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II. EHG SIGNAL ACQUISITION  

Acquisition of EHG signal was made using the specialized 
device designed by the Institute of Medical Technology and 
Equipment ITAM [11]. Biopotentials generated by 
myometrium were registered by two Ag-Cl electrodes placed 
on an abdominal skin. The first electrode was placed over an 
uterine fundus and the second one over an uterine cervix. 
Because EHG signals were measured differently the reference 
electrode was placed on a patient’s thigh. Mechanical uterine 
activities were also monitored by the TOCO sensor (Fig. 1). 

Hardware details are described in [3]. The measured 
biopotentials were amplified ( 2400 [ / ]uk V V= and filtered by 

a lowpass filter (0-5Hz). The antialiasing filter was applied 
too. The sampling frequency was 10 Hz. 

The EHG signals were registered in two groups of patients. 
The first group contains women waiting in a hospital for a term 
labour. The second group consisted of EHG signal registered 
during 2

nd
 period of a physiological labour. 

The Fig. 2 presents an example of mechanical and electrical 
uterine activity registered during 2

nd
 period of a physiological 

labour. We can observe a mechanical contraction is associated 
with increased bioelectrical spikes. 

III. ESTIMATION OF ASSOCIATIONS BETWEEN EHG 

COMPONENTS 

Conventional approaches to identification of an association 
between two signals use a cross-correlation function, cross-
Fourier spectrum methods or a coherence function. However, 
this methods have two limits important from the considered 
point of view. All above methods allow to identify only a 
linear relation between analyzed signals. However, the 
published models describing a propagation of electrical and 
mechanical waves through uterine muscle fibers indicate that 
there are nonlinear processes [1]. Moreover, the above 

functions are symmetrical which disables from identification 
of causal relation between two signals. Knowledge about this 
causal relation is interesting because there are many 
speculations on possible directions of synchronization of 
uterine contractions. Therefore, we decided to use a method 
which estimated a nonlinear association between two signals. 
This method was proposed by Kalitzin et al. and was used to 
analyze relations between EEG components [4]. This index is 

denoted by 2h . 

Let ( )1 : 1,...EHG t t N=  denote a value of EHG signal 

measured at the i
th

 moment at an uterine fundus. Similarly, 

( ) NttEHG ,...1:2 =  denotes a value of EHG signal measured 

at the t
th

 moment at an uterine cervix. Then, the 2h  index is 

computed in the following manner: 
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Figure 3 presents the scheme for selection of 1EHG  

samples which correspond to the samples of 2EHG  belonging 

to aB bin. 
2

1EHGσ  represents a standard deviation of signal 

1EHG . 

This index has the following interesting property. It can be 
proven that when two EHG components are linear correlated 

then the ( ) ( ) 1|| 12
2

21
2 ≡≡ EHGEHGhEHGEHGh , [4]. Thus, 

an observation that  

 

Fig. 1.  Location of electrodes during EHG registration. 

  

0 2 4 6 8 10 12 14 16 18 20
1000

1500

2000

2500

Time [min]

Electrical activity

0 2 4 6 8 10 12 14 16 18 20
1000

1500

2000

2500

3000

3500

4000

Time [min]

Mechanical activity

uterine contraction

 
Fig. 1.  An example of electrical and mechanical uterine activity during 

a labor. 
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( ) ( )12
2

21
2 || EHGEHGhEHGEHGh ≠  (2) 

is a circumstance for identification of a nonlinear relationship 
between the analyzed components. 

The above equation represent the fraction of the variation of 

the signal 1EHG  that can be “explained” by the signal 2EHG  

Estimating 2h index for various time delays between two 

components of EHG signal we obtained nonlinear cross-
correlation sequences. 

 

IV. RESULTS 

There were estimated two indexes ( )21
2 | EHGEHGh  and 

( )2
2 1|h EHG EHG  to study a plausible causal relation 

between two components of EHG signal. Moreover, the linear 
cross-correlation function was estimated too.  

An example of the nonlinear cross-correlation sequences are 
shown in Fig. 4. 

The presented graphs indicate that there is a nonlinear 
association between two components of an exemplifying EHG 
signal. Moreover, these two sequences are different. The 

values of ( )2
2 1|h EHG EHG  sequences are higher than the 

values of ( )21
2 | EHGEHGh indexes. 

To verify our assumed hypothesis stated that an upcoming 
labour could be associated with the increased nonlinear cross-
correlation we computed for each EHG signal a maximal 
values of two nonlinear cross-correlation. Next, the obtained 
values were compared in two previously defined group of 
signals. The grouping averaged values are shown in Fig. 5, 6, 
7.  

Application of the nonparametric Mann-Whitney test shows 

that differences in the maximal values of ( )12
2 | EHGEHGh  

Fig. 3.  The scheme of EHG samples selection used for calculation of index. 
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Fig. 4.  An example of nonlinear cross-correlation sequences estimated using 

h2 indexes. 
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Fig. 5.  Grouping averaged values of maximal cross correlation. 
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and ( )21
2 | EHGEHGh  were statistically significant (p<0.001) 

but the difference between maximal values of linear cross 
correlations was statistically insignificant. 

V. CONCLUSION 

Contrary to well known electrocardiographical signals EHG 
signals do not have any characteristic shapes. It makes their 
analysis difficult. The goal of this paper was to use 
information contained in two components of an EHG signal 
for better description of uterine activities among pregnant 
women. Basing on a physiological model of a myometrium 
contraction we used a special index allowing for identification 
of nonlinear associations between two signals. The conducted 
analysis confirmed that during a pregnancy there was 
identified a nonlinear relationship between biopotentials 
generated by a fundus of an uterus and its cervix.  

Biological data suggest that each myometric cell can be a 
source of bioelectrical potentials. Our results seem to support 
this hypothesis because the obtained cross-correlation 
sequences had similar bidirectional character. 

Moreover, we confirmed the assumed hypothesis that the 
identified correlation ought to be stronger as a labour would be 
upcoming. This results suggest that information about this 
correlation may be used for prediction of an upcoming labour. 

It is important to determine whether a value of the used 
index has stronger predictive power than hitherto proposed 
parameters basing on a single component of EHG signal. It 
requires further investigations on larger groups of pregnant 
women. 
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Fig. 7.  Grouping averaged values of maximal, linear cross correlation 

( )
21

| EHGEHGh . 
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