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Figure 3: Sensor to Airflow algorithm.

Hall Sensor

Figure 4: Sensor to track mechanical state.

As Figure 3 shows, the team applied
numerous formulae and algorithms to
calculate air moving down the channel
at different speeds and temperatures.
Then those findings were translated into
a format that would be meaningful and
actionable for physicians.

Another priority was how to determine
the optimal way to count each drug dose,
which also had to sync with the device’s
mechanical counter; the mechanical state
of each operational step also needed to be
tracked. For the proof-of-concept, the team
wanted to count each dosing behaviour
as well as trigger an alert when the stored
dosage went below a certain threshold.

The development team considered
multiple options before choosing a hall
sensor as the index sensor to track the
drug count. They also realised this approach
would provide input to device orientation
sensor, so data from the hall sensor could
be linked seamlessly with other sensors and
software logic to provide real-time device
status updates.

Additionally, system architects added a
six-axis sensor with an accelerometer and
gyroscope to detect device motion as the
inhaler must be held horizontally to dispense
a good drug dose. Not only would this sensor
support the requirement to improve proper
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dose delivery, it could prove helpful from a
logistics standpoint as data would reveal if a
device had been forcefully shaken, dropped
or damaged prior to a patient receiving the
device (Figure 4).
Aside from the
architected for the device, Ruby system

assorted elements

architects navigated how each embedded
sensor would communicate with the mobile
application and how that app would
synchronise with a cloud-based platform.
To accomplish this, the team focused on the
following core software solution areas:

e Cloud server — patient dashboard

e Mobile application - architecture,
over-the-air upgrade capability and
drug lot use check

e Device firmware — shock/shake and
device orientation, patient contact logic,
inhalation/exhalation confirmation and
environmental sensing.

It’s critical to look at the solution
holistically as omitting a key piece of
either the hardware or software at this
stage would add inordinate time and
expense once the product is manufactured.
For instance, a last-minute decision to
add digital certificates during the final
development stage can derail the project
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In this position, one magnet
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altogether if the initial chipset for the
product lacked the correct library support.

To avoid these kinds of disruptions,
the Ruby team went through the detailed
PRD and performed a
comparison to ensure functionality was

line-by-line

aligned with expectations for the final
proof-of-concept.

Phase IV: Accelerate Time to Market

Thanks to the close collaboration of a
cross-functional team that spanned
product discovery, design and development
Ruby’s
was produced in about four months.

disciplines, proof-of-concept
The reference design illustrates technical
innovation in design, development and
next-generation disruptive advances.

For device makers seeking entry into
the smart inhaler market, this case should
offer useful insight into what is necessary
to get to market quicker as going through
FDA regulatory processes can take several
years — smart inhalers will be subjected
to extremely thorough and lengthy
regulatory review.

It is therefore imperative that companies
avoid sole-source suppliers and electronics
components nearing end of life or not
compliant with requirements such as
Restriction of the Use of Certain Hazardous



Substances (RoHS) or
Evaluation, Authorisation and Restriction

of Chemicals (REACH).
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Having real-time access to digital supply
chain data is also important. There’s an
enormous wealth of information that can
be collected, culled and analysed to inform
engineering, sourcing and procurement in
terms of sensor suppliers, product lifecycles,
inventory levels, compliance and more.

CONCLUSION

In bringing smart inhalers to market, device
makers need to reduce risk with each step
by starting with the end goal in sight.
The success of the Ruby proof-of-concept
demonstrates that a pragmatic, multi-phase
approach is the key to accelerating time
to market, reducing risk and achieving the
lowest landed cost.
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