18t IMEKO TC10 Conference

“Measurement for Diagnostics, Optimisation and Control to Support Sustainability and Resilience”

Warsaw, Poland, September 2627, 2022

Big Data Analysis in Smart Grid Systems

Yu Jun', Olena Hordiichuk-Bublivska?, Yan Lingyu®, Marian Kyryk*, Mykola Beshley®, Hu Jiwei®

"Wuhan Fiberhome Technical Services Co., Ltd., Wuhan, China, yujun@fiberhome.com
’Department of telecommunications, Lviv Polytechnic National University, Lviv, Ukraine,
olena.v hordiichuk-bublivska@Ipnu.ua

3 School of Computer Science, Hubei University of Technology, Wuhan, China,
vanlingyu@hbut.edu.cn

‘Department of telecommunications Lviv Polytechnic National University, Lviv, Ukraine,
marian.i.kyryk@Ipnu.ua

’Department of telecommunications Lviv Polytechnic National University, Lviv, Ukraine
Department of Information Systems, Faculty of Management, Comenius University in Bratislava,
Bratislava, Slovakia, mykola.i.beshlei(@lpnu.ua

SWuhan Fiberhome Technical Services Co., Ltd., Wuhan, China, hujiwei@fiberhome.com

Abstract — The problem of Big Data processing in
large industrial systems requires the use of machine
learning methods. A smart grid system is an example
of improving the efficiency of traditional data
processing systems, which allows much more efficient
and flexible distribution of electricity to end-users.
However, for a smart grid to work properly, it needs
to constantly monitor data from sensors and meters.
The Singular Value Decomposition (SVD) algorithm is
used to improve the efficiency of Big Data processing
and reduce its dimensionality. The paper proposes the
use of advanced SVD, which can work in distributed
industrial systems and ensure the reliability and speed
of data processing.
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I.  INTRODUCTION

The United Nations adopted in 2015 the roadmap to
cope with poverty, inequality and ensure sustainable
development till 2030. This road map is entitled The
Global Goals [1]. One of the core directions is the
direction of affordable and clean energy. Between 2000
and 2018, there is a considerable raise from 78% to 90%
in the amount of people who have access to electricity.
Despite the considerable progress, a lot of problems
should be addressed in the energy sector. The problems
of this sector are very versatile. They range from the
sensors [2], to instrumentation [3] to metrology [4], and
to genuine problems with the energy production and
transfer [5]. In the epoch of the internet of things [6]
appeared the concept of the smart grid. This paper
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considers this domain. The concept of Industry 4.0
involves the digitalization of production processes and
the presentation of the results of industrial systems as
products available to end-users. Smart grim is an example
of an optimized distribution of electricity in a large-scale
system between end-users. The analysis of the received
information allows revealing places of losses of
electricity, inefficient use of the subscriber equipment,
the unsatisfactory condition of network infrastructure,
etc. All these data allow quickly making decisions based
on identified problems and eliminate them with minimal
human intervention.

It is proposed to use the SVD algorithm to process
large data on end devices of intelligent systems. This
algorithm is often used in reference systems to determine
the relationships between different data. The paper
proposes the use of the SVD algorithm not only to search
for anomalous data but also to pre-reduce the dimension
of information arrays by discarding unimportant.

Il.  FEATURES OF MANUFACTURE
DIGITALIZATION

A. Industrial Internet of Things

If earlier all industrial productions were managed
mainly by service personnel, now the possibility of more
flexible management has developed. The use of a large
number of end devices that have the functions of
collecting data from the environment, analyzing them,
and the ability to make decisions (in part or in full) opens
new perspectives for the development of industrial
systems.

The decentralized architecture of large-scale industrial
systems determines the interaction between many devices
to achieve a common goal. The use of distributed data
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processing algorithms allows taking into account all the
features of the system. Distributed computing involves
working together on a single task of multiple devices at
the same time [7, 8]. The examples of 1loT systems are
shown in Fig.1.
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Fig.1. Examples of IloT systems

B. Big Data processing in smart grid

Smart grid is an important component of industrial
systems. Thanks to the smart grid, it is possible to
distribute electricity according to the needs of end-users
and with the greatest efficiency [9-12]. As in the
Industrial Internet of Things, sensors are used to collect
and process data, which then transmits data to central
devices.

In the Industrial Internet of Things and the smart grid,
Big Data comes from a variety of end devices that collect
data. The information must then be processed on the
central device and returned to the end-users. The duration
of calculations should be such that it satisfies the
requirements for the quality of service provision.

Big Data processing requires the use of the latest
methods of information analysis. Machine learning and
artificial intelligence are some of the effective tools for
analyzing large amounts of information. Because there is
always plenty of data collected from industrial devices,
this allows to always effectively teach machine learning
algorithms.  However, the excessive amount of
information also causes difficulties, as the duration of the
analysis and the load on the data processing device
increases. Optimization methods are used to determine
the most important data for further processing and discard
redundant ones. Determining the required information
you to perform further calculations faster and more
efficiently [13, 14]. The global model is then sent to all
local nodes that are correcting local machine learning
models. This approach significantly increases the
reliability of user data, as it is not transmitted through
transmission channels and is not at risk of being
intercepted or lost [15-18].

I1l.  SINGULAR DECOMPOSITION OF DATA IN
SMART GRID

The SVD algorithm can be used in smart grid systems
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to reduce data dimensions and search for dependencies
[19]. According to the algorithm, the schedule of the data
matrix has the form:

M=UxXxVT. (1)

whereX(mxn) - diagonal matrix, U(mxm) and

V (nxn) - identity matrixes.

Data transformation can be represented as the
deformation of a two-dimensional geometric figure. A
rectangular shape can be transformed linearly (without
changing the diagonal line) and nonlinearly. The
nonlinear transformation of the figure is much harder to
describe, so it is more convenient to bring it to a lily look.
For preventing nonlinear transformation, we can first
rotate the figure to a certain angle. Thus, we can represent
the transformed figure as a result of multiplying the initial
by certain coefficients.

So, we can write:

Vi, Vo .= My, My,

()
Redefine the parameters of the figure v as vectors:

M xv, =0y xUy,

M xV, =0, XU, . 3
Based on the properties of vectors:
X = (Xvp ) vy +(XV, Vs, %)
let's define:
M =o1u vy +ooU,V, . (5)
Then write the result:
o 0 0
[M]x[vy Vo] ={w Up]x| O 0| (6)
0 0 o,
Singular numbers o;,...,0, are arranged in
descending order and determine the degree of

relationships between matrices U and V . Based on the
matrix Y. it can be rejected the number k of diagonal
elements n. Also rejected is the number k of rows in the
matrices U and V . Thus, by discarding smaller values
of diagonal elements, it can reduce the amount of data for
further calculations, but keep the properties of the
original matrix. Based on preliminary calculations:

MxV =Ux2, 7
MxV xVT =Ux>xVT. (8)
M=UxXxVT. )

FedSVD algorithm is an advanced method of SVD
that can be used in distributed systems, and data can be
presented as:

(10)

M ={m,m,,....m},m
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mi = mexQR

(11)

where m is the data from the end users; P, Q is the

data are generated by a special masking server and
transmitted to end devices to encrypt local data; R is the
data is generated on terminal devices to calculate the
masking of private information before transmission over
the communication channel [20]. And it can be write:

M e R™" (12)
M ={m,m,,....m}, (13)
m =U*T*V (14)
M =U*Z*Vy,. (15)

Based on the features of smart grid systems described
above, we propose a modified method of SVD. This
method works similarly to the FedSVD, but all the data
needed to mask private information is generated directly
on the host site. (Fig.2).
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Fig.2. Implementation of FedSVD and improved FedSVD methods

Modification of the federated SVD avoids the transfer
of values required for data masking between different
devices. This reduces the risk of interception or damage.
Because all calculations for pre-processing and masking
before sending to the central node are performed locally,
this requires the use of end devices with fairly high
power. Some of the devices in the system may not have
the necessary parameters of computing power. It is also
permissible to perform data calculating on edge devices
that are close to the local ones. The results of the data
processing efficiency using different SVD algorithms are
presented in the next section.

IV. RESEARCH OF BIG DATA PROCESSING
EFFICIENCY USING FEDSVD ALGORITHM

In this paper, the operation of SVD algorithms, as
well as FedSVD and its improved version, following
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Fig.5 are researched. The simulation was performed using
the Python programming language and built-in libraries
for processing matrices and calculating singular
schedules. First of all, we compare the duration of
calculations of each algorithm when performing the task
of finding anomalous deviations for different volumes of
data sets (Fig. 3).
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Fig.3. The duration of calculations for SVD, FedSVD and
modified FedSVD algorithms depends on the data size

From Fig.3 we have seen that because the FedSVD
algorithm uses additional operations to protect local data,
it works slower than the classic SVD. However, the
proposed modification and generation of all data
necessary to mask user information directly on local
nodes reduces the duration of calculations for all studied
volumes of data. The results obtained are especially
important for industrial systems in which automatic
control and troubleshooting take place. As the amount of
data coming from different end nodes increases, there is a
risk of overloading data processing devices and slowing
down calculations. Now let's examine the effect of data
optimization on the accuracy of calculations. As noted in
the previous section, the change in the number of

diagonal elements of the matrix 2 (singular numbers) in
SVD allows for the reduction of the rank of matrices.
Therefore, we changed the singular numbers used for
further calculations and compared the accuracy of the
results of the calculations to find anomalous deviations in
the data set of 1 GB. The results of the calculations are
shown in Fig.4.
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Fig.4. The accuracy of data processing for different SVD
algorithms depends on the singular numbers
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From Fig.4 we can conclude that the proposed
algorithm of the modified FedSVD allows for the best
preserving the properties of the original data. The results
of the research show that the modified FedSVD also
allows processing data quickly and reliably. High privacy
of users' private information is also ensured.

V.

Smart grids deliver electricity based on the needs of
end-users, who can also influence the management of the
system. Resource exchange and flexible management can
minimize losses and increase the efficiency of electricity
distribution systems. The large amounts of information
that need to be processed during the smart grid
management process cause inconvenience to accurate and
fast data analysis. The paper proposes an advanced SVD
that can work in distributed systems and has high
reliability and confidentiality of data. The results of the
study showed that the proposed method accurately
processes the data of users of the smart grid and protects
them from outside interference.

CONCLUSIONS AND OUTLOOK
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