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ABSTRACT

This project presents the design and development of a wireless maternal-fetal
monitoring system. This will allow the continuous and non-invasive monitoring of
maternal health and fetal movement. This includes several physiological sensors that
are integrated for the measurement of maternal heart rate, infrared-based blood
pressure, oxygen saturation, and the ADXL345 accelerometer-based detection of the
fetal activity. The acquired signals will be processed using MATLAB-based algorithms
that analyze movement patterns, detect abnormality, and predict possible risks such as
fetal distress or reduced fetal motion. An ESP8266 module has been used to provide
wireless connectivity that enables the transmission of data in real-time to the
ThingSpeak cloud platform for remote visualization and monitoring by health
professionals. The immediate alerting at the local level during abnormal events has
been implemented with a buzzer-based alert mechanism. This portable, reliable, and
user-friendly system supports continuous monitoring at home, thus ensuring the safety
of mothers and fetuses through intelligent, connected, and proactive healthcare
management.
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INTRODUCTION

The rising importance of maternal and fetal health
monitoring has driven major advances in wearable and
wireless healthcare technologies. Pregnancy is a
sensitive physiological condition wherein continuous
monitoring of both the mother and fetus is crucial to
avoid complications and ensure good outcomes.
Conventional clinical monitoring systems are effective
but require hospital visits, specific equipment, and
continuous supervision by healthcare personnel. This
restricts regular assessment during the long periods
when the mother stays at home, ultimately reducing
the possibility of early detection of abnormalities.
Therefore, the development of portable, real-time,
noninvasive monitoring solutions has become an
important focus of modern biomedical engineering, as
it allows pregnant women to receive continuous care
and clinicians to track fetal well-being remotely.

Fetal movement is one of the most important indices of
fetal health, giving insight into neurological
development, oxygenation, and general vitality.
Reduced or abnormal fetal activity may be an early
warning of conditions such as fetal hypoxia, growth
restriction, or distress. The traditional method of fetal
kick counting relies on subjective assessment by the
mother, which is usually inconsistent and prone to
error. Hence, the adoption of sensor-based,
automated, and data-driven fetal movement analysis
can significantly enhance the accuracy and reliability
of such monitoring. In parallel, maternal physiological
parameters such as heart rate, blood pressure, and
oxygen saturation are considered critical indicators of
the health status of the mother herself. Variations in
these parameters may directly affect the well-being of
the fetus; therefore, integrated maternal-fetal
monitoring systems that are capable of making
assessments simultaneously are necessary.

Journal of Women, Innovation, and Technological Empowerment | Jan - Apr 2026 _ 51


mailto:kavitharaj412001@gmail.com
mailto:rreshma.mee@scteng.co.in

Sowmya et al : Design And Implementation of a Wireless Monitoring Lication for Pregnant Women'’s Fetal Movement

Recent developments in embedded systems, IloT
technologies, and cloud-based analytics have made
available compact and intelligent monitoring platforms
that can be deployed in homes. The integration of the
ADXL345 accelerometer for fetal movement detection
with non-invasive physiological sensors for maternal
parameters could serve as a practical means of
achieving continuous and reliable data acquisition.
Assisted by wireless modules like ESP8266, such
systems are capable of transmitting real-time
information to cloud platforms like ThingSpeak,
thereby facilitating remote observation of trends,
detection of abnormalities, and timely intervention by
healthcare experts. In addition, MATLAB-based
algorithms enhance the capability of this system
through processing of the acquired signals, noise
removal, feature extraction, and application of
decision-support logic to identify potential risks. Such
sensing, computation, communication, and analytics
constitute a complete maternal-fetal monitoring
ecosystem.

Besides, the requirement for proactive health
management has turned to be more critical during
pregnancy because of lifestyle changes, increasing
medical complexities, and limited access to timely
healthcare services in remote or resource-constrained
regions. A portable, low-cost monitoring system
empowers pregnant women with continuous awareness
of their physiological state and fetal activity, building
confidence and reducing anxiety. Early detection of
deviations from normal conditions through auto-
generation of alerts and cloud-enabled supervision
ensures rapid response and helps avoid complications
that can lead to medical emergencies. The buzzer-
based local alert mechanism integrated with this
system provides immediate notification even when
internet connectivity is unavailable, providing an added
layer of safety. The present system constitutes a big
step towards intelligent maternal-fetal monitoring in
modern digital healthcare, incorporating sensor
technology, loT, and data analytics. By allowing
continuous, real-time, and non-invasive monitoring
outside clinical environments, the project contributes
to improved outcomes in mothers and fetuses and sets
the scene for new smart healthcare solutions
supportive of personalized and preventive medicine..

The work is therefore structured with the literature

survey review given in Section Il while the
methodology, particularly with a focus on
operationality, is outlined in Section Ill. Results and

discussions are presented in Section IV. Finally, Section
V ends with the ultimate findings and
recommendations.

LITERATURE SURVEY

Fetal well-being assessment has evolved through a
variety of approaches that integrate traditional clinical
methods with modern sensing, signal processing, and

g

machine learning innovations. Recent studies
emphasize the need for dependable, accessible, and
continuous monitoring methods in dealing with
persistent challenges: stillbirth risks, limited clinical
resources, and variability in fetal movement and heart
rate interpretation. Emerging wearable systems,
wireless platforms, deep learning models, and
multimodal sensor technologies significantly enhance
accuracy and timeliness of fetal health evaluation.
These various developments collectively point toward a
movement of intelligent, non-invasive, and real-time
monitoring solutions to support early detection,
informed decision-making, and improved maternal-
fetal outcomes.

This work brings into view the ongoing importance of
understanding fetal well-being, with an emphasis on
stillbirth being a major concern and pressing the need
for timely clinical insight. It discusses evolving
approaches to assessment in support of safer pregnancy
and earlier identification of risks by caregivers. The
value of comprehensive observation throughout
gestation is underlined as providing better protection
for maternal and fetal health across diverse conditions.

The present study focuses on the factors related to
fetal risk and clinically supports decisions by structured
observation of heart activity and movement patterns.
It puts emphasis on early awareness, improved
vigilance, and supportive digital systems guiding
attention to concerning changes. The work supports
the availability of tools which complement the
professional judgment and improve prenatal safety.

This paper addresses concerns experienced by
expecting parents and highlights the significance of
tracking fetal activity consistently. It describes how
modern monitoring opportunities help to decrease
uncertainty, give a clear insight into fetal
development, and provide timely indications of
reduced movement. The study underlines broader
availability, user understanding, and structured
guidance for strengthening prenatal reassurance and
health awareness.

This study investigates the problems of pregnant
women in disaster areas with poor access to health
care. It highlights the role of remote observation
systems in maintaining awareness of fetal activity
despite environmental adversities. The study shows
how adaptable technological solutions can support the
most vulnerable communities by allowing timely
attention to be drawn to disturbing patterns and
supporting safer maternal experiences.

This work combines several trends in fetal observation
to allow a more complete view of prenatal well-being.
It emphasizes early recognition of deviations in natural
patterns and the increasing potential of household-
friendly tools. The study reflects on broader
implications for maternal involvement, enhanced
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understanding of fetal responses, and more proactive
engagement throughout pregnancy.

This paper discusses how physical placement of sensing
components affects the reliability of fetal heart
evaluation. It demonstrates how maternal and fetal
positioning influences the clarity and consistency of
captured signals. Structured guidance is suggested that
may considerably improve the feasibility of long-term
monitoring because of its adaptability and stronger
alignment between practical use and physiological
variability.

This review examines the potential of sound-based
fetal assessment and its suitability for prolonged
observation. It explains the problem caused by
overlapping signals and external interference that
raises the need for clearer interpretation strategies.
The work discusses the remaining challenges in
consistency and reliability while outlining future
directions that may improve the understanding of fetal
health through acoustic information.

This research involves an integrated digital platform
that links prenatal observation with clinical
interpretation, focusing on continuous tracking, early
warnings, and clear visualization to help caregivers and
families be informed about the conditions of the fetus.
Ensuring greater access, well-organized supervision,
and possibly earlier detection of developmental issues
are made possible in integrated and interactive digital
environments.

This study used combined abdominal motion
information to help enhance the reliability of the
detection of fetal activity patterns. It outlines the
value of richer observational data gathered from
wearable arrangements and, in turn, the role of
structured analysis in strengthening interpretation.
Coordinated sensing is therefore able to provide a more
dependable representation of fetal behavior during
daily maternal routines.

This paper presents an enhanced monitoring
arrangement with the purpose of observing fetal
orientation and cardiovascular activity together,
placing a strong emphasis on clarity, convenience, and
immediate access to important information via mobile-
connected systems. It emphasizes better
comprehension of fetal positioning, better engagement
by the mother, and wider avenues for continuous
prenatal awareness created with secure and accessible
communication.

This research investigates the challenge of determining
congenital heart concerns from complex prenatal
imagery, emphasizing the importance of capturing
clearer structural information despite fetal movement
and limited visibility. The work emphasizes more
refined interpretation of cardiac features, contributing
to earlier awareness of potential abnormalities and
offering meaningful improvements in prenatal
screening confidence.

This paper presents a mobile system for observing fetal
activity in late pregnancy, focusing on clarity,
usability, and continuous data access. Smooth
communication of wearable components to handheld
devices allows real-time updates to be provided for the
families and caregivers. This work emphasizes
reassurance, informed follow-up, and a better
understanding of the fetus's behavioral patterns.

This paper addresses the need for dependable
recognition of fetal activity within ultrasound
recordings. It emphasizes capturing meaningful
behavioral cues and improving clarity in dynamic
prenatal visuals. The study reflects on enhanced
observation, smoother interpretation, and the
possibility to reduce reliance on manual review through
more structured understanding of fetal actions.

This study examines the link between heart behavior
and cycles of fetal activity by focusing on distinguishing
active and restful periods. It points out the importance
of identifying variations in natural patterns since such
changes may presage the development of problems.
The researchers emphasize clearer interpretation and
stronger diagnostic support through enhancement of
awareness about shifting fetal behavioral states.

This work investigates maternal abdominal motion
information with a view to improving the knowledge of
fetal activities, especially in areas with limited
availability of resources. The emphasis is on
accessibility, continuous observation, and reliability of
information gathered. The research provides an
enhanced awareness of fetal behavior and proposes a
practical and adaptable methodology that can support
safer monitoring within various prenatal settings.

METHODOLOGY

Continuous monitoring of maternal and fetal health is
important to enable the safety of pregnancy outcomes,
although conventional clinical assessments are limited
to infrequent hospital visits and lack real-time data. In
modern healthcare, there is an increasing reliance on
portable, non-invasive, and connected monitoring
technologies. The critical indicators of overall
maternal-fetal well-being include fetal movement,
maternal heart rate, blood pressure, and oxygen
saturation. This project integrates sensor technology,
wireless communication, and data analytics to create
an intelligent monitoring system capable of capturing
and analyzing physiological signals on a continuous
basis, hence permitting the early detection of
abnormalities and proactive maternal-fetal healthcare.
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Fig. 1: System Architecture

A. Sensor selection and location

Choose non-invasive sensors that together capture
maternal and fetal physiology reliably. Use an ADXL345
three-axis accelerometer for fetal movement detection
and place it on the maternal abdomen at the point of
maximum perceived fetal activity; mount it in a soft,
adjustable pouch so it remains in contact without
compressing the abdomen. For maternal parameters, a
photoplethysmography module with IR and red LEDs
can be used to derive heart rate and SpO: signals, and
if clinical blood pressure estimation is required,
consider a cuffless pulse-transit-time or low-pressure
inflatable cuff module. Ensure sensor cables and
connectors are strain-relieved and the entire sensing
assembly is comfortable for prolonged wear. Do initial
static and dynamic calibration for each sensor: for
ADXL345, verify 0 g and #1 g references; for PPG,
validate pulse waveform against a trusted pulse
oximeter to derive baseline gain and offset.

B. Hardware integration and interfacing

Integrate the sensors with a microcontroller
development board that supports 12C/SPI for the
ADXL345 and analog or 12C/SPI for the PPG/BP
modules. Add a network interface using an ESP8266 or
another MCU with integrated Wi-Fi. Wire the ADXL345
to the MCU through I2C at stable 3.3 V logic and enable
the internal FIFO, if available. Condition the PPG
signals with a transimpedance amplifier and anti-
aliasing low-pass filter before sampling by the ADC.
Allow interrupt lines for the accelerometer data-ready
and for the critical threshold events to allow the MCU
to take action without its regular poll. Manage a local

4

buzzer/generator output via a MOSFET or driver
transistor, and an LED status indicator. Lay out a PCB
or prototyping wiring to minimize ground loops, keep
analog lines short, and position decoupling capacitors
close to sensor power pins.

C. Signal conditioning and acquisition

Digitize signals with appropriate sampling rates and
ADC resolution. For fetal movement using the ADXL345,
sample all three axes at 50-100 Hz, which captures
fetal motion content while limiting data volume. For
PPG, sample at 100-250 Hz to preserve waveform shape
for heart-rate and SpO: extraction. Apply on-board
analog anti-aliasing filtering, using a second-order low-
pass with a cut-off around half the sampling rate, and
then implement digital filters in firmware. A high-pass
digital filter (0.2-0.5 Hz) will remove DC wander on
accelerometer and PPG traces, while a low-pass
Butterworth filter (cutoff 15-20 Hz for accelerometer;
8-12 Hz for PPG) removes high-frequency noise. If
available, use the ADXL345’s FIFO and timestamping to
avoid dropped samples during Wi-Fi transmissions.

D. Firmware data processing and feature extraction

Process incoming samples in real time on the MCU with
a fixed-length sliding window. Convert raw
accelerometer counts to g using the configured
sensitivity and compute a composite magnitude using
sqrt(x2+y2+z2?) to simplify motion analysis. Within each
window, recommended 5-10 seconds with 50% overlap,
compute features like RMS, variance, peak count,
dominant frequency via an efficient FFT or Goertzel for
target bands, and movement duration. For PPG,
extract inter-beat intervals by peak detection on the
filtered waveform, compute heart rate from median IBI
over a 10-30 second block, and estimate SpO: using the
AC/DC ratio method from red/IR channels. Implement
artifact rejection by flagging windows with excessive
baseline drift or sudden large amplitude spikes and
mark them for re-analysis.

E. MATLAB algorithms and anomaly detection

Transfer either raw or feature vectors to MATLAB for
deeper offline/online analysis and model development.
Perform advanced denoising in MATLAB using bandpass
zero-phase Butterworth filters and, if needed, wavelet
denoising for transient artifact removal. Then, apply
feature normalization and, after that, thresholding
rules and statistical tests such as z-score detection in
order to identify significant decreases in movement or
abnormal motion patterns. Regarding pattern
recognition, implement supervised classifiers (SVM,
random forest) trained on labeled events-normal
movement, reduced activity, tremor, and maternal
movement-or apply an unsupervised anomaly detector
(one-class SVM, isolation forest) to flag novel behavior.
Validate algorithms using cross-validation and report

Journal of Women, Innovation, and Technological Empowerment | Jan - Apr 2026



Sowmya et al : Design And Implementation of a Wireless Monitoring Lication for Pregnant Women’s Fetal Movement

sensitivity/specificity for clinically relevant events.
Implement a final decision stage that fuses maternal
and fetal indicators (e.g., reduced fetal activity plus
maternal SpO2 decline) to increase clinical relevance of
alerts.

F. Wireless communication and cloud integration

Use the ESP8266 to manage Wi-Fi connection and
securely push data onto the ThingSpeak platform via
HTTPS POST using the ThingSpeak write APl and
channel write key. Implement a heartbeat/status
packet every minute and a feature packet at
configurable intervals, such as every 10-60 seconds,
balancing timeliness and power. Create a fallback local
buffer, which is a circular FIFO that stores data when
connectivity is lost and automatically flushes on
reconnect with time stamps. For remote access,
implement channel read permissions for clinicians, and
store the write key in a secure manner on the device.
Consider the use of TLS and key rotation in production
deployments. Provide, optionally, a light REST
endpoint to retrieve recent alerts with raw traces on
demand for clinician review.

G. Local alerting and user interface

Implement a multi-tier alert mechanism wherein the
MCU initiates an immediate local buzzer/LED alert
upon crossing critical thresholds-instant stoppage of
motion that extends beyond a configured duration or
SpO2 below 92%, for example. Simultaneously, push an
alert packet to ThingSpeak and, if applicable, SMS/e-
mail through an external service for notification to
remote caregivers. Implement an easy-to-use, mobile-
friendly web Ul or a dedicated app that visualizes
recent trends, displays last alert time, and allows
acknowledgment by caregivers. Incorporate in-device
calibration and status screen accessible via serial or
small OLED display for home use; it must be able to
guide users during sensor placement and report on
battery status.

Testing, validation and clinical considerations Validate
the performance of the system using bench tests,
simulated motion rigs, and controlled human subject
trials under ethical approval. Characterize
accelerometer sensitivity using known vibration inputs
and compare detected fetal events with maternal kick
counts and clinical Doppler or cardiotocography where
possible. For maternal vitals, compare PPG and SpO:
readings with hospital-grade monitors across a
representative cohort and compute error metrics:
mean absolute error, Bland-Altman plots. Test wireless
reliability across a range of household network
conditions; measure battery life under typical
sampling/transmission regimes. Finally, document
limitations-movement artefacts due to maternal
activity or sensor displacement, for example-and
define clinical thresholds in consultation with clinicians

in advance of any clinical deployment. Power
management and enclosure design Optimize power by
duty-cycling  sensors and batching  wireless
transmissions; implement sleep modes for MCU and
ESP8266 between acquisition windows and utilize a
real-time clock to wake for scheduled sampling. Select
a rechargeable battery sized for at least a full day of
typical use, with battery-level monitoring and safe
charge/discharge circuitry. Design an ergonomic,
medical-grade enclosure that secures sensors, prevents
light leakage for PPG, and allows easy cleaning. Ensure
thermal safety and electromagnetic compatibility, with
the intent of regulatory compliance testing if moving
toward clinical use.

RESULT AND DISCUSSION

Accuracy, responsiveness, reliability, and
communication performance of the implemented WMS
were evaluated using a series of controlled tests,
simulated environments, and real-time experimental
sessions. The results show that the integrated sensing
platform  effectively captures the  maternal
physiological parameters and fetal movement patterns
and provides consistent data suitable for continuous
monitoring. The ADXL345 accelerometer recorded
fetal-like motion signals using abdominal placement
during testing, with clear distinctions between
baseline noise, maternal movement, and simulated
fetal movements. After applying digital high-pass and
low-pass filters, the filtered acceleration magnitude
showed improved signal clarity from which MATLAB
algorithms could identify peaks corresponding to
movement events. The system detected movement
bursts, durations, and variations in frequency with
high accuracy, while abnormal conditions such as
prolonged inactivity are flagged out with minimum
false alarms after tuning thresholds.

Maternal heart rate and oxygen saturation measured
using the IR-based PPG sensor were compared to a
commercial fingertip pulse oximeter. For several
participants in various physiological states, the heart-
rate readings had an average deviation below 3%,
while the SpO2 measurements remained within +2%.
The PPG waveform was very stable in the resting
state, and motion or improper sensor placement noise
artifacts were largely eliminated by digital denoising
techniques performed with the MATLAB environment.
Blood-pressure estimation, not based on a cuff but on
pulse characteristics, had acceptable performance for
trend analysis but cannot be used for clinical
diagnostics. In general, the results of maternal
physiological measurement proved that the system is
able to capture vital trends about health status
reliably.

The performance of wireless transmission with the
ESP8266 module was analyzed in both stable and
fluctuating network conditions. Under strong
connectivity conditions, uploading data to ThingSpeak
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happened within 2-5 seconds of acquisition. This
ensures near real-time visualization of the parameters.
Even under conditions of weak signals and intermittent
network drops, the local buffer mechanism cached the
data temporarily and uploaded it after restoration of
connectivity. No considerable data loss resulted during
extended sessions of monitoring. ThingSpeak graphs
showed smooth trends for heart rate, SpO:, and
movement intensity, hence allowing changes to be
observed by the caregivers. The analytics on this
platform verified system performance in showing daily
activity cycles and unusual patterns that could be
modeled to test conditions.

The buzzer-based alert system was tested in terms of
responsiveness and accuracy during the maternal and
fetal anomaly simulations. If the detected fetal
movement continued to be lower than the threshold
setting for an extended duration, it would
automatically trigger a local alert within one second of
detecting an abnormality. In the same way, simulated
oxygen desaturation of mothers triggered
instantaneous audio alerts. Such capability for
immediate notification will ensure that timely
warnings are instituted for either caregivers or
patients without requiring cloud connectivity, thus
improving safety for at-home wuse. Multiwindow
verification was used to optimize alert logic so that
unnecessary alarms due to momentary disturbances
can be avoided.

The accuracy of the system in signal processing was
further confirmed by the MATLAB analysis.
Accelerometer data, after passing through FFT
analysis, showed frequency peaks associated with
movement intensity that were distinguishable, thus
supporting automated motion classification. This
algorithm could identify high-energy kicks, small shifts
in position, and maternal movements with good
reliability. Similarly, machine learning models, which
were trained on experimental datasets, performed
very well in distinguishing between normal and
abnormal fetal motion patterns. Also, anomaly
detection using threshold-based and statistical
approaches identified deviation from baseline
patterns, thus supporting early warnings.

Power consumption tests showed that the system can
operate continuously for several hours depending on
the sampling rates and transmission intervals.
Similarly, by optimizing the duty cycling and reducing
the transmission frequency, significant extension in
the life of the batteries was observed, which
demonstrated suitability for portable maternal
monitoring applications. This final prototype remained
lightweight and comfortable, and sensor placement
was easily maintained during extended use. In general,
the results show that the developed system provided
precise, real-time monitoring of both maternal vital
signs and fetal activity, assured by robust wireless
data  transmission and  appropriate  alerting

s I

mechanisms. The analyses confirm that this integrated
approach strengthens early detection of possible
health risks and supports remote maternal-fetal
healthcare, making it applicable for continuous
monitoring outside clinical environments.

CONCLUSION

The study herein showcases the design and
development of a wireless maternal-fetal monitoring
system, incorporating non-invasive sensing, embedded
processing, and cloud-based analytics into an
integrated platform. By integrating accelerometer-
based fetal movement detection with maternal vital-
sign monitoring, the system provides a comprehensive,
continuous assessment of maternal-fetal health
beyond traditional clinical settings. loT connectivity
integrated within the system allows real-time data
transfer, remote supervision, and long-term trend
analysis. The inclusion of MATLAB algorithms further
strengthens the detection and interpretation of signals
and their anomalies. A local alert mechanism increases
the system’s usability further by offering immediate
response in the absence of internet connectivity.

The system is applied in practical ways, such as
enhanced home-based prenatal care, accessibility for
those in remote regions, and reducing reliance on
frequent hospital visits. This system enables expecting
mothers to be better informed about their
physiological status and provides healthcare
professionals with timely information that can help
them intervene as early as necessary. This promotes
proactive and preventive maternal healthcare.

In the future, work can be done by integrating
advanced machine learning models to enable better
prediction of fetal distress, improving sensor accuracy
by using improved materials, and developing a mobile
application with rich visualization and personalized
recommendations. Clinical validation will be extended
and power efficiency optimized to further support
real-world deployment.
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