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IMPLEMENTATION AND PERFORMANCE ANALYSIS
OF PROPOSED SECURITY FRAMEWORK FOR UIDAI

Arpana Chaturvedi

PEAJIIBALIA TA AHAJII3 IPOAYKTUBHOCTI
3AITPOITOHOBAHUX OCHOB BE3IIEKHU JIJIAA UIDAI

Apnana Yartypseni

The development of new technologies like Hadoop, Map
Reduce, used to store, manage, analyze vast amount of data,
when associated with WSN (Wireless Sensor Network), the
risk factor for information security increases. When it is
applied in various applications of government like
Aadhaar, DigiLocker etc., chances of hidden security is-
sues increased. In this paper AESXTS encryption mecha-
nism and digital signature technology is used with AODV
(Ad hoc On-Demand Distance Vector) routing protocol to
get rid of various issues like DoS (Denial of Service),
eavesdropping, imitation, coaxing etc. The theoretical analy-
sis is shown using NS2 simulator and implementation assures
to provide better data security, reliability, transmission and
energy efficiency. This implementation shows that
SAODV(Secure-AODV) routing protocol when used in rout-
ing layer in these applications and system, it increases its
own self defensive ability to fight against various challenging
hidden security issues.

Keywords: AODV, SAODV, WSN, AES-XTS, UIDAIL DoS

Introduction

The UIDAI (Unique Identification Authority of
India) data, both at rest or on move, stored at CIDR
(Central Identities Data Repository) is at high risk. Due
to the advent of new Hacking technologies and ad-
vanced tools, the risk factor has increased. The
government is enforcing citizen of India to link
Aadhaar number with different citizen centric services
so that right citizen can avail the benefits. There is need
to safeguard the data stored in different data centers
which might be secured through a strict encryption
technique applied on application process in parallel
mode. In this chapter, an encryption process to be per-
formed in parallel mode is discussed. The proposed ap-
proach is AES in XTS Mode in Map Reduce paradigm
which supports parallel programming in the distrib-
uted environment. The findings after reviews of re-
sults show that it provides better security against exter-
nal attacks and overcomes the shortcomings of Ker-
beros. Encryption followed by compression on vari-

ous datasets provides better result and protection
from vulnerabilities and threats. With the develop-
ment of wide application of WSN (Wireless Sensor
Network) and advanced technologies, the risk to the
information security in various government and private
sector has increased.Here we integrate the AES encryp-
tion standard in XTS mode and digital signature tech-
nology to improve classic AODV (Ad hoc On-Demand
Distance Vector) routing protocol. The resultant
SAODV (Secure Ad hoc On-Demand Distance Vector)
routing protocol provides better information security
and achieves energy efficiency as well. In this chapter,
we reviewed different observations and it is concluded
that the algorithm is an appropriate choice.

The chapter is divided into five sections. Sec-
tion 1 explains the requirement of strict encryption
algorithm in current scenario. The concept is suggested
with respect to the requirement of security approaches
for the UIDAI System. Section 2 describes the im-
portance and benefits of AES -MR technique highlight-
ing the XTS encryption Mode. Section 3 shows the
experimental results are explained using implement-
ed simulation environments. It highlights the benefits
of using this approach to secure sensitive infor-
mation. The chapter is finally concluded in Section 4.

1. Requirement of Strict Encryption of Data

Since ages data collection has increased enormous-
ly with high velocity. 80% of the total data is collected
just during the last two years. This extraordinary growth
in data generated is due to miscellaneous activities per-
formed by common man. The advent of technologies
like cloud computing, active use of social media, mobile
computing, internet of things, sensor-based network etc.
requires large and efficient storage with security. This
advancement in technology increases the generation of
data exponentially and need strict security strategies to
be implemented in the system. The sensitive data are
stored in various datacenters. The government initi-
ated the concept of Digital India and enforces end us-
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ers to link their Aadhaar number with various services.
UIDALI system and related infrastructure have already
implemented strong security authentication and compli-
ances. With the pace, speed, and momentum the citizens
are enforced to link their Aadhaar number with various
services to a vail benefits, their concern about the
breach of privacy of their data has increased. Citizens of
India have submitted their demographic and bio-
metric details to the UIDAI system. To avail bene-
fits, their personal data need to be shared among differ-
ent agencies. They need assurance that the data will
not be misused. Many issues in past were raised
regarding misuse of private information, leakage of pri-
vate information and theft of data. IBM estimates that
90% of the world's data was generated in the last few
years alone which has increased the reliability and
security challenges to keep safe and secure the
enormous data. Major challenges are related to reliable
storage, efficient processing, data integrity, and recov-
ery. It is necessary to modify the existing security com-
pliances, legal provisions, and auditing policies.

There are so many technologies and algorithms
available which might be appropriate to handle security
issues. The study concludes that the implementation of
AES XTX with map reduce parallel programming will
be a cost-effective solution to process such a large user-
generated vital and sensitive data.

A

l

CIPHER TEXT ENCRYPTED
TEXT

SUB BYTES INV SUB BYTES
SHIFT ROW AND l
COLUMNS INV SHIFT ROWS
l AND COLUMNS
‘ ENCRYPTED KEYS ‘ l
DECRYPTED
l KEYS

MESSAGE WITH
ENCRYPTION

S

MESSAGE WITH
l DECRYPTION

ORIGINAL
TEXT

Fig. 1. Encryption and Decryption Process

‘ ENCRYPTED TEXT

2. AES-MR

The combination of Advanced Encryption Stand-
ards (AES) and Map Reduce (MR) is termed as AES-
MR. It is the proposed algorithm for this research work
which is related to the case study done for UIDAI to
provide better data security. This encryption algorithm
is proposed to provide Data level security. Map Re-
duce is a parallel programming language and AES is
the encryption algorithm suitable for longer messages. It
is suggested that the best features of both techniques
should be used together to provide much stricter securi-
ty features in the introduced security layer.

Map Reduce with AES-XTS has the capability to
compose applications that generates endless data during
runtime. It has the ability to adapt non-critical failures
and can perform better planning, testing of information.
The failed jobs if encountered in the clusters of ma-
chines, it re-executes them.

2.1. Proposed encryption algorithm-
(XTS)-MR

In this proposed technique AES is used with
XTS mode which is supported by IEEE 1619-2007
standards [5]. The XTS modes contain XEX-TCB-CTS
(XTS) mode where XTS stands the XEX Tweakable
Block Cipher with Cipher Text Stealing. The XTS
mode performs parallel executions and allows pipe-
lining in respective executions. Data Encryption
Standards which were used earlier is vulnerable to Brute
Force attacks. It was due to the small size of the key
(53 to 2054 bits) DES uses for encryption. US Gov-
ernment Agency NIST (National Institute of Standards
and Technology) selected Rijndael's Algorithm as Ad-
vanced Encryption Standard. It is being a better security
standard now becoming an Industry Standard.

AES is designed to accept 128, 192, 256 bits’ size
of keys. These various sizes of keys are capable of en-
crypting different types and variety of information in
bulk. The performance of AES algorithms varies on dif-
ferent 32 bit and 64-bit CPU’s based on key sizes. This
technique will provide better security (Fig.2) in
case of the UIDAI system where the large data sets
are generated for storing sensitive information of
residents and generating UID numbers of a citizen of
India.

The block contents can perform parallel processing
in various modes of operations. These operations can
handle fixed block as well as variable block encryption
with the help of single key or different keys.

o — 7]

AES

]
—or]
]

Fig. 2. Operation of AES-XTX Mode with two different keys

2.2. XTS encryption mode

The Electronic Cook Book (ECB) and XTX are
used with AES to increases the efficiency of an algo-
rithm and can be improved by the use of it. [S] The
XTX supports parallel encryption mode with Symmetric
Block Cipher encryption mode. It was designed to pro-
tect data lying at rest on storage devices. It uses a fixed



BICHWK CXIGHOYKPATHCHKOIO HALIOHANBHOIO YHIBEPCUTETY imMeni Bonogumupa Oans Ne 5 (253) 2019 7

size of data units to perform cryptographic protection of
data at rest. The operation of AES -XTX Mode with
two different keys is shown in Fig. 2 [12] [5]. The
XTS-AES mode is an enhanced concept of
Rogaway’s XEX (XOR Encrypt XOR) Tweakable
Block Cipher, improved with a method called "Cipher
Text Stealing". It expands the range of possible differ-
ent types of data inputs. XEX can only encrypt se-
quences of complete blocks of any data type. This
input data should be an integer and necessarily be
a multiple of 128 bits. In XTS-AES, the data string
consists of one or more complete blocks which are fol-
lowed by a single, non-empty partial block ().

The working of AES-XTS is shown in Fig. 3. The
XTS-AES is composed of two keys, first one is an en-
cryption key and second one is tweak key. It incorpo-
rates the logical position of the data block into the
encryption [11]. The output produced by XTS is in-
dependent which leads to parallelization. XTS, an
instantiation of the tweakable Block Cipher class. It is
capable to implement ciphers in parallel and pipeline
modes. It enables the encryption of the last incomplete
block also.

‘ CREATING MORE NUMBER OF ‘

curity mechanism to AODV in the routing layer. The
steps of implementation work are shown in Fig. 3.

Table 1
Details of Simulation Environment
CPU type Intel® Core™ i5 4210U
Clock speed CPU ®@2.40 GHz
Ram size 16 GB RAM x-64- based processor
Operating  Sys- | Ubuntu Server Basic, 64 Bit Windows
tem 7 Home
Framework Hadoop Framework
Simulation Tool NS2
Tools Ms. Office, MS Excel
Language Java, , JDK1.8,

3.1. Description of Routing Protocol and its
Assigned Protocol: The routing protocol used in this
simulation environment to show implementation and
other details are shown below in the Table 2 as:

Table 2
Description of Routing Protocol and assigned protocol
Routing Protocols Remarks
Number of nodes used 31
Node act as source node Node 2
Node act as destination node Node 21, 15, 19
Node act as cluster head Node 4, 9, 16, 26

l Mobility speed 10mps
Simulation time 25ms
SPLITING THE MORE NUMBER OF NODES INTO GROUP -
‘ ‘ Transmission range 300m
l Mobility movement Random path
‘ IN EACH GROUP THEY HAD CLUSTER HEAD IN IT ‘ Transmission range 2packets/sec
Number of connection 5 connections
l Buffer size 128 packets
DURING THE DATA TRANSMISIION OCCURRENCE OF Number of graphs 6

FAILURE CAN BE OCCURRED DUE ATTACKER NODE

L

REMOVING THE FAILURE NODE FROM THE NEWTWORK
PATH BY USING RSA OR AES ALGORITHM

l

BY REMOVING THE FAILURE NODE NETWORK SIZE CAN BE
RFD[I ICED

‘ THEN PACKET TRANSMITTED WITHOUT FAILURE

|

END PROCESS

Fig. 3. Flow Chart to show steps used
in Implementation Work

3. Experimental result and analysis

The experimented results are drawn are done using
various randomly created sizes of datasets. This work
integrates the international popular AES-XTS en-
cryption standard to improve existing AODV routing
protocol, and uses improved, energy efficient
SAODV routing protocol to provide better information
security. The details of the simulation environment
used to show the proposed implementation work is
shown in Table 1.

The theoretical analysis and simulation shows the
better performance of SAODV by adding proposed se-

3.2. Using AES algorithm

In the below shown screenshot (Fig. 4), it clearly
gives the explanation of the process of encryption and
decryption by using AES method has been explained.
Thus in this first we used plain text after encryption
process can be occurred and convert the message into
cipher text.

At final receiver want to receive the original mes-
sage thus the decryption had been occurred and convert
cipher text message to original message.

$ g#+ -g3 -ggdb -06 -Kall -Wextra -Hno-unused

aesexanple?
aesexanple2.cpp:d3:23:
a3

tion Standard with both Encryption

Fig. 4. Screenshot of command used to execute
the implementation work
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3.3. Output of implementation work

The various output of the implementation work is
shown below in the sequence of implementation of
work performed.

i) Node formation

The formation of nodes is shown here. In this the
total number of nodes used are 31. Among these 31
nodes, four nodes are used as a cluster node. These
are node 4,9,16 and 26. The node which acts as a
source node is 2. The nodes which acts as a destination
nodes are 21,15 and 19. The mobility speed 10 mpbs.
The simulation time is 25ms and the transmission range
is 300m. The total number of connections used in the
implementation are 5 with random mobility movement.
The transmission range is 2 packets per second with
buffer size of 128 packets. The four channels chl as
node 4, ch2 as node 9, ch3 as node 16 and ch4 as node
26 are used with Key exchange node as node 7. The to-
tal number of graphs shown here are 6.
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Fig. 5. Screenshot which show Node creation

In the above screenshot (Fig. 5) node creation has
been occurred. In this network number of node created
is 30.

ii) Allocation of sender and receiver for vari-
ous nodes

In the below (Fig. 6) screenshot for the formation
of group of nodes it had been assign the cluster head
with source and destination.
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Fig. 6. Assign the cluster head with source and destination

iii) Data transmission
In this graph (Fig. 7) it has shown that how TCP/IP
protocol is selected among various channels. The total

channels used here are 4. These are as Chl, Ch2, Ch3
and Ch4 as node 4, node 9, node 16 and node 26 respec-
tively.
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Fig. 7. Selection of Channel by TCP/IP Protocol

In the above after the assigning of cluster head,
source and destination the process of transmission had
been occurred. While transmitting the data loss may be
occurred due to this security of the network had been
occurred problem.

iv) Transmission with key exchange

In this graph (Fig. 8) the key exchange node is
identified as node 7. It is responsible for exchange of
keys while transmission of packets from single source to
multiple destinations. It performs encryption and is
known to sender and receivers only. As during
transmission only, the key exchange node is identified,
it is very difficult for hackers to identify it. In this way it
provides better security implementation.
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Fig. 8. Transmission of Information with Key Exchange

In the above screenshot due to the occurrence of
loss we want to reduce that loss and improve the securi-
ty of network. We can use the AES algorithm in which
while transmitting the data, key had been used to im-
prove the security without any loss in the network.

3.4. Graph Representation

The various output obtained after implementation
of proposed technique is shown below in the form of
graph as:

1) Drop in data

In this graph (Fig. 9) the packet drop has been
showed between both existing and proposed method.
Packet drop has been calculated by number packets
drop in network while transmitting the data between
the different nodes.
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Fig. 9. Packet drop between the Existing
and Proposed Method

i) Data transmission in encryption

In this graph (Fig. 10) the filtering of nodes and
packets are shown. It checks the packets which are ma-
nipulated while transmission by some intruders, hack-
er’s r or by eavesdropping. It does not allow the cor-
rupted packets as removes them and passes rest of the
filtered packets. It also checks the nodes. If some
nodes through which packets are transmitted are not
authorized and registered, it removes it from the chan-
nel.
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Fig. 10. Filtering of Nodes and Packets

In this graph the data encryption has been
showed while transmitting the data. When the sender
sends the original data by using encryption process data
can be converted to cipher text. During the process en-
cryption of the data in the network has been calculated.

iii) Data decryption while data transmission

In this method, data is decrypted while transmission
of data to provide better security using AES technique.

In this graph (Fig. 11.) the data decryption has
been showed while transmitting the data. Thus after the
process, of encryption data want to decrypt to plain text
for the receiver view. Thus data transmission has been
calculated in decryption.

iv) Comparison of losses in packets in existing vs.
proposed

The loss of data has been showed while
transmitting the data. It is identified by particular
amount of data loss and filtering of nodes.

Close || Hdcm || Aot Decruption

| Ve

LR TRGann ELREE AHeana E TR 26 boad T

Fig. 11. Data Decryption while Transmission of Information
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Fig. 12. Loss of Data while Transmission of Information

In this graph, the loss of data has been shown
while transmitting the data. When the data transmitted
from sender to receiver, the particular a mount loss
in data has been occurred. Thus it has been calculated
and shown in the graph in the relation of existing and
proposed method

v) Data packet transmission in various nodes

The data transmission has been showed while
transmitting the data in various nodes. Sender sends
the data packets n various nodes and it is clear
through graph (Fig. 13) that more packets are transmit-
ted in case of proposed methodology in comparison to
the existing one. It has shown a 95% of difference in
number of data packets transmitted in various nodes and
increases the speed of transmission also.

|
1.0000 2.0000 %, 0000 AL o000 5. o000 £.0000 7.0000

Tim

Fig. 13. Increased speed when Data Packets transmitted
through Various Nodes
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In this graph the data transmission has been
showed while transmitting the data from sender to re-
ceiver.

vi) Passing of data with individual key values

In this graph (Fig. 14) it’s clearly shown that
when data passed or transmitted through different
channels in the form of packets, using AES -XTS en-
cryption methodology and using key exchange ac-
cording to this encryption technique, provides better
transmission in comparison to existing encryption tech-
niques. The comparison shows 95% of betterment and
difference in transmission with individual key values.
This proposed encryption technique results in better se-
curity implementation in comparison to existing mecha-
nisms

1.0000 2.0000 =, 0000 4.0000 5. 0000 5. 0000 7oooon 'Hee

Fig. 14. Comparison of Security implementation
in Existing and Proposed Mechanism

In this graph, the data transmission has been
shown while transmitting the data from sender to re-
ceiver in the presence of the key.

5. Conclusion

In this work we suggested AES-MR encryption
technique to be implemented to solve the issue of data
security at the storage level i.e. on HDFS (Hadoop Dis-
tributed File System). It is done by encrypting the da-
ta using AES-MR(XTX) along with compression at
Mapper and Reducer phase. AES-MR(XTX) will not
only enhance the security of important data at HDFS
level but with the help of parallel processing, we can do
it with a faster manner as well.

With the help of simulation using NS2 simulator, it
is concluded that as the security is key anxiety of the
wireless network which transfers data from nodes to-
wards others. In the existing work, the performance
of MANET is considered by using different parame-
ters such as Network Overhead, Delay and Throughput.
There are a few nodes which increase the system trans-
parency, Delay and reduce Network throughput they are
famous as malicious nodes. In proposed work, we used
the AES algorithm in WSN and then encryption to ex-
pand the demand or of the network. In the future this
approach can also be used to get better security in other
networks like VANET, SPANSs, etc. it has been con-
cluded that AES encryption standard, when used in XTS
mode, will give better results in terms of security, Speed
of transmission, better filtration of packets and Nodes.

This technology can be used in various services provid-
ed by the government nowadays where it became man-
datory to use Aadhaar card to link with the services to
avail benefits. The block size used in AES is compara-
tively larger and varied, depending upon the require-
ment. The encryption process of XTS mode in AES is
also complex that hackers cannot easily hack the trans-
mitted crucial information. We can conclude that as
AES-MR (XTS) helps to attain all the levels of security
that too at a faster speed, it is a good approach.
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Apnana Yartypseni. Peanizanis Ta anai3 npoayKTUBHOCTI
3anpoNnoHOBaHNX 0cHOB Oe3nexu Ais UIDAI

Poseumox nosux mexuonoeii, makux sax Hadoop, Map
Reduce, euxopucmosysanux 011 36epicanus, YnNpaeniuHa i
ananizy eenuuesHoi Kinobkocmi Oauux, nos'sizanux 3 WSN
(Wireless Sensor Network), 36inbuiye gpaxmop pusuxy 0as in-
gopmayitinoi 6esnexu. Ilpu 3acmocyeanni ix 6 pisHux dooam-
kax Ons ypady, maxux sax Aadhaar, DigiLocker i m. IT., Hmo-
BIPHICMb NPUXO0BAHUX NPoOaem be3nexu 30imvuyemscs. Y yi
cmammi mexanizm wugpysanna AESXTS i mexnonozis yug-
P06020 NIONUCY BUKOPUCTOBYIOMBCA 3 NPOMOKOIOM MAPUIPY-
musayii AODV (Ad hoc On-Demand Distance Vector), ons
YCYHeHHs pisHuX npobiem, maxux sax DoS (8iomosa é obcayeo-
8Y8aHHI), NPOCIYX08YEAHHA, iMimayis, Koakcianizayis i m. /].
Teopemuunuii ananiz NPoBedeHo 3 SUKOPUCTAHHAM CUMYIA-
mopa NS2, a peanizayis 3abe3neuyc kpawjy 6e3nexy Oanux,
Haoiunicmy, nepedavy ma emepzoepexmusnicme. Ilpeocmag-
JleHa peanizayis NOKA3YE, WO NPOMOKOL MApWpYymu3ayii
SAODV (Secure-AODV) npu euxopucmanni Ha pieni mapui-
pymuszayii’ 6 yux 000amkax i cucmemi niOBUWYE 11020 GIACHY

30amuicms 00 camoobOpoHU 015 HOPOMbOU 3 PISHUMU CKIAO-
HUMU NPUXOBAHUMU NPoOIeMamu Ge3nexu.

KmouoBi cinosa: AODV, SAODV, WSN, AES-XTS,
UIDAI DosS.

Apnana Yatypseni. Peaqu3zanus n anaaus npousBo-
AUTEJIBHOCTH NPELIOKeHHBIX OCHOB 0€30MaCHOCTH ISt
UIDAI

Paseumue noswvix mexnonozuii, maxux xax Hadoop, Map
Reduce, ucnonvsyemuix ona xpanenus, ynpasienus u aHaiuza
02POMHO20 Konuuecmea Oanuvlx, ceasanuvix ¢ WSN (Wireless
Sensor Network), yseruuusaem paxmop pucka 0ns uHgpopma-
yuonnou 6Geszonacnocmu. Ilpu npumeHeHuU uUx 6 pa3iuyHbIX
NPpUROdCeHUsX 05 npasumenvcmea, makux xax Aadhaar,
Digilocker u m. n., seposmuocms cKpvimvix npobiem 6Oe3-
onacrocmu yeenuuusaemcs. B smoii cmamve mexanusm wiug-
posanus AESXTS u mexnonozus yughposou noonucu ucnono-
sytomes ¢ npomoxonom mapupymusayuu AODV (Ad hoc On-
Demand Distance Vector), 01 ycmpaneHus pasiuyHsix npo-
onem, maxux xax DoS (omkasz @ obcayacuseanuu), npocayuiu-
6anue, umumayus, Koaxcuamusayus u m. 0. Teopemuueckuil
ananuz npogeder ¢ ucnoavbzoganuem cumyramopa NS2, a pea-
auzayus  obecneuusaem Jyyuylo 0Oe30NACHOCMb  OAHHYIX,
HaoedcHocmy, nepeoavy u snepodppexmusnocms. I[lpeo-
CMABNEHHAs peanu3ayus NOKA3bI8aen, Ymo npomoKoL Mapui-
pymusayuu SAODV (Secure-AODYV) npu ucnonv3oeanuu Ha
YPOBHE MAPWPYMUAYUU 6 dMUX NPULONCEHUAX U CUCmeme
nosvluaem e2o coOCMEEeHHYI0 CHOCOOHOCb K CAMOOOOPOHe
0113 O0pbOBL € PASIUYHBIMU CLONCHBIMU CKPLIMbIMU Npodie-
Mmamu be3onacrocmu.
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This article analyzes the work of the OSPF routing protocol.
Considered and justified the need for its use, identified the ad-
vantages and disadvantages. Analyzed the main features. A
comparative analysis of the protocols OSPF and RIP. Based
on the work done, conclusions formulated.

Keywords: OSPF, RIP, metrics, interface cost, routing table,
packet hops, Cisco Packet Tracer.

Introduction. Network configuration is a complex
and often multi-level process, the consequences of
which have a huge impact on the future operation of the
network. One of the main tasks that need to addressed
when setting up a network is the choice of a routing pro-
tocol. A routing protocol is a network protocol used by
routers to decide possible routes for results to flow
through a composite computer network.

Dynamic routing is a type of routing in which the
routing table is programmatically edited.

Dynamic routing protocols are usually divided by
the type of algorithms used in them into:

o distance-vector;

o link-state;

e mixed type.

In fact, the protocols, taking into account the state
of the channels, have replaced the distance vector proto-
cols. The reasons for this transition were:

e The growth of channel capacity, accounting for
which was absent in the distance-vector algorithm.

e The slowness of the distance-vector, which
caused by so-called «count to infinity».

The following dynamic routing protocols exist
RIP, OSPF, EIGRP, BGP, IS-IS.

Formulation of the problem. Many enterprises,
firms, educational and government institutions have
their own network in their structure. The properly cho-
sen protocol can help to eliminate loops in the network,
quickly identify and bypass its inaccessible areas and
minimize the bandwidth used for routing.

The purpose of the article. The main goal of the
work is to compare the routing protocols to identify
their features and areas of use.

Theoretical information about the protocols.

A. OSPF protocol

One of the most commonly used communication
protocols is OSPF.

OSPF (Open Shortest Path First) is a link-state
technology routing protocol that has an open specifica-
tion. To find the shortest path, this protocol uses Dijks-
tra's algorithm [1].

Among the advantages of OSPF could be distin-
guished [2]:

o Support VLSM (variable length subnet mask).

e High convergence time.

o Optimum bandwidth time.

e Fault tolerance, which provided by switching the
exchange of information to another route for
when of failure of one the routers.

e Reduced downtime risks.

B. RIP protocol

RIP (Routing Information Protocol) is an internal
remote vector-type routing protocol. It is one of the eas-
iest routing protocols. Based on its limitations, it is
mainly used in small networks. Allows routers to update
their routing information dynamically by getting it from
their neighbor routers [3].

Comparative analysis of OSPF and RIP proto-
cols by main criteria. Comparison of protocols carried
out on the basis of key indicators, including security,
load balancing, type of algorithm, and some others. The
protocol metrics and the routing table configuration
were considered in most detail. In addition, the issue
was considered the issue of convergence.

Speaking about the comparison of the OSPF and
RIP protocols, primarily, note that the OSPF protocol is
intended for use in large and complex networks, while
RIP is more often used for small networks. A more de-
tailed analysis conducted in Table.
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Table
Table of comparision

Indicator OSPF RIP

Open password Open  pass-

. . | word or key

Security or key authenti- o

cation MD5 authentication

MD35

Load balancing Same metrics -
Algorithm Type Link-state E)lrstance vee
Combining routes + -
Variable-length sub-

+ +
net masks
Maximum number of
routers in the network 65534 15
Accounting in the
metric of various | One main and One main
characteristics of the | three additional
path
Epdatq routing - n- Only changes Whole table
ormation
Availability of im-
plementation Open Open
IPv6 support + -

A. Convergence

Network convergence is a necessary characteristic,
without which the network is not fully operational.
Convergence refers to the process of agreement between
all routers on the best routes. Routing algorithms with
poor convergence lead to creating routing loops or net-
work failure.

This characteristic implies not only the joint but al-
so the independent operation of devices. Despite fact is
that routers communicate with each other, they need to
independently find the impact of changes in topology on
their own routes.

The following properties of convergence distin-
guished: the speed of propagation of routing data and
calculate optimal paths. The propagation speed corre-
lates with the time needed to send routing information
from routers within a network.

Routing protocols are often evaluated by the con-
vergence rate, which means that the faster the conver-
gence performed, the more efficient the protocol is.
OSPF, as a relatively new protocol, provides the fastest
convergence, which makes it one of the most preferred.

One of the main principles of OSPF operation is
that each router inside a zone stores the full topology of
its zone. The time of bringing the network into this state
is called convergence [4].

B. Protocol metrics

The metrics used by the routing protocols have a
direct impact on creating the best route with the least
number of hops. OSPF and RIP use different metrics,
which described in more detail below.

In OSPF, when choosing the best route, a metric
called cost used. It said that each link has a cost, respec-
tively, if the route passes through several links, then
their cost summed up. But the best route is the one
whose cost is the lowest. The cost of an interface is in-
versely proportional to its bandwidth [2].

Cisco provides the following costing options:

e Cost calculated as the inverse of the link speed
value.

e The cost for each link set by the user manually,
based on personal ideas about the quality of this
link.

The cost calculated by the formula (1):

p=ab, (D

where p is the cost, a is the specified bandwidth, and b
is the bandwidth of interface.

RIP as a metric used packet jump - this is the
number of routers through which a packet can pass
along a given route. Each hop in the path from the
source to the destination assigned a value of the number
of hops, which is usually 1. When the router receives an
update of the routing information that has a new or
modified destination record, the router adds 1 to the
metric value specified in the update and writes the net-
work to routing table the sender's IP address is used as
the next hop. A directly connected network to the router
has a metric of zero; the inaccessible network has a met-
ric 16 [4].

C. Configuring Routing

To configure dynamic routing, the following
commands used: router and network. The router com-
mand that starts the routing process has the form:

Router(config)# router protocol [keyword]

where protocol is one of the routing protocols and key-
word is an optional parameter.
The network command has the form:

Router (config-router)# network network-number [key-
word]

where network-number is the identifier of the connected
network and keyword is an optional parameter [5].

When using the OSPF protocol, when the router
configured to work with the protocol, it begins to ex-
plore the environment through the following initializa-
tion stages [6]:

Use hello to find.

o The phase of first exchange between route bases.

e Sending route information with later confirma-

tion.

o Compiling the routing table.

o Transition to full status.

When using the RIP protocol, the routing process
connects the interfaces with the addresses that corre-
spond to them and begins processing packets in speci-
fied networks.

Simulation and comparison. Conducting an ex-
periment.

A. Cisco Packet Tracer Features

This simulator was developed by Cisco and rec-
ommended for use in the process of studying telecom-
munication networks and network equipment. But the



14 BICHWK CXIAHOYKPATHCbKOIO HALIOHAMBHOIO YHIBEPCUTETY imeni Bonogumupa Oans Ne 5 (253) 2019

Cisco Packet Tracer features are suitable not only for C. Routing Configuration Comparison
training but also for setting up any network at the plan- Configuring network routing using OSPF (3) and
ning stage. RIP (4) presented below. For example, the router R1
It includes the following features: taken. Setup made in the command line.
e Workspace, which used to create a network.
e Simulation, both in simulation mode and real- Rl-ena
time. Rlgcontf ¢
. . . . Enter configuration commands, one per line. End with CNTL/Z.
e A graphical interface that used to interact with the R1{config)#router ospf 1
user during the conﬁguration process. Rl {config-router) gnetwork 10.1€8.25.0 0.0.0.255 area 0

Rl {config-router) #network 10.1€8.31.0 0.0.0.255 area 0

e Image of network equipment with the ability t0 51 (consig-rourer)sneswork 192.1€.12.1 0.0.0.3 area 0
move, add and remove Components. Rl{config-router)#network 172.1€.12.2€ 0.0.0.3 area 0

The software product allows you to design your
own networks, create and send data packets. An im-
portant feature of the program is the ability to explore

Fig. 3. Network configuration setup (OSPF)

Rl>ena
and use switches, routers, and workstations. Two simu- Rlgconf ©
lation modes allow not only to see the result of packet ;’L“_Z:nf’f‘;‘.f;f‘:::m’r’i?mnds' D s il b e
. . . . . { fig) r
transmission, but also to see their movement in the sim- 31 (config-router) fnetwork 10.165.25.0
ulation model. Rl (config-router) #network 10.168.31.0

Rl (config-router) #network 172_1€6.21.1
Rl {config-router) $network 172.1€.12.2

With the help of commands that entered into the
command line of devices, you can display a variety of in-
formation about the network, including the routing table

[7].

B. Network modeling The difference in configuration setting is only in
the advanced parameters — the inverse subnet mask and
indication of the zone used in the OSPF protocol.

Further on Fig. 5-6 shows the routing tables of two
networks:

5

Fig. 4. Network configuration setup (RIP)

For a more detailed analysis of operating the OSPF
protocol, a network modeled. Simulations performed us-
ing the Cisco Packet Tracer simulator. The network was
configured in two ways: using OSPF and RIP. The net-
work depicted in Fig. 1.

subnezted, 1l subnszs

0 is directly connected, FastEthecneto/o

« FastEthernetO/1

- + FastEtheznetl/0

oooocona

. FastEchernetl/0

» FastEthernetl/0

, FastEthernetl/0

» FastEthernetl/0

h
°
°
Fig. 1. Simulated network Fig. 5. Routing Table (OSPF)
Both of the resulting networks tested for perfor- . 0 S, Y b -

mance by sending packets. An example of packet " ' €. FastEthesnerl/o
transmission shown in Fig. 2 .
:
c
R
R
R
R
R

E

8.91.0/24 Ethernetl/l

Fig. 6. Routing Table (RIP)

Both routing tables show directly connected devic-
Fig. 2. Packet transmission es and the paths along which devices that at distance
from the router are connected, as well as the ports used

for this.
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In addition, we can see the difference in the admin-
istrative distance, which is 110 for OSPF and 120 for
RIP.

The designation O is the address formation by the
OSPF protocol, and R is the address formation by the
RIP protocol, respectively.

D. Comparing Metrics

An important difference between OSPF and RIP
could be observed in the metrics that they use. These
data could be viewed, and in some cases even changed,
when you configure the network in Cisco Packet Tracer.
In Fig. 7 marked packet hop for RIP:

0 is subnetted, 7 subnets

c
R , FastEthernetl/d
R , FastEthernetl/0
R 00:0€, stEthernetl/0
R astEthernetl/l
R €.12.25, 0 FastEthernetl/1l
c y connected, FastE: 1/1
c y connected, FastEthernet0/0
c y connected, FastEthernet0/1
R 12.1; , FastEthernetl/0
R 2 F. Ethernetl/0
R thernetl/0
R thernetl/0
R FastEthernecl/1l
FastEthernetl/0
R FastEthernetl/1l
Ethernetl/0
R F Ethernetl/1l
R FastEthernetl/l
R FastEthernetl/l

Fig. 7. Hop records (RIP)

For greater clarity, one route considered for both
networks using the traceroute command. The results
presented in Fig. 8-9:

Rlgtraceroute 10.1€8.54.0
Type escape sequence to abort.
Tracing the route to 1l0.1€8.54.0

1 172.16.12.2 47 msec 31 msec 32 msec
2 172.16.12.10 13 msec €2 msec 4¢ msec
Fig. 8. Traceroute (OSPF)

10.1€8.54.0
Type escape sequence to abort.
Tracing the route to 10.1€8.54.0

Rlgtraceroute

1 172.16.12.1

2 172.16.12.10 47 msec €2 msec

32 msec 31l msec msec

Mo
ey

2 msec

Fig. 9. Traceroute (RIP)

We can notice that there is no difference in the
number of packet hops, but there are small differences
in time in favor of the OSPF protocol.

In addition, on the network using OSPF it is possi-
ble to find out and change the cost of interface, as one
of the main protocol metrics. To do this, use the com-
mand:

Rl#show ip ospfinterface

The results shown in Fig. 10:

2.2¢, Network Type BROADCAST,

Priority 1

Process ID 1, Router ID
Transmit Delay is 1l sec,
Designated Router (ID) 1
No backup designated rou
Timer intervals configured,

No Hellos (Passive interface)
Index 1/1
Nex
Last

2.2€, Interface address 10.1€8.29.1
s network

0, Dead 40, Wait 40, Retransmit 5

ood queue length 0

%0 (D)

od scan length is 1, maximum is 1

Last flood scan time is 0 msec, maximum is 0 msec

Neighbor Count is 0, Adjacent neighbor count is 0

Suppress helle for 0 neighbor(s)

Fig. 10. Interface Cost (OSPF)

Changes in cost will make adjustments to the for-
mation of routes.

The Cisco Packet Tracer simulator does not pro-
vide for such commands for the RIP protocol since the
protocol has a completely different principle of route
generation. Accordingly, introduction of changes by the
user is also not provided.

At the same time, the software product allows you
to consider most of the features of the protocols, which
reflected in the work.

Conclusions. According to the results of the study,
we can conclude that the OSPF protocol is one of the
most popular in the modern world, but this, for the most
part, concerns networks with a large number of nodes.
Many factors contribute to this, in particular, the high
time of network convergence. Best of all, the difference
between the OSPF protocol and others can be seen in
the example of comparison with other dynamic proto-
cols, like the RIP protocol used in the work. It can be
concluded that the results of the two protocols may be
about the same, provided that the network being studied
is small. In addition, the OSPF protocol has more func-
tionality than the older RIP protocol. The analysis and
comparison carried out in this paper allow us to draw
conclusions about feasibility of using the OSPF protocol
in certain conditions.

References

1. Yury Semenov, “Algorithms of telecommunication net-
works. Protocols and Routing Algorithms ”, ISBN: 978-5-
94774-707-2, No. 2, 2014.

2. Lan Wang, Cheng Yi, Adam Alyyan, "OSPFN: An OSPF
Based Routing Protocol for Named Data Networking",
NDN-0003, July 25, 2012.

3. J. Krouz, Ross K., “Computer networks. A downward ap-
proach,” ISBN: 9785699780907, 2016.

4. Olifer V., Olifer N., “Computer Networks: Principles,

Technologies, Protocols. Tutorial . ISBN:
9785496019675, 2016
5. Routing Basics: RIP and OSPF.

https://setevik.com.ua/2017/11/07/basics-rip-and-ospt/

6. Configure the OSPF protocol on the Cisco router.
https://easy-network.ru/51-urok-31.html

7. Cisco Packet Tracer
https://www.scribd.com/document/239146133/
PoCisco-Packet-Tracer

Tutorial.
Tutorial-



16 BICHWK CXIAHOYKPATHCbKOIO HALIOHAMBHOIO YHIBEPCUTETY imeni Bonogumupa Oans Ne 5 (253) 2019

Bapo6apyk JI.B., MuxaiisioBa A.O., bakutbko /I.E.
AHani3 i Moe/I0BaHHA JMHAMIYHHX NPOTOKOJIB Mepe:xi
MapIpyTH3anii

V' yiti cmammi ananizyemoca poboma npomokony
mapwpymusayii OSPF. Posensanymo ma ob6rpynmoeano neoo-
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METHODOLOGICAL APPROACH TO COMPUTER NETWORK DESIGN

Barbaruk L.V., Lavrinenko O.0., Kvasov 1.O.

METO/IOJIOTTYHHU TIIAXII 10 JU3ANHA KOMIT'FOTEPHOI MEPEJKI

Bbap6apyk JI.B., Jlappunenko O.0., Kacos 1.0.

This article proposed a methodological approach to modeling
computer network for business center. It describes the main
problems that can be encountered when designing a network.
Developed by meth-od will help to minimize costs, quickly im-
plement the designed net-work to the enterprise and save time.
When selecting a program, all criteria were taken into ac-
count, and only after that was NetCracker selected.

Keywords: simulation modeling, NetCracker, design, statisti-
cal data.

Introduction. From year to year information
technologies are developing more and more in all fields
of human’s activity. Such field as data transmission
networks, without which information exchange of data
is practically impossible, isn’t left without attention. In
such situation, analysis of technical characteristics
remains the main most urgent task in the field of
information technologies.

Network design is very hard work, especially for
multi-element networks in large enterprises and in
different business centers.

System administrators may not always know how
it will work in real life. Risks, which connected with
loss of network’s workability, are high, and the costs are
too high. This could be avoided with help of simulating
modeling, which allows simplifying design and to test,
checking all modules are correctly selected, as well as
evaluate and conduct experiments with the proposed
system without direct influence on it.

Defining and solving a problem with simulation
modeling of networks is actual too, it allows to plan
prematurely, analyze the possibility of problems’
existence in the process of development and
exploitation, conduct validation of correctness and
ability of network to work on various functional
positions, conduct the research of new technologies and
mechanisms, but the main thing — is to save money.

Problem definition. At this stage it is necessary to
foresee all possible problems and factors, with influence

on goal of this work, namely modeling computer
network with help of program NetCracker [1].

It should be noted, that package NetCracker is
developed especially for a big circle of people, so the
proposed program can be used in teaching specialists in
field of telecommunications, the choice also due to the
fact that this comprehensive program is available for
every user.

To carry out modeling of network, it is necessary
to solve the following problems:

* size of network (number of users, users’
location/equipment’s location);

* number of data, which was transferred or
received;

* data’s safety;

» another important factors as requirements to
connection (wired, wireless or combined), cable type,
type of used computers/devices and their location;

* network assignments — exchange of
information/data between computers, programs/database
hosting.

This article will be considered computer network
of business center.

In order to automate the work of business center, it
is proposed to design information system, which
consists of:

+ cable network and active network equipment;

» computer peripheral equipment;

» storage equipment (server);

* system (operation systems, database
management systems), special (monitoring and network
management systems) and application software.

In order to research the possibilities of the
developed information system of a business center, its
modeling is necessary at the design stage. In this case,
the modeling process is a research of the information
system by conducting a series of computational experi-
ments using specialized software.

Based on the fact that the physical basis of the
information system consists of a cable network [2],
active network and computer peripheral equipment,
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modeling is reduced to the development of a local
computer network model.

In order of reduction the time and financial costs
of developing computer networks on a local scale, it is
necessary to develop a methodological approach to
designing a computer network for a business center
through modeling.

The design of network. Network design is a hard
process that involves topological design. In the network
design process, it is necessary to determine where to
place the components and how connect them. The
designed network must necessarily meet the needs of
subscriber and operator. Therefore, to achieve this goal,
it was necessary to follow clear rules for network
design. However, there are two important elements that
affect network design — bandwidth and data transfer
delay.

Bandwidth in computer network refers to the speed
at which data can be transmitted through a network
connection or interface. When processing various types
of network data, an important element of speed is data
transfer delay. Utilities such as ping and traceroute
typically estimate delay by determining the time it takes
a network packet to move from source to destination
and back.

A. Analysis

software.

Currently, the use of expert assessment theory is
the most common approach to the design of computer
networks. Specialists, based on their own experience,
design a system that provides a solution to a specific
task or class of problems in the field of computing
facilities [3]. This approach allows:

+ at the design stage to minimize costs;

* quickly estimate the cost of implementation of
information system.

However, the solutions which were obtained with
the help of expert assessments have their disadvantages:

+ difficulty in obtaining reliable results;

» research depend on the knowledge and
preparedness of the expert;

* subjectivity of the method;

» collection of information requires large labor
costs;

» requests for highly qualified specialists to
conduct a survey.

Another variant, which can be used in an approach
involving the improvement of the network and the
research of its work with the help of special modeling-
oriented computer networks. Using such software tools,
you can create a network model based on the source
data:

* network topology and protocols, which are
used in it;

+ feature of request flows between networks;

* length of communication lines;

* hardware and software [4].

The main indicators that influence the choice of
modeling tools are the availability of a database of
software and hardware network equipment, which

of computer network modeling

determines the adequacy of developed models, the
ability to analyze network parameters, recover from a
failure, and their cost. Therefore, to achieve this goal
was selected system NetCracker.

The NetCracker program has many features; with
its help you can create a network model almost any
scale —from local for several users to the region level.
There will be no difficulties with this program, as it is
easy to configure and relatively easy to use thanks to the
user-friendly interface and the use of the «drag and
drop» technology.

NetCracker contains a very large database that
contains about 5000 different devices (repeaters,
switches, network adapters, servers from different
manufactures) and contains information about them.
Also, there is information about the load generated by
various software. If the database doesn’t contain the
necessary elements, then it can be updated through the
Internet through the official website from the
manufacture’s server.

Every device contains a set of features, which
describe such data in details as:

* data transfer speed,;

+ delay;

 filtering and forwarding packets;

+ used protocols;

* types of ports, their availability;

* description of the interface card.

Software and hardware in total amount allow to
describe various network architectures: client-server,
VLAN (virtual local area network), intranet, wireless
networks.

B. Methodological approach to design computer

network of business center

Using approaches and principles of organization
and functioning of networks, a methodological approach
to the design of a computer network of business center
has been proposed, which involves the implementation
of the main stages:

1) analysis and description of the design area;

2) determination of the overall structure of the
business center;

3) implementation of the topological synthesis of
the optimal network structure;

4) formation of the description of the technical
equipment of the business center;

5) research of the local computer network using
method of simulation modeling.

According to the first design stage, the analysis
and description of the design area, the business center,
was carried out.

At the second stage, the general structure of the
local network is determined.

The third is the choice of topology. The optimal
topology for this network is a tree (Fig.1).

At the fourth stage, following actions were
performed to build the network. Following elements are
selected: Digital PC 5510 short-tower-300MHz, ProFast
Switch/DES-810, StepServer VL PCI u Cisco 803-BT1.
A connection has been created between clients and
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switches, between switches and router, as well as
between a server and a switch. The characteristics of the
channel indicate the type of cable (twisted pair), its
length and the maximum transmission rate (100 Mbps).

Fig. 1. Tree topology

Results of experiment. At the fifth stage
experiment in developed simulation model was
conducted.

To obtain statistical data on the distribution of the
percentage of packets’ traffic used by various devices, a
traffic distribution law was established with the
following data:

1) The exponential law of traffic distribution.

2) The time between transactions (batches) is 0,05
seconds.

3) The packet size transferred between clients and
the server was set to 50 Mbps.

4) Simulation time is 10 seconds.

Traffic type has been set: LAN peer-to-peer traffic;
FTP; E-Mail (SMTP); HTTP.

The process of simulation modeling according to
scheme is shown on Fig. 2. The same applies to the
Erlang laws and the Uniforms law. Figure shows the
statics of the packets used, obtained during the
simulation experiment.

Data that was displayed:

e average load of nodes;

e number of received packets;

e average delay.

=t
VisionDesk 3400 Visionliesk 3400 (2)
02% :

(===
ProFast Swits .,%Svﬁﬂ a

VisionDesk 3400(3)

StepServer VL PCI

Fig. 2. NetCracker network modeling scheme

After the completion of the simulation experiment,
statistical data were obtained — the percentages of the
used packets, which were listed in Table.

Table
Statistical data of the utilized packages' percent
The size of the The size of the The size of the
utilized packages utilized utilized packages
distributed after packages at of the Uniforms
the Exhibitor distribution distributed under
under the law of the law
the Erlang
1,8 1,8 1,8
1,1 1 1,1
0,5 0,4 0,7
15,1 21,3 18,8
4,4 6,2 4,4
1,3 1,4 2,9
1 1,3 2,1
0,3 0,2 0,8
14,9 21,2 16,7
0,4 0,5 0,4

The results of simulation modeling of the
department’s local network indicate that the average
load on communication channels, depending on the
operating modes, is 10-50 Mbit/s, and the channels are
used by no more than 50%, which meets the
requirements.

The calculation was made according to the
formula:

U:w*loﬂ%, v

where U is the utilization rate of the mono channel,

Quax - maximum throughput without taking into
account the cost of waiting between packet transmission
[bit/s];

Qgen- bandwidth, demanded from the mono
channel by the station [bit/s];

Qgen = k*Qi, where Qi - loads from each class of
the application, [bit/c].

Conclusions. The proposed approach is a
methodological tool for the developer and allows
reducing the time needed for designing local computer
networks, as well as improving the quality of
developing projects for local computer networks by
using specialized software at the stage of analyzing
possible topological structures and choosing software
and hardware.

A methodological approach to the design of a
computer network of a business center has been
proposed. On its basis, a local network was designed,
which would allow individual users to easily and
quickly interact with each other. The main tasks
performed by this network:

* joint work with documents;

* archiving and saving work performed on the
server, to save space on the hard disk;

* simplified workflow.
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Also, simulation network modeling was done in
various conditions. The results of the study indicate that
using the proposed approach allows designing in cases
where analytical calculations are cumbersome, and
sometimes impossible, to identify problem areas of
networks and take appropriate measures at the design
stage, to select active network and cable equipment.

The prospect of further research may be designing
a corporate network based on the proposed
methodological approach.
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Bapo6apyk JI.B., Jlappunenko O.0., KBacos 1.0. Me-
TOAOJIOTIYHMH MiAXid 10 NU3aiiHa KOMI'IOTePHOI Mepe:xKi

B oaniti cmammi 3anpononosano memooonociunuil
nioxio 00 MOOent8anHs KoMn'tomepHoi mepedci ons OisHec-
yenmpy. Onucyrombcs OCHOGHI npobiemu, 3 AKUMU MOJCHA
3IMKHYMUCs npu npoexmysanti mepeici. Pospobrenuii memoo
00noMOdICe MIHIMIZy8AMUBAMs GUMPAMU, WBUOKO 8NPOBAOU-
My CNPOEeKMOoBany mepesxicy Ha NiOnpuemcmei i 3a0uadumu
yac. Ilpu eubopi npocpamu 6ynu eépaxosawi 6ci kpumepii, i
minvku nicia yvoeo 6ye oopanuii NetCracker.

KurouoBi ciioBa: inimayitine mooeniosans, NetCracker,
OU3AUH, CMAMUCIUYHI OQHI.

Bap6apyk JI.B., JlaBpunenko O.A., KBacop H.A.
MertopnoJsioruyeckuii nmoaxoA K M3aiiHy KOMIIbIOTepPHOI
ceTn

B 0annoii cmamwee npednosicen memooonocuueckuil noo-
X00 K MOOenupo8anuro KOMNblomepHou cemu O OusHec-
yenmpa. Onucel8aromcsi 0CHOGHbIE NPOOLeMbl, ¢ KOMOPbIMU
MOJICHO CMOIKHYMbCSL npu npoexkmuposanuu cemu. Paspabo-
MAHHLIIL  MemoOd NOMOJICem MUHUMUSUPOSAMb  3ampambl,
ObICMPO BHEOPUMb CHPOCKMUPOBGAHHYIO Cemb HA NPeonpusi-
muu u cokonomums eépems. Ilpu evibope npoepammvl ObLiu
yumeHul 6ce Kpumepuu, u MoabKo Hocie 3mo2o Obll 8blOpan
NetCracker.
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NetCracker, ouszaiin, cmamucmuueckue OanHble.
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REMOTE PARKINSON'S DISEASE MONITORING SYSTEM:
FROM SMARTPHONE TO CLOUD PLATFORM

Berezhnyi O.V., Biloborodova T.O., Skarga-Bandurova L.S.

CUCTEMA BIJJAJEHOT'O MOHITOPUHI'Y XBOPOBU ITAPKIHCOHA:
BIJI CMAPT®OHA /1O XMAPHOI IVIAT®OPMHU

Bepexunii O.B., bioooponosa T.0., Ckapra-banayposa 1.C.

Parkinson's disease (PD) is a slowly progressive disorder that
affects movement, muscle control, and balance. The earlier
treatment can prevent the disease from developing and to
prolongate the diseases prodromal phase. In this context,
home monitoring services are potentially powerful tools for
remote diagnosis and can improve healthcare services.
Tremor is the most common symptom of a PD disorder and it
has several advantages for continuous PD symptoms
monitoring. The developing of solution based on smartphone
sensors that allow remote monitoring of the monitored user is
present. The connection between the smartphone application
and cloud platform for smartphone sensors data transmission
for early tremor symptoms detection is developed. It
includesdeveloping  of  configuration of  smartphone
application for sensor data transmission and  developing of
configuration of a cloud platform for tremor symptoms
monitoring. The active tests were developed to capture a
motor disorder, that indicates PD symptom such as tremor.
Initial trials of the developing demonstrated that the
monitoring system has the ability to real-time data acquisition
and transmission using smartphone sensors and cloud
storage. The connection settings developed for the system
proved to be efficient when sensor data transmitted from the
smartphone to cloud storage. The period of time required to
transfer data to the cloud equal to the period of time less than
one second..

Keywords: health monitoring system, smartphone application,
Parkinson's disease, data tramsmission

1. Introduction

Parkinson's disease (PD) is a slowly progressive
disorder that affects movement, muscle control, and
balance.

In recent years, it has become clear that some
symptoms of PD occur decades before the development
of motor symptoms and clinical diagnosis, and that
monitoring these symptoms may provide earlier PD de-
tection. This may enable earlier treatment to prevent the
disease from developing and to prolongate the diseases
prodromal phase [1].

Using data from wearable devices, such as
smartphone sensors, for movement measurements, the

earlier detection of motor symptoms will become possi-
ble [2].

Parkinson's disease is characterized by four motor
disorders: muscle rigidity, hypokinesia, tremors, and
postural instability. The authors [3] present a method to
quantify PD motor symptoms using an accelerometer,
and researchers have extensively tested the validity of
such technologies for examining specific motor tasks in
controlled experimental settings [4, 5]. The findings
suggest that technologies have high sensitivity and spec-
ificity for differentiating PD-specific mobility patterns
from those of healthy controls and for classifying PD
severity and progression within PD patients [6, 7].

Tremor is the most common symptom of a move-
ment disorder [8] and it has followed advantages for
continuous PD monitoring. Tremor is

- the most common symptom of movement dis-
order;

- appears at the early stage of diseases;

- the most obvious symptom;

- easy to detect.

Longer monitoring of tremors can make a diagno-
sis of Parkinson's disease more reliable. Outside the
clinic, patient monitoring is used to monitor tremors.
However, inconsistencies between these reports and ob-
jective tremor assessments are most often found. Long-
term recordings at home can be useful for obtaining an
objective assessment of tremor and identifying changes
in tremor presentation that cannot be observed in the
clinic. However, the inconvenience of long-term records
lies in a large amount of data generated. Analysis and
processing of these data will take a very long time [9].

In this context, home monitoring services are po-
tentially powerful tools for remote diagnosis and can
improve healthcare services.

A large variety of biomedical sensors is used to
obtain a variety of human physiological signals [10].
The processing and analysis of these signals to monitor
human health can be performed using a user's mobile
device or server in cloud storage.
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Fig. 1. Architecture of PD monitoring system

Smartphone sensors and web-based cloud platform
enable remote monitoring, evaluation and daily moni-
toring of person with PD and earlier detection of PD
symptoms.

The paper presents developing of solution based
on smartphone sensors that allow remote monitoring of
the monitored user. The system can detect and quantify
the motor symptom of PD such as tremor.

The proposed solution consists of a smartphone
application, a cloud platform that receives and processes
daily motion information of a monitored user, gathered
from a data of smartphone sensors.

The system aims to provide a tool for the objective
and efficient monitor the status of a monitored user in
Parkinson's disease context.

The goal of the research is developing connection
between mobile application and cloud platform for
smartphone sensors data transmission for early tremor
symptoms detection. The objectives are:

- developing of configuration of smartphone ap-
plication for sensor data transmission;

- developing of configuration of a cloud platform
for tremor symptoms monitoring.

2. System Architecture

The proposed system allows the monitoring of PD
symptoms remotely by using an application installed on
the users’ own smartphone. The most significant benefit
using of smartphone-based approach is high accessibil-
ity. Smartphone-based approach helps to enable auto-
mated acquisition, transmission, processing and analyz-
ing of the monitored user data. The core of the
smartphone application is the testes to monitor and as-
sess PD symptoms, which consists of active tests, that
are initiated and self-administered by the participants at
various times during the day. The accelerometer and
touchscreen used in these tests. The tests are designed
to measure symptom of motor function, such as tremor.
The system can detect and quantify the motor symptom
of PD such as tremor. The system is used Back4App
platform to data collection, the processing will be done
in the cloud while allowed users can view and manage
all the information related to the monitored user using a
web browser.

The system architecture include
communication channel, cloud storage.

2.1. Cloud platform for tremor symptoms moni-
toring

The Back4App platform is offered as cloud storage
[11]. The platform provides the features discussed be-
low.

smartphone,

Live Query function enables to subscribe to a spe-
cific query, store and synchronize app data in real-time.

JSON Import / Export function help import and
export JSON files using Parse Dashboard.

The function of Manage Parse Server Versions al-
lows ensuring full compatibility between app and server
versions.

Parse Command Line Tool can be used to perform
various actions on your Parse app. It can be used to cre-
ate new Parse apps, deploy Cloud Code to an app, view
all releases, and more.

Back4App platform allows monitoring of several
users.

In order to use the system, users need only have a
smartphone or tablet and Internet access to upload their
data to the server. Any device that logged in with a user
account can then access data from the server through
Wi-Fi or a mobile data network. The system includes an
Internet server that is responsible for storing and pro-
cessing secure data readings.

Thus, the platform allows to reliably track user da-
ta without significantly filling up the phone memory and
using the smartphone's energy resources. The collected
data is stored locally in the memory of the smartphone,
and then transmitted to the cloud via the device, initiat-
ing an authenticated HTTP push request.

2.2. Smartphone applications requirements

Constant breakthroughs in medical sensor technol-
ogy and mobile devices fields, combined with growing
wireless communication capabilities, have made possi-
ble the emergence of new health monitoring paradigms.
A smartphone has many additional abilities like a Wi-
Fi, Bluetooth, infrared, large memory and an operating
system. These technologies make smartphones a per-
sonal device that is not always on but is always some-
where on us providing an always-available computing
environment with many applications that can be used
for continuous health state monitoring.

The mobile application of the personal health mon-
itoring system is used to obtain data on the presence or
absence of tremor symptoms. Data acquisition occurs
when conducting two tests using the built-in mobile
phone sensors described above. The tremor test is per-
formed wusing an accelerometer and a capacitive
touchscreen.

Also, the developed smartphone application is
used for preliminary processing of the obtained data. It
consists of assigning timestamps to test data. The mo-
bile application store obtained data and processed it in
the internal memory of the phone (in the absence of an
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Internet connection). It is transmitted data to the cloud
using a wireless Wi-Fi or a mobile 2G network.

The experiment run on the conditions, includes fol-
low parameters (but not limited of). The minimum sys-
tem requirements of the mobile application have been
determined. The smartphone app module should run on
Android 4.4 and higher. Minimal requirements to char-
acteristics of smartphone and Internet connection are
presented in Table.

Table
Smartphone Characteristics
Characteristics Requirements
Display 55"
RAM 2 Gb
Internal storage 16 Gb
Wi-Fi connection ~20 Mb/s
2G connection ~473,6 Kb/s

3. Case study

3.1. Active test for tremor symptoms monitor-
ing.

In the current release, the personal mobile sensing
system includes two tests for evaluating motor symp-
toms of Parkinson's disease. They are tremor tests using
an accelerometer and tremor test using a touchscreen.

This is the simplest test performed with the
smartphone at arm’s end. The software for tremor test-
ing via accelerometer performs the following functions:
data acquisition from the smartphone accelerometer;
time-series data preprocessing; sampling; data transfor-
mation for processing and analysis; transferring to the
cloud storage; normalizing the values of the accel-
erometer data array to gravity "g."

The software for tremor testing via the touchscreen
assumes the following operations: user login; data ac-
quisition from the results of spiral test execution; data
processing; data transferring to the cloud storage.

The target object on the screen is a spiral line. User
actions during the spiral test using a touchscreen are as
follows. At the first stage, it is necessary to go over the
spiral on the screen. The person should perform flowing
motion by their index finger and avoid sharp move-
ments as much as possible. On the second stage, the spi-
ral line becomes flashing. The task is the same, to run
the finger along the spiral line.

3.2. Developing setting of a smartphone applica-
tion for data transmission

Developing settings of a smartphone application
for data transmission.

Consider the developing of settings of a configura-
tion for a smartphone application for data transmission.
At this stage, Android Studio [12] is used. In order to
demonstrate the developing of settings of a configura-
tion for data transmission, the accelerometer tremor test
is used. The developing consist of several steps.

The first step is followes. The new layouts for
smartphone application are created as follow. Using
path "app — res — layout" create the following files:
activity accelerometer; activity login; con-
tent_accelerometer; content login.

The next step is checking to create files using path
"layout — New —  Layout resource file". The
"toolbar" was created in follow files: "activi-
ty accelerometer" and "activity login". The next step is
applied path "palette" — "container" — "AppBarLay-
out". And the next step, the creating "include" in follow
files: "activity accelerometer" and "activity login" with
links to "content accelerometer" and "content login"
respectively. The next one is applied path "palette" —
container — <include>.  Choose  "con-
tent_accelerometer", use window "component tree", and
do follow constraintLayout— convert view— rela-
tiveLayout— apply. The elements from "palette" placed
on the screen and insert text from brackets on the bot-
tom respectively in the ID field of attributes.

TableLayout
TableRow
textView (txtXLabel)
TableRow
Button (read btn)
TableRow
LinearLayout (Layout_Graph Container)

The "content_login" was be chosen, the button (el-
ement "button") is placed, and the "btn_login" is written
to ID field. In menu file "menu menu" the element
"item" with ID "action logout" must be created. The
developing code [13] was copied to res — values —
strings.

3.3. Data transmission to cloud platform using
smartphone application

The free cloud storage platform [11] is used. The
new app was build and key of "Application ID" and
"Client key" are copied. To access the device, the Inter-
net and the ability to data synchronize, determined the
permissions using follow path "app — manifest —
AndroidManifest.xml"[14]. The following line was add-
ed to "AndroidManifest.xml".

<?xml version="1.0" encoding="utf-8"?>
<manifest
xmlns:android="http://schemas.android.com/apk/res/an
droid"
package="com.example.myapplication">

<uses-permission an-
droid:name="android.permission.INTERNET" />
<uses-permission an-

droid:name="android.permission.ACCESS NETWOR
K STATE" />

<uses-permission an-
droid:name="android.permission. GET ACCOUNTS"
/>

<uses-permission an-
droid:name="android.permission.READ PROFILE" />
<uses-permission an-

droid:name="android.permission.READ CONTACTS"
/>

<uses-permission an-
droid:name="android.permission. VIBRATE" />
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The next step is the "Java com.example.appname"
using and the "new — Java Class" choosing, and
following files are created: AccelAnalysis; AccelData;
Login; MainActivity; ParseApp; ParseFunctions;
Statistics.

The configuration settings [15] are used.

For connecting the smartphone application to
cloud storage, the "Application ID" and "Client key"
were added to the ParseApp file.

For correct connecting of the smartphone applica-
tion to cloud storage and data visualization, the libraries
[16] must be copied follow path "app — libs".

The following code was written to
build.gradle(Project: appname).

file

allprojects {
repositories {

maven { url "https://jitpack.io" }

}

The following code was written to the end of file
build.gradle(Module:app).

dependencies {
implementation 'com.github.parse-
community.Parse-SDK-Android:parse:1.18.5'

}

4. Testing and evaluation

In order to demonstrate the connection reliability
of the monitoring system, the active tests provided on 2
healthy individuals with no previously diagnosed motor
conditions. As a comparison, the tests were also run an
additional 2 times with simulated Parkinson's disorder,
such as tremor. The data was transmitted from
smartphone application using Wi-Fi network to cloud
storage. The time delay of data transmission is up to 1
seconds. The dashboard on Back4Upp platform used for
real-time data visualization. Viewing the real-time data
using a web browser is shown in Fig. 2.

pram

(F=¥) Back4App My Apps

Dashboard  Pricing Help ~

5. Conclusion and future work

We have developed settings of configuration con-
nection of a monitoring system for the continuous home
assessment of PD symptoms, such as tremor, using
smartphone embedded sensors. The configuration con-
nection consists of settings for two components: a
smartphone application and cloud storage. The active
tests were developed to capture a motor disorder, that
indicates PD symptom such as tremor. Initial trials of
the developing demonstrated that the monitoring system
has the ability to real-time data acquisition and trans-
mission using smartphone sensors and cloud storage.

The connection settings developed for the system
proved to be efficient when sensor data transmitted from
the smartphone to cloud storage. The period of time re-
quired to transfer data to the cloud equal to the period of
time less than one second.

In addition, future work will involve developing
and implementation of a technique for tests data pro-
cessing and analysis for PD symptoms detection.
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bepexuuii  O.B., binodopogoBa T.O., Ckapra-
Baunnyposa I.C. Cucrema BingajieHOro MOHITOPMHIY XBO-
poou Ilapkincona: Big cmaprdona 10 xmapHoi miardop-
MH

Xeopoba Ilapxincona - ye noginbHo npozpecyioue 3a-
X80pIoBanHs, AKe GNAUBAE HA PYXOBY AKMUBHICMb, M'S308ull
KOHmponw i banauc. Binbw panne nikysanus mooice 3anobiemu
PO3BUMKY XBOPOOU | NPOOOEHCUMU NPOOPOMATLHYIO a3y 3a-
Xeopioeanhs. Y ybomy KoHmexkcmi OOMAuwiniti MOHIMopune €

NOMEHYILIHO NOMYHCHUM THCIMPYMEHMOM Ol OUCMAHYIIIHOT

oiaeHOCMUKY ma Modice NOANWUmMU Ha0AHHA MeOUdHOi 0ono-
moau. Tpemop € Hatlbinbul ROUWUPEHUM CUMNMOMOM X80POOU
Iapxincona i mae xinvka nepesaz 011 NOCMINIHO20 MOHIMOPU-
Hey ii cumnmonmis. IIpedcmaenena po3podxa piuieHHs Ha Oc-
HOBI CeHcopie cMapmoHis, wo 003604A10Mb 30IUCHIO8AMU
6i00aneHull MOHIMOPUHS CNOCMEPENHCYBAHO20 KOPUCMYBAYA.
Pospobaeno niokmouenns migc 000amkom 0ast cMapmeona i
Xmaphoi niamgopmoro 05 nepedayi OaHux 3 OAMYUKI8 cMd-
pmehona 0na pannbo2o GUAGNEHHA CUMNMOMIE mpemopy. Bono
sKnoyac po3podky Konghizypayii npoepamu 01 cmapmeona

ona nepedaui Oanux 3 0amuuxie i po3podKy Koupicypayii

XMapHOT naam@opmu 01 MOHIMOPUHSY CUMIIOMIE MPEMOPY.
Axmueni mecmu 6yau po3po0OneHi 015 8UABIEHHS PYX08020 PO-
31a0y, AKUL BKA3YE HA cuMnmom xeopobu Ilapxincona, maxuil
ax mpemop. Ilouamkosi eunpobysanus po3spooKu npooemon-
CMPYBATU, WO CUCMeMa MOHIMOPUHEY MAE MONCTUBICIb 6 pe-
anvHomy uaci 3oupamu i nepeoasamu Oaui 3a O0ONOMO2010
damuyuxkie cmapmepona 6 xmaphe cxosuuge. Ilapamempu niox-

JIIOYEHHS, BCMAHOGIEHI Ol CUCIEMU, BUABUTUCS eeKMUBHU-
MU npu nepedaui OaHux OAMYUKA 3i CMAPMBPOHA 6 XMapHe
cxosuue. Ilepiod uacy, HeoOXiOHuil 01 nepedayi OAHUX &
Xmapy, OOPiGHIOE Nepiody uacy menuie 0OHI€l CeKyHOU.

Knrwuogi cnosa: cucmema monimopunzy 300pos’s, 0o-
damok 0na cmapmeonis, xeopoba Ilapkincona, nepedaua oa-
HUX.
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Bannyposa U.C. Cucrema yialeHHOT0 MOHHMTOPHUHIA (0-
jge3nn IlapkuHcoHa: or cmaprdoHa Kk o0nayHOl mJaT-
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FBonesuv Tlapruncona - 3mo MeONeHHO Npoepeccupyio-
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KUHCOHA U UMeem HeCKOAbKO Npeumywecma 0isi NOCMOAHHO20
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6onesnu Ilapkuncona, makoi kax mpemop. Hauanvhvie uc-
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MOHUMOPUHEA UMeem B03MOJUCHOCIb 8 DealbHOM 6peMeHU
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A WEARABLE SYSTEM FOR REAL-TIME OUTPATIENT ECG MONITORING
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HOCHUMA CUCTEMA JJISA AMBYJIATOPHOI'O MOHITOPUHTI'
Y EKI' B PEAJIBHOMY YACI

Binodoponosa T.0., Cxapra-banayposa 1.C., [lepes’sinuenxo B.C.

Functional state of the cardiovascular system is an important
factor for human physical well-being. To perform analysis of
the cardiovascular state, the wearable continuous ECG
monitoring system is essential. In this paper, a wearable ECG
monitoring system based on 1oT is proposed. The systems
architecture is presented. Wearable devices design employs
few optimal components for the acquisition of acceptable ECG
signal. The R peaks corresponding to each heartbeat, and T
waves, a morphological feature of the ECG are detected. It
enables to perform heart rate and heart rate variability
analyses, as well as extract, store and analyze the long term
ECG measurements.

Keywords: health monitoring system, wearable device, ECG
signal acquisition, QRS-complex detection

1. Introduction

Cardiovascular diseases (CVD) are the leading
cause of fatalities representing 30% of all global deaths.
Due to inadequate preventive measures, CVD related fa-
talities continue to rise. Electrocardiogram (ECQG) is
widely used to monitor heart function. At present, an
expert cardiologist analyzes short-duration ECG plots to
detect abnormalities. Since certain kinds of heartbeat ar-
rhythmias occur sporadically over an extended period,
patients require long term monitoring. Monitoring of
person ECG changes is important as far as preventive
events of pathology cardiovascular diseases.

The recent technologies as a Big Data, Internet of
Things (IoT), mobile technologies, and wearable devic-
es step-by-step take up the art of cardiovascular diseases
diagnostic to a new level. In this context, the goal is de-
velopment of wearable ECG monitoring systems.

The human computer interface systems [1] are
widely used to extract the context from the implicit in-
formation received, collected, processed by wearable
devices, which characterizes the situation of a person or
place related to a conversation, helps us transfer ideas to
each other and respond accordingly [2, 3]. X. Li et al.
[4] presented a wearable heart rate monitoring system.
They have developed the wearable device for real-time

acquisition and analysis of heart rate signal. Data is
stored on the server and it’s available for viewing status.
Data transmission is carried out using a smartphone.
T.O. Meservy et al. [5] developed the mobile health
monitoring application. It includes a real-time signal ob-
taining, ECG signal processing, visualization, and data
management. M. M. Baig et al. [6] presented a compre-
hensive survey of more than 120 wireless and wearable
ECG monitoring systems for adults. The results of the
review show the main advantages and drawbacks of de-
ployed ECG monitoring systems including short battery
life, lack of user acceptability and medical profession-
al’s feedback, and lack of security and privacy of essen-
tial data. Moreover, in spite of the wide variety of aca-
demic works, the ECG monitoring systems still require
improvements to deliver the best quality of monitoring
and data processing.

In this paper, the IoT wearable system for ECG
monitoring with signal acquisition, processing for QRS-
complex detection are proposed. Section 2 describes the
health monitoring system architecture and ECG weara-
ble device configuration. In Section 3 the system devel-
opment process and techniques of ECG signal acquisi-
tion and processing for QRS-complex detection are dis-
cussed. The result of ECG monitoring system imple-
mentation and QRS-complex elements detection is pre-
sent in Section 4. Section 5 contains the paper conclu-
sions and future work.

2. Health Monitoring System Design

2.1. Health Monitoring System Architecture

The architecture of a wearable biomedical infor-
mation monitoring system is represented by three main
components, presented in Fig.1.

The first necessary component is various types of
wearable devices and sensors that perceive the physical
signals of the human body, which are directly wearable
devices.

Biomedical sensors can also be directly integrated
into garments and accessories, thus forming a wearable
body area network (WBAN) [9].
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Fig. 1. Health monitoring system architecture
(Adapted from [7,8])

WBAN is a subset of wearable biomedical sensors
and systems that can be used to control, stimulate, treat,
and replace the biological and physical functions of the
human body [10].

Such integration requires consideration of two
general limitations when developing a biomedical in-
formation monitoring system: limited memory capacity
of the device and limited power capacity. These re-
strictions affect the storage, processing and transmission
of data:

1. Data received by the device cannot be stored
on it for a long period of time and must be transferred to
another device / server.

2. When developing a wearable system for moni-
toring biomedical information, energy-saving data pro-
cessing algorithms have an advantage.

These factors determine the need for a second
component of the system — external storage, pro-
cessing, and data transfer devices. Data can be transmit-
ted directly from sensors or using external devices with
more computational power (e.g. a smartphone). Contin-
uous processing of data in conjunction with the opera-
tion of the wireless network adapter consumes a lot of
energy resources, which can quickly be exhausted and
as a result, disrupt the execution of its direct purpose.
External devices usually perform primary signal pro-
cessing and transfer data to the next level (cloud stor-
age, servers) for further analysis and long-term storage.

As an external device, WBAN can control the
physiological parameters of the human body and be
used for their collection and transmission.

The third component is represented by cloud stor-
ages, servers. Since wearable biomedical information
monitoring devices and base stations have limited re-
sources, the resulting data is usually sent to servers,
cloud storage for processing and long-term storage.

2.2. Wearable Device Configuration

A wearable ECG device is responsible for collect-
ing ECG data from human skin, and then transmitting
this data to an access point through a wireless channel.
As shown in Fig. 2, the ECG monitoring node in our
system mainly includes: (1) a sensor module; (2) con-
troller module with wireless adapter; and (3) power
module.

(1) Sensor module is the core component of the
monitoring device, which is responsible for obtaining
human ECG data.

T
> I
| |

S e

Fig. 2. Devices configuration

Recorded physiological signals usually consist of a
source signal and noise. Noise occurs at each stage of
data collection, before they are digitized. Noise of the
power supply module, muscular noise, noise of the ana-
log-digital converter suppresses ECG signals.

Power line interference is an electromagnetic field
from a power line, causing sinusoidal interference at 50
or 60 Hz.

The noise causes problems when interpreting low
frequency signals such as an ECG. Consequently, there
are many methods have been used to denoising of pow-
er line noise in ECG signals [11]. Thus, S. Pooranchan-
dra and N. Kumaravel [12] proposed a nonlinear func-
tion of wavelet coefficient shrinking to remove the
power line frequency, in [13] they developed an ap-
proach based on adaptive noise removing; K. Ziarani
and A. Konard [14] proposed the technique to subtract
the power line interference from the ECG, which em-
ploys to almost all possible causes sampling frequency
and interference frequency.

This module filters and amplifies the received
ECG signal. The frequency of the ECG signal lies be-
tween 0.5 Hz and 100 Hz [15] and this must be taken in-
to account when choosing the method of filtering the
ECG signal. To eliminate this kind of noise, an Infinite
impulse response (IIR) filter can be used. The equation
for this filter can be represented as follows (Eq. 1).

y[n]ngkx[n—k]+gaky[n—k], (1)

where M is the feedforward filter order; N is the feed-
back filter order; b, are the feedforward filter coeffi-
cients; a; are the feedback filter coefficients; x[n] is the
input signal; y[n] is the output signal.

To eliminate the baseline wander in the ECG,
which can be caused by breathing, electrode impedance,
body movement, various methods are used. Often used
is a base level interference suppression method based on
a Butterworth bandpass filter. After filtering, the signal
is amplified using an operational amplifier.

(2) A controller module with a wireless adapter is
used to process and transmit the received ECG signal. In
the controller module, it is possible to set the necessary
parameters for additional signal processing, its buffer-
ing, packaging for further transmission via a wireless
channel. This provides fast and convenient access to the
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Internet for transmitting ECG data in real time to a serv-
er or IoT cloud storage.

(3) Power module provides reliable power supply
of each module in the ECG monitoring device.

2.3. Detection of a QRS complex and measure-
ment of heart rate

Detail waves of ECG signals are important infor-
mation for health/medical application. Usually, the fol-
lowing elements can be distinguished on an ECG, as
shown in Fig. 3, among them are the P, Q, R, S, T wave.
Sometimes we can see the inconspicuous U wave. The P
wave reflects the process of depolarization of the atrial
myocardium, the QRS complex - depolarization of the
ventricles, the ST segment and the T wave reflect the
processes of repolarization of the ventricular myocardi-
um.

QRS
complex

P |
Wave ™"

N\

| PR inlerva

Fig. 3. Elements of ECG complex

QT interval

The QRS complex can be identified using a com-
mon method for determining ECG parameters. R-peak
is easier to distinguish from noisy components, as it has
large amplitude (Fig. 4).

. Time series

QRS detection o
% ! describing
ER peaks labeling) > (RReintervals)

Fig. 4. The general stages of heart rate variability
evaluation process

Time-domain
analysis

Heart rate
variability
evaluation

Frequency-
domain analysis

After the pre-processing, variable threshold meth-
od can be used to further detect the R-peak. The R-
peaks allow heart rate and heart rate variability analyses
to be performed, extracting the wanted long term physi-
ological measurements. The formula for wvariable
threshold value is defined as follows.

Ve =[x(n) = x(n—1)]-70%

The threshold makes it possible to differentiate R
peak from the baseline, which is corresponding to 70%
of ECG peak data detection. We were able to find QRS
complex based on the detected R-peak. Detection of
QRS complex is particularly important in ECG signal
processing. In our system, we used a robust real-time
QRS detection algorithm [16]. This algorithm reliably
detects QRS complexes using slope, amplitude, and
other information. The information obtained from QRS
detection, temporal information of each beat and QRS
morphology information can be further used for the
other ECG parameter detection. In order to detect QRS
complex, the signal is initially passed through a band-
pass filter. It is composed of cascaded high-pass and
low-pass filters. Subsequent processes are five-point
derivative (Eq. 2), square (Eq. 3), moving window
integrator (Eq. 4), and detection.

_ 2x(nT)+ x(nT —T)—x(nT —3T) —2x(nT —4T)

y(nT) <

(2)
y(nT)=[x(nT)] 3)
y(nT) :%[x(nT ~(N=DT)+x(nT (N = 2)T) +...+ x(nT)] (4)

The instantaneous heart rate computed directly
from R-R interval. In clinical settings, heart rate is
measured in beats per minute (bpm). So, the formula for
determining heart rate from RR interval is given below

(Eq. 5).

60,000
Heart _rate = —————— (5)
RRInterval(ms)

3. Implementation Result

3.1. EEG wearable Device Specification

EEG wearable device hardware includes follow
components: ESP-WROOM-32 DEV KIT, OLIMEX
SHIELD-EKG-EMG, Breadboard MB-102 830 holes,
SHIELD-EKG-EMG-PRO, ECG-GEL-ELECTRODE,
USB 2.0 Micro B Cable, Male/Male Jumper Wires
150mm, Poweradd Slim2 5000mAh Portable Charger
Power Bank.

3.2. ECG signal acquisition technique

Place the electrodes on the body as follows Fig. 5:
white electrode on the left arm, red electrode on the
right arm, black electrode on the left leg.

The network of short-range and long-range com-
munications for ECG monitoring is used. The stages of
network hardware configuration using Wi-Fi router are
defined as follows: Wi-Fi setup, turn on DHCP, connect
a router to computer, edit an ESP32 firmware (change
IP address, SSID, password), connect ECG electrode to
your body, run special Python script and get the ECG
signal.



BICHWK CXIOHOYKPATHCHKOIO HALIIOHANBHOIO YHIBEPCUTETY imeHi Bonogumupa Oans Ne 5 (253) 2019 29

-
S

right arm '( left arm

right leg ) -

&/

Fig. 5. The electrodes location
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Achieved ECG signal is present in Fig. 6.

Sample value

Sample number

Fig. 6. Fragment of ECG signal

The frequency of a signal measures the cyclic rate
and is measured in Hertz (Hz). A frequency of 1 Hz
means a signal repeat itself every one second. The heart
produces electrical activity, which records by electrodes
as a signal. The sinoatrial node beat about 50 to 90 beats
per minute. That means the heart has a frequency of 1
Hz at this heart rate. According to this, the ECG ele-
ments (P, QRS, and T) will occur at or above this fre-
quency.

The ECG signal obtained from multiple sources.
The recording includes signals from several electrodes
on the skin, which capture more than just the electrical
activity of the heart. The primary electrical elements
captured are the myocardium, muscle, skin-electrode in-
terface, and external interference.

3.3. ECG Component Frequencies

The basic frequencies of the important components
on the ECG can be presented as follow: heart rate 0.67 —
5 Hz, P-wave 0.67 — 5 Hz, QRS 10 — 50 Hz, T-wave 1 —
7 Hz, high-frequency potentials 100 — 500 Hz. The
basic frequencies of the artifacts and noises on the ECG
can be presented as follow: muscle noise 5 — 50 Hz, res-
piratory noise 0.12 — 0.5 Hz, external electrical activity
50 or 60 Hz (A/C mains or line frequency), and other

electrical activity, typically, >10 Hz.

The skin-electrode interface needs special
attention, as it is the largest source of interference,
producing a DC component about 200-300 mV.
Comparing this to the electrical heart activity, which is
in the range of 0.1 to 2 mV. The interference seen from
this component is increased by motion, either person
movement, or respiratory variation.

For the time-series analysis of the heart rate signal,
are using intervals between the heartbeats and its varia-
tion over time. The most important of ECG signals
analysis is to determine the position of the R-peaks
since they correspond to the heartbeat and the position
of other peaks and waves can be found relative to the
defined R-peak. The R-peaks are detected using moving
window integrator (Fig. 7).

Sample value
‘SRR RRERE

W 20 6N 0 S0 N LD W
Sample number

Fig. 7. Fragment of ECG signal with detecting R-peaks

From a signal processing the position of all R-
peaks, RR-intervals between R-peaks and differences
between adjacent RR-intervals are found. From these
parameters, the analysis of the heart health state can be
implemented and the potential heart state disorders will
be predicted.

Thus, relatively stable real-time ECG signal is suc-
cessfully monitored and diagnostic ECG elements, such
as R-peaks, are detected.

Conclusion

In summary, we developed the wearable system
for outpatient ECG monitoring. The architecture of
ECG monitoring system is based on the three-level
scheme. The configuration of ECG wearable device to
provide healthcare service was designed. The acquisi-
tion and processing of ECG signal are presented. The
diagnostic ECG elements, such as R-peaks, are detected.
Analysis of continuous heart rate signal and procedures
for extracting of heart rate parameters are described.

Future work will focus on monitoring additional
health related parameters and implementing the anoma-
ly detection techniques, and on improving system relia-
bility and robustness for patient movement and connec-
tivity losses.
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Binodoponosa T.O., Ckapra-bBanayposa L.C., [le-
pep’sinuenko B.C. Hocuma cucrema aisi aM0yJ1aTOpHOro
moHiTopunry EKT' B peanbHOMy uaci

Cman cepyeso-cyOunnoi cucmemu € 8axcIusuM Paxmo-
pom pizuunozo 300pos's modunu. B 6azamvox sunaokax, ons
aHanizy cmamy cepyeso-cyOuHHol cucmemu nompioHa Hocuma
cucmema 6e3nepepsnozo monimopuney EKI. V yiii cmammi
MU 3anponoHyéanu eapiawm cucmemu O0as amOyIAMOPHO20
monimopuney EKI. Ilpeocmasnena apximexkmypa cucmemu.
Ilpu npoexmyeanni HOCAMbCA NPUCMPOIE BUKOPUCINOBYEMBCSL
KibKa KOMNOHEeHMI8 OJil OMPUMAHHA NPULIHAINHO20 CUSHATY
EKT' Iliku R, 6i0nogioni xodcrHomy cepyeoumms, i T-xeuni -
mopgonociuna ocobnusicme EKI. Lle 0o36onae nposooumu
auaniz cepyesoz2o pummy i eapiabenbHOCmi cepyeso2o pummy,
sumsaAzyrouu Heobxioni doezocmporosi eumiprosanns EKT.

Knrouogi cnosea: cucmema monimopunzy 300pos's, Ho-
cumuti npucmpiti, cuenan EKT, suaenenns QRS-komnaexcy.

Benodoponoa T.A., Ckapra-banaypoa U.C., [le-
pessinyenko B.C. Hocumas cucrema 11 aM0yJ1IaTOPHOTO
moHuTopuHra JKI' B peajbHOM BpeMeHU
Cocmosnue cepoeuHo-cocyoucmoil cucmembvl s6IseMmMcs GadiC-
HBIM (QaKmopom Qusuuecko2o 300posws yenogeka. Bo mnoaux
CTYYAsX, 0N AHAU3A COCMOAHUS CEPOEYHO-COCYOUCTON CU-
cmembl mpebyemcs HOCUMAsL CUCIEMA HenpepbleHO20 MOHU-
mopunea OKI. B amoii cmamve Mbl npeonodcuny HOCUMyIo
cucmemy 01 NOCMOAHHO20 AMOYIAMOPHO20 MOHUMOPUHSA
OKT. Ilpeocmasnena apxumexmypa cucmemvl. Ilpu npoex-
MUPOBAHUU HOCUMBIX YCIMPOUCME UCHONb3YEMCs HECKOIbKO
KOMNOHEHMO8 O/l noiyueHus. npuemiaemozo cuenana OKT.
Tuku R, coomseemcmeyrowue Kaxncoomy cepoyebuenuio, u T-
607IHbL - MOponocuueckas ocobennocmv K. Dmo nossons-
em npogooums ananu3 cepoeuHo20 pumma u 6apuabenbHoCmu
cepoeuno20 pumma, usenekas mpebyemvle 00120CPOUHbBIE U3-
mepenust OKT.

Kniouesvie cnoea: cucmema monumopumea 300pogus,
nHocumoe ycmpoticmeo, cuenan OKI, obuapyscenue QRS-
KOMNAeKca.
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MODEL-ORIENTED FAKE NEWS DETECTION ON SOCIAL MEDIA

Davidenko M.O., Biloborodova T.O.

MOﬂEﬂb-OPIEHTOBAHHﬁ HNAXIA 10 BUBHAYEHHSA
GOEUKOBUX HOBHUH B COIJAJIBHUX MEPE/KAX

Hasinenko M.O., bisio6oponosa T.O.

Nowadays, fake news (FN) have actively penetrated through-
out the social media reducing our ability to critical assess and
proceed the information. Most of existing approaches to han-
dle with FN require a labeled FN training datasets but in some
cases these datasets are unavailable. In this paper, we present
a model-oriented approach for FN detection and feature ex-
traction. The unsupervised technique for FN identification
without the training data is designed and developed. It in-
cludes four main steps, namely data preprocessing, text fea-
ture extraction, vectorization, and clustering using k-means
algorithm. The results of the last step was evaluated through
several parameters: homogeneity, completeness, V-measure,
Adjusted Rand index and Silhouette coefficient.

Keywords: FN detection, text mining, model-oriented ap-
proach, clustering, word2vec

1. Introduction

The researches of Stanford University defined FN
like the news that are intentionally and verifiably false
and can mislead [1].

After the presidential election with Donald Trump
and Hillary Clinton at 2016 in the USA, the actual topic
was the “Fake News” [2]. Some political pundits claim
that FN affected the election. Fake news posts have used
social media to disseminate during the internet.

Nowadays, big social networking services compa-
nies are developed solutions for FN recognizing. For
example, Facebook allows users scoring the news that is
possibly suspicious [3]. Recently, a new online service
“Google News Initiative” that is proposed by Google to
fighting FN [4].

There are many researches provided in this area.
The authors [5] investigated and characterized FN and
data related to it as follows (Fig.1).

The research approaches for FN detection can be
defined in the following categories [6]: data-oriented,
feature-oriented, model-oriented, application-oriented.

According to our goal, we detailed investigation
and analysis of the model-oriented FN research.

Most approaches include extracting various fea-
tures and follow using these features into supervised
classification models [7, 8]. The conjunction of several
weak classifiers into ensemble methods is more success-
ful than any single classification model alone. The en-
semble methods have been widely applied to FN detec-
tion and have a more accurate result [9].

However, the accuracy of FN detection, is still
challenging, due to the dynamic nature of social media,
and the complexity and diversity of online text data. Al-
so, in the absence of high-quality training data is a prob-
lem for the creation of detection models.

One of the major challenges for FN detection is the
fact that each feature, such as source trustworthiness,
style of news text, or social response, has some re-
striction to directly predict FN singly. The process of
obtaining a reliable FN dataset is difficult for the fol-
lowing reasons [10]:

- the real-world online dataset is usually big, in-
complete, unstructured, unlabeled, and noisy;

- everyday a large amount of false information
with diverse intentions and different linguistic charac-
teristics is created via social media.

Also, most existing approaches require a labeled
FN train dataset to train a model. It is important to con-
sider scenarios where limited or no labeled FN items are
available in which semi-supervised or unsupervised
models can be applied. The models created by super-
vised learning be more accurate given a quality training
dataset, unsupervised models can be more useful on
wide availability of unlabeled data.
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Fig. 2. The categories of research approaches for FN detection

It is necessary to design an approach which is able
to identify FN even without the training samples. It is
important to design effective, automatic and applicable
approaches for high-quality online FN detection.

The goal is effectiveness model-oriented ap-
proaches for FN detection. The objectives can be de-
fined as follow:

- study and analyzed related work for FN detec-
tion and feature extraction;

- designed and development of unsupervised
technique for FN detection consisting of data prepro-
cessing, text feature extraction, converting words to
vectors and clustering using k-means algorithm;

- clustering evaluation.

The outline of the paper is as follows. In Section 2,
we describe the major definitions of model-oriented ap-
proaches for FN detection. The method of feature ex-
traction is considered in Section 3. The model-oriented
method such as clustering is provided and experiment
process is presented in Section 4. The clustering evalua-
tions are present in Section 5. Finally, we conclude our
research.

2. Definitions of model-oriented approaches

According to the model-oriented approach for FN
detection can be used unsupervised and supervised ma-
chine learning technique. We study classification as su-
pervised learning, and perform clustering as unsuper-
vised learning.

The clustering in the context of FN detection can
be defined as follow [11]. Given a corpus of F
NJ ={j, j2 j3 ., ju} With size of n where each docu-
ment 7, is a vector of terms in a dictionary,
Y = {tytyt3 ..., ty} with size of T = |X]. The prob-
lem is clustering of documents based on their terms into
homogeneous classes with respect to FN categories. To
this end, we first cluster documents based on appear-
ance positions of each term in an article and its correla-
tions with other terms (Spatial relation extraction) fol-
lowing by designing an automatic ensemble co-
clustering to cluster documents according to their posi-
tions in different factors among various low-rank de-
compositions.
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Mathematically, the classification for FN detection
define as follows [12]. A news item is called fake if its
content is verified to be fake and true otherwise. Let

X ={X,X,,..,X,} denote a dataset containing n news

items. Each new item j € [1, n] contains & resources of
data and is denoted as X, = {X}.,Xf.,...,X/’.‘} . Addition-

ally, let ¥ ={y,,,,...,»,} is a set of class labels related

with news samples of dataset X. Each class label y; € ¥
from the label set, where m is the number of recognized
class of news in dataset and /; € L is a class meaning:
fake or true.

With the aforementioned notations and definitions,
the problem of multi-source multi-class FN detection is
formally defined as follows. Given the dataset X and its
corresponding labels Y, the goal of classification is to
learn the model M mapping X to Y, which predicts the
degrees of fakeness for unlabeled news.

3. Feature extraction

The wor2vec model is a popular technique for fea-
ture extraction in text mining. It can be describing as
follow. The word2vec model takes a large text corpus as
input and maps each word to a vector, giving the coor-
dinates of the words in the output. At the first stage, it
creates a dictionary through learning on the input text
data, and then calculates the vector of words. The vector
is based on contextual proximity: words found in the
text follow to identical words (therefore having similar
meanings) in the vector have close coordinates of word
vectors. The parameters and corpus sizes are affected to
the model accuracy. Accuracy increases overall if the

number of words used increases, and if the number of
dimensions increases [13].

The optimization of word2vec model is a classifi-
cation problem [14] and defineded as follow. The word
embedding layer is a matrix of a number of unique
words in the corpus and words embedding size. Suppose
a textual source contains x words [12]. The neural net-
work model applying, the text represents by an input
matrix of word embeddings denoted as W € R*® where
e is the dimension of the word embedding. More specif-
ically, w; € W is a e dimensional vector representing j-
th word of the text and populates j-th row of matrix W.
In other words, each row of the matrix represents a
word in the corpus. Words embedding size is a hyper-
parameter to be decided and how many features that can
be defined to each word. The last stage of the model is a
logistic regression in a neural network form.

4. Experiment

4.1. Data Description

The dataset by George Mclntire [15] was used.
The dataset was prepared in 2017. It consists of data
from 5279 articles. The articles came from media organ-
izations such as the New York Times, WSJ, Bloomberg,
NPR, and the Guardian and were published in 2015 or
2016. The dataset consists of the headline and text of a
news article as input variables and output variable with
the two classes: FAKE or REAL.

The FN detection includes follow steps.

4.2 Data preprocessing

The raw data was preprocessed. The bad charac-
ters, tokenize and stop words are removed. The raw data
is present as follow (see Fig.3).

Unnamed: @ title text label

0 8476 You Can Smell Hillary’s Fear Daniel Greenfield, a Shillman Journalism Fello... FAKE

1 10294 Watch The Exact Moment Paul Ryan Committed Pal... Google Pinterest Digg Linkedin Reddit Stumbleu... FAKE

2 3608 Kerry to go to Paris in gesture of sympathy U.S. Secretary of State John F. Kerry said Mon... REAL

3 10142 Bernie supporters on Twitter erupt in anger ag... — Kaydee King (@KaydeeKing) November 9, 2016 T... FAKE

4 875 The Battle of New York: Why This Primary Matters It's primary day in New York and front-runners... REAL
Fig. 3. Data before processing

Unnamed: @ title text label

0 8476 [smell, hillarys, fear] [daniel, greenfield, shillman, journalism, fel... FAKE

1 10294 [watch, exact, moment, paul, ryan, committed, ... [google, pinterest, digg, linkedin, reddit, st... FAKE

2 3608 [kerry, go, paris, gesture, sympathy] [us, secretary, state, john, f, kerry, said, m... REAL

3 10142 [bernie, supporters, twitter, erupt, anger, dn... [kaydee, king, kaydeeking, november, lesson, t... FAKE

4 875 [battle, new, york, primary, matters] [primary, day, new, york, frontrunners, hillar... REAL

5 6903 [tehran, usa]  [im, immigrant, grandparents, years, ago, arri... FAKE

6 7341 [girl, horrified, watches, boyfriend, left, fa... [share, baylee, luciani, left, screenshot, bay... FAKE

7 95 [britains, schindler, dies] [czech, stockbroker, saved, jewish, children, ... REAL

8 4869 [fact, check, trump, clinton, commanderinchief... [hillary, clinton, donald, trump, made, inaccu... REAL

9 2908  [iran, reportedly, makes, new, push, uranium, ... [iranian, negotiators, reportedly, made, lastd... REAL

Fig. 4. Data after preprocessing step
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Data after preprocessing without bad characters,
tokenize and stop words can be present as follow (see
Fig.4).

4.3. Train word2vec model

After training the model with the data generated
from the example sentence above, we can see that the
model can output most of the similar words for each
word as an input word.

Take the sentence for example, given a context
word "go" we would like the model to generate one of
the underlying words (one of the words in [stay, come,
get, sit, throw, wait, happen, alone, roll, let] in the fol-
lows case.).

model.wv.similar_by word(""go")
[
('stay', 0.7747250199317932),
('come', 0.7660486698150635),
("get', 0.751580536365509),
('sit', 0.7376989722251892),
('throw', 0.7257541418075562),
('wait', 0.7247833013534546),
('happen', 0.6911652088165283),
(‘alone', 0.6910232305526733),
('roll', 0.6893036365509033),
("let', 0.6857764720916748)

On another case, given a context word “politic” we
would like the model to generate one of the underlying
words (one of the words in [destructive, healthcare-
aboveall, karma, potent, distributionthe, interlocking,
ecologically, intolerable, divine, oneness]).

model.wv.similar_by word("politic")
[
('destructive', 0.8911725282669067),
('healthcareaboveall', 0.888471782207489),
('karma', 0.8859128952026367),
('potent’, 0.8848767876625061),
(‘distributionthe’, 0.8825998902320862),
('interlocking', 0.8820247054100037),
(‘ecologically’, 0.8805824518203735),
('intolerable', 0.8803092837333679),
('divine', 0.8801225423812866),
(‘oneness', 0.8792058229446411)

]

The follow steps after word2vec are converting
words to vectors and using K-Means algorithm for clus-
tering.

5. Clustering evaluation

There are many parameters are used for clustering
evaluation. The follow parameters are used in our ex-
periment: homogeneity, completeness, V-measure, sil-
houette, Adjusted Rand index, Adjusted Mutual Infor-
mation and Silhouette coefficient.

Formally, homogeneity /4, completeness ¢, V-
measure V are determined using the functions of entropy
as follow.

H(C|K)
=l-—Z,c=

1_H(K|C)
 HQO) '

HKK) ’

where K is the result of clustering, C is the true parti-
tioning of the sample into classes. Thus, homogeneity
measures how much each cluster consists of objects of
the same class, and completeness measures how much
objects of the same class belong to the same cluster.
These measures are not symmetrical. Both values take
values in the range [0,1], and large values correspond to
more accurate clustering. These measures are not nor-
malized and depend on the number of clusters.

To take into account homogeneity and complete-
ness, a V-measure is introduced at the same time as
their harmonic mean. It is symmetrical and shows how
the two clusters are similar to each other.

The V-measure calculated as follow.

V=(1+beta) *h *c/(beta *h+c)

The Rand index (RI) expresses the similarity of
two different clusters of the sample. In order for this in-
dex to give values close to zero for random clustering
for any n and the number of clusters, it is necessary to
normalize it. This is how the Adjusted Rand Index is de-
fined. Adjusted Rand index (ARI) is a symmetric meas-
ure, independent of label values and permutations. This
index is a measure of the distance between different
sample partitions. ARI takes values in the range [—1,1].
Negative values correspond to "independent" clusters,
values close to zero correspond to random partitions,
and positive values indicate that the two partitions are
similar. The Rand Index and Adjusted Rand index can
be defined as follow.

RI - E[RI]

_ 2(a+b) ~
- " max(RI)-E[RI]’

n(n—-1)"

RI

where n is the number of objects in the set, a is the
number of both of objects that have the same labels and
are in the same cluster, b is the number of pairs of ob-
jects that have different labels and are in different clus-
ters.

Silhouette coefficient is a method of interpretation
and validation of data consistency in clusters.

The silhouette value is a measure of how similar
an object is to its own cluster is it compare to other clus-
ters. It takes values as follow [—1, 1]. A high value
means that the object is well similar to its own cluster
and badly similar to other clusters.

The results of evaluations parameters are:

Homogeneity: 1.000

Completeness: 1.000

V-measure: 1.000

Adjusted Rand Index: 1.000

Silhouette Coefficient: 0.326
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Conclusion

The most of approaches require a labeled data for
accurate FN detection. The models created by super-
vised classification methods may be more accurate giv-
en a high-quality dataset for training. However, unsu-
pervised models don’t require a labeled data and can be
more practical because unlabeled datasets are more
available to obtain. The unsupervised technique to iden-
tify FN without the training data is designed and devel-
opment. It consists of follow steps: data preprocessing,
text feature extraction, converting words to vectors and
clustering using k-means algorithm.

We provide clustering evaluation through several
parameters: homogeneity, completeness, V-measure,
silhouette, Adjusted Rand index and Silhouette coeffi-
cient. Based on the results of the Silhouette clustering
coefficient as the main evaluation method, we can con-
clude that the clustering model is accurate.

Follow clustering evaluation, the word2vec model
showed quality results of vectorizing and searching sim-
ilar words to build distances between objects for the fol-
low clustering analysis.

The future research is additional settings such as
doc2vec method for feature extraction and cross-
validation for find better configurations for clustering
model accuracy improving.
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Hasinenko M.O., BbinoGoporoBa T.O. Moaean-
opieHTOBaHMii miaXix A0 Bu3HayeHHs (eiikoBUX HOBHUH B
couiaTbHUX Mepexkax

Ha oanuit uac ¢panvuusi nosunu (FN) akmusno nponu-
Kaiomv 8 COYIANbHI MepediCi, 3HUNCYIOYU HAULy 30amHicmb
Kpumuuno oyinosamu i 06poonamu ingopmayiio. Binvwicme
icHyroyux nioxoodie ona pobomu 3 FN eumazaromv mapkosanux
HasuanvbHux Habopis oanux FN, ane 6 deskux eunaoxax yi Ha-
60opu Oanux HeoocmynHi. Y yiti cmammi Mu npeocmasiaemo
MooenvHo-opienmoganuil nioxio ons eussnenns FN i eudinen-
Ha osnax. Hexonmponvosana memoouxa ioenmugixayii FN
0e3 HasYambHUX OAHUX CHPOeKmosaHa i pospobrena. Bowua
BKIOUAE 8 cebe Homupu OCHOGHI emanu: Nonepeorto 0opPooKy
OaHUX, BUTYYEHHS MEKCMOBUX O3HAK, 8eKmopusayilo i Kiac-
mepuzayilo 3 SUKOPUCMAHHAM anzopummy k-cepeonix. Pe-
3YIbMAmu OCMAaHHL020 emany OYiHioBANUCA 34 Kilbkoma na-
pamempamu: 0OHopioHicms, noguoma, V-mepa, ckopueoganuii
indexc Penoi i koeghiyienm cunyemy.

Kniouogi cnosa: susnauenns ¢peiik Hogun, inmenexkmy-
ANbHULL HATI3 MEKCMY, MOOEbHO-0PIEHMOSAHUL NiOXi0, Kia-
cmepuzayis, word2vec.

Jasbiienko H.A., BbeaoGopomosa T.A. Mogens-
OPHEHTHPOBAHHBIH MOAX0J 115 onpenejeHust GelKoBUX
HOBOCTeii B COIMATBHBIX CETAX

B nacmoswee epemsa ¢harvuusvie nosocmu (FN) ax-
MUBHO NPOHUKAIOM 6 COYUATbHbIE CemU, CHUNCAS HAWY CNo-
COOHOCMb  KpUMUYecKu oyeHusamv u oopabamviéams uH-
Gopmayuro. Bonvuuncmeo cyujecmeyrouwux nooxo0os 0.is
pabomwvr ¢ FN mpebytom mapxuposanuvix o6yuaroumux Habo-
pog Oanubix FN, HO 8 HEKOMOPBIX CIYUAAX 3Mu HAOOpbL OaH-
HbIX HedoCcmynHwl. B smotl cmamve mbl npedcmasiiem mo-
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0ebHO-0PUEHMUPOBAHNDBIL N00X00 014 06Hapyscenua FN u
svl0eneHus npusHaxos. Hekxonmpoaupyemas memoouxa uoem-
mugpuxayuu FN 6e3 ob6yuaiowux 0aHHbIX CNpOeKmuposana u
paspabomana. Ona exawouaem 6 cebsi yemvipe OCHOBHBIX
amana: npeoeapumenvuylo oopabomKy OAHHbIX, U3GIeUeHUe
MeKCMOBbIX NPUSHAKOS, BEKMOPU3AYUIO U KIACMEPUAYUIO C
ucnonvzosanuem areopumma k-cpeonux. Peszynbmamul no-
ClleOHe20 IMAna OYeHUBAIUCs NO HECKONbKUM NAPAMEMPam.:
0O0HOPOOHOCHIb, NOIHOMA, V-Mepa, CKOPPEeKMUPOBAHHbIIL UH-
dexc Penda u koagppuyuenm cunysma.

Knrouesvie cnosa: obonapysicenue geiix Hogocmell, uH-
MenNeKmyanbHblll
OPUEHMUPOBAHKDIL N0OX00, Kaiacmepusayus, word2vec.
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ALGORITHM FOR DYNAMIC ROUTE ASSIGNMENT
IN COMPLEX STREET LAYOUTS

Derkach M.V., Skarga-Bandurova LS.

AJITOPUTM JTUHAMIYHOI'O IPUBHAYEHHA MAPIIPYTY
HA KOMIVIEKCHUX IIVTAHAX JOPIT'

Jdepkau M.B., Ckapra-banayposa I.C.

In some scenarios, public transport vehicles do not have per-
manently fixed routes that make it hard to implement optimal
automatic routing techniques and use forecasting algorithms.
To solve the problem of route destination, a mathematical
model of the dynamic route assignment is developed. It is
based on the graph model of the street layouts and includes
the results of the arrival of vehicles in certain points. The pro-
posed algorithm enables to dynamically recalculate the
routes, depending on the intersection of the four types of nodes
representing the key points of the transport network. A case
study for the route assignment in city of Severodonetsk is dis-
cussed.

Keywords: algorithm, route assignment, public transport,
graph, model, transport system.

Introduction. The increase in vehicles affects the
overall dynamics of the transportation system; cities of
medium and small size usually have mixed traffic [1], or
several transit routes. Road traffic requires accurate and
up-to-date information about the current situation and
available services. Improving the quality of road condi-
tions is important for all infrastructures. However, this
improvement alone can not meet the ever-increasing
demands for safe, convenient, cost-effective and con-
venient road services. Under certain circumstances city
transport operators can change routes of their vehicles
without direct assignment in the overall information
system.

The possibilities of improving existing public
transportation through the introduction of advanced
technologies into the transport system are provided
through the concept of intelligent transport systems
(ITS) and Internet of Things technology (I0T), which in
turn allows real-time management of the park, dispatch-
ing and planning services, emergency alerts, security
services and passenger information services.

The goal of the research is development of an
adaptive algorithm for assigning routes, by selecting

targeted points so that the resulting geo-zone belongs to
the unique route.

Work related analysis. Public vehicles are not as-
signed to a specific route for various reasons. It can be
vehicle breakdown, internal rules of corporate carrier,
etc. In this case, every day at the beginning of the work-
ing day each vehicle is given a new route. This problem
was considered by R. van Nes ef al. in [2], where the
routes of the network are selected by assigning frequen-
cies using linear programming. The objective is to max-
imize the number of transfers saved by changing from a
link network (transfers at every node) to a public
transport network (transfers only at intersections). C.
Bai et al. [3] claim that route choice model requires at
least an origin, a destination, and a set of route alterna-
tives to choose from. The choice of a route follows
more or less behavioral principles and is guided by the
routes’ properties.

However, the task of assigning routes is still open
[4]. To solve this problem the following approaches
could be applied: daily manual update, or automatic
route assignment. In relation to the latter, there is a need
for a unique procedure for assigning routes.

Mathematical model. Let’s assume that mathe-
matical model of the city’s street layout transport net-
work is given by a graph:

G=(U, E), (D
with set of nodes:
U=U,uU,uU;uU,u=U| @
set of arcs:
e= ‘E B 3)

where U;, U, U; U, - set of nodes first, second, third
and fourth type, u - number of nodes, e - number of
arcs, |.| - power sign set.
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Arcs are sections of roads between nodes, which in
turn form a route. Routes are given by the matrix:

R=|r,

iLJj

i,j=1lu
e O

where r denotes a route from the node i in the node ;.

Then the procedure of route assignment could be
performed. For all routes, the set of targeted points is se-
lected, and their geo-zones are determined.

A geo-zone is understood as a certain section of
the road, which corresponds to a targeted point with a
territory adjacent to it. The number of points equals the
number of existing routes in the city.

The algorithm for setting route number to the
vehicles. Since we assume that vehicles do not have

nput of current
coordinates

Determination of
geozones for control
points

Mull route variable

he location corresponds
tothe geozone Depo?

Assign route

The location
corresponds to the geozone o
e first control point?

Assign route

corresp

contr

Assign route

=

geozone of the second

permanent routes and follow along the assigned route
only within one working day, at the beginning of each
work shift, it is necessary to perform the routing setup.

For all routes, the set of control points is selected,
and their points are determined. Each control point is se-
lected so that it belongs to only one route. This place-
ment of control points avoids the problem of crossing
routes and allows assigning the route to the vehicle
when it gains the specific zone [6].

The assignment of the route is very simple and is
performed as follows.

When a vehicle crosses a specific geo-zone, it is
assigned a route. The assignment algorithm is shown in
Figure 1.

Case study

Consider the transport network of the city Severo-
donetsk for public transport routes (fig. 1).

onds to the

ol point?

The location
corresponds to the geozone o
e third control point2

sign route

The location
corresponds to the
geozone of the fourth
control point?

Return the value
afthe route

Fig. 1. The algorithm for setting

route number to the vehicles
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Fig. 2. Graph of the routes with the unique routing points

The first type set includes nodes:

U1:{ Uy, Uz, Uy, Us, U7, Ug, Ujg, Ujs, U2, U2p, U3, Uds, U2z, Us, Udg, u43}.

The second type set includes nodes:

Us={us uss, uss, Uis Uz, Ugg, Uza, Uzg, Uzs, Usg, Usg, Uz, Usg, Uss, Usz, Uss, Usg, Ugg, Uy, Ug, Ugsf.

The third type set includes nodes:

U3:{u2, Us, Us, Upg, Ujg, u3z}~

Appropriately, the fourth type set includes nodes:

U4:{M35}.

Resulting matrix of routes in the city:

Uy Uy Uy Uy Uy Uy Uy Uy Upg Uy Uzg Uz Uzy Uzz Uz Uzs Uzs Uz Ups Uy
U, Us Ug Uy Uy Uz Uz Uz Uz Uzy Uzs Uzg Uz Uy Uy

R=lu, us ug wuy up wy uy wys Uy Uy U Uy Uz Uzg Uy U Uy Uy Uy Ugg
Uy, Us Ug Uy Up U Uy Uis U Uy Uy Uy Uzs Uzg Uy

Uy Ug Uy Uy Uy Uz Uy Uy Uy Us

According to the obtained matrix, it was discov-
ered that the city routes are transit, that is, several routes
simultaneously have the same road sections, namely:

rl,zz mrz,zz = {u3()’u31’u32’u33’u34’u35’ulﬁ’u37’u25’u22}

T30 M4y = {0y U U U Uy U U U U U U Uy Uy Uy Uy
Ty M3 = {u4zru4| 7”4091’[39}

Ty M3 My = {uy ug,ug,u,

Pl My My = {usz}
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We also received nodes u;;, u, Uz Uszz Uszs Us,
u44, In which there are intersections of routes.

Then, the procedure for establishing a route is re-
duced to finding unique points or segments, in the cen-
ter of which is the targeted point belonging to only one,
unique route.

Example,

P20 V1 V(1500 M1y 59 N1y 4y ) ={Usy }

T30 115 4q V1559 ={uys )}

Conclusion. The problem of mixed traffic and dy-
namic transit routes, typical for medium and small cities
is considered. Due to public transport vehicles often do
not have a permanently fixed route an approach for au-
tomatic route assignment is in demand. Therefore, for
the automation of the procedure, an adaptive algorithm
for assigning routes was developed that allows the route
to be assigned as a result of the arrival of vehicles in
certain points, based on the graph model of the city's
transport system. The procedure for establishing a route
reduces to finding unique points, in the center of which
is a targeted point belonging to only one route. This
algorithm can be useful both for fixed-route and dynam-
ic route systems.
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Jepkau M.B., Ckapra-banayposa I.C. Aaropurm
AMHAMIYHOTO MPH3HAYEHHSI MapIIPYTy HA KOMIUIEKCHHX
IUIAHAX JA0pir

V 0eaxux cyenapisx mpancnopmmui 3acobu epomadcvko-
20 MPAHCNOPMY He MAlomb NOCMIUHO BCMAHOGIEHUX MAPUi-
Ppymis, AKi YCKAAOHIOIOMb 8NPOBAONCEHHS ONMUMATLHUX Me-
mooié agmMoMamuyHol Mapupymusayii ma UKOPUCMAHHL aJl-
20pUMMIi6 npocHO3y6anna. [ eupiwents npooiemu npusHa-
YeHHA Mapuipymy po3poOieno mMamemamuiny mooenb npu-
3HauenHs Ounamiuno2o mapuipymy. Boma 6asyemvca na
epaghiuniti MoOeni 8yIUUHUX MAKemi6 | GKAIYAE pe3yabimamu
npudymms mpancnopmuux 3acobig y neeui mouxu. 3anpono-
HOBAHULL AN2OPUMM 0036051 OUHAMIYHO Nepepaxosysamu
Mapuipymu 8 3anedcHOCmi 6i0 nepemuny Yomupbox Munie
8Y31i6, WO NPeoCcmasigioms KIY06l MOYKU MPAHCHOPMHOT
Mepedxci. memamuyne 00CIONHCEHHA NPUSHAYEHHA MAPWPYMIE
062060proemucs Ha npuxnadi m. CeaepoooneybK.

Kniouogi cnoga: anzopumm, npusnavenus mapuipymy,
2poMaocyKUll mpauncnopm, epagik, Mooenv, MpAaHCHOPMHA
cucmema.

Jepkau M.B., Ckapra-bBangyposa H.C. Aaropurm
AMHAMHYECKOr0 HA3HAYEHHS] MAPUIPYTa HA KOMIUIEKCHBIX
MJaHax 10por

B nexomopuix cyenapusx, mpancnopmuvie cpeocmea
00ecmeenHo20 MpaHcnopma He umelon NOCMOSHHO UKCU-
DOBAHHBIX MAPWIPYMOB, 4MO 3AMPYOHsEem pPeaiusayuio on-
MUMATBHBIX MEMO008 AGMOMAMUYECKOU MAPUWPYMU3AyUuU u
UCNONL306AHUE ANCOPUMMO8 NPOSHO3UPOsaus. Jlns pewienus
3a0auu HA3HAYEHUS MAPWPYMA PA3pAbOmMana mamemamuye-
CKasi MOOENb OUHAMUYECKO20 HAZHAYEHUS. MAPUWPYMA, OCHO-
6annas Ha epaguueckoli MoOen RIAHUPOBOK 00PO2, KOMOPasL
srIIOUaem 6 cebs pe3yibmamul npuGLIMus MpaHCROPNHbIX
cpeocme 6 onpedenentvie mouku. IIpednoscennvlii areopumm
N0360/151eM OUHAMUYECKU NePecyumbvléan Mapupymol 6 3d-
BUCUMOCIIU OM Nepeceyenls Yemblpex Mmunog y3ioe, npeo-
CIMAGIAIOWUX KTI0Yesble MoKy mpancnopmiuot cemu. Tema-
muueckoe ucciedoganie ONisi HA3HAYEHUsT MApWpyma npeo-
cmasneno na npumepe 2. Ce6epodoHeyK.

Knrouesvie cnosa: anzopumm, HasHaueHue mapupymd,
obwecmeennvill mpancnopm, epag, mooeib, MmpaHcnopmHas
cucmema.
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COLOR IMAGE CONTROL INFORMATION WITHOUT HARDWARE
RESOURCES OF MICROCONTROLLER USING DIRECT MEMORY ACCESS

Hoha M.V.

YIPABJIIHHA BIJIOBPAKEHHSIM KOJIbOPOBOI IH®OPMAIIIL
BE3 AITAPATHHUX PECYPCIB MIKPOKOHTPOJIEPA 3 BUKOPUCTAHHAM
HPAMOI'O JOCTYITY 410 ITAM’ATI

T'ora M.B.

The approach of the control the color informational display
using modern technologies to simplify the implementation of
the data transfer protocol and minimize the use of hardware
costs in the conditions of instantaneous and extra-large data
transfer in continuous mode was considered in the paper. The
software and hardware implementation of the control based
on STM32F103C8T6 microcontroller using ARM Cortex-M3
technology, WS2812B color LED ribbon and direct memory
access technology was proposed.

Keywords: data transfer protocol, non-return-to-zero line
code, direct memory access, hardware abstraction layer
WS2812B, Cortex-M technology, STM32 microcontroller’s
unit

1. Introduction

Currently, information technologies are widely
used in various solutions related to software and hard-
ware implementations: control devices, hardware plat-
forms for applications, and software and hardware im-
plementation of data transfer.

Let’s consider one of the best software and hard-
ware implementations. It is color display controls the in-
formation and, in particular, implements data transfer.
This implementation is one of the best, as it contains a
small but comprehensive stack of modern technologies
that allows you to significantly speed up the data transfer
and, thereby, release the main device (microcontroller)
from the temporary memory buffer monitoring.

2. Data transfer protocol

2.1. The Protocol Description

WS2812B is an intelligent control LED light source
with control circuit and RGB chip, are integrated in a
package. It internal device includes intelligent digital
port data latch and signal reshaping (amplification) drive
circuit.

The data transfer protocol uses single non-return-
to-zero (NRZ) communication mode. It is a binary line
code in which ones are represented by one significant

condition, usually a positive voltage, while zeros are rep-
resented by some other significant condition, usually a
negative voltage, with no other neutral or rest condition
[1,2]. After the pixel power on reset, the input port re-
ceives data from controller. The first pixel collects initial
24bit data then sends to the internal data latch. The other
data which is reshaping by the internal signal is reshap-
ing (amplification) circuit sends to the next cascade pixel
through the output port. After transfer for each pixel, the
signal reduces to 24bit.

Pixel adopts auto reshaping transmit technology,
making the pixel cascade number is not limited. The
signal transfer depends only on the speed of signal
transfer.

; Reset | 0 | 1 ; 1 \ 0 ; 0 :
T 1
=50us » :
|
1
I
< ] —........
1 | 1 1 1 |
o R T
0.4yS - 0125 : 0.8ys «-0.125
] 1 1 |
L L
[ 0.85ps 0125 | | 045ps 02 |

Fig. 1. Data transfer time intervals for protocol realization
(an NRZ enterprise)

2.2. The Reason for the Inefficient Use of
Hardware Resources

The LED strip on the WS2812B has only one digi-
tal input — DIN, connected to the first LED on the strip.
It is supplied with a special pulse sequence encoding the
bits, as shown in Figure 1. Each LED has one digital
output — DOUT connected to the DIN input of the next
LED on the bar. Each LED needs to transmit 24 bits (8
bits for each color: red, green and blue). Thus, in order to
light all LEDs, 24*N bits must be transmitted, where N
is the number of LEDs on the strip.
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When LEDs have accepted the bits, they are light
up and statically glow until receiving a new bit sequence.
Each bit sequence begins with the installation of DIN in-
to the logical zero for at least 50 ps.

The bits are encoded by rather short pulses with
tight tolerances. To generate them using microcontroller
resources and software delays principle it's necessary to
disable all interrupts to avoid the reset or the failed bit
forming. The processor time resources are also wasted ir-
rationally. For example, in order to ignite 100 LED's the
microcontroller needs to work 3ms. If the state of the
LEDs is updated with 100 Hz frequency, this "protocol"
will take up 30% of the processor time.

3. Direct memory access

3.1. The meaning

Direct memory access (DMA) is a feature that al-
lows certain hardware subsystems to access main sys-
tem memory (random-access memory — RAM), inde-
pendent of the microcontroller unit (MCU). This feature
is useful at any time that the MCU cannot keep up with
the rate of data transfer, or when the MCU needs to per-
form work while waiting for a relatively slow in-
put/output (I/0O) data transfer [2].

3.2. The advantage of use

The one packet transfer time with the reset and bit
sequence is 53 ps. The transfer of one packet is the color
of one strip LED only. The more LEDs, the more pack-
ets need to be sent in order to glow them. Figure 2 shows
that even the one packet transfer almost completely loads
the microcontroller’s processor. If you need additional
logic to work with the same data, the use of DMA is im-
practical.

99.8%0 Load
0 23 WS
11 ]o [1 ] 2812
DIN

0.296 MCU

processor load
Fig. 2. The DMA feature advantage

The advantage of DMA is to minimize the use of
microcontroller resources or completely eliminate its
participation in data transfer to interact with other micro-
controller’s systems (timers, interrupts, input-output
ports, analog-to-digital converter (ADC), etc.).

This feature does not affect the MCU at all, be-
cause it shares with DMA shared access to RAM and
system bus. But measurements have shown that in this
case this slowdown does not exceed 0.2%.

4. Software implementation

4.1. Protocol implementation

For the software implementation of the data trans-
fer protocol, you need to perform several initial settings:

1. Enable the microcontroller timer in the PWM
measurement mode.

2. Depending on the clock frequency of the mi-
crocontroller bus on which the connection with the tim-
er is located, set the overflow counter with a certain co-
efficient that depends on the timer prescaler (a special
parameter that divides the timer frequency by the speci-
fied integer coefficient) and satisfies the condition:

timer frequency(MHz) / 0.8 MHz = overflow factor

The 0.8 MHz is a constant condition for the correct
signal transfer intervals implementation according to the
protocol. The signal transfer period lasts 1.25us, which
corresponds to:

1/1.25%10%s=0.8*10°MHz

It should be noted that the coefficient of the timer
overflow counter is a direct indication of the pulses
number, which are needed to transmit a signal. This will
help to set the duty cycle and specify the number of
pulses to transmit a logical one and a logical zero (need
to specify the number of pulses + 1 to bring the signal
transfer time closer to the time parameters in the docu-
mentation) with the necessary intervals of time respec-
tively. For example, the frequency of the microcontrol-
ler is 72MHz. The code implementation looks like this:

#define HIGH_IMPULSES 65
#define LOW_IMPULSES 26

Also, need to specify the periods number of data
transfer reset, which is 50us. Consider that one period is
1.25ps, the result after dividing is:

#define DELAY LEN 48

Need to create a buffer of a certain size to transfer
the generated data, which contains information about
the number of LEDs, the reset time before each packet
transfer and the packet length, which has constant 24
bits in size:

#define LED_COUNT 6
#define ARRAY_LEN DELAY_LEN +
LED_COUNT*24
uint16_t BUF_DMA [ARRAY LEN]= {0};

These settings are the basis for the implementation
of the protocol data transfer function. The code frag-
ment shows below:

volatile uint16_ti;
for(i=0;i<8;i++){
if (Rpixel & (1<<(7-1))!=0) == 1){
BUF DMA[DELAY LEN+posX*24+i+8]=HIGH; }
else{ BUF DMA[DELAY LEN+posX*24+i+8]=
LOW; }
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It is necessary to given the fact that this protocol
need to implement the data transfer via the G-R-B se-
quence and not R-G-B. This fact is described in the
WS2812B specification.

4.2. Data transfer implementation using the
DMA

It is necessary to implement a mechanism for
transferring data from the MCU to the LED strip to im-
age data in the form of color. Need to use DMA tech-
nology for the best decision. The use of technology is
based on a pair of interrupts that control the data trans-
fer process. The code description is made using the
HAL (Hardware Abstraction Layer) library.

At the time of the data transfer start, it is necessary
to notify the microcontroller about the event, which is a
prerequisite for calling the event/interrupt handler.

The event (the role of the event is provided to the
data transfer start function using DMA) should receive a
reference to the used timer, the timer channel (the chan-
nels are designed to perform the most frequently used
tasks in generating pulse signals and to measure the pa-
rameters of external pulse signals and can operate in the
output or input mode accordingly. The channels per-
forming can be implemented in software theoretically,
but the hardware implementation offloads the processor,
increases speed and accuracy of actions [3]), the refer-
ence to the data buffer with the conversion uint32 t*
type and size of the buffer, as parameters. The example
of a code description is presented below:

HAL TIM_PWM_Start DMA(&htim4,TIM_CHANN
EL_1,(uint32_t*)&BUF_DMA,ARRAY_ LEN);

Then an event / interrupt handler is automatically
called which the data transfer must be completed in.
Otherwise, an endless transfer of data from the buffer
will follow. Continuous data flow will not allow to
change the color on the LED strip further.

The completion of the transfer is also a function
that plays the role of an event. It notifies the microcon-
troller when the transfer is over without losing and du-
plicating information. The parameters of this function
are the reference to the timer and its used channel. The
example of a code description is presented below:

HAL TIM _PWM Stop DMA(&htim4, TIM_CHANNE
L 1)

Conclusion

The use of the modern STM32 family microcon-
troller with built-in DMA technology allows significant-
ly to increase the speed and volume of information pro-
cessing, in particular, data transfer, which makes this de-
vice the leader in the implementation of software and
hardware solutions, both in terms of software and hard-
ware and in material costs comparing with such families
as AVR or PIC.
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T'ora M.B. YnpagJinus Bizo0pakeHHIM KOJIbOPOBOL
indopmauii 6e3 amapaTHUX pecypciB MiKpOKOHTpoJiepa 3
BUKOPHCTAHHAM IPSAMOr0 J0CTYILy 10 NaM’ATi

V oaniu cmammi pozensoaemovcs nioxio 0o ynpaeninms
KOMbOPOBUM 8I000padCceHHaAM THopMayii 3 GUKOPUCAHHAM
CyuacHux mextono2it, uwjo 00360J10Mb CNPOCMUMU Pedni3a-
Yito npomoKony nepeoaui OaHux i MiHiMizyeamu 6UKOPUCTNAH-
HA anapamuux 6UmMpam 6 yMoeax Mummegoi nepeoayi 0anux
senuxoeo obcaey 6 Oesnepepsnomy pedcumi. IIpononyemuvcs
npocpamMHa i anapamua peanizayis YnpaeniHHs 3 6UKOPUC-
mannam mikpoxoumponepa STM32F103C8T6, na ocnogi me-
xnonoeii ARM Cortex-M3, konbopogoi cimnodiodnoi cmpiuku
WS2812B i mexnonoeii npamoeo docmyny 0o nam'ami, peani-
308aHOI 8 MIKPOKOHMpPOAEPI.

KurouoBi cioBa: npomokon nepedaui 0anux, Koo 0Oe3
No8epHeHHs 00 HYA, npamutl docmyn 0o nam'ami, WS2812B,
mexnonoeis Cortex-M, mikpokonmponep STM32.

Ilora M.B. YnpanjieHue oTo0pa:keHHeM LBETHOM
uH(popManuu Ge3 anMapaTHLIX pecypcoB MHKPOKOHTPOJI-
Jiepa ¢ HCHOJIb30BAHHEM MPSIMOT0 AOCTYNA K MAMATH

B oannoii cmamve paccmampueaemcsi nooxoo K ynpas-
JIeHUI0 YBeMHbIM 0Mmobpasicenuem uH@opmMayuy ¢ UCnOIb30-
6aHUeM COBPEMEHHBIX MEXHONO02UL, NO36ONAIOUUX YNPOCIUNG
peanuzayuio npomoxona nepeoauu OAHHLIX U MUHUMUZUPO-
6amv UCNONBL306AHUE ANNAPAMHBIX 3AMPAM @ YCI08UAX MCHO-
8eHHOU nepedauu OaHHbIX O0IbLULO20 00beMa 8 HENPePbIBHOM
pearcume. IIpednazaemes npoepammuas u annapamuas peanu-
3ayus ynpaeneHus ¢ UCNONb30GAHUEM MUKPOKOHMPOiepa
STM32F103C8T6, na ocrnose mexnonocuu ARM Cortex-M3,
yeemmuot ceemoouoonol aeumol WS2812B u mexnonocuu
npamMo2o 0ocmyna K NAMAMU, Deanu306aHHOU 6 MUKPO-
Konmpoaiepe.
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MATHEMATICAL MODEL OF DIFFUSION PROCESS
FOR SOLVING HYDROECOLOGICAL PROBLEMS

Hulevska K.V., Shumova L.O., Mokhonko V.I.

MATEMATHAYHA MOJIEJIb ITPOLIECY JTU®Y3Ii
JJISA BUPIIHEHHA I'TJPOEKOJIOI'TYHUX 3AB/JIAHb

I'yaescbka K.B., lllymora JI1.O., Moxonbko B.I1.

The article discusses the actual tasks of adaptive control of lo-
cal water treatment plants to ensure the rational use of water.
The software solutions for modeling the diffusion process in a
porous medium with the absorption of a diffusing substance on
the pore surface are considered in detail.
Keywords: simulation modeling, automated
wastewater, water purification, adsorption, software.

systems,

The development of the productive forces of
Ukraine is accompanied by an accelerated rate of water
consumption. Taking into account the fact that, accord-
ing to the international classification, Ukraine is among
the European powers, the least endowed with its own
water resources, the rational use of water becomes of
paramount importance for it and is one of the most im-
portant tasks of ensuring environmental safety and sus-
tainable development of the country's economy.

Optimal water supply can be achieved as a result
of the introduction of water-saving technologies and
technologies with low water consumption or as a result
of improved water supply systems [1].

One of the effective ways of rational use of water
resources is to protect them from pollution by improv-
ing systems and methods of wastewater treatment. The
most current way to achieve the required quality of wa-
ter purification are adaptive methods of managing the
purification process. The implementation of adaptive
control requires the creation and use of a mathematical
modeling tool.

The article presents the results of solving problems
of modeling water preparation processes. The adsorp-
tion purification method is considered. This method is
used for deep treatment of wastewater from dissolved
organic substances after biochemical treatment, as well
as at local sewage treatment plants of industrial efflu-
ents, which are multicomponent mixtures [2]. In this
method, the molecules of the dissolved pollutant are
transferred from the solution to the surface of a highly
absorbing substance (adsorbent) under the action of the

force field of the surface. Based on the studies presented
in [3], adsorption can be considered as a process of sta-
tionary diffusion with absorption on the surface of parti-
cles in regions with a fine-grained random boundary.
The purpose of the study is to improve the local
wastewater treatment system based on adaptive control
methods using simulation modeling of the diffusion
process in a porous medium with absorption of a diffus-
ing substance on the surface of pores.
The limiting model of diffusion in a porous medi-
um with absorption on the pore surface is based on Di-
richlet problem [4]:
{—DAu(x)-ﬁ-C(x,u):f(x), XEQ, )
u(x)=0, x€0Q ’

where D is the diffusion coefficient, A is the Laplace
operator, C(x, u) describes the limiting absorption of the
system, f(x) is the given function of external sources, 2
is the area of a substance that diffuses.

The required function u(x) sets the concentration
of a substance that diffuses at every point of the 2 area.

The universal methods for the approximate solu-
tion of differential equations applicable to a wide class
of equations in mathematical physics are numerical
methods, in particular, the finite difference method (or
the grid method).The finite difference method is as fol-
lows. The area of continuous change of arguments is re-
placed by a finite (discrete) set of points (nodes), called
a grid with step division (h) by spatial variables (Fig. 1.).

Fig. 1. Finite difference method illustration
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Instead of functions of a continuous argument,
functions of a discrete argument are defined, which are
defined at the grid nodes and are called grid functions.
Derivatives included in the differential equation are re-
placed (approximated) using the appropriate difference
relations. The differential equation is replaced by a sys-
tem of algebraic equations (difference equations). The
initial and boundary conditions are also replaced by the
difference initial and boundary conditions for the grid
function.

The finite difference method was applied to the
model (1), after which the system of difference equa-
tions acquired the following form (2).

(h% [u(i-1j.k)+u(it1 g0 +u(ij-1,k) + ulij+1.k) +
u(iajak'l)+u(i’j ak+1)'6u(iaj:k)'c(i’j:kau)+f(i7j 9k)]a
=1,...n-15=1,..,n,-Lk=1,..., n3-1;

u(0,j,k)=u(i,0,k)=u(i,j,0)=0;
i=0,...,n;;j=0,...,n,;k=0,...,n5.

)

Jacobi's iterative method is used to solve a system of
difference equations. The computational algorithm of
the method is that the new value at each grid point is de-
termined as the average of the previous values of the
four neighboring points (left, right, top and bottom).
This process is repeated to the last point.

Computational algorithm was compiled for a system
of difference equations (2). This algorithm consists of
performing the following formal procedures:

1)  Setu’[i,j,k]=0;i,j,k=0,...,n;
2)  Calculate u'[i,j,k], u?[i,j.kl,...,u"[ij.k]

bye [u™ [ij,k]-u"[ij.k]|<e,

where ¢ - accuracy is 0.001;
1
u[ij.k]= 3 (u i+ 1 ka1 k] +ut i+ 1,k +
+un_1 [iaj_ 1 >k]+un_l [i:j’k+l]+un_l [17.] 7k'1])+

h? . o
o (O o [ K])-A(x} ,.x5))
u[0,jk]=u [n j.k]=u" [0, k]=u"[i.n k]
~u"[ij.0]=u"[i,j.n]=0

The final stage of mathematical modeling is the
development of a modeling tool - a set of programs that
implement the presented methods and computational al-
gorithms. A visual interface has been created to present
the results of computational experiments using the Del-
phi development environment. This interface is conven-
ient to use, buttons and windows are arranged so that
they are easy to manipulate, related data is placed in one
window, and moderate colors is used. One of four mod-
els is proposed for calculating the optimal amount of
adsorbent: for moderate absorption, critical absorption,
strong absorption, and for ultra-small particles.

The the program working window is shown in the
figure (Fig. 2), where objects are indicated by numbers:
1. method selection switch;

input fields for diffusion parameters;
input fields for region parameters;
output field of the concentration matrix;
section layer illustration;

calculation start button.

2.
3.
4.
5.
6.

Fig. 2. The working window of the program

The results illustrate the effectiveness of the de-
veloped algorithms for determining the optimal parame-
ters of the wastewater treatment process.

The introduction of the developed simulator into
the control system of local water treatment plants will
improve the accuracy of calculations of the required
volume of the adsorbent, ensure the implementation of
control system adaptation algorithms to the changing
characteristics of wastewater, as well as obtain high
quality water treatment.
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The results of designing the program library of algorithmic el-
ements for the creation of algorithms and construction of con-
trol schemes for technological processes are presented in or-
der to accelerate the formation of the final structure of the sys-
tem.
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1. Introduction

The main function, which relies on the automatic
control system of technological processes - providing in-
formation about the state of the system and its manage-
ment in case of rejection of parameters.

The degree of availability of information functions
of the system, centralized control and measurement of
the parameters of the state of the technological process is
based on both the software and hardware implementation
of the system.

Algorithmic design is to develop algorithms for the
functioning and creation of software for computer sys-
tems.

Acceleration of the creation of control algorithms,
the construction of schemes of interconnections of the
system, the identification of priority control channels - is
a topical issue in the design of control systems of techno-
logical processes.

Circuits of control and executive mechanisms,
which constantly interact with the software system, re-
ceive commands from the controller, which provides
centralized control of the technological process.

Modern design technologies for the creation of con-
trol systems for technological processes involve the use
of pre-drawn templates that are made out in software li-
braries of algorithmic elements.

The purpose of the project is to create a program li-
brary of algorithmic elements for accelerating the design
of control systems, and, if necessary, rapid moderniza-
tion of algorithms.

2. Proposed approach

To provide information when designing a control
system, an important role is played by the program li-
brary of algorithmic elements, which contains infor-
mation about the function of the element and greatly ac-
celerates the process of creating the final version of the
system.

Issues in the design of software libraries of algo-
rithmic elements are devoted to publications [1, 2].

A significant contribution to the development of
modern technological design systems is provided by Al-
tium, a software company Altium Designer [3].

The process of creating the finite control algorithms
at the design stages consists in solving complex prob-
lems - from the creation of adaptive parametric models
to the construction of a work process using computer
technology.

When implementing control algorithms, the soft-
ware library needs constant updating and support.

The proposed software library of algorithmic ele-
ments used in the design systems of process control cir-
cuits contains:

e combinational logic elements (AND, NOT, OR,
MOD2, encoders, decoders, multiplexers, etc.);

e clements of a serial type (RS-trigger, D-trigger,
registers, counters, etc.);

e dynamic elements (elements of integration, dif-
ferentiation and filtering);

e static elements (adder, elements of subtraction,
division, square root product, etc.)

e clements of nonlinearity (elements of restriction
zones, insensitivity, elements of the relay with hystere-
sis, etc.);

e clements of regulation (regulators of the laws of
regulation).

Here is an example of using a simple element in the
implementation of a list of static elements that performs
subtraction of two analog input values Y = X1-X2 (fig.

).
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SUB2

X1 Y

Fig. 1. Graphic representation of the subtraction element

The element contains two analogue inputs X1, X2
and a discrete output E of the overflow characteristics on
the analog output Y of the subtraction element. There are
no parameter settings for this item.

Here is an example of implementing a more com-
plex element from a set of constraint elements that is
used to simulate the constraint characteristics. The ele-
ment contains the analog input X, the analog output Y
and the index of the working area (fig. 2).

OGR

Y |—

— 5

Y |—

Fig. 2. Graphic representation of the restriction element
The element implements as follows

The element implements the following expression:

YH, npux < a
y=4K-X, npyu a<X<b. (1)
YB, npux=>b

Unlike the previous one, this item has parameters
YN (lower limit of measurement of the output value),
YB (upper limit of measurement of the output value and
K (proportionality factor). Such elements may be pre-
sent, for example, when generating schemes of different
types of regulators for checking the input range signal
and limit the range of the output signal in case of critical
situations.

The diagram below shows the principle of the limi-
tation element (fig. 3).

YB| 2

Fig. 3. Limit work element diagram

In more complex technological schemes, such as
the digital proportional-integral-derivative controller
(PID controller), which is more versatile than other regu-
lators, it is possible to use one of the well-known regula-
tory laws.

In the XZ, the digital PID controller analyzes the
XOS feedback and issues the control signal Y in case of
deviation (fig. 4).

Wii{P}=
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7 (TF*P+1)

XZ

¥
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YB3
s 5| .13_n? =
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Fig. 4. Digital PID controller

The output signal of the digital controller is deter-
mined by three components: the proportional, differen-
tial and integral parts of the equation.

The presented regulator is a program element that
implements a discrete part of the equation:

1
Weip (p) = Kp,(1+ - + Ty p) )

Graphic editor of functional schemes is used to
solve the following tasks of the technological chain:

e constructing / editing a graphic image of a
single element of a functional schema;
e build/ edit a functional schema.

The development of graphic images for construct-
ing algorithms is carried out with the help of Altium De-
signer software company Altium, which, according to
the developers of the company, reduces the time for de-
signing the final solution in 2 times [3]. It should be not-
ed that the company creates products not only for indus-
trial systems, but also for the educational process.
Among the advantages of the Altium Designer system
should be noted:

e intuitive keys and commands that are com-
monly accepted;

e online help system;

e the mechanism of synchronization of the de-
sign stages to achieve the final result.

For a program description of the functional purpose
of algorithmic elements, the programming language C
++ [4] is used, which allows the use of software in vari-
ous operating systems.

At the final stage of design, a set of automata (algo-
rithms) of control on the basis of algorithmic elements is
combined into a single program, loaded into the control-
ler's memory and launched for execution in sequence in
the order of the set queue or when receiving control in
accordance with the conditions.
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For example, the technological circuit (control ma-
chine) of the equipment may look as shown in fig. 5.

209
RST 281

a 1
DISeL ABTOL

Fig. 5. Technological scheme of the control automaton

In case of necessity the introduction of changes in
the technological scheme is carried out by replacing one
element with another or by adding the necessary ele-
ment / elements, which reduces the time for the program
implementation of the control system.

Conclusion

Modern approaches to the design of algorithms,
software and hardware require acceleration of final deci-
sions, and, if necessary, a reduction in the time for their
modernization.

On the example of designing the software library of
algorithmic elements, it is shown for its application for
the construction of algorithms of automata and imple-
mentation of control schemes of technological devices.

Application of the software library will significant-
ly reduce the time for designing and upgrading the final
decisions of the technological process.

The advantages of using such software libraries are
the study of many options for using the model at any
stage of the design without the restructuring of the con-
trol system, rapid upgrading of algorithms, thus creating
precise models of objects consisting of dozens of ele-
ments.

As a result of implementing the goal of designing a
database of existing graphic images (Schematic Library
Document), stored in * .PsbSch format, is supplemented
with new elements that allow the implementation of el-
ements of integration, differentiation, adder, etc.
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The paper discusses the adaptive neuro-fuzzy inference system
ANFIS for intellectual diagnostics of large-scale wireless
sensor networks. The solution for functional diagnostics of
wireless sensor network is realized by the expert system de-
signed on the knowledge base in the form of a neuron-fuzzy
network.

Keywords: ANFIS, wireless sensor network, diagnostic
parameters, neural network, fault detection, fault tolerance.

1. Introduction

Last advances in low-power wireless technologies
have enabled us to expand of wireless sensor networks
(WSN) on different new networked systems. There is
wide variety of WSN applications, such as environment
monitoring, scientific observation, emergency detection,
field surveillance, and structure monitoring, and so on. In
those applications, hundreds or even thousands of sensor
nodes are assumed to be deployed in the target fields.
Besides many algorithmic studies that focus on design-
ing efficient schemes or protocols to coordinate large-
scale sensor networks, there are also systematic studies
that make efforts in optimizing sensor networks in prac-
tice, which are usually tested on lab scale test beds or
small scale deployments.

In the general case, WSN is a cluster of the small
nodes that are organized into a supportive network. It
comprises from the sets of spatially disseminated inde-
pendent devices using sensors to monitor the physical or
environmental conditions: temperature, light, sound,
pressure, humidity, vibration etc.

Remote sensor devices commonly have insufficient
vitality and transmission limit, which cannot coordinate
the transmission of a substantial number of information
gathered by sensor nodes. WSN are normally fault-prone
and their good quality is vigorously impacted by issues.
A fault is essentially a sudden change in a framework, in
spite of the fact that it might happen because of different
reasons including battery exhaustion, radio impediment,

de - synchronization, or separation. These failed nodes
may decrease the quality of service (QoS) of the entire
WSN. That is why it is important to study the fault de-
tection methods for nodes in WSN.

Existing approaches to diagnosing sensor networks
are generally sink-based and grounded on actively pull-
ing state information from all sensor nodes to the central
point what is referred to as “centralized analysis”. How-
ever, the sink-based diagnosis tools incur huge commu-
nication overhead to the traffic sensitive sensor net-
works. Also, due to the unreliable wireless communica-
tions, sink often obtains incomplete and sometimes sus-
picious information, leading to highly inaccurate judg-
ments. We observe that it is always more difficult to ob-
tain state information from the problematic or critical re-
gions.

2. Releated works

The WSN node status can be divided into two
types [1-3]: normal and faulty. Faulty in turn can be
“permanent” or “static”’. The so-called “permanent”
means failed nodes will remain faulty until they are re-
placed, and the so-called “static” means new faults will
not generated during fault detection. In [2, 3], node
faults of WSN were divided into two categories: hard
and soft. The so-called “hard fault” occurs when a sen-
sor node cannot communicate with other nodes due to
the failure of a certain module (e.g., communication
failure due to the failure of the communication module,
energy depletion of node, being out of the communica-
tion range of entire mobile network because of the
nodes moving and so on). The so-called “soft fault”
happened when the failed nodes can continue to work
and communicate with other nodes (hardware and soft-
ware of communication module are normal) but the data
sensed or transmitted is not correct.

In [4] is given the fault types of the classification
for the WSN: data-centric viewpoint; system centric
viewpoint; distributed viewpoint; duration viewpoint;
and component viewpoint. The intelligent diagnostic
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system (IDS) is proposed in [5, 6]. Expert diagnosis of
the IDS uses neuro-fuzzy knowledge base. For the for-
mation of logical conclusions knowledge is used in the
form of fuzzy function with linguistic variables [7]. The
use of the IDS with neuro-fuzzy knowledge base to
solve problems of diagnosing complex technical objects
extends the capabilities of such a class of intellectual
systems, allows for an expert estimation of more vari-
ants, with increasing the reliability and accuracy of the
obtained results, with equal computational resources.

3. Setting the task

WSN node faults are usually due to the following
causes: the failure of modules (such as communication
and sensing module) due to fabrication process prob-
lems, environmental factors, enemy attacks and so on;
battery power depletion; being out of the communica-
tion range of the entire network.

The main purpose of this work is the development
of automated methods for intelligent functional diagno-
sis for WSN.

In the process of achieving the main goal, the fol-
lowing tasks are formulated and solved: conducting a
continuous analysis of the technical state of the WSN in
the process of functioning without disturbing functional
links; operational receipt of information about the tech-
nical state of the WSN at an arbitrary time; elimination
of the need for additional stimulus signals for WSN in
the diagnostic process; possibility of predicting devia-
tions of the technical state of the WSN from normal in
the process of obtaining current data from sensors.

4. Intellectual diagnostic of wireless sensor net-
work

Information part of IDS provides accumulation,
storage and transfer of information to other parts of it,
and also implements the interface of the end user. Data
from sensors is unstructured and requires further pro-
cessing. The need for real-time decision-making results
in the fact that the number of decision trees constructed
according to incoming data should be equal to the num-
ber of counts (analogue of conveyor data processing).
Tree decision trees for each time interval require signif-
icant memory costs for the IDS, so averaging for input
data is usually used to reduce such costs. However, in-
formation on current changes in data from sensors over
a period of time may be lost, which is a significant dis-
advantage of the methods for calculating averages. The
problem of a significant amount of complex object data

can be solved by using these data as a training sample
for neuro-fuzzy knowledge base.

There are mainly two sorts of node faults in WSN.
The primary type is function fault, in which the sensor
node cannot convey the data packet suitably. The sec-
ond type is data fault, in which the node can convey the
information bundle effectively yet the information gath-
ered by sensor node is off base.

To evaluate the health of a sensor node, a binary
logic function X is often used with a set of its values
{0,1}. At the same time, if x is 1, then the node is opera-
tional and if x is 0, then the node is inoperable. Howev-
er, fuzzy X values are required to use in the IDS.

For the fuzzification of input the crisp values con-
vert of the input variables X and output variables Y into
fuzzy, select the appropriate distribution functions and
the number and values terms.

We consider a crisp variable between “0” and “1”
and it has five terms with the following limits. — "0-0.1"
- "Very Close to 0" ; — "0.1-0.2" - "Close to 0"; — "0.2-
0.8" - "AverageValue"; — “0.8-0.9” - “Close tol”; —
"0.9-1" - "Very Close to 1".

We apply this fuzzification for all input variables
and for output variables. At the figure 1 is shown five
membership functions of the input variable X.

To implement the diagnostic algorithms, we use
the MatLab and ANFIS system.

The adaptive network-based fuzzy inference sys-
tems (ANFIS) is used to solve problems related to pa-
rameter identification. ANFIS is basically a graphical
network representation of Sugeno-type fuzzy systems
endowed with the neural learning capabilities. The net-
work is comprised of nodes with specific functions col-
lected in layers. ANFIS is able to construct a network
realization of IF / THEN rules. All computations can be
presented in a diagram form. ANFIS normally has 5
layers of neurons of which neurons in the same layer are
of the same function family.

Layer 1 (L1): Each node generates the membership
grades of a linguistic label.

Layer 2 (L2): Each node calculates the firing
strength of each rule using the min or prod operator. In
general, any other fuzzy AND operation can be used.

Layer 3 (L3): The nodes calculate the ratios of the
rule’s firing strength to the sum of all the rules firing
strength. The result is a normalised firing strength.

Uertershg AR Doty

rout verable “x1°

Fig. 1. Membership functions of the input variable X
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Fig. 2. Structure of the ANFIS network

Layer 4 (L4): The nodes compute a parameter
function on the layer 3 output. Parameters in this layer
are called consequent parameters.

Layer 5 (L5): Normally a single node that aggre-
gates the overall outputs the summation of all incoming
signals

For an example of the functioning of the IDS, we
believe that it is possible to measure numerical values
for 24 diagnostic parameters (DP1, ..., DP24). The val-
ues of the sensor readings are obtained at discrete mo-
ments of time t0, t1, t2, ..., ti. The time interval (ti+1-ti)
between two adjacent dimensions is selected taking into
account the speed of the change of diagnostic parame-
ters. All 24 characteristics will play the role of diagnos-
tic parameters in the process of intellectual diagnosis.

Conclusion

The IDS considered in this paper, along with the
use of traditional knowledge base, allows us to use the
neural networks and to formalize the above practical
problems that arise during the operation of various tech-
nical objects to achieve the main goal of work.

The ANFIS algorithm is used in order to improve
the efficiency and accuracy of diagnostic sensor node.
Because of using different ways to train and simulate
ANFIS data within a single wireless sensor node, we
generate a kind of intelligent system.
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DATA MINING TECHNIQUES FOR 10T ANALYTICS
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Data mining (DM) is one of the most valuable technologies
enable to identify unknown patterns and make Internet of
Things (IoT) smarter. The current survey focuses on loT data
and knowledge discovery processes for IoT. In this paper, we
present a systematic review of various DM models and dis-
cuss the DM techniques applicable to different IoT data. Some
data specific features were analyzed, and algorithms for
knowledge discovery in loT data were considered. Challenges
and opportunities for mining multimodal, heterogeneous,
noisy, incomplete, unbalanced and biased data as well as
massive datasets in loT are also discussed.

Keywords: Data Mining, Internet of Things, lIoT, Knowledge
Discovery in Database, KDD, massive data set

Introduction. IoT applications generate more
than 2.5 quintillion data bytes daily [1]. To convert this
data into knowledge, data mining systems are
increasingly in demand. Data mining (DM) enables to
find and discover novel, interesting, and useful patterns
from large data sets and generate new knowledge from
information obtained from IoT devices. However, basic
data mining algorithms and technologies are not quite
sufficient for IoT framework. So, it becomes a great
challenge to collect, analyze and manage IoT data as
well as to generate and update data mining algorithms
for IoT purposes. In this paper, we discuss some DM
approaches applicable for IoT data. An important aspect
of DM of the IoT-based system is the effective structure
of the system, which should take into account security,
data privacy, data sharing mechanisms, scalability, etc.
Such a DM system for IoT includes data acquisition de-
vices, raw data properties, extraction levels, processing,
data analysis, it is necessary to take into account the
properties of the IoT devices when planning DM for IoT
[5]. Technically, every IoT thing can create data, but
technical issues and challenges on how to handle this
data and how to obtain useful information have still
emerged.

The general purpose of any DM process is to build
a best predictive or descriptive model of a large amount
of data that not only fits or explains it but is also able to
generalize to new data [3, 4]. It is assumed that the con-

cept of DM for IoT will stimulate business models for
IoT. Based on a broad understanding of DM functionali-
ty, data mining is the process of finding interesting
knowledge from large amounts of data stored in any da-
tabase, data repositories, or other data repositories.

Data mining techniques for IoT based applications
has been widely presented in literature for different de-
cision tasks, such as supervised and unsupervised learn-
ing for IoT applications [5, 14, 32], frequent pattern
recognition and association analysis [4, 19, 21], massive
IoT data mining [22, 24], stream data mining [36], etc.

The detailed surveys on the approaches, tools and
techniques employed in existing for [oT data mining can
be found in [2, 23]. Practical approaches in massive data
processing for IoT applications are present in [31, 32,
33] for parallel and distributed data processing.

This survey focuses on IoT data and knowledge
discovery processes for IoT. Our main contribution in
this paper is that we targeted on data specific features
and selected some well-known algorithms best suited
for knowledge discovery in different loT applications.

1. IoT data characters

IoT devices and sensors have two general limita-
tions that must be considered when designing and plan-
ning the operation of loT data mining systems:

- Limited energy resource device.

- Limited device memory.

The instability of the network connection and
availability of the thing due to the unpredictable mobili-
ty of devices, different battery discharge rates, equip-
ment failures and lack of a priori knowledge of the
hardware and software characteristics of devices [6-8].

The power source must match the data, i.e. be suf-
ficient for IoT computations. Storing information leads
to the expenditure of battery energy. The solution to this
problem is provided by storing and performing compu-
tational operations using remote IoT computing re-
sources, such as a server and / or cloud. So far as IoT
systems create a huge amount of dynamic data, analysis
and extracting useful information from this data with
DM can facilitate the automation of intelligent decision
making.
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IoT data can be:

- multimodal and heterogeneous;

- noisy and incomplete;

- unbalanced and biased;

- dependent on time and location;

- dynamic, different data quality;

- almost always require real-time analysis.

Given that IoT data is the basis for extracting
knowledge, it is important to have high quality infor-
mation. This condition can directly affect the accuracy
of knowledge extraction.

Figure 1 shows an overall level for transformation
of data and depicts a level of services where big DM for
IoT is applicable.

‘Devices %»‘ Raw data %»‘ Data processing H Service ‘

Distribute file system Classification
Sensors Structured data (HDFS) Clustering
Cameras Semistructured Programming (Map Association
RFIDs data Reduce/R) analysis
Other loT Unstructured Real-time analysis Time series
devices data Batch analysis (Hadoop) analysis

Workflow (Oozie) Other analysis

Fig. 1. Big data mining based on [oT (Adapted from [2])

2. Basic idea of using data mining for IoT

One of the most important questions that
knowledge discovery in databases (KDD) and data min-
ing technology can solve is how to transform the data
generated or captured by IoT into knowledge that serve
to the environment and people.

The main characteristics of the source data of IoT-
based system are the following [2]:

1. They are really big data.

2. Heterogeneity of the sources being combined
and the types of data: the data of the loT-based system
may include several data sources, for example, data
from sensors, historical data, which may also have dif-
ferent formats: numerical, categorical, textual, binary,
etc.

3. The complexity of recoverable knowledge: due
to heterogeneity and a large amount of data when ex-
tracting knowledge, it is necessary to analyze their
properties and the interrelation of various data sources.
These characteristics require special attention in the
process of DM of the IoT-based system for obtaining an
effective and high-quality result.

In the process of extracting useful knowledge,

“

E Selection

there are the following issues.

1. Data extraction: data can be combined from var-
ious sources, they are diverse and heterogeneous, and
noisy.

2. Uncertainty and incompleteness of data: com-
pliance with data security and confidentiality causes un-
certainty and incompleteness of data in the extraction of
useful knowledge.

To solve these problems, approaches and method-
ologies are being developed that try to minimize their
consequences. Tracking and detection of data errors,
preprocessing filtering, and data reduction mechanisms
are used. To combine data from several sources, parallel
programming models are used, for which classical ap-
proaches to DM are adapted.

The selection of models depends on the area of
IoT in which they are applied. For example, in ecology:
pollution prediction, anomaly detection, prediction and
interpolation of missing events are common. In medi-
cine, traditional models used to predict a patient’s con-
ditions can include his history, clinical data as input
along with real-time status monitoring data. It is also
important to consider that IoT includes temporary and
massive data.

The merging of data or data fusion is associated
with combining data from different sources so that the
information obtained has less uncertainty than would be
possible when these sources were used individually. The
term “reducing uncertainty” in this case may mean more
accurate, more complete or more reliable, or refer to the
result of an emerging presentation based on combined
information.

The DM process for [oT is similar to the base one,
but there are some big differences. The process of ex-
tracting useful patterns from raw data is known as
Knowledge discovery in databases (KDD). It is illus-
trated in Fig. 2.

The KDD process takes raw data as input and pro-
vides statistically significant patterns found in the data
(i.e., knowledge) as output. From the raw data, a subset
is selected for processing and is denoted as target data.
Target data is preprocessed to make it ready for analysis
using DM algorithm. Data mining is then performed on
the preprocessed (and transformed) data to extract inter-
esting patterns. The patterns are evaluated to ensure
their validity and soundness and interpreted to provide
insights into the data.

Knowledge

Knowledge discovery process |

\

Preprocessing | 100 | 76
» 50 3

Transformation

Interpretation
and Evaluation

Hi 76

Data Mining
[Med [ 3

18 94
2 1

Target Data Preprocessing Data

Low | 94
Low | 1

Transformed Data Patterns

Fig. 2. Traditional KDD process



BICHUK CXIOHOYKPATHCBKOIO HALIOHANBHOIO YHIBEPCUTETY imeHi Bonoaumupa Oans Ne 5 (253) 2019 55
S e e
\,\,,,,,,,,,& ,,,,,, e
| Application
| Middleware
loT |
:
| Knowledgs
3 :
y Selection Knowledge discovery process 3
Interpretation
Preprocessing | 100 | 76 Transformation | Hi | 76 Data Mining and Evaluation
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Target Data Preprocessing Data Transformed Data Patterns
Fig. 3. KDD process for IoT data
Based on the DM and IoT overview, the data min- Table

ing in IoT process is as follows (see Fig. 3): DM for IoT
begins with the first step of capturing data generated
from IoT devices which includes: Sensor networks, Ac-
tuators, Wireless Sensor Network (WSN), Wireless
Sensor and Actuator Network (WSAN), Radio Frequen-
cy Identification (RFID) Tags, Cameras, GPS etc.

To store and analyze such large amount of data,
data warehouses are used where data preprocessing
(cleaning the data (removing noisy, inconsistent and in-
complete data), vectorization the data), data transform-
ing which includes converting the data into the forms
appropriate for data analyzing, and data reducing are
performed.

Next step is selecting an appropriate DM method-
ology for converting the preprocessed data into
knowledge.

KDD, when applied to IoT, will convert the data
collected by IoT into useful information that can then be
converted into knowledge.

In many cases, only small scale data from IoT sys-
tems can be mined. Therefore, it is a big challenge to
implement existing DM techniques to a large scale [oT
distributed systems [9].

3. Applying data mining algorithms for IoT da-
ta

To determine which algorithm to use for a particu-
lar task, we need to first define the task and aim of anal-
ysis. Some of tasks include finding unusual data points,
predicting values or categories, structures discovery,
feature extraction and more.

Table shows some examples of using data mining
algorithms for IoT data [10, 11].

3.1. Classification for IoT

Classification is an important technique in DM that
assigns items in a collection of target categories or clas-
ses. Classifying the data sets into different categories
enables to understand the data more easy. There are two
big categories of classification, they are supervised and
unsupervised learning that are widely used in IoT data
mining [12]. The goal of supervised learning is to pre-
dict the corresponding output vector fora given input

Application of DM algorithms for IoT data

DM algorithm Goal Data Source
Classification |Device recognition RFID
Traffic event detection |GPS, smart phone,
and vehicle sensor
Parking lot manage- Passive infrared
ment sensor
Inhabitant action RFID, sensor, video
prediction camera, micro-
phone, wearable
Inhabitant action kinematic sensor,
prediction and so on
Inhabitant action pre- |Video camera
diction Microphone
Physiology signal anal- |Wireless ECG sen-
ysis sor
Clustering Network performance |Wireless sensor
enhancement

Inhabitant action pre-
diction

Provisioning of the
needed services
Housekeeping
Managing the plant
zones

Relationship in a social
network

X10 lamp and home
application

Raw location track-
ing data

Vacuum sensor
GPS and sensor for
agriculture

RFID, smart phone,
PDA, and so on

Frequent Pat-
tern

RFID tag management
Spatial colocation pat-
tern analysis

Purchase behavior
analysis

Inhabitant action pre-
diction

RFID
GPS and sensor

RFID and sensor
RFID and sensor

Anomaly De-|Smart Traffic GPS, smart phone,
tection and vehicle sensor
Smart Environment Wireless sensor,
smart phone
Traffic Prediction GPS, smart phone,
and vehicle sensor
Finding Anomalies in |RFID, wireless sen-
Power Dataset sor
Hybrid Inhabitant action pre- |RFID and sensor

diction
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vector. Tasks in which the output label value is discrete
are known as classification problems. Classification as-
sumes some prior knowledge to guide the partitioning
process to construct a set of classifiers to represent the
possible distribution of patterns.

Generally, the classification task can be defined as
follows: for given a set of labeled data L and a set of un-
labeled data NL, we need to find a classifier or set of
classifiers (i.e., the hyperline or prediction function) for
NL using the set of labeled data L.

The use of classification methods is a solution to
the problem of uncertainty and incompleteness of loT
data. In this context, the use of DM always includes
solving two related tasks: defining regular links between
data elements and using these patterns to solve classifi-
cation problems: predicting the values of some elements
from known values of other elements.

There are a vast number of classification methods,
they also includes decision tree learning, naive Bayes
classifier, k-nearest neighbor classifier, classification
with neural network and regression methods such as lin-
ear regression and logistic regression, etc.

3.2 Clustering for IoT

One of the main goals of unsupervised learning is
the process of identifying similar cluster patterns in the
input data, called clustering [12]. In addition, the goal of
DM may be to open a useful internal representation for
the input data by preprocessing the original input varia-
ble, to transfer it to a new space of variables [13].

One of the most important parameter that needs to
be determined during the clustering is a measure of sim-
ilarity (or dissimilarity) between individual objects that
are clustered [15]. One of the criteria to measure the
similarity between two vectors x; and x; in d-
dimensional space is the Euclidean distance

d
’ 2
d(xl’XZ) :”xl _x2|| = Z('xlr _'x2r) >
r=1

dp.0)=Y (B~ ).

(M

Many clustering algorithms have been developed
for data analysis, which can be grouped into the follow-
ing main categories: Partitioning-based clustering; Hier-
archical clustering; Grid-based clustering; and Density-
based (DB) clustering algorithms. It should be men-
tioned that characteristics of data streams do not allow
the use of traditional DB clustering. Recently, many DB
clustering algorithms have been extended tailored to da-
ta streams. The main idea of these algorithms is to use
the DB method in the clustering process and at the same
time overcome the limitations that are determined by the
nature of the data flow. There are two broad groups of
DB clustering algorithms called density micro-
clustering and density grid-based clustering algorithms.

Clustering helps to solve the following IoT data
analysis tasks:

- Processing of data of high dimension. Often
complex concepts of the real world are accompanied by

a large number of functions. This strengthens the as-
sessment tool (for example, a classifier) to deal with a
large number of functions for learning and in order to be
able to generalize afterwards. Inside these functions it is
often either redundant or irrelevant, and their use usual-
ly affects the complexity and the need for computational
resources.

- Cluster heterogeneity. Distance-based cluster-
ing algorithms tend to find spherical clusters with the
same size and density. Clustering algorithms that can
detect clusters of arbitrary shape, size, density, and data
coverage help to gain a deeper understanding of the var-
ious correlations between functions, which, in turn, can
greatly facilitate the decision-making process.

- Interpretable results. The high dimension of the
data space is cumbersome for rendering methods.

Clustering is also widely used to handle streaming
data [14].

3.3. Frequent Pattern Mining for IoT

Recently, much attention has been paid to new
promising methods for extracting interesting knowledge
from data from the loT-based system. DM algorithms
that have low computational complexity are being de-
veloped [16-18]. The processes of forming frequently
occurring patterns, creating association rules are compu-
tationally simple in this respect and are often used as
methods for finding interesting knowledge.

The disadvantage of this analysis is the detection
of patterns, rules that do not contain meaningful infor-
mation.

Since IoT-based systems generate large amounts of
data, it is necessary to use appropriate measures of sig-
nificance, which have a strong correlation between the
data, to search for frequently occurring patterns, associ-
ations.

The basic prerequisites of the model for the effec-
tive detection of commonly occurring patterns in IoT
data are [19]:

1. Determination of the relevant significance pa-
rameters for the detection of patterns that meet the
downward closure property; when all subsets of the fre-
quent set of features are frequent, to reduce the search
space.

2. Compactness of the structure of the model, ob-
tained by using the distributed and parallel methods of
DM.

3. Adaptability of the model structure for effective
analysis of the latest relevant information and extraction
of relevant patterns in the data. To fulfill this condition,
the optimal size of the data window is determined,
which helps to avoid the rapid obsolescence of infor-
mation.

The dimension of the rule space depends on the
minimum threshold of parameters defining the signifi-
cance of the rules. If the minimum threshold is set high,
then we can extract valuable knowledge. On the other
hand, at a low minimum threshold of the rule signifi-
cance parameter, an extremely large number of associa-
tion rules are generated, most of which are non-
informative. In this case, the actual correlation in the da-
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ta is hidden among a huge number of insignificant rules
[20].

Frequent pattern mining (FPM) in some domain
often involve real challenges arise from their nature and
the field of application. Frequent pattern and associa-
tions rules involve many items that hard to interpret and
generate a lot of outcomes. In many cases, the obtained
association rules can either be too obvious, or contradict
a priori knowledge, or contain redundant information.
The task of FPM and mining association rules is to gen-
erate minimal set of rules providing complete coverage
of outcomes with objective parameters, such as support
and confidence greater or equal than some pre-specified
thresholds of minimum support and minimum confi-
dence, respectively. FPM process includes several steps.

Data transformation into the nominal scale is
among the first steps in FPM. The transformation pro-
cess realizes different goals depending on the approach.
In a normative-oriented approach, the reduction of indi-
cators makes it possible to determine the value of a var-
iable with respect to certain generally accepted norms,
or to compare the results, giving a definition of the val-
ue of a variable with respect to the other values.

When the criterion-oriented approach is given, the
value shows the percentage of compliance with the val-
ue of the variable to a specific criterion.

Next stage is sorting the rules according to the
class and reducing the number of rules by the elevator
parameter as follows.

Step 1: set formation L; of one-item sets c;, that of-
ten meet and determine their support;

Step 2: set formation L, k-item sets, that often
meet. Each member of the set has a set of ordered (j; <
i,, if j<v) itemes F" and he support value of the set suppr

> SUppuin
L ={(Fsupp,),(Fy5upp, ) Eposupp, )|« (2)

where F/ = {11,12,...,1k}.

The definition from the set L, of k-item sets, corre-
sponding to a certain minimum threshold value of sup-
port.

Step 3: based on the specific sets of element sets
from step 2, the formation of the set C; rules k-item sets
is potentially often encountered. Each member of the set
has a set of ordered (i; < i,, if j<v) itemes F" and a sup-
port value of the set of supp.

Formation of a set k-item sets into frequent sets.
According to this, the integration into k-item rules of (k-
1)-item sets, s carried out, often encountered. Each rule

ReC, is formed by adding v to an (k-1)-item set v,

that frequently occurring item with another (k-1)-item
set g, that frequently occurring.

Step 4: reduction of all uninteresting rules using
measures of determining the interestingness of rules.

3.4. Association analysis

The results of DM are certain patterns and trends
whereby we have to find out the interesting patterns best

suit to our needs. However, after applying the some DM
methodologies for IoT environments, a large number of
patterns are evaluated. Many of these patterns are non
informative and that is why not interesting for further
analysis. Patterns become interesting when they are un-
known till yet and not expected. With this purpose, as-
sociative analysis can be used.

The goal of associative data analysis is to identify
associations between input and output data, identify the
most specific factors for the qualitative separation of
variables into classes, and quantitatively describe the re-
lationship between these events. When defining associa-
tions in the data, a large number of rules are usually ob-
tained. To determine their information value, it is neces-
sary to use methods to reduce their number and deter-
mine from them potentially interesting ones.

In general case, association analysis algorithms
generate a huge number of items and can produce up to
hundreds of association rules. An association rule is an
implication expression

R : X—Y,

where X denoted antecedent and Y denotes consequent
XNY=J. Both X and Y are considered as a set of

..., €, . The strength of the

association rule is measured in terms of its support (s),
confidence and interestingness.

For pair of rule-candidates, binary variables R; and
R, the lift is equivalent to interest factor, which is de-
fined as follows:

conjuncts of the form c,,c,

= SRRy
B ) sk, ©

The measure of interestingness in this case can be
interpreted as follows:

=1, if R, and R, are independent,
I'R,,R,)¢>1,

<1, if R, and R, are negatively correlated.

if R, and R, are positively correlated, @)

In order to increase the information importance of
rules, it is necessary to reduce their number and focus
on potentially interesting ones. Further exploration of
interestingness leads us to discovering different subjec-
tive and probabilistic measures of interestingness. To
determine the interestingness of the rule, various proba-
bilistic measures are used: support, confidence, Good-
man-Kraskal, Pyatetsky-Shapiro, Laplace, etc. In the
present study, for reducing number of rules we applied
three level technique proposed in [21] beginning with
detection of deviations in data, then testing of differ-
ences among adjusted attributes and finally, quantifying
the interestingness of association rules.

1. Detecting deviations in data is performed as fol-
lows.

The every conjunct ¢j from association rule set is
represented in the form <A = V>, where A is an item
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name (attribute), Dom (A) is the domain of A, and I
(value)e Dom (A). Degree of deviation is defined as
deviation between two conjuncts A(c,,c;) and is calcu-

lated on the basis of the comparison between the items
of the two conjuncts. For conjuncts c;, ¢; deviation of ¢;
with respect to ¢; is defined as a Boolean function as fol-
lows:

0, ifA;j=A;and V,=V,,

A(c,,c.) = . 5
(€.c) {1, if A;=A;and V, 2V, ©)

2. The differences among adjusted attributes can
be calculated using the following formula:

0, if ‘Rl‘:‘Rz‘Vci €R,,3¢; eR,, that Ac;,c;) =0,

d(R,,R,)=11 Ve, eR,,—3 ¢, €R,, that A(c,,¢;) =1,

> minA(e;,c;)

ceR, cjeR,

, othervise,
[R,|

(6)

where R, and R, are considered as two sets of con-
juncts ¢; and c;.
Parameter value d = 0 indicates that R, and R,

are identical, d = 1 indicates the maximum deviation

between rule sets, and the other d values between 0 and
1 are defined as a transient deviation.

3. Quantifying the interestingness of association
rules

Let R; : X;—Y,; and R, : X,—Y, be two associa-
tion rules, then interestingness of a rule R; with respect
to the rule R, is calculated as follows:

0, if d(X,,X,)=0 and d(Y,,Y,)=0,

(mind(X,, X))+ (Y, Y2)) /2, if d(X,,X,) 2 (Y, Vo),
I"R,,R,) =4 ¥
12 2 — — — —
(d(X,,XZ)+1’£liR[1d(Y|,Y2))/2, if d(X,,X,) <d(Y,,Y,),

L, if d(X,,X,)=1and d(Y,,Y,)=1.

@)

According to formula (7), I" = 0 indicates that R,
and R, are identical, I' = 1 denotes maximum deviation
between R, and R,. Other cases indicate different devia-
tions in the interestingness of association rules. To se-
lect interesting rules the user should specify the thresh-
old of their interestingness. The anti-monotone property
based on the threshold of the measure of interest can be
applied to reduce the dimension of the resulting rule set.
The anti-monotone property is that the measure of the
interest of any set of elements should not exceed the
minimal measure of interest of any of its subsets. This
property greatly facilitates the mining rules.

4. Mining of Massive Datasets

IoT systems include multiple heterogeneous net-
worked embedded devices that generate massive
amounts of data. Massive Data [oT leads to different is-

sues in processing and DM [22]. Figure 4 presents the
main challenges associated with processing and mining
massive data sets. The large amount of data, the high
transfer rate and the variety of properties of large loT
data necessitate a new requirement for intelligent analy-
sis of such data and the diversity in data sources is also
a problem [23].

| l |

Knowledge ‘ ‘ : ‘
‘ Data ‘ ‘ Discovery Processing
Volume ‘ ‘ Complexity ‘ Sequential ‘

Data Type

Fig. 4. Data mining issues in [oT

In addition, compared to small data sets, massive
data sets contain more anomalies and ambiguities that
require additional preprocessing steps [24]. Another
problem is to extract accurate and useful information
from large volumes of diverse data.

In accordance to [25], the massive data are gener-
ally collected from different heterogeneous sources
(e.g., video cameras, sensors, RFID, other IoT devices,
people, etc.) providing heterogeneous sensing data (e.g.,
text, video, sound). In this context, heterogeneous data
processing (e.g., fusion, classification) brings new chal-
lenges and open new possibilities for systems. Obvious-
ly, these random variables from heterogeneous sensors
have different probability distributions.

Define z, as the data from the n-th sensor and

N .
Z:= {Zn }n:1 as the heterogeneous data set, the margins

{zn }N: , are generally differently or heterogeneously dis-

tributed.

In many IoT applications, datasets are often mod-
eled as multi-sensor data fusion, distribution estimation
or distributed detection. For detection, this tasks joint
probability density function f(Z) of the heterogeneous

data set Z is needed to get from the marginal probability
density function { f(z, )}:j=1

In these cases, one often uses simple models such
as the product model or multivariate Gaussian model,
which lead to suboptimal solutions [26]. Other ap-
proaches are based on copula theory, to tackle heteroge-
neous data processing in [oT. In copula theory, it is the
copulas function that couples’ multivariate joint distri-
butions to their marginal distribution functions, mainly
thanks to the Sklar theorem.

Sklar’ theorem can be present as follow. Let F be
an N-dimensional cumulative distribution function with
continuous marginal probability density function F;, F,
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..., Fy. Then there is a unique copulas function C such
that for all z;, z,, ..., zy in [0, +o0]

F(Zl,Zz,...,ZN) = C(E (Zl )an(Zz )"“’FN (ZN ) (8)

Next, the probability density function can be ob-
tained by the N-order derivative of (8)

aN
0,0, 00

PERE PN

= fp(Zl,Zz,...,ZN)C(E(ZI),FZ(ZZ),...,FN(ZN))

f(2525502y) C(F(2)), F5(2,)55 Fy (23))

)

where f(z,,z,,...,z,)is the product of the marginal

probability density function { f (ze)};v: and c() is the

1
copula density weights the product distribution appro-
priately to incorporate dependence between the random
variables. The technique on the selection of proper cop-
ula functions is presented in [27].

4.1. CRISP-DM methodology for IoT domain

CRISP-DM (Cross Industry Standard Process for
Data Mining) is an interdisciplinary data mining stand-
ard [28]. CRISP-DM uses six steps for data mining.

1. Understanding the business - involves under-
standing how the goals and requirements of the project
are related to the business goals, formulating the prob-
lem of DM based on this understanding.

2. Understanding data - includes the initial stages
of collecting and analyzing data to obtain initial infor-
mation about their properties, determining the quality of
data, identifying preliminary patterns and forming hy-
potheses.

3. Data preparation - includes the definition and
execution of all actions that convert the raw data into
the final data set. The stage includes the selection of ta-
bles, observations, variables, as well as conversion and
data cleansing that are compatible with the modeling
methods used.

4. Modeling - selection, application, optimization
of modeling methods.

5. Evaluation - the constructed models are tested
and, using selected criteria, their effectiveness is evalu-
ated.

6. Deployment - includes the organization and
presentation of knowledge generated by the model in an
easily interpretable form for the end user.

Consider the steps of CRISP-DM in the context of
the IoT in accordance with Data Science for IoT - The
Problem Solving Methodology. In the context of IoT,
solving a problem means solving the original problem
and providing incremental feedback.

The preparation stage, unlike the standard process,
must take into account the diversity of data sources and
the architecture of IoT systems.

Proceeding from this, at this stage the following
processes are distinguished, which should be carried out
iteratively:

- definition of data requirements;

- IoT architecture design;

- collection, cleaning, intelligence data analysis;

- continuous improvement.

The determination of the necessary data is carried
out taking into account the scope of IoT usage. This
could be IoT for health and healthcare, smart homes and
cities, smart transportation, industrial, energy systems,
etc.

When designing architecture, it is necessary to take
into account the technology of IoT systems, which in-
cludes sensors, networks and analytical tools.

There are several factors that influence the choice
of components when solving a specific problem. The
choice is determined by the accuracy and reliability,
availability and security, data transfer speed, energy ef-
ficiency.

The selected constituent elements will determine
some characteristics of the data and, accordingly, ana-
lytical tools.

This is followed by the collection, purification and
intelligence analysis of available data. This process is
typical of CRISP-DM technology and allows you to iso-
late additional information based on the available data,
for example, incorrect, inappropriate operation of one of
the network devices, problems with receiving, transmit-
ting data. This information is used to refine the IoT ar-
chitecture until an optimal solution is reached.

The modeling stage is the stage of building a mod-
el, evaluating its effectiveness and the quality of solving
the problem. The stage includes the following process-
es:

- model design to solve a specific problem;

- model evaluation;

- model and architecture deployment.

As in the preparation stage, these processes should
be carried out iteratively, until the optimal parameters of
the model are reached.

Evaluation of the model is carried out using classi-
cal statistical methods and parameters. Also, it should
be evaluated in terms of solving the problem. If the
model does not improve the basic state of the problem,
then iteration of all stages is necessary, starting from the
preparation stage. Since some assumptions about the da-
ta could be erroneous.

After obtaining an optimal assessment of the mod-
el, the architecture and model are deployed.

All the above steps in the context of IoT require
continuous improvement. This is due to the rapidly
evolving nature of IoT technology, Data Mining meth-
ods. Also, this is due to the problem being solved,
which can also change and, therefore, the models used
are changed to correct it. The continuous improvement
phase includes the following iterative processes:

- feedback and understanding;

- specification of the IoT architecture;

- refinement model;
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- deployment of a new model and architecture.

Also, depending on the context, there are several
elements that can stimulate the improvement of IoT, for
example, such as:

- change in performance of the current architec-
ture and model;

- additional user needs;

- the emergence of new tools, methods, algo-
rithms that can help solve the problem in a cheaper or
faster way;

- the emergence of new data streams.

As it was mentioned above, loT-based systems
generate large amounts of data. Often, they are present-
ed in the form of time series, analyzed in real time,
which determines the methods of intellectual analysis at
the modeling stage. The main task of time series analy-
sis is the detection of anomalies. For this, the classical
classification models used to detect anomalies are most
often used. However, new approaches are being devel-
oped, which show good results for analyzing streaming
data by fusion data from several sources.

4.2. Map reduce

In IoT applications, mass data processing such as
MapReduce is constructed for parallel and distributed
data processing [29]. Querying and reasoning for data
can be adapted to large data is a more flexible approach.

One of the most popular parallel processing meth-
ods in cloud platform is MapReduce [30] and its open
source implementation Hadoop for cloud-based parallel
or distributed data processing. For the parallelization,
scalability, load balancing, and fault-tolerance is
MapReduce is widely used in cloud platforms for query
processing for data analysis.

The MapReduce disadvantage does not directly
support more complex operations such as fusion. More
research on high-level, declarative management of
complex data such as RDF is required for massively
parallel processing of IoT data in the cloud.

1) Parallel processing methods for complex opera-
tions: a processing framework is used for massive data
processing, incremental calculation, and iterative pro-
cessing. The framework is implicitly used to synchro-
nize the parallel programs execution without any user
specification for events and trigger reactions to process
the data. The Selective Embedded Just-InTime Speciali-
zation (SEJITS) [31] executes complex analytic queries
on massive semantic graphs in big-data analytics.

2) Parallel processing methods for semi-structural
data: for the RDF data processing task, effectiveness
and tunable data partitioning framework SPA [32], that
use at distributing processing of big RDF data, is pre-
sented to fast processing support of different size as
well as complexity. A MapReduce framework is de-
signed to carry out SPARQL query processing. Thus,
RDFS reasoning can be involved in deductive databases
and thus recursive query processing techniques are im-
plemented.

3) Parallel processing methods for data stream: the
stream data that push up to cloud storage and the pro-

cessing algorithm is tasked with data without explicitly
storing it.

The disadvantage of parallel frameworks in the
cloud such as MapReduce and its variations is an unable
to support complex parallel processing effectiveness.
Basic algorithms of the sequential pattern may raise the
scalability challenge when dealing with large data.

For problems decision of optimizing parallel data
mining, a heuristic cloud bursting algorithm, Maximally
Overlapped Bin packing driven Bursting (MOBB), is
developed. It considers the time overlap to improve data
mining parallelization. The authors [33] present Ripple,
a middleware that is built on iterated MapReduce for
distributed data analytics with the support of different
styles of analytics in the same platform and on the same
data.

Mainly, distributed processing in cloud environ-
ment is based on MapReduce. It can be carrying out, af-
ter the expansion of different type (structured, semi-
structured and unstructured) data. However, on consid-
eration of some MapReduce disadvantages, such as high
communication cost, unneeded processing and lack of
interaction ability in real-time processing, the methods
of high-performance distributed data processing without
MapReduce are required in some application related to
complex processing.

In large IoT data environment, data can be defined
by types, state and analysis tasks. Parallel and particle
data processing framework is needed to enable the exe-
cution MapReduce pattern in dynamic cloud infrastruc-
tures, in contrast with centralized master server imple-
mentations. These re-build and execution data mining
algorithm are not applicable for big data analysis sys-
tem. Despite its evident merits such as scalability, fault-
tolerance, ease programming, and flexibility, MapRe-
duce has limitation in interactive or real-time processing
on handling IoT data processing and is not a uniform
decision for every large-scale analytical task. Its high
communication cost and redundant processing is an IoT
application problems.

Conclusion

The DM technique is top-of-the-agenda in the IoT
concept that arises from the need to manage and analyze
big sensors data. With that, DM algorithm selection for
IoT is not a huge challenge itself, it mainly depends on
the task and also the type of data that we are dealing
with. Instead, many other issues should be resolved,
they are cleaning the data; transforming all data in a uni-
fied format; struggling with missing values and/or re-
ducing massive data sets; understanding the informa-
tional content of the data or data interestingness rate;
establishing whether the data is sufficient to the purpose
of DM or not.

The using of DM techniques for IoT are directs to
map reduce, finding similar items. It helps to develop,
control and monitor the IoT-based application in differ-
ent areas.
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Kpurcbka $1.0., BinodopomoBa T.O., Ckapra-
Bannyposa I.C. InTenexkryanbHuii ananiz ganux s loT
AHATITHKHA

Inmenexmyanvnuil ananiz 0anux € OOHi€0 3 HAUOILNbLUWL
YIHHUX MEXHON02I, W0 00380/A10Mb GUAGIAMU HEeGIOOMI Ud-
601U [ niosuwysamu epekmusHicms mexnonoeii Inmepuem
peuei (loT). I[lomoune OocniodxcenHss npucesuere npoyecam
susignents oanux i suame 0as loT. 'V yiti cmammi mu npeo-
CMABIAEMO CUCIEMATNUYHUTL 02710 PI3HUX MoOenell iHmenex-
MYAIbHO20 AHANIZY OAHUX 1 002080PHOEMO Memoou, Wo 3a-
cmocosytomucs 045 pisHux oanux loT. Ilpoananizosano Oesxi
cneyudiuni ocodausocmi OaHux i po3enAnymi areopummu 6u-
sa6nenus 3Hanb 0a oanux loT. Obeosoproomsbcs npodremu i
MOHCIUBOCMIE OJIAL BUOOOYMKY MYTbMUMOOANLHUX, 2emepOceH-
HUX, 3QU{YMACHHUX, HENOGHUX [ He30anaHco8anux Oanux, a
maxooc macuenux naoopie oanux 6 IoT.

KurwuoBi cioBa: inmenekmyanvuutl ananiz oanux, In-
meprnem peuei, 10T, susenenns snane ¢ 6azi danux, KDD, ma-
CU6Hi HAGOPU OAHUX.

Kpurckaa S.A., BenobopomoBa T.A., Ckapra-
Bannyposa H.C. MHTe/IeKTyalbHBbIH aHAJIM3 JAaHHBIX
1 IoT anannTuxn

Humennexmyanvhoiti ananu3 OaHHblX AAAEMCA OOHOU
U3 Haubonee YEHHbIX MEXHONO2UL, NO3BONAIOUUX BbIAGTAND
Heusgecmuble WabioHbl U nogviuams spdexmusnocmo Hh-
meprema seweti (loT). Texywee ucciedosanue NOCEAUEHO
npoyeccam obuapyicenuss Oannvix u 3nauuti 0 loT. B smoi
cmamve Mbl NpeoCcmasniemM CUCmeMamuyeckuii 0030p pas-
JTUUHBIX MOOeell UHMENIeKMYATbHO20 AHANU3A OAHHbIX U 00-

cyorcoaem memoosvl, npumeHuMsle 0a pasiuunvix oannvix loT.
Ipoananuzuposansl Hexomopwvie cneyuguueckue 0cob6eHHo-
Ccmu OAHHBIX U PACCMOMPEHbL AI2OPUMMbL OOHAPYICEHUS 3HA-
Hut 0na daunvix loT. Obcyscoaromes npobremvl U 803MOHiC-
Hocmu 01 000bIYU MYTIMUMOOATLHBIX, 2eMePOSEeHHbIX, 3d-
WYMAEHHBIX, HEeNONHbIX U HeCOANAHCUPOBAHHBIX OAHHBIX, d
maxoice MaccusHvlx Habopos dannvix 6 1oT.

KiroueBble ¢JI0Ba: uHmMENIeKMYAIbHbII AHATU3 OQH-
Holx, Unmepnem eewet, loT, obuapyocenue snanuii 6 6aze
Odannvix, KDD, maccusnvie Habopvl OaHHbIX.
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IMAGE PROCESSING TECHNIQUE IN THE STUDY
OF CELL STRUCTURES OF BIOMEDICAL DATA

Lyashenko V.V., Kobylin O.A., Ryazantsev O.1., Ryazantsev 1.0.

OBPOBKA 30BPAKEHHS ITPU JOCJI/KEHHI KJIITUHHUX
CTPYKTYP BIOMEJJUYHUX JAHUX

JIsmenko B.B., Koouwiin O.A., Psaszanuesn O.1., Ps3anues 1.0O.

Image processing methods are used in all areas of research.
These methods provide additional information, a better
understanding of the object that is being studied. Among the
areas of using image processing methods, medicine occupies a
special place. Biomedical data allow us to assess human
health, to identify diseases in the early stages. Images of
cellular structures of cytological preparations are one of the
examples of biomedical data. Based on image analysis
methods, we can isolate various components of cellular
structures of cytological preparations. To do this, we apply the
methods of wavelet analysis for different color components of
the input image. Applying morphological analysis, we can
identify individual cellular structures. The results are shown
on the example of images of cellular structures of cytological
preparations.

Keywords: image processing, biomedical data, cell struc-
tures, wavelet analysis, color space, cytological preparations

Introduction. The analysis of biomedical data is
of practical importance. Such an analysis helps to make
an initial preliminary assessment of the state of human
health. At the same time, we can identify possible
diseases in the early stages of their development. This
allows for timely treatment and save the patient from a
possible disease.

Analysis of recent research and publications.
Biomedical data can be presented as a time series of
data, descriptive statistics, or some image. Biomedical
images can be obtained as a result of tomography, X-ray
examination, registration of cellular structures under a
microscope [1]. One of the most common methods for
recording biomedical data is images obtained under a
microscope.

For automatic analysis of biomedical data
presented in the form of an image, various methods of
image analysis are used [2, 3]. Among such methods,
there are: methods for improving the quality of the
original image, methods for removing noise in the
image, methods for selecting areas of interest, methods

for recognizing [2, 4]. We can also use various tools to
implement image analysis procedures: the theory of
fuzzy sets, the theory of groups, the ideology of
wavelets [, 6].

The purpose of the article. However, we must
take into account the specifics of biomedical images.
Therefore, it is important not to lose information as a
result of the implementation of individual procedures
for analyzing the original image. Also, one of the tasks
is to obtain additional information as a result of
applying various image processing procedures.

Thus, the main objective of this study is to
consider such a sequence of procedures for analyzing
the original image, as a result of which we can obtain
additional information. This is an important task for the
study of cellular structures whose images were obtained
under a microscope.

Research results. To solve the goal of the study,
we will use the wavelet analysis methodology. This
methodology shows good results for image processing
[7].

Wavelet methodology is based on finding the
differences of gray levels in the original image. To
search for such differences, we consider the original
image: in rows, in columns. With the help of wavelets,
we determine the differences in brightness levels
separately for each row of the image and separately for
each column of the image. Then, for the original image
B(i,j) =k, where B is the input biomedical image size
MxN, (i,j) is the current coordinates of the points of
the original image B (i=1,M,j=1,N),k is the
brightness value of the image at the point B(i,j), we

have differential luminance values of a plurality of
pixels for each line of the original image and a plurality
of differential luminance values of pixels for each
column of the original image B.
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Then we select the most characteristic
points of change in brightness — points that oc-
cur both in the processing of rows and in the
processing of the columns of the original im-
age. As a result, we have an image of differ-
ences that characterizes a certain area of inter-
est. This image is the basis for further analysis.
This procedure is described in detail in the
work of the authors of [7].

It should also be borne in mind that microscopic
images are usually color. This is due to the peculiarities
of visualization of individual parts of such images. At
the same time, wavelet analysis can be used only for
black-white images. Thus, the procedure for
transforming a color image into a black-white image is
necessary. But with such a transition, we may lose some
of the information.

One of the formats for representing color images is
RGB. The image in RGB color system consists of three
color channels - R (red), G (green) and B (blue) [8, 9].
Each color channel allows you to consider a specific
frequency region of the image. This is very important
for image analysis using wavelets. This allows you to
take into account all the features of the image.

Thus, we propose to consider the original image
B(i, j) = k as a combination of three images:

BR(1,j) =1k — original image in color channel R,
where rkis the brightness value of the image at the
point BR(4,]);

BG(i, j) = gk — original image in color channel G,
where gk is the brightness value of the image at the
point BG(4, ) ;

BB(i, j) = bk — original image in color channel B,
where bk is the brightness value of the image at the
point BB(, j) ;

Then we apply the wavelet analysis procedure for
each color channel of the original image. We get three
images that define the set of points of difference of
brightness values in each color space. This provides ad-
ditional information about the image we are analyzing.

Based on this information, we can concretize various
areas of interest.

Result of experimental studies. We will
consider cellular structure which is presented
on Fig. 1.

In Fig. 1 we can see: cells megaloblastic anemia,
segments in the nucleus of neutrophils and erythrocytes.

The image in Fig. 1 is a typical example of the cell
structure of a cytological preparation.

In Fig. 2 shows the results of the wavelet analysis
for the data in Fig. 1.

We considered the original image without
dividing it into separate color channels. To do

this, we converted the original image (Fig. 1)

to a black-white image (see Fig. 3). Then we

applied wavelet processing (see Fig. 2).

Segments in the
nuclens of nentrophils

erythrocyies

Cells megaloblastic
anemia

Fig. 1. Cell structure of a cytological preparation

]

Fig. 3. Black-white image for the data in Fig. 1.

In Fig. 2 shows the different areas of interest.
These areas of interest have the same degree of bright-
ness to identify them (except for segments in the nucle-
us of neutrophils).

In Fig. 4 shows the results of the wavelet analysis
for the R components the color space of the original im-
age in Fig. 1.

In Fig. 5 shows the results of the wavelet analysis
for the G components the color space of the original im-
age in Fig. 1.

In Fig. 6 shows the results of the wavelet analysis
for the B components the color space of the original im-
age in Fig. 1.
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For Fig. 4, Fig. 5 and Fig. 6, we see that the re-
gions of interest have different degrees of brightness for
their identification (in comparison with the data of Fig.
2).

Fig. 4. Results of the wavelet analysis for the R components
the color space of the original image in Fig. 1

Fig. 5. Results of the wavelet analysis for the G components
the color space of the original image in Fig. 1

Fig. 6. Results of the wavelet analysis for the B components
the color space of the original image in Fig. 1

&

7

Fig. 7. Results of morphological analysis
(images from Fig. 4 and Fig. 6. were used)

Thus, we have additional information. This allows
for more accurate analysis. For this you can use mor-
phological image analysis [10]. In Fig. 7 presents the re-
sults of morphological analysis for images in Fig. 4 and
Fig. 6. As a result of this analysis, we identified
erythrocytes.

In Fig. 8 presents the results of morphological
analysis, which allow to isolate the cells of megalo-
blastic anemia.

Fig. 8. Results of morphological analysis (images from Fig. 4,
Fig. 5 and Fig. 6. were used)

We can specify a different morphology to identify
the desired area of interest.

Conclusions. For more information about the ob-
jects of interest in the image, we used the wavelet meth-
odology and the technique of decomposing the image
into colored components. With the help of morphologi-
cal analysis, we have identified various components of
images of cellular structures of cytological preparations.
For further research, it is necessary to automate the pro-
cess of identifying components of images cell structures
the cytological preparations.
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Jsamenko B.B., Koouain O.A., Pasanmes O.l.,
PsazanueB 1.O., O0po0dka 300pa:keHHs] MPH AOCJTIIZKEHHI
KJIITHHHHX CTPYKTYP OioMeTMUHUX TaHUX

Memoou 06pobru 306pacxceHs GUKOPUCTIOBYIOMbC Y
6cix obnacmsx docniodcenv. Lli  memoou 0ozeonsiome
ompumamu  000amKo8y IHQopmayito, Kpawe 3po3yMimu
06'exm,  axuu  Oocnioxcyemvca.  Ceped  HanpaAmKie
BUKOPUCMAHHS MemO0di8 00poOKuU 306padsiceHb ocoonuse micye
s3aimae meouyuna. biomeouuni Oani 00360110Mb OYIHUMU
300p08's TI0OUHU, BUABUMU 3AX80PIOBAHHSA HA PAHHIX CMAOIAX.
3obpasicenns KATMUHHUX cmpyKkmyp YUmonoiuHux
npenapamis - ye 0oun 3 npukiaoie diomeouunux oanux. Ha
OCHOBI Memo0i6 aHanizy 300paXiCeHb MU MONCEMO BUOLIAMU
DI3HI  KOMNOHEHMU KIIMUHHUX CMPYKMYP YUMOJO02IUHUX
npenapamie. J{na yb020 Mu 3aCmoco8yEMO Memoou eetignem
amanizy 04  PISHUX — KOMPHUX — KOMHOHEHM  6XIOHO20
300pascenus. 3acmocyeasuiy  mopghonoeiuHull  aHaniz mu
ModcemMo  6uOLIUmMuU  OKpeMmi  KIIMUHHU — CIPYKMYPU.
Pesynomamu noxazamni na npuknadi 306padicenb KUiMuHHUX
CMPYKMYp YumonoiuHux npenapamis.

Knrwowuosi cnosa: 06pobra 300paicenn, 6iomeduuni Oaui,
KAIMUHHI CMpYKMypu, eeueiem audaniz, KOMpHULl npocmip,
Yumoao2iymi npenapamu

Jsmenko B.B., Koobumma O.A., PsaszanmeB A.U.,
Psazannes HM.A., OO0paGorka  u3zo0paskeHusi IpHU
HCCJIe0BAHUN KJIETOYHBIX CTPYKTYP OHOMeIHIMHCKHX
JAAHHbIX

Memoowi obpabomku uzobpadicenuil UCnoabL3YIOMCs 80
6cex obracmax uccnedosanuti. Omu Memoobl NO380NA0M
ROIYHUMb  OONOJIHUMENbHYIO UHGOpMayuio, ayyuie HOHAMb
obvexm, komopwlii ucciedyemcs. Cpeou  nanpasienuil
UCNONBL30BAHUS MEMO0008 0Opabomku uzodpaddcenuti ocoboe
Mecmo  3anumaem Mmeouyuna. Buomeouyunckue OanHvle
NO360NAIM  OYEHUMb  300pP06be  Hel06eKd,  BbIABUNIb
3abonesanust Ha paHHux cmaousax. H300pasicenus KiemouHwix
CIMPYKMYP YUMOLOSUYECKUX NPEnapamos — 35mo O0OUH U3
npumepog oOuomeouyuHckux oannvix. Ha ocnose memooos
AHANU3A U0OPAdCEHUT Mbl MOXHCEM BbIOENAMb PA3IULHbIE
KOMNOHEHMbL  KAEMOYHbIX — CIMPYKMYD — YUMONIO2UHECKUX
npenapamos. /s 9mozo mvl npuMeHseMm Memoobl gelgnem
AHAU3a O PA3HBIX YBEMOBLIX KOMHOHEHM  6XOOHO20
usobpaxcenus. Ilpumenus mopgonocuveckuil awHanus mvl
MOJCEM  8bIOEUMb  OMOENbHbIE  KAEMOYHBIX — CIMPYKMYP.
Pesynomamel  nokazawvl  Ha  npumepe  U300PANCEHUl
KAEMOYHBIX CIPYKIMYD YUTNON02UHECKUX NPenapamos.

Knrwuesvie cnosa: obpabomra uzobpasicenuii, 6uome-
OuyuHckue OauHble, KIemouHble CMPYKMYpbl, 6elleiiem and-
U3, YBEMOBOE NPOCMPAHCINEO, YUMONIOSUHECKUE NPenapanmbl
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ABOUT FEATURES REMOTE CROPS OF WHEAT, WITH USE
OF THE UAYV, ON A CONDITION OF A FLAG LEAF

Lysenko V.P., Opryshko O.0., Komarchuk D.S., Martsyfei A.IL.,
Pasichnyk N.A., Lukin V.E.

PO OCOBJIMBOCTI BIJJAJIEHOI'O ITIOCIBY INIIEHUILI,
3 BUKOPUCTAHHSM UAYVY, 3A YMOBH ITIPAITIOPIEBOI'O JINCTKA

JIncenko B.IL., Onpuuiko O.0., Komapuyk /I.C., Mapuudeii A.L.,
Maciyank H.A., JIykin B.€.

Question of use of local resources for ensuring energy needs
and in particular production of biogas remains relevant.
Grain crops which condition at initial stages of vegetation is
inadmissible for receiving a qualitative harvest can become a
prospect of raw materials for creation of biogas. The optimum
tool for monitoring of a condition of vegetable cultures is
considered UAV which use does not depend on the existence
of clouds. The purpose of this research is an assessment by
results of the use of the UAV of potential quality of winter
wheat in the phrase "exit in a tube" about the expediency of its
use for the production of biogas. Measurements of intensity of
components of the color of wheat were taken in the conditions
of a research hospital, the condition of a flag leaf was
estimated visually at land researches. By results of work it was
offered the indicator stressful index, it is constructed on the
definition of a condition of a flag leaf which is the indicator of
the formation of grain yield in wheat. It was shown expediency
of account on monitoring of wheat, except the average value
of intensity, the brightness of the channel of color and size of
semi-distribution. This size can be considered as an additional
parameter during the creation of stressful indexes, and also to
testify about a condition of transition between stages of
growth and development of plants. It is experimentally proved
that color portraits of wheat have to be created under
concrete stages of organogenesis. Taking into account that the
duration of stages is several days, namely the UAV that can
directly be used by agricultural producers, is the optimum tool
for requirements of exact agriculture..

Keywords: UAV, biogas, stress index, yield programming,
digital camera, nitrogen nutrition level, the vegetation index.

Introduction

Considering a trend of current issues of food and
energy security of the countries of Europe and, in par-
ticular, Ukraine, is extremely important. On increase of
needs in energy the accurate trend on attempts to reduce
dependence on supplying countries and transistors of
gas is observed.

Diversification of suppliers of gas improves a situ-
ation in the market, however causes new risks, in par-
ticular terrorist threats that it is specified by A. Rezaza-
deh et all. (2018) [1] for pipelines and also environmen-
tal safety of their construction and operation, R. Lidskog
et all. (2012) [2]. Orientation to renewables with use of
local resources, in particular biogas, becomes relevant
even for the countries of exporters of oil and gas, such
as Azerbaijan of N. Vidadili et all. (2012)[3]. In com-
parison with wind generation and solar photo cells, bio-
gas has the powerful advantages caused by a possibility
of accumulation of energy and management of its pow-
er. It is extremely relevant for the agricultural enterpris-
es having rather small power consumption at estimated
peak loadings that was shown in the works devoted to
development of biogas technologies in the rural areas of
China by Z. Song et all. (2012) [4].

Use of biogas reactors commercially demands at-
traction of considerable volumes of raw materials. A
perspective source of raw materials in EU countries of
P. Schroder et all. (2018) [5] consider use of grounds
with a difficult relief or low fertility for cultivation of
power cultures. However, their area can be insufficient.
It is possible to provide necessary amount of raw mate-
rials for biogas reactors when using waste of crop pro-
duction, for example, at cultivation of corn on grain as it
is specified in works of M. Narra et all. (2018) and
Sergej Ustak et all. (2018) [7] where after harvesting
there are considerable volumes of the vegetable re-
mains. As raw materials for creation of biogas it is po-
tentially possible to use also low-quality products of
crop production and also its surplus for which storage
there are no refinery capacities and elevators. Under
such circumstances for management of a harvest and, in
particular, the choice of plantings, will be used for bio-
gas production, landowners are interested to obtain ob-
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jective information about a condition of plants as soon
as possible. Among winter crops as raw materials for
biogas, most often use wheat straw. Technological as-
pects of this process Gabriele Mancini et all. (2018) [8]
and Asad Ayub Rajput et all. (2018) [9] is described. In
program work of Colin Wrigley et all. (2017) [10] it is
proved that the maximum profit on cultivation of grain
it will be reached when processing all available bio-
material what both cultures, and technical and techno-
logical means have to be at the same time adapted to.
Considering a winter wheat as a raw materials source
for biogas reactors, the best from the point of view of
agronomists, the period for monitoring is the vegetation
phase "an exit in a tube". This circumstance is explained
by the following circumstances: plants are already ra-
ther created, to change culture already late.

Specifics of monitoring is the limited term of mak-
ing decision on carrying out technological operations
and therefore tools for implementation of monitoring is
optimum unmanned aerial vehicles (UAVs) V. Lysenko
et all. (2017) [11]. The choice of the UAV, in compari-
son with satellites, is caused essentially smaller depend-
ence on overcast, provides high distributive ability in
comparison with low to the cost of pictures.

Assessment of a condition of flag and sub flag
leaves as indicators of a condition of a winter wheat, it
is caused by their role for formation of a grain yield. By
the generalized results of researches about a half from
the lump of grain provide assimilates which were
formed in a flag leaf, and about a third - formed in a sub
flag leaf.

The purpose of work is assessment by results of
use of the UAV of a potential winter wheat of quality in
the phase "exit in a tube" about expediency of its use for
production of biogas.

Condition of a question. Methodical questions of
use of mobile robots are presented in many works, such
as Nevliudov et all. (2018) [12], G. Ponomaryova et all.
(2018). However, approaches to the choice of the spec-
tral touch equipment for monitoring remain debatable as
it is presented in survey work of David R. Green et all.
(2019) is relative to use for monitoring, in particular
wheat, specialized and universal spectral devices. The
equipment from various producers with various spectral
parameters leads to emergence of stressful indexes un-
der concrete brands of sensors even for monitoring of
one culture. In work of V. Lysenko et all. (2016) [15]
the technique of calibration of spectral data, suitable for
UAV sensors is presented , however it is calculated first
of all on optical range, and for the specialized equip-
ment it is possible to use also NIR spectrum range.

Use of stressful indexes for monitoring of condi-
tions of vegetable plantings with use of the UAV is car-
ried out in the way:

- loan of indexes from satellite technologies, such as
NDVI;

- creation of own indexes on the basis of use of the
regression analysis.

The stressful indexes constructed on the concept of
"the line of the soil" such as NDVI, SAVI etc., submit-
ted in works of F. Rodriguez-Moreno et all. (2016) [16],
Qiang Cao et all. (2014) [17] and M.A. Hassan et all.
(2018) [18] vulnerable to accuracy, selectivity and prob-
lems arising with lighting change. The indexes con-
structed on the basis of the regression analysis, submit-
ted in works of M.M. Saberioona et all. (2014) [19] and
Cao Q. et all. (2014) [20] more convenient for technol-
ogies of exact agriculture, however are adapted for a
concrete grade or a hybrid of a plant and touch the
equipment.

For the choice of sites of plants which are expedi-
ent for choosing as a raw materials source for biogas re-
actors it is desirable for operator to have extreme crite-
rion by which it is possible to distinguish high-quality
crops from the others. Based on the experience de-
scribed of use of stressful indexes, the spectral criterion
has to be steady against lighting changes. Such criterion
of definition of a stressful state in the conditions of
monitoring from a board of the UAV used assessment
of a flag leaf as it was shown on the example of barley
in work of R. Vicente et all. (2018) [21].

High efficiency of monitoring of a flag leaf for a
winter wheat by spectral methods from a board of the
land platform it is presented in work of S. Kipp et all.
(2014) [22].

Thus, the analysis of references allows to draw a
conclusion on a possibility of use as extreme criterion of
indicator assessment of quality of crops of a winter
wheat a condition of a flag leaf which can be deter-
mined by results of the spectral analysis with use of the
UAV.

Experiment Methodology

Organization of measurements and pilot sec-
tions. Pilot studies were conducted on the oP NUBIP
fields of Ukraine "Agronomical experimental station" in
a long field hospital of department of agrochemistry and
quality of products of crop production (GPS of coordi-
nate: 50°4°28 "N, 30°13'20"). For monitoring used the
RGB PHANTOM VISION FC200 camera which is the
regular equipment for the DGI Phantom 3 UAV. Re-
searches were conducted on uniform lighting in cloud-
less weather (the Light Source setup in the manual
mode - Fine Weather). Flight altitude of the UAV is 100
meters. Before the research’s crops were visually
checked for lack of drops of water on upper leaves of
plants.

For experience with a winter wheat, Colonia sort,
the following options of application of fertilizers were
used: 1) without fertilizers (control); 2) P; 3) RK; 4)
NPK (the recommend norm) 5) NPK (1.5 recommend
norms) (fig. 1).
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Fig. 1. Photos of crops of a winter wheat, Colonia grade, on a research hospital (sites with various application of
fertilizers - the growing norm from left to right (03.05.2018). Photographing was carried out at different stages
of an organogenesis (fig. 2)

Fig. 2a. Picture of pilot sites of a winter wheat taken during the ~ Fig. 2b. Picture of pilot sites of a winter wheat taken during the

separate periods of vegetation (organogenesis stages on EPA) separate periods of vegetation (organogenesis stages on EPA)
Date of shooting: 03.05.2018 Date of shooting: 11.05.2018
37 stage: there is a flag leaf which is still twisted.39 stage: 41 stages: sheet the vagina of a flag leaf is extended.
ligula stage (sheet uvula): the ligula of a flag leaf is noticeable, 43 stage: the sheet vagina of a flag leaf begins to flow

the flag leaf is completely developed

Fig. 2c. Picture of pilot sites of a winter wheat taken during the ~ Fig. 2d. Picture of pilot sites of a winter wheat taken during the

separate periods of vegetation (organogenesis stages on EPA) separate periods of vegetation (organogenesis stages on EPA)
Date of shooting: 18.05.2018 Date of shooting: 29.05.2018
45 stage: the sheet vagina of a flag leaf bulk up47 49 stage: the last sheet vagina opens, over a uvula
stage: the sheet vagina of a flag leaf opens of the top leaf there are noticeable awns

Fig. 2e. Picture of pilot sites of a winter wheat taken during the separate periods of vegetation (organogenesis stages on EPA)
Date of shooting: 08.06.2018 50-51 stages: beginning of emergence of an inflorescence (sprouting):
it is visible the top part of a whisk or a cone 52 stage: emergence of 20% inflorescence
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Obtained results and discussion

Data  processing received from digital
photographing. At assessment of color space of plants,
proceeding from digital pictures, instead of the RGB
format the model of appearance of CIECAMO2 color
presented in works of H. Ali et all. (2017) [23] and
Asim Kumar Roy Choudhury (2014) [24] can be used.
CIECAMO2 model is more convenient in view of the
fact that instead of three separate channels RGB the on-
ly channel which changes in the range 0-360° is used
and describes all color space. For a transfer of data with
RGB in CIECAMO2 the free software BreedPix (USA)
described in work of B. Zhou et all. (2015) [25] on re-
searches of diseases of wheat and work of R. Vicente et
all. (2018) [26] for carrying out researches of a nitric
stress can be used. Despite convenience of perception
and ease of work only with one channel instead of three,
the transfer from one color space in another demands
considerable computational capabilities that needs to be
considered at orientation to industrial production.
Therefore in researches processed experimental graphic
data of the RGB format with use of the software of
mAtHCAD that is suitable for graphic data processing
of the JPEG format. Advantages of such approach were
shown in work of J. Agrisuelas et all. (2017) [27]. At
calculation of data according to the technique used in
the BreedPix program distribution of number of pixels
concerning values of intensity of each of three compo-
nents of color was considered. The algorithm and the
program in the environment of MathCAD was for this
purpose developed for calculation of number of pixels
with the corresponding intensity of RGB, for each com-
ponent of color, for selected in the manual mode picture
sections. For statistical processing of data retrieved they
were exported to the Origin Pro SR4 v8.0951 software
package of the OriginLab Corporation company intend-
ed for numerical data analysis and scientific graphics.

The received results and discussion. Assessment
of nature of distribution and the choice of the equation
for approximation of experimental data. In fig. 3 typical
distribution of number of pixels in size of intensity of a
component of color is presented.

Along with studying directly of sites of the field,
were considered also the site of the dirt road (B_gt), for
establishment of a possibility of influence of existence
of the soil on results of assessment of spectral parame-
ters of crops. By results of the received estimates, the
conclusion was drawn on lack of need of preliminary
data filtering as influence of the pixels caused by the
soil will be insignificant. The dependence of number of
pixels on value of intensity of a component of color is
described by normal distribution and can be approxi-
mated typical by the equations. For approximation the
equation of Amplitude version of Gaussian peak func-
tion (Gauss Amp) and Lorentzian peak function (Lo-
rentz) was chosen.

Apparently from the provided data, a certain value
of a maximum of distribution (I) is approximately iden-
tical to both used approximation equations. The Lorentz
function gives the best the similarity for the maximum

value of distribution, however determines value worse
on the half-width of distribution (w) which is defined as
one-half-amplitude width. Accuracy of determination of
half-width of distribution, in comparison with estab-
lishment of its amplitude, more relevant as the quantity
of points can change over a wide range. Besides, the co-
efficient of determination (R2) at approximation of ex-
perimental data for the equation of Gauss Amp was
above, then in Lorentz therefore in researches for ap-
proximation selected Gauss Amp equations.

11x10°
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The intensity of the color component (blue)

Fig. 3. Distribution of Number of Pixels for a blue component
of color for research sites with a winter wheat with various
doses of mineral fertilizers (2018.05.11)

The received results of approximation of experi-
mental data on determination of parameters of color
portraits of crops of a winter wheat of a sort of Colonia
are presented in table.

Notes:

- sites where it was recorded are highlighted with
gray color the flag leaf is well developed;

- with underlining data where the nature of distri-
bution of intensity of the plants making colors differed
from the general are highlighted in bold type (fig.5).
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300
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100 125 150 75 200 225
The intensity of the color component
Fig.5. Dependence of number of pixels for the relevant
channels of components of color from the size of their
intensity for the third the pilot site (the beginning of
emergence of an inflorescence), 2018.06.08 are recorded
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Table
Results of approximation of color portraits
of sites of a winter wheat

Ne| R G B
I [ w|RJI|]w]R|IT|[w] R

1] 2 3 4 516 7 8 9 10 |11

2017.05.03

95 (12,310,996 [139/11,9]10,994 | 110 |11,8 0,995 |1,7

92 [13,8]0,991 [135/13,4]0,989 [ 103 [13,1] 0,990 |1,6

92 115,410,994 |135/14,4|0,988 | 102 | 14 | 0,989 [1,6

96 |18,1]0,995 [134/16,010,997 | 99 [14,2] 0,996 |1,4

95 17,510,996 [134/15,4] 0,997 | 99 [13,9]0,996 [1,5

S(—= N |W[A|Wn

108 [20,5 | 0,995 |140]16,7] 0,997 | 104 |15,7| 0,995 |1,3

2018.05.11

71 |22,0]0,983 |115/22,0| 0,985 | 88 [22,3]0,987 |2,0

58 120,010,989 [9921,0]0,988 | 69 [21,8]0,985 |2,0

58 |18,0]0,987 [9718,9]0,990 | 67 [18,9] 0,989 |1,9

63 17,210,986 [100/17,5] 0,988 | 66 [17,2]| 0,986 |1,7

65 17,8]0,986 [103[17,0] 0,987 | 69 [17,7]0,986 [1,7

S| |IN|W[BA W

111 |27,5] 0,990 [140[23,0] 0,991 | 102 |23,8] 0,991 |1,2

2018.05.18

92 |11,0]0,996 [131]11,2] 0,996 | 108 [12,3| 0,995 |1,7

85 10,7 0,998 |125/10,5] 0,997 | 94 [11,8| 0,991 |1,6

87 |11,3]0,998 [126/10,6] 0,997 | 95 |11,1]0,996 |1,6

92 112,710,992 |129{10,8]0,995 | 91 | 9,8 | 0,993 [1,4

94 |11,5]0,995 [132/ 9,8 1099594 | 9 [0,993 |14

106 (14,4 0,990 |138{11,5] 0,991 | 98 |10,5] 0,989 [1,2

= O N [W |

2 3 4 516 7 8 9 10 |11

2018.05.29

123 (26,3 0,976 |153{24,0] 0,974 | 133 | 24 10,973 [1,4

119 {25,7| 0,977 |148|24,0| 0,977 | 124 |23,8| 0,975 |1,3

117 {27,5] 0,970 |145|24,1| 0,968 | 121 |24,6| 0,963 |1,3

118 [29,6| 0,969 |143]26,1 | 0,964 | 114 |26,0] 0,967 [1,2

116 |26,4] 0,970 [141]23,8] 0,967 | 112 |23,5] 0,970 [1,2

O |N|W|=A [

122 125,210,970 |143]22,6] 0,969 | 112 |22,4] 0,970 |1,1

2018.06.08

160 (23,0 0,989 |18217,1] 0,994 | 165 |17,2] 0,990 [1,2

162 {20,8 | 0,990 |184]15,2| 0,980 | 162 |15,1]| 0,983 |1,1

170 [28.0] 0.930 [187/16.9] 0.973 | 166 |18.4] 0.972 [1.1

179 {21,0/ 0,970 |189{14,3] 0,970 | 165 | 17 0,980 [1,0

176 [18,4| 0,977 |189(14,3] 0,970 | 163 |14,8] 0,982 [1,0

O[N]

183 [15,8 10,974 |191{12,9] 0,960 | 166 |13,8] 0,977 |1,0

Apparently from the data provided in the drawing,
the nature of dependence for a red component of color
significantly differs from green and blue - instead of one
maximum there are two. A probable explanation of it is
that fixing took place for transition state - upon transi-
tion from one stage of an organogenesis to another.
Starting from this, it is possible to assume that the size
of half-width of distribution by a peculiar indicator of a
transitional growth phase and development of plants of
a winter wheat. This indicator can be perspective at cre-
ation of stressful indexes as in experiences from
2018.05.03 it was recorded dependence between a con-
dition of half-width of distribution and a condition of
application of fertilizers for the considered channels.

Analyzing dependences of spectral channels of
plants on providing them with batteries, by us it is rec-
orded that such dependences have to be under construc-
tion under concrete phases of vegetation or stages of an
organogenesis. So, 05.11, 05.18 and 06.08 dependence

were recorded for red and green, and 05.29 - for is green
also blue channels. Proceeding from it it is offered to
use the indicator index for a flag leaf:

_GxB

F 7

>

where F — is the stressful index for indication of a flag
leaf, R, G, B —are red, green and blue channels.

Such indicator index allows estimating quickly
crops which have the potential of receiving a qualitative
harvest that is extremely relevant when choosing raw
materials for biogas rectors.

Directions of further researches. In work it is
shown that stressful indexes need to be created under
the corresponding stages of an organogenesis or a phase
of vegetation, however it is expedient to study a possi-
bility of remote assessment of a stage of vegetation. Use
of additional information from farms on grades of cul-
ture and real terms of crops and also data of meteorolog-
ical stations can become the possible decision that will
allow counting a phase of vegetation and a stage of an
organogenesis with certain accuracy.

Flag leaves have specific coloring therefore we
consider expedient for creation of the indicator index of
establishment of a condition of a flag leaf of use of the
infrared channel of monitoring.

Conclusions

It is offered the indicator stressful index construct-
ed on certain conditions of a flag leaf which is the indi-
cator of formation of a grain yield in wheat;

The expediency of account on monitoring of
wheat, except average value of intensity, brightness of
the channel of color and size of half-width of distribu-
tion is shown. This size can be considered as additional
parameter during creation of stressful indexes and also
to confirm a condition of transition between stages of
growth and development of plants.

It is experimentally proved that color portraits of
wheat have to be created under concrete stages of an or-
ganogenesis. Taking into account that duration of stages
is several days, the UAV, can directly be used by agri-
cultural producers, is a best tool for needs of exact agri-
culture.
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JIucenko B.II., Onpumko O.0., Komapuyk /.C.,
Mapuudeii A.L, Ilaciunnk H.A., JIykin B.€. IIpo oco6.n-
BOCTi BilaJIeHOr0 mMoOCiBy mNuIeHUIi, 3 BHUKOPHCTAHHIM
UAYV, 3a yMOBHM NpanopiueBoro JIMCTKa

Tumannsa euxopucmanma micyesux pecypcie 0is 3a6e3-
neyeHHs eHepeemuyHux nompeo i, 30Kpema, supobHuymea 0Oi-
02a3y 3aAUUAEMbCst akmyanvHum. Ilepcnexmugoio cupogutu
0Nl cmeopeHHss 0ioeazy Modce cmamu 3epHo8d Kyabmypd,
CMaH AKOI HA NOYAMKOBUX emanax eecemayii Henpunycmumo
OJIsL OMPUMAHHS SIKICHO20 8podicaio. OnmumanbHum HCmpy-
MEeHMOM OJis1 MOHIMOPUHEY CIAHY 080YEBUX KYIbIMYD 86aHCa-
emvca UAV, suxopucmanhs K020 He 3anexicumy 8i0 HAAEHO-
cmi xmap. Memorw 0ano2o 00CniOdiceHHs € OYiHKA 3a pe3)ilb-

mamamu suxopucmarnusi UAV nomenyiiinoco akocmi 03umoi

nuieHuyi 8 Gpasi «8uxio ¢ mpyoy» npo 0oyinbHicmb 1020 6u-
KOPUCMAHHsL 0151 UpoOHUYmMea b6ioeaszy. Bumiprogants inmen-
CUBHOCII KOMNOHEHMIE KONbOPY NUEHUYl NPoBOOUNUCS 6
VYMOBAX OOCHIOHUYBKOL NIKAPHI, CMAH NPAnopyeo2o JUCKA
OYINI0BANIOCA BI3YANLHO NPU HAZEMHUX OoCHiOdicenHsAx. 3a pe-
3ynemamamu pobomu 610 3anponoHo8aro iHOUKamop cmpe-
€06020 iHOEKCY, n06Y008aHUL HA BUSHAYEHHI CIAHY NPanop-
Ye6020 MUCMKA, AKUU € THOUKATNOPOM (DOPMYBAHHS 8POHCAll-
Hocmi 3epHa @ nwenuyi. byna noxaszana doyinohicme 061Ky
no nuweHuyi, Kpim cepeoHbo20 3HAYEHHs IHMEHCUBHOCTI, SCK-
PAsocmi KONPHO2O KAHANY I Geludunu Hanieposnodiny. Lo
BENUYUHY MOJHCHA PO32NAOAMU K 000AMKOSUL napamemp npu
CMBOPEeHHI CMPecosux NOKA3HUKIE, a MAKOIC CEIOYUMU Npo
cman nepexooy Midilc emanamu 3pOCmaHHs i po3eUMKY poc-
qun. Excnepumenmanvho 0oeedeno, ujo Koiboposi nopmpemu
nuieHuyi NOBUHHI CMBopI8amucs nio KOHKpemui cmadii op-
eanoeenesy. bepyuu do yeaeu, wo mpusanicme emanieé cmatno-
eumb Kinvka OHis, a came UAV, axuil mooce 6e3nocepednbo
BUKOPUCOBYBAMUCA CITbCOKO2OCRO0APCLKUMU 8UPOOHUKAMU,
€ ONMUMANLHUM THCIPYMEHMOM Ol 6UMO2 MOYHO20 3eMie-
pobcmaa.

Knrwwuogi cnoea: UAV, 6iozas, indexc cmpecy, npoepa-
MYBAHHSA 8pONCAUHOCI, YUpposa Kamepa, pigeHb A30MHO0
JHCUBTEHHS, Be2eMAaYIIHULL IHOEeKC.

JIbicenko B.IL., Onpeimko A.A., Komapuyk /.C.,
Mapusideii AHU., [Tacnunux H.A., Jlykun B.E. O6 oco-
OEHHOCTAX YAAJTEHHOI0 IOCeBA NMIIEHUIbI, ¢ MCNO0JIb30Ba-
Huem UAYV, nipu ycjoBuu ps1aroporo Jimcra

Bonpoc ucnonvsosanus mecmublx pecypcog 015 obecne-
YeHusl SHepeemu1eckux nompebHocmell u, 8 YacMHOCMU, NPo-
uz6o0cmea 6uoeaza ocmaemcs akmyanvhwim. Ilepcnekmugoil
CbIpbs 0151 CO30aHUSL OUO2A3A MOJICEm CMAMb 3ePHO8AS KYlb-
mypa, cocmosnue KOmopoti Ha HA4AIbHbIX IMANAX 8ecemayuu
HeOOnyCmumo Ois NoxyueHus kausecmeennozo ypoowcas. On-
MUMATLHBIM UHCIPYMEHMOM Ol MOHUMOPUH2A COCIMOSHUS
osownelx kKynomyp cuumaemcs UAV, ucnonvsosanue komopo-

20 He 3agucum om Haauyus o6naxos. Llenvio 0annozo uccie-
006aHUA ABNACMCA OYEHKA NO Pe3VIbIMAMAM UCHOAb308AHUS
UAV nomenyuanvho2o xawecmea 03umoti nueHuyvl 6 @pase
«BbIXOO0 68 MPYOY» 0 YenecooOPAsHOCMU €20 UCHONb308AHUSA
015 npouseoocmea 6Ouozasza. HMszmepenus uHmeHCUS8HOCU
KOMNOHEHMO8 Y8ema NueHuybl NPOBOOUNUCH 8 YCIOBUAX UC-
C1e008aMENbCKOU OONbHUYbI, COCMOAHUE (DIA208020 TUCMA
OYEHUBANIOCL BU3VANLHO NPU HAZEMHBIX ucciedosanusix. I1o
pesyrvmamam pabomsl Obll NPeOIOIAHCEH UHOUKAMOP CMmpec-
€08020 UHOEKCA, NOCMPOEHHbIN HA ONpedeneHuu COCMOSHUS
@nazo6020 nucma, Komopulii A671AeMCs UHOUKAMOPOM ¢hop-
MUPOBAHUSL YPOICAUHOCU 3epHA 8 nuteHuye. bvina nokazana
Yenecoo6pasHOCHb yuema no nuieHuye, Kpome cpeoHe2o 3Hd-
YeHUs UHMEHCUBHOCIU, APKOCMU YBEMO06020 KAHANA U 6e/lu-
YUHbL NOAypacnpedenetus. Imy GeIUHUHY MONXCHO paccmam-
pusams KAk OONOTHUMENbHbIL Nnapamemp npu cO30aHuu
cmpeccosblx nokasamenei, a maxice c6UOemenbCmeosams O
COCMOAHUU Nepexo0a Mexcoy dSManamu pocma u paseumus
pacmenutl. IDKCNepUMEHMANbHO OOKA3AHO, YMO YeemHuble
nopmpemvl NueHUYbl OONIHCHBL CO30A68aAMbCSL NOO KOHKpem-
Hble cmaoduu opeanoceHesq. Ilpunumas 60 6HUMAHUeE, HMO
NPOOONICUMENLHOCHTL IMAN08 COCMABIACT HECKONIbKO OHell,
a umenno UAV, komopblil MOdcem HenocpeoCmEeHHO UCNOIb-
308AMbCA CENLCKOXO3ANUCMEEHHIMU NPOU3BOOUMENAMU, A6/
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The article investigates the dependence of the number of
effectively executed programs in multi-core computers with
shared memory on the parameters of programs and
computers. All computer cores execute parallel streams of a
single program developed in accordance with the OpenMP
API. There are no interactions between streams program.
Conflicts can occur only when cores are accessed into shared
memory. Suggested the necessary models. Analytical
expressions are obtained for the dependence of the number of
effectively executed programs on the properties of programs,
core and shared memory parameters. The main reason for
limiting the number of effectively executed programs is the
overload of the shared memory. The threshold value of the
number of effectively executed programs has been determined.
Keywords: multi-core computer, core, shared memory,
acceleration factor, efficiency, stream

1. Introduction

Efficient utilization of the cores in the computers
with high number of cores is one of the most important
problems for designers of software for these systems.
Multi-core computers performance is defined using ac-
celeration rate when executing an application with par-
allel streams or a set of applications without parallel
streams when utilizing n cores. In reality, the accelera-
tion depends on many factors.

In [1-7] multi-core computer utilization is obtained
by testing/running real applications on the system.
These experimental approaches do not generalize well
and discovered accelerators are not always applicable or
even partially applicable to the next application. Also
the mentioned articles do not analyze the features which
caused acceleration and the reasons for the limit of ac-
celeration where an increase in number of cores does
not increase the performance any longer.

The author is not aware of model analytical ap-
proaches to model/calculate efficient utilization (per-
formance) of multi-core computers. Existing works in
multi-core computer systems do not have an analytical

approach estimating of the number of effectively used
cores.

The purpose of the article is to study the efficiency
of using cores (threads) in multi-core computers with
shared memory depending on the number of cores,
properties program performed by the cores, core and
shared memory parameters when executing parallel
programs developed in accordance with the OpenMP
APL

2. Efficient utilization of a multi-core computer
with n cores executing single parallel application

Efficient utilization of multi-core computer is
calculated using the acceleration rate. The acceleration
rate of a multi-core computer is defined as:

T, Pr
S:_1: L D) (1)
T Pr

n 1

where T, — application execution time of a single core,
T, — application execution time using »n cores where the

application consists of exactly n streams, Pr-

performance of a single core when there is no influence
I - n
from other cores, Pr erformance of an core

computer.

Since all n cores perform the same stream of a
parallel application the core utilization rate is the same
for all cores and utilization rate of the multi-core
computer in this case equals the single core utilization

rate H, = H,, where H, - single core utilization rate,

when all 7 cores are executing a parallel program; H, -

multi-core computer utilization rate when all n cores are
executing a parallel program.

Multi-core computer performance where all n cores
are utilised is defined as
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n n
Pr, =Y H *Pr,=Pr*) H =Pr*n*H,
=1 i1
Multi-core computer acceleration rate in this case
equals

S:Prn _Pr*n*H, .
Pr, Pr, g

3. Model of a multi-core computer with shared
memory with all cores are busy

Preconditions:

- All cores are busy executing non-interacting
streams of parallel applications. In other words, there are
no interactions between executable code. The next
instruction is executed by core straight away unless all of
the following conditions exist:

- It requires memory access.

- The requested data is not present in the memory
cache.

- The cache is full. If all these conditions are exist
the core is blocked and the instruction is not executed.

- Each core while executing its application
generates data requests to the shared memory. Data
requests frequency from a single core is calculated
according to the formula:

% i i i i
_ N, wMEM Poeu _ Dypu Plu
2 = . — Zhae
N, t s Uins

b

where N, - the number of instruction in the running

program; a)leM - the probablity of instructions to access

to memory in the i-th program; - of contacting of

P }\’/IEM
instruction to access the memory in the i-th program;

f,ys - average time to execute one instruction in the core.

- Data requests from all cores to the shared
memory are exponentially distributed.

- Memory is a compound device, where new
requests are served only once the previous
request has been completed.

- Served memory requests are also distributed
according to an exponential distribution.

- Memory serves requests from all cores with

intensity where ¢

Hyy =1/ Lyien, MEM

average time to execute one request by
memory.

- Data requests to the memory are served using

FIFO.

Multi-core computers can be described as a 2-phase
system serving a high volume of requests. Phase 1
comprises of n cores executing applications and
generating requests to the shared memory. Phase 2
occurs in shared memory itself. Buffers with capacity for
k requests are placed between phases.

Due to difficulties in analytical representation of
this general model this article explores a simplified
equivalent version of the model (Fig.1).

Equivalent
core

Instructions

) 4

Buffer

) 4

Memory

Fig. 1. Simplified equivalent version
of the multi-core computer model

Phase 1 of the equivalent model consists of an
equivalent core. The equivalent core performance (fre-
quency of generated requests) is assumed to be a sum of
performances of all original model cores

Z ﬂ Z a)MEMP Al/IEM

i=1 t INS

The equivalent model has a single buffer and its
size is the sum of the original model buffer sizes.

Phase 2 of the equivalent model is memory. Its per-
formance (execution frequency) is equal to that of the
original model. Buffer selection and core blocking logic
are identical in both models.

Hence, from the performance point of view, the
original and simplified models of a multi-core computer
are equivalent.

The overall load rate of the shared memory for the
n-core computer is calculated according to the formula

n n i i
y) Z DOyem A MEM
| /i "
s 4 = INS _ i
Pyev = = = Z Pyem ’
Hyem Hueum i

where PMEM memory load rate from all cores; P .
memory load rate from i-th core.

Solving simultaneous equations for selected overall
load rate ranges we obtain the following expressions for
the model utilization rates:

Equivalent core utilization rate:

Hy =1 if pflEM-<1; @)
_k+1 .
R ) if Puem = I8 3)
1= (p}l;/IEM )k+l
K i + z .
1= (Pyen )k ? if Pz > 1 4)

Shared memory utilization rate:

— p]%/IEM * [1 B (pz%/[EM )k+1 ]

1_(,01%/151\4 )k+2 if /01\2/151\/1 <1 : )
I |
E=1 it Puem : (©6)
k+1
= z — 1
k+2 if Pue =1 (g
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pAZ/[EM = Zp}f/[EM =1.

Consider an example, displaying multi-core com-
puter efficient utilization (acceleration rate) dependency
on the number of cores utilised when executing a parallel
application.

To simplify calculations, we assume an infinite
buffer size between a core and the shared memory. The
limit of core utilization rate with infinite buffer size for
selected ranges of shared memory load rates is defined
below:

1
limH, = s
n—0 k p]\ZlEM 1f IOMEM b 1
ImH, =1 s
n—>0 k lf pMEM Sl

Intermediate conclusion:
with 7= 8: Pusy =0.125;
Prey =8%0.125=1;
H, =1 §=8;
with 71=121_ Py = 0.125;
Py =12%0.125=1.5 H, =2/3; § = §;
with =167 _ Puzy = 0.125;
Ploy =16%0.125=2; H, =0.5; g _g.

The example demonstrates that there is an upper
limit (threshold) on the number of cores after which the
performance of a multi-core computer does not improve.

This threshold (practical number of cores (n)) for
parallel applications designed using OpenMP API de-
fines the overall shared memory load rate generated by
all cores of the multi-core computer.

p}\Z/IEM = ijilEM =1L

The multi-core computer acceleration rate (S) while
executing parallel applications can be calculated using
defined above overall shared memory load rate:

)
S=n when Pmem Sl;
n
S = y
z
Puzu when Py 1.
Conclusion

1. The multi-core computer acceleration rate while
executing parallel applications consisting of n streams is
a product of the number of cores (application streams)
and a single core utilization rate

S=n*H,.

2. The practical number of streams of a parallel ap-
plication defines the threshold of the overall shared
memory load rate generated by all cores of the multi-
core computer

pAE/[EM = Zplf/lEM =1

3. The number of effectively used cores (streams in
these cores) can be determined by the formulas

>
n=_S i} WheanEMSI;
x
n=S8*poy when Phaem >_1.

4. The proposed methodology can be used to esti-
mate from above the number of threads and, accordingly,
the number of cores when developing parallel applica-
tions in accordance with the OpenMP API

5. Shared memory overload is the main cause of a
multi-core computer sublinear acceleration rate when
executing parallel application using OpenMP API. The
overload will cause the cores to be idle for a significant
percentage of time.
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epexmugHo  BUKOHYBAHUX — npozpam 6  bazamosoepHux
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epam i xomn'romepis. Bci komn'tomephi s0pa eukonyioms na-
panenvhi nomoku 00HIel npoepamu, po3pobieHoi 8i0nosioHo
0o API OpenMP. Tam nemae 63aemo0ii Midc nomoxamu npo-
epamu. Konghnikmu moscyms eunuKamu minoku npu 36epHeHHi
00 s0ep 6 3a2anvHill nam'ami. 3anpononogano HeoOXioni mo-
deni. Ompumano aHanimuyni eupasu O 3a1eHCHOCMI Kilb-
KOCMi egheKmueHO 8UKOHYBAHUX NPOZPAM 6i0 enacmusocmel
npozpam, napamempis aopa i posoinaemuvcsa nam'ami. Ocrog-
HOIO NPUYUHOIO 0OMeICeHHsl KITbKOChi epeKmueHo GUKOHY8A-
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This article reviewed the methods directed at optimizing the
database. The goal was to find the most suitable method for
the quick execution of queries.
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Introduction. The processing time of the request
also determines the speed of the database, which charac-
terized by amount of time per request processing. The
execution time of a request may also depend on com-
plexity of the request. As a rule, the request could be
substantially simplified or you can do several simple re-
quests that will do the same job as a complicated one,
but much faster.

Formulation of the problem. If a web service
loads for a very long time, then this causes a delay in
the business processes of the application and service. By
optimizing database queries, you can increase the speed
of the application. The request processing time is a very
important criterion for evaluating database performance.
When designing a system, it is important to predict an
increase in database queries, as well as an increase in
data volumes. The increase in performance consists of
the execution time of queries, the speed of information
retrieval in non-indexed fields, the greatest number of
parallel access to data. MySQL database will be used as
an object of research in the article.

Methods of setting productivity. Methods such
as indexing, query code optimization, clustering, and
partitioning will be considered.

A. INDEXING. The index is an acceleration of the
search operation for records in the table and perfor-
mance of other operations that relate to the search: sort-
ing, retrieving, modifying. All information about index-
es stored in index files, which consist of data and index-
es of record numbers. The index field requires data from
the index file, and the pointer serves to link the index
file entries. To create an index, it is necessary to specify
the field of the table to which it is necessary to assign
indexing.

The created indexes could be used in such ways as:

1) Sequential data access in a given sequence of
values of the index field.

2) Direct access to individual records of the index
file in a given sequence of the index field.

Information storage with indexing involves the use
of two stored files.

Indexes are used to speed up data retrieval, which
retrieved faster by reducing the number of disk I/O op-
erations for which pointers are used.

Not necessarily every entry in the indexed file
must contain an index. This index called loose. Loose
indexes are small, due to which browse the contents of
the database.

1) The file of the table in which data stored, such
as, information about users of the resource.

2) File with indices of blogs that users have creat-
ed on the resource.

Blogs file Data file
blog1 ID S1| useri blog1
blog2 D S2 user2 blog2

1D 83
S4
85

Fig. 1. Index data storage structure [1]

The file with indexes of blogs will be arranged al-
phabetically, and the file with data depending on the
content. If you need to organize by personal infor-
mation, you need a file that stores it.

Indexing is very effective if the number of records
sought does not exceed 10-15%. If the proportion of the
files you are looking for is too large, the index file will
be used too often, which will lead to a losing strategy
for using it. In these cases, it is necessary to execute a
direct search, without using indexing [2].

All found data follow each other, which means that
their position is very quickly determinate and read.
Identifiers of the fields found a point to the required
records [3].
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Each index must be unique. Unique indexes ex-
clude the same data. Creating uniquely makes sense on-
ly if the data itself could unique. In the case of duplica-
tion of data, there will be an error and it will not
be possible to save the entered information.

Unique indexes have such advantages as [4]:

e Integrity of the data in the columns of the ta-

bles.

e Provide more information.

There are such types of indices [5]:

Bitmap indexes.

With reversed key.
With a compressed key.
Based on features.
Partitioned.

Global.

Local.

Invisible.

To create indexes in Oracle, you must adhere to
the recommendations:

e Do not create indexes for small tables.

e [t is necessary to create primary keys for all ta-
bles. In the case of the name of the primary key will be
automatically created an index on the primary key.

e [t is necessary to index the columns of the ta-
bles that take part in table connections.

e Indexing will be very efficient for using the
column by the WHERE clause.

e Columns that updated should not be indexed.

For each table, the index must take into account
the operations that will be performed on the columns.
Creating an index in Oracle:

CREATE INDEX blog_id ON blog(blog_id)
TABLESPACE INDEX BLOG;

When creating indexes, you should follow the rec-
ommendations:

e Do not create indexes for columns on which
INSERT, UPDATE, and DELETE operations are often
performed.

e Do not use indexing for small tables.

Create SQL index:

CREATE INDEX idx1 ON blogs (coll);

Indexing allows you to not view the entire table for
data retrieval, thereby increasing database performance.

B. PARTITIONING. Partitioning meant breaking a
large table into less to promote the execution of neces-
sary queries. Partitioning capabilities include partition
independence, which makes it possible to carry out
backup, restore, and index creation operations specifi-
cally on a partition, rather than on the entire large table,
which will significantly reduce database idle time [6].

Partitioning improves the performance of infor-
mation processing in large tables, but it does not protect
against poor-quality queries.

The advantages of partitioning [6]:

e Accessing data subsets while maintaining their
integrity.

e Fast execution of maintenance operations
achieved by working with one or several sections, and
not with the entire table.

Partitioning scheme
Partition function

R
Section
August2018
: -
Blg Section Sept
table September2018 2018
October2018

Fig. 2. Partitioning structure [7]

In Oracle Databases, archiving old data that older
than the set date is common. With partitioning, this pro-
cedure is very simple and effective. This property is typ-
ical for large repositories.

There are six ways to partition tables in Oracle:
Partitioning by key ranges.

Interval partitioning.

Hash partitioning.

According to the list of key values.
Reference partitioning.

System partitioning.

Using interval partitioning, it is possible to create
sections based on ranges of values:

partition by range (sales_dt)

partition b0001 values less than (to_date('2019-04-
01','yyyy-mm-dd"),

partition p0002 values less than (to_date('2019-05-
01','yyyy-mm-dd'))

Sections are indicated for April and May 2019.

The table will be divided into sections by date
range.

If the data are unevenly distributed over time in-
tervals and it is necessary to know not only the data for
April and May but also the data that were before the
specified interval, then you should use hash partitioning.
To do this, you need to select the number of sections,
after which Oracle will define the hash value of the key
of each row and put it into the necessary section [8].

CREATE TABLE users_data
(ticket no NUMBER,

user_id INT NOT NULL,
user_name INT NOT NULL,
user_bir INT NOT NULL)
PARTITION BY HASH (user_key)
PARTITIONS 4

* STORE IN (ts1,ts2,ts3,ts4);

It is also possible to partition by key, even if the
given key does not exist in the table itself. The data
method called virtual column partitioning. Early ver-
sions of Oracle memorized a non-existent column into a
trigger, due to which performance was reduced due to
calls to the trigger. The Oracle Database 11g specifica-



80 BICHWK CXIAHOYKPATHCbKOIO HALIOHAMBHOIO YHIBEPCUTETY imeni Bonogumupa Oans Ne 5 (253) 2019

tion makes it possible to create a column without storing
it in a table. This column will be calculated during oper-
ation [9]. The complexity of the virtual column may de-
pend on the amount of computational data.

C. CLUSTERING. The term “clustering” means a
group of servers, which is interconnected and behaves
like a single database that is capable of processing in-
coming requests [10].

To check the status of the nodes, the local and
cluster network used. Checks such as LooksAlive and
IsAlive performed. The first command executed every 5
seconds, which tries to make sure that no network prob-
lems detected. The second command performs a deeper
check every 60 seconds. In case the second command
detects an error, the check will be performed 5 more
times. When an error detected again, the cluster will
transfer the group to another node and transfer all net-
work resources to another server. When transferring da-
ta, the group will be ready for servicing customer re-
quests [11].

The advantages of using clusters [12]:

e Eliminate long database downtime. Resources
could be delivered to another server without losing the
connection to the database.

e Small time and effort when replacing a cluster
with better performance. To do this, add a new node to
the cluster, install the necessary updates and exclude the
old cluster from the network.

Qe
Database
Server

Load balanced
cluster

Fig. 3. The structure of the cluster network [12]

There are the following types of building cluster
systems [12]:

e With shared disks.

e With shared memory.

Each node of such systems specifically serves its
own database fragment. Such systems lack shared
memory and storage devices.

When a database uses shared memory and 1 /O de-
vices, it called Shared everything.

ASM

nodel

X5
.

&
Cache, Cache
Fusion Fusion

Fig. 4. Shared everything [11]

Such systems characterized by high-speed between
nodes and have shared access to storage devices. The
strength of the system is fault tolerance, parallel pro-
cessing, and ability of the network to expand.

A major disadvantage of the system is competition
of nodes for input devices and memory. These short-
comings manifest themselves when the network is busy
and when executing INSERT, UPDATE, DELETE
commands, which need many processor resources to ex-
ecute.

The Shared Nothing model fixed all the flaws of
Shared Everything. Competition disappears due to the
lack of shared access of nodes to memory and devices.
Each node of the network performs its work separately.
Due to this, and increases system performance.

node1 node2

P
/

DB-

\control
S

Fig. 5. Shared Nothing [11]

The disadvantage of such an organization is com-
plexity of the network since it is necessary to check the
state of each network node, which will entail overhead
costs. Backup issues may occur during host status is-
sues. To ensure integrity of the nodes, you must restart
the nodes that process execution of the request.

D. Optimization SQL queries. To optimize execu-
tion of data change statements, use the EXPLAIN
PLAN statement, which allows you to view the execu-
tion plan of an SQL statement.

EXPLAIN PLAN allows you to see an execution
plan that the analyzer can use to execute an expression
[13]. The constructed expression plan is written to the
table without saving the SQL expression.

The optimizer's query execution plan runs faster
with checking the column index stores than using index
row stores [3]. The selection of columns is based on a
lower cost value than on rows.

e\
> Reparttion | £ sy
. L 1. T
Hash aggregate| | (Sream 369reg
M

| Hash join |

t
‘ Hash build Hashjoin |

¥

Hash build I

‘ Index scan Index scan Index scan |

T Fzwm "Bk
ltem_cstore  Catalog_sales_cstore Date_dim_cstore

Fig. 6. Optimization using column index repositories [3]

This example demonstrates scanning two tables
and building on the basis of hash table scanning. After
that, several threads scan the indexes of the column
storage indexes and simultaneously check the hash ta-
bles. Result sets are collected in one output stream.
Such a model is capable of processing more than 144
million tuples of less than a third of a second [3].

Expression plans could be viewed in SQL * Plus
using the DBMS_XPLAIN package. This package con-
sists of five functions [14]:
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1) DISPLAY - output formatted execution plan.

2) DISPLAY_ AWR - output a formatted execution
plan from the AWR directory.

3) DISPLAY_ CURSOR - output a formatted plan
from any loaded cursor.

4) DISPLAY SQL PLAN BASELINE - format-
ted output of one or several SQL plan expressions by
headers.

5) DISPLAY SQLSET - output execution plan,
which stored in the SQL Tuning set.

After generating the execution plan, the PLAN
TABLE table is automatically generated, which is a
global temporary table that could be used by all users.

T EXPLAIN Topr STATEMENT =
PLAN i

INTO your plan
L table

FOR
STATEMENT

Fig. 7. EXPLAIN PLAN command structure [14]

E. Collecting statistics. During the execution of
each SQL query, optimizer looks for the best solution
for its execution. Optimizer relies on statistical data,
which includes information about distributed data, char-
acteristics of tables and indexes. [15]

For Oracle, automatic database gathering of all op-
timizer statistics recommended.

Since the release of Oracle Database 10g, a statis-
tics collection tool has been introduced.

Conducting an experiment. A table was created
in the database, which consists of 101158 rows.

+ Showing rows 0 - 24 (101158 total, Query took 0.0003 seconds.)

SELECT * FROM “Base_1°

Fig. 8. Created table

Based on this table, the methods described will be
used. The table consists of columns:

e ID - identifier.

e Users - workers.

e Age - their age.

e City - city of residence.

e Work with - the date from which the employee
got a job.

To create an index, the Work with column was se-
lected, be able to select the ranges of the dates work of
employees:

CREATE INDEX Work with ON
Base 1(Work with);

To extract information on the date range, the fol-
lowing command executed:

SELECT * FROM "Base 1° WHERE Work with
BETWEEN '1970-04-26' AND '2019-04-26'

The result of the query is an alphabetically sorted
list of employees by range.
The index file will look like this:

Table 1
Index file
ID Index
ID user Date work

The file stores the user ID and the date of his em-
ployment. By identifier, data will be searched from the
main table. The main feature of indexing is: there is no
need to compare each row of the table with the query
condition, just refer to the index file.

1] Index
ID user | Date work

[ 81 | Date | Users | |

Fig. 9. Index file accesses to the main table

To check the query to the indexed table, a SQL
script was created that will give the statistics of the que-
ry. SQL script consists of commands:

USE database;
FLUSH STATUS;
SELECT * FROM 'Base_1' WHERE Work with
BETWEEN '1920-04-26' AND '2019-04-26';
SHOW SESSION STATUS;

This statistic will show the cost of resource con-
sumption when executing a query (Last_query_cost)

L] V:husr\local\mysgl-5.5\bin\mysgl.exe

i Key_blocks_used

i Key_read_requests
! Key_reads

i Hey_write requests
i Key_writes

i Last_guery cost

1
i
1578.026070

Fig. 10. Indexing statistics

The Last_query_cost parameter is 21578.
To get conclusions from the query optimizer, you
must enter a query:

EXPLAIN SELECT * FROM 'Base 1° WHERE
Work with BETWEEN '1970-04-26' AND 2019-04-26'

select_type table
SIMPLE

type possible_keys
Base_3_i | range | Work_with

Fig. 11. Displays query optimizer

Based on the query optimizer output, it could be
concluded that MySQL uses an index for execution of
this query, which finds the necessary information in the
index file in a certain range (Type: range). 8948 rows
were found for this query. There were no failures when
executing commands.
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To check statistics of execution of a partition-
ing request, a SQL script launched.

L] Viusn\localymysql-5.5\bin\mysql.exe

i Innodb_truncated_status_urites
[ Key _blocks_not_flushed

I Key_wead_»

i Key_read

I Key_write_requests
i Key_urites

I Last_gquery cost

7672.29%000 1

Fig. 12. Partitioning statistics

The Last_query_cost parameter is 27672.3.

The first method consumes fewer system resources
for its execution. The fewer system resources con-
sumed, the faster the request executed.

To get conclusions from the query optimizer, you
must enter a query:

EXPLAIN PARTITIONS SELECT * FROM
‘Base 3 p° WHERE Work with BETWEEN '1970-04-
26' AND '2019-04-26'

table partitions
Base 3 p p2019

select_type
SIMPLE

type
range

Fig. 13. Query query optimizer output

To execute the query, a call made to partition of
the table, which stores the ranges of dates.

As a result, a query for sampling dates taken not
from the main table, but from its sections, which means
that execution of the query is faster than comparing all
the records of the main table with the condition in the

query.

Table 2
Query time
Index No Index Partitioning
Query 0.0007 0.0055 0.0007
time (sec)

The query indexed and partitioned tables executed
in 0.0007 seconds, which is 7.85 times faster than to the
usual similar table.

As a result of the analysis of productivity tuning
methods, an index method chosen. This method allows
you to quickly process a query to the table due to less
load on system resources and the ability not to compare
each row of the table with the condition in the query,
but to directly access the index files. Index files allow
you to process a query faster and their implementation
in practice is easier than partitioning a table. Indexing
should be applied to those rows that are not con-
firmed by data changes. In the example, this table does
not change; it serves to collect company statistics on
employees. And also indexing reduces resource con-
sumption when executing a query.

Conclusions. According to the results of the anal-
ysis of database productivity methods, it could be con-
cluded that each method has its own advantages and
may affect the speed of the query to the database. How-

ever, each method implies that to successfully carry out
the method, it is necessary to carefully work out the
structure of the database in the required subject area.
Great emphasis should be placed on the ability to update
the columns and operate on their data.

In the analysis performed, the method that most
suitable for the database optimization problem was cho-
sen.
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STATISTICAL IMAGE ANALYSIS FOR INFORMATION SYSTEM

Riazantsev A.O., Khoroshun G.M., Ryazantsev O.l.

CTATUCTUYHMUIA AHAJII3 30BPAKEHD 1151 IHOOPMAILIMHOI CHCTEMHU

Psazanues A.O., Xopomyn I'.M., Psa3anues O.1.

The surface Kirchhoff integral is numerically calculated by
the fourth-order Newton — Cotes method with high accuracy.
The intensity is normalized. Implemented quantization of the
signal with a unit step for different distances of observation is
carried out. The cross section of the central topological object
intensity and its characteristics are shown. Variation curves
and cumulates are constructed for intensity distributions at
different observation distances. The basic statistical parame-
ters of distributions are determined, such as, the mode, the
mean, the median and the standard deviation.

Keywords: optical image, statistical analysis, information op-
tical system

Introduction. Information technology [1-3] is the
broad subject concerned with all aspects of managing
and processing information. It includes different levels
— from the physical hardware to the operating systems,
applications, databases, storage, servers etc. Database is
set of independent materials, presented in an objective
form and systematized in such a way that these materi-
als can be found and processed using a computer. In the
research laboratory usually a big volume of data is ana-
lyzed. The functions of automated measuring infor-
mation optical system (AMIOS) include: data collection
and analysis, storage and retrieval of information, pro-
tection and transmission of information on laser radia-
tion characteristics. An optical image contains topologi-
cal objects such as: maxima, minima and zeroes of in-
tensity. Based on them we can define the systematiza-
tion method for database creating. Computer science is
focused entirely on efficiently programming computers
using mathematical algorithms.

Calculation of data and its statistical analysis.
The problem of passing laser beam through a set of op-
tical elements can be solved by the Kirchhoff integral:

Ax, 9,2) ~ [[ 4y, ) expi@ (e, )+ (1)

+if (x =, y = y)))dxdy
where 4 (x,y) - initial amplitude in the plane of the

diffraction element XY, ® (x,y) - the initial phase in

the plane of the diffraction element, f(x—x,y—y,) -

the function of describing the diffraction phenomenon,
which is observed at a distance z from the screen on the
plane x Y, .The Kirchhoff integral is calculated numer-

ically by Newton-Cotes formula of the closed type with
high accuracy.

For the scalar light field an optical image has in-

formation parameters: beam intensity and phase; identi-
fying parameters: wavelength of laser radiation, beam
waste radius, initial distribution of phase and beam in-
tensity; as well as the structural parameter - the image
observation distance z from the exit window of the la-
ser.
Let's consider the intensity distribution for a quasi-
plane wave (QPW) passing through a double-phase-
ramp (DPR) converter at the distance of observation
z=40cm (Fig. 1a). We normalize the received data for
intensity, so that the maximum value is 255, which cor-
responds to the maximum value for experimental imag-
es obtained with a CCD camera. The next step is quan-
tization of the data with a unit interval. The central
segment (Fig. 1b) is taken from the initial image
(Fig.1a) for more detailed analysis. The cross-section of
this segment, which includes maxima and minima of the
intensity is shown in Fig. lc. The systematization meth-
od for database creating is based on coordinates of topo-
logical objects and their parameters, such as core ellipti-
city and angle of inclination. Sharp jumps on the curve
(Fig. 1c) are stipulated by the image marking, placed for
further determination of topological object parameters.

After this images are ready for implementation of
statistical analysis methods. First of all, carry out a data
grouping using the variation series [4-7], which shows
how the numerical values of the intensity from 0 to 255
are related to their repetition. Variation curves (Fig. 1d)
obtained at different distances are analogous to each
other. The central part of variation curves is similar to
the normal distribution with a positive excess. It has a
high narrow peak, indicating the accumulation of fre-
quencies in the middle, the typicality and reliability of
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the average value. The mean value I is calculated by the
formula:

N
211

I = ,
N

2

where I; — the observed intensity in the i-th group
N — the number of quantized intensities.
The standard deviation o represents the degree of scatter
of data around the mean value and is defined by the

o= URD)
=

In result, we get the following statistical values for the
image at z=40cm: the arithmetic mean is 139, the mode
is 141 and the standard deviation is about 48 are
changed slowly with a distance.

Another one method of data representation is a
cumulative curve. The cumulative curves for the intensi-
ty patterns are shown in Fig. le at different distances z.
We want to emphasize that curve for smaller distance
has a more expressive form, due to the fact that a light
field decreases with the growing of observation dis-
tance. The point of lines intersection is determined the
median, which is about 141.
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Fig. 1. Distribution of intensity in the diffracted field at the
distance z=40cm (a), segment of intensity distribution for
analysis (b), cross-section of distribution of intensity by line
x = 0 (c), variance curves of the points number (d), cumulates
(e) depending on the intensity for different distances

Conclusions. The statistical method is highly pre-
cise and effective for data analysis. The data obtained
by the theoretical investigation of the diffracted field is
performed by the surface Kirchhoff integral, which is
numerically calculated, using the fourth-order Newton —
Cotes method. The intensity is normalized and quan-
tized with a unit step for different distances of observa-
tion. The cross section of the central topological object
intensity and its characteristics are shown. Variation

-+ z=200cm

curves and cumulates are constructed for intensity dis-
tributions. The basic statistical parameters of distribu-
tions are determined, such as, the mode and the median
from the graph, the mean and the standard deviation by
calculations.

In the future, it is planned to investigate the struc-
ture of data and to check how consistent the obtained
statistical descriptions of theoretical data are with exper-
imental descriptions according to the Pearson and Kol-
mogorov consent criteria.
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Psazannes A.O., Xopomyn I''M., Pasanues O.L
CraTucTHYHUI aHAJi3 300pakeHb 1Js iHpopMmauiiiHol cu-
cTeMH

Tosepxuesuii inmeepan Kipxeopa wucenvho pospaxogy-
emucs 3a donomozoro memoody Hoiomona-Komca uemeepmozo
nopAoKy 3 8ucokoio mounicmio. Hopmanizsyemocs inmencug-
Hicmy. Peanizo8ano K6aHmyeanHs cUeHamy 3 OOUHUYHUM KPO-
KOM On pisnux eiocmaneii cnocmepesicenns. Tloxkazani nepe-
MUHU [HMEHCUBHOCII YEHMPATbHO20 MONON02IYHO20 00'ekma
i 020 xapaxmepucmuxu. Bapiayiini kpuei i Kymynsamu nooy-
006aHi 011 po3NOOiNi6 IHMEHCUBHOCMI HA PI3HUX GI0CMAHAX
cnocmepeoicenns. Buznauaiomvca ocnoemi cmamucmuyni na-
pamempu po3noodinie, maxi K Mo0da, cepeoHe 3HaA4eHHs, MeOi-
aua i cmanoapmue 8iOXUNIEHHSL.

Kniouosi cnosa: onmuune 306padicents, cmamucmud-
HUll aHanis, inopmayiina onmuyna cucmema

Paszannes A.A., Xopomyn A.H., Paszannes A.H.
CratncTuyecKuii aHajau3 u3o0paskeHuil A1 MHPOpManu-
OHHOIi CHCTEMBbI

Tosepxnocmuviii unmeepan Kupxeogha uucnenno pacc-
uumowigaemcs. ¢ nomoujplo memooa Hviomona-Komca uemese-
pmozco nopaoxa ¢ @vlcokoti mounocmvio. Hopmanuzyemcs
unmencugnocms. Peanusosano xeanmosanue cucnaia ¢ eou-
HUYHBIM WA2OM OISl pA3HBIX paccmosHuti Haonodenus. Tloka-
3aHbl CeYeHUs. UHMEHCUBHOCIU YeHMPATbHO20 MON0NI02uYec-
K020 0obvekma u e20 xapakmepucmuku. Bapuayuounvie kpu-
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8ble U KYMYJAMbl NOCMPOEHbL OISl PACAPEOeseHUll UHMEHCUG-
HOCMU HA PA3HBIX PACCMOAHUAX Habat00eHus. Onpedenaomcs
OCHOGHble Ccmamucmuieckue napamempnsl pacnpeoeneHuil,
maxue Kak mMood, cpeoHee 3HaAyeHue, MeOuaua u Cmamoapm-
HOe OMKIOHEHUe.

Knrouesvie cnosa: onmuueckoe uzobpasicenue, cmamu-
cmu4ecKull aHanu3, UHQOPMAYUOHHAS ONMUYECKAsL CUCeEMA
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TOWARDS AN EMPIRICAL HYPERPARAMETERS OPTIMIZATION IN CNN

Siriak R.V., Skarga-Bandurova L.S., Biloborodova T.O.

3ABE3NEYEHHS EMIITPUYHOI ONITUMI3AILII I'TIIEPITAPAMETPIB
3rOPTKOBOI HEMPOHHOI MEPEXKI

Cipsik P.B., Ckapra-banayposa I.C., bito6opoaosa T.O.

The necessity of creating a model of recognition of gestures
based on convolutional neural network that effective not only
in pattern recognition, but also in terms of learning speed and
resource intensity, is substantiated. In this regard, the work
solved the problem of optimization of hyperparameters and
the selection of the best optimizer backpropagation errors. To
implement the tasks, a model was created that can recognize
hand gestures, both from a single image and from streaming
video. When choosing an optimizer, two adaptive methods
were tested - Adadelta and Adam. The experiments confirmed
the high efficiency of Adadelta, however, when compared with
Adam, it showed more than twice as long network training.
Keywords: hyperparameter, convolutional neural network
(CNN) , adaptive methods

Introduction. Model optimization is one of the
challenging tasks in the development and implementa-
tion of machine learning solutions. According to [1],
hyperparameters are settings that can be configured to
control the behavior of a machine learning algorithm.
General speaking, hyperparameters are outside the
model, but they are in a direct connection with it. A fea-
ture of the hyperparameters is that they are specific to
the type of machine learning model that needs to be op-
timized. In some cases, the parameter is modeled as a
hyperparameter, because it cannot be studied from the
training set. A striking example of such a situation is the
settings that control the capacity of the model (a set of
functions that the model can represent). If the deep
learning algorithm studies these parameters directly
from the training set, then it will probably try to opti-
mize this data set. As a result, it can lead to retraining
the model. Examples of hyperparameters are the follow-
ing: speed of model learning (a hyperparameter that can
be used to optimize model capabilities); the number of
hidden units (a key parameter for regulating the repre-
sentative ability of the model); convolutional kernel
width (the hyperparameter affects the number of param-
eters in the model, which, in turn, affects its through-
put), etc.

The criteria for defining the hyperparameters are
very abstract and flexible. Data science specialists usu-
ally spend a lot of time setting up hyperparameters to
achieve the best performance for a particular model. In
many cases, the hyperparameter optimization is consid-
ered as a global optimization of a black-box error func-
tion f whose evaluation is expensive [2]. Solving this
problem is very challenging due to high complexity of
the function f'and depends on the current task.

In this context, our goal was to create a gesture
recognition model based on a convolutional neural net-
work (CNN), effective not only in pattern recognition
but also in terms of learning speed and resource intensi-
ty. In this connection, the optimization problems of hy-
per-parameters and the selection of the best back-
propagation optimizer were solved.

During the experiments, we used our own database
containing six gestures: "fist", "one", "palm", "let-
terSH", "two", "zero." The total number of video files is
7674. The model was built using the Keras library and
the TensorFlow framework. In the process of learning,
preprocessing was carried out: the image of the hand
was segmented and transferred to the grayscale format,
after which the Canny edge detector was used to high-
light the hand contours. The processed images were
normalized and fed to the input of CNN with three co-
agulation layers and three fully connected. The last lay-
er was the Softmax classifier whose number of neurons
is equal to the number of object classes. When choosing
an optimizer, two adaptive methods were tested -
Adadelta and Adam.

Experimental Setup. CNN solves two problems:
(1) determining the attributes of objects (2) determining
the probability of the object belonging to a particular
class.

In the convolutional core layer, a linear transfor-
mation is applied to each pixel of the image, revealing
the characteristic features of this class of images. The
kernels are matrices of weights of odd sizes, whose val-
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ues are set so that any spatial or color features can be
detected. At the output, we have feature maps, whose
number is equal to the number of applied convolution
kernels. Convolution can be presented as

(1K), =

m=1 m-1 I
@ Viivay j+b) >
a=0 b=0 (1)
where w is the core of size m X m, y are the inputs from
the previous layer, f is the activation function of neu-
rons.
The size of the output from the convolution layer
is calculated by the formula:

+2p—k
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where ny, is the size of the input data from the previous
layer, p - padding, k is the size of the core, s is the step
size with which the core is shifted in the image.

Convolution kernels form feature maps equal to
their number. In our case, three convolutional layers
were used, which yielded 16, 32, and 64 feature maps,
respectively. The use of three convolutional layers
seems to be optimal in terms of the quality of training to
a small number of parameters. The number of parame-
ters for a convolutional layer is defined as:

p=d*k+*w+b, 3)

where d is the depth of the input data (the number of
channels), k is the core, w is the weights, b is bias. For
example, for the first convolutional layer, this will look
like, that is, 160 parameters. For the second layer, that is
4640 parameters.

The result of the convolution must be passed
through the nonlinear activation function. Nonlinearity
can be written as an expression:

vy = () “4)

In our case, the activation function was the Recti-
fied Linear Unit ReLU [3]:

x, x>0
ax, x,<0’ )

Sfx)= {
where x; is the input data of the i-th channel, g; is the
coefficient controlling the slope at negative values.
ReLU is significantly superior to other functions in the
gradient damping resistance, and the learning rate ac-
cording to [4] is six times faster than the hyperbolic tan-
gent.

The feature maps formed on each layer are fed to
the max-pooling sub-sampling layer.

The max-pooling layer with a 2x2 filter follows

each convolution layer, enhances the features identified
on the previous layer and reduces the dimension of the
input data and, as a result, the number of parameters.
Max-pooling is calculated as:

yl+1 — max xl (6)
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where H and W are the height and width of the
downsampling filter, x is the input data.

The size of the output from the max-pooling layer
is defined as:

n —k
n(}ut = [W—J + 1 ° (7)

N

Max-pooling has no options for training. In order
to prevent retraining, in which the trained model too
closely matches a given data set, losing the ability to
generalize, a dropout is used in the developed neural
network [5]. Dropout enables to exclude random neu-
rons in a certain layer with a predetermined probability.
The excluded neuron returns the value 0. The probabil-
ity that a neuron of the current epoch will remain in the
network isg=1—p.

This approach does not allow the neural network to
simply remember the correct answers, but gives flexibil-
ity in recognizing patterns that are not included in any
of the training datasets. Individual nodes are excluded
from the network with an established probability of
0.25, that is, at each iteration 25 percent of random neu-
rons will be excluded from the operation of the network.

The second part of the created network is a multi-
layered perceptron and is intended for training the hand
gesture classifier on the identified features. Data from
the last down sampling layer is fed to the Flatten layer,
thereby transforming into a one-dimensional vector.
Since 64 1313-size trait cards are received from the
Flatten input, the first layer of the fully connected part
of our network consists of 10816 neurons.

The next layer is fully connected and contains 256
weights, which is quite enough to solve the problem,
without requiring a lot of resources. As a result, the
number of parameters on this layer is 10816,256 + 256
= 2769152 parameters.

The calculation of the values of neurons for a fully
connected layer occurs by the formula:

X =) woy ' +b, (8)
k=0

where wj, is the weight from the k-th neuron of the /-1

layer to the i-th neuron of the current layer /, b is the
offset of the current layer, y is the incoming data from
the previous layer.

The last layer of the network with the number of
outputs equal to the number of recognized categories,
implements the softmax activation function.
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Softmax assigns a value, represented by a non-
negative real number, to each class, expressing the
probability of belonging:

S, =P(y=ila), 9)

where y is the output class numbered as 1...n, a is a vec-
tor of dimension 7.

The sum of all output signals expressing the prob-
ability of belonging is equal to one. The output value of
the i-th neuron corresponds to the probability that the
correct answer is i

e’

i n

s (10)
where n is the number of classes. The value of S; is al-
ways positive and is in the range (0, 1).

The created CNN consists of two parts: a) three
blocks of alternating convolutional and subsampling
layers that form the input feature vector for learning; b)
three fully connected layers.

Convolutional layers apply a 3x3 convolution ker-
nel and form 16, 32, and 64 feature maps, respectively.
Feature maps pass through subsampling layers with a
max-pooling of 2x2, each time halving the data dimen-
sion.

The classifying part of the network consists of a
flatten layer, each node of which corresponds to one
value of the feature vector, and two fully connected lay-
ers dense. The last layer is the output and implements
the softmax function.

CNN training. Network training is based on the
backpropagation algorithm. Backpropagation can be
viewed as a differentiation of a complex function with
the search for derived loss with respect to variables. The
loss function is categorical cross-entropy [6]:

H(y.9) == ylogJ, ==ylogy - (1-y)log(l-$). (11)

where y is the desired result, j is the actual result, be-

tween which it is necessary to minimize the cross entro-
py. For a training sample of size m, the minimization of
the cross entropy between the predicted and real values
is:

E(w) = —%i[yi log, +(1- y,)log(1 - )],

i=1

(12)

where m is the number of classes. In case the output
signal is close to the expected one, the value of the loss
function is close to zero:

limE =0.
a5 (13)

Depending on the results of calculating the loss
function, the parameters change at each iteration as:

1 1
Wy =W _aaW’

q
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(14)

where « is the learning rate.
Changing the values of weights will be carried out
through the gradient descent:

Aw, = —aa—E.
ow,

i

(15)

Thus, the task of training the classifier S is to min-
imize the loss function in the space of weights:

min E(S(X,W)M), (16)

where X is the feature space, W is the network weights,
M is the set of classes. Based on this, it is necessary to
calculate the loss function gradient

VE(S(X,W)M). (17)

Choosing an optimizer. When choosing an opti-
mizer, two adaptive methods were tested - Adadelta [8]
and Adam [7].

Adadelta is essentially an extension of another
AdaGrad optimizer [9], which had a problem with re-
ducing learning speed. The problem arose due to the ac-
cumulation of the sum of squares of gradients, as can be
seen from the AdaGrad formula itself:

a

Wy =Wy — 8y
’ Gy + €

where wy is the value of the parameter w in step N, Gy
is the diagonal matrix containing the sum of squares of
updates of the partial derivatives of the parameter w
from the beginning of work to N, is the smoothing pa-
rameter for avoiding division by zero.

In Adadelta, instead of the total sum of updates,
the averaged square of the gradient is used, for which
the exponentially decaying running average is used. The
exponentially average is calculated as:

(18)

E[g*]y = 7E[g’ ]y, + (1= 7)gy, (19)

where ¥ is the attenuation coefficient in time.
Due to the mean of the squares of the gradients

looks like
RMS =\/E[g°], +¢&

(20)

this rule of weights update for Adadelta takes the
form:
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RMS[AW],
RMS[g]y

Wy =Wy —

En- 2n

The second tested optimizer of gradient descent
was the Adam adaptive inertia method. It calculates
adaptive learning rates based on the first and second
gradient moment scores. The estimate of the first mo-
ment is calculated from the previously obtained partial
derivative values, as a moving average of gradients. The
estimate of the second moment is calculated on the basis
of the squares of the gradients of the values of the latter
values for the weight

m, = ﬂlmt—l +(1_ﬂl)gt’
v, = ﬂz"H +(1_ﬂ2)gr2’

where B, is the exponential decay rate for the first mo-
ment, f3, is the exponential decay factor for estimating
the second moment. Due to the fact that the moment es-
timates are initialized with zeros, and the values of the
coefficients B; and B, are recommended by the authors
close to one (0.9 and 0.999, respectively), the shift to
zero is preserved. To prevent this, to change the pa-
rameters use:

A — m[)
g 1_ﬂ1p '
A — vp
b .
1-57

Recalculation of parameters is made according to
the formula:

W}? = Wpfl _—mp, (22)

where € = 10" is introduced to prevent possible division
by zero. In our case, the learning rate @ = 0.002. A sig-
nificant increase in speed reduced the effectiveness of
network training and increased the number of incorrect
answers. Decreasing speed made the network long-
learning.

The experiments performed show a sufficiently
high Adadelta performance, however, when compared
with Adam, it showed more than twice the network's
long learning ability.

Having error values, we calculate the partial deriv-
ative of the objective function E with respect to each
output of the neuron. To calculate the loss derivatives
for the variables in the embedded equation, the chain
rule is applied:

OE OE 0y, OE 9 , y,/
Gx; - ay; ax; - ayllj ax; (f(xij))_ f( ;])

For a convolutional layer, the backpropagation
procedure looks like:

-1 m-1 /
2 _ NS OE 9 Gb) _
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In the max-pooling layer, an error from the previ-
ous layer passes through a single maximum value. Since
this layer does not train the network, the error passes
through it unchanged.

For the softmax layer, it is necessary to differenti-
ate the loss function J with respect to z;:

oJ Ologyp, 1oy,
oz, ;yk oz, ;yk P, 0z,
n 1 .. R N
==y(1-$)-2 5 ﬁ—(—ykyi)=—y,-(1—y,-)+2yk(y,-):
ki k k#i

==y +y3+ 2 ()= y,(ZyA) V=% -

ki

The experiments confirmed the high efficiency of
Adadelta, however, when compared with Adam, it
showed more than twice as long network training. As a
result of experiments on a test subset with a size of
1,535 images, recognition accuracy of 94% was
achieved.

Conclusion. In this work, we performed optimiza-
tion hyperparameter manually that is exhausting and
unexpanded. To address these challenges, the algo-
rithms such as Grid Search and Random Search that au-
tomatically infer a potential set of hyperparameters and
attempt to optimize them could be used. In the course of
testing with gesture recognition, a high degree of correct
network responses was obtained in real-time on a
webcam, including people who did not participate in the
creation of an image database. Future work will focus
on the development of the effective method for automat-
ic optimizing hyperparameters of deep learning algo-
rithms.
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Cipsix P.B., Ckapra-bauayposa 1.C., bino6opoagosa
T.O. 3abe3neyenns emnipuyHoi onTumizauii rimepmapa-
MeTpiB 3ropTKOBOI HelHPOHHOT Mepe:ki

Ob6rpynmosano neoOXioHicms cmeopentss Mooeni po3ni-
3HABAHHS HCECMIB HA OCHOBI 320pMKOBOI HelUPOHHOI Mepedici,
eexmueHo He MINbKU 8 MOYHOCMI PO3NIZHABAHHI 300pa-
JHceHb, ane Ul 3 MOuYKU 30py WEUOKOCMI HABYAHHS | BUKOPU-
CMAaHHs 00UUCTIOBAILHUX pecypcis. Y 36'a3Ky 3 yum 6 cmammi
npeocmasneHo eupiuleHHs 3a60ayi onmumizayii cinepnapa-
Mempig i 8ubOpy HAUKpaAwj0eo ONMUMizamopa NOMUIOK 360-
POMHO20 nowiupenHs. [nsa peanizayii 3a60aHHs cmeopera mo-
delb, 30amHa po3Ni3HA8AMU HceCmu PYK AK N0 0OHOMY 30-
6pascennio, max i no nomoxogomy eioeo. Ilpu eubopi onmu-
Mizamopa Oyau npomecmosani 06a A0ANMUGHUX Memooy -
Adadelta i Adam. Excnepumenmu niomeepounu 8ucoxky eghex-
muenicme Adadelta, oonax, y nopisusanui 3 Adam, 6in nokazas
60614l OLIbUWIULL YAC HAGUAHHS MEPEICL.

Kitouosi croBa: einepnapamemp, 3eopmrosa HellpoHHa
Mepeokca, a0anmusHi Memoou

Cupsak P.B., Ckapra-bannyposa U.C., benodopono-
Ba T.A. OOecneyenne 3MNUPHYECKON ONTHMHU3ALUU T'H-
nepnapamMeTpoB CBePTOYHOI HeHHPOHHOT ceTH

ObocHogana Heobxo0uUMOCms CO30aHUL MOOeU PACHO-
3HABAHUSL HCECMOB HA OCHOBE CEEPMOYHOU HEUPOHHOU cemu,
IpPexmusHoil He MOTLKO 8 MOYHOCMU PACNO3HABAHUU U300~
PadiceHull, HO U C MOYKU 3PEHUs. CKOPOCMU OOYYeHUs U Uuc-
NOL306AHUS 6LIYUCTUMENLHIX Pecypcos. B cesasu ¢ smum 6
cmamve npeocmasieno peuleHue 3a0auu OnmumMusayuu u-
nepnapamempos u 6bloopa HAUTyHUle20 ONMUMU3AMOPA
owubox 06pamno2o pacnpocmpanenus. [na pearusayuu 3a-
dauu co30aHa mMooenb, CHOCOOHASL PACNO3HABAMb HCECbl PYK
KaK no 0OHOMY U300paANMCEHUI0, MAK U N0 NOMOKOBOMY BUOEO.
IIpu evibope onmumuzamopa Ovliyu NPOMECMUPOBAHbL O8d
aoanmusnvix memooa - Adadelta u Adam. Dxcnepumenmot
noomeepounu vlcokyio 3pgexmusnocmv Adadelta, oonaxo,
no cpasuenuio ¢ Adam, on noxasan 60soe Oonvbuiee pems
obyyenue cemu.
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CUCTEMA CTABMJIM3ALIMU TEMIIEPATYPBI BO3AYXA
B CYAOBOM KOHJJUMIIUOHUPYEMOM IIOMEIIEHUN

Bacuaen [. U., Kosbmunbix H. A., Hanesa I'.B., Ouumenko O. A.

STABILIZATION SYSTEM FOR AIR TEMPERATURE IN
A SHIP AIR-CONDITIONED ROOM

Vasilets D. 1., Kozminykh N. A., Naleva G.V., Onishchenko O. A.

Onucana paboma mpaouyuoHHOU CUCMEMbl CMAOUIUIAYUU
memnepamypbl 6030yXa 8 KOHOUYUOHUPYEMOIUl Kaiome Mop-
CKO20 CYOHA € NPONOPYUOHANLHO-UHMESPATLHBIM Pecyisino-
pom 6 koumype ynpaeienus. Tloxkasano, umo cywecmeyoujue
cucmembvl KOHOUYUOHUPOBAHUSL 8030YXA NPU USMEHEHUSIX men-
JIOBbIX HAZPY30K He YO06Iemeopsion mpebosaHusm K OUHA-
MUYECKUM pedxcumam cmabunuzayuu memnepamypeol. Ilpeo-
JIOJICeHa CMPYKmypa Cucmemvbl CMAOUIUZAYUL C HEeYemKUM
IH][-pecyrsnmopom, Omau4awascs APOCMbIM HPUHYUNOM
Qazzupurayuu u noeuuecko2o 6vlgooa. Memodamu moodenu-
POBanUs NOKA3AHO, YMO NPeONONCEeHHAs cucmema obecneyu-
6aem BbICOKOE KA4ecmeo Npoyeccog Cmabuiuzayuu memne-
pamypbel 6030yxa u 0baaoaem ceoucmeamu pobacmmuocmu.
Knioueevie cnosa: neuemkuii pe2yisimop, O8YKAHALbHASL CU-
cmema, KOHOUYUOHep, OUHAMUKA, Pa33uL.

Beenenne. IIpy skcriyaranuu MOPCKOTO CyaHa
TeMIepaTypa, BIQKHOCTh M JaBJICHHE BO3IyXa B €ro
KaloTax, CIIy)KEOHBIX W IPOU3BOJCTBEHHBIX MOMEIICHHU-
SIX CYIIECTBEHHO W3MeHsAwTcsa. Kpome Toro, Bo3myx
HACBIIAETCsl PA3NMYHBIMU [apaMM, ra3aMH, BIaroM,
nbUTBI0. UT0OB! 00ecieunTh KOM(OPTHBIE YCIOBHS IS
00MTaEeMOCTH CyZOBOTO 3KHIaKa W MacCaKUpoB, B MO-
MEIIEHUAX CyJIHa HEOOXOIMMO MOAJECP)KUBATH ITOCTO-
SITHHBIM Ka4ecTBO (KOHAWIHWIO) Bo3ayxa. Ilommepxanve
B KarOTax M MHBIX ITOMEUICHUSIX MOPCKOTO CyIHa KOM-
(OPTHHIX KIMMATHYECKUX YCIIOBHUH - 3HAUAMAs U aKTy-
aNbHas 3a/1a4a, pelieHrue KOTOPOi HEOTHO3HAYHO U SIB-
JsieTCsl KpaiiHe BayKHBIM, MOCKOJIBKY 00ECIeYrBaeT op-
raHU3My 4elloBeKa HeoOXOMMbIE YCIIOBHS TPYyAa U OT-
JpIxa B Jr000e BpeMms roja u B Jro00M paiioHe IjiaBa-
HUS CyJHA.

IHocTanoBKka 3agaun B oOmem Buae. OpraHusm
YeNoBeKa HaXOIUTCS B KOM(OPTHOM COCTOSIHHH, KOTJa
OTJAeT B OKPY’KAIOLIYI0 CPEAYy POBHO CTOJBKO K€ TEl-
Ja, CKOJBKO U BhIpabatbBaet [1]. B mobom cocrostarmn
YeJIOBEYECKIM OPTaHU3MOM HENPEPHIBHO MPOU3BOINT-
Csl TEII0, KOJIMYECTBO KOTOPOTO, B OCHOBHOM, 3aBHCHUT
OT €ro aKTHBHOCTH - (pu3nveckol Harpysku. Boiiense-

Mas TemioTa (ot 50 BT B cocrostnuu nokos o 180 Bt
npu  OONBIION (PU3UYECKON HArpy3Ke) TmepeaacTcs
OKpY>KarolleMy BO3JyXy 4Yepe3 KOXKHBIH MOKPOB (sBHas
TEIUIOTa), HMCIApeHHEM BIIArd C TIOBEPXHOCTH KOXXH
(ckpsiTas Teriora) [1-3].

JIroOoli TemyIoBON WJIM BIXKHOCTHBIM JMcOaanc
OopraHu3Ma 4yejoBeKa ¢ OKpYXarollei cpenoi NpuBOAUT
K IEeperpeBy WM nepeoxiaxkacHuio. IIpu stom duszmo-
JIOTUYECKUI TEPMOPETYJIALMOHHBIA anmapaTr 4eIOBEKa
nepepacnpeziesisieT TeNJI00TBO, CTPEMACh aKKIMMAaTHU-
3UPOBATHCA K U3MCHUBIIMMCS YCJIOBUSM CPEIbI O6I/IT3.-
Hust. HanpuMep, npu yBenTMUeHUH TeMIepaTypsl OKpY-
KAIOLIEr0 BO3JyXa B CyMMapHOM TEIUIOOOMEHE pe3KO
YBEJIMYUBACTCA JI0JIs1 OTBOJIA TEIJIa UCIIAPEHUEM T10Ta, a
y)Ke IpU Temreparype Bo3ayxa Menslue 15 °C Temso-
oTJa4ya ¢ MOBEPXHOCTH KOXXM HCTIApEeHHEM I10Ta MUHH-
MmainbHa. I1oT, ucrapsisick 0TOMpaeT oT oprann3mMa u30bl-
TOK Teruia (CKpBITas TEIUIoTa MapooOpa3oBaHUS IMOTa
cocraisier o 0,79 x/x/r). Ecnmm temmeparypa okpy-
JKAFOIIET0 BO3/lyXa BBIIIE TEMIIEPATYphI TeNa, TO TEJIO-
BBIJICJICHUE, B OCHOBHOM, OCYILECTBISIETCSI MCIApeHHU-
eM. IIpu TtemmepaType OKpyKawolield cpenbl OKOJIO
20 °C u ymepeHHbIX ¢u3uyeckux Harpyskax (100 Br)
OTBOJ TeIJIa OT OpraHM3Ma 4YeJIOBEKa paclpenensercs,
B CpelHeM, Ha Takue dacTH: 22 % Ha ucnapenue, 32 %
Ha KOHBeKUUo U 46 % Ha paguanuio [1, 2]. Konuye-
CTBO TEIUIOTHI, NepeaBacMOl KOHBEKLMEW W Hucrape-
HHUEM, 3aBHUCHUT OT TEMIIEPaTyphl, BIAXKHOCTH U CKOpPO-
CTH TIEpeMEIIECHHsT OKPYXKAIOIIEro BO3IyXa, OT TeIIo-
MIPOBOAHOCTH OASKIBI M €€ BUA. TemI000MeH MeXIy
YEJIOBEKOM M ITOBEPXHOCTSIMH CTEH M WHBIX OTrpakie-
HUN MPOUCXOIUT pajvanuei, a KOJIMYECTBO U HaIpas-
JICHUE PaJUallIOHHOTO TEIUIOOOMEHA 3aBHCUT OT TEM-
neparypsl orpaxacHuid. Ecium TemmepaTypa orpaxzie-
HUH TIOMELICHUs BhIIIE TEMIEPAaTypsl TeNa, TO Ucnape-
HHEM OyJleT OTBOJIUTHCS HE TOJILKO TEIUIOTa, BBIAEISIC-
Masi OpraHu3MOM, HO M TEIUIOTa, NOoIydyacMasi TeJIOM OT
OrpakKACHUI KOHBEKIUEN U paHalieH.
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Tax, mis mopckoro cynna [1, 3], B kapkoe Bpemst
rofia B KaloTax TeMIepaTypa BO3AyXa JOJDKHA MoAanep-
xuBaTbcs Ha 6-12 °C HmKe TeMmIeparypbl Hapy>KHOTO
Bo3/1yxa (10 CyLIECTBYIOIIUM HOpPMaMm, JIOIYCTUMBI
nepernaj TeMIIepaTypbl Hapy>KHOTO BO3JyXa W BO3JyXa
B KaroTe coctaBiser oT 3 mo 12 °C). Hanpumep, npu
TeMIepaType HapykHoro Bosayxa +36°C, B karwore
JIOJDKHA TIOJUICPKUBAThCS TEMIIEpaTypa BO3IyXa HE
ke +24°C [1, 3-5]. Kpome Toro, 04eHb BaXKHO, YTOOBI
COCTOSIHHE BO3[yXa B KaroTe JOMYCKalO NalbHEHImee
€ro HACHIIICHUE BOISHBIMU ITAPAMH - B BO3IYX€E JOJDKEH
CYyIIECTBOBATh IS(UIINT BIIATH: €CIIA BIAXKHOCTH BO3MY-
Xa BeNUKa, TO BO3AyX HE MOIJIONIIAET BBIICICHHYIO ue-
JIOBEKOM BJIATy, BO3HUKAET OOMJIBHOE IOTOOT/ENICHHE,
JIBIXaHWE CTAHOBHUTCS TSDKEJBIM M YYaIlleHHBIM, YEIOBEK
UCIIBITBIBACT KXy M ObIcTpo yTomisieTcs. Bosmyx c
OYEeHb HU3KOH BIIQYKHOCTBIO TaK)KE OKa3bIBAET HETaTHB-
HOE BO3JICICTBHE - KOXKa MEepPeChIXaeT U PacTPEeCKUBacT-
Ccsl, TIEPECHIXaeT CIM3UCTas 00OJIOYKAa W IOBBINIACTCS
BOCTIPHIIMYMBOCTh OpPTaHU3Ma K MPOCTYAHEIM 3abore-
BaHUSAM. YTOOBI 00ecmeunTh B KalOTaX HOPMAIBHYIO
BJIQKHOCTH B 3aBHCHMOCTH OT 33JJaHHON TeMIIepaTypFHI,
BO3IyX OCYIIAIOT B >KapKO€ BpeMsI M YBIAXKHSIOT 3H-
Moii. BakHOe 3HaYeHHE B Mpoleccax TEII000MeHa
HUMEeT CKOPOCTh IBIDKEHHS BO3AyXa B KaroTe: C ee Io-
BBIIICHIEM KOHBEKTHBHAS TEIJIOOTAaua M HCIapeHHe
OCYUIECTBJIAIOTCSI MHTeHCHBHENH. Ho mpu BeICOKOH CKO-
pOCTH BO31yXa, NPH KOTOPOH NOCTHIraeTcs TEIUIOBOM
OanaHc, BO3HUKACT omfylieHue "ckpo3uska" [1, 2, 5, 6],
OOBIYHO CONPOBO’KAAEMOT0 MOBBIIICHHBIM LITYMOM.

Takum o0Opa3zom, 3amada KOHIWIIMOHUPOBAHUS
BO3/lyXa B KalOTax M IMOMEIICHHUSIX MOPCKOTO CyJHa -
nojaep kanue KoM(OPTHRIX yciaoBuit oouranus. Ho stu
YCIIOBHSI OMPEAEISIOTCS, TJIaBHBIM 00pa3oM, TemIiepa-
TypOH M COOTBETCTBYIOUIEH €l BIAKHOCTBIO BO3AyXa
(Oe3yci0BHO, B COYETAHUH CO CKOPOCTHIO €ro JIBHKE-
HUSI, ONPEAETICHHBIM XMMHUYECKHM COCTaBOM M OYHCT-
KOI BO3/1yXa OT BpeOHbIX NpumMeceil). Takum obpazom,
(hyHIaMeHTaIbHOI OCHOBO# 0OecrieueHnst KOM(pOPTHBIX
YCIIOBUI1 00MTaeMOCTH B TIOMELICHUSIX Cy/HA SIBISETCS
HEOOXOAMMOCTh CTaOMIIM3alMU TeMIepaTypbl BO3IyXa
B €r0 KarTax, CIYXcOHBIX M IPOHM3BOJCTBEHHBIX IIO-
MEIIEHUX, YTO M SIBJISICTCS OCHOBHOM 3amaueii mccie-
JTIOBaHUSI.

AHanu3 nociaegHux myoaukamnuid. OGecriedeHne
KOM(pOPTHOTO TEIIOBOTO pEeXMMa dYelloBeKa 3a CUeT
CTaOMIM3alUK TEMIIEPAaTyphl BO3JyXa B KaroTax MoOp-
CKOTO CyJIHa OCYIIECTBIIIETCS pa3IMYHBIMHU CIIoco0aMu
[1-3, 5-7], uMeroImMMHU CBOM IPEUMYIIECTBA M HENO-
cTaTku. B 3aBUCHMMOCTH OT cHOCOOOB 00pabOTKH BO3-
JyXa, CHCTEMbl KOM(OPTHOTO KOHAWUIMOHUPOBAHUS
Bo3ayxa (CKKB) Ha cymHe mompasznmenstor Ha [2-4]
[ICHTPAIM30BAaHHBIC, AaBTOHOMHBIE U KOMOWHHPOBAH-
Hele. LleHTpamu3oBaHHBIE - 00pabaTHIBAIOT BO3IYyX B
HneHTpansHol KimMaTtmdeckoi cranmun  (LIKC). U3
HIKC Bo3ayX BEHTHIATOpPaMHU HATHETACTCS W pacmpese-
JISIETCS TI0 COOTBETCTBYIOIIMM ITOMEIICHUSAM CyIHa. AB-
TOHOMHBIE CHCTEMBI 00pabaTHIBAlOT BO3AYX HETOCPE-
CTBCHHO B KOHIWIIMOHHpPYyeMOM IMomerieHuu. KomoOu-
HUPOBaHHBIE CUCTEMBI - 00ECIIEUNBAIOT IEPBUYHYIO 00-

pabotky Bo3ayxa B LIKC, a ero okoHuaTenpHy0 00pa-
00TKy - B JOBOJOYHBIX BO3AyXOpAaCIpPENCTUTEIbHBIX
HarpeBaroIe-oXJKINAI0MNX ycTporicTBax. [lo unciy
BO3yXOIPOBOJIOB CHCTEMbl KOHIMIIMOHUPOBAHUS Ha
CyJHE TMOApa3AeisloT Ha OJHOKAHAJIbHBIC, JBYyKaHAJb-
HbIE ¥ MECTHBIC (aBTOHOMHBIE). B 0/lHOKaHaJIbHBIX CH-
cTeMax BO3/yX oOpabaThIBaeTCsl /10 3aJaHHBIX I1apa-
METPOB ¥ ITOCTYNAET B KOHJAUIIMOHUPYEMOE TIOMEIICHHUE
[0 OAHOMY KaHally. XOJIOAHBIM W TOpsSYud BO3AYyX B
JIByXKaHQJIBHBIX CHCTEMax JIBIXKETCS IO JBYM BO3.Y-
XOIPOBOJIAM M TIepe]] Mojaueii B KalOThl CMEMINBAETCS
JI0 33/IaHHBIX TapaMeTpoB. beckaHalbHBIE CHUCTEMBI
MIPUMEHSIIOT B IOMEIICHUSIX C MECTHBIMH MJIM aBTOHOM-
HBIMH KOHIUITHOHEpamH [2-4, 5-7].

O4eBHUIHO, YTO MPU CTOJb PA3TUYHBIX CYIIECTBY-
fommx KoHCTpykTuBHBIX perieHusx CKKB, croco0sr u
CUCTEMBI CTaOWIM3AIMK TEMIIEPaTypbl BO3yXa B KOH-
JUIUOHUPYEMBIX TOMEIIEHUSX CyAHa CYIIECTBEHHO
OTJIMYHEI.

Pacuer neooxomumoit MomiHocTr CKKB 00bI4HO,
HE BBI3BIBACT 3aTPYIHEHUH U SBISIETCSI CTATHYECKON 3a-
nmadeit [2, 5, 7]. OmHaKo MOCTPOSHHE CHCTEMBI CTAOMITH-
3aIlMM TEMIepaTypsl BO3ayxa TpeOyeT ydeTa AWHAMH-
YECKHX CBONCTB KOHKPETHOTO TOMEIIEHHS, HCIIONHU-
TEJBbHBIX OPTaHOB, KOMIIPECCOPHO-KOH/IEHCATOPHBIX ar-
peraroB [8-10] u unbx snemenToB CKKB, 6e3 koTopbIx
JIeliCTBHE CHUHTE3MPOBAHHBIX PEryJIATOPOB TEMIIEpaTy-
pbl ctanoBuTcs HeadexTrBHbIM. B [11] cuntesnpoBan
peryiasaTop TeMIepaTypbl Ui CyJOBOTO IOMEUICHH,
OJTHAKO B IIPEUIOKEHHON CHCTEME HE YUUTHIBACTCS TOT
(bakT, 4TO TMHAMHYECKHE CBOWMCTBA OOBEKTa YIIpaBile-
HUS (HanpuMep, KaloThl) CYIIECTBEHHO M3MEHSIIOTCSI OT
pexxnma u yemoBuit pabotst CKKB. Iloctpoernne po-
GactHoii [12, 13] crucTemMBpl CTaOMIH3AIIH TeMIIEPaTyPhI
B CyJJOBOM ITOMEIICHNH TTO3BOJISIET CYIIECTBEHHO TTOBBI-
CUTHh TOYHOCTH €€ MOJJEP>KaHMs, BHE 3aBUCHMOCTH OT
paiioHa mNaBaHUS, BPEMEHHM TOAAd W H3MCHSIOIIUXCS
TEIUIOBBIX Harpy3ok. Co3maHHue TEOpeTHUECKUX Mpe-
MOCBUIOK JUIsl peaji3alliy TaKoi, ciabo 4yBCTBHUTEINb-
HOW K M3MEHEHHMSIM I1apaMeTpoB OOBEKTa YNpPaBICHUS
(xarotbl, ciyxebHoro nomenienus cynna) CKKB sBisi-
eTCsl Yenbio CTaThy.

OcHoBHOII MaTepuaJ ucciaegoBanusi. Paccmor-
pUM, TPHMEHSIONIYIOCSI B OOJBIIMHCTBE MOPCKHX H
pednsIx cynoB, nBykanaiabHylo CKKB xarots (puc. 1).
CuanraeMm, uto 00pekToM ynpasienus B CKKB sBisercs
karora III, B x0oTOpo#i HEOOXOAUMO CTAOMIIM3UPOBATH
TeMIIepaTypy t, BO3AyXa Ha 3alaHHOM YPOBHE.
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Puc. 1. O6mas cxema apykananpHoit CKKB
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Ot CKKB B karory Il Bo3ayx moctymaer mo aBym
Bo3ayxoBonam I u II (I - xomoxusrii, 11 - Temmsiit BO3-
nyx). CoOOTHOLIEHHE MAacCcOBOTO pacxoja BO3AyXa
orpezensieTcs nojoxenueM 3acionku 1. [Ipu ee mepe-
MEILEHNH, HalpuMep, B CTOPOHY Bo3ayxoBoja I, pac-
XOJ/I XOJIOZHOTO BO3JlyXa YMEHBINAETCS, a TEeIUIoro -
BO3pacTaeT. JTH J(Ba MOTOKA CMELIMBAIOTCSA B IEPBOH
CMECHUTENBHON Kamepe 9, mpuueM, U3 yCJIoBHH paboTh
CKKB, cyMMapHOE KOIMYECTBO BO3AyXa, MOCTYMAIO-
mero B karoty Il (mpu mo60oM NOJI0KEHNH 3aCIIOHKH 1)
ocraercsi HeM3MEHHbIM. OTHOCHTENIFHOE 3HAa4YeHHE ¢
TETJIOro BO3AyXa (B CyMMapHOM pacxofe TEIUIoro
XOJIOJHOTO BO3MyXa) OMpeAessieTcs OYeBHIHBIM 00pa-
30M:

¢ = Gr/G¢ = Gx/(Gr + Gyx), )

rne Gr u Gy - pacxof;, COOTBETCTBEHHO, TEIJIOTO M XO-
JIOAHOTO BO31yXa, Kr/c, a G¢ - CyMMapHbIid pacxof,
Kr/c, 00pabOTaHHOTO BO3IyXa.

W3 nepBoit kamepsl 9 cMelBaHus BO3AyXa, Yepe3
coIuto 8, BO3JyX IOMAAacT BO BTOPYIO, CMEIIMBAIOIIIC-
¢upTpytomyro, kamepy 7. B corue 8 mpexycMoTpeHs
CHeLUaIbHbIC JKAIO3U S5, 4Yepe3 OTBepCTUS KOTOPBIX
OCYIIECTBIISICTCA MHXEKIUS BHYTPHKAIOTHOTO BO3AyXa.
Ctpyu 06paboTaHHOTO BO31IyXa, yepe3 GpuiabTp 6, morma-
nmatoT B KaroTy. Co3zpmaromieecs H30BITOUHOE [1aBJICHUE
BBITECHSIET YacTh BO3/lyXa M3 KAIOThI Yepe3 CIeHaIbHO
MIPEIYCMOTPEHHBIC BEHTWIIIMOHHBIC PEIIETKH WIN
yJANseTCsl CHCTEMOW PUHYIUTEILHON BEHTUIISLIUH.

Cucrema apromartuyeckoro ympasienusi (CAY)
(YHKIMOHUPYET clieayrommM obpa3oM. CHrHai ty ot
JaT4uKa TEMIIEpaTypbl 4 10 KaHalIy OTpULATeIHON
00paTHOM CBsI3M 3 HENPEpHIBHO CPAaBHUBACTCS C CHT'HA-
JIOM 3aJ[aHus t3 U 3Ta OIIMOKA PEryIMPOBaHUS € = t3 - ty
00pabaThIBaeTCs 10 AITOPUTMY YHPABICHHS PETyJIsiTO-
pOM  TeMIIepaTyphl - UCTIONHUTEIBHBIM ~ MEXaHU3MOM
(PT-UM) 2. UcnomuurenbHblil Mexaam3m MM perymns-
TOpa TEMIEpaTypsl CBOMM IITOKOM IIE€peMelIaeT 3a-
CIOHKY 1 OTHOCHUTENBHO €€ CpegHero (HyJeBOro) Imo-
JIO>KEHUSI Ha Yrojl, IOKa CTaHeT PaBHOM HyNIO omuoOKa
perynmpoBasus €. [lo Tex mop, MOKa TEIUIOBbIE TTOTOKH
B KaroTe€ KOMIIEHCHPYIOTCS TEIUIOM, MOCTYIAIOUIUM M3
cMmemuBarolie-QpuiIbTpyoomeid kaMepsl 7, 3aciioHka 1
Hero/BWKHA. Kak ToNbKo MOsSBUTCS BO3MylleHHE (U3-
obiTounbIil  Terutonputok Qp), CAY o0OpabaTsiBacT
HEHYJIEBYI0 OIIMOKY € M IIepeMeIlaeT 3acJIOHKY Tak,
4TOOBI BOCCTAHOBHTH TEIUIOBOE PAaBHOBECHE.

Hcnonp3ys NMpUHIMITBL ITOCTPOEHUSI MaTeMaTH4e-
ckux Mmojener (MM) MOpIIHEBBIX XOJOAMIBHBIX yCTa-
HOBOK M MX KOMIIPECCOPHO-KOH/ICHCATOPHBIX arperaTtos
(B maHHOM cIy9ae - P YCIOBHH IOCTOSHCTBA TEMIIC-
paTypsl KoOHIeHcaun xiagarenra) [8, 10] u meronuku,
n3noxennsie B [9-11, 13, 14], MM karoTsl, KaK ympas-
J5IeMOro 00BbEKTa, OTHOCUTEIBHO TEMIIEPATyphl BO3IY-
Xa tr;, MOXHO MPEACTaBUTh B BUJIE

d
Toyd—‘f+w=koy-u+f(r), @)

rae Toy - OCTOSIHHAs BPEMEHH KaloThl, 0.e.; Koy - KO-
s uIMEeHT nepenayn 00bEeKTa, PaCCUMTAHHBIM Ha OC-
HOBe 0a30BBIX 3HAYCHHUU () U trp; f(T) - BHeUTHEE BO3-
MYIIEHHE, 0.€.; W = Atyy/tro - BRIXOJHOW CUTHAN 00BEKTa
yHOpaBJieHus, 0.e.; L = AQ/Qy - BXOTHOH CHUTHaN 00beKTa
ynpasieHus, o.e. Ilapamerps! (2) pekomengosano [11]
OIIPE/IEIIATH 11O BHIPAYKCHUSIM:

o Oc
nCp tno 09 . Lo () 3
Toy= oy = ()= , 3
a0, 00 % 00y 80 0, 00c
oy oty oy oty oy oty

rae Qc - cyMMapHOe KOJHMYECTBO TEIUla, BHOCHMOTO
CKKB B katoty, kBt; Qp - CyMMapHbIe TEIUIONOTEPU
KaloThl, KBT; V -00BeM BO3AyXa B KaioTe, M’; Y-
IIIOTHOCTh BO3IyXa, Kr/M°; Cp - m300apHas MaccoBas
TEIUIOEMKOCTh Bo3ayxa, Jlx/krrpam, P(t)= - F(t) +
+ Aty: (0Qc/Oty) - (QyHKIMS BHEIIHETO BO3MYILCHHS,
KBT, yunTBaromas nocTosiHHBIN ¥ TIepeMEHHBIH BO Bpe-
MEHH TEIUIONIPUTOKH.

JuHamuueckue CBOMCTBA JaTYMKa TEMIIEPATYPhl U
WCTIOTHUTENIFHOTO MEXaHM3Ma MOYKHO YIPOIIEHHO OIH-
caTb BbIPaKEHUEM

d
TP1_n+n=k1'\|/) “)
dt

rae n = AS/S, - OTHOCUTETBHOE MOJIOXKEeHHE mToKa PT-
UM; k; n Ty - cymmapHbIii KOOQQUITHEHT YCUICHUS H
[IOCTOSIHHAs BPEMEHM JaTyuka TemnepaTypel u VM.
CBOMCTBa 3aCTIOHKH - O€3WHEPIIOHHBIE, W IOTOMY OITH-
CBIBAIOTCS TIPOTIOPIIUOHANBEHBIM KO3 PHUIIHECHTOM:

pn= kz'n3 (5)

rae Ky - Ko3QUIMEHT yCUIeHHs YIPaBIsONIero opra-
Ha (3acioHKH); 1L = A@/@0 - OTHOCUTEIBHOE U3MEHEHHUE
JIOJIM TETUIOTO BO3/lyXa B CYMMAapHOM ITOTOKE.

[locne HOpMHpOBaHMS M TIPUBEICHUS CHTHAJIOB
BCEX JJIEMEHTOB, a TaKXe IOCIEIYIOUIero mepexoja K
nepenarounbM ¢yHkuusiM (I1d), crpykrypHas cxema
CAY TemmepaTypbl MOXET OBITH IpeIcTaBlicHa (CM.
puc. 2) B BUze, O1M3KOM K npuBeaeHHomy B [8-11]. Ha
puc. 2 obo3HaueHo: P - perymsaTop TemmepaTypbl, OmH-
ceiBaeMbid [1® Wp(p), M - HCHOTHHUTENBHBIA MeXa-
HU3M, onuckiBaembli [1D aneproanyeckoro 3BeHa nep-
BOTO TOPsAKA C TMOCTOSIHHOM BpeMeHu T, u kodddu-
LUEeHTOM riepenadn kypy, YO - ynpasistouui opras, ¢
ko3 dunenrom nepenadn kyo, OV - o0bekT ynpanie-
Husl, onuceiBaeMblil [ID anepuoandeckoro 3BeHa mep-
BOTO TOPsJIKa C MOCTOSIHHOW BpeMeHu Toy u kodddu-
IUEHTOM Tepenadn Koy; tzan, tepix, f(T) - COOTBETCTBEH-
HO, 33JjaHHasl ¥ BBIXO/IHAs TeMIIEpaTyphl KalOThl, a TaK-
Ke TpuBelieHHoe K Xoay YO pe3ylnbTupyloiee BO3My-
IIEHHE.
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Puc. 2. CtpykrypHas cxema CAY TemnepaTypbl
BO3/lyXa B KalOTe

[IpenBapuTenbHO, [UIA ONpPENEICHUS OCHOBHBIX
Kod(punreHToB cTpykTypHOit cxembl CAY Ttemmepa-
TYpBl BO3JyXa, MPOBEJCH pacdeT TEIUIONPUTOKOB A
THIIOBOM OJHOMECTHOM KaroThl 2,5x1,5%2,2 M ¢ omHOU
BHEINHEH CTEHKOM W OAHMM WLIOMHUHaTopoMm. llpu
pacdyere kodpduuuentoB CAY yuTeHbI pa3uyuHbIC
KOHCTPYKTUBHBIE IIapaMeTpbl KaroThl (IUIOLIATU MO-
BEPXHOCTEH, y/eNbHas IJIOTHOCTh MaTEPHAJIOB OIPa-
JICHUH W JpyTHe), a TaKkKe TerIohU3nuecKue rnapamer-
pBl Bo3yxa (Barocojiep)KaHue, OTHOCUTENIbHAs BIIaX-
HOCTb, JABJICHHE HACBHIIICHHBIX BOJSHBIX IapoB, BS3-
KOCTh W Apyrue). Uit pexuMa OXJIaKIACHHS KaroThl
HMPUHATHI Ceyonye 3Hadenus: tc = 29 °C temnepary-
pa BO3IyXa B COCEIHHMX IOMELICHHUsS M Kopuuope; M =
9,57 xr - macca Bo3ayxa B katore; G¢e = 0,0656 kr/c -
pacxox HPUTOYHOTO BO3AyXa IPU YCIOBHUH OIHOBpE-
MEHHOTO BBIJICJICHUS B KAIOTE TEIUIA U BIIATH; yAeIbHAs
TEIUIOEMKOCTh Bo3ayxa 1005 JDx/kr-rpam; HapykHAs
Temneparypa Bo3ayxa +34 °C, TpeOyemas B KamoTe
TemnepaTtypa Bo3ayxa +27 °C. Hcnonap3oBaHue MeTo-
muK [8-11] mO3BONMIIO YCTAaHOBUTH CIIEAYIOMIHE KO3(-
¢unmenter crpykrypHoi cxembl CAY: Tyv=0,8c,
kI/IM: 1,8 B/B, kyo = 0,025 M/B, Toy: 110 C, koy: 3,3
rpa/:[/M; t3Aﬂ =27 °C.

Perynsatop temneparypsl P HacTpoeH Ha cuMMeT-
pUYHBIA onTUMYM, onuceiBaercsa 11D nponopuuoHans-
HO-MHTETPaIbHOTO 3aKOHa:

We(p) =kp + 1/(p-Tp), (6)

rae kp=7 B/rpan, Tp=10c.

PesynbpraT MonenupoBaHMs, OCHOBAaHHBIM Ha WC-
moyk30BaHMU MeTomuk [8, 13-15], mpomecca crabmm-
3aIlM TEMIIEPATyphl BO3/AyXa B KalOTE, PU YKa3aHHBIX
BEIIIE MTapaMeTpax 0ObEKTa YIpaBIeHUsS, KO PHUITHCH-
Tax u Hactpoiikax [TH-perynsTopa, npuBeaeH Ha puc. 3,
rpad. 1. Y3 pucyHka BHIHO, YTO NpPUMEPHO uepe3 2,5
MHHYTBI TEMIIEpaTypa B KalOT€ YCTaHOBWJIACh Ha Mpak-
THYecKH 3amaHHoM ypoBHe (+27 °C), a ee MaKCHMAaJb-
HOE MTUHAMUYEeCcKoe OTKIOHeHwe He mpeBbicuio 0,6 °C.
Takoll pe3ynapTaT MOXHO CYUTATh BIIOJIHE YAOBJIETBO-
putenbHbIM. OJHAKO ClIeyeT OTMETUTb, YTO: @) B XOJIE
HopManbHOTO (hyHKUMOHHMpoBaHus CAY TemmnepaTypsl
napamerpel [I® OV He ocTaloTCs MOCTOSHHBIMU;
o) perynsarop  [IM-tuma  umeer  QuKCHUpOBaHHBIC
HACTPOWKH M HE YUYUTHIBAET U3MEHEHHs CBOMCTB OV
IIPY U3MEHEHUSIX YCIOBHI OKpY’)KalOIIeH cpeibl U Terl-
JIOBBIX Harpy3oK, AaBJeHUs KoHJeHcannu. Hampumep, B
TabnWIle TPUBEICHBI HW3MEHEHMS TEIO(QU3NIECKUX
CBOWCTB BO3[yXa NPH M3MEHEHHH €Tr0 TEMIEpaTyphl B
OTHOCHTENBHO Hebonpmux mnpenenax (ot 10 mo 40 °C).

Tabnuma
HN3meHeHnust Teniopu3nyecKnX CBOIMCTB BO3AyXa
B KOHIHIIHOHUPYEMOIi KaloTe

Temneparypa
IMapametp BO3/yXa
10°C | 40°C
[InotHoCTS, p, Kr/M 1,247 | 1,128

JnHamuueckast BI3KOCTb, W 105, Ma-c 17,6 19,1
KunHematmyeckas BI3KOCTb, v+ 10°, M/c 14,16 | 16,96
TemnonposoaHocts, A-10%, Br/(m-rpan) | 2,51 2,76
TeMrepaTyponpoBoxHocTh, a-10°, M7/c 20 243
Uucno [paunris, Pr 0,705 | 0,699

OueBHIHO, YTO COBOKYITHOE M3MEHEHHE MapameT-
poB OV (OT U3MeHeHus napameTpoB Bozayxa (Tadu. 1),
TETJIOBBIX HATrPy30K, JABICHUS KOHIEHCAIUU U JIPYTHX)
OyleT CyIIECTBEHHO BJIMATH Ha PE3YJIbTHPYIOIIUE IH-
Hamuueckue cBoiictBa CAY mnpu  HEM3MEHHBIX
HacTpoiikax [IM-perynsropa TtemmepaTypsl. AHanu3
BeIpaxkeHuit (2), (3), a Takxke UCTOYHHMKOB [2, 3, 9-11],
MO3BOJISICT YTBEP)KIATh, YTO IIOCTOSIHHAs BpPEMEHHU
Tp ko unment nepenaunt kp MOryT M3MEHSTHCS Ha +
20 %. Ha puc. 3, rpad. 2, mokaszaHsl pe3yibTaTbl MOJe-
JIMPOBAHMS TIpoIlecca CTaOWIN3ANU TeMIIEpaTyphl BO3-
nyxa B karore npu koy = 0,8-3,3 rpag/m u Toy=1,2-110
¢, a rpad. 3 WUIIOCTPUPYET 3TOT XKE IMPOLECC, HO TPH
koy=1,2-3,3 tpan/m u Toy=0,8-110 c. IlpuBeneHHBIC
rpadUKy MOKa3bIBAIOT CYIIECTBEHHbBIC OTKJIOHEHUS M-
HaMHAYECKUX PEKUMOB OT KEITAEMBIX.

o T T T

34 N
wl kov= 0,833 rpan/m; Tov=12:110¢ |
32 — |
31 1 koy=1,2-3.3 rpaw/m; Ty =0.8-110 ¢
30~
29
28
27

26 ! L L L L
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Puc. 3. JlunamMudeckue mpoueccs cTabumn3aim
TEMIIepaTypHsl BO3AyXa B KatoTe ¢ npuMeHeHneM B CAY

[IH-perynsaropa ¢ GUKCHPOBAHHBIMU HACTPOUKAMH
TIpH pa3Iu4HbIX mapaMeTpax [1d OY

W3BecTHBI pa3nuyHbIE COCOOBI YIpaBlieHHUsT 00b-
eKTaMH C TIEPEMEHHBIMHM IapaMeTpaMu (aJalTHBHBIC
pEryJATOpBl C CHUTHAIBHOM W/WINM THapaMeTpUYecKON
CaMOHAaCTPOMKOM, CUCTEMBbI C ATAJIOHHOW MOJENbIO, C
HaOIIOAATeISIMI COCTOSHUS U apyrue). Ciemyer oTMe-
TUTh, YTO JJI1 MHOTUX MPHUKIAIHBIX 33/1a9 IPUMEHECHNE
KJIACCHYECKUX METOAOB TEOPHH pOOACTHOTO M ajam-
TUBHOTO YIpPaBIEHUs HE BCErJa pPAalUOHANBHO, IO-
CKOJIBKY TIpEeIIoyiaraeT CYIIECTBEHHOE YCIOKHEHHUE
CAY 3a cuer nepexoja K yInpaBJIeHHIO ¢ HICHTH(]UKA-
nUell TMepeMeHHBIX 00BbEeKTa B PEalbHOM BpeMEHH (C
MOMOIIBI0 HaOJroaTeNiell COCTOSIHMSA). XOpOIIO W3-
BECTHBI U JIOCTATOYHO PAaCIpPOCTPAHEHBI METO/IbI YIIPaB-
JieHus1 00bEKTaMHU C TIEPEMEHHBIMH IIapaMeTpaMy U Iia-
paMeTpaMy, He UMEIOIIUMH OJTHO3HAYHOTO aHaJIUTHYe-
CKOTO ONHCaHMs, OO MMEIOMINMH KpaiHE CIIOXKHOE
MaTeMaTHIeCKOE OMHCAaHUe. DTH METOIBl OCHOBAHBI Ha
mpuMeHeHnH HedeTkuX ((azs3m) perymstopos [16-19] u,
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B HACTOSINEE BpeMs, UMEIOT XOPOIIYI IPOrpaMMHO-
anmapaTHYIO MOAICPKKY.

Tak, mns paccmarpuBaemoit CAY Temmeparypbl
Jarna3onsl Bapuauuu napamerpoB OY M Harpysok, B
LIEJIOM, M3BECTHBI U O0YCIJIaBIMBAIOT YXY/ALICHHE MOKa-
3arelieil KayecTBa TOJBKO JWHAMHUYECKHX IPOIECCOB.
IIpu Takux ycnoBusx 3agada obecriedueHHs TpyOocTH
CHCTEMBbI Y3KA U MOXKET OBITh pellieHa Oe3 MPUMEHEHUS
STAJIOHHBIX MOJENEH U HaOIoAaTeNeld COCTOSHUS — ITy-
TeM (QOpMHPOBaHHS HEMHHEHHBIX XapaKTEPUCTHK PETy-
nsTopoB. Ecnu npuHATH, YTO XapaKTEPUCTHKH PeryIisi-
TOpOB (YHKIIMOHATHHO 3aBHCAT OT aMIDIUTYIBI M CKO-
POCTH M3MEHEHHsI OIIMOKH PEeryIMpOBaHHUs, TO MOMXHO
MepedTH K CHCTeMaM C HEYeTKUM ympasieHuem [16-
19].

W3BecTHO, 4YTO HEUYeTKOE YIpaBieHHE o0Janact
olpeJieNIeHHbIMHE  CBOMcTBamu rpyboctn [16, 19], a
00beIMHEHNE HECKOJIBKUX HeueTKux peryisitopos (HP)
MO3BOJISIET  TIONydEHHE  XOPOIIMX  JTHHAMHYECKHX
CBOWCTB CHCTEMBI, IIpHYeM HeOOJIBIIOEe YHCIO MPABUI
HP mpumaer ymyuimeHHble CBOWCTBa 0000IIEHMS.
Cnemyer OTMETHTh, YTO C IMENbI0 OOeCreueHHs
COBMECTHUMOCTH pa3IMIHOTO obopynoBaHus,
TexHuueckas peanuszauus HP nomkHa cooTBeTcTBOBaTH
cranpapry MOK [EC 61131-7 (Part7. Fuzzy logic
standartization). DTOT CTaHIAPT BBOAUT OTPAHUYCHHBIC
3aKOHBI OINMCAHUS DJIEMEHTOB HEYETKOTO YIPaBJICHUS
Ha  s3bIKaX  NPOrPaMMHUPOBAHUS  KOHTPOJLIEPOB,
3adukcupoBanublx [EC61131-3. Jlns  aHAIOroOBBIX
00BEKTOB yHpaBleHHUs, 3TO, HAPUMEP, A3bIK Function
Block Diagram (FBD). CranmapToM ONpenensioTcs
MoJIenb U (YHKIIMOHAJIBbHBIE teMeHTsl HP: pasmeitue
(fuzzification), obpatHoe yrutotHenue (defuzzification),
TIPOU3BOIAIIIHE MpaBmiIa 1o aNTOPUTMY
MOCTIeTOBATEIbHBIX orepanuit 00BeTMHEHUS
(agreggation), axtuBaruu (activation), HaKOIUICHHS
(accumulation), ONpeneNAOTCS KOMAHABI POJIOBOTO
s3bika Fuzzy Control Language (FCL) nnst pa3paboTKu
HEYETKHX  CHUCTEM  YIpaBIICHHUS. BrinonHenue
TpeOoBaHMH CTaHjapTa IEC61131-7 pe3ko
OTpaHMYMBaET BEChbMa Pa3HOOOPA3HBIEC, TEOPETUUECKH
BO3MOJKHBIE, pemieHust no cosganuio HP, tem campiM
3aMETHO YHpoIIas 3ajady TeXHHYECKOW peau3aliy U
COBMECTUMOCTH KOHKpeTHOro HP.

Js paccmarpuBaemoii B ctatbe CAY mpemiara-
ercst mpumeHUTh Takoir HP [18], moctpoenme koToporo
He TpeOyeT NPHBJICYCHUS SKCIEPTOB, (OPMHUPYIOIINX
npaBwia ¢aszudukaiu, GOPMHPOBAHUSA U HACTPOHKHU
MpaBUiI OOBCAMHEHMS, aKTUBAIMHU, Aedaszzudukauu
(puc. 4). Ipencrasnsemsrii HP, mo cytu: a) saeusercs
yHHUBepcaJbHBIM [18], mockoibKy mIpezsaraer mpuMe-
HSTh OJIHO3HAYHYIO CHCTEMY JIOTHUECKOTO BBIBOJIA;
0) MOXKET TIPUMEHSTHCSI BO MHOTHX TEXHUYECKHX pelie-
HUSIX; 6) B CBOEM AITOPUTME HCIIOJIB3yeT, Kak oOrie-
MPUHSTO, TIPOU3BOHYIO OT CHI'HAJIA OIINOKH.

e m e e e o e e e

Hevwemiull [ Fgazg
pezyiamop | Hpasun

Jada- +
Hue

h

h

1 _Owinbra

H Daszsu- 10 :i?e%io 2ol Hedazsu-

L} 7 E e e .
URAMG *| URANOT

. ¢ P swisoda z -

Puc. 4. Hederkas cucrema ymnpasieHus (a) ¥ IpuMep
(6) mporienypsl azzudukarmu (5 TEPMOB) BXOTHBIX
MePEMEHHBIX

PaccmoTpuM IByXKaHAIBHBINA PETYIATOP (CM. pHC.
5), coneprKaluil 1Ba HEYETKUX PEryysITopa ¢ OJUHAKO-
BOil cTpyKTypoit — F'1 u F2, BEIXOAHBIE CHTHAIBI KOTO-
PBIX CYMMUPYIOTCS:

y(P) =y1(p) + y2(p). ()
x,,(5) x,(p) F,
£ LA Wil p) K”.I :
s Yip)
3P »
X,,(5) xz(p)
PE 2 Wy(p) » K”i Yp)
(s) X5(p) F;
o] o f— K
A )
»f W5,(p >
%3, (p) x,(p)
ik e, (p) s Ksr,

Puc. 5. Ctpykrypa yHHBEpCAIBHOIO HEYETKOI'O PEryIATOpa

Hyets TI® Whi(p), War(p) 1 Wia(p), Wa(p) Bxon-
HBIX CHTHAJIOB — MacIITaOHPYIOIIKE, MPOIOPIMOHANb-
HBIE 3BEHBSI; BXOJHBIX CUTHAJIOB JBa — X11(p) = X12(p) H
X21(p) = X22(p), IpUYEM TIEPBBINA U3 HUX SBIISETCS OLIHO-
KOH perynupoBanus &(p), a BTOPOH — MPOU3BOIHOM
p-e(p) = de(t)/dt or ommbku; I[1d W3 (p) nepsoro HP
OCYILECTBJIET MPOIMOPIHOHAIFHOE YCHUIIEHHUE, a BTOPO-
ro HP W3,(p) — onepannio HHTErprpoOBaHuUs C TIOCTOSIH-
HOH BpeMeHH 7,; HeNMHEHHbIe KO PHUIMEHTHI Iepeaa-
un Kip, Kop 4 Ky, Ko HEUETKHUX DPETYJISATOPOB MO
KaXXI0MY U3 TepMOB X|(p), ..., X4(p) THHEAPU30BAHEI.

[Ipy 3THX yCIOBHSAX MOXKHO 3aIHCATh!

W) = km; Wa(p) = ks Wia(p) = km; )
W(p) = ks €(1) = &(p) = x11(p) = x12(p);
de(v)/dv = p-&(p) = x21(p) = x22(p);

_OF(t) . . _ OF(t).

KIFI axl(’t) B 2F1 axz(r) 5 > (8)
_OR(T) . _ Ry
1) T ()
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W31(p) = ks Wia(p) =
p-T

u

U3 (8), cornacHo puc. 5, moayuyum

N
yi(p) =e(p) -k Kipi-kip+ 5-€(p)-kyp - Ko -k
y2p) = e(p) ki Ky r2 +

1 ' >
+ &(p)-kpKarr T ; )

u

y(P)=y1(p) +y2p),

otrkyzaa [1® HP mo ommoke

1
Wap(p) = M =k Kirirkpt kp Ko —+ + ki K-

e(p) T,
+ p-kn-Kopi ki, (10)

tu

cootBercTByeT I1d nneansnoro [MNI-perynsropa:

1
WHP(p):KnHP+T—+P'ToHP, (11)

PLypp

1
rie Kupp =k K pi-kp+ kKoo F ;
u

Tuup= T,/ (k2 Kim2); Toup= kﬂl'KZFl'kH-

Oransl popMupoBaHus 0a3bl PaBHUI U JIOTUUECKO-
TO0 BBIBOJIa (hOpMAaH30BaHkI cormacHo [11, 16, 18, 19 u
MPUBEJICHBI Ha puc. 6. BXxomHble CUTHAIBI pa3OUTH Ha
IISTh TEPMOB, BEIXOTHOM - HA CEMBb.

Oran nedas33udukanyy OCHOBaH Ha NPUMEHEHUH
n3BecTHOTO Merona "meHtpa Tsokectu" [16, 19]. Ecmm
YCTaHOBHTDH B KXKIBIN U3 KaHAJIOB JBYKaHAIBHOTO, pe-
anusyromero cpoiictBa Heuerkoro IIM/I-perynsaropa
(cM. puc. 5), 1Ba aOCOTIOTHO OAMHAKOBBIX, C OJMHAKO-
BBIMH MacIITaOHbIMU Ko3bduimentamu ki u ky; (T.e.
km = km=ky 1 k= kp=ky) HP, To pe3ynbTupytomiyto
CTPYKTYPHYIO CXEMY MOXXHO YIPOCTUTH (CM. puc. 7) u
OCTaBUTh JIUIIb OJIMH KaHaJd HEUYCTKOW 00paboTKH, 00b-
CJIMHUB OJTHMM KaHAJIOM J3Tambl (a33upuKaIuu, JIOTH-
YeCKOIo BhIBOJA U Je(ha33u(pUKaIINH.

'l*(-"l)
I:'l £y E_‘ f."
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Puc. 6. ®opmupoBanue 6a3bl MpaBuUiI U
siornyeckoro BeiBoga HP

U, @) £ Kn =
ot J\L Uop )
rataane

TorP e

EBarotnre
TJ._ P
P

Puc. 7. YuacTok CTpyKTYpHOMH CX€Mbl yHUBEPCAJILHOTO
Heuetkoro [1W/I-perynsropa

Hus paccmarpuBaemoit CAY CKKB xatotsr ¢ HP,
npuHUMaeM npexaue 3HadeHus kp u Tp, T.€ ky =kp="7
B/rpan, Ty=Tp = 10c. duddeperunansHyo cocTa-
JISIONIYIO BBIYMCIISIEM IMPHONMKEHHO, C (QIIBTpAINEH,
cornacHo I1®:

Tm'P

—_—, (12)
0,1THl -p

Tﬂl ‘p=
rne Ty =1ec.

Ha puc. 8 mpuBeneHbl pe3yiabTaThl MOJCIHPOBA-
HUS TPOIEcca CTAOMIU3AINMK TEMIIEPaTyphl BO3IyXa B
KoHauImoHupyemoii karore ¢ CAY, comepxkamieir HP,
KOTOPBI ITOCTPOEH COTJIACHO CXEME, MPHUBEIACHHOW Ha
pucC. 7 ¥ TI0 W3II0’KEHHOH BBIIIIE METOIUKE.

I'paduxu 1, 2 u 3, npuBeneHHBIE HA pUC. 8, COOT-
BETCTBYIOT OoTKIIOHEHIsIM [1D OV Ha + 20 %, kak u s
npeasiaymen (cM. puc. 3) mporeaypbl MOIEITHPOBAHUS
CAY c knmaccuuecknm [TH-perynsaTopom.

kov= 0833 rpang/m; Tow=1,2:110¢

kov= 1,233 rpaa/m; Tov=08-110 ¢

| 1 I | I i |
0 50 100 150 200 250 300 350 400 450 500 T.¢

Puc. 8. [lnHamudecke MpoIecchl CTabmIn3aniy
TeMIIepaTyphl BO3yXa B KatoTe ¢ npuMeHeHueM B CAY
HEUYETKOI'0 peryJsisiTopa Ipy pa3iauyHbIx napaMerpax I1d OV

[omyueHHbIe B pe3yibTaTe MOJCIUPOBAHHUSA T'pa-
(uku mporecca CTabWIM3AUMKA TEMIIEPATYPbl KAOThI B
CKKB ¢ HP nozBossitor chopmMupoBarh clieyroiiee 3a-
KITIOYEHHE.

PesyabTaThl ucciaenoBanusi. Ha ocHoBe aHanmmsa
NPUHOMTIOB  (DYHKIMOHUPOBAHMS TPAAMIMOHHON CH-
CTCMBbI YIIPaBJICHUSA KOM(i)OpTHbIM KOHANOHUOHUPOBAHU-
€M KaloThl Mopckoro cyana ¢ [1M-perynsropom temrre-
patypsl BO3lyXa, YCTaHOBJIEHO, YTO TaKasi CHCTeMa, IpH
M3MEHEHHSIX TEIUIOBBIX HATrPy30K M TEIUO(QU3MISCKHIX
CBOWCTB BO3/yXa, HE YIOBIETBOPSIET TPEOOBAaHUAM K
TUHAMAYCCKUM pPEXAMaM CTaOMIN3AIlH TeMIIEPaTyPHI
BO37yXa.

B tpaguumonnoin cucreme c¢ IIM-peryastopom
TEeMIepaTypbl, B 3aBUCHMOCTH OT M3MEHEHHs yCIOBHH
OKpy>XKarollel cpenbl, HaOmogaercst JubO 3aMeTHOE
yBeJIMYCHHUE nepeperyaupoanus (rpad. 3, puc. 3), iau-
00 3aTArMBaHME BpEMEHH MEPEeXOJHOTO Ipoliecca
(rpad. 2, puc. 3).

IIpennoxkena CAY CKKB B kaioTe ¢ HEYETKUM
peryJsaTopoM Temmneparypbl Bo3myxa. s Takoro He-
YETKOTO PETYyISATOpa MPHUBEICHa METOINKA €ro CHHTE3a,
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XapaKTePU3YIOMAsCs MPOCTOTOW (POPMHUPOBAHUS JIOTH-
YEeCKOro BBIBOAA (puC. 6) M YIPOIIEHHEM CTPYKTYpPBI
perynsTopa (puc. 7).

Marematudeckoe MoJenupoBaHue (puc. 8) mpo-
LIECCOB CTaOMIIM3aLMK TEMIIEPATYPhl BO3/IyXa B KalOTe C
CAY, conpepxaieit HP, nokasano: a) 3amerHoe ymyu-
IIEHHE AMHAMUYECKHX IIPOLECCOB CTAOWIN3ALMH TEM-
mepaTypsl Bo3ayxa; 6) cBoiictBa pobactHocTH CAY K
n3MeHeHnssM napameTpoB IIdD oObexTa ympasieHus,
CBSI3aHHBIC C M3MCHEHUSMH IapaMeTPOB OKPYKAroImeit
CpEIBL.

AHanmm3 pe3ynbTaTOB MOACTHPOBAHUS ITO3BOJIIET
YTBEpXKIaTh, YTO HCIIONB30BAaHHE B Pa3IMYHBIX ITOME-
HICHUSAX MOPCKUX M PEYHBIX CYJOB IPEAJIOKESHHOU CH-
CTeMBI yIpaBieHus ¢ HeueTkuM peryistopom B CKKB
MO3BOJIUT YJIYYLIUTh YCJIOBHS OOHMTAaEMOCTH YJICHOB
SKUIaXKa ¥ MaCCAXKUPOB.
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Bacuwienps . 1., Ko3bminux M. A., HaxaeBaTl. B.,
Onnuenko O. A. Cucrema cradiiaizauii Temnepatypu mno-
BiTpAl y CyIHOBMX KOHAULIOHOBAHMX MPUMIillleHHSIX.

Onucana pobomy mpaduyitinoi cucmemu cmabinizayii

memnepamypu noeimps. y KOHOUYIOHOBAHIU KAlOmMi Mop-
CbKO20 CYOHA 3 NPONOPYILIHO-IHMESPATIHUM DeYNAMOPOM Y
Koumypi ynpaeninus. Iloxaszano, wo icuyioui cucmemu KOHOU-

YIOHY8AHHs NOGIMPS NPU 3MIHAX MENN0BUX HABAHMAICEHb He
3A0080IbHAIOMY BUMOAM 00 OUHAMIYHUX PedHcumie cmaobini-
sayii memnepamypu. Hagedena cmpykmypha cxema cucmemu
cmabinizayii 3 uHewimxum I1l/]-pecynamopom, wo 6iOpizHs-
€MbCA NPOCMUM NPUHYUNOM Pasughikayii i 102i4H020 8UCHO8-
Ky. Memooamu mooenioganus noKasaHo, wo 3anponoHo8aHd
cucmema 3abe3neuye GUCOKY sAKicmb npoyecie cmabinizayii
memnepamypu nogimpsi [ Mae 61acmuocmi pooacmHoCmi.
Knrwwuosi cnoea: neuimkuii pecyiimop, 080KAHAIbHA CUcHe-
Ma, KoHOuyionep, Ounamixa, gassi.

Vasilets D. 1., Kozminykh N. A., Naleva G.V., On-
ishchenko O. A. Stabilization system for air temperature
in a ship air-conditioned room.

The operation of the traditional system for stabilizing
the air temperature in an air-conditioned cabin of a sea vessel
is described. The system uses a proportional-integral control-
ler in the control loop. It is proved that the existing air condi-
tioning systems are significantly affected by thermal loads and
variable air parameters. Existing air conditioning systems do
not work satisfactorily under changes in heat loads. In such
systems, poor dynamics. There is either overshoot or delayed
process. The structure of the stabilization system with a fuzzy
PID controller is proposed. Such a system is distinguished by
the simple principle of fuzzification and logical inference. Us-
ing mathematical modeling methods, it is proved that a new
system with a fuzzy controller functions better. The new system
provides high quality stabilization processes for air tempera-
ture and is robustness properties.

Keywords: fuzzy controller, two-channel system, air condi-
tioning, dynamics, fuzzy.
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