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Mpasunag NoUMENEHUR HacMofWeso cmakdapma Yomakcanaks: ¢ FOCT P 1.0—=20M2 [pazden 8).
Hucboprmayua of vaMenasuax K Hacmoawemy cmasdapmy nySnbkyemca & 2030800 (N0 COCMOANUD Ha
1 Aneaps meryweao 2odal urbopraluaHloM prazamens « Haylonansrbie cmandapmers, a oghuiuansasid
MEHCM USMEHEHUE U TONDEs0K — & GNEMECAYHD UAd3aIEMOM UHGHODMaLUoHNCM YEadamens sHaluolans-
Hbiz cmandapmel . B ciyyas nepaciompa (2ameHs) LWL NideHbd HECMOoAWe20 cmakidapima coomasmomaj-
wiwee yeedommenue Gydem onyBnukosano & SnusadiueM eLIMYCHE EXEMECAYMDED URDODMALUGHROED
yprazameand sHayuoransibie cmandagmeds. CONMEEMCMEyioWan usgopMayus, veedoMmenUe U Mescibi
SAIMELEOMCR Make & tHbopMaLuosol cucmeide oblles0 NOTLICEaHUA — Ha ofhuluansHoM cadime
PadepansHo20 2EHNICMEa N0 MEXHUNECKoMY DE2YNUSOEIHLID U MEMpPoAcuY [gost.ri)

B CrangapTeHdopm, 2015

HacToAWwMiA CTaHAapT HE BOMET BTk NONHOCTEH KNW YACTHYHD BONDOUIBETEH, THPMUPOBaH MNK pac-
NPoOCTREHEH B KAYECTES PUUMANEHOMD H30aHKWA G243 paspellerdna PeepansHore aradTcTaa N0 TeXHMYECKD-
Ky PEMYTIHPOBAEHHI0 M METRONOMM
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EBeegeHne

ARTHEHOE NDHMEHEHWE B CUCTEMEY OXPaHHBLE TENEBHMAMoHHEE (COT) MeToaos KoMnpecckn oulndgipo-
BAHHLIX 3YOWOOAHHEY, JAXMOTEOBAHKEY W3 MYyNETAMELMAHEY NDHAMEHEHKUA TENSBUIEHWA, WM3-33 HHUIKOro
KAYECTES BOCCTAHORNEHHEIXY NOCNE KOMOPECCUM OUMDDOBAHHED 3YOMOLAHHBLIX MRUBEN0 K HEBOIMOMHICTH
OCYLWECTRENEHKR CNEACTEEHHBIX MEDONDMATHA, 3 TRIOKE ONePaTHEHEY YHKLMIA, C MCNONEI0BAHMEM OTOEMk-
Hilx COT.

BamxHon oTNHYHTENEHOW COoDeHHOCTLIO METO0B KOMNDECCHH oUW pOBaHHLWE 3Y JWoganHsx gna COT
ABNABSTCA HEQDXOOWMOCTE OGECNedYe WA BRICOKOMD KaYecTEa JGYHKA B BOCCTAMOBNEHHBIX SyOWOAAHHEN.
HacToRwmiA cTanpapT NoIRONAET YIOPAQOYATE CYILBCTRYIOLWWME U paipafaTuBaeMele METOOL KOMIDECCHM
OUMEDOBAHHEIX AYIHOOAHHLX, NPEOHAZHAYEHHBIE ONA NRPUMEHEHHA B COCTARE CHUCTERM NPOTHBOKDHMMHA -
HOH J3LLWT k.

B xauecrae KpuTepka GNA KnaccuduEayii anropuTMOR KOMNIPeccH oUMgpOBaHHL X ayIUogaHHLIX B
HACTOALLEM CTAHOAPTE YCTAHOBNEHE AHAYEHWA METDHE KAYECTEA, XapaKTepuayioW WMy CTEMNEHE OTKNOHEHMA
BOCCTAHOANEHHBIX CUMDDOBAHHLX JAHHBLIX OT COOTEETCTEYRILLME MM MCXOOHLI Y OM00aHHEX.

MeToguea knaccudukauui anropMTMOR KOMNPECCHY OUMEDORAHHEX AYSWOOIHHELY, NEHBESOEHHAA B
HACTOALEM CTAMOADTE, OCHOBAHA HA OUEHKER KAYECTER BOCCTAHOBNEHHE ayIMOIAHHLIX, C YHETOM NCKED-
AKYCTHYECKHY CCOSeHHOCTER YENOBEYECKOrD CNyxa. 3TOT NogX0oA K OUSHKE KAYeCcTEa BOCCTAHORMEHHDY
AYOsoNaHHEX peKoMeHOoBaH CekTopomM paguocBRad MemoyHapogHoro cowaa anektpoceRad (MO 3P,
YNEHOM KOTOROM ABNAeTCA PoccHidckan Pegepauunn.
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HAUWOHANbBHBIW CTAHOAPT POCCHMWACKOW SEOEPALMUM

CHCTEME! OXPaHHBIR TENSEHWIWOHHEIR
KOMMNPECCHA OUAPPOBAHHBIX AYOWNOOAHHEBIX
Knaccudprraumn. Obwwe TpetoBaHHA U METOOLI OUEHKA ANMropHTMOR

Wideo survaillance systems. Digitel audio data compression.
Classification. Seneral requirements and evaluation algarithm methods

Darta epeneHna — 2015—09—01

1 OBnacTe NpUMEHEHWA

HacToAwuMi cTaWnapT pacnpocTpaHAETCA Ha UWPOBRE CHUCTEMb OXDAHHLIE TEMNEBMINOHHBIE
(ganes — LUCOT) W ycTaHaenyeasT knaccHiuEayng, obwyWe Tpebosa na W METOAL OUEHKHR aNrOpHTMOE KOmM-
MPeCcCHd OUHDPOBAHHEIX 8YOIHCOAAHHEX,

HacToAWWE CTaudapT YCTAKABNWESET METOOMEY CPABHEHWA PAANMUHEN SNMODUTMOR KOMODECCHA W
AEKOMNDECCHN OUMDPOBaAHHLIX 2y NHO0AHHEIX.

HacToAWWE CTAKOAPRT NPHUMEHAINT K ANMoDUTMan KOMNDECCHM M DeKOMNPECCHA aYOHoOAHHEIX HESAR-
CHMO OT KX DEANUIALKA HA ANNARATHOM YDORHE,

HacToAWKK cTaMgdapT NPMeMeHART coBMacTHo o MOCT P 51558,

2 HopmaTHBHbIE CCbINKK

B HacToawem cTaMZapTe MCNoNEI0BAHL] HOPMATHEHBEIE CObIKN HE CReOyHLLMEe CTaHZapTh

MOCT 15971 Crctemel obpaboTed MHopMaumH. TepMUHEl H ONDEaeneHMA

MICT P 51558 CpedcTBa W CHCTEME! OXPaHHBIE TeneauanonHee. Knaccudukauua. O8Wwre TexHudec-
kde Tpeboeadia. MeTodk MCNETaHEiA

I pHAMEed3IH®E — |-||:I-.-! AON=I0BEHAW HECTORLEMM CTAHIAPTOM IJ-BJ'IEII‘.'I:I-Dﬁr_'I BIHO APOBRERWTs OSHCTEHE COCRINOM-
Hhblx CTAHOAPTOE B MAPCPMIULWOHHOAN CHOTEME clwers None30EaHWA — HE OPHULAENEHOM CAadTe Penepanb=cna
Are=ToTEE N0 TEXHAHSCKOMY PErYNHDORAHHKD A MaTRONOMMA B CaTH MHTEDHET WK N0 SHer0aHOMY HHPOEMBULUOHHOMY
YEAZATENK « HAUMOHANEHEIS CTAHOADTH ¢, KOTO DRI I:II'I].'EI'IH-!:I:IE-E& Mo COCTOARMK: HB 1 RHEAPA TERYIWEro F308, ¥ No BeNyc-
KEM eXSMBCRYHOMD HHPOPMALUACHHOMD yE33aTend «HauMoHaNbsEE CTAHGAPTRI s 33 TEKYLHA rog. ECnH 3aMeHEH CCBNOH-
Hbld# CTAHQAPT. HA KOTOPRAE O&HA HESATHDOBAHHAA COBINKE, TO DEKCMEHAYETCA UCNONBIOEATE ﬂEEGTE}'HJM!f‘ID B2pLnED
ATOMOCTEHOBDTE CYYETOM BCEX BEHECEHHE X B JaHHY D BESPCHED A2MEHEHUA. Ecne cobimosHeIA GT BHOABDT OTMEHEH Bea 3ane-
Hial, TONONEGHEEH WS 8 KOTODOM 1843 CChINEA HA AT, PRLOMEHOYETCA MPUMEHATE 8 HACTH, HE ZATRATMBAKWER ITY CORNKY .

3 TepmuHEl U onpeaeneHWA

B HacToRWEsM CTAHAAPTE NPUMEHEHE TERMAHE o TOCT 15971 W cnegyiowme TepMHHE C COOTRETCTEY-
HOLLY A WA QNP e DN S HAARMA

3.1 anropatm SeicTporo npeoctpazosadna Pypee (BN (fast Fourier transform, FFT) HaGop
ANFOPHUTMOB, DEANKWIALWA KOTODBIX NPWBDOWT K CYLLECTESHHOMY YAMEHBLLEHWIO BEYACIMTENaHOR CROKHOCTH
AuckpeTHor npeofpascpanna Dypee (OMNE).

MpuseyadHee — CMech GocTpore npesdpasosadin Dypee COCTOMT B ToM, 4Tobo pEI8WTe MCEOOHLIR
W-cToueTHEA cHrHEN X(n) HE Aes Bonee KOPOTEMX CATHAENS, AMCEPETHEE NpeolpaIoBEaHna Bypee KOTOPRE MOryT BuTe
chombuHrpoeadsl Takwm ofpazos, ytofsl nonyswTe GUCkpeTHoe NPeodpaacEaHda Pypee WoXOAHETD M-OTGUETHOMD
CHrHana.

MamaHue SPHUHANBHOR

e
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3.2 anropyTé gekomnpeccrn ([decompression algomthm): ToqHENA HEE0D MHCTRYELKA M NPaBKI, GNM-
CHEKWKWA NOCHedoBaTeNEHOCTE JBRCTEHIA, COMAcHD KOTOPLIM CHATEE ayoHodalHse NpeobpaiykoTea o
BOCCTAHOBNEHHLIE, PEANAIYEMEBIA NP NOMOLLM 8YaH0 JeKo0epa.

3.3 anropuTi KOMApeccHK (compression algorithm): ToYHesA HAG0E MHCTRYELMA W NDARKN, CNWCEBE-
KL MA NOCNEqosaTenNsHosTe JERCTEWA, COrNACcHD KOTODbLIM MCKOOHLIE Ay AMo4aHHLIe NPpeodpaayIioTeA B CHa-
Thlg, PEAMNMIYEMEBIA NPH NOMOWK aYa4o KoJepa.

3.4 aMNAOWTYOHO-BpeMeHHanA MeTpuka (ime-amplitude metric): MeTpuka gadecTaa, OCHOBAHHAA HA
CPEEHEHKN CUUDROBAHHLIX 1 BOCCTAHORMEHHEX aYQMOSaHHER N0 DOPME BOMNHLI,

3.5 ananoro-unipporoi npeodpazosatens, ALUMN {(analog-to-digital converter, ADC): ¥oTpodcrao,
npechpasyowee BXOgHOR aHanonsBLiR 2y JHCCHIHATN B OUDPOBaHHEE 3y JHo0aHHbIE,

3.6 ayowno gekogep (audiodecoder): MNMporpaMmssie. annagaTHEE MK annagaTHo-Npor paMMH LI Coe-
ACTEA, CNOMOLWED EOTOPRX OCYWECTENASTCA QeKoMIPEccia CHATRIXN ayAR00aHHBIX.

3.7 ayawo kogep {audio encoder}. MporpamMmMuee, anNapatHsIe WK 2aNNapaTHO-NPOIPaMMHBIE Coe-
ACTEA, CNOMOLEID KOTOPBX OCYLUECTENASTCA KOMNDECCHA OUWDDORAHHBIX Ay A0 0aHHEIX.

3.8 ayanonadHHkle (audio data), ayanecrrian (audio signal ), MOHOKAHANLHLIA Y AHOCHIHAN (MONo
channel audio). AHANOrOBRIA CUTHAN, HECYWKHE WHPOopMaL KK 00 HIMEHEHAK B0 BREMEHN aMONKUTY L ABYHA.

3.9 owTpedT (bitrate). BuipaweuHan 8 GUTaX OUSHKE ECNWYECTES CHATHE 3YIWOZaHHBIX, ONpEOeneH-
HaA GNA HEKCTOPONS EPEMEHHOMD MHTEDBANA ¥ OTHECEHHAS K ANWTENBHOCTA BeIDpaHHOrD BDEMEHHOND MHTE -
Bana @ ceryHaax.

3.10 pocCTaHOBNEHHbLIE ayoHodaHHkie (recovered audio data): DasHbe, NoNyYEHHLIE W3 CHATRIX
AYOHOOAHHEX NOCNE WX SEEOMADECCHH.

3.11 pekoMnpeccHA CXaTeix ayguogaHHeix [decompression of compressed digitized audio
data). BococtadoBnesse ounhpoBaHHBIX JaHHGEIX M3 CHATEIX 2y 0003 HHEX.

3.12 pucepetTHoe npeocbpazopankne Dypee, AN (discrete Fourier transform, DFT): MNpeoépaacoa-
HWE, CTABALLEE B COOTEETCTEME N OTCUeTaM QUCKPETHOMO CHriana N oTCYeToR AWCKPETHOMND CNekTpa crrHana.

3.13 andgdreperumrauna (differentia). Beigenedwe 4acTioro Ma oblwel CoROKYNHOCTH NO HEK0TODEIM
M SHAKA.

3.14 vekameHHbIH hpenm (distorted frame ) Ppedn, QNA KOTOPONS MEKCHMANLHOE OTHOLLISHHE WYMaE K
NOpory MacsMpoBaHMA npeasiwasTt 1,5 06,

3.15 WCEYCCTBEHHAA HEMPOHHAA CeTe (artificial neural network, AMMY Mogens GHONOMYecKor Hal-
POHHOM CETH, KOTOpadA NpeqcTaenaeT cobol CeTe INEMEHTOR — WCKYCCTBEHHBIX HEADOHOE — CEAIAHHEBIX
MEHTY COD0N CHHANTHYackKAMIA COSGMHEHWAMI.

Npumesanme — Hew#poHHAA ¢8Th NpEaH3 IHEYEHE ANR ol pa BOTeEM BXOIHSA WE PEpMALAE W E NPoLUEooe W3ME-
HZ2HWA CEBOEND COCTOAHWA BO BDaMEHA ¢I-EI|}I'I MpyaT COBOEYNMHOCTE ERXOAHE X CHIHANGE

316 kavyecTEO BOCCTAHOBABHHLIX ayAWoAanHL X [decoded audio data quality): OGeesTvEHER OUEH-
K& COOTBETCTEHA BOCCTAHOBNE HHEIX 8YQNOLaH HEX MCXOOHEM oUW DOBaHHbIM a¥ IHOOAHHLIM Ha OCHOBE PAc-
CHMTAHHBIX METEHE KBYECTBA.

3.17 koo ayaoMofanHbix (audiocodec) TNporpassHsiA, annapatbd Nk annapaTtHo-NporpamsHsiA
MO0y, CNOCODHLIA Bl FONHATE KK KOMOPECCHIO, TAK M DEKOMOPECCHID 3y 0MO00aHHBIX.

318 komnpeccHAa (cxaTthe) ouMdpoBanHHLIXx ayawofadHeix (digitzed audio data compression}:
DBpaboTea oubpoBaHHEX 3YOWOOAHHE C LENbI YMEHBWEHAA UX 0B BeMa.

3.19 komnpeccka ouMdpoDaHHLIX ayouofaMHelx Be3 notepk (lossless  digitized audic
compression):. O0paboTka ouwppoBaHHEx ayOROOAHHBX, TEW KOTOPOH HE NDOWCXOOWUT NOTE DK KHDODMA LK,
BCMESCTEWE YEMD BOCCTAHOBNEHHBIE (B PEIYNETATE BEINOMHEHMA GEKOMAPECCHN) ol poOBaHHEIE ayYaHM00aH-
HilE HE GTIMHAKTCA OT HCKOOHEE SUWDROBaHHEIX 2y 0003 HHBIX.

3.20 komnpeccHA oundpoBaAHHLIX AYAHO0AHHLIX & NoTepAMK (lossy compression of digitized audio
data). COpatoTea oUWDDOBAHHBIX 3YOWUOSAHHEX, NPW KOTOPOR NPOMCXOOKT NOTEPA WHEOpMAaUKK, W BCne-
OCTEME ATOMD BOCCTAHOENEHHEE [B PEIYNETATE BRNONHEHHA ABKOMIPECCHM) CUUGPOBRHH BIE Y AM00AHHSEIE
OTNWHAKTCA OT WCXKOOM biX CUWDDOBaHHEIX Y IHOOaHHE.

3.21 meTon oUugHEW ANTOpHTMA KoMOpeccHy (evaluation method of compression algorithm), MeTton
AHANUTHYECKOrD ONpegensHA IHAYSHWA METDHK KAYeCTEa HA COOTRETCTERE TREG0BaHHAM, NpEdLABNREMBIM
K anropHTMaM KoMNTPRCCHE 3y 0H00aHHEX,

3.22 meTpuKa kadecTBa (guality metric). AHanuTHYeckl onpegenaeMeEe NapaMaTPR, XapaKkT BoHay -
LWHE CTENEHE OTKNOHEHWA BOCCTAHOBMNEHHELX 3¥IM002HHBIX OT MCXOOHLE OLURMDDOBAHHEX 8YINOLEAHHEL.

323 mHoroMaHansHbid ayauockHraan (multi-channel audio): AyauocHr4an, cocTOAWMA #3 06beau-
HEHWA ONpedane HHonT KoNHYecTEa 3y JUOCHTHAN0E (KAHanoe ), KOTODLIS HECYT MHIDOPMALKID o5 DO HOM W TOM
R IBYKE.

2
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I pPAMEBYEH®S— MgegHazHases anA Gones £AYSCTEEHHORN Nepenasd SEYEA O YYUETOM NPpOCTPaHCTESHHOR
ORHEHTALLAA.

3.24 okmo (window): Becosas @yHEUMA, EOTOPaA WHCNoNLIyeTcR 4nA ynpaenewns adiperTami,
ChyYCNoBNeHHLIMA HANKYHEeM BOKCBRX NENECTROE B CASKTPaNLHDLIX OUEHEAX {pacTEKaHWaM CnexTpal,

MpriedaH#e— MMSOWyoca KOHEYHYE 3aNHoE DAHHEE WNW MM ERLLYHCR KOHEHHYH KODPENAUROHHYR no-
CNEOoEaTeNeH0eTE YE0HH0 PRCCMATPEEATE KEK HEKOTOPYE YACTE COOTEATCTAYIOWEA SECKOHEMHON NOCNel0BaTeNEHOCTH,
BHOMMYH “ERE2 NPHMEHABMOE OKHOD,

3.25 oKoHHO® npeocbpalopadde Xadua (shori-time Fouriertransform with Hannwindow). JuckpetHoe
npesdpaiciadie Pypee C BECOBOR DYHKLWER — OEHOM XaHHa.

3.26 oundipoBaHHbie ayaMofanHele (digitized audio data) Jadeie, NonyHeHHBEE NYTEM aHanor-
yrdpoeora npecbpasoBadKa ayQMo0aHHbX, NpeOcTAENAKOWKWE coBold NocneNoBaTENEHOCTE GARTOR B HEKO-
Topom chopmaTe (WAN 1wk ap.).

3.27 nepeaMCcHpETHIAUMA ayanocHrHana (resampling): MamMeHeHse 4acToTe: QUCKPETHIAUMH 8y M-
CHrHana.

3.28 nHKOBO® OTHOWEHWE CUrHan/WymM (peak-lo-peak signal-to-noise ratio). CooTHOLEHWE MENDy
MAKCHMYMOM BO3MOMHOTD AHAYEHUA CATHANA WM MOWMOCThED LIYMA .

3.28 nopor mackwpoBadua (masking threshold): Moporoasd ypoBeHE CHIHANA, HE PAINAYAEMON0
HEMNCBEKoM M3-3a 2DcheTa NCMXOARY CTHYSCKOTD MaCKHPORANKEA.

3.30 ncHxoaKycTHYeCKaA Monent (psychoacoustics model): Mogene ana cHaTHa ayouodaHtiy
NOTEPAME, MCMONEIVIOWAR OCOBEHHOCTH BOCTIDMATHA IRBYKD YENOHEYECHMM YEOM.

3.31 NCHXOAKYCTHYECKOD® MacHKMpoBanKe (psychoacoustics masking): MNogasneHWde (CoOKpRTHE) NPK
CNpeneng -y CIOEBMAX 0OHOMND 3BYE 0DYTIAM JBYKOM M3-33 0CoDRHHOCTE R BOCTIDMATIA BV YENOBEYECKIM
YROM.

3.32 paapagHocTe AU (resclution of ADC): HonwdecToo GWT, KOTOPRIM KOOMPYETCA HaMOEA 0TCUaT
CHrHana e npoyecce ALTM.

3.33 cwaTteie ayawogannkie (compressed audio data) JadHsie, nonyHesdHse NyTeM KoMOpeccin
oUMdrpOBAH KL Y QMO00EHHBIX.

3.34 cnexrp cwrHana (frequency spectrum). PeayneTar pasnoweHna CUIHANG Ha NPOCTEE CHHYCOK-
DaneHBE YHELLWW [TADMOHMEKA ).

3.35 cnekTporpamMMa [spectrogram); XapakTeprcTHikd MNoTHOCTM MOWHOCTH CWrHana & 4actoT-
HO=-BPEMEHMOM NPOCTPAHCTRE,

3.36 cTeneHk cHATHA (compressionratio). KoaddaukesT CoKpaleHna 05 eera cundrpoBarHbIX ayon-
OOAHHEX B PEIYNLTATE KOMNDECCHH.

3.37 crepechoHMYECKMA ABYXEaHANLHLIA ayarockurian (sterecphonic audiosignal), eTepeo ayan-
ocHrHan (sterec audio signal), ABYXKAHANLHEIA ayguocurHan [two-channal audio signal): Muorogawans-
HEA Y OROCHTHAT, COCTOALIMA W3 QBYX MOHOKAHSNEHED 3y 0MOCUIHAN0.E,

3.38 dropmar oundhpoBaHHkIX ayanogadMisix [(digitized audio data format): MpegcTaenesune ocuynd-
pPOBAHHLIX Y QW0 0AHHLIX, cBecneYnBawes M oDpaboTey UMDPOBLIMK BRIMHCIMTENBHEIMK CPEICTEAMMK.

3.35 chpedm (frame). TparmeHT IBYKOBOTD CHIHANE C 3A0aHHBIM KONWHECTECM IHAYEHAA (OANHHOK
rpeamal.

3.40 yacroTa gHCKpeTHaaUwWd [sample rate) YacToTa BAaATHR NOCNEgOBaATENLHLIX IHAYEHWA HENpe-
PRHEHOM BO BREMEHMM CHIHANa NpM ers adanoro-yugponon npesbpaiopasddin B ouMdpoBaHHMEe ayouo-
OaHHEE.

341 YacroTHO-BpeMeHHan MeTpuia (time-frequency metricl. MeTpuka sadecTesa, oCHOBaHHAA Ha
COABHEHAK CNEKTPOrpamMm CUMDROBAHHLIX H BOCCTAHORNEHHEX 3YIMOOaHH B,

342 wyM (noise). CoROKYNHOCTE anNepHoIH49eckds IBYEOD DAINHYHON HHTEHCHEHOCTH K HacToTel, HE
HECYLLAR MOMS3HYI0 MHODMaL K.

4 OBwwme TpeboBaHWA

4.1 OuyeHEy KA4eCTEA BOCCTAHOBNEHHEIX NOCNE CHATWA Ay QMO0 aHHE X ONPEgEnAnT No KEYecTEY Kamgo-
ro OTOENEROMD 3BYX0ROTD DDArMedTa BOCCTAHCENEHHEE AY IR0 0aHHbIX.

4.2 Pazmep3pykoporsdparvedTa onpelenfsTcn 8 CeKyHOaX M KONWYSCTEOM oUW poBaHHbIX SHaYE-
HHA BHYTDH parMesTa.

4.3 KauecTao 38yKoROro hparMeHTa BOCCTAHORNEH HBX 3y 0RO 0AHHEX CNPELENAIT N0 IHAYEHHAM MET-
PUK KAYECTEA ANMODMTMOB KOMNDECCUH 0UMHDoBAHHLIX 2y IM0IaH X [1anes — METPUKK KaYecTea), xapak-

3
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TEPMAYIOLIMK CTENEHE HCKAMEHHA BOCCTAHOBNEHHLIX NOCAE CHATHA Ay IW00AHHLIX B CPABHEHWM C MCXOOHLIMK
OUMBDOBAHHBIMA 3YOU0gaHHEIMKH. ONUCaAHWe METPHE NPUBEeOEeH. B paafens 6 HACTOALWEro cTadgapTa, a
NOpAOCK UX PACYETE NPHBEOEH B NDHUNOMKEHHA A

4.4 ANFOPUTME! KOMNPECCKHA OUMBPORAHKEIX AYOWOO0aHHBIX OTHOCAT K OOHOMY W3 TDEX KNACCOR, YCTa-
HOBNEHHLX B paagena 5 HacTOALWEro cTaugapTa.

5 Knaccudmkauma

&1 Knacc anropuTiMa KoOMNpeccHi UMD PoBaHHBIX JaHHBIX ONPEAENAKT N0 DACCHMTAHHLIM JNA Herd
IHAYSHHAAM MaTPKK KaYecTea. [na oUeHEW EAUSCTEA BOCCTAHOBNEHHLIX Y QMO 0aHH BIX M KNAcCHdMEaLKIA anTo-
PHTMOE KOMIPRCCME MCNONETY0T METDHEM KAYECTRE, Yiasaduepe o Tafinewue 1.

Tatnweua 1— ,ﬂaﬂ NA30HSE FHAMEHKA METHHE K34ECTEE NG KNACCAM ANFOPUTMOE KOMNDECCHA OUWDPORAHSEY B 0U0-

daHH=IE
&HEII'IH-!DI' AFEYEHRA FMETPHE EIYELCTESE MO LSSl e anrndpge rdon
ROMNpacIin -\'.iLI,H'.‘l.'lpl.'lﬂ AHHEX AYQAOAIHHE R
h'!rrrpm:a KadEoTEd
Knacc 111 Knace |1 Knace |
MAKoBoE OTHOWEHHE CHEHENWyM (PENR), 45 Mexes 30 130; 40 Cosiwe 40
] -l — -5

HoadbWureHT paaneyue fop CHIHEROE Bonea 10 (1071877 beneall

GfreiTHEHAR OUEHKE SYAWOAEHHEIX © TOHKM [-3.%8; —2.3) [-2.3; -0 .62) 1-0,62; 0,22]
IpERMA BOCNPHATUR (FEAQ]

MpumMedadse— MeTpUky €aYECTES OTPAHANT WIMEHEHHA OUMPPOBAHHEE BYOIHOLAHHEY (nocne wx ofpa-
BOTEW BNrODUTMAME KOMIPECOCHE W JRE0MOPECCHE], BOTODRE MOrYT OKB3ETE KPATHHSCHOE BRHAH®S HE BOIMOMHOCTE
MCMNONL30S8HWA BOCCTAHOBNEHHE X BY0U00SHHEX AN yeTAH0BNEHAR HANKYHA IBYE08 B K CHTHEND B, M epeslHa LMd
IBYHOE W pEMR.

5.2 B 3agdCHMOCTIH OT 3HAYEHHA METDHE KAYSCTEA, BRYHCNEHHEX B X008 NDOESISHWA HE OUSHEW, ANro-
PATM KOMIPECCHE OUMPPOBaHHEX 2y GUogaHHE R OTHOCAT K OGHOMY M3 KNaccon!

- gnace il — anropuTMsl KoMOpECCKHM, ODECNEYMBAINIUWE KFY4ECTRD BOCCTAHOBNEHHEIX Y OHOJaHHBLE,
A0CTATONHOE ONA YCTAHOBNEHWA HANWHKMA 3BYHOBLIX CHIHAN0E W HE YCTYNAI0WES B 3TOM KEYECTRY HCAOOHEX
AyOHOOaHHEIX, HO CO30AMLLEE NOMERH MPK JMHdEpeHUMaL W ABYKOR, NOHWMaHHK DEY.

= gnace || — anropHTMbl KOMNPpEccKK, ofecnesrBamlhe Ka4ecTEO BOCCTAHOBNEHHEX Sy OWodaHHbiy,
ACSCTATONHOE ONA YETAHSBNEHWA HANKWY KA IBYEOALIX CHIHAN0E, JWDMEepeH WAL MK 3BYKCE, DEYM HHE YETYNaio-
LEE B 3TOM K3YECTEY HCXOOHEX AYOUOGAHHEX, HD OTNWHME0E OT EA4ECTEA HCXOAHBE Ay QUOSaAHHBIX,

- KNace | — NonHodyH L MoHaNsHBIE ANTOPHTMEl KOMNPECccHM, ofecnedreaiowve KaYecTE0 BOCCTAHOR-
NEHHBIX ayOH00aHHE Y, HEOTAWSKMOE OT BEAYECTEA HCKOOHEL 3YEHOgaHHbIX,

2.3 2HAYeHWA METPHE KB4ECTEa ONPEQENSKNT QA KAKDOTO ARYECBOTD hparmeHTa (GNHHOA S cloundpo-
BaHHbIX 3YOH00aHHBIX, 8 B EAYECTES PE3VNETHDYIKWER OUSHEN BOCCTAHOBENEHHEE ayaH0daHHblx BeibHpanT
HAaHMEHBLLEES JHAYEHWE Ana MeTphk PSNR i PEAQ W HawbBonelWes sHaYeHke Ana iadduUMeHTa pasnvym|a
BopM CHIHANCE.

OnapacdeTta meTprk PSHNE # koadupruderTa pasnvHus ops CHIHANOoE HCX0QHBIE M BOCCTAHOBNEHHLIE
udbpoasie ayoModanHble GOMeHbl GeTeE NPEOCTARMEHEl © YACTOTON guckpeTdaaumn 44100 My, 16 SuTamu
MaMATH Ha O4H0 QUCKRETHOE JHAYEHWE BuISOPKN M © OOHWIM 38YHOBRIM KaHanos. JnvHa seykoeord dyparMeHTa
5 ¢ Qon#Ha BENoHaTe B cefa 220500 ourdbpoBaHHEX IHAYEHWA.

Ona pacyeTa MeTpikkn PEAQ HCXOOHBE W BOCCTAHoENEHHBE UWHppoBse ayguogdaHise JonMHe GbiTe
NpegcTagneres © 4acToTod guckpeTraauna 45000 My, 16 BrTamy NaMsT Ha 0OQHO0 QUCKPETHDE JHYEHKWE
BEIGOPKA ¥ COOHKM KK C BYMA ABYEOBsIMA KaHanamu. [n«dHa asykosoro hparMeHTa 5 C GOMKHA BERKYAaTE B
cefa 240000 oundpopaHHLX AHAYEHKA GNA KAKZONS KAHANE.

OnA cWrHance © YacToTor, OTNHYHoR oT Tpebyemol, HeoSXoguMO NPELBAPMTENLHD BuINONHWTE
NepeaWcEpeTHIaL W ay JWocHriana.

54 AnropuTMi KOMOPECCWA CNegyeT Painu4aTts No CTens K CHaATHA, BaIDa%ISMon Yepaa KoaddoaLm-
HT CHaTWA. Koad@yuuedT CaTHA onpeagnanT KaK OTHOWEHWE S0 bEMa WoXOOHER HECHATEX JAHHBX & 0D k-
Gy CHATEIX JaHHEX [MODAGOK DacHeTa JaHHORE METPKEM ERINOMHSIOT B COOTRETCTEMA ¢ A4 (NpUnoxeH1e A)).

4
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B 228BMCHUMOCTIA OT ZHaYeHHA Ko dMUMEHTA CHATHA ANTOPUTME! EOMNDECCHA 2y QM0 0aHHbIX Noopaige-
NAKT Ha!

= ANropWTHMEl C BICOKDA CTENEeHBR CHRATHA — Ko pUUKeHT CKaTkiA Gonea 4.2,

= ANrOPWTMEBl CO CPESHER CTEMNEHED CKATHA — KOIPDHUUKEHT CHATHAOT 15 A0 42 BENIOYHTENBHD,

- ANrOPMTMEl C HHIKOW CTENEHEK CRHATHA — KoadpUUMenT CRaTHA MeHee 15,

6 MeToabl OUEHKW aNrOpUTMOB KOMNPEeCCHH

6.1 O6Wwes oNHCAHKE METOA0B OLEHKH

OBwan cxema paboTe LLCOT Np #CNoNs3aosaHud aNfopd TMOB KOMNPECCHK W ASKOMNTECCHd NpeacTaa-
NEHa Ha prcyHRe 1.

AHANOMOED-
LpoBene
npeabpalcaanre

LA LRI

DupnbponanHswe H’aunpe.
T UM poasHHE
YAUGA BWAOARHHBL

eMnpeccus
l:*.é“’b’e HEFEIHE'IE]HI
Lt S AYAHCOAHHBIX

Y

BocoTaHogneHH:E
AYLMOAEHHBIE

PucyHox 1 — OBwan cxena palbore YCOT

AHANOTOBEE Y OHOAAHKRE NOZBEEDTAI0T AHEaNor0Bo-LMdpoBcy NRe0GPaIoBaAHKMED, B pEayNeTATE KOTO-
pOrg NoNYYanT ouRdpoBaAHHBIE 3YIMo0AHHBE © oNPedene DA YacTOTol QMCEDEeTHAaLNA ¥ KONWUeCTROoM
BHTOR HA OOHD JUCKPETHOS OUWMEDOBAHHOE 3HaYEHWE,. Ha KOMNBIOTEDE SUMGpOBAHHEE aYOHoOaHHER CRELY-
&T XPaHdTE B OOHOM K3 POpMAToE XPAHEHWA CUWPROBIHHEIE 3 QHO0AHHSIK.

CudpoBaHHBE 3YAXNCOSHHES NOGEEDTA0T KOMNDECCH, B PEIYNLTATE KOTOROR QOopMUDYIOT CHATRE
Ay OHOIaHHbIE.

CHATRE aYAHOIAHHEIE HCNoNEAYIOT ONA XpaHeHHA ap2HBa MK ANA NepeSadd No CeTH, NOCNEe Yero 1
NOABERranT ABKOMNDECCHH. B pesyneTaTe QekoMNDeccd SHATEE 8y HOgaHH B NoNyYaoT BOCCTAHOBNEH-
HELD 8YOHOOaHHEE, KOTORBE MCNONL3AYKT DAA BOCAPGHABENS HWA ONERaToRY W NOL&KT HE BXo0 NPOrDaMMHBIM
MOOYIAR SHAMKIA 3YOH003HHEIX.

B cooTReTCTEMM G NpegoeTaeneHHoR aobwel cxemol pabotet UCOT knacchidy KAl anropyTHMOE Kom-
NEpecCHd oL POBaHHBIX 8YDHMODaHHEIR DCYILECTAENANT MYTEM OLUEHKH METEKHK KZYECTEA BOCCTEHOBTEHMbIX
BYONOOaHHBIX OT MCXOOHER OUMPPOBaHHEE 8yOHoOaHHEY. B 388MciMocT 0T ocoBeHHOCTER TEXHMSECKOR
peanuaayry kaHkperHod LCOT cywecTByeT 084 METSOa CUEHEM. C pasaeneHen ourbpoBaHHBX 8y LuagaH-
Hets i C Pa3OENEHUEM ay QMo 0aHHBIX.

Meped OUeHKDA IHaYEHHIA METPHE KaYecTea oba ayguocurHana {MCxXodHsLii M BOCCTaHOBNEHHBIA) Jon-
HHbl HuiTe NpeobpazoBaHsl B CHMHANS! C SAcTOTOR JHcKpeTHaaEME 45100 1 458000 My, Ons yeasaHHex 4acToT
KCMMHECTAO BUT, NPWXOASWEECH HA QOHD QHCEDETHOS OURMDOBAHHOE IHEYEHWE, D0NHKHD DeiTh pabHem 16.

6.1.1 MeTon ougHKW anropUTMa KOMNPeccHK Ha OCHOBE pajgeneHWA oUW poBaAHHLIX ayano=
OaHHbIX

Ona NnpdMeseHHAe Jaiioro MEeToas TexHuYeckan peandaauws UCOT nonsHa NosaonaTh NonyYuTs
ouMdpoBaHHEBE Ay OM0IaAHHSEIE B0 Mx 0BpaboTeM anropUTMaMK KOMNDECCHA M OBKOMNPECCHI.
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Apangropo- Kosanpe s
AYIWCOSHHEE Yupogne oynhpoBasHER
npEnfpaIEAHME Ay OO AH b

OunpposasHe Cowaruie ﬂeungn::cm
BYAMONEHHEE BYEHGLAHHEE BYAMOLEHHEIX

L )

BoccrannangaHHeE:
ByIHOAAHHEIE

FHCH-'HEIH d— Dfwasn cCEeMa DEANMIALUNME METOLA OLEHKH HA OCHOER pasgeneHdq oUMpPoEIHHEIX Y LHO0aHHBIX

OBWAR CXemMa Deanuaaumik MeTona OUeHKM aNropHUTMa Ha OCHOBE Pa3geneHHA oL (DpoBaHHER 3y aMo-
OAHHBIX NPESCTABNEHA HA PUCYHEES 2.

CUeHEyY AnNFopUTME BRINCNHAINT 8 NOCNeN0BaATENEHOCTIA?

= Ha BROA Mo Tyesol LCOT nodaot nocne oarenbHsie ay JWoLaHHIE,

= UMD POBAHHBIE W BOCCTAHOBMNEHHBIE AYAMOAAHHEIR COXPAHAIT HA YCTDOECTRAX XPAHEHMA]

- BRINCAHART PACYET IHAYEHHA METPHE KAYSCTES KW OCYWECTENSINT KNACCHMEALMID aNropHUTME KomM-
Npecckid Na Tabnuue 1. OnNdcanua METPHE NDHBEOEHE B 6.2—56.5. MeTphrW Qon#Hb GHTE PRCCHUTaHE B CO0T-
BETCTENM C NPHNCHEHMEM A

6.1.2 MeTog oUeHEM aNMrOPUTMA EOMAPECCHK Ha OCHOBE PAIAeNeHWA ayOHOOAHHBIX

MeTon ousHEKR aNropHTME KOMIPECCHd HA OCHOBE DA3EENSHHA Y MO0 HHEIX CNEQYET NPMMEHATE B CINY-
4age, BCNM TexHMYeckan peanqiauds UCOT He noaponAeT NPHMEHATE METOA OUEHKA Ha OCHORE Da3geneH A
ouMppoBaHHBIX ayaModaHHe. MpHMeEHEHME DaHHOTo MeToga TpedyeT HanWsWA gononvqTenwsHol LUCOT B
COCTABE MCNbITATENEHOID CTEHOA, KOTORAA NPEIHAIHAYEHA ONA COXPAHEHUA CUWD DOBaHHBIX 8y QMO 0aAHHEIX.

CHWwan cxema PeannaayMy MeToda GUeHEM Ha GCHOBE PaifeneHva ayduodanHex NEeacTanneHa Ha
pHcyHKe 3.

OueHEy anroprUTME KOMOPECCHM BENONHAINT B NOCNE00BaTENBHOCTIA!

- Ha BX0A MCNeTyenoln LLCOT nogawT necneloBareNeHeE 8y ZM0EaH HelE, KOTODLIE 38TOMaTHRSECKM 3y -
nepyioTes Ha goyryvio UCOT nocpencTeOM DendTens ayadocHrHana, ASNAKWEeroch aNeseHToOM UCNHTaTE k-
HOTO CTeHOa;

- BOCCTAHOBMNEHHbIE 8y OROOAHHEIE COXPAHRIOT Ha YOTPORCTRAK XpakeHda LCOT,

- CUWPPOBAHHEIE 8YAMCOAHHEE COXPAMAINT HA YCTPOACTREAX XPAHEeHWA © HENONBLIOBAHKEM BOIMONHOC-
Ted eTopol LUCOT (K3 cocTana MeNBETaTeneHOro cTeHAa);

- BLINOAHANT PACYET IHAYEHHA METDWE KA4YOCTEa W OCYLUACTENRIOT KNACCUDMKALMID anroprTidia KO-
npeccki nNo Tabnuue 1. ONECaHuA METPHE NDHEEOSHE B B.2—5.5. MeTpHEX LonHHs GRTE paCCHUTa B! B COoT-
BETCTENA C NDANCMEHMEM A
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AHANGIOBG-

ungpoene
NPEODpasnnan e

AINOEHHEE

3

CundipoeaHHeR
AR HEE

Komnpeccus
QUM PO BEHHA
BYLHOASHHEIE

L

K
e s L b \ ayaucoaHHbix

¥

BocoTaHoEnSHHEIS
AYLHOLAHHEIE

F\"HE!.IHI:I-H 3 — Dbwan ciema FESNWIBUNA RETOO8 OUEBHEN SNTOpATMAE KCMNEECOAE
HE OCHO2Ee DasgeneqsdA ayaMo0aHH B

6.2 Metpuka PEAQ

6.2.1 MeTtpuka PEAQ npeaHasHadena ong oueHEd Kka4ecTed obpaboTauHoro CUrHana oTHOCHTEREHD
MCXOOHOM C YyYeToM CNyX0an 0cOBeHHOCTEN JYanoeeka (MCUXoaKyCTHYackol Mogen). MeTpuka oonsHa
ObiTh pACCUYMTANA B COOTRETCTEAH C AT (NpUnoweHHe Al

6.2.2 0nA pacdeTa meTpyky PEAD Kk ayarocurHanas NpegsABNAKT CNeayiowye TpeioaaHms:;

- MCXOOHBIA ¥ BOCCTAHOBMEHHSLIA AYSWUOCHTHENE GONMHL KMETE HacTOTy OWMCEDETHIAUMA DaBHYID
48000 Ty. OnA curHancd © YacToToR OTAWYHOR OT yRaladHoW HeobxoaMMe NpedsapuTensHD BnonHnT:
NEpegMckpeTAIaLMIo ayOHOCHIHANE,

= ACROOHEIA ¥ BOCCTAHOBNEHHERA 3YJHOCHMHANG! JONKHE AMETE SOWHAKDEY D ANWHY, T, 8. COCTOATE HA
SAMOMD W TOFD e KEONWHesTEa SUWEPOBaH Hil X IHALSSHHH,

6.3 MeTtpuka PSHNR

5.3.1 MeTpuga PENE BbipasacT KONWYECTEEHHYIO XADAKTEDHCTHEY OTHOWEHKE AHE DMK WYMa (HCKame-
HIA |, BHOCHMOID NPOUECCoM KOOMPOBaHWA, K MaKCHMANLHO BOAMOKHON JHEPrMH WCXKoOHoro cWriana, 3xaqe-
HHA mMeTprkd PSMR nameprwoT 8 geundenax. MeTpluka nonsHa ObiTe pACCHUTAHE B COOTRETCTEMK © A2
(NpMnoxeHte Al

6.3.2 [nAapacdetametprks PSNR & ayarocurHanas npegeAana 0T cneayiowwe Tpebosauus:

= ACEOHEIA W BOCCTAHOBMEHHBIW 3YIACCHIHANLL SOMTHHE WMETE H3CTOTY JWMCEDETHIAUWA PaBHYyHD
44100 Mu. OnA CHrHance ¢ 4acToTol, OTAWYHOH OT YE23aHH0A, HeoBXo QWMo NPedBEapHTeNsHO BEMONHKTE
MEpeOUCKPETAIALMIO ayOHOCHIHAE,

< BCMAH MCXOGHBIA M BOCCTAHOBNEHHEIA 3y OMOCHIHANLl MHOTOKAHANBHEE, TO WCNOMNLAYIOT TONLED OOMH
kaHan HCROgHONS ayaqocHIHana M COOTEETCTEYHOWMA &MY 00HH KEHAN BOCCTaHOBNEHHOTD aygHocHrHana.

6.4 MeTpuka ckoapPUUMeHT PaINAYAA (POPM CHrHaANoE?

G.4.1 Paauvua COCEQHUN NOCNEOOBATENEHLIK IHAYEHAA AMNNATY HCKOOHOTD Y ANOCHIHATTE, MOryHaH-
HbiX B pE3yNeTATE HMNYNLCHO-KOLOBOW MOOYNALUMM, M PA3HWUA COCEOHMX NOCNEoBaTeNkHulX IHAYEHHA
AMNNWTY O BOCCTAHOBNEHHOMD Ay OWOCHIHARA DNDEegenAT COOTEETCTEEHHD ROPMY MCKOOHOMD ayaMocHrHana
W HopMY BOCCTAMOBMEHHOND aYAHOCHIHaNa B NoCNeIoEATENEHEIE MOMEHTE BPEMEHK. KOHEUHOE JHaYEH e
METDHEK © K03 MUMEHTE paank-Ka foph CUTHANOE» NOOCHHTRBAINT KK CYMMaDHY I COEOHEKBAODATHYHYIO

)
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oAby Mekay opMOR HCKOOHOr0 ayauocHrHana ¥ Gopmol BOCCTaHoBNEHHOMS ayarocKurHana. MeTpuea
DOMKHA BeTE PACCYHTANA B COOTRETCTEMM C AL (NpUnoxeHusa A).

6.4.2 [Ang pac4eTta MeTpHEd s KoMPPHLWeHT Paianu4En opM CUrHaNoe» K3y JUocHrHanam npedwasna-
KT cRedyswKe TpeboRarna;

- ACKOOHER W BOCCTAHOBNEHHEE ayaMOCKrHank JoNHHEl WMETE YacToTy QUCKPETHIAUWH DaBHYD
44100 Ty, Ana cHrHanoe © 4acToToW, OTAWYHONR OT YEaIaHHoR, HeoGRoauMMo NpedeapuTeneH0 BbifonHETE
Nepedy cEpeTHIALMK ayJuocHriana,

= BCMA WCKOAHEIA W BOCCTAHOBNEHHBIA AYQMOCHIHANE MHOMOEAHANEHBIE, TO GNA pAcHETa METPUEM
WCMOMNEIYE0T TOMBKD O0MH KEHaN WCXOOHOoro ayadocHrHana W COOTEeTCTEYIOWWA eMy 00WH KaHan BocCTaHDE-
NEHHOTs ayauocKrHana.

6.5 Metprxa akoadMueHT CHaTHA S

6.5.1 MeTprka «s03DHUAEHT CHATHARNPESHAIHAYEHA ONA XapakTePUCTARK K3YecTEa anropdTMa
KOMMPECTHA C TOYEM ADEHWA YMEHEWSHWA 05 LEMa IAHAMIEMIHE HCKOOHEIMK 3y JHCOaHHbBIMA NAMATH NOCTE MK
0SpaGoTn anropUTMom cKatiA. MeTprka gonsHa BeTe pacc4nTaxa B COOTRETCTEAM C A4 (NpunoeaHie A).

7 MeToabl cpaBHEHWA aNrOPUTMOE KOMMNPECCHUM
ouMhpoOBaHHLIX ayAHOOaHHEIX

7.1 [Oeaw Donee anropuTMoa ESMNEECCHK CRABHMMBl YT C ARYTOM, BCMK OHIKA NMDWHA0NEMAT 0OHOMY M
TOMY ¥E KNaccy B COOTERTCTRAN © TabnUuer 1.

7.2 Wapeyx ik Donee cpagHHBIBMBE ANTODHTMOE KOMNPSCCHME NYHWHM NEHIHAKT ANTopATM, OGECneym-
BAMILLMA NyHLWHE JHAYEHWA X0TA Dbl JBYX WA TPEX METPHE, NpUBedeHHEx B Tabmuue 1. Mydwrm aHadeHren
METPHKK NDMaHAKNT BonNslues sHaYeHke — Ona MeTpdk PSNR o PEAD 4 MEHBLLEE SHAYEHKE — 07 METRHEHA
wROITPHUMERT Da3NHHKHA DOPM CUrHanoB» . ECNK CRaBHHBASMBIE ANTOPHTMBl HMEIK0T SOMHAKOBEIE IHAYEHKWA
METDHE E3YECTEA, NPMBEIeHHEX B Tabnuue 1, TO NyJYiLiie CHATAIOT aNTODMTI C HaWBONbWeH CTENEH LG CHa-
THA, onpegenfsenmol koadbrUeHTOoM CHaThR No 6.5,
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Npunoxedne &
(obAIaTansHOE]

MaTeMaTH4eCHOR ONHCAHKE ANTOPHUTMOR PACUYETA METPHMKE OLUEHKK KaYyecTBa
ANrOPHTMOB KOMNPECCHH ayAHO0AHHLIX

Al ANMropWTM pacyHeTa MeTpuis PEAD

A1 1 OGO3HEYSHWR, HCNONsIYSMBE B ANTOPATME:

£, = 48000 My — 4acToTa QUCKPETHIELMA CAFHANGE,

Mp = 2048 — KoNH4ECTEO CUWG POBEHHBIX 3HBHESHA CHIHARE, ONPSLeNRILHE ANKSY 3BYROBOMD PParMesTa {pas-
Mep mpeimMa);

K¥[N] — oUMbPOBAHNEE OEHHRIS @PeAME, 08 0 — LENOE SHONo, ApejcTasnAaues cobol BHOBKE KOHKPETHOTD
SHEHMEHWA AMNAWTY O CHIHENS BHYTRH 38yK0B0MD hparMedTa {dpedma), na [0, N, - 1].

NoEEApOEE A War Bnepen: M2 = 1024 tardn obpasom nepedpeiTde GpeimMos coLTaBRAST 50 %

Fop = F 1024 — sacToTa a0 GOpKM KEAP0B © yHETOM NCKAAPoBOrD Wara,

M= 108 — KonWHecTES 43CTOTHE NONOGC hrNETREL A,

f.1.2 FacueT MeTPHEH DONKEH COCTOATE W3 NATH 3TANGE.

| — npeseapUTEnEHEA OBpEBOTEE CHrHaNOE;

Il — obpadaTea obpascs;

Il — pacyeT BEXOQHEE SHEYSHAR NCHEDELYCTWHSCKOR MOOENH;

IV — HOPMUPOEEHHE 3HA%EHUA BRXOAHEIX NEPEMBHH X NCAEGELYCTHYSCKOR MODeNH;

W — OUeMKS KEYSCTEA BOCCTEHOBNEMHOND CHIHENA © ROMOW EH MCEYCOTREHHOR HERPOHHOR CETH.

H.1.2.1 MNpeapapuTensHan ofpatoTea cHrdanos

A.1.2.1.1 NMpuMeHeasre OKOHHGMD NpeodpasceaHHEa

ModoaHse ouMbROEEHHE & DA HHRe PAIBWMEAHT HE frpedMs. DURpPOBAHHEE DEHHLIE KaMO0ro fpeima neaeepra-
AT MECTAOADO8AHHOMY GROHSOMY NpecipaioaaH i XasHa, b . no fhopuyns

h“[.':-]=.|'§.'3 h[m, N, 1A
rag fijn, Mo — dyHKEL@A, paccuMTeBaEMAR NO GopMYNe

o5 i .L‘I".I'I "'"NI' —1. I:.F-'-!]

|
o, ) ={08 1-co8]

I i EOGCTANEHEY CNYYIAX

Mepedon 8 4acToTHYN GONECTE COYLIECTENRIOT NYTEM NEMMEHESWR AWCEpeTHOMD npeodpaaceadna dypee (N0
X [K] no chopaayne
3 Mg -1
X[k} =— ¥ h, [n]xn]a -t LA
NJ" n=l
raelak sN-—1;
| — MHHMEA E0WHHLA.
B.1.2.1.2 Modens HApYyR=OTD W CPEAHSrD yEa
YECTOTHYH X8pRKTEPHCTHEY HRRYHHOID 4 CpeaHero yxa Wil esuncnanT no hopmyne

Wi f) = 0test f FER ey
roa f— 4acToTa, saganHan B kM, 8 A () SeUMChiADT No dopMmymne
Foyoe bEl s { f e
A (= —2184 [_' +G.58 000 - o001 | —| {A5)
= L1ogn ) 0o |

Mo mopryne (A.4) BerTop BECOBRE KOADHUUMEHTOR W K] BRY@CIAST cNeSyiudm ofpasom:

aE
W k] = w[ ] (AE)
N
M
rpedcks"2
2
G
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MCnone3yA B2CA, PACCHRTAHHSIE N0 Gopryne (A 6] BEMUCNAKN T BIBEWEHHYD aHepria AND X [k)* no dopuyne:
L, [ = G w2 . AT}

IS

roed sk =

G, = 2,704 1073,
A1ZA1.3 Painoxesqe spHMTHYSCE0R NONGCR CRYXE
Orna npecBpaz0BEaHia wacTOTH CHIHANE B BECOTY 38¥E3 HCNONe3yRT wrany Bapxa. PacyeT cnegyeT NRoMBoAHTE
na hopMyne (A8 ans cbpatsoro npeobpa3cEaHEA — no Qopuyne (A 9)
z = 8{f =T asinh (FE50). (A8}
r0e Z — BRICOTA 3BYEA, AIMERASMEA B Bapras.
f= B z) = G50sinhiz /7). (&9}
Monooe 4acToT CNPeRenAsNT 3a08HMEM HUHHEA, UESTPANEHOR ¥ BEPXHEA YACTOT KAMICH NONOCE M WX SHEUSHWE N0
weane Bapza onpegenanT No opsynam

Zli]=z 1Az (A0}
|2 =l + Tz, -1 Zy 2%
210 B 1z, e (A1}
| 2y 8 OCTANEHSIE CNy4aRx,
1] -
2':['] = M. :A_12=_
2
roe Az = 1M
o= 8N
2, = Bif,).
=80l
Fy=18slu.
DGpaTHOR NPechpaioaEsMe Bl NONHAKDT MO oMy NEM
fe1=872 ) (A13)
fl]=a8"zl A1}
fi]= 8"z (A15)
raed=1.2..... N, = 108,
Bxnag sHeprde 0T K-0f 0CHOBH0A YacToTel QMG U, K] ona -0 nonoce 4acTaT BelHMCAKT No fopmyne
max 0, min ! F:[.l],zkl' L —rnas::!- {.[JJ.2H2_1;“
Lil, K] = - : ; . Fdd LA1E)
M
SHEPrUID R nonocel «actaT E || BeYHCnART No hapsyne
EL]=Ul] 1o B DF+ 2 X IR +U X, e 0F (AT}

kbl e
roe U] = UL kI
L= L kI
KoHeusyn iopmMyny SHERTHA -3 NONOCE YACTOT E,[{ ] BeMHCNAKT NO PapMyne
E V] =mazE ] E ). {A1EB}

rae B L= 110772
A1.E1.4 BayTpeHsMA Wy yxa
Ons KoMNescayHd BHYTPEHHEX WYMOB B CAMOM YES, CIedyeT BESCTH HanBa204HoR 2HausHne E, [/ | BNa 3Hepruu

HEMA0@ NoRoCH “acToT. EJ]

E]=E ]+ ELl] {A.10)
rAe BHYTPEHHAA Wym £, [1 | MogenupyoT cneayown cipaaom
10
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! EI-.n.;-u'! r_p".“.l_-} = 1456 |:fl|l1 Do u dl lﬁzu]
|E_."[1J =10 vl A1 L.

3neprian E|i | — ofpE3k BRICOTH.
A1 218 SHepriA pARCHpOCTPEHEH WA B NPeAEnNax a0Haro fpeAma
KapasTepHUCTURY 3HE Prin PACNpDCTREHesWA B WRane Sapka £ |1 | pAccH#THESWT No hopMyne

1 e
S T e e )

roe 8 )| — X8pEKTEPMOETHEE PACCYM TR EAEMEA N0 QOpMyE

N

FASOLLER]N 14.22)
[ !

H,u1=i

rae Ell| — HagBaBouHE e SHEMEHHA 3HEPrHA wa (A 19)
E[0] yeTaHaENUEAH T PEEHLIM 1,
B 1 E) — xXapakTeDUCTHER pRCCHNTRISESMER No opmMyne

1

4 Farg-!

{10 i s, 1 :

I i
AllLE) &) i=f
| - .
S, E]=,| . [ oty Tt . *“U-fi' (823
I H | 1[.' FE T I'll::l 117 E'.I!.'u | e 1 I_E a.\_‘l.-IJE ':E_!'JI III < |
|p.u.E_|![ ]| k ]| CAEY @ ‘
rag (ANA yIPOWEHNA I3MHCH BRIPANEHNA] &) = il s
ay = 102,
-J].'.J'
ag (=10 =
Torga 4" {1, ) npeofpasyeTon No Gopsyne
i e -t 4da11 f -
= gy o} [ (] 1-8 1'[‘3 a l'l]a I.E:l] v =1
AW E = Falty Fiey ssllagll)) ' —1=—t 4 TV OV Ik : (A.24)
8= Xal'+ Lisy acllacteh e TR

Cnaraemeie E,, [/ E, 4/ #2 Gopryisl (A.21) Be4Mcna0T no Gopmynan

- B .04
et I fpas)
- | ALLEN, -]}

ragi=N—2 ... 0.

u.&

= [ OEW] ] [ EE]
E e B F e b
1= e € e | e
[LE ]
E[f] | i (82T
£, =I—| 1 e B IR ;
wlt ] |\ ALEN] ! [la, 8. [ JadER T
SHeprad £ |1 | B QaNsHERIWEM B TERCTE CTAHAARTE — 0Opa ikl HepacnpolTRaHSHHEIX BOaG R geH A,
A f 21 E DENeTDEU®A IHSOTAN
CRNETPALWK AHEPTMA BE HACTARDT NO SopMynam
Eln]=a [f]JE L » — 1] +{1 —u [{ DE., 0], {A.2d)
E. li. ok = max (E [{, n], E [ ) (B2
rae 0 — sdesc foeara (Qpefms NPORHOSKECHDOBAHE!, HAaYARaR G = O],
E.[i,n] — aHepraa p-ro @pedMa, ConTRETCTEYO W AR dopmyne (A 21
i [{] — nocToAHHAR BpeMesl ONA Yracaow e aseprid. HavaneHoe yonoene ana duneTpauun. £ —1] = 0.
E, |1 0] — koHeYHEe 3Ha4eHAA (000836l 8038 KOBHWE B SENEHERLLEM ).
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A1.21.7 NocToAsHSE BpSMEHK
MoCTORHHYK BREMEHA T[i] ANA @AN=TRAURW -3 NONOCH BelMMCNRKNT N0 fopMyne
. 100 ;
i —t"_nfm[t.m—n‘"_}, (A0}
roe t .= 003c
T e = 0008 ¢
MoCToORHHYHY EREMEHA JNA yIACASUIEA 3HepTeW u ||| cNeayeT BelMHCNATE No fOopMyns

| 1 (AST)
w || = exp | -— |
L Furlil,

Ha PHCYHEE & 7 NPEUESNAHA CXEME NDEAEADATENEHBIX BRI MHCIEHUA.

DKoHHDE

MR DRI BAH S
Xa=Ha

v

HripeTHos F oz4
noEoOpEsoEaHME - ——
Dy DhE

Hefhl [ Krlk]
¥

DORMAPOBAHME

REOTETIH
WS

Eyli. ] Paznowesmne
EMTHUECKDE
TONGCEl CNYXS

¥

BrsiscnaHws
BT D
WyM3

BinuncneHies Eaih, ]
AHEDNAA
pactpocTparensas | E i n)

Eged, 1| Egrli 1]
L}

THANKTPALMA
IHEDNAN

Egrik. nl

E, qlk, ]

PucyHoK A1 — CxamanpeaBapHTeNsHs X BaldMCNEHER
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Muoekcams R W T of03Ha4anT MCXoOHEA W BOCCTAHCENEHHER ayOMOCHIHENE CoOTEETCTEEHHD, WHOeKCoM &
of03aHEYET MHOSKE NORoCkE +acToT (2cene 108 nonoc YACTOT ), 8 MHEEKCOM N — HOoMep dpednMa. dna pekyppesTHE Gop-
MYN HE ATOM 3TENE W aTane ||l eceraa awbrpainT HyNeBs e HA4ANsHEIE YETOBUA.

A 122 DbpadoTea oBpasoE

A 122 O6paboTes obpaios sosbyHaeHWE

BXOAHBMA SEHHE MW ANA 3TOR CTAOHW BEHUCEHUA AANRKTEA 0lpaie aosbyaneHd Eu:_ k. n]w E c7ik. N]. pECCHWTEI-
Basmbe No hopynaM (A 28] @ (A 20} 0NA MCROGHOMG M BOCCTAHOBNEHHGMD AYOMOCHIHAN0E COTIBTETESHHO,

Hoppekuea obpazos Boabysae MR

CHEYENA OCYWECTENAKT (PN ETRALMID LA oforx AyQMOCHTHAN0R Ne ogrynam

Pl n] = (kP [k n— 1]+ (1 —a [KE Ik a]. (A3
Pl n]=a kP aa-1]%01-u [Pcl]E_'r_, [&. n], [A.33)

rogn il | — NOCTORHHAR BPEMEHH, PACCHUTHBABMER Mo POpMYNEM (A 301K [A.31) HonpW =, = 0.06c, «_ = 0,006¢.
HaswaneHoE yoNoBKHe ANA GHRNBTPAUMK BHGHpaT paaHem O
Hanee epqacnanT koadid AgUesT soppesuns. O, 0],

(%
| X P kA Palkon]

"

|
1
AL S o f:: (A.34)
i Ye k) |
T |
Ofpase BoIBYRAEHURA, E; o[4, N] W £, |k 7], SOPpeETAPYIOT MO opMyNaM
E, . lk.m
—ant L Cinl=t
Eudknl=y Cla] = (A.35)
[Esaltin] Cunl=t
I E -
E, [k a] = Ear &0 Celn] =1 (A.26)

|E, ¢ kenlCln). Coln]=1

Aoantauns obpazoe sosbymoeHsi
Mcnons3ya T8 #e NOCTOAHHES BREMSHM W HAYANEHHE YCROEEA, 4TO W Npd KOpperydln ofpaios eoafywosHHa.
BRAGAHSIE CHTHAN R, PACCHMTARHE R N0 EODMYAEM (8 35) 1 (A 36), CrNas@BanT 8 COOTEETCTEWN C MOpMYNamMKH

R [k, 6] = o [K]R [k 0= 1] + E, [k, n]E, [k, a], (A.37)
Rk a] = u (KR k. a—1] + E Ik alE [k nl. [A.38)

Ha ocHoBe COOTHOWESHA MEKLY BACCHUTAHHBIMY B POopMynas (A.37) 1 {4 38) 3Ha4a HAAMM BRMUCNRAT Napy Bono-
MOTETENEHE X CHIHAMNDE.

|t, Rk )z Rak.n)

Rl )= falk.n] R n] < R A, (A 35
W
Folk.n]
2 - R Jhkn]zR k]

Rylk. il =R _[k.n] th.n]= R, fh.n] {4400
(1. R [k,n] = R, fk.a].

Ecnne @opaynax (4. 39) u [A40) MMCAWTENL @ IHAMEHATENE DERHE! HY MK, TG HEOBXOIUMO BHNOAHATE LeACTEMA:
Felk. al =R [h—1.nln B A& n]= Kk -1, nl. (&1

Ecnunk =0, 10 Rpfk.nl = Relk n] = 1. (A2
C yenei GopMHPOEEHMA MHKNTENSH 3NA KOpPERyMK 08 pa30E BCNOMCrATENEHEIE CHIHENR NOABSprawnT @ uNsTRa-
GMH © HCAONSI0EAHAE M TEX e NOCTOAHHEIX EPEMEHE B HEMANEHOMD YONoBEA, 4To M B fropMynax (A 32 e (A 35)

Poalk, 0l = o [R1P Ak n— 1) + (1 —a [K]R, L. #l [A.43)
Bkl = o 6P, ka-1]+ i1 - [dhR [l (A4
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roe
R e Sy
k. 0] TR ngi:.i"l"”l {A45)
Rk, n]=+mgj“;?. [F.ml (AdE
’ M MR, 5 R
i, k] = min (3, k), M L] = min (&, N -1 - k). (AAT)

KoHSUsbIM PEAYNETATOM 3TOA CTEAHA EpaBoThe, HA ocHo2e hopmyn (A45 )@ [(Add) nony4amnT cCNeKTRpansHe agan-
THRpoBaHHE e obpask, Ep k. aln Tolk @), no @roprynam

Esplk. vl = E, p Lk, 0iP i |- n) {AdE]

Epclk. n] = E Ik, n]@ . Ak, n]. (A414)
A1.2.2.2 Dépabotea ofpazos Mogynaymuir
BeEoOHLIME DaHHBMY ONA 3TOA CTAZWN BERYMACNEHHA RENRMTCH obpassl HEQECNPOCTPAHEHHSIX BO3OyMOEHUA
E oIk nlw E_L{k 0], koTOpe pact4ATsIBART NO hopmyne (A.21] ANA HCROAHOTE W BOCCTEHOANEHHOMD Ay QHOCH IHaNoE
COOTESTCTEEHHO. BRIMMCNADT MEpE MOQyNALUWA ordBasiugs-x cnesTpa.
MNpeasapeETeNsHE BN MENAKT GREanHDE MPOMEoCT I:._.E_'H.l_h'. 7] ufrlk. ] na dhopmMyn &

E [k n]=a [KE [k n=1] + (1= o [K]UE [k n]"? (850}
E Lk n] = [KE fkn— 1]+ {1-a [K)E [k a})* (A1)
Oanes HeoGROIUMO SEMACTH T DA 3HOCTH Eﬁ;k. [l | H.I:_l';.- |kl
DAk 1] = w (WD K 0= 1]+ (1 — o [KIF, HE,,, [k A1) — (€ _J& 0 — 109, (A5}
D [k nl =« [KD, [k 2= 1] + (1= o [KIF_ {E_, [k n]"* - (E, [k 0= 1]"3) (A 55)

MNoCTORHHEIS BEEMERH 0 HEMENEHES YCNOBWA HCNOAE3YIOT TE KE CAMbIS, 4TO R B Al e - B
Mepk HOAYNALHE O i L CAEKTRE BRHACRAKRT NO fopMynam

Dylk.nj
[ R B .
L E.[i,n]i03 (A5d}
M (k a)= —Drln] (A55)
i+ Eyfh,n i3
A422.3 BeivHCNEHHE TPOMEOCTR
OBpazk rPOMEOCTH BERHYHCNART B COOTEETCTEHA G POpMyNamu
(e s+ E k] |
N k. n) = e L [ PR L Al 1. Y (ASE}
LSk || E %] / |
4 _u_g_l. | - lIIJ.'-'!-
M,{.’c.n]=¢|m |i1_3[gl+wj = (AST)
e [kE, [ £ x| -
roec = 107664,
F o A
= = -2 — 2,05 atan | — .78 atan | | — | |+
aalf |»:|:n::-|:| ! I|.1Eul:: D (A-58)
S[k] = 10=ewi ik ioae 1 (A58}
E ol =364 {1000y, (A BT}
E: [k} =n@==al i ian (AET}
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DfuHe TPoOMESCTH BNA 0H0HE CHIHAN0E BRISMENAT No DopmM YA

1

M. -1
Noudfi] = (2400) % mian (N [k, 5,0}, (A.B2)
LB

L

L

N = (24IN) ¥ max (N, [k 20} [AE3)

o ;""I
A.12.3 PacueT 8RE0AHE X 358% esd A NCHEDAKYCTHYACED B MOOe N
B.1.2.31 Obwes onscanw=e Npouecsa tacdeTa NapaMeToOoE
Brxogmes XapakTeplcTHEN 13 A2 UCNoNEZWoT SNA BelMHCNSHMA BulX0 0B Y XapakTeprcTur A1.2.2 B CcooT-
2ETCTEWH OO CeMOA, NpUEedEHHON HE pACYHES A2

CIOaR SOER R Cfipade! BECSCREOCIDaHERHEX
¥ Ay cenLI
E_lk, 0] | Eo[k n
salf. 1] | L . Esrb, ":'llEs-'l”- Al
CiSpaae
BOSBYHAEHUA MooMEDETE MogynAuws
Epglk. 7] I Eprlk n) "'"ranq[”]l Mok ﬂjlv Mk n] lE,;.[.lr. Al
Ninrrlr1]
CIsMmpDansHo Ofuysr e Wodegbuyu-
AT LI R MG oty Pl T A
ofpsas cpass

PucyHor A2 — Cxema obpatorew ofpaaoe

AHausHMARE A 1.2 2 UCNONE3YIOT ANE BRMUCTISHAA SREOAHEX JHEYSH A NEPSMEHH B X NCH K0AKYCTHYECKOA MOdEenR
{cHM. TREMLY AT @ pHcyH o & 3 )

PECCHMTREENT 3HAUEHAA 11 NEpEME HHBIX NCRETALYCTHYSCHOR MOLENK. HaWMa HOBAH WS W KRATHDS ON@CaHKe Nepe-
MEH HBIE TCHXO3NYCTHHECKOA MOOENH NpUESdaxa 8 TaBnuge A 1.

Taénuya A1 — BukodHeE NEpEMEHHBE NCHEZAXYLTEYS LKA MOOENK

HanmarHossrng BEIEILHDHE NMEPEMERHIHR MOJE0H Onucamng

BandwidihRefd WHpHHa NoNocE HEXOAHGMRD ayQR0CHIHENE

BandwidinTesid LWKMpMHA NoNoCE: BOCCTEHOBNEHHOMD 3YAMOCHIHENA

Total MMRE CITHOWSHHE YDOBHA WYME K NOPOry MackdpoBaHHEA

WinMaodDlff18 D KOHHEA DASHHUE MOOYNRLAR

a0EB CpeaHes nofnoyHoe HoRAKSHAE

EHSB MapMoHRYECKAR CTRYRTYRS oWl Ku

fvghdodDiffiB CpedHAn PRIHALE Mogynaywsa 1

fvohod D28 CpeaHAn PEIHEULE MOOYNALAH 2

RrmahalseLoudd MpOMEOCTE WYME

MF FDB MakCHMENEHER BEROATHOCTE OOHADYHEHHA NEKEHEHNHRA

RellisiFramesd CITHOCHTENEHOE WoERMEHWS Dpedmos
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Ecelh fl Eprll ]l MNyyeln]
Malicn] Mgk ] Wil

Ml nll Mt n]  Eglk n] lé_,,qpr. nl |x,.;,[x]|?l arE
FazHuLs MpoMERETE [wpuna
MY ALAA MEE B HWE g [afytal ezt
¥ ¥ i
YopeRHERE e YopeRHERE [t YopEnHERE
Exlk nll E ek, 7] Exelt -'?]lE:r[“- L Mx]ﬁl X R
COITHOMLEHWS YROBHA BepoatHooTs lMapMoHUUeckaR %‘
LLIyrAa & ncpory OGHApY MEHMA CTRYETYPE =
FARCEMPCEEHUA MCHAMEHA oA §
=3
a
¥ ¥ ¥ E
m
YopeRHERnE ——r YopenHERnE [ YopenHERE — ::Tri

l } l

F'HG}'H of A3 — CremMa BRYMCNEHNA 3HEYESHA BE X0 R NePemMarHHsl X NCHXIAKYCTEYSCHOW MOOSMH

Ons DeyxkaHaneH b 8Y @0 CHIHANDE IHAYEHHA NEDEMEH HaIX GNA KA G0N0 KAHENA CNEeayeT FAcCHMTIEETE OTHeMNb-
HO. 8 38T M yOPEAHATE. JHAYEHHA BCaX NEDEMEHHIX [KDOME IHA S HHEA NepaMesHex ADBE u MFPDB ) ona s&=00ro KaHa-
NaCMIHANES PACCH#THEBANT HESAEMCHMO 0T BTOPOro KaHana.

Boe 3HAYEHHA Belx00HB NEPSMEBHH B X MOOBNA NGNY-SEIT NYTEM YCRBOHE HEA NGB Ca M BRaRam fyHELHA BEEMEHA
M 48CTOTEl, BEEAAHHE X HE NP0 OYLLEM Ware (8 DeIyNaTaTE WMESHM CRANADHOR IH34aHUE).

Ana4wEHWA, RKOTORRE DYOYT YoDeOHEHEl, JON# A0 NEXATE B TRAHUUAR, GOPEIeNREME X SNEQYHI UMM YENOBHEM . HEYE-
No MW KOHS L OEHHE X £0TOPRE SyayT NOLBERHEH b YOREOHE HEH , ONPEfan AT K3 NSpEYH NOIAGMK CHAYENA WA W CEo=UA
NoCNegoEaTENEHOCTA SHEMEHHA AMNAMTYY a¥AMOCMIHANS, 4NA KOTOROM CYMME TATH NOCNedoBaTENbHEE ABC0n0THEIN
IHAMEHHN 3MNNATYO NpeesiwasT 200 & noboM W3 ayguo Kesanos. Tpeimel, KOTOpsle NEMAT BHE 3THXE TDEHAL, CNegyaT
MIHDPUpOBATE NDW YCOEOHEH®W . IHAYEHAE Nopora 200 ACA0Ne3YaT BCAYHE8. BCNA FMNNHTY O BX0NHRE Ay 0HOCHIHANDE
HOPMEN#3I088HE: B AMBNA30HE OT MAHYC 22TE8 Qo nnwe 32TET. B npOTUBHOM CAYY3E 3HSYSHHE ROPOra Ay, BE4HCARKT
chenysrugEre obpaaom.

A, =200 Ao iABd)
32788
roe .ﬂma‘ — MAEHCAMANBHO2 AHAWEHWE BMNOWMTYAH 8YyO0WCCHTHENA.

B panesedwe M #HOSKS DPEAME 0 HA4MHASTCA G HYNA ANA Nepeor: Ppedma, YOoBNE TEODRA OUWErD YCAOBHARM NpO-
BRpKW MPAHML C NOPOToM Ay, OTCHWTRIBAET WHCNO GpedmMos N BNN0TE 00 NOCAEOHEro @peRMa, YIoBNSTEDPA DILErD
BEIUENPHES0EHHOMY YCNOBRK,

A12.3.2 DEoMHAR PAIHMLA MaadynaLWE 1IN IinModDiff18 )

BIMHCARIOT MTHOBEHHYH PA3HULY MOSYNAUMA, Mo [k o), o @opayne

1= |M|iﬁ:.ﬂj 5 ""‘rlrgkl'?“

M. ko= (AED)
"‘n[ 1 1= Molh.nl
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3HEYSHHME MIHOBEHHON PE3HALE: MOOYAALMA YEPEAHAKT N0 BOEM NONCCAM 4ACTAT N, 8 COOTESTCTEMA CO CNEqyH-
WeR fopMynon

¥ £ A&
LI |.":' '% E‘ Mo, [fe.m]- { ]
1]

[=

KomeuHOR 3HAWE HWE B Bl XDOHOA NEPEMEHHOE NOMYA DT YyopaOHe HRE kM hopmMyns (A GE) Co CRONEIRWLMM OkHOM L = 4
185 pMC. TEK k8K EEXARA war pages 1024 oUMEOPOBIHHBIR SHEYEH WA}

, .
Myant, = of T | Z" Waln 1] - (AET)

MEW ATOM APHMEHAKT YCPEIHERWE C JANePHKOR — NepEwe (L5 ¢ CHrHana 48 yHacTaY:T B Beid HONEH MA%. Konuuec-
TEG NPONyCEEEME X (PPeAMOB COCTRANRET,

= [05F, ] (AGE)

B qopmyne {A.68) onepauns | | ozHaqzeT oThpacs BaHME QPOGHOR HECTU.

Bdopryne (A.8T)HHgeke hpeAMOB BENDHART TONSKD SpSAME, KOTOPRE MOYT NOCRE 3308 EHEM BRNMHns0A G5 .
A1.2.3.3 CpegHaR pE3HALA Mogynauui t (WinModDIff18)

3HAYEHHE QAHHON BRIXOOHOM NEPEMEHRTA NCHEOARYCTHHECKO A MEAENH, My, BEYHCRAT NG GOpMyne

R

. Lw (1] My, ] —
-

-""r.qum; =

2 W, ln]
U
rge
o~ E -
_ A Eplk.n] & 70
W lnl= i [A. )
kel E‘ Exli,nl+ 100E k)" >

One BsMMCcNesR 3TORD SHEMEHWA TAKCKE NPRMEHART YOREIHEHWE © 308 RHE0A.
A4 234 Cpensas pE3HWLA MoSYnAGWA 2 (WinMod DIiff28}
CHEYENE BEIMMCNRIOT ZHEYEHHE MIHOBEHHO® PASHELE MOOYIALWGE No popuMyns

My [k.n]- Mglk.n]
001+ &, k.n]

Mﬂlrr nJ M [k )
001 Mglk.n]

: Mylk.n] = Myli,n],
(A7)

|
Moz IE. ] =4
| My ki) = Mk a].

AaTemM BRINHCNAKT YOOEOHESHOS MO NOA0CEM H3CTOT 3HAYSHHE PAIHGCTH MOOYNALLKA:

~ g et -
Mdﬂj:lﬂI:_ lM:t“gi_ik.ﬁ'l. ln"l.}.n‘!:l

S ]

HomesHOE IHEHESHE NEEMEHHOA NCUEOINYCTHUHECEON Modens & BRMBCRA DT Mo fopaynam (A T3] @ (A T4]

Al 2

F-1

E L"I"Iar.; lj?yTT-\.'lll g !"]
M-i.dl‘lic, == [T Y Il'all:r:l]
o, [n)

rae

N, -t =

. i E [x.n!
W, Inj= % — ' (A7)
i = Eulie.n]+ 1004E (k)"

F'I|:| ABEHACHEHUN 3TOMD SHAYSHAA TAKCKS NDAMEHR T YyoPEOHSHHE & 3308 PEEOR.
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A1.2.3.5 MpomeEocTe wyra [RmsNoiseloudB)
JHAEHUE MTHOBEHHOR MDOMIGCTH WYMA PACCHETHEAT No HopMyns
= et
N o] =(24iN ) 3 N (&, nl, {A.TE}

G287 b2 |
rae n, [k, ] = i&i 4 man(sy [k, m]Eup k0] -8glk,n]Epplk.n] ) _1 [A.76)
g k)BT ) Efkl+ple.nkplk niEnslk.n] ;
roe Ep=1.
Sk, n]= T Mk n]+ 5 (AT
Silk. n]= T M, Ik 0]+ & {ATE}
Ak nl=exp|-n E""lk'_ﬂ]_ﬁ"”[k'n]|. (ATay
Epplk.n)
roea = 1.5,
Tp=0,15;
8, = 0.5,
Ecnu MIHOBEHHAR TPOMECCTE MeHes b, g8 yCTRHEBNNEENT pasHDR 0!
ll._JLln]=,"'"u|.""'! r'_:lul‘r"ia"-]- 4B

o My ] < 0.

FHAMEHUE KOHEMHOR BRIXOLHOR NEQEMEHHOH MCUXOAKYCTUMECKOA Mogenu i
HOR TPOMECCTA NG hopuyne (A 81

LrmsE HAXDAAT yCREOHSHHEM MIHO2EH-

(AB1)

,ﬂ,nﬂ BRIYWECNEHAA ATOND SHEYEHHA NPHMEHRAKDT YEDEOHEHEE & 3308 PHEOR. CoaMecTHo YyOpeoHeHHe M C 38080 KOA
HEMOAEAYIDT ROPON FEOMEDCTH GNA #3X0R 08 HAA SHEHEHAA MITHOBEHHOA TPOMEDOCTH WYMA, #A4HHAA C KOTOROT0 BRNONHAEKDT
NpGUecs yOpeaHEeH AR, T ek -EIEIFI'E&EIM CYopEdHEHHE HAYMHEWT C NERECrd IHAYMEHWA, DRpejanreMoro yonoBrMen Nnpagkl -
LWEHAA NODGra rpoMEoCTH, HO HEe NoIGHase 0,5 CcoTHauana cur{ansa (ECODTESTLTEMA C YCpeaHaHMEM C 2a020XE0R ).

YLNOBHE NDEEBILEHMA N PoOra FpOsMeEDCTH

3HAMEHAR MTHOSEHHOA FPOMESCTA WYMa B Ha4ane OBOWE CHIHANOE (ACESAHOMD M 20CCTAHOBENSHHGID } ATHORMPYRIT
A0 TEX NOR, NOKA HE NPOALET S0 Mo NOCNE TOMD, KAK 3Ha4aHHe GG e FPOMECCTH NDEERCHAT B oBORE KAHANAX GOHOMD W3 CHI-
HEBNOE 3HAYMaHWE NOPora, paaHIe 0.1.

YLNOBHE NPEBRILEH R NOpora AMeeTt WO

N rlnlz L) AN el = L) ANA MOKGCATHANS
[&.B2)
BNl 2L s AN [l 2 Ll [N ol = L) A (N poitf = Ll cTepeockrnana,
roel =01
KonHvHecTas NEoNyokEeM B NOCNE NpES kLS HEA NOPOrs hpeAmos N, paccHnTel BT Mo opmyne (A 53
N_ = LOSF . LA BE)

A1Z23.6 WHpHHE NONoC ECEOIHOMD @ BOCCTaHCENEHHOMND BYadoc irHanse (BandwidthReft u Bandwedth TestB)

ONepaursd BelMUCRes A WHRPMHE NONOC WOXGOHOMD W BOCCTEHOANEHHOND AyOMOCHTHEN0R DNUCHBEKNT B TEPMAHAX
OnNapaUMd Ha BeXo0Hb6E 3daseHdas QM0 exipawedHsy 8 gegsbenax. Mpesxge scerd QRa k3saors GRefma SeNoOnHRLT
CIEOYSILLHE ONE0E URM:

- ON#A BOCCTEHOSBNERHOMND CHIHANA ! HAXOAAT C2MYH B0NeUW Y0 S0MAOHEHTY NoCNe 4acTeTel 21600 Mu. 370 3Hawe Hde
HEZEBIKT YROBHEM NOROTA;

- ON# ACKCAHOMD CHIHENA! BENOAHAR NOWCE BHES, HEY NHAR CYacToTe 21600 MW, HAaX0 AT Nepaos 3HEYSHNE, KOTO poe
NEEELILAET 3HEYSHHE ypoBHa nopors Ha 10 06 CooTEETCTEYH W YK ATOMY 3HA4aRHID HECTOTY HAZRIBEAT WHDHWHGA RONo-
Chi GNA HCXOAHOM0 CRIHATTE;

- QNA B0CCTAHOBNEHHOMD CHIHANE: S5 NONHAA NOMCK BHMA, HAMWHER GO 3HAYSH MA WEPHH B NONOCE MoX0 MG CHIHA-
na, HaXoOART NepEOE IHENSHWE, HOTODOE NPEE L WAET SHEYEHWE YPOBRHA Nopora Ha 5 6. O60aHa4anT CoOTEaToTEYH LW YD
ATOMY SHEMSHHED HACTOTY KK WHpHHY NONOCH ANA BOCCTAHGENEHROD CHIHANS .

Ecnuv #3A0SHHLI8 “3CTOTH ONE MCXOOHOMD CHIHENA He NPeBsWwanT 8100 My, To WHpMHY NONOCE ANA 3TOrs @pedMa
MIHOPHPYEIT.

18

Pa3spaboTka anekTpoHHOW Bepcumn - nopTan GostExpert.ru 22 /95
CTpaHuua nokymeHTa - https://GostExpert.ru/gost/gost-56047-2014



https://gostexpert.ru?utm_source=pdf&utm_medium=70679
https://gostexpert.ru/gost/gost-56047-2014?utm_source=pdf&utm_medium=70679&utm_term=page

rocT P 56047—2014

AHEYSHHMA WHPHH NONGC ANA Boex HPedMoR 43351 B30T OCHOBHE MK “acToTamu ONd.

Ochopsyio sactoTy AN gna n-ro Gpedma cboznasanT kak Kgnlana uexoguare cirdana M kak K nl— gna aoceTa-
HOBNBHHOMD CHIHENA. BoiMUCNSHWE KOHEUMEE SHAWSHWA NepaMesHe X NCHEOSKFCTANECHORN MOLENH, IHAMEHHA WHpks
NONOGC UCE0AHGTO W BGCCTAHORNSHHOMD CHTHAMDE HEODXOOUMD BHNOAHATE N0 CRENY LY@ BopMYNEM COOTESTCTAEHHO

w, =L k] (a.84)
q M-1
S [A.85)
Wy =5 LK lal

roE CYMMADOBAHWE OLYLLSCTENADT TONBKD ANA TexX PRedMos, B HOToPeIY OCcHoBHAA YacToTa QN npesswaer 8100 My,
A1 237 OTHoWEHWE YOOBHS L WM E K Nopory MackupoeiHEa [TotatMMRE)
Mopor macEnpGEaHRA Mk, 0] BsMHCnADLT No GopMyne (A.86)

o Ewlknl _ o2 A86
MIH. I"|| = W = g_“lﬁ'l.t:” |_.|'i' ﬂ]. [ . :l
e
¥, k =134z,
m 4] =1 (AET)

10 25kAz, k = 12/Az.

Yposess wyma, X 7, [k], BeiMRChADT no Gopmyns (A 88)

XK= 2 L= 2 X X+ 2 (K LA.BE)

rae k — AHOBEC OCHOEHOA YacToTe O
CTHOWEHWE YPOBHA WyME K NOPOrY MACKHPGEIHUA B K-W NONOCE HACTOT BeIpaMEN T PopMynoR (A BT)

R L) R W

Rt 7] = - . (.89
g Mik.a] gl E,lk.a]
KonetHoe OTHOWEH#E YPOBHA WYME KNODOTY MACKMPOBEHNSR Ry, A5, Be4ecna=nT ne fopryne (4.80)
f 1 LS| 1 g 1 1
R = 10100, | — ¥ — ¥ R [koa]). i4.80)
| N TN |

A.1.238 OTHOCHTEREHOS HCKaHeHWs hpednos (ReiDistFramesd)

M3 KCHMANsHOE OTHOWBHAE WYME ENOPOry MACKHRO8asuR ipeama S

M 1] BEHHACHADT No fopmyne (A91)

el = max Ry, lk al). (a2
. [TES T |
MCHKEMEHHEM CHMTENT TOT (PREEM, B KOTOPOM MAKCHMANEHOR OTHOWSHME WYMA K NOPCTY MACKMpOBEAHWA Sonee

1.506.

KonewHOE 3HA%MEHUE BRIXOLHOR NEDEMEHHOR NoREGALY CTRHECKOR MOOENM NpeacTaaNAET SOBGA OTHOWEHKE ROMK-
HEOTES MCHAMEHHeX pedMos K oBwemy d0NHYScTEY dipe A oE.

£.1.2.3.9 MakoMManeHaa EEPOATHOCTE cBHApYHeHEA WokameHra (MFPOE}

CHEYENE BRINHENAKT ACAMMETPWaHOR BoaliysaeHre;

F?"ulm.lm.

p— o AE , fk.n]-07E, k0] E,.lk.n]l=E,lknl
1B, ;uble, ], E  lk.n]=E_ [kn],

it

[A.92)

E.paslkn] = 1010g. ,(E, . [k.n]},

E,raul ] = 10100, (E,y [, 7]}
NENEE BEYMEAAMGT War ANA 0BHAQYHEHNA MCLaMaH®A, § [k N, N0 @mopMyne

roe (A83)

| 2 1 + | gy
S{k, n] = iy + cLlk.n)+ e ik on)+ e, kon]+ e Lk a]+ d‘:__f_[a: _n!_! ' Lik, n]= 0, [A.54)

|1-1U"‘.L[~.n!x.u.

rae o, = -0,198718] o, = 0,0550187; £, = =0,00102438; (A85]
&= 5065622 - 10-8; nq=|§.':}11:|33-11j"'-; a8 595072
dy= &, 39468, =1, 71332;
1%
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HepoATHOOTE oBHA PYMEH®A BRYACRART No opMy e
{ & ngal b b yrapl bl P
= | = b |
ik ] =1 - (05} : (AHE)
rOe NOEE3aTENE CTENEHW & BHYMCNASDT No GopMyna

ﬂ=.!'ﬂ ,Em[ﬁ'.nj » £, p[kon), (AET}

6 E_[k.n]=E, [k.n)

JaTem BHYACHAKDT KONHYECTAC WATOE CEEPX NOPOFA BRPOATHOCTH oBHapyenns, g_ik, ], no dopMyne

| rg,udg[ﬁ'-nj 'E:.-du [k, a a—|| (A HE}

90402 s[k.n)

EIAPEKTEPRCTHEH No hopuynar (A.96] 1 (A 98] ERMHCARIDT QNA KEEAOMD AANE ciiHanA. [RA kEaMO0of Y3CTOTEl K
BREMEHN NONHYHD BEPCATHOCTE 0BHAPYHEHWA W NONHOE “HCNO Warss CEeRE Nopora BefupanT ke HonbWee IHAYEHHE U3
BC8X KAHENDE:

W, -

Bl =1 - [ i1- max o [k o). pik a]h. (A.00)
kU
K. I1

Q,n] = ¥ maxigq ik n). g.lk al), (A 100}
L ]

roe WHgekosl 18 2 — s0MEeRa casanom,
Ona 0AHOKAHANEHSIX CHTHENGE LAPEKTEPHCTHEN BalMMCNADT No Gopmynzes (A 101w (A102):

M, -1
Pnp=1 - []11-plx n), (A 501}

b

M-
Q= ¥.q.0k ). (A.102)

& oD

BoinonsasaT CNegylwWe e YMCneHWA:

Bnl = e In— 1)+ {1 - g, )P dn), [A.103)

roee; =09 nHauansHee yenoeke — Hyneaoe.
MEECHMaREHYD BEPORTHOCTE 00Ma PYREHUA HCKaKasWA P, (0] BHYKCAAKT MO0 PERYpREHTHOM PopMyne

ﬁmlnl = max(F [n - 1], ﬁbljrij. (A.104}
KoHEYR02 IHIYEHHE BEINOAHCH NEDEMEHHON NCHEXOSKYCTHHECKOA MOodens MFPD . paccuuTsIBanT no HopMy-

me A 105
MEPD, = B, [N = 1]. (A.105)

A1.2.3.10 Cpendee nobnouHos nokaxedne (ADBE)
CHAYaNe BEYMCAAST Cymmy OB LErs YHona Weroe ceepx nopora ciHapys=eHss Q, no hopMyns
#-1
Q.= ¥ oulnl. (A 06}
(TR
Mpuyem CyMMEROBEHHE BEAYT GNA BCEX Ina-8HWA, ANA k0Topeix P Al = 0.5
KoHEYHan capakTepHoTka ADS, nseeT aun:

[, M=,
||:':| i
”'Dﬂb=!|ﬂgmlf LN =08, -0, [A.107)
| LY L
I_ﬁE I"al""r} Gx:lj.

AZE 311 MTapMOoHWeCKan cTpYRTYpa owwlee (EHSE)
Boixoak ANd ANA MCXEAHOMD ¥ BOCCTEHOBAEHHOM0 CerHanoE oboznaqanT kek Xglal n X |k cooTaeTeTeeHRO.
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Brudcnam T xapakTeprcTury Dik]:

. el
BIK) = log {IWIKIX M) - Iog (IWIKIXJKIF) = og | ﬁ! OEKEN 2, (A 108)
L [}
DOpMHEYHT BERTOP QNHE A K3 sHaqvesdA DfL]:
D =40 D [+ M =11, (A 10
cae M = Ly, =T MR g
HOpMEnMacEa HE Y SETOROPRENALM D BelYMcnan T no dopuyne (4. 10}
o Dlﬁll y
Clig= - - I R
;Iﬂ'.l 10,.:1
rael e[0) L.l

Mpw CP = C{L 0 HECOXOOWMO BRYACIWTE:

o = 1B (-0,

¢ X ) CREED
o D+ M-1F -Dp -1F 12i=L__.

Mp# BEeMHCNSHWY 1o @opryna (A 110] B Ny as, 8CAM CUMHANE DaEHs, HECBX0QAMO YCTEHOSHTE HOPMERW3IOBEH-
MYy BETOROPPEARALWK DEEHOW BORHALE, 4 TOBK WABEKETE IENEHWA HE HONS.
BEOOAT OROHH YR YHELUI!

. L
1- < L .
Hm:!uﬁ-,nﬁ.ﬁ mal,_r_m-t| CO=tel -1 A112)

o, 5 T BOCTAMBHEE CAYHERYL.

. HOPMENWIOEAHHCA ABTOKGDDEN ALME NPUMESADT OK0HHOE NpecBpazodasue no dopMyne (A.113)

C Aml = H [mHC [m + 1]-C). D=m sl —1. (A 1130
= 1 I-r._l‘-
roeC = Cl . (A114)
T L 'l
CResTs MOoWHOCTH S[&) BedncnanT no fopmyne (A115]
{ Cripa -1 *
(A115)

S = |— ZC.up

TR

MoHCK MBKCMMANBHOIS THXE CNEXTRE MOWHOCTH Sa4HHAKT ¢k = 1 @ 3akaHuEanT npa SR = Sk - 1]unne=L 02
HedgeHHos Hasadte MakcHWmMansHoro neka oboanaqawnT kak Ey .. 00] Torna koHedsoe aHa4eHle BEX00HOA NEPEMEH-
HOA NCHACAKYCTHHECKOR MOOENW PACCHHTREANT No GopMyne (A1 16}

ni-1

E,, =(1000iN) zfﬂm[m. ERELY

M

Mpi BeIMACNEHEW 3TOND 3HAMSHAA HCKNKYMAAT BOE ALl © HAZKOA SHERTHadA. [N cnpefeneHWA @pei MOB C Hi3KO0
AHEPTWEA BEOOAT NOPOTDE0S IHAMEHWE

AL = BOOOCA . 132763 ), [N B
raeA, o = 32766 ANA EMNNATYO, 3paHemM X 8 2nge 16 BUTHOMD Lenoro YHcna.
JHeprns gperna AZ ouerseanT no gopmyne (A 118];
M -1
A= zx‘ i A118)
w M2
MpW BEYCIEHIN TAPMOHAHECKDE CTRYETYRR Cw MO hpeim HIHORHEYHT, 8CIA:
a2 -y r 2
(Ay < Ay e (A < AL ). ONA MOHOSKHIHARE, 14119}
(AE < AR 1 alAL < AR AT, = AT A ALL = AL ONA CTEREOCHIHANE.
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A1 .24 HopMHpDBRAHUEe SHAYSHHR BEIXOGHE NepaMeEHHEIX DCHE0ARYCTHYaCKOR Moaens
HOpMUDCEAHHEE NOMYHEHHE X HA NPE6IOVULERM LSS SHAYSH AR BHI00HbIX N DEMEesH B X NCAXCAKYCT HYSCKOE MOoOe-
W ERNOAHART No @opsyne (A 120)

roem ' — AHANeHWe -A BEeiXOAHOR NepeMeEH HOR "EHI:IEI\.}'GTH-IE-.'!-{DIFI MOG2nK, 3 aHa4a=nA .al,_h[|| W&
B Tabneue & 2.

L] =

M) -84

a.—-:-..-:l-'lj IE‘|| |.'|-'I I

[&.120)

| NEHEEAEH B

|I!'Ja.|'|

Tatnwusa A2 — KoHCTEHTS ONA HOPMHWPOBAHWE 3HAYEHHR ERXOOHBIL Ne PEMEHHE L RCAXOAEYCTHYMSCROA MOOENM

Anaeec nepememos, | HanmMEHOBSHRE BERHSESEHHOA M""“Hal-_ume. h‘!uEI:HMHﬂnHDI?'
InauenRe a_ (] eLEE T “‘|| I

0 BandwidihReld 303 916656 L0
1 BandwidinTeasiB 361, 9653352 g81,131226
2 TotalMMRE -24,045116 16, 212030
5 WinbdodDitF18 1110861 {OF 137772
4 ADEBEB -0 206523 2 BRE0TY
5 EHSE 0.07431E 13,833351
B fSvghladDIff18 111384835 63257874
I Sowghdod D28 0. 8502345 1145,018555
B RmsMoisetoudd GOZo%as 14,6197 40
] MFFDB o.0onim .0
10 RelkistFrames8 0.0 1,0

A1.25 Oueska KAYeCTES BOCCTRHOABMNEXHOMND CMIHANA C NOMOW B WCLYCCTRERHOW HEHPOHHOA CETH

Ha Ex0d HEAPOHHOA CaTH NOGEMT IHA4EHUA 11 BHXO0HBIY NEPEMEHHRN NCUX03KYCTHHEIKOA MOGSNW, PACCHHTAH-
HElXE&.1.2.1—A 124 HelpoHHan ceTe HMeaT 11 HEADOHOE B0 BXOOHOM CNOE, SOWH CHPLIThIR CNOA C TRSMA HEADDHAMA
M OOUH HEWPOH B BRlXOFZHOM CNos. BeiXog HE8ADOHHOR CETH — KOHEWHOS 3HEMEHWS MeTprkk FEAD paccyuT=EAKT N0
popayne (A 121)

FPEAQ =0 +ib  +8  teig (D)) (.12
raed =-388wb = 022 8 QyHEUed S0 (K] — SCHMMETPHAYHER CHIMONOS
1 &
2ig |x] = 3 (4.122)
T+ "

SHaueHwe O ; BRINMMCNADT Chedy LA obpazomM:

- | 4 .!

D= w,+ 3w ilsig | wulils 2w 0 1M |1
o | ! =0 |

.I
, [A.123)
rae A, |1 — HOpM3NUICEAHHDE IHEYEHAS A BEX0OHOA NBDEMEHHOR, § — KONWMECTED BhI¥OLHE X NSpeMaH=mE (pag-
w08 11}, J — KONAUSCTED HEAPOHOR B CHPWTOM Cnoe (pamsoe Tpem}, (w [ ) ) (w,e ] woli) w,, — sHauehia

BEC0E @ CMELEHUA HEADDHHOR CATH, NPHEBOEHHEIE B TAGnnuax A 3—A 5

fatneus A3 — HBeca HERPOHHOR CETH

Meaasc i Bac w [ 0 Bacw [L1] Bec w, i 2]
0 -0 502657 04363335 1.219602
i 4,307 481 3248017 1123743
2 4, 904241 22111848 -0, 1592006
3 0,051 1056 —1.F6d424 4331315
4 2321580 1, 769971 -0, 54560
= -5, 303801 -3 452257 -10,8145382
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DroHusHYE Mebnugs 4.3

rocT P 56047—2014

Anpere Bec w i 0} Bec w [, 1] Becw [12]

5 2.730091 -6,111305 1519223

! D BEZ4 850 -1,331523 -5.8955151

g 110288 O BT1260 -5 922878

g —-1,051468 -0, 930382 —0,142813

10 —1,B04ET4S —0 503610 L E20456

lTaGnuya Ad — CHeWeHnA HEAROHHOA CETH

Biax ™ Bias w_[0] Biaz w_[1] Bias w_ [2]

-0 307594 -2 518254 0,654 84 1 -2, 207228

TeBnuya A5 — Beca @ CMEWSHEN HERPOHHDA CaTH

Anmere | Bec W 1
0 —-3,817048
1 4017138
2 4.6205E82

3T0 zHaWEHHE MeTpUks |[FEAQ) npeicTasnreT cofol ERWBCTRAMHOA HWCNO, NDMHAONSHALES OTRSIRY (-3 HA;
.22

A2 ANFropWTM pPacqHeTs MeTpikd PENR

IHEoBOE OTHOWEHEE CRTHAN LY M MeR0Y HCEOOHSM 3y O@0cHIHBNOGM .:'f,_—_ A BOCCTAHOBNSHHBIM A DACCHUTRIBADT
TO oDy Nasm:

PSHR = 10lg Toxfh (A 124)

g = (A128)
FOE PAIHOCTH SHEYSHWR CHIHanoe :.'.'I H HE MATEMATHYE CEOE DHMOIHHAES n.'f_:-EIII:HHT:IE-EIH:-T no popsynam:
. S ik
ad,=s M, —-X, . .d=s—%d, 1A 126)
[ [Erpye
roe "k‘.r-' HJ':.'I. — - GUMPEOBEAHSES IHa%8HWA WCXOOHITD ¥ BOGCOTAHOBNEHHOMD 3YAWOCHIHANDS COOTERTCTASHHD, 1 = 1,

s,

Z, 0

M&X X — MAKCHMANEHOR IHAYEHUE CORAN CLUWPPOBAHHEX SHENEHAR HCXOQHOMC AYSHOCHIHENA.
A3 ANTOPWTM PACHETE METPHEHA sHOIDBWLUMEHT PAINMYMA BOPM CHIHANDE»

IyeTe .'-"i'l_-|. — HMCESIHEIA MOHOKAHANEHER aya@dcCHIHAan I_FHEIL'- SOMH KAHAN WCXOOQHCTD MHOTOK3HANEHOND 3YaNOCKHT-
Hanaj, a .:'I:I— — BOCCTAHOBNEHHLIA MOHOKERENeHEIA BYJUOCHTHAR {[NHB0 0AMH KEHAN BOCCTAHOBRSHHO D MHOMCKAHBNEHO NS
FYAMOGCHIHANA ). Ofia cUrHana cocToAT W2 OAWHAKDBOMD E0N@HECTEA 3834aHIA N,

MACCHERI AHAYEHWA BMNNATYD CHIHANOE x,? WA+ NpaOcTARNADT B BWAS OTHOCUTENEHOMD WAMEHEHMA AHZYEHHA
SMNNWTYO CATHENA!

aX 1] = X [ ) - X [ —1], 1= &N, (AAZT)
dX =% =X =1 i= 2N, (A1)
23
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JHaseHuE METPHEA s KOMBPUUMEHT PAINHAYHA EOopM CHIHANROE: K BEIMMCNADT KAk CPeaHSRERgPaTHYECHOE OTKNG-
HEHWE MBSCHBOE 3Ha4BEHWA BMINATYD I:I'.:'fﬁ, H ﬂ'xl_

o
F e, —ar

i 21 (A 124}

M

Ad ANropuTm pacHeTs Ko3PRUNEHTE CHATHA
MycTe 5, — 0GLEM NAMATH, KOTOPSIA 33HRMA DT RCXOAHEIS 8YIH0SaHES, 8 5, — O8bEeM NaMATE. K0T0PEIR 3aH:H-
MET CHATRE QasHEIE, TOrAE KoM HUEHT CHATHA K DRCCHHTREEMT NO MORMyNe
o
=2 [A.130)
5,
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Mpunosevue B
[ PEROMEHOYEMOE])

NUcTHHIKW APOrPaMM PAcYeTa METPWME KAYECTEA ayANoAaHHEIX

B.1 MucTuHr nporpammMesl pacyeta meTprkl PEAQ na azeme Matiab

furicltion GDG = POavalfudio (Fref, Flest. Starts, End3)
o ChueHEE KAHSCTES 8yANO0AHHEE & TOHKA 3DEHUA BocnpaaTeA. [Perceptual evaluation of audic quality)

Yo - Slat — uHOBEC IHIHEHWA, COOTEETCTEY HKALEND HEHMANY CHIHaNa.
Yo - EndE — MHOSKG BHAHBHWA, COOTRETETEVHILLEM KOHLY CHFrHAaNE.

Yo modansHLE NepeMaHHEE
giobal MOWVT PCopt

Yo napamarpel
MF = 2048
Madv = NF J 2:
Wersion = ‘Basic’;

o HECTROHEM
PQapt.Chpkd O = 0;
PQopt.PCinit = O;
PQopt.PDfacior =1,
PloptMi=1;
PlaptDelayCwadap = 1;
POoplDataBounds = 1:
FPCraptEndiin = MF F 2;

addpath {'CE", "MOWV', "Misc', "Patl');
if (nargin < 3)
Starls = [0, Of;
end
if [nargin < 4]
Ends =[]
end

Yo BEIMWCAWTE KOMMYECTED ZHE-EHMA M KEHEN0R 4MA ESR00r0 BXoaHore ianna
WRNT1) = PlwavFilePar (Frell;
WARNTZ) = PlwavFilePar (Flest);

Y% cornacoBate pazvaps daanos
PO CheckWWAaN [WaWV):
if (AN ) Nframe —= WAV{2) Nframe
disp (== Number of samples diffar: using the minimum');
end

Yo rpAHKUE O8HHBLIL
Mehan = WA 1 ].Mchan;
[Start3, Fstart, Fend] = POQ_Bounds (WA, Mchan, Stars, End3, PQopt);

Yo chpaiamoa PEAL
Mp = Fand - Fstarl + 1;

if (PCrapl.Mi<0)
PCraoptMi = ceill (Mp f abs{PQopLNij):
end

o MHHLMANWIAUNA CTRYRTYPR MOY
MOWVE = P2 InitMOAC [Mchan, Mo);

Mo = PQCE [Mersion);
for {j = 0:Mchan-1)

Framn{j+1 ) = PLanitFMem: (Mo, PQopt. PCinit);
end

is =
for {i = -FstarkMp-1)
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e CHMTATE PERM SEHHEX
= PlgetData (NaV{T1), StartsS(1) + is, NF). % Reference file
xT = PlgeiData (WAVI{Z), SlariS(2) + s, MF); % Tesl file
i5 = s + Mady;
% obpabarra drpeima
far {f = G:Mchan-1}
[MONWNF1) Frnemdj+1)] = PQeval (xR{j+1,:), 2T{+1.2), Fmemij#1});
and

il {i == 0]
% ewipecTy MOV B oy CTRYETYRY
PframeOn (6 MOV % BexogHelE 3HAYEHWR TENEDE B rMMoBansHoR nepeuadHod MOWVE

% BRIBOO, SHESEHWA
if {FLopiMi —=0 & mod (i, POoplMi) == 1)
P POpAMOWCE {Mchan, §, MOVC);
amnd
and
and

T YOPSEAHEHAE N0 BDEMEHA 3HENaHNA MO
if {PQopt DelayOverlap)
Nwup = Fslart;
alsa
MNwup =0:
and
MOVE = PQavghOVB (MOVE, Mchan, Nwuapl

o 3ANYCK HEAPOHHDE CaTW
000G = POnNet (MOVB);

T COROEYMHEIA BRIBOO, 3HAYEHWA
% POpribtON (MEOVE, ODG)

funciion PO CheckWay (Wav)
“a mpoBEpHEA hERNoB

Fs = 48000;

if (WAMT ) Mohan —= WANZ2 L Mchan)
arror {=== Number of channeks differ' );
and
if (WA} Mchan = 2)
arfor == Too many inpul channals’);
and
i AN T NTrame —= WAV 2L Mirame)
disp (=== Number of samples differ');
ard
if (WAL Fs —= WAaW(2).Fs)
arror === Samphng fraquencekas differ');
and
iF WAV} Fs == Fs)
arror === Invalid Sampling frequency: only 48 kHz supporied');
and

function {Slarts, Fstart. Fand] = PO_Bounds WAV, Nehan, Starls. EndS. POopt)

PO_NF = 2048:
PO_NADV = (PQ_NF ! 3;

if (isempty [Starts))
Start5{1=10;
Start5{d) = 0

alsaif {length (Starl5) == 1)
StartS{2) = Starts(1]);

and

26
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M5 = WAV )N iramea;
Yo rpaHKUE 3HHBIK
if (PQopt.DataBounds)
Lim = PQdataBoundary (WANVT 1), Mchan, StartS(1), Ns);

fprindf {'PEAC Data Boundaries: “id (%30 5) - %ald (%3 s, ...

Lirn{ 1}, Lim{ 1AM 1.F s, Limd2), Lirmd2 WA 1L Fs);
=51
Lim = [Stark={1}, Start5{1} + Ns - 1];
end

Yo HOMED Nepeord GpeEma
Fstart = floor ({Limi1) - StarlS( 1)) [ PO_MADY);

Yo HOMED NoCnegHem dperma

Fend = floor {(Lim{2} - StartS(1} + 1 - POopt.EndMin} / PO_NADY).

R

furiction MOWC = PO _InthMOWE (Mehar, Mp)
MOV C. MO M E = zaros (Nohan, Npj;
MOV C MO MEZE = zaros (Mohan, Npj;
MOWC MOHWE = zaros (MNchan, Np):
MOWVC NLowd ML = zenos {Mchan, Mpjy
MOVC Loud MRef = zeros (Nchan, Np);
MOV Loud MTest = zeros (Mchan, Mp);
MOWVC. BW.BWRel = zeros (Mchan, Mp):
MOWC BW . BWTest = zeros (Mchan, Mp):
MOVC NMR NMRawvg = zaras (Mchan, MNp):
MOWVC NMR.NMEmax = zeros {Mohan, Npj;
MOWC PD.Pc = zeras (1, Mp)k

MOWC PD.Ue = zaras (1, Mp)

MOVE EHS.EHS = zaros (Nchan, MNp);

rocT P 56047—2014

furiction CGDG = POnMetB (B0}
b HEAPOHHER CETE SNA NOMYHEHHA KOHEYHOM JHTHEHNA METDWEN

parsistant amin amax wx wiab wy wyb bmin brmax | J CLIPMOV
global PCopt

if [iIsamply {amin))
I = langtih (MO
if (1==11)

[amin, ames, wix, web, wy, wyb, brman, bmax] = NNeiPar ('Basic');

else

[amin, amas, wx, wib, Wy, wyb, bmin, bmax] = MNeiPar ('Advanced’);

end
[1, J] = siza (wx);
end

sigmoid = indine ("1 5 {1 + expl-x)1:

e Scale the MOW's
Melip = 0,
MW = zaros (1, 1)
for {i =0:0-1)
PO (=) = (MOW[I+1) - amindi+ 1)) ¢ (amax{i+1) - amin(i=1});
if (= isemply (PCopt) & PCopl. ClipMoY -= 0)
if (MOVaR(i+1) = 0)
MOVR{I+1} =0,
Molip = Mclip + 1;
alseif (MOWx[i+1)= 1)
MOVali+1}=1;
Molip = Melip + 1;
(=l 4[s
end
end
if (Mchip = 0%
fprintf {"=== %hd MOWs chippadin’, Melip)
and
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Y HEAPOHHAA CETH
Ll = wyb;
far {j = 0:4-1}
ang = webdj+1});
for (i = 0:-1})
arg = arg + wafi+1 =1} " MOWVa(i+1);
and
Dl = DI + weylj+1) * sigmaid {arg )
and

OS5 = beman + [bmasx - bmin * sigmoed (D),
funciion [amin, ameax, we, wib, Wy swyb, bmin, bmas]) = NNetPar (Version)

i {stremp (Version. "Basic'))
amin = ..
[393 216656, 361.965332, -24.045118, 1110661, -0206623. .
COv4318, 1113683, 0.850345, 0O0Z08E5, 0000101, ..
0:
amax = ..
[921, 881.131226, 16212030, 107137772, 2888017, ..
13.833351, B3.257a74 1145018555, 148189740, 1,
1];
WE S L
[ [-0.502657, 0436333 1219602 ]
[ 4307481, 3248017, 1.123743 |;
[ 4584249, -2 211188, -0 152085 ]
[ 0.051058, -1.762424, 4331315 ;
[ 2.321580, 1.7B20BT1, -0.754560 ];
[-5.303901, -3.452257, -10.814882
[ 2.730881, -6 111808, 1.519223 ]
[ D.B24950,-1.321523, -5.855151 ];
[ 3102889, 0.871260, -5.9228T8 ;
[ -1.051468, -0.939082, -0.142813 |
[-1.BO4ETS, 0503610, -0.520466 ] )
web = .
[ -2.518254, [.654841, -2 207238 |;
Wy S L
[ -3.817048, 4107138, 4629582 ]
wyb = -0.307584;

bman = -3.98;
bmax = 0.22;
alsa
ammin = ...
[ 13.298751. 0041073, -25.0187%1. 0.061560. Q0.024523
amax = ...
| 2166.5, 13.24326, 1346708, 10228771, 14.224874 |;
WE = L

[[ 21211773, -39.8913052, -1.3825563, -14.546348, -0.320899 ]

[ -8.981803, 19858048, (.935388, -1.686586, -3.238:586 |

[ 1633830, -2.87T505, -7. 442935, 5606502, -1.783120 |;

[ 6.103821. 183587435, 0. 240284, 1.088213. -0.511314 J;

[ 11.556344. 3892028 9.720441. -3.2B7205, -11.0312801] |
wxbh = ..

[ 1.330880 2.6BE103, 2098508 -1.327A51, 3087055 )
Wy =

[ <+ BREES9E, -3.2B9955, 7004782, G6G651BST. 4.008144
wyb = -1.360308;

bmin = -3.98;
bmax = 0.22;
arsd
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fumction [Mg, fc. fl, fu, dz} = PQCE (Varsian)
% NEpaMaTphl KOUTWHECKDR NONOCk! NPONYCKEHAR

B = inline {7 * asinh (f { 6507);
Bl = indine (650 * sinh {z / 7))

fl.= &0
fll = 180040;

if {stremp (Version, 'Basic'))

dz = 1/4;

elsail (stremp (VMersion, "Advanced’]}

dz = 1i2;
else

ermar ('FPLOCE: invalid varsion'};

end

L = BifL},
zU = B{f);

Mo = cail{{zU - 2L}/ dz);
zl =zL + {0:Me-1) * dz;
zu = min [zL + [1:Mg) * dz. zU):

ze=05" [zl + zu};

fl =Bl {zl};
fc =8l {zc):
fu = Bl {2u);

if [stremp (Version, 'Basic))

fl=] 80.000.
188.8445,
324,055,
459.822,
309885,
TrE.847,
974,338,

1200.1748,
1464, 392,
1TTEA2T,
2143227,
2579.551.
3098350,
arie212,
#4452 890,
5331.938,
6381463,
TB35.020,
9132.688

1".]922..'351: 11329.1?5: 11732438, 12159.670

103,445,
X223 26T,
JA0L207.
488 383
G42.114,
216404,
1016.797,
1245700,
1522.550,
TE44 058,
2224 BAT,
2BTE.2ZEE,
3213.415,
J853.817.
4B 482,
5527217,

BE14.671

TH13.G14.

2a965.574

13061.228, 13536.710
15817.7 10, 16186.049

fo=[ ©1.708.
211.01%,
3T 07T,
473813,
625858,
TOT B9E,
595408,
1224744,
1483237,
1809.474,
2183.564,
2827 468,
A155.378,
ATB4.978,
4533.963,
BA28T12,
64897.031,
TITLOVT,
8207 648,

1152186,
235.566,
363448,
502950,
G08.533,
835,170,
10GEE.511,
1275.055.
1552368,
1879.310.
2266340,
2725832,
3272475,
3823.7448,
AT00.473.
SE2T 484,
BT 34420,
BOSE.GTI.
BE36.520.

9810536

. 14028 458
C1EYTE.035

138870,
Za0.413,
Ja0.282,
§iz2.629,
G92.006,
BT 3508,
1082938,
1326.902,
1613.474,
1851.543,
2352.008,
ZB2TBTZ,
393,745,
4068324,
ABT 2 9TE,
5833434,
GRE0.309,

G350.547
S0aT.683

12T.023,
247950,
76505,
517707,
GT5.161,
B54.203.
10605535,
1300816,
1582 668,
1815121,
2308.506,
27 76.308.
3332578,
JHa5.384.
4785962,
ST29.545,
GEEE.316,
2202302,

1105 666

L 101ER.01 3

. 14540103
L 17385420

162.702,

285.583

. 9855072
. 10351.586

150.TGZ,
272.855,
403884,
hav.721,
702071,
Ba3.041,

1644. 7835,
1988.587,
2395 958,
ZB7E 9T,
455503,
142,547,
4961548,
5038183,
T106.708,
2501454,

hE2 GEE,

T26.362,

D12.958
128,748,
1380823,
1676641,
2026.266,
2440675,
2933120,
35189344,
42 18,080,
5051.700,
046825,
T235 284,

I:

185742, ...
311138, ..
417814, 445479, .

hod 065, ..

T 644, ..

D53.57E, .
11758495, ...
1436.0:14, _..
17471946, _..
2103573, ...
2532 456, .
3042.309, _..
J549.432, ..
A3TI2ET, ..
5236 B6E, _..
G267.931, ..
T450 397, .
, BHT0.R38, .
, 10728645, ...
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174694, .

298317, .

431478, ..

57H.434, .

743.884,

833119, ...
 TIR28T, .
1353.502, 1408.084, ..
170802, .
2064 590, .
2485165, ...
ZHET 238, .
J583.817, .
4284878, .
5143.4G63, ..
6156.3498, ..
7366166, _.
8811.450, ..
, 10538460, ..
12802412, .
, 15069295, _..
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T1112.490, 11524.470, 11944 145, 12379.066, 12828.775. ...
13294 850, 13780887, 14282 503, 14802 328, 15341 .057. ..
15890 345, 16477914, 17077504, 17690045 J;
fu=[103.445. 127.023, 150.762, 174694  1838.84%9, _.
223,257, 247.880, 272959, 298317, 324085 ..
350207, 370.805, 403884, 431.47B, 459622 ..
488,353, HBI17.707, DS47.F21, 5784324, 609885, ..
642.114. &7TE 161, TOO.071, 743884, 7Tro.647,..
B16.404, B54.203, 893091, B33113, 974334, ..
1096.797, 1080.555, 1105.666, 1152187, 1200178, ..
1249700, 1300.818, 1353592, 1408094, 1464382 .
1522.5589, 1582 668, 1844795, 1709.021, 1775427, ..
1844.088, 1915.121, 1983587, 2064.590, 2143227, ..
2224 597 2308 808, 23105088, 24B6.169, 25T9.551. ..
JBTE.223, 2TV6.309, 2879037, 2GRT7.2318, 3098350, ..
3213415, 3332579, 3455093, 3583.817, 3ITIG.212. ..
AB53.348 3085309, 4142547, 4294879, 4452 890
4543482, 4785962, 4961 548, 5143463, 5331939 ..
BR27.217, 5720.545, 5839183, ©156.396, 63B1.4463. ..
6614 671, G6AS6.316, TI06.7OB, TIBG 166, TE3ISO02D. ..
T913.614, B202.30Z, B501. 454, BE11.450, 9132888, ..
465.574, DE10.536, 10168.013, 10538 460, 10822 351, ...
1320975, 11732438, 121508 670, 12602.412, 13061 229, ...
13536.710, 14029 458, 14540103, 15069295, 156817.710., ...
16186.049, 16775085, 17385420, 18000000 ];
and

function Es = PQspreadCB (E. Ver)
% PHCOPOCTRPEHEHKE BOI0YHOSHNR
T E W EE - sHepraM

persistent Bs ersion

if {= sfrcmp (Var, Varsion) )
Warsion = Vear;

Mo = langth (E};
Bs = PO_SpreadCB (ones{ 1 M), onas(1.Me}, Version);
arid

Es = PO _SpreadCB (E, Bs, Yersian):

=13

£l

function Es = PQ_SpreadCB (E, Bs, Ver),
persistent Me dz fe al alfc Version

a =04,

if {— strcmp (Mer, Varsian))

Varsion = Ver

Mo, fo. i, fu, dz] = PQCE (VMersion);
and

T BROEMEHAE NEMATH
alCEs = zerms (1, Mol
Erie = zeras (1, Na):
Es = zaros (1, Moy

Th BRHMCNSHWE TEDMOE, JHEMCRLLMY OT 3HERMAK
al = 10M-2.7 * dz);
Tor (m = 0:Me-1)
auz = 10%i-2.4 - 23 F foim+1)) * dz);
aUCE = allC ® E(m+1)%0.2 * dz};
gl ={1-alLm+1}) {1 -al};
gl = {1 - alUCEMMe-m}) f (1 - aUCE});
En=E{m+1} ! {glL + glL - 1];
aUCEs(m+1] = aUCE"e;
Eme{m+1) = En®g;
ard

a0
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Yo pECNPOCTRAHEHAE BHAZ
Es[Me-1+1) = EnaiNe-1+1]:
ale = gl e;
for {m = No-2:-1:0)
Esim+1] =aLe * Es{m+1+1] + Ena{m+1};
end

Yo pECNpOCTPAHEHNE BEEDX | *m
for {m = 0:MNe-2)
r=Ene{fm+1}:
a = aldCEa{m+1};
far {i = m+1:Me-1)
r=r"a;
Es(i+1} = Es{i+1)+r;
end
and

for {i = 0:Mc-1)

Es(i+1) = {Es{i+1))*1/e) ! Bs{i+1};
and

furiction Eb = PQgroupCB (%2, Ver)

Yo rpynRMpoers BEETORE SHepred OMNP @ kpUTHHECKDR NoNSCE NEPOYCEAHWE
Yo X2 — BEKTOD IHEYEHAKR, BOIBEQAHHEX B CTENEHE 2

o Eby — BekTop soabysaeHu

parsistant Me kl ko U U Version
Emin = 1a-12;

if = sbremp (Ver, Wersion))
Varsion = Yer;

MEF = 2048:;

Fs = 48004,

[Me, ki, ku, W, Uu] = PO _CBMapping (NF, Fs, Varsion);
end

Yo BhIQENEHWE NaMATIH
Eb ==zaras (1, Nc);

Yo BelMMCNEHHE BOAGYKOEHWA B EAMS0A NONOCE
for {i = 0:Mc-1)

Ea = UNi+1) * R20ki(i+1)+17;

for (k= (KIji+1 )+ o kuli+1)-10)

Ea=Ea+ X2[k+1});

e

Ea=Ea+ Uu(i+1} * X2(kuli+1+1);

Eb{i+1}) = max(Ea, Emin};
end

ng

fumction [Mc, kI, ku, Ul, Uud] = PO CEMapping (MF, Fs, Version)
[Me, T, 0, fu} = POCE (Versian):

df = Fs [ MF;
for {i = 0:Mc-1)
fli = ffi+1):
fui = fufi+1};
for (k = 0:MF2})
if ({k+0.5)"df = {li)
kifi+1) = k;
Ulii+ 1) = {minifu, (k+0.5)"df} ...
- maxifli, (k-0.%)"di}) £ df;

bireak;
end
end
I
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for [k = NF/2:-1:0)
if (k0.5 df = fui}
kufi+1) = k:
if (kl{i+1} == ku{i+1))
Uuii+1])=10;
gisa
Uuli+1]) = {min{fd, {(k+0.5)"df} _..
- max{fli, (k-0.55df)) f di
end
break;
and
and
and

funclion [MOYI, Fmem] = PQeval (xR, xT. Fmam)
% PEAL — obpabotia eguHWdHors dipeias

NF = 2048,

Varsion = 'Basic’

% okoHHDE 0TS

H201 2= PUDFTFrame {=R};

X212, =PODFTFrame {xT);

[EbN, Es] = PQ_excitCB (X2}

[Ehs{1.:}, Fmem. TOS.E{1.:1] = PG _timaSpreaad (Es(1.:), Fmem. TDS.EM1,.));
[Ehe{2,}, Fmem. TDS.Ef2.:1] = PO _timaSpraad (Es(2.:), Fmem. TDS.ERZ, . ));

Y 30ANTEUMA NATTEPHOE 2030y HOEHHRA

[EF, Fmam.Adap] = PQadapt (Ehs, FmemoAdap, Version, 'FFT')

T MATTEDHB] MOTYNR LA
|8, ERavyg, Fmam.Env] = POmodFal (Es, Fmem.Env):

T FPOMEOCTE
MOV Lowd NRef = Plloud (Ehes{1,:), Version, 'FFT');
MOV Loud MNTesl = POboud (Ehs{2,:), Version, 'FFT');

T PEAHMLAE MOSYRALHA
MOV MO = POmovMod DB (M. ERavg);

T POMEOCTE WYME
MOV NLowd ML = POmovilLoudB (M, EP):

e MONDCA NPOMYCKAHNA
MOVEBW = POmowBW (X2}

T OTHOWSHAR WYME K MACHAPDBAHAH
MOVINMR = POmovNMRE (EbN, Ehs(1.:)k

T BEPORTHOCTE COHAPYHEHAR
MOV PD = POmovPD (Ehs):

T OWHDHKE rapMOEHHSCEOR CTRVETYDEL
MOWVI.EHS.EHS = POmovEHS (xR, =T, X2);

e b i
funchion [EbM, E5f = PU_excitCB (X2)

persistent W2 EIN

NF = 2048;

‘arzion = 'Basic

if {isermnply (W2))
F= = 4B000,
f=linspace (0. F=i2, NFE2+1);
W2 = POWOME {f);
[Me, fc] = POCE (Varsion);
ElM = PQintMaise {fc):

and
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Yo BEIOSNEHEE NAMATH
AwNZ = zeros (1, NF2+1);

o OMNETDALWAA HA DCHOBE MOOBNW BHELWHEM W CPEOHEND yXa
w210 = W2 ® X2{11:NF2+1);
w220 = W2 B 22 1NFR2+H1 )
for (k = O:NF/2)
Ewb2ik+1) = (8wl 1 h+1]) - 2 ° sgrf (w31 k+1) ° Xe2(2 k+1))
+ Xw2(2 k+1))
end

Ebd1.:) = PQgroupCE {XwZ(1,:), Version);
Eb{2 ] = PQgrouplB (Xw2(2,:), Version),
EbN = PUOgroupCE [XwhZ, Versmon);

E(1.:} = Ebi{1.:] + EIN:
E(2,:}= Eb(2,:] + EIN:

Esi1,:} = PUspreadCB {E{1,:}. Version);
Ez(Z,:} = PlspreadCB {E{2 )}, Version);

furiction [Ehe, Ef) = PO _timeSpread (Es. Ef}
parsistant Me a b

if [isemply {Mc) )

[Me, fo] = PQCE ['Basic’);

Fs = 4&000;

MF = 2048;

Meadwv = MNF ! 2:

Fas = FaJ Nadvy;

E100 = 0.030:

trmin = 0.008;

[a, b] = PLHConst (1100, fmin. fc, Fss);
end

Ehs = zaros (1, Nc);

for im = 0:MNe-1)
Efim+1)=alm+1}* Efim+1) + bim+1) * Es{m+1};
Ehs{m+1)=max(Efim+1], Es{m+1)}

end

furiction X2 = PODFTFrama (x)
parsistant bow
MF = 2048

il [isemply {hw)
Amax = 32T6E;
fo = 101%.5,
F= = 45000,
Lp =92
GL = P GL (MF, Amax, fo'Fs, Lp)
bow = GL * POHannin (NF:
end

o =hw foxg
A =PORFFT {=w, MF, 1};
A2 = PORFFTMSg (X, NF);

L1

fumction GL = PQ_GL (MF, Amax, fcl, Lp)

W= NF - 1;
go = PO_ap (feN, NF, W,
GL = 10%Lp ! 20} ! (gp * Amax/d * W);

33
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O
funcion gp = PO_go (feM, MF, W)

dF =1/ NF:
k = floar (feM J di);
AP = mirs ((k+1) * o - feM, FEN - K * df):

AR = dif W
gp = sinjpi * dAV) 1 (pi = dPN * (1 - dRAVAZ)):

function Lim = POdataBowndary (WAY, Mchan, Starts, Ms)

PQ_L =5
Amax = 3276
MBUFF = 2048;
PO _ATHR = 200 ° {Amax | 32768 );
Lim{t)=-1:
is = Blarls;
ErdSs = Starts + Ms - 1;
while i{is == EndS)
MNf= min ([EndS -is + 1, NBUFF):
x = PlgelData WAV, is, M)
far (k = :Mchan-1}
Lim(1) = max (Lim{1), PG _DataStart (xik+1,:}, N, PQ_L PQ_ATHR));
ard
if {Lim(1] == 0)
Lem[1] = Lim{1) + is;
braak
ard
i5 =15+ NBUFF - (PQ_L-1);
ard
Limd2) = -1:
is = Slarts;
whilg (is <= End3)
MNf= min (EndS-is + 1, NBUFF):
g =05+ Nl - 1;
j5 = EndS - {ie - Starts5 + 1) + 1;
® = PQgetData WAV, js. NI
for (k = tMchan-1}
Lim(2) = max (Lim{2), PO _DataEnd (x{k+1.:). Nf, PO _L, PO_ATHR)):
and
if [Lim(2] == 0]
Lem[2] = Lim{2) + j5;
braak
and
i5 =5+ NBUFF - (PO _L-1);
and
if{= {[Lim{1} >=0 & Lim{2}) »>=0) | (Lim{1}) < 0 & Lim[2) = 0}})
arror (=== PldalaBoundary: limits have differenca signs');
and
if {={Lim( 1} == Lim{2})}
arror === PlUdalaBoundary: Lim{1) = Limi2}};
and

if fLirmi 1) = 0)
Limi1) =10
Lim(2) =¥
and
WELoon
funciion ib = PQ_DataStard (x, M, L, Thr}
b =-1;
=0
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i = mim (M, L);
for {i = 0:M-1}
5 =35+ abs (x(i+1};
end
if (5= Thr)
b= 0;
raturn
end

for {i=1:N-L)
5 =5 + (gbs ((fi+L-1+11} - abs {=[i-1+1)));
if s = Thr})
ib =1i;
raturn
end
end

I:I.'n_____
function ie = PO _DataEnd (x. N, L. Thr)

e =-1:
5 =
i = min (M, L}
for {i = M-M:M-1)
5 =5+ abs [x(i+1});
end
if 5= Thr}
e =M-1;
raturn
end

for {i = N-2:-1:L-1)
5 =5+ (abs (x{i-L+1+ 1)} - abs (={i+1+1))); if {5 = Thr}
=10
ratermn
end
end

rocT P 56047—2014

furiction x = PUgeatData (A8, 1, N}
parsistant Buff

iB=WaviB + 1.

if (M ==0}
Buffiig}.M = 20 ° 1024, % Fixed size
BuffiiBLx = PQ_ReadWal [WAY, i, BuffiBLN);
Buff{iSLi = i;

end

if (M > Buff{iB).M)
ermor (=== POgatData: Reguast exceads buffer size’);
end
is = i- Buff{iB).i;
iffis<0]is+MN-1>BuffiiB]L.M- 1)
Buff(iBkx = PO_Readway (YWaw, i, Bufi(iBLMY);
Bufflig}i = i;
end
Mehan = Wak! Nchar;
is = i- Buff{iB).i;
® = BufiiiBba{1:Mchan,is+1is+M-1+1);

gl o
furiction x = PO_ReaadWaw (Wal, i, M)

Amax = 12T6E;
Mehan = WaV Mchan;

Pa3spaboTka anekTpoHHOWN Bepcun - nopTan GostExpert.ru
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x = zeros (Mchan, N};

Mz =0;

if 1= 0]
Mz = man {-i. N}
1= |+ Mz

and

Ms = min (M - Mz, WAV Nframe - 7).
ifjiz=0& Ms =0)

[ 1:Mchan Nz+1:Me+Ms-1+1) = Amax * (wavread (WA Frnama, [i+1 i+Ms-1+1]))
and

function bw = PQHannWWin (MF)
fwr = zeras (1, NFE

foar {m= 0iNF-1]
twn+1)=0.5" {1 - cos(2 * pi *.n/ [NF-1})):
ard

funclion Fmem = PQinilFMem (Ne, PCinitl)

Fmem. TDS.Ef1:2.1:Nc) = ;
Frem.Adap P{1:2,1:Nc) = 0;
Fmem.Adap Rn{1:Mc) = O;
Froem.Adap Rd({1:Nc) = O;
Fmem.Adap. PC{1:2,1:Mc) = PCinil;
Frem. Erni Esai1:2,1:Ng) = O;
Fmem.EmeDEI1:2.1:Nch=
Frem.ErmiEavg(1:2,1:Mcy = 0;

funciion EIN = PQIntMoise (T}

M = langth 1)

far {mo= 0N-1)
INE = 1.456 ° (fim+1] ) 10:00)*-0.8)
EiM{m=+15 = 10°%IMdB ' 10);

End

funclion X = PORFFT (x, M. ifn}

if {ifn =0}
A=t (=, M
R = real{X{0+1:M2+1))
Al = imagi X 1+ 1 M2 11}
X=[x¥R Xl

alse
xR = [l 0+1:MI2+1]):
%l = [0 w{MNF2+1+1:M-1+1) O],
% = complex (=R «R{MNE-1+1:-1:1+ 1)), =1 -=lNEZ-141 121+ 1))
o= real (ift (x M)

and

funclion X2 = PORFFTMSg (X, M}
A2 = zems (1, N2+1);

X2(0+1} = ¥{0+1)82;
far (k= 1:M2-1)
K2(kH1) = Mik+11"2 + B{NE+k+1)1"2:
and
K2INZ+1) = X{Ni2+1)°2;

36
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fumction [a, b] = PQtConst {8100, tmin, 1. Fs)

N = langti (F):

for {m = 0:N-1}
E=trman + (100 ! fim+ 1]} * (1100 - trmin);
aim+f)=axp{-17{Fs " i}
Bim+1)={1-aim+1)};

end

furction W2 = PLOWOME {f]
N = langth [f);
for {k = 0:M-1)
fkHz = f{k+13 7 1000;
AdB = -2 184 * feHzM-0.8) + 6.5 * exup(-0.6 ° (fkHz - 3.3)"2) ..
- 0001 ® fkHz™3.6);
Wrdik+1) = 10548 ! 10);
end

furiction W = POwavFilaPar {Fila}
parsistant 2
if [isempty {iB))
i8=10:
elsg
iB=maod (iB + 1, 2
end
[size WAV Fs Nbat] = wawvread (File, 'siza'l;
Yl Fname = Fila:
WAV Nframe = size1)
YA Nochan = size{2);
WalIB = i,
PleiData (WA, O, 0);

furiction MOV = PLavgMOVE (MOWVE. Mohar, Mwup)

Fs = 48000;

MF = 2045:
Madv = NF J 2;
Fss = F& ! Madv,
tdel = 0_5;

tex = L0500,

[MOV{D+1), MOV{1+1)] = PO_avgBW (MOVC.BWY

% Total MMRBB, RellistF ramesB
[MOW2+1), MOW{T10+1)] = PO _avgNMER (MOWVC NMRET;

Yo WinModDhif 18, AvghodDifi1 8. Avwghod Tiff28

ME00ms = cail (tdel ® Fes);

Mdel = max {3, N500ms - Maup):

[MOW{3+1), MOWE+1). MOCAV{T+1]] = PO _avgModDiffB (Mdel, MONWC MDY,

Yo RmsMaisaloudB

ME0ms = ceil (lex * Fss);

Miaud = PQloudTast (MOWVE Loud);

Mdel = max (Miowd + NSOms, Ndal);

MOVIE+1) = PO_avgMLoud® (MNdel, MOVC. MLoud),;

"% ADBB, MFPDB
[MOV{4+1], MOV{3+1)] = PQ_awgPD (MOVC . PD};
% EHSB

MOW(5+1} = PO_avgEHS (MOVC.EHS):

e

funiction EHSE = PQ_avgEHS [EHS)

ar
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Mchan, Mp| = size (EHS.EHS);

s=1
for {j = 3:Mchan-1)
=5+ PO _LinPasfvg [EHS. EHEj+1.:.1)
ard
EHSB = 1000 * s/ Mchan;

o

funciion [ADBE, MFFDE] = POQ_awgPD (FD}
global POopd

o0 =040,
if {izempiy (Plopt))
o1 =1:
alse
&1 = PQopt. PDHactor,;
and

M = langth (PD.Pc):

Phe = 0;

Pemax = 0;

Qsum = 0;

nd =0,

far (i = :M-1)
Phc =cl® Phe + (1-60) " PD.Pcli+1);
Pocmax = max {Pemax * &1, Phcl;

it {PD.Peli+1} = 0.E)
nd=nmnd + 1;
Crsurm = Qum + PDLQcli+1);
and
and

if {nd == 0
ADBE =1
alseif [Qsurm = 0)
ADBE = logtD (Qsum f nd);

alsa

ADBE = -0.5:
and
MFFDEB = Pomax,
o

function [TelalMMRB, RelDistFramesB] = PO_avgNMRE {NMR)

[Mchan, Mp] = size (MMBE.MMRavg})
The =10%1.57 1);

s=0,
for {j = 0:Mchan-1}
=5+ 10" log 10 {PO_Lindvg (NMR NMRavgi+1,.3);
and
TotalMMRE = s [ Meharn;
5=
far () = :Mchan-1}
£ =15+ PQ_FraciThr {Thr, NMR_NMBmax{j+1 )
and
RetDistFramesEB = 5§ Mchan:

o
function [BandwidihRef8, BandwidthTestB] = PO_avgBW {BW)
[Mchan, Np] = size (BW BWRel),

sR=10
sT =1
28
Pa3spaboTka anekTpoHHOW Bepcumn - nopTan GostExpert.ru 42 /95

CTpaHuua nokymeHTa - https://GostExpert.ru/gost/gost-56047-2014



https://gostexpert.ru?utm_source=pdf&utm_medium=70679
https://gostexpert.ru/gost/gost-56047-2014?utm_source=pdf&utm_medium=70679&utm_term=page

rocT P 56047—2014

for {] = O:Mchan-1)
sH = sH + P2 LinPosfeg (BW.BWHReHF1.05
5T = &T + PO_LinPosAwg (BW.BWTes1(i+1.:])
end
BandwaidihRef& = 5K/ Mchan;
Bandwidih TesiB = sT / Mchan,

ne
function (WinModDiff1 B, AvgModDiffi1B, AvgModDiff2B] = PO_avgModDifiE {Ndal, MOif)

MF = 2045;
Madv = NF [/ 2;
Fs5 = 48000;

Fss = Fs i Madv;
tanvg = 0.1,

[Mctan, Mp] = siza (MOHMUIB),
L = floor jtawg * Fss):
5=0:
for {j = O:Mchan-1)
5 ==+ PO _\Winfwg (L, MDIffMEB+1 Ndel+1:Np-1+1)0;
end
WinkodDiff1B = s / Mchan,
5=10;
for {j = O:Mchan-1)
5 =5+ PO _WiAwg (MDA IB(j+1 Ndel+1:Np-1+1}, MO+ Ndat+ 1 Np-1+1 ]k
end
LvghlodDiff1B = s 7 Mehan;
5=
for {j = O:Mchan-1)
5 =5 + PO _\WWleg (MDD AHZB(j+1, Nded+1:MNp-1+1}, MO+ MNdal+ 1 Np-1+1 ]k
end
LorghladDiff2B = s 7 Mchan,

L1FS

furiction RmaiNaiseloudB = PO _awgMLoudB {Ndel, MLaud )
[Mchan, Mp] = siza (MLoud.ML);

5=10;
for {j = 0:Mchan-1)
5=+ PO BME&wvg (MLoud NL{+1 Mdal+1:MNp-1+11});

end

RrmsMoisalowdB = = | Nchan;
Yo

fumction 5 = PO_LinPosAvg (x}
M = langlhix);

Mv =10;

5 =0

for {i = 0:M-1)

if (i1 ==10)
s=s+x(itl)
My =My +1;
end
end

if [Mw = 0}
5 =5 My,
end

P
fumction Fd = PLO_FractThr {Thr, x)

M = length (2]
34
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M =0;
far (i = 0:M-1)
if {x(i+1] = Thr}
[y = M + 1;
and
and

FiM=0)
Fd=Mv/HN;
alse
Fd=10;
and

R =
funciion 5 = PO_Win&wg (L, x)

M = langth (x);

=10,
for i = L-1:M-1)
t=10
for {m o= 0:L-1}
t=t+ sqrt {®(Fm+1]]:
and
£=5+{LfL)":
and

iffN==L)
s=sgrt (s (N-L+ 11k
ard

L —
funclion 5 = PO_Wtavg (5 W)

M= length (x);

==
s = 0;
far i = :M-1)
5 =5+ Wi+1] " ofi+1);
=W = sW £ WIiHT);
and

if (k=)
=55,
and

oo —
funciion Lindvg = PO_LinAvg {x)

M = length {x);

=1

far (i = 0:M-1)
=5+ x[i+1};

and

Linfwg =5/ M;

.:"I:I ........ 1A
funciion AMSAvg = PO_RMSAwg (x)

M = length (=);

=1

for {1 = 0:M-1)
£=5+xfi+1 "2

and

if (k= 0]

RMSAwg = sgrifs | M);
alse

RMSAwg = 0;
ard

a0
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fumction POramemO (i MO
giobal MOVC

[Mchan, Mc] = size [MIAVC MDIEMEIB):
for {j = 1:Mchan)

% Modulation differancas

MO S MDHE MET B, i+1) = MOV LMDEMU B,
ROV C MO MEZB],i+1) = MOV LM DNMIEZE;
MO MDHE W1 = ROV MDD

¥ Moise loudness
MOV NLowd ML 1) = MOWVIG).NLowd ML

Y% Tota! loudness
ROV C. Lowd MRef(j.i+1) = MOVI([j).Loud MRef;
RO C_Lowd. MTestj.i+1) = MOWVIj).Loud M Tast:

% Bandwidth
MOV C BW. BWRal(].i+1) = MOVIj).BW.BWRaf,
RMOVE BW BWTestij.i+1) = MOV BW . BW Test;

% Moise-to-mask ratio
MOVC NMRE. NMRavglj,i+1) = MOVI[j). NMR . NMRavg;
MOV NME. NMRmax(ji+1} = MCVI(LNME. NMEmax;

Y% Error hamaonic strucicne
MOV C EHS. EHS(.i+1) = MOVIjILEHS EHS,
end

e Probability of defechon (collapse freguency bands)
[MOWC PDPo(i+ 1], MOVWC PD.Qeli+1}] = PQ_ChanPD (MO

[IF)

funiclion [Po, Q] = PO_ChanPD {MOWI)

Me = langth (MO LPD.p):
Mchan = langth (MO

Pr=1:
Qo=
if (Mchan = 1}
for {m = 0:Me-1)
phin = max (MOVICTLPD.p{m+1 ), BMOVIZ)LPD.pim+1));
gbin = max (MOVI1 LPDgim+1 ), BMOVEZ2)L.PD.gim+1));
Pr="Pr*i1-phin);
o = O + gl
end
else
for (m = 0:Mc-1)
Fr=Pr*®{1-MOVLPD p{m-+1));
e = de + MOVILPD.gim+1);
end
end

Pc="1-Pr,

fumction Mdal = POloudTest (Loud)
[Mchan, Mp| = size {Loud MRef):

Thr=10.1;
Mdel = Mp,
for {j = O:Mchan-1)
Mdel = min (Mded, PQ_LThresh (Thr, Loud MRefj+1.:). Loud NTest+1.:11;
end

41
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B -,
funciion it = PO_LThrash {Thr, MRel, MTesl)

Mp = length (NRsf):

it = Mp;
fiar i = :MNp-1)
if {MReli+1) = Thr & NTestli+1) = Thrh
it=i;
braak;
and
and

function BYYV = POmavBW [(X2)
persistent ke kKl FRFT M

if {isermply (kx))

NF = 2048;

Fs = 48000

fx = 21586,

ke =round {fx/Fs * NF): %921

i = B109;

Bl =round {fl § Fs * MNF};, %% 346

FRdB = 10,

FR = 104 FRdB s 10,

FTdE = &;

FT =10%FTdE [ 10},

N=HNF/!2; % Limit from pseudo-coda
and

Xih = X202 ket )
for ik = ke+1:N-1)

Kih = mas (Xth, X2(2 x+1));
and

BW. BWRaf = -1;
XihE =FR * Xih:
Tor (k= kx-1:-1:kl+1)
if {¥2(1,k+1} == XthR)
BWBWRelf=k + 1
braak;
and
and

BW BWTest = -1;
¥ihT = FT * Xih;
far (k = BW BWRef-1:-1:0)
if {¥2(2 k+1} == XthT)
BW.BWTest=k #+ 1;
braak;
and
and

4.2

Tunciion BMDIT = POmovidodDIiffBE (M, ERawg)

persisient Mc Eie

if fisemply (Mol
a=013
[Me, fc] = POCE ("Basic');
Et = PQiIniMoise (fc);
far im = 0iMNe-1)

Elelm+1) = Eljm+1)}"e;

and

and
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nagWtZB = 0.1;
offsetiB = 1.0;
offsetzB = .01;
lendWWi = 100,

s1B=0;
528 =0,
Yi=10,
for {m = 0:MNe-1)
if (BT = 1) = W2 m+1))
num 1B =M1 m+1} - M{Zm+1);
num2E = negWizB * numiB.;
else
num1B = M2 m+1) - M1 m+1]);
rum2E = num18:
end
MO1E = num1B / {offsat 1B + M1, m+1));
MDEZE = num2B [ {offsatZB + M T m+1));
518 = =18 + MD1E;
528 = =28 + MDZE;
Wit = Wi + ERavg{m+1) / (ERawgim+1) + lawWl * Ele(m+1]);
end

MM E = (100 MNe) ® s18;
MINA_MEZE = (100 F Me) * s2B;
RADHEL W = WL

furiction ML = POmovhLowdE (M, EP)
parsistant Mo EL

if (imempby (Mol )
[Me. o] = PQCE ['Basic’);
Et = POIntkoisa (fo),
end

alpha = 1.5;
TFO =015
30 =0.5;
MLmin = O;
e =023,

5=
for {m = 0:Me-1)
sraf = TFD® M{1,m+1] + 50;
stesl = TFD * Mi2,m+1) + 50;
beta = exp (-alpha * (EP(2.m+1]) - ER{1.m+11) / EF{1,m+1}};
a = max [stesl * EP(Z.m+1) - sret * ERP(1.m+1), OF
b= Elfm+1) + sraf * EF(1,m+1) * bata;
s5=5 + (Etim+1) /stesl)®a * {1+ a/bj"a-11
end

ML = (24 / Nc) * =

if [ML < MLmin)
ML = [0

end

furiction NMR = POmovMMREB (EbM, Ehs}
parsistant Me gm

if [isamply (Me))
[Me, fe, fl. fu. dz] = PQCH {‘Basic');
gm = PO _MaskOffsat (dz, Mo
end
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HMB.NMEmax = [
=10
for {im = O:MNc-1)
MMBm = EbN{m+1) / fgrmfm+1) * Ehs{m+1)}
5 = 5 + NMBEm;
il (MBARm = NMR MMRmax)
MME.MNMEmax = NMEm;
and
and
MNMR.MMRawvg = 5 Nc;

o

function gm = PO_MaskOifsat (de, Nao)

for (m = 0:Me-1)
if{m == 12 { dz}
mdB = 3;
alse
mdB = 0.25 “ m ® dz;
and
grmfm+1)= 10%-mdB ! 10):
and

function PO = POmovPD (Ehs)
Mg = length (Ehsl:

PDup = zeres (1, M),

Phug = zeros (1, Mok
persistent ¢ g d1 d2 bF bM

if (isermpiy (C))
o= [-0186T19 00550107 -0.00102438 5.05622e-5 53.01033e-11];

d1=595072;
d2 = B354 E68;
g=1.71332;
hiP =4,
bkt = G;

and

far (m = O:Mc-1)

EdBR = 10 ® leg10 (Ehs{1.m+1]);
EdBT = 10 * bag10 {Ehs{Z.m+1));
adB = EdBR - EABT,
if {adB = )

L=0.3"EdBR + 0.7 * EABT;

b = biP;
alse

L=EdBT;

b = bid;
and
if L= 0]

s=d1 " (d2/L}"g ...

+of1h+ LY (o2} + L® fc{3)+ L " [efd)+ L* <51

al=es

5= 1edl;
and
PO.pim+1)=1-0.5%iedB I/ s}*b);
PO.gim+1) = abs (fix{edB}) [ 5:

and

function POpriMOV (MOV, ODG)

M = langth (MW,
PO_NMOV B =11;
PO_KMOW_A=5;
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fprintf ['Modal Cutput Vanablesn'):

if (M ==P0_NM2Y_B]
fprinf i' BandwidthRelB: Yo', MOV
fpsintf " BandwidthTestB: Yegin', MOWIZ]);
fprindd (" Tofal NMREE: Shgin’, MOW[3)):
fprindf i*  WinhModDEHE: %gin’, MOV
fprindd i ADBE: %a'n', MOWIS) K
fpsindd i* EHEE: Tgin'. MOW{G);
fprindf i'  AwgMod D B: %eg'n’, MOVIT )
fprindf i*  AwghModDiiZE: %gin’, MOWVIE] )
fprintd (' FEmsMoiseloodB: Yegin', BMONVTEL;
fprindd ' MFFPDE: %agn’, MO0},
fprintf ' RedDistFrames8: g, BMOWI11]1);

edseil (M == NMOV_A)
fprindd (* EmshodDifA: Sagw’, MOV{1)L
fprintf ' BmsMoiseloudAsymd: S’ MOV
fprintf (" Segmenfal NMEE: %gin’, MOW(3);

fprindf i EHSE: %hg'n®, MOWI4))
fprindd i AvalinDists Shain’, MOVIS)L:
eise
error (nvald number of MOV,
end
fprintf ['Objactive Difference Grade: %.3fn', ODG);
return:

furiction POQprMOYCI (Mchan, i, MOWE)
fpeintf ('Framea: %edin', ij;

if (Mehan == 1)
fprindf ' Mot : %eg %ghn',

MOVC Lowd NRaf(1,i+1}), MOVC Loud NTest1.i+1])
fprindf ' ModDifi: 9eg g %gin’, ..

MOYC MO MU B+ ), MOVZ MDIFAME2B(1,i+ 1), MOWVE MDIEWE 1 =100
fprindd (' ML : %gin’, MOWC MLoud ML{1i+1));
fprintf (' BW  © %hg %egin'. ...

MOVC BW.BWRal1,i+1), MOVC BW BWTast(1,i+1));
fprintf (' NMR : %g %gn', .

BAOWC MBMR NMRwg{ 1.+ 1), MOV MMRE MBMRmas| 1,1}
fprint{ ' PO %g %gin', MOVC.PD.Pe(i+1). MOVC PD.Qcli+1)k
fprindd (' EHS - %y, 000 * MOWC EHS EHS{1 i+1))

else
fpeindf (" Miol - Vg %og  %g %o, ..

MOWC Loud NRef{ 1.i+1). MOVC Loud MTast(1+1), ...

MOWE Loud NRef{2,i+1). MOVC Loud MTast{Z,i+1));
fprindd {1 ModDifl: g %g %g & Teg g Yo, .

MOVWC MO MEB i+, MOWVC.MDEME2E 101 ), ROV C MO i+,

RSV MO MEIE(2,i+1}, MOV MOMEMEZEZ2,i+1), ROV C MO W2 04+1))
fprintf (" ML - %g & %gn, ..

MOWC MLoud ML i+ 1), ...

MOWE NLoud NL{E i+ 1))
fprindd (' BWW @ %hg Shg & g Shgn' L

MOYC BW.BWRef(1,i+1], MOWVZ. BW.BWTest1,i+1), ...

MOWC BW.BWRe2 i+ 1), MOWC BW.BWTest2.i+1]);
fprindd " MNME : Shg % o Yeg Teghn', o

MOV NMB.MMRawg] 1,i+1), MOVC NMR.MMBmax(1.i+1), ...

MOWC NMRLMMEawgi2,i+1), MOVC MNMRE. NMRmaxi2.i+1]):
fprintf ' P %g Sugin', MOWC.PD.Poli+1). MOVC PD.Coli+1)k
fprintd (" EHS - %g [ Seagin', ..

1000 * MOWC . EHS.EHS(1.i+1), ...

1000 * MOWC EHS. EHE(2.i+1)).

end
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funchion EHS = POmovEHS (xR, =T, X2)
persisient NF Mady ML W Hw
if {isemply [NL})

NF = 2048,

Mady = NF £ 2;

Fs = 48000,

Frmax = 2000,

NL = 24POQ_log2iMF * Fmax / Fs)):

M = RNL:

Hw = {1/ M} " sgrl{B ' 3} * PQHannWin {M);
and
EnThr = 8000;

kmax = ML + M- 1:

EnRef = xR(Madv+:MF-1+1} " sRiMNadv+1:MF-1+1)"
EnTest = xT{Madv+1:MF-1+1} * «Ti{Nadw+1:MF-1+17"
if {ErRef <= EnThr & EnTast < EnThr)

EHE =-1;

redurm;
aned

O = zeros (1, kmax);
far (k= Dkrmnae-1)

Dik+1) =log (X2(2k+1) ¢ X201 k+1})
arvd

C = PO _Cor (D, NL, M};

Cn =P2_NCom (T, D, NL, )
Cnmi = (1ML} " sum (S 1:ML);
Cw =Hw ." (Cn - Cnm};

% OFT

cp = POQRFFT (Cw, ML, 1)

2 = PORFFTMSq (cp, MLE

EHE = PQ_FindPaak {c2, ML2+1]);

L=

function bag2 = PQ_log2 (a)

log2 =0,

m=1;

whila [m < a]
log = log2 + 1;
m=2"m;

and

log2 = logZ - 1:

- S —
funclion C = PO_Corr (D, ML M}

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

db = PQRFFT (D0, NFFT, 1)
dt=PORFFT (D1, NFFT, t);

Ax(0+1) = d0{0+1) ® d1{0+1);
far = TINFFTI2-1)
m=MNFFT/2 +n;
dafn+1) = dlin+1) * dl{n+1) + dO{m+1} " d1{m+1):
dafm+1) = ddin+1}) * d1{m+1) - dOim+1) * d1[n+1];
ard
deiNFFT/2+1) = d{MNFFTI2+1} " d1{MFFT/2+1]):

4G
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%o Inwerse OFT
Cx = PORFFT {du. NFFT.-1;
C =G 1:MLY;

R
fumiction Cn = PO_MWCarr (G, §, NL. M)

Crn= zeros {1, ML)

s0 = C{0+1);
5j = =i;
Cril+1)1=1;
for {i = 1:MNL-1])
g =5 + (D{iFM-1+102 - DYi-1+1)0M2)
d = sl " 5
if (d==10)
cajFEl) =1,
else
Cnii#1) = Cii+1) ¢ 5grl (d);
end
end

F
N ——

furiction EHS = PLO_FindPaak (c2, N)

cprav = c2{0+1);
cmax =
for n = 1:M-1)
if (c2(in+1} = cprav) % Rising from a valley
if (e2{n+1) > ormax)
crmax = cAin+t)
and
end
end
EHS = cmax;

fumction [EP, Frmam] = POadapt (Ehs, Fmam, Ve, Mod)
parsistant a b Mo M1 M2 Version Maodel

if [=stremp (Ver, Version) | —stremp (Mad, Model})
Varsion = Ver,
Madal = Med,
if [strcmp (Model, 'FFT )
[Me, fo] = POCE (Version),
MF = 2045:
Madv = NF / 2,
elsr
[Mc, [z] = POFE;
Mady = 1892;
end
Version = Ver;
Madal = Mod,
Fs = 48000;
Fss = Fs ! Madwv;
E100 = 0.050;
tmin = 0008
[a b] = POMIConst (1100, tmin, fs, Fas);
[M1, B2] = PQ_M1M2 (Varsion, Modal);
end

EP = zaras |2, M)
R = zaros (2, M),

47

Pa3spaboTka anekTpoHHOWN Bepcun - nopTan GostExpert.ru 51/95
CTpaHuua nokymeHTa - https://GostExpert.ru/gost/gost-56047-2014



https://gostexpert.ru?utm_source=pdf&utm_medium=70679
https://gostexpert.ru/gost/gost-56047-2014?utm_source=pdf&utm_medium=70679&utm_term=page

rocT P 56047—2014

=n =

gd =10

for im = O:Me-1)
Fmem.P{1.m+1] = ajm+1} * Fmem.P{1 m+1} + b{m+1) * Ehs{1.m+1];
Fmem P{2.m+1]1= aim+1} * Fmem.P[{2m+1} + b{im+1) * Ehs{2m*1];
&0 =50 +s5qrl (Fmem. PiZ.m+1) * Fmam.Pii.m+1)0:
=d = 54 + Fmem. P{2 m+1);

and

CL={sn i =d}"2
far {m o= O:Nc-1)

if {CL = 1}
ERi1.m+1) = Ehs{1.m+1) ! CL;
ERFiZ.m+1)= Ehs{2 m+1],
alsa
EFi1.m+1)= Ehs{1,m+1];
ER{Z.m+1)=Ehs{2m+1] " CL;
and

Fmem.Enim+1) =aim#1} " Fmem.Rn{m+1) + EP(2.m+1} * EP{1.m+1):
Fmem Rdim+1) =a(m+1} * Fmem.Rd{m+1) + EP[1.m+1} * EP{1.m+1):
if{Fmam.Bdim+1] == 0 | Fmem.Bn(m+1} <=0}
arror (=== Plladap: Rd or Bn s 2en’);
and
T {Fmaem.En{m+1] == Fmem.Rdim+1})
Rit,m+1)=1;
Ri2m+1)=Fmam.Bdim+1} ! Fmem.BEn{m+1).
alsea
Rii,m+1)= Fmam.Rnim+1}! Fmem.Rd{m+1):
RiZ2m+1)=1;
and
and

foar {m = 0:Ne-1)
iL = max (m - M1, 0):
il = min {m + B2, Ne-1)
51 =0
=2 =10
for (i = il
g1 =51 +H(1,i+1}
52 =52 + Hi2i+1);
and
Fmem PC{1m+1} = aim+1) * Fmam. PC{1.m+1) + bim+=1] * 51 ! {iU-iL+1);
Frem PC{Zm+1) = alm+1} * Fmam.PCI2.m+1) + bime1] * 52 ¢ {iU-iL+1);

EF{t,m+1)=EP{1.m+1) * Fmem.PC{1m+1};
EF(2 m+1)=EP{2 m+1) * Fmem.PC{Z m+1};
and
B

function [M1. M2] = PQ_M1M2 {Version, Model)

if {stremp (Version, "Basic'l)
M1 =3;
M2 =4;

alsaif {stromp (Version, ‘Advanced'))
it {stremp {Model. "FFT")}

M1 =1;
Mz = Z;

alse
Mt =1;
Mz =1,

and

and
48
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fumction Miat = PQloud (Ehs, Ver, Mod)
&= 0.23;
parsistard Me 5 El Els Version Model

it (—stremp (Ver, Wersion) | —stremp (Mod, Model})
Yarsion = Ver;
Madal = Moed;
if (strcmp (Model, 'FFT'))
[Mi, fc] = POCE (Versian);
c = 1.0TEG4;
elsg
[Mi, fc] = POFE:
= 126539,
enid
El = 1e4;
El = PQ_enThresh (fc);
5 = PL_axindesx {fo);
for (m =0:Me-1)
Etsim+1) = c * (Etim+1) / {sim+1] * EQ)}"e;
end
end

sh =11,

for {m = 0:MNe-1)
Mm = Eb{m+1) * {{1 -={m+11+ sim+1) " Ehs{m+1) / E{m+1))%e - 1}
sM = s + max{hm, O

end

Miot = (24 [ Mg} * 5N,

Yh=== =
furiction s = PO _exindex (f}

M = langth {f);

for (m = 0:N-1)
sdB = -2 - 2.05 * atan(f{im+1} 4000} - 0.75 ® atan{(fim+1} / 1600}*2);
sim+1) = 10%5dB ¢ 10);

end

fumction Et = PQ_enThresh ()

M = tength {f):

for {m = 0:MN-1}
EtdB = 3.864 ® (fim+1)/ 1000"-0.8);
Etjm+1) = 10%EWB | 10):

end

furiction [M. ERavg, Fmam] = POmodPatl (Es. Fmem)}

parsistard Me a b Fas

if [isamply (M)}

F5 = 48004,

MF = 2048:;

Fas = Fs/ (NF/2};

[Me, fc] = PQCE ['Basic);

E100 = 0.050;

t0 = 0.00E;

[a, b] = POiConst (£100, 10, fo. Fss);
end

M = zeras (2, Nc).
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a=0.73;
farii=1:2)
far im = IiMNe-1)
Es = Esii,m+1e;
Fmem.DE(i,m+1) = aim+1} * Fmem.DE(l,m+1} ...
+B{m+1) * Fss ® abs (Ee - Fmem. Esefi,m+1})

Fmem.Eawgli.m+1] = aim+1} * Frmem.Eavg(i.m+1) + bim+1} * Ea:
Fmem.Esalim+1} = Ea:

Mk me+1) = Frnem DE(Le+ 130 (1 + Frmam Eavgli,m+1)10.3);
and
and

ERavg = Frnem.Eavg(1.:);

5.2 NUcTHHr NporpamMmmel pacyeTta MeTpHuk PEAG Ha Rawiee C
Damn: cammon.h

#dafine DEBUG
Hdafine HAMNMN 2048
#dafine BARK 109

#dafine DOUEBLE

#if defined({DOUEBLE)

#dafine modulaix) fabsi{doubla} <}

#define plx.y] powl{davhla s, [doubiely)
#edif defined{LDNDOUBLE)

#define modulaix) fabsl[long double) <}

#define plx.y) powl{(long double)s, (long doublajy)
#endif

ll'l-.h.l'n.lll!'-l-'ul-nlllllllﬁ.l-'-d\."ir dE1.pr|:|h J-J'-JJII-I-'-.IHI\.I-hllll-'nl-!'lllllll

#dafing CF 1.0

ll'l-.h.l'n.lll!'-l-'ul-nlllllllﬁ.l-'-d\."ill'- End FEEEARSEEEN RN R AANR AR

ARSI R AR AT T AnRARS pol e o SRR sRerraaaR T Taay)
#daling AVGHANM

#dafine SKIPFRAME

#daling GETMAX

#dafine Fup 18000.0
#dafine Flow 80.0
#dafine PATCH 1

Il'h.lnl-n.l!l!lillli-':illll\lilm!!il!rlﬂm Erld lm.ﬂ\.illlllilhrrillllll-'miillillllu

FEARNATITESANARFFTTAASAREFETESY HTENARFIETFARAAFFFEERENAARY
! paagb !

#dafine LOGVARIABLE

#ifdal LOGVARIABLE
#dafine LOGALLFRAMES
#Hendif

ANEAFFYINANAAFFTTAASAARFER AN AARPFFTTAARAAREFETASARRFFES
Iy and !

struct processing {
double Hraf[HAKNMZ):
double filestHANMZ];
double Maref[HANMN/Z];
double Hetast[HAMMNZ]:
doubde fnoise[HAMNZ]:
double pplestBARK]:
doubde ppraf[BARK];
doubde ponoisa[BARK];
double E2test{BARK];
double E2raf[BARK];
double Etast[BARK];
double Ersf|BARK];

50
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double MrefBARK];
double Modtest[BARK]:
double Modref[BARK];

MPaan: peagb.h
sdefine LOGRESULT "analized”
#ifdef DEBLG

#defing LOGFILE "debugged.ixt”
tandif

#define OFPT_REF  Ox01
#define OPT_TEST 002

sdefine THRESHOLDDELAY 0.050
#define AVERAGINGDEALAY 0.5

#defing B{f) T * asinh{|[doubla}d /G50)
sdefine Bliz) 650 ° sinhi{double)z /T)

"* Funchion prototypas *f

void falalern{char *,... )

woid usage{char *):

void logvariable{const char *, doubla * int);

void ProcessFramsasigned int °, signed int *_ ind. signed int *
signed int *, int, int, int, Nt

* Pratofypes end */

Mann: peagb.c

thinclude <sbdio b=
#include =sidlib_h=
sinclude =string.h=
#include =stdarg. h>
sinclude =gatopl.h=
#include =assart.h=
sinclude <math. b=
#include <M h=

sinclude <common b=
#include =wavadump b=
sinclude =gatframe.h=
#include <bandwidth b=
sinclude <levpatadapt.h=
#include =moddiff. b=
sinclude =modulation. b=
#include <loudness. h>
#include <nauralh=
#include =nmr.h>
sinclude =datprob. b=
#include =energylh.h>
#include <harmsbuci h=
#include =boundaryh=
sinclude =crifbardgroup h>=
#include =earmodeifft.h=
d#include <naiseloudness h=
#include <reldistiramas. h=
sinclude <spreading b=
#include =timsespraading.h>
s#inciude <thrashobd b=
#include =paaqgb. h=

exlem int ermao;
char “filerel, “filetast:

a1
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double hanmwindow[HANMN];

double Etesttmpech1[BARK], EtesttmpohZ|BARK], Erefirmpoh1[BARK].
Erefirmpch2[BARK], CHittmpchi[HANNZ), CttmpchZ]HAMNNZ];

int delaybime, delaytimez:

int count = O;

int harmsamales = 1;

fibw_plan plan, plarns:

i Bark Tabbas *f
double *iL, “fC, *U;
mnf bark;

struct levpatadaphin lewvinch, lavinchz;

struct medulationin modintestch1, modintestchZ, modineeich1, modinrefchz;
slruct moeddiffin moddiffinch 1, modditiinch2,

struct bandwidthoul bandwidibch1, bandwidthch;

slruct aulirameas processed:

int
main{int arge, char “argv(]}

{

sigmed int chirafHANN];
sigred ind ch2raffHANM];
signed int ch1test[HANNE
sigred int chatesi[HANM];

int cpt_lina = 0

int rataraf, numchrai, bitsamplaref, lpraf.

int ratatest, numchbesi. bitsampdetest, [ptast:
int boundfag, otalframes = 0;

FILE *fpred, “fptest;

sfruct boundaryfiag bourdbe = {0, 0
struct out oveRetl;

* Parsa command lina *f
if farge = 3)
usagelargvi]);

{

intc=0;

while {{c = gelopiiarge, argy. "r:th™)) = EOF)
switch (o) {

case 'l
usageiargy[0];
break:

case T
opl_lina |= OPT_REF;
fileref = oplarg;

break:

case 't
opi_line |= OPT_TEST,
filetast = aplang:
break:

;

£ Input condral *f
il {{opt_line & OPT_REF) || "filerat)
fatalerr {"err. -ri—reference <arg= réquired™};

if (opt_line & OPT_TEST) || ietest)
fatalerr (" -U--test <ang® raguired”);
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|prel = LavelPressanifileref);
|ptest = LevalPression{ilatest);

' Init routines */
! make Hann Window (2.1.3}
{
int k;
fork=0k=HAMNM k++]}
hanmeindowik] = 0.5 sgrt({double JB/3)°
{1 - cosi{doubia ) 2°M_PRHANN -11))
]
! make Bark tables {2.1.5)
{
irit k.
doubis zL, zU;
doubla *zl, "zc, "zu:
zL = Bi{Flow):
zU = Bi{Fup}.

bark = celi{zl) - zL) / dz);

fL = [double *imallocibark * sizeafidoubde)):

fC = {double " imallocibark * sizeofidouble):

flt = {double “imallocibark ® sizeofidouble )|

Zl = [doubla *Imallocibark * sizecidouble )l

o = {douhle "imallocibark * sizeofidouble )k

zu = (double *mallocibark ® sizeaf{doublal);

asserl{fL 1= MULL && fC = NULL && fiJ !'= NULL &8 =i 1= MULL

B& zo I= MULL && zu = MULL;

forik=0;k=bark;k++} {
zl[k] = zL + k°dz:
zufk] = zL + [k+1)'dz;
zo[k] = 0.5 * (2i[k] + zulk]):
]

zulbark-1] = zLl;
zo[bark -1] = 0.5 * {zl[bark-1] + zu[bark-1]};

for(k=0;k=bark;k++} {
fL[k] = Bl{zI[k]):
fLi[k] = Bl{zulk]):
FC[k] = Blizclk]):
]

frea{zl).
freaizu);
free{zc);

]

i Imitisdize femp var
mamsati&levinchl, 00k, sizeol{siruct levpatadaplin)):
mamsat{&levinch?, 0xll, sizeofistruct levpaladaplinj:

mamset(&moedintesichl. 0=00, sizecf{struct modulatianin ).

mamssti&Emedintesichz, 0x00, sizeofistruct modulationin}):
rmamsati&modinrefch, 000, sizeof{stnest modulationing j;
mamsstiEmedinrefchZ, D00, sizaof|strecl modulationin );

mamselElestimpcht, 000, BARK * sizeofideuble)];
mamsst{Etesttmpchz, 000, BARK * sizeciidouble));
mamsstErefimpehi, 0x00, BARK * sizaof(daubla));
mamsstiErefimpchz, 0x00, BARK ° sizacf{doubla});
mamsst(Ciimpchd, 0x00, (HAMNZ) * sizeof{doubla));
memsatiCHtmpeh2, 0x00, (HANKZ2) * sizeofidoubla));

53

Pa3zpaboTka anekTpoHHON Bepcun - nopTan GostExpert.ru 57 /95
CTpaHuua nokymeHTa - https://GostExpert.ru/gost/gost-56047-2014



https://gostexpert.ru?utm_source=pdf&utm_medium=70679
https://gostexpert.ru/gost/gost-56047-2014?utm_source=pdf&utm_medium=70679&utm_term=page

rocT P 56047—2014

memsei{&moddiffinch , 0x00, sizeol{struct moddifingy;
memsei{&rmoddiffinch2, 0=00. sizeof{struct maddiffin});

memseil&bandwidthch 1, 0«00, sizedaf(struct bandwidihout));
memset{&bandwidthch2, Ox0D. sizeaf{struct bandwidifiout));

it ref fila

if {{fpref = fopandfileref,"r")] == NULL}
fatalam{"arr: s, strarmanfarmno});

if {[rateral = SampleRate{fpref]} ==-1)
fatalerr"arr: ermor in WaveHeadar”}.

if {(rumchret = MurmQiChan(fpref)) == -1)
fatalerr"arr: error in WaveHesadar™},

if {[bitsarmplanaf = BitForSample{fpraf)} == -1)
fatalern"arr: error in WaveHeadar™});

if{FindData{fpraf) == -1)
fatalern"arr: can't find Data Fiald");

! test file

if {[fpiest = fopenifilates], ™)) == NLULL)
falalerm"arr: %s", strerronjarmnal);

if {[ratefest = SampleRataifplest)} == -1)
fatalerm"arr: ermor in WaveHesadar"}|;

il {[numchtest = NumCHChan(iptasi)) == -1)
fatalern"arr: ermor in WaveHsadar™});

il {(bitsarmplatest = BitForSamplaiiptest)} == -1}
fatalerr"arr: error in WaveHeadar™};

if[FindData(fpiestl) == -1)
fatalerr"arr: can't find Data Field™):

forntistdout,"m PEAQS Algorithm. Auther Giuseppe Gottard) ‘oveRel™
" =gottardif@aiinuw.org=in");

formtf{stdout,"nRef File "s"
" - Sample Rala: %d”
“im - Mumber Of Channal: %d"
“in - Bits for Sampla: %d”
"in - Laved Playback: %edinin®, fileref, raterafl.
numchraf, bilsamplered, Ipref);

formtf{stdout, “\nTest File %s”
“in - Sample Rata: %d"
“in - Murmber Of Channal: 4"
“in - Bils far Sampla: %d”
"in - Lavel Playback: %din'n®, filetast, ratetast,
numehisst, bitsarmpletast, iptest);

it Procassing
if{ratefest = rateref)

falalerm"arr: Can't process Wawve Files with different Sample Rate™);
iframehref 1= numckhilast)

fadalerr"arr: Can't process Mono Wave with Stereo Wave™);

ft Fird delaytima? for Loudnass Threshold

delaytime = cailfi {float) THRESHOLDOELAY “raletest* 2iHANMMN;
{f Fimd delaytimez for Dedayed Averaging

delayiime = cailfi{foat)AVERAGINGDEALAY ratetest "2/HANMN );

{f maka fft plan
plan = fitw_create planfHAMN, FFTW_FORWARD, FFTW_MEASURE},

while{harmsamples < (Fupiratetest) (HANMZ 0)2.0)
harmsamplas "= 2;
plan2 = fitw_creats_planiharmsampbas, FFTW_FORWARD, FFTW_MEASUREY;
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ifinumchrel == 1} {
if [feeak(fpref, (HAMMNZ"bitsamplereff8, SEEK_CUR) ==-1]
fatalerr"err: Mes", strarrmoremrno));
if [feeak(fptest, | HANNZ P bitsamplatesl'8, SEEK_CUR} ==-1)
fatalerrerr: Ms", strarroremno));

midet DATABCUMND _BE
sundef DATABOUMD OME

{

inti=0, Aag=0_11, iz

long dalaref, dalatest, bri, brz;

dalaraf = ftelljipraf);
dalates! = Rell{fptest);

while{1) {
br1 = fell{fpref):
br2 = Helliiptest);
i1 = GatMonoFrame{fpral. {signed int * jchinef,
batsarmplarstid, HANM):
f2 = GatMonoF rame{fplest, (signed int *jchiest,
hitsampletests, HAMNN):
ifff1 && 12) 4
lofaiframes++:
iffboundary{ch Tref, chiliest, NULL, NULL, HAMNN) &5 Hag) {
boundbe. begin = olalframes;
flag = 1;
h

1

aiza {
fseekifplest, br1, SEEK_SET)
tseak{fpraf, br2, SEEK_SET});
break;
:
!

fzaekifpiest, -{HAMNEZ " bilsampletesl/, SEEK,_CUR);

feaekifpraf, -[HANNZ "bitsamplersiE,. SEEK_CUR):
while{i<tolalframes) {
GeiMonaFrameifpref, (signad mt *jchiref, bitsampleraf/s. HAKN];
GaitMonoFrameliplest, (signed ind *jchltesl, bitsamplatest'B, HAKMN
[seakifptast, -2 (HANMNZ " bitsamplatest8, SEEK_CUR);
feeekifpral, -2 (HANM/2) bilsamplerel'd, SEEK_CURY),
i+
ifiboundaryichiref, chitest, NULL. NULL. HAMN) {
boundbe.and = lotalirames-i;
break;
i
¢

fseekifplesl, datatest, SEEK_SET).
feaekifpref. dalaref, SEEK_SET}

!
#endif

while | GatMonoFramelfpred. (signed int * jchinef,
hitsampleraf/8, HANMN}

&& GeiMonoFrama(iptest, (signed int *jeh1test,
bitsamplatestd, HAMNI) {

cournt++;

wifdef DATABOUMND BE

if{count == boundbe begin && counl == boundbe.end)
boundflag = 1,

]
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alse
boundiag = O;
Helse
boundilag = boundary{chiref, chitest, NULL, NULL, HAMMNY);
wifdef DATABCOUND CONE

i
sfabic int flagl = 0, flag2 = 0,
ifbowndflag && Hiagl)
flagi = 1;
ifilboundilag && flagl)
flag2 = 1;
ififlag2)
boundflag = 0:
}
#endif
Hendif

Processkrameal (signed mt ® jch1naf,
{signed int *}NULL, Ipref,
(signed int *jchilast
{signed int *IMUILL,
iplesl, raterafl, boundilag, HANMY;

owveHet = neural{processad);

fprintistdout. "inframsa: %d”
#ifdef DATABOUND _BE
e

"indata boundary: %d -> Hd”
Handif

"nBandwidthRedf: Hg®
"nBandwidih Tesit: %hg”
"inTolalNMRE %ig”
"nWinblodDiff b Shg”
"naDBh: Hg”

"nEHSb: %g"
“nfwghlodDiff b Yag”
"infvghMadDiff2b Sg”
"nRmehoisaloudb: %hg”
"infdFP DB Seg”
"nRelDistFramasky; hg®
Aol %eg”

"nODG: Shagin®,

court,

tifdef DATABOUNMD_BE
totalframes, boundbs bagin, bowndba.and,
#andif

procassed. BandwidihRedt,

procassed BandwidihTestb, procassed TotalMMRL,

procassed WinkbodDiffb, processed ADBD,
procassed EHSh, processed. AvghModDifith.
procassad_ AvghlodCiff2b,
procassed Rmehosaloudb, processad MFPDB,
procassed RelDistFramash,
cweRHat.Dl, oveRat. ODGE);

b

{
FILE “res:

ras = fopan{LOGRESULT,"a+"})

fprinth{res, nFde: Meein”
"inframe: $hd”
"inBandwidthReft: %g”
"inBandwidihTesib; Shg”
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“inTotalNMBDb %g"

“inmWinhoed i1 b: %g”

“nADBD: ag®

“nEHEL: %g”

“indwgModDiffib: Sg”

“indvghMeodDiff2b %g”

“nRmsMoiseLoodb: hg®

“nMFFDB: %g”

“inRallistFramesb: %g"

“nli: g

“n0DGE: %gin®,

fletest, count, procassed. BandwidthRedt,
processed. BandwidthTesth, processed. TotalNMRD.
processad. WinModif1b, processed ADBD,
processed. EHED, procassed. AvghlodDiff 1k,
processad. AvgModDiffZh,

processad. EmsMaiseloudb, procassed MFPDG,
processad. HelDistFramesh,
gveRet.Dl, ovweRet O0DG);

fclose(ras);
!
}
iffnumchral == 2} 4
if (fseekifpral, HANN bitsamplerefd, SEEK_CUR)==-1)
fatalern"err. %es”, strarror(ermo));
if (Fseekifpbest, HAMMN bitsamplatest8, SEEK_CUR) ==-1)
fatalarn"ar: "es", strarmor{errno)];

#ifde! DATABOUND_BE
#undef DATABOUND _OMNE

{

inti=0, lag=0_11, {Z

long dataref, datatest, bri, brz2;

dalaref = ftell(fpraf);
datalest = Rell{fptest);

while{1) {
br1 = Hell{fpref);
br2 = fiall{fptesi);
i1 = GetStersaFramalipref, (signed int *jchiraf.
(signad int "jchral, bitsamplerai’8, HAMMN);
{2 = GatStereaFramaiiptast, [signed inl * khi bast,
{signed int "jch2tast. bitsampletesld, HANM):
ifif1 && 12) §
loiatframeas++;
iffboundaryich1ref, chillesl, chiZral, chZlest, HANMN) &8& flag) {
boundbe begin = iolalframes;
flag =1
i
H
glze
fsaakiiptest, br1, SEEK_SET)
fseak{fpraf, br2, SEEK_SET});
braak,;
i
¢
fzeekifpiest, -HANN bilsampletest’d, SEEK_CUR};
fzaekifpraf, -HAMNM bilsamplersf&. SEEK_CUR);
while{i=tofalframes) {
GatStereoFramelfpraf, {signed int *jchinel,
(=igned inl *jch2rel. bitssampleref’8, HAMMN};

57
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GetSteraoFrame| iplest, (signed it *pchltest,

{signed int " jch2tast, bitsamplatestd, HANN]:
fseakifptes], -2°HANN bilsampleleslid, SEEK_CURY;
fzeekfprel, -2"HAMNM DitsamplarelfB. SEEK_CUR);

(L
ifiboundanychiref, chitest, chZret, ch2test, HAMM}{
boundba_end = lotalfrarmes-i+1:

break:

}
fseak(iptast. datatest, SEEK_SET):

fseakiipref, dataref, SEER_SET);

H

Hendif

whita |GetsteracFrame{fpraf. (signed inl "jchirel,

{signed int "jchiref, bitsamplereiE, HANR)
A& GetSiersaFrameliptest, (signed inl "jchltest,
{signed int *jchZtast, bitsamplatest'd, HANMNM)) {

count++,

#ifdal DATABOUMNMD_BE

ificount >= boundbe begin && count <= boundbs end)
boundflag = 1;

elsa
bowndflag = 0

Helsp

boundilag = boundaryichiral, chitest, ch2ref, ch2test, HAMM Y

#ifdaf DATABOUND_ONE

{
slabic int flag1 = 0, flag2 = 0;

iffboundflag && Wagl)
flagl = 1;
if{lboundflag && flagl )
flag2 = 1,
if{flag)
boundflag = 0:
}
rendif
#endif

ProcessFramed (signed nt " jchTnaf,
[signed int *jch2ref, lpref,
isigred int *jchltest,
|signed int "jchZlast,
Iplesl, rateral. boundflag, HAMMN);

oveHel = neural{processad):

fprinth stdout, "nframs: %ed”
#ifdel DATABOUND_BE
"
"indafla boundary: %d -= %d”
Handif
"nBardwidthReft: Hg®
"nBandwidthTesibk: %hg®

"inTolalNMREE %ug”
"nWinbdodDiff1b: %g”
"nADBh: g
58
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“nEHSE: Yog”
“rnAvghModDif1b: %g”
“inAvghodOiff2h %q"
“nEmshoiseloudb: Yeg®
“nMFPDOb: "
“nRetlistFramesb: %g"
“nbl: Yeg®

"G g,

couni.

#ifdef DATABCUND _BE
totalirames. boundbe begin, boundbe.end,
sendif

processed. BandwidthRafb,

processed. Bandwidth Testh, processed TolaiMMRD.

processed. WinModDifitb, processed ADBD,
processed. EHSE, processed. AvghlodDiffib,
processed. AvghodDiffZh,

processed. RmsMoiseloudb, procassed MFPDD,
processed. RelDistFramesb,

oveRet.Dl, oveRel.ODG);

;

i
FILE “ras;

res = fopen(LOGRESULT."a+");
farintfiras_ "inFile: Shsin’
“inframe: %ed”
“inBandwidthRafb: %g”
“inBandwidthTesth: %q"
“inTotalNMRD %eq”
“inWinModDifif1h: %g"
“nADED: Tg”
“inEHSb: %hg”
“inAvghodDiff b: Hg”
“indAvghedDifi2h %eg”
“inREmsMoiseloudb: thg®
“infMFPDb: %%g"
“nRelDistFramesb: %g”
“nll: g
“nODG: YeginT,
filetesl, count, procassed. BandwidihRedt,
processed. BandwidthTesth, processed. TotaiMMRD.
processed. WinModDifith, processed ADBD,
processad EHEL, processed. AvghodDiff 1k,
processad. AvgModDiffZh,
processad. EmsMoissloudb, proecessed. MFPDD,
processad, RelDistFramesb,
oveRet Dl oveRel. ODGE
lciosa(ras);

)

rocT P 56047—2014

fiwe desiroy_plan{plan);
folesa{ipref):
folose(iptast);
raturn
}
void
ProcassFramalsigned int “chiref, signed mt *ch2ref, int lpraf,
signed int *chifest, signed int "chZiest, nt Iptest,
int rate, il boundflag. int harn)
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int k;

staticintch =1,

double Motaltesl, Milolalref:

slruct levpatadapdoul lav;

struct moddiffout mad;

siruct processing procasschl. processchz,

aarmodalfftichiref, lpref, hann, processchl feret,
procasschl. firef):

aarmodaliftichitest. iptesl, hann, processch 1. fMetest,

procasschl fitest):

critbardgroup(procassch Meref, rata, hann. processchi.ppraf);
AddiniMoise{processch . ppref);

crifbardgroup(processch Metast, rate, hann, procasschl_pptest);
AddintMaise processchl_pplast);

for{k=0:k<hanmi2;k++]
processchl.fnoisalk] = module{processchl . eref[k])
- modulai{processchl flatestfk])

critbardgroup(procassch fnoise, rate, hann, processch . ppnaise);

spreading|processch . pplest. processch1.E2test):
spreadingprocesschl.ppref, procasschl1.E2raf},
timespreading{processch i EZ2lest. Etestimpehl. rate. processchl Etest);
tmespreading{processch . E2raf, Ereftmpchi, rate, processchi. Eraf),

ihresholdiprocasschl Erel, processch1 Mraf):

modulation processch 1 E2test rale, &modintestchl, proecasschl Modbest);
modulaiion]processch1.E2ref, rate, &medinrefchl, processchi Modref),
St Drata baundary
if{ bownciflag) |
siatic int couniboundary = 1;
stalic double RellsEtFramesh = O, nmrmp = 40;

bandwidlhiprocasschl fittest, processchl firef, hann,
Ebandwidthchi )

processed. BandwidihReft = bandwidthch1. BandwidthReft,
processed . BandwidihTesih = bandwidihch 1. Bandwidth Testh;

processed. TotalNMREE = nminjprocesschi.ppnoise, procasschl . Mral,
Fnmrimp, countboundany);
processed RellistFrarmasb = raldistframes{processchi.ppnoise,
procasschl Mrafl,

&RedDistFramest,
couriboundary};
courtboundary++:

{t Data boundary + Energy threshoid
ifianargyitfch ttest. chiref, hann) |
static inf countenargy = 1,
siatic double EHStmp = O

processed. EHSD = harmstructiprocessch 1 fflbest,
procasschil ftraf,
EEHSImp, rata, CHitmpehi,
harmsampias, &counienargy),
countenergy++:
b
h
I Delayad Averaging
ffecount = delaylimez) |
sialic double nltmp = O;
siatic int naise = 0, internal_count = 0, loedecownter = O;

B0
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med = meddifiprocesschi Modbest, processch 1. Modref,
[daubla *J&(modinrefech 1. Etidetmp));
processad, WinModDiF1b = MedDifft{mod, &moddifinch,
count - delaylime},
processad, AvghModThfi1h = ModDiff2{mod. Smoddiffinchd )
procassed. Avghlod DhffZb = ModDiffa{med. Smoddiffincht ),

Mtotaltest = loudness|pracessch 1. Elast);
Miotalref = loudnass{procasschl Enaf);

if{Mictaltest = 0.1 || Miotalref = 0.1 {
noises = 1;
il definedi LOUDMODO2)
intarmal_count = O
wandif

!

I Delayed Avaraging + loudness thrasholkd

ifinoisa && intamal_count <= delaytime1) {
M skip 0.05 se (about 3 frameas)
intemal_count++;

loudcountear++;
|

elsa |
lev = levpatadaptiproecasschil.Ebast, processchl Eref, rate,
Elewinchl, hann);

processad. RmaMNaiseloudb = noiseloudnessiprocesschi Modlast,

pracessch1.Meodraf,
ey, &nitmp,

count - delaytimaz
- lpudcounter};

rocT P 56047—2014

f'[

exbarm double CHE;
exbarm int maxk;
FILE *fp;

logvanable{"CHtsa txt”, Cift, 128]
fp = fopen("CHisxmaxpos._tet®, "a+"};
Fpeinddi fp,™Yadin®, maxk};
folose(ip);
1
ifi "chraf && “ch2tesi) |
ch=2;

parmadelfit{ch2ref, lpraf, hann, precasscha ftare,
processchd fitrel);

parmadealfit{ch2tes!, Iptesl, hann, procasschl fetast,
processchz. fithast);

crifbandgroupiprocessch2 fileref, rate, hann, processch. ppref);
AddintMoiselprocassch poraf):

critbandgroupiprocassch fietest. mte, hann, procassch2. pptest);
AddintMoiseprocasscha. pptast);
for{k=0;k=hann/2;k++)
processchz fnoiselk] = module{processch2 faraflk])
- moduded processchz. fitetestk] )

crilbandgroupiprocesschl fnoise, rate, hann, procassch2_ppnaisa);

spreadinglprocassch?. pptest, processchz. EZ2bast);
spreadinglprocasschi ppref, processchl E2ref)];
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fimaspreadingprocessch2 . E23test, Elesttmpch, rate,
processcha. Elest);

fimaspreading(processch2 EZref, Ereftmpch, rale,
pracesschz. Erafl,

threshold| processch2. Eral. praocesschZ Mret),;

rmadulaticn{processch? EZast, rate, S&modintestch,
processch2 Madlast);

rmadulaticn{processch? EZref, rata, Smodinrefchz,
processch2 AMadref);

/! Data boundary
if{boundflag) {
siabic mt eountboundary = 1:
sfalic double RelDistFramesh = 0. nmrkmp =

bandwidthiprocessch ffitesl, procasschl Miref, hann,
Ebandwidthch):

processad. BandwidthRefb += bandwidihchZ BandwidibReib;

procassed. Bandwidlh Testh += bandwidthch2. Bandwidth Testh;

processad. BandwidthRelo /= 2.0,

procassed. Bandwidlh Testh /= 2.0

procassed, TotalMMBED += nmn{processchZ. ppnoise,
processch2 Mral, &nmrimgp.

ceuntboundary);
procassed. RellistFramesh += raldistframes{processch, ppnoise,
processch2_Mraf,
EHReiDisiFrameast,
couniboundary},
procassed, TotalMMBR /= 2.0;
processed. RallistFramesh /= 2.0;
countboundany£+;

{t Data boundary + Energy thresholdd
iftenergyvihich2tast, ch2ref, hann)) {
static int countenergy = 1;
stafic double EHStmp =0;

procassed EHSh += harmstruct processch2 fittes!,

procassch? ffired
SEHStmp, rata. CHtmpchz,

harmsamples, Gcountensrgy);

precassed EHSh /= 2.0;

countanargy++,;

h
'

{ Detayed Averaging
ficount = dedaytime2} |
siatic double nltmp = 0;
siatic inf naise = 0, mternal_couwnt = 0. loudcounier = O,

mad = moddiff{procassch Modiest, processch2 Modref,
{double )& mednrefchZ. Efkdetmp));
procassed. WinhModDiff1b += ModDiff1{mad, &moddiffinchz,
courit - delaytimad);

processed.AvghlodDiff1b += ModDiff2(mad, &moddiffinch2);
processed.AvghlodDiff2b += MaodDif3(maod, Smoddiffinch2),
processed. WinhModDiff 1k /= 2.0:

processed.AvghlodDiff1b /= 2.0

processed. AvghodDiff2b = 2.0;

Mintattest = loudnassiprocassch2 Etest);
Niotalre! = loudness{processch2 Eref);

B2
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if{Miotaliest = 0.1 || Miotainef = 0.1) {
noise = 1;
#if dafined(LOUDMODOZ)
internal_count = J;
#Hendif
}
A Dalayed Averaging + lowdness threshold
ifimoise && internal_count <= dalaytima1) |
fl skip 0.05 sec (about 3 framas)
internal_cound++;

loudcounter++;
:
else
leny = lavpatadaptiprocesschi Elest, processchZ Ersf, rale,
ElewinchZ, hann),
processad Amshoiseloudb += noiseloudness|{processch2. Modiest,
processch2 Madref,
[y, &nlimp
count - delaylimez
- laudcounter);
processad. RmshMoiseloudb /= 2.0;
i

}
{

static int ndistorcadimp = 0;
static doubde Plildatmp = 0, PMimp = 0, Qsum = 0;

if{ch == 2)
processad. ADEBL = detprobiprocesschl. Etest, processch2. Elestl,

processchi.Eraf, processchz. Eref.
& Ptildetmp, &PRMimp, &CQs50m.
Sndistorcadimp, hanny;

else

processed ADEBD = detprobiprocesschi Etest, MULL,

processch1.Evef, MULL,
ERtildetmp, &PMimp. &0sum.
&ndistorcadtmp, hann;

procassed MFPDD = PMimp:

]

|I-I

#ifdef LOGWARIABLE

lagvariablel fatestsx tad”, processchi.fteles, hann2);

logvariable{ farefscixt”, procasschl fileret, hann'2):

lagvariable] fHestsx ixt", procasschl Hitest, hann/2);

logvariable{ frafsx tel”. processchi.fftref, hann!Z);

legvariable{ Etestsx txl”, processchi Elest, bark);

logvanable{ Erefsx.xi”, procasschl . Eref, bark);

logvariable{ EZtestsxixt”, procasschl E2test, bark),

logvanable " EZrefsx txl”. processchi EZ2ref, bark);

logvarable{ pplestsx txt™, processchl.pptest, bark),

logvanable{ pprafsx_ txl”. processchi ppred, bark);

logvanable| ppnoisesstxt”, processchi_ppnaise, bark):

logvariable{ Mrefsx tal”, processchi Mref, bark):

logvanable{Modiestsx x1", procassch1 Maodtast, bark);

logvariable Modrefsx. (=", processchl _Modrai. bark);

logvariable flatestdx 11", procassch2 filetast hann'2);
logvanable{ferefdstxl", processch2. faref, hanr'd);
logvariable fttestdx bt” processch2 ftlast, hann/2),
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logvanable"Hirefds txt®. processch2. #tref, hann'Z);
logeatiable"Etestds txl”. processch2. Etest, bark);
logvariabla"Erefde. =8", procasschd Eref, bark);
logeatiable"E2testda =", procasschi E2est, bark);
logvarniable"E2refdx.txl”, processch2 EZref, bark);

lngvariable"pptesida xl”, procassch pplest, bark);
logwariable"pprefds.txt®, processch2 ppref, bark);
logvariable"pproisedixt®, processchZ ppnaise, bark):
logvariable"Mrafdx ixt", processch2 Mrat, bark):
logvarisble"Modiestd 1", processchZ Modtast, bark);
logeanable"Modrafdax ™, procassch Modref, bark);
#endif
.
i
axtern doubla CIR{];
axiern nt maxk;
FILE *fp;
lngvariahle"CHidx. ", Cfit, 128);
fo = fopen("Clildxmaxpos.txl”. "a+"};
Tormth{fp, " din™. maxk)
fehoselfph;
)
resharm;

h

wiald

fatalerrichar * pattern....} * Error handling roubine */

{

wa_list ap;
va_slariiap, pattern);
formtf{stder."PEALD-"},

viprintf{stder patbarm, ap);
formtf{stderr.” {exil forced).\n");

va_and{ap);

axil{-1};
i

#Hifdaf DEBUG
wiaid
debugichar * pattern,...] /* Dabug handling routine */

i
FILE *log;
wva_list ap,

va_start{ap, pattern};

log = fopan{LOGFILE "a+");
viprintf{log.pattern,ap}
va_and{ap],

fehase(logh;

redurn;
H
#endif

#ilda! LOGVARIABLE
winid

logwariable(caonst char “filename, double *var, inl len)

{
B4
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FILE "fp;
irit &,

Hifdef LOGALL FRAMES
fp = fapenifilenamsa.a+");
Malss

fp = fapen| filanarmns, ")
sandil

for{k=0k=lamn;k++}
fprintf(fp,"egin™ vark] )

felosedipy,

raturn;

}
#andif

wioid
usage(char * name) /* Print usage */
i
fprintfisiderr, "PEAL Algorithm, Giusepps Gottardi 'oveRat™
“goitardimailinux.org=inny;

fprintfistderr, "usage: %hs =option=n", name);
fprintiistderr, " -r reflila):lp] (p default = 920"

- testfilel:lp] (lp defaull = 220"
-t print this halgin®);

et {10);

Paan: bandwidth.h

#define ZERQTHRESHOLD 821
sdefine BwhiAX 346

struct bandwidthout |
doubls sumBandwidihRaeib;
int countref;
double sumBandwidihTasth;
int counttest;
doubla BandwidihReib;
double BandwidihTasib,

i3
* Funchion protofypeas *f

int bandwidih{double *. double * ind, strect bandwidiboul *);
* Prototypes end */

Pann; bandwidth.c

sinclude <skdlib b=

#inchude =math_h=

sinclude <common.h=

#ginclude =bandwidth b=

irt

bandwidih{double “fttast, double *Hirafl. int hann,

struct bandwidthout “out)

5
int k, BwRel =0, BwTazl = 0
double Flevlast, Flevret.
doubla ZeroThrashald:

ZeroThreshold = 20.0 * log10{{double)ftesZEROTHRESHOLD]);

for(k=ZEROTHRESHOLD k<hann/Z;k++} |
Fleviast = 20.0 * log 10{{doubleffttest[k]);

i8]
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fiFlevtesl = ZeroThrashold}
ZaroThreshold = Flevlast,

;

fork=ZEROTHRESHOLD-1;k==0k--) {
Flavral = 20.0 ® log10{{double Mitrefk] |

ifiFlesraf == 10.0+ZeraThreshold) |
BwRaf =k +1;
break;
i
h
forfk=BwRaf-1 k>=0k--){
Flravtest = 2000 ° tog 10({doubls testik] )

ifiFlevtast »>= 5.0+ZeraThreshold) {
BwTest=k + 1:
bireak;

h

if BwRef = BawhMaX){
oui-=sumBandwidihRefh += (double | BwRef;
oui-=oountref++:

i

if{BwTest = Bwhioo) {
ouf-=sumBandwidihi Testb += (doubde )BwTast:
ouf-=countbast++;

'

if{out-=ocountref == 0}
oul-=BandwidthRefh = O
alsa
ouf-=BandwidthRefh = out->sumBandwidthRalfbd double jout->countrai

if{out-=oounlbest == 04
out-=BandwidthTesth = O;
alse
ouf-BandwidthTesih = out-=sumBandwidth Testhy[doubla jout-=counttest:

redurn 0;

daim: boundary.h
#dafine BOUNDWIMN 5
#dafine BOUMNDLIMIT 200

struct boundandlag {
int bagin;
int end;
h
{* Funiction protobypes */
int boundary{signed int *, signed int °, signed int ®, signed int *, int);
I Profotypes and */

@ann: boundary.c

#include <sidlib h=>
#include <maih.h>
#include <commsaon. h>
#include <boundary b=

int
boundaryisignaed int "chiref, signad int "chitast signed int *chZraf,
signed indl *chZtest, int hann)

{
B
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int &, i, sumy;
intchii=0,chir=0, ch2t = 0, chir = 0;

forfk=0k=hann-BOUMDWIN+ 1 E++} |
if{teht) {
sum = ;
for{i=0i=BOUNDWIN, i++)
sum += absichlisstk-+])
if{sum = BOUNMDLIBIT)
chit=1,
i

ifffchir) {
sum = 0;
for(i=0;i=BOUNDWIN, i++)
sum += absichlraf[k+]);
if{5um = BOLUMOLIMIT)
chir=1:

;

ifich1t |l chiry ! || or &&
return 1;

]

ifjchZtest == MULL && chraf == MULL)
returm 0

fos(k=0k=bann-BOUMDWIN+1 k++} |
if{teh2t) {
sum = J;
for{i=0i=B0UNDWIN,i++)
sum += abs|ch2testik+i] )
if{5um = BOUMOLIDIT )
chZl=1;
!
if{feh2r) {
sum = J;
for{i=0;=BOUNDWIN;i++)
surm += abs{ch2railk+i]);
if{5um = BOUNDLIMIT)
chzr = 1;
'

iff{chit || ch28} || tchir || ch2r)) WV || or &&
return 1;

}

raturn O

}

mann: critbandgroup.h

* Funchion pratofypas *f

it critbandgroupldouble °, inl, nt, doubde *
int AddintMoise{double *);

" Pratofypes end */

Mann: critbandgroup.c

#include <skdlib.h=
#inchude =math_h=
#include “<common.h=
sinclude =<crifbandgroup h>

extam double *iL, *FC, *fU;
axterm int bark;

BT
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int
crfitbandgroup]doubla “ite, int rate, inl hann, double “pa}
{

double fras;

nt i, k;

fres = [doublelrale/hann;

Torji=li<bark;i=+) {
pefi] = 0.
forlk=0k=hanm2;k++) |
if{[(deuble (k-0.5) fras) == fL[i]
& ((doublal k+0.5)" fras == fUi]))
peli] += p(fe(x]. 2.0}
el5s
if{{[doubla i k-0.5) fres] < L[]
&8 {(double](k+0 5 ras = FUJI] )
pefi] += plftelk], 2.0PUIE]-L[i]ifres;
elsg
if{{[doublaj k-0.5) " fres] < L[
&8 {(double)ik+0 5 "res = fL[il)}
pafi] += piiftelk], 2.03"double)i(k+0.5)
*fres-fL[] vires;
elsg
if{{[doubla} k-0.5 " res) < U]
& {(doubla)k+0.5)ras = FUJi]))
pefi] += pifte[k], 2.0p"U]i]-[double }k-0.5)
“fres)ifres,;

b
iflpell] < p{10.0, -12.09)
pel] = p(10.0. -12.0);
i

return O;
K
int
AddiriMaisedouble *pa)
i

ing k;
dauble Pthres;

forfk=0:k=bark_k++) {
Pthras = pi10.0. 040364 pFC[KE 10000, 081
pefk] += Pthras:

i

return O;

Dain: detprob.h

* Funclion profolbypes °F

double detprob{double *, doubls *, doubla *, double *. double ®,
double *, doubis *, int ®, int);

" Prvlobypes and °f

DPann: detprob.c

#include <sidlib.h=
#include <math. >
#include <cormman b=
#include <delprob. he

axtarn int bark;

&a
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daoubla

datprobidoubde "Etestcht, doubde *EtestchZ. double "Ersfchl,
double *ErafchZ. double *Plildatmp, double *PMEmp,
double "Osum. it "rdisiorcedimp, mt hann)

irit &,
double Etlderelch f, Etildereich, Efildetestch, Etildetestch;
doubla L, 5. &, b, 8, pcht, pch2, phan,
gohi, gohd, gbin, P, cl, o1, ADBL;
doubla prod = 1.0, 0= 0.0;

forfk=0k=barkk++} {
Etildetastch1 = 10.0%og 1 {douvble jEtesich[k]):
Etlderefch1 = 10.0%og 10 double |Erafchii [k]):

if([Etildarafch1 = Etildetestchi)
L = 0.3*Etilderafch1.

alsa
L = 0.3*Etildefestchi;

L += 0.7 Elildatestchi;

if[L = O}
5 = 5.85072 pi6.32460/L, 1.71332)+08.01033 ol 10,0, -11.0)
*piL, 4.0)+5.06622 100, 6.0} piL, 3.0)-0.00102438
"piL, 2.0+D.0550197*L-0.198T15;
glza
5 =p(10.0, 30.0);

e = Etilderefchi - Etildetestchi ;

ifiElilderafch® = Etildetesichl)
b =40

glsa
b=%.0;

a = [daoublajp( 100, log10({doubdle log 10{{ double 2.0 )b y's;
pehl = 1.0 - pi10.0, -pla‘s, b))
gehil = abs({inteis; H don’t touch thas

phirt = pch;

gbin = geh;

ifiEtestchz 1= NULL && Erefch2 1= NULL) {
Etidetesich2 = 10.0%leg 10{{doubla jEtestch2[k]);
EtilderafchZ = 10.0%0g10({double)Erefch2[k]);

if{ Etilderafch2 = Etildetestch2)
L = D 3"ElildensfchZ;

gisg
L = 0. 3"Elildetesichi;

L += 0.7*Elildatestchz;

if(L = 0%

s = 5.95072p(6.30468/L, 1.71332+9.01033 p(10.0; -11.0)
*oiL. 4.0)+5.06622°2{10.0. -6.0)"p(L, 3.0}
-0.00102438"pL, 2.0)+0.0650187"L-0. 1987 1%;

glisg
5= 1.0"p{10.0, 30,0}

g = Efildersfch? - Efildetestchz;

ifje = 0]
b=4.10;

gli=g
b=8a10;

a = (doublkaipl 10,0, leg10({double)log 10{(doubla )2 0))/bs;
B4
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poh2 = 1.0 - p(10.0, -pla‘e, bl);
gohi2 = abs{{intle)ls, ! don't towch this

ifipch2 = pch)
phin = poh2:

ifigch? = gchil)
ghin = guh2:

'
prod "= {1.0 - phin);
2 += ghin;

h

P =110 - prod;
if{P = 0.5) {
Qswm += 0
{“ndistorcadimp++;
h

if{"ndisiorcedimp == 0)
ADBb = 0
alsa
if[*Crsurm = 0)
ADEBE = log1 ¥ {deubde *Qsum  {*ndisiorcedimp)
alse
ADBB = -0.5;

ol = pi0.8, hann/{2.0* 1024 .00}
#if 'definad{C1)
ol = pi0.89, hann/(2.0°1024.00);
#Halse
c1=0C1;
#eandif
*Plildetmp = (1.0 - c)*P + {*Plildetmp)*c0:
if{*Flildetmp = {"PMtmp)*ct)
*PhMimp = *Phildatmp;
alse
*PMimp = {"PMimp} ct;

return ADBbD;

Dann: earmodelfift.h

#dafine NORM 11361.3010635735049
Hdafine FRELQADAP 234375 [ for 48 kHz

I Function protobyipes ®f
int earmadelfftisigned it *, int, int, doubde *, double *);
* Prolobypes and *f

Pain: earmodelfft.c
#include =sidlib b=
#inclede <math. b=
#include <fftw. b=
#inclede <commaon. b=
#include <earmodelfi.h=

axtern doubla hannwindow] 1;
axtern fiw_plan plan;

int
earmodelifl{signed int *ch, nt Ip, int hann, double e, double “absHi)
i

ind k.
dauble w. fac:

Ta
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ity _complex in[HANM], oullHAMMN]:
fac = p{10.0, |p20.0)MZRR;
forik=0k=hann;k++] |
injk].re = hannwindow[k] * [doubkajpchlk];
injk].irm =,
]
fiwe_cnepdan, in, out);
for{k=0k=hann/Z;k++) {
pul[k]l.re *= {double)(fachann);
out[k].im *= [doubls ) facihann};
absfi[k] = sgrij{double ) plout[k].ra, 2.0) + plouf[kl.im, 2.00%

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) -
0.001pik * FREQADAP/1000.0, 3.6}

Mtefk] = absfit[k]"p(10.0, w/20.0);
]

raturn O

}

rocT P 56047—2014

Mann: anergyth.h

#define ENERGYLIMIT 8000

* Funchion protofypes *f

irt enargythi=igred int *. signed int * inlj;
" Prototypes end */

tainn: energyth.c

dinclude <stdii b=

sinclude =math.h=

#include <common.hs

#include <energylh.h=

int

energythisignaed int “test, signed int “ref, int hann}
{

irit &,
double sum;
sum = 10;

forik=0k<hannf2;k++) {
surm += pitasthanr2 + k], 2.0):
if{sum = ENERGYLIMIT)
refturm 1;
]

surm = 0:

forik=0:k=kannfZ;k++) {

surm += pireffhann'2 + k], 2.0

if{sum = EMERGYLIMIT}
retum 1;

]

raturn O

maan: getframe.h
sdefine LF 92

* Funclion protofypas *f
signed int GetFramevalue(FILE *°, int):
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int GaihonoFrame(FILE *. signed int *, int, ind );

int GatsterepFrame{FILE ®, signed nt °, signed int ®, int , int);
int LevelPrassion{char *};

int Readint(FILE *, int};

wvaid fatalarrichar *,...};

* Prolobypes and *f

Sann: getframe.c

#include <sidio.h=
#include =siring. h>
#include <sidlib h>
#include <=getirame.h=

axtern int errno;

signead int

GetFramevalue{FILE *fp, int byles)
{

int intvalue;

if {byles == 0)
raturn O;
intvalua = Readint{fp. bytes):
switchibyles) |
case &
if {intwalus & Q00800000
intvahae [= OxfRO00000;
bireak;
case 2
if (infwalue & Qx00008000;
inbvahae [= OxERROO00;
break;
case 1
if (infwalue & Qx00000080)
irbvalue j= OxffAFO0;
break;
h
return {signed int) intvalus;
i
int
GetMonoFrame{FILE "fp. signed inl *vecl, int bytes. il hann)
i
inti=0:
if {fp == MULL})
raturn )
il (fzaek{fp, (-hann'2)bylas, SEEK_CUR) == -1}
fatalerm"arr: %", strerronjarrnal);
whiledfeofiip] && i < hann} §
vecl]l] = GatFrameyalueffp, byles);
i+
;
if{i = hann) {
bzero{wvact, hann’4};
fseak{ip, -i"byvies, SEEK_END):
rafurn O;

;

f* Mumber of samples wrota
returmi

T2
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irit

GetStereckrame{FILE “fp. sigrned inl "5« signed ind “dx, it bytes,

nt hanmn)

{

imti=0, k=0, count =0;

if (fp == WULL}
returm 1

if (fseakifp, -hann"byles, SEEK_CUR) =
fatalerr{"err: %us", strerror(emao));

1}
i
i
—

whillel faoffp) && cownt < hann®2) {
if(fh] §
zxli} = GetFrame\Value(ip, bylas);
k=1
i~
count++:
;
elsa |
dxfi] = GatFrameValua{fp, byles);
k=0
count++;

!
I++;
]
if [count < hann*2) 4
bzera(sx, hann®4);
bzeroldx, hann®4};
fsaek(fp, -countbytes, SEEK_EMNDY);
returm O

}

* Mumber of sampdas wrate */
raturn cournt ;

!
irit
LavelPressionichar *f}

1
irit I

while[*f 1= "" && 1)
f++;

i ==""11
Ip = atoilf + 1});
f =10
resturm Ip;

]

elsa

redurm LP;

}

rocT P 56047—2014

@ann: harmstruct.b
" Funchion protofypes *f

doubla hamsiructidoubds *, double ®, doubls ¥, inl, doubde ®, ind. int *);

void debugiehar .. )
" Protodypes end */

@ann: harmstruct.c

#nchude =stdisb. b=
#include <math.h=
#include <string. L=
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#include <fftw.h=
#include <cormman. b=
#include <harmstruct.h=

axtarn char *filetest
axtarn int count;
axtarn fw_plan plan2:

double C[HANMZ]:
nt mask;

double
harmstruct{doubla “fittest, double *firef, double *EHStmp, int rate,
double *CHittmp, int p, int *n}

{
int k, i
doutle FO[HARMZ], CIHANNIZ], hanmwin[HANMZ],
double nuem, denoma, denomb, Csum = 0;
Titw_cornplex in[HAMNIZ], out[HANMZ];
dauble max;
brem{ i, 8 " HANMZ);
for(k=0k=p*2-1k++} {
i{1ffraf[k] || "ttestk]} { W skip log{D)
#if definad(SKIPFRAME) && !defined | ZERD)
ni-;
refurn O;
#Heldif defmed{(ZERD)
i Hitred[k]) {
fitraflk] = ZERC,
#ifdef DEBUG
dabug"Warning [Hhs:"d] in Harmsbroecte: *
“fitref[%d] is =et around zera'n®,
filedest, count, k, ftrefk]);
dandif
'
ifiMfitlestk]) {
fitte=t{k] = ZERO:
ifdef DEBUG
dabug"Warning [%hs:"d] in Harmstroeclc: *
“itest¥d] = set around zeroin”,
filedest, count, K, Htiasik]):
dandif
i
FO[K] = log 10 piftretlk]. 2.00) - log 10{p{fttesi[k], 2.0}
Helse
ifi itred(k] && Mtbast]x] )
Fo[k] = O;
alsea |
#ifdef DEBLIG
dabugi"Error [%s5:%d] in Harmstrucl.o: ©
TTog ffiraf[%d] = % log{Hitesi[%d] = Hgin®,
fletest, cournt, K, ftreflk]. k, ftestk]),
wandif
FOlk] = 05
h
Hendif
'
elsa
FO[k] = log 10(pdftrefk]. 2.00) - log 10{p{fttesi(k], 2.0}
h
forfi=lii=pi++} {
mum =
T4
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denoma = ;
denarny = 0;
far(k=0:k<p;k++] {
num += FO{k] * FO[i+k];
danoma += plFOk]. 2.0):
darvamb += plFOfi+k], 2.0];
;

hanmwin(i] = 0.5%sgr{{double)B.0W3.0)* 1.0 - cos{{double)2.0
W_PIWp-1.000
Cli] = nurm ! {sgrifidouble)danoma) * sqrif{doubledenomb)};

wil 'defined(AVGHANN)
C[i] *= hannwini]:
fendif
Csum += Cfi]:

}

for(i=0=p;i++] {
C[i] -= {double)Csumdp;
il defined{AVGHANN]
C[i] *= hannwinfi]:
rendif
iri].irm = O,
infil.ra = Cfi;

}

fiwe_one(plan, in, ouwt);

fork=0k=pi2:k++1{

oul[k].re *= {double) 1.0/p);

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

CHi[k] = piout(klre, 2.00 + ploui[kl.im, 2.0);
)

#ifdef EHEMODOZ
forik=0k=pr2:k++] {
Ciitirmp{k] += Cifllk]:
Ci[k] = Cifttrmp[k}{*n};
]
#andif

#if Idefined{ GETMAX)
i = +PATCH;
whiile{ 11 {
if(CH] == CREi+ 1]} 4
while(i < pf2-1 && CHit[i] >= CH{i+1]}
i++:

ifii < pl2-1)
break:
glsa §
(-
return O;
i
¢

glsa |

whileli = pf2-1 && Cift[i] == CH[i+1])
i+t

while(i = p/2-1 && CHft[i] == CHi[i+1])
i+t

ifji < pf2-1)
break:

gise §
i

return O,
o
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i
h
Halse
1=
Heandif

max = 0,
for{k=i+1.k=p/Z;k++}
Tk} = max) §
miax = CH[K];
maxk = k;

H

#ifdaf EHSMODCEZ
return max® 1000.0;
#Handif

["EHSimp} += max;

return {(*EHStmp)"1000.0/*n));

Pann: levpatadapt.h

#dafine T100 0.05
#dafing Trnin 0008
#dafine M &

fEM is odd

#define M1 (M-1y2
#dafine M2 M1

!

WM is even
Hebafine M1 M2 -1
#dafine M2 M2

slruct levpatadaplout |
diouble EprefBARK]:
double Eptast[BARK];

h

struct levpaladaptin §
dauble PtestjBARK]:
double Praf[BARK];
double PaltCorTas{{BARK];
double PatiCarRelBARK]:
dauble Fnum[BARK];
double Rdenom[BARK]:

I
I Funefion profobyipes ®f

struct levpaladaptout levpatadaptidouble *, doubde . int,
struct levpatadaptin *, int);

i Profobypes end

Fik

dain: levpatadapt.c
#include =sidlib. b=
#include <=math. h=
#include <comman b=
#include <lavpatadapi b=

axtarn inl bark;
axtern doubla *fC;

struct levpatadapdaut
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lewpaladaptidouble *Etest, doubla *Eref. ini ratae,

{

struct levpatadaptin *tmp. int hann}

irt &, i, m1T, ma;

doubla T, baveorr, numlevcorr = 0, denomleveorr = 0, H;

double pattcoefiraf, pattcoaff=st;

double ElrefIBARK], Ellest{BARK], RlesBARK], Rraf[BARK], a[BARK];

struct lavpatadaptout out;

for(k=0k=barkk++} {
T = (doutdeTmin + (100.0ACIK]S TICD - Tminy;
a[k] = expl{doubla}-hann/(Z 0% rate * Tk

tmp-=Piest]k] = tmp-=Plesi[k]"alk] + {1.0-a[k}) Elestk];
trmp-=Prailk] = tmp->Praflk]"a[k] + { 1_.0-a[k]]"Erefik].

numievcorr += sqrilima-=Ptesikl"tmp-=Preflk] );
denamigveorr += imp->Ptastk];

]

levsorr = pinumlescorr’denamiavoorr, 2.0);

fork=0k=bark;k++} {

if{lenvcorr = 1.0) {
Elreflk] = {double)Erefk] levcarr;
Eitast[k] = Etest[k]:

!

glsa |
Eltast[k] = (double )Etlesik]* levcarr;
Elreflk] = Eraf[k];

¢

M Autocomelation

tmp-=Hnumfk] *= alk]:
trmp-=Rdenamik] = a[k].
tmp-=Rnumfk] += Elref{k]"Eitast[k];
tmp->Rdenamik] += Elraf[k]*Elraflk];

ifitmp-=Rdenomlk] == 0 && tmp->Rrumik] = 0] {

Rtestk] = 0;
Rraf[k] = 1.0;

t

glza

ifitmp-=>Rdenom[k] == 0 && tmp-=Rnumik] == 0] {

fcopy from frequency band bealow
ifik] {

Riestlk] = Rtastik-1];

Freflk] = Rrefik-1];
i

Aif don't exist
glse §
Rilastk] = 1.0;
Freflk] = 1.0;
:
}
alsa |
R = tmp-=Hnumlk] [ timp-=Fdanomik]:
iR ==1.0){
Rlestk] = 1.0/R;
Rrefk] = 1.0
i
glza |
Rlastk] = 1.0;
Rreflk] =R
i
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for{k=0:k<bark k++){
ml1 =M1,
mz = M2,
paficoaffest = 0
paticoaffraf = 0

fiim1 = k)
ml = k;

fimZ > bark -& -1}
md = bark -k -1:

forl = -mi <= maii++) |
palticoafflest += Riesilk+]
paticoafirat += Rreflk+i];
}
fmp-=PattCorrTestk] = afk]"tmp-=PatlCaorTesi[k] +
paticocaffest™1.0-alk]Mimt+m2+1):
fmp-=PatCorRaflk] = alk] tmp-=PattCorrReflk] +
pattcoaffref*{ 1.0-alk]Mim1+m2+1);
oul.Epraflk] = Elref[k] ® tmp->PattCorrRaik];
oul.Eplesifk] = Eltesilk] ® imp->PattCorrTest[k];
h
returm out;

dann: loudness.h
#daline COMNST 1.0TEG4
£ Funcdion profobypes =/
double lawdness{double ®);
* Prolobypes and *f

Pann: loudness.c
#Hinclude <stdlib h>
#include <math.h=
#include <comman.h>
#include <loudness. b=

axtarn doubla "fC;
axtern int bark;

double
loudness{daubls "E)
i

int k:

double Mot =

double 5, M, Ethres;

for{k=0:k<hark:k++) {
5 = p{10.0. {-2.0-2.05" atani{double WC[kJ4000.0} - 0.75
“alan((double)pfCIKI1E00.0, 2.03))10.0);
Ethres = p{10.0. 0.364"p(fC[k}1000.0, -0.8));
M = (double)CONST  p(Ethresi(s* 10000.0}, 0.23)
“tp{1.0-s+="E[k}/Ethres, 0.23) - 1.0);
(N = 0)
Niot += N:
h

Mot *= {double)24.0/bark;
redurn Miat;

78
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Painn: moddiff.h
sdefine L 4

struct moddiffin {
doutda win;
int Loount;
doubla madimp:
doubla modfL];
doubla numz2;
doubla danomz;
doubla num3;
doubls danom3;

L

struct maoddiffout {
doubla ModD4T;
doubla ModDHfr2;
doubla TampWi;

k

" Funclion prototypes °f

struct moddiffout moddiffidouble *. doubls *, doubls *).
doubla ModDnf1(struct moddiffout, struct moddiffen ©, int);
double MedDaff2( struct moddiffout, struct moddiffin *);
doubla ModMEH struct maddiffout, struct moddifon *);

" Pratofypes end */

Pann: moddiff.c
sinclude =stdiib b=
#include =assart b=
tinclude <math.h=
#include =common_ b=
#nclude <moddiff b=

exterm double *iC,
exlem int bark;

strecl moddiffout
mioddiff{ double “Meodtest, doubls *Modref, doubla "Etddernst)
i

init &;

struct moddiffout out;

doubla Plhres;

oul. Modbil = 0;
out.ModiliZ = 0;
out. TempWt = 10;

for(k=0k=bark;k++} {
fFWinkodDiff18 && AvghdodDiff1B
out ModDiff1 += moduledModtesi[k] - Modraf[k]v(1.0 + Madrefk]):
i AvgModDiff2B
if{Modiest[k] = Modraflk])
cut. ModDiff2 += module|{Modiesi{k] - Modraf(k])
0,01 + Madrefk]};
glza
out. ModDifi2 += 0.1 " module{Modtest[k] - Modreflk])
001 + Modreflk]});

Pihres = p{10.0, 0.4"0.364° p{fCIK]'1000.0, -0.8)):
oul. TempWi += Etilderef[k}{ Etiideref[k] + p(Pthres. 0.2)*100.0);
]

cut. ModDifft *= (double)100.0bark:
oul.ModDifi2 *= (doubla)100.0'bark;
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returm out;
H

doubile
MiodDif1 | struct moddiffout in, struct meddiffin “intmp, inl )
i
int i;
intmp->mod[intmp->Loount] = in.ModDif 1,
intrrep->Leount++
ifintmp-=Loount == L}
intrmgp->Leount = 0;
iffn <L)
raturn
intreep->modbmp = O
Torji=0si=L i+ +})
imtrmnp-=modirng += sgrif{ doubde)intmp-=mad(ij):
intmp->rmodtmp /= {double)L,
intrmp-=win += pimtmp-=modimg. 4.0);

returm sqril{double jintmp-=wind doubbe Kn-L+1.0]};
i

doubile
MiodDiff2{ struct moddiffout in, struct meddiffin “intmp)

i
infmp-=num += inModDifft * m. TempWt;

intmp-=denoma += in.Tempit;

return {intmp-=nuemZintmp->danam2};

K
double

ModDiff3{struct moddiffaut in. struct moddiffin “inbmp)
i

infmp->num3d += inModDiff2 * n.TempWt;
inimp->danomd += in.TempWwt;

return {inlmp-=num dntmp->denamal;
i

Pann: modulation.h

#dafline T100 0.05
#dafine Trmin 0.008

struct moedulatanin {
double Edarimp[BARK]:
dauble EZtmp{BARK]:
double Etildeimp[BARK],
H
£ Funetion profobypes =/
int modulation{doubla ®, nt, struct medulationin *, double *);
* Prolobypes and °f

Pain: modulation.c

#include <sidlib b=
#include <assert b=
#include <math.h=
#inclede <commaon.h>
#include <madulation.h=

axtarn int bark;
a0
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axlerm double *fC;
irt
madulation(double *E2, int rate, struct modulaticnin ®in, double “WMod)
{
int &,
double T, a;

forik=0k=bark;k++} {
T = (doubde Trmin + {double) 100FCK] " (doubla)i T100- Tmin);
a = axpl{double-HAMM{ 2 rate * TL
in-*Edertmplk] = in-=Edarimp(k]*a+( 1-a)]*(doubie )(rated HANNZ )
‘module(p(E2[K], 0.3} - plin-=E23Ampik], 0.3});
in->E2implk] = E2[k]:
in-=Efildetmp(k] = a"in-=Eliddatmpk]+ 1-a)"p(EZ2[k], 0.3}
Med[k] = in-=Ederimp[k]{1 + {in-=Etldelmp]k]/d.3]}
!

raturn O

Mann: reural.h
tdefine sigix) (dowbba H1.001.0 + exp{{double}-[<})))

#define | 11
#define J 3

struct outframes {
doubla WinhMadDiffMb,
double AwghModDiff1b;
doubla AvgModDiff2b;
doubia EmsMoi=aloudb;
doubla BandwidihRei;
doubia BandwidihTasib;
doubla TolalNMRD;
doubia RelDisiFramashb;
doubla ADBb:
doubia MFPDOE;
doubla EHSb:

y:

struct out
doubla ODG;
doubla DI

v

* Funclion prototypas */
struct out neural(stroct outirames processad);
" Protodypes end */

Pann: neural.c

#Hnclude =stdisb_h=
#include <math.h>
#Hnclude <common.h=
#include <nauralh=

double amin[11] = {393.916656, 381.985332, -24 045116, 1.110661, -0.206623,
0.074318, 1.113683, 0.950345, 0.029385, 0.000101, 0.0}
double amax[11] = {321.0. B81.131226, 16.212030. 107.137772, 2.886017,
13.833351. 63.257874, 1145018555, 14.810740. 1.0, 1.0}
double wx[12][3] = {{-0.502657, 0.436333, 1.219602},
(4307481, 3.246017, 1.123743},
{4.984241, -2. 211189, -0.192096),
(0051056, -1.762424, 4331315},

81

Pa3spaboTka anekTpoHHOWN Bepcun - nopTan GostExpert.ru 85/95
CTpaHuua nokymeHTa - https://GostExpert.ru/gost/gost-56047-2014



https://gostexpert.ru?utm_source=pdf&utm_medium=70679
https://gostexpert.ru/gost/gost-56047-2014?utm_source=pdf&utm_medium=70679&utm_term=page

rocT P 56047—2014

{2.3215840, 1.7859871, -0.7545601,
1-8.3030901, -3 452257, -10.814982],
12730081, -6.111805, 1.519223},
10624950, -1.311523, 5955151},
13102884, D.gv1260, -5.822878),
1-1.0581468, -0.939882 -0.142913)
{-1.804675, -0.503610, -0.620456),
1-2.518254, 0654841, -2 207228] )

double wiyid] = {-3.8317048, 4.107138, 4628582, -0.307594};

double bmin = -3.98;
double bmax = 1.22;

struct out
neuralistruct outframes procassed)
{

int j, i:

siruct out oveRetl;

double sum i, sum2;

double x[11];

¥]0] = processed. BandwidihRefb,
(1] = procassed BandwidihTesib;
2] = procassed. TolalNMRL;

]3] = procassed Winktod Diff 1k,
#[4] = procassed ADBD;

%[5] = processed EHED;

#[E] = procassed AvghodDif b,
#7] = processed AvghlodDifiZ b,
#|8] = procassed RmsMoisaloudb;
%x[89] = processed MFPDb:

¥[10] = processed. RelDistFramesh;

[t geodclawaw
Mx[0] = B34 11T;
x[1] = 647.085;
w3 = -14.8048;
x[3] = 6.859483;
x[4] = 0.432069,
¥[5] = 0.503605;
K[E] = T. 148463
®[7] = 24.93563:
x[B] = 0124738,
x[%] = D.96887E;
x[10] = 0.0485208; o cosmm tulio ok®/

i condsax way
x[0] = B53_375;
x[1] = 645.444:

x[2] = -T. 94882,
®[3] = 11.410E;
x[4] = 141971;

x[E] = 0.481184;
x[B] = 12.6383;

®[7] = 44.71B7:

x[B] = D.21807.
x[9] = 1.15:/M0.675508;
x[10] = 0656215/

sum = 0
forf=0ij=dij++) |
sumi =0
for(i=0;i=i++)
sumi += wxfi][i]* ((x]i] - amin)ifv{amaxi] - aminij);
sumz += wyf]]“siglw=[I)] + suml);

B2
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owaRat. Dl = wylJ] + sum2;
ocweHat. Os = brmin + [bmax - broin )"sigloveRat.Ol);

raturn cvaRet;

@ann: nmr.h

" Furicbion prototypes *f

daubla nmirjdouble *. double *, doubls ®, int);
"* Protodypes end */

Dann: nmr.c

#include =sldlib.h=
sinclude <math.h>
#include <=common.h=
tinclude <nmrb=

exlerm int bark:

daubla
nmr{double *Praoise, doubde *M, double “nmrlmp, int n}

g
irt &
doubla sum = 0;

fork=0k=bark k++]
sum += Pnoise{k])/Mk];

sum *= {double)1.Oibark;
“rimirdrng += Sum;

raturn (10007 log 104 nrmrtrmpidn )

Dann: noiseloudness. h

#define THRESFACD 0.15
#define 30 0.5

ttdefine EO 1.0

#define ALPHA 1.5

* Funclion protoiypes *f

doubla noiseloudness|double *, doubde *, struct levpatadaptout,
double *, int);

* Protodypes end ™/

Pann; noiseloudness.c
#Hnclude =stdisb. h=

#include <malh.h=

#nchude <common.h=
#include <levpatadapt.h=
#include =naiseloudness.h=

extern int bark;
exterm double 2,

doubla
naisaloudness|doubla *Modiest, doubla *Medraf, struct levpatadaplout len,
double *nltmp, int n}

{

irt &,
doubla Plhres, stest, sref, bela, num, danom;
diwuabla nl = O
B3
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for{k=0:k<bark k++){
Pthras = p{10.0, 040364 pFC[KE1000.0, -0.8]);
siesl = [double) THRESFACZD*Modtast]k] + 50:
sraf = (double | THRESFACO Modraf[k] + 50;
iflev.Eplast[k] == 0 && lev.Epref(k] == 0}

beta = 1.0:
else
ifilev. Epreflk] == 0]
bela =0,
alse
bela = expl(doubba FALPHA lev. Eptast[k] - lav.Epreilk])
Sev Epredlk]);

num = stesl"lev. Eptesi[k] - sreflev.Epraflk].
denom = Pthras + sraf*lev Epreflk]*beia;
if{nurn = d}
niwm = 0,

nl += p(Pthras/(ED"sies1), 0.23)(p( 1.0 + numidenom, 0.23) - 1.0%;
h

ni “= (double j24.0'bark;
if{ird = 0]
nl =0;

"nlimp += pind, 2.0

return sqril{double ) *nitmpin);

ann: reldistframes.h

I Funetion profobypes °f

double raldistrames{doubls *, doubbs *, double *, int);
* Prvlobypes and °f

Pawnn: reldistframes.c
#include <sidlib h=
#include <math.h>
#include <comman b=
#include <reldistframes h>

astarn int bark;

deubale
reldistirames|doubla *Prnoise, double "M, double *reldisttmp, int n)

{

int k;

for{k=0:k<bark:k++) {
if{ 10.0%log 10 {double |Pnaisa[ kB [k]) == 1.5] {
‘raldisttmp = "reldistimp + 1;
bireak;
b
h

redurn {[doubla ) reldisttmprn);

}

Dann: spreading.h
#ifdai ADVANCED
gdefine dz 6.5
welsg
#define dz 0,25
#Hendif

B4
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Pann: spreading.c
sinclude <stdidb b=
sinclude <math.h=
#include =common.h=
#include <spreading. h=>

exlem double *iC,
axlerm int bark;
imt
spreadingidouble “pp. double "e2)
{
int k, j. u;
double L;
doubla danom, sumi, sumz, Eline, Su, Sl = 2T.0;

for{k=0k=bark;k++} {
suml =10,
sumd = 0;
if Eling
far{j=0;=bark;++) {
L = 000" og 104 daublbajpp b
Su = -24 0-230_0VC[]+0.2°L,
Eling = p(10.0, LIM0.0};
ifik =)
Eline *= p{10.0, -dz*{j-k)*S1M10.0);
gisg
Eline "= p{10.0, dz"{k-j)"Su10.0)

denom = ;]
for{u=0,u<ju++})
denom += pi 10,0, -dz*{j-u)"S10.0);
for{u=ju=<barku++}
denom += pl 10,0, dz* {u-j "5 10.0)

Elina /= denom;
suml += piEline, 0.4);

i

! Eline {lilde)
far{j=0;=barkj++) {
Su =-24 0-230.0CL ¥L=10
ifik = ]
Eline = p10.0, -dz"(}-k)"5110.0)
Blse
Efine = p(10.0, dz*{k-j)"Sw10.0});

daram = {0;
tor{u=0,u<j;u++})

denom +=pi 10.0, -dz*{j-u)*SK0.0%;
forju=ju=bark.u++)

denom += p{10.0, dz*{u-j"{-24.0-230.04C] 110.0)

Elina /= denom;

suma += piEline, 0.4}
;
sumd = pisum2. 1.000.4);
sumd = pisum 1, 1.000.4);

82kl = sum1/sum2;
)

raturn O

}
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@Pawn: threshold.h

#ildef ADVANCED
#define dz 0.5
#else
#define dz 025
#endif

F* Funclion profobypes °F
int thrashald{double *, double *);
I Prodobypes and *f

Paun: threshold.c

#include <sidlib. h>
#include <math. k=
#include <comman >
#include <threshold b=

axtern int bark;

nt
threshold|{double “E, double “M]

i
int k.,
dauble m;
forfk=0:k=<bark.k++){
iff{m = k " dz} == 12)
m = 3.0;
alse
m "= 0.25;
k] = E[k}pi 10, mii0);
}
redurn O:
H

Dann: timespreading.h

£ Funetion profobypes =/

int imespraading|doubla *, double *, int. double *);
I Prolobypes and *f

Dann: timespreading.c
#include <sidlib.h=
#include =<math.he
#include <comman. h=>
#Hinclude <timespreading.h>

#dafine T100 0.032
#dafing Trmin 0.008

axtern inl bark;

astern doublka *FC;

int

timespreadingidouble *EZ, doubls "Eimp, inl rate, double *E)

i

int k:

doublea, T,

Torlk=0k<bark k++) {
T = {double)Tmin + (doubla )} 100.04C]k] 1 (double i T100- Trmin);
a = exp{|doubla -HANN/ [doubla { T*2.0%rate]);
Etmplk] = Etmp[k]a + {1.0-a)*E2[k];

g6
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if[Etmplk] == E2[k]}
Elk] = Efmp([k];
glsa
Elk] = EZ2[k];
]

raturn O

}

dann: wavedump.h

" Funicbion prototypes *f

int HeaderDump(FILE *. const char *);
int Raadint{FILE *, int);

int SampleRate{FILE *};

it BifForSample(FILE ")

irit MumCHCRaniFILE ")

int FindDatalFILE "k

woid fatalerrichar *....);

"* Pratofypas end */

Mmaan: wavedump.c
#include <stdio b=
#include =string.h=
sinclude <stdidh b=
sinclude <wavadump.h=

aberm int ermao;
irt
HeaderDump{FILE *ip. consi char *sining)

char buff[7].
int k, offset =10;

while (Hfecfip) {
if{fread(buff, 7, 1, 1p))
latalern"err: arror in WavaHaader"):
offsal +=T7;
far{k=0k=4;k++]
if (*strnomp(char *Hbuff + k). slring, 4}) {
fseek{fp. k-3, SEEK_CUR]
affsat += k-3;
raturn offsat;
}
fsaekifp, -3, SEEEK_CUR),
offsal += -3;

}

raturn -1:

}
irt
SampleRata(FILE “fp)
{
int rate, oiset;
if [{affsat = HeaderDump( fp,"fmt ")) == -1]
returm -1;
if (fseakilp, 5. SEEK_CUR) == -1)
fatalerr{"err: 05", strerroremmo));
rate = Readintifp,4]:
fseak(ip, -B - offsel, SEEK_CUR]):

raturn rate;

BT
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nt
BiForsampla(FILE “fp)

i
ink bit, ofiset;

if {(oHfset = HeadarDumpifp,"imt ")) == -1}
refmn -1;
if (fsaek(fp, 18. SEEK_CUR) == -1]
fatalerr"arr: %s", strermonfarmal);
hif = Readinl{fp.2):
fseekifp, -18 - ofiset, SEEK_CUR):
redurn hit:
i
int
MNumFChan(FILE i)

i
int chan, offsel;

if {(offsel = HeaderDump(fp,“imt *)) == -1}
ratum -1;

if {fseekifp, &, SEEK_CUR] ==-1)
fetalarm"arr: s", strarmanjarmno});

chan = Readlnt(fp.2);

fseek{fp, -& - offsat, SEEK_CUR};

redurn chan,
h
int
FindDatalF ILE “fp)
i
int offset;
if {fp == MULL)
rafum -1;
if {(oifsel = HeaderDumplip,"data™)) == -1}
ratan -1;
if (fseekifp, 4 + offset, SEEK_CUR) ==-1}
fatalarn"arr: %", strarmanfarrno});

return 1,
h
#if defined(LITTLE] && tdefinad{BI3)
int
Readinl{FILE *fp, inf size)

int l;

unsigned char o

if {size <= 0}

rafurn O;
o = fgetoifp);

1= {{int) c) & 255,
| |= (Readint{ip, s=a-1p << B);

return §;

i

#elif defined{BIG) && defined(LITTLE)

int

Readint{FILE *fp. inl size)

i
intl;

28
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if [siza <= 0)

returm O
| = [Readintifp, size-1} =< B);
| j= {iirt) Faedcifpl & 255,

return |2

}
#andif

B.3 NMucTuHr nporpammsl pacyeTta mMeTpuil PSHR Ha Aasie Matlab

furction PEMNR = calcPSNR{EY)

Yo 4em Bonbwe aradeHwe PHER, Tes Dones noxosu CHrHans

rm = maxX):

d = wariX-7};

R = misgri{d);

PSR =20° log 13{R};
end

B.4 NMMncTHHr nporpammMsl pacydeta MmeTpukl PSHNE Ha Aasmwe C

sfinclude <math_h=
daousbla varidoubla® arr, int siza)

iftlarr || 1size)
ratrn 0.0

diubla v = 0.0;
doubla avg = 0.0,
forfimt 1= 0 1 < size; ++i)
awvg+= arri];
awpl= size;
forfint 1= 0 1 = size; ++i)
{
w+= (] - ava) * (ardi] - avg);
}

raturn w i (size - 1)

}

double calcPSMR{double® X, int size, doubla® Y, int size |

{
i ] Tz || 1Y |} sz || {sizek '= smaY))
raturn C.0;
doubla D[sizeX]:
doubla maxx = X[0];
forfint 1 = 0; | = sizeX; +H)
{
if{x[i] = maxX}
maxd = X[i].
Ofi] = X - Y7l
]
doubla v = van{D, sizaX).

ifiv==10)
ratwen 0.0;

raturn 20 * log10imaxX / sgriiv));
}

rocT P 56047—2014

B.5 [IMCTHHr NnporpamMmMsl pacyeTta MeTpdid cKoademumedT paznu4uun hops cirHanog: Ha Azeme Matlab

furiction val = caicMeaasureBasedOnSingalsFamms] XY}

Yo HEM MEHBLLE PEAYMTETMRYHHLEE JHa<EHIE, TEM DoNes NOXEEE CAMHAME
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A=Ak
Y=Y
dE=X{2end} - X{1:end-1);
d¥=Yi{2end) - ¥{1:end-11
wal = wvarldx-dy):
and

B.6 MucTHHT nporpammel pacHeta sMeTpHed ¢ Koad@uuEeHT painvyuA Gops CHrHanoE» Ha A3Ee C
#include <math. b=

double var{double® arr, int size)

{
if{tarr || siza)
rexurm O.0;

double v = 000,
double avg = 0.0

foriint | = 0; i < siz\; ++i)
gvig+= arrli];
V= size;
for{ind i =0: i = siza; ++i)
{
w+= (arrfif - avg) ® {arrfi] - avg):
i

returm v ¢ (sze - 1);

b

double calcMeasureBasedOnSingalsForms(doubla® X, inl sizeX, double® ¥, int sizeY )

if[F )| bsized || 1Y )| !'sizeY || (sizaX 1= size))
reshurm QL0

dauble dx]sizal - 1]):

double dY|sizaX - 1]:

double Djszax - 1]:

Torjint i = 1: i < sizax; ++i)

{
dx[i- 1] = Xi] - %5i - 1};
d¥[i- 1] =¥[i} - ¥[i - 1]
Cli- 1] =dafi - 1] - d¥T[i- 1]

h

refum var{D. sizeX - 1);

&0
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