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Momopniox /J[. €. OuiHKa aKyCTUYHUX NapaMeTpiB MNPUMINICHHSA K KaHAIly
MOBJICHHEBOI KOMYHIKallli. — KBamidikaniiHa HaykoBa Ipalls Ha paBax PYyKOIUCY.

Hucepraliist Ha 3100y TTsI HAYKOBOT'O CTyIeHs JOKTOpa (iocodii 3a creliajibHICTIO
171 «Enexkrponika». — HanioHanbHUi TeXHIYHUI yHiBepcuTeT Ykpainu «KuiBchbkuii
noniTexHiuHui iHcTUTyT iMeHi Iropst Cikopcskoro», MOH VYkpainu, Kuis, 2021.

HNucepraniitna po0OoTa MNpUCBSYEHA JOCTIIKEHHIO BIUIUBY aKyCTHUYHHUX
XapaKTEPUCTUK MNPUMINIEHHS, PaHHIX 1 MI3HIX BIJOUTTIB 3BYKYy Ha pO30ipIuBICTh
MOBJICHHEBOTO CHUTHaly, aBTOMAaTH3allii OI[IHIOBAaHHS aKyCTHYHUX XapaKTEPUCTUK
MPUMIILICHHS, aBTOMAarTHh3allii MPOBEACHHS APTUKYISIIMHUX BUNpPOOyBaHb Ha
cy0’€KTUBHY pO30ipJIUBICTH MOBJICHHSI.

3MICT aucepTaliifHOro JOCIHIIKEHHSI BUKJIAJACHO Y YOTHPHOX PO3AUIAX, Y SKHX
MpeACTaBIEHI Ta OOIPYHTOBAaH1 OCHOBHI PE3YJIbTaTh POOOTH.

VY BcTymi OOrpyHTOBAHO aKTyaJIbHICTh IUCEpPTAIiiiHOT poOOTH, cPOopMyIbOBAHO
METy Ta MepepaxoBaHO 3adadl JOCIIHKEHHS, ONMMCAHO METOAM JOCIIKCHHS, HaJaHa
iH(opMallist IpO HAYKOBY HOBU3HY Ta MPAKTUYHE 3HAUYCHHS OJIEp>KaHUX PE3yIbTaTiB.

[lepuuii po3ain MPUCBSIYEHO OMISALY MyONiKaIid 3 MOJENIOBAHHS IMITYJIbCHOL
XapaKTEPUCTUKHU MPUMIIIECHHS, BIUTMBY peBepOepallii Ha MOBJIEHHEBUI CUTHAJ, METO/IIB
KOMIIEHCAIlll BIUIMBY peBepOepallii Ta METO/AIB BUMIPIOBaHHS 4acy peBepOepaiiii. B
PO3MISIHYTUX POOOTax 3 BIUIMBY MPUMIIIEHHS HA MOBJIEHHEBUI CUTHAJ OpaKye aHaTI3y
3B’513Ky 00’ €KTHUBHUX IMOKA3HUKIB SIKOCTI MOBJICHHS 13 Cy0’€KTUBHOIO PO30IpPIUBICTIO.
OxpiM 1BOTO, 3alPOINIOHOBAHA METOJOJIOTISI MPOBEAEHHS Cy0’€KTUBHHUX TECTIB JIyKE
pecypcoeMHa 1 moTpedye aBToMaTH3aIlli.

VY npyromy po3aiii po3mIsiHyTO BUMIPIOBAHHS IMITYJIbCHOI XapaKTEPUCTUKH 1 4acy
peBepOepanii nOpsIMUMH ~ MeTOIaMH (3 BUKOPUCTAHHSIM TECTOBOTO CHUTHANY).
3anpornoOHOBAHO MOKPAIIEHHS  aJrOpUTMy aBTOMATUYHOTO  OLIIHIOBaHHS  4acy
peBepOeparlii MpsSIMUM METOJIOM, IO TIOJISITaE 'y aBTOMATHYHOMY, BIKOHHOMY 3
MEPEKPUTTSIM, aHAITI31 3aMMCAHOTO BIATYKY Ha 30yIKyIOuuid cUrHaji. 3almporoHOBAHUMN
anropuT™M OyB BHUKOPUCTAHMU TpH JOCHIIKEHHI aKyCTMUHHMX IMapaMeTpiB y4yOOBUX
NpUMIIIEHb KadeIpu aKyCTUYHHX Ta MYJBTUMEIIMHUX €JIEKTPOHHUX CHCTEM

HTVYY «KwuiBchkuil nonitexHiyHuid iHCTUTYT iMeHi Irops Cikopcekoro». Kpim Ttoro,



PO3p00IECHO PEKOMEH/Iallll 11010 KOPUTYBAHHS XapaKTEPUCTUK aKyCTUYHOI anaparypu
HenpoeciiHOro PiBHS SIKOCTI IPU MPOBEICHHI BUMIPIOBAHb SIKOCTI Ta PO30IpIUBOCTI
MOBJICHHSI 13 BUKOPUCTAaHHSIM IITy4HOI Tro0JIoBH. EdexTuBHICTh 3a3HaYeHUX
peKoMeHalli Oylia mepeBipeHa eKCIePUMEHTAIbHO, IIUISIXOM OLIHIOBAHHS aKyCTUYHUX
XapaKTEPUCTUK YHIBEPCUTETCHKUX ayIUTOPIA Malioro, CEpPeAHbOTO Ta BEIUKOTO
pO3Mipy, a TaKoX IUIAXOM TMEPEBIPKUA Y3TOJKEHHS OTPUMAHUX PE3YJbTaTiB 13
JiTepaTypHUMHU TaHUMHU.

VY TperboMy po3/iii MPEACTaBICHO PE3YIbTaTH MOJICPHI3aIlli BIZIOMOTO aJITOPUTMY
CJIINOTO BUMIpPIOBaHHS Yacy peBepOepaiii. CkiagHICTh 3aBJJaHHS MOJSATAaE B TOMY, L0
MIPU TaKUX BUMIPIOBAHHSAX B PO3MOPSIKEHHI 1HXKEHEpa € JIUIIE 3alUC MOBIICHHEBOTO
CUTHaJy, CIIOTBOPEHOTr0 peBepoOepaliero. B aucepraiiiiniii po6oTi 3alIpOMOHOBAHO TaKe
MOKPAILEHHS] 3a3HAYEHOT0 aJIrOpPUTMY, SIK€ JO3BOJIWJIO PO3MIMPUTH Jl1ama3oH
BUMIPIOBaHHS yacy peBepOepaillii po3mIsHYyTUM METO/I0M. JIOCTOBIPHICTh Ta TOYHICTH
OTpUMaHUX Pe3y/bTaTiB NEPEBIPEHA 13 BUKOPUCTAHHAM KOMIT FOTEPHOTO MOJICIFOBAHHS,
HUISIXOM TOPIBHSIHHS  pE3y/lbTaTiB  alTOPUTMY-IIPOTOTUITY Ta MOJEPHI30BAaHOTO
aNTOPUTMY.

B ueTBepTOMY pO3/11i11 [UCEpTaliitHOT pOOOTH MPEACTABICHO PE3YIbTaTH PO3POOKH
anapaTHO-MPOTrPaMHOI CUCTEMH JIJI aBTOMATH3AIlli ApTUKYISIIMHUX BUTIPOOYyBaHb MPU
Cy0’€KTUBHOMY OIlIHIOBaHHI1 pO30ipaMBOCTI MOBIECHHS. Bukopuctanas po3poOieHoi
CUCTEMH JO3BOJWJIO CHIBCTABUTH PE3YJAbTAaTH OIIHIOBAHHS SIKOCTI MOBJICHHEBUX
CUTHAJIB 13 pe3y/IbTaTaMu OLIIHIOBAHHS pO30ipJIUBOCTI MOBJICHHS Ta 3pOOUTH BUCHOBKHU
[0JI0 TMPUHIMIIOBOI MOXIJIHMBOCTI BUKOPUCTaHHSA MPOCTUX, 3 TOYKU 30py 00’emMy
0o0YMCIIEHb, OI[IHOK SKOCTI CHUTHAJIB 3aMICTh CKJIAJHUX OI[IHOK pPO30ipIMBOCTI
MoBneHHs.  [lpencraBieHo  pe3ylnbTaTd  €KCIEPUMEHTAIBHOTO  TOPIBHSHHS
pO30IpAMBOCTI MOBJIEHHS MpU AIOTUYHOMY Ta JIXOTUYHOMY IIPOCIyXOBYBaHHI
MOBJICHHEBUX CHUTHalliB. BUKOHAHO TMOpIBHSHHS BIUIMBY pPaHHbOI Ta MI3HBOI
peBepOepalli Ha pe3yiabTaTd CyO €KTUBHOIO OI[IHIOBAHHS PO30IpIMBOCTI MOBJICHHS.
[IpencraBneHo  pe3yabTaTd  KOMITIOTEPHOTO  MOJIENIOBAHHS — BIUIMBY  PaHHBOI
peBepOepaillii Ha po30IpAUBICT MOBJIEHHSI B 3aJI€KHOCTI Bl CTPYKTYPH IMITYJIHCHOT

XapaKTEPUCTUKU MTPUMIILICHHS.



Pesynpraty  OCHiIKEHb JO3BOJWIM CTBOPUTH YTOYHEHI aHAIITHUYHI Ta
KOMIT IOTE€pHI1 MOJIEN1 /111 aKyCTUYHHX 3aBaJl y BUIJISI/II ITyMY, paHHIX Ta Mi3HiX BiJIOUTTIB
3BYKY B IPUMIIIEHHI HA AKICTh MOBJIICHHEBUX CUTHAJIB Ta Ha PO30IPIUBICTH MOBJICHHS.
BusineHHs HeratuBHOI [ii paHHIX BIJIOUTTIB 3BYKY Ha pO30IpIMBICTH MOBIICHHS B
CepelHIi 4YacTUHI NPHUMILIEHb JA03BOJIsi€ OOIPYHTYBAaTH HEOOXIIHICTh NPUNUHATTA
BIAMOBIAHUX A1M 19 HEUTpai3ailii BUSBICHOTO €(EeKTY.

Pesynbratu, mnpenctaBieHl y JauMcepTailii, MOXYTh OyTH BUKOPUCTaHI MJIs
EKCIIePTU3H Ta KOPEKIli aKyCTUYHUX XapaKTEPUCTUK MPUMIIIECHb HIISIXOM PO3PAXYHKY
Ta BUMIPIOBAHHS SIKOCTI Ta PO301PJIUBOCTI MOBJIEHHEBUX CUTHAIIIB Y MPUMIIICHHSX, 1110
MPOEKTYIOThCS, OyAyIOThCA a00 MiAAat0ThCs peHoBallii. Bonoainus iHpopMalliero moa0
XapakTepy Ta CTYNEHs BIUIMBY IIYMY, paHHIX BIAOUTTIB 3ByKYy Ta Mi3HbOI peBepOeparii
Ha SIKICTh Ta pO30IpJIUBICTH MOBJIEHHS B PI3HUX TOYKaX HPUMIIIECHb J03BOJIUTH
MIJBUIIUTH  TOYHICTh aKyCTUYHOI €KCIEepTU3W. ABTOMaTu3allis BHUMIPIOBaHb
aKyCTUYHUX XapaKTePUCTHUK MPUMIIICHHS, B TOMY YHCII SIKOCTI Ta pO30ipJIMUBOCTI
MOBJICHHSI, JO3BOJHUThH MIABUIIUTA TOYHICTh BUMIPIOBAHb, 3HU3HUBIIU TMPU I[OMY
BUTPATU MaTeplalibHUX, YACOBUX, (DIHAHCOBUX Ta JIIOACHKUX PECYPCIB.

BuknaneHni y aucepraliii HOB1 TEOPETUYHI Ta MPAKTUYHI PEe3yabTaTH JOCIIIKEHb
3HAWIUIM 3aCTOCYBaHHS Yy OCBITHBOMY Ipoleci kadeapu aKyCTUYHUX Ta
MYJIBTUMEIIMHUX €IEKTPOHHUX CUCTEM 3a crienianbHICTIO 171 EnekTpoHika, 0CBITHBOIO
nporpaMor0 “AKyCTHYH1 €JIEKTPOHHI CHUCTEMHU Ta TEXHOJOTii OOpOOKH aKyCTUYHOT
iHpopmanii®’, HailioHanbHOTO TEXHIYHOTO YyHIBepcuTeTy Ykpainu “KuiBchkuit
MOJITEXHIYHUH 1HCTUTYT iMeH1 [rops Cikopchkoro™.

B nuceprarriiiniif po60Ti OTpUMaHO HACTYITHI HAYKOB1 PE3YJIbTATH:

— BIIEpIlIE BKa3aHO YMOBH, 3a SKMX OO €KTUBHE OI[IHIOBAHHS SIKOCTI
MOBJIEHHEBUX CUTHAIIIB, 1110 MACKYIOThCS ITyMOBOIO 3aBa/I0K0, MOXE OyTH 3aCTOCOBAHO
3aMICTh Cy0’€KTUBHOIO OIIHIOBAHHS PO30IPJIUBOCTI MOBJICHHS,

— BIIEpIlIE BKa3aHO HA MOXJIMBICTh 3HUXKEHHSI PO30IpIMBOCTI MOBU B
OKpPEMHUX YaCTHUHAX MPUMIIIEHb Yepe3 NOTIPUICHHS SIKOCTI MOBJIEHHEBOTO CUTHAITY, SIKE

CIIPUYMHEHE JII€I0 PaHHIX BIJOUTTIB 3BYKY;



— BIIEpIIIEC 3alPOMOHOBAHO, MPHU aBTOMATHU3allli OI[IHIOBAHHS PO30ipIUBOCTI
YKpaiHCHKOTO MOBIICHHSI ApTUKYISIMIAHUM METOJOM, crociO ¢ikcaiii CHpUuUHITHX
CJIyXaueM 3BYKOBHX CIIOJIyY€Hb, III0 BUKOPUCTOBYIOTHCS B SIKOCT1 €JIEMEHTIB MOBJICHHS;

— BJIOCKOHAJICHO aJrOPUTMHU OI[IHIOBAHHS 4Yacy peBepOeparlii mpsMUM Ta
CIINUM METOAaMH, IO JO3BOJISIE PO3IIMPUTH TPAHUIl 3aCTOCYBAaHHS 3a3HAUCHUX
aJATOPUTMIB Ta MIJABUILUTU CTYIIHb aBTOMATH3AIlli aKyCTUYHUX BUMIPIOBaHb;

— PO3p00OIEHO pEKOMEH AL II[0JI0 KOPUTYBAHHS XapaKTEPUCTUK aKyCTUYHOT
anaparypu HenpoQeciiiHOro piBHSI SKOCTI MPU MPOBEJACHHI BUMIPIOBaHb SIKOCTI Ta
PO301pIMBOCTI MOBJICHHS 13 BUKOPUCTAHHSM IITYYHOI F'OJIOBH.

[IpakTruHe 3HaYEHHS OTPUMAHUX B JIUCEPTalliiiHIi poOOTI pe3yabTaTiB MOJSATAE y
HACTYITHOMY:

— TIO0Ka3aHO MOKJIMBICTh MIJBUILIEHHS JOCTOBIPHOCTI PE3YJIbTATIB APTUKYIISAIIAHUX
BUNpPOOYBaHb Ta TIJABUINCHHS CTYINEHsS aBTOMAaru3ailii TaKuX BHUOPOOYBaHb,
CIPSIMOBAaHMX Ha CYO’€KTUBHY OIIIHKY pPO30IpIMBOCTI YKPAiHCHKOTO MOBJICHHSI B
MPUMIILICHHSIX;

— BCTAHOBJICHO MPUHIIUIIOBY MOXJIUBICTh BUKOPUCTAHHS MIpP SIKOCTI MOBJIEHHEBOTO
CUTHAJy 3aMICThb Mip PO30ipJIMBOCTI MOBJICHHS, IO JO3BOJSE CHOPOCTUTH MPOUEAYPY
OL[IHIOBaHHA PO30IPIMBOCTI MOBH;

— po3po0eHO MpOorpaMHO-anapaTHy CUCTEMY ISl apTUKYISIIIHHUX BUIPOOYBaHb
KaHaJIIB Nepeaayl yKpaiHChbKOi MOBH B YMOBAX Jiii ITyMOBOT 3aBaJik Ta peBepoOepaliii, 1o
JI03BOJISIE aBTOMATU3YBATH TaKi BUIIPOOYBaHHSI, MIJIBUIIIUTH iX JOCTOBIPHICTH TA CYTTEBO
3HU3UTHU PECYPCOEMHICTh BUPOOYBaHb;

— BJOCKOHAJICHO aJITOPUTMHM OI[IHIOBAHHS 4yacy peBepOepalii mpsMuUM Ta CIIIUM
METO/IaMHU, 1110 JI03BOJISE€ PO3UIUPUTH T'PAHUIIl 3aCTOCYBaHHS 3a3HAYEHUX AJITOPUTMIB Ta
MIABUIIATH CTYIIHb aBTOMAaTHU3aIlll aKyCTUYHUX BUMIPIOBaHb.

Kniouosi cnosa: iMmmyiabCHa XapakTEpUCTHKa MPUMINIECHHS, peBepoOepartis,
MOBJICHHEBUN  CUTHajl, CIOTBOPEHHS MOBJIEHHEBOTO  CHUTHANly, CyO €KTUBHA

pO30ipIUBICTH, aBTOMATH3AITIS.
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SUMMARY

Motorniuk D.E. Assessment of an acoustic parameters of the room as a speech
communication channel. — Qualifying scientific work on the rights of the manuscript.

Thesis for the degree of Philosophy Doctor, in specialty 171 “Electronics”. —
National Technical University of Ukraine "Igor Sikorsky Kyiv Polytechnic Institute",
Kyiv, 2021.

The dissertation 1s devoted to the study of the influence of acoustic characteristics
of the room, early and late sound reflections on the intelligibility of the speech signal,
automation of evaluation of acoustic characteristics of the room, automation of
articulation tests on the subjective intelligibility of speech.

The content of the dissertation research is presented in four sections, in which the
main results of the work are presented and substantiated.

The introduction substantiates the relevance of the dissertation, formulates the
purpose and lists the objectives of the study, describes the research methods, provides
information about the scientific novelty and practical significance of the results.

The first section is devoted to a review of publications on modeling the room
impulse response, the impact of reverberation on the speech signal, methods of
compensating for the impact of reverberation and methods of measuring reverberation
time. The considered works on the influence of the room on the speech signal lack the
analysis of the connection of objective indicators of speech quality with subjective
intelligibility. In addition, the proposed methodology for conducting subjective tests is
very resource-intensive and requires automation.

The second section considers the measurement of impulse response and
reverberation time by direct methods (using a test signal). It is proposed to improve the
algorithm for automatic estimation of reverberation time by the direct method, which
consists in automatic windowed with overlap analysis of the recorded response to the
test signal. The proposed algorithm was used in the study of acoustic parameters of the
classrooms of the Department of Acoustic and Multimedia Electronic Systems of
NTUU "Igor Sikorsky Kyiv Polytechnic Institute". In addition, recommendations have
been developed for adjusting the characteristics of non-professional quality acoustic

equipment when measuring the quality and intelligibility of speech using an artificial



head. The effectiveness of these recommendations was tested experimentally, by
evaluating the acoustic characteristics of university classrooms of small, medium and
large size, as well as by checking the consistency of the results with the literature.

The third section presents the results of improvement of the known algorithm for
blind reverberation time estimation. The complexity of the problem is that in such
measurements, the engineer has only a record of the speech signal distorted by
reverberation. In the dissertation such improvement of the specified algorithm which has
allowed to expand the range of measurement of reverberation time by the considered
method is offered. The reliability and accuracy of the obtained results were verified
using computer modeling, by comparing the results of the prototype algorithm and the
improved algorithm.

The fourth section of the work presents the results of hardware and software system
development for automation of articulation tests in the subjective assessment of speech
intelligibility. The use of the developed system allowed to compare the results of speech
signal quality assessment with the results of speech intelligibility assessment and to draw
conclusions about the fundamental possibility of using simple, in terms of computational
volume, signal quality assessments instead of complex speech intelligibility
assessments. The results of experimental comparison of speech intelligibility during
diotic and dichotic listening of speech signals are presented. A comparison of the
influence of early and late reverberation on the results of speech intelligibility subjective
assessment 1s performed. The results of computer modeling of the influence of early
reverberation on speech intelligibility depending on the structure of the room impulse
response are presented.

The research results allowed to create refined analytical and computer models of
the influence of acoustic interference in the form of noise, early and late reflections of
sound in the room on the quality of speech signals and speech intelligibility. Discovery
of the negative effect of early sound reflections on speech intelligibility in the middle of
the rooms allows to justify the need to take appropriate action to neutralize the
discovered effect.

The results presented in the dissertation can be used for examination and correction

of room acoustic characteristics by calculating and measuring the quality and



intelligibility of speech signals in the rooms that are designed, built or renovated. Having
information on the nature and extent of noise, early sound reflections and late
reverberation on the speech quality and intelligibility in different parts of rooms will
increase the accuracy of acoustic examination. Automation of measurements of room
acoustic characteristic, including speech quality and intelligibility, will increase the
accuracy of measurements, while reducing the cost of material, time, financial and
human resources.

The new theoretical and practical research results presented in the dissertation were
used in the educational process of the Department of Acoustic and Multimedia
Electronic Systems in the specialty 171 Electronics, educational program "Acoustic
Electronic Systems and Acoustic Information Processing Technologies", National
Technical University of Ukraine "Igor Sikorsky Kyiv Polytechnic Institute".

The following scientific results were obtained in the dissertation:

— for the first time, the conditions under which the subjective assessment of
the quality of speech signals masked by noise interference can be used instead of the
speech intelligibility subjective assessment are indicated;

— for the first time the possibility of speech intelligibility reduction in some
parts of the rooms due to the deterioration of the speech signal quality, which is caused
by the action of early sound reflections is indicated;

— for the first time in the automation of Ukrainian speech intelligibility
assessment by articulation method, a method of recording the perceived by the listener
sound combinations, used as elements of speech, proposed;

- the algorithms for reverberation time estimation by direct and blind
methods have been improved, which allows to expand the application limits of these
algorithms and increase the degree of acoustic measurements automation;

— developed recommendations for adjusting the characteristics of acoustic
equipment of non-professional quality level for measuring the speech quality and

intelligibility using an artificial head.



The practical significance of the results obtained in the dissertation is as follows:

— the possibility of increasing the reliability of articulation tests results and
increasing the degree of automation of such tests, aimed at the subjective assessment of
Ukrainian speech intelligibility in the rooms is demonstrated;

— the principal possibility of speech signal quality measures usage instead of speech
intelligibility measures is established, which allows to simplify the procedure of speech
intelligibility assessment;

— a software and hardware system for articulation tests of Ukrainian speech
transmission channels under conditions of noise interference and reverberation has been
developed, which allows to automate such tests, increase their reliability and
significantly reduce the resource consumption;

— the algorithms for reverberation time estimation by direct and blind methods have
been improved, which allows to expand the application limits of these algorithms and
increase the degree of acoustic measurements automation.

Keywords: room impulse response, reverberation, speech signal, distortion of

speech signal, subjective intelligibility, automation.
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