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The purpose of the article is to offer a method of aesthetic evaluation of the acoustic properties of concert halls based
on the subjective perception of the sound of musical material. The research methodology is based on the following methods:
analytical is used to study the scientific literature; theoretical — to define special terminology, describe the phenomena that
occur during research and parameters used for the subjective assessment; empirical — while listening to orchestras in a concert
hall with subsequent expert evaluation of the results; comparative — to compare the results of research; methods of analysis
and synthesis — to process the results of research, and also the interviewing method — to get information from musicians
and active listeners. The scientific novelty of the article is an attempt to give an aesthetic assessment of the sound of the
orchestras in the concert hall of the Solomiya Krushelnytska Lviv National Academic Opera and Ballet Theatre by studying
the phenomenon of subjective perception of musical material. Conclusions. The study has demonstrated that the subjective
assessment of the acoustics of concert halls requires the selection of evaluation criteria and the establishment of their relations
with objective acoustic parameters. Subjective evaluation and objective parameters are correlated with each other and give
a complete description of the sound of the orchestra in the concert hall. Subjective assessment of the acoustic quality of
concert halls is fully confirmed by objective acoustic parameters. Its application can be considered justified. It has received
a clear confirmation from the professional musicians. The verbal questioning among ordinary concert-goers has shown the one-
sidedness of their assessments. They vary between “good” and “excellent” and thus, are less accurate.

Keywords: objective parameters; subjective assessment; evaluation criteria; concert hall’s acoustics; correlation;
concert hall; orchestra

Introduction

Objective acoustic parameters characterize acoustics of the enclosed space. In our study, this is the acous-
tics of the concert hall. These acoustic properties depend directly on size, shape, type of chairs, audience ab-
sorption, material of walls, ceiling and stage. It also depends on columns, niches, irregular boxes, statues on the
upper side walls and fine-scale ornamentation of the lower sidewalls. Objective acoustic parameters include
RT, EDT, C,, G, IACC, BR, LF (Beranek, 2004, p. 20).

Many years of research has shown that the acoustic properties of concert halls cannot be characterized
only by objective parameters. To get the full assessment of the hall acoustics, a subjective evaluation based on
the criteria of the established sample is used. In particular, it is examined in the articles by L. Beranek (1995),
M. Barron (1988), T. Hidaka (Hidaka & Beranek, 2000).

Recent research and publications analysis

e works in the field of musical acoustics I.A. Aldoshin, Sh. Ya. Vakhitov, A.P. Yefimov, A. Benade, A. Gade,
A.C. Gade, L. Kinsler, W. Kuhl, R. Lindsay, J. Pierce, etc.;

* works in the field of acoustics of musical instruments and instrument science V.I. Kozhukhar,
L.A. Kuznetsov, T. Rossing, etc.;

» works on psychoacoustics J. A. Altman, J. S. Vakhitov, X. R. Schiffman, J. Angus, J. Blauert, D. Howard,
D. Roederer, E. Zwicker and others;

* objective methods of studying the acoustics of enclosed spaces M. Barron, T. Kamisinski, R. 1. Kinash,
A. Kulowski, L. Marshall, M. Morimoto, W. Ahnert, W. Schmidt, L. Beranek, W. Sabine, and others;

» research in the field of communication of subjective criteria for assessing the sound quality of music and
the objective properties of closed environments M. Barron, L. Beranek, J. Belank, J. Blankenship, J. A. Hida-
ka, A. Fischetti, M. Schroeder, and others).
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Purpose of the article

The purpose of this article is to offer a method of aesthetic evaluation of the acoustic properties of concert
halls based on the subjective perception of the sound of musical material.

Main research material
The Solomiya Krushelnytska Lviv National Academic Opera and Ballet Theatre or Lviv Opera House (for-

mer name — the Grand City Theatre) was built in 1897-1900 under a project designed by Zygmunt Gorgolewski.
(Pic. 1).

Picture 1. Concert Hall of the Solomiya Krushelnytska Lviv National Academic Opera and Ballet Theatre

1t was used for: opera, ballet, symphony music, chamber music, soloists, chorus.

The main structural elements of the building were made from local limestone (Polyansky quarry), the
whole plinth — from solid Ternopil sandstone. The walls were plastered with lime mortar. Unlike other theatres
of that time, from the exterior of the building it was impossible to draw a conclusion about the internal layout
of the tiers. Its construction lasted three years and four months. The architectural style of the theatre is pseudo
Renaissance, which is also called Viennese or Italian. In general, it is a mixture of different architectural styles.
The hall had the horseshoe-shaped plan (lyre) (22.5 x 18.5m) and could host about 1 thousand people. The stage
was raised to a height of about 1m regarding the first row and had two safety curtains, which weighed more
than 12 tons and were purely decorative. Decorations: there were not only paintings and sculptures, but also
luxurious fretwork, gilding, carving (sculptors P. Garasimovych, P. Viitovych, J. Giovanetti, E, Pidhirsky). The
ground floor boxes were framed by columns. The seating area: seat backs and armrests were soft, upholstered
in soft cloth. The first balcony was decorated with twenty unique paintings on gray marble. The second balcony
was "supported" by Atlantes and Caryatids, the third — by Terminuses.

The concert hall of the Lviv Opera has been reconstructed several times. The last one took place in 2008.
It included the replacement of the floor, upholstery elements and cosmetic repairs of the interior. Acoustic
measurements of the interior, numerical modeling and laboratory tests of individual interior materials (boards,
carpets, borders) were made to preserve the acoustic properties. It was observed that a good floor installation
design provides the best sound absorption characteristics in the low frequency range (Kamisinski, 2010; 2012;
Kinash et al., 2010). The architectural features of the studied hall are given in Table 1.

To improve the spectral characteristics and prevent the effect of the echo on the rear wall of the sub-balcony
space, which has the shape of a semicircle, a sound-absorbing panel (Schroder-diffuser) was installed (Kamis-
inski, 2012).

Research of the sound of orchestras was done by attending live performances. Nearly 150 people partici-
pated in the survey. Among them were composers, conductors, musicians, musical critics, regular concert-goers.
They filled in 80 (53%) questionnaire forms. In addition, a verbal questioning was conducted among ordinary
concert-goers. The initial conditions for the sound evaluation were the following: the orchestras were profes-
sional and staffed with professional musicians, the instrumentation and performance were impeccable from the
professional point of view. Therefore, such criteria as ensemble and arrangement (instrumentation) were not
used in this case. The orchestra was placed in the orchestra pit.
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Table 1
Architectural features of the studied hall
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Subjective assessment was carried out according to such criteria as: spatial impression, spatial perspective

(liveness); width, binaural spatiality; timbre; clarity, transparency, intelligibility; loudness, dynamic range; intima-
cy; texture; sound balance; room support (musicians of orchestra); freedom from noise and distortions (Voitovych,
2018; Hoeg et al., 1997). Table 2 shows the questionnaire used for the evaluation of live performances.

Table 2
Questionnaire for the evaluation of live performances
Hall Orchestra/ensemble Title
Member Positions Seat Date
Ne Subjective What characterizes Comments Ranking
criteria
1 Spatial Spatial impression, sound perspective, depth, 1-5
impression, vitality, homogeneity of spatial sound, apparent
spatial room size
perspective
(Liveness)
2 Width, binaural ~ Width, display width of the sound source, the 1-5
spatiality horizontal width of feeling, localization of sound
sources
3 Timbre The richness of sound. Richness of spectrum 1-5
down range (envelopment, warmth). Richness
of spectrum upper range (grace, brightness),
especially in a fast, full of music.
4 Clarity, Legibility melodic and harmonic lines, musical 1-5
transparency, instruments certainty
intelligibility
5 Loudness, Sound level Difference between «p» and «f». 1-5
dynamic range
6 Intimacy Closeness to the sound source. Smoothness or 1-5
pied.
7 Texture Uniformity of spatial sound 1-5
Sound balance The soloist / orchestra. Between groups of 1-5
instruments
9 Room Support ~ Musicians’ capacity to hear themselves and the 1-5
(Musicians of rest of the orchestra.
orchestra)
10 Freedom from External noise, ventilation noise, the noise of the 1-5
noise and public
distortions
11 Main 1-5
impression
Participants were asked to rate the acoustic qualities of the hall on a scale of 1 to 5 (Table 3).
Table 3
Ranking scale
Bad Poor Mediocre Good Very good/Excellent
1 2 3 4 5
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Common descriptive terms are shown in Table 4.

Table 4
Common descriptive terms
Ne  Subjective criteria Examples of common descriptive terms
1 Spatial impression, spatial perspective (Liveness) Volume / narrow. Long / short
2 Width, binaural width Wide / narrow. Big / Small
3 Timbre Rich / poor. Warm / cold. Brilliant / dim
4 Clarity, transparency, intelligibility Clean / muddy. Legibly / illegible
5 Loudness, dynamic range Loud / quiet. Wide / narrow
6 Intimacy Near / far
7 Texture Smoothness / Pied
8 Sound balance. Good balance / not balanced
9 Room Support (Musicians of orchestra) Good / bad
10 Freedom from noise and distortions Perceptible / imperceptible disturbances

The Figure 1 shows the general acoustic impression of composers, conductors, musicians, music critics,
regular concert-goers from live performances. The verbal questioning, which was conducted among ordinary
concert-goers, is shown in Figure 2.
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Figure 1. Average values of acoustical impression from live performances
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Figure 2. Average values of verbal questioning

Acoustical objective parameters were obtained from the Impulse Response in each measurement position and
answer the recommendations and requirements specified in the Standard ISO 3382-2009'. The objective parameters
were: reverberation time RT, , early decay time EDT, bass ratio BR, brightness Br, musical clarity C,, definition
D, strength factor G, centre time Ts, early lateral energy fraction LF_,, and interaural cross-correlation coefficients
IACC,,. The draft of hall can be seen in Figure 3.

In our case, the source was sine sweep signal placed on stage on the center line of the hall. The hall was empty.
A receiver position was placed to the left from the central line. The sources were located 2m above the stage and the

E4>

'ISO-3382-1: “Acoustics — Measurement of room acoustic parameters — Part 1: Performance spaces (ITD)”. 2009.
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microphones 1.5m above the ground. Impulse response has been studied by CATT-acoustic and EASERA software.
Experts from the Department of Vibroacoustics of the Mining and Metallurgical Academy named after Stanislaw
Staszyc in Krakow and Department of Architecture of Lviv Polytechnic participated in the acoustic measurements
(Kamisinski, 2010; 2012; Kinash et al., 2010). Average objective acoustical parameters can be seen in Table 5.
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Figure 3. Concert hall plan and measuring points

Table 5

Average objective acoustical parameters
RT =~ EDT_.  BR Br  CJC, D, G_, LFC,, ITDG IACC,  ST_
1,23¢ 1,07¢ 1,12 0,81 1,7/501 nb  60%  2,321b 0,6 24mc 0,25 -10nb

Years of research into the acoustics of concert halls, with contributions of Beranek, Barron and other ex-
perts, have yielded the values of acoustic parameters that are best suited for listening to classical music. Most
of them come from large theatres and concert halls around the world under the guise of acoustic comfort (Be-
ranek, 2004, p. 491; Barron, 1988). They are listed in Table 6.

Table 6
Recommended objective acoustical parameters
ACOUSTICAL PARAMETER RECOMMENDED VALUE
RTmid 1.8 <RTmid <2s
EDTmid EDTmid = RTmid
BR 1.10<BR<1,25 (If RTmid=2,2s)
1,10<BR<1,45 (If Tmid=1,8s)
Br Br>0,87
Cy -4<C80<0dB
D D>50%
Gmid 4<Gmid<5,5dB
Ts 60; 260ms
LF,, LFC, >0,19
IACC,, (1-IACC,,)~0,70
ST(sup.) -14< ST(sup.)mid <-12,5dB

Recommended objective acoustical parameters have some recommended values (Arias, 2013).
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Subjective evaluation and objective acoustic parameters are used for the complete estimation of concert
hall. Their correlations have been established after many years of research into room acoustics. Table 7 shows
some correlations between them. ITDG (Initial Time Dilley Gap) is determined from the impulse response
(bursting balloon) and represents a valid value in the range of 20—40 ms.

Table 7
Correlations between subjective evaluation and objective acoustic parameters

Ne  Subjective criteria Acoustic parameters Comments

1 Spatial impression, spatial perspective RTmid, EDTmid confirmed

(Liveness)

2 Width, binaural width IACC,,LF , partially confirmed

3 Timbre: bass level BR confirmed

4 Timbre: grace, brightness Br confirmed

5 Clarity, transparency, intelligibility C,, Ts partially confirmed

6 Loudness, dynamic range G partially confirmed

7 Intimacy, texture ITDG confirmed

8 Room Support (Musicians of orchestra)  ST(sup.) partially confirmed

9 Freedom from noise and distortions confirmed

Conclusions

Basically, the sound of orchestral music in the Concert Hall of the Lviv Opera and Ballet Theatre received
a good evaluation, as demonstrated by the subjective assessment and objective acoustic parameters. This sound
is achieved by architectural decor in the form of small ornaments and columns with statues, niches, irregular
boxes. It also depends on the size, shape, and type of chairs, audience absorption and material of walls, ceiling
and stage. Slight deterioration of subjective perception can occur in the cavities of the sub-balcony space locat-
ed near the rear walls, as a result of the focusing of sound waves. Evaluation of the acoustic quality of the halls
as good indicates a more selective assessment of the musicians and is partly confirmed by the objective acous-
tic parameters. The verbal questioning conducted among ordinary concert-goers shows a slight difference in
estimation from “good” to “excellent”. Therefore, the evaluation of the composers, conductors, musicians,
musical critics and regular concert-goers better reflects the actual acoustic conditions.
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JOCIIIKEHHSA 3BYYAHHSA
OPKECTPIB Y KOHIHEPTHOMY 3AJIl
JIbBIBCBKOI'O HAIIIOHAJIBHOTI'O
AKAJEMIYHOI'O TEATPY OIIEPU
TA BAJIETY IMEHI COJIOMII
KPYIIEJbHUIBKOI

BoittoBuu Onekcanp OpecroBud

Kanouoam mucmeymeosnascmea, cmapuiuii 6uxiaoad,
Jlv8isCcbKa HAYIOHAILHA MY3UUHA AKAOEMIs

imeni M. B. Jlucenka,

JIvsis, Ykpaina

Meta [OCIHIKEHHS MOJISITae B TOMY, IIO0 3alpoNOHYBaTH METOH E€CTETHYHO! OLIHKM aKyCTHYHHX BIACTHBOCTEH
KOHIIEPTHHUX 3aJ1iB, 3aCHOBAHUH Ha Cy0 €KTHBHOMY CHIPHHHSTTI 3ByYaHHS My3UYHOTO Marepiainy. MeTomoIorii0 TOCHiJDKeHHS
CKJIaJaloTh METOJW: AHANITHYHUHA — Yy BHBYEHHI HAYKOBOI JITEpaTypH; TEOPETHYHHMI — IUIs BU3HAYCHHS CIICHiaJbHOT
TEPMIHOJIOTi, ONMCY SIBUI, IO MAalOTh MICLIE IiJi Yac IPOBEJEHHS JOCIIIKEHb, MapaMeTpiB 3a SIKMMH 3iHCHIOETHCS
Cy0’€KTHBHA OIIHKA; EMITIPUYHUIA — TPHU TPOCIYXOBYBaHHI OPKECTPIB y KOHLEPTHOMY 3aii 3 TOAAJIBIIOI EKCHEPTHOIO
OIIHKOIO PE3yJIbTATiB; KOMIapaTHBHUII — y Mpoleci MOPIBHSIHHS PE3yNbTaTiB JOCIIPKEHb; METOIM aHAJi3y 1 CHHTE3Y — JUIs
OTIPAIIOBaHHS PE3YNBTATIB JOCIIHKEHHS, a TAKOK METOJ] IHTePB IOBAaHHS — ISl OTPUMAHHS iH(pOpPMAIi BiJ My3HKaHTIB Ta
aKTUBHUX CcIyXadiB. HaykoBa HOBHM3HA JOCIIKEHHS MOJIATAE y CTIPo0i JaTH €CTETHYHY OILIHKY 3ByYaHHS OPKECTPIB Ha JKUBO
y KOHIIEpPTHOMY 3aiii JIbBIBCHKOrO HaIIOHAIBLHOTO aKaJeMidHOro Tearpy onepu Ta Oanery imeni Comomii KpyrmenbHHUIBKOT
LIIIXOM JOCHIDKCHHS SBHIIA Cy0’ €KTUBHOTO CIIPUHMHSTTS My3WYHOTo Marepiany. BucHoBku. 3’sicoBaHo, 110 Cy0’€KTHBHA
OIIHKa aKyCTHKM KOHLEPTHUX 3aJIiB BUMarae BUOOPY KPUTEPIiB OLIHKK Ta BCTAHOBJIEHHS iXHBOTO 3B 513Ky 3 00’ €KTHBHUMH
akycTnuHUMH niapamerpamu. Cy0’eKTHBHA OIiHKA pa3oM 3 00’€KTHBHUMH MapaMeTpaMu KOpEJIOIThCs MiXk co0010, — TOMY
JIAfOTh TIOBHY XapaKTEPHCTHKY 3BYYaHHIO OPKECTPY B KOHIEpTHOMY 3aii. Cy0’€KTHBHE OIIHIOBAHHS aKyCTHYHOI SKOCTI
KOHIIEPTHUX 3aIiB TOBHICTIO MATBEPIKYETHCA 00 €KTUBHUMH aKyCTHYHHMH TapaMeTpaMi. 3aCTOCYBaHHS HOTO MOXKHA
BBaKaTH BHUIpaBraHuM. OcOONMMBO TOYHE IMiATBEPIPKEHHS BOHO OTPUMAJIO Cepell My3WKaHTIB (haxiBIiB. YCHE ONMHUTYBAaHHS,
TIPOBEZICHE cepe]l To0uTeNiB-HenpodecionatiB cuM(GOHITHOT My3HKH, OKa3aJI0 OJHOOIYHICTB iX OIIHOK. BoHM BapitoloThCs
B MEXax «100pe» 1 «BIIMIHHOY», TOMY € MEHIII TOYHUMH.

Kouosi cnosa: 00’€KTUBHI mapaMeTpu; cy0’€KTHBHA OIlIHKA; KPUTEPIii OIIHKH; aKyCTHKa KOHIICPTHOTO 3ajy;
KOPEJIAIIis; KOHIIEPTHHUI 3aJ1; OPKEeCTp

NCCIIEAJOBAHMUE 3BYYAHUSA
OPKECTPOB B KOHHHEPTHOM 3AJIE
JIBBOBCKOI'O HAIIUOHAJIBHOI'O
AKAJJEMUYECKOI'O TEATPA OIIEPHI

BoittoBnu Anekcannp OpectoBuy

Kanouoam uckyccmeosedenus, cmapuwiuii npenooasamers,
JIb606CcKAA HAYUOHATLHAS MY3bIKATLHAS AKAOEMUS

umenu H. B. Jlvicenxo,

N BAJIETA UMEHHW COJIOMUU
KPYHIEJIBHUIIKOU

Jlvs06, Yrpauna

Llens nccnenoBanus 3aKirodaeTcss B TOM, YTOOBI MPEUIOKUTH METOJ ICTETHYECKON OLEHKH aKyCTHYECKHX CBOWCTB
KOHLIEPTHBIX 3aJI0B, OCHOBAaHHBIH Ha CyOBEKTMBHOM BOCIPHSTHH 3By4aHHS MY3BIKAJIBHOTO Marepuaia. MeTooIorHio
HCCJIENI0BAHUS COCTABIIAIOT CIICAYIOIINE METOABl: AaHATUTUYECKUH — B M3yYEHUM HAy4YHOM JINTEPaTypbl; TEOPETUUECKUN —
JUIA OIpeACIICHUA CHeHHaﬂbHOﬁ TCPMHUHOJIOTUH, ONMHCAHUA HBHCHHﬁ, HUMCIOIIUX MECTO MNpU MNPOBCACHUUN HCCHEHOB&HHﬁ,
MapaMeTpoB 1O KOTOPBIM OCYIIECTBISETCS CYObEKTHBHAS OIEHKA; AMITUPUUECKUH — TPH MPOCIYIIMBAaHUU OPKECTPOB
B KOHLEPTHOM 3aJie C MOCJIEAYIOIIEH 3KCHEPTHOW OLIEHKOM pEe3yNlbTaToOB; KOMIIAPATUBHBIN — B IIPOLIECCE CPAaBHEHUS
PE3yNIbTaTOB HMCCIEAOBAaHUN; METO/IBI aHANW3a M CHHTE3a — Ul 00pabOTKM PEe3yJabTaTOB HCCIIENOBAHMSA, a TaKKe METOJ
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WHTEPBBIONPOBAHKUSA — JUI TIOMydYeHHs WH(OPMAIMM OT My3bIKAaHTOB W AaKTHBHBIX ciymareneidl. Haydnas HoBu3HA
WCCIICZIOBAHNS 3aKJIIOYACTCST B TIOMBITKE JaTh ACTETUUECKYIO OIEHKY 3BYYaHHsS OPKECTPOB BXHBYIO B KOHIIEPTHOM
3asie JIbBOBCKOr0 HAIMOHAILHOTO aKaJEeMHYECKoro tearpa omepbl u Oanera mmeHn Conomun KpymieabHHIKOH IyTem
UCCIIeZIOBaHNUS SIBJICHUSI CYyOBEKTHBHOIO BOCIIPHUSTHSI MY3bIKaJIbHOTO Marepuana. BeiBozibl. BbIsicHeHO, 4TO CyObeKTHBHAs
OlICHKA aKyCTHUKM KOHILIEPTHBIX 3aJI0B TpeOyeT BhIOOpa KPUTEPUEB OLICHKU U YCTAHOBICHMS UX CBSI3H C OOBEKTUBHBIMH
akyctuueckumu mapameTpaMi. CyObeKTHBHAs OICHKAa HapsAAy C OOBEKTHBHBIMU IMapaMeTpaMH KOPPETHPYIOTCS MEXKIY
co00Mi, — M0ITOMY JalOT TOJHYIO XapaKTEPHCTUKY 3ByYaHHIO OpPKECTpa B KOHIEPTHOM 3aine. CyObeKTHBHOE OICHHBAHHE
aKyCTHYECKOTO KayecTBAa KOHILIEPTHBIX 3aJI0B MOJTBEPIKIAeTCsl OObEKTUBHBIMU aKyCTHUECKUMH mapamerpaMu. [Ipumenenne
€ro MOJKHO CUMTATh ONpaBIaHHbIM. OCOOCHHO TOYHOE MOATBEPKACHUE OHO TMONYYMIIO CPEIM MY3BIKAHTOB CHEIHAIIHCTOB.
VYCTHBII 0IpOC, MPOBEACHHBIH cpe/ toduTesnei-HenpodeccnonanoB cuM(OHNYECKOI My3bIKH, TIOKa3aJl OrPaHUYEHHOCTD UX
olieHoK. OHM BapbUPYIOTCSA B IPEJEax «XOPOILIO» U «OTIMIHOY, TI0ITOMY SBIISIIOTCS MEHEE TOUHBIMU.

Kniouesvie cnosa: 0ObeKTHBHBIC MapaMeTphl; CyObEKTHBHAS OIICHKA; KPUTEPUH OLIEHKH; aKyCTHKa KOHIIEPTHOTO
3aj1a; KOpPEJsILus; KOHIEPTHBIH 3a11; OpKECTp
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