Pegepar

AKTyaJIbHiCTL TeMH. Po3BUTOK iHGOpMAaIIMHUX TEXHOJIOTIH BIUIMBAE Ha
KUTTSI OLIBIIIOT YACTMHU HACeJIEHHS. 3T1IHO 3 MPOTHO3aMH TEXHOJIOT1S pO3ITI3HABAHHS
00114 Ta eMOIIi} 3aiiMae OfHE 13 MPOBIAHUX MICIh Ha CBITOBOMY PUHKY. Po3poOHuKH
IPOTpaMHUX CHUCTEM BCe OijbIlle MPUIUISIFOTh YBary, ik JOCTIAUTH TIPOSBU JTIFOJICHKUX
€MOIIi#l 3a JJOTIOMOTOI0 CYJaCHUX TEXHOJIOT1MH.

Jronchke 00MMYYs CTallo MaiKe 17eaJbHUM 1IeHTU(IKATOPOM JJis Tepeaadi
TaHuX. MOXIUBICTh PO3II3HABAHHS €JIEMEHTIB OOJIMYYsl BUPIIIYIOTh BEJIHKE KOJIO
3aBJlaHb 1 OJIHE 13 TAaKWUX 3aBJaHb MPABUIHLHO BU3HAYATH, 110 BigoOpa)kae JOJCHKE
o0nuyus. Ha ocHOBI eleMeHTIB 00JIMYYsi MOKHA BU3HAYUTH 11 HACTPIN Ta CTaH Y SIKOMY
BOHA 3HAXOJUTHCS. 3ajada po3Ii3HABAHHS €MOIliM 32 BUpPa3OoM OOJIMYYSl 3HAXOJUTh
IMIMPOKE 3aCTOCYBaHHS y COIIABHUX Ta KOMEpIiiHuX cdepax. ABTOMaTHYHE
PO3Mi3HaBaHHS JIIOJACHKUX €MOII € aKTyalbHUM MPU CTBOPEHHI CyYaCHUX JIFOJIMHO-
MaITUHHUX CHCTEM, SKi 3 KOXKHUM POKOM PO3IINPIOIOTH CBOIO Chepy 3aCTOCYBAHHSI.

AKTYallbHICTbh PO3POOKHU JAHOTO CIOCOOY MOJsTae B TOMY, 1110 BOHA JTO3BOJISIE
BJIOCKOHAJIMTH Ta BUBECTH Ha HOBHUM PIBEHb B3aEMO/III0 JIOJUHU 3 MAIIUHOIO.
O0’ekTOM JOCJTIZKEHHSI € MPOLIEC aHali3y PO3MI3HABaHHS KIOYOBUX EJIEMEHTIB
00JIMYYs y BIJICOTIOTOIII.

IIpeaMeToM OCTITUKEHHSI € METOAM Ta aJTOPUTMHU PO3IMI3HABAHHSA KIIOYOBUX
€JIEMEHTIB 00JIMYYsI JIFOJIMHU Y PEeabHOMY Yacl.
Meta po6oTu: OCHOBHOIO METOIO € MOKPAIICHHS TOYHOCTI PO3Mi3HABAHHS KIIOUOBUX
€JIEMEHTIB 00JUYYsl, pO3pOOKa O1III MIBUAKOTO Ta JETKOTO Y HABAHTAXKEHH1 CIOCO0Y
pO3Mi3HaBaHHs CTaHy JIFOJIMHU, HIXK 1ICHYI0Y1 CIIOCOOH.
JIJ1st MOCSATHEHHS TaHO1I METH CTaBUJIMCh HACTYTIHI 3aB/IaHHS:

* MPOBECTH aHATITUYHHUHN OTJISAJI HASBHHUX IMPOTPAMHUX 3aCO01B I BUIIJICHHS Ta

KiacudikaIii KIIOYOBUX €JIEMEHTIB 00U,

* TpOaHaJi3yBaTH ICHYIOUYl METOJU Ta MAXOAU IO BUIIICHHS Ta Kiacudikarii

KJIIOYOBUX €JICMCHTIB 00 INYYS;

* po3poOUTH Tporpamy poO3Mi3HABAHHS KIIOYOBUX EJIEMEHTIB 00JuuYs ISl

pO3ITi3HaBaHHS BTOMH;



peani3yBaTd TPOTPaMHY CHUCTEMY, MPOBECTH ii TECTyBaHHS Ta TMOPIBHATH 3

MoAIOHUMH MPOTPaMaMH.

HayKOBa HOBH3HA:

1. Bnepiie 3ampomnoHOBaHO croci0, sSKUi Mojiarae B MiABUINCHHI €(EeKTUBHOCTI

nporiecy kiacudikaiii BTOMH, BIAPI3HAETHCS BiJ ICHYIOUMX BUKOPHUCTAHHSIM
KUTBKOX METOJIB pO3Mi3HABaHHS 1 JO3BOJIAE JOCSITHYTH TOYHIIIOTO
pO3IMi3HaBaHHS CTaHy JIIOJUHU 32 pOOOTOIO.

Brnepiie 3ampornoHoBaHO CrociO, KU MOJsITrae B MIABUIIEHHI €(EeKTHBHOCTI
npolecy kiacu@ikarii BTOMHU, BIAPI3HAETHCS B ICHYIOUMX THM IO 0a3y€ThCs
Ha PO3Mi3HaBaHHI HE TUIbKU HA OJIHOMY KJIIOYOBOMY €JEMEHTI oOIuyYus, a Ha
KUTBKOX €JE€MEHTaX 1 JI03BOJISIE NOCSATHYTH TOYHIIIOTO PO3Ii3HABAHHS CTAaHY
JIFOJIMHH 32 POOOTOIO.

Bnepmie 3anpornoHoBaHo cmoci0 poOOTH poO3Mi3HABAHHS, SKWW MOJATAaE B
3MeHIeHi HaBaHTaxeHHs Ha CPU, Bimpi3HAe€ThCS BiA ICHYIOUMX, THM IO
Ipaltoe 3 IHTEPBAJIOM IO 5 XBWJIMH Ha POOOTY Ta 5 XBUJIMH Y CTaH1 CIIOKOIO 1

J03BOJIsi€ 3MEHITUTH HaBaHTakeHHA Ha CPU 1 mpatroBaT y GOHOBOMY peXuMI.

IIpakTH4HA HiHHICTH OTPUMAHUX B POOOTI pe3yJbTATIB MOJISITAE B TOMY, IIO:

pPO3pOOJICHO Ta MPOBEICHO TEOPETUYHE IOCITIDKEHHS CIIOCOOIB Ta METOJIB
pO3Ii3HaBaHHA €IEMEHTIB 00IMYYsl, IO JO3BOJIWIO B MOAAIBIIOMY MPOrPaMHO
peanizyBaTy Ta IPOBECTH JIOCIIHKEHHS PO3POOJIIEHOTO Crioco0y;

peanizoBaHO Mporpamy, IO J03BOJSIE TOYHINIE BU3HAUWTHU CTaH JIIOJWHU 32
KOMIT'IOTEpOM Ha OCHOBI KoHBeepa pimenb MediaPipe Face Points Ta
[[TabnoHHOTO METOAY PO3Mi3HABAHHS Ha 0a31 JaHUX OTPUMAHMX 32 JOTIOMOTOIO
OpenCV Ha moBi porpamysanns Phython;

pealli3oBaHa mporpamMa KOHTPOJIIO CTaHy JIOJUHU 3a KOMII IOTEPOM 3MEHIIY€

WMOBIPHICTh CTBOPEHHS IOMUJIOK y pOOOTI Ta 3MEHIITy€ HABAaHTAXKECHHS Ha OYl.

Anpobauisi poooru. OCHOBHI MOJIOKEHHS 1 pe3yJbTaTh poOOTH OyJIu IpeacTaBieH1

Ta obroBopeHni Ha XV HaykoBii koH(pepeHIii marictpanTiB Ta acmipantiB [IMK-2022

dakynpreTy npukianHoi mateMatuku — «lIpukiagHa MaTeMaTHKa Ta KOMIT FOTHHIY

(Kuis, 16- 18 nmucromana 2022 p.).



Takox pe3ynbTaTu poboTH Oynm mpeactaBieHi Tta obOroBopeHi y HYXT na IX
MixHaponHii  HaykoBo-TexHIuHIM  Internet-kondepenuii «CydacHi  MeTOaH,
iHdopmariiiine, NporpaMHe Ta TEXHIYHE 3a0€3MEUYCHHS CHUCTEM KepyBaHHS
OpraHi3aliifHO-TeXHIYHUMHU Ta TEXHOJOTTYHUMHU KOMIUICKCaMM» Ha 0a3i GakyJabTeTy
AKC (Kwuis, 25 mucromana 2022 p.)

Ctpykrypa Ta o00csr podoru. Maricrepcbka poOOTa CKIATAETHCS 3 BCTYILY,
YOTUPHOX PO3/LIIB Ta BUCHOBKIB.

Y 6cmyni momaHO 3aralibHy XapakTEPUCTUKY pPOOOTH, 3pOOJICHO OIIHKY
CYy4acHOTO CTaHy Ipo0iemMu, OOTpyHTOBAHO aKTyalbHICTh HANPSAMKY JOCIHIJIKEHHS, ,
c(hopMyJIBOBAHO METY 1 33J1a4l JTOCJIJI)KEHb, IOKa3aHO HayKOBY HOBH3HY OTPUMAHHX
pe3yibTaTIiB 1 MPAKTUYHY IIHHICTH POOOTH, HABEJEHO BIJAOMOCTI MPO amnpobailiro
PEe3yJIbTATIB 1 IXHE BIPOBAKESHHSI.

VY nepuwiomy po3aiii JOCTIIKYIOTHCS ICHYIOU1 M1IXO0IU 0 PO3Ii3HABAHHS 00JIUY
Ta eMolii Jroaen. JlocaipKyoThes cepu 3acTOCYyBaHHS Ta IPOOJIEMHU K1 BAHUKAIOTh
MpU po3Mi3HaBaHHI. Po3risagatoTbecsi 0a30B1 MOHATTS PO3MI3HABAHHS Ta MPOBOAUTHCS
MOPIBHSJIBHUM aHaNi3 HASBHUX pealli3alli CHCTEM PO3Mi3HABaHHS.

Y opyeomy po3aini mpoBOAUTHLCS MOPIBHAIBHUNM aHAII3 METOJIIB Ta MPUHOMIB
pO3Mi3HaBaHHS €MOIIii 32 BUpa3oM 00auyus JIoAuHU. BkazaHi nepeBaru Ta HEJ0IIKU
METO/IIB.

Y mpemvomy po3iai MpOBOAUTHCS aHANI3 Ta OOIPYHTYBaHHSA BHOOpPY 3ac001B
peanizalii CHCTEMHOI TPOrpamu.

Y uemeepmomy po3Miii OMUCYETHCS pO3pOOKa Mojenei cuctemu. Po3pobieHo
apXITEKTYpy CUCTEMHU Ta AJITOPUTMIB PO3Mi3HABAHHS €JIeMEHTIB o0auyusg. OmnucaHo
pPO3pOOKY Ta MOJIEpHI3allll0 MPOrPAMHOTO 3a0E3MEUCHHS CUCTEMHU PO3Ii3HABAHHS
eMoTIIi#t 3a BUpa3oM ooanuus. [IpoBoauThes TecTyBaHHS poOOOTH IPOTPAMHOT CHCTEMU
Ta aHali3 OTpPUMaHUX pe3ynbTariB. [IpoaHanizoBaHO pe3yiabTaTH MEPEBIPKU
e(eKTUBHOCTI 3allpOIIOHOBAHOTO CIIOCO0Y y MOPIBHAHHI 13 peajizali€lo X 3aa4 3a
JIOIIOMOT'OX0 KJIACUYHUX 3ac001B.

VY sucroskax mpeAcTaBieHi pe3yabTaTH MPOBeIeHOT pOOOTH.

PoGora mnpencraBiena Ha 88 apkymiiB, MICTUTh IOCWJIaHHS Ha CIIMCOK

BUKOPUCTAHUX JITEPATYPHUX JKEPET.



KmrouoBi caoBa: xmouoBi Touku, MediaPipe, kouBeep pimens Face Points,

[Ta6onnamit metoa, OpenCV, Python, anroputm AR, CPU.



Abstract

Actuality of theme. The development of information technologies affects the
life of the majority of the population. According to forecasts, face and emotion
recognition technology occupies one of the leading places in the world market.
Developers of software systems are increasingly paying attention to how to investigate
the manifestations of human emotions with the help of modern technologies.

The human face has become an almost perfect identifier for data transmission.
The ability to recognize facial elements solves a wide range of tasks, and one of these
tasks is to correctly determine what the human face represents. Based on the elements
of the face, you can determine her mood and state in which she is. The task of
recognizing emotions from facial expressions is widely used in social and commercial
spheres. Automatic recognition of human emotions is relevant in the creation of
modern man-machine systems, which are expanding their scope of application every
year.

The relevance of the development of this method lies in the fact that it allows
to improve and bring to a new level the interaction of a person with a machine.

The object of the research is the process of analyzing the recognition of key
elements of the face in the video stream.

The subject of research are methods and algorithms for recognizing key
elements of a person's face in real time.

The purpose of the work: The main goal is to improve the accuracy of
recognition of key elements of the face, to develop a faster and easier way to recognize
the state of a person than existing methods. To achieve this goal, the following tasks

were set:

conduct an analytical review of available software tools for selection and

classification of key elements of the face;

 analyze the existing methods and approaches to the selection and classification
of key elements of the face;

 develop a program for recognizing key elements of the face to recognize fatigue;

« implement the software system, test it and compare it with similar programs.



Scientific novelty:

1. For the first time, a method has been proposed, which consists in increasing
the efficiency of the fatigue classification process, differs from the existing use of
several recognition methods and allows achieving a more accurate recognition of the
state of a person at work.

2. For the first time, a method has been proposed, which consists in increasing
the efficiency of the fatigue classification process, differs from the existing ones in that
it is based on recognition not only on one key element of the face, but on several
elements and allows for more accurate recognition of the state of a person at work.

3. 3. For the first time, a method of recognition work is proposed, which consists
of reduced CPU load, differs from existing ones in that it works with an interval of 5
minutes for work and 5 minutes for rest and allows reduced CPU load and work in the
background.

The practical value of the results obtained in the work is that:

- developed and carried out a theoretical study of the ways and methods of
recognizing facial features, which made it possible to further programmatically
implement and conduct a study of the developed method;

- implemented a program that allows you to more accurately determine the state
of a person at a computer based on the MediaPipe Face Points solution pipeline
and the Template method of recognition based on the database obtained using
OpenCV in the Python programming language;

- the implemented program for monitoring the condition of a person at the
computer reduces the probability of making errors in work and reduces the strain
on the eyes.

Approbation of work. The main provisions and results of the work were
presented and discussed at the XV scientific conference of master's and postgraduate
students of PMK-2022 of the Faculty of Applied Mathematics "Applied Mathematics
and Computing” (Kyiv, November 16-18, 2022).

Also, the results of the work were presented and discussed at the NUHT at the
IX International scientific and technical Internet conference "Modern methods,

information, software and technical support of management systems of organizational,



technical and technological complexes” on the basis of the AKS faculty (Kyiv,
November 25, 2022)

Structure and scope of work. The master's thesis consists of an introduction,
four chapters and conclusions.

In the introduction, the general characteristics of the work are given, an
assessment of the current state of the problem is made, the relevance of the research
direction is substantiated, the purpose and tasks of the research are formulated, the
scientific novelty of the obtained results and the practical value of the work are shown,
and information is given about the approbation of the results and their implementation.

The first chapter examines existing approaches to recognizing people's faces and
emotions. Areas of application and problems that arise during recognition are studied.
The basic concepts of recognition are considered and a comparative analysis of existing
Implementations of recognition systems is carried out.

In the second chapter, a comparative analysis of methods and techniques for
recognizing emotions based on human facial expressions is carried out. The advantages
and disadvantages of the methods are indicated.

In the third section, the analysis and justification of the choice of means of
implementation of the system program is carried out.

The fourth chapter describes the development of system models. The
architecture of the system and algorithms for the recognition of facial elements have
been developed. The development and modernization of the software of the facial
expression recognition system is described. The software system is tested and the
results are analyzed. The results of checking the effectiveness of the proposed method
in comparison with the implementation of these tasks using classical means are
analyzed.

The results of the work are presented in the conclusions.

The work is presented on 88 sheets, contains links to the list of used literary
sources.

Keywords: key points, MediaPipe, Face Points solution pipeline, Template
method, OpenCV, Python, AR algorithm, CPU.



