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BiHHUIbKUIT HAIIIOHANBEHUH TEXHIYHUN YHIBEPCUTET, BiHHUII

KOAYBAHHSA PYXOMMUX 30BPA’KEHb HA OCHOBI ®OPMYBAHHSA ITPOCTOPOBUX
YACTOTHUX KOMIIOHEHT

Anoranis: Po3risHyTo KomyBaHHS 300pajkeHb Ha OCHOBI aJalTHBHOIO JO KOHTYPIB JBOBHUMIPHOTO aHami3y 1 CHHTe3y, 30KpeMma,
3aCTOCYBAaHHS HOro 10 KOAYBAaHHs Bifieo 300paskeHb. 3anponoHosano 6i0HOGNIeHHs BIONIKIE HUZbKOYACMOMHUX KOMIOHEHN Memooamu
inmepnonayii i KOHMypHo2o nepeddauerHs, wjo NPU3BOAUTD 10 30UIBIICHHS Bi3yalbHOI SIKOCTI 300paskeHHs Npu Tiil ke "neTanbHOCTI", a
TaKOXK CXeMy JIETEKTOpa PyXy, 10 3a0e3Iedye MOXKIIMBICTE ITepeadi BUCOKOUaCTOTHOI CKIIa0BOI Bileo 300pakeHHs METOJOM UepryBaHHs.

Kuarouosi cioBa: Bineo, netextop pyxy, 300paskenns, jJiniliHa iHTepmoJisiiisi, KOAYBaHHS, KOHTYP, HepeadadyeHHs.

Beryn

3 nosiBoro crannapry MPEG [1-2] anst kogyBaHHS BiJieo B TiHI 3aJIMIIMIIKCH 1HII METOAM KoayBaHHs. [lo
MPEG BHKOHYBaJMCh IHTEHCHBHI JOCITIJDKEHHS IU(POBUX METOJIB Mepeaadi Bijeo 300paxkeHb, SIKi OJHAK He
3HAMIIUIM IMPOKOTO 3aCTOCYBAHHS, OCKIIbKM OYJIM BUTICHEHI MM CTaHAApPTOM, HE3BAXKAIOUN Ha HOT0 HEIOJIKH.
3okpema, ctangapt MPEG Bumarae noBoJii MOTYKHHUX OOYHCIIOBAJIBHUX 3acC00IB HEBIAMOBIIHUX SKOCTI
BiJTHOBJIEHOTO 300pa’kKeHHSI.

3 miel TOYKHM 30py 3aciyroBy€ Ha yBary METOA KOAYBaHHS 300pakeHb, BIOMHI i HA3BOIO
«aJaNTHBHUM 1O KOHTYpiB JBOBHMIpDHHN aHami3 1 cumHTE3 300paxkeHp». lled MeTox pamimie iHTCHCHBHO
JOCIIKYBaBCS JUIS  3aCTOCYBaHHS B cHCTeMax mudposoro Temebadenns [3-5]. Moro ocobmmsictio €
(hopMyBaHHS IEKiTHKOX HU3bKOYACTOTHUX Ta BUCOKOYACTOTHUX CHTHAJIB, SKi HECYTh iH(pOpMALi0 Mpo AeTami
300pakeHHS PI3HUX PO3MIpIB, IO BiAKPUBAE MIMPOKI MOKIMBOCTI MaHIMyTIOBAaHHSA HUMHU IPHU Tepenadi Bigeo.
30Kpema, 3 SBISIOTHCS MOKIJIMBOCTI 3aCTOCYBAaHHS MIXKKaJIPOBOI IHTEPIOJISINIi Ta AETEKTYBaHHS pyXy, Nepenadi
BIJUTIKIB BUCOKOYACTOTHMX KOMIIOHEHT 3 YEePryBaHHAM 1 T.II., IO MOKE 3HAYHO 3HU3UTH LU(POBI MOTOKH MPH
nepeaadi Bizeo.

AKTyalbHicTh

HudpoBi MOTOKH 1 AKICTH BiTHOBICHOTO 300payKeHHS MPH aIAITHBHOMY JI0 KOHTYpPIB aHaJi3i i CHHTE31 B
3HAYHIM Mipi 3ajexkarh BiJl TOYHOCTI (pOpPMyBaHHS HHU3bKOYACTOTHMX KOMIIOHEHT 300pa)KeHb Ta TOYHOCTI
JICTEKTYBaHHS PYyXY.

[Ipote icHyt04i MiAXOAH, SKi IPYHTYIOThCS Ha JIIHIIHUX MeToax popMyBaHHS BiUTIKIB HU3bKOYACTOTHUX
KOMIIOHEHT, HE BpPaXOBYIOTb OCOOJHMBOCTEH CHPHHHATTS 300pakK€HHS JIIOJAWHOI i OOMEXYIOTh MOXIIMBOCTI
Merony. ToMy po3risia UX MUTAHb € aKTyaJbHUM.

Mera

MeToro cTaTTi € BIOCKOHAICHHS METOMAIB (hOPMYBaHHS HHU3PKOYACTOTHHX KOMIIOHEHT 300pa)XCHHS Ta
JETeKTYBaHHA PyXy IIPH aAANTHBHOMY J0 KOHTYPiB IBOBUMIPHOMY aHai3i i CHHTE3I.

3amaui

BiamoBigHo 10 MeTH TOCTIKEHb POPMYITIOIOTHCS TaKi 3a/1a4i:
1) Anani3z merony GopMyBaHHS HU3bKOYACTOTHUX KOMIIOHEHT 300payKeHHS Ta HOTO BJJOCKOHAJICHHS.
2) Po3poOka cxemu eTeKTyBaHHS PyXy.

Mopjeab aianTHBHOIO 10 KOHTYPIB IBOBMMIPHOI0 aHATI3y i CHHTe3y 300pa:keHb

VY rtexHimi TeneGaueHHS 3BHUYAMHUI TMpOIEC MEPETBOPEHHS CUTHAIY TOJIATA€E B MOYEProOBiH, IUKIIYHO
MIOBTOPIOBaHII mepenadi BiAITIKIB SICKPAaBOCTI OKPEMUX €IEMEHTIB 300pakeHHs. [Ipu 1iboMy aHami3 300paskeHHS
3IHCHIOETHCS OJHIEIO amepTyporo, IO Mae€ MO3UTHUBHY (YHKIIIO TPO30POCTi, CHMETPUYHY BiTHOCHO OCi
aneptypu. Taka anepTypa yTBOPIO€ IBOBUMIPHUN HN3bKOYACTOTHHUHN (DIIIBTpP, TAK 3BAHOI, IPOCTOPOBOI YaCTOTH.

301bIICHHS PO3MIPIB allepTypu NPUBOAUTH JI0 3HUKHEHHS JIeTAJICH, pO3MIipH SIKUX MeHIIe e(eKTHBHOTO
JiaMeTpy amepTypH, 1 BIINOBIAHO, a0 30UIBLIEHHS HEPI3KOCTI, M0 EKBIBAJEHTHO CKOPOYEHHIO CMYTH
NpOINyCKaHHs JBOBUMIpHOTO (inbrpa. EdexktuBHMI 1iamMeTp anepTypd BH3HA4Ya€ KUIBKICTb €JIEMEHTIB
300pakeHHS 1 PO3MIp OJJHOTO €JICMEHTA.

VY nanomy cmoco0i aHami3y Ta CHHTE3y BiJle0 300paXEHHS BPAaXOBYETHCS PO3MIp JAeTaled y IBOX
BUMipax, II0 JO3BOJISIE IUIIXOM OUIBII TIOBHOTO BPaXyBaHHS O0COOJIMBOCTEH 30pOBOTO CIPHHHSTTS IMiJABHIINTH
€KOHOMIUHICTh BiJIE0 CHCTEM, TMepeAaBaTH BijJieo MOBIAOMICHHS IO KaHalaX 3 3MEHIIEHOI MPOIMyCKHOIO
3MaTHICTIO 0€3 MOMITHOTO TOTIpPIIEHHS SKOCTi, CIIPOCTUTH MPOLECH 3aluCy i BIATBOPEHHS BiJ€O CHTHAIY.
Ilepenane moBimomuieHHsS, TOOTO Bifeo 300pakeHHS B(X,y), MimaeTbcs OAHOYACHOMY BIUTUBY KINBKOX, SIKi
BIZIPI3HAIOTECS OAMH BiJ OJHOTO AaHANI3YIOUUX amepTyp, SKI MOXYTh MaTH [K JiNAHKA 3 '"MO3HUTHBHOIO
po30picTIo", Tak 1 AUISHKH 3 "HeratuBHOI mpo3opicTio". CyKymHICT TaKMX amepTyp J03BOJISE BHIUINTH Ha
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PI3HHX BHXOJaX aHai3aTopa CHTHAIH, SKi HECYTh 1H(QOPMAIIIO Mpo JAeTaii pi3HOi BEIMYWHH, a Pa3oM 3 THM,
3BUYAMHO 1 PO BIAMOBIAHI rpajallii KOHTYpHUX 0OPHUCIB MEPEXOIiB MPH Mepeaadi KOHTPACTHUX KOPJIOHIB.

3 TOYKH 30py JIBOBHMIPHOTO IepeTBOpeHHS Dyp'e CYKyNHICTh 3a3HAUYCHHX allepTyp CTAHOBUTH IPYILY
JBOBUMIPHHX (UIBTPIB Tak 3BaHOI NMPOCTOPOBOI 4acToTH. Po3Mmip eneMeHTa 300pa’keHHs, OTPUMAHOTO MiCIIs
CUHTE3Yy, BH3HAYAETHCS alepTyporo, sika JOPIBHIOE cyMi (YHKIIA pO3MOIUTy OKpemux amnepTyp. Haitbinpmia
amepTypa Ma€ MO3UTHBHY IMPO30PICTh 1 sBIsiE OO0 NBOBUMIpHUHA (inbTp HHU3bKOI 4acToTh. CHTHAI, SIKUMA
CTBOPIOETHCS €0 allepTypOIo, JT03BOJISE OOYAYBAaTH 300pa’keHHS, BiINOBiTHE Je()OKYCOBAHOMY BHXIiITHOMY
300pakeHHI0. [Ipu 1boMy 4YnCciIO e(PEeKTUBHO MOMITHHX €JIEMEHTIB 300pa)KCHHs 3MEHINYETLCS MPOMOPIIHHO
KBaJpaTy e(CKTHBHOIO JiaMeTpy anepTypu. ANEPTypH, IO BOJOMIIOTh AUISTHKAMU MMO3UTUBHOI Ta HEraTHBHOL
MPO30POCTi MOXKHA PO3IIISIIATH SIK Pe3yJIbTaT BiJHIMAHHS JBOX anepTyp 3 pi3HUMH e(hEKTUBHUMU JliaMeTpaMH, 3
CYMIILICHUMH OCSIMHU 1 3 piBHUMH "o0csramu (QyHKIIT po3noaury”. 3 TOYKH 30py JIBOBUMIPHOTO MEPETBOPEHHS
Oyp'e Taki anepTypu NpeACTaBIsie COOOIO JESIKMH JBOBHUMIPDHUH CMYroBHH (UIBTP NPOCTOPOBOI YacTOTH,
MeKaMU CMYTH MPOITYCKaHHS SIKOTO € XapaKTePUCTUKU ABOBUMIPHUX (DIIBTPIB HU3BKOI YaCTOTH, IO YTBOPUIH
JaHUN CMYTOBUI QiIBTP.

JIst  TOCSATHEHHS HEOOXiTHOT TOYHOCTI aHaji3y Ta CHHTEe3y HEOOXiTHO 3a0e3NeunTH TpaBUIbHE
NPUMHKaHHSA CMYT MPOITyCKaHHS JBOBUMIPHHUX (iNbTPIiB. [HIIMMU ClIOBaMU, BEPXHS MEXa CMYTH HPOITYyCKaHHS
OJIHOTO (iTbTpa MOBHWHHA 3 IOCTATHHLOIO TOYHICTIO BiAMOBIJATH HUKHINA MEXI CMYTH MPOITYCKaHHS CYCITHBOTO
¢dimpTpa. [Ipu poMy GyHKIT po3momiay amepTyp, IO 3AIHCHIOIOTH aHaji3 BUXITHOTO 300pakeHHs, y CyMi
YTBOPIOIOTH amepTypy, GyHKHii po3moairy i epekTuBHUI nmiameTp skoi Oynu 3amaHi mpu BHOOpI CTaHAAPTY
9giTKOCTI Bifmeo cucrteMu. UYITKICTh CHHTE30BAHOTO 300pakK€HHS TIPH BHKOHAHHI YMOBH IPAaBHIHHOTO
NPUMUKAHHS BIAIOBIIA€ YITKOCTI, Ky 3a0e3leuye 3BUYaHMIA CIOCi0 aHaii3y Ta CUHTE3y 300pa)KCHHS OJHIET
arnepTypolo 3 TAKUM e epEeKTUBHHUM JliaMETPOM.

3 oy Ha Te, IO aHAJTI3 300payKeHHS BEAETHCS OJHOYACHO JCKIIbKOMA anepTypamy, 10 BUKOHYIOTh
¢byHKII{ TBOBUMIpHUX (UIBTpIB, BHUXIJTHE 300pa)KCHHS CTBOPIOE OJHOYACHO KiJlbKa CHTHANIB, IO HECYTh
iH(pOpMaIlifo PO AeTati Pi3HOI BETHYUHH, IPUIOMY MIPH MOILTI iHGOopMaIIii po3Mipu AeTaeil BpaxoBaHi y JBOX
BuMipax. Lle n03BoJisse€ OUTBIT MPABMIILHO BUOpPATH HEOOXIJHY TOYHICTH BIATBOPEHHS ILISAXOM OLIBII MOBHOTO
BUKOPHCTAHHSI OCOOJIMBOCTEH 30pOBOro CHpHUHATTS. [Ipy 00poOIi 3a3HaYEHUX CHUTHAIIIB IependavdaeThes He
TUIBKM BIIOMHH NPUIOM KBaHTYBaHHS OKPEMHMX CHUTHAJIIB Ha pIi3HE YHCIO PIBHIB, IO BHKOPUCTOBYE
0COOJIMBOCTI KOHTPACTHOT YyTJIIMBOCTI, ajeé TaKOX BHMKOPHUCTaHHS IHEPIIWHOCTI 30py LUIIXOM 3aCTOCYBaHHS
KBaHTYBaHHs 3 3MIHHHMH 32 4aCOM [OpOraMH KBaHTyBaHHs. Lleil mpuiioM 103BoJIsI€ IPH 3aJaHOMY YHCJIi PIBHIB
KBAaHTYBaHHsI IOJIIIIUTH SKICTh, 3MCHIIMBIIN BIUIMB IIyMy KBaHTYBaHHs a00 IpH 3aJaHiil SKOCTI 3MEHIINTH
KUTBKICTh PiBHIB KBAHTYBAHHSI 1 CKODOTHUTH OOCST BiJIEO CHTHAITY.

IIpomec pos3kmamaHHs Ha JBOBUMIPHI KOMIOHEHTH MOXKHAa TIPEJICTAaBUTH TakkMM YHHOM. Hexaii

P> P2oes Py HU3bKOYACTOTHI KOMIIOHCHTH, OTPHMaHI HH3bKOYACTOTHOI (UIBTPAIiEF0  BUXIIHOTO

JKEHHS. AYOMY, CM gactotr W,;>W,>...>W,. Toxi mpor KIAJAHHA Ha KOMIIOHEHTH MOXKH
300pake ITpuuo cmyra gactor W, >W,>...>W,. Tom mpoiec po3kiana a KOMIIOHE 0XKHa
NPEJCTABUTH HACTYITHUM BHPa30M:

@ = (Pn + ((Pn—l _(pn)+ ((pn—2 _(Pn—l)+"'+(q)l _(P2)+((p0 _(pl)' (1)

Po3KpuBIIN TyKKH, OAEPKIMO

=9,

TobTo He BpaxOBYIOYHM CIIOTBOPEHb, SIKi BHOCSATBHCS AarapaTyporo, Take pO3KIaJaHHS J03BOJISIE
OJTHO3HAYHO BiJIHOBUTH BUXiJHHUN curHai. [Ipoiiec KOAyBaHHS MOJSATa€e B JUCKPETH3AIIT KOXKHOT KOMIOHEHTH
BiIMOBITHO 10 TeopeMn KoTembHUKOBA i KBAHTYBaHHI HA YUCIIO PiBHIB BiAIIOBiIHE OCOOIUBOCTSAM CIIPHUHATTS
JJaHOI CMYTH 9acTOT 30POBUM aHATI3aTOPOM JIIOAWHH. B IiHIO 3B'I3Ky MepeatoThCs BiUIIKM KOMIOHEHTH @ 1

BIJUTIKH Pi3HHULIEBUX KOMIIOHEHT [4].
Jlinilina iHTepnonsnis i KOHTYpHe NMepeadavyeHHs NP IBOBUMIPHOMY aHAaJIi3i i cuHTe3i

OcCoOMBICTIO aaNTUBHOTO 10 KOHTYPIB JBOBUMIPHOTO aHAIi3y i CHHTE3y 300pakeHb € (HOpMyBaHHS
JIEKITBKOX CHTHAIB, KOXKEH 3 SIKUX BIAMOBiZa€ 300pakeHHIO 31 30UIBIIEHO0 HEPI3KICTIO 3 TONAIBITUM
KBAaHTYBAaHHSIM Ha pi3HE YHCIIO PiBHIB MOMapHUX PI3HMIG WX KOMIIOHEHT. Bix ToduHOCTI (hopMyBaHHS BiIUTIKiB
HU3bKOYACTOTHUX KOMITOHEHT 3aJI€XKUTh SIKICTh BiTHOBICHOTO 300payKeHHsI 1 KOe(IliEHT CTUCHEHHS.

Haiibinpr eKOHOMIYHUM 3 TOYKH 30py TEXHIYHHX BHTpPAT € (OPMYBAaHHS 3TJIAUKCHUX KOMIIOHEHT 3a
pPaxyHOK 3HIKEHHsI 4acTOTH JUCKpeTH3amii y KOXHIH HacTyIHIH KOMIOHEHTI B 1Ba pa3u. Lle aHamoridno
OOYHMCIICHHIO CepeTHhOTO 3HAYCHHS B MEXax arepryp, M0 MPUMHUKAIOTh OJHA 70 OJHOI 3 PO3MIpaMu KPaTHUMH
2" 'V pesymbrari Takoi omeparii GOpMYEThCS ToJe PinKux BimikiB. [IpUpPOJHO MPHUITYCTHTH, IO Y BUIAAKY
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JHIHHOTO 3TJIa/DKYBaHHS BHUXITHOTO 300pa)KCHHS NPOIYIICHI BIAIIKA HEOOXIJHO TaKOXX BiJIHOBIIIOBATH
JMHIHHUMY 1HTEpHoNALiiiHuM MeTomaMu. OJHAK, 3aCTOCYBaHHS JIIHIHHUX I1HTEPIOJALIHHUX METOMIB HE
JTO3BOJISIE TOYHO BiJHOBIIIOBATH KOHTYPHI MEPEX0aN Ha 300pakeHH.

OxHuM 13 croco6iB MiABUIICHHS €(EKTUBHOCTI KOXYBAaHHS IPH IBOBHMIPHOMY aHawi3li 1 CHHTE3l €
3aCTOCYBaHHsSI KOHTYPHOTO Tiepen0adeHHs TpU BiJHOBIEHHI Bi/UTIKIB HU3HKOYACTOTHUX KOMITOHEHT. JlilicHO
OCHOBHA iH(opMalis 1Ipo 300pakeHHs MOke OyTH OTpHMaHa 3 aHali3y KOHTYPiB IbOTO 300paxeHHs. Tomy
Oyo O JIOTIYHO BUKOPHCTOBYBATH L0 BIACTUBICTH MPH KOTyBaHHI (YIIiITbHEHHI) 300pa’keHb.

CyTh 1ILOTO METOJy TMOJISTAaE B HACTYMHOMY. Ha minsHkax 300pakeHHs 3 TUIABHOIO 3MIHOIO SICKPaBOCTI
MPOMIKHI BIITIKKA BiHOBIIOIOTHCS JIIHIHHOIO IHTEPIOJAIIEI0, a HA MUITHKAX 300pakeHHS 3 PI3KOI0 3MiHOO
SCKPABOCTI - Iepe0aueHHsIM 10 KOHTYpY. Jlo KOHTYpY HOBTOPIOIOTH TOTIEPEHE 3HAUCHHS SICKPABOCTI, a MiCiIs
KOHTYpY HacTynHe. Lle 103BoJste OifbII TOYHO BiZHOBHUTH KOHTYPHI NEPEXOJy HU3bKOYACTOTHHX KOMIIOHEHT,
III0 CHpHsi€ 3MEHIIEHHIO YNCIIa PO3PSIIiB PI3HUIIEBOTO CUTHAIY.

Ile nobpe imocTpye puc. 1, Ha TpHUKIAAI OJHOBUMIPHOTO CHUTHAIY, A€ a - II€ MOYATKOBHH CHTHAN, b -
BiJIHOBJICHUH 1HTEPTOJIAIIEIO 1T0 OMOPHUX BiUTIKAaX, & ¢ - BITHOBIEHUH 3 3aCTOCYBAHHSAM SIK 1HTEPIOJAIIT Ha
IUIaBHUX JUISHKaX, TaKk 1 KOHTYpHOTO IepeadadeHHs Ha JUITHKaxX 31 CTPUOKOINOJAIOHMM 3MIiHOIO 3HAueHb
SICKPaBOCTI.

Pucynox 1 — BinqHOBJIEHHS CHTHAY iHTEPIIOJIALIEIO 1 TepeI0aueHHSIM 110 KOHTYPY

Hecknagno mo®ayuTw, MO NMpU BiAHOBICHHI CHTHANY TUTHKU JIIHIMHAMH IHTEPIOJSIIIIHHAM METOJdaMH
(puc. 1) IpAMOKYTHHH IMITyJIbC MEPETBOPIOETHCA HAa TPUKYTHHH, a MPH BiTHOBICHHI METOJAMHU KOHTYPHOTO
nepexbadeHHs Gopma curHary 30epiraeTses. CrieKTpaiabHA MIUTBHICTH MPSIMOKYTHOTO IMITYJIBCY BH3HAYA€ETHCS
Tak [12]:
SNM:A@Smm%Q @
ot, /2

A crexTpaibHa HITBHICTh TPUKYTHOTO IMITyNIbCY Taka[12]:

2
At, | sinwt, /4
o) = 2| ot,/4 ®

3BiJKH BUHO, IO CTIEKTPAIbHA NIIMBHICTH MPAMOKYTHOTO iMITyJIbCy 3MEHIIYEThCs Tpomnopiiino 1/ @,

a TPUKyTHOro - mpomopuiiino 1/ ®”. Tobro IpU JHHIHHIA iHTeprnosnii NpuaymyloThCcss BHCOKOYACTOTHI
CKJIaJIOBI CHTHAITY, 1[0 CTOCOBHO JI0 300pa)kKCHHsI MPU3BOAUTH 10 "PO3MHUBaHHs" KOHTYPIB. A Il B CBOIO 4Yepry,
0 3MCHIICHHS Bi3yalbHOI YITKOCTI 300pakeHHs. ToMmMy Ha JIUISHKax 300paKeHHS 3 IUIABHOK 3MIiHOIO
SICKPABOCTI MPOMYIIEH] BiUTIKHA BiTHOBIIOIOTHCS JTiHIHHOIO IHTEPIIOJIAIIETO, a Ha TUISHKAX 300paXXeHHS 3 PI3KOI0
3MIHOIO SICKPAaBOCTI — Mepe0avYeHHsIM IO KOHTYPY.

[To3naunmo omopHi BiuTikM (CepeaHi 3Ha4eHHA ACKpaBocTi B rpymax N*M), sx X(0,0), X(0,1), X(1,0),
X(1,1) (puc. 2). Toxi Ha AingHKax 3 IUIABHOIO 3MIiHOIO SICKPABOCTI IS BiTHOBJICHHS IMPOMYIICHHX BiJTIKIB
HEOOX1THO TiJICYMyBaTH KpaliHi €JIeMEHTH amepTypu KOXKEH 31 CBOEI0 BAaror B 3aJ€KHOCTI Bl KOOPJIUHATH
TOYKHU B TIPOCTOPi 300paKEeHHS.
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JUts oOuMCNeHHS ITyKaHOTO BiUTIKY TPH JTiHIKHIA OJHOBHMIPHOI IHTEpPIHOJAMil BHKOPHUCTOBYIOTHCS
TUTBKH JIBa TIOCIIAOBHUX BITIKM BXiIHOI MOCHiAOBHOCTI X (7), IpUYOMY 3HAYCHHS 1HTEPIIOIBFOBAHI MK TBOMA
Bimmikamn X (0), X (1), mexxaTp Ha mpsIMii JTiHII, O[O CIONydYae IBa BXIAHWX BiUTlikd. TakuM YHHOM,
CHIBBIIHOIICHHSI, IO 3B'I3Y€ BUXIAHHNA CHUTHAJI IHTEPHOJATOpa 1 BXiNHY MOCHimoBHICTE X (n) mus
OJTHOBHMIPHOTO BHIIAJKY Ma€ Takui BUTIIAA (B310BK oci X, "0" psiIok):

Y(0,1,) = X(0,0)+ - (O’I)A;X 00), _ (M=) X(0.0)+n,X (O,

M 4)
0<n, <M

Pucynok 2 — Po3TanryBaHHsSI OTIOPHUX Bi[UTIKIB B TPOCTOPI

Tak camo Moe OyTH BU3Ha4YeHa Oy/Ib-sKa TOYKa 1 B HAITPSIMKY OCI Y:

Y(n,,0) = X(0,0)+ !

b

X(1,0)=X(0.0) ~_ (N =n)X(0,0)+nX(L0)
N B N (5)

0<n <N

®iNbTP-iHTEPNONATOP 3aNMIIAE HEIMIHHUM CTIEKTPabHi CKIaM0Bi CHrHAMy 3 yacToTamu Menmme T/ M

B HampaMKky X 1 7T/ N B Hanpsamky V i mojasisie ceKTpaibHi CKJIAI0Bi 3 BETHKMMHE 4aCTOTAMM.

Tomy y pa3i HAIBHOCTI KOHTYPY MK ONOPHUMH BiAJIIKaMH 0 KOHTYPY ITOTPiOHO MOBTOPHUTH MOTIEPEHII
OTIOPHUH BIJUTIK, a MiCIsI KOHTYpPY - HacTynHui. Hanpukmnan, amsa 0-psaku momepeIHsoro NpukiIagy e MOKHa
3aMucaTi HACTYITHUM YHHOM:

X(0,0) — 0o Koumypa
Y(0,n,) = (6)
2 .
X(0,1) — nicisi KOHmypa

VY 3arajgpbHOMY BHUIAJKY BiHOBJIEHY HH3bKOYACTOTHY KOMIIOHEHTY MOXHA IMPEACTABUTH SIK PE3yJbTaT
00pOOKH JTUCKPETH30BAHOTO HU3BKOYACTOTHOTO CHTHAIY OIEPATOpPOM JHIHHOT THTEpPIOJAIIi 1 omepatopom
nepenoadeHHs:

Y = AX + BX %

[Ipuyomy A BH3HAauYCHMI HA HENCPEPBHUX IUISHKAX 300paXKCHHS 1 € OTIEPaTOPOM JIIHIHHOT IHTePIOJISIIIT,
a B - omepatop koHTypHOro mepefOavyeHHS 1| BU3HAYCHUN Ha AUITHKAX 300pa)KCHHS 13 CTPUOKOMOIIOHUM
3MIHOFO SICKPABOCTI 300paKCHHSI.

TakuM YUHOM, 3aCTOCYBAHHS IHTEPIOJNALII 1 KOHTYPHOTO MepeadadeHHs TO3BOJSE, 3 OJHOTO OOKY
YCYHYTH "TIOMWJIKOBI" KOHTYpH Ha JIIJITHKAaX 300pa)X€HHS 3 TUIAaBHOIO 3MIiHOIO SICKPaBOCTi, a 3 iHIIOTO OOKY -
BITHOBIIOE KPYTHU3HY TIEPEXiTHOT XapakTePUCTUKH B MICHAX HASBHOCTI KOHTYpPY, IO TPHU3BOIUTH [0
301IBIIICHHS Bi3yalIbHOI IKOCTI 300paskeHHs ITPH Tiil ke "netanpHOCTI .
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JleTekTyBaHHA pPyXy Ta Nepeadya BUCOKOYACTOTHOI CKJIA0BOI 300paskeHHs

IIpuCyTHICTB B IMOCTIIOBHOCTI BijIe0 KaapiB PyXOMHX 00’€KTIB, BUKINKAE MI>KKaJIPOBi 3MiHHU SICKPaBOCTI,
SIKIMH MOXKHA CKOPHCTATHCS JUIsl BUSIBICHHS PYXY 1 OLIIHKM IapameTpiB pyxy. besnocepenHe BiqHIMaHHS JABOX
MOCJIIIOBHHUX KaJIpiB MMOYaTKOBOTO 300paKEHHSI HE MOXKE CIIY’KHUTH OILIHKOIO HASBHOCTI YM BIJICYTHOCTI pyXYy,
TaK SK MPU [bOMY BUAUISIOTHCS IIYMH, sIKI MOXKYTh JaBaTH ITOMMUJIKOBI O3HaKH pyxXy, A0 TOTO X, HEOOXiqHA
BEJIMKA [aM'ATh Ha KaJp.

AJe cuTyaIlisi iCTOTHO 3MIHIOETBCS, SKIIO OEpyThCS MIDKKAAPOBI PI3HHUIN BIIIKIB HU3bKOYACTOTHOI
KOMITOHCHTH, HaIlPHUKJIa] KOMIIOHEHTH /3, sika BU3HAUYEHA CEPEHIMH 3HAYCHHSIMH B MEXXaX MPUMHUKAIOUNX OJIH
JI0 OJIHOTO (pparMeHTiB 300pakeHHs 3 po3Mmipamu 8x8, a00 KommoHeHTH H, (y pasi BiICYTHOCTI KOMIIOHCHTH
Hj;), sika BH3HAuaeThCs CEpelHIMHM 3HadeHHsAMH 10 ¢parmenrtax 4x4. Ilo-mepuie, 3a paxyHOK ycepeIHEHHs
piBeHb LIYMY TYT 3HaUHO 3HW)KEHHH, a MO-Jpyre, U opraHizauii kaJpoBoi naM'sti HoTpiOHO HadaraTto MeHIIe
BUTpar obnanHauHs (00'em mam'sti B 64 (16) pa3u Menmie). TakuM YMHOM HasBHICTH B NEpPEJaHOMY CHIHAII
HHM3bKOYAaCTOTHUX KOMIIOHEHT JI03BOJIsIE 0€3 3HAYHHX JI0JATKOBHX anapaTypHHUX BUTpAT peallizyBaTH JETEKTOP
pyxy, mo 3abe3rnedye MOXIIMBICTH IepeAadi BHCOKOYACTOTHOI CKJIAaJOBOI BiJe0 300pa’keHHS METOIO0M
yepryBaHHA. ToOTO B KOKHOMY KaZpi IepeJaeThCs JHIIE YacTHHA BiUTIKIB BUCOKOYACTOTHOI KOMIIOHCHTH.
Hampukan, 1-i xaap — HenmapHi psAAKW, HEMApHi BIITIKK, 2-H Kaap — MapHi PSAKH, MapHi BULTIKK, 3-i Kaap —
HEeTapHi PSAAKY, TApHi BiUTIKK; 4-i KaJp — MapHi PSAAKH, HETTapHi BiUTIKA.

Ha mnpuiimManpHiii CTOpOHI Ha HEPYXOMHX IUISHKAX BiITBOPIOETHCS TIOBHA PO3IiUTbHA 3MaTHICTH 3a
paxyHOK HAKONMHMYEHHS B KaJIpoOBOMY 3amaM’ STOBYIOUOMY TMPHUCTPOI BIJUTIKIB TONEpPEeNHiX KalIpiB
BHCOKOYACTOTHOI CKJIaJ0BOi, @ HA PYXOMHUX AIISHKAaX BHCOKOYACTOTHA CKJIA/0BA BHKIIOUAETHCS 3 IIPOLECY
CHHTE3Y 300pa)KCHHS, aJie Bi3yalbHa SKIiCTh BiJIcO 300paKeHHs HE 3MCHIIYETHCS, OCKUTBKU PO3/LIbHA 31aTHICTh
30pOBOTO AHATI3aTOPA JIIOAWHY TAKOXK 3MEHIITYETHCS IIPU CIIOCTEPEKEHHI PyXOMHX 00’ €KTIB.

CrpyKTypHa cxeMma JIeTeKTopa pyXy HaseleHa Ha puc. 3, ae Ly — 3arpumka Ha kaap 300paxenHs, P -
TIOPOTOBHH TIPHUCTPill, XK - 3HaYCHHS Bi/UIIKIB HU3bKOYACTOTHOI KOMIIOHEHTH MOTOYHOTO Kaapy, Wi, Wi -
MPOMIKHI BUXiHI CUTHAJIN PEKYPCUBHOTO (GUIBTPa, YK - BUXITHAN PI3HUIICBUHA CUTHAI, M — CHTHAI PyXY.

X w, Wi Y, M
X O] L P

A

a

Pucynok 3 — CtpykTypHa cxema AeTeKTOpa pyxy

BusnaunmMo mepexigHy XapakTepHCTHKY bOTO HPUCTPOrO. Pi3HUIEBI PIBHAHHS Il MPOMIXXHOTO BUXOTY
WKk Ta pi3HHIIEBOTO CHUTHAIY YK BU3HAYAIOTHCSI HACTYITHIMH BUPA3aMHu:

Wy, =Xiag+W,_ b,

®)
BukoHaBIM Z — 1epeTBOPEHHS PiBHSHB 8, 3HAXOUMO:
W(z)=X(Z)a, +W(Z)Z b, o

Y(2)=X(Z)a, + W (2)z7".

3BiaKHA
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X(Z)ayz™

Y(Z)=a,X(Z
(@)= axz)e A

(10)

Jlis BU3HAuUEHHS peakmii MpHUCTpor0 Ha OAWMHWYHY (yHKII0 y Bupas (10) 3amicts X (Z) migcTaBUMO
3HAYCHHS

1
X(Z2)=——,
2) 1-z"
AKe € Z-TIepEeTBOPEHHAM OJJMHUYHOT (QYHKIIIT
I, 20,
X(t)=
( ) 0, ¢<0.
Toni
a a 1 1
Y(Z)= L+ 0 < - — | (11)
B3siBumm 3BopoTHe Z - ieperBopene Bijx Bupasy (11), orpumaemo:
1=by)+ao\l - by
Y(k)= al( 0) ao( 0)' (12)

Jlanuii BUpa3 BU3HAUAE MEPEXiHY XapaKTepHCTHKY ACTEKTOpa pyxy, kK — Homep Kaapy, k=0 — norounuii
kanp. Hexait a; =—1, a, = bo =1/2, Tomi HeBakKO BM3HAYMTH, IO Taka TNEPEXiAHA XapaKTEPUCTHKA

3a0e3MeunTh O3HAKY PyXy Ha MpOTs3i 4-X KajpiB, IO BIANOBiga€ MIMOWHI YEPryBaHHS BHUCOKOUYACTOTHOT
KOMIOHEHTH. Lle HeoOXiqHO JIsi BUKJIFOUEHHS BUCOKOYACTOTHOI CKJIAZIOBOT 3 MPOIIECY CHHTE3Y 300pakeHHs Ha

BucHoBkH

1. Crammapr MPEG Bumarae m0BOMI TOTYKHHUX OOYHCIIOBAILHUX 3acO0IB HEBIAMOBITHUX SKOCTI
BiJTHOBJICHOTO 300paXe€HHS, TOMY TOTPIOHI IHINI METOAM YIIUIPHEHHS 300paXeHb 3 BTpaTamu, sKi
XapaKTepU3yBaINCh OM MEHIIMMH 00UNCITIOBAIbHUMH 3aTPaTaMHU.

2. Cepen Takux METOJIB 3aCIyrOBY€ Ha yBary METOA KOAYBaHHA 300paKeHb, BiIOMHHA Tl Ha3BOIO
«aJanTHBHMI 10 KOHTYDIiB JBOBUMIpDHHMII aHami3 i cHHTe3 306paxeHby. Moro ocobiuBicTIO € (popMyBaHHs
JEKITbKOX HH3bKOYACTOTHUX Ta BHCOKOYACTOTHHX CHTHAJIB, SKi HECYTh iH(OpPMAIIIO MPO JeTani 300pakeHHs
PI3HUX PO3MIpiB, IO BIJKPUBA€ IMIMPOKI MOJIMBOCTI MaHINTyJIOBaHHS HUMH IIpU Tepeiadi Bijneo. 30Kpema,
3’SIBJISFOTBCS. MOYKIJIMBOCTI 3aCTOCYBaHHSI MIKKaJIpOBOI IHTEPIIONAIII Ta JCTEKTYBaHHS PyXy, Ilepeaadi BiIUTiKiB
BHCOKOYACTOTHUX KOMIIOHEHT 3 YEPryBaHHSM 1 T.II., [0 MOXKE 3HAYHO 3HM3UTH IM(POBI MOTOKHU IIPHU Tepenadi
Bizeo.

3. OgHuM i3 cIocOoO0IB MiJABHINECHHS S(EKTUBHOCTI KOIYBaHHS MPH JBOBUMIPHOMY aHAJi3i 1 CHHTE31 €
3aCTOCYBaHHS IHTEPIONSALIi 1 KOHTYpHOTO TiepemOadeHHs IIPH BiAHOBICHHI BiUTKIB HHU3bKOYAaCTOTHIX
KOMITOHEHT, 110 BIHOBIIIOE KPYTU3HY MEPEXiJHOT XapaKTEPUCTUKU B MICISIX HAsBHOCTI KOHTYPY 1 MPHU3BOJIUTH
J10 301JIBIIEHHSI Bi3yaJIbHOT SIKOCTI 300paskeHHs IpH Til ke "neranbpHoCTI .

4. HasiBHICTh B I€peJJaHOMY CHUTHaJli HU3bKOYACTOTHUX KOMIIOHEHT J03BOJIsA€ 0€3 3HAYHMX JI0JaTKOBUX
amapaTypHUX BHTpAT peali3yBaTh JETEKTOp PyXy, IO 3abe3rnedye MOXKIMBICTH Hepenadi BHCOKOYACTOTHOI
CKJIaJIOBOT BiJIeO 300pa’KeHHSI METOJIOM YepTyBaHHSI.
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