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1. INTRODUCTION 

The Institute for Infocomm Research (IIR) team submitted 
one primary system for the 2010 NIST Speaker Recognition 
Evaluation (SRE) based on the fusion of multiple classifiers 
and acoustic features as described in this document 
(IIR_SystemDescription.pdf). This submission includes the 
results for seven train-test conditions as indicated in Table I. 
In particular, included in this submission (IIR.zip) are:  
 

1. IIR_1_10sec_10sec_primary_llr.txt 
2. IIR_1_core_10sec_primary_llr.txt 
3. IIR_1_8conv_10sec_primary_llr.txt 
4. IIR_1_core_ core_primary_llr.txt 
5. IIR_1_8conv_core_primary_llr.txt 
6. IIR_1_core_summed_primary_llr.txt 
7. IIR_1_8conv_summed_primary_llr.txt 
8. IIR_SystemDescription.pdf 

 
The confidence scores of our submission can be 
interpreted as log-likelihood scores. 

2. SYSTEM DESCRIPTION 

The IIR system consists of four different classifiers using 
different acoustic features as listed in Table II. The first 
classifier is based on the generative GMM-UBM approach 
[1], while the remaining three classifiers are based on 
discriminative SVM techniques. In the following, the 
feature extraction process and classifiers designed are 
briefly described. The fusion technique is also reported.  

2.1 Feature Extraction 

2.1.1 PLP 

The HTK toolkit is used to extract the PLP features. Speech 
samples were segmented into frames with a 20ms Hamming 
window progressing at a 10ms frame rate. Each speech 
frame was parameterized with 13 PLP coefficients and their 
first and second derivatives (i.e., a 39-dimensional feature 
vector). Further processing includes RASTA filtering, VAD 
detection [2], CMS and Gaussianization were applied.  

2.1.2 LPCC 

The SPTK toolkit was used to extract the LPCC features.  
Speech samples were segmented into frames with a 30ms 
Hamming window progressing at a 10ms frame rate. Each 
speech frame was parameterized with 18 order LPCC 
coefficients. Using on the first derivative, a 36-dimensional 
feature vector was obtained. Further processing includes 
RASTA filtering, VAD detection [2], CMS and 
Gaussianization were applied. 

2.1.3 MFCC 

The Abacus toolkit was used to extract the MFCC features. 
16 order MFCC was generated with a 30ms window at a 
12.5ms frame rate. The 16-order MFCC, 16-order first and 
14-order second derivatives were appended to form the final 
46-dimensional feature vector. Spectral subtraction based 

Table I  IIR submission includes seven training-test 
conditions. 
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Table II Classifiers (both generative+ and discrimina-
tive*) and acoustic features used for the IIR speaker 
recognition system. 

Classifier Features 

GMM-UBM-JFA+ LPCC 

GMM-SVM-KL* PLP 

GMM-SVM-BHATT* MFCC 

GMM-SVM-FT*  

 



noise reduction method [3] was used to assist the energy-
based VAD to remove silence frames and to retain only the 
high quality speech frames for all the telephone and 
telephone-microphone data.  For the interview-microphone 
style channel data, the frame selection is based on the 
logical AND between the energy based VAD and ASR 
transcripts provided by NIST.  Finally, the selected feature 
vectors were processed by RASTA filtering and mean-
variance-normalization (MVN). 

2.2 Classifiers 

2.2.1 GMM-UBM-JFA 

Joint factor analysis (JFA) [4, 5] is a modeling technique 
used to treat the problem of speaker and channel variability, 
built on top of the classical GMM-UBM approach [1]. NIST 
SRE04 1side training data was used to generate a gender-
dependent UBM model with 1024 Gaussian mixtures. 
Switchboard II data, SwitchBoard Cellular and SRE04 
corpus were used to train a speaker space with 300 speaker 
factors. The diagonal matrix was trained using SRE04 1side 
train and test data. For channel space training, a telephone 
channel space with 100 channel factors was trained based 
on the telephone data from SRE04, SRE05, SRE06 and 
SRE08 data. Microphone channel space (50 channel factors) 
was trained based on the microphone data from SRE05, 
SRE06 and SRE08. Finally, interview data from the 
MIXER5, SRE08 and SRE08-followup were used to train 
an interview channel space with 100 channel factors. The 
full channel space (250 channel factors in total) was formed 
by appending the above three sub-spaces. 

 TZNORM was applied based on the train (TNORM) 
and test (ZNORM) conditions to different systems [6]. For 
ZNORM, we use SRE05 1side training utterances for 
telephone data and SRE05 microphone utterances for 
microphone and interview data. For TNORM, we use 
SRE06 1side training models for telephone data and SRE06 
microphone models for interview data. 

2.2.2 GMM-SVM-KL 

The GMM-SVM system was designed based on the work 
reported in [7, 8]. Given an utterance for GMM adaptation, 
only mean vectors are adapted via MAP, while its weights 
and covariance matrices are kept unchanged. The mean 
vectors of mixture components in the GMM are then 
concatenated to form a supervector, which is used as input 
to SVM. The mean vectors are normalized by its standard 
deviation and weighted by the squared root of the weights 
of the Gaussian mixtures. This normalization step was 
motivated from the Kullback-Liebler (KL) divergence 
perspective, and the resulting kernel was referred to as the 
KL kernel. LibSVM [9] was used to train the SVM models 
and the NAP [7] with a corank of 60 was used for channel 
compensation in the supervector space. 

The system was designed to be gender-dependent. The 
UBMs, with a model size of 1024, were trained using 
SRE04 data. The NAP loading matrix was trained using 
SRE04 telephone, SRE05 microphone, SRE06 microphone, 
MIXER5 and SRE08-followup data. SRE04 and MIXER 5 
data were used to form the SVM background. 

2.2.2 GMM-SVM-BHATT 

This subsystem follows the conventional GMM-SVM 
architecture, as mentioned above, except that a different 
kernel metric was used, which we refer to as the 
Bhattacharyya kernel [10]. Different also from the KL 
kernel, the Bhattacharyya kernel allows the adaptation of 
both mean vectors and covariance matrices. Compared to 
the KL kernel, the Bhattacharyya kernel can better reflects 
the salient characteristics of the speaker GMM, where the 
supervector represents the relative distance to the UBM 
instead of an absolute point in the vector space. Similar 
training and development data as mentioned in Section 2.2.2 
were used. 

2.2.4 GMM-SVM-FT 

The FT-SVM method characterizes a speaker by the 
difference between the speaker and a cohort of background 
speakers in the form of feature transform (FT) [11]. The FT 
is a linear regression function that projects speaker 
dependent features to speaker independent ones, also known 
as an affine transform. It consists of two sets of parameters, 
bias vectors and transform matrices. The former, 
representing the first order information, is more robust than 
the latter, the second order information. We propose a 
flexible tying scheme that allows the bias vectors and the 
matrices to be associated with different regression classes, 
such that both parameters are given sufficient statistics in a 
speaker verification task. We formulate a maximum a 
posteriori (MAP) algorithm for the estimation of feature 
transform parameters, that further alleviates the possible 
numerical problem. The FT parameters are then vectorized 
and compared via a support vector machine (SVM). Similar 
training and development data as mentioned in Section 2.2.2 
were used. 

2.3 Fusion 

Our primary system adopted the following linear fusion 
model: 
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where si is the score from the ith subsystems and N is the 
total number of subsystems. We optimize the weights based 
on the minimum DCF criterion. The weights are tuned on 
development set designed based on the NIST SRE08 and 
SRE08 follow-up data. The optimum weights were found 
via brute-force search. 



3. TRAINING DATA 

The training data were drawn primarily from NIST SRE 
2004, SRE 2005, and SRE 2006, Mixer 5 interview data, 
SRE 2008, Follow-up data for SRE2008, and Switchboard. 
Only English samples were used. We designed a 
development set to match the condition anticipated for 
SRE10. In particular, the probability of target was set to 
0.01 for the development data drawn from the SRE08 and 
follow-up data. The other datasets were for UBM training, 
channel compensation, and score normalization.  

4. PROCESSING SPEED 

The processing speed of the system is measured based on 
the Xeon 2.13 GHz processor with 1 Gb RAM. The 
breakdown of the runtime factor is summarized in Table III 
for each of the classifiers.  
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Table III  The runtime factors comparison of 
classifiers used in the system. 

Classifier Runtime Factor (×RT) 

GMM-UBM-JFA 0.50 

GMM-SVM-KL 0.08 

GMM-SVM-BHATT 0.10 

GMM-SVM-FT 0.28 

 



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles false
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.7
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /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 false
  /ParseDSCCommentsForDocInfo false
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness true
  /PreserveHalftoneInfo true
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Remove
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
    /Arial-Black
    /Arial-BoldItalicMT
    /Arial-BoldMT
    /Arial-ItalicMT
    /ArialMT
    /ArialNarrow
    /ArialNarrow-Bold
    /ArialNarrow-BoldItalic
    /ArialNarrow-Italic
    /ArialUnicodeMS
    /BookAntiqua
    /BookAntiqua-Bold
    /BookAntiqua-BoldItalic
    /BookAntiqua-Italic
    /BookmanOldStyle
    /BookmanOldStyle-Bold
    /BookmanOldStyle-BoldItalic
    /BookmanOldStyle-Italic
    /BookshelfSymbolSeven
    /Century
    /CenturyGothic
    /CenturyGothic-Bold
    /CenturyGothic-BoldItalic
    /CenturyGothic-Italic
    /CenturySchoolbook
    /CenturySchoolbook-Bold
    /CenturySchoolbook-BoldItalic
    /CenturySchoolbook-Italic
    /ComicSansMS
    /ComicSansMS-Bold
    /CourierNewPS-BoldItalicMT
    /CourierNewPS-BoldMT
    /CourierNewPS-ItalicMT
    /CourierNewPSMT
    /EstrangeloEdessa
    /FranklinGothic-Medium
    /FranklinGothic-MediumItalic
    /Garamond
    /Garamond-Bold
    /Garamond-Italic
    /Gautami
    /Georgia
    /Georgia-Bold
    /Georgia-BoldItalic
    /Georgia-Italic
    /Haettenschweiler
    /Impact
    /Kartika
    /Latha
    /LetterGothicMT
    /LetterGothicMT-Bold
    /LetterGothicMT-BoldOblique
    /LetterGothicMT-Oblique
    /LucidaConsole
    /LucidaSans
    /LucidaSans-Demi
    /LucidaSans-DemiItalic
    /LucidaSans-Italic
    /LucidaSansUnicode
    /Mangal-Regular
    /MicrosoftSansSerif
    /MonotypeCorsiva
    /MSReferenceSansSerif
    /MSReferenceSpecialty
    /MVBoli
    /PalatinoLinotype-Bold
    /PalatinoLinotype-BoldItalic
    /PalatinoLinotype-Italic
    /PalatinoLinotype-Roman
    /Raavi
    /Shruti
    /Sylfaen
    /SymbolMT
    /Tahoma
    /Tahoma-Bold
    /TimesNewRomanMT-ExtraBold
    /TimesNewRomanPS-BoldItalicMT
    /TimesNewRomanPS-BoldMT
    /TimesNewRomanPS-ItalicMT
    /TimesNewRomanPSMT
    /Trebuchet-BoldItalic
    /TrebuchetMS
    /TrebuchetMS-Bold
    /TrebuchetMS-Italic
    /Tunga-Regular
    /Verdana
    /Verdana-Bold
    /Verdana-BoldItalic
    /Verdana-Italic
    /Vrinda
    /Webdings
    /Wingdings2
    /Wingdings3
    /Wingdings-Regular
    /ZWAdobeF
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 200
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 200
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 400
  /MonoImageMinResolutionPolicy /OK
  /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 <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create PDFs that match the "Recommended"  settings for PDF Specification 4.01)
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


