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Abstract. Prematurity is one of major health concerns that can cause short-term and long-term 

complications. There are evidences that uterine electromyography (EMG), also called 

electrohysterography (EHG), measuring the electrical activity of uterine muscles is a valuable 

diagnosis for term and preterm labor assessments. In this study, seventeen time-domain features 

commonly used in EMG signal processing and analysis of EHG data are examined and applied 

for preterm-term birth classifications. Two feature selection methods including Pearson’s 

correlation coefficient and p-value of t-test are also applied to reduce the dimension of features. 

The classifications are performed using support vector machine (SVM) classifiers with 

polynomial kernel function. From the computational results, the best performance on preterm-

term birth classifications of selected time-domain features of EHG data determined from the 

product of sensitivity and specificity achieved is the accuracy of 0.6667, the sensitivity of 

0.7895 and the specificity of 0.6503. In addition, the computational results suggest that the 

remarkable time-domain features of EHG data for the preterm-term classifications are the 

difference absolute standard deviation value, the waveform length, the average amplitude 

change and the ν-order.  
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1 Introduction 

Electromyography (EMG) measures an electrical signal corresponding to activity of muscles. EMG 
signals have been one of the most crucial biomedical signals that are used in various applications ranging 
from clinical diagnosis to human-machine interface. Typically, EMG data are recorded by attaching 
electrodes to skin where the muscles assessed are located. Recently, EMG data recorded from electrodes 
placed on abdominal around uterine, called uterine EMG or electrohysterography (EHG), for measuring 
the activity of uterine muscles [1] are applied for term and preterm labor assessments [1-3] Premature 
birth can cause several health problems to babies including short-term complications (e.g., breathing 
problems, heart problems, brain problems, blood problems and immune system problems) and also long-
term complications (e.g., cerebral palsy, impaired cognitive skills, vision problems, hearing problems, 
chronic health issues and behavioral and psychological problems) [4]. An anticipation of premature birth 
is an exceptionally difficult task [1].  

There are a number of digital signal processing and computational techniques have been applied to 
EHG data for various clinical applications including preterm birth classification. In [1], quantitative 
measures of EHG data obtained using linear digital signal processing techniques (i.e., the root-mean-
square (RMS), the peak frequency, the median frequency, and the autocorrelation zero crossing) and also 
nonlinear digital signal processing techniques (i.e., the maximual Lyapunov exponent, the correlation 
dimension, and the sample entropy). Those quantitative measures were applied for differentiating EHG 
data associated with preterm birth from EHG data associated with term birth. The median frequency and 
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the sample entropy of EHG recording associated with the preterm birth and those with the term birth are 
shown to be statistically, significantly different [1].  

In [5], wavelet-based features, defined as the difference between logarithms of variances of detail 
coefficients corresponding to two consecutive levels of wavelet decomposition, of EHG data were 
examined applied for preterm birth classification. The performance on preterm birth classification using 
single wavelet-based features of EHG signals was evaluated using the leave-one-out cross validations. 
The wavelet-based features of EHG signals were shown to provide a reasonable performance on preterm 
birth classification [5] that is superior to the quantitative measures provided by and examined in [5]. The 
performance on preterm birth classification using single wavelet-based features of EHG data was 
furthermore reevaluated using the receiver operating characteristic (ROC) analysis in [6]. The best area 
under ROC curve obtained for the preterm birth classification using the wavelet-based features of EHG 
data is 0.7386.  

The empirical mode decomposition (EMD), another fundamental computational technique applied to 
EMG data, was applied to EHG data for preterm birth discrimination in [7]. Quantitative measures used 
for discriminating EHG data associated with preterm birth are a ratio of Shannon entropies of intrinsic 
mode functions (IMFs) of EHG data obtained from the EMD [7]. A variety of classifiers consisting of 
support vector machine (SVM), random forests, multilayer perception, AdaBoost, Bayesian network, and 
simple logistic regression, are used and the classifications were performed using the 10-fold cross 
validation. The computational results showed that the classifications using the EMD are better than the 
classification without the EMD [7] where the area under ROC curve obtained from the classifications 
using the EMD ranges from 0.764 to 0.986 and the area under ROC curve obtained from the 
classifications without the EMD ranges from 0.503 to 0.914.  

In this study, it is aimed to apply time-domain signal processing and analysis techniques commonly 
applied to EMG data to EHG data for evaluating their performances on preterm birth classification. The 
foremost advantage of time-domain signal processing and analysis techniques is the simplicity. 
Quantitative measures obtained from time-domain signal processing and analysis techniques are 
straightly determined from amplitudes of time series. Quantitative measures of EHG data obtained from 
common time-domain signal processing and analysis techniques including integrated EMG, mean 
absolute value, modified mean absolute value (type 1), modified mean absolute value (type 2), simple 
square integral, variance, absolute value of the 3rd, 4th and 5th temporal moments, root mean square 

(RMS), ν-order, log detector, waveform length, average amplitude change, difference absolute standard 
deviation value, zero crossing, and slope sign change are classified using SVM classifiers with 
polynomial kernel function. Furthermore, in this study, simple feature selection methods, i.e., Pearson’s 
correlation coefficient and p-value of t-test, are also examined. The performance on preterm birth 
classifications is evaluated using the leave-one-out cross validation. 

2 Methods 

2.1 Subjects and EHG Data  

Electrohysterogram (EHG) or uterine EMG data examined in this study are obtained from the Term-
Preterm EHG Database (TPEHGDB) on PhysioNet (available online at http://www.physionet.org/ 
physiobank/database/ tpehgdb/. The EHG data were collected from 1997 until 2006 at the Department of 
Obstetrics and Gynecology, Medical Centre Ljubljana, Ljubljana [1, 8]. The EHG data were recorded 
from a general population of pregnant women during regular check-ups either around the 22nd week of 
gestation or around the 32nd week of gestation [1, 8]. The TPEHGDB contains a total of 300 recordings 
of EHG data. Those recordings can be divided into 262 recordings associated with term birth and 38 
recordings associated with preterm birth. In addition, 143 of 262 recordings associated with term birth 
were recorded before the 26th week of gestation while the rest were recorded during or after the 26th 
week of gestation. Also, 19 of 38 recordings associated with preterm birth were recorded before the 26th 
week of gestation while the rest were recorded during or after the 26th week of gestation. The recordings 
of EHG data can therefore be classified into 4 classes, i.e., PE, PL, TE, and TL, according to their 
corresponding time of delivery (either term and preterm birth) and time of recordings (either early or late 
period of pregnancy). Table 1 summarizes the number of EHG data and their corresponding classes.  
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Table 1. Description of EHG data 

Case Number of recording Time of recording Time of delivery 

PE 19 Before the 26th week of gestation Before or on the 37th week of gestation

PL 19 During or after the 26th week of gestation After the 37th week of gestation 

TE 143 Before the 26th week of gestation Before or on the 37th week of gestation

TL 119 During or after the 26th week of gestation After the 37th week of gestation 

 
The EHG data were recorded using the sampling frequency of 20 Hz. Each recording is composed of 3 

channels, referred to as s1, s2, and s3, recorded from 4 electrodes placed around the navel [1, 8]. In 
addition, the original EHG data were filtered with 3 different bandpass frequencies including (a) from 
0.08 Hz and 4 Hz; (b) from 0.3 Hz to 3 Hz; and c) 0.3 Hz to 4 Hz. The first, second, and third subbands 
of EHG channels s1, s2, and s3 are, respectively, referred to as s1a, s1b and s1c, s2a, s2b and s2c, and s3a, s3b 
and s3c. Similar to our previous study [5], only a segment with length of 8192 samples obtained from the 
middle section of each EHG channel is examined. Examples of EHG segments corresponding to channels 
s1, s2, and s3 associated with preterm birth are illustrated, respectively, in Fig. 1 while Fig. 2 shows, 
respectively, exemplary EHG segments corresponding to channels s1, s2, and s3 associated with term birth.  
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Fig. 1. Exemplary EHG segments associated with preterm birth 
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Fig. 2. Exemplary EHG segments associated with term birth 
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2.2 Time-Domain Features of EMG Data 

There are 17 common time-domain features [9] of EMG data applied to EHG data in this study. Denote 
{x[n]} where n = 0, 1, 2, ..., N-1 an EHG signal. Those time-domain features of EMG data are as follows.  

(1) Integrated EMG (IEMG): The integrated EMG is typically used as an onset detection index [9]. It 
can be given by  

 [ ]
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(2) Mean Absolute Value (MAV): The mean absolute value, one of the most popular EMG data 
analysis techniques, is similar to the integrated EMG which is used for onset detection [9]. It can be 
given by  
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(3) Modified Mean Absolute Value (Type 1): The mean absolute value (type 1) is modified from the 
mean absolute value where a weighted window function w is applied [9]. It can be given by  
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(4) Modified Mean Absolute Value (Type 2): The mean absolute value (type 2) is another method 
modified from the mean absolute value. Similar to the modified mean absolute value (type 1), a smoother 
weighted window function w is applied [9]. It can be given by  
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(5) Simple Square Integral (SSI): The simple square integral is simply an energy of EMG signal [9-10]. 
It can be given by  
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(6) Variance: The variance of EMG signal is another quantitative measure corresponding to an energy 
of EMG signal [9]. It can be given by  
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where x  denotes the mean of {x[n]}.  

(7) Absolute Value of the 3rd, 4th and 5th Temporal Moments: The temporal moments are statistical 
values originally proposed by [11]. Typically, the absolute value is taken to greatly reduce the within 
class separation for the odd moments [9]. The absolute value of the 3rd, 4th, and 5th temporal moments 
are, respectively, given by  
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(8) Root Mean Square (RMS): The root mean square is another common quantitative measure applied 
for EMG analysis [9]. It can be given by  
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(9)  ν-Order: The ν-order is a nonlinear detector that determines muscle contraction force [9]. It can be 
given by  
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where ν used in this study is 2 which is reported to be an optimal value [9, 12-13].  
(10) Log Detector: The log detector is another quantitative measure used for determining muscle 

contraction force [9, 12-13]. It can be given by  
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(11) Waveform Length (WL): The waveform length is a quantitative measure of complexity of EMG 
signal [9, 14-15]. It is defined as a cumulative length of EMG signal [9]. It can be given by  
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(12) Average Amplitude Change (AAC): The average amplitude change is generally equivalent to the 
waveform length [9]. It can be given by  

 [ ] [ ]
1

14

0

1
1

N

n

F x n x n
N

−

=

= + −∑ .  (14) 

(13) Difference Absolute Standard Deviation Value (DASDV): The difference absolute standard 
deviation value is a standard deviation value of the waveform length [9, 16]. It can be given by  
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(14) Zero Crossing (ZC): The zero crossing is a quantitative measure quantifying a frequency 
information of EMG signal [9, 14] It quantifies a number of times that amplitude values of EMG signal 
cross zero level [9]. It can be given by  
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(15) Slope Sign Change (SSC): The slope sign change is related to the zero crossing [9, 14]. It is 
another quantitative measure expressing a frequency information of EMG signal [9]. It can be given by  
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2.3 Data Analysis and Classification 

All 17 time-domain features denoted by F1, F2, F3, ..., F17 are extracted from the EHG segments. A 
Pearson’s correlation coefficient, one of the simplest feature selection methods, [17-19] is applied to rank 
the time-domain features of EHG segments. The Pearson’s correlation coefficient is defined as [17]  
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x Y
R i

x Y
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where xi is the ith variable, Y is the corresponding class, and cov(⋅) and var(⋅) denote, respectively, the 
covariance and the variance. In addition, the two-sample t-test is also applied to rank the time-domain 
features of EHG segments by using the corresponding p-value.  

A number of selected time-domain features of EHG segments with highest ranks, i.e., Pearson’s 
correlation coefficients or p-values, are used and applied to feature vectors. The number of selected time-
domain features of EHG segments examined in this study ranges from 2 to 9 (around a half of 17 time-
domain features). The vectors of selected time-domain features of EHG segments are classified using 
support vector machine (SVM) classifiers with a kernel function of third-order polynomial. Five values 
of expected proportion of outliers, that are 0, 0.001, 0.005, 0.01, and 0.05, are applied in training SVM 
classifiers.  

There are 2 preterm-term classifications performed corresponding to the same period of time of 
recordings. The first preterm-term classification is a classification between the vectors of selected time-
domain features of EHG segments associated with preterm or term births recorded in the early period of 
pregnancy, i.e., PE vs TE. Another preterm-term classification is a classification between the vectors of 
selected time-domain features of EHG segments associated with preterm or term births recorded in the 
late period of pregnancy, i.e., PL vs TL. Due to the small number of EHG segments associated with the 
PE and PL classes, the leave-one-out (LOO) cross validation is applied to the preterm-term 
classifications.  

The performance of the preterm-term birth classifications is evaluated using 3 conventional 
classification metrics: accuracy Ac, sensitivity Se, and specificity Sp given by, respectively,  
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where TP, TN, FP, and FN denote a number of true positives, a number of true negatives, a number of 
false positives, and a number of false negatives. Furthermore, a product of sensitivity and specificity, i.e., 

Se×Sp, is also determined to evaluate the performance on preterm-term classifications. The best 
performance on preterm-term birth classifications is determined with respect to the product of sensitivity 
and specificity that justifies both the true positive rate and the true negative rate.  
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3 Results 

3.1 Ranks of Time-Domain Features of EHG Data 

The ranks of time-domain features of EHG segments recorded in the early and late periods of pregnancy 
obtained using the Pearson’s correlation coefficients are summarized in Table 2. Likewise, the ranks of 
time-domain features of EHG segments recorded in the early and late periods of pregnancy obtained 
using the t-tests are summarized in Table 3. It is shown that the ranks of time-domain features of EHG 
segments vary corresponding to their channels, the time of recordings, and the feature selection methods. 
There are however some time-domain features of EHG segments manifesting distinctive characteristics 
in the feature selections. Table 4 shows the time-domain features of EHG segments that are selected for 
most channels in each feature selection.  

Table 2. Ranks of time-domain features of EHG segments using the Pearson’s correlation coefficients 

Channel Period of 

pregnancy 
Rank 

s1 s1a s1b s1c s2 s2a s2b s2c s3 s3a s3b s3c 

1 F12 F16 F8 F8 F7 F7 F17 F17 F15 F15 F15 F15 

2 F7 F9 F9 F9 F16 F17 F7 F7 F13 F13 F16 F13 

3 F9 F17 F7 F17 F5 F9 F8 F8 F14 F14 F10 F14 

4 F13 F7 F16 F13 F8 F16 F16 F11 F6 F11 F11 F10 

5 F14 F8 F6 F14 F9 F8 F10 F10 F8 F10 F13 F11 

6 F8 F13 F5 F6 F1 F11 F11 F9 F5 F5 F14 F6 

7 F15 F14 F10 F5 F2 F10 F9 F1 F7 F6 F6 F5 

8 F5 F6 F11 F16 F11 F3 F1 F2 F9 F4 F5 F3 

9 F16 F5 F3 F10 F10 F1 F2 F5 F10 F3 F4 F4 

10 F1 F15 F1 F11 F6 F2 F5 F6 F11 F1 F3 F1 

11 F2 F11 F2 F7 F4 F4 F6 F16 F1 F2 F1 F2 

12 F6 F10 F4 F15 F3 F15 F3 F3 F2 F7 F2 F16 

13 F4 F1 F17 F3 F15 F6 F4 F4 F16 F8 F9 F9 

14 F3 F2 F13 F1 F13 F5 F15 F15 F3 F9 F17 F7 

15 F11 F3 F14 F2 F14 F13 F13 F13 F4 F17 F7 F8 

16 F10 F4 F15 F4 F17 F14 F14 F14 F17 F16 F8 F17 

Early 

17 F17 F12 F12 F12 F12 F12 F12 F12 F12 F12 F12 F12 

1 F16 F17 F17 F16 F15 F17 F16 F16 F13 F17 F4 F17 

2 F12 F16 F4 F17 F13 F4 F17 F17 F14 F3 F11 F16 

3 F9 F4 F3 F4 F14 F13 F4 F13 F15 F1 F10 F10 

4 F8 F3 F16 F3 F7 F14 F13 F14 F10 F2 F3 F11 

5 F17 F1 F1 F1 F17 F15 F14 F15 F11 F11 F1 F4 

6 F7 F2 F2 F2 F16 F3 F3 F4 F1 F10 F2 F3 

7 F13 F11 F11 F11 F5 F16 F15 F3 F2 F4 F16 F1 

8 F14 F10 F10 F10 F9 F1 F1 F1 F3 F16 F5 F2 

9 F6 F8 F13 F13 F3 F2 F2 F2 F4 F5 F6 F5 

10 F5 F6 F14 F14 F4 F11 F11 F11 F6 F6 F15 F6 

11 F10 F5 F15 F6 F1 F10 F10 F10 F5 F15 F13 F15 

12 F11 F13 F6 F5 F2 F5 F6 F6 F8 F13 F14 F7 

13 F4 F14 F5 F15 F10 F6 F5 F5 F16 F14 F8 F8 

14 F15 F15 F8 F8 F11 F8 F8 F8 F12 F8 F7 F13 

15 F3 F7 F7 F7 F8 F7 F7 F7 F9 F9 F9 F14 

16 F1 F9 F9 F9 F6 F9 F9 F9 F7 F7 F17 F9 

Late 

17 F2 F12 F12 F12 F12 F12 F12 F12 F17 F12 F12 F12 
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Table 3. Ranks of time-domain features of EHG segments using the t-test 

Channel Period of 

pregnancy 
Rank 

s1 s1a s1b s1c s2 s2a s2b s2c s3 s3a s3b s3c 

1 F15 F16 F15 F15 F15 F15 F15 F15 F15 F16 F16 F16 

2 F17 F15 F11 F13 F17 F13 F13 F13 F17 F17 F15 F15 

3 F16 F13 F10 F14 F11 F14 F14 F14 F16 F15 F7 F13 

4 F10 F14 F1 F11 F10 F11 F10 F10 F1 F13 F8 F14 

5 F11 F11 F2 F10 F1 F10 F11 F11 F2 F14 F9 F17 

6 F1 F10 F3 F1 F2 F3 F1 F1 F3 F8 F5 F7 

7 F2 F1 F4 F2 F12 F1 F2 F2 F4 F9 F6 F8 

8 F3 F2 F7 F3 F3 F2 F3 F3 F11 F7 F1 F9 

9 F4 F3 F8 F4 F6 F4 F4 F4 F10 F5 F2 F5 

10 F13 F4 F9 F6 F4 F6 F6 F6 F6 F6 F3 F6 

11 F14 F6 F5 F5 F5 F5 F5 F5 F5 F4 F4 F1 

12 F12 F5 F6 F7 F7 F7 F7 F7 F7 F3 F11 F2 

13 F6 F8 F13 F8 F8 F8 F8 F8 F8 F1 F10 F3 

14 F5 F9 F14 F9 F9 F9 F9 F9 F9 F2 F13 F4 

15 F7 F7 F16 F17 F13 F17 F17 F17 F12 F10 F14 F11 

16 F8 F17 F17 F16 F14 F16 F16 F16 F13 F11 F17 F10 

Early 

17 F9 F12 F12 F12 F16 F12 F12 F12 F14 F12 F12 F12 

1 F3 F8 F7 F17 F5 F8 F17 F7 F6 F9 F8 F9 

2 F1 F9 F6 F7 F7 F9 F7 F4 F7 F7 F9 F7 

3 F2 F17 F5 F6 F8 F7 F15 F10 F16 F8 F13 F8 

4 F4 F7 F1 F5 F6 F6 F13 F11 F8 F5 F14 F5 

5 F10 F6 F2 F1 F9 F5 F14 F1 F5 F6 F7 F6 

6 F11 F5 F10 F2 F10 F15 F10 F2 F9 F16 F16 F13 

7 F5 F4 F11 F4 F11 F13 F11 F15 F10 F1 F17 F14 

8 F12 F1 F4 F3 F1 F14 F4 F3 F11 F2 F5 F16 

9 F8 F2 F3 F10 F2 F17 F1 F13 F12 F3 F6 F4 

10 F15 F3 F16 F11 F4 F10 F2 F14 F1 F10 F4 F15 

11 F13 F10 F9 F9 F3 F11 F3 F9 F2 F11 F15 F17 

12 F14 F11 F17 F16 F16 F3 F9 F17 F13 F4 F1 F1 

13 F9 F15 F8 F8 F13 F4 F8 F8 F14 F13 F2 F2 

14 F7 F16 F13 F15 F14 F1 F6 F6 F3 F14 F3 F3 

15 F6 F13 F14 F13 F15 F2 F5 F5 F4 F17 F10 F11 

16 F16 F14 F15 F14 F12 F16 F16 F16 F17 F15 F11 F10 

Late 

17 F17 F12 F12 F12 F17 F12 F12 F12 F15 F12 F12 F12 

Table 4. The highly selected time-domain features of EHG segments 

Number of selected features 
Feature selection method 

Period of  

pregnancy 2 3 4 5 6 7 8 9 

Early F7 F7 F7 F8 F8 F8 F8, F9 F5, F10Pearson’s correlation 

coefficient Late F17 F17 F17 F17 F17 F16, F17 F16 F3, F16

Early F15 F15 F15 F15 F15 F15 F15 F15 t-test 
Late F7 F7 F7 F7 F7 F7 F7 F7 

 
The absolute values of the 3rd, 4th and 5th temporal moments (F7, F8 and F9), the simple square 

integral (F5), and the root mean square (F10) are the time-domain features of EHG segments recorded in 
the early period of pregnancy that are highly selected using the Pearson’s correlation coefficients while 
the slope sign change (F17), the zero crossing (F16), and the modified mean absolute value (type 1) (F3) 
are the time-domain features of EHG segments recorded in the late period of pregnancy using the 
Pearson’s correlation coefficients. On the other hand, the time-domain features of EHG segments 
recorded in the early and late period of pregnancy that are highly selected using the t-tests are, 
respectively, the difference absolute standard deviation value (F15) and the absolute value of the 3rd 
temporal moment (F7).  

Furthermore, the modified mean absolute value (type 1) (F3), the modified mean absolute value (type 2) 
(F4), and the variance (F6) are the time-domain features of EHG segments that are least selected using the 
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Pearson’s correlation coefficients. The modified mean absolute value (type 2) (F4), the variance (F6), and 
the log detector (F12) are the time-domain features of EHG segments that are least selected using the t-
tests.  

3.2 Performance on Preterm-Term Birth Classifications 

The selected time-domain features of EHG segments recorded in the early and late periods of pregnancy 
are applied for preterm-term birth classifications. The best performances on preterm-term birth 
classifications for various numbers of selected time-domain features of EHG segments recorded in the 
early period of pregnancy are summarized in Table 5. The accuracy, sensitivity, and specificity of 
preterm-term birth classifications of time-domain features of EHG segments recorded in the early period 
of pregnancy that are selected using the Pearson’s correlation coefficients range between 0.5124 and 
0.9259, 0.4211 and 0.8421, and 0.4825 and 0.9930, respectively. The corresponding products of 
sensitivity and specificity of preterm-term birth classifications of time-domain features of EHG segments 
recorded in the early period range between 0.3522 and 0.4593.  

Table 5. The best performance on preterm-term birth classifications of selected time-domain features of 
EHG segments recorded in the early period of pregnancy 

Feature selection 

method 

Number of selected 

features 
Channel Outlier

Accuracy

Ac 

Sensitivity

Se 

Specificity 

Sp 
Se×Sp 

2 s1 0 0.9259 0.4211 0.9930 0.4181 

3 s3 0.001 0.6111 0.7368 0.5944 0.4380 

4 s3b 0 0.5802 0.8421 0.5455 0.4593 

5 s2a 0.001 0.6049 0.5789 0.6084 0.3522 

6 s2b 0.01 0.6049 0.5789 0.6084 0.3522 

7 s3 0 0.6296 0.5789 0.6364 0.3684 

8 s3a 0.01 0.7037 0.5263 0.7273 0.3828 

Pearson’s 

correlation 

coefficient 

9 s3c 0.05 0.5123 0.7368 0.4825 0.3555 

2 s2 0.01 0.6852 0.6316 0.6923 0.4372 

3 s3a 0.05 0.6481 0.5789 0.6573 0.3806 

4 s1a 0.001 0.6173 0.6316 0.6154 0.3887 

5 s1b 0 0.5432 0.6842 0.5245 0.3589 

6 s3a 0.01 0.7901 0.4737 0.8322 0.3942 

7 s3b 0.005 0.6111 0.6316 0.6084 0.3842 

8 s1a 0.01 0.5988 0.4737 0.6154 0.2915 

8 s2a 0.01 0.5988 0.4737 0.6154 0.2915 

t-test 

9 s2c 0.01 0.6667 0.7895 0.6503 0.5134 

 
Similarly, for the time-domain features of EHG segments selected using the t-tests, from Table 5 the 

accuracy, sensitivity, and specificity of preterm-term birth classifications of time-domain features of 
EHG segments recorded in the early period of pregnancy range, respectively, between 0.5432 and 0.7901, 
0.4737 and 0.7895, and 0.5245 and 0.8322 while the corresponding products of sensitivity and specificity 
of preterm-term birth classifications of time-domain features of EHG segments recorded in the early 
period of pregnancy range between 0.2915 and 0.5134.  

Table 6 summarizes the best performances on preterm-term birth classifications for various numbers of 
selected time-domain features of EHG segments recorded in the late period of pregnancy. The accuracy, 
sensitivity, and specificity of preterm-term birth classifications of time-domain features of EHG 
segments recorded in the late period of pregnancy that are selected using the Pearson’s correlation 
coefficients range, respectively, between 0.4815 and 0.6790, 0.3158 and 0.6316, and 0.4685 and 0.7273. 
The range of the corresponding products of sensitivity and specificity of preterm-term birth 
classifications is from 0.2208 to 0.3489.  

The accuracy, sensitivity, and specificity of preterm-term birth classifications of time-domain features 
of EHG segments recorded in the late period of pregnancy that are selected using the t-tests shown in 
Table 6 range between 0.5000 and 0.6543, 0.4211 and 0.7895, and 0.4615 and 0.6783, respectively. The 
corresponding products of sensitivity and specificity of preterm-term birth classifications of time-domain 
features of EHG segments recorded in the late period of pregnancy range between 0.2856 and 0.3725.  



Examination of Time-Domain Features of EHG Data for Preterm-Term Birth Classification 

50 

Table 6. The best performance on preterm-term birth classifications of selected time-domain features of 
EHG segments recorded in the late period of pregnancy 

Feature selection 

method 

Number of 

selected features 
Channel Outlier 

Accuracy 

Ac 

Sensitivity

Se 

Specificity 

Sp 
Se×Sp 

2 s3c 0.001 0.5617 0.6316 0.5524 0.3489 

3 s1 0.01 0.4815 0.5789 0.4685 0.2713 

4 s2 0 0.5000 0.6316 0.4825 0.3047 

5 s2c 0.05 0.6790 0.3684 0.7203 0.2654 

6 s3a 0.005 0.6111 0.3684 0.6434 0.2370 

7 s3 0.01 0.5123 0.4211 0.5245 0.2208 

8 s3b 0.05 0.5802 0.3684 0.6084 0.2241 

Pearson’s 

correlation 

coefficient 

9 s1b 0 0.6790 0.3158 0.7273 0.2297 

2 s2b 0.05 0.5000 0.7895 0.4615 0.3644 

3 s3c 0.05 0.5062 0.6842 0.4825 0.3301 

4 s2a 0 0.6358 0.5789 0.6434 0.3725 

5 s1a 0.001 0.5000 0.6316 0.4825 0.3047 

6 s1b 0 0.5432 0.5789 0.5385 0.3117 

7 s3a 0.05 0.6543 0.4737 0.6783 0.3213 

8 s3a 0.005 0.6481 0.4211 0.6783 0.2856 

t-test 

9 s1 0.05 0.5309 0.6842 0.5105 0.3493 

 
The best product of sensitivity and specificity of preterm-term birth classifications of time-domain 

features of EHG segments recorded in the early period of pregnancy that are selected using the Pearson’s 
correlation coefficient is 0.4593. This is obtained from the preterm-term classification using the SVM 
classifier with 4 time-domain features of EHG segments, i.e., the difference absolute standard deviation 

value, the zero crossing, the root mean square, and the ν-order, corresponding to the channel s3b and 
without an outlier. The distributions of the difference absolute standard deviation value, the zero crossing, 

the root mean square, and the ν-order of EHG segments recorded in the early period of pregnancy 
associated with preterm and term births are compared in Fig. 3(a) to Fig. 3(d), respectively.  
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Fig. 3. Box plots of time-domain features of EHG segments recorded in the early period of pregnancy 
associated with preterm and term births selected using the Pearson’s correlation coefficient 

On the other hand, the best product of sensitivity and specificity of preterm-term birth classifications 
of time-domain features of EHG segments recorded in the early period of pregnancy that are selected 
using the t-test is 0.5134. This is obtained from the preterm-term classification using the SVM classifier 
with 9 time-domain features of EHG segments, i.e., the difference absolute standard deviation value, the 

waveform length, the average amplitude change, the root mean square, the ν-order, the integrated EMG, 
the mean absolute value, the modified mean absolute value (type 1), and the modified mean absolute 
value (type 2), corresponding to channel s2c and an outlier of 0.01. Fig. 4(a) to Fig. 4(k) compare, 
respectively, the difference absolute standard deviation value, the waveform length, the average 

amplitude change, the root mean square, the ν-order, the integrated EMG, the mean absolute value, the 
modified mean absolute value (type 1), and the modified mean absolute value (type 2) of EHG segments 
recorded in the early period of pregnancy associated with preterm and term births.  
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Fig. 4. Box plots of time-domain features of EHG segments recorded in the early period of pregnancy 
associated with preterm and term births selected using the t-test 

For the EHG segments recorded in the late period of pregnancy, the best product of sensitivity and 
specificity of preterm-term birth classification using the time-domain features selected using the 
Pearson’s correlation coefficient is 0.3489. This is obtained using the SVM classifier with 2 time-domain 
features of EHG segments, i.e., the difference absolute standard deviation value and the waveform length, 
corresponding to channel s3c and an outlier of 0.001. The difference absolute standard deviation value and 
the waveform length of EHG segments recorded in the late period of pregnancy associated with preterm 
and term births are compared in Fig. 5(a) to Fig. 5(b), respectively.  
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Fig. 5. Box plots of time-domain features of EHG segments recorded in the late period of pregnancy 
associated with preterm and term births selected using the Pearson’s correlation coefficient 

However, the best product of sensitivity and specificity of preterm-term birth classification using the 
time-domain features selected using the t-test is 0.3725. This is obtained using the SVM classifier with 4 
time-domain features of EHG segments, i.e., the difference absolute standard deviation value, the 

waveform length, the average amplitude change and the ν-order, corresponding to channel s3c and 
without an outlier. The comparison of the difference absolute standard deviation value, the waveform 
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length, the average amplitude change and the ν-order of EHG segments recorded in the late period of 
pregnancy associated with preterm and term births are, respectively, shown in Fig. 6(a) to Fig. 6(d).  
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Fig. 6. Box plots of time-domain features of EHG segments recorded in the late period of pregnancy 
associated with preterm and term births selected using the t-test 

4 Discussion 

From the computational results, it is shown that there are no obvious tendencies on a number of selected 
time-domain features of EHG segments, a channel of EHG data, and also an outlier applied to SVM 
classifiers for obtaining a better performance on preterm-term birth classification. For the EHG segments 
recorded in the early period of pregnancy, the time-domain features of EHG segments selected using the 
$t$-test provide the better performance on preterm-term birth classifications compare those selected 
using the Pearson’s correlation coefficient when 2, 5, 6, 7, and 9 time-domain features selected. The 
time-domain features of EHG segments recorded in the late period of pregnancy selected using the t-test 
provide the better performance compare to those selected using the Pearson’s correlation coefficient for 
all preterm-term birth classifications.  

The best performance obtained from the preterm-term birth classifications of selected time-domain 
features of EHG segments recorded in the early period of pregnancy is better than the best performance 
obtained from the preterm-term birth classifications of selected time-domain features of EHG segments 
recorded in the late period of pregnancy. The best performance on the preterm-term birth classifications 
of selected time-domain features of EHG segments recorded in the early period of pregnancy is with the 
product of sensitivity and specificity of 0.5134 (the accuracy of 0.6667, the sensitivity of 0.7895, and the 
specificity of 0.6503). The EHG segments providing such best performance on the preterm-term birth 
classifications correspond to the 0.3-4.0-Hz subbands of channel s2. The best performance on the 
preterm-term birth classifications of selected time-domain features of EHG segments recorded in the late 
period of pregnancy is with the product of 0.3725 (the accuracy of 0.6358, the sensitivity of 0.5789, and 
the specificity of 0.6434). The EHG segments providing such best performance on the preterm-term birth 
classifications correspond to the 0.08-4.0-Hz subbands of channel s2.  

These best performances on preterm-term birth classifications are furthermore better than the previous 
results obtained from the preterm-term birth classifications using the wavelet-based features of EHG 
segments recorded in the early and late periods of pregnancy [5] where the corresponding products of 
sensitivity and specificity are, respectively, 0.4880 and 0.3702.  

5 Conclusions 

In this study, seventeen common time-domain features of EMG data are applied to EHG or uterine EMG 
data recorded from pregnant women who delivered on term or prematurely. Two feature selection 
techniques, i.e., Pearson’s correlation coefficient and t-test, are used to reduce the dimension of time-
domain features of EHG data and then applied for preterm-term birth classifications using SVM 
classifiers. Furthermore, the leave-one-out cross validations are used to evaluate the performance of 
preterm-term birth classifications of selected time-domain features of EHG data recorded in the early and 
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late period of pregnancy. From the computational results, it is shown that the best performance on 
preterm-term birth classifications of selected time-domain features of EHG data recorded in the early 
period of pregnancy with respect to the product of sensitivity and specificity is with the accuracy of 
0.6667, the sensitivity of 0.7895 and the specificity of 0.6503 while the best performance on preterm-
term birth classifications of selected time-domain features of EHG data recorded in the late period of 
pregnancy with respect to the product of sensitivity and specificity is with the accuracy of 0.6358, the 
sensitivity of 0.5789 and the specificity of 0.6434. The computational results also suggest that the 
difference absolute standard deviation value, the waveform length, the average amplitude change and the 

ν-order are the key time-domain features of EHG data for the preterm-term classifications.  
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