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Abstract— Exposure to new technology is a very effective 

medium in handling healthcare devices, especially for 

monitoring the treatment of babies. This paper provides a 

comprehensive review of recent developments device in 

monitoring infant vital signs such as heart rate, SpO2 level, 

and temperature of neonates. The need to monitor 

physiological parameters is essential for ensuring the infant’s 

condition is stable and healthy, especially for premature 

babies. The technological advancements, obstacles, and 

possible future directions are well discussed. A comprehensive 

analysis of pertinent literature illustrates the details of 

physiological parameters used in the present devices. 

Integrated devices with digital health systems can enhance 

newborn care and reduce the risks of infant morbidity and 

mortality.     
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I. INTRODUCTION 

Advances in medical technology have 

revolutionized healthcare practices, particularly in 

monitoring and improving neonates' and infants' well-

being. Monitoring vital signs such as heart rate, oxygen 

saturation (SpO2), and temperature is paramount in 

ensuring early detection of potential health issues and 

timely interventions [1]-[2],[7]-[8],[19],[21]-

[23],[25],[28],[30],[32]. In recent years, the development of 

innovative monitoring devices has emerged as a promising 

solution to address the challenges associated with 

accurately and non-invasively tracking these vital 

parameters in the delicate population of infants [3]-[6], [9]-

[18],[20],[22],[24]. Accurately assessing heart rate, SpO2, 

and temperature is crucial for properly managing neonatal 

care. Deviations from normal ranges in these parameters 

can signify underlying health conditions that may require 

immediate attention. Traditional monitoring methods often 

involve uncomfortable procedures, and there is a growing 

need for more seamless, continuous, and user-friendly 

monitoring solutions that can be integrated into the daily 

routines of both caregivers and healthcare providers. 

While advances in medical technology have 

significantly improved neonatal care, there remain critical 

challenges in accurately and continuously monitoring vital 

signs in infants, particularly in premature babies. Current 

monitoring methods often involve cumbersome equipment 

that can cause discomfort and may not be suitable for long-

term use. Additionally, existing devices may lack the 

sensitivity required to detect subtle changes in 

physiological parameters that could indicate potential 

health issues in this vulnerable population. There is a 

pressing need for innovative, non-invasive monitoring 

solutions that can provide accurate, real-time data on heart 

rate, SpO2, and temperature while ensuring comfort and 

minimizing disruption to the infant. This review aims to 

address this gap by examining recent developments in 

infant vital sign monitoring devices, with a focus on 

overcoming the limitations of traditional methods and 

exploring the potential of emerging technologies to 

enhance neonatal care. Monitoring infant devices has 

revolutionized the way to monitor the health of infants. The 

existing monitoring infant devices are designed to be 
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comfortable, non-invasive, and easy to use [4]-[5],[7]-

[8],[10]-[14], [16]-[26],[31],[34],[38]-[39]. From the 

devices, parents or clinicians can monitor vital signs and 

parameters, including heart rate, SpO2, and temperature of 

the infant easily. The development of monitoring infant 

devices has been made possible by advances in sensor 

technology, wireless communication [26]-[29],[31],[39], 

and power supply technologies. One of the primary 

challenges in developing monitoring infant devices is 

ensuring the devices are comfortable and non-invasive. 

Traditional sensors and medical instruments are unsuitable 

for wearable physiological monitoring applications, as they 

are challenging to wear for long periods and can cause 

discomfort to the wearer. 

To overcome this challenge, wearable sensor 

systems have been designed to be lightweight, flexible, and 

easy to wear [40]. The researchers are also designed to be 

non-invasive, meaning they do not require any skin 

penetration or other invasive procedures. Another challenge 

in developing wearable sensor systems for infants is 

ensuring that the devices are robust, long-term, and 

comfortable for monitoring in real-life conditions. 

Researchers have developed monitoring infant devices 

capable of continuously monitoring vital signs and 

parameters over extended periods to address this challenge. 

These systems are designed to be robust and reliable, even 

in challenging environments. The ability to collect 

information using multiple measurements is a critical 

component of wearable sensor systems for infants. These 

systems can monitor vital signs and parameters, including 

heart rate, SpO2, and temperature [21]-

[23],[25],[28],[30],[32],[40]. By collecting data from 

multiple sensors, these systems can provide a more 

comprehensive picture of an infant's health status. This 

information can identify potential health issues early on, 

which can help prevent serious health problems from 

developing. 

This review aims to provide a comprehensive 

review of the recent advancements in the development of 

monitoring devices specifically to monitor infants' heart 

rate, SpO2, and temperature [62]. By examining the latest 

innovations in sensor technologies, data processing, and 

integration, we seek to highlight the potential of these 

devices to revolutionize infant care and enhance neonatal 

outcomes. Moreover, the studies explore the challenges 

faced in this domain and outline potential future directions 

for research and development and Artificial Intelligence 

(AI) technologies in infant monitoring devices. [64] 

reviewed AI-driven wearable technologies for neonatal 

cardiorespiratory monitoring. They highlighted the 

potential of these advanced systems to improve early 

detection of abnormalities and reduce false alarms. In 

contrast, [64] conducted a systematic review of IoT 

applications in pregnancy care coordination and 

management. While their focus was primarily on maternal 

health, their findings suggest potential benefits and 

challenges in applying similar technologies to infant 

monitoring. 

II. MONITORING INFANT DEVICES   

Operating Principle of Wearable Monitoring Infant Device 

 

Infant monitoring devices, especially premature 

infants require continuous monitoring of their vital signs to 

ensure their health and well-being. Various devices have 

been developed for this purpose, each with its advantages 

and limitations. This section reviews the existing devices 

for monitoring the vital signs of preterm infants, including 

pulse oximeters, car seat safety measures, and non-invasive 

monitoring methods. The accuracy of these devices in 

measuring heart rate, SpO2, and body temperature is also 

compared [63],[66]-[69]. Figure 1 shows the operating 

principle of wearable monitoring infant devices are 

detection of vital health signs via body-worn wireless 

sensor integrated wearable and the wirelessly connected 

base station collects health-related information and sends it 

back to both parents’ cell phones and the internet cloud 

[41]. The transmitted data is stored in the cloud, which is 

accessible from anywhere and parents receive notification 

directly from the base station and their cell phones in case 

of an unexpected drop in baby vitals beyond the thresholds. 

 

Fig. 1. Illustration of the operating principle of wearable monitoring 

infant device technology [41] 
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III. ENHANCEMENT OF IOT APPLICATIONS FOR 

MONITORING INFANT DEVICES 

All paragraphs must be indented.  All paragraphs 

must be justified, i.e., both left-justified and right-justified. 
Several IoT applications have been developed and 

implemented in neonatal care, showcasing the potential 

effectiveness of IoT in improving monitoring and care for 

preterm infants. By [39],[42], presented the IoT-enabled 

wearable devices, such as smart sensors and clothing, that 

can monitor vital signs, sleep patterns, and activity levels of 

preterm infants. These devices provide real-time data, 

enabling remote monitoring and early detection of health 

issues. The IoT-based alarm systems also can monitor vital 

signs and issue alerts in case of abnormal readings. This 

allows healthcare professionals to respond quickly and 

provide necessary interventions.  

In terms of data Integration Platforms, the IoT 

platforms integrate data from multiple monitoring devices 

and electronic health records can provide a holistic view of 

the infant's health [43],[44]. This facilitates comprehensive 

analysis, decision-making, and personalized care planning. 

The IoT connectivity enables remote vital sign monitoring, 

giving parents and medical professionals access to real-

time data without having to be physically present [45],[61]. 

This implies that healthcare professionals can closely 

monitor the health of preterm infants even when they are 

not present physically. Remote monitoring guarantees that 

any irregularities or emergencies may be quickly noticed, 

enabling immediate interventions [46]. The vital sign data 

can be continuously collected and transmitted by IoT-

enabled devices. 

This ongoing data gathering gives a complete and 

up-to-date picture of the infant's health status [47]. 

Continuous vital sign monitoring enables medical 

personnel to spot any changes or irregularities early on, 

enabling prompt interventions and better results [48]. The 

device, electronic health records, and other monitoring 

devices are just a few examples of data streams that may be 

combined with Internet of Things (IoT) technology. This 

thorough data analysis offers insightful information for 

individualized care and treatment choices [49],[65]. 

Healthcare professionals can have a comprehensive 

understanding of the infant's health and be better equipped 

to make decisions by combining data from numerous 

sources [50]. Studies evaluating the effectiveness of these 

IoT applications have demonstrated their potential to 

improve monitoring accuracy, reduce hospital 

readmissions, and enhance parental engagement and 

satisfaction. 

 

IV. PHYSIOLOGICAL PARAMETERS 

A. Heart Rate and SpO2 

Pulse oximeters are commonly used for 

monitoring preterm infants' oxygen saturation (SpO2) and 

heart rate. The oximeter typically consists of a sensor 

attached to the baby's skin, which measures the amount of 

oxygen in the blood based on light absorption. While pulse 

oximeters are widely utilized and provide real-time data, 

they can be cumbersome for infants due to the need for 

sensor placement and wires. Additionally, motion artifacts 

and poor signal quality can affect the accuracy of the 

readings. Pulse oximeters are crucial for monitoring 

preterm children because they provide real-time 

information that enables medical professionals to watch the 

infant's oxygen levels and heart rate carefully. This aids in 

the early detection of any possible problems, such as 

hypoxemia or bradycardia, allowing for fast action. 

However, there are difficulties when utilizing pulse 

oximeters on infants, especially premature infants. 

Accurately positioning the sensor on the baby's sensitive 

skin is difficult. Putting sensors securely and effectively 

might be challenging because of their tiny size and 

susceptibility. Healthcare professionals frequently need to 

reposition and modify the sensor to achieve precise and 

consistent readings. The occurrence of motion artifacts, 

which might skew pulse oximeter values, is another 

difficulty. Infants move a lot, especially premature infants, 

and their little limbs may unintentionally interfere with the 

sensor's contact with the skin. When evaluating pulse 

oximeter readings in preterm newborns, healthcare 

professionals must carefully assess the data's validity and 

consider any potential effects of motion artifacts. Also, 

poor signal quality might impact a pulse oximeter's 

accuracy. Elements including ambient light, inadequate 

skin-to-sensor contact, or sensor detachment may cause 

signal deterioration or inadequate signal strength. 

Healthcare professionals must be aware of these potential 

restrictions and take the appropriate safety measures to 

improve signal quality [51]. Current research focuses on 

developing pulse oximetry technologies specifically for 

preterm newborns to address these issues. Several studies 

have focused on wearable technologies for continuous 

monitoring. [64],[66]-[69] developed a flexible, skin-

adherent sensor for monitoring heart rate and SpO2, 

reporting high accuracy comparable to clinical-grade 

devices. However, [3] found that similar wearable sensors 

showed reduced accuracy during infant movement, 

highlighting the need for motion-artifact reduction 

techniques.  
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B. Temperature 

Premature infants are less capable than term 

infants of regulating their body temperature [52],[53]. 

Therefore, monitoring their temperature is necessary to 

maintain a comfortable environment. Maintaining an 

average body temperature will promote healthy growth and 

development and reduce the risk of harmful outcomes [54] 

as shown in Table 1. Even in a mild environment, 

premature and low birth weight infants may be too 

immature to modulate their body temperature. Premature 

infants can rapidly lose body heat if their environment is 

too chilly [52]. Therefore, keeping them toasty and 

monitoring their temperature is essential to prevent heat 

loss. Babies can overheat if the surrounding temperature is 

too high, which increases the risk of sudden infant death 

syndrome [52]. Good growth and development will result 

from maintaining an average body temperature [55]. Heart 

rate stability should aim for a temperature between 36.8°C 

and 36.9°C in neonates younger than 28–29 weeks of 

gestation to minimize heat loss and maintain stable heart 

rates [55]. There are numerous methods for monitoring the 

temperature of neonates, including infrared thermal 

imaging and monitoring devices [54]. The healthcare team 

demonstrated how to take a baby's temperature at home as 

the recommended ambient temperature as shown in Table 

2, and parents may wish to purchase a digital thermometer 

designed for infants [52]. 

 
TABLE I 

Body temperature ranges of neonates according to the World 

Health Organization (WHO) [56] 

Health Condition of Neonates 
Temperature 

Range, 0C 

Normal Auxiliary 36.5 – 37.5 

Cold Stress or Mild Hypothermia 36 – 36.4 

Moderate Hypothermia 32 -35.9 

Severe Hypothermia < 32 

Hyperthermia > 37.5 

 

V. ACCURACY MEASUREMENT 

Accuracy is a critical factor when evaluating 

monitoring infant devices. Some devices may provide 

reliable and consistent measurements, while others may 

exhibit discrepancies or require calibration to ensure 

accuracy. When assessing the baby using monitoring infant 

devices, accuracy is essential. Many studies [57]-[59] give 

important information about various technologies, 

empowering medical professionals to make defensible 

decisions. One significant study compared the precision of 

pulse oximeters in determining SpO2 in preterm newborns 

[58]. The study's findings showed that the evaluated infant 

devices varied in their accuracy, underscoring the 

significance of choosing a pulse oximeter that is precise 

and dependable for SpO2 monitoring in preterm newborns.  

TABLE III 

Thermoneutral zone according to the National Neonatal-Perinatal 

Database (NNPD) [57] 

Weight 

of the 

Neonate

, (g) 

Recommended Ambient Temperature 

35 0C 34 0C 33 0C 32 0C 

< 1500 
1–10 

days 

11 days – 

3 weeks 
3 weeks > 5 weeks 

1500-

1999 
NA 

1–10 

days 

11 days – 

4 weeks 
> 4 weeks 

2000-

2499 
NA 

1–2   

days 

3 days – 

3 weeks 
> 3 weeks 

> 2500 NA NA 1–2 days >/ 3 weeks 

 

Another study examined the precision of several 

heart rate monitoring tools in preterm newborns [59]. The 

study's findings showed that different tested devices' heart 

rate measurements varied, highlighting the importance of 

rigorous device selection and calibration to guarantee 

accurate heart rate monitoring in this vulnerable 

population. The [60] examined the precision of different 

thermometers in determining preterm infants' body 

temperatures. The study found the tested thermometers 

varied in accuracy, highlighting the significance of 

choosing a thermometer with dependable and consistent 

performance for precise temperature monitoring in preterm 

newborns. Recent years have witnessed significant 

innovations in infant vital sign monitoring devices, 

particularly in wearable technology, wireless monitoring, 

and AI-driven analytics. Wearable devices now incorporate 

flexible, stretchable electronics that conform to the baby's 

skin without causing discomfort, often taking the form of 

thin adhesive patches or soft fabric-based sensors. 

Advancements in wireless technology have enabled 

monitoring systems that eliminate wired connections, 

reducing entanglement risks and allowing greater mobility. 

These systems typically use Bluetooth Low Energy or other 
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low-power protocols to transmit data to nearby base 

stations or smartphone apps. AI and machine learning 

algorithms are increasingly applied to analyze the vast 

amounts of data generated by continuous monitoring 

devices, potentially identifying health issues before they 

become critical. Contactless monitoring technologies, such 

as camera-based systems and radar sensors, are emerging 

as promising alternatives that can detect subtle movements 

associated with breathing and heart rate without physical 

contact. Additionally, integrated multiparameter 

monitoring devices combine multiple sensing modalities 

into single, compact units capable of simultaneously 

tracking heart rate, respiratory rate, blood oxygen 

saturation, and body temperature. These technological 

advancements are not only improving the accuracy and 

reliability of infant vital sign monitoring but also enabling 

more comprehensive and continuous care, holding the 

potential to significantly enhance neonatal outcomes and 

revolutionize infant care practices 

VI. RESULT AND DISCUSSION 

These reviews can be divided into six categories: 

research focusing on oxygen saturation (SpO2), heart rate, 

temperature, weight, height, and device enhancement with 

IoT applications as shown in Table 3. However, most 

authors focus on three main parameters. The results in 

Figure 2 show that oxygen saturation (SpO2) obtained 15% 

of the research distribution, signifying the significance of 

monitoring respiratory well-being and the delicate oxygen 

levels critical for the development of monitoring infant 

devices. This emphasis suggests a concerted effort to 

enhance monitoring techniques that could be pivotal in 

preventing complications and ensuring optimal oxygen 

intake. Heart rate emerges as a substantial focal point, 

commanding 24% of the research focus. Underscores the 

recognition of heart rate's centrality in assessing 

cardiovascular health and circulatory stability among 

infants. The substantial allocation of research resources to 

this parameter indicates a drive to innovate monitoring 

methodologies, potentially leading to early detection of any 

irregularities that could impact these vulnerable infants. 

Temperature, constituting 28% of the distribution, emerges 

as a cornerstone in preemie care.  

 

Fig. 2. Comprehensive reviews on physiological parameters among 38 

existing monitoring infant devices 

The heightened attention to temperature 

underscores its role as a vital indicator of overall well-

being, particularly given the heightened sensitivity of 

preemies to temperature fluctuations. This emphasis likely 

reflects endeavors to refine temperature monitoring 

techniques vital for promptly identifying and addressing 

potential infections or thermal stress. While occupying 

smaller percentages, weight (5%) and height (1%) remain 

integral in understanding the development of monitoring 

infant devices. Proper weight gain and growth indicate 

positive progress, and including these parameters in the 

research distribution highlights their enduring importance. 

Though relatively modest in share, research in these areas 

could contribute to more nuanced insights into preemie 

health trajectories. A significant 28% of research is devoted 

to integrating Internet of Things (IoT) devices, 

underscoring the transformative potential of technology in 

infant care. This substantial allocation indicates a collective 

recognition of IoT's capacity to revolutionize real-time data 

collection, analysis, and remote monitoring. The significant 

focus on IoT-driven applications aligns with the 

contemporary shift towards technologically advanced 

healthcare solutions, promising enhanced care and 

surveillance for infants. Figure 2 also represents the 

outcome of the comprehensive review of 38 publications 

related to physiological parameters in infant device studies.  
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TABLE IIIII 

Summary of physiological parameters included in the existing medical device related to infants 

Titles 
Physiological Parameters IoT  

Device Application SpO2 Heart Rate Temperature Weight Height 

1. Principles of pulse oximetry and its clinical application in neonatal medicine[1] / x / x x x 

2. Enhanced monitoring during neonatal resuscitation[2] / / / x x / 

3. Development of Incubation System for Premature Baby Care[3] x / / x x / 

4. Accurate neonatal heart rate monitoring using a new wireless, cap-mounted device[4] x / x x x x 

5. Design of smart neonatal health monitoring system using SMCC[5] x / / x x / 

6. Internet of Things-based Portable Preterm Baby Incubator[6] x / / x x / 

7. New monitoring approach for Neonatal Intensive Care Unit[7] / / / x x x 

8. A Non-invasive Wireless Monitoring Device for Children and Infants in Pre-hospital and Acute 

Hospital Environments[8] 
/ / / x x / 

9. Clinical Validation of a Wearable Respiratory Rate Device for Neonatal Monitoring[9] x / x / x / 

10. Remote Temperature Monitoring for Infant Incubator using Thermal Camera[10] x x / x x / 

11. Infant Health Monitoring and Security System using IoT[11] x / / x x /  

12. Design of a Low-cost Physiological Parameter Measurement and Monitoring Device[12] x / / x x / 

13. Non-invasive health monitoring system for infants using IOT [13] x / / x x / 

14. Baby-Guard: An IoT-based Neonatal Monitoring System Integrated with Smart Textiles[14] x x x x x / 

15. Design and development of an infant care system using Arduino technology[15] x x / x x /  

16. IoT-based Smart Cradle for Baby Monitoring System[16] x / / x x / 

17. View of Baby Incubator Monitoring Centre for Temperature and Humidity using WIFI Network[17] x x / x x / 

18. Predictive monitoring for sepsis and necrotizing enterocolitis to prevent shock[18] / / x x x x 

19. Design of an Integrated Sensor Platform for Vital Sign Monitoring of New-born Infants at Neonatal 

Intensive Care Units[19] 
/ / / x x x 

20. System for Remote Monitoring and Control of Baby Incubator and Warmer[20] x x / x x / 

21. Non-contact physiological monitoring of preterm infants in the Neonatal Intensive Care Unit[21] / / / / x x 

22. Healthcare Monitoring System Based on Wireless Sensor Networks for Cardiac Patients[22] / / / x x / 

23. A Wireless Body Temperature and Oxygen Saturation Monitoring system based on Android 

Smartphones[23] 
/ / / x x / 

24. A light/dark cycle in the NICU accelerates body weight gain and shortens the time to discharge in 

preterm infants[24] 
x x x / / x 

25. Device for remote and real-time monitoring of neonatal vital signs in neonatal intensive care unit using 

Internet of things: proof-of-concept study[25] 
/ / / x x / 

26. Smart Health Care Monitoring System based on the Internet of Things (IoT)[26] x / x x x / 

27. Miniaturized Wireless Monitor for Long-term Monitoring of Newborns[27] / / x x x / 
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28. Wrist-Based Wireless Vital Monitoring System for Continuous Assessment of Pre-term Neonates in 

NICU Environment[28] 
/ / / x x / 

29. Wireless Infant Monitoring Device for the Prevention of Sudden Infant Death Syndrome[29] x x / x x 
x 

 

30. Advanced Portable Preterm Baby Incubator[30] / / / x x / 

31. M-health application for Neonatal Incubator signals monitoring through a CoAP-based multi-agent 

system[31] 
x / / x x / 

32. Neo-Bedside Monitoring Device for Integrated Neonatal Intensive Care Unit (NICU)[32] / / / x x / 

33. The Effect of Moving Load on Remote Weight Monitoring System for Simple Infant Incubator[33] x x x / x / 

34. Infant Incubator Temperature Controlling and Monitoring System by Mobile Phone Based on 

Arduino[34] 
x x / / x / 

35. IoT (Internet of Things) based Infant Body Temperature Monitoring[35] x x / x x / 

36. Novel Continuous Infant Temperature Alerting System[36] x x / x x / 

37. Non-invasive blood oxygen saturation monitoring for neonates using a reflectance pulse oximeter[37] / / / x x x 

38. Design and Implementation of Heartbeat rate and SpO2 Detector by using IoT for patients[38] / x / x x / 

Total by Percentage 42% 66% 79% 13% 3% 76% 

Notes: “/” included “x” not included in the existing studies 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 
International Journal of Emerging Technology and Advanced Engineering 

Website: www.ijetae.com (ISSN 2250-2459, ISO 9001:2008 Certified Journal, Volume 14, Issue 02, June 2024) 

55 

 

From oxygen saturation and pulse rate to temperature and 

the integration of IoT devices, this comprehensive review 

underscores the holistic approach taken by researchers to 

advance infant care. 

VII. LIMITATION 

The development of monitoring infant devices 

faces several limitations, including location and fixation, 

integration with other sensors, interference from the 

external environment, size and cost, accuracy, and design 

for infants. These limitations must be addressed to ensure 

that monitoring infant devices is accurate, reliable, and 

accessible to a wider user. 

VIII. SIMILARITIES 

Despite differing opinions, most papers use 

similar parameters to develop a monitoring device for 

infants using the three main parameters; oxygen saturation 

(SpO2), heart rate, and temperature, and enhance the device 

with IoT application. 

IX. CONCLUSIONS 

In conclusion, this comprehensive review of 

monitoring infant devices has revealed significant 

advancements in technology designed to monitor vital signs 

in infants, particularly focusing on heart rate, SpO2, and 

temperature. The development of these devices, driven by 

advances in sensor technology, wireless communication, 

and power supply innovations, has revolutionized infant 

health monitoring by providing comfortable, non-invasive, 

and user-friendly solutions. Key findings include the 

critical importance of accurately monitoring these vital 

signs in neonatal care, the emergence of wearable and 

wireless technologies allowing for continuous, real-time 

monitoring, and the integration of Internet of Things (IoT) 

applications enhancing device capabilities. These 

advancements have important implications for clinical 

practice, potentially improving outcomes for vulnerable 

infants by enabling more timely interventions and 

personalized care. However, challenges remain, including 

ensuring accuracy across different devices, addressing 

limitations in sensor placement and fixation, and managing 

potential interference from external environments. Future 

research should focus on improving measurement accuracy 

and reliability, developing more integrated multi-parameter 

monitoring solutions, exploring the potential of artificial 

intelligence in data analysis, and addressing ethical and 

privacy concerns associated with health data collection. As 

the field of infant monitoring devices continues to evolve, 

collaboration between researchers, clinicians, and device 

manufacturers will be crucial in developing solutions that 

are not only technologically sophisticated but also 

practical, safe, and beneficial for infant health outcomes. 
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