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Pecbepat: B gaHHOM cTtaTtbe nokasaH MeTon O6beKTMBHOWM OLEKM KayecTBa BOCCTAHOBMEHHOrO ayauo
curHana Ha ocHoBe nepudepunHon Mogenu yxa uvenoBeka. [lpumeHeHve OaHka BaVMBNET-UNLTPOB,
afanTUPOBAHHOIO K LIKane KPUTUYECKUX YacToT, M UCMONMb30BaHWs OTHOLLUEHUSI LWyMa K Mopory
MacKMpOBaHUS B KayeCTBE OLEKM KayecTBa, pacyuTaHHOW B BIMBNET-00Mactv, MNO3BONSET MONYyYUTb
OLEHKM, KOTOpble B OOMbLUEN CTEMEHN KOPPENUPOBaHHbI C pesyrbTaTtamMu CyObeKTUBHbIX TECTOB, HEXENu
TpagMLMOHHbIE (OTHOLLEHME CUrHana K nopory MackvupoBaHWsi UM K MOLLLHOCTU BHOCUMbIX UMCKaXKEHWIA).
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Puc.1. O6bekTUBHbIE OLIEHKM KavecTBa

BONbWWHCTBO OLIEHOK KayecTBa BOCCTaHOBIIEHHOrO curHana

curHana 6asvpyeTcsi Ha OTHOLLUEHUW 3HEeprun wyma (dHeprum
BHOCUMBbIX WCKaXKeHun) K nopory mackvpoBaHus NMR (cm.
puc.1), KoTopasi OUEHMBaEeT paccTosiHue Mexgy @akTU4eCKMMM W MakCUMarnbHO  HEeCHbIWNMbIMM
uckaxeHnsamu. WMccneposaHus nocrnegHux net [2] nokasbiBalT BbICOKY KoppenupoBaHHocTb NMR ¢
CYObEeKTUBHbIMX TeCTaMW, OCHOBaHHbIMM Ha MpOCAylIMBaHMM ayauo curHanos. [pyrum  BaXHbIM
napameTpoM OOBLEKTMBHOM OLEHKM KayeCcTBa pPEKOHCTPYMPOBAHHOrO ayauMo CurHana 4Bnsietcs
OTHOCUTENbHOE YUCIIO WCKaXEeHHbIX periMoB K obwemy uncrny cpenmo (MF- masking flag) [1]
KOOAMPYEMOro ayamuo curHana, Kotopas AaéT OueHKY BEepOSITHOCTM TOro, YTO BOCCTaHOBMEHHLIN ayano
CUrHam COAEPXMUT CrblLUMMbIE UCKaXXeHUs. PperM cuMTaeTcsl MCKaXKeHHbIM Torga, korga NMR xotsa 6bl B
OAHOM aHanuanpyemonm 4acTOTHOW nosioce npeBbiwaeT BenuunHy 1,5 agb. Tpetum napameTtpowm,
XapaKTepu3yLMM WCKakeHWe Tembpa, npuTynieHne wnu 3arfiylweHue ayguo curHana, SBhsieTcs
napameTp - YactoTHasa nonoca curHana (SB — signal bandwidth). [JaHHble nckaxeHus BO3HMKAIOT, Korga
ayomo Kogepbl OrpaHMyMBaloT YacTOTHYIO MOMOCY CUrHana AN YBenuueHus cTeneHn komnpeccun. 3a
oueHky SB ana paHHoro dperima npvHuMMaeTcs bnwkanwas cnesa OT 4YactoTel 21.5 kl'u 4acTtoTa,
crnekTpanbHasa aHeprmua kotopon Ha 10 b npesblwaeT oueHKY MUHMMAaNbHOMO YPOBHS LWYyMa, BbIYUCNEHHYIO
Ha mHTepBane [21,5-22,05 kl'y] ana atoro gpenma. CpegHsasi BenuumMHa SB Ha HEKOTOPOM KOnuMyecTBe
bpeNMoB OLEHNBAETCA HE3AaBUCMMO AMs1 OPUTMHANBHOrO U BOCCTAHOBIIEHHOMO CUrHanos [2].

MepudepunHan mogens yxa — NOBIM-aepeBo KPUTUYECKUX YACTOT

MepudepuitHaa mogenb yxa 6asupyetca Ha mogenu aepesa MNOBI (/,n) € Ecg (cM. puc. 2), koTopoe
OenuT BeCb YacToTHbIN AnanasoH [0 — 22,05 kl'u] Ha 25 HepaBHOMEpPHbIX NOSIOC, COrfacOBaHHbIX CO LLKaon
KPUTMYECKMX YacToT, T.e. Ha 25 6apkoB. KopHeson y3en (/,n) = (0,0) 4aHHOro gepeBa COOTBETCTBYET BCEMY
4YaCTOTHOMY AuanasoHy curHana. Kaxpgbini BHyTpeHHUI y3en n ypoBHs | aepeBa Ecg (y3en npenok), oenutcs
Ha [ABa MOTOMKa accouuupyemMble C BbICOKOYACTOTHOM M HU3KOYACTOTHOM hunbTpaunen ¢ nocreaytoLlen
Jeunmaumnen BbIXOOHbIX cUrHanoB (BaviBrieT-koadduumneHToB). baHk BanBNeT-unbTPOB, NMOCTPOEHHLIA B
COOTBETCTBMM CO CTPYKTYypon Ecg, Takke MWCNONb3yeTCca npu nepuenTyansHOM KOAWPOBaHWM  ayamo
CWUrHamnos.

©anekTpoHHas Bepcua nogrotosneHa 3A0 ABTIKC CaHkr-lNMetepbypr, http://www.autex.spb.ru
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Cxema BbIYUCIEHUA OLIEHOK
OueHka NMR i-ro dpenma curHana x{n/fs) BeluncnsieTca no cnegywoulen cxeme (puc. 3). OnpepensoTcs
owmnbka BOCCTAHOBMEHHOMO CurHana e; (n/ﬂ):ﬁ(n/ﬂ)—xl (n/ﬁ) n eé pucnepcus B Kaxadom
KPUTUYECKON YaCTOTHOM nonoce O'jl (l) (I,n) € Ecp. Mo napannensHomy KaHany 4ns opurnHanbHOro ayamo

CurHana BblYUCHATCA Noporn MackuposaHus T.(i), (/,n) € Ecg B COOTBETCTBYIOLLMX KPUTUHECKMX NOnocax
Ha OCHOBaHWW MpoLeaypbl pacyeTa NOPOroB MackMpoBaHus B BarBneT-obnactu [3].
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NMR,,(i)= J ,(Ln) € Ecg

1., ()

n cpeaHee apwcbmeTquCKoe Nno BCEM KPUTUHECKNM HaCTOTHbIM MoJ1ocaM And i-ro cbpeﬁma:

NMR,,(i)=10-log,,|1/25- ZNMRLn(i) [aB]. @)

V(1,n)e CB-WPD

OOBbeKTMBHbIE MOKasaTenu, XapakTepusylline KadeCcTBO KOAWPOBAHWUSI ayguMo CuUrHana AaHHbIM
nepuenTtyanbHbIM  KOAEpPOM, onpedensioTca cpegHum  apudmetndeckum  NMR (i) wn cpeaHum
reomeTpudeckum NMRo(1):

NMR

total

1 & : 1 & .

=10-log,, WEIO(NMRMQ)/IO) [aBl, NMR,, = WZNMRM (i), [aB]. (3)
i=1 i

HeratusHasa BenuuuHa oueHok NMRyy unu NMRgsgs nokasbiBaeT OLEHKY HUXHEN rpaHuLlbl nopora

BOCNPUATUSA, @ NO3UTUBHAS BENMYMHA OaHHbIX 3HAYEHUN SBNSAETCS OLEHKOW 3HEPrnn BOCMPUHUMAEMbIX
NCKaXXeHUN.
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3akno4veHune

PesynbTaTbl SKCMEepUMEHTarbHbIX UCCNEeAOoBaHWA (BO3MOXHAsA MMHMMAarbHas CKOPOCTb Mnepedauyu
(kBuT/C), MakcumarnbHasi CTENeHb KOMMPECCUU, CpefHee KONMM4yecTBo OUT Ha OTCYET BXOQHOrO ayamo
curHana, obbekTuBHble oueHkn kadectBa: NMRi., NMRses, SB, MF) nepuentyanbHoro [[Bl1-kogepa
ayoumo CUrHanoB [Ansl pasHblX ayano CUrHamnoB (LUYMOBbLIX, TOHanbHbIX, PUTMU4YHbLIX) B CPaBHEHUU C
nonynsapHeiM ayamo kogepom MPEG-1 yposeHsb |ll, MuHMMansHas ckopocTb nepegaymn kotoporo 64 kéur/c,
npeacTtaBneHsl B Tabn. 1. AHanu3 pe3ynbTaToB Nokasan, YTo MUHUMarnbHas ckopocTb nepeaayuun ans MNAoBri-
Koaepa ayauo curHanoB MeHsieTcsl OT 36 KOMT/C Ans TOHanbHbIX, PUTMUYHBIX ayauo curHanos Ao 45 kébut/c
ana wymoBbix curHanoB. Mpu atom oueHka NMRy.. MeHseTcs oT -6.495 ob go -8,857 gb, T.e. rpaHuua
nopora BOCMNpUATUA MUHMMYM B [1Ba pasa Huxe nopora mackupoBaHud. [Ana cpasHeHuns y MPEG-1 gaHHas
OLEeHKa MO3MTUBHAs, T.e. SHEPrns BOCMPMHUMAEMbIX LLYMOB HE MeHee 4YeMm B [Ba pasa Oonblle nopora
MacCKMUPOBaHUS U, COOTBETCTBEHHO, MPAKTUYECKN KaXKAbIN (PperiM PEKOHCTPYMPOBAHHOIO CUrHamna CoaepxuT
uckaxeHnnsi, MF,.,=99,78 %. 310 o0O6ycnoBneHo TeM, 4YTO LUMPUHA YacTOTHOW nonocel SB
BOCCTAHOBJIEHHOrO curHana pgocratoyHo Mmana SB.;, = 11,89 kl'u, npotme 22,05kly B OpurMHanbHOM
curHane.

Tabnuua 1
O6bekTrBHbIE oueHkM nepuentyansHoro MNABMN-ayano kogepa n MPEG-1 yposeHs i
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15 cex. MPEG-1 64 1102 | 145 1%1 4430 | 0.4076 9%8
176 434
‘Classic’ | NBBIM-xonep 42 16.8 0.95 5° | 6495 | 07987 | %3
10 cex. MPEG-1 64 11.02 | 145 1%5 3284 | 0.3145 9%7
16.9 403
“Queen’” MOBM-koaep 41 17.2 0.92 50 | 7597 | -0.7765 | 3
10 cex MPEG-1 64 11.02 | 145 113'8 4236 | 0.3994 96'8
18.7 206
“ABBA” MOBM-koaep 36 19.5 0.81 5 | -8.857 | 09026 | <,
6 cex. MPEG-1 64 11.02 | 1.45 1%2 3.740 | 0.3585 9%'6
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Introduction
Traditionally, the audio signals objective quality tests are based on the relation of signal-to-noise
ration, but they do not show a real objective situation of the reconstructed audio signal quality. The standard
of the quality measurements assurance for perceptual audio coder is PEAQ — Perceptual Evaluation of
Audio Quality, its schema is based on peripheral model of human ear. It is used for the estimation the signal
quality in the perceptual audio coder based on adaptive wavelet packet (WP).

Objectives quality of the reconstructed audio signals
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Fig. 4 NMR, (i), (I,n) € Ecg calculation

The reconstructed signal quality estimations are based on several parameters: noise-to-mask ratio
which estimates the distance between an audible and non-audible distortions; the relative number of the
distorted frames to the number of all frames, which gives the probability estimation of the distortions being
kept in the reconstructed signal; signal frequency bandwidth.

The NMR estimation for i-th frame of audio signal xi(n/f;) is calculated as shown on (puc. 3). The

reconstructed signal error e,(n/f,)=%£(n/f.)-x,(n/f.) and its dispersion in each critical subband

o’ (l) (hn) € Ecp are defined. In parallel with the original signal the masking thresholds T,(i), (/,n) € Ecs

€l,n

are calculated by procedure of the masking thresholds computation in wavelet-domain. The i-th frame
estimations could be found from ratios:
2 .
o, (i)
NMR, ,(i)=—"<, (Ln) € Eca, NMR,, (i)=10-log,|1/25- Y NMR,,(i) | B]. (1)
T, (l) V(1.n)e CB-WPD
The objective indices which characterize the audio signal coding quality for given perceptual audio
coder schema are defined by arithmetic mean NMR.-(/) and geometric mean NMR,y(/):

i=1

The negative value of NMRy, or NMRses shows the lower boundary of perception threshold and
positive value of it - the energy estimation of the audible distortions.

Conclusion

According to the experimental results the minimal bit-rate for the WP-coder lies between 36-45 kbps
with NMRy,; changed from = -6.5 dB to -8,9 dB. Comparisons with 64 kbps MPEG-1 layer Ill and its positive
NMRyyr show that the inserted noise energy is two times more than masking threshold. It means that
reconstructed signal still keeps audible distortion. It determines signal bandwidth limitation by 11.89 kHz
against 17.53 kHz in WP-coder and 22.05 kHz in the original source.

1 & : 1 &
NMR,,,, =10-log,, NZIO(NMR’“(‘)/‘O)][dB], NMRg,, :NZNMRIOC(i),[dB]. )




