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Kui, Ykpaina

Peghepam—B po60Ti BUKOHAHO aHAJII3 0CO0JIMBOCTEl 3aCTOCYBAHHS IeSIKMX 00'€KTUBHHX MOKA3HUKIB SIKOCTI 3ByKOBHX
CHUTHAJIIB, TAKUX SIK CeTMEHTHE CIiBBiIHOMIEHHS CUTHAJI-IIYM, JIOrapu(MidHO-CIIEKTPAJIbHi CIOTBOPEHH i 0apK-cneKTpa-
JIbHI CIIOTBOPEHHS /I OLIHKM SIKOCTi My3HYHUX CHUTHAJIB 3 00MesKeHOI0 CMYIo0 4yacToT. OTpuMaHi pe3y/abTaTH 00'€KTH-
BHOTI'0 OL[iHIOBAHHA 3icTaBJIeHi 3 OiHKAMH SIKOCTi, OTPUMAHUMH IJIIXOM CY0'€KTUBHOI'O TE€CTYBAHHS.

Bioa. 9, puc. 3.

Knruoei cnoea — axicms mMy3uunozo cuznany; 00'ekmueHa oyinka; cyo'ekmusna oyinka

I. BcTvn

B po6ori [1] uwisixom oOuuciaeHHs KoedillieHTiB
KopeJsiii Ta moOyIoBH KapT BiOIOBITHOCTI, 3iCTaBJIeHI
pe3yabTaT 00'€KTUBHOTO 1 Cy0'€KTHBHOI'O OIlIHIOBAHHS
SIKOCTI MOBHHX CHTHANIB, CIIOTBOPCHHX OOMEKCHHIM
cmyrd 4dactoT. [Ipu npomy mepembadanocs, 110 MOBHI
CHUTHAJM 3alMal0Th CMYTY 4YacTOT, IO HE MEPEBHILYE
11 xI'. Aste, [Uist SIKICHOTO BIATBOPEHHS MY3WYHHX CHUT-
HaIiB HEOOXIiTHWI 3HAYHO IMUPIINA YaCTOTHWH iama-
30H, mo gocsarae 20 k['m. ¥V 3B'SI3Ky 3 IIUM CTaHOBIATH
iHTepeC MOCHKEHHS BiIMOBIMHOCTI CYy0'€KTHBHUX
1 00'€KTMBHHUX MOKa3HUKIB SKOCTI JJIsl My3UYHUX CUTHA-
JIiB, 110 € OCHOBHOIO METOIO JIaHOi pOOOTH.

Jlesiki 0CcOONMBOCTI JABOX MPOCTUX B OOYHCIIIOBAJIb-
HOMY IUTaHi Mip SIKOCTi, TAKHX K CETMEHTHE BiTHOIIICHHS
curnan-mryM SSNR (Segmental Signal to Noise Ratio) i
JorapupMITHO-CIIEKTPATBHI CHOTBOPEHHS LSD
(Logarithmic Spectral Distortion), po3rasHyTi B po6oTax
[2]-[7]. TIpu upoMy moOKa3aHO, IIO OCOOJMBOCTI HE
MOHOTOHHOCTI po3moniury mokasaukiB LSD ta SSNR
MOXYTh MPU3BOAUTH O OTPHMAHHS PE3yJbTATiB, SKi
MOTAaHO Y3TOMKYIOTBCS 3 pe3yJIbTaTaMH CyO'€KTUBHUX
BUNpoOyBaHb. OCKUIBKM B 3raJlaHiX poOOTax aHaiizy
MiIIaBaIiCs JIMIIE MOBHI CUTHAJIH, 1HIIIOI0 METOIO TaHOT
pOOOTH € TOCITIHKEHHS 0COOIMBOCTEH MOKa3HUKIB SSNR
1 LSD cTOCOBHO My3WYHUX CHUTHAIIB.

I1. CVYB'€KTUBHE I OB'€KTHUBHE OLITHIOBAHHS
SIKOCTI CUTHAJIIB

VY naniit po60Ti BUKOPUCTAHUH METOJ Cy0'€KTHBHOTO
TECTyBaHHs, IMCHOBAaHHH «OIIIHKOIO CTYIEHS Ierpana-
uii» (Degradation Category Rating — DCR). BianosigHo
JI0 I[bOTO METOJy, CITyXadi Ha CIIyX MOPiBHIOIOTH SIKICThH
CIOTBOPEHOT'O 1 €TaJOHHOTO MOBHHMX CHUTHAJIIB, BUCTaB-
JISSIOYX OLIHKH 32 I'ITHOAJBHOIO IIKAJIOI, IMEHOBAHOO

«IIKanow cepenuboi merpanpanii» (Degradation Mean
Opinion Score — DMOS) [8].

B saxocTi 00'€éKTUBHUX 3aXO/IB SIKOCTI MOBHOTO CHI-
HaJly BUKOPUCTaHI CETMEHTHE BITHOIICHHS CHTHAJ-IIYM
SSNR, norapudmiuni cnekrpanbhi cnotBopeHHs LSD
1 Oapk-cnektpanbHi criotBopenHHs BSD (Bark Spectral
Distortion) [3].

Rm
> x2(n, m)
1M n=R(m-1)+1
SSNR=-—>"10lg :
M m=1 R 2
> Ix(nm)-y(n,m)]
n=R(m-1)+1

ze x(n,m) ta y(n,m) — n-ti BuGipku M-ro dpeiimy
ancroro curnamy X(n) i cnoroperoro curraiy y(n),
BiNOBiqHO; M — KiNBKIiCTB (peiiMiB; R — KUIBKICTB
BHOIPOK B (ppeiimi.

Mipa LSD HanexuTs 10 rpynu NOKa3HUKIB 4aCTOTHOT
obuacri:

M J
LSDzﬁz > [GEX(J,m)}-GEY (. m)3,

m=1j=1
G{X(j,m)}=max{201g(| X (j,m)|), 5},
8= n??(X{ZOIQ(I X(j,m))}-50,

me X(j,m) ta Y(j,m) — muckperHi mepeTBOpeHH:
®yp'e m-ro dpeiimy curnanis x(n) i y(n), Bimmo-
BIHO, j — HOMEp 4acTOTHOI BUOiIpKH, J — KiIbKIiCTh Ya-
CTOTHHUX BUOIPOK.
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Ecrpajna my3uka: cepeiHe,

Knacuuna MY3HKA: cepelHe
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Puc. 2 3anexnocti SSNR (Af ) (a) ta (6), LSD(Af ) (8) 1a (r), BSD( Af ) (n) 1a (e)

Mipa BSD BigHOCHTBCS /10 IPYIH HNEPUENTYAIbHUX e By (k,m) i By (k, m) — Gapk-crieKTpr M -ro (peiiMy

NIOKa3HHKIB, sKi BPaXOBYIOTb OCOOJIMBOCTI CIIyXOBOi . . i .
curnamis x(n) iy(n), siznosigno, k — HOMep KpuTHu-

CHCTEMH JIFOANHHU:
HOI CMYT'H YacTOT.

M K
2
> [ By (k,m)—By (k, m)} I1l.  OPFAHI3ALUSI EKCITEPUMEHTAJIBHIX
BSD = =1k=1M - , JIOCJIJDKEHD
Z Z [Bx (k, m)]2 Ipn €KCIIEPUMEHTAIBHUX JOCILDKEHHIX
mel k=l BUKOpHCTaHi 16-cekyH/IHI (pparMeHTH My3UYHUX TBOPIB
KaTeropii «ecTpaaHay i «KjIacHuHa» My3uka. Bumoru g0
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dopmaty daitnie — WAVE 3 gacToToro AucKpeTH3aii
44,1 xI'u. Bumorn 1o o6magHanHs — HOYTOYK 13 30BHIMI-
HIM ayzio iHTepdeiicom, IO MIATPUMYE MPOTpaBaHHS
CHUTHAIy 3 9acTOTOI0 Auckpern3arii 44,1 k[ Ta HaBymI-
HUKH.

Hwmxue HaBeneHi Ha3BH (ailiiB i BiAMIOBIAHAX KOMIIO-
3ULIH.

A. 3pasku knacuunoi mMy3uxu:

. Bax - Konuepr Mi maxop (Anerpo) # 1;
. bax - Konnept Pe maxop (Anerpo) # 1;
. Bax- Konnept Pe maxop (Anerpo) # 3;
. bax - Konnept Pe minop (Anerpo) # 3.

B. 3pasku ecmpaownoi mysuxu.
. 3 Doors Down - I'm Here without you baby;

. Hoobastank - Reason;
. Stop and stay - One republic;
. Lived a lie - You me at six.

CrioTBOpeHi (parMeHTH My3HYHHUX CUTHAIIB OpMy-
BQJIKCS IUIAXOM MOYEProBOro MPOIYIICHHS IX depe3
HEepeKypCUBHI (IIbTPH HHU3bKOI YaCTOTH, CHHTE30BaHI
meronoM Pemesa [9]. Xapakrepuctuku GinbTpiB:

) yactoTa 3pi3y 3miHoBanacs Bixm 1 mo 20 k[
3 kpokoM 1 k['1;

. po3Mip mepexigHOI 30HU CTaHOBUB 5% Bif
CMYTH MPOIYCKAaHHS;

. HepiBHOMIpHICTE AUX B cMy3i mpomycKaHHs
cra"oBuia 1 ab;

e  3aracaHHi B CMy3i HIPHUIYIICHHS CTaHOBHJIO
Mminyc 70 nb.

Cy0'eKTUBHE OLIHIOBAaHHS SKOCTI MY3MYHOTO CHT-
Hally BUKOHYBasiocsi 30-10 10HaKaMHM 1 JiBYaTaMH y Billl
20-25 pokiB.

IV. PE3YJIbTATU EKCIIEPUMEHTIB

Ha puc. 1 wHaBemeHi ycepeaHeHi pe3yibTaTtu
(cyminpHa YepBOHaA JIiHIS) Cy0'€KTHBHOTO OIlIHIOBAHHS,
K1 CBIT4aTh NPO NPAKTHYHO MOHOTOHHE 3POCTaHHS KO-
CTi My3WYHOTO CHUTHAIY 31 30UIBIIEHHSIM CMYTH YacTOT.
ITpuxoBUMH CHHIMH JIHISIMH ITOKa3aHi Mexi 95%-ro
JIOBIPYOTO iHTEPBATY.

3 HaBeIEHHUX PE3YJIbTATIB BUIUIMBAE, IO I CIYXY
JIOWHU TOCUTH cMYTH 9acToT 14-15 kI, B ob6macTi sikoi
SIKICTh MY3WYHHX KOMIIO3MIII Ma€ HaWBHINY OIIIHKY 3a
mkanoro DMOS. Ilpu npoMy citif 3a3HaYUTH 3HAYHUN
PO3KHUJ ITyMOK CIIyXadiB IIIOJO SIKOCTI MaTepiairy, sIKUi
MIPOCITyXOBYETHCH.

PesynbraTet 00'€KTHBHOTO OIIHIOBAHHS SKOCTI IHX
JKe My3HMUYHHX CUTHAJIIB HaBe/EHI Ha puc. 2. 3 oy Ha
3a3HaueHy B [5] uymimmBicte mipu SSNR 10 3HaueHHs
9acTOTH AWCKPETH3alii, B AaHi poOOTi JOCITIIKCHHIO

MiTAaBAKCS K CUTHAJIM 3 BUX1THOKO YaCTOTOIO JUCKPE-
Tu3anii 44,1 k', Tak i i )k CUTHAIH, MiIaH] TepeIucK-
perm3amii 1o yactor 100 k['m, 160 kI i 200 k['u. Sk
BHIUIMBAE 3 HABEJCHHUX PE3yJbTATIB, IiIBHIICHHS Yac-
TOTH JUCKPETU3allii OJMaroTBOPHO BIUIMBAE HA OI[IHKH
moka3Huka SSNR, 103BOMISIFOUN YCYHYTH aOTi4YHI ITOPY-
IICHHS MOHOTOHHOCTI 3ajexkHocTi SSNR Big cMyru yac-
toT Af. Jlemo HecroaiBaHUM BHSIBHBCS (aKT HO3HTHUB-
HOT'O BIUTUBY MPOLIEAYPH IHTEPIOJISLIT HAa TOUHICTh BUMI-
proBaHb moka3HuKa LSD: 3aBasSKY TiABHUIIIEHHIO 9aCTOTH
JMUCKPETU3aIlil BAAJOCSd BUABUTH 3HAYHE TMOPYIICHHS
(most 3HAYeHH cMYTH 9acToT 1-5 k['11), MOHOTOHHOI 3ai1e-
sxkHocTi KpuBoi LSD Bix cmyru vactot Af . Lo crocy-

€TBCSl OLIHOK IOKa3HMKa BSD, uyTnuBicTe 10 YactoTn
JHUCKpETH3allii He BUSBIICHA.

Sk BummBae 3 rpadikiB puc. 2, Bci po3risiHyTi 00'e-
KTHBHI MipU BUSBIJINCS YyTIUBHUMH J0 CHEKTPAIBHUX
ocoOnuBOCTel My3W4HUX cHrHamiB. [Ipore moBeziHka
rpadikie LSD(Af ) Bimpi3HSi€ThCS BUPaXEHUMH TOPY-

IMIEHHSMHU MOHOTOHHOCTI. Tak, JJIsl KIIaCHYHOI MY3WKH
XapakTepHO TMOPYUICHHS MOHOTOHHOCTI 3aJIe)KHOCTI
LSD( Af ) B inTepBaini 3mauenp Af =0,5-1,4 x['m, a mst
ectpaaHol my3uku — B intepBaii Af = 1-5 x['n. Ipu
ubomy rpadik LSD( Af ) mist kiiacH4HOT My3UKH IPAKTH-
YHO HE 3aJICKUTh BiJl YaCTOTH JUCKPETH3aIlil, TOMI 5K
y BHIaAKy ectpamHoi my3uku Gpopma LSD(Af ) ictoTHO
3aJICKUTHh BiJ 9acTOTH mUcCKperu3aiii. JlocmimkeHHs
MOKa3aiy, M0 OJHIEI0 3 MPUYUH HOPYIISHHS MOHOTOH-
HocTi 3anexHocTi LSD(Af ) € He igeanbHO npsiMOKyTHA
¢dopma AUX BuxopucroByBanux HY ¢inerpis. [iiicHo,
HaBeaeHl Ha puc. 3 rpadiku, OTPUMaHi IPU BUKOHAHHI
¢inbTpanii B yactotHii obnacti 3 AUX igeanbHOT mpsiMo-
KyTHOI ()OPMH, € MOHOTOHHHMH.

Bimzraunmo, mo npu BukopuctanHi HU ¢inpTpiB
3 mnpsamokytTHuMH AUX 3nayenHs LSD(Af ) Takox

BUSIBIJTHCS 3aJIOKHUMH BiJl BUOOPY 4aCTOTH AUCKPETH3a-
11, SIK 1 Ip¥ BUKOpHCTaHHI «Heineanbuux» HY dinbrpis.
[Mprunan bOTO (PEHOMEHY IOMITBHO AOCIIANTH Y Maii-
OyTHBOMY.

3ayBakuMo, IO X04a B CyO'€KTUBHHUX BUIPOOYBaH-
HsX Opamu ywacte 30 oci0, nany BHOIpKY HaBpsj 4u
MO’KHa BBQ)XaTH MPEACTABHHIBKOIO, TOMY Y IOJajb-
oMy ii o0csr citi 30ipmmTH. Kpim Toro, ocuts oOMe-
JKCHOIO € BHOIpKa MY3WYHHX TBOPIB, IO TECTYBAIUCS.
3 oAy Ha HepeTideHi 0COOIUBOCTI, OTPUMAHI B JaHii
pOoOOTI, pe3yabTaTh CIiJ PO3TIIIATH SK MOMICPEIHi.

BUCHOBKM

OTpUMaHO 3aJIeKHOCTI 00'€KTHBHUX 1 CY0'€KTMBHUX
OIIIHOK SKOCTI MY3WYHHX CHUTHAIIB, OOMEKCHHUX 33 CMY-
TOI0 YacTOT, BiJ| IIMPUHHM Li€l cMyru yacToT. [lokaszaHo,
IO iHTEePIIOJIALIS CHTHAIIB, IO TECTYIOTHCS, JO3BOJIIE
MIBUIUTH JOCTOBIPHICTH OIIHIOBAHHS 3 BHKOPHCTaH-
HsaM nioka3HukiB SSNR i LSD. Kpim toro, mokaszano, mo
OJTHIEI0 3 MOXKJIMBUX NPUYUH MOPYIIEHHS MOHOTOHHOCTI
3anexxHocti LSD Bif cMyTH 9acTOT € He iieanbHa mpsMo-
kyTHa popma AUX Bukopucranux HY ¢insrpis.
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LSD. Knacu4yna My3uKa: cepejiHe
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Puc. 3 3anexuicts LSD ( Af ) s pinsrpis 3 npsamokyTHor AUX

Hapani nouinbHo 3011bIIUTH 00CATH BUOIPOK My314-
HUX TBOPIB, 30UTBIINTH KUTBKICTh CIIyXadiB Ta MPOBECTH
anpoOKCUMALlll0  OTPUMAaHUX  KapT  BIANOBIAHOCTI
cy0’ eKTHBHUX TIOKa3HUKIB 32 mKanoro DMOS, mo otpu-
MaHi EKCIICPUMCHTAIBHO Ta 00’ €KTHBHUX MOKa3HHUKIB,
IO JTOCITIKYBAJIUCh B I1iif poOOTI

TTOJIIKA

Oco0m1Ba 1oJisika MOEMY HayKOBOMY KEPIBHHUKY IPO-
tecopy Apxanito MukonaiioBuay I[lpoxeyey. Takox
X04y TOJSKYBaTH CTyIEHTaM 32 y4acTh y CyO'€KTHBHHUX
OCHIDKEHHSX.
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HannonanbHbli TEXHUUECKUHA YHUBEPCUTET Y KPAUHBI

"KueBckuii moMuTeXHNIeCKnit HHCTUTYT uMeHn Mropst Cukopcekoro" kpi.ua
Kues, Ykpanna

Pecpepam—B padoTe BHINOJHEH AaHATH3 0COGeHHOCTEl MPUMeHEeHUsI HEKOTOPBIX 00beKTHBHBIX MOKa3aTelIeli KayecTBa
3BYKOBBIX CHTHAJIOB, TAKHX KaK CerMEeHTHOE OTHOIIEHHE CHTHAJ-LIYM, JOrapu(MHUYeCKH-CIeKTPaJbHble UCKAKeHUs W
0apK-cHeKTPaJIbHbIe HCKAKEHUS LISl OLEHKH Ka4ecTBa My3bIKAJIbHBIX CHTHAJIOB C OTPAHMYEHHOIi noJiocoii yactot. [Tosry-
YeHHbIEe Pe3yJIbTAThl 00beKTHBHOI0 OLEeHHBAHHS COIOCTABJIEHBI € OLIEHKAMH KAa4eCTBa, OJIY4eHHBIMH IIyTeM Cy0beKTUB-
HOTO0 TECTHPOBAHMSI.

buba. 9, puc. 3.

Knroueswvie cnosa — xauecmeo MY3blKAIbHO20 CUZHAlA; o0veKkmueHnasn OUeHKa; cy6bel<mmmaﬂ OUEHKA.
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Frequency band limited musical signals
objective and subjective quality assessment
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Abstract—In this paper, analysis of features of some objective indicators of the audio signals quality, such as the seg-
mental signal-to-noise ratio, log-spectral distortions and bark-spectral distortions, for estimating the quality of musical sig-
nals with a limited frequency band has been presented. It has been shown that the interpolation of the test signals allows
increasing the reliability of the evaluation using segmental signal-to-noise ratio and log-spectral distortions indices. Results
of objective and subjective quality estimation of speech signals distorted due to bandwidth limitation are compared in
the earlier work by means of correlation coefficients calculation and construction of correspondence maps. It was assumed
that speech signals occupy a frequency band not exceeding 11 kHz. Meanwhile for high-quality musical signal reproduction,
a much wider range of frequencies up to 20 kHz is required. In this regard, it is interesting to study the relevance of subjec-
tive and objective indicators of quality for musical signals, which is the main purpose of this work. Experimental studies
used 16 second fragments of musical compositions, categories ""pop' and "'classical'* music. The file format is WAVE with
a sampling rate of 44.1 kHz. Increasing of the sampling frequency by means of their interpolation has a beneficial effect on
segmental signal-to-noise ratio estimates allowing to eliminate illogical violations of the monotonicity of the segmental signal-
to-noise ratio dependence on the frequency bandwidth Studies have shown that one of the reasons for the monotonicity
violation in the log-spectral distortions dependence is the imperfect frequency response rectangularity of used low-pass
filters. Indeed, the log-spectral distortions dependences are monotonic when filtering is realized in the frequency domain
by means of ideal rectangular frequency response. It should be noted that when using low-pass filters with rectangular
frequency response, the log-spectral distortions value also turned out to be dependent on sampling frequency selection as in
the case of non-ideal low-pass filters. The reasons for this phenomenon are worth exploring in the future. Although
30 listeners took part in subjective trials, this quantity can hardly be considered as representative, and further its volume
should be increased. Note in addition that quantity of the tested music fragments was very limited. Taking into account
the pointed features, the results obtained in this paper should be regarded as preliminary. Obtained results of objective
evaluation are compared with the quality assessments obtained by subjective testing.

Ref. 9, fig. 3.
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