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BaxHeiinme XxapakTepUCTUKHU JIF000H crcTeMbl Iu(POBOil 00pabOTKH 3BYKOBBIX CHTHAJIOB B 3HAYHUTEIHLHON
Mepe onpenensrorcs 3pPeKTUBHOCTRIO CHCTEMEI CxKaThs. B HacTosIee BpeMst HMOBHIMICHHE 3PPEKTUBHOCTH CXKATHS
CBA3aHO C OOpabOTKOW 3BYKOBBIX CHTHAJIOB B  YacTOTHOW OOJNIACTH, YTO TMO3BOJISIECT  YYHUTHIBATH
MICUX0(U3HOIOTHIECKHE CBOMCTBA OpraHa CiIyxa 4eJIOBeKa.

C TOUKHM 3peHUs CXKaTHI MHTEPEC MPECTaBIIET TAKOE CBOMCTBO CIIyXa KaK HHTETPUPYIOIIAsi CIOCOOHOCTh —
TPYIIIUPOBAHUE YACTOTHBIX COCTABJIAIONIMX 3BYKa B OMpENelIEHHbIE YacTOTHBIE ToJiockl (Tpymmsl) [ 1, 2 ]. Eciom
PAcCIIONIOKUTD ATH TPYIIIEI IPYT 32 APYToM 0e3 IPOMEKYTKOB, TO OyieT 00pa30BaH Tak Ha3bIBAEMBIN TOJOCHBIH PSII.

Bcnenctre pasmeneHust CIIEKTpa 3BYKOBOTO CHT'HaJla Ha YacTOTHBIC TIOJIOCH! CIyX pearnpyeT He Ha OOmIyio
MOIIHOCTh CHUTHAllA, a Ha MOIIHOCTB, COCPEJOTOYCHHYIO B OTHCNBHBIX YaCTOTHBIX Trpymmax. [Ipm stom OGonee
WHTCHCUBHBIC YACTOTHBIC TPYIIBI IPU OMPEACIEHHBIX YCIOBUSIX MOTYT MAacKHpOBaTh (IOJABICHHE CIIYXOBOTO
BOCTIPUSITHSI) MCHEEC HHTCHCUBHBIC TPYIIIBL. [IPUMEHHUTETHPHO K CHKATHIO 3TO O3HAYAET, YTO B TPYIMIAX MEHBIICH
WHTCHCUBHOCTH JIOITyCTUM OOJIBIIHMK YPOBCHB ITyMa KBAHTOBAHUS, TO €CTh JOMYCTHMO YMCHBIICHHUE YHCIA Pa3psIoB
IPU KOJHMPOBAHUHM COOTBETCTBYIONIMX CIIEKTPAJIBHBIX COCTABIIIONIMX, YTO B CBOK OYEpellb, CHMKAET CKOPOCTh
repeaBaeMoro nuppoBOro MOTOKA.

DKCIEePUMEHTAILHO YCTAHOBJIEHO, YTO IIMPUHA | — Of YacTOTHOM rpymibl AFi 3aBUCHT TONBKO OT 3HAYEHHUS
e€ cpemueii yactotel fi [ 1 ]. I mMpakTHYeCKOTO MCIONB30BaHUS TOTO CBOMCTBA HEOOXOAWMO aHATUTHYECKOC
OTIMCAaHWE 3aBUCHMOCTH IIUPWUHBI TPYMITEI OT 3HAYECHHUS cpenHel 9acToThl f. DTO aHaIMTHYECKOE ONMMCAHWE TOJHKHO
COOTBETCTBOBATh «TOHKOMY» MY3bIKaIbHOMY clyXy (BocmpusaTtre 3Byka B mosioce 20-20000 I'm). Tompko Torma
MOJKHO TOBOPHTH O COXPAaHEHHH BBICOKOTO KadecTBa BOCIPOWM3BEICHHS NPH OTHOBPEMEHHOM CXKATHH 3BYKOBOTO
CHUTHaJA.

KauecTBeHHOE TIpejcTaBlieHHE O XapakTepe MCKOMOM 3aBHCHUMOCTH JIACT KpUBas YCPETHEHHBIX 3HAUYCHHM
IIMPUHBI YaCTOTHBIX TPYI, SKCICPUMEHTAIGHO W3MEPEHHBIX NPH Pa3IMYHBIX 3HAYEHUSAX cpenHedl dacToTsl. llpm
9TOM €CTCCTBEHHO COIMOCTAaBUTh YCPEOHEHHYIO KPUBYIO CPEIHEH UYYyBCTBUTCIBHOCTH CIyXa, XapakKTepHOH s
OOJIBIIIMHCTBA JIFO/ICH.

W3BecTteH mONOCHBIA psm [2], OTOOpakaromMii CpeIHUE 3HAYCHUS pPE3yIbTaTOB 3KCIICPUMEHTAIBHBIX
M3MEPCHUI IMUPUHBI YAaCTOTHBIX TPymIl (CPelHEe CTATHCTHYECKOTO «00JaKka» NaHHBIX). [IJi1 OLIEHKH CTEICHU
MPUOJIMKEHUST STOTO Psfia K CPEIHEMY aBTOpaMH JIOKJIaJa OBUT HCIOJB30BaH OJWH M3 METOJIOB PETPECCHOHHOTO
aHanm3a — JIMHelHas perpeccus obmiero Buaa [ 3, 4 ]. Ilpu 3ToM KpUTEpHUEM TOYHOCTH MPHUOIMKEHUS MPHUHITA
BEJMYNHA CPEIHEKBAIPATHYHOTO OTKIOHCHHUS:
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rae AFr; — pacuérHoe 3HaueHHE MIMPHHBI TPYNIIEL B i-M 9KCHEPUMEHTE, N — O0IIee YUCII0 SKCIIEPUMEHTOB, a
AFS — ycpennéHHOE 1O N 3Ha4€HHE MIMPUHBI TpynIbl. B pesynbrare Obuia nosydyeHa GyHKIMS ¢ BEICOKOM CTENEHBIO
TOYHOCTH (R2 = 0,9993) amnpokcuMupyrollas HUCXOAHBIM MoOJOCHBIA psaxa. OpHako, mpuMeHeHue (2)
HEMOCPEICTBEHHO K CTATHCTHYECKHM JAHHBIM 1amo R? = 1,24, 4TO CBHIETENBCTBYET O HEIOCTATOUHOH TOUHOCTH
COOTBETCTBHS MPEUIOKEHHOTO Psifia CPEIHECTATUCTHIECKIM JaHHBIM.
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Puc.1. 3aBucuMOCTb MIMPUHBI YaCTOTHBIX TPy F OT LeHTpanbHO# YacToTh! f mpu pa3Ho#
YyBCTBUTEJIBHOCTH CIyXa

Hcnonp3yst TOT ke aHanu3, HO yKe Ha «o0Jiake» CTaTUCTHYECKHUX JAaHHBIX, yIajdoCh MOIYYUTh (QYHKIUIO, C
MAKCHMA/IBHOM CTenenbio TouHocTH (R? = 1) ammpoKCHMHPYIONLYIO YCPeIHEHHBIE Pe3yIbTaThl H3MEPEHHH MHPHHBI
TPYIITEI IPH Pa3INYHBIX 3HAYEHHUSX YaCTOTHI:

AFc(f) =101 £2 401139+ f +68 ©)

AFt(f)=0,933%10°* £ 2 +0122* f +44,4 3

Bripaxenue (3) mokasbpIBaeT, YTO OCHOBHYIO POJIb B MHTETPUPYIOLIEM CBOWCTBE ClTyXa UTPaeT KBaJpaTU4HAs
HEJTMHEHHOCTh, YTO XOPOIIO COTJACYETCS ¢ COBPEMEHHBIM MPEICTABICHUEM O €ro HEIMHEHHBIX MCKaxeHusx [ 2 ].
Puc.l wumrocTpupyeT CeMEWCTBO Mapadoi, COOTBETCTBYIONIMX pPA3UYHOW YYBCTBHTEIBHOCTH CIIyXa. T OYKaMHU
MMOKa3aHbl Pe3yJIbTaThl M3MEPEHHM, a KpUBbIC 1, 2 ¥ 3 COOTBETCTBYIOT UYBCTBHTCIHEHOCTH yxa HWXE cpemHero FI,
CpeIHel YyBCTBUTEIBHOCTH FC M BBICOKOW YyBCTBUTEIHHOCTH Fh, COOTBETCTBEHHO.

Takum o6paszoMm, 3aBucuMocTh AFh(f), cOOTBETCTBYIOIIYIO «TOHKOMY» MY3BIKQIBHOMY CIyXYy, CIEIyeT
WCKaTh B BHJC MapaboJbl, TPOXOJAIICH MO HIKHEMY KpAal CTaTUCTUYECKOTO «O00Jiakay JaHHbIX. Takas (yHKims
ObLIa TOJTyYeHa aBTOPaMH JOKIaa B Pe3yJIbTaTe PErPeCCHOHHOTO aHAIN3A:

_5,5* f 2

AFh(f) =10 +0,0809* f +56 (4)

IMocnenHee BbBIpakEHHWE TIO3BOJIACT OLCHUTH YUCIO W IIMPUHY YACTOTHBIX TIPYNI Ui Ciydas
LIMPOKOMOJIOCHOTO CUrHaNa. Pe3ynbTaThl pacyéToB MpencTaBicHbI B Tabaume 1.

Kak BumHO M3 Tabu.l, B MAKCHUMAJILHO CIBIIIAMOM JUAMTa30HE YACTOT pa3Meniaercs 36 4acTOTHBIX TPYIIIL,
YTO TPEKPACHO COTJIACYETCsl C IKCIEPHUMEHTAbHBIMU PE3yJbTaTaMH, MOJyYeHHbIMH B [ 1 ] mpu BeposSTHOCTHOM
MOJIX0/IC K OL[EHKE MaKCUMAJIbHO CIBIIIUMOTO YHCIIA TPYIIIL.

Takum o0pa3om, Tabn.l obecreynBaeT BO3MOKHOCTH 3((EKTHBHOTO CXKATHs 3BYKOBBIX CHTHAJIOB IPH
HCIOJIb30BaHNH TIOJIOCHBIX METOJIOB UX 00paboTKH [ 5 ], a BeIpakeHue (4) — OPTOTOHAIBHBIX 0a3HCOB.
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Tabnmma 1
No HentpanbpHas Iupuna No HentpanbHas Iupuna
TPYIIIHI yacToTa rpynmsl, ' | rpynmsl, ' TPYIIIHI yacToTa rpynmnsl, [ rpynisl, [
1 50 60 19 2618 289
2 112.5 65 20 2922 319
3 180.5 71 21 3258 353
4 254.5 77 22 3630 391
5 334.5 83 23 4043 435
6 421.5 91 24 4502 484
7 516.5 99 25 5015 541
8 619.5 107 26 5589 607
9 731.5 117 27 6234 683
10 853.5 127 28 6961 772
11 986.5 139 29 7786 878
12 1132 152 30 8727 1003
13 1291 166 31 9805 1153
14 1465 181 32 11050 1336
15 1654 198 33 12500 1561
16 1862 218 34 14200 1842
17 2091 239 35 16220 2200
18 2342 263 36 18650 2665
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EFFECTIVE USAGE OF THE INTEGRANT PHYSABILITY OF HEARING IN DIGITAL SIGNAL
PROCESSING
Stefanov A.M., Stefanova l.A.
Povolzhskaya State Academy of Informatics and Telecommunications
443010 Samara, Moscovskoye Sh. — 77, Computing Department

The most important characteristics of any digital sound processing system are defined by the efficiency of
data compression. Currently, the improvements of the compression efficiency are connected with sound signal
processing in the frequency domain, which makes it possible to take into consideration psychophysiologic qualities of
human ear.

Speaking about compression, the integrant physability of hearing, i.e. the ability to integrate frequency
components of a sound into definite frequency bands [1,2], is of the utmost interest. If one disposes these bands in
tandem without intervals then, the so-called, band set will be formed.

On account of disintegration of the sound signal spectrum into frequency bands our ear does not react to the
whole power of asignal, but to the power concentrated in the definite frequency groups. Under certain circumstances,
more intensive frequency groups can mask less intensive groups (the phenomenon of audio perception suppression).
Thus, in the groups with lower intensity the higher level of noise quantization is allowed, i.e. it is possible to reduce
the number of bits while coding the corresponding spectrum constituents, which, in its turn, reduces speed of the
digital stream transmission.

It has been experimentally established that the width of “i” frequency group AF; depends only on the value
of its average frequency f; [1]. In order to use this quality practically it is necessary to describe the dependence of the
group width on the value of the average frequency f—analytically. The analytical description should correspond to a
good ear (perception within the band of 20-20000 Hz). Only then you can talk of preserving a high-quality playback
alongside sound signal compression.

The curve of the average values of the bandwidth, measured experimentally at different frequency values,
reflects quaitatively the character of the looked over functional dependence.

We know the band set [2] reflecting average experimental values of the results of measuring the frequency
groups width (average data “cloud”). In order to estimate the degree of correspondence of this set to an average set we
used a method of regressive analysis — the linear regression of a general format [3,4]. The value of standard deviation
is taken for the criterion of the degree of approximation:

where AFr; is the averaged value of the group width in
experiments and AFsisthe averaged value of the group width.
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Figl. The Dependence of the Frequency Group Width F on the Central Frequency f for Different Ear
Sensitivities
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As the result we got the following function:

AFc(f) =101 £2 401139+ f +68 ©)

with the high degree of approximation (R? =0,9993). However, its application (2) immediately to the statistic data
showed R? = 1,24, which proves that the degree of correspondence of the suggested set to the average data is
insufficient.

Using the same analysis, but taking into consideration the totality of the statistic data, we managed to get the
function with the maximum degree of approximation (R? =1) characterizing the average results of measurement of the
group width at different frequency values.

AFt(f)=0033%10 2+ £2+0122% f +44,4 (3)

The expression (3) shows that square non-linearity plays the most important role in the integrant physability
to hear, which is well-related with the up-to-date ideas of non-linear distortions [2]. Fig.1 illustrates thE( 3 )ily of
parabolas corresponding to different degrees of ear sensitivity. The points show the results of measurity «id the
curves 1,2,3 correspond to the low ear sensitivity Fl, to the average ear sensitivity Fc and to the high sensitivity Fh
accordingly.

So the dependence AFh(f), corresponding to a good ear, is shown as the parabola running at the bottom of the
totality of statistic data. We got this function as the result of regressive analysis:

AFh(f)=102°* £2

+0,0809* f +56 %

The last expression helps us to estimate the number and the width of frequency groupsin case of a broadband
signal.

The results of the research show that in the whole perceptible range there are 36 frequency groups, which
agrees with the experimental results we have got (1) using the empirical means to evaluate the number of the
maximum audible groups.

Thus, the results of the research provide the possibility of the effective sound signal compression with the
help of band methods in signal processing (5) and formula (4) itself— with the help of orthogonal bases.
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