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A conventional acoustic echo suppressor (AES) considering only room impulse response between a loudspeaker and a
microphone eliminates acoustic echo from the microphone input. However, in a nonlinear acoustic echo environment, the
conventional AES degraded because of a nonlinearity of the loudspeaker. In this paper, we adopt AES based on the
frequency-domain second-order Volterra filter using Least Square method. For comparing performances, we conduct objective
tests including Echo Return Loss Enhancement (ERLE) and Speech Attenuation (SA). The proposed algorithm shows better
performance than the conventional in both linear and nonlinear acoustic echo environments.
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Fig. 1. Block Diagram of conventional acoustic echo
SUPPressor.
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Fig. 2. Block Diagram of the proposed nonlinear
acoustic echo suppressor.

2HS 4= It} Volterra filterol] Least Squares #]-8-3hH

[3]

1
H =R rip

(11)
714

R,=X"X (12)

ik

=Y, k)X, (13)

Tik

= [X(i,k), X(i,p) X(isqy )y, Xisp ) X (i) |

= [Hl (k/')7H2 <P1a(h)v‘” H, @Kﬂ][s')]

X

4,

(14)



208 Least Squares 7|%+9| Volterra FilterS 0| &%t H|ME HIEHN S AF| 7| X2 <

oo 2 ARSI 4 3} eAo 2 BEHE fol * 1. 7|&e <ng|E3 HMeteEl gmz|Ee|l ERLE
B v Ags), Ay ans _2,.01 H A8 2a % SA Z3t H1
_ Table 1. Comparing the ERLE and SA results of
== 3 o Al 2]
Hes st wA AJH}’] NE4s ndd conventional and proposed algorithm.
= AlS ARESte] 23 AdA & ]E AN E A
o or B 0 ERLE (dB) SA (dB)
skt conventional 1320 = 059 | 803 « 034
1 1 Volterra(NLMS) 1363 = 0.66 816 + 0.85
T, (n) =7 — (16) proposed 1412 + 0.26 759 £ 023
1+exp(—pg(n)) 2 (95% confidence interval)
A cus A5 EE dUsd Asn S
3 3 Single-talk, <934} A& 9} Yksial As 25 &4
qln) = Sz(n)— -~z (n) (17) - _ . -
2 10 3= Double-talks E5F yste]  F3sSiTh

Double-talk A W=z 374 darejge] Siks

a7 ] &) Fubod A ol 9] Double-talk detection &

ot} o 7] ~& Sigmoid 2] 15 kol AlE o]
A elAE y=28 ARSI pe Sigmoid®] 71

. =5 Agsan
7] grolu, o] = <
H&fz} N5 AAL SAgTE Aol et Al
_[% atm)>0 qg TN A9 ERLES SAS mqisir. ERLES
P lyam =0 FYoAe] SsHA W S 7] ARE FHHe
] 2 Yehd 4 3 SAE oA siat Az 9f
o Aotk A4l $3h A45 nefste] MIAYAE 2 gz o 2 o)) ERLESH SA= thed} 7to] A
23 AL g0 ABo) AL B8 5x4x3m® A7) o g,
o] kAl ALREA A 9] o2 S-S AT A&
2
st 7 Za9e gorle] MER o] FojAglon ERLE(n)ZlOlogw[EM} (19)
Zero—padding ©]%°] WindowE A-8&3}3l 128-point Ele”(n)
DFTE ol&3te] T34 dqo= W 5oty A3 1 & Els®(n)]
SA(n)=—=Y,10log [ - ] (20)
N Ul Bl ()]

‘ ------- conventional = Volterra (NLMS) —— Volterra (LS) —— Microhone input

o]7]4 N<& Double-talk #3+e] A& 7|4+E Sv]gct
719 g, Foed <
AHE-SE Volterra filter 714¥He] g5, #|okd 34
g Il M 2] Least Square ¥4 AM&-3F Volter filter

71gke] &kug]Ee] ERLE Hlul ZA3E 19
Wolth, deksial Alsnt 48k Single-talk 7kl
A Aotd due]Fe ERLEZF vt darg]Fe] At
& A& Hol ukg oA AT HAES &

il

f
=3
>
lo
=
%)
o
1>

ERLE (dB)

7129 gaelEat Algke duElge] ZE A9 b
Far-end Double-talk Near-end
| | | | olglo tigk ERLE % SA A& # 19 Uehigict
! 2 Time (s) : ! AIE Hol & F 9l%o], Atd daEFo] 7|EY
a8 3 7lEe «maEm Mete Pme|zel ERE  EULEERD WY WS ejAlEe] wom, od
Zn u|m siA} Al gf3to] A2 s d & gt o] E F
Fig. 3. Comparing the ERLE results of conventional and 3 Aotd e HAHE WEAE o4 4ol 7

proposed algorithm.

(3146)



20134 128 NMXt3es ==X A 50 & H 12 & 209
Journal of The Institute of Electronics Engineers of Korea Vol. 50, NO. 12, December 2013

371 g8 Fa599
Volterra filterZ 0]%

S )

-7 =
otd duglFe 7
o] Hold Ae &

REFERENCES

[1] P.SR. Diniz, Adaptive Filtering: Algorithm and
Practical Implementation, Kluwer Academic
Publishers, 1997.

[2] C. Faller and J. Chenm “Suppressing acoustic
echo in a spectral envelope space,” IEEE Trans.
On Speech and Audio Process., Vol. 13, No. 5,
pp. 1048-1062, Sep. 2005.

[3] A. Guerin, G. Faucon, and R.L. Bouguin-Jeannes,
“Nonlinear acoustic echo cancellation based on
Volterra filters,” IEEE Trans. on Speech and
Audio Process., Vol. 11, No. 6, pp. 672-683,
Nov. 2003.

[4] F. Kuech and W. Kellermann, “Partitionaed
block frequency—-domain adaptive second-order
Volterra filter,” IEEE Trans. on Signal Process.,
Vol. 53, No. 2, pp. 564-575, Feb. 2005.

(5] D. Comminiello, M. Scarpiniti, LA
Azpicueta-Ruiz, J. Arenas-Garcia, and A. Uncini,
“Functional link adaptive filters for nonlinear
acoustic echo cancellation,” IEEE Trans. on,
Audio, Speech, and Langua. Process., Vol. 21,
No. 7, pp. 1502-1512, Jul. 2013.

[6] S.G. McGovern, “Fast image method for impulse

response calculations of box-shaped rooms,”
Applied Acoustics, Vol. 70, No. 1, pp. 182-189,
Jan. 2009.

[7] K-H. Lee, J-H. Chang, N. S. Kim, S. Kang,
and Y. Kim, "Frequency-domain double-talk
detection based on the Gaussian mixture model,”
IEEE Signal Processing Letters, Vol. 17, No. 5,
pp. 453-456 May. 2010.

[8] SY. Lee and NS. Kim, “A statistical

model-based residual echo suppression,” IEEE
Signal Processing Letters, Vol. 14, No. 10, pp.
758-761, Oct. 2007.

2)9)
shat A REA

of & Z|(stA34)

20104 LOkatﬂ- x{x} Al
ﬁﬂwan}Zﬁ

2012 ghFoigta AAH R
TSN FEAA}

Zz=o]
= H.
20123 shekoi el A 27 57
EAlE 8t AR
A &5
<FHAEE D FANEAHE, SAHZI>
E AFHAY)
1998 A & dig . HdAp3eta)
: T 4.
#2000 A &uista A7) sk
I E4.
20041 A& A7) FH
- Fop Tk} E9.
20041 QHEQM~T%mﬂ,&ﬂ}wa
e

2005\
2005\ ﬂam@ﬂﬁﬂ%@ﬁéﬂ
2011




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /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 /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments 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
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 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
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /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
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /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 ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /ENU (Use these settings to create PDF documents with higher image resolution for high quality pre-press printing. The PDF documents can be opened with Acrobat and Reader 5.0 and later. These settings require font embedding.)
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308030d730ea30d730ec30b9537052377528306e00200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /FRA <>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
    /CHS <FEFF4f7f75288fd94e9b8bbe7f6e521b5efa76840020005000440046002065876863ff0c5c065305542b66f49ad8768456fe50cf52068fa87387ff0c4ee575284e8e9ad88d2891cf76845370524d6253537030028be5002000500044004600206587686353ef4ee54f7f752800200020004100630072006f00620061007400204e0e002000520065006100640065007200200035002e00300020548c66f49ad87248672c62535f0030028fd94e9b8bbe7f6e89816c425d4c51655b574f533002>
    /CHT <FEFF4f7f752890194e9b8a2d5b9a5efa7acb76840020005000440046002065874ef65305542b8f039ad876845f7150cf89e367905ea6ff0c9069752865bc9ad854c18cea76845370524d521753703002005000440046002065874ef653ef4ee54f7f75280020004100630072006f0062006100740020548c002000520065006100640065007200200035002e0030002053ca66f465b07248672c4f86958b555f300290194e9b8a2d5b9a89816c425d4c51655b57578b3002>
    /KOR <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [545.000 394.000]
>> setpagedevice


