is a constant in the third
definition, the set € [D, d,] is the d-enlargement of
the closed set D defined as follow (8) and shows
in Fig. 7.

e[D. d]:={peR’:dD, p)<d} (8

Assumption 2.2: a sphere could be written as
the set e [s,(?), R,] with a given radius R, covers

mobile robot in the working space.

In industrial IoT environment each mobile ro-
bot’s location should be uploaded to the central
computer by the 3-D range image finder sensors
detection. Therefore, the error correction for mo-
bile robot’s navigation is applied [17]. Moreover,
for any mobile robots on each 3-D region such as
Nﬁ ,i=1,2,3, ..., should be involved to interfer-
ence cancellation by radio wave filter. The robots’
positions and radius R, are used for recognizing
the occupied positions belonging to any robots
and the sensor node number 7, then occupied posi-
tions depth measurements corresponding can be
achieved by using a low-pass filter. The estimated
region of N! by using radio wave filter could be
denoted as Nf. There has an unoccupied area
from image sensor detection 4(¢) can be calculat-
ed as follow (9):

A=, N ©)

where m = the number of the sensor nodes.
Assumption 2.3: there is an arbitrary point p
in the set A(¢), and the boundary of A4(¢) denoted
as 0A(t). the minimum distance d(0A(¢), p) with
respect to time ¢ is < v,, where v, is the speed of

ED,d,]

Figure 7. The boundary of a closed set D and its safety
range d,
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robot movement, it is a constant speed and a safe-
ty range d; > 0 has defined in a constant. at any
time 7, the mobile robot should keep from the
boundary 0A(%).

Assumption 2.4: The set R[A(?), d,] is a con-
nected set in any time ¢, at the same time, the ro-
bot’s initial position s, belongs to the set R[4(0),
d,] and is far away from the boundary of 4(0).

The mobile robot could travel in the dynamic
and deformable environment in d-reduced region
to avoid any other mobile robot to reach a target
in a short trajectory. In this paper, the target be-
longs to the set R[A(?), d,] and far away from the
robot’s initial position sy(7), at any time ¢.

Characteristics of mobile robot navigation
algorithm in industrial IoT

The performance characteristics of a mobile
robot tracking depend on its basic relatively short
instant safe path denoted by P*, central computer
computing power and navigation algorithm. The
paths P*, are described by their characteristic of
successive and finite equally spaced points. it can
be written as P*(0), P*(1), ..., P*(n), where n = the
length of this discrete path; P*(0) = the current
position s(7) of mobile robot.

The mobile robot in a future time ¢ + k0 for
any random position k could be represented as
P*(k), & is an impact variable of time. A constant
L equal to v,d is the distance between any two
successive points. The radius of the circumscribed
circle of any three successive points should be
2 Rin» and the initial torus Q should be consist
by P"(0). In this chapter, there are two conditions
of'a mobile robot in industrial [oT environment be
considered. In the first condition, the mobile robot
is steady and only has one point P*(n = 0) at its
current position after it reaches a target. In the
second condition, the mobile robot according to
the optimal path P*(n > 0) travelling to an arran-
ged target. Let & be the sampling interval in the
distance between any two successive points. the
unoccupied area A(¢) is calculated by the central
computer to obtains real-time positions s,(%), s5(?), ...
according to the WSN to update the paths P*(1),
P*(2), ... for the mobile robot. Let T be a positive
integer stand for time window and its properties
of generated path P* is from the robot’s current
position s(7) to the target 7. P* is guaranteed to be
collision-free to the obstacles in time [z, ¢ + 79].
The mobile robot finally can arrive to the target

successful without any collisions according to the
update P* at an impact variable of time. Here gives
a definition and assumption in dynamic industrial
IoT environment for potentially unsafe regions.
The obsoletely safe region at time ¢ + k3, k < T
could be written as (10)

A (t, k) = R[A(f), kv ] (10)

among them, 7 is over time window, k is a con-
stant k=0, 1, 2, ... and the extension as (11) from
(10) is an instant safe path in the time window 7:

A (t, k) = R[A®), Tov,, ), k>T  (11)

the mobile robot should be considered to avoid
collision with other robot in induAlstrial IoT envi-
ronment. Moreover, a valid area 4 (¢, k) in any fu-
ture time 7 + kO is defined in (12). The symbol \
denotes the set difference.
At k)= A2, k) Us[ k), Rr]
i
Thus, the (13) shows the mobile robot’s path P*
in combine to the above formula.

p(k)=p;(n) (13)

The path P* is called a target-reaching path if
|7 P*(n)| <L, forany t and k, the st R[ Az, k),
d,], ] is a connected set and the destination point
T belongs to the set R A (t, k), d,].

There are two different parts of the proposed
navigation algorithm will be introduced in next
coming chapters. The first part of the algorithm is
rough path generation and the path planning fol-
lowing in the second part. A rough path P is gen-
erated by the probabilistic roadmap algorithm when
the mobile robot needs to be navigated to the ar-
ranged destination in any time step. Then, the in-
stant path P* calculated by path planning algo-
rithm is adjusted from rough path P. the mobile
robot can avoid collision from any obstacles and
other robot to arrived the destination successfully
in the industrial IoT workspace environment ac-
cording to above algorithm combine to the WSN
in 5G communication.

(12)

Impact of rough path generation parameters
for a mobile robot with an arranged
destination

The shortest rough path p during the area R[A(f),
d; + Tov,,,,] 1s created by probabilistic roadmap
method to provide the routing scheme for mobile
robot with an arranged destination point 7 in in-
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Figure 8. The mobile robot in probabilistic roadmap method
to arrive destination point

dustrial ToT environment [18]. The rough path
generation algorithm as in Fig 8.

Figure 8 (below) gives a definition and algo-
rithm description. D is a closed point set, a line
segment path between any two points is stand for
a valid routing path, however the line segment be-
tween two points should not intersect with the
boundary of D.

There has randomly distributed points from
the set R[A(), d; + TOv,,,,] represents the mobile
robot’s current position s(7) and destination points
T for motion tracking in this dissertation. The
shortest valid path from s(¢) to T consisting of
a few random points number can be calculated ac-
cording to Dijkstra’s algorithm which may repre-
sent, for example, computer routing protocol al-
gorithm and wireless transmission path calcula-
tion. For a given source node s(¢), the Dijkstra al-
gorithm finds the shortest path between that node
and every other.

The mobile robot path planning in industrial
IoT environment

For simplicity in analyzing characteristics of
mobile robot path planning algorithm, the instant
safe path P* are realized in the valid area R[ A (t, k),
d;] and are hence modelled using mathematic
simulation. It helps in predicting behavior under
various environmental conditions, and further in
help analysis rough path characteristic curves.

The common approach is to utilize the Mathe-
matical calculation, which is primarily based on
vectors superposition of linear space. There is a
model have been proposed for the simulation of a
path planning algorithm various vectors intensi-
ties and calculation conditions.

The key factor that affects the results of the si-
mulation and accuracy in representing the nonlin-
ear characteristics of the mobile robot path plan-

ning is mathematic modeling [19]. There are dif-
ferent kinds of parametric models presented in
various literatures in the past few decades, like
wireless communication in internet of vehicle
navigation model, automatic driving navigation
model, automatically avoid obstacles and much
more.

The most commonly used model is wireless
communication navigation model, as they provide
better relations with a practical internet data cen-
ter keeping in mind the simplicity in implantation
and the iteration speed in the extracting parame-
ters gives minimum error with respect to charac-
teristics of path planning or navigation analysis as
per manufacturer's datasheet.

Before we elaborate on the discussion of the
mathematical model for mobile robot path plan-
ning we will introduce the following acronyms
that will assist in better understanding the follow-
ing generated equations which are related to the
further models. The different parameters are listed
below in table 1 where a set of symbols are intro-
duced with a brief explanation of each acronym.

Table 1. Parameters of the mobile robot path
planning method

F; Equidistant ~ sampling

separation distance

Fr Minimum distance from current

position to boundary point

Fp A vector pointing to destinetion,

only related to one previous point

F, A vector field, which guarantees

that the path satisfies the non-

integrity constraint

point

There is a well-known and widely used mod-
els, the level of complexity, depending on the pur-
pose it used for: The version of this model is pre-
sented in the following. The path points of the
rough path P denoted as P, Py, --., P, and vec-
tor fields F,, Fy, Fp, Fg, in R® to help adjust
the path points of P. The resultant in the rough
path vector of these four fields at point Py is
shown in (14)

F(Py)= Fj(Fy) + Fp(Py)+Fp(Py) + Fo(Py)
(14)

The F; could guarantees the interval between
any two successive points of P is approximately
equal to the distance between destination 7 and fi-
nite spaced point L. For any k # 0, let [, be the
vector from B, to F,_; as in Fig 9. F;(F) in
mathematical expressions as (15)
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Figure 9. The vector from finite spaced point

_ Gy (b(k) =b(k+ 1)l ) itk = n
F(P)= B '
Gy (b(k)K) ifk=n

(15)

Where G is a tunable gain and b(k) is a fixed
arithmetic expression in (16). This model without
the consideration for the losses due to the mod-
ule’s internal series resistance, as well as contacts
and interconnections between cells and modules
in this dissertation. It has a relatively good ap-
proximation precision and it is perhaps the most
suitable model for the Mobile robot navigation
communication in industrial IoT environment, as
it offers good compromise between approxima-
tion precision and simplicity [20].

b(k)=1- L (16)
a

Let ﬁ is the shortest vector from current
point P to the boundary of valid area when the
A(t, k) > d, in Fig 10. In this moment, Fj(P)
could be written as (17).

FR(PK) =

d, |— ..|—
Gp I_W Ve if “ykuﬁds a7

0 if v, >d,
From the current point P, there has a unit vec-
tor pointing g pointing to the destination points 7,
and let E be the vector from the point P, to the

Figure 10. Current point Py to the boundary of valid area

closest point at the circle B. The E and FC can
be calculated as (18) and (19).

Fp (P) = Gpg 18)
R Ve
A L 1 B T L
0 if a>ijn

There has a smallest error between Py and
equilibrium point when the appropriate attenua-
tion be chosen such that each P can converge
fast to the position where ||F (PK)||<Eh in the
proposed path planning algorithm. The instant
safe path P* in current time step could be achieved
with the proposed algorithm.

Conclusion

In this paper, we proposed a WSN based on
5G wireless advantage collision-free navigation
method for mobile robot in the industrial loT en-
vironment. A mobile robot cannot be equipped
with heavy obstacle detection sensors. Therefore,
to solve the navigation problem, a WSN consist-
ing of 3-D range finder is involved to detect the
static and dynamic obstacles in the workspace.
With the navigation of the sensor network, only a
path tracking controller is required for each mo-
bile robot. The robot can be navigated directly in
the industrial workspace without any specializa-
tion.
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ANTOPUTM 3D HABUFTAUMU MOBUABHOIO POBOTA
B CPEAE NMPOMbILUAEHHONO UHTEPHETA BELLEM
HA OCHOBE 5D MOBUAbHOW KOMMYHUKALUU

Tpu snauumenbHuiM passumul ROAYNPOBOOHUKOBOU MEXHUKU, CO30aioujell MUHUAMIOpHbLE YCMPOUCMBa ¢ MOWHOU CHO-
cobnocmvio 8 06pabomke OaHHBIX U 0O1AOAIOWUMU CEMEBLIMU BOZMONICHOCIAMU, 8 Hacmoswee epemsa Unmepnem eeujetl
(Internet of Things) (IoT) cman 00HOU U3 camvix cOpPAYUX eM 8 NPOMbIULIEHHOCIU U 8 KommyHurayuu. HMoes loT cocmoum 6
MOoM, 4mobbl NOCMOAHHO COEOUHAMb husutecKue 0ObeKmyl, MmaxKiue KaK MUKPOSOIHOBAS Neub, 08eplU, Omonumenbhsle npubo-
Pbl, oceeujeHie, XOI00UIbHUKY U MaK danee-6ce, umo cpedu nac. Texnuueckoe nousmue IoT noszeonsiem smum pasiuynvim
Gusuueckum ob6vexmam 6vimMb NPeOCMasIeHHbIMU UHBOPMayuell 0 cebe 3a cuem CUSHAN08 OAMYUUKO8 U XPAHUMb 9MY UHDOP-
mayuro Ha cepgepe. Ilpomviuinennsiil Industrial 1loT 0onswcen 00beOUHUMb paznuunvle MexHOI02UU, YMOObL YIYYUUINE KOMMY-
HUKAyuu om MAawuHsl K Mawure. Y kaxcoo2o us npomviuieHnolx snemenmos [oT ecmb ce6ou cobcmeentble KOMMYHUKAYUOH-
Hble mMpebosaHus, KOmopvie Xapakmepusym HA0eHcHOCms u kavecmeo oocayaucusanus (QoS). Coenacno pasgumuro npo-
MblULIEHHOU agmomamusayuu, npomviutienusitl Mumepuem eeweit 1loT wupoko ucnonvzyemes Ha “ymHuIx” npeonpusamusx,
umobbl cobpams dannvle, 0bpabomams ux u ONMUMATLHO YAPAGIAMb NPOU3600cmeom. OOuH U3 camvix 6adCHLIX KOMNOHEH-
mog IloT-6ecnposodnas cemv 0amuuKos, KOMoOpyIo 1e2KO PA3GEPHYMb 6 Yoce UMEIOUWUXCA NPOUIBOOCTBEHHBIX YCIOBUAX OIS
peuterus GonbUIO20 KOTUUECm8ad 3a0ay, MAKUX KAk KOHMpOb X00a NPou300CMEEHHO20 NPOYECcd U KOHMPOb OKpYHcarujell
cpeoul.

B cmamve cocpedomoueno énumanue na 3D-nasucayuu moounbHo2o poboma 6 5 G-KOMMYHUKAYUU COBMECHIHO C ce-
Mobl0 0aMyuUK08 015 NIAHUposanus nymu poooma. MobunrvHvll pobom Mmodcem ObICMPO nepemewyamspcs 8 mpexmepHou
(3D) enympenneii npomviuiienHoll cpede 05 peueHuss MHO2UX 3a0ay, MAKUX KaKk MOHUMOPUHE BO3MONCHBIX NOTOMOK 000~
pyoosanus Ha npeonpusmuu [3], cOop OanHbIX U ux nepedaya no Kanaiam 6ecnpogoonoll ceasu [4], pewenue mpancnopm-
Holx 3a0ay [5].

Knrouesvie cnosa: Internet seweti (IoT), 6ecnposoonas cemov 0amuuros, KOMMYHUKAYUL, NPOMBIULIEHHAS. HABUSAYUSL.

1,2019 CUCTEMHbIN AHAJIN3 U MPUKITALHAS UHOOPMATUKA



24 Po6omot, MmexampoHuKka u pobomomexHudecKkue cucmemol

Pei Ping was born in Xi’an, China. He received the bachelor’s degree in in-
formation technology engineering from Rovaniemi University of Applied Scienc-
es, Finland, in 2013. The M.Sc. degree in system analysis and data processing
from Belarusian National Technical University 2017. he is currently working to-
ward the Ph.D. Degree at the department of information systems and technologies
in Belarusian National Technical University (BNTU), Minsk, Belarus, His interest
includes Flexible control of automatic traffic machine collision avoidance based
on wireless mobile communication system, multiplexing algorithm in mobile
wireless communication system. He also is a professional network engineer from
HUAWEI company.

Yury N. Petrenko, IEEE Life member. He has been teaching Automatic Con-
trol of Electric Drives, Numerical Control Systems and Programmable Logic
Controllers. He is an author, Editor and Co-Author of 7 books, recommended by
Ministry of Education for University and College -level engineering education
and 2 Monographs (in coop). His main research interests in recent years include
data signal processing, new control techniques applied to power electronics and
electric drives, control and automation of the photovoltaic power station, predic-
tive control systems synthesis and analysis.

CUCTEMHBbIV AHAJIN3 U MPUKITAOHASI UHOOPMATUKA 1,2019



