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PRoF Award abstract – Call 2015
WeNDi: Wearable for Newborn Diagnostics
1. Research Outline
Acronym
WeNDi
Project name in English
Wearable for Newborn Diagnostics
Pitch (1 sentence)
Wristband for measuring newborn body parameters
Executive summary (max. 10 lines)
At neonatology departments, several body parameters of newborns are checked
daily with multiple devices. These devices rely on batteries, requiring frequent
recharging or replacement. The battery lids or charging connectors make these
devices difficult to sterilize. This project presents a wristband device that addresses
the problems with current portable medical equipment. Instead of a battery, a
supercapacitor was used, which is more durable and can be charged in less than 5
seconds. Furthermore, wireless charging technology was implemented, allowing for
a sealed and thus sterilizable device. The developed prototype includes optical
sensors for measuring bilirubin levels, blood oxygen levels and body temperature.
Measurements are performed by briefly pressing the device against a patient’s skin.
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2. Cause and context of the research
In present-day hospitals, a significant amount of handheld diagnostic devices is frequently
being used, e.g., thermometers, bilirubin meters, blood glucose meters, pulse oximeters, etc.
These devices are generally powered by rechargeable or replaceable batteries, requiring
connectors or battery lids. These parts are difficult to clean and sterilize, building up
contamination and increasing risk of infections (Canadian Paediatric Soc. 2008). Research
has indicated that these devices play a role in the spread of hospital-associated infections
(Chemaly et al. 2014). For example, significant contamination of hospital equipment with
MRSA, pseudomonas spp., acinetobacter spp. and clostridium difficile spores was
demonstrated (Chemaly et al. 2014, Havill et al. 2011). An important improvement in device
hygiene could be achieved if electronic devices could be properly decontaminated and
disinfected on a regular basis. This is only achievable for a connectorless, completely sealed
device.
Another problem exists in the frequent replacement or prolonged recharging of batteries,
decreasing ease of use and possibly causing dangerous situations in case of urgent
measurements. Also the misplacement of devices can be problematic, with a possible loss of
time or worse, a refrain from performing measurements when the device cannot be found.
An ideal solution for these problems would exist in a device with no need for battery
replacements or extensive recharging. Making this device wearable for medical personnel
would prevent it from getting lost. Moreover, if this device could perform measurements of
multiple patient body parameters, it could replace a whole range of devices.
In maternity hospitals, frequently measured body parameters of neonates include body
temperature, bilirubin levels and blood oxygen levels (SpO2). Temperature measurements
are performed daily in the hospital for many reasons, such as preventing hypothermia and
detecting signs of infections (Smith 2012). Bilirubin measurements are also performed daily,
generally by visually checking the baby’s skin for signs of jaundice. These measurements
are rather subjective and greatly influenced by lighting conditions. Objective handheld
bilirubin meters are available but generally used insufficiently since they use an inefficient
xenon lamp, requiring the device to be docked in a charger. Another method exists in a
bilirubin serum test, which is more precise but also more drastic and time-consuming.
Elevated bilirubin levels are found in 60% of term and 80% of preterm babies, indicating liver
immaturity and possibly causing brain damage with neonates (NCC-WCH 2010). Oxygen
saturation measurements require a sometimes bulky pulse oximeter in order to detect
various vital organ disorders, such as congenital cardiovascular malformations (Rosati et al.
2005). A common characteristic between the three discussed body parameters is that they
can all be measured with optical sensors. As a consequence, a single sensor head with
three sensors could measure the body parameters without blood sampling.
In neonatal care, healthy newborns are discharged at increasingly earlier postnatal ages.
This practice might cause symptoms of illness to be missed during admission. As a
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consequence, parents have a greater responsibility for observing their child. Studies showed
that parents are not sufficiently qualified for checking signs of neonatal jaundice (Wiley et al.
1998). A diagnostic device that objectively measures a baby’s body parameters during the
first days at home could help in this respect. Of course, ease of use is highly important for
such a device.

3. Innovation results achieved
The project that is presented here, focuses on solving all of the previously described
problems. Therefore, an electronic wristband device for medical personnel was designed
with multiple state-of-the-art technologies. The device can be sealed completely since it
doesn’t have any charging connectors or battery lids, making it easy to clean and sterilize. It
is equipped with optical sensors for measuring three important body parameters at a
neonatology department, being body temperature, bilirubin levels and blood oxygen level
(SpO2). The device is designed for medical staff in hospitals, but could also be used by
home nurses or even parents to monitor a newborn’s health in the first days after delivery at
home.
In recent years, the use of wireless power transmission has enabled the implementation of
electronics in medical implants (Bashirullah 2010). The technology permits a completely
sealed design without connectors, thus making the device waterproof and sterilizable. A
similar approach was applied for the wristband device. For the first time, the relatively new
Qi wireless power standard was implemented in a medical device. This wireless energy
standard relies on a transmitter that generates a magnetic field. This field can be picked up
by a receiver (i.e. the wristband), enabling wireless charging. When energy transmitters are
integrated in the walls of the neonatology department at strategic locations, medical
personnel can charge their wristband by simply touching one of these charging points.
In standard portable devices, batteries are used as an energy buffer. They exhibit limited life
expectancy and long charge times, reducing user comfort and durability. Therefore a
supercapacitor was selected over a battery. This component can not only be charged
millions of times, it also charges faster and more efficiently. Thanks to this design choice, the
wristband can be fully charged in less than 5 seconds. This provides enough energy for 38
measurements of the three body parameters, which is generally sufficient for a complete
work shift.
In order to maximize ease of use, any buttons for controlling the device were omitted. The
device is activated by pressing its optical sensor head against a patient’s skin. This sensor
head is equipped with an infra-red thermopile sensor for temperature measurements and
several photodiodes for reflectance spectrometry (Kim et al. 2012), resulting in bilirubin and
SpO2 levels. After 1.25 seconds, measurements are completed and the results appear on
the wristband’s display. The wristband is also fitted with a module for wireless
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communication, enabling patient identification and (encrypted) transmission of measurement
results to a central computer.
The current result of the project is a functional prototype with wireless charging technology, a
supercapacitor, an optical sensor module, a wireless communications module, a display and
a microcontroller. The optical sensor module is still to be validated for medical use and is
easily exchangeable, opening possibilities for similar devices that measure different body
parameters, such as blood glucose levels or pulse rate. The design of a sealed enclosure
will only be considered in a final design. The total hardware cost for one wristband is below
€ 80. This is considerably low because it replaces three devices, increases work efficiency
and is highly durable.
The envisioned usage of the device is listed under here and depicted in Figure 1.
•
•
•
•

•
•

A healthcare worker starts its shift, disinfects its hands & wrist and receives a
sterilized diagnostic wristband.
The device is charged by touching a wireless charging station that is integrated in the
wall for less than 5 seconds.
During the shift, the device is used to perform measurements of newborns’ body
parameters.
The wrist is included in standard hand hygiene between different patient contacts.
Since the wristband is waterproof, it can be disinfected with disinfecting gel or
washed together with the hands.
When the wristband runs out of energy, it is recharged in seconds at one of the
wireless power access points spread over the neonatology department.
At the end of the shift, the healthcare worker disposes its wristband. The device is
then sterilized properly, ready for another shift.
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Figure 1: Device prototype – wireless charging – measuring

Figure 2: Device parts
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4. Link to the PRoF values
Maximum comfort is achieved for the newborn, its mother and the healthcare worker
because measurements can always be performed quickly in a non-invasive way at the
patient’s room, without disturbing, hurting or upsetting patients. This proves device
flexibility. Tests can often be performed at the room, without isolating the child at a remote
location. This anti-loneliness measure encourages the inter-generational bond between
parents and child and optimally respects the privacy of the family. Also for privacy
concerns, the device is equipped with a cryptographic engine for secure wireless data
transmission. Patient comfort is also increased because less medical devices have to be
used in the room, enabling a more residential feel in which patients feel at ease.
Using the device also increases patient security. It enables an easy and reliable follow-up of
a patient’s condition. Results are automatically (and safely) stored in digital patient records,
which enables automized measurement reminders or warnings. Furthermore, otherwise
undetected conditions might be detected in an early stage, since the device always performs
the three measurements at the same time. The focus on device hygiene and the use of
optical measurement methods reduces the risk on infections, which can be considered as an
increase of security and comfort.
In current neonatology departments, newborns are subjected to measurements with multiple
devices, sometimes even “wiring” them up to a pulse-oximeter or taking blood samples.
These stigmatising actions might give concerned parents an incorrect image of a seriously
ill baby. When the measurements are performed by a subtle touch with a wristband,
unneccessary worries are prevented and the newborn’s integrity is respected.

5. Applicable IPR rules
The concept of a diagnostic wristband that combines wireless power technology with a
supercapacitor and optical medical sensors was invented and designed by researchers Bart
Thoen and Stijn Wielandt, affiliated to KU Leuven research group DraMCo. The device has
been documented in previous publications and was not patented.
For wireless power transfer, it uses the standardized Qi technology. Patent licensing costs
for this standard are included in the price of the electronic components and thus form no
burden to the manufacturer. The methods for medical measurements are adaptations of
currently applied techniques and potentially patented. However, no commercial devices
using this specific technology could be found. A description of the technology was previously
published by (Kim et al. 2012).
The used technologies for electronic system integration are freely available and were not
patented by DraMCo. However, DraMCo forms a center of technical know-how and
expertise in the used technologies, which is demonstrated with the prototype device.
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Therefore, it is looking for industrial partnerships for the realization and commercialization of
a final product.

6. Information on the partners
This project was realized by Bart Thoen and Stijn Wielandt, two researchers of KU Leuven’s
research group DraMCo. Given the interdisciplinary nature of the project, regular
consultation of medical professionals in the field of neonatology was indispensible to get a
view of how the device could improve daily operations.
The DraMCo research group, part of ESAT, is a research group for wireless and mobile
communications at the faculty of engineering technology of KU Leuven. The group was
founded in 2002 and built its expertise in wireless and mobile systems in numerous research
projects with industrial partners, PhD projects and master theses. Topics of expertise lie in
the field of wireless communication, indoor localization, wireless power transfer, energy
harvesting and more.
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