




A GTFR with finite time support property and enough interference
term suppression capability is obtained by imposing constraints on the
two dimensional kernel design. Experiments show that much clearer
formant tracks can be obtained using the GTFR than by using the con­
ventional spectrogram. This nonparametric method with its precisely
defined formant locations might provide an alternative to LPC for
speech recognition, especially in the presence of noise. Although the
GTFR has been designed primarily for the purpose of speech analysis.
there is no doubt that it can be applied to other time series analysis as
well, By increasing me dimensionality of the kernel and by tradin ~

temporal for spatial variables it mav also be possible to extend 1 11 ~
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where the reci t . ) function is defined as being unity for arguments
between -1 and 1. inclusive.

Summary

Experimental Results

The sentence "that you may see" and the single word " jump "
were used in the experiments. The passages were low-pass filtered at 5
kHz and sampled at 20 kHz. The duration of the waveforms are 1.9712

sec. and 0.1536 sec.. respectively. All displays arc made in a
spectrogram-like fashion: me horizontal axis corresponds to time. the
vertical axis corresponds to increasing frequency. and increasing mag­
nitude of the time-frequency display is indicated by increasing dark­
ness. (Negative values for me GTFR displays were set to zero.) Also.
all displays have a frequency range of 5 kHz.

In Fig. 6. the top pane is the speech "that you may see". the
middle one is the spectrogram and the bouom one is the GTFR. The
spectrogram has a OfT size of 256 samples and the analysis interval of
32 samples . For the GTFR the OfT size is 127 samples and the
analysis interval is 3 samples. The comparison of the middle and the
bottom panes shows more precisely defined formant tracks in the
GTFR. The most prominent pan is in the coarticulation between
" that" and "you", where me formant tracks which link those of
" that" and " you" are clearly visible in the GTFR but are almost
smeared out in the spectrogram.

Fig. 7 shows the spectrogram. the PWD and the GTFR of the
speech word "jump" on the top. middle and bottom pane. respectively.
The spectrogram and the PWD are the same as in Fig. 6. For the
GTFR the parameters of OfT size and analysis interval are 127 sam­
ples and 8 samples. respectively. The comparison of the three panes
shows that the GTFR gives much clearer formant tracks in the . 'j"
sound than the spectrogram and the PWD do. Due to the sooner
analysis interval the vertical striations can now be observed in the
GTFR. in contrast to the GTFR in Fig. 6.

Fig. 8 shows the result of narrow band analysis on ~ sentence
"that you may see". TIle spectrogram is on the top pane with a OfT
size of 256 samples ana an analysis interval of 64 samples. The GTFR
is on the bottom has a OfT size of 128 samples and an analysis inter­
val of 64 samples. The GTFR has much higher resolution of formant
frequency positions.

Fig. 9 shows the case when the word "jump" is contaminated by
additive white noise with the signal to noise ratio being -10 db. From
the top to bottom pane are the speech waveform, the spectrogram. the
PWD and the GTFR. Due to a pre-emphases operation for all 3 time­
frequency displays. the noise hJ.S more effect on the high frequency
content than it does on the low frequency part. In this case. the PWO
fails completely since no formants can be observed. The spectrogram

still shows some formant structure in the low frequency pan but is not
JS clearly discernible JS in the GTFR.

interpretation of the above GTFR formulation is analogous to Eq.
I). The GTFR can thus be expressed as the inverse Fourier transform
·th respect to f B of a function Y(fs J,, ). where

Y(fB JA ) = ~/ (fBJA)· [f(f,, +fsl2)f(f,,-fB f2)]

namely, a convolution with the kernel along the dimension f.~ . With
his formulation. finite frequency support can be graphically obtained
for an hourglass-shaped extent of ~I (fB J A )' analogous to the .HgU ­

~nt for finite time support, This choice of ~I (fB J,, ). is consistent
VIa a two-dimensional Fourier transform) with the previous choice of

11>, (1,t).

The reduction of interference terms in the time-frequency d i 'pl :l ~
an ~ b~ught about by forcing ~/(fBJA ) to have low-pass Idler

havior In the f B direction. thus smoothing out the spurious com­
nerus. Ideally. this corresponds to spreading <1> ~ l .t) as much J.S

• I

sSlble in the support region in the I direction. If .r II .1) is chosen to
independent of t and Gaussian in the t direction. i.e.

_2at1

.x: (r .t) = e

e design constraints are satisfied.
iscreu Cast

The discrete version of the GTFR can be defined as
,,+L L

C/ (n .6;<%>,,) = 1: 1: <%>,,<n-p,Jc)f(p+k)f(P-k)t - ; lt 9

thus be seen that the GTFR CJn be expressed as the
It can .

trJOSfonn with respect to 't of a function Z (t.n, where
o ner

zo.o = <P,(I .'t)· [f(I+tI2)f(t-tl2)]

convolution with the kernel along the dimension 1. It can
JlTlC~ :hOwn graphically that the kernel <P, (t .t) chosen in Fig. I is

o . t for the property of finite support:
ufficlcn

Let ihe time support of f (t) be II 1< T . which is shown in .Fig.
Lhe support region of f (1+'t/2)f (1-tl2) on the (t .r) plane IS as

~n I .
~~own in Fig. 3. Since the sup~n length adds up through CO~VoF~tl04n.

nnnrt region of Z (I .o will be a rectangle as shown In ig. .
C sUj-'I'- J I .

refore the support region of the GTFR on the (l A) P ane IS res-
e d within It 1< T. i.e . finite time support is maintained. This is

InclC
hOwn in Fig. 5.

The kernel ~, (t .t ) chosen in Fig. 1 can be expressed as

t
~,(t.t) =[1-rUI(-- )J .x:(l.t)

2 111

p_-L l-L

/ere 2L- I is the number of data points in the analysis segment. The
ISCrete version of the appropriate kernel is

t
l-recI (- - ) restricts the support region to the hatched area

2111
d .x(t .t) shapes the kernel within the support region. Since the ker-

nel is designed for short time analysis. the t dependence of .x: (l .t :
hould taper ~, (l.t) down toward zero at I t I =T . As with other tech­

niques of spectral analysis. this data taper is needed to reduce the effect
f sidelobe leakage.

The choice of l dependence of .x:(I.t) will ultimately relate to the
istorting interference terms. By considering ~I (fB J A)' which is the
e 2-dimensional Fourier transform of <%>, (I .t), the GTFR can be

expressed in an alternative fashion:..
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Fit!. 3: The suppon region on the (I,t) plane of
f ~2)1 (1-'tI2) .

L.R.Rabiner and R.W.Schafer. Digital Processing of Speech Sig­
nals. Prentice·Hall. Englewood Cliffs. NJ, 1978.

T.A.C.M. Oaasen and W.F.G. Mecklenbrauker. . 'TIle Wigner
Distribution. A Tool for Time-frequency Signal Analysis. Pan 3:
Relations with Other Time-frequency Signal Transformations,"
Philips J. Res. 35. pp. 373-389. 1980.

p.Aandrin. ••Some Features of Time-frequency Representations
of "Multicomponent Signals." Proc. ICASSP, San Diego, CA,
Mar. 1984, pp. 418.4.1-418.4.4.

T.A:C.M. Claasen and W.F.G. Mecklenbrauker, "On the Time­
frequency Discrimination of Energy Distributions: Can They
Look Sharper than Heisenberg'?" Proc. ICASSP, San Diego, CA,
Mar'. 1984. pp. 41B.4.1-41B.4.4.

G.Kopec. "The Integrated Signal Processing System ISP," IEEE
Trans. Acou.n., Speech, Sig. Proc. ASSP-32, Aug. 1984.

6. __Y.Zhao, L.Atlas, and R. Maries. "Speech Signal Analysis with a
Generalized Time-Frequency Representation. " (Submitted for
pu"blication to IEEE Trans. ACOUSI., Speech, Sig. Proc .i

2.

s.

3.

4.

References

This research was supponed by a National Science Foundation
'denu'al Young Investigator Award and by a contract from Boeing

pre~ "
Computer Services. The authors would also like .t~ thank Richard

on of Schlumberger Palo Alto Research for providing much of the
LY . . al d'softWare used in the experiment stu ies.

" 3UOn 10 the fi eld of image processing. ~orrover. trus tccnmque
Jppllc . "

dcsignmg kemc::1s accordtng to a set of constramts on 1WO-
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Fig. 4: The suppon region
CZ-, (I,t)· [J (1+'ti2)! (l-tl2)]

on (I,t) plane of

Fig. 1: The support region of kernel cJ) I r T I
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Fig. 2: The suppon of 1(1).
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Fig. 5: The support region on (I J A) plane of the crrFR.
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Fig. 6: A comparison of the spectrogram and the GTFR on the
sentence " that you may see".

Fig. 7: A comparison of the spectrogram. the pwn and the
GTFR on the word " j ump" .
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Fig. It A comparison of the spectrogram and the GTFR on the

sentence " that you may see " using narrow band analysis.
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Fi'! . 9: A comparison of 1M spectrogram . the PWD and the

G :T R on the word "jump" in the presence of noise.


