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SUMMARY 
The relationship between changes in centre of pressure (CoP) 
and the moment around the CoP’s vertical axis (Tz) remains to 
be clarified. Continuous wavelet transform (CWT) signal 
analysis was used to detect transient moments and changes in 
CoP during quiet standing. Preliminary results indicate that 
CWTs provide clear detection of transient moments and 
postural oscillations. CWT analysis also suggested that there is 
no clear relationship between CoP components and Tz. The 
utility of CWTs in biomechanics and examples of their 
application is presented.    
 
INTRODUCTION 
The data collected from force platforms can provide much 
information regarding the mechanisms of human posture and 
gait. Anteroposterior (AP), mediolateral (ML), and vertical 
forces, along with centre of pressure, are well established 
measures to evaluate movements of the body’s centre of mass. 
Recent research has indicated that there may be a relationship 
between changes in AP and ML centres of pressure during 
quiet standing and Tz [1]. Because the findings of Beaulieu et 
al. were from time averaged data, the instantaneous 
relationship between Tz oscillations and AP and ML force 
components was not evaluated. 
 
Wavelet approaches have been successfully applied to 
analyzing and processing a variety of biological signals, 
including those arising in biomechanics [2].  These techniques 
allow signals to be analyzed simultaneously by frequency and 
time. Wavelets are unlike the Fourier transform, which 
provides time-averaged frequency components and therefore 
cannot accurately resolve the frequency content of sharp 
transients or non-stationary signals.  Unlike other time-
frequency techniques (e.g. the fixed-resolution short-time 
Fourier transform), wavelet transforms provide arbitrarily 
good frequency resolution at low frequencies, and arbitrarily 
good time resolution at high frequencies, resulting in a 
“mathematical microscope” to detect subtle signal 
characteristics at multiple scales [3].  
 
The ability of wavelets to perform time-frequency 
(specifically, time-scale) analysis is provided by two 
characteristics: (1) the wavelet is oscillatory, like a wave (i.e, 
its integral over all time is zero) and (2) the wavelet has a 
finite duration.  This property ensures localization of signal 
characteristics both in time and in frequency [2].  To perform 

this time-frequency analysis, a “family” of wavelets is 
constructed from a “mother” wavelet, which is stretched and 
translated to analyze different frequencies along different parts 
of the signal.  Elongated wavelets (long duration, short 
amplitude) are used to analyze the signal at large scales, 
uncovering the low frequency components of the signal.  
Compressed wavelets (short duration, high amplitude) are 
required for high frequency analysis.  The inner product of the 
1D time signal and scaled and translated wavelet functions 
results in a 2D time-scale transform of wavelet coefficients 
that contains information not only about the frequency 
content, but also when in time these frequency components 
occur.  The amplitude of the wavelets changes with duration to 
preserve constant energy. 
 
The CWT is usually implemented by discretizing both time 
and frequency.  Consequently, the CWT is very useful in 
uncovering hidden signal features, especially for rich data 
such as ECG signals [4].  Force plate signals have been 
analyzed using wavelet transforms [5,6].  However, to the best 
of our knowledge, there have been no studies that have applied 
wavelet analysis to moment signals around the centre of 
pressure’s vertical axis. In the current study, the CWT was 
used to study the frequency content of CoP and Tz signals. 
 
METHODS  
One male subject with no musculoskeletal impairments quietly 
stood with eyes closed, arms at sides and feet shoulder width 
apart on a force plate (Bertec 6090-15-2000, Ohio, USA) for 
30 seconds. Anteroposterior (x) and mediolateral (y) ground 
reaction forces and CoP were acquired at a sampling 
frequency of 1 KHz. All signals were centered about their 
means, and were filtered with a third-order zero-phase shift 
Butterworth lowpass filter with a cutoff frequency of 300Hz. 
Tz was calculated according to [1]:  
         Tz = Mz – Fx ∙ CoPy + Fy ∙ CoPx,  
where Mz is the moment around the force plate vertical axis 
and F is the respective ground reaction force. CoPxy was a 
composite complex-valued signal constructed as CoPx + 
jCoPy, where j = √−1.   
 
The CWT decomposed the signals into scales, resulting in a 
graphical representation known as a scalogram.  As scales are 
inversely proportional to frequency, frequencies were 
estimated from wavelet scale based on the centre frequency of 
the mother wavelet.   Because frequency components in the 



range 0 – 5 Hz were of the most interest in the current study, a 
CWT based on sinusoidal wavelets directly corresponding to 
Fourier frequencies was computed for the signals [4].  The 
CWTs of individual signals are represented as scalogram 
images of the wavelet coefficient magnitudes on a frequency 
vs. time plot. Figures 1b and 2 are plots of data up to 3 Hz, as 
little of the signals’ wavelet power was above that level.     

 

 
 
Figure 1:  CWT scalogram of Tz.  Original signal (top), CWT 
(bottom).  Transient components are circled. 
 
RESULTS AND DISCUSSION 
In Figure 1, a moment signal is shown along with the colour-
coded squared magnitude of the wavelet coefficients.  Blue 
indicates little or no wavelet power, while red hues indicate 
high power. From the scalogram, several signal components 
are uncovered, most of which are not easily discerned from the 
time signal.  For example, from about 2.5 to 10 seconds, a 
frequency component that decreases from 1.5 to 1.3 is seen, 
and from about 17 to 18 seconds, a short duration frequency 
component of approximately 1.7 Hz becomes evident. Neither 
of these transients is readily evident from the original time 
signal. 
 
The CoPx, CoPy, and CoPxy components are shown in Figure 
2.  These figures exhibit mostly low frequency, long duration 
components. A long-duration 1Hz transient ranging from 12 to 
24 seconds is clearly evident in CoPy, while a well defined 0.2 
Hz frequency component is found in CoPx and CoPxy across 
the entire trial. Although Tz is a non-linear function of CoPx 
and CoPy, their CWTs give no indication of the strong 
transient components evident in the CWT of Tz. These 
preliminary findings indicate that the time-frequency 
relationship between postural CoP oscillations and Tz during 
quiet standing may be weaker than previously reported [1].  
 
CONCLUSIONS 
Wavelet analysis is a powerful exploratory tool that provides 
often unexpected insights into biosignals, thereby giving 
direction to future investigations.  The isolation of important 
signal components, such as the frequency transients uncovered 

in this study, is made possible by CWTs.  These techniques 
can also be used to quantify similarities between signals to 
gain an improved understanding of physiological function.  
Similarities between CWT scalograms and comparisons 
among specific frequency bands can also be assessed [8].  
Wavelet paradigms therefore constitute a valuable 
complement to traditional force plate data analysis techniques. 
 

 

 

 
 
Figure 2:  CWT scalograms of Tz components.  CoPx (top), 
CoPy (centre), and CoPxy (Real CoPx, imaginary CoPy) 
(bottom). 
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