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Time stretching tailored for percussive sound based on

adaptive time-frequerncy representation®
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1 Introduction

Time stretching is a process that modifies the
time scale of a signal without altering its pitch.
One of the most widely used techniques is the
phase vocoder (PV). However, PV-based methods
often suffer from “percussion smearing,” which de-
grades the quality of percussive components. We
attribute this artifact to a time-scale mismatch be-
tween the temporally smeared magnitude spectro-
gram and the localized, newly generated phase. In
this study, to address this mismatch, we propose
a signal-adaptive PV algorithm that reduces per-
cussion smearing. Our method employs an adap-
tive time-frequency (T-F) representation based on
the nonstationary Gabor transform (NSDGT), pro-
viding temporally localized magnitudes for percus-
sive components. Experimental result demonstrates
that the proposed method effectively preserves the
quality of percussive sounds.

2 PV-based time stretching

PV-based time stretching is performed in three
steps, as shown in the top row of Fig. 1. First, the
magnitude of the T-F representation of the original
signal is obtained using the discrete Gabor trans-
form (DGT). The phase of the time-stretched signal
is then generated by the PV, and the resulting sig-
nal is synthesized using the inverse DGT. Because
the PV assumes a sinusoidal model for phase genera-
tion, it can properly stretch sinusoidal components.
However, it is not well suited for generating appro-
priate phase information for percussive components,
leading to the sound degradation.

This degradation arises from a mismatch between
the magnitude and phase of T-F representation. Al-
though an ideal phase could, in principle, localize
percussive components in the time domain, the mag-
nitude itself is temporally spread, as shown in the
center of the top row of Fig. 1. As a result, even
with accurate phase generation, percussive compo-
nents cannot be fully localized and become tempo-
rally smeared in the stretched signal.

3 Proposed method

In this study, to reduce the mismatch between
magnitude and phase, we propose a signal-adaptive
PV algorithm that contains a preprocessing method
for the magnitude spectrogram used in phase gener-
ation (Fig. 1, center). The proposed method obtains
a magnitude spectrogram whose temporal localiza-
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Fig. 1 Flowcharts of standard time stretching based on
PV (top) and the proposed method (bottom). In the
T-F representations, the vertical and horizontal axes
correspond to frequency and time, respectively.
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Fig. 2 Comparison of windows and spectrograms for
the DGT and NSDGT. The upper boxes show the
shifted windows, with representative DGT windows
highlighted in black. The lower boxes show the corre-
sponding spectrograms for (a) DGT with a long win-
dow, (b) DGT with a short window, and (c) NSDGT.

tion is enhanced only in regions containing percus-
sive components. This is achieved using the NS-
DGT, which provides an adaptive T-F representa-
tion through variable window lengths and hop sizes.

3.1 NSDGT

The NSDGT [1] generalizes the DGT by incor-
porating variable hop sizes, windows, and a vary-
ing number of frequency channels per time-frame to
yield a flexible, invertible T-F representation. In
this study, only the hop sizes and windows are var-
ied, whereas the number of frequency channels re-
mains fixed to simplify phase generation process.

Fig. 2 illustrates the compatibility of the NSDGT.
As shown in (a) and (b), the DGT exhibits a trade-
off between T-F localization: a long window pro-
vides good frequency localization for sinusoidal com-
ponents, whereas a short window provides good tem-
poral localization for percussive components. In
contrast, the NSDGT in (c¢) employs adaptive win-
dowing, using long windows for sinusoidal regions,
short windows for percussive regions [1], and inter-
mediate window lengths for mixed regions, thereby
improving the overall T-F localization.
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Fig. 3 (a) Window lengths and (b) shifted windows
around an impulse. The left and right columns cor-
respond to constant and adaptive hop sizes, respec-
tively. Windows before, during, and after the impulse
are highlighted in red, green, and blue, respectively.

3.2 Window length calculation

The proposed method designs windows for NS-
DGT such that percussive components are naturally
localized according to the stretching factor. Fig. 3
conceptually shows the windows, where the center
of the percussive event is represented by an impulse.
Before the impulse, the window length is gradually
decreased; around the impulse, short windows are
used; and after the impulse, the window length is
gradually increased back to its original value.

The minimum window length S used in percussive
regions (Fig. 3, green) is calculated as

§=[(1-r2(1~1/a) W], &)

where W is the original window length, oo > 1 is the
stretching factor, |-] denotes the floor operator, and
r € (0,1] is a compression rate. The compression
rate r, originally introduced in [2], enables adap-
tive control of the degree of temporal compression,
thereby preventing sound quality degradation.

To obtain a natural T-F representation, the win-
dow lengths are smoothly varied around each per-
cussive event. The adaptation is applied to the time
frames satisfying I — N, < n’ < I+ Ny, where I de-
notes the center of the percussive event and Ny, the
number of frames covering it. We define the window
length at the n/-th time frame as

Wy = max(S, W — 2amin| Ny — n']), (2)

where @i, is the minimum hop size.

3.3 Hop size modification

As shown in the left column of Fig. 3, conven-
tional fixed hop sizes often provide insufficient cover-
age of percussive events, leading to excessive window
amplitudes and unstable signal synthesis. While a
straightforward remedy would be to uniformly re-
duce the hop size, this approach significantly in-
creases the computational cost. To address this lim-
itation, the proposed method smoothly varies the
hop size (Fig. 3, right), increasing the density of
windows exclusively around percussive events. This
enables a localized, dense observation of percussive
components while maintaining low computational
complexity. Consequently, as demonstrated in the
lower-right panel of Fig. 3, the resulting window am-
plitudes remain nearly constant.

In accordance with this hop-size modification, the
subsequent phase reconstruction is appropreately
adjusted by interpolating the phase derivatives.
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Fig. 4 Comparison of the stretched signals for “Bongo,”
“CastanetsViolin,” and “Glockenspiel” (from top to
bottom). The left column shows the original signals
(blue), while the center and right columns display the
stretched signals (green) obtained by the conventional
PV and the proposed method, respectively. The hori-
zontal axis of each panel represents time in seconds.

4 Experiment

The proposed method was compared with the con-
ventional PV algorithm. Experiments were con-
ducted using the real-world signals “Bongo”, “Cas-
tanetsViolin”, and “Glockenspiel” from the TSM
Toolbox [3]. The sampling frequency was 22 500 Hz.
A DGT with a Hann window of length 2'' and a
synthesis hop size of 2 was used. The number of
frequency channels was set to 2!°. For the proposed
method, the maximum window length and minimum
hop size were set to W = 2! and ami, = 27, respec-
tively. The stretching factor was set to o = 4. Audio
examples are available on our demo page’.

Examples of the stretched signals are presented
in Fig. 4. Percussive smearing caused by the con-
ventional PV is clearly visible in all cases. In con-
trast, the proposed method yields a more natural
waveform by preserving transient attacks and har-
monic signal components, demonstrating a signifi-
cantly higher fidelity to the original signal.

5 Conclusion

In this study, we proposed a time-stretching
method for mitigating percussive smearing by ob-
taining a temporally localized T-F representation
using the NSDGT. Experimental result showed that
the proposed method yields more natural time-
stretched signals than a conventional method.
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