BIAI'YK
odiliifHOro ONOHEHTa Ha AUCEPTaliifHy poOOoTy
Maszina Maxcuma FOpiiioBuya

Ha TeMy «MeToau CTUCHEHHS 300pa)keHb B cucTeMax [HTEpHETy peuent Ha
MIKPOKOHTpPOJIEPAX»,

IPEACTaBJICHY Ha 3000yTTs CTYIIEHS HOKTOpa (hiocodii

B raijly3i 3HaHb 17 «ENEKTpOHIKa Ta TEIEKOMYHIKaIlIi»
3a creniabHicTIO 171 «EnexTpoHikay

AKTyaJbHICTh TEMH JUCEePTALIl.

AKTyaJbHICTh TEMH JOCIHIDKEHHS 3YMOBJICHA CTPIMKHM PO3BHUTKOM CHCTEM
[nrepuery peueit (IoT), B gkuMX  MIKpOKOHTpoOJIEpM  Jelaii  YacTille
BUKOPUCTOBYIOTBCS ISl 300py, oOpoOkM Ta mepenayi BidyanbHOI 1HGopMmalii B
pPEXKMM] pealbHOro 4acy. Taki CHCTEMH AaKTHUBHO BIIPOBAUKYIOTECA Yy cdepu
MOHITOPHUHTY JOBKLULIA, 6€31eKH, MPOMHUCIOBOI aBTOMATH3Aallil Ta pO3yMHOI0 XHUTJIA.
B yMoBax 00MexeHO01 00UHCIIIOBAIBHOL IOTYKHOCTI, 0OMEXEHOro 00CATy 1mam’sTi Ta
HU3BKO1 IIPONYCKHOI 3JaTHOCTI KaHaIIB 3B’A3Ky BHHHUKae morpeba y
BUCOKOC(EKTUBHUX METOJIaX CTHCHEHHS 300pa)keHb, K1 JO3BOJISIOTH MiHIMI3yBaTH
o0cAr nepeganux JaHux 0e3 iCTOTHOI BTpaTH iX iH(PpOpMaTUBHOCTI.

Knacuuni anroputMu KomImpecii, 30kpeMa npu OaraTOpiBHEBOMY CTHCKaHHI,
4acTO MPHU3BOIATE JO 3HWDKEHHS SKOCTI PEKOHCTPYHOBAHOTO 300pa)KE€HHS, IO
YHEMOXJIMBJIIOE HMOro noAanpliMii aHam3 abo posmizHaBaHHA. (OcobiMBO
aKTyaJbHUMHM CTAlOTh JOCIIDKEHHS, CIPSAMOBaHI Ha po3poOKy KOMOIHOBaHMX
METOJIB CTUCHEHHS, SIKi TMOEJHYIOTh BEUBJIET-IIEPETBOPEHHS 3 EHTPOIIMHUM Ta
OE€3BTpaTHUM KOJYBaHHSIM, a TaKOXX 3aTHI 3a0€3[€UUTU CTIMKICTH JO CIIOTBOPEHb,
OB’ 13aHUX 13 apTedakTaMu KOMIIpeECii.

Kpim TOro, akTyalpbHUM € BAOCKOHAJIEHHS METOJIIB KiTbKICHOT OIIIHKM SKOCTI
BiTHOBJIEHUX 300pa)Ke€Hb, 30KpeMa BMKOPUCTaHHS E€BKJIZOBOI BIACTaHl SIK METPUKH
BUSIBJICHHS JIOKAJbHMX MOXMOOK. He MEeHI Ba)KJIMBHUM HaIpsIMOM € pO3pOOJICHHS
aJrOPUTMIB aBTOMATHYHOI'O BHUSBJICHHS Ta KOpekilii apTedakTiB, 10 BUHUKAIOTH
YHaCJIiA0K 6araToCTyneHeBO1 KOMITPECii.

Takum 4MHOM, AOCIIJDKEHHS METOAIB €(hEKTUBHOIO CTUCKAHHS 300pakKeHb 3
ypaxyBaHHSIM OCOOJIMBOCTEN MIKPOKOHTPOJEpPHUX IIaT@opM Ta OOMEXEHMX
CHEPreTUYHUX 1 KOMYHIKallifHUX PECcypciB € HAYKOBO Ta IPAKTUYHO OOIPYHTOBAHUM
1 Ma€ BaXXJIUBE 3HAYCHHS JUUIs1 pO3BUTKY HaAiiHuX [0 T-pilieHs HOBOTO MOKOJIIHHS.



Ouinka oOrpyHTOBAaHOCTI HAYKOBMX pe3yJabTaTiB Jucepraumii, ix
AOCTOBIPHOCTI TA HOBU3HH.

HaykoBa HOBW3Ha pe3yJbTaTiB AUCEPTAiHHOTO MOCII/DKEHHs IIOJIATaE B
HACTYIIHOMY:

- BIIEpILLE 3aIpONIOHOBAHO B KOHTEKCTI 00poOxu 300paxkeHb
MIKpOKOHTPOJIEpAMH BUKOPUCTOBYBATH €BKJIIJOBY BiJCTaHb SK JOIIOMDKHUN
KpUTEPif JJIS OIIHIOBAHHS SIKOCTI PEKOHCTPYHOBAHUX 300pa)KE€Hb, IO J103BOJISE
OiNBII TOYHO BHUSBIATH JIOKAJIbHI CIIOTBOPEHHSA, HE BpaxOBaHl TpaJULIHUMU
merpukamu PSNR, SSIM Tta MSE. 3actocyBaHHS Takoro MigXOAy
IPOJEMOHCTPYBAJIO BHCOKY KOpEIAIMiI0 MDK O00’€KTMBHMMH 1 Bi3yaJlbHUMHU
XapaKTEepUCTUKAMU SIKOCTI;

- po3po0JieH0 METOJT KOMOIHOBAaHOTO CTHUCHEHHSI 300paXke€Hb, y SKOMY
300paXkeHHs crnepury 00poOJISIETECS METOJAOM AMCKPETHOI'O BEMBIIET-IIEPETBOPEHHS,
a notiM BukoHyeTbcs JPEG ctucnenHs. Taka iHTerparisi 103BOJISE CYTTEBO 3HU3UTH
obcsar mepenanoi iHdopmarii 6e3 ICTOTHOrO MOTipIIEHHs Bi3yalbHOI SKOCTI Ta
3abe3neuye CyMICHICTh 13 MOLIMPEHUMH CTaHAApTAMM CTUCHEHHS.

-30IMCHEHO  IporpaMHE  MOJEIIOBaHHS  Ha  MIKPOKOHTpOJjepax  Ta
EKCIIEpUMEHTaIbHA IIEPEBIPKA AITOPUTMIB CTUCHEHHS 300pa)K€Hb HAa OCHOB1 METO/1B
Run-Length Encoding (RLE) Ta entpomniiinoro xoayBanHsa Xaddwmana. IIposeneno
nopiBHsIbHUHM anaini3 i3 JPEG-xomnpeciero.

- 31ICHEHO MpOrpaMHE MOJEIIIOBAHHS Ta TECTYBaHHS QJITOPUTMIB CTUCKAHHS
300pakeéHh Ha OCHOBI BeiiBieT-liepeTBopeHb Daubechies, Haar i Coiflet 3
ypaxyBaHHSAM apXiTEeKTYpHUX OOMEXEHh MIKPOKOHTpoJjiepiB. Hamana KiuTlbKicHa
NIOPIBHJIBHA OIIHKA iX €(EKTUBHOCTI.

-3aIIpOIIOHOBAHO HOBY NPOIECAYpPY BUSBICHHS 1 BUIPABIEHHS apTe(axTiB, IO
BUHUKAIOTh YHACJIZOK OaraTOpiBHEBOI JEKOMIIO3UII] 300paK€HHsSI [pU BEWUBIIET-
NEePETBOPEHH1. AJITOPUTM JO3BOJISE 3MEHIIUTH HETATUBHUU BIUIMB HAKOIIMYECHHX
IOXUOOK 1 CYTTEBO MOKPALIUTU YiTKICTh 300paXK€HHS IMicIsa HOro BiZIHOBJICHHSL.

JlocnipkeHHd BUKOHYBAJIMCh Yy MeXaxX HAyKOBO-AOCTIAHOI TeMmH Kadeapu
AxycTuuHuX Ta MyabTuMeAiiHuX enexTpoHHux cucteM KIII im. Irops Cikopebkoro
— “ABTOMAaTH30BaHa CUCTEMA CYO’€KTUBHOTO Ta 00’ €KTUBHOIO OLIIHIOBAHHS SIKOCTI
MoBiieHHA” (Ne pepxkpeectpanii 0116U008959), mio momaTKOBO IIATBEPIKYE
HAyKOBY BaJiJHICTh, BIAMOBIAHICTE TEMATHKU ACPKAaBHUM IIPIOPUTETAM, a TaKOXK
IIPaKTUYHY I[IHHICTh OJEPXKAaHUX PE3YJIBTATIB.

Orxe, B jaucepraniiiHii poOOTI MOCTaBJIECHE HAYKOBE 3aBJaHHS BUKOHAHO
MIOBHICTIO, 3/100yBaY IIOBHOIO MipOIO OBOJIOIB METOOJIOTIEI0 HAYKOBOI AisNIEHOCTI.



Ouinka 3micTy auceprauii, ii 3aBepmieHIiCTs Ta AOTPUMMAaHHA NPUHIMIIB
aKaJeMI4HOI JOOpPOYeCHOCTI.

3a cBoiM 3MicTOM JucepTaliifHa po6oTa 3m00yBaya Mazina M.IO. moBHiCTIO
Binmosinae Crampmapry Bumioi ocBiTh 31 171 «EnexTpoHika» Ta HaIpsIMKaM
JIOCTIKEHBb BIJIMOBIIHO IO OCBITHROI NMporpamMu «EnekTpoHikay.

Jucepraliiina po6oTa € 3aBepIIEeHOI0 HAYKOBOIO Mpallel0 i CBIAYUTH IIPO
HasABHICTh OCOOMCTOr0 BHECKY 3/100yBadya y HAyKOBUM HampsiM IIPOCKTYBAaHHS
eJIEKTPOHHUX 3ac00iB [HTepHETY peueit 3 00poOIEHHS KOIBOPOBUX 300paKEHb.

Po3rnsiHyBIIM 3BIT MOMAIOHOCTI 3a pe3yibTaTaMHM IIEPEBIPKU JUCEpTallIAHOI
po0OTH Ha TEKCTOBi CITIBIAIiHHSA, MOXHa 3pOOMTH BHCHOBOK, IO AMCEpTallifiHa
pobota Mazina Makcuma IOpilioBuua € pe3yjJbTaTOM CaMOCTIMHUX JOCIIIKEHb
3100yBaya i HE MICTHTh €JIEMEHTIB danbcudikaiii, komnusauii, adpukarii, mariaTy
Ta 3al03U4E€Hb. BHUKOpUCTaH1 i€il, pe3yabTaTh 1 TEKCTU IHIIMX aBTOPIB MalOTh
HaJICXKH1 ITOCUJIAaHHS Ha BIATIOBIIHE JHPKEPEIIO.

MogBa Ta cTHJIb BUKJIAA€HHS pe3yJibTaTiB

Juceprariiina poboTa HanyMcaHa YKpaiHChKOK MOBOIO.

Buknan wMarepianly € DOCHIZOBHHM, JIOTIYHMM 1 JOCTYIIHMM, 13 YITKAM
JOTPUMAHHAM HAyKOBOTO CTHIIO. B LUIOMY TEepMIHOJIOTISI BUKOPUCTOBYETHCS
KOPEKTHO ¥ yHi()iKOBaHO BIAIIOBIZHO A0 3arajJlbHONPUMHATHX CTaHAapTiB. Pobora
BIAMOBIIa€ BUMOraM JO JHUCEpTallidi TEXHIYHOro mnpoduUII0 3a CTPYKTYpOK Ta
MOBJICHHSIM.

VY BCTyIHI# yacTUHI gucepTanii 0OIpyHTOBaHO BHOIpP TEMATUKU JAOCIHIJKEHHS 3
ypaxyBaHHSM 11 HaykKoBOi ¥ mNpukiIagHoi 3Ha4ymocTi. BusHaueHo wmety
JOCIIJDKEHHS, CPOpMYJIbOBAaHO OCHOBHI 3aBJIaHHS, YTOYHEHO OO0’€KT 1 IPEAMET
JOCIIDKEHHS. TaKko)X BUCBITJIEHO IOJIOXKEHHS, 110 B1IOOpa)katoTh HAYKOBY HOBU3HY
Ta MPaKTUYHY KOPUCHICTh OTPUMAHUX PE3yIbTaTIB.

[lepmuii po3mil MICTHTH OTVIST BUKOPUCTAHHA alIropuTMiB 1uppoBoi 06poOku
BisyasibHOI iH(MOpMalii B ckiaai 6e3apoTOBUX CEHCOpHUX Mepex. IIpoaHanizoBaHo
TEXHIYHI OOMEXXEHHS TaKHX CHCTEM, a TaKOoX OOIPYHTOBAaHO JOLIBHICTh
BIIPOBA/DKEHHS HU3BKOMOTYXXHOI pamioTexHoiorii LoRa y moeaHanHi 3 anapaTHOIO
miatpopmoro  ESP32-CAM s noOyznoBu  edexkTuBHOro By3na 300py Ta
nepeaaBaHHs 300pakeHb.

Hpyruii po3ail NpUCBAYEHO TCOPETUYHUM aclEeKTaM BENBIIET-IIEPETBOPEHHS
pisux TunieB (Xaapa, Jo6emri, Koiduer), sxi 3aCTOCOBYIOThCS JIsi OaraTopiBHEBOL
JEKOMITO3UIIiT 300paXkeHs. [IpeacTaBieHo JOTiky BUOOPY TEXHIUHOI mIaTGopMu s
peamizamii eKCIIEpUMEHTY, OMMCAHO IOCTIAOBHICTh [JIM Il 4Yac IIPOBEICHHA
BUMIPIOBaHB, & TAKOX 3MiMCHEHO IMOPIBHSJIBHY OLIHKY €(pEKTUBHOCTI PO3IVISIHYTUX
IICPETBOPEHb.



Y TperboMy po3aiii AOCHIIKEHO €(EKTUBHICTh METOIB CTUCHEHHSI 300pa)kKEHb
y KOHTEKCTI BHKOpHUCTaHHs Ha npucTposx loT. ExcrnepuMeHTalbHO IEPEBIPEHO
3actocyBanHsi RLE, Xaddmana it JPEG-kommpecii, B pe3yinpTaTi 40ro BCTaHOBJIEHO,
mo JPEG-anroputM AEMOHCTpPYE HAaWBHIIMKA piBEHb CTHUCKaHHS, 30epiraroud Ipu
LBOMY NPUMHSATHY SKICTh 300pa>kEHHSI.

YeTBepTUii po31L1 IPUCBIYEHO NMOETATHOMY BiJHOBJIEHHIO 300pakeHb, sIKi Oyiu
nonepeaHso oOpobiieHi koMOiHOBaHMM MeToxoM, o moennye JPEG 1 BeiiBier-
neperBopeHHs. HaBenpeHo o0coOMMBOCTI peamizarii Takoro miaxoay Ha 06asi
MmikpokoHTposnepa ESP32-CAM 3 ypaxyBaHHSM ariapaTHUX 00OMEKEHb.

Y 11’aToMy po3Ill HABEECHO 3alpOITIOHOBAHUM alrOpUTM BUABJICHHS W KOPEKIii
apTeaxTiB, 10 3’SBIAIOTHCS BHACHIIOK NOXUOOK OOYMCIEHh MpPU CTUCHEHHI.
Onucano MaremMaTWyHI MiAXO0AM Ta BUKOPUCTAHI MPOrpaMHi 3aco0uM JUIs JIoKali3alii
neheKTHUX AiISTHOK y 300paskeHHi.

Huceprauiitaa pob6ota odopmiieHa BiAMoBigHO A0 BuMor Hakazy MOH VYkpaiuu
BiA 12 ciyns 2017 p. Ne 40 «IIpo 3aTBepIKEHHS BUMOT /10 ODOPMIICHHS TUCEPTALLIT».

OnpuiirogHeHHs pe3yJbTaTiB AucepTauliiiHol podoTH

HaykoBi pe3syneTaTé pucepraniii BHUCBITIEHI y 3 HayKOBUX IIyOJiKarmisx
3n00yBaya, cepel SAKMX: 3 CTAaTTi y HayKOBUX BHIAHHAX, BKIIOYCHHX Ha JaTy
onyOnikyBaHHS JO IEpeliKy HayKoBHX (axoBUX BHJaHb YKpaiHu. Taxox
pe3ynbTaTd auceptauii Oynu ampoboBaHi Ha 1 HaykoBid (axoBiii KoHbepeHIli.
Taxum uyuHOM, HayKOBl1 pe3yJbTATH ONMCaHI B JUCEPTaIliiHilA poOOTi IMOBHICTIO
BUCBITJICHI Y HAYKOBUX ITyOJiKaIlisx 3100yBaya.

HepoJuiku Ta 3ayBaskeHHS 10 AucepTALiHOT po0OTH.

1. V po3gini 2 MicusiIMU CIIOCTEPITaEThCs HAJIMIIKOBA KUIBKICTh rpadikiB i
Ta0NUIp, IO IMIOCTPYIOTH OYEBH/HI 3aKOHOMIPHOCTI (HANpPUKIAL, BIUIUB pPiBHS
JIEKOMIIO3MII] Ha yac o0poOku), 6€3 JOCTaTHHOIO y3arajJbHEHHS a00 BUCHOBKIB, 1O
YCKJIaAHIOE CIIPUMHSTTS aHAIITUYHOI YaCTHHH MaTepiay.

2. B ommci excrnepuMeHTaNbHOI MeToaMkd (po3min 3.2) He JeTani3oBaHo
mapaMeTpy CEpelloBUUIA, Y SKOMY IIPOBOJMIMCSA TECTH (HANpUKIAL, YacToTa
IpoLIECOpa,  HAasABHICTH  KENly, E€HEProCHOXXMBaHHS), 10 BAXIMBO I
TIOBTOPIOBAHOCTI JOCII/PKEHHS B YMOBaX MIKpPOKOHTPOJIEPIB.

3. ¥V migpo3aini 4.3 HaBeJEHO pe3yJIbTaTH BiJHOBJICHHS 300pa)KCHHS IIiCIIs
KOMOIHOBaHOIO IIEPETBOPEHHS, OAHAK HE YTOYHEHO, SKi caMe THIHM 300pakeHb
(peaJibHi CIIEHM, CUHTETHYHI IIa0JIOHH Toﬁlo) BUKOPUCTOBYBAJINCH Yy TECTYBaHHI, 110
3HIKY€ y3arajlbHIOBaHICTh BUCHOBKIB.

BBaxkaro, 10 BHUCIIOBJIE€HI 3ayBaXXE€HHSI HE € BU3HAYAILHUMH 1 HE 3MEHINYIOTH
3arajlbHy HayKOBY HOBHU3HY Ta IIPAKTUYHY 3HAYUMICTH PE3yJIbTATIiB Ta HE BIUIUBAIOTH
Ha [IO3UTUBHY OLIIHKY AUCEpPTaIiiHOl poOOTH.



BucHOBOK npo aucepTauiiiny podory

Bpaxkaro, 10 aucepTaiiiina po6ota 3mo0yBaya crymeHst JokTopa (inocodii
Masina Makcuma IOpiiioBuua Ha TeMy «MeToau CTUCHEHHS 300paXKeHb B CHCTEMAxX
[HTEpHETY pedeit Ha MIKpOKOHTpOJIepax» BUKOHAHA Ha BUCOKOMY HayKOBOMY piBHI,
HE IOpYILIyE MPUHIMINB aKaJeMiyHOI JOOPOYECHOCTI Ta € 3aKIHYEHUM HAyKOBUM
JOCTIDKCHHAM, CYKYIHICTh TEOPETHYHHX Ta MPAKTHYHUX pPE3YIbTaTiB SKOIO
pO3B'SI3y€ HAyKOBE 3aBJaHHs, IO Ma€ ICTOTHE 3HAYEHHs /M Taily3l 3HaHb
«EnexkTpoHika Ta TelekoMyHikamii». JlucepTariitHa poGoTa 3a akKTyaJbHICTIO,
MPaKTUYHOK IHHICTIO T2 HAYKOBOIO HOBH3HOIO ITOBHICTIO BiJIIOBiJla€ BHMOTIam
YMHHOTO 3aKOHOJABCTBA YKpaiHu, o Tmepemdaueni B 1.6 — 9 «llopsaaky
NPUCYJDKEHHST CTymeHs JokTtopa inocodii Ta ckacyBaHHs pilIeHHS pPa3oBOi
CHeriagizoBaHol BYEHOI pajW 3akKjagy BHIIOI OCBITHM, HAyKOBOI YCTaHOBU IIPO
IPUCYJDKEHHS CTYNEHA JoKTopa ¢inocodii», 3arBeppkeHoro [Toctanosoio Kabinery
MinictpiB Ykpainu Big 12 ciuns 2022 p. Ne 44,

3n00yBau Masin Makcum IOpiiioBHY 3acilyrOBy€ Ha NPHUCYI)KEHHS CTYIEHS
nokropa ¢imocodii B ramysi 3HaHb 17 «EnexkTpoHika Ta TeleKOMYHiKaumii» 3a
cneuianpHicTiO 171 «Enexrponikay.
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