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Anomauyia—B naniii podoTi NpeaCcTaABICHO Pe3yabTaTH A0CHI’KeHb IPUHIUNIOBOI MOK/IUBOCTI CTBOPEHHsI allapaTHO-
NMPOTrPaMHOI0 KOMILIEKCY /51 AaKyCTHYHOI eKCIepTH3U NPUMillleHb i3 BHKOPHCTAHHAM anapaTypHOro 00.J1aJHAHHS Herpo-
(eciiinoro pius. Iloka3aHo, M0 I/ TAKOT0 CTBOPEHHSI HEOOXiZIHO BUKOHATH KOPHIYBAHHS XapaKTePHCTHKH BUMipIOBa-
JILHOTO TPAKTY, BPaxXyBaBIIH HEPiBHOMIpHICTh aMILTITYJHO-4ACTOTHOI XapaKTEePHCTHKH MiACHCTEMH «T'y4YHOMOBeNb-MiK-
podon». I3 BUKOPHCTAHHAM CKOPHTOBAHOI TAKHM YMHOM ABOKAHAJbHOI BUMIPIOBAILHOI CHCTeMH BUKOHAHO eKCIepuMeH-
TaJbHi J0C/Ii/IZKeHHS, CIPSIMOBAaHI HA OLIHIOBAHHS PO30ipIMBOCTi MOBM, CIIOTBOpPEHOI peBepOepauiero.

Knrwuoei cnosa — wimyuna 20106a; po3odipaugicms mogu; peeepoepauia; 4acnmomna XapaKkmepucmuka; iMnyabcna xapa-
Kmepucmuka npumingenn.

I. BcTvin

TpuBanicTe JOCHTIHKEHb, CIPSIMOBAHUX Ha PO3POOKY
amapaTHO-TIporpaMHuX komiuiekciB «lllTygna romoBa
(IIT), mamigye wmaibke 50 pokiB. OpHi€ro i3 mepuIux
cnpo® Takoro poay MOXKHA BBaXXKaTH CTBOPCHHS
B 1975 poui LI mix Hazsoro KEMAR [1]. Ha Puc. 1 (a)
MTOKA3aHO Mepepi3 TaKOi IMITYYHOI TOJIOBH.

B 1994 poui mioHepoM OAaTCHKOI AaKyCTHKH
I'. Pacmyccenom 3acHoBaHo kommaHito GRAS Sound &
Vibration, sika Ha CbOTO/HI € CBITOBUM JIiIEPOM Y TaITy3i
3BYKOBOi Ta BiOpamiiHOi mpoMucioBocTi [2]. B ocHOBI
JIATBHOCTI i€l KOMITaHii € TeOpeTHYHI Ta MpPaKTHYHi
HapoOku, oTpuMani npu pospodui HII' KEMAR. Ocho-
BHa BigMiHHICTh Mixk KEMAR Ta KOHKypeHTHHMU CTaH-
JapTHUMH imMitaTopamu rosiosu i Topca (HATS) momsirae
B Tomy, o KEMAR 3acHOBaHWI Ha BEJIMKOMY CTaTHC-
THYHOMY IOCHIPKEHHI BIACTHBOCTEH JIOJACHKOTO Tija.
Ie o3nauae, mo KEMAR HATS mae Ti % aKycTHYHI Ba-
CTHBOCTI, IO 1 IepeciyHa JIIoquHa. Pe3ynbpraTi KOHKype-
nTHUX KEMAR po3po6ok nokaszano Ha Puc. 16-1r. 30k-
pema, Ha Puc. 16 mokaszano 3oBHimHIK Burisx [T HMS
I1.3 (Code 1230) [3], Neumann KU 100 [4].

©6)

Xoua 3a3HaYEHI CHCTEMH BHUKOHAaHO HA BHCOKOMY
npodeciitHoOMY piBHi, X 3araJlbHUM CYTTEBUM HEIOTIKOM
€ BHCOKa BapTICTh, 0 csirae 8-10 Tucsy eBpo. Bunsatkom
€ moJibchka po3pobka B1-E [5], BapTicTk sikoi HE IepeBH-
mrye 1000 eBpo, X04a € TeBHI CYMHIBH IIIOJI0 BHCOKOTO

npodeciiinoro piBHsA gaHoi po3pobku. Crix, omHAK ®) (r)
3a3HAYMTH, IO ¥ [ I[iHa MOXe OYTH 3aBHCOKOIO JUIS YK-
PaTHCHKHX JTOCIITHUKIB. Puc. 1 IItyuni romosu: KEMAR (a), HMS 113 (Code 1230) (6),

Neumann KU 100 (8) ta BI-E (r)
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AKYCTUYHI IPUJIAJIU Ta CUCTEMU

3 oy Ha Iie, aKTyaJIbHOIO BUIA€THCS 3a/1a4a CTBO-
PEHHA HEe HAaATO AOPOroro, ane MPUHHATHOTO 3 TOYKH
30py MPAaKTUIHOTO 3aCTOCYBAHHS Ul aKyCTHUYHUX BUMi-
pIOBaHb, IpOrpamMHoO-anapaTHoro kommiekcy 11T

B pobGorax [6], [7] mpeacTaBieHO pe3yabTaTH JOCIHi-
JOKEHb, BUKOHAHHUX Ha 1poTs3i 2020 poky Ta cnpsiMoBa-
HUX Ha CTBOPEHHS anapaTHO-IPOTPAMHOTO KOMIUIEKCY
«lItyyna ronoBa», MPU3HAYEHOTO [UISI BHUMIPIOBaHHS
OiHaypaIbHUX IMITyJIbCHUX XapaKTepUCTHUK Ta JBOKaHA-
JBHOTO OIiHIOBaHHA po30ipianBocti MoBu. llelt kom-
IUIEKC CKJIATAETHCS 31 IITYYHOI T'OJOBH, IO MICTHTh
MO/IETIb 30BHIIIHBOTO ByXa, allapaTHOTO Ta IPOTPaMHOTO
3abe3neueHHs. 30BHILIHINA BUTIIS CTBOPEHOTO Ha Kade-
JIpi aKyCTUYHHUX Ta MYJIbTUMENIHHNX €IeKTPOHHUX CHC-
teM (AMEC) HTYY «KIII im. 1. Cikopcbkoro» Komruie-
key II" mokazano Ha Puc. 2.

MeTtoro 1aH01 pOOOTH € YTOYHEHHS HU3KH BaXKIMBHUX
MMUTaHb, M0 CTOCYIOThCS CTBOPCHHS, HAJIATO/KCHHS Ta
eKCIUTyaTalii JaHoro amapaTHO-IPOrPaMHOI0 KOMILIe-
KCy.

II.  CTBOPEHHS TA HAJIAT'OJPKEHHS
KOMIUIEKCY HIT

[Ipu ctBopenHi kommurekcy I" BaXITHBIM TUTAHHS
€ TIOUIYK METOZIB OOYMCIECHHS aMIUITYyIHO-4aCTOTHOI
xapakTepucTukn (AYX) miacucTeMu «TydYHOMOBEIIb-
MIiKpoQoH», 1110 HeoOXinHO s KopuryBaHHs AUX Tpa-
KTY.
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Puc. 2 Kommnekc «llltyuna romosa» [6], [7]: 30BHImHII BUrIAx (a),
nporec BUMiptoBaHb (0)
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Puc. 3 CtpykTypHa cxema IpoLeIypH omiHioBaHHS [X nmpuMimeHHs

CTpyKTypHY CXeMy MPOIECIyPH OLiHIOBAHHS IMITyJIb-
cHol xapakTepucTuku (IX) mpuMirieHHs 3a 10IIOMOTOI0
T npencrasneno Ha Puc. 3. TectoBuii 3ByKOBUI CcHT-
HaJl BUIIPOMIHIOIOTH 32 JJOIIOMOTOI0 I'YYHOMOBII, SIKHH
PO3MIIIEHO Y TOUIlI MPUMIIIECHHS, e 3a3BUYail pO3MIiIy-
€TBCS TUKTOP. BiAryK NpUMIIIEHHS HA CTUMYJI pEECTpPYE
mapa MiKpoQoOHiB, MPUTUCHYTHX JI0 BYIIHHX PaKOBHH
IITYYHOI TOJIOBH, IIIO PO3MIMICHA B OJHIH i3 TOYOK IpH-
MIIIIEHHS, JIe 3a3BUYail 3HAXOMIThes ciyxadi. OCKinbKU
AUYX ryqHOMOBIII Ta MiKpO(OHA HE € i/IeaTbHO PIBHOMI-
PHHMH B CMY3i 4acTOT TECTOBOTO CHUTHaIy, 3amicTh 1X
MpUMIIIeHHS Oyze oriHeHo IX crcTeMH «T'yYHOMOBEI[b-
MPUMIIICHHSA-MIKPO(POHY.

I (6= By (1) @ By (6) ® iy (£) = By (1) ® (1),
Je ® — cUMBOJI 3TOPTKH; /() — IMITyJIbCHA XapaKTepu-
CTHKa I'y4YHOMOBIS; /1,,(¢) — IX oxHOrO i3 MIKpO(OHIB;

N () =l ()@ hy, () — IX cucreMu «Ty4HOMOBELb-
MIKpOQOH» .

3rimHO i3 peKoMeHaaIisamMu npais [8], [9], TectoBum
CHTHAJIOM CJIyTyBaja mls-TIOCTiIOBHICTh 13 YacCTOTOO
nmuckperusaiii 44,1 k['1; Ta 6iToBoro ruOuHOIO 24. Bpa-
XOBYIOUH TOPIBHSHO HEBHCOKY SKICTh BHUKOPHUCTAHUX
T'YYHOMOBIIIB Ta MiKpO(]OHiB, HEOOXiZIHO KOpHUTYBaTH
pe3yIpTaTH BUMIpIOBaHb [X mpuMimeHHs.

Ha Puc. 4 noxaszano ouinku AUYX migcucremu I'M
JUIA 3-X BHIIB TYYHOMOBIIIB, OTPHMAaHIi MiCHs 3alUCy Ta
00poOKHM CUTHAJIIB B 3arTyIEHOMY NPUMILIEHHI.

[TopiBHroroun HaBemeHi Ha Puc. 4 ominku AUX,
MOJKHA 3pOOUTH BHCHOBOK, II[0 HAWKPAIIUM € TyIHOMO-
Beib Genius. PesynbraTi omintoBanHs [X ckopurosa-
HOTO BUMIPIOBAIBHOTO TPAKTY i3 BUKOPUCTAHHIM T'YIHO-
MmogIs Genius nokaszaHo Ha Puc. 5.

III. BUIIPOBYBAHHS KOMIUIEKCY I

ExcniepuMmeHTanbHa epeBipka CIpOMOKHOCTI pO3po-
OJICHOTO KOMIUIEKCY Majia MOKa3aTH HPUHIUIIOBY MOX-
JUBICTh BUKOPUCTAHHS EJICKTPOAKYCTHYHOI amapaTypH
moOyTOBOTO, HE MPOQECiHHOTO, PiBHA ISl PO3B’SI3aHHS
BHMIPIOBaJIbHUX 3aB/IaHb.

Jlst ButipoOyBaHb Oyiio oOpaHo nBi ayauTopii kade-
npu AMEC, manoro Ta cepeanboro posmipy (Puc. 6).
VY neBHHUX TOYKAX MPUMIMIEHHS (HyMEpOBaHI KPY>KEUKH)
Oymu po3mimeHi MikpoOHHM Ul peecTpanii CHUrHaiy.
Ha Puc. 7 naBeneno rpadixu ominok IX po3rasHyTHX
TIPUMIIIEHB, 13 pe3yIbTaTaMHi BUMIPIOBaHHS Yacy peBep-
Oeparrii.
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Yamaha, df =50 Hz
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Puc. 4 Ouinku AUX migcucremu I'M: ryqnomoBui Optima (a), Genius

(6) ta Yamaha (B) BiarnoBiaHo [6]

Genius, delf = 50 Hz, Type 3
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Puc. 6 [1nanu manoi ayurtopii 438 (a) Ta cepennboi ayauropii 209 (6)

(7]

cf(;an1,Tm=0.845,T20=1.090,T1u=1.027,EDT=0.972

room 438, point 2
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room 209, point 3
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Puc. 7 IX ta yac peBepOepauii s aymuropiii 438 (a) Ta 209 (0) [7]
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Oninku xapakrepuctuk C50 (imgexc giTkocti), ERB
(BiTHOIIEHHSI E€HEprii MpsMOro 3BYKY Ta paHHIX Bil- 0.58
outs), STI (iHgexc po30ipIMBOCTI) Ta CIOBECHOT pO30ip-
nmuBocti W HaBeneHo Ha Puc. 8-11, BigmoBigHO.
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Puc. 11 Ouinku cnoBecHoi po36ipmuBocti W s ayauropiif 438 (a) Ta
Puc. 9 Ouinku ERB mns aynutopiit 438 (a) ta 209 (6) 209 (6)
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3TiIHO OTPUMAHKUM OIliHKaM, e(eKT MiABUIIEHHS PO-
30ipimBOCTI MOBH OuIsl 3aqHBOT CTIHKK aymuropii 438,
TIOPIBHSHO 13 CEPEUHOIO TPUMIIIIEHHS, € 3HAYHO BHPa3-
HIIIUM 711 OLIHOK po36ipmuBocti MoBH (Puc. 10-11),
Hix mig koedimieary C50 (Puc. 8). Illo crocyerncs
ayauropii 209, ne Oyno BHKOHAaHO BHMIpPIOBaHHS IIE
1 Oinst OOKOBUX CTiHOK (TOYKH 3 HOMepamMu 5 Ta 6),
6aunmo, 1m0 Oinst OOKOBUX CTIHOK aynuTopii po30ipim-
BiCTh MOBH € TaKOX BHII[OI0, HIK B IIEHTPI1 MIPUMIIICHHS.

V3aranpHIOI0YH, MOXHA CKa3aTH, 110 B ayIUTOPIsX,
MOMIOHUX PO3TITHYTHM B JaHii poOOTi, KOPHCTH paHHIX
BiIOWTH, 32 KPUTEPiEM PO30OIPIUBOCTI MOBHU, € Pi3HOIO
B pI3HMX 4YacTHHAX MNPUMILICHHS, i Olng CTiH HpUMi-
IICHHS BOHA € OUTBIIOI0, HIXK B CEPEIIHI MPUMIIICHHS.

BUCHOBKU

IIpencTaBneHo pe3ynbTaTé AOCIIHKEHb MPHHIMIIO-
BOI MOXJIMBOCTI CTBOPEHHS arapaTHO-IIPOrPaMHOTO
KOMIUIEKCY JUI aKyCTHYHOI €KCHEPTH3H NMPHUMIILECHb i3
BUKOPHCTaHHSIM amapaTypHOTo oOJamgHaHHS Herpode-
ciftHoro piBHA. IlokasaHa HeOOXiTHICTE KOPHUTYBaHHS
AYX BUMIpIOBaJIBHOIO TPaKTy. BHKOHaHO ekcrieprMeH-
TaJbHI JOCIIKEHHS, CIIPSMOBaH| Ha OI[iHIOBaHHS PO30i-
PJIMBOCTI MOBH, CHOTBOPEHOI peBepOepari€ero, Mo miar-
BEPAWIIO MpaIe3aTHICTh PO3POOIEHO KOMITICKCY.
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Abstract—This paper presents the results of research on the fundamental possibility of creating a hardware and software
complex for acoustic examination of premises using non-professional equipment. The "Dummy Head" complex is designed
to measure the characteristics of the binaural impulse and assess the intelligibility of two-channel speech. The peculiarity of
this complex is that it contains electro-acoustic equipment of various qualities, including household appliances with mediocre
quality characteristics.

The paper shows that for such a creation it is necessary to adjust the characteristics of the measuring path taking into
account the non-uniformity of the amplitude-frequency characteristics of the subsystem '"speaker-microphone'. Since
the amplitude-frequency characteristic of the speaker-microphone subsystem takes the smallest values at the edges of
the frequency range, and the variance of the mutual spectrum estimation of the speaker-microphone system is the largest at
the right edge of the frequency range, it is advisable to use the regularization method to achieve the required calculation
accuracy. Such a correction can be performed by controlled division of the frequency response of the speaker-room-micro-
phone system to the previously obtained estimate of the amplitude-frequency characteristic of the speaker-microphone sub-
system. The problem of such calculations is the distribution operation, because the amplitude-frequency response of
the speaker-microphone subsystem may contain small numerical values that will overflow the bit grid of the computer sys-
tem and will fall on the computer. However, it is obvious that if to ensure proper control of the amplitude-frequency char-
acteristics of the speaker-microphone subsystem, such a distribution can be practically implemented.

The paper also shows that the results of language intelligibility assessment in two small and medium-sized classrooms
showed that speech intelligibility in the middle of the room may be less than near the wall of the room. These results are
consistent with the results of previous studies, where language intelligibility was assessed by objective and subjective meth-
ods for other audiences. It should be noted that although estimates of the widely used C50 coefficient are consistent with
estimates of speech intelligibility, the phenomenon of increased speech intelligibility near the walls of the room is more
pronounced when using estimates of speech intelligibility. Using a two-channel measurement system configured in this way,
experimental studies were conducted to assess the intelligibility of speech distorted by reverberation.

Keywords — dummy head; speech intelligibility; reverberation; frequency response; impulse response.

®
L®_J Copyright (c) 2021 [Asopnux O. O.


http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.20535/2617-0965.eae.228437
https://orcid.org/0000-0003-4735-2225
https://ames.kpi.ua/
https://ror.org/00syn5v21

	Розробка апаратно-програмного комплексу «Штучна голова» із використанням  обладнання непрофесійного рівня
	I. Вступ
	II. Створення та налагодження  комплексу ШГ
	III. Випробування комплексу ШГ
	Висновки
	Перелік посилань


	Development Of Hardware and Software  Complex "Dummy Head" with the Use  of Non-professional Equipment

