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ABSTRACT: Ongoing evaluation of fetal health is crucial for the timely detection of prenatal complications and the 
mitigation of maternal-neonatal risks. Traditional fetal monitoring systems are predominantly hospital-based, 
cumbersome, and ill-suited for prolonged home surveillance. This paper introduces the design and execution of a 
wearable, multi-parameter fetal monitoring system aimed at providing continuous and non-invasive prenatal care. The 
device integrates a Doppler ultrasound sensor for fetal heart rate (FHR) assessment, a tri-axial accelerometer for 
tracking fetal movements, an electrohysterography (EHG)/strain-based sensor for examining uterine contractions, and a 
temperature sensor for monitoring maternal safety. Signals collected are processed via edge-based embedded 
computing, employing digital filtering methods to reduce motion artifacts and noise interference. An algorithm based 
on thresholds facilitates the detection of abnormal conditions, triggering real-time alerts. The system is designed to be 
portable, energy-efficient, and cost-effective while ensuring dependable physiological monitoring. Experimental 
validations under controlled settings show stable signal acquisition and responsive detection of anomalies. This 
proposed solution presents a viable option for ongoing fetal surveillance, particularly in remote and under-resourced 
areas. 
 

KEYWORDS: Fetal heart rate monitoring, wearable biomedical device, Doppler ultrasound sensing, 
electrohysterography (EHG), fetal movement detection, edge-based signal processing, prenatal health monitoring, 
uterine contraction analysis, real-time alert system, low-power embedded system. 
 

I. INTRODUCTION 

 

Evaluating fetal health is a fundamental aspect of prenatal care, as identifying abnormalities early on can significantly 
decrease complications for both the mother and neonate. Continuous monitoring of fetal heart rate (FHR), movements, 
and uterine contractions yields vital insights into fetal well-being, aiding clinicians in recognizing distress signs early. 
While conventional methods like cardiotocography (CTG) are prevalent in clinical settings, they are bulky, costly, and 
confined to hospital environments, where specialized infrastructure is mandatory, limiting their efficacy for ongoing 
home monitoring. 
 

Advancements in wearable technologies and embedded biomedical systems are fostering interest in developing 
portable, user-friendly monitoring devices. Such wearable health systems provide opportunities for uninterrupted 
observation of fetal conditions without impeding mobility or causing discomfort, which is especially advantageous for 
users in rural or resource-limited locations with limited access to regular medical evaluations. 
 

Although there has been progress in fetal monitoring research, numerous existing solutions concentrate exclusively on 
a single parameter, primarily fetal heart rate, without incorporating additional relevant physiological data. Multi-
parameter monitoring, which encompasses fetal movement, uterine contractions, and maternal health metrics, offers a 
broader evaluation of pregnancy status. 
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This study outlines the design and implementation of a wearable, edge-based fetal monitoring system that incorporates 
multiple sensors for real-time evaluation of fetal and maternal parameters. The system employs digital signal 
processing techniques for noise reduction and artifact minimization, ensuring accurate data collection. A threshold-

driven decision algorithm continuously monitors the processed data against predefined safe limits, promoting 
immediate identification of abnormal conditions and alert generation. The proposed approach seeks to deliver an 
affordable, portable, and effective solution for continuous prenatal monitoring, thereby enhancing accessibility and 
facilitating early risk detection. 
 

II. PROBLEM STATEMENT 

 

Comprehensive prenatal care necessitates the ongoing monitoring of fetal health metrics to identify early indicators of 
distress or complications. However, traditional fetal monitoring systems, such as cardiotocography (CTG), are chiefly 
developed for hospital applications and require specialized equipment and trained individuals. These systems are often 
large, costly, and unsuitable for extended or home-based monitoring, leading to challenges for pregnant women, 
particularly in rural or resource-limited areas, in accessing frequent assessments. 
 

Furthermore, many conventional systems prioritize measurements of fetal heart rate and uterine contractions without 
integrating other key indicators, such as fetal movements and maternal physiological data, into a singular device. The 
lack of comprehensive, multi-parameter monitoring could delay the detection of abnormal conditions, heightening 
potential risks for both mother and fetus. 
 

Consequently, there is a critical need for the development of a portable, wearable, and economically viable fetal 
monitoring system capable of real-time multi-parameter evaluation. Such a system must ensure reliable signal 
acquisition, minimize motion artifacts, operate at a low power level, and issue timely alerts to support early 
interventions and enhance prenatal care. 

 
 

 

III. PROPOSED SYSTEM 

 

The system proposed here is a wearable, multi-parameter fetal monitoring device designed for the continuous, real-time 
assessment of both fetal and maternal physiological parameters. The system consolidates several biosensors into a 
compact and portable design to enhance accessibility and facilitate user-friendliness in clinical and home applications. 
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The hardware component consists of a non-invasive sensor for fetal heart rate detection, a strain gauge-based 
tocodynamometer for uterine contraction monitoring, and an accelerometer sensor for detecting fetal movements. 
Additionally, maternal physiological metrics, such as body temperature, could also be included to provide 
supplementary diagnostic insights. The analog signals captured are amplified via instrumentation amplifiers and filtered 
through low-pass and band-pass filters to eradicate noise and motion artifacts. 
 

 
 

An embedded microcontroller conducts analog-to-digital conversions and implements signal processing algorithms to 
extract pertinent parameters. A threshold-driven decision algorithm continuously assesses the processed data against 
predetermined safe ranges. Upon detecting abnormal readings, the system activates an alarm module and transmits 
alerts through a wireless communication pathway, such as Bluetooth or Wi-Fi, to a mobile application or healthcare 
provider. 
 

Tailored for low power consumption, the system operates on a rechargeable battery, thereby making it ideal for 
wearable, portable uses. By fusing multi-parameter monitoring, real-time alert systems, and wireless connectivity, the 
solution aspires to create an efficient, economical, and user-centric framework for ongoing prenatal monitoring. 
 

IV. COMPARISON BETWEEN EXISTING AND PROPOSED SYSTEM 

 

PARAMETER   EXISTING SYSTEM   PROPOSED SYSTEM 

Monitoring Method  Hospital-based, wired monitoring   Wearable, portable, non-invasive 
monitoring 

 

Sensors used   CTG, TOCO, multiple bulky 
sensors   

Doppler, accelerometer, 
strain/EHG, temp sensors 

 

Used Comfort   Causes discomfort during 
prolonged use   

Comfortable cotton belt, wearable 
design 

System Complexity   High due to cumbersome 
configuration   

Low and compact 
 

Cost   High   Economical and affordable 
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Power Consumption   High   Low power, battery operated 

Portability   Limited   High (portable device) 
Signal Processing   Predominantly manual/centralized   Edge-based real-time processing 

 

Continuous Monitoring   Limited   Continuous monitoring achievable 

Motion Handling   Highly susceptible to motion   Reduced through digital filters 

 

Application Area   Hospitals and clinics   Home care, rural & remote 
monitoring 

 

V. LITERATURE SURVEY 

 

Sl.No   Reference 
(Author, 
Year)   

sensor  Parameters 
Measured   

Key 
Contribution   

Limitation 

1 Ayres-de-

Campos et 
al., 2015   

CTG FHR,UC Standard 
clinical fetal 
monitoring 
guidelines   

Hospital – 
only basis 

2 Sameni & 
Clifford, 
2010   

Fetal ECG 
Processing   

FHR  |  
Advanced 
fetal signal 
extraction   

Complex 
signal 
processing 

 

3 Elgendi, 
2012   

PPG 
Analysis 

HR Useful for 
maternal HR 
& stress   

Sensitive to 
motion 

4 Moghaddasi 
et al., 2020   

Wearable 
Sensors   

Multi-
Parameter   

Review of 
maternal 
wearable 
monitoring 

Limited 
focus on 
fetuses 

5 IEEE 
TBME, 
2020   

Ultrasound-

based 
monitoring   

FHR   Accurate 
non-invasive 
FHR 
measurement   

Power 
consumption 
issues 

6 Euliano et 
al., 2013   

EHG Uterine 
contractions   

Early labor 
detection   

Electrode 
limitations 

 

VI. METHODOLOGY 

 

The development of the proposed wearable fetal monitoring system adheres to a structured methodology encompassing 
signal acquisition, signal conditioning, digital processing, decision-making, and alert generation. This workflow 
ensures dependable and continuous monitoring of fetal and maternal parameters. 
 

 

 

A. Signal Acquisition 

Physiological signals are gathered using non-invasive sensors placed on the maternal abdomen. Fetal heart rate 
readings are obtained through an appropriate heart rate sensing module. Uterine contraction activity is captured using a 
strain gauge-based sensor that detects changes in abdominal wall tension. Additionally, fetal movement can be 
monitored using an accelerometer sensor. Maternal body temperature may also be assessed to support overall health 
evaluations. 
 

B. Signal Conditioning 
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Acquired analog signals generally exhibit low amplitude and are prone to noise and motion artifacts. An 
instrumentation amplifier boosts the signals while preserving high common-mode rejection. Analog filtration 
techniques are employed via low-pass and band-pass filters to eliminate baseline drift, power-line noise, and high-

frequency signal components. Proper signal conditioning assures a stable and precise input for processing. 
 

C. Analog-to-Digital Conversion and Processing 

Conditioned signals are directed to a microcontroller possessing an analog-to-digital converter (ADC). The digitized 
signals undergo processing through embedded algorithms to determine relevant parameters such as fetal heart rate in 
beats per minute (BPM), contraction frequency, and movement count. Techniques for signal smoothing and peak 
detection are applied to enhance measurement reliability. 
 

D. Decision Algorithm 

A threshold-based evaluation algorithm continuously contrasts extracted parameters with established safe clinical 
thresholds. Should any parameter surpass normal limits, the system flags it as a potential abnormal condition. Decision 
logic is integrated into the embedded controller to ensure rapid response without reliance on external systems. 
 

E. Alert and Communication Module 

Upon identifying abnormal conditions, the system triggers a buzzer or vibration alarm to promptly alert users. 
Concurrently, data is wirelessly conveyed via Bluetooth or Wi-Fi to a mobile application or remote monitoring 
platform, enabling healthcare professionals to access patient information and deliver timely medical guidance. 
 

F. Power Management 
The system is powered by a rechargeable battery designed to consume low energy. Efficient power regulation 
techniques are incorporated to guarantee prolonged wearability and user safety. 
 

Through the application of this systematic methodology, the proposed system achieves continuous, reliable, and 
portable fetal monitoring suitable for both clinical and home-based prenatal care. 
 

VII. SYSTEM ADVANTAGES 

 

The proposed wearable fetal monitoring system presents numerous technical and practical benefits over traditional 
monitoring methods. 
 

a. Portability and Wearability: 
The compact and lightweight configuration facilitates continuous monitoring without hindering the mobility of the 
pregnant individual, suitable for use in hospital and home settings. 
 

b. Multi-Parameter Monitoring: 
In contrast to conventional single-parameter systems, the proposed model consolidates fetal heart rate, uterine 
contraction activity, fetal movement, and supportive maternal parameters, allowing for a more thorough assessment of 
fetal health. 
 

c. Real-Time Monitoring and Alerts: 
The embedded decision algorithm provides immediate detection of abnormal conditions, with instant alarm activation 
and wireless notifications that enhance response time for timely medical interventions. 
 

 

d. Low Power Consumption: 
The system operates on a rechargeable battery with efficient power management, making it suitable for prolonged 
monitoring in wearable applications. 
 

e. Cost-Effective Solution: 
By leveraging compact sensors and embedded processing, the overall system cost is reduced compared to traditional 
cardiotocography equipment, thus improving accessibility in resource-limited settings. 
 

f. Enhanced Signal Reliability: 
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Integration of signal conditioning circuits and digital filtering techniques improves measurement accuracy by 
minimizing motion artifacts and external noise disturbances. 
 

g. Remote Monitoring Capability: 
Wireless communication empowers healthcare professionals to access patient data remotely, promoting telemedicine 
and reducing the frequency of hospital visits. 
 

h. User-Friendly Operation: 
Designed for straightforward usage with low technological complexity, the system is appropriate for routine prenatal 
monitoring endeavors. In summary, the proposed system increases access, reliability, and efficiency in prenatal 
monitoring while ensuring patient comfort and safety. 
 

VIII. APPLICATIONS 

 

The proposed wearable fetal monitoring system is versatile for healthcare and remote monitoring applications. 
 

a. Routine Prenatal Monitoring: 
The system facilitates regular assessment of fetal heart rate, uterine contractions, and movements during gestation to 
evaluate fetal health. 
 

b. High-Risk Pregnancy Management: 
The system is particularly beneficial for pregnancies complicated by gestational diabetes, hypertension, or prior 
obstetric issues, where continuous monitoring is crucial. 
 

c. Home-Based Monitoring: 
The portable and wearable design empowers pregnant women to monitor fetal health at home, diminishing the need for 
frequent hospital trips. 
 

d. Rural and Remote Healthcare Contexts: 
The system provides an affordable solution for areas with limited access to advanced medical equipment, fostering the 
early identification of fetal distress. 
 

e. Telemedicine and Remote Consultation: 
Wireless data transmission allows healthcare professionals to monitor patient parameters remotely, facilitating timely 
medical guidance. 
 

f. Long-Term Continuous Monitoring: 
Low power consumption and rechargeable battery operations enable extended monitoring for improved trend analysis 
and early anomaly detection. 
 

g. Research and Clinical Studies: 
The system can be utilized in biomedical research to gather and analyze fetal physiological data for academic and 
clinical inquiry.Through these applications, the proposed system enhances accessibility, efficiency, and quality of 
prenatal care, promoting early diagnosis and improving maternal-fetal health outcomes. 
 

 

IX. RESULTS AND DISCUSSION 

 

The proposed wearable fetal monitoring system was implemented and assessed under controlled testing environments 
to evaluate performance in gauging fetal and maternal physiological parameters. The system effectively acquired 
readings of fetal heart rate (FHR), uterine contractions, and fetal movement utilizing non-invasive sensors integrated 
with embedded processing units. 
 

The fetal heart rate measurements from the system remained within the established clinical range of 110 to 160 beats 
per minute under healthy conditions. The peak detection algorithm proficiently identified heart rate fluctuations with 
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minimal signal distortion achieved through filtering. The inclusion of signal conditioning circuits notably mitigated 
motion artifacts and external electrical noise, resulting in stable waveform acquisition. 
 

Uterine contraction signals were accurately captured using the strain gauge-based sensor, revealing discernible 
variations in amplitude corresponding with simulated abdominal pressure fluctuations. The digital filtering phase 
stabilized the baseline further and improved the recognition of contraction patterns. Likewise, fetal movement detection 
via the accelerometer yielded reliable identifications of motion events, successfully quantified and displayed. 
 

The threshold-driven decision algorithm consistently assessed all extracted parameters. During simulated abnormal 
cases, such as heart rate deviations beyond safe limits, the system promptly activated the alarm module and delivered 
wireless notifications. This underscores the effectiveness of the real-time alert mechanism. 
 

Power consumption assessments indicated that the system operates efficiently on a rechargeable battery basis, making it 
suitable for wearable, portable applications. Wireless communication testing confirmed successful data transmission to 
external monitoring platforms without significant latency. 
 

In summary, the findings demonstrate that the proposed system ensures dependable multi-parameter monitoring with an 
acceptable level of accuracy for continued prenatal evaluation. The integration of embedded processing, filtering 
techniques, and wireless communication improves usability and reinforces early detection of possible fetal distress. 
Further clinical validation involving larger sample sizes may enhance the system's applicability in real-world healthcare 
scenarios. 
 

X. CONCLUSION 

 

This paper introduces the design and deployment of a wearable, multi-parameter fetal monitoring system dedicated to 
ongoing prenatal assessment. The proposed system amalgamates fetal heart rate detection, uterine contraction 
monitoring, and fetal movement analysis within a compact embedded framework. Signal conditioning and digital 
filtration methods were introduced to enhance measurement precision and reduce noise disturbances. 
 

The constructed prototype exhibited reliable signal acquisition and processing capabilities, alongside efficient real-time 
evaluations via a threshold-based decision mechanism. The implementation of an alert system and wireless 
communication functionality ensures timely notifications and remote monitoring, thereby supporting early 
identification of potential fetal abnormalities. 
 

The portable and energy-efficient design renders the system suitable for both clinical and home-based applications. 
Collectively, the proposed solution presents a cost-efficient and user-friendly pathway towards promoting accessibility 
and improving the quality of prenatal care. Future clinical validation alongside extensive testing can further enhance the 
system’s reliability and practical adoption within healthcare settings. 
 

XI. FUTURE SCOPE 

 

While the wearable fetal monitoring system shows consistent performance under controlled scenarios, numerous 
enhancements may be explored for future advancements. Clinical validation involving larger populations could be 
executed to assess long-term reliability and diagnostic accuracy within real-world healthcare frameworks. 
 

The incorporation of advanced signal processing methodologies and machine learning algorithms could amplify the 
precision in identifying abnormalities and permit predictive analysis of fetal distress. Rather than solely relying on 
threshold evaluations, intelligent models could be developed to detect intricate patterns in fetal heart rate variability and 
uterine contraction signals. 
 

Establishing integration with cloud data storage and mobile health applications can help enable continuous data 
logging, trend analysis, and remote access for healthcare experts. This initiative would bolster telemedicine services 
and heighten accessibility in rural and underserved territories. 
 

Future iterations of the system could incorporate additional physiological metrics, such as maternal blood pressure, 
oxygen levels, or electrohysterography (EHG), contributing to more exhaustive monitoring. Miniaturization of 
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hardware components and refinement of power management techniques may enhance user comfort, battery longevity, 
and overall wearability. 
 

Through these innovations, the system has the potential to advance into a smart, AI-enabled prenatal monitoring 
solution that fosters early detection, personalized care, and improved maternal-fetal health results. 
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