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BsepeHune

AKTMBHOE NpUMeHeHne B cUcTemMax OXpaHHbIX TeneBu3noHHbIx (COT) MeToA0B KOMNpeccun oundpo-
BaHHbIX ayAVOAaHHbIX, 3aMMCTBOBaHHbIX U3 MY/NbTUMEAUVHbIX NPUMEHEHWA TeneBUAEHUS, U3-3a HU3KOro
KayecTBa BOCCTAHOBJ/IEHHbIX MOC/IE KOMMPECCUMM OUUGPOBAaHHBIX ayANoAaHHbIX NPUBENO K HEBO3MOXHOCTMN
OCYLLLeCTB/IEHNA CNeACTBEHHbIX MEPOMPUATUIA, @ Takke onepaTuBHbIX YHKLUWIA, C ICNOMb30BaHNEM OTA e/ lb-
Hbix COT.

BaXHOW 0T/IMYMTENbHON 0COBEHHOCTLI0 MeTOA,0B KOMMpeccuy ol poBaHHbIX ayanoaaHHbix anss COT
ABNAETCA HeobxoAMMOoCTb obecneyeHnss BbICOKOTO KayecTBa 3BYKa B BOCCTAHOBJ/IEHHbIX ayAnoAaHHbIX.
HacToswuii ctaHaapT NO3BOMAET YNOPAA0UUTb CyLecTBYOWME N pa3pabaTbiBaeMble METOAbI KOMMPeCccum
ounpoBaHHbIX ayAMofaHHbIX, NpegHasHavYeHHble A1 MPUMEHEHNS B COCTaBe CUCTEM MPOTUBOKPUMUHASIb-
HOW 3aLuThbI.

B kauecTBe KpuTepus Ans knaccudukaymm anropuTMos KOMNpeccuy oundpoBaHHbIX ayanofaHHbIX B
HacTosleM cTaHJapTe YCTAHOBJIEHbI 3HAYEHUA METPUK KayecTBa, XapakTepusyLwmnx cTeneHb OTK/IOHEHUS
BOCCT@HOB/IEHHbIX OLMKPOBAHHbIX f@aHHbIX OT COOTBETCTBYIOLLMX UM UCXOAHBIX ayANOAaHHbIX.

MeToauka knaccuukauuy anropuTMoB KOMMPECcHMn ouMdpoBaHHbIX ayAnofaHHbIX, NpuBeeHHas B
HacTosfeM cTaHfapTe, OCHOBaHa Ha OLEeHKe KayecTBa BOCCTAHOBJ/IEHHbIX ayAnOAaHHbIX, C y4eTOM MCUXo-
aKycTM4ecknx ocobeHHOCTel 4enoBeyeckoro cryxa. STOT NOAXOA K OLeHKe KauyecTBa BOCCTAHOB/EHHbIX
ayAamofaHHbIX pekomeHgoBaH CeKTopoMm pajmocBsA3n MexayHapoAHOro coto3a anektpocsaAsn (MCO-P),
4sleHOM KoToporo ABnsieTcs Poccuiickas ®enepauus.
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HALUMWOHANBHBLIN CTAHAAPT POCCUWNCKOWN GELEPALUMN

CuncTeMbl OXpaHHble TENTEBU3NOHHbIE
KOMMPECCUA OUNPPOBAHHbLIX AYANOOAHHbBIX
Knaccugukayunsa. Obwme Tpe6oBaHNA U MeTOAbl OLLeHKN anropuTMoB

Video surveillance systems. Digital audio data compression.
Classification. General requirements and evaluation algorithm methods

[Nata BBegenna — 2015—09—01

1 O6nacTb NpUMeEHEHNS

HacTtosAwuin ctaHgapT pacnpocTpaHseTcsa Ha UMpoBble CUCTEMbI OXpaHHble TesIeBU3NOHHbIE
(nanee — LICOT) nycrtaHaBnmsaeT knaccudukaumio, obine TpeboBaHns U MeTOAbl OLLEeHKM afifOPUTMOB KOM-
npeccun oy poBaHHbIX ayAN0AaHHbIX.

HacTosAwwuii ctaHaapT ycTaHaBiMBaeT METOAUKY CPaBHEHUS pas3/IMyHbIX anroputMoB KOMNPeEccMn u
AeKoMnpeccum oundpoBaHHbIX ayAnoAaHHbIX.

HacTtosAwuin ctaHgapT NPMMEHSIOT K a1roputMamM KoMnpeccun 1 geKkomnpeccun ayamogaHHbIX He3asu-
CMMO OT ¥X peanun3aLmm Ha annapaTHOM YPOBHeE.

HacToswuii ctaHgapT npumeHstoT coBmecTHo ¢ FTOCT P 51558.

2 HopmaTunBHble CCbINKK

B HacToALWwem cTaHfapTe UCMO/Ib30BaHbl HOPMaTUBHbLIE CCbISIKU HA CneayoLme cTaHAapThbl:

FOCT 15971 Cuctembl 06paboTkn MHopMauuu. TepMuHbl 1 onpeseneHus

FOCT P 51558 CpepacTBa U cMCTeMbl OXpaHHble TesieBU3MOoHHbIe. Knaccudmkauus. O6Lmne TexHuyec-
kne TpeboBaHusi. MeToAbl NCMbITaHWiA

MpumeuyaHue — Mpu NONb30BAHNN HACTOSALMM CTAaHAAPTOM Lie/IECO06PA3HO NPOBEPUTL AENCTBUE CChINIOY-
HbIX CTaH4apToB B MH(OPMALMOHHOW cucTeMe 06Liero Nofb30BaHWs — Ha oduuuanbHoM caiite ®egepanbHoro
areHTCTBa Mo TEXHUYECKOMY PEry/iMpoBaHuio 1 METPOIOTUN B CeTU VIHTEPHET WM MO eXEerofHOMY UHHDOPMALMOHHOMY
ykasartesnio «HauuoHasbHble CTaH4apThl*, KOTOPbI 0Ny6MKOBaH N0 COCTOSIHWIO HA 1sHBAps TeKyLlero roga, 1 no Bbinyc-
KaM eXeMeCsA4HOro MHOPMAaLMOHHOTO yKkasaTens «HaymoHaibHble CTaHAaPTbl» 3a TEKYLWNiA rof. ECu 3aMeHeH CCblioy-
HbI/i CTAHAApT, Ha KOTOPbI faHa HeAaTMpOBaHHAs CCblKa, TO PEKOMEHAYETCS UCNO/b30BaTh AEWCTBYIOLLYI0 BEPCUIO
3TOro CTaH4apTa C yYeTOM BCEX BHECEHHbIX B JAHHYI0 BEPCUI0 U3MEHEHUN. EC/IN CCbITIOYHbIA CTaHAapT OTMEHEH 6e3 3ame-
Hbl, TO MO/I0XEHWE, B KOTOPOM iaHa CCbI/IKa Ha Hero. peKOMeHAYeTCsi TPUMEHATh a 4acTu, He 3aTparmBaloLLel aTy CCbifky.

3 TepmuHblI 1 onpepeneHns

B HacToswem cTaHgapTe NpYMeHeHbl TepMuHbl No FTOCT 15971 v cnegytowme TePMUHbI C COOTBETCTBY-
IOLWMMIN onpeaeneHnamu:

3.1 anroputm 6bicTporo npeobpasoBaHusa ®ypbe (BMN®) (fast Fourier transform. FFT): Habop
anroputMoB, peanusauymsa KOTOpbIX NPUBOAMUT K CYLLLECTBEHHOMY YMEHbLUEHWIO BbIYNCANTENBHON CMIOXHOCTH
AVcKpeTHoro npeobpasosaHusa dypee (AMP).

MpunmeyaHne — Cmbicn 6bICTPOro npeobpasoBaHns dypbe COCTOUT B TOM. YTOObI pas3buTb WCXOAHbIN
N-oTcueTHbI curHan x(n) Ha ABa 60onee KOPOTKUX CUrHana, AUCKpeTHble npeobpasoBaHns ®ypbe KOTOPbIX MOTYT ObiTb
CKOM6VIHI/IpOBaHbI Taknum 06pa30M, 4YTOO6bI nonyynTb ANCKpPeTHoe npeoGpasoBaHMﬂ CDypbe NCXogHOro N-oTcuyeTHoro
CurHana.

MN3paHne ohuynanbHoe
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3.2 anroputm gekomnpeccun (decompression algorithm): TouHbIli HA60P MHCTPYKLWIA 1 NpaBwI, ONKn-
cbiBawLWWMiA nocniefoBaTeIbHOCTb AECTBUIA, COTNacHO KOTOPLIM CxXaTble ayauodaHHble Npeo6pasyoTcs B
BOCCTAHOB/IEHHbIE, peann3yemMblii py NOMOLLM ayAno Aekogepa.

3.3 anropuTtm komnpeccuu (compression algorithm): TouHbIn HAGOP MHCTPYKL WA M MpaBua, onNucbiBa-
IOLWMIA NocnefoBaTeNbHOCTL AECTBUIA, COrTacHO KOTOPbIM MCXOAHbIE ayAnofaHHble NpeobpasyoTcs B Cxa-
Tble. peasim3yemblii Npu NOMOLLM ayAmno Kogepa.

3.4 amMnnuTygHO-BpeMeHHas meTpuka (time-amplitude metric): MeTpuka kayecTBa, OCHOBaHHas Ha
CcpaBHeHNM OLUMAPOBAHHBIX M BOCCTAHOB/EHHbIX ayANO4aHHbIX MO )OPMe BOSHbI.

3.5 aHanoro-yndgposoit npeobpasosaTtens, AL (analog-to-digital converter, ADC): YcTpolicTBo,
npeobpasylollee BXOLHOM aHaNoroBblii ayanocurHan B ountpoBaHHble ayanofaHHble.

3.6 ayauno gekogep (audiodecoder): lMporpaMmmHble, annapaTHble UK annapaTHo-NporpaMmHble cpe-
[ACTBa. C NOMOLLbI KOTOPbIX OCYLLECTBASETCA AEKOMMNPECCUS CXKaTbIX ayAN0AaHHbIX.

3.7 ayano kogep (audio encoder): lMporpamMmmHble, annapaTtHble WK annapaTHO-NPOrpaMMHble cpe-
ZCTBa. C NOMOLLbIO KOTOPbIX OCYLLECTB/IAETCA KOMNPECCUS 0L POBaHHbIX ay4NOAaHHbIX.

3.8 ayauopaHHsbie (audio data), ayguocurHan (audio signal), MOHOKaHanbHbI ayguocurdan (mono
channel audio): AHanoroBbIi cUrHan, HecywKii MHChopMaLMo 06 U3MEHEHUN BO BPEMEHW aMM/INTY bl 3BYKa.

3.9 6uTpeWT (bitrate): BblpaxeHHas B 6MTax OLeHKa KO/IMYeCcTBa CXKaTbiX ayAnoAaHHbIX, onpefesieH-
Has AN19 HEKOTOPOro BPEMEHHOTO MHTEpBania U 0THECEHHASA KA/INTE/IbHOCTY BbIGPAHHOIO BPEMEHHOr0 MHTEep-
Basia B CeKyHAax.

3.10 BoccTaHOBNEHHble ayanofaHHble (recovered audio data): [laHHble, NONyYEHHbIE U3 CXATbIX
ayAnofaHHbIX Nocne nx 4eKkomnpeccum.

3.11 pgekomnpeccus cxaTbiXx ayguofaHHbix (decompression of compressed digitized audio
data): BoccTtaHoBneHUe oL poBaHHbIX AAaHHbIX U3 CXaTbIX ayAN0AaHHbIX.

3.12 pguckpeTHoe npeobpasoBaHue dypbe, AN (discrete Fourier transform. DFT): lMNpeobpa3osa-
Hve. cTaBsWwee B cooTBeTcTBME NOoTcUeTam ANCKpeTHOro curHana N oTcueToB AVCKPETHOrO CnekTpa curHana.

3.13 guchbpeperumaumnsn (differentia): BbligeneHvwe 4acTHOro u3 o6LLel COBOKYNMHOCTU MO HEKOTOPLIM
npusHakam.

3.14 uckaxeHHblli hpelim (distorted frame): ®peiiM, 4151 KOTOPOro MakCMMaibHOE OTHOLLEHKE LyMa K
nopory mackuposaHus npesbiwaet 1.5 6.

3.15 unckyccTBeHHas HellpoHHas ceTb (artificial neural network. ANN): Mogenb 6nonornyeckoi Heli-
POHHOI ceTn, koTopas npeacTaBniseT co6oli CeTb 31EMEHTOB — WUCKYCCTBEHHbIX HEipOHOB — CBSI3AaHHbIX
mMexay cob0i CMHaNnTUYeCKUMK COeAUHEHNAMMN.

MpumeuyaHue — HelipoHHasi ceTb NpeAHa3HauYeHa 415 06paboTkv BXOAHOK nHopMaLum 1 B npoLecce usme-
HEHUS1 CBOETr0 COCTOSIHUS BO BPEMEHU (DOPMUPYET COBOKYTMHOCTb BbIXOAHbIX CUTHA/IOB

3.16 kauecTBO BOCCTAHOB/IEHHbIX ayanoaaHHbix (decoded audio data quality): O6bekTUBHasA OLEH-
Ka COOTBETCTBMSA BOCCTAHOB/IEHHbIX ayANOAaHHbIX MCXOA4HbIM OLMdPOBaHHBIM ayAN0oAaHHbIM HA OCHOBE pac-
CUMTaHHbIX METPUK Ka4yecTBa.

3.17 kopekayanopaHHbix (audio codec): lMporpaMMHbIi, annapaTHbIi Un annapaTtHO-NPOorpamMMHbIi
MOZY /b, CMOCO6HbIV BbINOMHATL Kak KOMMPECCHI0, Tak M A4eKOMNPECCUI0 ayAMOAaHHbIX.

3.18 Komnpeccua (cxatne) oundpoBaHHbIX ayanogaHHbix (digitzed audio data compression):
O6paboTka ounpoBaHHbIX ayAN0AaHHBIX C Lief1blo yMeHbLUeHns nx obbema.

3.19 Kkomnpeccua ouudpoBaHHbIX ayaumofaHHbIX 6e3 noTepb (lossless digitized audio
compression): O6paboTka ouMdpoBaHHbIX ayAnoAaHHbIX, IPY KOTOPOW HE NPONCXOAUT NOTEpPU MHAopMaLuH,
BC/IeICTBME Yero BOCCTAHOBJ/IEHHbIE (B pe3y/ibTaTe BbINOMIHEHUSA AeKOMNpeccumn) oundpoBaHHble ayanoaaH-
Hble He OT/IMYatTCA OT MCXOAHBIX OL M POBAHHbIX ayANO4aHHbIX.

3.20 komnpeccusa oundpoBaHHbIX ayamoaaHHbix c noTepsamu (lossy compression ofdigitized audio
data): O6paboTka OLMPOBaHHbIX ayAMOAAaHHbIX, NP KOTOPOI NPOUCXOAMT noTeps nHdopMalmu, 1 Bcne-
[CTBME 3TOr0 BOCCTAHOB/IEHHbIE (B pe3y/ibTare BbIMOMHEHVA AeKoMnpeccun) oundpoBaHHblie ayanofaHHblie
OTNINYAKTCH OT UCXOAHbIX O POBAHHbIX ayANOAAHHbIX.

3.21 meTopg oueHKU anropnutTMa komnpeccun (evaluation method of compression algorithm): MeTtog
aHa/IMTNYeCcKoro onpeaenieHns 3HaueHnin MeTpuk kKayecTea Ha COOTBeTCTBME TPe6OoBaHVAM, NPefbsaBIAEMbIM
K anroputMam KoMmnpeccun ayanofaHHbIX.

3.22 meTpuka kayecTBa (quality metric): AHanuTuyecku onpejesiseMble napaMmeTpbl, XapakTepusyro-
LMe cTeneHb OTK/TOHEHWNSA BOCCTAHOB/EHHbIX ay4NOAAaHHbIX OT UCXOAHBIX OLMKPOBAHHbIX ayANO4aHHbIX.

3.23 MHorokaHanbHbIl ayaguocurdan (multi-channel audio): AyavocurHan, coctosiwmini n3 o6veam-
HeHVsa onpejesieHHOro KonyecTea ayAmocurHanos (kaHasnoB), KOTOpble HecyT MHopmaLmio 06 04HOM 1 TOM
Xe 3ByKe.

2



FOCT P 56047—2014

MpumevyaHune — MpeaHasHayeH 4ns 6Gonee KauyeCTBEHHOW nepefaun 3Byka C Yy4eTOM MNPOCTPAHCTBEHHOM
opueHTaumn.

3.24 okHO (window): BecoBasA yHKUUS, KOTOpas WUcnonb3yetcs A8 ynpasneHus addektamu,
06yCNOBNEHHbIMW Hann4Yem 60KOBbIX 1IENECTKOB B CNEKTPasibHbIX OLeHKax (pacTekaHneMm cnekTpa).

NMpumevyaHne — VIMelLYOCA KOHEYHYIO 3anNUCb AAaHHbIX WM UMEILLYHCS KOHEUYHYH0 KOPPENSLMOHHY Mo-
cnepoBaTeNibHOCTb YA06HO paccmMaTpuBaTh Kak HeKOTOPYH0 Y4acTb COOTBETCTBYOL el 6eCKoHeuHol nocneaoBaTeibHOCTH,
BUAMMYH Yepe3 NPUMEHSEMOE OKHO.

3.25 okoHHOe npeobpasoBaHue XaHHa (short-time Fourier transform with Hann window): [iuckpeTtHoe
npeobpasoBaHune Pypbe C BECOBOIN PyHKLMEA — OKHOM XaHHa.

3.26 ouyndpoBaHHbie ayguoaaHHbie (digitized audio data): [laHHble, NOyYeHHblEe MyTEM aHasoro-
LudpoBoro npeobpasosaHns ayanmofaHHbIx, npeAcrasnsiowne coboin nocneqosaTenbHOCTb 6aliTOB B HEKO-
Topom hopmate (WAV vnu ap.).

3.27 nepepuckpeTusauma ayguocurdana (resampling): MiameHeHne yactoTbl fuckpeTusaunm ayamno-
curHana.

3.28 nukoBoe OTHoweHWe curHan/wym (peak-to-peak signal-to-noise ratio): CooTHOLWeEHUE Mexay
MaKCMMyMOM BO3MOXHOFO 3HAYEHWS CUrHaNA Y MOLLHOCTbIO LyMa.

3.29 nopor mackupoBaHus (masking threshold): MoporoBbIii YpoBEHb CUrHana, He pas/MyaemMoro
4enn0BEKOM 13-3a aghhekTa NCMX0aKyCTUYECKOrO MaCKMpPOBaHUS.

3.30 ncuxoakycTuyeckasas moaens (psychoacoustics model): Mogenb gna cxatns aygmofaHHbIX €
noTepsiMu1, Ncnosb3ytoLas 0cobeHHOCTH BOCMIPUATUSA 3BYKa YET0BEYECKUM YXOM.

3.31 ncuxoakycTuyeckoe mackupoBaHue (psychoacoustics masking): MogaBneHue (COKpbITUE) NpK
onpefeieHHbIX yCNI0BUAX OAHOT0 3ByKa ApYrIM 3BYKOM M3-3a 0CO6EHHOCTEl BOCNPUSITUSA 3BYKa YE/I0BEYECKUM
YXOM.

3.32 paspsgHocTb ALM (resolution of ADC): KonnuyecTtBo 6UT, KOTOPbIM KOAMPYETCH KaxAblih oTcueT
curHana B npouecce ALIM.

3.33 cxaTble ayanmogaHHble (compressed audio data): [aHHble, NOsyYyeHHble MyTEM KOMMpeccuun
OUMPOBAHHbIX ayANOLAHHBIX.

3.34 cnekTp curHana (frequency spectrum): Pe3ynbTaT pa3noXeHus curHana Ha npocTble CUHYCOW-
AanbHble YHKUNUM (TAPMOHUKN).

3.35 cnekTporpamma (spectrogram): XapakTepucTuka MJI0THOCTU MOLLHOCTM CUTHasia B 4acToT-
HO-BPEMEHHOM MpPOCTPaHCTBE.

3.36 cTeneHb cxatusa (compressionratio): KoaddmuneHT cokpalieHms o6bema oumdpoBaHHbIX ayau-
OfjaHHbIX B pe3y/sibTaTe KOMNpeccuu.

3.37 cTepeodoHMyeckunii gByxkaHanbHbIn ayanocurdan (stereophonic audiosignal), ctepeo ayau-
ocurHan (stereo audio signal), AByxkaHanbHbIl aygnocurdan (two-channel audio signal): MHorokaHanb-
HbI @ayiMOCHUTrHan, CoCTOSALLNIA N3 BYX MOHOKaHa/IbHbIX ayANOCUTHA/IOB.

3.38 dhopmat oumndpoBaHHbIX ayanogaHHbix (digitized audio data format): MpeactasneHue ouund-
pOBaHHbIX ayAnoLaHHbIX, 06ecneynBatoLLee X 06paboTKy LUPOBLIMU BbIYUCAUTENBHBIMU CPeACTBAMMU.

3.39 cpeiim (frame): ®dparMeHT 3BYKOBOrO CUrHana C 3afaHHbIM KOMIMYECTBOM 3HAYeHWi (JANHOW
thpelima).

3.40 vacToTa gmuckpeTusauun (sample rate): YactoTa B3ATMA nocnefoBaTeflbHbIX 3HAYEHWNIA Henpe-
PbIBHOrO BO BPEMEHMW CUrHana Mpy ero aHaaoro-undpoBomMm npeobpasoBaHuM B ouudpoBaHHble ayano-
JaHHble.

3.41 uacToTHO-BpeMeHHas MeTpuka (time-frequency metric): MeTpuka kayecTBa, OCHOBaHHas Ha
CpaBHEHUW CNeKTPOrpaMmM oL POBaHHbLIX U BOCCTAHOB/IEHHbIX 8y ANOaHHbIX.

3.42 wym (noise): COBOKYNHOCTb anepuognyeckmx 3ByKOB pas/iIMyHON MHTEHCUBHOCTW U 4acTOTbl, He
HecyLas nosie3Hyo MHopmaLmio.

4 O6wune TpeboBaHUA

4.1 OueHKy KayecTBa BOCCTAHOB/IEHHBIX NOC/E CXaTUS ayAU0AAHHbIX ONPeAEeNsoT Mo KAYeCTBY Kaxao-
ro 0TZe/IbHOTO 3BYKOBOrO (hparMeHTa BOCCTaHOB/IEHHbIX ayANOAAHHbIX.

4.2 Pasmep 3BYKOBOTO (dparMeHTa onpeaensieTcs B CEKyHAAX UK KONMUYECTBOM OLM(POBaHHbIX 3HaYe-
HWiA BHYTpU chparMeHTa.

4.3 KauecTBO 3BYKOBOTO (hparMeHTa BOCCTAHOB/IEHHbIX ayANOaHHbIX ONPeAEST M0 3HAYEHUSIM MeT-
PVK KauecTBa a/iroPMTMOB KOMMNPECCUN OLMDPOBAHHbLIX ayAMOAaHHbIX (fasiee — MeTPUKM KayecTBa), Xapak-
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TEPU3YIOLLMX CTENEHb UCKAXKEHWSI BOCCTAHOB/EHHbIX NMOC/E CXaTUS ayANO4aHHbIX B CPABHEHUMN C UCXOAHBIMU
ouMdpOBaHHLIMU ayaMofaHHbIMKU. OnucaHue MeTpUK NpuBefeHo B pasgene 6 HacToswWwero cTaHaapTta, a
NOPSIA0K UX pacuyeTa NPUBEAEH B MPUIOXKEHUN A.

4.4 ANrOPUTMbI KOMNPECCUI OLMIIPOBaHHbIX ayAN0AaHHbIX OTHOCST K OAHOMY U3 TPEX K/1accoB, yCTa-
HOB/IEHHbIX B pa3gesie 5HacTosLWero cTaHgapTa.

5 Knaccudgukayns

51 Knacc anroputma komnpeccun OLWICbDOBaHHbIX AaHHbIX onpefensalT No pacCynTaHHbIM A1 HEro
3HaYeHnAM MeTpUK KayecTsa. 19 OLeHKN KayecTBa BOCCTAHOB/IEHHbIX ayANO04aHHbIX U KJ'IaCCI/ICbI/IKaLI'I/II/I anro-
PUTMOB KOMNPEeCCUN NCNOMb3YKT METPUKN Ka4eCTBa, YyKa3aHHble B Taﬁl'IVILl,e 1

Ta6nuue 1— [nanasoHbl 3HAYEHWU METPUK KAYECTBA MO K1accam asiropuTMOB KOMMPEcCcHUn ouucpoBaHHbIX ayano-
[aHHbIX

[uana3oH 3HaueHui METPUK Ka4yecTBa Mo Kfiaccam a/IropuTMoB

KoMMpeccum oumMdpoBaHHbIX ayAnoAaHHbIX
MeTpuka kayecTsa

Knacc Il Knacc Il Knacc 1
MukoBoe oTHoweHue curHan/wym (PSNR). ab MeHee 30 (30; 40] Ceblwe 40
KoadhdpuuymeHT pasnuuma opm curHanos Bonee 10"4 110*: KI'4 MeHeel0'4
O6bekTuBHaAA OuUeHKa ayAuofaHHbIX C TOYKW [-3.98; -2,3) (-2.3: -0.62] {-0.62; 0.22]

3peHus Bocnpuatua (PEAQ)

MpumeuyaHune — MeTpuKM KaYecTBA OTPaXKAKT M3MEHEHUs OLMGPOBaHHbLIX ayAnoAaHHbIX {nocne ux obpa-
60TKM anropuTMamm KOMNPeccuu U AeKOMNpeccuu), KOTOpble MOTYT OKa3aTbh KPUTUUECKOE B/IMSIHUE HA BO3MOXHOCTb
MCMONb30BaHUSI BOCCTAHOB/IEHHbIX ayANOAaHHbIX 4151 YCTAHOBNEHUS HAIMUUS 3BYKOBbIX CUTHAIOB, ANt depeHumaLmm
3BYKOB U peuu.

5.2 B 3aBWCMMOCTM OT 3HAYEHUII METPUK KAYECTBa, BbIYMC/IEHHBIX B X0l NPOBEAEHUS NX OLLEHKU, anro-
pyUTM KOMNpeccun ouUPOBaHHbLIX ayANOAAHHbIX OTHOCAT K OAHOMY U3 K/TaCcCOB:

- knacc Il — anropuTmbl kKoMnpeccun, obecneyrBalrLLe Ka4ecTBO BOCCTAHOB/IEHHbIX ayANOAaHHbIX,
[OCTaToyHOoe AN1A YCTaHOB/IEHUA HaIMYMA 3BYKOBbIX CUTHA/IOB U He yCTynatolee B 3TOM Ka4yeCTBY UCXOAHbIX
ayAmoAaHHbIX, HO co3faloliee nomexv npu audgepeHumnanny 3s8yKos, NOHUMaHNN peyn.

- knacc Il — anropuTmbl komnpeccuu, obecneyvBalroLme KayeCTBO BOCCTAHOB/IEHHbIX ayANOAaHHBIX,
[oCTaToyHoEe AN YCTaHOB/IEHNA HATMUNS 3BYKOBbIX CUTHAM0B, AndhdepeHLmaLmmn 38yKoB, peun nHe ycTynaro-
Liee B 3TOM Ka4yeCTBY UCXOAHbIX ayMOfaHHbIX, HO OT/IMYMMOE OT KaYecTBa UCXOHbIX ayAN0o4aHHbIX;

- Knacc | — nonHoyHKLUMOHaNbHbIE aITOPMTMbl KOMNpeccumn, o6ecneymBatoLme Ka4ecTBo BOCCTaHOB-
NeHHbIX ayanofaHHbIX, HEOT/IMYMMOE OT KayecTBa UCXOAHbIX ayANo4aHHbIX.

5.3 3HauyeHus MeTpuk KayecTBa onpeAensaoT AN KaXxA0ro 3BykoBoro pparmeHTa (411Holi 5 ¢) oundopo-
BaHHbIX ayAnofaHHbIX, a B Ka4eCTBe pe3y/ibTUpyloLLeli OLEeHKN BOCCTaHOB/IEHHbIX ayAnO4aHHbIX BbibuparoT
HanMeHbllee 3HayeHne ana metpuk PSNR 1 PEAQ u Hanbornbluee 3HavyeHue s KoahouumeHTa pasnniuns
¢hopMm CUTrHaNoB.

[na pacyeTta meTpmk PSNR 1 koadhduymeHTa pasnnumsa opmM CUrHasI0B UCXOLHbIE N BOCCTAHOB/IEHHbIE
LUndpoBble ayanofaHHble AO/MKHbI ObITb NPeAcTaBneHbl C YacToTol auckpeTusaunn 44100 Mu. 16 6utamm
namsATn Ha OAHO ANCKPETHOE 3HauYeHne BbIGOPKM 1 C OAHUM 3BYKOBbIM KaHasioM. [inHa 3ByKOBOTO doparmeHTa
5 ¢ fonxHa BkNovaTh B ceba 220500 ounthpoBaHHbIX 3HAYEHWIA.

[na pacueta meTpuku PEAQ ncxofHble U BOCCTAHOB/IEHHbIE LU(POBbIE ayAnofaHHble f0/KHbI OblTh
npeAcTaBfieHbl C YacToToW guckpeTusauuu 48000 My, 16 6utamm namsaT¥ Ha OAHO AMCKPETHOE 3HauyeHue
BbIOGOPKM 1 C OAHUM UK C ABYMS 3BYKOBbIMU KaHanaMmu. [lnnHa 3ByKoBoro coparmMeHTa 5 ¢ 4okHa BKYaThb B
ceb6s1 240000 oumnhpoBaHHbIX 3HAYEHWI 418 KaXA0r0 KaHana.

[na curHanoB c 4acToTOl, OTAWYHOW OT Tpebyemoi, Heo6xoguMO npeABapuTeNlbHO BbINOHUTL
nepeguckpeTMsalnio ayamocurHana.

5.4 AnropuTMmbl KOMNpeccuu cneayeT pasnuyatb No CTeNeHN CXaTus, Bbipaxaemoii yepes koadduum-
eHT okaTna. KoadhduumeHT coxaTna onpefensioT kKak OTHOWeHe 06 bema NCXOAHbIX HECKATbIX AaHHbIX K 06b-
eMy CXaTbIX AaHHbIX [NOpsAA0oK pacyeTa faHHOW MEeTPUKU BbINOJTHAOT B COOTBETCTBUM € A.4 (NpunoxeHue A)].
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B 3aBMCMMOCTM OT 3HAYEHNA KOIhdMLMEHTA CxXaTUA aNlfOPUTMbI KOMIPECcCcHUn ayanoaHHbIX nogpasge-
NAT Ha:

- aNrOpUTMbI C BbICOKOW CTEMEHbO CXaTusi — KoadpuLMeHT cxatus 6onee 42;

- aNfOPUTMbI CO CPefHEl CTENEHbH CXaTUsi — KO3 MULMEHT cxaTtusi oT 15 40 42 BKIHOUNTENBHO;

- aNropuTMbl C HU3KOM CTENEHbIO CXXaTNA — KO3hPULMEHT cxxaTna MmeHee 15.

6 MeToAbl OUEHKN aqifoOpnuTMoOB KOMNpeccun

6.1 O6wee onncaHne MeToL0B OLEHKMN

O6Lwas cxema pa6oTbl LLCOT npu MCNo/b30BaHUM aNroOpUTMOB KOMMPECCUM U IEKOMIPECCUN NpeacTaB-
NeHa Ha pucyHke 1.

PucyHok 1 — O6wasn cxema pa6oTsl LICOT

AHasorosble ayvofaHHble NojBepratT aHanoroso-Lmudposomy npeobpasoBaHuio, B pesysibTaTe KoTo-
poro nonyyawT oundpoBaHHble ayAmoAaHHble C onpeAesieHHON YacToTol AuckpeTusaunm 1 KoNnM4ecTBoM
6UTOB Ha OAHO AMCKPETHOE oL poBaHHOE 3HaYeHne. Ha komnbloTepe oundpoBaHHble ayjuoAaHHbIe creay-
€T XpaHUTb B OAHOM U3 hOpMaToB XpaHeHNs OLMPOBaHHbIX ayAN0AaHHbIX.

OundpoBaHHble aynoaHHble NoABepraT KOMNpeccun, B pesybTaTte KOTOpoi (DOPMUPYIOT CXaTble
ayanofaHHble.

CxaTble ayanofaHHble UCMOMb3YIOT 419 XpaHeHUa apxusa Wiv 4515 nepefayn no ceTu, nocse Yero ux
nojsepratT Aekomnpeccun. B pesynbTare eKoMnpeccun CxXartbiX ayAnofaHHbIX MosyyaloT BOCCTaHOB/EH-
Hble ayAnofaHHble, KOTopble UCMO/b3YIOT 471 BOCMPOU3BEAeHUA onepaTopy 1 nofatoT Ha BXOA, MporpaMmMHbIM
MOAYNAM aHanusa ayuofaHHbIX.

B cooTBeTCTBUM C NpeAcTaBneHHON 06Lel cxemoli paboTbl LICOT knaccudmkaumio anropuTMoB KOM-
npeccun ounpoBaHHbIX ayAnoAaHHbIX OCYLLECTBAT NyTEM OLEHKM METPUK KayecTBa BOCCTAHOB/IEHHbIX
ayAnoAaHHbIX OT UCXOLHbIX OLMpoBaHHbIX ayanoaHHbIX. B 3aBUCHMOCTU OT 0COGEHHOCTEN TEXHWUYECKOI
peanusauuu KoHkpeTHol LICOT cyliecTByeT ABa MeTofa OLEeHKN; C pasaefieHnem oL poBaHHbIX aymoaaH-
HbIX U C pasfesieHnemM ayanofaHHbIX.

Mepeps oueHKo 3HaYeHnii MeTpuK kKayecTBa ob6a ayanocurHana (MCXoLHbI 1 BOCCTAHOB/EHHbIN) A0/1-
XHbl 6bITb NPeo6pa3oBaHbl B CUTHaSIbI C HacTOTOW AuckpeTusaummn 44100 148000 My. 418 yka3aHHbIX 4acToT
KO/INYeCTBO 6UT, NpUXoAsLLLeeca Ha OAHO AUCKPETHOEe ounpoBaHHOE 3HaYeHne, O/HKHO 6bITb paBHbIM 16.

6.1.1 MeTof OLEeHKM anropuTma KOMMNPeccun Ha OCHOBe pasfefnieHns oundpoBaHHbIX ayauo-
OaHHbIX

[Onsa npymeHeHus faHHOro meTtoga TexHuyeckas peanumsauusa LLCOT gosmkHa no3BoNATb MOMAYyYUTb
ouunppoBaHHble ayamofaHHble 1,0 X 06paboTku anropuTMamy KOMNpPeccum naekoMnpeccuu.
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PucyHok 2 — O6was cxema peanvsauum MeTofa OLEHKN Ha OCHOBE pa3sfeneHns oundpoBaHHbIX ayAnoAaHHbIX

O6lLan cxema peannsaumm MetTofa OLEeHKN anropuTma Ha OCHOBe pasfeneHns oundpoBaHHbIX ayamo-
[JaHHbIX NpeAcTaB/ieHa Ha PUCYHKe 2.

OueHKy a/iropuTMa BbIMOJHAOT B NOCN1€40BaTENIbHOCTH:

- Ha Bxog ucnbityemoin LLCOT nogatoT nocnegosartesibHble ayAnoAaHHbIe;

- oumhpoBaHHbIe 1 BOCCTAHOB/IEHHbIE ayMOAaHHbIE COXPaHSAIOT Ha YCTPOCTBaX XpaHeHus;

- BbIMOJIHAIOT pacyeT 3HaYeHU i MeTpMK KayecTBa U OCYLLECTBASAIOT Knaccutukaumio anroputma Kom-
npeccumn no Tabnuue 1. Onucanus MeTpuknpueefeHbl B 6.2—6.5. MeTpukmn fo/mkHbI 6bITb paccunTaHbl B COOT-
BETCTBUM C NPUNOXeHneM A.

6.1.2 MeTo[ OLEeHKN anropuTtMma KOMMNpPeCccuUn Ha OCHOBe pas3feneHnsa ayamoaaHHbIX

MeTopg oLeHKn anropuTMa KOMNpeccun Ha OCHOBE pasfesieHns ayaAnofaHHbIX cnegyeT NpUMeHATb B CIy-
yae. ecnu TexHuyeckas peanusaumsa LLCOT He No3BonseT NpMMEeHsATbL MeTO/ OLeHKN Ha OCHOBE pasfeneHuns
ouUndpPOBaHHbIX ayAnoaaHHbiX. NMpuMeHeHne faHHOro metoda TpebyeTt Hanuumsa gononHutTensHoi LICOT B
cocTaBe ucnbiTaTeNlbHOrO CTEHAA, KOTopas npefHasHavyeHa Ans coxpaHeHUs ounpoBaHHbIX ayANoAaHHbIX.

O6uan cxema peanusaunv MeToda OLEHKM Ha OCHOBe pa3sfefneHus ayauofaHHbIX npejcTas/ieHa Ha
pucyHke 3.

OueHKy afiropnTMa KOMMPEeCcCcum BbIMOJTHAIOT B MOC/1€40BATE/IbHOCTH:

- Ha Bxog ucnbiTyemoli LLCOT nogatoT nocnefoBaTesibHble ayAnoaHHbIe, KOTOPble aBTOMATUYECKM Ay 6-
nupytotcs Ha gpyryto LICOT nocpefcTBOM fenuTens aygnocurdana, AssioLwerocs 3/1eMeHToM Ucnbitatesib-
HOro CTeHAa;

- BOCCTAHOBJ/IEHHbIE ayjMofiaHHble COXPaHAIoT Ha ycTpoiicTBax xpaHernus LICOT;

- oymhpoBaHHble ayAnoaHHble COXPaHAIT Ha YCTPONCTBAX XPaHEHUS C UCMNO/Ib30BAHMEM BO3MOXHOC-
Teli BTOpoli LLCOT (13 cocTaBa UCNbITAaTENLHOIO CTEHAA);

- BbIMOJIHAIOT pacyeT 3HAYeHU MeTpMK KayecTBa U OCYLLEeCTBASAIOT Knaccutukaumio anroputma Kom-
npeccumn no Tabnuue 1. OnucaHus MeTpuknpueefeHsl B 6.2—6.5. MeTpukmn fo/kHbI 6bITb paccunTaHbl B COOT-
BETCTBUM C NPUNOXeHneM A.
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PucyHok 3 — O6wwas cxema peanm3aumm MeTofa OLeHK/ anroputMma KoMnpeccun
Ha OCHOBe pa3fefieHns ayfnoAaHHbIX

6.2 MeTpuka PEAQ

6.2.1 MeTtpuka PEAQ npegHasHaueHa /15 OLEeHKN KayecTBa 06paboTaHHOro curHana OTHOCUTENIbHO
MCXOAHOr0 C YY4EeTOM CJ/TyXOBbIX OCOGEHHOCTe Yenoseka (MCMX0aKyCTUYecKoin mogenun). MeTpuka [OKHA
6bITb paccunTaHa B cOoTBeTCTBUM CA.1 (NpunoxeHue A).

6.2.2 Ons pacyeTta meTpukn PEAQ K aygnocurHanam npegbsasasioT cnegyolme TpebosaHns:

- UICXOAHbIA N BOCCTAHOB/IEHHbIV ayAMoCUrHanbl AO/MKHbI MMETb YacToTy AWCKpPeTU3auuyn pasBHYIo
48000 'y, [Ana curHanosB C 4acTOTOW OT/IMYHONM OT yKasaHHOW Heo6XxoAMMO npefBapuTesbHO BbIMOMHUTB
nepeguckpeTusauunio ayauocurHana.

- UCXOAHBIA 11 BOCCTAHOB/IEHHBI ayAnoCUrHanbl 4O/MKHbI UMEeTb OAMHAKOBYHO A/INHY, T. €. COCTOATb U3
O/}HOTO 1 TOTO e KONNYecTBa oM poBaHHbIX 3HAYEHWIA.

6.3 MeTtpuka PSNR

6.3.1 MeTpuka PSNR BbipaxaeT KONMMYECTBEHHYIO XapaKTePUCTHKY OTHOLLEHNS IHEPTruK LyMa (MCKaxe-
HWi1), BHOCMMOTO MPOLLECCOM KOMPOBAHUSA, K MaKCMalbHO BO3MOXHOW 3HEPrMn NCXO4HOro curHana. 3Have-
HUs meTpukn PSNR wn3mepsioT B geumnbenax. MeTpuka fo/HkHa ObiTb paccuMtaHa B cOOTBETCTBUM C A.2
(npunoxeHue A).

6.3.2 Onsa pacueta meTpukn PSNR K ayguocurHanam npefbasasioT cnegyowmne TpeboBaHus.

- UCXOAHBIA N BOCCTAHOB/EHHbIV ayAMoCUrHanbl AO/MKHbI MMETb 4acToTy AWCKpeTusauuyn pasHYio
44100 lu. Ana curHanos C YacTOTON, OT/IMYHON OT yKa3aHHON, He06XoAMMO NpeABapuTelbHO BbINOMHUTD
nepeguckpeTusauunio ayguocurHana.

- €C/IN NCXOAHbI N BOCCTAHOB/IEHHBIN ayAnOCUTHaNbI MHOTOKaHasIbHble, TO NCNO/b3YIT TO/TbKO O4UH
KaHas1 ICXOA4HOro ayAnocurHana u CooTBeTCTBYIOLUI eMy OfIMH KaHas1 BOCCTAHOB/IEHHOTO ayAnocurHana.

6.4 MeTpuka «ko3adpuLmMeHT pa3nnumsa Gopm CUTHaTOB»

6.4.1 PasHuua coceiHUX NOC/Ie0BATE bHbIX 3HAYEHNI aMNANTY 4 UCXOAHOTO ayAMOCUTHANA, NOJyYeH-
HbIX B pe3ysibTaTe UMMNY/SbCHO-KOAOBON MOAYNAUMKU, W pasHULA COCEAHUX MOCNefoBaTefIbHbIX 3HAYEHWI
amMnauTy[ BOCCTaHOB/IEHHOTO ayAnOCUrHana onpeiensioT COOTBEeTCTBEHHO hOPMY NCXOAHOTO ayAMocUrHana
1 hopMy BOCCTAHOBJIEHHOTO ayAnoCUrHana B nocsiefloBatesibHble MOMEHTbI BpeMeHW. KoHeuyHoe 3HadYeHue
MeTpUKN «Ko3hpuLeHTa pa3nuums popM CUrHaIoB» NOACUMTLIBAIOT KAk CyMMapHYH0 CpeAHEKBAAPATUYHYIO
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oLNBKYy Mexay hopMoil NCXOAHOTo ayauocurHana u hopmoli BOCCTAHOB/IEHHOIO ayanocurHana. Metpuka
[OJ/MKHa 6bITb paccymMTaHa B COOTBETCTBUM C A.3 (Npunoxenune A).

6.4.2 [lna pacueta METPUKN «KOIPPULMEHT pasnnuns hopM CUrHaNoB» KayanocurHanam npegbsasis-
10T creayowme TpeboBaHus:

- UICXOAHbI N BOCCTAHOBMEHHbIN ayAWOCUrHaNbl AO/MKHbI UMETb 4acToTy AMCKpeTu3auuu pasHYo
44100 u. Ans curHanos C YaCTOTON, OT/IMYHON OT yKa3aHHOl, He06X0ANMO NpefBapuTesibHO BbINOMHUTL
nepeguckpeTmsaunio ayamocurHana,

- €C/IN UCXOAHbI N BOCCTAHOB/IEHHbIA ayAMOCuUrHasibl MHOTOKaHaslbHble, TO A5 pacyeTa MeTpuku
MCMNO/b3YIOT TOSIbKO OAUH KaHa CXOL4HOro ayAnocurHana u CooTBETCTBYOLW M eMy OVH KaHan BOCCTaHOB-
NIEHHOr0 ayagmnocurHana.

6.5 MeTpuka «KO3I(PPULEHT CXaTUA»

6.5.1 MeTpuka «koaPULMEHT cxaTua»npefHasHadyeHa ANA XapakTepuUCTUKM kKayecTsa anroputma
KOMMpeccun CTOUKM 3peHUst yMeHbLUEHUS 06bema 3aHMMaeMOoi NCXOAHBIMU ayAMOAaHHBIMU NaMATY NOC/e UX
06paboTky anropuTMom cxaTus. MeTpuka Ao/mKHa 6bITb paccunTaHa B COOTBETCTBUN CA.4 (MpunoxeHue A).

7 MeToAbl CpaBHEHUSA afirTOPUTMOB KOMMNpPeccun
ouMdpoBaHHbIX ayanodaHHbIX

7.1 [Bau 6onee anropyuTMOB KOMMPECCUN CPABHUMbI pYTe APYroM, eC/IM OHW NPUHAaAIexXaT O4HOMY 1
TOMY e K/accy B COOTBETCTBUU € Tabnuueli 1.

7.2 N3pByx nbonee cpaBHMBaeEMbIX a/lrTOPUTMOB KOMNPECCUN y4LIUM NMPU3HAIKOT anropuTm, obecneyn-
BalOLLMI Nyylune 3HaYeHns XoTsa 6bl ABYX U3 TPeX MeTpuK, npuBedeHHbIX B Tabnvue 1. Jlydwum 3HauyeHnem
MeTpUKM Npu3HatoT 6obluee 3HaveHne — ana metpuk PSNR n PEAQ 1 MeHbluee 3HayeHne — A1 MEeTPUKM
«KO3(hhMLMEHT pa3nnunsa opm curHanos». Ecnv cpaBHMBaeMble anropuTMbl UMEIOT OANHAKOBbIE 3HAYEHUS
MeTpUK KayecTBa, NpMBeAeHHbIX B Tabauue 1. To yULNM CHATAIOT a/ITOPUTM C HanbosblUueli CTeNeHbIo Cxa-
TUS. onpeaensemoli KoaduLEeHToM cxaTusi no 6.5.
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Mpunoxexne A
(o6sA3aTenbHoe)

MaTemaTtuyeckoe onucaHue ajaropuTMoB pacyeTa MeTPUK OL,eHKN KayecTBa
anropMTMOB KOMMNPEeCccun ayanofaHHbIX

A.l AnropuTm pacuyeTta meTpukn PEAQ

A.11 O603Ha4yeHus, UCMO/Ib3YEMbIE B a/lTOPUTME:

P, * 48000 Ny — yacTtoTa ANCKPETU3aLUN CUTHAJIOB;

Nf = 2048 — KONMYECTBO OLMPOBaHHBIX 3HAYEHWI CUrHaNa, onpesensowmnx ANHY 3ByKOBOro pparmeHTa (pas-
Mep peiima):

x[n] — ouymnbpoBaHHble AaHHble dpeiima, rae N1 — uesioe yncno, npejcrasnsioljee coboil NHAEKC KOHKPETHOTo
3HAYeHUs aMNANTYy bl CUTHA/a BHYTpY 3BYKOBOTO hparmeHTa (ppeiima), nc (0, Nf- 1).

nokaapossblii war Bnepes: Npl2 = 1024. takum obpa3om nepekpbiTue peiiMoB coctaBnset 50 %;

Fsi - FJ1024 — yacToTa BbI60OPK/ KAAPOB C Yy4eTOM MOKaApOBOro Lwara;

Nc* 109 — KONM4YecTBO YaCTOTHbIX NO0C (hunbTpaymuu.

A.1.2 PacyeT MeTpUK/ [O/IKEH COCTOATb U3 NATK 3TANOoB.

| — npegBapuTenbHas o6paboTka CUrHasnoB:

Il — o6paboTka 06pa3os;

Ill — pacyeT BbIXOAHbIX 3HAUYEHWI NCMX0aKycTUYeCcKo Moaenu;

IV — HOopMupoBaHue 3HauyeHuli BbIXOAHbIX NEPEMEHHbIX NCMX0aKyCTUYeCKon MoAenu;

V — oLleHKa KayecTBa BOCCTAHOB/IEHHOIO CUTHA/MA C NOMOLLbI UCKYCCTBEHHOI HEPOHHOI ceTu.

A.1.2.1 TMpepBapuTenbHas o6paboTka curHanos

A.1.2.1.1 TpnumMeHeHVe OKOHHOro npeobpasoBaHus

VicxofHble ounpoBaHHble faHHble pa3buBatoT Ha hpeliMmbl. OuncpoBaHHbIE laHHble Kaxaoro dpeiiMa nogsepra-
10T MacwTabupoBaHHOMY OKOHHOMY Npeo6pa3oBaHunio XaHHa. no dopmyne

ft.n - In, MJ, (A1)

rae /)(n. IVp] — dpyHKuMS, paccunTbiBaemas no popmyne
0<n<Nf-1 (A-2)

ft [ft. N,)
0. B OCTa/lbHbIX cny4Yasax

Mepexos B 4aCTOTHYO 061aCTb OCYLLECTBASAT NyTEM NMPUMEHEHUSA AUCKPETHOro npeobpasosanusa dypbe (/1)
X (k) no chopmyne

1U 1 )
X[k\=_ E£hw(njxln)e "*"*M. (A.3)
nBe

roe O0sk sNF- 1.
y— MHUMasi efuHuLa.
A.1.2.1.2 Mogenb HapyXHOro ncpegHero yxa
YacToTHYI0 XxapakTepucTrKy HapyxHoro u cpegHero yxa W(f) BblumcnsaoT no hopmyne

W(f) =10 ~** Kkao . (A4)
rae 1— uacToTa, 3agaHHas B k. a Aae(0 BbIUNCAAT Mo hopmyse

AAf) - 2184 W 6.5 O«I'BO st 0.001 (A'5)
- -2, +65e ,B0° ' -0. -

) 1000y (TOUOJ_

Mo chbopmyne (A.4>BeKkTOp BECOBbIX KO3(hhuumneHToB W [K] BbIUMCNAOT cneayowmm obpasom:

Wk)=W |-l,‘5'- (A8)

roe 0 sk "\2’
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Mcnonb3ys Beca, paccuntarHble no hopmyne (A.6). BbIYNCAAIOT B3BELWEHHY0 aHepruio AN [Xw(fc)2 no chopmyne:

[X,Mla* G*W2[*]|X I*)|a (A7)

rne 0 £ft£ — ;
A 2

GI =2.794 10'3.
A.1.2.1.3 Pa3sfioXeHue KpUTUYECKOI Nonockl cnyxa
[na npeo6pasoBaHnsa 4acTOTbl CUrHana B BbICOTY 3BYyKa MCMOMb3YIOT Wkany bapka. PacueT cnefgyeT npon3soanTb
no coopmyne (A.8). 4na obpaTHoro npeobpasoBaHns — no copmyne (A.9)
2 =e<0 m 7 astnh (0650). (A.8)
rae 2 — BbicoTa 3ByKa, M3MepsiemMas B bapkax.
1=S '(2) * 650sinh{2 N). (A.9)
Monockl YacToT ONPesenstoT 3ajaHUEM HUKHEN, LeHTPas/IbHOM 1 BEPXHEW YacTOT KaX A0l NOI0Chl U UX 3HAYEHWE N0
wkane bapka onpegensoT no opmynam

2\ Z* 2. (A.10)
<A 11)
1*0 BOCTa/lbHbIX C/lyYasnx.
5 (A.12)
roe 2 = 1/4;
*n =6(/n);
fL =80 Iy,
Fu B 18 kI'L.
O6paTHOe Npeo6pasoBaHne BbIMOHAIT No hopmMynam

®) - B-"og* ). (A-13)

Yy'] mB-'UJNJ). (A.14)

«M-e-"W 1» (A-15)

rae>* 1.2...Nc= 109.
Bknag aHeprum ot K-0li OCHOBHOI yacToTbl AM® LY, K] Ans i-ii nonockl 4acToT BbIYNCAAT No hopmye

max O.min :l'l ]—Z—Krl—g—f )\I -max f.Ii),—z—'—(——-—%——Ei—)

TV [ — { 2 W1 (A-16)

DHepruo > nonockl YactoT £J1]) BbIUMCASOT No hopmyne
EJfl- Uff] kwikjf )]2¢ & ix"fcjp+t/7ix.IKjillly. (A-17)
* KipTl

roe nall = Ul *((11:

KoHeuHyto hopmyny aHeprum i-ii nonocsl YacToT £fi(f) BbluncnsaoT no hopmyne
£J. (A.18)

roe£tln=1 10-12.
A 1.2.1.4 BHYTPEHHWIA Wym yxa
[lna KomMneHcauun BHYTPEHHUX WYMOB B CaMOM Yyxe. cfieflyeT BBeCTU Haj6aBovyHoe 3HaveHne £°[/) onsa aHeprum

Kax ol nonockl yactoT. £(j]:

EH-£IM+£u,M (A-19)
rae BHYTPEHHUIA Wwym £, ) MOAEIMPYIOT CNeayoLmnm o6pasom.

10
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lf£«*m««.>*1*88(M000) °8.
je«Ci)-iod" —wun & ".
OHeprum E|») — o6pa3sbl BbICOTHI.

A.1.2.1.5 3JHeprus pacnpocTpaHeHus B npegenax ofHoro dpeiiva
XapaKkTepucTrKy aHeprum pacnpocTpaHeHus a wwkane bapka £s[/) paccunteiBatoT no hopmysne

rae 650(>) — xapaktepuctuka paccumTbiBaemas no popmyne
8.1/)»! £ <S.LE[<]»*m* |.

rae £{/J— Han6aBoYHble 3HAYEHNUst 3Hepruii n3 (A.19).
£[0) ycTaHaBNuBaloT paBHbIM 1,
S(i./, £) — xapakTepucTtuka paccuuTbiBaemas no popmyne

1 i '
oiuT ".
( 157 aj is(.
S(. 1. £) r ( C\W(IE)
i<i jto M4 (EB*" i . l1saBcll)ee{E)r\I* 1.
MI.E)-J i024~)j E8*)] it e Jse{E)
L / J
rae (4ns ynpoueHus 3anucu BblpaxeHusa) aL * 102 7/,
a, =« 24»
ac (>=10
Be - £°25r.
Torga [, '1(t. E) npeo6pasyetcs no hopmyne
r nee*
_l-a,<n>. l-(a,ae[Hable)n '-1
A-'</,£)= £a[', 1 4(8)r-1
</£) | 8[ "1 (auac()a(s) l-all 1-auac[/)a,:(£)

Cnaraemble £Jt(i Jn £50|/J n3 chopmynbl (A.21) BbIUMCAAIOT NO hopmynam

I EHJ:&% o»

A(/.£[WC-1])
rpe/ =Nc- 2. 0.

£10

Ec[t1=et A A(NIEN)
Ell
A(/.£2/)) ((auac[/)at (£17)))°*r-

OHeprum £5(i) BaanbHeliwem B TekcTe cTaHfapTa — 06pasbl HepacnpocTpaHeHHbIX BO30YXAEHWA.
A.1.2.1.6 ®unbTpayusa aHeprum
dUNbTPaL Mo 3HEPTN BbIYUCAAIOT N0 chopmynam

£,(. N»ab)>n - 1Je (1 - alIDEJ., n).
£[,.n) «max <£,(/. n]. EJi, n))

rae N — vHaekc dpelima (ppelimbl NPOUHAEKCMPOBaHbI, HaYMHasa cn = 0),
£*(/. n) — aHeprus n-ro opeiiMa, cootTBeTcTBylOWan chopmyne (A.21):

a [/] — nocTosiHHas BpemMeHu AN yracawouieil aHeprun. HavanbHoe ycnosue gns dunbTtpayum: £1[.-1] * 0.

£ 5)r. ) — KOHEeYHble 3HauYeHUsi (06pasbl BO3OYXAEHWUI B AanbHeliLleM).

(A.20)

(A.21)

(A.22)

(A.23)

(A.24)

(A.25)

(A.26)

(A.27)

(A.28)
(A.29)
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A.1.2.1.7 T10CTOSAHHbIE BPEMEHMN
MocTosiHHY0 BpeMeHu T[/] ansa ounbTpauum »i NoNockl BbIYMCAAIT No hopmyne

100
™ (M T799)- (A.30)
IA))

A€ T 40 bt

Tm3 0-008
MocTosiHHYl0 BpeMeHu Ans yracawowei aneprun m{/] cnegyeT BbluMcnATL No hopmyne

a [/1* exp (A-31)

Ha pucyHke A.1 npuBeaeHa cxema npeaBapuTeNbHbIX BbIYUCIEHWIA.

PucyHok A.1 — Cxema npefBapuTesibHbIX BblUNC/IEHNIA

12
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Mnpgekcamm R n 7 0603Haval0T WCXOAHbI U BOCCTAHOB/IEHHbIN ayAWOCUrHaIbl COOTBETCTBEHHO. VHAEKCOM K
0603HavalT MHAEKC NONoChl YacToT (Bcero 109 Nnonoc 4acToT), a MHAEKCOM N — HoMep dypeiima. [Ins pekyppeHTHbIX (hop-
Mys Ha 9Tom aTtane u atane lll Bceraa BbIGMpPaOT HyneBble HayanbHbIB YCOBUA.

A.1.2.2 O6paboTka o6pa3os

A.1.2.2.1 O6paboTka 06pa3oB BO36GYXAEHWI
BXOAHbIMU AAHHbIMY /151 3TON CTaAnmW BbIYUCNEHWI SIBNSIOTCSA 06pa3bl BO36YxaeHUi £ sR{fc. n]*E sH}{k. n). paccumnTsl-

BaeMble no popmynam (A.28) n (A 29) 4N NCXOAHOTO U BOCCTAHOBMIEHHOTO ayANOCUTHAI0B COOTBETCTBEHHO.
Koppekuns o6pa3oB BO36YyxaeHW

CHauana ocyLw,ecTBnAT hunbTpauuio 4ns obonx ayanocurHanos no popmynam

PAk. nl=a lk)P,[k, n- L3+ (1- o [*]£,(*, Nn]. (A.32)
Prik. n]=a [K]Pr[k. n- 1) ¢ (1- a (*)£,[* "] 111.33)
rae a (/) — noctosHHas BpemMeHu, paccumTtbiBaemas no popmynam (A.30) n (A.31). Ho npu 11D = 0,05¢, = 0,008c.

HavanbHoe ycnosue Ans punbTpaunm BbiGUpaoT paBHbiM O.
[anee BbluNcNAT KO3 ULMEHT koppekuun. Ccln):

(bt r
------------ 1- (A3D)

O6pasbl BO36YXaeHuiA. £tR[fc, n] u £17|*. n), KOPPEKTUPYIOT NO hopmynam

D w 1 (8.35)

e.n[a.n). cjnjst

[ ] CAnJ>X (A.36)
I4r».eiclpi], canjil
ApanTauus o6pa3oB BO36YXAEHW

Mcnonb3ys Te e NOCTOSHHbIe BPeMEHW W HauvasibHble YC/0BWA, YTO U NPU KOPPeKuun o06pas3oB BO3GYXAEHUN,
BbIXOAHbl€ CUTHA/bI, paccynTaHHble no popmynam (A.35) n (A.36). crnaxmBatroT B COOTBETCTBUM C hopmynamm

«,[*. ) »a [*)/?,[*. n- 1) ¢ Et\k. n]JELIk. n). (A.37)
RIK. n] = « n- 1) ¢« EJk. n]EJK. n). (A.38)

Ha ocHOBe COOTHOLWEHNA MexAy paccynTaHHbIMK B hopmynax (A.37) u (A.38) 3Ha4yeHUAMUN BbIYMCAAIOT Napy BCMO-
MoraTtesibHbIX CUTHaN0B:

<« (*o«)*F*E(* ).

i *nt*.n] (A.39)
« {Fe«l< *<I*mn}.

\RJIft*1 (A-40)
1. 1?,[*,n)<An1*.n).

Ecnun B hopmynax (A.39) n (A.40) uncnuTtenb U 3HaMeHaTe b paBHbl HY/1H0, TO HEO6X04MMO BbINOJ/THUTL AEACTBUSA:
Rf[k. ) =Rr[k- ~,n)HR Ik, N) =R JIk-/. n). (A.41)

Ecnnk =0, 70 RT[Kk. n) » Rf*k. n| 3 1. (A.42)

Cuenbto hopMMpoBaHUS MHOXMTENENR N5 KoppeKkLun 06pa3oB BCNoMoraTe/ibHble CUTHa/bl NoABepraT unbTpa-
LM C NCMO/Ib30BAHNEM TeX Xe NOCTOAHHbIX BPEMEHW 1 HAYaIbHOTO YC0BKS, 4TO 1 B hopmynax (A.32) n (A.33):

pM\k. n) =a [K)PcXk. - 1) ¢ (1- a [*]A>. n). (A.43)

Pcr[k. n)3a [K]PCL[k. n- 1] ¢ (1 - « [*))«., [ ) (A.44)

13
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(A-45)
RI k-"ie Mg +Mkpril b (A.46)
M, 1] = min (3. K), M2*I = mm (4. Nc- 1- K). <A47)

KOHeuYHbIM pe3ynbTaToM 3Toi cTaamm 06paboTkuM, Ha ocHoBe chopmyn <A.43)m (A.44) NnonydyatoT cnekTpanbHo agan-
TupoBaHHble 06pasbl. EPT[K. n)n MPH|K. n), no chopmynam

E , \k. n] = EIT[K. n\Pcr[k. n). (A.48)

n A\P<A*> (A.49)

A.1.2.2.2 ObpaboTka 06pa3oB moaynaLUm

BXOAHbIMU AaHHbIMU ANSA 3TOW CTaguu BbIYUCNEHWUI ABNAOTCA 06pasbl HepacnpoCTPaHEHHbIX BO30YXAeHWii
EA[k. n)wn £jr (*. ), KOTOpble paccunTbiBaloT nNo hopmyne (A.21) 4NA MCXOAHOTO U BOCCTAHOB/IEHHOTO ayANOCUTHANO0B
COOTBETCTBEHHO. BbIUNCNAT Mepbl MOAYNSALMIA ornbatoLymnx cnekTpa.

MpeaBapnTenbHO BIYUCAAKOT CPeAHI0 TPOMKOCTb. £,{*. n]JuE r[*. n] no chopmynam

é€>.n=a(*]£>.n- 1] ¢ (1- amHell1* n))03. (A.50)
Ek.nl=a (*)E>. - 1] ¢ (1- a (*]>(E r[A n))03. <A.S1)
[anee Heo6xoANMO BblUMCANTL pa3HocTmuD ,|A. n)nD k. n):
D> h»ul*I5> n- e (1-a n»03~ (EJK- 51- 1»«|. (A.52)
Df[k.n]- « [cp ,[K. n- 1) & (L- a {*)/=,|(E.[K n)03- (£, [k n- 1]* | (A.53)

[MocTosiHHbIE BPEMEHUN M HAYa/lbHblE YCI0BUS UCMO/b3YIOT TE Xe caMble, yTo B A.1.2.2.1.
Mepbl Mogynsunm ornbarLwmx cnekTpa Bbl4McaAaT no hopmynam

0*1A.n)
MJk. m) >
) En[*.n]/0.3 (A.54)
*
mp, o (A.55)
14 Ej[k,n\l03
A.1.2.2.3 BblyncneHue rpoMKocTH
O6pa3sbl FPOMKOCTN BbIYMCNAOT B COOTBETCTBMM C (hopMynamm
) o*s
NAk nlac[jM .} 11 (A.56)
n UlfcjEod [l £1*1 j
«l1* 1 .c[-8W -T"“F(1-.|*1-irniin M )" -1 (A.57)
I 51*1 J
raec = 1.07664.
s-2 - 2,05 atan 0.75 atan (A.58)
SI¥j * jo *-~i*i, e00[0\ (A.59)
m 3.64 +(191000)°"*. (A.60}
£([*) =i0t“el'tl*-Kie. (A-61)

14
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O6LyMe rpomMKoCTH 415 060MX CUTHANOB BLIYUCAAIOT N0 hopmynam

M 1

Yoitl = (24/ng £Tax(N/a*. n).0). (A.62)
*0
H 1

= (24/«c) £max(W,(fc. 1).0). (A.63)

A.1.2.3 PacuyeT BbIXOfHbIX 3HA4YEHWI1 NCUxoakycTuyecxoii Mmogenu

A.1.2.3.1 OO6Lee onucaHne npoLecca pacyeta napaMmeTpoB

BbixogHble xapaktepucTuki m3 A.1.2.1 ncnonb3yoT ANA BbIYUCIEHUS BbIXOAHbIX XapakTepuctuk A.1.2.2 B cooT-
BETCTBMU CO CXEMOI, NPUBEAEHHOI Ha pucyHke A.2.

O6pasbl BO3GYKAEHNii O6pasbl HepacnpocT paHeHHbIX
BO30YXXAeHWI
CnekTpanbHo O6uas Mepbl Moandmupm-
afanTUpPOBaHHbIE FPOMKOCTb MoAyALMn POBaHHbIE
o6pasbl o6pasbl

PucyHok A.2 — Cxema 06paboTkn 06pa3os

3HaueHuna n3 A. 1.2.2 MCnonb3yoT 415 BblYNCNIEHNA BbIXOHbIX 3HAYEHNI NepeMeHHbIX NCMX0akKycTU4eckoi Mogenm
(cm. Tabnuuy A.1un pucyHok A.3>.

PaccunTbiBaloT 3HaueHnsA 11 nepeMeHHbIX NcuxoakycTuyeckoii Mogenn. HaumeHoBaHne 1 kpaTkoe onucaHue nepe-
MEHHbIX NCUX0aKyCTUYeCKOoW Moaenn npusefeHsl B Tabnuue A.1.

Ta6nuya Al — BbixogHble NeEpeMeHHbIe NCUX0aKyCTUYeCKOW Moaenu

HavimeHoBaHMs BbIXOHOI NepemMeHHoN Moaenu OnvcaHve

BandwidthRefB LLinprHa nonocbl UCXOAHOTO ayfmocurHana
BandwrdthTestB LLInpmHa nonocebl BOCCTAHOB/IEHHOTO ayAnocurHana
Total NMRB OTHOLUeHWe YPOBHS LWyMa K Nopory MackupoBaHus
WinModDIfMB OKOHHasA pasHuua moaynauunii

ADBB CpepHee No6/104HOE UCKaXKEHUEe

EHSB FapMoHMyeckas CTPyKTypa OLun6Ku

AvgModDifMB CpegHsia pasHuua mogynauumn 1

AvgModDi«2B CpepgHasa pasHuua moaynauuum 2

RmsNoiseLoudB FpomKOCTb LWyma

MFPDB MakcumanbHas BEPOATHOCTb OGHAPYXEHNS NCKaXKeHNs
RelDietFramesB OTHOCUTENBHOE UCKaXeHne dpeiiMoB

15
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E«?[*. n] Ep”~k. 1l Mw*n]
M,[k. n)  Mik. n)  NMT[n]

PI/ICyHOK A.3 — Cxema BblYMC/IEHNS 3HAYEHWI BbIXOAHbIX NePEeMEeHHbIX I'ICVIXOaKyCTI/IHeCKOI‘/’I moaenun

Ana gByxkaHanbHbIX ayANOCUTHANOB 3HAYEHUA NEePEMEHHbIX /1A KaXA0ro kKaHana cnefyeT paccunTbiBaTb OTAENb-
HO. a 3aTeM ycpeHATb. 3HaUEeHUsi BCEX NepeMeHHbIX (KpoMe 3HaueHuli nepeMeHHbix ADBB 1 MFPDB) anst KaX4oro kaHa-
na curHana paccynTbiBalOT He3aBUCUMO OT BTOPOTO KaHana.

Bce 3HauYeHUs BbIXOAHbIX NePEMEHHbIX MOAENN MOJTyHal0T NyTEM YCPeAHEeHUs no BceM dopeiimam hyHKLUA BpeMeHU
nyacToTbl, BBEAEHHbIX Ha NpeAblaylwem ware (B pe3ynbTtaTe UMeeM CKassipHOe 3HayeHue).

3HauyeHus, KoTopble 6yAyT yCpeAHEHbI, AOMKHbI 1eXaTh B rpaHuuax, onpefensembix CneayoumnmM ycinoBmem: Hava-
10 UM KOHeLUAaHHbIX. KOTOpble 6yAyT NOABEPXEHbl yCPeAHEHUIO, ONpeAensioT Kak NepByo NO3ULMIO C HaYana Uan ¢ KoHLa
nocnefoBaTeNIbHOCTU 3HAYEHUI aMNAUTYA ayAanocurHana, Ans KOTOpoil cymma NATU nocriefoBaTesibHbIX abCoMOTHBIX
3HauYeHnit amnanTyg npesbilwaeT 200 B N11060M U3 ayano kaHanoB. ®peliMbl, KOTOPbIE N1eXxaT BHe 3TUX rpaHul, cnegyet
UrHopuposartb Npu ycpegHeHun. 3HaveHne nopora 200 MCnonb3yoT B C/lyvyae, eciv amnanTybl BXOAHbIX ayMOCUTHaN0B
HOpMasn3oBaHbl B Anana3oHe oT MUHyc 32768 po nnawc 32767. B NpOTUBHOM c/lyyae 3HayeHue nopora A,, BbIYUCIAIOT
cnegywowmm obpasom.

200 AT (A.64)

32768’
rae ATak — MakcumanbHOe 3HaYeHne amMnanTyabl ayAanocurHana.

B panbHelilwem nHaekc peiima n HaunHaeTca ¢ HyNs ANs nepeoro dpeiima, y40B1eTBOPAIOLLEr0 YCI0BUAM Npo-
BEpKU rpaHuL, ¢ noporom AT, U OTCUUTBbIBAET Yncnio peiimos J1 BNNOTb A0 nocneaHero dypeiima, yi0BneTBOPAOLLETO
BbIlLENPVBELEHHOMY YC/IOBUIO.

A.1.2.3.2 OkoHHas pasHuua moaynauuin 1 (WinMoPDifflB)

BblUnCASOT MTHOBEHHYIO pasHuuy mogynauuii. Mdimslfc. n), no hopmyne

x A.65
M1 UM Mk.n\ (A.68)

16



FOCT P 56047—2014

3HaueHne MTHOBEHHOI pa3HuLbl MOAYALNIA yCPeaHAIT No BCem nosiocam YacToT Nca COOTBETCTBUM CO Criefyio-
et oopmysoi
(A.66)

KoHeuHoe 3HayeHune BbIXOAHOW NepeMeHHOoR nonyyarT ycpesHeHrneM dopmy bl (A.66)COCKONb3ALLUM OKHOM L = 4
(85 Mc. Tak kak kaxablii war paBeH 1024 oundpoBaHHbIX 3HAYEHUA):

Vkanun (A-67)

Mpn 3TOM NPUMEHSIIOT yCpeAHEHME C 3afepxKoii — nepsble 0.5 ¢ curHana He y4acTBYIOT B BbluMcieHusix. Konmyec-
TBO Nponyckaembix (hpeiiMoB COCTaBNSAET:

m <>/, 1. (A.68)

B dhopmyne (A.68) onepauns [ ] o3HayaeT oTbpacbiBaHne Apo6HOI YacTu.

B cpopmyne (A.67) nHaekc ppeiimoB BKItOUYAET TONbKO DpeliMbl, KOTOPbIE MAYT NOCNE 3a4ePXKU BesmumHoii 0.5 c.
A.1.2.3.3 CpepgHssa pasHuua mogynsauymuin 1 (WinModDIffIB)

3HayeHVe AaHHOI BbIXOLHOW NepeMeHHOol ncnxoakyctuyeckoin mogenu. MAdfi@ . BbruncnsawT no popmyne

nl
2 > u [n]wdrtiBH
(A.69)
MAMYA = s
I X 11
ft o
roe
W [n]* Y (A.70)
«e E£*[*.n]+ 100<EM{*))ui
[N BbIYNCIEHUS 3TOTO 3HAYEHUS TakKe NPUMEHSAIOT yCpeAHeHNe C 3a4ePXKKOA.
A.1.2.3.4 CpepHsis pasHuua moaynauuii 2 (WinModDIff2B)
CHauvana BblYUCAAIT 3HAYEHNE MTHOBEHHOI pasHuLbl MOAYNALMIA no hopmyne
MM 2 Mii|*.n].
" Ko 001+M,[A.n] A 71)
PR L * *
1 gormap TS
3aTeM BbIYMCAAT yCpegHEHHOE MO NosiocaM YacToT 3HAYEHUe PasHOCTY MOAYNALNIA.
- 100'V.
MmUnm\a~ ~ |, (A.72)
KoHeuHoe 3HaueHune NepeMeHHOo NcuxoakycTuyeckon mogenn MkMla BbluMcnsioT no oopmynam (A.73) n (A.74)
- 4g0 (A.73)
MLU12/] === — =====mmm
1XH
rae
EJk.n)
TuT (A.74)

ro £*1*.n]+100(£,{*])1

Mpu BbIYNCNEHNMN 3TOTO 3HAYEHUS TAKKE NPUMEHSIIOT YCPeAHEHUE C 3aePXKKOM.
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A.1.2.3.5 'pomkocTb wyma (RmsNoiseLoudB)
3HauyeHne MrHOBEHHOW rPOMKOCTM LyMa paccuuTbiBatoT no hopmyne

WJ/>] = (24/W) [k. n). (A.75)
K O
roe SV [k n\ -j 51*1  |°“ |b max(s, [fc.nlE,.f[k.n]-s,[fe.n]E,.H*.n).Q) |° “ (A.76)
roe EO= 1.
SJk. n]= TcMHk. n) ¢ SO; (A.77)
Sr[k. n) - nj ¢ SO (A.78)
n s ( Ef.rlk.n)-Er&lk.n)\ (A.79)
{ Ewfkm ) '
roea m1.5;
ro=0.15:
s0- 0.5.

Ecnn MmrHoBeHHas rpoMkocTb MeHee 0. ee yctaHaBnMBawT paBHOIZ 0;

n|nllgd wn  hn»l*o. <A-80)
1 0 Ya[n)<0.

3HayeHne KOHEeYHOl BbIXOLHOW NnepemMeHHol ncuxoakyctmnyeckoin mogenu WL(/nifl HaxogaT ycpegHeHneM MrHOBEH-
Holi rpoMKkocTH no chopmyne (A.81):

(A.81)

[Na BbIYNCIEHUS 3TOT0 3HAYEHMA NPUMEHSAIOT yCpeAHeHe ¢ 3aAepXkoil. COBMECTHO C yCpeHEeHNEM C 3a[epPXKoii
NCMNONb3YIOT NOPOr FPOMKOCTMW A/151 HAXOXAEHNSA 3HAYEHUSI MTHOBEHHOM FPOMKOCTU LyMa, HauMHas C KOTOPOro BbIMOHAT
npouecc ycpegHeHuns. Takum ob6pa3om, ycpegHeHne HaurHatT C NepBOro 3HaYeHus, onpeaensieMoro yc/ioBueM nNpeBbl-
LWeHUs nopora rpoMKOCTH, HO He no3gHee 0.5 cOT Hayana curHana (B COOTBETCTBUM C YyCPeAHEHNEM C 3a[ePXKoi).

Ycnosue npeBbileHNs Nopora rPOMKOCTH

3Ha4yeHnss MTHOBEHHOI rPOMKOCTM LWyMa B Hayase 060MX CUTHaN0B (MCXO4HOTO 1 BOCCTAHOB/IEHHOTO) UTHOPUPYIOT
A0 Tex nop. noka He npoiigeT 50 Mc nocne Toro, kak 3HayeHne 06Leil rPOMKOCTM NPEBBLICUT B 060MX KaHanax 0fHOro U3 cur-
HanoB 3HayeHue nopora, pasHoe 0.1.

Ycnosue npeBbileHns nopora nveeT BUA;

Mrbmlnl* Lj) n (Mrbialnlr */)e N8 MOHOCUrHana
(A.82)
W W iM 2Lrea<Nwr«i("1* M lv *M n(Njoroln)r MI-  cTepeocurHana.
rpe m 0.1,
KonuuecTtBo nponyckaeMbix nocse npeBbllleHusi nopora gpeiimos Non paccumnTbiBatoT no popmyne (A.83)
Noll« 0.05E>t. (A.83)

A.1.2.3.6 LUvpuHa Noaoc NCXo0[4HOT0 1 BOCCTAHOBNEHHOrO ayanocurHanos (BandwidthRefB n Bandw»dthTestB)

Onepauuu BblYUCNEHWUI LIMPUHBI NOMOC UCXOLHOMO U BOCCTAHOB/IEHHOIO ayAVOCUTHA/NOB ONUCLIBAIOT B TEPMUHAX
onepauuii Ha BbIXOAHbIX 3Ha4eHusax [ M®. BoipaxeHHbIX B geuynbenax. Mpexae Bcero s kaxgoro gpeiima BbINOMHAT
cnepytolyve onepauuu:

- AN BOCCTAHOB/IEHHOIO CUrHasMa; Haxo4AT caMmyto 60/bLUYI0 KOMMNOHEHTY nocne YacToTbl 21600 My, 3To 3HaueHne
Ha3blBalOT ypOBHEM NOPOra;

- AN ICXOHOTO CUrHana; BbINOIHAA NOWNCK BHU3, HAUYMHAsA c YacToTbl 21600 L. HaXoAAT NepBoe 3HaYeHne, KOTopoe
npeBbIWAaeT 3HaUYeHne ypoBHsi nopora Ha 1046. COOTBETCTBYIOLLY 3TOMY 3HAUEHMIO YaCTOTY Ha3biBAKOT LUMPUHON NOJO-
Cbl 419 UCXOJHOTO CUrHana,

- [,NS1 BOCCTAHOB/IEHHOTO CUTHaNa: BbINOJTHAS MOUCK BHU3, HAUYMHASA CO 3HAYEHWS LMPUHBI NOOCHI UCXOAHOTO CUTHA-
Na. HaxoAsT NepBoe 3Ha4yeHne, KOTOpoe NpeBbilaeT 3Ha4YeHne ypoBHA nopora Ha 5 Ab. O603HavYalT COOTBETCTBYIOLLYIO
3TOMY 3HAYEHWI0 YaCcTOTY Kak WPUHY NOOCH! 151 BOCCTAHOB/IEHHOTO CUrHana.

Ecnu HalileHHble YacToTbl A8 UCXOAHOrO cUrHana He npesbiwatoT 8100 y. TO WMPUHY NOMOCLl ANA 3TOro hpeiima
UrHOPUPYIOT.
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3HayeHuns WMpPUH Noaoc 415 BcexX PpeliMoB Ha3blBalOT OCHOBHbIMU YacToTamu AMd.

OCHOBHY10 YacToTy [iMN® ans n-ro ppelima o6o3HavaloT kak Ka|nlans ncxogHoro curHana u kakK4n)— ans soccra-
HOB/MIEHHOTO CUrHana. BbluMcneHne KOHeYHbIX 3Ha4YeHW NepeMeHHbIX NCUX0aKyCTUYeCKoV MoAesnun, 3HauYeHWn WupuH
nosiI0C NCXOAHOTO N BOCCTAHOB/IEHHOTO CUrHA/I0B HEO6XOAVMO BbIMOMHATL MO CAeAyOWUM hopMynaM COOTBETCTBEHHO!

0o

N1
(A.85)

rAe CyMMUpOBaHNe OCYLLEeCTBASOT TONbKO AN TeX (ppeliMoB, B KOTOPbIX OCHOBHas YactoTa [iMN® npesbiwaet 8100 My,
A.1.2.3.7 OTHOWeHNe ypoBHA LWyMa K nopory mackuposanusa (TotaINMRB)
Mopor mackmpoBaHus MIK. n) BbluncnsAwT no dpopmyne (A.86)

(A.86)
rae
3. KE 12/AZ.
(A.87)
02Sk.\z. K >12/m2.
YpoBeHb Lwyma. [fc), BbIuMCnAT No dhopmyne (A.88)
*1 K\ = \XJW ~ 2 * \Xm [K]?. (A.88)
rae K — WHAEKC OCHOBHOW YacToThl AMNd.
OTHOLLEeHNe YPOBHSA LUyMa K Mopory MackmpoBaHus B K- nonoce yactoT BbipaxatoT hopmysoit (A.89)
(A.89)
«|*-")
KoHeuHOe oTHOLWeHMe ypoBHSA WyMa k nopory macknposaHus RNUIorgb. BbiuncnsoT no popmyne (A.90)
( | » ', 1 \
101°9 v ,j-V — A.90
(lll ,aNc , 0 ( )

A.1.2.3.8 OTHOocuTenbHoe uckaxeHue ppeiimos (RelDIstFramesB)
MakcumanbHoe OTHOLLEeHME LWyMa K Mopory MackupoBaHusi peiima RNTax(n] BbluncnsioT no popmyne (A.91 >

Tax<aHl/(k.n]). (A.91)
. ouy*Yy 1
VcKaXeHHbIM cuuTaloT TOT ppeiim, B KOTOPOM MakcMMasibHOe OTHOLIEHME LWyMa K Nopory MackupoBaHus Gonee
1.506.
KoHeuHoe 3HaueHue BbIXOAHOV NepeMeHHOo NcMxoakycTUieckoli Mogenu npeactaBnsieT coboli OTHOLWEHME KOU-
YyecTBa MCKaXXEHHbIX hpeliMoB K 06LLIeMy KonmyecTBy dopeliMoB.

A.1.2.3.9 MakcumanbHas BepOSiITHOCTb 06HapyxeHnsa nckaxeuus (MFPDB)
CHauasna BblYUCAAIT aCUMMETPUYHOE BO3BYXAEHME:

(A.92)
F,r*slfenb £, [fc.n]ffcn.
roe - 10log.u(£,,[fc.n]). (A.93)
E.bl 1k-")* 10log,d(£ , [fc.n]).
[anee BbluuCNAOT War gna obHapyxeHus nckaxenus, s (fc. n), no opmyne
n) ,, Jco* <M-|*.n]+ c,1 2t*.n) + cd Jfc.n]-t crIfc.n .
Sfc ) .l n Jfe.n] Ir ((-lfc.nj; ' UK- n)>0. (A.94)
|10 i[fc.n]s:0.
rae ¢0=-0,198719: ¢, * 0.0550197. c2* -0.00102438, (A-95)

c3=5.05622 10-*: c4=9.01033 1O-11 of. =5.95072.
a, = 6.39468: T * 1.71332;
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BeposiTHOCTb 0GHaPYXeHWs BbIYMCAAIOT Mo hopmyie

I t.w kffl
PAS. ] * 1- (0Jbj (A.96)

rae nokasartesib CTeneHn P BblYnCNAOT No (bopmyne

6B« E«{*.")>E.rlkol

(A.97)
16 £,a(A.n]"£.04.n).
3aTem BbIYUC/IAKT KOIMYECTBO LWaroB CBEpPX Nopora BeposATHOCTN 06HapyxeHus. af4A. s1], no oopmyne
* - *
i IFc*N1IM]-£.TN] .«I'I! <A-98)

s(A.n)

XapaktepucTukun no coopmynam (A.96) u (A.98) BbIUMCAAIOT ANS KaXKAOT0 KaHana curHana. [Ans Kaxgoi 4acToTbl

BPEMEHW NOJIHYI0 BEPOATHOCTb o6Hapy)KeHv|;| W NOoJIHOE YMCOo Waros ceepx nopora Bblﬁl/lpaloT Kak 60nbliee 3HaYeHue n3
BCeX KaHasoB:

* |
31- *I'|O(1- max <p.[A. n). pAk, n))). <A.90)
Ne 1
oifn) « £tax(a,14, n]. n). (A.100)

rae uHaekcbl 1M 2 — Homepa KaHanos.
[ina ofHOKaHaNbHbIX CUTHAI0B XapakTepUCTUKN BbluncnAlT no oopmynam (A.101) n (A.102):

1
PbM»1- M<**-pO*. «u- (A-101)
K O
(A.102)
BbINONHSAIOT CNeAyioLne BblYUCTEHNS:
P~rl-e&I"-1)*d - cuPdn). (A.103)
rae c0=0.9 n HavyanbHOE yCNnoBNe — HyneBoe.

MakcumanbHyo BEPOSITHOCTb 0GHaPYXXEHNA NCKaXXeHUs P M [1) BIUNCAAIOT N0 peKyppeHTHO hopmyne

PJn] <tax<P,(n - 1). Pen)). (A.104)

KoHeuHoe 3HauyeHue BbIXOAHOI MepeMeHHOW ncmxoakycTuyeckoik mogenn MFPDB paccuuTbiBalOT No popmy-
ne (A.105)

MFPOb *P m[N - 1). (A.105)

A 1.2.3.10 CpepgHee no6no4vHoe nckaxexHme (ADB8)
CHauana BblYNCAAT CyMMy 06LLero yncna waros cBepx nopora o6HapyxeHusa Q* no cpopmyne
HA
O.-EOQObW- (A.HO6)
a0
Mpuuem cymmupoBaHme BeayT A/1s1 BCEX 3HAUYEHWI, ANs KOTOpbIX PAn) > 0.5.
KoHeuyHas xapakTtepuctuka AOBB umeeT Bua:

(. N =0.
AOBB=l09,0(— | N>0.0, >0. (A.107)
\
1-05 N 20.0,-0.

A.1.2.3.11 TapmoHunyeckas cTpykTypa ownbku (EHSB)
Bbixoabl AM® NS UCXOAHOrO M BOCCTAHOB/IEHHOTO curHanos o603HavatoT kak XR\k\ 1 X TiH] cooTBeTCTBEHHO.
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BbluncnaoT xapaktepuctuky D[K):
- log <|W'(*IXT[*]]")- log <|pafi*)1r) m logj .0 £EN>12. (A.108)

®opmMypyOT BEKTOP ANNHBI M 13 3HaueHwuii O{A|:

D,» (O (/]....D[i* M-1])7. (A.109)
roe A *-256.
Hopmanu3oBaHHY0 aBTOKOPPENALUI0 BblYUCNAIOT No opmyne {A.110)
C(0) . ﬂ'o_"# (A.110)
TioTioTJ

rae / o[0:Lmix).
MpuC{/] = C(/. 0) HeO6XOANMO BbIYNCNTb:

(A.111)
1[0, |2*0[/T - if -0 (/-if 1S/4U -.

Mpu BbluMCNEHUN No hopmyne (A 110) B cyyae, eCnu CUrHasbl PaBHbI, HE06XO4MMO YCTAHOBUTL HOPMaM30BaH-
Hyl0 aBTOKOpPPENALMU0 paBHOii eiMHNLLe, YTOObI U36eXaTb fefleHUst Ha HOMb.
BBOAAT OKOHHYIO (DYHKLMIO:

(A.112)
L] \' mm '
j(o} B OCTasIbHbIX Clyyasx.
K HopmanusoBaHHOI aBTOKOPpensALyum NpUMeHs0T OKOHHOe npeobpasoBaHune no popmyne (A.113)
CHM =HW C [T* 1]-C"). Osm s - L (A.113)
j Lt
rae C o-——£C[/). (A.114)
‘oMK | *
CnekTp mowHocTu S[fc) BbluncnsT no opmyne (A.115)
I, (ul
S[k) HHNL (A 1 15)
r" fto

[MonckK MakCManbHOro nNMka cnekTpa MoLHOCTU HaYnHat Tca = 1u 3akanunsatoT npu S(fc) > Sffc - 1)mnuA>(.1112.
HaiifeHHoe 3HavyeHne MmakcumasnbHOro nuka o6o3HavaloT Kak £ Hma*In) Toraa koHe4YHoe 3HayeHue BbIXOAHON nepemMeH-
HOW NcuxoakycTuyeckoii Mogenu paccuntbiBaloT no popmyne (A.116)

<1000/W)EEMIIKIP, (A.116)

Mpy BbIYUCNEHNM ITOTO 3HAYEHUA UCKIOYAOT (hpeliMbl ¢ HU3KOI aHeprueit. Ana onpeaeneHns ppeiiMoB ¢ HU3KOI
3Hepruel BBOAAT NOPOroBoe 3HaYeHne

N1 =8000(A /32768)*. (A.117)

roeAtax =32768 gna amMnauTyg, XpaHuMbIX B BUAe 16 6MTHOrO Lesioro ymcna.
QHepruio hpeiima A2oueHnBatoT no popmyne (A.118):

te-t
A= 1), (A.118)
a4 4,12
Mpu BLIYNCNEHUN TAPMOHUYECKOI CTPYKTYPbI OLIMGKMU DPeiiM UTHOPUPYIOT, eCu:

(Af <af ,)n (Ak <af.). Ans MOHOCWTHana. (A.119)

(*?, K <NI(r) A(A2a<>&) n(A*, <A]). [ANsA cTepeocurHana.
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A 1.2.4 HopmupoBaHue 3HauYeHUii BbIXOAHbIX NEPEeMEHHbIX NCMX0aKyCTUYEeCKON MOAenu
HopmunpoBaHue nofyYeHHbIX Ha NpeabliAyliem Wware 3HauyeHuii BbIXO4HbIX NepeMeHHbIX NCMXoaKyCcTU4eckoil moje-
M BLINOMHAT no hopmyne (A.120)

M; U 4P1-07J] (A.120)

rae M, [i] — 3HauyeHue (- BbIXOAHOV NepeMeHHOol ncuxoakycTnyeckoin mogenu, a 3HaveHna amin(/) n ama>(i] npuBeaeHb!
B Tabnuue A.2.

Tabnwu ua A.2 — KOHCTaHTbI AN HOpMUpoBaHUA 3HaYeHUMn BbIXO4HbIX NepeMeHHbIX I'ICI/IXOaKyCTI/IHeCKC)VI mogenu

MHpekc nepemeroit. 1 HanmeHoBaHe nepemeHHoi 33";;1“;?"“06) 3’:‘;'(;:::21"”06
ol 1

0 BandwidthRefB 393.916656 921.0
1 BandwidlhTestB 361.965332 881,131226
2 TotaINMRB -24.045116 16.212030
3 WinModDIfflB 1.110661 107.137772
4 ADBB -0.206623 2.886017
5 EHSB 0.074318 13.933351
6 AvgModDIffIB 1.113683 63.257874
7 AvgModDiff2B 0.950345 1145.018555
8 RmsNoiseLoudB 0.029985 14.819740
9 MFPDB 0.000101 1.0
10 RelDistFramesB 0.0 1.0

A.1.2.5 OueHka KauecTBa BOCCTAHOBJIEHHOIO CrHana c NOMOLLbI0 UCKYCCTBEHHOM HEipOHHO ceTn

Ha Bx0f HelipoHHOIi ceTu nogatoT 3HavyeHns 11 BbIXOAHbIX NEPeMEeHHbIX NCUX0aKyCTUYeCKOW Mojgenu, paccunTaH-
Hbix B A.1.2.1—A.1.2.4. HelipoHHas ceTb nMeeT 11 HeiipOHOB BO BXOA4HOM C/1I0€, OAWH CKPbITbIV CN0V C TpEMS HelipoHamu
M OAVH HEeWpOH a BbIXOJHOM cfioe. Bbixof HEMpOHHON CeTn — KOHe4YyHoe 3HauveHne meTpukun PEAQ paccuuTbiBaloT no
topmyne (A.121)

PEAOAMM 6™ ,*A )N (O,). (A.121)
rae bTn =-3.98 n bmaj = 0.22. adyHkyMsa sig (X) — acuMMeTpuyHas curmona.
(A.122)
3HayeHve D, BLIYNCAAIT CNefymnm o6pasom:
i-'f { \1
Si* Vv ¢ 2-1'yUISV | N . (A.123)
, 0 \ .0 |

roe M [i}— Hopmanu3oBaHHOE 3HauYyeHue /-ii BbIXOAHOW NepeMeHHON. Y— KOMMUYECTBO BbIXOAHbIX NEPEMEHHbIX (paB-

Hoe 11). &/— KONM4ecTBO HEMPOHOB B CKPbITOM cnoe (paBHoe Tpem). {w,(/./J. (wx6l;], KyD— 3HayeHnA
BECOB 1 CMELLEeHNA HEMPOHHO ceTun, NpuBefeHHble B Tabnuuyax A.3—A.5-

Tab6nuya A3 — Beca HelipoHHoI ceTu

WHpexc ¢ Bec wjj, 0) Bec xap». 1) Bec (.2
0 -0.502657 0.436333 1.219602
1 4.307481 3.246017 1.123743
2 4.984241 2,211189 -0.192096
3 0.0511056 -1.762424 4.331315
4 2.321580 1.789971 -0.754560
5 -5.303901 -3.452257 -10.814982
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OkoHYaHue Tabnmubl A 3

NHupekc 1 Bec xJr.0) Bec » xp, 1] Bec x, (i.2)
6 2.730991 -6.111805 1.519223
7 0.624950 -1.331523 -5.955151
8 3.10288 0.871260 -5.922878
9 -1.051468 -0.939882 -0.142913
10 -1.804679 -0.503610 0.620456

Tab6nunya A4 — CMeleHUs HePOHHON ceTn
Bias Bus *J 0] 8,aswjo[l] Bias w jn

-0.307594 -2.518254 0.654841 -2,207228

Ta6nuuya A5 — Becau cMeleHNs HeNPOHHOI ceTn

WHpekc / Bec *,(/]
0 -3.817048
1 4.017138
2 4.629582

3710 3HauyeHne meTpukn (PEAQ) npeactaBnseT coboli BelecTBEHHOe YMC0, NpuHaanexauiee otpesky [-3.98,
0,22).

A.2 Anroputm pacuyeta meTpukn PSNR
MnKoBOE OTHOLWEHME CUTHA/WIYM MeXAy UCXOAHbIM ayMOCUTHaNIoM XS 1 BOCCTAHOB/IEHHbIM XTI pacCcuUuTbiBaloT

no dhopmynam:

Taxxn
PSNR « 101pg S (A.124)

(A.125)

roe pasHocTun 3HauyeHuin curHanos O, 1 NX MaTeMaTuyeckoe oXxugaHune <rpaCC‘1VITbIBa}OT no cbopmynaM:

(A.126)

nt*

raeXm nXr — l-e oundpoBaHHble 3HAYEHUS UCXOAHOMO M BOCCTAHOB/IEHHOrO ayAuWoCUIHan 0B COOTBETCTBEHHO. / = 1,
2. n.
max Xsi — MaKkcumasibHOe 3HauvyeHve cpean oL poBaHHbIX 3HAYEHNUA NCXOAHOTO ayamocurHana.

A.3 ANropuTMm pacyeta METPUKN «KOID P ULNEHT pasnnyuna opm curHanos»

MycTb X5 — MCXOAHbI MOHOKaHasbHbIl ayAnocurHan (M6o ofuH KaHaa NCXOAHOTO0 MHOTOKaHaIbHOTO ayAnocur-
Hana). a Xr — BOCCTAHOB/IEHHbIi MOHOKaHasIbHbI aygnocurHan (MM6o ofnH kaHan BOCCTAHOB/IEHHOTO MHOTOKaHanbHOro
ayavnocurHana). O6a curHana cocToAT U3 0AUMHAKOBOTO KOiMyecTBa 3HaueHuii N.

MaccuBbl 3HA4YeHWIt aMNAUTY L CUTHANOB X5t U XT NPeAcTaB/AioT B BUAE OTHOCUTENIbHOTO M3MEHEHUsI 3HaYeHni
amnanTyA curHana:

dXJI/ZI-XAN1-X.1/—13.7-2.W. (A.127)
dx,[/i=x,[/)-xric-i)./ =D7. (A.128)
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3HauveHe MeTpukn «koapuuneHT pasnuumsa opm curHanos» K BbIYMCASIOT Kak CpefHeKkBagpaTnyeckoe oTk10-
HeHVe maccuBoB 3HauveHuii amnantyg dXRu dXT

M
5>x*-axry

K =—mmmmm
N

(A.129)

A.4 AnropuTm pacuyeTa koaduymeHTa cxatus

MycTb SO — 06bem NamsT, KOTOPbI 3aHUMalOT UCXOAHbIE ayAnofaHHble. aSc- 06bem namsaTh, KOTopbIi 3aHu-
MaloT cXaTble faHHble, Toraa KoaULEHT CxXaTus K paccymTbiBaloT nNo popmyne

(A.130)
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Mpunoxexne b
(pekomeHpyemoe)

NncTrHrn nporpaMm pacuyeTa MeTpUK KavyecTBa ayamoaaHHbIX

B.1 JIMCTUHT nporpaMMbl pacyeta MeTpuku PEAQ Ha Aa3bike Matlab

function ODG = PQevalAudio (Fref. Ftest. Starts. EndS)
% OueHKa KayecTBa ayamofaHHbIX ¢ TOUkM 3peHna BocnpuaTua (Perceptual evaluation of audio quality)

% - StartS - uHAeKc 3HayeHns, COOTBETCTBYIOLLEr0 Havany curHana.
% - EndS - nHAeKc 3HaYeHnsl, COOTBETCTBYIOLLErO KOHLY curHana.

% rno6asnbHble NepeMeHHble
global MOVC PQopt

% napameTpbl
NF =2048:

Nadv = NF / 2:
Version = 'Basic"

% HacTpoikn
PQopt.ClipMOV =0:
PQopt.PCinit = 0;
PQopt.PDfactor = 1:
PQoptNi=1;
PQopt.DelayOvertap = 1;
PQopt-OataBounds = 1:
POopt.EndMin = NF / 2;

addpath ('CB'. 'MOV'. Wise'. 'Patt);

if (nargin < 3)
Starts = (0. Oj;

end

if (nargin < 4)
EndS =[];

end

% BbIYNCANTb KOJIMYECTBO 3HAYEHUI M KaHa/I0B 4151 KaXA0ro BXOAHOTO (*)aVIﬂa

WAV(1) = PQwavF.lePar (Fret):
WAV(2) = PQwavFilePar (Ftest);

% cornacoBaTb pasmepbl haiiioB
PQ_CheckWAV (WAV):
if WAV(l).Nframe -= WAV(2).Nframe)
disp (*>» Number of samples differ: using the minimum’):
end

% rpaHnLbl AaHHbIX
Nchan = WAV(1).Nchan;
(StartS. Fstart. Fend] = PQ_Bounds (WAV. Nchan. StartS. EndS. PQopt):

% chpeiimoB PEAQ
Np = Fend - Fstart + 1,
if (PQopt.Ni< 0)
PQopt.Ni = ceil (Np/ abs(PQopt.Ni)):
end

% wnHUUManunsauuna cTpyktypsl MOV
MOVC =PQJnitMOVC (Nchan. Np);

Nc = PQCB (Version);
for (j = 0:Nchan-1)
Fmem{j+1) = PQinitFMem (Nc. PQopt.PCinit);
end
is =0;
for (i = -Fstart:Np-1)
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% cuntaTb ppeim AaHHbIX

xR = PQgetData {WAV{1). StartS(1) + is, NF): % Reference frte
xT = PQgetData (WAV(2). StartS(2) +is. NF): % Test file

is = is + Nadv;

% o6paboTka cpeiima
for (j = 0:Nchan-1)
[MOVI(j+1). Fmem(j+1)) = PQeval (xR(j+1,:). XT(j+1,:). Fmem(j+1));
end
if (i >=0)
% BbIBECTM MOV B HOBYIO CTPYKTYpY
PQframeMOV (i. MOVI); % BbixoAHbIe 3HAYEHUA Tenepb B rnobasnbHoO nepemeHHoin MOVC

% BbIBO/J, 3HAYEHNI
if (PQopt.Ni -= 0 & mod (i. PQopt.Ni) == 0)
% PQprtMOVCi {Nchan, i, MOVC):
end
end
end

% ycpegHeHVe no BpeMeHn 3HavyeHnin MOV
if (PQopt.De'ayOverlap)
N\vup = Fstart:
else
N\vup = 0:
end
MOVB = PQavgMOVB (MOVC. Nchan. Nwup);

% 3anyck HelipoOHHOW ceTn
ODG = POnNet (MOVB):

% COBOKYMHbIW BbIBO 3HAYEHUIA
% PQprtMOV (MOVB. ODG);

0 ———
function PO_CheckWAYV (WAV)
% npoBepka caiinos

Fs = 48000:

if WAV (l).Nchan -= WAV/(2).Nchan)
error (m>» Number of channels differ*);
end
if WAV(l).Nchan >2)
error f» > Too many input channels’):
end
if ( WAV (l).Nframe -= WAV(2).Nframe)
disp ('»> Number of samples differ’):
end
if (WAV(1).Fs -= WAV(2).Fs)
error C»> Sampling frequencies differ*):
end
if XWAV(1).Fs -= Fs)
error ('» > Invalid Sampling frequency: only 48 kHz supported’):
end

0 ———

function [Starts. Fstart Fend) = PQ_Bounds (WAV. Nchan. Starts. EndS. PQopt)

PQ_NF = 2048:
PQ_NADV = (PQ_NF/ 2):

if (isempty (Starts))
StartSf1) = 0;
StartS<2) = 0;

elseif (length (Starts) == 1)
StartS(2) = StartS(1):

end
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Ns = WAV(1).Nframe:
% rpaHuLbl AaHHbIX
i( (PQopt.DataBounds)
Lim = PQdataBoundary (WAV(1). Nchan. StartS(1). Ns);
fprintf fPEAQ Data Boundaries: %ld (%.3f s) - %kJ (%.3f s)\n\ ...
Lim(1), Lim(iyWAV(1).Fs. Lim{2). Lim(2)/WAV(1).Fs);
else
Lim = IStarts(1). StartS(1) + Ns - 1);
end

% HoMmep nepBoro gpeiima
Fstart = floor ((Lim(1) - StartS(1)) / PO_NADV);

% HOomep nocnegHero dpeliMa
Fend = floor {(Um(2) - StartS(1) + 1- PQopt.EndMin)/ PQNADYV):

function MOVC = PQJnitMOVC (Nchan. Np)
MOVC.MDiff.Mt1B = zeros (Nchan. Np);
MOVC.MDiff.Mt2B = zeros (Nchan. Np);
MOVC.MDifLWt = zeros (Nchan. Np):
MOVC.NLoud.NL = zeros (Nchan. Np);
MOVC.Loud.NRef = zeros (Nchan. Np);
MOVC.Loud.NTest = zeros (Nchan. Np);
MOVC.BW.BWRef = zeros (Nchan. Np);
MOVC.BW.BWTest = zeros (Nchan. Np);
MOVC.NMR.NMRavg = zeros (Nchan. Np);
MOVC.NMR.NMRmax = zeros (Nchan. Np);
MOVC.PD.Pc = zeros (1. Np):
MOVC.PD.Qc = zeros (1. Np);
MOVC.EHS.EHS = zeros (Nchan. Np);

function ODG = PQnNetB (MOV)
% HelipoHHas ceTb AN NOMYYEHUS] KOHEYHOTO 3HAYEHUS METPUKM

persistent amin amax wx wxb wy wyb bmin bmax 1 J CLIPMOV
global PQopt

if (isempty (amin))
| = length (MOV):

if(1=11)
[amin. amax. wx. wxb. wy. wyb. bmin. bmax] = NNetPar ('‘Basic’);
else
[amin. amax. wx. wxb. wy. wyb. bmin. bmax] = NNetPar ('Advanced’);
end
[I. J] = size (wx);
end

sigmoid = inline ("1/(1 + exp(-x))’);

% Scale the MOV's
Nclip = 0;
MOVx = zeros (1,1):
for (i = 0:1-1)
MOVx(i+1) = (MOV(i+1) - amin(i+1)) / (amax(i+1) - amm(H-I));
if (- isempty (PQopt) & PQopt.ClipMOV -= 0)
if (MOVx(i+1) < 0)
MOVx(i+1) = 0;
Nclip = Nclip + 1;
elseif (MOVx(i+1)> 1)
MOVx(i+1) = 1;
Ndip = Nclip + 1;
end
end
end
if (Nclip > 0)
fprintf ('» > %d MOVs clipped\n'. Nclip);
end
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% HelipoHHas ceTb
DI = wyb;
(or (j=0:3-1)
arg = wxb(j+1);
for (i=0:1-1)
arg = arg + wx(i+1,j+1) * MOVx(i+1);
end
DI = DI + wy(j+1) * sigmoid (arg);
end

ODG = bmin + (bmax - bmin) * sigmoid (Dl);
function (amin. amax, wx, wxb, wy. wyb, bmin, bmax] = NNetPar (Version)

if (strcmp (Version. 'Basic'))
amin = ...
(393.916656. 361.965332. -24.045116, 1.110661. -0.206623....
0.074318, 1.113683. 0.950345. 0.029985, 0.000101....

(o]
amax = ...
[921, 881.131226. 16.212030. 107.137772. 2.886017,...
13.933351. 83.257874.1145.018555. 14.819740. 1.
1,

WX = ...
([-0.502657. 0.436333. 1.219602];
( 4.307481, 3.246017. 1.123743];
(4.984241,-2.211189. -0.192096];
( 0.051056.-1.762424. 4.331315];
| 2.321580. 1.789971, -0.754560];
(-5.303901. -3.452257. -10.814982 ];
| 2.730991.-6.111805. 1.519223];
{ 0.624950.-1.331523. -5.955151 J
{ 3.102889, 0.871260. -5.922878];
{-1.051468. -0.939882. -0.142913];
[-1.804679.-0.503610. -0.620456]];

wxb = ...
[-2.518254, 0.654841. -2.207228 ;

[-3.817048. 4.107138. 4.629582];
wyb =-0.307594;
bmin = -3.98;
bmax = 0.22;
else
amin = ...
[ 13.298751. 0.041073. -25.018791. 0.061560. 0.024523];
amax = ...
[2166.5. 13.24326. 13.46708. 10.226771. 14.224874];
WX = ...
[[ 21.211773.-39.913052.-1.382553.-14.545348. -0.320899];
[ -8.981803. 19.956049. 0.935389. -1.686586. -3.238586];
( 1.633830. -2.877505.-7.442935. 5.606502. -1.783120];
[ 6.103821. 19.587435.-0.240284. 1.088213. -0.511314];
[ 11.556344. 3.892028. 9.720441. -3.287205.-11.031250]];
wxb = ...
[ 1.330890. 2.686103, 2.096598.-1.327851, 3.087055]:
wy = ..
[-4.696996. -3.289959. 7.004782. 6.651897. 4.009144];
wyb =-1.360308;

bmin = -3.98;
bmax = 0.22:
end
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function [Nc, fc. fl. fu. dz] = PQCB (Version)
% napameTpbl KpUTUYECKOI Noa0Ckbl NPOnycKaHus

B =inline (*7 *asinh (f/ 650)’);
Bl = inline ('650 *sinh (z/ 7)";

fL = 80:
RJ = 18000:
if (strcmp (Version. 'Basic'))
dz = 1/4:
elseif (strcmp (Version. '‘Advanced)
dz = 1/2:
else
error (‘'PQCB: Invalid version’);
end

zL = B(fL).

zU = B(fU);

Nc = ceil((zU - zL) / dz);

zl=zL + (0:Nc-1)*dz;

zu = min (zL + (1:Nc) * dz. zU);
zc =0.5" (zl + zu);

fl = BI (zl);
fc = BI (zc):
fu = Bl (zu);

if (strcmp (Version. 'Basic'))

fl=[ 80.000. 103.445. 127.023. 150.762.
198.849. 223.257. 247.950. 272.959.
324.055. 350.207. 376.805. 403.884.
459.622. 488.353. 517.707. 547.721.
609.885. 642.114. 675.161, 709.071.
779.647. 816.404. 854.203. 893.091.
974.336. 1016.797. 1060.555. 1105.666.

1200.178. 1249.700. 1300.816. 1353.592.
1464.392. 1522.559. 1582.668. 1644.795.
1775.427. 1844.098. 1915.121. 1988.587.
2143.227. 2224.597. 2308.806. 2395.959.
2579.551, 2676.223. 2776.309. 2879.937.
3098.350. 3213.415. 3332.579. 3455.993.
3716.212. 3853.817. 3995.399. 4142.547.
4452.890. 4616.482. 4785.962. 4961.548.
5331.939. 5527.217. 5729.545. 5939.183.
6381.463. 6614.671. 6856.316. 7106.708.
7635.020. 7913.614. 8202.302. 8501.454.

9132.688. 9465.574. 9810.536. 10168.013

10922.351, 11320.175. 11732.438. 12159.670.

13061.229, 13536.710. 14029.458. 14540.103

174.694.. ..

298.317.. ..
431.478....
578.434....
743.884. ...
933.119. ...
1152.187....
1408.094....
1709.021,...
2064.590....
2486.169....
2987.238....
3583.817....
4294.979....
5143.463....
6156.396....
7366.166....
8811.450....
. 10538.460....
12602.412. ...
. 15069.295,...

15617.710. 16186.049. 16775.035. 17385.420]

fc=[ 91.708. 115.216. 138.870. 162.702.

211.019. 235.566, 260.413. 285.593.

337.077, 363.448. 390.282. 417.614

186.742.
311.136.
. 445.479.

473.912. 502.950. 532.629. 562.988. 594.065.

625.899, 658.533. 692.006. 726.362

. 761.644,

797.898, 835.170. 873.508. 912.959. 953.576.

995.408. 1038.511, 1082.938, 1128.746.
1224.744, 1275.055. 1326.992. 1380.623
1493.237. 1552.366. 1613.474. 1676.641
1809.474. 1879.310. 1951.543. 2026.266
2183.564. 2266.340. 2352.008. 2440.675
2627.468. 2725.832. 2827.672. 2933.120

1175.995.
, 1436.014.
. 1741.946.
. 2103.573.
. 2532.456.
. 3042.309.

3155.379. 3272.475. 3393.745. 3519.344. 3649.432.

3784.176. 3923.748. 4068.324. 4218.090
4533.963. 4700.473. 4872.978. 5051.700
5428.712. 5627.484. 5833.434. 6046.825
6497.031. 6734.420. 6980.399. 7235.284
7773.077, 8056.673. 8350.547. 8655.072
9297.648. 9636.520. 9987.683. 10351.586

. 4373.237.
. 5236.866.
. 6267.931,
. 7499.397,...
. 8970.639....
. 10728.695....
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11119.490, 11524.470. 11944.149. 12379.066. 12829.775....
13294.850. 13780.887. 14282.503. 14802.338. 15341.057. ...

15899.345. 16477.914. 17077.504. 17690.045];
fu=1103.445. 127.023. 150.762. 174.694. 198.849.
223.257, 247.950. 272.959. 298.317. 324.055.
350.207, 376.805, 403.884. 431.478. 459.622.
488.353, 517.707, 547.721. 578.434. 609.885.
642.114. 675.161, 709.071, 743.884, 779.647,
816.404, 854.203, 893.091, 933.113, 974.336.
1016.797, 1060.555, 1105.666. 1152.187, 1200.178.
1249.700, 1300.816, 1353.592. 1408.094, 1464.392.
1522.559, 1582.668, 1644.795. 1709.021, 1775.427.
1844.098. 1915.121, 1988.587. 2064.590. 2143.227.
2224.597, 2308.806. 2395.959. 2486.169. 2579.551.
2676.223. 2776.309, 2879.937. 2987.238. 3098.350.
3213.415. 3332.579. 3455.993, 3583.817. 3716.212.
3853.348. 3995.399, 4142.547, 4294.979. 4452.890.
4643.482, 4785.962, 4961.548. 5143.463. 5331.939.
5527.217, 5729.545, 5939.183, 6156.396. 6381.463.
6614.671, 6856.316, 7106.708. 7366.166. 7635.020.
7913.614, 8202.302, 8501.454. 8811.450, 9132.688.
9465.574. 9810.536, 10168.013. 10538.460. 10922.351.
11320.175. 11732.438, 12159.670. 12602.412, 13061.229,
13536.710. 14029.458. 14540.103, 15069.295. 15617.710.

16186.049. 16775.035, 17385.420, 18000.000 1.

end

function Es = PQspreadCB (E. Ver)
% pacnpocTpaHeHne Bo36yxaeHuni
% E n Es - aHeprum

persistent Bs Version

if  strcmp (Ver. Version))

Version = Ver.

Nc = length (E);

Bs = PO_SpreadCB (ones{1,Nc). ones(l.Nc). Version):
end

Es = PQ_SpreadCB (E, Bs. Version);

function Es = PQ_SpreadCB (E. Bs. Ver);
persistent Nc dz fc aL aUC Version
e =0.4;

if (- strcmp (Ver. Version))

Version = Ver,

[Nc. fc. A fu. dz] = PQCB (Version);
end

% BblfeneHne naMaTu
aUCEe = zeros (1. Nc);
Ene = zeros (1. Nc);
Es = zeros (1. Nc):

% BbIUMC/IEHNE TEPMOB, 3aBUCALL WX OT 3HEPrn

aL = 10X-2.7 * dz);

for (m = 0:Nc-1)
aUC = 10A((-2.4 - 23/fc(m+1)) “ dz);
aUCE = aUC * E(m+1)A0.2 * dz);
glL=(1 -aLAm+1))/(1 - aL):
gluU = (1 - aUCEA(Nc-m))/ (1 - aUCE);
En = E(m+1)/ (glL + glU -1);
aUCEe(m+1) = aUCEAe;
Ene(m+1) = En/e;

end
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% pacnpocTpaHeHne BHU3
Es(Nc-1+1) = Ene(Nc-1+1);
alLe = al se;
for (m = Nc-2:-1:0)
Es(m+1) =alLe * Es(m+1+1) + Ene(m+1);
end

% pacnpocTpaHeHue BBepX i > m
for (m = 0:Nc-2)
r= Ene(m+1):
a = aUCEe(m+1);
for (i= m+1:Nc-1)
r=r*a;
Es(i+1) = Es{i+1) +r,
end
end

for (i = 0:Nc-1)
Es(i+1) = (Es(i+1))A1/8) / Bs(i+1);
end

function Eb = PQgroupCB (X2. Ver)

% rpynnvupoBka BekTopa aHeprum AM® n KpuTnyeckoi noaockl NponyckaHnsa
% X2 - BeKTOp 3Ha4YeHWil, BO3BEfEHHbIX B CTeNeHb 2

% Eb - BekTOp BO36YXAeHWit

persistent Nc kl ku Ul Uu Version
Emin = 1le-12;

if (- strcmp (Ver. Version))
Version = Ver;

NF = 2048;

Fs =48000;

[Nc. kl. ku. Ul. Uu] = PQ_CBMapp.ng (NF. Fs. Version);
end

% BblAeneHve namsaTm
Eb = zeros (1, Nc);

% BblUMCNEHNE BO3OYXAEHWI B KaxkAol nonoce
for (i = O;Nc-1)

Ea = UIl(i+1) * X2(kI(i+1)+1);

for (k = (kI(i+1)+1):(ku{i+1Y 1))

Ea = Ea + X2(k+1);

end

Ea = Ea + Uu(i+1) * X2(ku(i+1>+1);

Eb<i+1) = max(Ea. Emin);
end

%
function [Nc. kl. ku. Ul. Uu] = PQ_CBMapping (NF. Fs. Version)

[Nc. fc. fl. fu] = PQCB (Version);

df = Fs/ NF;

for (i = O;Nc-1)
fli = fl(i+1):
fui = fu(i+1);

for (k = O;NFi2)
if (k+0.5)*df > fli)
kl(i+1) = k;
Ul(i+1) = (min(fui. (k+0.5)70...
- max(fli. (k-0.5)*df)) / df;
break;
end
end
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tor (k = NF/2:-1:0)
if ((k-0.5)*df < fui)

ku(i+1) = k:

if (kI(i+1) == ku(i+1))
Uu(i+1) = 0:

etee

Uu(i+1) = (min(fui. (k+0.5)'df) ...
- max{fli. (k-0.5)*df)) / df:
end
break;
end
end
end

function {MOVI, Fmem] = PQeval (xR. XT, Fmem)
% PEAQ - 06paboTka efiMHNYHOro thpeiima

NF = 2048:
Version = 'Basic’;

% okoHHOe AMN®
X2(1.:) = PQDFTFrame (xR);
X2(2,:) = PQDFTFrame (xT);

[EbN. Es] = PQ_excitCB <X2):

[Ehs{1,:), Fmem.TDS.Ef(1.:)] = PQjimeSpread (Es(1.:). Fmem.TDS.Ef(1,));
(Ehs{2.:). Fmem.TDS.Ef(2.:)] = PQjimeSpread (Es(2.:). Fmem.TDS.Ef(2.;));

% aganTauus naTTepHOB BO3BYXAEHNS
[EP. Fmem.Adap] = PQadapt (Ehs, Fmem.Adap. Version. 'FFT’);

% naTTepHbl MOAYNALMUN
[M, ERavg. Fmem.Env] = PQmodPatt (Es. Fmem.Env):

% rpOMKOCTb
MOVI.Loud.NRef = PQioud (Ehs(1.:). Version. 'FFT');
MOVI.Loud.NTest = PQioud (Ehs(2.:). Version. 'FFT');

% pasHuLa Moaynauuii
MOVI.MDtff = PQmovModDtffB (M. ERavg);

% rpoOMKOCTb LuyMa
MOVI.NLoud.NL = PQmovNLoudB (M. EP);

% nosioca NpomnyckaHus
MOVI.BW = PQmovBW (X2);

% OTHOLLEHUI LWyMa K MACKNPOBaHUIO
MOVI.NMR = PQmovNMRB (EbN. Ehs(1.}));

% BEepOSATHOCTb OOHapyXeHus
MOVI.PD = PQmovPD (Ehs);

% oLINGKa rapMOHUYECKOI CTPYKTYpbI
MOVI.EHS.EHS = PQmoVEHS (xR. XT. X2);

function [EbN. Es[ = PQ_excitCB (X2)
persistent W2 EIN

NF = 2048:

Version = 'Basic’;

if (isempty (W2))
Fs =48000:
f =linspace (0. Fs/2. NF/2+1):
W2 = PQWOME (f);
[Nc. fc] = PQCB (Version);
EIN = PQIntNoise (fc):

end
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% BblAenieHne namsaTn
XwWN2 = zeros (1, NF/2+-1);

% thunbTpauua Ha OCHOBE MOJENN BHELUHEro 1 CpefHero yxa
Xw2(1,:) = W2 * X2(1.1:NF/2+1);

Xw2(2,:) = W2 * X2(2.1:NF/2+1);

for (k = 0:NF/2)

XWN2(k+1)= (Xw2(1.k+1) - 2 « sqrt (XW2(1 k+1) * Xw2(2.k+1))...

+ Xw2(2.k+1)):
end

Eb(1.:) = PQgroupCB (Xw2(1.:), Version):
Eb<2.:) = PQgroupCB (Xw2(2.:), Version);
EbN = PQgroupCB (XwN2. Version);

E(1.:) = Eb<1.:) + EIN:
E(2,:) = Eb(2.:) + EIN:

Es(1,:)= PQspreadCB (E(1,:), Version);
Es{2.:) = PQspreadCB (E(2.:>, Version):

function (Ehs. Ef] = PQ_timeSpread (Es. Ef)
persistent Nca b

if (isempty (Nc))

[Nc. fc] = PQCB ('Basic'):

Fs =48000;

NF = 2048;

Nadv = NF / 2:

Fss = Fs/Nadyv;

1100 = 0.030:

tmin = 0.008;

[a. b) = PQtConst (1100. tmin. fc. Fss);
end

Ehs = zeros (1. Nc);

for (m = 0:Nc-1)
Ef(m+1) =a(m+1) * Ef(m+1) + b(m+1) ' Es(m+1);
Ehs(m+1) = max(Ef(m+1). Es(m+1)):

end

function X2 = PQDFTFrame (x)
persistent h\v
NF = 2048:

if (isempty (hw))
Amax = 32768;
fc = 1019.5:
Fs =48000;
Lp =92;
GL = PQ_GL (NF. Amax. ftVFs. Lp);
hw = GL ' PQHannWin (NF):
end

XW = hw .* x;
X = PQRFFT (xw. NF. 1);
X2 = PQRFFTMSq (X. NF);

%
function GL = PQ_GL (NF. Amax. fcN. Lp)

W = NF -1;
gp = PQ_gp (fcN. NF. W);
GL = 10*(Lp/ 20) / (gp *Amax/4 *W):
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function gp = PO_gp (fcN. NF. W)

df= 1/ NF;
K = floor (fcN / df);
dfN = min ((k+1) * df - fcN. fcN - k * df):

dfw = dfN *W:
gp = sin(pi *dfW) | (pi *dfw * (1 - dfW*2)):

function Lim = PQdataBoundary (WAV. Nchan, Starts. Ns)

PQ_L=5:
Amax = 32768;
NBUFF = 2048;
PQ_ATHR =200 * (Amax / 32768);
Lim(1)= -1:
is = StartS;
EndS = Starts + Ns -1;
while (is <= EndS)
Nf = min (EndS - is + 1. NBUFF):
x = PQgetData (WAV. is. Nf);
for (k =0:Nchan-1)
Lim(1) = max (Lim(1), PQ_DataStart (x(k+1,:). Nf. PQ_L. PQ_ATHR));
end
if (Lim(1) >= 0)
Lim(1) = Lim(1) & is;
break
end
is = is + NBUFF - (PQ_L-1);
end
Lim(2) = -1;
is = StartS;
while (is <= EndS)
Nf = min (EndS - is + 1. NBUFF);
ie =is + Nf- 1;
js = EndS - (ie - Starts + 1) ¢ 1;
x = PQgetData (WAV. js. Nf):
for (k = 0:Nchan-1)
Lim(2) = max (Lim{2). PQ_DataEnd (x(k+1.:). Nf. PQ_L. PQ_ATHR));
end
if (Lim(2) >= 0)
Lim(2) = Lim(2) +]js;
break
end
is = is + NBUFF - (PQ_L-1);
end
if (- (Lim(1) >=0 & Lim(2) >=0) | (Lim(1) < 0 & Lim(2) < 0)))
error ('» > PQdataBoundary: limits have difference signs');
end
if {-(Lim(1) <= Lim(2)))
error f» > PQdataBoundary: Lim(1) > Lim(2)");
end

if (Lim(1) < 0)
Lim(1) = 0;
Lim(2) = 0;

end

function ib = PQ_DataStart (x. N. L. Thr)

ib=-1;
s=0;
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M = min (N. L);
for (i =0:M-1)
s =s + abs (x(i+1));
end
if (s > Thr)
ib=0;
return
end

for (i = 1:N-L)
s =s + (abs (x(i+L-1+1)) - abs (x(i-1+1)));
if (s > Thr)
ib =1
return
end
end

Yo~
function ie = PO_DataEnd (x. N, L. Thr)

ie =-1:
s=0;
M = min (N. L);

for (i = N-M:N-1)
s =s + abs (x(i+1));
end
if (s > Thr)
ie = N-1;
return
end

for (i = N-2:-1:L-1)
s =s + (abs (x(i-L+1+1)) - abs (x(i+1+1))); if (s > Thr)
ie =i
return
end
end

function x = PQgetData (WAV. i, N)
persistent Buff

iB = WAV.IB + 1;

if (N ==0)
Buff(iB).N = 20 * 1024; % Fixed size
Buff(iB).x = PQ_ReadWAV (WAV. i. Buff(iB).N):
Buff(iB).i = i;

end

if (N > Buff(iB).N)
error ('» > PQgetData: Request exceeds buffer size');
end
is =i - Buff(iB).i;
if (is <0 |is + N- 1> Buff(iB).N - 1)
Buff(iB).x = PQ_ReadWAV (WAV. i. Buff(iB).N):
Buff(iB).i = i;
end
Nchan = WAV.Nchan;
is =i - Buff(iB).i;
x = Buff(iB).x(1:Nchan.is+1 :is+N-1+1);

function x = PQ_ReadWAV (WAV. i. N)

Amax = 32768;
Nchan = WAV.Nchan;
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x = zeros (Nchan, N);

Nz =0;
if0 < 0)
Nz = min (-i. N):
i=i+ Nz
end
Ns = min (N - Nz, WAV.Nframe - i);
if i >=0& Ns >0)
x{1:Nchan.Nz+1:Nz+Ns-1+1) =Amax ' (wavread (WAV.Fname. [i+1 i+Ns-1+1]))3
end

function hw = PQHannWin (NF)
hw = zeros (1, NF);

for (n = 0:NF-1)
hw(n+1) = 0.5 * (1 - cos(2 *pi * n/ (NF-1)));
end

function Fmem = PQinitFMem (Nc. PCinit)

Fmem.TDS.Ef(1;2.1;Nc) = 0;
Fmem.Adap.P(1:2,1:Nc) = 0;
Fmem,Adap.Rn(1;Nc) = 0;
Fmem.Adap.Rd(1;Nc) = 0;
Fmem.Adap.PC(1:2.1:Nc) = PCinit;
Fmem.Env.Ese(1;2.1;Nc) =0;
Fmem.Env.DE(1:2.1:Nc) = 0;
Fmem.Env.Eavg(1:2.1;Nc) = O;

function EIN = PQIntNoise (f)

N = length (f);

for (m = 0:N-1)
INdB = 1.456 * (f(m+1) / 1000)n(-0.8):
EIN(m+1) = 10A(INdB / 10);

End

function X = PORFFT (x. N. ifn)

if (ifn > 0)
X = fft (x, N);
XR = real{X(0+1;N/2+1));
Xl = imag(X(1+1 :N/2-1+1));
X = [XR Xl);

else
XR = [x(0+1:N/2+1)]:
xI = [0 X(N/2+1+1:N-1+1) 0].
x = complex (xR xR(W2-1+1:-1:1+1)]. [x| -xI(N/2-1+1:-1;1+1)]);
X =real (ifft (x. N));

end

function X2 = PORFFTMSq (X. N)
X2 =zeros (1.N/2+1);

X2(0+1) = X(0+1)A2;
for (k = 1:N/2-1)
X2(k+1) = X(k+1)A2 + X(N'2+k+1 )n2;
end
X2(N/2+1) = X(N/2+1)A2;



function [a. b] = PQtConst (M 00. tmin, f . Fs)
N = length (f):
fof (m = 0:N-1)
t =tmin + (100 / f(m+1)) * (t100 - tmin);
a(m+1) = exp (-1 / (Fs *1));
b(m+1) = (1 - a(m+1));
end

function W2 = PQWOME (f)
N =length (f);
for (k = 0:N-1)

fkHz = f(k+1)/1000;

AdB =-2.184 * fkHzA-0.8) + 6.5 * exp(-0.6 * (fkHz - 3.372)...

- 0.001 *1kHrn(3.6):
W2(k+1) = 10f(AdB / 10);
end

function WAV = PQwavFitePar (File)
persistent iB
if (isempty (iB))
iB=0;
else
iB=mod (B + 1, 2);
end
[size WAV.Fs Nbit] = wavread (File, 'size’):
WAV.Fname = File;
WAV.Nframe = size{1);
WAV.Nchan = size(2);
WAV.IB = iB;
PQgetData (WAV. 0. 0);

function MOV = PQavgMOVB (MOVC. Nchan. Nwup)

Fs = 48000;

NF =2048:
Nadv = NF/ 2;
Fss = Fs/ Nadv:
tdel =0.5;

tex = 0.050:

[MOV(0+1). MOV(1+1)l = PQ_avgBW (MOVC.BW);

% Total NMRB. RelDisIFramesB

(MOV(2+1). MOV(10+1)J = PQ_avgNMRB (MOVC.NMRY);
% WinModDiffIB. AvgModDiffIB. AvgModDiff2B

N500ms = ceil (tdel * Fss):
Ndel = max (0. N500ms - Nwup):

(MOV(3+1). MOV{6+1). MOV(7+1)] = PQ_avgModDiffB (Ndel. MOVC.MDiff);

% RmsNoiseLoudB

N50ms = ceil (tex * Fss):

Nloud = PQloudTest (MOVC.Lood);
Ndel = max (Nloud + N50ms. Ndel):

MOV(8+1) = PQ_avgNLoodB (Ndel. MOVC.NLoud);

% ADBB. MFPDB

(MOV{4+1), MOV(9+1)] = PQ_avgPD (MOVC.PD);

% EHSB

MOV(5+1) = PQ_avgEHS (MOVC.EHS);
%
function EHSB = PQ_avgEHS (EHS)
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[Nchan. NpJ = size (EHS.EHS);

s=0;
(or (j = 0:Nchan-1)
s =s+ PQ_LinPosAvg (EHS.EHS(j+1.));
end
EHSB = 1000*s/Nchan:

%
(unction [ADBB. MFPDB] = PQ_avgPD (PD)

global PQopt

cO=0.9:
if (isempty (PQopt))
cl=1
else
cl = PQopt. PDfactor;
end

N = length (PD.Pc):

Phc = 0;

Pcmax = 0:

Qsum =0:

nd =0;

for (i= 0:N-1)
Phc = cO* Phc + (1 - cO) * PD.Pc<i+1);
Pcmax = max (Pcmax *cl1. Phc):

if (PD.Pc(i+1) > 0.5)
nd=nd + 1;
Qsum = Qsum + PD.Qc(t+1);
end
end

if (nd == 0)
ADBB = 0;
elseif (Qsum > 0)
ADBB = tog 10 (Qsum/nd):
else
ADBB =-0.5:
end

MFPDB = Pcmax;

function [TotaINMRB, RelDistFramesB] = PQ_avgNMRB (NMR)

(Nchan. NpJ = size (NMR.NMRavg);
Thr = 10X1.5/ 10);

s=0;
for (j = 0:Nchan-1)
s=s+ 10 *log10 (PQJJInAvg (NMR.NMRavg(j+1,:)));
end
TotaINMRB =s / Nchan;

s=0;
for (j = 0:Nchan-1)
s = s+ PQ_FractThr (Thr. NMR.NMRmax(j+1
end
RelDistFramesB = s / Nchan:
0

(4,

function [BandwidthRefB. BandwidthTestB] = PQ_avgBW (BW)
[Nchan. Np] = size (BW.BWRef).

sR =0;
sT=0:
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for (j = 0:Nchan-1)
sR =sR + PQ_LinPosAvg (BW.BWRef(j+1.:));
sT = sT + PQ_LinPosAvg (BW.BWTest(j+1.:));
end
BandwidthRefB = sR | Nchan;
BandwidthTesIB = sT/ Nchan,

(unction [WinModDifdB. AvgModDiffIB. AvgWodDiff2B] = PQ_avgModDif(B (Ndel. MDiff)

NF =2048:
Nadv = NF/ 2:
Fs = 48000;

Fss = Fs/ Nady;
tavg = 0.1;

[Nchan. Np] = size (MDiff.MtIB);
L =floor (tavg * Fss):
s=0:
for (j = 0:Nchan-1)
s=s+ PQ_WinAvg (L. MDiff. Mt1B(j+1.Ndel+1:Np-1-M));
end
WinModDifdB = s/Nchan;
s=0;
for (j = 0:Nchan-1)
s =s + PQ_WtAvg (MDiff.Mt1 B(j+1.Ndel+1:Np-1+1). MDiff. Wi(j+1.Ndel+1:Np-1+1));
end
AvgModDiffIB = s/ Nchan;
s=0;
for 0 = 0:Nchan-1)
s =s + PQ_WtAvg (MDiff.Mt2B(j+1,Ndet+1:Np-1+1). MDiff Wt(j+1,Ndel+1:Np-1+1));
end
AvgModDiff2B = s/ Nchan;

function RmsNoiseLoudB = PQ_avgNLoudB (Ndel. NLoud)
[Nchan. Np] = size (NLoud.NL);

s=0;
for (j = 0:Nchar>-1)
s =s + PQ_RMSAvg (NLoud.NL(j+1.Ndel+1:Np-1+1));
end
RmsNoiseLoudB = s / Nchan;

%
function s = PQ_LinPosAvg (x)

N = length(x);

Nv =0;
s=0:
for (i = 0:N-1)
if (x(i+1) >=0)
s =s + x(i+1);
Nv =Nv + 1;
end
end

if (Nv > 0)
s=s/Ny;
end

function Fd = PO_FractThr (Thr, x)
N = length (x):
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Nv = 0;

for (i = 0:N-1)
if (x(i+1) > Thr)

Nv =Nv + 1;

end

end

if (N> 0)
Fd=Nv/N:

else
Fd = 0;

end

function s = PO_WinAvg (L, x)
N = length (x);

s=0;
for (i = L-1:N-1)
t=0;
for (m =0:L-1)
t =t + sqrt(x(i-m+1)):
end
s=s+(t/L)M:
end

if (N>=1L1)
s=sqrt(s/ (N-L+ 1))
end

function s = PO_VVtAvg (x. W)
N = length (x);

s=0;

sW =0;

for (i= 0:N-1)
s=s+ W(i+1) *x(i+1);
sW = sW + W(i+1);

end
if (N> 0)

s =s/sW;
end

function LinAvg = PQ_LinAvg (x)

N = length (x);
s=0;
for (i = 0:N-1)

s = s + x(i+1);
end

LinAvg = s N;

function RMSAvg = PQ RMSAvg (x)

N = length (x):
s=0;
for <= 0:N-1)

s = s+ x(i+l)n2:
end

if (N > 0)

RMSAvg = sqrt(s | N):
else

RMSAvg =0;
end



function PQframeMOV (i. MOVI)
global MOVC

[Nchan.Nc] = size (MOVC.MDiff.Mt1B):
for (j = 1:Nchan)

% Modulation differences
MOVC.MDiff.Mt1B(j,i+1) = MOVI(j)-MDiff. Mt1B;
MOVC.MDiff.Mt2B(j.i+1) = MOVI(j).MDiff.Mt2B;
MOVC.MDiff. Wt(j.i+1) = MOVI(j).MDiff.Wt;

% Noise loudness
MOVC.NLoud.NL(j,r+1) = MOVI(j).NLoud.NL:

% Total loudness
MOVC.Loud.NRef(j,i+1) = MOVIG).Loud.NRef;
MOVC.Loud.NTest(j.i+1) = MOVI(j).Loud.NTest:

% Bandwidth
MOVC.BW.BWRef(j.i+1) = MOVI(j).BVV.BWRef;
MOVC.BW.BVVTest(j.i+1) = MOVI(j).BW.BWTest;

% Noise-to-mask ratio

MOVC.NMR.NMRavgO.i+1) = MOVI(j).NMR.NMRavg:
MOVC.NMR.NMRmax(j.i+1) = MOVI(j).NMR.NMRmax.

% Error harmonic structure
MOVC.EHS.EHS(j.i+1) = MOVIO0).EHS.EHS;
end

% Probability of detection (collapse frequency bands)

(MOVC.PD.Pc(i+1), MOVC.PD.Qc(i+1)] = PQ_ChanPD (MOVI):

%
function [Pc. Qc] = PQ_ChanPO (MOVI)

Nc = length (MOVI(I).PD.p):
Nchan =length (MOVI);

Pr= 1
Oc =0;
if (Nchan > 1)
for(m =0:Nc-1)
pbin = max (MOVI(1).PD.p(m+1). MOVI(2).PD.p(m+1));
gbin = max (MOVI(1).PD.q(m+1). MOVI(2).PD.g(m+1));
Pr=Pr*(1 - pbin);
Qc =Qc +qgbin;
end
else
for (m =0:Nc-1)
Pr=Pr* (1 - MOVI.PD.p(m+1));
Qc = Qc + MOVI.PD.g(m+1);
end
end

Pc=1-Pr

function Ndel = PQloudTest (Loud)
[Nchan. Np] = size (Loud.NRef):

Thr=0.1;
Ndel = Np;
for (j = 0:Nchan-1)

Ndel = mm (Ndel. PQ_LThresh (Thr. Loud.NRef(j+1,:). Loud.NTest(j+1,:)));

end
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function it = PO_LThresh (Thr, NRef. NTest)
Np = length (NRef):

it = Np;
for (i= 0:Np-1)
if (NRef(i+1) > Thr & NTest(i+1) > Thr)
it=1i;
break:
end
end

function BW = PQmovBW (X2)
persistent kx kl FR FT N

if (isempty (kx))

NF =2048;

Fs =48000:

fx = 21586:

kx = round (fx / Fs *NF): %921

fl = 8109;

kl =round (fl/ Fs * NF); % 346

FRdB = 10;

FR = 10*(FRdB / 10);

FTdB = 5:

FT = 10AFTdB / 10);

N =NF/2; % Limit from pseudo-code
end

Xth = X2(2.kx+1);
for (k = kx+1:N-1)

Xth = max (Xth. X2(2.k+1));
end

BW.BWRef = -1;
XthR = FR * Xth:
for (k = kx-1:-1:kl+1)
if (X2(1,k+1)>= XthR)
BW.BWRef =k + 1:
break:
end
end

BW.BWTest = -1;
XthT = FT * Xth;
for (k = BW.BWRef-1:-1:0)
if (X2(2.k+1) >= XthT)
BW.BWTest = k + 1;
break;
end
end

function MDiff = PQmovModDiffB (M. ERavg)
persistent Nc Ete

if (isempty (Nc))
e =0.3:
(Nc. fc} = POCB ('‘Basic’);
Et = PQIntNoise (fc);
for (m = 0:Nc-1)

Ete(m+1) = Et(m+1)*e;

end

end
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negWI2B =0.1;
offsetlB = 1.0;
offset2B = 0.01;
levWt = 100.
s1lB =0;

s2B =0;
Wt=0;

for {m = 0:Nc-1)
if (M(1,m+1) > M(2.m+1))
numi1B = M{1,m+1) - M(2.m+1>
num2B = r>egWI2B * num1B;
else
numilB = M(2.m+1) - M(1.m+1);
num2B = num1B:
end
MD1B =num1B/(offsetlB + M(1.m+1)):
MD2B =num2B/ (offset2B + M(1.m+1)):
s1B =s1B + MD1B;
s2B =s2B ¢« MD2B
Wt = Wt + ERavg(m+1) i (ERavg(m+1) + levWt * Ete(m+1));
end

MDiff.MtIB = (100 / Nc) * s1B;
MDIff.Mt2B = (100 / Nc) * s2B:
MDiff.Wt = Wt;

function NL = PQmovNLoudB (M. EP)

persistent Nc Et

if (isempty (Nc))
[Nc. fc) = PQCB CBasic');
Et = PQIntNoise (fc).
end

alpha = 1.5;
TFO = 0.15;
SO =0.5;
NLmin = 0;
e =0.23;

s=0;
for (m = 0:Nc-1)
sref =TFO * M(1,m+1) + SO,
stest = TFO * M(2.m+1) + SG;
beta = exp (-alpha * (EP(2.m+1) - EP(1.m+1)) / EP(1.m+1));
a = max (stest * EP(2.m+1) - sref * EP(1.m+1). 0);
b = Et(m+1) + sref * EP(1.m+1) * beta;
s=s+ (Et(m+1)/stest)® *((1 + a/b)re - 1);
end

NL = (24 / Nc) *s;

if (NL < NLmin)
NL =0;

end

function NMR = POmovNMRB (EbN. Ehs)
persistent Nc gm

if (isempty (Nc))
[Nc. fc. fl. fu. dz] = PQCB (-Basic’);
gm = PQ_MaskOffset (dz. Nc);
end
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NMR.NMRmax = 0;
s=0;
for (m = 0:Nc-1)
NMRm = EbN(m+1)/(gm(m+1)*Ehs{m+1));
s=s+NMRm;
if (NMRm > NMR.NMRmax)
NMR.NMRmax = NMRm;
end
end
NMR.NMRavg =s/ Nc;

function gm = PQ_MaskOffset (dz. Nc)

for (m = 0:Nc-1)
if(m <= 12 /dz)
mdB = 3:
else
mdB =0.25 *m *dz:
end
gm{m+1)= 10A(-m d B/10):
end

function PD = PQmovPD (Ehs)
Nc = length (Ehs):

PD.p = zeros (1, Nc):
PD.q = zeros (1. Nc);

persistent ¢ g d1 d2 bP bM

if (isempty (c))
¢ =[-0.198719 0.0550197 -0.00102438 5.05622e-6 9.01033e-11);
dl =5.95072:
d2 = 6.39468;
g = 1.71332:
bP =4;
bM = 6;
end

for (m = 0:Nc-1)

EdBR = 10 * 10910 (Ehs(1.m+1)):
EdBT = 10 ' log 10 (Ehs(2.m+1));
edB = EdBR - EdBT;
if (edB > 0)

L=0.3 * EdBR + 0.7 * EdBT;

b = bP:
else

L = EdBT;

b = bM;
end
if (L>0)

s=dl *(d2 /L)*g ..

+c(1) +L*(c(2) + L* (cf3) + L * (c<4) + L *c<5)));

else

s = 1e30:
end
PD.p(m+1) = 1 - 0.5A(edB / s)Ab);
PD.g(m+1) = abs (fix(edB)) / s:

end

function PQprtMOV (MOV. ODG)

N = length (MOV);
PQ_NMOV_B = 11;
PQ_NMOV_A=5:
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fprintf (‘'Model Output Vanables:W):

if (N == PQ_NMOV_B)
fprintf ' BandwidthRefB: %g\n\ MOV(1));
fprintf C BandwidthTestB: %g\n'. MOV(2));
fprintf (' Total NMRB: %g\n\ MOV(3)):
fprintf C WinModDiff1B: %g\n\ MOV (4)):
fprintf (» ADBB: %g\n'. MOV(5));
fprintf C EHSB: %g\n'. MOV(6));
fprintf C  AvgModDiffl B: %g\n\ MOV(7));
fprintf (¢ AvgModDiff2B: %g\n\ MOV(8));
fprintf C RmsNoiseLoudB: %g\n’, MOV(9)>;
fprintf (o MFPDB: %g\n'. MOV(10));
fprintf C ReJDistFramesB: %g\n\ MOV(11));

elseif (N == NMOV_A)
fprintf (! RmsModDiffA: %g\n'. MOV(1)):
fprintf (' RmsNoiseLoudAsymA: %g\n’. MOV(2));
fprintf ( Segmental NMRB: %g\n\ MOV(3)):

fprintf C EHSB: %g\n'. MOV(4)).
fprintf C AvgLmDstA: %g\n\ MOV(5));
else
error ('Invalid number of MOVS');
end

fprintf ('Objective Difference Grade: %.3f\n". ODG):
return:

function PQprtMOVCi (Nchan. i. MOVC)
fprintf (‘Frame: %d\n'. i);

if (Nchan == 1)
fprintf (¢ Ntot : log % g\n\...
MOVC.Loud.NRef(1,i+1), MOVC.Loud.NTest(1.i+1));
fprintf (' ModDiff: %g %g % g\n\...

MOVC.MDiff.Mt1 B(1,i+1), MOVC.MDiff. Mt2B(1.i+1). MOVC.MDiff.Wt(1.i+1));

fprintf " NL  :%g\n'. MOVC.NLoud.NL(1.r+1));
fprintf C BW  :%g %g\n'....

MOVC.BW.BWRef(1.i+1). MOVC BW.BWTest(1.«+1));
fprintf ¢ NMR  :%g%g\n'....

MOVC.NMR.NMRavg(1.i+1). MOVC.NMR.NMRmax(1,H1));
fprintf (" PD  : %g %g\n'. MOVC.PD.Pc(i+1). MOVC.PD.Oc(i+1));
fprintf * EHS : %g\n*. 1000 * MOVC.EHS.EHS(1.i+1));

e lIsQ
fprintf (' Ntot : %g %g // %g %g\n'....

MOVC.Loud.NRef(1.i+1). MOVC.Loud.NTest(1,i+1),...

MOVC.Loud.NRef(2.i+1). MOVC.Loud.NTest(2.i+1));
fprintf (+ ModDiff: %g %g %g N %g %g %g\n'....

MOVC.MDiff.Mt1B(1.i+1). MOVC.MD.ff.Mt2B(1.i+1). MOVC.MDif.Wt(1.i+1)....
MOVC.MDiff.Mt1B(2.i+1). MOVC.MDIff.Mt2B(2.i+1). MOVC.MDiff.Wt(2.i+1)):

fprintf ¢ NL  :9%g// %g\n'....
MOVC.NLoud.NL(1.i+1)....
MOVC.NLoud.NL(2.i+1)):
fprintf ¢ BW  :%g %g // %g %g\n'....
MOVC.BW.BWRef(1.i+1). MOVC.BW.BWTest(1.i+1). ...
MOVC.BW.BWRef(2.i+1). MOVC.BW.BWTest(2.i+1)):
fprintf (' NMR  : %g %g /I F'og %gVn',...
MOVC.NMR.NMRavg(1.i+1), MOVC.NMR.NMRmax(1.i+1)....
MOVC.NMR.NMRavg(2,i+1). MOVC.NMR.NMRmax(2.i+1)):
fprintf (" PD  : %g %g\n'. MOVC.PD.Pc(i+1). MOVC.PD.Qc(i+1));
fprintf ¢« EHS ; %g Il %g\n',...
1000 * MOVC.EHS.EHS(1.i+1)....
1000 * MOVC.EHS.EHS(2.i+1));
end
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function EHS = PQmovEHS (xR. xT. X2)
persistent NF Nadv NL M Hw

if (isempty (NL))

NF =2048:

Nadv =NF / 2:

Fs =48000:

Fmax = 9000;

NL = 2A(PQ_log2(NF * Fmax / Fs)):

M = NL:

Hw = (1/ M) *sqrt(8 / 3) * PQHannWin (M);
end

EnThr = 8000;
kmax = NL+ M -1:

EnRef = xR(Nadv+1:NF-1+1) *xR(Nadv+1:NF-1+1)"
EnTest = xT(Nadv+1:NF-1+1) * xT(Nadv+1:NF-1+1)";
if (EnRef < EnThr & EnTest < EnThr)

EHS =-1;

return;
end

D = zeros (1. kmax):
for (k = 0:kmax-1)

D(k+1) =log (X2(2.k+1)/ X2(1.k+1));
end

C = PQ_Corr (D. NL. M);

Cn = PO_NCorr (C. D. NL. M):
Cnm = (1/ NL) * sum (Cn{1 :NL));
Cw =Hw * (Cn - Cnm);

% DFT

cp = PQRFFT (Cw. NL. 1)

c2 = PQRFFTMSq (cp. NL);

EHS = PQ_FindPeak (c2. Nb'2+1);
%
function tog2 = PQ_log2 (a)

tog2 = 0;

m=1;

while (m <a)
log2 = log2 ¢ 1;
m=2*m;

end

tog2 = log2 -1:

function C = PQ_Corr (D. NL. M)

NFFT =2 * NL:
DO = (D(1:M) zeros(I.NFFT-M)};
D1 = [D(1:M+NL-1)zeros(1.NFFT-(M+NL-1))I;

dO = PQRFFT (DO. NFFT. 1);
dl = PQRFFT (D1.NFFT. 1);

dx(0+1) =d0(0+1) * d1(0+1):
for (n= 1:NFFT/2-1)
m = NFFT/2 +n;
dx(n+1) = dO(n+1) *d 1(n+1) + dO(m+1) *d1(m+1):
dx(m+1) = dO(n+1) *d1(m+1) - dO(m+1) *d1(n+1);
end
dx(NFFT/2+1) = dO(NFFT/2+1) * d1(NFFT/2+1):
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% Inverse DFT
Cx = PQRFFT (dx. NFFT.-1);
C = Cx(1:NL);

function Cn = PQ_NCorr (C. D. NL. M)
Cn = zeros (1.NL):

sO = C(0+1);
sj = sO;
Cn(0+1) = 1;
for (i= 1:NL-1)
sj = sj + (D(i+M-1+1)A - 0{M +1)/P);
d =sO*sj;
if (d <=0)
Cn(i+1) = 1;
else
Cn(i+1) = C(i+1) | sqrt (d);
end

function EHS = PQ_FindPeak (c2. N)

cprev = c2(0+1);
ctax =0;
for(n = 1:N-1)
if (c2{n+1) > cprev) % Rising from a valley
if (c2(n+1)> cTax)
cTax =c2(n+l);
end
end
end
EHS = cTax;

function [EP, Fmem] = POadapt (Ehs, Fmem. Ver, Mod)
persistenta b Nc M1 M2 Version Model

if (-strcmp (Ver. Version) | -strcmp (Mod. Model))
Version = Ver;
Model = Mod;
if (strcmp (Model. '"FFT))
[Nc. fcj = PQCB (Version);
NF = 2046;
Nadv = NF/ 2;
else
[Nc. fc] = PQFS;
Nadv = 192;
end
Version = Ver;
Model = Mod;
Fs =48000;
Fss = Fs/ Nady;
1100 = 0.050:
tmin = 0.008;
[a b] = PQtConst (100. tmin. fc. Fss);
[MI. M2] = PQ_M1M2 (Version. Model);
end

EP = zeros (2. Nc);
R =zeros (2. Nc):
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sn =0:

sd =0;

for (m = 0:Nc-1)
Fmem.P(1.m+1) = a(m+1) * Fmem.P(1.m+1} + b(m+1) * Ehs(1,m+1):
Fmem.P(2.m+1) = a(m+1) * Fmem.P(2,m+1) + b(m+1) * Ehs(2.m+1);
sn =sn + sqrt (Fmem.P(2.m+1) * Fmem.P(1.m+1));
sd = sd + Fmem.P(2,m+1);

end

CL=(sn/sdr2:
for (m = 0:Nc-1)

if (CL>1)
EP(1.m+1) = Ehs(1.m+1) / CL:
EP(2.m+1) = Ehs(2,m+1);
else
EP(1.m+1) = Ehs(1,m+1):
EP(2.m+1) = Ehs(2,m+1) * CL;
end

Fmem.Rn(m+1) = a(m+1) * Fmem.Rn(m+1) + EP(2.m+1) * EP(1.m+1):
Fmem.Rd(m+1) =a(m+1) * Fmem.Rd(m+1) + EP(1,m+1) * EP(1.m+1):
if (Fmem.Rd(m+1) <= 0 | Fmem.Rn(m+1) <= 0)

error (*»> PQadap: Rd or Rn is zero');

end

if (Fmem.Rn(m+1) >= Fmem.Rd(m+1))
R(1.m+1) = 1;
R(2.m+1) = Fmem.Rd(m-H)/ Fmem.Rn(m+1):

else
R(1,m+1) = Fmem.Rn(m+1)/ Fmem.Rd(m+1);
R(2,m+1) = 1;

end

end

for (m = 0:Nc-1)
iL=max(m-M1,0);
iU = min (m + M2. Nc-1);
sl =0;
s2 =0:
for (i = iL:iU)
sl =s1 + R(1.i+1);
s2 =s2 + R(2,i+1);
end
Fmem.PC(1.m+1) = a(m+1) * Fmem.PC(1.m+1) + b(m+1) * sl / (iU-iL+1);
Fmem.PC(2,m+1) =a(m+1) * Fmem.PC(2.m+1) + b(m+1) *s2 / (iU-iL+1):

EP(1.m+1) = EP(1,m+1) * Fmem.PC(1.m+1);
EP(2,m+1) = EP(2,m+1) * Fmem.PC(2.m+1);
end
%
function (M1. M2] = PQ_M1M2 (Version. Model)

if (strcmp (Version. 'Basic’))
M1 =3;
M2 = 4;

elseif (strcmp (Version. 'Advanced'))
if (strcmp (Model. 'FFT’))

M1 = 1;

M2 = 2;
else

M1 = 1;

M2 =1;
end

end
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function Ntot = POloud (Ehs. Ver, Mod)
e =0.23;
persistent Nc s Et Ets Version Model

if (-strcmp (Ver. Version) |-strcmp (Mod, Model))
Version = Ver;
Model = Mod;
if (strcmp (Model. *FFT))
[Nc. fc) = PQCB (Version);
c= 1.07664:
else
[Nc. fcj = PQFB;
c= 1.26539;
end
EO = le4;
Et = PQ_enThresh (fc):
s = PQ_exIndex (fc);
for(m =0:Nc-1)
Ets(m+1) = ¢ * (Et(m+1)/ (s(m+1) * EQ))re;
end
end

sN =0;

for (m = 0:Nc-1)
Nm = Ets(m+1) *((1 - s(m+1) s(m+1)* Ehs(m+1)/ Et(m+1))Ae -1);
sN = sN + max(Nm. 0);

end

Ntot = (24 / Nc) * sN;

%
function s = PQ_exIndex (f)

N = length (O;

for (m = 0:N-1)
sdB =-2 - 2.05 * atan(f(m+1) 14000) - 0.75 * atan((f(m+1) / 1600"2);
s(m+1) = 10A(sdB / 10):

end

function Et = PQ_enThresh (f)

N = length (0:

for (m = 0:N-1)
EtdB = 3.64 * (f(m+1)/ 1000)4-0.8);
Et(m+1) = 10AEtd8 / 10):

end

function [M. ERavg. Fmem] = PQmodPatt (Es. Fmem)
persistent Nc a b Fss

if (isempty (Nc))

Fs =48000;

NF = 2048;

Fss = Fs/ (NF/2);

[Nc. fc) = PQCB ('Basic’);

t100 = 0.050;

tO = 0.008;

[a. b] = PQtConst (M00. 0. fc. Fss):
end

M = zeros (2. Nc):
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e =0.3;
for (i= 1:2)
for (m = 0:Nc-1)
Ee = Esfim+Ite;
Fmem.DE(i.m+1) =a(m+1) * Fmem.DE(i.m+1)...
+ b(m+1) *Fss * abs (Ee - Fmem.Ese(i.m+1)>;

Fmem.Eavg(i,m+1) =a(m+1) * Fmem.Eavg(i.m+1) + b(m+1) * Ee;
Fmem.Ese(i,m+1) = Ee;

M(i.m+1) = Fmem.DE(i.m+1)/ (1 + Fmem.Eavg(i,m+1)/0.3);
end
end

ERavg = Fmem.Eavg(1.:>;

B.2 nctuHr nporpammbl pacyeta metpukn PEAQ Ha a3bike C
®aiin: common.h

«define DEBUG
«define HANN 2048
«define BARK 109

«define DOUBLE

«if defined(DOUBLE)

«define module(x) fabs((double) x)

«define p(x.y) pow({double}x. (double)y)
#e)if defined(LDOUBLE)

«define module(x) fabsl{(long double) x)

«define p(x.y) powf((long double)x. (long double)y)
«endif

«defined 1.0

[oxrrromRt ... FRERE AN L *ekx]

«define AVGHANN
«define SKIPFRAME
«define GETMAX

«define Fup 18000.0
«define Flow 80.0
«define PATCH 1
ed

«define LOGVARIABLE

«ifdef LOGVARIABLE
«define LOGALLFRAMES
«endif

r

struct processing {
double fftref[HANNe2];
double ffttest{HANN/2);
double ffteref[HANN.");
double fftetestfHANN/2];
double fnoise[HANN/2]:
double pptest(BARK):
double ppreflBARK);
double ppnoise(BARK);
double E2test{BARKI;
double E2ref[BARKj:
double Etest(BARK);
double Eref[BARK];
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double Mref[BARK];
double Modtest(BARK);
double ModreflBARKJ;

daiin: peagb.h
#define LOGRESULT "analized*

«ifdef DEBUG
«define LOGFILE 'debugged.bet”
«endif

«define OPT_REF 0x01
#define OPT_TEST 0x02

«define THRESHOLDDELAY 0.050
«define AVERAGINGDEALAY 0.5

«define B(1) 7 * asinh<(double” ."650)
«define BI(z) 650 * sinh((double)z /7)

I Function prototypes */

void fatalerr(char

void usage(char *):

void logvariable{const char *. double *. int):

void ProcessFrame(signed int *. signed int *. int. signed int *
signed int\ int. int. int. int);

/* Prototypes end V

daiin: peagb.c

«include <stdio.h>
«include <stdlib.h>
«include <string.h>
«include <stdarg.h>
«include <getopt.h>
«include <assert.h>
«include <math.h>
«include <fftw.h>

«include <common.h>
«include <wavedump.h>
«include <getframe.h>
«include «bandwidth ,h>
«include <levpatadapt.h>
«include <moddiff.h>
«include <modulation.h>
«include <loudness.h>
«include <neural.h>
«include <nmr.h>

«include <detprob.h>
«include <energyth.h>
«include <harmstruct.h>
«include <boundary.h>
«include <critbandgroup.h>
«include <earmodelfft.h>
«include <noiseloudness.h>
«include <reldistframes.h>
«include «spreading.h>
«include <timespreading.h>
«include «threshold.h>
«include «peagb.h>

extern int ermo;
char 'fileref. *filetest:
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double hannwindow[HANN];

double Etesttmpch1[BARK), Etesttmpch2[BARK]. Ereftmpch1[BARK].
Ereftmpch2[BARK]. Cffttmpch1[HANN/2], Cffttmpc*i2[HANNf2];

int delaytimel. delaytime2:

int count = 0;

int harmsamples = 1;

fftw_plan plan. plan2:

[ Bark Tables */
double *fL, *fC. *fU;
int bark:

struct levpatadaplin levinchl. levinch2;
struct modulationin modintestchl. modintestch2. modinrefchl. modinrefch2:
struct moddiffin moddiffinchl. moddiffinch2:
struct bandwidthout bandwidthchl. bandwidthch2:
struct outframes processed:
int
main(int argc. char "argv[])
{

signed int chlref([HANN]:

signed int ch2ref[HANN]J;

signed int chltest|HANN]:

signed int ch2testfHANNI;

int opt_line = 0:

int rateref, numchref. bitsampleref. Ipref:

int ratetest. numchtest. bitsamptetest, Iptest:
int boundflag. totalframes = 0;

FILE 'fpref. 'fptest;

struct boundaryfiag boundbe = {0. 0};
struct out oveRet;

/* Parse command line '/
if (argc < 3)
usage(argv{01);

intc=0;

while ((c = getopt(argc, argv. "r:th")) = EOF)
switch (c) {

case *h":
usage(argv[0J);
break:

case Y:
optjine |= OPT_REF:
fileref = optarg;
break:

case T:
optjine |= OPT_TEST;
filetest = optarg;
break:

}
/* Input control V
if (I(opt_line & OPT_REF) || "fileref)
fatalen ("err: -r/-reference <arg> required"):

if (I(optdine & OPT_TEST) || I'frfetest)
fatalen ferr: -L'-test <arg> required*®);
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Ipref = LevelPression(fileref);
Iptest = LevelPression(frietest);

I* Init routines */
Il make Hann Window (2.1.3)

{
int k;
for(k=0;k<HANN;k++)

hannwindow(k] = 0.5'sqrt((double)8/3)'
(1 - cos((double)2*M_PI*k/(HANN -1)));

}
Il make Bark tables (2.1.5)

{

intk;

double zL. zU:
double *zl. *zc, *zu;
zL = B(Flow);

zU = B(Fup);

bark = ceil((zU - zL) / dz);

fL = (double *)malloc(bark * sizeof(double)):

fC = (double *)malloc(bark * sizeof(double)):

fU = (double *)malloc(bark * sizeof(double)):

zl = (double *)malloc(bark * sizeof(double));

zc = (double *)malloc(bark * sizeof(double));

zu = (double *)malk>c(bark * sizeof(double));

assert(fL != NULL && fC != NULL && fU != NULL && zl != NULL

&& zc '= NULL && zu != NULL);

for(k=0;k<bark;k++) {
zI[k] = zL + k*dz:
zulk) = zL+ (k+1)*dz;
zc[k] = 0.5 * (zI(kl + zu(k]);
}
zu[bark-1] = zU;
zc[bark -1J = 0.5 * (zl(bark-1) + zu(bark-1));

for(k=0;k<bark;k++) {
fLIK] = BI(zI(K]):
fUlk) = BI(zu[kj);
fC[K] = Bl(zc[k]);

}

free(zl);

free(zu):

free(zc);

}

Il Initialize temp var
memset(&levinchl. 0x00. sizeof(struct levpatadaptin)):
memset(&levinch2. 0x00. sizeof(struct levpatadaptin));

memset(&modintestchl. 0x00. sizeof(struct modulation”));

memset(&modintestch2. 0x00, sizeof(struct modulationin)):
memset(&modinrefch1.0x00. sizeof(struct modulationin));
memset(&modinrefch2. 0x00. sizeof(struct modulationin));

memset(Etesttmpchl. 0x00. BARK * sizeof(double));
memset(Etesttmpch2. 0x00. BARK * sizeof(double));
memset(Ereflmpchl. 0x00. BARK ' sizeof(double));
memset(Ereftmpch2. 0x00. BARK ' sizeof(double));
memset(Cffttmpch1.0x00. (HANN/2) * sizeof(double));
memset(Cffttmpch2, 0x00, (HANN.2) * sizeof(double));
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memset(&moddiffinchl. 0x00. sizeof(struct moddiffin));
memset(&moddiffinch2. 0x00. sizeof(struct moddiffin));

memsel(&bandwidthchl1, 0x00. sizeof(struct bandwidthout));
memset(&bar>dwidthch2. 0x00. sizeof(struct bandwidthout));

I ref file

if (fpref = fopen{fileref.V)) == NULL)
fatalerrTerr: %s". strerror(errno));

if ((rateref = SampleRate(fpref)) == -1)
fatalerr(*err: error in WaveHeader").

if (numchref = NumOfChan(fpref)) == -1)
fatalerr('err; error in WaveHeader");

if (bitsampleref = BitForSample(fpref)) == -1)
fatalerr(*err: error in WaveHeader");

if(FindData(fpref) == -1)
fatalerr('err: can't find Data Field");

Il test file

if ((fptest = fopen(filetest."r*)) == NULL)
fatalerrTerr: %s". strerror(errno));

if ((ratetest = SampleRate(fptest)) == -1)
fatalerr(*err: error in WaveHeader");

if {numchtest = NumOfChan(fptest)) == -1)
fatalenTerr: error in WaveHeader");

if (bitsampletest = BitForSample(fptest)) == -1)
fatalerrTerr: error in WaveHeader");

if(FindData(fptest) — -1)
fatalerrTerr: can't find Data Field");

fprintf(stdouL'Vi PEAQb Algorithm. Author Giuseppe Gottardi 'oveRet™
' <gottardi@ailinux.org>\n"):

fprintf(stdout.'ViRef Fite %s"
*\n - Sample Rate: %d"
*\n - Number Of Channel: %d"
*\n - Bits for Sample: %d"
"\n - Level Playback: %d\n\n*. fileref. rateref.
numchref. bitsampleref. Ipref);

fprintf(stdout.*ViTest File %s*
*\n - Sample Rate: %d"
*\n - Number Of Channel: %d"
"\n - Bits for Sample: %d"
"\n - Level Playback: %d\nW. filetest. ratetest.
numchtest. bitsampletest Iptest);

11 Processing
if(ratetest != rateref)

fatalerrTerr: Can't process Wave Files with different Sample Rate");
iffnumchref != numchtest)

fatalerrTerr: Can't process Mono Wave with Stereo Wave"):

Il Find delaytime 1 for Loudness Threshold

delaytime 1 = ceilf((float) THRESHOLDDELAY 'ratetest*2/HANN);
/1 Find delaytime2 for Delayed Averaging

delaytime2 = ceilf((float)  AVERAGINGDEALAY 'ratetest’2/HANN);

Il make fft plan
plan = fftw_create_plan(HANN, FFTW_FORWARD. FFTW_MEASURE);

whilefharmsamples < (Fup/ratetest)*(HANN/2.0V2.0)
harmsamples *= 2;
plan2 = fftw_create_plan(harmsamples. FFTV\'_FORWARD. FFTW_MEASURE);
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if(numchref == 1) {

if (fseek(fpref. (HANN/2)‘bitsampleref/8. SEEK_CUR) == -1)
fatalerrferr. %s". strerror(errno));

if (fseek(fptest. (HANN/2)'bitsampletest,'8. SEEK.CUR) ==-1)
fatalerrC’err. %s". strerror(errno));

#ifdef DATABOUND_BE
#undef DATABOUND_ONE

{
inti = 0. flag = 0. f1,f2;
long dalaref. datalest. bril, br2;

dataref = ftel(fpref);
datatest = ftell(fptest);

wNele(1){
brl = ftell(fpref):
br2 = ftell(fptest);
M = GetMonoFrame{fpref. (signed int ' >chlref.
bitsampleref/8. HANN):
f2 = GetMonoFrame(fptest. (signed int ‘)chlfest,
bitsampletest/8. HANN);
if(fl && f2) {
totalframes++:
if(boundary(ch 1ref. chltest. NULL. NULL. HANN) && Iflag) {
boundbe.begin = tolalframes;
flag = 1;

}

else {
fseek(fptest. brl. SEEK_SET);
fseek(fpref. br2. SEEK_SET);
break;

}
)

fseek(fplest. 4AHANN/2)*bitsampletest/8. SEEK_CUR);

fseek(fpref. -(HANN/2)*bitsamplerefc8. SEEK_CUR);
\vhile(i<totalffames) {
GetMonoFrame(fpref, (signed int *)chlref. bitsampleref/8. HANN);
GetMonoFrame(fptest. (signed int *)chiltest. bitsampletest/8. HANN);
fseek(fptest. -2’ (HANN/2rbitsampletest/8. SEEK_CUR);
fseek(fpref. -2*(HANN/2)'bitsampleref/8. SEEK_CUR);
i++;
if(boundary(chlref. chltest. NULL. NULL. HANN)) {
boundbe.end = totalframes-i;
break;

)

fseek(fptest. datatest. SEEK_SET);
fseek(fpref. dataref. SEEK_SET);

)

#endif

while (GetMonoFrame(fpref. (signed int *)chilref.
bitsampleref/8. HANN)

&& GetMonoFrame(fptest. (signed int *)chltest.
bitsampletest/8, HANN)) {

count++;

#ifdef DATABOUND_BE

if(count >= boundbe.begin && count <= boundbe.end)
boundflag = 1;

55



FOCT P 56047—2014

56

else
boundflag = 0:
ffoisQ
boundflag = boundary(chilref. chltest. NULL. NULL. HANN);
ttfdef DATABOUND_ONE

{
static int fiagl = 0. flag2 = 0;
if(boundflag && Iftagl)

flagl = 1;
if(lboundflag && flagl)
flag2 = 1;
if(flag2)
boundflag = 0:
)
#endif

ttendif

ProcessFrame((signed int *)chlref.
(signed int *)NULL. Ipref,
(signed int " )chltest.
(signed int ")NULL.
Iptest. rateref. boundflag. HANN);

oveRet = neural(processed);

fprintf(stdout.Enframe: %d"
#ifdef DATABOUND_BE

Ve

"Vidata boundary; %d -> %d~

#endif

m\nBandwidthRefb; %g*

“ViBandwidthTestb: %g’

“vnTotalNMRb %g*

“ViwinModDifflb: %g’

“viADBb: %g"

ANEHSDb; %g”

mViAvgModDifflb; %g"

'‘4AnAvgModDiff2b %g*

'ViRmsNoiseLoudb: %g*

*VIMFPDb; %g"

'ViRelDistFramesb: %g*

“UiDI: %g"

“viODG: %g\n".

count.

#ifdef DATABOUND_BE

totalframes. boundbe.begin, boundbe.end.
#endif

processed BandwidthRefb.
processed.BandwidthTestb. processed.TotaINMRb.
processed.WinModDiff1b. processed.ADBb.
processed.EHSb, processed.AvgModChffib.
processed.AvgModDiff2b.
processed.RmsNoiseLoodb. processed.MFPDb,
processed.RelDistFramesb.

oveRet.DI. oveRet.ODG);

{
FILE 'res:

res = fopen(LOGRESULT,*a+");

fprintf(res “\nFile: %s\n"
“vnframe: %d"
'ViBandwidthRefb: %g*
“ViBandwidthTestb; %g*
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InTotaINMRb %g“

\nWinModDifflb: %g"

'InADBb: %g*

nnEHSb: %g*

“\nAvgModDifflb: %g'

*1nAvgModDiff2b %g"

*\nRmsNoiseLoudb: %g*

TnMFPDb: %g"

*\nRelDistFramesb: %g"

*\nDI: %g"

*1nODG: %g\n’.

filetest, count. processed.BandwidthRefb.
processed.BandwidthTestb. processed.TotaINWRb.
processed.WinModDiff 1b. processed.ADBb.
processed.EHSb. processed.AvgModDifflb.
processed.AvgModDiff2b.

processed.RmsNoiseLoudb. processed.MFPDb,
processed.RelDistFramesb,
oveRet.DI. oveRetODG);

fctose(res);

}
)
if(numchref == 2) {
if (fseek(fpref. HANN'bitsampleref/8. SEEK_CUR) == -1)
falaterr("err %s". strerror(errno));
if (fseek(fptest. HANN'bitsamptetesL'8. SEEK.CUR) == -1)
falaterr<"efr %s*. strerror(errno));

#ifdef DATABOUND_BE
#undef DATABOUND_ONE

{
inti = 0. flag = 0. f1,f2;
long dataref. datatest. bri, br2:

dataref = ftel(fpref);
datatest = ftell(fptest);

while(1) {
brl = ftell(fpref);
br2 = ftell(fptest);
fl = GetStereoFrame(fpref. (signed int *)chlref.
(signed int *)ch2ref. bitsampleref/8. HANN);
f2 = GetStereoFrame(fptest. (signed int '>chltest.
(signed int *)ch2test. bitsampletest/B. HANN):
if(fl && f2) {
totalframes++;
if(boundary(ch 1ref. chltest. ch2ref. ch2test. HANN) && Iflag) {
boundbe.begin = totalframes:
flag = 1;
}

else {
fseek(fptest. brl. SEEK_SET):
fseek(fpref, br2. SEEK_SET);
break;
>
>
fseek(fptest. -HANN'bitsampletest/8. SEEK_CUR);
fseek(fpref. -HANN*bitsampleref/8. SEEK_CUR):
\vhile(i<totalframes) {
GetStereoFrame(fpref. (signed int *)chiref,
(s»gned int *)ch2ref. bitsampleref/8. HANN);
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GetStereoFrame(fptest, (signed int *)chltest.

(signed int *>ch2test. bitsamptetest/8. HANN):
fseek(fptest. -2-HANN'bitsamptetest/8. SEEK_CUR);
fseek(fpref. -2’HANN*bitsampleref/8. SEEK_CUR);
i++:
if(boundary(chlref. chltest, ch2ref. ch2test. HANN)) {

boundbe.end = totalframes-i+1;

break:

}
fseek(fptest. datatest SEEK_SET);

fseek(fpref. dataref. SEEK_SET):

}

#endif

white (GetStereoFrameffpref. (signed int *)chlref.

(signed int *)ch2ref, bitsampleref/8. HANN)
&& GetStereoFrame((ptest, (signed int *)chltest.
(signed int *)ch2test. bitsamptetest/8. HANN)) {

count++;
#ifdef DATABOUND_BE
if(count >= boundbe.begin && count <= boundbe.end)

boundflag = 1:
else

boundflag = 0:
#else

boundflag = boundary(chlref. chltest. ch2ref. ch2lest. HANN):
tfifdef DATABOUND_ONE

étatic int flagl = 0. flag2 = 0;
if(boundflag && tflagl)

flagl = 1;

if(boundflag && flagl)
flag2 = 1;

if(flag2)
boundflag = 0:

)

#endif
#endif

ProcessFrame((signed int " )chlref.
(signed int " )ch2ref. Ipref.
(signed int *)chltest.
(signed int *)ch2tesL
Iptest. rateref. boundflag. HANN);

oveRet = neural(processed):

fprintf(stdout.*\nframe: %d"
#ifdef DATABOUND_BE
7%d"
"vndata boundary: %d -> %d"
#endrf
ViBandwidthRefb: %g*
*ViBandwidthTestb: %g*
"tnTotaINMRb %g*
\nWmModDifflb: %g*
*\nADBb: %g"
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INEHSb: %g*

*\nAvgModDifflb: %g"

*\nAvgModDiff2b %g"

“inRmsNoiseLoudb: %g*

INMFPDb: %g*

InRelDistFramesb: %g"

*VnDI: %g’

*1nOOG: %g\n*,

count.

#ifdef DATABOUND_BE

totalframes. boundbe.begin, boundbe.end.
#endif

processed.BandwidthRefb,
processed.BandwidthTestb. processed.TotaINWRb.
processed.WinModDiff 1b. processed.ADBb.
processed.EHSb. processed.AvgModDifflb.
processed.AvgModDif(2b.
processed.RmsNoiseLoudb. processed.MFPDb.
processed. RelDistFramesb.

oveRet.DI. oveRet.ODG):

SZILE res;
res = fopen(LOGRESULT.'a+*);
fprintf(res.*\nFile: %s\n"
Enframe: %d*
*NnBandwidthRefb: %g"
'"BandwidthTestb: %g"
*\nTotalNMRb %g"
“\nWinModDifflb: %g"
INADBb: %g*
4nEHSb: %g*
InAvgModDifMb: %g"
“\nAvgModDiff2b %gn
InRmsNoiseLoudb: %g"
m\nMFPDb: %g"“
*\nRelDistFramesb: %g"
*\nDI: %g-
*1nODG: %g\n*.
filetest. count. processed.BandwidthRefb.
processed.BandwidthTestb. processed.TotaINMRb.
processed.WinModDiff 1b. processed.ADBb.
processed.EHSb. processed.AvgModDifflb.
processed.AvgModDiff2b.
processed.RmsNoiseLoudb. processed.MFPDb.
processed.RelDistFramesb.
oveRet.DI. oveRet.ODG):
fdose(res);

)

fftw_destroy_plan(plan);
fclose(fpref):
fclose(fptest);

return O;

}

void

ProcessFrame(signed int ‘chliref. signed int *ch2ret. int Ipref.
signed int ‘chltest. signed int *ch2test. int Iptest.
int rate, int boundflag. int hann)
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ini k:

static intch = 1;

double Ntotaltest. Ntotalref:

struct levpatadaptout lev:

struct moddiffout mod;

struct processing processchl. processch2;

earmodelfft(chlref. Ipref. hann. processchl.ffteref.
processchl.fftref):

earmodelfft(chltesL Iptest. hann. processchl.fftetest.

processchl ffttest);

critbandgroup(processchl.ffteref. rate. hann. processchl.ppref);
AddIntNoise{processch 1.ppref):

critbandgroup(processchl.fftetest. rate. hann. processchl.pptest);
AddIntNoisefprocessch 1.pptest);

for(k=0:k<hanrV2;k++)
processchl.fnoise[kJ = module{processch1.fftereflk])
- mcduie(processchl fftetest{k]):

critbandgroup(processchl.fnoise, rate. hann. processchl.ppnoise):

spreading(processchl.pptest. processchl .E2test);

spreading(processch 1.ppref. processchl ,E2ref):
timespreadir»g(processchl.E2test. Etesttmpchl. rate, processchl.Etest);
timespreading{processch1.E2ref. Ereftmpchl, rate, processchl.Eref),

threshold(processchl .Eref. processchl.Mref);

modulation(processchl.E2test. rate. &modmtestchl, processchl.Modtest):
modulation(processchl1.E2ref. rate. &modinrefchl, processchl.Modref);
/I Data boundary
if(boundflag) {
static int countboundary = 1;
static double RelDistFramesb = 0. nmrtmp = 0;

bandwidth(processchl .fittest. processchl.fftref. hann.
&bandv#idthchl);

processed.BandwidthRefb = bandwidthchl.BandwidthRefb;
processed.BandwidthTestb = bandwidthchl.BandwidthTestb:

processed.TotaINMRb = nmrfprocesschl.ppnoise. processchl.Mref.
&nmrtmp. countboundary);
processed.RelDistFramesb = reldistframes{processchl.ppnoise.
processchl.Mref.

&RelDistFramesb.
countboundary);
countboundary++;

Il Data boundary + Energy threshold
if(energyth{chllest. chiref. hann)) {
static int countenergy = 1;
static double EHStmp = 0;

processed.EHSb = harmstruct(processch 1.ffttest.
processchl.fftref.
&EHStmp, rate. Cffttmpchl.
harmsamples. &countenergy);
countenergy++:

}
Il Delayed Averaging
iffcount > delaybme2) {
static double nltmp = 0;
static int noise = 0. internal_coimt = 0. toudcounter = 0;
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mod = moddcff(processchl .Modtest. processchl.Modref,
(double ,)&(modinrefch1l.EWdetmp));
processed.WinModDiff 1b = ModDiff1(mod. &moddiffinch1,
count - delaytime2);
processed.AvgModDifdb = ModDiff2(mod. Smoddiffinchl);
processed.AvgModDrff2b = ModDiff3(mod. &moddiffinchl);

Ntotaltest = toudness(processchl.Etest);
Ntotalref = loudness(processchl .Eref);

if(Ntotaltest > 0.1 || Ntotalref > 0.1) {

noise = 1;
#if defined(LOUDMODO02)
intemal_count = 0;
#endif
>

Il Delayed Averaging + loudness threshold
if(noise && intemal_count <= delaytimel) {
1l skip 0.05 sec (about 3 frames)
intemal_count++;
loudcounter++;

else {
lev = levpatadapt(processchl.Etest. processchl.Eref. rate,
&levinchl. hann);
prccessed.RmsNoiseLoudb = norseloudness(processchl.Modtest.
processchl.Modref.

lev. &nltmp.
count - delaytime2
- loudcounter);
}
)
*{

extern double CfftQ;
extern int maxk:
FILE *fp;

logvariable('Cfftsx.txt’. Cfft. 128);
fp = fopen("Cfftsxmaxpos.txt'. "a+*);
fprintf(fp.“%dVi".maxk);
fclose(fp);
>V
if(*ch2ref && 'ch2test){

ch=2

earmodelfft(ch2ref. Ipref, hann. processch2.ffteref.
processch2.fftref);

earmodelfft(ch2test. Iptest. hann. processch2.fftetest.
processch2 ffttest);

critbandgroup(processch2.ffteref. rate. hann. processch2.ppref);
AddIntNoise(processch2.ppref):

critbandgroup(processch2.fftetest. rate. hann. processch2.pptest);
AddIntNoise(processch2.pptest):

for(k=0;k<hann/2;k++)
processch2.fnoisejk] = module(processch2.fftereflk))
- module(processch2.fftetest(k));

critbandgroup(processch2.fnoise. rate. hann. processch2.ppnoise);

spreading (processed, pptest. processch2. E2test);
spreading(processch2.ppref. processch2.E2reO:
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timespreading(processch2.E2test. Etesttmpch2, rate,
processch2.Etest);

timespreading(prooessch2.E2ref. Ereftmpch2. rate.
processch2.Erel}:

threshold(processch2.Eref. processch2.Mref);

modulation(processch2.E2test, rate. &modintestch2.
processch2.Modtest);

modulation(processch2.E2ref. rate. &modinrefch2.
processch2.Modref);

Il Data boundary
if(boundflag) {
statrc int countboundary = 1;
static double RelDistFramesb = 0. nmrtmp = 0;

bandwidth(processch2. fittest. processch2.fftref. hann.
&bandvndthch?2):

processed.BandiVidtbRefb += bandwidthch2.BandvridthRefb;

processed.BandwidthTestb += bandwidthch2.BandwidthTestb;

processed.BandwidthRefb /= 2.0;

processed.BandwidthTestb /= 2.0;

processed.TotaINMRb ¢= nmr(processch2.ppnoise.
processch2.Mref. &nmrtmp.

countboundary):
processed.RelDistFramesb += reldistframes{processch2.ppnoise.
processch2.Mref.
&RelDistFramesb.
countboundary);
processed.TotalNMRb /= 2.0;
processed.RelDistFramesb/= 2.0:
countboundary++;

Il Data boundary + Energy threshold
if(energyth(ch2test. ch2ref. hann)) {
static int countenefgy = 1;
static double EHStmp =0;

processed.EHSb += harmstruct(processch2.ffttest.
processch?2.fftref.
&EHStmp. rate. Cffttmpch2.
harmsamfMes. &countenergy);
processed.EHSb /= 2.0;
countenergy++;

}
}

Il Delayed Averaging
if(count > delaytime?2) {
static double nltmp = 0;
static int noise = 0. internal_count = 0. toudcounter = 0;

mod = moddiff(processch2.Modtest. processch2.Modref.
(double *)&(modinrefch2.Etildetmp));
processed.WinModDifflb += ModDiff1(mod. &moddiffinch2.
count - delaytime2);

processed.AvgModDifflb += ModDiff2(mod, &moddiffinch2);
processed.AvgModDiff2b += ModDiff3(mod. &moddiffinch2);
processed.WinModDifflb /= 2.0:
processed.AvgModDifflb/= 2.0;
processed.AvgModDiff2b /= 2.0;

Ntotaltest = loudness(processch2.Etest);
Ntotalref = loudness(processch2.Eref);
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if(Nlotaltest > 0.1 || Ntotalref > 0.1) (
noise = 1,
#if defined(LOUDMODO2)
intemal_count = 0;
#endif

}

/I Delayed Averaging + loudness threshold
if(noise && internal_count <= delaytimel){
/1 skip 0.05 sec (about 3 frames)
intemal_count++;
toudcounter++;

else {
lev = levpatadapt(processch2.Etest. processch2.Eref. rate.
&levinch2. hann);

processed.RmsNoiseLoudb += noisetoudness(processch2.Modtest.
processch2.Modref.
lev. &nltmp.
count - delaytime2
- loudcountery);

processed.RmsNoiseLoudb /= 2.0;

static int ndistorcedtmp = 0;
static double Ptildetmp = 0. PMtmp = 0. Qsum = 0:

if(ch == 2)
processed.ADBb = detprob(processchl.Etest. processch2.Etest.
processchl.Eref. processch2.Eref.
&Ptildetmp. &PMtmp. &Qsum.
&ndistorcedtmp. hann);
else
processed.ADBb = detprob(processchl.Etest. NULL.
processchl.Eref. NULL.
&Ptildetmp, &PMtmp. &Qsum.
&ndistorcedtmp. hann);
processed.MFPDb = PMtmp;

}

/*

#ifdef LOGVARIABLE

logvariablerfftetestsx.txt'. processchl fftetest. hann,*2);
logvariablefffterefsx.txr. processchl.ffteref. hann.'2);
logvariable(*fTttestsx.txt", processchl.fittest. hartn/2);
logvanable(‘fftrefsx.txr. processchl.fflref. hann/2);
logvanablefEtestsx.txr. processchl.Etest. bark);
logvariablerErefsx.bct". processchl.Eref. bark);
logvariable(*E2testsx.txtH processchl ,E2test. bark);
logvanable('E2refsx.txr. processchl.E2ref. bark);
logvariable('pptestsx.txf. processchl .pptest, bark);
logvariablefpprefsx.txt*. processchl.ppref. bark);
logvanable(*ppnoisesx.txt'. processchl .ppnoise, bark);
logvahableCMrefsx.txf. processchl.Mref. bark);
logvanablef'Modtestsx.txt". processchl.Modtest. bark);
logvariablefModrefsx.txt*. processchl.Modref. bark);

logvariableffftetestdx.bcr. processch2.fftetest hannf2);
logvariablefffterefdx.txt’. processch2.ffteref. hanrttt);
logvariablefffttestdx.txt*. processch2.ffttest. hann/2);
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Icgvariable("fftrefdx.txt\ processch2.fftref. hann/2):
togvariablefEtestdx.txt". processch2.Etest. bark);
logvariable("Erefdx.txf\ processch2.Eref. bark);
togvariablefE2testdx.txt". processch2.E2test. bark);
togvariable("E2refdx.txt\ processch2.E2ref. bark);

logvariable("pptestdx.bcr. processch2.pptest. bark);
logvariabie("pprefdx.txf\ processch2.ppref. bark);
logvariable("ppnoisedx.txt*, processch2.ppnoise. bark);
logvariableC'Mrefdx.txt*. processch2.Mref. bark):
togvariablefModtestdx.txf, processch2.Modtest, bark);
togvariable("Modre{dx.txt*. processch2.Modref. bark);

#endif
\Y,

n
extern double CfflQ;
extern int maxk;

FILE *fp;
logvariable CCfftdx.txf. Cfft. 128);
fp = fopenCCfftdxmaxpos.txt*. *a+"};
tpnntf(fp."%d\n“.maxk):
(close(fp);
il
return;
}
void
fatalerr(char * pattern....) I Error handling routine V

{

valist ap;
va_start(ap. pattern):
fprintf(stderr.” PEAQ-");

viprintf(stderr.pattem.ap):
fprintffstderr.* (exit forced).'n");

va_end(ap);
exit(-1);
}
#ifdef DEBUG
void
debug(ctiar * pattern....) /* Debug handling routine 7

{
FILE ’log;

valist ap;
va_start(ap. pattern);

log = fopen(LOGFILE.*a+*);
viprintf(log.pattem.ap);

va_er>d(ap);
fclose(log);

return;
P
tfendif

#ifdef LOGVARIABLE
void

logvariable(const char 'filename, double 'var, intlen)

{
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FILE ‘fp;

int k;

#ifdef LOGALLFRAMES

fp = fopen(filename.*a+'):
#else

fp = fopen(filename.’v/’);

#endif

for(k=0;k<len;k++)
fprintf(fp."%g\n".var[Kk]);

fclose(fp);
return;

;tendif

void
usage<char * name) I' Print usage */

fprintf(stderr. 'PEAO Algorithm. Giuseppe Gottardi 'oveRet™
m<gottardi-@ailinux.org>\n\n" );

fprintf(stderr. "usage: %s <option>\n". name):
fprintf(stderr. ©  -r reffile[:lp) (Ip default = 92)\n"
" -l testfile[:Ip] (Ip default = 92)\n"
-h print this help\n");

exit (0):

®aiin: bandwidth.h

#define ZEROTHRESHOLD 921
#define BWMAX 346

struct bandwidthout {
double sumBandvridthRefb;
int countref;
double sumBandvridthTestb;
int counttest:
double BandwidthRefb;
double BandwidthTestb;

}.
/* Function prototypes */

int bandwidth(double *. double *, int. struct bandwidthout ');
/* Prototypes end 7

®aiin: bandwidth.c

include <stdlib.h>

Ainclude <math.h>

include <common.h>

include <bandwidth.h>

int

bandwidth(double 'ffttest. double ‘fftref. int hann.
struct bandwidthout 'out)

int k. BwRef = 0. BwTest =0;
double Flevtest. Flevref:
double ZeroThreshold:

ZeroThreshold = 20.0 ' tog10((double)ffttestfZEROTHRESHOLD]);

for(k=2EROTHRESHOLD:k<hann/2;k++) {
Flevtest = 20.0 ' log 10|(double)ffttest[kl);
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rf(Flevtest > ZeroThreshold)
ZeroThreshokJ = Flevtest;

}
for(k=ZEROTHRESHOLD-1;k>=0;k— {
Flevref = 20.0 ' log 10{(do<jble)fftref(k]);

if(Flevref >= 10.0+ZeroThreshold) {
BwRef=«k + 1;
break:

}
for(k=BwRef-1;k>=0;k-*) {
Flevtest = 20.0 * tog 10((double)ffttest[k]};

if(Flevtest >= 5.0+ZeroThreshold) {
BwTest =k + 1:
break;

}

K(BwRef > BWMAX) {
out->sumBandwidthRefb += (double)BwRef;
out->countref++:

}

if(BwTest > BWMAX) {
out->sumBandwidthTestb += (double )B.vTest;
out->counttest++;
}
if(out->countref == 0)
out->BandwidthRefb = 0:
else
out->Band\vidthRefb = out->sumBandwidlhRefb.'(double)out->countref:

if(out->counttest == 0)
out->Band\vidthTestb = 0:
else
out->Band\vidthTestb = out->sumBand4vidthTestb/(double)out->counttest:

return 0O;

daiin: boundary.h

«define BOUNDWIN 5
«define BOUNDLIMIT 200

struct boundaryflag {
int begin:
int end:
¥
I Function prototypes */
int boundary(signed int\ signed int *, signed int *, signed int *, int);
I Prototypes end */

®aiin: boundary.c

«include <stdlib.h>

«include <math.h>

«include <common.h>

«include <boundary.h>

int

boundary(signed int *chlref. signed int 'chllest. signed int *ch2ref.
signed int *ch2test. int hann)
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int K, i. sum;
intchit =0. chlr=0.ch2t=0.ch2r =0;

for(k=0;k<hann-BOUNDWIN+1 ;k++) {
if(lch 1t) {
sum = 0;
for(i=0;i<BOUNDWIN;i++)
sum += abs(chltest(k+i]);
if(sum > BOUNDLIMIT)
chits 1;
>
if(fchlr) {
sum = 0;
for(i=0;i<BOUNDWIN;i++)
sum += abs(chlref[k+ij);
if(sum > BOUNDLIMIT)
chlr=1:

}
if(chlt || chlW || or &&
return 1;
)

if(ch2test == NULL && ch2ref == NULL)
return O;

for(k=0;k<hann-BOUNDWIN+1;k++) {
if(fch2t) {
sum = 0;
for{i=0;i<BOUNDWIN;i++)
sum += abs(ch2test[k+i|):
if(sum > BOUNDLIMIT)
ch2t= 1;
)
if(fch2r) {
sum = 0;
for(i=0;i<BOUNDWIN;i++)
sum += abs(ch2reflk+ij);
if(sum > BOUNDLIMIT)
ch2r =1;
)

if((ch1t || ch2t) || (chlr || ch2n)> I || or &&
return 1,;

return O;

®aiin: critbandgroup.h

/* Function prototypes V

int critbandgroup(double *, int. int. double *);
intAddIntNoise(double *);

/* Prototypes end V

®aiin: critbandgroup.c
include <stdl»b.h>
include <math.h>
include «common.h>
Ainclude <critbandgroup.h>

extern double *fL. YC. *fU;
extern int bark;
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int
critbandgroup(double *ffte. int rate, int hann. double *pe)
{

double fres:

inti. k;

fres = (doubfe)rate.tiann;

for(i=0;i<bark;i++){
peli]=0:
for(k=0;k<hana'2;k++) {
if(((double)(k-0.5)*fres) >= fL[iJ
&& ((doubteKk+0.5)'fres <= fUfi]))
pe[ij += p(ffte[k], 2.0):
else
if(((doubteKk-0.5)*fres) < fL[i)
&& <(double)(k+0.5)*fres > RJ[iD)
peli] += p(ffte[k], 2.0)‘ (fU[il-fL[i])lfres;
else
if(((doubteKk-0.5)"“fres) < fL[i)
&& {(double)(k+0.5)*fres > fL(i]))
pe(i] += p(ffte[k], 2.0)*(double)((k+0.5)
fres-fl-Oiytres;
else
if(((doubteXk-0.5)*fres) < fU[i]
&& ((double)(k+0.5)*fres > fU[i]>)
pe(i] += p(ffte[kl. 2.0)*(fU(iHdoubleXk-0.5)
*fres)ffres;
}
if(pelil<p(10.0.-12.0))
peW = p(10.0. -12.0):
}

return O:

}
int
AddIntNoise(double *pe)

.
intk:

double Pthres;

for(k=0:k<bark;k++) {
Pthres = p(10.0. 0.4*0.364'p(fC[ky1000.0. -0.8));
pe{k) += Pthres:

}

return O:

daiin: detprob.h

I Function prototypes 7

double detprob(double *. double ‘. double *. double *. double \
double *, double int*, int):

I Prototypes end */

daiin: detprob.c

«include <stdlib.h>
«include <math.h>
«include <common.h>
«include <detprob.h>

extern int bark:
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double

detprob(double "EtestcM. double *Etestch2. double *Erefchl.
double *Erefch2. double “Ptildetmp, double "PMtmp.
double *Qsum. int ‘ndistorcedtmp. int hann)

int k;
double EtikJerefch 1. Etilderefch2. Etildetestchl, Etildetestch2;
double L. s. e. b, a, pchl. pch2. pbin,
gchl. gch2. gbin. P. cO. c1. ADBb:
double prod = 1.0. Q = 0.0;

for(k=0;k<bark;k++) {
Etildetestchl = 10.0*log10((double)Etestch1[k]):
EtikJerefch1 = 10.0'log 10((double)Erefch1{kJ):

if(Etilderefchl > Etildetestchl)
L = 0.3*Etilderefchl:

else
L = 0.3*Etildetestchl;

L += 0.7’ Etildetestchi;

if(L > 0)
s =5.95072'p(6.39468i'L. 1.71332)+9.01033'p(10.0. -11.0)
*p<L- 4.0)+5.05622'p{10.0. -6.0)*p(L. 3.0>-0.00102438
*p(L. 2.0)+0.0550197'L-0.198719;
else
s = p(10.0. 30.0):

e = Etiiderefchl - Etildetestchl;

if(Etilderefchl > Etildetestchl)
b =4.0;

else
b =6.0;

a = (double)p(10.0. log10((double)log10({double)2.0»'bys;
pchl = 1.0-p(10.0. -p{a*e. b));
gchl = abs((int)e)/s; U don't touch this

pbin =pchl;
gbin =qch1l;

if(Etestch2 != NULL && Erefch2 != NULL) {
EWdetestch2 = 10.040g10<(double)Etestch2lk));
Etilderefch2 = 10.0'log10((double)Erefch2(k));

if(Etilderefch2 > Etildetestch2)
L =0.3" EtikJerefch2;

else
L = 0.3'EtikJetestch2;

L += 0.7*Etildetestch2:

if(L > 0)

s = 5.95072°p(6.39468/L. 1.71332)+9.01033*p(10.0. -11.0)
*p(L. 4.0)+5.05622*p(10.0. -6.0)'p(L. 3.0)
-0.00102438*p(L. 2.0)+0.0550197*L-0.198719:

else
s= 1.0*p(10.0. 30.0);

e = EtikJerefch2 - Etildetestch2:

if(e > 0)

b =4.0;
else

b =6.0;

a = (double)p(10.0. log1l0«double)log10<(double)2.0))/bys;
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pch2= 1.0-p(10.0. -p(a‘e. b)):
gch2 = abs{(mt)eVs; WM don't touch this

if(pch2 > pchl)

pbin = pch2:
if(qch2>qgch1)
gbin = qch2:
%)rod'=(1 .0-pbin):
Q += gbin;
}
P =1.0-prod;
if(P > 0.5) {
‘Qsum +=Q;
(*ndistorcedtmp)+-+;
}
if( ndistorcedtmp == 0)
ADBb = 0;
else

if(*Osum > 0)

ADBb =log10((double)*Qsum | ('ndistorcedtmp));
else

ADBb = -0.5:

cO = p(0.9. hann/(2.0*1024.0));
«if ldefined(C1)
cl = p(0.99. hanrV(2.0*1024.0));
«else
cl =C1;
«endif
*Ptildetmp = (1.0 - c0)*P + (*Ptildetmp)*cO:
if(‘ Pti»detmp > (‘'PMtmp)‘cl)
‘PMtmp = ‘Ptildetmp;
else
‘PMtmp = (‘ PMtmp)‘cl;

return ADBb:

daiin: earmodelfft.h

«define NORM 11361.301063573899
«define FREOADAP 23.4375 1l for 48 kHz

I Function prototypes */
int earmodelfft(signed int *. int, int, double *. double ');
I Prototypes end V

daiin: earmodelfft.c
«include <stdlib.h>
«include <math.h>
«include <fftw.h>
«include <comn>on.h>
«include <earmodelfft.h>

extern double hannwindow;j J;
extern fftw_pian plan;

int
earmodelfft(signed int *ch, int Ip. int hann. double 'ffte. double 'absfft)

int k;
double w. fac:
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fftw_complex in[HANN]. out(HANN]:
fac = p(10.0. 1p/20.0)/NORM;

for(k=0;k<hann;k++) {
injk].re = hannwindow[k) * (double)ch(k];
in[kj.im = 0;

)

fftwj>ne(plan. in. out);
for(k=0;k<hann/2;k++) {
out[k].re '= (double)(faahann);
out[kj.im *= (double Xfac/hann);
absfft(k] = sqrt((double)(p(out[k].re. 2.0) + p(out(k].im. 2.0)));
w =-0.6'3.64*p(k * FREOADAP/1000.0. -0.8) ¢
6.5’ exp((double)-0.6‘p(k * FREQADAP/1000.0 - 3.3. 2.0)) -
0.001 *p<k * FREQADAP/1000.0. 3.6);

ffte[k) = absff[k)*p(10.0, w/20.0);
)

return 0;

®aiin: energyth.h
/ldefine ENERGYLIWIT 8000

[’ Function prototypes 7
int energyth(signed int *. signed int *. int);
/* Prototypes end V

®aiin: energyth.c
/linclude <stdlib.h>
/include <math.h>
/linclude <common.h>
/linclude <energyth.h>
int
energyth(signed int 'test, signed int "ref. int hann)
.
intk;
double sum;
sum = 0;
for(k=0;k<hann/2;k*+) {
sum += p(test(hann'2 + kj. 2.0);
if(sum > ENERGYLIMIT)
return 1,
}
sum = 0;
for(k=0;k<hann/2;k++) {
sum += p(retlhann/2 + k). 2.0);
if(sum > ENERGYLIMIT)
return 1,

)

return 0;

daiin: getframe.h
/ldefine LP 92
I Function prototypes V
signed int GetFrameValue(FILE *, int):
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int GetMonoFrame(FILE  signed int*. int, int):

int GetStereoFrame(FILE \ signed int *, signed int *, int. int);
int LevelPression{char *);

int ReadInt(FILE *. int);

void fatalerr(char

/* Prototypes end V

daiin: getframe.c
«include <stdio.h>
«include <string.h>
«include <sldlib.h>
«include <getframe.h>

extern int ermo;

signed int
GetFrameValue(FILE *fp, int bytes)
{

int intvalue;

if (bytes <= 0)
return O;
intvalue = ReadInt(fp. bytes);
switch(bytes) {
case 3:
if (intvalue & 0x00800000)
intvalue i= OXfOO00Q0,
break;
case 2;
if (intvalue & 0x00008000)
intvalue |= OXfffOO00;
break;
case 1
if (intvalue & 0x00000080)
intvalue |= OXfffffOO;
break;

}
return (signed int) intvalue;
}
int
GetMonoFrame(FILE *fp. signed int ‘ vect. int bytes, int hann)

(S

inti=0;

if (fp == NULL)
return O;

if (fseek(fp. (-hanrv2)*bytes. SEEK_CUR) == -1)
fatalerrCerr: %s”. strerrorferrno));

while(!feof(fp) && i < hann){
vect[i] = GetFrameValue(fp. bytes);

i++:
}
if(i < hann) {
bzero(vecL hann*4);
fseek(fp. -i'bytes. SEEK_END):
return O;
}
I Number of samples wrote V
returnii ;

72



FOCT P 56047—2014

int
GetStereoFrame{FILE *fp. signed int "sx. signed int 'dx. int bytes,
int hann)
inti=0, Kk =0. count=0:
if (fp == NULL)

return O;

if (fseek(fp. -hann'bytes. SEEK_CUR) == -1)
fatalerr("err. %s". strerror(ermo));

while(!feof(fp) && count < hann*2) {
if(?k) {
sx[ij = GetFrameValue(fp, bytes);
K=1
i-;

count++;

else {
dx[i] = GetFrameValue{fp. bytes);
K =0;
count++;

>
i++;

i}f (count < Kann*2) {
bzero(sx. hann*4);
bzero(dx. hann*4);
fseek(fp. -count'bytes. SEEK_END);
return O;

}

/* Number of samples wrote V
return count;

)
int
LevelPression(char *f)
.
int Ip;
while(*f 1= && *f)
f++;

if(*f ==e10){
Ip = atoi(f + 1);
*f = 407,
return Ip;

else
return LP;

®aiin: harmstruct.h

/* Function prototypes V

double harmstruct(double *. double \ double int. double int int*);
void debug(char

[* Prototypes end 7

®aiin: harmstruct.c
include <stdlib.h>

#indude <math.h>
include <string.h>
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«include <fftw.h>
«include <comnxjn.h>
«include <harmstruct.h>

extern char 'filetest;
extern int count;
extern fftw_plan plan2;

double Cffi[HANNe2J:
int maxk;

double
harmstruct(double ‘ffttest. double ‘fftref. double 'EHStmp. int rate,
double 'Cffttmp, int p. int *n)

intk.i;

double FO[HANN/2], C(HANN/2], hannwin[HANN/2];
double num. denoma. denomb. Csum =0;
fft\v_complex in[HANN/2], outfHANN,’2];

double max;

bzero(Cfft. 8 * HANN/2);

for(k=0;k<p*2-1;k++){
if('fftreflk] || !ffttest|k|) { 1l skip log<O)
«if defined(SKIPFRAME) && !defined(ZERO)
(‘nb:
return O;
«elif defined(ZERO)
if(Mfftreflkj) {
fftreflk] = ZERO;
«ifdef DEBUG
debug("Warning [%s:%d] in Harmstruct.c:
*fftrefl%d] is set around zeroVi*.
filetest, count, k, fftreflk]);
#endif

i}f(!ffttest[k]> {
ffttest(k] = ZERO;
«ifdef DEBUG
debug("Warning [%s:%d] in Harmstruct.c; "
*ffttest(%d] is set around zero\n",
filetest. count, k. ffttest(kj);
«endrf

%:O[kj = log10(p<fftreflk]. 2.0)) - log10{p{ffttest[k]. 2.0));

«else

if(Ifftreflk] && !ffttest[k]>
FO[kj = 0;

else {

«ifdef DEBUG

debug("Error (%s;%d] in Harmstmct.c: “
*log(fftref[%d] = %g log(ffttesti%d] = %g\n*“.
filetest. count, k. fftreflk], k. ffttestlk]);

«endif
FOIK] = 0;
P
«endif
else
FOIK] = log 10(p<fftreflk], 2.0)) - log10(p(ffitest[k}. 2.0));
}
for(i=0;i<p:i++) {

num = 0;
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denoma = 0;

denomb = 0;

for(k=0;k<p;k++) {
num += FO{k) * FO[i+k);
denoma += p(FO[kJ, 2.0);
denomb += p(FO[i+k], 2.0);

)

hannwin(i) = 0.5’ sqrt((doubie>8.0/3.0)*{1.0 - cos({double)2.0
*M_PI*i'(p-1.0)));
C[i] = num / (sqrt((doub!e)denoma) * sgrt((double)denomb));

W tdefined(AVGHANN)
C[i] *= hannv/in[i];
#endif
Csum += Cfi];

}

for(i=0;i<p;i++) {
Cl[i] -= (double)Csum/p;
#tf defined(AVGHANN)
Cl[i] ' = hannwin(i);
#endif
inlij.im = 0;
infij.re = Cfi);

}

fftw_one(pdan2. in. out);

for(k=0;k<p/2;k++) {
out[kl.re *= (double)(1.0/p):
out[kj.im *= (double X1 .0/p);
Cfft[k) = p(out[kJ.re. 2.0) + p(out(k].im. 2.0);

#ildef EHSMODO2
for(k=0;k<p/2;k++) {
Cffttmptk] += Cfft(kJ;
Cfft(k] = Cmtmp[kV(*n);

fcendif

M Idefined(GETMAX)
i = 0+PATCH;
while(1) {
if(Cftli) >= CHft(i+1]){
while(i < p/2-1 && Cfftfi) >= Cfft(i+1)
I++:

if(i< p/2-1)
break;
else {

CnH
return O;

}

)
else (
while(i < p/2-1 && Cfftp] <= Cfft(i+1J)
i++:
while(i < p/2-1 && Cfft[i] >= Cfftli+1])
i++;
if(i< p/2-1)
break;
else {

CnH

return O;
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76

}

«else
i=0:
#endif

max = 0;
for(k=i+1:k<ftf2;k++)
if(Cfft(k] > max) {
max = Cfft[kJ;
maxk = k:
}
«<fdef EHSMO0DO02
return max*1000.0;
«endif

(*EHStmp) += max;
return (*EHSImp)*1000.0/(*n));

daiin: levpatadapt.h

«define T100 0.05
«define Tmin 0.008
«define M 8

/1'if M is odd

r

«define M1 (M-1y2
«define M2 M1

\%

/1'if M is even
«define M1 W2 -1
«define M2 M/2

struct levpatadaptout {
double EpreflBARK):
double Eptest[BARKJ;

b

struct levpatadaptm {
double PtestIBARK]:
double PreflBARK];
double PattCorrTest(BARK]:
double PattCorrReflBARKJ:
double Rnum(BARK);
double Rdenom[BARK],

}

I Function prototypes 7

struct levpatadaptout levpatadapt(double *, double *. int.
stnjct levpatadaptin *. int):

I Prototypes end V

daiin: levpatadapt.c
«include <stdlib.h>
«include <math.h>
«include <comnwn.h>
«include <levpatadapt.h>

extern int bark;
extern double *fC;

struct levpatadaptout
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levpatadapt(double ' Etest. double 'Eref. ini rale,
struct levpatadaptin ‘tmp. int harm)

intk, i. ml. m2:

double T. levcorr. numlevcorr = 0. denomlevcorr = 0. R;

double pattcoeffref. pattcoefftest:

double BrefIBARK], EltestlBARK], Rtest(BARK], Rref[BARK], a[BARK);
struct levpatadaptout out;

for(k=0;k<bark;k++) {
T = (douwWe)Tmin + (100.0/fC[k))*(T100 - Tmm):
a[k] = exp((double)-hann/(2.0'rate * T));
tmp->Ptest[k] = tmp->Ptest[kJ*a[k) + (1.0-a[k])‘ Etest[k):
tmp->Pref[k) = tmp->Preflkra[kl + (1.0-alk])*EreBJ;
numlevcorr += sqrt(tmp->Ptest[k]*tmp->Pref[kl):
denomlevcorr += tmp->Ptest[k]:

levcorr = p(numlevcorr/denom!evcorr, 2.0);

for(k=0;k<bark;k++) {
if(levcorr > 1.0) {
Elreflk] = (double)Eref[k)/levcorr;
Eltest[k] = Etest[K]:

else {
Eltest[k) = (double)Etestlk]'levcorr;
Elref[k) = Ereflk);

)

W Autocorrelation

tmp->Rnum(k] ' = a[k);
tmp->Rdenomlk) *= a[k);
tmp->Rnum[k) += Elref(k)*Eltest[k]:
tmp->Rdenom(k) += Elref[k)*Elref[Kk];

if(tmp->Rdenom[k] == 0 && tmp->Rnumlk] != 0) {

Rtestlk] = 0;
Rreflk) = 1.0;
else

if(tmp->Rdenom{k] == 0 && tmp->Rnumlk] == 0) {
/lcopy from frequency band below
if(k){
Rtest[k) = Rtestlk-1);
Rreflk) = Rreflk-1);

)
/lif don't exist

else {
Rtestlk) = 1.0;
Rreflk) = 1.0;

}

else {

R = tmp->Rnum([kJ / tmp->Rdenomlk]:

if(R >= 1.0) {
Rtestlk) = 1,0/R;
Rreflk) = 1.0;

else {
Rtestlk) = 1.0;
Rreflk) = R;

>
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for(k=0;k<bark:k++) {
ml =M1;
m2 = M2;
pattcoefftest = 0;
pattcoeffref = 0;

if(m1 > k)
ml =k;

if(m2 > bark -k-1)
m2 = bark -k -1;

for(i = -m1;i <= m2:i++) {
pattcoefftest += Rtest(k+i]:
pattcoeffref += Rreflk+i]:

}

tmp->PattCorrTestlk) = a[k]'tmp->PattCorrTest(k) +
pattcoefftest*{1.0-a[k])/(m1 +m2+1);

tmp->PattCorrRef[k] = alk]'tmp->PattCorrRef[k] +
pattcoeffref*(1.0-a[k)V(m1+m2+1);

out.Epref[k) = EIrof[k] ' tmp->PattCorrReflk];
out.Eptestlk] = Eltestjk] * tmp->PattCorrTest[K];

}

return out;

®aiin: loudness.h
«define CONST 1.07664

I Function prototypes 7
double loudness<double *);
/* Prototypes end V

daiin: loudness.c
«include <stdlib.h>
«include <math.h>
«include <common.h>
«include <loudness.h>

extern double 'fC;
extern int bark:

double
toodness(double *E>

.
int k:

double Ntot = 0;
double s. N. Ethres;

for(k=0;k<bark:k++) {
s = p(10.0. (-2.0-2.05'atan((double)fC[ky4000.0) - 0.75
*atan((double)p<fC[kl/1600.0. 2.0)))/10.0);
Ethres = p(10.0. 0.364'p(fC[kJ/1000.0. -0.8));
N = (double)CONST*p(Ethres/(s* 10000.0). 0.23)
*(p(1.0-s+s*E(kyEthres. 0.23)-1.0);
if(N > 0)
Ntot += N;
}
Ntot '= (double)24.0/bark;

return Ntot;
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®aiin: moddiff.h
#define L4

struct moddiffin {

double win;

int Lcount;

double modtmp:

double modIL];

double numz2;

double denom2;

double num3;

double denom3;
b
struct moddiffout {

double ModDiffl;

double ModDiff2:

double TempWt;
>
/* Function prototypes V
struct moddiffout moddiff(double \ double double *):
double ModDiffl (struct moddiffout. struct moddiffin int);
double ModDiff2(struct moddiffout. struct moddiffin *):
double ModDiff3(struct moddiffout. struct moddiffin *);
/* Prototypes end 7

®aiin: moddiff.c

include <stdlfc.h>
include <assert.h>
include <math.h>
include «common.h>
Ainclude <moddiff.h>

extern double *fC;
extern int baric;

struct moddiffout
moddiff(double ‘Modtest, double 'Modref, double “Etilderef)
.

int k;

struct moddiffout out;

double Pthres;

out.ModDiffl = 0;
out.ModDiff2 = 0;
out.TempWt = 0;

for(k=0;k<bark;k++) {
/I W.nModDiffIB && AvgModDiffIB
out.ModDiffl += module(Modtest(kl - Modref[k])/{1.0 + Modref[k]):
/I AvgModDiff2B
if(Modtest[kJ > Modref[k])
out.ModDiff2 += module(Modtest[k] - Modrefjk])
/(0.01 + Modreflk]);
else
out.ModDiH2 += 0.1’ module(Modtest[kJ - Modreflk])
/(0.01 + Modreflk]);

Pthres = p(10.0. 0.4*0.364*p(fClk]/1000.0. -0.8));
out.TempWt += Etildereflk]/(EtHdereflk] + p(Pthres. 0.3)* 100.0);
)

out.ModDiffl *= (double)100.0,'bark;
out.ModDiff2 '= (doubte)100.0.'bark;
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return out;

}
double
ModDiff1(struct moddiffout in. struct moddiffm ‘intmp. int n)

.
inti;
intmp->mod[intmp->Lcount] = in.ModDiffl;
intmp->Lcount++;
if(intmp->Lcount == L)
intmp->Lcount = 0;
if(n <L)
return O;
intmp->modtmp = 0;
for(i=0;i<L;t+-t-)
intmp->modtmp += sqrt((double)intmp->nx)d[i]);
intmp->modtmp /= (double)L;
intmp->win += p(intmp->modtmp. 4.0);

return sqrt((double)intmp->\virv'{doubleXn-L+1.0));

}

double
ModDiff2(struct moddiffout in. struct moddiffm ‘intmp)

intmp->num2 += in.ModDiffl * in.TempWt;
intmp->denom2 += in.TempWt;

return (intmp->num2/intmp->denom?2).

}
double
ModDiff3(struct moddiffout in. struct moddiffm ‘intmp)

intmp->num3 += in.ModDiff2 * in. TempWt;
intmp->denom3 += in.TempWt;

return (intmp->num3/intmp->denom3);

daiin: modulation.h

«define T100 0.05
«define Tmin 0.008

struct modulationin {
double Edertmp[BARK];
double E2tmp{BARK):
double Etildetmp[BARK);

}
I Function prototypes */

int modulation(doubte *. int. struct modulationin \ double *);
I Prototypes end 7

daiin: modulation.c
«include <stdlib.h>
«include <assert.h>
«include <math.h>
«include <common.h>
«include <modulation.h>

extern int bark;
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int
modulatton(dooble ‘ E2. int rate, struct modulationin 'in. double *Mod)

int k;
double T. a;

for(k=0;k<bark;k++) {
T = (double)Tmin + (double)(100/fC[k])*(double)(T100- Tmin);
a = exp((double)-HANN/(2*rate * T));
in->Edertmp{k] = in->Edertmp(k]'a+(1-a)*(double)(rate/(HANN.'2})
emodule(p(E2[k], 0.3) - p(in->E2tmp{k]. 0.3));
ir>->E2tmp{k] = E2[k}:
irv>Etildetmp{k] = a*in->EtikJetmp[k]+(1-a)' p<E2[K]. 0.3);
Mod[K] = in->Edertmpl[kl/(1 + (in->Etildetmp[k]i‘0.3));
}

return O;

®ain: neural.h
«define sig(x) (double}(1.0/(1.0 + exp<(doubleHx))))

«define 111
«define J 3

struct outframes {
double WinModDifflb;
double AvgModDifMb;
double AvgModDiff2b:
double RmsNoiselLoudb;
double BandwidthRefb;
double BandwidthTeslb:
double TotaINMRDb;
double RelDistFramesb:
double ADBDb;
double MFPDb;
double EHSb:

>

struct out {
double ODG;
double DI

¥
/' Function prototypes V

struct out neural(struct outframes processed);
/' Prototypes end V

®aiin: neural.c

«include <stdIS).h>
«include <math.h>
«include <common.h>
«include <neural.h>

double amin{11j = {393.916656. 361.965332, -24.045116, 1.110661.-0.206623,
0.074318. 1.113683. 0.950345. 0.029985. 0.000101. 0.0};
double amax(11] = {921.0. 881.131226.16.212030. 107.137772. 2.886017.
13.933351. 63.257874.1145.018555. 14.819740. 1.0. 1.0};
double wx[12][3J = {{-0.502657. 0.436333. 1.219602}.
{4.307481.3.246017. 1.123743}.
{4.984241, -2.211189. -0.192096}.
{0.051056. -1.762424.4.331315}.
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{2.321580. 1.789971. -0.754560},
{-5.303901.-3.452257. -10.814982}.
{2.730991.-6.111805. 1.519223}.
{0.624950. -1.331523. -5.955151}.
{3.102889. 0.871260. -5.922878},
{-1.051468. -0.939882. -0.142913}.
{-1.804679. -0.503610. -0.620456}.
{-2.518254. 0.654841, -2.207228}}:

double wy{4} = {-3.817048. 4.107138. 4.629582. -0.307594};

double bmin =-3.98:

double bmax = 0.22;

struct out
neural(struct outframes processed)
t

inij, i

struct out oveRet;

double suml. sum2:

double x{11);

x[0] = processed.BandwidthRefb;
x{1] = processed.BandwkJthTestb;
x{2] = processed.TotaINMRDb;

x{3] = processed.WinModDifflb;
x{4] = processed.ADBDb;

x{5] = processed.EHSD;

x[6] = processed.AvgModDifflb;
x[7] = processed .AvgWodDiff2b;
x(8] = processed.RmsNofseLoudb.
x(9] = processed.MFPDb:

x|10] = processed.RelDistFramesb;

1l gcodcla.wav
*x[0] = 834.117;
x{1] = 647.095:
x(2] = -14.6048;
X(3} = 6.89483:
x{4] = 0.432969;
x{5J = 0.503605:
X[6J = 7.14863;
X(7J = 24.9353:
x[8J = 0.124738;
xJ9] = 0.968876;
X(10] = 0.0485208; 1/ cosmn tutto ok*/

Il ccodsax.wav
'x[0] = 853.375;
X(1] = 645.444:
x{2) = -7.94882;
X[3] = 11.4108;
x[4] = 1.41971:
x{5) = 0.491164;
x[6J = 12.6383:
x{71= 44.7187:

x{8] = 0.21807:

x(9] = 1.15;//0.675505;
x{10] = 0.556215:V

sum2 = 0:
for(j=0:i<J:j++) {
suml =0;
for(i=0;i<l;i++)
suml += wx(i][j]'((xIi] - amin[ijy(amax]i] - arnin[i]));
sum2 += wy{i]*sig(wx{I}[j] + suml);
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oveRet.DI = wy(J] + sum2;
oveRet.ODG = bmin + (bmax - bmin)*sig(oveRet.DlI);

return oveRet;

®ain: nmr.h

I Function prototypes */

double nmr(doub)e \ double *. double \ int):
[* Prototypes end V

®aiin: nmr.c

include <stdlib.h>
include <math.h>
«include <common.h>
«include <nmr.h>

extern int bark;

double
nmr(double *Pnoise. double 'M. double 'nmrtmp. int n)

.
int k;
double sum = 0;

for(k=0;k<bark;k++)
sum += PnoiselkJ/MIK];

sum *= (double)1.0/bark:
enmrtmp +=sum:

return (10.0'log10(('nmrtmp)/n)):

®aiin: noiseloudness.h

«define THRESFACO 0.15
«define SO 0.5

«define EO 1.0

«define ALPHA 1.5

/* Function prototypes */

double noiseloudness(double *, double *. struct levpatadaptout.
double *. int);

I* Prototypes end V

®aiin: noiseloudness.c

«include <stdlib.h>
«include <math.h>

«include <common.h>
«include <levpatadapt.h>
«include <noiseloudness.h>

extern int bark:
extern double *fC:

double
noiseloudness(doub»e 'Modtest. double '‘Modref. struct levpatadaptout lev.
double ‘nltmp, int n)

intk;
double Pthres. stest. sref. beta. num. denom;
double nl = 0;
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for(k=0:k<bark:k++) {
Pthres = p(10.0. 0.4*0.364*p(fC[kyi 000.0. -0.8)):
stest = (doubte)TH RESFACO*Modtest[kj + SO:
sref = (double )THRESFACO’ Modreflk] + SO
if(lev.Eptest[k] == 0 && lev.Epreflk] == 0)
beta = 1.0:
else
if(lev.Epreflk) == 0)
beta = 0;
else
beta = exp<(double>-ALPHA*(lev.Eptest[kJ - lev.Epreflk])
llev.Epreflk]);

rvum = stest’ lev.Eptest[k] - srePlev.Epreflk];
denom = Pthres + srePlev.Epreflk]*beta:
if(num < 0)
nim=0;

nl += p(Pthres/(EO*stesl), 0.23)‘(p(1.0 + num/denom. 0.23) -1.0):

}

nl '= (doubJe)24.0/bark:
if(nl < 0)

nl =0;

enltmp += p(nl. 2.0);

return sqrt((double)*nitmp'n);

daiin: reldistframes.h

/* Function prototypes */
double reldistframes(double *. double \ double ". ini):
I Prototypes end */

daiin: reldistframes.c
«include <stdlib.h>
«include <math.h>
«include <comnx>n.h>
«include <reldistframes.h>

extern int bark:

double
reldistframes(double ‘Pnoise. double 'M. double ‘'reldisttmp. intn)

int k:

for(k=0:k<bark:k++) {
if(10.0'log 10{(double)Pnoise[kyMIk]) >= 1.5) {
‘reldisttmp = ‘reldisttmp + 1:
break;

}
return ((double)*reldisttmp/n);

daiin: spreading.h
«ifdef ADVANCED
«define dz 0.5
«else
«define dz 0.25
«endif
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int spreading(double *, double *);
/* Prototypes end V

®aiin: spreading.c

include <stdl*.h>
#indude <math.h>
include «common.h>
#indude <spreading.h>

extern double *fC;
extern int bark;

int

spreading(double 'pp. double *e2)

{

intk,j, u;
double L;

double denom, sum1.sum2. Eline, Su. SI = 27.0;

for(k=0;k<bark;k++) {

}

suml =0;
sum2 =0;
/I Eline
for(j=0;j<bark;j++) {
L = 10.0'log 10((doubte)pp{jl);
Su =-24.0-230.0/fC(jJ+0.2°L;
Eline = p(10.0. L/10.0);
if(k<j)
Eline «= p(10.0. -dz*(j-k)*Syi0.0);
else
Eline *= p(10.0. dz*(k-j)’ Su/10.0):

denom =0;
for(u=0;u<j;u++)
denom += p(10.0. -dz*G-u)*S1/10.0);
for(u=j;u<bark;u++)
denom += p(10.0. dz'(u-j)*Su/10.0):

Eline 1=denom;
suml += p(Eline. 0.4);
>

/I Eline (tilde)
for(j=0:j<bark;j++) {
Su =-24.0-230.0N1CW;//L=0
if(k <j)
Eline = p(10.0. -dz* (j-k)’ SI/10.0);
else
Eline = p(10.0. dz'(k-j)'SuMO.0O);

denom = 0:
for(u=0;u<j;u++)

denom += p(10.0. -dz*(j-u)*S1/10.0);
for(u=j;u<bark;u++)

denom +=p(10.0. dz*(u-j)*<-24.0-230.aiqj]yi0.0);

Eline /= denom;
sum2 += p(Eline. 0.4);

)
sum2 = p(sum2. 1.0/0.4);
suml = p(sum1.1.0/0.4);

e2[k] = suml/sum2;

return 0;
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®aiin: threshold.h
«ifdef ADVANCED
«define dz 0.5
«else
«define dz 0.25
«endif

I Function prototypes 7
int threshold(double *. double *);
/* Prototypes end V

daiin: thresholds
«include <stdlib.h>
«include <malh.h>
«include <common.h>
«include <threshold.h>

extern int bark;
int
threshold(double 'E. double *M)

1
int k:

double m;

for(k=0:k<bark:k++) {
if((m =k *dz) <= 12)

m = 3.0:
else
m = 0.25:
M[K] = E[kyp(10. m/10);
}
return O:

daiin: timespreading.h
I Function prototypes V

int timespreading(double *. double *, int. double *);
I Prototypes end V

daiin: timespreading.c
«include <stdlib.h>
«include <math.h>
«include <comnx>n.h>
«include <timespreading.h>

«define T100 0.03
«define Tmin 0.008

extern int bark:
extern double *fC;
int
timespreading{double 'E2. double 'Etmp, int rate, double *E)

int k:

double a. T;

for<k=0:k<bark;k++) {

T = (double)Tmin + (doub»eK100.aiC(k])*(double)(T100- Tmin);

a = exp<(double)-HANNi(double)(T‘2.0*rate)):
Etmp[k) = Etmp[k]*a (1.0-a)*E2[kI;

86



FOCT P 56047—2014

if(Etmplk) >= E2(k])
E[k] = Etmp[k);

else
EM = E2[K];
)
return 0O;

®ain: wavedump.h

I Function prototypes */

int HeaderOump(FILE const char *);
int ReadInt(FILE *, int):

int SampleRate(FILE ');

int BitForSample(FILE *):

int NumOfChan(FILE *);

int FindData(FILE *);

void fatalerr(char *....):

/* Prototypes end */

daiin: wavedump.c
include <stdio.h>
include <string.h>
Ainclude <stdl*.h>
include <\vavedump.h>

extern int ermo;
int
HeaderDump{FILE *fp. const char “string)

char buff]7]:
int k. offset = 0:

while (Ifeof(fp)) {
if('fread(txjff. 7,1, fp))
fataterr("err. error in WaveHeader"):
offset += 7,
for(k=0;k<4;k++)
if (Istmcmp<(char *Kbuff + k). string. 4)) {
fseek(fp. k-3. SEEK_CUR):
offset += k-3:
return offset:

}
fseek(fp. -3. SEEK_CUR);

offset += -3;
)
return -1:
}
int
SampleRate(FILE *fp)
{

int rate, offset;

if ((offset = HeaderOump”p.-fmt")) == -1)
return -1;

if (fseek(fp, 8. SEEK_CUR) == -1)
fatalerT("err %s". strerror(ermo)):

rate = Readint(fp.4):
fseek(fp. -8 - offset. SEEK_CUR):

return rate;

87



FOCT P 56047—2014

int
BitForSample(FILE *fp)

{

int bit, offset;

if ((offset = HeaderDump(fp,"fmt *)) == -1)
return -1;

if (fseek(fp. 18. SEEK_CUR) == -1)
fatalerr('err: %s". strerrorferrno));

bit = ReadInt(fp.2);

fseek(fp. -18 - offset. SEEK_CUR);

return bit;

}

int

NumOfChan(FILE *fp)
{

int chan, offset;

if ((offset = HeaderDump(fp.'fmt *)) == -1)
return -1;

if (fseek(fp. 6. SEEK_CUR) == -1)
fatalerrferr: %s”. strerror(errno));

chan = ReadInt(fp.2);
fseek(fp. -6 - offset. SEEK_CUR);

return chan;

}
int
FindData(FILE 4p)
1.
int offset;
if (fp == NULL)
return -1;
if ((offset = HeaderDump(fp.*data">) == -1)
return -1;
if (fseek(fp, 4 + offset. SEEK_CUR) == -1)
fatalenf'err; %s"“. strerror(errno));
return 1;
}
#if defined(LITTLE) && !derined(BIG)
int
ReadInt(FILE *fp. int size)
{

intl;
unsigned char c;

if (size <= 0)
return O;

c = fgetc(fp);
I = ((int) c) & 255;
11= (ReadInt(fp. size-1)« 8);

return [;

}
#etif defined(BIG) && !defined(LITTLE)
int
ReadInt(FILE *fp. int size)
intl:
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if (size <= 0)

return 0;
| = (ReadInt(fp. size-1)« 8):
11=((int) fgetcffp)) & 255:

return I;
L
#endif

5.3 /IncTUHr nporpaMmmsbl pacyeta meTpukun PSNR Ha A3bike Matlab

function PSNR = cataPSNR(X.Y)
% uyem 6onblue 3HaYeHne PNSR. Tem 60/1ee Noxoxu curHanbl
m = max(X):
d =var(X-Y);
R = m/sqrt(d):
PSNR = 20* log10(R):
end
5.4 IncTuHr nporpamMmmsbl pacyeta MeTpukn PSNR Ha aA3bike C

Ainclude <math.h>
double var(doubte* arr. int size)
if(larr || Isize)
return 0.0;

double v =0.0;
double avg = 0.0;

for(inti = 0; i < size; ++i)
avg+= arr(ij;
avg/= size;

for(inti = 0; i < size; ++i)

v+= (arrfi] - avg) * (arrli) - avg);
)

return v/ (size -1);

}
double calcPSNR(double' X. int sizeX. double' Y. kit sizeY )

if(IX || !sizeX || 1Y || IsrzeY || (sizeX != sizeY))
return 0.0;

double DfsizeXJ;
double maxX = Xfl)];
for(inti = 0; i < sizeX; ++i)

if(X[i] > maxX)
maxX = X[i);
Dp] = X(i] - Yffl:

}

double v =var(D. sizeX);

if(v == 0)
return 0.0:

return 20 ' togl0(maxX / sqrt(v));

}

5.5 InCcTUHTI nporpamMmmMbl pacyeta MeTpukn «KoadduumeHT pasnmunus GopM cCUrHanoB» Ha A3blke Matlab

function val = catctMeasureBasedOnSingalsForms(X.Y)
% 4YeM MeHblUe pe3ynbTupyloLlee 3HaYeHne, TemM 6os1ee NOX0XN CUTHaNbI
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X= X(:.1);
Y=Y(:.1):
dX=X(2:end)-X{1:end-1);
dY=Y(2:end) - Y{1:end-1):
val = var(dX-dY):
end
B5.6 /INCTUHT nporpammbl pacyeta MeTpukn «KoadhduumneHT pas3nnumsa hopM CUrHanoB» Ha A3bike C
«include <math.h>
double var(double* arr. int size)
if(farr || Isize)
return 0.0;

double v = 0.0;
double avg = 0.0;

for(int i = 0: i < size; ++i)
avg+= arrfi];
avg>- size:

for<inti = 0: i < size; ++i)

v+= (arr[i] - avg) * (arr[i] - avg):
}

return v | (size -1);

}

double calcMeasureBasedOnStnga!sForms(double‘ X. int sizeX. double* Y. int sizeY )

if(X | [!sizeX || 1Y || IsizeY || (sizeX != sizeY))
return 0.0;

double dX(sizeX - 1J:
double dYlsizeX -1]:
double D(sizeX -1]:

for(inti = 1: i < sizeX; ++i)
dX[i -1) = Xfi] - X®- 11;
dYD-1] =Y (i}-Y[i-11;
D[i -1] =dXfi- 13- dY[i- 1];
}

return var(D. sizeX - 1);
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