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Abstract We report on the effect of band-pass filtering of the time trajectories of spectral envelopes
on speech recognition. Several types of recognizers, several types of features, and several types of filters
are studied. Results indicate the relative importance of different components of the modulation spectrum
of speech for ASR. General conclusions are: (1) most of the useful linguistic information is in modulation
frequency components from the range between 1 and 16 Hz, with the dominant component at around
4 Hz, (2) it is important to preserve the phase information in modulation frequency domain, (3) The
features which include components at around 4 Hz in modulation spectrum outperform the conventional
delta features, (4) The features which represent the several modulation frequency bands with appropriate
center frequency and band width increase recognition performance.
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2: Recognition results for the band-passed time
trajectories.

2 32
Band-pass

432 range

> Average the differences

3: Deriving the relative importance of a given
modulation frequency band.

?;aoo Contribution to recognition
£ 80 performance resulting from
< i of a given i
£ 60 frequency band ( 2 - 4 Hz)
540

g 20 7

)

% 1. £BEH1

216 words
Task ATR Japanese
database set C
FFT-based filter
Feature
bank output
Filter 511-tap linear phase
FIR filter
Recognizer DTW
Speaker 10 male speakers
Training | Sampling || 10 kHz, 16 bit
Recording | an anechoic room
Speaker 5 male speakers
Test Sampling || 11.025 kHz, 16 bit
Recording || a computer room
Window length 25 ms
Frame period 12.5 ms
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4: Comparison with the perceptual experiments.
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Task Bellcore digit database
(0-9, zero, oh, yes, no)

Recognizer DTW

Training 20 speakers (10 males
and 10 females)

Test 50 speakers (25 males
and 25 females)

Sampling frequency || 8 kHz

Window length 25 ms

Frame period 12.5 ms
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» (0-9, zero, oh, yes, no)
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Test 50 speakers (25 males
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Window length 25 ms

Frame period 12.5 ms
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# 4: Recognition results of conventional delta fea-
tures and 2-D cepstrum using selected part of the
modulation spectrum. (WER: Word Error Rate).

Feat Static [Featurd WER [%)]
cature feature | size | Clean | Noisy
A, A? yes 27 1.7 21.7

2-D cepstrum (DCT)[ yes 27 0.9 12.8
2-D cepstrum (DFT)| yes 45 0.9 4.6

A, A? no 18 2.8 28.8
2-D cepstrum (DCT)[ mno 18 4.2 4.8
2-D cepstrum (DFT)|  no 36 3.4 3.5

# 5: Recognition results in various phase condi-
tions. (WER: Word Error Rate).

Static [Featur WER [%]

feature | sige | Clean | Noisy

2-D. cepstrum (DFT)| yes 45 0.9 4.6
Real part yes 27 1.5 14.2
Imaginary part yes 27 1.1 10.3
Absolute values yes 27 5.2 24.2
2-D cepstrum (DFT)| no 36 3.4 3.5
Real part no 18 7.7 10.5
Imaginary part no 18 8.0 11.8

- Absolute values no 18 22.5 38.8
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3.7 Multi-resolution ASR
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5% 6: Recognition results using multi-resolution.
(WER: Word Error Rate).

D.F T 16| 32 | 64 Feétmél WER [%] Case

size size |Clean] Noisy
1 — | — 18 241249 || (a)
Order [— [ 2,3 ] — || 36 |34 3.5 || (b)
of =T = 26 90 [ 28] 23 [ (©
DFT |1 [2,3]— | 54 1.7] 6.2 | (d)
compo-| — | 2,8 |2-6| 126 || 2.0 [ 2.5 || (e)
nents | 1 | 2,3 [2-6[ 144 15[ 2.2 || ()
—T2,31 2 [ 54 [ 14| 1.9 | (2)

4 FEd

ASR 2B AERAN 7 P VBOHFHEEN
IOWTHAERI Lz, ZORE. DTl &b
rolzs

1) EEFEBOIELALS  1~16 Hz DEREWHE
WHIIFE L, Z20HTHFREDOFEHEE (syllabic
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(b) Bellcore digit database degraded by additive

(b) Noisy

noise (10 dB) and convolutional noise (HPF, 6

dB/oct).
6: Normalized contributions to recognition per-

¥ 7: Normalized contribution to recognition per-

formance for different recognizers and different fea-

formance for DFT filtering.

tures.



