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Abstract— Premature birth is the leading cause of death in 
children under 5 years. Furthermore, surviving children can have 
a lifetime of disability such as hearing and vision loss or learning 
difficulties. Research suggests that monitoring uterine 
contractions can help in evaluating the health and progress of 
pregnancy, and also determine if the pregnant woman is in 
labour, and consequently mitigate the effects of premature 
labour. In this paper, we propose a safe, simple and low-cost 
system to monitor pregnant women who are at high risk of 
premature labour. Our system consists of a wireless body sensor 
network to non-invasively monitor the uterine contractions and 
trigger a warning via a smartphone if the readings are outside the 
normal thresholds.  We have designed a proof-of-concept 
prototype and tested it for reliability, performance and power 
consumption. 

Keywords— Wireless body sensor networks, WBSN, pregnant 
women, premature labour, electrohysterography, EHG. 

I.  INTRODUCTION 
Each year, nearly 15 million babies worldwide are born 

prematurely [1][2]. According to [1][3][4], prematurity is when 
a baby is born before completing 37 weeks in pregnancy. 
Premature birth is a serious health issue for new-born babies 
[5][6]. It is the top cause of death for children under five years 
[4] with an estimate of 1 million deaths each year worldwide 
[7], and children who survive a premature birth usually suffer 
from lifelong disabilities such as hearing and vision loss or 
learning difficulties [1][5]. 

Worldwide, 50% of babies born prematurely under 32 
weeks in low-income countries die because of the lack of 
proper healthcare; in high-income countries almost all of them 
survive. Furthermore, the number of premature births is not 
decreasing. For example, in the United States and Europe, the 
number of premature births have increased since 1981 from 9% 
to 12.7% [9]. Even though premature birth is a worldwide 
issue, 60% of these premature births happens in developing 
countries [1].  

A. Causes of Premature Births 
Premature birth happens for many reasons; however, the 

cause is often unidentified [1][2]. One of the common reasons 
is a previous medical history of the woman or her family 
having premature labour [4]. Moreover, premature birth is a 

serious issue in healthcare systems [3]. The cost of premature 
labour affects both healthcare providers and families with an 
estimate of 26 to 50 billion dollars per year in the United States 
[5][6][9]. 

B. Solutions of Premature Births 
Based on the issue of premature birth we 

mentioned before, the researchers suggest that with a 
practical and cost-effective care, over three-quarters of 
the babies born prematurely can be saved. According 
to [10], uterine contractions are an important 
measurement in monitoring pregnant woman. It can 
help in evaluating the health and progress of 
pregnancy [10][11] and determining if the pregnant 
woman is in labour, and thus evaluate if there is a 
risk of premature labour [3][10][12]. Researchers also 
suggest that premature birth rates can be lowered by 
improving the care of pregnant women before, during, 
and after pregnancy [1][13]. Because of that, there is a 
crucial need for an automated approach to 
continuously monitoring pregnant woman with a high 
risk of premature labour [8][10]. Such an approach 
can help in reducing the consequences of premature 
labour [14]. Moreover, pregnant women with a high 
risk of premature labour visit the hospital more often 
to monitor their uterine contractions [13]. These visits 
may take days or even weeks, which takes the 
pregnant woman out of the comfort of her home [8]. 
For these reasons, any proposed approach to 
monitoring uterine contractions should be continuous, 
home-comfortable [8], cost-effective [5], and reliable. 
C. Wireless Body Sensor Networks 

Wireless body sensor networks (WBSNS) are an emerging 
wireless technology. WBSNS have many applications in 
healthcare, sport, entertainment, and industry [15] [16]. 
WBSNS can continuously monitor patients which will help in 
detecting and lowering patient’s health risks [15][17] and 
improving patient’s life [18]. 

The architecture of a WBSN (shown in Fig. 1) consists of 
body sensors that collect and send vital signs from the patient’s 
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body, a receiver medium to collect and analyze patient’s vital 
signs, and a remote server for data analysis and storage. 

Finally, a WBSN has many advantages such as safety, low 
cost, mobility, wireless communication [15][17], and the 
ability to communicate with smartphones [19]. 

D. Uterine electrohysterography 
Using the WBSN sensor, we can record the 

electrohysterography (EHG) of the uterus to monitor uterine 
contractions. The measurement unit of EHG is millivolt (mV). 
EHG is one of several techniques, such as tocodynamometer 
and intrauterine pressure (IUP), that can monitor uterine 
contractions [10]. Other than EHG, these techniques have their 
limitations [10]. One of the significant advantages of EHG is 
the non-invasive measurement, i.e., the sensor can be easily 
attached to the pregnant abdomen [11][12], that measures 
electrophysiological signals of uterine muscles [10]. EHG is 
also more accurate than the other techniques in measuring 
uterine contraction signals [10][12][13]. Besides, studies have 
shown that EHG can detect the occurrence of normal and 
premature labour up to 27 weeks of pregnancy [13]. By using 
WBSNs to collect EHG signals and analyzing them with a 
smartphone, we can detect if the pregnant woman is in labour 
and then alert her if so. 

In this paper, we propose a safe, simple and low-cost 
system to monitor pregnant women who are at high risk of 
premature labour. Our system consists of a wireless body 
sensor network to non-invasively monitor the uterine 
contractions and trigger a warning via a smartphone if the 
readings are outside the normal thresholds.  We have designed 
a proof-of-concept prototype and tested it for reliability, 
performance and power consumption. 

The rest of the paper is organized as follows. Section II 
presents the literature review of some of the previously 
proposed approaches. Section III describes the design and 
implementation of the proposed system. Section IV presents the 
results of experiments performed on a proof-of-concept 
prototype to determine the efficacy of the proposed system. 
Section V discusses the results. Section VI concludes the paper 
and outlines future work. 

II. LITERATURE REVIEW 
Several studies have been proposed for monitoring pregnant 

women. In one of the first studies [20], the authors focused on 
sensors’ signal processing and filtering techniques. In the 
second proposal [21], the authors proposed a fetal heart monitor 
using a portable stethoscope. Their system was an extension of 
the system proposed in [20]. The authors of the third study [22] 

proposed a healthcare system using a Bayesian model to 
support decision making for their system. In the three 
proposals, the authors have focused on the technical side of the 
system such as filtering and classifying signals from sensors to 
improve the quality of the data received from these sensors. 

The fourth study proposed by [8] focus on designing a 
telemonitoring system called Nemo Healthcare. The authors 
designed a system that monitors the signals of fetal heart rate, 
maternal heart rate, uterine contraction and fetal 
electrocardiogram. The system sends the signals wirelessly to a 
server. The doctor then can monitor and diagnose the pregnant 
woman’s health status. We can notice that their system requires 
a server and a physician to monitor the results. Although it is a 
well-designed system, it can be expensive and requires the 
physician to contribute his/her time to monitor the results. 

The fifth study by [23] proposed a system to monitor the 
cardiotocograph signals of the pregnant woman. The system 
collects data from the sensor they designed and sends an alarm 
to a smartphone. The smartphone then sends the alarm to the 
server system called ObGyn, where the physician can monitor 
the results at any time. Similar to the previous system designed 
by [8], this design can be expensive to implement, and the 
physician must contribute his/her time to monitor the results. 

III. PROPOSED SYSTEM 
Based on the advantages of WBSNS and EHG, we propose 

a system to monitor pregnant women with a high risk of 
premature labour. The system consists of a sensor and a 
smartphone. The sensor will be implemented on the pregnant 
woman abdomen as a non-invasive method to continuously 
measure EHG signals of the uterus and send them to the 
smartphone. The smartphone will then analyze the received 
data, and if the readings are out of the normal threshold, the 
smartphone will trigger a warning. The system will be fully 
portable and hence will not restrict the pregnant woman from 
moving around freely. That means the pregnant woman can be 
monitored while she is in the comfort of her home and does not 
have to visit the hospital unless it is necessary. Moreover, the 
system will not be expensive to deploy, which means it is an 
affordable system for developing countries as well as 
developed countries. Finally, there is no need for the physician 
to contribute his/her valuable time to analyze the results. 

A. System implementation 
We designed and implemented a proof-of-concept 

application using Android operating system. The application 
was deployed on Asus Nexus 7 tablet. To test the application, 
we used a uterine contraction signals dataset of pregnant 

Fig. 1 WBSN architecture 
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women in labour from the PhysioNet databases [24]. The 
database we used was the Icelandic 16-electrode 
Electrohysterogram (EHG) Database [25]. The dataset we used 
from this database was the ice001_l_1of1 dataset. The dataset 
has a list of 99467 uterine contraction readings in mV of a 
pregnant woman in labour. Because each patient has a different 
threshold for contractions detection [10], we can modify the 
application based on the patient’s preferences. These 
preferences will be determined by the obstetricians. Based on 
[10] research outcome, the threshold is selected based on the 
false positive rate. Therefore, we chose a threshold of 5.7 mV 
to detect if there is a contraction or not in the dataset. The 
chosen threshold’s false positive rate is 3.79%. The application 
will be continuously analyzing the dataset input for any uterine 
contraction equal or above the threshold. Each monitoring 
session will last for 30 minutes [26]. In each session, the 
application will count uterine contractions for a period of 10 
minutes. At the end of the 30-minutes session, the application 
will calculate the average of the contractions count of the three 
10-minutes periods. If the average is above 5, a warning will be 
triggered to notify the pregnant woman. Fig. 2 shows the 
software flowchart, where Contr is contractions count, CC used 
to determine if the session reached the 30-minutes mark, R is 
the retrieved reading, and Ts and Te are the start and end time 
used to determine each 10-minute period. 

IV. PERFORMANCE EVALUATION RESULTS 
We evaluated the application in terms of threshold false 

positive rate, CPU and Memory performance, and power 
consumption. The application was running for 30 minutes 
during testing and triggered a warning at the end of the 30 
minutes. 

A. Threshold and false positive rate 
We chose the threshold of 5.7 mV based on its false 

positive rate of 3.79%. As we can notice from Table I, values 
lower than 5.7 mV will result in high contraction counts, which 
will always trigger the warning whether there is a labour or not. 
With 5.8 mV, contractions count is low, which will result in no 

warning. That contradicts the dataset properties which indicates 
that the pregnant woman was in labour at the time of recording. 
Finally, any result above 5.8 mV will result in no contraction 
counts. 

TABLE I.  THRESHOLDS’ CONTRACTIONS COUNT 

Threshold (mV) Count of Contractions 
from the Application 

6.0 0 

5.9 0 

5.8 16 

5.7 82 

5.6 901 

B. CPU and Memory performance 
The application uses an average of 40% of the CPU power. 

In terms of memory usage, the application allocates 26.64 MB 
of memory out of 1.80 GB of the device’s memory. 

C. Power consumption 
The device has a battery capacity of 3448mAh. The 

application consumes between 103.44mAh (3%) and 
137.92mAh (4%) of the battery charge. 

Fig. 3 shows the full analysis of the application battery 
consumption. The screen red bar shows that the screen was on. 
The Audio bar shows the warning was not triggered until the 
end of the 30-minutes period. The temperature was 24.4 °C 
(75.9°F). Finally, the “charging on” green bar shows that the 
device was not charging during the application’s running time. 

V. DISCUSSION 
As we mentioned before, each pregnant woman can have 

her own threshold. Our analysis results indicate that 5.7 mV has 
the optimum false positive rate of 3.79% and that why we 
chose this value from the dataset to be our threshold. 

The application runs smoothly with the 40% average of 
CPU power consumption. Moreover, the application allocates 
26.64 MB out of 1.80 GB of the device’s memory. This is 
about 1.44% of memory usage which is considered low. 

Finally, power consumption results show that the 
application took only 3% to 4% of battery’s charge. 
Considering that the screen was always on and the device 
temperature was normal, we can conclude that the application 
consumes battery charge efficiently. 

VI. CONCLUSION 
Premature birth is a worldwide issue that often leads to the 

baby’s death or life-long health problems. We aim to reduce the 
issues of premature births complications by using WBSNS in 
our system design to monitor the uterine contraction EHG. We 
designed a proof-of-concept application to test our proposal. 
We evaluated our proposed system in terms of thresholds false 
positive rate, CPU and Memory performance, and power 
consumption. 

Fig. 2 Software flowchart 
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In future work, we will implement the system with a sensor 
to obtain real-time data from the pregnant women, improve the 
application performance and resources consumption, and 
improve its design by getting feedback from obstetricians. 

ACKNOWLEDGMENT 
The authors would like to acknowledge Dr. Jillian Coolen, 

IWK Health Centre, Halifax, and Dr. Raghav Sampangi, 
Faculty of Computer Science, Dalhousie University, for 
valuable discussions and feedback. 

REFERENCES 
 
[1] World Health Organization. 2015. Preterm birth. (November 2015). 

Retrieved August 23, 2016 from 
http://www.who.int/mediacentre/factsheets/fs363/en/ 

[2] A. López Bernal, “Overview. Preterm labour: mechanisms and 
management,” BMC Pregnancy Childbirth, vol. 7, no. Suppl 1, p. S2, 
2007. 

[3] A. Herbst and C. Nilsson, “Diagnosis of early preterm labour,” BJOG An 
Int. J. Obstet. Gynaecol., vol. 113, no. SUPPL. 3, pp. 60–67, 2006. 

[4] H. Ganer Herman, H. Miremberg, A. Dekalo, G. Barda, J. Bar, and M. 
Kovo, “Preterm uterine contractions ultimately delivered at term: Safe 
but not out of danger,” Eur. J. Obstet. Gynecol. Reprod. Biol., vol. 199, 
pp. 1–4, 2016. 

[5] P. S. La Rosa, H. Eswaran, H. Preissl, and A. Nehorai, “Multiscale 
forward electromagnetic model of uterine contractions during 
pregnancy.,” BMC Med. Phys., vol. 12, p. 4, 2012. 

[6] M. Zhang, V. Tidwell, P. S. La Rosa, J. D. Wilson, H. Eswaran, and A. 
Nehorai, “Modeling magnetomyograms of uterine contractions during 
pregnancy using a multiscale forward electromagnetic approach,” PLoS 
One, vol. 11, no. 3, pp. 1–23, 2016. 

[7] C. Ulrich, D. R. Quilici, K. A. Schlauch, and I. L. O. Buxton, “The 
human uterine smooth muscle S-nitrosoproteome fingerprint in 
pregnancy, labor, and preterm labor,” Am J Physiol Cell Physiol, vol. 
305, no. 8, pp. C803-16, 2013. 

[8] B. Vermeulen-Giovagnoli, C. Peters, M. B. van der Hout-van der Jagt, 
M. Mischi, C. van Pul, E. J. E. Cottaar, and S. G. Oei, “The development 
of an obstetric tele-monitoring system,” in 2015 37th Annual 
International Conference of the IEEE Engineering in Medicine and 
Biology Society (EMBC), 2015, pp. 177–180. 

[9] J. Karsdon, M. El Daouk, W. M. Huang, and G. G. Ashmead, “Electrical 
pacemaker as a safe and feasible method for decreasing the uterine 
contractions of human preterm labor,” J. Perinat. Med., vol. 40, no. 6, 
pp. 697–700, 2012. 

[10] G. I. Bajlekov, C. Rabotti, S. G. Oei, and M. Mischi, “[7]-
Electrohysterographic Detection of Uterine Contractions in Term 
Pregnancy,” Embc, pp. 5851–5854, 2015. 

[11] M. Liu, L. A. Belfore, Y. Shen, and M. W. Scerbo, “Uterine Contraction 
Modeling and Simulation,” Comput. Methods Programs Biomed., vol. 
107, no. 2, pp. 242–247, 2012. 

[12] M. Lucovnik, Z. Novak-Antolic, and R. E. Garfield, “Use of Non-
invasive Uterine Electromyography in the Diagnosis of Preterm Labour,” 
Facts, views Vis. ObGyn, vol. 4, no. 1, pp. 66–72, 2012. 

[13] M. Lucovnik, R. J. Kuon, L. R. Chambliss, W. L. Maner, S. Q. Shi, L. 
Shi, J. Balducci, and R. E. Garfield, “Use of uterine electromyography to 
diagnose term and preterm labor,” Acta Obstet. Gynecol. Scand., vol. 90, 
no. 2, pp. 150–157, 2011. 

[14] L. F. Bastos, W. van Meurs, and D. Ayres-de-Campos, “A model for 
educational simulation of the evolution of uterine contractions during 
labor,” Comput. Methods Programs Biomed., vol. 107, no. 2, pp. 242–
247, 2012. 

[15] D. L. Carnì, G. Fortino, R. Gravina, D. Grimaldi, A. Guerrieri, and F. 
Lamonaca, “Continuous, real-time monitoring of assisted livings through 
wireless body sensor networks,” Proc. 6th IEEE Int. Conf. Intell. Data 
Acquis. Adv. Comput. Syst. Technol. Appl. IDAACS’2011, vol. 2, no. 
September, pp. 872–877, 2011. 

[16] H. Alemdar and C. Ersoy, “Wireless sensor networks for healthcare: A 
survey,” Comput. Networks, vol. 54, no. 15, pp. 2688–2710, 2010. 

[17] H. Reza Naj and M. Aminian, “A Hospital Healthcare Monitoring 
System Using Wireless Sensor Networks,” J. Heal. Med. Informatics, 
vol. 4, no. 2, pp. 4–9, 2013. 

[18] S. Movassaghi, M. Abolhasan, J. Lipman, D. Smith, and A. Jamalipour, 
“Wireless Body Area Networks: A Survey,” Ieee Commun. Surv. 
Tutorials, vol. 16, no. 3, pp. 1658–1686, 2014. 

[19] R. Braojos, I. Beretta, J. Constantin, A. Burg, and D. Atienza, “A 
Wireless Body Sensor Network for Activity Monitoring with Low 
Transmission Overhead,” 2014 12th IEEE Int. Conf. Embed. Ubiquitous 
Comput., pp. 265–272, 2014. 

[20] Z. Wang and H. Jiang, “Wireless intelligent sensor system for fetal heart 
rate tracing through body sound monitoring on a pregnant woman,” 2013 
IEEE MTT-S Int. Microw. Work. Ser. RF Wirel. Technol. Biomed. 
Healthc. Appl. IMWS-BIO 2013 - Proc., pp. 1–3, 2013. 

[21] W. Yang, K. Yang, H. Jiang, and Z. Wang, “Fetal Heart Rate Monitoring 
System with Mobile Internet,” pp. 443–446, 2014. 

[22] J. J. P. C. Rodrigues, A. M. B. Oliveira, and K. Saleem, “Smart Mobile 
System for Pregnancy Care Using Body Sensors,” Int. Conf. Sel. Top. 
Mob. Wirel. Netw. (MoWNeT)Short Pap., pp. 1–4, 2016. 

[23] A. Ni, M. C. R. I. An-vida, and L. Stoicu-tivadar, “Integrated Wireless 
Sensor Network for Monitoring Pregnant Women,” pp. 354–358, 2015. 

[24] Goldberger AL, Amaral LAN, Glass L, Hausdorff JM, Ivanov PCh, 
Mark RG, Mietus JE, Moody GB, Peng C-K, Stanley HE. PhysioBank, 
PhysioToolkit, and PhysioNet: Components of a New Research 
Resource for Complex Physiologic Signals. Circulation 101(23):e215-
e220 [Circulation Electronic 
Pages; http://circ.ahajournals.org/cgi/content/full/101/23/e215]; 2000 
(June 13). 

[25] Alexandersson, A., Steingrimsdottir, T., Terrien, J., Marque, C., 
Karlsson, B..The Icelandic 16-electrode electrohysterogram database. 
Sci. Data 2:150017 doi:10.1038/sdata.2015.17 (2015). 

[26] K. R. Alden, D. L. Lowdermilk, M. C. Cashion, and S. E. Perry, 
Maternity and Women’s Health Care. Elsevier Health Sciences, 2013.

 

Fig. 3 The full analysis of the application battery consumption	

IFIP/IEEE IM 2017 Workshop: 1st Workshop on Protocols, Applications and Platforms for Enhanced Living Environments - Short Paper 1181




