
Temporal patterns of critical-band spectrum for

Text-to-Speech

Pratibha Jain1, Hynek Hermansky1 2

1Oregon Graduate Institute of Science and Technology, Portland, Oregon, USA.
2International Computer Science Institute, Berkeley, California, USA.

email: fpratibha, hynekg@ece.ogi.edu

Abstract

The means of the long temporal trajectories of loga-

rithmic critical band energies in a vicinity of individ-

ual phoneme show distinct patterns (TRAPs Fig 1)

in each critical band for di�erent phonemes. These

temporal patterns were successfully used in Automatic

Speech Recognition [1]. By using the fact that they

not only contain spectral evolution but also the average

co-articulation of the phonemes, we examine to what

extent they capture information about sound units by

synthesizing speech from them.

1 Our Method

The reconstruction of speech signal from TRAPs is per-

formed in two steps. In �rst step, we try to reconstruct

critical band energies as close as possible to the origi-

nal critical band energies using a set of units (TRAPs or

HMM-state means). Finally we synthesize speech signal

from these reconstructed critical band energies by using

a piece-wise linear mapping system (Fig 2).
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Figure 1: TRAPs in 5th Critical Band

1.1 Reconstruction of Critical Band En-

ergies from TRAPs

For re-synthesis, we use an information about the du-

ration of phonemes for a given utterance obtained by

hand -labeling of the utterance. The more reliable cen-

tral part of the mean temporal pattern (TRAPs) in

each critical band are emphasized and the patterns are

smoothed(interpolated) by convolution with Gaussian

window (with its variance proportional to the known

length of the phoneme). Patterns of such reconstructed

individual phonemes are then simply added together in

each critical band to form a close approximation to the

original critical band trajectory of the target utterance

(Fig 2). The reconstructed critical band spectrum is

shown in Fig 3.
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Figure 2: Procedure

1.2 Reconstructing Speech

A piece-wise linear mapping system [2] is used for con-

verting the reconstructed critical band spectrum of the

utterance to speech. In this method a transformation

function is trained on the joint space of reconstructed

critical band energies and the corresponding line spec-

tral pairs (LSFs). It basically maps reconstructed crit-

ical band energies to a set LSFs (Fig 5). Then �nally

speech samples are obtained from these LSFs. Simple

impulse and white-noise are used as excitation signals
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Figure 3: Reconstructed Critical Band Spectrum
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Figure 4: Reconstructed Critical Band Trajectory in 5th

band

for voiced and unvoiced sounds respectively. The spec-

trogram of reconstructed speech in shown in Fig 6.

2 Reconstruction from HMM-

state means

For comparing TRAP units with HMM-state spectral

means, we try to reconstruct critical band energies also

from these state means. For this purpose, three state

single mixture context independent mono-phone HMM

models are trained using plp-cepstral features. The crit-
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Figure 5: Reconstructing speech signal

ical band spectral means are obtained from the cep-

stral means of the states of the mono-phone models.

These spectral means are concatenated and interpolated

within phoneme segments to form a close approximation

to the original critical band spectrum. Then the same

procedure is followed to train a piece-wise linear map-

ping system for synthesizing speech signal from these

reconstructed critical band energies.

3 Results

The reconstructed critical band trajectories are

smoother and closer to the original trajectories (in mean

square error sense) in case of TRAP based system

as compare to HMM-state based system. The error

of reconstruction is more near the boundaries of the

phonemes in case of HMM based system(because,as op-

posed to TRAPs based system, there is no overlap be-

tween the neighboring phoneme segments because of
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Figure 6: Spectrogram
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Figure 7: Reconstruction Error in 5th critical band

simple concatenation and interpolation that is applied

only to within the individual phoneme). Fig 4 clearly

shows this trend. The reconstruction error in 5th criti-

cal band is compared in Fig 7 for a given utterance for

both the systems. The mean square error between re-

constructed critical band spectrum and original critical

band spectrum for a set of utterances is shown in Fig 8.
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Figure 8: Mean Reconstruction Error in utterances
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