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Premature birth remains a major challenge in neonatal care, especially in
resource-constrained settings, where continuous monitoring and timely
intervention are limited. Most existing neonatal incubators offer limited real-
time monitoring, unreliable alerting, and lack communication redundancy,
potentially delaying critical responses. This paper presents a comprehensive
internet of thing (loT) enabled connected incubator with redundant
communication (Wi-Fi and GSM) for real-time monitoring of physiological
and environmental parameters. The system integrates sensing, processing,
cloud connectivity, a mobile application, and multi-channel alerts (App
notifications, SMS, voice calls, and local alarms). It was experimentally
evaluated under controlled laboratory conditions. Quantitative evaluation
shows a cloud transmission success rate of 99.1%, end-to-end
communication latency below 1 second via Wi-Fi and 2.2 seconds via GSM,
with 98% of alerts successfully delivered within 6 seconds. The proposed
system provides a low-cost, reliable platform that enhances neonatal safety,
supports timely clinical decisions, and is scalable for resource-constrained
healthcare environments.
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1. INTRODUCTION

The birth of an infant is one of the greatest blessings in life. However, premature babies, born before
37 weeks of gestation, face serious health complications due to the immaturity of their vital organs. As
reported by the World Health Organization, an estimated 15 million babies are born each year, and
prematurity is the leading cause of mortality among children under five, responsible for approximately one
million deaths annually [1]. Medical incubators serve as a fundamental tool to ensure the survival of these
infants by providing a controlled environment and enabling continuous monitoring of vital signs and
environmental parameters, which is critical in neonatal intensive care units (NICUs) [2]. Despite their
importance, many existing neonatal incubator systems still suffer from limited real-time monitoring
capabilities, unreliable alert mechanisms, poor integration of physiological and environmental data, and
communication failures, particularly in resource-constrained healthcare settings [3]. Although the integration
of internet of things (10T) technologies has improved remote neonatal monitoring through cloud platforms
and wireless communication [4], [5], current solutions remain constrained by high deployment costs,
insufficient communication redundancy, and the lack of robust multi-channel alerting mechanisms [6].
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To address these challenges, this paper proposes a low-cost loT-enabled connected neonatal
incubator with redundant communication, using Wi-Fi as the primary channel and GSM as a backup. The
system integrates multi-parameter sensing, secure cloud connectivity, real-time visualization, historical data
storage, and multi-channel alerts, including mobile notifications, SMS, voice calls, and local alarms, to
ensure reliable monitoring and timely clinical intervention in NICUs. The main contributions of this work
can be summarized as follows:

A unified neonatal incubator monitoring platform integrating physiological, behavioral, and

environmental parameters in real time.

- A redundant communication architecture combining Wi-Fi and GSM to ensure reliable data transmission
and alert delivery.

- A multi-channel alerting system incorporating mobile notifications, SMS, voice calls, and local alarms,
enhancing patient safety in critical situations.

- Asecure cloud-based architecture ensuring data confidentiality, integrity, and accessibility.

- A low-cost and scalable design, making the system suitable for hospitals with limited infrastructure and
resources.

Compared to existing solutions, the proposed system goes beyond standard I0T incubator
implementations by combining redundancy, security, quantitative performance evaluation, and affordability
within a single clinically relevant framework. These features highlight the novelty and originality of the
proposed approach and demonstrate its potential to improve neonatal safety, especially in low-resource
healthcare environments. The remainder of this paper is organized in this manner: Section 2 reviews related
work, Section 3 presents the materials and methods, Section 4 describes the system implementation and
experimental results, Section 5 discusses the results, and Section 6 concludes the paper and outlines future
research directions.

2. RELATED WORK

Recently, numerous research efforts have been devoted to enhancing neonatal care through smart
and connected systems. The interation of 10T technologies into neonatal incubators represents an excellent
solution to improve real-time monitoring and controlling of the environment. These are referred to as
connected incubators and defined as systems that combine sensors, connectivity, and data analytics to
continuously monitor and manage the health and environment conditions of newborns in real time [7].
Generaly, such systems are expected to continuously track environmental parameter (e.g., temperature,
humidity, and oxygen [8], [9]), monitor vital sign (e.g., heart rate and SpO2 [10]), provide real-time alerts to
the healthcare staff in emergency cases, and enable remote monitoring through mobile apps or hospital
dashboards. To explore how the architectures of these systems are implemented in practice, we examine three
key dimensions that define modern connected incubators: (1) the control strategies used for precise
environmental regulation, (2) the remote monitoring capabilities that enable continuous monitoring, and (3)
the user interfaces integrated with real-time alert systems. Together, these components form an integrated
framework that ensures a responsive and safe neonatal care environment.

2.1. Control strategies

Recent studies emphasize a variety of control strategies applied to ensure accurate environmental
regulation. Among them the proportional-integral-derivative (PID) algorithms. PID control was widely used
for temperature regulation, often combined with hypertuning or overshoot reduction techniques to maintain
stable incubator conditions [11], [12]. Some systems employed basic sensor feedback or simple automated
control without advanced algorithms, focusing on practical implementation. Other Existing designs explore
more advanced approaches such as fuzzy logic, which allows for more flexible decision-making. Fuzzy logic
control, sometimes enhanced with genetic algorithms or Al, was applied for robust and adaptive
environmental control [13]. Emerging approaches integrated machine learning models for predictive control
and anomaly detection, improving incubation quality [4], [14]-[16].

2.2. Remote monitoring and cloud infrastructure

In parallel, the integration of remote monitoring devices, often based on microcontrollers and
connected via loT protocols, enables healthcare professionals to continuously monitor critical parameters in
real time remotely. Wi-Fi based IoT platforms were the predominant communication method, enabling real-
time data access via mobile apps, web interfaces, or cloud platforms [7]. Significant research efforts have
utilized popular 10T platforms such as Blynk, Firebase, and ThingSpeak for data visualization and control.
Some systems incorporated multiple communication protocols, including MQTT, Bluetooth low energy
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(BLE), and GSM for redundancy and broader accessibility. Remote alert systems were common, with
notifications sent via apps, SMS, email, or messaging platforms to ensure timely caregiver response [17].

2.3. User interface and alert systems

Clear data visualization and easier system control are made possible by the user-friendly interfaces that
are accessible through smartphones, web browsers, or cloud platforms. The user interfaces ranged from local
LCD/OLED displays to sophisticated mobile/web applications providing real-time monitoring and control [18].
Table 1 presents a comparative overview of representative recent works based on control strategies, monitored
parameters, monitoring access, and user interface features. This comparison highlights several limitations in the
current state of the art. Most existing systems focus predominantly on environmental monitoring, while
physiological monitoring is often limited to one or two parameters and does not provide comprehensive coverage
of critical neonatal indicators. In addition, many systems lack integrated multi-channel alert mechanisms and
robust communication redundancy. Furthermore, quantitative performance evaluation (sensor accuracy validation,
communication latency analysis, redundancy effectiveness, and energy consumption assessment) is rarely reported
in a systematic manner. To address these limitations, this paper proposes a comprehensive 10T-based connected
neonatal incubator that integrates continuous multi-parameter physiological monitoring (heart rate, SpO-, body
temperature), and environmental monitoring (temperature, humidity, and air quality). Unlike most existing
systems, the proposed solution incorporates dual communication redundancy using Wi-Fi as the primary channel
and GSM as a backup, combined with multi-channel alerting mechanisms including mobile notifications, SMS,
voice calls, and local alarms.

Table 1. Comparative overview of neonatal incubator designs
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In addition, the system emphasizes quantitative experimental validation, secure cloud connectivity, and a
low-cost, scalable design tailored for resource-constrained healthcare environments. By integrating monitoring,
communication reliability, alert redundancy, and security within a single validated framework, the proposed work
advances the current state of the art in connected neonatal incubator systems and addresses critical gaps identified
in the literature.

3. MATERIALS AND METHODS

The proposed system provides a real-time monitoring platform for neonatal care that integrates
environmental control and physiological signal monitoring within a single connected incubator. The system
is based on a four-layer 10T architecture (see Figure 1), where each layer plays a specific role in managing
data flow and system operations, from sensing environmental and vital parameters to notifying medical staff
through mobile app notifications, SMS, voice calls, and local alarms.

Incubator "t_“‘tw:. =
- . =
ﬁ o SIMBOOL
® — i — —> (i) —>
I I T
Firy | J b Blynk cloud pxd
A e - O (( )) 5
DHT22 [MAX30102 MQ135 ESP3. I
‘ | | | Wi-Fi —
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ey MLX sound  BUZZER Firebase
Motion 20614 sonsor

Figure 1. Design of the proposed system

3.1. Perception layer

This main layer includes all sensors and actuators. The buzzer is used for local alerts when neither
Wi-Fi connection nor GSM coverage is available, ensuring immediate on-site notification. The SIM800L
module also acts as an actuator by sending alerts via SMS and voice calls based on sensor readings. The
sensors used in the system include: MAX30102 for heart rate and SpO., MLX90614 for body temperature
(infrared), DHT22 for ambient temperature and humidity, a PIR sensor for motion detection, MQ-135 for air
quality (harmful gases), and a sound sensor for environmental noise levels.

3.2. Transporting layer

This layer is responsible for transmitting data between sensors, actuators, and the cloud
infrastructure. In our proposed incubator the ESP32-Wroom microcontroller collects physiological and
environmental data and transmits them to the Blynk cloud platform via Wi-Fi using the MQTT protocol
secured with TLS 1.3, thereby providing end-to-end encryption. In the absence of Wi-Fi connectivity, the
SIMB00L GSM module serves as a backup communication channel, transmitting data to the cloud using the
HTTPS protocol over TLS 1.2. In addition, the SIMB00L module enables the transmission of emergency
SMS and call alerts to medical staff when critical conditions are detected.

3.3. Processing layer

This layer is the responsible for collecting, analyzing data and assisting in decision-making. The
ESP32-Wroom acts as the primary processing device, performing local data preprocessing such as filtering.
On the cloud side, Blynk provides the real-time interface and alert management for medical staff, where
processed data are visualized and critical events are highlighted. In parallel, Firebase ensures secure data
storage for backup, logging, and historical analysis, enabling long-term monitoring and trend evaluation.
Using both guarantees reliable, secure, and continuous monitoring of newborns.

3.4. Application layer
It offers the Ul of the monitoring system where medical staff can monitor the newborn condition
and help in deciding what should happen to keep the newborn’s health and safety through real-time
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visualization of vital and environmental parameters, and overall system status. Alerts are delivered in real
time via the monitoring interface, while SMS and call alerts are transmitted through the GSM module when
Wi-Fi connectivity is unavailable or when the user does not actively use the application. Access to the
monitoring system, including the Blynk and Firebase platforms, is protected through user authentication
using an email and password. Passwords are required to have a minimum length of eight characters, ensuring
that only authorized medical personnel can access the system, monitor newborns, and receive alerts, thereby
maintaining data confidentiality and integrity.

4. IMPLEMENTATION AND RESULTS
4.1. Experimental validation framework

This study adopts a laboratory-based validation strategy as a necessary preliminary step prior to
clinical deployment. All experiments were conducted under controlled laboratory conditions without the
involvement of newborns. The evaluation focused on sensor accuracy, communication reliability, redundancy
mechanisms, and alert responsiveness. Physiological measurements were obtained from adult volunteers to
validate sensor functionality and accuracy, and were compared against certified reference devices. Clinical
validation involving neonatal subjects is planned as future work and will be conducted only after obtaining
institutional review board (IRB) approval [22], [23].

4.2. Prototype implementation

Our prototype was built using plexiglass enclosure (80 x 40 x 40 cm, 4 mm thickness), ensuring a
full visibility from all sides and adequate ventilation via air slots. Internally, all sensors and components were
securely mounted to prevent movement or interference (see Figure 2). The microcontroller was interfaced
with all sensors and connected to both the Blynk IoT cloud platform via Wi-Fi, or, in the absence of Wi-Fi ,
through a SIM800L GSM module, enabling continuous sensor data transmission and sending alerts via SMS
or voice calls to healthcare staff in emergency situations. A buzzer was included to ensure local alarms in
case of absence of network failure or loss of both Wi-Fi and GSM connectivity.

To systematically evaluate the proposed incubator, a series of laboratory tests was designed. Table 2
summarizes the test parameters, duration, sampling frequency, and experimental conditions for each sensor
and system component. Paliwoda et al. [24], the normal physiological ranges of neonates, used as reference
values, are described in Table 3 for triggering alerts when measurements deviate from the expected range.

4.3. Development and testing
The development and validation process involved three main stages:

1) Simulation: the complete simulation of the circuit was conducted in Proteus 8.15 to validate the code
logic and test the virtual behavior of sensors as well as ESP32 responses.

2) Breadboard testing: all the sensors and the ESP32 were connected on a breadboard to observe live data,
ensure wiring stability, and debug software.

3) Cloud integration: the communication with Blynk was successful, confirming real-time data display and
storage in Firebase for historical analysis. Figures 3 to 6 provide a comprehensive overview of the
implementation and testing stages. Figure 3 shows the simulation screenshots. Figure 4 presents the
hardware prototype setup, Figure 5 displays the Blynk dashboards, and Figures 6 illustrate Firebase
records, with Figures 6(a) and 6(b) showing live operation and date-specific data, respectively.

Figure 2. The prototype of the connected incubator
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Table 2. Test parameters of the connected neonatal incubator

Sensor/ - Test Sampling .
Test category module Test procedure/input duration frequency Test environment
Ambient temperature Lo
Temperature DHT22 measurement 6 hours Every 6 s Prototype inside incubator
Humidity DHT22 Ambient humidity 6 hours Every 6 s Prototype inside incubator
measurement
Body MLX90614 Non-contact wristband 6 hours Every 6 s Prototype inside incubator
temperature measurement
Heart rate MAX30102 Finger pulse measurement 6 hours Every 6 s Prototype inside incubator
SpO: MAX30102 Finger pulse measurement 6 hours Every 6s Prototype inside incubator
Air quality MQ-135 Calibration gas exposure 6 hours Every 6 s Prototype inside incubator
Motion PIR sensor ~ Simulated arm/hand movement 10 min per Event-based Prototype inside incubator
detection session /Instant
Alerts and GSM/Wi-Fi Manual Wi-Fi disconnection 6 hours Event-based Simulated network failure
redundancy /Buzzer
Table 3. Normal neonatal physiological ranges integrated in the 10T system
Newborn category
Parameter Full-term newborns Late preterm (34-37 GA) Preterm <32 GA /
extremely preterm
Body temperature (°C) 36.5-37.5 36.4-37.6 36.5-37.0
Oxygen saturation (SpO2, %) 95-100 94-100 85-95
Heart rate (bpm) 120-160 awake/ 100-120 asleep 102-164 120-180
Respiratory rate (breaths/min) 30-60 at rest/ 40-80 crying 15-67 40-70

Hlynk App

Figure 4. Hardware prototype setup
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Figure 5. Real-time results on the Blynk dashboard and mobile application
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Figure 6. View of firebase real-time database (a) during live operation and (b) data store for a specific date

4.4. System performance evaluation

The proposed incubator was evaluated over six hours to assess sensor accuracy, communication
reliability, and alerting mechanisms. No data loss or system failures occurred, and sensor readings remained
stable. Redundant communication was validated through simulated network failures. The GSM module
automatically replaced Wi-Fi during outages, and the local buzzer provided alerts when both channels failed.
Cloud connectivity to Blynk and Firebase achieved 99.1% uptime, with data transmitted every 6 seconds and
98% of alerts delivered within 6 seconds, confirming reliable continuous monitoring.

4.4.1. Sensor accuracy

The accuracy of each sensor was evaluated by comparing ten simultaneous measurements with
certified reference devices. The mean absolute error (MAE) was calculated. As summarized in Table 4, the
results indicate that all sensors demonstrated performance within acceptable medical tolerance ranges.

Table 4. The sensors accuracy evaluation
Parameter Sensor Reference device MAE/Accuracy Acceptable range
C.A 1246 Thermo-hygrometer

Temperature DHT22 (Chauvin Amoux) 03C +0.5°C
Humidity DHT22 C.A 1246 Thermo-hygrometer 1.6% RH +3% RH
(Chauvin Arnoux)
SpO: MAX30102 Clinical-grade pulse oximeter 1.6% +2%
Heart rate MAX30102 Clinical-grade pulse oximeter 1.5 bpm +2 bpm
Body Microlife digital medical o o
temperature MLX90614 thermometer 04C $05°C
Air quality MQ-135 Laboratory-calibrated gas meter 1.33 ppm (post calibration) +3 ppm

loT-enabled connected incubator with redundant communication ... (Nacima Mellal)
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4.4.2. Communication performance

Figure 7 presents the distribution of end-to-end communication latency measured from sensor data
acquisition to cloud visualization, including sensor acquisition time, local processing, secure data
transmission, cloud processing, and dashboard refresh time, as well as data visualization on the mobile
monitoring application, which accesses the same cloud backend. The mean latency was 0.995 s (+0.18 s) for
Wi-Fi and 2.195 s (x£0.42 s) for GSM, with all measured values remaining below the 3 s threshold.
The results confirm that the proposed system satisfies real-time monitoring requirements.
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Figure 7. Latency distribution histogram for Wi-Fi and GSM communication channels

4.4.3. Alerts and Redundancy

Figure 8 illustrates the tested alerting mechanisms: SMS (Figure 8(a)), voice call (Figure 8(b)), and
mobile app notifications (Figure 8(c)). System robustness was evaluated by manually disconnecting Wi-Fi
(10 events), triggering automatic GSM activation within ~6 s. When both channels failed, the local buzzer
provided immediate alerts. Overall, 98% of alerts were delivered within six seconds, confirming the
reliability and redundancy of the proposed alerting system.

# Couveuse Connecté

(@) (b) (b)
Figure 8. Alerts (a) SMS, (b) call, and (c) mobile App
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4.4.4. Energy consumption and power efficiency

The energy consumption of the proposed incubator was evaluated under continuous operation using
a hybrid power supply architecture combining rechargeable batteries and a DC power source. The DC power
supply provides stable energy when connected to the grid or an external adapter, ensuring uninterrupted
operation during normal monitoring. For backup operation during power outages, a rechargeable battery
9V, 30mA x 161, i.e,, 480 mAh) was employed. The microcontroller, along with all connected sensors,
consumes approximately 0.2 W, while the WiFi module consumes 0.825 W on average, and the GSM module
reaches 1.9 W during peak transmission. Considering GSM operation occurs intermittently (~10 % of the
time), the average total power consumption is estimated at 1.215 W. Based on these values, the backup
battery can sustain the system for approximately 3.5 hours.

5. DISCUSSION

This work presented an loT-enabled connected incubator with redundant communication for real-
time neonatal monitoring of both physiological and environmental parameters. Experimental results
demonstrate reliable system performance across sensing accuracy, communication reliability, and alert
mechanisms. The used sensors achieved measurement accuracy within acceptable medical tolerance ranges
compared with certified reference devices. The evaluation of communication performance confirmed that the
system satisfies real-time requirements, with end-to-end latency of 0.995 s for Wi-Fi and 2.195 s for GSM
communication. In addition, cloud connectivity analysis showed a successful data transmission rate of 99.1%
during continuous operation, indicating high reliability. Regarding alert mechanisms, the GSM module was
automatically activated within approximately 6 seconds following Wi-Fi disconnection, ensuring
uninterrupted data transmission to the cloud and reliable delivery of SMS and voice call alerts in case of
emergency. When both communication channels were unavailable, the local buzzer provided immediate on-
site alerts. The successful delivery of 98% of alerts within six seconds underscores the proposed
architecture’s responsiveness, reliability, and robustness.

Compared with existing works, most reported incubators present significant limitations. Several
systems, such as those reported in [18], [20], and [21], focus primarily on environmental parameter
monitoring and do not include comprehensive physiological monitoring. Moreover, many studies, including
[16], [18], [19], and [25], rely on a single communication channel (Wi-Fi or GSM) and do not implement
redundant or fallback mechanisms. Multi-channel alerting and robust security protocols are also generally
lacking across these studies.

Furthermore, experimental validation is often limited to laboratory settings, leaving gaps in real-
world applicability and reliability, particularly in resource-constrained NICU environments. In contrast, the
proposed system presents several advantages. It integrates physiological and environmental monitoring,
implements redundant communication channels with automatic failover, supports multi-channel alerting, and
employs secure communication protocols (MQTT over TLS 1.3 and HTTPS over TLS 1.2). Cloud-based
visualization via Blynk and historical data storage using Firebase enable continuous monitoring, data
accessibility, and scalability. Comprehensive evaluation demonstrates high sensing accuracy, low latency,
reliable alerts, and robust system performance in constant operation, effectively addressing the limitations
observed in prior works.

Despite these advantages, the developed system is subject to certain limitations. Experimental
validation was conducted under controlled laboratory conditions, and physiological measurements were
obtained from adult volunteers rather than neonatal subjects. The backup battery provides limited autonomy,
which may require further optimization for prolonged power outage scenarios. Long-term real-world
deployment and large-scale clinical validation are necessary to fully assess system scalability, usability, and
clinical impact.

6. CONCLUSION

In this study, a connected incubator based on 10T was designed, implemented, and experimentally
validated for the real-time monitoring of both physiological parameters and environmental conditions. The
proposed system demonstrated reliable multi-parameter sensing, secure connectivity using Wi-Fi and GSM
technologies, cloud integration for data visualization and storage, and multiple backup alert mechanisms
through mobile app notifications, SMS, voice calls, and local alarms. Experimental results confirmed
acceptable measurement accuracy, low end-to-end latency, high data transmission reliability, and effective
alert mechanisms, highlighting the system's potential for continuous and sensitive monitoring of newborn
safety, particularly in healthcare settings with limited resources.

loT-enabled connected incubator with redundant communication ... (Nacima Mellal)
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However, the current prototype has certain limitations, including power consumption during
continuous monitoring and data transmission. In addition, experimental verification has been limited to a
single prototype and laboratory conditions, without large-scale clinical trials involving newborns. The main
contribution of this work lies in combining redundant communication, integrated monitoring, secure cloud
architecture, and a cost-effective, scalable design, addressing key gaps in existing neonatal monitoring
solutions.

In future work, we plan to improve energy efficiency through the integration of low-power
communication protocols, such as Zigbee, and renewable energy sources, including solar panels, to enhance
operational autonomy and sustainability. We also aim to apply artificial intelligence techniques to enable
predictive analytics, early anomaly detection, and personalized health insights. Comprehensive clinical
validation and compliance evaluation will also be conducted to assess system safety, reliability, and
effectiveness in real-world neonatal care settings. By addressing these aspects, future iterations of the
proposed connected incubator aim to deliver a cost-effective, resilient, and eco-sustainable healthcare
solution, contributing to global efforts to improve neonatal outcomes and reduce neonatal mortality.

ACKNOWLEDGMENTS
The authors would like to thank their institution for the support provided during this research.

FUNDING INFORMATION
The authors state no funding is involved.

AUTHOR CONTRIBUTIONS STATEMENT
This journal uses the Contributor Roles Taxonomy (CRediT) to recognize individual author
contributions, reduce authorship disputes, and facilitate collaboration.

Name of Author C M So Va Fo 1 R D O E Vi Su P Fu
Nagima Mellal v v v v v v v v v v v v
Soumia Hadj Maatallah v v v v v v 4

Ammar Merazga v v v v v v v v v
Rachida Bouchouareb v v v v
Souad Nacer v v v v v v
C : Conceptualization I : Investigation Vi : Visualization

M : Methodology R : Resources Su : Supervision

So : Software D : Data Curation P : Project administration

Va : Validation O : writing - Original Draft Fu : Funding acquisition

Fo : Formal analysis E : Writing - Review & Editing

CONFLICT OF INTEREST STATEMENT
The authors state no conflict of interest.

DATA AVAILABILITY
The data that support the findings of this study are available from the corresponding author upon
reasonable request [N. M].

REFERENCES

[1] World Health Organization, ‘“Preterm birth,” WHO Fact Sheet. Accessed: Aug. 20, 2025. [Online].
Available: https://www.who.int/news-room/fact-sheets/detail/preterm-birth

[21 A V. de S. Diogo et al., “Development of innovative medical devices in neonatology: literature review,” in | Congresso
Internacional Multidisciplinar de Ciéncias da Sadde - | CIMS, New Science Publishers, Nov. 2024. doi: 10.56238/i-cims-010.

[3] G. A. U.S. and K. Bharathi, “Al-powered vigilance in neonatal vital signs monitoring for optimal health care,” in Advances in
Medical Technologies and Clinical Practice, IGI Global, 2024, pp. 159-182. doi: 10.4018/979-8-3693-3711-0.ch007.

[4] L K. A. A. Aryanto, D. Maneetham, and P. N. Crisnapati, “loT-enhanced infant incubator monitoring system with 1D-CNN
temperature prediction model,” Indonesian Journal of Electrical Engineering and Computer Science (IJEECS), vol. 34, no. 2,
pp. 900-912, May 2024, doi: 10.11591/ijeecs.v34.i2.pp900-912.

Indonesian J Elec Eng & Comp Sci, Vol. 41, No. 2, February 2026: 633-644



Indonesian J Elec Eng & Comp Sci ISSN: 2502-4752 a 643

[5]
[6]

[71

(8]

[9]

[10]

[11]

[12]

[13]
[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

Goutham. B, “Smart Infant Incubator Using IOT,” Interantional Journal of Scientific Research in Engineering and Management,
vol. 08, no. 05, pp. 1-5, May 2024, doi: 10.55041/ijsrem34752.

D. Wang, B. Chen, H. Wei, Y. Cui, Y. Tang, and Y. Wang, “Implementation of newborn management system under the
background of internet of things,” in ACM International Conference Proceeding Series, New York, NY, USA: ACM, Nov. 2023,
pp. 792-796. doi: 10.1145/3653081.3653214.

D. A. Puspitasari, B. G. Irianto, L. Lamidi, and T. Triwiyanto, “Monitoring baby incubator central through internet of things (IoT)
based on raspberry Pi Zero W with personal computer view,” Indonesian Journal of Electronics, Electromedical Engineering, and
Medical Informatics, vol. 6, no. 1, pp. 10-15, Feb. 2024, doi: 10.35882/ijeeemi.v6i1.284.

H. B. D. L. Mathew, Ashish Gupta, “Controlling of temperature and humidity for an infant incubator using microcontroller,”
International Journal of Advanced Research in Electrical, Electronics and Instrumentation Engineering, vol. 04, no. 06,
pp. 4975-4982, Jun. 2015, doi: 10.15662/ijareeie.2015.0406012.

M. J. A. Alsammarraie, H. Q. Mohammad Monir, A. A. Al-Hilali, A. H. Ali, M. S. Jabbar, and H. B. Qasim, “Implementation of
a long range-based monitoring system for environmental remote safety schemes,” Indonesian Journal of Electrical Engineering
and Computer Science (IJEECS), vol. 32, no. 3, pp. 1462-1475, Dec. 2023, doi: 10.11591/IJEECS.V32.13.PP1462-1475.

O. Anton, R. Fernandez, E. Rendon-Morales, R. Aviles-Espinosa, H. Jordan, and H. Rabe, “Heart rate monitoring in newborn
babies: a systematic review,” Neonatology, vol. 116, no. 3, pp. 199-210, 2019, doi: 10.1159/000499675.

B. G. Irianto, A. M. Maghfiroh, M. Sofie, and A. Kholig, “Baby Incubator with Overshoot Reduction System using PID Control
equipped with heart rate monitoring based on the internet of things,” International Journal of Technology, vol. 14, no. 4,
pp. 811-822, Jun. 2023, doi: 10.14716/ijtech.v14i4.5678.

S. Romadhon and A. Multi, “Design and development of real-time monitoring & controlling infant incubator with tilt stabilizer
using raspberry Pi remotely controlled via PC and smartphone to reduce tilt during baby transfer,” International Journal of
Advanced Multidisciplinary, vol. 2, no. 2, pp. 569-580, Sep. 2023, doi: 10.38035/ijam.v2i2.310.

S. Budiyanto, L. M. Silalahi, D. Gunawan, and E. Y. Triblas Adesta, “An enhancement to the FLC-based baby incubator system
using genetic algorithm,” Jurnal Infotel, vol. 15, no. 3, pp. 288-302, Sep. 2023, doi: 10.20895/infotel.v15i3.991.

C. Celebioglu and A. K. Topalli, “IoT-based incubator monitoring and machine learning powered alarm predictions,”
Technology and Health Care, vol. 32, no. 4, pp. 2837-2846, Jul. 2024, doi: 10.3233/THC-240167.

J. S. Malak, H. Zeraati, F. S. Nayeri, R. Safdari, and A. D. Shahraki, “Neonatal intensive care decision support systems using
artificial intelligence techniques: a systematic review,” Artificial Intelligence Review, vol. 52, no. 4, pp. 2685-2704, Dec. 2019,
doi: 10.1007/s10462-018-9635-1.

M. Gamal, 1. Radi, A. Yousef, and A. G. M. Ali, “Internet of things-based smart infant-incubators using machine learning
analysis,” IEEE Access, vol. 13, pp. 77673-77685, 2025, doi: 10.1109/ACCESS.2025.3564872.

P. Veeramani, 1. Aravindaguru, M. Saranya, M. Ganesh, K. Dayanand, and S. Indhira, “Smart Incubatory System for Infants
Monitoring using IoT,” in 2024 3rd International Conference on Automation, Computing and Renewable Systems (ICACRS),
IEEE, Dec. 2024, pp. 467-470. doi: 10.1109/ICACRS62842.2024.10841599.

S. D. Septiana, S. Syaifudin, A. M. Maghfiroh, and P.-H. Huynh, “Design of incu analyzer for loT-based baby incubator
calibration,” Jurnal Teknokes, vol. 16, no. 3, pp. 138-145, Jul. 2025, doi: 10.35882/8yjb5353.

A. S. Owaid and H. Ali Obead, “Blynk-integrated loT Framework for real-time telemonitoring of neonatal weight, SpO2, and
other parameters with instant alerts,” International Journal of Innovative Science and Research Technology, vol. 10, no. 8,
pp. 2027-2034, Sep. 2025, doi: 10.38124/ijisrt/25aug779.

N. S. Salahuddin, M. Paindavoine, S. P. Sari, A. R. Musyaffa, S. Harmanto, and T. Saptariani, “Portable neonatal incubator
monitoring and control system: integration of loT communication and control technology,” International Journal of Computers,
Communications and Control, vol. 20, no. 5, Sep. 2025, doi: 10.15837/ijccc.2025.5.7049.

P. A. Aya-Parra, A. J. Rodriguez-Orjuela, V. Rodriguez Torres, N. P. Cordoba Hernandez, N. Martinez Castellanos, and J.
Sarmiento-Rojas, “Monitoring system for operating variables in incubators in the neonatology service of a highly complex
hospital through the internet of things (IoT),” Sensors, vol. 23, no. 12, p. 5719, Jun. 2023, doi: 10.3390/s23125719.

U.S. Food and Drug Administration, “Applying human factors and usability engineering to medical devices: guidance for industry
and FDA staff,” Center for Devices and Radiological Health. Accessed: Oct. 24, 2025. [Online].
Auvailable: https://www.fda.gov/media/80481/download

X. Ding et al., “Wearable sensing and telehealth technology with potential applications in the coronavirus pandemic,” IEEE
Reviews in Biomedical Engineering, vol. 14, pp. 48-70, 2021, doi: 10.1109/RBME.2020.2992838.

M. Paliwoda, K. New, F. Bogossian, and E. Ballard, “Physiological vital sign reference ranges for well late preterm newborns
calculated during a typical 2 h newborn period between 2 h and 7 days of life,” Physiological Measurement, vol. 42, no. 9, p.
095001, Sep. 2021, doi: 10.1088/1361-6579/ac155b.

S. Suthagar, G. Mageshkumar, and K. S. Tamilsevan, “Baby incubator monitoring system using global system for mobile
technology,” Jurnal Kejuruteraan, vol. 34, no. 5, pp. 899-904, Sep. 2022, doi: 10.17576/jkukm-2022-34(5)-17.

BIOGRAPHIES OF AUTHORS

Dr. Nacima Mellal g 2 is an associate professor at the institute of Technology,
university of Oum EI Bouaghi, Algeria, and a researcher at the laboratory of Artificial
Intelligence and Autonomous Objects at the same university. She received her phd in
computer science in 2007 (University Savoie Montblanc- France-), and an HDR in computer
science in 2021(University of Oum El Bouaghi). Her main research interests include Artificial
Intelligence, 10T, and Semantic Web, focusing on healthcare, drones, industry 4.0. He can be
contacted at email: nassima.mellal@univ-oeb.dz.

loT-enabled connected incubator with redundant communication ... (Nacima Mellal)


https://orcid.org/0000-0001-9876-0507
https://scholar.google.com/citations?user=lC3hl8YAAAAJ&hl=fr
https://www.scopus.com/authid/detail.uri?authorId=6505742879
https://www.webofscience.com/wos/author/record/HIR-6598-2022

644

ISSN: 2502-4752

Soumia Hadj Maatallah £:J B 12 is a student at the institute of Technology. She received
the Bachelor’s degree in Networks and Telecommunications from Larbi Ben M’hidi
University of Oum EI Bouaghi, Department of Networks and Telecommunications, Algeria.
Her academic interests include computer networks, wireless communication technologies, and
the 10T. She can be contacted at email: soumiamimou94@gmail.com.

Ammar Merazga £ B8 2 is a Master Assistant at the Department of and Networks and
Telecommunications, institute of Technology, university of Oum El Bouaghi, Algeria. and a
researcher at the laboratory of Artificial Intelligence and Autonomous Objects at the same
university. He holds an Engineering degree in Computer Science and a Magister degree in
Robotics. Currently, he is pursuing a PhD in the field of Telecommunications and Networking.
His research interests cover a wide range of topics in networking systems, robotics, and
intelligent communication technologies, with a focus on the integration of Al techniques in
networked and cyber-physical systems. He can be contacted at email: ammar.merazga@univ-
oeb.dz.

Dr. Rachida Bouchouareb rd 2 is an associate professor at the institute of
Technology, university of Oum EI Bouaghi, Algeria, and a researcher at the laboratory of
Artificial Intelligence and Autonomous Objects at the same university. She has held a PhD
degree in Mico-Waves since 2015. Her research interests include medical ultrasound images,
signal and image processing (ECG, classification, segmentation), antennas, ML, and Al. She
can be contacted at email: rachida.bouchouareb@univ-oeb.dz.

Souad Nacer © E 12 is a Telecommunication Laboratory Engineer at the Institute of
Technology, University of Oum El Bouaghi, Algeria. She obtained her Master’s degree in
Electronics in 2023. Her academic and professional interests focus on computer networks,
wireless communication technologies, and the internet of things (10T). She is actively involved
in laboratory activities and supports teaching and research projects related to modern
communication systems and emerging loT applications. She can be contacted at email:
souad.nacer@univ-oeb.dz.

Indonesian J Elec Eng & Comp Sci, Vol. 41, No. 2, February 2026: 633-644


https://orcid.org/0009-0007-1982-5298
https://orcid.org/0009-0006-2288-745X
https://scholar.google.com/citations?hl=fr&user=-8BOZlMAAAAJ
https://www.scopus.com/authid/detail.uri?authorId=57549121200
https://orcid.org/0000-0001-9776-4629
https://scholar.google.com/citations?user=HLcXC8kAAAAJ&hl=fr
https://www.scopus.com/authid/detail.uri?authorId=55638394900
https://www.webofscience.com/wos/author/record/37263256
https://orcid.org/0009-0003-4393-0857

