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PEG®EPAT

CtpykTtypa Ta 0bcsar poboTu. [TosicHIOBa/IbHA 3aMycKa JUTIJIOMHOTO TIPOEKTY
CK/IAJIAETbCS 3 YOTUPHOX PO3/i/iB, MicTuThb 19 pucyHkiB, 30 Tabmuiib, 1 g0AaTKY
Ta 17 nocunanb — 3arajioM 100 cTOpiHOK.

OO0’ €eKT IOCTiIPKeHHS: CUCTeMa BiZICTe>KeHHS TIOTJISIAY, 1110 B peabHOMY Yaci
NI03BOJIsIE TIepei0ayaTy HAMpsIMOK TOTJIAy KOPUCTyBaya Ta ileHTU(iKyBaTH HOTO
TI0/I0KeHHSA Ha JUCILIel.

[TpeaMeT mOCHTi/I)KeHHSI: METOJU TJINMOOKOTO HaBUaHHS, 3rOPTKOBI HEMPOHHI
Mepeski, 00poOKa 306pa>keHb.

Meta [UIVIOMHOrO TIPDOEKTY: MOKpallleHH HasgBHUX  aJIlOPUTMIB
Bi/ICTe)XKeHHS TIOT/ISIZTY 3aB/SKU BUKOPUCTAHHIO METO/[iB IMTMO0KOr0 HaBUaHHS.

Y mepmioMy po3fimi  BifOyBa€TbCs  3HAMOMCTBO 3  IPeAMETHUM
cepefioBUilleM, po3pobseHHs GYHKI[iOHAJbHUX BUMOr Ta C(HOPMYJ/IbOBAHO
IIOCTAaHOBKY 3a/jayi.

Y [Apyromy po3Aini OnMMcaHO MpoLieC HaBUaHHS HEWPOHHOI Mepexi,
PO3T/ISIHYTO apXiTeKTypy Ta 0COOIMBOCTI HaBUaHHS MOJIEJTi.

Y TpeTrbOMy PpoO3fini ommcaHoO 0COBIMBOCTI CHUCTeMH, po3pobsieHy
apxiTeKTypy Ta IpoLieC B3aEMO/ii KOpUCTyBaya 3 Helo.

Y  uyeTBepTOMY  pO3AiJI  PO3IJIAHYTO  MOXK/IMBICTD  BIPOBAKEHHS
po3pobsieHOi cucTeMd B SIKOCTi cTapTar MpOeKTy. OL[iHeHO PU3UKH, IUIAXU

PO3BUTKY Ta MPOBE/IEHO aHasli3 MOXX/IMBOCTEH.

K/IFOUOBI CJIOBA: 3I'OPTKOBI HEWPOHHI MEPEXI, OBPOBKA
3ObPAXEHD, ['JINBOKE HABYAHHA, KOMIT'YOTEPHUU 3IP,
BINCTEXXEHHA  TIOIVIALY, KIIEHT-CEPBEPHA  APXITEKTYPA,
BEEKAMEPA



ABSTRACT

Structure and scope of the research work. The explanatory note of the
diploma project consists of fourth sections, contains 19 images, 30 tables, 17
sources and 1 appendices - a total of 100 pages.

Object of research: deep learning methods, convolutional neural networks,
image processing.

Subject of research: deep learning methods, convolutional neural networks,
image processing.

The purpose of the diploma project: improvement of existing eye tracking
algorithms using deep learning methods.

The first chapter introduces the subject environment, develops functional
requirements and formulates the problem statement.

The second section describes the process of neural network training,
architecture and features of model training.

The third section describes the features of the system, the developed
architecture and the process of user interaction with it.

The fourth section considers the possibility of implementing the developed
system as a startup project. Risks, ways of development and analysis of

opportunities are assessed.

KEYWORDS: CONVOLUTIONAL NEURAL NETWORKS, IMAGE
PROCESSING, DEEP LEARNING, COMPUTER VISION, GAZE TRACKING,
CLIENT-SERVER ARCHITECTURE, WEBCAM
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BCTVYII

JIro[CTBO BMHAMIIIO BEUKY KiBKICTh NPUCTPOIB BBOAY, L0 [O3BOJSIOTH
HaM BIUIMBATHM Ha TIPOLIECH 1110 BifI0yBalOTbCsS BCepeAnHiI KoMiT'totepy. Lle Hazae
MOXX/IUBICTb BUKOPUCTOBYBATH MPUCTPIM 3a//11 BUPIlIEHHSI HAIMX MPUK/IaJHUX
3aB/aHb. Takux siK MOIYK iHdopMmallii, meperssij, Bifjeo, JMCTyBaHHs, HAallMCAHHS
TeKCTiB, CTBOPeHHIO 300pakeHb, pefiaryBaHHIO Bijleo i T.. CaMe KOpPHCTYHOUHCh
MPUCTPOSIMU  BBOAY MH MOXXEMO B3aEMOZISITU 3 arapaTHUM 3abe3redyeHHsIM
00YKCITIOBATIEHOTO TIPUCTPOIO.

3apa3 B HaC € MIKWPOKAa PIi3HOMAHITHICTb TaKUX IIPUCTPOIB, HaIpUKIIAJ:
K/laBiaTypa, MUIlla, CCHCOPHUH [TUCIIIel, CeHCOpHA TaHe b, TPEKIIO0iHT, rpadiuHuii
TJIaHIIeT. AJie TIOCTIMHO 3’SIB/ISIIOTHCS HOBI, SIKi MIOK/IMKaHi Mpob/ieMu Ta 3aBAaHHS
mo mnocratoTe. Came TOMy B Cy4YaCcHHMX CMapT(oOHaX MU BUKOPUCTOBYEMO
CEeHCOPHHUM CTocib BBO/y, OCKIJIKM 3 UaCOM 3PO3YMiJM 1110 K/IaBiaTypa He 30BCiM
3pyuHa ZIjisl TaKOro BUy TIPUCTPOiB. TakoxX paHilile He Oy/0 MoTpebu y Muiliax Ta
TPEKITOiHTaX, OCKibKK OinbIIicTe KepyBaHHS BifjOyBasacs 3a JOTIOMOTOO
K/aBiaTypu. 3 yacoMm 3’sIBUIMCS TrpadiuyHi KOpUCTyBalbKi iHTepdelicu W st
B3a€EMO/Iil 3 HUMU KJIaBiaTypy BUSIBUWIOCH Hel0CTaTHbO.

3 pO3BUTKOM TEeXHOJIOTiM i IX aKTMBHMM BIIPOBA/PKEHHSIM B TIOBCSIKJEHHE
JKUTTSL JIFOJMHUA BCE YacTillle BUHUKAE MUTAHHS MPO e(eKTHMBHICTh B3aEMOJIl i3
1[M(pPOBUMH MPUCTPOsSIMU. Taki mapameTpu SIK IIBU/KICTh HabOpy CHMBOJIIB Ha
K/aBiaTypi, abo MBHAKICTb TepeMillleHHsT Kypcopa 3a JOIOMOTOI0 MUIII MaroTh
yiTKi 0OMeykeHHs1. ToMy, Ha Halll MOTJIsIZI, YITPAB/IiHHS TTPHUCTPOSIMU 3a JIOTIOMOT'O0
TIOIVISIAY € OJIHUM i3 TIepCIIeKTUBHUX Ta LIIKaBUX HATPSIMKIB JOC/TiKeHHS.

[TpyurHaM# /I BUKOPHUCTAHHS TaKOTO CIIOCO0y MOXKYTh OyTH 0CcoB/MBOCTI
OyZoBY TIPUCTPOIO, BiZMOBa HasBHUX TIPUCTPOIB, MOTpeda y 3BiIbHEHUX pyKax Mij
yac BUKOPHMCTaHHs, (izionoriudi ocobsuBOCTI KopucTyBaua Ta 6arato iHIINX
BUMA/KiB BUKOPUCTAHHS.

BinblicTh TeXHOMOTiM, 10 OyaM CTBOpeHi [y 3UWTYBaHHS TIOTJISAY

BUKOPHUCTOBYIOTh I0POri JaTuvKyi. BOHM Haflat0Th JOCTAaTHBO TOUHI BUMIPH, ajle €
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HaZIMiDHO [JIOPOTMMM /i1 BMPOBa/pkeHHs1 Ha IJI0Oa/IbHOMY PpUHKY. I
3BMYAMHO 1]e TaJIbMY€ MPOoLeC MOIIMPEHHS LIi€l TeXHOJIOT 1.
Mu >k moctaBuiu cobi 3a MeTy HaJjaTH MOJK/TMBICTb KePyBaTH TPHUCTPOEM B

peasbHOMY Yaci Ayist 6y/1b-sIKO1 JIFOIUHU B SIKOI IPHUCYTHS Kamepa.
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PO341JI 1 AHAJII3 BUMOI" 10 ITPOI'PAMHOI'O 3ABE3IIEHEHHSA

1.1 IlocraHoBKa 3ajaui

MeToto pob0oTH € BAOCKOHA/eHHS HasiBHUX METOZIB Bi/ICTEXXeHHsI TOTJISTY
KOPUCTyBada 3aBJsKHM BUKODHMCTaHHIO MeTOJiB TJIMOOKOro HaByaHHs. [loBHa
peasi3allis CUCTeMM 3a  [JOINOMOIOK)  BUKOPUCTaHHS  MIKPOCEPBICHOTO
apXiTeKTYpPHOT'O CTUJIIO.

B pe3synbTaTi HeoOxifHO mpatie3aTHe porpaMHe 3abe3rneyeHHs, 1110 Oye B
3M03i BUKOHYBaTH BCi BHCYHYTi BHMOTH, 3 MOJK/MBICTIO MaciuTabOyBaHHs, Oe3
Herlepei0auyBaHUX aBapiiHUX 3aBepiieHb Ta 3pyyHUM iHTepdericom. lle
J1I03BOJIUTb KOM(OPTHO KOPUCTYBATHCS CUCTEMOIO SIK B MIOBCSIKAEHHOMY >KUTTI, TaK

1 y BUIAagKax HACTaHHS KDUTUYHUX CUTYaLIill.

1.2 3arasibHi MM0OJIOKEHHS Ta aHaJii3 rpeAMeTHOI0 CepeoBulLia

OCHOBHUM 3aBZIaHHSIM pOOOTH € CTBOPEHHSI CUCTEMU Bi/ICTeXXeHHS TIOTJISALY,
fKa 3MOXKe B peaslbHOMY daci Tiepej0auaTH HarpsiMOK TIOT/ISIAY KOpPHCTyBaua
BiJHOCHO KaMepu T[PUCTPOK, M0 B KIHIEBOMY pe3yJibTaTi [03BOJIUTh
ineHTHGhiKyBaTH MOI0KEeHHS MOIJisgAy Ha aucriiel [7]. Takox 3a 10momMororo

Posmoudemo 3 orisay 0i0mioTek Ta (GpedMBOpKIB, 110 Oy BUKOPHCTaHI
TIpY Po3po0ILi TPOrpaMHOTO 3a0e3TeveHHsl.

OpenCV - 1e 6i6smioTeka mporpaMHux GYHKI[iH Ta anropyuTMiB, II[0
BUKOPHCTOBYETHCS /11 00p0OKHM 300pa’keHb B OCHOBHOMY B peasibHOMY 4aci. Ils
OibmioTeka Ma€ BiJKpUTHM BUXIZHMM KOZ, TIOBHICTIO 0Oe3rjaTHa Ta
baratoriiatgopmoBa [1]. Takok y pa3i HasiBHOCTI rpadiuHOro Tpoijecopa,
3a3HaueHa OibmioTeka [03BOMSIE BUKOHYBaThU OOUMCIeHHST Ha IIPUCTPOI
KOpUCTYBaua.

3a poromororo 6Oibmiorekn OpenCV, Oyae 3milicHIOBAaTHCS B3a€EMOZIS 3

dlTaDAaTHUM 3a0e31eueHHIM IMPpUCTPOIO, 30KpE€Ma KdMepOoHo. Honepe,quo
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3[iACHIOETBCS 3UMTYBaHHS 300pakeHHS 3 BKa3aHOi KaMepH, a TaKOoXX IOrepezHs
oO6po0OkKa.

PyTorch - 1je BigkpuTHl (QpelMBOPK MAIIMHHOTO HaBUYaHHS, SKUM
BUKOPHCTOBYIOTh JIJii KOMIT'IOTEpDHOTO 30py, O0OpoOKu MoBjeHHs i T. 4. ByB
criouaTkKy po3pobsenuii Meta Al, a 3apa3 € 4YaCTHHOI HEKOMEpPIIMHOI0
KoHcopiiyMmy po3BuTKY Linux [15]. Ha ocHoBi PyTorch 3ailicHioBasiack po3pobka
Ta HaBYaHHSI MOJesli [/l BU3HAUEHHS TIOTJIsily KOPUCTyBaua 3aBASKWA BXiJHOMY

300pakeHHIO 3 KaMepH.

preview

-

m— ;'-‘.

(x=241, y=134) ~ R:96 G:89 B:78

Pucynok 1.1 — [1puksag untaHHs Kamepu Ta 6a3oBoro yHkijioHasa OpenCV
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PyQT - obononka HanvcaHa Ha Python aysa 6i6miorekn Qt [2]. CTBopeHa
JIsT po3po0KHU GaraToriar)opMoBOro TIpOrpaMHOro 3abe3neueHHsi. B ocHOBHOMY
BUKOPHCTOBYETHCS [/ CTBOPEeHHsI rpa(iuHOro intepgercy KopucryBayva.

Buiiie 3a3HaueHa 6i6/1ioTeKa BUKOPUCTOBYETHCS /IJisi 3BOPOTHOTO 3B’SI3KY 3
KOpDUCTyBaueM, a caMe BiZjoOpa)keHHSI aKTyaJbHOrO CTaHy TIpOrpaMy Ta
MO3ULIIFOBAaHHSA TOTOYHOTO TIOIJISiAY KOPUCTyBaua Ha JuUCIUIel, [/l HaJaHHS
JI0JIaTKOBUX CIOBIIl|€Hb.

Taki mpobGsemMu  He  palfioHa/IbHO  BUpiIIyBaTW  iMITepaTHBHUM
nporpamyBaHHs. OCKiNBKY 1je € ManoedeKTUBHUM criocobom, 60 po3pobka Oyze
3aiiMaTH Ay>ke 6arato 4yacy Ta i TOUHiCTb Tiepej0aueHHs Oy/je HEMMOBipHO MaJior0.

Tomy anst iboro Mu 6yZieMo BUKOPUCTOBYBaTH ITMO0Ke HaBUaHHSI.

b d Calendar E x
— Preview ~ General Options
€ October 2006 ¥ Week starts with: [Sunda',r |v]
Sun | Mon | Tue |Wed | Thu | Fri | Sat
3q | 24 | 25 | 26 | 27 | 28 | 29 | 30 Selection mode: [Single selection |v]
40 1 2 3 4 5 6 7
[%| Show grid [¥| Navigation bar
41 1 11 12 13 14
42 15 ] 18 | 19 | 20 | 21 Horizontal header: [5hort day names |v]
43 22 23 24 25 26 27 28
Wertical header: [ISCI week numbers |v]
44 29 30 31 1 2 3 4
—Dates — Text formats
Minimum Date: [Jan 1,1900 |%| sl e [E'ad‘ |"]
< Weekend color: [Red |v]
Current Date: [Dct 16, 2006 H
Header text: [F-‘Iain |v]
Maximum Date: [ an 1, 3000 H
. ' a [ ] Firstfriday in month blue [ ] May 1in red

Pucynok 1.2 — I'padiunmii 3acTOCYHOK CTBOpeHwMit 3a goromororo PyQT [11]
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['uboke HaBUaHHSA - 1le CiMEMCTBO MeTO/[iB MaIlIMHHOTO HaBYaHHS, III0
3aCHOBaHI Ha IITYUYHUX HEMPOHHUX MePEX 3 HaBYaHHSM Ha OCHOBI MOCJIiIOBHUX
TepeTBOpPeHb BXiIHOIO CUTHAY.

B paniii po6oTi ramboke HaBYaHHS PO3T/ISIZIAETHCS B KOHTEKCTI OKPeMOTO
HarpsiMy — KOMIT FOTEPHOTO 30Dy, TOMY L0 MOCTaBJeHe 3aBJAaHHS 3BOJUTHCS [0
06pobkm came 300pakeHb [10]. Komm’toTepHe 6aueHHs ab0 KOMIT FOTepPHHUIA 3ip 1ie
Habip TiAXoAiB Ta MeTO[iB, IO [03BOJSIOTH OTPUMATU BUCOKOPiBHEBe
Tnpe/iCTaBIeHHs 1[M(POBUX 300pa>keHb 3 MOAAJIBIIIMM BUPIIIIeHHSIM Pi3HOTO TUIaHy
3a[ja4, HaNpWKaay Kiaacudikailii. B Hammomy Buriagky Oyze 3ziHiCHIOBaTHCS
repeBipKa HasBHOCTI OO/MYYS Ta ouell Ha 300pakeHHi; BU3HAUeHHs IX Micle
pO3TalllyBaHHs, a TaKo)K Oe3rocepefiHE BU3HAUeHHsI IMO3MULIiFOBaHHS TIOTJ/ISIY He
eKpaHi.

Ist Toro, 11100 i3 300pakeHHs 3 00 IMUUSAM TIOAWHN OTPUMATH KOOPAWHATH
nor/isiiy ~ HeoOXifIHO CTBOPUTH B/ACHY 3TOPTKOBY HeMpPOHHY Mepexy. Kiac
3ropTKOBUX HEMPOHHUX Mepexk OyB ifjefiHO 3amo3uueHi i3 3araJbHUX TPUHLIUITIB

po6oTH 30poBOi KOpH TBapuH [16].

1.3 Merojy LITYYHOIO IHTEJIeKTY

[[ITyyHuyi  iHTeNeKT —  TEXHOJIOTiA CTBOPEHHsS  iHTe/leKTya/lbHUX
KOMIT’ IOTEPHUX MPOrpaM siKa BiMNOBiJla€ 3a pO3B'sA3aHHSA 3a/au i AiM, 110 3a3BUYau
BUKOHYE€ JIFOZMHA abo iHIlIa KuBa icToTa.

Hemae TouHOI BiZTIOBiZIi Ha Te 110 Take IITYYHWM IHTe/EKT Ta YNM Came BiH
3alMaEThCs. Y Pi3HMX [pKepesax MO)KHA 3HaMTH CBOI BJIaCHI BU3HAueHHs, ajie BCi
BOHU 3BOJSITBCS 10 TOTO 110 1ie Criocib BUKOHaHHs 00pa3HUX ab0 iHTe/leKTyaTbHUX
byHKIIil )KMBOI iCTOTU, BMiHHSI CaMOCTiMHO TIpUMMAaTH pillleHHsI Ta pO3B’sI3yBaTU
rpoOieMu Ha OCHOBI iH(opMaliii i3 mpeMeTHOTO cepeI0BHIIIa.

[IITyyHul iHTe/NeKT TPOMILIOB CTPIMKMM PICT 3a OCTaHHE AeCATUIITTSA Ta
3apa3 KOPHUCTYEThCS HeabOUSIKOIO TMOMYJISPHICTIO. BifbImicTh HaWMOMy/IspHIIMX

BaCTOCYHKiB BK/IOUdHOTh KOMITOHEHTH 1110 BUKODHUCTOBYHOTH ]_L[Ty‘-IHI/Iﬁ IHTE/IeKT.
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Cepen Hux Google Search, YouTube, Siri, Alexa, Google Assistant, Tesla,
Amazon, Netflix i T.n. Takoxx icHye Be/ivKa KiJbKiCTb BY3bKOCIeLlia/li30BaHUX
rmporpaM sIKi He TakK BifIoMi MIMPOKiH mMyOmirfi, ame iX BHUKOPHUCTAHHS [yXe
noipere. Lle MoXXyTh OyTH, HamnpuK/aZl, CUCTeMHU pPO3Mi3HaBaHHS HOMEpPHUX
3HaKiB $Ki (iKCylOTh ITpaBOIOPYIlIEHHS Ha [OpO03i, CHUCTeMM PpO3Ili3HaBaHHS
00/IMYus 1110 BCTAHOBJIEHI Ha BYJIHISIX ab0 TTiATTPUEMCTBAX, OiNBbITCTh 3aCTOCYHKIB
JJ1s TIepeK/IaZlaHHs TeKCTY 3 MOBM Ha MOBY TaKOXX BHUKOPHCTOBYIOTH IITYYHUU
IHTeJIeKT.

Meto iy IITYYHOTO IHTE/IEKTY [MOE€AHYIOTh Be/IUKY KU/IbKICTh IHIIIUX METO/IB,
cepes; HUX MeTOAU IIpe/CTaB/ieHHs 3aBJaHb Ta IIOLIYKY pillleHb, MeTOAU
00YMC/TIOBA/ILHOTO iHTeNIeKTy, MeTO[M aHasli3y Ta CHUHTe3y, MO/e/IOBaHHS Ta
IIPOrHO3YBaHHS Ta IHIIII.

Cepe/1 HAWTIOMYJISIPHILIMX KaTeropivi IITYUYHOTO iIHTEJIeKTY € TaKi:

- MauuHHe HaBUaHHS;

- MauvHHuk 3ip;

- ABToMaTH3ailisi i poO0TOTeXHiKa;
- O6pobKa MprUpogHOT MOBH.

Y HalloMmy BUMaAKy MU OyJeMO BUKOPUCTOBYBaTH CamMe MAaILMHHWNA 3ip.
MamuHHUE 3ip 1je Habip MeTo/iB 1110 J03BOJISIIOTH aBTOMAaTWYHO aHasli3yBaTH
repejaHe  300pa)keHHS Ta  BUOKDEMJIIOBaTH  HeoOXifmHi  O3HaKW, Ta
aBTOMAaTH30BYBAaTH Ta aHasli3 i iHCIeKI[iro Ha BUpOOHHUIITBI a0 TIPOMHC/IOBOCTI.

Mu x 6ygeMo BUKOPUCTOBYBATU ILIMpILIE TOHSTTS, a cCaMe KOMIT F0TepHUM
3ip. Komm'toTepHuii 3ip — ranay3p sKa JorioMara€ Tiporpamam (opmyBaTH
BHCOKOpiBHeBe pO3yMiHHS 300pa)keHb. Y HalllOMy pillleHHi i1 BUKOpHCTaHHS
HeoOXizHe 11 6e3mocepeHHOTO Tiepei0aueHHsT KOOP/JUHAT TOTJIsi[y KOPUCTyBaua

3a ZIOTIOMOT'010 300pa’keHHsI OTPUMaHOr0 3 BeOKaMepH.
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1.4  Metoau HaBUaHHS TJINOOKHUX HEMPOHHUX MepesK

PosrnsHemo meton SGD — croxacTWuyHMM rpafiieHTHANM cnyck. ['pafjieHTHi
HasIeXKaTh [0 3arajbHOr0 K/Iacy MeToZiB 0e3ymMoBHOI onTuMmizaliii. B ganili 3amaui
rpaflieHTHUM METOJ, BUKOPUCTOBYETHCS [JI1 HAJIAIUITyBaHHS BEKTOPIB Bar w I1apiB
HeliponHoi mMepexi. Hexait y : X - Y— Iji/lboBa 3a/1eXXHICTh, BifjoMa Ha 06'eKTax
HaBYabHOT BUOipKM:

Xl:(xl"yi)lizl,yi:y*(xi)

Anroputm  f(x,w), sKuM HabOmDKae 3a/leXHICTb y* g JIiHIAHOTO

K/1acudikaTopa Ma€ HaCTYTHUIN BUTJISA;
n .
flx,wl=¢ Z;wjxj—wo
i-

nie q)(z) - QyHKIIisl aKTUBALlil.

Po3srasinemo cyTtHicTe MeTony SGD [4].

Ha BXizg nopaetbes:

- X' — HaBuasibHA BUOIpKa [aHUX;

- T| — TEMIT HaBYaHHS;

- A\ — mapameTp, KUl 3abe3rneuye 3r/a/pKyBaHHS (GYHKIIOHATY SIKOCTi
HaBuaHHS Q.

Pe3ynbTaTom poboTH MeTOAY € BEKTOP Barl' w.

Ertamu metogy SGD:

1. IninianizyBaTy Baru W; BUINAZKOBHMM YHMHOM ab0 Cy4yaCHUMU MeTOZaMu

['nopo abo Xe, j=0,..,n.

[HiLiani3yBaTH MOTOYHY OL[iHKY (DYHKLIIOHATy SKOCTi HAaBYaHHS:
l
Q:: ;L(f(x,:,w),yi)

2. IloBTOprOBaTH:
' [ . .
- O6paru o6'ekt x;, € X' 3 HaBua/bHOI BUOiIpKH, HaNPUK/IaZl, BUMAJKOBAM

YHMHOM ab0 OJHMM 3 iHIIINX CIIOCO0iB;
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- OOYMC/IUTH pe3y/bTyioue 3HaueHHs anropurmy [ (X,-,W) 1 TIOMUWJIKY:
&= L(f (xi,w),yi);
- BuKOHAaTH KpPOK I'paiiEHTHOIO CITyCKY:

w==w—nL;1

a(xi’w)’.)/i)(p‘(<w ’Xi>)xi;
- 3uaiitu ouinky GyHKUioHATY sKocTi: Q=1 - )\)Q'l')\gi.
ETan 2 BUKOHY€ETbCS TIOKH 3HaueHHsI Q He cTabisi3yeTbcs abo/Ta BeKTOp Bar

w He OyyTh 3MiHIOBaTUCS.

Mopaudikallis MeTOAy TpPa/liEHTHOrO CITyCKYy i3 BK/IIOUEHHSM iMIYJIbCiB
(MOMeHTIB). 3riflHO 3 LIUM METO/IOM BEKTOp Bar Ha Kpolli t+1 po3paxoBYeThCS
HaCTYITHUM YUHOM:

w(t+1):w(t)—Aw(t+1)
8E(w(t))
owlt)

me 0 <y < 1 - mapaMeTp, SIKM BHW3Haya€ SIKy YaCTUHY I[OMEepeJHbOr0

Alt+1)=y Awlt|+n

rpaziieHtTa OepeMo Ha TOTOUHOMY KpOLli, i $IKy YaCTWMHY HOBOTO Tpajii€eHTa

BUKOPHCTOBYEMO.

Metog HectepoBa. Imes B ToMy, 100 «JUBUTHCS BIIepe/l» 3a HAIMpsSIMOM
BEKTOPY OHOBJIEHHSI TTapamMeTpiB.
3rigHo 3 MeToioM HecTepoBa BeKTOp Bar Ha Kpolii t+1 po3paxoByeTbcs [4]:

aE[w(t)—yAw(t)]
ow |t]

wlt+1]=w(t|-|yAwlt|-n

ge 0 <y < 1 - napameTp, SIKMM BHU3HAya€ $IKy 4YaCTUHY MOMNepeaHbOrO
rpagieHTta OepeMO Ha IIOTOYHOMY KPpOIl, i $IKy YaCTHMHY HOBOTO Tpafi€HTa

BHUKOPUCTOBYEMO.
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Metog Agam. Adam — meTop onTumisaljii 3 aJanTUBHOK IIBUAKICTIO
HaBYaHHA. Metonq Adam BBaXKa€TbCA [JOCTaTHBO CTiMKUM 70 BHOOpY
rimeprapaMeTpiB, OJHAK TlapaMeTpP «TeMIT HaBUaHHS» iHOJI MOTPiOHO OpaTH
Bi/IMiHHMM Bi/i MPOIIOHOBAHOIO 3a 3aMOBUYYBaHHSM [9].

Ha BXig MeToy MOAAar0THCS HACTYITHI BEJTUUHHMU:

- Koedinientu pl i p2 € [0, 1) ekcroHeHI]ia/JIbLHOTO 3aTyXaHHS [/Isi
OLIIHOK MOMEHTIB, 3a yMOBUYaHHAM Ao0piBHIOOTE 0.9 1 0.999 BiAnoBiAHO;

- KoedirieHT & a1 3abe3reueHHs UYMCeTbHOI CTIiMKOCTI pO3B’A3KY,
TpUMMac HeBeJMKe oAaTHe 3HaUeHHS;

- MOYaTKOBi 3HaUeHHs rapameTpiB 0.

Etarmm Adam [9].

Kpoxk 1. IHimjanizyBaTy 3MiHHI [JIs TI€PILIOro i APyroro MomeHriB s = 0, r =
0. IninianizyBaTy KpoK 3a yacom t = 0.

Kpoxk 2. while kputepili 3ynvHku He BUKOHaHO do

BubpaTu 3 HaB4a/sibHOrO Habopy MiHinmakeT m rnpukaaziB {x (1), ..., x (m)} i
MITKH Y (i).

O6uucivTy rpagient: 9 < (1/m)V@Zi: L(f(x(i];@),y(i)).

t —t+1
OHOBUTH 3MillleHy OLIIHKY [epIIoro MOMeHTY: S « p1 s+(1- p 1] g
OHOBUTH 3MilLIeHY OLIHKY JAPYroro MOMeHTY: I' — p2r+ 11— p2 ) gOg

CkoperyBaTt 3MillleHHS MepIIOro MOMEHTY:




OGuMC/IUTY TIPUPICT Baru:

Ag=-E—>
E\/?+5
OHoBUTU Baru: ® —« O+AO

end while.

¥ metozi Adam Barv Ha/lalITOBYHOTHCSI HACTYMTHUM UWHOME:

S ':a=«S_-H1—a)*VEf;&)I:0

t° t
. =B+ D, ,+[1-B| + VE;D, : =0

1-a
1- B S

g, - =

AW, I =n = (gt+p * Wt_1)+y * AW, _,
Jle 1 — KoeillieHT IIBUKOCTI HaBYaHHS,
VE - rpagieHTt @yHKIii BTpaTH,
I — Koe(il[iEHT MOMEHTY,
AWt-1 — 3miHa Bar Ha MornepejHiu iTeparii,
p — Koe(illieHT perysspu3aiiii,
Wt-1 — 3HaueHHs Bar Ha MornepejHiu iTepauii,

a=0.999, B = 0.9
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1.5 Mogens 3ropTKOBOI HEMPOHHOI Mepexi

HanBak/uBillla CKaajjoBa 3ropTKoBOi HeuMipoHHOI Mepexi (CNN) — ne
3ropTkoBui map (puc. 1.3). Apxitektypa mogeni CNN OyayeTbCsi TaKuM YUHOM,
11100 HEeMPOHM B MEpIIIOMY 3rOPTKOBOMY I11api Oy/M TIOB’s13aHi TibKH 3 MiKCeIsIMH
BXiZIHOTO 300pakeHHs Y BJIaCHUX pelieNnTOpHUX nonsx (puc. 1.4). KoxkHuit HelpoH
y APYyroMy 3rOpTKOBOMY I1api, CBOEI) Yeproro, MOB'si3aHUl Ti/IbKM 3 HEUPOHaMH,
SIKi 3HAXOMATHCSI BCepeIiHi MPSIMOKYTHOI 06/1acTi B MepIiioMy 3ropTKOBOMY Iiiapi.
AnasnoriuHo OyayroThesi ¥ iHImi 3ropTkoBi mmapu riambokoi Mepexxi CNN. B
pe3ysbTari Taka apxiTtekrtypa fAo3Bojige mozeni CNN 1Iykat¥ HU3BKOPIBHEBI
O3HAaKM 3a [IOMOMOIrOK TMEpLIOro TMPUXOBAHOTO 3rOPTKOBOrO IHapy, Aaii
MOEAHYBATH X B O3HAKK BUILLIOTO PIBHA B HACTYITHOMY TIPUXOBAaHOMY 3TOPTKOBOMY
mapi Tomo. IlozibHa iepapxiuHa CTpyKTypa € B peayibHUX 300pakKeHHSIX, TOMY
mepeski CNN 1oka3yroTh Ay»ke 100pi pe3ynbTaTy TpU po3ii3HaBaHHI 300pakeHb.

Posriisnemo BiactuBocTi mogesti CNN.

PospipkeHa B3aemopgis. Y TpaJMLIiMHIM HEUPOHHIM Mepexi KOKHUU
BUXiZHUI O/I0K B3a€EMOJIi€ 3 KOXXHUM BXiJIHUM. B 3ropTKOBMX Mepekax B3a€MOJist
po3pi/pkeHa (puc. 1.5) i ToMy MoykHa 30epiraTy MeHIlle rapameTpiB MOPiBHSIHO 3
GaraToliapoBuM  mepcenTpoHOM. lle TIOB’S3aHO TakKOXK i3  B/IACTUBICTIO
nokaneHOCTI  Mepexki CNN: o06pobka uacTMHM 300pakeHHS Bif0yBa€TbCs

He3aJieXkHO Bifl TOro Jie 15l YaCTHUHA PO3TallloBaHa y BXiZJHOMY 300pa>keHHi.
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PrcyHok 1.3 — 3HM)KeHHs1 PO3MIpPHOCTI i3 3aCTOCYBaHHAM 3rOPTKOBOIO L1apy 3

CTpaiiioM piBHeM 2 3a 000Ma HampsiMKaMu [4]

Convolutional
Feature  / a layer 2
(B mep1 ¥
S -}
i M2 ;
Filters S AL
é‘:"g““'ﬁﬁ | Convolutional
/7 Map1 F-Hi-- A | rayer 1
~ : :

T
et
0

prmm———
-
_‘H.E

-
T

e

A 2|

-

=

Input layer

Channels

Red
Green
Blue

Pucynok 1.4 — Mopens CNN i 306pa>keHHsI 3 TpbOMa KaHasiamu [4]
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Ha pucysky 1.5 3BepxXy 300pa’keHO 11ap S, YTBOPEHH 3rOPTKOIO 3 SiiPOM

PO3MIpHOCTI 3, OTXKe ejleMeHT X3 BILIMBAE Jivllle Ha 3 BUXOAU. 3HU3Y Ha PUCYHKY

1.5 moka3aHo TpafuljiiHy MOiellb — OaraToIapoBUi TEePCeNTPOH, e 3B’ SI3HICTh

He € pO3pi,E[)KEHOI-O.

Pucynok 1.5 — Po3pikeHa B3aeEMo/isi B 3rOpTKOBOMY 111api (3Bepxy) [9]

Pospginenns napametpiB. B mepexxi CNN ofyH i TOM caMHUii mapameTp MOKe
BUKOPUCTOBYBAaTHUCh B Ki/IbKOX (YHKIIiSIX 3ropTKU. B TpagulliHili Mepexi —
GaraTolapoBOMy TepCeNTpPOHi — KOXKHUM TapaMeTp BUKOPHCTOBYETHCS Ti/IbKU
ofvH pa3 (po3zi/ieHHs TlapaMeTpiB HeMae€) MiJ 4Yac OOYMC/IeHHS CKaIspPHOIO
n00yTKYy BUXiZIHOTO CUTHA/Ty HeHpOHa.

[Ile ogHa BnacTtuBicTh Mepexxi CNN B TOMy, IJ0 BOHa MOXe SKiCHO
OTMMCyBaTH CK/IaJHi B3aeMo/ii M’k OaraTbma 3MiHHUMH 3a YMOBH, II0 MepeXka
CK/IIA€THCS 3 MIPOCTUX €JIEMEHTIB, [le KOXKHUM 3 HUX OIHUCYE TIIbKU PO3piJyKeHy
B3aeMozito. Ha pucyHky 1.6 HaBezeHO TIIpUK/IaZ OIlOCepeKOBAHOI B3aeEMOZIL

efleMeHTa g3 3 yciMa BXiIHUMU efileMeHTaMH (X1 — x5).
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O§O§ §¥O§O,
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PucyHok 1.6 — OnocepekoBaHa B3aeMoisi 6/10kiB B Mepexki CNN [9]

1.6  OsHaku Xaapa

OsHaku Xaapa — Habip o03Hak 1MdpoBoro 300pa)keHHs, 1[0
BUKOPUCTOBYIOTBCS /IJIs1 pO3ITi3HaBaHHS 00pas3iB.

BifbliicTe  anropuTMiB 10 MPALOIOTH i3 LU(PPOBUMM 3HaYEHHSIMU
300pakeHHsI MalOTh BeJIMKY OOUMC/TIOBA/IbHY CKIafHiCTh. KoykeH mikcenb
CKJIa[Ia€ThCS i3 TPhOX LIU(MPOBUX 3HAUEHb iHTEHCHBHOCTI YePBOHOI'0, CUHLOTO Ta
3e/1IeHOr0 KO/bopy. [sisi 3MeHIlleHHs: 06’ €My BXiZJHUX JaHUX MO)KHA MepeTBOPUTU
300pakeHHsI 3 KOJIbOPOBOTO Ha YOPHO-Oisie, fKILO 1ie He IIKOJUTh IOAAJIBIIIOMY
aHami3y 300pa)keHHs. Hampukiaz y HaIlloMy BHUIAZKy MU camMe Tak i poOumo,
OCKIJIBKM [IJI1 BU3HAU€HHsI HalpsMy IIOIVIAAYy HaM MOXKHa 3HeXTyBaTHh KOJIbOPOM
300pakeHHs.

[MTamareoprito [14] y cBoi#t po60Ti po3r/issHyB MHOKHHY O3HAaK OCHOBAHUX Ha
BeiiBnerax Xappa. Imero BuKopucTaHHs BeliBieTiB Xaapa Oysi0 ajanToBaHO
Bionmoto Ta [IxoHcom [17]. BoHu po3pobusy Te 110 mMi3Hilie Oys0 Ha3BaHO
o3HakamMu Xaapa. OsHaku Xaapa CK/IaJarTbCs 13 CYMDKHUX MPSIMOKYTHUX
obnacreii (puc. 1.7), Aki po3milaroTbCsi Ha 300paxkeHi Ta (GOPMYIOTh Tak 3BaHe

BiKHO.
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| (a) Edge Features

(b) Lane Features

(c) Four-rectangle features

Pucynok 1.7 — Ilpuknag o3Hak Xaapa [6]

[Ticns UpOro miIpaxoBY€ETbCA CyMa iHTEHCUBHOCTI TIIKCE/TiB B KOXKHIWA 3

obmnacreii Ta 0OUKCTIOETHCS Pi3HULIA MiXK HUMH (puc. 1.8).

PucyHok 1.8 — HakazanHst 03HaK Xaapa Ha 300pakeHHs 00/uust [6]

OTpumMaHa Ppi3HULA 1 € 3HaueHHAM T[IeBHOI O3Haku. BIKHO 03HaK
BM3HAUEHOTO0 pO3MIpDy PYXaeTbCsd 10 300pakeHHIO i [y KOKHOI 00sacTi
pO3paxoBye 03HaKy Xaapa. [l JOCATHeHHS MPUMHATHOI TOYHOCTI He JOCTaTHbO
JWIlle OAHOTO siipa O3HaK, TOMy Ha0OOpH O3HAaK OpraHi3oBaHi B KacCKajHi
K/1acuikaTopH.

BHac/ijok HeBeIMKOI KiBKOCTI Ta CK/IaZHOCTI OOUMC/IeHb AOCATAEThCS

BUCOKA IIBUAKOZIS. Y CcUCTeMi 1[0 po3po0bssieTbesi MU Oy/1leMO BUKOPHCTOBYBATH
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nBa Habopu O3HAaK Xaapa /sl po3Mi3HaBaHHs 00iMuusi Ta oueil. HaTpeHoBaHi
O3HaKU HafawTbcs Oibsmiorekoro OpenCV [12] ska BUKOPHUCTOBYETHCS ISt
OTpHUMaHHs 300pa>keHHsI 3 KaMepH Ta iX rorepeaHpoi 00poOKH.

BusiBnenHs o6muusi Ha 300pakeHHiI HeoOXifHe, 11100 BHUKOHAaTH BUMOTH
ITI0/I0 TIO3UI[ifOBaHHSI 00/MYYsT B KOHKDETHiM ob6sacTi 300pakeHHs (TIPsSIMO TI0
cepeIMHi BiZIHOCHO BeOKaMepH Ta JUCILIET0).

Po3mi3sHaBaHHsA oueli HeoOxizHe mAssi (ikCyBaHHS MOMEHTY KJIiMaHHS
npaBuM abo miBuM okoM. I[le BUKODHUCTOBYETBHCS AJis TIOAAJIBINOI CAMYJIALIT
HATUCKAHHS BiJITIOBiJHOI KHOTMKW MMILI, 1110 /I03BOJISI€E BUKOHYBATH oOrieparjii Ha
pobouoMy CTOJI.

[InsixoM TOTrO IO aATOPUTM € IIBUAKHUM, Liei Tpoliec He 3aiiMae OaraTo
yacy i 03BOJIsiE BAKOHYBATU MOTO /Ijisi KOYKHOTO OTPUMAHOTO Kajpy 3 BeOKaMepHu.
Takox 1je 3a/MIla€e AOCTaTHbO 0OUMC/TIOBAIbHUX MOYK/IMBOCTEH /ISl TIOJa/bIIoro

BUKOHAHHS PO3ITi3HaBaHHS HAIpsIMy MOTJISIAY.

1.7  Po3pobneHHs: pyHKLIIOHATBHUX BUMOT

s AKiCHOTO BWKOHAHHSI TIOCTAB/IEHOI 3ajaui HeoOXimHO cdopMyBaTu
HeoOXigHi dyHKI[iOHaMbHI BUMOrM SIKMM TIOBMHHA BiJTOBiZaTM po3pobieHa
cucrema. Lle 103BO/IMTE BpaxyBaTU BCi OCHOBHI ClLieHapil BUKOPUCTAaHHS CUCTeMU
KOpUCTyBauaMu Ta 3abe3reyeHHss KOM(DOPTHOTO BUKOPUCTAHHSI.

B Tabmumi 1.1 - 1.4, omnucani BapiaHTM KasiOpyBaHHS KaMmepH,
pO3Mi3HaBaHHA MOIVIAAY Ta [iM fKi MOXKe BHUKOHYBAaTU KOPUCTYBau 3aBJsKH

po3po0JieHOMY MporpaMHOMY 3abe3reyeHH}o.
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Tabmvus 1.1 — BapianT Bukopuctanas UC-1

Ha3Ba KanibpyBaHHs Kamepu

Onuc KopucrtyBau BIIEpLLIe 3aryckKae
IIporpamy Ha IIpUCTpoOl

Y4acHUKHU KopucrtyBau

[TepegymoBu KopuctyBallbkuii  K/II€HT  YCIHIILHO
TPUEIHABCA 10 CepBepa PO3Ili3HaBaHHSA
TOIJIAAY.
O6muyst KopUcTyBaua Ao0pe oCBiTeHe
Ta BiIKpUTe.

[ToctymoBu [Torsisgn KopucTyBaya pO3ITi3HAETHCS 3

noxubkoro He Oinblile HDK 2 CcM B
rOPU30HTabHIN i BEepPTUKAJIbHIN
TJIOLL[VHI.

OCHOBHUM CLIeHapiu

KopucryBau 3anyckae nporpamy. Ilicias
4yoro aBTOMaTUYHO  3alyCKaeTbCs
CKPUIIT SKAW HAZA€E KOPUCTyBauy
BKas3iBKU. A came TIIpOTArOM OJHI€l
XBWJIMHA  CTEXUTU 332 UYEPBOHUM
BKa3iBHUKOM Ha JucCTiei. 3a 1ed yac
[O[AaTOK 3MOXKe TIiJJIalliTyBaTUCh IIif
KaMepy 110 poOuTb 300pakeHHs Ta
pO3MipH JucIuies.

Po3siivpeHHs cueHapiiB

[Tix uac xamiOpyBaHHS KOpPHCTyBau
3HUKAE 3 00'eKTHBa KaMepHu:

1) Ilporpama TpUMNUHSE MOpOLEC
KajmibpyBaHHSI Ta  BUBOJUTH
MOBIZJOM/IEHHS [P0 TIOMWIKY 3
MPOXaHHSM TIOBEPHYTU OOIMUYsI
Hasza[ Ta posnoyaTtu
KaJliOpyBaHHS CIIOYATKY.
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Tabnvus 1.2 — BapianT Bukopuctanusi UC-2

Hassa

BigcrexkeHHs NOTJIsIy KOPUCTyBaya

Ornuc

KopucTyBau 3amycTMB [OAATOK Ta
po3ryisifja€  00’€KTH  po3MillleHi  Ha
JUCILIel IPUCTPOIO.

O06/muus KoprcTyBaua Jobpe ocBiTIeHe
Ta BIKpUTe.

YyacHUKu

Kopucrysau

IlepenymoBu

KopuctyBallbkuii  K/II€HT  YCIIILIHO
TIPUEHABCS 10 CepBepa PO3Ili3HaBaHHSA
TIOTJISIAY .

KopucrtyBau YCIIIILIHO BHUKOHAaB
Tipolie/lypy KasiopyBaHHS.

[ToctymoBU

Ha pgucriiei mnpucTtporo 3’SIBJSETHCS
YEepBOHUM KPYT, SIKUK B pealbHOMY 4Yaci
rnepeMiljaeTbCd Ha Micle TOrJsgay
KOpHCTYyBaua.

OCHOBHUM ClLieHapiu

KopuctyBau 3amycTuB [0JaTOK Ta
royYaB AVUBUTUCH Ha AUCIIeN. []ofaTok
VCIIIIHO PO3Mi3HA€ HarpsMm MOIJsAAY
KOpHUcTyBaua i BigoOpa)kae uepBOHe
KOJI0O Ha [Juctuiei B Tiepeg0aueHOMY
MICLIi TIOTJIAAY.

Po3siivpeHHs cueHapiiB

O6uuust  KOpUCTyBaua  3HUKa€E 3
00’ekTHBa ab0 KOpUCTYBau JUBUTHCS He
Ha JJUCIIel MPUCTPOIO:

1) IIporpama repecTae
Bi/ICTEXXYyBaTH TIOTJISII
KODHCTyBaua, Ta BijoOparkaTu
yepBOHEe KO0JI0 Ha JUCILIel.
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Tabsmurs 1.3 — Bapiaat Bukopuctadas UC-3

Hassa CumyndaLis HaTUCKaHHS JIIBOI KHOIIKU
MHULLI

Ornuc KopucryBau (okycyeTbcsi Ha ejieMeHTi
iHTepdeliicy Ta Kiimnae /iBUM OKOM (OKO
3aKpuTe He MeHIle Hix 0.3 ceKyHr)

YuacHUKU KopucryBau

IlepenymoBu KopucryBaupknii  K/I€HT  YCITILIHO
TIPUEAHABCS IO CcepBepa pO3Ili3HaBaHHSA
TIOIJISAAY.
KopucrtyBau YCITIIITHO BHUKOHAaB
niporielypy KaiOpyBaHHSI.

[ToctymoBU Binbynacs CUMYJIALIA oA

HAaTHUCKAHHS  JIIBOI KHOMNKW  MHUIIII,
eJleMeHT Ha $IKOMy C(OKyCyBaBCs
KOPUCTYyBau OTpHMaB TIO/Iit0
“HaTUCKaHHA Ta BiJpearyBaB Ha Hel.

OCHOBHUM ClLieHapiu

KopucrtyBau T1IOr/iSHyB Ha e/leMeHT
iHTepdelicy i KIMHYB JiBUM OKOM.
[Ticnss voro enemMeHT iHTepdeiicy
BiZjpearyBaB BiJI[IOBIJHUM UMHOM.

PosmmpenHs crieHapiis

KopucrtyBau cdokycyBaBcsi Ha MicLji Jje
HeMa€ akKTMBHUX e/IeMeHTIB:

1) OnepaiiiiiHa cuUcTemMa OTpUMaa
nofiito  “miBUM  KJIK®, aae Ha
JUCIIe] HIYOrO He 3MIHMJIOCH,
OCKiNTbKM KK BifmbyBaBcs 110
MICIIFO [1e HeMa€ aKTUBHOIO
eJIeMeHTYy.
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Tabmvus 1.4 — BapianT Bukopuctanus UC-4

Hassa CuUMynALis HAaTUCKAHHS IpaBOl KHOIKU
MHULLI

Ornuc KopucryBau (okycyeTbcsi Ha ejieMeHTi
iHTepdeiicy Ta Kiinmae IpaBUM OKOM
(oko 3akputre He MeHme HiX 0.3
CeKyH/H)

YuacHUKH Kopucrysau

IlepenymoBu KopucrtyBaupkuii  K/I€HT  YCIILIHO
TIPUEAHABCS IO CcepBepa pO3Ili3HaBaHHS
TOIJISAAY.
KopuctyBau VCITIIIHO BUKOHAaB
Tipolie/lypy KasiopyBaHHS.

[ToctymoBU BigOynacs CUMYJIALIA noiiu

HaTWCKaHHS TIpaBOi KHOIKW  MHUILII,
eJleMeHT Ha $IKOMy C(OKyCyBaBCs
KOpPHUCTyBau BiIKDUB BJIaCHe
KOHTEKCTHe MeHI0 abo BWKOHAB iHIIy
3arporpaMoBaHy IOJ(it0.

OCHOBHMM CLieHapin

KopucrtyBau TIOI/ISHYB Ha ejleMeHT
iHTepdelicy i K/IMHYB TpaBUM OKOM.
[Ticng 4yoro eneMeHT iHTepdency
Bi/jpearyBaB Bi/IlIOBiJHUM UHMHOM.

Po3siivpeHHs cueHapiiB

KopucryBau cokycyBaBcsi Ha MicLii Jie
HeMa€ aKTUBHUX eJIeMeHTIB:

1) OnepaiiiiiHa cuUcTemMa OTpUMaa
TO/[it0 “ripaBuM KJTK”,
BiIKDU/IOC KOHTEKCTHe MEHHO
aKTUBHOT'O 3aCTOCYHKy. K0
KK BigbyBca 3a  Mekamu
3aCTOCYHKY, BiIKDUBAETHCS
KOHTEKCTHEe MEHI0 OrepaLinHol
CUCTEMHU.
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Tabsurs 1.5 — Bapiaat Bukopuctadas UC-5

Ha3sBa

[ToyaTok pobOTH 3 CUCTEMOIO

Ormuc

KopucTyBau po3rouyrHae CBOO poOoTy
i3 CUCTeMO10.

YuacHuku

KopucrtyBau

[TepegymoBu

KopucrtyBau Mae B HasIBHOCTI
BeOKamepy. Takox HeoOXiHa
BijleoKapTa Ha AKit OyayTh
BUKOHYBAaTHCh OOUMC/IeHHs, abo K
anbTepHaThBa JOCTyN B iHTepHeT. Y
BUIIAJKy HasIBHOCTI IHTEpPHETY CHUCTeMa
MOKe€  BCTAaHOBUTH  3’€AHaHHA 3
Bi/[Zla/IeHUM CepBEePOM Ta BHUKOHYBATU
Ha HbOMY HeoOXiZiHi oO6umnc/ieHHs.

[ToctymoBU

Cucrema Oyna ycmimHo 3amyliijeHa 6e3
TIOMUJIOK Ta FOTOBA /[0 BUKOPUCTAHHS.

OCHOBHUM CLIeHapiu

KopuctyBau 3amyckae CKpUIT i3
po3pob/ieHUM 3aCTOCYHKOM, ITiC/Isi YOro
criocTepirae BiKHO [/ KasliOpyBaHHS
(K110 crcTeMa 3amylijeHa Briepiiie) abo
TIOBiZIOM/IeHHSI TIPO Te 1110 cucTeMa Oysia
YCIIIIHO 3aBaHTa)keHa Ta TrOTOBa [0
poboTH.
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Po3sivpeHHs cueHapiiB

KopucTtyBau 3amyCTMB CKpMIIT, aje
HeMae BiJIe0OKapTH:

1) Cucrema Bifmobpakae Ha ekpaHi
TeKCT TIPO Te M0 Ha BalIOMy
TIPUCTPOI BiICYTHSA BiJleOKapTa;

2) Cucrema HaMara€eTbCsi
BCTaHOBUTH 3’€IHAHHSA 3
Bi/|/JaJIeHUM CEePBEPOM.

KopucTyBau 3amyCTHUB CKpHUIIT, ajie B
HbLOTO HEMae€ BifleOKapTH Ta [JOCTYIy B
IHTepHer:

1) Cucrema Bifjobpakae Ha eKpaHi
TEeKCT [pO Te L0 Ha IPUCTPOI
HeMa€ BifleOKapTH Ta AOCTYIy [0
IHTepHeTYy;

2) Cucrema 3aKiHUy€e CBOIO POOOTY.

Tabmuis 1.6 — BapianTt Bukopuctanas UC-6

Hasga 3akiHueHHs1 poOOTH CUCTEMOFO

Ornmc KopucTyBau 3aBepiiye CBOKO poOoTy i3
CUCTEMOIO.

YuacHUKH KopuctyBau

[TepegymoBu [Tepen 1wmM cucremMa OyJsia yCHilIIHO
3armyIrjeHa Ta roToBa /[0 poOOTH.

[ToctymoBU Cucrema 3aBepimuna  poboTy  Ta

3BUJIbHWJIA pecypcu 1[0
BUKOPHUCTOBYBa/IUCh Ha BiJeokapTi. Y
pasi BUKOPUCTaHHA BiZila/1eHOr 0
cepBepa, BiZeokapra Ha  cepBepi

BUBLJIbHSIE pecypcu 1[0
BUKOPUCTOBYBAJ/IUCE.

OCHOBHMM CLieHapiu KopucryBau TIPUITHHSE poboty
3aMyLleHoro CKpUNTy 1 Criocrepirae
I[polLia/IbHe TI0B1JOM/IEHHS 3
iHdopMaiiiero Tpo yCIIillHe

3aBepIlIeHHs.
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Po3sivpeHHs cueHapiiB

KopuctyBau 3yruHsie pob0oTy CKpUMTY,
ajle CuCTeMa BTpaTula 3B’S30K i3
Bi/|€OKapTOLO:

1) Cucrema BigoOpakae Ha ekpaHi
TeKCT NP0 Te M0 3B’SI30K i3
BifleokapToro Oy/s0 BTpaueHo, Ta
BOHAa He MOXe TrapaHTyBaTH
YCIIiLlIHe 3BiIJIbHEHHS PeCypCiB;

2) Cuctema aBapiMHO  3aBepIye
pobory.

KopuctyBau 3yrnuHse poboTy CKpPUMTY,
aje cUcTeMa HeMae JOCTyIly [0
IHTepHeTy:

1) Cucrema Bifobpakae Ha eKpaHi
TEeKCT TpO Te 10 AOCTyI [0
iHTepHeTY 0yJI0 BTpaueHo;

2) BigmaneHuii cepBep He OTpPUMYE
3alUTH  BiJ] KJII€HTA TIPOTATOM
OfHI€l XBW/IMHU TICASL  YOTO
BUBLJIbHSIE peCYPCH.

3) Cucrema aBapiiHO 3aBeplIye
pobory.

1.8  BUCHOBKU [0 pO3iy

Y npaHomy po3zifi 6yn0 posrasHyTO TpeAMeTHY 00/1acTb B KOHTEKCTi SIKOi

3[iMCHIOETBCST  JIOC/II/DKeHHST Ta po3po0OKa cucTeMu. 30KpeMa IpOBeieHO

o3HaiiomsieHHs 3 6i6/mioTekamMu Ta hperMBOpPKaMHU 1110 OyIyTh BUKOPUCTOBYBATHCh

npu po3pobui cuctemu. IIpoBezieHO o03HaMOM/IEHHs i3 MeTO/aMHU ILTYUHOTO

iHTenekTy Ta 03HakaMud Xaapa. PopmanizoBaHO (QYHKI[iOHa/bHI BUMOTU [0

MaitbyTHBOTO TIPOTPaMHOTO TIPOAYKTY, 1[0 AO3BOWIIO ileHTU(IKyBaTH yUaCHHUKIB

CUCTeMHU (/TUIle KOPUCTYBau) Ta MOJK/IMBI ClieHapil BUKOPUCTAHHSI MPOTPaMHOTO

3a0e3reyeHHs.
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PO3/I1JI 2 HABUAHHS HEMTPOHHOI MEPEXI

2.1  Onuc HaBYa/ILHOTO HAbOPY JaHUX

Ycnixu y cdepi rmboKoro HaBUaHHS, 30KpeMa KOMII'IOTEPHOTO 30Dy
AaKTMBHO BWKODUCTOBYIOTbCSI B TIOBCSKAEHHIM JIFOACBKIU AistmbHOCTI. OpfHak
3a/IMIIA0ThCS cdepw, sIKi 3 MeBHUX MPUUMH BUKOPUCTOBYIOTh 3aCTapiiMi apceHasl
MeTOZiB 1 TiAXOAIB A/l PO3B'd3aHHS BIAMNOBIAHUX 3a7a4y. Yepe3 BiJCYTHICTb
Be/IMKOI KiZTbKOCTi HaBUa/JIbHUX JAHUX i TIOTaHO CIIPOEKTOBAHWM Ipoiiec ix 300py
Taka npobsieMa, SIK BiICTe)KeHHsI TIOT/Isiy He Moyke OyTH BUpillleHa MOBHICTIO 3a
ZIOTIOMOT0I0 TJTMOOKOTO HaBUaHHS ab0 iHIMX MeTOZiB Ta TAXOMAiB pO3B'S3aHHS
JlaHOI 3a/iaui.

OcranHi HarpaiffoBaHHsi, III0 0e3mocepeHbO CTOCYIOTbCS 300py Ta
BaJliflallii HAaBYA/JIbHUX [JAHUX, AO3BOJISIIOTH BUKODUCTOBYBATU TTOBHUM apCeHasl
MeTO/iB KOMII'IOTEPHOI'O 30py [JIs1 PO3B'A3aHHS 3aZaul BiJCTeXKeHHs IOTJIALY.
Gaze Capture [5] gaTta cer Bk/mouae 1450 pi3HUMX rofiei i MicTUTh Oisbitie 2.5M
300pakeHb, SIKi [JO3BOJIAIOTH iIeHTU(IKyBaTH [jle Ha MOHITOPi CKOHI[EHTPOBaHHUI
TIOT /1517, BAKOPUCTOBYIOUH JUIIIe 300pa>keHHsT 00Muust JTFOIUHHU.

MiHMMBICTE JaHUX [a€ 3arajbHy OL[IHKY perpe3eHTaTUBHOCTI AaHuX. [lis
I[bOTO B pobOoTi Oy/10 BUKOpucTaHo meToa Dataset Characteristics [5], 1m0 oriHIO€
no3uilito rosioBy (h) Ta Harpsim nornsiAy (g) A KoykHoro 306paxenHs. Kiniesuii
PO3MOALT 3a3HaYeHUX [ABOX BeJWUUH B TIOPIBHSHHI 3 IHIIMMM HasiBHUMU [iaTa
ceramu: MPIIGaze [3] Ta TabletGaze [8] 306pakeHO Ha pUCYHKY 2.1.

3a3HaueHi PO3IOAiIN MMiATBEPAKYIOTh BapiaTUBHICTh [10JI0KEHHS T'0JI0BU Ta
TIOT/ISIIy B TIOPiBHSHHI 3 iHIIMMM HasBHUMU JaTa CeTamH, 1o Ge3rocepesHbO

BI/IMBA€ Ha SIKICTb HaBUAHHS 3rOpPTKOBHUX HEﬁpOHHHX Mepex.
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PucyHok 2.1 — Po3noziisn moJio>keHHs TOJI0BU W HarpsIMKY TOTJIsIy B MIOPiBHSHHI 3

HasiBHUMM Habopamu faHuX [5]

2.2 ApxiTekTypa HeHMpOHHOI MepexKi

Meta pmaHoi pobotu monsirae B po3pobili Mmigxofy, 10 BUKOPUCTOBYE
indbopmariito mpejcTaB/ieHy B BUIVIAAI  300pakeHHs, 11[06 mepenbavyaTu
KOOpJAWHATK TOrJIIly Ha MOHITOpI TIepCOHa/bHOrO KoMmm'toTepa. byio
CIIPOEKTOBAHO apXiTeKTypy HEUPOHHOI Mepe)Ki Ha OCHOBIi 3rOPTKOBUX HEMPOHHUX
MepeXx i3 10JaTKOBUM BUKOPUCTAHHSIM MeXaHi3My yBaru.

Ha Bxig mopgeni mepemaBaBcs: 1 300pakeHHsT JIMIA i3 BiAMOBiAHMM #oro
po3MillleHHsIM Ha 300pakeHHi (iMEHY€TbCA SIK MacKa JIMI); i J0JaTKOBO 2
300pakeHHsI JTIBOTO i TIpaBOro OKa BiJHOCHO PpO3MillleHHsI JUIS (TOMOBU).
Kombinyrouu 10 iHdopmaiiito, Moziesib 37aTHa BU3HAYaTU KOODPAWHATU TIOTJISIY
KOpHCTyBaua. 3arajbHa apXiTeKTypa HEeWpPOHHOI Mepexi i3 BiJOBiAHUMU

PO3MipHOCTSIMU 300pa>keHa Ha PUCYHKY 2.2.
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BapTo 3BepHyTH yBary, 110 300pa’keHHsI JIiBOTO i TTPaBOro OKa Iepe/ialoThCsl
Ha BXiJi Mepexi, K OKpeMmi BXOJW, XOua cCame JIULe B)Ke MICTUTb [aHy
indopwmariito. [anuii migxig Oyso 3pobseHO 3 MeTOr 30iMbIIMTH PO3iTbHY
3/laTHICTb 300pa)keHHs], 1110 CIIPOIIY€E Tpoiiec ifieHTUdIKaIlil HaTIPSIMKY TIOTJISAY
HEWPOHHOI MepeKer.

OCKiTbKU CITOCTepe)KeHHSI BKJ/IFOUAIOTh BUKOPMCTaHHS Pi3HUX LIU(PPOBUX
MIPUCTPOiB: TeseOHiB, TJIAHIIIETIB Ta TIEPCOHA/JILHUX KOMITIOTEpiB, HeoOXimHO
Oyno CTBOpUTH YHiBepcaabHY LJIbOBY 3MiHYy. B 1hbOMy BUTAZKy — Iie

KOOPpAWHATHU X, Y Bi,ﬂ;HOCHO KaMepu, SIKI HpHﬁM&I-OTB 3HAYE€HHA B CAHTUMETPAX.

CONV-E1 ATTEN

CONV-E2  ATTEN

CONV-E3 ATTEN

ATTEN

1xlx6d

3x384

5x5x256

Right eye 11x11x96

CONV-E1
NV-E4 ATTEN
Fc1 Fc2 *y)
s /S [
CONV-F1 ATTEN 128 2 7 B
CONV-F2  ATTEN
CONV-F3 ATTEN
Image from y = CONV-F4 ATTEN  FCFL FC-F2
camera
P 1uixs4 128 64
5X5K256
= . i FCFGL FCFG2
s — —

256 128

Face mask

PrcyHok 2.2 — BuCcOKOpiBHeBa apxiTeKTypa HeMPpOHHOI Mepexi

Mata cer GazeCapture mictuth 2445504 300pakeHb, cepefi SIKUX JIMIIIe
1490059 BUKOPHUCTOBYIOTHCA [Jid HaBUAHHS, Basifallili Ta TeCTyBaHHs. [HIIWMU
C/I0BaMH, CIIOCTepeKeHHd OTpuMaHi Big 1471 nroguHU BUKOPUCTOBYBAIUCH [JIS
HaBYaHHS HEMPOHHOI Mogesni, 50 nMrogen A Badifanii, a Takox 150 mogen ajs

TiepeBipKU KiHLeBOI SKOCTI MOZel.
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BpaxoBytouu, 110 po3Mipu KOXKHOTO 300pakeHHsi MarOTh pi3Hi PO3MipH,
Oysio TipoBeZieHO ix TpaHChoOpMallio 0 €IUHOTO po3Mipy 224 Ha 224 mikcesiB 3a
porioMororo  6i6mioreku torchvision. ApxiTekTypa HeMpoHHOI Mepexi 0yJio
peasizoBaHO 3a jomomoroio (PpetimBopky Torch pans rmmbokoro HaBUYaHHS.
KoHKpeTHa apxiTeKkTypa Mojesi po36rTa Ha QyHKI[iOHa/IbHI O/10KH, SKi HaBeJeHO

B Tab/mix 2.1 Ta 2.2 BigIOBiHO.

Tabsurs 2.1 — Moy 06po6ky 306pakeHb

Howmep 1iapy Image Module

1 Conv2d(96/11/4/0)
MaxPool2d(3/2)
BatchNorm?2d(96)
MultiHead(96/3)

2 Conv2d(256/5/1/2)
MaxPool2d(3/2)
BatchNorm?2d(256)
MultiHead(96/3)

3 Conv2d(384/3/1/1)
Conv2d(64/1/1/0)

ne Conv2d(kinbKicTb (ibTPiB / po3Mip sfzpa 3rOpTKUA / KPOK 3MillleHHs /
padding), MaxPool2d(po3mip BikHa / Kpok 3mimieHHs); BatchNorm2d(KinbKicTb
¢ineTpiB); MultiHead(kinbKicTe QinbTpiB / KilbKicTh wwapiB yBaru). Ilicad

KO>XHOT'O 3rOPTKOBOTO 11apy BUKOPUCTOBYETHCS aKTHBaLliliHa QyHKIist ReL.U.

Tabmuiis 2.2 — IToBHO3B’ s13aHi IIapy 1 arperatiii JaHux

Howmep wapy | Eyes Module | Face Module | Grid Module Aggregate
Module
1 Linear Linear Linear Linear
(18432, 128) (9216, 128) (784, 256) (320, 128)
2 Linear Linear Linear
(9216, 128) (256, 128) (128, 2)
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e Linear(KibKiCTh BXiJHUX HEUPOHIB, KUIbKiICTb BHUXIiJHUX HEUPOHIB).
[Ticnst KOXKHOTO TIOBHO3B’S3aHOr0 I1apy 3aCTOCOBYETHCS aKTHBAL[iMHA (DYHKLIisS
ReLU.

TakvM 4MHOM, Ha BHUXOJi HEWPOHHOI MepeXi OTPUMY€E [Ba 3HAUeHHs, SIKi

Bi/ITIOBIZJatOTh 3a KOOPAUHATY TOTJIAAY X Ta y BiATIOBIAHO.

2.3 Ocob6mmBOCTi HaBUaHHS Mo/iei

OcKinbKY /1aHa 3a/laua BificTeXkeHHs NOT/siy OPMY/IIHOETLCS SIK perpeciiiHa
3ajjaua, To B sKOCTi QyHKLiT onTuMmisalii 6ys0 obpaHo dyHKLit0 moxubku Xybepa.
3a3HaueHa (PyHKIisT 00'eqHye TIepeBar MaHxeTeHCbKOi MeTpuKH (L.1), sika MeHII
yyT/JMBa [0 BHWKHW[IB, a TakoX EBkmigoBoi metpuku (L2), ska 3abe3mneuye

3IJIa/I>KYBdHHA B OKOJIi HYJIA:

<delta

X~ Yol oif X, =y,

- 0.5
" |xn—yn —0.5 = delta),otherwise

delta *

B skocTi ontumaiizepa 6yno BubpaHo Adam i3 KoedillieHTOM HaBYaHHS
(learning rate) pieauM 0.0003, mapametpamu 1 = 0.9 Ta 2 = 0.999. [JomaTkoBo
BUKOpUcTOBYBaBCcad weight_decay = 0.0001, sk ananor L2 perymisamii 3
azianTalliero KoediljieHTa HaBYaHHSI.

[Tporjec HaBUaHHs 300pakeHO Ha PUCYHKY 2.3

Po3mip 6atuy Mictuth 128 300pakeHb, a HaBYaHHS IPOBOAMUTHCS ITPOTATOM

100 erox.
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30 —— Train Error |

Walid Erreor

2.8

o
L=

Hyber Loss

2.4

o] et

Number of Epochs

PucyHok 2.3 — [Iporpec HaBUaHHSI HEHPOHHOI Mepexi

[ TIOKpallleHHs pe3yJ/bTaTiB PO3Mi3HaBaHHSA MOKHAa BUKOPHCTOBYBAaTH
it Habopu ganux. Harpukiaz suiie Toi 1[0 6yB copMOBaHUi 3a ZOITOMOT OO
BUKOPHCTAHHSI HACTLILHOTO TIePCOHATLHOTO KOMIT I0Tepa, JIMIlle HOYTOYKY, JIHIie
TUIaHIeTy, i T. A. TakoX MO)KHa BUKOPUCTOBYBaTH Habopu 10 Oy/id oTpuMaHi
Mpy TMOraHoMy, abo HaBMaKW XOpOIIOMY OcCBiTieHi. Habopu gns mogei 3
po3azaMu 30py (KOCOOKiICTb, KOPOTKO30PiCTh, [AIeKO30PICTh).

OTtpuMaHi HaTpeHOBaHi MoZieni OyayTh 30epiraTvcs B XMapi, a KOpUCTyBau
3MOXKe [JUHaMiyHO TepeMUKaTUCS Ha HeoOXxifHy Homy Mogenb. Takuil croci6
JIOTIOMO>Ke TIOKPAIIUTHU SIKiCTb pOOOTH TTPY BUKOPHCTAHHI iHIIIKMX THUIIiB MMPHUCTPOIB,
HE3BMYHMX 30BHIIIIHIX yMOBax abo /751 OKpeMHX KaTeropii Jioei.

[InssxoM po3po0OKK apxiTeKTypu IO [J03BOJIUTH OIEPATUBHO BHOCUTU

3MiHU, TaKe JI0TIOBHeHHsI (PyHKIliOHa/la He 3aiiMe baraTo Jacy.

2.4  BUCHOBKM [0 PO3Ainy

B wMexax mgaHoro posfiny Oy/s0 oOmnucaHO 3arajbHi XapaKTepPUCTHUKU
HaBYa/IbHOTO Habopy AaHux. [IpoBe/jeHO MOPiBHSAIBHY XapaKTePUCTUKY iCHYIOUNX
nata cetiB. CIIPOEKTOBAHO Ta iMIJIEMEHTOBAHO MO/ie/b I'TMOOKO HaBUaHHS, IO

BUKOPUCTOBY€E 3TOPTKOBI IIapyd Ta MexaHi3M yBaru. PopmasiidyBajii HaBUaHHS
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HEMPOHHOI Mepexi, SIK ONTHUMIi3aL|iiHy 3a/jauy perpecii i3 BAKOPUCTaHHAM (YHKLIii

noxuoku Xy6epa.
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PO3/I1J1 3 IOCTAHOBKA 11 AHAJII3 EKCIIEPUMEHTY

3.1 MojentoBaHHs Ta aHasli3 MPOrpaMHOro 3abe3rneueHHs

3.1.1 Ocob6imBOCTi B3a€EMO/Iil UaCTUH CHCTEMU

[Tpu mylaHyBaHHI apXiTeKTypH MporpaMHoro 3abe3medeHHs] 0y/I0 B3STO /10
yBaryd Tou (hakT, 1110 He BCi MOTeHIL|iliHi KOPUCTyBaui MOXXYTb MaTU MOYK/UBICTh
BHUKOPHUCTOBYBAaTH pO3p00JieHy MOZie/ib PO3ITi3HaBaHHS KOOPAWHAT TIOTJISIY .

Y baratbox CydacHHX TMPHUCTPOSIX MOXKe OyTH BiZicyTHs Bifjeokapra. HaBiTh
SIKITI0O BOHA MPHUCYTHS, TO 1je He MO)Ke TapaHTyBaTW HOpManbHOI poboTu mojerni,
OCKi/IbKM ii TIPOAYKTHUBHICTb MOyke OyTH He[oCTaTHbOIO abo B Hei Moke He
BUCTauaTH 00’ €My Bifeoram’sTi [j1s1 3aBaHTa>KeHHSI MOJETi.

Tomy cuctemy Oy/s0 po3/i/ieHO Ha /IBi OCHOBHI YaCTUHU: K/Ii€HTCHKY Ta
cepBepHy. Lle M03BOUTHL BUKOPHCTOBYBATH ii Ha OYAb-IKOMY TIPUCTPOI, 1[0 Ma€
BUXi/ B iHTepHeT Ta BeOKamepy.

SIKIII0 K y K/Ti€HTa A0CTaTHRO TIPOAYKTUBHUM TIPUCTPilt abo B HHOIO HEMae
JIOCTYNYy [0 IHTEPHeTY TO BiH BCe I1je MOXXe PO3rOPHYTH K/IIEHTCHbKY Ta CEPBEPHY
YaCTHUHY JIOKa/bHO. [le HaBiTH MOXKe [j0/IaTH IMIBUIKOZi1, OCKIJTIbKA MU TIPUOHPAEMO

3dTPUMKY CHiJ'[KYBaHHH KOMIIOHEHTIB uepes iHTEpH@T.

3.1.2 BucokopiBHeBe Ipe/CTaB/IeHHSA

Sk BxXe Oy/0 3ayBa)keHO CHCTeMa TOIMSETbCSA Ha /IBi OCHOBHI YaCTHHM.
KrnieHTcpka sKa 3amyckaeTbcsi OesrocepeJHbO Ha TPUCTPOi KOpPHCTyBaya i
CIIO’KUBAa€ Masio pecypciB. I cepBepHa uacTiHa sika 3HaxXoAuTbCA B xmapi. Ha Hel
repeHeceHO OCHOBHI 00UMC/TIOBasIbHI orepatiii.

Ha pucynky 3.1 moXHa crnocrepiraTd BUCOKODIBHEBY CXeMy CHUCTEMY.
Cucremy 6y/10 po3po6ieHO CTiMKOIO /10 BiIMOB.

BigmoBocTilikicTh Oy/sia peanmizoBaHa IIUISIXOM MOXX/IMBOCTi pery/IFOBaHHS

KiTbKOCTI AyO/roBambHUX KOMITOHEHTiB. CaMe TOMy Ha PUCYHKY MOXKHa GauuTu
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IJ0 MK KJ/IIEHTOM Ta KOHKDETHUM €K3eMIISIDOM CepBepa 10 HaJla€ Bi/MOBi/b

po3mimennit LoadBalancer, sikuii po3nofinsie HaBaHTa)KeHHS MDK 3allyllieHUMU

KOMITIOHEeHTdMMU.
Cloud side
Cluster 1 Cluster 2 Cluster 3
A
LoadBalancer
A
HTTP entypoint
A
Client side
Desktop client

Pucynok 3.1 — BrcokopiBHeBe pezcTaBJIeHHs CUCTeMU

Bci komroHeHTH MicTATb B €00i aOCOMIOTHO iJeHTUUHY Ta He3aIeXxHY

KOTIit0 CepBicCiB 1110 3aiiMar0ThCss 0OpPOOKOO 3arUTiB.



41

3.1.3 CepsepHa yacTvHa
CepBepHa 4YacTWHa CKJIafla€Tbcss 3 6 MikpocepBiciB, 0a3u JaHMX Ta

HaTpeHOBaHUX Mogesei. Ha pucyHKy 3.2 MOKHa CIIOCTepiratu il KOMIIOHEHTH Ta

Te K BOHU B3&€MO'[[iI-OTb OJMH 3 OJHHM.

API service

Gaze prediction
service

Calibration service Train service

Storage service Model service

Postgres
DB

Pucynok 3.2 — ApxiTekTypa cepBepa
API service Buctynae B posi BXigHoi Toukd. BiH Hamae HTTP iHtepdetic
AU B3aeMofiii 3 cepBepoM, TOOTO 3aliMaeTbCsi TUM 1[0 30Mpae Ta KOMIIOHYE
OTpMMaHi JiaHi 3 iHIIKX cepBiciB Ta moBepTace ix KaieHTy y JSON ¢opmari.
Calibration service BignoBiganpHili 3a KaniOpyBaHHS  pe3y/ibTaTiB

nepenbadeHHsi mofesni. CucreMa BUKOPUCTOBYE MOro TpPH TeEpIIOMY 3amyCKy
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MporpaMM HOBOKO JIFOIMHOIO abo 3 HOBOro mnpucTtpor. BoHa BpaxoBye
0COO/IMBOCTI TOT/IALy JIIOAWHA Ta TlapameTpiB aucriies. Ilorysg —srofei
BiJIpi3HSIETbCS OJIUH BiJ ofHOTO, (i3UuHi po3MipH AUCIIEs TaKOXK MOXKYTb OyTH
Pi3HMMU Ta BOHU Maii>ke He MarOTh KOpeJIALlil 3 pO3IIMPeHHSIM JucCIies (peaJbHUM
PO3Mip MIKCeJIiB BiJPi3HSIETHCSA B 3a/1€XKHOCTI BiJl MATPULL).

Gaze prediction service cepBic 1m0 06e3mocepeHLO  3aNMAETHCS
repe0aueHHs] KOODJAWHAT TIOT/ISIAY JIFOJWHW BUKODUCTOBYIOUM OTpHUMaHe
300pakeHHss 3 BeOKamepu. lleil cepBic 3amyiieHuidt Ha ¢i3uuHili MammHI 3
HAasiBHOIO Bi/IEOKAPTOO /1S AOCATHEHHSI MAKCUMAaJ/IbHOI [IBUKO/II.

Train service 7103BoJIsie HaBYAaTH HOBi Mo abo JOHAaBUaTH BXe iCHYIOUi.
Ha Bxiz oTpumye po3miueHuii Jata ceT i3 300pa’keHHSMH JIFOJICHKOT0 00/muus,
KOOpAMHAaTaMU iX TMOIVISIAY Ta iHILIO MeTaiH(opMalli€to.

Storage service Hajja€ iHTepdelic A/ OTpUMaHHS, 3aluCy Ta peJaryBaHHs
indopwmariii 1110 3HaXOAUTHLCS B 0a3i JaHUX.

Model service Haziae iHnTepdetic A1 OTPUMaHHS, 0JaBaHHS ab0 3MiHHM BKe
iCHyrOUMX Mo/lefield CTBOPEeHUX ISl TiepeidaueHHsT KOOPAWHAT TIOTJISy JIFOHUHU i3
300pa’keHHs.

Postgres DB ek3eMruisip pessitiiHoi 6a3u ganux PostgreSQL, 1o 36epirae
Ha/IalTyBaHHS 3aCTOCYHKY J/1s1 KOXKHOTO KOPHCTyBaua.

Models 11e cxoBHIlle B)Xe HAaTpPeHOBaHUX Moje/iell. B SKOMy MOXYThb
30epiraTucs pi3Hi Mozesni. Hanpukiag geski MOXKyTb OyTH IIBUAIMMA Ta MEHIII
TOUHUMH, iHIII TOYHIIIMMH, ajie TIOBIIbHIIIMMU. TakoXX MOKHa PO3JUISTA MOl
Mg, Ppi3Hi TUMM TPUCTPOIB, HAMpUKIaA A HOyTOyKiB, TiepCOHATBHUX
KOMIT'TOTePiB, MOOITBHUX MPUCTPOIB i T.7. Lle TaKOK MOKpaIUTh TOYHICTE poOOTH

Ta J0CBi/i KOPUCTYBaHHS CUCTEMOIO.
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KrieHTCchKa uyaCTMHA CK/IAZA€ThCs 3 5 MOZYJIB 1[0 Pa3oM 3aliMarOTbCs

3UNTYBAHHSM [OdHMX 3 KdMepu,

iX MepeTBOPEHHSIM B KOODJAWHATU TIOTJISIAY,

CUMY/JISALIi€0 poOOTH MUIII Ta BijoOpakeHHSIM pe3y/IbTaTy Ha JAUCILIe].

0S framebuffer

GUI module

T

Y

Web

Cam
Y

Webcamera module OS window system
A
A 4
Core module Mouse simulator

HTTP client module

Pucynok 3.3 — ApxiTekTypa KJII€EHTY

Ha pucynky 3.3 MOXHa CIiocTepiraTd KOMITIOHEHTH KJII€EHTYy Ta MpoLecC

IXHBOI B3a€EMO/III.
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Core module ocHOBHa uacTWHa TIporpamu, $Ka IIOEAHYE BCi iHII
KOMIIOHEHTH BOHA OTpPUMY€ 300pakeHHs 3 KamepH, Tepefae iXx Ha 0OpoOKy
cepBepa, OTPUMYE pe3yJ/ibTaT Ta Biflobpaxkae ioro Ha Jgucruiei i cuMysi0e poboTy
MHILII.

GUI module B3aemogie 3 kagpoBum OydepoM orepalfiiHoi CHCTeMH, II[0
30epirae pacTtpoBe 300pakeHHs Bimeogucriies. OCHOBHMM WOro 3aBAAHHAM €
BijoOpaskeHHs1 06sacTi [Aucrizies Ha SIKMM 3apa3 AWBUTHBCS KOpHUCTyBau. lle
BiI0OyBa€ThCSA 3aBASKM Ma/IFOBAHHIO TIOBEPX BCiX iHINMX BIiKOH ITI0 BigKPHUTI Ha
TIPUCTPOL.

Mouse module cumymoe poboty wmwuim. A came BiAmoBigae 3a il
TiepeMillieHH 10 JUCTIIer0 Ta CUMYJIALIT K/IKY paBoi Ta JIiBOi KHOIIKH.

HTTP client module peani3ye B3aeMozit0 i3 CEpBEpPHOIO0 YaCTUHOK CHUCTEMHU.
I'oTye HeoOXimHi maHi A1 HaACWIaHHA Ha CEpBep i OTPUMYIOUM BiAIIOBiJb

iHTepriperye i HEOOXiTHUM YMHOM.

3.2  Pobota 3 cuCTeMOIO

[Tepen moYaTKOM BMKOPHUCTAaHHS CHUCTeMH MOTPiOHO 11100 OyiM BUKOHaHI
TaKi nepesyMoBU:

- OO6smuust BUAHO B 00’ €KTUB BeOKaMepH;

- Y npuMilljeHHI SKOMY 3HaXOUTbCS KOPUCTYBau XOPOLLle OCBIT/IEHHS;

- 3a CIMHOK KOPUCTyBaya Hema€e CU/IbHOTO CBITIIa;

- O0muus KOPHUCTYBd4d 3HAXOAUTHCA I10 IEHTPY KaMepH.

51 3py4yHOCTI KOpUCTyBaya, rporpaMa HaJla€ MOXK/IMBICTb TepeBipUTH YU
BCl [OTpMMaHi YMOBU BUKOHYIOTbCA. KopucTyBau MoOXKe cCrocTepiraTv BUBI[
300pa)keHHs 3i CBO€T Kamepu, HeoOXi[He TI0/I0XKeHHS T'0JIOBH, a TaKOXK iHAMKATOP
y BEepXHbOMY MPaBOMY KYTi SIKMM CHUTHA/Mi3y€ TIPO Te UM BCi HEoOXimHi ymMOBH

JOTPHMaHO.



45

Ha pucyHkax 3.4 Ta 3.5 MOXHa CIlOCTepiraTu IIpUK/IaJy YCIILIHOrO Ta
HEBJ]AJIOT0 po3MillleHHsT 00/uus repefi 00’eKTUBOM KaMepH BiAmoBigHO. Takoxk

MO’KHA TIOMITUTH HariBIPO30py MAackKy 00/iMyusi, sika BKa3ye Je MOBHUHHO OyTu

00J/IYusi KOPUCTYBaya Ta iHUKaTOP 3BEpPXY Crpasa.

PucyHok 3.4 — [1puK/ia HeBipHOTO PO3MillleHHsT 00/ 1Muust riepesi KaMeporo
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Pucynok 3.5 — [1puksiaj BipHOro po3MiliieHHs] 00/Muust Tiepe/; KaMmeporo

[Ipy mnepmwioMy 3amycKy CUCTEMH TMICAs [AOTPUMAaHHS TepeayMOBH
KOpUCTYBauy HeoOXiZIHO MPOWTH TepiioueproBo KaniopyBaHHs. st 1jboro mnepep
HUM 3’sIBUTbCSl Oinvii ekpaH i3 YepBOHMM KOJIOM 3a $IKUM MOTpPiOHO Oyne
C/IiAKyBaTH MpoOTsAroM opHiei xBummHUA. Komo Oynge pyxaTuch MO [JUCILIERO,
MpUKJIaJ MOXKHa CrocTepiraTi Ha pUCyHKax 3.6 i 3.7. 3aBAfKM 3iCTaB/IeHHIO
po3MillleHHsI KOjla Ha AWcCIuiei Ta pe3y/bTaTiB TepefbaueHHs MOJeNTi MOyKHa
oTpuMaTy HeoOxifHy iHdopmariito 1po ¢i3nuHi po3Mipy eKpaHa MPHUCTPOIO Ta
0COOJTUBOCTI TIOTJISIAY JTFOAVHH.

[Ticnst 3aBepiieHHs KanibpyBaHHS OTpHMMaHi pe3y/bTaTH Tiepe/jaloThCs Ha
cepBep i 30epiratoTbcst TaM. TOMy TpPY TIOBTOPHOMY 3aIlyCKy LIt0 TIpOLielypy He

notpibHo Oyge mpoxoauTh. 3BUYAMHO, SKI[O LUM TPUCTPOEM Oyxe
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KOPHUCTYBAaTHCh iHIIIA JIFOJWHA, ab0 JIo[UHA 3MiHWUTH TPUCTPiK TO Leld TIpoIjec

notpibHo Oy/ie MOBTOPUTH.

PucyHok 3.6 — [Iporjec kasibpyBaHHS1, KOJIO y BEPXHLOMY JIiBOMY KYTi

PucyHok 3.7 — [potiec kanibpyBaHHS, KOJIO TTIOCepeivHi CIipaBa
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[Ticnst poxo/pKeHHsT Ka/liOpyBaHHSI MOyKHA TPHUCTYIIATH [0 BUKOPHUCTAHHS
cuctemMu. Terep KOpPHUCTyBau MOKe KepyBaTH KypCOpPOM CBOIM TMoOr/siioM. [Iis
TOTO, 11100 KOPHCTyBau pPO3yMiB SIK PO3Mi3HAETLCSA WOTO0 MO/, BiH Oyze 6aunTh
KOJIO UepBOHOTO KOJbOPY Ha [JucIUlel sike BKa3y€ Ha pO3Mi3HaHe Miclie MOoro

noryisiAy (pUcyHok 3.8).

PucyHok 3.8 — Pe3ynbTaT BificTe)KeHHS MOT/ISALY

Iy cuMynsarii HaTHUCKaHHS KHOTKM MWUII, KOPHCTyBauy HeoOXigHO
KJIIMHYTH BiAnoBigHUM okoM. OKO MOBUHHe OYTH 3aKPUTUM TPIlLLIKUA [OBIIEe HiX
MpY 3BUYaliHOMY MOPTaHHi.

st cuMynsijii HaTUCKaHHS TpPaBOi KHOIKM MHUII TTOTPiOHO KIMHYTH
MPaBUM OKOM, a JyIsd CHUMYJISALil HaTHCKAHHS JIiBOI KHOMKKA MMII TIOTPiOHO

KJIIITHYTH JIIBUM OKOM.
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3.3 BUCHOBKM [0 pO3ainy

B pmaHomy po3zini Oyno omucaHo 0coOMMBOCTI poOOTHM 3 CHUCTEMOIO,
PO3IJIAHYTO BHUCOKODiBHeBe TIpe/iCTaB/IeHHS CUCTEMH, a TaKOX /JeTajbHy
apXiTeKTypy K/Ii€HTCHKOI Ta cepBepHOI uacTUHU. TaKoy)K OmMcaHo MOPsSiZIoK poO0TH

Ta MPOIieC B3aEMO/ii KOPHUCTyBaua 3 CUCTEMOIO.
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PO311JI 4 POSPOBKA CTAPTAII-ITPOEKTY

OcTaHHI pOKM [I0Be/M, W0 CTapTany CWIbHILIl, HDK OifblIicTh AyMarna.
'Hyukyi Ta iHHOBALIMHWK TIiAXiA Oy/M K/IFOUOBHMM, KO CBIT 3iIlITOBXHYBCS 3
TaKUMH TIpobsieMaMHu, SIK BifiasieHa poboTa, MacTabHi 3MiHM B TajTy3i Ta PUHKY,
a TaKO>K abCOJTFOTHO HOBA pPeasbHICTb.

3[aTHICTh CTapTariB LIBXUIKO 3MIHIOBATUCS Ta aJallTyBaTUCA i € K/TFOUOBOO
B/JIACTUBICTIO JJaHOTO BUAY Oi3HeCy, He Ka)Kyud BXKe TIpO Te, 1110 Oarato craprariis
IIPOZIOB)KYBa/Ii POCTU Ta PO3LIMPIOBATH CBOI KOMaH/U.

Crapran — 1ie 6i3HeC-CTPYKTypa, IIJ0 PO3BUBAETHCS Ta IMpALfO€ Ha OCHOBI
iHHOBallili, CTBOpeHa /yid pO3B'si3aHHS TPOOJeMM IUISXOM HaJaHHS HOBOI
MPOMNO3ULIii B yMOBax HaZj3BUYaHOT HEBU3HAYEHOCTI.

Biache, craprar — 1ie 6i3Hec, IKUM:

- LIBUJKO POCTE;

- TIOpyllye pWUHOK abo ramy3b (1[0Ch HOBe, II[0 3MYIIy€ KOHKYDEHTiB

yA0CKOHa/TFOBaTUCh);

- po3B's3ye rpobemy;

- Tpallo€ B yMOBax Ha/j3BUYalHOI HEBU3HAUEHOCTI.

BaraTto mifgnpueMiliB i BifjomMux 6i3Hec-mMarHaTiB BW3HAUalOThb CTapTam $IK
KyJIbTYpy Ta MeHTaliTeT 1oOygoBd Oi3Hecy Ha OCHOBiI iHHOBALliMHOI ifei st
PO3B's13aHHS KpUTHUHUX TIpoOIeMm.

OpHe, 1110 Bifipi3HS€ CTapTany Bif| iHIIWX KOMITaHIA — 1]e 3B’SI30K MiXK IXHIM
MPOAYKTOM Ta uoro nonutoM. Crapranu MarOThb IPOAYKTH, OPi€HTOBaHI Ha
HEBUKOPWCTaHWK PUHOK. IliAnpreMiii-noyarkiBlii 3HaKOTh ifjeajqbHy CTpaTerito,
1100 CTBOPUTH TIPOAYKT, SIKHM X0Ue PUHOK, a TAaKOXK OXOMUTH ¥ 00C/TyTOBYBaTH X

ycix. lle BUKIMKae mBuaKe 3poctaHHs [13].



4.1  Onwmc ifel npoekTy

o1

B Mekax mignmyHKTy Oy/10 TIpoaHasi30BaHo i 1o/laHo y BUTJISAI TaO/IULb:

3MICT ifef;

MO>K/IMBi HalpSIMKH 3aCTOCYBaHHSI;

OCHOBHI BUTO/iH, 1110 MOKe OTpUMaTH KOPHUCTyBau TOBapy;

UMM Bi/Ipi3HAETHCA Bifj ICHYHOUMX aHAJIOIB Ta 3aMIHHUKIB.

[Mepiri Tpy TyHKTH TofaHi y BWrAsSAi Tabsuii (tabmurs 4.1) i maroThb

I[iJTiCHe ysIBJIEHHS TIPO 3MiCT iflei Ta MOKHMBi 0a30Bi MOTEHIIIMHI PUHKH, B MeKax

SIKUX MMOTPiOHO IIyKaTU TPYNU TIOTEHI[IMHUX KITi€HTIB.

Tabsuis 4.1 — Omuc ifei crapTan-mpoeKTy

3MicT igei

Harmpsimku 3acTOCYyBaHHSA

Buroau nnst KopuctyBaua

Hana cucrema
[l03BOJIsSIE KepyBaTH

KOMIT FOTEPOM 3a

AOIMOMOTI'OR0 TIOTJIALY .

AsbTepHaTUBHUH CTIOCiO

KepyBaHHS KOMIT I0TEPOM

MOX/IUBICTh
BUKOPHUCTAHHS [IPUCTPOO
JlJIsI KOPUCTYBAUiB 3

ocobmmBUMY TIOTpebamu

Pe3sepBHuii crioci6b
KepyBaHHs y pasi BUXO4Y
13 1ay 3BUYHUX

TIPUCTPOIB BBOLY

36epekeHHs
TpaLe3aTHOCTI y BUIMaJKax

HACTaHHA KpI/ITI/IqHOI

cuTyariii

AHami3  TMOTeHLIIMHUX

TEeXHIKO-eKOHOMIYHUX  mepeBar ifel  (uum

Bi/IDI3HSIETHCS BiJl iICHYFOUMX aHA/IOTIB Ta 3aMiHHUKIB) MOPIBHSHO i3 MPOMO3UL[iIMU

KOHKYPEHTIB repejibayae:

- BU3HAYeHHs MepesiKy

XapaKTepPUCTUK ifef;

TeXHIKO-eKOHOMIUHUX B/IaCTHUBOCTEN Ta
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- BH3HAYeHHs MOIepeHbOro Kojla KOHKYPEHTIB (IMPOEKTiB-KOHKYPEeHTIB)
abo ToBapiB-3aMiHHUKIB UM TOBapiB-aHAJOTiB, IO BXe iCHYIOTb Ha
DUHKY, Ta TpOBOAUTHCS 30ip iHdopmallii 100 3HaueHb TeXHIKO-
€KOHOMIUHUX T[I0Ka3HUKIB i ifjel BIaCHOrO IIPOEKTY Ta IPOEKTIB-
KOHKYPEHTIB BiJJITIOBI/IHO /10 BU3HAUEHOI'0 BUILIE 1epesIiKy;

- MPOBOAMWTHCS TOPIBHSJIbHUM aHa/i3 T[OKAa3HWKIB: i BjacHOI izei
BU3HAYaIOThCS [TOKA3HUKHY, 1110 MalOTh:

- ripii 3HauenHs (W, cabki);
- ananoriuHi (N, HelTpa/bHi) 3HaUEHHS;
- Kpaili 3HaueHHs (S, cuibHi) (Tabs. 4.2).

Tabsuis 4.2 — Bu3HaueHHS CWIBHUX,  (JIAOKWX Ta HeUTpaTbHUX

XapaKTePUCTHUK ifiel MPOEKTY

: TMOTeHIIiMHi) TOBapW/KOHLIeM1]ii
TexHIKOeKOHO ( LiHHI) P HEHE
o KOHKYPEHTIB
Ne MiyYHi P
— - \\ N S
I/T1 | XapakTepucTu Miu Skyle Tobii
- Dynavox
KM el TPOEKT
1. HapnaBanus | HapgaBanus | HajaBaHH +
dopma TIOC/TyT TOCJIYT, s IOCJIYT,
BUKOHaHHS MpoJax MpoJax
TIPUCTPOIO | TIPUCTPOIO
2. Husbka Bucoka Bucoka +
CobiBapTicTh
3. Mupokun | Mupokun | Hlupokui +
@yHKIiOHA

Bu3HaueHuit miepestik c/1labKuX, CUJTbHUX Ta HEUTPa/IbHUX XapaKTePUCTHK Ta

B/JIACTUBOCTEM i/lei MOTeHLIMHOrO0 TOBAapy € MiATPYHTSAM /51 (JOPMyBaHHS MOro

KOHKYPEHTOCIIPOMO>XHOCTI.
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4.2  TexHONOTiYHUM ay[UT TIPOEKTY

B Mexax [gaHOro Imipo3zisy Oy/si0o TpOBeAeHO ayJuT TeXHOJIOTii, 3a
JIOTIOMOT'OK0  SIKOI MOJKHa peasli3yBaTH i/lef0 TIPOEKTY (TEeXHOJIOTii CTBOpPEHHS
TOBapy). Bu3HaueHHs TeXHOJIOTIUHOI 3[iMCHEHHOCTI ifiel MpOoeKTy Iepeabauae
aHaJli3 TaKUX CK/IaZioBUX (Tabsui 4.3):

1. 3a fAKOIO TexHOJIOTi€elo OyJe BHUTOTOBJEHO TOBAp 3TiHO 3 ife€ro

TIPOEKTY?
2. Uwm icHyIOTb TaKi TeXHOJIOTii, M iX TOTPiOHO pO3pOOUTH/AOPOOUTH?

3. CknagHicTb po3po0Ku (paHroBa oIfiHKa Biz 1 mo 3)?

Tabmis 4.3 — TexHonoriuHa 3/iiCHeHHICTD i/lel TIPOEKTY

Ne | Imes mpoekTy TexHosorii HasBHicTb CkaHiCcTb
/1 peautizarjii TeXHOJIOTiN pO3po0OKHU
1 CtBopeHHs |BukopucraHHs MOBU Hasasna 2
CUCTeMU IporpaMyBaHHs
Bi/ICTe)KeHHS Python
norysgay B | BUKOpUCTaHHA MOBU BincytHi -
peasibHOMY Yaci| mporpamyBanHs C#
BukopuctanHsg MOBU HasiBHa 3
C++

O6pana TexHoJIOTis peasti3atiii iZiel MPoeKTy: MoBa rporpamyBaHHs Python.

3a pe3y/sbTaTaMy aHami3y TaOmMIli 3p00/IeHO BUCHOBOK II[O/I0 MOJK/TUBOCTI
TeXHOJIOI'TYHOI peani3arjii MpoekTy. TeXHO/IOriYHUM LIAXOM peasisaljii IIPOEKTY
Oyno obpaHo Taki TexHosorii, sk Python uepe3 mocTynHicTh, Ge3maTHiICTH Ta

CKJIa[IHICTh PO3POOKHU.
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BusHaueHHs1 PUHKOBUX MOXJ/IUBOCTEH, $IKi MO)KHAa BUKOPHUCTATU MiJ] 4ac
PUHKOBOI'O BIIPOBAJ)KeHHSI TIPOEKTY, Ta PUHKOBUX 3arpo3, $fKi MOXYTb
MepelKOAUTH peasisalii TPOEKTY, [03BOJIE CIVIAHYBAaTU HarpsSIMU PO3BUTKY
TIPOEKTY 3 ypaxXyBaHHSIM CTaHy PHMHKOBOI'O CepeJoBHIIA, MOTped MOTeHI[iMHUX
KJII€EHTIB Ta MPOMNO3ULi MPOEKTIB-KOHKYPEHTIB.

Criouatky Oy/i0 TIpOBe/IeHO aHajli3 TIONMWUTY: HAsBHICTb MOIUTY, 00cCsT,

AWHaMiKa PO3BUTKY PUHKY (Tabsuis 4.4).

Tabmus 4.4 — TlonepeaHst XapaKTepUCTUKA MOTEHL[iIHHOTO PUHKY CTapTar-

MIPOEKTY
Ne /1t [Toka3HUKY CTaHy PUHKY (HalilMeHyBaHHs) XapakTepucTuka
1 KisbKiCTh rO/IOBHUX I'PaBLiB, OF, 2
2 3arasibHul 00CST MPOaXK, TPH/YM.O[ 10000
3 JrHaMika pUHKY 3pocrae
4 HasiBHiCcTh 0OMesKeHb /ISt BXOZY Hemae
5 CrnieriudiuHi BUMOTH /10 CTaHAapTH3allii Ta Hemae
ceptudikarii
6 CepenHst HopMa peHTabe/TbHOCTI B Tany3si, % 20%

3a pe3ynbrataMu aHasi3y Tabsuili 4.4 6yio 3po6ieHO BUCHOBOK, 1[0 PUHOK

€ MpUBa0OIMBUM J1s1 BXO/KEHHS.
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Hapani Oynu BU3HaueHi TIOTEHIiMHI TPYIM K/Ti€HTIB, X XapaKTePUCTUKHU Ta

copMOBaHO OpiEHTOBHUM Tepesiik BUMOT /10 TOBapy [JIsi KOXHOI rpyru (Tabii.

4.5).

Tabsurs 4.5 — XapakTepuCTHKa MOTEHI[iHHUX K/Ii€HTIB CTapTam-MpOEKTY

[ToTpeba, 1m0

(hopMye pUHOK

LlisiboBa ayguropis

BigminHOCTI Y

TIOBe/IiHLII pi3HUX

Bumoru

CIIOKUBAaYiB 10

MOTEHLIIMHUX TOBapy
LIJIbOBUX TPYII
KJIIEHTIB
[IBuaKOis Ta Kinnesuit [ToBcakaeHHe [IpoctoTa
TOUHICTh pob0OTH KOPUCTYBaY 3 BUKOPHCTAHHS BUKOPUCTAHHH,
0COO/TMBUMH CUCTEMH TOUHICTh pOOOTH
noTpebamMu
MiHiManbHI KiHueBui Posrnisgarots [IIBuaKiCTH
(dhiHaHCOBI KOPUCTYBau CUCTEMY SIK HaJIallTyBaHHS,
BUTpaTU pe3epBHUM BapiaHT HW3bKa LliHa

[Ticnst BU3HauUeHHs1 MOTEHLIMHUX TPyN KJ€HTIB Oy/0 TpoBeeHO aHaJli3

PUHKOBOT'O CEpe/IOBHINA: CK/IaZieHo Tab/uili (aKTopiB, 1[0 CIPUSIOTE PUHKOBOMY

BITPOBA/PKEHHIO TIPOEKTY, Ta (aKTOPiB, 1110 HOMY TepemKo1KaTh (Tabum. 4.6, 4.7).
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Ne | dakTop 3MICT 3arpo3u MoykinBa peakiiisi KOMITaHii
1/ I
Konkypen| Bwuxig Ha pyHOK [TepenbaunTH 10JATKOBI ITepeBaru
s MPOAYKTIB 3 KpalllUMK BJIaCHOT'O TIporpamMHoro npoaykty (ITIT)
XapakTepuCTUKamu JJISI TOTO, 11100 TIOBiIOMUTH TIPO HUX
came IiCJig BUXO/ly Ha PUHOK
1 KOHKYpeHTiB. BJoCKOHaneHHs
TeXHIYHUX MOMEHTIB B/IaCHOT'O
npoykTy. O6GpaTH HOBY LIJILOBY
ayJIMTOPIIO i 30CcepeIUTHUCS Ha Hil:
3HWKEHHS L[iH.
3miHa KopucrtyBauam Po3pobJieHHsI THYUKOI apXiTeKTypu
) notpeb | HeoOXxiAHuUM cepBic 3| mporpamHoro 3abe3mneueHHs /sl JIETTLOT(
KOPHUCTYBa|  OiJIbIIIMM/HOBUM BIPOBA/I)KeHHsI HOBOTO (DYHKI[iOHATy
yiB (byHKL[iOHaIOM.

)

Tabmuiisg 4.7 — @akTOpU MOXKTUBOCTEM

Ne dakTop 3MiCT MOXK/IUBOCTI MoskvBa peaxijis
/1 KOMITaHi1
1 | I'myuki LiHu 3MeHILIeHHS LIiHY TOBapy BBeneHHns pi3HUX 1iiH, B
3a//1s1 301/TbIIIeHHS] TTOTIUTY 3aJIeKHOCTI Bij
HeoOXiZiHOTO (YHKIIIOHATY
2 ITosiBa 3’SIBASITbCSL HOBI METO/IH, 1110 3aMiHUTU MO/IeJIb 1110
HOBITHIX OyAyThb IIBU/IIIIE Ta TOUHIIIIE BUKOPUCTOBYETHCA Ha
MeTO/IiB PO3I1i3HaBaTH HarpsM TOIJISIAYy |  HOBY, BUITYCTUTH HOBY
pO3Mi3HaBaHH BEPCito MPOAYKTY Ta
s IOTJIALY OHOBUTHU CepBepU
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Hapmani Oyno mipoBefieHO aHasli3 TPOMO3WLIii: BU3HAUW/IM 3arajbHi pucu

KOHKYpeHI[ii Ha pUHKY (Tabmmis 4.8).

Tabsurs 4.8 — CTyrneHeBUid aHami3 KOHKYPeHI[ii Ha pUHKY

OcobmmBocTi B yomy riposB/ieTbCSA BruvB Ha JisiyIbHICTB
KOHKYPEeHTHOI'0 JlaHa XapaKTepuCTUKa TiATPUEMCTBA
cepezoBUILA
1. Tvn KOHKYpeHLIii - IcHye BenmruesHa SAKicHO TIpOBeCTU peKiamy.
yrCTa KIJIbKICTb KOHKYPEHTIB
Ha pUHKY.
2. 3a piBHeM KowmnaHnii-koHKypeHTH |CTBOpUTH apxiTekTypy IIII Takum
KOHKYPEHTHOT 3 iHIIIUX KpaiH yrHOM, 11100 MO>KHa 0OyJ10 3
6opoThOU - JIeTKiCTIO JIOKaMi3yBaTH Tif, pi3Hi
Mi>KHapOAHUU KpaiHu
3. 3a rany3eBor0 [IpoayKT Moxe [TigTprMKa MpOAYKTY,
03HAaKOI0 - BUKOPHUCTOBYBaTUCh BIPOBa/KeHHSI HOBUX
MDKrasys3eBa [U/1S1 DI3HUX rany3erd |MOXX/IMBOCTEeH Ta MPHUILBU/ALLIEHHS
poboTu
4. KoHKypeHLIif 3a KoHkypeHLjisg M CtBoputu I1I1, BpaxoByrouu
BU/IAMU TOBapiB: - Byzamu I1I1, ix HeJl0/1iKY KOHKYPEeHTIB
TOBapHO-BU/0Ba 0COBJTUBOCTSIMH.
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5. 3a XxapakTepom
KOHKYPEHTHUX

TriepeBar - Hel{iHOBa

BaockoHaieHHs
TeXHOJIOT11 CTBOPEHHS
[IT, 1106 cobiBapTicTh

Oy7a HIDKUOFO

Y IoCKOHa/IeHHsT MoJiei.
BukopucraHHs [elieBImnx
TeXHOJIOTiH 7151 pO3p00KH, HiXK
BUKOPUCTOBYIOTb KOHKYDEHTH,
ajie TUIbKM SIKILO LI TeXHOJIOTIT
Bi/ITIOBi/1al0Th HEOOXiAHUM

BUMOT'aM SIKOCTi.

6. 3a iIHTeHCUBHICTIO -

He MapouHa

bpeH/ NpyUCyTHIH, ane

MOr0 pO/ib He3HauUHa

Pekyiama, y4acTb y KOH(epeHLisiX,

CceMiHapax.

byno mpoBeneHo aHasi3 KOHKYpeHLil y ranysi 3a mozgemnato M. Iloprepa

(Tabm. 4.9).

Tabsurs 4.9 — AHasti3 KOHKypeHIfii B rany3i 3a M. [Toprepom

CkagoB

1 aHami3y

IIpami [ToteHui ITocTa Knientu ToBapu3s
KOHKYype WHI yaJibH aMIHHUK
HTU B KOHKYpe WK U
raaysi HTU
Hagectu BusHaumn BuzHaumn Bu3Hauu dakTopu
repesiik TH TH TU 3arpo3 3
TIPSIMUX 6ap’epu (akTopu dakTopu boKy
KOHKYype BXO/)KeH CUIn CU 3aMiHHU
HTIB HA B 10CT CII0’KMBa KiB

PUHOK avajibHU uiB

KiB




[TpoporxeHHst Tabnuii 4.9

59

CkiazoB [Tpsmi [ToreHwi ITocra Knientn ToBapu3s
1 aHasmizy KOHKYype VHI yasibH aMiHHUK
HTH B KOHKYype 151471 51
ranaysi HTH
Skyle, HasgHic - Koutpon binbiia
Tobii Tb BXe b SKOCTI KIJIBKICT
Dynavox | .
icHyrouM TIPOAYKT b
X pillleHb y (yHKLIO
HaJIa,
Kpaium
JIN3aiiH,
icTopis
Openzy.
BHCHOBK IMocuthb € - Krientu [ToTpibH
U: IHTeHCVB MOJKJ/IUB He 0
Ha OCTI TIOBUHHI po3pobu
KOHKYype BUXOZY CyMHiBaT ! [13 3
HTHA Ha ucs y TIPUEMHU
60poThO PHHOK, AKOCTI M
as ane €i rporpam JI3aHO
IHIIUMU KOHKYype HOI'0 M i
rpaBLsIM HTU. TIPOAYKT LIMPOKHU
v y M
(hyHKIIiO0
HaJIOM.

3a pesynbTaTaMM aHajizy Oy/i0 3po0/eHO BHCHOBOK IIPO MOXK/IMBICTh

pobO0TH Ha PUHKY 3 OTJ/ISiy HAa KOHKYPEHTHY CUTYaIlilo.
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Lleit BuCHOBOK OyB BpaxoBaHui mpu (hopMysitoBaHHI repesiky (akTopiB
KOHKYPEeHTOCIIPOMOXKHOCTI 'y  HaCTynmHOMy nyHKTi. Ha oOcHOBI aHamisy
KOHKYpeHLlii, poBeZieHOr0 B Tab/uLli, a TaKOXX 3 ypaXyBaHHSM XapaKTepPUCTHK
inei mpoekTy (Tabs. 4.2), BUMOT CIOXUBauiB A0 ToBapy (Tabs. 4.5) Ta ¢akTopiB
MapKeTUHIOBOTO cepefioBuilia (Tabs. 4.6, 4.7) BU3HAUAETLCS Ta OOIPYHTOBYETHCS
repenik akTopiB KOHKYPeHTOCITPOMO>KHOCTI.

Amnami3 opopmsieHo y (tabs. 4.10).

Tabmuis 4.10 — O6rpyHTYBaHHS (PAaKTOPiB KOHKYPEHTOCTIPOMOKHOCTI

No dakTop OO6rpyHTYyBaHHS
/T | KOHKYPEeHTOCIIPOMOJKHOCTI
1 Lina OpuH i3 akTopiB A/ BUOOPY MPOAYKTY
K/TIEHTOM.
2 SAxicTb OpuH i3 dakTopiB 7151 BUOOPY MTPOAYKTY
KJ/IIEHTOM.
3 3pyuHicTh pobOTH 3 l03B0OJIslE KOPUCTYBAUy JIETKO MpPaLfOBaTH
MPOrpamoro 3 [IPOrpamMor0

3a Bu3HaueHUMU (HaKTOpaMU KOHKYPEHTOCIIPOMOXHOCTI (Tabn. 4.10)

MPOBE/IEHO aHasli3 CUIbHUX Ta C/IaOKUX CTOPiH CTapTan-MpoekTy (Tabu. 4.11).

Tabsuis 4.11 — [NopiBHsUIbHUM aHasli3 CUJTbHUX Ta CJIaOKKUX CTOPiH MTPOEKTY

Ne | dakTop banu | PeMTUHT TOBapiB-KOHKYPEHTIB y

I/l | KOHKYPEHTOCIIPOMOXXHOCTI | 1-20 | mopiBHAHHI

-3 (-2 |-1 |0 |+1 |+2 |43

1 | Lixna 15 *
2 AkicT 10 *
3 | 3pyuHicTh poboTH 3 15 *

MPOrpamMoto
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DiHATHHUM  eTarom pI/IHKIOBOFO éHaniéy MOYTHBOCTef] Bl'Ill)OBa,Z[)IKEHHHI
NIPOEKTY € cKaaganHsg SWOT-anami3y (tabm. 4.12) Ha OCHOBi BU/i/IEeHUX PUHKOBUX
3arpo3 Ta MOK/TMBOCTEH, Ta CUIbHUX i c/TabKuX cTopiH (Tabmmis 4.11).

[Tepenik pUHKOBUX 3arpo3 Ta PUHKOBUX MOXX/IMBOCTeH Oy/i0 CK/IaZieHO Ha
OCHOBi aHami3y (akTopiB 3arpo3 Ta (DAKTOPiB MOX/IUBOCTENM MapKeTUHTOBOTO
cepefioBuilla. PUHKOBI 3arpo3yd Ta PUHKOBI MOXX/IMBOCTI € HaC/i[KaMU BIUIUBY
(dakrTopiB, i, Ha BiAMiHY BiJj HUX, 1|6 He € peasi30BaHMMH Ha PUHKY Ta MarOThb

TeBHY UMOBIPHICTb 3/iiCHEHHS.

Tabmuus 4.12 — SWOT-aHari3 crapran-npoekTy

CWIbHI CTOPOHHU: CsabKi CTOpOHHU:

Lina OO0meskeHU# (YHKITiOHA, MEHIIIa
[IpocToTa BUKOpUCTaHHS TOUHICTH B IOPiBHSIHHI 3

Bucoka 1mBuako/is KOHKYpeHTaMu.

Mo>X/1UBOCTI: 3arposu:

HAaCUYEeHHS PUHKY 3a PaXyHOK KoHKypeHLiis

MiHIMa/IbHOTO L[IHOBOI'O TIOPOT'y BXOAY,

B/IOCKOHAJIEHHSI CUCTEMU

Ha ocHoBi SWOT-aHanizy Oyno po3pobieHo a/bTepHaTHBU PHUHKOBOI
NMoBe/[iHKK (Tiepesik 3axo/iiB) [Ji BUBEJEHHS CTApTal-MpoOeKTy Ha PHUHOK Ta
OpPIEHTOBHMM ONTHMMAa/IbHUK YacC X PUHKOBOI peasi3alii 3 Orisily Ha MOTEeHLiNHI
TTPOEKTU KOHKYPEHTIB, 1[0 MOXKyTh OyTH BHBe/leHi Ha PUHOK.

BusHaueHi anbTepHaTHBH OY/IM ITpOaHasIi30BaHi 3 TOUKM 30py CTPOKIB Ta

MMOBIpHOCTi oTpUMaHHs pecypciB (Tabmuus 4.13).
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Tabmuus 4.13 — AsibTepHaTMBM DPUHKOBOTO BIIPOBA/PKEHHSI CTapTari-
IIPOEKTY

Ne AnbTepHaTiBa pUHKOBOI | FIMOBipHicTB Ctpoku peasi3ariil

/11 | TIOBeJIHKU OTpPHMMaHHS peCypCiB

1 PR, npocyBanHs 6peHgy | 50% 6 MicALiB

2 [Tepexia Ha 6e3korToBHE | 80% 3 Mics1iB
PO3IIOBCIO/PKEHHS

3 [TapTHepcTBO A1 60% 2 Micaui
00’ eTHaHHS TIPOAYKIIi

[Ticnist aHamizy 6ys0 06paHo anbTepHAaTHUBY Ne2.

4.3  AHasi3 pyUHKOBOI CTpaTerii IpPO€eKTY

Po3po6sieHHsT pUHKOBOI CTpaTeril MepimM KpOKoM Iepeibauae BU3HAUeHHS
cTpaTeTii OXOIJIeHHsT pUHKY: Oy7I0 TIPOBeJIeHO OTMC ILJIbOBHUX I'PYIT TIOTEHI[iHHUX

crioykvBauiB (Tabmmis 4.14).



Tabmvus 4.14 — Bubip 1i1boBUX TPYIT IOTEHI[IMHUX CIIO>KHUBAviB
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No Onuc npodisito | ['OTOBHICTh OpientoBuuit | InTeHcuBHi | [IpocToT
/01 | LiJIbOBOI TPYIU | CIIOKHMBayviB TIOTIUT B CTb a BXoay y
MOTEHLIUHUX | CIPUMHSATH MerKax KOHKYPEHI]i | CerMeHT
KJ/IIEHTIB IIPOAYKT LI/IbOBOIL 1 B cermeHTi
rpymnu
1 3BUYAHUH Cepepusi: CepepHiit CubHa CkJ1aiHO
KOPUCTYyBau KOHKYPEeHTH,
asie 3 JOpOrum
o6J/1aHaHHIM
2 Kopuctysau 3 | CepenHs: Buicokuit Cepepnus IIpocto
0CO0/TUBUMU BeJIMKa
rnoTpebamMu KOHKYPEeHI[if i

MOYK/TUBICTh
BJIACHUX BeD-

B IUTIB

SIKi 1isboBi TpymnM obpaHo: 1,2

3a pe3y/ibTaTaMy aHami3y MOTeHLiWHUX TPYI CIOoXWBauiB Oys0 obpaHO

[[iIbOBY TPyIy, [/ SIKAX OyZie 3ampOrIOHOBAHO JAHWM TOBAap, Ta BU3HAUYEHO

CTpaTerit0 OXOIJIEHHS PHUHKY - CTpaTerilo audepeHIilioBaHOTO MapKeTHUHTY

(KOMIIaHist Tpaiftoe 3 eKiibkoMa CerMeHTaMM).

pO3BUTKY (Tabsuis 4.15).

i poboTH B 0OpaHUX cerMeHTax PUHKY ChOpMOBaHO 0a30BY CTpaTeTio



Tabmuus 4.15 — Bu3HaueHHst 6a30B0i cTpaTterii po3BUTKY
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Ne| O6paHna Crpareris Knrouosi basoBa cTpareris
11/ | a/IbTEPHATHUB | OXOIJIEHHSI pUHKY | KOHKYPEHTOCIIPOMOXXH | PO3BUTKY
Il | a PO3BUTKY 1 TO3uLii BiAMOBIJHO
TIPOEKTY 1o obpaHoi
a/bTePHAaTUBU
1 | IlocririHe PuHkoBe [IBuaKOmis, IKICTh KoH1jeHTpOBaHuM
OHOBJIEHHS i | MO3ULIitOBaHHS Ha | MPOAYKTY, HU3bKa MapKeTUHT
TOKpallleHHs | IHAWBIAya/JbHUX | LiHa, BIICYTHICTh
TIPOJYKTY KOPUCTYBauiB HeobOxigHOoCTi
crieliaIbHAX
TIPUCTPOIB
HactyrmHuM KpokoM 06paHO CTpaTerito KOHKYPeHTHOI MOBeAiHKY (Tabuiis
4.16).
Tabsurs 4.16 — BusHaueHHst 6a30B0i cTpaTerii KOHKYPeHTHOI MOBeiHK!
Ne | Yu € mpoekT Yu 6yzme kommadis | Un O6yze kommanisi| CTpareris
I1/T1| «TIepLIOTPOXiALeM» | IIYKaTU HOBUX KOITIFOBaTH KOHKYPEHTHOI
Ha pUHKY? CTIO’KMBauiB, a00 | OCHOBHI TIOBe/[IHKU
3abupaTu XapaKTePUCTUKU
iCHyrOUMX y TOBapy
KOHKYDEeHTIB? KOHKYPeHTa, i sKi?
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Hi.

Kowmrianis 6yze
IITyKaTh HOBUX

CIIOKMBayiB Ta

3abupaTu

ICHYIOUMX Y

KOHKYPEHTIB

TIPOTO3ULIiT

Bbyne kormitoBaty,
YZA,0CKOHaIFOBATH
Ta CTBOPIOBATH

CBOI yHiKa/IbHI

3alHATTA
KOHKYPEHTHOI

Hili

Ha ocHoBi BUMOr crio)kuBauiB 3 0OpaHHUX CErMeHTIiB /0 ITOCTadya/bHUKA

(crapram-Kommanii) Ta A0 mpoAykTy (Tabn. 4.5), a TakoX B 3a/Ie)KHOCTI Bif

obpaHoi 6a30Boi crpaterii po3BuUTKy (Tabm. 4.15) Ta crpaTerii KOHKypeHTHOI

noBeZiiHKU (Tabsuils 4.16) po3pobsieHo cTpaTerito no3wuijitoBaHHs (Tabmuis 4.17),

10 moJiArae y (popMyBaHHI PHMHKOBOI TO3ULlil (KOMIUIEKCY acoljialiiii), 3a SKAM

CMO’KMBaui MalOTh iIeHTU(IKyBaTU TOPTiBeJIbHY MapKy/IIPO€EKT.

Tabsuis 4.17 — BusHaueHHs cTpaTeril MO3ULIiFOBaHHS

Ne | Bumoru no ToBapy ba3oBa Kirouosi Bubip acoriariii,
I1/T1 | L/IbOBOI ayAUTOPIL CTpareris | KOHKYPEHTOCIIPOMONAKI MarOTh
PO3BUTKY | Hi MO3ULIil BIaCHOT0| C(hOpMyBaTu
CcTapTar IPOEKTY | KOMILJIEKCHY
MO3ULII0 BJIACHOTO
[IPOEKTY
1 | JIerkicTp HajawTy Crpareris| [To3uliisg Ha ocHOBI | [IIBUAKOAIS;
BaHHS, IHTYITUBHA nvdepeHI|iappiBHSHHS 3 ExoHoMist
B3a€MO/Iifl, TOYHICTH T4 iI TOBapaMu (iHaHCIB;
HazivHicTs [I1. KOHKYPEeHTIB; 3pyyYHICTb
BigminHi 3aCTOCYBaHHA
0cob6mMBOCTi

CITIO>KMBA4d
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Pe3ynbTaTOM BUKOHAaHHSI MiAPO3Aily CTaja y3ro/)KeHa CUCTeMa pillleHb
II0ZI0 PUHKOBOI TOBeZiHKM CTapTar-KOMIIaHii, sska BHM3HAaya€ HarpsiMu poboTH

CTapTari- KOMIIaHii Ha pUHKY.

4.4  Po3pobsieHHs MapKeTUHIOBOI TIPOrpaMu CTapTam-IMpPOEKTY

CdopMoBaHO MapKeTUHIOBY KOHLIEMI[it0 TOBAapY, SIKUKM OTPUMAE CIO>KUBAY.
st LIbOTO TiICYMOBaHO pe3yabTaTh rornepeJHbOro aHasi3y
KOHKYPEHTOCTIPOMOXKHOCTi  ToBapy (Tabsmuiss 4.18). KoHuerilis ToBapy -—
MMCbMOBUM OMUC (Pi3UUHUX Ta iHIIMX XapaKTePUCTUK TOBApYy, SiKi CIIPUMMAatOThCS

criokuBadeM, i Habopy BUTO/, sKi BiH 00il[si€ MeBHiM rpyTIi CTIO)KHUBaYiB.

Tabsuis 4.18 — Bu3HaueHHsS K/TFOUOBHX TlepeBar KOHIIEMIIii OTeHI[iifHOTO

TOBapy
Ne | IToTpeba Buropa, AKY Kntouosi riepeBarv repef,
n/ o TIPOTIOHYE TOBApP KOHKypeHTamMu (icHyroui abo Taki,
1110 TIOTPiOHO CTBOPUTH)
1 [IBuakoniss | Cucrema mnpaure B| MOX/IUBICTh BUKOPUCTaHHS
peasibHOMY 4aci BifjameHux 00UMCITIOBATEHUX
pecypcis.

2 | HemeBusna | Hema moTpebu y| [Inss pobot HeoOXximHa  Jwiie
JATUMKIiB SIKi Zoporo| BeOKamepa.

KOLLUTYIOTb.
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IMponorxenHst Tabmmii 4.18

3 | [IpoctoTa Nns  HanmamTyBaHHs| [Ing  1oyaTky poboTh  MMOTPiObHO
Ha/IallTyBaH | TTOTPiOHO qvine| iHctamoBat  [IIT  Ta mig'egqHaTh
Hsl TIPOWTH KOPOTKHU| BeOKamepy. Hema notrpeou
Tiporiec 3aMOBJISTH [JO/IaTKOBY IepHudepiro.
KaibpyBaHHSI.

Po3pobsieHO TpHpiBHEBY MapKeTUHI'OBY MO/ie/lb TOBAPY: YTOUHIOETHLCS ifest
MPOAYKTY Ta/abo mociyry, Horo (isvuHi cKaafoBi, 0cOOJMBOCTI mpoliecy Horo
HazaHHs (Tabauig 4.19).

1-i piBeHb. IIpu dopMyBaHHI 3aJymMy TOBapy BUPIIIY€TbCS MUTAHHS 100
TOr0, 3aC000M BUpillleHHs sIKOT 1oTpebu ¥ / abo mpobiemu Oyze naHMii ToBap, sika
fioro ocHOBHa BUrofa. JlaHe nutaHHs Oe3rocepeiHLO TOB’si3aHe 3 (HOPMYBAHHSIM
TeXHIUHOT0 3aB/laHHSl B Mpolieci po3poOKU KOHCTPYKTOPCHKOI JOKyMeHTallil Ha
BUPIO.

2-1i piBenb. Lleit piBeHb SIB/ISIE pillleHHS TOTO, SIK Oy/e peasi3oBaHHi TOBap B
peasibHOMY/ MiCTUTb B CO0i SIKiCTb, BTaCTUBOCTI, AW3aliH, MaKyBaHHs, 1[iHY.

3-u piBeHb ToBap 3 MiAKpinieHHsM (CYNPOBO/OM) — JOAATKOBI TTOCAYTH Ta
repeBaryd Jjisi CIIOXKMBaua, 110 CTBOPKOIOTHCSI HA OCHOBI TOBapy 3a 3aAyMOM |
TOBapy B peajbHOMY BMKOHAaHHI (TapaHTil SIKOCTi, JOCTaBJeHHs, yMOBM OIUIaTU Ta

iH.).

Taburs 4.19 — Onvic TpOX PiBHIB MO/IesTi TOBapy

PisHi ToBapy | CyTHICTb Ta CK1aJ0B1

I. Tosap 3a| Po3mi3sHaBaHHs HarpsaMmy IOIVISAy Ha AUCIUIel Ta eMyJIsALiis

3a/[yMOM poOOTH MMUILIi.
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II. Toap
peaibHOMY

BUKOHAHHI

Bnactusocri/xapaktepuctuku| M/Hm Bp/Tx/Tn/E/Op
1. InauBiyanbHUN MiAXI. 1.Hm 1. TexHosioriyHa
2. Hu3bKa 1iHa. 2.Hm 2.EXOHOMiYHa

3. IIpoctoTa y BukopuctaHHi. | 3.Hm 3.TexHosoriuHa

SAKicTb: TOUHICTH po3Mi3HaBaHH MOIJIAAY Ha AUCILIel

[TakyBaHHS: BiJCYTHE

Mapka: ROSO

HacTyrnHuM KpOKOM € BH3HaueHHs LIIHOBUX MeX, SKUMU HeoOXifHO

KepyBaTMChb TIpM BCTAHOBJIEHHI

[iIHM Ha TMOTeHLiMHWKA ToOBap (OCTaTOYHe

BU3HAUEHHS I[iHA BiZi0yBaeTbcs T1if, Yac (iHaHCOBO-€KOHOMIUHOIO aHasTi3y

NPOEKTY), siKe Tiepefbauae aHami3 I[iHM Ha TOBapu-aHarord abo ToBapu

CyOCTUTYTH, a TaKOXK aHaJsIi3 PiBHS AOXOZIB 1i/TbOBOI TPYIH CIIOXKUBAUiB (Tab/IALIs

4.20). AHani3 NpoBe/ieHO eKCIIePTHUM METO/IOM.

Tabmuis 4.20 — BusHaueHHsI Me>XX BCTAHOBJIEHHS I[iHU

Ne | PiBenb 1iH Ha| PiBeHb 1jiH Ha| PiBeHb  goxofiB| BepxHsi Ta HWKHA

1/ | TOBapu- TOBapu- LIJIbOBOI  TPYIIH| MeXi

I | 3aMiHHUKHA aHasiorTu CIIO’KUBAyiB BCTAHOBJIEHHS LiHU
Ha TOBap/ToC/iyry

1 |1250% 2500% Y Bcix TphoX rpym| 5003$--

BUCOKUM  piBEHb

JIOXO[IB

HaCTyrIHI/IM KPOKOM € BHU3HAY€HHA ONTUMAJILHOI CUCTeMHU 36}7Ty, B MeXKaX

sKoro 0yJs1o ripuiiHsTe pitieHHs (Tabmuis 4.21).



Tabmuus 4.21 — dopmyBaHHS cucTeMU 30y Ty
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Ne | CieLdika ®dyHKii 30yTy, siKi | [7TubuHa OnTumanbHa

I/T1 | 3aKyMiBeIbHOI Ma€ BUKOHYBaTH KaHaty cucrema
TOBEJIiHKHU LI/IbOBUX NoCTavyaabHUK 30yTy 30yTy
KJ/IIEHTIB TOBapy

1 | Kanasn HysboBoro piBus | [Ipomax O(nanpsimy) | ByacHa

OcCTaHHBOIO CK/1a/I0BOI MapKETUHI'OBOI TTPOrpamMu € po3po0/ieHHST KOHIIEIITil

MapKeTMHIOBUX KOMYHiKallili, 1[0 CITUPAETHCS Ha ToTiepejHh0 00paHy OCHOBY /ISt

TO3UIIiFOBaHHS, BU3HaUeHy crieliudiKy NMoBeiHKU KIi€HTIB (Tabmuiis 4.22).

Tabnuiis 4.22 — KoHiemnijisi MapKeTUHIOBHUX KOMYHiKalliii

Ne | Crnieuudika Kananu Knrouosi 3aBlaHHS Konuermnigist
I/ 11 | TIOBeJIHK! KOMYHIKaLli | IOo3uLii, PeK/IaMHOI'0 | peK/IaMHOI'0
LII/TbOBUX W, saxkumu| obpaHi /51| TIOBiJOM/IEHH | 3BePHEHHS
KJTIEHTIB KOPUCTYIOTh | NTO3UL{IFOBaH | A
Cd LiJIbOBIi| HA
KJII€EHTU
BcraHoB/ieHHs | IHTepHeT Hwusbka uiHa,| [Tokasatu CTBOpeHHs
Ha IIII Ha TPOCTOTa riepeBarv CauTy NpPOJYKTY,
repCoHabHUAN BUKODUCTAHH| PillleHHSI HaJl| PO3IOBCIOKeHH
KOMIT KOTep s, IIBUAJKWK| KOHKYpEeHTaM | s iHdopMmariii
CTapT W, BUJUIUTHU| IIPO TIPOAYKT Ha
poboTH K/TIOUOBI crierfiasli3oBaHUX
0Cco0/IUBOCTI | pecypcax.
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Bysio Bu3HaueHOo, 10 TpuUAOaHHS TIPOAYKTYy OyZe TPOBOAUTHCH uepe3
Mepexxy IHTepHeT abo rpu Oe3mocepeJHHOMY CIIiJIKyBaHHI i3 TpeJCTaBHUKaMU
Komriadii. Po3moBcrofpkeHHss iHGopMallii 1po TIPoAyKT Oyae MpOBOAUTHUCH
BUKJ/IFOYHO uepe3 [HTepHeT, aj)Ke ayJuTOpid [JaHOrO TIPOAYKTY aKTUBHO
KOPUCTYETHCS BCECBITHLOIO Mepexkelo.

Pe3ysbTaTOM Mi/Ipo3/lily CTajsa pUHKOBAa (MapKeTWHrOBa) Mporpama, Iiio
MicTuTh B c0bi KoHIlemijii ToBapy, 30yTy, MpOCyBaHHs Ta IIOTiepeAHill aHasIi3
MO>K/IUBOCTEH I[iHOYTBOPEHHSI, CITUPAETHCS Ha I[IHHOCTI Ta MOTPeOM MOTEHI[iHHIX
KJ/IIEHTIB, KOHKYPEHTHI TepeBary ifiei, CTaH Ta JUHaMiKy PUHKOBOI'O Cepe/iOBHILIA,
B MeXaX $KOrO BIIPOBA/KEHO IIPOEKT, Ta BiAMOBifHY 00paHy a/ibTepHAaTHUBY

PHMHKOBOI TOBEIiHKMU.

4.5 BUCHOBKM [0 pO3Ainy

B pgaHoMy po3pini MpoBefeHO IMiATOTOBUMM aHali3 [Jisg BMOPOBa KeHHS
po3pob/ieHOi cHCTeMHd B SKOCTi CTapTam TIPOEKTY. JlocumipkeHO aHasoriuHi
KOHKYDEeHTHi CHUCTeMH, BCTAHOBJIEHO CW/IbHI Ta cjabKi CTOPOHM CUCTeMU B
MOPiBHSAHHI 3 HUMHU. TakoXK OYyJI0 JOC/TiI)KEHO MOYK/MBI IIJITXH PO3IOBCIO/IPKeHHS
MPOJYKTYy Ta HOr0 WMOBIpDHY ayJWTOpil0, piBeHb [JOXOZIB Ta WMOBIDHY L{iHy
TIPOAYKTY, 1[0 PO3PO0JISAETHCS.

bysio mipoBesieHO aHasi3 MOTEHLIMHUX PU3MKIB I MOJK/IMBOCTEH, a TaKOX
po3paxoBaHi OCHOBHi (DiHAHCOBO-€KOHOMIUHI TIOKa3HUKU TIPOEKTY. OTpumani
pe3y/bTaTA KaXyTb IIpO Te, L0 peai3aljigs MPOEKTY € AOLIbHOW. byio
BU3HAYEHO CUJIbHI CTOPOHU IPOEKTY: 3PYUHICTb Y BUKOPUCTAHHI, [jiHa, [IIBUAKO/IiA
Ta JierkicTb HanamTyBaHHs. Cepesi C1aOKUX BapTO BUJIIMTH TipIly TOUHICTH Y
TIOPIBHSHHI 3 KOHKYpPEeHTaMH, 1[0 BMKOPMCTOBYIOTb KOLLUTOBHI JAaTUMKWA. BapTo
3a3HAUUTHU MOXK/IMBICTH peK/laMu MPOJAYKTYy Ha CIieljiaji3oBaHUX pecypcax i3

3a3HauyeHHSIM CUJIbHUX CTOPiH MPOEKTY.
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BMCHOBKH

Y uili gucepratii OyB rnpoBesieHUH aHasi3 y)Ke iCHYHUMX pillieHb Ta MOLIYK
MOJK/IMBUX BaplaHTIB BUPILLIeHHS [TI0CTaB/JI€HOr'0 3aBJaHHs.

Takox B xomi pobotn Oy0 AOCTIIKEHO i BCTAHOBIEHO iHCTPYMEHTH
MPOTHO3YBaHHS TOTJISily KOPUCTyBaua Ha OCHOBi 300pakeHHs1 obmuuus. ITicis
I[bOr0 OyJI0 TigiOpaHO apxXiTeKTypy HeMpOHHOI MepeXki siKa [JOCTaTHbO TOUHO
nepezsbavyae HeOOXiZHY BeJIMUMHY, a CaMe KOOPWHATU TIOTJISIY BiJHOCHO KaMepH.

To6To 3ariporioHoBaHO MoMGiKOBaHY Mo/ie/b TTMO0KOT HeMPOHHOI MepesKi
[JI BiZICTe)XKeHHS TIOrJisAy 1 B3a€MOZAIl 3 KOMIT IOTepOM B peajibHOMY 4aci Ha
OCHOBI 3rOPTKOBUX I11apiB i3 I0ZlaBaHHSIM MeXxaHi3My yBaru. Po3po0sieHo cuctemy
Bi/ICTe>KeHHSI TIOTJISIAY Y pealbHOMY 4Yaci 3 BUKOPUCTaHHSIM ¢peiiMBopky Torch
Python.

B pe3ynbraTri TOpIiBHS/IBHOTO aHasli3y BCTAHOB/IEHO, IO po3pobieHa
cucteMa 3a nokasHUKOM MAE (3HaueHHs 0.98 cm i 2.17 cm 151 KOOPAMHAT X 1Y),
He TIOCTYTAETbCs mepes HasiBHOKO cucTtemoro iTracker, y sikoi MAE csaratoth ajis
KOOpAUHAT X Ta y 3HaueHHs 1.04 cMm Ta 2.31 cMm, BiAnoBigHO.

HactyrnHuM KpokoMm OyB TIpoljeC TPOEKTYBAHHSI apXiTeKTypu CHUCTeMHU 3
ypaxyBaHHSIM BUCYHYTMX BMMOI Ta IUJIJaHyBaHHS TIPUHLMITY B3aeEMOJil
KOPUCTYBaua 3 CUCTEMOIO.

Ile 6yn0 Ba)KIMBHUM MYHKTOM, OCKiJIbKM He BCi TOTEHILIiMHI KOpHCTyBaui
MOXXYTb MaTH [IOCTaTHBO OOYMC/IOBA/JIbHUX DeCypCiB /s BUKOHaHHS 00poOKu
300pakeHb J0KaabHO. Came ToMmy Oysio oOpaHO MikpocepBicHMM cTwib. Ta
CIIPOEKTOBAHO CUCTEMY siIKa MO)Ke PO3ropTaTHCh fIK B XMapi, Tak i JIOKaJbHO Ha

TepCoHa/IbHOMY TIPUCTPOi KOPUCTYBaua, IMPH HeoOXiTHOCTI.
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OOJATOK A. JIICTUHI' ITIPOI'PAMHOI'O KOY

1. ®aiin web_camera.py

import cv2

class CameraNotFoundError(Exception):

def __init__(self, message=None):
if message is None:

message = 'Camera not found, please check camera connection.'

super().__init__(message)

class Camera:

MAX_CAMERA_INDEX =100
MASK_PATH ="../blank_facel.png'
MASK_SCALE_FACTOR = 0.6

GREEN = (0, 255, 0)
RED = (0, 0, 255)
BLUE = (255, 0, 0)

def __init_ (self):
cv2.namedWindow('Camera')
self.capture = self.get_available_video_capture()

self.capture.set(cv2.CAP_PROP_FRAME_HEIGHT, 720)
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# self.capture.set(cv2.CAP_PROP_FRAME_WIDTH, 1280 // 2)
self.capture.set(cv2.CAP_PROP_FRAME_WIDTH, 720)

self.mask = self.scale_image(
cv2.imread(self. MASK_PATH),
self. MASK_SCALE_FACTOR

)
self.frame_h, self.frame_w, _ = self.get_frame().shape
self.mask_h, self.mask_w, _ = self.mask.shape

print('Frame shape:', self.frame_h, self.frame_w)

# center x and y
self.c_y = int(self.frame_h/2)
self.c_x = int(self.frame_w/2)

print('Center:', self.c_y, self.c_x)

# mask boundaries

self.mask_t_y = self.c_y - int(self.mask_h/2)
self.mask_b_y = self.mask_t_y + self.mask_h
print('Mask Y bounds:', self.mask_t_y, self.mask_b_y)
assert self.mask_b_y > self.mask_t_y

self.mask_l_x = self.c_x - int(self.mask_w/2)
self.mask r x =self.mask 1 x + self.mask w

print('Mask X bounds:', self.mask_l_x, self.mask_r_x)

assert self.mask r x > self.mask | x

self.frame = None
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@classmethod
def scale_image(cls, img, scale_factor):
width = int(img.shape[1] * scale_factor)
height = int(img.shape[0] * scale_factor)
return cv2.resize(img, (width, height), interpolation=cv2.INTER_AREA)

def get_available_video_capture(self):

for camera_index in range(0, self. MAX_CAMERA_INDEX):

capture = cv2.VideoCapture(camera_index)

if not capture.read()[0]:

continue
return capture
raise CameraNotFoundError()
def get_frame(self):
self.frame = self.capture.read()[1]

return self.frame

def show_frame(self):

cv2.imshow('Camera’, self.frame)

def get_mask_destination(self):

return self.frame[self.mask_t_y:self.mask_b_y, self.mask_l_x:self.mask_r_x]



def get_frame_by_rect(self, rect):
return self.frame[rect[0][1]:rect[1][1], rect[0][O]:rect[1][0]]

def add_mask(self):

destination = self.get_mask_destination()

result = cv2.addWeighted(destination, 1, self.mask, 0.5, 0)
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self.frame[self.mask_t_y:self.mask_b_y, self.mask_I_x:self.mask_r_x] =

result

def draw_indicator(self, color, radius=30, margin=30):
center = (self.frame_w - radius//2 - margin, radius//2 + margin)

self.frame = cv2.circle(self.frame, center, radius, color, -1)

def rectangle_relative_to_mask(self, recognition_result):

X, ¥, w, h = recognition_result

t_1 = (self.mask_I_x + x, self.mask_t_y + y)

b_r = (self.mask_I_x + x + w, self.mask_t_y +y + h)

returnt I, b r

def rectangle_relative_to_face(self, recognition_result, face):

rect = self.rectangle_relative_to_mask(face)

X, ¥, w, h = recognition_result
t_1 = (rect[0][0] + x, rect[0][1] + y)
b_r = (rect[0][0] + x + w, rect[0][1] + y + h)
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returnt I, b r

def draw_rectangle(self, t_l, b_r, color, thickness=2):

self.frame = cv2.rectangle(self.frame, t_l, b_r, color, thickness)

2. ®auin gui.py

from PyQt5 import QtCore, QtGui, QtWidgets

from PyQt5.QtCore import Qt, QPoint, QTimer

from PyQt5.QtWidgets import QMainWindow, QApplication, QDesktopWidget,
QWidget, QLabel, QGridLayout

from PyQt5.QtGui import QPainter, QPen, QBrush, QColor

from core import Core

from calibrator import Calibrator
import json

import random

class AnalyzerThread(QtCore.QThread):

result_done = QtCore.pyqtSignal(object, object)

def __init__(self):
QtCore.QThread.__init__(self)

self.core = Core()

def run(self):

while True:



frame, prediction = self.core.analyze_frame()

self.result_done.emit(frame, prediction)

class CalibrationWindow(QMainWindow):

def __init__ (self):

super().__init__()
self.initUI()

def initUlI(self):
self.setObjectName('Calibration’)
self.geometry = QtWidgets.QDesktopWidget().screenGeometry(0).size()

self.resize(self.geometry)

self.centralwidget = QtWidgets.QWidget(self)

self.image_label = QLabel(self.centralwidget)
self.image_label.setGeometry(

QtCore.QRect(1920//2 - 160, 0, 320, 320))

self.circle_label = QLabel(self.centralwidget)
self.circle_label.resize(40, 40)
self.move_circle(0,0)
self.circle_label.setAlignment(QtCore.Qt.AlignCenter)
self.circle_label.setStyleSheet(

"background-color: red; border-radius: 20px;")

self.circle_label.setHidden(True)
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self.setAttribute(Qt. WA_TranslucentBackground)
self.setAttribute(Qt. WA_TransparentForMouseEvents)
self.setAttribute(Qt. WA_X11DoNotAcceptFocus)

self.showFullScreen()

self.analyzer = AnalyzerThread()
self.analyzer.result_done.connect(self.on_analyzer_result)

self.analyzer.start()

self.setCentral Widget(self.centralwidget)

self.calib_size = (7, 5)

self.calib_gen = self.calibration_index_gen()
self.timer = QTimer(self)
self.timer.setSingleShot(True)
self.timer.timeout.connect(self.next_calibration_point)
self.timer.setInterval(10000)

self.timer.start()

self.last_x, self.last_y = None, None

self.calib_res = list()

self.calibrator = None

self.predictions = list()

def move_circle(self, x, y):

self.circle_label.move(
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x - self.circle_label.size().width()//2,
y - self.circle_label.size().height()//2)

def calibration_index_gen(self):
for j in range(self.calib_size[1]):
for i in range(self.calib_size[0]):

yield i, j

def next_calibration_point(self):
self.circle_label.setHidden(False)
try:
i, j = next(self.calib_gen)
except Stoplteration:
self.circle_label.setHidden(True)
filename = f'calibration#{random.randint(100, 999)}.json’
with open(filename, 'w') as f:

json.dump(self.calib_res, f)

self.calib_res.clear()

print(f'Saved as {filename}")

self.calibrator = Calibrator(f'./{filename}")
self.calibrator.fit()

return

x =i * (self.geometry.width() // (self.calib_size[0] - 1))
y =j * (self.geometry.height() // (self.calib_size[1] - 1))

self.last_x, self.last_y = x, y
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self.move_circle(x, y)
self.timer.setInterval(3000)

self.timer.start()

def on_analyzer_result(self, frame, prediction):

if self.timer.isActive() and prediction is not None and self.last_x is not None:

if 500 <= self.timer.remainingTime() <= 2500:
self.calib_res.append(

(self.last_x, self.last_y, prediction[0], prediction[1]))

if prediction is not None and self.calibrator:

self.predictions.append(prediction)

xs, ys = self.calibrator.predict_single(*prediction)

print(int(xs), int(ys))

self.circle_label.setHidden(False)

self.move_circle(int(xs), int(ys))

rgb_frame = QtGui.QImage(
frame.data,
frame.shape[1],
frame.shape[0],
QtGui.QImage.Format_ RGB888).rgbSwapped()
rgb_frame = rgb_frame.scaled(320, 320, Qt.KeepAspectRatio) # Only if you

want to scale image



self.image_label.setPixmap(QtGui.QPixmap.fromImage(rgb_frame))

if _name_ =='__main_ "
import sys
app = QtWidgets.QApplication(sys.argv)

ui = CalibrationWindow()

try:
app.exec_()
except KeyboardInterrupt:
print('Interrupted")
try:
sys.exit(0)
except SystemExit:

os._exit(0)
3. ®aiin calibrator.py
import numpy as np
import pandas as pd
import sklearn

import matplotlib.pyplot as plt

from sklearn.preprocessing import QuantileTransformer

from sklearn.model_selection import train_test_split

import lightgbm as Igbm
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from sklearn.metrics import r2_score
from sklearn.multioutput import MultiOutputRegressor

from sklearn.compose import TransformedTargetRegressor

from sklearn.linear_model import ElasticNet

class Calibrator:

def __init__ (self, calibration_data_path: str):

self.data = pd.read_json(calibration_data_path)

self.data.columns = ['rx', 'ry', 'px’, 'py']
self.clean_data = pd.DataFrame()
coord = self.data[['rx', 'ry']].drop_duplicates()

for x, y in zip(coord.rx.values, coord.ry.values):

self.clean_data = pd.concat([self.clean_data,

self.get_clean_data(x, y, self.data)])

print(f'Origin data: {self.data.shape}, Cleaned data: {self.clean_data.shape}")

self.regressor = None

def get_clean_data(self, x: int, y: int, data: pd.DataFrame):

cdata = data.loc[(data.rx == x) & (data.ry ==Yy), :]

xmean, xstd = np.mean(cdata.px), np.std(cdata.px)
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ymean, ystd = np.mean(cdata.py), np.std(cdata.py)

up_x, bottom_x = xmean + 2 * xstd, xmean - 2 * xstd

up_y, bottom_y = ymean + 2 * ystd, ymean - 2 * ystd

cdata = cdata.loc[cdata.px.between(bottom_x, up_x) &\

cdata.py.between(bottom_y, up_y), :]
return cdata
def split_dataset(self, data: pd.DataFrame):
X, y = data.drop(columns = ['rx', 'ry']), data.loc[:, ['rX', 'Ty']]
X_train, X_test, y_train, y_test = train_test_split(X, y, test_size = 0.2,

random_state=555, stratify=data.rx)

return X_train, X_test, y_train, y_test

def train_model(self, X_train, X_test, y_train, y_test):

target_transformer = QuantileTransformer(output_distribution = 'normal')

transformed_target = target_transformer.fit_transform(y_train)
wrapper = lgbm.LGBMRegressor()
wrapper = MultiOutputRegressor(wrapper)

self.regressor = wrapper

self.regressor.fit(X_train, y_train)
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y_pred = self.regressor.predict(X_test)
score = r2_score(y_test.values, y_pred, multioutput = 'raw_values')

print(‘"Valid R2 score: ', score)

def fit(self):

X_train, X_test, y_train, y_test = self.split_dataset(self.clean_data)

self.train_model(X_train, X_test, y_train, y_test)

def predict(self, calibration_data_path: str):

data = pd.read_json(calibration_data_path)

data.columns = ['rx, ty', 'px’, 'py'l]

clean_data = pd.DataFrame()
coord = self.data[['rx', 'ry']].drop_duplicates()

for x, y in zip(coord.rx.values, coord.ry.values):

clean_data = pd.concat([self.clean_data,

self.get_clean_data(x, y, self.data)])

print(f'Origin data: {self.data.shape}, Cleaned data: {self.clean_data.shape}")
print(clean_data[['px’, 'py'l].shape)
ypred = self.regressor.predict(clean_data[['px’, 'py'l])
score = r2_score(clean_data[['rx', 'ry']].values, ypred, multioutput =
'raw_values')

print('Valid R2 score: ', score)



def predict_single(self, x_cnn, y_cnn):

return self.regressor.predict(((x_cnn, y_cnn),))[0]

4. dain gaze.py
import cv2

import numpy as np
import torch

import torch.nn as nn

import torchvision.transforms as T

class Gaze:

HAAR_FACE_PATH ="../haarcascade_frontalface default.xml'
HAAR_EYE_PATH = '../haarcascade_eye_tree_eyeglasses.xml'
WEIGHTS ="../epoch'
DEVICE = 'cuda' if torch.cuda.is_available() else 'cpu’
TRANSFORM = T.Compose([

T.ToTensor(),

T.Resize([224, 224]),

T.ConvertlmageDtype(torch.float32)

)

def __init__ (self):
self.face_cascade = cv2.CascadeClassifier(self. HAAR_FACE_PATH)
self.eye_cascade = cv2.CascadeClassifier(self. HAAR_EYE_PATH)
self.model = EyeTracking().to(self. DEVICE)
self.model.load_state_dict(torch.load(self. WEIGHTS))
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self.model.eval()

def to_gray(self, frame):
return cv2.cvtColor(frame, cv2.COLOR_BGR2GRAY)

def get_face(self, frame):
frame = self.to_gray(frame)

faces = self.face_cascade.detectMultiScale(frame)

if len(faces) > 0:

return faces[0]

return None

def get_eyes(self, frame):
frame = self.to_gray(frame)
eyes = self.eye_cascade.detectMultiScale(
frame,
scaleFactor=1.1,
minNeighbors=5,
minSize=(30, 30)

)
res = {
'left": None,
Tight': None
}

center_x = int(frame.shape[1]/2)



for eye in eyes:
X, Y, w, h = eye

eye_center_x = X + w/2

if eye_center_x > center_x and res['left'] is None:
res['left'] = eye
elif eye_center_x < center_x and res['right'] is None:

res[right'] = eye

return res

@classmethod
def transform(cls, obj):

return cls. TRANSFORM(obj)

@classmethod
def make_grid_mask(cls, frame_shape, face_rect, size=(25, 25)):

mask = np.zeros(size)

xd = frame_shape[1] / size[0]
yd = frame_shape[0] / size[1]
for i in range(size[0]):

x = xd*i + xd/2

for j in range(size[1]):

y = yd*j + yd/2

if face_rect[0][0] < x < face_rect[1][0] and \
face_rect[0][1] <y < face_rect[1][1]:
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mask[i][j] =1
return mask.astype(np.int8)
def predict_gaze(self, frame, face, leye, reye, face_rect):
facer = self.transform(face.copy())[None,:].to(self. DEVICE)
leyer = self.transform(leye.copy())[None,:].to(self. DEVICE)

reyer = self.transform(reye.copy())[None,:].to(self. DEVICE)

grid = self.make_grid_mask(frame.shape, face_rect)

grid = torch.from_numpy(grid).to(torch.float32)[None,:].to(self. DEVICE)

ypred = self.model(facer, leyer, reyer, grid)

return float(ypred[0][0]), float(ypred[0][1])

class AttentionModule(nn.Module):

def __init__ (self, num_channels, img_size):

super().__init_ ()

self.img_size = img_size

self.num_channels = num_channels

self.lnorm = nn.LayerNorm([num_channels])

self.mhead = nn.Multihead Attention(num_channels, 4, batch_first=True)

self.fc = nn.Sequential(



nn.LayerNorm([num_channels]),
nn.Linear(num_channels, num_channels),
nn.GELU(),

nn.Linear(num_channels, num_channels),

def forward(self, x):
num_samples = x.shape[0]
x = x.view(num_samples, self.num_channels, -1).swapaxes(1, 2)
out_norm = self.lInorm(x)
attention_value, _ = self.mhead(out_norm, out_norm, out_norm)

attention_value = attention_value + x

attention_value = self.fc(attention_value) + attention_value
return attention_value. \
swapaxes(2, 1).\
view(
num_samples,
self.num_channels,
self.img_size,

self.img_size)

class ImageModule(nn.Module):

def __init__ (self):

super().__init__ ()

self.conv_1 = nn.Sequential(
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nn.Conv2d(3, 96, kernel_size=11, stride=4, padding=0),
nn.ReL.U(inplace=True),

nn.MaxPool2d(kernel_size=3, stride=2),
nn.CrossMapL.RN2d(size=5, alpha=0.0001, beta=0.75, k=1.0)

self.conv_2 = nn.Sequential(
nn.Conv2d(96, 256, kernel_size=5, stride=1, padding=2, groups=2),
nn.ReL.U(inplace=True),
nn.MaxPool2d(kernel_size=3, stride=2),
nn.CrossMapL.RN2d(size=5, alpha=0.0001, beta=0.75, k=1.0)

self.conv_3 = nn.Sequential(
nn.Conv2d(256, 384, kernel_size=3, stride=1, padding=1),
nn.ReLU(inplace=True),
nn.Conv2d(384, 64, kernel_size=1, stride=1, padding=0),
nn.ReL.U(inplace=True)

self.atten_1 = AttentionModule(96 , 26)
self.atten_2 = AttentionModule(256, 12)
self.atten_3 = AttentionModule(64 , 12)

def forward(self, x: torch.Tensor):
x = self.atten_1(self.conv_1(x))
x = self.atten_2(self.conv_2(x))
x = self.atten_3(self.conv_3(x))

return x.reshape(x.shape[0], -1)
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class FaceModule(nn.Module):

def __init_ (self):

super().__init__()

self.conv = ImageModule()

self.fc = nn.Sequential(
nn.Linear(12 *12*64, 128),
nn.ReLU(inplace=True),
nn.Linear(128, 64),
nn.ReLU(inplace=True),

def forward(self, x):
x = self.conv(x)

return self.fc(x)

class GridModule(nn.Module):

def __init__(self, grid_size=25):

super().__init_ ()

self.fc = nn.Sequential(
nn.Linear(grid_size * grid_size, 256),
nn.ReLU(inplace=True),
nn.Linear(256, 128),
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nn.ReL.U(inplace=True),

def forward(self, x):
x = x.view(x.size(0), -1)

return self.fc(x)

class EyeTracking(nn.Module):

def __init__(self):
super().__init__ ()
self.eyes_module = ImageModule()
self.face_module = FaceModule()

self.grid_module = GridModule()

self.eyes_fc = nn.Sequential(
nn.Linear(2 * 12*12*64, 128),
nn.ReLU(inplace=True)

self.fc = nn.Sequential(
nn.Linear(128+64+128, 128),
nn.ReLU(inplace=True),
nn.Linear(128, 2)

def forward(self, face, eye_left, eye_right, grid):
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# Eye nets
x_leye = self.eyes_module(eye_left )

x_reye = self.eyes_module(eye_right)

# Cat and FC
x_eyes = torch.cat((x_leye, x_reye), 1)

x_eyes = self.eyes_fc(x_eyes)

# Face net
x_face = self.face_module(face)

x_grid = self.grid_module(grid)

# Cat all
x = torch.cat((x_eyes, x_face, x_grid), 1)

return self.fc(x)

5. ®aiin core.py

from webcam import Camera
from gaze import Gaze

from calibrator import Calibrator
import cv2

import pickle

import random

import copy

from time import time

import numpy as np
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class Core:

camera = Camera()

gaze = Gaze()

def __init__(self):
self.prev_eyes_set = set()
self.predictions = list()

self.start = time()

def analyze_frame(self):
curr_eyes_set = set()
frame = self.camera.get_frame()
frame_to_save = copy.deepcopy(frame)
face frame = None
reye_frame = None

leye_frame = None

face = self.gaze.get_face(self.camera.get_mask_destination())

if face is not None:

face_rect = self.camera.rectangle_relative_to_mask(face)
face_frame = copy.deepcopy(self.camera.get_frame_by_rect(face_rect))
self.camera.draw_rectangle(face_rect[0], face_rect[1],

self.camera. GREEN)

eyes = self.gaze.get_eyes(face_frame)



97

for eye_name, eye in eyes.items():
if eye is not None:

curr_eyes_set.add(eye_name)

eye_rect = self.camera.rectangle_relative_to_face(eye, face)
eye_frame = self.camera.get_frame_by_rect(eye_rect)
self.camera.draw_rectangle(eye_rect[0], eye_rect[1],

self.camera.BLUE)

if eye_name == "left":
leye_frame = eye_frame
else:

reye_frame = eye_frame

eyes_diff = self.prev_eyes_set.difference(curr_eyes_set)
if len(eyes_diff) == 2:
print('Boths eyes blinked")
elif len(eyes_diff) == 1:
print(f'{eyes_diff.pop().capitalize()} eyes blinked")

self.camera.draw_indicator(self.camera. GREEN)
else:

self.camera.draw_indicator(self.camera.RED)

self.prev_eyes_set = curr_eyes_set
self.camera.add_mask()

self.camera.show_frame()



key = cv2.waitKey(20)
if key == 27: # exit on ESC
exit(0)

prediction = None

if frame_to_save is not None and \
face frame is not None and \
reye_frame is not None and \
leye_frame is not None and \

face_rect is not None:
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prediction = self.gaze.predict_gaze(frame_to_save, face_frame,

reye_frame, leye_frame, face_rect)

self.predictions.append(prediction)

print(
np.round(
np.asarray(self.predictions[-5:])[:,0].std(), 3),
np.round(

np.asarray(self.predictions[-5:])[:,1].std(), 3))

elif key == 32: # save on space
print(type(frame_to_save))
print(type(face_frame))
print(type(reye_frame))
print(type(leye_frame))

series = random.randint(100, 999)
prefix ="./imgs/' + str(series)

with open(prefix+'frame.pickle’, 'wb') as f:



pickle.dump(frame_to_save, f)

with open(prefix+'face_frame.pickle', 'wb") as f:

pickle.dump(face_frame, f)

with open(prefix+'reye_frame.pickle’, 'wb') as f:

pickle.dump(reye_frame, f)

with open(prefix+'leye_frame.pickle', 'wb") as f:

pickle.dump(leye_frame, f)

with open(prefix+'meta.pickle’, 'wb') as f:
meta = {
'face_rect': face rect
}
print(meta)

pickle.dump(meta, f)

print(f'Saved as SERIES: {series}")
# predict on TAB
elif key == 9 and \
frame_to_save is not None and \
face frame is not None and \
reye_frame is not None and \
leye_frame is not None and \
face_rect is not None:
from time import time

s = time()
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res = self.gaze.predict_gaze(frame_to_save, face_frame, reye_frame,
leye_frame, face_rect)
elapsed = time() - s
print(f'Prediction is: {res}, elapsed time {elapsed}")

return self.camera.frame, prediction

if name_ =='_main_ "
core = Core()
while True:

core.analyze_frame()[1]
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