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ARTICLE INFO ABSTRACT

Article historys: Early fetal heart rate (FHR) monitoring is essential for assessing fetal well-
Received :26/05/2026 being and ena.bl?ng the early detection of fetal distress during pregnancy.
Revised :30/06/2026 However, existing fetal Doppler systems commonly rely on wired
Accepted : 20/07/2026 communication and remain susceptible to signal noise, limiting monitoring

flexibility and measurement reliability. This study aimed to develop and
evaluate a wireless fetal heart rate monitoring system with enhanced signal
quality and reliable real-time communication. The proposed system
Fetal Heart Rate Monitoring; integrates an ultrasonic Doppler sensor, ESP32 microcontrollers
Doppler Ultrasound; Wireless communicating through the ESP-NOW protocol, and digital signal
Communication; ESP32; Digital processing using a Butterworth low-pass filter and a smoothing algorithm
Signal Processing; Low-Pass Filter; . . . .
Real-Time Monitoring to suppress noise and‘lmprove mgnal clar‘lty. System performance was
evaluated using sampling frequencies ranging from 200 to 1000 Hz and
baud rates from 300 to 250,000 bps. Communication reliability was
assessed by transmitting 1,500 ADC packets for each sampling-frequency
configuration and 1,000 ADC packets for each baud-rate configuration
while monitoring packet sequence numbers to identify transmission loss.
Experimental results showed that no packet loss was observed under all
tested configurations. The developed system achieved BPM measurement
errors ranging from 0.56% to 0.89% and improved signal quality, with the
highest signal-to-noise ratio of 18.70 + 0.17 dB obtained using a 0.5-20 Hz
Butterworth filter. Higher sampling frequencies produced more detailed
waveform representations, whereas higher baud rates improved
transmission responsiveness without affecting waveform integrity within
the tested range. These findings demonstrate that the proposed system
provides an accurate, reliable, and portable solution for real-time wireless
fetal heart rate monitoring.
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1. INTRODUCTION

Fetal heart rate (FHR) is one of the most important physiological indicators used to assess fetal
well-being during pregnancy. Continuous and accurate FHR monitoring enables early detection of fetal
abnormalities and distress, thereby supporting timely clinical intervention. Despite advances in maternal
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healthcare, infant and perinatal mortality rates remain relatively high in many developing countries,
including Indonesia [1][2]. A considerable proportion of neonatal deaths is associated with delayed
identification and management of fetal complications. Therefore, reliable FHR monitoring systems are
essential for improving prenatal care and supporting preventive healthcare strategies. The availability
of monitoring devices that are accurate, responsive, and convenient to use is increasingly important in
both healthcare facilities and home-based monitoring environments[3][4].

Fetal Doppler technology is widely utilized for fetal heartbeat detection by employing the Doppler
effect to capture blood flow movement in the fetal heart and convert it into audible signals [5][6][7].
Various studies have developed fetal monitoring systems using microcontroller-based platforms to
improve portability and reduce system complexity [8][9]. Signal amplification circuits and display
modules have been integrated into these systems to provide real-time fetal heart rate information.
Furthermore, recent developments have introduced wireless communication technologies and digital
signal processing methods to enhance data transmission efficiency and signal quality [10][11]. These
advancements have contributed to the development of more practical and accessible fetal monitoring
systems.

However, several limitations remain unresolved in existing fetal Doppler monitoring systems.
Many systems still rely on wired communication, which restricts user mobility and reduces monitoring
flexibility[12], [13], [ 14]. In addition, beats-per-minute (BPM) measurements may become unstable due
to noise contamination and inadequate signal processing techniques [1], [15], [16]. Environmental
interference, electromagnetic disturbances, and motion artifacts generated by body movement can
further degrade signal quality and reduce measurement reliability [17][18]. Consequently, there is a need
for a fetal monitoring system that provides reliable wireless communication, improved signal quality,
and stable real-time BPM measurements[19].

To address these limitations, this study proposed a wireless fetal Doppler monitoring system
integrated with digital signal processing techniques. The system utilized ESP32 microcontrollers and
the ESP-NOW communication protocol to enable fast and efficient wireless data transmission without
requiring Wi-Fi infrastructure. Fetal heart rate signals acquired from the Doppler sensor were processed
using a digital low-pass filter and a smoothing algorithm to suppress noise and improve signal
clarity[16]. By combining wireless communication and digital filtering, the proposed system was
expected to enhance both transmission reliability and measurement accuracy.

This study aimed to develop and evaluate a wireless fetal Doppler-based fetal heart rate monitoring
system capable of providing reliable real-time signal acquisition, wireless transmission, and improved
signal quality. Unlike previous fetal Doppler systems, which primarily focused on either wireless
communication or signal processing separately, the proposed system integrates ESP-NOW-based
wireless communication with digital signal processing using a Butterworth low-pass filter and a
smoothing algorithm within a single real-time monitoring platform. In addition, this study provides a
comprehensive performance evaluation by investigating the effects of baud rates (300-250,000 bps) and
sampling frequencies (200—1,000 Hz) on communication reliability and signal quality. The proposed
system was further validated using a fetal simulator through packet transmission analysis, BPM
measurement accuracy, and signal-to-noise ratio.

2. RESEARCH METHOD

Research Methods: This study employed a research and development approach to design and
evaluate a wireless digital fetal heart rate (FHR) monitoring system based on the ultrasonic Doppler
method. The system consisted of a Doppler ultrasound sensor, signal conditioning circuit, digital noise
reduction filter, and ESP32-based wireless communication modules for real-time data transmission. The
acquired Doppler signals were processed using digital filtering techniques to reduce noise and motion-
related artifacts before fetal heart rate extraction. System performance was evaluated through
experimental testing using multiple fetal heart rate conditions. The measured FHR values were
compared with reference values to determine measurement accuracy. Communication performance was
assessed by analyzing transmission reliability, baud rate stability, packet delivery, and communication
range. Signal quality was evaluated based on waveform clarity and noise suppression effectiveness.
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Sampling frequency analysis was also conducted to determine its influence on BPM measurement
accuracy and real-time monitoring performance. The collected data were analyzed quantitatively using
percentage error and transmission success rate metrics to assess the overall effectiveness of the proposed
system. Wireless communication performance was evaluated by transmitting 1,000 ADC packets for
each baud-rate configuration (300-250,000 bps). Each experiment was conducted for 30 s in an indoor
laboratory environment with transmitter—receiver separation distances of 1 m and 3 m under line-of-
sight conditions. Packet loss was determined by comparing the sequence numbers of transmitted and
received packets at the end of each transmission session.

2.1. Dataset

This study aims to evaluate the effectiveness of a wireless fetal Doppler system in improving the
accuracy and reliability of fetal heart rate monitoring data, particularly for clinical decision-making
applications. By analyzing the performance and limitations of the proposed system, this research is
expected to provide an effective solution for minimizing data loss, thereby enhancing safety and
efficiency in practical use. Furthermore, this study aims to ensure that innovations in fetal monitoring
technology not only emphasize portability and ease of use, but also maintain high standards of data
accuracy and transmission reliability, as illustrated in Figure 1.
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Figure 1. Implementation of fetal heart rate (FHR) monitoring using a wireless fetal doppler with FHR sound
enhancement and digital filter for noise reduction

During the system design process, a piezoelectric sensor was used to detect fetal heart rate signals,
while an ESP32 microcontroller served as the main processing unit. The measurement results were
displayed on an OLED screen. To ensure accurate BPM measurements, system calibration was
performed using a fetal simulator with predefined BPM variations. Data observations were conducted
by comparing the BPM values obtained from the transmitter and receiver units to evaluate data
consistency. The system was tested under five BPM conditions, namely 60, 90, 120, 150, and 180 BPM.
Furthermore, data loss analysis was carried out by comparing ADC values between the transmitting and
receiving units to determine the presence of any mismatch or information loss during wireless data
transmission under different sampling frequency and baud rate configurations.
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Figure 2. Block diagram of wireless fetal doppler with Djj Voice Enhancement and digital filter for noise
reduction
Figure 2 shows a block diagram of the system that starts with a piezoelectric transducer attached to
the pregnant woman's abdomen. This transducer functions to send ultrasonic waves into the body, which
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are then reflected by the fetal heart and received back as reflected waves. These reflected waves are
converted into electrical signals, then processed by a demodulator circuit to extract the information
signal from the carrier signal. After that, the signal is amplified using a pre-amplifier circuit, converted
from analog to digital, then digitally filtered to remove noise. Furthermore, the signal that has been
processed by the ESP32 microcontroller on the sending side is converted into BPM data and displayed
on the OLED screen. The BPM data is also sent wirelessly to the receiving ESP32 to be displayed again
for comparison. In addition, the data is converted back into an analog signal, amplified using the main
amplifier, and finally output through the speaker as an audio signal.
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Figure 3. Flowchart of the ESP-NOW-Based wireless fetal heart rate monitoring system

Figure 3 illustrates the operational flow of the proposed wireless fetal heart rate monitoring system,
which consists of separate transmitter and receiver processes. The process begins when the Doppler
transducer is placed on the pregnant woman's abdomen to acquire fetal heart signals. In the transmitter
unit, the ESP32 is initialized, and the analog Doppler signal is acquired and converted into digital data
through the analog-to-digital converter (ADC). The acquired signal is then processed using a
Butterworth low-pass filter followed by a smoothing algorithm to suppress noise and improve signal
quality. The processed digital data are subsequently transmitted wirelessly to the receiver unit using the
ESP-NOW communication protocol. At the receiver side, the received data are used to calculate the
fetal heart rate in beats per minute (BPM). The calculated BPM value is compared with the predefined
normal range (120—-160 BPM). If the measured value falls outside this range, the system identifies the
condition as abnormal; otherwise, it is considered normal. Finally, the BPM value is displayed on the
OLED LCD for real-time monitoring.

2.2. Data Processing
The acquired fetal heart rate (FHR) data were analyzed offline to evaluate the performance of the
proposed wireless monitoring system. For each fetal simulator setting (60, 90, 120, 150, and 180 BPM),
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six repeated measurements were performed to assess the accuracy and repeatability of the system. The
measured BPM values obtained from the receiver unit were compared with the corresponding reference
values provided by the fetal simulator.

The arithmetic mean of the repeated measurements was calculated using Equation (1):

X1+X2+-+Xn (1)
X =

n

where Xis the average of the measured BPM values, X;represents each individual measurement, and nis
the total number of measurements.
The percentage error between the measured BPM and the simulator reference value was calculated
using Equation (2):
BPMref — BPMmeas 2)

Error % = BPMref x 100%

where BPM,..¢is the reference value generated by the fetal simulator and BP My, 4sis the average BPM
measured by the proposed system. Measurement repeatability was evaluated using the sample standard
deviation, calculated as follows:

(X - X2 ©)
stdey = |[————
n—1
where SDdenotes the standard deviation, Xis the mean value, and X;represents each measurement.
To evaluate the effectiveness of digital signal processing, the signal-to-noise ratio (SNR) was
calculated before and after filtering using Equation (4):
Psignal 4)

NR =101  —
S 0 logso( Pnoise )

where Pg;gnq;18 the power of the useful fetal heart signal and Py, ;518 the power of the noise component.

The calculated SNR values were used to compare the performance of different cutoff frequencies and
determine the optimal filtering configuration for fetal heart rate monitoring.

3. RESULTS AND DISCUSSION

The developed wireless fetal heart rate monitoring system was successfully implemented and
evaluated to analyze its performance in detecting fetal heart signals, transmitting data wirelessly, and
improving signal quality through digital filtering techniques. Several tests were conducted to assess
system performance, including BPM measurement accuracy, data transmission reliability, baud rate
performance, and sampling frequency evaluation. The experimental results demonstrated that the
proposed system was capable of transmitting data reliably without significant loss while maintaining
stable and clear fetal heart rate signals. Furthermore, the implementation of digital filtering and wireless
communication using the ESP-NOW protocol contributed to improved signal clarity and overall system
effectiveness for real-time fetal heart rate monitoring applications.

3.1. Accuracy

The module is designed using a piezoelectric sensor to detect the fetal heart rate, using an ESP32
microcontroller and displaying the readings on an OLED LCD. Figure 4. shows the entire circuit used
to create the tool module.
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Figure 4. Wireless fetal doppler system circuit with Djj Voice Enhancement and digital filter

Tabel 1. Test results and calculation of percentage of data loss with different F sampling

No F sampling Jumlah Paket ADC Jumlah Paket Paket Persentase
Dikrim ADC Diterima Hilang Loss (%)
1 200 hz 1500 1500 0 0%
2 400 hz 1500 1500 0 0%
3 600 hz 1500 1500 0 0%
4 800 hz 1500 1500 0 0%
5 1000 hz 1500 1500 0 0%

To find out if any data is lost during the wireless transmission process using ESP-NOW, a test is
conducted where each data sent from the sending device is given a sequence number (packet number)
that keeps increasing one by one. For example, the first packet is numbered 1, then 2, 3, and so on. The
receiving device will display the successfully received packet number along with the ADC (analog-to-
digital converter) data value sent. If the receiving device skips a number, for example from packet 101
directly to 103 (without receiving packet 102), then this is considered a lost packet. This test was
conducted using different sampling frequencies and baud rates.

In Table 1, Based on the tests I tried, the system was tested using several variations of sampling
frequency (F sampling) to determine its effect on transmission performance and the quality of the
resulting signal. I tried F sampling ranging from 200 Hz to 1000 Hz to ensure that the system can
transmit and receive data stably at various sampling rates. As a result, all tests showed no data loss (0%
loss), indicating that the transmission was running well. However, the sampling frequency still affects
the shape and sharpness of the signal. At low sampling frequencies such as 200 Hz, the signal looks less
detailed and does not capture rapid changes as a whole, because the amount of data sent per second is
less. Conversely, at high sampling frequencies such as 1000 Hz, the signal looks more detailed and sharp
because more data points are recorded, so the waveform looks clearer and closer to the original shape.
Therefore, although the system is able to transmit data stably at various sampling frequencies, choosing
the right sampling frequency is still important to ensure that the signal remains accurate and does not
lose important details.

Table 2 presents the packet transmission performance of the proposed ESP-NOW communication
system under different baud-rate configurations. For each baud rate, 1,000 ADC data packets were
transmitted from the ESP32 transmitter to the ESP32 receiver over a testing period of 30 s. The
communication tests were conducted in an indoor laboratory environment with transmitter—receiver
separation distances of 1 m and 3 m under line-of-sight conditions. Packet loss was evaluated by
comparing the sequence numbers of transmitted and received packets after each transmission session.
As shown in Table 2, all 1,000 transmitted packets were successfully received at every tested baud rate,
resulting in no observed packet loss (0%) across all communication configurations. These results
demonstrate that the proposed ESP-NOW communication system provides reliable wireless data
transmission for real-time fetal heart rate monitoring within the tested indoor distances.
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Tabel 2. Packet transmission performance at Different Baud Rates using the ESP-NOW protocol

No Baud Rate ADCSz:;ltckets AII){SCIZ?chts Lost Packets Paclzf/t )L 0ss
1 300 bps 1000 1000 0 0
2 1200 bps 1000 1000 0 0
3 2400 bps 1000 1000 0 0
4 4800 bps 1000 1000 0 0
5 9600 bps 1000 1000 0 0
6 19200 bps 1000 1000 0 0
7 38400 bps 1000 1000 0 0
8 57600 bps 1000 1000 0 0
9 115200 bps 1000 1000 0 0
10 230400 bps 1000 1000 0 0
11 250000 bps 1000 1000 0 0

Although no packet loss was observed, the baud rate affected the responsiveness of real-time data
visualization. At lower baud rates (300-9600 bps), data transmission was slower, causing the waveform
to appear intermittent on the display. Increasing the baud rate to 115,200 bps and 250,000 bps enabled
smoother and more continuous waveform visualization without affecting signal integrity. However,
preliminary experiments at baud rates higher than 250,000 bps (500,000 and 1,000,000 bps) produced
corrupted data, most likely due to hardware communication limitations. Therefore, baud rates of 115,200
bps and 250,000 bps are recommended because they provide an appropriate balance between
transmission speed and communication reliability.

Figure 5. shows the display of BPM values read by the fetal doppler device when connected to the
fetal simulator. In this process, the fetal simulator is used as a source of artificial heartbeat signals that
can be adjusted for testing and calibration purposes. In the example in the figure, the fetal simulator is
set at 60 BPM, then the probe of the fetal doppler is placed directly on the output port of the fetal
simulator to detect the signal. The fetal doppler device will read the signal from the simulator and display
it in the form of a BPM value on the device screen.

The data collection process is carried out systematically with variations in BPM settings on the
fetal simulator, ranging from 60 BPM, 90 BPM, 120 BPM, 150 BPM, to 180 BPM. For each BPM value,
measurements were taken six times to ensure the accuracy and stability of the readings, in accordance
with standard medical device calibration procedures. The results of each measurement are then averaged
and compared with the reference value of the simulator, so that it can be seen how much error or
deviation occurs in each BPM setting. The average error value of each BPM setting is presented in the
Table 3 as a result of the device performance evaluation.

Figure 5. Measurement results with different bpm settings using fetal simulator
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Tabel 3. Test results and calculation of percentage of data loss with different F sampling

Setting (BPM) Error (Mean + SD)
60 0.84 +0.96
90 0.56+0.61
120 0.83 +0.55
150 0.89 + 0.66
180 0.56 +0.47

From the data Table 3 presented, it can be seen that system was tested at five different BPM settings,
namely 60, 90, 120, 150, and 180. The test results show that the resulting error rate is quite small and
within a narrow range, which is between 0.56% and 0.89%. In detail, at BPM 60, an error of 0.84% was
recorded, BPM 90 was 0.56%, BPM 120 was 0.83%, BPM 150 was 0.89%, and BPM 180 was 0.56%.
From these data, I can conclude that although there is a slight variation, all error values are still relatively
low and show the stability of the system's performance in detecting BPM in various conditions.

3.2. Performance
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Figure 6. Heartbeat signal analysis using FFT on signals before and after filtering

In the graphic image shown in Figure 6. I performed the acquisition and analysis of the heart signals
displayed in two domains, time and frequency. The upper signal shows the shape of the heart signal that
I acquired based on the number of samples against the amplitude, while the lower part is the result of
analyzing the frequency spectrum using fast Fourier transform (FFT). In processing this signal, [ applied
an IIR Butterworth bandpass filter with a cutoff frequency of 0.5 Hz to 20 Hz. I used this filter to
eliminate low-frequency noise such as baseline wander below 0.5 Hz and also eliminated high-frequency
noise above 20 Hz that is irrelevant to the main information of the heart signal.

From the FFT results I obtained, it can be seen that the dominant frequency component of the heart
signal is at a frequency below 2 Hz, which corresponds to the physiological range of normal human
heart rate, which is about 60-120 beats per minute (bpm)[20]. In the second graph, I marked one of the
dominant frequency peaks at about 0.58 Hz with a magnitude of about 209.313, which shows the success
of the filter in retaining the main components of the signal. By using the IIR Butterworthfilter, I got a
smoother and cleaner spectrum shape as it has gradual transition characteristics as well as a stable
frequency response within the bandpass I specified. Through this filtering process, I managed to improve
the quality of the heart signal so that it is easier to analyze and more representative of real conditions.
This is very important for further analysis, such as peak detection heart rate calculation.

Table 4. Test results and calculation of percentage of data loss with different F sampling

FC filter Mean = SD (dB)
0.5-20hz 18.70 £ 0.17
0.5-50hz 16.16 + 0.08
0.5-100hz 10.83 +£0.12
0.5-150hz 8.13+0.37
0.5-200hz 6.19 +0.48

Table 4 is a the measurement results show that the application of a digital filter with a variation in
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cutoff frequency (FC) affects the SNR value. At a narrower FC, such as 0.5-20 Hz, the SNR increases
to 18.70 + 0.17 dB, indicating that noise is effectively suppressed. Conversely, when the FC range is
expanded to 0.5-200 Hz, the SNR decreases drastically to 6.19 + 0.48 dB due to the entry of high-
frequency noise. The low standard deviation value (0.08-0.48 dB) indicates that the filtering process is
stable and consistent. The decreasing trend in SNR as the FC increases reflects the working principle of
the low-pass filter, which only passes low-frequency signals and reduces noise outside that limit.
Overall, these data indicate that the digital filter is able to effectively improve signal quality through
selective and efficient noise suppression. The performance of the digital filter is proven to be effective
in reducing noise. At narrow FC (0.5-20 Hz), high SNR (18.70 + 0.17 dB) indicates noise is successfully
suppressed, while at wide FC (0.5-200 Hz), SNR drops drastically (6.19 = 0.48 dB) because high-
frequency noise is also included. The pattern of decreasing SNR as FC increases is consistent with the
working principle of the low-pass filter. The small standard deviation value reflects the stability of the
results. This indicates that the filter works optimally in improving signal quality through selective and
consistent noise suppression.

4. CONCLUSION

This study successfully developed and evaluated a wireless ultrasonic Doppler-based fetal heart
rate (FHR) monitoring system integrating ESP32 microcontrollers, ESP-NOW wireless communication,
and digital signal processing using a Butterworth low-pass filter and a smoothing algorithm. The
proposed system demonstrated reliable wireless communication, with no packet loss observed during
the transmission tests conducted at sampling frequencies of 200—-1000 Hz and baud rates ranging from
300 to 250,000 bps. The system achieved BPM measurement errors between 0.56% and 0.89% and
improved signal quality, obtaining the highest signal-to-noise ratio (SNR) of 18.70 = 0.17 dB using a
0.5-20 Hz Butterworth filter. Furthermore, higher sampling frequencies produced more detailed
waveform representations, whereas higher baud rates improved transmission responsiveness without
compromising communication reliability within the tested range. These findings demonstrate that the
proposed system provides an accurate, reliable, and portable solution for real-time wireless fetal heart
rate monitoring. Future work will focus on integrating cloud-based monitoring, loT connectivity, and
automatic fetal heart rate abnormality detection to further enhance the system's clinical applicability.

REFERENCES

[1] Misnaniarti, N. Sariunita, and H. Idris, “Regional perinatal mortality differences in Indonesia:
Evidence from Indonesian demographic health survey,” Public Heal. Pract., vol. 7, p. 100501,
2024, doi: https://doi.org/10.1016/j.puhip.2024.100501.

[3] M.B. Landon et al., Obstetrics: Normal and Problem Pregnancies E-Book: Normal and Problem
Pregnancies. Saunders, 2020. [Online]. Available:
https://books.google.co.id/books?id=92PRDwAAQBAJ

[4] F. G. Cunningham, K. J. Leveno, J. S. Dashe, B. L. Hoffman, C. Y. Spong, and B. M. Casey,
Williams Obstetrics, Twenty-sixth Edition. McGraw Hill LLC, 2022. [Online]. Available:
https://books.google.co.id/books?id=2HVKEAAAQBAJ

[5] S. A. Alnuaimi, S. Jimaa, and A. H. Khandoker, “Fetal Cardiac Doppler Signal Processing
Techniques: Challenges and Future Research Directions.,” Front. Bioeng. Biotechnol., vol. 5, p.
82,2017, doi: 10.3389/fbioe.2017.00082.

[6] E.H. Hon, “Fetal Dopplerometry Fetal heart rate Links Related articles,” pp. 1-2, 1958.

[7] M.B. Landon et al., Gabbe’s Obstetrics: Normal and Problem Pregnancies, 8th ed. Philadelphia,
PA: Saunders, 2020.

[8] F. Ahmed, M. Ibrahimy, M. Mohd Ali, and E. Zahedi, “A portable recorder for long-term fetal
heart rate monitoring,” Microprocess. Microsyst., vol. 26, pp. 325-330, Sep. 2002, doi:
10.1016/S0141-9331(02)00043-1.

Development and Diagnostic Performance Evaluation of A Wireless... (Muhammad Ridha Mak'ruf, et al)


http://issn.lipi.go.id/issn.cgi?daftar&1368096553&1&&
http://issn.lipi.go.id/issn.cgi?daftar&1368096553&1&&

JURMNAL 211

. Volume 13, Issue 2, October 2026, pp.202-211
|PE ISSN 1234-5678 ; e-ISSN 1234-5678

Electronic, Control, Telecommunication, Information, and Power Engineering DOI: 10.35882/jurnalecotipe.v13i2.4607

[9]

[15]

[16]

[17]

[18]

[19]

[20]

M. Garimella, A. Bandari, and I. Patel, “Microcontroller Based Fetal Heart Rate Monitoring using
Intelligent Biosystem,” 2013. [Online]. Available:
https://api.semanticscholar.org/CorpusID:12631341

Y. Hirono et al., “The Approach to Sensing the True Fetal Heart Rate for CTG Monitoring: An
Evaluation of Effectiveness of Deep Learning with Doppler Ultrasound Signals,” Bioengineering,
vol. 11, no. 7, 2024, doi: 10.3390/bioengineering1 1070658.

A. Nurfathoni, “RANCANG BANGUN FETAL DOPPLER NIRKABEL BERBASIS ESP32
DAN NRF24L01 UNTUK TRANSMISI AUDIO DAN NILAI FHR,” J. Iim. Poli Rekayasa, vol.
21, p. 34, Oct. 2025, doi: 10.30630/jipr.21.1.427.

A. A. Boatin ef al., “Wireless fetal heart rate monitoring in inpatient full-term pregnant women:
testing functionality and acceptability.,” PLoS One, vol. 10, no. 1, p. 0117043, 2015, doi:
10.1371/journal.pone.0117043.

S. Murray, D. J. Fox, R. L. Coddington, and V. L. Scarf, “How does the use of continuous
electronic fetal monitoring influence women’s experiences of labour? A systematic integrative
review of the literature from high income countries,” Women and Birth, vol. 37, no. 4, p. 101619,
2024, doi: https://doi.org/10.1016/j.wombi.2024.101619.

C. Eenkhoorn, T. Goos, J. Dankelman, A. Franx, and A. Eggink, “Evaluation and patient
experience of wireless noninvasive fetal heart rate monitoring devices,” Acta Obstet. Gynecol.
Scand., vol. 103, Jan. 2024, doi: 10.1111/a0gs.14776.

I. Campos, H. Gongalves, J. Bernardes, and L. Castro, “Fetal Heart Rate Preprocessing
Techniques: A Scoping Review,” Bioengineering, vol. 11, no. 4, 2024, doi:
10.3390/bioengineering11040368.

R. Setyawati, P. C. Nugraha, H. G. Ariswati, and N. H. Ahniar, “An Improved Measurement
Accuracy of Fetal Heart Rate using Digital Filter,” vol. 2, no. 3, pp. 136142, 2020.

H. Zhang, H. Zhao, and Z. Guo, “Artificial Intelligence-Based Atrial Fibrillation Recognition
Method for Motion Artifact-Contaminated Electrocardiogram Signals Preprocessed by Adaptive
Filtering Algorithm,” Sensors, vol. 24, no. 12, 2024, doi: 10.3390/s24123789.

A. M. Maghfiroh, S. Y. Setiawan, M. Umer, and F. Mujahid, “Digital Filter Design to Reduce
Motion Artifacts in Electrocardiogram Signals Based on IIR Filter,” vol. 16, no. 4, pp. 232-237,
2023.

J. Wei, Z. Wang, and X. Xing, “A Wireless High-Sensitivity Fetal Heart Sound Monitoring
System.,” Dec. 2020, Switzerland. doi: 10.3390/s21010193.

S. Fatimah, “Optimization of heart rate measurement using fast Fourier transform modeling on
electrocardiogram signals,” vol. 6, no. 2, pp. 113-120, 2026, doi: 10.59190/stc.v6i2.313.

Development and Diagnostic Performance Evaluation of a Wireless... (Muhammad Ridha Mak'ruf, et al)


http://issn.lipi.go.id/issn.cgi?daftar&1368096553&1&&
http://issn.lipi.go.id/issn.cgi?daftar&1368096553&1&&

	1. INTRODUCTION
	2. RESEARCH METHOD
	2.1. Dataset
	2.2. Data Processing

	3. RESULTS AND DISCUSSION
	3.1. Accuracy
	3.2. Performance

	4. CONCLUSION
	REFERENCES


  x =     X 1 + X 2 + … + X n  n


    X ˉ


    X  i


  n


  E r r o r   % =   B P M r e f − B P M m e a s  B P M r e f   x   100 %


  B P   M  r e f


  B P   M  m e a s


  s t d e v =      ∑  i = 1  n    ( X i − X ) 2  n − 1


  S D


    X ˉ


    X  i


  S N R =     10   log 10 ⁡  (   P s i g n a l  P n o i s e )


    P  s i g n a l


    P  n o i s e

