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Abstract - Labor is another word used for natural process of 
childbirth. To understand the start of true labor is important 
for the expert for helping mother to have safe delivery. Thus, 
the signs associated with labor have been reviewed in the 
beginning of this chapter. The common diagnostic techniques 
for identification of True Labor are discussed with their 
advantages and limitations. Significant studies and major 
research work for these techniques have been briefly reviewed. 
Various papers and articles from national and international 
journals, conferences, books, and websites were used as the 
resource for this review. A comparative analysis has been 
carried out based on this study to identify simple and accurate 
non-invasive, cost effective diagnosis technique for true labor 
determination. The result from this analysis shows that the 
identification of true labor through EMG signal is effective one. 
Hence it is a better option for the development of simple, and 
non-invasive true labor identification system. 

Key Words:  Tocodynamometry (TOCO), intrauterine 
pressure catheter (IUPC), Electromyography (EMG) 

1. INTRODUCTION  

The objective of this research work is to develop a simple, 
non-invasive, cost-effective and accurate system for true 
labor identification and to differentiate it from false labor 
during the third trimester. The statistics of the World Health 
Organization (WHO) show that the Women die as a result of 
complications during and following pregnancy and 
childbirth. Most of these complications develop during 
pregnancy and most are preventable or treatable. In order to 
develop an investigating tool for differentiating true labor 
and false labor it is essential to understand the electrical 
activity generated by uterus and the anatomy and physiology 
of the uterus, mechanical and electrical activity generated by 
uterus, the existing diagnostic techniques used for 
identification of the true labor.  For these purpose, various 
papers and articles from national and international journals 
and conferences, books, and relevant articles from different 
websites were used as the resources. Discussions have been 
done by physicians also to understand the physiology of the 
uterus and diagnosis techniques. The common monitoring 
techniques being used for identification of true labor in 
terms of uterine contraction are classical palpation, 
Tocodynamometry (TOCO), intrauterine pressure catheter 
(IUPC) and Electromyography (EMG). These techniques are 
studied with their brief principle of operation; the 
advantages and limitations to these techniques are 
identified. Significant studies and major research work for 
these techniques have been briefly reviewed in this chapter. 

A comparative analysis has been carried out based on this 
study to identify simple and accurate non-invasive, cost 
effective diagnosis technique for distinguish true labor 
during pregnancy.  

2. ANATOMY AND PHYSIOLOGY OF UTERUS 

To understand activity of the uterus during pregnancy and 
delivery, it is necessary to be familiar with the anatomy and 
physiology of Uterus. The Uterus is a hollow thick-walled 
important organ of female reproductive system. It is 
positioned in the pelvic cavity between the bladder and the 
rectum. It has flexible size with four major regions and three 
tissue layers [22] 

2.1 Major Regions of Uterus 

 Fundus:  The broad curved upper area in which the 
fallopian tubes connect to the uterus. 

 Body: The main part of the uterus, starts directly 
below the level of the fallopian tubes and continues 
downward until the uterine walls and cavity begin 
to narrow. 

 Isthmus:  The lower part of the uterus.  The cervix 
extends from the Lower narrow neck region; 
isthmus until it opens into the vagina. 

 Cervix: The lowest tubular shape section of the 
uterus. It extends from the Lower isthmus until it 
opens into the vagina. 

 Endometrium: The inner lining that builds up over 
the course of a month and is consists of glandular 
cells that produce secretions. This membrane 
thickens to prepare the uterus for implantation of a 
fertilized egg. 

 Myometrium: The middle layer made of smooth 
muscle tissue forms the larger part of the uterine 
wall. This layer plays an active role during 
pregnancy. It increases both by hypertrophy of the 
existing cells and by multiplication of the cell 
number. During the last stage of gestation, the 
smooth cells reach a maximum length of 300 μm 
and a maximum width of 10 μm. 

 Perimetrium:  The perimetrium is the outer layer 
enveloping the body of the uterus and part of the 
cervix. It protects the uterus from friction by 
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forming a smooth layer of simple squamous 
epithelium along its surface and by secreting watery 
serous fluid to lubricate its surface. 

 

Fig - 1: Female reproductive system 

2.2 Function of Uterus 

When an egg pops out from an ovary, it enters the fallopian 
tube. Once, the egg reaches in the fallopian tube, tiny hairs in 
the tube's lining help to push it down the narrow 
passageway toward the uterus. During normal menstrual 
cycle, the egg leaves the body about 2 weeks later through 
the uterus. Now when a female and male have sex within 
several days of the female's ovulation, the conception may 
take place. Millions of sperms from the ejaculated semen 
swim up from the vagina through the cervix and uterus to 
meet the egg in the fallopian tube.  It takes only one sperm to 
fertilize the egg. Once fertilization takes place, this newly 
fertilized cell (zygote) moves down through the fallopian 
tube into the uterus to get implant. The uterus lining 
nurtures the implanted zygote, which eventually grows into 
a fetus. The Uterus grows with size of baby and provides the 
protection. 

The very important fact to consider uterine contraction as a 
source for true labor identification is that during delivery, 
the uterine contractions generally begin at the top of the 
uterine fundus and spread down toward the cervix. With 
time it increased the strength of the uterine muscle. Oxytocin 
hormone dramatically increases the strength and frequency 
of uterine contractions which helps to initiate labor if labor 
does not begin spontaneously. 

2.3 Mechanical activity of the uterus 

The uterus does lots of contraction activity right from 
conception to delivery of child. During the active phase, the 
Intra Uterine Pressure (IUP) permitted to evidence two 
types of pregnancy contractions: 

 Low Amplitude High Frequency (LAHF) 
contractions: It is a contraction of low IUP 
amplitude, which has a very local influence. They 
occur during the first trimester of pregnancy and 
appear with a frequency about 1/min.  

 High Amplitude Low Frequency (HALF) 
contractions: It is a Contraction of higher IUP 

amplitude but of lower frequency of appearance. 
They Occurs from 1/day at the beginning to 1/hour 
that appear at mid-pregnancy. These contractions 
are called Braxton Hicks contractions. Their 
influence extends to a larger portion of the uterus. 
Braxton Hicks contractions become stronger and 
more frequent during the last weeks of pregnancy.  

 Finally, at the time of delivery when the cervix 
starts to soften and dilate and contractions 
gradually reflects in terms of high amplitude and 
high frequency. 

2.4 Electrical activity of the uterus 

Each uterine contraction is the results of generation and 
propagation of many electrical activities in the myometrium 
cells [23]. Several authors have studied the changes in the 
electrical activity of the uterus during pregnancy to 
understand the changes in the characteristics of the 
myometrial contraction occurring before delivery. There is 
indication that useful information regarding electrical 
activity of uterine bursts lies in the frequency band 0.1-4.7 
Hz divided into two frequency bands: 0.1-1.2 Hz, Fast Wave 
Low (FWL), and 1.2-4.7 Hz, Fast Wave High (FWH) [24]. The 
FWL is assumed to be related to the propagation of the 
electrical activity along the uterus, while the FWH is 
assumed to be related to the excitability of the uterus. The 
shift of the spectrum of uterine bursts towards higher 
frequencies as labor approaches was reported [25]. 
Therefore, many other methods used a wider frequency 
band expanding above 1.0 Hz, 0.3-8.0 Hz [26]. 

3. EXISTING TECHNIQUES FOR IDENTIFICATION OF TRUE 
LABOR 

In this section, an attempt has been made to review and 
analyses the performance of currently used techniques for 
identification of true labor through literature study. This 
study is based on research papers, publications, web-
sources, product manuals, interviews, formal discussions 
and other available literature on the subject. The outcome of 
these studies is further helped to conclude in selection of 
cost-effective non-invasive and effective technique in our 
research. The most popular diagnostic techniques used for 
identification of true labor during the pregnancy are 
Palpation, External Tocodynamometry (TOCO), Intrauterine 
pressure catheter (IUPC), and Electromyography (EMG). 

3.1 Palpation Technique: 

Since the late 19th century, examination of the fetus through 
palpation of the gravid uterus has been used in routine 
obstetric practice worldwide [27]. In this technique the 
expert examines the pregnant women with the fingers or 
hands. It is used to define the position, presentation, and 
engagement of the fetus in utero.  
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In Palpation technique, the patient is asked to have an empty 
bladder and suggest lying comfortably on positioned supine 
with head and knees supported. The expert fingers and 
hands with the body of the woman or child and apply 
pressure to sense the development of fetus as shown in 
figure 2. It helps to collect the data about uterine 
contractions, the size of the pregnant uterus, any uterine 
masses, with position of fetus. This technique is very old, 
non-invasive, inexpensive and harmless but requires the 
constant bedside presence of a trained observer. 

 

Fig – 2 Palpation examination 

 

Fig – 3 Determination of gestational age using palpation 
 

3.1.1 Overview of Significant Research Work on 
Palpation Technique: 

Physical palpation has been the traditional method to 
monitor maternal uterine contractions. In a study [14] this 
technique was studied in 236 patients and concluded that 
this technique is an inaccurate means of determining 
contraction strength. They also concluded that contraction 
frequency is the only parameter that can be correctly 
assessed by manual palpation. They could predict the 
contraction strength 49% of the time. The position, attitude 
and size help to direct the exact mechanism as the fetus 
responds to the uterine forces. Also in 2008, Antenatal Care 
guideline, the National Institute for Health and Clinical 
Excellence (NICE) recommend: Fetal presentation should be 
assessed by abdominal palpation at 36 weeks or later, when 
demonstration is likely to influence the plans for the birth. 
Routine valuation through abdominal palpation should not 
be offered before 36 weeks because it is not always accurate 
and may be uncomfortable [28]. 
 
3.1.2 Advantages of Palpation Technique: 

This is the classic technique of examination of fetus 
development and identification of true labor. The advantages 
of technique are summarized as under 

 It is non-invasive technique.  

 It is inexpensive as no expensive instruments 
required. 

 It is harmless as non-invasive. 

 The accuracy is not influenced by BMI. 

3.1.3 Limitation of Palpation Technique: 

There are a few limitations of Palpation discussed as under 

 It predicts only contraction frequency and not the 
contraction strength. 

 All carried by the expert to interpret the progress 
accurately. 

 Inaccurate before 36 weeks of pregnancy. 

3.2 Tocodynamometry (TOCO) Technique: 

Tocodynamometry technique is a non-invasive technique 
and is most widely used method for monitoring uterine 
contractions during pregnancy. This is a harmless technique, 
in which a force sensor placed on the mother’s abdomen, 
generally over the uterine fundus as shown in figure 4 with 
sensor. This sensor measures the deformation of the 
abdomen as a result of a contraction [29]. 

 

Fig – 4 Pressor sensor 

Though external tocodynamometry offers an objective 
record of the frequency and duration of contractions without 
requiring the physical presence of a clinician, the tracing can 
be interrupted by maternal movement, and contraction 
strength cannot be quantified [30]. The sample signal of 
Tocodynamometry signal is shown in figure 5. 

 

Fig - 5 The Tocodynamometry waveform 
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3.2.1 Overview of Significant Research Works on TOCO 
Technique: 

Moni SS et al., [31] in their study of monitoring uterine 
electrical activity through non –invasive technique from 
February 2017 to April 2018 of patients with obesity, 
applied TOCO technique in 65 patient concluded that TOCO 
can identify the frequency and duration of uterine 
contractions, it cannot precisely quantify the contraction 
intensity, which is particularly important for the clinical 
management of patients with a protracted active phase of 
labor. Euliano TY et al.  [32] Observed that accuracy depends 
on the correct positioning of the sensor on the abdominal 
wall relative to the uterus. Sangeeta Jain et al. [5]   the 
tocodynamometer (TOCO) has poor sensitivity and 
specificity in monitoring uterine contractions, especially in 
obese patients. Although the external tocodynamometry 
provides an objective record of the frequency and duration 
of contractions without requiring the physical presence of a 
clinician, the tracing can be interrupted by maternal 
movement, and contraction strength cannot be quantified. 

3.2.2 Advantages of TOCO Technique: 

The advantages of TOCO Technique are discussed as under 

 It is non-invasive and harmless technique. 

 It provides accurate information about the 
frequency and duration of contractions. 

 TOCO can be wireless. 

3.2.3 Limitation of TOCO Technique: 

The limitations of TOCO Technique are discussed as under 

 The TOCO has poor sensitivity and specificity in 
monitoring uterine contractions, especially in obese 
patients. 

 As it is used to measure tension across the 
abdominal wall, it provides information about the 
frequency and duration of contractions, but not 
their amplitude. 

 Maternal movement affects the accuracy of 
techniques. 

3.3 Intrauterine pressure catheter (IUPC) Technique: 

Intrauterine pressure catheter (IUPC), Technique is invasive 
technique in which a flexible tube is placed into the amniotic 
space during labor in order to measure the strength of 
uterine contractions. During labor, a woman’s uterus 
contracts to dilate, or open the cervix and push the fetus into 
the birth canal. The catheter provides the information about 
the pressure within the amniotic space during contractions. 
This and allows the physicians to assess the strength, 
frequency, and duration of contractions. These 

measurements allow the experts to evaluate the 
development of labor and intervene when contractions are 
too weak to properly dilate a laboring woman’s cervix to 
successfully deliver a fetus. The catheter is shown in figure 6. 
The sample waveform of EMG is shown in figure 7. 

 

Fig – 6 IUPC sensor 

 

Fig – 7 The IUPC waveform 

3.3.1 Overview of Significant Research Work on EMG 
Technique: 

American College of Obstetricians and Gynecologists 
suggested IUPC to be used when external methods do not 
provide a clear tracing of contractions, such as, in cases of 
maternal obesity or when response to oxytocin is limited 
[33]. They do not recommend routine use of IUPCs. Song X. 
et al., accomplished that IUPC directly measures the 
intrauterine pressure changes caused by UCs but is limited 
by its invasiveness which can cause ruptured membranes 
and infection [34]. Harper et al. identified the risk of 
insertion of catheter and concluded that routine use of an 
IUPC in laboring patients should be avoided [35]. 

3.3.2 Advantages of IUPC Technique: 

The advantages of the NT technique for cardiac abnormality 
detection are 

 It directly measures the intrauterine pressure 
changes caused by UCs. 

 It provides exact measurements of contractions, 
unlike external monitors. 

3.3.3 Limitation of IUPC Technique: 

The limitation of NT technique is highlighted below  

 It is invasive technique.  

 It is recommended to be done by well-trained and 
experienced hands. 
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 Invasiveness can cause ruptured membranes and 
infection in uterus.  

 Mobility of women is seriously hampered as these 
women are confined to bed. 

3.4 Electromyography (EMG) Technique: 

Electromyography (EMG) is another non-invasive technique 
used for identification of true labor through the action of 
myometrial electrical activity. These electrical activities are 
responsible for uterine smooth muscle contraction and 
relaxation. A burst of electric activity is generated whenever 
a muscle contract. These bursts are recorded using 
electrodes placed on the maternal abdomen surface to sense 
the electrical activity of the uterus and is able to monitor the 
frequency, duration, and intensity of uterine contractions 
without the obstetrical risks. The needle electrodes are 
placed near the navel closed to the midline. The surface is 
cleaned by alcohol to remove the excess oils and conductive 
gel is applied for proper interaction of electrode with 
myometrial tissues. The electrodes are connected to lead 
wires and cables which pass the uterine EMG signals on to an 
amplifier/filter. The uterine EMG signals are then displayed 
on a monitor and stored in a computer for later analysis. The 
electrode and the technique is shown in figure 8a and 8b 
respectively. 

 

Fig - 8a EMG muscle sensor 

 

Fig - 7b EMG Monitoring Technique 

 

Fig - 8 The Electromyography waveform 

 

3.4.1 Overview of Significant Research Work on EMG 
Technique: 

Many researchers used EMG signal as a source for 
assessment of true labor and concluded as one of the best 
techniques. Saila et al., 2021 [9] in comparison to TOCO and 
IUPC device is a recorded EMG of 110 patient and concluded 
that noninvasive are equally effective to the invasive IUPC 
technique and superior to the traditionally noninvasive 
TOCO technique. Song et al., 2021 evaluated EHG signals 
with conventional TOCO signal with the sensitivity, positive 
predictive value (PPV), and UC parameters. They observed 
the sensitivity and PPV are 87.8% and 93.18% for EHG, and 
84.04% and 90.89% for TOCO and also concluded that EHG 
detected a larger number of UCs than TOCO [34].  Khalil et al. 
[35] used neural networks and wavelet analysis to perform 
contraction detection and classification. They observed 
overall accuracy of 80% for four event classes: Alvarez, 
Contractions, Foetal Movements and LDBF. 

3.4.2 Advantages of EMG Technique: 

 It is a promising non-invasive technique.  

 It contains valuable information about uterine 
contraction. 

 It is most comfortable for the pregnant woman 
during recording in comparison to TOCO and IUPC 
technique. 

 No expert is required; a simple training can be given 
to the operator. 

3.4.3 Limitation of EMG Technique: 

 Most real-time EHG systems do not (yet) provide 
wireless connections. 

 This noise and artifacts in the signal is a serious 
issue to be considered, as this adversely effects the 
quality of the signal. 

4. COMPARATIVE ANALYSIS OF UTERINE CONTRACTION 
DETECTION TECHNIQUES: 

In the previous sections, an attempted was made to describe 
and elaborate review of various techniques for identification 
of true labor through uterine contraction. A comparative 
analysis of these techniques is done in this section to find out 
a simple, non-invasive yet efficient diagnostic tool for 
detection of true labor during pregnancy. The analysis was 
carried out using different parameters such as simplicity, 
safety, economy, etc. From the above findings and literature 
review following conclusions has been drawn.  

Manual palpation, which is used to identifies uterine 
contraction by palpating the abdomen over the uterine, 
needs expertise and routine assessment of this technique not 
suggested by expert before 36 weeks of pregnancy. 
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External tocodynamometry (TOCO) is the most widely used 
technique to monitor uterine activity during pregnancy and 
delivery. However, TOCO is most uncomfortable by the 
tightness of the belt and transducer position on the maternal 
abdomen. Additionally, it is prone to motion artifacts and 
inaccurate in obese women. Intrauterine pressure catheter 
(IUPC) directly measures the intrauterine pressure changes 
caused by uterine contraction but is limited by its 
invasiveness which can cause ruptured membranes and 
infection. It is only suggested when external techniques do 
not provide satisfaction information. 

The result of comparative analysis of diagnostic techniques 
is summarized in Table 1. 

Table -1: Result of Comparative Analysis of Diagnostic 
Techniques 

 

5. CONCLUSIONS 

Half of the babies born at or below 32 weeks (2 months 
early) i.e. pre-maturely die due to a lack of feasible, cost-
effective care. In order to minimize these deaths uterine 
contraction which is the result of the electrical activity 
within the myometrium should be monitored regularly 
through cost effective and safe technique. In the previous 
sections, we have attempted to describe and elaborate 
review of various techniques used for monitoring uterine 
contraction which gives valuable information of true labor. 
These techniques are palpation, TOCO, IUPC and EMGG. 
Their effectiveness, advantages and limitations were 
reviewed. From the descriptions and findings, concluded as 
under: 

 EMG is a promising noninvasive technology effective in 
external uterine monitoring. With electrodes placed on the 
maternal abdomen, EMG can provide a useful information of 
the myometrium activity. EMG is more reliable and similar in 
accuracy to TOCO in detecting uterine contraction compared 

to IUPC.  It is applicable for long-term monitoring uterine 
activity throughout pregnancy and delivery.  

The EMG technique is the simplest of all techniques, where 
as other techniques require special training and can only be 
performed in a clinical environment under the supervision of 
an experienced physician for recording the signals. The risk 
involved in IUPC technique is highest among these 
techniques as it is an invasive process.  

Compactness, handling and portability of instrument in EMG 
are most convenient in all the techniques. 

REFERENCES 

[1] Alkema L, Chou D, Hogan D, et al. Global, regional, and 
national levels and trends in maternal mortality 
between 1990 and 2015, with scenario-based 
projections to 2030: a systematic analysis by the un 
maternal mortality estimation Inter-Agency group. 
Lancet 2016; 387:462–74. 10.1016/S0140-
6736(15)00838-7 

[2] Hill K, Abou Zhar C, Wardlaw T. 2001. Estimates of 
maternal mortality for 1995. Bulletin of the World 
Health Organization 79(3):182–193. [PMC free article] 
[PubMed]. 

[3] Trends in maternal mortality: 2000 to 2017: estimates 
by WHO, UNICEF, UNFPA, World Bank Group and the 
United Nations Population Division. Geneva: World 
Health Organization; 2019. 

[4] Shields, S. G., Ratcliffe, S. D., Fontaine, P., & Leeman, L. 
(2007). Dystocia in nulliparous women. American 
Family Physician, 75(11), 1671–1678. Retrieved 
February 23, 2017. 

[5] Sangeeta Jain, Antonio F. Saad, Sanmaan S. Basraon 
(2016) Comparing Uterine Electromyography & 
Tocodynamometer to Intrauterine Pressure Catheter for 
Monitoring Labor. Journal of Woman's Reproductive 
Health - 1(3):22-30. 

[6] Saleem Saqib, Saeed Ahmed, Usman Shabnam, Ferzund 
Javed, Arshad Jahangir, et al, 2020, Granger causal 
analysis of electrohysterographic and tocographic 
recordings for classification of term vs. preterm births, 
Biocybernetics and Biomedical Engineering, 40(1), 454, 
10.1016/j.bbe.2020.01.007. 

[7] B. K. Lind, “The frequency of extra membranous 
placement of intrauterine pressure catheters,” Primary 
Care Update for Ob/Gyns, vol. 5, no. 4, article 185, 1998. 

[8] F. A. Wilmink, F. F. Wilms, R. Heydanus, B. W. J. Mol, and 
D. N. M. Papatsonis, “Fetal complications after placement 
of an intrauterine pressure catheter: a report of two 
cases and review of the literature,” Journal of Maternal-



          International Research Journal of Engineering and Technology (IRJET)       e-ISSN: 2395-0056 

                Volume: 08 Issue: 09 | Sep 2021                 www.irjet.net                                                                       p-ISSN: 2395-0072 

 

© 2021, IRJET       |       Impact Factor value: 7.529       |       ISO 9001:2008 Certified Journal       |     Page 1209 

Fetal and Neonatal Medicine, vol. 21, no. 12, pp. 880–
883, 2008.  

[9] Saila S. Moni, Rachel Kirshenbaum, Lizelle Comfort, Kfier 
Kuba, Diana Wolfe, Xianhong Xie, Abdissa Negassa, Peter 
S. Bernstein, “Noninvasive monitoring of uterine 
electrical activity among patients with obesity: a new 
external monitoring device” 
https://doi.org/10.1016/j.ajogmf.2021.100375, 
Published: April 11, 2021 

[10] M. Lucovnik, R.J. Kuon, L.R. Chambliss, et al. “Use of 
uterine electromyography to diagnose term and preterm 
labor” Acta Obstet Gynecol Scand, 90 (2011), pp. 150-
157. 

[11] Vasak B, GraatsmaEM, Hekman-Drost E, Eijkemans MJ, 
Schagenvan Leeuwen JH, Visser GHA et al.Identification 
of first-stage labor arrest byelectromyography in term 
nulliparous womenafter induction of labor. Acta Obstet 
GynecolScand 2017; 96:868 – 876. 

[12] Wang Hui, Wu Wenjie, Talcott Michael, McKinstry 
Robert C., Woodard Pamela K., et al, 2020, Accuracy of 
electromyometrial imaging of uterine contractions in 
clinical environment, Computers in Biology and 
Medicine, 116(), 103543, 
10.1016/j.compbiomed.2019.103543. 

[13] Sara S. Webb, Maria N. Plana, Javier Zamora, Aishah 
Ahmad, Bernadette Earley, Christine Macarthur, Khalid 
S. Khan, “Abdominal palpation to determine fetal 
position at labor onset: a test accuracy study”, 
Volume90, Issue11, November 2011, Pages 1259-1266. 

[14] P.P.Arrabal, D.A. Nagey, “Is manual palpation of uterine 
contractions accurate?”, Am J Obstet Gynecol. 1996 
Jan;174(1 Pt 1):217-9. doi: 10.1016/s0002-
9378(96)70397-6. 

[15] https://www.healthline.com/health/pregnancy/uterine
-contractions-labor 

[16] Hanley, G.E., Munro, S., Greyson, D. et al. Diagnosing 
onset of labor: a systematic review of definitions in the 
research literature. BMC Pregnancy Childbirth 16, 71 
(2016). https://doi.org/10.1186/s12884-016-0857-4 \ 

[17] World Health Organization 2010: International 
Classification of Diseases and Related Health Problems. 
10th Revision, Vol. 2, Instruction Manual. Geneva. 

[18] Filippi V, Chou D, Ronsmans C, Graham W, Say L. Levels 
and Causes of Maternal Mortality and Morbidity. In: 
Black ER, Laxminarayan R, Temmerman M, Walker N, 
editors. Reproductive, Maternal, Newborn, and Child 
Health: Disease Control Priorities Third Edition, vol. 2. 
Washington DC: The International Bank for 
Reconstruction and Development/The World Bank; 
2016. Chapter 3. 

[19] Amrita Kansal, S. D. Kandpal, “India’s Story of Reducing 
Maternal Mortality - Achievement so far and 
Commitments Ahead” Indian Journal of Community 
Health 30(Issue 02/ April-June 2018):107-110. 

[20] Asma Khan, Viqar Izhar, Muhammad Amaar Viqar, 
“Maternal morbidity and mortality in pakistan - an 
overview of major contributors”, Pak Armed Forces Med 
J 2017; 67 (4): 635-40. 

[21] Yasir P Khan, Shereen Z Bhutta, Shama Munim, Zulfiqar 
A Bhutta, “Maternal health and survival in Pakistan: 
issues and options”, J Obstet Gynaecol Can. 2009 Oct; 
31(10):920-929. doi: 10.1016/S1701-2163(16)34321-3. 

[22] Ameer MA, Fagan SE, Sosa-Stanley JN, et al. “Anatomy, 
abdomen and pelvis, uterus”’ [Updated 2020 Apr 5]. In: 
StatPearls [Internet]. Treasure Island (FL): StatPearls 
Publishing; 2020. 

[23] A.T. Bregar et al., 2016 M. Lucovnik, I. Verdenik, F. Jager, 
K. Gersak, R.E. Garfield, “Uterine electromyography 
during active phase compared with latent phase of labor 
at term”, Acta Obstet Gynecol Scand, 95 (2) (2016), pp. 
197-202. 

[24] Marque CK, Terrien J, Rihana S, Germain G. “Preterm 
labour detection by use of a biophysical marker: the 
uterine electrical activity”, BMC Pregnancy Childbirth. 
2007; 7(1):S5. https://doi.org/10.1186/1471- 2393-7-
S1-S5 PMID: 17570165 

[25] Leman H, Marque C, Gondry J. “Use of 
electrohysterogram signal for characterization of 
contractions during pregnancy”, IEEE Transactions on 
Biomedical Engineering. 1999; 46(10):1222±1229. 
https://doi.org/10.1109/10.790499 PMID: 10513127. 

[26] Fele-ZÏ orzÏ G, KavsÏek G, Novak-AntoličZÏ , Jager F. “A 
comparison of various linear and non-linear signal 
processing techniques to separate uterine EMG records 
of term and pre-term delivery groups” Med Biol Eng 
Comput. 2008; 46:911±922. 
https://doi.org/10.1007/s11517-008-0350-y PMID: 
18437439.  

[27] Cunningham FG, Leveno MD, Bloom S, Hauth JC, Gilstrap 
L, Wenstrom K (eds). Normal labor & delivery. In: 
Williams Obstetrics. 22nd edn. London: McGraw-Hill; 
2008. pp. 409–42. 

[28] National Collaborating Centre for Women's and 
Children's Health (for NICE) (2008) Antenatal care: 
Routine care for the healthy pregnant woman, NICE 
Clinical Guideline 62. NICE, London. 

[29] M. Cabaniss and M. Ross, “fetal monitoring 
interpretation”, second ed., 2010. 



          International Research Journal of Engineering and Technology (IRJET)       e-ISSN: 2395-0056 

                Volume: 08 Issue: 09 | Sep 2021                 www.irjet.net                                                                       p-ISSN: 2395-0072 

 

© 2021, IRJET       |       Impact Factor value: 7.529       |       ISO 9001:2008 Certified Journal       |     Page 1210 

[30] Arulkumaran S, Yang M, Tien CY, Ratnam SS. “Reliability 
of intrauterine pressure measurements”, Obstet Gynecol 
1991; 78:800. 

[31] Moni SS, Kirshenbaum R, Comfort L, Kuba K, Wolfe D, 
Xie X, Negassa A, Bernstein PS. Noninvasive monitoring 
of uterine electrical activity among patients with 
obesity: a new external monitoring device. Am J Obstet 
Gynecol MFM. 2021 Apr 20; 3(4):100375. doi: 
10.1016/j.ajogmf.2021.100375. Epub ahead of print. 
PMID: 33852969. 

[32] Euliano TY, Nguyen MT, Darmanjian S, et al. “Monitoring 
uterine activity during labor: a comparison of 3 
methods”, Am J Obstet Gynecol 2013; 208:66.e1–6. 

[33] American College of Obstetrics and Gynecology 
Committee on Practice Bulletins-Obstetrics. ACOG 
practice bulletin number 49, December 2003: dystocia 
and augmentation of labor. Obstetrics & Gynecology. 
102(6):1445–1454. 

[34] Song X., Qiao, X., Hao, D. et al. Automatic recognition of 
uterine contractions with electrohysterogram signals 
based on the zero-crossing rate. Sci Rep 11, 1956 
(2021). https://doi.org/10.1038/s41598-021-81492-1. 

[35] Khalil, M.; Duchene, J. Uterine EMG analysis: A dynamic 
approach for change detection and classification. IEEE 
Trans. Biomed. Eng. 2000, 47, 748–756. 

[36] Kale S. N. and Dudul S. V. (2009), Intelligent Noise 
Removal from EMG Signal Using Focused Time Lagged 
Recurrent Neural Network, Applied Computational 
Intelligence and Soft Computing, 2009, 12 Pages. 

[37] M. S. Hussain, F. Mohd. Yasin, M. K. Khaw, “Denoising 
and Analysis of Surface EMG Signals”, Proceedings of the 
5th WSEAS Int. Conf. on circuits, systems, electronics, 
control & signal processing, Dallas, USA, November 1-3, 
2006. 

[38] Gradolewski, D.; Tojza, P.M.; Jaworski, J.; Ambroziak, D.; 
Redlarski, G.; Krawczuk, M. Arm EMG WaveletBased 
Denoising System. In Mechatronics-Ideas for Industrial 
Application; Springer: Cham, Germany, 2015; pp. 289–
296. 

[39] R.J.Gajbe, Dr. Y.B.Gandole, “Development of Artificial 
Intelligent Model For Reduction Of Noise From 
Biomedical Signal”, International Journal of Computer 
Science and Information Technologies, Vol. 3 (1) , 2012, 
2975 – 2977. 

[40] M. Limem and M. A. Hamdi, "Uterine electromyography 
signals denoising using discrete wavelet transform," 
2015 International Conference on Advances in 
Biomedical Engineering (ICABME), 2015, pp. 101-103, 
doi: 10.1109/ICABME.2015.7323261. 

[41] P. Carre, H. Leman, C. Fernandez and C. Marque, 
"Denoising of the uterine EHG by an undecimated 
wavelet transform," in IEEE Transactions on Biomedical 
Engineering, vol. 45, no. 9, pp. 1104-1113, Sept. 1998, 
doi: 10.1109/10.709554. 

[42] Hamdi, M.A., Limem, M. & Maaref, M.A. Detection and 
Classification of Nonstationary Signals: Application to 
Uterine EMG for Prognostication of Premature Delivery. 
Neurophysiology 51, 272–280 (2019). 
https://doi.org/10.1007/s11062-019-09821-9. 

[43] Daubechies I. (1990), ‘The Wavelet Transform, time-
frequency localization and signal analysis’, IEEE 
Transactions of Information Theory, Vol. 36(5), pp. 961–
1005. 

[44] Mallat S. (2009), A Wavelet tour of signal processing, 
Third Edition, Academic Press of Elsevier, United States, 
ISBN: 13: 978-0-12-374370-1. 

[45] Raghuveer M., Bopardikar A. (1998), ‘Wavelet 
Transforms: Introduction to Theory and Applications’, 
Prentice Hall. ISBN: 0201634635. 

[46] Donoho D. (1995), ‘De-Noising by Soft Thresholding’, 
IEEE Transactions on Information Theory, Vol. 41(3), 
pp. 613-27. 

[47] Donoho D. and Johnstone J. (1994), ‘Ideal spatial 
adaptation by wavelet shrinkage, Biometrika, Vol 81(3), 
pp.425–55. 

[48] Strang G. and Nguyen T. (1997), ‘Wavelets and Filter 
Banks,’ Wellesley- Cambridge, press, Mass, USA, ISBN: 
0961408871. 

[49] Mathworks. "MatLab & Simulink: Simulink Reference 
R2015b" (PDF). Retrieved 28 September 2015. 

 


