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Abstract 

Wearable technologies for babies are increasing in popularity as physical 
biosensors are now able to be integrated into a baby’s clothing.  These 
clothes can then be used to both monitor the baby’s critical biological signs 
such as heart and respiratory rate, blood oxygenation and pressure, core 
body temperature and position, and can notify parents or other care givers 
when critical situations occur.  This study summarizes the latest 
developments in wearable technologies used to monitor an infant early 
development. 
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Bebekler için Giyilebilir Ürünler 
Anahtar Kelimeler 
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Bebek Monitörü. 

Özet 

Fiziksel biyosensörler artık bir bebeğin giysisine entegre edilebildiğinden, 
bebekler için giyilebilir teknolojilerin popülaritesi artıyor. Bu giysiler daha 
sonra hem bebeğin kalp ve solunum hızı, kan oksijenasyonu ve basıncı, vücut 
ısısı ve pozisyonu gibi kritik biyolojik belirtilerini izlemek için kullanılabilir 
hem de kritik durumlar meydana geldiğinde ebeveynleri veya diğer bakıcıları 
bilgilendirebilir. Bu çalışma, bir bebeğin erken gelişimini izlemek için kullanılan 
giyilebilir teknolojilerdeki en son gelişmeleri özetlemektedir. Makale Geçmişi 
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1. Introduction 

Interest in wearable technology started in the 1960’s worldwide with a particular 
concentration in the United States.  When this research was combine with the 
inventions and rise of the internet, smart hardware and big data, wearable 
technology research expanded rapidly in the health monitoring space (Lu et al., 
2020).  Some of these technologies were geared towards the consumer market and 
have now seen regular use in the daily lives of individual people.  These wearables 
are mainly worn on various locations on the arm and include smart watches, 
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armbands, and smart wristbands that facilitates the continuous monitoring and 
analysis of vital data points during wear.  First, we will provide a summary of 
medical wearables for function, form, and challenges and then examine how these 
are being addressed as the market starts to focus on babies.  

2. Wearables for Health Monitoring 

The world is coming to the realization that the next driver of human technological 
improvement will come from wearable devices (HappiestMinds, 2023).  Wearable 
devices normally serve a specific purpose, such as collecting biofeedback 
(Rutherford, 2015) and can be subdivided into wearable technology for health 
monitoring, medical devices, and consumer products for home use.  For health 
monitoring and medical devices, the definition and regulation for these devices are 
evolving and fall under different classifications around the world.  In the United 
States wearable devices fall under the Food and Drug Administration’s (FDA) 
definition for Digital Health which they have defined as “tools for users to make 
more informed decisions about their own health enabling the prevention, early 
decision of life-threatening diseases, or the management of chronic conditions 
outside of traditional care settings”.  Digital Health tools encompass telemedicine, 
health information technology, and personalized medicine (FDA, 2020).  In its 
2017 report, the European Commission defined smart wearable devices as “body-
borne computational and sensory devices that can sense the wearer and/or the 
environment”.  This report also states that wearables could have “control, 
communication, storage and operation capabilities” (Directorate Generate for 
Communications Networks, 2017) making wearables a primary tool in healthcare 
use cases such (Harte et al., 2014).  So why are regulators and consumers so 
interested in this space? 

These devices are convenient vital system monitors which can easily be worn on 
wrists to provide data on blood oxygenation (Lochner et al., 2014) or woven into 
fabric enabling electrocardiograms (Marozas et al., 2011).   Further these devices 
can both help hospitals with efficiency, reducing costs, while improving patient 
outcomes through increased quality of medical care received.  For example by 
allowing the sensors to remain on a patient the transfer time between ambulances 
and emergency services can remove complexity and therefore reduce 
complications that may arise during these transitions (Metcalf et al., 2016).  They 
can also be used during surgical procedures reducing the size and interconnections 
of wires between the patient and the external equipment reducing distractors and 
physical barriers for the surgical teams. 

The future of wearables will come from e-textiles (Gokey, 2016) as e-textiles have 
the promise of both  generating signals and biomechanical data but also the power 
charge to operate them.  The physical flexibility and fabric integration has led to 
improved comfort and has led to the potential for  smart textiles to dramatically 
increase the usage of these monitors (Kumar & Vigneswaran, 2015).  Technological 
advances can be expected to continue this pattern making electronics smaller and 
more powerful further increasing user mobility and comfort (Libertino et al., 
2018).  While this class of wearable hold the most promise for the monitoring for 
children, they do not prevent some of the challenges presented by wearables. 
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Wearables provide two major concerns for humans.  The first is the 
electromagnetic radiation that is generated by their communications.  This 
concern has been addressed in multiple ways as there is no direct link between 
electromagnetic radiation at the power levels used by wearables and adverse 
events in children.  This makes sense as a larger power draw of a wearable device 
would either require a larger power source, battery etc, or require more frequent 
external charging.  This has resulted in wearables that are designed around lower 
power radios which results in a lower Specific Absorption Rate, which is the 
electromagnetic energy absorbed in the body, than mobile phones.  Fortunately 
this can also be tested as “electronic engineers can simulate electromagnetic fields 
in the body and, in collaboration with people with medical backgrounds, determine 
the power levels absorbed in the head and adjust them to safe levels” (Caddy, 
2015).  Another concern around wearables is the value of the data these devices 
are tasked with collecting and there are methods for limiting this privacy impact 
(Telecommunications, 2019).  When this turns to children the monitoring and 
dissemination of the information is occurring voluntarily by care givers and can 
even be seen as expected (Leaver, 2017). 

3. Wearables for Babies 

Development of smart health monitoring systems has progress over several years.  
Those monitoring systems that are wearable technology can be exchange 
traditional human monitoring methods and with electronic self-monitoring 
allowing medical staff to focus on the care of patients instead of these mundane 
tasks (Memon et al., 2020).  Usage of these devices in hospitals for the monitoring 
of a patient’s psychological, non-psychological, and vital signs such as respiratory 
and pulse rate, body temperature, blood pressure, and blood oxygen saturation 
(Rimet et al., 2007) and can also be embedded into socks, buttons, coveralls, diaper 
clips, and leg bands enabling home use by sending data to family members' 
smartphones using Bluetooth technology (Callahan, 2017; Ul Hasan & Negulescu, 
2020).  With these devices being available for both hospital and home use we will 
now focus on the form and function of devices currently on the market. 

Sensors that wrap around the body, consisting of multiple electrodes, enables the 
continuous recording of biological tissue internal to the body such as the lungs and 
heart (Salman et al., 2014).  Wearable sensors for health monitoring tend to have 
specific medical criteria for each function.  In order to be widely adopted, a 
wearable sensor system’s design needs to incorporate multiple criteria for 
wearability.  As an example, its external appearance must be considered aesthetic 
while also ensuring that it’s form is located in such a position and shape that it 
does not hinder the user's movements, especially in when designed for infants 
(Pantelopoulos & Bourbakis, 2010).  Sensor system for infants typically includes 
five modules: data acquisition or detection module, data processing, health status 
detection, wireless communication, and power that all must be contained in a 
wearable package (Wei et al., 2008; Yu, 2008).  Smart textiles can now be 
integrated into a suit for electrocardiogram and respiration monitoring with data 
wireless transmission (Catrysse et al., 2004; Nicholas, 2014). Video monitors 
provide care givers with access to live audio and video streamed into a dedicated 
monitor or personal smart phones (Cartwright, 2022).  Other monitoring products 
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are equipped with sensors for temperature or under-bed movement (Angelcare, 
2023).  Baby monitors designed to be overalls, socks, stockings, buttons, leg straps, 
and diaper clips regularly occur on the market.  Monitors that can measure the 
biological signals such as heart and respiration rate, blood oxygen levels, and 
remind parents of sleep times are also popular (Bonafide et al., 2017; Dangerfield 
et al., 2017; Sportelli, 2017). 

4. Temperature 

Fever needs to be taken very seriously, usually in babies aged 2 to 3 months, as 
fever in infants is an indicator of a very important infection that can spread very 
quickly throughout the body.   Smart thermometers in a wearable form factor 
could aid new care givers who can then customize the amount of notifications they 
receive from a baby-monitoring app or tech linked to these wearables.  Products 
are available that can help parents monitor an infant's heart rate, temperature, 
feeding, and sleep cycle, however, caution is currently being urged when using 
these technologies for medical information or diagnostics experts (Howard, 2017). 

5. Respiration 

The respiratory rates of babies are generally faster than that of older children and 
also can exhibit a pattern known as periodic breathing.  While this is usually a 
normal occurrence in healthy babies this sudden change in respiratory pattern can 
be scary for a parent as monitoring respiratory rate can provide important 
information about diseases such as chronic obstructive pulmonary disease, 
asthma, sleep disturbance and anemia (Ul Hasan & Negulescu, 2020).  Wearable 
sensors can determine the respiratory rate through direct detection of airflow 
during breathing or measure the expansion and contraction of the chest and 
abdomen.  While it is currently inappropriate to utilize textile sensors for direct 
measurement indirect measurements of breath flow can be found with placement 
close to the nose or mouth and there are rapid developments occurring (Zhu et al., 
2015).  Conductive knitted fabric based has been used for indirect measurement 
(Lochner et al., 2014) and for extended monitoring of respiration rate, there are 
clothing covered with piezoresistive sensors participating in part of a wearable 
sensing system (Zhou, 2016).  These sensors can then also be utilized as 
monitoring devices for sleep quality, cardiac events or heart disease syndrome, 
and sudden death (Lokavee et al., 2012). 

6. Blood Oxygenation 

Hypoxemia is a widely distributed cause of human death across the world derived 
from a non-specific balance of blood oxygen levels.  The measurement of oxygen 
levels is typically through tissue oxygenation (StO2), peripheral oxygenation 
(SpO2) and venous oxygenation (SvO2).  SpO2 is a non-invasive method and the 
most common method employed by wearable devices for this measurement.  Pulse 
oximetry occurs with an optical approach that includes two LEDs, one that emits a 
visible light through a translucent part of the body such as the fingertip, earlobe, 
wrist, or forehead area, and the other is infrared.  This light is then absorbed by the 
oxy-hemoglobin in a based on it’s volume and concentration in the blood.  A 
photodiode located on the opposite side of the translucent body part collects the 
non-adsorbed light resulting in a pulse oxygenation measurement that can be 
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calculated based on the Beer-Lambert law (Folke et al., 2003; Herbert et al., 2020; 
Schwartz et al., 2013).  Advancements in organic optoelectronics, or flexible 
organic LEDs and organic photodetector OPDs (Lochner et al., 2014) enables 
wearable devices to overcomes the need for measurement to occur only on a 
fingertip or earlobes only that occurred from inorganic optoelectronics.  
Measurement of oxygenation through these organic sensors has enabled the 
placement of monitors constructed with an OLED light source and photodiode on 
the forearm using a flexible bandage or garment (Zhou, 2016). 

7. Heart Rate 

The measurement of heat rate can be obtained by either an optional strain or 
electrical sensor.  A myocardium, or electrocardiogram (ECG), measurements the 
level of electrical activity of the heart from the direct measurement of its level on 
the skin.  As the electrical potential of the body varies based on the measurement 
point different types of ECG leads are needed.  Researchers are now trying to 
design and develop textile electrodes that are integrated into clothing and provide 
an ECG.  This focus should allow for further research into the detection and 
prevention sudden infant death (SIDS).  A babywear prototype utilizing Textrodes 
has integrated a flexible printed circuit and embroidered on an elastic belt has 
been developed with wireless power and data communication (Coosemans et al., 
2006) towards this end. 

8. Conclusion 

Wearable systems have also undergone significant development in recent years to 
monitor an infant vital signs in order to prevent premature death especially when 
they are born prematurely or infant death (Vanhaesebrouck et al., 2004).  
Wearable devices and sensors are essential for monitoring babies' physical activity 
as care providers, unlike wearable devices, will not be able to continuously 
monitor a baby’s condition at all times and notify the care provider as soon as an 
alert condition is met.  While these systems each have unique functionality they 
operate under the following general pattern: 

 Detection of vital statistics through the wireless sensor integrated wearable 
device;  

 wirelessly transmission of collected health-related information to a base 
station and relayed to parents’ mobile phone and internet cloud;  

 cloud storage for accessibility from any internet end point;  

 Instant notifications delivered directly to care givers from their base station 
and mobile phones in case of unexpected drop in baby vitals (Ul Hasan & 
Negulescu, 2020). 
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If we think of Sudden Infant Death Syndrome (SIDS), as a leading causes of death in 
infants, monitors for this condition can greatly sooth parental anxiety during a 
baby’s vulnerable sleep cycle through constant monitoring.  The wearable system 
can now continually monitor conditions and detect an unexpected drop in 
respiratory rate, heart rate and oxygen level.  This then can alleviate Sudden Infant 
Death Syndrome anxiety by reporting sudden critical situations.  The value and 
potential provided by wearable technology designed for a baby’s health will be a 
critical factor in improving the quality of a baby’s life. 
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