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Abstract. Contemporary methods of audio signals transmission should be aimed at ensuring the so-called
immersive (spatial) sounding, wherein the listener could feel himself "as if present™ in the original sound field. When
developing such methods, it is necessary to take into account the properties of human auditory perception. From
previous studies and practical experience of sound engineers, it is known, that changes of the signal levels in certain
frequency domains of their spectrum can result in a change of the sensation of the spatial position of the sound source
and other spatial characteristics, such as, for example, the experience of the size of sound source, or the depth of the
sound image. Taking into account the importance of such line of research, the influence of changes in the frequency
response of audio signals transmission chain in the domain of middle and upper frequencies of the audible bandwidth
on the spatial properties of the reproduced sound is considered using different types of sound material: symphonic
music, jazz and piano solo. During the investigation, the method of subjective assessment of the reproduced sound
quality was applied with the invitation of non-professional experts in the room without a special acoustic adaptation,
which comply with the situation of listening in typical living accommodation. Listeners were asked to answer the
question about changes in the spatial characteristics of the reproduced sound when changing the frequency response at
certain frequencies were made. On the basis of the survey results, it is determined for which types of audio material the
change in the signal levels is most noticeable, as well as the way the frequency response of the audio signal
transmission chain should be changed from the point of view of enhancement of the spatial properties of sounding. The
assessment of the reliability of the result obtained is carried out within this proceeding also. Recommendations on the
line of further research work on determining the optimal shape of the frequency response of the audio signal
transmission chain are given.
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Anomayin. Cyuacni memoou nepeoasanus ayoio CUSHANIE MaAlOMb OYMuU OPIEHMOBAHI HA 3a0e3neyenHs Max
36AH020 IMMEPCUBHO20 (NPOCMOPOB0O20) 38VUAHHA, 30 AKO20 CAyXaw mie Ou giouysamu cebe «HIOU NPUCYMHIMY Y
nepeuHHoOMY 38yKo8omy noii. Ilpu po3pobyi maxux memodie 0008 ’513Kk060 Cli0 8pPAX08Y8AMU BIACMUBOCHIE CIYX08020
CNputiHAmms oOuHU. 3 nonepeoHix O0CHiONCeHb ma NPaKmuyHo2o 00c8idy pobomu 38YKOpedtcUcepis 8i0omo, o
3MIHEHHSI PIBHI8 CUCHANIB V NeGHUX YACMOMHUX 00]1acmsax ix CneKmpie Mmoodce npuzeecmu 00 GiOUYmMms 3MIHEHHS
NpPOCMOPOBO20 NONONCEHHSA OHcepend 38YKy ma iHUUX NPOCTNOPOBUX XAPAKMEPUCMUK, MAKUX AK, HANPUKLAO, 8i04Ymmsa
po3mipis Ooicepena 38yKy, abo enubunu 38yKoeoi cyenu. Bpaxosyrouu axmyanvhicms makoi 00ciionHoi memamuxu, 6
pobomi docridocyemuvcs enaus 3minenns AYX kanany nepedasanms 36yKOSUX CUSHANIG 8 0OAACI cepeOHiX ma 8epXHIX
ygacmom 38yK06020 Oiand3oHy HA NPOCMOPOSI GAACTNIUBOCI 8I0MBOPEHO20 36YKY NPU BUKOPUCNAHHI PI3HUX MUNIE
38YK06020 Mamepiany: cumgponiunoi mysuku, 0cazoeoi ma gopmeniano cono. I1io uac npogedensi 0ocniodxcens 6o
3ACMOCOBAHO MEMOOUKY CYO €EKMUBHO20 OYIHIOBAHHS AKOCMI 8i0MBOPIOBAHO20 36YKY I3 3ANPOUIEHHIM HenpopecitiHux
excnepmie y npumiweHni 0e3 cneyianvbHol aKycmuyHoi 06pobKu, wo 8ionoeioae cumyayii nPOCIyxX08y68aHHs y MUNOGUX
nobymoegux npumiwennax. Cuyxauam nponouyeanocs npu 3minenHi AYX Ha neewux uacmomax eionogicmu Ha
3ANUMAHHS WOO00 3MIH Y NPOCMOPOBUX XAPAKMEPUCIUKAX 8i0meopero20 36yKy. Ha ocnoei pezyiemamis onumysamnts
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BU3HAYEHO, 051 SAKUX MUNIE 36YKOBO20 MAMeEPIALy 3MIHeHHs CRiG8IOHOUIeHHS PIBHIE CUCHANIB € HAUDLTLUW NOMIMHUM, A
makooic, AK mae oymu smineno Qopmy AYX xamany nepedasanHs 36YKOGUX CUSHANIE 3 MOYKU 30pY NONINULEHHS.
NPOCMOPOBUX  XApAKMePUCmUK 36yyanns. Taxooc y pobomi GUKOHAHO OYIHKY OO0CMOGIPHOCMI OMPUMAHOZ0
pesyromamy. Hadano pexomenoayii w000 Hanpsamky nooaibuiux OOCHIONCeHb 3 8UHAYEHHS. ONMUMAIbHOT popmu AYX
Kauaxy nepeoasanHs 36yKOGUX CUSHANIE.

Knrouosi cnosa: AYX — npocmoposi napamempu — cyb €kmusHa oyinka — 02cepeio 36Ky

Annomayus. Cogpemennvlie Memoobl hepedauu ayOUOCUSHANO8 OONJHCHLL OblMb  OPUEHMUPOBAHbL  HA
peanuzayuro maxk Ha3vleaemozo0 UMMEPCUOHHO20 (MPOCMPAHCMBEEHHO20) 38VHaAHUS, NPU KOMOPOM CIyuiament Moz Ovl
owywams cebs “xak Ovl npucymcmeyiowum’ 8 nepeuyHom 36ykoeom noxe. Illpu paspabomke maxux memooos
0053ameNnbHO  00ICHBL  ObIMb  YUMenbl CEOUCMBA CNYX08020 GOCHPUAMUA  YellogeKd. M3 6binoIHeHHbIX panee
UCCIe008aHull U NPAKmMuU4ecko2o0 onvima pabomul 36YKOPEICUCCEPOB U3BECHHO, YMO USMEHEeHUe YPOGHS CUSHAN08 6
ONpeoenénblX YaCMOMHbIX 001ACMAX UX CHEKIMPOE MOICem NPUBECMU K OWYWEeHUIO USMEHEeHUsl NPOCMPAHCIMEEHHO20
NONOJICEHUS UCTNOYHUKA 36VKA U OpY2UX NPOCMPAHCMEEHHBIX XAPAKMEPUCMUK, MAKUX KAk, Hanpumep, owjyuwjenue
Pazmepo8 UCMOYHUKA 36YKA UMY 2TIYOUHBL 36VKOBOU CYEHbL.

Yuumuieas akmyanvnocmes maxoii uccie008amenbCKol memMamuxi, 6 pabome ucciedyemcs nusHue UsMeHeHus
AYX kanana nepedauu 36yKOGbIX CUCHANO8 8 O00NACMU CPEOHUX U BEPXHUX UACMOM 38VK08020 OUANA30HA HA
HNPOCMPAHCIMBEHHbIE CEOUCTNBA BOCHPOU3BOOUMO20 38YKA NPU UCHOb308AHUU PA3HBIX MUNOE 36VKOB020 MAMeEPUand:
CUMPOHUYECKOT MY3bIKUL, 0ACA3080U U POPMENUAHO COTIO.

Bo epems npogedenus uccrnedosanuli UCnOIbL308ANACL MEMOOUKA CYOBLEKMUBHO20 OYEHUBAHUA Kadecmed
80CNPOU3BOOUMO20 38VKA C NpUBedeHueM HenpopecCUOHATbHbIX DKCNEpmos 6 nomeujeHuu 0Oe3 CHneyudibHoul
akycmuyeckol o00pabomku, uYmo COOMEEmCmayem Cumyayuu npoCIyWUBAHUs 8 MUNOBbIX ObLMOBbIX YCIOBUSX.
Cnywamenam 6vino npeonodxceno npu usmerenuu AYX Ha onpederéHHvlx uacmomax omeemums HA BOHPOCH
OMHOCUMENbHO USMEHEHUL NPOCMPAHCMBEHHBIX XAPAKMePUCMUK 80CHPOU3800uM020 38yKa. Ha ocrnose pesynvmamos
onpoca onpeoensinocs, 0 KAKUX munog 36yK08020 MAmMepudd usMeHeHue cOOmHouLeHUs YpoeHell CUeHAIA Hauboiee
3aMemHo, a makdice, Kax HyscHo usmeHums gopmy AYX xananra nepedauu 36yKOGbIX CUSHANO8 C MOYKU 3PEHUs
VAYYUEeHUs NPOCMPAHCINEEHHBIX XAPAKMEPUCTUK 38YUAHUSL.

Taxoice epa60me 6blNOJIHEeHA OYEHKA OOCW!OGEPHOCWZM NOJIY4YeHHOo20 pe3yibmama.

Ilpusedenvr pexomenHoayuu OMHOCUMENLHO HANPAGICHUSA OANbHEUMUX UCCIe008AHULL N0  ONPEOeneHUI0
onmumanvhou opmer AYX kanana nepedauu 36yK08bIX CUSHANIOB.

Knrouesuvie cnosa: AYX, npocmpancmeennvie napamempul, CyObeKmMueHas oyYeHKda, UCIMOYHUK 368YKd.

1 INTRODUCTION

Nowadays it can be seen an active development and enhancement of methods, means and the
technologies of recording, processing, transmission and reproduction of audio information.

Over the past decade the advanced systems of multichannel sound transmission, which
allowed to reproduce in place of listening the sound field that is much more similar to the sound
field produced by the original sound source, have been introduced. However, the emergence of
high-definition television systems and systems of VR led to the users requirements of greater
enhancement of the quality of sound.

First of all, the audience tend to auditory sensation of themselves as “participants”, i.e. to be
inside the sound field. Therefore, the development of systems, providing the transmission and
reproduction of the so-called immersive (spatial) sound, or 3D sound is of current interest.

The research work of variety of the world’s research organizations in the field of acoustic
engineering is now dedicated to the solution of this task.

It should be noted, that all of these studies are performed with regard to the properties of
human’s auditory perception. Currently, the investigation and application of spatial hearing
properties for sound transmission systems design is a quite relevant objective.
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2 THE INVESTIGATION OF THE INFLUENCE OF THE CHANGES IN
FREQUENCY RESPONSE OF AUDIO SIGNALS TRANSMISSION CHAIN
ON SPATIAL PERCEPTION OF REPRODUCED SOUND IMAGE

2.1 Task description

According to the results of a number of studies, it was found that the boost of the frequency
response in some frequency ranges of overall audible bandwidth and, consequently, changing the
spectrum shape of a sound signal, can lead to the listener’s experience of changing the spatial
position of the sound source.

Changing in the experience of sound source direction is illustrated by fig. 1 [1]. On this
figure, letters F, B, A indicate the domains of boost of frequency response, at which the effect of
the sound coming from the front (F), behind (B), and above (A) is achieved. The value of the boost
of the frequency response, enough to obtain a noticeable effect, is not less than 3 - 6 dB [1].

0,25 0,5 1 2 4 8 16 f, kHz

Figure 1 — The domains where the boost of the frequency response results in the effect
of removing of the sound source

Such an effect is quite in line with the binaural properties of hearing, which stipulate that the
listener is experiencing the nearing or remoteness of the sound object, when changing the signal
spectrum shape in the high-frequency domain. However, the ability to estimate the size of sound
object, and the overall spatial perspective of sound image is also of interest within the investigation.

Within the research work it was conducted an investigation concerning the impact of the
boost of the frequency response of audio signals transmission chain at certain frequencies from a
bandwidth of 3000 to 15000 Hz on various components of the spatial impression.

Since the spatial impression consists of different components, and not only reflects the
position of the sound source with reference to the listener’s position, during the research attention
was paid to the following:

— possibility of localization of sound source ;
— estimation of the size of the sound source ;
— the width of the sound image ;
— transparency of sounding;
— general acoustic listening atmosphere.
Such components of spatial impression were chosen based on the recommendations of the
European Broadcasting Union — EBU [2].
2.2 The experiment and the results

During the investigation, it was considered whether the boost of the frequency response at
medium and high frequencies affects the perception of the mentioned above subjective parameters
of sounding. It was also investigated what the value of this boost should be, that the listener could
notice the change in the spatial properties of the sounding.

Such investigations are often performed by conducting subjective assessments of sound quality.

For the reference of sound quality should be used the recording of the natural sound of an
orchestra, chorus, solo performances, sounding of individual instruments, etc. This reference, common
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to all expert listeners, serves as the basis for conducting subjective assessment of sound quality.

While test procedure the experts were surveyed in order to gather information about that types
of audio musical signals, for which the change of signal levels at different frequencies (in terms of
spatial perception) are most noticeable. Using the digital audio editor Sound Forge the signal levels
were changed at the following frequencies: 3,6 kHz; 5,1 kHz; 7,2 kHz; 10 kHz; that allowed to
simulate the frequency response shape of the audio signals transmission chain. The increase of
signal levels was carried out in the range of 3 to 10 dB. The survey was attended by three groups of
listeners with a total of 25 experts.

The expert group was located inside the room without a special acoustic adaptation, which
comply with the situation of listening in typical living accommodation. Linear dimensions of the
room in the plan view are following: length | = 8 m, width b = 5,9 m. The optimal location of the
speaker acoustic systems in the room is shown in Fig. 2. It was determined using the on-line
calculator provided on the site acoustic.ua [3]. The height of the position of the acoustic systems is
in accordance with the ITU-R Recommendation concerning the systems of stereo and multichannel
sound reproduction [4].
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Figure 2 — The dimensions of the listening room in the plan view and location of the
acoustic systems used for sound reproduction during the listening tests

It is also important to keep the correct placement of experts in the listening room. It is known
that there is a significantly pronounced dependence of the quality of the perceived sound image
from the location position of the listener [5, 6]. An undistorted perception of a stereo program,
created by a sound producer while recording, will only exist if the listeners are situated in the so-
called stereo effect area. According to the results of investigation [6], the limits of the maximum
possible area of the stereo effect are determined by the conditions:

(12°-16°) <y <(90°-120°), (1)
where y — the angle, formed by the locations of the loudspeaker monitors and the listener

(loudspeaker monitor 1 — listener — loudspeaker monitor 2) (Fig. 2).

For the test purposes a placement was proposed to the listeners, where the condition (1) was
fulfilled.

During the listening tests, the following types of audio signals fragments were used:
— symphonic music (L. Beethoven, symphony No. 5),
— Jjazz music (saxophone) (B. Webster),
— piano.
The special form, having been given to every expert, contained questions about the five
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parameters of spatial sounding listed above. During the test, the experts were asked to give a brief
answer, whether they noticed some changes regarding the parameters of spatial sound after the
boost of the frequency response at certain frequencies for a certain value (unknown for listeners),
and whether these changes were towards enhancing the sound quality.

It is considered that changing of the parameters can be characterized as noticeable if more
than 50% of the listeners gave a positive answer.

It is also reasonable to assume that, due to the different frequency component in the signal
spectrums, the noticeability of changes in spatial properties of sounding as a result of changing the
shape of the frequency response will be different for different types of audio signal (different
genres).

Based on the processing of the results of the survey, recommendations were made concerning

the changing the shape of the frequency response of audio signals transmission chain at the medium
and high frequencies domain in terms of improving the spatial properties of reproduced sound.

The result is executed in the form of graphs, given at fig. 3. By AN is denoted the boost of the
signal level with reference to its initial value.
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Figure 3 — Dependency graphs of the boost of the signal level from the frequency to achieve
enhanced spatial properties of sounding: a) piano; b) saxophone and symphonic music

As can be seen from the graphs, the 6 dB signal boost at medium and high frequencies for the
analyzed signal types already leads to the fact that most of listeners noticed some changes in the
spatial impression of the reproduced sound and characterize them in such a way that they improve
the overall impression of listening. For piano music at frequencies closer to the upper boundary of
the audible frequency bandwidth, a gain of the output level of the signal by 6 dB did not lead to a
noticeable change in the sounding, such change becomes noticeable when approaching the boost
level to 10 dB.

However, at the same time, it should be noted that at some frequencies boost of the signal
level will enhance the localization ability and experience of the source size, but the overall sound
will be somewhat “non-natural”, and thus unpleasant for some part of the audience. Therefore, it is
unreasonable to recommend the significant boost of the signal level at high frequencies, and hence,
it is worthwhile to continue research in order to find the optimal shape of the frequency response of
audio signals transmission chain in terms of the best balance of “spatiality/naturalness”.

We will add that non-professional experts — students and staff of the department participated
in the listening tests, but among the overall listening audience of broadcasting programmes in
general, professional musicians, sound producers and sound engineers are substantially less than
“untrained” listeners, so the results of the experiment can be considered as indicative.
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2.3 Assessment of the reliability of the obtained results

Assume the probability that the change of sounding is noticeable for most listeners is equal to
0,853.

Let’s find such error value of the results, for which

P

%—p <¢=0,853, )

X _ relative frequency of the event,
n

p — probability of an event,
n — number of tests.

For approximate calculation of probability, the following formula can be used [7]:
X—np

P[m <th<D(t) 3)

In relation to our task, inequality ‘5— p
n

< ¢ can be reduced to

|x—np‘< ne _ |[n

=—e |—=t 4
Jg|~ Jopa Vb )

P([ Stj.@]w(z). ©

For the confidence probability of 0,853, we find on the table the integral of probabilities [7]
the value of t, whereby @(7)=0,853 :

t=1,45.

and, consequently

X
~-p
n

Calculate the estimation error: ¢= t, /m ,
n

q=1-p
p=0,5
With n =25 the value of £=0,145.

Thus, for the available number of expert answers, the error of the result does not exceed
14,5% with the probability of 0,853.

To increase the reliability of the result more participants have to be involved in the subjective
assessment tests, thus increasing the number of expert answers.

3 SUMMARY

There is a significant number of methods for improving the quality of sounding in terms of
enhancement the spatial parameters of the reproduced sound image. Their review is not in the scope
of this proceeding, which considered the interrelation of changing the shape of the frequency
response of audio signals transmission chain and the spatial perception of the sound image. Such
problem was considered because the correction of the frequency response is quite accessible

method of the reproduced sound spatial characteristics harmonizing to the sound engineers while
programme-making.
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Known data on the influence of the boost of frequency response at certain frequencies on the
subjective perception of the spatial properties of the reproduced sound are of a generalized
character, without specifying the type of audio signals and conditions for which they were obtained.
Within the described investigation, existing data were tested on different types of sound material
involving a group of untrained listeners (without musical education and experience in assessment of
sound quality), as well as most of the audience listening to the broadcasting service programmes.

The obtained results are presented in the form of graphs on fig. 3, which show the minimum
values for the boost of the frequency response, wherein the listener evaluates the sounding as the
best in terms of spatial properties. However, these data only take into account localization
improvements, more accurate estimates of the source width and overall sound image width. Other
characters of sound quality, which are usually drawn attention during subjective assessment of
sound quality [2, 5], such as, first of all, the naturalness of timbre, were not taken into account.
Therefore, it would be worthwhile to continue work concerning optimization the shape of the
frequency response of audio signals transmission chain with regard to enhancement of the spatial
impression of sounding while maintaining a high degree of its naturalness.
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