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BBegeHue

AKTUBHOE MpUMEHeHMe B cMCTEeMax OXpaHHbIX TenesuanoHHbIX (COT) MeToaoB KoMnpeccumn oumndpo-
BaHHbIX ayaMo4aHHbIX, 3aMMCTBOBaHHbLIX U3 MySbTUMEANAHBIX NPUMEHEHWA TeNeBUAEeHNsA, 1U3-3a HAU3KOro
KayecTBa BOCCTAHOBIEHHbIX MOCMe KOMNpeccun oundpoBaHHbIX ayaAno4aHHbIX MPUBENO K HEBO3MOXHOCTU
OCYLLIeCTBNEHUS CNeACTBEHHbIX MEPONPUATUIA, @ Takke onepaTUBHbIX PYHKLMIA, C UCNONb30BaHNEM OTAe b-
HbIX COT.

BakHOW oTNnYMTENBHOM 0COBEHHOCTLIO METOAOR KOMMNPECCUN OLMEPOBaHHbIX ayanodaHHbix Ans COT
ABNsAeTcAa HeobxoAnMMOCTb obecrnedeHUst BHICOKOTO KavyecTBa 3ByKa B BOCCTAHOBIEHHBLIX ayAWOOaHHbIX.
HacTtosilmin ctangapT No3BONSET yNopsaoyMTh CyLLEeCTBYOLWME U paspabaTbiBaemMble MeTOAbl KOMNPECcUn
oLMdpPOBaHHbIX ayaAMoaaHHbIX, MpedHasHavyeHHble Ansi MPUMEHEHUS B COCTaBe CUCTEM MPOTUBOKPUMUHATTb-
HOWM 3aLWMTHI.

B kauyecTBe KpuTepust ANs Knaccugmkauum anroputMoB KOMMpeccumn oLndpoBaHHbIX ayanoaaHHbIX B
HacTosiIleM cTaHgapTe yCTaHOBMEHbl 3HaYEHWS METPUK KauecTBa, XapakTepu3yoLnX cTeneHb OTKITOHEHUS
BOCCTaHOBMEHHbIX OLUPOBaHHbIX AaHHbIX OT COOTBETCTBYOLLUX UM UCXOAHbBIX ayANOoAaHHbIX.

MeTtoguka knaccudukalmm anropuTMoB KOMMPECCUMM OLUMPOBaHHBbIX ayanodaHHbIX, NpUBeAeHHas B
HacTosileM cTaH4apTe, OCHOBaHa Ha OLleHKe KavyecTBa BOCCTAHOBMEHHbIX ayAnoAaHHbIX, C Y4EeTOM MCUXO0-
aKycTU4ecKnx ocobeHHOCTen YenoBeveckoro cryxa. OTOT NoAaxoq K OueHKe KavyecTBa BOCCTaHOBMEHHBIX
ayanodaHHelx pekomeHaoBaH CekTopoM paauocBasv MexayHapoaoHoro cotosa anektpocsssn (MCO3-P),
uneHoM koToporo aesnsieTcs Poccuinckas Pegepaums.
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HAUMWOHANBbHBIA CTAHAAPT POCCUMUCKOWN OSGEREPALUMUMU

CucTtembl oxpaHHble TeNeBU3NOHHBbIE
KOMMNPECCUA OLUNPPOBAHHbBIX AYOAUOAAHHbBIX

Knaccudukauun. O6wmne tpe6oBaHuA U MeToAbI OLIEHKU anropuTMoB

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

JNarta BBegeHna — 2015—09—01

1 O6nacTb npuMeHeHus

HacToawunin cranpapT pacnpocTpaHseTcsl Ha UM@poBble CUCTEMBI OXpaHHbLIE TEeNeBU3UOHHLbIe
(nanee — LICOT) nyctaHaBnuBaeT kiaccudukaumio, obme TpebosBaHus U MeTodbl OLEHKU anropuTMOB KOM-
npeccum oL poBaHHbIX ayanoAaHHbIX.

HacToAwunin ctaHgapT ycTaHasnMBaeT MeTOAUKY CPaBHEHWUSI PasfUYHBIX anropuTMOB KOMMpeccun u
Aekomnpeccun oL POBaHHBIX ayanogaHHbIX.

HacToawui ctaHaapT NPUMEHSIIOT K anropuTmamM KOMNpeccun 1 Aekomnpeccum ayamoaaHHbIX He3asu-
CUMO OT VX peanuaaunn Ha annapaTHOM ypOBHe.

HacTtoswun ctaHgapT npumeHsitoT coBMecTHo ¢ TOCT P 51558.

2 HopmaTuBHbIe CCbINKK

B HacTosiWem cTaHdapTe UCMoMb30BaHbl HOPMaTUBHLIE CChINIKW Ha crieytoLme cTaHaapThl:

FOCT 15971 CucteMbl 06paboTku HdopMaLmn. TepMnHLI 1 onpeaeneHus

FOCT P 51558 Cpepactsa 1 cucTeMbl oxpaHHble TenesusnoHHble. Knaccudgumkaumsa. O6wme TexHuyec-
kue TpeboBaHus. MeToabl UCMLITAHUA

MpumeyaHune— lpu Nonb3OBaHUM HACTOSILLMM CTaHAAPTOM LienecoobpasHo NpoBepuTs AeNCTBUE CCbINoY-
HbIX CTaHAapTOB B MH(OPMAUMOHHOM cucTeMe OOLWEro nonb3oBaHusi — Ha oduumansHom cante PegepanbHOro
areHTCTBa Mo TEXHWYECKOMY PErySIMPOBaHNIO U METPONIOTMK B ceTU VIHTEPHET MW Mo eXerogHoMy MHPOPMaLNOHHOMY
ykazaTento «HaunoHanbHble cTaHaapTh!», KOTOPbLIV ONyBNMKOBaH NO COCTOSIHMIO Ha 1 STHBapsi TEKYLLLEro roaa, 1 no Bbinyc-
KaM eXeMeCsIHHOro MHOOPMALIMOHHOIO yKasaTens « HaunoHanbHble CTaHgapThl» 3a TEKYLWUI rog. Ecrniv 3amMmeHeH ceblinoy-
HbI CTaHZApPT, Ha KOTOPLIM AaHa HeJaTUPOBAHHAA CCbIMKa, TO PEKOMEHOYETCA MCMNOoNb30BaTh AEWCTBYIOLLYI0O BEPCUIO
3TOro CTaHZApPTAa C y4EeTOM BCEX BHECEHHbIX B JaHHY0 BEPCUIO U3MEHEHUI. ECnu CCbINoYHbIV CTaHaapT oTMeHeH 6e3 3ame-
Hbl, TO NOMOXEHWE, B KOTOPOM [laHa CCbiNka Ha Hero, PeKOMeHAYeTCS MPMMEHSITb B YaCTU, HE 3aTParvBatoLLen 3Ty CCbInkKy.

3 TepMuHBI U onpeaeneHns

B HacTosWweM cTaHaapTe npumeHeHbl TepMmuHbl no FTOCT 15971 M cneaytowne TepMUHBI C COOTBETCTBY-
oL MMU orpegeneHnamum:

3.1 anroputm GbicTporo npeoGpasoBaHua ®Pypbe (BMP) (fast Fourier transform, FFT): Habop
anropnuTMOB, peanusaLmsa KoTOpbIX NMPUBOANT K CYLLECTBEHHOMY YMEHbLLLEHWIO BEIYUCTTUTENBbHOM CIIOXHOCTU
anckpeTHoro npeobpasosaHns Pypee (OMNP).

MpumeyaHue—Cwmbicn GoicTporo npeobpasoBaHusi Pypbe COCTOUT B TOM, YTODbI pa3buTe WMCXOOHLIN
N-oTcueTHbI curHan x(n) Ha gBa 6onee KOPOTKMX CUrHana, AUCKpeTHble NpeobpasoBaHusi ypbe KOTOPbIX MOryT BbiTh
CKOMBMHMPOBaHbI Takum 06pa3om, 4ToObl MoNy4nTe AWCKpeTHoe npeobpasoBaHns Pypbe ucxogHoro N-oTcHeTHOro
curHana.

W3panue opmumansHoe
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3.2 anroputMm gekomnpeccuu (decompression algorithm): TouHbIn HABOP UHCTPYKLMIA 1 NpaBW, oM~
CbiBaOLMIA MocreaoBaTenbHOCTL AENCTBUA, COMMacHo KOTOPbLIM CXaTble ayauodaHHble npeobpasyloTcs B
BOCCTaHOBIEHHbIE, peannsyembli npu nomoLm ayamno agekogepa.

3.3 anropuTm komnpeccum (compression algorithm): TouHbI HAGOP UHCTPYKLMIA 1 NPaBWMIT, ONCEIBa-
tOLLMIA MOoCcNeaoBaTeNlbHOCTb AENCTBUIA, COrMacHO KOTOPbIM UCXOdHbIE ayanoAaHHble NpeobpasyoTcs B Cxa-
Tble, peanuayemMblii Npu NomMoLLy ayamo kogepa.

3.4 amMnnuTygHo-BpeMeHHaa MeTpuka (time-amplitude metric): MeTpuka kavecTBa, ocHOBaHHas Ha
CpaBHeHUM oL POBaHHBIX 1 BOCCTaHOBMIEHHbIX ayaAnoAaHHbIX No hopme BOSHBI.

3.5 ananoro-uudposoi npeo6pasoparennb, AL (analog-to-digital converter, ADC): YcTpoicTBo,
npeobpasylollee BXOAHON aHaNorosbli ayanocurHan B oLundpoBaHHble ayanoaaHHble.

3.6 ayauo gaekoaep (audio decoder): MporpammHble, annapaTHble UK annapaTHO-NporpamMmMHbie cpe-
ACTBa, C MOMOLLbIO KOTOPbIX OCYLLECTBNSAETCS AeKOMMNPECcCcUs CxxaTbiX ayanoaaHHbIX.

3.7 ayauo kopep (audio encoder): NporpammHble, annapaTtHele UM annapaTHo-NporpaMmHble cpe-
ACTBAa, C MOMOLLbIO KOTOPLIX OCYLLECTBNAETCA KOMMPECCUs OLMPPOBaAHHBIX ayanoaaHHbIX.

3.8 ayanopaHHble (audio data), ayanocurHan (audio signal), MOHokaHanbHbIN ayauocurHan (mono
channel audio): AHanoroBblii curHan, HecyLunin UHdopmaunio 06 USMEHEHNW BO BpeMeH aMnnmnTyabl 3ByKa.

3.9 6utpenr (bitrate): BblpaxeHHas B G1UTax oLeHKa KOMYecTBa CxXaTbIX ayanoaaHHbIX, onpeaeneH-
Has a4Ns HeKOTOPOro BPeMEHHOro UHTepBana n oTHeCeHHas K AnMTeNbHOCTA BbIBpaHHOTO BPEMEeHHOMO UHTEp-
Basia B CeKyHaax.

3.10 BoccTaHoBMEHHbIe ayaMoaaHHble (recovered audio data): [laHHble, NONyYeHHbIE U3 CXaTbIX
ayanofaHHbIX Noce UX JeKoMpeccuu.

3.11 pekomnpeccus cxaTbix aypauopAaHHbix (decompression of compressed digitized audio
data): BoccTaHoBneHue oLncpoBaHHbIX fiaHHbIX U3 CKaTbIX ayaAUuoaaHHbIX.

3.12 puckpeTHoe npeobpasoBaHue Pypbe, AMN® (discrete Fourier transform, DFT): Mpeobpa3zosa-
Hue, cTaBsiwee B cooTBeTcTBME N OoTCcueTam anckpeTHoro curHana N oTcHeTOB AUCKPETHOrO CekTpa curHana.

3.13 andrbepeHumauma (differentia): BeigeneHne yactHoro u3s obuiei COBOKYNHOCTU MO HEKOTOPbLIM
npusHakam.

3.14 uckaxeHHbIN cppeinM (distorted frame): PpeitmM, ANA KOTOPOro MakCUMarbHOE OTHOLLEHMWE LUyMa K
nopory MackmposaHus npeselwaet 1,5 ab.

3.15 uckyccTBeHHas HeMpoHHasn ceTb (artificial neural network, ANN): Mogenb 6uonoruveckon Hel-
POHHOW ceTu, koTopasa npeacTaBnAeT cobow ceTb 3NIEMEHTOB — UCKYCCTBEHHBIX HEMPOHOB — CBA3aHHbIX
mMexay coboi CMHaNTUYeCKUMN COeAUHEHUAMMU.

M pumeyaHn e — HellpoHHan ceTb NpegHa3HadeHa ans o6paboTku BxogHon nHopmMaumm 1 B npouecce name-
HEHWS CBOEro COCTOSIHWA BO BpeMeEHU (hOPMUPYET COBOKYMHOCTb BbIXOAHbLIX CUMHAmOB.

3.16 kavyecTBO BOCCTaHOBMEHHbIX ayauoaaHHbIx (decoded audio data quality): O6bekTBHas oLeH-
Ka COOTBETCTBUSA BOCCTAHOB/IEHHbIX ayAN0oAaHHbIX UCXOAHBIM OLMc poBaHHBIM ayanoAaHHBIM Ha OCHOBE pac-
CUYNTaHHbIX METPUK KaYecTBa.

3.17 kopekayauoaaHHbIx (audio codec): NporpamMHbIA, annapaTHbIA UK annapaTHO-NMPOrpamMmmMHbIA
MOAYNb, CNOCOBHBIA BbINOMHATL Kak KOMNPECCUIo, Tak U AeKOMNpeccuio ayanoaaHHbIX.

3.18 komnpeccua (cxartue) ouudpoBaHHbIX ayauopaHHbix (digitzed audio data compression):
O6paboTka oL poBaHHbIX ayANOAAHHBIX C LIESblo yMEHbLUEHUsI UX 0ObeMa.

3.19 komnpeccun ouucdpoBaHHbIX ayauopaHHbIXx 6e3 notepb (lossless digitized audio
compression): O6paboTka oumbpoBaHHbIX ayAnoaaHHbIX, P KOTOPOIA HE MPOUCXOAUT NOTepU MHopMaLnK,
BCNeACTBUE Yero BOCCTaHOBIEHHbIE (B pe3ynbTaTe BbIMOSIHEeHUs AeKoMnpeccum) oundpoBaHHble ayanoaaH-
Hble He OTAMYANTCA OT UCXOAHBIX OLMPPOBAHHBLIX ayANOAaHHbIX.

3.20 komnpeccusa ouudpoBaHHbIX ayanoaaHHbIX ¢ noTepsaMU (lossy compression of digitized audio
data): O6paboTka oundpoBaHHbLIX ayanoAaHHbIX, MPU KOTOPOI MPOUCXOAUT NoTepsa uHdopmauum, U Bere-
ACTBKUE 3TOro BOCCTAHOBMEHHbIE (B pe3ynbTaTe BbIMONHeHUs aekomnpeccun) oundpoBaHHbIe ayanodaHHble
OTNMYAIOTCA OT UCXOAHBIX O POBAHHbIX ayAUOAAHHbIX.

3.21 Mmetop oueHkU anropuTMa koMmnpeccuum (evaluation method of compression algorithm): MeTog
aHanuMTUYecKoro onpeaeneHns s3Ha4eHn MeTPUK kKayecTBa Ha COOTBETCTBUE TpeboBaHUAM, MpeabsaBNsAeMbIM
K anropuTMam KOMNpeccun ayamoaaHHbIX.

3.22 meTpuka kavecTBa (quality metric): AHanuTuyeckun onpeaenseMble NnapamMeTpbl, XapakTepusyio-
LMe cTeneHb OTKIMOHEeHUA BOCCTaHOBNEHHbIX ayAnoAaHHbIX OT UCXOAHBIX OLMEPOBaHHBIX ayAMOAaHHbBIX.

3.23 MHorokaHanbHbIN ayauocurHan (multi-channel audio): AyauocurHan, coctosilwmin U3 obbeam-
HeHWUA onpeaeneHHoOro KonmyecTsa ayanocurHanos (KaHarnos), KoTopble HecyT MHpopmaLmio 06 O4HOM 1 TOM
Xe 3ByKe.

2
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MpumeyaHwne—IllpegHasHaveH ansi Gonee ka4yeCTBEHHOW Nepegayn 3ByKa C YY4ETOM MNPOCTPAHCTBEHHOW
opueHTauum.

3.24 okHo (window): BecoBasa cyHkuMs, KoTopasi ucnonbsyetcs AN ynpasneHus addpektamum,
06YCrOBNEeHHbIMU HanU4YMeM 60KOBbIX NEMNEeCTKOB B CNeKTpasibHbIX OLieHKaX (pacTekaHneM cnekTpa).

MpumeyaHune—NMeOLWYOCA KOHEUHYIO 3anNUCh AAHHBLIX UIM UMEIOLLYIOCS] KOHEYHYIO KOPPENSILMOHHYIO No-
crnepoBareribHOCTb YA06HO paccMaTpuBaTh Kak HEKOTOPYIO YacTb COOTBETCTBYIOLEN 6ECKOHEYHON NOCNeA0BaTeNnbHOCTH,
BUAVIMYIO YEpPE3 NPUMEHAEMOE OKHO.

3.25 okoHHoe npeo6pa3oBaHue XaHHa (short-time Fourier transformwith Hannwindow): [iuckpetHoe
npeobpasosaHue Pypbe ¢ BeCOBON PyHKLMER — OKHOM XaHHa.

3.26 ouudpoBaHHble ayanoaaHHble (digitized audio data): [aHHble, nonyyeHHbIe NyTeM aHanoro-
undposoro npeobpasoBaHns ayanoaaHHbIX, NpeAcTaBnsowme coboil nocneaoBaTenbHOCTb 6ANTOR B HEKO-
Topom cpopmate (WAV unuap.).

3.27 nepepuckpeTusayunayauocurdana(resampling): UsmeHeHue yacToThl guckpeTusaummnayano-
curHana.

3.28 nukoBoe oTHolueHue curHan/wym (peak-to-peak signal-to-noise ratio): CooTHoweHne mexay
MakCUMyMOM BO3MOXHOIO 3HAYEHUs1 CUrHasa v MOLLHOCTbIO LIYMa.

3.29 nopor mackupoBaHua (masking threshold): Moporosbiii ypoBeHb curHana, He pasnuyaemoro
YyerioBekoM 13-3a adpchpeKTa NCMxoaKkyCTUYECKOro MackupoBaHus.

3.30 ncuxoakyctuueckasi Mogensb (psychoacoustics model): Mogenb ans cxatus ayaguoaaHHbIX C
noTepsMu, UCMoNb3ytoLast 0COBEHHOCTUN BOCMIPUATUA 3BYKa YENOBEYECKUM YXOM.

3.31 ncuxoakycTuyeckoe mackupoBaHue (psychoacoustics masking): MogasneHue (cokpeiTUe) Npn
onpegeneHHbIX YCOBUSIX OQHOTO 3ByKa APYrMM 3BYKOM U3-32 0COBEHHOCTEN BOCNIPUATAS 3BYKA YEITOBEHECKUM
YXOM.

3.32 paspsagHocTtb AL (resolution of ADC): Konuuectso 6UT, KOTOPbIM KOAUPYETCS KaxKablil oTcyeT
curHana B npouecce ALUIM.

3.33 cxkaTble ayauopaHHble (compressed audio data): [laHHble, Nony4eHHbIe NYTEM KOMMpeccuu
oundpoBaHHbIX ayanodaHHbIX.

3.34 cnekTtp curHana (frequency spectrum): PesynbTaTt pasnoxeHua curHana Ha npocTble CUHYCOU-
AanbHble PYHKUMN (rapMOHUKM).

3.35 cnekrporpaMma (spectrogram): XapaktepucTuka MAOTHOCTU MOLUHOCTW CurHanma B 4acToT-
HO-BPEMEHHOM NpPOoCTpaHCTBe.

3.36 cTeneHb cxaTusa (compressionratio): KoadduuneHT cokpaweHns o6bema ouudpoBaHHbIX ayan-
OofaHHbIX B pe3yfbTaTe KOMIpeccuu.

3.37 cTtepeodoHuUeckuin ABYXKaHanbHbIN ayanocurHan (stereophonic audiosignal), crepeo ayau-
ocurHan (stereo audio signal), AByxKkaHanbHbIN ayanocurHan (two-channel audio signal): MHorokaHanb-
HbI ayANOCUrHar, COCTOALMIA U3 ABYX MOHOKaHarbHbIX ayAMOCUTHarnos.

3.38 cbopmart ouudbpoBaHHbIX ayanopaHHbIx (digitized audio data format): MNpegcrasneHne ound-
pOBaHHbIX ayanoaaHHbIX, obecnedmsatoLlee nx 06paboTKy LM POBbLIMU BEIYUCIIUTENbHBEIMI CPEACTBaMM.

3.39 dpenm (frame): dparmMeHT 3BYKOBOTO CUrHana ¢ 3afdaHHbIM KOMUYECTBOM 3HAYeHUA (ANUHON
dpenma).

3.40 yacroTa guckpetusauum (sample rate): YacroTa B3sATUA NocneagoBaTenbHbIX 3HAYEHUIA Hernpe-
PbIBHOTO BO BPEMEHW cUrHana npu ero aHanoro-uuppoBom npeobpasoBaHnM B oUUdpoBaHHbIE ayauo-
AaHHble,

3.41 yacToTHO-BpeMeHHaAa MeTpuka (time-frequency metric): MeTpuka kayecTBa, OCHOBaHHas Ha
CpaBHeHWNW CnekTporpamMm oLMgpoBaHHbIX M BOCCTAHOBMEHHbIX ayAN04aHHEIX.

3.42 wym (noise): CoBOKYNHOCTb aneprognyeckmx 3ByKOB pas/iM4HON MHTEHCUBHOCTW U YacTOThl, HE
HecyLlas nonesHyo UHpopmauumio.

4 O6wwme TpeboBaHUA

4.1 OueHKy kayecTBa BOCCTAHOBIEHHBIX NOCIE CXaTUs ayanoAaHHbIX OnNpeaensioT no KayecTBY Kaxkao-
ro OTAEMbHOro 3BYKOBOro pparmMeHTa BOCCTaHOBMEHHbIX ayANoAaHHbIX.

4.2 Pa3wmep 3ByKoBOro coparmMeHTa onpeaensercsa B CeKyHaax U Konm4ecTBOM oL poBaHHbIX 3Have-
HWU BHYTPU chparmeHTa.

4.3 KauecTBo 3BYKOBOro hparMeHTa BOCCTaHOBIEHHbIX ayAUoAaHHbIX ONpeaensioT o 3HauYeHNsiM MeT-
PUK KaueCcTBa anropruTMOB KOMMPECCUN OLUPOBaHHbIX ayANoAaHHbIX (faree — METPUKM KavyecTRa), xapak-
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TePUSYIOLLUX CTENeHb UCKaXKEHWSA BOCCTAHOBIEHHLIX NOCHe CKaTus ayanoaaHHbIX B CPaBHEHUMN C UCXOAHBIMM
oundpoBaHHLIMA ayauoaaHHbIMA. OnvMcaHue MeTPUK NpuBeieHo B pasfdernie 6 HacTosiero craHgapTa, a
NOPAAOK UX pacyeTa NpUBeeH B NPUMOXEHUN A.

4.4 AnroputMbl KOMMPECCUM OLMGPOBaHHBIX ayAMOAaHHbLIX OTHOCAT K OAHOMY W3 TPeX KNnaccoB, ycTa-
HOBNEeHHLIX B pasferie 5 HacTosllero cTaHaapTa.

5 Knaccudomkauymn

5.1 Knacc anroputMa KomMnpeccumn oundpoBaHHbIX AaHHbIX ONpeaensioT No pacCYUMTaHHbLIM ANs Hero
3HaYeHUsAM METPUK KadyecTBa. [1Nns OLeHKN Ka4ecTBa BOCCTaHOBMEHHbLIX ayAnoAaHHbIX U KnaccudukaLmm anro-
PUTMOB KOMIMPECCUM UCTIOSb3YHOT METPUKM KauecTBa, ykasaHHble B Tabnuue 1.

Tab6nwuuya 1 — [Ivmana3oHbl 3HAYEHUII METPUK KAYECTBA MO KNaccam anropuTMOB KOMNPECCUMN OUMMDPOBaHHbIX ayano-
AaHHbIX

[lnana3soH 3Ha4eHWit METPUK Ka4ecTBa Mo Knaccam anropuTtMoB

KOMMpeccu oL@ poBaHHbIX ayaAnoaaHHBIX
MerTpuka kavecTea P Hnchp yauon

Knacc Il Knacc Il Knacc |
Mukoeoe oTHoweHue curHan/wym (PSNR), ab Menee 30 [30; 40] Cebiwe 40
KoadhdmumeHT paanuums ¢opm curHanos Bonee 107 [107% 107 Menee10™
O6beKkTVBHasa oOueHKa ayauoAaHHbIX C TOYKM [-3,98; —2,3) [-2,3; -0,62] (-0,62; 0,22]
3peHus socnpusitus (PEAQ)

MpumeyaHune—MeTpukn KauecTBa OTpaXaT N3MEHEHUs1 OLMPOBaHHBIX ayanoAaHHbIX (Nocne ux obpa-
GOTKM anropuTMaMn KOMMPeccum 1 AeKOMNpPeccun), KOTOpble MOTYT OKasaTb KPUTUYECKOe BNUSIHWE Ha BO3MOXHOCTb
UCMONb30BaHNS BOCCTAHOBMEHHbIX ayANOAAHHBIX ANS YCTAHOBNEHUS HANUYMS 3BYKOBbIX CUTHANoOB, anddepeHunaunm
3BYKOB U peuu.

5.2 B 3aBMCUMOCTU OT 3HAYEHNIN METPUK Ka4YeCTBa, BIMUCIIEHHbIX B XOA4€ NPOBeAEHUS UX OLIEHKU, anro-
PUTM KOMMNpeccun oL poBaHHbIX ayancgaHHbIX OTHOCAT K OQHOMY U3 KNaccoB:

- knacc Il — anropuTmel koMnpeccny, obecneynBaloLme Ka4ecTBO BOCCTAHOBMNEHHbIX ayauoAaHHbIX,
JocTtaToyHoe Ans yCTaHOBNEHWUsI Hanmn4yus 3BYKOBBIX CUrHAMOB U He yCTynalowee B 3TOM KauecTBY UCXOOHbIX
ayanodaHHbIX, HO cosgatoee noMmexu npu auddrepeHumanmn 3sykos, NOHUMaHUN peyun.

- knacc |l — anroputmMel komnpeccuy, obecneunBaloLme Ka4ecTBO BOCCTAHOBMEHHbIX ayauoAaHHbIX,
[0CTaToYHOE AJ19 YCTaHOBEHNS HAaNUYMS 3BYKOBBLIX CUrHaNoB, AnddepeHumanumn 3ByKoB, pedn U He yeTynarto-
Liee B 3TOM Ka4eCTBY NCXOAHbIX ayAnoAaHHbIX, HO OTIIMYMMOE OT KayecTBa NCXOAHbIX ayANOAaHHbIX;

- knacc | — nonHogyHKUMOHanNbHbIE anropUTMbl KOMMpeccuu, obecneunsalowme KayecTBo BOCCTAHOB-
NEeHHbIX ayanoaaHHbIX, HEOTNINYMMOE OT KavyeCcTBa UCXOOHbIX ayauoaAaHHbIX.

5.3 3HaueHus MeTpurK kavecTBa onpeaensoT AN KaX4oro 3s8ykosoro oparmeHTa (4nNuHoi 5 ¢) ouudppo-
BaHHbIX ayAnodaHHbIX, a B KaYeCTBe pe3ynbTUPYHOLLEA OLEHKN BOCCTAHOBMNEHHbIX ayAnoAaHHbIX BbIBMpatoT
HauMeHbLUIee 3HaveHne ansa meTpuk PSNR n PEAQ 1 Hanbonblwee 3HaveHue aAna koddduuneHTa pasnuums
hOpM CUrHanos.

Ons pacyeta MeTpuk PSNR n koachdumLneHTa pasnuuus hopm CUrHanoB UCXoaHbIE N BOCCTaHOBMNEHHbIE
uncpoBble ayamoaaHHble AOMKHBLI BbITh NpeAcTaBneHbl ¢ YacToTon guckpetusauumn 44100 My, 16 Gutamun
namsaTv Ha 04HO OUCKPETHOE 3HavYeHMe BbIBOPKU 1 C OAHUM 3BYKOBLIM KaHanoM. [innHa 3sykoBoro cpparmeHTa
5 ¢ pomkHa BkntoyaTth B ceba 220500 oundpoBaHHBLIX 3HAYEHUA.

Onsa pacyeTta MeTpukn PEAQ ucxogHble U BoccTaHOBNEHHbIe LnpoBble ayanogaHHbie A0MKHbI OblTh
npeacTasneHbl ¢ YacToTon AuckpeTtusauum 48000 Ny, 16 6utamMn NamMATU Ha OAQHO AUCKPETHOe 3Ha4veHue
BbIGOPKM 11 C OAHUM UMK C ABYMS! 3BYKOBLIMU KaHanaMu. [inuHa 38yKoBoro coparMeHTa 5 ¢ AomkHa BKNoYaTh B
ceb5 240000 ounchpoBaHHbBIX 3HAYEHUA ANS KKAOro KaHana.

Onsa curHanoB ¢ 4acTOTOW, OTIMYHOW OT TpebyeMoi, HeobxoauMo npeaBapUTENbHO BLIMNONHUTL
nepeancKpeTMsaLmio ayamocurHana.

5.4 AnropuTmbl KOMApeccuu cnegyeT pasnuMyaTth Mo CTENeHN CkaTus, BolpaXaemMon Yepes ko huum-
eHT cxkaTtua. KoadpmumeHT cxaTus onpedenstoT Kak oTHoLleHUe 06 beMa UCXOAHbIX HeCKaTbIX AaHHbIX K 00b-
eMy CKaTbIX AaHHbIX [MopsaoK pacyeTa JaHHOW METPUKU BBINMOSTHAKT B COOTBETCTBUU C A.4 (NpunoxeHue A)).
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B 3aBUCMMOCTM OT 3Ha4YEeHMA KO3hbrLMEHTa CaThA anropuTMbl KOMNPECCUN ayANOAAHHbIX Nofpasae-
NAIOT Ha:

- anropuTMbI C BbICOKOM CTENEHbI0 CxaTusi — koadpcpnumeHT cxatus Gonee 42;

- anropuTMbl CO CpeiHeN CTeneHblo cxxaTns — KoaduumeHT cxxatus ot 15 00 42 BKNIOYUTENBHO;

- anropyTMbl C HU3KOW CTEMEHBIO CKaTUS — KO3MPULIMEHT CXaTtust MeHee 15.

6 MeToAabl OLLEHKM aNIFTOPUTMORB KOMMNPECCUM

6.1 O6wee onucaHne METOAOB OLIEHKH

O6was cxema pabotul LICOT npu ncnonb3oBaHU anropuTtMOB KOMNPECCUM U AEKOMINPECCUN NPeACTaB-
nexa Ha pucyHke 1.

AHanoroeo-
uudpposoe
npeobpasosanune

AyavoaaHHbie

OuudpoBaHHbIe o Komnpeccus
ayauoaaHHbie LMBPOBaHHLIX
ayanoaaHHbIX

Hekomnpeccua
ayamogamse carx
YAnoAa ayAMOAAHHBIX

BoccraHoBneHHble
ayavoaaHHble

PucyHok 1 — O6GLas cxema pa6otel LICOT

AHanorosble ayavoaaHHbIe NOABEPraloT aHanoroso-UudposoMy npeobpasosaHuio, B pe3ynbTarte KOTo-
poro nony4aioT ounpoBaHHble ayauoAaHHbIe ¢ OnpeaerieHHON YacToToN ANCKPEeTM3aLUmn U KONM4EeCTBOM
6GUTOB Ha OHO ANCKPETHOE OLM(DPOBaHHOE 3HaYeHWe. Ha koMnbloTepe ounpoBaHHble ayaAUoaaHHbIe criefy-
€T XpaHWTb B O4HOM U3 (DOPMaTOB XpaHeHWs OLMGPOBaHHbIX ayANOAAHHbIX.

OuundpoBaHHble ayaMoaaHHble NOABEPraloT KOMNPECCUU, B pe3ynbTaTte KoTopoi hopMUpYIOT CxaTbie
ayavopaHHble.

CxaTble ayamoAaHHbIe NCMOoNb3YIOT ANsl XpaHeHUA apXuBa unv Ans nepeaayn no cetu, nocrie Yero ux
noasepraioT AeKoMnpeccun. B pesynbrate 4eKoMNpeccum cxaTbix ayauofaHHbIX Nomy4aloT BOCCTaHOBIIEH-
Hble ayanoaaHHbIe, KOTOPbIe UCTONb3YHT AN BOCNPOM3BEAEHWs onepaTopy U NOAaIoT Ha BXOZ, NPOrpaMmMHbIM
MOAYNsIM aHanusa ayauoaaHHbIX.

B cooTtBeTCTBUM C NpefcTaBneHHon obuien cxemoit pabotbl LICOT knaccudmkaumio anropuTtMoB KOM-
npeccuu ouMpPOBaHHBIX ayAMOAaHHBIX OCYLLECTBSIOT MyTeM OLEHKU METPUK kayecTBa BOCCTAHOBNEHHbIX
ayamopaHHbIX OT UCXOAHBIX OLMpOBaHHbIX ayanoaaHHbIX. B 3aBMCMMOCTH OT 0cOBEHHOCTEH TEXHMYECKON
peanusaumm koHkpeTHo LICOT cyLuecTByeT ABa METO/a OLEHKM: C pa3fesneHnem oumcpoBaHHbIX ayanoaaH-
HbIX 1 C pa3geneHMeM ayamoaaHHbIX.

MNepen oueHKoW 3HaYeHWUI MeTpUK kKavecTBa 0ba ayanocurHana (MCXOAHbIA U BOCCTAHOBIEHHBIN) AON-
XHbl 6bITb NPpeobpa3soBaHbl B CUrHanbI ¢ YactoTon anckpeTtusaumm 44100 u 48000 M. [ins ykasaHHbIX 4acToT
KONMYeCTBO OMT, NpuxoasLleecs Ha OAHO ANCKPETHOE oUW POBaHHOE 3HaYEHWe, IOIDKHO ObLITL paBHLIM 16.

6.1.1 MeToa OLUEHKM anropuTMa KOMNpeccuu Ha OCHOBE pa3fefieHUsi ouupoBaHHbLIX ayauo-
OaHHbIX

Ons npuMeHeHnst gaHHOro mMeTofa TexHudeckasi peanu3aums LICOT pgomkHa no3Bonsitb NONy4UTb
oumdpoBaHHble ayavogaHHble fo nx 06paboTku anropmTMamm KOMNPECCUU U EeKOMIPECCUM.
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PuicyHok 2 — O6LLas cxema peanvsalmn MeTo/ja OLEHKM Ha OCHOBE pasae/ieH st OLMPOBaHHbIX ayAMOAaHHbIX

O6uan cxema peanunsaun MeTofa OLEHKN afiropuTmMa Ha OCHOBe pasfefieHns oundpoBaHHbIX ayamno-
[OaHHbIX NpeAcTaBieHa Ha pUCYHKe 2.

OueHKy anroputma BbINOJIHAIOT B NOCNef0BaTeIbHOCTHU:

- Ha Bxog ncnbiTyemoli LICOT nogatloT nocnegoBaTtesibHble ayAN0oAaHHbIE;

- ouMdIpoBaHHbIE N BOCCTAHOB/IEHHbIE ayAMOA4aHHbIE COXPaHSAT Ha YCTPONCTBAX XpaHEeHUS;

- BbIMO/IHAIOT pacyeT 3HauYeHWit MeTpUK KavyecTBa W OCYLEeCTB/AT Knaccudukaumio anroputma Kom-
npeccumn no tabnuue 1. OnucaHna MeTprK NnpuBeLeHsbl B 6.2—6.5. MeTpurkn 4o/MKHbI O6bITb paccunTaHbl B COOT-
BETCTBUM C NPUIOXKEHNEM A.

6.1.2 MeToA OUEHKM a/ITOPUTMa KOMNPECCUN Ha OCHOBE pasfefieHns ayanofaHHbIX

MeToz oLeHKM anropntMa KOMNpeccuy Ha OCHoBe pasfeneHnsn ayanoaHHbIX cnefyeT NPUMEeHsTh B Cy-
yae, ecnv TexHuyeckaa peanmsaumsa LLCOT He no3BOMSET NPUMEHATL METO/, OLIEHKM Ha OCHOBE pasfenieHns
oLMpoBaHHbIX ayamogaHHbiX. MpyMeHeHne AaHHOro metoga TpebyeT Hamums gononHutensHoit LICOT B
cocTaBe MCMbITaTe/IbHOro CTeHAa, KoTopas npefHasHaveHa a1 CoXpaHeHns oungpoBaHHbIX ayAnoL4aHHbIX.

O6LwWwaa cxema peanusaumm MeToAa OLEHKM Ha OCHOBE pasfesfieHus ayauofaHHbIX npefcTasrieHa Ha
pucyHke 3.

OLeHKy anropMtMa KOMNPEeCCUN BbIMOJTHAIT B NMOC/1E40BATE/IbHOCTU:

- Ha Bxog4 ucnbityemoli LICOT nogatoT nocnegosatesibHble ayanoaaHHble, KOTOpble aBTomaTnyecku ay6-
nnpytotcs Ha gpyryto LCOT nocpeAcTBOM fenuTens ayfuocurdana, aB/sioLwerocs 3/IeMeHTOM nchnbiTaTesib-
HOro CTeHAa;

- BOCCTAHOB/IEHHbIE ayAMNO[aHHbIE COXPaHAT Ha yCTpolicTBax xpaHeHus LICOT;

- oymchpoBaHHbIe ayAnofaHHble COXPaHAT Ha YCTPONCTBaX XpaHeHWS C UCMOb30BaHNEM BO3MOXHOC-
Teli BTOpoii LUICOT (13 cocTasa UCnbITaTe/IbHOro CTeHaa);

- BbIMO/HAIOT pacyeT 3HauyeHuli MeTPUK KayecTBa M OCYLeCTB/AT Knaccudukaumio anroputma Kom-
npeccuun no Tabauue 1. OnucaHusa meTpuk npueeneHbl B6.2—6.5. MeTprku f0/DKHbI 6bITb paccynTaHbl B COOT-
BETCTBUM C NPUIOXKEHNEM A.
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PucyHok 3 — O6Las cxema peanvsauyy MeToja OLEeHKY airopuTMa KoMnpeccum
Ha OCHOBE pasfeNieHns ayanoaaHHbIX

6.2 MeTpuka PEAQ

6.2.1 MeTtpuka PEAQ npefHa3sHayeHa 419 OLEHKM KayecTBa 06pabOTaHHOro curHasa OTHOCUTE/IbHO
MUCXOQHOT0 C y4eTOM CJ/IyXOBbIX 0COB6EHHOCTel yenoBeka (MCUxoakycTuyeckol mogenu). MeTpuka 4o/HKHA
6bITb paccynTaHa B COOTBETCTBUN C A. 1 (Npunoxenue A).

6.2.2 Onsa pacueta meTpukn PEAQ K aygmocurHanam npegbsaBnsaioT cnegyowmne TpeboBaHuns:

- ICXOAHbI N BOCCTAHOBJIEHHbI ayAMOCUTHaNbl AOJ/DKHbI MMETb 4YacToTy AUCKpeTu3auuum pasBHYH
48000 lu. AnA curHanoB C 4acTOTON OT/IMYHOW OT ykaszaHHON Heo6XoAMMO npeaBapuTesibHO BbINOMHUTL
nepeguckpeTtusaLluio ayamocurdana,

- ICXOAHbIN N BOCCTAHOB/MEHHbI ayauoCUrHanbl A0/KHbI UMeTb O4UHAKOBYI A/INHY, T. €. COCTOATb U3
O[HOTO M TOTO Xe KONmMyecTBa ounpoBaHHbIX 3HAYEHWUIA.

6.3 MeTpuka PSNR

6.3.1 MeTpuka PSN R BblpaxaeT KOIMYECTBEHHYI0 XapakTepuCTUKy OTHOLLIEHNS 3HePrum Wwyma (Mckaxe-
HWi1), BHOCMMOTO NPOLLECCOM KOAMPOBAHUSA, K MAKCMMaslbHO BO3MOXHOM 9HEPrnn UCXOA4HOro curHana. 3Have-
HMA MeTpukn PSNR wn3mepsioT B geunbenax. MeTpuka foxHa OblTb paccyMTaHa B COOTBeTCTBUMU C A.2
(npunoxeHwne A).

6.3.2 [nAa pacueta meTpukn PSNR kaygnocurHanam npeabaBasaoT crnegyouime TpeboBaHus:

- UCXOAHbIA ¥ BOCCTAHOBJMIEHHbI ayAnoCUrHanbl AO/KHbI MMETb 4YacTOTy AUCKPETM3auuu paBHYHO
44100 Tu. Ans curHanoB € 4acTOTOW, OT/INYHOWN OT yKasaHHOW, HEO6X0AMMO MNpefBapuUTENIbHO BbINO/HUTL
nepeguckpeTtusayuio ayamocurdana,

- €C/IN NCXOAHbI/ Y BOCCTAHOBJIEHHbIN ayANOCUTHaNbl MHOFOKaHasbHble, TO UCNOJb3YIOT TO/IbKO OAUH
KaHasn NCXOLHOro ayAnmocurHana n COoTBeTCTBYIOLW WA eMy OAUH KaHan BOCCTaHOB/IEHHOMO ayanocurHana.

6.4 MeTpuka «koad P unLUNeHT pas3inuyna oopmM CUTHAIOB»

6.4.1 PasHnua cocegHux nocnepoBaTesibHbIX3HAYEHUI aMNANTY L UCXO4HOrO aygmocurHana, noayyeH-
HbIX B pe3ysbTaTe MMNY/bCHO-KOAOBOW MOAYNAUUM, U pasHuWUa COCeAHUX MOocrefoBaTellbHbIX 3HAYEHUN
amMnanTy BOCCTAHOBJ/IEHHOIO ayAnocurHana onpesesnsaoT COOTBETCTBEHHO (pOpPMy MCXOAHOTO ayamocurHana
N hOopMy BOCCTAHOBJIEHHOTO ayAnocurHana B nocsefosaTesibHble MOMEHTbI BpeMeHU. KoHeyHoe 3HayeHune
METPUKN «KO3(hdPurLMeHTa pa3nmuna oopm CUrHasos» NOACYNTLIBAIOT KaK CyMMapHYyo cpefHekBaapaTuyHyo
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owmnbky mexay opMoit ucxogHoro ayguocurHana u oopmMol BOCCTaHOBMEHHOro ayauocurHana. Metpuka
AomkHa 6bITb paccuuTaHa B cooTBETCTBUN € A.3 (NnpunoxeHne A).

6.4.2 [na pacyeTta MeTpuUKn «koadpdnumeHT pasnuuna opM CUrHanoB» K ayauocurHanam npeabsasns-
toT crnegytowne TpeboBaHus:

- NICXOAHBIA U BOCCTAHOBMEHHbLIA ayAMOCUrHanbl AOSMKHBI UMETb 4acToTy AUCKPEeTU3auuu paBHYHO
44100 'y. AnAa curHanoB ¢ 4acTOTOW, OTNIMYHOM OT yKasaHHOW, HeoB6XxoAMMO NpeasapuUTenbHO BLINOMHUTL
nepeanckpeTUsaLnio ayauocurHana;

- eCMU UCXOOHbLIA U BOCCTaHOBIEHHBIN ayanocurHanbl MHOrOKaHanbHble, TO Ansl pacHeTa MeTPUKU
MCNOMb3YOT TOMLKO OAUH KaHan UCXOAHOro ayamocurHasna u CooTBETCTBYOLWWMIA eMy OAMH KaHan BOCCTaHOB-
NIEHHOTO ayAMocUrHana.

6.5 MeTpuka «ko3adppULIEeHT c)KaTUsI»

6.5.1 MeTpuka «KkoadpuUNeHT cxaTusi»nNpegHasHaYeHa ANA XapakTepucTUKM KavecTsa anroputma
KOMMPECCUN C TOUKUN 3pEHUSA yMEHbLLEHWUs1 06 beMa 3aHUMaeMON UCXOAHBIMU ayANoAaHHLIMU NAMATU NOCNEe UX
06paboTku anropuTMoM cxxatusl. MeTpuka gormkHa 6bITb paccyuTaHa B cooTBETCTBUM € A4 (MpunoxeHue A).

7 MeToabl CpaBHEHUs1 anrOPMTMOB KOMIMpPeccuu
oUM(PPOBAHHbIX ayANO4aHHbIX

7.1 [OBa n 6onee anropUTMOB KOMNPECCUU CPaBHUMbI APYT € APYroM, eCfv OHU NpUHaAnexaT ogHoOMY 1
TOMY Xe KIaccy B COOTBETCTBUU ¢ Tabnuuei 1.

7.2 W3 pByx 1 6onee cpaBHMBaEMbIX arirOpUTMOB KOMMPECCUM NYULLIMM NMPU3HALOT anroputm, obecneyun-
BaloLWUiA Nydlne 3HavyeHUs XoTsa Bbl ABYX U3 Tpex MeTpuK, NnpuBeaeHHbIX B Tabnuue 1. Jlyyluum 3HaveHnem
MEeTPUKN Npu3HatoT 6onbluee 3HaveHne — ans metpuk PSNR n PEAQ 1 MeHbLLee 3HaueHue — Anist MeTpukn
«koaduLmMeHT pasnnyumsa oopm curHanos». Ecnu cpaBHMBaeMble anropuTMbl UMEIOT OAIMHAKOBbIE 3HaYEeHUA
MEeTPUK KayecTBa, MpUBeAeHHbIX B Tabnuue 1, TO Ny4wnm cYnTaloT anroputm ¢ HaubonbLIen CTeNeHbIo Cka-
Tns, onpeaensieMol kKot guLeHTOM cxaTtums no 6.5.
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MpunoxeHne A
(oba3aTenbHoe)

MaremaTu4yeckoe onucaHue anropuTMoB pacydeTa MeTpUK OLEeHKU KavecTBa
anropuTMoB KomMnpeccum ayanoaaHHbIX

A1 Anroputm pacyeTa meTtpukn PEAQ

A.1.1 O6Go3HaueHus, NCNonb3yemble B anropuTme:

F¢ = 48000 'y — 4acToTa AMCKpEeTU3aLnM CUTHAMOB;

Ng = 2048 — KonmM4ecTBO OUMGPOBAHHbLIX 3HAYEHUI CUTHaNa, onpeensoLmMX ANUHY 3BYKOBOro pparMeHTa (pas-
mep dperima);

x[n] — oundpoBaHHbIe AaHHble dpenma, rae n — Lenoe uucno, npeacraensioliee cob6on UHAEKC KOHKPETHOrO
3HaYeHWsI amnnNTyAbl CUrHana BHyTpu 3ByKOBOro cpparmenTa (dpernma), n [0, N.— 1].

nokaapoBb war snepen; Ng/2 = 1024, Takum o6pasom nepekpbiTue dpelimos cocTaensieT 50 %;

F. s = F,/1024 — vyacToTa BbIGOPKM KaAPOB C y4eTOM NOKaApoBOro LWara;

N, = 109 — KONU4EeCTBO YaCTOTHLIX NONOC MUNbTPaLNUN.

A.1.2 PacuyeT METPUKM JOIMKEH COCTOATb M3 NSATW 3TaNoB:

| — npegeapuTensHasi 06paboTka CUrHarnos;

Il — obpaboTka 06pasos;

Il — pacyeT BbIXOAHbLIX 3HA4YEHUI NCMXOAKYCTNYECKOW MO ENNM;

IV — HOopMMpOBaHWe 3Ha4YeHWIN BLIXOAHbLIX NEPEMEHHbIX NCMX0aKYCTUUECKOWM Moaernu;

V — oueHKa ka4ecTBa BOCCTaHOBITEHHOIO CUrHana ¢ NOMOLLbIO UCKYCCTBEHHON HEVPOHHOW CeTH.

A.1.2.1 TMpegBapuTtenbHasi 06paboTka CUrHanoB

A.1.2.1.1 TpumeHeHne OKOHHOTO Npeobpa3oBaHus

McxogHble oumnbpoBaHHble faHHble pa3brBatoT Ha penmbl. OungpoBaHHbIe AaHHbIE Kaxaoro hperima nogsepra-
0T MacLwTabupoBaHHOMY OKOHHOMY NpeobpasosaHuio XaHHa, h, , no dopmyrne

h,[n] =813 hn, N, (A.1)
rae hin, Ng] — doyHkuus, paccuuTteiBaemast no popmyrne
2nn
hin N = 0’5{1“’03{%_1}}0“ <Nt (A.2)
0, B OCTanbHbIX Cy4asXx

Mepexog B 4acTOTHYH 06MNacTb OCYLLECTBNSIOT NyTeM NPUMeHeHWs AUCKpeTHOro npeobpasosanus Gypee (AMNP)

X [k] no chopmyne
4 Net ‘
XK= 2ZhwInlx[nje 20, (A.3)
NF n=0
rae 0<k <Ng -1,
J — MHUMas eguHuua.
A.1.2.1.2 Moaenb HapyXHOro n cpeHero yxa
YacToTHYH0 XapaKTepuCcTUKy Hapy>KHOro u cpegHero yxa W(f) BeiumcnsioT no doopmyne

W(f) = 10Ad5(f)/20 , (A4)
roe f — vactoTa, 3agaHHas B KU, a A_g(f) BoiuncnsioT no opmyne
_ f 2 36
f 0.8 —o,e[——a,aj f ,
A (N=-2184|——| +65e ‘100 - 0,001 (; . (A.5)
ol (1 oooj 1000

Mo dhopmyne (A.4) BekTop BeCOoBbIX koaduuneHToB W k] BbiuncnsioT criegytowmm o6pasom:

kF.
= s A6
W K] W{ NFJ , (A.6)

r,qeOsks%.
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Mcnonb3yn Beca, paccuntaHHble no popmyne (A.6), BbIMUCNAIOT B3BELWEeHHYI0 3Hepruio [ANe |XW[k]|2 no copmyne:
X, (K117 = GZW2[KIIX K] (A7)

rae 0<k< %;

G, =2,794-1073,
A.1.2.1.3 Pa3snoxeHune KpUuTU4eCKon Nonockl cnyxa
Ins npeobpa3oBaHna 4acTOThI CMrHarna B BbICOTY 3ByKa MCnonb3yloT wkany bapka. PacyeTt cnegyet nponssoauntb
no copmyne (A.8), na o6paTtHoro npeobpasoBaHna — no dopmyne (A.9)
z = B(f) = 7 asinh (#1650), (A.8)
rge z — BbICOTa 3BYyKa, U3mepsiemas B bapkax.
f= B(z) = 650sinh(z /7). (A.9)
Monockl YacToT ONpeaensAoT 3a4aHneM HUXKHEN, LEHTParbHON M BEPXHEW YacTOT KAXA0M NONOCHI U X 3HAYEHNE NO
wkane bapka onpegensioT no dopmynam

z[il=z +iAz, (A.10)
. . Zy —ZL
2,]i]= z, +(i + NAz, I+1S*AZ , (A11)
Zy, B OCTasbHbIX cnyvasix,
zJil= *Z”[']z_ 2] (A.12)
rae Az = 1/4;
z; = B(f,);
zy = B(fy)
f; =80Ty;
Fy=18«ku.
O6paTHOE Npeobpa3oBaHKe BeINOMHAOT Mo hopMynam
fli1=B7(z]i)), (A.13)
£li1= Bz i), (A.14)
fli1=B"(z,li) (A.15)
raei=1,2,...,N_ =109.
Bknag aHeprum o1 k-om ocHoBHOM YacToTel AN U[J, k] ans i-i nonockl 4acToT BuIYMCNAOT No chopmyne
max{o, min (fu[i], 2"2* 1;\?] —max [f,[i], 2"2'1 /C_SJ]
Uli, K] = £ Fl (A.16)
F
Ne
OHepruio -1 nonockl yactoT E_[i ] BoluncnsioT no opmyne
kyliH 5 . -
Eli1=Uli1-IX, [k TIZ+ D | X, IKIP+U i X, [ [P, (A7)
K=k [i 1
rae Ujli] = Uli kliTl;
U, li1= Ui, k i1
KoHeuHy1o dhopmyny sHeprum i-n nonockl 4acToT E,[i | Beruamcnsior no popmyne
Elil=max(E]i], E_,). (A.18)
rae E, = 110712

A.1.2.1.4 BHyTpeHHWI WwyMm yxa
Ilns koMNeHcauun BHYTPEHHNX LLYMOB B CaMOM yxe, cnefyeT BBecTn HanbasouHoe 3HaveHne Ej[i ] ansa sneprum
KaXxaom nonocwl vacror, E[i ]

Eli1=E|i1+E,lil (A19)
rae BHyTpeHHUI wym E , [i 1 moaenupyiot cneayiowmm obpasom:

10
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Enaiiz) = 1496 (771000) 2% (A20)
E\li1=10Emas(fcliDN0,

OHeprum E[i] — obpasbl BLICOTHI.
A.1.2.1.5 BHeprusi pacnpocTpaHeHns B npeaenax ogHoro dpenma
XapakTepucTuKy aHeprum pacnpoctpaHenus B wkane bapka E [/ ] paccuntbiBaiot no doopmyne

a1 , , A.21
El1= 5 i (Eall] * E RS (A-21)
rae B [i] — xapakTepucTuka paccunTbiBaemas no cdhopmyne
N, -1
Bi1= [ Z(su,/,E[i]»Z'SJ, (A-22)
1=0
rae E[i] — napn6aBouHble 3HaueHWs aHeprni ua (A.19);
E[0] ycTaHaBNuBaIOT paBHbIM 1;
S(i, I, E) — xapakTepucTuka paccHuTbiBaemas rno popmyne
1 )
(105782, i<l ,
A(I,E)( ) _ 1 al, i<l
SG.LE)=1 234z i = A(I%E) (A.23)
102482y 10 ©UT |(EO282) | j>y | ———[ayaclllag(E)i <1,
a6 )[ (E%%2) 2.5 Puolae
rae (ANs yNpoweHus 3anucy Beipaxenns) a, = 102747
ay = 107244
_BAz
ac(h=10 "l
ag = E02A2,
Torpa A~ (I, E) npeobpaayeTtcs no hopmyne
/ N ) (1) _ N1
AL E) = Yal + 3 (ay agllag(E)) -1 = 2L, 1-@uacllagEY -1 (A.24)
i=0 i=l 1-a; 1-ayaclllas(E)
Cnaraembie E [i11 E [i1vn3 chopmynbl (A.21) BbiMMCRAKOT Mo chopmynam
04
E IN,-1]= _ENo -1 , (A.25)
st A(lLEIN, -1))
raei=N,-2,...,0.
e (A.26)
E lil=a" E (i+ 1)+ —=—| , '
SL[ ] L SL( ) {A(/,E[i])]
ern > (A.27)
E lil=|——— a,a.[la_(E[I))°+1-" .
ll] [A(/,E[/])j l(@, a1/ Jaz (V1))
Oneprum E[/] B pancHeiwem B TeKCTe cTaHaapTa — o6pasbl HepacnpocTpaHeHHbIX BO3BYXOeHUH.
A.1.2.1.6 PunbTpaums SHeprmm
dUNbTPaLMIO SHEPTVU BbIYUCTAIOT M0 hopMyram
E.li,nl= o [i1E i, n =11+ (1=o [iDEJ nl, (A.28)
E. [i, n] = max (E,[i, nl, E,[i, n]) (A.29)

rge  n — vHpeke dperima (ppenmesl NPoMHAEKCMPOBaHbI, HaunHasA ¢ n = 0);

E [i, n] — aHeprusa n-ro dperima, cootBeTcTBYIOW AN hopmyne (A.21);

_a [{1— nocTosiHHas Bpemenn ans yracaiolen aneprum. HauansHoe ycnosue ans punstpauum: Ecfi, 1] = 0.
E [i, n] — koHeuHble 3HaveHns (0Gpasbl Bo3byxaeHui B AanbHenwem).

11
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A.1.2.1.7 TOCTOSAAHHbIE BpEMEHM
MocTosAHHY0 BpeMeHn 1 [i] Ana dounbTpauum i-i Nonockl BbIYUCAAOT No hopmyne

100

T [I] = tmin + o (‘E - Tmin)’ (A30)
fli] 1
rae t490 = 0,03 ¢;
T min = 0,008 c.
[MocToAHHY0 BpeMeHn Ans yracaroLen aHeprum o [i] cnegyeT BblYMCNATL NO hopmyne
A.31
a[i]=exp[— 1,}. ( )
Fsstli]

Ha pucyHke A.1 npuBeaneHa cxema npeaBapuTenbHbIX BbIYUCIEHUIA.

Xgln] l Xqln]

OKOHHoe
npeobpasoBaHue
XaHHa

Y

AuckpetHoe F/1024
npeobpasosaHne |---
Ddypbe

XglK] "Xr[k]

dopmuposaHune
mozenv
yxa

Y

Eplk, n] PasnoxeHue
KpUTM4eCKoe
nonockbl cnyxa

A\

BbluucneHue
BHYTPEHHEro
yma

Y

BbiyncneHve Egrlk, n]
3Heprum
pacnpocTpaHeHus Egsrlk, nl

Egrlk ]| Egqlk ]

duneTpaums
3Heprnm

E 7k n]

E ik, n]

PucyHok A.1 — Cxema npeaBapuTenbHbIX BblYUCIEHNIA
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Uuaekcamm R n T 0603HaualoT UCXOAHBIA N BOCCTAHOBMEHHLIN ayAuoOCUIHanbl COOTBETCTBEHHO. MHaekcom k
0603Ha4aloT MHAEKC Nonockl YacToT (Bcero 109 nonoc4acToT), a UHAEKCOM 1 — HoMmep dperiMa. [ina pekyppeHTHbIX hop-
Myn Ha 3Tom 3atane u atane |1l Bcerga BbIGupaloT HyneBbie HavanbHble yCNoBus.

A.1.2.2 O6paboTka o6pa3oB

A.1.2.2.1 O6paboTka 06pa3oB BO3GYyxaeHni

BxoAHbIMY AaHHBLIMM 1151 STOW CTAANMN BbIYMCIIEHNIA ABNAIOTCS 06pa3bl BO36yxaeHui E srlk niv EsT[k, n], paccumnTbl-
Baemeble no hopmynam (A.28) u (A.29) Ana NCxoQHOIO N BOCCTAHOBIIEHHOTO ayANOCUTHANOB COOTBETCTBEHHO.

Koppekuust o6pa3oB Bo3byxaeHnn

CHauana ocywecTBnsioT hunbTpaumio ans obomx ayauocurHanos no hopmynam

Pk, nl = a [KP,[k, n=1]1+(1-a [k])EsR [k, n], (A.32)
Pilk,nl=a kP lk,n-11+(1-a [k])EsT [k, n], (A.33)
rae o [i ] — nocrosHHas BpemeHw, paccuntoiBaemasi no chopmynam (A.30) n (A.31), Ho npu 1,4, = 0,05¢, 1, = 0,008c.

HauanbHoe ycroere ans ounbtpauum BeibGupaiot paeHbim 0.
Nanee Buiuncnaw0T kKO3 OULNEHT Koppekuun, C, [n]:

3 Pk, nPRIk.n]

Ny -1 N2
C ln] =| 40 :

(A.34)

Ny 1
> Prlk.n]
k=0

O6paabl BO36yxaeHnit, E; o[k, nln E, ;[k, n], koppekTupyiot no hopmynam
Erlsn] - ¢ in1> 1,

Efllc =y Cifn] ’ (A.35)
Erlk,nl, C,n1<1

E [k n] - EsT[k’n]s CL[n]>1 (A36)
e E.[k,n]C/[n], C,In1<1

ApanTauuns 06pa3oB BO3GY:XaeHuUi
Mcnonb3ysa Te e NOCTOSHHbIE BPEMEHU U Ha4anbHbIE YCNOBUSA, YTO M NPU KOppekuun obpa3oB Bo3GyxaeHwn,
BbIXOZHble CUrHanbl, paccumTaHHble no dopmynam (A.35) n (A.36), crnaxusaloT B COOTBETCTBUM C HOPMyTiaMm

R [k nl= o [KIR [k, n— 1]+ E, Ik, n]E, [k, ], (A.37)
Rk nl= o [KIR Kk, n— 1]+ E, [k nlE,qlk, n]. (A.38)

Ha ocHoBe cooTHOWEHNs Mexay paccunTaHHbiMm B hopmynax (A.37) n (A.38) 3HaveHnsiMm BbIYMCIISIIOT Napy BCno-
MOraTenbHbIX CUrHamNoB:

1, R, k,n] = Rylk,nl,
Rk, n] = Rn[k,n], R, k,n] < Rylk.n1], (A.39)
R, lk,n]
R,lk,n]
Rk nl =R [.n ot =Ralkn] (A.40)

1, R, [k,n] < R4lk,n].
Ecnu e dpopmynax (A.39) n (A.40) uncnnTens U 3HaMeHaTenNb paBHbl HYNO, TO HEOBXOAWMO BbINONHUTL AENCTBUS:
R, [k, nl= R, [k—1,nlvn Rk n] = RJk-1, nl. (A.41)

Ecm k=0, To Ry[k n] = Rglk, n] = 1. (A.42)
C uenbio hopMMpOBaHNA MHOXUTENEN Ansi KoppeKLmn 06pa3oB BcnomoraTternbHble CUrHansl nogeepraioT hunbTpa-
LUK C UCMONB30BAHNEM TEX XKe NOCTOAHHBIX BPEMEHMN M HAYaNbHOTO YCNoBus, 4To U B hopmynax (A.32) n (A.33):

Peilk, n1= o [KIPglk, n— 11+ (1 — o [KIR [, nl, (A.43)
P, [k n] = o [P [k, n— 1]+ (1 — a [K)R,, [i, nl, (A.44)

13
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rge

kMol k]

L > Rgli,n} (A.45)

R Ik n|=——F—F—
VIS T VA ST P

1 k+My[k]
Rk n=—7+————— Rrli,n) A.46
. Milk]+ Mylk]+1 i:k—zhﬁ[k]T ( )
M, K] = min (3, k), M,[k] = min (4, N.—1 - k). (A.47)
KoHeuHbIM pesynbTaTtom aToi cTagum 06paboTku, Ha ocHose chopmyr (A.43) n (A.44) nony4aloT cnekTpanbsHo aaar-
TpoBaHHble 06pasbl, Epy[k, nlu Tpglk, nl, no dhopmynam

Eprlk n = E [k nlPc. [k, nl, (A.48)

E, Ik n] = E,lk, nlP.lk, nl. (A.49)

A.1.2.2.2 O6pabotka o6pasoe mogynsiumm

BxoaHbIMM AaHHbIMM ans 3Tol cTaguM BblUMCNEHUMI SIBNSIIOTCS 06pa3sbl HepacnpoCTpaHeHHbIX BO36yxaeHWi
E_r [k, nln E_; [k, n], koTopble paccunTbiBaloT no dopmyne (A.21) Anst UCXOAHOMO N BOCCTAHOBNEHHOTO ayANOCUTHANOB
COOTBETCTBEHHO. BbluncnsioT mepul Moaynsiumii ormbaiowmx cnexkrpa.

MpeasBapnTenbHO BLIMUCNAIOT CPeAHIO IPOMKOCT, E rlk nln E 11k, n] no dopmynam

Elk, n] = o [KIE gk, n— 1]+ (1 — o [KINE [k, n])°3, (A.50)
E [k nl = o [KIE [k n—1]+ (1 — o [KINE,, [k n])°=. (A.51)
Hanee Heo6xoanmo BolumcnNTb pasHocTn D glk, nluD [k, n]:
D lk, nl = a [KID Jk, n =11+ (1 = o [K)F, [(E 4 [k, n)°3 — (E glk, n—1])°3, (A.52)
D1k nl= o (KD, n =11+ (1 - & [K)F, [(Egr [k n])°2 = (Erlk, n = 11)°3). (A.53)

MocTosHHbIE BPEMEHW M HavanbHble YCNOBWA UCNOMb3YIOT Te Xe camble, yTonB A.1.2.2.1.
Mepbl MOgynsLum ormbaioLUmx CnekTpa Bel4MChsAT No opMynam

Dxlk,n]

Mk n=—=R""1
gl 1] 1+ Eglk,n1/03 (A.54)
M_ [k, n] = _ Drlenl (A.55)

1+ E;[k,n)/03

A.1.2.2.3 BbluMCneHvne rpoMKoCTH
O6pa3sbl (POMKOCTY BbIYMCIIAIOT B COOTBETCTBUM C hopMynamm
g ¥ b Elion]) ]
n
N[k, n]=c{t—] 1—s[k]+s+¢ -1/, (A.56)
: SIkIE, E k]
Rl b1+ Btk ]
n
N_[k, n]=c(’j 1-g[k]+ S EsT N -1, (A.57)
’ s[kE, E; K]
roe c = 1,07664.
f f o2
s =-2-205atan|-—_|-0,75 at — ,

ol [4000) atan [[1600) J (A.58)
Sik] = 103z (feLkV/1000 )*0’8, (A.59)
E,5(N = 3,64 - (f11000)°8, (A.60)
E,[K= 10EwB(f[kD10_ (A.61)
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O6LLMe rpoOMKOCTM ANs 060UX CUrHANOB BbIMUCAAIOT MO hopMynam
N, 1
N, Inl = (24IN.) >"max N[k, n],0), (A.62)
k=0
Ny 1
N[l = (24IN) Y max (N, [k, n],0). (A.63)
k=0
A.1.2.3 PacueT BbIXOAHbIX 3HAYEHWI NCMXO0aKyCTUYECKOW Moaenu
A.1.2.3.1 O6uwee onucaHue npoLecca pacyeTa napameTpoB
BbIXoAHbIE XapakTepucTukn n3 A.1.2.1 UCnonb3yloT AN BbIYMCIEHUA BbIXOAHbIX Xapaktepuctuk A.1.2.2 B cooT-
BETCTBMW CO CXEMOM, NPUBEOEHHOW Ha PUCYHKe A.2.

O6pa3bl 8036yxOeHU( Obpasbl HepacnpocmpaHeHHbIX
8036yx0eHul
Egrlk, nl | Es7lk, n
i S | = ! Egglk, nl |Es7lk, n]
O6pasbl
BO3BYKAEHMIA lpomkocTb Moaynsauus
Epglk, N l Ep7lk, n] N,O,R[n]l MK, n]l Mk, n] l ER[k, n
Niotrlnl
CriekmparbHO Obwas Mepbi Modugpuyu-
adanmuposaHHbIe 2POMKOCMb MoQynsyuu POBaHHbIe
obpasbl obpasbi

PucyHok A.2 — Cxema obpaboTku 06pasoB

3HauveHusa n3 A.1.2.2 ucnonb3yoT A5 BblYUCIIEHUS BbIXOAHBIX 3HAYEHUI NEPEMEHHbBIX NCUXO0aKyCTUYECKOW Moaenu
(cm. Tabnuuy A.1 1 pucyHok A.3).

PaccuntbiBatoT 3HauyeHus 11 nepeMeHHbIX NcuxoakycTuydeckon mogenu. HaumeHoBaHue 1 KpaTkoe onucaHue nepe-
MEHHbIX MCUX0aKyCTUYeCKon Modenu npuseaeHsl B Tabnuue A.1.

Tab6nuuya A1 — BbixogHble NEePEeMEHHbIE MCUXOaKyCTUYECKON MoaeNN

HanmeHoBaHWs BbIXOAHON NEpeMEHHON Moaenu Onucaxue

BandwidthRefB LLnpuHa nonockl uCXxogHOro ayanocurHana
BandwidthTestB LLinprHa nonockl BOCCTAHOBNEHHOrO ayAnocurHana
Total NMRB OTHOLLEHME YPOBHS LLYMa K MOpory MackupoBaHus
WinModDiff1B OKOHHas pasHuLa Moaynauun

ADBB CpepHee nobnoyvHoe nckaxeHue

EHSB apMoHuyeckas cTpykTypa oLmnbku

AvgModDiff1B CpenHsa pasHuua mogynaumm 1

AvgModDiff2B CpepHsas pasHuua Moaynsauum 2

RmsNoiseLoudB "pomkocCTb Wyma

MFPDB MakcumarnbHasi BEPOSITHOCTb OGHaPYXEHUSI UCKAXKEHUS
RelDistFramesB OTHOCUTENBHOE UCKaxeHne hperimoB
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Epglk nl Eprlk nl - Niogln]
Welk 1 Mk nl  Nigerln]

_ ~ 2 2
Mglk, n]l Mk, n] Eglk, n] lEsR[k, nl IXRIKI l XK
PasHuubl pomkocTb LLnprHa
MOZYNALMIA UCKaxkeHnn norsocsl
Y Y Y
YcpenHeHune - YcpenHeHve - YcpenHeHve
= = = 2 2
Eplk, n]l Esrlk, n] Egrlk, nl lEsT[k, n] IXRIKII 1 X7l N
(o]
OTHoLUEHWE YPOBHS BeposiTHOCTb lFapMoHuyeckas §“
Lyma K nopory o6HapyxeHus CTpyKTYypa =
MackupoBaHusi NCKaXXeHW oLnbkn %
?
g
Y Y \ g
5y
YcpenHeHve - YcpenHeHve - YcpenHexue )

l l 1

PucyHok A.3 — CxeMma Bbl4UCNEHNUs1 3HAa4YEHWUIN BbIXOAHBIX NEePeMEHHbIX NCUX0aKyCTU4YEeCKON Moaenu

[Ina aByxkaHanbHbIX ayAMOCUrHanoB 3HaYEHUs NEPEMEHHbIX ANA KaXKA0ro KaHana crefyeT paccunTbiBaTb OTAENb-
HO, @ 3aTeM YCpPeaHATb. 3HauYeHUsA Bcex nepeMeHHbIX (KpoMe 3HauyeHuin nepemeHHbix ADBB n MFPDB) ans kaxpaoro kaHa-
na curHana paccumTbiBaloT HE3aBUCKMMO OT BTOPOro KaHana.

Bce 3HauyeHUsi BbIXOAHbIX NepeMeHHbIX MOLENM NOMyYaloT NyTeM yCpeAHEHUS No BCeM dhpernmam PyHKLUNA BpEMEHN
M 4acToTbl, BBEAEHHbIX Ha NpeabliayLiem wware (B pesynbTaTe UMeeM CKanspHoe 3HavyeHue).

3HayeHus, KoTopble GyayT ycpeaHeHbl, AOMKHbI NexaTh B rpaHuLax, onpeaensemMbiX crneayoLwmM yernoBmeM: Hava-
1O UNW KOHeL, AaHHBIX, KoTopble ByAyT NoaBepXKEHbI yCpeAHEHMIO, ONpeaensoT Kak NepByIo MO3ULIMIO C HaYarna unm c KoHua
nocnenoBaTeNbHOCTU 3HAYEHWUI amnnUTya ayauocurHana, Ans KOTopon cyMMa nsiTu nocnefoBaTesibHbIX abCONMIOTHBIX
3HayeHun amnnutyq npesbiwaet 200 B niob6oM 13 ayano kaHanoB. OpeiiMbl, KOTOPbIE NexaT BHe 3TUX rpaHuL, cnegyet
UrHopupoBaTb Npu ycpeaHeHun. 3HadeHne nopora 200 UCNONb3YIOT B Cryvae, €Cnv amnnuTyabl BXOAHbIX ayANOCUTHanoB
HOpManu3oBaHb! B Mana3oHe oT MuHyc 32768 fo nntoc 32767. B NpoTUBHOM Criydae 3HadeHue nopora Ay, BbIYMCAAIOT
cnegyowmm obpasom:

A =200 Anax (A64)
32768
roe Amax — MakcummanbHOe 3Ha4YeHue amnnuTyabl ayauocurHana.

B nanbHeiiliem nHaekc ppenima n HauMHaeTCcs C Hyns Ans NepBoro dpenmMa, yaoBIeTBOPAIOLLEro YCNoBUsaM Npo-
BEPKM rpaHuL, C NOporom Ay, 1 OTCHUTLIBAET Yncno dpeiimoB N BNNOTb A0 NocrefHero dpenmMa, yaoBNeTBOPSIOLLErO
BblLLENPUBEAEHHOMY YCMOBMUIO.

A.1.2.3.2 OkoHHas pasHuua moaynaumii 1 (WinModDiff1B)

BbI4MCNIAIOT MIHOBEHHYI0 PasHULY MOAYNALNA, My glk, n], no coopmyne

- IMrlk,n]— Mglk,n]|

Mdiff1B [k, n] = 1+ Makon] . (A.65)
RIK,
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3HayeHne MIHOBEHHOWM pa3HULIbl MOAYNALMIA yCpeaHsIioT No Bcem nonocam yactot N, B COOTBETCTBUM CO cnepyio-
wen chopmynon
N1
~ 100 ¢ (A.66)
Mgl == 2 Magrrg on].
c k=0
KoHeuHoe 3Hau4eHne BbIXOAHON NepeMeHHON NosyyatoT yecpegHeHnem chopmyrbl (A.66) co ckonb3siwmm okHom L = 4
(85 Mc, Tak Kak Kaxablii wiar paBeH 1024 oundpPOBaHHbBIX 3HAYEHWI):

1 NA 11_71 _ 4
Myaitr, = > {Z Mg, In —i]J . (A.67)

Mpyn 9STOM NPUMEHSIIOT yCpeiHEHME C 3a1epPXKkon — nepBsble 0,5 ¢ curHana He y4acTBYIOT B BeiMMCNEHUAX. Konuvec-
TBO NponyckaembIX periMoB COCTaBNseT:
Ny = [05Fs ] (A.68)
B cbopmyne (A.68) onepauus | | osHauaeT oTGpackiBaHne Apo6Hoi HacTu.
B dbopmyne (A.67) ungekc opeiMOB BKIIOHAET TOMNbKO Ppenmbl, KOTOpbIE NAyT Nocrne 3agepxku senuyinHon 0,5 c.

A.1.2.3.3 CpeaHss pasnuua mogynsiuui 1 (WinModDiff1B)
3HaveHue JaHHON BbIXOAHOM NEPEMEHHON NCMXOAKYCTUHECKON MOAENN, My iy, , BBIMMCNAIOT Mo hopmyne

N1
D Wi, [0 Mygrq, [n]
n=0

MAdiff1B I —vE
> W, [n]
n=0

(A.69)

’

roe
N; 1

: £ o) (A.70)
Weltl= X il 100ERi)

[ns BbIYMCIIEHNS 3TOrO 3HAYEHUS TAKKE NPUMEHSIOT yCpeaHEeHUe C 3246PXKKON.
A.1.2.3.4 Cpeptsisi pasiuua mogynsuun 2 (WinModDiff2B)
CHauvana BbluMCnsiioT 3Ha4YeHNe MIHOBEHHON pasHULbl MOgynAUMi no hopmyne

Myk,n]-Mglk,n]
001+ Mglk,n] ' Mrlk,n]= Mglk.nl,

0.4 Malk.l— Mrlk.n]
001+ Mglk,n]

M2 [k, ] = (A.71)

. Mylk,n] < Mglk,nl.

3aTeM BbIUMCTISIIOT YCpeAHEHHOE NO NONocam YacToT 3HAUYEHUE PA3HOCTU MOAYNSALINIA:
N1
~ 100°%
Mo, [N = —— Z Mo [k, (A72)
Nc k=0
KoHeuHoe 3HaueHmne nepeMeHHON NCMxoakyCTUHECKON MoAenn Mo, BoiMMCnsioT no hopmynam (A.73)n (A.74)
N-1

ZW23 [n]MdiffZB [n]

Maaz, = =0 (A.73)

N-1 ’
> W, In]
n=0

rae
! Eqlk,n]
W, =Y — rlK , (A.74)
2al" kzo Eglk,n]+ 100(E K]

Mpu BLIYUCIIEHUMN ITOTO 3HAYEHUSI TAKKE NPUMEHSIIOT yCpeaHEHNe C 3aePXKKON.
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A.1.2.3.5 MpomkocTb wyma (RmsNoiselLoudB)
3HaueHne MrHOBEHHON POMKOCTM LyMa pacCcunThLIBaIOT Mo hopmyne

Ny 1
N,[n]=(24IN)) YN, [k n], (A.75)
k=0
k] % k,n]Eplk k,n]Epglk,n],0) )"
rae N,k n] = [#} [1+ max (s lk,n]Eprlk,n] - sglk,n]Epglk,n], )J 4|, (A76)
sy [k,n]E, E [k1+Blk,nlsglk,n]Epglk,n]
rae Eg=1.
Sk, = TMJk, n] + S;; (A.77)
S, [k, nl = T,M_ [k, n]+ Sy (A.78)
_ Epy[k,n1—Epglk,n]
B [k, n] = exp (—a PT , (A.79)
Eprlk,n]
rae o= 1,5;
Ty =0,15;
S, = 0,5.
Ecnn MrHoBeHHast rpoMKOCTb MeHee 0, ee ycTaHaBnvBaloT paBHowm 0:
N,[n] = NyIn] EliL[n]ZO, (A.80)
0 N, [n]<0.

3HaveHre KOHEYHOW BbIXOAHON NEPEMEHHON NCUX0aKyCTUHECKOW MoAeNU N,
HoW rpomkocTu no copmyne (A.81):

rmsg HAxXoasnT ycpeaHeHnem MrHoBeH-

(A.81)

[nsa BbIYMCNEHNSI 3TOMO 3HAYEHUS NPUMEHSIOT yCpeAHeHue ¢ 3aaep>xkon. COBMECTHO C yCpeaHEeHUEM C 3aaepXKOn
MCMNOMb3YIOT NOPOr IPOMKOCTM A1A HAXOXKAEHUS 3HA4YEHUA MTHOBEHHOW FPOMKOCTY WYMa, HA4YMHAsA C KOTOPOTO BbIMOMMHSIOT
npouecc ycpegHeHusi. Takum ob6pasom, ycpeaHeHre HaunHaloT ¢ NePBOro 3Ha4YeHUs1, onpeaensieMoro ycrnoBMeM npeBbl-
LUEHWA Nopora rpoMKOCTH, HO He no3gHee 0,5 ¢ 0T Havana curHana (B COOTBETCTBUM C yCpeAHEHNEM C 3a[1€PKKON).

YcnoBue npeebiLeHns nopora rpoOMKOCTH

3Ha4YeHnsi MTHOBEHHOW IPOMKOCTY LWyMa B Havane o60mx curHanos (MCXO04HOIo U BOCCTAHOBNEHHOIO) UTHOPUPYIOT
A0 Tex nop, noka He NpongeT 50 Mc nocre Toro, Kak 3Ha4eHue 06Lwen rPOMKOCTU NPEBLICUT B 060MX KaHanax 04Horo u3 cur-
HanoB 3Ha4eHue nopora, pasHoe 0,1.

Ycnosue npeBbllWeHNdA nopora umeeT Bua.

(Nosrlm 2 L) A(Nygsln] 2 L), ANs MOHOCUIHana
(A.82)
rae L,=0,1.
KonnuecTteo nponyckaembix Nocrne npesblwenus nopora dpenmos N . paccumtsiBaioT no chopmyne (A.83)
N, =0,05F . (A.83)

A.1.2.3.6 LLnpuHa nonoc mcxogHoro u BOCCTaHOBNEHHOroO ayanocurHanos (BandwidthRefB n BandwidthTestB)

Onepauuy BblYMCNEHUI LLUMPWHbBI MONOC MCXOQHOTO N BOCCTAHOBNEHHOIO ayAMOCMIHaNnoB ONUCLIBAIOT B TEPMUHAX
onepauui Ha BbIXoAHbIX 3Ha4eHusx [P, BoipaxeHHbIX B geunbenax. MNMpexae Bcero ans kaxaoro ¢pperima BoiMonHsAI0oT
cnegylolime onepauumn:

- O BOCCTaHOBIEHHOIO CUrHAara: HaxoasiT camyto 60MnbLW Y0 KOMMNOHEHTY nocne YacToTbl 21600 My, 310 3HaveHune
Ha3bIBaloT YPOBHEM MOpPOra;

- ANANCXOQHOIo cUrHana: BbiMnorHsisi NOUCK BHU3, HAYMHanA cHacToTbl 21600 'Y, HaxoanT nepeoe 3HaYeHne, KoTopoe
npesBbllaeT 3Ha4eHne ypoBHsi nopora Ha 10 ob. CooTBETCTBYIOLWLYIO 3TOMY 3HAUYEHWIO HYaCTOTY HA3bIBAIOT LUIMPUHOM M0N0-
Cbl 111 UCXOAQHOTO CUrHana;

- AN BOCCTAHOBSIEHHOIO CUrHara: BbINOMHSS MOMCK BHM3, HAYUHAS CO 3HAUEHUS LULMPUWHbI MONOCHI UCXOAHOTO CUrHa-
na, HaxoAsAT NEPBOE 3HAa4YEeHNe, KOTOPOE NMPEBLILWAET 3HaYeHWe YPoBHS nopora Ha 5 Ab. O603Ha4aloT COOTBETCTBYIOLWYIO0
3TOMY 3HAYEHMIO HACTOTY KaK WMPUHY MOMoChl AN BOCCTAHOBNEHHOrO curHana.

Ecnu HanaeHHble 4acToTbl AN MCXOAHOIo curHana He npeebiwaiot 8100 'y, TO WMpKHY NONOCck! ANs 3Toro dppenma
UITHOPUPYIOT.
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3HaveHus WMpUWH Nonoc Arsi Bcex hpenmoB HasbiBaloT OCHOBHbIMK YacTotammu AN,

OcHoeHyto vactoTy [IN® ans n-ro peiima o6osHaqaioT kak Kg[nlans ncxogHoro curHana n kak K¢{nl—anasoccra-
HOBITEHHOTO curHana. BeluucrnieHne KoHeuHbIX 3Ha4YeHUNW NEPEeMEHHbIX NMCUXOAKYCTUHECKON MOAenu, 3HaYeHUN WUPWH
NONoOC NCXOAHOIO Y BOCCTAHOBMEHHOIO CUTHANOB HEOHX0ANMO BLIMOSHSITL NO crieAylowmnm HopmMynam COOTBETCTBEHHO:

w, = NfK I (A.84)
R N n=0 RED

1 N-1

W, =— > K[nl, (A.85)
N n=0
rge CYMMUPOBaHUE OCYLLLECTBIAIOT TOMNbKO AN TeX ppermMoB, B KOTOPbIX ocHoBHas yacTtoTa [AMN® npesbiwaeT 8100 M.
A.1.2.3.7 OTHoweHne ypoBHs WyMa K nopory mackupoBanus (TotalNMRB)
Mopor mackuposanua Mk, n] Bbivucnsiot no popmyne (A.86)

_ Eglknl _ o=
Mk, n] = m;iw = g, 1KE < [k, nl, (A.86)
rae
3 k <12/Az
m Kk =4" ’ A.87
] {0 25kAz, k >12/Az. ( )
YpoeeHb Wwyma, X, fwv [K], BevmcnsiOT No chopmyne (A.88)
XandK = X, 02 = 2 | X7 I I X IKI + 1, KT, (A.88)
rae kK — nHAeKe ocHoBHOM HacToTel AMNd.
OTHOLWEHWe YyPOBHS WYyMa K NOPOory MackMpoBaHUsA B K- Norioce 4acToT BulpaxatoT hopmyrion (A.89)
R, Jk = Eontion]_  Epnlon] (A.89)
M[k‘n] gm[k]EsR[kvn]
KoHeuHoe 0THOLEHMe YPOBHS LIYMa K NMopory MackupoBanusl Ry .. AB, BerumcnsioT no chopmyne (A.90)
4 et
Ryuet = 10 10g44 N 2 2 Rwmlk.nl|. (A.90)
n=oNc k2o

A.1.2.3.8 OtHocuTenbHoe nckaxenmne dpenmos (RelDistFramesB)
MakcumarnbHOe OTHOLLEHUE WyMa K NOPory Mackmposanus dpeiima Ry, .. [n] BoiumcnsioT no copmyne (A.91):
R nl= max(Ryylk,n]) . (A.91)

N max[
. 0<k<N, -1
MckaXeHHbIM cunTaloT ToT (bpeVIM, B KOTOPOM MakcMmasnbHO€ OTHOLWEHME LyMa K nopory MackKMpoBaHuA Gonee

1,5 ab.

KoHeuHoe 3HayeHne BbIXOQHOW NePEMEHHON NCUX0aKyCTUHECKON MoAeny npeacTaensieT cobom OTHOWEHNE Konu-
4YecTBa UCKaXXeHHbIX hpeliMoB K 06LLemy konuyecTBy periMoB.

A.1.2.3.9 MakcumanbHasi BepOSITHOCTb 06HapyxeHus nckaxeuusi (MFPDB)

CHauvana BblUMCrsiioT aCMMMeTPUYHOE BO36YXaeHue:

Lk n]= {Q,3EstB[k,n]+ 0.7Esraglk,nl,  Egplk,n]>Egrlk,nl, (A.92)
Esraslk,nl, Esglk,n]<Egrlk,nl,
roe EstB[ksn] = 1O|Og10(§sR[ksn])s (A93)
Egraslk,n]=10logs(Esrlk, n]).
Hanee BblumcnAT war gnsa obHapyxeHns uckaxenus, s [k, n], no dopmyne
2 3 4 d, Y
S[k, n] = {60 +eLlk,n]+ el Tk, n]+ ¢ Tk, n]+ ¢ 0 [k’n]+d1(L[k,n]j " LIk n]>0, (A.94)
1.10%, L[k,n] <0,
rae ¢y =-0,198719; ¢, = 0,0550197; ¢, =—0,00102438; (A.95)
¢4 = 5,05622 - 1075; ¢, =9,01033- 1071, d, = 5,95072.
d, = 6,39468; y =1,71332;
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BeposTHOCTb 0GHapYKeHWA BBIYUCISIIOT No hopmyne

- - b
Esraglkn-Estaplkin]

P Ik n]=1 -(0,5)[ sthn] (A.96)
rae nokasartenb CTeneHn b BblYMCHSIOT No popmMyne

b={4 EsR[ksn]>§sT[k’n]s (A97)
6 Eglk,n1<Egrlk,n].

3artem BbIYMCNSIOT KONMHYECTBO Laros CBepx nopora BeposiTHOCTH obHapyxenus, g [k, n], no dopmyne

_ |fEstB[k,nl—E'sm[k,nﬂ|_ (A.98)
s[k,n]

q.lk ]

XapakTtepuctukn no popmynam (A.96) u (A.98) BelUMCNAIOT ANA KaXA0ro KaHana curqana. [ins kaxaon 4acroTs! n
BPEeMEeHM NOMHYI0 BEPOSITHOCTL 0GHaPYXKEHUs! M MOMHOE YMCIO LWAroB CBEPX NMopora BbIGUpatoT kak 6onbluee sHaveHne us
BCEX KaHaroB:

Ny -1
P,In =1- [T (1-max (p;[k nl, p,lk, nl)), (A.99)
k=0
N1
Q,[n = > max (qlk, nl, g,lk n), (A.100)
k=0

rae uHgekcol 1 n 2 — Homepa KaHarnos.
[ns ogHOKaHANBHBIX CUTHAINOB XapaKTepUCTUKU BoIYMCHAT no chopmynam (A.101) n (A.102):

Ny -1
Pim =1-TT(1-pk n), (A.101)
k=0
Ny —1
Q,n = > q.lk nl. (A102)
k=0

BbINnonHsoT cneyowme BbIYUCIIEHNS:
Pl = c P [n— 11+ (1= c)P,nl, (A.103)
rae ¢y = 0,9 n HavYanbHoe ycrnoBne — Hynesoe.
MakcumarbHyto BepoSTHOCTb 0BHapyXeHns uckaxkeHust Py, [n] BIuMCNsIoT no pexyppeHTHOR hopmyne
P,,[n] = max(P,,[n— 11, P,[n]). (A.104)
KoHeuHoe 3HaueHue BbIXOAHON NEPEMEHHON nemxoakycTudeckon mopenu MFPDg paccuutbiBalotT no dopmy-
ne (A.105)

MFPD_ =P, [N - 1]. (A.105)

A.1.2.3.10 CpeaHee nobnouHoe uckaxxenune (ADBB)
CHauana BblMMCAIOT CyMMy OBLLEro Ymcna waros ceepx nopora o6Hapyxenus Q  no opmyne
N-1

Q,= Y. Qnl. (A.106)
n=0

Mpuyem cymmmpoBanme BeQyT Arst BCEX 3HaYeHui, Ans kotopbix Py[n] > 0,5.
KoHeuHas xapakrepuctnka ADBy umeet Bug:

o, N =0,
ADB, = |091o(%), N >0, Q >0, (A.107)
_0v5 N>0, Qszo_

A.1.2.3.11 lapmoHunyeckas cTpykTypa ownbkmn (EHSB)
Beixoge! AMN® ans ucxoaHoro n BOCCTaHOBNEHHOTO curHanos 06osHauaioT kak Xglk] n X+ [k] cooTBeTCTBEHHO.
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Boelumncnsior xapaktepuctuky DIK]:

2
DIK] = log (IWIKIX; [KIF?) ~ log (IWIKIXAIKII?) = log (%} L0<K<N, /2. (A108)
R
dopmupyloT BEKTOP AnnHbI M 13 3Havenun DK]:
D;=(D[i],...D i+ M-1]), (A.109)

reM=L _ zﬂogz(NF 9000/F )]-1 _ 256
max "
HopmanusoBaHHyo aBToKOppensiuumio BuiuncnsiioT no opmyne (A.110)

DiDi+/

C(li)y=—Lx (A.110)
VIDP 1D
rae/ €[0; Ll
Mpwu C[/] = C(/, 0) HeOGXOAUMO BLIMUCTINTE:
2 —
D=4 2o s ’ , =0 (A111)
|D; 42+Dl + M =12 =Dl =17 1</ <L,

MNpu BblMMcneHnn no dopmyne (A.110) B cny4ae, ecnu curHanbl paBHbl, HEOGX0AMMO YCTaHOBUTL HOPMarnmn3oBaH-
HY0 aBTOKOPPEensLMIo paBHOM eanHuLe, YTo6bl n3bexaTb AerneHuUsi Ha HOMb.
BBOAAT OKOHHYIO PYHKLMIO:

2rl
HII] = 0,5,/8/3{1—003 (L J}, O0</ <Llpax—1% (A.112)

max
B OCTanbHbIX Criy4asX.

K Hopmanv3oBaHHOW aBToKoppensiLum NPUMeHsIloT OKOHHOe npeobpasoeaHmne no dhopmyrne (A.113)

Cym=H[m(C[m+1]-C),  0<m <L -1, (A.113)
Lmax

r,D.e5=L1 > Cill. (A.114)
max =1

CnekTp mowHocTH S[K] Bbi4mcnsoT no dopmyre (A.115)
2

Lmax 1 )
Sik=-"— S c, ipritmax| (A115)
max /=0

lNonck MakCMManbHOro N1Ka CNeKTpa MOWHOCTU HaunHatoT ¢ k = 1 u 3akanqvsaiot npm S[k] > S[k — 1lvnmk>L . /2.
HargenHoe sHaueHne makcumarnbsHoro nuka obosnavarot kak Eyy o [n] Torga kKOHeYHOE 3HaYeHUe BbIXOJHON NepemeH-
HOW NCUX0aKyCTUYECKON Modenu paccunTeiBaioT no dpopmyrne (A.116)

N-1
Ery = (1000/N) 3" Epjmay (1). (A.116)
n=0

Mpw BbIMUCIEHWUN STOTO 3HAYEHUS UCKINIOYaIT hpenrMbl ¢ HU3KONM aHepruen. [insa onpegeneHns dpenmMmoB ¢ HU3KOM
3Hepryen BBOAAT MOPOroBoe 3Ha4eHne

Atf,, =8000(A,,/32768)?, (A.117)
rae AmaX = 32768 ansi amnnuTya, XpaHuMbiX B BuAe 16 GUTHOro Lenoro yucrna.
SHepruio dpeiiva A2 ouenusaioT No opmyne (A.118):
Ne -1
A2= 3 x%n]. (A.118)
n=Ng/2

Mpu BBIMUCIIEHUM TAPMOHUYECKOW CTPYKTYPbI OLUMGKM hpenm UrHOpUPYIOT, ecrnin:
(A? <An) AAR <Anp), [ZNst MOHOCUTHanNa,

(AE <AL NAB < AZ) A(AE, <AL) A(AR, <AZ),  AnscTepeocurHana.

(A.119)
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A.1.2.4 HopmupoBaHWe 3Ha4eHW I BbIXOAHbBIX NEPEMEHHbIX NCUXOaKYCTUYECKON MOAENN
HopmupoBaHme nony4YeHHbIX Ha NpeablayLLeM Ware 3Ha4eHIN BbIXOAHBIX NMEPEMEHHbIX NMCMX0aKyCTUUECKOW Moae-
v BeINONHsOT no dopmyne (A.120)

Mv[i] _amin[i]

M\’/ [I] ) amax[i]_amin[i]’

(A.120)

rae M, [i] — aHaveHune /-1 BbIXOAHOW NepeMeHHON NCUX0aKyCTUYECKON MOJIENH, a 3HadyeHns &,
B Tabnuue A.2.

minli 1Y @, [i1 npneeaeHbl

Tabnwuya A2 — KoHcTaHTbl 4Nsi HOPMUPOBaHWS 3HAYEHUI BbIXOAHBIX NEPEMEHHbIX NCUX0aKyCTUUECKOW MOAENN

WHpexc nepemeHoit, i HaumeHoRaHWe nepeMeHHoi 33":‘*1"'“"'"42":“.0[‘;] 3':':‘:(::::ng0;]

min max

0 BandwidthRefB 393,916656 921,0

1 BandwidthTestB 361,965332 881,131226

2 TotalNMRB —24,045116 16,212030

3 WinModDiff1B 1,110661 107,137772

4 ADBB -0,206623 2,886017

5 EHSB 0,074318 13,933351

6 AvgModDiff1B 1,113683 63,257874

7 AvgModDiff2B 0,950345 1145,018555

8 RmsNoiselL.oudB 0,029985 14,819740

9 MFPDB 0,000101 1,0

10 RelDistFramesB 0,0 1,0

A.1.2.5 OueHka ka4ecTBa BOCCTAHOBITEHHOIO CUIHanNa ¢ NOMOLLBIO NCKYCCTBEHHON HEMPOHHON CETU

Ha Bxop HeVpOoHHOW ceTn NoAAIT 3Ha4eHUs 11 BEIXOAHBIX MEPEeMEHHbIX NCUXO0AKYCTUHECKOW MOAENU, pacCUNTaH-
Hbix B A.1.2.1—A.1.2.4. HepoHHasa ceTb umeeT 11 HEPOHOB BO BXOAHOM CI10€, OZIMH CKPbITbIN CITON C TpeMst HeMpPOHaMK
W OOVH HENpPOH B BbIXOOAHOM crioe. Beixoa HEMPOHHON ceTn — KoHeuHoe 3HaveHne meTpukn PEAQ paccunTbiBaloT no
thopmyne (A.121)

PEAQ =b_,, + (b, * b,.)sig (D,), (A.121)
rae by, ==3,98nb, .. = 0,22, a dhyHKumMA sig (x) — acummeTpuuHas curmonaa:
sig (x) = 1 ] (A.122)
1+re™

3Havenne D; BbMMCTIAIOT cieaylowmm obpasom:
JA I
D;=w,+ 2 |w,ljlsig {wx,,[jh > wyli, jIM, [i]] , (A.123)
i=0 i=0

rae M, [i]—HopmannaoBaHHOe 3HaueHMWe i-W BbIXOAHOW nepemeHHoMn, I — konnu4ecTBo BbIXOAHBIX NEPEMEHHbIX (paB-

Hoe 11), J — KONM4eCTBO HENPOHOB B CKPLITOM crioe (pasHoe Tpem), [w,[i, f], (w,,[/], w, i1, W, — 3Ha4eHus
BECOB U CMELLEHWI HEMPOHHOW CeTH, NpuBeaeHHbIe B Tabnuuax A.3—A.5.

Tab6nwuuya A3 — Beca HelipoHHON ceTn

NHpeke i Bec w,[/, 0] Bec w, [/, 1] Bec w, [i, 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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Okonyarue mabnuysi A.3

NHpeke i Bec wx[i, 0] Bec w, [/, 1] Bec w, [/, 2]
6 2,730991 —6,111805 1,519223
7 0,624950 -1,331523 -5,955151
8 3,10288 0,871260 -5,022878
9 -1,051468 —-0,939882 -0,142913
10 -1,804679 -0,503610 0,620456

Tabnwuuya A4 — CMelweHnss HEMPOHHON CeTU

Bias Wyp Bias w,,[0] Bias w,,[1] Bias w,,[2]
-0,307594 -2,518254 0,654841 -2,207228

Tabnwuuya A5 — Beca n cMeLeHUA HENPOHHON CeTu

NHaeke j Bec w, [
0 -3,817048
1 4,017138
2 4,629582

3710 3HaveHne meTpuku (PEAQ) npeactaBnsieT coboli BELECTBEHHOE YMCIO, NpUHagnexaiwee oTpesky [-3,98;
0,22].

A.2 AnropuTtm pacdeTa meTpukn PSNR
MnKkoBOE OTHOLWEHWE CUTHAT/WYM MEXAY UCXOAHLIM ayANoCUrHanomM Xg 1 BOCCTAHOBMEHHbIM X  paccunThIBaloT

no chopmynam:

2
PSNR = 10ig %XR (A.124)

s S gy A125
S n_1§(d, d)?, ( )

rae pasHoCTM 3Ha4YEHWI CUTHANOB d; M NX MaTeMaTNYecKkoe oxnaanHne d paccunTbiBaloT No hopmynam:
- 12
d=Xg, —Xr, =;Zd,, (A.126)
i=1

rge XR,- VIXT’_ — i~e ounppoBaHHbIe 3HaYEHUS UCXOOHOIO Y BOCCTAHOBMNEHHOIO ayaunoCcurHanoB COOTBETCTBEHHO, i = 1,
2,....,m
max X, — MaKkcumarnbHOe 3Ha4eHne cpeau oLMMPOoBaHHbIX 3HAYEHNI NCXOAHOTO ayauocurHana.

A.3 AnropuTtm pacuyeTa MeTPUKMN «KO3PPULNEHT pa3nn4uns (popM CUrHanoB»

MycTb Xz — NCXOAHLIV MOHOKaHamNbHbLIN ayanocurHan (Mmbo 0auH KaHan NCXo4HOro MHOFOKaHanbHOro ayuocur-
Hana), a Xy — BOCCTaHOBIEHHbI MOHOKaHanbHbIN ayanocurHan (nnbo oamH kKaHarn BOCCTaHOBIEHHOMO MHOroKaHarnbHoro
ayguocurHana). Oba curHana cocToaT U3 OAMHAKOBOIO KONMYECTBa 3Ha4YeHuin N.

MaccuBbl 3Ha4eHUn amnnnTyn curHanoe X v Xy NpeactaBnsaoT B BUAe OTHOCUTENBHOIO U3MEHEHNs1 3Ha4YeHUN
aMnnuTyg curHana:

dXJi1= X[i 1= Xg[i— 11, i =2,N, (A127)
X, [i1=X,1i1= X, [i— 11, i=2,N. (A.128)
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3HaveHne MeTPUKMN «ko3pdUNEHT pasnuumst Popm curHanoe» K BbIYUCTISIIOT Kak CpegHeKBagpaTuyeckoe OTKIo-
HEeHMe MaccyBOB 3HaveHUn amnnntya dXpn dX;

N
3 (@Xg -0, )

K== (A.129)

N

A.4 AnropuTtm pacyeTta KoadcpuumeHTa cxaTmMA

Myctb Sy — 06beM NamMsATH, KOTOPbIM 3aHUMAIT UCXOAHbIE ayaAUOAaHHbIE, a S,— o6bem namsiTh, KOTOPLIN 3aHU-
MaloT CXaTble AaHHbIe, Toraa ko3 PULEHT CxxaTusa k paccumnTeiBaOT Mo hopmyne

k=20 (A.130)
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MpunoxeHue
(pekomeHayemoe)

JINCTUHIM NporpaMM pacyeta METPUK KayecTBa ayanodaHHbIX

B.1 INlucTuHr nporpaMmmbi pacueta meTpuku PEAQ Ha a3bike Matlab

function ODG = PQevalAudio (Fref, Ftest, StartS, EndS)
% OLeHKa KayecTBa ayamogaHHbIX ¢ ToUKU 3peHunst BocnpusaTua (Perceptual evaluation of audio quality)

% - StartS — nHgekc aHa4eHusi, COOTBETCTBYIOLLEro Ha4any curHana.
% - ENdS — nHAeKC 3Ha4YeHWs, COOTBETCTBYHOLLIEro KOHLly curHana.

% rno6arbHble NepeMeHHble
global MOVC PQopt

% napameTpbl
NF =2048;
Nadv = NF / 2;
Version = 'Basic’,

% HacTponku
PQopt.ClipMOV = 0;
PQopt.PCinit = 0;
PQopt.PDfactor = 1;
PQopt.Ni =1,
PQopt.DelayOverlap = 1;
PQopt.DataBounds = 1,
PQopt.EndMin = NF / 2;

addpath ('CB', 'MOV', 'Misc', 'Patt');
if (nargin < 3)

StartS = [0, 0];
end
if (nargin < 4)
EndS=[];
end

% BbIYMCIIUTE KONMUYECTBO 3HAYEHWUI U KaHaNoB ANSA KaXAgoro BXogHoro daiina
WAV(1) = PQwavFilePar (Fref),
WAV(2) = PQwavFilePar (Ftest);

% cornacosaTb pasMepbl (hannos
PQ_CheckWAV (WAV);
if (WAV(1).Nframe ~= WAV(2).Nframe)
disp (">>> Number of samples differ: using the minimum’);
end

% rpaH1Ubl aHHbIX
Nchan = WAV(1).Nchan;
[StartS, Fstart, Fend] = PQ_Bounds (WAV, Nchan, StartS, EndS, PQopt);

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

% vHULManusauus cTpyktypsl MOV
MOVC = PQ_InitMOVC (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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% cuuTaTh Ppeim faHHbIX

xR = PQgetData (WAV(1), StartS(1) + is, NF); % Reference file
xT = PQgetData (WAV(2), StartS(2) + is, NF); % Test file

is = is + Nadyv;

% obpaboTka dppeiima
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)
% BbIBecTU MOV B HOBYO CTPYKTYpPY
PQframeMOV (i, MOVI), % BbIXOAHbIE 3Ha4eHNs Tenepb B rnobansHoi nepemeHHon MOVC

% BbIBOA 3HAYEHWNNA
if (PQopt.Ni ~= 0 & mod (i, PQopt.Ni) == 0)
% PQprtMOVCi (Nchan, i, MOVC);
end
end
end

% ycpefHeHWe Mo BpeMEHMW 3HadeHnin MOV
if (PQopt.DelayOverlap)
Nwup = Fstart;
else
Nwup = 0;
end
MOVB = PQavgMOVB (MOVC, Nchan, Nwup);

% 3anycKk HEMPOHHON CeTu
ODG = PQnNet (MOVB);

% COBOKYMHbIA BbIBOS 3HAYEHWIA
% PQprtMOV (MOVB, ODG),

L VA—
function PQ_CheckWAV (WAV)
% nposepka ainos

Fs = 48000;

if (WAV(1).Nchan ~= WAV(2).Nchan)
error (">>> Number of channels differ'),
end
if (WAV(1).Nchan > 2)
error ('">>> Too many input channels"),
end
if (WAV(1).Nframe ~= WAV(2).Nframe)
disp (">>> Number of samples differ');
end
if (WAV(1).Fs ~= WAV(2).Fs)
error (">>> Sampling frequencies differ');
end
if (WAV(1).Fs ~=Fs)
error (">>> Invalid Sampling frequency: only 48 kHz supported');
end

Yy

function [StartS, Fstart, Fend] = PQ_Bounds (WAV, Nchan, StartS, EndS, PQopt)

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

if (isempty (StartS))
StartS(1) =0,
StartS(2) = 0;

elseif (length (StartS) == 1)
StartS(2) = StartS(1);

end
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Ns = WAV(1).Nframe,
% rpaHnLbl AaHHbIX
if (PQopt.DataBounds)
Lim = PQdataBoundary (WAV(1), Nchan, StartS(1), Ns);
fprintf ('PEAQ Data Boundaries: %ld (%.3f s) - %Id (%.3f s)\n', ...
Lim(1), Lim(1)AMWAV(1).Fs, Lim(2), Lim(2)/WAV(1).Fs);
else
Lim = [Starts(1), StartS(1) + Ns - 1];
end

% HoMep nepsoro dpeiima
Fstart = floor ((Lim(1) - StartS(1)) / PQ_NADV);

% HoMep nocrnefHero gperiMa
Fend = floor ((Lim(2) - StartS(1) + 1 - PQopt.EndMin) / PQ_NADV);

Ofpmmmmemeem

function MOVC = PQ_InitMOVC (Nchan, Np)
MOVC.MDiff Mt1B = zeros (Nchan, Np);
MOVC.MDiff. Mt2B = zeros (Nchan, Np);
MOVC.MDiff Wt = 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);
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function ODG = PQnNetB (MOV)
% HeWpoHHas ceTb AN NONYYEeHUs] KOHEYHOTO 3HAYEHNS METPUKM

persistent amin amax wx wxb wy wyb bmin bmax | 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) - amin(i+1));
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;
Nclip = Nclip + 1;
end
end
end
if (Nclip > 0)
fprintf (">>> %d MOVs clipped\n’, Nclip);
end
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% HellpoHHaA ceTb
DI = wyb;
for (j = 0:J-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 (DI);

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, ...
0r;

amax = ...

[921, 881.131226, 16.212030, 107.137772, 2.886017, ...
13.933351, 63.257874, 1145.018555, 14.819740, 1
11;

WX = ...

[[-0.502657, 0.436333, 1.219602 ],
[ 4307481, 3.246017, 1.123743 ]
[ 4984241, -2.211189, -0.192096 ]
[ 0.051056, -1.762424, 4.331315 ],
[ 2.321580, 1.789971, -0.754560 J;
[ -5.303901, -3.452257, -10.814982 |;
[ 2730991, -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 ] ];

wxb = ...

[-2.518254, 0.654841, -2.207228 |;

wy = ..
[-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, 5606502, -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, 2686103, 2.096598,-1.327851, 3.087055];
wy = ..
[ -4.696996, -3.289959, 7.004782, 6651897, 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 MONOCH NPONycKaHUs

B = inline ('7 * asinh (f/650));
BI = inline (650 * sinh (z / 7));

fL = 80;
fU = 18000;

if (stremp (Version, 'Basic'))

dz = 1/4;

elseif (stremp (Version, 'Advanced'))

dz =1/2;

error ('PQCB: Invalid version');

end

zL = B(fL);
zU = B(fU);

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

=zL+

(O:Nec-1) *
Zu =min (zL + (1: Nc)

zc=0.5*(zl + zu),

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

if (stremp (Version, 'Basic'))

fl=[ 80.000,
198.849,
324.055,
459.622,
609.885,
779.647,
974.336,

1200.178,
1464.392,
1775.427,
2143.227,
2579.551,
3098.350,
3716.212,
4452.890,
5331.939,
6381.463,
7635.020,
9132.688,

103.445,
223.257,
350.207,
488.353,
642.114,
816.404,
1016.797,
1249.700,
1522.559,
1844.098,
2224597,
2676.223,
3213.415,
3853.817,
4616.482,
55627.217,
6614.671,
7913.614,
9465.574,
10922.351, 11320.175, 11732.438,
13061.229,
15617.710,
fe=[ 91.708,
211.019,
337.077,
473.912,
625.899,
797.898,
995.408,
1224.744,
1493.237,
1809.474,
2183.564,
2627.468,
3155.379,
3784.178,
4533.963,
5428.712,
6497.031,
7773.077,
9297.648,

13536.710,
16186.049,
115.216,
235.566,
363.448,
502.950,
658.533,
835.170,
1038.511,
1275.055,
1552.366,
1879.310,
2266.340,
2725.832,
3272.475,
3923.748,
4700.473,
5627.484,
6734.420,
8056.673,
9636.520,

dz, zU),

127.023,
247.950,
376.805,
517.707,
675.161,
854.203,
1060.555,
1300.816,
1582.668,
1915.121,
2308.806,
2776.309,
3332.579,
3995.399,
4785.962,
5720.545,
6856.316,
8202.302,
9810.536,

14029.458,
16775.035,
138.870,
260.413,
390.282,
532.629,
692.006,
873.508,
1082.938,
1326.992,
1613.474,
1951.543,
2352.008,
2827.672,
3393.745,
4068.324,
4872.978,
5833.434,
6980.399,
8350.547,

150.762,
272.959,
403.884,
547.721,
709.071,
893.091,
1105.666,
13563.592,
1644.795,
1988.587,
2395.959,
2879.937,
3455.993,
4142.547,
4961.548,
5930.183,
7106.708,
8501.454,
10168.013,

14540.103,

174.694, ..
298.317, ...
431.478, ...
578.434, ...
743.884, ...
933.119, ...
1152.187, ...
1408.094, ...
1709.021, ...
2064.590, ...
2486.169, ...
2087.238, ...
3583.817, ...
4294.979, ...
5143.463, ...
6156.396, ...
7366.166, ...
8811.450, ...
10538.460, ...
12159.670, 12602.412, ...
15069.295, ...

17385.420 J;

162.702,
285.593,
417.614,
562.988,
726.362,
912.959,
1128.746,
1380.623,
1676.641,
2026.266,
2440.675,
2933.120,
3510.344,
4218.090,
5051.700,
6046.825,
7235.284,
8655.072,

186.742, ...
311.136, ...
445.479, ...
594.0865, ...
761.644, ...
953.576, ...
1175.995, ...
1436.014, ...
1741.946, ...
2103.573, ...
2532.456, ...
3042.309, ...
3649.432, ...
4373.237, ...
5236.866, ...
6267.931, ...
7499.397, ...
8970.639, ...
9987.683, 10351.586, 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=[103.445 127.023, 150.762, 174694, 198.849, ..
223257, 247950, 272959, 298317, 324.055, ..
350.207, 376.805, 403.884, 431478, 459.622, ..
488.353, 517.707, 547.721, 578.434, 609.885, ...
642114, 675161, 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, ...
2224597, 2308.8086, 2395959, 2486.169, 2579.551, ...
2676.223, 2776.309, 2879.937, 2987.238, 3098.350, ...
3213.415, 3332.579, 3455993, 3583.817, 3716.212, ...
3853.348, 3995.399, 4142547, 4294979, 4452.890, ...
4643.482, 4785.962, 4961.548, 5143.463, 5331.939, ...
5527217, 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 ;
end

function Es = PQspreadCB (E, Ver)
% pacnpocTpaHeHune Bo3byXAeHUNA
% E v Es - aHeprum

persistent Bs Version

if (~ stremp (Ver, Version))

Version = Ver,

Nc = length (E);

Bs = PQ_SpreadCB (ones(1,Nc), ones(1,Nc), Version);
end

Es = PQ_SpreadCB (E, Bs, Version);

%
function Es = PQ_SpreadCB (E, Bs, Ver),

persistent Nc dz fc aL aUC Version
e=04

if (~ stremp (Ver, Version))

Version = Ver;

[Nc, fe, fl, fu, dz] = PQCB (Version);
end

% BblgeneHne naMsaTu
aUCEe = zeros (1, Nc¢);
Ene = zeros (1, Nc);
Es = zeros (1, Nc);

% BblYMCIIEHNE TEPMOB, 3aBUCALLMX OT 3HEPTUM

aL = 107(-2.7 * dz);

for (m = 0:Nc-1)
aUC = 10"((-2.4 - 23/ fe(m+1)) * dz);
aUCE = aUC * E(m+1)*(0.2 * dz);
glL=(1-aL*(m+1)) /(1 - aL);
glU = (1 -aUCE*(Nc-m)) /(1 - aUCE),
En =E(m+1)/(glL+ glU - 1),
aUCEe(m+1) = aUCE"e;
Ene(m+1) = Enfe;

end
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% pacnpocTpaHeHune BHU3
Es(Nc-1+1) = Ene(Nc-1+1);
alLe = ale;
for (m = Nc-2:-1:0)
Es(m+1) = aLe * Es(m+1+1) + Ene(m+1);
end

% pacnpocTpaHeHue BBEpPX 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) +
end
end

for (i=0:Nc-1)
Es(i+1) = (Es(i+1))M1/e) / Bs(i+1),
end
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function Eb = PQgroupCB (X2, Ver)

% rpynnupoBka BekTopa aHeprum OO n KpUTUYECKON Nosnockl NPonyckaHns
% X2 — BeKTOp 3Ha4YeHWIN, BO3BEAEHHLIX B CTeNeHb 2

% Eb — BekTOp BO30YXAEHMI

persistent Nc kl ku Ul Uu Version

Emin = 1e-12;

if (~ stremp (Ver, Version))
Version = Ver;

NF =2048,;
Fs = 48000;

[Ne, kI, ku, Ul, Uu] = PQ_CBMapping (NF, Fs, Version),

end

% BblAeneHne naMaTy
Eb =zeros (1, Nc);

% BblYMCIIEHUE BO3OYXAEHUIA B Kax 4ol nonoce

for (i=0:Nc-1)
Ea = Ul(i+1) * X2(kl(i+1)+1);
for (k = (KI(i+1)+1):(ku(i+1)-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, ki, ku, Ul, Uu] = PQ_CBMapping (NF, Fs, Version)

[Ne, fc, fl, fu] = PQCB (Version);

df = Fs / NF;

for (i=0:Nc-1)
fli = fl(i+1);
fui = fu(i+1);

for (k = 0:NF/2)
if ((k+0.5)*df > fli)
Ki(i+1) = k;
Ul(i+1) = (min(fui, (k+0.5)*df) ...
- max(fli, (k-0.5)*df)) / df;
break;
end
end
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for (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;
else
Uu(i+1) = (min(fui, (k+0.5)*df) ...
- max(fli, (k-0.5)*df)) / df;
end
break;
end
end
end
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function [MOVI, Fmem] = PQeval (xR, xT, Fmem)
% PEAQ — o6paboTka eguHU4HoOro gpeima

NF =2048;
Version = 'Basic’;

% okoHHoe Ao
X2(1,:) = PQDFTFrame (xR);
X2(2,:) = PQDFTFrame (xT);

[EbN, Es] = PQ_excitCB (X2);

[Ehs(1,:), Fmem. TDS.Ef(1,:)] = PQ_timeSpread (Es(1,:), Fmem.TDS.Ef(1,:))
[Ehs(2,), Fmem. TDS.Ef(2,:)] = PQ_timeSpread (Es(2,:), Fmem.TDS.Ef(2,:))

% ajiantauus naTTepHoB Bo3byxaeHUA
[EP, Fmem.Adap] = PQadapt (Ehs, Fmem.Adap, Version, 'FFT");

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

% rpoOMKOCTb
MOVI.Loud.NRef = PQloud (Ehs(1,:), Version, 'FFT'),
MOVI.Loud.NTest = PQloud (Ehs(2,:), Version, 'FFT");

% pasHuua Mogynayui
MOVI.MDiff = PQmovModDiffB (M, ERavg);

% rPOMKOCTb LLyMa
MOVI.NLoud.NL = PQmovNLoudB (M, EP),

% nonoca npornycKkaHus
MOVI.BW = PQmovBW (X2),

% OTHOLLEHWIA LyMa K MacKupoBaHMto
MOVI.NMR = PQmovNMRB (EbN, Ehs(1,:));

% BepOATHOCTbL 06HapyXeHUs
MOVI.PD = PQmovPD (Ehs);

% oLNnGKa rapMOHUYECKON CTPYKTYpEI
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);
[Ne, fc] = PQCB (Version),
EIN = PQIntNoise (fc);

end



% BblaeneHne namsaTy
XwN2 = zeros (1, NF/2+1),

% hUnsTpaLnst Ha OCHOBE MOZAENU BHELLHEro U CPeAHero 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,

1,:)=Eb(1,:) + EIN:;
E(2,:

)= 1,
)=EDb(2,:) + EIN;

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

e

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 / Nady;

t100 = 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
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function X2 = PQDFTFrame (x)
persistent hw
NF =2048;

if (isempty (hw))
Amax = 32768;
fc =1019.5;
Fs = 48000;
Lp =92
GL = PQ_GL (NF, Amax, fc/Fs, 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 =10MLp / 20) / (gp * Amax/4 * W),
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function gp = PQ_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 - dfWA2));

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 ('">>> PQdataBoundary: Lim(1) > Lim(2)');
end

if (Lim(1) < 0)
= 0’
=0

Lim(1)
Lim(2)
end

YA

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=1i
return
end
end

YA

function ie = PQ_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=1i
return
end
end
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function x = PQgetData (WAV, i, N)

persistent Buff

iB =WAV.iB + 1,

if (N ==
Buff(iB
Buff(i

N=20*1024; % Fixed size
PQ_ReadWAV (WAV, i, Buff(iB).N);

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 (WAYV, 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);

%fp—mmmm

function x = PQ_ReadWAV (WAYV, i, N)

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

Nz =0;
if (i<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]))";
end

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

for (n = O: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) =

0;

function EIN = PQIntNoise (f)

N = length (f);

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

End

function X = PQRFFT (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 XIJ;

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

end

function X2 = PQRFFTMSq (X, N)
X2 =zeros (1, N/2+1),

X2(0+1) = X(0+1)"2;
for (k = 1:N/2-1)
X2(k+1) = X(k+1)"2 + X(N/2+k+1)72;
end
X2(N/2+1) = X(N/2+1)72;
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function [a, b] = PQtConst (1100, tmin, f, Fs)
N = length (f);
for (m = 0:N-1)
t=tmin + (100 / f(m+1)) * (100 - 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 * fkHz"(-0.8) + 6.5 * exp(-0.6 * (fkHz - 3.3)"2) ...
- 0.001 * fkHz"(3.6);
W2(k+1) = 10*(AdB / 10);
end

function WAV = PQwavFilePar (File)
persistent iB
if (isempty (iB))
iB=0;
else
iB=mod (iB + 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/ Nady;
tdel = 0.5;

tex = 0.050;

IMOV(0+1), MOV(1+1)] = PQ_avgBW (MOVC.BW);

% Total NMRB, RelDistFramesB
[MOV(2+1), MOV(10+1)] = PQ_avgNMRB (MOVC.NMR);

% WinModDiff1B, AvgModDiff1B, AvgModDiff2B

N500ms = ceil (tdel * Fss);

Ndel = max (0, N5S00ms - Nwup),

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

% RmsNoiseLoudB

N50ms = ceil (tex * Fss);

Nloud = PQloudTest (MOVC.Loud),

Ndel = max (Nloud + N50ms, Ndel),

MOV(8+1) = PQ_avgNLoudB (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, Np] = size (EHS.EHS);

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

%
function [ADBB, MFPDB] = PQ_avgPD (PD)

global PQopt

c0=0.9;
if (isempty (PQopt))
c1=1,
else
¢1 = PQopt.PDfactor,
end

N = length (PD.Pc);

Phec =0;

Pcmax = 0;

Qsum =0;

nd =0;

for (i = 0:N-1)
Phc =¢0 * Phc + (1 - ¢0) * PD.Pc(i+1);
Pemax = max (Pcmax * ¢1, Phce);

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

if (nd == 0)
ADBB = 0;
elseif (Qsum > 0)
ADBB =10g10 (Qsum / nd);

else

ADBB =-0.5;
end
MFPDB = Pcmax;
%

function [TotalNMRB, RelDistFramesB] = PQ_avgNMRB (NMR)

[Nchan, Np] = size (NMR.NMRavg);
Thr=10"(1.5/10),
s=0;
for (j = 0:Nchan-1)
s=s+ 10 *log10 (PQ_LinAvg (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;

%
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;
BandwidthTestB = sT / Nchan;

%
function [WinModDiff1B, AvgModDiff1B, AvgModDiff2B] = PQ_avgModDiffB (Ndel, MDiff)

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

Fss = Fs / Nadyv;
tavg = 0.1,

[Nchan, Np] = size (MDiff.Mt1B);
L = floor (tavg * Fss);
s=0;
for (j = 0:Nchan-1)
s = s + PQ_WinAvg (L, MDiff.Mt1B(j+1,Ndel+1:Np-1+1));
end
WinModDiff1B = s / Nchan;
s=0;
for (j = 0:Nchan-1)
s = s + PQ_WtAvg (MDiff. Mt1B(j+1,Ndel+1:Np-1+1), MDiff Wt(j+1,Ndel+1:Np-1+1));
end
AvgModDiff1B = s / Nchan;
s=0;
for (j = 0:Nchan-1)
s = s + PQ_WtAvg (MDiff. Mt2B(j+1,Ndel+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:Nchan-1)
s =s + PQ_RMSAvg (NLoud.NL(j+1,Ndel+1:Np-1+1));
end
RmsNoiselLoudB = 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

YA

function Fd = PQ_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

[y

function s = PQ_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)"4;
end

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

function s = PQ_WtAvg (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+Xx(i+1),

end

LinAvg =s/N;

[ —
function RMSAvg = PQ_RMSAvg (x)

N = length (x);

s=0;

for (i = 0:N-1)
s=s+Xx(i+1)"2;

end

if (N>0)

RMSAvg = sqrt(s / N);
else

RMSAvg = 0;
end
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function PQframeMOYV (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 Wit(j,i+1) = MOVI(j).MDiff. Wi;

% Noise loudness
MOVC.NLoud.NL(j,i+1) = MOVI(j).NLoud.NL;

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

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

% Noise-to-mask ratio
MOVC.NMR.NMRavg(j,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) = MOVI(j).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_ChanPD (MOVI)

Nc = length (MOVI(1).PD.p);
Nchan = length (MOVI);

Pr=1;
Qc=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.q(m+1));
Pr=Pr* (1 - pbin);
Qc = Qc + gbin;
end
else
for (m = 0:Nc-1)
Pr=Pr*(1-MOVILPD.p(m+1));
Qc = Qc + MOVI.PD.q(m+1);
end
end

Pc=1-Pr,
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function Ndel = PQloudTest (Loud)
[Nchan, Np] = size (Loud.NRef);

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

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

end
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Yoo

function it = PQ_LThresh (Thr, NRef, NTest)
Np = length (NRef),

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

kI =round (fl/Fs * NF), % 346

FRdB =10;

FR =10*(FRdB / 10);

FTdB = 5;

FT=10MFTdB/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=03;
[Nc, fc] = PQCB ('Basic'),
Et = PQIntNoise (fc);
for (m = 0:Nc-1)

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

end

end

42



negWWt2B = 0.1;
offset1B = 1.0;
offset2B = 0.01;
levWit = 100;

s1B =0;
s2B =0;
Wt=0;
for (m = 0:Nc-1)
if (M(1,m+1) > M(2,m+1))
num1B = M(1,m+1) - M(2,m+1),
num2B = negWt2B * num1B;
else
num1B = M(2,m+1) - M(1,m+1);
num2B = num1B;
end
MD1B = num1B / (offset1B + M(1,m+1));
MD2B = num2B / (offset2B + M(1,m+1));
s1B = s1B + MD1B;
s2B = s2B + MD2B;
Wt = Wt + ERavg(m+1) / (ERavg(m+1) + levWt * Ete(m+1));
end

MDiff. Mt1B = (100 / N¢) * s1B;

MDIff. Mt2B = (100 / Nc) * s2B;
MDIff. Wt = W;
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function NL = PQmovNLoudB (M, EP)
persistent Nc Et

if (isempty (Nc))
[Nc, fc] = PQCB ('Basic'),;
Et = PQIntNoise (fc);
end

alpha =1.5;
TFO =0.15;
S0=0.5;
NLmin = 0;
e =0.23;

s=0;
for (m = 0:Nc-1)
sref =TFO0 * M(1,m+1) + SO;
stest =TFO * M(2,m+1) + S0;
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)*e * (1 + a/b)*e-1);
end

NL = (24 / Nc) * s;

if (NL < NLmin)
NL=0;

end

function NMR = PQmovNMRB (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) = 10~(-mdB / 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];
d1=15.95072;
d2 = 6.39468;
g=1.71332,
bP = 4;
bM = 6;
end

for (m = 0:Nc-1)
EdBR =10 * log10 (Ehs(1,m+1));
EdBT =10 * log10 (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=d1*(d2/L)\g...
+c(1)+L*(c(2) + L*(c(3) + L™ (c(4) + L™ c(5))));
else
s =1e30;
end
PD.p(m+1) =1 -0.5(edB / s)"b);
PD.q(m+1) = abs (fix(edB)) / s;
end
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function PQprtMOV (MOV, ODG)

N = length (MOV),
PQ_NMOV_B = 11;
PQ_NMOV_A=5;



fprintf (‘'Model Output Variables:\n');

if (N == PQ_NMOV_B)
fprintf (' BandwidthRefB: %g\n', MOV(1));
fprintf (' BandwidthTestB: %g\n’, MOV(2));
fprintf (' Total NMRB: %g\n', MOV(3));
fprintf (' WinModDiff1B: %g\n', MOV(4));
fprintf (' ADBB: %g\n', MOV(5));
fprintf (' EHSB: %g\n', MOV(8));
fprintf (' AvgModDiff1B: %g\n', MOV(7))
fprintf ' AvgModDiff2B: %g\n', MOV/(8));
fprintf (' RmsNoiseLoudB: %g\n', MOV(9));
fprintf (' MFPDB: %g\n', MOV(10));
fprintf (' RelDistFramesB: %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 (' EHSB: %g\n', MOV(4));
fprintf (' AvgLinDistA: %g\n', MOV(5));
else
error (‘'Invalid number of MOVs'),
end
fprintf ('Objective Difference Grade: %.3f\n', ODG);
return;
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function PQprtMOVCi (Nchan, i, MOVC)
fprintf ('Frame: %d\n', i);

if (Nchan == 1)
fprintf (" Ntot : %g %g\n’, ...

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

MOVC.MDiff. Mt1B(1,i+1), MOVC.MDiff. Mt2B(1,i+1), MOVC.MDiff. WA(1,i+1));
fprintf (" NL  : %g\n', MOVC.NLoud.NL(1,i+1));
fprintf (' BW  : %g %g\n’, ...

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

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

else
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 // %g %g %g\n', ...

MOVC.MDiff. Mt1B(1,i+1), MOVC.MDiff Mt2B(1,i+1), MOVC.MDiff. Wt(1,i+1), ...

MOVC.MDiff. Mt1B(2,i+1), MOVC.MDiff. Mt2B(2,i+1), MOVC.MDiff. Wt(2,i+1));
fprintf (" NL  : %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 // %g %g\n', ...
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 // %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 = 2*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 =PQ_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, NL/2+1);

%
function log2 = PQ_log2 (a)

log2 = 0;

m=1;

while (m < a)
log2 =log2 + 1;
m=2*m;

end

log2 =log2 - 1,

S

function C = PQ_Corr (D, NL, M)

NFFT =2 *NL;
DO = [D(1:M) zeros(1,NFFT-M)];
D1 =[D(1:M+NL-1) zeros(1,NFFT-(M+NL-1))];

d0 = PQRFFT (DO, NFFT, 1);
d1 = PQRFFT (D1, NFFT, 1);

dx(0+1) = dO(0+1) * d1(0+1);
for (n = 1:NFFT/2-1)
m =NFFT/2 + n;
dx(n+1) =d0(n+1) * d1(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),

YA

function Cn = PQ_NCorr (C, D, NL, M)
Cn = zeros (1, NL);

s0 = C(0+1),
sj = s0;
Cn(0+1)=1;
for (i = 1:NL-1)
sj = sj + (D(i+M-1+1)A2 - D(i-1+1)*2);
d=s0"*s;j
if (d <= 0)
Cn(i+1) = 1,
else
Cn(i+1) = C(i+1) / sqrt (d);
end
end

YA

function EHS = PQ_FindPeak (¢2, N)

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

function [EP, Fmem] = PQadapt (Ehs, Fmem, Ver, Mod)
persistent a b Nc M1 M2 Version Model

if (~stremp (Ver, Version) | ~stremp (Mod, Model))
Version = Ver,
Model = Mod;
if (stremp (Model, 'FFT'))
[Ne, fc] = PQCB (Version);
NF = 2048;
Nadv = NF / 2;
else
[Nc, fc] = PQFB;
Nadv = 192;
end
Version = Ver,
Model = Mod;
Fs = 48000;
Fss = Fs / Nadyv;
t100 = 0.050;
tmin = 0.008;
[a b] = PQtConst (1100, tmin, fc, Fss);
[M1, 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/sd)"2;
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+1) / Fmem.Rn(m+1);
else
R(1,m+1)
R(2,m+1)
end
end

Fmem.Rn(m+1) / Fmem.Rd(m+1);
1

for (m = 0:Nc-1)

iL = max (m - M1, 0);
iU =min (m+ M2, Nc-1);
s1=0;
s2=0;
for (i = iL:iU)

s1=s1+ R(1,i+1);

s2 =52+ R(2,i+1);
end
Fmem.PC(1,m+1)
Fmem.PC(2,m+1)

=a(m+1)* Fmem.PC(1,m+1) + b(m+1) * s1 / (iU-iL+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 (stremp (Version, 'Advanced'))
if (stremp (Model, 'FFT'))
M1 =1;
M2 = 2;
else
M1 =1;
M2 =1;
end
end
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function Ntot = PQloud (Ehs, Ver, Mod)
e =0.23;
persistent Nc s Et Ets Version Model

if (~stremp (Ver, Version) | ~strcmp (Mod, Model))
Version = Ver;
Model = Mod;
if (stremp (Model, 'FFT"))
[Nc, fc] = PQCB (Version),
c=1.07664;
else
[Nc, fc] = PQFB;
c =1.26539;
end
EO =1e4;
Et = PQ_enThresh (fc);
s = PQ_exIndex (fc);
for (m = 0:Nc-1)
Ets(m+1) = ¢ * (Et(m+1) / (s(m+1) * EQ))"e;
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))*e - 1);
sN = sN + max(Nm, 0);

end

Ntot = (24 / Nc) * sN;

%
function s = PQ_exIndex (f)

N = length (f);

for (m = 0:N-1)
sdB = -2 - 2.05 * atan(f(m+1) / 4000) - 0.75 * atan((f(m+1) / 1600)"2);
s(m+1) = 10*(sdB / 10);

end

D ——

function Et = PQ_enThresh (f)

N = length (f);

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

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

if (isempty (Nc))

Fs = 48000;

NF =2048;

Fss =Fs /(NF/2);

[Ne, fc] = PQCB ('Basic');

t100 = 0.050;

t0 = 0.008;

[a, b] = PQtConst (1100, t0, fc, Fss);
end

M = zeros (2, Nc),
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e=03;
for (i=1:2)
for (m = 0:Nc-1)
Ee = Es(i,m+1)'e;
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) = Eeg;

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

ERavg = Fmem.Eavg(1,:);

B5.2 Iluctudr nporpammebl pacueta 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)
#elif defined(LDOUBLE)
#define module(x) fabsl((long double) x)
#define p(x,y) powl((long double)x, (long double)y)

#endif

/ detprob /
#define C1 1.0

/ end /
/ harmstruct /
#define AVGHANN

#define SKIPFRAME
#define GETMAX

#define Fup 18000.0

#define Flow 80.0

#define PATCH 1

/ end /

/ peagb /
#define LOGVARIABLE

#ifdef LOGVARIABLE

#define LOGALLFRAMES

#endif

/ end /

struct processing {
double fftrefHANN/2];
double ffttest{HANN/2];
double fftereffHANN/2];
double fftetest{HANN/2];
double fnoise[HANN/2];
double pptest[BARK];
double ppref[BARK];
double ppnoise[BARK];
double E2test[BARK];
double E2ref[BARK];
double Etest[BARK];
double Eref[BARK];
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double Mref[BARK];
double Modtest{BARK];
double Modref[BARK];

daiin: peaqb.h
#define LOGRESULT "analized"
#ifdef DEBUG

#define LOGFILE "debugged.txt"
#endif

#define OPT_REF  0x01
#define OPT_TEST 0x02

#define THRESHOLDDELAY 0.050
#define AVERAGINGDEALAY 0.5

#define B(f) 7 * asinh((double)f /650)
#define Bl(z) 650 * sinh((double)z /7)

/* 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 */

daiin: peaqb.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 errno;
char *fileref, *filetest;
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double hannwindow[HANN];

double Etesttmpch1[BARK], Etesttmpch2[BARK], Ereftmpch1[BARK],
Ereftmpch2[BARK], Cffttmpch1[HANN/2], Cffttmpch2[HANN/2];

int delaytime1, delaytime2;

int count = 0;

int harmsamples = 1,

fftw_plan plan, plan2;

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

struct levpatadaptin levinch1, levinch2;

struct modulationin modintestch1, modintestch2, modinrefch1, modinrefch2;
struct moddiffin moddiffinch1, moddiffinch2;

struct bandwidthout bandwidthch1, bandwidthch2;

struct outframes processed,

int

main(int argc, char *argv[])

{

signed int ch1reffHANN];
signed int ch2reffHANN];
signed int ch1test{HANN];
signed int ch2test{HANN];

int opt_line = 0;

int rateref, numchref, bitsampleref, Ipref;

int ratetest, numchtest, bitsampletest, Iptest;
int boundflag, totalframes = 0;

FILE *fpref, *fptest;

struct boundaryflag boundbe = {0, 0},
struct out oveRet;

/* Parse command line */
if (argc < 3)
usage(argv{0]);

{

intc=0;

while ((c = getopt(argc, argy, "rt:h")) I= EOF)
switch (¢) {

case 'h".
usage(argv{0]);
break;

case'r"
opt_line |= OPT_REF,;
fileref = optarg;
break;

case 't"
opt_line |= OPT_TEST,
filetest = optarg;
break;

}

/* Input control */
if (I(opt_line & OPT_REF) || *fileref)

fatalerr ("err: -r/—reference <arg> required");
if (I(opt_line & OPT_TEST) || *filetest)

fatalerr ("err: -t/~test <arg> required");
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Ipref = LevelPression(fileref);
Iptest = LevelPression(filetest);

/* Init routines */
/I 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)));

}
/I make Bark tables (2.1.5)

{

int k;

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
z| = (double *)malloc(bark * sizeof(double));

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

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

assert(fL 1= NULL && fC != NULL && fU != NULL && zI != NULL

&& zc 1= NULL && zu != NULL);

for(k=0;k<bark;k++) {
ZI[K] = zL + k*dz;
zu[K] = zL + (k+1)*dz;
zc[k] = 0.5 * (zI[k] + zu[k]);

)
)3

]

}

zu[bark-1] = zU;
zclbark -1] = 0.5 * (zl[bark-1] + zu[bark-1]);

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

free(zl);
free(zu);
free(zc),

}

/I Initialize temp var
memset(&levinch1, 0x00, sizeof(struct levpatadaptin));
memset(&levinch2, 0x00, sizeof(struct levpatadaptin)),

memset(&modintestch1, 0x00, sizeof(struct modulationin));
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memset(&modintestch2, 0x00, sizeof(struct modulationin)),
memset(&modinrefch1, 0x00, sizeof(struct modulationin));
memset(&modinrefch2, 0x00, sizeof(struct modulationin));

(
(
(
memset(Etesttmpch1, 0x00, BARK * sizeof(double));
memset(Etesttmpch2, 0x00, BARK * sizeof(double));
memset(Ereftmpch1, 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(&moddiffinch1, 0x00, sizeof(struct moddiffin));
memset(&moddiffinch2, 0x00, sizeof(struct moddiffin));

memset(&bandwidthch1, 0x00, sizeof(struct bandwidthout));
memset(&bandwidthch2, 0x00, sizeof(struct bandwidthout));

1 ref file

if ((fpref = fopen(fileref,"r")) == NULL)
fatalerr("err: %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");

// test file

if ((fptest = fopen(filetest,"r")) == NULL)
fatalerr("err: %s", strerror(errno));

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

if ((numchtest = NumOfChan(fptest)) == -1)
fatalerr("err: error in WaveHeader");

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

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

fprintf(stdout,\n PEAQb Algorithm. Author Giuseppe Gottardi 'oveRet™
" <gottardi@ailinux.org>\n");

fprintf(stdout,"\nRef File %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,"\nTest File %s"
"\n - Sample Rate: %d"
"\n - Number Of Channel: %d"
"\n - Bits for Sample: %d"
"\n - Level Playback: %d\n\n", filetest, ratetest,
numchtest, bitsampletest, Iptest);
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/I Processing
if(ratetest != rateref)

fatalerr("err: Can't process Wave Files with different Sample Rate");
if(numchref != numchtest)

fatalerr("err: Can't process Mono Wave with Stereo Wave");

/I Find delaytime1 for Loudness Threshold

delaytime1 = ceilf((float)THRESHOLDDELAY *ratetest*2/HANN);
/I Find delaytime2 for Delayed Averaging

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

/I make fft plan
plan = fftw_create_plan(HANN, FFTW_FORWARD, FFTW_MEASURE),

while(harmsamples < (Fup/ratetest)*(HANN/2.0)/2.0)
harmsamples *= 2;
plan2 = fftw_create_plan(harmsamples, FFTW_FORWARD, FFTW_MEASURE),
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if(numchref == 1) {
if (fseek(fpref, (HANN/2)*bitsampleref/8, SEEK_CUR) == -1)
fatalerr("err: %s", strerror(errno));
if (fseek(fptest, (HANN/2)*bitsampletest/8, SEEK_CUR) == -1)
fatalerr("err: %s", strerror(errno));

#ifdef DATABOUND_BE
#undef DATABOUND_ONE

{
inti=0, flag=0, f1, f2;
long dataref, datatest, br1, br2;

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

while(1) {
br1 = ftell(fpref);
br2 = ftell(fptest);
f1 = GetMonoFrame(fpref, (signed int *)ch1ref,
bitsampleref/8, HANN);
f2 = GetMonoFrame(fptest, (signed int *)ch1test,
bitsampletest/8, HANN);
if(f1 && f2) {
totalframes++;
if(boundary(ch1ref, ch1test, NULL, NULL, HANN) && !flag) {
boundbe.begin = totalframes;
flag = 1,
}
}
else {
fseek(fptest, br1, SEEK_SET),
fseek(fpref, br2, SEEK_SET),
break;
}
}

fseek(fptest, -(HANN/2)*bitsampletest/8, SEEK_CUR);

fseek(fpref, -(HANN/2)*bitsampleref/8, SEEK_CUR);
while(i<totalframes) {
GetMonoFrame(fpref, (signed int *)ch1ref, bitsampleref/8, HANN);
GetMonoFrame(fptest, (signed int *)ch1test, bitsampletest/8, HANN);
fseek(fptest, -2*(HANN/2)*bitsampletest/8, SEEK_CUR);,
fseek(fpref, -2*(HANN/2)*bitsampleref/8, SEEK_CUR);
i++;
if(boundary(ch1ref, ch1test, NULL, NULL, HANN)) {
boundbe.end = totalframes-i;
break;
}
}

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

}

#endif

while (GetMonoFrame(fpref, (signed int *)ch1ref,
bitsampleref/8, HANN)

&& GetMonoFrame(fptest, (signed int *)ch1test,
bitsampletest/8, HANN)) {

count++;

#ifdef DATABOUND_BE

if(count >= boundbe.begin && count <= boundbe.end)
boundflag = 1,
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boundflag = 0;

boundflag = boundary(ch1ref, ch1test, NULL, NULL, HANN);
#ifdef DATABOUND_ONE

{
static int flag1 = 0, flag2 = 0;
if(boundflag && !flag1)
flag1 =1;
if('boundflag && flag1)
flag2 = 1;
if(flag2)
boundflag = 0;

ProcessFrame((signed int *)ch1ref,
(signed int *)NULL, Ipref,

(signed int *)ch1test,
(signed int *)NULL,
Iptest, rateref, boundflag, HANN);

oveRet = neural(processed);
fprintf(stdout,"\nframe: %d"

#ifdef DATABOUND_BE
ll/%dll
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"\ndata boundary: %d -> %d"

#endif

"\nBandwidthRefb: %g"

"\nBandwidthTestb: %g"

"\nTotaINMRb %g"

"\nWinModDiff1b: %g"

"\nADBb: %g"

"\nEHSb: %g"

"\nAvgModDiff1b: %g"

"\nAvgModDiff2b %g"

"\nRmsNoiselLoudb: %g"

"\nMFPDb: %g"

"\nRelDistFramesb: %g"

"\nDI: %g"

"\nODG: %g\n",

count,

#ifdef DATABOUND_BE

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

processed.BandwidthRefb,
processed.BandwidthTestb, processed. TotalNMRb,
processed. WinModDiff1b, processed. ADBDb,
processed.EHSb, processed.AvgModDiff1b,
processed. AvgModDiff2b,
processed.RmsNoiseLoudb, processed.MFPDb,
processed.RelDistFramesb,

oveRet.DI, oveRet.ODG);

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

fprintf(res,"\nFile: %s\n"
"\nframe: %d"
"\nBandwidthRefb: %g"
"\nBandwidthTestb: %g"
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"\nTotaINMRb %g"

"\nWinModDiff1b: %g"

"\nADBb: %g"

"\nEHSb: %g"

"\nAvgModDiff1b: %g"

"\nAvgModDiff2b %g"

"\nRmsNoiseLoudb: %g"

"\nMFPDb: %g"

"\nRelDistFramesb: %g"

"\nDI: %g"

"\nODG: %g\n",

filetest, count, processed.BandwidthRefb,
processed.BandwidthTestb, processed. TotaINMRb,
processed. WinModDiff1b, processed. ADBDb,
processed.EHSb, processed.AvgModDiff1b,
processed. AvgModDiff2b,

processed.RmsNoiseLoudb, processed.MFPDDb,
processed.RelDistFramesb,
oveRet.DI, oveRet.ODG),

fclose(res);

}

if(numchref == 2) {
if (fseek(fpref, HANN*bitsampleref/8, SEEK_CUR) == -1)
fatalerr("err: %s", strerror(errno));
if (fseek(fptest, HANN*bitsampletest/8, SEEK_CUR) == -1)
fatalerr("err: %s", strerror(errno));

#ifdef DATABOUND_BE
#undef DATABOUND_ONE

{
inti=0,flag=0, f1, f2;
long dataref, datatest, br1, br2;

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

while(1) {
br1 = ftell(fpref);
br2 = ftell(fptest);
f1 = GetStereoFrame(fpref, (signed int *)ch1ref,
(signed int *)ch2ref, bitsampleref/8, HANN);
f2 = GetStereoFrame(fptest, (signed int *)ch1test,
(signed int *)ch2test, bitsampletest/8, HANN);
if(f1 && f2) {
totalframes++;
if(boundary(ch1ref, ch1test, ch2ref, ch2test, HANN) && !flag) {
boundbe.begin = totalframes;
flag = 1;
}
}
else {
fseek(fptest, br1, SEEK_SET),
fseek(fpref, br2, SEEK_SET),
break;

}

}
fseek(fptest, -HANN*bitsampletest/8, SEEK_CUR);
fseek(fpref, -HANN*bitsampleref/8, SEEK_CUR);
while(i<totalframes) {
GetStereoFrame(fpref, (signed int *)ch1ref,
(signed int *)ch2ref, bitsampleref/8, HANN);
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GetStereoFrame(fptest, (signed int *)ch1test,

(signed int *)ch2test, bitsampletest/8, HANN);
fseek(fptest, -2*HANN*bitsampletest/8, SEEK_CUR);
fseek(fpref, -2*HANN*bitsampleref/8, SEEK_CUR);
i++;
if(boundary(ch1ref, ch1test, ch2ref, ch2test, HANN)) {

boundbe.end = totalframes-i+1;

break;

}
fseek(fptest, datatest, SEEK_SET);
fseek(fpref, dataref, SEEK_SET);

}
#endif

while (GetStereoFrame(fpref, (signed int *)ch1ref,

(signed int *)ch2ref, bitsampleref/8, HANN)
&& GetStereoFrame(fptest, (signed int *)ch1test,
(signed int *)ch2test, bitsampletest/8, HANN)) {

count++;

#ifdef DATABOUND_BE

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

else
boundflag = 0;

#else

boundflag = boundary(ch1ref, chitest, ch2ref, ch2test, HANN);

#ifdef DATABOUND_ONE

{
static int flag1 = 0, flag2 = 0;

if(boundflag && !flag1)
flag1 =1,
if('boundflag && flag1)
flag2 = 1,
if(flag2)
boundflag = 0;

}
#endif
#endif
ProcessFrame((signed int *)ch1ref,
(signed int *)ch2ref, Ipref,
(signed int *)ch1test,
(signed int *)ch2test,
Iptest, rateref, boundflag, HANN);

oveRet = neural(processed);

fprintf(stdout,"\nframe: %d"
#ifdef DATABOUND_BE
"1%d"
"\ndata boundary: %d -> %d"
#endif
"\nBandwidthRefb: %g"
"\nBandwidthTestb: %g"
"\nTotaINMRb %g"
"\nWinModDiff1b: %g"
"\nADBb: %g"
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"\nEHSb: %g"
"\nAvgModDiff1b: %g"
"\nAvgModDiff2b %g"
"\nRmsNoiselLoudb: %g"
"\nMFPDb: %g"
"\nRelDistFramesb: %g"
"\nDI: %g"

"\nODG: %g\n",

count,

#ifdef DATABOUND_BE
totalframes, boundbe.begin, boundbe.end,
#endif
processed.BandwidthRefb,

processed.BandwidthTestb, processed. TotalNMRb,

processed. WinModDiff1b, processed. ADBDb,
processed.EHSb, processed. AvgModDiff1b,
processed. AvgModDiff2b,

processed.RmsNoiseLoudb, processed.MFPDb,

processed.RelDistFramesb,
oveRet.Dl, oveRet.ODG);

{

FILE *res;

res = fopen(LOGRESULT,"a+"),
fprintf(res,"\nFile: %s\n"

"\nframe: %d"

"\nBandwidthRefb: %g"

"\nBandwidthTestb: %g"

"\nTotaINMRb %g"

"\nWinModDiff1b: %g"

"\nADBb: %g"

"\nEHSb: %g"

"\nAvgModDiff1b: %g"

"\nAvgModDiff2b %g"

"\nRmsNoiselLoudb: %g"

"\nMFPDb: %g"

"\nRelDistFramesb: %g"

"\nDI: %g"

"\nODG: %g\n",

filetest, count, processed.BandwidthRefb,
processed.BandwidthTestb, processed. TotalNMRb,
processed.WinModDiff1b, processed. ADBb,
processed.EHSb, processed. AvgModDiff1b,
processed.AvgModDiff2b,
processed.RmsNoiselLoudb, processed. MFPDb,
processed.RelDistFramesb,

oveRet.DI, oveRet. ODG);

fclose(res);
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}

void

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

ProcessFrame(signed int *ch1ref, signed int *ch2ref, int Ipref,

signed int *ch1test, signed int *ch2test, int Iptest,
int rate, int boundflag, int hann)
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int k;

staticintch = 1;

double Ntotaltest, Ntotalref;

struct levpatadaptout lev;

struct moddiffout mod,;

struct processing processch1, processch2;

earmodelfft(ch1ref, Ipref, hann, processch1.ffteref,
processch1.fftref);

earmodelfft(ch1test, Iptest, hann, processch1 fitetest,

processch1. ffttest);

critbandgroup(processch1.ffteref, rate, hann, processch1.ppref);
AddIntNoise(processch1.ppref),

critbandgroup(processch1.fitetest, rate, hann, processch1.pptest);
AddIntNoise(processch1.pptest);

for(k=0;k<hann/2;k++)
processch1.fnoise[k] = module(processch1.ffteref[k])
- module(processch.fftetest[k]);

critbandgroup(processch1.fnoise, rate, hann, processch1.ppnoise);

spreading(processch1.pptest, processch1.E2test);
spreading(processch1.ppref, processch1.E2ref);
timespreading(processch1.E2test, Etesttmpch1, rate, processch1.Etest);,
timespreading(processch1.E2ref, Ereftmpch1, rate, processch1.Eref);

threshold(processch1.Eref, processch1.Mref),

modulation(processch1.E2test, rate, &modintestch1, processch1.Modtest);
modulation(processch1.E2ref, rate, &modinrefch1, processch1.Modref);
/I Data boundary
if(boundflag) {
static int countboundary = 1,
static double RelDistFramesb = 0, nmrtmp = 0;

bandwidth(processch1 ffttest, processch1. fftref, hann,
&bandwidthch1);

processed.BandwidthRefb = bandwidthch1.BandwidthRefb;
processed.BandwidthTestb = bandwidthch1.BandwidthTestb;

processed.TotaINMRb = nmr(processch1.ppnoise, processch1.Mref,
&nmrtmp, countboundary);
processed.RelDistFramesb = reldistframes(processch1.ppnoise,
processch1.Mref,

&RelDistFramesb,
countboundary);
countboundary++;

// Data boundary + Energy threshold
if(energyth(ch1test, ch1ref, hann)) {
static int countenergy = 1;
static double EHStmp = 0;

processed.EHSb = harmstruct(processch1.ffttest,
processch1.fftref,
&EHStmp, rate, Cffttmpch1,
harmsamples, &countenergy);
countenergy++;
}
}

/I Delayed Averaging
if(count > delaytime2) {
static double nitmp = 0;
static int noise = 0, internal_count = 0, loudcounter = 0;
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mod = moddiff(processch1.Modtest, processch1.Modref,
(double *)&(modinrefch1.Etildetmp));
processed. WinModDiff1b = ModDiff1(mod, &moddiffinch1,
count - delaytime2);
processed.AvgModDiff1b = ModDiff2(mod, &moddiffinch1);
processed.AvgModDiff2b = ModDiff3(mod, &moddiffinch1);

Ntotaltest = loudness(processch1.Etest);
Ntotalref = loudness(processch1.Eref);

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

noise = 1;

#if defined(LOUDMODQO?2)
internal_count = 0;

#endif

}

/I Delayed Averaging + loudness threshold
if(noise && internal_count <= delaytime1) {
/I skip 0.05 sec (about 3 frames)
internal_count++;
loudcounter++;

else {
lev = levpatadapt(processch1.Etest, processch.Eref, rate,
&levinch1, hann);

processed.RmsNoiseLoudb = noiseloudness(processch1.Modtest,
processch1.Modref,
lev, &nltmp,
count - delaytime2
- loudcounter);
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extern double Cfft[];
extern int maxk;
FILE *fp;

logvariable("Cfftsx.txt", Cfft, 128);
fp = fopen("Cfftsxmaxpos.txt", "a+");
fprintf(fp,"%d\n", maxk);

fclose(fp);

if(*ch2ref && *ch2test) {

ch =2,

earmodelfft(ch2ref, Ipref, hann, processch?2.ffteref,
processch?2. fftref);

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

critbandgroup(processch?2.ffteref, rate, hann, processch2.ppref);
AddIntNoise(processch2.ppref);

critbandgroup(processch?2.fftetest, rate, hann, processch2.pptest);
AddIntNoise(processch2.pptest),
for(k=0;k<hann/2;k++)
processch2.fnoise[k] = module(processch2.fftereflk])
- module(processch2. fitetest[k]);
critbandgroup(processch2.fnoise, rate, hann, processch2.ppnoise);

spreading(processch2.pptest, processch2.E2test);
spreading(processch2.ppref, processch2.E2ref);
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timespreading(processch2.E2test, Etesttmpch2, rate,

processch2.Etest);

timespreading(processch2.E2ref, Ereftmpch2, rate,

processch2.Eref);

threshold(processch2.Eref, processch2.Mref);

modulation(processch2.E2test, rate, &modintestch?2,

processch2.Modtest);

modulation(processch2.E2ref, rate, &modinrefch2,

processch2.Modref);

/I Data boundary
if(tboundflag) {

static int countboundary = 1;
static double RelDistFramesb = 0, nmrtmp = 0;

bandwidth(processch2 fittest, processch2.fftref, hann,

&bandwidthch?);

processed.BandwidthRefb += bandwidthch2.BandwidthRefb;
processed.BandwidthTestb += bandwidthch2.BandwidthTestb;
processed.BandwidthRefb /= 2.0;

processed.BandwidthTestb /= 2.0;

processed. TotaNMRb += nmr(processch2.ppnoise,
processch2.Mref, &hmrtmp,
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countboundary);
processed.RelDistFramesb += reldistframes(processch2.ppnoise,
processch2.Mref,
&RelDistFramesb,
countboundary);
processed. TotalNMRb /= 2.0;
processed.RelDistFramesb /= 2.0;
countboundary++;

/I Data boundary + Energy threshold
if(energyth(ch2test, ch2ref, hann)) {
static int countenergy = 1,
static double EHStmp = 0;

processed.EHSb += harmstruct(processch2.ffttest,
processch2.fitref,
&EHStmp, rate, Cffttmpch2,
harmsamples, &countenergy);
processed.EHSb /= 2.0;
countenergy++;

}

/I Delayed Averaging
if(count > delaytime?2) {

static double nltmp = 0;
static int noise = 0, internal_count = 0, loudcounter = 0;

mod = moddiff(processch2. Modtest, processch2.Modref,
(double *)&(modinrefch2.Etildetmp));
processed.WinModDiff1b += ModDiff1(mod, &moddiffinch2,
count - delaytime?2);

processed.AvgModDiff1b += ModDiff2(mod, &moddiffinch2);
processed.AvgModDiff2b += ModDiff3(mod, &moddiffinch2);
processed.WinModDiff1b /= 2.0;

processed.AvgModDiff1b /= 2.0;

processed.AvgModDiff2b /= 2.0;

Ntotaltest = loudness(processch2.Etest);,
Ntotalref = loudness(processch2.Eref);



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

noise = 1;

#if defined(LOUDMODQ?2)
internal_count = 0;

#endif

}

/I Delayed Averaging + loudness threshold

if(noise && internal_count <= delaytime1) {
/I skip 0.05 sec (about 3 frames)
internal_count++;
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loudcounter++;
}
else {
lev = levpatadapt(processch2.Etest, processch2.Eref, rate,
&levinch2, hann);
processed.RmsNoiseLoudb += noiseloudness(processch2.Modtest,
processch2.Modref,
lev, &nitmp,
count - delaytime2
- loudcounter);
processed.RmsNoiseLoudb /= 2.0;
}

static int ndistorcedtmp = 0;
static double Ptildetmp = 0, PMtmp = 0, Qsum = 0;

if(ch == 2)
processed. ADBb = detprob(processch1.Etest, processch2.Etest,
processch1.Eref, processch2.Eref,
&Ptildetmp, &PMtmp, &Qsum,
&ndistorcedtmp, hann);
else
processed. ADBb = detprob(processch1.Etest, NULL,
processch1.Eref, NULL,
&Ptildetmp, &PMtmp, &Qsum,
&ndistorcedtmp, hann);
processed. MFPDb = PMtmp;
}
*
#ifdef LOGVARIABLE
logvariable("fftetestsx.txt", processch1 fftetest, hann/2);
logvariable("ffterefsx.txt", processch1.ffteref, hann/2),
logvariable("ffttestsx.txt", processch1 ffttest, hann/2);
logvariable("fftrefsx.txt", processch1.fftref, hann/2);
logvariable("Etestsx.txt", processch1.Etest, bark);
logvariable("Erefsx.txt", processch1.Eref, bark);
logvariable("E2testsx.txt", processch1.E2test, bark);
logvariable("E2refsx.txt", processch1.E2ref, bark);
logvariable("pptestsx.txt", processch1.pptest, bark);
logvariable("pprefsx.txt", processch1.ppref, bark);
logvariable("ppnoisesx.txt", processch1.ppnoise, bark);
logvariable("Mrefsx.txt", processch1.Mref, bark);
logvariable("Modtestsx.txt", processch1.Modtest, bark);
logvariable("Modrefsx.txt", processch1.Modref, bark);
(
(
(

logvariable("fftetestdx.txt", processch2 fftetest, hann/2);
logvariable("ffterefdx.txt", processch2.ffteref, hann/2);
logvariable("ffttestdx.txt", processch2.ffttest, hann/2);
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logvariable("fftrefdx.txt", processch2.fitref, hann/2);
logvariable("Etestdx.txt", processch2. Etest, bark);
logvariable("Erefdx.txt", processch2.Eref, bark);
logvariable("E2testdx.txt", processch2 E2test, bark);
logvariable("E2refdx.txt", processch2.E2ref, bark);

logvariable("pptestdx.txt", processch2.pptest, bark);
logvariable("pprefdx.txt”, processch2.ppref, bark);
logvariable("ppnoisedx.txt", processch2.ppnoise, bark);
logvariable("Mrefdx.txt", processch2.Mref, bark);
logvariable("Modtestdx.txt", processch2.Modtest, bark);
logvariable("Modrefdx.txt", processch2.Modref, bark);
#endif

*

I

extern double Cfft[];
extern int maxk;
FILE *fp;
logvariable("Cfftdx.txt", Cfft, 128);
fp = fopen("Cfftdxmaxpos.txt", "a+");
fprintf(fp," %d\n", maxk);
fclose(fp);
)
return;
}
void
fatalerr(char * pattern,...) /* Error handling routine */

{

va_list ap;
va_start(ap, pattern);

fprintf(stderr,"PEAQ-");
viprintf(stderr,pattern,ap);
fprintf(stderr," (exit forced).\n");

va_end(ap);

exit(-1);
}

#ifdef DEBUG
void
debug(char * pattern,...) /* Debug handling routine */

FILE *log;
va_list ap;
va_start(ap, pattern);

log = fopen(LOGFILE,"a+");
viprintf(log, pattern,ap);

va_end(ap);
fclose(log);

return;
}
#endif
#ifdef LOGVARIABLE
void
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FILE *fp;

intk;

#ifdef LOGALLFRAMES
fp = fopen(filename,"a+");
#else

fp = fopen(filename,"w");
#endif

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

fclose(fp);
return;

}
#endif

void
usage(char * name) /* Print usage */

fprintf(stderr, "PEAQ Algorithm. Giuseppe Gottardi 'oveRet"
"<gottardi@ailinux.org>\n\n");

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

exit (0);
}

®daitn: bandwidth.h

#define ZEROTHRESHOLD 921
#define BWMAX 346

struct bandwidthout {
double sumBandwidthRefb;
int countref;
double sumBandwidthTestb;
int counttest;
double BandwidthRefb;
double BandwidthTestb;
h
/* Function prototypes */
int bandwidth(double *, double *, int, struct bandwidthout *);
/* Prototypes end */

®daitn: bandwidth.c

#include <stdlib.h>

#include <math.h>

#include <common.h>

#include <bandwidth.h>

int

bandwidth(double *ffttest, double *fftref, int hann,

struct bandwidthout *out)

{
int kK, BwRef = 0, BwTest = 0;
double Flevtest, Flevref;
double ZeroThreshold;

ZeroThreshold = 20.0 * log10((double)ffttestfZEROTHRESHOLD]);

for(k=ZEROTHRESHOLD;k<hann/2;k++) {
Flevtest = 20.0 * log10((double)ffttest[k]);
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if(Flevtest > ZeroThreshold)
ZeroThreshold = Flevtest;

}

for(k=ZEROTHRESHOLD-1;k>=0;k-) {
Flevref = 20.0 * log10((double)fftref[k]);

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

for(k=BwRef-1;k>=0;k-) {
Flevtest = 20.0 * log10((double)ffttest[k]);

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

if(BwRef > BWMAX) {
out->sumBandwidthRefb += (double)BwRef,
out->countref++;

}

if(BwTest > BWMAX) {
out->sumBandwidthTestb += (double)BwTest;
out->counttest++;

}
if(out->countref == 0)
out->BandwidthRefb = 0;
else
out->BandwidthRefb = out->sumBandwidthRefb/(double)out->countref;
if(out->counttest == 0)
out->BandwidthTestb = O;
else

out->BandwidthTestb = out->sumBandwidthTestb/(double)out->counttest;

return O;

®daitn: boundary.h

#define BOUNDWIN 5
#define BOUNDLIMIT 200

struct boundaryflag {
int begin;
int end;
3
/* Function prototypes */
int boundary(signed int *, signed int *, signed int *, signed int *, int);
/* Prototypes end */
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daitn: boundary.c

#include <stdlib.h>

#include <math.h>

#include <common.h>

#include <boundary.h>

int

boundary(signed int *ch1ref, signed int *ch1test, signed int *ch2ref,
signed int *ch2test, int hann)

{



intk, i, sum;
int ch1t = 0, chir= 0, ch2t = 0, ch2r = 0’

for(k=0;k<hann-BOUNDWIN+1;k++) {
if(lch1t) {
sum = 0;
for(i=0;i<BOUNDWIN;i++)
sum += abs(ch1test[k+i]);
if(sum > BOUNDLIMIT)
ch1t = 1;
}

if('ch1r) {
sum = 0;
for(i=0;i<BOUNDWIN;i++)
sum += abs(ch1ref[k+i]);
if(sum > BOUNDLIMIT)
chir=1;
}

if(ch1t || ch1r) // || or &&
return 1;

}

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

for(k=0;k<hann-BOUNDWIN+1;k++) {
if('ch2t) {
sum = 0;
for(i=0;i<BOUNDWIN;i++)
sum += abs(ch2test[k+i]);
if(sum > BOUNDLIMIT)
ch2t=1;
}

if('ch2r) {
sum = 0;
for(i=0;i<BOUNDWIN;i++)
sum += abs(ch2ref[k+i]);
if(sum > BOUNDLIMIT)
ch2r=1;
}

if((ch1t || ch2t) || (ch1r || ch2r)) // || or &&
return 1;

}

return O;

}
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daiin: critbandgroup.h

/* Function prototypes */

int critbandgroup(double *, int, int, double *);
int AddIntNoise(double *);

/* Prototypes end */

daiin: critbandgroup.c
#include <stdlib.h>
#include <math.h>
#include <common.h>
#include <critbandgroup.h>

extern double *fL, *fC, *fU;
extern int bark;
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int
critbandgroup(double *fite, int rate, int hann, double *pe)

double fres;
inti, k;
fres = (double)rate/hann;
for(i=0;i<bark;i++) {
peli] = 0;
for(k=0;k<hann/2;k++) {
if(((double)(k-0.5)*fres) >= fL[i]
&& ((double)(k+0.5)*fres <= fU[i]))
peli] += p(ffte[k], 2.0);
else
if(((double)(k-0.5)*fres) < fL[i]
&& ((double)(k+0.5)*fres > fU[i]))
peli] += p(ffte[k], 2.0)*(fU[i]-fL[i])/fres;
else
if(((double)(k-0.5)*fres) < fL[i]
&& ((double)(k+0.5)*fres > fL[i]))
peli] += p(ffte[k], 2.0)*(double)((k+0.5)
*res-fL[i])/fres;
else
if(((double)(k-0.5)*fres) < fU[i]
&& ((double)(k+0.5)*fres > fU[i]))
peli] += p(ffte[k], 2.0)*(fU[i]-(double)(k-0.5)
*fres)ffres;
}
if(peli] < p(10.0, -12.0))
peli] = 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[k]/1000.0, -0.8));
pe[k] += Pthres;
}

return Q;

®ain: detprob.h

/* Function prototypes */

double detprob(double *, double *, double *, double *, double *,
double *, double *, int *, int);

/* 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 *Etestch1, double *Etestch2, double *Erefch1,
double *Erefch2, double *Ptildetmp, double *PMtmp,
double *Qsum, int *ndistorcedtmp, int hann)

intk;
double Etilderefch1, Etilderefch2, Etildetestch1, Etildetestch2;
double L, s, e, b, a, pch1, pch2, pbin,
qch1, qch2, gbin, P, c0, c¢1, ADBb;
double prod = 1.0, Q = 0.0;

for(k=0;k<bark;k++) {
Etildetestch1 = 10.0*log10((double)Etestch1[k]);
Etilderefch1 = 10.0*log10((double)Erefch1[K]);

if(Etilderefch1 > Etildetestch1)
L = 0.3*Etilderefch1;

else
L = 0.3*Etildetestch1;

L += 0.7*Etildetestch1,

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 =p(10.0, 30.0);

e = Etilderefch1 - Etildetestch1;

if(Etilderefch1 > Etildetestch1)
b=4.0;

else
b=6.0;

a = (double)p(10.0, log10((double)log10((double)2.0))/b)/s;
pch1=1.0-p(10.0, -p(a*e, b)),
qch1 = abs((int)e)/s; // don't touch this

pbin = pch1,;
gbin = qch1;

if(Etestch2 != NULL && Erefch2 |= NULL) {
Etildetestch2 = 10.0*log10((double)Etestch2[k]);
Etilderefch2 = 10.0*log10((double)Erefch2[k]);

if(Etilderefch2 > Etildetestch2)
L = 0.3*Etilderefch2;

else
L = 0.3*Etildetestch2;

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*.-0.198719;

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

e = Etilderefch2 - Etildetestch?2;

if(e > 0)
b=4.0;

else
b=86.0;

a = (double)p(10.0, log10((double)log10((double)2.0))/b)/s;
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pch2 =1.0 - p(10.0, -p(a*e, b)),
qch2 = abs((int)e)/s; // don't touch this

if(pch2 > pch1)
pbin = pch2;
if(qch2 > qch1)
gbin = qch2;
}
prod *= (1.0 - pbin),
Q += gbin;
}

P =1.0- prod;

if(P > 0.5){
*Qsum += Q;
(*ndistorcedtmp)++;

}

if(*ndistorcedtmp == 0)
ADBb = 0;
else
if(*Qsum > 0)
ADBDb = log10((double)*Qsum / (*ndistorcedtmp));
else
ADBb =-0.5;

c0 = p(0.9, hann/(2.0*1024.0));
#if Idefined(C1)
¢1 = p(0.99, hann/(2.0*1024.0));
#else
c1=C1;
#endif
*Ptildetmp = (1.0 - cO)*P + (*Ptildetmp)*c0;
if(*Ptildetmp > (*PMtmp)*c1)
*PMtmp = *Ptildetmp;
else
*PMtmp = (*PMtmp)*c1;

return ADBb;

daiin: earmodelfft.h

#define NORM 11361.301063573899
#define FREQADAP 23.4375 // for 48 kHz

/* Function prototypes */
int earmodelfft(signed int *, int, int, double *, double *);
/* Prototypes end */

daiin: earmodelfft.c

#include <stdlib.h>
#include <math.h>
#include <fftw.h>
#include <common.h>
#include <earmodelfft.h>

extern double hannwindow] ];

extern fftw_plan plan;

int

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

{
intk;
double w, fac;
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fitw_complex in[HANN], outfHANNJ;
fac = p(10.0, 1p/20.0)/NORM;
for(k=0;k<hann;k++) {
in[k].re = hannwindow(k] * (double)ch[K];
in[k].im = 0;
}

fftw_one(plan, in, out);

for(k=0;k<hann/2;k++) {
out[k].re *= (double)(fac/hann),
out[k].im *= (double)(fac/hann);
absfft[k] = sqrt((double)(p(out[k].re, 2.0) + p(out[k].im, 2.0)));

w = -0.6*3.64*p(k * FREQADAP/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);

fite[K] = absff[k]*p(10.0, w/20.0);
}

return O;

®daiin: energyth.h
#define ENERGYLIMIT 8000
/* Function prototypes */

int energyth(signed int *, signed int *, int);
/* Prototypes end */

®dain: energyth.c

#include <stdlib.h>

#include <math.h>

#include <common.h>

#include <energyth.h>

int

energyth(signed int *test, signed int *ref, int hann)

int k;
double sum;

sum=0;

for(k=0;k<hann/2;k++) {

sum += p(test[hann/2 + k], 2.0);

if(sum > ENERGYLIMIT)
return 1;

}

sum=0;

for(k=0;k<hann/2;k++) {

sum += p(reflhann/2 + k], 2.0);

if(sum > ENERGYLIMIT)
return 1;

}

return O;

®aiin: getframe.h
#define LP 92
/* Function prototypes */
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 *,...);

I* Prototypes end */

daiin: getframe.c
#include <stdio.h>
#include <string.h>
#include <stdlib.h>
#include <getframe.h>

extern int errno;

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

int intvalue;

if (bytes <= 0)
return 0;
intvalue = ReadInt(fp, bytes);
switch(bytes) {
case 3:
if (intvalue & 0x00800000)
intvalue |= 0xff000000;
break;
case 2:
if (intvalue & 0x00008000)
intvalue |= Oxffff0000;
break;
case 1:
if (intvalue & 0x00000080)
intvalue |= OxffffffO0;
break;

}

return (signed int) intvalue;

}
int
GetMonoFrame(FILE *fp, signed int *vect, int bytes, int hann)
{
inti=0;
if (fo == NULL)
return O;
if (fseek(fp, (-hann/2)*bytes, SEEK_CUR) == -1)
fatalerr("err: %s", strerror(errno));
while(!feof(fp) && i < hann) {
vect[i] = GetFrameValue(fp, bytes);

i++;
}
if(i < hann) {
bzero(vect, hann*4),
fseek(fp, -i*bytes, SEEK_END);
return 0;
}
/* Number of samples wrote */
returni;
}
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int
GetStereoFrame(FILE *fp, signed int *sx, signed int *dx, int bytes,
int hann)
{
inti=0, k=0, count=0;
if (fo == NULL)

return O;

if (fseek(fp, -hann*bytes, SEEK_CUR) == -1)
fatalerr("err: %s", strerror(errno));

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

count++;
}
else {
dx[i] = GetFrameValue(fp, bytes);
k=0;
count++;

}
i++:
}
if (count < hann*2) {
bzero(sx, hann*4);
bzero(dx, hann*4),
fseek(fp, -count*bytes, SEEK_END);
return O;

}

/* Number of samples wrote */
return count ;

}
int
LevelPression(char *f)

{
int Ip;
while(*f 1= "' && *f)
f++;

if(*f=="") {
Ip = atoi(f + 1),
*f="0",
return Ip;

}

else

return LP;

®daitn: harmstruct.h

/* Function prototypes */

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

/* Prototypes end */

®daitn: harmstruct.c

#include <stdlib.h>
#include <math.h>
#include <string.h>
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#include <fftw.h>
#include <common.h>
#include <harmstruct.h>

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

double CTRIHANN/2];
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;
fitw_complex in[HANN/2], outfHANN/2];

double max;

bzero(Cfft, 8 * HANN/2);

for(k=0;k<p*2-1;k++) {
if(Mfftref[k] || !fittest[k]) { // skip log(0)
#if defined(SKIPFRAME) && !defined(ZERO)
(n)--;
return 0;
#elif defined(ZERO)
if(!fftref[K]) {
fitreflk] = ZERO;
#ifdef DEBUG
debug("Warning [%s:%d] in Harmstruct.c: "
"fitref{%d] is set around zero\n",
filetest, count, k, fitref[k]);
#endif

}
if(!ffttest[k]) {
fittest[k] = ZERO;
#ifdef DEBUG
debug("Warning [%s:%d] in Harmstruct.c: "
"fittest[%d] is set around zero\n",
filetest, count, k, ffttest[k]);
#endif

}
FO[k] = log10(p(fitreflk], 2.0)) - log10(p(fittest[k], 2.0));
#else
if(Ifftreflk] && !ffttestk])
FO[K] = 0;
else {
#ifdef DEBUG
debug("Error [%s:%d] in Harmstruct.c: "
"log(fftref[%d] = %g log(ffttest[%d] = %g\n",
filetest, count, k, fftref[k], k, ffttest[k]);
#endif
FO[K] = 0;

}
#endif
}

else
FO[K] = log10(p(fitref[k], 2.0)) - log10(p(ffttest[k], 2.0));
}
for(i=0;i<p;i++) {
num =0;
74



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

hannwin[i] = 0.5*sqrt((double)8.0/3.0)*(1.0 - cos((double)2.0
*M_PI*i/(p-1.0)));
Cl[i] = num / (sqrt((double)denoma) * sqrt((double)denomb));

#if |defined(AVGHANN)
Cl[i] *= hannwin[i];
#endif
Csum += C[i];

}

for(i=0;i<p;i++) {
Cl[i] -= (double)Csum/p;
#if defined(AVGHANN)
Cl[i] *= hannwinl[i];
#endif
in[il.im = 0;
in[i].re = CI[i];

}

fitw_one(plan2, in, out);

for(k=0;k<p/2;k++) {

out[k].re *= (double)(1.0/p);

out[k].im *= (double)(1.0/p);

Cfft[k] = p(out[K].re, 2.0) + p(out[k].im, 2.0);
}

#ifdef EHSMODO2
for(k=0;k<p/2;k++) {
Cffttmp([k] += Cfft[k];
Cfft[k] = Cffttmp[k}/(*n);
}
#endif
#if !defined(GETMAX)
i = 0+PATCH,;
while(1) {
if( Cfft[i] >= Cfft[i+1]) {
while(i < p/2-1 && Cfft[i] >= Cfft[i+1])
i++;
if(i < p/2-1)
break;
else {
(n)-;
return O;
}
}
else {
while(i < p/2-1 && Cfft[i] <= Cfft[i+1])
i++;
while(i < p/2-1 && Cfft[i] >= Cfft[i+1])
i++;
if(i < p/2-1)
break;
else {
(n)--;
return O;
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}
}

#else

i=0;

#endif

max = 0;

for(k=i+1;k<p/2;k++)

if( Cfft[k] > max) {

max = Cfft[K];
maxk = k;

}

#ifdef EHSMODO2
return max*1000.0;
#endif

(*EHStmp) += max;
return ((*EHStmp)*1000.0/(*n));

daiin: levpatadapt.h

#define T100 0.05
#define Tmin 0.008
#define M 8

/lif M is odd

/*

#define M1 (M-1)/2
#define M2 M1

Wi

/l'if M is even
#define M1 M/2 -1
#define M2 M/2

struct levpatadaptout {
double Epref[BARK];
double Eptest[BARK];

b3

struct levpatadaptin {
double Ptest[BARK];
double Pref[BARK];
double PattCorrTest[BARK];
double PattCorrRef[BARK];
double Rnum[BARK];
double Rdenom[BARK];
2
/* Function prototypes */
struct levpatadaptout levpatadapt(double *, double *, int,
struct levpatadaptin *, int);
/* Prototypes end */

daiin: levpatadapt.c

#include <stdlib.h>
#include <math.h>
#include <common.h>
#include <levpatadapt.h>

extern int bark;
extern double *fC;

struct levpatadaptout
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levpatadapt(double *Etest, double *Eref, int rate,

{

struct levpatadaptin *tmp, int hann)

intk, i, m1, m2;

double T, levcorr, numlevcorr = 0, denomlevcorr =0, R;

double pattcoeffref, pattcoefftest;

double Elref[BARK], Eltest{BARK], Rtest{BARK], Rref[BARK], a[BARK];
struct levpatadaptout out;

for(k=0;k<bark;k++) {

}

T = (double)Tmin + (100.0/fC[K])*(T100 - Tmin);

a[k] = exp((double)-hann/(2.0*rate * T));

tmp->Ptest[k] = tmp->Ptest[k]*a[k] + (1.0-a[k])*Etest[k];
tmp->Pref[k] = tmp->Preflk]*a[k] + (1.0-a[k])*Eref[k];
numlevcorr += sqrt(tmp->Ptest[k]*tmp->Pref[k]);
denomlevcorr += tmp->Ptest[k];

leveorr = p(numlevcorr/denomlevcorr, 2.0);
for(k=0;k<bark;k++) {

if(leveorr > 1.0) {
Elref[k] = (double)Eref[kl/llevcorr;
Eltest[k] = Etest[k];

}

else {
Eltest[k] = (double)Etest[k]*levcorr;
Elreflk] = Ereflk];

/l Autocorrelation

tmp->Rnum(k] *= a[K];
tmp->Rdenom[k] *= a[k];
tmp->Rnum(k] += Elref[k]*Eltest[K];
tmp->Rdenom[k] += Elref[K]*Elref[K];

if(tmp->Rdenom[k] == 0 && tmp->Rnum[k] != 0) {

Rtest[k] = 0;
Rreflk] = 1.0;
}
else

if(tmp->Rdenom[k] == 0 && tmp->Rnum[k] == 0) {
/lcopy from frequency band below
if(k) {
Rtest[k] = Rtest[k-1];
Rreflk] = Rref[k-1];

}
//if don't exist
else {
Rtest[k] = 1.0;
Rref[k] = 1.0;
}
}
else {
R = tmp->Rnum[k] / tmp->Rdenom[K];
iff(R >=1.0) {
Rtest[k] = 1.0/R;
Rreflk] = 1.0;
}
else {
Rtest[k] = 1.0;
Rreflk] = R;
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for(k=0;k<bark;k++) {
m1 =M1,
m2 = M2;
pattcoefftest = 0;
pattcoeffref = 0;

iftm1 > k)
m1=Kk;

if(m2 > bark -k -1)
m2 = bark -k -1;

for(i = -m1;i <= m2;i++) {
pattcoefftest += Rtest[k+i];
pattcoeffref += Rref[k+i];

}

tmp->PattCorrTest[k] = a[k]*tmp->PattCorrTest[k] +
pattcoefftest*(1.0-a[k])/(m1+m2+1);

tmp->PattCorrRef[k] = a[k]*tmp->PattCorrRef[k] +
pattcoeffref*(1.0-a[K])/(m1+m2+1);

out.Epref[k] = Elref[k] * tmp->PattCorrReflk];
out.Eptest[k] = Eltest[k] * tmp->PattCorrTest[k];
}

return out;

®ain: loudness.h
#define CONST 1.07664
/* Function prototypes */

double loudness(double *);
/* Prototypes end */

daiin: loudness.c

#include <stdlib.h>
#include <math.h>
#include <common.h>
#include <loudness.h>

extern double *fC;
extern int bark;

double
loudness(double *E)
{
intk;
double Ntot = 0;
double s, N, Ethres;

for(k=0;k<bark;k++) {
s = p(10.0, (-2.0-2.05*atan((double)fC[k]/4000.0) - 0.75
*atan((double)p(fC[k]/1600.0, 2.0)))/10.0);
Ethres = p(10.0, 0.364*p(fC[k]/1000.0, -0.8));
N = (double)CONST*p(Ethres/(s*10000.0), 0.23)
*(p(1.0-s+s*E[K)/Ethres, 0.23) - 1.0);
if(N > 0)
Ntot +=N;
}
Ntot *= (double)24.0/bark;

return Ntot;
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daitn: moddiff.h
#define L 4

struct moddiffin {
double win;
int Lcount;
double modtmp;
double mod[L];
double num2;
double denom?2;
double num3;
double denom3;

h

struct moddiffout {
double ModDiff1;
double ModDiff2;
double TempW\i;

h

/* Function prototypes */

struct moddiffout moddiff(double *, double *, double *);
double ModDiff1(struct moddiffout, struct moddiffin *, int);
double ModDiff2(struct moddiffout, struct moddiffin *);
double ModDiff3(struct moddiffout, struct moddiffin *);

/* Prototypes end */

rOCT P 56047—2014

®daitn: moddiff.c

#include <stdlib.h>
#include <assert.h>
#include <math.h>
#include <common.h>
#include <moddiff.h>

extern double *fC;
extern int bark;

struct moddiffout
moddiff(double *Modtest, double *Modref, double *Etilderef)
{

intk;

struct moddiffout out;

double Pthres;

out.ModDiff1 = 0;
out.ModDiff2 = 0;
out. TempWit = 0;

for(k=0;k<bark;k++) {
/I WinModDiff1B && AvgModDiff1B
out.ModDiff1 += module(Modtest[k] - Modref[k])/(1.0 + Modref[k]);
/f AvgModDiff2B
if(Modtest[k] > Modreflk])
out. ModDiff2 += module(Modtest[k] - Modref[k])
/(0.01 + Modrefk]);
else
out. ModDiff2 += 0.1*module(Modtest[k] - Modreflk])
/(0.01 + Modrefk]);

Pthres = p(10.0, 0.4*0.364*p(fC[k]/1000.0, -0.8));
out. TempWht += Etilderef[k]/(Etildereflk] + p(Pthres, 0.3)*100.0);

}

out. ModDiff1 *= (double)100.0/bark;
out. ModDiff2 *= (double)100.0/bark;

79



FOCT P 56047—2014

return out;

}

double
ModDiff1(struct moddiffout in, struct moddiffin *intmp, int n)

{
inti;
intmp->mod[intmp->Lcount] = in.ModDiff1;
intmp->Lcount++;
if(intmp->Lcount == L)
intmp->Lcount = 0;
ifin <L)
return O;
intmp->modtmp = 0,
for(i=0;i<L;i++)
intmp->modtmp += sqrt((double)intmp->mod][i]);
intmp->modtmp /= (double)L;
intmp->win += p(intmp->modtmp, 4.0);

return sgrt((double)intmp->win/(double)(n-L+1.0));
}

double
ModDiff2(struct moddiffout in, struct moddiffin *intmp)

{
intmp->num2 += in.ModDiff1 * in. TempV\f;
intmp->denom2 += in. TempV\;

return (intmp->num2/intmp->denom?2),

}
double
ModDiff3(struct moddiffout in, struct moddiffin *intmp)

{
intmp->num3 += in.ModDiff2 * in. TempV\f;
intmp->denom3 += in. TempV\;

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];

2
/* Function prototypes */

int modulation(double *, int, struct modulationin *, double *);
/* Prototypes end */

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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extern double *fC;
int
modulation(double *E2, int rate, struct modulationin *in, double *Mod)
{
intk;
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))
*module(p(E2[k], 0.3) - p(in->E2tmp[k], 0.3));
in->E2tmp[k] = E2[K];
in->Etildetmp[k] = a*in->Etildetmp[k]+(1-a)*p(E2[K], 0.3);
Mod[k] = in->Edertmp[k]/(1 + (in->Etildetmp[k}/0.3));
}

return O;

daiin: neural.h
#define sig(x) (double)(1.0/(1.0 + exp((double)-(x))))

#define | 11
#define J 3

struct outframes {
double WinModDiff1b;
double AvgModDiff1b;
double AvgModDiff2b;
double RmsNoiselLoudb;
double BandwidthRefb;
double BandwidthTestb;
double TotaINMRDb;
double RelDistFramesb;
double ADBDb;
double MFPDb;
double EHSb;

h

struct out {
double ODG;
double DI,

h

/* Function prototypes */

struct out neural(struct outframes processed);

/* Prototypes end */

daitn: neural.c

#include <stdlib.h>
#include <math.h>
#include <common.h>
#include <neural.h>

double amin[11] = {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][3] = {{-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)
{

intj, i;

struct out oveRet;

double sum1, sum2;

double x[11];

x[0] = processed.BandwidthRefb;
X[1] = processed.BandwidthTestb;
X[2] = processed. TotaINMRb;

X[3] = processed.WinModDiff1b;
x[4] = processed.ADBD;

X[5] = processed.EHSD;

x[6] = processed.AvgModDiff1b;
X[7] = processed.AvgModDiff2b;
X[8] = processed.RmsNoiselLoudb;
X[9] = processed.MFPDb;

X[10] = processed.RelDistFramesb;

/I gcodcla.wav
/*x[0] = 834.117,
x[1] = 647.095;
x[2] = -14.6048;
x[3] = 6.89483;
x[4] = 0.432969;
x[5] = 0.503605,;
x[6] = 7.14863;
X[7] = 24.9353;
x[8] = 0.124738;
x[9] = 0.968876;
x[10] = 0.0485208; // cosmu tutto ok*/

/l 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[6] = 12.6383;
X[7]=44.7187,;
x[8] = 0.21807;
x[9] = 1.15;//0.675505;
x[10] = 0.556215;*/

sum2 = 0;
for(j=0;j<J;j++) {
sum1 =0;
for(i=0;i<l;i++)
sum? += wx[i][iT*((x[i] - amin[i])/(amax[i] - amin[i]));
sum2 += wy[j]*sig(wx[I][j] + sum1);
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oveRet.DI = wy[J] + sum2;
oveRet. ODG = bmin + (bmax - bmin)*sig(oveRet.Dl);

return oveRet;

}
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daitn: nmr.h

/* Function prototypes */
double nmr(double *, double *, double *, int);
/* Prototypes end */

daitn: 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)

{
intk;
double sum = 0;
for(k=0;k<bark;k++)
sum += Pnoise[K}/M[K];
sum *= (double)1.0/bark;
*nmrtmp += sum;

return (10.0*log10((*nmrtmp)/n));

®daitn: noiseloudness.h

#define THRESFACO 0.15
#define S0 0.5

#define E0 1.0

#define ALPHA 1.5

/* Function prototypes */

double noiseloudness(double * double *, struct levpatadaptout,
double *, int);

/* Prototypes end */

®daitn: 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(double *Modtest, double *Modref, struct levpatadaptout lev,

double *nltmp, int n)

{
intk;
double Pthres, stest, sref, beta, num, denom;
double nl = (;
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for(k=0;k<bark;k++) {
Pthres = p(10.0, 0.4*0.364*p(fC[k]/1000.0, -0.8));
stest = (double)THRESFACO0*Modtest[k] + 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[K] - lev.Epref[k])
/lev.Epref[k]);

num = stest*lev.Eptest[k] - sref*lev.EpreflK];
denom = Pthres + sref*lev.Epref[k]*beta;
if(lnum < 0)
num =0;

nl += p(Pthres/(E0*stest), 0.23)*(p(1.0 + num/denom, 0.23) - 1.0);
}
nl *= (double)24.0/bark;
if(nl < 0)
nl=0;

*nitmp += p(nl, 2.0);
return sqrt((double)*nitmp/n);

®daiin: reldistframes.h

/* Function prototypes */
double reldistframes(double *, double *, double *, int);
/* Prototypes end */

daiin: reldistframes.c

#include <stdlib.h>
#include <math.h>
#include <common.h>
#include <reldistframes.h>

extern int bark;

double
reldistframes(double *Pnoise, double *M, double *reldisttmp, int n)
{
intk;
for(k=0;k<bark;k++) {
if(10.0*log10((double)Pnoise[k]/M[k]) >= 1.5) {
*reldisttmp = *reldisttmp + 1;
break;
}
}

return ((double)*reldisttmp/n);
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daitn: spreading.h
#ifdef ADVANCED
#define dz 0.5
#else
#define dz 0.25
#endif



/* Function prototypes */
int spreading(double *, double *);
/* Prototypes end */
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daiin: spreading.c
#include <stdlib.h>
#include <math.h>
#include <common.h>
#include <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, Sl =27.0;

for(k=0;k<bark;k++) {
sum1 =0;

sum2 = 0;

/l Eline
for(j=0;j<bark;j++) {

}

}

L = 10.0*log10((double)pp[i]);
Su = -24.0-230.0/fC[j]+0.2*L,;
Eline = p(10.0, L/10.0),
if(k < j)
Eline *= p(10.0, -dz*(j-k)*SI/10.0);
else
Eline *= p(10.0, dz*(k-j)*Su/10.0);

denom = (Q;
for(u=0;u<j;u++)
denom += p(10.0, -dz*(j-u)*SI/10.0);
for(u=j;u<bark;u++)
denom += p(10.0, dz*(u-j)*Su/10.0);

Eline /= denom;
sum1 += p(Eline, 0.4);

// Eline (tilde)
for(j=0;j<bark;j++) {

}

Su =-24.0-230.0/fC[j]; #L=0
if(k < j)

Eline = p(10.0, -dz*(j-k)*S1/10.0);
else

Eline = p(10.0, dz*(k-j)*Su/10.0);

denom = 0;
for(u=0;u<j;u++)

denom += p(10.0, -dz*(j-u)*SI/10.0);
for(u=j;u<bark;u++)

denom += p(10.0, dz*(u-j)*(-24.0-230.0/C[j])/10.0);

Eline /= denom;
sum2 += p(Eline, 0.4);

sum?2 = p(sum2, 1.0/0.4);
sum1 = p(sum1, 1.0/0.4);

e2[K] = sum1/sum?2;

return O;
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®daiin: threshold.h

#ifdef ADVANCED
#define dz 0.5
#else
#define dz 0.25
#endif

/* Function prototypes */
int threshold(double *, double *);
/* Prototypes end */

®daiin: threshold.c
#include <stdlib.h>
#include <math.h>
#include <common.h>
#include <threshold.h>

extern int bark;
int
threshold(double *E, double *M)
{
intk;
double m;
for(k=0;k<bark;k++) {
if((m =k * dz) <= 12)

m=3.0;
else
m *=0.25;

MIK] = E[K}/p(10, m/10);

return O;

}

daitn: timespreading.h
/* Function prototypes */

int timespreading(double *, double *, int, double *);
/* Prototypes end */
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daitn: timespreading.c
#include <stdlib.h>
#include <math.h>
#include <common.h>
#include <timespreading.h>

#define T100 0.03
#define Tmin 0.008

extern int bark;
extern double *fC;
int
timespreading(double *E2, double *Etmep, int rate, double *E)
{
intk;
double a, T;

for(k=0;k<bark;k++) {
T = (double)Tmin + (double)(100.0/fC[Kk])*(double)(T100- Tmin);
a = exp((double)-HANN/(double)(T*2.0*rate));
Etmp[k] = Etmp[k]*a + (1.0-a)*E2[K];
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if(Etmp[k] >= E2[K])
E[k] = Etmp[K];
else
E[K] = E2[K];

return 0,

}

®daiin: wavedump.h

/* Function prototypes */

int HeaderDump(FILE *, const char *);
int ReadInt(FILE *, int);

int SampleRate(FILE *);

int BitForSample(FILE *);

int NumOfChan(FILE *);

int FindData(FILE *);

void fatalerr(char *,...);

/* Prototypes end */

®ain: wavedump.c
#include <stdio.h>
#include <string.h>
#include <stdlib.h>
#include <wavedump.h>

extern int errno;
int
HeaderDump(FILE *fp, const char *string)

char buff[7];
int k, offset = 0;

while (!feof(fp)) {
if(!fread(buff, 7, 1, fp))
fatalerr("err: error in WaveHeader");
offset +=7;
for(k=0;k<4;k++)
if (Istrnemp((char *)(buff + 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 = HeaderDump(fp,"fmt ")) == -1)
return -1;
if (fseek(fp, 8, SEEK_CUR) ==-1)
fatalerr("err: %s", strerror(errno));
rate = ReadInt(fp,4);
fseek(fp, -8 - offset, SEEK_CUR);

return rate;
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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", strerror(errno));

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)
fatalerr("err: %s", strerror(ermo));

chan = ReadInt(fp,2);
fseek(fp, -6 - offset, SEEK_CUR),

return chan;
}
int
FindData(FILE *fp)

{
int offset;

if (fp == NULL)
return -1;

if ((offset = HeaderDump(fp,"data")) == -1)
return -1;

if (fseek(fp, 4 + offset, SEEK_CUR) == -1)
fatalerr("err: %s", strerror(errno));

return 1;

}

#if defined(LITTLE) && !defined(BIG)
int
ReadInt(FILE *fp, int size)
{

int

unsigned char c;

if (size <=0)

return 0;

¢ = fgete(fp);

I'=((int) c) & 255,

I'|= (ReadInt(fp, size-1) << 8);

return [;

}

#elif defined(BIG) && !defined(LITTLE)
int

ReadInt(FILE *fp, int size)

{

intl;



if (size <= 0)

return O;
| = (ReadInt(fp, size-1) << 8),
I'|= ((int) fgetc(fp)) & 255;

return [;

}
#endif

B5.3 IluctuHr nporpaMmmel pacueta MeTpuku PSNR Ha a3bike Matlab

function PSNR = calcPSNR(X,Y)
% 4em Gonblue 3Ha4eHne PNSR, TeMm 6onee noxoxu curHansl
m = max(X);
d = var(X-Y);
R = m/sqrt(d),
PSNR = 20* log10(R);
end
5.4 I'luctuHr nporpammel pacueta Metpuku PSNR Ha a3bike C

#include <math.h>
double var(double* arr, int size)
if(larr || !size)
return 0.0;

double v=10.0;
double avg = 0.0;

for(inti = 0; i < size; ++i)
avg+= arri];
avg/= size;
for(inti = 0; i < size; ++i)
{
v+= (arrfi] - avg) * (arri] - avg);

}

return v/ (size - 1);

}
double calcPSNR(double* X, int sizeX, double* Y, int sizeY )
if(IX || sizeX || 1Y || sizeY || (sizeX != sizeY))
return 0.0;

double D[sizeX];
double maxX = X][0];
for(inti = 0; i < sizeX; ++i)

if(X[i] > maxX)
maxX = X[il;
Dhi] = X[i1- Y[iI;
}
double v = var(D, sizeX),

if(v == 0)
return 0.0;

return 20 * log10(maxX / sqrt(v));
}
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B.5 IluctuHr nporpaMmmel pacueta MeTpukn «KoadpcpuumneHT pasnuuua ¢popm curHanobB» Ha aAsbike Matlab

function val = calcMeasureBasedOnSingalsForms(X,Y)
% 4YeM MeHblUe pe3ynsrupytoLlee 3HavyeHune, Tem Boree NOXoXu curHanesl
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90

X(:,1);
Y, 1)
X=X(2:end) - X(1:end-1);

Y=Y(2:end) - Y(1:end-1);
val = var(dX-dY);

X
Y
d
d

end

5.6 IuctuHr nporpamMmbl pacueta MeTpukun «KoacpcpnumneHT pasnuuusa ¢popm cCUrHanoB» Ha fisbike C
#include <math.h>

double var(double* arr, int size)

{
if(farr || !size)
return 0.0;

double v=10.0;
double avg = 0.0;

for(inti=0; i < size; ++i)
avg+= arrfi];

avg/= size;

for(inti=0; i < size; ++i)
{
v+= (arrfi] - avg) * (arr{i] - avg);

}

return v/ (size - 1),

}

double calcMeasureBasedOnSingalsForms(double* X, int sizeX, double*Y, int sizeY )

{
if(IX || 'sizeX || 1Y || sizeY || (sizeX != sizeY))
return 0.0;

double dX[sizeX - 1];
double dY[sizeX - 1];
double D[sizeX - 1];

for(inti=1; i < sizeX; ++i)
dX[i - 11 = X[i] - X[i - 1];

dYT[i- 1] = Y[i] - Y[i - 1];
D[i- 1] = dX[i - 1]- dYi - 1];

return var(D, sizeX - 1);
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