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Towards a Wearable Detection Prevention System for Elderly
Protection Using Gas-Generating Energetic Composites

Felipe Augusto SODRE FERREIRA DE SOUSA
LAAS-CNRS — 7 Avenue du Colonel Roche, 31031 Toulouse

This study presents a low-power wearable system able to predict a fall by detecting a
pre-impact condition, performed through a simple analysis of motion data
(acceleration) and height of the subject. The entire detection system uses a single
wearable tri-axis accelerometer placed on the waist for the comfort of the wearer
during a long-term application. As soon as an imminent fall condition is reached, a
capacitive discharge ignite a device to trigger the combustion of an energetic
material to generate the gas. The use of gas-generating energetic composites makes it
possible to miniaturize the system and reduce weight, thus increasing comfort.

I. INTRODUCTION

Equipment for the protection and safety of
people is undergoing increasing technological
development. Due to the aging process of the
world population, a new research sector is
gaining interest, the security of the elderly. The
risk of falls increases with aging!, and it is
estimated that 30% of elderly people aged 65 or
older fall at least once a year?3. According to
the world health organization, by 2050, one
over six people in the world will be older than
age 65. Approximately 1 out of 5 falls result in
a serious injury, such as hip fracture, subdural
hematoma, and other more serious injuries such
as head injury, which can lead to death*®.
However, even if a fall does not result in injury,
serious psychological trauma still might occurs,
reducing the independence and the ability to
carry out daily activities such as dressing,
bathing, or housekeeping; this is the reason why
falls prevention is now recognized as an
important health issue within the modern
countries®. Most of the fall detection systems
(FDS)%° use the absence of movement, and
other post-impact information to detect that a
fall has occurred. These systems are interesting
to reduce the rescue time, the time for the first
aids arrive to help the person.

The purpose of this work is to develop a
wearable system capable of predicting an
impending fall and protecting the user against
the impact. A prototype was developed
consisting of two main parts: the fall detection
system and the protection device.

lI. FALL DETECTION SYSTEM
One main challenge for the FDS next
generation is not to detect when the person fell

but to predict an occurring fall (pre- impact) in
order to trigger a protection device, for
example, an airbag to prevent the injuries and
traumat*!?, It requires to  accurately
distinguishing a fall from the activities of daily
living (ADL) i.e. walking, sitting. The majority
of the existing pre-impact fall detection systems
are wearable-sensor-based'*? taking profit
from the advancement in microelectronics and
wireless communication technology. They are
capable of capturing body movement
unobtrusively and allow kinematic
measurements to be monitored over an
extended space.

A. Hardware

To facilitate the use of our system, a low-
power miniaturized embedded prototype was
designed and developed, which is small (50 mm
x 40 mm x 1.6 mm) and light (13 g), meant to
be worn on the subject's waist to analyze the
acceleration signals and posture. The system is
composed of a printed circuit board (PCB)
(FIG. 1) that contains a single low-power tri-
axis MEMS accelerometer (LIS3DH from
STMicroelectronics). The sensor is scaled +8g
and oriented with the x-axis for the left; the y-
axis downward positive and the z-axis forward
positive. To get the best compromise between
resolution and consumption, we configured the
accelerometer data output in 12-bits resolution
with a sampling rate of 400 Hz.

The digital output is transferred through a
serial peripheral interface (SPI) to the main
component of the system, the nRF52832. This
System-on-Chip (SoC) from Nordic
Semiconductor is a low-power consumption
SoC® integrated with the Bluetooth low energy
(BLE) interface, used to communicate with a



mobile device (cellphone or tablet). All of the
system is powered with a 3V coin cell battery.
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B. Algorithm

This section presents the methodology used
to develop a customizable threshold-based pre-
impact fall detection algorithm?4.
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FIG. 2. Threshold-based algarithm flow chart

The algorithm is divided into three main
steps (FIG. 2): the fall detection algorithm, user
protection with an airbag system and a message
alert for first aid.

Two categories of features are employed to
detect the fall before the impact: the
physiological characteristics (the user height)
and sensor data (accelerometer). To improve
the algorithm and the lead time response (time
interval between when the fall was detected and
fall  impact), a second physiological
characteristic was used, the distance in
centimeters between the head and the PCB, as a
threshold to identify a near loss of balance
situation. This choice is based on the fact the
height influences the balance.

The results show that this algorithm can
detect falls with an average lead time of 259 ms
before the impact occurs, with few false alarms
(2.3%) and a capacity to detect 92.6% of the
fallst4.

[ll. FALL PROTECTION DEVICE

The actuation mechanism is provided by a
nanothermite based energetic film chosen as it
is a source of reliable energy, exhibiting long
shelf life (decades) and able to very quickly
deliver gas and heat through a self-sustained
redox reaction. Al/CuO  nanothermites
demonstrated their capabilities to provide high-
energy density actuations to fracture silicon
substrates'® or disconnect circuitry’® while
being safe and stable until 250 °C*’.

A. Gas generation

A coordination complex Cu(NHz3)a(NOs).
(called CuC), was mixed with a thermite®-2,
NHs, N2O and N were identified to be the
gaseous products from its decomposition. Since
without external heat, CuC cannot initiate and
sustain its decomposition, Al/CuO nanothermite
was incorporated to act as the complementary
heat source upon initiation of the whole
material. These new energetic composites
feature peak pressure of 12 MPa/g.cm?, which
is much higher that traditional Al/CuO
nanothermite.

A pressure rise rate of 41+8 kPa/us is
obtained with the optimized concentration of
75% AIl/CuO and 25% AIl/CuO/CuC. This
proportion also reach the highest burn rate
(14125 m/s)?2,
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FIG. 3. Pressures of Al/CuO/CuC in compararison
with the traditional Al/CuO

The energetic composites is ignited using a
pyroMEMS as presented in the next section.



B. Ignition Circuit
To trigger the chemical reaction of the
coordination complex for generating the gas,

we use a device called pyroMEMS
(pyrotechnical microsystems)?32°,

FIG. 4. Photo of a pyroMEMS assembled in a 24
mm diameter PCB.

PyroMEMS is a micro-initiator Al/CuO
multilayered material. After being ignited the
thin nanothermite layer produce a spark?:?’
(FIG. 5) that ignite the CuC based energetic
mixture.
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FIG. 5. (a) 3D schematic representation of a
pyroMEMS; (b) photo of the pyroMEMS; (c) photo
during the nanothermite reaction?’.

To ignite the pyroMEMS we designed a
circuit (FIG. 6) based in a capacitive discharge
(10 pF). The PCB (55 mm x 26 mm x 1.6 mm)
is powered by the 3 V from the fall detection
PCB. In order to ensure the system's operation
and security, some features have been
implemented.

A converter (AP3015KTR-G1 from Diodes
incorporated) is used to boost the voltage from
3V to 24 V. This step is important to increase
the value of the capacitor charger voltage. An
energy of 1.25 mJ is necessary to ignite the
pyroMEMS.

A linear programmable current source
(LT3092 from Analog devices) is used for two
routine: to verify if the pyroMEMS is
connected, a small current (5 mA), and to
charge the capacitor with constant current (200
mA).

A digital potentiometer (AD5160BRJZ50-
RL7 from Analog devices) is used to set the
current value. The device is programmed by the
nNRF52832 from the fall detection PCB via SPI.

We aim to charger the capacitor with a 16
V. The circuit takes 800 s to reach this value
with 200 mA.

The ignition delay of the pyroMEMS is
around 20 ps, i.e., based on the lead time (259
ms) of the fall detection algorithm, the system
has enough time to ensure the protection of the
user. A 100% ignition is archieved with 10 pF-
16 V.
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FIG. 6. Photo of the PCB used to ignite the
pyroMEMS

IV. SYSTEM INTEGRATION

The system consists of the 3 PCBs
presented above. The power connections
between the PCBs are shown in FIG. 7. A
support for the PCB that contains the
pyroMEMS was produced in 3D printing to
guarantee mechanical rigidity and sealing in the
airbag.

FIG. 7. Photo of the system without airbag

The full integration will be finished in the
following months. A rigid-flex PCB is under
development.

V. CONCLUSION

In this study, the feasibility of developing a
light and small system for individual protection
against falls was demonstrated. Based on the
use of energetic composites, it is possible to
generate an amount of gas to inflate the airbags.

The hardware and algorithm were designed
to get a low power consumption, very high
accuracy, and early pre-fall detection to trigger
the safety devices, i.e., the wearable inflatable
airbag.
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