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ABSTRACT 

A “semi-transaural” system, which can realize a highly realistic sensation comparable to that possible with a transau-
ral system, was proposed and experimentally verified. This system reduces spatial crosstalk because the loudspeakers 
for the left ear are located near the left ear and those for the right ear are located near the right ear. However, it more 
easily picks up the environmental noises than a binaural system, so the realistic sound sensation is distorted. The N-1-
1 ANC system, which has already been proposed as a noise-suppression method, can effectively suppress non-
directional noise by using several reference microphones; this method was thus applied in our proposed semi-
transaural system. In the experimental evaluation of the system, white noise, pink noise and PC server noise were 
used as environmental noises. The experimental results showed that on average the noises are suppressed by 3.79 dB 
in the frequency of 50–1000 Hz. 

INTRODUCTION 

A lot of sound field reproduction systems for creating 
highly realistic sensations have been proposed. A transaural 
system is one such system. It can realize highly realistic sen-
sations by employing several loudspeakers. However, its 
performance is limited by spatial crosstalk and the fluctuation 
of the transfer function between the loudspeakers and the 
listener. Spatial crosstalk means that the signal for the right 
ear interfuses into the left ear or the signal for the left ear 
interfuses into the right ear. In addition, with a conventional 
transaural system, there is a long distance between the loud-
speakers and the listener, so the transfer function between 
them fluctuates easily. As a result, the realistic sensation is 
distorted by these problems. On the other hand, a “binaural” 
system easily suppresses the crosstalk because the listener 
wears headphones. The system also realizes a highly realistic 
sound sensation by considering the head-related transfer 
function (HRTF) [1] of them. However, compared with the  

 

                      Fig. 1.  Semi-transaural system 

transaural system, the binaural system has poor perfor-
mancein terms of realistic sensation. In addition, it gives the 
listener an oppressive feeling because they must wear head-
phones. 

To solve the above-described problems, we therefore pro-
posed a “semi-transaural” system [2]. This system is shown 
in Figure 1. It can reduce the spatial crosstalk because the 
loudspeakers for the left ear are located near the left ear, and 
those for the right ear are located near the right ear. It can 
effectively reduce the spatial crosstalk while simultaneously 
avoiding an oppressive feeling because the loudspeakers are 
not touching the ears. However, it is more sensitive to envi-
ronmental noises than the binaural system; that is, environ-
mental noises are easily picked up by the listener and distort 
the realistic sensation. 

In the present study, we tried to suppress the noises around 
the proposed system to realize a more-realistic sensation. In 
the case of a conventional noise-suppression method, passive 
noise control (PNC) [3][4][5] and active noise control (ANC) 
[6][7] have been demonstrated. PNC suppresses noise by 
means of insulation or absorption of sound waves. PNC is 
more effective for suppressing high-frequency noises. ANC 
suppresses noise by means of secondary sources generated by 
loudspeakers. It is more effective for suppressing low-
frequency noise. In this study, we employed ANC because 
PNC needs walls or sound absorbers, which give the listener 
an oppressive feeling. In addition, ANC is effective for sup-
pressing environmental noises. One ANC system, a N-1-1 
ANC [3], which has already been proposed as a noise-
suppression method, can effectively suppress non-directional 
noises by means of several reference microphones. The au-
thors therefore employed this noise-suppression method to 
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suppress the environmental noise around the proposed semi-
transaural system. 

CONVENTIONAL METHODS 

ANC (active noise control) 

ANC is a noise-suppression method with offsets of noises 
and secondary sources. An overview of an ANC system is 
shown in Figure 2. In this system, n represents a time index, 

)(nx represents a reference signal, )(ny  represents a secon-
dary source that suppresses the noises, )(ne  represents an 
error signal, )(zP  represents a primary path and )(zS  repre-
sents a secondary path. The spectra of )(nx , )(ny  and )(ne  
are shown as )(zX , )(zY  and )(zE . The signal captured by 
the error microphone is thus given as 

).()()()()( zYzSzXzPzE −=            (1) 

The ANC controller renews the adaptive filter to fulfil Eq. 
(2). 

0)( =zE .                                                     (2) 

Generally, a least mean square (LMS) algorithm or a fil-
tered-X LMS algorithm is used to renew the adaptive filter 
that is used for calculating )(ny . 

ANC utilizes secondary sources generated by loudspeakers. 
The secondary sources are noise signals with reversed phase. 
ANC is effective for low-frequency noises because those 
noises have long wave length, so the phases of the noises and 
secondary sources can be easily synchronized. On the other 
hand, ANC is weak in regard to suppressing high-frequency 
noises because it is difficult to synchronize the phases of 
those noises and secondary sources. 

Filtered-X LMS algorithm 

A filtered-X LMS algorithm is a training algorithm, and 
ANC generally applies it for real-time transfer-function train-
ing. It is expressed as 

),()(2)()1( nrnenwnw µ+=+           (3) 

n is a time index, )(nw  is a filter coefficient, µ is a step size 
parameter, )(ne is an error signal and )(nr  is a reference 
signal filtered by the characteristic between the loudspeaker 
and the error microphone. This algorithm renews the filter 
coefficients on the basis of the filter coefficients of the previ-
ous one clock. It is therefore efficient for real-time filter-
coefficient training such as ANC.  
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                       Fig. 2.  Overview of ANC system 

SUPPRESSION OF ENVIRONMENTAL NOISES 
AROUND A “SEMI-TRANSAURAL” SYSTEM 

Noises around the proposed “semi-transaural” system were 
suppressed in order to realize a more-realistic sound sensa-
tion. Generally, environmental noise is generated by many 
different sound sources, for example, air ducts, air–
conditioners and PC servers. The N-1-1 filtered-X LMS ANC 
system is employed to reduce such noise. This system can 
effectively suppress non-directional noises by using several 
reference microphones, so we applied it to our proposed 
“semi-transaural” system. It consists of three reference mi-
crophones, one cancelling loudspeaker and one error micro-
phone. The reference microphones capture non-directional 
noises in the room, the left and right loudspeakers of the 
semi-transaural system are used as a cancelling loudspeaker, 
and the error microphone is located at the listening point. The 
proposed system captures non-directional noises with refer-
ence microphones, and it calculates the cancelling signal for 
the noises based on captured signals and emits it with the 
cancelling loudspeaker. Finally, it suppresses the noises in 
the point of the error microphone. The secondary path, 
namely, the transfer function between the cancelling loud-
speaker and the error microphone, can be simply estimated 
due to the short distance between them. 

An overview of the N-1-1 filtered-X LMS system is shown 
in Figure 3, where n is a time index, )(3~1 nx  represents ref-
erence signals, )(ny  represents the secondary source, and 

)(ne  represents the error signal. )(3~1 zP  shows the primary 
paths, and )(zS  shows the secondary path. The spectra of 

)(3~1 nx , )(ny  and )(ne  are shown as )(3~1 zX , )(zY  and )(zE . 
The signal captured by the error microphone is represented as 

).()()()(
)()()()()(
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        (4) 

The ANC controller renews the adaptive filter to fulfil Eq. (5). 

 0)( =zE .                                                       (5) 

In this system, )(zS  is easily estimated because the cancel-
ling loudspeakers are located near the listner’s ears, and the 
required control area is small because the listener’s move-
ment is lightly constrained.  
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       Fig. 3.  N-1-1(3-1-1) filtered-X LMS ANC system 
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EVALUATION EXPERIMENTS 

 “White noise”, “Pink noise” and “PC server noise”, which 
are limited to frequencies from zero to 1000Hz, are employed 
as environmental noises. Figure 4 shows the pre-limited spec-
trum of the PC server noise. Figure 5 shows the experimental 
measurement locations, where “+” indicates an addition by 
using a mixer. Figure 6 shows the experimental environment. 
Here, an error microphone is located near the lisner’s left ear, 
and we conducted the noise-suppression experiment. Table 1 
lists the experimental conditions. The experimental flow is as 
follows. 

1. All noises are continuously emitted by the loudspeak-
ers. 

2. The switches of the reference microphones are turned 
on and off according to all patterns. 

3. The suppression results during all patterns are capu-
tured by the error microphone. 

 

Fig. 4.  Power spectrum of the PC server noise 
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Fig. 5.  Experimental locations 

 

Fig. 6.  Experimental environment 

Table 1. Experimental conditions 
Microphone HOSHIDEN, KUC-1333 

Noise source loudspeaker MITSUBISHI, DIATONE DS-7 
Cancelling loudspeaker PROTRO, NCFR 

DSP Analog Devices, ADSP-2181 
Adaptive filter length 128 
Sampling frequency 16kHz 

EXPERIMENTAL RESULTS 

The average suppression levels from 50 to 1000 Hz are 
shown in Figure. 7. Letters “P”, “W” and “S” mean that the 
noise suppression experiment was conducted with reference 
to pink noise, white noise or PC server noise. As for 
“P+W+S”, which indicates all noises are referred to, the sup-
pression level is highest. This result means that it is efficient 
to refer to a number of noise sound sources. Figure 8 shows 
the power spectrum for P+W+S. This result shows that the 
proposed method suppress the noises at 10-20 dB from the 
range of 50-1000 Hz. Figure 9 shows the power spectrum 
with reference to pink noise. This result shows that the noises 
are well suppressed at 300, 520 and 800 Hz. Figure 10 shows 
power spectrum with reference to white noise. This result 
shows that the noises are well suppressed at 420 and 800 Hz. 
Figure 11 shows the power spectrum with reference to PC 
server noise. 

In reference to pink noise, the system could suppress the 
noises more effectively than white noise or PC server noise. 
The reason for that is that the microphone for pink noise 
could also caputure white noise and PC server noise. The 
secondary source could be actually realized to the noise. It 
will thus be possible to locate the reference microphones so 
as to attain a higher suppression effect. 

 It is confirmed by Figure 4 that the server noise has several 
peaks in its frequency characteristic. It therefore does not 
have much correlation with the white noise and the pink 
noise. As a result, it was not possible to achieve a storong 
suppression effect in reference to PC server noise only.  

 

Fig. 7.  Average suppression levels 

 

Fig. 8.  Experimental result with P+W+S 
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Fig. 9.  Experimental result with reference to P (pink noise) 

 

Fig. 10.  Experimental result with reference to W (white 
noise) 

 

Fig. 11.  Experimental result with reference to S (PC server 
noise) 

CONCLUSIONS 

 A “semi-transaural” system, which realizes a highly realis-
tic sound sensation by suppressing the spatial crosstalk by 
locating cancelling loudspeakers near the listener, was pro-
posed as experimentally tested. To realize this higher-realistic 
sensation, environmental noises around the system are sup-
pressed. The 3-1-1 filtered-X LMS ANC system is used to 
suppress non-directional noises. The system was experimen-
tally evaluated with white noise, pink noise, and servers noise 
as the environmental noises, the suppression levels for these 
noises at the location of an error microphone were evaluated. 
The experiment confirmed the effect of refering a number of 
noise sound sources. Results showed that on average the 
noises were suppressed by 3.79 dB in the frequency range of 
50-1000 Hz. In our future works, we will try to suppress 
diffused sound sources, and estimate the relation between the 
suppression level and the realistic sensation. 

ACKNOULEDGEMENTS 

This work was partly supported by Grants-in-Aid for Sci 
entific Research funded by The Ministry of Education, Cul-
ture, Sports, Science and Technology of Japan.  

REFERENCES 

1   Yukio Iwata, “Individualization of head-related transfer 
functions with tournament-style listening test: Listening 
with other’s ears”, Acoustical science and technology, 
Vol. 27, No. 6, pp. 340-343, 2006. 

2 Kenji Onaka, Masanori Morise, Takanobu Nishiura, “A 
design of three-dimensional sound field simulator based 
on acoustic ray tracing for high-realistic sensation”, The 
10th Western Pacific Acoustics Conference, p.101, 2009. 

3  Hiroaki Ishii, Masato Nakayama, Takanobu Nishiura, 
Shinichi Nakagawa, “A SUGGESTION OF NOISE 
REDUCTION WALL WITH ACOUSTIC FRESNEL 
LENS AND ACTIVE NOISE CONTROL SYSTEM”, 
ICA, CD-ROM Proceedings, 2007. 

4 Masaru Koyasu, Hideki Tachibana, Aritomo Nakano, 
Yasuo Tokita, Juichi Igarashi, “Noise and Vibration”, 
CORONA PUBLISHING CO., LTD., 1982. 

5     Masanori Koshiba, “Basic Theory for Wave Analysis”, 
CORONA PUBLISHING CO., LTD., 2002. 

6   Masaharu Nishimura, Tuyoshi Usagawa, Shiro Ise, “Ac-
tive Noise Control”, CORONA PUBLISHING CO., 
LTD., 2006. 

7  Muhammad Tahir Akhtar, Masahide Abe, Masayuki 
Kawamata, “On Active Noise Control Systems With 
Online Acoustic Feedback Path Modeling”, IEEE 
TRANSACTIONS ON AUDIO, SPEECH, AND 
LANGUAGE PROCESSING, VOL. 15 NO. 2, 2007. 



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /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
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /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
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /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 ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /FRA <>
    /ENU (Use these settings to create PDF documents with higher image resolution for improved printing quality. The PDF documents can be opened with Acrobat and Reader 5.0 and later.)
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308000200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e30593002537052376642306e753b8cea3092670059279650306b4fdd306430533068304c3067304d307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
    /KOR <FEFFd5a5c0c1b41c0020c778c1c40020d488c9c8c7440020c5bbae300020c704d5740020ace0d574c0c1b3c4c7580020c774bbf8c9c0b97c0020c0acc6a9d558c5ec00200050004400460020bb38c11cb97c0020b9ccb4e4b824ba740020c7740020c124c815c7440020c0acc6a9d558c2edc2dcc624002e0020c7740020c124c815c7440020c0acc6a9d558c5ec0020b9ccb4e000200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /CHS <FEFF4f7f75288fd94e9b8bbe7f6e521b5efa76840020005000440046002065876863ff0c5c065305542b66f49ad8768456fe50cf52068fa87387ff0c4ee563d09ad8625353708d2891cf30028be5002000500044004600206587686353ef4ee54f7f752800200020004100630072006f00620061007400204e0e002000520065006100640065007200200035002e00300020548c66f49ad87248672c62535f003002>
    /CHT <FEFF4f7f752890194e9b8a2d5b9a5efa7acb76840020005000440046002065874ef65305542b8f039ad876845f7150cf89e367905ea6ff0c4fbf65bc63d066075217537054c18cea3002005000440046002065874ef653ef4ee54f7f75280020004100630072006f0062006100740020548c002000520065006100640065007200200035002e0030002053ca66f465b07248672c4f86958b555f3002>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


