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This study aims to establish a method for determining inhalation errors using an inertial
measurement unit (IMU). We created an attachment with an IMU for inhalation devices (Ellipta(r),
Turbuhaler(r), and pressurized metered dose inhaler (pMDI)) using a 3D printer. Using the created
attachment, we analyzed and compared the data on acceleration and angular velocity information
when the inhalation operation was performed correctly and when various inhalation errors were
included, and confirmed that the following inhalation errors could be detected.

1) Since The inhalation time corresponded to the time when the acceleration changes following
preparatory operation of the device, errors with short inhalation time could be detected.

2) Shaking operation of the pMDI device before inhalation was confirmed by the presence or
absence of amplitude of positive and negative acceleration in the same direction, which allowed us
to detect errors in which the inhalation device was not shaken.

3) The direction and number of times the Turbuhaler(r) were rotated were calculated based on the
direction and number of Z-axis angular velocity waveform was generated, allowing us to detect
errors such as reversed rotation direction, no rotation, and excessive rotation.

4) The angle of opening Ellipta(r) lid was calculated by time integration of Y-axis angular velocity
over time, which allowed us to detect errors in which the lid was not opened completely.

Then, with the approval of the Ethics Committee of Keio University School of Medicine, we
examined whether errors could be detected by accumulating data on inhalation operations using
the IMU-equipped attachment in a small number of patients using inhalation medication. The
results showed that it was possible to detect errors in preparation of inhalation operations and
inhalation time.

We aim to establish an algorithm for detecting errors by accumulating more cases in the future.
The IMU unit has been connected to a PC for data collection, but we have succeeded in
downsizing the IMU unit by using a mobile battery and confirmed that data can be collected without
connecting to a PC. We also aim to further improve the IMU unit in the future.
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2. BIEERREROME GEGR)

This study aims to establish a method for determining inhalation errors using an inertial measurement unit (IMU). We created an
attachment with an IMU for inhalation devices (Ellipta(r), Turbuhaler(r), and pressurized metered dose inhaler (pMDI)) using a 3D
printer. Using the created attachment, we analyzed and compared the data on acceleration and angular velocity information when the
inhalation operation was performed correctly and when various inhalation errors were included, and confirmed that the following
inhalation errors could be detected.

1) Since The inhalation time corresponded to the time when the acceleration changes following preparatory operation of the device,
errors with short inhalation time could be detected.

2) Shaking operation of the pMDI device before inhalation was confirmed by the presence or absence of amplitude of positive and
negative acceleration in the same direction, which allowed us to detect errors in which the inhalation device was not shaken.

3) The direction and number of times the Turbuhaler(r) were rotated were calculated based on the direction and number of Z-axis
angular velocity waveform was generated, allowing us to detect errors such as reversed rotation direction, no rotation, and excessive
rotation.

4) The angle of opening Ellipta(r) lid was calculated by time integration of Y—axis angular velocity over time, which allowed us to
detect errors in which the lid was not opened completely.

Then, with the approval of the Ethics Committee of Keio University School of Medicine, we examined whether errors could be
detected by accumulating data on inhalation operations using the IMU-equipped attachment in a small number of patients using
inhalation medication. The results showed that it was possible to detect errors in preparation of inhalation operations and inhalation
time.

We aim to establish an algorithm for detecting errors by accumulating more cases in the future.

The IMU unit has been connected to a PC for data collection, but we have succeeded in downsizing the IMU unit by using a mobile
battery and confirmed that data can be collected without connecting to a PC. We also aim to further improve the IMU unit in the
future.
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