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Abstract. The paper describes operation algorithm as well as hardware and
software realization of a detector, enabling a visual evaluation of acoustic per-
spective and dominating sound source direction in multi-channel registration
and transmission of spatial sound. Proposed system may be successfully used in
modern sound engineering studios, including “live”” transmissions.
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1 Introduction

The purpose of this paper is to present a monitoring method for multi-channel audio
signal quality. The system for recording, transmission and archiving of stereo sound
productions, known for many years, may be considered to be fully refined, also in the
aspect of solutions developed to enable a full objective evaluation of final result qual-
ity features. The term ‘“‘signal quality” used in this paper should be construed as a
spatial effect quality; therefore, for a listener, it is a parameter pertaining to a sensa-
tion of being present in the location of acoustic event (i.e. concert hall, recording
studio, etc.). Among other devices, an instrument to enable visual control of spatial
effect in a real time, known as goniometer, is used for this purpose for stereophonic
productions. However, in case of multi-channel production events (i.e. 5.1), which is
five main channels and one LFE (Low Frequency Effects) channel, there are no effi-
cient tools to evaluate signal quality within the context mentioned above. The prob-
lem is quite significant since multi-channel productions are utilized more and more
often, frequently in “live” events (with the use of i.e. Dolby Digital coding).

Evaluation of the above described quality criterion is done by means of electric
system analysis being associated with particular audio channels (for 5.0 or 5.1 sys-
tems), i.e. left front (L), central front (C) and right front (R), as well as left rear (LS)
and right rear (RS)). Schematic diagram of this sound playing system is shown in
Figure 1.

* Scientific work financed by the Ministry of Higher Education and Science (Poland) from
funds for the science in years 2009 - 2010, as a research project No. N N505 364336.

J.-S. Pan, $.-M. Chen, and N.T. Nguyen (Eds.): ICCCI 2010, Part II, LNAI 6422, pp. 298306, P010.
© Springer-Verlag Berlin Heidelberg 2010



Monitoring of the Multichannel Audio Signal 299

Signal ||
5.0(5.1)

Fig. 1. Concept of sound reproduction 5.1 (5.0), according to ITU-R-BS.775-1 standard: oy =
o =30, Brs = Brs = 75% (x - listener)

2 Multi-channel Sound Monitoring

A comprehensible method used in sound engineering for monitoring of multi-channel
sound spatiality is the use of a immediate field sound monitors. One can conclude
without difficulty that this method is totally subjective - since it does not always pro-
vide the assurance of getting a highest quality final product. It is therefore obvious
that there is a need for a method that would bring explicit result of obtained effect
observations. Sound “spatiality” may be construed as an ability to receive clearly
defined planar acoustic perspective pertaining to virtual sound sources surrounding
the listener. Similar interpretation, known as a lateral efficiency indicator:

80ms
fpgz (t)cos? (0)dt

LE(9) = 22ms T 100% (1)

pr (tdt

Oms

was proposed in 1980 [1] to describe a measure of spatiality illusion, i.e. a concert
hall effect. LE is related to a ratio of reflections coming from a side to total direct and
deflected reflections reaching the listener. q is an angle between direction of coming
sound reflection and ,,ear-to-ear” axis of the listener, p - acoustic pressure measured
with omnidirectional microphone, pg — acoustic pressure measured with a bidirec-
tional figure-eight response microphone (microphone axis set at q angle).

In the period of dynamic stereo sound development, namely in sixties and seven-
ties of the twentieth century a goniometer was used for visual evaluation of the acous-
tic space within so-called stereo base. These simple devices have been used by the
sound engineering until today.
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The goniometer is displaying Lissajous figures or patterns on its oscilloscope screen.
Oscilloscope X and Y channels receive left and right signals from a stereophonic sys-
tem. In case of a “strong” stereo effect, the displayed figure has considerably large area,
while with “mono” signals, it is represented as a straight line. The related examples are
shown in Figure 2.

Righl channg
=

Right channel
o

To4 03 02 o 0 01 02 03 04 Th4 03 02 01 0 0.1 02 03 04
Left channel Left channel

a) b)

Fig. 2. “Lissajous” figures for: (a) mono signal, (b) stereo signal

It is obvious that this method can be also applied in case of multi-channel re-
cordings. In that case, it would be prudent to use separate goniometers for various
channel pairs, such as: L-C, R-C, L-LS, R-RS, LS-RS. However, a large number of
charts makes it impossible to provide a quick analysis.

In [3], author this work propose to use a known technique to measure the amount
of antiphase components, namely, the correlation coefficient, which is given in any
text book (e.g. [5]) on statistics as:

> [(chl; —chl)- (ch2; - ch2)]
Corr = i

- — — 2
\/Z[(chli —chl)? - (ch2; —ch2)?] @

where chl or ch2 are one from set of multi-channel signal; and are the mean values
of chl and ch2, respectively.

On Fig. 3 and 4 few exemplary diagrams made by the method described is
presented.

Analysis of diagrams shown leads to following conclusion: algorithm RSS (Real
Surround Sound proposed in [3], Fig. 3f) makes possible to receive spatial effects
similar to multi-channel recordings registration (Dolby Digital 5.0, Fig. 4) This con-
clusion can be also confirm by the listeners.
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Fig. 3. Changes of correlation coefficient for following cases: a) mono signal: L=R, LS=RS=0,
b) mono: L=R=LS=RS, c¢) stereo L and R: LS=RS=0, d) stereo: L=LS, R=RS, e) effect of
matrix Dolby Surround decoder, f) effect of algorithm in [3] described (RSS)
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Fig. 4. Changes of correlation coefficient for multi-channel signal: Dolby Digital 5.0

There are other solutions known to resolve multi-channel sound spatiality, e.g. [2].
A special software and PC computers are used for visualization in all known solu-
tions. Apart from that, a displayed image requires that the observer has an advanced
knowledge within the area of sound theory [3, 6, 7], can interpret meaning of the
displayed and is able to relate the image to acoustic impressions. The optimum solu-
tion would be if the principle of the visualizing device operation was similar to the
one used at present in sound engineering, i.e. the goniometer.

3 Visual Sound Spatiality Detector

A concept of the proposed solution is based on the following assumptions:

1. Visualization pertains to 5.0 system (Fig. 1),

2. Acoustic wave (wave front) is propagated along straight line,

3. Sound sources (loudspeaker sets) are considered as points and the
generated sound wave is ball-shaped,

4. There are no reflections, interference and diffractions within audio room.

Those assumptions provide for creation of a detection system, which enables observa-
tion of sound spatiality in “sterile” conditions, i.e. in a room without its own acous-
tics. Detector input signals are: L, C, R, LS and RS (Fig. 1). Sound monitors and
listener are located within a coordinate system XY. Assuming that the acoustic pres-
sure is inversely proportional to distance from a sound source and taking into consid-
eration simple trigonometric relationships, one could calculate the components of
value proportional to the acoustic pressure of the virtual sound source in XY coordi-
nate system:

X

p . sin oy |L| + sin Og |R| ) SinBLS |LS| + sin BRS |RS| (3)
I, I Igr Irs
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p :L|C|+ cos o |L|+ cosay |R| ) cosPig |LS| ) cosPrg |RS| @
T L IR ILs Trs

where: .| is a rectified full-wave signal from channels L, R, C, LS, or RS; ¢, and S, —
are related angles shown in Figure 1, and

I, =—- &)

is a standardized distance from related loudspeaker monitors to the listener' (n de-
notes: L, C, R, LS or RS), while r’; and r’¢ — are ,,physical” distances in meters.

For the formulated equations one can design an electronic system with operation
similar to that of a goniometer.
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Fig. 5. Electronic ,,goniometer” system for 5.0 signals

The main components of this diagram are full-wave linear rectifiers. Potentiome-
ters located at summing inputs are used to set the coefficients of factors I.I in equa-
tions 3 and 4. Settings of potentiometers depend on speaker set distribution geometry
(0 [ angles and r distances). For ITU-R-BS.775-1 standard: o7 = 0 =30°, S5 = Prs
= 75°. Therefore, resistances P1 to P9 should be: P1= P2 = P3= P4 = 2.00R, P5 =R,
P6 =P7 =P8 =P9 = 3.86R for loudspeaker sets located on a circle.

For those formulated conditions and equations 3, 4 and 5, an image displayed on
the oscilloscope screen will be similar to that shown in Figure 6:

! The listener is located in the middle of coordinate system from Figure 1.
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Fig. 6. Example of oscilloscope screen shot for 5.0 signals

Therefore, an image quality, or in fact, legibility of the obtained results, may be
significantly improved using PC visualization with appropriate software. Naturally,
the algorithm base is still constituted by the equations 3 — 5, but in this case signals
from all channels are given in a digital form. Displaying the data points on a chart is
done with so called overlapping. The overlapping process is carried out according to
the following pattern:

1. Signals from all channels are divided to segments (windows) having equal
numbers of M samples,

2. Currently displayed image consists of M window components for each
channel,

3. Subsequent windows are overlapped on each other along the length of N
components. It means that subsequent images contain M-N of "new" sam-
ples and N samples from the previous image.

The process is shown in Figure 7.

| N|l<-M-N-

Fig. 7. Overlapping process for one of the channels

In addition, what is quite significant, it is also possible to show other information,
e.g. direction of a dominating sound source. The location point D(¢,r) on the circle
placed on a straight line between the listener and the dominating sound source is
clearly marked in the graph. Coordinates of that point are defined by the circle radius
(equal to 1 for ITU-R-BS.775-1 standard) as well as:

max (Py )

@ = arctan—4—— (6)
max(P,)
M

for a current window showing M number of samples.
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The described algorithm provides a “visualization” of acoustic perspective, with
examples shown in Figure 8.

c)

Fig. 8. Example of acoustic perspective and dominating sound direction for: a) mono: L = R,
LS =RS =C =0, b) stereo: LR, LS = RS =C =0, ¢) 5.0 signals

4 Conclusions

Quality of the proposed solution was tested by the way of experiment. The test per-
tained to confrontation of displayed images with audio impressions of a group of
“experts” (28 individuals). The listeners were presented test recordings, and their task
was to indicate (by means of a laser indicator) where a dominating sound is coming
from. Tests conducted in the professional Laboratory of Sound Engineering and Am-
biophonics at the Faculty of Electrical Engineering (West Pomeranian University of
Technology in Szczecin). Agreement of detector readings and listener observations
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for the sound front stage was 4.8%, while 9.7% was registered for the rear stage. The
resulting differences could be explained by the fact that a human can localize the front
sound source position with accuracy of about 3°, and the rear sound source position —
with accuracy of 6° [4].

A concept of the described solution was presented at the Szczecin Studio of the
Polish Television and was met with an appreciation by the producers and engineers.

References

1. Jordan, V.: Acoustical Design of Concert Halls and Theaters. ASP Ltd., London (1980)

2. Aarts, RM., Irwan, R.: Two — to - Five Channel Sound Processing. Journal of the Audio
Engineering Society (11), 914-926 (2002)

3. Kornatowski, E.: Spatial information filtration algorithm and surround sound effect indica-
tion. Electrical Engineering. Poznan University of Technology Academic Journals (58),
7-15 (2008)

4. Sztekmiler, K.: Podstawy nagto$nienia i realizacji nagran, NCK Warszawa (2003)

5. Wojnar, A.: Teoria sygnatéw, Wydawnictwo Naukowo — Techniczne, Warszawa (1980)

6. Yamamoto, K., Iwakiri, M.: Real-Time Audio Watermarking Based on Characteristics of
PCM in Digital Instrument. Journal of Information Hiding and Multimedia Signal Process-
ing 1(2), 59-71 (2010)

7. Wey, H., Ito, A., Okamoto, T., Suzuki, Y.: Multiple Description Coding Using Time Do-
main Division for MP3 coded Sound Signal. Journal of Information Hiding and Multimedia
Signal Processing 1(4), 269-285 (2010)



	Monitoring of the Multichannel Audio Signal
	Introduction
	Multi-channel Sound Monitoring
	Visual Sound Spatiality Detector
	Conclusions
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 149
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 149
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 599
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /DEU <>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice




