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Abstract

This paper focuses on three Czech speech databases
recorded in actual and simulated noisy conditions and
explores their suitability for LE analysis and modeling.
Parameters of Czech SPEECON, CZKCC car database and
newly established Czech Lombard Speech Database (CLSD)
are compared. All three databases comprise speech recorded
in neutral conditions and speech uttered in noise of the
moving car. SNR distribution of the recorded channels,
speech fundamental frequency, formant positions and
bandwidths, phoneme and word length variations and their
overall impact on small vocabulary recognizer’s
performance are analyzed. It is shown that all three
databases display speech feature changes across the
recording conditions. In SPEECON database these variations
do not affect simple recognition task performance much, in
CZKCC and CLSD significant recognition degradation has
been observed. Due to results of the feature analyses,
CZKCC recognition seems to be corrupted rather by
background noise than by LE, while in CLSD only LE
affects the recognition as the overall SNR is high.

1. Introduction

In recent days, high demands are put on robustness of
automatic speech recognition systems in order to allow for
building of voice-controlled interfaces operating reliably in
adverse environments. Since recognizer’s training can be
performed successfully only on a sufficient amount of
relevant data, availability of speech databases acquired in
the real conditions is fundamental. Performance is affected
negatively both by speech signal corruption by noise and by
Lombard Effect (LE), caused by speaker modifications of
speech characteristics in an effort to increase communication
intelligibility in noisy environment [1, 2]. Although
recording in natural scenarios assures required presence of
environmental noise in the speech signal, authenticity of
speaker’s responses to actual noisy conditions becomes an
issue [3]. During the recording, speakers may tend to
concentrate just on correct pronunciation of the text without
adequate reaction to actual conditions. In such case,
appearance of Lombard speech in the database can be
negligible.

In this paper, three Czech speed databases are analyzed
on Lombard speech appearance to qualify their suitability
for LE analysis and modeling.

2. Databases

Czech SPEECON database, CZKCC car database and newly
established Czech Lombard Speech Database (CLSD) are
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analyzed and compared. All three databases comprise data
recorded both in neutral conditions and actual or simulated
noise of the moving car. Same type of close-talk microphone
was used across these databases, transfer functions of the
recording systems may be considered to be very close.

2.1. Czech SPEECON database

Czech SPEECON database [4] was recorded in public,
office, car and entertainment scenarios. Office scenario
representing recordings in calm environment (neutral
speech) and car scenario introducing recordings in noisy
conditions were chosen for the tests. In both environments,
speech was recorded by 4 microphones placed in different
distances from the speaker. In this paper, close-talk channels
providing highest SNR were chosen for the tests.

2.2. CZKCC car database

CZKCC car database [5] comprises utterances recorded in
car environment. Recordings in the standing car with engine
off stand for neutral conditions and recordings in the moving
car with engine on for noisy conditions. Speech was recorded
by 2 microphones. In both cases close-talk channel was
analyzed.

2.3. CLSD database

CLSD [6] consists of neutral speech and speech uttered in
various types of simulated noisy background (CAR2E car
noises [7], artificial band-noises). During the Lombard
speech recording, usual ‘noisy headphones configuration’
was extended by presence of an operator qualifying
utterance intelligibility while hearing the same noise mixed
with speaker’s voice of intensity lowered according to the
selected virtual distance. This scenario motivated speakers to
react more to the noise background. An average of 90 dB
SPL and 3 meters of virtual distance were chosen as a
default for Lombard speech recording scenarios. The CLSD
currently consists of 26 speakers, each participating both in
neutral and Lombard scenario recordings, with the exception
of speakers who also participated in SPEECON Office
recordings, as these fit CLSD neutral scenario conditions.
CLSD was recorded by 2 microphones, in both conditions
analyses were performed on the close-talk channel.

3. Analyses

Microphone channel SNRs, fundamental frequency (fo)
distributions, first four formant positions and bandwidths,
phoneme and word durations and accuracy in digit
recognition task in neutral and noisy conditions were
analyzed.



3.1. SNR channel distribution

Arithmetical segmental SNR was evaluated as

L 42
SNR=10log > —7, Q)
=10, ;

where j is the index of frames with speech activity since the
average is evaluated only for short-time frames containing
speech. VAD; =1 for each j. For each short-time frame it is

possible to evaluate only the power of mixture O'i[ as the

signal is supposed to contain noise all the time. Powers of
speech and noise (&7, and 6,

n,i

) have to be estimated. Noise

power is estimated in speech pause by standard exponential
estimation

6., =p-6,,_,+(-p) o, for VAD, =0, )
6.,=6,,, for VAD, =1. 3)

If the speech and noise signals can be considered to be
uncorrelated, speech power can be estimated by subtraction
of noise power from the mixture power
OA_sz,i = O-j,i - OA_:: “)

In principle, the algorithm estimates standard global SNR
evaluated over speech activity regions only. The segmental
approach and the averaging of linear power ratios give lower
estimation error [8]. Precision of the estimation is very
sensitive to correct VAD classification. Detector based on

differential cepstral analysis was used. The details are
described in [9].
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Figure 1: SPEECON and CZKCC channel SNRs.
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Figure 2: CLSD channel SNRs.

Since CZKCC and CLSD were recorded by two
microphones, SPEECON SNR distributions are also
depicted only for the first two channels. In CZKCC a
directional microphone was used in the distant position,
which explains higher average SNR in the distant
microphone ‘engine on’ channel than in SPEECON.

Sometimes it is necessary to modify gain of the
microphone preamplifier during the recording session to
avoid signal clipping when speaker changes voice intensity.
In consequence, it becomes impossible to evaluate voice
intensity changes directly from the amplitude of the recorded
speech signal. In case the ambient noise can be considered
stationary, relative voice intensity changes can be estimated
from the SNR even with gain being changed during the
session. Moreover, if the absolute level of the ambient noise
was known, absolute level of vocal intensity could be
estimated (but it was not our case).

In SPEECON and CZKCC environmental characteristics
changed significantly when comparing office and car or
standing car with engine off and moving car scenarios, but in
case of CLSD ambient noise can be considered stationary
and thus SNR histograms relate to overall vocal intensity
changes in neutral and Lombard speech. It is obvious that
voice intensity rises significantly for the Lombard speech,
see Fig. 2.

3.2. Fundamental frequency

fo was tracked in the WaveSurfer [10]. Tracking was

performed in voiced parts of all neutral and noisy speech
utterances. In the graph descriptions, letters ‘F’ and ‘M’
represent female and male data respectively.
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Figure 3: SPEECON f, distribution.
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Figure 4: CZKCC and CLSD fj distribution.

In case of SPEECON, see Fig. 3, and CZKCC, Fig. 4, shifts
in f, distribution are observable but not significant. In case of
CLSD, Fig. 4, maximum of the LE male f; distribution
appears at the higher frequency than maximum of neutral
female distribution while female maximum moves to
location of typical first formant appearance of certain
phonemes in neutral speech. During the recognition, f;
component may be wrongly interpreted as F;.

3.3. Formants

Formant analysis was performed on utterances containing
digits. Monophone HTK [11] recognizer trained on 70
SPEECON office sessions was used for the forced
alignment. 12™ order LPC was chosen for formant tracking
performed by the WaveSurfer. Information about first four
formant frequencies and bandwidths were assigned to
corresponding phonemes. In the following figures, positions
of first two female formants of the selected vowels
appearing in Czech digits are presented.
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Figure 6: Female F,, F, - CZKCC and CLSD.

Changes in first two formant F;, F, locations can be
observed for SPEECON, Fig. 5, and CZKCC, Fig. 6.
Formant bandwidths did not display any systematical
changes in different scenarios. Significant formant shifts can
be observed in the CLSD, Fig. 6. Also significant narrowing
of first two formant bandwidths has been observed.

3.4. Phoneme and word durations

Average phoneme durations were evaluated for utterances
containing digits. Difference in phoneme duration in the
same word uttered in two different scenarios was evaluated
as shown in Eq. 5.
A=Te=Ta 449 (%), 5)
TCl
Tc, represents average phoneme duration in scenario x.

In SPEECON, phoneme duration differences did not
exceed 38 %. In case of CZKCC, greatest duration changes
were observed in the word 'Stiri' (phoneme /t/ — 79 %) and in
the word 'sedm' (phoneme /e/ — 73 %). Most significant
phoneme duration differences were observed in the CLSD
database, e.g. in word ‘jedna’ (/fe/ — 161 %), ‘pjet’ (/e/ — 174
%), ‘devjet’ (2™ /e/ — 177 %). No systematical changes in
word duration were observed in SPEECON.
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Figure 5: Positions of female F, F, — SPEECON.

Word | #N | Tx(5) | 61a (%) | #LE | Tie (s) | Ome (%) | A (%)
Nula | 349 | 0,475 | 11,68 | 326 | 0,560 | 3448 | 17.82
Jedna | 269 | 0,559 | 13,62 | 251 | 0,607 | 2627 | 8,58
Dvje | 245 | 0,426 | 10,56 | 255 | 0483 | 32,51 | 13,57

Figure 7: CZKCC - word duration changes.



Data set SPEECON CZKCC CLSD

Offc F Offc M Car F Car M Stnd F Stnd M DrvF Drv M Ntrl F Ntri M LEF LEM
# Spkrs 22 31 28 42 30 30 18 21 12 14 12 14
# Digits 880 1219 1101 1657 1480 1323 1439 1450 4930 1423 5360 6303
WRR 94.55% | 95.73% | 9537% | 89.50% | 97.03% | 97.73% | 86.52% | 89.59% | 92.70% | 96.20% | 57.18% | 83.71%

Figure 8: Digit recognition performance in SPEECON, CZKCC and CLSD.

In CZKCC and CLSD changes in word durations were
observed, but did not reach the ratios of phoneme changes,
see examples in Fig. 7, 9.

Word | #N | Tx (s) | 6 (%) | #LE | Tie (s) | ome (%) | A (%)
Nula | 497 | 0397 | 10,94 | 802 | 0476 | 15,67 | 19,87
Jedna | 583 | 0441 | 12,78 | 939 | 0,527 | 16,52 | 19,56
Dvje | 586 | 0,365 | 11,39 | 976 | 0,423 | 13,82 | 15,87

Figure 9: CLSD - word duration changes.

It is caused by the fact that some phonemes extend and
another shorten their durations while uttered in noisy
conditions.

3.5. Digit recognition task

Recognition performance in all scenarios was evaluated.
Recognizer mentioned in subsection 3.3 operated in the
digit recognition task. Testing set consisted of utterances
containing isolated, repeated and connected digits. Column
‘Data set* denotes type of scenario (Offc — office, Stnd —
standing car, Drv — moving car, Ntrl — neutral conditions,
LE — simulated Lombard conditions), WRR signifies word
recognition rate.

In SPEECON, recognition rate decreased by 6 % for
male utterances, female recognition rate did not change
significantly. In CZKCC, recognition performance
decreased by 8 % for male and by 7/ % for female
utterances. In case of CLSD, recognition rate decreased by
12 % for male and by 36 % for female utterances.

4. Conclusions

In this paper, microphone channel SNRs and speech
parameters sensitive to Lombard effect were analyzed and
compared for Czech SPEECON, CZKCC and CLSD
databases. Speech feature variations for neutral and noisy
conditions were observed in all three databases. In case of
SPEECON, these variations did not affect remarkably
recognizer’s performance.

In CZKCC, degradation in recognition efficiency was
observed both for male (8 %) and female (11 %) utterances.
Since the features of speech uttered in standing car with
engine off and moving car did not display significant
changes while SNR of the analyzed channel decreased, it
can be presumed that the recognition performance was
corrupted rather by increase of the adverse noise appearing
in the speech signal than by LE.

In case of CLSD, vocal intensity, f, distribution, first
two formant frequencies and bandwidths, duration of

several phonemes and words displayed significant changes
under LE. In digit recognition task performance decreased
by 13 % for male and by 36 % for female speakers. It
should be emphasized that CLSD utterances are of high
SNR and all speakers participated in both neutral and
Lombard recording scenarios, thus the degradation can not
be assigned to adverse noise in the speech signal neither to
speaker variations. Analyses proved that CLSD contains
valuable data for research in Lombard speech recognition.

5. Acknowledgements

The presented work was supported by GACR 102/05/0278
"New Trends in Research and Application of Voice
Technology", GACR 102/03/H085 "Biological and Speech
Signals Modeling", and research activity MSM 6840770014
"Research in the Area of the Prospective Information and
Navigation Technologies".

6. References
[1]

Hansen, J. H. L., “Analysis and Compensation of

Speech under Stress and Noise for Environmental

Robustness in  Speech  Recognition,”  Speech

Communications, Special Issue on Speech under Stress,

20(2):151-170, November 1996.

Womack, B. D., Hansen, J. H. L., “Classification of

Speech under Stress Using Target Driven Features,”

Speech Communications, Special Issue on Speech

under Stress, 20(1-2):131-150, November 1996.

Boril, H., “Recognition of Speech under Lombard

Effect”, Proc. of the 14th Czech-German Workshop on

Speech Processing, p. 110 — 113, Prague, Czech

Republic, 2004.

WWW.Speecon.com.

www.temic-sds.com.

Boril, H., Pollak, P. “Design and Collection of Czech

Lombard Speech Database,” 1577-1580,

INTERSPEECH-05, Lisboa, Portugal, 2005.

Pollak, P., Vopicka, J., Sovka, P., “Czech Language

Database of Car Speech and Environmental Noise,”

EUROSPEECH-99, 5:2263-6, Budapest, Hungary

1999.

Pollak, P., “Efficient and Reliable Measurement and

Evaluation of Noisy Speech Background,” In proc. of

11th European Signal Processing Conference —

EUSIPCO, Toulouse, 2002.

Vondrasek, M., Pollak, P., “Methods for Speech SNR

Estimation: Evaluation Tool and Analysis of VAD

Dependency,” Radioengineering, 14(1):6-11, 2005.

[10] Sjolander, K., Beskow, J., “WaveSurfer - an Open
Source Speech Tool”, Proc. of ICSLP 2000, Bejing,
China, 2000.

[11] Young, S. et al: The HTK Book ver. 2.2.

—r—
N
—

—
AN
[l i

(9]





<<
  /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
  /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 <<
    /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 <>







    /HEB (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.)
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


