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Abstract

Reassignment benefits

is

evaluated

on different time/frequency distributions apptied
on simulated and real (uterine EMG) frequency
modulated signals. Comparison is performed
with respect to quantitative criteria.

position of the weighted values of the corresponding
Wi gner-Ville distribution
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INTRODUCTION
The analysis of uterine EiectroMyoGram (EMG), has
been proved to be very useful for pregnancy and parturition
monitoring tll.EMG can be considered as a non stationary

signal exhibiting bursts of action potentials whose
frequency within a burst is modulated tzl. Such a
modulation (non sinusoidal carrier) affects the EMG
spectrum by producing periodicities. Tracking the evolution

of the main frequency peak (also called FWg) (amplitude
and shape) is of great interest since the FWg frequency
controls the contraction intensity [3].
So far, several time/frequency distributions (TFD) have
been tested on simulated and real signals in order to assess
their ability to track properly the frequency modulation [4].
Quality criteria were specifically designed for comparison
purposes [5]. However, energy scattering due to window
effects as well as time/frequency interferences affects
representation quality and concentration. Consequently, this
work aims at evaluating improvement obtained by energy
reassigning. This reassignment method has been first tested
on short time Fourier transform (spectrogram) then extended
to other Cohen's class distributions.
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is the result of

the

reassignment at the position (t',w') of all values of the
initial representation moved towards this new position:
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This reassignment process presents the drawback that the
transformation is no longer bilinear, but still preserves the
support in time and frequency as well as the signal energy,
so that it can still be considered as an energy distribution.
The authors underline the fact that the reassignment method

yields a perfectly localized representation of a linearly
modulated signal whatever the kernel, whereas this property
is only verified by the Wigner-Ville distribution within the
Cohen's class.
When applied to spectrogram, the former expressions can be

modified according to its specific form as related to the
square module of the Fourier transform:
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tJl
which can be expressed in the same way as previously

METHODS
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Reassignment

The basic principle of the reassignment method [6] can be
expressed from the general expression of the Cohen's class
TFD using the Wigner-Ville distribution as a starting
point:
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where ö(u,O)represents the kernel of a specific Cohen's
class element. In this expression, the role of the kernel
appears as a weighting of the Wigner-Ville distribution
values, so that each point of the final representation is the
result of an operation of averaging. When the kernel
corresponds to a 2-D low-pass filter, this process obviously
leads to a reduction of the amplitude and the number of
cross-components. However, it also spreads the autocomponents onto the time-frequency plane, what is much
less desirable. The reassignment process consists of moving
the value computed at the position (t,w) towards the mean

using the Rihaczek distribution:
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Finally it can be interesting to notice that the effect of the
window width differs before and after reassignment: on
spectrograms, the limit when this width approaches zero

to the instantaneous power without any
reference to spectral localization. On the other hand, after
reassignment, all frequency points will be moved towards
the instantaneous frequency position. The same observation
could be made for the reassignment on the group delay
position when h(u) is taken as a constant.
corresponds

Signal Synthesis
Simulated signals s(t) were build in order to produce a
comprehensive class of signals controlled by several
parameters, and whose modulation is fully known. They
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simulate integration and filtering of several cell electrical
activities, where cellular activity consists of a succession of
action potentials with modulated firing frequency :
s(ty =

where Nbc

>)I>)o,"o

is the

number

o,r

- to(i) - tr. )

of cells whose activity

is

integrated, Nbap is the number of action potentials fired by
each cell, tl is a random variable specific to each cell delay,
ts(i) creates the position modulation, b(t) simulates tissue

filtering.
Criterin

Among several criteria defined in our previous works [5],
we retained the most significant ones for the present study :
Ctr measures representation global concentration as the
ratio between L4- and L2- norms [7]. Wdt is the mean

width of modulation; Bs and Cor indicate bias and
correlation between real and estimated modulations
respectively.

spectrogram) and 2,1 sec long. Figure 1 shows classical and
reassigned SPWV on simulated and real uterine EMG
signals. Table I indicates the criteria values computed for
spectrogram and SPWV applied on simulated signals.

DISCUSSION
One can observe that the modulation peak is wider on the

classical SPWV. This is confirmed by the wdt values

:

it also
slightly improves concentration. Furthermore, the

reassignment obviously decreases peak width, while

reassignment process does not deteriorate correlation and
bias for both studied distributions. However, on real
signals, one can notice the presence of larger gaps in the
modulation continuity. One can assume that the
reassignment process works properly only for signals of

constant energy (chirps). However, when signal energy
highly varies with time, some genuine low-energy
components can be reassigned as if they were due to
window or interference effects.
CONCLUSION

RESULTS

We first decided to test reassignment benefits

on

spectrogram and smoothed pseudo Wigner Ville (SPWV)
transform. Smoothing and spectral windows were taken as

The reassignment process improves peak concentration.
However, attention should be paid to the valuability of
reassignment process when applied on real signals.

Blackman windows respectively 1 sec (4.2 sec for
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Figure 1 : classical (a, c) and reassigned (b, d) SPWV transforms of simulated (a, b) and real uterine EMG (c, d). Time is
scaled horizontally (60 sec long).

N=7
class. spectrog.

Ctr

t

Wdt (nb ooint)
4.15 + 0.05
2,26 + 0,06
3.79 + 0.05
2,24 + 0,04

Bs

Cor

-2,32 + 0,6
0.89 + 0.06
reass. spectrog.
-2.53 + 0.3
0.86 + 0.05
class. SPWV
-2,29 + 0,5
0.9 + 0.06
reass. SPWV
-2.35 + 0.5
0.9 + 0.04
Table I : evaluation of reassignment benefits on spectrogram and SPWV with respect to criteria values.
0,26 0,03
0.33 + 0.03
0,25 + 0,03
0.32 + 0.03

REFERENCES
tl] C. Marque, J. Duch6ne, S. Leclercq, G. Panczer and J.
Chaumont, "IJterine EMG processing for obstetrical
monitoring", IEEE Trans. Biomed. Eng., vol. 33, nol2,
pp. 1182-1187, 1986.
t2] S.Mansour, D. Devedeux, J. Duchöne, G. Germain and
C. Marque, "LJterine EMG Spectral Characteristics and
Instantaneous Frequency Measurement", XIV. annual
congress of IEEE-EMBS, Paris 1992.
t3l C. Kao, "Electrophysiological Properties of the Uterine

Smooth Muscle," in Biology of the Uterus, R. H.
Wynn, Ed. Plenum Press, New York and London,
1977.

t4l

432

Burst Frequency", IEEE EMB, vol. 14, no2, pp. 125-

32,1995.
t5l D. Devedeux and J. Duch6ne, "Influence of Biosignal

Variability on Time/Frequency Distribution
Performance", Annie'94, pp. 7 41-6, 1994.

t6l F. Auger and P. Flandrin, "Improving the Readibility of
Time-Frequency and Time.-Scale Representations by the
Reassignment Method", IEEE Trans Signal Processing,
vol.43, no5, pp. 1068-89, 1995.
t7l D. Jones and T. Parks, "A High Resolution DataAdaptive Time-Frequency Representation", IEEE Trans
Acoustics Speech Signal Processing, vol. 38, no12, pp.
2127-2135, 1990.

J. Duch6ne, D. Devedeux, S. Mansour and C. Marque,

"Analyzing Uterine EMG : Tracking Instantaneous

Medical & Biological Engineering & Computing Vol. 34, Supplement 1, Part 1, 1996
The 1Oth Nordic-Baltic Conference on Biomedical Engineering, June 9-13, 1996, Tampere, Finland

