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1 Introduction

Because of the progress of speech recognition technology, an automatic
speech recognition (ASR) system can show high recognition performance

in an ideal environment without noise. However, the recognition rate de-
creases greatly in a real environment where noise and channel distortion

exist. This is caused by the mismatch between the assumed acoustic model
and the observed acoustic model. The factors that cause such mismatch in-

clude additive noise, channel distortion and a articulation variability which
is called the Lombard effect caused by the presence of background noise.

In order to achieve robust ASR, it is necessary to adapt the acoustic

models to those factors. A number of methods have been proposed so far for
model adaptation to one of the factors. However, none has been proposed

for the case that all of these factors are mixed simultaneously, because
these factors affect the observed speech not linearly but non-linearly and

hence aplying each adaptation technique for each factor does not solve the
problem.

Then I discusses a method of adapting acoustic model to these factor

simiultaneously, using Jacobian Adaptation which has a merit that it solves
by linear approximation function using first order coefficient of the Taylor
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series. it has already been reported about Jacobian Joint Adaptation to
Noise and Channel.

In this paper, the technique which models the movement of the formant
frequency due to Lombard effect by using the frequency axis expansion and

contraction in a spectrum area and apply Jacobian Adaptation it is pro-
posed. In addition, it adapts acoustic model to noise, channel distortion,
Lombard effect, and these change factors simiultaneously, and the effect is

confirmed through the experiment.

2 Jacobian Adaptation to Lombard effect

The formant frequency makes about 1.5kHz a boundary and the one in the
high frequency area is reported to a low region on the movement of the one
in the low frequency number area to a high region by Lombard effect.

The movement of this formant frequency is modeled as follows by the
use of the frequency axis expansion and contraction in a spectrum area.

Frequency f ′ after the frequency axis contracts to Spectrum of the ordi-
nary voice, S(f) is shown by the next expression by using frequency axis

expansion and contraction coefficient λ and constant fα

f ′ = λf + (1 − λ)fα (1)

Here, λ > 1 is meant shrinkage to face frequency fα and extends oppo-
sitely for λ < 1. They are in the relation of the next expression in case

of cepstrum of voice spectrum S(f) is C and cepstrum of voice spectrum
S(f ′) is CL

CL = F −1FLC (2)

Here, F−1 is the reverse matrix of discrete cosine transform procession

(F ), and FL are the discrete cosine transform processions to with fre-
quency axis expansion and contraction of the above-mentioned, and the

(i, j) element is given by the next expression.

(FL)ij = cos
i(λ(j + 0.5) + (1 − λ)ωα)π

N
(3)
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N is sampling point of and frequency ωα is frequency axis constant corre-
spond to fα. If expansion and contraction coefficient λ changed only slight

amount ∆λ due to Lombard effect, amount ∆CL of the change of cepstrum
CL is given by the next expression by a linear approximation by the Taylor

development.

∆CL =
∂CL

∂λ
∆λ (4)

Therefore, Lombard effect Jacobian matrix JL ≡ ∂CL

∂λ is At λ ≈ 1

JL = F−1∂FL

∂λ
C ≈ F−1GC (5)

(i, j) element of G is

(G)ij =
−i(j + 0.5 − ωα)π

N
sin


i(j + 0.5)π

N


 (6)

This JL is obtained in the assumed initial environment beforehand. In

this case, change ∆λ of the frequency axis expansion and contraction coeffi-
cient are calculated from the expression 4 by the least square method using

changes obtained by doing Viterbi Time Alignment to a vocal sample.

3 experiment result

The Jacobian Adaptation to Lombard effect from the acoustic model made

by the ordinary voice to the model for Lombard voice was done, and it was
experimented on the isolated-word speech recognition, and the effect was

confirmed. Though the improvement of the recognition rate was about
2% in the Jacobian Adaptation which used the Lombard model even when
best ωαwas used, the recognition rate improvement of about 15% was seen

in the adaptation simultaneously at the time of having added the adapta-
tion to multiplication and addition which is Jacobian Adaptation to noise

and channel. It was able to be confirmed that the transformation element
by addition and multiplication to Lombard Effect was large. Moreover,

Jacobian Adaptation to Noise, Channel and Lombard Effect was done si-
multaneously to the Lombard voice to which noise and channel distortion
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weresuperimposed , and the improvement of the recognition rate of 16-19%
was confirmed.
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