YHUBEP3UTET Y BEOTPALAY
ENEKTPOTEXHUYKU GAKYNTET

BPAHKO P. MAPKOBMUWUH

AHAJTU3A OBENIEXIA 'Y TOBOPHOM CUTHANY 3A
NOTPEBE NPENMNO3HABAKHLA MYNTTUMOAOANHOT
FTOBOPA

AOKTOPCKA ANCEPTALMUIA

beorpag, 2018.



UNIVERSITY OF BELGRADE
SCHOOL OF ELECTRICAL ENGINEERING

BRANKO R. MARKOVIC

ANALYSIS OF THE SPEECH SIGNALS FEATURES FOR
MULTIMODAL SPEECH RECOGNITION

DOCTORAL DISSERTATION

Belgrade, 2018.



MEHTOP:

ap Muomup Mujuh, pegosHn npodecop, EnekTpoTexHuukm dakyntet, beorpag,

YI1AHOBU KOMUCUIE:

ap Muomup Mujuh, pegosHu npodecop, EnektpoTexHuukm dakyntet, beorpag,

Ap AparaHa lWymapau-Masnosuh, BaHpeaHu npodecop, EnekTpoTexHMYKkn dakynteT, beorpag,

ap Muuwko Cybotuh, HayuHM capagHuK, LleHTap 3a yHanpeheme *KUBOTHUX aKTUBHOCTU, Beorpapg,

Aatym oabpaHe:




3AXBAJTHULA

3axsarvyjem ce npoghecopy Op Cnobodarny T. Josuvuhy Ha rocebHoj 6pu3su, ycmepasarwy U
rnomohu mokom 0y20200uUliHbe2 Hay4YHO-UCMpaXusa4ykoe padd.

3axsasvyjem ce npogpecopy op Muomupy Mujuhy, meHmopy ogoe pada, Ha cpOAYHOM OOHOCY U
capadru, a makohe u npogpecopku op ApazaHu Lymapay-aenosuh Ha KopucHUM cagemuma u
noopuwuyu.

3axsaseyjem ce Konezama ca ET®-a u ca BLUTCC Yauak Ha nodpwuu u capadrbu Kao u
cmydeHmuma 80/10HMeEPUMA KOju Cy y4ecmaeosanu y CHUMaky 2o8opHe baze Whi-Spe.

3axeasbyjem ce ynaHosuMa ceoje nopoduye Koju ce Mu buau y30aHUya u nodpuwKa y CBaKOM, na u
y 080M nodyxeamy.



AHANTU3A OBEJIEXIA Y TOBOPHOM CHUITHANY 3A NOTPEBE
NMPENO3HABAKLA MYNTUMOAOA/THOI TOBOPA

Pe3sume

Y cuctemmma ayTomaTCKor npenosHaBakba rOBOpPa CBE 3HA4ajHUjy yaory urpa u
MYNTUMOZANHMU roBop. PasnmMuntn mopoBM roBopa Hoce ca CoObomM M pasnMyuTa
aKycTuyka obenexja. Op nocebHoOr uWHTepeca Ccy MOZANUTETM HOPMANHOT
(npupoaHor) rosopa 1 roBopa reHepUCcaHor WanaTtom Kao 1 buxoBe KoMbuHaumje
(Kaga je cuctem TpeHMpaH HOPMAJIHUM FOBOPOM, a Mpeno3Haje ce wanaT Kao U
octane onuuje). Ctora NocToje pPasnMUYUTM CUEHAPWUjU U MOry ce NoAeNnUTU Ha
ycarnaweHe (,HopmanaH/HopmanaH” wu ,wanat/wanat”) W HeycarnaweHe
(,Hopmanan/wanat” u ,wanat/HopmanaH").

3a eKkcnepumeHTasHM [e0 OBOr pafda KopuwheHo je jegaHaecT BEKTOPCKUX
obenexja (LPCC, LFCC, TELFCC, MFCC, TEMFCC, GFCC, TEGFCC, PLPCC, TEPLPCC,
RASTACC u TERASTACC) Koja Ha pas/MumTte HauyMHe Onucyjy aKyCTU4Ke
KapaKTepuUCTUKe MyNTUMOAANHOT CUTHANa. YpaheHa je cTaTUCTUYKA aHanu3a rae je
HMBO MOY34aHOCTU MocCTaB/beH Ha 95% M Ha 6a3u Tora cy payvyHaTU MHTepBanm
noysgaHoctu. [ocebHO je ucTakHyTa noTpeba 3a ynotpebom Hopmanusaumje
(Cepstral Mean Subtraction n RelAtive SpecTrA) n nokasaHo je ga ce kopuwherem
NCTe YyCNeLwHOoCT Npeno3HaBakba MOKe 3HAaTHO NonpasuTh. To je nocebHO M3paxKeHo
Kaga Cy Yy NuTakby HeycarnaweHu cueHapuju  (HNp. Ko4  cueHapwja
ylanat/HopmanaH” nobosbluartbe moxke uhu n Ao 47%). NpuUMmeHoOM HennHeapHor
Teager Energy onepatopa Koju je gobap 3a onuc TypbyneHTHOr KpeTara Basayxa, a
Koje ce jaB/ba MNPWAMKOM LIanata, Ao4aTHO ce Moxe nosehatM ycnewHocT
npenosHaBaka (HNp. U 0o 21% Kopg cueHapuja ,Wwanat/HopmanaH” 3a BEKTOPCKO
obenexje TERASTACC). MNoKa3aHo je Aa U y ycarnaweHUm cueHapujuma npumeHa
Teager Energy onepaTopa Aaje nobosbliakbe YyCNewHOCTU Npeno3HaBamba.



Ca acneKkrta pasnMuMTMX BEKTOPCKUX obenerkja ucnoctas/ba ce ga TERASTACC
CKOPO Yy CBMM CAayyajeBMMa pgaje Hajbosbe pesyntaTe. 3aTMm NO ycnexy cnege
TEPLPCC, TEMFCC, MFCC u TaKko gasve.

LLUTo ce TMYe AyXKMHE BEKTOpaA, Pe3y/iTaTh ca BEKTOPOM of, 24 KoeduumjeHTa o4
Kojux cy 12 kencTtpanHu 1 12 aenta KencrpanHu (ca npMmeHom Hopmanusaumje) cy
ce Nokasann Hajbosbmm. Ocm oBOr TUNa BeKTOopa KopuwheHa cy jow Tpu (jeaaH oA
12 KoeduumjeHaTa 6€3 HOpmanusaumje U gBa ca Hopmanmsaumjom - og 12 n 36
KoedpuumjeHaTa).

MeToga 3a npeno3HaBawe, 6a3MpaHa Ha AMHAMUMYKOM nporpamuparby n DTW
aNropuTMy NoKasasa ce Kao edumkacaHa 1M noysaaHa 3a 6p3o Hanaxkere oNTUMaNHe
CTa3e Mo KOjoj ce payyHa AMCTaHuUa u3mehy BeKTopa KencTpaiHux KoepuuunjeHaTa.

[obujeHn pesynTaTM yKasyjy Ha HeonxoAHOCT Kopuwherba HOopManusaumje u
Teager Energy onepatopa npu npenosHaBakby My/ITUMOAANHOr FOBOPA Ca aKLEHTOM
Ha Npeno3HaBakbe Wanara.

KbyyHe peun: MyntMmopanHuM roBop, aKyCcTMYKa obenexkja, KencTpanHu
KoedpunumjeHTn, Teager Energy onepatop, Hopmanusauuja, DTW.
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ANALYSIS OF THE SPEECH SIGNALS FEATURES FOR
MULTIMODAL SPEECH RECOGNITION

Summary

In automatic speech recognition systems, multimodal speech is playing an
increasingly important role. Different modes of speech involve different acoustic
features. Particular importance is given to normal (natural) speech, whisper and
their combinations (when the system is trained by normal speech and then used to

recognize whisper, and vice versa). The match scenarios: ,normal/normal“ and
»~whisper/whisper”,  and  mismatch  scenarios: ,normal/whisper” and

,Whisper/normal“ are considered here.

The experiment was performed using eleven vector features (LPCC, LFCC,
TELFCC, MFCC, TEMFCC, GFCC, TEGFCC, PLPCC, TEPLPCC, RASTACC and TERASTACC)
which provide different descriptions of acoustic properties of multimodal speech. A
statistical analysis was conducted at a 95% confidence level, based on which
confidence intervals were calculated. Particular emphasis was placed on the use of
normalization (Cepstral Mean Subtraction and RelAtive SpecTrA) which considerably
increased the word recognition rate. This was especially evident in mismatch

Ill

scenarios (e.g. in ,whisper/normal“ scenarios, the increase was up to 47%). The use
of the nonlinear Teager Energy operator in describing turbulent airflow occurring
during whisper production additionally increased the word recognition rate (i.e. up
to 21% in a ,,whisper/normal” scenario for the TERASTACC vector feature). The word
recognition rate in match scenarios was also improved by the Teager Energy

operator.

As regards vector features, the best results were achieved by TERASTACC in
almost all cases, followed by TEPLPCC, TEMFCC, MFCC etc.

As for vector length, very good performance was obtained by the vector
consisting of 24 coefficients i.e. 12 cepstral and 12 delta cepstral coefficients (with
normalization included). Three additional types of vectors were used (one non-



normalized vector containing 12 coefficients, and two normalized vectors consisting
of 12 and 36 coefficients, respectively).

Recognition was performed by the DTW method based on dynamic
programming. The method proved effective and reliable in finding the optimal path
to be used in computing the distance between feature vectors.

The final results showed that normalization and the Teager Energy operator were
beneficial for multimodal speech recognition with a specific focus on whisper.

Keywords: Multimodal speech, Acoustical features, Cepstral coefficients, Teager
Energy operator, Normalization, DTW.

Scientific area: Electrical Engineering

Scientific subarea: Acoustics

UDC number: 621.3
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(cs. Jesarheme no Josany)

1.YBO/

[JaHawrbe Bpeme je cTBOpuao Hose notpebe n moryhHOCTM 33 KOMyHUKauMjy namehy yoBeka u
payyHapa, OAHOCHO YOBEKA W HEKOr ayTomaTu3oBaHOr cuctema. OBa obnact ce nocebHo
aKTye/In30Basa ca HAMPEeTKOM CaBPeMEHMX TEXHOJNOrMja, a npe ceera noseharem 6p3nHe pasa
MUKponpouecopa, noseharbem KanauuteTa pagHUX Memopuja U pa3BojemM HOBWUX anroputama.
HaHo TexHonoOrmje cy yHene AoAaTHU MMMYAC y OBaj CBET Te Ce AaHac, Npu U3paan caBpemMeHux
PaYyHAPCKUX KA0 U APYrMX KOMMOHEHTU, NPOPAYyHM BpLLe ,y HaHOMeTpuma“. CBe OBO je yTuLano
M Ha HOBE HayyHe Momepaje y TeseKoMyHuKauujama. OmoryheHo je Aa Ce HeKW paHuju
NHXXeHEPCKN Npobaemun y npouecupary curHana npesasvhy M U3BpLIaBatbe BEOMA CNOXKEHMUX,
CNoOpUX anropuTama, 3HaTHO ybp3a.

KoMyHMKaLmMja YoBEKA M ayTOMATM30BaHEe MalLuMHe NOocCTana je nocebHO nonynapHa Kaga je
,MallnMHA“ Mmorna ga npenosHaje YOBEKOB rnac W Aa u3BpluaBa Herose KomaHge. [akne, 6e3
¢u3nuKor gogupa, ,mawmHa“ 6uBa pykoBoheHa roBopom y UMY oObaB/batba ogpeheHux
3agaTtaka. Tako je ob6siacT ayTomaTtcKor npenosHaBatba rosopa (AMl) noctana BpAO aKTyenHa y
pasHMM npuMmeHama poboTuKe. Y TeNeKOMyHMKAUMOHMM CUCTeMMMa OHa je Takohe Hawna
WMPOKY NpPUMMEHY, a jeAaH opf NpuMMepa je WHULMpatbe W 3aBplUeTak KOMyHMKauuje ca
caroBopHMKOM be3 yrnoTtpebe pyky (y dUKCcHOj n mobunHoj TenepoHunjn).

YonuwTe y3eB, KaZa Cy Y NUTaky /byACKM Nac MU ayTOMATU30BaHWU CUCTEM, NOCTOje ABa acneKTa
KOjuMa ce HayKa geLeHnjama MHTeH3nBHO 6aBu, a To cy:

1) npenosHaBatbe TrOBOpa Of CTPaHe ayTOMaTM30BaAHOr CUCTEMA M  U3BpLUABaHE
oprosapajyhmx KomaHam Ha 6a3un npenosHaTor (ayToOMaTCKo Npeno3HaBakbe roBopa);

2) reHepucatbe ropopa Ha 6asu NUCcaHUX ynasHux nHbopmaumja (06MYHO TEKCTa) o4 CTpaHe
ayTomMaTM30BaHOr cucTema (CMHTe3a rosopa).

foBOpP, KAa0 aKyCTUYKM MPOU3BOA, MOXKe Ce MOjaBUTU Yy pPa3HMM Bapujaumjama. Hajuewhe ce
nog roBoOpom noapasymesa NpoayKunja ogrosapajyher, pasym/bMBor curHana npm yemy je ocoba
Koja roBopu 34paBa M Yy HOPMaNAHUM, penakcMpaHum ycnosuma. Mehytum, ycnen pasnmunTmx
Y3PO4YHMKa FoBOp Ce MoXe MaHudecToBaT U y Apyrum obanumma-moaoBmma. JeaHa og onwre
npuxeaheHMx nogena je Aa roBop MOXKe MMaTKM OO6AMK: wWanata, MOAYTUXOr, HOPMaAHor
(npopopgHor), rnacHor rosopa 1 Buke. CBu 0BU 06MUM UMajy oapeheHe 3ajegHUYKe ocobuHe, a
mehy tbrma, y nopehery ca HopmMmaaHUM roBOPOM, Hajpa3nmuuTujm je wanat. Ctora je n oBaj pag,
$OKycupaH Ha moganuTeTe LWanaTa U HOPMAJIHOT TOBOPa Kao U bMXoBe KoMbUHauuje.



Ca acnekta cuctema 3a ANl Hajuewhe ce pasmatpajy cnegehe KombuHauuje HopmasHOr
roBopa v wanara 1 To:

e _HOpPManaH/HOopmanaH“ - CUCTEeM TPEHMPaAH HOPMaJHMM TOBOPOM, a Yy30puM 3a
npeno3HaBake Cy HOpManaH roeop,

e Wwanat/wanat’ - cMcTem TPEHMPAH LWanaTom, a y30pLyM 3a Npeno3HaBarbe cy Takohe wanar,

e ,HOpManaH/wanat” - cucTem TPEHUPaH HOPMaIHUM FOBOPOM, a Y30pLM 32 NPeno3HaBake cy
wanart u

e lWwanat/HopmanaH” - cMcTeM TPeHMpPaH LIANaTom, a y30pLM 3a Npeno3HaBake cy HopmManaH
rosop.

Mpee gBe KOMbMHauMje ce Ha3MBajy ,ycarnalweHn cueHapujn“ ook apyre age ,HeycarnaweHu
cueHapuju“. OBaj paa ce ynpaBo 6aBu pasmaTparbemM OBUX CLEHapuja U TUME KaKo aKyCTUYKa
obenexja (Koja cy penpeseHTOBaHa KpoO3 CKyn ogabpaHMX BEKTOpa) YTUYY Ha YychewHocT
npenosHaBaka. KopuwheH je cuctem 3a npenosHaBakbe KOjU je 3aBUCaH 04, roBOpHMKa (speaker’s
dependent system).

MOWTO je rOBOPHM CUTHANA HecTauMoHapaH MNpPOLEC OH Ce Ha KPaTKUM BPEMEHCKUM
MHTEPBA/IMMa MOKE anpoKCUMUPATU KBa3UCTaLUMOHApPHUMM. FOBOPHM CUrHan ce npeacras/ba Y
oarosapajyhem matematuykom o6auKy ga 6u morao Aa ce aHanusmpa u obpahyje kopuctehm
nosHaTte anropuTme u copTBepcke anate. 3a 0bpaay ce KOpUCTe PasAUYUTU NPUCTYNU Tj. MeToae.
Heku og, tbux 60/be onucyjy jeaHe KapaKTepUCTMKE FOBOPHON CUrHana, AoK Apyrvn 6osbe onucyjy
Heke gpyre. [laHac Hajsuwe KopuwheHe meTode 3a ONUC roBopa U Herosy obpagy cy: metoaa
npouecuMparba CuUrHana, metoga Teopuje MHPoOpmaumja, MeToga npeno3HaBakba OAMEPaKa,
MeToAa BeluTayKke MHTeAUreHumje, CTaTUCTUYKa MeTo[a, MeToAa HEeYpPOHCKUMX mpeka, meToa
ycknahusarba y30paka U HbMXoBe KOMBUHaumje.

360r cBoje NpaKTMYHEe NpuMeHe U edpUKacHOCTM nocebHO cy nomnynapHa TPM NpucTyna W To:
meToaa Ha 6asum ycknahusarba y3opaka (Dynamic Time Warping — DTW), cTaTUCTMYKa meToza
3acHOBaHa Ha ckpuBeHUM Mapkos/besum mogenmma (Hidden Markov Models - HMM) n metoaa
HeypoHcKMx mpexka (Artificial Neural Networks — ANN). Mory ce KOpUCTUTU U XMBPUAN OBUX
MeToAa.

JuHamnuyko ycknahusarbe y3opaKa (Mam passnaderbe) y BpemeHy (DTW) aaje moryhHocTtu
nopehera ABe CEKBEHLE M NPOHANAXKEeHE HUXoBe mepe cauMyHocTu. OBa meToga je nocebHo
MHTepecaHTHa 1 edMKacHa 3a ynoTpeby Koa cMcTemMa ayTOMATCKOr Npeno3HaBakba roBopa Kaaa je
Y NUTakby UCTU FOBOPHMK.

Ca ppyre cTpaHe, ckpuBeHn MapkosmbeBn mogenn (HMM) cy Bpno ycrnewHu npuaInKom
npenosHaBatba roBOpa KOA CMCTEMA KOjU Cy HE3aBMCHM Of rOBOpPHMKa. Ty ce jeaHa ped moxe
npeacTaBuUTM Ca jegHMM WM BULLE MOAena, a CBakM MOZEen ca Buwe cTarba. Mogenu Koju ce
Hajuyewhe KopucTe cy Tuna ,c-neea-Ha-gecHo” (,left-to-right“) mapga ce mory kKopuctutn n apyru
TMNOBM (HNP. eproauyHKn K cn.). Ko oBUX MoAena CBaKo Of CTakba Y NPUHLKUMNY MOXKe reHepucaTu



oapeheHn ckyn BekTopa. CKpneeHn MapKoB/bEBU MOAENM CY ABOCTPYKO CTOXaCTUYHWU NMpoLecwu.
OBa ABOCTPYKa CTOXaCTMYHOCT Ce Or/ieAa Kpo3 ciaydajaH gorahaj npenasa cucrema us jegHor y
APYro cTakbe Kao M Cny4yajHo reHepucatbe cumbona (BeKtopa) no ctakbMma.

MeToaa HEYPOHCKUX MpeXKa KOPUCTM NPUHLMN Nepuenumje rosopa y byackom mosry. Kpenpa
ce o4 BuLe CNojeBa HeypoHa Koju cy mehycobHo nosesaHun. NocToje ynasHu, cpearby (BuLle Hux)
M u3nasHu cnoj. Cuctem je y cTarby Aa yum u Ha 6a3m ogpeheHux yiasHMx napameTtapa, nponasehu
Kpo3 , YHyTpalwme“ ciiojese, Aaje oarosapajyhe nsnasHe pesynrare.

MoTurBaunja 3a OBaj pag Nexun y notpedbu aa ce MCNMTa KAaKo pasnnunTa aKycTUYKa obenexja
YTMUY Ha yCMewWHOCT Npeno3HaBatba MyATUMOAA/THOT FOBOpPA ca NOCEOHMM HAr/lackoM Ha wanat u
HOPMa/iaH roBOp W HMXOBE ycarnaweHe/HeycarnaweHe cueHapuje. Lnsb je 610 aa ce Ha BEIMKOM
CKyny Hajuewhe KopuwheHUX BEKTOPCKUX obenexja ucnuTa HUXOB  yTULAj, W3BPLUU
KoMnapaTMBHa aHanAn3a, a Takohe ncnuTa U 3Havyaj Hopmanamsaumje u HenmHeapHor Teager Energy
onepaTtopa. [locebHO je WCTaKHYT 3Hayaj HoOpmanusauuje MNPUINKOM Mpeno3HaBakba Y
HeycarnaweHMm cueHapujuma, a Takohe je NokasaHoO Kako npumeHa Teager Energy onepaTtopa
YTUYE Ha pe3yAaTaTe M KaKo y NojegMHUM cuTyaumjama gosoam go nobosbluama. 3a Npeno3HaBake
je kopnwheHa DTW meToga.

[pyra rnaBa oBor paga nocseheHa je roBopy Kao akyCTUYKOM CUrHaNy 1 BpcTama rosopa. Osge
ce AieTa/bHO OMNUCyjy NPOLLECU reHepucakba M NPUjema roBopa Kao U OpraHu Koju y TOMe y4yecTByjy.
OnucaH je TroBOpP Kao aKyCTUYKM CUrHan yonwTte W objawreHa ocobuHa Herose
HeCcTauMoHaPHOCTU. AHaIM3a FOBOPHOT CMrHaNa BPLIKW CE Y BPEMEHCKOM M CNEKTPANHOM AOMEHY
Te CYy U OCHOBHE KapaTepUCTUKe roBopa y OBMM AOMEHMMA 0BAe UCTaKyTe. MocebHo je HarnaweH
3Hayaj CMeKTpanHOr AOMEHa KOjuU 3ay3MMa LLEHTPaA/IHO MeCcTO Yy CMCTEMMMA 33 MNpeno3HaBakbe
rosopa. JegaH og npobnema Koju ce 4ecTo jaB/ba NpM MNpPeno3HaBaky roBopa je U yTuuaj
Mackuparba M Wyma. OH ce Takohe oBae y KpaTKMM UpTama aHaamM3mMpa u 360r Tora wto je
eHepruja wanata YecTo Ha HMBOY LlWIyma Te je MPUCYCTBO LWyma oTexasajyhn ¢aktop vy
npenosHaBaky WanaTa. LLUTo ce TMye BpCTe roBopa OCHOBHA Nogena je gata Ha 6asu ycnosa y
Kojuma ce rosop ocTtBapyje (npe cBera mucnehn Ha BPCTY M HMBO LWyMa) Kao M Ha 6aswu
30,paBCTBEHOr M E€MOTMBHOI CTakba Yy KOME Ce FOBOPHWK Hanasu (3apas, npexnaheH, nocne
onepauumje, ynnaweH n canyHo). CTakbe 34paB/ba MOXE A3 YTUYE M Ha CTakbe BOKANIHOI TPaKTa,
aNn ce BOKa/HU TPaAKT MoXe W npunarohaeatn ogpeheHum cutyauujama. [lato je U AeTa/bHO
objalwrere Kako HacTaje wanaT (ca acnekta ¢yHKUMje BOKa/IHOT TPaAKTa) Kao M aKyCTMYKa M
npeuenTMBHa obenerKja WwanaTta, ca NOcebHMM aKLEHTOM Ha nMomeparbe NpBMx popmaHaTa npu
apTUKynauunju Bokana. MNojmosu ,a06por” n ,nower” wanata, Kao U TYpOYy/NEeHTHO KpeTakbe
BasAyxa TOKOM Kpeupara LWanaTta cy Takohe pasmoTpeHu. Y Tom cMUCy OBAE je AaT v npernep,
LUTa Ce NO NUTakby MY/JITUMOZANHOT rOBOPa A0 CaZa UCTPaXKUBano.

AKycTUYKa obenekja 3a npenosHaBakbe€ HOPMAJHOr rOBOpa M LanaTa Npes3eHToBaHa cy Y
Tpehoj rnasu. Mpu Tome cy ce Kopuctuna cneageha obenexja: LPCC (Linear Prediction Cepstral
Coefficients), LFCC (Linear Frequency Cepstral Coefficients), MFCC (Mel Frequency Cepstral



Coefficients), GFCC (Gammatone Filterbank Cepstral Coefficients), PLPCC (Perceptual Linear
Prediction Cepstral Coefficients) u RASTACC (RelAtive SpecTrA Cepstral Coefficients). Ha BekTopcka
obenexja je npumerseHa Hopmanmsaumja (tTmna CMS mam RASTA), a Ha OHa, rae je To moryhe,
npuMerbeH je U HennHeapHu Teager Energy onepatop. MpumeHom TE onepaTtopa gobuna cy ce
AopatHa obenexja tmna TELFCC, TEMFCC, TEGFCC, TEPLPCC n TERASTACC. Ha oBaj HauuH
dbopmuMpaHO je jedaHaecT pasanunTMx obenerkja. AHanusa yTuuaja Hopmanusauuvje u TE
onepaTtopa Cy Of K/by4YHe BaXKHOCTU y OBMM WUCTPAXKMBarbMMA NA Ce HbMMA NOCBeTUa U nocebHa
naxkta. 3a cBa HaBedeHa obenexja M3N0XKEHO je TEeOPEeTCKM M MpuKasaHo AeTasbHo (610K
Anjarpammnma) Kako ce gobujajy oarosapajyhn BeKTopu Koju UX penpeseHTyjy.

YeTBpTa rnaBa pgaje onuc roBopHe 6ase ,Whi-Spe“ Koja je KpeupaHa 3a notpebe oBux
NCTparknearba Kopuwherem cprckor jesnka. Hajnpe je gaT ansajH 6ase y Kome je objalurbeHo
KaKo je 0as3a KOHUMNMpaHa, KONMKO TOBOPHWMKA je Y4ecTBOBaNO Yy CHMMakby WM KaKo cCy
oarosapajyhu ysopuuy anrmtannsosaHu. Notom je objalikbeH NOCTynaK CHUMakba, KapakTepuUcTuKe
ynotpebs/beHe onpeme (MMKPOdOH, padyHap 1 codTBEpPCKM NakeT) u cn. MU3noxkeHun cy n npobremu
KOjU CYy YyOUYEHU TOKOM CHMMAaHa, Pas3INYMTU ePeKTU U rpeLllke NPUANKOM akBMU3NLMje y3opaKa. Ha
Kpajy cy AaTh enemeHTU roBopHe H6ase Koju npeacras/bajy TPM NOACKYNa, a TO CY: PeYn OCHOBHUX
60ja, peun un3abpaHux 6pojeBa M aKyCTMUKM OanaHcMpaHe peyn Tj. AaT je pPevyHUK Koju je
KopuwheH. MNMpuKasaHa je un ogrosapajyha IPA (International Phonetic Alphabet) HoTauuja osor
PeYHMKa.

Y neToj rnaBM onucaHa je metoaa 3a nopeherbe roBopHMx y3opaka. OBa metoaa ce 6asunpa Ha
OMHAaMMYKOM nporpamuparby, a ga bu ce cnposena Hajnpe je NoTpebHO Kpeupatn BeKTope
KencTpasHux KoeduuujeHaTa Koju penpeseHTyjy rosopHe y3opke. OnucaH je HauynH aobujamba
mepe 3a nopehere BEKTOPa Kao M BEKTOPCKA AUCTaHUA. [NoTom je aeTasbHO objawbeHa meToda
Koju omoryhaBa nopeherbe CKyna BEKTOPA TPaKerem onTUmasHe cTase y 2D paBHM M Ha 6asu
Tora nNpoHanaxere Hajbosber pewera Npy npenosHaBaky. Metoaa nog Hasmeom DTW (Dynamic
Time Warping) omoryhaBa Bpao edukacHo nopeher-e roBopHMX y30paKka U NpumerunBa je Kaaa je
6poj y3opaka orpaHudeH (Mann) u Kaga je cuctem 3a All ,3aBucaH o roBopHuKa“. Osae je
npeacTaB/beHa AeTasbHa aHanM3a oarosapajyher anropytma AMHAMUYKOr Nporpamuparba Kao m
HaunH mmnnemeHTaumje DTW meToge. ObjawrbeHa Cy M OrpaHuMYera Koja ce MNPUIMKOM
padyyHara DTW-a mory KopuctuTu.

Pe3yntaTn Uctparknearba U GUHANHM 3aK/bydLM Pada U3N0XKEHMU CYy Y WECTOj rNaBu Koja yjeaHo
npeactas/ba U HajobumHKWju aeo. Hajnpe cy objalurbeHU TMNOBU BEKTOpa KOju ce cactoje of
oarosapajyhux koeduuymjeHata. NocToje 4eTUpPM TMNA OBUX BEKTOPA M TO:

e BeKTop of 12 KencTpanHux KoedumuujeHata 6e3 Hopmanunsaumje,
e BeKTop o4 12 KencTpanHux KoedpuumnjeHaTa ca HOpManM3aLnjom,

e BeKTOp oA 24 KoeduumjeHTa (12 KenctpanHux nayc 12 aenta) ca HOpManmsaLnjom m



e BeKkTop oa 36 KoeduuumjeHata (12 kenctpanHux, 12 pgenta u 12 penta-pgenta ) ca
HOpMaaunsaLnjom.

MoTom cy [AeTa/bHO MpPUKasaHW pe3yaTaTM npenosHaBakba 3a cnegehe BPCTe BEKTOPCKMX
obenexja: LPCC, LFCC, TELFCC, MFCC, TEMFCC, GFCC, TEGFCC, PLPCC, TEPLPCC, RASTACC u
TERASTACC. Pesyntatu cy gaTtu 3a CBaKM 0Of, YeTUPU TUNA BEKTOpa M 3@ CBAKM 04 4YeTupu
MYATMMOZA/IHa CLEeHapuja 1 To: ,HopManaH/Hopmanan®, ,wanat/wanat”, ,HopmanaH/wanat” u
,lWanaTt/HopmanaH”. MpumeHa HopmanM3aumje u nobosbllakbe NPeno3HaBakba 3a HeycarnalweHe
cueHapmje nocebHo cy ucTakHyTU. Takohe u yTuuaj Teager Energy onepatopa je HarnaweH u
MOKAa3aHO je Kako Ce NpMmeHa OBOr onepaTtopa OApaKaBa Ha yCrnewHOCT npenosHaBama. Ceu
pesynTaTu cy gaTu TabenapHo 1 y ob6anKy avjarpama. Ha Kpajy oBe rnaBe M3BpLUEHA je cymapHa
KoMnapaumja CBMX BEKTOPCKMX obenexja, M3BydyeHW ogrosapajyhu 3ak/byyum M npeanoXkeHa
pelwema.

Y ceamoj rnaBu AaT je 3aK/bydaK y KOME Cy CyMUPaHU pe3ynTaTh, UCTAaKHYTU OOMNPUHOCK OBE
AaucepTaumje uM npenopyvyeHu OasbM NpPaBUM MUCTParkMBakba Koje 6u 6uno moryhe npenysetu
Kopuctehu oBe pesysTate Kao nosasmwTte. McTakHyTa je opurMHanHoCT OBOr pada Koja ce orneaa
y npenopykama 3a o0aabup HajnoBO/bHUjUX aKyCTUYKMX obenexja 3a npenos3HaBare
MYNTUMOLANHOT FOBOPA, TECTUPAHUX Ha 6a3m Whi-Spe roBopHOr Kopnyca CprcKor je3unKa.

Ha camom Kpajy, y Mpunory A, gatn cy HMM pe3yntaTn 3a NeT BEKTOPCKMX obenexja u To:
LFCC, TELFCC, MFCC, TEMFCC u1 GFCC. OHuM cy pe3ynTaT TUMCKOr paga U KOPUCTUAU CY UOEHTUYHE
yNna3He BEKTOpe Kao wTo cy ynotpebsbeHn 3a DTW aHanmsy.



2.fOBOP U BPCTE TOBOPA

fOBOp je aKyCTMYKM Npom3BOA KOju ce p[obuja noKpeTatbeM f[enoBa BOKANHOI TpaKTa.
FoBOpPHMK MMa moryhHOCT Aa npMmM, aHanM3Mpa U Kopuryje cBoj roop. [lakne, NocToju noBpaTHa
cnpera Koja ce ¢opmmpa Npnjemom 3ByKa NPEKO CAYLWHOT MeXaHW3mMa, a 3aTum npocnehunsarem
NCTOr NyTeM HEPBHWUX BNaKaHa 40 MO3ra, r4e ce npums/beHa nHbopmaumja npouerbyje n Ha OCHOBY
Te NpoueHe BpWK ce Mo noTpebu KopeKkuuja (HNp. rnacHoctu). Monoxaj nojeauHUx opraHa y
BOKa/IHOM TPaKTy TOKOM reHepucakba roBopa jaje pasinyuTte napameTpe roBOPHOr CMrHana oj
KOjMX CY HajUHTEPECAHTHUjU: UHTE3UTET 3BYKa, BUCMHA 1 60ja ToHa, pasym/busocT u 14. Ca apyre
CTpaHe yBO Koje ce cacToju oA, CnoJballkber, cpearer U YHyTpalHer Aena CAYyXKN Kao NPpUjeMHUK n
TpaHchopMULLEe aHANOTHE CUTHANEe TOBOPA Y HEPBHE MMNYyJICe.

Kao curHan, rosop noceayje Hu3 crneuynmduyHoCTU. Tako, Ha NpUMep, UCTU TOBOPHUK HUje y
CTatby 43 ABA MyTa M3roBOpPW MUCTOBETHO jeAHy McTy ped. Ca gpyre cTpaHe rosop noceayje u
0CO6MHY peayHOAHTHOCTM WTO 3HauM ga 6e3 0b63mpa Koju roBOPHUK U3roBopu jegHy ogpeheny
pey 13 3ajeHUYKOr peyHuKa, y GopMnpaHoOmM roBOPHOM CUTHaNY cagpikaHa je nHbopmauuja Koja
ce MOXKe U34BOjUTU U aHAIM3MPATM Kao 3ajeAHNYKA 3a CBe rOBOpPHUKe. Ta MHopMaLmja je n unmb
MHOTUX UCTPaXKMBaHba M K/byd 32 0by4aBake CMCTEMA ayTOMATCKOr MPeno3HaBaka rosopa.

Ko roBopHOr cMrHana 3anucaHor y HEKOj eNIeKTPOHCKOj GOPMM YECTO MOMKEMO YOUUTUM Nays3e.
OHe npepacTaB/bajy CTakba MMpPOBakba BOKAJIHOM TpakTa. Ha camuym 2.1 npuKasaH je jeaaH TaKaBs
CUIHaN Koju NpeacTaB/ba M3rOBOP PeYEHMULE CacTaB/beHE O NeT peyn.
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Cnuka 2.1 BpemeHcKu 06auUK cueHana 2080pa.

MoyeTak M Kpaj rOBOPHOr CUrHana ce MOry CMaTpaTu CTakba Kada Hema aKTUBHOCTU Yy
oapeheHoM BpeMeHCKOM MHTepBany. FOBOPHM CUrHaANN ce 0OBUYHO aHaNM3MPajy Y BPEMAHCKOM
n/MAN cnekTpanHOM AomeHy. CNeKTpanHU AOMEH je aTPaKTUBHMUU ca rneamwiTa MaTemaTUyKor
anapaTa. LLTo ce BpemeHCKOr AoMeHa Tude, Y 3aBMCHOCTM OJ, UHTEepBasa Ha KOMe ce rOBOPHMU
CUTHAN MocmaTpa, MOry Ce YOUMTM MUKPO M MaKpO KapakTepuctuke. Tako je, Ha npumep,



KBa3MCTaLMOHApPHOCT ocobMHa Koja ce Be3yje 3a MocmaTparbe roBopa Ha MasvM BPEMEHCKUM
NHTEPBAINMa.

Ca cTaHOBMWTA NpUjeMa U aHanM3e rOBOPHOT CUFHa/la MHTEPECAHTHO je KOJIMKO YBO MOXeE A3
pa3nuKyjy edbeKTe Koju HacTajy Kaaa UCTOBPEMEHO MMaMO BULLE 3BYYHUX Nobyaa. To 3aBucK ga nm
oBe nobyae npunaaajy Uctoj Uam pasnmunTum GpekBeHUNjCKMM rpynama. basmnapHa membpaHa,
Koja je oceT/bMBa Ha pa3nmuuTte ppeKBeHuunje, moxe bMTKM Tako nobyheHa Aa ce HEeKU 3ByUM He
MOTY YyTK U TaJa HacTaje epeKaT MackMpara, a To je NocebHO U3parKeHo y yCa0BMMA LWYMa.

3a aHanNM3y roBOPHOT CMIHANA KOPUCTE ce pasanunTe meToge. JeaHa oA HajUHTEPECAHTHU[UX je
CTAaTUCTMYKA KOA KOje ce CBaKa M3roBOpeHa pey anpoKCMMMpPa HEKMM MaTeMaTUYKMM MOZENOM, a
3aTUM ce padyHajy oaroBapajyhe BepoBaTHohe nogyaapHoctu. Mpuankom dopmuparba mogena
o, nocebHor je 3Havaja Aa ce M3BpwK oarosapajyha npeaobpasa curHana u ga ce Ha OCHOBY ke
dopmumpajy BeKkTOpu Koju he 6UTKM penpeseHTM TOr curHana. Y TOKy npepobpase aHaNOrHU
rOBOPHW CUTHAA Ce M3 BPpeMeHCKOr AoMeHa npebauyje y CKyn AUCKPETHUX NapameTapa (BeKTopa)
KOju oACNMKaBajy 0cobuHe OpUrMHANHOr curHana. EHepruja roBopHor curHana, og4HOCHO HeHa
NPOMEeHa, je Bp/No BUTHa Na je Kao napameTep YecTo jeaHa 04 KOMNOHEHATa OBUX BEKTOPa.

Kaga cy y nuTarby M3010BaHO M3rOBOPEHE peyu MOoKas3ano ce ga Cy CNOroBM jedaH o
HajNPUPOSHUNjUX HAYMHA 33 HMXOBY aHaau3y. [loBe3mBarbeM C/0OroBa MOry Ce aHaNM3MpaTn U
Behe uenvHe, ykbydyjyhu pedeHunue. YHyTap cnora jaB/ba ce T3B. KOAPTUMKYAaUMOHK edeKaT, AOK
je namehy cnorosa UCTU 3HATHO Marb M.

2.1. POPMUPAKE TOBOPHOI CUTHAJIA

Mpunmkom ¢opmuparba rOBOPHOr CUrHana [onasu A0 CTpyjakba Basgyxa Kpo3 pgenose
BOKa/IHOT MeXaHW3Ma, a Takohe M [0 KOHTpakumja (CKyn/bakba M ONywTaka) MojeauHUx
MYCKY/IaTOPHUX 4EN0BA 0BOT MexaHn3ma. OCHOBM [1e/10BM BOKA/IHOT MEXaHM3Ma KOju y4ecTByjy y
dopmmparby roBopa NpuMKasaHu cy Ha canum 2.2,

[lenoBun BOKaNHOr MexaHM3Ma Koju cy og, nocebHor 3Havaja 3a dopmuparbe roBOPHOT CUrHanNa
Cy: rpyaHu Kow, nayha, Tpaxea, rnacHUUe (rnacHe »Kuue), HOCHa M yCHa WYyMN/bMHa, Hemnua, jesuk,
Benym (oTBOp M3mely HOCHE U yCHe LWYMN/bUHE), YyCHe U HOo3apBe. Y1TaB 0Baj MexaHM3am Takoha
MMa CBOT yZieNa Uy 4Ba BEOMA Ba*KHA MeXaHM3Ma 3a YOBEKA: Y MEXaHU3MMMA jefietba U Aucarba.

Ocum Tpaxee Kpo3 KOjy Basayx UMpKyauwe mn3 n y nayha, nocTtoje jow ABe Wyn/bUHE Koje
Urpajy AOMUHaAHTHY ynory y opmuparby roBopa: BOKAHU M Ha3a/IHWU TPAKT.

BoKanHuM TpaKT 3amnoyntbe ca 3aBpLUETKOM Tpaxee (rae ce Hanase riacHuue), a 3aBpluasa ce ca
ycHama. OBa aKyCTMYHa LLEB MMa BE/IMKM YTULAj Ha popmuMparbe roBopa, a Nomeparbem nojeanHnx
[leNoBa yHyTap ke (ycaHa, jesvka, BUAULA M Belyma) gonasu go moaudukaumje rnaca. [yxuHa
OB€ aKyCTUYKe LLeBU je OKo 17 cm Kopg, ogpacamx ocoba.
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Cnuka 2.2 OpzaHu Koju yuecmsyjy y hopmuparby 2080pHoe cueHana [Jovicic, 1999].

HasanHu TpaKT je o06pa3oBaH LWYM/bMHOM KOja 3anoyvktbe BE/NYMOM, a 3aBpluaBa ce
Ho3gpBama. OH je Matbe NOA/ONKAH NMPOMEHM YHyTpallHer cTaka y nopehery ca BOKaNHUM
TpaKToM. Hberosa ay»uHa ce kpehe oko 12 cm Koa ogpacanx ocoba.

Cama uHTepaKkuuja nsmehy BOKaNHOr M Ha3a/NHOM TPaKTa peryavue ce OTBOPOM Belyma. 3a
3BYKE KOjU HMUCY HOCHM BENYM Ce NOAMMKE W 3aTBapa Ha3a/iHW TPaKT Tako Aa Basdyx CTPyju camo
Kpo3 ycTa.

LWto ce TM4e Tpaxee, HA CaMOM HEHOM BPXY Hasna3u ce CTPYKTypa Koja no noTpebu spm
npeknaare BasAyLWHOr TOKa Koju nae mn3 nayha. OBa CTpyKTypa ce HasmBa napuHKc (larynx) u
NpUKasaHa je Ha camum 2.3.

MocToju XpCcKaBMYaBM OMOTAY KOjU CafprKM ABEe NMOKpeTHa Aena GopMupaHa of, AMrameHarta u
muwmha. OHKM cy Ha canum o3HadYeHu ca “G” n npeacTtassbajy rnacHuue. MNpoctop nsmehy HUX Koju
nogceha Ha npouen Hajuewhe y obauMKy Tpoyrna HasmBa ce rnotuc (glottis). 3aTBaparem wu
oTBapareM OBOT NPOLENa, OAHOCHO CMakMBatbeM M nosehaBarbem HErosor oTBopa A40/sasu 4o
BMbpMparba rnacHMUa M [0 WMHULMPAkba YMTABOT CMEKTpa FOBOPHWUX CUrHana. Bubpupame
rMacHMLLA NPOU3BOAM 3BYyYHE Taslace Tako Aa ce nobyhyje Bubpuparse Basayxa. Kao pesyntart Tora
dbopmupajy ce KBasM-NepmogMYHM Tasfacu BasAyxa Koju Aasbe MHTepdepupajy ca BOKAJHUM U
Ha3anHUM TpakTom. OcHoBHa dpeKBeHUMja BUBpUpara rnacHMuUa je cybjeKTUBHA KapaKTepUCTUKa
M MOXe Ce MepuTM 33 CBAKOr roBOPHMKa MoHaocob. Yecto ce oBa ¢peKBeHUMja KOpUCTU Yy
cMcTeMMMA 33 Npeno3HaBakbe roBopa rae je o4 nHTepeca BepudurKaLmja roBOpHUKa.



Cnuka 2.3 J/lapuHKc.

Ocum dopmuMpatrba rOBOPHOr CUrHANA Ha Hanpes HaBeAeHW HAauMH (Nposnackom Basgyxa w3
Tpaxee y BOKa/HWU TPaKT y3 Tpenepere rnacHuua), NocToje jow ABa HaumHa. [pBM ce cacToju y
CTBapakby 3BYKa Ha OCHOBY TYpbyneHTHOr KpeTakbe Basgyxa yHyTap camor BoKanHor Tpakta. OBo
KpeTakbe ce M3a3nBa NOKPeTakbeMm HEKOr 04, Ae/0Ba BOKANHOT TpaKkTa. [pyrM HauuH dopmuparba
3BYKA je HarnMMm oTBapakeM OAHOCHO 3aTBaparbeM KpajeBa BOKA/IHOM TPaKTa TaKo Aa ce CTBapa
oppeheHn NpUTHUCaK Basayxa O4HOCHO Herosa NPomeHa.

Kaga roBop pasmaTtpamo ca acnekTa je4Hor je3nKa OHAa je jaCHO Aa Taj je3nK mMopa cajprKatu
oapeheH, KoHayaH 6poj, 32 CBe KOPUCHUKE TOT je3nMKa pa3ym/bMBUX, MOcebHMX rnacosa. Jesnk ce
KOHCTpyMLIe Ha 6a3n IMHIBUCTUYKUX jeaMHNLA Koje MMajy 0COBMHY Aia YKOIMKO ce jefiHa 3aMeHu
OPYrom - OHAA Ce U 3HaYeHe Merba. MNpy Tome aKycTuuKe maHudecTaumje OCHOBHE jegUHULLE MOTY
6UTH pannumnTe (Kafa UX U3rosapajy pasnnumnte ocobe) anmn 3Hayere 3a CBe KOPUCHUKE TOT je3nkKa
Mmopa octatn ncto. OBaj OCHOBHU NIMHIBUCTUYKKN eflemeHaT ce Ha3mea poHem [Cumuh, Octojuh,
1996]. Ctora Kaga ce NpucTyna HEKOM HOBOM HEMO3HATOM je3uKy, NPBM KOpakK Koju Tpeba yuYnHUTH
je nopeHtTudunKaumja ckyna poHema Koju Taj je3nK KoOpUCcTU, OAHOCHO Tpeba U3BPLLUN TPAHCKPUNLIN]Y
y Kojoj ce cBakom moryhe pasym/buBom rnacy gogesvyje ogpehern cumbon. Kaga ce pagn o
Cprckom je3nky npobnem je 3HaTHO ynpowheH jep oH Mma ocobuHe andabetckor jesmka. Kog,
OBMX je3MKa, Ha OCHOBY C/yllakba, MOXe Ce O0AMax BPLIMTU TPAHCKPMNUMja, OAHOCHO NUCakbe
TEKCTa U TO TaKO LITO Cy CYrAaCHULM M CAaMOTNaCHULN jacHO you/bMBU. Koa HEKUX ApYrux jesunka
0BO Huje moryhe Beh je noTpebHO aHanM3MpaTn rpyny cumbona u oHAa BpWKUTK ogaydmBarbe. OBa
NpeAHOCT CprcKor jesnka Tpebana 6u ga omoryhu n jeaHocTaBHUjU MexaHn3am 3a cuctem AMl-a,
a Takohe 1 nosehake BepoBaTHohe ycnewHo Npeno3HaTUX FOBOPHMX CUrHana.



2.2. NPUIEM TrOBOPHOI CUTHANA

Y NnaHUy aKTMBHOCTM KOje Ce OAHOCe Ha PerncTpoBakbe M Mpeno3HaBake roBOPHOr CUrHana
Boaehy ynory urpa npujemMHuM mexaHusam Kog, caywaoua. Ja 61 morao Aa ce AoBo/bHO A06po
onvwwe npouec npernosHaBakbe, Kao M Aa 6U ce maTeMaTUYKM MOAENO0BAOo, NOTPebHO je Hajnpe
yNno3HaTK KaKo 0Baj Npouec GyHKUMOHMLLE KOA YOBeKa.

Mpujem Kog cnywaoua 3anountbe perMcTpoBatbem akyCTUYKOr CUrHana 1 Taj npoLec ce ogsuja
y yBy. Of yBa, rae ce 3anoymkbe NpPUKyn/bakbe akyCTUYKUX MHPopmMaLumja, Nna 40 MO3ra, r4ae ce oHe
obpahyjy 1 Ha OCHOBY HUX Ce A0HOCU oapeheHn 3aK/byyak, NOCTOjU BENANKU BPOj KOMMNOHEHaTa
KOje AWPEKTHO WMAN WMHAMPEKTHO Y4ecTBYjy Y TpaHchopmaumjama aKyCTMYKOr CMrHana. Y Tom
cmucny Tpeba naeHTUdMKoBaTM TpU Aena yBa (Kao WITO Ce MOXKe U BUAEeTH ca canke 2.4) n To cy:
CNoJballitbe, CpeaHe U YHyTpallHe YBO.
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Cnuka 2.4 ®yHKyuoHanHU denosu ysa [Jovicic, 1999].

Cnos/bawme yBO Ce cactoju u3 cnegehux enemeHarta: ylwHa LWKOJ/bKA, CNOJ/ballkby KaHan wm
6ybHa onHa. MowTo 6ybHa OnHa Aenu Ccnosballkbe 04, CPeArer yBa TO Ce MOXKe BUPTYE/HO
nocmaTpaTM Kao 3ajedHUYKM fAeo. YWHa WKOo/bKa MMA 33 UWDb Aa MNPUKYNU  aKyCTU4YKe
MHbOopMaUMje N Aa UX YCMEPU Ka YHYTPaLLHOCTU yBa, a Takohe 1 Aa 3alTUTK Cnosballkby KaHan. Y
oapeheHoj Mepu yLIHa WKO/bKa CAYXKM U Aa ce oApean npasau, o4aKkne Aonasun 3ByK. Cnosballtbm
KaHan ycmepaBa akyCTMYKe Bubpauuje ka 6ybHOj onHM (membpaHu), a cama 6ybHa onHa uma
ynory ga ose Bubpauuje npocneam pasbe npema cpefrem yBy M ga uX TpaHchopmuwe vy
MeXaHMYKe nokpeTe. Takohe 6ybHa onHa Mma ynory Aa 3aWTUTU YHYTPaWHOCT yBa 04

CNOJballkbKX, MEXaHUYKMX YyTULA]ja.

Cpearbe yBO npuma npeko 6ybHe onHe aKycTMyKe BMOpauuje M nNpeTBapa MX y MexaHUYKe.
lnaBHM oenoBu cperer yBa Koju obaB/bajy 0Baj NpeLec cy caywHe Kowyuue: yekuh, HaKoBam U
y3eHruja. Yekuh npsu gobuja Bubpaumje on bybHe OnHe Te UX NMPEKO HaKoBakba MPEHOCU Ka
y3eHruju. YseHruja gasme Bubpauumje npeHocu Ha yHyTpawne yBo. Of genosa cpegrber ysa
noTpebHo je nomeHyTH jow 1 EyctaxujeBy Tyby Koja noBesyje cpeaHe yBO ca HOCHOM LIYN/bUHOM.
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Cpegtse yBO je UCnyHeHO Ba3ayXoOM U BaXKHO je HaNmoMeHYTU Aa OHO Takohe nma 3aliTUTUHY yaory
Kao M crnosballkbe jep HAjOCEeT/bMBUU A0 yBa - YHYTpaAWHE, WTUTU Of4 MpeTepaHo rnacHUX
3By4YHUX edekata. [Jakne, noctoju oapeheHa peayKunja ocumnaumja Koje gonase M3 cnosballhe
cpeaunHe, Te ce OBaj A0 yBa YECTO OMNUCYje KAao NPONYCHUK HUXUX GpeKBeHLM]a.

YHyTpawmwmn Ae0 yBa je HACNOXKEHWjW, WTO MO cacTaBy To M nNo ¢yHKUMjama. Mnak mory ce
NOEHTUPMKOBATM HAjBaXKHMjU [EN0BM M TO Cy: NyX ca 6asmnapHom membpaHOM, HEpBHM
3aBplieym o4 aKYCTMYKOr MBLA M anapaTtypa 3a opwujeHTaumjy-paBHoTexy. Ca acnekta
npeno3HaBakba 3BYKa 04, MHTEpeca je nyX ca 6asnnapHom memb6paHOM U HEPBHUM 3aBpLUELMMA.
Havmme nyx je wucnyweH TeyHowhy Koja uMma pgsa nyta Behy BMCKO3HOCT 04 Boge M
KapaKTepPUCTUYHY cneunduuHy TeXXMHy. YHyTap nyxa Hanasu ce 6asmnapHa membpaHa v HEPBHU
3aBpLUELM KOju Cy MOBe3aHU Ha YHyTpalltba henmjcka BnakHa. Kaga ce mexaHUUYKMm BMbpauuvjama
n3a30Be Tanacarbe YHyTap Ny*Ka 4onasu 1 o nobyhmearwa Ha nojeguHum aenosuma b6asmnapHe
membpaHe carnacHo ca ¢GpeKkBeHLMjoM OCuMNoBakba. Tada ce MHUUMPAjy YHyTpawra henmjcka
BN1AKHA, @ KAKO CYy 3a WX BE3aHM 3aBpLUELM HEPBHUX BAaKaHa - TO U OHM H6uBajy nobyheHun. Oko
10 HepBHUX 3aBpLUETaKa je Be3aHO 3a CBaKo yHyTpawme henunjcko BnakHo (IHC — inner hair cell)
TaKo Aa je yKynHo oKo 30.000 HepBHMX BNaKaHa NOBE3aHO Ha aKYCTUYKM KuMBaL. Ha oBaj HaumH ce
dpeKBeHUMjcke npomeHe TpaHCOOPMULLY Yy HEPBHE MMMy/Ce KOjU MPEKO aKyCTUYKOr KMBLA
ognase A0 mMo3ra. Y mo3ry ce nopyka gewudpyje M TUme je npouec npenosHaBakba roBopa
3aBplweH. Tpeba jow HanomeHyTM aa ce, 36or ocobrHa H6asmnapHe membpaHe, yHyTpalHe YBO
MOXKe MmoaenoBaTtu ca baHkom duaTapa NPONyCcHMKa oncera y4ectaHoCTw.

2.3. BPEMEHCKE U ®PEKBEHLIUICKE KAPAKTEPUCTUKE

FOBOPHM CUTHAN je Cnopo MNPOMEH/bUB YKO/IMKO Ce MOCMaTpa Ha KPaTKUM BPEMEHCKUM
WHTEepBanaMma pega Ao 100ms. 3aTo ce M KOPUCTU Ta HeroBa 0COB6MHA KBa3MCTaLUMOHAPHOCTU
MPUANMKOM OMMCa, a NPUINKOM MOZENO0BAata KOPUCTU CE OCMM BPEMEHCKE KapaKTepucTuKe u
dpeKkBeHLMjCKa M TO Hajuewhe KPAaTKOBPEMEHCKM CMEKTPanHM f[enoBu curHana. Cavka 2.5
NPUKasyje Kako 3a jegHy M3roBOPEHY peyYeHuLy W3rnesajy CneKkTPasHWM M BPEMEHCKM 06auum
cUrHana.

Ca cnuvke ce moxke YOo4unTUhn Oa nocmje TP OCHOBHA CTakba KPO3 KOja CUrHan nponasn n 1o Cy:

a) cTame hyTama (Kaga Hema curHana),

6) cTartbe 6e3By4HMX rnacosa (Kaga je TanacHM O06AMK anepuogMyaH U Hema BUbBpuUparba
rnacHuua) u

B) CTakbe 3BYYHWX [/1aCOBA KOjWU CagpiKe NepuoamnyHocT (jep NpuaMkom wuxosor Gopmuparba
rnacHuue Bnbpupajy).
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Cnuka 2.5 CnekmpanHu u speMeHcKU 0b6auyU jedHo2 2080pHO2 CU2HANG.

YonwTeHo rnesaHo MoKe ce NojaBuTu U KOMBUMHOBaHO CTake (04 3afarba ABa), Kaga ce Ha
npumep nojase 3By4HW pukatmen (/3/, /*/). ®pukatMeBu ce jaB/bajy Kao nocaeauua
TYpbyNeHTHOr KpeTatba Basgyxa Yy [Ae/ly BOKa/NHOr TpakTa WM [AeTa/baH OMUC  HUXOBMX
KapaKTepuCTUKa je onncaH y [Subotié et al., 2013].

OBa nogena Ha CTaka Ce MOXKe KOPUCTUTUN NPUANKOM MmOAesioBakba FOBOPHOr CuUrHana,

oapehuBarbe KpajeBa peun Kao M APYyrux peneBaHTHWUX MapameTapa Koju Cy HEeOMXOAHM TOKOM
npoleca npenosHaBakba roBopa.

2.3.1. BPEMEHCKE KAPAKTEPUCTUKE TOBOPHOI CUTHAJIA

Ca acnekta BpeMeHCKe aHanu3e TFOBOPHOr CUrHana notpebHO je MCTM nocmaTpatM Ha
oarosapajyhm eKBUANCTAHTHUM MHTEPBANIMMA. YKOJIMKO CE CUTHA/I NOCMATPa Ha MHTepBany pesa
HEKOJIMKO AeceTMHa MWAUCEKYHAM (HMp. Ao 50 ms) oHAa ce cBe yoyeHe OCOBMHe curHana
Ha3uBajy MUKPOAMHAMUYKe KapaKTepucTMKe. MoLwwTo ce Non0¥Kaj BOKAHOT TPAKTa (Koju reHepue
0Baj CMTHA/) CKOPO U HE MeHba Y TaKO KPAaTKMM BPEMEHCKMM MHTEPBA/IMMA OHAA Ce CUTHaM CMaTpa
CKOpO CTaunoHapaH. MehyTum, Kaga ce roBOpPHM CUrHAN NocmaTtpa Ha MHTepeaauma og 0,2s go
HEKO/IMKO CeKYHAMN OHAA OCOOMHE Koje ce MOory youmnTu Cy T3B. MaKpOAMHAMUYKE KapaKTepUCTUKe.
OHe Hoce MHPOpMaUMje 0 Pa3ymM/bUBOCTM FrOBOPA, MHTOHALMjWU, HArNaCKy U CANYHO U HEONXOAHEe
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cy ga 6v nepuenTMBHM MeEXaHU3aM BPLUMO Npeno3HaBarbe roBopa, O4HOCHO pa3ymMeBake OHOra
LITO je nsrosopeHo. Ha camum 2.5 rae BpemeHcKM 061MK CUrHaNa penpes3eHTyje TPU peyn, jacHo ce
youaBajy BesIMKe NPOMeEHe Ha nHTepBanmMma og, Hnp. 200ms.

2.3.2. DPEKBEHLUMNICKE KAPAKTEPUCTUKE TOBOPHOI CUTHANA

3a pasmaTpatbe CuUrHana rosopa nocebHO je WHTepecaHTaH OGPEKBEHLUM|CKM [AOMEH.
CneKkTporpamom ce mory oapeanTv BpeaHOCTU CMEeKTPaSHUX XapMOHUKa (Kao HNp. civka 2.5) 3a
3a4aTu ynasHm curHan. CnekTpanHa aHanMsa ce cMmaTpa Kao OCHOBA 3a MNpouecuparbe CUrHana y
CMCTEMMMA AYTOMATCKOr npeno3HaBakba roBopa. Kopucre ce aBa OCHOBHA mozesia 3a CNeKTpasHy
aHaNM3y u TO:

e mogaen 6asupaH Ha baHum duntepa;
e Mogen 6asupaH Ha IMHeapHOM NPeANKTUBHOM KOoAMpakby.

3a cneKTpasiHy aHa/N3y HajBULLE Ce KOPUCTM KPATKOBPEMEHCKA CMEeKTpasHa NyCTUHA CHare Koja
ce 30Be€ W KpaTtoBpemeHcKM cnektap (short-time spectrum). Y ogapehuBamy MCTOr mMoXKe ce
KOpPUCTUTU HNp. bp3a PypujeoBa TpaHchopmaumja (FFT) mam mogen LPC-a Koju noapasymesa
NPEHOCHY KAapPaKTEPUCTUKY Ca CBMM MOJIOBUMA YHYTap jeaAnHUYHOr Kpyra. CaumKa 2.6 npuKasyje
jedAaH TaKaB cnektap AobujeH Kopuwherbem MOMeHyTa ABa HAuYMHA: KpMBA Ca M3PaArKEHUM
BPXOBMMA NpejcTaB/ba crekTap gobujeH nomohy FFT aHanuse, a 3apaBHbe€HMja KpuBa npunaga
LPC aHanusu.

108
CTIEKTAP CHTHAJIA
LOG
~
" WV
0 MPEKBEHIHIA SEHz

Cnuka 2.6 Cnekmap cueHana 0obujeH nomohy FFT u LPC memoda [Rabiner, Juang, 1993].

Ca cnvke ce moxKe younTn ogpeheHo noknanake cnekrapa 4obunjeHnx Ha oBa ABa HAYMHa LWTO
je n NpnpoaHo jep onNucyjy UCTY NMojaBy, CamMo CYy MaTEMATUYKM NPUCTYNN PA3ANYNUTN.

LUto ce Tuye oncera 4yjHOCTM KOA aHanM3e rOBOPHOr CUrHana obuYHO ce pasmaTpajy
dpeKBEHLMjCKN ONce3n Koju NoKpuBajy TenedoHcKn KaHan (200 — 3.200Hz) Kao v oncer 4YyjHOCTU
Jbyackor yea (oko 20Hz go 20.000Hz). 3ak/byyeHO je [a je yBO Marbe OCET/bMBO Ha MojaBe
n3obanyersa y 061acT HUCKMX Hero y 061acTM BUMCOKMX YY4eCcTaHOCTM M Aa YBO 4yje CKOpo
nloraputamckn Ha ¢ppekseHumjn npeko 1kHz, a no ose ¢dpekBeHUMje Aa je YyjHOCT AMHeapHa. Ha
6a3n pasnMunTe OCET/bMBOCTM yBa MO (GPEKBEHUMJCKOj CKanu yTBphHeHu cy ¢peKkBEeHLMjCKM
WMHTEPBAa/IM Ha KOjuMa yBO He oceha npomeHy BMCMHe TOHA. Ta CKana je Ha3BaHa MesioamjcKa

III

CKana unu ckpaheHo — “me
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Takohe nocToje u apyre nogene v ckane, a mehy buma je og 3Hadaja 1 “Bark” ckana Kopg Koje
ce pa3maTpa 4a M M KaKo $a3HM CTaB KOMMOHEHaTa C/I0XKEHOr 3ByKa 4,0/1a3U 0 M3paXKkaja ayx
6asmnapHe membpaHe. Ha ocHOBYy oBOr yTuuaja 4uMTaB oncer ¢pekBeHUMja ce Aenn Ha
dpekBeHuMjcKke rpyne. YHyTap jeaHe dpeKBeHUMjCKe rpyne /byACKO YBO HUje y CTakby Aa pas3nunKyje
[Ba 0BOjeHa TOHa aKo 0ba npunagajy uctoj rpynu.

2.4. EODEKTU KOAPTUKYJIALUUIE U MACKUPAHA

CBaKa M3roBOpEHa Pedy MO)Ke ce MoCcMaTpaTM Kao CKyn jeaAnHMuUa Koje obpahyje yBO Ha
npujemy. Te jeanHuue ce mory naeHTMOUKOBATU KAao C/NIOTOBU U MPUINKOM roBopa 40/1a3n 4o
y3ajamHor yTuuaja nsmehy ux U To yHyTap peun n usmehy cycegHux peum (Kpaja jeaHe 1M novyeTka
Apyre peuun). OBa nojaBa ce Ha3MBa KOApTMKy/NauWja M o4 3Ha4yaja je NPUIMKOM MOZEN0Bakba
cMcTemMa 3a npernosHaBakbe rosopa. lMokasyje ce Aa je Hajsehu KoapTUKynauMoHu edeKaT yHyTap
cnora namehy rnacosa Koju YMHe AaTu CNor.

Mackupajyhu edekat je nojaBa Kaga Ha yBO genyje BULIE PA3/IMYMTUX 3BYKOBA TaKo Aa ce
AejcTBO HeKor of, wux yonwTe He npumehyje. [lewasa ce ga mackumpajyhu 3ByK akTusmpa
oppehenn 6poj cnywHux hennja Ha 6asnnapHoj membpaHM AOK APYrM, MacKMpPaHW 3BYK, HUje Y
CTatby @ aKTUBMPA A0BO/bAH bpoj HoBMx hennja. 3aTo ce HeroBo NPUCYCTBO M He 3anaka. Hueo
MacCKunparba ce 06M4HO gedpuHuwe y geunbenmma Kao “npar mackmpama” Koju je notpebHo npehu
Aa 61 ce M3aWNo U3 CTarba Mackupaka. [la 6u ce nsberno mackmpare notTpebHo je ga HoBM
3By4HM pgorahaju 6yay Ha ogpeheHoOm U f0BO/LHOM (GpPEKBEHLM]CKOM pacTojamy. MocToju Hu3
Meperba Ha OCHOBY Kojux cy oapeheHe ¢dpeKBeHUMjcKe rpyne 3a Koje ce epekaT MacKmMpatba CBOAM
Ha MUHMMYM. [TocebHO je MHTepcaHTHa NojaBa MAcKMpara €a MNO33AMHCKMM LIYMOM jep je TO u
Hajuyewhu cnyyaj y npakcu.
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Cnuka 2.7 Mackuparbe cuzHanuma a) 800Hz, 6) 3.500Hz u 8) wiupoKonojacHUM Wymom.

Ha cnmum 2.7 nprkasaHa je NpoMeHa HUMBOA YyjHOCTU Kaf je MacKupake BPLUEHO: TOHOBMMA
op,800Hz, 3.500Hz n wWKpoKonojacHUM Bennm LYyMOM.
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Mackupare mMoxe bUTM noHeKad M npujaTHa nojaBa. TaKO Ce Ha HEKMM PacKpCHULAMA
BE/IMKMX rpagoBa noctas/bajy poHTaHe Ynju 3ByK ybnarkyje byky caobpahaja n gaje npujatHuju m
nenwwu ocehaj nponasHuumMma.

2.5 MYATUMOAANTHU TOBOP

foBOp Kao CUrHan Koju y cebu Hocu ogrosapajyhy mHbopmauumjy mMoxke BUTU reHepucaH y
Pas3IMUNTUM YC/IOBMMA U NPU PasINYUTUM CTakblMMa roBopHMKa. LLTo ce ycnosa Tuye Ty ce npe
CBera MMCAuM Ha oarosapajyhu no3agMHCKKM WyMm, a LWTO Ce CTakba FOBOPHUKA TUYE Ty MOXKe butu
Pa3NYUTO 34PaBCTBEHO CTakbe FOBOPMKA, Pa3NMyMTa eMOTUBHA CTakba M pasnumuTa notpeba 3a
Harnalwasakem/HeHarnawaBaHem roBopa.

YKO/IMKO ce roBop pa3maTpa ca acrekTa CnosballikbUX YC/10Ba NOCTOjU:

- ,4UCT“ TOBOP — TO je roBOP KOZ, KOra je MaKCMMaJIHO NMOTUCHYT NO3aAMHCKM LIYM;

- roBop ca ,6enum” aguTUBHUM LIYMOM;
- roBOp ca wymom ,y 6oju“.

Y eMOTMBHOM roBOPY FOBOPHUK MOXe MCKa3aTu pasnnumta ocehamba [Jovici¢ et al., 2004].
Heke oa Hajuewhe aHann3MpaHMx emoumja cy:

®  JbyTha,
e cpeha,
e CTpax,
e Tyrau

® HeyTpa/IHO Pacno/IoXKekbe.
AKO ce pasmaTtpa CTatbe BOKANHOI ,MexaHM3Ma“ roBOpHMKA MPUINKOM reHepucarba rosopa,
rOBOpP Ce MOXKe NOoAeNNTU Ha:
e wanat
® MONyTHX,
e HOpManaH,
® rnacaHu
® BWKy.

a) llanam
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6) Monymux

[obap HauuMH KnacuduKaumje roBopa Ca acnekTa CTakba BOKA/JHOT MexXaHM3ma AaT je y

8) HopmanaH

+ %
+* &

2) Macax

0) Buka

Cnuka 2.8 Paznu4umu moodasumemu 2080p: 00 wianama 00 suKe.

ncTparkmeary 3eHra n XaHceHa [Zhang, Hansen, 2007]. PasamaTpaHu cy ogapeheHn napameTpu 3a
KnacuduKaumjy rosopa o, wanata 40 BUKE U TO:

® UWHTEH3UTeT roBopa,
e MPOLEHAT U AYKNHA nay3e,
e aucTpmbyumja eHepruje no pamosuma m

® CMeKTpasiHu Harunb.
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Ha ocHOBY 0BMX NapameTapa MNOKa3aHo je Kako M3BpWnUTK ogpehunsarbe KOM moay rosop npunaaa.

HopmanaH rosop je Hajuewhe npucyTaH y CBaKOAHEBHO] KOMYHMKALUMjM U OH je HajBuLle
MCTPaXXMBaH M HajaeTa/bHMje objallktbeH Cca acnekTa ayToOMaTCKOr nperno3HaBakba roBopa
YK/bY4yjyhn rope nomeHyTte cnosbawme ycnoBe. OCHOBHE O0COOMHE Ccy My peflakCMpaHOo CTake
MexaHM3Ma 3a NPoAYKUMjy roBopa, cnoboaHOo KpeTare Ba3ayxa Kpo3 BOKA/IHM TPAKT U Tpenepere
rNacHUUA NPUANKOM NPOoAYKLUMje cCaMoriacHMKa.

Monytux rosop je HewTo m3mehy wanata U HopmanHor rosopa. O wemy je Aato mano
NCTParkKnBatba jep ce MoXKe NPUBANKNUTU HopmasHom rosopy [Hansen, 1988].

LLlanaT je Bp/I0 aKTyenaH 3a UCTPaXMBarbe y AaHallbe Bpeme jep No cBojum ocobvHama nma
MHOro cneundmryYHOCTM Koje ra pasagajajy og octasna yetupu moga [Zhang, Hansen, 2007], a npu
TOME je Noc/sie HOPMaJIHOT FOBOPa HajBULLIE 3aCTYM/bEH Y CBAaKOAHEBHO] KOMYHUKaUMju. MNocebHo je
MHTepecaHTHO nopehere HopmanHor roeopa wm wanata [Jovici¢, 1998], [Wilson, 1998] kao wu
moryhHocTu uxoBor nopeherba 1 Npeno3HaBara (HopMmanHor Ha 6a3u WwanaTa 1 WanaTta Ha 6a3u
HopmanHor). 36or Tora je oBaj pag Hajsehum aenom nocseheH 0BOj BPCTM aHanu3e.

BuKa je roBop KOju MMa HajBULLN UHTEH3UTET U APamMaTUYHY NPOMEHY BOKa/IHOT TPAKTa TOKOM
eKkcuTaumje. Tpajarbe peyeHuLe 1 naysa usmehy pedy cy Hajkpahe [Zhang, Hansen, 2007]. YecrTo je
noBes3aHa Ca CTPeCHMM CUTyaunjama Koje mory 6MTh y3poK BMKe. AKYCTUYKe 0CObMHe BUKe cy
AeTa/bHO onucaHe of Buwe aytopa [Rostolland, 1982 a], [Rostolland, 1982 b], [Bou-Ghazle,
Hansen, 2000]. loBop noAg cTpecom ce noAapa3dymeBa Kao Harnawasake ogpeheHux cnorosa
(nMHrBmncTnYKa aeduHMLMja). FOBOPHMK KOjU NPOU3BOAM FOBOP NOA CTPECOM je NoA, NCUXOIOLWKUM
NPUTUCKOM KOjM yC/IOB/baBa TaKBy BPCTY ,Aedopmaumje” rosopa. CTpec je NaToONOWKO CTakbe M TO
je peakuuja ocobe Ha Kojy je U3BpLUEH HEKM MPUTUCAK AWM NOCTaB/beH HEKM 3aaaTtak. ObuYHo je
roBop nog, ctpecom ob60jeH M emoLMjama Kao WTOo Cy CTpax, /byTHa, AE€30PUjEeHTUCAHOCT U CINYHO
[Hansen, Patil, 2007].

FnacaH roeop je HewTo M3mel)y HOPMasNHOT U BUKE, @ MO CBOjUM OCOBUHaMa je npubaunKaH
HOPMasIHOM roBOpY. 3aTO Ce M NOCeHHO UCTPAXKMBAHLE O HEMY HUje AeTas/bHO CNPOBOAUO.

EmoTuBaH rosop aaje goaatHe MHpopmMaLmje o roBOPHUKY 1 “60ju” rosopa [Douglas-Cowie et
al., 2003]. OH ce moxke aHanM3mpatTn nomohy napameTtapa Kao LWITO CYy: OCHOBHa ¢peKBeHUuja,
[Y>KMHa roBOPHMX cermeHarta/naysa 1 eHepruje Ha HUBOY pamoBa nogartaka [Jovicié et al., 2004]. Y
HEKMM oOf pagoBa Koju cy ce 6asunm emoumjama KopuwheH je Teager Energy onepatop
[Georgogiannis, Digalakis, 2012]. 3a oBy BpcTy roBopa noctoju cee Behun 6poj 3anMHTepecoBaHUX
NCTpaXKnBaya.

Pa3BMjeHVI CNCtemMmn 3a ayTomMmaTCKO Nnpeno3HaBakbe roBopa npema BPCTU pedn mory ce
noaennTn Ha CUucTteme 3a npeno3HaBambe:

- MN30210BaHO U3rOBOPEHUX peYu,

- BE€3aHO U3roBOpeHUX pedn n
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- KOHTMHYa/IHOT roBOpa.

Ha ocHoBY npeno3sHaBakba OHOT KOju reHepuLLe roBOp OBU CUCTEMMU Ce Aa/be Ae/e Ha:
- 3aBMWCHe of roBopuKa (speaker’s dependent systems) n

- He3aBMCHe o roBOpHMKa (speaker’s independent systems).

Ha 6a3u ropwux nogena npuctyna ce n pasnMumtMmMm TeXHUKama 3a npegobpaay v nopehemwe
roBOpHUX y3opakKa. Mpepobpagom ce pobwujajy oprosapajyha akyctmyka obenekja obuyHo y
06MKY CKyna BEKTOpa KOju penpes3eHTyjy roBOpHE Y30pKe, a TEXHUKOM OZAJly4MBakba BPLUM Ce
nopehere ynasHux (Tect) n pedepeHTHUX y3opaka U Ha 6a3m oapeheHux KpuTepujyma BpLuM
04/ly4MBatbe Koja je ped (am peun) gowwna Ha ynas cuctema 3a oayvmBarbe.

Hajuewhe KopuwheHe TexHUKe 3a nopehere roBOPHUX y30paKa cy:

DTW (Dynamic Time Warping) — TeXHWUKa AMHAaMUYKOT ycKnahnBarba y BpeMeHy,

HMM (Hidden Markov Models.) — TexHuKa ckpnBeHUx MapKoB/beBUX MOAENA,

NN (Neural Networks) — TeXHUKa HEYPOHCKUX MperKa U
- pasnuumTa XMbpuaHa pelema.

Csaka og, NOMEHYTUX TEXHWUKa MMa csoje npeagHoCcTm U maHe, a CBe OHe Hana3se csoje MeCTO Yy
Cnctemmnma 3a ayTomMaTCKoO npeno3HaBakbe rosopa.

MpeaHoct DTW meToae cy WITO He 3axTeBa BesMKM Opoj y3opaka 3a nopehere. To je
nocebHO 3HAYajHO KoA MakMX peyHMKa M Kaga ,6p30“ mory ga ce peanuvsyjy anroputmu 3a
oAnyumBarbe. MIHTepecaHTHa je HajBULLEe 3a CUCTEME KOju Cy 3aBUMCHM 04, roBOpHUKa [MapKkosuh,
2004].

HMM meToga pagM Ha MpuUHUMNY npenasa W3 CTakba Yy CTakbe ca oarosapajyhom
BepoBaTHOhOM reHepucarba oapeheHnx BeKTopa Mo cTakby. TO je ABOCTPYKO CTOXaCTUUYKM NpoLec
M YeCTo ce 3a NpPeno3HaBake roBopa KOPUCTU MOJEN ,C-NeBa-Ha-aecHo” [Rabiner, Juang, 1993].

NN meTopa je 6a3vpaHa Ha NOCTynaTUMa HEYPOHCKMX Mperka. Popmupa ce cKyn YBOpPOBa U
CKyn HuBOa/cnojesa (og, ynasHor, NpPeKko cpearux A0 M3NasHUX cnojesa). MeTogda napanenHor
nporpamupara omoryhasa pobujarbe OANMYHMX pe3yaTata y pasHUM obnactMma na u y
npeno3HaBaky rosopa [Kostek, 1999].

CyWwTWHA Hanopa MHOMUX UCTPaXKuBaya ce cBOAM Ha oapehumBary oarosapajyhunx akycTUUKnx
obenexja Koja he nocnyuMtn fga ce octeape WTO H60/bM pe3ynTaTv npenosHaBara. TeXHUKe 33
nopehere Koje ce MHaye KopucTe 3a Npeno3HaBatbe HOPMATHOT TOBOPA Ha C/IMYAH HAauYMH ce mory
NPMMEHUTN M Ha wanaT y3umajyhu y o63mp ogrosapajyhe cneundumyHocT wanata U moryhe
KopeKuumje ycknahumeata ca WanaTtom.

18



2.5.1 HOPMAJIAH TOBOP

MpupoaaH rosop (HopmanaH) Nnoapasymesa Kpenparbe 3By4YHOr Tanaca Koju cagpun oapeheny
nHbopmaLmjy Koja ce Kenau npeHeTu. HopmanaH roBop nNpeTnocTaB/ba 43 je TOBOPHUK Y
ONYyLITEHOM CTakby, Aa Cy AEN0BW BOKA/NHOT MeXaHW3Ma WUCMpaBHM (4a cy 34paBu) M Aa Hema
nocebHMX NpenpeKa Ha NyTy reHepucarba 3By4HOr Tanaca.

OBa BpCTa roBopa ce npoyyaBa Beh gyxe BpeMe U HajBuLle je ucTpaxkeHa obnact. Pasnnuuntm
Cy QacCneKkTM MpoyyaBakba: OfF, aKYCTUYKUX, MPEKO aPTUKYNAUMOHMX, GUIMONOWKKUX A0
npeuenTMBHUX. PasBujeH je BennKkn 6poj cuctema 3a ayTOMaTCKO Npeno3HaBakbe roBopa U CBU ce
OHM yrnaBHOM 6a3upajy Ha Hanpea NOMEHYTUM MeToAama (AMHAMMUKO ycKnahuBakbe y BpeMeHy,
CKpuBeHM MapKoB/beBM Moaenu ca FaycoBUM MUKCTypama, HeypoHCKe mpexke uTa.). [aHac je
nocebHo akTyenHo Kopuwherbe Ay60Kux HeypoHckux mpexka (DNN—Deep Neural Networks) y
npobnemnma osor Tmna [Ghaffarzadegan et al., 2016].

2.5.2 WANAT

LWanaT npeacTas/ba cneumduyHy BPCTY roBOpa Koja MOXe HacTaTu M3 OCHOBHa ABa pas/fora:
ocoba xenu pa wanyhe u 360r Tora nogelwasa BOKa/lHM TPAKT Tako [a Ce repHepulle TuX,
cneundmryaH rosop uam ocoba je umana npobaema ca flapuHKCom (HNp. ycnen 6onectun) n 36or
TOra Huje y moryhHOCTM fa reHepuwe HopMmanaH rosop Beh Taj rosop noaceha HajsuLwe Ha wanar.

OBa BpCTa roBopa MMa HM3 CBOjUX CNeundUYHOCTM Koje ra pasnKyjy y OAHOCY Ha rope
nomeHyTe BpcTe. Mpe ceera rnacHuuye (Vocal folds — cnnka 2.9) He Tpenepe 3a Bpeme M3roBopa
3BYy4YHUX rnacosa [Catford, 1977]. Basgyx Koju nae ns nayha ca um/bem ga nponssene 38yK 40133
no pharynix-a, a oBaj Tako nogetwasa 06uK ga rnacHuue He Tpenepe [Gavidia-Ceballos, 1995],
[Gavidia-Ceballos, Hansen, 1996]. Ycnen Tora jaB/ba ce Typby/NeHTHO KpeTarbe Basayxa y Aeny
ncnog, rnoTmca M Ha Taj Ha4YMH CTBapa Ce CMTHaA KOoju je KOMNJIeKCaH M Hanuk wymy [Mathur et al.,
2012]. Cnuka 2.9 gaje getasbaH U3rnen oTBOpa roTUCA M eleMeHaTa Koju ra OKpy:Kyjy (ca roprbe
cTpaHe). Mopepa rnoTvca M rnacHMUa 3HavyajHO MecCTO Yy reHepucamby LWwanaTta 3ay3nmajy u obnactu
L»2NaHNX“ rnacHmua (Ha camum 2.9 npuKkasaHe kao Ventricular folds). Kpos otBop rnotuca suam ce
Tpaxea.
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Median glosso-epiglottic fold
Vaitecula / Epiglottis

Tuberele of epiglottis

Voeat fold

Ventricular fold

Aryepiglottic fold

Cuneiform cartilage

Corniculate cartiluge

Trachea

Cnuka 2.9 [nomuc-0emarvHo [Wikipedia].

O6anum rnotrca mory 6UTM pasanuMTM, a WUCTPa)kMBakba Cy MOKasana ga cy cneaehu
AOMWHAHTU: 06AMK uHBep3Hor “V” (canka 2.10a), o6auKk nHesepsHor “Y” (cnmnka 2.106) n o6auk
caBujeHor (HanperHyTor, u3BnjeHor) npeamer aena rnotuca (camka 2.108) [Solomon et al., 1989].

a) &) 5)

Cnuka 2.10 Obauyu enomuca npu wanamy [Solomon et al., 1989].

Takohe, BpeMeHCKM 06/1MK Tanaca Koju penpeseHTyje WanaT je MHOro Make amMnauTyae Hero
LITO je TO Cny4Yaj ca HOPMasHMM FOBOPOM LUTO FOBOPM O OAHOCMMA eHepruja oBMX Tanaca (Cnuvka
2.8a u B). CneKkTpasnHu Harnb ce Takohe 3Ha4YajHO pasInKyje y 0AHOCY Ha HOpManaH roBop.

llanaT ce Mmoxe M KnacMpuKoBaTM Ha BULLE HauMHA. JeaHa of HUX je Ha ,MeKM” wanaT u
,no30pnwHM” wanat [Sharifzadeh et al., 2009]. ,,Mekun“ je oHaj Koju ce 06BUYHO rOBOPM HEKOME Ha
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YyBO, [IOK je ,,MO30PULLIHN" OHaj KojuM ,wanTay” wanyhe raymuy Ha CLEHM TEKCT (aKo ra je raymal,
3abopasuo).

CaHpbepr n octanm [Sundberg et al., 2010] KnacuduKkyjy wanata y 4YeTUpu BpCTe:
xvnepdyHKLMOHANHN (hyperfunctional), HeyTpanHu (neutral), XMMNOQYHKLMOHANHMN
(hypofunctional) 1 wanaTt nocne HopmanHor roeopa (postphonation). Hekn oa, nctparkmsava cy
pasmaTpann xunep GyHKUMOHMCAHE NapUHKCa TOKOM WanaTa Ha 6asm onTuykux ceHsopa [Rubin
et al., 2004].

MNMocebHo je MHTepecaHTHa KnacuduKaumja Ha ,406ap” u ,now” wanat [Hansen, 1988], [Fan,
Hansen, 2010], [Fan, Hansen, 2011] Koja moxe 6uTM Bpno BaXHa 3a oapehuBare y3opaka
NPUANKOM TepHUparba M NPUANMKOM OafyuMBarba. [lpeanorkeHa pelwera noapasymeBsajy
Kopuwhere crnekTpanHor Harmba M oAHOCa eHepruja Koje ce Hasnase y obnactuma og 1000-
2000Hz n oa 1000-8000Hz. Ha 6a3u Tora gobuja ce SR (Spectral Representative) napameTtap Koju
ce MOXKe KOPUCTUTWU 3a MpPOLEHy KBanuTeTa wanata. Ako ce SR nmapameTtap KombuHyje ca SNR
(Signal-to-Noise Ratio) napameTpom gobuja ce 4BOAUMEH3NOHM NPOCTOP NoBepera 3a ,406ap”
OAHOCHO ,,nowWw” wanar. MocToje pa3nnunte TexHuke 3a nobosbware SNR napametpa [Boll, 1979].
AHanusom ,n06por” un ,nower” wanata 3ak/by4nno ce ga je wanaT ,n06ap“ ako Mma Buwwe
CMEeKTpasiHE eHepruje y ropkem aeny ckane (Ha suwmnm édpekBeHuujama og 2000Hz). Takohe,
npuanKo wanaTta ¢depekseHuuje dopmaHata F3 m F4 ce ckopo M He nomepajy Ka BULWMM
dpeKkBeHuMjama (3a pas3nunKky oa F1 m F2) na je Ta ummwbeHuua gobpa 3a mageHTUdUKauumjy
roBOPHMKa.

MocToju Behn 6poj M ApPYrUX UCTPaXKMBakba M aHa/IM3a Be3aHMX 33 WanaT U Ha OCHOBY HbMX
MOTY C€ WM3HEeTM HeKM OnwTK 3ak/by4yun. MocebHo cy 3aHMM/bMBA OHA Koja Cy moapasymeBana
aHanusy dopmanarta [Tartter, 1986], [Jovici¢, 1998], [Benesty et al., 2008]. Y cBOjUM aKyCTUYKUM U
APTUKYNALUMOHUM aHaIM3aMa BE3AHWM 3a LWanaT, a NPUMEHEHMM Ha Ayre BOKase CPMCKOr je3uk,
(aHanusmpaHu cy: ueHTpanHa ppekBeHUMNja dopMaHTa M WKPKUHA cnekTpa (bandwith) dopmaHnTa)
JoBmuunh nokasyje ga:

e (¢pekBeHuuje popmaHaTa (Npsor u apyror dopmaHTa) 3a camornacHuke /w/, /e/, /a/ v [o/
Cy NomepeHe Ha BULLEe oK cy ppeKkBeHumje cBUx dopmaHaTa 3a /y/ nomepeHe Ha HuxKe (y
OZHOCY Ha HOpMaJ/iaH roBop);

® LIMpPMHA cnekTpa 3a dopmaHTe wanata je seha Hero Ko HopManHor roBopa;
e cnekTap npsa Tpu GOpPMaHTa 32 WANAT je NPUINYHO pPaBaH;
e JlorapuTamcKa BpeaHOCT crekTpasiHe cHare y o6nactm og 200Hz o 2000Hz je pasHa;

® Marba papuHreanHa LWyn/bMHa 3a NpPBa YETUPM CaMOT/ACHUKA: YCA0B/baBa GpeKBeHLNY
npsor ¢opmaHTa na cineagn Aa je u dpekBeHUMja BMLWA; OOPHYTO Kaga je y NuTarky BOKan
/y/ (jep vma Behy papuHreanHy wyn/buHy);

e Hajsehe nosehare WHpKUHE cnekTpa GopmaHTa je 3a NPBN GOPMaHT, a Hajmakbe 33
YyeTBpTH.
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Y CBOjOj aKYCTMYKOj aHANM3M BOKANHOI TpPaKTa NpW reHepucarba wanata Martcyga m Kacyja
[Matsuda, Kasuya, 1999] cy spwunm 3D mepera Kopuwherwem MRI (Magnetic Resonance Image)
TexHMKe. TOKOM LlanaTa cynparnotanHa CTpyKTypa (supraglottis - camka 2.11) Huje 6una camo
yKoyeHa Beh 1 nomepaHe Ha Ao/ie - TaKO 43 je cnpeyaBana Bubpupare rnacHuua (vocal cords)
[Tsunoda et al., 1997].

epiglottis
supraglottis |
g

>
glottis

n vocal cords
subglottis (raacHuue)

trahea

Cnuka 2.11 momanHu 0ean08uU Koju ymudy Ha wanam.

3aKk/bydeHo je pa ce 36or Tora ¢pekBeHuuje HWKMX dopmaHaTa Momepajy Ka BULIUM
BpegHocTMMa. Takohe, npu WwanaTy ce jaB/ba U TypbyneHTHO KpeTarbe Ba3ayxa Koje nogceha Ha
wym. OBO KpeTatbe Basayxa TOKOM LuanaTta ce cTBapa Ha oko 0,85 cm Huxe y rnotucy. KopuwheH
je napuHapHW eHA0CKON 3a NocMaTpakbe (NPoBYYEH KPO3 Ha3aNHW TPAKT) NapuHKca. Meperem je
yTBpheHo Aa 3a wanar BaXu:

e cynparnoTasHa CTPYyKTypa (supraglottis) je cyxeHa y obnactuma ,naxHUX“ rnacHuua
(Ventricular folds) u rnacHuue cy ,,noKpuBeHe” ca ,Na*KHUM" rnacHuLama.

® [/IOTUC je OTBOPEH Ca Ma/IMM AOAATKOM.

Penykyje ce npoctop u3mehy rnotuca m Bpxa epiglottis-a (npu wanyTary) nocebHo vy
obnactMma ,naxkHux“ rnacHuua. NpomeHe BOKA/NHOT TPAKTa ycied NPOMeEHa BeanYMHe rnoTuca
Takohe cy oBae pasmaTtpaHe.

3aK/by4aK OBOr WUCTpaXKMBakba je Aa cnaba aKycTUYKa Be3a ca MOAM/IOTaHUM CUCTEMOM
(subglottis) 1 cyxere y 06nactu ,, naxHUX” rnacHULA Cy raBHM Yy3pOLM pacTa HUXKUX GpeKBeHUNja
dopmaHaTa Koz WwanaTa.
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TapTep [Tartter, 1986] paje ogpeheHy aHanM3y WanaTa U TO NepUEenTUBHY M aKycTU4Ky. OBa
aHanu3a je 6a3mpaHa Ha 18 doHema Koju cy ce cactojann U3 KombuHaLMje KOHCOHaHT-BOKan (3a
BoKan je kKopuwheH /a/), a Koju cy wu3roBapaHu wanatom. [oKasano ce [a je OCHOBHa
dpekBeHuMja, Kao 6a3a 3a ngeHTMdMKaLMjy rOBOPHMKA, OACYTHA Y WanaTy. Takohe je youyeHo Aa
¥eHe npoussose Buwe GpeKBeHLMje 33 CAaMOr/ITaCHUKe Hero Mywkapun. M gpyrm nctpaxkmsaum cy
pa3mMaTpanu pasnKe WanaTta Ko *KEeHCKOr U MyLIKOr noia U moryhHocT naeHtndukaumje nonosa
[Lass et al., 1976], [Eklund, Traunmuller, 1996], [Smith, 2016]. MepeHu cy: Tpajarbe dpuKuMje,
¢dpeKkBeHUMja 3a npBa Tpu GOpPMaHTa, Bpeme TpaH3uumje, ,burst” n acnupauymja, Tpajatbe HazanHe
pe3oHaHuuje. 3a aHanu3y rpewaka KopuwheHe cy maTtpuue KoHoysmje (npema Mwunepy u
Hukenujy [Miller, Nicely, 1955]). 3ak/by4yeHo je ga, Kaga cy y nuTarby GpuMKaTMBKM, HE3BYYHM
KOHCOHAHTU MMajy AyKe TPpajarbe apTUKyNaunje Hero 3By4HM KOHCOHAHTMK.

be3By4YHM KOHCOHAHTKU KOog, WanaTta U HOPMaJIHOT TOBOpa Cy CIMYHU. Kaga cy y nuTatby 3ByYHU
KOHCOHAHTM M BOKa/M — BE/IMKA je pa3/iMKa 3a WanaT M HOPMaJIHW FoBOP. 3BYYHU CYrnacHMUM,
Kafa je WwanaT y nuTakby, MUrpupajy Ka 6e3sydyHnm. O6AMK, CTPYKTYpy WM yTUUAj BOKana vy
KOMOMHaLMjM ca KOHCOHaHaTa pa3maTpano je Buwe aytopa [Tartter, 1991], [Matsuda et al., 2000],
[Jovici¢, Sari¢, 2008]. Mokasano ce Aa je cnekTpasHa eHepruja 6e3ByYHMX rnacoBa M3paXkeHa Ha
BUMWKUM peKBeHUMjama, AOK je KOoZA 3BYYHWX, a NOCebHO BOKaNa, M3ParKeHa Ha HUKUM
dpekBeHUMjama.

MowrTo je BehnHa cnekTpanHux nHbopmaumja o 6e3ByYHUM rNacoBMMA CMELUTEHA Y FOpHEM
Aeny cnektpa (Buwum dpekBeHUMjama) To BEKTOpPCcKo obenexkje tuna MFCC Koje ¢aBopusyje
HUXKe PpeKBeHLMje He MOXKe Hajbosbe onMcaTh 0By BPCTy roBopa (M3paxkeHy y wanaty). 36or Tora
ce npenopy4yjy Apyre BpCTe cKana (Kao WTO Cy eKCNOoHeHUMjanHa, IMHeapHa u/uavM mewosuta
CKana) Ma Ha OCHOBY TOra WM Apyra BEKTOpPCKa obenerkja. Pesyntatm Ha 6a3m KencTpanHux
KoeduumnjeHaTa pavyyHaTUX Ha IMHeapHOj dpekBeHLMjcKoj ckanm (LFCC), Kao u pe3yntati Ha 6a3u
KencTpanHux koepuumjeHaTa payyHaTUX Ha eKCNOHeHUMjanHoj ppekBeHunjckoj ckanm (EFCC) ganu
cy 6bo/me pesyntate 3a H6e3By4He KOHCOHAHTE y WWanaTy y OAHOCY HAa OHe Koju cy fobujeHu ca
obenexkjem payyHaTtom Ha ,,mel” ckann (MFCC).

MojeanHM ayTopu Cy BPLUIMAN U aHa/IM3e aKTUBHOCTU MO3ra Npuankom adoHuje (Koja je buna
Yy3pOKOBaHa BPOHXUTUCOM U TAPUHIUTMCOM), KAaO M NPUIMKOM NpecTaHKa npobnema [Tsunoda et
al., 2012]. CHumarbe akTMBHOCTM Mo3ra je BpweHo nomohy f-MRI (functional Magnetic Resonance
Imaging) meToaa. YoueHe cy ogrosapajyhe pasnvMke MmoXaaHMX akTUBHOCTU NPUIMKOM LLANyTama
M apoHuUje Koa nauunjeHTa.
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2.5.3 HOPMAJIAH TrOBOP U WWANAT - NPErNEL UCTPAXKUBAHA

OcHoBHe pa3nuke namehy HopmasIHOT rOBOPa M LWANaTa Koje ce orneaajy y apTMKyNauMoHUmM u
aKycTMYMm ocobmHama maHudecTyjy ce u y npouecy npenosHaBakba rosopa. Y Tom cMucay u
YCMNewHOoCT npeno3HaBakba HOPMasHOT FOBOPA Y OAHOCY Ha wWanaT je 3HaTHO 6osba. MHoru of
MCTpaXKkmMBaya ce Tpyae Aa OBY Pas/MKy Y YCNEeWwHOCTU Npeno3HaBatba MUHUMU3UPA]Y.

OcMm  ycarnawleHux cueHapuja Koju noAapasymeBajy  TPEHUHr/TecT cueHapuje Tvna
,HOpManaH/HopmanaH“ u ,wanat/wanat” nocebHO je MHTepecaHTHO Kako he cuctem Koju je
TPEHWPaH HOPMaHUM FOBOPOM Mpeno3HaBaTH WanaT (cueHapuo ,,HopmanaH/wanaT”) Kao u Kako
he cuctem Koju je TpeHuMpaH wWanaTtom npeno3HaBaTM HoOpmanaH rosop (cueHapuo
,lanat/HopmanaH®).

Y nuTepaTtypu cy NPUKa3aHW pasINymMTL eKCNEePUMEHTU Ca Pa3IMYUTUM TOBOPHMM KOPNYCUMa,
Pa3’NIMUNTUM BEKTOPCKUM obenexjuma W pasanymtum MeTogama npeno3HaBatba. Heku opg,
HajuHTEePEeCaHTHUjUX Cy OBAE HaBeAEeHM.

JanaHckn nctpaxkmsaum [Ito et al., 2005] cy ocum HOpManHoOr roBopa W LWanata CHUMan m
M3pas auua npuankom d¢opmuparba roBopHor Kopnyca. [obujeHn pesyntatu Ha 6asm
MoHOodoHcKor HMM cuctema 3a npenosHaBatbe W BEAMKOT pPeyYHUKa cy 6Ouam  3a
,HopMmanaH/wanat” oko 40% p[ok 3a ,wanat/HopmanaH” oko 56% ca oarosapajyhom MLLR
(Maximum Likelihood Linear Regression) agantaunjom.

Ha cnmyaH HaumMH ®aH 1 XaHceH [Fan, Hansen, 2011], Ha 6a3u akycTu4ke pasanke usmehy
HOpPManHOr roBOpa W LWanaTta, npegnaxky Kopuwhere AMHEAPHUX W  EKCNOHEHLUMjaNHUX
bpeKBeHUMjCKMX CKana ga b6u wto H6oswe ,mcnpatnan” cnektpe popmaHaTa Koju ce nomepajy Ka
BUWMM peKkBeHUMjama (33 MAEHTUOUKALM])Yy FOBOPHUKA). Y eKCnepumeHTMMA cy KopuwheHa
BEKTOpcKa obenexja tvna MFCC, LFCC u EFCC kao 1 oarosapajyhe KombuHauuje, a pesyntatm
AobunjeHn 3a npeHTMdMKaumjy (3aBUCHO O FOBOPHMKA M BPCTe TeKcTa) cy 6uam 3a cueHapuo
,HopmanaH/wanat” 79,29% (MFCC), 88,35% (MFCC+LFCC) n 88,14% (MFCC+EFCC). Pe3syntaTtu 3a
CueHapuo ,wanat/HopmanaH” cy 6unm Bpno cnabm m 10 oko 10%. Y 0BMM MCTparkMBarbUMa
NoTEHUMpPaAH je pas3Boj cuctema Koju 6u Ha 6a3nm TpeHUpara Ca HOPMASIHUM FOBOPOM
npeno3HaBao roBOPHUKa Koju wanyhe (anv He n 06pHYTO).

Pagosu Ha TOme pga ce pobuje Tako3BaHWM ,nceydo-wanaTt’ paheHWM cy of CTpaHe
lfadapsageraHa u octanux [Ghaffarzadegan et al., 2015], [Ghaffarzadegan et al., 2016].
HanpaB/beH je Tako3BaHW ,nceyao mogen” Koju ce TPeHWpao M ca HOPMaaHMM FOBOPOM M ca
wanatom. Kopuctuno ce VTS (Vector Taylor Series) anroputam. OBaj mogen je KombuHoBsaH ca VTLN
(Vocal Tract Length Normalization) moamenom [Lee, Rose, 1996] u SFN (Shift Frequency
Normalization) mogenom [Boril, Hansen, 2010] 1 nokasao je 3HaTaH 406MTaK y Npeno3HaBaky
rogopa. Bektopcka obenexja KopuwheHa y oBMM eKcnepumeHTUma cy 6una tmna MFCC un PLP.
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PasmaTpaHa cy npenosHaBakba ,,3aBUCHO Of FOBOPHWKA“ M ,,HE3aBUCHO O rOBOPHUKa“. Tpeba
HarnacuTh ga je oBaj moAen nNpenopy4veH Kaga ce nocegyje ,Mana KoamumMHa“ wanata. MokasaHo
je Aa ce ycnewHoOCT npeno3HaBakba Yy OBOM Cay4yajy nosehaBa 3a oko 10% (Kaga je y nuTamy
npenosHaBakbe Wanata) n 0,5% (Kaaa je y nuTarby Npeno3HaBake HOPMaHOT FOBOpPa).

MeTogy 3a npoHanaxeme AeN0Ba WanaTa YHyTap HOPManHOr roBopa npeanoxunum cy Martyp
n octanm [Mathur et al.,, 2012]. OBa meToga je 6a3vpaHa Ha paudyHaky CMAEKTPa/IHUX OAHOCa
[06MjeHUXx MeToaoM NunHeapHe npeauKkumje (LP-Linear Prediction) n metogom MUHMManHe
BapujaHce HemopguodukoaHor ogsmea (MVDR-Minimum Variance Distortion-less Response).
Jowno ce go 3aK/byyKa fga AeN0BU T4e je CNeKTpasiHa pa3/fiMKa rnaTka npeacTas/bajy A€o WanaTta
YHyTap HopmanHor rosopa. Mehytum, oBa meToZa He gaje M TauyHe Npena3e ca HOPMaAHOr roBopa
Ha wanaT n obpHyTo. CTora ce 3a Takse notpebe kKopuctuna BIC (Bayesian Information Criterion)
meToaa [Acquah, 2010], [Tritschler, Gopinath, 1999]. NMpeanoxkeHa LP-MVDR meToaa ce nokasasna
M OTNOPHA Ha WyM, Tj. gana je gobpe pesyntare 3a pasnmuute ogHoce SNR. 3a npenosHaBake
ropopa je KopuwheH HMM mogen TpeHMpaH ca HOpManHMM TrOBOpom y3 ogrosapajyhy
aganTaumjy npema AenoBMMa Koju cy wanaTt. Bektopcko obenexje je 6uno MFCC Ttuna.
Apantauumja je ypaheHa kopuwherwem MLLR (Maximum Likelihood Linear Regression) metoae
[Gales, 1996], [Gales, Woodland, 1996] npu yemy cy cpegre BpeAHOCTN N BapujaHce ,,nomepaHa
Ka“ aganTtauMoHMm nogaumma. PasmaTpaHa je M npuMmeHa OBOr NOCTYMKa 3a MNpeno3HaBakbe
lwanaTa npu Kopuwherwy mobunHux tenedoHa.

W ppyru ayTopu cy ce 6aBuAN NpoHanaxKekem ,,0CTPBA LWanaTa“ yHyTap HOPMaiHOr roBopa, a
npumep je n kopuwhere eHTponuje [Zhang, Hansen, 2011].

Y paay Wapudsagexa v octanux [Sharifzadeh et al., 2009] pasmaTtpaHa je moryhHOCT Kako aa
ce naumjeHTMma nocse onepauuje, KOjoM je NPOy3pPOKOBaHa NPOMEHa BOKA/IHOT TPAaKTa (Tako Aa
mory camo aa wanyhy), omoryhu ob6auK rosopa Koju je npubaumkaH HopmanHoOM (pakne
TpaHcdopmaumja Wwanata y HopmanaH rosop). Ja 6u ce npomnsseo WTO PasyM/bUBUjU HOpPMaaH
roBop npeanoxeHo je kopuwhewe moandumkosaHor CELP (Code Excited Linear Prediction) koaeka
TaKO LUTO Ce aHanu3npajy, MoaAndUKyjy U pekoHcTpyully aenosu wanata [Ahmadi et al., 2008],
[Sharifzadeh et al., 2008]. CELP omoryhaBa fa ce wanaTt 4eKOMMNOoHyje Npema BOKa/HOM TPaKTy (Ha
eKkcutaumje m ,pitch” KomnoHeHTe), a noTom u3BpWM npunarohaBarbe OBUX NapameTapa
ybaumBarbem 3HauajHUX ,pitch” curHana m Ha Taj HauuH Aa ce wWanat NPUBANNKKM HOPMATHOM
(nomeparbem nokauuje dopmaHaTa M ybaumBakbeM MNOMEHYTUX CWUrHana). 3a pasauky of,
ctaHgapaHor CELP kopeka [Kondoz, 1994], moaudukoBaHM Kopuctu WwabnoH 3a ,pitch” Koju
OAroBapa NpPOLEeHN HMBOA cUrHana. MNapameTpu npunaroherba ce KOpUCTe ca LU/beM reHepmucatba
,pitch” dakTopa 1 npumersbyje ce HeonxoaHa LSP (Line Spectral Pairs) moandukaumja [McLoughlin,
2007]. U ppyrn aytopu y CBOjUM MUCTpa)KMBarbMMa Be3aHMM 3a wanaT oapehusany cy ,pitch”
[Thomas, 1969].
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MHTepecaHTHa Cy M WUCTpaxKMBaka Be3aHa 3a ogpehuBarbe paBHM ¢dopmaHata FIxF2 3a
CaMorNacHUKe LWanaTa y eHrneckom jesunky. To je paheHo ca um/bem Aa ce wWwanaTt Kog nauujeHaTta
(nocne npobnema ca papmHMKcom) npeseae y HopmanaH rosop [Sharifzadeh et al., 2012].

MojeavHM ayTopu Cy pasmaTpanu M ynotpeby Apyrux BpcTta MuUKpodoHa (MMUKpodoHe Koju
benexke BMOpaLMjy KOXKe M KOCTUjy M KOjU Cy NPUKavyeHU Ha rpao - throat microphone), Kao u
ogrosapajyhe BpcTe agantauuja apTUKYIaUMOHMX MOryhHOCTM Kako 6u nosehanwm ycnewHocT
npenosHaBakba HemywTor rosopa [Jou et al., 2005].

McTparkmBarba Be3aHa 3a nNpeno3HaBatbe HOPMAJIHOr rOBOpPa WM LlanmaTa Cca acreKTa
ycarnaweHux 1 HeycarnaweHux cueHapuja BpLIeHa Cy 3a CPMCKKU je3nK Kopuwhermbem CKpUBEHUX
MapKoB/beBMX Mogena u gata cy y pagosuma Manunha ([Gali¢ et al., 2011], [Gali¢ et al., 2013 a],
[Gali¢ et al., 2013 b] un [Gali¢ et al., 2014 a]). PasamaTpaHo je Kopuwhere moaena 3a MOHOPOHeE,
TpudoHe n uene peumn [Gali¢ et al., 2014 b], a KopuwheHa cy pasnynTa BEKTOPCKa obenexxja
(LFCC, MFCC, PLPCC, uta). CodTBepcku anat 3a peanmsaunjy HMM-a je 6uo HTK [HTK]. deo oBux
pesynaTaTa je npuKasaH y lMpunory A.

Ha wnctom rosBopHOm Kopnycy, Kopuwherwem HEYPOHCKMX MpeXKa, pasmaTpaHo je
npenosHaBake 3a NMOMEHYTe BPCTe cueHapuja y pagosuma posaunha ([Grozdi¢ et al., 2013 a],
[Grozdié et al., 2013 b] u [Grozdi¢ et al., 2013 c]). KopuwheHa cy BeKTopcka obeneskja Tuna MFCC,
TEMFCC, TECC u 714. WHTepecaHTHM cy pe3yntatm p[obujeHn Kopuwherem WHBEP3HOr
duntpupara y npouecy npenosHaBara wanaTta [Grozdi¢ et al.,, 2014], a Takohe M aHanu3za
oapeheHnx TexHMKa 3a Hopmanusaumnjy [Grozdié et al., 2015], [Grozdié et al., 2017].

N ppyrn codTBEPCKU anath cy KopuwheHM y npenosHaBaky LWanaTa, Kao wTo je HAp. Kaldi
[KALDI]. Mpumep cy pagoBm No/bCKUX UCTparkmBada [Kozierski et al., 2016].

MHOrM UCTpakMBaum Koju cy ce GOKycMpanm Ha pasmaTpartbe HOPMasIHOT roBOpa M LWanaTa
CBOje eKcrnepumeHTe cy 6asmpann Ha HanaxKeky HauMHa KaKo Aa ce Ha OcHoBy noctojehnx 3Hama
“3 061acTM NpenosHaBatba HOPMaIHOT FOBOPA UCTA MPMMEHE M Ha Wwanat. Y TOM CMUC/M NOCTOju
CTanHa noTpeba 3a pasBujakbeM HOBMX, HanpeaHWjux anroputama M TexHuka. CTora u oBO
NCTParKMBakbe Zaje NPeasior HoBUX, 60/bUX pellerba 3a Npeno3HaBakbe MyATMMOAA/THOT ToBOpa ca
Pa3NIMYUTUM BEKTOPCKUM obenexjuma, Nnpu pasiMynTUM CLLEHapMjuMa 1 TUNOBMMA BEKTOPA.

26



3.BEKTOPCKA OBEJIEXIA

Y unmy obpase 1 nopehera roBOPHUX y30paKa y CUCTEMMMA 3a NMpPerno3HaBake roBopa UCTu
ce TpaHchopmuwy y oarosapajyhm ckyn BeKktopa. lNpouec npesoherba rOBOPHUX y30paka M3
061uKa roBopHMx $ajnosa y CKyn BEKTOpa Ha3uBa ce npeaobpasa (npetnpouecrparbe) rosBopHoOr
curHana. Ha oBaj HauuH peun ce npeTBapajy y oarosapajyhe BeKTopcke penpeseHTe na je HUxoBO
nopehere moryhe Kopuwherem pasaMUUTUX TEXHWMKA O KOjUX CY Hajno3HaTuje: AMHAMWUYKO
ycknahueawe y BpemeHy (DTW), npumeHa ckpuBeHux Mapkosbesux mogena (HMM),
Kopuwherbe HeypoHCcKnx mpexka (NN) Kao 1 pasHa xmbpuaHa pelema.

Y HajnosHatvja M Hajuyewhe KopuwheHa BeKTOpcKka obenexkja ybpajajy ce LPCC (Linear
Prediction Cepstral Coefficients), LFCC (Linear Frequency Cepstral Coefficients), MFCC (Mel
Frequency Cepstral Coefficients), GFCC (Gammatone Filterbank Cepstral Coefficients), PLPCC
(Perceptual Linear Prediction Cepstral Coefficients), RASTACC (RelAtive SpecTrA Cepstral
Coefficients) u cn.

MpumeHom Teager Energy onepaTopa Ha HeKe o4 tMX Mory ce gobutm obenekja tmna
TELFCC, TEMFCC, TEGFCC (y nutepatypu nosHaTto 1 Kao TECC [Dimitriadis et al., 2005]), Kao 1 HoBa
obenerkja Tvna TEPLPCC n TERASTACC.

YKONIMKO ce Kopucte M oaroBapajyhe metoge 3a Hopmanusaumujy (Kao wrto cy CMS, RASTA un
cn.) moryhe je no6uTKM goaaTHE CKYNOBE BEKTOPA U Ca HbMMa BPWUTU oaroBapajyha Tectupama u

aHanunse.

3.1 BEKTOPCKO OBENIEXKIE TUMNA LPCC

[Oobujarbe BeKTOpCKOr obenexkja Ha 6asn nMHeapHor npeaukuMoHor Kogupama (LPC) je Bpno
pacnpocTpakeHo M Ayro BpemeHa buno 4OMUHAHTHO KOZ CMCTEMA 33 QyTOMATCKO Npeno3HaBake
roBopa jep noceayje norogaH MaTemaTuMyku anat. LlemaTckm npukas 610K Aunjarpama 3a
Aob6ujarbe KencTpanHux KoebumumnjeHaTa U UXoBUX M3Boga 6asnpaHux Ha LPC-y, a Koju yKk/byuyje
n moryhHocTt kKopuwherba CMS Hopmanusaumje, NnpuKasaH je Ha canum 3.1.

wave Se() Sp(n X(n)
; dopmupatr-e
ajn - S
M Mpeemdasnc [ pamosa/ B n?ﬁ;ﬁfr?]?:?e —» AyTokopenauuja
[Mpeknanawe 9
— Ci
ge ™ am(p) r(m)
© I
= 3 dCSi Oentan Csi
82 < fenta I CMS Kenctpankm | | o napameTpu
O £ ddCSi Llenta KoeuumjeHTn
O =
oo
-1 O
I

Cnuka 3.1 bnoK dujazpam 3a dobujarbe sekmopckux obenexcja LPCC muna.
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Ha ynasy y cuctem gonasu curHan S(N) koju je y o6anky wave dajna (anrMtanmsosaH roBopHM
CUrHan), a Ha u3nasy ce gobuja CKyn BEKTOPa CacTaB/bEHUX O, KENCTPaNHUX KoedpuumjeHata. Osu
KoedunumnjeHTH cy obenexkeHu ca C, (ako He nponase Kpo3 610K 32 HOpManm3aumjy), OAHOCHO ca

CS, (ako mponase Kpo3 610k 3a Hopmanuszauwmjy). Takohe cy pasmoTpeHn un M3Boamu (aepuBaTtu)

KecnTpasHux KoeduumjeHaTa M TO 3@ CAy4Ya] Kaga KencTpanHu KoeduumjeHTU noanexy
Hopmanusaumju. NMpeun n3Bo4, (LenTa) KencTpanHux KoeduumjeHata je obenexer ca dcs,, a gpyru

u3Bog (aenta-genta) ca ddcs;.

Ha 6a3u oBe npenobpage Kpeupajy ce YeTupu BpcTe BEKTOPa 3a nopehemre n To:

e V1={c,,C,,...Cx}- BEKTOP KOjU je cacTaB/beH 0, KEMNCTPaASHUX KoeduLmjeHaTa Koju HUcy
HOPMa/IM30BaHMU,

o V2={cs,,CS,,..C33} - BEKTOP KOjM1 je cacTaB/beH Of KencTpasHux KoeduumjeHaTa Koju cy
HOPManN30BaHM,

e V3={cs,,cs,,..C35,dcs,,dcs,,...,dCS,} - BEKTOP KOjU je cacTaB/be€H OJ, KercTpasHuX u
OenTa KeNncTpanHux koepuumjeHaTa Koju cy HOPMaNM30OBaHM,

e V4={cs,,Cs,,..CSg,dcs,,dcs,,...,dcs, ,ddcs, , ddcs, ..., ddcs; } - BEKTOP KOju je cacTaB/beH 0f,
KENCTpanHUX, JAenta W [enta-genta  KencTpanHux  KoeduuumjeHaTa Koju ¢y
HOPMaNIM30BaHM.

Bpoj KencTpanHux KoedumuujeHaTa No BEKTOPY je Ru 3a cnyyajy OBOr UCTpaXKMBaHa KOPUCTU
ce R=12

Cuctem npepobpane 3a gobujarba LPCC BeKTOpcKMX obenerkja je cacTtaB/beH Of, PENAaTUBHO
He3aBMCHUX 610KOBA KOjU CYy HA3HAYeHW Ha NPEeTXOAHOj cAnuU. PYHKUMOHANHOCT CBAKOT 04, HUX
he 6UTK NojegMHAYHO pa3sMOTpPEHa.

3.1.1 NPEEM®A3UC

Ha noueTky npenobpase kopuctu ce npeemdasunc 3a o611MKkoBarbe cnekTpa. AUrutanHm curHan
ce Tmme nponywTa Kpo3 FIR (Finite Impulse Response) ¢untep Koju uma 3agatak ga ,mcnerna”
CUrHan y GpeKBEeHLMjCKOM AOMEHY M TaKO ra y4MHU Marbe OCET/bMBUM Ha edeKTe orpaHuyeHe
NPeumsHOCTU Yy KacHMjoj obpagu. duntep 3a npeemdasnc moxe 6UTU UAN PUKCaH MAK CNOpPO
agantuaH [Rabiner, Juang, 1993]. Hajuewhe ce Kopuctn dMKcHM dunTep NPBOr peaa ca jeaHum
KoeduumnjeHTOM (03HaKa @) Ynja NPEHOCHA KapaKTepuCcTuKa (y z AomeHy) je gaTa ca:

H(2)=1+2 raeje ae[-1-04] (3.1)
YA

Crora je u3nasHu curHan us 610ka 3a npeemdasuc gat y obumky:

S,(n)=S(n)—a*S(n-1) (3.2)
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duntep 3a npeemdasnc Mma 3a UMb 4a NOAMUTHE CNeKTap curHana 3a oko 20 dB/dec, a
Pa3no3u cy Wro:

e [enoBM rosopa UMajy cnabsberbe 20dB/dec na oBaj puntep paan MHBEP3HY onepauujy,

® VYBO je BMWeE OCET/bMBO Ha oncer ¢pekBeHumnja nsHag 1lkHz, a osaj ¢untep ynpaso
nojayvasa Taj oncer.

Mpumep yecto KopuwheHor ¢pmnaTpa 3a npeemdasuc je:

H(z):l—g (3.3)

Y npaKkcu je BpegHoOCT 3a KoeduumjeHat a oko 0,95, a jegHa o4 4ecTUX MMNeMeHTaumja ca
dMKcHOM Taukom je n a=15/16=0,9375.

"H(w)
20

10

0.0 L >
w

Cnuka 3.2 [TpeHOoCHa Kapakmepucmuka npeemgasuca 3a a =0,95.

MpeHOCHA KapaKTEpPUCTMKa ca CAMKe 3.2 npuKasyje Kako npeemdasvc dasopusyje Bue
y4YecTaHoCTM K noauke ux u npeko 20dB/dec.

3.1.2 NPEKNTANAKE U NMPO3OPOBAKE

Mocne 6noka 3a npeemdasnc curHan S, (n) Aonasu Ha 610K y Kome ce Bpwmn Gopmuparse

pamoBa, Mpeknanarwe W nNpo3oposBare. Hajnpe ce ueo curHan nogenn Ha pamose AyxuHe N
oamepaka. Motom ce dopmupajy nomohHM pamosu ayxuHe M npu yemy Baxku ga je M<N, a
3aTUM Ce BpLUM NpeKnanake Ha AyXnHu N-M. Ha oBaj HaunH ce fobumja HOBM CKyn pamoBa Koju cy
ayxuHe N mn Koju y cebu cagprke nHbopmauuvje U oh Apyrux pamoBa (36or npeknanama) u
npeacTas/bajy HOBY penpes3eHTaumjy NOCMATpaHOr roBopHOr y3opKa. lNpeknanake ce obuyHO
BPLUM HA Noaa uau Ha TpehurHy, a MOXKe M Ha Apyre BpeaHOCTH.

Mpo3opoBatbe CUrHana ce CBOAM Ha MHOMeHe BPeAHOCTM CBAKOr MHAMBUAYANHOr pama (Koju
je Hactao npeknanarem) ca ¢yHKUMjom nposopoBara - W(n). OBa ¢yHKUMja Mma ogpeheHy
BpeAHoCT y rpaHnuama rae je 0<n<N-1 poK je BaH TUX rpaHuLa HeHa BPeAHOCT jefiHaKa
Hyaun. Unsb npo3opoBatkba je Aa ce MUHUMU3Yje AMCKOHTUHYMUTET CUTHaNa Ha NOYETKY M Ha Kpajy
cBaKkor oz, pamosa. lMocToje pasnnunte BpcTe nposopa (Hamming, Hanning, Triangular [Markovi¢,
Lukovi¢, 2012]) ann 3a ayToOKopenauMoHy mMeToay NnHeapHe npeauKkumje Hajuewhe ce KopucTm
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Hamming-oBo npo3opoBarbe. CMrHan NoABpPrHyT 0BOj BPCTM NPO30pOBaHa NPMKa3aH je Ha Canum
3.3 npu yemy je 6poj oamepaka y pamy N=200, a gy*xuHa npeknanarwa M=14.

M=14 N=200
AVTOKOPENALTHOHA METOTA
4485 xmm [mPO30P
7N CHIHAJ
SR NS S WY 2 N N n
Wy
- 4944 !
0 BFEME 199

Cnuka 3.3 Pam 00 N=200 odmepaxka omexcaH Hamming-osum npo3opom([Rabiner, Juang, 1993].

MaTemaTnykm 06nMK Hamming-oBor npo3opa AaT je popmynom (3.4):
27
W(n)=0.54—0.46cos(N—1) 39 0<n<N-1 (3.4)

Ako ce ca S,(n)obenexn curHan Koju je Hactao nocne Gopmuparba pamosa nojaraka u
HMXOBOI NPeKIanarba, OHAa oArosapajyhu curHan nocne Npo3opoBakba MOXKe ce NPeacTaBuUTH y

cnepgehem o0b6umky:

X, (n) =S, (Nw(n) (3.5)

OBako aobujeHn curHan ce gasbe npocnehyje Ha 610K 3a ayTOKOpPeNaLMOoHy aHann3y.

3.1.3 AYTOKOPE/IALUMOHA AHAJTU3A

AyToKopenaumoHa aHanmsa je cnegehu 610K y npouecy npeaobpage (npema camum 3.1). Ha
CBakM Of, pamoOBa KOju je npowao oTeraBare Hamming-oBUM NpPO30OPOM MpuUmenyje ce
ayTokopenauuja. Mpy Tome 3Ha4vajHy yaory urpa pes ayTokopenaumje Koju ce Hajuewhe o3Havasa
ca p. BpeaHoct 3a p ce 06mnyHo yauma og 8 go 16.

Ha canum 3.4 je pgat npuKas KakKo KpaTKoTpajHu LPC cneKkrap curHana 3aBucum opf, peaa
ayTokopenauuje (rae p yauma speaHoct og 4 ao 20).

AyToKopenaumoHn KoeduumjeHTn ce ogpehyjy nomohy cnegehe dopmyne:

f (m):Nile(n)Xl(ner) 3a m=0,12,...,p (3.6)

n=0

Tpeba HanomeHyTM Aa HyNTa ayTokopenauuja, I (0) npeacrassba eHeprujy | -Tor pama.
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Cnuka 3.4 3asucHocm LPC cnekmpa 00 peda aymokopenayuje p [Rabiner, Juang, 1993].
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3.1.4 LPC NAPAMETPU

3a pobujarbe KoeduuujeHaTa NAMHeapHe npeauKLuMje KopucTe ce npexoaHo aobujeHe
BPEeAHOCTM ayTOKOpenauMoHnx KoedpuumjeHaTa Tako LITO ce CBaKM pam oA p+1-He ayTokopenaumje
TpaHcdopmuie y ckyn LPC napameTtapa. MeTtoaa 3a oBy KOHBepP3uMjy No3HaT je Kao [apbuHoBa
(Durbin’s method). KoHBep3uja ce BpwKn pekyp3nBHMM NOCTYNKOM Kopuwherem cnegeher ckyna

jeagHaumHa:

E®@ =r(0) (3.7)

i-1 )
k ={r()-> aj'r(i-jDHE™ raeje 1<i<p (3.8)

j=1

a® =k, (3.9)
o = ol —kat P (3.10)
EO =@1-k?)EID (3.11)
OBe jeAHauYnHe ce pellaBajy pekyp3uMBHO 3a i=12,..,p. Ha 6a3u Tora pobwujajy ce T3B.

AnpeKTHU LPC koeduumjeHTH Koju ce obenexasajy ca a,,,a padyHajy Ha cnegehun HaumH:

a,=a® m=12..p (3.12)

Takohe ce mory Kopuctutn u pedpnekcnornmn (PARCOR - PARtial CORrelation) KoepuumjeHtn —

K,,ayoapeheHum cnyyajeBUMa 1 NOrapuTaMcKku KoepuumnjeHTH ogHoca - (., KOju ce padyHajy
no ¢opmynu (3.13):

1-k,
1+k

g, = log( ) (3.13)

m

Y oBOM ucTpaxusary KopuwheHn cy anpektHu LPC koeduumjeHtn (a,,) npm yemy je 3a pep,

ayTokopenauuje yseTo p=8.

3.1.5 LPC KENCTPAJ/IHU KOE®PULIUIEHTU

Mpunnkom nopehera CKyna BeEKTOpa KOjU penpe3eHTyjy FOBOPHE CUrHane KencTpasHu
KoedUUMjeHTM Cy ce MOKa3aM MHOro noysaaHuju Hero camu LPC Koeduunjentn. 36or tora ce y
NnpakcuM CnpoBOoAM AO0AATHW KopaK Koju omoryhaBa gobujarbe KencTpanHux koeduumjeHaTa, a
4ecTo M HUXOBUX M3BOAA: AeNTa U AenTta-fAenta KoeduumjeHata. AKo ce KopucTe AnpeKTHU LPC
KoebuumnjeHtn (a,) oHaa ce oprosapajyhu kencrpanHu koeduumjeHTM mory pobutu nomohy

dopmyna (3.14-3.16):
¢, =In(c?) (3.14)
m-1

Cp =4, +Z:(%)ckam_k 3a 1<m<p (3.15)

k=1
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-1
Cn = (
k=m-p

3

%)ckamk 3am>p (3.16)

1l
3

OBze o2 o3HauyaBa ¢akTop Ao6WTKa 3a LPC mogen. O6uuHO ce ysuma R KenctpanHux LPC
KoedpuumjeHaTa npu Yemy ce bupa ga je R~ (3/2)p.

360r 0CeT/bMBOCTM HUMKET pesia KencTpasHMX KoeduumjeHaTa Ha yKynaH CnekTpasHu Harnb, a
Takohe M BUWeEr peaa Ha LWYM, OBM KOepUUMjeHTM ce MOry M A0AATHO OTeXKaTu cneumpuyHom
OyHKUMjom. TloCTynak oTe)aBakba MNOAPA3YMEBA MHOMEHE KencTpanHux KoeduumjeHTa ca
byHKUMOM W, Koja MMa 06AuK:

w, =[1+§sin(%)] za 1<m<R (3.17)

3.1.6 AENTA U OENTA-OENTA KENCTPAJZTHU KOE®ULIUIEHTU

N3Boan KencTpanHux KoedwuumjeHTa (NpBM M Apyrv) ce Takohe MOry YK/byuuTu npu
npenobagM M OHW, MAKO YCNOXKHaABAjy, AOLATHO NOOO/bLIABAj)Y AaNrOpUTMe 3a MNpeno3HaBake
rosopa [Markovi¢, et al., 2013 c].

MpBM M3BOA KENCTpanHUX KoeduumjeHaTa (T3B. aenta KoeduuMjeHT) ce MmoxKe
anpoOKCMMAaTUBHO padyHaTh No Gopmynu:

S (t)

K
de, (t) ~ i Y k*cp (t+K) (3.18)
& k=—K

roe je x4 HopmasnusalMOHa KOHCTaHTa, a padyHare ce Bplun Ha 2K+1 cycegHux pamosa. 3a K ce
Hajyewhe y3nma BpegHocT 3 nnu 4.
Apyrn “3BoA, KencrTpanHux koedpuumnjeHata (T3B. AenTa-genta KoeduuUMjeHT) ce payyHa Tako

LITO Ce oapeamn u3Boa o4 AenTta KoeduumjeHaTa aHaNorHo Kao wro je gato y (3.18). MatemaTuyKu
Ce TO MOKe NpeacTaBUTN y 06/1UKY:

=ddcm(t)z,uZK:k*dcm(t+k) (3.19)

K=K

ey, (t)
&

Ha oBaj HauMH Moxe ce A0buUTU BEKTOP Koju cagpxu 3*R enemeHata (R - KencTpanHux, R -
[AEeNTa KencTpanHux u R - Aenta-genta KencrTpaaHux koepuumnjeHarta), a Unjm je obaumk:

V ={c,,c,,..,,Cg,dc,;,dc,,...,dcg,ddc,,ddc,,...,ddc } (3.20)

HapaBHO, YKOAMKO ce wu30cCTaBe Aenta wu/unu penta-genta kKoedpuuujeHatm nobujajy ce
Bapujaumje 0BOr BEKTOPA Pas3INUUTUX AYKMHA. Y OBOM UCTPaXKMBakby pasmaTpaHa cy cBa Tpu TMna
Tj. Bapujaumuje sekTopa (3.20).

33



3.1.7 CMS HOPMAJIU3ALUIA

Hopmanusaumja ce 4ecTo KOpUCTM Yy MnpoLecupamy roopa jep omoryhasa ga ce cayysajy
BaXXHe WHPoOpMmauMje M NOHULWITE Hexes/beHe pguctop3nje. PasHe meToge Hopmanusauuje
(cmarberba yTMUAja) TENEeKOMYHMKALMOHOr KaHafa Ccy npeasaraHe Tako LWTO ce Bpwuna
KomneHsaumuja opgrosapajyhux Kapaktepuctmka ([Atal, 1974], [Furui, 1981]). JegHa og
HajnonynapHUjux meToaa je oay3Mmarbe cpeame BpegHoctu Tj. CMS (Cepstral Mean Subtraction)
[De Veth, Boves, 1998]. OBa meToaa ce nokasana v Bp/ao eduKacHa y ,yobanyaBary” cnekrpa
Wwanata W HOPMA/NHOr roBopa nocebHo y cayyajeBMMa Kaga Tpeba BpPWMTM TecTuparbe
HeycarnaweHux cueHapuja [Grozdi¢ et al., 2015]. Uu/b je ga KencTpanHu KoeduumjeHTM oba
MmoganuTeTa (a nocebHO ¢y Koju je 0AroBOPAH 33 EHEPIUjY U C 1 KOjU je OAroBOpPaH 3a CNEKTPAHU
Harnb) byay wTo BULWe ycknaheHu, a To ce ynpaso noctmke CMS Hopmanusaumjom. Takohe, oBa
HOPMa/n3aumja yTu4e Ha CMatbeHe BapmjaLmMja Koje HacTajy TOKOM M3roBopa y MICTOM Moay.

Kaga rosopHu curHan npohe Kpo3 BpeMeHCKM HernpomeHsbuB KaHan (C(w)) KoHBOAyuuja

ANCTOP3Mja NOCTaje MYATUNAMKATUBHA Y CMNEKTPaJHOM AOMEHY, a aUTMBHA Y JIOFaPUTAMCKOM
CNeKTpanHOM ZomeHy. MoLWTo je KencTpym AnHeapHa TpaHchopmaumja 10rapuTaMCcKOr CNeKTpa,
oba mory fAa ce nocmaTtpajy Ha MCTM HaunH. AKO Ce Ha FOBOPHM CUrHa/M NPUMEHWN KpaTKOTpajHa
CNeKTpasHa aHanusa — gobuja ce S,(w). Takas curHan nponasm Kpos KaHan K(w). a pesyntyjyhu

cnekTap je Y,(w). Ca wuHpekcom t obenexeHa je BpEMEHCKA 3aBUCHOCT. Pesyntyjuhn curHan ce

MOXKe npeacTasutn dopmynom:
Y, (@) = K(w)*S, (@) (3.21)
a ogrosapajyhu Kenctpym (norapurtam cnekTpa) ca:
Y =k +s, (3.22)

MowTo je KaHan KoHcTaHTaH (K(w)=const), TO ce MOXe W3BPLIKMTU KOMMNEH3aumja

0fly3MMarbeM CPeAiHe BPEAHOCTM 1 Ha Taj HauMH 406UTM HOBKM CMS napameTap ca 03HaKOM CS, :
S, =Y, — Y, =k+s, —(k+5) =5, -5, (3.23)

TaKo ce fobujajy kenctpanHu KoepuumjeHTn Ha 6a3m CMS Hopmanusauuje. MoTom ce of HUX
mory gobutu n ogroapajyhu genta n genta-genta KoeduumjeHTM Nnpema 03Hakama Koje cy gate
Ha cavum 3.1.
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3.2 BEKTOPCKA OBENEXIA TUNA LFCC U TELFCC

Jobunjarbe BeKTOpckux obenexkja Tuna LFCC je 6asumpaHo Ha Kopuwhewy nuHeapHe
dpekBeHuMjcKke ckane. MNocTynak kuxosBor Aobujarba AaT je Ha OCHOBY 6/10K AMjarpama ca C/uMKe
3.5.

wave

Pajn bopmmparee MposopoBatbe
— > [peemdasnc |[—> pamoBa/ —> (Hamming) —> FFT —>
[Mpeknananwe 9

A

Log eHepruja

Oentan ‘L
OenTta- CMS DCT |«
T (nuHeapHa ckana)

DenTa

LFCC (ca/6e3
HopManusauuje)

A

Cnuka 3.5 bnok dujazpam 3a dobujarbe sekKmopckux obenexcja LFCC muna.

Moctynumn npeemdasnca, popmunparba pamoBa, Npeknanaka M NPo3opoBakba CYy UAEHTUYHM
Kao WTO je HanpeAa onucaHo 3a KenctpasaHe koepuumjeHTe Tuna LPCC. MNocne Tora Hag aobujeHum
pamoBMMa ce npumemyje bp3a Pypujeosa TpaHchopmaumja (FFT-Fast Fourier Transformation), a
3aTMM Ce payyHa Jioraputam eHepruje npema JMHeapHoj GpPeKBEHUMjCKOj CKann. HakoH Tora
KOPUCTU ce AUCKPETHA KOCUHYCHa TpaHchopmaumja (DCT — Discrete Cosine Transformation) un Ha
6a3u te aobujajy ce KencTpanHu KoedunumnjeHTU. AKo ce npumeHn Hopmanusaumja (CMS) oHaga ce
Mmory gobutTu U HOPManM30BaHU KENcTpPasHU KoepUUMjeHTU, a Ha OCHOBY WX M MPBU U ApYrK
nsBoamn (menta u penta-genta KoeduumjeHTn). Ha oBaj HaumH pobuja ce CKym BEKTOPCKUX
obenerkja Koju MoXKe UMaTh pas3nnuunt 6poj koeduumjeHaTta no sekTopy (12, 24 unu 36).

3.2.1 bP3A ®YPUIEOBA TPAHCOOPMALINIA

bp3a PypujeoBa TpaHchopmauMja je NOCTynaK KOjum ce payvyHCKM Bpao edpuKkacHo fobuja
CNeKTap CUrHana y KpaTKMM BPEMEHCKMM WMHTepBanuMma. MHoro je epuKkacHuja og AUCKpPETHe
dypunjeose TpaHchopmaumje (DFT —Discrete Fourier Transformation). JeduHuwe ce 3a HUCKY

cumbona s(n) KoHayHe ayxuHe N Ha cnegehu HaumH:

2% f
- n

S(f):NZ_ls(n)*e i (3.24)
n=0

rae je N ay»kvHa npo3sopa (6poj ogmepaka), a f, dpekseHuMja ogmepaBatrba.
bpzom ®PypujeoBom TpaHchopmaumjom aobujajy ce oarosapajyhe BpegHoctM Yy
eKBMAUCTAHTHUM Taykama Koje cy pgebuHucaHe ca k* f./N na npetrxogHa jegHaumHa pobuja

06/1uK:
N-1 27r*k

Sk)=>'s(n)*e N (3.25)

n=0

roe k y3uma spegHoctn k=0,1,...,N —1.
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YecTto ce bupa ga BpeaHocT 3a N 6yae obnauka 2P. Taga ce 3a payyHarbe 6p3e Pypujeose
TpaHcdopmaumje kopuctn ,radix 2“ anroputam. Peanmsaunja 6pse Pypujeose TpaHchopmaumje ce
y TOM C/ly4ajy MOXKe CNpOBECTU Ha ABa HAuYMHa:

- pasBujarbem no BpemeHy (DIT — Decimation In Time)

- pasBujarbem no ¢ppekseHunjama (DIF — Decimation In Frequency)

MN36op anropuTma nporpammparba M Kopuwhere jegHor Man Apyror aaroputma 3aBucK og,
KOPUCHUKA, a 06a, NnyTem peKyp3nBHMX Kopaka, bp30o foBoAe A0 jeANHCTBEHOT CKyMa peLetsa.

PauyHarbe guckpetHe Pypujeose TpaHchopmaumje (DFT) nogpasymesa 6poj onepaunja pega
BennumHe N?, nok 3a 6p3y Pypujeosy TpaHchopmauujy Taj 6poj je N*Log,N . To je n rnaBHu

Pa3/0r WTO Ce y NPAKCK YrnaBHOM KopucTu bp3a Pypujeosa TpaHchopmaumja.

3.2.2 IMHEAPHA ®PEKBEHLUICKA CKAJIA

Kopuwhere nnHeapHe ppekBeHLMjCKe CKane nogpasymesa popmuparbe ckyna ¢puatepa Koju
CYy eKBMAMUCTAHTHO pacnopeheHn Ha ¢pekBeHuujama og 0 (HajHuke) go 11.025Hz (Hajsule).
®duntepn cy TPOYraoHM M MMajy NpeKnanare Ha LeHTpanHum dpekseHumjama. MNoaena ckana Ha
30 nogoncera, ekBUBaNEHTHUX GUATEPA, je NPMKa3aHa Ha camum 3.6.

VA

1k

0 11025 gy
Cnuka 3.6 Pacrioped ¢hunmepa Ha AUHEAPHO) CKAAU.

Ha cBakom oA nogoncera padyHa ce 10raputam eHepruje 1 Ta BpeaHocT ce npocnehyje y 610K
3a ANCKPETHY KOCUHYCHY TpaHcpopmaumjy. EHepruja cBakor og, nogoncera ce padyHa Kao:

G

E =YX () (3.26)

i=h
roeje i=12,..N;,a D; u G; cy Aoa U ropkba rpaHuua i-Tor nogorncera Ha IMHeapHoj ckanu. N

npeacTas/ba YKynaH bpoj nogoncera Ha IMHEapPHO] CKan WTo je y oBom caydajy 30.

3.2.3 AUCKPETHA KOCUHYCHA TPAHC®OPMALUIA

Mocne 610Ka y KOMe ce padyyHa eHepruja no NoAonce3snma, Tj. heH 10rapuTaMCKn eKBUBAJIEHT,
npumeryje ce AWCKPETHa KOCMHYCHa TpaHcpopmauuja ca uM/bem ga ce nobujy KencTpanHu
KoeduumjeHTn. To je y CTBApU MHOXKEHE N0rapuTma eHeprmje ca ogrosapajyhom KocMHycHOM
dyHKUMjom. Tako ce KencTpaiHu KoedpuumjeHTn ogpehyjy no cneaehoj dopmynu:
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C :ilog(Ej)*cos(i*(j;\]ﬂ) (3.27)
j=1 f

roe je N; 6poj nogoncera Ha cKkaan, a i=12..N,<N;-1 pegHu 6poj KencrtpanHor
KoedpuumjeHaTa. Y 0BOM pagy pasmaTpaHo je kopuwhere 12 KencTpanHmx KoebuumjeHaTa.
Mocne oppehuBarba KencTpanHux kKoeduumjeHata moryhe je NMPUMEHUTM HOpMANM3aLMmjy

(CMS) kao wTo je npeactaB/beHo Ha cavum 3.6, a Takohe A06MTKM M3BOAE KENCTPasHUX
KoeduumjeHaTa npsor (aenta) n apyror (aenta-genta) peaa.
Jobujarbe n3Boga KenctpanHmx KoeduumjeHaTa je MAEeHTUYHO Kao WTo je onucaHo y 3.1.6.
BekTopcka obenexja tmna TELFCC gobwujajy ce Kopuwherem 610K Weme Koja je npuKasHa Ha
cavum 3.7.
wave
thajn dopmupare

Mpeemdasnc |[—» pamoBa/ —>
[Mpeknananwe

[Mpo3opoBake

(Hamming) | ] FFT

}

A

Renra u Log eHepruja
fenta- | cwms DCT || gewepma L 1 Teo
T (nMHeapHa ckana)

T

Henta

A

TELFCC (ca/6e3
HopMmanusauuje)

Cnuka 3.7 bnok dujazpam 3a dobujarbe sekmopckux obenexcja TELFCC muna.

Kopaum Kao wto cy npeemdasuc, dopmupare pamoBa, MpeKknanarke, MNPo30poBare
Hamming-oBnum npo3opom n 6p3a PypujeoBa TpaHchopmaunja cy MAEHTUYHM Kao wTo je Beh
HasHauyeHo npu Aobwujarwy LFCC kencrtpanHux koedwuumjeHaTa. HoBo je To ga ce nocne 6pse
dypujeose TpaHchopmauuje npumerbyje HenumHapHwu Teager Energy onepatop (TEQ) Ha Tako

[obunjeHn curHan.

3.2.4 TEAGER ENERGY OINEPATOP

OBaj onepaTtop ce y aAutepaTypu Ha3mBa U Teager-Kaiser Energy Operator [Kaiser, 1990 a],
[Kaiser, 1990 b] n omoryhaBa onuc HaranMx NPOMeHa eHepruje yHyTap rn1oTaiHOr gena roBopHoOr
anapara. 3a peanHe AUCKPETHE BpeMEHCKe CUrHasie 0Baj onepaTtop ce geduHULLe Kao:

¥ (x[n]) = x*[n] - x[n-1]*X[n+1] (3.28)

roe cy x[n] ogmepum Tor peanHor curHana.

3a KOMMNEeKCHe AaucKpeTHe curHane TEO ce payyHa Kao Cyma €Hepruja peanHor wm

MMArmHapHoOr aesia Tor KOMnNAeKCHOr CUrHana:

@ (x[n]) = ¥ (Re{x[n]}) + ¥ (Im{x[n]}) (3.29)
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MN3payyHaTa BpeaHocT @[] ce oTe)kaBa npema GUNTpUMa NMHeapHe (pPeKBEeHLMjCKe CKane
(cnuka 3.7). Motom cneae NOCTynuM M3padyHaBara /IorapuTMa eHeprinje, ANCKPeTHE KOCUHYCHe
TpaHcdopmaumje, 1 Tako ce obujajy KencTpanHu KoedunumjeHTH ca u 6e3 Hopmanusaumje. [lakne,
OoCTaTak npoueca je MOoTNyHO WAEHTMYAaH ca OHWMM Koju je onucaH 3a pgobujarwe LFCC

KoedpuumjeHaTa.

3.3 BEKTOPCKA OBEJIEXIA TUNA MFCC U TEMFCC

3a pobujarbe BeKTOpCcKUX obenexkja TMna MFCC KopucTu ce 610K Wema NpUKasaHa Ha camum
3.8. Y nuTakby cy KenctpanHu koeduumnjeHTn 6asmpaHu Ha menoamjckoj (“mel”) dpekBeHLMjCKOj
CKanu npu yemy ce Takohe pasmartpajy onumje ca u 6e3 Hopmanumsauuje.

wave

ajn Popmmpatse Mpo3opoBatbe
—» lMpeemdasuc | pamosa/ ) i Al
MNpeknanae (Hamming)
20 <
&5
g3 lentawn Log eHepruja
S &« Denme- CMS T DCT |« (rr?el cxgnaj)
Q g Henta
Q.
=9 <

Cnuka 3.8 bnok dujazpam 3a dobujare sekmopckux obenexcja MFCC muna.

MocTtynak pobujatba MFCC KoeduumjeHaTa je MAEHTMYAH Ca Hanpen ONMCAHUM MOCTYMKOM
LFCC KoeduunjeHaTta. JeanHa pasniuKka je ga ce YMeCTO J/IMHApPHE CKane KOpUCTM MenoamjcKa

CKana.

3.3.1 MENOANICKA ®PEKBEHLIUICKA CKANIA

Menoamjcka ckana ce KoOpucTn Aa onuiie ocobuHy YyjHOCTM yBa Koja HMje NnHeapHa. Haume,
€KCNEePMMEHTANIHO Ce AOWN0 A0 3aK/byyKa Aa Ce 4YyjHOCT MOXKE anpoOKCMMMpPATU JIMHEApHOM
dyHKuMjom o ¢pekBeHumje og oko 1000Hz, a npeko Te ¢peKkBeHUMje ca orapuTamcKom
dyHKuujom [Rabiner, Juang, 1993]. Chuka 3.9 aaje npMkas menoaujcke ckane y uHtepsany oa 0 go
11.025Hz.

,PpekseHumja“y “mel”’-uma ce payyHa Ha ocHoBy cnesehe dopmyne:

f . =2595*log,,(1+ f /700) (3.30)
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PeDOoDmOEmEe

[mel]

P4

- ﬂlPE[{BEHI..[[-[]A. [Hz]

Cnuka 3.9 Menooujcka (“mel”) ckana.

MNocne 6p3e dypujese TpaHchopmaumje (canka 3.8) curHan gonasu Ha 610K 33 OTerkakbe
npema “mel” ckanu. OBaj 610K ce cacToju of, ckyna TpoyraoHux ¢unTepa Koju cy pacnopehenu
npema “mel” ckanu Ha pactojarby o4 0 go 11.025Hz (camka 3.10). YKynaH 6poj puntepa je 30.

V(f)“

1}

0 11,025:f[Hz]
Cnuka 3.10 Pacnoped ¢unamepa Ha MeaooujcKoj ckanu.

MNocne payyHarba fiorapuTma eHepruje Ha nojeguMHUM MNoAoncesuma BpLIM Ce padvyHarbe
KencTpanHux kKoedbuuunjeHata npema (3.27). Motom cneguM npuMeHa HopmanauMsauumje, na
oppehuBarbe genta u Aenta-genta KencrpasHux koedpuumjeHaTa. Tume ce aobuja 3a0KpyKeHU
cet MFCC napamertapa.

Jobunjarbe TEMFCC BekTOpCKUX 0b6enexja omoryhasa cuctem npmkasaH Ha cavum 3.11.

Ha naeHTMYaH HaumH Kao wTo je Beh onucaHo aobujarbe TELFCC kKoedunuymjeHaTa, Aobwujajy ce
n TEMFCC koedunumMjeHTM ¢ TOM pas3/IMKOM LUTO Ce YMEeCTO /IMHeapHe cKase caga Kopuctn “mel”
ckana. Octanun Kopaum obpase cy UCTOBETHM Ca Hanpes HasHauYeHUM.
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wave
thajn dopmupare

—» [peemdasnc [—> pamoBa/ —>
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Cnuka 3.11 bnok dujazpam 3a dobujarbe seKmopckux obenexcja TEMFCC muna.

3.4 BEKTOPCKA OBEJIEXIA TUNA GFCC U TEGFCC

Kopuwherwem ckyna Gammatone ¢untepa Kao OCHOBe 3a cenekumjy ogpeheHor pgena vy
rOBOPHOM CMeKTpy mory ce aobutn Gammatone KencrtpanHu KoeduuymjeHTn (GFCC) n wuxose
Bapujaunje (nosHaTn y nutepatypu M Kao GTCC [Cheng et al., 2005]). MonynapHocT oBe BpcTe
duntepa ornepa ce y 4ob6poj cumynaumnjmu ayanTopHMX Npoueca y /byackom ysy [Petterson, 1992].

Cuctem npuKasaH Ha cavum 3.12 npuKasyje HauuH gobujartba Gammatone KencrpasiHux
KoeduumjeHaTa ca n 6e3 Hopmanmsaumje, Kao 1 gobujare HUXOBUX M3BOAA.

wave
dajn dopmupare

——— 1 [lpeemcasmc [ pamoBa/ >
[Npeknanawe

[Mpo3opoBane Gammatone
- | >
(Hamming) duntpmn

A

Oentan i YjegHavaBame
<«+— [Jenta- CMS DCT |« LogeHeprnja [«— rnacHoctu (Equal-
DenTa loudness)

Cnuka 3.12 bnok dujaepam 3a dobujarbe sekmopckux obenexcja GFCC muna.

GFCC (ca/6be3
HopMmanusauuje)

Mpouec npepobpage 3anoymktbe 670KOBMMa 3a npeemdasuc, dopmupare pamoBa WU
npeknanawe, Na oTe)aBakbeM Hamming-oBMM NpPoO30poOM. 3aTUM CUIHA/N NPOSA3N KPO3 CKyn
Gammatone ¢untepa, na ce BpWU yjeaHayasarbe rnacHoctn (Equal-loudness), uspadyyHaBame
NorapuTma eHepruje Ha nojeguMHMM OMce3nma, AUCKPETHA KOCMHYCHA TpaHcdopmaumja M Tako
nobunjajy Gammatone kencrpanHu KoedpuunjeHatm (GFCC) ca nnm 6e3 Hopmanmsauuje. Ha ocHoBy
KpenpaHux KencTpasHmx koeduumnjeHTa MoxKe ce o4peanTn UXoB Npeu (genTta) u apyrm (aenta-

Aenta) ussog,

3.4.1 GAMMATONE CKYN ®UNTEPA

Ckyn Gammatone ¢untepa ce y aHaAM3M 4ecTo KOPUCTM 3aTo WTO A06po anpoKcumupa
NnoHalake 0CeT/bUBOCTU Ny»Ka (cochlea) y /byackom ysy. Y oBom paay KopuwheHo je 30 puntepa
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Koju cy pacnopeheHun Ha ¢ppekBeHuunjama og 0 o 11.025Hz Kao wTo je npuKasaHo Ha canum 3.13
(npy yemy je cBakM Apyru HaupTaH paan 6o/be NPerneaHoCTM CAUKE).
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Cnuka 3.13 Ckyn Gammatone ¢unmepa.
MmnyncHu oasmns cBakor o4 puntTepa ce MoXKe padyHaTty npema popmynn [Petterson, 1992]:
g(t) = at" e ?™ cos(2f .t + @) (3.31)

rae je akoHCTaHTa M obuyHo uma BpegHocT 1, n je pep ¢untpa, ¢ ¢dasHu nomepaj, f, je
LueHTpanHa ¢pekseHumja, a b (bandwidth) wupuHa cnektpa y Xepuuma. LleHTpanHe ppeKseHunje
ce pacnopehyjy npema Bark ckanu. Y npakcn ckyn Gammatone ¢untepa ce mogenyje HM30M
npaBoyraoHux ayamo ¢untepa Koju ce Hasmeajy ERB (Equivalent Rectangular Bandwidth) kao wTto
je NnpukasaHo Ha camum 3.14.

ERB ®HIITEFP

CTBAPHH ®HIITEP

SHHEwIRHIE

OPEKBEHLIHIA [Hz}
Cnuka 3.14 OdHoc ERB u cmeapHoz ¢punmpa.

Glasberg n Moore [Glasberg, Moore, 1990] cy npeanoxunn cnepehy sesy nsamehy ERB wu
LueHTpanHe dpekBeHuumje f, ceakor og duntepa:
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4371,
1000

ERB(f.)=24.7( +1) (3.32)

Petterson je cyrepucao aa wWmnpurHa cnektTpa/oncera ceakor og Gammatone ¢puntpa byae:
b=1.019ERB (3.33)
LUTo ce Tnue pega n 3a Gammatone ¢uaTpe npeanaxe ce aa byge n=4.

Mocne nponacka Kpo3 nomeHyTe GUATPe CUrHaN A0Na3N Ha 610K 3a yjeaHadaBarbe r1acHOCTY.

3.4.2 YIEAHAYABAHE NMACHOCTU

KpuBa yjegHauyaBaka rnacHoctu (Equal-loudness curve) anpoKkcMmupa oceT/bMBOCT JbyACKOT
yBa Ha 3BYK pasnnuntnx ¢pekseHuuja [Hermansky, 1986]. Y oBom npouecy npegobpage curHan
Koju ce pobuja Kao nsnas s Gammatone ¢mntepa 6MBa oTexKaH ca ogrosapajyhom gyHKumnjom.
dyHKUKja oTexkarba 3a HMKBUCTOBY PppeKBeHLUNjy Koja je nsHag S5kHz garta je y 06aumky:

£ (w® +56.8*10°%) " (3.34)
(0* +6.3%10°%)?(w? +0.38*10%)(w® +9.58 *10%°) '

roe je o yraoHa ppekseHumja (w =24 ).
Y cnyyajy aa je Huksuctosa ppekseHumja ucnog 5 kHz kopuctu ce cnegeha popmyna:

E_ (w* +56.8%10%) 0" (3.35)
(w? +6.3*10°)? (w? +0.38*10°) '

MowTo je ¢pekBeHUWja oamepaBatba 3a CUrHan y oBom pagy 22.050Hz To ce Kopuctu
oTexxarbe aato ¢opmynom (3.34).

Jobunjarbe BekTOpCcKUX obenexja Tmna TEGFCC Bpwu ce npema LWemM Koja je AaTa Ha Camum
3.15.

wave
i dopmumpare
ajn
B Bl O M 1
[Npeknanawe

A

Oentan Lo YjepHayaBame

<«+— [enta- CMS DCT | 9 |« rnactoct (Equal- f«— TEO
eHepruja

HenTta loudness)

Cnuka 3.15 bnok dujazpam 3a dobujarbe sekmopckux obenexcja TEGFCC muna.

TEGFCC (ca/6e3
HopMmanusauuje)

bnok ca Teager Energy onepatopom ce nocTaB/ba M3a cKyna Gammatone ¢untepa u
npuMerbyje Ha Tako GUATPUpPaH curdan. Octanu enemeHTn npegobpase cy MAEHTUYHU Kao WTO je
onucaHo 3a gobujarbe GFCC kKoedunumjeHaTa.
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3.5 BEKTOPCKA OBEJNIEXIA TUNA PLPCC U TEPLPCC

Ckyn obenexja Koju je y nutepatypu nosHaT Kao PLP (Perceptual Linear Predictive)
npeAcTaB/ba NepLENnTUBHY NMHEapHY NpeauKuunjy yBeaeHy of, cTpaHe XepmaHckor [Hermansky,
1986]. dobujarbe PLPCC BekTOpckor obenexja ca oarosapajyhum onuujama (Hopmanusauwja,

AenTa v genta-aenta KoedpuumjeHTU) NnpruKasaHo je Ha camum 3.16.

Wave cajn ®opmuparee Mposoposate
—— » [peemdasnc |—» pamoBa/ —> - —> FFT
(Hamming)
Mpeknanawe
20
8=
§ § Oentau YjeaHavaBame Bark duntepcka
o= <« penra- cMS LPC e IDFT e rnactoctun e CKanap
Q g Henta WHTEH3uTeTa
T 9 <
T <«

Cnuka 3.16 bnok dujazpam 3a dobujarbe sekmopckux obenexcja PLPCC muna.

Mpeu aeo npepobpage (npeemdasuc, popmmnparbe pamosa/npeknanare, NPoO30pPOBake U
6p3a PypujeoBa TpaHchopmauMmja) je MAEHTUYAH KAO Kog paHuje onucaHux obenexja. 3atum
cneagn ckyn duntepa npema Bark ckanu. Bark ckana pgeduHuwe ¢pekBeHUMje HA OCHOBY

jeaHaumHe:

f f
fo =6*IN(—+((—)* +1)*°
Bark (600 ((600) ) ) (336)

LleHTpanHe dpeKkseHunje duntepa cy jeaHako pacnopeheHe Ha ocHoBy Bark ckane, a npema
npenopyuM XepmaHckor mamehy wux je pasmak og 1 Bark. O6auK dwuntepa je MAEHTUYAH M

3a408B0/baBa cneaehe penauuje:

0 fBark - f(:(Bark) <-2.5
10 feen feew 09) DB < £~ Fgany < —0.5
W= 1 =0.5 < faan — fegary <05
10 2 o feem 0 QB f <13 (3:37)
0 fBark - 1:c(Bark) >13

YjegHayaBarbe r/1aCHOCTU Ce payvyyHa Ha MAEHTUYAH HAYMH KAao WTO je HaBeAEeHO Y jegHauYNHMU
(3.34). MoTom ce KOpUCTM KOMMNpecuja MHTEH3UTETa rnacHocTu. OHa anpoKCMMMpPaA HeIMHeapHU
ofHOC u3mehy uWHTeH3MTeTa 3ByKa W nepuenuuje rnacHoctu. Oprosapajyha penaumja 3a

KOMMPEeCKjy MHTEH3UTET INMACcHOCTY je AaTa ca:

D, =(X,)"* 1<m<M (3.38)

rae je m pen duntpa, a M=30 ykynaH 6poj npumerbeHnx puntepa.
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MoTom ce npumerbyje MHBEp3Ha AUcKpeTHa PypujeoBa TpaHchopmauumja (IDFT — Inverse
Discrete Fourier Transformation) Ha curHan @, Cnepu pobujare LPC koeduumjeHaTa (nocTynkom
Koju je objawmeH y aeny 3.1), a o4 HKUX KeNCTpanHUX ca ogroapajyhum sapujaumjama (ca n 6es
HOpManusauuje, genta u genta-genta).

HJobunjarbe TEPLPCC BeKTOpckor obenerja ca ogroBapajyhum kencrpasHum kKoepuumjeHTUMa
NPMKa3aHO je LWemMaTCKu Ha cavum 3.17.

; dopmupare
Wave cpajn pMup MposopoBare
———>»| [lpeemdasnc [—> pamosa/ —> - —>» FFT [—» TEO
(Hamming)

- Mpeknanaxwe
S T«
85 -
S Jentaun YjeaHavaBatse
8 Z<«— [Jenta- [« CMS LPC <«<— IDFT |¢—] rMacHoCTU K <« Bark ckana
! g Oenta MHTEH3nTEeTa
o
W 2«
=

Cnuka 3.17 bnok dujazpam 3a dobujarbe sekmopckux obenexcja TEPLPCC muna.

Ca cnvMke ce youaBa fga je TE onepatop npumerseH nocne 610Ka 3a 6p3y Pypujeosy
TpaHchopmaumnjy. OcTann [enoBu M HUXOBA YIOra CYy MAEHTMYHM Kao LWTO je OonucaHo 3a
BEKTOPCKO obenexje PLPCC tnna.

3.6 BEKTOPCKA OBEJIEXKIA TUINA RASTACC U TERASTACC

[Oobuvjarbe BekTopckor obenexja tTmna RASTACC (RelAtive SpecTrA Cepstral Coefficients)
3acHuBa ce Ha PLP aHanu3u Ha Kojy je npumerbeHa oarosapajyha moguMduKaumja cnekTpanHux
KOMMOHEHAaTa Kojy cy npeanoxmnm XepmaHcku u MopraH [Hermansky, Morgan, 1994]. Uumw
RASTA-e je Aa NOTUCHe CMEKTpPa/IHE KOMMOHEHTe Koje cy ,,cnopuje” nnmn ,6pxe” oa yobuyajeHnx
npomeHa y roeopy. Ha oBaj HaunH ce RASTA TpeTupa 1 Kao jegaH og ob6anKa Hopmanusauymje [De
Veth, Boves, 1998]. [la 61 ce To ocTBapuI0 yBOAE Ce A0AaTHU Kopauu y ogHocy Ha PLP, a wema 3a
nobunjarbe oBUX obenexja je gata Ha camum 3.18.

Wave
ajn dopmunparse Bark
—>» [llpeemdasnc [ pamoBa/ > I'Ipoaopqaau;e > FFT |[—>» dwuntepcka [—>
(Hamming)
[Mpeknanaxe ckana

YjenoHavyaBare
LPC [« IDFT |« rmacHoCTU 1 [
WHTEH3nTETa

Oentan YjenHavyaBatbe
<— [enta- LPC [« IDFT |« rMacHoCTU 1 l— EXP() [«— H(z) [« LOG() [|«—

[enta VMHTEH3MTEeTa

6e3 RASTA
Hopmanusauuje

RASTACC ca
HopManusauujom

Cnuka 3.18 bnok dujazpam 3a dobujarbe seKmopckux obenexcja RASTACC muna.
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JopaTtHu Kopauu nogpasymesajy:

1) TpaHchopmaumjy CreKTpasHUX amnantyaa nomohy HennHeapHe KoMnpecuoHe ¢yHKuumje
(n3paxkeHe nomohy LOG() 6noka Ha cavum 3.18),

2) dunTpuparbe BpEMEHCKE MyTakbe 3a CBAKy MPETXO4HO TPaHCPOPMUCAHY CMeKTpasHy
KOMMNoOHeHeTy (n3parkeHo nomohy H(z) 6noka),

3) TpaHcdopmauumjy PUNTPUPAHMUX CMEKTPAZHUX KOMMOHeHaTa nomohy HenuMHeapHe
eKkcnaHsnoHe pyHKUMje (Nnpeactas/beHe nomohy EXP() 6i10Ka Ha NPeTXo4HOoj cAnum).

Lin/b oBOr NOCTYMKa je Aa ce cBaka KOHCTAaHTHA MM CNOPONPOMEH/bUBA KOMMNOHEHaTa NOTUCHE
npe Hero wto ce npumeHun LPC aHanusa.

®duntep (y z HoTaumju) Koju je npeanoxkmo Xepmancku je lIR (Infinite Impulse Response)
obaunka geduHmUcaH ca:

247 t—z3 2%z
1-0,98*z7" (3.39)

H(z)=0,1*z"**

n oH omoryhaBa fa ce NnoTUcHy oarosapajyhe cnoponpomeH/bUBe KOMMNOHEHTE.

MpumeHom 610K anjarpama ca camke 3.18 mory ce gobutn oarosapajyhu RASTA KenctpanHu
koeduumjeHtn (RASTACC) 6e3 Hopmanusaumje, ca Hopmaansaumjom Kao M ogarosapajyhu nssoam
(aenta u penTta-genta kencrtpaaHu KoedbuuujeHTH).

Jobunjarbe TERASTACC BeKTOpCcKMX obenerkja ocCTBapyje ce TaKo WTO ce npumeHn Teager
Energy onepatop nocne 6n0kKa 3a 6p3y Pypunjeosy TpaHchopmaLmjy, Kao LWITO je NPMUKA3aHO Ha

cnavum 3.19.
\3/)2\'/1'? Popmmparee Mpo3opoBare Bark
Pan | Mpeemdasnc | pamoBa/ > PO30POE > FFT [—» TEO [|—» dwuntepcka [—»
(Hamming)
[Mpeknanaxe ckana

YjenoHayaBatrse
LPC |« IDFT [« rnacHocTMu |[«—
MHTEeH3NTeTa

Oentan YjenHavyaBamwe
<«— Jenta- LPC |[¢«— IDFT |« rMacHocTN 1 [+ EXP() [«— H(z) [« LOG() [«

[enta VHTEH3uTEeTa

6e3 RASTA
HopMmanusauuje

TERASTACC ca
Hopmanuaauujom

Cnuka 3.19 bnok dujazpam 3a dobujarbe sekmopckux obenexcja TERASTACC muna.

Ha cnuyaH HaumH Kao M 3a RASTACC pobuja ce cKyn BeKTOpCKux obeneskja Koju ce mory
cactojaTh oA, KencTpanHux koeduumjeHaTa 6e3 Hopmanusauuje, ca HoOpmanusauumjom, genta u
aenta-genta KoedpuunjeHata. OBUM ce 3a0KPYKYje CKyn pasmaTpaHMX BEKTOPCKUX obenexja.
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4. WHI-SPE TOBOPHA BA3A

[da 6u ce ycnewHO M3BpLWMWAA aHANM3a M TecTUpare My/ATMMOZA/NIHOT FOBOpa Hajnpe ce
NPUCTYNUAO Kpenpary 6ase roBopHUx y3opaka. OBa 6a3a je yHanpes ocMULI/bEHA M NPeACcTaB/ba
ckyn og, 10.000 gatoteka. KopuwheHo je 50 pasnnumtmux peynm Koje cy Tako ogabpaHe aa
dopmupajy Tpu Kopnyca: ckyn 6o0ja, ckyn 6pojeBa M CKyn aKyCTUYKM BanaHcMpaHux peudn. OBe
peun cy nsroBapaHe y Asa moa: HOPMa/IHUM FOBOPOM M LWanaTtom. Hasme 6a3e roBopHMX y3opakKa
je Whi-Spe wto acoumpa Ha wanat (Whispered Speech).

4.1 AN3AJH TOBOPHE BA3E

basa je An3ajHMpaHa Tako Aa CafpXKM ABA OCHOBHA AeNa: NPBU Ae0 CYy TOBOPHU Y30pLM KOju ce
OAHOCEe Ha HOPMaAJiaH roBOpP, a APYrM A0 Cy Yy30puUM KOju Ce OA4HOCe HAa wanaTt. 3a CHUMake
y30paKa aHraxoBaHo je 10 roBOpPHUKA U TO MET KEHCKUX N NeT MYLIKMX Koju cy buam ctapoctu oz
20 po 30 rogmHa. KeHCKM 1 MYLLKM FOBOPHULIN Cy 0DeNIeXeHN PasINYNTUM UHAEKCMMA TaKo Aa je
TOKOM aHanu3e moryhe npaTuTi U Kako Mo rOBOPHUKA yTUYe Ha Npeno3HaBakbe roBopa.

CBakM o roBOpHMKA je nsrosapao ckyn o 50 peun y oba moga m 1o 10 nyta npu yemy je
NOCTOja0 BPEMEHCKMU pa3maKk namehy cHMMama o4 HEeKONMKO AaHa. Ha Taj HaumH je dopmumpaHa
6a3a og ykynHo 10.000 roBopHux y3opaka [Markovié et al., 2013 a]. KopuwheHe cy Tpu ocHOBHe
KaTeropuje peyn u To: Ha3nMBW OCHOBHUX 60ja (ykKynHo 6 60ja), bpojeBa (yKynHo 14 6pojeBa) u
aKyCcTMYKM HanaHcupaHe peun (ykynHo 30 peun). AKYCTUUKM OanaHcMpaHe peyun cy paHuje
neduHucaHe Ha 6asm GEES-a [Jovici¢ et al.,, 2004] n oHe cy nask/bmBo M3abpaHe Aa NOKpUjy
OCHOBHE JIMHIBUCTUYKE KPUTEPUjyMe CPMCKOTr je3MKa Kao WTo Cy pacnopes poHema, aKuUeHTHa
CTPYKTYpa, Kpenpame C10rosa, rpynucarbe CyriacHUKa u CMYHO.

Csu nogaum y 6asu cy jeAHO3HAYHO obenexeHW Tako Aa WX je nako Kopuctutu. Cnepehe
npasuno je kopuwheHo npun obenexasarby rOBOPHUX y30paKa:

®  QJKO je rOBOPHM y30paK Be3aH 3a HOPMAJIaH rOBOpP Heros 0b6AuK je: recx_y_zn.wav
® 3 aKo je Be3aH 3a LWanaT oHAaA je 0b6auKa: recx_y_zs.wav

CnoBa ‘n’ u ‘s’ ucnpepn, ekcreHsuje ‘wav’ o3Ha4aBajy Aa ce ¢aji oAHOCKM Ha HOPMasiaH rosop,
OJHOCHO LanarT, pecnektueHo. O3Hake “x”, “y” n “z” cy npupoaHun 6bpojesn TakBM Aa “x” o3Havasa
MHAeKC (pegHn 6poj) peun M3 pator pedyHuKka (moske ysumatm BpeaHoctn og 1 go 50), “y”
O3Ha4yaBa peaHu 6poj roBopHMKa Koju pey usrosapa (M moxe 6utn og 1 go 10 npu yemy cy
YKEHCKM roBOpHUUM obenexkeHn bpojesuma oa 1 ao 5, a mywku 6pojesuma og 6 go 10) n “z”
O3Ha4aBa pegHu 6poj n3roBopa nojeaMHauyHe peyun Kojy roBopHuK “y” nsrosapa (moxe 6utn og 1
Ao 10 3a oba mopaa). Ha oBaj HauMH yCNoCTaB/beH je jeAMHCTBEH HayMH obenekaBarba CBUX
rOBOPHMX y30paKa 3a CBe FOBOPHMKE W CBE HMXOBe M3roBope wWTo omoryhaBa jegHocTaBaH
npuctyn un obpaay y3opaka TOKOM Kpeuparba oarosapajyhux nporpama. Tume ce gaje moryhHocT

46



ofabupa oapeheHe Kateropuje peun (HNp. 60je nm 6pPojeBM UM aKyCTUUYKKM BanaHcMpaHe peyn) u
npumeHe oarosapajyher codTBepcKor pelletrsa.

CBM roBOPHM y30pLM y 0BOj 6asn cy cmewwTeHn y ,,wave” dopmaty [Mapkosuh, 2005]. Popmat
OBMUX paToTeKa AaT je Ha camum 4.1,

3ArMABJbE (HEADER)

|/
g

AR
(N

A
TENO (BODY) -

—

Cnuka 4.1 ®opmam “wave” damomeke.

Ca c/iMKe ce MOKe youuTM Aa ce AaToTeKa cacToju M3 ABa aena: 3arnassbe (header) n teno
(body). 3arnas/be cagpu Bule BpcTa NoJaTaka, a 04 MHTepeca Cy: YKyMNHa AyKWHa AaToTeke,
6poj KaHana, ppekBeHUMja ogmepaBatba, bpoj b6ajToBa y ceKyHan, 6poj 6BuTa No ogmepKy U TA.
lto ce TMye Tena OHO CaApXM O3HAKYy Ja MOo4YMHbY KOpPMCHM nogauu (Kopuwherem
KapaKkTepuctmyHe peun ,data”), 3aTum 6poj Koju 03HaYaBa AY*KMHY KOPUCHUX NogaTaka, a MoTom
KOPUCHE NoAaTKe Koju penpeseHTyjy CHUM/beHU curHan. OBO je AaHac LUMPOKO pacnpoCcTpakbeHn
dopmaT Kora noaprkaBa MHOrFO OMepaTUMBHUX CMCTEeMa, a nocebHo OHM Koju cy Microsoft-osu
npoussogu. Ha 6a3n oBMx gatoTeka TOKOM npoueca npenobpage aobujajy ce oarosapajyha
BEKTOPCKa obenerkja y 061MKy KencTpanHux, AenTa u genta-Aenta KencrpanHux koeduumnjeHata
KOja ce MOTOM KOopuCTe y npouecy obyyaBara 1 Npeno3HaBatba.

4.2 CHUMAHKE U OBPAAA Y3OPAKA

[a 6u ce oBa rosopHa 6a3a peanusoBana KopuwheH je cneundpuyHn ambujeHT Tuxe cobe Ha
BUCOKO] LWKOM TEXHUUYKUX CTPYKOBHUX cTyauja Yauak. OBa coba je omoryhuna ga ce npe csera,
wanat ¢paBopm3yje y 04HOCY Ha MO33a4MHCKU LUYM.

YuyecHMUM OBOr CHMMakba Cy 6MAn cTyaeHTM Bucoke WwKone y Yauky Koju cy Kao BOSIOHTepPMU
nsrosapanam ckyn og 50 peun y aga moga: HOPMaAHMM roBopom M wanatom. OBaj npouec je
noHaB/baH BUwWwe oz 10 nyTa (ma 6um ce ycnewHo Aobuno 6ap 10 KomnneTta ysopaKka) npu yemy
n3amehy cBakor NoHaB/bakba je NOCTOjana Nay3a o4 HEKOIMKO AaHa.

3a npouec cHMMama je KopuwheH nan-tTon padyyHap ca cod¢tBepom Adobe Audition 1.5, u
oarosapajyhnum oMHU-ANPEKUMOHNUM MUKPpodoHOM TMNa “Optimus” (caunka 4.2).
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Cnuka 4.2 OMHUOUPEKYUOHU MUKpogoH muna Optimus.

OBaj MUKpodoH nma gobpe dpekBeHUMjcKe KapakTepucTmKke y oncery o 20 kHz (chunka 4.3).

+20
it 10
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E
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T
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T _ag
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W e

OPEKBEHLHIA [Hz] 2k 201
Cnuka 4.3 ®peKseHyujcKa KapakmepucmuKa oMHUOUPEKULUOHO2 MUKPOPOHA.

®peKkBeHUMja oamepaBatba je nogeweHa Ha 22050 Hz, a cBM y30pum cy CHUMaHu y 0b6anKy
cTaHgapHux Windows PCM wav gaToTekKa.

MPUANKOM CHUMakba HOPMaJIHOT roBopa MMKPOGOH ce HanasmMo Ha oko 20cm of ycTa
rOBOPHWKA, @ MPUANKOM CHMMAHbA Wanata bMo je oKo 5cm ca CcTpaHe ycTa roBOpHMKa aa 6u ce
nsbernn oarosapajyhu Herke/beHU edpeKkTU (Kao WTO je HMp. AyBarbe Y MUKPOODOH U CAUYHO).
CHMMare wanaTta 3axTeBano je nocebHy naxkwy M Behu 6poj NOHaB/barba jep Cy Ce y HeKum
rOBOPHUM CETOBMMaA NOjaB/bMBaIN HEXKE/bEHU €DEKTM Kao LITO CY: HU3aK HMBO FOBOPHON CUTrHaAa
Yy OAHOCY Ha ambujeHTaNHM LWyMm, NorpeLlaH U3roBop CA0Ba UM C/10TOBa, AyBarbe Y MUKPOPOH,
n3ocTaB/barbe oapeheHmx poHema U3 peyum Koja ce U3rosapa u CINYHO.

Mocne cHMMara NPUCTYNUAO ce 06paam roBOPHUX y30paKa M NPOBEPU HUXOBOT KBaauTeTa. Y
OBOM MpoLecy Cy y4ecTBOBana ABa eKkcnepTa v jeaaH ¢oHetnyap. OHM Cy Hajnpe CBe CHUM/bEHEe
KOMMAeTe y30paka Npecnylwann u U3BPLINAN MAHyeNHy cermeHTaunjy n obenexasare npema
Hanpea HasegeHom npasuny. CBaku oA y3opaKka Aobuo je cBojy nabeny n cmewTteH y Whi-Spe
roBopHy 6asy. Mehytum, TOKOM OBOF Nnpougeca jaBuan cy ce u oapeheHn npobaemu jep Hekn of,
y30paKa Hucy 6uam pososbHO gobpor KBanuteta. OCHOBHM npobnemu cy 6MAM Be3aHW 3a:
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HenpaBWAHY apTUKyNalUujy, NorpellaH U3roBop, HM3aK HMBO FOBOPHOT CMrHana Kog wwanaTa LWTo
ce nocebHo YecTo MaHUGECTOBAJIO KO KEHCKUX rTOBOPHMKA.

Mpn Kpenpary aena 6ase ca y3opuMma wanata nojaBusae cy ce ABe BPCTe rpellaka Koje ce
MOTYy KNacMPUKOBATU Kao: KOHTPOJICAHE U HEKOHTPOJIMCAHe. Y KOHTPOAUCAHe rpeLlKke cnagajy
nojaBe Kao LWTO Cy: HeMnpaBW/HA ApTUKyNauuja, ,NeHeTpaumja CoOHapHOCTU®, ,npeHarnaweH”
nsrosop adpuKkata, gyearbe y MUKPOPOH, HenpasuaaH U3roBop, U30CTaB/batbe HEKor GpoHema
TOKOM M3roBopa U CINYHO (cnvKa 4.4). OBe rpelke ce Mmory eIMMUHUCATM MOHOBHUM CHUMaHEeM

M NPUMEHOM KOHTpPO/1e KBAJ/IMTETA HAa CHUM/bEHE Y30PKE.

| 3 e b a
| rIacHo i’
BOPMALAH HEORO
a) 0)
e — "TWM—**‘
I & HACIAMERD (1| [
peH | Y BAHE ¥ MUEEPO{om
B) r)

Cnuka 4.4 pewke npu u32osopy: a) HopmanaH 208op 6) ,,enacaH” ceemeHm y warnamy 8) Ha2AAUWEHO
useosaparbe agpukama 2) dysarbe y MUKPOGOH.

Y HEKOHTPO/IMCaHe rpeLuke cnajajy apTUKyaaunoHe akunje oapeheHor roBopHuKa. OHe mory
6UTK cnydajHe M cucTemaTcKke. YKOZIMKO Cy Be3aHe M 33 MaTo/IorMjy rOBOPHWMKA OHAAQ ce Taj
FTOBOPHMK ENMMMHULLIE U3 Aa/ber NPoLeca CHUMama. JegHa o4 cay4vajHMX rpeLlaka je un ,stridence”
[Jovici¢ et al., 2008] Koja je KapaKTepUCTUYHA NPU WaNaTy U HacTaje TPeHEM je3nKa o ogpeheHn

[le0 Henua NpUMAnKom usrosopa ogrosapajyhmx poHema (cnumka 4.5.).

Y 3aBMCHOCTU OZ, BPCTE rpeLlaka, ekcneptn u ¢oHeTnYap cy npeaysammanu ogroapajyhe mepe
Tako Aa ce ¢opmupana 6asa on 10.000 roBopHMX y3opaKa KOju Cy 3a[0BO/bUAU yHanpes
NOCTaB/bEHE KpUTEPUjyME.
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Cnuka 4.5 CrneyugpuuHe maHugpecmauyuje npu u32oeopy: a) HaenaweHu “stridence” y 2nacHom
¢pukamusy 6) suwecmpyku “stridence” y agppukamusy 8) epekam KOHMaKma je3uka ca Hernyuma.

4.3 ENEMEHTU TOBOPHE BA3E

PeyHUK rosopHe 6ase je nogesbeH y Tpu Kopnyca. MNpBuM Ae0 NpeacTas/bajy Ha3WMBU HEKUX
OCHOBHMX 60ja, Apyrn cy 6pojeBM KOjU OCMM OCHOBHUX UMdapa cagpke u apyre Hajuewhe
KopuwheHe suweumndppeHe bpojese, a Tpehu geo cy aKyCTUUKM BanaHCUpaHe peun Koje cy paHuje
KopuwheHe y 6a3m GEES. YkynaH 6poj oBux peun je 50 1 OHe cy AeTa/bHO NpeacTaB/beHe y Tabenu
4.1 ca ogrosapajyhom IPA HoTaumjom.

Tabena 4.1 PeyHuk Whi-Spe 2oeopHe 6a3e

Horézzuja Cpncku IPA Homayuja Cpncku
/bela/ bena /Mirko/ Mupko
© /3uta/ XyTa °§’. /3urka/ ypKa
2 /tsrna/ LpHa % /Petar/ MeTap
/tsrvena/ |upBeHa g /demonstratsije/[gemoHcTpaymje
/plava/ nnasa % /standard/ cTaHaapa,
/zelena/ |3eneHa g /pijatsa/ nujaua
/nula/ Hyna é /padavine/ nagasuHe
é /jedan/ jepaH < /ponedeAak/ | noHeaemak
g /dva/ ABa /godina/ rogmHa
[tri/ U /predstava/ npeacrasa
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/tfetiri/ |4eTvpm /kompjuteri/ KomnjyTepu
/pet/ net /inostranstvo/ | MHOCTPaHCTBO
/fest/ wecr /drvo/ ApBO
/sedam/ | cegam /Mirjana/ MwupjaHa
Josam/ ocam /more/ mMmope
/devet/ | pesert /kifa/ KMLa
/deset/ aecer /zgrade/ 3rpage
/sto/ cTo /Klintsi/ KAMHLN
/hiAadu/ |xvbaay /Milan/ MwunaH
/milion/ |MmunuoH /rezultati/ pesynTatu
/telefon/ TenedpoH
/svetlo/ CBeTN0
/prozor/ nposop
/ruke/ pyKe
/lokal/ JioKan
/kAutf/ K/by4
/suntse/ CYHUe
/pare/ nape
/sef/ ced
/blok/ 610K

Cpncka u IPA HoTaumja cy UcTe 3a Cyrn1acHUMKe M camoriacHuKe msyses ciegehmx cyrnacHuka:

J(w), hix), 3(x), ts(w), te(h), tf(4), d2(h), d3(w), N(k), A(m).
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5. NOPEKLEHE TOBOPHUX Y3OPAKA

Ha 6a3n pobujeHnx BeKTOpcKknx obenexkja NnoTpebHo je M3BPLUIMTU HUXOBY eBanyalmjy nomohy
ogrosapajyher “back-end” cuctema, 1j. ogrosapajyhe metoge 3a npenosHaBatbe roBopa. Ha oBaj
Ha4YMH Ce UCMUTYje KOja BEKTOPCKA obenexja Aajy Hajbosbe pesynTtaTe. MocToje pa3nnuunTe mepe 3a
nopehetbe BeKTOpa (KOju penpeseHTyjy roBOpHE Y30pKe) M Ha OCHOBY WX ce aAedpuHuwy
oaroBapajyha pacrtojatba Koja he y HapegHom geny 6utu aetasbHuje uM3noxeHa. Mory ce
KOPUCTUTU pasnnumnte meTtoze 3a nopeheme y3opaka [Mapkosuh, 2004]. OBae M3/10XKeHa MeToAa
Ce BP0 YeCTO KOPUCTU Kaga je y NUTakby Npeno3HaBakbe roBopa 3aBMCHOT 04, rOBOPHMKA M Kaja je
6poj nsrosopa orpaHmnyeH. To je TexHMKa AMHAMUYKOT ycKnahmBara y BpemeHy (DTW — Dynamic
Time Warping). Opyre meTtoae, 6a3mMpaHe Ha ckpuBeHMM MapKos/beBMM Mmogennma [Mapkosuh,
2002], [Gali¢ et al., 2014 a] u HeypoHckum mpexkama [Grozdi¢ et al., 2012], cy Takohe Bpao
nonynapHe.

5.1 MEPA 3A NMOPEBEHE BEKTOPA

OCHOBHM M3a308BM Koje Tpeba pewnTn y cucTeMmnma 3a NpenosHaBame, a Koju cy basmpaHu Ha
nopehery roBOPHUX y30paKa, jecTe KaKo BPWNTKU nopehere namehy BeKTOpa Koju penpeseHTyjy
FOBOPHE Y30PKe N KaKo EKCNAMUUTHO OAPELUTU MEPY HUXOBE CIMYHOCTH.

AKO MocToje ABa BeKTOpa X M y M3 BEKTOPCKOr npoctopa Z Taga ce moxe aeduHucatu
ANCTaHUa d Koja y OBOM BEKTOPCKOM MNPOCTOP MpeAacTaB/ba Pas3iMumUTOCT M3mely nocmaTtpaHux
BeKTOpa x U y. To je HeHeraTMBHa dpyKLUMja KOja ce Mo3Ke 3anmcaTu y 0bauKy:

d(x,y)=0 (5.1)

Y npaKkcu ce NoKasano Aa, ca acnekTa mMaTemaTUyke TAyHOCTW, a Takohe M ca cTaHoBMLWTA
ncuxmoakycTuykor ocehaja 4yjHOCTM, MOZIEN KOjU je 3aCHOBaH Ha CMEKTPasHOj Pas/inuUyM roBOPHUX
y30paKa gaje fobpe pesyntaTe. Hanmme, KaKo ce TOBOPHM CUFHA/A MOXe CcmaTpatu
KBa3nCTaLMOHApPaH Ha KPaTKOM BPEMEHCKOM MHTEpBaAy pefa AeceTak MWUINMCEKYHAW oHAa ce
6al Ha TaKBUMM MHTEPBA/ZIMMA U PayyHa KPAaTKOBPEMEHCKU CMEKTap CUrHaMa U 0CObMHe cneKkTpa u
TO Cce KopUcTM nNpu nopehery roBoOpHMUX y3opaka. Ha 0BMM KpaTKMM MHTEpPBanMMa ce npumerbyjy
n 6p3a Pypujeosa TpaHchopmaLuuja, ocobuHe ayTokopenaunje, moaen ,cem-nonosn” (all-poles) 3a
npeacTaB/barbe cnektpa (obnvka o/ A(z) - 4vecto KopuwheHa Koa LPC aHanuse), Kao u

CNeKTpasiHa ryctmHa cHare S(w) .

MocToje pasnmunTe BPCTE AMUCTaHLM Koje ce Kopucte npu nopehery roBOpHMX y30paka, a OHe
Koje ce Hajuewhe KopucTe cy [Rabiner, Juang, 1993]:

® /10rapuTamcKO CNeKTPasHO PacTojakbe;
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® KencTpanHo pacTojatbe;
® OTE)XAHO KencTpanHOo pacTojatbe;
® pacTojatbe Ha 6a3n MaKkCcMMaHe BEPOAOCTOjHOCTY;

® CMeKTpasiHO pacTojakbe Ha cneunduuHMm dpekBeHUMjcKMM ckanama (Linear, Mel, Bark)

uTa.
JloraputamcKo CneKkTpasiHO pacTojakbe Ce YecTo KopuUcTu npu nopehery roBOpHUX y30pKa.
AKO je cnekTpasHa rycTMHa cHare jeHOr y3opKa Jata ca S(w), a apyror ca S (»), Taga ce

neduHMLLIE pa3nKa 10rapuUTaMCKMUX BPeJHOCTM OBa /1Ba CNeKTPa Kao V (w)
V(@) =log S(w)—log S (@) (5.2)

Mepa pa3nmuntoctn namehy BeKTopa MOXKe Aa ce MpuKaxe Kao guctopsuja namehy S(w) u
S (@), a Kopuwherwem napameTtpa p (p je 06u4HO Mam 1 uamn 2) geduHULWE Ce U MOMEHT Te

AncTop3nje (cpeatn, KBagpaTHU U cn.). Y TOM cny4ajy oBa AMCTaHUa fo6uja obamK:

4(5,8)7 =(d,)" = [IV(@) I 52 (5.3)

Ha cavum 5.1 npukasaHe cy cnekTpanHe ryctuHe cHara S(w)u S (@) kao u dykumja V(o)

[ob6ujeHn kKopuwherem 6p3e dypujeoBe TpaHchopmaumje, AOK Cy Ha cavum 5.2 npukasaHe
CNeKTpasiHe rycTuHe cHara gobujeHe npumeHom LPC aHanusze u anpokcumaumjom S(w) ca ,,CBU-

nonosu“ dpyHKumjom (o / A(z) ).

KenctpanHo pactojarbe ce fobuja Ha 6a3m nopeherba KENCTpanHUX KoedpuumjeHaTa Koju cy
penpeseHTn oarosapajyhmx cnekTpanHux cHara. MowTo ce KOMMAEKCHM KencTpym (cepstrum)
AeduHuwe kao dPypujeosa TpaHchopmaumja o NorapuTma CnekTpa curHana, oHga ce log S(w)

MOXKe NpeacTaBUTU y 061UKy:
log S(w) = > Ce (5.4)
N=—0

Kako Baxkm pga je C,=C_ 7O cy oBe BpeaHOCTU peanHu BpojeBM U HA3MBajy ce KencTpaaHum

KoeduumnjeHTMma. Kopuctehu Takohe Mapcesanosy (Paseval) Teopemy KencrpanHo pacTojarbe ce
MOKe fasbe M3pasuTtn y cnegehem obauky:

dZ, = [ og $(e) - log ' (@) [ 52 = ch" ¢,y (5.5)

rae cy C,,C', KencTpanHu koeduumjeHTH o CneKTpanHnx cHara S(w)n S (o) .
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0 HOPMATTHIOBAHA GPEEBEHLIMIA (o)

Cnuka 5.1 Cnekmpasnne 2ycmunre cHaza (S(@) u S (@) ) u noz pasauka V (w) dob6ujeru momohy FFT-a
[Rabiner, Juang, 1993].

Y peanHoctn 6poj kencTpanHux koepuumjeHata Huje beckoHayaH Beh ce orpaHuYaBa Ha HeKuU
6poj K. Tume ce TparKeHo KencTpasiHO pacTojatbe anpoKkcumupa u gobuja ce popmyna obauka:

dCZpK(K)ZZ(Cn_CIn)2 (56)

OTe)KaHO KencTpanHO pacTojatbe Ce YecTo Kopuctu npu  nopehewy BeKTopa 360r
WHTEPECaHTHUX OCOOMHa KencTpanHux KoedpuunjeHata [Tohkura, 1986]. Haume, nokasyje ce aa
KencTpanHu koedpuumnjeHTN (M3y3eB HyNTOr) MMAjy cpety BPeOHOCT jeAHaKy HY/M, @ BapujaHca
MM je MHBEP3HO NPOMOPLMOHANHA Ca KBaAPaTOM pefa NOCMATPAHOT KencTpanHor koedpuuujeHara,
O/ZLHOCHO:

E(C}~— (5.7)
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Cauka 5.2 CnekmpasnHe eycmute cHaea (S(w)u S (@) ) u noe pasnauka (V (w) ) dobujeHu nomohy LPC

aHanusze [Rabiner, Juang, 1993].

Ha oBaj HauMH moryhe je yBecTM oTexaBatbe pas3/IMKe KencrpanHux KoeduuujeHaTa na
dopmyna (5.5) nobunja HoBU 06KK:

dcsz = an(cn _C‘n)z (5.8)
N=—w0

Takohe, Nokasyje ce Aa KencrpanHu KoedUUUjeHTU HUNKEr M BULLET peaa Mmajy pasnuuymty
OCeT/bUBOCT Ha BPCTY OTEXKaBakba Na ce cTora npeanaxy u pasnuumte oykumnje w(n) Kojuma 6u ce

OHM oTexaBanu. AKko ce yame oapeheH 6poj K KencTpanHux koedbumunjeHaTa, oHga dopmyna (5.8)
nobwnja HoBM 0BNUK:

dépw (K) = > (W(n)C, —w(n)C', )? (5.9)

PacTojatbe MakcMMasHe BEPOAOCTOJHOCTU MMa Buwe 0b6/MKa, a Hajno3HaTuju cy cneaeha tpu:
Itakura-Satio-oBa mepa MakcumanHe BepogocTojHocTM, Itakura-MHa mepa MakcMmanHe
BEPOAOCTOjHOCTU M Mepa OA4HOCA BEPOAOCTOjHOCTU. Ha OCHOBY paHuje nomeHyTMxX ageduHULMja 3a
S(w), S (®) n V(w) Itakura-Satio-oBa mepa MakcMmasiHe BEPOAOCTOJHOCTM MOXe ce AepuHUCcaTM

cnegehom popmynom:
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T S(0) do

2
—Ioga—f‘z’—l (5.10)
GCD
rae cy o2 u o2 rpelwke npeavKumje jeaHor kopaka 3a S(w) S (w) pecnektmsHo. OcTtane

NOMeHyTe AUCTaHLEe BEPOAOCTOJHOCTM MOTY Ce M3BECTU Ha OCHOBY ropkbe dopmyne.

3a aHanu3y CNeKTPaIHOTr PacTojakba MOTY Ce KOPUCTUTU PasnmumTe ppeKBeHLUNjcKe CKane, Kao
M pasnnuuTn obauum nogena nogoncera Ha OBMM CKasama. Tako ce y OBOM pagy KopucTe
NMHeapHa, “mel”, “bark” ckane Kao u gpyru pacnopeaun ¢untepa cse ca LM/beM ga ce npoHahe
Hajbos/bM pe3ynTaT 3a Npeno3HaBakbe My/TUMOZLA/NIHOT FTOBOPA Ca aKLLEHTOM Ha LWanaT U Herose
cueHapuje.

Y 0BOj AucepTaumju OCUM KEMNCTpasHuX KoeduuujeHata 6asupaHUX Ha pPasaMUUTUM
BEKTOPCKMM obenexjuma KopuwheHn cy U HUXOBU n3Boau (aenta KoepuunjeHTn) u ussoam
nsBoaa (menta-genta KoeduumjeHTH). Takohe, npumereH je W oarosapajyhm o06auk
HOpManusaumje.

5.2 DTW METOAA 3A NOPEBEHE Y30OPAKA

[a 6u ce nopeannv roBopHU y3opLum NoTpebHO je Aa ce OHM Ha HEeKM HaAYMH Hajnpe yjeaHaye
(HNp. g@ “m ce NoKnone KpajesBu Tj. NoYeum U 3aBpleumn), a Takohe u gpyre daykryauuje (Hnp.
eHepruje) ga ce poseay y ogpeheHe rpaHuue. Ha Taj HaunH npouec nopehera gobuja cmucno. Ca
TMM UWbEM BpLIM Ce HOpManu3aumja M ycknahusare nocmatpaHux curHana. Kao jegHa opg
HajeduKacHMjux metoaa 3a cam npouec nopehera, nocebHO Kaga je y nuTakby mawbn 6poj
y30paKa, nokasao ce DTW anroputam (anroputam AUMHAMUYKOT ycKnahuBarba-yjegHauyaBara Y
BpemeHy). OH je 6a3MpaH Ha TeXHULM AMHAMUYKOT Nporpamuparba [Davis, Mermelstein, 1980].

5.2.1. YCKNABUBAHKE U HOPMAJIU3ALIUIA

Mpunnkom nopehera ABa roBOpHa y30pKa Mojas/byjy ce pas3nuuntu npobnemu. Ha npumep
H6p3nHa N3roBopa jeAHe UCTe peyn je pas3IMunTa, a TO Ce AeLlaBa YakK U Kaj je y NuTamy jeaaH uctm
roBOPHMK (3aBUCK A3 K je jyTpo UAW Bede, Aa U je ymopaH uan He u cn.). Ctora je noTpebHo, u
nopeg, pasnnumte 6p3nHe M3roBopa, PasIMUuUTe HarnaWeHoCTM NojeANHUX CNoroBa namn nocebHor
MCTULAHA HEKOT BOKana, Hahu HauMH Aa ce U TaKBM y30pLUM FOBOPHOT CUrHana WTo 6osbe ynopeae
N ogpenu mepa HUxoBe CAMYHOCTU. 360r 0BUX pas3nora jas/ba ce notpeba Aa ce M3BPLIKM HeKa
BPCTa yjeAHayaBarba y30paka M pa ce AayKTyauuje HOPManu3yjy, O4HOCHO CBedy Yy Heke
[03BO/bEHE rPaHMLLE.

HeKa cy aBa roBopHa y3opKa X W Y npeacTaB/beHU Ca CBOjUM CMEKTPATHMM CEKBEHLAMaA
(sekTopuma) (xl,xz,...,xT ) m (yl,yz,...,yT ). OHpa ce Tpaxu auctaHua nmely oBa ABa BekTopa
X y

Kao HeKa QyHKLMja KpaTOBPEMEHCKE CMeKTpasHe ANCTOP3MNje KOMNOHEHaTa OBMX BEKTOPA. AKO ce
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ca d(x,y;) obenexn KpaTKOBpPeMEHCKA CneKkTpanHa Anctop3uvja namehy asa enemeHTa i U | og,

ABa pasnnumta BekTopa X M Y (Mam ynpowheHo d(i,j)), Taga y cayyajy Kopuwhema

HajjegHOCTaBHWje HOpManu3aLunje, a TO je IMHeapHa BPEMEHCKa HOpPManm3aumja, mepa pactojara
namehy Bektopa X MY je obnuka:

TX
d(X,Y) =2 d(iJ) (5.11)
i=1
Mpn 4emy Kao yC/0B IMHEAPHE HOPMan3aLumje Mopa BaXKNTH:
-l (5.12)
=—I .
: T

X

Y 0BOM MOCTYNKY AMHEApPHE BPEMEHCKe HOpMasnm3auuje nogpasymeBa ce Aa je Bapujauuja
6p3nHe roBopa NPONOPLUMOHANHA AYKUHM Y30PKa, @ HE3AaBUCHA O, BPCTE Y30PKa KOjU CE KOPUCTU.
Mepeme oacTynara BpPLKM Ce CTPOro No NpaBoj IMHUjMU Koja je AnjaroHana npaBoyraoHMKa Kora
0bpasyjy ayxunHe ysopaka X n Y (T, uT ).

OBaj HAauMH BpPeMeHCKOr ycknahumearba M HOpMasM3auMje HWje peanaH Na ce yBoae T3B.
dyHKumje ycknahmsama y BpemeHy (warping functions). Mory ce aeduHucatn ase ¢yHKUUje
passiaderba ¢, 1 ¢ Koje he 6BUTM KopecnogeHTHe ca i M | n cayxuhe fa ce oBe BpeAHOCTM
HOPMMPAjy Ha 3ajeaHMYKY, K ocy. MaTemMaTMUKK ce TO MOXKe NPeaCcTaBUTU jegHauYMHama:

i=¢ k), k=12,..,T (5.13)
i=¢,(k), k=12..T (5.14)

Mpobnem ycknahusaka (pasBnayera) y BpeMeHy MoxKe ce unyctposat camkom 5.3. Osae ce
nopeze aBe cekBeHue S1 n S2. AKo ce 3amucamn ga S1 mma ckyn TayaKa Koje ce mory ,,yxsatutn®
M Kao eNacTUYHWM NacTUW pa3Byhn M Tako MOMEPUTM MO ancCUMCUM - OHAA Ce MOXKe BUAETU A3
nomeperem y ogpeheHom cmepy pasnmka namehy S1 n S2 rpadumkoHa moxke 6utn Beha (nog 6)
nnn mama (nog B) (wpadupaHu aeo). CBpxa passBnayerba y BPpeMeHy KOJ rOBOPHUX CUrHana je

yrnpaBo Aa ce CEKBEHUE NnapameTapa (KencTpanHux KoeduumjeHaTa) Tako nogece Aa OBa pasfMKa
byage WTo matba.

Monasehn opf yseaeHux o¢yHKuMja ycknahusawa ¢, u ¢, Mmoxe ce peduHucatM u
GYHKLUMOHANHM nap ¢ =(4..9y) - Y Tom cnyuyajy, y 3aBUCHOCTU of oBe AeduHULMje, ONwWTa Mepa

pa3nnMunToCcTn nsmehy ABa roBopHa y3opka X M Y MoKe Aa ce uspasu y cnegehem obnmky:
T
1
dy(X,Y) =Y w(k)d(4, (k),¢y(k))M— (5.15)
k=1 @

rae w(k) npescras/ba KoeduumjeHaT 3a oTexarbe nyTa, a M, HoOpmanusaumoHn GakTop crase.
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5l

Cnuka 5.3 Ycknahusarbe (warping) y epemeny y yusey nopehersa cexkseHyu S1 u S2.

¥

Hame ce npobnem nopehera BEKTOpa CBOAM HA MpOHanakewe Hajbosbe cTase Kojom 6u ce
BpWMIO nopeherbe OAHOCHO NpoHana)ere ogrosapajyher pyHKUMOHaNHOT Napa ¢ =(4,.4,) 3a

Koju 6M ce MMHMMM30BANO pacTojatbe BeKkTopa XM Y. Y TOM CMUCAYy, MUHMMMU3aLMja ce
npeacTaB/ba Kao:

d(X,Y)=mind,(X,Y) (5.16)

Mose ce KopuctutM Besnku 6poj naposa dyHKuMja 3a ycknahusare ¢ =(4,.4,), ann ce

TpaXKM Aa ce ogpeam Takas nap Koju he gatn Hajbosbe NpeKknanare U TakaB Aa Ce MepeHe BpLUK
ca KoH3ucTeHTHowhy. ®yHKumje ycknahusarwa ¢, 1 ¢, mopajy butn moHoToHO Heonagajyhe, a To
3HauM ga Hema NpomeHe peaocnena CnekTpasaHUX enemeHarta Bektopa X M Y, 04HOCHO mopa ce

I'IOpEF)EI-be BPWAUTHU CeKBeHLI,VIjaﬂHO, 6e3 npecKkakaka Uin Kpetakba yHa3saa.

Ynotpeba guHamunyKkor nporpamuparba Aaje o4nMyHe pesyatate 3a 0By BpCTy npobaemaTtuke,
Tj. Kaga je y nnTakby CEKBEHUMjANHO O4/yYMBaAHLE.

5.2.2. IPUMEHA ANHAMUYKOT MPOrPAMUPAHA

ONHaMUYKO nporpamuparbe MMa LWKWPOKY MPUMEHY KOZ pPasHUX npobnema, a MoxKe ce
KOpUCTUTU rae je noTtpebHo npoHahu onTMmanHu nyT uamely, Ha npumep, ABe Tayke y
BEKTOPCKOM MNpoCTOpy. Heka cy Te ABe Tayke i M |, Kao WTO je NpeacTaB/beHO HA cavum 5.4 u

HeKa y npocTtopy nma yKynHo N Tauaka. HeKa je ueHa npenasa namehy 6uno Koje aBe Tauke M u
N y Tom npoctopy aeduHucaHa Kao ogpeheHa BpegHocT - c¢(m,n). MNocTaB/ba ce nuTake

npoHanaxera nyta nsamehy i U j Koju 61 Npu ToMe UMao MUHUMAJTHY LiEHY.
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Cnuka 5.4 Bekmopcku npocmop 00 N enemernama.

Y onwTem cayyajy noctoju Bule NyTeBa Aa ce o4 nonasuwTa i gohe Ao aectvHaumje j na je
UWb npoHahu ontMmanHu nyT (OHAj ca MUHMManHOM UueHom). OcHOBHa AgBa npwucTyna y
peluaBakby 0BOr Npobaema cy:

° aCMHXPOHA MeTOAa CeKBEHLMjaIHOT OA/ly4MBatba;
° CMHXPOHa METOAa CEKBEHLNjaIHOT OA/1yYMBakba.

AcCMHXpOHa MeToAa NogpasymeBa Aa ce o4, NoaasuLTa 40 AecCTUHauMje gohe y3 MUHUMAnNHy LeHy
6e3 orpaHunyera 6poja Kopaka [Mitrovi¢ et al., 2012]. 3a pa3nuKy of e, CUHXPOHA yHanpes,
AeduHULIE KONUKY je Taj Bpoj KopaKa y3 NPeTnocTaBKy, HapaBHO, Aa Takas NyT NoCToju.

K/byuHy ynory y AMHaMMYKOM Mporpamupary urpa “npasuno ogayumsarba”. OHo oapehyje
Kako he ce anroputam Kpetatu of, nonasHe Tauyke (peummo i) o AecTuHaumje (peummo j) y3

MMHUMAHY LEeHY KowTaka. Ty ce nocTas/ba NUTakbE Koje “npaBu/io oa/lyynBatba” KOPUCTUTU Aa
ce pobuje MMHMMana ueHa 3a npenas oA i Ao j. Heka je Ta ueHa obenexeHa ca A(i,j).

BenmaHoBa [Bellman, 1957] Teopema ONTMManHOCTM Jaje CMeEPHULY 3a u3bop npasuia
,ONTUMaJTHOT 0A/1y4MBarba” M OHa rnacu:

“OnNTMManHo NpaBMNO OAJ/lyYMBAHbA MMaA TaKBy OCOBMHY Aa LWITO rog Aa Cy NOYeTHO CTakbe U
noyeTHa OA/lyKa, MpeocTasne oAsiyke mopajy Gopmupat ONTMMANHO MNPABMAO OAJy4MBaHaA Y
O4HOCY Ha CTake Y Koje ce JoLuo nocne npse ognyke.”

OBo npasunao Ce y MmatemMmaTU4ikom o6nm<y MOXe MUCKa3aTh Cl'leﬂ,ehMM npumepom: HeKa ce
TPaXM ONTUMA IHO NPaBW/IO OAJlydMBarba 3a Npenas U3 CTama i Yy j M HEKa Ce npenas moxe

OCTBApUTU NpeKo jegHor uau Buwe mehycTama. Taga, HEKa je NPBU KOpaK Npenas og, cTakba i Y
HeKko ,MmehycTarbe” K 1 Heka je MMHMManHa ueHa npenasa A(i, k). Cheaehu kopak 61 6o Hahu

MWHUMANHY LUEeHY KowTakwa o4 K 4o | Kpo3 6uMno KoAMKo cTaka, ogHocHo Hahu A(K, ).

OtnmanHo “npasmno oanyumsama” Tpeba aa 3agososbu cneaehy jegHaKkocT:
A, J) = min[A(, k) + Ak, })] (5.17)
Moxe ce 3aK/byyuTu Ja ONTMMANHO MNPaBUAO OAJ/lydMBarba 3axTeBa W NPOHaNAMKEeHe

mehycTawba Koja Cy ONTMManHe TayKe Mpenas3a W HbUXOoBa YKYMHa LLEeHa KowTarka 6u 6una
MWHUMaHa 33 334aTy NOYETHY TayKy U AECTUHALUM]Y.

Kop, cMHXpoHe meToze CeKBeHLMjaNHOr o4/ly4yMBakba 334aTakK je Aa ce cTa3a of noJsiasHe Ao
Kpajre Tayke npehe y TayHo oapeheHom 6pojy Kopaka — Ha npumep y M Kopaka. Y npouecy
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npoHana)keka ONTMMANHOr NyTa 33 OBAaj C/ly4aj KOPUCTU Ce pelleTKacTu gujarpam. Anropmtam
nocmaTtpa Kako U3 npse TauyKke i (nonasuwTa) moxke aa ce gohe ao cnegehe tauke, peymumo N (rae
je n=12,...,N - mehykopaK) Ha N moryhux HaumHa. TpaxM Cce MWHMMaANHA LEHa KolTaha
namehy ctarba i U N 1 HeKa je oHa uspaxeHa ca A,(i,n). Nocne m-tor Kopaka rae je m<M Heka
je cuctem y ctarwy | (roe je 1=12,..,N) ca ogrosapajyhom muHumanHom ueHom A (i,1). Heka
anroputam y HapegHom Kopaky (m+1-om) gonasm go cnegehe tauke, HNp. K. 3a Ty Tauky Tpeba
3 BaXu:

A (i,) = M, i, 1)+ (1, K] (5.18)

OBa jegHauMHa yKasyje ga ce oapehunBarbe oNTMManHe CTase TPaXKM PEeKYP3MBHOM METOAOM.
Crora, anroputam AMHAMUYKOr NPOrpammpakba 3a CUHXPOHM HAYMH 04J/1y4MBatba, FA4e Ce pellere
Tpaxun y M Kopaka, a npu yemy je ykynaH 6poj ctarba y cuctemy N, MoXKe Aa ce npuKaxe y
cnepgehem o06aunKy:

a) Mumuymjanusaymja:

A (i,n) =c(i,n) - payyHare LieHe o4 NoaasuwwTa 40 NpBe Tayke (5.19)
s;(n) =i - dyHKUM]ja KOja NOKa3yje cTasy O4HOCHO NPETXOAHO CTakbe M3 Kora ce AOoLWo,
a payyHacesa n=12..,N (5.20)

6) PeKyp3uja:

Aig (i,1) =]r_r?irgl[ﬂvm (i,1) +c(l,n)] - payyHarbe MUH. ueHe cneaeher Kkopaka (5.21)
Smy1 (N) =arg min[A,,(i,1) +c(l,n)] - yyBarbe MHPopPM. 0 NpPeTXOAHOM KOPaKy, (5.22)
1<I<N

a padyyHaces3a n=12..,.N um=12.. . M-2

B) 3aBplueTak:

() :mir&[ﬂMfl(i,l) +c(l, j)] - YKynHa MUHUMaNHa ueHa nsmehy i nj (5.23)
sy (1) =argmin[A4,,_,(i,1) +c(l, j)] - yyBarbe MHPOPM. O NPETXOAHOM CTaky (5.24)
I<IKN

r) Oapehusare cTase yHasaz,:
OnTumanHa cTasa je cekBeHua obauka (i,iy,l,,..Iy_4,]) W Hanasm ce nomohy KpeTama
yHasag y3umajyhu y 063up pa je iy, =j wn kopucrehm i, =s,.,,(i,,,) rae ce 3a m y3uma
m=M-1M-2,..1

AnropuTMun AMHaMMUYKOr Nporpamuparba cy of, nocebHor 3Hayaja 3a obnact npenosHaBaka

ropopa wTo he ce U NPaKTMYHO MOKas3aTK Yy HapeaHOM Aeny OBora paga Kpos3 objawrere DTW

anropuTma.
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5.2.3. OTPAHUYEHLA BPEMEHCKE HOPMAJTU3ALUMUIE

MNMopeher-e BEKTOPA KOjU penpes3eHTYjy roBOpHe y3opKe Kopuwherwem dyHKUMja ycknahrBarba
¢ =(¢..4,) Noapasymesa ysohere oarosapajyhux orpaHuyerba y 06amKy ycaosa noj Kojuma ogo

nopeherwe Tpeba BpwmTM. OBM YyC/NOBM Ce HasuBajy M orpaHuyera ¢yHKUMje ycknahuBarba
(warping constraints). Mory ce knacudukosatu y cnegehe rpyne:

e OrpaHu4Yema Kpajesa peuu;

® OrpaHu4yera MOHOTOHOCTHU;

® OrpaHu4Yerba N0KANHOT KOHTUHYUTETQ;
® OrpaHu4yerba onwTer nyTa;

® OrpaHuyerba oTerKaHor Harmba.

OBae he 6MTM NOMeHyTe CamMO HUMXOBE OCHOBHE 0CObMHe M oaroapajyhn maTemaTuuku
obanuym.

OrpaHuuyere KpajeBa peum nogpasymesa [a Cy NoYeLM M 3aBPLUELN Peyn Koje ce nopege
TayHo aedurHUCaHU. To ce MaTeMaTUYKM MOXKe M3PasnUTK (33 NOYETHO CTakbe) ca:

g )=1ng1)=1 (5.25)
3a 3aBpLUHO cTakbe Tpeba Aa BaXku:
¢X(T) :Tx " ¢y(T) =Ty (526)

Ha oBaj HauMH ce ABa roBopHa y30pKa TaKo ycknahyjy Aa ce HWMXO0BM NoYeum U 3aBplieum
noKknanajy, na ce Notom BpLlum nopeheme.

OrpaHuyera MOHOTOHOCTM omoryhaBajy ouyBare pefocses enemeHaTa BEKTOPA NPUIMKOM
nopehera, 04HOCHO Aa peaocnen enemeHTta byae pactyhu (TayHmnje Heonagajyhu). To 3Haum aa
CTasa MO KOjoj ce BpWM NPOpPadYyH MWHMMANHOT pacTojatba BekTopa d,(X,Y)Hehe 6uTH

HeraTMBHOr Harnba. OBaj yC/I0B MOHOTOHOCTM MATEMATUYKM Ce MOKEe MPUKA3aTU y 06/IMKY:
¢ (kK+1) 24, (k) n ¢, (k+1)>¢, (k) (5.27)

OrpaHuyera N0KANHOT KOHTUHYUTETA Ce MOry MOCTaBMTU Yy BULWE pasanuntmx obamnka. OHa
nponucyjy Koje cy nyTake (3a npesiase U3 cTakba Y CTakbe) A03BO/bEHE, A KOje HUcy. Tako HMp. aKo
ueny crasy gedpuHULLIEMO Kao CKYN KOOpAMHATa p U q OHAA Ce NyTakba MOXe NpeaCcTaBUTU Kao:

P — (p1,9:)(P2,,)-(Pr . 0r) (5.28)

na ce mory gepuHucaT 403BO/bEHWN NPenasm (HeKU og tbMx, Kao NPUMep, AaTH Cy Ha camum 5.5).
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P1

P1->(1,0) * P1->(1,1)(1,0)

P2->(1,1) o1 o P2->(1,1)
P3->(0,1) P3->(1,1)(0,1)
P2 P3
P3
a) . . 6)

Cnuka 5.5 [Mpumepu oepaHu4ver-a A0KAAHO2 KOHMUHyUmema.

Mopepn oBa ABa HaBeAeHa NOCTOjU M YMTAB HU3 APYIUX OFPAHUYEHA JIOKA/IHOT KOHTUHYMTETa U
33 CBE HbUX j& KapaKTepMUCTMYHO Aa MMajy Heonagajyhu KapakTep. YBEK je UCTU Uu/b: Aa Ce KpeHe
M3 nodetHe Tayke (HNp. (1, 1) ) u Aa ce cTUrHe Ao Kpajkbe Tauke (Hnp. (T, T,)).

OrpaHuyerbuma onwTer nyta (rnobanHe crase) gedpuHuwe ce obnact y Kojoj Tpeba aa ce Hahe
ONTUMAanHa cTasa. Y Tom cmucny geduHuwy ce aga napametpa Q.M Q.. Ha cnegehun HaumH:

T T
S S

Qmax = max[';l—] Qmin = mm[?l—] (5.29)

SR ) S ()
leq leq

roe | o3HavaBa mHaekc moryhe ctasze P, a T, je ykynaH 6poj Kopaka Ha ctasu P,. MapameTpu
Qmax W Quin O3HAYaBajy MaKCMManHy U MUHUMaNHy moryhy ekcnaHsujy npuanMkom pacTtesarba.
06uyHo je Q,.,=1/Q,,;,, @ OBE BPEAHOCTM 3aBUCE Of PaHWje NMOMEHYTUX OrpaHuUyYerba JIoKasHOT

Harmba. AKO ce ycBOje rope HaBeAeHW NapameTpu 1 UX0Ba penaunja gasmse ce mory geduHucatm
orpaHuyerba onwTer nyTta y cnegehem obaunky:

RAGE

max

<y (K) <1+ Qualey (k) —1] u (5.30)

max

Ty + Qmax[¢x(k) _TX] < ¢y (k) STy +

[oaaTHo orpaHuyerbe 3a rnobanHy ctasy MoxKe ce NpUMeHUTU no npenopyum Cakoea n Yajba
[Sakoe, Chiba, 1978] koje rnacu: | ¢, (k) - ¢, (k) [<T, rae je T, MakcMManHO A03BO/bEHA anNco/yTHA

BPpeMeHCKa pasanka usmehy pgBa y3opka Ha 6uno kom pamy. OBaj ycnoB A0JATHO CMakbyje
NOBPLUMHY Y KOOPANHAaTHOM CUCTEMY Y KOjOj je 403BO/bEHO Aa ce Hahe onTMMasiHa CTasa.

OrpaHuuyera oTexkaHor Harmba omoryhasa ga cBaku of npenasa (M3 jeaHor y Apyro cTake)
nma ogpeheHy BpegHocT. Ha Taj HauMH Heku npenasu umajy Behy BpegHOCT, a APYrU makby.
OTexkaBarbe Mma M cBoje GM3NYKO onpaBaare, a Ha ocHoBy dopmyne (5.9) ce Buam pa ce
dyHKUMjom w(k) oTeskaBa AOMPUHOC CBAKOT KPaTKOBPEMEHCKOr pacTojarba d (g, (k) ¢, (k)) . Uma

BMWwe 06/1MKa 0BUX OorpaHnydyera carnaCcHo Ca sule TMnoBa JIOKAJIHUX OrpaHn4yera, a jep,aH o4
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WX, NPUMEPa pagu, je U TUN orpaHuYerba OTeXaHor Harmba npeasoxkeH of ctpaHe Cakoea U
Yajba:

w(k) =g, (k) — ¢, (k -1) (5.32)

®akTop rnobanHe Hopmanusauuje M, MMa 33 UWb A3 CPeAky AUCTOP3Wjy CTase Y4uHM

He3aBMCHOM 0J, AY*KMHA y30paKa Koju ce nopese. Herosa BpeAHOCT ce payyHa Kao:

M, =iw(k) (5.33)
k=1

Uumb je na oBaj dakTop byae HesaBucaH of GyHKUmje ycknahumBarba Te Aa ce Ha Taj HauWH
n3berHy npetepaHe KOMMAWKaUMje NMPUAMKOM padyHarba. Y nojeguHUm ciy4dajeBuma, nsbopom
TUNa NIOKAJIHUX OrpaHuyerba (KOHTUMHyWTEeTa W OTeKasarba) moxke ce moctuhu fa je M, =T,, a

TUme je M, He3aBUCHO oA dyHKUMje ycknahmsarba.
¢

5.2.4. YNOTPEBA AZITOPUTMA

Ynora anroputma gumHamuykor ycknahusarba y BpemeHy (DTW) je aa, Kopuctehu Hanpep,
objalitbeHy TEXHMKY AMHAMMYKOr MNporpamuparba, pewu npobiem Kako fa ce oapeau
MWHMMANHA AMCTaHua u3mehy BeKTopa Kojuma Ccy penpes3eHTOBaHW roBopHU Yy3opuwu. Mopg,
NPeTnoCcTaBKOM Aa Cy 3a0BO/beHa OrpaHuyerba Kpajesa peun, Aa je rnobanum daktop crtase M,

HesaBucaH oA dyHKUMje ¢ M Aa NocToju noknanawa Kpajesa peun (T,,T,)oHAa ce jeaHa4MHa

(5.15) moxke moamdpuKosaTh y:

M, *d(X,Y) =D(T,.T,) = min 2 d(# (k). 8, (k) *w(k) (5.34)

xTY k=1

Ha ocHoBy oBe popmysie MOXKe NUcaTh [a je MMHMMAHA NapuuvjasHa aKkymyampaHa aucrtopsuja
(pacTojarbe) oy cTase Koja cnaja Tayke (ctama) (1,1) v (i, j) jeaHaka:

D(i, ) = min > d (g, (k). ¢, () *w(k) (5.35)

Bty T =
raecy i=¢, (T') n j=¢,(T").
Mpumerbyjyhn TEXHUMKY AMHAMWYKOT Nporpammnparba, NOCTynak pekypsuje 6u 6uo cneaehu:

DA, j) =min[D(", )+ (@, 1), (1 1))] (5.36)

roe je ca c((i', j'), (i, j)) 03HayeHa oTexaHa aKyMmy/amMpaHa oKaNAHa AUCTaHua namehy Tavaka (i', j')

n (i, j). OHa ce moxe npeacTaBuUTU y ckpaheHom o6auky:

c(@', J). (i, j)) = Zsld(@ (T*=1), ¢, (T=1))W(T"-I) (5.37)
1=0
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rae Lonpeacrassba 6poj Kopaka Ha cTasu Kojom ce nae og Taudke (i', j') Ao Tauke (i, j). Takohe, un

3a dyHKuMje yeknahmsarba Baxku: i'=¢, (T'-L;) n j'=4¢, (T'-L;) .

®yHKumMja amctopsmnje c(,) je pactyha u payvyHa ce camo Ay crneumdUyYHUX nyTeBa Koju cy
oapeheHn orpaHWyYerbMMa JIOKAaNHOT KOHTMHYMTETA M OTeXKaHor Harmba. Ctora ce anroputam
AVNHAMUYKOT Nporpammpatba NpUMetrbyje camo Ha cneumduyaH, "IMMUTUpPAH 6poj TayaKa, a He Ha
LLe0 NpaBoyraoHuKk obuka (T,,T,) .

Pagn ctuuara bosber yBuaa y oy npobnematmky Ha cauuu 5.6 pgata cy gga npumepa
orpaHuYerba NOKANHOI KOHTUHyWUTETa ca oarosapajyhum oTtexkarbMma Harmba. 3a CBakM of
npMmepa AaTa je U pekyp3nsHa GopmMyna AMHAMUYKOT NporpaMmmparba.

1/2 (i,j)

D(i-1, j-1)+d(ij)
D(i-1, j-2) + %d(i,j-1) + %d(i,j)

min

D(i-2, j-1) + %d(i-1,j) + %d(i,j)
1/2 1

1/2
1 (i.j)

D(i-1, j)+d(i,j)
min ( D(i-1, j-1)+2d(i,j)
2 1 D(i, j-1)+d(i,j)

(i1, j-1) a) 6)

Cnuka 5.6 Mpumepu 06aUKA 02pPAHUYEHA CA hOPMYAAMA 30 PeKyp3ujy.

Noa npeTnocTaBKOM JAa je NpocTop Ha KOMe ce 3anoyuktbe anropmtam  AMHAMUYKOT
nporpamumparba OrpaHuMyeH ca no4yeTHOm Tadkom (1,1) M ca 3aBpWHOM (Ty,T,), OHAa DTW

anroputam noapasymesa cnegehe kopake [Markovié et al., 2013b]:
1. WHunumjanusauymja:
D(1,1) =d(1,1) *w(2) (5.38)
2. PeKyp3uja:
DG, j) =min[D(", j) + (", 1), (i )] (5.39)
raecy i M j yHyTap 403BOJ/beHOr NpocTopa Tako Aaje: 1<i<T,, 1<j<T,
3. 3aspuieTtak:
D(T,.T,)
M

¢

d(X,Y)= (5.40)

OcHOBHa nageja oBOr aNrOPUTMa je 4a Ce PEeKYP3MBHU KOpaLM padyHajy 3a CBe /IOKa/iHe cTase

Kojuma ce moxke gohu go Tauke (i, j) y TauHo jegHom npenasy og (i', j') v Aa ce npu Tome nowTyjy

NOCTaB/bEeHA JIOKA/IHA OrpaHmyersa. Ha camum 5.7 aat je npumep jegHe TakBe DTW cTase.
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12 - o ° ° ° o ° ° ° ° ® (10, 12)

Cnuka 5.7 lMpumep DTW cmase.

Cnvka 5.8 npukasyje jegaH npumep cKyna moryhux Tayaka Koje ce Hanase y wpadupaHom
Aeny OrpaHu4yeHUm noyeTHom Taykom (L,1)m 3aspwHom Taukom (T,,T,). Camo yHyTap

Ha3Ha4YeHOor NPOCTOpPa BPLUM Ce M3pavyHaBakbe JI0KaNHMX CTa3a y okBupy DTW anroputma.

Ty |

PE®EPEHTHU Y30PAK

1 1
1 TECT Y30PAK Tx

»
»

Cnuka 5.8 CKyn mayaka rno Kojuma ce npumerbyje DTW anzopumam.

YBoherwem orpaHuyerba bpoj moryhux Tayaka (cTarba) ce cmarbyje WITO 3HATHO ybp3aBa
npouec pavyHarba ONTUManHe crase.

MNopen oBOr cnyyaja Kaga ce KOpuUCTe “CTPUKTHA” orpaHu4yerba KpajeBa peyn nocrtoje u
cuMTyauMje Kafa ce OHa mMory HanpasuTu GNIEKCMOUMAHUjMUM, OAHOCHO Taga no4veTak nopeherba He
mopa 6utn Tauka (1, 1) v Kpaj He mopa butn (T,,T,). Y TOM cay4ajy yBOAM Ce HEKU nomepaj o -

KOjumM ce nmomepajy oBe novyeTHe/Kpajibe Tauke. Ha Taj HauMH Aaje ce Buwe GAeKCMBUNHOCTU
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npuAnKom nopehera jep y HEKMUM peanHUM CUTyaumjama ce M He MOXKEe MNPEeLM3HO o4peanTu
noyeTak M Kpaj peun (HNp. yTMUaj NO33aAMHCKOr LWyMa, NyuKeTakba ycaHa, TELKOor Aucarba U
CIMYHO). HeraTmMBHA CTpaHa ce y OBOM C/yyajy ornefa y TOMe LITO je OTeXKaHOo M3pavyHaBakbe
onTMMasHe cTase, ogHOCHO noeehaH je 6poj KopaKa M CTasa no Kojuma ce ogpehyje MUHUMaNHA
AWCTaHUA.

Ty

PE®EPEHTHW Y30PAK

\4

1 TECT Y30PAK Tx

Cnuka 5.9 [Npowuperbe yca08a 30 02paHUYEHE Kpajesa peyu.

Ha canum 5.9 npukasaHa je 061acT No Kojoj ce BpLUM padvyHarbe MUHUMAIHE AUCTaHLUEe 3a ABa
y30pKa (Tect n pedepeHTHM). Y oAHOCY Ha npexoaHy CAMKy (cnamKka 5.8) 6poj Tayaka 3a
n3payyHasarbe ce nosehasa.

Y npakKcu je foCTa UCTpaKknmBaHo Kopuwhere rnobanHor orpaHmyerba tvna CE2-1 [Markovic et
al., 2013d] koje gaje MHTepecaHTHe pe3ynTaTe, a NOCTOjU U MoryhHocCT rpaduyke npeacrase cTase
Kojom ce Bpwu nopeherse [Markovi¢, Markovi¢, 2008].

Mopen nocTynaka Kojuma ce Hanasum jegHa ONTMMaJIHA CTa3a YeCcTo Cce NPUMerbyjy U NocTynum
roe ce Hanasm sehu 6poj, peunmo K, HajonTUManHujux crasa. Taj npobnem ce pewasa nomohy
napanenHor, CepnjCKor AN peeTKacTor anropmTma.
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6. EKCNEPUMEHTANTHU PE3Y/ITATU

Ha ocHoBy paHuje aeduHMCaHUX MONA3ZHUX XMMOTE3a M MEeToda UCTPaXKMBaka M3BPLUEHO je
Kpeuparbe ogrosapajyhux BekTopckux obenexkja. Ca acnekta napameTtapa of Kojux cy
CacTaB/bEHU, BEKTOPU Ce MOTY KlacupuKoBaTh y YeTUpu T1na:

1) BeKTopu cacTaB/beHM 04 12 KencTpanHux KoeduumjeHaTa 6e3 Hopmanunsaumje;

2) BEKTOPW cacTaB/beHM og, 12 KencTpanHux koeduumjeHaTa ca Hopmaansaumnjom;

3) BeKTOpwW cacTaB/beHU og 24 KoeduumjeHTa (12 KencTpanHmx nayc 12 aenta KencrpanHux)
npu Yyemy je NnpMmer-eHa Hopmanusaumja u

4) BeKTOpM cacTaB/beHM og 36 KoedumunjeHaTa (12 KencTpanHux nayc 12 aenta KencrpanHux
nayc 12 penta-genta KencTpanHux) Npu Yemy je npumereHa Hopmanusaumja.

BekTopcKka obenerkja KopuwheHa 3a 0Be eKcnepumeHTe cy:

1) LPCC - kencTpanHu KoedunumjeHTM 6a3npaHn Ha AIMHEAPHOM NPeANKLMOHOM Kogupatby;
2) LFCC — kencTpanHu koedunumjeHTn b6asmpaHn Ha IMHeapHO] pPEKBEHLMjCKOj CKanu;

3) TELFCC — kencTpanHu KoeduuujeHTH 6asmpaHM Ha AnHeapHOoj GPEKBEHLMJCKOj CKanu y3
npumeHy Teager Energy onepaTtopa;

4) MFCC — kenctpanHu koepuuujeHTn 6asmnpanm Ha “mel” peKkBeHUMjCcKoj cKanu;

5) TEMFCC — kenctpasnHu koeduumjeHTM 6asmpaHn Ha “mel” dpekBeHUMjcKO] ckaan y3
npumeHy Teager Energy onepaTopa;

6) GFCC- kenctpasnHu koeduumjeHTn 6asmpaHm Ha Gammatone puntep ckanu;

7) TEGFCC — kenctpanHu koeduumjeHTn basmpaHmn Ha Gammatone punTep ckaam y3 npumeHy
Teager Energy onepatopa;

8) PLPCC — kencTpanHun koepuumjeHTn 6a3mpaHmn Ha NepuenTUMBHOj INHEAPHO] NpeanKLUmju;

9) TEPLPCC — kencTpanHu koedumumnjeHT 6asmpaHn Ha NnepuenTMBHOj IMHEAPHO] NPeaUKUMjn
y3 npumeHy Teager Energy onepaTopa;

10) RASTACC — «KencTpanHu KoeduuumjeHTH 6asvpaHn Ha MepuenTMBHO] JIMHEAPHO]
npeauKLnjy Ha Kojy je npumerbeHa RASTA Hopmanumsaumja u

11) TERASTACC - KencTpanHu KoeduumjeHTM 6asupaHM Ha NepuenTUBHOj JIMHEApPHO]
npeauKLnjy Ha Kojy je npumerbeH Teager Energy onepatop u RASTA Hopmanusaymja.

Jobunjarbe BekTopa omoryheHo je peanusaumjom oarosapajyhmx ¢dyHKUMja y codTBEpPCKOM

nakeTy MATLAB [MATLAB].

Ha ocHoBy f06MjeHMX BEKTOPCKUX 0beneskja N3BPLLEHO je huxoBo nopehere ca akLeHTOM Ha
npumeHy Hopmanusauuje u Teager Energy onepartopa rae roz je To M3BoA/bMBO. PasamoTpeHa ce
YyeTUpPM OCHOBHA CLeHapuja (ABa ycarnalleHa u ABa HeycaraalleHa) 3a MyaTMMOZ4a/IHU TOBOP U TO:
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- ,HopmanaH/HopmanaH” (pedepeHTHU y30pUMN CY CHUM/BEHU Y HOPMANHOM MOAy, a TecT
y30pum Takohe y HopmanHom moay);

- ,wanat/wanat” (pedepeHTHN y30pLM CY CHUM/bEHWN Y MOAY LLanaTa, a TecT y3opum Takohe
y MoAy wanara);

- ,HopmanaH/wanat” (pedepeHTHN y30pUN CY CHUM/bEHW Yy HOPMAIHOM MoAy, a TecT
y30pum y moay wanaTa) u

- ,Wanat/HopmanaH” (pedepeHTHN y30pUM Cy CHUM/BEHU Y MOAY LIanaTa, a TeCT y30puu y
HOPManHOM moay).
3a nopeherbe roBoOpHMX y30paka KOPUCTUIA Ce KAacUYHa MeToAa AMHAMUYKOT YcKnahuBara y
BpemeHy (DTW) 6a3upaHa Ha EyKAMACKO] AMCTaHUM Koja ce padyHana usmehy oarosapajyhux
BEeKTOpa (Kao WTo je geTasbHO 0b6jalbeHo y nornasmby 5).

6.1 KPEMPAKE U NMOPEKLEHE BEKTOPA

da 6un ce kpeupana ogroeapajyha BekTopcka obenexja n ga 61 ce M3BPLWIKWAO HUXOBO
nopehere passujeH je ogpeheH bpoj codpTBepcknx moayna. AnaT 3a pas3soj je 6uo MATLAB
Bep3unja R2006a [Ljubic et al., 2014] n Visual Basic 6.0 [Deitel et al., 1999].

6.1.1 KPEMPAHE BEKTOPA

3a cBaKy nojeavHayHy BpcTy obenerkja Kao M 3a CBaKy KaTeropujy BEKTOpa pa3BUjeHU cy
oarosapajyhe codpreepcke pyHKUMje Tj. moaynm. Hbruxos 3apaTtak je 6Mo ga cBe roBopHe y3opke
3abenexeHe y 06AMKy wav patoTeka NpeTBOpe y CKyn BEKTOpa Mpema paHuje HaBeaeHOM
nocTynky npenobpage (nornasswe 3). Ctora je 6poj oBUX COPTBEPCKUX MOAyNa NPONOPLMOHaNaH
6pojy BEKTOPCKUX obenexja.

KpenpaHe MATLAB ¢yHKUMje Kao aprymeHTe cagpke ogpeheHe napameTpe Kojuma ce morke
AOJATHO  BPWWUTM  NoAellaBakbe  Ke/beHe  npegobpage. Tako  HAp.  dyHKumja:
MFCC_text_cms12(‘Ulazni_fajl.txt’, 22050, 1, 30) o3Ha4aBa cOPTBEPCKN MOAYAN KOjU yuuTaBa cBe
wav [atoTeke Koju ce Hanase y HaBeaeHoj gatoteuu ‘Ulazni_fajl.txt’, unja ¢dpekseHuuja
oamepaBama je 22050Hz, Koju cy y wav dopmaty (Tpehu aprymeHT umnja je BpegHocT ,, 1), 1 Koju
Kopuctn 30 duntepa pacnopeheHmx npema “mel” ckann. Osa dyHKUMja Kpenpa BeKTope og no 12
KencTpasHux kKoeduumjeHaTa Ha Koje je npumerbeHa Hopmanusaumja CMS (,ecms12“). Ha camum
6.1 paT je Aeo cagprKaja ynasHe txt paToTeke 3a jegHor roBopHuKa (Govornik7). OH cagpu
CNUCaK wav aaToTeKa 3a obpaay.
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I Ulazni_fajl - Notepad

File Edit Format Miew Help

movornik7ysvisbojal 7 _ln.wav
Guvurnik?\Sui\bDJaE_?_ln.wav
Govornik7ysvirvbojas_7_ln.wav
Govornik7ySvisbojad 7 _1n.wav
Govornik 7 Swinhbojas_7_1n.wawy
Govornik7ysvidnbojab_7_1ln.wav
Govornik 7 svisbojal_7_2n. wawv
Guvurnik?\Sui\bDJaE_T_En.wav
Govornik7ysvirbojas_7_2n.wav
Govornik7hsvisbojad _7_2n.wav
Guvurnik?\Sui\bDJaS_?_zn.wav
Govornik7ysvisbojab_7_2n.wav
Guvurnik?\Sui\bDJal_?_En.wav
Govornik7ysvihbojaz_7_3n.wav
Govornik7ySvisbojas_7_3n.wav
Govornik 7 Swinhoyad_7_3n.way
Govornik7ysvirbojasi_7_3n.wav
Govornik 7\ svisvbhojab_7_3n. wav
Guvurnik?\Sui\bDJal_?_dn.wav
Govornik7ysvisbojaz_7_4n.wav
Guvurnik?\Sui\bDJaE_?_dn.wav
Govornik7ysvidsbojad_7_dn.wav
Govornik7ySvisbojasi_7_4n.wav
Guvurnik?\Sui\bDJaﬁ_?_dn.wav
Govornik7ysvirbojal 7 _5n.wav
Govornik7hsvisboja2_7_5Sn.wav
Govornik 7 Swinhojas_7_on.way
Govornik7ysvisbojad _7_Sn.wav
Govornik 7 Swinbho]as_7_5n.way
Govornik7ysyidnbojab_7_5n.wav
Govornik 7 svisbojal_7_6n. wav
Guvurnik?\Sui\bDJaE_T_ﬁn.wav
Govarnik?ssvisbolas_7_6n.wav

Cnuka 6.1 Mpumep nucme yanasHuUx 0amomexa.

MomeHyTta MATLAB ¢yHKuUMja obpahyje jegHy No jeaHy wav gaToTeKy U Kpempa HOBE AaTOTeKe
TMna txt Koju cagp:ke BekTope on no 12 (uam 24 nnn 36) KoeduuujeHaTa, Beh npema paHuje
AeduHmcaHom TMNy. Ha noyeTKy cBaKe 04, OBMX M3Na3HWUX AATOTEKa Hajnpe je jeaaH 6poj Koju
03Ha4yaBa KOJIMKO YKYMHO BEKTOpa CaapKu ogrosapajyhu usnasHu penpeseHT wav [atoTeke,
3aTUM pAaBoTadka (,:“) nma cnege 6pojuaHe BpeaHoCcTM KoeduuujeHaTa. KoeduumjeHTn cy
pa3aBojeHn npasHUHom. [leo usnasHe gatoreke bojal_7_1n.txt oBor TMnNa NnpuKasaH je Ha canum
6.2.

B bojal_¥ 1n - Motepad E@
File Edit Format View Help

49: -0,592214 -0,011795 -0.364040 -0.183536 -0.027420 -0.073974  0.081516 0.084564 0,027
-0.096520 -0.025486 0.019773 0.0099583 0,002680 -0,072542 -0,270397 0.069950 0,052685
G055 0.000677  0.1883462 0.080306 0.069112 0.118420 0.0813%0 0.019845 0.072658 0.C
7oo0.074835 -0.199971  0.003938 -0.163776  0.044245  0.161033 0.015401 0.21369% -0,14247
118322 -0,088485 -0,039481 -0.024278 -0.0065821 0.4539041 0.163437 0.122903 -0.041167 -C
2099 0,009743 -0,081634 0Q.008219 0.041563 0.079854  0.040800 -0,001211 -0.023662 -0.017
0.167202 0,004233  0.056668 -0,217721 -0.344671 -0.001310 -0,166331 -0.109444 -0.074333 -
1041 -0, 058486 0,013902 -0.013134 -0.054282 -0.017375 0.273820 -0.007904 0.126084 -0.11
0.102155% 0,0530581 -0.010542 0.046564 -0,008634 -0,039441 -0,010477 -0,000789 -0.020335

Cnuka 6.2 [Tpumep u3nazHe 0amomeKe Koja cadpicu KerncmpasHe KoeguyujeHme.

Ha ocHoBY cnuncka cBux ynasHux wav gatoteka n3s Whi-Spe 6ase (bux 10.000) Ha oBaj HauuH
Kpeupa ce 10.000 M3nasHUX OAaToTEKA MO CBAKOj NMojeAMHadHo] KaTeropmju (4 KaTeropwmje) u 3a
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CBaKO MNojeAnHa4YHO BeKTOpcKo obenexje (11 BeKTopcKMx obenexja). Ctora, 3a 0Baj €KCNEepUMEHT
je KpeupaHo 1 KopuwheHo oko 440.000 gatoTeKka 06/IMKa Kao LUTO je OHa NpMKasaHa Ha CaMum
6.2.

6.1.2 MOPEREHE BEKTOPA

Mopehere roBOpHUX Yy30paka, OA4HOCHO oarosapajyhux BeKTOpa KOjU UX pPenpeseHTyjy,
BpLeHo je nomohy codprepckor moayna WiseWave [Markovié¢, 2002 a], [Markovi¢, Lukovi¢, 2012].
OBaj moayn npeactasB/ba rpaduUUKM KOPUCHUYKM MHTepdejc 3a peanmsaunjy DTW anroputma um
pa3BujeH je Kopuwherem codptBepcKor naketa Visual Basic 6.0.

Mocne oarosapajyher ysogHor ekpaHa fobuja ce anamnkaumja Kao WTO je NpuMKasaHa Ha canum

6.3.
Gammatone kepstralni koeficijenti
REFERENTNI UZORCI

TEST UZORCI

FK.oeficiient nagiba

Broj kepst. koeficijenata

Referentni signal Ispitivani signal
IZ7LA7 ‘ RESETOVANJE
DISTANCA
AUTOMATSKO POREDJENJE EXCEL IZVESTAM

Cnuka 6.3 WiseWave anaukayuja 3a nopehere 20860pHUX Y30PAKA.

Y nosbe o3HavyeHo ca ,REFERENTNI UZORCI“ yHocK ce Ha3umB txt gaToTeKe Koja cagpKu Hasuee
cBux txt patoteka (nobujeHnx nomohy MATLAB ¢yHKUMje Ha paHMje onNucaHM HauunH), a Koje ce
KopucTe Kao pedepeHTHe peun, a y nosbe o3HaveHo ca ,TEST UZORCI” yHocu ce Takohe Hasus txt
[ATOTEKE KOju CagpXKu Hasmee gaToOTeKa Koju npeacTaB/bajy TEeCT pevn. Y 0BUM eKCnepumeHTUMa
3a pedepeHTHe y30pKe Cy ce KOpUCTMAM cKynoswm og no 50 peuun Tj. oarosapajyhu BeKTOpcKu
penpeseHTU (HopmanHor rosopa M/mMnm wanata). Kao TecT y30pum KOPUCTUAM Cy Ce MpeocTanu
ceToBM, CBakM no 50 peun (penpeseHTM HOpMasHor rosopa u/unm wanata). Y nosbe ,Broj kepst.
koeficijenata® yHocu ce Konnko napameTapa cafp’Kun CBakM BEKTOP NOHAocob, a To je namn 12 nam
24 vnm 36. ,Koeficijent nagiba“ je y cTBapu KoeduLMjeHT NOKaNHOT KOHTUHYUTETA (Harmba) u 3a
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Hbera ce Kopuctn npupogaH 6poj. O6myHo ce yauma 1 unam 2. Y 0BMM eKcnepumeHTuma 3a
KoepuLUMjeHT NoKanHor Harnba KopuwheHa je BpegHocT 1.

MpuTnuckom Ha KomaHgHo ayrme ,AUTOMATSKO POREDJENJE” 3anounte noctynak DTW
nopehera cBux pedepeHTHUX y30paKa ca CBUMM TeCcT y30puuma Koju cy cneumduumpanun y
NOMEHYTUM JaToTeKama. Pe3syntat oBor nopeherba je maTpuua Koja Aaje guctaHue mamehy
pedepeHTHUX U TeCT y30opaka (Kao LWTOo je NpUKasaHo Ha cavum 6.4).

& DTW_Rezultati - Notepad E@E

Flle Edit Format View Help
L bojal 2 1ls.txt bD]a2 2_1ls.txt bD]aB 2_1ls.txt bD]a4 2_1ls.txt ki
ujal_z_zs.txt 0, 92460; 3, 96419; G.24522; G, 85838;
b01a2_2_25.txt 1?.933?4 8.??920 15.54211 18.0?154
b0133_2_2s.txt 1?.50400; 18.96920; 10.9??00; 13.95546;
b01a4_2_25.txt 14.88323; 17.73310; 10, 51205; 11.28845;
bDJaS_2_2S.txt 13.18927; 14, 06120; 14,4560, 17.42206;
bojaf_2_2s.Txt 17, 7E5E18; 23.36418; 12.18923; 13.40381;
erjl_2_2S.txt 14.22117; 14.34734; 15.18938; 15.67296;
br012_2_25.txt 16.67027; 14.45678; 14.63042; 15.40738;
br013_2_25.txt 12.61211; 14.44232; 14.55338; 15.35824;
br014_2_25.txt 14.35321; 15.46175; 15.81883; 17.03515;
br015_2_25.txt 19, 30135; 17.16835; 18.35222; 21, 27501;
br016_2_25.txt 16.85264; 16.27351; 18. 68894; 15, 54016;
brul?_2_2s.txt 19, 79645, 16.66411; 18, 37097, 20, 38805
br018_2_25.txt 15, 53780; 16.90478; 11.73878; 15.55855
br019_2_25.txt 19, 23725; 16, 259695; 15.63700; 17.03421;
br0110_2_25.txt 16.32710; 17.03508; 14.50157; 17.36639;
br0111_2_25.txt 18.82026; 21.86912; 14.00342; 17.14791;
brojl2_z_2s.txt  18,08327; 17.97663; 14.06882; 18, 579645;
br0113_2_25.txt 13.68024; 17.60950; 15.03872; 17.60242;
brojld4_2_2s.txt  12.62789; 18, 09168; 14.83210; 17.18804;
recl_2_ds.txt 15.42659; 16.682091; 17, FEa90; 159, 25826;
reci_2_Z2s.txt 18.02514; 13.21129; 17.1165946; 20, 25847;
reci_2_Jds.tHt 16, 77981; 15.34741; 15.80801; 17.36058;
recd_2_Z2s.txt 15.13600; 15, 40806; 14.67447; 17.44317;
reci_2_Jds.tHt 16, 73155; 18.80942; 10, 85884; 13.17016;
rech_2_Z2s.txt 17.255805; 158.46215; 17.24504; 21.054009;
recy_2_Jds.tHt 15.85486; 17.84742; 14.35973; 18, 712a3;
reci_2_Z2s.txt 14, 25683; 16, 058909; 13.835964; 16.02024;
rech_2_ds.tHt 16.13950; 17.14455; 17.15586; 159.54842;
recli 2 2=z txt 18.06210; 18.35263; 14, 27668, 19, 26847,
recll 2_Z=s.txt 16.95752; 16.16776; 14.76735; 18.17527;
recld 2 2z txt 158.42546; 19.67754; 15.94649; 18, 25335;
recls_2_Js.txt 14.12052; 14.41325; 16.5%289; 16. 35085
recld 2 2=z txt 13.02723; 17.90607; 15.20373; 17, 200043
recli_2_Js.txt 17.688274; 17.62553; 16, 81306; 18. 85411,
recl 2 2z txt 16.62485; 15.21.284; 16.48777; 17.43069;
recly_2_2s. txt 159, 51036; 20.37756; 13.31120; 14.84568;
recls 2 2z txt 19.12403; 19, 23847, 17.95475; 22.51664;
reclS_2_ 2= txt 13.09871; 16.45179; 15.27907; 17.43699;
recii_2_ 2z txt 16, 33196; 15.85921; 11.63155; 14, 72690;
recdl_2_ 2= txt 14.73122; 16, 21802; 14.38457; 17.18618;
recdd 2 2z txt 18, 24940; 19.13660; 11.55144; 14.21349;
rec23 2 2S.txt 17.34681; 1?.46393 16. 585940; 18.83314;

Cnuka 6.4 I'Ipums dena pezyamama nopehersa.

Ca c/IMKe ce MOXKe YyOUuTU [a Y TOpHeM Aeny je IMCTa HasmBa pedepeHTHUX AaToTeka (amncra
cagpu 50 HasmBa Koju cy KopecnofeHTHU ca 50 pedepeHTHMX y30paKa). Y nesom geny camke (no
BEPTMKANN) HanNasn ce JNIMCTa Ha3mBa TecT cetoBa og no 50 patoteka. Y npeceky OBako
AedUHMCAHUX KoNoHa (pedepeHTHWM y3opuu) M BpcTa (TecT y3opuu) Hanasu ce AMcTaHua
n3padvyHata nomohy DTW meToae namehy oarosapajyher pedepeHTHOr U TecT y30pKa. YKOUKO je
Nno AnjaroHann Hajmarba BPeagHOCT OHAA je pey yCnewHo npenos3HaTa, y NPOTMBHOM AOLWJ0 je A0
norpelHe oanyke.

Kapa ce 3aspwun noctynak ,AUTOMATSKO POREDJENJE“ nobuja ce oarosapajyha nopyka u
pe3ynTtyjyha aatoTeka (Kao WTO je npumep NpuKasaH Ha cavum 6.4) je komnnetupaHa. Notom ce
npuTUcHe KomaHaHo ayrme ,EXCEL IZVESTAJ” n aytomatcku ce reHepuwe oprosapajyha Excel
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[aToTeKa Ha basu txt gatoTeke (Koja je NpuKasaHa Ha canum 6.4). Excel gatoTeka gaje npukas Koje
Cy peun ycnewHo npenosHate (obenekeHo 3eneHom 60jom), a Koje Cy peun NorpelHo
npenosHaTe (obenexkeHo upBeHOM 60jom). [leo NpuKasa Te AaTOTEeKe je AaT Ha camum 6.5. Takohe
Aobuja ce maTpuua KoHoysmje (y Excel BapmjaHTM) Koja noKasyje Koje cy peun ,3amerbeHe” ca
ApyrMma (4eo npuKasa je Ha cavum 6.6) Kao M CTAaTUCTMYKM M3BEWTaj ca NojeguMHaAYHUM
npoueHTMMa ycnewHo npenosHatux peun (WRR — Word Recognition Rate) 3a cBaky opa, peun u
YKYMHUM MNPOLEHTOM YCMewHOor npenosHaBaka 3a ogrosapajyher roBopHuKa Tj. 3a cBe peuu
CymapHo (4eo npuKasa Ha cauum 6.7).

& DTW_Rezultati

A B c D E F G H
1
2 bojal_2_1s.txt boja2_2_1s.txt boja3_2_1s.txt bojad_2 1s.txt boja5_2_1s.txt boja6_2_1s.txt broj1_2_1s.txt
3 bojal_2_2s.txt 13.96419 16.24522 16.85838 11.69386 16.36755 14.86616
4 boja2_2_2s.txt 17.93374 15.54211 18.07154 14.42646 18.15330 16.50041
5 hoja3_2_2s.txt 17.50400 18.96920 10.87700 13.95546 1639504 || 16.58184
6 bojad_2_2s.txt 14.88323 17.73310 14.32993 13.95900 12.85708
7 bojas_2_2s.txt 13.18927 14.06120 14.45602 17.42206 17.53820 14.49493
& boja6_2_2s.txt 17.76818 23.36418 12.18923 13.40381 18.41545 12.86824 16.84147
5 broj1_2_2s.txt 14.22117 14.34734 15.18938 15.67296 11.52213 15.18627
10 broj2_2_2s.txt 16.67027 14.49678 14.63942 15.40738 13.34214 15.66401 16.01442
11 broj3_2_2s.txt 12.61211 14.44232 14.55338 15.35824 9.95958 14.68897 12.01573
12 broja_2_2s.txt 14.35321 15.46175 15.81883 17.03515 12.33700 15.83061 16.33272
13 broj5_2_2s.txt 19.30135 17.16833 18.35222 21.27501 16.60021 18.18186 20.44815
14 broj6_2_2s.txt 16.85264 16.27351 18.68896 19.94916 13.78001 19.35305 18.90007
15 broj7_2_2s.txt 19.79643 16.66411 18.37097 20.38805 16.85137 22.59327 19.13824
16 broj8_2_2s.txt 19.53750 16.99478 11.73878 15.99895 16.63083 13.16094 17.55534
17 broja_2_2s.txt 19.23723 16.29695 15.63700 17.03421 15.08976 13.58639 19.00827
18 broj10_2_2s.txt 16.32710 17.03508 14.90157 17.36639 13.66295 17.43146 15.47576
19 broj11_2_2s.txt 18.82026 21.86912 14.00342 17.14751 16.96665 16.38467 19.85911
20 broj12_2_2s.txt 18.08827 17.97663 14.96882 18.57966 18.21155 13.95521 17.37282
21 broj13_2_2s.txt 13.68024 17.60950 15.03872 17.60242 14.87419 17.81412 15.45111
22 broj1a_2_2s.txt 12.62789 18.09168 14.83210 17.18306 13.85524 18.45289 14.59730

Cnuka 6.5 Mpuka3s dena pezyamama nopehera y 06auky Excel ussewmaja.

B DTW_Rezultati
A B C D E F G H
470 Statisticki izvestaj
471 bojal_2 1s.txt boja2 2 1s.txt boja3_2 1s.txt bojad 2 1s.txt boja5 2 1s.txt bojaé_2 1s.txt brojl_2 1s.txt b
472 bojal
473 boja2
474 boja3
475 bojad
476 bojas
477 bojas
478 brojl
473 broj2
480 broj3
481 brojd
482 brojs
483 brojé
484 broj7

CnuKa 6.6 Mpuka3 dena mampuye KoHgy3uje.
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] DTW_Rezultati

A B C D E F G H
509 recl8
510|rec19
511 |rec20
512 rec21
513 rec22 [ ]
514 rec23
515 rec24
516 rec25
517|rec26
518 |rec27
519 rec2d
520 rec29
521 rec30 [ ]
522 Procenat tacnosti 100.00% 100.00% 22.22% 77.78% 88.80% 55.56% 88.80%
523 Uk.procenat tacnosti 89.56%

Cnuka 6.7 lpukas npoyeHma ycrnewHo npeno3Hamux pevu nojeduHa4YyHo U CymMapHo.

BpeaHocT o3HayeHa Ha u3BewrTajy ca ,Uk. procenat tacnosti” (civka 6.7) ce ynucyje vy
ogrosapajyhy Tabeny pesyntata na ce noctynak nopehewa noHaB/ba 3a CcBe MpeocTtane
roBOPHMKe.

OcvM NOMeHyTUX KomaHau Ha dopmu ca cavke 6.3 noctoje u KomaHze ,RESETOVANIJE” u
JIZLAZ". HbuxoBe ynore cy aa ce peceTtyjy BpPeAHOCTU CBUX MPOMEH/bUBMX KOje ce TPEeHYTHO
KopucTe y nporpamy, O4HOCHO Aa ce n3ahe us nporpama.

6.2 PE3YZITATU NOPEBEHA

PesyntaTu npenosHaBakba Yy BWAY TMNpPOLEHTA TayHO npeno3Hatux peun (WRR-Word
Recognition Rate) 3a BekTOopcka obenexja LPCC, LFCC, TELFCC, MFCC, TEMFCC, GFCC, TEGFCC,
PLPCC, TEPLPCC, RASTACC 1 TERASTACC agatu cy y 06aunky Tabena n anjarpama. Ha 6a3u ceakor og,
nomeHyTux obenexja M3BpLlLeHo je nopeherbe pesynTarta ca acnekta Kopuwhera/Hekopuwherba
HopManu3aumje, a Takohe 1 ca acnekTa NPUMeHe CTaTUYKUX (KencTpanHUX) U AMHaMUYKKX (aenTta
n penta-aenta) koepuumjeHarta.

Ceako nosbe y Tabenu npepctas/ba pesyntat og 22.500 nopehewa na je 3a KOmMAeTaH
eKcnepumeHTasiH1 geo oBor paga 6poj DTW nopeherba nsHocmo npeko 40 MUAMOHa.

YpaheHa je cTaTUCTMYKaA aHanM3a rae je HMBo noysgaHocTtu (confidence level) nocTtaB/beH Ha
95% n Ha 6a3u Tora cy paydyHaTMm uHTepBaaun noysgaHocTn (confidence intervals). JobujeHe
BPEAHOCTM Cy NpeacTaB/beHe y Tabenama 6.1-6.44. MHTepBanu Noy3AaHOCTM Cy Ce payyHanu Kao
,»Cp. Bpea. £ I'pewKa” n npukasaHu cy Ha oarosapajyhum aujarpamuma.

3a cBe cny4yajeBa rae je 6uno moryhe kopuwhewe Teager Energy onepatopa AaTo je u
nopehere pesynTtaTa NpenosHaBara ca cpogHMm obenexjuma (Tako Hnp. nopeheHn cy TELFCC u
LFCC, TEMFCC n MFCC uta.).
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6.2.1 PESY/ZITATU HA BA3U LPCC BEKTOPCKOI OBEJNIEXIA

Ha 6a3u nnHeapHe npeankumoHe KogHe aHanuse (LPC), (Koja je geTasbHO onuvcaHa y geny 3.1)
[obujeH je cKyn BeKTOpa CacTaB/beHWUX Of, KenCTpasHux KoedpuumjeHaTa, AenTa KencTpanHux
KoeduuMjeHaTa U AenTa-genta KencrpanHux koebuumnjeHata [Markovi¢, Grozdi¢, 2014] Kao wrTo je

paHuje HaBedeHO.

PasmatpaHa cy cnemeha 4eTupu cueHapuja: ycarnaweHu (,HopmanaH/HopmanaH” u

yWanat/wanat”) u HeycarnaweHn (,HopmanaH/wanat” u ,wanat/HopmanaH”). Pesyntatu

npenosHaBatba Yy 06/IMKY NpoLeHTa TaYHO MPeno3HATMX peyn gatu cy y Tabenama 6.1 n 6.2 3a
ycarnaweHe, a y Tabenama 6.3 n 6.4 3a HeycarnaleHe cueHapuje.

Tabena 6.1 LPCC: pe3ynmamu rpeno3Hasarsa 3a CUeHapuo ,,HopmasaH/Hopmana

Kencr. + A Kenct. +A

BpcTa BekTOpa/ LPCC (6e3 LPCC (ca +AA
FoBOPHMK CMS-a) CMS-om) (ca CMS- (ca CMS-

om) om)
foBOpHMK 1 96.00 96.67 97.78 97.56
FOBOpPHWUK 2 94.00 94.44 95.33 95.33
FOBOpPHWUK 3 97.11 99.33 98.89 98.67
FOBOpPHUK 4 96.00 97.11 97.33 97.33
[OBOPHUK 5 95.78 97.33 97.56 97.78
[0BOpPHMK 6 92.67 94.00 93.33 93.11
[oBOpPHUK 7 92.44 94.89 95.33 94.89
[0BOpPHMK 8 98.22 98.44 98.44 98.00
FOBOPHUK 9 95.78 96.89 96.89 96.67
foBopHMK 10 92.89 95.33 94.89 94.89

Cp. Bpep. * 'pewkKa | 95.091+1.23 | 96.44+1.08 | 96.58+1.10 | 96.42+1.10

Tabena 6.2 LPCC: pe3ynmamu npeno3Hasarba 3a cuyeHapuo ,wanam/wanam®

Kenct. + A | Kenct. +A

BpcTa BekTopa/ LPCC (6e3 LPCC (ca (ca CMS- +AA
FOBOPHUK CMS-a) CMS-om) om) (ca CMS-

om)
foBOpHUMK 1 93.33 94.89 94.67 94.67
[OBOPHWUK 2 94.00 96.00 96.44 95.56
[OBOpPHMK 3 97.33 98.22 98.89 98.89
loBOpHWK 4 97.11 97.33 97.33 97.11
[0BOPHWK 5 90.44 92.67 92.22 92.00
[OBOPHUK 6 76.22 87.56 86.44 85.56
FOBOPHUK 7 86.00 91.56 91.11 90.44
[OBOPHUK 8 85.11 94.44 94.22 93.33
[OBOPHUK 9 89.11 94.22 94.67 94.67
loBopHuWK 10 79.11 83.33 83.78 83.11

Cp. Bpep,. * Ipelwka | 88.78+4.46 | 93.021+2.83 | 92.98+2.95 | 92.53+3.08
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Tabena 6.3 LPCC: pe3ynmamu npeno3Hasearba 3a cUeHapuo ,,HopmanaaH/wanam®

Kenct. +A | Kenct. +A

BpcTa BekTOpa/ LPCC (6e3 LPCC (ca (ca CMS- +AA
FoBOPHUK CMS-a) CMS-om) om) (ca CMS-

om)
foBOpHMK 1 53.56 67.78 67.78 68.00
[OBOpPHMK 2 16.44 38.00 39.56 38.89
F0BOpPHMK 3 38.22 60.89 62.89 62.22
lfoBOpHWK 4 40.67 65.11 66.89 66.00
foBOPHWK 5 29.11 47.56 49.11 47.11
[0OBOPHUK 6 35.33 49.78 48.00 47.33
FOBOPHUK 7 30.22 50.22 48.89 47.56
FOBOPHUK 8 36.67 62.22 65.11 62.67
FOBOPHMK 9 39.11 55.33 55.78 55.56
foBopHMK 10 38.22 48.67 48.67 47.11

Cp. Bpep,. * Ipewka | 35.76+5.89 | 54.56%5.79 | 55.271+6.09 | 54.24+6.18

Tabena 6.4 LPCC: pe3ynmamu npeno3Hasarsa 3a cUyeHapuo ,,uianam/HopmanaH”

Kenct. +A | Kenct. +A

BpcTa BekTOpa/ LPCC (6e3 LPCC (ca (ca CMS- +AA
FoBOPHMK CMS-a) CMS-om) om) (ca CMS-

om)
foBOpHUMK 1 28.22 49.56 49.11 47.11
FOBOpPHUK 2 21.33 33.33 34.44 33.56
F0BOPHUK 3 33.33 50.67 53.56 53.78
[0BOpPHUK 4 26.44 48.67 52.67 52.00
[0BOpPHMK 5 20.89 57.33 39.33 39.56
[OBOPHUK 6 31.11 39.33 38.44 39.56
FOBOPHUK 7 36.89 43.56 44.00 44.00
[OBOPHMK 8 33.56 55.11 56.89 56.89
FOBOPHUK 9 31.56 48.00 48.44 47.78
foBopHMK 10 37.11 42.89 43.78 43.33

Cp. speg. * Ipewka | 30.04+3.58 | 46.84+4.19 | 46.07+4.53 | 45.76+4.47

Ha ocHoBy nobujeHnx pesyntata u3 npetTxogHe 4yeTupu Tabene moxke ce popmmnpaTi anjarpam
KOju NOKasyje OoAHOC Mpeno3HaBatba 3a CAy4YajeBe Kada je M Kaga Huje npumereHa CMS

HOopMasnuM3aumja, a AyKuHa BeKTopa je 12 KencTpanHux KoeduuunjeHaTa (cimka 6.8).
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LPCC: NpoceuaH 6poj npeno3HaTux peuun (y %)
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100  95:09 9644 88.78 93.02
80
54.56
60 46.84
35.76
40 30.04
20
o —
H/H LU/ H/W LW/H
Obe3s CMS-a @ Ca CMS-om

Cnuka 6.8 Pesynmamu ripeno3Hasara 3a LPCC obenexje 6e3 u ca CMS-om.

Ha ocHoBy pgobujeHor agujarpama MoxKe ce 3akyuntu ga CMS Hopmanusaumja Aaaje
nobosbluartbe 3a CBaKM 04, pa3mMoTpeHUxX cueHapuja. OHo ce Kpehe og oko 1,3% (3a cueHapuo
,HOpManaH/HopmanaH“) go ckopo 19% (3a cueHapuo ,,HopmanaH/wanat”).

YTuuaj BpcTe napameTtapa (KencrtpanHu, genta v Aenta-genta), a TMume u ogrosapajyhe
OYXMHe BEKTopa, Ha Npeno3HaBakbe A4aTh cy Ha canum 6.9.

LPCC: YTuuaj Bpcte napameTtapa Ha npeno3HaBake (y %)

120
100 | 96:44 96.58 96.42 93,02 92.98 9753
—E— T T
I 1
80
54.56 55.27 5424
60 T 46.84 46.07 45.76
1 T T
40 |
20
0
H/H w/w H/LW /M

B KenctpanHu OKencTp. + aenta OKecnTp. + paenta + genta-genta

Cnuka 6.9 Ymuuyaj spcme napamemapa Ha npernosHasare 3a LPCC obenexje.

AHanu3om gujarpama ca c/imke 6.9 MoXKe ce youuTu Aa je Bp/iIo Mana pasnnka mamehy ose Tpu
BpPCTE MNapameTapa M [4a Ce 3a CUueHapuo ,wanaT/HopmanaH“ Koh npumeHe Aenta-genta
KencTpasHux KoedpuumjeHaTa jaB/ba CMatbeHbe Npeno3HaBakba 3a 0Ko 1%. OHO ce morke 0bjacHUTH
Kao aAUTUBHUM YTULAj TPELUKE payyHatba jep cy Aenta-genta AONPUHOCKU BP0 mMann. Hbuxosum
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aKyMmy/iMparbeM OBa rpellaka MoXKe [A06UTM Ha 3Hauvajy anu je M gasbe y obnactm manux
BPEAHOCTM (CTAaTUCTUYKE FPEeLLKe).

6.2.2 PESY/ZITATU HA BA3U LFCC U TELFCC BEKTOPCKUX OBEJIEXKIA

Kopuwherwem nuHeapHe ¢pekBeHuUMjcke cKane n oarosapajyher TE onepatopa pobwujajy ce
BEKTOpPCKa obenexja oaroeapajyher Tvna (Kao wWTo je onucaHo y notnornasmy 3.2) [Markovi¢ et
al., 2018]. Ha 6a3u BekTOpckor obenexje Tvna LFCC, a 3a Hanpeg HaBegeHe cueHapuje wu
Bapujaumnje napameTapa, fobujajy ce pe3yntati Nnpeno3HaBakba Koju cy Aatu y Tabenama 6.5-6.8.

Tabena 6.5 LFCC: peaynmamu npeno3Hasara 3d CYEHapuo ,,HOPMaAaaH/HoPManaH"

LECC LECC Kenct. +A | Kenct. +A
BpcTa BekTOpa/ (ca CMS- + AA
FOBOPHIK KencrT. (6e3 | kencr. (ca om) (ca CMS-
CMS-a) CMS-om)
om)
foBOpHMK 1 97.11 98.89 98.67 98.67
FOBOpPHWUK 2 96.89 97.33 97.11 97.33
FOBOpPHWUK 3 98.67 99.56 99.56 99.56
FoOBOpPHUK 4 98.67 99.56 99.56 99.56
[0BOpPHUMK 5 97.56 99.11 98.89 98.89
[0BOpPHMK 6 96.47 96.44 96.22 96.67
[oBOpPHUK 7 95.78 97.33 97.78 97.56
FOBOPHUK 8 98.89 99.11 99.33 99.11
FOBOPHUK 9 98.22 99.11 99.11 98.67
foBopHMK 10 94.22 96.44 97.11 97.33
Cp. speg. * Ipewka | 97.25+0.92 | 98.29+0.78 | 98.33+0.74 | 98.3410.64

Tabena 6.6 LFCC: pe3ynmamu npeno3Ha8ar-d 3d cyeHapuo ,,wanam/wanam®

LFCC LFCC Kenct. +A | Kencr. +A
Bpcra BekTopa/ (ca CMS- + AN
FOBOPHNK KencrT. (6e3 | KencrT. (ca om) (ca CMS-
CMS-a) CMS-om)
om)
foBOpHMK 1 94.89 95.56 96.00 96.22
[0BOpPHUK 2 95.56 97.11 97.33 96.89
[0BOpPHUKK 3 98.44 99.33 99.33 99.33
[0BOpPHUK 4 97.78 98.22 97.78 97.78
[0OBOpPHUK 5 90.89 93.11 93.56 93.11
[OBOPHUK 6 82.22 89.33 88.67 87.78
[OBOPHUK 7 88.89 94.44 94.67 94.22
[OBOPHMK 8 91.11 95.33 96.67 96.22
[0BOpPHUK 9 92.44 95.56 96.44 96.67
FosopHuk 10 82.67 85.33 86.22 86.00
Cp. Bpep.  NpewkKa | 91.45+3.51 | 94.33+2.61 | 94.67+2.58 | 94.42+2.69
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Tabena 6.7 LFCC: pe3ynamamu rperno3Hasara 3a CUeHapuo ,,HopmasaaH/wanam®

LECC LECC Kenct. +A | Kencr. +A
BpcTa BekTOpa/ (ca CMS- + AA
FOBOPHUK KencT. (6e3 | kencrT. (ca om) (ca CMS-
CMS-a) CMS-om)
om)
[oBOpHMK 1 66.44 81.56 82.00 80.67
[OBOPHUK 2 24.67 52.00 50.67 50.00
[OBOPHMK 3 48.44 81.11 81.56 81.33
[0BOpPHUK 4 50.89 77.78 78.22 78.00
[0OBOPHUK 5 33.56 58.89 58.89 58.44
[OBOPHUK 6 45.33 62.00 63.11 63.33
[OBOPHUK 7 39.11 65.33 65.56 64.22
[OBOpPHMK 8 51.56 78.00 77.78 76.44
[oBOpPHUK 9 46.00 73.78 72.44 69.56
FosopHuk 10 47.33 61.11 61.78 60.67
Cp. Bpep. * IpewkKa | 45.33+6.96 | 69.16+6.54 | 69.20+6.65 | 68.27+6.59

Tabena 6.8 LFCC: pesynamamu nperno3Hasara 3a CUeHapuo ,,wanam/HopmanaH“

LFCC LFCC Kenct. + A | Kencr. +A
Bpcra BekTopa/ (ca CMS- +AA
FOBOPHUK KencrT. (6e3 | kencr. (ca om) (ca CMS-
CMS-a) CMS-om)
om)
foBopHMK 1 39.78 67.78 66.44 66.00
[0BOpPHMK 2 23.33 58.22 60.89 60.22
foBOpPHMK 3 37.56 77.56 77.56 78.00
[0BOpPHUK 4 30.89 66.00 68.67 67.56
FOBOPHUK 5 27.56 52.00 54.67 54.44
FOBOPHUK 6 37.56 51.33 51.33 51.11
FOBOPHUK 7 45.56 60.44 60.89 60.00
[oBOpPHMK 8 43.33 71.78 73.78 72.67
foBOPHWK 9 37.11 64.44 65.11 64.67
foBopHMK 10 43.78 55.78 57.33 56.67
Cp. Bpega, * 'pewka | 36.67+4.53 | 62.53+5.31 | 63.67+5.14 | 63.13+5.15

Ha ocHoBy pe3ynTaTa npuKasaHuX y NpeTxogHMm Tabenama Aart je Aujarpam npenosHaBahba
3a CBa YeTMpPU CLEHapuja U BEKTOpPE cacTaB/beHe o4 12 KencTpasnHux KoeduumjeHaTa 3a caydajese

Kaja Huje u Kaaa je KopuwheHa Hopmanusauuja (cnmka 6.10).
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LFCC: NpoceuyaH 6poj npeno3HaTux peuun (y %)
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Cnuka 6.10 Pe3ynmamu nipeno3Hasara 3a LFCC obenexje 6e3 u ca CMS-om.

Moe ce youutn ca gmjarpama ga npumeHa CMS Hopmanusaumje nosehaBa ycnewHocT
npeno3HaBakba 3a CBe HaBeAeHe CLeHapuje U To o4 oKo 1% 3a cueHapuo ,,HopmanaH/HopmanaH“
na 10 OKo 26% 3a cueHapuo ,lwanat/HopmanaH”.

Mopehere ycnewHOCTM Npeno3HaBakba KaZla ce KOpPUCTe PasinyMTU NapameTpu 3a BEKTope
(KkencTpanHu, KencTpasHW ca AenTta KencTpasHMM U KencTpasHW ca genta UM Aenta-Aenta
KENCTpasHUM KoedUUMjeHTUMa, a NpU TOMe je MPUMEereHa HOpMaansaumja), 3a MOMEeHyTe
CLieHapuje AaTo je Ha camum 6.11.

LFCC: YTuuaj Bpcte napameTtapa Ha npeno3Hasamwe (y %)
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100 | 9829 98.33 9834 o) 3304679442
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L L
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Cnuka 6.11 Ymuuyaj spcme napamemapa Ha riperio3Hasarse 3a LFCC obeneje.
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Ha 6a3u oBor gujarpama moxe ce youuTu Aa je BP0 Mana pasainka wusmehy HaBegeHe Tpu
BpPCTe NapameTapa v Aa je AobuTak HajBuMLie 3a OKO 1% y cnydajy cueHapwja ,wanat/Hopmanan” n
npu Kopuwhery BEKTOPA CACTaB/bEHOT 04, KENCTPANHUX M AeNTa KENCTPANHMX KoeduumjeHaTa.

MpumeHom Teager Energy onepaTtopa fobuja ce BekTopcko obenexje Tmna TELFCC. 3a Hanpeg
HaBedeHe cueHapuje U NOMeHyTe Bapujaumje napameTapa pesyntaTu npenosHasakba Cy AaTU Y
Tabenama 6.9-6.12.

Tabena 6.9 TELFCC: peaynmamu npeno3Ha8ara 3a CUeHApUo ,, HOPManaH/HopmanaH"

TELECC TELECC Kenct. +A | Kenct. +A
Bpcra BekTopa/ (ca CMS- +AA
FOBOPHIK KencT. (6e3 | kencr. (ca om) (ca CMS-
CMS-a) CMS-om)
om)
fosopHuK 1 97.11 98.89 98.67 98.44
FOBOpPHWUK 2 96.44 97.78 97.56 97.56
FoBOpPHMK 3 98.67 99.56 99.56 99.56
F0BOpPHUK 4 98.67 99.56 99.56 99.56
[0BOpPHMK 5 97.33 99.11 98.44 98.44
FOBOPHUK 6 95.78 97.11 96.44 96.67
FOBOpPHUK 7 96.22 96.89 97.33 97.56
FOBOPHUK 8 99.33 99.33 99.11 98.89
FOBOPHUK 9 97.78 98.67 98.89 98.67
foBopHMK 10 94.89 97.11 98.00 97.56
Cp. Bpep,. * Ipewka | 97.22+0.88 | 98.4010.67 | 98.36+0.63 | 98.29+0.58

Tabena 6.10 TELFCC: pe3yamamu nperno3Hasarba 3a cueHapuo ,wanam/wanam”

TELFCC TELFCC Kenct. + A | Kenct. +A
BpcTa BekTopa/ (ca CMS- +AA
FOBOPHUK KencrT. (6e3 | kencr. (ca om) (ca CMS-
CMS-a) CMS-om)
om)
foBopHUK 1 94.44 96.22 96.22 96.22
[0BOpPHMK 2 95.78 97.11 96.89 96.22
[0BOpPHMK 3 98.44 99.11 99.33 99.33
[0BOPHUK 4 97.33 98.22 97.78 98.00
[OBOPHUK 5 90.89 93.33 93.33 93.33
[OBOPHUK 6 81.33 89.78 89.11 88.22
[0BOpPHUK 7 89.56 94.89 94.89 94.67
f0BOpPHMK 8 90.22 96.00 96.44 96.44
[0BOpPHMK 9 93.33 96.00 96.44 96.67
foBopHMK 10 82.89 85.78 85.78 85.78
Cp. Bpea, t 'pewka | 91.42+3.55 | 94.64+2.52 | 94.62+2.57 | 94.49+2.67
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Tabena 6.11 TELFCC: pe3ysamamu rpeno3Hasara 3a cueHapuo ,HopmMmanaaH/wanam*

TELECC TELECC Kenct. +A | Kenct. +A
Bpcra BekTopa/ (ca CMS- +AA
FOBOPHUK KencrT. (6e3 | kencrT. (ca om) (ca CMS-
CMS-a) CMS-om)
om)
fosopHUK 1 67.56 84.00 82.89 82.44
[OBOPHUK 2 25.78 52.44 51.56 52.22
foBOpHMK 3 48.56 82.89 83.11 82.22
[0BOpPHUK 4 52.00 78.89 79.11 77.78
FOBOPHUK 5 32.89 61.11 61.11 59.33
FOBOPHUK 6 29.11 61.33 62.00 61.56
FOBOPHWK 7 40.44 62.89 64.67 64.00
foBOpPHMK 8 50.22 77.78 77.33 76.89
foBOpPHMK 9 46.67 73.11 71.11 70.22
foBopHMK 10 47.56 62.67 62.44 61.11
Cp. Bpea, * 'pewka | 44.08+7.70 | 69.71+6.78 | 69.53+6.67 | 68.78+6.58

Tabena 6.12 TELFCC: pe3ynamamu npeno3Hasarba 3a cueHapuo ,,uanam/HopmanaH”

TELECC TELECC Kenct. +A | Kenct. +A
BpcTa BekTOpa/ (ca CMS- + AA
FOBOPHUK KencT. (6e3 | kencrT. (ca om) (ca CMS-
CMS-a) CMS-om)
om)
foBOpHUK 1 41.56 66.67 67.56 66.00
FOBOpPHWUK 2 25.11 60.44 61.11 61.11
F0BOpPHWUK 3 38.00 79.33 80.89 80.00
[0OBOPHUK 4 32.22 70.00 71.78 71.11
[0BOpPHUMK 5 28.67 52.89 56.00 56.00
[0BOpPHMK 6 38.44 51.11 50.67 50.67
[oBOpPHUK 7 45.56 59.33 59.56 60.00
FOBOPHUK 8 43.33 72.67 73.56 72.00
[OBOPHUK 9 36.22 64.67 66.22 64.67
foBopHUK 10 44.44 55.78 57.33 56.00
Cp. spep. + Ipewka | 37.36+4.26 | 63.29+5.62 | 64.47+5.72 | 63.7615.48

Ha 6asmn pesyntata npukasaHux y Tabenama 6.9-6.12 part je aAwnjarpam npenosHasama (Y
NPOLUEHTMMA) 3a CBa YETUPU CLEHapuja U KencTpanHe KoedpuumjeHTe M To 3a c/yyajeBe 6e3 u ca

CMS Hopmanusaumjom (cnmka 6.12).
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TELFCC: NpoceyaH 6poj npeno3HaTtux peum (y %)
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Cnuka 6.12 Pe3ynmamu nipernosHasarba 3a TELFCC obenexje 6e3 u ca CMS-om.

AHann3oM gujarpama ca camke 6.12 moxe ce younTu aa npMmeHa Hopmanusaumje tmna CMS 'y
CBMM C/AyyajeBMMa faje nobosbwara. OHa ce Kpehy oa oko 1% 3a cueHapuo
,HOpManaH/HopmanaH“ fo Yak 26% 3a cLeHapwuo ,WwanaTt/HopmanaH®.

Mopehere ycnewHoCTM NpenosHaBakba Kaga Ce KopWUCTe pasnumuTe BpCTe NapameTtpa M
PasNMuMTE AyXKUHE BEKTOPA (CamMo KencTpasHu, KencTpasiHu ca AeNTa KencTpasHUm 1 KencTpanaHu
ca [enta U Aenta-Aenta KencrtpaiHum KoeduumnjeHTMMa) 3a NMOMEeHyTe CLeHapuje AaTo je Ha

cavym 6.13.
120 TELFCC: YTuLaj BpCTe NnapameTapa Ha npenosHasare (y %)
100 98.498.36 9829 4 619462 94.49
T T
80 69.71 69.53 68.78
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T
60 ! 1
40
20
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Cnuka 6.13 Ymuuyaj spcme napamemapa Ha riperio3Hasarse 3a TELFCC obeneje.
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AHannsom BpegHOCTU Ca Amjarpama MOXKe Ce YOUMTU ga Heme BesiMKe pasnunke uamehy
nobunjeHnx pesyntata 6e3 o063Mpa Ha BPCTY NapameTapa U AyXKMHY BEKTOpa KOoju ce KopucTe.
Hajseha pa3nuka je HewTo nsHag 1% Ko cueHapuja ,wanat/HopmanaH”.

Ha 6a3u Hanpesn npwukasaHux pesyntata moryhe je nopeantm LFCC mn TELFCC BekTopcka
obenexja. OBo nopehere M3BPLIEHO je Kopuwherem BeKTOpa cacTaB/beHWUX of 24 enemeHTa
KOju ce cacToje of KencTpasHUX U AenTa KencTpasHux KoeduumjeHaTa (jep Aajy y Npoceky
Hajbosbe pesynTaTe). Civka 6.14 aaje npukas osor nopehemsa.

LFCC/TELFCC: NpoceuaH 6poj npeno3HaTtnx peuun (y %)
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100 B33 9836 94.67 94.62

80 69.2 69.53 63.67 64.47
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Cnuka 6.14 YrnopedHa aHanu3a npenosHasarba 3a LFCC u TELFCC obenexja.

AHanM30oM NPETXOAHOr AMjarpama MOXKe Ce yoUuuTu Aa npumeHom TE onepaTopa CKOPO y CBUM
cnyyajeBuma ce aobuja oapeheHo nobosbluarbe npenos3HaBakba, a Hajsehe je 3a cueHapuje
,HopManaH/wanat” u ,wanat/Hopmanan”. Mehytum u To nosehare je ncnog 1%.

6.2.3 PESY/ZITATU HA BA3U MFCC U TEMFCC BEKTOPCKUX OBENEXIA

Ynotpebom “mel” dpekBeHUMjcKe CKane n HennHeapHor Teager Energy onepatopa gobujajy ce
BEKTOPCKa obenexja ogrosapajyher Tuna (Kao wto je onncaHo y notnornassy 3.3) n [Markovic¢ et
al., 2018].

MpwuKa3s pesynTtata npeno3HaBaka 3a MFCC BekTOpCcKO obenexje y opmu npoueHTa ycnewHo
npeno3HaTUX peuu, 3a paHuje objallbeHe cueHapuje 1 BapujalMje napameTapa BeKTopa, AaT je y
Tabenama 6.13-6.16.
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Tabena 6.13 MFCC: pe3yamamu npeno3Hasarba 3a CUeHapuo ,,HopmanaH/HopmanaH”

MECC MECC Kenct. +A | Kenct. +A
BpcTa BekTOpa/ (ca CMS- + AA
FOBOPHMK KencT. (6e3 | KencrT. (ca om) (ca CMS-
CMS-a) CMS-om)
om)
foBOpHMK 1 99.11 99.78 99.56 99.56
[OBOpPHWK 2 99.11 99.78 99.78 99.56
[OBOpPHUK 3 98.67 99.11 99.11 99.11
lfoBOpHWK 4 99.78 99.56 99.33 99.11
[0BOpPHMK 5 99.33 99.56 99.56 99.56
[0BOpPHMK 6 98.89 99.33 99.11 98.00
FOBOpPHUK 7 98.44 98.67 98.44 98.44
FOBOPHUK 8 98.89 98.67 98.67 98.67
FOBOPHUK 9 99.11 99.56 99.56 99.56
foBopHMK 10 98.67 98.89 98.89 98.89
Cp. Bpeg. * Ipewka | 99.00£0.24 | 99.2910.27 | 99.20+0.27 | 99.05+0.34

Tabena 6.14 MFCC: pe3yamamu npeno3Hasarba 3a cueHapuo ,wanam/wanam®

MECC MECC Kenct. + A | Kencr. +A
BpcTa BekTopa/ (ca CMS- +AA
FOBOPHUK KencrT. (6e3 | kencr. (ca om) (ca CMS-
CMS-a) CMS-om)
om)
foBOpPHUMK 1 96.44 97.78 97.78 97.78
FOBOPHUK 2 98.44 99.11 99.56 99.56
foBOpPHMK 3 99.56 99.78 99.78 99.78
[0BOpPHUK 4 98.89 99.33 99.56 98.89
[0BOpPHMK 5 95.11 97.33 97.11 97.11
FOBOPHUK 6 90.44 95.11 94.89 94.44
FOBOPHUK 7 96.22 97.11 97.33 96.89
fOBOpPHMK 8 94.67 97.78 97.78 97.78
[0BOpPHMK 9 95.56 97.56 97.78 97.78
foBopHMK 10 86.89 90.89 90.89 91.11
Cp. Bpega, t 'pewka | 95.22+2.43 | 97.18+1.60 | 97.25+1.65 | 97.11+1.61
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Tabena 6.15 MFCC: pe3yamamu npeno3Hasarba 3a cueHapuo ,HopmanaH/wanam®

MECC MECC Kenct. + A | Kenct. +A
BpcTa BekTOpa/ (ca CMS- + AA
FOBOPHMK KencrT. (6e3 | KencrT. (ca om) (ca CMS-
CMS-a) CMS-om)
om)
foBOpHUK 1 42.00 78.22 78.22 77.78
[OBOPHMK 2 22.67 63.11 63.33 62.44
F0BOpPHMK 3 35.56 74.67 75.78 75.33
[0BOpPHUK 4 40.00 82.22 83.11 81.78
[0BOpPHMK 5 31.78 72.00 71.11 69.78
[0BOpPHMK 6 34.00 68.00 67.56 65.11
FOBOpPHUK 7 38.44 73.33 73.56 72.67
FOBOPHUK 8 34.00 82.00 81.11 78.00
FOBOPHUK 9 41.33 79.33 79.33 78.22
foBopHMK 10 27.56 55.56 53.78 52.89
Cp. Bpeg,. * Ipewka | 34.73+3.84 | 72.8445.32 | 72.6915.61 | 71.40%5.55

Tabena 6.16 MFCC: pe3yamamu rpeno3Hasarba 3a CUeHapuo ,uwanam/HopmanaH"

MECC MECC Kenct. + A | Kenct. +A
BpcTa BekTopa/ (ca CMS- +AA
FOBOPHUK KencrT. (6e3 | kencr. (ca om) (ca CMS-
CMS-a) CMS-om)
om)
foBOpHMK 1 17.33 46.44 45.78 45.78
FOBOPHUK 2 12.89 41.78 43.33 43.78
foBOpPHMK 3 19.78 49.78 51.56 52.44
[0BOpPHUK 4 16.67 54.89 57.56 56.67
FOBOPHUK 5 13.33 38.44 41.11 42.22
FOBOPHUK 6 21.11 36.44 37.56 37.56
FOBOPHUK 7 25.78 52.00 53.78 53.78
[oBOpPHMK 8 15.78 58.89 58.44 57.33
[0BOpPHMK 9 20.22 56.22 59.33 59.56
foBopHMK 10 20.67 38.00 40.00 39.78
Cp. Bpea, t 'pewka | 18.36+2.44 | 47.29+5.19 | 49.05+5.12 | 48.89+4.95

Kopuwherem pesyntaTta Koju cy NpuKasaHW y npeTtxogHe yetupu Tabene gart je aunjarpam
pe3ynTata npenos3HaBarba 3a YeTUPM CLEeHapuja Npu 4emy Cy BEKTOpPM CacTaB/beHM CamMo 0f,
KencTpasHux kKoeduumjeHaTa M TO 3a C/y4vajeBe Kaja HUje M Kaja jecte KopuwheHa
HopMmanusaumja CMS Tuna (cnmka 6.15).
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w/H

MpumeHa CMS-a 33 0BO BEKTOPCKO obenexje faje y CBMM C/iyyajeBuma nobosbliame
npenosHaBaka. OHo ce Kpehe og TpehuHe NpoueHTa (3a cueHapuo ,HopmanaH/HopmanaH“) na

Cnuka 6.15 Pe3yamamu npeno3Hasarba 3a MFCC obenexcje 6e3 u ca CMS-om.

yak 0o 38 % (3a cueHapuo ,,HopmanaH/wanat”).

AKO ce nopege BEKTOPW pas/IMuMTMX MapameTapa,
(cacTaB/beHM of, KencTpanHux, AenTa u Aenta-Aenta KoepuumjeHata) Ha Kojuma je npumerbeHa

HopManusauuja, gobuja ce cnegehu gmjarpam (cnmka 6.16).

na CTtora " pPasanydynTux AOyxuHa,
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MFCC: YTuuaj BpcTe napamertapa Ha npenosHasamwe (y %)
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Ha 6a3u oBor gujarpama yo4yaBa ce Aa Cy Bpe4aHOCTU Npeno3HaBakba CKOPO MAEHTUYHE 3a CBe
TP BpcTe napameTapa. M3yseTak je cueHapuo ,lwanat/HopmanaH” rae ce ysoherwem genta

KoeduumjeHaTa A06mMja nobosbliakbe Koje je nsHag, 1%.
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Kopuwhersem BekTOpcKor obenexja tuna TEMFCC gobujeHn cy pesyatatv Koju cy NpuKasaHu

y Tabenama 6.17-6.20.

Tabena 6.17 TEMFCC: pe3ynmamu rpeno3Hasarba 3a CUeHapuo ,,HopManaH/HopmanaH"“

TEMECC TEMECC Kenct. +A | Kenct. +A
Bpcra BekTopa/ (ca CMS- +AA
FOBOPHUK KencrT. (6e3 | kencrT. (ca om) (ca CMS-
CMS-a) CMS-om)
om)
fosopHUK 1 99.11 99.78 99.78 99.56
[OBOPHUK 2 99.11 100.00 99.56 99.78
foBOpHMK 3 98.89 99.11 99.11 99.11
F0BOpPHUK 4 99.56 99.33 99.11 99.11
[OBOPHUK 5 99.33 99.78 99.78 99.78
FOBOPHUK 6 98.67 99.11 98.89 98.44
FOBOpPHUK 7 98.00 98.44 98.44 98.44
foBOpPHMK 8 98.89 98.67 98.67 98.67
[oBOpPHMK 9 98.89 99.33 99.33 99.11
foBopHMK 10 98.22 98.89 99.11 98.89
Cp. Bpeg,. * IpelwkKa | 98.87+0.29 | 99.2410.31 | 99.1810.28 | 99.09+0.31

Tabena 6.18 TEMFCC: pe3ynmamu npeno3Hasarba 3a cueHapuo ,,wanam/wanam®

TEMECC TEMECC Kenct. +A | Kencr. +A
BpcTa BekTopa/ (ca CMS- +AA
FOBOPHUK KencT. (6e3 | kencr. (ca om) (ca CMS-
CMS-a) CMS-om)
om)
foBopHUK 1 96.44 97.78 97.33 97.33
[OBOPHMK 2 98.00 99.11 99.56 99.11
foBOpPHMK 3 99.56 99.78 99.78 99.56
foBOpHWK 4 99.11 99.33 99.11 99.33
[0BOpPHUMK 5 95.33 97.33 96.89 96.22
FOBOpPHUK 6 90.44 95.33 94.67 94.44
F0BOPHUK 7 96.22 97.33 97.33 96.67
[OBOPHUK 8 96.22 97.78 98.00 98.44
[0BOpPHMK 9 96.00 97.78 98.22 98.22
foBopHUK 10 86.00 90.22 90.22 90.22
Cp. Bpeg,. * Ipewka | 95.33+2.56 | 97.18+1.70 | 97.11%+1.76 | 96.95+1.77
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Tabena 6.19 TEMFCC: pe3ynmamu npeno3Hasarba 3a CUeHapuo ,,HopmanaH/wanam®

TEMECC TEMECC Kenct. +A | Kenct. +A
BpcTa BekTOpa/ (ca CMS- + AA
FOBOPHMK KencT. (6e3 | KencrT. (ca om) (ca CMS-
CMS-a) CMS-om)
om)
foBOpHMK 1 42.22 78.89 78.67 78.22
[OBOPHMK 2 22.00 64.00 64.44 63.78
F0BOpPHMK 3 37.11 76.22 76.44 76.00
F0BOpPHUK 4 40.00 83.33 82.00 81.78
[0BOpPHMK 5 30.44 72.22 72.00 70.44
[0BOpPHMK 6 34.89 66.22 68.89 68.00
FOBOpPHUK 7 38.44 74.00 73.78 72.44
FOBOPHUK 8 35.11 81.33 80.22 78.00
FOBOPHUK 9 40.89 78.89 79.11 78.89
foBopHMK 10 26.00 56.44 56.67 54.00
Cp. Bpea,. * Ipewka | 34.71+4.12 | 73.15+5.30 | 73.22+4.94 | 72.1615.24

Tabena 6.20 TEMFCC: pe3ynamamu npeno3Hasarba 3a CUeHapuo ,,ianam/HopmanaH*

TEMECC TEMECC Kenct. + A | Kencr. +A
Bpcra BekTopa/ (ca CMS- +AA
FOBOPHUK KencrT. (6e3 | kencr. (ca om) (ca CMS-
CMS-a) CMS-om)
om)
foBopHUK 1 17.11 46.22 46.22 45.56
FOBOPHUK 2 13.56 42.22 44.67 44.44
FOBOpPHMK 3 19.33 49.78 52.22 54.00
foBOpHWK 4 16.00 57.11 58.89 58.44
fOBOPHUK 5 13.56 42.00 43.33 44.00
FOBOPHUK 6 22.00 38.67 38.00 38.44
FOBOPHUK 7 26.67 52.67 54.67 53.11
[oBOpPHMK 8 16.00 60.67 58.89 57.11
[0BOpPHMK 9 19.78 56.00 58.89 59.33
foBopHMK 10 21.56 40.67 39.78 40.67
Cp. Bpega, * 'pewka | 18.56+2.56 | 48.60+4.81 | 49.56+5.05 | 49.51+4.80

Ha ocHoBy pe3ynTaTta Koju cy npuKasaHu y Tabenama 6.17-6.20 pat je gmjarpam 3a pesyntaTe
npeno3HaBakba 32 CBA YETMPUM CLLeHapMja NpU YemMy Cy BEKTOPU CaCTaB/beHM CaMO O, KencTPaaHUX
KoeduumjeHaTa M TO 33 C/lyyajeBe Kafa HUje M Kaga jecte kKopuwheHa Hopmanusaumja (camnka
6.17).
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TEMFCC: MpoceyaH 6poj npeno3HaTUx peum
(y %)
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Cnuka 6.17 Pe3yamamu npeno3Hasarba 3a TEMFCC obenexcje 6e3 u ca CMS-om.

Ha cnmyaH HaumH Kao 1 3a MFCC BeKTOpCKO obenexkje n oBAe je ounrnenaH BenMKM yTuuaj
CMS Hopmanusauuje. HapounTo ce OH ornega Koj HeycarnaleHux cueHapuja rae 3a cueHapuo
,HOpManaH/wanat” nobosbluarbe N3HoCK n npeko 38%.

MNopehere pesyntata Ha 6asn pasnMUUTUX NapameTtapa Koje cagpxum TEMFCC BeKTopcKo
obenexje gaTo je Ha camum 6.18.

120 TEMFCC: YTuuaj BpcTe napameTapa Ha npenosHaBsake (y %)
99.24 99.18 99.09 9718 97.11 96.95
100 I I'
80 73.15 73.22 72.16
.
1
60 186 49.56 49 51
T T
1 1
40
20
0
H/H w/w H/W W/H
B KenctpanHu OKencTp. + aenta OKecnTp. + paenta + genta-genta

Cnuka 6.18 Ymuyaj spcme napamemapa Ha npenosHasarse 3a TEMFCC obeneije.

AHanunsom pobujeHnx pesyntata moryhe je nopeantn osa cpogHa MFCC u TEMFCC BekTOpcKa
obenexja. [ujarpam Ha cavum 6.19 gaje ynopedHW NpuKas 3a BEKTOPE KOju ce cacToje of 24
napameTpa (KencTpanHu 1 AenTta KenctpanHu koepuumnjeHTn).
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MFCC/TEMFCC: NpoceyaH 6poj npeno3HaTtux peum (y %)
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Cnuka 6.19 YropedHa aHanu3a npenosHasarba 3a MFCC u TEMFCC obenexja.

Ca pawjarpama ce yoyaBa pa Kopuwherwe TE onepatopa ycnos/baBa nNobosbliakbe
npenosHaBaka of oko 0,5% 3a 06a HeycarnaweHa cueHapuja. Koa ycarnalweHux cueHapwja
pa3nuKa je Ha NPBOj AW APYroj Aeunmanm, Tj. 3aHemap/bmBa.

6.2.4 PESY/ZITATU HA BA3U GFCC n TEGFCC BEKTOPCKUX OBENEXIA

Kopuwherwe Gammatone ¢untepa y npouecy npenobpage omoryhasa pobujawe GFCC
BeKTOpckor obenexkja [Markovi¢ et al., 2015], [Markovi¢ et al., 2017 b], a mopasarbem wu
HennHeapHor Teager Energy onepatopa Aobujajy ce TEGFCC Bektopcka obenexja (Kao wTo je
AeTa/bHOo objallrbeHo y noTrnornassby 3.4).

Pesyntatv nobujeHn 3a cBa 4eTUpPW cueHapuja ca oarosapajyhmm BpcTama napameTapa 3a
GFCC obenexje cy np1kasaHu y Tabenama 6.21-6.24.
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Tabena 6.21 GFCC: pe3ynmamu npeno3Ha8ara 3a CYEHApUo ,,HOPMaAsaH/HopManaH"

GECC GECC Kenct. +A | Kenct. +A
BpcTa BekTOpa/ (ca CMS- + AA
FOBOPHMK KencT. (6e3 | KencrT. (ca om) (ca CMS-
CMS-a) CMS-om)
om)
foBOpHMK 1 99.78 99.56 99.78 99.78
[OBOpPHWK 2 99.33 99.56 99.56 99.33
[OBOpPHUK 3 98.89 98.89 98.89 98.89
lfoBOpHWK 4 99.33 99.11 99.11 99.33
[0BOpPHMK 5 98.89 99.33 99.33 99.33
[0BOpPHMK 6 98.00 99.33 99.11 98.89
FOBOpPHUK 7 96.22 97.11 97.11 97.11
FOBOPHUK 8 99.33 99.56 99.11 98.89
FOBOPHUK 9 99.33 98.89 98.89 98.89
foBopHMK 10 93.33 95.78 95.78 96.22
Cp. Bpeg,. * Ipewka | 98.24+1.24 | 98.71+0.78 | 98.6710.77 | 98.67+0.69

Tabena 6.22 GFCC: pe3ynmamu npeno3Ha8ard 3d cyeHapuo ,,wanam/wanam®

GFCC GFCC Kenct. + A | Kencr. +A
BpcTa BekTopa/ (ca CMS- +AA
FOBOPHUK KencrT. (6e3 | kencr. (ca om) (ca CMS-
CMS-a) CMS-om)
om)
foBopHUK 1 95.11 96.00 96.00 96.00
FOBOPHUK 2 92.89 93.56 93.11 93.11
FOBOpPHMK 3 95.11 95.33 95.78 95.78
foBOpHWK 4 94.00 94.22 94.00 94.00
[0BOpPHMK 5 86.67 87.56 87.78 87.78
FOBOPHUK 6 67.78 73.56 73.11 71.56
FOBOPHUK 7 81.11 82.67 82.22 82.00
[oBOpPHMK 8 90.67 93.33 92.44 92.75
[0BOpPHMK 9 87.11 90.00 89.56 88.50
foBopHMK 10 78.67 77.56 77.78 78.22
Cp. Bpega, * 'pewka | 86.91+5.47 | 88.38+4.91 | 88.18+4.92 | 87.9745.11
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Tabena 6.23 GFCC: pe3yamamu npeno3Hasara 3d CYeHapuo ,, Hopmanad/wanam®

GECC GECC Kenct. +A | Kenct. +A
BpcTa BekTOpa/ (ca CMS- + AA
FOBOPHMK KencT. (6e3 | KencrT. (ca om) (ca CMS-
CMS-a) CMS-om)
om)
foBOpHMK 1 23.56 56.89 56.44 56.44
[OBOpPHWK 2 16.89 58.67 58.89 57.78
[OBOpPHMK 3 10.00 38.44 38.67 37.78
lfoBOpHWK 4 17.33 52.44 50.89 50.67
[0BOpPHMK 5 17.78 54.44 53.33 53.11
[0BOpPHMK 6 15.11 42.44 42.00 40.89
FOBOpPHUK 7 24.00 54.22 54.67 54.89
FOBOPHUK 8 23.33 63.11 62.67 61.33
FOBOPHUK 9 25.33 59.11 58.89 58.67
foBopHMK 10 14.67 29.78 30.00 29.78
Cp. Bpeg, * Ipewka | 18.80+3.12 | 50.95+6.57 | 50.651+6.47 | 50.13+6.47

Tabena 6.24 GFCC: pe3ynmamu nNpeno3Hasara 3a CYeHapuo ,,wanam/HopmanaH*

GFCC GFCC Kenct. + A | Kencr. +A
BpcTa BekTopa/ (ca CMS- +AA
FOBOPHUK KencrT. (6e3 | kencr. (ca om) (ca CMS-
CMS-a) CMS-om)
om)
foBOpPHUMK 1 21.78 78.00 77.11 77.11
[0BOpPHUK 2 12.89 61.11 61.78 61.33
FOBOpPHMK 3 17.56 67.56 68.44 67.78
[OBOpPHUK 4 15.56 77.56 77.78 76.89
fOBOPHUK 5 20.22 62.89 62.67 61.56
FOBOPHUK 6 32.22 72.89 74.22 73.78
FOBOPHUK 7 33.11 65.33 65.78 64.89
fOBOpPHMK 8 11.56 75.78 75.33 74.44
foBOPHWK 9 30.22 77.11 77.78 77.78
foBopHMK 10 22.89 54.22 54.89 54.67
Cp. Bpega, * 'pewka | 21.80+4.85 | 69.24+5.12 | 69.58+5.00 | 69.02+5.04

Kopuwherem pesyntata us tabene 6.21-6.24 gaT je Anjarpam 3a cCBa YeTUPU CLEHapUja U
BEKTOpE cacTaB/beHe 0, KeNCTpasHUX KoeduumjeHaTa U TO 3a C/yyaj Kaga Huje KopuwheHa CMS

HopMmanu3laumja m Kaga jecte (canka 6.20).
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GFCC: NpoceuyaH 6poj npeno3HaTux peun (y %)
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Cnuka 6.20 Pe3ynmamu ripernio3Hasara 3a GFCC obenexcje 6e3 u ca CMS-om.

AHanusa pesyntata ca canke 6.20 nokasyje ga npumeHa CMS-a pgaje nobosbluake
npenosHaBaka og 0,5% 3a cueHapuo ,HopmanaH/HopmanaH“ na go 4ak 47% 3a cueHapuo
,lanaTt/HopmanaH®.

YTUuaj BpCTe napameTtapa M AyKMHE BEKTOpa Ha Mpeno3HaBake roBopa 33 OBO BEKTOPCKO
obenexje npukasaH je Ha canum 6.21.

GFCC: YTnuaj Bpcte napamertapa Ha npeno3HaBamwe (y %)
120
98.71 98.67 98.67
100 88.38 88.18 87.97
1
80 69.24 69.58 69.02
=1
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T T
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40
20
0
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Cnuka 6.21 Ymuuyaj epcme napamemapa Ha npenosHasarbe 3a GFCC obenexndje.

Ha 6a3u npeTxo4HOr Aujarpama MOXKE Ce YyOuMTM Aa NPOMEHOM MNapameTapa U AyKUHe
BEKTOpPA CKOPO A3 M HEema MPOMEHE Y YCMewHOCTU Npeno3HaBakba. PasnuKke cy Ha nNpBoj uam
APYroj 4euMManu WTo je y paHry CTaTUCTUYKE FpeLuke.
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MpumeHom TE onepatopa Ha cuUrHan Koju nponasm Kpo3 Gammatone duntepe aobujajy ce
TEGFCC BeKTopcka obenexja. Pesyntatm gobujeHun 3a cBa 4eTUpU cueHapuja u 3a oarosapajyhe

TMNOBE BEKTOPaA OBOr obenerkja npmkasaHu cy y Tabenama 6.25-6.28.

Tabena 6.25 TEGFCC: pe3ynmamu nperno3Hasara 3ad cUeHapuo ,,HopmasaH/HopmanaH "

TEGFCC TEGFCC Kenct. + A | Kenct. +A
Bpcra BekTopa/ (ca CMS- +AA
FOBOPHUK KencT. (6e3 | kencrT. (ca om) (ca CMS-
CMS-a) CMS-om)
om)
foBOpHMK 1 99.56 99.33 99.78 99.78
[OBOPHUK 2 99.11 99.56 99.56 99.56
foBOpHUK 3 99.33 99.78 99.44 99.44
F0BOpPHUK 4 99.11 99.11 99.33 99.44
FOBOPHUK 5 98.89 99.44 99.56 99.33
[0BOpPHMK 6 98.44 99.11 99.44 99.11
foBOpPHUK 7 96.33 98.00 97.78 98.00
foBOpPHMK 8 99.11 99.33 99.44 99.11
foBOpPHMK 9 99.33 98.89 98.89 98.89
foBopHMK 10 93.44 96.78 96.89 96.89
Cp. Bpea, * 'pewka | 98.27+1.20 | 98.93+0.56 | 99.01+0.58 | 98.96+0.54

Tabena 6.26 TEGFCC: pe3ynmamu nperno3Hasara 3a cuyeHapuo ,wanam/wanam®

TEGECC TEGECC Kenct. + A | Kenct. +A
BpcTa BekTOpa/ (ca CMS- + AA
FOBOPHUK KencT. (6e3 | kencrT. (ca om) (ca CMS-
CMS-a) CMS-om)
om)
foBOpHMK 1 94.89 96.11 96.22 96.11
FOBOpPHWUK 2 91.89 93.78 93.78 93.78
F0BOpPHWUK 3 95.44 94.89 94.89 94.78
[0OBOPHUK 4 94.00 94.33 95.11 94.89
[0BOpPHUMK 5 87.78 88.78 88.78 88.44
[0BOpPHMK 6 69.78 77.89 77.44 77.56
FOBOPHUK 7 81.33 81.44 82.11 82.33
[OBOPHUK 8 90.44 92.78 92.78 92.78
[OBOPHUK 9 87.33 90.56 90.33 90.33
foBopHUK 10 79.67 78.33 78.11 78.33
Cp. Bpeg. * Ipewka | 87.26+5.06 | 88.89+4.37 | 88.96+4.44 | 88.93+4.37

94




Tabena 6.27 TEGFCC: pe3ynmamu nperno3Haeara 3d CUeHapuo ,,HopmanaHd/wanam®

TEGECC TEGECC Kenct. +A | Kenct. +A
BpcTa BekTOpa/ (ca CMS- + AA
FOBOPHMK KencT. (6e3 | KencrT. (ca om) (ca CMS-
CMS-a) CMS-om)
om)
foBOpHMK 1 24.11 57.11 57.44 57.33
[OBOPHMK 2 16.78 59.44 59.44 59.44
F0BOpPHMK 3 12.33 40.22 41.44 41.56
F0BOpPHUK 4 17.11 51.89 52.11 52.00
[0BOpPHMK 5 18.56 53.44 53.22 53.11
[0BOpPHMK 6 15.44 45.56 47.33 47.56
FOBOpPHUK 7 22.89 55.11 54.89 54.56
FOBOPHUK 8 23.78 64.00 63.89 64.00
FOBOPHUK 9 25.11 58.89 58.78 58.56
foBopHMK 10 16.33 31.33 32.56 32.78
Cp. Bpep. * Ipewka | 19.24+2.72 | 51.70%6.17 | 52.11+5.82 | 52.09+5.76

Tabena 6.28 TEGFCC: pe3ynmamu nperno3Hasara 3d cueHapuo ,,wanam/HopmanaH“

TEGFCC TEGFCC Kenct. + A | Kencr. +A
BpcTa BekTopa/ (ca CMS- +AA
FOBOPHUK KencrT. (6e3 | kencr. (ca om) (ca CMS-
CMS-a) CMS-om)
om)
foBOpPHUMK 1 22.56 78.11 77.11 77.89
FOBOPHUK 2 13.33 62.56 61.78 64.44
FOBOpPHMK 3 18.44 67.56 68.44 67.11
foBOpHWK 4 16.11 78.11 77.78 78.56
fOBOPHUK 5 22.22 63.56 62.67 64.44
FOBOPHUK 6 31.89 73.33 74.22 72.33
FOBOPHUK 7 33.22 64.89 65.78 64.89
foBOpPHMK 8 12.78 77.22 75.33 77.33
[0BOpPHMK 9 32.00 77.33 77.78 77.56
foBopHMK 10 23.11 55.11 54.89 57.11
Cp. Bpega, * 'pewka | 22.57+4.75 | 69.78+5.05 | 70.29+5.00 | 70.17+4.68

Kopuwherem pesyntaTta npuKasaHux y Tabenama 6.25-6.28 HaupTaH je Anjarpam ycnewwHocTm
npeno3HaBakba 3a CBa YETUPW CLEHApUja M BEKTOPE CacTaB/beHE O, KENCTpanHMX KoepuumjeHaTa

M TO 3a c/iydajeBe 6e3 n ca CMS Hopmanusaumjom (cnuka 6.22).
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TEGFCC: NMpoceuaH 6poj npeno3HaTtux peum (y %)
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CnukKa 6.22 Pe3yamamu niperno3sHasarba 3a TEGFCC obenexcje 6e3 u ca CMS-om.

N y oBom cnyyajy notephyje ce npasuno pa npumeHa CMS Hopmanusauumje JONPUHOCK
nobosbluakby Npeno3HaBaka U To ¥ M3Hocy o 0,6% (3a cueHapuo ,HopManaH/HopmanaH“) na go
yak 47% (3a cueHapuo ,wanat/HopmanaH”).

YTULAju pa3nunTMX BpcTa NapameTapa (KencTpanHu, genta v genta-genta) Aati cy Ha Canum
6.23 rage je y cBUM cnydajeBuma npumerbeHa CMS Hopmanumsaymja.

TEGFCC: YTuuaj BpcTe NnapameTtapa Ha npeno3HaBamwe (y %)
120
98.93 99,01 98.96
100 88.89 88.96 88.93
—F
80 69.7870.29 70.17
1
60 51.7 52.1152. 09
T T
1 1
40
20
0
H/H /LW H/W Ww/H
B KenctpanHu OKencTp. + aenta OKecnTp. + paenta + genta-genta

Cnuka 6.23 Ymuyaj spcme napamemapa Ha npenosHasare 3a TEGFCC obenexnje.

AHann3om gujarpama ca cimKe 6.23 mMOXKe ce YyouuTu Ada Cy BPeAHOCTM Nperno3HaBara BpP/o
CMYHe M aa je Hajseha pasnunka og oko 0,5% 1 To 3a cLeHapumo ,wanat/HopmanaH®,
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Ha 6a3u pobujeHnx pesyntata moryhe je ynopeamtn GFCC n TEGFCC BekTopcKa obenexja.
Mopehere je N3BPLLIEHO 3a BEKTOpe cacTaB/beHe oA 24 napametpa (12 kenctpanHux n 12 genta
KencTpanHux koedpuumjeHaTa), a camka 6.24 gaje vmuxose ogHoce.

GFCC/TEGFCC: NMpoceyaH 6poj npeno3Hatux peuu (y %)
120
98.67 99.01
100 88.18 88.96
80 69.58 70.29
60 50.65 52.11
40
20
0
H/H LI/ H/W LW/H
B GFCC OTEGFCC

CnukKa 6.24 YnopedHa aHanu3a npeno3Hasara 3a GFCC u TEGFCC obenexja.

JobunjeHn panjarpam nokasyje ga ce npumeHom TE onepatopa ao6uno nobosbluakbe
npeno3HaBakba y CBMM cLeHapujum u 1o og 0,6% (3a cueHapuo ,,HopmanaH/HopmanaH“) oo 1,5%
(3a cueHapuo ,HopmanaH/wanat”).

6.2.5 PESY/ZITATU HA BA3U PLPCC n TEPLPCC BEKTOPCKUX OBEJIEXKIA

Ynotpebom nepuenTMBHE /MHeapHe npeauKuuje ToKom npenobpage Aobuja ce PLPCC
BEKTOpPCKO obenexje [Markovi¢ et al., 2016], a npumeHom HennHeapHor TE onepatopa Aobuja ce
TEPLPCC BeKTOpcKO obenexje (Kao WwTo je AeTasbHo objalitbeHo y 3.5).

Pesyntatn gobujeHn 3a cBa 4eTMpW cLeHapuja M 3a oarosapajyhe Bpcte BekTtopa 3a PLPCC
obenexje cy npmMkasaHun y Tabenama 6.29-6.32.
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Tabena 6.29 PLPCC: pe3ynmamu npeno3Ha8ar-a 3d CUeHApUo ,, HOPManaH/HopmManaH "

PLPCC PLPCC Kenct. +A | Kenct. +A
BpcTa BekTOpa/ (ca CMS- + AA
FOBOPHMK KencT. (6e3 | KencrT. (ca om) (ca CMS-
CMS-a) CMS-om)
om)
foBOpHMK 1 99.78 100 100 100
[OBOpPHWK 2 99.33 99.78 99.56 99.56
[OBOpPHUK 3 98.44 98.22 98.00 98.67
lfoBOpHWK 4 99.33 99.33 99.33 99.11
[0BOpPHMK 5 99.11 99.78 99.78 99.78
[0BOpPHMK 6 98.00 99.56 98.89 99.11
FOBOpPHUK 7 96.22 98.22 98.22 98.44
FOBOPHUK 8 98.67 98.44 98.44 98.44
FOBOPHUK 9 98.89 100 100 100
foBopHMK 10 92.67 98.44 99.11 99.11
Cp. Bpeg,. * Ipewka | 98.04+1.32 | 99.184+0.47 | 99.1310.45 | 99.22+0.37

Tabena 6.30 PLPCC: peaynmamu npeno3Ha8ar-a 3ad cyeHapuo ,,wanam/wanam®

PLPCC PLPCC Kenct. + A | Kencr. +A
BpcTa BekTopa/ (ca CMS- +AA
FOBOPHUK KencrT. (6e3 | kencr. (ca om) (ca CMS-
CMS-a) CMS-om)
om)
foBopHMK 1 94.89 97.56 97.11 97.11
[0BOpPHMK 2 96.89 98.22 98.00 98.00
foBOpPHMK 3 97.56 99.56 99.11 99.11
foBOpHWK 4 94.67 97.56 98.00 98.00
[0BOpPHMK 5 93.33 96.44 95.56 95.33
FOBOPHUK 6 77.11 93.78 93.78 93.33
FOBOPHUK 7 90.89 96.67 96.89 96.89
[oBOpPHMK 8 86.48 95.56 95.56 94.89
[0BOpPHUK 9 93.78 97.11 97.11 97.11
loBopHuWK 10 81.33 89.33 88.89 88.89
Cp. Bpega, * 'pewka | 90.69+4.26 | 96.18+1.77 | 96.00+1.81 | 95.87+1.85
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Tabena 6.31 PLPCC: pe3ynmamu nperno3Hasara 3d CUeHapuo ,,HopmanaH/wanam®

PLPCC PLPCC Kenct. +A | Kenct. +A
Bpcra BekTopa/ (ca CMS- +AA
FOBOPHUK KencrT. (6e3 | kencr. (ca om) (ca CMS-
CMS-a) CMS-om)
om)
foBopHMK 1 56.00 80.22 79.78 79.11
[OBOPHWUK 2 31.56 44.89 45.33 43.56
fOBOpPHMK 3 49.78 86.67 86.89 87.33
lfoBOpHWK 4 44.89 70.44 70.44 68.67
[OBOPHWK 5 40.44 62.89 62.00 60.22
FOBOPHUK 6 31.78 68.67 70.00 70.44
FOBOPHWK 7 47.78 72.67 71.78 72.00
foBOpPHMK 8 56.44 76.44 75.78 74.44
foBOpPHMK 9 64.00 82.22 83.11 81.33
foBopHMK 10 35.33 68.00 66.89 65.33
Cp. Bpea, * 'pewka | 45.80+6.87 | 71.31+7.30 | 71.20+£7.33 | 70.24+7.60

Tabena 6.32 PLPCC: peaynmamu nperno3Hasara 3d CUeHapuo ,,wanam/Hopmanar”

PLPCC PLPCC Kenct. +A | Kenct. +A
BpcTa BekTOpa/ (ca CMS- + AA
FOBOPHUK KencT. (6e3 | kencrT. (ca om) (ca CMS-
CMS-a) CMS-om)
om)
foBOpHUK 1 54.44 63.78 63.78 63.78
FOBOpPHWUK 2 32.22 29.11 31.11 31.33
F0BOpPHWUK 3 43.78 61.78 63.11 63.78
[0OBOPHUK 4 44.44 41.33 42.89 44.67
[0BOpPHUMK 5 42.00 40.00 42.00 41.78
[0BOpPHMK 6 33.11 37.11 37.33 37.78
[oBOpPHUK 7 44.00 52.44 53.33 56.00
FOBOPHUK 8 29.33 63.33 64.89 64.44
FOBOPHUK 9 48.44 63.56 65.33 64.44
foBopHUK 10 26.67 50.44 52.44 52.00
Cp. speg. + Ipewka | 39.84+5.59 | 50.29+7.93 | 51.62+7.84 | 52.00+7.70

Ha ocHoBy Tabena 6.29-6.32 nat je Anjarpam ca pe3y/TaTMma Npeno3HaBakba 3a CBa YeTupu
CLLeHapuja U BEKTOpEe cacTaBs/beHe 04 12 KencTpasnHnx koeduumjeHaTa 3a 4Ba Cyyaja: Kaga Huje U

Kaga jecte kopuwheHa CMS Hopmanusaymja (cnmka 6.25).
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PLPCC: NpoceuaH 6poj npeno3sHaTtux peuun (y %)
120
99.18
100 98.04 90.69 96-18
20 71.31
50.29
60 45.8
39.84
40
20
0 —
H/H /1w H/LW LL/H
Obe3s CMS-a @ Ca CMS-om

Cnuka 6.25 Pe3zyamamu npernosHasarba 3a PLPCC obenexncje 6e3 u ca CMS-om.

Ha ocHoBy fobujeHor anjarpama Moxke ce 3ak/byuntn ga je CMS Hopmanusaumja gonpuHena
nobosbluatby Npeno3HaBaka y CBAaKOM 04 cueHapuja. Mpu Tome je oBo nosehare oa oko 1% (Kog,
cueHapuja ,HopmanaH/HopmanaH“) o 25% (Kopg cueHapuja ,HopmanaH/wanat”).

YTnuaj BpcTe napameTapa U AyXMHE BEKTOPA MOXEe Ce aHaNM3MPaTU NOCMaTpatbeM gumjarpama
Ha canum 6.26.

PLPCC: YTuuaj Bpcte napamertapa Ha npenosHaBamwe (y %)
120
99.18 99.13 99.22 9513 95 95.87
100 SO TP IO
80 7131 71.2 7_0|_.24
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60
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40
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Cnuka 6.26 Ymuyaj spcme napamemapa Ha npenosHasare 3a PLPCC obenexje.

AHanunsom pobujeHnx pesyntata ca Aujarpama Ha cavum 6.26 moxKe ce yTBpAMTU da je
yCMewHOCT Mpeno3HaBakba BP0 CAMYHA 3@ CBe CUeHapuje U3y3eB 3a CUEHapuo
,Wwanat/HopmanaH” rae je Kopuwherem penta v pgenta-genta KoeduumjeHata fobujeHo
nobosbliarbe of oko 1,7%.
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Pe3yntaTn npeno3HaBakba 3a BEKTOPCKO obenexkje TEPLPCC n 3a paHuje HaBeaeHe cueHapuje

AaTtun cy y Tabenama 6.33-6.36.

Tabena 6.33 TEPLPCC: pe3ynmamu npeno3Hasara 3a CYeHapuo ,, HOpMasaaH/HopmanaH"

TEPLPCC TEPLPCC Kenct. +A | Kenct. +A
Bpcra BekTopa/ (ca CMS- +AA
FOBOPHUK KencrT. (6e3 | kencrT. (ca om) (ca CMS-
CMS-a) CMS-om)
om)
fosopHUK 1 99.78 99.78 100 99.78
[OBOPHUK 2 99.11 99.33 99.11 99.11
foBOpHMK 3 98.00 98.44 98.67 98.67
F0BOpPHUK 4 99.11 99.56 99.56 99.56
[OBOPHUK 5 99.11 99.33 99.33 98.89
FOBOPHUK 6 98.22 99.11 98.89 98.89
FOBOpPHUK 7 96.00 98.22 98.00 98.22
foBOpPHMK 8 98.22 99.11 98.89 98.89
[oBOpPHMK 9 98.89 100 100 100
lfoBopHMK 10 92.22 99.11 99.56 99.33
Cp. Bpeg,. t Ipewka | 97.87£1.39 | 99.20£0.34 | 99.2010.39 | 99.131+0.33

Tabena 6.34 TEPLPCC: pe3ynmamu npero3Hasara 3a cueHapuo ,,wanam/wanam®

TEPLPCC TEPLPCC Kenct. + A | Kenct. +A
BpcTa BekTOpa/ (ca CMS- + AA
FOBOPHIK KencT. (6e3 | kencrT. (ca om) (ca CMS-
CMS-a) CMS-om)
om)
foBOpHMK 1 95.56 98.00 97.78 97.33
FOBOpPHWUK 2 96.67 97.56 97.56 97.56
[0OBOpPHWUK 3 97.33 99.56 99.33 99.33
[0BOPHUK 4 95.11 97.78 96.89 96.67
FOBOPHUK 5 92.89 95.33 94.67 94.44
[0BOpPHMK 6 71.11 94.22 92.67 92.22
[0BOpPHUK 7 89.11 96.44 96.00 95.33
[oBOpPHUK 8 87.33 96.00 94.89 94.89
[OBOPHUK 9 94.22 97.11 97.56 97.56
foBopHUK 10 80.44 88.44 88.22 87.11
Cp. Bpeg. * Ipewka | 89.98+5.22 | 96.04+1.90 | 95.56+1.99 | 95.25+2.17
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Tabena 6.35 TEPLPCC: pe3ynmamu npeno3Hasara 3d CYeHapuo ,,Hopmanaax/wanam®

TEPLPCC TEPLPCC Kenct. +A | Kenct. +A
BpcTa BekTOpa/ (ca CMS- + AA
FOBOPHMK KencT. (6e3 | KencrT. (ca om) (ca CMS-
CMS-a) CMS-om)
om)
foBOpHMK 1 58.00 84.67 84.00 83.78
[OBOPHMK 2 46.00 56.00 54.00 52.67
F0BOpPHMK 3 48.22 91.56 89.78 89.56
F0BOpPHUK 4 40.67 76.22 76.22 75.11
[0BOpPHMK 5 44.44 69.33 69.78 68.89
[0BOpPHMK 6 30.44 76.00 76.44 75.56
FOBOpPHUK 7 46.89 72.00 72.44 72.44
FOBOPHUK 8 60.22 81.56 80.89 80.22
FOBOPHUK 9 71.56 87.56 84.22 83.11
foBopHMK 10 33.78 72.89 71.33 71.56
Cp. Bpeg,. * Ipewka | 48.02+7.69 | 76.78+6.35 | 75.911+6.21 | 75.29+6.32

Tabena 6.36 TEPLPCC: pe3ynmamu npero3Hasarba 3a CUeHapuo ,,wanam/HopmanaH"

TEPLPCC TEPLPCC Kenct. +A | Kenct. +A
BpcTa BekTOpa/ (ca CMS- + AA
FOBOPHUK KencT. (6e3 | kencrT. (ca om) (ca CMS-
CMS-a) CMS-om)
om)
foBOpHMK 1 53.11 80.67 80.67 80.00
FOBOpPHWUK 2 50.44 55.56 56.89 56.67
F0BOpPHWUK 3 49.11 90.00 89.33 89.56
[0OBOPHUK 4 46.67 72.89 74.00 74.00
FOBOPHUK 5 56.89 67.11 67.33 68.22
[0BOpPHMK 6 30.44 60.67 60.00 59.33
[oBOpPHUK 7 49.33 66.22 68.22 68.22
[oBOpPHMK 8 26.44 74.89 75.56 75.33
[OBOPHUK 9 58.67 73.56 73.33 73.11
foBopHUK 10 30.89 69.56 68.67 68.67
Cp. Bpeg. * Ipewka | 45.20+7.21 | 71.11+6.08 | 71.40+5.88 | 71.31+5.91

Ha ocHoBy pesynTtaTa u3 Tabena 6.33-6.36 Aat je Anjarpam ycnewHOCTU Npeno3HaBakba 3a CBa
YeTMPU CLEHAPUja M BEKTOPE cacTaB/beHEe 04 KencTpasHux KoedbuuujeHaTa U To 3a cay4vajese 6es

1 ca HopManusauujom (caunka 6.27).
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TEPLPCC: NMpoceyaH 6poj npeno3HaTtux peum (y %)

120
100 97.87 99.2 g9 9g 96.04

% 76.78 7111

60 48.02

40

20

O —
H/H /1w H/LW LL/H
Obe3s CMS-a @ Ca CMS-om

Cnuka 6.27 Pe3ynmamu ripeno3Hasara 3a TEPLPCC obenexcje 6e3 u ca CMS-om.

AHanunsom pobwujeHor agujarpama ca cavke 6.27 ce MoxKe youutu ga je npumeHom CMS-a
npenosHaBake NoBehaHo 3a CBakM cLeHapuo, a ga nosehare n3Hocu oz oko 1,3% (3a cueHapuo
,HOpManaH/HopmanaH“) na cee 4o oKo 29% (3a cueHapuo ,HopmanaH/wanat”).

YTuuaj BpcTe napameTtapa (KencTpaaHu, Aenta u Aenta-aenta) u ayxuHe sektopa (12, 24 n 36)
MOXKEe ce aHanu3mpaTtu Ha 6asm gujarpama ca camke 6.28.

TEPLPCC: YTuuaj BpcTe NnapameTtapa Ha npeno3HaBawe (y %)
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Cnuka 6.28 Ymuyaj spcme napamemapa Ha npeno3Hasarse 3a TEPLPCC oberneje.

Ca oBe C/IMKe Ce MOKe YOUUTU Aa CY CBU pe3yaTaTh CKOPO UAEHTUYHM M [a Cy jeAuHe pa3unke
Ha NPBOj UM APYrOj AELUMMA/IMN LUTO CE€ MOKE NPaKTUUYHO 3aHEMAPUTH.
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Ha 6a3u gobujeHunx pesyntata moryhe je nopegutn PLPCC n TEPLPCC BeKkTOpcKka obenexja.
MNMopeherbe je n3BpLIEHO Kopuwherem BEKTOPA AYKUHE 24 eneMeHTa KOju CafpKu KerncTpasHe u
AeNTa KencrpanHe koepuumjeHTe, a peayntatm nopehera cy gatm Ha camum 6.29.

PLPCC/TEPLPCC: NpoceuaH 6poj npenosHaTux peun (y %)
120
oy 513 992 96  95.56
% 712 75.91 114
60 51.62
40
20
0
H/H L/ H/W W/H
EPLPCC OTEPLPCC

Cnuka 6.29 YrnopedHa aHanu3a npeno3Hasara 3a PLPCC u TEPLPCC obenexcja.

Ha ocHoBy Aaujarpama ca camKe 6.29 moXKe ce youuTu ga 3a ycarfiaweHe cueHapwuje
(,HopmanaH/HopmanaH“ u ,wanat/wanat’) Hema 3HaTHe pas3nunke wuamehy osBux obenexja.
MehyTum, Kog, HeycarnaweHux cueHapuja TEPLPCC paje 6osbe pesyntaTe og 5% na ao 20% (kop,
cueHapwuja ,wanat/HopmanaH”).

6.2.6 PESYJZITATU HA BA3U RASTACC n TERASTACC BEKTOPCKUX OBENEXIA

Ynotpe6bom RASTA Hopmanmsaumje Ha MepUEenTUBHY JIMHEapHy MpeauKuMjy TOKOM
npeanobpane nobujajy ce RASTACC BekTtopcka obenexja [Markovi¢ et al., 2017 a], a npumeHom
HenuHepHor Teager Energy onepatopa Ao6ujajy ce TERASTACC BeKTopcka obenexja (kao wro je
AeTasbHO objalHeHo y 3.6).

Pesyntatn npeno3HaBatba A00MjeHN 3a cBa 4YeTUpM CLEHapuja U 3a oarosapajyhe Tunose
BeKkTopa ca RASTACC BeKTOpcKUM obenexjem npuKkasaHu cy y Tabenama 6.37-6.40.
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Tabena 6.37 RASTACC: pe3ynamamu npeno3Hasarba 3a CUeHapuo ,,HopManaH/HoOpmManaH”

Kenct. +A | Kenct. +A
BpcTa BekTOpa/ PLPCC PLPCC (ca RASTA- + AA
FOBOPHIK KencT. (6e3 | KencrT. (ca om) (ca RASTA-
RASTA) RASTA-om)
om)
foBOpHMK 1 99.78 99.33 99.33 99.33
FOBOpPHWUK 2 99.33 100 100 100
[OBOpPHUK 3 98.44 97.33 97.33 97.56
lfoBOpHWK 4 99.33 99.33 99.56 99.56
[0BOpPHMK 5 99.11 99.78 99.78 99.56
[0BOpPHMK 6 98.00 98.22 98.89 98.67
FOBOpPHUK 7 96.22 98.89 98.89 98.67
FOBOPHUK 8 98.67 98.67 98.89 98.89
FOBOPHUK 9 98.89 99.11 99.33 99.33
foBopHMK 10 92.67 99.11 98.89 98.67
Cp. Bpeg,. * Ipewka | 98.04+1.32 | 98.98+0.48 | 99.091+0.46 | 99.02+0.43

Tabena 6.38 RASTACC: pe3ynamamu npeno3Hasara 3a cueHapuo ,,wanam/wanam®

Kenct. + A | Kencr. +A
BpcTa BekTopa/ PLPCC PLPCC (ca RASTA- + AA
FOBOPHUK KencT. (6e3 | kencr. (ca om) (ca RASTA-
RASTA) RASTA-om)
om)
foBOpPHUMK 1 94.89 98.44 98.44 98.22
FOBOPHUK 2 96.89 98.44 98.67 98.67
foBOpPHMK 3 97.56 98.89 98.89 98.67
foBOpHWK 4 94.67 98.22 98.67 98.00
[0BOpPHMK 5 93.33 96.67 96.67 96.67
FOBOPHUK 6 77.11 87.78 88.22 87.78
FOBOPHUK 7 90.89 95.33 95.78 95.56
fOBOpPHMK 8 86.48 93.11 93.56 93.33
[oBOpPHWK 9 93.78 98.44 98.44 98.22
loBopHuWK 10 81.33 90.22 89.78 89.56
Cp. Bpega, * 'pewka | 90.69+4.26 | 95.55+2.44 | 95.71+2.44 | 95.47+2.46
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Tabena 6.39 RASTACC: pe3ynmamu npeno3Hasarba 3a cueHapuo ,,HopmanaH/wanam*

Kenct. +A | Kenct. +A
Bpcra BekTopa/ PLPCC PLPCC (ca RASTA- +AA
FOBOPHUK KencrT. (6e3 | kencr. (ca om) (ca RASTA-
RASTA) RASTA-om)
om)
foBOpPHMK 1 56.00 76.89 77.56 77.78
[OBOPHUK 2 31.56 39.56 38.67 39.11
fOBOpPHMK 3 49.78 84.44 85.78 86.44
[0BOpPHUK 4 44.89 68.00 68.67 68.22
[OBOPHUK 5 40.44 57.56 55.78 56.22
FOBOPHUK 6 31.78 65.33 66.00 67.33
FOBOPHWK 7 47.78 70.89 70.44 70.67
foBOPHMK 8 56.44 70.22 71.78 72.67
foBOPHWK 9 64.00 77.78 81.56 81.78
foBopHMK 10 35.33 67.78 69.56 68.44
Cp. Bpea,. * 'pewka | 45.80+6.87 | 67.84+7.68 | 68.58+8.34 | 68.87+8.32

Tabena 6.40 RASTACC: pe3yamamu npeno3Hasara 3a CUeHapuo ,,wianam/HopmanaH"

Kenct. +A | Kenct. +A
BpcTa BekTOpa/ PLPCC PLPCC (ca RASTA- + AA
FOBOPHUK KencT. (6e3 | kencrT. (ca om) (ca RASTA-
RASTA) RASTA-om)
om)
foBOpHUK 1 54.44 70.44 69.78 69.56
FOBOpPHWUK 2 32.22 34.44 34.22 36.00
F0BOpPHWUK 3 43.78 64.89 64.67 66.89
[0OBOPHUK 4 44.44 45.33 46.00 47.56
[0BOpPHUMK 5 42.00 45.56 46.44 47.56
[0BOpPHMK 6 33.11 47.56 46.67 45.56
[oBOpPHUK 7 44.00 54.89 54.89 57.33
FOBOPHUK 8 29.33 61.11 62.00 64.00
FOBOPHUK 9 48.44 66.44 68.00 68.22
foBopHUK 10 26.67 56.00 56.44 57.11
Cp. Bpeg,. * Ipewka | 39.84+5.59 | 54.67+7.05 | 54.911+7.12 | 55.98+7.07

Ha ocHoBy Tabena 6.37-6.40 pat je Aujarpam 3a pesyntaTte npenos3HaBakba 3a CBa YeTUpPU
CLUEeHapunja M BEKTOpe cacTaB/beHe Of KencTpanHux KoeduumjeHaTa M To 3a caydvajeBe 6e3 u ca

RASTA Hopmanusaumjom. (cnmka 6.30).
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RASTACC: NMpoceyaH 6poj npeno3HaTUX peun
(y %)
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Cnuka 6.30 Pe3ynmamu ripeno3Hasara 3a PLPCC obenexcje 6e3 u ca RASTA-om.

Ca aujarpama ce MoXe youmTn ga npuMeHom Hopmanmsaumje RASTA y cBMM cueHapujuma
fowno je po nobosbwarba NpenosHaBaka, o4 npubamkHo 1% (3@ cueHapwo
,HOpManaH/HopmanaH“) na go 22% (3a cueHapuo ,HopmanaH/wanat”).

KaKko yTnye BpCTa NapameTapa M AyXWMHA BEKTOPa Ha yCMNewHOCT npeno3HaBara ca RASTACC
BEKTOPCKMM obesiexkjem npuKasaHo je Ha camum 6.31.

RASTACC: YTuuaj BpcTe NnapameTapa Ha npeno3HaBake (y %)
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Cnuka 6.31 Ymuyaj spcme napamemapa Ha npenosHasare 3a RASTACC obeneije.

Ca npeTxogHor Amnjarpama ce MOXKe youuTu Aa 3a ycarnaleHe CueHapuje npenosHasakbe je
MCTO 3a CBe Tpu BpcTe napametapa. Kopg HeycarnaweHux cueHapuja noctoju opgpeheHo
nobosbllatbe yBoherwem genta n aenta-Aenta KencrpaniHux koedbuumjeHaTa Koje je HewTo BuLe
oa 1%.
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Kopuwherwem HenuHeapHor Teager Energy onepatopa gobuja ce TERASTACC BeKTOpCKO
obenexje. PesyntaTn npenosHaBatba Ha 6a3m oBMx obenerkja NnpukasaHu cy y Tabenama 6.41-6.44.

Tabena 6.41 TERASTACC: pe3yaimamu npeno3Hasarba 3a CUeHapuo ,,HopManaH/HopmanaH“

Kenct. +A | Kenct. +A
Bpcra BekTopa/ TEPLPCC TEPLPCC (ca RASTA- + AA
FOBOPHUK KencrT. (6e3 | kencrT. (ca om) (ca RASTA-
RASTA) RASTA-om)
om)
fosopHUK 1 99.78 99.78 99.56 99.56
[0BOpPHMK 2 99.33 100 100 100
foBOpHMK 3 98.44 98.44 98.67 98.89
F0BOpPHUK 4 99.33 99.33 99.33 99.56
[OBOPHUK 5 99.11 99.78 99.56 99.56
FOBOPHUK 6 98.00 98.44 98.89 98.89
FOBOpPHUK 7 96.22 99.11 98.89 98.67
FoBOpHUK 8 98.67 99.33 99.11 99.11
[oBOpPHMK 9 98.89 99.11 100 99.78
foBopHMK 10 92.67 99.33 99.33 99.33
Cp. Bpeg,. t IpelwwkKa | 98.0411.32 | 99.2610.33 | 99.3310.28 | 99.3410.27

Tabena 6.42 TERASTACC: pe3yamamu npeno3Hasara 3a cueHapuo ,wanam/wanam®

Kenct. + A | Kenct. +A
BpcTa BekTOpa/ TEPLPCC TEPLPCC (ca RASTA- + AA
FOBOPHIK KencT. (6e3 | kencrT. (ca om) (ca RASTA-
RASTA) RASTA-om)
om)
loBOpHMK 1 94.89 98.44 98.22 98.00
FOBOpPHWUK 2 96.89 99.11 98.67 98.89
[0OBOpPHWUK 3 97.56 99.11 99.33 99.33
[0BOPHUK 4 94.67 98.67 98.44 98.00
FOBOPHUK 5 93.33 95.78 95.78 95.33
[0BOpPHMK 6 77.11 94.22 94.22 92.89
[oBOpPHUK 7 90.89 95.78 96.00 96.00
[oBOpPHUK 8 86.48 95.78 95.33 95.11
[OBOPHUK 9 93.78 98.44 97.78 97.78
foBopHUK 10 81.33 91.78 91.33 91.33
Cp. speg. * Ipewka | 90.69%4.26 | 96.71+1.52 | 96.51+1.53 | 96.27+1.63
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Tabena 6.43 TERASTACC: pe3ynamamu npeno3Hasarba 3a cueHapuo ,HopmMmanaaH/wanam®

TEPLPCC TEPLPCC Kenct. + A | Kenct. +A
BpcTa BekTOpa/ (ca RASTA- + AA
FOBOPHMK KencT. (6e3 | KencrT. (ca om) (ca RASTA-
RASTA) RASTA-om)
om)
foBOpHMK 1 56.00 89.56 90.00 89.78
[OBOPHMK 2 31.56 64.00 56.22 55.33
F0BOpPHMK 3 49.78 92.89 93.33 92.67
F0BOpPHUK 4 44.89 83.56 82.67 81.78
[0BOpPHMK 5 40.44 73.56 71.56 70.44
[0BOpPHMK 6 31.78 78.44 79.56 79.56
FOBOpPHUK 7 47.78 76.44 78.22 77.33
FOBOPHUK 8 56.44 81.78 82.22 82.67
FOBOPHUK 9 64.00 87.56 88.44 88.00
foBopHMK 10 35.33 76.22 78.00 76.00
Cp. Bpeg,. * Ipewka | 45.80+6.87 | 80.40+5.29 | 80.021+6.55 | 79.36+6.69

Tabena 6.44 TERASTACC: pe3yamamu npeno3Hasarba 3a CUeHapuo ,uwanam/HopmasnaH”

Kenct. + A | Kencr. +A
BpcTa BekTopa/ TEPLPCC TEPLPCC (ca RASTA- + AA
FOBOPHUK KencT. (6e3 | kencr. (ca om) (ca RASTA-
RASTA) RASTA-om)
om)
foBopHUK 1 54.44 85.78 85.78 83.56
FOBOpPHWUK 2 32.22 64.89 63.11 63.78
foBOpPHMK 3 43.78 91.33 91.33 90.89
[0BOpPHUK 4 44.44 80.22 79.33 78.67
[0BOpPHMK 5 42.00 72.44 72.89 71.56
FOBOPHUK 6 33.11 65.33 65.56 65.33
FOBOPHUK 7 44.00 72.22 72.89 73.78
[oBOpPHMK 8 29.33 74.89 76.22 76.22
[oBOpPHWK 9 48.44 78.89 80.22 79.78
loBopHuWK 10 26.67 73.11 74.00 72.44
Cp. Bpega, * I'pewka | 39.84+5.59 | 75.91+5.19 | 76.13+5.30 | 75.60+5.06

Kopuwherem Tabena 6.41-6.44 npeduHucaH je anjarpam Koju gaje pesyntate npenosHaBakba
33 CBa YETUPU CLEHAPMja U BEKTOPE CacTaB/beHe O, KENCTPASHUX KoedpUuLmjeHaTa U TO Y CAyyajy
Kada Huje u Kaga jecte KopuwheHa RASTA Hopmanusauuja (chmka 6.32).
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TERASTACC: NpoceuaH 6poj npeno3HaTnX peun
(v %)
120
98.04 99.26
100 90.69 2671
80.4 75.91
80
60 45.8
39.84
40
20
0 |
H/H w/w H/LW Ww/H
Obe3 RASTA-e [@Ca RASTA-om

Cnuka 6.32 Pe3yamamu niperno3Hasarba 3a TEPLPCC obenexcje 6e3 u ca RASTA-om.

Ha 6a3n npuKasaHux pesyntaTta MOXKe ce 3aK/byuuTn ga kopuwhewe RASTA Hopmanusauuje
yTuye Ha nosehare ycrnewHocTn npenosHaBara o4 1,2% (3a cueHapuo ,HopmanaH/HopmanaH®)
na Ao 36% (3a cueHapwo ,lwanaTt/HopmanaH®“).

YTuuaj BpcTe napameTtapa (KencTtpanHu, genta u Aenta-AenTta) Ha yCnewHoCcT npeno3HaBakba
0aT je Ha camum 6.33.

TERASTACC: YT1uUaj BpCcTe NapameTapa Ha npeno3HaBake (y %)
120
99.26 9933 9934 9671 9651 96.27
100 ' o
=1 - 80.4 80.0279.36
T 1 75.91 76.13 756
80 T T T T
I T
60
40
20
0
H/H L/ H/W L/H
B KenctpanHu OKencTp. + aenta OKecnTp. + paenta + genta-genta

Cnuka 6.33 Ymuuyaj epcme napamemapa Ha npenosHasare 3a TERASTACC obeneixnje.

Ca amjarpama Ha cimum 6.33 yoyaBa ce Aa Hema 3HaTHOr nobosbluakba yBoherwem genta u/mnm
Aenta-genta napameTapa M Aa je To nobosbame ncnog 0,5%.
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Ha ocHoBy pobujeHux pesyntata moryhe je nopeautn RASTACC mn TERASTACC BeKTopcka
obenexja. Cnnka 6.34 pgaje ogHoce ycrnewHOCTM Npeno3HaBaka Npu Yemy ce KOPUCTUO BEKTOpP
cactaB/beH o4 24 koedpuumjeHTa (12 KencTpanHux n 12 genta KencTpanHux).

RASTACC/TERASTACC: NpoceuaH 6poj npeno3HaTux peum
(y %)
120
99.09 99.33
100 95.71 96.51
30 68.58
60
40
20
0
H/H L/ H/W W/H
ERASTACC O TERASTACC

CnukKa 6.34 YropeOHa aHanu3a npenosHasarba 3a RASTACC u TERASTACC obenexncja.

basnpaHo Ha NPeTXo4HOM AMjarpamy MOXKe ce youuTu ga npummeHa TE onepaTtopa yTuye Ha
nosehare npenosHasarba U To oA 1,2% (Koa, cueHapuja ,,HopmanaH/Hopmanan®) na go 21% (3a
cueHapuo ,wanat/HopmanaH®).

Y uu/by eBanyaumje 3ajegHmykor ytuuaja RASTA m CMS Hopmanmsauumje u3BpLUIEHA Cy
TecTMpatba 6ase roBopHMX y3opaka ca OBOM KOmMbBMHaumjom. Ha roBOpHW curHan ce Hajnpe
npumeHuna RASTA Hopmanusaumja (Ha CAMYAH HauMH Kao Ha cavum 3.19, kopuwherbem PLP), a
3aTum 1 CMS Hopmanusaumja (npe 610Ka 3a genta v genta-genta KoedbuumjeHTe, Kao Ha cavum
3.17). OJobujeHn pesyntatm HWUCy AOBeENM A0 ychnelwHujer npenosHaBaka, Beh goHekne u go
Aerpagaumje, na 36o0r Tora oBae HUCY eKCNANLUTHO HaBeAEHU.

6.3 YMNOPEAHA AHATU3A U AUCKYCUIA PESYNITATA

Ha 6a3u rope HaBegeHux pesyntaTa moryhe je M3BPWWUTM HUXOBY YyNopeaHy aHanusy U
O4peAuTN KOja BEKTOPCKA obenexkja najy Hajbosbe pesyntaTte 3a CBakM o4 cueHapwuja. Takohe,
MOe Ce aHaAn3MpaTM NOTeHUMjaNIHO NOCTojakbe KOMOMHOBaAHOr pewera Tj. dopmuparse
XnbpuaHe KoHbUrypaumje Koja 61 omoryhumaa onTMmanHo pellere 3a oarosapajyhe cueHapuje.

6.3.1 YNOPEAHA AHAZTU3A BEKTOPCKUX OBEJIEXKIA

Ca acneKkta npumerbeHe HOpManusaumje Mory ce nopeguTn oarosapajyhm pesyntatu.
PasmaTtpaHa cy BekTopcKka obeneskja: LPCC, LFCC, TELFCC, MFCC, TEMFCC, GFCC, TEGFCC, PLPCC,
TEPLPCC, RASTACC n TERASTACC. BeKkTopu cy cacTaB/beHM oa 12 KencTpaaHux koeduunjeHaTa npu
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yemy npBu penpeseHT je 6e3, a gpyrn ca Hopmanmsaumjom. Canke 6.35-6.38 pajy aunjarpame
yCnewHoCcTM npeno3Hasakrba 3a cleHapuje: ,HopmanaH/HopmanaH” (H/H), ,wanat/wanat” (LU/LU),
,HopmanaH/wanat” (H/WW) u ,wanat/Hopmanan” (LLU/H) pecnektusHo.

MpoceuaH 6poj npeno3HaTux peuun 3a H/H cueHapuo

O be3s Hopm. HECa Hopm.

Cnuka 6.35 lpoceyaH 6poj npeno3Hamux peyu 3a H/H cueHapuo 6e3 u ca Hopmanu3ayujom.

Ha ocHoBy awujarpama ca cavke 6.35 MOXe ce 3ak/bydynTtM Aa ce Hajbosbu pesynTtatu
npenosHaBarwa noctmky ca MFCC, TERASTACC, TEMFCC, TEPLPCC wn PLPCC BeKTOpCKMM
obenexjuma 1 Aa je ycnewHOCT npeno3HaBarba oKko 99,20%. Y cBMM pasmaTpaHUMM Cay4vajeBUMaA
Kopuwhere Hopmanmsaumje 3HaTHO gonpuHocK nosehaky NpenosHaBakba.

MpoceuaH 6poj npeno3HaTux peuu 3a L/ cueHapuo
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Obe3 Hopm. [ Ca HopMm.

CnuKa 6.36 lNpoceyaH 6poj npeno3Hamux peyu 3a LLU/LL cyeHapuo 6e3 u ca HopManu3ayujom.

Ha 6a3u gujarpama ca cinKke 6.36 MOKe ce youumTu da ce Hajbo/bu pe3ynTaTv 3a cueHapuo
W/W pobujajy ca obenexjuma MFCC, TEMFCC, TERASTACC, PLPCC u TEPLPCC u tbmxose
BpegHoCTM cy OKo 96-97%. [pumeHa Hopmasnusauumje je 3HATHO MoOMpasBuaa YycnewHocT
npenosHaBaka. [lak/e, pagm ce o UCTOj BPCTU ,,ycnewHunx” obenexja kao n 3a H/H cuenapwmo.
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MpoceuaH 6poj npeno3HaTux peun 3a H/LW cueHapuo

100
80
60
40
20

Obe3 Hopm. B CaHopm.

Cnuka 6.37 lpoceyaH 6poj npenozHamux peyu 3a H/LL cueHapuo 6e3 u ca Hopmanu3ayujom.

3a cueHapuo H/LL u pasbe ucTa BEKTOpCKa obenelkja, Kao LWTO je Hanpez OnucaHo, Aajy
Hajbosbe pesynTtaTe Koju cy og 70-80%. Mehytum, namehy mux ce nocebHo nctnmye TERASTACC
obenexje Koje omoryhasa npeno3sHasarbe o4 80,4%. TpeHa 6€3 1 ca Hopmanusaumjom je n gasoe
NCTW KAo KoZ NPeTXO4HUX CLeHapwja.

MpoceuaH 6poj npeno3HaTux peuu 3a LW/H cueHapuo
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Obe3 Hopm. M Ca Hopm.

Cnuka 6.38 lNpoceyaH 6poj npenozHamux peyvu 3a LL/H cyeHapuo 6e3 u ca Hopmaau3ayujom.

Kao wro ce ca aujarpama Ha camum 6.38 MoXKe youmTu Hajbosbu cy pesyiTaTtv NpenosHaBakba
3a LW/H cueHapuno Kaga ce kopucte TERASTACC, TEPLPCC, TEGFCC u GFCC BeKTopcKa obenesxja.
Pagu ce o ycnewHocTn npenosHaBawa of 70-76%. MNocebHo ce muctuye TERASTACC BeKTOpCKO
obenexje Koje omoryhaBa npenosHaBake 04 CKOpPO 76%. MpumeHa Hopmanusauumje 3HATHO
AonpuHocy nobosbluakby NPeno3HaBama.

YTnuaj Teager Energy onepatopa MoO)Ke ce pasMOTPUTU NOCMaTParbeM eKcnepuMeHTaHUX
pe3y/nTaTa 3a OHa BEKTOPCKa obenexkja Ha Koja ce MoxKe NpUMeHUTU oBaj onepatop, a To cy LFCC,
MFCC, GFCC, PLPCC wn RASTACC. Ha cnumkama 6.39-6.41 patm cy Aujarpamum ycnewHOCTU
npenos3HaBakba 3a TUN BEKTOPA Koju ce cacToju og 24 koedpuumjeHTa (12 kenctpanHux u 12 genta
KencTpasHUX) NpMMEeHEHOr Ha CBa YeTUpW cueHapuja. Pasnor nsbopa oBor TMna BEKTOpa je LWTo

113



OH Yy Mpoceky fAaje Hajbosbe pesyntate y O4HOCY Ha OCTajsie TUMNOBe (CamMo KencTpasHu Wau
KencTpasiHu ca Aenta v Aenta-Aenta KencrpaaHum KoedbuumjeHTuma).

MpoceuaH 6poj npeno3HaTux peuun 3a H/H cueHapuo

100

99.2 99.13  98.6799.01 99.1399.2  99.09 99.33

5 1 g 339836
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98.5
98
97.5
97
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LFCC MFCC GFCC PLPCC RASTACC

CO6esTEO MCaTEO

Cnuka 6.39 lpoceyaH 6poj npeno3Hamux peyu 3a H/H cueHapuo 6e3 u ca TE onepamopom.

Ha ocHoBY npeTxogHOr gMjarpama MOXKe ce yOoUnTn a y CKOpo CBUM ciy4vajeBuma Kopuwheme
TE onepaTopa gosoan Ao noseharba npenosHaBakba. M3yseTak je MFCC BeKTOpcKko obenexkje, anu
je W Kog Hera pasnvKa y npeno3HaBaky CKOPO 3aHeMap/buBa (Ha ApYroj Aeunmanui) Kaga ce He
KOPUCTU UM Kaga Ce KopuCTM oBaj onepaTop. Hajbosbn pesyntaT ce nocturao ca obenexjem
TERASTACC 1 nsHocm 99,33%.

MpoceuaH 6poj npeno3HaTuX peum 3a LL/LU cueHapuo
105

100 94.6794.62 97.25 97.11 96 9556

95 88.18 88.96

95.71 96.51
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Obe3sTEO EWCaTEO

Cnuka 6.40 lNpoceyaH 6poj npenosHamux peyu 3a LL/LL cueHapuo 6e3 u ca TE onepamopom.

Ha 6asu pobujeHor gujarpama ca civke 6.40 3a LW/ cueHapuo moXKe ce 3aK/byyuTu aa y
HEKMM C/lyyajeBa Hema 3HaTHOr nobosbwakba NnpumeHom TE onepatopa v Hajsehe nobosbliarbe je
Kog GFCC n RASTACC obenerkja, ann 1 Koa WX 0Baj AONPUHOC je Marbn of 1%. YrnaBHOm cy

114



pe3yNTaTU CAUYHM M pas3/IMKe Ha NpBOj uau apyroj aeummann. Hajbosbu pesyntat (ca TEO) je
nobunjeH 3a TEMFCC obenexje n nsHocm 97,11%.

MpoceuaH 6poj npenosHaTux peun 3a H/LW cueHapuo
100
80 | 69.2 69.53 72.69 73.22 7127590 ggeg 10
60 50.65 52.11
40
20
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Obe3s TEO ECaTEO

Cnuka 6.41 poceyaH 6poj npenosHamux peyu 3a H/LL cueHapuo 6e3 u ca TE onepamopom.

3a H/LL BpcTy HeycarnaleHor cueHapuja ce MoXKe YyoUMTH Aa je Y CBUM CayvyajeBrMMa npumeHa
TE onepatopa ponpuHena noseharby npenos3HaBarba. [locebHo je noTpebHo uctahu pa je
BEeKTOpCKO obenexje Tmna TERASTACC nokasano BMCOK HMBO Mpeno3HaBaka Yy O4HOCY Ha cBe
octane n 10 oA 80,02%.

MpoceyaH 6poj npeno3HaTux peuu 3a LLU/H cueHapuo
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Cnuka 6.42 lNpoceyaH 6poj npenosHamux peyu 3a LL/H cyeHapuo 6e3 u ca TE onepamopom.

Ha ocHoBYy Aujarpama Koju je npuKasaH Ha canum 6.42 moxKe ce youmTu ga je y CBUM
cnyyajeBUma Kaga je npumerseH TE onepatop 3a LW/H cueHapuo pgowno Ao nobosbluaka
npeno3HaBakba. [locebHO BUCOK HMBO Npeno3HaBama je 3a BeKTopcka obenexja tmna TERASTACC,
TEPLPCC n TEGFCC. Bennku CKOK npeno3HaBara (M npeko 20%) ce MoXKe YyOUMTU KOZ, BEKTOPCKUX

115



obenexkja PLPCC n RASTACC Kaga ce Ha wbux npumeHu TE onepatop. Hajbosbn pesyntatun cy

noHoBo ca TERASTACC obenexjem n nsHoce 76,13%.

6.3.2 AUCKYCUIA PE3Y/ITATA

AHann3oM nojeaMHAYHUX CLLEHApUja MOXKe ce yTBpAuTH cnepehe:

1)

2)

3)

4)

3a cueHapuo ,HopmanaH/HopmanaH” (H/H) Hajbosbu pe3ynTtaT npeno3HaBarba OCTBAPEH
je nomohy TERASTACC BekTopcKor obenexja. Hberosa BpegHocT n3Hocu oko 99,3%. Nocne
OBOI BEKTOPCKOr obesiexja No ycnewHocTM npeno3HaBakba cneae: TEPLPCC, MFCC,
TEMFCC, PLPCC, RASTACC, TEGFCC, GFCC, TELFCC, LFCC n LPCC. OBaj cueHapuo je aao
Hajbosbe pesynTaTe Npeno3HaBaka LWTO je U BUNI0 OYEeKMBaHO C 063MPOM Ha YyC/oBE U
HauYMH CHUMaHba M NPeno3HaBakba.

3a cueHapwmo ,wanart/wanat” (LLU/LW) Haj6bosbn pesynTaTt oa oko 97,3% je pobujeH nomohy
MFCC obenexja. 3aTum ca cTaHOBULLITA pe3yaTaTta cieae obenexkja: TEMFCC, TERASTACC,
PLPCC, TEPLPCC, RASTACC, LFCC, TELFCC, LPCC, GFCC u TEGFCC. U oBaj cueHapuo ce
MCTaKao Cca BUCOKMM ycnexom npenosHasarba. M Koa mera cy ce, Kao 1 koa H/H, nsasojuna
oapeheHa obenexja (MFCC, TEMFCC, TERASTACC, PLPCC n TEPLPCC) ca npubanKHO nctum
ycnexom npenosHaBakba.

3a cueHapuo ,HopmanaH/wanat” (H/LU) Haj6os/bm ycnex npenosHasarba omoryhuno je
TERASTACC BeKTOpCKO obenexje y nsHocy og npeko 80% ca BEKTOPOM CacTaB/bEHUM Of,
KencTpasHux koedbuumjeHaTta. No ycnewHoctn cnege obenexxja: TEPLPCC, TEMFCC, MFCC,
PLPCC, TELFCC, LFCC, RASTACC, LPCC, TEGFCC n GFCC. OBge ce npe CBUX NCTUYY BEKTOPCKA
obenexja ca TE onepatopom (TERASTACC, TEPLPCC n TEMFCC), a Takohe n obenexja Koja
cy 6una ycnelwHa Koz ycarnaweHux cueHapuja (MFCC u PLPCC).

3a cueHapuo ,wanat/HopmanaH“ (LLU/H) Haj6osbyn pesyntat ce nocturao Takohe ca
TERASTACC BekTOpckMM obenexjem. tberosa BpegHOCT npeno3HaBakba je npeko 76%.
3atum cnepe BekTopcka obenerkja: TEPLPCC, TEGFCC, GFCC, TELFCC, LFCC, RASTACC,
PLPCC, TEMFCC, MFCC u LPCC. U y oBom cnyyajy BeKTopcka obenexja ca TE onepatopom
(TERASTACC, TEPLPCC n TEGFCC) npeatbaye Hag OCTaZlMMa, a/iM CE MOXKE youuTu ga cy
TEGFCC 1 TEMFCC 3ameHnnM mecTa Ca acneKTa OBOr HeycarnalweHor cLeHapuja.

Ha 6a3u rope mM3HeTMx pesyntaTa yoyaBa ce Aa je obenexkje TERASTACC 4OMWHAHTHO U 3a

ycarnaueHe (,HopmanaH/Hopmanan“ u ,wanat/wanat”) u 3a HeycarnalweHe (,HopmanaH/wanat”

n ,wanaTt/HopmanaH”) cueHapuje. Takohe, n octana obenexkja Koja kopucre TE onepatop Aajy y

npoceky 6osbe pesyntate. Of KnacMyHMx obenexja (6e3 TE onepaTtopa) nocebHo ce nctnye MFCC

3a ycarnauweHe cueHapvje, a GFCC 3a cueHapuo ,wanat/HopmanaH”.

AHanusom yTuuaja Hopmanusaumje (canke 6.33-6.36) mMoXKe ce 3aK/byyuTu A3 je y CBUM

C/NlyyYajeBMMa [OWN0 A0 Nobosbliakba YCMELWHOCTM npeno3HaBarba. MaKkcMManHu cnyyajesu

noboJsbluatba, reaaHo no cueHapujuma cy:

1)

3a cueHapmo ,HopmanaH/HopmanaH“ ckok oA oko 1,3% (3a LPCC u TEPLPCC BeKTOpcKa
obenexja),
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2) 3a cueHapmo ,wanat/wanat” ckok og oko 6% (3a TEPLPCC n TERASTACC BeKTOpcCKa
obenexja),

3) 3a cueHapuo ,HopmanaH/wanat” ckok on 35-38% (3a TERASTACC, MFCC n TEMFCC
BEKTOPCKa obenexja) n

4) 3a cueHapuo ,wanat/HopmanaH” ckok oa 36-47% (3a TERASTACC, GFCC u TEGFCC
BEKTOPCKa obenexja).

Moxe ce 3aK/byuuTM ga ce NPMMEHOM HopManusauuvje pobuja 3HaTHO nobosbliarbe
yCMewHoCTM Npeno3HaBakba 3a Heycar/alleHe cueHapuje, 40K Kog ycarnaweHux sehu je nobutak
3a ,Wwanat/wanaTt” Hero 3a ,,HopmanaH/HopmanaH” cueHapuo, WTO je U OYEeKMBaHO.

Kaga je y nutawby npumeHa Teager Energy onepaTtopa oHga ce mory ussectu cnegehu
3aK/byyLM:

1) 3a cueHapuo ,HopmanaH/HopmanaH” 1 CKOpo CBUMM CaydajeBMMa Aaje nobosbluarbe Koje
Huje Benunko (ucnop 0,5%). Mehytnm, ¢ o63nMpom ga je y 0BOM CLEHAPUjy YCMELIHOCT
npenosHaBaka OKO 99% M TO je 3HayajaH ycnex. JegnHo kog TEMFCC Hema 3HaATHOr
nobosbwarba (y oaHocy Ha MFCC), ann je m oBae pas/iMKa YCNEWHOCTU Ha ApYyroj
AeLuMmanu.

2) 3a cueHapuo ,wanat/wanat’ y Hajsehem 6pojy cnyyajeBa o0Baj onepatop JAaje
nobosbliarbe, asn ce NOHOBO MoKas3ano ga je 3a MFCC pesynatat mano 6o/bu (Ha nNpBoj
Aeunmanm) Hero 3a TEMFCC. LWTo ce Tnye LFCC n TELFCC pa3nuKka namehy bux je Ha apyroj
Aeunmanu. Hajsehe nobosbliarbe ce aobuja ca BeKTopckum obenexkjem TERASTACC wu
n3HocK oko 1% (y ogHocy Ha RASTACC),

3) 3a cueHapuo ,HopmanaH/wanat” npumeHa TE onepatopa y CBMM C/yyajeBMMa AOHOCH
nobosbluarbe M To y pacnoHy og 0,3% (kog TELFCC) na ao oko 12% (Kog TERASTACC). 3a
oBaj cueHapuo TE onepaTop MMa 3Ha4yajaH AOMNPUHOC.

4) 3a cueHapuo ,wanat/HopmanaH” npumeHa TE onepatopa Takohe 3HaTHO nobosbluaBa
yCMewHoCT npeno3HaBakba. Y CBMM C/yyYajeBMMa ce jaB/ba noBehake M OHO M3HOCKM Of
0,3% (kog TELFCC) na uak go 21% (kog TERASTACC). Kopuwhere oBor onepaTtopa 3a
CueHapuo ,wanat/HopmanaH” oBae Aonas3un A0 NyHOr U3paxkaja.

MoKe ce 3aKk/byuyuMTU Aa MoCToju onpaBaaHa noTtpeba 3a kopuwhewem TE onepaTopa vy
npenosHaBaky roBopa, a NnocebHo 3a HeycarnaweHe cueHapuje. NMowTo TE onepatop ycnewHo
onucyje Harne npomeHe TypbyneHTHOr KpeTakba Y BOKAJIHOM TPAKTy (Koje cy nocebHO M3pakeHe
TOKOM NpoAyKumje wanaTta), TO ce UCNoCcTaB/ba 43 je Herosa ynotpeba Beoma KOpUCHa M ca
aneKkTta nosehatrba yCNewHoCTM Npeno3HaBatba My/ITUMOA/IHOT FOBOPA BP0 NOXKE/bHa.

Ha 6a3u ctaTucTUYKe aHanu3e Koja je noapasymeBana NocTaB/batbe HMBOA MOY34aHOCTM Ha
95% oppeheHe cy rpaHuue rpewke (Margins of Errors) Koje cy 3ajeaHo ca cpearom BpeaHowhy
Aane nHTepBasie Noy3gaHocTu. [paHuLe rpeLlKke cy npeacTaB/beHe y Tabenama u Ha gujarpammma.
AHanunsmnparbem MHTepBasa Noy3gaHOCTM 33 BEKTOPE AYKMHE 24 napameTpa MOXKe Ce 3aK/byuyntu
[a Cy rpellke Hajmarbe 3a CUeHapuo ,HopManaH/HopmanaH“, a 3atum caefe cueHapuju
yWanat/wanat”, ,wanat/HopmanaH“ u ,HopManaH/wanart’ pecnekTMBHO. 3a CLEHapMo
,HOpManaH/HopmanaH“ oBu MHTepBanu ce Kpehy og +0,27 (3a MFCC BekTopcko obenexje) ao
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+1,1 (3a LPCC BeKkTOpCcKO obenesxje). 3a cueHapumo ,wanat/wanat” nHtepsanu ce kpehy og +1,53
(3a TERASTACC BekTOopcko obenexje) mo 4,92 (3a GFCC Bektopcko obenexje). Kopg
HeycarfialeHnx cueHapuja MHTepBanu cy 3HaTHo Behu. 3a ,HopmanaH/wanat” oHu cy og +4,94 (3a
TEMFCC BekTopcko obenerkje) ao +8,34 (3a RASTACC BeKTopcko obenexje). Koa cueHapuja
»lanaT/HopmanaH”“ nHTepBanu noysaaHocTm cy og +4,53 (3a LPCC BekTopcko obenexxje) go +7,84
(3a PLPCC BeKTOpCKO 0benexje). Kao WTO je M 04EKMBAHO, OHAE rAe je YCMelWHOCT Npeno3HaBakba
Beha Ty je rpelwwKa mama, a UHTepBaan Kpahu.

AHanuM3oM Ay)KMHE BEKTOpa Koja Moxe 6uTtn 12 (KencTpanHux KoeduuujeHaTa), 24 (12
KencTpanHux nayc 12 genta kenctpanHumx) un 36 (12 KenctpanHux, 12 aenta u 12 penta-genta
KoeduuMjeHaTa)napameTapa 3aK/bydyje ce Aa y Hajsehem 6pojy cnyyajeBa M y CBUM CLEHapUjuma
BEKTOp o4 24 napameTpa daje 3agoBosbaBajyhe pesyntate. Bektop oa 36 napameTapa y Bulle
HaBpaTa Huje gao bosbe pesynTaTte of oHor ca 24 napametpa. OHM cy fiownju og Aena NpPoLeHTa
na 40 nap npougeHaTa (nocebHO Ko HeycariaweHux cueHapuja). Pasnore tpeba Tpaxkutn y Tome
LUTO CY FOBOPHM Y30PLM CHUMAHU Y YCNOBMMA MUHMMANHOT NO3aAMHCKOT Wyma (a no3HaTo je Aa
Aenta-genta koedbuumjeHTU gajy Aobpe pesyntate Npu yTuuajy LWyMHe cpeauHe), a Takohe U aa
rpelKa 3a0KpyKMBatba MPUIMKOM payvyHarba Ayravykux BeKTopa nobuja aguMTUBHM KapakTtep.
Crora je npenopykKa Kopuwhere BekTopa o4 24 napameTpa.

MapumnjanHu pesyntatn gobujeHn kopuwherwem HMM metoaa (Mpwunor A) cy y carnacHocTu ca
OHWUMa Koju cy gobunjeHn DTW meTogom u noTephyjy onpaBaaHocT Kopuwhera HoOpMmanmsaumje n
TE onepatopa.

Ha 6a3u cnpoBefeHUX ekcnepMmeHaTta n AobujeHnx pesyntaTa HECYM/bMB je 3aK/bydak ga ce
NPUMeHOM HopManusaumje pobuja 3HaTHO nobosbllarkbe Nperno3HaBakba 3a CBE CLEeHapuje U
BEKTOpCKa obenexja, a npumeHom HennHeapHor TE onepaTopa aobwujajy ce Takohe ogpeheHa
nobosbllarba Koja cy NocebHO M3parKeHa Kog HeycarialeHux cueHapuja. Mehy ceum obenexjuma
nocebHo ce wuctakno TERASTACC Koje je Aano 3HayajHe pesyntaTe 3a CBe, a nNocebHo 3a
,HOpManaH/wanat“ u ,wanat/HopmanaH” cueHapuje.
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7. 3AK/bYYHAK

OBMM pagoMm je NOKasaHOo Ja ce npeno3HaBake MYATMMOLANIHOI roBOPa 3HA4yYajHO MoXKe
nonpasuTn Kopuwherwem HopmMmaamsaumnje n NPUMeHOM HesiMHeapHor Teager Energy onepartopa.
MpumeHa HOpMmanusaumje yTnye Ha ycknahuBakbe CNeKTpanHMX pasnvka mamehy mopganuteTta
roBopa, a Takohe M Ha CMmatbere Bapujauumja Koje HacTajy TOKOM M3roBopa y UCTOM mMoAy, OOK
Kopuwhere Teager Energy onepaTopa Aobpo onucyje TypOyneHTHO KpeTarba Basgyxa yHyTap
BOKa/IHOI TpaKTa Koje je jegHa oA, BaXKHWUX MojaBa npu wanaTty. PasmatpaH je cuctem Koju je
3aBMCaH 0f, FOBOPHMKA, a 3a Npeno3HaBake KopuwheHa meToga AMHaMMYKor ycknahuearba
y3opaka (DTW) nosHaTta no 6p3om 1 edunKacHoOm paay.

7.1. NPETNEAO PE3YNTATA

Y 0BMM UCTpaXKMBakbMMa Pa3MaTPaHO je jefaHAecT BEKTOPCKMX obenexja. Ha jeaHo og, mux
(LPCC - Linear Prediction Cepstral Coefficients), 36or werose npupogae, Huje npumereH Teager
Energy onepaTop, AOK Ha cieaeha BeKTopcka obesnexKja je npumerseH oBaj onepatop: LFCC (Linear
Frequency Cepstral Coefficients), MFCC (Mel Frequency Cepstral Coefficients), GFCC (Gammatone
Filterbank Cepstral Coefficients), PLPCC (Perceptual Linear Prediction Cepstral Coefficients) u
RASTACC (RelAtive SpecTrA Cepstral Coefficients). Tako cy aobujeHa n oarosapajyha BeKTopcKa
obenerja tvna: TELFCC, TEMFCC, TEGFCC, TEPLPCC u TERASTACC pecneKtuBHO. M3BplleH je
AeTa/bHM onuc aobujarba CBMX BEKTOPCKUX obenexja W patv gujarpamu TOKa y Kojuma je
naeHTUPMKOBaAH CBakM o H6nokoBa obpage. TakKO Cy MCTaKHYTM MPOLECU KPO3 Koje CUrHan
NpPOo/iasn Kao WTo cy npeemdasmnc, Gopmmuparbe pamoBa M NpeKnanare, Npo3opoBarbe, NPUMeHa
6p3e Pypujeose TpaHCcHOpMmaLmje, OTEKaBartbe Ha 6A3M Pa3NIMUNTUX CKaNa, OTeXKaBarbe Ha 6asu
FMAacHOCTU, HOpManusauuvja, fobujarbe Aenta U AenTa-genta KencrpanHux koeduumjeHata U
C/INYHO.

Jetas/bHO je onucaHa M 6a3a roBopHux ysopaka Whi-Spe Koja je kopuwheHa. [Jatn cy
efeMeHTn 6ase, HaAYMH CHMMahba, /INCTA FOBOPHMKA M KapaKTEPUCTMKE OMNpeme Koja ce npu
CHMMakbY KopucTuna. Y ekcnepmmeHTuma je kopuwheHo caux 10.000 y3opaka rosopa (og Kojux cy
nona penpes3eHTVM Llanata, a nosa HopmanHor rosopa). Takohe je 6una W noajegHaka
3aCTyN/bEHOCT N0/10Ba (MO NET }KEHCKUX N MYLLKMUX TOBOPHUKA).

AKycTMYKa obenexkja cy penpeseHToBaHa nomohy oarosapajyhmx BeKTopa KencTpasHux
KoeduumjeHaTa. Npu Tome cy y UCTParknBakby KopulwheHa YeTupu TMNa BEKTOPA U TO:

e BEKTOpW cacTaB/beHu of 12 KencTpanHux KoedpuumnjeHaTa 6e3 Hopmanusaumje,

® BEKTOpW cacTaB/beHM 0f 12 KencTpasiHux KoepuumnjeHaTa ca HopMaansaLumjom,
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® BEeKTOpWM cacTaB/beHM of 24 KoeduuumjeHTa (12 KencTpanHux u 12 penta) ca
HOpManuM3aumjom u

e BEKTOpW cacTaB/beHn og 36 KoeduuumjeHaTta (12 KencTtpanHux, 12 genta u 12 penta-
AeNTa) ca HopMmanumsauujom.
3a cBaKO 04, MOMEHYTUX BEKTOPCKUX obenexja pa3BujeH je codTBepCKn moayn Kopuwherbem
copTBepckor naketa MATLAB. OBu codTBepckM mMoayan cy Ha 6asm Bapujaumja ynasHux
aprymeHaTa reHepucanuM pasnnmumte TUMNOBE BEKTOPa. TaKo je 6poj pasnnumMTux cobpTBEPCKUX
mopayna 6uo jegaHaect, a ykynaH 6poj Bapujaumja 44, na je 6poj pasnNUNTMX BEKTOopa Koju cy
reHepucaHM TOKOM UCTpaXKmBama bmo 44.000.

AHanun3MpaHa BEeKTOpCKa obenerkja cy AeTa/bHO NpMKasaHa v To:

» TabenapHoO - MO CBaKOM o4, 4eTupu cueHapwuja (H/H, W/W, H/W v W/H) n 3a cBakor
roBOPHUKa,

" aujarpamuma - rge je BpweHo nopeherwe 3a cBa YeTuMpu cueHapuja ca u b6es
HOpManu3sauuje,

" aujarpamuma - rae je BplieHo nopeherbe 3a pasnMuMTe TUNOBE BEKTOPA (KencTpanHu,
[eNnTa u Aenta-fenta) Ha Kojuma je npuMereHa Hopmanusauuja u

*  Aunjarpamuma - rge je splieHo nopehere oarosapjyhux Bektopa ca u 6e3 npumereHor
TE onepartopa.

CymMapHu pe3ynTati aHaan3MpaHM No CueHapujuma 4aTtu cy Kpos cneaehu npernea;

1) 3a ,HopmanaH/HOpmanaH“ cueHapuo Hajbos/ba yCMewHoCT npeno3HaBarba je ca
TERASTACC BeKTOpckum obenexjem u mnsHocu 99,3%, a 3atum cneae TEPLPCC, MFCC
uTa,

2) 3a ,wanat/wanat” cueHapuo Hajbos/bu pesyntat je gobujeH ca MFCC BEKTOPCKMM
obenexjem v nsHocu 97,3%, a 3atum cnege TEMFCC, TERASTACC utg,

3) 3a ,HopmanaH/wanat” cueHapuno HajepukacHuje je TERASTACC BeKTOpcKo obenexje
ca npeno3HaBatbem og oko 80%, a 3aTum cy no ycnewHoctn TEPLPCC, TEMFCC ntg n

4) 3a ,wanat/HopmanaH” cueHapuo Mo pe3yatatuma ce MnoHoBo ucTude TERASTACC
BEKTOPCKO obenexje ca ycnewHouwhy oa 76%, a notom cnege TEPLPCC, TEGFCC uta,

YTuuaj Hopmanusaumje Takohe je AeTas/bHO aHaAM3MpaH W MNPUKasaH Kpo3 oaroBapajyha
nobosbllarba NPeno3HaBama:

1) 3a cueHapuo ,HopmanaH/HOpManaH“ MaKCMMaNHWU CKOK je og oko 1,3% (3a LPCC u
TEPLPCC BekTOpcKa obenexja),

2) 3a cueHapuo ,wanat/wanaTt’ MaKCMManiHU CKOK je oa oKo 6% (3a TEPLPCC wu
TERASTACC BeKTOpcKa obenexja),

3) 3a cueHapuo ,HopmanaH/wanart’ makcMmanHu cKok je og 35-38% (3a TERASTACC,
MFCC n TEMFCC BeKTopcka obenexxja) n
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4) 3a cueHapuo ,wanat/HopmanaH” MaKCMManHU CKOK je o 36-47% (3a TERASTACC,
GFCC n TEGFCC BeKTOpCKa obenexja).

YTuuaj Teager Energy onepatopa Takohe je npuKasaH y 0BOM pajy, a CyMapHO ce yoyaBa:

1) 3acueHapuo ,HopmanaH/HopmanaH" y cCKopo cBum caydajesmuma TE aaje nobosbliarbe
Koje Huje Benuko (ucnog 0,5%). Mehytum, ¢ ob63mpom Aa je y OBOM cuUeHapwujy
YCMeLwHOCT Npeno3HaBaka oKo 99% u 1o je connaan ycnex. JegnHo kog, TEMFCC Hema
3HaTHor nobosbwarba (y ogHocy Ha MFCC), anM n oBae je pas3nuKa Ha Apyroj
Aeunmanu;

2) 3a cueHapuo ,wanat/wanat” y Hajsehem 6pojy cnydajeBa oBaj onepatop Aaje
nobosbluatbe, anM ce NOHOBO MOKa3ano Aa je 3a MFCC pe3syntat mano 6o/bu (Ha NpBoOj
Aeunmanm) Hero 3a TEMFCC. Wto ce tmye LFCC n TELFCC pa3nuKka usmehy wux je Ha
apyroj geummanu. Hajsehe nobosblarbe ce Aobuja ca BEKTOPCKMM obenexjem
TERASTACC 1 n3Hocu oko 1% (y oaHocy Ha RASTACC);

3) 3a cueHapuo ,HopmanaH/wanat” npumenHa TE onepartopa y CBMM C/y4ajeBnma A40HOCU
nobosbliarbe 1 To y pacnoHy oa 0,3% (kog TELFCC) na ao oko 12% (kog TERASTACC). 3a
oBaj cueHapuo TE onepaTop MMa 3HayajaH AONPUHOC;

4) 3a cueHapuo ,wanat/HopmanaH” npumeHa TE onepatopa Takohe 3HaTHO NobosbluaBa
YCMEeLWHOCT npeno3HaBakba. Y CBUM C/y4yajeBMMa OHO je eBUAEHTHO U n3Hocu og 0,3%
(kog TELFCC) ma yak go 21% (koa TERASTACC). Kopuwhere oBor onepatopa 3a
CueHapuo ,Wwanat/HopmanaH” oBAe je 4OWN0 A0 NYHOr U3pakaja.

AHanu3npaHa je U AyXMHa BEeKTopa W HeH yTUuUaj Ha npenos3HaBame. Y 063up cy yseTtu
BEKTOPM cacTas/beHn og 12, 24 n 36 napameTtapa. [NoKasano ce ga BEKTOP cacTaB/beH og 24
napameTpa (12 kencTpanHux M 12 genta KencTpanHux KoeduuujeHaTa) Aaje 3aa0BosbaBajyhe
pesyntaTe. MaKo je BeKTop cacTas/beH o4 36 napameTapa No CBOjoj Npupoamn pobycHMju oH Huje y
BehnHM cnyyajeBa 6uo 60/bM 04 OHOT cacTaB/beHOr of 24 napameTpa. Pa3nosm 3a To mory 6uTu
WTO Cy OBM Yy30pUM CHMMAHM y YCNOBMMA MOTUCHYTOr ambujeHTanHor wyma (na genta-genta
AONPUHOCKM HUCY AOWAM A0 M3parkaja) Kao M MOryhHOCT aKymyampaHOr AOMpUHOCA FpeLuke
330KpYyXKMBakba MPUAMKOM padvyHarba AYraykmx BEKTOpa jep Cy AenTa-genta KoepuunjeHTn Bpao
manun. Crora je 3a oBaKBa UCTpaXKMBaka NPenopyKa Aa ce KopucTe BEKTOpU o4 24 napameTpa.

7.2. AONPUHOC ANCEPTALIUIE

Pa3Bujatbe cuctema 3a npeno3HaBake roBopa je CTa/JiHM MMnepaTUB Koju 3a Uu/b MMa Aa ce
omoryhu ycnewHo npeno3HaBake Y OKOJIHOCTMMA KaZa roBop oAcTyna og, HopmanHor. 36or Tora
je nmocebHO aKTyenHO WUCTparKMBakbe MyATUMOZANHMX 0bBaMKa roBopa, mehy Kojuma 3HayajHO
MEeCTO 3ay3uma wanat. [poHanaxere ONTUMANHUX BEKTOPCKMX obenexkja, Kojuma ce onwucyjy
aKyCTUYKe 0cObUHe curHana, Mory yTuuatv Ha nobosbluarbe pe3ynTata Npeno3HaBakba. Y cknagy
ca TMM, AONPUHOCK AOKTOPCKe AncepTaunje ornegajy ce y cnegehem:

+* KpeupaH je ogpeheHM cKyn BeKTOPCKMX obenexkja (buX jedaHaecT) M Ha 6asn Hbux
M3BpLLEHa aHa/M3a YCNeLwHOoCTM Npeno3HaBakba MyATUMOAA/THOT FOBOPa.
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PasmoTpeHu cy pasnnunTh cueHapuju (ycarnaweHm n HeycarnaweHu) u pasamynt TUNoBu
BEKTOpa (cacTaB/beHM 0f  KencTpanHux, Jenta W Aenta-Aenta  KencrpasHux
KoedpuuMjeHaTa) U HUXOB YTULLA] Ha YCNELWHOCT Npeno3HaBakba.

[oKa3aHO je (TEOpPeTCKM M eKCcrnepuMMeHTaslHO) Aa HOpManusauuja AMPEKTHO yTu4e Ha
npenosHaBatbe MYATUMOAA/IHOI TFOBOPa Ca NOCEOHMM aKLEHTOM Ha HeycarjalleHe
cueHapuje. MpumeHom Hopmanusaumje (CMS u/mnm RASTA) ycnewHocT npeno3HaBakba je
3HaTHO NoboJsbLIaHa.

Mokasano ce Aa HenuHepaHu Teager Energy onepatop (KOjuU ycnewHo anpoKcMmumpa
TYpOYyNneHTHO KpeTarba BasAyXxa Yy BOKA/IHOM TPaKTy) Jaje 3HayajHe pesynTate y
nobosblatby NpenosHaBatba MYATMMOLANHOI roBOpa Ca NOCEOHMM aKUEHTOM Ha
CLLeHapuje rae yyecTByje wanar.

MpumeHa HenuHeapHor Teager Energy onepaTopa omoryhuna je pobujatbe HOBUX
BEKTOPCKMX obenexja. MpengnoxeHn cy HOBM anroputmMum U aobujeHa HOBa BEKTOPCKA
obenerkja kKao wTo cy TEPLPCC n TERASTACC.

Mokasano ce ga ca HOBUM BEKTOPCKMM obenexjuma Koju cagprke Teager Energy onepatop
(@ nocebHo ca TERASTACC) pe3yntaty ychnewHoOCTM npeno3HaBakba n[06ujajy 3HATHO
nobosbliarse.

EKCcnepMmeHTanHO je p[oKasaHO [a KombuHauumja Hopmanusaumje u Teager Energy
onepaTtopa Aaje 3HavajHa nobosbliatba. [laTa je NpenopyKa Aa 33 NpenosHaBake LanaTa
oBa KoMbuHauuja byane obaBe3HO 3acTyn/beHa y ogrosapajyhum anroputmmuma.

Ha 6a3u nopehera cBMX BEKTOPCKUX obenexja Mo CBUM CLEHapujuma u 3a cBe TUNoBe
BEKTOpa npeAsioXKeHa je oarosapajyha rpagaumnjcka ckana. OHa npeactas/ba OCHOBY 3a
n360p HajnorogHMjux obenexja MynTMMOLANAHOT rOBOpa.

Pe3ynTtatv fobujeHn Ha OCHOBY OBMX UCTPakMBakba MOTY Ce KOPUCTUTM 3a Zasby aHaNU3y U

Kpenpake HOBUX a/Ir0pPUTaMma Ca Un/bem yHanpeF)eH:a npeno3HaBakba MyATUMOOA/THOI rOBOpa.

7.3. MOTYRHOCTU AAJbUX NPABALA UCTPAXKUBAIA

Y nocTynKky gasber yHanpehewa cuctema 3a npenosHaBatbe MyATMMOZA/NIHOT FOBOpPa MOry ce

naeHTMduMKoBaTn ogpeheHe cmepHuue byayhux nctparknusarba u To:

3Ha4yajHO Npowunperse roBopHe 6ase Whi-Spe Ha 6ap 100 roBopHMKa nNpu Yemy 6mu nosnosu
6unn noajeAHaKo 3acTyN/beHMU,

MCTPaXKMBakbe YCMEWHOCTU Mpeno3HaBakba roBOpa 3aBMCHO Of, MOAAa Ha OCHOBY
npowunpeHe 6ase M ogpehuBarbe ONTMMANHOr BEKTOPCKOr obenexja npema nony
rOBOPHUKA,

CHpOBObGI—bG dHann3e npenosHaBatba MyATMMOA4ATHOT roBOpa HE3aBUCHO O4 roBOPHUKa,

aHa/n3a yTuuaja NPOMEH/bUBOM OAHOCA CUTHAN-WYM Ha NPEeno3HaBakbe MyATUMOZAANHOT
roBopa,

npMmeHa metoaa 3a ,406ap” u ,,nowWw” Wwanat Ha CHUM/beHY roBOpPHY 6asy,
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= Kopuwhere Apyrux nNos3HaTUX metToaa M copTBepckMx naketa (Kaldi,...) 3a aHanusy
npeno3HaBakba OBe BPCTE rOBOPa,

=  pobujarbe xmbpuaHux pellera Koja bu objegmHnna ogrosapajyha BekTtopcka obenexja ca
LUU/bEM MaKCMMM3aLMje YCNEeWHOCTU Npeno3HaBakba MyATUMOAA/THOT TOBOPa.

Tpeba oyekmBaTh ga 61 ce NPUMEHOM rope NOMEHYTMX CMepHULLA A06MO pobycTaH cucTem 3a
npenosHaBakbe MyATUMOZAA/IHOT TOBOPA, @ TOKOM TaKBUX UCTPaXKMBakba AOLWN0 6U ce U A0 HOBUX
naeja 3a yHanpehere ogpeheHnx anropmrama.
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NPUNO3U

Y oBOm fgeny gatu cy Npuao3m Koju ce cactoje og, pesynTtata npenosHaBatba MyATUMOAANHOT
rosopa 6asmpaHux Ha HMM meTtoau, 6uorpaduju u nsjasama aytopa.

NA: PE3YITATU HA BA3Y HMM METOAE"

Kopuwhetem HTK anata gobujeHn cy oarosapajyhu HMM pesyntatv 3a BEKTOpCKa obenexja
LFCC, TELFCC, MFCC, TEMFCC [Markovi¢ et al., 2018] n GFCC [Markovi¢ et al., 2017 b].

CBM BEKTOPM CY FreHepucaHW Ha HAYMH Kao LITO je ONMCaHO Yy NOrnass/by 3 U UAEHTUYHU Cy
OHMMa Koju cy KopuwheHn 3a ekcnepumeHTe ca DTW metozom. POHETCKOM TPAHCKPUMLMjOM
CBaKa pey je u3ae/beHa Ha CKyn MOHOGQOHA, a CBakKM MOHOGOH onucaH ca no 5 ctakba. HMM
MOAeN Koju je ynoTpeb/beH 33 OBE eKCNepUMeHTe NoApPa3yMeBao je KpeTakbe ,C-NeBa-Ha-AeCcHO”
6e3 npeckakara cTarba. 3a nouveTHn mogen je kopuwheHn ,flat-start” Tj. y3ete cy cpegre
BPEAHOCTM U BapujaHCe CBUX y30paKa M3 obyKe M CBMM CTatbMMa AO0AE/bEHE UCTE MHULMjaNHE
BpeaHocTU. bpoj unknyca peecrammaumje je 6mo AMmuTUpaH Ha 5. Y dasm Tectupatrba ynotpebsbeH
je Butepbujes anropmtam.

NA.1 HMM PE3Y/ZITATU CA LFCC BEKTOPCKUM OBENEXIEM

Y Ttabenama MA.1-4 patm cy pesynTaTu npenosHaBarba ca oAgroBapajyhom cpearom
BpeaHowhy 1 rpaHULOM rpeLlKe 3a HUBO Noy3aaHoCcTH o, 95%.

Tabena NA.1 LFCC: peaynmamu nperno3Hasara 3a CUeHapuo ,,HopmasnaH/HopmanaH”

LECC LECC Kenct. + A | Kencr. +A
BpcTa BekTOopa/ (ca CMS- + AA
FOBOPHUK KencT. (6e3 | KencrT. (ca om) (ca CMS-
CMS-a) CMS-om)
om)
[oBopHUKK 1 98.6 98.6 99.6 98.8
[OBOPHMK 2 98.6 99 99.8 99.8
[OBOPHMK 3 94.8 98.8 98.6 99.4
[OBOpPHUK 4 100 99.6 100 99.6
[0BOPHUK 5 98.8 99 99.6 99.2
[OBOPHUK 6 97.6 98.6 99 99
[OBOpPHUK 7 93.2 96.8 98.6 98.6
[OBOPHUK 8 99.00 99.2 99.4 99.6
[OBOPHMK 9 96.6 98 99.2 99.6
[oBopHMK 10 97.4 97.4 99.4 99.6
Cp. Bpeg. * Ipewka | 97.46+1.29 | 98.5+0.53 | 99.32+0.29 | 99.32+0.25

1 . .
OBu pe3ynTaTtv cy gobujeHun y capaatbu ca Konerom JosaHom Fanuhem, cTyaeHTOM SOKTOPCKUX CTyAMja Ha ET®-y
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Tabena MNA.2 LFCC: pesynmamu nperno3Hasara 3a cyeHapuo ,,wanam/wanam®

LECC LECC Kenct. +A | Kencrt. +A
BpcTa BekTOpa/ (ca CMS- + AA
FOBOPHUK KencT. (6e3 | kencrT. (ca om) (ca CMS-
CMS-a) CMS-om)
om)
[oBopHUMK 1 96.6 98.4 98.4 98.6
[OBOPHUK 2 95.4 97.8 99.2 99.2
[OBOPHMK 3 97.8 98.4 99.6 99.8
[OBOpHUK 4 99 98.4 99.2 99
[0BOpPHUK 5 97.2 97.2 96.6 97.4
[OBOpPHMK 6 96.8 98.4 99 98
[OBOPHUK 7 94.6 97.8 98.8 98.8
[OBOPHUK 8 95.4 96.8 99.2 98.8
[OBOpPHMK 9 94.6 97.6 99.2 99.2
foBopHMK 10 94.4 97 98.2 98.4
Cp. Bpep. * IpewkKa | 96.18+0.96 | 97.7810.39 | 98.74+0.53 | 98.72+0.42

Tabena MA.3 LFCC: peaynmamu nperno3Hasarba 3a cueHapuo ,,Hopmanad/wanam®

LFCC LFCC Kenct. +A | Kencr. +A
Bpcra BekTopa/ (ca CMS- +AA
FOBOPHUK Kencr. (6e3 | kencr. (ca om) (ca CMS-
CMS-a) CMS-om)
om)
[oBopHKK 1 47.24 81.6 88.8 87.84
[OBOPHMK 2 12.76 59.48 73.52 71.64
[OBOPHMK 3 18.36 70.72 72.44 72.24
[OBOpHUK 4 31.32 69.16 71.88 72.92
[OBOPHMK 5 28.96 69.04 73 75.4
[OBOPHUK 6 45.04 77.48 85.6 81.96
[OBOpPHUK 7 27.28 75.84 81.96 78.04
[OBOpPHMK 8 17.08 57.92 71.8 72.68
[OBOPHMK 9 38.36 81.68 83.36 84.24
[oBopHMK 10 16.72 68.96 76.96 78.32
Cp. Bpeg. * Ipewka | 28.31+7.59 | 71.1945.09 | 77.93+3.98 | 77.534+3.48
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Tabena MA.4 LFCC: peaynmamu npeno3Hasara 3a CUeHapuo ,,ianam/HopmanaH*

LECC LECC Kenct. +A | Kenct. +A
BpcTa BekTOpa/ (ca CMS- + AA
FOBOPHMK KencT. (6e3 | KencrT. (ca om) (ca CMS-
CMS-a) CMS-om)
om)
foBOpHMK 1 24.76 75.52 85.12 86.24
FOBOpPHWUK 2 5.76 40.12 52.96 54.32
[OBOpPHMK 3 16.48 59.32 69.44 74.04
[0BOpPHUK 4 17.88 45.52 50.2 52.08
FOBOPHUK 5 17.8 64.44 66.16 68.96
[0BOpPHUK 6 40.2 68.16 74.48 72.88
FOBOpPHUK 7 23.96 59.92 69.24 68.92
FOBOPHUK 8 18.08 56.52 69.68 70
FOBOPHUK 9 35.24 75.68 82.76 82.4
foBopHMK 10 274 71 76.52 78.08
Cp. Bpep. * Ipewka | 22.76+6.15 | 61.62+7.41 | 69.66+7.01 | 70.79+6.76

NA.2 HMM PE3Y/ZITATU CA TELFCC BEKTOPCKUM OBEJIEXXIEM

Ha canyan HauunH pesyntati 3a TELFCC aatun cy Tabenama MA.5-8.

Tabena MA.5 TELFCC: peaynmamu npeno3Hasara 3a CUeHapuo ,, HopmManaH/HopmanaH"

TELFCC TELFCC Kenct. + | Kenct. +A
BpcTa BekTOopa/ A + AA
FOBOPHUK KencT. (6e3 | KencrT. (ca (ca CMS- (ca CMS-
CMS-a) CMS-om)
om) om)
foBOpHMK 1 98.8 98.4 97.8 98
[OBOPHMK 2 98 97.8 97.8 98.2
[OBOPHMK 3 96.8 98.6 99 99
[0BOpPHUK 4 98.8 99 98.4 98.8
[0BOpPHUK 5 99.4 99.2 99.6 99.2
[OBOPHUK 6 96.2 96.6 97.4 98.2
[OBOPHUK 7 92 94.6 97.8 98.6
[OBOPHUK 8 98.8 99 98.8 98.6
[OBOPHMK 9 95.2 97.6 98.4 99.8
[oBopHMK 10 97.8 97.8 99 99.2
Cp. Bpeg. * Ipewka | 97.18+1.40 | 97.86+0.86 | 98.4+0.43 | 98.76+0.34
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Tabena MA.6 TELFCC: peaynmamu npeno3Ha8ara 3d cyeHapuo ,,wanam/wanam®

TELECC TELECC Kenct. +A | Kenct. +A
BpcTa BekTOpa/ (ca CMS- + AA
FOBOPHMK Kencrt. (6e3 | kencrT. (ca om) (ca CMS-
CMS-a) CMS-om)
om)
foBOpHUK 1 96.8 97.8 97.6 97.4
FOBOpPHWUK 2 96.4 97.2 99.2 98.6
[OBOpPHWUK 3 98 99.2 99.2 99.4
foBOpHUK 4 99 97.4 98.2 99
FOBOpPHUK 5 97.2 96.6 97 97.6
FoOBOpPHUK 6 96.4 96.2 97.6 97.6
FOBOpPHUK 7 95.6 94.8 98.4 98
FOBOPHUK 8 95.4 96 98 98.6
FOBOPHUK 9 93.8 97 99.2 99.2
foBopHUK 10 94.8 94.8 97.4 98.2
Cp. Bpeg, * Ipewka | 96.34+0.95 | 96.7+0.83 | 98.18+0.50 | 98.36+0.44

Tabena MA.7 TELFCC: pe3ynmamu npeno3Hasara 3a CYeHapuo ,, HopmanaHd/wanam®

TELFCC TELFCC Kenct. +A | Kencr. +A
Bpcra BekTopa/ (ca CMS- +AA
FOBOPHUK Kencr. (6e3 | kencr. (ca om) (ca CMS-
CMS-a) CMS-om)
om)
foBopHUMK 1 33.68 79.6 80.8 78.72
[OBOPHMK 2 17.08 63.28 75.48 76.2
[OBOPHMK 3 17.92 69.16 70.32 75.28
[OBOpHUK 4 13.32 63.92 72.56 73.2
[OBOPHMK 5 16.04 65.44 68.04 71.8
[OBOPHUK 6 35.92 74.88 77.28 76.08
[OBOpPHUK 7 38.4 74.76 81.52 79.88
[OBOpPHMK 8 23.24 69.04 68.16 71.84
[OBOPHMK 9 32.16 77.2 82.12 81.08
[oBopHMK 10 31.08 76.16 78.32 76.6
Cp. Bpeg. * Ipewka | 25.89+5.80 | 71.34+3.67 | 75.46+3.36 | 76.07+1.98
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Tabena MA.8 TELFCC: peaynamamu npeno3Hasarba 3a CYeHapuo ,,wanam/HopmanaH*

TELECC TELECC Kenct. +A | Kenct. +A
BpcTa BekTOpa/ (ca CMS- + AA
FOBOPHMK KencT. (6e3 | KencrT. (ca om) (ca CMS-
CMS-a) CMS-om)
om)
foBOpHMK 1 31.64 72.16 78.4 78.92
FOBOpPHWUK 2 7.76 42.52 50.8 49.24
FOBOpPHWMK 3 14.88 51.6 60.2 57.72
[0BOpPHUK 4 8.04 51.24 52.48 52.92
[0BOpPHMK 5 15.52 58.68 64.64 62.52
[0BOpPHUK 6 49.96 68.08 71.68 72.8
FOBOpPHUK 7 47.44 63.04 63.68 65.64
FOBOPHUK 8 25.08 57.64 60.88 61.76
FOBOPHUK 9 35.64 73.76 78.68 78.12
foBopHMK 10 35.16 70.76 75.16 72.64
Cp. Bpep. * Ipewka | 27.114+9.51 | 60.95%6.46 | 65.661+6.23 | 65.23+6.36

NA.3 HMM PE3Y/ITATU CA MFCC BEKTOPCKMUM OBENEXIEM

3a MFCC BeKTopcKo obenexxje n HMM meToz pe3yntatu cy npuKasaHu y Tabenama MNA.9-12.

Tabena A.9 MFCC: pesyamamu npeno3Hasarba 3a CUEHapUo ,,HOPMaaaH/HopmanaH"

MECC MECC Kenct. + A | Kenct. +A
BpcTa BekTopa/ (ca CMS- +AA
FOBOPHUK KencrT. (6e3 | kencr. (ca om) (ca CMS-
CMS-a) CMS-om)
om)
foBopHUK 1 98 99.6 99.4 99.6
[0BOpPHMK 2 99.8 99.6 100 100
f0BOpPHMK 3 95.8 98.8 99 99.2
[0OBOPHUK 4 99.6 99.4 99.4 99.6
FOBOPHUK 5 99.4 99 100 99.8
[0BOpPHMK 6 98.4 96.6 99 99.6
[oBOpPHUK 7 95.6 97.6 99.2 99.4
[oBOpPHUK 8 99 99.8 98 98.2
[0BOpPHUK 9 98.4 98.6 99.2 99.4
foBopHUK 10 97.6 99.4 99.6 99.6
Cp. Bpega, * 'pewka | 98.16+£0.91 | 98.84+0.63 | 99.28+0.36 | 99.44+0.30
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Tabena MA.10 MFCC: pe3yamamu riperno3Haearba 3a cueHapuo ,wanam/wanam®

MECC MECC Kenct. + | Kenct. +A
BpcTa BekTOpa/ A +AA
FOBOPHMK KencrT. (6e3 | kencr. (ca (ca CMS- (ca CMS-
CMS-a) CMS-om)
om) om)
foBOpHMK 1 97.2 97.2 99 99.2
FOBOpPHWUK 2 94 98.2 98.6 98.8
FOBOpPHWUK 3 95.4 99.2 99.4 98.8
FOBOPHUK 4 98.4 97.2 99 98.8
FOBOPHUK 5 95.4 96.4 99.2 97.8
[0BOpPHMK 6 95.6 96.8 98.6 97.4
FOBOpPHUK 7 95.4 98 99 99.2
FOBOPHUK 8 95 96.2 98.4 99.4
FOBOPHUK 9 95.6 97.4 99.6 99.2
foBopHMK 10 94.4 94.8 98.2 98.8
Cp. Bpep, * Ipewka | 95.64+0.80 | 97.14+0.75 | 98.910.28 | 98.74+0.40

Tabena MA.11 MFCC: pe3yamamu rnpeno3Hasara 3a cUeHapuo ,,HopmasaaH/wanam®

MECC MECC Kenct. +A | Kencr. +A
Bpcra BekTopa/ (ca CMS- +AA
FOBOPHUK KencrT. (6e3 | KencrT. (ca om) (ca CMS-
CMS-a) CMS-om)
om)
foBOpHMK 1 24.44 72.72 86.84 88.96
[OBOPHMK 2 9.36 58.56 56.32 53.24
[OBOPHMK 3 11.6 65.84 73.6 73.8
[OBOpHUK 4 12.76 68.24 67.64 61.64
[OBOPHMK 5 12.44 63.28 72.88 72.52
[OBOPHUK 6 11.16 60.36 59.32 56.32
[OBOpPHUK 7 20 78.2 84.76 84.28
[OBOpPHMK 8 9.8 73 78.52 79.32
[OBOPHMK 9 23.32 75.2 80.52 74.68
[oBopHMK 10 9.2 62.32 69.88 72.64
Cp. Bpeg. * Ipewka | 14.41+3.64 | 67.77+4.18 | 73.03+6.27 | 71.74%7.18
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Tabena MA.12 MFCC: pe3yamamu rnperno3Haearsa 3a cueHapuo ,,uanam/HopmanaH”

MECC MECC Kenct. + A | Kenct. +A
BpcTa BekTOpa/ (ca CMS- + AA
FOBOPHMK KencT. (6e3 | KencrT. (ca om) (ca CMS-
CMS-a) CMS-om)
om)
foBOpHUK 1 41.8 69.4 87.96 90.04
[OBOPHMK 2 13.08 52.76 61.72 62.72
F0BOpPHMK 3 11.96 40.84 56.68 61.12
F0BOpPHUK 4 16.36 57.8 75.72 75.68
FOBOPHUK 5 26.84 72.96 83.64 83.36
[0BOpPHUK 6 16.52 60.84 79.56 77.92
FOBOpPHUK 7 20.24 72.92 83.36 87.12
FOBOPHUK 8 17.72 80.64 92.44 92.6
FOBOPHUK 9 22.64 73.88 85.04 87.04
foBopHMK 10 22.6 61.32 70.04 72.6
Cp. Bpeg,. * Ipewka | 20.98+5.35 | 64.34+7.39 | 77.6217.18 | 79.02+6.83

NA.4 HMM PE3Y/ZITATU CA TEMFCC BEKTOPCKUM OBEJIEXIEM

Ha canyan HauuH gatm cy u pesyntati 3a TEMFCC BekTopcko obenexje y Tabenama MA.13-16.

Tabena MA.13 TEMFCC: pe3ynmamu rnperno3Hasarba 3a CUeHapuo ,,HopmanaH/HopmanaH“

TEMECC TEMECC Kenct. + A | Kenct. +A
BpcTa BekTOpa/ (ca CMS- + AA
FOBOPHIK KencT. (6e3 | kencrT. (ca om) (ca CMS-
CMS-a) CMS-om)
om)
lfoBOpHMK 1 99.4 99.4 99.8 100
FOBOpPHWUK 2 99 98.8 100 100
[0OBOpPHWUK 3 96.2 100 99.2 99.8
[0BOpPHUK 4 99.6 99.6 99.8 99.6
[oBOPHWK 5 99.6 99.8 100 100
[0BOpPHWK 6 96.6 97 98.8 99.8
[oBOpPHUK 7 94.8 97.2 98.6 99.4
[OBOPHUK 8 99.2 100 98.4 99.4
[OBOPHUK 9 98.6 99 99.4 99.6
foBopHUK 10 98.6 99 99.8 99.8
Cp. spep. + Ipewka | 98.16+1.04 | 98.98+0.67 | 99.38+0.37 | 99.74+0.14
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Tabena MA.14 TEMFCC: pe3ynamamu nperno3Hasearad 3a cuyeHapuo ,,wanam/wanam®

TEMFCC TEMECC Kenct. + | Kenct. +A
BpcTa BekTOpa/ Kencr. A + AA
FOBOPHMK (6e3 r::e[\r;lcST_.o(’;? (ca CMS- (ca CMS-
CMS-a) om) om)
foBOpHMK 1 98.8 98 99 99.2
[OBOPHMK 2 98 98.6 99.2 99.4
[OBOPHMK 3 98.2 99.2 99.8 99.8
[oBOpHUK 4 99.4 97 99.2 99.2
[OBOpPHUK 5 97 97 98.4 99
[OBOpPHUK 6 95.4 97.4 98.8 99
[OBOpPHUK 7 95.6 97.4 99.2 99
[OBOPHUK 8 97.4 96.6 99 99
[OBOpPHMK 9 96.8 96.8 99.8 99.8
foBopHMK 10 95.4 95.6 99.6 99.4
Cp. Bpep. * Ipewka | 97.2+0.88 | 97.36+0.64 | 99.2+0.27 | 99.2810.20

Tabena MA.15 TELMCC: peayamamu nperno3Hasarba 3a CUeHapuo ,,Hopmanad/wanam®

TEMECC TEMECC Kenct. +A | Kencr. +A
Bpcra BekTopa/ (ca CMS- +AA
FOBOPHUK KencrT. (6e3 | KencrT. (ca om) (ca CMS-
CMS-a) CMS-om)
om)
foBOpHMK 1 13 73.72 86.92 89.16
[OBOPHMK 2 6.88 55.32 68.2 73.24
[OBOPHMK 3 6.8 62.6 78.04 81.92
[OBOpHUK 4 9.24 67.04 74.08 71.8
[OBOPHMK 5 10.2 62.96 75 77.4
[OBOPHUK 6 11.48 59.92 63.36 63.48
[OBOpPHUK 7 18.12 76.64 83.12 81.36
[OBOPHMK 8 8.76 69.6 78.04 79.76
[OBOpPHMK 9 15.76 75.68 82 81.16
foBopHMK 10 10.48 59.2 68.88 70.08
Cp. Bpeg. * Ipewka | 11.07+2.27 | 66.27+4.61 | 75.76+4.57 | 76.94+4.56
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Tabena MA.16 TEMFCC: pe3yamamu npeno3Hasarba 3a CUeHapuo ,uwanam/HopmanaH”

TEMECC TEMECC Kenct. +A | Kenct. +A
BpcTa BekTOpa/ (ca CMS- + AA
FOBOPHMK KencT. (6e3 | KencrT. (ca om) (ca CMS-
CMS-a) CMS-om)
om)
foBOpHMK 1 9.08 66.28 87.24 91.56
FOBOpPHWUK 2 8.24 44.76 59.68 61.2
FOBOpPHWMK 3 8.44 41.48 63.16 69.92
FOBOPHUK 4 9.36 53.52 73.68 75.88
[0BOpPHMK 5 9.8 67.88 84.36 84.68
[0BOpPHMK 6 12.56 56.4 76.16 80.56
FOBOpPHUK 7 20.12 68.44 85.36 84.84
FOBOPHUK 8 12.12 79.24 90.72 88.48
FOBOPHUK 9 13.6 70.16 85.28 85.72
foBopHMK 10 16.92 56.32 68.16 69.04
Cp. Bpeg,. * Ipewka | 12.02+2.35 | 60.45+7.67 | 77.3816.83 | 79.19+6.03

NA.5 HMM PE3Y/ITATU CA GFCC BEKTOPCKUM OBEJIEXKIEM

3a BeKkTOpcKa obenexkja 6asupaHa Ha Gammatone ¢uATpMMa pe3ynTaTM cy MNpuKasaHu y

Tabenama MA.17-20.

Tabena INA.17 GFCC: pe3ynmamu nperno3Hasara 3a CUeHapuo ,,HopmasaH/HopmanaH”

GECC GECC Kenct. + A | Kenct. +A
BpcTa BekTOpa/ (ca CMS- + AA
FOBOPHUK KencT. (6e3 | kencrT. (ca om) (ca CMS-
CMS-a) CMS-om)
om)
foBOpHMK 1 99.40 97.60 99.40 99.6
[0BOpPHMK 2 97.60 97.20 97.20 96.8
[0BOpPHUK 3 93.80 95.40 98.60 98.2
[0BOpPHUK 4 98.80 98.20 99.00 99.8
[0BOpPHUMK 5 98.60 96.60 99.40 98.8
FOBOPHUK 6 93.00 96.00 96.60 96.8
[oBOpPHUK 7 93.00 92.80 93.80 94.00
FOBOPHUK 8 98.00 96.80 97.40 99.4
[OBOPHUK 9 93.00 94.60 96.80 97.8
foBopHUK 10 96.60 96.80 98.40 97.8
Cp. Bpega, * 'pewkKa | 96.18+1.66 | 96.20+0.98 | 97.66+£1.06 | 97.90+1.08
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Tabena MA.18 GFCC: peaynmamu npeno3Hasara 3a cyeHapuo ,,wanam/wanam®

GECC GECC Kenct. +A | Kencrt. +A
BpcTa BekTOpa/ (ca CMS- + AA
FOBOPHUK KencT. (6e3 | kencrT. (ca om) (ca CMS-
CMS-a) CMS-om)
om)
foBOpHMK 1 95.00 94.80 96.20 96.8
[OBOPHUK 2 93.60 95.80 95.60 92.6
[OBOPHMK 3 95.60 93.60 96.40 97.0
[0BOpPHUK 4 96.60 95.20 95.00 94.0
[0BOpPHUK 5 92.40 88.60 90.80 90.2
[OBOPHUK 6 93.20 90.40 90.00 89.2
[OBOPHUK 7 90.80 90.60 90.60 90.0
[OBOPHUK 8 92.80 92.60 92.80 91.4
[OBOpPHMK 9 87.20 84.80 90.80 89.2
foBopHMK 10 88.20 91.20 91.60 90.4
Cp. Bpep. * pewka | 92.54+1.89 | 91.76%2.10 | 92.98+1.59 | 92.08+1.83

Tabena MA.19 GFCC: pe3yamamu npeno3Hasarba 3a cueHapuo ,,HopmanaaH/wanam*

GFCC GFCC Kenct. +A | Kencr. +A
Bpcra BekTopa/ (ca CMS- +AA
FOBOPHUK Kencr. (6e3 | kencr. (ca om) (ca CMS-
CMS-a) CMS-om)
om)
foBopHUMK 1 27.24 68.68 69.20 68.08
[OBOPHMK 2 14.92 44.44 51.48 51.48
[OBOPHMK 3 11.44 39.12 50.12 45.28
[OBOpHUK 4 16.80 53.76 52.64 39.28
[OBOPHMK 5 14.92 49.36 58.32 52.12
[OBOPHUK 6 19.56 43.08 37.40 27.56
[OBOpPHUK 7 29.96 60.20 60.76 60.04
[OBOpPHMK 8 11.80 49.16 48.52 40.08
[OBOPHMK 9 24.32 56.00 60.84 56.12
[oBopHMK 10 10.20 40.84 47.40 47.32
Cp. Bpeg. * pewka | 18.12+4.30 | 50.46+5.78 | 53.67+5.52 | 48.74+7.16
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Tabena MA.20 GFCC: pe3ynamamu npeno3Hasarba 3a CUeHapuo ,,wanam/HopmanaH"

GECC GECC Kenct. +A | Kenct. +A
BpcTa BekTOpa/ (ca CMS- + AA
FOBOPHIK KencT. (6e3 | KencrT. (ca om) (ca CMS-
CMS-a) CMS-om)
om)
foBOpHMK 1 51.36 79.92 85.20 84.64
[OBOpPHWK 2 19.28 41.96 53.84 60.52
[OBOpPHMK 3 19.80 61.40 70.08 75.24
FoBopHUK 4 34.76 60.72 65.36 59.48
FOBOPHUK 5 28.80 76.64 78.48 75.88
FOBOpPHUK 6 34.20 54.32 63.04 59.16
FOBOpPHUK 7 34.28 57.76 66.28 62.08
FOBOPHUK 8 35.76 60.00 71.76 67.76
FOBOPHUK 9 30.28 58.04 73.20 68.16
foBopHMK 10 29.68 45.72 64.64 65.76
Cp. Bpeg,. * Ipewka | 31.82+5.60 | 59.65%7.29 | 69.191+5.40 | 67.8715.22
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NPUNOT b: BUOTPADUIA

BpaHko Mapkosuh je poheH 3. jaHyapa 1966. roanHe y CuBuYMHKM, onwTuHa WMBaruua.
OcHoOBHY WKoAYy je 3aBplwmno y CnaTMHKU, onwTnHa Yayak, a ruMHasujy y Yauky.

Ha EneKktpoTexHnyKom dakyntety y beorpagy annaommpao je Ha cmepy TeneKomMyHUKauuje
1992. roguHe ca npocedyHom oueHom 9.13, a Ha gunaomckom 10. UcTe roguHe ynucao je
nocTAMNAOMCKe cTyauje Ha cmepy ,AurutanHm npeHoc uHdopmaumja“. HakoH 10 rogumHa
npoBeAeHNX Ha pady Y MHocTpaHcTBy (KaHaga n CALl) maructapcky Tesy nog Hasmsom ,dPyHKumja
‘To3nBakbe rosopom’ y mobuaHoj TenepoHnju” ogbpaHuno je 2004. roguHe nog MeHTOPCTBOM
npod. ap CnoboaaHa T. JoBuMunha. Ha marncrtapckmm ctyamjama MOSIOXKMO je CBe McnuTe ca
oueHom 10.

BbpaHko Mapkosuh je pagHy Kapujepy 3anodeo y UHcTutyty ,,Muxajno MynuH“ y Beorpaay
roe je y nepuoay 1992 - 1993. 610 aHra)koBaH Ha pa3Bojy MpPEXKHUX ypehaja myatTunaekcepa u
mogema. Og 1993. go 2002. roanHe paauo je y KaHagm u CAL-y y obnactuma codrBepa 3a
TenekomMmyHuKaumoHe komnanuje: Bell Canada, Architel n Nortel Networks, Ha npojeKkTMma Kao wto
cy Video Conferencing Manager, NYNEX OLP Project, AIMS, ASAP, Telezone, OMS u gpyru.

MoyeB on 2004. roauHe na Ao AaHac, bpaHko Mapkosuh paau Kao npegaBady Ha Bucokoj
WKONM TEeXHUYKMX CTPYKOBHMX CTyaMja Yavak rge je aHraxkoBaH 3a rpyny npeameta
JNHbopmauyoHn cuctemmn u TexHonormnje”. Kpeupao je oapeheH 6poj HoBUX npeameTa 3a
notpebe oBe LWKo/e Kao WTO cy PauyHapcke mpexe, MHTepHeT TexHonornje (OCHOBHe cTyauje)
Kao u CodTtBepckum anatm, MynTumegmjanHe KoMyHWUKaumje W BuwecnojHa codTBepcKa
apxutektypa (Cneumjanuctnuke crtyamje). Buo je meHTop Beher 6poja AUNAOMCKUX U
cneumnjanncTUUKKX pagosa. AyTop je yubeHuka/ckpuntu 3a oapehen 6poj npeamera.
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NMPUNOTI B: U3JABE AYTOPA

MU3jasa o ayTopcTBy

MUme u npesmme aytopa bpaHko Mapkosuh
Bpoj nHaekca /

UsjaBbyjem
Aa je AOKTOPCKa AncepTaumja nog Hac0BOM
»AHanu3a obenexja y roeOpHOM curHany 3a notpebe npenosHaBatba MyATUMOAZANHOT roBopa”

e pes3ynTaT CONCTBEHOT UCTPAXKMBAYKOT Paaa;

e [a aucepTauumja y LENUMHU HU Yy OeNoBMMA Huje buna npeanoxeHa 3a cTuuarbe apyre
AVNAOMe NPema CTYAUjCKMM NPOorpaMmnma Apyrux BUCOKOLLKOICKUX YCTaHOBa;

e [a Cy pe3ynTaTv KOPEKTHO HaBeaeHU u

e [a HMCaMm KpLMo/na ayTopcKa npaBa M KOPUCTNO/Na NHTENEKTYaHy CBOjUHY APYrMX uua.

MoTtnuc aytopa

Y Beorpagy, _ 31. 10. 2017. -
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M3jaBa O UCTOBETHOCTU WLUTaMNaHe U eNNeKTPOHCKe Bepsuje AOKTOPCKOT paaa

MUme u npesmme aytopa bpaHko Mapkosuh

Bpoj nHaekca /
CTyAmjcKM nporpam /
Hacnos paga “AHanun3a obeneja y rosopHOM curHaay 3a notpebe npenosHaBakba

MYATUMOZANHOT roBopa”
MeHTOop ap Mvomup Mujuh, peaosHu npodecop EnekTpoTexHnyKor dpakynteta, YHMBep3MTET

y beorpaay

MoTnncaHu BpaHko Mapkosuh

M3jaB/byjem aa je wTamnaHa Bep3mja MOr AOKTOPCKOr paga UCTOBETHA €NEKTPOHCKO]j BEP3NjM KOjy
cam npegao/na pagu noxparbeHa y fiurutanHom penosutopujymy YHusepsuteta y beorpagy.
Jo3BosbaBam aa ce objaBe MOju NMYHM NogaumM Be3aHWU 3a A0bMjarbe akaaeMCKor Hasnea AOoKTopa
HayKa, Kao WTO Cy UMe M Npe3nme, roamHa u Mecto poherba 1 aatym ogbpaHe paga.

OBM NMYHM NoJaUM MOTYy ce 00jaBUTM Ha MPENKHUM CTpaHuLUAMa AuruTtanHe 6ubaunoTeke, y
€/1eKTPOHCKOM KaTanory u y nybankaumjama YHusep3suteta y beorpagy.

MoTtnuc aytopa

Y Beorpaay, _ 31.10.2017.r. 4 b
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MU3jaBa o0 Kopuwherwy

Osnawhyjem YHuBep3autetcky 6ubanoteky ,Csetozap Mapkosuh® pa y Aurutanuu
penosntopunjym YHusepsuteTa y beorpagy yHece mojy AOKTOPCKY AncepTaumjy nog Hacn1oBOM:
LAHanunsa obenexja y roeopHom curHany 3a norpebe npenosHaBakba MyATUMOAANHOr roBopa”
KOja je moje ayToOpCKo aeno.

OvcepTaumjy ca cBMM NpuUIO3MMa Npesao/na cam y enekTpoHCKOM GpopmaTy NorogHOM 3a TPajHo
apxusupamse.

Mojy AOKTOPCKY AucepTaumjy noxpakbeHy y [JurutanHom penosuTtopujymy YHusepsuTeTa y
Beorpagy u AoCTynHy y OTBOPEHOM MpPMUCTYyNy MOry Aa KOpUCTe CBM KOju nowTyjy oapenbe
cafprkaHe y ogabpaHom Tuny nuueHue KpeatusHe 3ajegHuue (Creative Commons) 3a Kojy cam ce
oanyuuno/na.

1. Aytopctso (CC BY)

2. AytopcTBo — HekomepuujanHo (CC BY-NC)

3.|AyTopcTBO — HEKOMepUMjanHo — 6e3 npepaaa (CC BY-NC-ND)

4. AyTOpCTBO — HEKOMEpPLMjAZIHO — AeNnUTU nog uctum ycnosuma (CC BY-NC-SA)

5. AytopctBo — 6e3 npepaga (CC BY-ND)

6. AyTOpCTBO — AennTK nog uctum ycnosnma (CC BY-SA)

(Monumo fa 3a0KpyKUTE Camo jeHY OZ WecT NoHYHeHUX AnLEHUM.

KpaTak onuc anueHUm je cactaBHM Ae0 oBe M3jaBe).

MoTnuc aytopa

Y beorpagy, 31.10.2017.r. T [ P

1. AytopcTBo. [l03BO/baBaTe YMHOMaBake, ANCTPMOYLMjy M jaBHO caonLwiTaBakbe Aena, U npepaae,
aKo ce HaBeAe MMe ayTopa Ha HaymH oapeheH of CTpaHe ayTopa MAM AaBaola NULEHLE, YaK U Y
KomepuujanHe cepxe. OBO je HajcnoboaHWja o, CBUX NULLEHLN.

2. AyTOopcTBO — HeKomepumjanHo. [lo3Bos/baBaTe yMHOXaBakbe, AUCTPUOYLMjy W jaBHO
caonwTaBake gena, U npepasge, ako ce HaBeae MMe ayTopa Ha HauuH ogpeheH oz cTpaHe ayTopa
nnun gasaoua nvueHue. OBa nMUeHLa He A03BO/baBa KOMepLumjanHy ynotpeby aena.

3. AyTOpCTBO — HEKOmepuujanHo — 6e3 npepaga. [Jo3Bo/baBaTe YMHOXKaBakbe, AUCTPUBYUnjy 1
jaBHO caonwTaBake Aena, 6e3 npomeHa, npeobanMKoBarba UK ynoTpebe gena y CBOM Aeny, ako
ce HaBeAe MMe ayTopa Ha HauuH ogpeheH og cTpaHe ayTopa uam aasaoua anueHue. OBa anueHuUa
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He 4,03BO/baBa KOMepUWjanHy ynotpeby aena. Y ogHOCY Ha CBe OCTase IMLEHLLE, OBOM INLEHL,OM
ce orpaHmyaBa Hajsehu 0bum npasa Kopuwhera gena.

4. AYTOpCTBO — HEKOMEPLMjANHO — AENIUTU NOJ UCTUM YyCoBUMA. [103BO/baBaTe YMHOXKaBakbe,
amcTpmbyumjy M jaBHO caonwTaBarbe Aenla, U npepaje, ako Cce HaBege MMe ayTopa Ha HauvuH
oapeheH of cTpaHe ayTopa WAKM AaBaoua JMLEHLE M aKo ce npepaga auctpmbympa nos uctom
AN CAMYHOM NnueHuom. OBa nLEHLA He A03BO/baBa KOMepLmjaaHy ynotpeby aena v npepaga.
5. AytopcTBo — 6e3 npepaga. [lo3Bo/baBaTe YMHOMKaBake, AUCTPMOYLMjY U jaBHO caonTaBakbe
nena, 6e3 npomeHa, npeobankoBara uaM ynotpebe gena y CBOM Aenly, aKO Ce HaBede uMme
ayTopa Ha HauuH oapeheH of cTpaHe ayTopa MAWM gasaoua AnueHue. OBa AMLEHLA [,03B0O/baBa
KomepumjanHy ynotpeby gena.

6. AYyTOpCTBO — AeNUTU NOA UCTUM YyCNOBMMA. [103BO/baBaTe YMHOXKaBake, ANCTPUbYLMjy 1 jaBHO
caonwTaBakbe Aena, U npepage, ako ce HaBeae MMe ayTopa Ha HavyMH oapeheH og cTpaHe ayTopa
WX JaBaoLa NLLEHLE M aKo Ce Npepaja AUCTpUbymnpa noa UCTOM UK CANYHOM AnueHuom. OBa
NNUeHUa [03BO/baBa KOMepuujanHy ynotpeby agena u npepaga. CavyHa je codpTBEpPCKUM
NNyeHLuama, 04HOCHO nLLEHL,AMa OTBOPEHOT KOAa.
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