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Abstract. Background: Fetal movements during pregnancy at 30 to 39 weeks are more often than at 20 to

29 weeks of gestation, this is because the frequently fetus moves the endometrium and the
strength of fetal movement increases with fetal development. Non-invasive fetal electrocardiogram
(NI-FECG) can be used in early pregnancy, easy to apply, and safe to use. This research aims to
develop a prototype design of a fetal movement recording device based on NI-FECG

Methods: are used research and development (R&D) to develop certain products and test the
effectiveness of the product. The analysis uses literature review and qualitative tests.

Results: The various distances between the electrodes and the position of the intrauterine fetus
can affect the results so that they are taken into consideration in placing the electrodes in the right
position. The position of the electrode shown in the image above is recommended in the cephalic
position of the fetus in late pregnancy, taking into account the reduced freedom of movement of
the fetus. The use of this belt aims to monitor fetal movement with electrocardiography (ECG) at
rest and while the patient is moving. The maternal abdominal signal generator used asthe
processor; the processor read the maternal abdominal ECG data (CU1, 2 and 3) and output three-
channel ECG signals through digital-to-analog conversion. The three-lead abdominal signals, were
sent to the data receiving end of the smartphone app software, and the data processing module,
processed the received data. The processed fetal ECG and heart rate were displayed on the
smartphone, screen in real time.

Conclusion: The need for a proper system to monitor fetal movements in a non-clinical setup is
of paramount importance in order to maintain fetal well-being. A complete system was introduced
to be used by pregnant While a significant amount of effort was spent on developing the algorithm
as well as the sensing system an equal amount of effort was invested in designing and
implementing proper ergonomics and a user-friendly interface to the system. It was made sure
that the proposed system is feasible to be implemented.
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babies in the womb can vary widely, some are

Background

Some studies have shown that fetal
movement provides an important measure of
fetal health; 25% of women who experience
decreased fetal movement have the outcome,
placental dysfunction, complicated delivery,
and more than half of stillbirths are preceded by
decreased fetal movement. (1)(2)

Fetal movement in the womb is felt around
16 to 20 weeks of preghancy. The activity of
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active and some are not active. Therefore, it is
advisable to count the fetal movements every
day, and there are several ways to do this,
namely by identifying the decline in the baby's
normal movement patterns. (3)

Fetal movement in the 30-to-39-week group
was higher than in the 20-to-29-week group,
this is because gross fetal movement seems
too often move the endometrium and the
strength of fetal movement increases with fetal
development. NI FECG can be used in early
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pregnancy, easy to apply, and safe to use (4)
(5) (6), The fetus has two specific movement
patterns for rotation and somersaults that result
in a change in the fetal position from prone to
supine or lateral and the opposite related to the
shape of the uterus and the direction of the
gravitational force. (7) Fetal movement counts
from 28 to 37 weeks of gestation reported less
anxiety compared to those in the control group
(8). The evidence shows that fetal movement is
a very convincing sign of fetal well-being. All
pregnant women should receive guidance on
how to monitor the well-being of their baby,
preferably in writing with a fetal movement
chart.

Fetal movements monitoring in NI FECG
obtained results of fetal rotational movements,
gross movements, isolated limb movements,
and respiratory movements during 10-minute
intervals which were validated by ultrasound
(10). NI FECG records fetal movement
fluctuations, perfect for recording fetal
movements at gestational age from 24 to 41
weeks with a measurement length ranging from
10 to 20 minutes, with the mother relaxed or
sleeping (11). This method allows recording of
fetal movement from single bipolar abdominal
NI FECG recordings making it suitable for
observation of fetal motility in an outpatient
setting. (12), (13), (14).

The measurement of NI FECG obtained in
the mother's abdomen contains several
bioelectric potentials such as maternal cardiac
activity, fetal heart activity, maternal muscle
activity, fetal movement activity, although there
are potentials generated by breathing and
abdominal activity, and noise (thermal sound,
noise generated from skin-electrode contact)
signal separation or simple filtering can be
performed (15)

The results of the analysis, it was found that
the very small signal results were caused by the
placement of the electrode array position which
was too far from the source (the mother's heart
and the fetus), then the placement of the
electrode array position parallel to the pregnant
woman's abdomen resulted in a very small NI
FECG signal amplitude. NI FECG can be used
independently by anyone without having to be
accompanied by a doctor. (16)
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As the underlying physical principle used for
abdominal ECG monitoring is not affected by
the amount of maternal adipose tissue (body
fat), the quality of the measured signal is quite
high; therefore, abdominal electrocardiography
is the only technique that potentially makes
long-term ambulatory fetal monitoring possible.
In addition, the recent availability of wireless
fHR-monitoring systems. Designed a portable
low-power fetal ECG collector, which collected
maternal abdominal ECG signals in real time.

Based on the explanation above, it is
important to research the prototype of a fetal
movement movement device based on Ni
FECG, as an effort to develop science and
technology in midwifery services. The ECG
data were sent to a smartphone client via
Bluetooth. Smartphone app software was
developed based on the Android. Fetal
movement measurement using NI FECG is
important to be developed to detect fetal well-
being.

The ECG data were sent to a smartphone
client via Bluetooth. Smartphone app software
was developed based on the Android. Based on
the explanation above, it is important to
research the prototype of a fetal movement
recording device based on NI FECG, as an
effort to develop science and technology in
midwifery services. Fetal movement
measurement using NI FECG is important to be
developed to detect fetal well-being.

Methods

The research method used is the research
and development (R&D) research method, the
first stage of finding information by studying
literature in several scientific journals related to
the design of prototype designs for fetal
movement detection devices and the
components used. The analysis of the design of
the fetal movement monitoring device uses
literature review and qualitative analysis. Data
collection was carried out by interviewing the
experts and the teams of experts, namely bio
electromedical engineering experts. The data
collection instrument used an interview
guidance.
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Results

The wuse of fetal monitoring using

electrocardiogram technology is an important
new innovation for the development of applied
technology in obstetrics. Several literatures use
technologies in

different measuring this

Umbilicus
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movement, a number of electrodes are needed
to reduce noise or noise, but this can reduce
patient comfort.

Based on the results of interviews with "A" an
expert in electro-medical midwife. Say that:

Figure 1. electrode placement display

The simulation of the use of electrodes
was carried out by M. J. Rooijakkers by
considering patient comfort. Based on the
simulation results, the various distances
between the electrodes and the position of the
intrauterine fetus can affect the results so that
they are taken into consideration in placing the
electrodes in the right position.

The position of the electrode shown in the
image above is recommended in the cephalic
position of the fetus in late pregnancy, taking
into account the reduced freedom of movement
of the fetus. Whereas in early pregnancy, the
fetus has more room to move, and additional
fECG measurement instructions may be
needed to ensure optimal signal quality, as
shown in the image below. (17)

20cm
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Figure 2. electrode placement display
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At least one electrocardiogram sensor was
configured to contact the abdominal skin of
pregenant human subjects and detect fetal and
maternal hearts (18).

“EKG is used to detect the body's electrical
signals, in addition to heart movement signals,
ECG can also detect fetal movement in the
womb using a non-invasive fetal ECG. (EMG)
electrical signals from the muscles so that the
time to pick up the electrical signals of the
muscles can be read when the fetus moves.
However, signal processing that can later pick
up purely fetal movements.

The electrode placement is attached to the
mother's abdomen, but the electrode
placement needs to be tested. How it works
Every movement in the body emits electrical
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signals, including muscles, so that later it will be
compared with a tool that shows the same
movement. 3 electrode signals are enough to
detect movement.

The results of interviews with obstetric
specialists: “Fetal movements can be seen from
ultrasound, the examination is carried out in 10-
15 minutes. before the ultrasound examination,
the mother is asked to empty the bladder, which
aims to stimulate the fetus to move. Generally,
the fetus moves when the mother is eating and
doing activities.

The use of this belt is intended so that fetal
movement monitoring with electrocardiography
(ECG) can be carried out at rest or while the
patient is moving.

Figure 3. Belt and electrode placement display

Schematic side view of a patient wearing
an abdominal belt equipped with a multi-
electroderay for recording fetal movements
(19). Belts consist of synthetic fibers such as
nylon, polyester, and elastane, with beneficial
properties such as light weight, easy cleaning,
stable dimensions, and dirt resistance;
However, the main disadvantage of this fiber is
poor moisture absorption leading to excessive
sweating, high body temperature, increased
skin sensitivity, and discomfort, which affect
women's adherence to clothing. (20)

We have developed textile electrodes
embroidered from polyethylene terephthalate
threads which are plasma coated with silver for
electrical conductivity and with an ultra-thin
titanium coating on top for passivity. Three
electrodes are embedded into the belt. The
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combination of silver, titanium, and steam water
produces excellent electrode chemistry. The
belt is made of polyester and is elastic. Two
zones of Ag/Ti coated PET vyarn are
embroidered directly into the fabric, forming the
electrodes. With this technique, the thread is
exposed on both sides of the fabric, allowing for
an atmosphere with relatively high water vapor
pressure. The same layered thread as used for
the electrodes was also used for the
embroidered  connection  between  the
electrodes and the press studs for fixation of the
data logger. With this arrangement, the logger
can be easily removed to wash the belt. The
new embroidered electrodes with Ag/Ti coating
meet the eight requirements listed in the
introduction with regard to biocompatibility,
cytotoxicity, signal stability, impedance,
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reusability, durability, wash fastness and ease
of use. (21)

Two main factors affecting the impedance
of the electrode shell were discovered: the
nature of the textile material, and the size of the
electrode. Optimal textile electrodes are silver
plated, made of high stitch density weft knit
conductive fabric. The flexible motion sensor
circuit is designed and integrated in the textile
electrode. Various materials have been used to
produce conductive textiles that are embedded
into the fabric as conductive threads, or coated
with electrically conductive components, such
as carbon, copper, nickel, or silver. However,
when choosing materials that will come into
contact with human skin, as in the case of ECG
electrodes, their biocompatibility becomes very
important because the electrodes are directly
attached to the human body. Different from
most other materials, silver is not only harmless
to human skin, but also antibacterial. Therefore,
conductive fabrics made of silver-coated nylon
yarn are preferred for making textile electrodes
by weaving or knitting. When compared to
woven fabrics, knitted fabrics are usually more
flexible, stretchable, and can easily pick up the
curves of the body when installed. So, in this
paper, four different knitted conductive fabrics
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made of silver-coated nylon yarn
considered as electrode materials. (22)

are

In this study, dry electrodes based on silver
nanowires (AgNW) were fabricated for
noninvasive and wearable ECG sensing.
Signals from the AgNW electrode and the
Ag/AgCI electrode were collected
simultaneously under two conditions: sitting
and walking. Signal quality was evaluated in
terms of ECG morphology, R-peak to R-peak
(RR) interval and heart rate variability (HRV)
analysis. Quantitative comparisons show that
AgNW electrodes can collect ECG waveforms
that are acceptable as Ag/AgCl electrodes in
both sitting and walking conditions. However,
basic aberrations and waveform distortions
exist at the AgNW electrodes, likely due to
electrode motion. If the skin electrode contact is
increased, dry electrodes can be a promising
substitute for Ag/AgCI electrodes. The ECG
sensor basically monitors the heart's
biopotency. Other muscle activity can be
measured in the same way. A special case is
protection from the effects of continuous stress
in the work environment (24) (25).

3-Lead ECG »
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Figure 4. Design of Fetal Movement Monitoring display

In order to verify whether the system we
developed could work normally, we used a
maternal abdominal signal generator device
developed by our laboratory to simulate the
abdominal surface signals of pregnant women,
and used a fetal ECG collector to collect three
channel abdominal surface signals. the
processor reads the maternal abdominal ECG

52

data (Chl, Ch2, Ch3) and outputs a three-
channel ECG signal through digital to analog
conversion. The three-lead belly signal is sent
to the data receiver of the smartphone
application software, and the data processing
module processes the received data. The
process of fetal ECG and fetal movement is
displayed on the smartphone screen in real
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time. Using the maternal abdominal ECG signal
simulated by the maternal abdominal signal
generator, the system and algorithm proposed
in this work can extract the fetal ECG for real-
time monitoring. The three-lead ECG signal
collector designed in this work can collect
mixed-signal maternal abdomen, as shown in
the collector powered by a low-power lithium-
ion battery providing 24-hour fetal ECG
monitoring. At the same time, the fetal ECG
monitoring system has a small number of
electrodes, and the electrode attachment
method is relatively simple, which is convenient
for pregnant women to use daily. The signal
received by the collector can be transmitted to
the smartphone via Bluetooth. The smartphone
application software can process the ECG data
in real time, display the fetal ECG waveform
and fetal movement in real time on the
smartphone screen, and automatically upload
to the server when the fetal fetal movement is
abnormal. This can assist the doctor in taking
appropriate action to treat the disorder. (26)

Monitors fetal movement in real time and
transmits fetal heart rate to display devices via
Bluetooth. The disadvantage is that it can only
display the fetal movement, but cannot display
the ECG waveform, so many important fetal
ECG information cannot be displayed
effectively. proposes using the ECG collector to
get the maternal belly Signal, and then

v\
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transmits the signal to the smartphone via
Bluetooth.

Pregnant women can use the portable
collector to collect the mixed belly signal
anytime and anywhere. This smartphone can
display fetal ECG waveforms and fetal
movement. rates in real time. When the fetal
ECG is abnormal, the abnormality is
automatically uploaded to the cloud platform for
further diagnosis by the doctor the scheme
showing cell phones, pagers, fax machines and
other devices of a communicative nature to the
patient's doctor, family members, friends, and
others where information about the patient and
the fetus, as assessed by the present invention,
is transmitted by cable or other communication.
a schematic diagram representing a pregnant
patient using a home or outpatient version of
this invention.

The present invention provides a method
and apparatus for recording and analyzing the
electrical activity of the fetus in utero, from the
surface of the maternal abdomen. The present
invention is a data analysis technique for
analyzing measured data from the patient's
surface to characterize muscle, abdominal, as
well as fetal movement and activity
simultaneously or separately. Nication for use a
remote or homeuterine/fetal monitoring system.

1. Memiliki 1 port USB

2. Memiliki 2 - 3 kabel
yang terhubung ke
elektroda yang ada di
support belt

3. Dimensi Kurang lebih
80 mm x 45 mm x 15mm

Elektroda

untuk Ul dan UX serta
wireframe yang nanti akan
di tampilkan di smartphone
sendiri masih belum ada
bayangannya - sedang
diproses

Figure 5. Design Monitoring fetal movement
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Conclusions
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The need for a proper system to
monitor fetal movements in a non-clinical setup
is of paramount importance in order to maintain
fetal well-being. A complete system was
introduced to be used by pregnant. While a
significant amount of effort was spent on
developing the algorithm as well as the sensing
system an equal amount of effort was invested
in designing and implementing proper
ergonomics and a user-friendly interface to the
system. It was made sure that the proposed
system is feasible to be implemented. This was
done by studying the preferences and habits of
pregnant mothers. Furthermore, it was ensured
that the system is user friendly in nature

Acknowledgement

Thank you to Poltekkes Ministry of
Health Bandung for the financial support for
organizing this community service activity.

References

1. Lees C. Fetal Movements as a Predictor
of Helath. 2016.

2. Dhungana PR, Adhikari R, Pageni PR,
Koirala A. Decreased fetal movement: Is
it an alarm to Obstetrician and Pregnant
Lady? Medical Journal of Pokhara
Academy of Health  Sciences.
2018;1(2):92-7.

3. Mangesi L, Hofmeyr GJ, Smith V, Smyth
RMD. Fetal movement counting for
assessment of fetal  wellbeing.
Cochrane Database of Systematic
Reviews. 2015;2015(10).

4, Ryo E, Nishihara K, Matsumoto S,
Kamata H. A new method for long-term
home monitoring of fetal movement by
pregnant women themselves. Medical
Engineering and Physics [Internet].
2012;34(5):566-72. Tersedia pada:
http://dx.doi.org/10.1016/j.medengphy.
2011.09.001

5. Bioeffect Committee of the American
Institute of Ultasound in Medicine. in
Medicine  Consensus Report on
Potential Bioeffects of Diagnostic.
Ultrasound. 2008;503-15.

6. Verdurmen KMJ, Lempersz C, Vullings
R, Schroer C, Delhaas T, van Laar
JOEH, et al. Normal ranges for fetal
electrocardiogram values for the healthy
fetus of 18-24 weeks of gestation: A
prospective  cohort  study. BMC

54

10.

11.

12.

13.

14.

15.

Bandung, 14 — 16 December 2021

Pregnancy and Childbirth [Internet].
2016;16(1):1-7. Tersedia pada:
http://dx.doi.org/10.1186/s12884-016-
1021-x

de Vries JIP, Visser GHA, Prechtl HFR.
The emergence of fetal behaviour. I.
Qualitative aspects. Early Human
Development. 1982;7(4):301-22.
Delaram M, Shams S. The effect of
foetal movement counting on maternal
anxiety: A randomised, controlled trial.
Journal of Obstetrics and Gynaecology.
2016;36(1):39-43.

Frgen JF. A kick from within - Fetal
movement counting and the cancelled
progress in antenatal care. Journal of
Perinatal Medicine. 2004;32(1):13-24.
Andreotti F, Behar J, Zaunseder S,
Oster J, Clifford GD. An open-source
framework for stress-testing non-
invasive  foetal ECG  extraction
algorithms. Physiological Measurement
[Internet]. 2016;37(5):627-48. Tersedia
pada: http://dx.doi.org/10.1088/0967-
3334/37/5/627

Vullings R, Mischi M, Guid Oei S,
Bergmans JWM. Novel bayesian
vectorcardiographic loop alignment for
improved monitoring of ECG and fetal
movement. |IEEE Transactions on
Biomedical Engineering.
2013;60(6):1580-8.

Rooijakkers MJ, De Lau H, Rabotti C,
Oei SG, Bergmans JWM, Mischi M.
Fetal movement detection based on
QRS amplitude variations in abdominal
ECG recordings. 2014 36th Annual
International Conference of the IEEE
Engineering in Medicine and Biology
Society, EMBC 2014. 2014;1452-5.
Van Laar JOEH, Warmerdam GJJ,
Verdurmen KMJ, Vullings R, Peters
CHL, Houterman S, et al. Fetal heart
rate variability during pregnancy,
obtained from non-invasive
electrocardiogram  recordings. Acta
Obstetricia et Gynecologica
Scandinavica. 2014;93(1):93-101.
Martinek R, Kahankova R, Jezewski J,
Jaros R, Mohylova J, Fajkus M, et al.
Comparative effectiveness of ICA and
PCA in extraction of fetal ECG from
abdominal signals: Toward non-invasive
fetal monitoring. Frontiers in Physiology.
2018;9(MAY):1-25.

Jagannath DJ, Selvakumar Al. Issues

and research on foetal
electrocardiogram signal elicitation.
Biomedical Signal Processing and



16.

17.

18.

19.

20.

Proceeding of the 4t International Conference on Interprofessional Health Collaboration

and Community Empowerment

Control [Internet]. 2014;10(1):224—44.
Tersedia pada:
http://dx.doi.org/10.1016/j.bspc.2013.11
.001

Ahmad Asrori, Mohammad Kamalul
Wafi ITP dan ODSH. Rancang Bangun
Portable Maternal Elektrocardiogram
Berbasis Blind Source Separation untuk
Monitoring Aktivitas Jantung lbu Hamil.
Jurnal Fisika. 2020;1-5.

Rooijakkers MJ, Song S, Rabotti C, Oei
SG, Bergmans JWM, Cantatore E, et al.
Influence of electrode placement on
signal quality for ambulatory pregnancy

monitoring. Computational and
Mathematical Methods in Medicine.
2014;2014.

Marchon N, Naik G, Pai R. ECG
Electrode Configuration to Extract Real
Time FECG  Signals. Procedia
Computer Science. 2018;125:501-8.
Garfield RE, Maner WL. Device And
System For Remote For Cervical
Acquisition, And Detection, Analysis,
And Communication Of Maternal
Uterine And Maternal And Fetal Cardiac
And Fetal Brain Activity From Electrical
Signals [Internet]. Vol. 2. 2004. Tersedia
pada:
https://patentimages.storage.googleapi
s.com/bb/21/b1/96fa5ee781c590/US68
16744.pdf

Rodriguez CQ, Troynikov O. The Effect
of Maternity Support Garments on
Alleviation of Pains and Discomforts
during Pregnancy: A  Systematic
Review. Journal of Pregnancy.

55

21.

22.

23.

24.

25.

26.

Bandung, 14 — 16 December 2021

2019;2019.

Weder M, Hegemann D, Amberg M,
Hess M, Boesel LF, Abacherli R, et al.
Embroidered electrode with
silver/titanium coating for long-term
ECG monitoring. Sensors (Switzerland).
2015;15(1):1750-9.

An X, Stylios GK. A hybrid textile
electrode for electrocardiogram (ECG)
measurement and motion tracking.
Materials. 2018;11(10).

Kannaian T, Neelaveni R, Thilagavathi

G. Design and development of
embroidered textile electrodes for
continuous measurement of

electrocardiogram signals. Journal of
Industrial Textiles [Internet]. 22 Februari
2012;42(3):303-18. Tersedia pada:
https://doi.org/10.1177/1528083712438
069

Rattfélt L. Smartware electrodes for

ECG measurements : Design,
evaluation and signal processing.
Smartware  electrodes for ECG

measurements : Design, evaluation and
signal processing. 2013.

Albulbul A. Evaluating major electrode
types for idle Dbiological signal
measurements for modern medical
technology. Bioengineering. 2016;3(3).
YuanlL, YuanY, ZhouZ,BaiY,WuS. A
fetal ECG monitoring system based on
the android smartphone. Sensors
(Switzerland). 2019;19(3).



