
doubtlessly the decisive factor on using the FChT-
spectrogram instead of the plain spectrogram. This
estimation can be approached with two different
methodologies: inter-frame and intra-frame.

5.1. Inter-frame

Assuming that the signal presents a continuous
evolution of its fundamental frequency f 0ðtÞ,
according to the IF of the fan geometry (11), the
best estimation of the pitch rate is

aðtÞ ¼
f 00ðtÞ

f 0ðtÞ
, (47)

where f 00ðtÞ is time derivative of f 0ðtÞ. Thus,
the intuitive approach is to quantify the evolution
of the pitch f 0ðtÞ and then compute the chirp rate
as (47).

The estimation of the pitch f 0 is a popular
problem. Given the broad spectrum of pitch
estimation methodologies [25], it is not our aim to
focus here on a particular pitch estimation algo-
rithm and elaborate it further. On the other hand,
since the short-based processing in (46) is commonly
carried out only at certain instants t ¼ nS, based on
a shift interval S, the estimated pitch on the
neighboring segments around the nth can be used
to obtain the pitch rate as

a½n	 ¼
f 0½nþ 1	 � f 0½n� 1	

2Sf 0½n	
. (48)

Note that the estimation of the chirp rate for the nth
segment as given in (48) will require the pitch of the
next segment. This ‘‘non-causal’’ method implies to
step one segment back to recompute the FChT of
the nth segment once that the pitch of the nþ 1th is
available. More details of a procedure inspired on
this approach can be found in [17].

5.2. Intra-frame

While in the inter-frame approach pitch informa-
tion from adjacent segments is available, the intra-
frame methodology relies only on the current
segment. Computing a dense ða; f Þ plane turns out
to be the most intuitive methodology. Fig. 4
contains an example of such a plane: the analysis
signal corresponds to a real speech segment; the
ða; f Þ plane reveals a detailed harmonic representa-
tion for positive chirp rate values; the vertical
projection of that plane has a maximum at a ’ 0:3,
which can be adopted as the estimation of the pitch

rate g.10 The ða; f Þ plane reveals the ‘‘bowtie’’-
shaped spread, typical in chirp-based transforms
and unequivocal sign of redundancy.

In order to skip the large computational load
required to obtain the redundant ða; f Þ plane, a
different methodology, proposed in [18], is that of
computing L FChT instances (associated to differ-
ent chirp rates ai and estimating the chirplet
parameters from the L FChT ‘‘views’’. We will
show that three views (L ¼ 3Þ are sufficient for that
purpose. According to the harmonic representation
in (39), the kth harmonic in the ith FChT view is to
be centered at frequency mk;i and have a width sk;i

according to

mk;i ¼ kf 0

1þ gtk

1þ aitk

, (49a)

s2k;i ¼
R�2k =ð8p2Þ

ð1þ aitkÞ
2
þ
ðRkkf 0Þ

2

2ð1þ aitkÞ
4
ðai � gÞ2. (49b)
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Fig. 4. Example of dense ða; f Þ plane. From top to bottom:

analysis signal, ða; f Þ plane, and its vertical marginalization. The

ða; f Þ is in logarithmic scale. The chirp rate a has been scaled by

the signal length.

10Note that this estimation method turns out much simpler

than the FrFT-based approach in [19,20].
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